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WEED MANAGEMENT: TOWARDS TOMORROW
{With Emphasis on the Asia-Pacific Region)

K.F. Kon
Ciba Research Station, Locked Bag, 71309 Rembau, Negeri Sembilan, Malaysia -

Siramary.  The rapidly expanding popualuation in developing countries in the Asia-Pacific region
demands & greater supply of quality food and fibre. Weed specialists are facing the chullenge of
having to increase agriculturat prodoction and to satisfy social and environmental needs at the
same time. We are persuaded to change and be creative in developing weed management teols
thut seek  to optimize long-term furm  productivity by balancing economic, social and
eovirommiental responsibilities. This is the goal of a proposed framework for weed management.
Woeeds and soil degrudation are just two of the many facets that are interlinked within any
Farming system.  Farmers also experience widely different socio-economic constrainis that have
a strong intfluenee on their final decisions on weed management.  The future will require weed
specialists w adopt an inlegraled approach that can incorporate all these facets in solving the
weed prablemns of lomorrew. A wide runge of physical, chemical, biological and ecological
methods are available For weed management. Technology such as herbicides will remin
essential, but requires some adjustments.  The balance with our social and environmental
responsibilities 15 now being considered early in the design of new herbicide technology.

INTRODUCTION

The developed nations are sealing down agrnicultura! production due o economic considerations
such as overproduction.  They have the luxury 1o do so because population growth Is
tasigailicant at 0.6% (7) und there is sull, in general, an abundance of low-cost foud and fibre,
However, Asian nations cannot afford 1o scale down agricultural production because of the
alrewdy large population base of 3000 million coupled with 3 relatively high growth rate of 1.9%
{h. lurthermore, most of these nations depend substantially on a dynamic agriculture as the
cugine of economic growth for the immediate future (2, 21).  Agriculwral production is still
critical in many arcas because of unslable and low agricultural productivity, rapid loss of prime
agricullural fand to wrbanization, and shortage of agricultural labour, especially in countries
actively pursuing industrinlization fike those in South-East Asia.

As a consiquence, developing countries in the Asia-Pacific region are facing a new challenge for
the 21t century - the need to increase agricultural production and, at the same time, to
minimize the impact on (he cnvironment, This is the wltimate goal of agricultural sustainability
(26).  As weed specialists, our task in the past has been to communiciale objective, scientific
knowlcdge 10 the peneral public. Now, commuaication alone is insufficient to alleviate the fears
arising from concerns over the risks associated with weed-control decisions on society and
cavironment,  Only by addressing these concerns early in our activities can we ensure that they
will be manageable in the future.  This paper discusses the common problems, especially soil
depradation and weeds. that farmers are facing in developing countries in the Asia-Pacific
repion; promotes 4 model for weed management in line with economic, social and environmental
goals; proposes a framework For weed management; and highliphts the intervening methods
available for the farmers.
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AGRICULTURAL SYSTEMS AND CONSTRAINTS IN DEVELOPING COUNTRIES

Types of agriculeure.  Most of the developing Asia-Pacific region s characterized by a general
sub-humid to humid climate. Within this climatic regime is a diversity of topography, weather
patterns, seils, vepetation, crops, human geography, farming systems and socio-economic
situations.  About 60% of the total population in the region are farmers {7), of which 75% are
small-scale farmiers, scattering into a mosaic of miidiions of 0.5-5 ha farming units (2). In
generyl, agricuiture has evolved into three main types: subsistence, cash cropping (green
revolution) and commercial systems (3).  Most countries have a mixture of all three {Tuble 1),
Some typical examples of sobsistence, cash-cropping and commercial agriculture are the
low-input maizefupland rice, high-input irrigated rice, and high-input oii palm or fruit wee
system, respectively.  Generally, rice dominates the agricultural scene in Asia while edible
lubers, coconut and banana are the major crops in the Pacific.

Table 1. Types of agricullure in developing countrics in the Asia-Pacilic region; modified afier
Chambers ef al. (3)

Leserplor Suhsistence Cash cropping Commercial

Main localions Rain-Ted upland Irrigated towland, upland Specilived upland arcas
(Indonesia, Philippines, (Indenesia, Philippines, (Indonesia, Philippines,
Thailand, Laos, Vietnam, Thailand, Viemam, China.  China, Taiwan, Korea,
Myuanmar, Sri Lanka, Taiwan, Korea, Myanmar,  5n Lanka, Malaysia}
India, Pakistan) Bangiadesk, Sri Lanka,

India, Malaysia)

Type of lamery Small-scale fammers Small-scale 1o large-scale  Plantation munagers,
(OO0 million} famers commercial famers

Faniiing sysiem Counplex (shifting Simple {lowland rice- Simple (perennial
cultivation, ceveal-based,  hased, upland cereal- cropping)
mixcd, agroforestry) based, perennial cropping}

Exlemal inpats Low Moderate to high High

Production risk High {gencrally)} Moderate Low

Constraints to agriculture.  Fanmers in the region face a number of physical, biological and
socio-economic constraints.  Their farming decisions are based on a complex interaction of these
lactors (Tuble 2).  For instance, farmers who wish to purchase a technology (such as quality
seeels, fertilizers or herbicides) that fits their geals and reduces production risk may be short of
credit. They would have to depend on the available subsidies. The lower gducation level of the
tarmers means that the technology requires support from extension for it to be implemented
appropriately.  The entire decision-making process involves the interaction of seven potential
SOCID-ECONOMIC constraints.

The constraints to agriculture vary according to agricultural type, location and country but, in
general, agricultural productivity depends largely on consistent crop yields, stable political
systerns and continuing rural development. Of all the farmers, the small-scale farmers have the
greatest need for practical know-how and technologies to increase production. Appropriate
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wechnologics, together with extension services and the supply of agricultural inpuis including the
marketing and distribution channels, must be deveioped and strengthened.

Weeds and soil depradateon.  Frrespective of agricultural type. the two majer physical and
biological constraints to productive agriculture are soil degradation (mainly water and wind
erosion) and high weed infestations (6, 8, 13, 22, 27). Direct costs of weed control in terms of
both value and labour vary greatly depending on the location, crop, weed status, tming of
weeding, and methed used.  With herbicides, the costs of weed control as a proportion of the
ol wputs is 13% in soybean in Thailand (24), 26% in young rubber, 28% in young oil palm
and 34% in young cocoan in Malaysia {4). Manual weeding constitutes 26-198 man-day/ha,
equivalent to 17-57% of the total labour used per cropping season in South-East Asia (Table 3).
Manual weeding is highly labour iniensive, inefficient and also costly especially in those
countries experiencing a shortage of agricultural labour (12).

Table 2. Constrisats te productive agriculiure on a farm in developing countries in the
Asia-Pacific region; modified after Beets (2)

Socie-economic

Physical Biclogical
Internal External
Climale Planting materiuls Family composition Population growth
Soils Livestock Health and nutrition Land tenure/farm size
Topography Weeds Education Social infrastructure
Water Pests Food preferences Credit
Drisenses Risk aversion Markets

Attitudes/goals Prices

Gender relations Technology

Other occupations Input supply/subsidies

Extension

Savings opportunity

A substantial proportion, 44% (167 million hectares) of the 379 million hectares of soils in the
humid tropical Asia, are inherently acidic and infertile (18). The major group of these acidic
puor soils 15 the 131 million hectares of Ultisols (35%), located in much of South-Fast Asia. In
these acid soils, erosion is particularly severe in cleared forests due to shifting cultivation and an
exlensive conversion of new land into agriculture.  Conventional agriculiure with intensive
tillage as & means of weed control and seedbed preparation is leading to further seil degradation,
depletion of organic matter and nutrients, and an increase in environmental risks including the
scdimentation of river systems (13). With mainly manual hoeing, for example, soil loss was 36
tha in 3 peanutfinaize rotation under young rubber and 174 t/ha under rubber alone within the
first year on a cleared Uliisol in Malaysia (16). Clearly, weed-control decisions and soil
degradation are inseparable.  These constraints must be considered together with the
suciv-cconomic factors, which have a strong influence on the final decisions of the farmers. As
such. only an integrated analysis of the entire farming system can generate effective and
scceptable solutions to the weed problems of farmers.
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Table 3. Inpuls of weed control i farming sysiems in developing countries

Weeding

Counlry Farming systcm Crops (man- PI‘U[;;}I‘;IOH Reference

day/ha}

Intoncsia  Shiling cultivation (new) Uplaml rice 38 28 11
Shilting cultivation (cld) Upland rice 39 24 11
Cerenl-based Upland rice 64 46 1t
Ceread-based Upland rice and maizc 65 s 14
Cereat-bascd/mulch rotation  Uptand rice and maize 26 25 14
Agroforestry (rubber) Rice/maizefcassava/peanut 15 28 5

Fhilippines  Shifting cullivation Uptand rice 32 19 iD
Shifting cultivation Tomaio 60 47 10

Lanps Shilting cullivation {new)  Upland rice 19% 54 9
Shilling cultivalion {(oid) Upland nice 144 57 9

Malaysia  Shifling cultivation Uplan rice 35 17 20

* Weading as a proportion of 10tal labour used per cropping season.

INTEGRATED MODEL OF WEED MANAGEMENT

Classical (box) model of weed control. Classical weed control grew out of a technological need
to ease labour inputs, reduce production costs and improve crop yields (17). The focus on weed
technologies concentrates efforts usually on the weeds, crop and climate (Fig. Ia). In view of

the strong link between weed-control decisions and soil degradation, the classical box model
Tequires a revision.

Inteprated (umbrella) model of weed management. In addition 1o the weeds, crop and climate, a
farming system in practice consists of at least five additional major interrelated compenents,
namely the seil, pests, diseases, furmer and, wncreasingly, the public at large (Fig. 1b).
Consequently, it seerns appropriate to adopt & "systems” approach in managing weeds {1, 5§, 17,
23, 25). The vmbretla model is more than just a multi-disciplinary approach. It requires weed
specialists to have a bread understanding of the farming system in practical conditions in order
to idenufy and incorporate the common needs of the farmers and the major public users
(lechnical advisors, regulatory authorities, weed specialists, consumers and environmentalists) in
the propramme, Implementing this early in the planning phase of the research or extension

activitics ensures that the results are more relevant to the farmers and accepiable to the other
USCT Jroups.

Adopting a “systems” approach does not imply the rejection of cornponent research, which will
continue to be necessary with potential applications across many agricultural systemns and may
encourage even betier adoption of new technology by farmers. This is especially relevant in
developing countries where the discrepancy is wide between new technologies and the socio-
economic environment of the farming system (8).

Systems tools. Resolving weed problems from an integrated standpoint requires a new set of
management tools. Some of these such as logical framework analysis, systems analysis, soft
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systems methodology, operation inguiry and action inquiry have been highiighted (5, 19, 23, 25).
[n Ciba, we are employing logical framework analysis to adapt weed management selutions in
simali-scale maize furms; both the farmers and extension officers are involved in this type of
participatory research.

{2} Classical weed conirol (box model} | (b} Integrated weed management (umbrella model)

Figure 1. Classical box model of weed contied {1a) as compared to inlcgrated umbrella model of weed
management in a faming system (1b).  There may be more components that arc just as
impostauil in other siluations,

FRAMEWORK FOR WEED MANAGEMENT

Purpose of s framework. The integrated (umbrella) model is the basis for developing a
framework for weed management and, subsequently, practical methods for the farmers. The
framework s a generic structure consisting of a hierarchy of guidelines: the broad goal, specific
vbjective, strategic approaches, proposed actions, expected outpuis and possible applications. 1t
is o practical "systems” ool for planning and developing weed management that fits farming
systems al (he farm, arca, country or regional level. It 1s also sufficiently flexible to allow
integration with other tools in weed management. As an example (Table 4), the framework is
used here o deveiop bread concepts of weed management suitable for the developing countries,
and comPare these concePts with those of conventional weed control.

Designing a framework  for both weed management and weed conmtrel first requires a
differentiation of weed management from weed control.  The Memriam-Webster dictionary
delines control as regulation, dominatien or rule; and management as the judicious use of means
o accomplish an end.  Applying these words to weeds, weed control necessitates direct
inlervening but usually exterminating actions, while weed management requires a combination of
methods.

Weed management versus weed control.  The fundamental difference between weed control and
weed management lies within the pursuing goals and objectives of the farmers (Table 4). The
goul of weed control is short-term and tends to maximize crop yield, the objective is to remove
all weeds, if possible, from competing with the crop. However, weed management is
longer-term and aims 10 oplimize farm preductivity, with the objective of maintaining weeds
below levels not competing significantly with the crop, whilke maintaining a balance between
ecanomic, social and envirenmental considerations {12). Differing approaches and actions are
derived from the poals and objectives, although they may share common tools such as
implements and herbicides (Table 4).  The outputs from weed control usually are near-perfect
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climination of weeds with a high crop yield, while weed management substantially reduces weed
infestations with optimum farm profits. In practice, the difference between weed control and
weed management is not as clear-cut as described in the framework due to overlapping actions
(practices) and similar outputs.

Table 4. Framework and concepts of weed control and weed managemenl

Strucilure Weed control Weed management

Goal Maximize short-term crop yield and Optimize long-tcrm farm produciivity based on
profits economic, sncial and environmental

responsibilities

Ohjective Remove all weeds, if possible, from Maintain weeds at levels below significant
competition with the crop competition with the crop

Approach  Usc one 10 twe casiest, most cffective Bulance the best available methods suited 1o
method suited w the crop the fuming system

Aclions Employ full ullage technolopy Employ minimum tillage lechnology
Apply full rales of herbicides Adapl low rmes of herbicides

Lnlegrale agronomic praclices (0 inCncase
compelitive abilily of the crop

Ouipuls Usuaily near-perfect weed eliminalion Usuaily substaniial reduction of weed pressure
Usuatly high crop yvield Usually optimum farm profits
Applicalion Wide geographical regions Need adaptations to specific locations/arcas

in developing countries, the survival of the majority of farmers is on a day-to-day basis. Asa
consequence, decisions on combating weeds are based primarily on the framework for weed
control.  Tillage is intensive and, a5 a result, soil fertility declines due to exiensive crosion.
Weed speciaiists in these countries have the task of educating and training these farmers to
change and adopt the broad concepts within the framework of weed management. Despite such
4 daunting task, there ix optimism that changes in social and environmental values and
perceptions will stimulate the development of weed management in line with the {ramework
presented.

In our adspted weed management project in Ciba, we have developed for maize a weed
management framework very similar to that in Table 4. In this framework, the rates of
herbicides were reduced by hzalf to manage weeds to below 20% of soil cover: this was made
possible with one supplementary manual weeding with a hee, Early results indicate that reduced
rates of herbicides, together with one manual hoeing, for weed management could be possible
options for smatl-scale maize farmers; the full agronemic and economic daty are being collected
and studied (Ciba, unpublished data).

DEVELOPING WEED MANAGEMENT FOR TOMORROW
Basic principles. There are no ready-made broad-based seiutions in weed management because

it 15 more location-specific than weed contrel. Tt requires a concerted effort from all parties in
the planning and implementation of weed research and extension services for the farmers. The
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intcgrated model and framework {or weed management presented can guide weed specialists to
select a combination of methods best suited for the specific situation.

The intervening methods cun be physical, chemical, biological or ecological (1), and are directed
wwurds the weeds, crop and soil within a set of climatic and soil conditions (Fig. 2). These
methods aim 10 exploit the weaknesses of the weeds and promote the growth and
competitiveness of the crop in order to reduce weed infestations to levels which are not
competing significantly with the crop. The alley-cropping system for example, is an illustration
of weed management. Cut materials from the alley crops were applied on the soil surface to
suppress weeds in maize for 30 days: a light hoeing or low rate of a herbicide kept weeds below
20% of the soil cover for another 30 days, afier which weed control was not needed (12).

Crop agronomy/sol management Weed management
@0 Physical (tillage. irrigation) D Physical (manual. tillage, water)
@ Chemical tertilizers. lime) @ Chemical {herbicides)
3 Biological (planting materials) @ Biological (insects, fungi)
@ Ecological {crop spacing. rotation, @ Ecological {rotation. mulching,
mtercroppingl cover crops, grazing animals)
Crop

Fipure 2. Possible wide ranging intervening methods for weed managemenl.

Technology. When considering weed management for tomaorrow, it remains an essential tool to
raise agricultural productivity in developing countries. Weed management must conform to the
needs of farmers, which means being simple (easy to use), effective (reduces weeds and
increases crop yield), efficient (involves less effort and time), robust (produces censistent results
over time), flexible (aduptable o the entire farm) and motivating (feels good o use it without
visk).  The needs of farmers, however, may sometimes be contradictory to environmental
considerations.  For ‘instance, the alley-cropping system is one of the most environmentally -
fricndly agricultural technology, but cutting the alley trees is hard work in addition to the loss of
alley-crop space to the target crop; udoption is low as a result (8). Improving alley-cropping
systein or even adapting low Tates of a herbicide to satisfy the various user groups focuses on
opporiunities to improve weed management through innevation.

Continuous research into herbicide technology also results into discovery of new molecules that
are more appropriste as well as adaptations of existing active ingredients to provide safer
prcducts.  As an example, the recent introduction of the low-rate mixture of cinosulfuron
(sulfonylusea} and pretilachlor (chioroacetarmide} in water-soluble bag by Ciba for use in rice in
Thailand is & positive trend towards safer herbicide technology.
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CONCLUSIONS

In developing countries in the Asia-Pacific region, the widening gap between agricultural
technology and society requires weed specialists to adopt innovative approaches in weed
management. Central 1o this is the need to maintain the balance between economic, secial and
environmental concerns.  This requires an analysis of the entire farming system and its
interrelated components. Weed specialists can develop a framework for weed management using
a variety of practices that will satisfy both the requiremenis of the farmers and the public. The
available weed technelogies are wide and, generally, require some modifications to fit the new
approaches. In addition to this, there is a need to design the new technologies, such as
minimum sillage, alley cropping and low-rate herbicides, based on the prevailing economic,
sociul and environmental concerns.

Unlike what is happening to developed natons, developing countries in the Asia-Pacific region
have relatively more time to tackle the emerging public values and perceptions. Already, the
balancing of economic, social and eavironsmental responsibilities is guiding the activities of
various organizasions like Ciba and the International Rice Resecarch Institute (IRRI). In other
words, achieving short-term profits or benefits is of lower priority than maintaining a forward -
thinking, long-term approach. As weed specialists, we have been asked the relevant questions,
and the answers are in our hands. It is up to us to take up this new challenge of the 21st
century and contribute to the berterment of the fanmers and society in our region.
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THE CONTRIBUTION QF PLANT BIOLOGY AND ECOLOGY TO THE BIOLOGICAL
CONTROL OF WEEDS

D.T. Briese
CSIRO Division of Entomology, GP*O Box 1700, Canberra ACT 2601, Australia

Summary. Biological control is often thought of as applied entomology or applied plant
pathclegy. However, in many cases, different plant science disciplines can conmibute to the
success of biological conirel, either directly, by aiding the choice and establishment of agents
and promoting their effectiveness, indirectly, by showing us reasons for the failure of certain
introductions and thus adding to the scientific base of biclogical control, or in a2 complemeniary
role through the incorporation of biological control into overall weed management strategies. In
this paper, examples are given where studies on plant ecology, population genetics. taxenomy,
physiology and agronomy have significantly aided the control projects concerned or can
contrilite to future work. Biological contro]l of weeds is a multidisciplinary science and, too
often, biological control workers have had 1o undertake siudies in areas outside their own
discipline, leading to loss of time andfor effectiveness.  Closer co-operation between “plant
specialists” and “control agent specialists”, both in the lead-up phase 1o control projects and in
the integration of biological agents with culturat and chemicul control methods, should increase
the efficiency and success rale of biological control against target weeds.

INTRODUCTION

Biclogical contrel of weeds is a management practice based on the hypothesis that natural
encmies can regulate the density of their host species. The definition of biological control (see
(28)) as the "study and utilisation of parasites, predators and pathogens to regulate populations of
pests” underlines the historical emphasis of biological control on the role of the control agent
ruther than the target weed. In fact the key researchers in most weed biocontrol programs are
usually insect ecofogisis or plant pathologisis. An examination of the papers presented at
international symposia (Fig. 1} shows this, but also indicate that in recent years a small but
increasing number of papers are appearing which deal with aspects of the biology of the target
weed,

Despite the perception of biological controt by many as either applied entomology or applied
plant puathology, it is a practice that draws on a wide range of scientific disciplines. As shown
in Fig. 1, it has flourished in recent years, fuelled by the spectacular successes of some programs
(c.g. Chondrilla juncea in Australia and most recently, Salvinia molesia in New Guinea,
Southecast Asia and southem Africa). However, such successes are not the norm, for in many
programs individual introductions of natural enemies may fail completely {(33), with a large
proportien of programs oply achieving partial success or succeeding only afier a long and
arduous study. Biological control practitioners realise that in order to improve the efficiency of
programs it is essential to have a better understanding of plant-herbivore interactions and the
processes involved when the population dynamics of a plant are medified by the introduction of
natural enemies. It is in these latter cases that specific studies of the biclogy and ecology of the
targee weeds currently make their most visible contribution 10 their hiological centrol; by aiding
evaluation of the leve! of control achieved, identifying problems that have impeded greater agent
impact und showing how these can be overcome or avoided. However, plant-oriented studies
can also help improve efficiency at all levels of the biological control program, from agent
selection to the integration of biological control inte an overall weed management sirategy.

10
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Figure 1. Breakdown of papers, by principal subject matter, presented at the International
Symposia for the Biclogical Control of Weeds.

Without attempting to be an exhaustive review, this paper illustrates how diffesent plant science
disciplines have aided biological control programs throughout the various phases of their
operation, and suggests area in which a greater input from plant scientists is likely o be
beneficial.

FINDING THE RIGHT AGENTS AND ASSESSING THEIR POTENTIAL IMPACT

One of thc most critical phases of any weed biclogical control program is the selection of
appropriate agents. The need for strict host specificity certainly reduces the pool of available
candidates, but if the program is to be more than just a "collect and release” effort, some further
cutling and setting of priorities is essential. This is best done following a detailed study of the
binlagy of the targel weed, in order to discover aspects of its life cycle that either may be
exploited by certain agents or may diminish the impact of others. For example, seed predators
may not be the best apent for a weed that reproduces mainly by vegetative means. Sheppard et
al. (50) looked at the population dynamics of Carduus spp. in their native Mediterranean range
and were able w show thut, while pre-dispersal seed predators could have an impact on the
bicinial, C. nutans, they were relatively incffective against the shorter-lived annual,
C. pyenocephatus. In the latier case, fungal pathogens appeared mare likely to be aseful control
agents ax they could respond mare gquickly to the plant’s shorter life cycle.

A powcrful meuans of determining the potential impact of control agents is to undertake
comparative studies of the population dynamics of the weed both in its introduced and native
ranges, and of the factors that drive them. Such studies on thistles of the genera Carduus (51,
58) and Onopordum {7, 11) showed that soil seed banks in Australia were substantially larger
than those in their European native range. This was found to be largely due to heavy pre-
dispersul seed destruction in Europe and suggested that priority should be given to introducing
those control agents able 1o reduce the seed rain and hence the s9il seed bank.

i1
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Unforwnately, this type of study is often only carded out following lack of success of the
contrel program.  The Australian program against Hypericum perforatum was only a partial
suceess.  The defoliating beetles, Chrysoling spp., introduced in the 1930°s, were successful in
certain situations {see section on Integrating Control Measures later), but unable to control the
weed in others (4, 17). Detailed stodies by Clark (18) on the population dynamics of the target
weed showed that certain soil types favoured vegetative reproduction and the maintenance of
strong sub-soil reserves enabled the plant to recover from defoliation, particularly under summer
rainfall regimes (30). These studies showed that, for biological control w0 be more successful,
agents were needed that could weaken the root reserves of H. perforatum, and have led to the
recent introductions of a root-borer, an aphid and a cell-sucking mite. While too early to claim
success, they offer an improved chance of finally managing this problem weed.

[t s at the agent cheoice stage that plant taxenomy can make an important contribution to
biological contrel.  Quite often, the level of specificity is such that agents may be more
effective against one form of weed than another. Examples of this are known from arthropod
control agents, e.g. Aceria chondrillae on skeleton weed, Chondrifla juncea (41), snd the insects
introduced against Lantana camara (45), but the level of specificity is particularly relevant for
fungal control agents e.g. Puccinia chondrilling against C. juncea (22), Phragmidium against
members of the Rubus complex (8). Clanfication of the taxonomic status of host weed forms
has significantly helped in the search for agent biotypes effective against particular forms of the
tarpet weed in the cascs of Rubus (1), Lantana (see 54, 53), C. juncea (13, 31) and Carduus
(43). The techniques involved range from classical morphological taxonomy (1. 31, 55) through
chromosome studies (54) to protein electrophoresis {13) and chemaotaxonomy based on secondary
plant compounds as in the case of Euphorbia (35). In the latter case this technigue is helping to
unravel the European species complex and faciiitate the search for fungal agents of those
Euphorbia wxa that huve invaded North America (29).

In the case of C. juncea, Chaboudez and co-workers (13, 15) have extended the use of
electrophoresis to undertake a study of the population genetics of the target weed in its native
range. This permitted them to identily the centre of evolution of the plant in western Turkey,
and 10 focus the search area for strains of the rust fungus effective against certain Australian and
American forms of skeleton weed.  The extended use of modern diagnostic techniques
characterising biotypes is one area where plant science may make an increasingly important
contribution to biolagical control.

EYALUATING THE ACTUAL IMPACT OF AGENTS

Once sclected, host-tested and released into a new habitat, there are three possible outcomnes for
a biological control agent: it may succeed spectacularly and give total control of the weed, such
as happened with Opuntia, Hypericum in California, the narrow-leafed form of C. juncea and
Salvinia; it may fail completely, as has happened in 76% of the agent releases to date, or it may
have a partial effect on weed infestations (18% of cases) (duta from 34} . This latter category
covers a range of possible outcoimes, and adequate evaluation becomes a critical element, for the
biocontrol practitioner needs to know what fevel of impact he has made on the target weed, what
options he has to improve this and whether (and how) other control agents might ¢contribute to
the level of success.

Such information can enly be obtained by looking at the population dynamics of the target weed
as affected by the contrel agent. These studies can consist either of monitoring natural field
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papulations and interpreting Lthe observed pattems in weed population and/for setting up critical
experinents designed to answer specific questions.  Unfortunately, it is rare to find such
quantitative evaluation swudies in the literatre (36), even though simple experiments may give
valuable insights inte the functioning of the system. For exampie, Myers et al. (44} were able
1o show, from plant removal experiments, the potential of Centaurea diffusa to compensate for
insect attack through density-dependent survival and growth of different plant stages.

Combined studies of the population dynamics of target and agent are undoubtedly the most
instructive. Where the time and effort has been invested in this type of evaluation, such as in
the Senecio control program in North America, a detailed understanding of the failure or success
of particular agents has been obtained. Studies of the ragwort-cinnabar moth system over 4-6
yeurs at 9 sites demonstrated that weed population dynamics were largely being driven by
environmental Tactors, and in turn controlled the dynamics of the natural ¢nemy, rather than the
reverse (43). Subsequently, McEvoy and co-workers (32, 37, 38} combined the use of long-term
monitoring of plant demography, coupled with specific experiments on artificially created weed
populations to demonstrate the effectiveness of a second agent, the flea-beetle Lonitarsus
Jacobeae, in the control of 8. jucobeae in north-western USA.  Plantdemography data collected
by them from 42 sites over periods up to 12 years clearly showed a decline in the weed and its
replucement by preferred pasture species, while establishing that the persistence of a large seed
bunk poses a continuing threat to restructure of the target weed affected agent impact, as well as
demonstrating the importance of competition by other pasture plants. An important finding was
that the overall dynamics of the ragwort populations seemed to have changed from that of large
sell-perpeluating  infestations to a metapopulation structure with frequent extenciions and
estublishments, rather than o a stable low-density equilibrium in the presence of its natural
CRCIMLCS.

The imporunce of a target weed’s population siructure to the dynamics and subsequent impact
of its herbivores hus been siressed by Briese (5) for the Hypericum-Chrysolina-Agrilus system.
In this case, if detailed plant demographic data had been collected for the weed in its host range
it may have led 10 a dilferent sirategy for agent introduction and a more stable equilibriom in
the population of the weed in its introduced range in south-eastern Avstralia.

One way of better predicting the potential impact of agents is to model weed populations
dynamics. The program to control Centaurea spp. in North Ametica has not yet shown the level
of success anticipated, despite levels of seed destruction up to 94% by introduced insects (19).
A model of density-dependent birth and death rates for C. diffusa (46) confirmed the resitience
of this species to damage by introduced natural enemies, while simulations of Centaurea
population dynamics using Leslie matrix models (19) indicated that seed output needed to be
reduced by 99.5% before plant density would be affected. The model predicted that, at present
seed loss levels of 94%, control could also be uchieved by an agent that removed 90% of
scedlings.  While these values cannot be verified, the models support the present strategy of
introducing insects which directly attack Centanred rosettes.

Planes that reproduce vegetatively are also amenable to this type of approach and the modelling
exercise can be approuched from a spatial as well as a strictly numeric viewpoint. Such a model
was developed by Room (47) to look at the architecture of vegetative growth in Safvinia, and
could be used to make predictions of the Hypericum-Chrysolina-Agrilus system. In this case, if
detailed plant demographic data had been collected for the weed in its host range it may have
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led 10 a different strategy for agent introduction and & more stable equilibrium in the population
of the weed in its introduced range in south-castern Australia.

Studies on plant physiology have also helped to evaluate agent impact, though such studies are
facultative and usually only arise when there is a particular need for this type of information.
For instance, galtl-forming flies are considered important agents in the control of severa! thistle
species. Detailed morphological study of gall formation in Centaurea thistle heads by Urophora
spp. was able 1o show how these insects control the growth of plant tissues forming
physiological sinks which rechannel nutrients from other plant parts (52). In fact, it could be
demonstrated from the thickness of the nutritive cells in the gall that U, gffinfs was more
cffective in this regard than U. guadrifasciata. Similarly, to better understand the ocbserved
relationship between plant quality in water hyacinth Eichhornia crassipes, and the effectiveness
of its agent, Neocheting cichhornige, Center & Wright (12) examined the phytochemical
composition of leaf fissue with respect 10 age. Such an approach has also confirmed that the
impact of sub-lethal doses of the herbicide, 2.4-D, on leaf nutriemt levels and hardness of this
speeies can favour feeding by the control agents (59), and opens up the possibility of integrating
control measures. Studies on the way individual plants of different species compensate for
herbivore defoliation (54) can also help understand natural enemy impact.

Undoubtedly, though, the most spectacular example of physiological swdies aiding biological
control stems from the Saivinia program. Detailed studies carried out on nutrient requirements
of this aguatic weed showed the key role of nitrogen in driving its population dynamics {49).
When initial teleases of the control agent, Cyrtobagous safviniae, failed to establish in New
Guinea, this knowledge, coupled with that of nutridonal requirements of the agent, supgested
that raising nitrate levels in the plant at the release sites might improve establishment. The fact
that weekly applications of urea fertiliser triggered off a self-sustaining poputation explosion of
the agent and subsequent widespread controt of the weed, umed potential failure into the most
successful recent conrol program (43).

INTEGRATING CONTROL MEASURES

Once the demography of a weed starts to be modified by naturl enemics, other componenis of
the plant community in which it occurs are perturbed c.g. the synergistic effects observed
belween competition from clover and the Puccinia rust fungus on Chendrifla juncea in pastures
(22) or the similar interactions between soil nutrient leveis, competition from pasture grasses and
natural enemies described above for Senecio (38) and Centaurea {42).  The situations in which
biclogical control was successful against St John's wort in south-castern Australia were those
where improved pastures could replace the weed following initial agent perturbation of the
sysiem (25). The challenge for biological control is to find ways of integrating this technique
with other management options in order w produce an overall management strategy for
particular situations.

Trumble and Kok {56) have described such a strategy for the control of Carduus nutans in
North America, involving pasture and prazing management, chemical and biological conirol.
They have demonstrated that biological control can be compatible with these other methods,
even with herbicide use, provided timing of application is considered (56). Integration of
biclogical control with cther methods is a real option for thistle-infested pastures in Australia
(53), as complementary studies have already been made on the effects of competition by pasture
species (39, 40) and grazing management (2, 24) on thistle densities. The pasture agronomist is
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likcly to play the key co-ordinating role in integrating these different methods into a viable
management strategy (26).

While fewer aliermative options are available for environmental weeds, biological control can
possibly be imtegrated with existing management tools. Controlled buming is used in
conservation arcas in south-eastern Australia to reduce fuel and prevent large wild fires,
H. perforanem is a weed that invades native forest, and responds to low intensity fire through
rupid regrowth from surviving rtootstocks. This is largely due to elimination of competing
species and a fertiliser effect from the ash. However, evidence suggests that, provided natural
enemies survive in refugia near the burnt area, they respond to the increased nutrient levels in
the regenerased plants, similarly to the case of Salvinia mentioned earlier, and thereby inflict
higher Jevels of damage on these than normal (6). Thus, buming in a mosaic pattern to pravide
both refugia and areas of nutrient enriched host weed should provide more effective long-temm
control.

CONTRIBUTION TO BIOLOGICAL CONTROL THEORY

There is no "Theory of Biological Weed Cantrol” as such, but there is a strong move to try and
identify the common factors between different projects to determing whether certain properties of
weed species make them more amenable to control or to identify those agent properties that
make them pood control agents (20, 21). This is driven by the need to improve the rate of
success of weed biological control projects (33). While it is sue that each weed project in a
particular region needs (o be treated individually, the more that is known about the set of
interaclions wriggered by agent introductions the more predictable the outcome. Thus, all input
from plant science disciplines is contributing to the theoretical framework of weed biological
control as well as to its application.

In certain cases this framework can be challenged more directly. A good example of this is the
hypothesis put forward by Burdon and Marshall (9) that the genetic structure of plants will
determine the susceptibility of that plant te biological control; outbreeding plants being
genetically more variable and thus more likely to have forms resistant to agent impact or
amenable to selection for such resistance. This idea proved very controversial, and generally is
considered to have limited application to syslems where there is a very tight agent-plant
association, such as with plant pathogens. However, it served a useful purpose in generating
debate and obliging research workers to consider to what extent particolar life-history traits and
biclogical properties might muke certain plants better candidates for biological control than
olhers (14, 205,

CONCLUSIONS

The examples given above are sufficicnt to demonstrate that, for biological control to become a
more effective and more predictable method of managing weed infestations, there is a need for a
significant input from the plant science disciplines (Fig. 2). With some notable exceplions, mast
programs to dite have been “agent-centred”. What is needed is to rephrase the basic research
question from “what type and how much damage can agent A do to weed B?" to "what will
happen 1o the population dynamics of weed B if we introduce agent A into its life-system?”.
This refocusses attention on the weed rather than the agents and emphasises the need for
ecological studies of the weed in its native range where the agent is already a component of the
systemy, 55 well as the more common "before and after” studies in the region of intreduction of
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the natural enemies, Such studies are particularly valuable for complex terrestrial weed systems
as they can demonstrate the interaction between natural enemies and other factors. such as plant
competition and environmental effects. It is no coincidence that S. jacabeae is the weed that has
been most studied in its native range (38) and also the weed for which the reasons for success of
biological control {or Jack thereof) are best understood.

Apart from classic life-table type studies, some areas of plant ecology will have an increasing
input into the biological control of weeds. As indicated above the nature of the end-poini
population dynamics (both spatial and temporal) of the target weed can determine the
sustainability of control. One important aspect of this is seed bank dynamics, as most weed
infestations are characterised by very large soil seed banks which rernain shielded from natural
enemy attack. The importance of these to the end point atiained in a conal program is critical,
yet very few studies have accurately quantified them (3), let alone the interactions between seed
availability and microsites that determine the establishment of weed infestations (27, 51).

Madelling these systerns should also be more widely used as a tool to predict and evaluate the
impact of coawol agents, and should expand w include temporal-spatial as well as quantitative
information about weed population dynamics. These models may not only include the impact of
aatural enemies. but could be expanded to consider other components of the weed’s life-system,
such as competition from other plants, eventually being incorporated into meodels of pastare or
crop management strategies. Campbell (10} has pointed out that, in practice, there has been
little active integration of weed control techniques. If genuine integrated weed control is to be
achieved, modelling must play an irmmportant role.

In view of the aim of biological control o "restore” the balance between plant and natural
enemies, the key to effective biocontrol is to understand the population dynamics of the targes
weed, supported by facultative inputs from physiological, laxonomic or population genetic
studies to understand particular aspects of host-plant interactions (Fig. 2). In the majority of
cases mentioned here, the studies have been undertaken by the key researcher(s} working outside
iheir area of specialisation. This does not mean that the work is in any way inferior, but it does
wiaste resources and time (the latter being a critical factor as far as funding bodies are
concerned), and co-operation between specialists in different aspects of weed management is
more likely to have a synergistic effect (26, 28).

Fipure 2. Phases of a biological control program showing areas where contributions from plant
science disciplines can be important (italics indicate phases not always camried out at
present),
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The ultimate future for biological control of weeds lies as one component of integrated pasture,
cropping or naturuf area management systems.  Without downgrading the importance of
understanding the biclogy of the agents themselves, this necessitates a more phytocentric
approach (sensu Dirzo (23)) involving multidisciplinary eams, where the contrel agent is viewed
as onc component of the weed's life system. The resultant increased input from otier plant
science disciplines should lead to greater efficiency in the practice of biological control and to
preater uwse being made of its potential.
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THE AUSTRALIAN NATIONAL WEEDS STRATEGY

L.W. Smith', R. Martin® and I. Smith®
' Weed Censultant, Lapstone NSW, Australia
* NSW Agriculture, Orange NSW, Australia
} Department of Agriculture, VIC, Ausiralia

Swmmary.  The National Weeds Strategy document outlines the extent, the economic and
egological impact, and powential of weed problems in Australia. It discusses the main issues of
weeds, which confront governments, landholders, weed scientists and the general public today.
It proposes five main recommendations 10 improve the effort in weed manzgement in Australia:
i) review of Commonwealth quarantine jegislation (import of plants); ii) review of State and
Territory legislation relating to noxious weeds, sale and tansport of weeds and weed-
contuminated produce; i) education support and community involvement re the economic,
social and ceolegical impact of weeds,  iv) a catchment management approach to weed
management. A policy and operations structure is proposed which incledes (v) the appointment
of a National Weed Management Coordinator to help implement the Strategy with advice from a
weeds rescarch and development working group to prioritise R and D effort.

INTRODUCTION

A National Weed Sirategy document was prepared in response to community, landholder and
governiment concern that a beller way was needed to manage weeds in Australia. A taskforce
under the awspices of the Standing Committee on Agriculture was set vp within the Australian
Weuds Committee framework 1o prepare a draft documnent for public comment.

The taskforce considered 98 initial submissions and Dr L Smith met with State Government
departments and others inlerested in weeds before a draft document “Towards a National Weeds
Stratcgy” was released for public comment in October 1992, There were 570 requests for the
draft which elicited almost 100 written responses for consideration. The majority {80%) were
responses from  government, local povernment, companies and community groups such as
Landdeare and wildlife societies.

The sirategy documents the impact of weeds on all sectors of Australian society. Weeds occur
in rungelands, cropping and pasture land, aquatic and semi-aquatic systems, conservation areas,
plantaiion forestry and urban and industrial sites with varying effects. Many weeds have not
reached their ecological limit. Weeds reduce yields of crops and pastures, lower value of plant
and animal products, affect human and animal health, contaminate water supplies, act as hosts
lor insects and diseases, cause fire hazards, alter the structure, composition and function of
natural ecosystems and interfere with sustainable land use practices. They can be a major
influcnce on land degrudation to the detriment of native flora and fauna (3).

Tt is estimated that weeds cost Australia over $3,000 miilion annually (1} yet only land managers
or policy amalysts wilh direct experience of these prablems appreciate their full impact.

There are many exolic species known to be weeds which are not recorded in Australia and every
cffort must be made to prevent their entry.  Of the 17,000 plant species occurring in Australia,
11%. are introduced and about half of these (approximately 900-1000 species can act a5 weeds).
New plant species are being inroduced at 4 w 6 species per year, Of the 220 introductions
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proclaimed noxiocus, 46% were brought in when there was less appreciation of the latent ability
of plants to express a disproportionate vigour in another environment. The Strategy recognises
that undesirable plant growth, in the form of weed infestations, has adversely affected our
quality of life and economic and ecologically sustainable weed management systems must be
developed and implemented for our well being,

CURRENT 1SSUES

Role of Government

FPhilosophy.  The role of government in natral resource management is to define, assign,
promote land stewardship and enforce rights of ownership and use of resources in the interest of
society as a whole. This has not been done effectively with weeds at all levels of government
and is one of the main reasons why a National Weeds Strategy is required. The principle to be
followed in assigning action is that of Ecolegically Sustainable Development.

For sheer geographic scale weed issues in the ard and semi-arid rangelands qualify as the most
serious and intractable peoblems (3). In these arcas some weeds such as Acacia nifosica (prickly
acacia in western Queensland are symptoms of unsustainable grazing pressure and a remedy
will require attention to social as well as weed control issues.

Legistation. The Quarantine Act, 1908 regulates the import of plants into Australia and although
the Australian Quarantine and Inspection Service {AQIS) camies out its duties diligently, plants
are sometimes jmponed which become weeds. This was highlighted when Kachia scoparia was
introduced intoe Western Australia for revegewtion of salt affected land. A risk assessment
system is needed which evaluates proposed plant introductions as 1o their potential to become
invasive in both agricultural and censervation areas, The Wildlife Protecrion (Regulation of
Exports and Imports) Act, 1982 also regulates entry of plants into Australia and there is a need
to rationalise the import control and quarantine functions of both Acts so that the risk of
potential weeds entering Australia is minimised.

At State level there are numerous pieces of legislation which deal with weeds, but there are
anomalies or & lack of consistency in areas of sale and transport of weeds and weed-
contwminated produce, especially noxious weeds. In some cases there is a lack of legislation
altogether.

Community involvement. The community can be a powerful force for managing weeds in local
arcas, but the problem is how best to hamess and maintain their enthusiasm. It is necessary to
engender a sense of stewardship of the land and its problems in the community. Expansion of
Landcare programs to cover all weeds issues is necessary.

The use of a regional or catchment manapement approach to weed control enables the
cominunity and government 10 achieve a more balanced and coordinated effort in weed
management.  Control of weeds can be integrated with control of feral animals and with seil
conservition strategies.

Sanctions in the form of penalties are already in place under State/Territory legislation but are
not always enforced, usually for valid reasons. Incentives and sanctions will be more effective if
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the community is aware of the social, econemic and ecological implications of not controlling or
not preventing the spread of weeds.,

Reseurch_and development.  No formal mechanism exists for setting national research priorities
und while some States and industry bodies do set priorities the methods used are not consistent
and involve little community consultation. Blacklow (2) concluded in 1984 that weeds research
in Australia was exssentially carried out by part-time researchers with insecure funding.

The present level of research in the taxonomy, biology and ecology of weeds is considered to be
inadequate, yet these disciplines are fundamental to the development of integrated weed
management systems.  Quantitative data of the economic and ecological impact of weeds,
especially on biodiversity, needs attention for priority setting purposes. Pooling and sharing of
reseurces should be promoted and Cooperative Research Centres developed for weeds as with
other disciplines.

THerbicide  stratepies should be wimed at increasing efficiency of herbicide use, inecreasing
cnvironmental and human safety and creating an awarenass in the community that herbicides are
an essentiul component of good vegetation management. Specific areas of concern are i) over-
use and persistence in soil and water (surface and groundwater), ii) herbicide resistance, iii)
registration for minor crop use, and iv) over reguiation of use.

Education and training. There is concern about the run down in weed science training at
university level and the lack of opporturity for post graduate waining of weed specialists.
Training of weed control operators and practitioners is essential and there is & need for a TAFE
level truining course which will Yicense these pecple at 2 vniform standard.

RECOMMENDATIONS

I.  Sirgclure.  Any slmdepy is required 10 document a process for analysis of the problem,
privrities for action, masagement, feed-back and respomse te project outcomes. The NWS
recommends problem analysis and priority setting through a series of workshops and conferences
1o be organised by the National Coordinator, assisted by State and Territory Department
representatives,  The recommendation is for the Coordinator to be appeinted within the Bureau
of Resource Sciences to drive development of an operating plan, the development of more
stringent plant introduction legislation, z model action plan for weed outbresks and act as
convenor of the working groups. An initial term of three years is proposed.

For cflective recommendation on research and development, the Strategy proposes a
sepmentalion inlo ecosystem or land-use catepories each with a specialist working group
appuinted to be responsible for recommendations for action. The categories proposed are:

tropical and subtropical crops, pastures and plantations,
- temperate crops, pastures and plantations,
- aquitic habitats and ecosystems,
- tropical and subtropical native forests, rangelands and nature conservation areas, and
- temperate native forests rangelands and nature conservation areas.

Initiatives in research should include prediction and prevention of spread; integrated weed
management with a view to reducing reliance on herbicides; research policies for herbicide
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resislant cultivars of crep and pasture species, menitoring berbicide residues in soil, water and
the environment; development of weed management policies based on ecological and economic
principles; and revepetation and rehabilitation of ecosystems.

The Straiegy does not specify the priorities for research or implementation of current knowledge
against particular weed problems. It is expected that this detail will occur as a result of group
consultation.

2. Legislative action, Since weeds to a large exient are a legacy of deliberate plant inireductions
which possessed unsuspected abilities for invasiveness in alternative environments, more
rigorous screening procedures are an obvious first step in a Stratepy.

Review of Quaraniine Legislotion.  Ewvaluation of plant intreductions requires a risk analysis
assessment method based on their potential to become invasive in both agricultural and
conservation areas. The Quarantine Act, 1908 and complimentary legislation must be reviewed
to ensure 3 more stringent plant introduction procedure, with denial of autornatic entry for plants
that may pose a risk and with the cost of risk analysis assessment bome by the importer.

Review aof StaterTerritory Legisiation. A working party is recommended to review existing
Commonwealth, State and Territory legislation on weeds with a view to eliminating anomalies
and implementing more uniform systems. Legislation should bind governments to control
noxious weeds on public lands,

3. Public Awareness and Education. Weed management must be promoted as part of
ceologically sustainable development (ESD) with increased public awareness, educational support
and community involvement to ensure that the economic, ecological and social impacts of weeds
are recognised.  Specific awareness and education programs to focus on the benefits of
preventing entry of new weeds to Australia, weed seed hygiene, the significance of weeds in
relation to land degradation, and 10 address public cancern about use of herbicides are required.

REFERENCES
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WEED DISTRIBUTION AND INFESTATION IN CHINA

Tang Hong Yuan
Shanphai Academy of Apricultural Science, Shanghai 201106, China

Summuary.  The distribution and infestation of weeds in Chin! delend on temperature, water
(raanfatl or rrigation}, soil, light duration and cropping system in various location at different
tatitudes, longitudes and altitudes. There are some representative weeds in different zone.

A Tropic zone: Daciyloctenium aegypiacum, Hedyoris costaia.
B, South subtropics zone: Ageratum conyzoides, Paspalum conjugatum, Alopecurus

degudiis.

(. Subtropic zone:r  Leptehloa  chinensis, Alternanthera  philoxeroides, Alopecurus
deguaiis.

D, Warm temperate zone: Descurania  serphia, Acalypho  ausirafist, Amaranthus
retroflexus.

E.  Temperate zone: Avena futua, Polygonum convolvulus.

. North femperate zone: Galeopsis bifid, Avena futua.

There are 53 million hectare of weed infestation areas in China. The total grain yield loss
caused by weed infestation was estimated at 15 billion kg per year.

INTRODUCTION

Surveying method of 7-degree damage by weeds according to weed coverage was developed by
R.). Froud-Willizan and R.J. Chancellor in 1982 for investigating weed infesiation in wheat
fickds in south England (1). The surveying method of 5-scale weed infestation in crop field in
China according to relative coverage. height and density of weeds was established by the author
in the study carried out in 1981-1992, more than 30 thousand field pliots had been surveyed in
300 counties belonging 10 28 provinces or cities, for investigating the composition, distribution
and infestation of field weeds in China according to different latitudes, longitudes, altitudes, soil
and cropping system, The results of research watk on wee$ distribution and infestation in China
may serve as a busis for the practice of weed control, especially for making strategy on
herhicide development and mdustry in China (2).

MATERIAL AND METHOD

Weed infestation degree was estimated by visualisation method according to the relative
coverape of weeds (R.C. = weed coveragefcrop coverage), relative height of weeds (R.H. = weed
height/erop height) and relative density of weeds (R.D. = weed densityicrop density). The
infestation degree of weeds were classified into 5 scales as fallow:
| degree: a few weeds are present but do not damage crop.
2 degree: light damage R.C. = 5% - 0% (R.H. = 50%-100%)
R.C. = 10% - 30% (R.H. < 50%)
3 degree: widdle dumage R.C.= 10% - 30% (R.H. = 50%-100%)
R.C. = 30% - 50% (R.H. < 30%)
4 degree: serions damage R.C. = 30% - 50% (R.H. = 50% - 100%)
R.C. > 50% (R.C. < 50%)
5 degree: very serious damage R.C. = 50% - 100%(R.H.= or > 50% (Table 1)
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Tuble 1. The data for rating weed infestation level by visualisation method

Infestation level Relative Relative Relative

height coverage density
(R.HL} (R.C) (R.D)

1 50%-100% 5%>
<50% 5%-10%

2 50%-100% 5%-10% 25%-50%
<50% 10%-30%

3 50%- 100% 10%-30% 50%- 100%
<50% 30%-50%

4 50%-100% W%-50%
<50% 50%-100%

5 »50% »>50%

RESULT AND DISCUSSION

According o the data from investigation, the distribution and infestation of field weeds in China
depend on the temperature, water, soil, light duration and cropping system at different latitudes,
longitudes and altitudes. There are some typical representative weeds in different areas.

The areas at Jatitude 18-22 N. deprees. It belonging to tropic zone where the mean annual
temperature is between 22-25°C, the cropping sysiem is rice-sugar rotation. The representative
weeds are Dactvloctenivm aegyptiveum, Hedyotis costate, Eupatorinum odoratum, Sphenochlea
zevlunica, there are no winter crop and related weeds.

The areas at latitude 23-26 N. degrees. The representative weeds are Ageratum conyzoides,
Jussivgea repen, Puspalum confugatum and some winter weeds Alopecurus dequalis and
Malachium aquaticum in east flat and hili field belenging to south subtropic zone where the
mean annual temperature is 20-21°C, the annual rainfall is more than 1000 mm, the cropping
systein is rice-sugar-wheat, rape or green manure rotation with three crops in a year.

The representative weeds are Echinochloa crusgalli, Cyperus difformis, Leptchipa chinensis,
Sagittaria pygmaea, Polamaogeton distinctus, Alopecurus gequalis and Malachium aquaticum in
YunGui plateau areas belonging to subtropic zone where the elevation is 10({-2000 M. The
mecan annual temperatare is 14-18°C and cropping system is nice-wheat or rape or preen manure
rotadion with two crops a year.

The representative weeds are Avena fatua, Thiaspum arvense, Senecio vulgaris, Escholizia ciliata
and Pelygonum nepalense in high mountain area belonging to temperate zone where the
elevation is 2500 M. The mean annual temperatare is between 2-7°C, the annual rainfall is
800-1000 mm. the cropping system is potato-barley or rape rotation with one crop a year.

The areas at latitude 27-34 N. degrees. The representative weeds are Leptochioa chinensis,
Pauspalum distichum, Alternanthera philoxeroides, Digitaria songuinalis, Chenopodium album,
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Cyperns  difformis, Fohinochloa crusgalli, Monochoria vaginalis, Chenopodium  serotinum,
Rovala indica, Sugittaria pygmaed, Alopecurus aequalis and Malachivm aguaticum in the
YanZeiver basin arcas belonging 1o the subiropic zone, from east coast to Sichuang Province,
where most fields are located in low elevation, flat and hilly lands, the mean annual temperature
is 14-18°C, the annual rainfall s about 1000 mm, the cropping system is rice-wheat (barley,
rape) of cotion-green manure rotation with two crops a year.

The representative weeds are Avera fatua, Thlaspum arvense, Senecio vulgaris, Galium aparine
and Polygormum nepalense in west Sichung-Tibet Plateay arcas and some high mountain areas
where the efevation is 2000-3000 M.  The mean annual temperature is 5-7°C, it belongs to
leinperate zone, the cropping system is wheat or barley-potata with one crop a year.

The arcas latitudes 33-40 N. degrees. From Huai river to Great Wall, the representative weeds
are Descurania sorphia, Eleusine indica, Acalypha australist, Chenopodium serotinum, C. album,
Setaria viridis, Polygonum lopathifolia, Amaranthus rewroflexus, Convolvulus arvense, Galium
aparine and Capsella-bursa-pastoris in HuangHe, HaiRiver and Hai river basin areas, belonging
1 wanm temperate zone, where the mean annual temperatare is 10-13°C, the annual rainfall is
S(0-800 mmn, the cropping system is cotton-corn-soybean{peanut)-wheat rotation with three crops
every twir year,

The representative weeds are Convolvidus arvense, Avena fatuw, Chenopodinm album, Setaria
viridis in Eluangttu plateau areas belonging to temperate zone where the elevation is about
1000 M. The annua! rainfall i below 500 mm, the cropping system is com-sorghum-wheat
(barley) rotation with one crop a ycar.

The representative weeds are Avena fatua, Polygonum convelvalus, Elsholizia ciliata, Galeopsis
bificda und Lepyrodiclis holostesides in QiuHai plateau areas belonging to temperate, north
temperale zone where the elevation is 2400-3000 M. The mean annual temperature js 5-7°C, the
annual rainfall s abous 500 M. The cropping system is wheat {barley}-rape-potate with one
CTOP it year,

Ihe representative weeds are Avend fatua, Chenopodium album, Convolvulus arvense, Phramitis
communise, Polygonum avieulare and Scirpus pluniculmis in some irrigation fields of desert in
Xinliung, GanSu basin areas belonging to warm temperate zone and temperate zone where the
mean anaual temperature is about 10°C, but day is high, night is low, the annual rainfall is
below 100 mm, the Tield crops depend on irrigation sysiem, the cropping system is
rice-cotton-whead rotation with one or two crop a year.

The areas at latitude 40-50 N. degrees. These areas are situated outside Great-Wall, in Liaoning,
JiLin and Helonpliang, where the mean annual iemperature is 2-8°C, the elevation below 500 M,
the annual rainfall is about 500 mm. The cropping system is wheat-soybean-corn-rice rotation
with one crop a year, the representative weeds are Avena fatua, Polygonum convolvulus,
P bungeanum, Chenopodivm album and Potamogeton distincius.

The areas at latitude 30-53 N. degrees. These areas are situated in north Helongliang where the
mean temperature is below 0°C. The major crops are potato and rape, the represcntative weeds
are CGolvopyiy bifid and Avena faa.
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There are 53 mitlion hectares of weed infestation areas in China, among them, 17 serious weeds
were distributed all over or most of areas in China, such as Echinochlea crusgatli, Digitaria
sunpuinalis, Chenopodivm album, Polygonum lapathifolia, Avena fatua, Alopecurus aequalis,
Cyperus rotundus, Potamogeton distinctus, Scirpus planicudmis, Junceffus serotina, and more 30
muajor weeds such as Galium aparine, Malachium aquaticum, Stellaria media, Portulaca
oleracea, Leprchloa chinensis and some weeds only infestation in partial areas such as
Dactylocterivm aegypiacum, Hedyotis castatg in tropic zone areas in south China, the Galeopsis
bifid, Polygonum corvolvulus in north China. The total grain yield loss cause by weed damage
was estimated at 15 billion kg per year.

REFERENCES

1. Froud-Williams, R.J. and Chancellor, R.J. 1982, Weed Res. 22, 163-171.
2, Tang Hong Yuan 1992. The field weeds in China. pp 1-281.
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METOSULAM - A NEW TRIAZOLOPYRIMIDINE SULFONANILIDE HERBICIDE FOR
BROADLEAF WEED CONTROL IN WINTER CEREALS

P.R. Downrard and K. Wcbhb
DowElanco Ausuatia Ltd, 26 Rodhorough Road, French's Forest NSW 2086, Australia

Sumeary.  Metosulam, Tormulated as a 714 g/hkg water dispersible granule {ECLIPSE**
herbicide) s a new post-cimergence broadleaf herbicide for use in winter cereals. Metosulam at
5 g/ha pives control of most species of the Brassicaceae {including wild radish (Ruphanus
raphanistrim)). amsinckia  (Amsinckie cafycing) and is active against most species of the
Fabaccae, Metosudan gives useful suppression of a range of other broadleaf weeds, but has no
cifect on grasses, including annual ryegrass (Lofium rigidum) and wild oats (Avena spp.).
Metosulun has a wide window of application (Zadoks 13-31) and has an excellent safety margin
i wheat, barley, ouls, triticale and cereal rye.  Metosulam is compatible with most selective
prass berbicides and cereal broadleaf herbicides.

INTRODUCTION

Metosulam, N-(2.6-dichtoro-3-methy!phenyl)-5,7-dimethoxy-1,2,4-triazo  lo[1.5-3] pyrimidine-2-
sulfonamide, {ECLIPSE™ herbicide) is a new herbicide being developed by DowElanco Australia
Limited for broadleal weed control in winter cereals.

Metosulan is absorbed by roots and foliage of plants and translocated to growing points where it
whibits the enzyme acctlactate synthase (ALS) which is essential for synthesis of amino acids.
This paper reports the results of elfficacy trials and weed-free crop tolerance screens conducted
(hroughout the magor winter cropping regions of Australia from 1988 1o 1992,

METHODS

Formufation and Adjuvants. With the exception of initial Field screens in 1988, all trials were
conducled with a water dispersible granule (W.D.G.) of metosulam. Applications were made
with either a non-ionic surfactant {e.g. AGRAL o0 @ 0.1% v/¥) or an emulsifiable crop oil
(UPTAKE™ @ 0.5% v/v).

Lflicacy drials conducted on commercial growers’ properties using natural weed infestations were
ld in a randomised compiete biock design with three or four replicates. Small-plot trials were
apphicd using a propanc-powered AZC precision back-pack sprayer with a hand-held boom (2 or
3 oietres long) fitted with flat fan nozzles at 50 cm centres. At an operating pressure of 200
ki, 100 LMa of spray solution was applied. Larger plots were treated using a motorbike-
mounled sprayer wilh 4 6 metre boom fitted with flat fan nozzles and at 200 kPa operating
pressure, 30 Lha of spray solution was apphed.

Weed-free crop olerance screens were established in representative agronomic arcas over at least
twnr scasans and esing majar commercial crop cultivars.

Plamback wrials were conducled over two yeuars in which metosulam at up to 40 g/ha (eipht times
the proposed Lshel raed was applied to bare seil and rotational crops sown into the plots.

T ECLIPSE and UPTAKE are trademarks of DowElanco Australia Ltd.
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RESLULTS AND DISCUSSION

Weed control (biomass reduction) was assessed visually at 2.4 and 6 weeks post-treatment and
final control levels are summarised and presented in Tables 1,2 and 3.

Mciosuiam 5 g/ha, applied to weeds which ranged is size from 2-4 leaf to 8-10 leaf, controlled
most species of the Brassicaceae including wild radish (Raphaniis raphanisirum), Indian hedge
mustard  {(Sisymthrium  orientale), twrnip weed (Rapistrum rugosurn), ball mustard {Meslia
punicilata) and wild turnip (Brassica tournefortii).

Table 1. Metosulam for control {%) of wild radish (RAPRA), Indian hedge mustard
(SSYOR), wmip weed (RASRU), ball mustard (NEAPA)} and wild turnip (BRSTO).

Herbicide Rawe RAPRA SSYOR RASRU NEAPA BRSTO
{g/hn)

metesulam” a6 93 (11} 90 (3 85 (8) T3 (N -
{75-100] [80-100} {70-95] [69-87]

metosulam” 5.0 96 (13} IR RI (1Y 88 () -
[83-100} [80-100] [85-90]

metosutam® 5.0 91 (50) 81 (24) 91 (18) 26 (3) 34 (3)
[75-10 [60-100] [70-100] [82-90] [75-100}

metsutiuron” 3.0 - 87 (15) o8 (7 90 (3 B8 (2}

147- 100} [93-100] [85-95] 175-100]

24-D 7507400 86 (1) - 100 (4) - -

§76-100]
UPTAKE oil @ (.5% v/iv. { } No. of trials summarised
' AGRAL 600 wetter @ 0.1% viv. [.] Range of means

2.4-I} amine at 750 g a.e./ha or 2,4-D ester at
400 g w.e./ha.

Metosulam, 5 g/ha with wetting apent applied to weeds which ranged in size from 2-10 leaf (or
from 2-4 whotl GALTC), controlled amsinckia (dmsinckia calycina) and gave useful suppression
of sheepweed (Lithospermum arvense), threehorn bedstraw {(Ualium rricornutum), capeweed
(Arctotheca calendula)l and doublegee (Emex australis). On this group of weeds, wetting agent
tended to pive better enhancement of weed control than UPTAKE oil.

Metosulam 5 g/ha was active against certain species of the Fabaceae, including velunteer field
preas (Piswm sativum), medics (Medicage spp.) and subterranean clover {Trifolium subterraneun),
however lupins {Lupinus angustifolius) were highly tolerant.

Mctosulam had no effect on grasses, including annual ryegrass {(Lofium rigidum) and wild oats
(Avena spp.).

Mclosulam  shows promising  compatibility with selective grass  herbicides

{uryloxyphenoxypropionates and cyclohexanediones) and cercal broadleal herbicides including
sulfonylureas, hydroxybenzonitriles, phenoxy acid derivatives, ureas and triazines.
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Sclectivity 1o winter cereals 1o eight weed-free crop tolerance screens conducted from 1989 wo
1991 metosulaim |, was safe to all thiny three varieties of wheat and nine varieties of barley
lested (see Table 4).  In addition, metosulam at up to twice the maximum proposed label rate
wis safe (o oats (5 varictics), triticale (3 varieties) and one variety of cereal rye.

Table 2. Metosulam tar control (%) of amsinckia (AMSCA), sheepweed (LITAR), bedstraw
{GALTC), capeweed (AROCA) and doublegee (EMEALU)

FHerbicide Rate RAPRA SSYOR RASRU NEAPA BRSTO
{efha)
metosulam’ 3.6 R0 {1) 50 (2) 52(2) 39 (6 300
130-70] [53-53] {43-68]
metosulam’ 5.0 B3 () 58 (%) 66 (2} 47 (10) 48 (6)
[40-75) [57-75]) 33-9%) [53-60]
metosulanm® 5.0 B6 (N 63 (6) 77 (6) 47 (3 49 (1R)
{1)-97] [37-100 [67-87] [10-92] [38-90]
metsulfuron® 3.0 91 {4) 62 (6) 64 (d) 15{14) 80 (13)
{D-100] [30-95]) [57-70) [0G-45] [48-100]
UFTAKE oil @ 0.5% viv. { Y} No. of tnals summarised
' AGRAL 600 wetter @ 0.1% viv. [.1 Range of means

Tuble 3, Control (%) of volunteer peas (PIBST), medics (MEDSP) and subterranean
clover (TRFSL) with metosulam

Herhicide Rate PIBST MEDSP TRFSU
(g/ha)

mutesalam” 3.6 79 (3) 67 (2) -
[72-85) [55-78]

mictosulam’ 5.0 79 (3) RO (2) 100G (1)
[72-85) [30]

metasulam® 5.0 717N 72 (7 89 (4)
33-93] [50-93] |77-100]

metsuléuron? 3.0 78 (3} 90 (5) 93 (4)
[48-100] [77-98] [90-58]

“ UPTAKE oil @ 0.5% viv. { Y No. of trials summarised

Y AGRAL 600 wetter @ 0.1% viv. [..J Range of means

Melosutam alse showed promising selectivity to lupins.

Crop Rotation_Intervals,  Six trials were established in the southem cereal growing regions of
Australia in which susceptible rotational crops (field peas, medics, subterranean clover and
veteh) were planted into plots treated [0-12 months earlier with up to 20 g/ha metosulam (four
ties the maximum proposed label rate).  All crops emerged with no sign of metosulam damage.
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Two further trials were conducted on black clay soils (Breeza Plains, NNSW) in which
susceptible crops were planted one 1o sixteen wecks after application of metesulam to bare soil.
Fur successful establishment of canola and sunflowers, at least two months plantback interval
wiis reguired.

Table 4, Cereal yields (expressed as a percent of the unireated control) from weed-free crop
tolerance screens 1989-1991.

Rate of Crop stage at treatment (Zadoks)

metosulam”

{2/ha) Zd 13-15 Zd 13,22.2223 Zd 30-31
¥Wheat

5.0 98.1 |8.8] 100.3 (6.2} 103.8 [12.2]
11O 97.9(7.1] 98.3 (7.7] 102.8 1711
No varieties tesled 33 28 16
Barley

50 101.2 {15.6] 105.3 | 1.5| 104.0 §6.3]
10.0 9.4 [10.9] 107.0 |11.1] 105.0 [7.3]
No varieties lested 9 3 6

| | Standard deviation,
plus AGRAL 600 wetter @ 0.1% viv.

Conclusion.  Metosulam is a new post-emergence broadleaf herbicide for cereals offering the
uniyse combination of excellent wild radish conmol, compatibility with grass and broadleaf
herbicides, and the possibility of true onc-pass weed confrol. It is safe to cercals and has
acceptable plantback requirements for rotational crops.

ACKNOWLEDGEMENTS
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FLUMETSULAM - A NEW POST-EMERGENCE HERBICIDE FOR BROADLEAVED WEED
CONTROL. IN UNDERSOWN WHEAT AND IN MEDIC, SUB-CLOVER AND LUCERNE
SEED CROPS AND PASTURES

J.R. Phimister and P.R. Downard
DowElanco Australia Limited, Locked Bag No. 502, c/o Post Office,
Frenchs Forest NSW 2086, Australia

Summary, Flumetsulam is a new sulfonanilide herbicide being developed for post-emergence
broadleaved weed control in undersown wheat and certain legume crops and pastures. Indian
tHedpe mustard (Sisymbrium orientate), wild wrnip (Brassica fowrneforiii), ball mustard (Neslia
paniculata), wild radish (Ruphanus raphanisirum), threshorn bedstraw (Galium tricornttum}, and
yellow burrweed (Amsinckio cafveing) are controlled by flumetsulam at 16-20 g ai/ha.  Crop
tolerance studies show wheat from zadoks 12 te 31, medic and clover pre-emergence and post-
cmergence from two trifoliaste ieaf onwards and lucerne post-emergence from two trifoliate up 1o
six wrifoliate leaf are tolerant to flumelsulam at vp 10 40 gha.  Plant back sindies have shown
that susceptible rotational crops including lupins, faba beans and canola can be safely planted six
to thineen months afier an in-crop application of up to 30 g/ha flumetsulam.

INTRODUCTION

Fluswisulam, N-|2.6-difleorophenyl|-5-methyl (1.2,4) triazolo-f 1 52]-pyrimidine-2-sulfonamide,
is being developed by DowElanco Australia Limited for broad-leaved weed contrel in undersown
wheat crops and medic, sub-clover and lucerne pastures and seed crops.

Flunetsulumy is o member of the sulfonanilide family. I is absorbed by both the roots and
foliage of planls and transiocated to the growing points where it acts by inhibiting the enzyme
acelofactale symhase {ALS) which is essential for amine acid synthesis.

The Ttelative susceplibility of plants to flumetsulam is a function of the time required for
ahsorption and translocation znd the rate of metabolism within the plant.

This paper summarises the spectrum of weeds controlled by flumetsulam, its selectivity to a
range of crops and its safety to rotational crops. It briefly discusses the potential of flumetsulam
for more effective legume pastute establishment in the cercal/pasture ley rotations practised in
southern Australis.

METHODS

Formulation and adjuvants. Flumetsuiam is formulated as a water dispersible granule containing
80t pfkg (BROADSTRIKE™ herbicide). All applications were made with either a non-icnic
surfactant (e.g. Agral® 600 or polyglycol 26-2 at 0.1% v/v) or with UPTAKE', an emulsifiable
crop ail, at 0.5% viv,

Lfficacy trials. Efficacy trials, Yaid in a randomised complete block design, were replicated three
or lour times, often with split limings of application. Treatments were applied using a gas-
powensd AZO small-plot sprayer with hand held boom fitted with flat fan nozzles at 50 cm
centres, or with 4WD motorbike sprayers, applying 50-100 L/ha waier volumes.

Y Trademark of DowElnco
@ Trudemark of 1C1 PLC k}!
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Weed free crop tolerance. Weed free crop tolerance screens were established in represemtative
agronomic areis covenny at least two seasons and using major commercial crop cultivars,

Plantback _trials. Plantback trials were conducted over twa years in which flumetsulaim at over
two times the label rate was applied to bare soil and rotational crops sown into the plots,

RESULTS AND DISCUSSION

Weed control (hiomass reduction) was assessed visually at 2, 4 and 6 weeks post-treatrnent and
tinal ratings are presented in Table 1.

Table |. Weeds up to 5 cm diameter. Mean visual percent weed control (biomass reduction by
flumetsulam of Indian hedge mustard (THM), wild turnip (WT), ball mustard (BM},
wild radish (WR), bedstraw (B). wrnip weed (TW) and yellow burrweed (YB). Mean

of two 10 nine sites per species. (Standard deviation underneath in brackets)
Raie  1ym wr BM WR B W
g/ha
Elumetsulan™ 16 837 - - 79.5 750 -
4D (16.6) -
20 94.7 91.7 88.1 87.0 9.7 97.0
4.1} (1.8} on (10.%) (10.3) (5.13
32 - - - 949 - -
(7.6)
Tumetsulam® 16 91.7 - - 77.4 82.0 97.5
(5.1 (19.9) 3.5
20 96.7 97.5 G7.2 83.4 92.7 97.5
4.4 3.5 (2.5 (18.1) 6.7 3.9
32 - - - 98.2 - -
{(19.6)
Diflufenican 100 939 - - 8.8 - -
2h (12.2)
MCPA sodium 175 79.3 759 53.0 65.6 - 833

6.6) (8.3} (39.3) (15.8) -

T Plus Agral 600 at 1% viv
* Plus Uptake (surfactantfoil) a1 0.5% v/v

Flunmetsulam at 16-20 g/ha gave commercially acceptable control of Indian hedge mustard
(Sisyembrium oriencale), wild wmip (Brussica towrnefortii), ball mustard (Neslia panicidara), wild
radish (Raphanus raphanistrum), threehom bedstraw {Galium teicornutunt) and yellow burrweed
{Amsinckia calveind).

Fhunetsulam was generally more effective as an early post-emergence application (weeds up 1o 3
cm dismeser Table 1) than at a Yater application to larger weeds (5-10 cm diameter Table 2).
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This was most marked with Indian hedge mustard and wild trnip, with bedsiraw being the
wxception such that beter controlb resulted from later applicatiens.

On Indian hedge musiard, wild tuenip and batl muostard, flumetsulam was more cffecti\fc when
applicd with UPTAKE at .5% v/v than when applied with AGRAL 60¢ at 0.1% v/v. On wild

radish, bedstraw and turnip weed, flumetsulam gave comparable levels of controf irrespective of
udjuvant.

Table 2. Weeds 5 cm to 18 em diometer. Mean visual percent weed control (biomass reduction
by Aumetsulam of Indian hedge mustard (THM), wild turnip (WT), ball mustard (BM).
wild rudish (WR), bedstraw (B}, turnip weed (TW} and yellow burrweed (YB). Mean

of two 10 ning sites per species, {Standard deviation underneath in brackets)
Rate M WwT WR B T™W YB
wfha
Flumetsulun® 16 74.3 - 75.0 832 - 66.5
{(6.3) (14.9) (7.5 (19.1)
20 31.7 739 792 922 0.4 #5.5
{11.1) (23.3) (18.9) (5.5) {8.1) (15.0)
a2 - 76.5 06.1 - D53
19.1) (5.5) @n
Flumetsubam® 16y 822 95.0 76.8 o0.2 - 75.0
(8.9) - {13.9 (2.6) (7.0)
24} 851 8.2 83.0 93,7 5.5 76.7
(10.9) (13.8) {13.3} {5.0) (7.7 {16.0)
32 - 89.0 96.7 - 94.6 -
(8.5) (4.4 {4.8)
Diflulenican 100 83.7 %5.0 73.1 - - -
{13.6} - {11.7)
MCPA sodium 175 652 64.0 56.9 - 85.4 -
(26.6) (31.4) (200.5) 2.9

" 1Mus Agral 600 at 0.1% wiv
* Plus Uplake (suerfactantfoil) at 0.5% viv

Flumetsulam has shown poor activity on capeweed (Arclotheca calendula), soursob (Oxalis pes-

vaprae), fumitory (Fumaria deasiffora) and moxderase activity on white iron weed (Lithospermum
drvensiy )

Whea jolerance, In seven mult-vatiety weed free crop tolerance screens conducted in 1991 and
92, Mumetsulam was safe to all varieties of wheat tested. {Table 3) Treatments were applied
at zadoks 12-13, 14-15/21, 22 and 30-31, a1 16 or 20 g/Ma and also at 32 or 40 g/ha with either
non-ionic surfactant at 0.1% vfv or a Uptake at 0.5% v/v. Flumetsulam shows a high margin of
selectivity up to 40 pha irrespective of adjuvant,
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Medic, Sub-cigver and Lucerne Crop Tolerance, In 1991, flumetsulam was included in a medic
and lucerne crop tolerance screen at the Victorian Institute for Dryland Agriculture (1).

Purabinga, Paragio (M. trrunculata), Circle Valley and Santiago (M. Polymonpha) medics as well
as CUF 101 lucerne (M. sativa) were included and flumetsulam was applied at 20 g/ha.
Flumetsulam did not significantly reduce medic burr production (relative to hand weeded
controls) in any variety except Parabinga where the yield was comparable with that of the
unsprayed control, Lucerne persisience as measured in February (plants/m’) showed that
flumetsulam was one of the most selective herbicides.

Tablc 3.  Wheat grain yicld expressed as a pereent of untreated control from seven weed free multi-
varicly crop lolerance screcns in 1991 and 1992 (Standard deviation in brackets, where more
than one screen}

Crop growdls stage al (reatment

Rale
g/a ) Zadoks < 3.
Zadoks 12-13 14-15/21-22 Zadoks 30-31
Flumetsulam™ 16 95.8 (6.4} - -
2 930 959 (6.4} 1004 (2.3)
32 97.6 (6.9}
40 95.9 BO.8 98.5 (4.0}
Fluncisutam® 16 98.8 (4.1) 99.1 (5.2)
20
iz 97.5 (3.5) 130 (3.8)
40
No of variclics tesied 18 12 18

" Plus non-ionic serlaclant at (L1% viv
* Plus Uplake (surfactant/oil) al 0.5% viv

In 1991 and 1992, flumetsulam was included in a medic, sub-clover and grain legume screen at
Hart in South Australia (2). Pre and post-emergence applications of flumetsulam at 20 and 40
g/ha were selective to the cultivars screened.

In 1992, flumetsulam was applied pre and post-emergence to Iucerne (Aurcra) in Northern New
South Wales. Flumetsulam at 20 g/ha applied pre-emergence was unacceptably damaging, but
post-emergence application {(with UPTAKE at 0.5% v/v} at the two and 6 leaf growth stages
showed good selectivity as measured by fresh weight cuts.

Soil Persistence and Rotational Crop Restrictions.  Flumetsulam s metabolized by soil
microorganisrms.  Herbicide half life bas ranged from less than ane month up to two months
under varying conditions. Availability in soil is primarily dependent upon soil pH and organic
matter and herbicidal activity increases as pH increases and organic matter decreases.

Flumetsulam was applied to a red-brown earth in southern New South Wales in 1990 ar rates of
up to 75 g/a, more than twice the proposed maximum use rate in winter crops (32 gfha).
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Susceplible crops (Jupias, faba beans and canola) sown into these treatments six months later
were unaffected.

At two sites in Soulh Australia, flumetsulam was applied at 10, 20 and 30 g/ha. Rotational
crops incjuding vetch, sub-clover, medic, barley, wheat, canola and lupins were sown thiricen
months later in 199%. No damage was observed in any crop af any rate.

In 1991 at two sites in South Austratia, flumetsulam was applied at 10, 20 and 40 g/ha and
rotational crops sown two to three months later.

At 20 p/ha at the Moonta site there was no damage to any crop, but the 40 g/ha rate cavsed
slight dumage to canola.

At the Clare site, 20 g/ha caused shight damage to vetch but moderate damage to canola,

Conclusion. Flametsulam shows particular promise for weed control both in undersown wheat
crops and in medic, sub-clover and Jucerne based pastures and seed crops, Trial results indicate
that carly post-emergence use in cereals or pasture will not pose a threat to rotational crops
grown nine to len monthy later.

Taking imto account e drive towards suslainable systems, there is now much meore focus on
establishing high quality legume dominant pastures as part of the cereal/pasture ley rotation.
Suecessiul legume pasture establishment relies on use of herbicides that provide effective weed
control for the fina! cereal crop but are not damaging to the undersown pasture component. The
wheat, medic, sab-clover and lucerne selectivity shown by flumetsulam will allow grain growers
the option of beller pasture estsblishment following the final wheat crop in a rotation.
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AC 322,140--A NEW BROAD-SPECTRUM HERBICIDE FOR SELECTIVE WEED
CONTROL IN TRANSPLANTED AND WATER-SEEDED RICE

L.S. Quakenbush®, S.). Rodaway', B. Tecle', T.E. Brady', B. Lapade®, P. Marc', M.E. Condon'
and T. Malefyt!
' American Cyanamid Co, Princeton, New Jersey 08543 USA
*Cyanamid Agriculturat Research Foundation, Inc., College, Laguna 4031 Philippines

Summary. AC 322,140 is a sulfamoylurea herbicide that selectively controls a wide range of
weeds in transplanted and direct-seeded rice. The mode of action of AC 322,140 is via
inhibition of acetohydroxyacid synthase {AHAS). Rice tolerance to AC 322,140 is primarily due
to the rapid rate of metabolism of the herbicide. Laboratory studies using "“C-AC 322,140
indicate moderately tight binding to soil and low potential for leaching. This new herbicide will
provide a useful addition for weed contrel in rice, with excellent safety to the environment.

INTRODUCTION

Physical and chemical properties. AC 322,140 (1-{[O-(cyclopropylcarbonylyphenyl|sulfamoyl -
3-(4,6-dimethoxy-2-pyr imidinyl)-urea) is a sulfamoylurea. It differs from the sulfonylurea class
ol herbicides both in the chemistry of the urea bridge and the cyclopropyl ketone substitution on
the phenyl ring. It is an off-white solid with a melting point of 170-171°C and a molecular
weight of 422, AC 322,140 i3 soluble in most organic solvents and inseluble in water, with the
waler solubility and octonol/water partition coefficients affected by pi (Table 1). IHydrolysis
studies using 0.1 M "“C-labeled AC 322,140 in 50 mM phospate buffer indicate that hydrolysis
is greatly affected by pH (Table 1). AC 322,140 endergoes rapid hydrolytic urea brdge
cleavage at lower pH.

Table 1. Effect of pll on apparent cctanol/water partition coefficient (K,,),
water solubility, and hydralysis of AC 322,140

pH
Parameter measored
3 5 6 7 8
Apparent K, at 25C 3R 1 49 26 5
Water solubility at 25C (in ppm)* <l 3 6 32
1ydrolysis in 30 mM phosphate 22 2.2 5.1 40 91"

buffer half life {days}

a

Water solubility was determined in preliminary studies using test material
which was approximately 92% pure by the current apalytical methodology.
These results may be different when higher purity material is tested.
Values for hydrolysis half-life at pH 7 and 8 were extrapolated from a 0 to
21 day hydrolysis study.

Toxicology. AC 322,140 has been shown to be very safe to mammals and other animals. In
tests with technical material, the acute oral LD, in rats was >5000/kg, the acute dermal LDy, in
rabbits was >4000/kg, and the carp 48-hour LCy; was >10 ppm. It was mildly aritating te rabhit
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eycs with complele ye recovery within 48 heurs. In microbial mutagenicity assays AC 322.140
was non-mutagenic. Long term toxicology studies are in progress.

Muade of action. The herbicidal activity of AC 322,140 is due to inhibition of acetohydroxyacid
synthase, a key enzyme in amine acid biosynthesis. AC 322,140 has an I, value of < 1 M.

Ficld performance of AC 322 140 in rice. AC 322,140 has been extensively field tested in rice,
Oryza sativa, by American Cyanamid and its subsidiaries for the past 3 years, in a total of over
306 field wials throughout the woarld. [n transplanted rice tests, AC 322,140 at 20 to 60 g ai/ha
applied 0 to 15 days after transplanting controls many weed species, including the perenniat
weeds Cyperus serotinus, Eleocharis congesta, E. kuroguwai, Sagitaria pygmaea, §. trifolia, and
Scirpus  Juncoides, and the annual weeds Cyperus difformis, Elatine trigndra, Lindernia
arigtistifilia, L. procumbens, Monochoria vaginalis, and Retala indica(1), Grass weeds such as
Fohinochlpa crus-gatfl arc suppressed but not consistently controlled.  AC 322,140 bas also
shown good control of hroadleaf and sedge weeds and crop tolerance in water-seeded rice,
applicd (Vo 12 days after seeding at rates of 10 to 40 g/ha.

MATERIALS AND METHODS

Uplake, digtribution, and_metabolisin of AC 322 140 by rice. The uptake, distribution, and
metsbolism of "“C-AC 322,140 was evaluated in a serics of experiments using hydroponics.
Plants were transferred to 2 hydroponic nutrient solution containing **C-AC 322,140 when they
had 2-3 leaves. Plants were harvested 2, 4, 24, 48 and 72 hours after treatment and divided into
roots and shoots.  Some plants were autoradiographed, while some plants were used 1o determine
tatal radiolabel absorbed {(combustion followed by liguid scintillation counting). Metabolism
was evaluated by extraction of root and shoot tissue and chromatography (TLC and HPLC).

Leaching studies in 3 Jupanese paddy soils. Leaching of “C-AC 322,140 was evaluated using
square plexiglass columns packed with seil 8-10 cm deep with 100 cm® of seil surface area.
Three Japanese rice paddy soils were evaluated, Columns were saturated with water and “C-AC
322,140 was applied dircetly to the soil surface. Three cm of water (300 mL totul volume) per
day were leached through the column over 2 two day period. Columns were drained to field
capacity and sectioned into 1 cm slices.  Soil sections were dried, oxidized, and radioactivity
detenuined,

Combination_leaching/olant uptake and distribution study. An experiment similar to the leaching
siidy described above was conducted except that rice and several weed species were
transplanted into (he soil column.  The soil column was packed with an alluvium sandy loam
soil, saturated with water, and the following were planted into the celumn: 3 rice transplants
(3.3 leaves, 30 cm tall), 4 Saggitaria pygmaea planis (0.4 cm tall), 4 Cyperus serctisus plants
(4 cm tall), and 6 Echinochioa crus-galli plams (1.8 leaves, 4 cm tail).  After three days, water
was added 1o 2 cm above the soil surface. On the following day “C-AC 322,140 was added by
pipeite 1o the flond water. Water was leached through the column at the rate of 1 cm per day
for wo days after herbicide was added, with the flood height maintained at 2 cm above the soil
Tevel. Then plunts were removed and sectioned {at about 2 cm intervals), columns were drained,
and soil was sectioned inte the top 3 cm vs the bottom 3 cm of soil.

Soil orpanic carbon partition coefficients for AC 322,140 and bensulfuron-methyl.  Freundlich
adsorption/desorption isotherms were obtained for AC 322,140 and bersulfuron-methyl using a
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butch-slurry tnethod in 3 Japanese rice paddy soils and one U.5. soil (Sassafrus sandy Soam).
Each herbicide was evaluated at four concentrations pet soil for each of two adsorption petiods.
K, (Freundlich adsorption} values were determined for each soil and condition and the K (Soit
crganic carbon partition coefficient) was calculated by dividing each K; by the percent organic
carbon of the soil.

RESULTS AND DISCUSSION

Uptake. distribution, and metabolism of AC 322.i40 by rice. [In a hydroponic system, rice
scedlings readily absorbed AC 322,140. Although the greatest concentration of radioiabel was in
the roots, radiolabel was rapidly translocated throughout the plant. In shoots, the greatest
concentration of *C-label was in the leaf margins and leaf tips. Metabolism of AC 322,140 was
much faster in the shoots than in the roots. The half-life for metabolism of AC 322,140 was
less than 2 hours for shoots compared to 24 hours for roots. Metabolism of AC 322,140 by rice
wis by urea bridge cleavage 1o yield herbicidally inactive compounds. This is quite different
from the metabolism of bensulfuron-methyl by rice. Bensulfuron-methyl is metabolized by rice
via hydroxylation of the methoxy substituent followed by demethyiation (2).

Leaching studies in 3 Japanese paddy soils. For each soil, over 86% of the total radicactivity
remained in the top 3 cm of soil.  Radioactivity in the leachate was less than 1% ((L3% on
alluviven ssndy loam, 0L4% in volecanic loam. 0.7% in deluvium loam). These resuits show the
low soil mobility of AC 322,144 (Table 2).

Table 2. Leaching of AC 322,140 in 3 Japanese paddy seils (3 ¢cm leaching/day for 2 days}

Soil section Percent totls "“C radioactivity
“E‘I"'" from surface} Alluvium sandy loam Volcanic Yoam Deluvium loam
D-1 cm 555 51.3 i5u
I-2om 259 218 36.5
2-1cem i0.0 16.8 13.9
3-4 em 4.9 7.9 2.3
4-5 cm 2.1 1.5 2.1
5-1 em 1.3 0.3 12
Leachate 0.3 0.4 07

Conbination leaching/plant uptake and distribution study. An experiment similur to the leaching
study described above was conducted except that rice and several weed species were
rransplanied inte the soil column. In this study, the distribution of radiolabel from “C-AC
322,140 as percent of applicd was as follows: 7.5% in the 2 cm of flood water aver the soil
surace; 64% in the top 3 cm of soil; 26% in the lower 5 cm of soil; and 2.5% taken up by
plams. More herbicide was found below 3 cm in this study when compared 1o the previous soil
leaching study because some mixing of soil accurred when plants were removed.

All three weeds had a greater concentration of "“C-AC 322,140 (per g dry weight) than rice. In
the 3 weed species, over 85% of the radiolabel rernained in the pants of the plant exposed to the
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lop 3 em of soil or the 2 cm of flood water {Table 3}, In rice, only 47% of the radiolabel was

in parts of the rice plant expesed to the top 3 cm of soil or flood water, while 4% had
translocated to shoot tissue above the flood.

Matabelism studies in rice described abeve indicate that AC 322,140 wanslocated into shoot
tissue is rapidly metabolized. In additton, most of the roots of rice plants are located deep
encugh in the soil that there is litile exposure to the herbicide. Thus telerance of rice to AC
322,540 is due to rapid metabolism to inactive compounds and location of most rice roots below

the area of highest herbicide concentration.  Rice also showed reduced uptake of herbicide
compared 10 these weed species.

Tuble 3. Distribution of "C-AC 322,140 within each plant species in combination
leaching/plant uptake study

Rice S. pygmaea  C. serotinus  E. crus-galli

Location of plant tissue
{% of total radiolabel)

Shoot above flood 40.3 1.1 4,2 10.8
Herbicide zone (Nood + top 3 cm) 47.2 98.8 957 88
Roats in bottom 3-8 cmy of soil 12.5 0.2 0.4 1.3

Suil orpanic carbonr partition coefficients for AC 322,140 and bensulfuron-methyl . AC 322,140
had K, values of 1530-5530 following a 1 day adsorption period (Table 4}. This indicates that
AC 322140 binds tightly to soil. Ia all cases, the K for AC 322,140 was higher than for

hensulfuron-methyi, indicaling that AC 322,140 binds to soii more tightly than bensulfuron-
methyl.

Table 4. Compurison of soit adsorption constants of AC 322,140 and bensulfuron-methyl in
3 Japancse paddy soils and one U.S. soil, after a 1 day adsorption period

AC 322,140  bensulfuron-methyl

Soil Lype Suil ongin pli % LM, K. (ke

alluviem sandy loum Kagawa 6.0 28 2.420 1,350
deluvium loam Toyokawa 59 30 2,11 1,250
volcanic loxm Tochigi 5.5 104 1,530 1,380
sassafras sandy loam  New Jersey 6.6 1.2 5.530 2,750

AC 322,140 is a wseful new 1ol for weed contral in tice. Its Jow level of toxicily to animals,
imability in the soil, uand excellent level of weed control and rice tolerance will provide
larmers with posd weed control with a low level of environmental risk. This new herbicide has
also shown poteatial for broadleaf weed controb in wheat and barley.
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CYHALOFOP BUTYLL: A NEW GRAMINICIDE FOR USE [N RICE

P.G. Ray, R.G. Pews, J. Flake, ). Secor and A. Hamburg
DowElanco Discovery Research, PO Box 68955, 9410 Zionsville Road,
indianupoiis IN 46268-1053, USA

Summary.  Cyhalofop butyl (proposed) ((R)-butyl 2- (4-(4-cyanc-2-fluorophenoxy)phenoxy)
propionate) ts a new selective rice graminicide. Selectivity is due 1o differential metabolism of
the molecule by rice and tarpet grass weeds. The mechanism of action of cyhalofop butyl is
inhibition of acety! CoA carboxylase (ACCase). Cyhalofop butyl posscsses a number of
favorable 1oxicological, environmental and physical property features such as acceptable
mawwmalian  and  aquatic  oxicological profiles, lack of soil mobility, and rotutional crop
seleetivity, These leaures permil its use in diverse rice cultural practices. including transplanted
packly and dircct seeded rice.

INTRODUCTION

Cyhalofop butyl is a new post-emergence aryioxyphenoxy propionate graminicide discovered by
DowElanco which controls 2 broad spectrum of grass weeds, including species of Echinechioa,
Brachiaria, Cynodon, Digitaria, Eleusine, Leptochlow, Panicum, Setaria, and Sorghum.
Cyhalofop butyl, coded XDE 537 or DEH 112, is highly selective to both japounica and indica
rice varietics as well as to all broadieaf rotational crop species. It has a broad window of
application (1-4 leaf bamyard grass) as well as the ability to mix with a number of other
herbicides.  This paper describes chemical, physical, toxicelogical and biological praperties of
the molecule.

METHODS

Greenhouse studies - paddy _injection swdies. A stock solution was prepared by dissolving
technical cyhalofop butyl in acetone and bringing the solution to volume in 0.1% {(v/v) TWEEN
20. Desired application rutes were achieved by injecting measured volumes of stock solution
into the flood water of plastic cups containing appropriate plant species germinated in puddled
soil. Controb plunt cups were injected witk: selvent blanks. Water was not added to paddy cups
for 2 days fallowing injection, after which flood levels were maintained at a depth of 2-3 cm.
Plants were grown in a glasshouse maintained on a 30°C day/26°C night temperature regime and
4 16 h photo period (nawural light was supplemented as necessary with multi vapor lamps).
Visval ussessment of herbicide activity and crop tolerance was made 3-4 weeks after treatment.
The assessment was based on 4 comparison of treated plants to untreated contrel plants and used
an evaluation scale of 0% (no effect) to 100% (complete kill).

Greenhouse studies - [oliar applications. A 24% BEC formulation of cyhalofop butyl was
prepared an 0.25% (viv) ORTHO X-77 surfactant and applied to test plants with a track sprayer
(160 L/Ma). Plants were grown in conventional horticultural pets under dryland (non-puddied
soil) conditions,  Conirol plants were sprayed with a solvent blank. Plant culture and test
cvaluation conditions were as above.

Calculstions. GR 5 and GRREO values correspond 1o the rate required to give 5% and 80%
control, respectively of the species listed in Tables 3 and 4. The data is calculated from a log
sule vs, probit transfonnation of the percent growth control raw data.
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ACCase enzyme assay, ACCase was exwacted from maize (Zeg mays) and assaved by
determnining the acetyl CoA-dependent incerporation of H“CO, into acid and heat stable
products (1),

Plant_metabolism studies. Plant metabolism studies were conducted using "C-labelled methyl
exter (ME) of cyhalofop. "“C-labelled cyhalofop ME was formulated in 50% acetone, 0.1% X-77
and 0.3% AGRI-DEX crop oil concentrate and applied in 0.5 pl droplets to the first true leaf of
rice or barnyardgrass. The application rate was 50 gfha at 200 L/ha.  Treated plants were
niatntained in a growth chamber at 20°C or 30°C, 14 h photoperiod.

RESULTS AND DISCUSSION

Chemical and physical properties

Code name: XDE 537, DEH 112
Common name: Cyhalofop buiyl
Chemical name (TUPAC): {R)-butyl 2-{4-{d-cyano-2-fluorophenoxy) phenoxy)-propionate
Empirical formula: CyH,FNOQ,
Molecular weight: 357.39
Structural formula:
F
0
NEC@C’ < >—01)%CH2<:H20H ,CHx

Appearance: odourless. white, crystailine solid
Mueiting point: 50°C
Satubility (ut 200C): Water: 0.7 ppm (pH 7.H

Xylene: 47.3 (wt%h a.i.)

Acetone: 60.7 (wt% a.L.)
Cetanal-water partition

coefficient (logP): 3.3t

Vupor pressure: #.8 x 10° mmHg at 20°C

Toxicology. In reverse mutation tests (Ames test), in DNA repair assays, and in micro nucleus
test in mice, cyhalofop butyl was determined to be non-mutagenic. In {n vifre cyiogenetics
stuclics with cyhalofop butyl, ne induction of structural chromosomal aberration was observed.
Rt and rabbit studies indicated that cyhalofop butyl is not teratogenic.

The acute toxicity of cyhalofop buty! is considered to be low; results are summuarized in Tables
1 and 2 below. Additional testing is in progress.
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Table 1. Mammalian oxicological characteristics of cyhalofop

butyl
. Median |

Species Route edian lethal dose
(mg/kg)

rat, male acute oral >5000

ral, female acute oral >5000

mouse, male acute oral >5000

monse, female acute oral >5000

rat, male acute derrml >2000

rat, female acute dermal >2000

Table 2. Aguatic texicelogical characteristics of cyhalofop butyl

__ LC

Specics Route (m y.j[f)
_J_:—p];m::mr?_‘ o aqueous 1.54
Rainbow trout wjueeus 1.65
Daphoia Jueous >100

Enyironmental stabiiity, Cyhalofop butyl is stable at pH 4 but is hydrolyzed slowly at pH 7. At
plE 1.2 or 9, cyhalofop is rapidly decomposed.

Mode of action. Cyhalofop butyl is a4 member of the aryloxyphenoxy propionate class of
herbicides, Like the majority of the compounds in this class, cyhalofop butyl is readily absorbed
Iry ptant lissue, is phlocm mobile and accumulates in the meristematic region of the plant (W. R.
Baurieskel and JIE Miller, DowElanco internal report). In addition, cyhalofop {acid) is an
inhibitor of ACCase, which catalyzes the first committed step in fatty acid biosynthesis (1}. The
dose response of cyhalofop (acid) on maize ACCase activity is shown in Fig. 1 below. In this
test, the Iy, for cyhalofop (acid) is approximately Z ppm.

100
Percont 75
of 50
Cantrol 25
Dt
001 0.1 1 10 100

ppm XDE 537

Figure 1. Dose-dependent inhibition of maize ACCase by cyhalofop (acid).
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Plant_metabolisrn.  Rice tolerance to cyhalofop ME is due to both a rapid metabolism to the
inactive diacid (4,,<10 h at 30°C) and to subsequent formation of nonpolar metabolites at
t»10 h at 30°C. Conversely, bamyard grass sensitivity was atiributed to rapid metabolism of
the cster to the biologically active acid (85% conversion at 1,,<10 h at 30°C).

Greenhouse studies.  Cyhalofop butyl controls a broad spectrum of grass weeds while
maimaining an excellent margin of crop selectivity. Tables 3 and 4 summarize the results of
cyhalofop butyl activity applied in the flood or as a foliar weatment to annual grasses and to
rice.

Rodational crop sensitivity. The following crop species showed ne injury after & weeks of 1op
watcring with a solution of 2.4 ppm cyhalofop butyl: broccoli, carrot, corn, cotton, cucumber,
cggplant, green pepper, lettuce, parsley, pea, soybean and tomato.

Soil properties.  Soil metabolism studies indicate that cyhalofop buiyl is rapidly metabolized
under both flooded and upland conditions (both mineral seil and humic volcanic ash soil}. In
soil mobility swdies, cyhalofop butyl is relatively immobile. When compared to the water front,
cyhalofop butyl has an R, = D.22 in sandy soil and R= 0.35 in loamy soil.

Table 3. Annual grass control with cyhalofop butyl

Flood water injection application  Foliar application

Species GR 80 (g/ha) GR 80 (g/ha)
-2 leaf 3-5 leaf 1-3 leaf
Brachigria platyphyfla 35 351 50
Echinochioa crusgalli 59 544 170
Echinochloa colonim -- - 87
Cynodon dactylon - 118 158
Digitaria ischaemum 19 293 174}
Elvusine indica 41 112 32
Leptochiog dubia 43 439 .-
Leptochiog filiformis -- -- 150
Panicum dichotomifloruim 36 243 28
Punicum texanim 66 360 120}
Setaria htescens 71 383 146
Setaria viridis - 35 237
Snrghum halepense 115 359 400

Table 4. Crep tolérance with cyhatofop butyl

Flood water injection application  Foliar application

GR § (g/ha) GR 5 {g/ha)
Orvza sativa =400 =800

Species

44



New herhicides

ACKNOWLEDGMENTS

The authors gratefully acknowledge the contributions of Dr. L.A. Jackson and K. Arndt in the
preparation of this paper.

REFERENCES

1. Secor, L and Cséke, C. 1988. Plant Physiol. 86, 10-12.

45



New herbicides

DPX-PE350, A NEW POST-EMERGENCE HERBICIDE FOR COTTON

P. Masch and L. Arcods
Du Pont (Australia) Ltd, 168 Walker Street, North Sydney NSW 2060, Australia

Stummary. The experimental herbicide DPX-PE330 was evaluated over 3 years (19%0-92) for
crop safety and post-emergence ¢ontrol of important broad-leaved weeds of cotton in Australia,
DPX-PE350 was tested at rates between 25-200 g aifha and was found to be effective against
Thormapple, Datura spp. at 25 g ai/ha, Sesbania pea, Seshania cannabinda, Anoda weed, Annda
cristata and Boggabri weed, Amaranthus mitchellii, at 50 g aifha, Polymeria, Pofymeria pussilla
. Yellow vine and Tribulus micrococcus, at 75 g aivha, and Annuval ground cherry, Physalis
angulata, and Cowvine, fpomoea lonchophylla at 100 g ai/ha and gave useful suppression of
Noogoora bust, Xanthiunt pungens and Bathurst burr, Xanthivm spinosiem at 100 g ai/ha when
applied a% an early post-emergence treatment. A number of other weeds were also controlled or
suppressed.  The effect of DPX-PE330 on cotton was rate related and lemporary, mest
pronounced mt F00-200 g aifha and expressed as interveinal yellowing and biomass reduction.

INTRODUCTION

Pust-emergent control of weeds in cotton is important as they reduce lint yield and quality and
can interfere with harvesting. At present the number of post-emcrgence herbicides available for
weed control in cotton is limited and their crop safety is marginal. Current weed control
practices are ineffeclive against weeds soch as Sesbania pea, Anoda weed and Thornapple.
Weeds escaping control by pre-emergence herbicides, e.g. Burrs, Cowvine, Bellvine, Ipomoea
plebea or weeds emerging luter in the season continue to pose a problem for Australian cotton
growers. Often, the only available method of weed control is by mechanical cultivation and hand
chipping. The average cost of chipping over the last 3 years was close o $85.00/ha. Typically,
the cotton industry spends approximately $50 million per annum on weed control and nearly
40% of this amount is spent on chipping weeds.

DPX-PE350 (pyrithiobac) is a new experimental herbicide first evalualed in Australia in 1990 as
a sclective herbicide for early post-emergence control of weeds in coton. Tt represents a new
fumily of chemistry which inhibits the enzyme acetolactate synthase, a key enzyme in the
biosynthesis of branched chain amino acids (1). The herbicide 1s rapidly absorbed through
folizge and to some exient by roots, blocking celt division and inhibiting growth in susceptible
plants.  Owverseus data indicates both pre- and post-emergence actvity for the control of
broad-leaved and grass weeds (1). This paper reports on the resulis from 57 field trials
conducted in Australia with the herbicide DPX-PE350 to detenmine its efficacy spectrum and
crop safety when applied as a post-errergence treatment in cotton.

METHODS

Field wials were conducted in the major cotton producing regions of Australia in 1990, 1991 and
1992, Experimental sites were established in the Macquarie, Namoi, Gwydir and Mclntyre
Valleys of New South Wales and the Darling Downs, Lockyer Valley, St George and the Centrat
Highlunds areas of Queensland.  While the trials were tarpeted against the economically
important weeds of couon such as Sesbania pea, Thornapple, Bathurst and Noogoora burr,
Cowvine, Anoda weed, Cultrop, Tribulus terrestriv, Yellow vine and Annual ground cherry,
other species occurring in the trials were evaluated for their susceptibility. Most of the trials
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were conducted in imigated cotton, however some were gstablished under dryland cenditions.
DPX-PE350 was tested at rates between 25-200 g aifha. Where appropriate, standard treatments
were included in the mials but they were too numerous and varied for the results to be presented
in Lthis paper. Often the standard treatoment was hand chipping. Herbicide treatments were applied
as carly as practical, usually at cotyledon-4 leaf stage although in some trials weeds were more
agvanced. Crop stapge was between 1 true leaf and early flowering. Trials were installed on the
common commercial varicties DP90, Sickra L.22, Siokra 5324, Siokra 1-4, Sicala 33, Sicala V1
and C5-189. The herbicide weauments were applied as a blanket spray using a 3 m hand-held
boom, with Teejet 11001 and 11062 flat fan spray tips, at 250 Kpa pressure in 100-150 L/ha
water. A non-ionic surfactunt [Alcoho! Alkoxylate] was added to all herbicide treatments at
0.25% vfv. Plots (3 or 4 rows x 15 m) were arranged in randomised complete blocks, replicated
3 or 4 times, Weed control was visually evaluated by using a linear rating system where 0 = no
control and 100 = 100 % biomass reduction, at 1, 2-3 and 5-6 weeks post application. Crop
phytotexicity was assessed at the same times using a linear rating system where 0 = no injury
and 10O = severe effect, 80-100% monality. Individual trials were analysed using a two way
analysis of variznce, and the results presented in this paper are the mean of all available data.

RESULTS AND DISCUSSION

Weed control. Weed control expressed as % biomass reduction taken at the final assessment is
given in Table 1

DPX-PEIS0 at 25 ¢ aiha gave excellent control of volunteer sunflower and thornapple, one of
the most troublesame weeds in cotton. At this rate plants with up to 9 leaves or 30 cm high
were controlled within 10 days of application. At 50 g ai/hu DPX-PE3350 gave at least 95%
biomass reduction of Boggabri weed and Sesbania pea up to 20 em high and Anoda weed with
up 10 § Jeaves. These weeds were controlled in 14-21 days, 75 g ai/ha was required to achieve
good control of Polymena and Yellow vine up to IS5 cm in diameter. On 1-4 leaf Aonual ground
cherry and Cowvine and Sesbania pea up to 60 em high 100 g aifha gave over 90% control.
This rate ulso gave useful supression of up to 4 leaf Noogoora burr and Bathurst burr. Other
species were less sensitive and at the highest test rate only supression was achieved. Two
impartant weeds of cotton, Bladder ketmia and Nutgrass were not controlled. Application timing
was more critical for some species (Burrs, Cowvine and Annual ground cherry) than others
(Thornapple. Volunteer sunllower). While larger plants were initially suppressed, regrowth
oceutred and control dropped markedly when plants with more than 4 leaves were treated. Trial
results indicate that for optimum weed conirol good soil moisture is essential, under dry
conditions weeds were slower 10 respond and weed controf was generally less satisfactory,
terbicide symptoms on susceptible species appeared within 5 10 10 days post treatment and
varied hetween specics.  Most typical symptoms were chlorosis or browning of leaves and
necrosis of prowing poinls and stem followed by plant death. Inhibition of root develepment
{root pruning) was observed on many species. Plants died within 7 to 28 days of applicatien,
depending on seositivity and size. Early leaf drop was reported on sesbania pea and stem
brittlencss was observed in 3 number of species

Crop effect. The effect of DPX-PE350 on cotion was transient, rate related and infivenced by
crop stage, Crop phytotoxicity was commonly observed as biomass reduction and interveingl
yellowing. Crop phytotoxicity recorded as % biomass reduction at the 1 week assessment 15
presented in Table 2.
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Table 1. Weed conlrol (% biomass reduction) by DPX-PE330 when applicd as a post-cmergence

treaiment
Treaiments (g ai/ha)

Species™®

25 50 75 100 §50 200
Boggabri weed 161 85 95 96 g9 100 100
Anoda woed [31 97 100 100 00 00
Wild melon [1] 65 75 8O 85 G5
Nulgrass [4] {} 6 8 21 32 37
Thxymapple 3 99 100 100 100 100 104
Sunflower {volunleer) {1] 100 150 10X} 100 104 108
Bladder ketmia 131 13 13 27 34 38
Barley (volunteer) 1] 15 37 62 72 92 92
Yellowlower devil's claw n 3 33 62 85 92
Cowving I5] 78 a1 90 93
Belivine [3] &0 65 76 7 88
Sensilive plant 111 22 37 49 56 64
Annual ground cherry [31 ’7 8K a2 92 96
Polymeria 3] 77 84 9 98 99 100
Pigweed 1] 26 36 41 60
Rhwncosia 5] 28 40 43 41 57
Mintweed 11} 64 7 71 75 76
Scsbania pea” i8) 82 o8 99 100 100 100
Scxbania pea’ 14 82 34 93 94 95
Sida in 68 70 100 100 1} 83
Commin sowthistic 111 43 60 g3 92 83
Columbug grass 2] 57 65 58 74 24
Black pigweed 13 47 58 61 69
Yellow vine (5] 65 80 92 96 gR o8
Calirop 2] 36 54 o8 0 78
Maloga bean (3] 44 50 43 62
Neogoora burr (6] 74 81 83 85
Bathurst bure {3] 59 76 85 88

{1 Indicates the number of trials

*  Sec Appendix for scientiftc names pot given previously

Application 1iming was cotyledon-4 Icaf or up to 15 ¢m in diameter or in height for most species
“ Up o 20 cm high

' 20-60 cm wn high

h

As shown in Table 2 crop effect was most pronounced when young crops (cotyledon to 3 leaf)
were treated. The level of biomass reduction observed on mwore advanced crops was less,
particularly at the 25 to 100 g ai/ha mtes. Biomass reduction however, wias not observed in
cvery trial. In the 25 to 100 g aifha rate range there was ne crop effect reported in 23% of all
trials and a further 35% of all wials had no more than 10% biemass reduction. The highest level
of biemass reduction was 35%, recorded in one trial when DPX-PE350 was applied to a 2 leaf
crop. Crop effects were temporary and crops fully recovered within 4 to 6 weeks, often sooner.
Yarietal differences did not appear to influence the level of phytotoxicity, this was confirmed by
a specific tolerance screen (Agrisearch Pry Lid, pers. comm., 1992). Other forms of crop
phytotoxicity were also observed and described as interveinal yellowing, however bronzing and
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leaf burn were reported in 3 tials conducted on the Central Hightands. Inserveinal yellowing
was commanly evident in inals where biomass reduction was observed and it was usually the
first symplom to appear, but was not reported in every trizl. Symptoms lasted no more than 14
to 21 days and were not always rate related. It was most apparent on the top part of the plant
where leaves were most exposed to the herbicide. Emerging new leaves were unaffected.
Biomass reduction did not effect subsequent plant development and did not appear to delay
maturity. Yield data and boll counts from 10 trials and from one tolerance screen (Agrisearch
Ply Lid, pers. comm., 1992) indicate no negative effect on yield at the highest test rate of 200 g

aifha.

Table 2. Effect of DPX-PE350 on cotton when applied at various crop stages

% Biomass reduction

Crop stages DPEX-PE350 g ai/ha
25 50 75 100 150 200
Cotyledon - 3 keafl 6.7 97 10.0 1.7 13.2 15.2
) [18[ [19] [24] (18] (23]
3-5 leaf 27 4.5 6.7 9.0 10.2 10.9
14l [15] [t5] (17} {15] {14]
5 leal - flowering 0 1.6 30 4.4 10.0 10.4
12} i3] [10] [11] {7 [9]

|} Indicated the nwmber of trials.

APPENDIX
List of scientific names not given previously.

Wild melon, Citrufius lunnatus

Barley (volunteer), Hordeumn vulgare
Yellowtlower devil's claw, fhicella intea
Sensitive plant, Mimosa spp.

Pigweed, Portalaca wleracea
Rhyncosia, Rhyacosia minima
Mintweed, Salfvia refleva

Sida, Sida retusu

Conunon sowthisile, Sonchus aleraceus
Columbus grass, Sorghum x almum
Black pigweed, Tricmtherma portulacastrum
Muloga bean, Vigna lunccolata
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THE MODE OF ACTION OF DIFLUFENICAN AND POSSIBILITIES FOR IMPROVEMENT
OF POST-EMERGENCE ACTIVITY

A H. Catchpole and R.P.L. Plumbe
Rhime-Poulenc Secteur Agro, Lyon, France

Summary, Biflufenican is a potent inhibitor of carotencid biosynthesis active pre- and post-
vierpeace.  In post-emergence use the active is retained by the leaves but no useful phloem
iransport occurs.  Trials showed that surfactants effective in reducing surface tension and
increasing diflufenican solubility in the spray solution improved efficacy. Tankmixes of the
diflulenican suspensior concentrute plus MCPA emulsifiable concentrate were less efficacious
tan the co-formulated components.  Beneficial effects of the solvents in the formulation are
suggested W acl as foliur penetration agents.

INTRODUCTION

Dillufenican  (DFF)  [N-(2,4-difluorophienyl)-2-(3-rifluoro-methylphenoxy)-3-pyridine  carbo-
xamide| is u member of the phenoxy nicotinanilide family (PNA) discovered in 1979 by Rhone-
Poulene Secteur Ageo. The family is characterised by 3 essential rings:

. nicotine ring
. phenoxy ring attached at position 2
. carboxy anilinophenyl attached at position 3.

F F

CONI

DFF has activity both as a pre-emergence and an early post-emergence herbicide. Its main
aclivity is against broadleaf weeds but it also has interesting activity against certain itmportant
prass weels. Susceptible specics typically show symptoms of chlorosis and bleaching indicating
that the major mode of action is on photosynthetic pigments,

Chlorophyll content is not affected direcily by DFF since susceptibie plants grown in dim light
aller treatment with DFF can accumulate more chlorophyll than similar plants grown in bright
light (1).

The initial effect of DFF in affected tissues has been shown to be as a potent inhibitor of
carolenoid  biosynthesis causing accumulation of the carotenoid precursor phytoene.  This
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indicates that the twget sile for DFF is the enzyme phytoene dehydrogenase, the target site of
other bleaching herbicides such as norflurazn (2). DFF has no activity on pre-exisling
carotenoids and is most effective in growing tissues with rapid rates of carotenod biosynthesis.

A major function of carotenoids is to protect chlorophyll and chioroplast membranes from photo-
oxidation in baght light. The absence of carotencids allows the photo-destruction of chiorophyli
and causes the plant tissue to appear white, due to the absence of both carotenoid and
chlorophyll pigments, showing the 'bleached’ symptoms typical of DFF activity, A fed
pigmentation is often observed in DFF treated plants, especially grasses, due to stress induced
anthocyanin production (3}

Pre-emergence activity. DFF is relatively immobile in soil due (o adsorption and its low water
solubility (log Kow = 4.9, water solubility = 0.01 pg/mL) and the majority is held in the top
1-2 cm of soil. The persistence of DFF in soil, combined with its low mobility is sufficient to
provide weed conwol of species with protracted germination. To be effective, DFF must be
absoarbed by germinating weeds and translocated to the meristematic school tissues.

Scedlings originating below the DFF zone absorb DFF only through their shoots. Those
onginating in the DFF zonc absorb DFF through their shoots and roois. Experiments have
shown that shoot uptake is the major route of adsorption and uptake has been fouand to be
grealer for more susceptible species. Root uptake, although a Jess important route, is also
greader in more susceptible species.  Weed seedlings may be bleached on emergence and die
rapidly.  Seedlings of larger seeded species may have pigmented cotyledons but leaves
subseyuently develop symptoms. Cereal seeds germinate from below the DFF zone with the
colcoptile protecting the young leaf as the shoot emerges. Any DFF absorbed moves towards
the leaf tip rather than the meristem.

Pust-emergence activity, Most material from a post-emergence application intercepted by plants
will be retained by the leaves. DFE shows no useful phioem mebility, although some movement
can occur, and DFF rewined on or close o meristematic areas will therefore be important for
post-emergence activity.  Post-emergence applications of DFF hold interesting possibilities
because only very low concentrutions of DFF in meristematic areas are appuarently necessary for
acuvity.  Formulmion of herbicides can affect the activity of post-emergence applications by
possibly affecting the retention of herbicide, its coverage of the plants and its penetration into
the plants. Some aspects of DFF formulation have therefore been examined to determine
apportunities for aptimising biological activity.

MATERIALS AND METHODS

DFF was used a3 a suspension concentrate (5.C.) formulation, coded FRIO7R/3, containing
500 g/ DFF and as an emulsifisble concentrate (EC) coded FRY42R/1, containing 150 p/l. DFF.
Boih tormulations were equivalent to comrnercially available formulations.

Luboratory trials were on plants grown in pots of John Innes No, 2 compost in glasshouses
maintained at 25°C day and 15°C night temperatures with supplementary illumination for 14
hours per day. Spray applications were made to plants at the 2-3 leaf stage uwsing a laboratory
sprayer fitted with a SS58003E jer and applying 2 spray volume of 260 L/ha.
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The ethoxylated alcoho] surfactants Ethylan CD 103, 107 and 109, containing 2.9, 6.5 and 9.0
molcs of ethylene oxide respectively, were obtained from Harcros Chemical Group.

The spread of 0.4 ul drops of solution applied by micrometer syringe to 'Parafilm’ was
detcrmined by adding a water soluble dye to the solutions and measuring the areas of the dried
deposits by image analysis.

The solubiity of DFF in 1% solutions of surfactants was determined by HPLC analysis of
filtered samples from the mixtures after equiiibration.

RESULTS AND DISCUSSION

The effects of the addition of three alcohol ethoxylate surfactants with varied characteristics to
sprays containing the 5.C. formulation of DFF were examined. The three surfactanis contained
2.9, 63 and 9.0 moles of ethylene oxide and all reduced the surface tension when added to
watet around 30 mN/M (Table 1),

All coused increased spreading of drops on a waxy surface with drops of solution containing
surfactant CD 103 spreading the most, DFF solubility in 1% solutions of the surfactants was at
least 0 times preater than in water, being highest in the solution of the surfactant CD 103.

Addition of all three surfuctants 10 sprays of the S.C. formulation of DFF resufted in increased
aclivity to levels similar to those obtained for acetone solutions of DFF (Table 1).  Although
addition of the surfactants increased the damage to barley it was not serious. Despite the
differences in properties of the surfactants there were no differences in their effects on DFF
activity. It may be supposed that the surfactants have varied effects on several processes
including spray drop retention and spreading and penetration of DFF into shoot tissues, or, they
may have similar effects on a major process such as DFF penetration. It has been reported that
addition of surfactant to the §.C. formulation of DFF can considerably improve DFF penetration
(4).

Table . Surfaciant influcace on DFF activily - Post-emergence

Activily for sprayed dose of 125 g/ha DFF

Surlace DFF as 8§.C. in water
Muolc TR Spremd wrea solubility
Swrfactant cthylene for Q1% in for (1% i for 1% in Galium Barley
e waler waler mm? waler Stellaria % reduction &% leaf arca
mN/fin ugfml. scorey green shoot eached
Lips
Mo { 12 0.5 a0l 20 55 05
D 103t 29 )y 24 g4 23 B4 2
D07t 6.5 0 4 23 17 g3 2
D i0st w0 1 2 09 23 88 2
Acching ! / { §00 mg/mL 30 75 10

solulioms

t Emylan CD : aleohol cihoxylate
1 {5 = bleached + very stunted)

() = us contral)
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The 5.C. formulation of DFF has been successfully developed and was used for the initial
development of DFF in Australia. It has been commercialised for early pest-emergence control
of cruciferous weeds in lupins at does rates of 50-100 g/ha of DFF. Development of DFF for
use in winter cereals in Australia evaluated mixtures of the §.C. formulation and MCPA or
broenoxyni! as ester E.C. formulations. Co-formulation of these compenents required that a non
5.¢. formulation of DFF be developed and an E.C. formmulation was found to have good activity
{Table 2). Co-formulation of DFF and MCPA ester in an E.C. formuiation has been shown to
improve activity relative to that of the tankmix (P. Buerger, pers. comm., 1987) possibly due to
improved penetration. Use of this formulation type has ailowed commercial levels of activity to
be achieved with only 25 g/ha of DFF.

Table 2. Activity of DFF applied post-emergence
EDA for weed specics and ED0 for barley in g/ha

Formulation
5.C. in water E.C. in water Acctone
Stellaria media 119 84 56
Guditim aparine 1 055 117 168
ipumaea purpurea =500 64 82
Barley =500 2500 230
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DE-51, A NEW LOW-RATE TRIAZOLOPYRIMIDINE SULFONANILIDE HERBICIDE FOR
CONTROL OF BROAD-LEAYED WEEDS IN CEREALS AND MAIZE

M. Snel', P.A. Watson', N.R. Gray', W.A, Kleschick’ and C.M. Carson®
' DowElance Europe, Letcombe Laboratory, Letcombe Regis, Wantage,
Oxon OX12 9JT, England
* Dowllanco Global R and I3 Centre, PO Box 68955, Indianapolis 46268-1053, USA

Summary, DE-511,  N-(2,6-dichloro-m-tolyl}-5,7-dimethoxy[1,2 4ltrazolo[ 1, 5a|pyrimidine-2-
sulfonamide (ISO proposed common name - metosulam) is a new selective herbicide for the
controd of broad-leaved weeds in cereals and maize. Typical application raies in cereals range
from 5 to 15 gai. ha' post-emergence and in maize from 20 to 30 ga.i ha' pre- or post-
emergence. DE-311 is a representative of the chemical family #iazolopyrimidine sulfonanilides
and can be formulated in both aqueous and dry systems. Favourable results were obtained in
toxicological and eovironmental studies. The latter studics suggest that no resirictions are
required wath regard to rotational crops.

INTRODUCTION

DE-511, N-(2,6-dichloro-m-tolyl)-5,7-dimethoxy[ 1.2,4]triazolo[ 1,5-a]pyrimidine-2-sulfonamide
(18O proposed commoen nuine - metosulam) is a novel low-rate herbicide discovered by
Dowilanco. This representative of a new generation of herbicide chemistry, the
trinzolopyricnidine  sulfonanilides is being developed by DowElunco Europe and affiliated
companies for post-emerpence control of broad-leaved weeds in all cereal species and for both
pre- and  curly  post-emergence contrel of key broad-leaved weeds in maize. The
rriazolopyrimidine sudfonanilide chemistry allows a high degree of formulation flexibility, and
DE-511 can be formulated in both liquid and dry systerns. This paper will summarise the
chemistry, toxicology, environmental fate in soil and water, fate in plants and mode of zction of
DE-SI1. The herbicidal efficacy and selectivity in cereals and maize, as well as the aspect of
salety to rotational crops under European conditions is reviewed by Snel er al. (3).

CHEMICAL AND PHYSICAL PROPERTIES
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Chemical name.

(IUPAC):
N-(,6-dichloro-m-tolyl}-5,7-dimethoxy{ 1,2 4 ]triazolo| 1,5-a|pyrimidine-2-sulfonamide.
(CA):
N-{2,6-dichloro-3-methylphenyl)-5,7-dimethoxy|1.2,41triazelo[1,5-alpyrimidine-2-
sulfonamide
Molecular weight: 418.26
Melting point: 210-2115C
Solubility in water {at 20C).
distilled water {ptl 7.5} 200 mg L”
aqueous buffers {pH 5.0) 100 mg L
(pH 1.0} 700 mg L'
(pH 9.0) 5.600 mg L!
Dissociation constant; pK, =448

n-GetanoliWater partition Coefficient at 20C -
Aqueous phase {(distilled water) log P,/W = (L9778

Vdpour pressure. 4 x 10-13 Pa at 20°C

TOXICOLOGY
Acute mammabian toxicity,

. Acute Oral LD,

- Rt (Fischer 344) >5,000 mg kg' BW

- Mouse (CD> - 1) >5,000 mg k' BW
. Acute Percutanecus 11,

- Rabbit (NZW) >2.000 mg kg BW
. Inhalation LC,, st maximum attainable concentration.

- Rat (Fischer 344) >1.9mgL"
Primary irntation tests.
. Skin Iritation

- Rabbit Mon-irritant
. Eye¢ Imitation

- Rabbit Nan-irritant
Skin sengitisation,

- Guinea pig Non-sensitiser
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Mutagenicity lests. TFive mutagenicity tests systems (ir vitrofin vivo} were used to evaluste
DE-511.  This molecule did not induce genotoxic changes and is thus deemed to be non-
mutagenic.

Sub-chrenic _and chronic_toxicity. Renal toxicity was evident in both short and long-term
feeding studies, with the rat identified as the most sensitive species (2-year NOEL 5 mg/kg
BW/day). Mo adverse effects were observed in reproductive toxicity studies. The data
generated indicate that the potential human exposure associated with the proposed agricultural
uscs should not present 5 hazard.

Ecotoxicology. Resuits of exiensive ecotoxicological studies indicate that DE-511 and its
formulations should not present a hazard to wildlife and desirable soil organisms when applied
in accordance to good agricultural practices.

ENVIRONMENTAL EATE IN SOIL AND WATER

Soil.  Aerobic degrudation studies conducied under laboratory conditions showed a half-life in
soil with an average DT, value of & days (range : <1 toll days). Further experiments showed
hat the degradation of DE-511 is microbially mediated with very little degradation taking place
under anaerobic conditions.  Mcetubolite formation was observed 3 days after the initiation of the
acrobic study. Under actual field conditions over two scasons, an average DTy, value of 20
days, depending on soil type, weather conditions and geography was demonstrated in six
geopraphically welt scparated experiments. These trials on the dissipation of DE-511 in soil
under fiekd conditions were conducted in England and Germany in 1992 and 199091,
respectively,  Standard laboratory leaching studies (BBA, 1986} showed that under the extremely
adverse environmental conditions prescribed in the protocol of these experiments, DE-511
possessed only a very limited mobility in all soil types with the exception of sandy soils.

Water. DE-311 s stable to hydrolysis at 25°C across the normal environmental pH-range {pH 5
ey ¥y,

FATE IN PLANTS AND MODE OF ACTION

Plant mettholism, A plant metabolism study in wheat has been conducted using a “C labelled
DE-511 formulation.  The radiolabelled formulation was applied at growth stage ZD30
(beginning of stem clongation) at an application rate equivalent to 100 g ai. ha’, viz at 7-10
times the rate te be recommended. Only approximately 1% of the total applied radioactivity was
absorbed by the plants. Metabolism was not very extensive because the majot component
(>80% of the radioactivity present) in green plant tissue at all sampling times was the parent
molecule.  The total levels of parent and any metabolites at harvest were very low especially
when the elevated application sate is taken into account, viz. 0.01 and 0.125% applied
radivactivity in prain and straw, respectively, which expressed as DE-511 equivalents represents
Tevels of 04¥05 ppm and (.05 ppm, respectively.

Residues in plants. When applied at rates ranging from 15 to 40 g a.i. ha' in a wide range of
cereal species/varieties at growth stage ZD30-39, DE-511 residues could not be detected in grain
flowest validated limit of determination: 081 mg kg'). Residues of DE-511 in straw were
accasionally above the lowest validated limit of determination (0.1 mg kg™ but always <0.5 mg
k', These extremely low residue levels in grain and straw combined with the faveurable
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mammalian toxicity allow the conciusion that there is negligible risk to consumers of treated
crops.

Mode of action, CGerwick e @l. (2) presented physiclogical and bicchemical evidence that
triazolopyrimidine sulfonanilides act by inhibition of the first common enzyme to branched-chain
amine acid synthesis, acetolactate synthase (ALS). Most of these tests were conducted with N-
(2.6-dichlerophenyl}-5,7-dimethyl| .2,4]triazolo{ 1,5-a] pyrimidine-2-sulfenamide, an analogue of
DE-51%. Concentrations as low as 0.006-0.010 ppm of this analogue effectively caused total
inhibition of growth in soybean suspension cultures. The herbicidal effect could be completely
reversed in the presence of wvaline, leucine and isoleucine. In wiro studies with isolated ALS
from susceptible and tolerant plant species showed that the concentrations at which the analogue
of DE-511 gave 50% inhibition of the enzyme activity (I,) fall within a narrow range ((L11 to
0.45 M), whilst the GR,, (50% growth inhibition) following foliar applications showed a spread
of 9-500 mg L. DE-511 produced an I, value of 0.0012 M on barley ALS, which presents a
significant advance in enzyme inhibition over the earlier analogue described above.

CONCLUSIONS AND SUMMARY

DE-311 {ISO proposed common name: metosulam) is a representative of a new generation of
herbicide chemistry, the triazolopyrimidine sulfonanilides. DE-511 has been shown to be safe to
all winter cercal species. The aptimum time of application in winter cereals is post-emergence
in the spring at a rate of 10-15 g ai. ha'. These rates present no safety problems in key
rotational broad-leaved crops such as oil seed rape and sugar beet. (Snel ef af., 3). In view of ils
{lat dose response curves seen for the key cereal broad-leaved weeds, the optimal application
rate is 10 g a.i. ha'' under Northern European conditions.
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CHARACTERISING LOW VOLUME SPRAY DEPOSITS USING ARTIFICIAL TARGETS

1.W. Nicholls', J.H. Combellack®, and N.I>. Hallam'
' Depurtment of Ecology and Evolutionary Biology, Monash University,
Clayton Vic 3168, Austealia
! Keith Turnbul! Research Enstitute, PO Box 48, Frankston Vic 3199, Australia

Summary. Using undescribed twin fluid nozzles, quantitative fluorometric studies were used to
determine relutive reteation of sprays as captured by artificial tarpets. When coasidering the
whole target, changes in boom speed and nozzle orientation had listle effect on reiention. A
unifarm static spray distribution for twin fluid nozzles was achieved using 25 L aie/min/nozzle, a
boom height of 50 cm and nozzles orientated 22.5° above the horizontal, Within targets however,
the relative capture by horizontal and vertical collectors was dependent on nozzle orientation and
boom height. Using twin fluid nozzles it was shown that application of an aqueous-based spray
an 200 L/ma and 10 knyhn is a practical method of applying low volumes of spray solution.

INTRODUCTION

The incfficicncies of using hydraulic nozzics in boom spraying operations (2) results in a limit
being reached where volumes can no longer be reduced without detrimental environmental and
ecological effects (3, 4). Unevenness in the spray pattern and the high ground speeds required to
accomplish low application razes renders conventional low volume systems unreliable. More
accurate means of upplying herbicides at ultea low volumes (<10 L/ha) were investigated by
McWhorter (9) with the development of twin fluid spray nozzles for the application of oil-
seluble herbicides in paraffinic oils. These nozzles enabled adequate distribution of herbicide to
pive scason-long control of seedling and rhizomatous johnsongrass (Sorghum halepense (L)) (1)

The major advantupe of twin fluid nozzles 18 their ability to atomise low flow rates of liquid
without being prone to nozzle blockages. While herbicide dose rates can be reduced, the expense
of adjuvants such as paraffinic oils and emulsifiers raise the operating cost of twin fiuid nozzle
ULV systems. For this reason, a very low volume aqueous system, ie. 10-40 L/ha, is being
investigated which substantially reduces the cost of herbicide application.

The use of attificial tarpets help define the optimal paramicters of spraying (7). In these trials
stainless steel tods were used to assess the influence of boom height, sprayer speed, nozzle
arientation and target angle on spray retention as measured by quaatitative fluorometry {11).

METHODS

Patlernalor_tesfing, A patternator comprising 25 mm channels was used to establish optirnal
spraying parameters for a pair of modified Lurmark AN 5.0 deflector nozzle tips. Spray patiem
unifonmity was calculated as coefficients of variation (c.v.%) cver 5 boom heights (20, 30, 40,
SO, 60 con), S flow mles (20, 22,5, 25, 27.5, 30 L of airfmin/nozzle)} and two nozzle corientations
(honizontal (0%} or directed 457 above the horizontal (+45%). This equates to spray sheets being
25" and 70" above the vertical respectively. In all cases, the spray sheet was offset 10° to the
baom. Using a sprayer speed of 10 kmvhr, a nozzle spacing of 50 ¢ and a liquid flow rate of
166 ml /min/nazale, application rate corresponded to 20 L/ha. The spray solution used for these
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studies contained 0.1% (v&) nonylphenol ethyloxylate wetting agent (Agraf 600, {mperial
Chemical Industries) in tap water (28 ppm CaCO3).

Spray rotention studies.

Turpets for spray deposition. Artificial targets were constructed from stainless steel rods 5 mm
in diameter and 110 mm in length, 100 mm of which was exposed to spraying. The rods were
fitted o a rectangular perspex block 160x75x20 mm, by drilling holes at 7 angles (0°, 157, 30°,
45", 60°, 75°, 90"y around the perimeter of the block. In these experiments, 4 rod angles (§°, 30°,
)°, 90" were used. Six targets were placed on a three row by two celumn grid pattern on the
spraying platform for each spraying event.

Spray deposit detennination. For spray cabinet studies, the spray solution also contained 0.5%
{wiv) Fluorescein LT (Harcros Colours). A pair of modified Lurmark AN 5.0 deflector nozzie
tips were spaced 50 cm apart and offset 10° to the boom. Unless otherwise stated, spraying was
carried out using nozzles oriented horizontally (spray sheet angle of 25" above the vertical}, with
a liguid flow of 166 mL/min/nozzle and 25 L of air/min/nozzle at 10 km/hr. This equated to an
application rate of 20 L/ha. Boom height was adjusted to 50 cm abeve the target canopy for
nozzle angle changes. Spray deposit on the targets were quantified by measurement of a
flunrescent tracer (10},

Sepurate experiments investigated the relationship of retention to nozzle orientation, boom speed,
boom height and the interaction of nozzie orientation and boom height. The first experiment
investigated the effect of three nozzle oricntations (0°, +22.5° or +45°, spray sheet angles of 25°,
47.5" and 70" respectively) on retention, each orientation event being replicated three times.
Secondly, relative reteation at eight boom speeds (9, 10, 11, 12, 13, 14, 15, 16 kmthr) with
nozzles oriented at 0" was investigated. Thirdly, relative retention was quantified at three boom
heights {30, 44, 50 cm) and three nozzie orientations ((F, +22.5" or +45°).

RESULTS

Patternator testing. Table 1 gives the coefficient of variation of spray distribution for a pair of
twin fluid nozzles when oriented 0° and 45° A range of air flow rates were tested. A boom
height of S0 c¢m and an air flow of 25 L air/min/nozzle gave the most uniform sprzy pattern for
both nozzle oricntations. These operating parameters were then used throughoeut the remainder of
this work. The data indicates that a lowering of air flow by 2.5 or 3 L air/fmin/nozzle and the
raising or lowering the boom by 10 c¢m, does not greatly affect uniformity. Nozzles orientated 0°
were generally more uniform than those crientated +45°. Optimal boom height was between 40
and 60 cm depending on air volume.

Retention studies. There was no significunt changes to total spray retention when nozzle angle
wus altered {Table 2). However, compared with 0° and 45° nozzle orientations, up to 33% maore
spray was retained by the more vertical targets (60° and "} when nozzles were orientated
+22.5". The data also shows that for the three nozzle orientations lested spray retention
significantly (P=0.03) increased with decreasing target angle, ic. the more horizontal the target
the more spray was retained. For nozzle orientalion, boom height and speed siudies, retention
dramatically decreased with increasing target angle: (">30">6040° (Tables 2, 3 and 4).
Retention of spray was independent of boom speed and nozzle orientation (Table 3}, but
dependant on boom height {Table 43,
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Table 1. Coefficients of variation (%) of lateral spray distribution for changes in nozzle
orientation, boomn height and air flow

Air flow {L. airyfmin/nozzle) and nozzle onentation (°)
Boom Height 20 225 25 215 30
T wast 00 WS O° 4457 00 445 (° 445
20 cm 282 332 291 325 298 336 343 353 398 3846
30 cm 128 153 G.1 137 103 140 142 160 177 210

40 cm 0.1 &2 101 74 103 75 142 9.2 29 1L.5
50 em 11.4 1.8 97 80 8.5 6.1 96 68 101 9.0
60 cm K9 88 7.4 59 134 7.3 139 101 135 114

Table 2. Spray solution retsined {mbLfsq mm) by attificial targets at
various nozzle orientations (l.s.d. P=0.035)

Nozzle onentation

Tarpet angle

(1 22,5 45
o 0.554 0.553 0.560
0 (447 0.445 0.420
an* 0.329 0.376 0.344
9" 0.200 0.234 0.173

Lsd. {angle x oricmation) = (L064
Tol (344 0.402 0.374
l.s.d. (angle) = 0033

The data in Table 4 shows that there were no significant (P=0.05) changes in overall collection
by targets if the nozzle orientation was varied from (° to 45°. However, there were significant
changes for some of the interacting purameters. For example, by lowering the boom height from
500 (o 40 to 30 cm retention was significantly increased. The data also shows that as target angle
deereases from the vertical to 30° retention is significantly increased. Further, when the nozzles
were orieniated horizontalty, the 0° and 30° targets collected as much as 50% less spray at a
boom height of 40 cm than at either 30 or 30 cm. However, as nozzle angle was increased the
quantity of spray solutian retained on horizontal wargets decreased by as much as 15% as the
boom was raised from 30 10 40 o 30 em.

It can be conchuled that the large variations in spray refention measured reflect the interactions
between target orientation, spray sheet angle and boom height. Optimum retention was obtained
on & horizonty] target using horizontal nozzles. the lowest collection {29% of the highest), was
an a vertical turgel with a 22.5" nozzie angie.
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Table 3. Spray solution retained (L/sq mm) by artificial targets at various boom speeds

(1.s.d. P=0.05)
Speed (km/hr)
Target angle
10 11 12 13 14 15 16 Mean
o 1113 1245 1158 1147 1112 1035 1.262 1.145 1155
aor 1.021 988 1.054 908 1,092  1.116 1.255 1.061 1049
60° 823 JI6 906 664 966 624 848 605 786
90" 418 352 614 797 131 545 520 534 564
Mean speed 8406 824 933 87 953 830 97! 836 884

lLxd. (speed) = 0313

Ls.d. (leaf x speed) = ().316

Tuble 4. Interaction of nozzle orientation and boom height on retention (Lfsq mm) of spray
solution by artificial targets (ks.d. P=0.03),

Target angle

Nopzzle prientation

) o 22.5° 45"
hesght (cm) Mean
50 40 30 50 40 30 50 40
o 661 ARQ 718 566 S84 650 533 556 644 604
3o 614 467 610 500 525 487 500 508 586 533
60° 434 353 ded 425 496 491 370 459 A6T 440
o 242 244 363 207 257 3400 2900 2100 442 288
Mean nozzle A72 A61 467
Mean heipht 488 388 539 424 465 492 423 443 535 466
Lsd.. {leaf x angle x height) = 0.123
Ls.d.. = (angle x height} = 0.109
DISCUSSION

Artificial wargets are useful in identifying sources of variation in deposits over a given area, but
ure not reliable substitutes for estimating retention on leaves (5, 6). Of the possible artificial

largets available, rods and cylinders are preferred as they are the most efficient collectors (8).

The patiernating studies presented demonstrate the complex iateractions that boom height, nozzie
oricntation and air flow rates have on the uniformity of the spray patiern. Interestingly, minor
adjustments to these parameters did not appreciably alter the wniformity of reention, but would
presumably have influenced drop diameter, velocity and trajectory. The work of Elliott es al. (3)
indicates that any increase in retention, eg. by lowering boom height or reducing air flow rate, is

at the expense of uniformity in spray distribution.
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In contrast to the studies of Richardson (11), where spray retention of flat fan nozzles was
increased by more thun 200% when nozzles were directed forward 45°, overall retention of spray
deposits in this study were not influenced by nozzle orientation. However, retention on the
vertical sargets was significantly increased (50-64%) when the boom was lowered from 30 to 40
10 3 cm. The reason for the fower increase in retention compared with Richardsen (11) could
be the nozzles {twin fluid ws. flat fan), the case of artificial vs. natural targets or sprayer speed (6
vs. 10 knv/hr). Retention by horizontal target rods was generally independent of nozzle
orientation. Vertical targets typically retained less than half the amount of spray of horizontal
rods. This indicates that the relative proportion of spray intercepted by targets is related to their
angle ((°=30">60">90" (12). The data showed that a low cv.(%) on a pattermator does not
necessarily equate o maximum retention.

From the results it cun be concluded that boom height and targer orignfation are the two most
important parameters affecting increased retention. A boom height of 30 cm when spraying
vertical targets can be expected to increase spray retention by up to 60%. However, collection on
horizontal targets 15 unlikely to be greatly affected.
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EVALUATION OF SURFACTANTS FOR INCREASING THE EFFICACY OF
TRICLOPYR ON GORSE IN EAWAI

P Motooka', K Onuma’® and G Nagai*
' University of Hawaii, Kealakekua, Hawaii, USA
* Hawaii Department of Agriculture, Captain Cook, Hawaii USA
* Hawaii Department of Agricuiture, Hoolehua, Hawaii USA

Summary. Field trials were conducted to evaluate different commercial surfactants for their
abiility 10 increase the efficacy of triclopyr on gorse (Iffex ewropaeus) in the Humuula district,
elevation ca 1800 m, on the island of Hawaii. Silwet L-77® (polyalkyiencoxide modified
polydimethylsiloxane, hereafter L-77)  increased the efficacy of 1.6 kg ae/ha wiclopyr
{butoxyethyl ester) over an unlabelled critrus oil emulsion (hereafter CIT) but not significantly
over two other surfactants. 1.-77 did increase the efficacy of the trethylamine salt of triclopyr at
1.0 kg/ha over the other surfactants used, especially in the mortality rates of treated gorse plants,
B0% kill in contrast to (-10% for other surfactant treatments. These results suggested that
triciopyr amine with L-77 would be more effective in controlling gorse than triclopyr esier with
any of the surfactants evaluated with it.

INTRODUCTION

Gorse infests 14,000 ha berween 1230 m and 2155 m elevation a1t twe location in Hawaii,
Humuula on the aerthern slope of Mauna Kea on the island of Hawaii, and Olinda on the
western slope of Haleakala on the island of Mawi (103, Roughly 25% of the porse-infested area
is densely infested (10). Concern over the gorse problem led to the creation of an interagency
Hawaii Steering Committee on Gorse Control to coordinate control efforts and secure funding
for research. Part of the control effort cencers on chemical control for interim suppression of
gorse while rescarch on biccontrol and grazing management are conducted,  Untl recently
picloram had been the herbicide of choice for controlling porse. However new and stringent
regulations make picloram use impractical. For example broadcast spraying is not aliowed. In
the United States, triclopyr cannot be applied at rates in excess of 1.12 kg a.e/ha in pastures
although up to 3.36 kg/ha may be applied in forests and non-cropland. Triclopyr at 1.12 kg/ha
only provides marginal efficacy with conventional surfactants (8). Therefore surfactants that can
increase the efficacy of trictopyr on gorse are a critical need. Balneaves {2) and others {3, 6, 7,
11y reported that L-77 was very effective in improving the efficacy of metsulfuron and
glyphosate on garse. Motooka et al. (8) reported that L-77 increased the efficacy of metsulfuron
and of triclopyr {triethylamine sali} more than a commonly used nonicnic surfactant Ultramar
NI® (nonylphenoxypolyethoxyethanol, hereafter N1} on gorse in Hawaii. This report covers
further evaluations of surfactants for increasing the efficacy of triclopyr on gorse.

METHODS

Two trials were conducted on pastures at ca 1800 m at Humuula, on the northern slope of
Mauna Kea, island of Hawaii. In both trials, plots consisted of individual shrubs 1 myte 1.5 m
tall, replicated 10 times and completely randomized. Treauments were applied with a CO,-
powered sprayer with a four-nozzle boom with SS8003 LP nozzle tips. Pressure was set at 207
kPa. The spray-volume rate was 320 L/ha. Evaluations were made by visual estimation of the
percentage of necrotic canopy and on the percentage of plants killed.
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Triat §. The surfactants evaluated with triclopyr ester at 1.8 kg/ha were L-77, NI, Activate 3®
(dimethylpolysiloxane, alkyloxypolyethoxy ethanol, and propylene glycol, hereafter A3), and
CIT. Evaluations were made al 8 moaths after weatment (MAT).

Trial 2. The surfactants evaluated with 1 kg/ha of miclopyr amine were L-77, A3, Herbimax
(petrolenm solvents and esters of omega hydroxypolyoxyethylene, hereafter HBX). LI 700@®
{phosphatidylcholine and methylacetic acid, hereafter LI), NI, NI plus 5§ ppm 24-D
{dimethylamine salt), and NI plus 0.5% (NH,),50, (w/v). The use of 2.4-D as an adjuvant was
attempled on the rationate that its ability to elongate cells would disrupt the integrity of the
cuticle. The ammoniem ion increases uptake, translocation or both of some herbicides {5, 9).
Evaluations were made at 6 MAT.

RESULTS AND DISCUSSION

Trial 1. The L-77 treatment was significantly superior to the CIT treatment but all other
differences between means were non-significant,  All weatments produced severe necrosis in
porse but by 8 MAT new shoots were emerging on the branches of most plants. Very few of
the plants were killed. The highest mortality rate, in the L-77 treatment was only 20%. Some
data reported by Burrill ef al. (4) and Moteoka ef @l. (8) suggested improvement in efficacy of
triclopyr ester on gorse with L-77. The severe injury induced by treatments suggested that a
repeat application similar to the "double kill” method of Balneaves (1} should improve the
mortality rate.

Table |. Response of gorse to triclopyr ester with different surfactants eight months after

treatiment
Surfactant Injury rating™* Kill
(%) (%)
0.5% NI g7 0
(22% L-77 93¢ 20
0.5% A3 80 10
0.5% CIT 76° G

Visual estimate of percentage of canopy kiiled.
Means followed by the same letters are not significantly different at P = 0.05 by
Duncan’s Muiltiple Range Test.

L]

Tria)l 2. The best amine treatment was that with L-77 in which both the injury rating and the
kiii rate of 80% were superior to all other treatments. There was no difference in injury ratings
and kill rates between the rest of the treatments. The kill rates for those treatments were only
0-10%. Kill by triclopyr ester with L-77 in trial 1 was only 20% in constrast to the 30% kill of
the amine formulation with L-77 in trial 2 despite the fact that the trictopyr ester was applied at
a higher rate. Burrill er af. (4) reported high efficacy ratings in one wial at 12 MAT by several
herbictdes including triclopyr amine and ester tegardless of whether surfactants were used or of
what kind of surfactants were used. However, their application procedures suggested that the
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rates of herbicide they used, which were not reported, were probably higher than those used in
these trials.

Table 2. Response of gorse to triclopyr amine with different surfactants six months afier

freatment

Surfactant Injury rating"® Kill
% (%)

0.5% NI 54 ¢

0.5% NI + Sppm 2,4-D 70° 10

0.5% NI + 0.5% (NH,),S0, 74 10

02% L-77 99° 80

0.5% A3 58°

0.5% HBX 60°

0.5% L1 66"

Visual estimate of percentage of canopy killed.
Means followed by the same letters are not significantly different at P = 0.05 by
Duncan’s Multiple Range Test.

b

The mortality rate reported here suggests that L-77 is superior 1o other tested surfactants and
especially so with triclopyr amine. Thus wiclopyr amine with L-77 should provide greater
efficacy than triclopyr ester with L-77 on gorse.
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ADJUVANTS IMPROVE CONTROL OF WARM ZONE GRASSES WITH SULFONYLUREA
HERBICIDES IN MAIZE

T.K. James and A. Rahman
AgResearch, Ruakura Agricultural Centre, Hamilton, New Zealand

Summary. Several pot experiments evaluated the effects of growth stage and of various
adjuvanis on the efficacy of rimsulfuron, nicosulfuron and primisulfuron on warm zone grass
weeds. Two field trials in maize crops also evaluated the best adjuvants with rimsulfuron and
primisulfuron under ternperate conditions in New Zealand. In pot experiments rimsulfuron and
nicosulfuron had a simifar level of activity and were more active on grass wees than was
primisulfuron. Of the prass weeds smooth witchgrass, Panicum dichotemiflorum, was more
readily controlled than whorled pigeon grass, Setaria verficillara and summer grass, Digitaria
sanguinalis. The most successful application time was when the grasses had two to four leaves
as the level of control decreased once they began to tiller. The adjuvants Pulse, Ethokem and
Citowelt were more effective than ¢rop oll and X-45, These results were reflected in the field
trials where the use of an adjuvant was essential to maximise phytotoxicity of all three
herbicides. Rimsulfuron gave effective control of a range of grass weeds while primisulfuron
was more effective on broadleaf weeds.

INTRODUCTION

The sulfonylurea herbicides are being developed for a variety of uses. Various members of this
group are registered for use in cereals, rice, soy beans, oilsced rape as well as for total
vegetation control.  Others are being developed for use in several other crops and pastures, as
well as for aquatic weed control (1,2,3,6). The broad spectrum and reliability of weed control,
the low dose rate and the favourable toxicolopgical profiles of these compounds have contributed
to the rapid rise in the use of this group of herbicides.

Over the last few years several sulfonylurea compounds have been evaluated for weed control in
maize. Nicosulfuron, rimsulfuron and primisulfuron have all shown promise for control of
certain troublesome perennial grasses at rates similar to those required for annual grass weeds, as
well as providing good control or suppression of many broad-leaved weeds (5, 7. 11). Our early
developmental work with these three herbicides in the field indicated that non of them provided
adequale control of summer grass, one of the major annual grass weeds of the maize growing
regions in New Zealand {12). Oil and surfaciant adjuvants have been reported 1o enhance the
activity of many post-emergence herbicides including sulfonylurcas, and maintain  their
effectiveness across varied environments (4,8.9,10). The present study, comprising both pot and
field experiments, investigated whether certain adjuvants and additives can enhance the
phyiotoxicity of the three sulfonylurea herbicides on the major warm zone grass weeds of maize
fields in New Zealand.

METHODS

Pot experiments. Four experiments were conducted on grass weeds grown outdoors in pots over
a two year period. The grasses were established by potting out seils known to contain a natural
seed bank of the desired species and then removing unwanied plants by hand. In the first two
experiments, initiated 8 January and 1 February 1990, three species were grown, viz. summer
grass, smooth witchgrass and whorled pigeon grass, while the second two experiments, laid
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down on 21 December 19%) and 3 January 1991, included only summer grass and smooth
witchgrass. In all experiments the herbicides were applied at three rates e each of three growth
stages, 2-feaf, 4-leaf and 6-leaf, with a variety of adiuvants, The herbicides used were
rimsulfuron, nicosulfuron and primisuifuron. Rimsulluron was applied a1 10, 15 and 20 gfha a
the 2 and 4-leaf stuges and at 15, 20 and 30 g/ha at the 6-leafl stage while nicosulfuron were
used at M0, 45 and 60 p/ha at the 2 and 4-leaf stages and at 45, 60 and B0 g/ha at the 6-leaf
stage. The adjuvants used were an emulsifiable vegetable oil (Codacide oil), an organo-silicone
co-podymer surfactant siiwet-M {Pulse), a white emulsifiable crop oil (BP crop oil), a cationic
wetting  agent  polyethanoxyl alkyl amine (Ethokem) and the non-ionic surfactants,
alkylarylpolyglycol ether (Citowett) and alkylarylpolyether aicohol (Triton X-45) (sec Table 1
for rates). In all experiments the herbicidefadjuvant combinations were premixed according to
label instructions and applied with a moving belt CO, powered spraver, fitted with an 8003 even
spray nozzle, delivering 300 L/ha at 200 kPa. For the duration of each experiment pots were
watered every 2-3 days as required to maintain the soil between 70 and 90% of field capacity.
Day temperatures were between 20 and 25°C, with night temperatures sometimes dropping to
10°C. Herbicide response was evaluated by regular visnal damage assessments and by counting
the surviving plants 4-5 weeks after spraying.

Table 1. Effcct of aljuvands on the aclivity of theee sulfonylurea herbicides on summer grass
{DIGSA) and smooth wilchgrass (PANDE) at the 2-leaf stage
% Control

Adjuvanl Rale Nicosulfuron® Rimsuifuron Primisul furon

DIGSA PANDI DIGSA PANDI DIGSA PANDI
- - 52 65 50 60 48 15
Puyise H.2% viv 63 92 85 100 60 93
Cilowwell 0.2% wiv S50 85 82 100 53 oF
Triton X-45 0.2 viv 4% o3 63 95 52 o5
Elhokem 1 1tha 100 100 95 100 35 106
Lrop ol 2 Lha 48 95 80 Qs 57 100
Codacide oil P Lha Wit} 7 95 o8 57 95
Lad, (P=LOR) 128 #.5 9.2 6.3 12.8 4.5

* Micosulluren and primisuifuron applicd at 30 g/ha, rimsulfuron at 10 gha,

Ficld_experiments. Two field trials were conducted in maize, Zea mays, on a Horotiu sandy
ioam soil with 61% sand, 16% clay, 5.8% organic C and a pH of 5.6. The maize cv. Pieneer
3475 was planted on 22 Oclober 1991 and 20 October 1992 with a Nodet Gougis precision
seeder at 8,000 seeds/ha and 75 cm row spacing. For Trial t (Table 2), alachlor was applied 2
days after planting, all other treatments were applied 35 days after planting when maize plants
had 4-5 leaves, prass weeds 1-6 Jeaves and breadleaf weeds 4-12 leaves, For the post-
cmerpence treatments the weather was sunny and 19°C and 3 mm of rain fell within 24 hrs of
applicmtion.  Tor Trini 2 (Table 3), aiachlor was applied 7 days after planting; ail other
treatments were applied 29 duys after planting, when maize plants had 3-4 leaves, gruss weeds
3-5 lcaves and broadleal weeds 4-6 leaves. Conditions for the post-emergence trealments were
overcast and 17°C and 4.3 mm of rain fell within 24 hrs of weatment. Both trials were of a
randomised block design with four replicates and individual plots of 10x3 m.  All treatments
were applicd with a CO, powered precision sprayer in 200 L water/ha at 210 kPa Visual
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assessments for weed control and crop damage were made at regular intervals after treatment.
Weed dry matter production was determined 6-8 weeks afier planting by harvesting duplicate
(.5 m’ yuadrats from each plot and dissecting into grass and broadleaf weeds before drying.
Grain yields for Trial 1 were determined by harvesting 25 cobs from each of the twe cental
rows of each plot. The cobs were shelled, weighed and the moisture content of the grain
measured. Grain yields are adjusted 1o 14% moisture levels.

Table 2. Effect of treatments on grass asd broadleaf weeds in maize, Field Experiment 1

Wead asscssment

Crap yicld
Acljuvani Rate Adjuvant % Conuol Dry matter (kg/ha) {I/ha}

Grass Broadleaf Grass Broadleaf 5542
18.1291 181291 30,1292 30102

rimsulluren 5 - 115 3235 06 b 316 a 6.23
rimsulfuren 10 . 425 400 S 1505 a 156
rimsullyron 3 crop 0il 2 L/ha 67.5 475 272 b [597 a 6.05
rimsulfurca 3 Eihokem 3 L/ha 42.5 638 Tabe [186a 8.13
rimsulfuron 5 Pulse 0.2% 40.0 63.8 18 b 1612 a 713
rimsulfuron 5 Citoweit 0.2% 21.5 57.5 1R b 1507 a 6.9
primisul{urcn 30 - 7.5 763 1058 a 219 b 172
primisulfuron 30 crop oil 2 L/ha 550 86.3 701 a 149 b (L .7
pinisulluron 10 Ethokem 3 L/ha 425 90.0 30 a 297 b 8.75
primisulluron 10 Pulse 0.27% 7.5 838 578 a 21 b 849
peimisulluron 30 Citowett 0.2% 96.3 85.0 366 a 150 b R
alachlor 3500 - 600 lc 2451 a 170
Lzl {P=0.05) 20.0 i7.1 - - 243

Angtysis performed on log ransformed dama, numbers followed by different letters are significantly
difterent at the 5% Jevel vsing 1., est.

Table 3. Effcet of trealments on grass and broadlcal weeds in maize. Field Experiment 2

Weed assessment

Adjuvant Rale Adjuvant % Contcol Dry matter (ke/a)
Grass Broadleal Grass Broadleaf
18.12.91 181251 301292 301,92
rimsulfuron 10 - 4315 58.8 481 abc 752 ub
rimsulluron 10 Ethokem 3 Liha 813 61.3 o2 d 326 be
rimsulfuron 10 Pulse 0.2% 813 65.0 166 bed 768 ab
rimsullyron 10 Cilowelt 0.2% 75 150 307 bed 328 be
primisnHuron kli] - 45 R 588 50F ab 634 b
primisulfuron ki) Ethokem 3 Liha 650 GRE 11914 1Hbe
primisulfuron 0 Pulse 0.2% 70.0 G98.3 50T a 227 e
primisuiluron 30 - 95.0 800 21e 841 ab
wachlor 3500 . 1] 0 106 ¢d 3378 a
unirealed -
Lxd, (P=0.0%) 129 194 B -

Analysis pedormed on log transformed data, numbers followed by dilferent iecers are significantly
diffcrent i the 5% level using 1.s.d. 1est.
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RESULTS AND DISCUSSION

Pot experiments. The initial experiments with pot grown grass weeds showed that the activity of
all three sulfonylurea herbicides was enhanced by the use of cerfain adjuvants. The results
presented in Table 1, from the third experiment, are typical of those obtained from all four
experiments.  Of the three grusses used in these experiments smooth witchgrass was most
susceptible, with all three herbicides achieving good conmrol at the 2-leaf stage when used with
an adjuvant. However, a1 the 4 and 6-leaf stages, smooth witchgrass proved more difficult to
control, with only Ethokem and Codacide oil providing consistently good results. Contrel of
surruner grass and whorled pigeon grass was more difficult. Nicosulfuron and rimsulfuron, when
used with Ethokem, were effective at all growth stages on both grasses. Primisulfuron was less
dependent on the wse of adjuvants but had very little effect on summer grass after the 2-leaf
stage. On whorled pigeon grass primisulfuron was more effective on the larger plants but
maximum control was still oaly 50-70% with or without adjuvants. The effect of all three
herbicides was to stop ptant growth for a period of about two weeks following treatment. Afier
this time the plant either regrew, ofien from new basal shoets, or died. This high level of
regrowth occurred in the absence of any competition in the pots whereas in the field significant
competition could be expected from both the crop and other weeds.

Ficld experitients. [t the first field experiment wed emergence was very irregular which made
correct timing of the post-emergence treatments difficult.  This was reflected in the high
varisnce of the dry matter production and consequentiy large 1.s.d. values (Table 2). However,
there were significant differences in the initial activity resuviting from the use of adjuvants, in
particular Ethokem. There were also differences in the spectrum of grasses present after
treatment. When used alone or with crop oil, rimsulfuron failed to control both summer grass
and smooth wilchgrass but when used with either Pulse, Citoweit or Ethokem, only summer
prass remuined. Primisulfuron failed to control most grass weeds except when used with either
Pulse or Ethokem which helped o control smooth witchgrass, It was also more effective on
broadleaf weeds. Al treatments were well tolerated by the maize crop with no visual injury
apparent at any stage and gruin yields were not significantly different in any treatment from that
of the standard alachlor remment.

In Trial 2 the post-emergence treatments were applied earlier to weeds that were more uniform
in size and the rate of rimsulfuron was increased to achieve better control of broadieaf weeds
(Table 3). Rimsuifuron was more effective on broadleaf weeds, especially when used with
either Ethokem or Citowelt, but this also allowed more grasses to grow and in some treatments
grass weed control was inadequate. More effective control of the broadleaf weeds (especially
atrazine resistant fat hen, Chenopodinm album) by primisulfuron when used with Ethokern also
increased the amount of grass weeds in that treatment even though smooth witchgrass was
coatrolled by this combination.

The results of both the pot and field experiments show that adjuvants can be used to improve the
efficacy of sulfonylurca herbicides on some grass weeds. Tt may also be possible to achieve
satisfuctory control of grass weeds at an advanced growth stage by the use of an adjuvant.
Overall, Ethokem provided the most consistent improvement 1o the efficacy of these three
herbicides, although the other adjuvants proved equally effective in some cases.
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MULTIPURPOSE AGRIMAX ADJUVANT SYSTEM

T. Parker
International Specialty Products {Australasia) Piy Limited
73-73 Derby Street, Silverwater NSW 2141, Australia

Summary. Agrimax™ 3, 4, and 5 are proprictary multipurpose adjuvant compositions for
pesticide formulations microemulsified as homogeneous, thermodynamically stable systems
difutable at all concentrations without separation. These formulaticns have imparted rainfastness
and enhanced biological activity with severa) herbicides on many broad leaf and grass weed
species when used as tank mix additives at 0.1-0.25% v/v.

INTRODUCTION

Some of the benefits derived from the proper use of adjuvants are enhanced biological aclivities
resulting in a reduction in total use while maintaining efficacy, increased rainfasiness, improved
penelration, betler westing and spreading, and protection against UV radiation for the active
inpredients. Agrimax™ adjuvant systems show many of these benefits. These adjuvanis are
bascd on N-alkylpyrrolidones and possess excellent physical profiles such as low surface tension,
low contact angle, and low wetting time. Recent studies also showed that some pyrrolidones
increase cuticular penetration and enhance translocation (1).

Stbility.  Agrimax™ 3 and 5 are water based optimized proprictary compositions. At
appropriaic dilutions, the particle size distribution was centered around 200-300 A®, well within
the microdispersion range, Agrimux™ 4 is formulated in hydrocarbon and also contains water
insoluble polymers, Dilution with waier o 10%, 2%, 1% and 0.1% produced stable emulsions
without separation even for weeks. The droplet size of the emulsion was <2 pm.

Surface properties. Table | summarizes the surface properties of Agrimax™ 3 and 5 in aqueous
solutions as a function of dilution, Agrimax™ 5 has similar propertics. If droplet dry-down is
considered, assuming a reasonable estimate of 30% evaporation during flight, the elfective
values for the surface properties for Agrimax™ 3 are: instantaneous wetting time, surface tension
of <28 dynesfem, and conlact angle of approximately 46 degrees. The effective values at 0.5%
dilution for Agrimax™ 5 are 8 s wetting time, surface tension of <29 dynesfcm, and contact
angle of approximately 46 deprees.

Ease of emulsification of actives. In the concentrated form Agrimax™ systems can solubilize a
varicty of active ingredients, especially those containing aromatic (benzeneid) compounds,
carbamaltes, and hydrophobic esters at concentrations as high as 30%. Such systems are believed
to be microemulsionfermulsion concentrates. On dilution in water these concentrates produced
veey stable emulsions with subwicron droplet size, with unchanged particle size distribwiion even
after standing for 2 weeks.

METHODS

Raintastness  evaluaions. Commercial formulations of pendimethalin  (as  Prowl®)
phosphonomethylglycine isopropylamine sait (as (Rodeo®), and carbaryl (as Sevin®) were
diluted to end use concentrations and the apprapriate Agrimax'™ system added at 0.125-0.05% of
final dilution. An aliquot (0.1-0.5 g) was applied to a glass/parafilm plate uniformly as a
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2.5-7.5 cm squaze paich. After a dry film was obtained, a fine spray of water was applied to
simuiate §.5-2.0 em of rain wash-off. The washings were collected in a waste jar. The remaining
washed patch was quantitatively extracted. The ethanol was analyzed by UV spectral analysis in
the case of Prowl® and Sevin® and by potentiometric titration for Rodeo®.

Biological evaluations. The same rates of Agrimax® system adjuvants were added to
commercial samples of paraquat (Gramoxone®) and glyphosate (Roundup®) and sprayed onto
weeds under two year old citrus wrees at Lake Alfred, Florida. The major grass weed was Bahia
grass (Paspalum notaturn) and the major broad-leaf weed species included Heterotheca
subaxillaris, white eyc (Richardia brasiliensis), Mexican tea {Chenopedium ambrosindes), fat
hen (Chenopodium album), green amaranth (Amaranthus viridis), cobbler’s pegs {Bidens pifosa)
and spiny head sida (Sida acura}.

The plots were visually rated 3, 7, 21, 42 and 63 days after spraying.

RESULTS

Table 1. Surface propesties of aqueous Agrimax™ 3 and 5

% Dilution Concentration Surface tension Contact angle® Weiting time
ratio (dynesfom) {degree) (%)
Agrimax™ 3
1100 1.0 26.5 + 0.1 416 +5 0
1/133 0.75 26,1+ 0.1 426+4 0
1200 0.50 279 +0.1 462+ 7 0
17400 0.25 297 + 0.08 556+7 30+1
1/666 0.15 3.6 + 0.08 65.1+7 456+ 11.5
1/1000 0.10 325+ 0,09 793+ 5 573 + 185
1/1330 0.075 331 + 0.09 796+ 5 1600 + 707
172000 0.050 350 + 0.05 830+ 4 = 3600
Agrimax™ 5
1/100 1.0 283 + 0.4 474 + 3 3.5+04
1/133 0.75 283+ 04 482+ 6 45+ 03
1/200 0.50 283+056 570+ 5 8.3+056
17400 0.25 25.7 + 0.09 553+6 186+ 1.2
1/666 0.15 30.9 + 0.08 60.2 + 3 50.1 +6.8
171000 0.10 31.6 + 0.04 TOO+5 184 + 42
171330 0.075 332+ 012 749 +7 677 + 226
1/2000 0.050 33.60 + 0.04 820+6 > 3600

* contact angles are on a parafilm surface

Rainfastness, When commercial Prowl® was diluted to 1% with water with the addition of
either Agrimax™ 3 added at 0.125% and 0.25% or a commercial sticker based on alkyd resin at
0.25%, all Agrimax™ treatments produced significantly higher recoveries than the commercial
sticker formulation. Agrimax™ 5 and 4 also produced similar results. The addition of Agrimax™
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3 increased retention by Lhree times (78.8 + 7.4%) more than the commercial formulation alons
(21.3 + 3.3%). It is interesting to note that lower recoveries were obtained at higher doses of
Agrimax™ 3. This rend was confirmed by using 0.5% Agrimax™ 3, when the recovery was
{383 + 3.2%). Increased rainfastness at lower adjuvant concentrations suggests that the
formulation contains an optimized surfactant system and film forming polymer which will act in
opposite directions. The surfactant system will have a washing tendency whereas the peolymer
will retain the active ingredient. Proper adjustment of the dosage balances these opposing forces,

When adjuvants were added to the concentrate, the retention of Rodeo® was influenced by
Agrimax™ 3 and was compared with a commercial sticker. The adjuvants were added to the
concentrate followed by dilution 1o 2.1% a.i. Agrimax™ 3 deubled active ingredients retention
(494 + 2.8%) relative to the swundard commercial formulation (27.1 + 1.5), The commercial
sticker produced much lower recovery at both 0,125 and 0.5%. Once again, Agrimax™ 3 gave
higher (41 + 4%) retention at 0.25% as compared to the commercial fermulation (26.4 + 5%).
The comimercial sticker produced only 9.1 + 2.7% recovery. The wash off effect from the high
surfactant levels in the commercial sticker was evident in this study. Rainfastness data for
Rodeo® applied on a parafilm surface shows surface properties similar to plant leaf surfaces (2).
The results were similar o those obtained for glass surfaces.

An increase in the retention of carbaryl was shown when Agrimax™ 4 was added at the rate of
0.13%, and 0.32% v/v to the end-use dilution {1/200) commercial Sevin®. The retention was
increased from 39.2 + 4% for the commercial formulation to 55.4 + 7% and 59 + 8% when
Agrimax™ 4 was added at the rate of 0.13%, and 0.32% v/v, respectively.

Greenhouse evaluations. Agrimax™ 3 was evaluated with Bravo™ 500. Aquecus suspensions of
Bravo® 500 were prepared at 50 ppm and 10 ppm a.i. Agrimax™ 3 was added to each fungicide
at .25% viv. The trewuments were sprayed to run off on four week ofd tomato plants. Check
plants were sprayed with water only. After drying, separate samples of 4 replicate planis were
exposed to @, 1, 5 and 10 cm of simulated rainfall. The plants were then inoculated with
propagules of Phytophthora infestants and incubated. Each plant was evalvated by estimating
disease contral based on a scale where plants not exhibiting lesions were given a rating of 100%
control and the check plants were rated as 0% control. The Agrimax™ 3 showed increased
caontrof of late blight on tomatoes from 30% to 60%. Comparative enhancement was more
pronounced when the dose of Bravo® 500 active was reduced to 10 ppm.

Fickl tests. These showed efficacy enhancement by Agrimax™ 3 at 0.25% by volume in a tank
mix with commercial Paraquat® and Roundup®, with a doubling of efficacy against Bahia grass
and broad leaf weeds. with an exiended period of control to 21 days, by the addition of
Agrimax™ 3 at 0.25%.

Aprimax™ 3 shows biological enhancement of Roundup®. It is clear that both the rate and
ultimate % control were enhanced considerably by the addition of Agrimax™ 3 (0.25% with
Roundup® at 1200 g a.i/hectare). When Roundup® was used alone, the maximum effect at 21
days after applicalion were 50% control of Bahia grass and broad ieaf weeds. Addition of
Agrimax™ 3 enhunced the control as early as 7 days after application (50% control versus
10-25% by commercial Roundup®). Further, at the peak effect, 21 days after application, 100%
control was obtained when Agrimax™ 3 was added versus 50% contre] with commercial
Roundup alone.
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Interprewations. Agrimax™ 3 and 5. in their concentrated form, are believed to be in a state
wherein the system consists of reverse micelles with hydrophobic components as the continuous
phase, with the polymer oriented in the core in their coiled state with hydrophobic groups
outside. During dilution with water, this first state would go through 1o a second state in which
the reverse micelles would open up, going through a lamellar phase in which the surfactants
would orient in a head-to-head and tail-to-tail cenfiguration. The polymer molecutes open up to
an uncoiled state with its minimum energy conformation. On high dijution, state 2 would further
rransform 1o a third state in which the lamellar structure would reorient te form miceliles with
water as the continuous phase. The polymer would assume a coiled conformation with
hydrophilic groups preferably pointing outside.

The above changes can be monitored via viscosity and conductance as a function of dilution.
One should sze the system going through a maximum region of viscosily corresponding to the
lamellar phase. The lamellar region should also show increased conductance in spite of the
viscosity being high. Conversely, in a true solution viscosity 15 inversely proportional 1o
conductance. Thus, a cortesponding maximum in conductance and viscosity are consistent with a
lamellar structure. The maxima are pronounced for Agrimax™ 3 at aboul 40% added water.

The hypothesized oil-out micelle initiat state for Agrimax™ 3 and 5 would explain their capacity
to sotubilize high concentrations of certain hydrophobic actives. The film forming capacity of
the polymers, with the active contained under the film, is a possible mechanism for enhanced
biological activity and rainfastness, Work continues to understand mode of action via cuticular
peretration, diffusion and plant translocation.
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LEAF SURFACES OF WHEAT AND RYEGRASS AND DROPLET SPREAD

K.J. Levick!, N.D. Hallam' and J.H. Combellack?
' Department of Ecology and Evolutionary Biology, Monash University, Melboume, Australia
* Keith Tumbull Research Institute, Melbourne, Australia

Summary. The leaf surfaces of wheat and ryegrass were investigated using scanning electren
microscopy. Wheat had stomata and trichomes on both the upper and lower surface. Ryegrass
had stomata and trichormnes only on the upper leaf surface. There were crystalline waxes on both
surfaces of wheat and on the upper surface of ryegrass but the lower surface of ryegrass had
amorphous waxes. Water droplets spread most on the lower surface of ryegrass but droplets of
four oil-in-water emulsions spread most on the upper surface of ryegrass. Static surface tension
of the emulsions had no effect on droplet spread.

INTRODUCTION

Annual ryegrass {Lofium rigidum Gaud) is an important weed of wheat crops in southern
Australia. The efficacy of foliar herbicides depends on their ability to be retained, spread over,
and then penetrate the leaf surface. The wettability of a leaf is dependent on the roughness of
the leaf surface, which may be due to macroscopic {eg. venation), microscopic (eg. trichomes
and epidermal cell shape) or aluamicroscopic (eg. wax morphology) factors. The properties of
the spray liquid, such as surface tension and viscosity, alse have an effect on the spread of a
droplet on the feaf (3).

This paper examines the leaf surfaces of wheat and annual ryegrass and compares the spread of
droplets of water and a number of oil-in-water emulsions on these leaf surfaces.

METHODS

Spray deposits. Droplets of distilled water were sprayed onto the upper and lower surfaces of
wheat and ryegrass using & hand operated spayer fitted with a hollow cone nozzle. Samples of
the leaf carrying the droplets were then frozen by plunging themn into liquid nitrogen. When
frozen the leaf scgments were sputter-coated with a layer of gold using an EMSCOPE SP 2000
unit before being examined (still frozen) with a Hitachi 540 scanning electron microscope
{SEM).

Leaf surface characteristics. (a) Microscopic factors. Wheat ¢v. Meteor and annual ryegrass
were grown in a glasshouse during summer under prevailing light and temperature conditions.
When the plants were at stage 15 (Zadoks scale) samples were taken fron the middle section of
the youngest mature leaf, fixed in 5% plutaraidechyde, dehydrated vsing an ethanol series and
critical-point-dried. The leaf samples were attached to stubs, sputiercoated with a layer of
platinum and examined in the SEM.

{h) Wax structures. To avoid solubilization of wax by ethanol, the wax structures en the leaf
surfaces were examined using both air- and freeze-dried samples. The samples were attached to
stubs and spuller-coated with piatinum before being examined in the SEM.

Droplet spread. 0.5 ul droplets (containing 5.0 g/L flourescein (Harcross Colours) as a marker)
of each of 5 solutions were placed on leaf segments. After the droplets had dried the deposit
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length was mcasured using a binocular disecling microscope with a graticule. The solutions used
were distilled water and 1% (v/v) emulsions of KTRI 8, KTRI 9 {emulsifiable canoia oils) and
D-C-Trate and Shell EDM {emuisifiable petroleum oals).

Surface Tension. Equilibrium surface tension of each solution was rmeasured using a CAHN
DCA analyser.

RESULTS

ligure L Droplets of water on wheat and rycgrass. {a) upper surtace of wheat (bar=43pm), (b)
lower surfuce of wheat (bur=(0.6mm). {c} upper swiace of ryvegrass (bar=250pm}, (d)
lower surface of ryegrass (bar=176pm).

Spray deposits.  Scanning electron micrographs of water droplets on the upper and lower
surfaces of wheat and ryegrass are shown in Fig. 1. For both the upper and lower surface of
wheat and the lower surface of ryegrass the dropiets are spherical and show no spreading. On
thy fower surface of ryegrass the droplets are flattened and making obvious contact with the leaf
tarrow}, On the upper surface of ryegrass most of the droplets have been caught by trichomes
andd are held above the leaf surfuce.

Veal surfuce characieristics. The upper and lower surfaces of wheat and the upper surface of
rycerass had only crystulling wax in platelet fornm (Table 1} The lower surface of rycgrass was
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covered by amorphous wax. Wheat stomata were more dense on the upper than on the lower
surface. However, ryegrass stomata were found only on the upper surface, On wheat fewer
trichomes were found on the upper than on the lower surface. Trichomes were found only on
the upper surface of ryegrass. Venation on the npper surface of ryegrass was much more
pronounced than that of wheat. On both species venation was evident as parallel ribs on wheat
and ryegrass. Neither species showed substantial venation on the lower surface.

Table 1. Surface characlcristics of wheat cv. Meteor and annual ryeprass

Wheat Ryegrass
Surface

upper lower upper lower
stomata (mm?) 7332 £226 23.87 £ 3.07 119.89 + 7.65 0.00
trichomcs (mm™) 33.39 £ 649 96.34 + 5.58 2551 £ 5.10 0.00
venation {mm ) 6.82 £ 043 .00 12.12 + 1.83 .00
wax iype crystalline crystalline crystalline amorphous

Droplet spread. Table 2 shows that distilled water spread further on the lower surface of
ryegrass than on the other three surfaces. For each emulsion the greatest spread was on the

upper surface of ryegrass. The spread of each of the solutions was significantly (p=0.05)
different on the upper and lower surface of wheat.

Table 2. Droplet spread amd equilibrinm surface tensions

Surface Wheat Ryegrass
Solution tension

(dyne/cm) upper lower uppet lower
H,Q 72.59 £ 0.21 0.92 + 0.30 0.92 £ 030 0.89 + (.15 242 £ 009
KTRIR 3087 £ 0.18 4.79 + (.51 3.63 £ 030 .70 £ 1.95 6.83 £ 033
KTRIY 3097 £ 012 840 £ 0.62 6.77 £ 077 16.39 % 1.56 6.63 + 1.09
Shell EDM 3207+ 022 0.67 £ 049 11.34 + 0.67 15.50 £ 1.33 350 + 1,00
DC Tralc 38.33 £ 0.60 9.05 £ 0.45 890 0.53 14.88 = 1.09 8.71 £ 158

On the upper sucrface of ryegrass there was no significant {p=0.05) difference between the spread
of KTR19, Shell EDM  and DC Trase. On the lower surface of ryegrass there was no significant
(p=0.05) difference between the spread of KTRI 8, KTRI 9 or D-C-Trate. There was also no
difference between the spread of Sheli EDM and D-C-Trate on the lower surface of ryegrass. All
of the solutions spread almost entirely along the length of the leaf with very little laceral
movement. This was most pronounced on the upper surface of ryegrass, where the entire yolume
of the droplet would often spread along one or two interveinal grooves.
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DISCUSSION

When spray droplets land on a leaf surface and are retained, they can either spread across the
leat surface or dry at the point of impact (4). In this study, the water droplets dried at the point
of impact on the upper surfaces of wheat and ryegrass and spread on the lower surface of
ryegrass. However the droplets of the emulsians spread, to differing degrees. on all the Jeaf
surfaces.

In the present studics the addition of emulsified seed and petroleum oils to waler resulted in
reduced swiface tension and increased spread on the leaf surfaces examined. However, within the
group of emulsions there was no obvious relationship between surface tension and droplet
spread. This suppons the finding of Abbot etal (1) who found that surface tension, critical micelle
concentralion and contact angle were poor predictors of spread.

However, the nuture of the leaf surface had a lurpe effect on spread. Far example, water droplets
spread most on the lower surface of ryegrass, which was the smoothest of the surfaces examined
(amorphous waxes and no stomata or trichomes). The emulsions however, spread most on the
upper surface of ryeprass which was, on the basis of stomate number and venation, the
‘rouphest” leaf surface studied. The greater spread on the upper surface of ryeprass may be due
to the “wicking' effect mentioned by Johnson and Detwe (2). It is more likely that the bulk of
the droplets on the upper surface of ryegrass spread along only one or two veins, resulting in a
very long, narrow deposit which did net necessarily cover a surface area gremer than the shorter,
wider deposits formned on the other leaf surfaces. Measurement of the total area covered by a
deposit would be a more reliable method of comparing she behaviour of droplets of different
formlations on various surfaces. Unpublished data (J_evick) indicates that there is an interaction
between droplet spread and droplet size, adjuvant concenmration and surface structure. The
complexities of the interaction of spray formulation and droplet size with waxes and other leaf
surface structures need further study in order to clarify the paterns of spread and their effect on
spray efficacy.
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POTENTIAL FOR BIOHERBICIDES IN DEVELOPING COUNTRIES

B.A. Auld
NSW Apriculture, Agriculeral Research & Veterinary Centre,
Forest Road, Orange 2800 NSW, Australia

Summary. Three bioherbicides based on indigenous plant pathogenic fungi are registered
commercial products and several bioherbicide research projects are in progress. There is,
however, scope for further investigation into bicherbicides for developing country agricuiture.

in developing countries, the possibility of mass producing plant pathogens of weeds in low-tech
systemns at local level i3 a feasible alternative to high-tech fermentation systems used in the
industrialised world. Mass production at the locations and at the time of vse would also
overcome the need for long shelf-life which is required for commercial products. The tropical
regions of the Asia/Pacific area with high humidity and relatively predictable rainfall may be
particularly suitable for bioherbicide development and nse.

INTRODUCTION

Bioherbicides are biological herbicides in which the active ingredient is a microorganism. The
bioherbicide technique wses inundative doses of plant pathogens to create artificial and localised
epidemics cach season. (See (1) for recent reviews of the subject).

Up to this stage, bioherbicides have utilised indigenous ot naturally occurring pathogens,
although the use of exotic microorganisms is feasible, but requires adequate host range testing.

COMMERCIAL PRODUCTS

Three commercial bioherbicides Collego®, Devine® and Biomal® are registered products in
North Ametica. They utilise naturally occurting fungi and are thus also referred 1o as
mycoherbicides.

Commercial products such as these are conveniently produced en masse by submerged culture
fermentation then, separation, drying and storage, but this requires high capital expenditure.

In addition fermentation time competes with other potential uses for fermenters, For example,
production of high value preducts such as antibiotics or hormones. Moreover not all
microorganisms will reproduce in submerged culture. Oxygen mass transfer is a major problem
for acrobic processes as its solubility in water is only about 6 ppm (2). While the use of solid
substrate techniques may overcome these problems, these methods are generally regarded as too
labour intensive and therefore too expensive in the industrialised world.

The bicherbicides which have so far been produced commercially have limited host ranges.
This is operationally useful and ecologically desirable but it restricts the market size for the
products and therefore may be a disincentive for commercial investment in bioherbicides.

Ideaily commercial products should have long shelf-life. Application sites may be considerable

distances from place of manufacture and making a product at a time suitable to the manufacturer
is desirable rather tham in response to an urgent need by potential users of the product.
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Therefore commercial producers aim for @ minimuom  shelt-life of o year.  However the
bioherbicide, Devine®, has a shelf-life of only six weeks in refrigerated storage, but it is feasible
o dhstribute and market the product because of the limited target area: Milkweed vine
(Maorrenia odorata) infested areas in citrus groves in Florida.

Mycoherbicides penerally have a requirement for dew or high humidity for satisfactory results.
Collego® and Devine® are both used in irrigated rice and citrus orchards agriculture and this is
part of the reason for their success. Biomal® is used in situations where minfall events are
likely and can be confidently predicted in the mid-west wheat growing region of Canada.

A moiswure requirement has hampered the development of several potential mycoherbicides in
dryland agriculture in temperate regions. Thus a great deal of research effori has recently been
placed on the development of formwlations 10 overcome this dew requirement.  However
complex formulations may add considerably o the cost of products.

DEYELOPING COUNTRIES

The use of bioherbicides has been relatively neglected in developing countries. The outstanding
exception to this is the product, Lu-bao No. 2, based on the fungus Colletoirichum
slocasporioides. w0 conirol dodder, Cuscuia sp., in the Pecpie’s Republic of China which was
first used in 1963 as “Lu-bao Na. 1". However, recent interest has focussed on potential
mycoherbicides in a number of developing countries. For example: Rotthoelliu cochinchinensis
i Thailand (research supported by the International Institute of Biclogical Control, UK.. this is
also a mijor weed in Central America); Striga sp. control with Fusarium spp. in Ghana (research
supported by University of Hohenheim, Germany).

Apart from the envirommentally desirable aspects of using naturally occurming microorganisms
over synthetic chemicals, the substitution of these products for imported herbicides would lead to
valuable savings in furcign exchange.

Some of the factors which limit bicherbicide production dnd use in developed countries may not
apply in developing countries:

Miss production. There is a tradition of food production by fermeatation techmques in many
devetoping countries, particularly in south-east Asia. Maay of these fermentation systems use
solid substrates and thus overcome the problem of oxygen limilation in submerged culture
{ermentation.  Moreover they do not require the same capital investiment as fermenaters and the
media vsed in such systems may be derived from waste products of food production or straw,
for instunce.

Shelf life. Because of the rapid multiplication rates of microorganisms in combinatien with the
potential to produce therm in local solid-state fermentation systems, the need for long shelf life
diminishes. Products could be made in refatively small quantities locally to satisfy local needs.

Muoisture reguirements.  Many developing countries, particularly in the Asia/Pacific area, are
located in tropical regions where humidity is high and rainfalt relatively predictable. Moreover
many crops in developing countries are irnpated. Thus the moisture limitations imposed on
mycoherbicides in dryland temperate agriculture ofien will not apply in developing countries.
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Availability of switable microorganisms. Plant pathogens associated with weeds have been
poorly collected even in countries with large numbers of publicly supported research personnel
and extensive laboratory facilities. Clearly the first steps to be taken would be the nomination
af the most important weed species, then the deliberate searching for pathogens, their isolation,
identification, virnlence testing and host-specificity testing. '

The steps to follow are then, defining optimal conditions for infection and disease development,
mass production and field testing.

THE FUTURE
Successful bicherbicide projects require collaboration between plant pathologists, weed scientists
and fermentation specialists in the public sector. This is true for developing countries, just as it
has been in developed agricultures.
Cooperative projects between scientists with experience in bicherbicide development and

interested plant protection research groups in developing countries should accelerate the adoption
of bioherbicides as aliernatives to conventional herbicides and manual weed control.

An Intemational Bioherbicide Group (LB.G.) has been established to foster communication and
cooperative  projects on bioherbicides and assist transfer of technology that will assure
availability of bioherbicides.
This cooperation also has poteatial benefits for developed agricultures, including the introduction
of alternative fermentation techniques for mass production of biccontrol agents and alternatives
to the commercial model of bicherbicide production.
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FPUCCINIA CARDUI-PYCNOCEPHALI, A POTENTIAL AGENT FOR THE BIOLOGICAL
CONTROL OF SLENDER THISTLES TN AUSTRALIA

P. Chaboudez', R.H. Groves® and LJ. Burdon'
' CSIRO Division of Plant Industry, GPQ Box 1600, Canberra ACT 2601, Australia
T CSIRO Biological Control Unit, 335 Ave, P. Parguel, 34090 Montpellier, France

Svurmmary. Progress towards the biological contrel of the slender thistles, Carduus
pyenocephalus and C. renniflorus with the rust Puccinia cardui-pycnocephali is reported. A
search for virulent strains of rust on both slender thistles was made from extensive collections in
Southern Europe. Of these, some strains were found that are especially pathogenic. The effect of
selected strains in decreasing the reproduclive capacity of these winter annuals is documented.
Recently, two selected strains have been imported into guarantine in Australia for further hosy
specificity testing,.

INTRODUCTION

The closely related slender thistles, Carduns pycnocephalus and C. tenuiflorus, are major weeds
of sheep-grazed pastures. Both are winter annuals of Mediterranean origin that reproduce only
by seeds. These two species are now widely disinbuted in New South Wales, Victoria (8.25
million hectares) and Tasmania, and also occur in South Awpstralia, south-westerm Westemn
Australia and south-eastern Queensland {10). High densities of slender thistles greatly reduce
pasture availability and yield (by up to 66% in Victoria; 9), thereby causing notable economic
logses.,

Riological control represents a valvable strategy for long-term management of slender thistles
hecause both these species are largely a problem of disturbed pasiures and wastelands, Initially,
research has focussed on the use of insects, which have not effectively controlled slender thistle
populations in North America (4). In this regard, studies on the population dynamics of siender
thistles in their native Mediterranean environment showed a remarkable population stability cver
sites and over years (12). Extensive surveys detected more than twenty insect species associated
with slender thistles. However, by themselves, none of these appeared to be a limiting facter for
these weed populations (12), a result which pessibly reflects the short life span of the hosts and
their partial asynchrony with the main period of inscct activity (3).

Consequently, research efforts have shifted fowards the evaluation of potentially useful
pathegens, as they often show a short generation time, high reproductive capacity and dispersal,
and a phenology matched to that of their hosts. Of these, the autoecious rust, Puccinie cardui-
pyenocephali, 15 commonly found on slender thistles throughout the Mediterranean basin,
Although at leasi onc strain of this pathopgen already occurs In Australia (9). it is not very
effective in reducing growth or seeding of Australian genotypes of the two slender thistles.
However, a significant decrease in growth and capitula production was found when glasshouse
grown rosettes of Australian C. pycnocephalus were repeatedly inoculated with an isolate
collected in southern France (8), This suggested that effective isolates could be found in Europe
for the biological control of slender thistles in Australia.
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METHODS

Rust surveys. Extensive field surveys for isolates of the rust were carried out in France, Italy,
Spain and the former Yugoslavia in 198%-91. Two surveys were made in May 1989 in north-
wesiern Spain and ltaly. Similar surveys were made in central-southemn and north-eastern Spain
and in Yugoslavia in 1990-91. Surveys in southern France were made on a more regular basis
due 1o the proximity of sites to the CSIRO laboratory at Montpellier. Occurrence and abundance
of the rust were scored on 50 to 100 plants per site nsing a visual scale similar to that used by
Sheppard ef al. (12).

Inoculation procedures. Glasshouse grown roseties were inoculated at the 4-6 leaf stage with
urediniospores using the method described by Hasan (7). Visual assessment of disease symptoms
wis made using a five point scale, as follows: 0- Immune (no symptoms); 1- Resistant (visible
chlorosis and necrosis on leaves, no uredinia); 2- Moderately resistamt (chlorotic and necrotic
spols associated with a few minute pustules); 3- Moderately susceptible (numercus small and
eruplive urcdinia often associated with chlorotic halos) and, 4- Susceptible (leaves covered with
eruptive uredinia, no plant reaction).

Effectiveness of the rust.  An inoculation experiment in the field was designed to evaluate the
cifect of the rust on plants of both species of slender thistles. Two fully randomized plots were
cstublished with poued plants from 7 sites in Australia. Sterilised sof and timed drip-watering
were identical for the 2 plots. Plants in one plot served as control and these in the other plot,
situated 30 m away, were inoculated {al the 6-8 leaf stage) once only with the isalate FR3 w
simulate natural levels of infection. Inoculation was achicved by spraying a suspension of
vrediniospores and water {1 mg/20 mL) onto the plants. Plants were monitored every fortpight
for disease intensity, rosette growth and plant height. Ripe capitula were collected twice daily
during the flowering period and seed number and viability assessed. Biomass of whole dried
plants was measured after harvest. These data were anaiysed using Anovas.

RESULTS AND DISCUSSION

Rust surveys and selection of isolates. High levels and rates of infection by the rust were
apparent at 11.6% of the 104 sites surveyed, especially in central and scuthern Spain. Overall,
rust infection was noticed at 57.7% of sites visited, covering a wide range of environmental
situations. Isolates of the rust were collected from these sites and evaluated in the glasshouse for
pathogenicity on both species of slender thistles, including various Australian plant genotypes.
The pathogenicity of isolates of Puccinie cardui-pycrocephali is highly variable and Auvstralian
accessions of both slender thistles present a continuum of infection type responses to the isolates
within this rust fungus {Table 1).

Seme isolates are extremely virulent on Australian genotypes of slender thistles, However, while
isolates of rust collected from either ane of the two host species will auack the other host, the
isolates are most pathogenic and produce the severest symptoms on the host species from which
they were originally collected. This was observed also for two isclates collected from
C. tenuiflorus in Australia and could explain why the rust occurs particutarly on this species in
south-eastern Australis (9). These results indicated that it will be necessary to introduce and
relcase at leust two isolates initially, with the aim of affecting plants of both species of slender
thistles. By atiempting to overcome the genetic heterogeneity of these weed specics for
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sesistance 1o the pathogen, the strategy used will be likely 1o minimize the problems raised by
the existence of resistang hiotypes (2).

Tuble 1. Summary of pathogenicity of Puccinia cardui-pyvenocephaii isolates from southern
Europe on Australian slender thistles

Infection type” on:
Lxolates collecled from: Number of isolates

Carduus pycnocephalus  Carduus tenuiflorus

{ ‘urduas pyenocephaius 4

0 I
4 2 3
4 3 P
3 0 4
1 5 3
3 2 3
1 0}
Carduus tenuiflorus 2 4 3
2 3 3
| 3 7
0 l 4

* Infection type from {= imimunc 10 4= susceptible, heavy production of uredinia.

For . tenuiflorus, comparative assessments made between two isolates of the rust already
present in Australia and three of the highest ranking 1solates from southern Europe suggested
that none ot these isolates was significantly more virulent on Austealian plants of C. tenuiflorus
than the other, as measured by the number of uredinia produced per unit of leaf area under
unifonn conditions (Sichez, uapublished datu). However, isclaie FR3 collected from Salin de
Badon (southern France) was more agressive, producing the heaviest infection (number and
amount of spores) on several Austrabian accessions of C. tenuiflorus. Thus, 1t was selected for
further screening and subsequent host-specificity testing. Chaoice of this isolate was strengthened
by the fact that it sporalated profusely on all plants collected from 10 sites in New South Wales
and Western Australin. For C. pycnocephaius, wolate 1T2 from Terlizzi {xouthem Italy) was by
far the most virulent isolate on Australian plants. AH plants collecied from 11 geographically
well separated sites in Australia showed high levels of infection after inoculation with this
isolute. Hence it was chosen for the control of this species of stender thistle.

Impac) of the rust on slender thistles,  Uredinia first appeared on plants 15 days afier
inoculation, At least & generations of spores were produced over the course of the experiment.
The highest levels of infection were recorded mainly on rosettes of C. fenuifforis for which as
many as 1560 vredinia per plant were counted. Plant height, biomass and the production of
viable seeds af rusted plants were all significantly reduced (Table 2).

THawever, the two thistle species responded differentizlly to isolate FR3 of the rust (P=0.001),
while within a thistle species, there was evidence of some geographic differences in the degree
w0 which production of viable seed was reduced (Fig, 1; P=0.0(1). These results confirm the
importance of introducing and releasing at Ieast 2 isolates initially,
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Table 2. Elfect of Puccinia cardui-pyenocephali infection on plant heighi, dry weight and
production of viable seeds of the slender thistles, Carduus pycnacephaius and
C. tenuifloriy. Data from an outdoors inoculation experiment, Means {s.e.} are
presented. Pairwise meuns are statistically different at the 1% level using one way

Anova.
Species Treatment N Height Dry weight Sead production
(cm) (g)
C. pyvenocephalus coutrol 20 87.30 (447 1536 (1.06) 173.97 (2295}
inoculised 20 IR0 (2.7 11.27 (0.78) 3231 (10.19)
C. tenuiflorus control 21 52090 (37D 16.85 (0.79) 84.44 (11.82)
inoculated 21 2543 (4.01) 726 (0.63) 2065 (8.30)
s
o 6
I
't}
;!; Gor
o
- 4l [ 1 contrai
o
o inoculated
oD 3
E:
&
c Zr
o
o
£
c 1
8]

plant  orogin

Figure 1. Production of viahle seeds of slender thistles in relation te rust infection and plant
origin. Origin 1 to 4: C. pycrocephalus plants collected from Denmark, Manjimup,
Boyup Brook and Bridgetown (WA); 5 replicate plants per treatment and origin were
used. Oripin 5 to 7: C. tenuiflorus plants collected from Yaouk (NSW), Albany and
Manjimup (WAY. 7 replicate plants per treatment and erigin were used.

Another field inoculation experiment confirmed that the selected isolates FR3 and IT2 curtailed
the reproductive capacity of Austradian genotypes of both slender thistles, even in the absence of
plant cempetition (Chaboudez, unpublished data). As slender thistles are annuals, the significant
reduction in seed production caused by rust infection is likely to reduce the size of infestations.
Fiewuver, the maintenance of a compelitive perennial pasture during the limited period when
slender thistles germinate (autumn rainfalls) should have a synergistic effect in controlling weed
density, as has been shown for several other weed-pathogen systems (6, 11).
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On e basis of the successful host specificity testing of the 2 candidute isolates, authorisation
wils given to import these into quarantine in Australia. From the actual distributien of the st in
Australia, it is anticipated that the introduced isolates will probably establish and spread under
the swme environmental conditions, if release is approved. These isolates have the potentixl to
deercase vigour and teproductive capuacity of slender thistles, However, the extent 1o which it
will affect thistle density and thereby provide substantial conwrol will ultimately depend on how
well these biological control measures are integrated into pasture management { 1, 5, 13).
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THIL ESTABLISHMENT OF UROMYCES HELIOTROPI SRED., A BIOLOGICAL CONTROL
AGENT OF HELIOTROPIUM EUROPAEUM L,

AW. Sheppard, R.C. Lewis and E.S. Delfosse’ _
CSIRO Division of Entemology, GPO Box 1700, Canberra ACT 2601, Australia
' National Biological Control Institute, USDA, 6505 Belcrest Rd, Hyattsville MD 20782, USA

Summary. The results of releases of the rust fungus, U. heliatropii, against the summer annual
weed commaon heliotrope, H. europaeum, in Australia are described. Of 19 separate releases of
urediniospores made w13 sites in NSW, SA, Vie. and WA over three years, 11 showed local
spreadd of the disease 1o distances up 1o 500 m.  Of these releases, 13 led to the preduction of
wehiospores.  To date, six release sites have been monitored in the season following teliospore
pranluction and three have shown natural re-infection via the production of spermogonia and
accia. Releases have been most successful in South Australia.

INTRODUCTION

Common  heliotrope,  Heliotropium  earopaeum L. (Boraginaceae), is 2 summer-growing,
herbaccous anaual plant from Mediterranean Europe to the Middle East.  The plant has become
a weed in southern Auswralia where it often dominates fallow, disturbed or ploughed land from
December to April when it can also be an imporiant component of annual pastures. The foliage
contains high levels of pyrrolizidine alkaleids {11}, which can poison grazing animals and, as
such, the weed causes substanbal economic stock losses in years of high abundance (2).
Infestations of the plant also tuke moisture from the soil in the months prior to sowing, therefore
affecling subsequent crops (4), The seeds perminate on bare soil or in light vegetation when soil
temperatures exceed 24°C following spring and summer rainfall (10). The plant produces
Howers and seeds concurrently with vegetative growth, soon after germination, that create a
persistent seed bank {3) of up te 300,000 seeds/m2, and dies in autumn or following water
Shress.

Uromyces heliotropii Sred., 1s a macrocyclic, autoecious rust fungus native to Eurasia (5). This
rust is specific 10 H. europagesm and some closely refated European species (8). During testing
some limited development occurred on the Australian natives H. crispatum and H. pressiana.
However, M. crisputum grows in winter in regions unsuitable for the rust, while the spores
produced on M. pressiana proved non-viable (8). Studies in Montpellier (scuthern France) have
shown that the pathogen can both kill young seedlings and reduce viable seed production of
wature plants (7). The rust has twe relatively long-lived spore types. The brown urediniospores
are wind dispersed, being produced only during the summer, and lead to either the further
prockuction of uredinia on hezlthy plants or the production of black telia on stressed or senescing
plants.  The telia produce tekiospores that can over winter on plant fragments that remain in the
litter layer und re-infect plants the following season producing honey coloured spermogonia and
then orunge accia.  The environmental requirements for the genmination and survival of these
spores have been studied under laboratory conditions (6.7.9). AQIS and ANPWS approved
release of U heliotropii in early 1991, This paper documents the tesults of releases made to
date, and discusses conditions for successful establishment,
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METHODS

Table 1. Rust incidence following inoculations of common heliotrope with U. hefiotropii urediniospores; (i)
methwxls as described or modified (*) in text; {ir) maximum spread from release point; (ki) classes
of disease intensily in Ihe area of spread (see text); { = imigated sile; rd = data nol yct available.

inoculation Spread . .
Site Disease  (my MY o, ‘““‘l“
Date Method (i) (i) (iii) (yr+1)

Ginowangerup WA (1] 1.2 ¥o5 30 Pl ¥Cs na
192 i2 yes n ¢ ¥es 5

1793 l ves 4 c yes nil

Jugiong NSW, arca § 191 12 yes 100 d yes yes
arca 2 9z 2 4] - - - -

arca 3 143 K) yes 1] b yes ne

Trangic NSW, area 1 192 1 yes 300 b yes 0]
arca 2 2493 3 yes 4] a yes el

arkys NSW 1/93 13 yes 4] a no e
Temora NSWi 1753 ki no - - - -
Young NSW 2093 3* yes 5 b ¥es nd
Barhain NSWI 143 13 " . . - -
Dok VIC 143 1.3 o - - - -

Tailem Bend SA,  arca 1 192 1.2 yes 2 b i ¥C§
iarca 2 193 3 yes nd ned yos nd

Kindinag A 1593 k) ne 0 a no nd
Maiiland SA M3 t3 ¥es i0 b yus nd
Sireaky Bay 5A 143 13 yes 5 b yus ned

Marnpa S A L2 12 ycs 1€ ¢ yis ¥C§

Releases of urediniospores were made from December to March in 1991, 1992 and 1993 at six
sites in NSW, five sites in South Australia, and one site in each of Victoria and Western
Australia (Table 1). With the aim of maximising the production of inoculum at the site, the
plants selected for inoculation bore many green lcaves, Inoculation tock place in late-afternoon
10 early-evening with 2-9 week old spores collected from a laboratory culture. Three methods of
rcheuse were used: (i) 30 mg of spores were brushed, using a paint brush, on to the upper
surface of alf leaves of 6-16 plants which were at least 13 cm high and with few mature seeds.
The plams were watered underneath and then sprayed with a fine mist of water following
inoculation,  Small polythene covers {also sprayed with water on the inside) were placed over
cach plant for 12 hours: (i) 30 mg of spores were mixed with 30 mL of water just prior to
incculation and applied using a hand-held aerosol sprayer to 6-8 plants. Small polythene covers
were also placed over these planss for 12 hours;  (iii) 200 mg of spores were mixed with
125 mL of wic und upplied to pre-watered plants over @ 1x5 m area using a hand held
pummp-action duster.  Following inoculation plants were covered with a fine mist of water and a
mwistened clear plastic sheet which was again left until morning. Table 1 outlines where these
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methods were used. No attempt was made 1o assess impact in the first year. Environmental

date loggers were nstalled at the five bongest studied sites {those in Table 2) for comparison of
conditions for infection,

In the first season of inoculation. 10 uninoculated plants of similar size and development were
chosen in the immediate swrounding area.  Inoculated and uninoculated plants were then
monitored fortnightly. For these plants, height was measured and the total number of leaves and
the number of cymes bearing seeds counted. The distance of spread of rust symptoms was also
monitored at the same time by examining swrrounding planis and searching at increasing
distances from the points of release until cither no further spread was cbserved or the limit of
the weed infestation was reached. During these examinations, rust intensity was assessed per
site in four categories: (a) no plants infected; (b) few plants infected; (¢) most plants infected;
and (d) all plants infected. Where possible, other infestations of the weed within a 2-3 km
radius were also examined. The presence of teliospores was alse noted.

In late spring of the year following inoculation, each site was visited to clear or plough a core
arca to encourage germination of the weed. Frem December monthly visits were made to each
site.  Plant density was measured in the core area, and a random sample of 25 plants was
collecied 1o count the number of leaves, cymes and developing seeds. The percentage of plants
infected by aeciospores and urediniospores was recorded on each visit.

RESULTS AND DISCUSSION

OF the threc inoculation methods used, 1 was reliable, but proved time consuming per treated
plant, 2 provided poor results in the field and proved impractical as the nozzle regularly froze up
during application; while 3 was as effective per plant, but allowed many more plants to be
ireated for the same effort. A modified method 3 without an application of water or plastic
sheeting also worked very effectively in a gully site at Young.

Qf the 19 releases of urediniospores, 14 led to significant infection, 13 showed significant
teliospore production and 11 had some spread of the pathogen within the season (Table 1). At
three of the five siles where inoculation was unsuccessful, the spores used had very low
viability. Subsequent 1ests showed that the spores over 5 weeks old, which were stored in a
desiccator at 0 to -7°C, had less than 20% viability. At the other two sites, ineffective
inocutation method was the cause at Jugiong in 1992 and early plant death from the leaf blowh,
Cercosporg tatirica Tranzschel, prevented infection at Temora.

The distance of spread or the intensity of the disease were not associated with any of the plant
characteristics measured at each site. At Parkes spread and telia production were prevented by
ah oulbreak of C. tawrica killing the infestation, At many sites spread was limited by a lack of
available plants following initial infection. This resulted from either small weed infestation size
(Jugiong in 1991, Growangerup in 1992 and Minnipa), or heavy plant death as a result of early
{Cinowangerup in 1991) or late season (Jugiong in 1993 and Trangie in 1993) water stress. To
combat this, controlled imigation was used at four sites (Table 1). This encouraged the
rust-weed interaction al Minnipa, however at two other sites infection failed due¢ to other causes.
The fourth site, Tailem Bend in 1993, still requires assessment. The rust showed >50 m spread
at four sites. At Trangie in 1992 and Jugiong in 1993 patches of infection were associated with
the prevailing wind and heavy rain soon after the first pustules were produced. At Jugiong in
1991 and Minnipa less directional spread and high infection intensity {Table 1) were associated
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with late season rains in March. At Gnowangerup in 1991 aecta were abserved in the same year
as moculdtion.  Early water stress had cawsed the production of telia and a later cohort of the
weed became reinfected.

Suceessful establishment, as indicated by the presence of spermogoenia and aecia in the season
tollowing inoculation, has now been observed at three of the six sites that have been followed so
tar {Table 2). At Gnowangerup in WA re-infection in the following year bas failed two years
running despite the weed increasing in abundance size from one year 1o the next. At Jugiong
(NSW) only a few aecia were found in the next year. Severe flooding had occurred during the
pteceding winter and common heliotrope covered only a guarter of the previous year's
inoculation zone due 1o the growth of other vegetation The rust did not survive even though
common heliotrope covered the swrounding  hiflsides. At Trangie {(NSW) there was ne
re-infection despite an abundance of healthy plants early in the season (Table 2). The only
success has been in South Australia. At Tailerm Bend in 1992, 6.3% of plants produced telia in
the release area in the first year. Tn 1993, 1.3% of plants of the next generation produced aecia
Weading to 24% of plums with uredinia by March (Table 2). The disease had spread 7 m. At
Minnipa, 100 % of planis produced telia 1992, 6% had aecia in Junuary 1993, und 19% had
uredinia by March. The discuse here had spread 400 m in one direction and {70 m in another,
While a stow buiid up of the discase occurred at Taitem Bend, the discuse sitwation at Minnipa
was potentially epidemic, until flooding destroyed 44% of plants in February 1993, The disease
is currently recovering at this site.

Table 2. Spread of & heliotropii away [tom previous year's diseased area and charactenstics of
H. ewropaeam during the period of aeci observation a1 siles followed over twi yeurs {(ud = no dain
avinlihle)
Accia Oiber spore Lypas Plant charucteristics/m?
Site Date . planis Spread Uredinia % Plants Spread  Plant Leaf  Seed
milecied (m} ftelia idecied {m) density density  densily
Gnowangeryp WA U2 0 - - - - c.200 12200 3680
41 0 - - - - 212 44582 77168
Juiong NS W uz <01 0 none . - ml wl nd
Trungic NSW 3 0 - . - - 2 9836 18170
Talem Bemd SA Y3 1.3 0 uT 24 5 Ho2 21140 60636
Minmipa 5A' UX] [ 400 LT 19 170 148 2738 8702

The spread of U, heliosropii, thus far, has contrasied markedly to the success of P. chondrifiina
released against skelcton weed. In that case only one year was required for the disease 1o cover
south-eastern Australia {1).  The local rate of spread of P. chondrilling within a site was
comparable o the best cases with U. heliorropii, bug shis rust has so far failed to make the rapid
jump o mare distant weed infestations and most of the ground gained in one season is lost when
common heliotrope re-appears.  Common heliotrope is short lived compared to skeleton weed
zid furthermore, heliotrope infestations ure more ephemeral in time. Therefore its pathogen 1s
fimited in the time it has available to multiply on one host before it must infect others, and ofien
these do not appear for the aext 7 months and are not necessarily close by. U heliotropii is
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dependent on its teliospores to infect future generations of the weed, while P. chondrilling, with
a perenntal host, 15 not.

The continuation of infection throuph the summer depends on the survival rate of spores in
Australia.  Previous seasons teliospores would not survive the summer and, wrediniospore
survival is less than a month at temperatures above 30°C (5. Hasan, unpublished data). Summer
daytime termperatures can stay at these leveis for extended periods, while humid conditions
necessary for infection may often be separated by more than a month. However, the differences
between sites in Table 2, must be caused by the conditions necessary for teliospore germination.
While there are clear environmental differences between the sites in NSW, WA and South
Auslralia, these have not been used, so far, 1o understand why releases in South Australia have
heen more successful.  There was little evidence to suggest that teliospares can be dispersed
away from the site of production. This biclogical control agent probably requires consecutive
gencrations of hosts in the same area in order te show good local survival and explosive
oulbreaks.  Unlortunaiely, observations suggest conditions which appear favourable for the rust
can also produce destructive outbreaks of other natural enemies of the weed such as €. raurica
and the moth Utethesio pulchetioides Hamps.
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conducting inoculations and monitoring at Sugiong, Temora, Parkes and Trangie. Jon Dodd and
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BIOLOGICAL CONTROL OF BROOM, CYTISUS SCOPARIUS, IN AUSTRALIA

AJ. Wapshere! and LR. Hosking’
' CSIRO Division of Entomology, GPO Box 1700, Canberra ACT 2601, Australia
* NSW Agriculture Research Centre, RMB 944, Tamworth NSW 2340, Australia

Stnmary.  Broom, Cyfisus scoparies, is an important weed in the Barrington Tops, NSW.
Stunds consist of mature, thick-steinmed plants and high seed bank levels occurting in the soil.
The main requirement is for agents damaging to established plants and destroying seedlings.
Such agents exist in Europe but they may not possess the necessary host restiction whilst
tagasuste, Chamaeeytisus palmensis, is promoted as a fodder. Therefore, biological control of
brovm has commenced with the release of the moth Leucoptera sportifolielia and specificity
testing, of the plant louse Arviainilfa spartiophifa. Both damage young shoots and should reduce
prowth and seeding.

INTRODUCTION

Broom, Cyiisus scoparius (L) Link (Fabaceae), a native of Ewrope. is a weed in tcmperate
Australiz.  Infestations occur  in moderate to high rainfall regions over wide arcas of Vicioria
wnd northern Tasmania and in scattered areas of New South Wales and South Australia (25).
The plant is a major problem in open forests and woodiand in the Barrington Tops region of
New South Wales where dense, 1all, mature stands of the weed cover 10000 hectares {39)
preventing access indo the National Park and State forest (27). Similar mature stands of broom
accur e the Shoalhaven Valley near Braidwood, New South Wales. At both localities the thick-
stenumied, woody plants have stored considerable reserves in their stems and roets. High seed
Lank tevels occur in the seil, beneath the stands in Australia as they do in Europe (20, 26).

O scoparins belongs to the fabaceous tribe Genisteae which is divided into two sub-tribes,
Lupininae containing only Lapinus and Genistinae containing all other genera including Genisig
and  Cwiises (5). Tagasaste or tree lucerne, Chamaecytisus pafmensiy (Chnst) Bisby and
Nicholls, which belongs to the Cytiswy group within the sub-tribe and which hus been promoted
as o lodder shrub in New Zealand and Awastralia (21, 22, 23, 28, 34} 15 the most closely related
plant of imponance in Australia.  Fodder lupins, Lupinus spp. are more important but less
closely related to broom,  No other crop or fodder Fabaceae grown in Australia belong o the
same tribe and there are no Australian native plants in the tribe.

BIOLOGICAL CONTROL AGENTS

Rirlogical control of broom has been undertaken previously by the USA and more recendy by
New Zealund, Both countries have lurge areas infested by the weed. The Australian program is.
at present, using insects whose specificity has been studied for America and New Zealund (1, 2,
3,13, 24, 30, 31, 33). The biclogy of, and damage caused by, the great majority of insects
infesting. broom has been described in detail in England during a Jong series of ecological
studies (36) but less is known about insects damaging broom in southern Europe. Waloff and
Richards (37) demonstrated the impact of insects on growth, longevity and reproduction of
broom in England but were unable to distinguish which insect species were responstble.,

Two insects have been selecied initially as biclogical control agenis for broom in Ausiralin. The
Giest, Lewcoptera spartifeliella (Hibner), has recently been released after additional host
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specificity testing confirmed its host resiriction (Cullen unpubl.). The larvae of this small
Iyonettid moth mine the epidermis of green twigs (36). The second, Arywainitla spartiophila
(Foester). is a sap-sucking psyllid which also infests new growth (36, 40). Other agents used by
Amwrica or New Zealznd or under investigation now by New Zealand and Australia include seed
feeders, the bruchid, Bruchidius viffosus F., and the weevil, Apion fuscirostre (F.), the defoliating
peometid moth  Chesias legarefla (Schiff.), the stem and leaf-tying oecophorid moths,
Agonopteryx spp., the roat nodule feeding weevil, Sitona regensteinensis Herbst., the stem
pilling criophyid mite Aceria genistge (Nalepa) and the stem mining weevil, Apion Immune
Kirby (1, 9, 10, 11, 12, 13,14, 24, 31, 32, 33, 41).

Except for A. immame and L. spartifoliella none of these arthropods directly destroy the stems or
roots. A, immune ¢ recorded on Cytisus and Genista species (17) and subsequent specificity
testing n the laboratory indicated that it could infest tagasaste. This even occurred during field
tests although the fevel of awack on C. palmensis was lower than on C. scaparius (9, 10, 11,
14). Thus, for this stem feeding weevil both previous records and specificity testing indicate a
broad host runge in the Genistinse. Other insects which destroy or cause damage to the stems
and rools of broom are known in Europe. The most damaging is the scolytid galiery maker,
Hylastinus obycuris {Marsh.} {36) but as this insect is a pest of perennial clovers, Trifoliun spp.
and lucemne, Medicago sativa L. (4) it cannot be introduced into Australia.  Another scolytid,
Phlveophthorus rhododactylus (Marsh.) feeds on dead and dying wood (36) and would therefore
be of no value as an agent. Another Apion species, A. striatum Kirby, mines the stems in a
similar way to A. immune but adults are recorded on three genera in the Genistinae (17). The
cerambycid stem borer, Deilus fugax (Qlivier), has a broad host range in the Genistinae (35},
Even the eriophyid mite, A. genistae, which belongs to a group of mites noted for their high
specificity and which can produce large galls on broom stems, has a host range considered to
include several genera in the Genistinae (7, 8). The extent of the host range of the eriaphyid on
breom is being clarified by testing in Europe (12). The weevil, Polydrosus confluens Siephens,
the only insect known to cause direct damage to the roots of broom in Europe, may have a
broad host range in the Genistinae (15). Another weevil, Lixus spartii Olivier, probably has root
leeding larvae but its adults are also recorded from several genera of the Genistinae (16).

Destruction of stems and roots of broom would result in rapid control of existing broom plants.
1lowever, successful biological control of broom will require control of seedlings as well as
estublished bushes.  Research in England and in France is at present attermpting o establish
which agents affect seedling survival (12). This research began in 1992 and litde obvious
damage was caused by insects during that year although many seedlings and young plants were
killed by a fungus, Phomaopsis sp.

DISCUSSION

Ahhough the introduction of seed and pod feeders, defoliators and ieaf tiers, sap suckers and
root nodule feeders would probably reduce growth and seed production of C. scoparius, as they
do in Europe (37), it would be some time before there was any change in plant density in the
mature broom stands in Ausiralia. L. spartifoliclia should cause damage to new growth on
existing plants and should be as damaging in some areas as it has been in New Zealand, the
USA and Europe (13, 24, 29, 36). Agents that reduce reserves in the stems and roots should
achicve control of established plants more rapidly. For instance, Australian cerambycids girdling
and then boring into thick stems of broom have caused an opening out of the stand canopy at
Braidwood. Four cerambycids have been reared from the girdied sterns, the larger Uracanthus
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Bbivittate Newman and Strongylurus arduws Ellion and McDonald are probably causing the
girdling and the smaller Pentacosmia scoparia Newman and Sybra acura Pascoe are probably
sccondary borers in the dead, girdled stems. Similar girdling damage has not been observed in
the Bamringten Tops regior.  Furthermore, biological control work in South Africa against
Sesbunia punicea (Cav.) Benth., another shrubby fabaceous tree similar to broom, has shown
that, although seed feeding agents have reduced seed production by up to 99%, they have had
little effect on densities of stands of mature plants. On the cother hand, a stem boring weevil has
cavsed marked reduction of densitics in thickets of this weed (18, 19).

Because most potential agents for C. scoparius in Europe appear to have a bread host range
within the Genistinze, C. palmensis is at risk from them. A! the present time any potential agent
infesting tagasaste during field or perhaps even laboratory specificity testing would be unlikely
to reccive approval for introduction to Australia. Thus, tagasaste is the critical plant species (38)
for the biological control of broom but in most cases this testing has not yet been done.
However, the limited number of agents damaging stems and roots and their broader host range
mean that, for the present, reduction in plant density will probably have to rely on agents that
dimage other parts of the plant. These agents are being investigated further to determine their
host specificity.  Tf tagasuste was no longer promoted as a fodder shrub in Australia then more
clfective insects should be able to be introduced and released as the host range for the stem and
root feeders recorded in the field does, except for the scolytid H. obscurus, indicate a restriction
to the sub-tribe Genistinae and so they would be unlikely to infest Lupinis spp. or Austrahian
natives in tribes related to the Genisteae in the Fabaceae. Furthermore, tagasaste is causing
increasing concern as an environmental weed in Victoria (6} and has the potensial to become an
increasing problem in all areas where it is now grown. If eventually tagasaste should be
considered a weed this would relax present restrictions and then biological control of broem
could become even more probable than at present.
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EFFECTIVENESS OF RIUNOCYLLUS CONICUS AS A BIOLOGICAL CONTROL AGENT
FOR NODDING THISTLE, CARDUUS NUTANS, IN AUSTRALIA

T.L. Woodburn and .M. Cuilen
CSIRO Division of Entomology, Canberra ACT 2601, Australia

Swmmary. Data are presented from Glencoe, NSW, on the phenology of flowering of nedding
thistle, Carduus nutans, and the effectiveness of the biocontrol agent, Rhinocyllus conicus. The
period of actvity of the weevil ix rearicted to the first two months of the plant’s flowering
perind, which ofien extends for a further three months. A reduction of seeding by 37.5% was
recorded in 1991-1992. Although the activity of this weevil will help to reduce the high seed
bank levels found in Australia, it seems unlikely that R. coaicus on its own will control nodding
thixtle in Australia.

INTRODUCTION

Nodding fistle, Cardiies daurgns, namurally oceurs in Europe, Siberia, Asia Minor and North
Africa. It has become a weed in North and South America, New Zealand and Australia. Here it
is a noxious weed that is widely distributed in the wableland regions of NSW, and sporadically
present i elevated regions of southern Queensland, Victoria and Tasmania. Single infestations
have been eradicaled From South and Western Australia. Biological control of nodding thistle
has heen undertaken an Casada, USA, Argentina and New Zealand using the receptacle weevil,
Rhinocyllus conicus, Trom the mid 1960°s onwards (2). Releases of this weevil were first made
i Australia in 1988 in the northern, central and southern tablelands of NSW, where the weevil
is now eslablished (11). This paper discusses seed destruction attributed to this weevil at
Glencoe, NSW, and the effectiveness of the weevil in relation to the phenology of the thistle.

Biology ot the weevil. “IMe adult weevil is about 6 mm long, and emerges from diapause in mid
spring, when it starts to feed on nodding thistle rosette leaves. Damape from this feeding is
minimal. The female lays eggs on the first green Mower buds (greens), which are usually heavily
overloaded with cggs, such that although seed set is low, not many larvae survive to adulthood,
due 1 overcrowding, The eggs are taid on the bracts surrounding the capitulum. Upon hatching
the karvae burrow down into the receptacle, which they proceed to mine and prevent seed in the
arca above the damage from developing. Late instar larvae consteuct hard, black pupation cells
inside the receplacle, The adult weevil emerges between 3-7 weeks after the eggs are laid. and
secks overwintering sites in the Jeaf litter. There is only one main generation a year. However, a
very small proportion ol the first adults to develop in the summer produce a second generation.
Each temate luys about 200 eggs, over a 6-8 week period (3).

Biology of the thistle. Nodding thistie biology has recently been reviewed by Popay and Medd
{6). Only a brief outling is presenied here with emphasis on the relevant aspects for biccontrol
purposes. The sced bank in Australia can be as high as 12000/m?, with the annual seed rain as
high as 4000tm* (Wouodburn and Cullen, unpublished data). In Eprope the seed bank is very
Tow. less than 6l with a seed rain of less than 250/m? (4). Seedlings quickly form prostrate
roseites, that can grow to over a meter in diameter. After vernalisation terminal capitula are
furmed, firstly on the main stem, and successively on the Jower branches. The plant dies when
sceding has Dinished.
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METHODS

Assessment of seed rain, An unfenced experimental plot (25x25 m) was established at Glencoe
in 19%% at the time of release of the weevil, in which ten randomly placed 0.25 m" permanent
yuadrats were positioned. In spring of each year the number of planis likely to flower was
counted, and if more thar 20 such plants were present, flowering data were recorded from them.
In years when the number of flowering plants was low on the quadrats, or the quadrats were not
characteristic of the plot as a whole, an area of the plot was randomly chosen, and its size
increased until the number of Newering plants was sofficient o represent the piot as a whole.

Every fortnight throughout the season the diameter of each flowering capitulim on each plant
selected as described above was recorded. The flowering stage was chosen because previcus
work on plant phenology had shown that 1): the flowering period of each capitulum was less
than a fortnight, and hence it would only be measured once, and 2): the proportion of capitlz
passing from buds 10 matures during this interval is known, and hence a correction can be made
for it (Woodburn and Cullen, unpublished daia). A relationship between capitutum diameter of
the Mowering stage and seed production (Wooedbura and Cullen, unpublished data) was used to
predict the expected nuinber of seed in each capitulum, and hence the expected seed rainfm? for
each fortnight and cumulatively for each season.

Assessinent_of weevil damage. Samples of 50 randomly collected capitulz, that had stopped
producing flowers but had not started 1o shed seed, were collected at the same formightly
inlervals as above. At the beginning and end of the season when capitula were scarce, the area
sampled was several hectares, but for most of the season the collection was made over less than
a hectare. In the laboratory, the diarneter of each capituia was measured, and counts were made
of the numbers of eggs, larvae, pupae andfor adult weevils present. The number of mature seed
set wits also recorded. A modified relationship between the mature capitulum diameter and seed
production was used to predict the expected number of seed in each capitnlum. The effect of the
weevil for each infested cupitula was calculated as the difference between the observed and
expecied seed tolal. The impact in each sampling peried was caleulated from the proportion of
heads attacked, und seeds destroyed. in each sample. These values were used to scale the
expected seed rainAn®, ebtained from the fortmightly measurement of flowering capitula on the
cxperimental plots, 1o produce the actual seed rain.

RESULTS AND DISCUSSION

R_conicuy became established at Glencoe during the first year, 1988-89, and successfully
overwintered (1), but numbers were not large enaugh for any impact on seed production to be
assessed  during 1989-90. The chistle population was menitored, however, and the results
concerming the reproduciive effort are presented in Table 1. Although the first formed capitula
were the largest and therefore produced the most seed, these heads contribuie very litile 1o the
overall seed rain, the bulk of which comes frem large numbers of medium sized heads preduced
i wnd season (Table 1)

In 1990-91 K. conicus attacked over 70% of the first heads produced in late November and early
December {Table 2), averaging 19.4 and ¥.1 eggs/attacked head respectively. The number of
heads attacked dropped markedly from then, as did the number of eggs/head, until late in the
season when there is evidence of the activity of a second generation. The reduction in seed set
trom the random samples was considerable in those heads aitacked in November (73.5%) and
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moderate in those from April (21.4%)}. These peaks of activity, which represent the 1ail ends of
the distribution of the production of capitula, had no impact on the estimated seasonal reduction
in secd rain (16%), since none of the very small number of flowers present at these times
occurred contributing 1o the density estimates of seeds/m? for the site.

Talle 1, Plwanlopy of Nowaing af nliling thistle at Glencoe, NSW during 1985-90
L 21189 111289 270289 9.1.90 30.1.90 1.2.90 21.2.890 7.3.90 Sum

Muean sive of s W13 2451006 19404 1541205 1371204 148%1.2 174206

L-ilpilu'la + N

N vl {6 14 0.9 24 16 6.9 51 T4 74.3
t_'ﬂpilul.'u'ln;r

Nov. al’ MG 12464 0l 45454 2104.3 741.3 646.3 1286.9 140219
seedhn’

Fable 2. Propoction of capitula stcked by R. conicus al Giencoe, NSW during 19590-91

e 220190 12,1290 241251 4,090 [R1981 29191 12291 26291 12351 3491

Propaction .71 n77 {113 nf’ 0.04 0.06 004 012 01 0.22
Lk ksl

* i saomple ke,

In the fallowing scason, 1991-92, K. conicus activity commenced in early November and
continued until May, although flowering on the experimental plot did not commence until mid
Decembuer and ceased in mid April (Table 3). For searly 2 months at the beginning of the season
the majority of all  capitula were awacked, and most of the sceds were destroyed. As in the
previous year, the sced destruction documented in the first two samples had Litlle impact on the
estimated wverall sced ruin as they formed an insignificant proportion. There was oaly slight
evidence of the activily of a second generation at the end of the season. This can be attributed to
fow iarval survival in samples coljected before the end of December. From then on numbers of
cepsfinfesied head dropped 0 a0 level where survival from egg ta adult approached expecied
levels of around 50%. The overall effect of R. comicus activity for 1991-92 was a reduction of
35.7% in the total seed ruin.

Tabde 4, Patiem of capiinla disTribution, R. conicas Tetivity and sced destruction st Glencoe, NSW during 1991-
uz.

Xl {d.m} 500 W00 Mel2 T2 3Lz 140 281 1.2 7.3 243 124 165

. hasind sfim™ 003 016 047 122 1.28 n7s 050 1.22 025

prop of sample inl" 1. 1.4} i0 10 098 035 Q44 011 062 0.02 0O D02
cpas/inl, hewl 1081 775 71 47N 183 259 262 & 20 10 0.0 14
oo sced deshoved 12} 1.4 10 nud 0B D4R 026 006 001l G003 00 0005
avtinal seed sweifin’ a 1.5 301652 2290 13RY WS 1767 204
cxpected seed selin’ Y4y 655 1430 BB W75 1480 B0 L7723 26,4

S anwcbuex saly capitula flowering on e eaperimental plot
"o = proporinn, il = anfesied
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The maximom kevel of seed loss recorded in Canada, 15 years after release of the weevil, was
S (3). Fhis was sufficient to control nodding thisde populations (3). In New Zealund. after a
siilar e lapse, the inaximum level recorded was 40%, which was insufficient to control the
thistle {4). Although the data reported here were collected only 3-4 years after release, it is
unlikely that the Jevel of reduction will continue to rise substantially. There are already high
levels of attack and large numbers of inscets/head resulting in nigh on total seed destruction for
st of the period over which the weevil 18 active. The peak of capitolum production, however,
escapes attack (Table 3). Nodding thistle in Australia and New Zealand grows maore vigorously
than it does in the northern hemisphere, which is in part a reflection of the longer growing
season in Lhe southemn hemisphere, In 1988-89 planes at Glencoe produced an average of 14.2
capitula {range 1-60} over a 4 month period; at Kybeyan, NSW, 23.3 cupitula were produced
(range 1-87) over a 5 month period (Woodburn and Cullen, unpublished data). In Europe. plants
averuged 6.4 capilula (4) over a 3 month period {(A.W. Sheppard, unpublished data), wnd in
Virpinia, USA, the average number of green bud stage was estimated at 7.0, also over a three
month peried (5). In Gurope attack by the weevil is restricted to the first two of the three monih
long NMowering period, during which time 9¥% of the annual seed rain is produced (A W.
Sheppard, unpublished <lata), with 2 simifar sitpation occurring in North America (5). In
Australia the activity of the weevil is restricted 10 the first portion of the reproductive stage of
the thistie, with the bulk of seeding cccurring after weevil activity has ceosed (Table 3).
Althouph R, conicus has an impact on seed reduction, and will help o decrease the very high
leved of seeds in the seed bank (11) when compared to levels in European banks (7). 11 scems
most unlikely that it will achieve control of nodding thistle here on its own. In order 10 augment
e seed destruction already caused by the weevil, the seed fly, Lirophora sofstitiulis, was
released in 1991 (9). This fly, which duc to its ability to undergo a second gencration is
potcntially capuble of redycing seeding in all capituly produced, is now established (10).
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INSECTS AND DISEASES OF FIREWEED, SENECIO MADAGASCARIENSIES,
AND THE CLOSELY RELATED SENECIO LAUTEHS COMPLEX

R.H. Heltkamp and I.R. Hosking
NSW Agriculture, Agricuitural Research Centre, RMB 944, Tarnwerith NSW 2340, Austwralia

Swnmary, Fireweed, Senecio madagascariensis, is an exotic species from Madagascar and South
Alrica, 8. madagascariensis has become a major weed of pastures in castern Australia.  Field
studics are currenily under way in Australia to determine the insects and diseases found on §.
mudagascariensis and the closely related S. fentus complex in an efiort to determine whether
naturally occurring apents discriminate between these species. Most insects and diseases that
ovcur on S, madapascariensis also oceur on 8. feutus.  In excess of 70 species of insects and
twur rusts have been recorded on Senecin spp. to date.

INTROBUCTION

Firceweed, Senecio madugascariensis Poiret, is an exolic species which is native 1o Madagascar
and South Africu. §. madagascariensis has become an important weed of pastures in casiern
Australia where it covers hundreds of thousands of hectares. It was first recorded in the lower
Tunter Valley in 1918 and has since speead throughout coastal regions of New South Wales,
it parts of the Northern Tablelands and the Western Slopes, znd into south-easter Queensland
(). S. mudagascariensis has the potential w conlinue to spread within and around Hs present
limiis of distribution, but is unlikely 1o cause serious problems eisewhere in Australia (6).

The cost of S, madagascariensis o the agricultural community is estimated 10 be in excess of $2
million per annum (L. Smith, pers. comm.). These losses are made up of decreased pasture
praduction due te plant competition and reductions in growth rates of death of caule and horses
caused by pyrrolizidine atkaloids occurring in the plant (4).

Present methods of conteol include spraying with herbicides, mowing, hard weeding, competitive
pastures and grazing by gouts and sheep. However, the plant produces vast quantities of seed
which germinate over a long period of time so control practices must be repeated at regular
intervals.

There are many gaps in our knowledge of the ecology of Sewecio spp. These include plant
tuxenomy, distribution and ecology, interactions between plunt species, and the ecology and
distribution of nawrally occurring insects and diseases on Senecio spp. The Dairy Research and
Development Corporation recently funded a three year co-operative research program between
the Weed Ecology Unit at Sydney University and NSW Agriculture to study these aspects.

PLANT TAXONOMY

Correct identification of plant species is important In any form of control strategy. Because S,
madagascariensis is similar to the native Senecie lautus Forster f. ex Willd, complex it is
important to differentiate between the two species. This is especially important since members
of the S fautus complex are essentizlly non-weedy (5). The wxonomy of 8. madagascuriensis
and the S, faurus complex is unclear at present.  Four subspecies of the S. lautus complex have
been recognised {1). However, S. madagascariensis was nol recognised as a separate species
and herbarium specimens indicate its inclusion In S, fawtus af€ ssp. lanceolutus (5). Subsequent
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tuxonomic studies (3) made it possible o differentiate between these two species. Current
inclications are that there may be more than four subspecies in the 5. fauhes complex.

INSECTS AND PATHOGENS ON SENECIO SPP.

Surveys in Madagascar {2} have found a variety of insects feeding on §. madagascariensis. Two
of these wnsects, a stem and tip boring moth, Lobesia sp. (Lepidoplera: Tortricidae) and a flower
feeding moth, Phycitoides sp. (Lepidoptera: Pyralidae) have been imported as potential biological
comtrol agents.  Since mid 1990, The Alan Flewher Research Station, Department of Lands,
Queensland has been conducting quarantine bost specificity studies on Lobesig sp. and
Phyciordes sp. These studies are proceeding slowly, supported by a three year Meat Research
Council grant. While severely damaging S. madagascariensis, these insects also damage the
nitive §. lautus compiex.

Austradian field studies are currently under way 10 determine insects and diseases found on S.
madagascariensis and the S, fauty complex in an effort jo determing whether naturally
oceurring agents discriminaie between these species.  Most insects and diseases which eccur on
S, madugasearionsiy also occur on S, Juutis, In excess of 70 species of insects, and two rusts
have been recorded on Senerio spp. to date.

The most common insects include a leaf feeding beetle, Chalcolampra sp. (Coleoptera:
Chrysomelidae); two moths, the leal feeding magpie moth, Nycremera amica (White)
(Lepidoptena: Arctiidae) and blue steen borer, Patageniodes farinaria (Tumer) (Lepidoptera:
Pyralidue) and 1wo sced head feeding bugs, Nysius clevelandensis Evans and Nysius vinitor
Bergroth (Hemsipiera: Lygacidae). A stem mining fly, Melanagromyza seneciophila Spencer
(Diptera:  Apromyzidae); a  leaf mining fly, Phytomyza syngenesige (Hardy) (Diptera:
Agromyridae) and two species of gall forming flies, Sphenefla ruficeps {Macquart) (Diptera:
Tephritidae) which forms galls in flower heads and Trupanea sp. (Diptera: Tephritidae) which
forms galls in stems and flower heads, are also commonly found. The larvae of Chalicolampra
sp. and N, amica cun cause significant defoliation of Sewnecio spp. Larvae of P. farinaria
ringbark stems and may kil many plants,  The two rusts found on Senecio spp. are Fuccimia
fupenophorde Cooke and Albuga tragopopenis (DC) 8. F. Gray.

DISCUSSION

The studies in Madapascar (2) found two Nysius spp. feeding on seed heads of S
merdagaycuriensis.  Similarly, Ausiradia has two Nysius species which feed on seed heads. The
Mower head Teeding My, Sphenella marginata {L.). was also found in Madugascar {2). There is
spme canjecture whether this is a different species 1o 8. ryficeps (P. Cranston, pers. comm.),
which was identified in this study. Many of the Austraiian insects found so far appear to be
specific w0 Sencecio spp. although generaiist feeders such as some Lepidoptera, the Nysius spp.
and the leaf mining fly, P. syngenesize, were also found. P. syngenesiae feeds mainly on
Asteraceac (7) while the others mentioned feed on a wide range of species in a nomber of
families. [n excess of 40 species of Hymenoptera have also been found so far during this study.
Their rele is unclear at present. Many of these are probably parasitoids of other insects found
although some comld be gall formers,

The axonomic similarity between S. madagascariensis and the 5. faurus complex is paralleled
by the similarity in insect and discasc species occureing on these plants. 1f imported biological
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control agents show a similar lack of discrimination, there will be a conflict of interest between
biological conrol of 5. madagascariensis and the desire 10 prevent damage to nalive Senecio
species.  The release of these imporied agents may therefore not be approved by the Australian
Quaranune Inspection Service and the Australian Mational Parks and Wildlife Service.
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A RENEWED ATTEMPT AT THE BIOLOGICAL CONTROL OF LANTANA CAMARA

B.W. Willson
Alan Fleicher Research Station, Queensliand Depaniment of Lands
PO Box 36, Sherwood Q 4075, Australia

Stusmmary.  The Queensland Department of Lands has renewed s program to find suitable
biological control agents lor lantana (Lantana camaray. Two nsect species (Charidotis pygmaea
and  Pyramidobela sp.) have recently been released and four others (Cremastobombycia
lamtanetla, Actenicopsic championi, Acorophora compressa and Adfalconia sp.) are being
cvaduated in quarantine at the Alan Fieicher Rescarch Station.  The pathogen Prospodium
trberculatum is being evaluated in the United Kingdom and further introductions of both insects
and pathopgens are planned.

INTRODUCTION

Lantana, Lantana camara, was Lhe first weed 1o be subjected to classical biological control. Its
natural encmies were colleeted in Mexico in 1902 by Koebele who shipped 23 insect species to
Hawaii. Many dicd doring the long sca voyage but ¢ight species were established (9).  Attempts
w costtol it biologically have been made in 25 countries using 35 different insect species
collected from (he Americas.  The number of species released in any one country have ranged
frean one in several countries 10 22 in Australia (8).

The successful establishiment of these insect species has been erratic and difficult to predict,
prabably more 5o than in any other hiological control project. The reason for this is that the
neme Lantana camara is used for a wide complex of plants including weedy forms which may
be scparate species or varieties {2). L. comarg sensu fato is a man made polyploid complex
developed in Europe over three venturies by horticulturalists from material collected in the New
World (11}, Fhe complex ¢ontains many colour forms differing in their general morphology,
chemistry, toxicity and ecology.  Introduced insects have distinct preferences for ane or more
vitriclies,

‘This varietal problem was not recognized in early biocontrol programs and Haseler in 1963
recepnized only four luntana varieties natuzahized in eastern Australia (7). Smith and Snuth (10}
howcever, in 2 kater taxonomic study list 29 different taxa as being naturalized in this region. L.
caurd sensu stricta does not occur in Australia {100,

Previous sttempts to oblain biological control of lantana have been largely unsuccessful and it
remains i serious ty very serious weed throughout trapical and sub tropical regions of the world.
The Queensland Department of Lands has thus reactivated its overseas exploration program to
fitl sunable control agents,

CURRENT STATUS IN AUSTRALIA
Austratia’s mvolvement with the biological control of lantana commenced in 1914 when the first
group of Tour introduced insects were released.  Since then a number of field exploration

programs have been carried out with the must intense period of introduction and field releases
vccuring between 1905 and 1977 when 14 insect species were released.
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OF the 22 insect species released onto lantana up until 1992, 14 have become established - 9
widely and 5 at localised sites (8). The combined result of all these introductions has ranged
fram partial to zero control. In the areas of partial conwol, the competitiveness of lantana has
been markedly reduced. lantana, however, still remains one of Australia’s most serious weeds
allecting atmost 4 million hectares (1). 1In Queensland an estimated A$17 million is spent
annually on its contral {12) and because of this continuing problem, a renewed attempt has been
made by the Queensland Department of Lands to find new contrel organisms and to
reinvesligate insect species previously tried in other countries.

NEW RESEARCH PROGRAM

insects. The exploration fer candidate insect species has been centred on Mexico from where
many luntana feeding insect species have been found in the past but for varying reasons have not
been successtully utilized. Exploration has also been carried out in Brazil and Argentina looking
particularly for nsects that feed on both lantana and creeping lantana, L. montevidensis.

To date this has resulted in the introduction and release of two species and the Introduction into
guarantine for hest specificity testing of another four. These are as follows:-

Pyrumidobela sp. A small moth whose larvae feed on the undersides of lantana and creeping
taniana leaves. The larva sheilters within the protection of a silken tunnel emerging to feed on
the surrounding jeaf tissve. It was originally collecied from Brazil where it is heavily
parasitised. 11 was recently released in Queensiand.

Churidotis pygmaea. A leaf feeding chrysomelid beetle was collected from lantana and creeping
lantana n Brazil. It is well adapted to shady environmenis as well as 1o southern (cool)
latnudes.  Lantana in this type of environment in Australia is largely unattacked by previously
introduced biological control agents and C. pygmaea could fill this niche. It has recenily been
released in Queensland.

Acrenicopsis championi.  This stem boring cerambycid beetle was Dirst identified as a potential
controd agent of lantana by Koebele in his exploration of Mexico in 1902, 1t was shipped te
Hawaii by Koebele (9) and also by Krauss in 1955-56 when over {000 beetles were shipped and
released into the field (3) where it failed 10 become established. Mann (1954 unpublished
repart) thoughe it o be the best insect for luntana control that he had seen. Field c¢ollected
larvae have now been shipped to Australia where host specificity testing will be carried out in
quarantine.

Aconophora compressa. This stem sap sucking membracid bug is probubly the same species
found by Maunn in Mexico in 1953 and identificd as A. marginara. Mann regarded it as the most
impaortant insect found feeding on tantana stems causing considerable lengths to wither and die.
A shipment of adults semt to Hawaii were not successfully reared (Mana 1954 unpublished
repart).  Several shipments were sent to Australia in 1993 and these are now being successfully
rcared and host specificity testing has begun.

Adfalconia sp. A Jeaf sap sucking mirid bug capable of causing considerable dumage to lantana

was shipped to Australia in 1993, Cage rearing was unsuccessful even though adule bugs fed
wl oviposited. Nconate bups failed to feed and died io the first instar,  The failore of this
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inscct s probably due to lantana varietal differences even though three of the more common
Queensland varieties, common pink, Helidon White and oblong red were used.

Cremustobembycia luntanetfa. This leaf mining gracilland moth was found in Mexico and
southern Texas, USA. with at least four species of Lamtana as natural hosts (Palmer 1992
unpublished eeport). [t was one of the species collected by Koebele in 1902 and subsequently
released and established in Hawail (9) where it is now one of the svite of insects responsible for
a vonsiderable reduction in the abundance of lantana particularly in dreught prone areas (4).
Preliminary host testing has been completed in Mexico and it has recently been shipped to
Australia where cage rearing in guarantine has commenced.

Pathogens. A rew direction in the biological control of lantana has been taken with the
cxploradion in Brazil for suitable lantana pathogens. Four species were found, two at altitudes of
300 m in southern Brazil - the rust Prospodium  wuberculatum and the hyphomycele
Myeovetloxietly fantanae and two in the humid tropical areas of northern and central Brazil - the
rust Puccinia tontenae aml o disease with symptoms similar ta that of the web blight fungi,
Ceratobasidiom (42),

The host specificity testing of P tubercudatum has commenced at the International Institute of
Biological Control in the United Kingdom,

DISCUSSION

As Loumtang camard sensu lato is a man made polyploid complex, with no true country of origin
and which invades diverse ecosysterns in Australia and other countries, the standard classical
hiologica) control procedure of exploting for natural enemies in 1ts country of origin and in
climatically similar habitatt is largely irrelevant, as are the agent selection procedures
rcconmmiended by Harris (6), Goeden {3) and Wapshere (13).

After nine decades and numerous intensive overseas explorations for new insect control agents,
st specificity s the only issue likely 1o affect the release of any new introductions. Their
affinity for any of the Australian lantana varieties will only be determined after their
introduction inte quaramine in Ausiralia.  The basis for the selection of any new agent should be
its hnst range restriction 1o the genus Lantana,

The selection of pathogens for host specificity testing is infivenced by lingering doubts by many
plant pathologists as ta their safety. The auloecious Tust Prospodium tubercilatum was selected
on the basis of its resiction to the genus Lantana and also after initial testing had shown its
puthogenicity to the "common pink” lantana variety (Evans, 1988 unpublished report), the most
abundant form of lantana in south eastern Queensland and New South Wales (2).

It is tow carly to predict the outcome of current investigations but it is obvious from cage studies
that the dificrent varieties of lantana in Australia will greally influence the results. The failure
of & conuol agent in Auseralia however docs not mean that it should not be wied in other
countrics with differem ecosystems and lantana varieties.
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WIEERS IN NO-TILL FALLOWS IN NORTHERN NEW S0OUTH WALES

W L. Felton' and G.A. Wicks®
" NSW Agriculture, Agricultural Research Centre, RMB 944, Tamworth NSW 234(), Australia
* Universily of Nebraska, Wese Central Research & Extension Center, North Platte, USA

Summuary., A survey aler the 1989 wheat harvest showed that 50% of fallow paddocks in
norllern New South Wales had @ weed problem. By February 1990 only 10% of paddocks were
being sprayed wilh a herbicide to conwrol weeds whereas over 80% had been cultivated. Weed
assessments in 65 no-oll paddocks identified almost 100 different weed species.  The most
important weeds were liverseed grass, native milles, commen sowthistle, wireweed, and bamyard
arasses. Black hindweed was a problem where atrazine had not been used whereas native millet
wis the most abundant species where atrazine had been applied.

INTRODUCTION

In northern New South Wales both summer and winter crops are usually sown follewing
accumulation of soil moisture in a fallow. Weeds are controlled by tiltage during the fallow
period bul this has the undesirable effect of removing stubble. The soils, especially on slopes,
are prone to erosion (33, Farmers have the opportunity to retain more stubble using conservation
tillage practices involving herbicides. But with less tillage and more reliance on herbicides,
different weed species may become a more serious problem,  For example, common sowthistle,
Senchus oleraceus, populations increased rapidly with use of no-tillage practices compared to
stobble burning (1),

During summer fallows there are three major periods when weeds appear; weeds present at
wheat harvest, (hose that germinate during summer, and weeds that germinate in autumn.
Percnnial weeds may be present all the time. In 1983-85, farmers identified the 10 most
pmpertant summer weed specics on northern NSW wheat farms as thornapples, Datura spp.,
Bathurst burr, Xaathitem spinosum, bamyard grasses, Echinochloa spp., mintweed, Salvie reflexa,
liverseed grass, Urochioa panicoides, Noogoors burr, Xanthium occidentale, summer grasses,
Panicum spp.. yellow vine, Fribulus spp., Johnsongrass, Sorghum halepense, and cowvine,
Ipomoed lenchophytta (2).

Paddocks treated in the previous winter cereal crop with a residual herbicide such as
chiursulfuron may have tewer weeds after harvest. Information on which weeds currently are
the most important during the [illow period and which other weeds may become a problem il
not controlled, is limited.  Weed control strategies can be improved with this knowledge and
futuee changes in weed species monitored (5).

This survey wus ondertaken 1o identify fallow management practices being used after wheat
harvest hy farmers in northern NSW and how these influenced stubble retention and weed
control, and which summer weeds were present in no-till fallows.

METHODS
Foltowing, the 1989 wheat harvest paddocks were randomly selected in the northem wheat belt

bounded by Tamworth. Gunnedah, Narrsbri, Moree, Goondiwindi, Warialda, and Manilla to
recond Tallow managesent practices being used, and the severity of weed infestations. Some
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paddocks were included in more than one survey and observalions were taken on 15, 134, 120
and 190 paddocks on |18 December, 8 January, 18 Janvary and 20 February respectively, Weed
counts wege dane a 65 no-till faflow paddocks sampled between wheat harvest in 1989 and
March 1990, Only ne-till paddocks were included as we were primarly interesied in weeds of
no-lillage systems.  An inverse sampling method (2) was used. An area 1 by 100 m was
sampled by starting 20 m from the edge of the paddock and moving diagoenally or perpendicular
10 the paddock margin depending upon the paddock size. The direction was chanped after each
transect. Weeds were recorded by number and species but density data are not considered in
this paper. Weed species Jocated adjacent to, but not present in, the transects were recorded as
races. Some weeds were grouped for convenience or because it was difficult to separate some
species. For exarople, medics, Medicage spp.. and clovers. Trifolium spp., thomapples,
Meabanes, Convza spp.. and Tribtdus spp. One to five areas were sampled in each paddock
depeading upon uniformity of the weed infestation. Weed occurrence was calculated as the
proporion of paddocks containing each specics.

The 63 no-till paddocks were divided into six categories: nothing since harvest |14}, not prazed
and sprayexd with glyphosate (71, not grazed and sprayed with atrazine and glyphosate {5|. grazed
and not spruyed [L1], grazed and sprayed with giyphosate |12], and grazed and sprayed with
atrazine and plyphosate | 16].

RESULTS

Ruinfull from November to March wuas variable but there was adequate moisture for weed
permination.  Spraying herbicides on weeds, with or without grazing, ucrounted fot less than
20% of the paddocks (Table ). Volunteer whent, Triticum aestivim, was the most common
weed in both cultivated and uncultivated paddocks during the survey period but was not included
in the results. A weed problem was identified in approximutely 50% of the paddocks over the
smnpling period and those with a serious weed problem varied from 5% in early January to 18%
in February (Table 1). The most obvious weeds in the general survey were barnyard grasses and
liverseed prass; prickly letuce, Lactica serriola, common sowthistle, spear thistle, Cirsium
viildgare, wireweed, Polygonum aviculare, saffron thistle, Carthamus fonatus, and wild oats,
Aveng spp, were comimon in December; thistles, fleabane, prickly lettuce and wireweed in mid-
January: and mintweed and native millet in mid-February. Grazing without spraying resulted in
tallows that were weedier,

Where no herbicide was used there were 74 species in ungrazed wheat stubble and 64 in grazed
stubble (Tuble 2). Weeds found in all six fallow systems were Australian bindweed,
Cemvolvilus erubescens, baroyard grasses, liverseed grass, native millet, fleabanes and common
sowthistle. The number of species decreased where a herbicide had been used, particularly if
hoth glyphosate and atrazine were included in the managerpent program. Although the number
of different weeds was reduced with herbicides, the proportion of paddocks with some of the
specics did not decrease.  For example, common sowthistle occurred in over 50% of fallow
paddocks irrespective of cultural practice. Liverseed grass was abundant in all paddocks except
those which were not grazed but were sprayed with glyphosate. The proportion of paddocks
with liverseed prass was preater in the grazed plus glyphosate category. The ungrazed sprayed
with plyphosate practice selected black bindweed, Fullopia convolvulus, with all surveyed fields
treated in this way infested. No bluck bindweed was present where atrazine had been used.
Awrazine also reduced occurrence of bammyard grasses. There was a substantial increase in
incidence of native millet with atrazine treatment and this was the most common weed in
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atruzine drealed paddocks. Graning reduced native millet populations where atrazine was used.
Mmiweed was on % of paddocks where no herbicide had been applied but was reduced to
25% in grazed plus glyphosate paddocks and was not present where atrazine bad been used.

Table 1. The proportion of weedy paddocks in the general survey

Time of sampling

18.12.89 £.1.90 18.1.90 20.2.90
%
Nothing 51 3 3 2
Culivated 38 67 74 73
No-ufl, grazed 4] g ] 7
No-till, sprayed 1 19 13 17
Moderate weed problom 3R 41 29 32
Severe weed problem 13 5 13 18
Number of paddocks 151 134 120 190

Table 2. Weeds with greater than 50% occurrence for each no-tifl cultural practice

Weed Fallow - not grazed Fallow - grazed

Nil Gly* Gly + Au® Nil Gly Gly + Arr

%

Baryard prasses 57 57 82 67
Buthusst burr 60
Bluck bindweed i6i)
Bludiler ket 50 57
Common sowthistle 57 71 80 55 67 75
Livesseed prass 04 80 82 75 69
Mintweed 50
Native niblet S0 57 100 100
Mipweed 64
Wircweed 56
No. of paddocks 14 7 5 14 12 16
Nuo. of different weeds 74 37 23 64 41 18

! Giiyphosaic
* Atruzine
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DISCUSSION

Cultivation was the basis of fallow weed control on most farms (Table 1) bul by the end of
Junuary stbble was virtually gone from two thirds of paddocks. Some farmers used weeds as
cheap pasture. Cattle were not as efficient "weed eaters” as sheep but both graze seleclively
leaving thornapples, saffron thistle, St. Bamaby's thistle, Cenrgurea solstitialis, groundcherry,
Physalis spp, Bathurst burr and camel melon, Cirruflus Janatus. Many weeds suppressed by
animals removing the 1ops, regenerated after stock were removed. More successful weed control
was achieved where sheep prazed escapes after spraying rather than spraying to control weeds
afler grazing. We could not assess if grazing commenced before spraying or if farmers whe
intcgrated prazing into their management program were less timely applying herbicides.

A feature of the summer rainfall wheal region is that there are many weed species capable of
invading and expanding into both fallows and crops. Over 100D species were found in the
December 1o February period of this study. The climate provides an envirenment that allows
weeds to be a problem at any time durng the year. This places pressure on both herbicide
selection and timing application.

The initial impact of herbicides was with selective in-crop weed control.  More recently there
has been increasing success in substituting tillage operations with spraying. In some situations
weeds in the entire fallow period have been effectively and economically controlled without
cullivations (4). When herbicides were used instead of cultivating the number of weed species
in paddocks was reduced and some previously ¢common species became less of a problem, for
cxumple atrazine reduced black bindweed, thornapples and barnyard grasses. But there is an
increase in other species, for example perennial grasses, especially native millet which was
widespread in the region and can be more difficult and more expensive to control.

The most significant change in wheat production in northern NSW in the last 1) years has been
the acceptance of chlorsuifuron by farmers. Chlorsulfuron provides good control of many weeds
which had increased during the 1970's with the vse of herbicides such as 2,4-D, MCPA,
dicamba, picloram and bromexynil.  Now we see emerging a new range of weeds which
chlorsulfuren does net control, for example melons and common sowthistle.  Glyphosate is the
most widely used fallow herbicide but mixtures with other herbicides are used to improve
controf. These include 2.4-D, metsulfuron, triciopyr for melons, clopyralid for thistles, atrazine
for miniweed and residual control, and fluroxypyr if drife with 2,4-D is a danger. Metsulfuron is
ofien the second best alternative for many broadleaf weeds. Its broader spectrum of activity and
price advantage has it currently the most popular option in mixtures with glyphosate.

A comparizon with important weeds identificd in 1985 (2) shows that liverseed grass, bamyard
grusses, native miblet, Austratian bindweed, common sowthistle, fleabanes, and bladder ketmia,
Hibiscus trionum, were more important in no-till fallows in 1990,
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STUDY ON WEED CONTROL IN NO-TILLAGE SUMMER CORN IN NORTH CHINA

SR. Ly, ZG. You, X.Y. Lu, W.S. Zhu, L.L. Wy, B.L. Li, and H.Z. Yuan
Department of Agronomy, Beijing Agricultural University, 100094 Beijing, P.R. China

Swmmary. The importance of the weed control in surnmer corn under the no-tillage cropping
system in north China are discussed. The main weed species in the crop for the region were
investigated and soil-treated herbicides for control of these weeds were selected. A herbicide
application method with reduced spraying volume and improved sprayers was developed and
discussed.

INTRODUCTION

Rural labor is becoming less available in north China due to the rapid development af the rural
industry and sideline production. In Beijing suburbs, about 85% of the labour force worked on
farms in 1970's compared with 30% in 1990, Therefore, cropping techniques for saving labor
were urgently needed for the development of agriculture, especially under the double-cropping
system. For several years the techniques for no-tillage cropping have been rapidiy developed and
extended into summer com in north China. The advantages of this are: (i) saving labor and
energy; (1) enabling seeding 3-7 days earlier; (iii} improving comn resistance to drought and
waterlogging; and (iv) increasing comn yield by 500 kg/ha. Chemical weed centrol is ene of the
key parts of no-tillage cropping because of the weed preblems and the large labor requirement of
conventional weed control methods.

The objective of this work is to: (i) investigate the weed species and weed sced distribution in
no-tillage summer corns; (i) select suitable herbicides for conwrolling the weeds; and (iii)
develop an  efficient herbicide application method by improving the currently available
application equipments.

METHODS

Weed species in sumimer corn were investigated for several times during the prowing scason of
sammer corn in north China where summer corn and winter whew are anaually cropped. Weed
species were recorded and their interference levels were estimated and classified visually. Seil
samples were collecied from -5, 5-10, 10-20 cm depth in both no-till and traditionally flowed
fields to investigate the weed seed distribution and coatent. Emerged weed seeds in the samples
were determined by recording emerged seedlings at 25-28°C in a greenhouse.

Experiments were conducted in both parts and in the field to determine the inhibition level of
atrazine on wheat.  Fresh weight of leaves and roots were recorded.

lerbicides were selected by comparing their efficacy to the weeds and safety o the winter
wheat crop.

Currently used spray equipment was improved by changing the nozzles to fit the application
system. Pot and field experiments were coenducted to compare the corn yield, the weed control
percentage and the working efficiency between the reduced volume application method and the
truditional application method.
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RESULTS AND DISCUSSION

The investigation results showed that there were 134 species and 30 families of weeds in north

China (Table 1). Common crabgrass (Dipitaria sanguinaglis} was the major weed species in
corn.

Table 1. The main weed species in North China

Common name Scientific name Interference level*
Common crabgrass Digitaria sanguinalis +++
Cireen bristlegrass Seiaria viridis ++
Barnyard prass Echinochloa crusgalli +i++
Goasegrass Eleusine indica ++
Copper leaf Acalapha ausiralis ++
Redroot amaranth Amaranthus rerroflexus +++
Purslane Portitaca oleracea ++
Lambsquarters Chenopodium album ++
Black nightshade Solarum nigrim ++
Ivy glorybind Calysiegia hederacea ++
Rice galingale Cyperus irig ++
Japanese hop Humulus scandens ++
Yerbadetujo Eclipta prostrata ++

+ = light; ++ = middle; +++ = heavy.

Weed seeds were mostly distributed in 0-10 ¢m in the soif in summer coms where the no-tillage
was carried oul continuously for several years (Table 2). This suggests that the soil treated
herbicides might give a good control of the weeds in such a weedy field. Mixtures of
atrazine+acetochlor, atrazine+bulachlor or atrazine+alachlor were the ideal soil treated herbicides
for conwrolling both of the grasses and broad-leaved weeds in no-tillage corns (Table 3).
Atrazine was less effective against the dominating weed common crabgrass {(Table 4).
Morcover, atrazine would inhibit the growth of the rotation crop winter wheat if its residue in
the soil after com harvest is greater than 0.05 mg/kg {Table 5). The soil residue analysis results
alter com showed that the atrazine residue was less than 0.05 mg/kg and no inhibition effect on
the prowth of winter wheai was observed when the herbicide mixtures atrazine+acetochlor,
atruzine+butalchbor or atrazine+alachlor were applied at an atrazine dosage of 0.6 kg aifha.
Flowever, when atrazine was applied alone at a dosage of 1.2 kg/ha, its residue may cause injury
o winler wheat in part of the fields because of its uneven distribution caused by incorrect
application methods (Tables 3. 4 and 6). Resulis in Table 6 indicated that the weed control
percentage was the same when using the low volume (60 L/ha) application method as for the
normal voiume (G(K} La). However, the working efficiency was increased twofold when the
low volume application method was used. and the water, energy, and labor for herbicide
application could alse be conserved.

Sutficicat soil moisture is the premise for achieving good weed control efficiency with soil-
treated herbicides. As meteorological reports over the past 40 years show there will be over 10
mim rainfull within 10 days of sowing summer corn in north China. Beside this, there are also
imigation sysiems in most areas of this region. These conditions promote the adoption of trial
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results of herbicide selection and the reduced spaying volome application method in no-tillage
SUINMNKT COrn,

Table 2. Distr.bution and content (%) of the emerged weed seeds in the soil under the double
cropping system by corn and wheat

Soil depth (cm}

Tillage methods Tillage frequenc

¥ geireq Y 0-5 5-10 10-20
No-tillage No-tilluge only in summer corn 45 40 15
Plowed 31 Il 58
No-tillage No-tillage bath in com and wheat 76 20 4
Plowed 22 27 31

Table 3. Weed control percentage of different herbicide mixtores in surmumer com

Ierbicide mexture Comimon Annual Total Com yield
(kp. aifha) crabgrass  broad-leaved (%) Vha csr
Atrazine 1.2 73.1 56.7 0.1 7.92 a
Acetochior (.63 86.0 05.2 5.7 7.23 abc
Atrazine (.60 + 925 99.2 945 7.93 a
Acetnchlor (0L73

Atrazine (1.60 + 1.0 97 3 930 7.53 ab

Biutachlor 0.676

Agrazine ().60) + R6.6 U980 90.0 7.8% Hl
Alachlor 0675

Hand weeding  twice U35 XYL 954 7.70 ab

No-weeding 0.0 0.0 0.0 6.26 ¢

Table 4. Efficacy of different herbicides to weeds and comn in ppm

Herhicide Common crabgrass  Barnyard grass  Red root amaranth Com

LD} ED90 EDSG IC10
Atrazine 0.246 .07 <0.06 =344
Acetochlor <(,05 <105 0.08 1.03
Butachlor 0.10 0.1t >0.14% 185
Alachlor 0.1v G.10 0.11 3
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Table 5. Inhibitinn of airazine 10 winter wheat.

Concentration of atrazine (mg/kg)

Winter wheat

(.00 0.01 0.03 0.05 0.10 0.15
Plaan height {cm) 7.4} 17.60 17.7¢ 17.70 15.10 10,00
Inhibition rate (%) 0.00) -3.50 -4.10 0.00 11.20 41.20
Sten weight {g/5 plants) 3.27 333 338 327 1.62 0.78
Inhibition rate (%) 01.04) -1.30 -3.40 0.00 30.50 76.10
Root length (cm) 18.00 19.20 18.90 17.50 16.40 12,50
Inlsibition rate (%) (L) -6.70 -5.00 270 890 30.50
Roat weight (g/5 plants) 2.55 2.53 2.49 2,26 0.77 0.49
Inhibition rate (%} 0.00 R.60 2.40 11.40 69.80 80,80

‘Table . Weed comrol percentage and atrazine residuc in soil afier corn by different herbicide
application and (itlage methods

Tillage melhnds Treaiment Spraying volume Residue Weed control
) {kg ai/ha) (L/Ma) (mg/kg) (%)
mulched+no-illige Atrzine 0.6+Butachlor (.50 600 0.025 90.7
Alnizine 12 60 0.050 21.5
Alrazine 1.8 600 0.065 95.7
untaleiwed+ne-lillage  Almzine 0.6+Bulachior (.56 600 0.025 90.5
Atrazine 1.2 600 0.045 84.0
Arazine 1R 600 0.075 95.4
mutched+no-tilage Alrazine (L6+Butachlor .56 60 0018 86.3
Alrazing 1.2 60 0.035 93.6
Alrazine 1.8 60 0.074 96.4
unmwlehed+no-tillage  Adnsrine (u6+Buatachlor (.56 6 0.024 824
Alrazine 1.2 60 0.05t 902
Alrazine 1.8 60 (.087 6.7

Fan nozzies are normally used for applying herbicides in China but do not give a spraying
volume as low as 60 L/a.  In order to get satisfactory weed control, a nozzle needed 1o be
selected o which produced a low volume. After comparing betwwen nozzles even flat fan
nozzles were selected and used to replace the former fan mozzles. A self-cleaning filter was
developed and installed vnto the boom sprayers io prevent the nozzles from blocking. As &
result, the herbicide application method with reduced spraying volume and improved sprayers
was rapidly exiended in rorth China where winter wheat is grown after summer corns.
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EFFECTS OF FAT HEN AND BROAD-LEAVED DOCK ON CEREAL YIELDS

AL Popay, W. Stelel and E. Screnson
AgResearch Grasslands, Palmersion North and Flock House, New Zealand

Summary. Field experiments tested the eftects of broad-leaved dock, Rumex obtusifoliis, and fat
hen, Chenopodium album) seedlings on yields of wheat and barley, and of root regrowths of
bread-leaved dock on yiclds of wheat. Fut hen seedlings reduced the yields of wheat and also of
barfey, but only when barley was sown at half the recommended rate.  Dock seedlings had no
effect on the yiclds of either wheat or barley.  Regrowth from dock roots had more effect on
wheat yields than secdlings of either species, confirming that dock roots surviving pre-sowing
cultivation are a threat 1o cereals grown without herbicides.

INTRODUCTION

Increasing enthusiasm for cereals grown without herbicides and conventional fertilisers has
renewed interest in e effects of weeds. At Flock House Agricultural Centre, on a smalt farm
managed along orpanic” principles, broad-leaved dock has became a major problem, especially
i the cropping phase of pasture/crop rotations, because of its regrowth from roots left in the soil
after coltivation.  Although docks Jook unsightty in crops, their effects on crop yields is
unknown, This wark was initiated 10 examine the effects of dock seedlings and root regrowth
on cereal yields. Fat hen, a common cercal weed, whose effects on cereal yields have been
reporieil previously {3,4), was included n the experiments for comparison.

METHODS

Three experiments were camied oul, oue testing the effects of seedlings of broad-leaved dock
and tat hen on spong wheat sown in October 199, the second testing the effects of the same
weed seedlings on barley sown in early Movemnber 1991, and the third testing the effects of
broad-leaved docks regrowing from roots on wheat sown in October 1992

In the First iwo experiments. relatively weed-free crops were established by using a soil sterilant
{dazomel} helore planting.  Afer the crop was drilled, weed seeds which had been collected the
previous summer were evenly distributed by hand and lightly raked in. In Experiment 1, wheat
icv. Otane) was sown at standard rate, or standard + 20% and in Experiment 2, bariey {cv. Fleet)
was sawn at standard rate, or at 50% of standard rate. Experimental design in both cases was 4
replicates of a split-split-plot, with 2 crop sowing rates as main plots, weed species (dock or fat
heny as sub-plots, and weed sced rate as sub-sub-plois.  Sub-sub-plot size was 2.5x2.5 m. Crop
plani density was assessed in lale November each year and weed numbers counted in late
Novemnber cach year. Immediately before crop harvest, vegetation was harvested from a 0.5 m’
yuadrat Lypical of each sub-sub-plot in order to measure the dry matter of its component species.
In the second experisnent, with barley, weed plant numbers were again assessed at this time.
Gran was harvested by hand from a 1 m? area at the centre of each sub-sub-plot.

In ihe third experiment. broad-leaved dock tap roots were planted at 5 densities (0, 2, 5, 10,

2007y into 2 ni® plats in 4 replicates, immediately after sowing wheat (cv Norseman). Grain
was harvested by haad (rom ghe central 1 m? area of each plot.
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RESULTS AND DISCUSSION

In the first experiment, wheat plant populations at the standard sowing rate were 197/n’, and at
the stundard + 20% rate were 232/m’. The raies at which weed seeds were sown, the numbers
of seedlings of fat hen and broad-leaved dock which established. and the biomass of the sown
weed species at crop harvest are shown in Fig. 1.
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Figure |, Experiment |, wheat, Data averaged aver both crop sowing rates and both fertiliver
raason are no indication of the importance of weed biomass late in the scason,

Dock seedlings established very well in this experimenl. and fat ben scediings rather kess well.
Hoewever, by crop barvest time, the dock plants were still quite smafl, whilst fat hen planis were
much larger.  Although not further discussed here, there were fewer weeds in November and
lower weed biomass at harvest in the higher crop sowing rate. In spite of the soil sterilisation, a
number of other species grew in the crop, especially large plants of chicory, Cichoritim intvbus,
reticts of a previous crop. Partly because of this, analysis of variance of wheat yields did not
show any effect of fal hen or dock. However, the correlation between fat hen biomass at harvest
and wheat yield in each sub-sub-plot was very highly significant (r=0.33, 78 degrees of freedom,
significant at p=0.01). There was no significant correlation between dock biomass and wheat
yvicid, nor between fat hen or dock seedling numbers in November and wheat yield. This
correlution coutd mean that in plots where the crop grew and yielded poorly, weeds grew better
as @ result.  However, that the correlation with fat hen biomass was significant, while
correlations with dock biomass or weed numbers were not, suggests that fat hen hiomass
adversely affected wheat yields, whilst docks had no affect. I also suppests thar in determining
the effects of weeds on crop yields, weed numbers early in the season are no dication of the
importance of weed biomass late in the season,

In the second experiment, burley plant populations were 311/m” at the stindard sowing rate and
1504n* at the 50% rate. Weed sced sowing rates, weed plant numbers in November and at
harvest, and fat hen biomass at harvest are presented in Fig. 2.

More than twice as many weed scedlings established when the crop sowing rate was halved.
Dack seedling establishment was poor in this expenment and at harvest dock plants were still
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small, but whether this was due 10 the greater competition offered by barley, or to seasonal
cllects, canaot be determined.  Dock hiomass at harvest was negligible. Growth of unsown
weed species, principally scrambling fumitery, Fumaria muralis, again meant that analysis of
variance did not show any effects of weeds on barley vields. The comelation between fat hen
biomass at harvest and barley yields was significant in the 50% crop sowing rate (r=0.43, with
M degrees of freedom, significant at p=0003). The same correlation in the standard sowing rate
was not significant.  This again suggests that fat hen biomass at harvest affected barley yields,
but only where the barlcy wis sown at 5% of the standard sowing rate; at the standard crop
sowing rate, fat hen had no effect.
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Figure 2.  Experiment 2, barkey, (a) Populations of sown weed species on 20 November and 13
March, averaged over both crop sowing rates. (b) Biomass of fat hen at crop
harvest.

In the third experiment, regrowth from broad-leaved dock roots adversely affected wheat yields
{Fig. 3). ‘The best fit for the relationship was given when patural Jogarithms of mean wheat
yield were plotted against planted dock root numbers. The correfation coefficient (0.98) was
very highly significant (p=0.01).

As expecied, fat hen was a more competitive weed of cereals than broad-leaved dock. Docks
are nol menlioned n the literature as weeds of cereals (e.g. 1} In barley, 2 more competitive
crop than wheat {3), fat hen only reduced crop yields when the crop was sown at half the
cecommended rate. increasing the density of barley diminished the competitive affect of weeds
(2. Regrowth fromn the roots of broud-leaved dock redeced wheat yields, confimming that this
speeies is more than an eyesore in cereal crops grown without herbicides, In wheat, each 100 g
of fat hen dry matterm® present at harvest reduced grain yields by 310 kg/a. and in barley
sown al hall e by 298 kg/Ma.  In wheat, each dock root/m’ reduced grain yield by about
200 ky/ha.
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Fipure 3. Expeniment 3, wheat. Effect of transplanted broad-leaved dock roois on grain yield.
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THE BIOLOGY OF TUSSOCK SEDGE (CAREX APPRESSA)
AND ITS CONTROL IN UNPLOUGHED LAND

M.H. Campbell' and D.W. Burbidge®
' NSW Agriculwre, Agricultural Research Centre, Orange NSW 2800. Australia
! "Burnafabes”, Bigga NSW 2583, Australia

Summmary.  Tussock sedpe seed germinated weadily in a laboralory 5 months after
collection and mauintained viability for at least three years thercafter. Seedlings emerged
trom 0 to 40 mm depth in soil but not from 80 mm. Seedling growth in the 3% days after
sowing seed was inferior 10 improved pasture species. Mature lussock sedge plants on
non-arsble land were killed by plyphosate but regeneration from seed in the scil threatens
long term control because improved pasture spectes could not contrel them by competition
{(despite the comparatively slow growth of the sedge scedlings), because legumes were
unable to establish o the wet envirenment inhabited by tussock sedge. Further research is
ncecessary 1o find a practical method of controlling scedbing regeneration of tussock sedpe
alter mature plants have been killed by herbicide.

INTRODUCTICN

In some regions of New South Wales (NSW) and Victoria tussock sedge (Carex appressa
R. Br.), a native plant, has spread from swamps and drainage lines and replaced native and
improved pasteres on mid-slope areas. A heavy infestation can substantially reduce
anitnal produclion because it is unpalatable to sheep and cattle and physically dominates
the pasture causing shading and competition.  Tussock sedge is difficult to contral on
arable land because its large leaf bases makes ploughing ineffective unless heavy
implements are used.  Althouph preliminary investigations have been made into the effects
of herbicides on tussock sedge on non-arable tand (J.B. Shovelion, pers. comm.; (2)) no
research has been conducted into the associated biology of the plant. The prospect of
ussock sedge becoming a weed in NSW prompted the following investigations into its
tiokospy and control.

METHODS

Genminagon,  Sceds of tussock sedge were collected from Boorowa and Bigga NSW in
late spring or summer {Table 1), stored in metal containers in a laboratory and germinated
at annual intervals in petri dishes wnder constant fluorescent light (20 pEml.sy and
terperatures of 15-25°C.

Lmergence.  Seeds collected from Bigga in December 1991 were sown at 0, 5, 10, 20, 40
and KO mm depihs in liberally watered clay loam soil (bulk density 1.16 glom'; mean
strenpth of soil surface 0.7 kg/om® in July 1992 and emergence ohserved over 47 days at
25°C. On day 48 soil was washed off the underground parts of seedlings to measure the
legth of 1he stem and primary root at esch depth.

Seedling_growth,  Growth of tussock sedge, subterranean clover cv. Karridale (ZTrifolium
sthterranewm), white clover cv. Haifa (T, repens), cocksfoot cv. Currie {Dacrylis
glomergte) and phalaris cv. Sitosa (Phalaris aquatica) was recorded in soil in pots in a
glasshouse a1 25°C for 39 days after sowing the seeds.
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Control.  The eflect of herbicides and oversowing on the control of fussock swdpe was
ascertained pear Bigga where the soil s derived from graoite. The mature sedge planes
were 1 m high and growing on a mid-slope area subject to free surface waker in wet
winters and springs. Plots were spruyed on March 13 and May 8, 1990 with glyphosate
{Table 4) in 200. 500 and 1000 L/ha of water with 0.2% adjuvant Turbo®. The March
Ireatments were oversprayed with glyphosate on May & 1990 and all weatments surface-
sown with seed of cocksfoot cv. Curnie, phalaris cvs Australian and Sirosa, subterranean
clover cv. Karridale and white clover cv. Haifa and topdressed with Mo superphosphate
(300 kg/ha) on 14 May 1990, Good rain in summer 1989/90 (247 mm) and autumn 1990
{339 mmy) ensured that there was adequate moisture for growth of tussock sedge at each
time of spraying. The kill of tussock sedge was recorded on December 6 991 and
estublishment and growth of sown species and re-infestation of seedling tussock sedpe
from winter 1990 till April 1993,

RESULTS AND DISCUSSION

Gernmination.  Ripe seeds harvested in lae spring or summer germinated readily in the
laboratory 5 or 6 months later (Table 1), The gemmination of 3 out of 4 seed samples,
collected in different years from 2 locations, did not decline over ume; permination of the
fourth sample declined n the second year (Table 1).

Cerminalion 1o the radicle emergence stage ook 9 days under the conditions imposed in
these experiments which is slower than for phalaris and cocksfoot which took 4 days.

Table 1.
CGemuination (%) of tussock sedge seeds at anaual intervals, examining different after-
ripening periods (AP) in months

Germination it 45 days in May or Junc:

Collection date

of scod 1990 1991 1942

% (AP} % (AP) % (AP)

Boorowa
30 Nov 89 64 4 33 (1%} &1 (in
18 Dee 90 85 {3 31 (18)
12 Dee 91 5 (6}
Bigga

| Dee BY R6 (4 39 (1%) 5! (i)
22 Nov 90 L H {5) 86 {19
R Dec 91 02 (6}

Emergence.  Increasing depth of sowing reduced percemape emergence of tussock sedpe
(Table 2). In general the tume taken for emergence increased and growth rate decrcased
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with increasing depth of sowing; the exception to this trend being the surface-sown seed
(Table 2).

The methed of emwergence of tussock sedge was for the stem to grow from the seed to the
soil surface where the buds for leaf and root growth developed. This resulted in
increasing length of stem and decreasing length of primary root (from the seed) with
increasing depth of sowing (Table 2). Seeds sown at 80 mm failed to emerge, the stem
growing 44 mm towards the surface before dying.

Table 2.
Etfect of depth of sowing of tussock sedge seeds on emergence and growth in the 47 days
after sowing

Sowing Emergence Mean time Mean Length of Length of
depth for emergence height stern” primary root
{mm) ) {days) (mm) {mm) {mm)

Surface 100 o 22 be 76 b 0 70

5 77 b 17 a 9 a 5 68
10 a1 ¢ 19 ab 75 be 3 4]
20 29 od 22 be 65 cd 22 12
40) 14 d 24 ¢ 55 d 42 7
R0 0 e - - 44 3

* Values in columns not followed by a common letter differ significantly (P<0.05).
" From seed to soil surface.

Seedling growth. Tussock sedge prew mofe stowly (P<0.05) than the other species tested
(Table 3).

Table 3
Growth of seedlings of tussock sedge and improved pasture species in
I days afier sowing

Species Dry weighs/plant (mg)
Subterranean clover 58.6a"
Phalaris 16.2b
Cuocksfool 10.5¢
Whiie clover 6.5
Tussock sedgpe 1.3¢

* Values not followed by a commeon leter differ significantly {P<0.03).
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Control. The split applications of glyphesate (March and May) were more (P<(.05)
etfective in kitling tussock sedge than single applications in May (Table 4}, Ruate of water
carrier had no (P<0.05) effect of herbicide efficiency.

Ciood establishment of cocksfoot and phaluris and poor establishment of sown lepumes
occurred on all sprayed treatments in winter 1990. By late spring 1990 ground cover of
cocksfoot, phalaris and voluntecr specics was 30% on the sprayed plots which was
insufficient to controt a heavy infestation of seedling tussock sedge. These seedlings died
during the dry 1990/91 sumter and autumn {172 mm rain}. By December 1991 the mean
ground cover of cocksfoot and phalaris on sprayed plots was 61% with no scedling
wssock sedge. However in winter 1992 seedling sedge estublished from seed in the soil
despite competition from sown species. By April 1993 the ground cover of seedling sedge
was 9% and that of cocksfoot and phalaris 57%. During the period of the experiment
sown legumes contributed less than 5% ground cover, phalaris was the dominant sown
grass contributing 35% of the 37% total ground cover of sown grasses in April 1993,

Table 4.
Effect of glyphosate on percentage kill of tussock sedge. recorded on
December 6, 1991; each treatment meaned for three rates of water carrer

Glyphosate (kg a.i/ha) applied en: Kill
Moarch 3, 1990 May 8, 1950 (%}

0.9 + 0.7 99 61’

1.4 + 0.7 100,10

1.8 + 07 100.0a

Nil 0.9 61.7c

Nil 1.4 91.70

Nil 1.4 494.0b

Nil Nii 30d

* Values not followed by a common letter differ significantly (P<0.05).

Conclusions. Despite good kills of tussock sedge with split applications of glyphosate in
1904), repeneration from seed in the soil threatens to underming loag term control
Because the seed remains viable for at Jeast three years, regeneration from seed will be a
constant threat unless seedlings can be killed by pasture competition soon after
permination when their growth is slow compared to that of sown species.  In the
eiperiment on control of sedge, the sown prasses were unable o kill tussock sedge
seedlings by competition.  Generally legumes are relied upon to kill seedlings of grass
weeds, e.g. serrated tussock (1), by excluding their light supply whilst the pasture is
ungrazed. In the wet environment of the control experiment, subterrancan and white
clovers were unable to esiablish and thus could not provide the competition for light
necessary to kill tussock sedge seedlings. Other legumes were tested in 1991 and 1992
with Iotas cv. Maku (Lovwr peduncularus) proving most promising in 19920 [urther
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research is necessary fo investigate methods of controlling seedling regeneration of tussock
sedpe.
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SUPYRESSION OF WEED GROWTH DURING THE GERMINATION AND
ESTABLISHMENT OF NATIVE GRASSES USED FOR REVEGETATION

P.J. Reyenga and D.G. Williams
University of Canberra, Canberra ACT 2600, Australia

Sunmmary.  Effeclive revegetation of conscrvation areas and degraded sites with Australian
native prassland species is often limited by the generally slow early growth of native grasses.
Vigorous exotic grass and broadieaf weeds which are stimulated to germinate at the time of
sowing are often major competitots.  In this paper we evaluate the potential of several non-
chemical methods for suppressing weed growih during the germination and establishment of
wallaby grass, Danthonia richardsonii, and kangaroo grass, Thameda triandra:  broadcasting
seeds versus drilling them in rows;  increasing the planting density above that which may
normally be recommended for establishing a stable grassland community; applying phosphate
lertiliser; and, adding to the seed mix a vigorous but short lived cover (or nurse) crop.

INTRODUCTION

Muany ol Australia’s native grasses exhibit considerabie tolerance of drought conditions and
nutricat deficient soils {1,2,3). As a result of these adaptations, their perceived persistence, and
a growing appreciation of their aesthetic qualities and conservalion vaiue, interest has increased
over Teeent years in using them for sustainable grazing syslems, soil conservation and amentity
plantings.  Research by the CSIRO's Division of Plant Industry in Canberra inlo ihe
development and management of native grasses for use in revegetation programmes has targeted
Two species, namely the cool-season perennial, wallaby grass, Danthonia richardsonii {5), and
Ihe summer-growing perennial, kangaroo grass, Themeda triandra {syn. Themeda aqusirafisy (7).

liffective revepetation with Australian native grassland species is often limiled by the generally
slow carly prowth of native grasses in combination with competition from more vigorous exotic
prass and broadleaf weeds which are stimulated to perminate at the time of sowing. Kangaroo
and widlaby grass seedlings, for example, produce less biomass over the first 2 1© 3 months
{ollowing germination compared with agricullural species used for revegetation such as tall
feseoe, Festuca arundinacea, and perennial ryegrass, Lofiwm perenne (Reyenga, unpublished
datw). The presence of weeds can significantly reduce the emergence and biomass production of
wallaby grass and, 10 a lesser extent, kangaroo grass (4). There has been little success in the
selection of post-cmergent herbicides that are able to control grass weeds without detrimental
elivets on the mative grasses {6). A greater level of weed control has been achieved with
residuat pre-cmergent herbicides (4,6) and manipulations of the site, seedbed, and seed mix (8).
Two experiments were conducied to evaluate the effectiveness of various sowing methods and
planting densities, and the presence or absence of a cover crop on the suppression of weed
prowth during the germination and establishment of wallaby grass and kangaroo grass. The
ellect of phosphate fertiliser on weed growth was also measured in the second experiment.  Our
hypothesis was thal by manipulating these factors the competitiveness of the sown native grasses
coulld be improved relative to the volunteer species.
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METHODS

Lxperiment 1. The firsl experiment with wallaby grass was conducied at the ACT Parks and
Conservation Service ficld site at Yarralumla, ACT, on a low fertility sandy loam which had
been cultivaled and sown down 10 native grasses 6 years earlier but which, becuase of regular
mowings, had becoine vvergrown with weeds, particularly flat weed, Hypochoeris radicate.
The experiment had a 2x2x2 faclorial design with three randemised complete blocks, and a plot
sive of T v, The treaiments were as Tollows:

Factor 1 1wo planting methods, broadcasting versus drilling seeds in rows 15 cm apart.

Factor 2 — lwo planting densitics, low (1000 germinable seeds/m?) and high (3000 germinable
seeedsfm 'y,

Factor 3 == presence (4 or absence {-) of a cover crop of cereal rye, Secale cereafe, sown at
10 perminable sceds/m? either broadeast or in rows with the wallaby grass.

The site was rotary hocd and raked to remove excessive vegelative matter prior to seeds of
walkaly grass and cereal rye being either drilled or broadcast and covered with soil to a depth
of [om on 12 Muarch 1993 The plots were initially irrigated to promote germination,
Fmergence counts of sown and volunteer species were taken 5 weeks after sowing in two fixed
I30 em subplots. Weed and grass biomass will be harvested in mid September from the
same subplots.

Lixperiment 2. A sceond experiment, which had the same treatments and design as Experiment
I, but sown (o kangaroo grass rather than wallaby grass, was begun in a heated plasshouse on §
May 1993, Being a warmy season species, kangaroo grass would not have grown well in the
Hield during the cool winter menths, Seeds were sown at a depth of 1 cm into 2Bx57.5x7.5 cm
wooden [Tats filled with soil collecled from the site of Experiment 1. An additional fourth
freatment Tactor was included i this experiment which involved either the application of
superphosphiate (with the secds) at a rate of 250 kg/ha (9.1% P) 1o all low sowing density
Ireatment combinations or the absence of application. Two additional control treatments were
alse inelnded o dewermine 10 what extent the weeds and kangaroo grass were being suppressed
in absolule 1werms in gach of (he other (reatments.  In the first control, weeds were ailowed to
grow withoul competition from grass or cover crop.  In the second control, sown using the
broadeast miethod 2l 2 high densily withoul a cover crop, all weeds were removed regularly by
band. 10 was hypothesised that this treaiment combination woulid produce the maximum biomass
of a kangaroo grass because of its greater utilisation of soil resources.  Emergence counts of
sown and volunteer species were taken 5 weeks after sowing in fixed 10x57.5 cm subplots.
Weatl and grass hiomass will be harvested in August 1993,

RESULTS AND DISCUSSION

'Phese experiments are still in progress and so only the emergence data from Experiment | are
presealed here (Table 1), The combined emergence of volunteer broadleaf weeds (principally
Mat woeed and wireweed, Polvganum sp.) and grasses (Digitaria sp. and Efeusine sp.) was high
in ihis cxperiment (preater than wallaby grass in low density treatments (Table 1)) and
demonsitates one ol the major preblems faced when establishing native grasses from seed.
Neither (he percentage perminabion of wallaby grass, the number of grass weeds nor the total
number of weeds 1hat emerged after 5 weeks was significantly altered by either the sowing rate
ol wallaby grass, sowing method or the presence of a cover crop (P>0.05). Although there
were no signilicant differences in the germination of cereal rye between treatments, germination
percentages grealer than 0% were common, due to the subsampling precedure and uneven
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distribution within the plots. The number of broadleaf weeds was significantly reduced by the
presence of the cover crop {F=4.94 d.f.~=1,14 P=0.043), possibly becavse the cereal rye was
abde 10 germinate within several days (7) and reduce the availability of resources such as
muoisture and light o the weeds. This conclusion is tentative however, given that the emergence
of the grass weeds was not affected.  All treatments in this experiment would appear fo have
piven an  establishment density in excess of practical requirements bui weed biomass
measurements should indicate if the higher density sowings offer an advantage for early weed
control.

Table 1. Mean emerpence counts for wallaby grass, cereal rye, and grass and broadleaf

weeds per ar 5 weeks after sowing.  Significant differences are indicated in the

lexl
Grass sowing density Broadcast Drilled
Giroup
Cover crop - + - +

Wallaby grass High 1645 1332 1388 1335

Low 723 FOY 824 566
% Lmergence High 54.7 44.4 46.2 0.5

Low 723 10.9 32.4 56.6
Coreal rye High - 127.7 - 103.5

Low - 122.1 - 105.4
Cirass weeds High 786 725 934 1153

Low T T 685 653
Broadleal” weeds High 307 205 353 383

Low 512 292 398 339
Tolal weeds High 1093 33t 1288 1536

Low 1289 1069 1082 992
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THE USE OF FLUROXYPYR FOR BROAD-LEAVED WEED CONTROL IN SORGHUM IN
SOUTHERN QUFENSLAND AND NORTHERN NEW SOUTH WALES.

C.0. Love
DowElanco Australia Lid, Tamworth NSW 2340, Australia

Swmmary.  Following an extensive series of experiments, fluroxypyr is now registered for the
control of noogoora burr, Xanthium pungens, pigweed, Portulace oleracea, wild gooseberry,
Pliysalis minima, annual ground cherry, Physalis angidata, and thornapples, Datira spp.. at 0.1-
015 kp acid equivalenttha.  Optimum control was achieved when fluroxypyr was applied o
iclively growing weeds up to and including the 6 leaf stage. The combination of fluroxypyr
(©1-0.15 kg/a) and atrazine (1.0 kg active ingredient/ha) broadened the spectrum of broad-
leaved weeds controlled with no effect on sorghum yield. Plant buck periods runging from 7 1o
28 days after spraying were established for wheat, barley, sorghum, sunflower, chickpea, maize,
soybean and cotton.

INTRODUCTION

Fluroxypyr (1-methyl heptyl ester) is a readily anslocated herbicide, exhibiting o high degree of
aclivily with post-emergent foliar application to a runge of broad-leaved weeds. In susceptible
species, iU induces  characteristic auxin-type responses, frequently within a few hours of
application.  The activity of fluroxypyr has been well documented {2,3,4,5). Results indicated
thal Muaroxypyr is most effective when the weeds to be conirolled are growing actively, wilh
condilions favourable for plant growth. The potential use of fluroxypyr with glyphosate to
conurot a broad range of weeds in fallow has required plant-back studies to be conducted to
delermine safe plant-back intervals to major crops following application of fluroxypyr.

This paper reports the tesulis of field experiments conducted between 1983 and 1992, in
southern Queensland and northern NSW to:

dewermine activity on a range of broad-leaved weeds with and without atrazine;
establish plant-back times for major rotational crops; and
determine tolerance of the major sorghus varictics.

Eall e

METHODS

Formulations uf fluroxypyr methyl beptyl ester contained an adequate level of adjuvant and no
additionul wdjuvams were used in Lhe experiments. Experiments were randomised completc
block design with three or four replicates. The treatments were applied with an Azo propane
precision sprayer delivering 80-120 L/ha, using 110 degree flat fan nozzles. Weed control was
wesessed visually 4-6 weeks after application using a 0-100 percent rating scale, where 0 = no
contred ung 100 = complete control. Grain yields were also obtained. The data for each weed is
presented as the mean % control where trials were conducted over several seasons.

RESULTS AND DISCUSSION
Weed control.  Results in table 1 show fluroxypyr at 0.105 kg/ha gave acceptable control

{>85%) of noogoora burr, pigweed, annual ground cherry and wild gooseberry, which were
actively growing and up to the 6 leat stage.
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On noagoora burr, pigweed and Physalis spp. more than 6 leaf and thornapple up 1o the R teaf
stage, (115 kg/a was required.  Fluroxypyr at 0.21 kg/a gave the best conirol ol velunteer
sunflower, Helignthis danaus, up 1o 45 cm high,

Fluroxypyr at (3 kg/ha or 0.15 kg/ha plus atrazine at 1.0 kg/ha was required to control caltrop,
Tritelus terrestris. This mixture of fluroxypyr and atrazine gave the best conirol of the range of
wieeds shown in table 1.

Table 1. Percend comrol ol broad-lcaved weeds with fluroxypyr, with ang withow alrazine, applicd
post-emergence in grain sorghum in Southern Quecnstand and Northemn NSW, 1983-91.

Heighi Fluroxypyr (kgha) Combination

Weed diamcier (kgMha}
(cm) 0.075 0.105 0.15 .21 03 U 1541.0

Xenthium <20 77T 98 (%) 100 (D 1000 99 (N

pungens 20-50 26 (2) 87 (1) 95 (3) 95 (2} 10D Y4 (5}

Danira <15 87 (6) 80 (6) 94 (8) y u7 (5)

Spp. 15-30 82 (3) &8 () %8 (5) 92 {2) 89 (4) Y37 ()

Phvsalis <15 0 (2) 100 (2 104) (4} 100 {2} 100 (43

sp. 15-230 98 {2) 87 (33 98 (4 Lo {4 T (21 1043 {5)

Portalaca 10 25 (2) 103 (%) 104 (4) 99(3) 100 ¢2)

wleracea 10-30 84 {3 92 {3 9T(H 98 (N 1L ERAD]

Tritnifus <5 27 (6 3 (5} T8 {6) T3 (7 RiV{5)

terresiris 15-40) 45 (2) 34 () 62 (6) 7% (9) 82 (93 Y7 (T

Nicandra 3N - - 10 (D) 0 100 ()

physalodes

Anndu 58 . 5% (1) 71 (1) - . Lo ()

CriNfetdet

Helionthus 15-45 - - 60 12) 97 (V) 98 (4 G0 (2)

L

Hibiscux 4.28 18 (5) 328 B (R 37N 85 (8)

o

el 1215 - 301 75 () 801(2) 75 (N 83 {1)

reflera

Arvitrotniiney 5-20 200(3) 4 {4} 43 14) 58 ¢-h 80 (5)

(NI T 1T

Arierr iy R-25 - J1{d) 4 (9} 13(9) 23 (h 94 {9

RHECEOCREEHES

Sexhonia 3-12 - 81 (N 96 (2} 1063 (2)

crisetbring

Commeling -6 - LINA Y] T1{1) - - 103 (1)

henghalensis

ey = number of snats,
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Plund_back studics.  In the 199081 and 1991/92 experiments, a period of seven days after
application was used to simulate the time required for fluroxypyr to effect weed control before
planting.  Wheat, barley, sorghum, sunflower, chickpea and maize were the least sensitive crops
showing no visual effects when planted 7 days after application of fluroxypyr at 0.075-0.3 kgha.
Soybean was slightly sengitive requiring a 14 day plant-back period for fluroxypyr aver
(.15 kp/ha and cotton, the most sensitive, requiring a 14 day plant-back penod for flurexypyr
(LO75-0.15 kg/ha, and 28 days for Ruroxypyr at 0.3 kg/ha as shown in table 2.

Tuble 2. The plant-back period (days} required for a number of crops following
application of fluroxypyr to a bluck clay soil, northern NSW, 1990-92

Raie of fluroxypyr (kgfha)
0.675 0.15

Wheat 7
Bariey

Sorghum

Sunflower

Maize

Chickpea

Soybcan

Clotlon 1

Crop

=

- NN G R K R

o L Y |
FoaE N R R e

—
b =

Crop tolerance. ‘The yield resuelts in table 3 show fluroxypyr formulations applied 1o 4-6 leaf
sorghum grown under weed free conditions did not cause a significant reduction in yield.

Table 3. Yield response {1/hi) of two weed free sorghum varieties following the application
of NMuroxypyr al two growth stages, Breeza, NSW, 1990/91.

Rate DeKalb 37 Goldfield
Treatment
{kgfha) 4 icaf 6 leaf 4 leaf 6 teaf

Fluroxypyr’ nis 1.9 2.0 1.0 0.9
Fluroxypyr* 0.3 1.9 24 1.2 0.9
Fluroxypy:" {15 1.8 1.9 1.0 0.8
Fluroxypyr N3 1.8 2.0 1.0 (L8
Flusoxypyr* 0115 2 2.5 1.1 0.8
+ alrazine 1.0
Uintreuted - i.8 1.8 1.0 0.8

Lsdd 0.4 0.5 0.3 0.2

R LA 13 17 19 18

= M A Yonnulation
b= 300 A formulation
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Results from the 1991 Agnisearch weed free sorghum variety crop telerance screen (1) showed
across the sixteen sorphum varieties screened. that a significant increase in yield occurred when
weated with fluroxypyr at 0.35 and 0.3 kg/ha compared to the standard, 2.4-D (dimethylamine
sally at 105 kg/ha, There was no difference between the untreated controls and fluroxypyr
applications. Overzll, no effects on crop vigour were seen or measured following the application
of Nuroxypyr.

Conclusion, Floroxypyr at 0.105- 0.15 kg/ha gave excellent control of noogoora burr, pigweed,
thomapple and Physalis spp. up to the & leaf growth stage.  Fioroxypyr at (.15 kp/ha plus
atriazine at 1.0 kp/ha provided excellent control of all broad-leaved weeds present in the sorghum
trials, with no effect on the yield of sorghum in a weed free environment.

Al the use rate of €.105-0.15 kg/ha, an interval of 7 days after application of fluroxypyr was
requived prior to planting wheat, barley. chickpea, sorghum, maize. suntlower and soybean. An
inerval of 14 days after apphcation of fluroxypyr at 0.105-0.15 kg/Mha was required for the safe
planting of cotton.

Selectivity of fluroxypyr at 0.15-0.3 kg/ha o sorghum, apphed at the 4-6 leat prowth stage, was
cxeellent, with ne yield reduction compared to the untreated.
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INFLUENCE OF POST-EMERGENCE APPLICATION TIMING ON RHIZOME
JOHNSONGRASS CONTROL IN CORN WITH NICOSULFURON AND PRIMISULFURON

L.I. Moshier and R.F. Camacho :
Department of Agronomy, Kansas State University, Manhattan, K§, USA 06506

Summary. The influence of application timing on nicosulfuron and primisalfuron activity in
rhizome johnsongrass, Serghum halepense, was examined in a naturally infested com field in
north-¢astern Kansas, UUSA. Herbicide treatments included single applications at €.5, 0.75, and
1.0X rates (1.0X = 35 und 40 g/a for nicosulfuron and primisul{uron. respectively) and split
applications at (0.5 plus 0.5X and (075 plus 0.25X rates. Split applications provided more
rhizome johnsongrass contre) than single applications 8 weeks after first application. Corn yield
was not affected by herbicide application timing and was 70% less in untreated plots than
trcated plots. The resubts of 1his siudy in addition to published results in previous studies
saggest that an appiication of cither nicosulfuron or primisulfuron 4 to 6 weeks after planting
can allow a grower an option of determining if a second application is necessary. Growers not
able to inspect treaied fiekds or reluctant e make two applications for johnsengrass control
should make a single application t a labeled rate 6 10 8 weeks after planting,

INTRODUCTION

Johnsongrass was declared by Holm er al. (6) as the sixth most serious weed in the world.
Hafliger and Scholz (5} reported that johnsongrass was widely distributed in America (North,
Centrd, and South), Africa, Europe, Asii, Australia, New Zealand, Philippines, Indonesia, and
the Pacific islands. Johnsengrass infestations in corn reduce both grain quality and quantity and,
if severe enough, prevent grain preduction (1).

Bendixen (2) reporied that fall plowing and herbicide applications provided effective (greater
than %) jehnsongrass control in com in a 3 year rotation with winter wheat and soybean, Fall
plowing and herbicide applications provided less than 50% conwrol in monocultured com.
Recently, the sulfonylurea herbicides nicosul{uron and primisuifuron were registered for post-
emergence control of rhizome johasongrass (plants emerged from perennating tissues) in comn.
Cumacho ef of. (4) reported thas although these herbicides display soil activity, neither herbicide
prevented reprowth from johnsongrass rhizomes within treated soils.  Field studies (4, 7)
revealed more consistent control of rhizome johnsongrass with split applications of nicosulfuron
and primisulfuron at a 0.5X rate (17.5 and 20 g ai/ha, respectively) 2 wecks apart compared to
single applications at a 1.0X rate at the carly date.  An additional study was deemed necessary
i comnpare split applications of both herbicides at either 0.5 plus 0.5X or 0.75 plus 0.25X rates
with single applications at (1.5, 0.75, and 1.0X rates.

METHODS

A com field naturally infested with rhizome johnsongrass in nofth-eastern Kansas {(drylund) was
selected.  Soil texture was a Grundy silty clay loam (22% sand. 50% silt, and 28% clay) with
2.2% orpanic matter and pH 5.9. Plois consisted of four comn rows spaced 0.76 m wide and
7.5 m long.  Jacques §210 hybrid was planted 23 Aprit 1991 and the field immediately treated
with alachlor and atrazine at labeled rutes to control annual weeds (including seedling
jubimsongrass) and permethrin at a labeled rate to control CUTWONMS, Agrofis spp.
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Treatmenls consisied of nicosulfuron and primisulfuron applied as single apphoations st (L5,
.75, and 10X rates (LOX = 35 and 40 p/ha, respectively) on 28 May or as Split applications it
(.5 plus 0.5X or 0.75 plus 0.25X rates with the second application made on 11 June,  All
trestments contained a nonionic surfactam (X-77, Valent USA Corp) at a concentration of
1+25% (viv). Herbicides were applied with a CO,-pressurized plot sprayer equipped with flat-fan
nnzzles calibrated to deliver 187 L/a at 276 kPa. Untreated plots served as checks.

Corn injury and johnsongrass control were visually raed at 4 and 8 weeks after treatment
{WAT), respectively, on 1 scale of (0 1o 100, where 0 indicated neither stand nor growth
reduction and 100 indicated plant deamh. Corn yields were determined by hand harvesting ears
from 4.5 m of each of the two middle rows of each plot, shelling the corn, and comrecting kernel
weights for moisture consent.

Treatments were assigned in a sphit-plot arranpement with herbicides as matn plots and
application timings as subplots. A randomized complete block design with four replications was
used.  Analysis of comn injury and johnsengrass control ratings did not include those for check
plets o avoid the wse of zeros and therefore creating uacgqual variances. Treatment means were
separated by Fisher™s protected §s.d. test at P=0.03.

RESULTS AND DISCUSSION

Interactions between herbicides and applicution timing were not signilicant for corn injury,
rhizome johnsongrass control, or com yield.  Therefore, only herbicide and application timing
main effects are presented (Table t).

Both nicosulfuron and primisulfuron injured corn slightly which was evident at 4 but not &
WAT. Injury was lowest with single applications.  Nicosulfuron provided greater rhizome
jolinsengrass contrel averaged across application timing than primisulfuron.  Greater control of
rhirome johnsongrass with nicosulfuron compared (o primisulfuron was also observed In earlier
studies in north-eastern Kansas under dryland conditions (4).  Camacho ¢r «f. (3) reported
greater foliar absorption of radielabeled nicosulfuron compared to primisulfuron in thizome
johasongrass cullured in the greenhouse which explains the greater activity of nicosulfuron.

Rhizome johnsougrass control with split applications averaged across herbicides was excellent
{greater than 95%). Control with split applications (combined rate = 10X} was significantly
preiter than with single applications made at the earlier date at 0.5 or 075X rates and 1ended 10
be greater than o single application at the 10X rate.  We anribule most of the increase in
clficacy of split applications to the effect thut the second application has on plants previously
treated but not completely killed (and producing new shoots) and some of the increase in
vlticacy to control of plants that emerged after the carlier application date.  Without the second
application, most of the latle emerging plants woeuld survive the first application hecause soil
activity with both aicosuifuron and primisulluron is minimal ¢,

Com yiekl was not significantly affected by herbicide averaged across apphcation timing.  Also,
no sighiticant ditferences in com yield occurred between herbicide applications applied us single
or split applicalions.  Corn yield in untreated plots was 70% less than the average yield Tor the
treated plots. This indicates that thizome johnsongrass is a very competitive weed.
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A grower applying nicosulfuron or primisulfuron at 0.5 to 0.75X rates at an early date (4 10 6
wecks afler comn planting) may choose not to make the second application 2 weeks later (or
substitute row  cullivaiion tor the herbicide application) if treated plants are satisfactorily
controlled and few if any lae-emerging plants are present. The grower however must determine
it wreated plants are recovering and if planis are emerging since the herbicide was applied. A
grower who s reluctant 1o perform a second operation (herbicide application or row cultivation)
should consider a single apphbeation at the full labeled rate wher essentially all rhizome
johnsongrass plants have emerged and most planis have more than five leaves present (7). A
previous study {(4) revealed that single applications at a 1.0X rate 6 to 8 weeks after planting
provided equivalent johnsongrass control as split applications in carn grown under dryland
conditions in north-castern Kansas,

Table 1. Eficct of nicosulfuron and primisulfuron and application timing on rhizome
johasonpgrass control and com injury and yield in north-eastern Kansas in 1991

| lerbicide Application Com injury® Joili:;sj(::f:ass Comn yield

T e

timing (%) (%} {kg/ha)

Herbicide main effect?
Nicosulfuron - 11 1.33 (97) 4720
Prisisulfuron - 16 1.21 (92) 4050
Ledd = 005 NS 0.11 NS
Application timing main effect
¥ x garly ] 1.13 {(88) 4930

.- W o early 10 1.23 (93 3290
- I x carly 13 1.25 (95 4930
- WK+ 20 1.35 (97} 407
-- WK+ YK 18 1.39 (98) 5000
- None - - 1510
Lsad, =005 6 Q.15 710

a

§lerhicide by application timing interaction was not significant at P=0,05 for all
paraamcters.

Full rates (1x) for nicosulfuron and primisulfuron were 35 and 40 g/ha, respectively.
Visua} satings for com injury and johnsongrass control were taken at 4 and 8 weeks,
respeetively, after the first application was made. Johnsongrass control ralings
were arcsine-transformed for statistical analysis; values in parentheses are
nentransformed valucs,
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TERBUTRYNE PLUS MCOPA FOR SEEDLING SAFFRON THISTLE (CARTHAMUS
LANATHS) CONTROL IN WINTER CEREALS

O.B. Hildebrand
Inciee Lad, GPO Box 566, Blair Athol SA 5084, Australia

Summary. A proprictary mixture of terbutryne (275 g/l) plus MCPA (160 g/L. as potassium
sulty was evaluated for the control of seedling saffron thistle (Carthamus funams} when applied
6 weeks after sowing wheat and barley.  During 1991 and 1992 one replicated logarithimic dose
trial and two rephicated fixed dose irials were conducted in farmer established crops. At
1.5 L/ha of the proprictary mixture, saffron thistle at the 2-7 true leaf stage was well contrelled.
The 1.0 L/ha rate of the proprietary mixture required the addition of 12 g/ha clopyralid for
similar control of saffron thistle. Both treatments resulted in a significant grain yield increase.

INTRODUCTION

Salfeen thistle {Carthamis lanatus) 1% an erect annual which germinates from autemn to early
spring.  Saffron thistle competes with cereal  seedlings for moisture and nutrients curly in the
growing crop. If not controlled, dense stands may present problems at harvest and the seeds can
contaminate grain. The Australion Wheat Board and Australian Barley Board both have receival
standards For xaffron thistle seed contamination. Wheat or barley exceeding these standards is
downgraded.

Herbieides registered for use in wheat and barley for early post-emergent control of saffron
thistie include divron and bromoxynil/MCPA mixtures. Phenoxy herbicides are registered for
saffron thistle contral oace cereals commence tillering and are effective for the control of later
cerminations of saffron thistle.

In 1986, research conducied in South Australia found that a tank mixture of  terbutryne
{425 g/ha) + MCPA amine (150 gfha) applied to saffron thistle seedlings at the 10cm rosette
stage provided 67% control in wheat {2). In the same trial, clopyralid (150 g/ha} alone or mixed
with MCPA amine (150 g/ha) resulied in 93% & 98% control respectively (2).

In Y%7, MCPA amine (250 gfa) phus clopyralid (15 g/ha} applied as a tank mixture provided
W% control of saffron thistle in a medic based pasture, The medic telerance to this treatment
was unaceeplable (1),

METHODS

FLogaritmic Doge Trial. The trial sile in Spear wheat had a uniform distribution of saffron thistle
(3 - 5 1rpe leaves), stemless thistle (Qnapordum acudlon} (2-4 true lcaves), medic and a range of
other broad-leaved weeds. Herbicides were applied using a Chesterford Mini-Log Sprayer. The
trial design was a randomised complete block with 3 replicates. The proprietary mixiure was
applied as either a peak dose with reducing rates or as the proprietary mixture at a fixed rate
and clopyralid at a peak dose with reducing rates. The distance required to halve the dosage
was 7 meters. Plols (1x28 m) were assessed for the herbicide dose required for complete control
of each weed species as determined from the half dosage distance.
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Fixed Dose Trials. The wial design was a randomised complete block with 5 weatments and 4
replications of plots (Ax10 m). Herbicides were applied 6 weeks afier sowing in 100 Liha at
220 kPa pressure using a hand held spray boom,

The trial site in Yagan bariey had a low pre-spray density (1[I plants/in %) of safiron thistle
seedlings ¢4-7 truc leaves) and a range of other broad-leaved weeds. Weed counts were
recorded at 65 days after spraying (Table 2). Due to poor crop growth, no grain yields were
obtained from this trial,

The irial site in Schooner barley had 2 high pre-spray density {39 plants/im?) af saffron thistle
seedlings (cotyledon - 7 true leaves) and a range of other broad-leaved weeds. Weed counts
were recorded at 176 days after spraying (Table 2) . Grain yicld was obtained by harvesting the
entire piot.

RESULTS AND DISCUSSION

The loparithmic dose 1rial indicaled that complete secdling saffron and swemless thistle control
could be obtained with 1.5 L/a of the propriclary muxture (412 g/ha terbuiryne + 240 g/ha
MOPA K salt) (Toyt 1., Table 1), When the 1.001 fha rate of the proprictary mixture was fixed
(Tmu 2. Table 1) the addition of 9 gfha clopyralid provided complete controb of  satfron thistie
and stemless thistle.  Medics tolerated 1.5 L/ha of the proprictary mixwure alone, but were very
sensitive to Jow rates of clopyralid.

Table 1. Herbicide rates {grams a.i/ha) required for complete control of saffron thiste,
stemless thistle and Medicage spp. in Spear wheat.

Herbicide Treatment Suffron thistle  Stemless thistle Medics
(g/ha) (wha) (gha)
. Terbutryne + MCPA (K sulf) 412 +240 412 + 240 63 + 00
(Rute reducing from 1 HKH640 g/ha)
2. Terbutryre + MCPA (K salr) 275 + 160 275 + 1RO 275 + 160

(Rate fixed at 275+16{t pfha)

+ Clopyralid +6 +9 +3
{Rate reducing from 30 g/ha)

In the two fixed dose tnials (Table 2), 1.5 Lha (Tt 43 of the proprietary maxiure (412 g/ha
terbutryne + 240 g/ha MCPA K salt) provided 94% amd 85% control of salfron thistle
respectively.  Under heavy weed pressure in Schooner barley. the E0Y L rate {Tmt 2} resulled
in unaceeptsble control (68%).  In this case the addition of 12 g/ha of clopyralid (Timg 3)
markediy improved saffron thistle control. The tank mixtwre (Tmt 5) recommended butl not
registered for saffron thisile control in South Australia provided (95%) control in Schooner
hurley.

Sigmificant grain yield increases were recorded in ull herbicide treatments.  Although o range of

other broad-leaved weeds were also controlied, grain yield increases can be mainly attributed to
suffron thistle  control. Saffron thistle plants that did survive herbicide weamment were
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suppressed with no visible {lower heads at harvest. Grain from untreated plots contained a high
level of saffran thistle seed contamination,

Table 2. “The effect of herbicide weatments on saffron thistle density and grain yield in barley

Treatnwnt Yagan Barley Schooner Barley  Schooner Barley
Saffron Density  Saffron Density Grain Yield
(% Control) (% Control) (% of Untreated)
Iplanis/m?| (plants/m?] |tonne/ha)
1. Untreated 0 it} 0 [39] 100 [(.64]
2.  Terbutryne + MCPA (K salt) £82 140
{275 g/ha) + (160 g/ha) 68
3. Terbuwiryne + MCPA (K salt) 58 133
{275 gha) + (160 gMha) plus 05
+ clopyrakid (12 gfha)
4.  Terbutryne + MCPA (K sull} 94 85 139
(412 g/ha) + (240 g/ha),
5. MCPA (amine) + clopyralid 13 a5 141

(500 g/ha) + (15 gha)

These results indicate that 1.5 Lha of this proprietary mixture is effective For saffron thistle
control in wheat and barley. Al the 1.0 L/ha rate, the addition of a low rate of clopyralid is
needed for effective saifron thistle contrel in cereals.
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EFFECTIVE WEED CONTROL TECHNOLOGY FOR DRY SEEDED RICE IN KOREA

S-C, Kim
Yeongnam Crop Experiment Station 1085, Milvang, Kycongsangnamdo 627-1)), Kores

Summary. Newly developed direct seeding method, high-ridged dry seeding of rice, was
evaluated on yield performance with stability, weed ecology, and effective weed control method,
This new direct seeding method resnlted in as much prain yield and stability as the conventional
mechamcal transplanting method through good seed germinability and uniform seedling growth.
Several herbicide recommendations were summarized.  Basically, two (or three) herbicide
applications were needed. one (or 1wo} at the period of upland soil condition and another one at
the period of permanent flooding condition.

INTRODUCTION

Recent international and locul socie-econoemic situation made a significant change in agricultural
research activily in Korea: better grain quality in varietal hmprovement program and low
pecdluction cost ir coltivation technology development program to meet international market
competition,  Currently, mare than 90% of rice area is transplanted by mechanicul transplanter
{58% for aged seedling, 30-35 days old and 33% for infant seedling, B-10 days old) while
romakning areas are mostly manually transplanied (12). Labor hour requirement of rice ¢rop was
540 hrs/ha for Korea (5), 480 hrs/ha for Japan (5), and 25 hrs/ha for USA (14),

Since 1987 the Yeongnam Crop Experiment Station has tntensively studied on developing new
techmology of direct seeding method in rice crop and thus releused a new techmology,
high-ridged dry seeding method. The success of this technology was almost relied on the
successful control of weeds. The paper discusses mainly effective weed control measures.

METHODS

Tractor attachable rice dril! seeder can be manipulated either high ridged seeding or flat sceding.
Omne way passing of this seeder produce 6 sceding rows making about 50 cm canal in the center
and the digged soils in this canal are used a8 seed covering material (o both sides. Land was not
plowed until seeding date to minimize the harmiul elfect of excessive runfall. Only one of two
rolavatiens is needed for seeding.  Basal fertilizer was manwally broadcasted just before
rotavation. One hundred sixty kg/ha of nitropen was applied n 5 splits with the rale of 30% for
basully, 20% for 3 leal stage. 209 for 7 leaf stage, 20% for panicle initiation stage, und 10% for
Nowering stage, respectively while phesphorus (90 kg/ha) and potassium (110 kg/ha) were all
applied as basally. After one or two rotavations, well cleaned intact seeds were sown at the rate
of 50 kp/ha and followed by one canal irrigation which is essenlial in this technology. For the
first 30-40 days until rice leaf reaches 4-5 leaves the field maintained npland condition and
thereafter maintained flooded condition as nortal puddy rice field.

Herbicide reseurch and weed ecology were mostly concentrated on the first 30-40 days (upland
soil condition periog).  The herbicides used during the experimental period were mostly
marketable herbicides for transplanted rice in Korea. Herbicides were basically tested in three
stages: stage !, for pre-emergence both in rice and weed; stage 2, for pre- and post-emergence
{pre-emergence of rice and post-emergence of weed); and sruge 3, for past-emergence both in
rice and weed.  Crop protection and other cultural practices were lollowed by the standard
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methodalogy Tor rice crop in Yeongnam Crop Experiment Stalion (15} while those for data
collection was Tollowed by Rural Development Administration (13).

RESULTS AND DISCUSSION
Advantapes of Hipgh Rulged Seeding Technology

Since 1987 the author published several research papers related on high ridged dry seeding: for
seeding method (2, 3, 11}, for seeding time (8, §0), for seeding rate (4), for water management
(6}, for weed control (7, 9), for yield potential and stability (2), and for economic analysis (3),
respectively. A scries of this research resulted in several advantages of this technofogy. One
cunal irrigation just after sceding provided quite a stable environment for seed germinatien and
thus sesulied in better seed permination, seedling growth, lodging tolerance, herbicidal efficacy
and minimized the harmful effect of barley straw, stubble and other crop residues in double
cropping, excess soil moistwre dumage, and herbicidal phytotoxicity.

The productivity of this technology for 6 years was 4.52 tha in polished rice which was 98% of

transplanted rice while coefficient of variation of this yield was 8.5% for new technology and
6.4% for wransplanted rice, respectively (Table 1),

Table 1. Comparison of the yield productivity between mechanical transplanting and

high-ridged dry drill sceding (polished rice, ha)
Yes Mechanical High-ridged dry Index
car transplanting (A} dril seeding (B} (B/AY
1OKT- 19492 4.60 4.52 93
CvVa Hh.4 8.5 -

Effective Weed Controd Method

Weed ecolopy, Among the rice cultivation methods dry seeding method resulted in the greatest
weed growth and thus weed control is of prime importance in success of the new technology.
During experimental period (1987-92) yieid loss due to weed growth was 70-100% for dry
secding, 40-60% For water seeding, 30-35% for mechanical transplanting of infant seedling (3-10
cays old), 25-M% for mechanical transplanting of aged seedling (30-35 days old), and 10-20%
for manuul transplanting, respectively, More than two fold of weed was harvested at dry
steeding than at manual transplanting.

Shift of cultivation methed from transplanting 1o dry seeding resulted in change of not only total
weed biomass but alsa foristic composition.  Recently the occurrence of E. crus-gafli has
rapadly increased.

“This was o1 an important weed in 1980 weed survey, Recently, herbicides were predominantly

developed as a mixtures with sulfonyl ureas which have refatively poor efficacy 1o grasses. And
also, laber shortage andl high labor wape resulted in a tendency to reduce tillage operation and
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poor water management. These all might be contributed w increase of Echinochioa species,
One other passible contribution is the passibility of the development of herbicide resistant strain,

Afier three years consecutive dry seeding of rice the floristic composition was drastically
changed. The most important weed species was Echinochina species having dominance of
47.2% followed by Digitaria adscendens (9.6%), Aeschynomene indica (1.5%). Lepiochioa
rhinensis (6.7%), etc. One interesting thing was the occurrence of weedy rice.

The occuerence of weedy rice might possibly be originated from shattered grain in previous year,
outcross among cultivated cultivars, and/or outcross between cultivated dee cultivar and red rice.
Strictly speaking, the term of weedy rice imply the collective term of a descendant between

cultivated rice and wild rice (1). Author, however, included the above three categories as weedy
rice,

Chemical conrel. Even though there is an increasing awareness of the imporiunce of the
integrated weed management concept herbicide is working on key factor on this concept
particulusly in dry seeding method.It can be said that herbicide recommendations are well
established in trrigated rice field and thus it was focused mainly on first 30-40 days of upland
periodd,

Tubde 2. Herbicidal eflicacy of scverad svil applicd herbicides as allected by imgauon regime

Hc.:lnicidc Waler Flushing* Canal irrigation

i i -

fik- w/hi) solubility  ppocionicity  Herbicidal — Phytolosicity  Herbicidal

(ppm) (1.9)  efficiacy (%) (-9 clficucy (%)

. hutachlor (1RO 240 1.2 K3 | [£1]

Alsobencub {28003 360 1.0} K3 i 45

. chlomethoxyfen) 0.3/240 1.0 B ! o)
bagchior (27X}

. pyravodake/ Q05240 o %5 1 35
e hior (ZR500

. pyrazoxylonf .07240 1.0 Ra 1 o)
hulachlor (2850)

. hutzachlorf 2408 20 g5 | LX)
bensulluron-methyl (801}

melenscelf KR 1.5 94 1 50
hensulfurcn-mcthyl (7589)

. Machencarky YR 1.5 94 1 &
bensul lurcn-meihyt {1539)

. molingsief RO0/221L 1.5 96 1 as
pyrazssulluron-ciiyl (1521}

_ thishencarh/ ingzn 1.5 45 1 76

pyracosallyeon-cihyl (1521}

* Plushing: 3-6 hours Mooding.

Several granular herbicides currently use in transplanted rice were screencd the  herbicidal
pedfonmunce and phytotoxicity as pre-emergence application.  Maost of herbicides performed
better w1 flushing of water (3-6 bours tlooding just after herbicide application) than canal
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inigation {Table 2}, Among herbicides the mixture of molinate/pyrazosulfuron-ethyl had the
greatest herbicidal efficacy in both water regimes, Effective berbicide recommendations for new
direct seeding technology were summarized in Table 3 based on 5 yeurs research.

Amaung those, just before the rice emergence about 12-15 DAS application of herbicide mixtures
of pre-emergence soil-irealment herbicides and post-emergence foliar application herbicide were
particularly effective thronghout the experimental period. These were propanil mixtures :
propanil+butachlor, propanil+pendimethalin, and propanil-+thiobencarb. The maximum safety
and good herbicidal efficacy can be achieved by application of these herbicides at just before
rice emergence bul weeds are almost complete their emergence.  Echinochloa species were
usualty emerged faster than rice by 4-6 days. As mentioned carly one additional herbicide
application was needed just after permanent irrigation about 40 days after seeding. Therefore,
basically two (sometmes three) herbicide applications are needed for this new technology, one
(or 1wo) application for dry period aad another one for flooding period. Non-selective contact
herbicides of paraquat, glyphosate, or glufosinate ammenium are sometimes applied either single
application before sceding or tank mix apphication with butachlor, pendimethalin or thicbencarb
Tor comrolling the developed weeds such as Alopecurus gequalis.

“Fuble 3. Effcctive herbicides for controlling weeds in dry seeded rice

Application  Heebicide Dasage Phytoloxicily Elficacy Test year
time tfoemulation) (kg ai.fha) (1-9) (%)
-5 DAS" . pendimcthalin {32.7EC) 1.60 1 75493 199¢3-93
{phase 1)
. pyrazosulluron-cthylf o 1 70-92 99133
butachior ((.0772.50)
. pyezosulluron-cthy Y 1.52 1 73-95 199193
thssbencirh (0UF/506)
. pyrazosulluron-cthylf 1.52 1 70-92 199193
molinage (007/56G%
. melenace/bensulluron- 1.54 1 73-93 1961-93
methylfdymron {3.5/0.13/1.5G)
. pyrazosul furon-cthylf 0.32 1 90-95 1991-93
yuinckxuc [{LITAG)
. hensulluron-racthylf 0.35 1 #5-92 199193
yuinclorac {0.17/1G)
12-E5 DAS . peopawil + bulachlos 1.4+1.3 I 92-98 1989-93
{phase 2) {35+ 33 60
_propant] + pendimethalin 14+1.3 1 95-98 1990-93
{35 + ILTEC
3-35 DAS | guinclorsc/bentiican 1.5 1 90-98 1959-93
{phase 3) 00 W

*DAS: days alter seeding,
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CYHALOFOP BUTYL: GRASS HERBICIDE
- FIELD PERFORMANCE IN RICE [N JAPAN -

T. Matsumote, K. Matsuya, H. Katahashi, N. Konde, Y. Imai
DowElunce Division, Dow Chemical Japan Limited,
Seavans Norh, 2-1, Shibuura 1-chome, Minato-ku, Tokyo 105, Japan

Swummary. Cyhalefop butyl, (R}-butyl 2-(4-(4-cyano-2-fluorophenoxy)phenoxy) piopionate is a
new grass herbicide having outstanding selectivity between rice and Echinochioa crus-galli, even
under conditions in which rice seedling roots are directly exposed to paddy water. The safety
margin for japonica rice was over 10 times greater than the rate required for control of
E. crs-galli. Cyhalofop butyl had consistent performance under a variety of paddy management
condlitions, combining rapid knockdown wilth short soil residuality. Neither selectivity nor
efficacy ways affected by leaching conditions. In field trials in Japan. cybatofop butyl controlled
E. crus-golli up to 4 leaf stage as a granule application and up to 6.5 leaf stage as a foliar spray,
without injusy 1o rice.

INTRODUCTION

Cyhalofop butyl, coded XDE-537 (DEH-112 in lapan), is a new post-emergence aryloxyphenoxy
propionate herbicide discovered by DowElanco, Cyhalofop buryl has high selectivity between
rice and target grass weeds, due to different metabalism of the molecule (1). Cyhalofop butyl
kifls target grass weeds within one week after application. The purpose of the present work is to
elucidate the herbicidal propertics of cyhalofop butyl for rice in granule and foliar spray
applications.

METHODS

Figld trials. [n 1989 and 1990 seasons, field trials were carried out at Fukuoka field station of
DowElanco division in Japan. After the paddy field was rotary-tilled, puddled and levelled,
target weed seeds were infested.  Rice seedlings at 2.5 leal stage were transplanted into the
paddy field at a planing depth of approximaiely 2 10 3 cm by wansplanter a few days afier
levelling. The plots were separated by corrugated plastic boards. Trials with a plot size of 6 m2
were block rundomised with 3 replications. The granular formulation of 0.6% cyhalofop butyl
was broadcasted by hand onio the water surface at appropriate timings. The EC formulation of
30% cybalofop butyl was sprayed aver the top of plants by a knapsack sprayer at 1006 L/ha of
spray volume with a wetting agent at 0.03%. The water in the test plots was maintained at 3 to
4 cm deep during trial pedod. Weed conwrol efficacy and crop injury were visually evaluated in
comparison with the untreated plots 2 and 4 weeks after application. The soil characteristics
were  alluvial seil, 559% sand, 26.7% silt, 17.5% clay, 34% organic mater, CEC
208 mog/ 100 g and pH 6.5. One cm of water loss in depth was observed in a day.

Pul_trials. Soil was puddied and leveled in the 3/5,000 are Wagner's pot. Pot trials for residual
activity, leaching and crop tolerance were conducted at Gotemba laboratory of DowElanco in
1989 and 1990, A water level iral was conducted at Fukvoka field suation in 1992 under
greenhouse conditions.  For the sesidual trial, 30 pre-germinated seeds of £. crus-galfi were
settled on the soil surface in the pot at designed days after appiication (0, 3, 7, 14 DAA) and

Abbroviswms:  EC. emulsifiable concentrate; Gr, granule; LF, Jeaf slage; DAA, days after application; ad., aclive
ingredient.
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evaluated 2 weeks after seeding by visual rating with 3 replications. Water leve) was maintained
at 3 em. For the leaching study, E. crus-galli at 2 leaf stage was treated with cyhalofop butyl
granules and maintained under leaching conditions at 5 cmfday for 2 days from 1 day after
application with 3 replications. For the tolerance study, ene group of 2.5 leaf stage rice plants
were transplanted at a planting depth of 3 cm and the other were settled on the soii surface with
their roots exposed to the paddy water directly. They were treated 1 day after transplanting with
3 replications.  The characteristics of Gotemba soil were humic velcanic ash soil, 29.5% sand,
44 6% silt, 25.9% clay, 5.95% organic matter, CEC 67.5 meg/L00 ¢ and pH 6.25. TFor water
level trial, E. cruy-galli at 3 leaf stage was applied with granules of cyhalofop butyl at the water
depth of 1, 2 and 3 ecm with 3 replications and the water depth was maintained for 4 weeks.
Temperature of both greenhouses was kept at 30°C in the daytime and 20°C in the night.

RESULTS AND DISCUSSION

Weeding spectrum (field trial), Cyhalofop butyl at 180 g ai/ha gave perfect control of 1 to 3
leaf stage of E. crus-galli, while it did not control any annual and perennial broad leaves and
sedpes (Table 1).

Tabdle 1. Weed control spectrum of cyhalofop butyl ar 180 g ai/ha (field trisl)
% weed control 4WAA

Time of application

1 2 3LF
Echnichloa crus-galli 1060 100 OG0
Cyperus difformis 0 1} 1]
Monochaoria vaginalis 0 H 0
Annual broad-leaved weeds 0 0 )]
Srirpus juncoides 0 0 0
Cyperus serotinis 0 0 0
Sugittaria pygmaeq 0 0 0

Activity of cyhalofop butyl on E. crus-gafli (field rrial). The granular fornmulation of 0.6%
cyhalofop butyl gave perfect control of 3 and 4 leaf stage E. crus-galfi at 180 and 360 g aima,
while the EC formulatton in foliar spray exhibited perfect control of 5 and 6.5 leaf stage
E. crus-galli at 240 and 600 i ai/ha, respectively (Table 2).

Residual activity {pot trial). Residual activity of cyhalofop butyl was obscrved ap te 3 days
afler application at 180 g ai/ha (Table 3).

Effect of leaching on activity of cyhalofop butyl {pot trial). There was no significant difference
in the activity of cyhalofop butyl on E. crus-gaffi under leaching and non-leaching conditions
{Table 4).

Effect of water level on the activity of cyhalofop butyl (pot trial). Deep water conditions gave
better conrol of E. crus-gaffi than shallow water (Fig. 1). Cyhalofop butyl required a minimum
witer depth of 3 cm to maximise performance.
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Tolerance_(pot trial).  Granular cyhalotop butyl at 1,080 and 2,190 g avha (6 and 12 dmes
recommended use rate) caused no injury to 2.5 leaf stage rice seedlings transplanted at a
planting depth of 3 ¢m, and very slight/slight injury to rice seedlings of with roots directly
exposed 1o paddy water {Table 5). No phytotoxicity was observed on rice below 1,080 g aivha
under the exposed conditions. The symptom of injury was slight browning of leaf tips without
reduction of height and weight. Cyhalefop buty] had outstanding rice selectivity, even under
conditions n which nice seedling roots were directly exposed to paddy water. The safety margin
of the granular formulation for japonica rice was over 10 times greater than the rate (180 g
aifha) reyuired for control of 3 leaf stage E. crus-galli. Foliar spray treatment (field trial) was
also highly selective 1o juponica rice (Table 6}

Table 2. Activity of cyhalofop butyl on E. crus-gafli (field wial}
% E. crus-gatfi control 4WAA

Treatment Rate Time of application
application g w/ha 3 3 4 5 6.5 LF
Cyhalefop butyl B 100 100 - 100 100
3% EC HK) 100 HO - 100 -
Foliar spray 240 - 100 - 100 26
180 100 100 - 20 -
Cyhalofop butyl 60 100 100 100 83 .
0.0% Gr 180 100 100 83 63 -
50 97 03 70 47 -
45 a0 73 - - -
(ui Hclorﬂc 60 100 100 9% 30 -
1% Gr N 100 100 87 70 -
150 98 73 60 27 -

75 07 40 P - -

Table 3. Reswlual activity of eyhalofop buty! in granule (pot trial}
% control of E. crus-galli seedlings

Cyhalofop butyl Interval between herbicidal application and seeding
0.6% Gr ) 3 7 14 days
180 g aifha 14} 98 45 16

Lilfwscy wae cvahantrd 2 woeks alier soediog
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Table 4. Effect of leaching on activity of cyhalofop butyt (pot tmial)

Ralc 9 E. crus-galli control AWAA
Treatment .
g ai/ha Leaching Non-jeaching
Cyhalofop butyl 0.6% Gr 180 98 a9
90 08 88
Cuinclorrac 1% Gr 300 85 o7
Mefenacet 4% Gr 1,200 60 60
0140 g atha
190 { r Otre
. o lwsze

LR N I T I s
Wi
% E crs.galli .,
control dWAA |
I
)
1

5 I 1

Deapth of waler {cm)

Figure 1. Effect of water depth on activity of cyhalofop butyl

Table 5. Tolerance of rice plants granular against cyhalofop butyl in under different
transplanting conditions {pot triaf} IWAA

Planting depth

Treatment g aifha 3 em 0 em
Visible Plant height Visible Plant height
injury % of untreated injury % of untreated
Cyhulofep butyl 2,160 Nil 97 Slight 99
0.6% Gr 1,080 Nil 99 Very slight 102
720 Nil 103 Nil 104
360 Nil 99 Nil 111
Mefenacet 1.200 Nil m Significant 54
4% Gr
Liatreated - - 100 - 10

Kicr at 25 leall stage wis Ureated 5 days after transplaning
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Table 6. Tolerance of rice plants against cyhalofop butyi in foliar spray (field trial)
Injury ZWAA

Growth stage

Treatment g ai/ha
3 4 SLF
Cyhalofop butyl 450 Nil Nil Nil
0% EC 30 Nil Nil Nil
REFERENCES

i.  Ray, P.G. Pews, RG., Flake, ], Secor, I. and Hamburg, A, 1993, 14th APWSS, in press.
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AC 322,140 - A NEW HERBICIDE FOR USE IN
TRANSPLANTED PADDY RICE IN JAPAN

S. Murai'. H. Hasui?, K. Kawai*, M, Kimpara® and M, Suzuki®
' Cyanamid {Japan) Limited, Tokyo, Japan
* Cyanarmid (Japan) Limited, Tahara Ageicultural Center, Aichi, Japan

Summary. AC 322,140 is a new broad-spectrum herbicide being deveioped for weed contral in
trunsplanted rice in Japan as well ay other rice growing countries. In field trials in Jupan, AC
322,140 showed good selectivity o rice cultivars and provided excellent persistent control of
major annual weed species including Cyperus difformis, Monochoria vaginalis, Elatine iriandra,
Lindernia procumbens, and perenmial weeds such as Eleocharis ucicularis, Svirpus juncoides,
Sugittaria pygmaea, S. trifolio and Cyperus serofintis with both pre-emergence and  post-
emergence applications at raies of 45 1o 60 g ai./ha. The persistent and consistent performance
demonstrated in ficld testing is also well supported by several findings in greenhouse studies
illustrating the wnigque propertics of AC 322,140,

INTRODUCTION

AC 322040 {1-1O-(cyclopropylcarbony pheny] [sulfamo vl }-3-{4,0-dimethoxy-2-pyrimidinyl}-
urca) is 4 new selective herbicide belonging to the sulfamoylurea class of herbicides,  This
broad-specirunt herbicide was discovered and is being developed by American Cyananid
Company. 1t has uniyue chemistry and mode of action, and is active against o wide variety of
broad-leaved weeds and sedges with good selectivity to rice plunts (1), AC 322140 1§ now
under development for weed control in transplanted paddy rice in Japan as well as other tice
growing countrics.  ‘The present paper deseribes the biological performance of AU 322,140
through field trials conducted in Japan, and some in Korea, Taiwan, Indonesia and Thailand
since FO9. Also, several findings in greenbouse studics o Tahara Apriculral Center relating
e it's performance are presented.

METHODRS

Field Trials. AC 322,140 (L15% extruded clay granule $G) and 0.2% G formulations were field
tested in transplanted paddy rice from 1990 1o 1992, All reatments were replicated three imes
wilh a plot size of 2x3 m. Treatments wore made by hand post-transplanted to rice a1 Pre-
emergence 10 Post-emergence from 0 10 15 DATR (days alter tansplanting).  Appropriate
eommercially available products were used as references. Plots were visually assessed o various
times doning the growing season,

fircenhouse Test.  Greephouse testings were carried out a2 Tahara Agricultural Center usually
using loam soil in pois to clarify the biological properties of AC 322,130 as a rice herbicide.

RESULTE AND DMSCUSSION
Field ‘Frials.  [n Japan, ficld wmals bave been conducied under different climatic conditions
during three seasons.  The results presented here summarize 6 trials carried out in the cool areq

of Hokkaide, in the moderately warm arca of Aichi on Honshy and in the warm area of
Kugoshinma on Kyushu in 1991 (Table 1}
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AC 322,140 at the rates of 45 to 60 g/ha provided excellent control of annual and perennial
broad-leaved weeds and sedges tested such as Moneochoria vaginalis, Lindernia procumbens,
Sagittaria pygmaea, 8. trifolia, Scirpus juncoides and Cyperus serotinus. AT 322,140 pariially
suppressed annual grass. Echinochlva crus-galli, however, control was not sufficient. Crop
tolerance of AC 322,140 at the rate af 45 to 60 g/ha was excellent in these trials.

Takle 1, Average woed control of AC 322,140 treated at Pre-emergence, Early post-emergence and Post-emergence in
paddy rice ficlds, 1991 Jnpan
" Rae  Applicaiion % Control al 2 MAT Phyto-
Treatmend ) . T 1oxicity
(& a1Ma) MR ECpCR CYPDL MOOVA  LIDPY  SAGPY  SAGTR CYPSE SCPIU

AC 3221400 A5 210 5 DATR 6 a5 9 &9 92 o7 94 o 0
&) R 95 9 %l 93 23 95 vy 0

Buensuliurn S1£L A0S0 " 97 a7 1) ] 91 D4 a7 94 u7 a

ffenacetfidymnan

Pyruzsulluron 211050 " 95 97 T 86 i 100 94 98 25

fimcfenacet

AC R22 140 45 S i DATE 70 ¥ 9 % 98 100 9% 95 02
H) 16 98 98 » ® 94 94 97 0.6

Hensulluron SIS0 " a7 o8 92 91 97 100 98 92 18]

Smefemcctilymron

Iyruzosulluron 2441050 b 93 97 " 84 91 1Ny 9h 3 05

fmelenacel

AC 522,140 45 T 15 DATR 64 IR @» 98 9 95 95 99 0.8
)] 74 B 100 » 9 @3 93 99 n

Bensulluron SIfELOSOMN " 98 98 99 a8 9y 90 95 05 a

fmclenacelfdymron

I'yrasuxalivron 2HILG " $1 Yk 99 89 97 100 92 96 05

Auinedenacet

ECHCR: Ecltinocitlon crus-galf CYPLH: Cyperus difformis MOOVA: Monochoria vaginulis

LIDEY : Lindermia procembvns SAGI'Y: Sagittaria pygmaed SAGTR: Sagittaria riforiu

CYTSE: Cvperrns sorcdinu SCPILE Newrpusy purwronides

Under poor growing condition, however, some growth retardation was observed, but this
symptom is transient and forther growth is not affected.

AL different application 1imings, AC 322,140 showed consistently effective weed control at pre-
emergence stape of weeds (2 1o 5 DATR), carly post-emergence {5 o 10 DATR, 1 leaf stage of
rice) und post-emergence (7 to 15 DATR, 2 leaves stage of rice).

In these mials the assessments were done at about 2 months (36 to 67 days) after treatment and
at these later timings, standard products like bensulfuron-methyl/mefenacet/dymron  and
pyrazosulfuron-ethyl/mefenacet showed some regermination of annual weeds and 3. funcoldes by
carlier application while AC 322,140 gave almost perfect etficacy at any application timing.
These Tesulls sugpest the excelient persistent weed control of AC 322,140 is superior io these
standard products,
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AC 322140 also showed excellent to good herbicidal activity against Rewala indica, Lindernia
anpustifolia, Ludwigia prostrata, Elatine friandra and Eleocharis kiroguwai in Japan. Similar
promising results have been found in other Asian countres such as Taiwan (tested a 20-50 g
a.i./ha), Korea (20-60 g a.i/ha), Indonesia (20-60 g a.i/ha) and Thailand {wet-sown rice, 20-60 g
4.1./ha).

Creenhouse studies. Results of a leaching study using soil columns being leached with 3 cm of
water at 1 day after treatment indicate low mobility of AC 322,140 in soif (Figure 1).

Figure b Mmmm-u:,urchln Figure 2 Hastzcwdal acthty of AC 323,10 an
B WEm e puncesies man b be T Dlommery WOwt | Ragiaria pygmaea
muummwmmlmmmlmmm

wuposat 1o harbicide ol dfiaceant pancde

[ | ak 1AD Aty ann b ACiTE el d
. | I = Daweron 810 - Dot Ghg |

[
| i W) cuierned (3 W
E| I & - . -
Lo | L 1
: nl o . P '
’l . al- ’ - .
| . :
) i - . i
' i ar - |
_," /.- u . - .

o iy Adays  ddeys  Steys > Mave
ACSZ!!M‘IM‘IM‘ hmmﬂiqﬁ‘l Expoand Tria @ hesiicide rerted in paddy gl

Leacinng oapE: BT

In a test designed to measure speed of uptake, just perminaled S, pigmaes tubers were exposed
to herbicide treatment on a paddy soil for different lengths of lime. The results demonstrate a
laster uptake of AC 322,140 by weeds than bensulturon or pyrazosulfuron (Figure 2).

AC 322,140 also provided excellent activily against . pygmgeg and alinest compleiely mhibited
the reproduction of tubers for 7 months after treatment. In contrast, besulfuron and
pyrazosulfuron treated S. pygmaea produced high numbers of tobers (Table 23.

Table 2. Herbicidal activity of AC 322,140} on Sagittaria pigmaca [Effect on the
repreduction of tubers

Vreatment Rate Averaged numbers of whbers at
{pfha) 7 months after treatment
AC 3122140 40 }]
60 0
Bensulturon 68 31
Pyrazosuiluron 28 13
Untreated . 50

Tremment: October 25, (991, Assessmenl: May 25, 1992
4 jubers/plot were planted on Oclober 28 1991 Replication:2
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To examine the nlluence of overflow of paddy water after treziment on weed control, a
simulaied overflow st was carried out according to the method developed by H. Monta (2).
Results suggested that AC 322,140 performs bener under overflow condition than bensulfuron or
pyrazosulfuren (Figure 3). '

Fiqure 3. Influence of overflow an the herbicidal activity of AC 322,140
Scirpus juncoides

R il . .
0 ") mghaii i m Byt 1l " Tohe
R0 Bariren Pyl

In pot tests using ¥ kinds of Japanese paddy seils, AC 322,140 showed consistent selectivity to
rice and efficacy in §. juncoides {Table 3).

Tablc A Crap scleclivily and hevhicidal activity of AC 322,140 (60 g/ha} in 8 different paddy soils in Japan

Sclectivity (% of conrel} Yoed contol
Sail ) i -9y
Plant height Dry weight Scirpus juncoides

Naganumc Alkavion/Clay Loam 101 96 -3
Furukawa: AlluviomClay loam 104 100 8
TochigizVolcanic/Loam o4 %9 B
Shigic Alluvism/Lagim i3 94 8
Kagawie Aluviom/Sandy Toam 14 95 -4
KagoshimaAlluvium/Sandy lopm 99 us 3
Toyokawa: Deluvivoa/Loan 98 97 8
Talara: AlluvionyLoam 9% 95 8
Sclechwity  Variety: KOSHIHTKARL Application: 2 DATR Weed conimt - Application: Pre-cimergence

Leaching: ¥ cmjday & 2 days Leaching: Mo leaching

Aszesanent: 25 DAT Assessment 33 DAT

* Visual assessment sveonc: O (oo cliect) 9 (eomipletely kilked)
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These results from both field and greenhouse tests indicate AC 322,140 is a promising new rice
herbicide with improved consistency and persistent weed control on a wide range of anoual and
perennial broad-leaved weeds and sedges. AC 322,140 has the potential to be combined with
E. crus-galli herbicides and further research and development in that regard is underway in
many rice-culiivating countries.
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ENVIRONMENTAL WEEDS IN TASMANIA

K.R. Young
Department of Primary Industry, Fisheries and Energy, PO Box 303,
Devonport TAS 7310, Australia

Summary. A series of workshops in the south, north and north-west of Tasmania identified and
prioritised plants considered to be environmental weeds in different land use systems - Bushiand
reserves, Native forestry, Roadsides, Riparian systems and Agricultural land, The major weeds
identified were gorse ({/lex europeaur), blackberries (Rubus fruticosus agg.), breoms (Genista
manspessulany and Sarathamnaus scoparius), pampas grasses (Corfaderia spp), ragwort {Senecio
jucobea) and boneseed (Chrysanthemoides monilfera).

INTRODUCTION

Environmental weeds have been defined as "thase species that invade native communities or
ecosystems, being undesirable from an ecological perspective, but not necessarily an economic
one” (1}, For this paper the above definition has been slightly altered to cover any community
or ecosystem not those (hat are just native. This is because plants that are considered weeds in
one landuse system generally are weeds in other Yanduse systems. IF effective conuol of weeds
in any landuse system is ic be achieved, recognition of the status of the concerned plant in
neighbouring systems needs to be taken into account and any conflicts need 1o be resolved prior
to impletnentation of any control strategy. Aims of the workshops were to identify the major
environmental weeds in Tasmania across all landuse systems in order to get a co-ordinated
community approach into any weed strategy being implemented.

METHODS

Three identical workshops were held in the south, aorth and north-west of Tasmania duting
August 1992, The aims of the workshops were to identify major weed problems in different
landuse systems and prioritise weed control in these systems. The workshop was divided inte
three sections:

. plenary session
. identifying environmental weeds of different land use systems (group workshop)
- formulating controt strategies for specific weeds (group workshap).

The land use systems that participants worked on were Bushland reserves, Native forestry,
Roadsides, Riparian sysicrns and Agricultural Jand.

Participants classified the area of infestation according to the size of infestation and distribution
{Table 1). A contral priority rating was also given to the majority of weeds listed. The priority
rating used was the same as (1), shown in Table 1.

In the final scssion, participants worked on control strategies for individual weeds, collating
information 1o form a control strategy - the combination of the three workshops covered 13
weeds being  blackberry (Rubus fruticosus agg), boneseed (Chrysanthemoides monilifera),
brooms {(Genisia mownspessulana and Sarothamaus  scoparius), crack willows (Salix fragilis),
fonnel (Foeniculum vulgared, glyceria (Glyceria maxima), gorse (Ulex europedus), paspalum
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(Puspalum  dilatatum), pampas grass (Cortgderia  spp.), sweet pittosporum  (Pitrosporum
tndulaturn), thistles (Carduus, Cirsium and Silybum spp). vagwort (Senecio facobed) and spanish
heath (Frica lusitanico).,

Table 1. Ratings of Weed disisibution and urgency for initiating control measures

Weed Distribulion Rating Urgency for iniliating control measures®

1. Widespread (medium 1 large population) L. Critical (as soon as possible)
2. Widespread (smakl population) Very High {within two years)
3. Limiled distribistion (medium to large population) High (2-5 years)

Medium (6-10 years)

oo

4. Limited distribwion {small populaiion)

5. Locatized (medium (o large population) 5. Muanagemenl measures in place

6. Localised (small population}

* Trom (1)
RESULTS AND DISCUSSION

Although both ratings were used, only the ratings on urgency for action is reported.  The
distribution rating is necessary to determine the amount of resources that will be required 10
enact effective control methods.

Bushland reserves. This area had the most weeds rated as category 1. Many of these weeds
were listed at only one of the workshops, reflecting the need for control of specific plants on a
regional basis. Weeds listed as category 1 were blackberry, boneseed, broom, cape ivy (Senecin
millunioides), cotoncaster {Cotonteaster Spp.). gorse, hawthorn (Craigegus monogynd), marrum
grass (Amwnophifa arenaria), pampas prasses, sweet pittosporum, ragworl, rice grass (Spartina
anglica), spanish heath and Uresperma datechampi,

Native Forestry. Only two weeds, pampas grasses and ragwort were considered w be in
category 1. Other weeds such as porse, broom, blackberry, and thistles were given rling
between Z-4, recagnising the impact these weeds have but acknowledging contrel measuresin
practice.

Ripuniun systems,  Weeds listed as requiring urgent action {category 1) were fenncl, pamots
teather (Mryiophyllum aguaticunm), ragwort, rice grass, and thistles, Rice grass and ragwort were
Listed in of feast two workshops. Both crack willow and gorse were put in catepory 2 as it was
lelt thut replacement species were required. prior to or as these species are contratied in order to
maintain river bank stability.

Roadsides. Weeds rated i category | were broom, cape watlle {Albizzia lophantha),
cotoncasier, fenncl, porse, glyceria, pampas prasses, palerson’s curse (Echium plantagineum),
rupwort und various thistles. Weeds in this system were generally given a high priority due to
the roads being cormdors into fragile areas.

Agricultural.  As with native forestry omly a few species were rated as category 1 being
Amyranthies spp. glyceria, African feather grass (Pennisetum muacrouram), ragwort, scrrated
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tussock (Mussella trichoma) and nodding thistle (Carduus nutans). Only ragwort was rated in all
workshops.

The weeds that are causing problems across most landuse systems throughout Tasmania were
porse, blackberries, broom, pampas prasses, ragwort, and boneseed. Although of these only
boneseed is listed as one of Australia’s top environmental weeds (1), the problems these weeds
causc is being recognised by various community groups. Environmental weeds are the focus of
Landcare groups throughout Tasmania, with the majority of groups targeting the major weeds,
gorse, blackberries, broom, pampas grasses, ragwoert, and boneseed. However, other groups are
focusing on specific weed problems such as rice grass and willows that affect their local area.
On the west coast of Taesmania, a group is formulating a control strategy involving all users of
the area. This area forms a boundary to and dissects the Tasmanian Wilderness World Heritage
Area. It is estimated that 30% of Tasmania’s flora species are now naturalised plants of which
half are invasive species (1).

As weeds tend to ignore buman implemented boundaries, weed controf prograrmmes need to be
managed accordingly.  Instcad of using land ownership o enforce weed control, control
strutepics should be planned using the whole water catchment of a district as the starting point.
These strategics will require the co-operation and resources of whole communities. When whole
comumunities become involved with weed contrel not only will present weed problems become
less daunting, new weed infestations will be more quickly recognised and bought under control.
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THE CURRENT STATUS OF WEEDS IN SELECTED NATIONAL PARKS OF SOUTH
EAST QUEENSLAND

W.L. Thompson
‘Dimboola’, Glass House Mountaing ( 4518, Ausiralia

Swnmary. A survey has shown that weed infestations in some national parks in south-east
Queensland are extensive and probably uncontroilable. Lar’e areas require restoration. The
worst  invasions are historical due to practiffes which were totally incompatible with biological
conservation. Some species are invading nawral areas with little if any human assistance, The
problem can only get worse as the remaining unprotected natural areas are frapmented and
destroyed by development.

INTRODUCTION

Some of the greatest problems for conservation biclegy are resource over-use, pollution, and
exotic invasions {3). Resource use and pellution can be managed but exetic invasions are often
permanent and in many cases uncontrollable. Over the seceni past. Australia has concenwrated
on enlarging the estate for nature conservation purposes with minimum attention being given to
management. Weeds formn an acute and insufficiently appreciated ecological problem with
formidable management and contrel implications (4).  These statements are reinforced by a
survey of six National Parks sitvated on the Sunshine Coast between 50 and 100 km north of
Brishune, The area is sub-tropical with an annu!l rainfall of 1500 to 2000mm. Parks supporting
three different broadly defined ecosystems, mountain heathland, heathland and forest were
surveyed. The mountain heathland areas contain unique and rare heaths on their stopes, with
relict species that were once more widely distributed. The heathland parks are characterised by
large poorly drained areas which support heath or Melaleuca quinguenervia forests and
woodlands. The forest parks are situated on the edge of u basalt platean with rugged terrain.
The ridges and escarpments support open forest with closed forest on the better soils in the
gorges. Al parks surveyed have, or are being rapidly isolated from surrounding natural
vepetation by development.  Extensive areas have been disturbed, particolarly by logging and
grazing.

METHODS

It wias nccessary (o select a survey sampling method which was fast, reasonably accurate,
vbjective as possible and non-destructive. A grid system with transects across ecolegical
boundaries was considered most appropriate but this needed modification because of terrain,
especially cliff lines and impenetrable vegetation, usually weeds.  All drainage lines were
tollowed if practicable as these represented naturally disturbed areas. 180 km of transect were
completed for the survey, many travelled in both directions. Measorements recorded were
madified dunng the survey. [nitially a density was calculated for each weed encountered but a
subjective cover measurement became relevant for areas where weeds dominated the landscape.
Weed infestations were followed off transect to establish their range. With the use of aerial
photographs it was possible to extrapelate point data with reasonable confidence 10 produce
weed density distribution maps,
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RESULTS AND DISCUSSICON

An overview of the survey is shown in Table 1. The percentage of each park estimated as free
of weeds does not necessarily reflect the magnitude or impottance of the problem. Seventy
species of weed were recorded.  This total would be greater if all species in highly disturbed

arcas had been identified.

Table 1. Overall result of weed survey [or six natonal parks in south-casi Queensland

MNagtonal Area  %oweed  Weed stalus Greatest problem species

Park (ha) free

Mi Coolum 72 80 Reasonable  Cinnamomum camphora

Ms Tibogargan 6u2 a0 Quilc good Pinus ellioitit

Maonloolah 67} 95 Reasonable  Baccharis halimifolia

Pumicestone HXNY 40 Bad B. hafimifoliaiP. elliottii

Kondalilla wm 10 Very bad Lantana camara/Desmodium intorrum
Mapchion Falls 26 pdt} Fairly bad L. camaralAgerating riparia

Herbs and grasses accounted for 50% of the total but most were found in highly disturbed areas
with no apparent ability to invade natural systems. The growth form of weeds causing serious
problems or potentially serious invaders identified are shown in Fig. 1.

Figure | Growth form disteibution of 22 problem weeds in selecied national parks of south-
east Queensland,

The most invasive envirenmental weeds encountered are shown in Table 2.
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Lantana, fgntana camara. Lantana is present in 14% of the survey area. The percentage is
much greater for the two rainforest parks. Lantana is an efficient pioneer species making use of
both natural and anthropogenic disturbance. It grows best on the richer soils, but sparse stunted
patches occur on very poor shallow soils. Large areas of Kondalilla and Mapelton Falls
National Parks have a 100% understorey of impenetrable Lantana. These areas have been
cleared or are logged tall open forest. It also occurs in open forest in patches, with dense stands
oceurring where the canopy has been opened by logping, tree fall or landslides. In the other
parks it usually grows on drainage lines on the better soils. Because of its cost to agriculture in
many countries of the world, conservatively estimated at five million dollars per znoum in
Queensland alone (1), biological control has received a lot of attention with 23 insecis released.
Three species have slowed the rate of spread but the great difficulty in Australia arises from the
wide diversity of weedy Lantana camara taxa and their varying susceptibility to awuck from
natural enemies.

The only hope of control in natural areas is an integrated approach. changing the physical and
biological environments, using biological control, manual small area clearing and active
repeneration.  Lantana is preventing soil erosion on steep slopes, so rapid removal is not
wdvisable.  Lantana is widely distributed throughout the whole region, and as it is readily
dispersed by birds, complete eradication is an impossibility.

Table 2. Lisl ol prubiem weeds of different ecosysiems in oeder of perccived ihreat

Closed Foeest and
tall open forest

Open forest and

woodland Healh

Coastal systems

{aniana ¢amard Pinus clfiotif Lantund camiard Pinuyx efliottii

Iyesmodivn intivium Barcharis halimifolia

{radescaniia athiflora Lantana ramara
Anredera cordifoliu Cinngezimunt vampliord
Ry eilipricus

Ligustram sinense

Mircfudyena wnRuis-cati

Agerafing Fipariad

Lebrina pendiifa

Ligpsirum faefcfum

Caesalpinia devapetita

CrmceonTitnl camphora

FPassiflera subpeftaia

Pinuy ellioni

Bacehuris halimifolia
Cinseinomuam cimprhore
Svhefflera arfingpiiyifi
Caesatpinia devapeila
Ageraiing ripari
Moetines minaiitlons
Passiflora suberose
Foaubprelinta

Desmwsdim yneinatum

Bavcharis hatimifuliv

Mutinis nunutiffora

Groundsel, Bucchuris halimifolia. This ts a very widespread weed in the region, It is preseat in
Groundse! can pgrow in aress with low nutdent levels although
It can grow in soils with pH ranging

% of the survey area.

scedlings are very sensitive to phosphorous deficiency.

from 3.8 10 8.2 {5). Groundsel’s biolegical characteristics incude (6):
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- protific sced production - up te one million seeds per plant in the open - it is a
member of the Asteraceae family noted for seed production:

. fong runge dispersal;

. ability 10 produce viable seed under Jow Jight;

. wide tolerance to pH;

. tolerance to low nitrogen;

. survives flooding and drought; and

. ability 1o sprout new shoots after fire.

In Mooloolah and PPumicestone National Parks it has filled a structural niche not occupied by
mative species. It s the only understorey species in some Melaleuca quinguenervia and
Alocasuaring spp. forests. Dense stands of groundsel grow along the transitional zone between
salt marsh andt open forest. The species is salt tolerant and the sea spray probably provides the
cssential phospborous tor the species spectacular success in this area.  In the other parks,
Croundsel 15 usually restricted to highly disturbed areas and drainage lines, its presence
enhanced by the plumes of nutrients from develeped areas. As infestations are so exiensive with
many patches inaceessible, biological control is the only viabie long term conmol solution.

Slash Pine, Pimes effiotii. This weed is invading about 17% of the total area surveyed but
patentially has a much greater range. It appears capable of invading, without anthropogenic
disturbance, all ecosystems in the area except montane heath, closed forest and areas with
permanent water.  Slash pine has no significant disease or insect pests, which gives it a
competitive advantage over most native species. Pumicestone National Park is being invaded
along most of the castern boundary, a length of 20 km, The species has progressed on average a
distanve of a0 into the park.  As the species produces seed in about ten years, the wind
dispersed invasion wave should progress on average 15 m per annum. The rate of spread will
be enhanced by the species radiating from a number of isolated nuclei established by bird
dispersal. A detailed count was taken along six randomly selected transects each 10 m wide and
the results averaped (Fig. 2).  Other studies (2) have found that the number of exotic pines
invading a native torest fell more or less logarithmically with increasing distance from a
plantation - a patlern which reflects the distribution of a wind dispersed seed and supported by
this study. The maximum density found was 58 wees per square metre. There is an estimated
half a million trees in the park.

Mt Tibrogargan Natienal Park is also exiensively invaded by slash pine. The weed has been
successfully removed from 50% of the park which indicates it is a species which can be
controlled by munual effort. It is easy to identify and easy to destroy. There is a conflict of
interest in this region as slash pine is a major plantation timber resource.

Onher_weeds.  Specics presenting significant management problems include camphor jaurel,
Cinnumomum  camphora, Desmodium  intortien and  wandering jew, Tradescantia  albiflora.
Camphor laurcls are readily dispersed by fruit eating birds.  These trees could pose an
insufficiently appreciated potential problem. There are numerous seed sources, the lrees were
found in most open-forest situations and they are difficult to identify and kill. Desmodium
intortum is a vine which is rapidly increasing its mange at Kondalilla. Small remnant rainforest
purks are particularly vulnerable to vines. Wandering jew can reproduce asexually completely
covering an area, to the total exclusion of all native species. The species loves water but is very
drought resistant. 11 is very well established on flood plains at Kondalilla.
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Conclusions, Huwmans have sigrificantly influcnced the distribution of weeds in National Parks.
Timber exploitation, with little regard to the environment, is responsible for the worst
infestations. Some areas which were partially cleared for agriculture are now 100% weeds.
Some weeds including slash pine are expanding their range withour human disturbances.
Development is ensuring that the parks will become biologically isolated islands. The whole
situation is exacerbated by park boundaries bearing no relationship ta the ecolegy of the area.

SH) - i
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Distance from boundary road in metres.

Figure 2. Pumicestone National Park - Average distribution of slash pine in six 10 m wide
transects with increasing distance from the boundary road.
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WELDS OF WESTERN AUSTRALIA'S WEST COAST OFFSHORE ISLANDS

G.I. Keighery
Department of Canservation and Laad Management, Wildlife Research Centre,
PO Box 51, Wanneroo WA 6065, Australia

Summary.  The West Coust region of Western Australia, stretching from Perth o Shark Bay
contains some 200 offshore limestene islands. These islands have relatively simple ecosystems
with high levels of natural and human disturbance. Surveys have identified 101 species of
naturalised planis on these islands.  OF these 9 are of very minor importance, another 62 of
minar importance bul aceding monitoring, and 30 of major significance. The minor weeds are
listed, and the major weeds are briefly disscussed in an annotated iist. The most serious weeds
are Lavatera arborvea, Lycium ferrocissimum and Zantdeschia oethiopica which aiter plant
communities, The annual grasses (Avena, Bromus and Ehrharta species) are currently implicated
in the decline of the Lancelin Island Skink.

INTRODUCTION

Over 2,000 islands are spread unevenly along Western Australia’s long coastline, over three
major biogeopraphic regions {Tropical Coast, West Coast and Southern Coast), Many of these
islands are of crucial importance to the conservation of endangered mammals, which are now
extinet on the mainfand. They are also important breeding sites for birds and seals (2). These
islands have relatively simple ecosystems with high levels of natural disturbance, often with
superimposed human disturbance.  Approximately 224 species of naturalised plants have been
recorded from these istands.

Within the study area, the West Coast region siretching from Perth to Shark Bay, are
approximately 200 vegetated islands, These islands are all comnposed of limestone or sand over
Timwestone and are generally close to the coust. The most distant being the Abrolhos Group,
same 40 kon ol Txhore.

There is a considerable body of published information (1), plant coilections and unpublished
chservations on Lhe flara of these isfands, especially those close to Perth. (These references are
contained in a biblivgraphy prepared by N. Gibson and M. Lyons to be published by Department
of Conservation and Land Management (CALM) later this year.) However, these studies are of
limited valse in determining management for nature conservation as they are concentrated on the
few accessible iskunds, the naturalised flora was poorly documented (for example, there were no
records of Boxthorn on any of the Lancelin-Dongara islands), and there are considerable gaps in
the documetation of the native flora of the islands, particularly in relation to the annual flora.

Recent floristic surveys of many of these islands have been made by the author and other
CALM statf 1o collect specific records of weeds and vegetation changes to assist in the
preparation of management plans (3.4).

METHODS
The istand surveys wure by extensive foot traverse in Autumn and Spring to ensure cellection of

herbaceaus weeds.  Sume control meusures were underiaken using advice on appropriate
herbicides from the Apricultural Protection Board. Monitoring is currently in progress.
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RESULTS AND DISSCUSSION

The weeds recorded in the survey are grouped according to management priorities which relare
to their impact on nature conservation values. Three groups are distinguished. Group 1 is very
minor weeds with no obvipus impact therefore of low management priority, i.e. no managerment
or monitering, Group 2 is minor weeds defined by no obvious impact but potential impact
possible therefore of low management priority, i.e. no management but monitoring is required.
Group 3 is the major weeds that require management as indicated below.and associated
monitoring.

Very minor _weeds. These weeds have only been recorded on islands with permanent
settlements, Rottnest and Garden Islands.  They are Aflium ampeloprasum, Alfium sativim,
Nurcissus tazetra, Ornithogalivim umbeflatum, Arundo donax, Typha orientalis, Coiwla bipinnara,
Riccinus communis and Ficus carica. With the exception of Cona bipinngra, a kerbside weed
on Rottnest Island, they are all garden escapes. Recent surveys (1992) have shown that
previously recorded minor garden escapes have died out (3.5). The 9 listed species are those
still persisting in 1992, 1L is considered unlikely that any wifl become even minor weeds.

Minor weeds. The following 62 species are minor weeds, either confined to very disturbed
areas, or having no apparent deleterious effect on the nature conservation wvalues of the islands
on which they occur. They are listed alphabetically under families, then genera

Manocotyledons

Poaceae:  Alra carvophvileg, Aira cupiana, Briza maxima, Catapodium rigidum, Ehrhartg
viflosa, Lagurus ovatus, Loliiem multifforum, Lolivm  rigidum, Paralophis incurva, Phalaris
minor, Pou annia, Trisetaria cristata and Vulpia myorus.

Dicotytedons

Anzoaceae: Terragonia decumbens.

Asleraceae:  Arctotheca calfendudy, Arctothecs populiifotia, Conyza albida, Conyza Bondriensis,
Conyza parva, Dittrichia pruvestens, Hedvpnois rhagadioloides, Hypochaeris glabra, Loctica
servioda, Pseudognaphalium Iuteo-album, Vellereaphyton dealbatum,

Brassicaceac:  Brassica tournefortii, Cakile maritima, Hymenobolus procumbens, Sisvmbrivm
vrysimoides, Sixymbritm irio.

Caryophyllaceae:  Cerastiuen glomeratum, Corrigiofa fittoralis, Polvcarpon tetraphyllum, Sagina
maritimea, Sperawlaria diandra, Spergularia rubra,

Crassulaceae: Crassuly plomerata.

BEuphorbiaceae: Euphorbia paratias, Euphorbiu peplus, Riccinty commnniiniy

Fataweene: Loty angustissimus, Medicago polvmorpha, Melifons ndica, Trijfofivm campestre,
Trifolivm dubium, Trifolivm glomeratum.

Geraniaceae: Erodism cicutarium, Pelargonivm capitaium .

Gentisnaceae: Cemtarium erythraea, Centaurinm spicatum .

Malvaceae: Lavatera cretica, Malva parviflora

Orobanchaceac: Orobanche minor.

Oxalidaceae: Oaaliy pes-cuprae.

Phytolaccaceae: Phyielacea octandra.

Pulygonaceae:  Emey australis.
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Portulacaceae: Portmduca oleraceg.
Primulaceac: Anagallis arvensis,

Rubuiceae: Galitun murale, Sherordia arvensis.
Scrophulariaceac: Lachisma arenaria and
Solanaceac: Solanusn nigrum.

Muojor weeds

Monocotyledons

Agavaceae: Agave americanafdgave sisalana. Recorded only as a garden escapes on Rottnest
Island. Remaved physically in 1990 because of tourist injury fears

Anthericaceae: Trachyandra divaricata. Common on beaches on many islands. Considered a
serious weed of mainland coastal dunes {(6).  Monitored but control measures would be
eatremely difficell. On Garden 1sland widespread but in low density, apparently controlled by
BRUTITIAT EraZng.

Araceue: Zantdvschia aethiopica. Serious invasive weed of Acacig shrublands on Garden Island
whers 3t owas replacing the native understory.  Being eradicated over a five year program of
gridid berbicide spraying funded by the Navy. Monitoring and spot spraying to continue akter
the major program ends. A management program to rehabilitate seriously affected arcas is being
prepared.  Scattered clumps are known from Rottnest Island, and are being eliminated.
Asphodelaceae:  Asphodelus fistufosus.  Recorded from 16 islands.  Potentially serious on
Ruiinest, where it has replaced heath after severe disturbance,  Cessation of disturbance, animal
exclosures and replanting is needed in these areas. Apparently not grazed by quokkas,
Aspurapaceue:  Myrsiphylium wsparagoides.  Garden escape on Garden Island, and apparently
controlled by prasng wnmmars.  Being closely monitored.  On adjacent mainland is & very
serious weed of Lhe sume vegetation asseciations.

Iridacene: Ferrariv ceispaftiomeria flaccide.  Guarden escape on Rottnest Island and invading
heathiand,  Powcntially very serious weeds, as both are highly unpalatable to quokkas and hence
are at an advantage compared Lo many palatable native seediings after fire or other disturbance.
A monitoring and control program is needed.

Poaceae: Avena  barbuts, Aveng  futwa, Bromus  didndrus, Bromus  herdeaceus, Bromas
madritensis and Ehrhavea longiflora,  All are common weeds of open areas and bird rockeries
on most islands,  As (hey colonise otherwise unvegetated land they were not initially considered
as serious weeds.  However recent work on Lancelin Tsland suggests they may have contnbuted
o the decline of the criticatly endangercd endemic Lanceiin Island skink by filling the open
areas used as feading and basking sites by this lizard. A management program to control these
species is being prepared.

Cyrodon dacivion and Stenotraphum secundatum. Garden escapes on Rottnest [sland. Invading
Melalenca tanceolatg woodlands  edging  salt lakes, smothering native herbs and  shrubs.
Controlled by herbicides.

Dicotyledons

Aizoaceae:  Mesembryunthomum crystaflinum,  Largely confined to bird rookeries on many
islands und ase believed to chunge soil chemistry to favour this species at the expense of other
native herbs. Widespread and not being conirolled at present.

Asleraceae:  Corduux pycaorephalus, Centaurca melitensis and Cirsiwm vulgare.  Common
weeds of disturbed arcas of the islands off Perth. These appear to be largely an amenity
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problem (i.e. people don’t like walking through them). Numbers decline markedly after
disturbance ceases.

Sonchus oleraceus, Sonchus temerrimus and Urospermum picroides. Common on the drier
islands nosth of Perth.  Again these are common disturbance weeds which reguire monitoring
and small scale management in public areas. There ecological effects are poorly koown,
Chenopodiaceae:  Chenopodinm album and Chenopodium murale. Very common species on ofd
seabird rookeries.  Being monitored in case these specics replace grasses when these are
remopved from Lancelin 1stand.

Malvaceae: Lavatera arborea. This species has invaded four islands in the Perth area and s
replacing the native Lavatera pleibea var tomentosa. The species is being physically reimoved
from Shag Island as part of the management plan for the Shoalwater Islands.

Myrtaceae:  Agonis flexuosa. This aggressive native species has been introduced to Garden
Island, where it is already sceding prolifically. A known weed outside s natural range,
seedlings of the planted rees, which have historical significance, will be removed and the trees
not replaced.

Solanaceae:  Lyciwm ferocissimum.  Numerous infestations have been recorded on offshore
islands.  The most severe infestations being on Lipfert, Onton and the East Beagle islands,
Appurently reaches the islunds when birds eat the succulent fruits on the adjacent mainland.
This summer deciduous species replaces the evergreen native shrub Nigraria billardierei, which
is used as nursery shelter by seals and their pups. Evidence from Victoria (7) suggests this
species is also deleterious to nesting seabirds.  Plants are suwna off close to the base using long
handed saws, and the stumps painted with herbicide in diesel. Tops are either removed to a
beach or the mainland and burnt (when in fruit) or used to provide seed traps to help revepetate
the area where they were removed.

Wicotiana glowca.  This species has invaded Caliitris preissii woodiand on the mainland at
Woodmans Point opposite Garden Island. Plants of this species are present in low nunibers on
the istand and have been removed o prevent a similar invasion occuring.

Urticaceae: Urtica wrens. There is a massive infestation of this species on Tern Island. There
wre 0o data on possible causes or effects of this species. Requires monitoring as it is present in
much smaller populations on many islands.

One hundred and onc species of weeds have been recorded from these islands.  Approximately
one third of these are conswdered to require management inervention to lessen their deleterious
effects.

The most serious weeds appear (o be either shrubs (for example Lavatera arbovea and Lyeium
ferocissimum) or perennial herbs (for example Homeria fluccida, Myrsiphyitum asparagoides and
Zamtdeschio aethiopica) which can alter the structure and function of islund plant communities.

Control of the major weeds requires a degree of co-ordination as most are distributed across
numerous islands and CALM management arcas. Each species requires a managemen? program
that applics throughout its range. Currently management programs are operating on the large
settled islands off Perth. These are slowly working towards integrated programs to deal with
cureent and potential weed problems.

Mast of the minor weeds are annual species and are considered of little importance in priority
tor management.  However the mplication of gap filling annual grasses {und perhaps the
replacement of these when controlled, by the broad-leafed annuals. Chenopods and Thistdes) in
the dechne of the Lancelin Island skink suggest that we need to keep an apen mind in assessing
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the threat posed by all natralised flora. Consequently, the monitoring of minor weeds so that
we can respond to the unexpected effects of these species is vital.

Currently CALM Science and Information Division has established databases on the mammals
and scabirds of Westera Australia’s offshore islands.  As the plant surveys continue a similar
database is being established for the native and naturalised fiora. These combined datasets
should enable intcgrated planning 10 preserve the diverse natural values of our offshore islands
from the threat of weeds, The aim should be for pro-active management once we have
overcome the current crop of established weeds.
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NATURALISED WEEDS OF RAINFORESTS AND ASSOCIATED HABITATS
IN TROPICAL QUEENSLAND

JL.T. Swarbrick
Weed Science Consultancy, 15 Katoomba Crescent, Toowoomba Q 4350, Australia

Summary. The four exctic plant species harungana (Harungana madagascariensis), tutbina
{Turbing corymbosa), sanchezia (Sanchezia parvibracteata) and coffee (Coffea arabica) occur as
weeds of rainforests and associated habitats in subcoastal wropical north Queensland.  The
biology, ecology, distribution, impact and control of each is summarised.

HARUNGANA

Harungana (Harungana madagascariensis (Choisy) Poir) is an evergreen smualil tree from
Madagascar and East Africa (3).

Harungana trees branch repeatedly under well lit conditions to produce a domed crown about
5 m high. Several growth cycles occur each year, each producing about eight pairs of oval
sirongly veined leaves. The shoots and undersides of leaves are covered with minule rusty
brown hairs, which rogether with the dark green upper surfaces of the leaves and the domed
crown give the plant a4 characteristic appearance.

The 2-3 mm diameter white flowers are minwtely flecked with black, and are borne in dense
corymbs al the 1ips of the sheots. They are pollinated by insects which visit for nectar, and
develop into globutar 2-3 mm diameter yellow fruits containing five minute and tightly adherent
pyrenes, which are distributed as a single unit by frugivorous birds. Harungana also spreads
locally by vigorous suckers from damaged and intact roots, giving rise to dense clumps of trees
and suckers in more open areas.

In Madagascar and throughout tropical Africa harungana is a plant of rainforest margins and
abandoned land ¢2, 3. 115 habitats in north Queensland closely follow this pattern, although it is
also present in dense rainforest following severe disturbance some thirty years ago.

Althoupgh present in the Baubinda area of North Queensland since at least 1937 (7), harungana has
only spread some I} km north, ¢ast and south from that point 1o more than 35 years. Further
spread by ingestion and defecation by birds is still occurring.

Ifarungans appears 10 have had little impact on 1he now highly disturbed and mostly cultivated
vepetation of the area, bui since the remaining local rainforests have receatly been declared a
World Herifape Area there is considerable concern as to its possible future impact.

Harungana should not be attacked physically (even by mowing lawns around existing plants)}
since this leads to intense suckering from the surface roots. It 1s susceptible 1o multiple stem
injections of triclopyr plus picioram, glyphosate, and metsulfuren methyl based herbicides (6).

Since harungana appears to have no local value and 1o be readily centrollable, and iis

widespread distribution across tropical Africa sugpests that it may be in a lag phase poor to
more rapid expansion in North Queenstand, application has been made to have the plant declared
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as a P2 plant throughow Queensland. Meanwhile an attempt is being made 1o eradicate 1t by
stems injection throughout the accessible areas of its known distribution in north Queensland.

TURBINA

Turbina {Turbing corymbosa (L.} Raf) is a deciduous woody liane of rainforest margins from
tropical America (5).

Turbina has a strong grey weody twisted stem up to 10 m long, characterised by imegular ridges
and grooves. Younyg sterns climb by spirafling round a support, but older stems often hang away
from the supporting tree to form a curtain. The heart-shaped leaves are produced during the
growth flush in spring, and are followed by a profusion of attractive white to cream flowers.
Each flower produces a single 3-4 mm leng oval woody seed, and the fruit is surrcunded by
persistent woody wing-like sepals.

Once established in an drea {presumably by human agency}, the plant appears te have no other
method of seed dispersal than gravity and flood water.  Plants away from watercourses tend to
forin small clumps or lings along the edges of rainforests, whilst those in the gallery forests
along the Barron River torm a more extensive and often discontinuous community that extends
downstream for many kilometres.

In teopical America turbina vccurs in 4 very wide range of habitats, although usually associated
with disturbed rainforests (1). In Queensland wrbing is only known to occur in dry rainforests
in the Yungaburra, Atherton and Malanda area and in gallery forests along the course of the
Baon River, both inland from Caims. Its distribution appears to be static unless further
occurrences are reported.

Turbina can be controlled by cutting woody stems close to the ground, perhaps assisted by the
apphication of wanslocated herbicides such as glyphosate to the cut stump (6).

Although ot some omamental value, turbina is no longer sold commercially or grown in gardens.
Given its restricted habitat and area in north Queensland compared to its much wider range of
habitats throughout large areas of tropical South America, it has been recommended that an
attempt be made to cradicate it from north Queensland.

SANCHEZIA

Sunchezia (Senchezia parvibracteaty Sprague and Hutchinson) is an omamental shrub from
tropical South Amrerica. Tt hus been in cultivation there for a considerable period, and is not
known from the wild (5).

Sanchezia produces many erect woody stems 2-4 m long to form, in open areas, an atiractive
rounded shrub. The large opposite leaves are strikingly and irregulariy variegated with yellow
tines. and the wominal inflorescences carry very atractive yellow bular flowers about 5 cm
leng surrounded by shorter orange to red bracts. No seeds are produced in Queensland, but the
plunt is very easy to reproduce vegetutively.

Sanchezia is widely planted in gardens for its ornamental value, and generally fails to reproduce
sponancousty when away from watercourses, When it is planted or discarded aleng creeks and
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rivers, however, il forms dense stands which actively compete with native plants. Reproduction
in these cases 18 by fragmentation, since the bnttle sterns are easily broken by ferul pigs and
floods, and even single node cuttings float downsmeam and root very readily in moist soil.
Individual leaves may also root but probadly not shoot from the peticles.

Sanchezia has been reporied to be "usually found in gardens but sometimes prowing wild along
streams, possibly as an escape” in Colombia (4), a situation which is precisely mirrored by its
vccurrence in north Queensland.  lts main occurrence as a weed is along Heorieta Creck in the
Palmerston Nationual Park, where it has been spreading downstream from material dumped or
planted on the creek bhank near a picnic area. Sanchezia also accurs widely thronghout the
Caims arca, but is usually in association with gardens or gurden refuse.

Sanchezia is susccptible to foliar sprays of glyphosate (6), and it is being climinated from
National Parks in norh Queensiand.

COFFEE

The well known evergreen shrub coffee (Coffea arabica L) from tropical East Africa and Arabia
has been cultivated in North Queensland for its fruit for many years. Unlike the current areas of
production, mest of the earlier plantations were in areas cleared from rainforest, and as they
failed the areas reverted to rainforest with coffee as a persistent weed in areas of World Heritage
value (5).

The usually multi-stemmed shrubs are 2-5 m tall and carry opposite pairs of large bright green
leaves. They also flower readity, and produce large numbers of fruits on better lit bushes. The
seeds are spread with water along creeks and drainage lines, and are also by cassowanies. Apart
from its recognisably exotic nature, coffee appears to have lLile impact on the functioning of
ranforests in North Quecnsland,

As with many multi-stermmed shrubs, the best method of contrel appears 0 be by basal bark
spraying with triclopyr dissolved in diesel oil (6). It is unlikely that coffee can be eradicated
from the extensive arcas of rainforest along the ranges bebind Cairns, bul it should be possible
to controf it in those that are in the World Heritage Area.
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ENVIRONMENTAL MONITORING OF WEED CONTROL ON ABORIGINAL TANID:
A CASE §TUDY

G.D. Cook
CS5IRO Division of Wildlife and Ecolegy, Darwin NT, Australia

Summary,  Envirommental weeds on Aboriginal lands are an emerging issue in Austraha,
Control of noxious weeds on these lands has, until recently, suffered sporadic and inadeyuate
funding. En 1991, a4 program commenced to prevent the spread of Mimasa pigra on Aboriginal
land in the Nerthern Territory.  In this paper. it is demonsirated, through exampies, that
comprehensive research and monitoring has helped ensure that environmental goals are being
met efficiently with mimimal undesirable consequences. 1t is argued that management must be
integrated  with research to maintain support for similar larpe-scale programs to contral
environmental weeds on Aboriginal lands in the {uture.

INTRODUCTION

Environmental weeds are 3 major concern for nature conservation (6) and are now emerging as
an issue for Aboriginal people wha, in the Northern Territory (NT), control more than #% of
the kand.  Aborigines on these lands continue 1o rely in pan on the natural environment to
provide wraditional foods. Environmental degrsdation through weed invasion will further disnapt
traditional practices of Abarigines and increase their dependence on outside assistance.  Until
recently, ne specific Tunding has been available to deal with large vutbreaks of noxious weeds
on Aboriginal Tands (1), Mimaosa pigra and mhol pine, Tumariy uphylle are two species of
immediste concern (6), but other environmental weeds such as rubber vine, Cryprasteygia
erondiflora may become problems in the future (6).

Weed conuol on Aboriginal land s distinctive because these lands are typicully remote. lucking
in infrastructural support, and usually are not commercially productive.  Therefore the
technology and assumplions of weed control programs on agricultural lands are not necessanly
apphicable.  This puper presents a case siudy of a program to control an infleswalion on
Aborigimal land of one of Australia’s major environmental weeds, Mimosa pigre. By 1991,
dense mimosa stands had covered snore than 20 000 hectares ol Abonginal tand in the NT (1).
The easternmost large imfestation of mimosa is on the floodplains of the East Alligator River at
Oenpetli, where it has doubled tn area every 1.4 years through the 19805 to cover about 680K} ha
by 1991 (1) 1t has blocked access o a major area for tradivional food-gathering of the
Aboriginal community @ OGenpelli, and has impacted on an important breeding ground for
Magpic geese, Amseranas xemipdimtd. Futhermeore, it (hreatens  adjocent river  systems
including those of the Kakadu Nutional Park World Heritage Arca.  For these reasons, the
Commonwealth Government provided substantiat funding o conwol this infestation and build
upen previous smalicr-scale control attempts.

The pregram 1o control mimosa at Genpelli s the largest single program ever undertaken in
Australin 1o prevent weed spread and restore a wetland following weed invasion. It has a high
public profile and has many potentially controversial aspects. Thercfore comprehensive research
Aoy monitoring s btegrated into the overall control program 1o ensure that it is effective,
ellicient, and couses minimal undesirsble consequences.  This paper describes some of the
contributions that research and monitoring has made to the control program.  Funding for thx
work  was provided by the Commwonwealth Government  through  the  Northern  Tervitory
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Department of Primary Industries and Fisheries. It is argued that inteprating research and
monitoring with management is crucial to maintaining public support for large-scale control of
environmental weeds on Aboriginal lands,

METHODS

Study_site.  The main infestation of mimosa discussed in this paper occurs on the eastern
floadplain of the East Allipator River {(EAR), approximately 10 km north of the Aboriginal
commuaity of Gunbalanya (Oenpelli) in the Northem Territory (133°00° E 12°15° 8). The EAR
forins the boundary between Kakadu National Park (KNP} and Arnhemland. The floodplains are
usually covered with witer between late December and May/June each wet season, and dry out
in the latter half of each year.

Monitoring of strategy and tactics. Initially, from 1983 until 1992, control measures focussed on
the main infestation.  The effectiveness of this stratepy was examined by assessing the
importance of satellitc outbreaks to the spread of mimosa. Records of new outbreaks of mimosa
in KNP were obtained from Australian National Parks and Wildlife Service (J. Madison pers.
comm,, 1992), and the density of new outbreaks per square kilometre of floodplain was
calculated. From the relationship between density and distance from the main stand, the number
of new outbreaks on previously unsurveyed wetlands in Amhemland was predicted.

Tebuthiuron was the main herbicide used in this program. A total of 62 t of tebuthiuron were
applicd in November 1991 at the time recommended in the proposal, i.e. "early in the wet
season, afler cracks in the black soil have sealed but before flooding (in order to) minimise the
muvement of tebuthiuron inte the sail profile” (1). The recommendation is reconsidered through
studies of the mobility of tebuthiuron in the loca! environment (3} and literature review.

Monitoring_ol_envirommental effects. Concentrations of tebuthiuron were measured in samples
of floodwater using [IPLC.  In November 1991 and 1992, the species composition and
abundance of native flora was assessed at 200 sites representing a range of habitats and mimosa
control histories across the main infestation. The species richness and herbaceous cover of sites
in arcas in which mimosa has never occurred were compared with that of sites treated first in
1991 and sites treated in 1988/89 and again in 1991

RESULTS AND DISCUSSION

Prevention of mimosa spread.  There was a strong negative relationship between the density of
new outbreaks in KNP and distance from the main stand (Fig. 1), indicating that outbreaks of
mimosa up to 60 km from Oenpelli could be atiributed to seeds being spread from the main
stand. 11 was predicted from this relationship that at least 34 new outbreaks could exist in the
610 syware kilometres of Aoodplains within 60 km to the north of the main stand. As a result,
the swrawegy of the control program has now changed to reflect the importanice of controlling
saicllites. A thorough scarch of some of these floodplains in September 1992 found 22
outbreaks of malure mimosa plants (R, Salau pers. comm., 1992). The densities of cutbreaks on
the surveyed floodplains were even greater than thoese predicted suggesting that secondary
infestations have probably occurred.

The rapid increase in the size of the main stand of mimosa at Genpelli was, in part, the factor
that convinced the Foderal Government to provide funds for its control.  This Jed, however, to
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the initial over-emphasis on conmol of the main stand.  Such a misplaced emphas » on the
contrel of the main stund is typical of most programs aimed at preventing plumt invasions (9).
Whereas the highest priority should be given to preventing weed spread by controlling saiellite
outbreaks €9). Once such strategies are in place, one can return 1o the less pressing problem of
how to rehabilitate the land beneath the main stand.

i
I
i

|
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[Figure 1. The relationship between the density of mimosa oustbreaks in Kakudu MNational Park
and distance from the main stand at Qenpelli; Y = 8.4 * X' 2 = 084,

Herbicide application to the main stund of mimosa. Research in the USA on o sandy loam soil
concluded that tebuthiuvron should be applied to dry rather than wel soils to prevent runoff water
trom removing ebuthiuron (10}, Vertisols such as those in which mimosa grows, have
notaricusly low infiktration rates afler erack closure (11). Consequently, the practice of appiying
tebuthiuren after crack closure, as recommended in the NT (1), is likely o produce severe losses
ol the chemical through runoff. The research component of this program drew atiention te this
problemy and independently confirmed, under local conditions {3), the results of the work in
HSA. The rescarch will therefore dead to improved efficiency in the use of tis herbicide, and
reduce any deleterious effects of dissolved tebuthivron in Hoodwaters.

LEnvironmental impacts. The concentrations of tebuthivron in two water bodics to which the
herhicide was applied directly in November 1990 were 635 pg/ll and 2050 pg/l. several days
alter application.  Such levels are sotficient to reduce algal production and chirononud densities
(12}, but are well befow 1LC, values for fish (13, By March 1991, concentrations had Tullen to
telow 40 pg/l, and i likely that ebuthiuron would have link direet woxic effecis in the aguatic
systems m the leng-tenn.

On the {loodplains, the cover and species richness of native tflora was lower where mimosa had
invaded than where mimosa has never occurred (Table 13 On sites which were treated with
tebuthiuron first in 1988789, the native flora has partially regained its richness of species, but the
cover has remained low (Table 1), Thus despite two to three years of partial contrel of mimosa,
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revepelation has not proceeded adequately,  Therefore active steps  are required to hasten
revegelation.  Although pasture species such as Korenivia grass, Brachiaria humidicola can
provide good competition for mimosa (8), they could also ontcompete native species such as
Oryza sp. and Eleorharis spp. on which Magpie Geese and other waterfowl depend (5). Given
the high conservation values of the Northem Territory wetlands (4), and the value placed on
waterfowl a5 a food resource by Aboriginal people (2), sowing of introduced pastures is
inappropriate and technigues will need to be developed to revegetate the wetlands with native
species.

Table 1. The cffect of Mimosa pigra and its control on the cover and species richness of
herbaccous planis on the Oenpelli floodplains.

Treatment Herbaceous cover Number of herbaceous
(%) species
Mimaosa absent 47 4.1
Mimosa present, wreated 1989 and 1991 36" 32
Mimosa present, treated 1991 nt 1.9
(A Ferenl befbers it ale AEERAES JR0 il lorote ., peilh 051,
Conelusions. The suceess of this program to control mimosa on Aboriginal land is vital because

it is costing about $A6.5 million over several years and is in an environmentally and poiitically
sensitive area.  Resexrch and menitoring of all aspects of the ecology, toxicology, environmental
chemistry, Jogistics, and socig-economics has contributed to several major changes in direction
of this program. These changes should lead to mere rapid and cost-effective control of this
weed, and restoration of the wetlands for use by the Aboriginal people.
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DIFFRRENTEAL RESPONSE OF FOUR PASTURE LEGUME SPECIES TO
BROAD-LEAF HERBICIDES

D.G. Bowran
Department of Agriculture Westeen Australia, Baron-Hay Court, South Perth WA 6151, Ausiralia

Summary.  Resolts of cxpenments at Merredin in 1991 and 1992 eon the tolerance both within
and between four pasture legume species 1o a range of herbicides for broad-feaved weeds are
presented.  Leaf abnormalities were produced on some varieties with 2.4-DB and imazathepyr.
Biomass reductions at anthesis were greater in the wet year, but imazathepyr and flumetsulam
were lolerated best under these conditions.  Seed yields were not always indicative of biomass
reductions. Clear tolerance problems were experienced with terbutryne + MCPA on the barrel
medics and two of the polymorpha medics, with 2,4-DB on Serena medic, and with diflufenican,
intuzathepyr amd flumestulam on Nungarin sub-clover.

INTRODUCTION

Broad-leaved weeds such as doublegee, Emex australis, capeweed, Arciotheca calendula, and to
# fesser extent corkserew, Erodium boirys, continue to be weed problems in Western Australian
temperate pastures.  Their control has been hampered by a lack of cheap and effective herbicides
which are sale to the pasture legume species grown.  Broad-leaved weed control in subterrancan
clover, Trifofiem subierraneam, has been extensively practiced with herbicides such as 2,4-DB
(either alome or in combination with diuron) and with the spray-graze technique vsing 2,4-D (4},
However such berbicides are either relatvely expensive or capable of severely damaging the
sub-clover,

In the past 10 years in Western Australia both new species and varieties of pasture legumes have
been released for which little or no information has been available on their relative tolerances to
herbicides.  Differential responses to 2,4-DB and bromoxynil in Trifolium and Medicago species
have been reported for Australia (2, 3).  In both cases tolerance was assessed on herbage
production, with oformalion on seed yields provided indirecily by means of seedling
regeneration in the subsequent year in one report (2). Both reports provide evidence for
substantial variadion both within and between legume species.

This paper presents results of experiments at Memedin in 1991 and 1992 on the differential
tolerunce bath within amd between four pasture legume species (subterranean clover vars.
Dalkeith and Ningarion; barrel medic vars, Cyprus and Parabinga; polymorpha medic vars.
Serena, Santiage and Circle Valley; and sphere medic var, Orion) grown in Western Ausiralia to
4 tange of broad-leaved herhicides.

METHODS

Sites for assessing herbicide tolerance of pasture legumes were established at Merredin on 19
Tune 1991 and 25 May 1992 on red brown sandy loam (pH of 6.0) over a yellowish red heavy
clay at 30 an (pH of 7.8). The 1991 prowing season was generally poor with below average
rainfall (146 mm) while 1992 was above average (130 mm of summer-autumn rain and 27¢ mm
of growing scason rain},
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The cxperniments were sown with 25 kg/ha of rhizobium-inoculated sub-clover and inrdic seed
with T(4) kg/ha superphosphate (9.1% P) at seeding. A strip plot design with 4 replicutions was
wsed with varieties as main plots and herbicides applied at night angles to the direction of
sowing. Plois were 3x3 m. Sub-clover and polymorpha medics were tested in 1991 and all four
species in 1992, Treatments were applied at the 3-5 infoliate leaf sage of the legumes using a
vehicle mounted commercial boomspray. Herbicides were applied in 70 L/ha of water using
ROO15LP nozzles at 150 kPa.

Biomass scores were assessed in spring at flowering of the mid-season variety Santiago using a
linear score from 0 to 10 where 1 unit = 10% reduction in biomass. Seed vields were taken
from two 0.0625 m? quadrats/piot harvested in mid December (sub-clover failed to set seed in
1991 due 1o the lew rainfall in September/fCOciober). Seed yields were analysed using a nearest
neighbour technique (Spatial Analysis of Field Experiments (1)). Seed yields from both years
were guite vanable resulting in high coefficients of varintion. This variability in yield has been
a consistent feature of sced yield results from pasture legume variety evaluation trials in Western
Australiy and Lhe results reponted here are not atypical for such work (D. Gillespie, pers.
comm.). Consequently a & confidence limit has been used in calculating the seed yield 1s.d.

RESULTS AND DISCUSSION

Morphological abnormalitics were produced by a number of herbicides in both seasons. 2,4-DB
caused leaf cupping in most varieties but these were most pronounced in Datkeith and Serena.
In the case of Dulkeith the effects were still noticcable at flowering, with the leaves also
stunding more upright.  Serena had darker green leaves, and the formation of flowering buds in
the Jower teaf axils was either non-existent or reduced, In Orion the main growing point died
with subsequent initiation of new growth from the lower leaf axils.

Abnermalities preduced by imazathepyr were similar to those of 2.4-DB but these were only in
lhe polymorpha medics, with Serena being most affected. Diflufenican and the bromoxynil +
diflufenican mixture gave leaf blotching and yellowing characteristic of diflufenican and this was
confined to those leuves present at the time of application. Treatments with divron, terbutryne
and bromoxynil all produced leaf scorch and yellowing, and in the case of the terbutryne
substantial plant death. These effects were worst on the medic species.

Biomass scores at flowering were indicative of differences between seasons, species and
varieties (Table 1}, The reductions in bicimass were higher en 1992 than 1991 and this may be
due 1o the wetter conditions making some herbicides more uavailable, as well as an increased
level of stress in the legumes. Imazathepyr and flumetsulam were tolerated better under the wet
conditions in 1992 when compared to the other herbicides tested. There was little difference in
respense of the sub-clovers and polymorpha medics to 2,4-DB and the diuron + 2,4-DB mixture
whiclh suggests that the cheaper mixture cun be favoured over the 2.4-DB alone. Notable
species differences were the sengitive response of the medics o terbutryne + MCPA and the
higher safety of the barrel medics to 2,4-DB.

Seed yields did not necessarily correspond with the reductions in biomass at anthesis. Many
herbicide by variety combinations showed ne significant reduction in seed yields even when
biomass reductions occurred {Table 2. While seed yields were available for both years for only
e polymorphs medics, the changes in seed yields induced by herbicides were consistent over
two guite dissimilar seusons.  The barrel medics and two of the polymerpha medics showed
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clear imolerance o terbutryne + MCPA, while Serena showed intolerance o 2.4-DB,

iflufenican, imazathepyr and flumetsulam  all caused substantial seed yield reductions on
Nungarin.

These resuits show that the individual species of pasture legumes and the varieties within a
species all exhibited dilferential reaction to broad-leaved herbicides. This agrees with results
published elsewhere (2, 3).  This differential tolerance could be shown as morphological
abnormalitics, biomass reductions, and most importantly for Western Australia, as seed yield
reductions.  Pasture legumes fill a number of roles within the ley farming systemn including
prazing of herbage over the winter/spring, seed for prazing over summer, nitrogen input for
subsequent cereal crops and seed production for pasture regeneration. Large seductions in
biemass or seed production can negatively affect the roles played by pasture legumes in the
system. Providing information on the relative tolerance of varieties 10 herbicides enables choices
to be made which may increase the viability and profitability of the system.

Table 1. Bivmass scares at Towenng of § pusture legumes treated at the 3-5 leaf stage.

Treatment {rate/ha) Dalk* MNung Sere Sant CV. Cypr Para Orion
24-DB (1.5 k) 456" ivo21 44 3% - - -

' 59 45 82 76 55 33 9.1
Diuren + 2.4-DB 34 31 26 44 3.1 - - -
(0.1 kg + 0.2 k) 59 54 68 77 14 13 46 4.8
Terbutryne + MCPA - - - - - - - -
(0.275 kg + 0,16 kg) 74 69 90 94 94 00 98 98
Litlufenican (0.1 kg) a7 44 46 47 b6 - - -

32 12 40 3% 59 80 51 5.1

Bromoxynil + diflufenican 4.4 3.1 46 59 34 - - -

(625 +625m 4.2 21 710 7% 69 7.0 31 5.1
[nwmzathepyr (37.5 g) - - - - - -
1.2 25 20 49 34 20 21 L6

Diuron + imazathepyr 4.7 34 31 42 34 - - -
{015 kp + 375 ) 6.4 64 7.0 67 62 o0 43 16

Flumetsulam (40 p) - - - - .
2.7 26 37 22 24 2.0 0.6 2.1

Lsd. (p = (.03) 24 23 21 22 24 - - -
1.2 22 18 21 22 21 20 1.7

Vurieties within each species

Trifofium subterroneum - Dalk = Dalkeith, Nung = Nungarin

Medicago polwnorpha - Sere = Serena, Sam = Santiago, C. V. = Circle Valley,
Medivago truncaida - Cypr = Cyprus, Para = Parabinga

Medicage sphaerocarpos - Orion

Values for 1991 and 1992 respectively within cach variety. - indicates variety not
icsted for that herbicide in 1991,
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These results also highlight the need for further work on pasture legume tolerance te ensure that
herbicide labels provide correct information to farmers.
introduced and in some cases labels do not clearly defline 1he species for which a herbicide is
safe. For example, some labels indicate that a herbicide may be used on clover or medics. As
the number of commercial species of medic is now over 10, and new herbicides are likely to be
introduced for pasture legumes in the future, such a label statement leaves both the fanmer and
chemical company open to potential problems if no clear statement is made of the herbicide

tolerance of the various species and vanieties of pasture legumes.

New legume species continue to be

Table 2. Seed yields {as percent of untreated) of & pasture legopmes meated at the 3.5

leaf stage

‘Freatment (ratefha) Dalk MNung Sere Sant CV. Cypr Para Orion
Untreated yield (kg/ha) - - B 601 310 - - .
662 463 0% 1193 6012 540 448 227

2, 4-DB (L3 kg) - - 66 91 1§ - - -
74 92 49 9 95 152 130 R0

Divron + 2, 4-D - - 77 94 106 - - -
0.1 kg + 0.2 kg) B3 97 104 g6 U3 82 148 204
Terbutryne + MCPA . - - - - - -
0275 kg + 0L16 kg) 106 107 42 24 73 5 | 67
Ditlufenican 0.1 kg) - - 68 1453 il6 - - -
160 43 00137 it6 L ) 199

Bromoxynil + dilfufenicun - - 64 93 19 - - -
(625 ¢+ 625 g) 110 75 73 47 W% 134 114 137
lezathepyr (37,5 g) - - - - - - - -
125 48 120 10h 124 75 132 104

Diuron + imazathepyr - - e 124 17 - - -
(015 kp + 375 107 BR 75 119 124 137 18v 170
Flumetsutam (40 ) B - - v - - - -
146 52 w16 120 143 154 174

Lsd. as per cent of untreated - - 3l 37 33 - - -
(p =0.10) it 43 4() 20 K13 63 48 76

Varicties wilhin each species

Trifofivm subterraneum - Dalk = Dalkeith, Nung = Nungarin

Medicago polymorpha - Sere = Serena, Sant = Santiago, C. V. = Circle Valley.
Medicago truncatifa - Cypr = Cyprus, Para = Parabinga

Medivago sphaerocarpos - Orion

Values for 1991 and 1992 respectively within each varicty. - indicales variety not
tested [or that herbicide in 1991,
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Most research on pasture legume tolerance 10 herbicides is also done in the absence of grazing.
Such an issue needs e he addressed in futwre research in order to better understand how
legumes that have been damaged by herbicides early in their growth may compensate for that
dumage.  Given that some herbicides such as 2,4-DB and imazathepyr can, apparently, still
produce morphological effects as late as flowering on some varieties, the interactions with
grazing may be of some importance in considering legume safety.
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THE EVALUATION OF HERBICIDES AND APPLICATION TECHNIQUES
FOR THE CONTROL OF 5T JOHN'S WORT (HYPERICUM PERFORATUM
VAR. ANGUSTIFOLIUM) IN GRAZING AREAS
OF NEW SOUTH WALES

R. Watson' and C.O. Lave?
' NSW Agriculture, Scone NSW 2337, Australia
* DowElanco Australia Lid, Tamworth NSW 2340, Australia

Summary. Three replicated herbicide aials were conducted on steep grazing couniry heavily
wnfested with St John's wort in NSW from 1989 to 1991, The wials evaluated a range of
herbicide products and rates using the high velume spray application technique. A proprietary
formulation of triclepyr (butoxyethyl ester) and picloram (hexoxy prepylamine salt) @ 150 g a.i.
+ 50 p a.i /100 L water was applied as a high volume spray (3,000 Lfha) produced the highest
control of St John's wort, after 36 m months at Cassilis, 21 months at Rouchel and 14 months at
Bundella.

INTRODUCTION

51 John's wort, Hypericum perforatum var. angustifolium, brought into Australia in 1875 as a
garden plant, in now a widespread weed of pastures. It causes photosensitisation in sheep,
cattle, horses and goats, resulting in loss of condition, lower productivity and, in extreme cases,
death. 11 also spoils fleece quality by adding vegetable fanlt to wool, and excludes vseful plants
from pastures (2).

St John's wort is spreading at an alarming rate in grazing hill country in the slopes and
tublelfands areas of NSW and over 250,000 ha in NSW are estimated to be infested with St
John’s wort.

METHODS

Trial 1 was located at Cassilis, Upper Hunter Valley, with Trial 2 located at Upper Rouchel,
Fiunter Valley, and Trial 3 was located at Buadella, Liverpool Range, NSW. A randomised
complete block design with three replicates was used.

Triat T had a densc stand of St Fohns wort, growing on steep, basalt hill country. The wort was
50-60 cm twall of an average density of 530% proundcover.  Plants actively growing at mid
fTowering stage, with 40% of plants displaying yeliow, open flowers and 60% brown pod stage.
Plot size was 3x5 m and herbicides were applied on the 19 December 1989 using a Sitvan ATV
Flojet Spray Unit fited with a variable spray nozzle handgun eperating at a pressure of 450 kpa
amd penerally applying 2,000 or 3,000 L/ha depending on herbicide used.

TFrial 2 had an even dense sland of St John's wort, 75-90 cm high with 65% brown pods when
sprayed al the late flowering stage on 23 January 1991, Plot size was 2x5 m and treasments
were applied with a Solo knapsack sprayer finled with a varisble spruy nozzle. Spray volumes
of 3,000 L/ha and {500 L/ha were compared.
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Tyial 3 also hael an even stand of wort which was sprayed at two growth stages, pre-flowering
under good growth conditions and flowering under moisture stress.  Plot size was 5x10 m and
treatments were applied with a power operated sprayer using a handgun fitted with a D6 tip and
operaling al a pressurc of 500 kPa.  The fine droplets produced were applied in successive
vertical sweeping nutions up and down each plant, wetting both leaves and stems.

Formulations tested included Grazon DS# (300 g a.i/L triclopyr as butoxyethyl ester and 100 g
a.ifl. picloram as hexoxy propylamine salt), Garlon 600# (600 g a.i/L triclopyr as butexyethyl
esler) and Tordon 50-D# (200 g ai/L 2,4-D and 530 g a.i/L picloram, both present as the tri-
isopropolumine  sah). Reundup® (360 g ai/L glyphosate as the isopropylamine salt) and
Brusholf* (600 ¢ a.i/kp mewsnliyron methyl). Agral 600 surfactant at 0.1% v/v was added.
where label recommendations required, with Ulvapron~ @ 0.1% v/v added to some treatments,
Plots were visuzlly rited for percent control the following seasons.

RESULTS AND DISCUSSION

in all wials, picloram+tiricloyr provided effective control of St John's wort when applied under
pood growing conditions. belweea October and January and the resulis are shown in Tables 1 1o
4.

Tabte 1. Percent control of St Johas won using high volume application fechnigue at Cassilis 12,
2 amd 36 MAA (months alter application)

Trealment Rate Spray volume Percent control
(g/100 L} (L water/ha) 12 MAA 24 MAA 36 MAA

piclorum+riclopyr 25+ 75 3,000 99 94 86
picloram+triclopyr S0+ 100 3,000 1Y) 99 U4
trcinpyr e 3.000 10 68 40
picloramn #2451 25+ 100 3,000 6 " 58
wlyphosaie 130 2000 84 68 61
glyphosaie 6{h 2,000 &8 72 15
messullueon meshyl i} 2,000 90 83 15

Table 2. Peecent contrul of St Jalin's worl using high volume application technique @ 3.000 L
waterfha, with and withoul the addition of Ulvapron Spray oil @ 0.1% v/v a1 Rouchel 12
and 21 MAA (months after application),

Ratc Without cil With oil
Trealment
i (/100 L) 12 MAA 21 MAA 12 MAA 21 MAA

piclorsm+triclopyr 125+ 375 67 63 o9 73
piclorum-riclopyr 25 + 75 81 87 83 93
picloram+iricopyr 50+ 150 100 99 104} 106
trclopyr 102 53 33 46 40
picloram+2 4-1) 25 + W} LR 82 88 87
piclorim+2.4-13 50+ 200 92 97 04 )

§ Registered exlemark o DowElnco.

A Regustered demark ol Monsinto Aostralia Lid.

* Regstered trulemark of Dul’ol.

~ Registered imdeniuk of BP Ausirha Lul. 157
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This trial clearly identified picloram+triclopyr as the most effective herbicide treatment on S5t
Johns wort 12, 24 and 36 months after application. Picloram+triclopyr at 504150 g/100 L was
the most reliable treaument, showing better control than currently registered ingredsents triclopyr,
picloram+2,4-D and glyphosate.

The addition of ¢l (Ulvapron) at 0.1% v/v to picloram+triclopyr slightly improved the control of
St John's wort (not significant), however, the level of control with triclopyr was reduced by the
addition of qil, as shown in Table 2.

Spray volume did not significantly affect control of St John's wort with picloram+iriclopyr,
when applied at equivalent rates/ha and these results are shown in Table 3.

Tuble 3. Percent comtrol of St John's wort following high volume application of
picloram+triclopyr at different application volumes, Rouchel, 12 and 21 MAA
(months after application)

Spray volume {1L./ha}

—_— Rate
Ireatment /100 L) 3,000 1500

12 MAA 21 MAA 12 MAA 2] MAA
Picloram + triclopyr 0.375 + 1.125 67 68 66 i
Picloram + wriclopyr 075+ 225 L 87 77 R0

Even though there was no significant difference between conwrol of St John's wort with
picloram+iriclopyr at different application volumes, it wus much easier to cafibrate the
application 1echnigue to apply 3,000 L/ha compared to 1,500 L. There was less likelihood of
application esrors applying 3,000 L/ha, as it was essential to abtain complete coverape of the
whole plant te obtain acceptable results.

Tahle 4. The clfcet of dry conditions on the control o( St John's wor with picloram+inclopyr and
picloram+2.4-D by high volume application at Bundelia

Time | Time 2
Appiicalion: 4.10.91 Application: 31291
Rale Stage: pre-Mower Stage: {lowering

Treaiment (/100 L) Soil Moisture; goud Soil Moisture: poor

Plants active growth Plams stressed

% control 14 MAA % control 12 MAA

pickram+iriclopyr 50+ 150 92 42
pcioram+inclopyr 35+ 105 - 67
picloram+inclopyr 254715 78 47
frelorum+2 4-D 50+ 200 Qi R0
pickoram+2 4-1 25 + 100 bt 40

Results in Table 4 show lower control of St John's wort afier application of picloram+triclopyr
and picloranm+2 4.1 o flowering plants under poor soil moisture conditions, when plus were
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stressed. Results show that best control of St John's wort was achieved with picloram+triclopyr
at 304150 w100 1. water in o spray velume of 3.000 L/ha, applied when good seil moisture was
present and plants were actively growing from pre-flowering 1o flowering or November o
Fanuary,

Although not reported in this paper, other application technigues have been evaluated duting our
research, which inchuded Dupont Gas Gun, aerial application by helicopter and boomspray
technigues.  All trials confirm that picloram+triclopyr at 1.5+4.5 kg/ha was required to achieve
effective control of St Jobn's wort by all application methods.

From these resultss Ross Watson, District Agronomist Scone (3) obtained a pesticide order issued
on 1X March §992 for the use of picloram+triclopyr (Grazon DS @ 500 mL/100 L water} for
the control o 5t John's wort. with the following critical comments:-

1. Apply during late spring to early summer {(Nov-Jan) to coincide with flowering to early
seed set. Do not apply during the gutumn or winter as inferior levels of control will
OUCur,

2 High Volune:  apply through well calibraed hand gun equipment.  Adjusé hand gun
spray eguipmem o apply the equivalent of 3,000 L/ha (ie. 3 L/10 square m), Check your
application rate over a measured area of 5t John's waort infestation before spraying large
areas.  Adjust hand spraying speed or nozzle size to change application rate. Always
ensure thoroegh coverage.

3 Handgun equipment should be fitted with a D5 (2 mm) nozzle plated and operated at 400-
506 kPa as a broad spray patiern.  Apply 10 thoroughly wet ail leaves and stems, avoiding
excess runsff. Do not apply 10 plants showing obvious signs of siress.  If applied as
diseetes, one application will provide a hogh degree of control. Some minor regrowth and
seetHlings may need retreatment the following summer.  Grasses are Jargely unaffected,
pasture legwmes are severely damaped or killed by this herbicide. Clover regeneration
will be significamly reduced for 12-18 months after application.  However, good
regencratkon fram seed should be observed 18-24 months after appiication (1.

REFERENCES
1 Anon, 1992 NSW Goaveriment Gazette No. 87, p. 4778,
2. Watson, RW. and Cumpbell, M.H. 1993. St John's wort. NSW Agriculure, Agfact

1P7.6.1, Apdex 647 {In print.)
RS Walson, R W_ 1992, Agrencimy News for the Upper Hunter Ne. 8. NSW Agriculture.
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THE EFFECT OF PASTURE DENSITY AND COMPOSITION ON YULPIA

AR Leys!, P M Powling® and B Plater’
NSW Agricuiture
' Lacked Bag 21, Orange NSW 280¢, Australia
! Agricultural Rescarch & Veterinary Centre, Forest Road, Orange NSW 2800, Australia
* Agricultural Research Institute, PMB, Wagga Wagga NSW 2650, Australia

Summary. A field experiment was conducted at Wagga Wagga in scuthern New Scouth Wales,
Australia to quantify the effects of subterrancan clover, Trifolium subierraneum, density and
paslure composition on the seed production and regeneration of wvulpia, Vulpia bromoides.
Increasing the density of subterranean clover from 140 to 1,800 plants/m® substantially reduced
the reproductive capacity of vulpia in the first year, but by the third year of the experiment there
wias no difference between treatments. A mixture of subterranean clover and annual ryegrass,
Laotiven rigidum, significantly reduced seed production (gf. varicus densites of subterranean
cluver alone) and subsequent regeneration and establishment of vulpia throughout the three years
of the experiment. The results show that the inctusion of a companion grass (in this case annual
rycprass) was necessary to masintain the vulpia content of pastures at a low level.

INTRODUCTION

Vulpia, Vulpia bromoides and V. myures, 15 3 common component of subterranean clover,
Trifolium  subterrancum,. based pastures throughout soothern Australia where it reduces
productivity, contaminates wool, injures livestock, and helps carryover pathogenic fungi such as
Gaeumannomyces praminis var. fritici from one crop phase to the next.  As a result of a farm
survey which suggested an inverse relationship between the incidence of vulpia and competition
from other pasture plants (1), 2 field experiment was conducted at Wagga Wagga in scuthern
New South Wales to guantify the effects of paswure density and pasture composition on the
build-up of vulpia.

METHODS

Four paswures |three subterranean clover {SC) densities and one subterranean clover plus annual
ryeprass mixture {SC+RG} were established on a medium textured red-brown earth soil at
Wapsa Wagga.  Each of the pasture treatments were sown with two densities of wvulpia.
V. hromoides, and with (high fertility) and without (low fertility) the addition of lime and
ferliliser., In the high fertitity treatment hime and fertilizer rates were chosen te ensure soil
fertility was not limiting subterrancan clover growth, Lime (1,75 vha) and a range of fertilizers
were applied and incorporated into the soil one week before pastures were sown on 21 May
14,  Molybdenum superphosphate (400 kg/ha) and disodium tetraborate (7 kg/ha) were hand
broadcast, while copper sulphate (15 kg/ha), and zinc sulphate (15 kg/ha) were applied by boom
sprayer.  Molybdenum superphosphate {400 kg/ha) was re-applied every year just after sampling
lor soil analyses in carly autumn. At the start of the experiment the site had a pH of 4.6 (CaCly)
and 7 wg Pfg soil (Oisen method). When sampled in March 1992, the addition of lime had
increased the pHl to 5.4 and the addition of superphosphate had increased the soil phosphate
level to 12 ug Plg soil.

Low, medium, and high SC densities were obtained by sowing 1, 25, and 100 kg/ha SC cv.
Junee in small plots (2x6 m’) on 21 May 1990, The SC+RG mixture was established by sowing
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25 kp/ha 5C plus 20 kp/ma RG. The layout was a split-plot design (2 fertility levels as the main
plats, with the 4 pastures x 2 vulpia densities fully randomised within each fertility level)
replicated 4 times.

Plunt densities were determined by counting all plaats in 20 cores (4.5 cm diam.) taken at
random from each plot in August 1990 and 1991, and in late May 1992. Early counting was
necessiary in 1992 because in June half the plots were sprayed with simazine 1o continue another
expernent.

Punicle densities were determined by counting all panicles in 10 quadrats (7.5 cm x 7.5 cm)
harvested at maturity cach year. To determine seed production 5@ panicles were randomly
selected from those harvested for panicle measurements. All spikelets on each of the 50 selecied
panicles were counted and the average number of spikelets per panicle calculated for each plot,
A sub-sample of 1 panicles were randomly selected for estimating seeds per spikelet.  Viable
seeds were counted in three randomly selected spikelets on each of the 10 panicles, and the
average number of seeds per spikelet calculated for each plot. Seed production for each plot
was then caleulated by muoltiplying panicles/m’ x spikelets/panicle x seeds/spikelet.

RESULTS AND DISCUSSION

Averaged over all pasiure weatmems and fertility levels, 240 and 1,140 vulpia plants/m* had
established by August 1990 in the low and high vulpia treatments, respectively. Vulpia seed
preduction and plamt densities varied with season and pasture treatment, but were not affected by
fertility, und cventually numbers for the two valpia sowing rates were similar.  For these reasons
the data presented are the means of hoth fertility levels and both vulpia sowing rates.

The results obtained for vulpia plant density and seed production in 1990 and 1991 and
subsequent regeneratian in 1992 are presented in Table 1. Compared with the low SC density,
the medium and high SC densities reduced vulpia seed productien in 1990 by 50 and 78%,
respectively. Similar results were oblained for regeneration of plants in 1991 {reductions of 41
and G149, respectively).

The mixed SC+RG pasture had the greatest effect on vulpia, reducing seed production in 1990
by 83%, and establislunent of plants in 199t by 81%, when compuared with the low SC density.

Increasing e density of sublermanean clover had no effect on seed produduction of vulpia in
1441, The regeneration of walpia In 1992 was also unaffected by subterranean clover density.
However, the inclusion of anaual ryegrass in the sward continued to restrict ingress by vulpia.
The SC+RG treatment reduced seed production in 1991 by 60%, and regeneration of vulpia in
1992 by 73%.

Increasing, the density of sublertanean clover substantially reduced the reproductive capacity of
vulpia in 1990, but by 1992 there was no difference between treatments. These resulis show
that vulpia very yuickly invades subtetranean clover paswures, even when growing in dense
stunds {mean sebiamanean clover densities in 1991 were: 1,102, 2,827, and 3,904 plants/m’® in
the Yow, mediom, and high subterranean clover density treatments, respectively). The inclusion
of u companion grass (in this case annual ryegrass) was necessary to reduce the growth and seed
production, and suhsequent regeneration of valpy.  This supports the results obtained from the
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farm survey (1) which showed that wulpia densnies were least where pastures contained 3
sinificant grass component

Tuble 1. Effect of pasture density and composition on vulpia invasion in pastures sown it
Wagga Wagga in 199)

Vulpia plant density and seed production/m’
Pasture density ulpia p ity p n/

and/or 1990 1991 1993
composition

Plants Seads Plants Seeds Plants
Low sub clover 720 1.071,300 22,610 432,000 9.200
density
Med sub clover 560 536,200 13,370 399,700 7,700
density
Ligh sub clover 550 239,300 8,450 386,100 2,720
density
Sub clover + 640 179,400 4,200 173,300 2830
rye pruass
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MANAGEMENT PRACTICES ASSOCIATED WITH INCREASE OF VULPIA IN PASTURES
- A SURVEY
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* Locked Bug 21, Orange NSW 2804, Australia
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Swmmary. A survey of 4% furms from central and southern New South Wales Australia was
undertuken in 1989 1o identify fackors tesponsible for the increase in incidence of vulpia in
pastures. Reduced competition from other pasture plants was the main explanation given by
farmers for this increase and this was confirmed by measurements taken from sample paddocks.
Reasons for fack of competition differed with location (cropping zone or permanent pasture
zone). Results supgest that long-term management of vulpia in pastures will involve the
maintainence of a signilicant propertion of other competitive species in the sward.

INTRODUCTION

Vulpia, or sibver grass, ix o small, fine-leaved annual grass which occurs as a naturalised
volunieer in most Austrlian temperate and Mediterranean pastures {(4). It is an abundant weed
of impraved pastures in all regions of soutbern and cenmul NSW, and is also a major problem
on the Northern Tablelunds and the South Coast, and in much of Victoria, South Avstralia. and
Western Australia.  Vulpia reduces profitability from pastures by contaminating the wool of
prazing, sheep. producing less winter forage than other anaual grasses, and in late winter and
spring, prodocing feed of low palumability.  Results from various surveys indicate that many
pastures contin >530% wulpia ((2); Leys and Dowling, unpublished data} indicating that
voluntary intake in these sitvations is likely to be reduced. In addition, vulpia residues are low
in nutritive value (3) providing 4 poor source of feed over summer.

METHODS

Forty nine furmis from centeal and southern New South Wales were surveyed duning October and
December 1989, The survey invelved an interview with each farmer 10 compleie a questionnaire
on farm munagement practices from two sample paddocks per farm.  Detailed measurements of
soil characteristics, pasture composition and the occurrence and density of vulpia species were
alse made in each sample paddock.

Tainm selection.  Farms were selected from two zones in central and southern New South Wales.
Twenty seven fans were selected from (he winer cropping zone of the westemn slopes between
the SO0 and &50 mum isohyets, and 22 farms were selected from pastorad areas of the tablelands
berween the 650 and %00 man isohycts. Fammns were selected from throughout each zone by
NSW Apriculwre District Agronomists. Four criteria were used to select the farms:

a.  Only tanns on which vulpiz was known 1o be a problem were included;
The fann was at Jeast 200 ha;

¢ The fanner had been ownerfmanager for at least 5 years and kept good paddock records;

d. Only 2 te 4 farms were selected from any one Agronomy District, the aim being to have
an even distribution of farms from Dubbo/Merriwa in the north to the Victorian border.
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Paddock _selection. Two paddecks were selected from each farm.  Paddock | had a high
incidence of vulpia, while Paddock 2 was nearby but had much less vulpia. Both paddocks had
to be al least 10 ha (this eliminated small special purpose paddocks}, and sown o pasture
species for at least 2 years.

Pasture _assessments. A uniform paich of vulpia (>50 m diameter), representative of the
paddock, was selected in each sample paddock for soil and pasture sampling. Total pasture dry
weight and botanical composition were estimated by the ranking methed of T Mannetje and
Haydock {1963). WVulpia plant densities were estimated by counting all plants in 30x4.5 cm
diameter cores sampled in a W pattern from within the selected patch. Panicle densities were
estitnated by counting all vulpia panicles in 10 quadmats (7.5x7.5 cm) samples in a W pattern
from within the patch. Thirty of these panicles were randomly selecied to determine the
proportion of each vulpia species in the sward.

Soil _characteristics.  Twenty soil cores (4.5 cm diameter by 7.5 cm deep) were randomiy
sampled from each vulpia patch. A sub-sample was removed to determine seil texture and the
remainder was dried at 40°C for 48 h before grinding to pass a 2 mm sieve. A sub-sample was
used te determine pH, organic matter, tolal exchangeable cations, total seil nitrogen, and soil
phosphorus.

RESULTS

Mast farmers supgested a peneral deterioration of pastures as the main reason for the widespread
abundance of vulpia. This was reflected in the rankings given to the factors responsible for the
preater prevalence of vulpia in Paddock 1 {¢f. Paddeck 2; Table 1).

In the cropping zone, 89% of farmers ranked "less vigorous pastures” one of the top 3 reasons
for the greater prevalence of vulpia in Paddock 1. This was more than double the score for any
other factor. Other reasons which ranked highly were: lower soil ferility (41%); lower soil pH
{37%); and greater use of herbicides which removed competing species (37%). The herbicides
responsible were diclofop-methyl (most frequently mentioned because of its widespread use for
control of annual ryegrass during the 1980°s), fluazifop-P (reduces the density of a range of
annuat grasses but not vulpia), and herbicides for broad-leaved weed control (reduced the density
of broad-leaved weeds such as Paterson’s curse).  All of these factors reduce the ability of
pastures to compete with vulpia, thus allowing it to invade more readily.

In the pastoral zone, 68% of farmers ranked “less vigorous pastures” one of the top 3 factors
responsible for the greater prevalence of vulpia in Paddock 1. As in the cropping zone, other
reasons which ranked highly were fower soil fertility (41%) and lower soil pH (41%). The
occurrence of droughts was also thought to contribute to the higher incidence of vulpia {41%).
Droughis would alse reduce the density of pastures in Paddock 2, and although some of the
pastures in this second paddock have been replanted afier the major drought in 1982-83, the
average age of pasiures in the two paddocks were similar (8.2 and 7.8 years in Paddocks 1 and
2, respectively). Thus, the reliability of the rankings given to this factor is questionable.

In the pastoral zone, herbicide use did not rate among the top 3 factors affecting vulpia,  This
contrasts with the cropping zone where it had a relatively high ranking. Cultivation was the
only other factor which farmers thought contributed to greater prevalence of vulpia. Twenty wo
percent of farmers in the cropping zone, and 8% of farmers an the pastoral zone, considered
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less cultivation, especially less use of disc implements, to have contributed to the difference in
vulpia levels in the twoe paddocks.

Table 1. Faclors responsible, and the percentage of farmers who ranked them as one of the

wop three causcs, for the greater prevalence of vulpia in Paddock 1 compared with
Paddock 2°"

FFacrors Cropping zone Permanent pasturc
zohe

Less vigorous pasture ) A9 6%
Lower soil fertility 41 41
Lower soil pH 37 4]
Greater use of herbicides which reduced

compe ltion from ofher species 37 0
Droughts which reduced the persistence

of sown species 7 41
Less cultivation 22 18
Different stocking raie 7 9
Dilferent agronomic practice 0 0
Dificrent livestock practice 0 0
ther 0 5

a

Palilock 1 = dense vulpia; Paddock 2 = less vulpia)
Percentage of funners who runked each factor as 1, 2, or 3 (where 1 = most likely cause
for the greater prevalence of vulpia in Paddock 1 than Paddock 2)

b

Our measurements of soil characteristics, pasture composition, and various parameters of vulpia
abundunce taken in the sample paddocks, confirm the farmers” opinions that lack of pasture
competition is (he rmain reason for the greater prevalence of vulpia in pastures. In the cropping
zone vulpia was four times more abundant in Paddock 1 than Paddock 2, while in the pastoral
zone there was a 3.5 fold difference in the vulpia content (as measured by plant density, panicle
densily, or percentage DW,; Table 2).

The incidence of vulpia is inversely correlated with the proportion of other pasture species,
expecially annwal, or perennial grasses. This was most obvious in the pastoral zone where
annual grasses comprised 4 and 14%, and perennial grasses 16 and 39% of the total DW of the
pasiures in Paddocks 1 and 2, respectively, while the corresponding vulpin contents were 49 and
14%.. Similar, bul less pronounced effects, occured in the cropping zone. However, in this zone
an increase in the legume component (frem 32% in Paddock 1 1o 54% in Paddock 2) may have
been just as important ax an increase in the grass compenent.
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Soil pH, soil P, and total soil N levels were similar in the two sample paddocks and probably
only indirectly influence vulpia through their effect on pasture vigour (Table 2. 1n both zones
OM and CEC levels in the soil were slightly higher in Paddock 2 than Paddock 1.

Although there are at least five species of vulpia in Australia, V. bromoides, is by far the most
prevalent in southern and central New Scuth Wales (73% of the sward in the cropping zone, and
76% of the sward in the pastoral zone - similar w a previous survey (1)). V. myuros was the
only other species of any consequence (26% of the sward in the cropping zone, and 24% of the
sward in the pastoral zone). V. muralis occurred as a very minor component in the western part
of the cropping zone in central New South Wales, while V. ciliafa and V. fasciculata were not
recorded.

Table 2. Mean abundance of vulpia, soil characteristics, and pasture compaesition in the two
sample paddocks from the cropping zone and the pastoral zone®

Parumeter Cropping zone Pastorat zone

Paddock 1 Paddock 2 Paddock 1 Paddock 2

Yulpia abundance

Plant density (planlsfm’) 4,289 1,054 7,325 2,110
Panicle density (paniclesim? 5,928 1.223 10,485 3235
Yulpia DW (% of wtal DW) 48 12 49 14
Soil characlerislics

Sonl pH 4.5 4.6 4.4 4.5
Soil P (ugfm Q.7 99 120 i3
Toual soil N (%) o 013 047 (L1R
Soill OM (%) 1.54 216 294 3.06
CEC {emol{+)/kg) 5.4 6.4 4.8 6.4
Bolanical composilion

Other annuval grasses (% of (ol DW) 12 25 4 14
Percnnial grasses (% of total DW) 1 S l& 36
Pasture legumie content (% of total DW) 12 54 22 27

Paddock | = dense vulpia; Paddock 2 = less vulpia)

The results of both the personal interviews with the farmers, und measurements taken from the
sample puddocks, sugpest that the abundance of vulpia is least where pusteres conlain a
signilicant grass component. For examnple, in Paddock 2 pastures in the cropping zone contained
My grass, while those in the pastoral zone contuined 53% grass.  Howcever, it is inpossible to
conclude from the survey alone, whether the higher gruss content of paswires in Paddock 2 was
the cause, or the effect. of the lower vulpia content.
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TOWARDS SAFER AND MORE EFFICIENT USE OF RESIDUAL HERBICIDES IN THE
NORTH-EASTERN GRAIN REGION OF AUSTRALIA

S.R. Walker', P.A_ Hurgreaves®, R.J. Jetner', R.M. Nobie®, 1. M. Marley® and V.A. Ogten®
' Queensland Wheat Research Institute, Toowoomba Q 4350, Ausiralia
2 Agricultural Chemistry, DPI, Indooroopilly Q 4068, Australia
" Biloels Research Station, DPI, Bileela Q 4715, Australia
* Present address: 21 Gore St, Warwick Q 4370, Ausmralia
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Susmmary. This group of agroncmists and pesticide chemists is investigating the influence of
soil faciors on persistence, movement and activity of atrazine and chlorsulfuron, the responscs of
craps and weeds to their residues, and the long-term effects in the soil after repeated applications
of these residual herbicides.  Persistence increased with soil pH and clay content, activity
decrcased with clay content, and residues were mostly in the surface 10 cm for utrazine and
20 cm for chlorsulfuron.  Crop damage increased with berbicide concentration in the root zone
in both seil-free systems and the field. Only small levels of residues have been detected in the
soif profile following repeated use, and these residues were confined to the surface 5 cm.

INTRODUCTION

The residual herbicides atrazine and chlorsulfuron provide cost-effective and long-term weed
contrl in crops  and, te a besser extent, in fallows in the north-eastern grain region. Howewver,
more efficient use of these herbicides is being hampered by their variable field performances and
pessistence in the different envirenments, and by the conservative re-cropping intervals.  Also,
furmers and the penersd pubhie are expressing concerns about the fate of herbicides in the
{arming environment.

The authers are addressing these problems by investigating the following aspects of atrazing and
chlorsulfuron: the influence of seil factors on persistence, movemeat, and activity: the sensitivity
ol vrops and weeds o residue levels: the relationship between crop response in the field, and
measured crop sensitivity and residue levels in the root zone: and the leng-term effects in sotls
alter repewned herbicide upplication.  Whilst some of this reseacch is sull in progress, we present
an vverview of cumrent findings in this paper, and cenain aspects in more detail in two posters
{2.5) and another paper (3).

METHODS

Pegradution rates of atrazine and chlorsulfuren were measured in a ranpe of treated agricultural
soils of southern CQueensland that were incubated at constant 25°C and ficld capacity.
Subsequently, persisience of these herbicides was measured in soils in the glasshouse and in the
field, Persistence of 2,4-0 amine and glyphosate has alsg been measured ar several field sites
4.

Distnbution of atrazine and chlorsulfuron in the soil profile was measured ot several sites and
scasons in seuthern and central Queenslund,  Soil type ranged from red brown earth to black
vurth.
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fnitial activity in 26 ugricubural soils, mainly grey clays and black earths, was determined by
measuring 10, the dose required for 50% inhibition of seedling growth of ryegrass (Lolium
rigidum) in controlled environment cabinets. The measured differences in initial activity of both
herbicides are heing venfied for six of the 26 soils using a range of annual weeds grown in the
plasshouse.

Relationships between plant growth and herbicide concentration in the root zone are being
determined in a soil-free system in the glasshouse and in black earths in southern and ceatral
Queensland.  Crop respanse in the soil-free systemn is covered in more detail in the conference
paper by letiner er af. {3).

The persistence and distribution of residues were measured in a red brown earth following the
application of 140 ¢ chlorsulfuron/ma and 20.5 kg atrazine/ha in cight sprayings since 1983,

Total and water extractable atrazine residues were measured using HPLC with minimum
detection leve! of 0.002 ppfp soil.  Residue fevels of chlorsulfuron in the field were measured
using a bicussay based on the suppression of maize root length. Minimum detection level with
the bioassay was 0.1 npfp seil.  The HPLC was used to measure the degradation rates of
chlorsulfuron in the incubated soils that were treated with high dases of the herbicide.

RESULTS AND DISCUSSION

Persistence.  Hali-lifc of atruzine and chiorsulfuron in the incubated scils ranged from 23 and 10
days in a red brown earth {pH $.3) 1o 149 and 109 days in a black earth (pH 8.7} respectively.
Seil pl! and clay conlenl were the main soil properties influencing atrazine persisience, and
iogether they accounted for 89% ol (he half-life variation in 12 soils. Soil pH alonc accounted
for ¥6% of the variations in chlorsylfuron half-lives in five soils. Persisience of atrazine and
chlorsulfuron followed similar trends in soils subjecwed to flucmating temperatures and water
conlents in the glasshouse and field as in the incubated soils. In southern Queensland the half-
iife of awazine was 45 days in a red brown ganh (pH 7.9) following a December application,
and was approximatcly 60 days for chlorsulfuren following a June application. Persistence in
central Queensland was mwuch less due to the higher soil temperatures.  Preliminary comparisans
hetween the measured ficld persisience and that predicted by & computer simulation modet (1}
wilh our soil paramelers were similar,

Movemenl,  Fhe majority of residucs remained within the seedling roat zone.  Within six
months of herbicide applications in different field sites, 85-100% of atrazine residues were in the
surtace 10 em and 63-100% of chlorsulfuron residues were in the swiface 20 cm.  No residues
were detected helow S0 em, indicating that these herbicides are unlikely to leach down the soi
profile into our proundwater in these environments,

Aclivity. Althoogh the [Dg's varied greatly between the different soils (runging from 2.4 to
540 ngfg for chiersulyron and from .5 1o [.8 ug/g for atrazine}, the mean IDy's in black
carths were at feast double that in grey clays. The main reason for the greater activity in grey
clays was lower clay content, allhough the correlations were not strong (r = 0.5-0.6). Atrazine
activity was suengly related to the  adsorption coefficient (Kd) and to the proponion of wuter
extractable residues (5 = 0.9), These measured differences in activity were evident also for a
range of major weeds growing under plasshouse conditions.
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Crop and weed response.  The sensitivity of major crops (3) and some weeds o awazine and
chlorsulfuron residues that are fully available to the whole root sysiem is being determined . As
an example, the atrazine ID,, for the mote susceplible weed mintweed (Salvig reflexa) was .03
pgfml. compared with (.06 pg/mL for barnyard grass (Echinochloa colona).

‘In the field, crop responses to fallow applications of atrazine and chlorsulfuron have varied with
seasons and sites. In the hot and often dry conditions of central Queensland, sorghum and
sunflowers were sown safely four months after application of 30 g chlorsulfuron/ha. However,
sufficient residues of atrazine persisted semetimes to damage sunflowers and wheat sown 4 and
seven months respectively after applications of rates as low as 500 ghha.  In southem
Queensland the order of increasing phytotoxicity to atrazine in winter was chickpeas, barley, and
wheat, and {0 atrazine in swnmer was maize, sorghum, soybeans, cotton, and sunflowers,

The differences in crop responses between seasons and sites were related to the concentration of
plant-available herbicide in the root zone at sowing. As an example, wheat seedlings were
adversely affected only in plots with concentration of waker extractable atrazine greater than 0.02
ug/g in the 5-10 cm depth. This is in agreement with the crop sensitivity daita. These critical
fevels need to be predicted or measured accurately in the field for safe re-cropping. We have
cvaluated test-kits (2} and will be evaluating further a cornputer simulation model (1} using our
derived parameters for bherbicide persisience and awvailability. The model will be used for
predicting the lenpih of weed control for different eavironments using the weed sensitivity data,

Long-term studies.  Only 50 g atrazine/ha and 1 p chlorsuifuron/ha were detected at 12 months
afier the eighth annual applications of atrazine in sorghum and chiorsulfuran in wheat in a red
brown carth {(pH 7.9). These remaining residues are less than 1% of the total amount applied,
inclicating that atraziae and chiorsulfuren are unlikely to accumulate in our soils with pH < 8.5
following repeated use.

Conclusions.  Significant advances have been made by this group in understanding what happens
to the residues of atrazine and chiorsulfuron in the soils of the north-cast prain region, and the
bilogical implications of these residues. This will result in increased efficicncy of weed control
in buth fallow and in-crop, and in increased safety and opportunity of re-cropping in this region.
Alsa, the data addresses concerns with the fate of these herbicides in the farm environment.
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MODE OF SAFENING ACTION OF NAPHTHALIC ANHYDRIDE AGAINST INJURY OF
SULFONYLUREA AND IMIDAZOUINONE HERBICIDES IN MATZE

LT. Hwang', K.Y. Cho' and J.C. Chun?
! Korea Research Institute of Chemical Technology, Daejon 305-606, Korea
! Department of Agriculturat Chemistry, Jeonbug National University, Jeonju 560-756, Karea

Stimmary.  Safening action of naphthalic anhydride (NA) in maize, Zea mays, wreated with
sulfonylurea and imidazolinone herbicides and effect of NA and the herbicides on in vitre
acctolaciate synthase (ALS), glutathione S-transferase (GST), and acetyl Co-A carboxylase
{ACCasc) activities were investigated. NA provided safening factors of approximately 11 and 10
for chlorsulfuron and bensulfuron, respectively, and 5 and 4 for imazaquin snd imazethapyr,
respectively. NA caused 1.3-, 1.8-, and 3.2-fold increase of ALS. GST, and ACCase activities,
respectively, The activities of ALS exwacted from both NA-treated and NA-untreated maize
were inhibited by bensulfuron and imazaguin, However, the two herbicides did not affect the
activities of ACCase obtained from both NA-treated and NA-unireated rmaize. except for
bensulfuren on NA-induced ACCase activity. NA-induced ACCase activity slightly increased
with increase in bensulfuron conceniration. These results suggested that the safening mode of
action of NA might result from multilevel interaction of NA-induced enzyme activities.

INTRODUCTION

The sulfonylurea and imidazoiinone herbicides are new families of herbicide introduced in the
early 19805 which are highly active at low application rates. The sulfonylureas control a wide
range of annual broad-leaved and certain grass weeds i small grain cereals, while the
imidazolinones are used for control of annual and perennial grasses and broad-leaved weeds.
They can enier plants through roots and foliage and have the same site of action, that is, they
inhibit ALS the first enzyme in the synthetic pathways for branched-chain amino acids (9, 10).

Many researches have shown that herbicide safener NA has potential in protecting grass crops
{rom toxicity caused by these herbicides (1, 8). Parker ef &f. (8} demonstrated a reduction in
chlorsulfuron activity on maize following NA treatment. Protection of matze against injury from
pre-emerpence imazaguin application was also achieved by NA treatment of seeds (13,

In 2 review of mechanisems of safener action, Hatzios (7) indicated that the possible mechanism
which receives the most attention 15 either a safener-induced enbancement of herbicide
dewoxication or a competitive antagonism of herbicides and safeners at a conunon target site of
action. Based on the suggestion, this study was initiated to evaluate effects of NA on activities
of three enzymes related with crop-herbicide-safener combination. The enzymes included were
ALS as trget site of both sulfonylurea and imidazolinone herbicide action and GST involved in
the detoxicaton of certain herbicides. ACCase was also included since it is 2 key enzyme in the
pithway of fatty acid biesynthesis and the tarpet site of graminaceous herbicides (3, 6).

METHODS

Salening effect of NA. Before planting dressing of maize (cv. 'Suweon 19°) seeds with NA was
done by shaking in a flask at rate of 0.2% by seed weight. Fifteen sceds of the maize were
planted approximately 2 cm deep in a sterilized clay loam soil in 350 cm® plastic pots. There
were three replications. One day after seeding four herbicides (hensulfuron, chlorsuifuron,

AR



Nafer use of herbicides

fmazaquin, and mazethapyr) were soil-applied at rates of 6.25, 12.5, 25, 50, 100, and 200 g/ha.
Afier planting and treatment with the herbicides, the pots were placed in a greenhonse with a
14-h photoperiod and a 30/20FC day/night termperatore. All pots wese watered from overhead to
the soil surface as required. The plants were harvested 21 days after herhicide treatment to
measure the fresh weights. OQa the basis of the results obtained, concentrations of the herbicides
causing 5(M6 inhibition (l,) were calculated by probit analysis, Safening factor of NA was then
caleulated by the raten of the herhicide concentration giving I, in the presence of NA divided by
the herbicide concentration giving 15, in the absence of NA {4),

Plant material for enzyme assay. Shoots of 10-day old maize seedlings grown in the conditions
as deseribed above were wsed for ALS and ACCase assays. To obtain etiolated shoots for
extraction of GST, maize treated with NA was planted in vermiculite, watered, maintained in a
prowth chamber in the dark for 3 days at 30"C,

ALS assay.  All steps were performed at 4"C unless otherwise noted. Fifty g of the shoots was
ground in a morte prechilled in liquid nitrogen and homogenized in 100 mb. of buffer
containing 0.1 M KHPOQ, (pHl 7.5), 5mM MgCl, and 10 mM sodium pyruvate, The
homogenate was filtered through 8 layers of cheesecloth and centrifuged at 15,000 g for 15 min.
ALS was precipitated (romm the supernatant fluid with (NH,),50,. The cnzyme was collected at
653% saturation by centrifugation and the pellet dissolved in the buffer as described above and
desalted oa Sephadex G-25 (PD-1) equilibrated with the sarne buffer. The desalted enzyme was
used imimediately for assay. ALS assay was conducted in a final volume of 2 mL at 30°C. The
final reaction mixture consisted of T ml. of the desalted enzyme, 0.9 mbL of 50 mM K,HPQ, (pH
7.5) containing 10 mM sodium pyrovaie, 0.1 mM thiamine pyrephosphate and 10 mM MgCl,
and 14,1 mL of various concentrations of the herbicides dissolved in acelone, Assay was initiated
by adding the pyruvate and terminated by adding 30 yl of 10 N H,S0,. ALS activity was
determined as deseribed by Wesierfeld (11). The acidified reaction mixtures were heated for 15
min at H°C after which 0.5 ml. of 0.5% wfv creatine and 0.5 mL of 5% w/v 1-naphtol
dissvived in 10% NaOH were added. The solution was heated for an additional 15 min at 60°C.
The absorbance of the solution was then determined at 530 nm. Prowein was determined by the
method af Bradford (2).

GST assay. Five g of the shoots of etiolated maize seedlings was ground in liquid nitrogen and
bomopgenized in 25 ml. of buffer containing 0.1 M K,HPO, (pH 6.8) and 1 mM sedimn
metahisitlfite. The homogenale was filtered through 8 layers of cheesecloth and centrifuged at
20,000 ¢ for 2 min, The supernatant was used immediately for assay. GST assay was carried
out n a final volume of 2 mL. The reaction mixture contained (.1 mL of the cnzyme exiract,
iy ml ot [K mM K,HPO, (pH1 7.5) and 0.9 mL of 3.3 mM glutathiore {reduced form). Assay
was initiated by adding 0.1 mL of 30 mM 1-chlore-2.4-dinitrobenzene as the substrate at 25°C.
GST activity was mcasured spectrometrycalty at 340 nm for 2 min starting from 1 min after
initiation of the reaction,

ACCase assry. Ten g of the plant material was ground in 20 mL of cold extraction buffer
containing 0.1 M wicine-KOH (pH 8.0). 10t mM b-mercaptocthanol, 1 mM Na-EDTA and 1 mM
pheaylmethylsusfonylfluoride. The plant slurry was filtered through & layers of cheesecloth and
the filirate was centrituged at 30,000 ¢ for 20 min. The supemnatant was used directly for assay.
ACCase activity was assayed at 35°C in a 0.2 mL volume which contained 20 mM ATP, 3 mM
acetyt CoA, 50 mM MgCl, 20 mM DTT, 20 mM NaH"CO, (20 pCifmmol) and the herbicides.
Reactions were initiated by addition of acetyl CoA and stopped by addition of 30 pt of 12 N
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HCI. Product formaition was determined by the radioactivity found in an acid stable fraction by
liquid scintillation spectrometry.

RESULTS AND DISCUSSION

Effect of NA on_herbicidal activity. Herbicidal activity of the two groups of herbicides as
measured by Ly, varied with kind of the herbicides used (Table 1). The lowest L, was obtained
with chlorsulfuron, whereas 1, of bensulfuron and imazethapyr was about B-fold higher than that
of chlorsulfuron. However, no clear difference in Iy, was found between the twe groups. With
use of NA L, of the four herbicides increased, indicating safening effect of NA. The safening
effect was quantilied by safening factor. NA provided safening factors of approximately 10 and
i1l for bensulfuron and chlorsulfuron, respectively, and 5 and 4 for imazaquin and imazethapyr,
respectively. The safening effect due to NA differed between the two groups of herbicides, but
no grext difference occurred between the herbicides within the same group. Efficacy of NA ia
protecting maize from injury of sulfonylurea and imidazolinone herbicides has been reported also
by other investigators (1, 8).

Table 1. Herbicide concentration of 50% inhibition and safening facter of combined
wmeatments of NA and suifoaylurea and imidazolinene herbicides on maize

50% Inhibitation (g/ha)

Herhicide Safening factor
Without NA With NA
. Bensulfuron 29.1 20967 10.2
Chlorsulfuron 33 42.6 1.2
Ienacaguin 7.8 3935 5.1
Imazathapyr 29.1 116.1 4.0

Elevation of NA-induced enzyme activity. ALS, GST and ACCase activities increased with
treatment of NA in maize {Table 2). The greatest increase occurred with ACCase. while the least
with ALS. The increases resulted from NA-induced enzyme production. However, elevalion of
any of the enzyme activities by NA did not exactly correspend to the safening factors. This
indicated that effect of NA on the enzyme activation or enzyme induction process had no simple
correlation with the protective action.

Table 2. Effect of NA on elevation of enzyme activity in maize

Activity {uM/min/mg proiein)

Enzyme

Without NA (A) With NA (B) B/A
ALS 6.9 9.1 1.3
GST 0.9 1.6 1R
ACCase 0.025 (.0749 3.2

Effcct of herbicides on NA-indugced enzyme activity. ALS activity decreased iinearly with
logarithmic increase in bensulfuron concentration starting from 1M, while the same effect
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accurred with bnazquin at 10" (Fig. 1), A similar trend was found in NA-induced ALS
activity, With bath herhicides tested, however, there was difference in inhibition of ALS activity
between ALS's obtained from NA-treated and NA-untreated maize. The inhibition difference
decreased with increase in herbicide concentration. This difference is due probably either to NA-
induced alwered ALS focms which are less sensitive to the herbicide inhibition or to de wnove
synthesis of ALS caused by NA, or both,

Jensutfuron  Imariauin
—— =0 NA-ynireated

[OPPIT SR — e N rreated

.-"‘\-\u-.,_\“l
e,

ALS actisity {uM/min/me protein

Co ~ G ! I B 1o 7 E'“l

a7 '
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Figure 1. Effect of bensulfuron and imazaquin on NA-induced ALS activity of maize.

Effect of bensulfuron and imazaguin on ACCase activity varied with the source of the enzyme
preparation (Fig. 2). Aclivily of ACCase obined from NA-untreated maize was not affecied by
cancentration of (he two herbicides up to 10°M. On the other hand, a slight increase in activity
of ACCase obtained from NA-treated maize occurred by bensulfuron concentration between 107
amdd 10 *M, while there was no significant difference in ACCase activity with imazaquin at the
same concentration tange. Increase in ACCase activity by bensulfuron might be result of
sctivation of NA-induced ACCase. However, the different response between the herbicide groups
way possibly attributed to difterent sensitivity of the enzyme to the herbicides.
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Figure 2. Effect of bensulfuron and imazaquin on NA-induced ACCase activity of maize.
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The results presented in this paper demonstrate that NA provided a  significant protective action
against injury of sulfonylurea and imidazolinone herbicides to maize. The dep.ex of the safening
effect, however, varied with the herbicide classes, Safening factors on sulfonylureas were two-
fold or greater than those on imidazolinones, This differeace may be due either 1o differential
sensilivily of maize to the herbicide classes or 1o different specificity of NA-berbicide
combinations,

In the safening mode of action of NA, NA-induced GST activity may not play an important role.
Although NA increased GST activity by about 80%, the NA-induced GST would not act in the
detoxication of the herbicides through glutathione conjugation. Frear er al. (5) found that NA
increased 40-60% GST activity in maize, whereas chlorsulfuren did not alter glutathione content
and GST activity, On the other hand, about 30% increase in extractable ALS was also coused by
NA. However, the increase appears minor in comparison to the degree of the salening. This fact
suggests that competitive antagonistic uction of the two herbicide classes and NA on ALS may
be excluded in elucidating the potential safening mechanism of action of NA.

The greatest increase in NA-induced enzyme activity studied occurred with ACCase. ACCase
catalyzes the first committed step in fatty acid biosynthesis (6) and has been identificd as the
target site volved in the phytotoxic action of two classes of graminaceous herbicides, the
aryloxy-phenoxypropionate and the cyclohexunedione (3). Although increase in ACCase uctivity
by NA iz not of sufficient magnitude to account for the safening activity of NA on maize,
involvement of ACCase activity in protective action of NA against injury of suifonylures and
imidazolinone herbicides in maize is rather of interest. This enzyme is not a target site for either
sulfonylures and imidazolinone herbicides or NA. According to the finding of Yenne and
Hatxios {12), activity of ACCase extracted from oxime ether safener-treated sorghum, Sorghum
Ieedor, did not differ from that extracted from unirealed sorghum. Therefare, it is more likely
that NA-induced ACCase may be consequence of NA-maize specificity.

l3ased or the results obtained, it is reasonabdle 1o hypothesize that safening mode of action of NA
results  from  muliilevel interaction of enzymes responsible for crop-herbicide-safener
combinution, Any of the NA-induced enzymes alone could not provide sufficient increase in the
enzyme activity 1o explain the degree of the safening effect of NA. Activities of NA-induced
ALS, GST. and ACCase might be required at the same time to exert the protective action of NA
against injury of sulfenylurea and imidazolinone herbicides in maize.
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TEBUTHIURON CONTROLS BRIGALOW AND GIDGEE REGROWTH IN QUEENSLAND

G.W. Fossett
DowElanco Aust Ltd, Rockhampton Q 4700, Australia

Summary. Woody Acacia regrowth must be controlled if animal productivity is to be maintained
on large areas of once productive pastures in Queensiand. In 1989 tebuthivron was acrially
applied 1o bngalow, Acacie herpophyllu, in central Queenslznd. 36 months after treatment an
obvious dose response indicated that 2.0 kg/ha tebuthivron resulted in greater than 80% control
of brigalow on light clay soils. Regrowth on soils of high clay centent {greater thaw 457%)
requeired a rate of 2.5 kgfha to achieve similar efficacy. Grass response in rreated areas was
4-5 times greater than that of the untreated.

In the mare arid conditions of western Queensland aerial application of 1.2 kp/ha wbuthiuron
resuited in greater than ¥0% control of Gidgee, Acacia cambagei, regrowth. On previously
denuded areas Asirehfa sp. had re-established 36 months after trestment.

Contral of these hipgh density regrowth species, and the resultant Increase in pasture yields have
improved the sustainability of the grazing industry in Queensland.

INTRODUCTION

Since the mid-1980°s in Avstralia technology has been available o acrially apply pelleted
herbicides for broadacre woody weed contral.  Tebuthiuron is applied to the seil in a clay pellet
containing 200 g active ingredient/kg and is moved into the planis oot zone by ruinfull.

The herbicide inhibits photosynthesis in susceptible plants such as brigalow, Acucia harpophvlia,
and pidgee. 4. combagel. Visual effects of soil active herbicides are very slow with repeated
deloligtion and regrowth occureing,  Control ratings may not be conclusive under three years.

The Mora, land use and soil lypes of the brigalow belt have been described by rmany authors
16, 7, 8, 1, 5). Brigalow regrowth is prolific on soils which range in clay content, pl{ and gilgai
development.  In any given paddock there is often a mosaic of light and heavy soil types,
ranging from sandy texture contrast sedls to cracking clays.

Irast clearing stratepies have resulted in regrowth of brigalow and other woody weeds with the
subscuent adverse affects on pasture productivity. The emphasis wday on developing brigalow
Yfandds, covering an arca of approximately ¢ million hectares in Queensland, lies totally with
reprowth contrel and the maintenance of productive pastures. Anderson ef al. (1984) considered
regrowlh required immediate control inoar least 50% of localities to prevent furnther pasture
deterioration.

Growing as the doninant vegetation unit, gidgee was estimaled t cover an area of 3.2 million
hectares 0 central Queensland (13}, Various forms of gidgee regrowth and seedling infestation
were identified as being the major contributor 1o lost grazing potenatial (3.

A survey of producers in this region estimated thai 11% of the area has been denuded/lost to

woudy weed invasion with the species causing most concern being gidgee (10). The spread or
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invasion of this plant into previously open downs is considered to be increasing. This problem
is now more common than regrowth resulting from previous mechanical treatment.

Lawd degradation is vecurring in central and western Queensland on the existing grazing lands
of the beef und sheep pastoral industrdes (11). Woody weed regrowth and invasion have
provided the major impact which is predominantly from these two Acacia species. The increase
of woody weeds must be addressed if pastures derived from brigalow or gidgee communities are
to mintain animal productivity and improve the sustainability of the pastoral industries.

The studies reported in this puper resulied from the aforementioned perceptions. Experiments
were carried out 10 determine the rate of tebuthiuron as Graslan® pellets, which would be
nceded to obtain comimercially acceptable control of brigalow and gidgee regrowth.

METHODS

Brigalow. A fixed wing aircraft applicd Grastan® pellets onto brigalow regrowth at five sites
throughout the Fitzroy region of central Queenstand during October-Novemiber 1989, At 3 sites,
Moura, Baraiaba and Opmore regrowth was 2 m to 4 m, Dingo 1 m t0 4 m and at McKenzie
River was 3 m 1o 4 m.

Trealments consisted of 100x 1000 m unreplicated plots with 5 rates of tebuthiuron ranging from
1.5-3.0 kha,  An untreated control was inciuded to compare grass response on treated plots.
An assessment of canopy cover was obtained prior to treatment and at each assessment o
detenuane plant reduction.

Populations ranging form 10,000-20,000 stems/ha provided sufficient density to seriousty impede
mustering.  With livestock grazing camried out at normal stocking rates {¢. 0.25 beast/ha), at all
sites the trial vecupied a small percentage of any given paddock.

Soil analyses were performed to detenmine clay content, pH and organic matier content of each
site. Daily rainfull was recorded and assessment of herbicide efficacy through canopy reduction
was undertaken at 12 monthly intervals for 3 years.

Gidgee. [n July 1989 a solo powerblower was used to apply Graslan® pellets from the ground
10 pidgee seedlings and regrowth in 40x100 m unreplicated pliots at 5 sites in the Longreach
districe of westesn Queenstand.  Rates of tebuthiuron were 0.8, 1.0 and 1.6 kg/ha. In September
1989 4 fined wing aircralt applied 1.2 and 1.5 kg tebuthivron/hy, to large plots (100x50) m)
adjucent to each of the ground applied sites, with an untreated control separating the plots. Soil
analyses detesmined clay content, pH and organic matter content at each site, rainfall records
were kept at 4 of the sites, and visual assessment of herbicide efficacy was undertaken ac 12
monthly intervals for 3 years.

RESULTS AND DISCUSSION
Brigalow. Tebuthiuron efficacy on brigalow regrowth was evident 36 months afier treaiment
(MAT). A rate of 2.0 kg/Ma tebuthiuron gave effective (84.7%) control of brigalow regrowth

when results were summarised across sites (Fig. 1).  Experience indicates that commercial
aceeplance of this product reguires control o be at Yeast B0-85% of all regrowth.
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Figure 1. Efficacy of tebuthiuron on brigelow
regrowth at five sites in central Queensland
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The activity of the herbicide is sensitive to soil 1ype, as reduced phytotoxicity was noted where
soils are acidic and higher i clay content. On the lighier soil types (2 sites at 40% clay), the
availability of tebuthiuren 10 the plant is evident by a 79% kill at 1.5 kg/ha. Regrowth en the
acidic heavy clay soils {2 sites wt 55% clay content and pH 5.3) required 2.5 kg/ha tebuthiuron
10 achieve greater than 85% control (Fig. 2).

These results indicate that edaphic Factors preatly influence the phytotoxicity of tebuthiuron to
woedy Fegrowth as reported previously outside Australia {4, 12},

Cirass response occurred during the first defoliation cycle and continued to increase reaching
410 5 times the conwol plot at individual sites 30 MAT. Total dry matter yield of butfel grass,
Cenchrax cifiuris, pustures has been measured a1 6450 kgfha after regrowth was controlled with
2.0 kg tebuthiureonfha ().

Although all siees recorded well below average rainfall throughout the tnial period, these studies
demonstrated the dose rexponse obtained with tebuthiucon in conirolling brigalow regrowth.

Giidgee.  This Acacia species was highly susceptible to tebuthiuron regardless of application
method. At £.0-1.2 kgtha greater than §5% control of gidgee regrowth was obtained 36 MAT.
A dose response of pidgee to tebuthivron is evident when the data from 5 sites in westemn
Queenstand gre summarised (Fig. 3).  The edaphic factors were extremely uniform with no
variation in tebuthiuron cfficacy to gidgee across sites.  Clay content was 40-42%, being of
neutcal-alkaline plE (7.2-8.0) with low organic matter {0.7-1.0%) and indicates that pidgee is
adapled 10 4 narrow range of soils in this region.

Figure 3. Control of gidgee wilh tebuthiuron at
five western Queensland sites
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Excellent seasonal conditions occurred for @ soil applied herbicide to be activated, a» summer
rainfall during the first two years of the trial was equal to or greater than Longreach’s fong term
averuge of 320 mm. Winter rainfall was 3.5 times the long term mean {120 mm) during the first
year afier appiication, but then fell below this value in the last two seasons.

Degath of many annual broadleafl species of forbs and herbs was evident at the Jlowest rare of
tebuthiuron applied. This is not desirable as they provide a valuable protein source for sheep
and caute. However recelonisation of mitchell grass, Astrebla spp., which was not damaged
wilh the highest rate of tebuthiuron, occurred at the base of most dead gidgee stems 36 mAT,

It is evident that regrowth and invasion of brigalow or gidgee has adversely affected pasture
productivity, with subsequent losses in animal production, in a large area of Queensland.
Results from these ficld experiments using tebuthiuron to obtain effective control of 85% of
these high density reprowth and invasive species has demonsirated that woody weeds cun be
maznaged in these established grazing lands. The resoltant grass response following the reduction
of competition for soil water and nutrients indicates how Graslan® can aid in the loag tenm
sustainahility of pastoral industries based on brigalow and gidgee lands in Queensland.
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CONTROL OF CHINESE SHRUB WITH TRICLOPYR/PICLORAM AND GLYPHOSATE BY
HANDGUN APPLICATION

C.L. Plater
DowElanco Australia Ltd, 26 Rodborough Road, Frenchs Forest NSW 2086, Australia

Swmmary. Chinese shrub, Cassinia grcuata is a hardy native perennial evergreen that has spread
witlcly in New South Wales and become a weed in many situations. Handgun foliage spray
trials were conducted at Orange and Yass during 198% and 1990 to determine the best herbicides
and the most suituble time to control Chinese shrub. The two most cost-effective treatments
were 1.5 g ae triclopyr + 0.5 g ae picloranyL of water + 0.2% v/v 600 g/L non ionic surfactant
and 4.68 g ai/l. glyphosate + 0.2% v/iv 600g/L non ionic surfactant.  Auwtumn application was
superior to earty summer.

INTRODUCTION

Chinese shrub {(biddy bush or sifton bush) grows mostly on infertile, acid, stony soils but has
recently spread to more fentile sails where pasture competition has been weakened. A heavy
infesietion of Chinese shrub can reduce stock carrying capacity by %0%. In 1977, 93,000 ha in
NSW was infested wilh the weed, over 23 shires (1) and by 1988 this had grown 10 616,003 ha
over 1 shires, the heaviest infestations being in the central and southern tablelands and slopes.
Conred measwre have meluded chipping, pulling, brush cutting, burning, slashing and herbicide
application.

Ixperiments were established in co-operation with the Department of Agriculture at Orange in
central NSW and Yass in Sonthern NSW to ¢valuate high volume (handgun) post-emergence
herbicide spraying in nen-arable situations.

METHODS

Treaunents were in randomised complete biocks with 3 replications. Plot size was 20x4 m a¢
Orange and 10x4 m at Yass. High volume application was by handgun with D6 orifice at a
pressure of 550 kPa. Both sites had two application Bmings, the first was in early summer (989
amd the second wis in autumn 1990, At Orange both timings included triclopyr (butoxyeathy!
ester), luroxypyr (methyl heptyl ester), 2,4-0 amine + picloram, glyphosate and hexazinone and
tebuthiuron pellets were included in the aviumn teatment.  Plants were 0.1-2.0 m high and pre-
finwering, in earty swmer and 1.5-2.0 m high and flowering in auturmn,  Plant density was 2.3-
35 per 1xl

Pasture competition is wnportant in the control program.  Four kg/ha of Woogenellup
sublerranean clover was hand broadcast with 125 kg/ha Mo superphosate onto the bottom 10 m
of cach plot 5 months after application (maa},

Al Yass Chirese shrub was regrowth after slashing and in early summer was 0.5-1.5 m high
{pre-flowering), 31 plants per 1x1 m and in avtumn was 0.5-2.0 m {post-bloom), 10 plants per

Ixl m.

Flerbicides varied with the time of treatment and pasture was not sown. In early summer
heebicides included  triclopyr + picloram, clopyralid (amine), glyphosate, hexazinone and
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metsulfuron-methyl and  in awtumn  included triclopyr. wiclopyr + picloram, clopyralid,
fluroxypyr, tebuthiuron, glyphosate and hexazinonz. Results were based on visual ratings and
plant counts at Orange and visual ratings only at Yass. Results were analysed in Statgraphics by
anova and mean separation was by Tukey h.s.d.

RESULTS AND DISCUSSION

Orange, early swmmer application. Most of the treatments gave promising brownout 2 maonths
after application (maa) but vigorous regrowth occurred. At 11 maa 4.2 g/l fluroxypyr (66%
control), (.83 g/lL hexazinone (51%) and 0.5 g picloram + 1.5 g ticlopyr/L {Grazen* DS) +
0.2% viv non-ionic surfactant (Agral# 600) with 40% control were the only 3 treatments out of
17 which gave more than 25% control.

Subterranean clover counts 1.5 months afier seeding ranged from 15-62 per 1x1 m but there was
no significant differences for clover establishment with herbicides compared to untreated which
was 40 per 1x1 m, based on 95% Tukey h.s.d.

Orange, autumn_application. This timing provided betier results. The two most commercially
viable treatments at 6 and 12 maa were 0.5 g picloram + 1. 3 g triclopyr/L. alone (91% control},
or + 0.2% viv Agral 60K (94%) and 4.68 g glyphosate/L + 0.2% viv Agral 600 (92%). Picloram
0.7 g + 2.1 g wriclopyrfL. gave 97% control of Chinese shrub. There was no advantage in adding
oil/wetter or organo-siticone surfactant to glyphosate or oil/wetier to Grazon DS.

Sub-clover counts 2 months after seeding ranged from 15-45 per 1x1 m and the untreared was
19 per 1x1 m. There was no significant difference in counts between weatments (95% Tukey
hsd).  Clover flowered in early Octeber 1990 in the untreaied, glyphosaie. fluroxypyr and
triclopyr treatments.  Clover did not flower in triclopyr + picloram or hexazinone plots,

There was no significant re-invasion of plots by Chinese shrub seedlings with triclopyr +
picioram and hexazinone bul there was in glyphosale plots.

Yass, carly summer application. At 11 maa control with 0.42 g/I. and 0,83 g/L. hexazinone + oil
0.5% viv was 98-100%, 0.5g picloram + 1.5g triclopyr/L. + Agral 600 0.2% v/v gave 94%
control and 3.6 g/ glyphosaie + 0.2% vfv organo-silicone surtactant (Pulse®) gave %0% control
of Chingse shryb, These treatments were significantly betier than others (95% Tokey h.sd),
The ubove rate of glyphosate with 0.2% viv Agral 600 gave 81% control.  Metsulfuron-methyl
vave no control of Chinese shrub.

Results at Yass (or this timing were better than at Orange, perhaps due to the older and more
variable Chinese shrub population at Orunge.

Yass, autemn application, ANl treatments gave excellent controt of Chinese shrub with (15 g/l
clopyralid + 0.5% vfv oil showing the lowest conwrol at 87%, 13 maa.  Glyphosate 3.6 gl +
adjuvants at 0.2% viv pave quick brownout and better kill with this spray timing. Organo-
stlicone and oilfwetter adjuvants improved brownout but not the level of conwal of Chinese
shrub which was 994% 13 maa.
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Grazon DS + 02% v/v Agral 60X was slower than glyphosate at 1 and 3 maa but gave similar
control (99%) at 6 amd 13 maa with both 0.35 g picloram + 1.05 g triclopyt/L and 0.5g picloram
+ 1.5 g triclopyr/L.

Hexazinone at 0.42 g and 0.83 g/L. + cilfwetter gave almost complete brownout & maa and 100%
comrol 13 maa. Clopyralid 0.5 g and 1.0 g/L. + oil gave 85% and 99% control respectively and
24w/l ariclopyr + 0.2% viv Agral 600 gave 92% control of Chinese shrub 13 maa.

Auturnn results at Yuss were better than those obtained at Orange, perhaps because the Chinese
shrub at Yass was cven height (0.5-2 m) regrowth and less mature than at Orange. A summary
of results with picloramAriclopyr (Grazon DS} and glyphosate} Roundup with adjuvants is shown
m Table 1.

Table b The elfect of picloramAriclopyr and glyphosate on Chinese shruty at Orange and Yass.

% Conlrof
Herhicide "y Adjuvanl Omage Yass
% vy
Summcr Autumn Summer Autumn
11 maa 12 maa 1! maa 13 maa

picloramfiriciopyr 035+ 105 i 5 67 - -
" " 0n2 - - 68 Y
.50 + 1.50 0 24 a1 - .
" o 40 94 94 o
. - 248 33 94 - :
" " 0 a0 o7 - -
070+ 2.0 02 - - 70 X
ghyphosate 3.60 O.5° - - 0 99
" " 0.2 - B 20 a9
. n2 12 92 22 98
4,68 20 1% 94 - -
" " 0.2¢ 21 16 - -
clopyralid {150 0 - - ] 87
" 1.0 0 - - i3 99
flursxypyr 21 0 18 56 - -
" 412 { {13 89 - -
hiexazinone {142 0 6 a 98 96
" {183 0 51 14 100 t00

non-ionic surfactani ¢Agral 6000,
ail fsurlaciant (D-C-Trale).

ol (Catiex),

organu-silicone suzlactant (Pulse),
-, ot wsed.

h

Despite pood resulis with both times of spray at Yass and similar results in a separaie
cxperiment on 0.25-F m high Chinese shrub at Mullion Creek where the best treatments (Grazon
128, plyphosate and hexazinone, all with adjuvants) gave similar results with December 15989 and

* Repistered Triclemark of DowElance
# Repistered Trademark of Imperial Chemical Industrics
@ Repistered Trademark of Monsanto Co.
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March 1990 handgun spraying (B. Milne, pers. comm,, 199)), general use recormmendations for
Grazon DS will promote autumn application for handgun spraying of Chinese shrub.

The two most cost-effective herbicides for Chinese shrub control from this senes of trials were
0.5 ¢ picloram + 1.5 g triclopyt/L (Grazon DS 1 L/i0OL) + 0.2% v/v Agral 600. Glyphosate is
the most compatible weatment if legume pasture sowing i5 to occur soon after spraying.
Glyphosate kilfed competitive ground cover and a high level of re-invasion of Chinese shrub
seedlings occurred.

Grazon DS retards the growth of legume pasture and prevents re-establishment for a period after
spraying but prasses are left to compete with invading weed seedlings, significantly reducing the
pupulation of Chinese shrub. Registration of Grazon DS was obtained in 1992,

Mechunical methods referred to in the introduction are also mportant in controlling Chinese
shrub along with management of livestock. Brush-cutting as close to the soll surface as possible
amd tearing plant stemns rather than evenly cutting and slashing plants more than 2 years old and
more than b m high have been effective, especially when soil moisture is low however stumps
cause coslly punctures to rubber tyres in the short term (R. Gamunie, pers. comm., 1990).
Buming is effective on barger plants but there can be seedling invasion and bushfire nsk.
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POND APPLE (ANNONA GLABRA) - A NEW AND AGGRESSIVE WEED
OF WETLANDS IN TROPICAL QUEENSLAND

LT. Swarbnck
Weed Science Consultancy, 15 Katoomba Crescent, Toowoomba (Q 4350, Apstralia

Summary,  Pond apple is o small semi-deciduous tropical American tree which is spreading
aggressively througheut freshwater and brackish coastal wetlands in tropical Queensland. |t is
also established along an indand creek in rainforest.  Coastal wetlands along both sides of the
Timor Sea must also be at risk.  Long distance transport of seeds is by ocean currents, and local
spread prmarily by flood waters. High seedling deasities cause severe competition with native
species, and the rapid replacement of native vegetation by stands of pond apple. Pond apple is
very sensitive 10 fire.  Accessible trees can be controlled by stem injection with triclopyr plus
piclotam or by glyphosate, and by basal bark spraying with triclopyr plus picloram.

DESCRIPTION

Pond apple (Annona glabra 1) is a semi-deciduous wee to 10 m tall, Tt originated in the
swanplands el topical North, Central and South America (2), and was possibly introduced into
Queenstand as a wetland roatstock for cultivated species of Arnona.

Plants are wsuatly only 3-6 m tall and single trunked, but multiple stemmed plants are also
common sinee several seedlings may germinale together and new shoots often arise around the
buses of established plunts.  The softwooded stems have a thin greyish bark with prominent
lenticels, and when cut exhibit a 1-2 cm diameter pith surcounded by several indistinct growth
rings for cach year of its age. The wood and roots float readity whether fresh or dry, but when
dead they rt away within 3 few years if they are exposed 1o damp conditions.

Several growth flushes accur each year, from terminal and axillary buds. Each flush consists of
abont eight leaves arranged aliernately along the new stems, ameng which one or eccasionally
two axillary tlower buds normally develop on well lit branches. The leaves are ovate, smooth

edged, sharply poinied and a distinctive dull green in colour, with a characteristic scent when
crushed.

The single flowers have Iwo small sepals and are enclosed within three large green leathery
outer petals and three similar creamyy inner petals. The petals scarcely open at anthesis. The
flowers have numerous stamens and separate carpels, and pollination is probably by small flying
insccts.  After pollination the petals and stamens are shed, and the carpels fuse together to form
a smooth oval 1o spherical compound fruit 5-§ cm long which changes from green to orange or
yellow when ripe. Each fruit containg aboul a hundred large woody seeds.

At naturity the whole fruit falls from the tree, and both the fruits and individual seeds are
capable of Moating and temaining viable for long periods in fresh, brackish and sea water. The
secds have an innale dormancy of several months, after which they germinate in masses, grow
uickly i height, and rupidly form monospecific stands to the exclusion of other species.
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ECOLOGY

Pond apple originated in the freshwater and brackish swamplands of trapical North, Cenwral and
South America and coastal West Africa (2), where it behaves as a fresh and brackish water
mangrove. K survives root immersion in brackish water every high tide, and also prelonged (but
not permanent) shallow flooding with freshwater.  Its fruits and seeds appear to be spread
mainly by water, but local spread also cccurs through ingestion and defecation by larger
{frugivores such as feral pigs and cassewaries.

Secdlings require moist 1o wet and well-lit conditions for germination and eatly prowth, which
they find on riverbanks, floodplains, marshes and areas previously covered by seasonal grasses,
sedpes, ferns (eg Acrostichum spp.) and 1ea trees (Melalewca spp.}, many of which have
raditionally been seasonally bumt to retain them as fire disclimaxes.

Pond apple has becomne established along a permanent creek through rainforest inland from
Cuirns, where it oceurs only on the moist soils very close to the creek and barely survives due to
competition from taller trees.  Rapid growth and reproduction occur in areas along the creek
where the rainforest has been cleared.

DISTRIBUTION

Pond apple occurs sporadically in coastal and suobeoastal Queensiand between Ingham and
Cooktown. Its grcalest concentrations occur in the seasonally inundated floodplaing of the
‘Mumray River, in the swamplands aleng Nind's Creek near Ianisfail. and in the swamplands
along the lower Russell River and its eswary. An unconfirmed collection of pond apple from
Temple Bay just south of Cape York suppests that it may extend much further north than
conlirmed coilections suggest.

Leng distance transport appears 1o be by ocean currents; it is the only member of the genus to
have spread naturally from Tropical America 1o the west coast of Tropical Africa. Floads carry
fruits and seeds oul to ses, where they appear to move with the northwards dnft afong the
Queensland coast.  Scedlings then appear along shorelines and in creeks and estuanes,  High
spring tides and floods then redisiribute fruits and seeds throughout mtested Hlooadplains.

IMPACT

The dense and rapid growth of pond apple seedlings quickly shades out endenic grasses and
sedges, removing the pround fuel component so that after a few years burming is no longer
possible,  The subsequent dense growth of pond apple also prevents germination of the small
seeded tea trees, resulting in a wndency towards monospecific stands of the single exotic
SPeutes.

Arcas potentiatly at risk from pond apple include the exiensive floodplains, esluaries and upper
vdges of the mangrove swamps of the rivers draining into the Coral Sez on the north-eastern
side of Cape York Peninsula, and similar areas of both the Fly und other rivers on the southern
side of Papua New Guinea and Inan Jaya and (he estwaries und floodplains of the Top End of
Northera Australia, including Kakadu National Park.  Pond appie may also move southwards
aleng the Queensland coast and inland onto the river systems of the Gulf of Carpentaria.
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CONTROL

Pond apple is sensitive 10 fire at all stages of its growth, and where fire can be used this is the
preferred method of control. Where sufficient dry fuel has accumalated in the ground layer 2
hot fire will kifl both seedlings and isolated trees, and probably also any seed lying on the soil
surfuce. Many of the areas invaded by pond apple were traditionally burnt during Aboriginal
management, but recent changes in land use coupled with fragmentation and much reduced fire
Frequency have aliowed pond apple to proliferate in them. Chemical or physical control of pond
apple will vsually allow the regenecration of native and grasses, after which the area could be
burm sufficiently ofien 1o prevent significant reestablishment of the pond apple.

Biological conirol appears o be the best tong term stratepy for the management of pond apple,
since it is both widespread and also firmly established in almost inaccessible areas of high
conservation value., Possible problems with this approach are that there are several species in
the sarme and a closely related genus (Rollinia) which are grown commerciaily and in gardens
lor their fruits, and that there are about thiny endemic species of Annonaceae in the rainforests
of north Queensland.

Pond apples are easily vprooted by mechanical means, but this method is expensive and
sasuitable for most of the wetlands and conservation areas which the Plant has invaded.

The plant is readily susceptible to stem injection with glyphosate and with triclopyr plus
picloram based herbicides (3% several other herbicides are being tested for its control by stem
injection and hasal bark (wet stem) application.

DISCUSSION

Pond apple is Tionly exstablished in wetiands throughout coastal and subcoastal tropical
Queenslund, and appears (o threaten similar areas (many of high conservation value) around
norfiern Australia and southern Papua New Guined and Irian Jaya. If left uncontrolied the plant
has severely damaging effects on the native vegetation of such areas, most of which are very
difficult te sccess lor control.

Pond apple is a potentially severe (category 1 - canopy dominating} (1) envirenmental weed
thronghout coastul narthern Queenslund, and rtequires coordinated control by a range of
legistative, managerial {buming), chemical and possibly biological methods.
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SALVINIA MOLESTA IN KAKADL NATIONAL PARK: BIQLOGICAL CONTROIL

M. H. Julien' and M. I. Storrs?
" CSIRO Division of Entomology, Long Pocket Laboratories, Indooroopilly Q 4068, Australia
! CSIRO Divisien of Entomology, cf- The Qffice of the Supervising Scientist,
Jabiru NT 0886, Australia

Summary. Releases of the salvinia weevil, Cyrtobapous salviniae, in 19844835 1o control salvinia,
Safvinic molesta, in Kakadu National Park resulted in establishment and spread but not
salisfactery control. A preliminary study supgpested that lack of control may have been due to
high iemperatures (9). In 1991 CSIRO began a consultancy for ANPWS to monitor the
environment, the weevil and the weed to determine why biological control was not successful.
The results so far supgest that weevil abundance declined afier the weed was severely damaged
and that temperature was not a major limiting factor. Successful biological control occurred in
some billabongs while in others, similarly heavily damaged muts failed to sink because they
were tighily packed and held together by other vegetation.

INTRODUCTION

Kokudu Natonad Park, located in the Northermn Temitory of Australia, approximately M4} km east
ol Darwin, is dominated by twoe major river systems, the South Alligator River and the East
Alligator River.  The floating weed, salvinia, was first found in the Park in 1983, Muanual
removal and chemical control of salvinia was not successful and it quickly spread o cover all
major billabonps on Magela Creek, a wibuiary of the East Alligator River {(9).

Redeases of the salvinia weevil were made on Magela Creek in 1984 and 1985 (9). The weevil
established, spread and severely damaged the weed in the years foltowing its release (C. Wiison
und A, Skeat pers. comm., 1990). However, during the period 1987 to 1989 there was little
{lushing of Magela Creek during the annual wet season, activity by the weevil apparently did not
prevent prowth of the weed and salvimia spread to cover much of the surface of the billabongs.
Concern for the wetlands increased and steps were taken to reduce the chances of the weed
spreading by restricting access w0 infested areas and inspecting vehicles afier they crossed
infested sureams.  Unfortunately, salvinia was found in Nourfangie Creek, o tributary of the
South Alligator River, in 1990 where it has since spread o inlest 1 number of billabengs and
associated swamplands, *

Between 1986 and 1989 Skeat (9) determined a significunt negatve correlation between adult
weevil numbers and temperzture.  He concluded that the apparent relationship between high
waier temperature and fow weevil populations reguired further study. In Fuly 1991 ANPWS
contracted CSIRQ Division of Entomology. to determine the factors that were preventing
sutislactory control of this weed.

METHOIDS

Five study sites were selected in billabongs on Magela Creck where environmental parsmeters,
plant growth and weevil activity were recorded. A floating wire mesh pontoon was localed
amonpst salvinia at each site. A 2x2 m floaling guadrat was placed within each pontoon and
ubservations were mady within the quadrat. The ponteons provided protection from crocediles
and support for the ohserver and equipment including temperature sensors and data loggers.
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Fwo hundred adull weevils were released onto salvinia in the floating quadrats in each pontoon.
One hundred terminad ramets of salvinia were inspected each week and the numbers of termninal
buds damaged by the weevil and the numbers of adults observed were recorded. Populations of
the weevils and tie damage they caused were similarly monitored at locations away from the
pontoans.  These populations originated from the initial releases made in 1984/85.

Relative growth rates (RGR) for salvinia were measured at Ja Ja and Jabiluka Billabong sites in
uncrowded conditions, Thirty salvinia plamis were collected from the billabeng.  Fifteen were
dried and weighed and the number of ramets per plant recorded. The other fifteen were placed
into a Exlm floating guadrat. After two weeks, the fifieen plants from the quadrat were dried,
weighed and the number of new ramets recorded. This was repeated every two weeks at bath
stics and the RGRs for dry weight and for numbers of ramets were calculated (3),

Daily maxima and minima and hourly temperatures were recorded at each site by sensors locaied
as follows. In a mini-screen 1.5 m above water level, in shade 10 cm and 2 cm above salvinia,

in water 2 em and 10 cm below the surface and in a salvinia plant. Paily rainfall was recorded
at cach sile,

Sumples comprising t3 plants of salvinia were collected each week, dried, ground and analysed
far concentrations of nitrogen (N3, phosphorus (P) and potassium (K.

RESULTS AND DISCUSSION

Temperature. Temperature relations of the weevil have been studied in some detail (2, &) and
the optunum range for deveiopment is approximaiely 25 to 36°C.  However, little is known
about the effect of higher wmperatres on this weevil. The effects of temperature on the weed
are well known for nonnal field tesnperatures, the optimum for growth being 30°C (6). Buds
exposed 1o constand temperatures above 43"C for more than 2 or 3 hours died (18).

Maximuni temperatures al Jzbiru are 3°C higher than Darwin during September, October and
November: the average maxima for Jabiru were 35.7°C, 37.5°C and 36.5°C, respectively.
Climate matching using CLIMEX found no other area in the world known 10 have salvinia with
simtilar climatic pattern and high summer temperatures except Cenpelli which is within 100 km
ol Jabiru and had a high temperatere match of 96%. The high temperature match with Darwin
wiks 7 1%,

Temperature varidtion between sites. Temperatures for similarly located sensors varied between
the five sites on the Mugela by +-1.5°C for maxima and +-1.25°C for minima but the differences
were nol systematic.  Consequently, Turther discussion here will inciude 1wo sites only.

Salvinig temperaiures. Daily minimum temperatures were within the range known 1o be snitable
for growth of salvinia and development of the weevil. Averages did not exceed 35°C and were
mostly between 28°C and 32°C, within the optimal range for the weevil. The maximum
emperatures excecded 45°C on a number of occasions between December 1991 and March 1992
but rarely during the same period in the following year. Maximum temperature exceeded 40°C
almaost daily during the same periods. On very hot days hourly averages can exceed 40°C for up
to live hiours.
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Water temperatures. The adult weevits are mobile and can seek cooler or warmer sitvations
while mmature stages are less mobile being inside the stem as larvae or under water, in cocoons
as pupae. Conscquently we consider that temperatures measured just below salvinia provide a
more realistic indication of temperatures experienced by all stages of the weevil. The daily
minima are higher and the maxima lower in water than in salvinia. The absolute maximum
temperatares in water rarely exceeded 40°C, occasionally exceeded 38°C and were mostly within
the range suitable for weevil uctivity. An inspection of hourly water temperatures for hotiest
days indicated that the maxima were considerably lower, under 38°C, and the period of time
when temperatures may adversely affect the weevil was much shorter, than in salvinia. On most
summer and all winter days, temperatures resmained within the range for normal activity by the
insect.

Rainfall. Most rain fell as storms that effected sorne parts of the floodplain but not others.
Rainfall in the Magela Creek caichment area, not necessarily in the study area, was tmportant as
run-off and flooding, and had significant impacts on the Magela sysiem.

In the 1991792 wet season. rainfall was such that the billabongs filled slowly and the flood water
moved slowly down the system. Flooding peaked on the 30 January [992 at Ja Fa Billabong and
three weeks later, 20 February 1992, at Jabiluka Billabong, a distance of & k. As a result little
Mushing of the billabongs occurmed.  In the 1992/93 wet season rain fell in a much shorer
penod, 25 to 26 January 1993, causing floods that swept down the systern within days. Salvinia
mats were flushed onto the floodplain,

Mutrients tn salvinia tissue. The main factor influencing growth of the weed besides temperature
wus the availability of nutrients (6). Level of nitrogen in host plant tissue alse influenced the
life cycle und population dynamics of the weevil (1,7,8) and the rate and amount of dumage the
weevil cavsed to the weed (4, 5}

Nitrogen concentration in silvinia tissue was relatively high in billabongs in Kakadu, the average
for all sites was 1.24%. The relatively high biotic productivity in these tropical billabongs
probably contributed 1o high nutrient levels in water and 1o deposition of nutrient rich sediments.
However, concentrations were lowest in the upstreamn billabongs suggesting that run-off in the
upper Magela Creek carried lower nutrients than mun-off from the floodplains that surrounded the
downstream billabongs. In Ja Ja and Jabiluka Bitlabongs, located on the floodplain, nitrogen in
salvinia peaked sharply when the annval summer floods occurmed. Run-off and flow that stirred
sediments made nutrients available to the weed.  As biomass of salvinia increased on these
billabongs, nuirients became relatively scarce and N in tissue declined towards the end of the
dry scason. The levels of N, P and K in plant tissue were within ranges cbserved elsewhere in
the world where biclogical control was successful and did net restrict weevil populations in the
bitlubonps.

Relative growth rmites (RGR) of salvinia. The availability of nutrienis was the major tactor that
influcticed growth of salvinia in the billabongs. ROR was highest, in Ja Ju and Jabiluka
Billubongs following flooding when N in tissue was highest, and lowest during the dry season,
when there was no flow and nutrients were scarce. The leod peak in 1991/92 wok three weeks
o move between these two billabongs, and N and RGR peaked at Jabiluka about three weeks
taler than at Ja Ja. iligh temperatures experienced by salvinia during summer did not appear to
resirict growth.
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RGR was similar to the ranges observed elsewhere in the world for salvinia and allowed the
weed to double its weight, measured as dry weight, in less than & days when growth was fastest,
and under 19 days when prowth was slowest.

Weevil abundance, plant damage and biological contrel. Adult weevil numbers and buds
damaged increased duning August. September and early October and declined thereafter. At Ja
Ta Billabong site, for example, the first field generation of adults peaked in September 1991 with
16 adults per 100 buds when 60% of buds were damaged. This was followed by the emergence
of second (in late Qctober) and third (in December) field generations, which were smaller than
the first and caused less damage. This trend occurred at each study site, including sites where
the field populations were being mwonitored, and always before the hottest period of the year.
Though temperature appeirs nol to have been the primary cause, the reasons for the decline are
not clear,

The weevil damaged the weed to such an extent, that in some billabongs during 1992, successful
control of the weed was achieved in under eight months, The lack of coatral in other billabongs
was not due to low dumage by the weevil, but 10 physical and biclogical factors preventing the
damaged mats from sinking. The heavily darnaged mats were so tghtly packed or bound
topether by other vegetation that they were prevented from sinking. However, in February 1993,
aswmual floods removed the remaining mats of salvinia.

Populations of weevils and buds damaged remained low and constant on salvinia growing in a
floating grassmat.  The salvinia always appeared healthy and green in this situation. This
phenomenon has been observed in Botswana (I. W, Forno, pers. comm., 1993) and in PNG (M.
Fi Julicn, unpub. ebs., 1993). In both countries biological control has been successful for some
years. On Mapela Creek bilkabongs, grassmats remained intact after heavily damaged mats had
sunk or heen removed by floods. It is likely that grassmats provide a reservoir of salvinia for
the next seuson’s growth and support low populations of the weevil that invade the next season’s
new growth.

When annual floods taled o flush sulvinia mats from billabongs enormous build up of biomass
fallowed. “This was the case during the period 1987 w 1989. It appears that when damaged
mats were not flushed out, zeprowth occurred from dormant buds within those mats. The
following scason’s growth of salvinia and other vegetation added to the already high biomass
and coatributed 10 a thickeming mat of mixed vegetation. Such mats provide habitats that are
much less suitable to the weevil. They are less likely to sink, require larger floods to flush them
aut of the billabongs and are mare difficult to control.

We are planning 1o test the use of herbicides, integrated with biological control, 10 reduce
surface covered by salvinia. Judicious use of herbicides during the early dry season may prevent
billabongs from becoming covered with salvinia without destroying weevil populations. Once
weevil populations develop, biolopical control should take over. In billabongs where salvinia is
heavily damaged hy the weevil, but mats are bound together by other vegeiation, herbicides
might be used to kill the binding plant species and thus promote sinking. This may help prevent
the massive accumulation of biomass that can occur if successive season’s growth is permitted to
accurmulale.
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LUDWIGIA PERUVIANA - DESCRIPTION AND BIOLOGY

S.W.L. Jacebs', 15, Perret’, M. Brock”, K.H. Bowmer’, G. McCorkelle?, J. Rawling’,
1. Stricker* and G.R. Sainty®
' National 1lerbarium and Royal Botanic Gardens, Sydney NSW 2000, Australia
! (CSIRO Division of Water Resources, Griffith NSW 2680, Aunstralia
'Botany Depariment, University of New England, Armidale NSW 2351, Anstralia
* Urban Bushland Management, Roseville NSW 2069, Australia
* Water Board, Sydney NSW 2000, Australia

Summary.  Ludwigia peruviand 15 an apgressive species intreduced from the Americas and
invading coastal south-eastern Australia.  Its biology and ecology were studied in a series of
shallow urban lakes known us the Botany Wetlands and also in glasshouse experiments. The
plint produces a profusion of Mowers and seeds in summer,  Seed production and viability is
hiph; vepelative reproduction from fragments s efficient and the plants thrive in a range of
waker regimes.  Shade, salinity and burying under >2 ¢cm of soil inhibii geemination of fresh
secd. As the seed ages its germination is less affected by these factors.

INTRODUCTION

The aquatic species Ludwigia peruvigng (family Onagraceae) has colonised a large part of the
Bowuny Wellands, an azea covering about 45 ha and 11 ponds near Botany Bay, Sydney. The
Wetlands drinn o densely populated part of Sydney’s Eastern Suburbs and the sediments and
waler are nutrient-enriched. [t was first recorded naturalised here in 1970 and recognised as
having the potential to become a weed in 1971, The species was cultivated at the Royal Botanic
Gardens in 1907 Since 1907 it has been collected from Heathcote (about 40 km sonth of
Sydney), and Gosford (aboul 80 km north of Sydney). Numerous sightings have been made
within 30 km of Sydney,

L. peraviana s a cold-deciduons perennial shrub growing to about 4 m tall, with atiractive
yellow Mowers and hairy lanceolage, mostly alternate, leaves (8,9). Stems are woody, but break
casily. The root syswem is poorly developed and new season’s growth is often from fallen stems.
The species is native 1o Central and South Amenca, and considered post-European in the
southern Uiited Stades. [0 is now naturalised in Asia, Indonesia, India, North America and
Australia,

L. peruviana has seldom been reported as a weedy species. In 1977 it was recorded from
Malesia withouwt comment and 10 years later (5.6) it was twice recorded as a minor weed in
Indonesia.  In Florida, USA, both L. peruviana and L. octovalvis are regarded as invaders of
disturbed wet habitats (10); however it is not as aggressive and dominant in central Florida as it
is i Sydney, Australia. L. peruvigng is o declared noxions plant in the Municipality of Botany,
Syduey.

Convern over the weed potential of L, perwvidna has increased in recent years by its behaviour
in the Bowny Wetlands and the comparatively recent spread of the species from this locality. In
arcas where it has been estublished longest, unispecific stands have been formed, native
watcrplants have been crowded out and bird populations diminished.
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Several aspects of the biology of germination and estublishment of L. peruviana were
investigated to aid formulation and implementation of management strategies.

METHODS

Three transects were set up within 2 ponds. The transects were at rightangles 1o the shore and
ran through dense unispecific L. pernvigna stands. Transects T1 and T2 located in pond 1, were
24 and 20 m long respectively. Transect T3 was 20 m long and in permanent water, whereas in
T1 and T2 L. peruviana was growing in saturated sand located in an intermittently flooded area.
These transects were used as the basis for all sampling, including obtaining seed and soil for
seed bank studies, and to determine biomass, standing seed bank, flowering and fruiting
phenology, and seed production. Methods as previously described are detailed in (1).

Glasshouse experiments were conducted at the Royal Bolarnic Gardens Sydney and by the
Science Club at St George Girls® High School. Experiments at St George Girls™ High School
investipated the germination responses of L. peruviana tw different Jevels of shading,
temperature, salinity, emergence from different depths of seil, and seed longevity. The methods
used are documented in (1,4).

Experiments at the Royal Botanic Gardens concentrated on an estimate of the soil seed bank,
vegelative growth from different-sized siem fragments, the effect of variable water levels on new
shoot growth, buoyancy of seeds, the effect of water turbulence on germination and buoyuncy,
and theoretical viability using tetrazoliuim dye. Methods are detailed in {1).

RESULTS AND DISCUSSION

The standing crop consisted of dense erect stems with many side branches. Biomuss estimates
of above-ground dry weight were about 1500 g/m’. Stems contributed 83% of the total above
ground biomass, and leaves most of the remaining 17%. Regrowth on cleared quadrats was
about 74 g/m? fweek. The number of seeds remaining over winter in old fruits on these stems
averaged about 300 0D0/m®.  The stands were unispecific, dense and. during peak growing
season, intercepted 934 of incident light measured at midday. Under the dry conditions of the
19590/91 growing scason, most flowering occumed in autumn, Though some flowers were present
most of the time, tlowers lasted only a day and some petals had ofien fallen by late afternoon.

Germination and establishment. The minute seeds are hydrophobic, they germinate while afloat
and remain afloat indefinitely in still water. However in turbulent water the seeds sink. They
can germinate underwater but the seedlings eventually float to the surface. The floating
seeds/seedlings allow L. peruvigna to form floating islands and also line the shores of water
bodies.

Under laboratory conditions 80% of seceds germinated. Viability of seeds collected was assessed
at 99% using tetrazolium dye. The differences between the germination and tetrazelium dye
tests could be explained by at least two possibilities: (i) the difference reflects the problem in
attempting to accurately estimate viability using terrazolium dye (2), or {ii} the difference
represents a store of dormant seeds entering the seed bank. The second option is being tested in
a series of continuing experiments and early results indicate that this is the most likely
explanation. Donnant seeds in the seed bank will preatly affect munagement oplions.
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Optimum Light levels were between 60-75% of incident light with fresh seed, but the effect of
shading became less obvious as the seed aged in storage. With old seed enly, the highest level
of shading inhibited germination.

Increasing salinity decreased germination in fresh seed but in stored seed this result was also
ameliorated, and levels of about 0.2 M NaCl were needed to depress genmination.

Viability has increased with storage though no figures yet approach the positive tests with
tetrazolium dye. There is some indication that dormant seeds may be starting to germinate but
not all dormancy appcars W be broken after one year. Potential longevity is another factor
critical to the management options and studies on this will be continuing.

Secd bank trials are siill producing seedlings two years after bepinning seed bank studies, though
the permination rawe is dropping.  So far the results are consistent with the germnination test
percentages and the wtrazolium percentages if the difference is due to hard seeds or dormancy.
H this is the cuse then only low germination would be predicted for the next wetting cycle.

There is some discrepancy between results frem germination trials and seed bank studies. In
wet soil it is obvieus that genmination is more extended than under experimental conditions.
The continued emergence over several months of seeds in the seedbank trials presumably
represents he gradual break down of dormancy of the hard-seed component of the seed bank.
The maintained emergence of seedlings at a much slower rate afier iwo wetting and drying
cycles can, so far, also be explained by this. The seedbank irials are continuing and the results

of these, and the result of longevity in storage, will be critical for the long-term management
options.

Soil depth experiments show that very few seeds emerge from a soil cover of >10 mm.
Washing oul the seeds showed that most non-emerged seeds had gerrminated and died before
rcaching the surface, The 1-2% emerging frome 20 mun of soil still represents a potential 650
seedlingsfm?,

There was no significant effect of temperature on gesmination.  While there seemed 10 be a non-
significant trend Tor lower temperatures to depress germination in fresh seed, this disappeared
when stared secd was tested.  This contradicts field observations where germination is virtually
non-gxistent over winter bul the absolute minimum temperatures may be more sigmificant than
the mean figures used lor the analyses

Vepetative Fragments. L. peruviana can establish from stem fragments. There is a relationship
between shoot frequency of vepetative growth and stem fragment diameter and length. The
karger fragments (both diameter and length), always had a higher percentage of shoots. This
could reflect the food reserves available to the growing shoots.

Waier depths of 10-20 cm had littde detrimental effects on the establishment of new plants from
new shoots in sumeiier,  The strongest of the new shoots were able to survive flooding and grow
o become emergemt shoots.  The percentuge of shoots able 1o reach the water surface was
inversely proportional 10 the water depth.  Food reserves in the plant may also have an effect on
survival.  For flooding to be effcetive in the control of L. peruviana, it may be necessary to
submvrge the plants by more than 1 m. Nothing is known about the effects of flooding during
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winter. Cuiting underwater in autumn is a technique used to control Typhz spp. (7) and warrants
nvestigation.

Populstion maintenance. L. peruviana unses both seeds and vepetative growth te maintain its
population. The soil seed bank is about 65 (00/m". The growing scason production for 1990/91
was estirnated at about 450 000/m?.  Seeds had an average germination of about 80%, with an
estimated viability of 99%.

The seed bank is relatively high when compared with seed bank figures for other wetlands (3).
and is of the same order of magnitude as that obtuined for Juncus artictdatus in Australia (Brock
unpublished data). The numbers fall short of the highest numbers recorded for dryland weed
populations of up to I 000 000/m* for Amaranthus spp. but are of the same order of magnitude.

Seedlings were only observed under the canopy where there had been some disturbance to the
canopy. Seedlings were seen growing on mud away from shade.
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VOLUNTEER POTATO CONTROL IN ONIONS

AC. Bishop', K R. Young', 1.W. Nichoils? and L.H. Hingston'
' Departrment of Primary Industry and Fisheries, PO Box 303, Devonport Tas 7310, Australia
T Department of Ecology and Evolutionary Biology, Monash University,
Clayton Vic 3168, Australia

Summary. Fluroxypyr (methyl hepyl ester) applicd sequentially, {300 g + 300 g and 225 g +
225 ¢ i fia, cach 21 days apant), to potato plants in conjunction with other commercial onion
herbicides significanily (P=0.01) reduced viable tuber number when applied at either tuber
mitjation or {lewering, but not earlier than tuber initiation. Daughter tuber numbers from potalo
plants originating from mother twbers 50 g to 100 g were significantly (P=0.01) reduced by
Auroxypyr. Fluroxypyr applied to dutumn sown onions at the above rates significantly (P=0.035)
decreased onion yield when applied at the five leaf stage of crop growth. Fluroxypyr did not
signmificantly reduce total yiclkl of spring-sown onions at any growth stage.

INTRODUCTION

Volunteer potatoes at a density of four pl:mtl\i;"m1 crops depresses onion yields, decreases bulb
yuality, and increases operating costs (2). A further problem is the production of viable
daughter tubers that sustin volunteer potatoes for several scasons.  This interferes with clean
crop totations as the cary-over volunteers are a source of pest and disease for future potate
crops {l, 4, 6. Current chemical control measures use repeated applications of contact
herbicides.  In some cases, volunteer potatoes are hand pulled.

Overseus work (7) and previous research conducted by the Department of Primary Industry and
Fisherics, Tasmania (8) has shown fluroxypyr (methyl hepyl ester) to control volunteer potatoes.
in (he studies reported here, the efficacy of fluroxypyr is further evaluated on volunteer potatoes.
The werance of onion crops to fluroxypyr is also examined.

METHODS

Three experiments were conducted at Forlhside Vegetable Research Station (FYRS) on red
krasnozem soits in Northern Tasmania.

Elfece of growth stape of potato plant on efficacy of fluroxypyr, Russett Burbank potato sets
(S0 ¢ whole} were planted by hand in autumn at a density of four planis/m®. A randomised
complete block trial design examined the two sequential fluroxypyr treatments (Table 1) applied
initially at three prowth stages (pre-tuber initiation, tiber initiation, and flowering) of the potato
plants, and replicated four times.

Table 1. Split Nuroxypyr treatments used in experiments 1 10 3.

Treatment Rate Timing of application
(¢ a.ifha) (days apart)

| 300+ W0 21

2 225 + 225 21
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Effect of mother tuber set size on the efficacy of fluroxypyr. Russett Burbank potato sets {25,
50, 75, 100 g whole) were planted by hand in autumn at a density of four plants/m®. A
randomised complete block trial design examined two sequential fluroxypyr treatments (Table 1)
applied mtially at tuber initiation, and replicated four times.

In both potato experiments, the same cormrnercial herbicides used on the onion crops in the third
experiment (see below) were also used on the potatoes to simulate an infestation of volunteer
polatoes in an onioh crop. The potatoes were harvested at the same time as the autumn sown
onions. Number of potato daughter tubers from each treatment was recorded along with tuber
yuality. The daughter tubers were left to sprout in tways under glasshouse conditions
{temperature range 16 10 25°C) to test for viability.

Onion crop_susceptibility. Early Creamgold onions were planted in autumn 1992, and Regular
Creamgold onions were planted in the spring of that year. A randomised complete block trial
design examined two sequential fluroxypyr treatments (Table 1} applied at four grawtb stages (1,
3, 5, and 7 leaf} of the onion crop, and replicated four times. The use of ether herbicides
{propachlor, axyfluotfen, methazole, 1oxynil, ethofurnesate) during onion crop growth was based
on commercial decisions made by the FVRS manager. The physical appearance of the anion
plants following application of each fluroxypyr treatment up until crop maturity was recorded.
At harvest, onion bulbs were sorted into seven grades (<35, 35-40, 40-50, 50-60, 60-70, 70-80,
and >80 mm} and the yield of each grade was recorded. A visual assessment was made for any
bulb distortion or quality variations. Onion samples were sent for fluroxypyr residue analysis.

RESULTS AND DISCUSSION

Effect of prowth stage of potato plant on efficacy of fluroxypyr, Application of bolh rates of
fluroxypyr at tuber initiation and flowening resulted in significant (P=0.01) reduction in viable
daughier wber production (Fig. 1). There was no significant difference between the rates of
fluroxypyr applied at these growth stages. The data indicated higher potato yields from plots
treated at pre-tuber initiation with fluroxypyr compared with the nil application plots. This
apparent anomaly indicated the other commercial herbicides used assisted in volunteer potato
control; application of fluroxypyr at pre-tuber intiation resulted in insufficient healthy foliage to
absorb the other herbicides applied shortly after fluroxypyr application.

Effect of mother tuber set size on the efficacy of fluroxypyr. Application of both fluroxypyr
weatments significantly (P=0.01) reduced viable daughter tuber number from volunteer polato
plants grown from the set sizes 50 g, 75 g, and 100 g (Fig. 7). Fluroxypyr treatment of plants
grown from 25 g mother sets resulied in the least reduction of viable daughter tubers.
Commercial onion herbicides andfor environment had the major effect on tuber production from
mother tubers of 25 g or less. The larger the mother sets the more significant the effect of
fluroxypyr. There were no significant differences between the two rates used.

In each of the nil treatments, potato plants grown from 25 g and 50 g sets produced significantly
tewer tubers than plants grown from 75 g, and 100 g sets. Only the mother sets of 25 ¢
produced fewer than 4 daughter tbers/m®. Tuber numbers produced from 100 g mather set
plants were reduced from more than 16 viable wbers/m® to just over 4 viable tebers/im? with
these tubers now being less than 50 g Although this would still result in onion crop yield
reductions, volunteer potato infestation for the following season would be reduced. Fluroxypyr
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apphecation to plants grown from each of the smaller set sizes showed viable daughter tuber
reductions less than 1 viable ther/m® (plants from 25 g mother sets).

The resulis of both potato experiments indicated that maximum volunteer potato control in onion
crops was achieved using either of the sequential fluroxypyr treatments applied at tuber initiation
or polato plamt flowering.  Minimum viable daughter tuber production was achieved applying
cither Muroxypys treatment 1o potato plants grown from 25 g mother sets. This finding indicates
the importance of the use of narrow pitch digging webs on potato harvesters to reduce the size
of tbers falling through the digging web (5).

S

£ i |
g } i
£ ] |
o i
2

L

a

e

= :

gl 1t 2 pi 11 2t 1 flw 2 fhwe
Treatment
Figure 1, Efficacy of fturoxypyr wealmens 1 and 2 applicd to the potato plants at three different growth stages

(p-li = pre-tuber iniliion, = wher initiation, flw = flowering) on the viable number of daughter
twhers prodduced compared with no (luroxpyr apication (nil). Bar represenis Fischers profected 1.s.d.
(P=00,0173 for viuble juber namber.
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Fignee 2. Elficacy of Muroxypyr treatsents 1 and 2 applicd (o Lhe polalo crop originating from (our dillerem
motier st sives (T25 = 25 ¢, TS0 = 50 g, T75 = 75 g, TIG0 = 100 g} on the number of daugbter
twhers produced compared with no fluroxypys application for each set size {nil T25, nil TS0, nil T75,
and nid TIEKD,  Bur represenss Fischers protecied Lsd (P=0.01) for viable tuber number.
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Onion_crop susceptibility.  Fluroxypyr application resulied in mild to severe epinasty in the
onion crops regardless of fluroxypyr application timing. Yield was significantly (P=0.01)
decreased in the autumnn sown onion crop with either rate of fluroxypyr applied at the 5 wue leaf
stuge of the onion plants. No significant reductions in total onion yield were found on the
spring sown crops, however there was a signibicant (P=0.01} reduction of onions larger than
80 g. Considering total yield was not affected by any of the weaumenss, this indicates a smaller
bulb size in the marketable (30 to 80 g} size range. No significant reductions were found in
plots treated at the 7 true leaf stage. This was probably because the onion plant had already
reached its maximum yield by this late stage. Preliminary visval observations of the onions
found no bulb distortions or quality variations. Chemical analysis of the treated bulbs found no
detectable residues of fluroxypyr for any of the treatments.
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CEREAL COVER CROPS FOR VEGETABLE PRODUCTION IN TASMANIA

K.R. Young and L. Hingston
Department of Primary Industry and Fisheries, PO Box 303, Devenport Tas 7310, Australia

Suwmmary. Cercal cover crops, rye and barley were compared to a no-malch treatment in onions,
broceoli and sweet com. Rye cover crops achieved a 75% reduction in weed biomass 30 days
after sowing, In broccoli, an early rye cover crop maintained low weed biomass through the life
of the crop (130 days) with only a slight reduction in yieid. Both onions and sweet com  plant
establishment was affect by the cover crops primarily due to sowing difficulties.

INTRODUCTION

Weed control s a major component in vegetable production, with cultivation and the use of
herbicides as the main control methods employed. Any reduction in either of these control
methods will be cconomically beneficial and in the case of cultivation better for the soil
structure.  The use of cover crops can reduce both the use of cultivation and herbicides by
decreasing weed populations through chemical and physical suppression by the mulch (4, 6).
Residues af cereal rye, Secale cereale, have been shown to provide up to 100% weed contrel (1,
2, 4, 5, 6, 7) with no reduction in crop yield.

METHODS

A serics of experiments was established to evaluaie cereal rye and bardey, Hordeum vuigare, as
dead mulches in providing weed control in ondons, broccoli and sweet corn. The cover crops
were sown on R September 1992, with barley cv. Franklin sown at 80 kg/ha and cereal rye sown
at 160 kg/ha, No fertiliser was added at sowing,

A split plot design with four replications was used in all the experiments, with the main plots
being the type of cover crop (no-mulch, barley or rye) and the sub plot consisting of the mulch
management. The sub plots (3.2x6 m) consisted of (a) mulch killed at planting (early), (b)
mulch killed 1-2 weeks after planting or sowing (mid) and (¢) mulch killed off 3-5 weeks after
planting or sowing (late). The no-mulch plots received the same herbicides that were used to
kill the barley and rye,

Onions cv. Cream Gold were sown at 120 seeds/m® with 500 kg/ha 14:16:11 fertiliser on 12
October 1992, The early muich treatments were sprayed off using 0.54 g a.i/ha glyphosate in
250L/Ma water volume on 24 October 1992. Middle and late cover crops were killed off using
0.424 kg a.i/ha fluazifop (butyl ester) in 250 L/ha water volume on 13 November 1992 and 28
November 1992 respectively. The onion part of the experiments was temminated on 15
December 1992,

Broccoli cv. Greenbelt was planted on 16 November 1992 at 3.75 plants/m® with fertiliser
13:14:13 pre drilled at 500 kg/ha. Early cover crop treatment was killed off on 14 November
1992 with 0.72 k/ha glyphosate. On 28 November 1992, 0.424 kg/ha fluazifop was applied to
the middle cover crop treatments. The late ireatments had 0.12 kg/L glyphosate applied through
a wiper on 2 December 1992, All ne-mulch plots had ghyphosate at (.12 g/L applied through a
hand held wiper. Broccoli was harvested between 11 and 18 January recording head weights
anc asscssing marketability.
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Sweet corn cv. Sno Sweet was sown on 14 November 1992 a1 § scedsfm® with feniliser
14:15:13 at 500 kg/ha. Eariy and late cover crops were killed off with 0.72 kg/ha glyphosate on
i4 November 1992, or by wiper using 0.12 kg/l. glyphosate on 2 December 1992 respectively.
There was no middle cover crop treatment for sweet corn.  The late barley cover crep treatments
and no cover crop treatments had 1.5 kg a.i./ha MCPA (dimethyl amine salt) and 10 g a.i/ha
dicumba applied intetrow on 22 December 1992. The sweet corn was harvested belween 24
Murch 1993 and 29 March 1993 with individual cob weight and marketability being recorded.

Plant establishment counts were conducted on 15 December 1992 for onions and 11 January for
the broccoli and sweet com. Both weed dry mater and cover crop dry matter was assessed
through the trial on 27 October 1993, 12 February 1993, 12 March 1993 and 30 March 1993,

RESULTS AND DISCUSSION

Plant establishment in onions and sweet com was significantly (P=0.01) affected by the different
levels of mulch,  In onions, only the no-mulch plots and the early barley treatments gave
commercially aceeptable plant stands (Table 1). Al late treatments and rye treaiments,
significamly (P=(0.01) reduced com plant numbers. This was due to machinery planting
problems rather than the direct effect of the mulch en corn germination. The effects of low
plant establishment numbers in the onions and the sweet com was reflected throughout the toial
and was the primary iniluence on yield in sweet corn. Neither onion or sweet corn yield data is
presented. There were no stgnificant differences n plant establishrent levels in the broceoli.

Table 1. Crop establishtuent numbers per m? of unions, broceoll and sweet vorn under
different mulch regimes

Ornions Broceoli Sweer com

Early Mid Late Early Mid Late Early Late

No-mulch 50.5 443 515 2.53 1.23 1.81 7.98 4.52
Barley 403 220 20.0 1.98 1.77 1.81 7.83 1.36
Rye 29.5 18.8 113 2.09 1.63 1.60 4.07 0.7
Lsd. (P=0.01) 13.5 s, 319

Broceod yield was significantly (P=0.01) greater in all earty treatments than any mid or late
treaiments (Fig. 13. Though the yield in the early rye plot was significuntly (P=0.01) lower than
the early no-mulch treatment, no herbicides were used in the rye plots. The no-mulch reatments
had a post-emergent herbicide application. A better result may be achieved with broccoli by
having the rye mulch killed prior 10 planting as in soybeans, rye mulch killed off two weeks
prior 1o sowing, gave better yields than rye killed off at sowing (4). This could also apply for
sweet corn and onions, as long as sowing difficulties can be overcome.

Fifty days after the sowing of the mulches, the barley and rye plets had significantly reduced dry
weight of all species present {Fig. 2). Total dry weight was significantly reduced by 75%
(P=0.01% in the rye mulch. However there was no difference between mulches in plant numbers
(Fig. 2). The main species present, in order of importance were wircweed, Folvgonum
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avicutare, field bindweed, Convolvulus arvensis, spurry, Spergula arvensis, speedwell, Veronica
hederifolia, and chickweed, Stelloria media. Bames and Putman (1) also achieved a reduction of
this magnitude with a rye mulch without reducing weed germination. Others (5) found that a
rye mulch gave biomass reductions in both broadleaves and grasses, where forage oats only gave
a reduction in broadleaf weeds biomass. As broadleaves were the only weeds present in
magnitude in this experiment, the relative effectiveness of rye and bariey on grass weed biomass
production can not be made.
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Figure 1. Yicid of twoccoli under different mulch regimes (nile = no-mulch eady, nilm = no-mulch.
mid, nill = no-mulch late, bare = barley carly, barm = barley mid, barl = barley late, ryee =
rye carly, ryem = rye mid and ryel = rye laie). Means followed by the same lelter are not
significant at the P=0.01 level as deteamined by Fisher's protected bs.d.
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Figurc 2. Total weed numbers and weed biomass (DM), 50 days after the sowing of the mulches prior
0 herbicide applicalion. Mcans within each variable followed by the same letler are not
significant at the P=(10L level as determined by Fisher’s protected Ls.d..
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At braceokl harvest cach mulch type was significantly different (P=0.013 fvoms cach o e
rye > barley > no-mulch (Fig. 3). The ditferences between the rye and barley could be due o
cithier the initial sowing rates, 160 kg/ha vs 80 kg or that rve does not break down as aoi

The carly rye treatment maintained low weed biomass levels for 134 days (until harvestt h“:;
significant (P=.03) from all other eatments except the early barley treatment. The other e
treatments did not achieve the same reductions in weed biomass. The caose is most probubls o
the method of killing off the mulch with the mid treatments using fluazifop which has un
effectiveness against broadicaves and the lare treatments having glyphosate applied throuagsh
wiper which would be above the weeds height. This indicales that the rednctian oo e
biormass had more to due with a physical effect from the mulch than an alleiopathic {(hoan
elfect. While other studies ef rye mulch have indicated that mulch levels necd o be o
ol 000 kg/ha to reduce weed biomass for 30-60 days (3), in this experiment, rye mulch lov
reduced weed biomass until broceoli harvest (130 days) with mulch levels around 3090 kg
(Fig. 3).

The different levels of weed biomass for the early treatments (nile, bare and ryee) (Fig. % are
the wmverse 1o the yield of broceoli {Fig. 1) The mulch levels from these weaimenis
carresponded to the vield. This indicates that the level of mulch present had a direct etfect on
yichl.
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Fipure 30 Wead and mulch biomiass levels at broceoli harvest under different maleh regites inkie = no
mudch cariy. pilm = ao-mulch. mtid, nill = no-muich e, bare = bardey carly, banw = barhey
auid. bardl = bardey late, ryce = rye cary. ryem = rye mid and ryet = rye faie). Meaons withi:
cach variable Rllowed by the same letler are not signilicid at the P0G evel o ot
and I'=0.05 level Tor weed bicmass as determined by Fisher's protected Lsad.

While some reductien in yield occurred in adl crops studied. the role of cereal cover crops L
reeduce weed biomass for wp to 130 days with no added herbicides holds promise of using e
muiches o reduce inputs of cultivation and herbicides inte our vegewble cropping systems,
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THE TOLERANCE OF FOUR FIJIAN SUGARCANE VARIETIES TO PRE-EMERGENT
AND POST-EMERGENT HERBICIDES

S.A. Yin and 8.J. Yang
Sugar Technical Group of Republic of China
Sugar Cane Research Cenzre, Fiji

Summary. Field studies tested the tolerance of Mana, Kaba, Mali and Ragnar sugarcane varictics
to varying rates of 3 pre- and 3 post-emergent herbicides commercially available in Fij:,

Pre-emergent treatments with 5, 10 and 15 L/ha of Cane Spray 3133 (7.5% dicamba + 30%
2,4-D) or with 2, 4 or 6 kg/ha of Diuron 80 {80% diwron) or Velpar K4 (13.2% hexazinone +
46.8 % diuron) caused little or ne damage te any variety. Kaba and Ragnar showed slight
susceptibility to 15 L/ha of Cane Spray 333 but recovered within 4 weeks, but no herbicide or
rate significantly affected yicld when harvested at 14 months.

Post-emergent treatments with 4, § or 12 L/Mha of Asulox 40 (40% asulam) caused no significant
damage except at the higher rates to Mali and Kaba. 1, 2, or 3 L/ha of Actril DS (10% ioxynil +
60% 2,4-D) only caused damage to Ragnar at the higher rates. 2, 4, or 6 L/ha of Tota-col (10%
paraquat + 30% diuron) caused severe damage to all varicties.

Most weeds (apart from grasses with Velpar K4) can be safely controlled at these rates by either
the pre- or post-emergent herbicides tested.

INTRODUCTION

Early in the 1950, Nolla found different Sugarcane varieties to have different response w 2.4-D
(2), therefore, he classified the Sugarcane varieties into four categories, susceptible, moderately
susceptible, slightly susceptible and resistant. Rochecouste discovered in Mauritius that there
were significant differences among sugarcane vaneties in the resistance to the herbicide Dalapon,
hence, he sorted the sugarcane varieties highly susceptible, susceptible and moederately
susceptible into three categories (3). Millhollon and Matheme (1) cited that sugarcane variety N:
Co 310 was more resistant to Dioron than C.P. 44-101 and C.P. 52-68. Herbicide application in
cane field was not so common in many of the Fiji Sugarcane farmers. However, it is the
tendency that chemnical weed control will be the major measurement due to its cheapness and
shortage of labour in the situation of Fiji cane belt.

METHODS

Field trial was conducted in Drasa Lautoka, Fiji, from May 1989 to July 1990 on an oxisol s0il,
The four commercial sugarcane varieties were Mana, Mali, Kaba and Ragnar.

Ten treatments involving three herbicides, Cane Spray 333, which is the mixture of 7.5%
Dicamba and 30% 2.4-D, Diuron 80, which contains §0% of Druron and Velpar K4, which is
the mixture of 13.2% Hexazinone and 46.8% Diuron. The application rates were 5, 10 and
15 L/a. in Cane Spray 333 and 2, 4, and 6 kg/ha for Diuron and Velpar K4, In addition, one
congrol treatment without herbicide application was also included. The pre-emergent chemicals
were sprayed one week after sugarcane planting.
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Three products, Asulox 40 comaining 40% Asulam; Actril DS, which is the mixture of 10%
foxynil and 60% 2,4-D and Tota-Col which contains 10% paraquat and 30% Diuron were vsed
in the post-emergent hesbicide trinl. The application rates were 4, 8 and 12 L/ha of Asulox 40, 1,
2 and 3 L/ha of Actial DS and 2, 4 and 6 L/ha of Tota-Col. The post-emergent chemicals were
applicd 6 weeks after cane planting.

The experimental design was two-fold split plot design with three replicates, each plot contains
of 4 rows (1.37 row spacing) in a length of 5 metres.

RESULTS AND DISCUSSION

Toderance of varieties to pre-emerpent herbicides

Table 1 indicates that alf three pre-emergent herbicides caused no or very low phytotoxicity in
four varieties tested even in high rate.

Table 1. Tolerance (A} and the recovery time from phytoloxic effect (BY of sugarcane varietics to pre-emergent
hernczdes m Fijl
Canc Spray 333 Diyron 80 Velpar K4

Varicty SLMa I0Ma ISLMa 2keha 4kpha 6kgha Zkgha 4kgha 6 kgha

A B A B A B A B A B A B A B A B A B
M [ M 1 - I -0 o - 1 - 1 - 1 - 1
Mali | 42 4 2 4 1 - 2 4 2 4 1 4 l 4 2 4
Kathii 1 - 2 4 3 4 1 - 1 - 2 4 1 t - 1 -
Rapsiar 1 - 2 4 3 4 1 - 1 - 1 - ¢ - I - 1 -

Rale i g itics of product per heclae,

{3 = Resistmt; 1. 2. 3 = Slightly susceptible: 4, 5, 6§ = moderate susceplible; 7, 8, 9 = Highly suscepuble;
10 = Dead

Nuo phiyidoxic effect

Nuiber of weeks for the recovery

Vanictics KABA and RAGNAR were slightly susceptible to Cane Spray 333 at high rate of
15 B.Ma bat tecovered at 4 weeks after application (Table 1). Yeh (4) cited that for the 2,4-D
injury in the ¥ serics (F146 to FI78), the recovery period for pre-emergence was 8 wecks, while
only 4 weeks for these Fiji commerical varieties. The weed control effect of the three products
was ulso observed (Table 2), both Cane Spray and Velpar K4 could conwrel effectively the
broadieal and the creeper weeds at Teast 6 weeks, Tess effectiveness was abserved from Cane
Spray and Dieron when used for control of the pramineae weeds.

Pre-emergent herbicide appheation neither affect statk population mor stalk length in all four
varietics tested. As o result, no significant differences between treatments in cane and sugar
praduction have been found (Tables 3 and 4). For Kaba variety, significant differences between
reatments were found in herbicides tested, however, the differences could not be attributed 1o
toxicity effect.

239



Weeds in crops

Table 2. Efficacy of common pre-emergent herbicides on weed control at & weeks after

application

. % Control
Herbicides Rate
Broadieaf Creeper Gramineag

Cane Spray 5 Lha 73 76 -
Diuron 2 kg/a 56 52 19
Velpar K4 2 kgma 70 46
Table 3. Effect of pre-emergent herbicide application on cane yield {(Wha) of four varicties planied in

an oxisol soil

Cane Spray 333 (L/ha) Diuron 80 (kg/ha) Velpar K4 (kg/ha)

Varicty

0 5 10 15 Cv% 0 2 4 & Cv% 0 2 4 6 CV%
Muna 165 179 1RR 146 15 NS 165 149 (62 153 20 NS 165 127 145 32 35 NS
Mali 141 150 48 134 18NS 141 117 134 143 20NS 141 169 130 (64 I8 NS
Kaba 126 97 143 121 185% i28 98 172 130 18 1% 128 155 129 145 9 5%
Ragnar 126 121 117 126 16 NS5 126 106 136 121 13NS 126 IL1 130 116 12NS
Tabk: 4. Eflcct of pre-cmergent herbicide application on sugar yield {t/ha) of four varelies planied in

an oxisol soil

Cane Spray 333 (L/ha) Diuron 80 (kg/Ma} Yelpar K4 (kg/ha)

Varicty

0 5 1] 15 CV% O 2 4 6 LOL'L I | 2 4 6 CV%
Mana 22 24 23 20 19NS 22 21 2 22 13ANS 22 17 2} 18 34 NS
Miali 18 14 16 14 16N5 8 12 15 16 2INS 18 16 4 16 18NS
Kaba 20 14 (4 27 ITNS 20 14 19 25 181% 20 21 19 20 GNS
Ragnar [ 17 17 ISNS 19 17 21 20 13INS 19 18 I8 18 I1INS

Tolerance of varieties to post-emergent herbicides

Due to Tota-Col containing Paraguat which ts non-selective, very serious phytotexicity up (o
grade ¥ was observed in all four varieties under test (Table 5). Most of the young Aillers were
destroyed permanently by Tota-Col. Next to Tota-Col, Ragnar variety was alse imoderate
susceptible to Actril DS when application rate was in mediom to high level. Mali variety was
also slightly to modcrate susceptible to Asulox. Most of young cane was killed by Tota-Col
which destroyed the crop establishment permanently. However, replanting for these plots for
maintaining enough surviving number of sugarcane for the trials. Despite severe damage to
sugarcane by Tota-Col, Mana, Kaba and Ragnar recovered from phytotoxicity at 4 weeks after
application, while it took 8 weeks for Mali to recover {Table 5).

Yeh (4) reported that for F varieties in Taiwan, it took & weeks in post-emergent chemicals
applicution for all injury symptomns to recover in the sensitive varieties.
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Similar 1o pre-emergent herbicides, the canc growth neither in stalk population nor is stalk
length was affected by any of the post-emergent herbicides. The plant crop of this trial was
harvested at 14 maonths. The subsequent cane and sugar yield data indicated that except Mana
variety upplied with Actril DS, no adverse effect of herbicide application was observed (Tables 6

and 7). The highest rate of Actnl DS of 3 L/ha applied on Mana tended to suppress yield.
However, further veritication 15 needed.

Table 5. Tolemance (A) and the recovery time from phytotoxic effect (B) of sugarcane variety (0 pre-emergent
herbicides in Fiji

Asulox &) Actdril DS Tota-Col
Varicey 4 L/ha # Lfha 12 L/ha 1 L/ 2 Lha 3 Lma 1Lha 2LMa 3 LMa
A B A B A B A B A B A B A & A
M [ 2 4 3 4 U - 1 4 3 4 9 9 9
Mali 308" 3 b L] 8 1 8 2 8 3 8 9 9 g
Kaha | 4 3 4 5 4 1 4 2 8 3 8 9 g %
Raypmar | 4 2 4 2 4 2 4 4 4 5 5 9 3 G

Rate i quanttics of peoduct per hectare,

O = Ressiand, 8. 2. 3 = Slighily susceptible; 4. 5, 6 = moderale susceplible: 7, 8, 9 = Highly susceptible;
10 = Dot

- Nao phylotaxic elfect

Number of weeks (or (he recovery

Table 6, Ellea of post emergent herbicide application on cane yield (1/ha) of four variecties planicd in
an axisol soil

Asulox 40 (Lfha} Actril DS (LAa) Ta-Col (Lfha)
Varicly
4] 4 % 12 ¥ | 2 3 0 2 4 1]
M 144 153 123 1503 144 164 147 101 149 169 114 130
M:ihi 157 135 149 166 157 165 137 153 157 134 157 137
Kb 150 143 132 1{X} 150 i43 137 135 150 141 143 151

Ragnar 140 129 144 128 140 17137 123 140 110 136 141

Tabie 7. Efluct of posi-cmergent herbicide application an sogar yield (Uha} of four varieties planied in an
oxisol sail
Asnlox 40 (L) Actri) DS {Lha} Toila-Cob {1hay

Vare:ly :

8] 4 ¥ 12 CVe%: 0 1 2 I Cv¥% 0 2 4 3] CV%
Mana MO23 15 20 165% W 0N 20 13 201% 20 25 16 18 3IINS
Ml % 15 1% 1% IZ2NS I8 I8 15 16 2Z5NS 18 14 1% 13 2U5%
Kaba 200 21 16 15 2INS 20 22 19 18NS 0 20 20 2 14NS
Rapnar 19 19 2 I8 ITNS 19 16 20 1% 18NS 19 16 20 20 I2NS

The results obtuined fram this trial imply that execpt Tota-Col, the application of some post-
emeegent herbicides could cause phytatoxicily to growth at the yeung cane stage. but once the
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crop recovered, the final yield will not be affected. Similar results were found by Yeh (5), he
cited that although different varieties responded differently in tolerance to herbicides yet such
physiological character was not related to sugar accumulation of cane,
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WEED CONTROL [N SOD-SEEDING SOYBEAN IN JAPAN

K. Noguchi', K. Nakatani' and W.M.D. Wasala®
! National Agriculture Research Center, Tsukuba, Ibaraki 305 Japan
* Cenwal Agricultural Research Institute, Peradeniya, Sri Lanka

Summary. Efficacy was not reduced by mixing glufosinate or diquat-paraquat with soil applied
herbicides such as alachlor, metolachlor, linueon, prometryn and trifluralin, The efficacy against
weeds of glyphosate combined with soil applied herbicide such as tfluralin reduced slightly as
compared with glyphosate alone. Efficient weed control was obtained by sequential application,
namely preplant treatment of foliar applied herbicide followed by postplant treatment of scil ap-
plied herbicide or combined application of postplant treatment using both types of herbicides in
sod-seeding cultivation of soybean.

INTRODUCTION

Double cropping, of wheat and soybean is popular in the rotational upland fields in Japan. In
June (the rainy seasoo in Japan) soybean is sown scon after harvesting of wheat using
sod-seeding cultivation in order to use mechanical seeder effectively (1,2} Experiments on the
herbicidal efficacy 10 weeds and injury of herbicides to soybean were conducted to establish an
efficient weed conteol system for sod-seeding cultivation of soybean.

METHODS

Experiment 1. Efficacy of foliar applied herbicides mixed with soi! applied herbicides was
investipated. Herbicides used were as follows:

Foliar apptied herbicides: glyphosate, glufosinate, diquat-paraquat
Soil applied herbicides: alachlor, metolachlor, linuron, prometryn, trifluralin,
prometryn-metolachlor.

These herbicides were applied at growing stage of Digitaria ciliaris (Retz.) Koeler and
Amaranthus patulus Beroloni.  Concrete pots of 50x50 cm filled with volcanic ash soil 0
3 ¢m depth were wsed in this experiment with 3 replications.

Experiment 2. Injury of herbicides to soybean was investigated. Soybean, coitivar Tachinagaha
was sewn with no soil cover or 3 ¢m depth of soil cover using the same concrete pots as in
Experiment 1 with 3 replications. Herbicides used were as follows:

alachlor, metolachlor, hiauron, prometryn, trifluralin, promewyn-metolachlor, plyphosate,
glulosinate, diquat-paraguat.

Experiment 3. Efficacy and injury of herbicides to sod-seeding soybean were investigated using
rotational uplund  field continuing sod-seeding culture doring 3 years.  Soybean, cultivar
Tachiragaha was sown on 19 June 1990. Five levels of herbicide application method were
designed as follows:

a.  Foliar application of glufosinale 925 g/ha before seeding
b, Soil application of prometryn-metolachlor 0.8+1.2 kg/ha after seeding
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c.  Foliar application of glufosinate before seeding followed by soil application of
prometryn-metolachlor after seeding

d.  Combined application of glufesinate mixed with prometryn-metolachlor after seeding

e, Untreated,

This experiment was carried out at a rotational upland field of the National Agriculiure Research
Center. Plot size was 7.2x2 m with 3 replications.

RESULTS AND DISCUSSION

Effect of soil applied herbicides mixing with foliar applied herbicides on the herbicidal efficacy
to growing weeds 15 shown in Table 1. Herbicidal efficacy was not reduced by mixing
glufosinate or diquat-paraquat of foliar applied herbicides with soil applied herbicides such as
atachior, metolachlor, linuron, prometryn, trifluralin and combination of prometryn-metolachlor.
The efficacy against Amaranthus patulus of plyphosak combined with soil applied berbicide
such as trifluralin was slightly reduced compared with glyphosate alone.

Table 1. Effect of soil applied herbicides mixing with foliar applied herbicides on the
efficacy to growing weeds

Foliar Dosa % Weed control

applied SBE Weed

herbicide  (k&/ha) A' Met Li  Pro Tri Promt Nomix

Glyphosate 1.04 D’ 100 100 100 100 100 99 100
A 99 100 100 95 90 100 100

Glufosinase (.56 D 100 100 100 100 95 100 100
A 104 100 100 100 100 100 100

Diquat- 0.42 D 38 80 97 91 87 95 73

paraguat 30 A 100 100 100 100 100 100 100

Footnotes: ' Al : alachlor 2.58 kg/ha, Met : metolachlor 1.8 kg/na, Li - linuron L.O kg/ha,

Pro ; prometryn 1.O kg/a, Tri : trifluralin 1.34 kg/ha, Pro-mt ;
prometryn-metolachlor 0.8+1.2 kg/ha, No mix : no mixing.
¥ D : Digitaria ciliaris, A : Amaranthus patulus

Effect of herbicides on emergence and early growth of soybean is shown in Table 2. Feliar
applied herbicides, namely glyphosate, glufosinate and diguat-paruyuat, cansed reduced
emergence of soybean seeded with no soil cover. As shown in Table 2, the number of
emergence of soybean was reduced 13-41% compared with untreated plot. Adverse effect on
early growth of soybean seeded with no soil cover was not observed in the plots of application
of foliar applied herbicides. Soil applied herbicides such as trifluralin and prometryn caused a
slightly reduced emergence of soybean sceded with no soil cover, and delay of growth was
observed in the plots of alachlor, metolachlor and prometryn-metolachlor application. In the
plots 3 cm soil cover condition, the adverse effect on emergence or carly growth of soybean was
not observed by foliar applied herbicides, but alachlor, metolachlor and prometryn-metolachlor
reduced early growth of soybean due to heavy rainfall soon after herbicide treatment.
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Efficacy and injury of herbicides to sod-seeding cultivation of soybean was shown in Table 3. A
poor herbicidal efficacy to weeds was observed in the single application of foliar applied
herbicide befere seeding or soil applied herbicide after seeding. Efficient weed control was
obtained by sequential application, namely preplant treatment of foliar applied herbicide
followed by postplant treatment of soil applied herbicide or combined application of postplant
treatment using both types of herbicides. Herbicide injury to soybean was not observed even
with 1 em soil cover in this experiment. More experiments including a method for avoiding
herbicide injury to no or shallow soil cover, & methed for convenient herbicide application etc.
are necessary for sod-seeding in order to establish an efficient weed control system.

Tabic 2. Effcol of herbicides on emergence and carly growth of soybean

Herbicide Dosage Emergence Stem No. of Top fresh
{kg/ha) (%) length leaffplant weight
(cm}) (g/plant)
0 cm of s0il cover
Adpchior 2,58 100 21.8 4.6 8.8
Mecnlachlor L8 00 220 4.5 8.2
Liznron 1.0 92 240 50 .y
Promciryn B0 88 238 5.3 11.2
Trilluralin 1.3 87 238 5.1 1.5
Prometryn-meiolachlor 0.8+ 1.2 96 220 49 9.7
Glyphosate 205 T 24.0 540 124
Glulosinate .93 5G 235 5.1 13.%
Dheua - paraguat 0.7+ 05 87 230 50 12.0
Unireated - 100 253 5.1 12,0
Is.g. P=0.05 i35 ns. 0.4 21

3 cm of seil cover

Alachler 258 100 216 50 1.0
Metolachtor 1.8 100 216 4.8 1.2
Linuren 1.0 100 24.1 51 13.3
Prociryn 1.0 9l 24.8 5.5 15.0
Trilluralin 1.34 100 2438 5.4 15.0
Prometryn-metolacidos 03+ 12 43 214 30 .7
Clyplwsale 21005 104 259 5.3 15.7
Cilutosinale a3 1{K) 4.4 53 16.3
gt - parasguil 7 +405 100 25.1 53 16,9
Lnireaed - 100 24.6 5.2 14.3

s P05 0.5, 2.6 .3 3.7
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Table 3.  Efficacy and injury of herbicides to sod-seeding cultivation of soybean

Soybean
Weed i . .
Plot control 1 cm of soil cover 3 cm of soil cover
(%} Stem length  Top freshwt  Stem length  Top fresh wi
{cm) {g/plam) (cm) {g/plant}

at 44 40 232 46 252
h 42 43 219 48 254
' 98 42 25.1 45 27.0
dJd 9% 46 28.0 49 2932
c 4] 43 20.7 46 22.6
Lsd. P=0.05 n n.s. n.s. n.s. n.s.

Foolnote: ' ab.cd: See Experiment 3 in METHODS.
REFERENCES
I.  Nakatani K. and Noguchi, K. 1991. Weed Res. Japan. 36(Suppl. 1), 168-162 (in

Japanese).

2. Noguchi, K., Nakatani, K. and Wasala, W.M.D. 19%0. Weed Res. Japan. 35(Suppl. 1},
159-160 (in Japanese).
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MODELLING THE FATE OF BROME GRAS3S IN THE LUPIN/WHEAT ROTATION

C.M. Zaicon, R.J. Martin, and G.5. Gill
Department of Agriculture, Western Australia, Baron Hay Court,
South Perth WA 6151, Australia

Summary. This paper describes 4 simulation model for brome grass that gives an indication of
the seed bank dynamics under different weed control regimes in beth the lupin phase and the
wheat phase. The model shows that simazine and a grass selective herbicides are essential to
reduce the weed seed bank during the lupin phase so that the yield potential of the following
wheal crop is not reduced. Brome grass seed bank is, however, replenished in the wheail phase
and delayed seeding did not reduce the weed seed bank significantly. At present there is little

infonmation on the impact of the seeding operations on the seed bank and validation of the seed
decay curve bs necessiury.

INTRODUCTION

The lupin-wheat rotation is a very productive cropping systemn oo the sand plain soils of Western
Austrakia. With the adoption of minimum tillage for wheat production and early seeding, brome
grass has become a dominant weed, as there are ne selective herbicides registered for its control
in wheat. A1 present farmers are relying on grass selective herbicides in the lupin phase to
reduce brome prass secd carry-over into the wheat phase. However, it is impottant to
incorporate control oplions into an intcgrated program for the long ierm sustainability of the
lupin-wheat rotation. Modelling the impact of conwrol techniques on weed seed production and
carry-aver will be valuable for the development of an integrated weed control progran.

A simulation mode! of the life eyele of brome grass was used to study the effect of varying the
degree of kil through the use of chemicals and delayed seeding on the long term seed
population trends in the Tupin-wheat cropping rotatioa.

MODEL

The simplified life cycle model for brome grass was adapted from a model for wild oats (3).
This includes a proportion af the seed bank which produced mature plants in the crop ., the
nurber of seeds produced and the morality of seeds in the seed bank. The madel was
programmed in Micresoft Exce! and runs on 2 PC.

We have assumed that the seed decuy curve is sigmoidal (Fip. 1). The depletion of Lhe majority
of (he sved bank occurs within 12 months following seed production (i), Seed decay was
assumed 1o be minimal immediately following production in December due to innate and
enforced dormancy. The innate dormancy of Bromus sp is short and generally does not extend
into the winter months (2).

Brome prass seed production was described by a hyperbolic, non-linear function of weed density
{pers comm, Cheam).  Seed production approached an upper limit of 65300 seeds/m’ as weed
denxity increased 10 100K plants/me? (Fig. ).

Assumplions were also made about efficacy of the herbicides used in the model; simazine
(75%), grass selective herbicide in Lupin phase (95%) and herbicides in wheat (70%}.
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The main effect of not applying a grass selective herbicide in the lupin phase was 2 rapid
The initial seed

RESULTS AND DISCUSSION

increase in the brome grass seed bank in the first two years of the rotation.

bank was set at 1000 seeds/m®. At the end of the first lupin crop in which simazine only was
applied, the seed bank had increased to 3000 seeds/m®. In contrast, the seed bank was reduced
10 300 seeds/m’ at the end of the first lupin crop when both simazine and a grass selective

herbicide were applied.
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hank in the Jupin (L)-wheat{W} rotation.

(M wearly sown wheal, no herbicide; [J :late sown wheat, no herbicide; @ :early sown

wheat, plus herbicide; O :late sown wheat, plus herbicide).

Replenishment of the sced bank occurred in the wheat phase.  Following the depletion of the
seed bank during the lupin crop where simazine and a grass selective herbicide were used, the
seed bank was replenished in the following whest phase to greaier than 2000 seeds/m’,
flowever, adopting 1he use of o herbicide wish 70% efficacy in the wheat phase maintained the
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weed sced bank at about 500 seeds/m’ in the following wheat year. The impact of delayed
seeding of wheat was a slight reduction in the weed seed bank relative to early sowing.

The model indicates that the best management practice to ensure that the brome grass seed bank
does not increase to the maximum level and impact on wheat production is the use of grass
selective herbicides in the lupin phase. The use of chemicals or cultural practices in the wheat
phase were not essential. However, the grass selective herbicides used in lupins are effective on
both brome grass and annual ryegrass. While targeting control of brome grass, annual ryegrass
populations resistant to the grass selective herbicides could develop and the model does not
incorporate the impact of the continuous herbicide usage on the altering weed spectrum. Hence
we need to reduce the reliance on grass selective herbicides for brome grass control and develop
an integrated approach to weed control which is economically sustainable. The brome grass
seed bank model will be valuable for the development of an integrated weed control program.
Validation of the modei is not complete. At present there is little information on the impact of
the seeding operations on the seed bank and weed establishment. Validation of the seed decay
curve is also necessary.
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METRIBUZIN AS A BROAD-LEAVED POST-EMERGENCE HERBICIDE FOR
NARROW LEAF LUPINS

LA, Cooper and DG, Bowran
WA Department of Agriculture, Baron-Hay Court, South Perth WA 6151, Australia

Summary.  Metribuzin has been suggested as an alternative herbicide to use post-emergence on
triazine tolerant lupin collivars to contral broad-leaved weeds. In 1992 a series of field trials
were conducted in fupin growing arcas of the West Australian wheatbelt to determine both the
tolerance and efficacy of metnbuzin use post-emergence. Sites chosen bad doublegee, wild
radish. fumitory plus a variety of grasses surviving the simazine applied immediately before
seeding (IBS).  The tolerant variety Guagurmu allowed good sclectivity with metribuzin.
Application rates of 70 p/ha ai. controdled small doublegee and radish. Large weeds reguired
1) g/ for control.

INTRODUCTION

Simuzine is routinely applied tmmediately before seeding (IBSY to narow leaf Jupin, Lupinus
engustifoliug, crops as the main herbicide 1o control the majority of weeds in Western Australia,
Past emergence broad-leaved weed control remains a problem in certain sitwations,  Previous
work has shown that the varicty Gungorru 15 mere tolerant 1o triazine herbicides than Darju and
sonw other, obder varicties (1), Merdt is also o triuzine tolerant culivar.,

The current herbicide eptions for post-emergence broad-leaved weed control are either simazine
wp-up or diflutenican, There is little feal uptake of simazine and moist soil is required for the
herbicide to work effectively, Large weeds, especially transplants, are difficuli to control as the
simiazing remains near the surface and their roots extend below the treated Yayer, Diftulenican,
the ather optien, is used 10 control wild tadish, Raphanus raphanistrum, but has a limited weed
speetran.

Muotribuzin, o wriazinone, has heen suggested as an alternative herbicide to use post-cmergence on
trigzine wlevant coltivars.  1C has the advantages of higher water solubility and leaf uptake than
simazing tlong with a broader weed control spectrurn.  Herbicide telerance trials have confirmed
that tnazine tokerant cultivars alse tolerate metribuzin.  Variation in wetribuzin tolerance of
different crop cultivars has been showa in soybeans (5) and wheat (3).

In 1992 a series of Nweld wrials were conducted to determine the wlerance and efficacy of
mwtribuzin aleae, or in mixtures for post-emergence use on lupins.  The targer weed species
were doublegee, Emes austradis, wild radish. fumitery, Fumaria muralis and a variety of grasses
Oeainly Lelium rigidux and Bromus spp.) that had either been transplanted or had survived the
FBS simazine application.

METHODS

I 1992 five rephicated irials were conducted in commercially grown crops of Guagurru lupins in
Western Avstralia {Table 1), Three siles had weeds surviving the 1BS simazine applications at
the rate recommended lor each soit type, while twa had low weed nurbers and were used to
detennine crop tolernce.  The wial design used was a randomised block design with 3
rephiestions of plots 3x20 m. The area harvested in each plot was 1.4x20 m,
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The herbicide treatments included a metribuzin response curve 50-210 g/ha, diflufenican 75 g/ha,
simazine top-ups 500 and 1100 gpha, and combinaticns of metribuzin with ¢rop oil, simazine,
grass selective herbicides and diflufenican (Table 2). Assessments included visual ratings, weed
and lupin plant counts and grain yields.

The yield data was analysed by a nearest neighbour technique (Spatial Analysis of Field
Experiments (2)) ptior to analysis of variance.

Table 1. Description of 992 trial sites.

Sile Soil type BS simazine Dominant Crop slage
kg/ha weeds sprayed

Wongan Hills yellow clay sand 1.& nil 6-8 feaf
Ucs.22

Yclbeni sandy duplex 1.1 nil 3 leaf
Dy4 82

Yorkrakine loamy sand 11 doublegee, radish, 3-5 leaf
Dy4.83 bromegrass

Yecalcring loamy sand, poorly 1.1 doublegee, radish, 6-10 leaf

drained Dy5.41 rycgrass

M1 Barker loamy duplex 1.1 fumitory. rycgrass 3 leaf

Dpt.41

RESULTS AND DISCUSSION

Tolerance. Soon after application of metribuzin there was marked leaf yellowing and leaf tip
buming, and at the highest rates there was also leaf drop. The crop growth was retarded by
about one week but within 2 to 3 weeks there were no colour differences between treatments.

Plots treated with greater than 140 g/ha of metribuzin, or with crop oil additives, were slightly
shorter and bushier than untreated plots,

Gungurru lupins tolerated the highest rate of metribuzin tested at all sites without any loss of
grain yield (Table 2). The required rate is between 70-100 g/ha depending on target weeds.
The resulting yields were similar to those from simazine at each site. Mixtures with
diflufenican, grass setectives and simazine were all tolerated in these rials,

The addition of spray oils to meiribuzin could not be recommended at the 105 g/ha rate as this
treatment showed the greatest visuval damage after spraying. This did not translate into
significant yield reductions but would cause concern to growers. The possibility of reducing
metribuzin rates by the addition of oil has not been investigated. The severity of brown leaf
spot {(Pleinochageta) was not increased by application of metribuzin at Yorkrakine, the one site
infected, though the addition of oil or diflufenican increased the severity of infection.

Yields at both Mt Barker (weedy) and Wongan Hills (weed-free) were increased significantly by

herbicide application (Table 2). The yield increase at Mt Barker was problably due to removal
of competition from fumitory, The increase in yiclds at Wongan Hills may have been caused by
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stress inducing increased pod set or the reduced leaf area in early winter which conserved soil
water for use in lale spring. The untreated plots were vegetative but didn't set many pods.

Table 2. Yields of Gungurru Jupins Lrealed with mctribuzin or altemative herbicides al five siics in
1992 expressed as percent untreaied.

Post-cmergence treatment Raie Wongan  Yelbeni  Yorkrakine ML Yealering
g ai/ha Hills Barker

untreated (kgfha) 1438 048 981 1210 1274
diflufenican 75 106 109 98 109 a5
Simazine 500 106 108 HIEN 135 o5
simazine 1100 108 o7 112 135 115
metribuzin 52 113 115 108 118
metrbazin pii 11§ 100 109 133 103
mairibuzin 105 110 99 106 122 94
medriburin 210 L6 08 @ 139
metribuzin + oil (Ulvapron) 05 + 1% 18] %y 93 143 109
metrnibuzin + simazine T+ 500 110 100 115 159 99
metrtbuzin + diflulenican 105+ 50 113 106 104 137 92
metrihuzin + sethoxydim 105 + 50 2t 108" 101 141 117
Lsd. P=0ODS I ns 15 22 18

S 00pMa scihoxydim appliced at Yelbeni and Wongan Hills

In tupins only 40% of finat biomass is produced prior to flowering so flowers compete with
latceal branch growth for assimilates. Bulky impressive crops tend to produce disappointing
yiclds and it has been suggested that an environmental stress is needed to increase the number of
pods set rather than to produce leafy plants. Metribuzin has been suggested as a growth
regulator in luping te cause stress and increase pod set. However trials where metribuzin has
been applied at flowering have not reliably increased yields (Seymour, pers. comm.).

Bficacy. Metribuzin gave good contrel of doublepees. The rtate required for contrel of small
doublepee (3-4 lealy was 70 gha (Table 3) but for larger plants (>5-6 leaf) 100 g/ha was needed
tnot shown).  Low tawes of metribuzin (<50 ¢) did not kill all small doublegee plants but
allowed lopins Lo suppress weeds by shading. The doublegee were prevented from vining
through the lupin canopy so avoiding contamination at harvest and reducing seed set  Low
tensities of doublegee cause yield losses by vining through the canopy and expand 10 occupy
any availabte space. Small wild radish plants (3-4 leaf) were controlled by 73 g/ha, the same
rate ax used for doublegee.

in several snail ancillary trials, mixtures of metribuzin and simazine, or metribuzin and
diffufenican gave the best conuol of large, transplanied doublegee. In farmer use, the best
control of targe wild radish plants (up to 1 m in diameter and height) came from a mixture of
10§ g/a metribuzin plus 50 g/ha diflufenican which controlied all plants {(Bowran unpublished
dat). There is no other herbicide option for this size plant.

There appeared to be synergism between mixtures of metribuzin and diflufenican at low
application rates. It is possibile that diflofenican, or surfactants in the formulation. are
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enhancing leaf uptake of mewribuzin. Using spray oils could also have this effect as it increased
the activity of metribuzin as shown by increased leaf damage in lupins. The addition of crop
oils to atrazine significantiy increases leaf uptake (4). Leaf uptake is most important with large,
eslablished weeds as their deep taproots enable them to escape herbicides applied to the soil
surface.,

Table 3. Weeds present (planis/m®) a1 1wo sites treated with metribuzin or altemative herbicides,
Counts 1aken six wecks afier application

Yorkrakine Mi Barker

Posl-cmergent treatmant Raia
weed stage al application g ai/ha doublegee bromegrass  fumitory TyCgrass

(13-4 leaf} (2 leaf) (2 leal) {2 leal)
unlrealed (kgfha) 9.6 289 48 60.0
diflufcnican 75 5.4 179 1.8 1.6
simazine 500 47 211 0 8.4
sinazine 1100 21 11.4 0 24
métribuwzin 52 36 23.6 0 46.8
meinbuzin TO 2.1 8.6 4] 418
mctrbuzin 105 2.6 223 4] 19.2
moetribuzin 210 0.5 129 a 5.0
metribuzin + oil (Ulvapron) 105 + 1% 1.5 2316 4 174
meiribuzin + simazinc T0 + 500 0.5 118 O 438
metribuzin + dillufenican 105 + 5D Il 3.5 [ 8.0
melribuzin + sethoxydim 105 + 50 54 24.3 0 20
lsd. P=0.05 39 17.4 23 98

Fumitory was controlled by 50 g/ha metribuzin but 0.5 kg/ha simazine gave an equal result
(Table 3). At an adjacent tnal, fumitory was also removed by either simazine or meitribuzin
{Gilbey pers. comm.). Economics diciate that simazine would be the better option for fumitory
control in moist seil conditions.

Grass control with metribuzin was unreliable. At Mt Barker the better results came from the
simazine oplions (Fable 3). Simazine at 1.1 kg/ha controlled 96% of ryegrass, equal to
sethoxydim. 105 g/ha of metribuzin gave control of 68% of ryegrass plants but there was little
benefit from doubling the rate to 210 g/ha (75% conirol). This is less than a grass selective
herbicide would achieve if there was no berbicide resistance. However, at a herbicide resistant
ryegrass site where metribuzin was used as an altemative grass selective herbicide in lupins,
control was equal to carbziamex but at lower cost (Gill, pers. comm.). Coentrol of bromegrass in
wheat with mewribuzin has been unreliable post-emergence, and more effective if applications are
followed by rain (3). The Yorkrakine site was dry for two weeks after application and numbers
vuriable across the site so control was erratic.

tising two related chemicals, simazine and metribuzin, in the same lupin crop has implicalions
for herbicide resistance development. Annual ryegrass has not developed resisiance to simazine
under current lupin cropping rotations, probably due to a limited kill of 60-80% of ryegrass
planis. Because metribuzin has the same site of action as simazine their combined use will
increase selection pressure for resistance in ryegrass, If mewnbuzin is used as an alternative to
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prass scleclive herbicides ("fops™ and “dims’) then these may be saved for less freguent use in
other parts of the rotation. The iarget weed species were not grasses in most situations and
grass control was a bonus to controlling broad-leaf weeds.

To conclude, metribuzin was 4 viable option to control broad-leaved weeds in lupin crops and
may have advantages tn dry soil conditions or when the target broad-leaved weeds are large.
The tolerance of Gungurry to triazines allowed good selectivity at weed confrol rates.
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HERBICIDE TOLERANCE OF POTENTIAL ORCHARD GROUND COVERS

K.C. Harrington and M.R. Grant
Massey University, Palmerston North, New Zealand

Summary. ‘This paper presents initial resvlts from a study o minimize berbicide use in orchards
by growing greund cover species. The philosophy of growing groupd cover species which
tolerate herbicides under orchard trees is discussed, and results of herbicide tolerance studies For
some polential ground cover species are presented. Three prostrate perennial species, ajuga
(Ajuga reptans), peartwort (Saging procumbens) and pratia (Pratio peduncularg) have been
treated with a wide range of herbicides suitable for use in orchards. Ajuga and pearlwon
wolerated enough of the herbicides to make establishment and maintenance of pure swards of
these species under orchard trees feasible.

INTRODUCTION

Competition from vegetation growing unader fruit trees is usually minimised by removing ali
vepetation near the base of trees with herbicides, and by regularly mowing vegetation between
the rows of trees, The lack of ground cover in the sprayed areas is very condugcive 1o
germination of weed seeds, so residual herbicides are generally applied to prevent rapid
reinvasion by weeds. Regular applications of foliar herbicides are usually also zequired to
remove weeds resistant 1o the residual herbicides or which colonise the bare ground when the
residual herbicides lose effectiveness (2). Thus sgveral types of herbicide are present under trees
as fruit is developing,

With the increasing public pressure to reduce the use of pesticides for food production, some
growers are interested in developing ahernative strategies for reducing competition under fruit
trees. ‘One possibility would be to establish low-growing non-competitive ground cover species
under frees. Such species would need to be dense enough ta prevent weed seeds from
perminting yel not compele with trees for nutrients or water, and not require mowing. Ground
cover species have been used for many years in amemty horticulture (5). However they
renerally require considerable labour during the establishment phase to remove weed species
which germinaie before a dense canopy has formed. In archards, research into possible ground
cover species has concentrated mainly on small grass species (1) and also various legumes such
as clovers (3).

However there is a wide range of other perennial species which could potentially act as ground
cover in orchards and which may be less competitive than grasses or legumes, allowing them to
be planted right to the base of trees. Such species are oflen considered as weeds. The main
problem with growing such species is that more competitive weed species usually invade such
swards during their establishment (4). Thus selective herbicides are needed to remove unwanted
plant species from ground cover swards. If the objective of growing ground covers in orchards
15 to minimise the use of herbicides during the growing season, such herbicides could be used
while trees are immature to aid establishing swards, and during crop dormancy to maintsin pure
swurds.

‘This paper describes initial experiments at Massey University to test the herbicide tolerance of
potential prouwnd cover species. Ajuga and pratia were chosen as species already used as ground
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cowvers in amenity horticulture, while pearlwort is a mat-forming weed specics tolerant of several
herbicides used in nurseries.

METHODS

Experiment | Individual plants of ajuga, pratia and pearlwort were established in polythene
bags condaining a 60:40 nixture of peat and pumice. A slow release fertiliser was added and
the plants were established from transplants taken from the field. They were kept in a heated
glasshouse which remained between 16 and 22°C for the duration of the trial. Bags were placed
on felt mats which were automatically moistened twice daily.

Once plants were well established in each bag, herbicide treatments were applied on 12 June
1992, Herbicide treatments are listed in Table 1. Each weatment was applied to five ajuga, five
pearlworl and four pratia plants, and treatments were allocated using a completety randomised
design for the first two specics and a randomised complete block design for the pratia.
Herbicides were applied 0 243 I/ha of water using a laboratory pendulum sprayer similar to that
described by Wicse (6).

The wolerance of plants o the herbicides were visually assessed using a scoring technique on
nine gecasions over the subsequent 14 weeks.  An analysis of variance was perfonmed on the
arcsine transformed scores. and means were separated using the Student-Newman-Keuls multiple
runge test

Experiment 2. Based on results from Experiment 1 and unpublished field trials, a second
glasshouse experiment tested the tolerance of ajuga and peartwort to further herbicide treatments.
Plants were established in polythene bags containing a Kiwitea lozm soil with a pH of 5.0 and
7.7% organic matter.  The plants were grown in a glasshouse and watered as for Experiment 1,
thowgh the temperature for this experiment was between 18 and 26°C.  Treatments were
rephicated five times using a completely randomised design for each species and applied on 28
January 1993 uging Lthe same sprayer as in Experimeni 1 with a water rate of 320 |/ha. Plants
were seofed three times and analyzed as above.

RESULTS AND DISCUSSION

Pratia did not toleraie enough herbicides 10 be worth studying further after the initial screening
triat. 1t was also found te dic back with frosts in winter, allowing winter-germinating weeds $o
establish.  However ajuga and pearlwort appear more promising.  Oxadiazon, simazine and
pendimethalin are all residual herbicides that can be vsed 1o assist with the establishment of
ajupa. Lt forms a dense canopy once it has established, and its tolerunce of haloxyfop, paraguat,
diguat, clopyralid and asulam will allow many weed species which do establish to be removed at
a time of the year when fruit trees are dormant.  The paraquat and diguat do cause some initial
knock-back of the plants, but they soon recover. The strong tolerance of pearlwort o residual
Terbicides such as oxadiazen, pendimethalin, oxyfluorfen and dichlobenil should allow a sward
of (his species 10 be successfully established.  Haloxyfop, clopyralid, asulam, dalapon, 2,4-DB.
MCPR and low rates ol 2.4-D should allow most weeds which do establish to be successfully
remwoved.  However field trinls are now required to detenmine whether this small plant can form
a dense enough canopy to prevent weeds from establishing during the growing scuson when
herbicides are not assisting it
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Table 1. The effects of herbicides applied at post-emergence on the health of three potential
ground cover species as assessed by a scoring technique (1 = unaffected, 10 = dead)
at 7 and 14 weeks after application. Means within a column sharing the same letter
are not significanty different {p = 0.05).

Appin, Ajuga Peaslwort Pratia
Herbicide Rate

kg aiMha T wk 14 wk 7wk 14 wk T wk 14 wk

amitsole 3.2 44cd 74ab  9.0bcd 9.6 ab T4 cd 99a

asulam 1.2 2.1 de 1.0¢ t0e 10c 1.7¢ 2.1b
(sodium saidt)

atrazine 1.0 79b 93a 10.0 a 10.0 a 10.0 a 10.0a

clopyralid 0.3 13e LBc 10e t0c 6.0d 83a
{aminc salt)

24-D 12 7ib 10.0 a 86 cd 8.9 ab 24¢ 7912
{aminc sall)

dichlorprop 2.5 73b 10.0 a 9.8 ab 9.4 ah 75 cd 89a
(polassium sall)

diguat .6 98a 47b 100a 78b 10.0 a 10.0a
{dibromide salt)

glulosinate 1.0 10.0a 100a 100a 9.4 ab 10.0a 120a
{ammonium salt)

glyphosate (isopro- 0.36 6.1 bc 98a 10.0a 8.5 ab 2c¢ 9.1a
pylaming salt)

lialoxyflop 0.25 10e 1L.0¢ 1.0¢ 1.0¢ 1.2¢ 1.0b

(ethox yethyl ester)

ioxynil .67 77b 4.3 bc 9.6 abc 8.0 ab 0.7 ab 69 a
(tanoyk ester)

finupm + 1.7+ 6.4 I 45bc 100a 1N0.0a 10.0a 10,0 a
diuron .

MCPA l.1 16b 10,0 a Q.6 abc 92ab H.8 be 83a
(polassium salt)

oxadiazon i.e 25de ldc¢ 1L.0De 10¢ 22e 1.2 b

paraquat 04 74 b 1.2¢ 9.6 abc 9¢ 9.6 ab 9.1a
{dichloride sult)

pendimerhalin 1.3 1.7¢ Lke Lée 1.2¢ 1.6¢ 22b
propanil + 42+ 84b 3Zbc 100a 106 3 10.0 a 10.0 a
carbaryl .67

tribcouron 0.011 23de 5.2 b 844d 10.0a 27e Fda

unlreaicd - 1.5¢ i5¢c i.2e 1.2¢ 1.0e 1.0 b

238



Weeilds in tree erops

A number of other low-growing perennial species are being assessed for their tolerance of
herbicides ar present.  Emphasis is being placed on herbicides registered for use in fruit crops.
The most promising species will be planted cut into an orchard 1o observe how well they
prevent weeds from establishing, tolerate orchard traffic, shade and drought, and whether weeds
which do estblish can be successfully removed duning winter with herbicides.
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Figure | The tolerimce of ajuga and pearbwort 1o post-emergence herbicide treatments as
assessed by a scoring technique (0 = unaffected, 10 = dead) at 7 weeks after
application,  Treatments joined by the vertical lines on the left are not significanily
different (p = 0.05). Formulations are as in Table 1 except where shown otherwise,
The oxadiazon + simazine and dichlobenil treatments were applied as granules.
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WEED INTERFERENCE IN TEA TREE PLANTATIONS

JG. Vine!, B.G. Sutton’, R.D. Cousens® and G.J. Murtagh'
' NSW Agriculture, Wollongbar Agricultural Enstitute, Wollongbar NSW 2480, Australia
* Department of Crop Sciences, Woolley A20, University of Sydney NSW 2006, Australia

Suminary. Tea tree, Melalewca alternifolia, s an annually-coppiced tree grown on the north
coast of New South Wales for its leaf essential 0il. In field experiments tea tree biomass yield
did not atways decline in the presence of weeds. This supgested that weed interference in the
tea tree regrowth ¢ycle is intermittent, and is dependent on interactions between the tea tree
growth rate, harvest date, weed species present and soil moisture availability.

INTRODUCTION

The leaves of tea tree, Melaleuca afternifofia, contain an essential oil which is used as an
antifungul agenl, disinfectant or perfume. Tea tree occurs naturally in seasonally-waterlogged
soils v the mid-gasiern coast of Australia. Plantations have been established in the past 15
years for wea tree oil production. Trees are annually harvested to near-ground level, cut stumps
then coppicing 10 commence a new shoot regrowth cycle,

In a 1992 survey approximately 80% of 1ea tree growers considered weeds to be 1 major limit to
production, wilh a mean estimated regrowth biomass loss of approximaiely 45% if weeds are not
controtled (Vinue and McMillan, unpublished data). Ceorresponding data on weed interference in
ather coppice systems to verify this estimate are negligible. 1t is difficult to compare coppicing
tea tree with other tree crops due to the annual dramatic increase in the root:shoot ratio at
harvest. This sudden change may impede root growth {2, 3) and make tea tree vulnerable to
root competivon from weeds,  Shoot harvest o near-ground level may encourage weed
interterence, removing shade to promote weed germination and growth, and locating new tea tree
shoot segrowth where it may have to compete with weeds for light. Alilematively tea tree may
tolerate weed presence as coppicing trees can exhibit extremely vigorous early shoot growth (1),

This puper aims o gquantify the effect of weed interference on tea tree biomass yield throughout
the regrowth cycle.

METHODS

Siles, Experiments were conducled at three sies; Lismore, Ballina and Grafton. The Lismore
sitfe was 4 commercial plantation with trees in 4-row hedges (trees spaced 0.3x0.3 m) or raised
beds §.0m apart. The Ballina site was a research plot with trees in single rows (trees spaced
0.25 m or 0.50 m within rows x 1.3 m between rows). The Grafton site was a commerciat
plantation with trees in 2-row hedges (trees spaced 0.30 m within rows x (.50 between rows) on
ruised beds D& m apart.  All sites were on alluvial clay soils. Harvest dates were 6 February
1992 at Lismare, 5 February 1992 at Ballina and 16 Aprit 1992 at Grafion.

Treannends and_cxperimental design, All three sites had two basic treatments; no weeds present
(NW) and weeds present {W). In the NW trcatment weeds were mainly removed by hand-
hocing. Mo the W treatnent weeds were allowed to grow unchecked throughout the experiment,
Each treatment plot consisted of 20 trees for a certain sampling date. Sampling dates were 8, 15
and 57 wecks [com harvest at Balling, 13, 30 and 54 weeks from harvest at Grafion, and 8, 13,
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19 and 30 weeks from harvest at Lismore, Al experiments were randomised complete block
designs with 3 replications at Ballina and 4 replications at Lismore and Grafton.

Sampling and measurement. At each sampling date the post-harvest coppice growth of 20 trees
per plot was cut and bulked. Total shoot biomass was calculated from the product of the dry
weight:fresh weight (DW:FW) ratio and the total FW. Leaf biormass was calculated from the
product of the DW proportion of leaf and the total DW shoot biomass, Biomass yields (per 20
plants) were converted to yield/m® to enable comparisons between sites with different planting
configurations, and w0 reduce the potential bias of different plot sizes due to missing trees.
Weed samples were taken at each sampling date to measure weed shoot biomass/m®. Five
0.1 m? strips of live weed shoot material were randomly taken, perpendicular to ree rows, and
bulked.

Statistical analysis. Yield data were standardised via loge transformaticns, and analysed using
ANOVA and 5%LSD. A sawfly (Prergophorous sp.) larvae infestation at Ballina in April-May
1992 caused varying degrees of defoliation of many trees prior to the second sampling date.
The raw leaf biomass data at the second sampling date were converted to a full leaf figure using
a regression equation between DW leaf propertion and defoliation score. At the third sampling
date regression analysis gave no strong rekationship between individual plant FW and its former
defoliation score, and thus the yield data was not adjusted.

RESULTS AND DISCUSSION

Yield data for Lismore are presented in Fig. 1. Total shoot biomass yields were only
significantly reduced (P<0.05) in the W treatment at 13 and 19 weeks from harvest, by 32% and
3%  respectively {relative o the NW treatment). Similarly leaf biomass yields were
significantly reduced at these sampling dates; 32% at 13 weeks (P<0.07) and 33% at 19 weeks
(P<0.08). Dominant weed species were cobbler’s pegs, Bidens pifose, tall fleabane, Conyza
athidg, nutgrasses. Cyperus spp., wandering Jew, Commeling spp., stagger weed. Stachys
arvensis, and verbena, Verbena spp.

Yield data for Ballina are presented in Fig. 2. No significant differences in tea tree total shoot
biomass or leaf biomass between the W and NW treatments were detected (P<0.05) at any
sampling date. Hiph variation inflated the limit of detection, this limit being a 60% total shoot
biomass yield reduction (relative to the NW treatment) at 57 weeks. The weed flora was
dominated by perennial grasses including setaria, Setaria sphacelata, paspalum, Paspalum spp.,
couch, Cynodon dactylon, and carpet grass, Axonopus spp.

Yield data for Grafton are presented in Fig. 3. Total shoot biomass yields were significantly
reduced in the W treatment {relative to the NW treatment) by 28% at 13 weeks (P<0.07) and by
37% at 54 weeks from harvest (P<0.05). Leaf biomass yields were similarly significanily
reduced (P<0.05) by 33% at both 13 and 54 weeks from harvest. Dominant weeds were spear
thistle, Cirsium vulgare, pennywort, Centella uasiatica, slender celery, Apium leprophyllum,
common rush, Juncus usitatus, and grasses (summer prass, Digitaria spp., couch, paspalum and
carpet grassy.
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The results show that weed interference can reduce biomass yields in tea mee, but such yield
losses are intenmitient and difficult to detect. Genetic variation (tea tree seed is collected from
natural stands) was probably a major contributor to the detection problem. The extent of weed
interference in tea tree plantations seems dependent on interactions between such factors as the
tea tree growth rate, the bharvest date, soil moeisture availability and weed species present.
Relative growth rates (data not given) to the first sampling dates at Lismore and Ballina were
high (suggesting coppice vigour (1)), and trees grew weil regardless of weed presence.
Conversely at Grafton a tate harvest date (with consequent lower temperatures) gave a siow
prowth rate to the first sample date, and may have made the trees susceptible to light
competition from weeds. Light competition from weed species such as cobbler’s pegs,
wandering Jew and stagger weed may have reduced biomass yields at Lismore a¢ the 13 and 19
week sampling dates. Soil moisture was readily available during the early regrowth at all three
sites, and with probably high root:shoot rados the tea tree would have obtained sufficient water
and nutrients to not compete with weed root uptake. Root competition may have become more
important as the trees prew larger, as at Grafton in late spring when a period of adequate soil
maisivre gave vigorous trec and weed growth. At Lismoere during spring-summer and at Grafion
during early spring soil moistuze may have been so limiting that weed growth was poor and the
W and NW treatment yields converged.

The only significant (P<0.05) final yield loss was 33% (in leaf biomass) at Graften. This
equates 10 a loss of $1176/ha (based on a measured oil concentration of (.014 mL oil/fg DW
ieaf, oil density of (.89 g/mL and oil purchase price of $45/kg). At lismore and Ballina only
large yield differences could be detected as statistically significant, but economically significant
tosses could still have occurred. If the observed differences in final mean yields between the W
and NW treatments were infact losses due to weed interference, then these equated to $366/ha at
Lismore (measured oil concentration 0056 mL oil/g DW leaf). These figures certainly suggest
that low cost weed control is profitable.

ACKNOWLEDGMENTS
The assistance of Mr R. Overgaard, Mr T. Dougherty, Ms L. Calabrese and the members of the
ted tree agronomy group at Wollongbar Agricultural Institute is much appreciated. This project

was funded by the Rural Industries Rescarch and Development Corporation and the Auwsiralian
Tea Tree Industry Association.

REFERENCES

Blake, T.J. 1983, Aust. For. Res. 13, 279-91.

2. Jacobs, M.R. 1955, Growth Habits of the Eucalypts. (Forestry and Timber Bureuu:
Canberra).

3. Reis, M. das OF. and Kimmins, J.P, 1986. Revista Arvore 10: 2, 196-201.

264



(her weed siiudations

SELECTIVE CONTROL OF WANDERING IEW WITH FLURODXYPYR FOLIAR SPRAY

A.R. Murphy
DowElancy Australia Lid, Locked Bag 502, Frenchs Forest NSW 2086, Australia

Summgry.  Allergic contact dermatitis in a dog was caused by wandering jew, a widespread
weed in gardens and wet shaded areas of coastal New South Wales. This prompted
expenmenting with fluroxypyr, as the methyl heptyl ester, on the weed. Fluroxypyr at 6 g acid
equivalenyl. of water resulted in complete brownout and residual stolon kill of wandering jew.
Rates of 2 ar 3 g/LL fluroxypyr were almost as effective but there was a low level of regrowth,
Lower rates were marginzl. Fluroxypyr was selective to grasses und many omamental plants,
and proved to be an effective herbicide on wandering jew which had been difficult to control
with other herbicides and hand-weeding was laborious and expensive.

INTRODUCTION

Wandering Jew, Tradescantio albiflora Kunth, (T. fluminensis auct. non Vell in North America)
is u succulent creeping perennial herb which is widespread in meist shady situations especially
along streams and gullies. This plant has caused high incidence of allergic contact dermatitis in
the dog (1), and has been associated with nitrate poisoning of cattle (2). Allergic contact
dermalitis i the author's boxer dog at Pennant Hills, New South Wales, in 1980 was caused by
wandering jew. It becamie necessary to remove the weed and a herbicide spray as an alternative
to laborious hand-weeding was soupht. Fluroxypyr as the methyl hepty] ester had been effective
on a wide range of broadleaf weeds in turf and garden areas and was used as a foliage spray in
cxperiments o control wandering jew.

METHODS

The efticacy of fluroxypyr on wandering jew was evaluated in 11 experiments between Fanuary
1980 and February 1993, Experiments included eight unreplicated trials with one or two
concentrations and three dose respanse trials with 3-6 concentrations in a randomised complete
block desipn with three replicates. A pneumatic knapsack sprayer with adjustable 1 mm cone
nozzle wis used to thoroughly wet leaves and stolons. Spray volume varied with weed density,
from KK} L/ha (100% ground cover) te 1600 L/ha (60% ground cover). No adjuvants were
used. Plot size ranged from 1x2 m to 3x3 m. Wandering jew was 8-30 cm tall at application
and the fresh weight at the time of early surnmer treatwents in 1992 was 40 tonanes/ha. Trials
covered wandering jew prowing in various levels of shade. Treatment details are given in Table
1.
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Table 1. Outline of experiments on wandering jew

Expt.  Spray Growth Fluroxypyr Plot size Reps Last Respray

date stage” (/L) {m} rating mulch?
{daa)
1 27.01.80 post 6 2x2 1 152 m
2 15.06.85 pre 3 2x3 1 183 m
3 19.09.89 pre 1.5,3 2x2 1 153 m
4 28.07.50 pre 1.5.3 1x3 1 152 m
5 250890 pre 1.5.3 2x3 i 125 m
6 17.01.91 post 2.3 Ix3 1 159 m
7 20.07.92 pre 2.3 2x2 1 179 m
8 12.0892 pre 051,15 23 1x2 k) 152 T
9 05.1092  flow 1.53.6 1x2 3 06 r
10 10.12.92 flow 0.5,1,1523.6 1x2 3 80 T

o om

pre, pre-flowering; pest, post-flowering; flow, flowernng.

Acid equivalent/l. water

Days after application

m, mulched with grass clippings; r, resprayed with 3 g/L. fluroxypyr.
Experiments were visually rated for % leaf brownout, % necrosis of the whole plant
{leaves + stolons) and % regrowth suppression,

<

[

RESULTS AND DISCUSSION

Fluroxypyr 6 g acid equivalent/l. of water was the only rate used in the first experiment and
gave complete necrosis of leaves and stolons of wandering jew 80 days after application fdaa)
and there was no regrowth 5 months after application. Subsequent results between 1983-1991
indicated fluroxypyr 3 g/L. was almost as effective and superior to 1.5 g and 2 g/L.

Dose response results from treatment of dense pre-flowering, flowering and post-flowering
wandering jew during winter, spring and summer seasens in 1992 indicated that single sprays of
fluroxypyr at 2 g or 3 g/L was required for leaf and stolon desiccation and a high level or
regrowth suppression. Fluroxypyr at 0.5 g and 1 g/l. gave leaf brownout but inadequate stolon
kill and 1.5 g/l. gave variable stolon kill and too much regrowth occurred. Figures 1 and 2
show results from two replicated dose response experiments and a clear dose response was
evident.

Leaf brownout and leaf plus stolon necrosis and the level of regrowth suppression increased
with increasing concentrations of fluroxypyr in the spray. The effect on winter growth was

slower than for spring and summer. The overall effect from the experiments is shown in Table
2.
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Figure 1. Effect of folinge spraying fluroxypyr on pre-flowering wandering jew, August 1992,
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Figure 2. Effect of foliage spraying fluroxypyr on late-flowering wandering jew, December
1992,
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Fluroxypyr 6 g/l gave the best control of wandering jew. Fluroxypyr at 3 g/l applied as a
thorough wetting foliage spray gave a mean of 96% regrowth suppression over nine experiments
(standard deviation +/- 3%). The mean duration for regrowth suppression with this rate was 142
daa (s.d. +/- 18). Timing did not appear critical when soil moisture was considered adequate
except for experiment 10 (Fig 2) where there was 8% regrowth 80 daa (1% with 6 g/l. and 12%
with 2 g/L. fluroxypyr), which was possibly due to high rainfall following spraying and that
maximum leaf and stolon necrosis only reached 94% ar 39 daa compared to the mean maximum
leaf and stolon necrosis of 98% at 95 daa.

Fable 2. Owverall effects of spray concentrations of fluroxypyr on wandering jew

Max. leal Max. leaf+stolon Suppression %
: ol Na. brour % ; R wih
Fluroxypy expls Daa  Necrosis Daa cEr0 Mean Daa

%

[} 3 100 21-49 99-100 39-100 50-100 0503 80-152
3 9 100 2]-63 94-100 39-129 92-100 96.1 BO-183
2 4 98- 10K} 31-63 02-98 39-142 48-97 932 BO- 179
) 6 95-100 31-60 75-93 39-109 63-88 810 BO-153
H 2 85-96 31-60 54-85 39-109 s0-71 60.5 80-152
5 2 75-85 31-60 25-68 39-109 15-27 21.0 80-152

* Fluroxypyr. g/L. of water

As well as proving 10 be effective on wandering jew and less laborious and expensive than
hand-weeding, 3 g/L. fluroxypyr was selective to grasses and many oramental plants when stem
and foliage contact was kept to a minimum. Fluroxypyr 3 g/ is the preferred rate based on
cost-efficacy and bester selectivity to non-target broadleaf plants than the higher rate of 6 g/L..

REFERENCES
l. Kundle, G.A. and Gross, T.L. 1983. The Compendium on Continuing Education, Vol 5,

No. 11, pp 925-930,

2. McBarron, EJ. 1933. In: Poisonous plants. Dept Agr. New South Wales, Inkata Press, p.
49,
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CONTAINER-GROWN TEMPERATE NURSERY STOCK: HERBICIDE SCREENING
AND WEED CONTROL

A.R. Harradine, B.R. Graham and A.J. Dix
Department of Primary Industry and Fisheries, Research Laboratories, St John's Ave,
New Town Tas 7008, Australia

Summary. Thirteen herbicide treatments were applied to 50 plant species or cultivars in weed
free continers. Crowth and quality of wreated plants were compared 1o those from hand weeded
controls. Overall, damage to nursery stock from the herbicides was very limited and manifested
principally as a reduction in growth rather than as an effect on plant quality. The most
damaging treatments were those containing oxyfluorfen. No herbicide treatment was totally safe
1o al} species. The most sensitive species was Hydrangea macrophylla. The effectiveness of the
herbicides was generatly poor.  Oversll, effective long-term weed control without significant
plant damape was provided only by oxadiazon,

INTRODUCTION

Weeds in container nursery stock reduce plant growth through competition, adversely affect
plam quality and saleability and increase the spread of weeds to new sites. The high moisture
and soil fertility conditions maintained in centainers Jead to rapid weed growth.

Weed centrol options in containers are limited. Cultivation is not feasible and hand weeding
and mulching are the only practicable zlternatives to berbicide application. Hand weeding is
cxpensive, estimated at up to 30 times the cost of herbicide application (1) and costed in
Australia at over 310000 per hectare in 1985 (6). Mulching has not been investigated
extensively bul limated research suggests that it is expensive to implement and of poor
effectiveness (3, Tlarradine, pers. obs.).

Rescusch has led w the development of herbicide recommendations for weed control in
vontainer-grown plints (e.p. 2, 5, 6, 7) and the registration of severat herbicides for this use in
Australia,  Problems have recently been encountered in the local nursery industry with the
withdrawal of Lhe widely used nursery herbicide chloroxuron and possible restrictions on the use
of herbicides such as smimazine and oryzalin following their restriction overseas. In addition,
rediance an a single prodect or on 4 limiwed type of product may lead to the development of
herbicide resistance in target weeds and is hence undesirable.

ldeal herbicide treatments for use in container-grown nursery stock will:

. bz coxt effective against the fairly specific range of weeds encountered,

. will have residual activity under the frec draining and high moisture conditions of
container growth,

. will not cause residue problems in nursery runoff or in nursery water recirculation systems,

. will be toleraled by the very large variety of species and cultivars grown by the Australian
nursery industry, and

. have herbicide components with varying modes of uctivity to reduce the risk of
development of herbicide resistance.
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A three year research project was undertaken by the authors to develop herbicide
recommendations based on these criteria. This paper reports the first of a series of experiments
to screen nursery stock for tolerance to a range of potential herbicide treatments.

METHODS

The wrial site was a commercial wholesale nursery at Seven Mile Beach near Hobart, Tasm!nia.
Thinieen herbicide treatments wer% applied to 50 ornamental plant species in 12 or 14 cm
diameter pots (Table 1 and 2). There were six replicates per treatment.

The species were chosen 1o represent as wide a range as possible of plant types and species
commeon to the temperale nursery industry. The species choice was restricted to those normally
potted or repotted in late spring to early summer as il was proposed to test the herbicide
tolerance of plants soon after potting into sterilised media. The powing mix was 90% composted
pine bark and 10% sand.

Table 1. Plant species and cultivars vsed in the trial

No. Species/Cultivar No. Species/Cultivar

1. Acacia howittii 26,  Hebe buxifolia

2. Berberis darwinii 27.  Hebe sp. La Seduisante

1 Betula alba 28.  Hydrangea macrophyila Dwarf Red
4, Boronia heterophylia 29.  Ixodia achillecides

5 Brachyscome mudtifida My Jasminwm humile

6. Callistemon sp. Kings Park 31, Lavendula alba

7. Calytrix tetragona 32.  Leptospermum juniperumn Honzoantalis
8. Chrysanthemum frutescens 33, Leptospermum nanim rubrum

9, Chrysecoma coma-aured 34.  Lippia citriodora

10.  Cistus candaniferens 35.  Melaleuca armillaris

Ll.  Clematis spooneri 36.  Porentilla sp. Miss Wilmot

12.  Coleonema sp. Gold form 37.  Prostanthera rotundifolia

13, Convolvilus cneorum 38.  Pseudopanarx sp. Gold Splash

14, Correa decimbens 39.  Rhodedendron hybrid Red Wings
15, Cotoneaster horizontalis 40.  Azalea

i6.  Croweg sp. Festival 4t.  Rosa x. Snow Carpet

V7. Cytisus sp. Snow Queen 4. Sagina subulata

18.  Dianthus alba 43, Saxifraga sp. Red Hedgehog

19, Dianthus carvophylius Knight Rose 44, Scaevola microphyiia

20.  Dodoendea viscosa 45, Serissa sp. Snowleaves

21.  Erica melanthera Improved 40, Soflya heterophyiia White form
22, Erica sp. Mrs Maxwell 47, Spiraeaq sp. Snow Mound

23, Eucalyptus gunnii 48, Thuja orientalis Aurea nana

24, Grevillea curviloba 49, Verbena tenera Pink form

23, Hardenbergia violaceae 50 Viburnum opulus Sterile

Westringia sp. Wynyabbie Gem
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The normal sequence of commercial operations on the nursery resulted in species becoming
availuble for spraymng over a period of three weeks. They varied in age from cne day to four
weeks after potting at the time of herbicide application. Any weeds present in the pots were
removed by hand prior to herbicide application.

Herbicides were applied on 6 and 20 December 1991 for 34 and 16 of the species respectively.
The granular herbicide oxadiazon was weighed out and applied o the pots by hand. Other
herbicides were applied by boom spray in 212 litres of water/ha through fan nozzles operating at
210 kpa. All herbicides were applied over the top of the plants and were washed off foliage
with approximately 10 mm of overhead watering immediately after application.

On 23 April 1992, the herbicide application was repeaied on 9 of the species, The other species
were not retreated as the pot surlace had been covered by plant foliage by this time.

After herbicide application, species 23, 28 and 39 were placed in a shade house (70% light
transmission} and all other plants were placed in the open. Pots were randomised within the
areas and mainwined as for pots in the adjacent commercial nursery areas.

Notes on the effect of the herbicides were made at approximately fortnightly inlervals. The
elfects of the herbicides were also quantitatively determined by measuring the height and width
of the twreated plants and scoring the parameters: "foliar damage”, “flower quality”, and
"salcability”. These dale were compared with those for a fourtcenth treatment: "hand weeded”
(no herbicide application). Al plants were measured over the period 30 March to 3 April 1992.
Retreated plants were measured on 15 June 1992,

Plant growth data wese apalysed by analysis of variance for a species x herbicide factorial in a
completely rundomised design.  After initial analysis, each species was analysed separately
across the herbicide weatments.  In this latter analysis, the means for each of the herbicide
treatments were compared to that for the hand weeded treatment.

Weeds that established in the containers during the trials were identified, recorded and removed
at approximatety fortnightly intervals, Data are presented as cumulative weed numbers per pot
for separate periods of the trial and analysed as a completely random design for herbicide
treatments (across afl species).

RESULTS AND DISCUSSION

Overall, damage W nursery stock from the herbicides was very limited and, in most instances,
was manifested as a reduction in growth tather than as an effect on plant quality.  The most
dumaging treatments were those containing oxyfluorfen and, 1o a lesser extent, the isoxaben +
oryzslin mix. No herbicide treatment was totally safe to all species.

Widespread tolerance 10 oxadiazon granules and sensitivity to oxyfluorfen and isoxaben by
nursery stock have been reparted in other trials and from commercial experience {(e.g. 2, 6, 7)
although oxylluorfen may be well wlerated when applied as a granular treaiment (4, 5).

The most sensitive species overall was /vdrangea macrophylla, followed by Brachycome

mudtifida, Chrysocomd coma aured, Potertitta "Miss Wilmot", Jasminum humile and Greviflea
ctirvifoba.  Simeen species (1, 7. 12, 18, 19, 20, 22, 25, 208, 31, 33, 41, 43, 46, 47 and 49) were
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tolerant of all herbicides tested. None of the most sensitive species from the first herbicide
application was retreated. However, significant phytotoxicity was cawsed by several of the
tresments w0 Corred decuwmbens, a species that was only slightly damaged by the initial
application. Full details of the individual species responses (5 parameters for each of the 650
species-herbicide combinations) are available from the senior author.

Weed numbers were low during the first six weeks of the tial, demonstrating a lag phase while
weed seeds spread into the pots from surrounding areas (Table 2). The main weeds were willow
herb (Epilobium sp.), hairy bitter cress (Cardamine hirsuta), sowthistle (Sonchus oleruceus) and
cudweed (Gnaphaliam sp.).

The effectiveness of the herbicides was generally poor (Table 2). Cumulative weed number per
poi was significantly lower than the hand weeded treatment for diphenamid, isoxaben, isoxaben
+ oryzalin, oryzalin + oxyfluorfen, oxadiazon and oxyfluorfen and for diphenamid, isoxaben,
oryzalin + oxyflucrfen, oxadiazon and oxyfluorfen for the first and second six week periods of
the trial respectively (Table 2). Treatments which significantly reduced weed number over the
six week peried after the second herbicide application were oryzalin + oxyfluorfen, oxadiazon
and oxyfluorfen (Table 2).

Table 2. Mean cumulative number of weeds per pot for each of the 13 herbicide treatmenis
and the hand weeded control six weeks and twelve weeks after the first herbicide
application angd six weeks after the second application.

Hesbicide Commercial product Rate Six Twelve Six

(kg weeks'  weeks'  weeks®

ai/ha)
chlerthal-dimethyl Dacthal W750 §.25 0.66 6.52 5.69
diphenamid Enide 5.50 0.25 .03 4.43
isoxaben Gallery 0.75 0.27 2.76 3.24
isoxaben + Gallery + 0.45+ 0.05 4.54 5.13

oryzalin Surtlan DF 850 1.70
lenacil Venzar 1.60 0.42 3.50 2.85
napropamide Devrinol 225 0.3% in 402
norflurazon Solicam 2.00 0.32 3.43 4.76
oryzalin Surfian 850 DF 2.55 0.54 3.00 4.13
oryzalin + Surflan DF 850 + 1.70+ 0.02 317 1.02

oxyfluorfen Goal 0.72
oxadiazon Ronstar Granules 4.00 0.04 1.17 0.52
oxyftuorfen Goal .72 0.13 2,94 0.58
pendimethalin Stomp 330E 0.99 0.43 537 7.13
simazine Fiowable Gesatop 1.10 0.31 4.73 7.83
handweeded 0.55 6.37 5.03
Ls.d. {P=0.05) 0.24 2.97 3.52

* Based on data for 300 pots for first herbicide application,
* Based on data for 54 pots for second herbicide application.
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The effectiveness of oxadiazon and oxyfluorfen has previously been reported (1, 4, 5, 6, 7).

However, the poor petformance of oryzalin in this trial contrasts with its reported effectiveness
for a similar weed spectrum (2),

Mean total weed number per pot for the twelve weeks after the first herbicide application was
6.9 for the hund weeded control and 1.2 for the most effective herbicide wreatment (oxadiazon).
While this indicates a highly significant decrease in weed number due to herbicide application,
the actual weed number still represents a considerable weed problemn in practice. In a small pot,
even a singie weed can compete strongly with the growing plant.

Owverall, ¢ffective long term weed contrel without unacceptable plant damage to a large number
of the species tested was achieved only with oxadiazon (Roustar Granules™).
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CHOPPER IMAZAPYR HERBICIDE FOR WEED SUPPRESSION IN JAPAN
A NEW CONCEPT FOR INDUSTRIAL VEGETATION

H. Hasui', Y. Handa', Y. Ikeda', K. Kimura' and S. Takahashi®
' Cyanamid (Japan) Limited, Tahara Agricultural Center, Aichi, Japan
! Cyanamid (Japan) Limited, Tokyo, Japan

Summary. Various weed management strategies are available in industrial vegetation control in
Japan, where about 32,000 ha arc weated by herbicides and 39,000 ha managed by manual
weeding. Imazapyr (isopropyl ammonium=(R8)-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-
¥1) nicotinate) as CHOPPER 1% AS has been developed for weed suppression in this area. Field
trials bave shown that foliar application of 50 to 100 g a.i/ha of product in a spray volume of
250 L/ha provided outstanding control of perennial weeds for 3 to 4 manths.

INTRODUCTION

Imazapyr is already known as one of the imidazolinone class herbicides develeped by American
Cyanamid Company for industrial weed control, and for use in conifer forests and plantation
crops.

The very unique activity of CHOPPER against the treated weeds was found eariy in the
development of imazapyr, and it contrels not only plant growth of perennial weeds, but also seed
head development of perennial grasses.

Industrial vegetation management in Japan covered by herbicide treatment is abour 32,000 ha
and the management of manuval weeding shows approximately 39,000 ha (Table 1). Therefore, a
new concept of CHOPPER for industrial weed management was installed from 1983. This paper
will present some of the field activities in Japan.

MATERIAL AND METHOD

Field trials. CHOPPER 1%AS at 30-100 g a.i/ha in 250 L/ha spray volume was applied with an
auto sprayer in roadside, railroad and highway sides in May, 1993-91,

RESULT AND DISCUSSION

Fig. 1 shows the result of a trial on roadside. CHOPPER at 75-100 g/ha showed excellent
growth suppression on Miscanthus sinensis and at 50-100 g/a on Artemisia princeps, for 125
days. The number of seed heads of M. sinensis in CHOPPER plots were well congolled
compared with untreated plots (50 p/ha = 13/sgm, 75-100 g/ha = 0.6/sqm and Check = 21/sqgm).
The total fresh weight of target weeds in CHOPPER plots was about one third of the untreated
check at 125 DAT (Fig. 2).

Fig. 3 shows the result of a trial on a railrpad. The activity of CHOPPER showed some
fluctuation among the targer weeds. The effective dosages were 75-100 gha for Selidage
altissima and M. sinensis and 75 g/ha for A. princeps, cfficacy lasted for 100 days.

The result of a trial on a highway side is shown in Fig. 4. CHOPPER at 50-100 g/ha showed
excelient weed growth suppression of 5. altissiam for 98 days.
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Through the official trials from 1989 to 1991, the efficacy of CHOPPER was authorised by

JAPR in 1992 (Table 2).

CHOPPER weed prowth suppressor can establis!
management in Japan.

CHOPPER 1%AS at rates from 350-100 g/ha can

h a new concept for industrial vegetation

maintain the roadside or railrcad with shor

height weeds and will protect these areas from erosion,

Use of CHOPPER can demonstrate significant labor savings for successtul weed management

compared with normal manual weeding (Fig. 5).

Table |. Industrial vegetation management in Japan

Land arez Area required Actual Actual manual

Segrment weed infested  for mainienance  sprayed area weeding arca
(ha) (ha) {ha) (ha}

Highway 100,000 12,000 1,500 3,700
Railroad 42,000 30,800 0,000 4,000
River 300,000 243,150 0 13,700
[ndustries 44,000 44 000 20,000 15,000
Adrport 900 900 (] 000
Local Gavernment 55,000 5,500 SO 2,000
Eleciricity 100 50 0 30
Total 342,500 346,000 32,400 39,330

Table 2. The lubel of CHOPPER 1%AS as a wee

{ndustrial estimation

d growth suppressor.

- Usi: Application Spray
Stie objeciive Target weeds litning Dosage volume
Raitromud Weed growlh MISSt PHRCO Weed growth 50-100 g 250 L/ha
1lighway SuUpprossion IMPCK FESAR stage {plant a.ifha

DACGIL. ADLHE height, 50 cm

AOQXOD SOOAL  tall and below)

RUMOB PUELD

MISS1: Miseamthuy sinensiy
IMPCK: fmperata ovlindrica
DACGL: Dacwvlis glomerata
ADXOD: Andhoxanthium odoratium
RUIMOB; Ruwnex oboisifofius
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LIBERATION THINNING IN PEAT SWAMP FOREST IN SARAWAK

LB. Ipor, E. Chai and M. Al
Universiti Pertanian Malaysia Kampus Bintuiu, PO Box 396, 97008, Bintuiu, Sarawak, Malaysia

Summary. Liberation thinning were camied out on¢ year (ET1) and ten years (G10) after
logging in the Jemoreng Permanent Mixed Peat Swamp Forest plots in 1971 and 1992
respectively. The logged over peat swamp forest had various distributions of woody forest
weeds, reserved and protected timber trees. At LTI, the percentage of the various diameter
breast height {DBH) of the woody forest weeds was 39.5% of 20-41 cm, 37.1% of 42-62 cm
and 3.4% of =62 cm. At the G0 treatment, narrow range of DBH of the woody forest weeds
were taken. The size distribution of woody forest weeds at G10 was 41.4% of 10-19 cm DBH,
42.5% of 20-29 cm DBH, 10.5% of 30-39 cm DBH, 2.5% of 40-49 cm DBH, 1.8% of 50-5% ctn
DBH and 1.3% of >80 ¢cm DBH. The distribution of trees at G10 was 11.9 for protected trees,
75.2% for reserved trees and 12.8% for woody weeds.

INTRODUCTION

The selective management system in forestry is widely practised in Malaysia. This system is
adopted with the intention that current harvest will not jeopardise future yield by leaving
sufficient residual trees that assume to be matured in the next cutting cycie (8). The success of
this ultimate aim can only be achieved with the knowledgeable and suitable techniques of
silvicultural treatments. Thus good stand conditions will satisfy all the requirements for tree
growth and result in high survival, rapid growth and early maturity of crop species (2).

Liberation thinning is one of the major sivilcuitural activities in the logged-over peat swamp
and mixed dipterocarp forests particularly in Sarawak. This treatment is defined as the process of
selecting as many as possible, ideal and desirable crop trees of "listed species” which have
survived logging, and liberating the best of them from competing with trees of less value,
leaving others untouched (3, 4, 1). This paper will report the activity, general technique
employed during the silvicuitural field treatment and the composition of both commercial and
weed species carried out at Jemoreng Mixed Peat Swamp Permanent Forest in Sarawak.

METHODS

Two trestments were caried out at Jemoreng Mixed Peat Swamp Permanent Forest with the area
of 1152 ha. The area was divided into 24 blocks, i.e. 48 ha per block in order to treat the area
systematically. The first treatment (LT1) was conducted in 1971 or one year after felling. This
regenerated forest was also treated in 1992 as G10 weatment. Before G10 weatment, dingnostic
sampling at 1% intensity was carried out in 1979 or 10-12 years after felling. This area was
found to have adequate stock of desirable species (74.9%), weighted mean basal area of 22.32
m2/ha. The weighted basal area of selected desirable (LD) is 2.36 m2/ha. Thus the remaining
basal area is 19.96 m2/ha or 89.43% of the total standables. The regeneration potential crop trees
cansisted of Kapur paya (Dryobalanops rappa), Merantis (Shorea spp.), Sepetir paya {Copaifera
palustris), Ako (Xylopia corisfolia), Kepayang babi (Mezzetria leptopoda), Kelampu {Sandoricum
emarginatum), Kumpang paya (Horsfieldia crassifolia), Nyatoh jangkar {(Palaquium
walstrifolium).

278



(ther weed situations

In the Ticld operation, six crews were deployed. Each crew consisted of seven men. Each crew
member was allocated with different work task. A labourer was assigned to divide the 48 ha
block (6001800 m) into swips, each 40 m wide parallel to the longer side of the block. The
boundaries were marked with red plastic flagging for guiding the crews. Cutting should be at the
minimad level and chopping of the desirable and acceptable species (including saplings and
seedlings) was also avoided. Bach crew should have an officer whe is familiar and good at
identifying tree species. A labourer assist him in marking these trees that he had reserved or
rejected by painting them with a short line or a cross. This two-men unit moved within the strip
in & zig-zag manner., recording, marking and Diameter Breast Height (DBH) measurement for
all suitable trees of desirable and acceptable species for reservation.

One staff member lcads three labourers, each eguipped with an axe, chisel, poison ketle and a
note book and a pencil following closely behind the two men who scouted for reserve trees. For
tree poisoned, he kept a "gate-count” by species and diameter class. The trees to be poisoned
were muarked either by knife stash or cross by crayon. He also kept a "pate-count” by species
and dismeser classes for the trees reserved by the identification team.

RESULT AND DISCUSSION

Chai (1) reported thalt Modified Malayan Uniform System, Liberation Thinning and Relics
Removal could sumulate diameter increments of the reserved wrees. The mean periedic diameter
annual increment of reserved trees of Shorea spp. of Modified Malayan Uniferm System varied
from 1.21 to 1.52 cm, Liberation Thinning from 1.02 10 1.32 cm, and Relics Removal from 0.88
to .95 cm and Control treatment from 0.52 to 0.72 cm. In both LT1 and G0 treaiments,
reserved trees  were the most dominant group (Table 1 and 2). The number of protected irees
was almost the same number as those from weed species. The percentage of poisoned trees was
canging from 10.0% to 12.8%. The slight increment of the percentage of weed population
probably due 1o their rapid regencration after the LT1 treatment. This was evident by the high
percentape (*80%) of weed population from 10-260 DBH (Table 3). The buge number of weed
species at this size proved the weakness of limiting the minimal size of weed trees from 20 cm
DBRH for poisoning.

Tuble 1. Percentuge of protected, reserved and weed species in LT1 and G10 of Temoreng
Peat Swamp Penmanent Forest

Percentage
Treatment ]
Protected Tree group reserved Weed species
LT 12.6 714 10,0
G110 11.9 75.2 12.8

279



Other weed situations

Table 2. Number of trees from different tree groups varied in size from G10 treatment

Total number of trees

Tree group Tree size [BDH (cm)]

10-19 20-29 30-39 40-49 50-59 >60
Protected 8823 5498 2790 1104 418 175
Desirable 9873 6255 4462 2511 769 262
Acceptabie 35155 25616 9652 3055 746 214
Other 7787 6640 4348 #26 233 41
Poisoned 8368 2598 2126 499 366 256

Table 3. Number of poisoned trees varied in sizes

Distribution of trees (%)

Treatment BBH %cm)

10-19 20-29 30-39 40-49 50-59 =60
LT1 59.5 371 34
Gio 41.4 425 10.5 2.5 1.3 1.3

The sivilcultural technique of Liberation Thinning required experienced and trained personnels
and workers. They should be familiar with its concept and be able to identify most of the
commaen trees species in the peat swamp permanent ferest. The implementation of Liberation
Thinning should also emphasize on the activity of present conservational and bio- diversity
principles. A thorough understanding of the biological and ecological characteristics towards
which vegetation management prescriptions are directed. In the enumeration of the technique, the
personnels and workers should varify clearly the ethnobotanical importance and modes of
horticultural for individual forest species including weed species and climbers. Thus the selected
species which had been identified could be conserved for future needs and as source of food for
wildlife.
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DEVELCPMENT OF HERBICIDE RESISTANCE IN ANNUAL RYEGRASS IN THE
CROPPING BELT OF WESTERN AUSTRALIA

.8, Gill
Department of Agriculisre - Western Australia, Baron-Hay Court, South Perth WA 6151

Summary.  Annuval ryegrass, Lolium rigidum, samples from the cropping belt of Westemn
Australia were screened for herbicide resistance. In the wheat - pasture rotation, the relationship
between the number of SU applications received in the field and the level of resistance
determined in the glasshouse bioassay accounted for 67% of the variance in the dats, The
number of 'fop® (aryloxyphenoxypropionate) applications in the wheat - lupin rotation accounted
for 49% of the variance, Afier repeated use of "fops’, some ryegrass pepulations had devcloped
cross-resistance to the other chemical groups. There is an urgent need for farmers 10 adopt an
integrated system of weed management where herbicides are just one of the tools to be used.

INTRODUCTION

Unlike crops, weeds are genetically variable species. some such as ryegrass more variable than
others. This diversity ullows weeds 1o evolve mechanisms to cope with selection pressures
imposed on them by the environment. There are documented cases of weeds that have evolved
resistance o high levels of SO, in polluted urban environments (1). In agricultural systems,
practices such as summer fallowing have been shown to select for biotypes with longer seed
dormancy allowing the weed seeds to carry over to the following crop (2). Herbicides are
probably the strongest selection pressure that the weeds have to coniend with, therefore it is not
surprising that herbicide resistance is being reported in an increasing number of weeds (4).

For the last 10 years or so, farmers in Western Australia and other southern Australian states
have relied heavily on selective herbicides for weed control. From 1980 10 1989, the total area
of crop sprayed in Western Australia increased from 3.9 10 9.5 million ha, while the total area
cropped during the same period remained relatively static around 5 million ha. On average, each
cropped hectare in the State is sprayed twice a year for weed control.

In order 10 document the impact of this substantial herbicide use, extensive testing of ryegrass
samples from Western Australian farms was cartied out in 199192 with two main objectives:

(ay to determine the rate of development of resistance in ryegrass in the cropping belt; and
(d) 10 determine whether different rotations influenced the rute of resistance build-up.

MATERIALS AND METHODS

Ryegrass populations were tested for herbicide responrse in an air-conditioned glasshouse (18°
dayf12°C night}. About 30D populations of ryegrass from different areas of the wheatbelt were
tested for their herbicide resistance status. For most of these popuilations, information on
herbicide usage in the field was available.

Seeds of Tyegrass were imbibed in water for 24 h before they were wransferred 1o a cabinet
maintained at 4°C for 7 days. In earlier studies, this vernalisation process was found to promote
uniform and synchronised emergence of ryegrass. Seeds were then taken to the glasshouse and
sown in pots each containing about 1 kg of a loamy sand. Seeds were covered with the soil to a

282



Herficide resistanee amd toferance

tepth af about 10 nww and the pots were watered o field capacity. A balanced nutrient solution
was applied to the pots at sowing and then 3 and 6 weeks after sowing. Pots were watered
reyularly as reguired 1o maintain the soil near field capacity.

tierbicides were sprayed with a sprayer calibrated to deliver a spray volume of 200 L/ha at a
pressure of 200 kPa. A sulfonylurea (SU) herbicide, triasulfuron, was applied as a post-plant
pre-emergence treatment at 12,5 and 250 g aijfha, the day after planting. Diclofop-methyl
(aryloxyphenoxypropionate - ‘fop’) at 28123 and 5625 g ais/ha and sethoxydim
(cyclohexanedione - dim’) at 47.25 and 94.5 g ai/ha were sprayed at the Z12-13 stage of
ryeprass.  Herbicide raies used were half and full label rates registered for the control of
ryepeass in Western Australia. A non-itenic wetting agent (BS1KD at 0.25% (vol./vol) was
added 10 both the post-emergence herbicide treatments.

The experiments were tenninated 8 weeks after planting, by which time all the susceptible plants
had died. At harvest, healthy plants were cut at the soil surface and sheot fresh weight was
recorded.  The shoot growth of rycgrass under any treatment was expressed as a percentage of
the tresh weight ol ¢he unsprayed plants from the same sample.

The relationships  belween  herbicide usage for the sampled paddocks and  herbicide
responsiveness in the plasshouse (refative shoot fresh weights) were determined by fiting a
Giompentz curve 10 the data using GENSTAT.

RESULTS AND DISCUSSION

Type of resistance.  Cross-resistance appeared guite frequently where farmers relied primarily on
the “fop’ herbicides for weed control (Fig. 1) Out of the 31% populations that had “fop’
resistance, 42% hael cross-resistance to either the SU's or the "dims’ or both 'dims” and SU’s.
This type of cross-resistance was very unpredictable and varied in its spectrum from paddock 1o
paddock. even on the same farm with similar herbicide use patterns.

Fops+DimaSU

LTSS

Figure 1. Types of resistance detected in rycprass populations in Western Australia in 1992,
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However, where resistance had developed through the use of the SU herbicides, it was specific
10 the ALS inhibiting herbicides and cross-resistance to the other herbicide proups wus not

detected. Because of the great genetic variability in ryegrass populations, several mechanisms of
resistance and cross-Tesislance are xnown (o exist (3),

Rate of resistance development,

‘Fop' resistance  As can be seen in Fig. 2 (a), 'fop' resistance could be detected in every
ryegrass population that had received 6 or more applications of this herbicide group. A
non-linear relationship between the number of herbicide applications and the level of resistance
accounted for 49% of the variance in the data. Samples near the top limit of the confidence
intervals of the means developed resistance with as few as 4 applications. The rate of resistance
development by ryegrass in the wheat - lupin and wheat - pasture rotations was quite similar.
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Figure 2. Rate of development of resistance to (a) the *fop’ group of herbicides in the wheat -
lupin rotation. A Gompertz curve fitted through these data peints accounted for 49%
of the variance (n=123) and {b) the SU herbicides in wheat - pasture rotation. The
Gompertz response surface accounted for §7% of the vanance (n=06). Vertical bars
represent confidence intervals around the mean (P=0.05).

Sl resistance.  SU resistance was found to be developing on Western Australiun farms at an
alarming rate (Fig. 2 b). Invariably it took only 4 applications of the SU’s for ryegruss to
develop resistance. Due to grazing by sheep and a lower frequency of hetbicide use, the wheat -
pasture rotation was considered to be relatively safe from herbicide resistance. Our results
clearly show that the rate of development of resistance to highly effective and residual
herhicides, such as the SU’s, is not delayed by pasture rotations as currenily used by the vast
majority of furmers in Wesiern Australia.
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As deseribed earlier (Fip. 1), some of the samples from wheat - lupin rotation with "fop® history
showed cross-resistance to the SU herbicides. This affected the fit of the Gompertz curve,
because even at zero SU applications, some ryegrass populations had a fairly high level of SU
resistance {up to 40%). However, by 1aking out samples that bad received 3 or more "fop’
applications, where cross-resistance could have developed, this problem was overcome and the
relationship accounted for 52% of the variance.

The relationship between the number of herbicide applications received in the field and the levet
of resistance determined in the glasshouse bicassay was mare variable for the "fop” herbicides as
compared to the SU's (Fig. 2). This mecans that management factors which delay the
development of resistance are more likely to be found for "fops” than for SU's.

The herhicide revolution in weed control technology has been accompanied by an intensification
of crop progduction throughout southern Australia. Over the last 4-5 years matters have been
made worse by the decline in wool prices which has seen further shortening of rotations to
include mare frequent cropping {i.e. lower sheep numbers).  There has also been a swing
towards early sowing to achieve higher grain yields. Such factors have further increased
farmers’ reliance on selective herbicides for weed control. The consequences of over-reliance on
selective herbicides are now apparent in Western Australia and some of the other southem
Australian states where an ever increasing number of herbicide resistant ryegrass populations are
being added to the tally each year.

lartmers are now being uwrged 0 correct the imbalance that has existed in the favour of
herbicides aver the last 10-15 years. Herbicides should be regarded just as one of the tools in
an integrated weed management kit. At present this tool is quickly getting blunted by resistance
and over-use. ‘There are no new herbicides on the herizen and, even if there were, resistance to
them could also develop at a rate similar to that we have documented for the 'fop’, "dim™ and
SU herbicides. Due 1o the high level of fitness of the resistant-types, it is not enough jusi 1o
have pastures in the rolations, What is more important is to effectively control the weeds in
pastures with options including grazing, spray-topping, and mecharical topping, that cannot be
used in the cropping phase.  In continuous cropping systems, there needs to be a greater
cophasis on non-chemical methods of weed control and theie integration with the selective
herbicides.
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DETERMINATION OF THE EXTENT OF HERBICIDE RESISTANCE [N SOUTHERN N§wW

J.E. Pratiey', R.J. Graham' and A R. Leys®
' Centre for Conservation Farming, Charles Stsrt University,
Wagga Wagga NSW 26350, Australia
% NSW Agriculture, Locked Bag 21, Orange NSW 2800, Australia

Summary. A random survey of southern NSW farms was undertaken to determine the exicii o
herbicide resistance in annual ryegrass {Lolium rigidum). Seed was collecied from 16l farm.
and screened in pots for resistance to diciofop-methyl. Twenty two samples exhibited resistance,
six of which had a very high level of resistance. However no pattern emerged with respe:r .
geographical distribution. Tt cun be expected, from this base level , that a substantial increuse 1
the incidence of resistance will occur quickly unless herbicide usage practices ar: hanged,
Related resistance management issues are currently being addressed by wav ol &5 tarme
guestionnaire.

INTRODUCTION

Herbicide resistance is an increasingly important problem. Australia-wide resistance hus heen
detected in at least five weed species (4). The extent of herbicide resistance v best itlusinuen
by a recent telephone survey which indicated that some 3000 Australian farms have herhicide
resistant ryegrass (3). In NSW more and more cases are being identified each year. Thix wall
continue , unless farmers practise integrated weed management (TWM) (2).

Surveys have demonstrated that annual ryegrass populations in Australia, resiswnm w dicloti
methyl, can be found in most areas where annual ryegrass occurs. One such survey i Sow
Australia in 1988 detected resistance in approximately 9% of annual ryegrass samples seveenes
i1 afso found that no susceptible samples had received more than four applications a1 dicioig.
methyl (1).

This paper reports an the preliminary findings of a random: survey which aimg to defernine .
extent and distribution of diclorop-methyl resistance in annual ryegrass across southern N 5w

METHODS

Surveyed farms were selected .t random from maps of the defined area, using pods 10 ensuie o
relatively even spread of coliection sites. Letsers were sent to 2530 farmers seekmg b
cooperation in the survey, with 161 positive respondents. Annual ryegrass seed samphes w -
collected in late 1991 from paddocks in crop. No paddock histories were known o ot
prior 1o the collection and screening process. Collected seed was threshed and cleancd w -arl:
1992,

Experiments were carried out between April and August in a poly house with sides eva st
weather. :

Screening for resistance to diclofop-methyl was done in the following manner  Alumine.m b
were used containing 750mL o a coarse sundy loam soil. Trays were sowr with i bp o oo
ryegruss seed and watered as -equired. Following germination, trays were thimied :n bwent.
seedlings and diclofop-methyl was applied at the 2 to 4 leaf stage in a spray cabiner.
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Faur rates of diclofop-methy! (0, 188, 375 and 750g a.i./ha) were applied in 90L/ha of water. A
non-ionic surfactant was added at 0025% viv.  All treatments were replicated through time and
arranged in a randemised block design. Results were recorded 28 days after treatment (DAT)
using the criterion of less thun 85% contro} ar the 375g ai/ha rate, as the indicator of herbicide
resistance.  Analysis of two replicates is provided.

RESULTS AND DISCUSSION

The eflecliveness of control by diclofop-methy] is shown in Table 1. Using the above criterion
us indicating resistance, the data shows twenty two sampies, approximately 149, having
sipnificant resistance. Of these, six sumples (approximately 4%) had a very high level of
resistance whereby no commercial result could be expected from the application of diclofop-
methyl,

Table |. Mumber of somples (total 161) in each control category 28

DAT
Control Rate of diciofop-methyl (g a.i./ha)
(%) 188 375 750
B5- U0} 0 139 153
TH-84.9 &b 12 2
S0-699 18 4 0
0-499 7 6 4]

LEGEND

% contral at the
375g a.i./ha rate

85-180
= 7(-84249

* 05699

P ® n_4n
! / | 0-42.9
s T - . - S ndngai .
FA — Wagga f:é;«aﬁ ®
i 4 . . W
I -, - e @ .S /’\ Sunie Jounds
'\J tawager L _r‘s“m-/' Aren ot Survey =
. I

| N R 2044288  ha
i :

Fipure 1. Arca of southern NSW surveyed, showing the distribution of diclofop-methyl
resistant annuad ryegrass {showing alt 161 farms).
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Na pattern has emerged with respect to their distribution within the sampling area (Fig. 1), thus
indicating that influences external to the farm have not been significantly effective in respect of
resistance development.

The interrelationship between the incidence of resistance and farm management practices is
being addressed by way of a farmer questionnaire, which was sent to participating farmers in
late 1992, From this the basis for the development or otherwise of resistance will be clarified.
The information collected will be used to develop specific strategies for the amelioration of the
problem, so as to minimise its spread within the region.
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HERBICIE RESISTANCE COMMIUNICATION IN WESTERN AUSTRALIA

R.J. Martin', R. Kelly* and G.S. Gill'
' WA Department of Agriculture, 3 Baron-Hay Court, South Perth WA 6151, Australia
? Advocale Business Promotions, 157 Main Street, Osborne Park WA 6017, Avstralia

Summary. Farmers in the Western Australian wheatbelt are well aware of herbicide resistance
{96%). However, they need to be encouraged to keep accurate spray records and chemical
groupings need to be belter understood. Farmers also need to be encouraged to have a test done
to determine current tesistance status before making weed control decisions. The concept of
rotaling crops, pastures and chemicals 1w delay the development of herbicide resistance is
reasonably well undersiood by farmers but some of the less popular choices for delaying
herbicide resistance, such as delayed seeding, need to be better explained. ‘This paper presents
the results of a survey of farmers and advisers and provides details of a proposed infermation
packape on herbicide resistance. '

INTRODUCTION

A communication campaign abaut herbicide resistance and the availability of a testing service
was carfied oul in Wesiern Australia in 1991, There is now a high level of farmer awareness of
herbicide resistance and in this study we attempted to find out what farmers stili needed 10 know
ahout this problesn so thal we could improve the wansfer of information to them.

The objectives were to:

{a) dctermine the current state of herbicide resistance knowledge, values, attitudes and beliefs
amonpst farmers and all those engaged in the sale of and/or giving advice on the uvse of
herbicides;  and

(by  formulate a communication strmegy 0 address specific gaps in knowledge and to comect
miscenceptions repurding berbicide resistance.

METHODS

Ceread producers, with a property size exceeding 750 ha were chosen at random from the
Agriculture Protection Board computer database. The number of farms selected from each Shire
wis in proportion to the 101l number of Carms in the sample. A telephone survey of 130 farms
was carricd out by Insight Research Australia Pty Lid in February 1891,

The results were tabulited on the basis of the repional sub-divisions vsed in the Department of
Apriculture™s wheat varicty recommendations which cotrespond with low, medium and high
raindid) regions.

A survey Tonm was also mailed o all of the people thought to be giving advice on herbicides in
Weslern Australia. A total of 334 surveys were mailed to Department of Agriculture advisers
(45), privawe consuttants {52), chemical company representatives (54) and reseller representatives
(20335, Responses were obtained by telephene from those who did not respond by mail.  There
were 148 wsable replies to the farmer survey, 39, 43 and 66 from low, medium and high rainfall
regions respechively.
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RESULTS AND DISCUSSION

Herbicide resistance status. Al of the farmers surveyed used herbicides on their farm and 96
percent of them had heard of weeds developing resistance to herbicides.

Farmers were asked if they had ryegrass or wild oat populations on their farm that had survived
a selective herbicide application for no apparent reason; 31 percent said yes, 66 percent said no
and 3 percent did not know, The number of herbicide failures increased as rainfall decreased
but this trend was not statistically significant.

Of the farmers surveyed, 5.4 percent had a ryegrass herbicide resistance test done in 1992,
Although not significant, the percentage varied between rainfall zones with 10.3, 2.3 and 4.5
percent of farmers from low, medium and high rainfall zones respectively having a test done.

A significant but expected finding was that only 57 percent of fanmers keep accurate paddock
records of herbicide use. This figure was only 44 percent in the low rainfall zone where the
largest proportion of farmers had tested for herbicide resistance.

Cropping_intensity. Farmers were asked to indicate the percentage of their farms in crop each
year and these percentages were cross-tabulated with rainfall zones. The percentage of farm in
crop varied significantly between rainfall zones (Fig. 1.3, The crop component increased
stgnificantly as rainfall decreased. Most farmers in high rainfall cropped between 20 and 40
percent of the farm.
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Figure 1.  Variation in the percentage of farm in crop according to rainfall zone.

Farmers in medium rainfall cropped between 20 and 60 percent of the farm, the broadest band.
Farmers in low rainfall cropped most intensively with most in the 40 to 60 percent category and
about 20% in the 60 te 80 percent category.
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Knowledpe of herbicide resistance.  When asked how many applications of a selective herbicide
weuld be necessary to develop herbicide resistance in ryegrass, less than half of the farmers
knew the correct aaswer and more than one quarter did not know how rmany applications it
would tuke. In contrast, the majority of representatives from the manufacturers, resellers,
consultant and Govemment advisory groups gave a correct answer.

Our current knowledge of herbicide resistance in rycgrass indicates that once resistunce has
developed to a particular herbicide, the population may never become susceptible to that
herbicide again,  On this basis, 90.5 percent of farmers did not correctly answer this question
with maowe than half not prepared 10 commit themselves to an answer. It was of concern that 36
percemt of farmers believed that ryegrass populations would become susceplible again. An even
grealer proportion of farm advisers beligved that ryegrass populations would become susceptible
apain,

Knowledge of herbicide groups. Farmers were given 4 commonly used herbicides and asked if
they had used them or not. They were then given 4 chemical groups, “fops’, "dims’, "SUs™ and
triazincs, and asked to place each chemical in its correct group. Over two thids of farners
cauld not place communonly used herbicides in their correct chemical groups. In comparison, over
58 percent ol farm advisers were able 10 correctly group these herbicides. There wese some
regionat dilferences for farmers’ use of herbicides with a lower percentage of Glean® and
Hocprass® users in high rainfall areas. There was alse a tendency for farmers in high rainfall
areas 1 be less knowledgable about herbicide groupings than in the other 2 rainfall areas.

Perceived value of management oplions.  Farmers and advisers were asked 1o rank a list of weed
management options according to their value (high, low or of no use) in delaying the
development of herbicide resistance on their farm (Table 1),

Farmers in low rainfall arcas were significamtly less enthusiastic about cotting a weedy crop for
hay to prevent sced sel. Those in higher rainfall areas viewed more favourably the option of
delayed seeding compared to those in low rainfall areas. Most low rainfall farmers considered
the delayed sceding option of no use. Burning the stubble was considered to be of low or no
Wse,

Advisers apreed with fanmers on the ranking of the 3 most valued options; effective
spraylopping, rotation ol herbicides and imroducing a longer pasiure phase. They also agreed
with the ranking of cutting 2 weedy crop for hay (51h) and using trailing bins (¥th). Both
farmers and farm advisers ranked below Jabel rates as the least useful option to delay the
development ot herbicide resistance. Farmers gave a higher value to autumn “tickle” and
delayed crap seeding 1o gel an extra weed kill than did the farm advisers. However, resellers
tavourcd autuom “tickle' more highly than did other farm advisers. In conwrast to farmers,
manufacturers, consultunts und  povernment advisers wese strongly against using selective
herbicides in the pasture phase.  Muanufacturers were very strongly against this practice.
Resellers were more in agreement with farmers.  All farm adviser groups were much mere in
favour of burning crep or pusture stubble to kill weed seeds than were fanners.

Farmers and advisers were asked if Hoegrass resistant ryegrass swamped their crop this year,
what is the likelihood that they would take e following action (Table 2,
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The overwhelming majority of farmers said they would harvest the crop and switch 1w pasture if
Hoegrass mesistant rycgrass swamped their crop.  Farmers in medium and high rainfall areas
were again more likely to cut the crop for hay than those in low rainfall areas. Farmers in low
and medium rainfall areas were more willing to bum stubble than those in high rainfall areas.

Farm advisers were largely in agreement with each other regarding their advice to a farmer who
had a crop swamped with Hoegrass resistant ryegrass. The oniy major difference was that
manufacturers were more strongly in favour of using modified headers te capture ryegrass seeds.
In contrast to farmers, farm advisers were more strongly in favour of culting the crop for hay
rather than harvesting the crop and swiching to pasture. Farm advisers ranked harvesting the
crop with a modified header more highly than did farmers. Farm advisers gave a lower ranking
to the value of grazing the crop with sheep than did farmers. Both farmers and farm advisers
gave a low ranking to harvesting the crop and burning the crop stubble to kil ryegrass seeds.

Table 1.  The perceived value 1o weed management opiions {1 = highesi value}.

Management oplion Farmers Advisers

—
—

Effeciive spray-topping and grazing pasture before cropping
Rotation of herbicide groups

Introducing a longer pasture phase in the rotation

Autumn ‘tickle” to stimulate weed germination before sceding
Culling a weedy crop for hay to prevent secd-set of weeds
Delaying crop sceding 10 get an extra weed kill

Not applying sclective herbicides in the pasture phase

Using trailing bins behind the header to remove weed sceds

R N - S, T ¥Ry
R - Y - "

Buming crop or pasture slubbile to kill weed seeds
Application of herbicides at below label rates

=]
=]

Table 2. Action or advised if Hoegrass resistant ryegrass swamped a crop (1 = highest value}

Aclion taken Fanmers Advisers

Harvest the crop and swilch (o pasture to reduce ryegrass | 2
Harvest the crop and switch 1o another herbicide next year 4
Cui the crop for hay or hay-fieeze to prevent seed set of rycgrass
Graze the crop with sheep w prevent seed set of ryegrass

Harvest the crop and bum the crop stubble 1o kill ryegrass seeds

= T O
W WA N

Harvest with a modified header to capture ryegrass seeds
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Perceived value of lesting.  In the year after Hoegrass resistant ryegrass swamped their crop, 75
percent of famers said they would have a test done before deciding on an altemative herbicide
amd 21 percent said they would not have a test done but switch to an alternative herbicide. [n
contriast, 94 pereent of farm advisers said they would recommend a iest be done before deciding
on an aliernative herbicide

New chemicals. On average, 46 percent of farmers thought there were no new chemicals on the
horizon which would solve the herbicide resistance problem. Of the remainder, 26 percent
thought there were und 26 percent did not know. Farmers in medium and high rainfall areas
were more oplimistic aboul new chemicals solving the herbicide resistance problem than were
those in low rainfall arcas. Farm advisers were less optimistic than farmers with only 14 percent
thinking that new chemicals would solve the problem.

How farmers valved advisers and infonmation _sources. Farmers were read a list of personal
contacls and asked how highly they valued their advice on herbicides. Most popular were the
Department of Agriculture advisers and other farmers.  Farm conrsoltants also ranked highly,
However, fanmers placed a lower value on advice from spray contractors, chemical company
representatives or resellers.  Farmers were tead a list of information sources and asked how they
valucd them lor information on herbicides.  As would be expected. there was close comrelation
between how furmers rated personal contacts and associated information sources. Information
sourced [Tom the Departiment of Agnculture, field days, seminars, and local farmer meetings was
mwost highly valucd by faremers,  [n contrasy, Information scurced from chemical companies,
videns and reseliers was given a relatively low rating.

Exwnsion_initiatives. The major initiatives of the 199394 program will include o media Luson
and communication program of regular articles for the press, television and radio coverage. The
inteprated weed management story will be broken down into seasonal components which can be
comunicated in a more tmely manner. A survey is also planned for early 1994 1o identify any
shift in tarmers” knowledge and enable us a0 re-focus the communication strategy.

An updale and reference package will be prepured for ali advisers servicing the industry in
Western Australia,  [1 will include a plastic binder "Herbicide Resistance Information”.  The
binder will house the regolae updaies, inchuding the new herbicide resistance bulletin and
relevant Farmmotes, which we inend to maih to industry advisers. A presentation package will
inchude a set of 5 or 6 overbeads together with 3 video case study on herbicide resistance.

A diary is being produced which will facilicate furmers’ record keeping of paddeck use of
herbicides and other weed control records.  The diary will also contain oth

er esseatiab information such as herbicide groupings. A herbicide groups chart will alse be
praduced separately as an A2 sized wall poster and a taminaled A4 sized charl.
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HERBICIDE RESISTANCE IN A WILD QAT BIOTYPE IS DUE TO
MUTANT ACETYL COENZYME A CARBOXYLASE

C. Maneechote, J.A.M. Holtum and 5.B. Powles
Depariment of Crop Protection, Waite Agricultural Research Institue,
Glen Osmond SA 5064, Australia

Summary. A biotype of wild oat {Avena sterilis ssp. ludoviciana) in Australia is resistant 1o a
wide range of aryloxyphenoxypropionate (AOPP) herbicides. Possible mechanisms of herbicide
resistance in this resistant (R} and a susceptible (S) biotype were investigated. Acetyl-CoA
carboxylase {ACCase), the target site for herbicides and a key enzyme of fatly acid biosynthesis,
from the R biotype was markedly less sensitive to ACCase inhibiting AOPP (diclofop) and
cyclohexanedione (CHD) (tralkoxydim) herbicides than the S biotype. Uptake, translocation and
metabolism of ["*C]diclofop-methyl were also investigated, but there were no differences
between the two biotypes in any of these parameters. Hence, the most prebable mechanism of
heebicide resistance in this R wild oat biotype is due to a modified form of ACCase.

INTRODUCTION

Wild oats resistant to herbicides have been primarily reported from Canada, USA and Australia
(1, 9, 10). In these cases, resistance has occurred following repeated selection with one herbicide
or with herbicides from the same class or the same mode of action. Herbicide resistance may be
due to the decreased sensitivity of the target site or alieration in uptake, translocation and
metabolism of the herbicide, The target site of AOPP and CHD herbicides is acety] coenzyme-A
carboxylase (ACCase), a key enzyme in fatty acid biosynthesis, which catalyzes the conversion
of acetyl-CoA to malonyl-CoA (6, 7, 12). Generally, ACCase from grasses is sensitive to both
groups of herbicides while that of dicotyledons is insensitive (7. 8). In this paper the mechanism
of herbicide resistance in a resistant wild oat bictype has been investigated.

METRODS

Resistant (R) and susceptible {S) wild oat biotypes collected from Bordertown, South Australia
in 1989 were used. The R biotype was collected from a ficld which has been teated with
diclofop-methy] and fluazifop-butyl for the previous six years and the S biotype was collected
from unsprayed field near the infested area of R biotype (9). Seeds were germinated on 0.6%
apgar before being transplanted into sterilised potting soit and grown in a growth room. Growth
conditions were 20°C, 14 h, 330 pmel photons/m/s light peried/16"C, 10 h dark periced. Plants at
2-3 leaf stage, the stage normally treated with dicofop-methyl in the ficld, were used for
ACCase inhibition assays. ACCase was extracted and pantially purified {13) from both biotypes
and the response to herbicides was determined.

Plants at the 2-lcaf stage were used for uptake, translocation and metabelism experiments. A
solution of 5 mM [“C]diclofop-methyl (a specific activity of 592 MBg/mli) made up in a
commercial formutation blank (Hoegrass 36 EC, Hoechst Autralia) was applied as a 1 pL. drop
of the solution to the leaf axil of wild oat plants. In the translocation experiment, the tissue was
divided into small fractions, i.e. meristem (1 ¢m above the root zene initiation), stem (from
meristem up to 2 cm above leaf axil), first leaf, second leaf and third leaf. Each fraction was
extracted separately with 80% methanol and the amount of radicactivity was determined by
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liguid scintillation spectroscopy. Radiolabelled metabolites were sepurated by using reverse
phase HPLC as previously described (4,

RESULTS AND DISCUSSION

bptake, wmaaslocation_aml_metabolism of {“Cldiclofop-methyl. Feliar absorption of diclofop
oceurred readily in both § and R biotypes with maximal uptake within the first 24 h, Very little
lsbel could be detected in the firse or third leaves at any time. Most of the activity remained in
the stemm and leaf. Little label was found n the roots of either biotypes (Table 1).

Table 1. The distribution of radioactivity in wild oat seedlings growing in sand culture

Time afer “C activity (% of total uptake)
Bivype treatment
(h) Stem Leaf Root
Susceptible 140 54 44 2
P50} 4 56 4
Resistant 140 38 40 2
181} 43 54 3

In the translocation experisients, most of the label was present in the stem and second leaf of
bath biolypes. Shightly more radioactivity was found in the second leaf of the R biotype than in
the S biotype at any time. At later time periods more of the radioactivity was observed in the
upper parts of second teaf in both biotypes. However thete was less translocation from the base
ol the sceond leat in the § biotype (Figs 1A and 1B). This may be because the S plants were
dying amd therctore translocation was reduced.

Figure | Distribution of ["Cldiclofop-methy) in the second leaf of resistant (A) and
susceptible {B) wild oal biolypes.
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The metabolism of |"Cldiclofop-methyl was similar in both biotypes. Conversion of diclofop-
methyl to diclofop acid was rapid with Jess than 50% of applied label recovered as diclofop-
methyl in either biotypes by 1 h after application (Table 2). Diclofop acid was slightly greater in
the R biotype than in the S biotype at times greater than 12 h after treatment. However, the S
biotype showed the herbicidal symptoms whereas the R showed little effect and recovered after
48 h. There were no differences in diclofop-methyl absorption, transiocation and metabolism
between the two biotypes of wild oat, which suggests that these processes do not acceunt for the
the mechanism of herbicide resistance. This is similar to the results found in diclofop resistant
wild oats (1) or sethoxydim resistant annual ryegrass biotype SLR 3 (13).

Table 2, Diclofop metabolism in susceptible and resistant wild cats i, 12, 24 and 48 h after
treatment (HPL.C data)

Time after MC activity (% of total uptake)

Biotype treatment

h Diclofop-methyl Diclofop acid Metabolites
Susceptible 1 47113 53+ 1 -

12 g8+1 587 d+te

24 §+3 42+ 4 50+t4

48 6t 25+ 3 69 £ 1
Resistant 1 41 + 1 59+2 -

12 Htl 53%2 Joz

24 6l 93 5513

48 54 212 742

ACCase inhibition by herbicides. Partially purified ACCase from the S biotype, was inhibited
by the AOPP and CHD herbicides. The enzyme purified from the R biotype was less sensitive 1o
these herbicides. ACCase from R biotype was 52 times less sensitive to diclofop than ACCase
from the § (Fig. 2A) and 3 times less sensitive to taltkoxydim (Fig. 2B}. The result is similar to
other observations that AOPP herbicides are more potent inhibitors of ACCase thun CHD
herbicides (3, 10).

At the whole plant level, the R biotype showed high levels of resistance o0 AOPP herbicides
(diclofop, fluazifop, haloxyfop, fenoxaprop, quizaiofop, prepaquizafop and quinfurop} and a
slight increase in resistance to the CHD herbicides {sethoxydim, tralkoxydim and cycloxydim}
(9). This is reflected at the ACCase level with the level of resistance of the enzyme being
preater for diclofop (52-fold) than tralkoxydim (3-fold). These results indicare that an aftered
form of ACCase in the R wild cat bietype is responsible for resistance to these herbicides. A
similar mechanism of resistance to these herbicides has been reporied for annwval ryegrass
resistant to sethoxydim in Australia (13) and Italian ryegrass resistant to diclofop in USA (3). In
contrast, diclofop-resistant wild oats (Avenag fawua) from Canada and Awvstralia do not have a
mutant ACCase (1, 5). In the case of wild oat from Canada, resistance is relfated o alweration in
membrane  properties (2). Cusrently there are over 20 bictypes of wild oats that have devloped
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resistant 1o AOPP and CHD herbicides in Australia. The mechanism of resistance in the other
bictypes has yct to be deterrnined.

in conclusion, the most probable cause of resistance to a range of AOPP herbicides in the R
biotype of wild oat is a mutant form of ACCase.

ACCase activlty (% of contrai)

100 100

60

40

20

ACCase activity (% of controt}

0.1 1 10 100 0.1 1 10 100
Diclofop (i) Tralkexydim (M)

Figure 2. Inhibition of ACCase from susceptible and resistant wild cat biotypes by diclofop

(A) and walkoxydim (B). Open symbois, susceptible; closed symbols, resistant.
Experiments were done in duplicate and repeated seven times.
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TOWARDS AN UNDERSTANDING OF THE MECHANISMS OF RESISTANCE TO
ARYLOXYPHENOXYPROPIONATE (APP) HERBICIDES IN ALOPECURUS MYOSUROIDES
{BLACK-GRASS)

L.M. Hall', S. Moss? and S.B. Powles'
! Waite Agricultural Research Institute, Adelaide SA, Australia
? AFRC-IACR Rothamsted Experimental Station, Herts, UK

Suremary. Resistant biotypes Lincs. El and Peldon Al have fenoxaprop ED,, values 27 and 4
times greater than the susceptible (Rothamsted) biotype, respectively. Lincs. El and Peldon Al
are 10 and 13 fold more resistant to diclofop, respectively. The target site of these herbicides is
acetyl-CoA carboxylase {(ACCase}. Affinity of ACCase for the substrate acetyl-CoA was similar
for afl biotypes. ACCase extracted from Peiden AY and Rothamsted was more inhibited by
fenoxaprop and diclofop than ACCase from Lincs. El. Differences in ACCase inhibition were
due 10 a subset comprising approximasely 15% of the Lincs. El population. ACCase extracted
from this subset was less sensitive to inhibition by diclofop. Absorption and translocation
experiments showed that Rothamsted absorbed fenoxaprop-ethyl faster than both the resistant
biotypes but there were no significant differences in translocation. Rothamsted contained more
herbicidally active fenoxaprop than resistant biotypes 6 to 48 HAT (hours after treaiment). The
reasons for the lower fenoxaprop content in the resistant plants are under investigation but
probably accounts for their ability to survive fenoxaprop treatment.

INTRODUCTION

Populations of Alapecurus myasurcides in the United Kingdom have developed multiple
herbicide resistance to herbicides in unrelated chemical groups with different modes of action
(89). In one population {Peldon AT) the major mechanism of resistance to chloratoluron is
enhanced herbicide metabolism (6). Two multiple-herbicide resistant populations, from Essex
(Peldon A1) and Lincolnshire (Lincs. E1T), show high levels of resistance to herbicides in the
APP family of herbicides. The mechanism(s) of herbicide resistance of these biotypes to APP
herbicides is the subject of this investigation.

The APP herbicides, along with cyclohexanedione (CHD) herbicides, inhibit the enzyme
ACCase.  Several mechanisms which contribute to APP resistance  have been reported.
Resistant plants rnay contain a modified ACCase which is less inhibited by herbicides (1,10).
APP resistance has also been correlated with rapid cell membrane repolarisation after herbicide
removal (3), however the mechanistic basis of this response and its role in whole plant resistance
is poorly understood (4). A population of Lofiwm rigidum has developed high levels of
resistunce to APP and CHD herbicides not based on target site mutations (7). This population
has muhiple mechanisms, including enhanced metabolism of diclofop (5) and cell membrane
repolarisation (3), one ar bath of which can contribute to an individual’s resistance.

Uptake, translocation and metabolism of fenoxaprop and inhibition of ACCase by APP and CHD

herbicides are compared in two resistant biotypes of A. myosuroides and a susceptible to
determine the mechanism(s) of resistance.
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METHODS

Seeds were collected in fields in Hertfordshire (Rothamsted), Essex (Peldon Al) and
Lincolnshire (Lincs. El), UK. The Rothamsted biotype was collected from an area untreated
with herbicides. Peldon Al and Lincs, El biotypes were collected from fields where herbicides
had failed to control A. myosuroides. Methods used to compare resistance to herbicides at the
whele plant level have been described previously (8).

Inhibition of ACCase activity by five herbicides, diclofop, fenaxaprop, fluazifop, sethoxydim and
tralkoxydim, at final concentrations between 0 and 100 pM was measured as previously
described (10} and the affinity of ACCase for acetyl CoA in extracts from the three biotypes
measured at concentrations between 0 and 600 pM acetyl CoA. Te determine if the small
differences in ACCase inhibition by diclofop between Lincs. El and Rothamsted was
characteristic of the whole population, seeds of Lincs. El were germinated on 6% (w/v) agar
supplemented with 100 pM fleazifop and herbicide inhibidon profiles of ACCase extracted from
survivors were compared with those of the bulk of the Lincs. ET population.

To measure the absorption and translocation of fenoxaprop, “C fenoxaprop-ethyl (spec. act. 971
MBua/ g) was apptied to the second leaf of three leaf stage plants and 12, 24, 48, 72 or 96 HAT,
unabsorbed herbicide washed from the leaves, plants sections oxidised separately and uptake and
rranslocation quantificd by liguid scintillation counting (2).

Meuwabolism of fenoxaprop-ethyl was determined by applying a 2 pL drop of “C
fenoxaprop-ethyl to the leaf axis, washing off unabsorbed herbicide 3, 6, 12, 24, 48, 72 and 96
HAT and extracting the herbicide and metabolites with 80% (v/v) methanol. Parent herbicides
and metabolites were separated by HPLC and the quantity of herbicide and metabolites
expressed as a percent of total radioactivity in the extract.

RESULTS AND DISCUSSION

Effect of Inhibiters of ACCase on growth of intact plants. Peldon Al and Lincs. E1 show
varying levels of resistance to both APP and CHD herbicides compared 1o the susceptible
Rothamsted. Lincs. El was more resistant than Peldon Al to fenoxaprop (ED,, ratos to
Rothamsted of 27 and 4 ) but showed similar resistance to diclofop (13 and 10), quizalofop (8
and 6); fluazifop (7 and 6); and the CHD herbicides sethoxydim (2 and 1.5) and tralkoxydim (16
and 13}, There was no direct relationship between levels of resistance and the family of
herbicide, APP or CHD.

ACCase Activity. Affinity of ACCase extracted from the three biotypes for acetyl-CoA was
similar.  Fifty percent of maximum enzyme activity was obtained at 70, 71 and 81 yM
acetyl-CoA in Lincs. El, Peldon Al and Rothamsted, respectively.

ACCase activity of all three biotypes was inhibited by APP herbicides, diclofop, fenoxaprop and
fluazifop and CHD herbicides, tralkoxydim and sethoxydim. Lincs. E1 shows consistently less
inhibitian of ACCase than Rothamsted, the susceptible biotype. If ACCuse inseasitivity in
Lincs. El was a property of the whole population, it would be unlikely to protect plaats from
herbicide toxicity. While Lincs E1 may show small differences in inhibition kingtics, it is also
possible some individuals in the population have an insensitive ACCase while the majority of
this field collected population does not. A subset of approximately 15% of the population
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selected on 100 pM fluazifop contained ACCase less inhibited by diclofop than that of the
unselected population. Continued selection of Lincs. E1 with APP herbicides would be
expected to increase the frequency in the population of this less sensitive ACCase.

Absorption and Translocation of Fenoxaprop-ethyl. Absorption of “C fenoxaprop-ethyl was low,
with an average of 29% after 12 hours, increasing to 44% 72 HAT. Translocation from the
applicd leal was limited, reaching an average of 4% 72 HAT. Rothamsted absorbed more *C
fenoxaprop-ethyl, but there were no significant differences between biotypes in amount of
herbicide translocated from the site of application. Differences in uptake or translocation of
APP herbicides have not been previcusly shown to contribute to herbicide resistance.

Metabolism_of Fenoxaprop-ethyl. Extracts from both resistant biotypes contained a smaller
proportion of herbicidally active fenoxaprop than extracts from susceptible 6 o 48 HAT.
Reduced fenoxaprop content in the resistant bietypes may be duc to slower fenoxaprop-ethyl
conversion to fenoxaprop, or to enhanced binding of fenoxaprop-ethyl, making it unavailable for
breakdown to fenoxaprop. or to enhanced detoxification of fenoxaprop to inactive conjugates.
These possibilities are under investigation.
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COMPETITIVE ABILITY OF THE PARAQUAT-RESISTANT BIOTYPE
OF ERIGERON PHILADELPHICUS

M. Satoh, Y. Usami and H. Koizumj
National Institute of Agro-Environmental Sciences, Tsukuba, Ibarake 305, Japan

Summary, Competitive ability of a paraquat-resistant biotype of Philadelphia fleabane, Erigeron
philadelphicus L., was evaluated by comparing the photosynthetic characteristics and population
demography of sensitive and resistant biotypes. There was no significant difference in the
photosynthetic characteristics between the two biotypes. In a 3-year experiment paraquat was
sprayed 5-6 tisnes each year on a mixed population which initially consisted of an equal number
of individual plants of the two biotypes. The ratio of the number of individuals of the
paraquat-resistant biotype to the sensitive one increased under repeated paraquat applications but
remained constant under the control conditions. The study suggests that the paraquat-resistant
biotype may be more competitive than the sensitive biotype when paraquat is continuously
applied.

INTRODUCTION

A paraquat-resistant biotype of Philadelphia fleabane, Erigeron phitadelphicus L., was first
discovered in Japan in 1982 (4). The ratio of the number of individuals of the resistant biotype
1o the sensitive one seems to increase in Japan.

In this study, the competitive ability of the resistant biotype was investigated by comparing the
light-photosynthesis curves in individuals of both biotypes and tracing the ratio of the number
of the resistant biotype to the sensitive one under repeated paraquat applications and under the
control conditions.

METHODS

Young plants of the paraquat-sensitive biotypes of Philadelphia fleabane were collected from the
roadside in our Institute. Prior to transplanting, the sensitivity to paraguat was tested according
to the method outlined in another paper (3). Young resistant plants were collected from a
chestnut orchard where most of the plants were known to be resistant.  Prior 1o transplanting, the
resistance to paraquat was also tested, and the plants that were confirmed 10 be resisiant were
used in further experiments.

On 6 March 1990, sensitive and resistant plants were transplanted in plastic pots and grown to
analyse the phetosynthetic characteristics. Photosynthetic activity of the leaves from the sensi-
tive and resistant biotypes was measured by enclosing a cut leaf in an assimilation chamber and
by monitoring the CO, concentration of the air at the inlet and outlet of the chamber with an
infrared gas analyzer (Fuji Electrics ZRC).

At the same time, the sensitive and resistant plants were transplanted alternately in 4 blocks in
the field as shown in Fig. 1. In 2 blocks {1 and 2) each plant was planted 20 ¢m apart from the
neighboring plant, while in the other 2 blocks (3 and 4) 30 cm. After the plants took root,
paraquat {1,17-dimethyl-4,4"bipyridinium dichloride) solution was sprayed to the 2 blocks (1 and
3y 3 times in 1990 at the rate of 28.8 g a.i/ha, which is equivalent to about 1/20 stength of the
usual application ratc. In 1991, paraguat was sprayed to the 2 blocks 5 times and in 1992 §
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times, at a rate of 57.6 g/ha which is about 1/10 of the usuai application rate. In the other 2
blocks (2 and 4) no paraquat solution was sprayed. A leaf was collected from each plani that
appeared in a quadrat placed in 5 different areas of each block, and the resistance to paraquat
was exarmined for each colflected leaf by the method outlined in another paper (3), twice in 1990,
4 times in 1991 and 3 times in 1992, The percentage of resistant plants was calculated.
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Fipure |, Diagram illusirating the planting scheme of Philadetphia flcabane. Open circles show the
paraquai-sengitive plants, closed circles (e resistant oncs. In blocks 1 and 2 cach plant was
planicd 20 ¢m apart [rom the neighboring vne. In blocks 3 and 4 each plant was planted
30 cm apar. In blocks | and 3 the paraquat solution was sprayed repeatedly. while in blocks
2 anul 4 paragqual was not sprayed.

RESULTS AND DISCUSSION

Photosynthesis.  Light-photosynthesis curves of the leaves in the paraquat-sensitive and resistant
biotypes are shown in Fig. 2. Under the photosynthetically active radiation of 540 pmol/m?/s, the
photosynthetic activity of a leaf of the sensitive biotype was 7.1 pmol/m®/s while that of the leaf
of the resistant biotype was 6.5. The dark respiration of a leaf of the sensitive biotype was 1.9
pmol/m?fs while the value was 1.8 in the case of the resistant biotype. Na significant
differences were observed both in the value of the photosynthetic activity and dark respiration
and in the shape of the light-photosynthesis curves.

The present results are not in agreement with the fact that leaves from plants resistant to friazine
berbicides (e.g. atrazine), are known o display a much lower photosynthetic ability than the
leaves of scnsitive biotypes (1, 2).

Population demography. As the difference in the distance of each plant from the neighboring
piant at the time of planting did not cause any appreciable differences in the rooting and
popuilation demography, the resulis for piots 1 and 3 and for plots 2 and 4 were pooled. Fig. 3
shows the relationship between the time of herbicide application and the ratio of the mumber of
resistant plants 10 the number of total plants examined. In 1990, the ratio remained constant
regardless of paraguat application, presumably due 1o the very low concentration of the
herbicide. In 1991, 4 applications of the herbicide increased the proportion of resistant plants to
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78% by the end of Aupgust. In 1992, the applications of the herbicide led to further increases.
Throughout the 3 year period, the ratio under control conditions did not show any appreciable
changes, values ranping between 42% and 60%.
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Figure 2. Lighi-photosynthesis curves of Philadelphia fleabane leaves from the paraguat-sensitive (S)
and resistant {R) biotypes. PFD: Photon flux density.
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Figure 3.  Changes in the percentage of paraquat-resistant plants 10 the total plants examined.  Amows
at the botiot of the figure show the lime when paraqual was applied. Open circles: percent-

age undcr the comtrol cenditions; closed circles: perceniage under repeated paragquat
applications.

These results indicate that the propertion of resistant ratio increased under the pressure of the
herbicide at a much lower concentration than that of the usual application, but that the ratio
remained faitly constant for at least 3 years without herbicide application. Therefore, it is
assumed that the resistant biotype may dominate areas where paraguat is applied periodically and
may co-¢xist with the sensitive biotype where paraquat is not sprayed.
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CROP SENSITIVITY TQ RESIDUES OF ATRAZINE AND CHLORSULFURON IN A
SOIL-FREE SYSTEM

R.J. Jettner', J.D. Churchett', S.R. Walker', §.W. Adkins®
and F.P.C. Blamey®
' Queensland Wheat Research Institute, Toowoomba Q 4330, Australia
? Department of Agriculture, The University of Queensiand,
Brisbane Q 4072, Australia

Summary. Although reduced crop growth resulting from residues of herbicides has been well
decumented, little is known about the levels of herbicide residues that cause crop damage. A
soil-free system was used to study the growth response of the five main summer crops of south-
east Queensland, sorghum (Sorghum bicelor), maize (Zea mays), sunflower (Helianthus annuus),
cotton (Gossypiwmn sp), and soybean (Glycine max), 1o atrazine and chlorsulfuron. Crop
sensitivity to atrazine and chlorsulfuron is measured in a soil-free system. eliminating the
confounding effect of soil adsorption thus allowing for exirapolation to different soil types.
Sunflower was the crop most sensitive to atrazine, with 0.01 mg ai/l. reducing seedling growth
by 10%. Soybean was the most sensitive crop 1o chlorsulfuron, tolerating only 0.08 pg ai/l.
chlorsuifuron. Results from the soil-free sysiem will be validated under field conditions for
prediction of safe recropping intervals.

INTRODUCTION

In the northern grain belt of Australia, farming practices are chanping in recognition of the value
of conservation cropping aimed at reducing soil erosion and maximising water infiltration and
soil water storage. This has resulted in increased use of herbicides as the primary means of
weed control and a reduction in Gllage practices. The hecbicides atrazine (2-chlora-4-
ethylamino-6-isopropylamino-s-triazine) and chlorsulfuron  {2-chloro-N-f[(4-methoxy-6-methyl-
1,3,5-triazin-2-y1} amino] carbonyl] benzenesulfonamide} obtain effective residual broadieaf
weed control both in crop and into the fallow. The widespread adoption of residual herbicides is
limited, however, by the variation in their persistence in different environments. This results in
aver-conservative recropping intervals in some situations or excessive carry-over causing injury
to following sensitive crops (1).

Before recropping iniervals can be predicted for different environmenss, the sensitivity of
different crops needs to be determined and the level of herbicide in the root zone measured or
predicted. The response of five summer crops to a range of atrazine and chlorsulfuron
concentrations is measured using a soil-free system. This system eliminates the confounding
effect of soil adsorption, and thus, allows exrapolation to different soils.

METHODS

Five summer crops were grown in a soil-free systern with ten raies of either chlorsulfuron or
atrazine in two experiments, The crop species studied included sorghum cv. Pac 810, cotton cv,
Siokra 122, soybean cv. Manark, sunflower cv. Hysun 24, and maize cv. GHS010. Each
cxperiment was a completly randomised block design with six replications. Similar techniques
were used in both experiments,
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The soil-free systemy was a two pol bioassay systemn modified from the hydroponic bioassay
described by Salder and Pestemer (4), A 150x140 mm diam. lined pot held the nutrient and
herhicide solution and a 100x95 mm diam. lined pot with a layer of 20 mm basalt pebbles and
filled with sterilised sand used io support the plant. A 120 mm pot saucer, with a 75 mm
diameter centre piece removed, was placed on top of the larger pot as the lid with the 100 mn
pot placed inside the saucer. A 150 mm cotton wick was used to draw up the solution culture
from the lower to the top pot.

‘Five secds each of the crop species were sown ingo the sand in 100 mm pots. Ten atrazine dose
levels {0, 0.005, 0.01, 0.025, 0.05, 0.1, 0.25, 0.5. 1, 10 mg a.i/L) or ten chlessulfuron dose
levels (0, &1, 0.5, 1, 2.5, 5. 10, 50, 100, 500 pg a.ifl) were added to 1 L. of commercial
hydroponic nutrient solution {Manutec hydropenic nutrients® and adjusted to pH 6.5. Nutrient
solutions were replenished twice weekly with fresh solutions containing the same censtitution.

At 7 d after sowing (DAS), plants were thinned to one plant per pot and algaecide (Howes
Olympic®™ applied. At 21 DAS, plant height and herbicide injury symptoms were recorded,
plants were harvested, and fresh and dry weight of shoot growth was determined. Crops were
grown under plusshouse conditions with the average day and night temperature of 16°C and
31C.

A logistic equation was fitted to the data as a function of herbicide concentration by non-finear
regression using Graphpad 3.1 statistical package:

Y-A+|l__B-A
1+ (10571050

where Y i shoot fresh weight (% of control) and X is the herbicide concentration (mg
atrazine/L; pg chlorsulfuron/l). A and B denote the upper and lower asymptate, C is log (1Dy,),
the concentration of 50% seedling growth inhibition and D the slope at IDy,  The logistic
equation was also vsed to derive 1Dy, and 1Dy, values, the herbicide concentration that inhibits
10% and 30% scedling growth.

RESULTS AND DISCUSSION

Response to atrazine. Shoot fresh weight response 1o awrazine differed significantly between the
five crops (Fig. 1). The sequence of increasing crop tolerance was sunflower < cotton =
soybean < sorghum < maize. There was a 15-fold difference in the concentration of atrazine
required for 30% inhibition of fresh shoot growth between sunflower and serghum (Table 1)
This difference was cven greater between sunflower and maize (Fig. 1. At 0.25 mg/L,
suflower seediings were killed and cotton and soybean sgverely injured. Although atrazine is
regisicred for use in both sorghum and maize, sorghum shoot growth was also reduced at
0.25 my/l. but maize shoot growth was only affected at concentrations greater than 1 mg/L. Our
D, values for sunflower and seybean are similar to values measured by Pestemer ef al. (3) also
using a hydroponic system but different cultivars.

Plant stunting was visible 7 DAS. Chlorosis of oldest-leaf tip margins was evident on
suntlower, cotton, and soybean 3 d later, followed by necrosis developing and plant death in the
higher concentration treatments. Maize developed inerveinal chiorosis, stunting, and lacked
vigour in the ¢ mg/l. treatment 14 DAS.
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Table 1. 1D, 1Dy, and ID,, values of cotton, maize, sorghum, soybean, and sunflower for
atrazine and chlorsulfuron.

Crop Atrazine Chlorsulfuron
(mgfl) (ug/l)

D, D, D D, ID,, Dy,
Cotion 0.08 013 0.16 0.23 0.51 0.85%
Maize - - - 0.14 0.28 .43
Sorghum 0.10 032 0.67 0.25 0.53 0.84
Soybean 0.08 0.12 0.16 0.08 0.21 0.39
Sunflower 0.01 0.02 0.04 0.13 0.28 0.46

*i,=Herbicide concenlration that inhibits shoot growth by 10%
"D =Herbicide concentration that inhibits shoot growth by 30%
‘ID=Herbicide concentration Lhat inhibits shoot growth by 50%

140
o120
r.
S 100 -~
e \‘
~HD \
\
¥ 6o
e
T4
= ’
o ’
T 20 L
1 L
il ' . 1 ke
i 01 A 1 10

Atrazine concentralion [mg/A)

Figure 1. Relative fresh shoot weight of cotton (O .. ©), maize (*--*), sorghum (¢—0),

soybean {ll—M}, and sunflower (& ., 4} to atrazine concentrations in a soil-free
systerm.

Response to chlorsulfuron. The difference in seedling response o chlorsulfuron between the
crops (Fig. 2) was less than atrazine with only a twe fold difference in 1D, between soybean
and cotton or sorghum (Table 1). All species were highly sensitive resulting in a dramatic plant
Tesponse aver a narrow concentration range. The order of decreased sensitivity was soybean <
maize = sunflower < sorghum = cotton. Our results for sorghum are similar o values measured
by Haigh and Ferris (2} using the same system.

Treatment differences were evident 7 DAS with stunting and poor emergence of ali crops at
higher concentrations. Shoot growth ceased followed by chlorosis, terminal spikelet death,
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necrosis, and plant death. A purple to rust colour appeared on the base of the leaf of sorghum,
sunflower, and soybean.
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Figure 2. Relative fresh shoot weight (% of control) of cotton (0 ... ©), maize {*--*), sorghum

(0—0), soybean (l—MD and sunflower (& ... &) 1o chlorsulfuron concentrations in a
soil-free systeen.

Implicutions. For the measured crop sensitivity (ID values) to atrazine and chlorsulfuron 1o be
of use for predicting crop response in the field, the plant available residue level in the root zone
at planting needs to be measured or predicted. The investigation by Walker er al. (3) of the
influence of soil fuctors on persistence, movement, and activity of atrazine and chlorsulfuron wiil
preatly assist in predicting herbicide residues at planting.
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TOLERANCE OF PERENNIAL RYEGRASS/WHITE CLOVER PASTURES TO FIVE
SULFONYLUREA HERBICIDES

A. Rahman, T.K. James, P. Sanders and K. Nicholson
AgReseach, Ruakura Agricultural Centre, Hamilton, New Zealand

Summary. The tolerance of perennial ryegrass, Lolium perennefwhite clover, Trifolium repens,
pastures to five sulfonylurea herbicides, the standard phenoxy herbicides (2,4-D and MCPA) and
asulam was compared in four field trials during 1991 and 1993, With the exception of asulam,
all the herbicides were more damaging to white clover than to perennial ryegrass. For the
selfonylurea herbicides, auturmn applications were more damaging to whitc clover than were
spring applications. Thifensulfuron (15-18.8 g/a) applied in spring was the least damaging of
the sulfonylurea herbicides producing only shert term suppression of perennial ryegrass, while
white clover damage was similar 1o that of 24-D. Tribenuron, primisuifuron, chlorimuron and
metsulfuron severely suppressed perennial ryegrass for up to 3 months and rernoved much of the
white clover within 2 months of application. Of the sulfonylurea herbicides evaluated in these
trials, thifensulfuron appears to have the most potential as a broadcast treatment for selective
contrel of some pasture weeds. Use of the other sulfonylurea herbicides should be limited to
spot or directed applications due to their lack of selectivity to both perennial ryegrass and white
clover.

INTRODUCTION

Suifonylurea herbicides are highly active against a wide spectrum of broadleaf and grass weeds.
While seed germination is not usually affected, subsequent root and shoot growth may be rapidly
and severely inhibited {1). The need for such broad specwrum, low dosage compounds with
greater crop selectivity is an imponant factor contributing to the rapid success of this group of
chemicals.  Since their initial development in the late 1970's several herbicides of the
sulfonylurea group have been evaluated and registered for a wide variety of uses. These range
from toial vegetation control to selective weed control in crops such as rice, cereals, soya beans
und rmaize, as well as for aquatic weed conwrel {1,2,3). Worldwide very little effort has been
devoted, however, to their development and vse for weed control in pastures.

Early development work in New Zealand indicated that certain sulfonylurea herbicides had
potential for control of pasture weeds such as ragwon, Senecio jacobaea, docks, Rumex spp,
buttercups, Ranunculus spp., and thistles (4,5), and two chemicals were registered for spot
treatment in the late 1980's. Experimental work has since concentrated on the tolerance of
pasture species to broadcast applications of some sulfonylureas as they may offer an afternative
io the phenoxy herbicides in certain situations, for example in the vicinity of horticulwral crops
or for treatment of pasture weeds that are resistant to phenoxy herbicides. This paper reporis
results of field trials on the tolerance of perennial ryegrass and white clover based pastures 1o
five sulfonylurea herbicides applied in autumn or spring.

METHODS
Faur field trials were conducted at the Ruakura Agricultural Centre near Hamilton between 1991
and 1993, with a trial being laid down in the autumn and spring of each year. All trials were on

predominantly perennial ryegrass/white clover pastures and grazed by sheep, except Trial 4
which was grazed by daity cows. The soil type in all cases was a Horotiu sandy loam with pH
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ranging between 54 and 5.8 and the organic C between 8.1 and 9.8%. In Trial 1 several
sulfonylurea herbicides were tested for their effects on pasture production and compared with
asulam, 2,4-D + clopyralid and the phenoxy herbicide standards, 2,4-D and MCPA (Table 1),
The most promising treatments were further evaluated in the subsequent trials, All trials were of
4 randomised block design with plot-sizes of 2x10 m and 4 or & replications.

The herbicide treatments were applied approximately 10 days after grazing with a compressed
gas powered precision sprayer delivering 300 L/ha at 210 kPa, using flat fan nozzles. A
non-ionic wetting agent, Citowett, was added to the sulfonylurea herbicides at 0.2% viv.
Treatments in the twe autumn trials were applied on 11 June 1991 (Trial 1) and 15 Apnil 1992
(Trial 2} while the spring treatments were applied on 17 th October 1991 (Tral 3) and 17 th
September (Trial 4). No rainfall was recorded within 6 hours after application in any trial.

The effects of treatments on the twp pasture species were determined ag regular intervals by
visual assessments (comprising an estimate of growth suppression and physical damage such as
discolowration and distortion) by at least two observers. The pasture production was determined
at eriticad times of damage by moving two 9x0.5 m strips from each plot. After recording the
grenn weights, subsumples were taken for dry matter analyses. At most harvests further
sunsamples were taken for pasture composition analyses by herbage dissection. the trials were
grazed the day after the mowing and trimmed if required before spelling till next assessment.

As the daa from the two avtumn trials were compatible and the variances were simiiar, results
from Trials 1 and 2 were converied fo precent of untreated and are presented in one table. Least
significamt  differences (l.s.d.'s) presented here are from anlayses variance performed on
untransformed data as the data did not require transformation.

RESULTS AND DISCUSSIONS

Visual damage. All the sulfonylarea herbicides produced some damage symptoms on the pasture
species. 1o perennial ryegrass a purplish discolouration developed within 2 weeks of spraying,
staring at the tip of the leaf blades and, more often, on the mudrib side of the blade. The
discolouration turned to yellow in the more damaging treatments and eventually to brown as the
foliage died. The aldest or largest leaf of a tiller appeared to be the most affected. In the case
of white clover the leaflets and petioles showed a reddish purple discolouration initially, turning
yellow with time. New clover jeaves were very small and stofon growth was greatly reduced for
several weeks after treatment. This effect persisted for several months with the more active
herbicides. In the asulum trestments both perennial ryegrass and white clover showed yellowing
within 3 weeks of treaument.  For the phenoxy treaunents perennial ryegrass showed no apparent
effect but white clover plants were rapidly twisted and distorted with typical auxin type damage.

Most of the discoloured tissue was removed from the plots by the first grazing afier treatment.
Following this, all plots weated with either sulfonylurea or phenoxy herbicides comtained
noticeably less white clover. By the summer months the untreated plots as well as those treated
with asulam were conspicuous by the large number of white clover flowers in them.

Autamn trials. The two autumnn trials (Table 1) were conducted to test a range of candidate
herhicides at the time of year that they would be applied for best control of certain target weeds,
i.e. ragwort and nedding thistle, Carduus nutans, and therefore included some members of the
group known to have activity on these weeds (5). The resulis showed that tribenuron,
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primisulfuron and metsulfuron were too damaging to both perennial ryegrass and te white clover
and that chlodmuron was very damaging to white clover. The suppression of these species also
allowed an increase in the “other grasses’ component which remained high until the spring. The
level of damage to perennial ryegrass by thifensulfuron was similar to most of the other
sulfonylurea herbicides but the amount of white clover damage was much Jess, particularty at the
lower application rates. Asulam also suppressed perennial ryegrass and white clover production
for a short time but was less damaging than the sulfonylurea herbicides, especially to white
clover. None of the phenoxy herbicides significantly affected perennial rycgrass bui they ali
severely reduced white claver. The low rate of MCPA caused less white clover damage than
any other treatment except asulam, while 2,4-1} produced damage similar to thifensulfuron. The
high rate of MCPA and the 2,4-D plus clopyralid treatments were considerably more damaging,
almost eliminating white clover from the pasture for more than 6 months (Table 1). It should be
mentioned here that such high rates of the phenoxy herbicides and the 2 4-Dfclopyralid mixmre

are currently being used to control nodding thistles that have become tolerant to phenoxy
herbicides.,

Overall, thifensulfuron was the least phytotoxic of the sulfonylurea herbicides tested, although it
still proved highly damaging to white clover. At rates of 15-18.8 g/ha, required for control of
common pasture weeds (4), it probably cannot be considered as a broadcast treatment for
perennial rycgrass/white clover based pastures in the antumn.

Table 1. Effect of herbicide treatments applied to pasture in the autumn, Trials 1 and 2.

Perennial ryegrass White clover
Rate Dry maltier Dry matier Damage
Treatments (g/ha) {% of unireated) (% of untreated) (%)
6 WAT 12 WAT 6 WAT 12 WAT 30 WAT

thifensul furon 619 117.2 11.1 pa Ky 325
thilensulfuron 15 01 97.0 1i.4 259 250
thilensulfuron 188 514 50,1 9.0 iLo ns
primisulluron 3(l’ 44.9 103.9 24.0 1.0 558
primisuliaron 30 356 23.2 215 0.6 40.8
tribenuron 60 56.8 1.4 i34 0 65.0
tribenuron 20 48.8 869 277 i) 35
mcisuliuron 0 509 LD 2.1 0 85.0
chlonmuron '% 420 1230 307 0 150
asulam "1»0 120 99.2 75.6 98.7 0

MUPA 1:&00 916 1362 320 EEN 5.0
MCPA 1125 898 140.1 1] 31.2 725
2.4-D + clopyralid 2256 833 1422 11.0 31 80.4
24-D 2[60‘4- 30 816 126.3 15,7 a2 LER
untreaed 71 6()- 100 100 100 100 0

ls.d. {P=0.05}) 187 21.3 118 244 16.0

WAT = weeks aller (reatment,

Spring_trials. Previous work on the efficacy of thifensulfuron on various pasture weeds
indicated that it might be better tolerated by the pasture species when applied in the spring (4).
Results from the two spring trials {Tables 2 and 3) show that although thifensulfuron caused
some suppression of perennial ryegrass also in the spring it was for a shorter period, probably
due o the faster growth of perennial ryegrass at this time of the year. However, this
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suppression was sufficient 10 reduce the total pasture yield, recorded 2 or 3 weeks after
treatment, compared to the phenoxy herbicides.

in the case of while clover also, production was severely suppressed for a shorter time than in
the autumn trials, especially in Trial 4 (Table 3) and was not significantly different from the
untreated by abowut 20 weeks after treatment for all bat the highest rate. Thifensulfuron resulted
in clover damage similar to that of the standard phenoxy herbicides although the results varied
considerably between the 1wo trials.  This was most likely due to better growing conditions
around the time of treatment as Trial 3 was sprayed 1 month later than Trial 4, when the pasture
was growing at a faster rate. Recovery of the white clover in all treatments was faster in the
spring trials compared ta the autunm trials.

Table 2. Effect of herbicide treatments applied to pasture in spring 1991, Trial 3.

Perennial ryegriss White clover

Treaiment :}:: DM {kg/ha} DM (kgMma)
2 WAT R WAT 2 WAT 8 WAT 21 WAT 32 WAT
thifensul furon 984 446 54.0 70.5 546 404
(hifensul luron 15 820 414 54 ¢ 50.1 518 46.1
thilcnsul furon Iﬁ " R5l 3og 422 58.0 a2 3935
24-D ’l(]- 1196 474 213 359 418 69.0
MCPA 2 I-(){} 1279 495 19.8 272 275 40.1
asulam 2250 1191 443 99.2 1170 712 791
untrcided P 1409 450 156.8 128.5 670 537
§600

Ls.d. (P=(L05) 75 127 237 20.2 18.6 199

WAT = woeeks adier tealment.

Tahle 3. Effect of herbicide treatments applied 1o pasture in spring 1992, Trial 4.

Perennial ryegrass White clover

Teeatmeni ';,::: DM (kgha) DM (kg/Ma)
} WAT 6 WAT 9 WAT 3 WAT 6 WAT 18 WAT 27 WAT

(hilensutiuron %14 611 H KL 9.3 627 19%
Ahifensul furon 1A T 447 97 48.8 6.5 542 £S5
Hidenxullurom I 5' 8R2 546 053 109.0 4.8 598 160
thifensallusom Iﬁ 8 732 459 iy 477 32 in 185
24-D 1 (I. 1022 59 1059 66.3 28.1 459 162
MCPA " Il-’ 0 120 549 1071 6.6 222 77 120
astlm ;2 6 %6y 512 893 T6.6 39.6 611 151
undresded i.l'\{-lﬂ 1244 623 [TEH.] 1200 102.6 5354 I74
sl (P=(L05) ind lal 22 531 11.9 L50 47

' WAT = woeky aller (realment.

From these resubls il was voncluded that of the sulfonylurea herbicides tested. only
thifensulfuren has polemlial as a broadcast, spring applied herbicide in pastures. The other
chemicals, viz. metsulfuron, tribenuron, chlorimuren and primisulfuron, would probably have to
be limited to spot or directed applications. They could also offer pessibilities for providing
effective control of some troublesome weeds in the year before resowing of pastures as
discussed by Miichell er gf (6) or when a different crop is 1o be planted before pasture
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renovation (7). Thifensulfuron has recently been registered for broadcast use in pastures in
Germany and Ireland and as a spot treatment in Switzerland. Work is centinuing in New
Zealand on reftning the rates and times of application before it is recommended as a broadcast
treatment for contrel of pasture weeds in the spring.
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THE IMPACT OF DEVELGPING HERBICIDE RESISTANT CROP PLANTS

RJ. Fieid', A.J. Conner®, M H. Foreman'
' Department of Plant Science, Lincoln University, Canterbury, New Zealand
* New Zealand Institute for Crop & Food Research Ltd, Lincoln, Canterbury, New Zealand.

Swmmary. A wide range of technical approaches allows the production of crop plants that are
genetically modified to be resistant to a specific berbicide. The agricultural applications of
herbicide-resistant crops are wider than simple weed conirol. The development and intreduction
of this new technology offers opportunities for enhancing the quality and quantity of both seed
and crop production systems.

Wide scale introduction of herbicide resistant crops would have some marked advantages for
weed management and hence crop production, The possible environmental impacts asseciated
with developing herbicide resistance in crop plants are examined and the gene flow of herbicide
resistance to weeds is judged 1o be a negligible threat. Specific case studies of genetically
modificd crops with herbicide resistance <demonstrate that there may be marked environmental
and production advantages in the new technology. 1t can be reasonably claimed that the new
technology could promote the replacement of some existing herbicides by those that are
toxicologically and environmentally more acceptable.

INTRODUCTION

It is possible to develop herbicide-resistant plants by conventional plant breeding techniques.
However, recent advances in cellular and molecular biofogy of plants greatly simplify the
development of herbicide resistance in a wide range of crops. The ease with which these
penetic manipulations can be made has opened up a number of new applications for herbicide-
Tesistant crops in seed production and agronomic practice, in addition to providing an alternative
strategy to conventional weed control.

The potential of this technology has raised public concerns that the development of herbicide-
resistant crops could result in the greater use of herbicides. 1n addition, significant management
concemns include the potential transfer of genes encoding herbicide resistance from crops to
weeds, and the persistence of volunieer crop plants. Advocates of the techaology have generally
argued that developing crops with resistance to selective herbicides will have the positive effect
of reducing overall herbicide use by promoting the use of more effective and envirenmenially
acceptable chemicals.  This puper examines the environmental impacts associated with
developing herbicide resistance in crop plants.

DEVELOPMENT OF HERBICIDE RESISTANT CROFS

Genetic vanation for different tolerance responses 10 a variety of herbicides has heen detecied in
a range of crop species. Herbicide tolerance can be cytoplasmically inherited, qualitatively
inherited as single dominant or recessive atleles, or quantitatively inherited with several (o many
loci with varying degrecs of additive and dominance gene action. The development of crop
plants with improved lolerance to berbicides has been possible by conventional breeding and
selection using both qualitatively and guantitatively inherited genes. Herbicide tolerant plants
have alvo been successfully developed through applications of cell culture. Protoplast fusion has
proved especially useful for the development of herbicide-tolerant plants by transferring
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chloroplasts that encode resistance to triazing herbicides, whereas in vitro cell selection has
allowed new sources of mutant genes 1o be developed.

The recent development of transgenic plants via genetic engineering offers considerable potential
for the development of herbicide resistance. The rapid development of this technology has
already resulted in over 135 regulatory approved field wials on transgenic plants with herbicide
resistance in a wide range of crops (1).

APPLICATIONS OF HERBICIDE-RESISTANT CROPS

To control weeds the degree of herbicide selectivity 10 the crop must be sufficient to allow the
application of a herbicide at concentrations capable of eliminating weeds, while having minimal
or no effect on the economic yield of the crop plant. With effective herbicide-resistance in crop
plants, herbicide applications can be delayed until weed control is necessary. The benefits of
herbicide-resistance are reduced herbicide applications and hence reduced environmental impacts.

Development of herbicide resistant cultivars provides for a number of agronomic opporiunities:

. The development of a broad range of herbicide-resistani crops could be important for
establishing effective crop retations, that allow crops to be grown on herbicide-
contaminated soils.

- The independent development of herbicide resistance in different lines of the same cultivar
or crop offers a novel management approach for the control of crop velunteers.

. Herbicide resistance offers a convenient approach to achieving crop thinning by blending
seed of a herbicide-resistant genotype and a herbicide-sensitive genotype and the sowing of
a random mixture. Herbicide application at a later date will eliminate the sensitive plants.

. The development of a cultivar with herbicide resistance offers a convenient approach 10
eliminate from the seed production fields sources of contamination from seed of the same
crop or weeds by applying the appropriate herbicide. Marker genes for herbicide
resistance can be effectively used to overcome several problems associated with pollen
contamination during hybrid seed production.

DEVELOPMENT OF WEED STATUS AND GENE FLOW OF HERBICIDE RESISTANCE
TO WEEDS

The most frequently raised concern about the introduction of transgenic berbicide-resistant plants
15 the possible spread of the resistant gene beyond the sown crop (3). There are two
mechanisms for such spread:

Development of weed status. The potential for a transgenic herbicide-resistant crop to develop
weed status depends on the reproductive characteristics of the plant species and the crop in the
following rotation. The capacity for transgenic plants to persist in ensuing crop rotations is
unlikely to be any different from the existing sitwation for non-transgenic crops, unless the
introduction of herbicide resistance confers a change in ecological fitness. Good husbandry will
minimise the numbers of volunteers and existing physical or chemical control strategies should
eliminate volunteers that appear.
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Gene Flow. Emigration of herbicide-resistant genes from the crop bas the potential 10 occur

intraspecifically and interspecifically.  In bath cases gene flow could arise via pollen or seed
dispersal.

The dispersal of pollen beyond the source crop depends on the specific plant species although
generally pollen travels a negligible distunce (2). Traditional plant breeding techniques have
recognised this fact and, as a result, set standard isolation distances for specific crops te prevent
pollen-based gene flow contamination of crops grown for sced. These isolation standards take
inte account the pollen dispersal and outcrossing characteristics.  The extension of isolation
standards o transgenic crops is an appropriate precaution. Independent of the ability for pollen
te disperse beyond its source, the significance of pollen-based gene flow is related to the mating
system of recepior species. There are many post-zygotic barriers before ultimate seed
production, seedling uppearance and gene expression.  Successful fertilisation and post-zygotic
development could readily occur in cases of intraspecific crossing, but in cases of interspecific
crossing or hybrdization, the frequency of successful fertilisation is very low {(Frankel and
Galun, 1977).

Seed emipratton from the crop is a funclion of the crop attaining sexual maturity, and the
activity of seed-distributing agents. The spread of viable seed from the sown crop offers the
opportunity for the establishment of "weed” populations of the transgenic herbicide-resistant
plants. Control would be similar to current practice for volunteer plants,

IMPACTS OF INTRODUCING HERBICIDE-RESISTANT CROPS

To illustrate the possible application of herbicide resistance in crops, two case studies, as they
apply in New Zealand have been prepared, using examples of herbicide - crop combinations for
which specific herbicide resistance has been developed.

Glyphosaie-resistant field tomatoes.  Field-grown tomate {(Lycopersicon esculentum 1) is an
important processing crop that has significant weed problems. Wide planting and incomplete
plant canopy developsment provide an ideal envirenment for a wide range of annual and
perennial weeds.  Weeds reduce crop yield and create problems for mechanical harvesting.
Applying glyphosate to genetically-modified tomate plants would allow a very wide spectrum of
weeds to be contralled, including perennial species that are difficult to kill. The risk of crop
damage, which can occur with existing herbicide recommendations, can be aveided. The use of
glyphosate would provide greater flexibility in the timing of applications for weed contrel
compared with the soil-applied treatments of chloramben, diphenamid and trifluralin, The grass-
specific herbicides fuazifop (butyl ester) and quizalofop (ethyl ester) must be used in association
willi & broadleaf herbicide treatment resulting in significantly greater total herbicide usage.
Glyphosate has low toxicity and its rapid degradation and lack of persistence in seil and
proundwalter make it environmentally accepiable. Soil residue problems with existing herbicide
recommendations,  such  as  diphenamid, metribuzin and trifluralin, are significant while
chloramben is highly water soluble and 4 potential risk o groundwater.

Chlorsulfuron-resistant_potatoes.  Potate (Solgnum tuberosum L.} s a very important fresh
markel and processing crop with significant weed competition and weed control problems. In
addition posi-harvest sprouting of non harvested tubers can creale a major volunieer potato
prablem in subsequent crops.  Potato is a long duration crop that is planted in wide rows and
involves moulding. These factors generate a significant opportunity for weed establishment,
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reduction in crop yield and interference with harvesting efficiency. Chlorsulfuron controls most
broadleaf weeds and importantly offers some flexibility in the timing of application in relation w0
the stage of weed deveiopment, The short term soil residual activity of chlorsulfuren is of
benefit in controlling late emerging weeds. The use of chlorsulfuron on potatoes would
eliminate the use of some presently registered herbicides that control an inferior spectrum of
broadleaf weeds, or may cause crop damage. Chlorsulfuron could be used with great flexibility
and at times that correspond to the appearance of weeds - a practice not possible with some
existing products, for example bentazone and metribuzin. Chlorsulfuron does not control some
broadleaf weeds, such as black nightshade (Solanum nigriem L) nor grass weeds that are
potential problems in a potato crop. Large-scale grass weed problems would necessitate the use
of a selective grass herbicide, such as fluazifop (butyl ester). Soil residual activity of
chlorsulfuron may restrict the planting of subsequent specific crops. No anaiysis of the potential
for groundwater contamination is available but the risk appears to be slight. The occurrence of
weeds with specific resistance to chlorsulfuron is a2 concern and does not argue in favour of
selecting this herbicide.

CONCLUSIONS

Overall the impact of developing and releasing herbicide-resistant plants does not impose an
additional environmental risk to that already represented by herbicide use. The release of
herbicide-resistant plants establishes a more complex but not necessarily greater risk than is
presented by current practice.  The development of crop plants that are resistant to specific
herbicides should also include analysis of the effects of these herbicides on the environment,
particularly wheir soil persistence, potental for leaching to groundwater, or undesirable bio-
accumulation characteristics. Resistance in crops to herbicides that pose the least environmental
threat should be the target of genetic engineers.
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FIELD TESTING OF POTATO LINES GENETICALLY MODIFIED FOR
CHLORSULFURON RESISTANCE

T.J. Moses', R.I. Field", A.J. Conner®
' Department of Piant Science, Lincoln University, Canterbury, New Zealand
2 New Zealand [Institute for Crop & Food Research Ltd, Lincoln, Canterbury, New Zealand

- Summary. A field experiment was conducted to evaluate lines of the potato cultivar Twa that
had been penctically modified for chlorsulfuron resistance. Transformed lines with one (o three
copies of a genc encoding a chlorsulfuron-insensitive form of acetolactate synthase were
compared with a non-transformed line.

Crop response was assessed to one and two applications of 20 g/ha chlorsulfuron. In the
absence of chiorsulfuron, the non transformed line yielded 33.1 t/ha, which was reduced to
3.6 tha by two chlorsulfuron applications. In comparison, the transformed lines showed
minimal or no damage in response to the herbicide treaiments.

In the absence of chiorsulfuron, the transformed lines had reduced vields in comparison to the
vatransformed Hne. This was attributed to somaclonal variation arising during the cell culwre
and repeneration phase of transformation.

INTRODUCTION

The development ol crop plants with resistance to a specific herbicide has been achieved by
conventional plant breeding and more recently by the application of plant molecular biotogy
technigues (1, 8). The prercquisites for engineering herbicide resistance in a crop plant are the
availability of a suitable cloned gene that confers herbicide resistance and the ability to
transform foreign penes into the crop species of interest. The rapid development of plant genetic
engineering in recenl years has already resulted in over 133 regulatory approved small scale field
trials on herbicide-resistant transgenic plants in a wide range of crops (2).

Thete have been relatively few reports of the performance of genetically modified, herbicide
resistunt crops under large scale field conditions. The present paper details such an experiment
using penctically modified potatoes (Solunum tuberoswn L) transformed for resistance to the
broad spectrum herbicide chlorsutfuron. Crop & Food Research (formerly Crop Research
Division DSIR) developed a series of transformed chlorsulfuron-resistant potato lines of the New
Zealand cultivar [wa (3. These lines resulted from Agrobacterium - mediated transformation
using the bnary vector pKIWII0 (7), with all lines expressing 3 foreign genes: a chimeric
sclectable marker gene conferming kanamycin resistance (NOS-NPTII-NOS), a chimeric reponer
gene conferring B-glucuronidase activity {355-GUS-QCS), and a gene encoding a chlorsolfuron-
inscnsitive form of the emzyme acetolactate synthase cloned from a chlorsulfuron-resistant
mutant of Arghidopsis thaliana L. (5).

METHODS
Three ransformed lines were selected for this study, since they showed high levels of resistance

o chlorsulfuron and were indistinguishable from the parent cultivar in phenotypic appearance
and yield during initial simall scale field irials (Conner €t al, unpublished results). The 3 lines,
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SCil, SCI2, and SCI4 had two, three and one copy of the chiorsulfuron-resistant gene
respectively.

The experiment, conducted at the Lincoln Research Farm (Crop & Food Research) was a
randomised block, split plot design. Potato genotype was the main plot, consisting of the three
chlorsulfuron-resistant lines and a non-transformed line of the cultivar lwa.  Split plot factors
consisted of the weed control treatments; hand weeding, a single or a double application of
chlorsulfuron and an untreated control. Main plots were 16x6 m and sub plots 8x3 m which
were randomly assigned in four replicate blocks. The total experimental area was 1920 m’.

Regulatory approval for the field tnals was received from the Minister for the Environment on
27 October 1989, following submissions te the Interim Assessment Group for the Field Testing
and Release of Genetically Modified Organisms.

Seed potatoes were planted on 11 November 1989 in 750 mm rows and grown at optimum soil
fertility and with irrigation to maintain soil moisture. Chlorsulfuron was applied as Glean at
20 g/a in 200 L. water as an overall spray on 18 December 1989, when the crop was 150 mm
above the top of the mould and again on 20 January 1990, at which stage the crop canopy had
achieved almost full caver.

Potatocs were barvested during the third week of May 19%0 using a Faun 1600 single row potato
harvester. Only tubers from the middle two rows of cach plot were used for further analysis.
The tubers were graded to establish the yield of table-grade potatoes. Orthogonal contrasts were
used to assess significance of difference between treatments and lines.

RESULTS AND DISCUSSION

Weed populations in all treatments were not significant and unlikely to have a major effect on
the yicld of potatoes. Thus there were limited differences in potato yield between unsprayed and
hand weeded plots (Tables 1 and 2). The low incidence of weeds allowed for realistic estimates
of the impact of genetic transformation for chlorsulfuron resistance on the yield of potatoes and
for determination of the effect of chiorsutfuron on untransformed and transformed lines.

Total yield of potatoes in transformed lines was reduced, compared to the untransformed line in
those treatments except for SCI 4 hand weeded not receiving chlorsulfuron (Table 1). In
particular the line SC1 1 showed a significant yield penalty. Addition of a single or double
application of chlorsulfuron severely reduced yield in the untransformed line (data analysis not
presented), but not in the transformed lines. There were significant differences in the yield of
table potatoes between all transformed lines and the untransformed line, except between hand
weeded, untransformed (62.8 ¢ha) and SCI 4 (575 t/ha) (Table 2).  The unsprayed,
untransformed line produced a significantly greater yield of table potatoes than any of the
transformed lines, by at least 17.4 vha. A single application of chiorsulfuron severely reduced
the yield of the untransformed fine, without any major yield penalty to the transformed lines.
Similarly the double application of chlorsulfuron severely reduced the yield of the untransformed
line but allowed a yield of >39.0 vha in transformed lines.

The combined results in Tables 1 and 2 indicated that transformed lines produced smaller tubers
and a reduced proportion of total yield as table potatoes.
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There was no significant crop damage in transformed lines receiving chlorsulfuron treatments.
Any yield reduction associated with genetic transformation was not linked to cobvicus foliar
damage.

The otal yield of the unsprayed, untransformmed line of cultivar Iwa of 80.1 t/ha represents a
highly productive potate ¢rop for Canterbury conditions. This was almost 20% greater than the
total yield for the corresponding transformed lines SCI 2 and SCI 4, whiie 5CI 1 had an even
Jower yield (Table 1), This reduced yield of the transformed lines could be astributable to:

1. a yield penally associated with the possession and expression of the inserted genes,
2. a mutational event resulting from the insertion of the transferred genes inio the potato

penome,
3. somaclonal varistion occurring during the cell culture and regeneration phase of
wransformation,

Table 1. Total potate wber yield (¢vha). Contrast between untransformed and transformed

lines
Hand Chlorsuifuron applications
Unsprayed weeded : 3
Uneransformed 80.1 74.4 54.1 30.6
SC 48.7 524 61.0" 57.0
SCIL2 64,7 61.4* 62.0™ 64.4
SC1 4 644 702> 63.2™ 66.0

Significant contrasts between untransformed and SCI lines.  All contrasts significant at
P<0L0, except *(p<(L.03) and ns (non-significant).

The first twe possibilities are regarded as being highly unlikely or rare events associated with
plant transformation (4, 6), whereas somaclonal variation is considered to be of common

oceurrence and likely to account for the majority of phenotypic variation between transformed
lines {4).

The possession of genes for chlorsulfuron resistance conferred a yield advantage for transformed
lines under a herbicide regime of two applications (Tables | and 2). The absence of visible
damage in transformed lines following chlorsulfuron applications, irrespective of the number of
gene copies, indicated that the introduced genes were being expressed under ficld conditions.
Although the transformed lines did not retain the yield performance of the parental cultivar, this
study clearly established that resistance to chlorsulfuron was sufficient to protect the potato crop
from the recommended field application rate of chiorsulfuron.
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Table 2. Total table potato tuber yicld (¢ha). Contrast between untransformed and
transformed lines.

Chlorsulfuron applications

Unsprayed Hand weedad ) X
Untransformed 68.1 62.8 303 4.8
SC11 325 33.9 45.5 39.0
§CI 2 43.3 38.0 40.5% 511
SCr4 50.7 57.5% 45.9 409

Significant contrasts between untransformned and SCI lines.  All contrasts significant at
p<0.01, except *(p<0.05} and ns (non significant).

The scale of the field evaluation of genetically modified potato lines was significant and allowed
for an effective analysis of the performance of transformed plants in an appropriate agronomic
sitwation. This is in contrast with the small scale of previous field evaluation studies with crop
species that have been genetically modified for herbicide resistance {2).  Although the
transformed lines field tested in this study were indistinguishable from the parent cultivar in
small scale Field trials, these lines did not retain yield performance when trialled under the more
rigorous experimental plot design and siatistical analysis possible with larger scale field trials.
This emphasises the need to produce a large number of independently selected transformed lines
in the laboratory in order to recover lines with appropriate expression of the insened genes,
while maintaining the phenotype and yield performance of the parenial cultivars.
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ENHANCEMENT OF CYTOCHROME P-450 MEDIATED ARYL HYDROXYLATION OF
BENTAZON IN RICE MICROSOMES

1.Y. Pyon'and N.E. Balke?
' Depariment of Agronomy, Chungnam National University, Taejon 305-764, Korea
? Depariment of Agronomy, University of Wisconsin, Madison WI 53706, USA.

Summary. Bentazon 6-hydroxylase (B6H) activity was determined in rice microsomes to study
methods  of enhancing cytochrome P-43) mediated aryl hydroxylation of bentazon by
hydroxylase inducing compounds. Pretreating rice seeds with 1,8-naphthalic anhydride (0.5-2%)
and fenclorim (8-12 uM} increased BO6H activity. Treatments of rice seedlings with ethanol
(2.5%) and phencbarbital (12 mM) enhanced B&H activity, also. Five-day-old rice seedlings
showed higher B6H activity which decreased with seedling apge.

INTRODUCTION

Cytochrosne P-450 enzymes catalyze the oxygenation of many chemicals including herbicides.
The most imporiant metabolic reactions of herbicides that are mediated by cytochrome P-450
include hydroxylation and dealkylation.

Bentazon tolerance among crop species is due to detoxification of the herbicide via aryl
hydroxylation and subsequent glycosy! conjugation (13). The aryl hydroxylaton of bentazon
that occurs in bentazon-wlerant species is thought to be catalyzed by a cytochromme P-430
monooxygenase. The NADPH dependence and the inhibitor sensitivity of the reaction suggested
the involvement of a cytochrome P-450. McFadden ef al(9) suppested that in addition to its
NADPH-dependence, the aryl hydroxylation of bentazon by com microsomes is catalyzed by a
cytochrome P-450 monooxygenase which requires oxygen and is swongly inhibited by
pretreatment with carbon monoxide and teicyclacis, a potent inhibitor of plant cytochrome P-450
ENZYIMCA.

Significant rates of bentazon hydrexylation has not been demonstrable in microsomal fractions
from noninduced seedlings because of low levels of cytochrome P-450s in plants and the lability
of this enzyme sysiem during isolation (12). Gronwald (6) suggested that safeners confer crop
protection by causing the induction of enzymes catalyzing herbicide detoxification. There is
indircet evidence which suggests that pretreatment with the safener naphthalic anhydride
increases the activity of monooxygenases catalyzing herbicide metabolism (2, 13). Microsomal
fractions isolated fromm naphthalic anhydride-treated maize and sorghum shoots catalyzed the in
vitre aryl hydroxylation of bertazon by a cytochrome P-450 (3.9).

Little work bas been done concering cytochrome P-450 respensible for aryl hydroxylation of
bentazon in rice. Up Lo now, no demonstration of this type of reaction in an in vitro system of
rice has been published.

We have wested several chemicals known to induce cytochrome P-450 moncoxygenases in
various crops Lo determing if they will induce B6H in rice.
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METHODS

Rice (Oryza sativa L.} seeds were germinated and grown in rolled germination paper moistened
with 1 mM Ca,50, solution for 6 days in the dark a1 25°C.

i, 8-naphthalic anhydride (NA) and fenclorim (CGA 123407, 4,6-dichlore-2-phenyl-pyrimidine)
were applied directly as seed dressings. Ethanol and phenobarbital were applied by incubating 5-
day-old seedlings in 0.5-liter Erlenmyer flasks in shaking water bath for 24 hr before shoot
tissues were excised. BOH activity was also measured with microsomes from 4 - 14-day-old rice
seedlings to test the influence of seedling age on BOH activity.

Microsomne Isolation: Etiolated shoots of 6-day-old seedlings were excised and ground (using an
ice-cold monar and pestle)} in 2 ml /g fresh weighe of chilled 0.1 M sodium phosphate buffer
{NaPi), pH 8, that contained 40 mM ascorbate, 14 mM 2-mercaptoethanol, and 10 mM EDTA.
The homogenate was filtered through cheese cloth and centrifuged at 20,000g for 20 min. The
supernatant was then cenwrifuged at 100,000g for 90 min.  The microsomal pellet was
resuspended in 0.1 M NaPi, pH 8.

Hydroxylase assay. Assays contained 0.1 M NaPi, pH 8, 1 mM NADPH, 1 mg microsomal
protein, 25 uM "C-bentazon (13.9 uCifumol) in 500 ul wotal volume and were conducted for 45
min at 30 C. Assays were initiated by addition of NADPH and terminated by addition of 50 ul
4N HCL, and 25 ul MeOH. The reaction was terminated by adding 75 ul of cold stop solution
which was a mixture of 4N HCL and methanol (2:1).

Extraction and analysis. The terminated assays were exwacted twice with 1 ml ethyl acetate;
fractions were combined, dried under N, gas, and redissolved in 100% MeOH. Products were
separated using HPLC (C; column, 35% CH,CHN/65% H,0, 1 ml/min flow rate) and quantified
with a radioactivity flow detector,

Each treatment was replicated three times and all experiments were conducted twice,
RESULTS AND DISCUSSION

Pretreatment of rice seeds with NA a8 0.5 to 2.0% greatly increased microsemal BEH activity as
compared to untreated seedling microsomes, in which the activity was barely detectable (Fig. 1).
Pretreating rice seeds with NA at 2% caused a 19-fold increase in the in vitro activity of the P-
450 catalyzing the aryl hydroxylation of bentazon. At a concentration of 0.5% (w/w), NA did
nat inhibit growth of rice seedling but higher concentrations greatly inhibited seedling growth,
McFadden et al.(9) reported that there was a significant increase in metabolism of bentazon in
naphthalic anhydride-treated com tissue with only a small increase in total P-450 content. They
suggesied that naphthalic anhydride may act by increasing the level of a specific isozyme(s) in
corn shoots responsible for bentazon metabolism and may also have other effects in vivo which
sgrve to stabilize enzyme activity during isolation. Burton and Marness (3) suggested that NA
treatment induces isozymes with a higher affinity for bentazon, as evidenced in the lower Km
from NA-treaied microsomal preparations. Alternatively, NA might stabilize or activaie the
constitutive P-450 during the extraction and preparation of microsomes.
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As shown in Fig. 2, trcavment of rice seedlings with ethanol 2.5% enhanced B&6H activity (6.0-
fold). Diclofop hydroxylase activity was increased 16-fold when wheat seedling tissues were
treated with 10% ethanol (5). Hendry and Jones (8) also reported that 10% ethanol cause a 3-
fold rise in cytochrome P-45() in intact mungbean.
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When rice secdlings were treated with phenobarbital at 12 mM, B6OH activity was increased
13.1 tmes {Fig. 3). It is widely known that pretreating mammalian tissues with phenobarbital
increases cytochrome P-450 levels and the rate of metabolism of selected xenobiotics because
ol the ability of phenobarbital to induce cytochrome P-450 isozymes (1, 11). Zimmerlin and
Durst (14) reported that diclofop hydroxylase and cytochrome P-450 levels were increased 15.6-
and 1.%-fold. respectively, when wheat secdlings were treated for 48 hr with § mM
phencharbital.  Fonae-Pfisier et al.(4) also reported monooxygenase induction in Jerusalem
artichoke tissues treated with phenobarbital and clofibrate,

Induction of B6H activity by fenclorim at 8 10 12 uM was cbserved, but induction was not as
effective us NA, ethanel, and phenobarbital (Fig, 4).

When microsomes were extracted from shoots of 4 to 14-day-ofd seedlings to test B6H activity
al different scedling ages, BoH activity was highest in 5-day-old seedlings and then decreased as
the ape of the seedling tissues increased (Fig. 5). Hendry et al.(7)} reported that constitutive
cytochrome P-450 concentrations in mungbean microsomes decreased rapidly with age.
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RESPONSE AND ACETOLACTATE SYNTHASE ACTIVITY IN DIFFERENT RICE
CULTIVARS {ORYZA SATIVA L)) TO CINOSULFURON

S. Park, K-U. Kim and D-H. Shin
Dept. of Agronomy, Kyungpook National University, Taegn 702-701, Korea

Surmmary, Acetolaclate synthase (ALS) activity was determined in germinating seedlings of two
rice  cultivars treated with cinosulfuron  {3-{4,6-dimethoxy-1,3,5-triazin-2-yl})-1-
|2-methoxyethoxy}-phenylsulfonyl]-urea]. TR 74 {Indica type) was more tolerant than
Hwajinbyeo (Japonica type} under various rates of cinesulfuron applied at the pregermination
stage. In virro response of ALS activity in the two rice cultivars was similar to [, valucs
{cinosulluron concentration required for 50% inhibition of ALS aclivity) of about 23 ppb. [In
vive, ALS activity of IR 74 increased as the seedlings grew, but that of Hwajinbyeo dropped at
5 days after 10 ppm cinosulfuron treatment and shoot growth of Hwajinbyeo lagged at 4 to 5
days after herbicide treatment.  ALS activity and shoot growth of Hwajinbyeo was resumed from
cinosulfuron-induced inhibition at 6 days after cinosulfuron treatment. The differential response
of ALS activity in two different rice cultivars against cinosulfuron may not be due to difference
of ALS sensitivity, but rather due 1o differemt metabolic inactivation rates of cinosulfuron.

INTRODUCTION

The sulfonylurea herbicides are known 1o inhibit the activity of acetolactate synthase (ALS), a
key enzyme in the biosynthesis of branched chain amino acids (BAAs), valine, isolencine and
leucine {10, 18). Chlorsulfuron, one of the sulfonylurea herbicides, selectively inhibits the cell
cycle im root tips without apparcntly affecting any other metabolic process. It was suggested
that chlorsulfuren inhibits cell cycle progression by blocking the G2 into mitosis and G1 into 3
phase threugh inhibition of cell cycle specific RNA synthesis (13). However, the inhibitory
effect of ceil cycle can be blocked or reversed by adding BAAs 1o the cultore medium. Further,
Rost ef al. (1990) proposed that the plant cell cycle progression was not blocked by the
reduction of BAAs pool in fself, but a toxic intermediate, such as o-amino-z-butyrate (11),
a-ketobutyrale (5), or some other intermediates probably might inhibit the cell cycle specific
protein, and thercby plant cell division and growth would be inhibited. Accumulation of
a-kelobutyrate caused by inhihition of the progression of the BAAs biosynthesis can partially
mediate the herbicidal activity of ALS inhibitors (5).

The selective action of sulfonylurea herbicides between crops and weed plants can be attributed
10 the rapid metabalism of the herbicides to inactive products in crop species (15). On the other
hand, their resistance was assumed (o involve the reduction of ALS sensitivity {14).
Exceptionally, annual ryegrass (Eofium rigidum) has a wheat-like detoxification system (3). The
resistance mechanism of mutants induced is based on one or two base pair substitution of ALS
gene resulting in various forms of less sensitive ALS enzyme (6). Cinosulfuron is a sulfonylurea
herbicide used for the control of broadleaf weeds and annual and perennial sedges in rice (9).
Slight  phytotoxicity in  rice caused by cinosulfuron c¢an be safed by dymron
| I-ferce-dimethylbenzyl}-3-p-tolyl urea) application, showing a safening effect (2). This study
was conducted to detenmine the effect of cinosulfuren on the growth response and ALS activity
of twe rice cuttivars, and the effect of BAAs on cinosulfuron inhibitien.
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MATERIALS AND METHODS

Rice cultivars: Hwajinbyeo was provided by the Kyungpeok Provincial Rural Developrnent
Administration, Tacgu, Korea and IR 74 from IRRI. These cultivars were chosen as the plant
materials because they have shown differential response to cinosulfuren in our preliminary test.
The technical grade of cinosulfuron was provided by Kyungnong Corperation Ltd, Seoul, Korea.
Cinosulfuron was dissolved in dimethyl sulfoxide and diluted with distilled water to the desired
concentrations. The concentration of dimethyl sulfoxide was maintained within (L2% in
solutions.

Effect of cinosulfuron on the growth of rice seedlings. Seeds of two rice cultivars were imbibed
at 30°C for 20 b in the dark and pregerminated in the incubator maintained at 30°C in the dark.
Pregerminated seeds were transferred inte plastic petri dishes containing 10 mL of various
concentrations of cinesulfuren and maintained at 30°C in the dark. Growth of shoot and root
was determined at 7 days after herbicide application. The experiment was conducted three times
with two replications. The data presented are the means of all experiments. The herbicide
concentrations (GR,, values) at which 50% of plant growth was inhibited as compared to the
untreated control were calculated from the data by plotting them on log normal paper,
determining where the graph intersected the 50% line.

Effect of valine, leucine and isoleucine on cinesulfuren inhibition. Pregerminated sceds were
placed in petri dishes containing 10 ppm cinosulfuron without or with 1 mM each of valine,
leucine and isoleucine and petri dishes were maintained at 30°C in the dark. The seedlings were
harvested and separated inte shoeot and root after 7-day incubation and dry weights of cach part
were measured after drying at 70°C for 3 days. This test was conducted three times with two
replications.

Aceiolactate synthase activities of two rice cultivars affected by cinosulfuron. Two cultivars
were grown under the condition as discribed in experiment 1. Shoot tissues were harvested at
the 3, 4, 5, 7 days after herbicide application for in vive ALS activity. For in vitro ALS
activity, the shoot of 4-day old seedlings grown in the herbicide-free solution was harvested.
ALS was extracted as described by Ray (10) with 100 mM potassium phosphate {pH 7.5) buffer.
ALS activity was assayed as previously outlined by Singh er @l (17). The decarboxylated
acetoin was quantified by the method of Westerfeld (19). The absorbance of the soluton was
measured at 323 nm. Protein was determined according te the method of Bradford (1) using
bovine serum albumin as the standard. Each assay was mn in duplicate and the experiments
were repeated three times.

RESULTS AND DISCUSSION

Growth of rice seedlings affected by cinosulfuron. The shoot and seminal root growth of
Hwajinbyeo was more inhibited by cinosulfuron treatment in pregerminated seeds for 7 days at
the all rates than those of IR 74 (Fig. 1). The concentrations required for 50% inhibition of the
shoot prowth, as compared to the untreated contrel, were about 6 ppm for Hwajinbyeo and
above 100 ppm for IR 74, respectively. Fifty % inhibition of the seminal root elongation (GR,,
values} was made at 0.5 ppm for Hwajinbyeo and 1¢ ppm for IR 74, However, in terms of dry
weight of two rice cultivars, degree of growth inhibition of Hwajinbyeo was much greater than
that of IR 74. Three ppm cinosulfuren inhibited 50% of shoot growth of Hwajinbyeo, but IR 74
was inhibited only 40% at 100 ppm cinosulfuron. The similar wend of rice cultivar response to
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sullonylurea herbicides was confirmed by other researchers (8, 20). Yuyama er af. (1983)
suggested that Japonicu type rice cultivars were generally more sensitive o bensulfuron methyl
than rice cultivars of Indica type in field test. Ohno ef ai. (1986) also reported the similar
observation, and the differential response among the different ecogeographic races resulted from

the difference of translocation, degradation in roots and metabelic inactivation of bensulfuron
methyl (7}.

B L
ALY = . gl———... g
| | pal ‘m I
] | . !
: v “ ! d "
. - i 5 a .
- e 5 H Y . -
I . ' 3 i h
' ! i 3 .
1 " i o Y "
- P v i no " |
v 1 It "\
&) |
Sl e " . s REEAY " |
h sl b i »
G - 1 o : |
u t .
. i |
- v > b
PO TY . " .
& - ‘
'y
" ' 0 0 athy a1 1 0 0o 1000
Cynosual furen (Roy pprmd

Figure 1. The effect of cinosulfuron on the growth of the rice cultivars. The cinosulfuron was
treated with various concentrations at germinated seeds. Shoot and root elongation
(A} and dry weight (B) were measured after 7 d growth. @ « B shoot of IR 74,
O - [ root of IR 74, @ — @ shoot of Hwajinbyeo, O -~ O; root of Hwajinbyeo.

Effect of valing, leucine and isoleucine on cinosulfuron inhibition. The shoot and roct growth of
Hwajinbyeo treated with 10 ppm cinosulfuron in the absence of amino acids supplementation
became 28.7% and 16.8% of the untreated control, whereas those of IR 74 applied with 10 ppm
cinosulfuron without amino acids supplementation were 852% and 65.3% of herbicide-free
cultured plant (Table 1). Ten ppm cinosulfuron containing the BAAs increased the sheet and
root growth of Hwajinbyeo from 28.7% 1o 96.9% and 16.8% to 60.9% of the untreated one,
while there was very small recovery in the shoot and root growth of IR 74, from 85.2% to 95%
and 653% o 73.3%. Addition of 1 mM Val, lle and Leu to 10 ppm cinosulfuron solution
showed the marked recovery of the shoot growth inhibition by cinosuifuron in two rice cultivars,
especially greater recovery in Hwajinbyeo, showing about 3.38-fold. However, root growth was
partially recovered by the addition of BAAs.

Ray (1984) indirectly accounted for the site of acton of chiorsulfuron in pea by the study of
supplementation of amino acids where supplementation of Val and Ile was able to reverse the
growth inhibition of pea root and seedlings caused by chlorsulfuron. The proteclive effect of
BAAs supplementation on rice suspension-cuftured cells treated with bensulfuron methyl was
also observed by Sengnil ef af. (1992). The fact that supplementation of Val, Ile and Leu ruled
out cinosulfuron-induced growth inhibition indicates that the primary target site of cinosulfuren
might be ALS.
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Acetolactate synthase activity of two rice cultivars affected by cinosulfuron. The extractable
levels of ALS from 4-day old scedlings of Hwajinbyeo and [R 74 were 5.7 pM and 6.4 pM
acetoin/mg protein/h, respectively. The sensitivities of ALS to cinosulfuron under this assay
condition were similar with I, values (herbicide coacentration required for 50% inhibition of
ALS activity) of about 23 ppb (Fig. 2). The shoot growth of IR 74 in the presence of 10 ppm
cinosulfuron showed a linear growth type, and after 7-day exposure the average shoot length of
IR 74 was 84% of the untreated control. The extractable level of ALS from IR 74 grown under
t0 ppm cinosulfuron increased as the shoot grew (Fig. 3). The shoot growth of Hwajinbyeo
lagged at 3 to 5 days after weatment with 10 ppm cinosulfuren.  After 7-day exposure to
cinosulfuron, the average shoot length of Hwajinbyeo was 42.6% of the unireated control,
showing 57.4% inhibition. The extractable level of ALS from Hwajinbyeo dropped at 5 days
after cinosutfuron application (Fig. 4). The reduction of ALS activity at this stage may be
related to retardation of the shoot growth of Hwajinbyeo. At 5 days after cinosulfuron exposure,
ALS activity staned to recover, and the shoot growth of Hwajinbyeo increased simultaneousty.
Although TR 74 was less inhibited by cinosulfuron and it had higher ALS content, there is no
comrelation between seedling growth and ALS content which can support tolerance of rice
cultivars used in this study.

Table 1. Protective effect of Val, Leu and Lle on cinosulfuror inhibition of the growth of rice

seedlings
Cinosulfuren Amino acids’
Cultivars conc,
(ppm) 0 mM 1 mM
mg/plant

Hwajinbyeo Shoot 0 2.59 (100)" 242 (93.4)
10 074 (28N 251 (96.9)
Root 4] 1.45 {10) 104 (711
10 024 (168 0.88  (60.9)
IR 74 Shoat 0 377 (100) 376 (997
10 3.21 (85.2) 346 (95.0)
Root 0 1.76 (10 1.54 (871.5)
10 1.15 (65.3) 1.29 {713.3)

Amino acids such as Val, Leuw and Ile were spontaneously treated with 10 ppm
cinosulfuron to germinated seed.

The values are given as the average dry weight of the two parts, the % of control are
presented in parenthesis.
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affected by 10 ppm cinosulfuron.
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Very similar trend of ALS actvities in the two rice cultivars against various concenmrations of
cinosulfuron was observed from the test of In vitro enzyme activity, This results suggests that
higher tolerance of IR 74 to cinosulfuron may not be due to the cinosulfuron-insensitive ALS.
Further i was previously suggested that sulfonylurea herbicide selectivity between crops and
weeds may be caused by rapid metabolic inactivation in crop plant (15) and varied tolerance
amonp crop cuftivars might be resulted from difference in translocation apd metabolism of

herhicide (7).

kx|

Inherent rice cultivar tolerance to bensulfuron methyl, one of sulfonylurea
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herbicides, resulted from the rapid imetabolic inactivation, O-demethylation of the pyrimidine
ring of bensulfuron methy] into herbicidally inactive 4-hydroxy-6-methoxy-pyrimidinyl derivative
(7. The difference of in vivo ALS activity between Hwajinbyeo and IR 74 may be induced by
differential metabolic rate, which resulted in difference of herbicide rates reached to the site of
action and which may be responsible for differential response berween two cultivars.

In this experiment, cinosulfuron was treated at pregerminated seed stage in which nutrients
including amino acids can be translocaled from seed to the developing shoot. Thus the
inhibition of the biosynthesis of BAAs by cinosulfuron may net probably be the major cause of
the retardation of rice seedling growth. It is assumed that different response of rice cultivars to
cinosulfuron observed in this study will partially depend on other factors rather than ALS
properties, such as the rate of herbicide metabolism in the plant cell, and the levels of enzymes
capable of inactivating herbicide although they were not studied here.
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ALLELOPATHIC POTENTIAL OF BRGOM (SAROTHAMNUS SCOPARIUS)
DOMINATING POST-FIRE STANDS IN SOUTHWEST JAPAN

M. Nemoteo', N, Nakagoshi®, H. Horie' and N. Nishimura'
' National Institute of Agro-Environmental Sciences, Tsukuba, Ibaraki 305, Japan
! Department of Environmental Studies, Faculty of Integrated Asts and Sciences,
Hiroshima University, Higashi-Hiroshima, Hiroshima 724, Japan

Summary. The Seto Inland Sea region of southwest Japan has a relatively dry climate where
forest fires frequently break out at the slopes. Broom, Sarothamnus scoparius, has been
introduced into the arca and dominates post-fire stands 3-4 years after establishment. Few
seedlings of other plants grow in the community. Greenhouse experiments were carried out to
clarify its alletopathic and shading cffects.

Agueous extracts of broom shoots inhibited growth of the seedling of Pinus densiflora which is
usually domiinant in secondary succession in this region, and in some cases stimulated growth of
the seedlings of broom and Festuca arundinacea. Neither P. densiflora nor Lespedeza bicolor
could survive under dense broom canopies due to alielopathy and shade stress. The shade
tolerunce of bwroom seediings was quite low and they could not survive under broom canopy.

INTRODUCTION

The broom, Sarothamnus scoparius (L) Wimm. ex koch, is a rhizobium nodulated leguminous
shrub which grows up 1o 4 meters in height and is indigenous in Europe, North Africa and
Western Asia (2). Its stem possesses the photosynthelic activity with few small leaves that often
defoliate.  Symbiotic nitrogen fixation makes it a fast and well growing species in unproductive
poor soil areas (14), but it only dominated at an early stage of plant succession (15). Therefore,
broom is considered desirable species where the aim of vegetation management is to revegetate
by native species in this region (6,16},

The broom was introduced into Japan during 167('s and has been widely planted as a
horticulture shrub (4). Recently it has also been uiilized as a nurse species for afforestation of
post-fire stands (5). The forest fire often occurs in Seto Inland Sea region in air dried carly
spring (7.8). The broom is seeded or planted for the quick revegetation of the site to proiect
from soil erosion. The introduced broom becomes dominant soon afterward (13), but seedlings
of component species of secondary succession in this region such as Lespedeza cyriobotrya,
Pinuy densiflora (B) scarcely appear beneath and around this shrub.

Since Cowles (1) emphasized the role of allelopathy in plant succession, numerous studies have
been done in this field in the United States. In Japan the role of allelopathic agents which are
extracted from the dominant species in secondary succession was peinted out (11). There is a
possibility that alleloputhic agents are responsible for the introduced broom dominating sites in
Scwo Intand Sea region (3). However, allelopathic phenomena of broom plant has not been
veported in the other regions of Japan. Therefore, if allelopathic agents take parts in the
phenomena of Sete Inland Sea region, the specific conditions promoting effectivencss of this
apents after egression from broom must £xist,

The experiments reported here were performed to test the hypothesis that the specific conditions
of Seto Inland Sea repion promote the effect of allelopathic agents from the broom. Inhibitory
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effects of the extract from the broom on seedlings of Lespedeza cyriobotrya, Pinus densiflorg
and the broom were tested under shaded and full-light conditions.
METHODS
The result of bioassays using the aqueous extracts from the broom indicated that its stem with

leal (SWL) inhibited remarkably the growth of lettuce seedlings both radicle and hypocotyl
(Table 13, On the basis of this fact, the inhibitory effect 0f SWL was tested in this study.

Table 1. 'The growth inhibition of radicle and hypocotyl of lettuce plant by aqueous extracts
of broom (redrawn from Nemoto ef al. 1988)

Radicle length (mm} Hypocotyl length {mm)
Stem with leaf (SWL) 53110 6.7+ 1.4
Root 105+23 483 +1%
Control 21.4+133 f§6+15%

* mean + s.d,

Test with frapments of SWL. The fragments of SWL of both broom and Lespedeza cyrtoborrya,
indigenous leguminosae in Far East including Sewo Inland Sea region which was possessed of
non-allelopathic eftect, were used in this experiment. SWL of both species were dried at 70°C
for 48 hours and broken into fragments, then, 10 g, 20 g, 30 g and 40 g of the fragments of
broom SWL were mixed up with 40 g, 30g, 20 g and 10 g of that of L cyrrebotrya
respectively. Total weight adjusted on 40 g among 4 series. Pots 15 cm in diameter, 10 cm in
depth were filled with granitic gravel. The fragment mixture was mixed with the gravel of
upper one-third of the pot.  Seedlings of Pinus densifiora, L. cyrtoborrva and the broom were
used for receptor piants. At 18 days afier seeding, germinated seedlings of these species were
transplanted into pots. Three seediings were set in each pot and each treatment was done in
three replicates. The pots were placed in a greenhouse where the toom temperature was
mainained at 25°C.

Test with agueous extracts of SWL. The broom SWL kept in semi-dried cold reom (5°C) was
used. 2 L of distilled water was added to 100 g of broom SWL at about 45°C. After 1 h, the
aqueons extract was fiitered through a 1.2 mm sieve. Lactuca scariola L. var. sativa Bisch
(lettuce), Pinus densiflora Sigb. et Zucc., Pinus thunbergii Parl., Lespedeza biceler Turcz, var,
japonica Nakai, Miscanthus sinensis Anderss, Artemisia prirceps Pampan., Trifolium pratense L.
(L.) Wimm. ex Koch, Dactylis glomerata L., Festuca arundinacea Schreb were used as receptor
plants. The last three species were commonly introduced for recovery of post-fire stands (5).
The seedlings of receptor plants or 20 days afier emergence, except for lettuce, were transplanted
in 1/5000 a Wagner pots filled with Masa. This material originated from the weathered granite
and is the same parent material of soil as Seto Island Sea region. The lettuce were directly
seeded. 3500 ml of aqueous extract was added to each plot with three weatments. Seven plants
wete cultivated per pot with two replications.  The pots were pluced in 2 greenhouse where the
temperature was maintained at 20°C.

Evaluation_of complex effects of aqueous extract and shading. To evaluate the complex effects
of aqueous extract and shading, P. densiflora, L. bicelor and S. scoparius were used for receptor
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planis. Thirty individuals for each of these species were seeded in 1/5000 a Wagner pots filled
with the same soil as test 2 in 21 September 1988 and the pots were placed under dim condition
(relavive light intensity was reduced to 5.8% by cheese cloth cover) for about 150 days (13
February 1989). Up to two weeks after seceded, germination percentage of these species
increased over 90%. 2.4 L of distifled water was added to 100 g of the broom SWL which is
same one as test two at 45°C (high concentration of aqueous extracts). The EC value of this
extracls was lower than 1 mS/cm. Then this extract was diluted to one half with distilled water
(low concentration). 500 ml per pot of these two levels of extracts were employed every times.
At the same time 500 ml of distilled water were added to contrel pots. The aqueous extracts
were added five times (2, 6 Dec. 19, 23 and 30 Jan.) 1o receptor piants. This series of test was
done with two replicates. Masa soil of this study was collected at Takahagi-City, Ibaraki
Prefecture, and the broom was cultivated at the experimental farm of Nationat Institute of Agro-
Environmenta! Scicnces. Seeds of P. densiflora, P. thunbergii and L. bicolor were presented
from Forestry and Forest Products Research Institute. Seed of M. sinensis was presented from
The Japan Association for Advancement of Phyto-Regulators. Other seeds were bought on the
market. Seeds of leguminous species (C. seoparius and L. bicolor) were treated by sulfuric acid
to breuk the dormancy before seeding.

RESULTS

Effects of broom SWL on the growth of seedlings of receptor plants. The seedlings of
P densifiora transplanted in the pots were extremety inhibited in the test with SWL fragments
of the broom. [ndividuals withering above-ground pamt appeared soon afterward and all
individuals in the pot that contained 40 g of the SWL died within 2 weeks after transplanting.
The number of dead individual increased with increasing the amount of the fragments of broom
(Fig. 1). At two months afier transplanting, the growth of above-ground part did not show the
definite tendency, while the biomass of subterrancan part decreased with increasing the amount
of SWL fragment.
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Days after transplanting
Figurc 1.  Survivorship cusve of the seedlings of P. densiflora, L. cyriabotrya and S, scoparius which
were caltivated the pots conlaining the SLW fragments both broom and L. bicolor.
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Soon after tansplanting, the growth of L. eyrtobotrya was depressed where a lot of SWL weated,
and only one individaal survived in the pot that had 40 g of SWL. added (the Tarpest amount of
application). However, 3 weeks after transplanting the growth vigor had recovered in 20 g pot,
The dry matter production of both abeve-ground and subterranean became the largest level in the
20 g pot 2 months after treatment.

Broom did not dic in all meatments. In 20 g plot total dry weight of broom plant 2 menths afier
treatment had also becamne the largest value, and subterrancan weights in 0 g and 10 g pot were
apparently smaller than that in the other treatments. The effects of SWL fragment on the
seedling growth of above mentioned three species were quite varied. Then 10 species were
employed for receptor plants to classify the effects of the aqueous extracts of broom SWL on the
seedling growth. The sensitivity of seedlings of 10 species employed were divided into three
categories, 1 : the biomass decreased with increasing the amount of extracts, 2 : individual
biomass at onc time apptication pot is over that at control, and 3 : individual biomass at control
pot is the smallest level in the whole. At first P. thunbergii, T. pratense and L. scariola were
sensitive to the broom extracts and were involved in the first category. Secondary P. densiflora,
L. bicolor and M, sinensis were involved in the other category, By contrast, species involved in
the third category such as broom, F. arundinacea, D. glomerata and A. vulgris were rather
promoted by the application of this extract. The sensitive species to broom extracts showed a
tendency to become inhibited in their root development. As a result their T/R ratio of
individuals in the extract weated pots were higher than that in the control. By contrast, the T/R
ratio of broom decreased with increasing the frequency of extract application.

Complex effects of broom extract and shading. P. densiflora and L. bicolor, which are early
colonizers after forest fire, and introduced broom are sun demanded plant. Therefore their
seedling growth under dense shrub of broom may possibly be inhibited by shade stress.

When the broom extract was added to seedlings of P. densiflora, L. birolor and broom, which
were cultivated 2 months under shade condition (RLI=5.8%), withered individuals arised in both
species. The greatest number of dead individuals was broom seedlings. Then the scedlings of
F. densiflora followed. This tendency differed much from that showing the above-mentioned
test one.

50

Survivorship { % 3

0O LH 0 LH O L H

The consistency of extract
Figwre 2. The relation between the survival rate of receptor plants and consistency of broom extracts

under shade condition after 5 times application of these extracts O : control, L : low
concentration, H : high concentration
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Figure 2 shows the relationship between the consistency of extract and survival rate after 5 times
application of these extract. The survival rate of P. densiffora and L. bicolor applied with the
thicker exwaci was lower than that applied with the thinner extract. While the survival rate of
broom showed reversed tendency. Seedlings of P. densiffora were cultivated under full-light
condition and then broom extract was added in pots the same way as mentioned above, In this
case one seedling died in thick extract application pot.

DISCUSSION

In Seto Inland Sea region artificial broom shrubs planted at post fire stands where the parent
rock is granite inhibit the growth of regenerated coppices and seedlings originated from soil seed
bank (9). Alfelopathic agent after egression from broom plant was pointed out to take part in a
factor of this inhibitory action.

Specific_difference of the sensitivity to_allelopathic agent. Results of the experiment using
aqueous extracts of various kind of organs of broom piant indicated that SWL apparently
inhibited the radicle growth af lettuce (10). So broom SWL was entirely employed in this study.

The sensitivity of receptor plant to the fragment of broom SWL differed with species :
P_densiflora and L. cyrtobotrva were relatively sensitive, while S. scoparius and Artemisia
princeps were non-sensitive. However, the growth of broom sensitive species above-mentioned
were not influenced by the SWL of L. bicolor, which is a abundant shrub at young post-fire
stand.

In the field condition allelopathic agent contained in broom SWL is leached by rain and
accumulate in soil under broom canopy. Therefore, method using aqueous extracts of broom
SWL. may reflect more the ficld condition than the addition method with SWL. fragment. The
result of the test with agueous extracts of broom indicates that the response of receptor plants
differed with species in growth. One is promoted and the other is suppressed. Therefore, it may
welt be that allelopathic agents take part in interspecific relation of plant community in post-fire
stunds.

Complex_effects_of allelopathic agent and shading by broom dominated.  Broom canopy
completely covered the ground surface when artificial broom shrub as post-fire stands developed
inla prosperous stage (13). Early colonizers of sun demanded plants must be exposed under
such light condition. In general, the root growth is suppressed and the T/R ratio is increased
under shade condition. The allelopathic agent of broom suppressed particularly the subterranean
organs of sensitive receptor plants, So root of the broom sensitive P. densiflora and L. bicolor
as sun demanded plants are complexly damaged by both effects in the soil under broom canopy
and withered individuals will frequently occur. The same phenomenon was observed in the
seedlings of Cryptomeria japonicd in nurseries maintained under shade condition. The number
of witherd individuals of C. japonica increased with increasing the amount of fertilizer (12). By
contrast, seedlings of P. densiflora cultivated under unshaded condition were scarcely influenced
by the effect of allelopathic agent of broom.

Allelopathic agent of broom SWL accelerates seedling growth of broom. Under dense broom
canopy, however, there are very few individuals except for the existence of first year seedling_s.
This fact indicates that broom seedling is extremly weak in shade condition and does not survive
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under dense broom canopy. Shade tolerance of broom is less than those of P. densiflora and
L. bicolor as sun demanded plants. But the proper amount of allelopathic substance of broom
SWL may raise the survival rate of its seedling under shading condition {Fig. 2). The florstic
composition and vegetation succession in Seto Island Sea region may well be partially modified
by allelopathics of introduced broom.

11.
12,
13.
14.

15.
16.
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ALLELOPATHIC POTENTIAL OF EUPATORIUM ODORATUM IN ABANDONED
SHIFTING CULTIVATION FIELDS IN TROPICAL ASIA

N. Nakamura' and M. Nemoto®
' Department of Biology, Ibaraki University, Mito, Ibaraki 310, Japan
? Division of Plant Ecology, National Institute of Agro-Envirenmental Sciences, Tsukuba,
Ibaraki 305, Fapan

Swmmary. The percanial weed Eupatorium odoratwm invades rapidly into and dominates in
abandoned shifting cultivation ficlds in tropical Asia. The effects of leaf and stem exudates of
E. odoratum on the germination and growth of the common weeds such as Crassocephalum
crepidioides, Ageratum conyzoides, Cynodon dactvlon, Oxalis corniculata  and E. odoratim
were studied.  Aqueous leaf extracts delayed germination of all the weeds in petri dishes.
Exudates from powdered leaf and stem inhibited seedling growth of all the weeds in pot culture
in the greeahouse. The growth of C. crepidioides, the first dominant in soch fields, was
inhibited more than that of the other three species. Combining effects of allelopathy and
shading gave grealer inhibition than either factor alene en all the weeds except for C. dacrylon,
which was unaffected by the leaf exudates.

INTRODUCTION

Eupatorium odoraium is a perennial weed in crop field and pasture of southern Asia and western
Africa (4). In abandoned shifting cultivation fields in portheast Thailand, Crassocephalum
crepidioides is the first dominant species and is followed by Ageratum conyzoides in the early
siape of the first year. After that, the most dominant species changes to E. odoratum in the
later stage of the same year, and its dominance increases in the next year. E. odoratum is able
to grow quickly and forms a tangled bush of 3 to 7 m in height (6, 7, 8).

1t is reported that the E. odorgfum seediing population experienced very heavy mortality with
onty 1.4% survivors left at the end of one year after germination (9). The occumence of
scedlings of the other species at the neighbourhood where E. odoratum 1s growing is also a few.
These phenomena may be due to the allelopathic substances produced by E. odoranum plants, as
well as the competien with £, ndoranom plants for water, nutrient, kght etc. (7).

Asx the bush of E. odoratum develops, the sunfight rarely reaches to the ground surface of its
cormnunity, The percentage to full sunlight at the ground surface of its community is only
about 10%. For that reason, there are a possibility of combining effects of allelopathy and
shading on the growth of weeds in the fiefd conditions.

The objective of this study is to determine the allelopathic effect of E. odoratum on seed
germination and seedling growth and to evaluatethe combined effects of alletopathy and shading
on seedling growth of weeds.

MATERIALS AND METHODS
To study the alleloputhic potential of E. edoramum, five common weeds in the abandoned
shifting cultivation field in northeast Thailand, i.e.. Crassocephalum crepidioides, Ageratum
conyvzeides, Cynodon daetylon, Oxalis cornicalata and E. odorattm wete selected as the receptor

species.
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Germination test. Aqueous extract was made from fresh leaf of E. odoratum. The fresh leaf
was cut into 2 cm fragments and soaked in 500 mL distilled water at 4°C. After 3 days, the
aqueous extract was filtered, and the filtrate was diluted below 1| mS/cm in electroconductivity
(2). The germination test was carried out in 9 cm glass petri dish on two layers of filter paper
wetted with 4 mL of the extract. Twenty-five seeds were evenly dispersed in each dish. The
control was teated with distilled water instead of the agueous extract. The dishes were
incubated at 25°C by day and 20°C =zt night The germination percentage was observed every
day during ten days. This test was replicated twice.

Pot experiment. The washed quartz sand was put into unglazed pots (12 cm diameter), and three
seedlings of receptor species were transplanted in each pot. This experiment was conducted in
three pots for cach specics. Afier one week, powdered dead leaf, fresh leaf and stem of the E.
adoratum plants were placed on the quartz sand. Each pot was watered daily and plant height
was measured every five days. After three weeks, all plants were harvested, and root length,
leaf area, and dry weight were measured. As control, powdered humus made from the common
forest plants, which has no allelopathic effect, was used instead of the plant powder of E,
odorgtum. The amounts of dead leaf, fresh leaf and stem used in the experiment were 8.9 g,
9.1 g and & g, respectively, and that of humus for the contral was 6 g (these contain the equal
amount of nitrogen). Prior to transplanting, the seedlings of each specics were gemminated and
grown for one month in so0il and vermiculite mixture in the greenhouse.

Combined effects of allelopathy and shading. The sarme pot experiment as mentioned above was
conducted under shading condition in a shadow box. Fresh leaf powder was used in the test pot,

and humus powder was used in the control pot. Full sunlight and two shading conditions (the
percentages o full suntight were 30% and 10%) were set. The test and control pots were put
under these conditions just after the two kinds powder were placed on the quartz sand. Each pot
was watered daily and the plant height was measured every five days. After three weeks, all
plants were harvested and the root length, leaf area and dry weight were measured.

RESULTS AND DISCUSSION

The germination of atl the weeds in petri dishes were delayed from two to four days by the
aqueous leaf extract of E. odoratum. The germination of weeds on the 10th day after the
weatment was about 80% of the control (Fig. 1). In the pot experiment, the seedling growth of
all receptor plants was reduced when the powdered dead leaf, fresh leaf and stem were placed on
the sand surface. The powdered dead leaf exhibited remarkable prowth inhibition. By the
treatment of dead leaf, dry weight of all the weeds were reduced by 14 to 44% of the control
(Fig. 2). The growth of C. crepidioides was inhibited more than that of the other species, on
the other hand A. conyzoides and C. dactvion were less affected. These results demonstrated
that E. edaratum, especiatly its dead leaf, had allelopathic potential and its effects were different
between the receptor species. The fact that C. crepidioides, the first dominant species in
abandoned shifting coltivation fields, was most inhibited by E. odoramum indicates that E.
odoratum will become the most dominant species in the common Thailand forests, even if €.
crepidioides is the first dominant species. It was reporied that the essential oil of E. edoratum
had an anti-bacterial activity, and its components were identified (5). However, allelopathic
substances of E. odoratum are not yet determined.

The inhibitory effect of exudate from powdered leaf on the receptor species was enhanced hy
shading, and the inhibition got greater with higher shading level (Figs. 3 and 4). C. dactylon
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looked unasffected by the leaf exudate under shaded condition. This indicates that C. dactylon
wis &0 sensilive to shade that the effects of exudates appeared ineligible. Incidentally, the
relative light intensity at the pground surface in E. odorgtum conmumunily was about 10%;
seedlings in this experiment were  placed in the similar dark conditions.

In the ficld, the combined effects of allelopathy and shading may inhibit seedling growth;
maorcaver if competitive and environmental stresses are added, ultimately these seedlings may
exhibit Jow survivorship. 1t was reported that the effects and amount of allelopathic substances
released by plants were different among environmental conditions (1, 3). Therefore it is very

important 1o consider the combining effects of allelopathy and environmental stresses under fieid
conditions.
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COLONIZATION BY THE ANNUAL WEED, EMEX AUSTRALIS

F.D. Panetta' and R.P. Randall
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' Present address: Land Protection Branch, Queensland Department of Lands, GPO Box 1401,
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Summary. Experimental introductions of the annual weed Emex gustralis were made in 2
cansecutive years at a site in the Western Australian wheatbelt, Introductions differed in relation
to the number of seeds involved and whether these were buried or surface-sown. Fates of the
introductions were monitored for 30 months, The outcome of the introductions varied markedly
according to the year of introduction. Successful colonizations (introductions producing at least
onc viable seed) were more frequent in the first set of introductions. Relationships between
introduction size, seed burial status and colonization success were also different between the
separate introductions.  Since seedling mortality was low throughout the study, processes
affecting seed burial and seed mortality are considered to be the major stochastic factors which
influence the colenizing success of Emex.

INTRODUCTION

While some understanding has been pained of the characteristics of successful weed invaders
(9), it is not possible to predict the outcome of colonizing episodes (3). The fate of an
introduction depends upon the action of two groups of variables. The first includes the
biological and ecological characteristics which topether constitute the weed's preadaptation’,
The other group subsumes random variables, viz. the environmental and demographic
stochasticity which ofien play decisive roles in individual introductions (3). Given the
importance of the latter group, it is surprising that so little attention has been paid to the role of
chance in the invasion process. Weed invaders are particularly suitable subjects for this type of
investigation since they are less mobile than other pests.

The object of this study was to  investigate the influence of stochastic factors upon the
colonization success of the annual weed Emex qustralis Steinh, (henceforth Emex). Emex is a
self-compatible annual which is native to South Africa. It is an important weed throughout the
wheatbelt of southern Australia, but has had the greatest economic impact in Western Australia.
Undesirable effects of Emex include yield reduction in cereals (6,13), contamination of dried
feuit (2), and lameness in sheep (4).

METHODS

Seeds of Emex were introduced to an annual pasture on a sandy loam at Wongan Hills Research
Station (approximately 200 km north-east of Perth). Introductions varied according to the
numbers of seeds (=achenes) invelved (#n = 1, 2, 4, 8 or 16} and whether seeds were surface-
sown or buried at 2 cm. After the soil had been sieved to remove any resident Emex seeds,
fresh seeds (>90% viability, obtained from seed cleaners in Geraldton) were sown inside 15 cm
diameter PVC rings. Because a higher frequency of colonization failure in the smaller
introductions was anticipated, the degree of replication decreased with increasing seed number,
1e. there were 20, 10, 5, 4, and 3 replicates, respectively, for the seed numbers given above,
Treatrnents were distributed in a completely randomized design, comprising a block of 12 rows
of seven rings with intra- and inter-row spacings of 50 and 100 cm, respectively. Introductions
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were made at each site during Apnil in 1989 and 1990. The latter set of introductions was made
in a separate block with twice the level of replication.

During each growing season, monthiy records were obtained of newly emerged seedlings, Since
the experiment was fenced in order to prevent disturbance by grazing stock, it was necessary to
reduce the biomass of other species by artificial means. The area immediately adjacent to cach
ring was sprayed with glyphosate in early winter. Within the rings, other species were clipped
periodically, but biomass reduction became more difficult to achieve as the scason progressed.
At the end of each growing season, Emex plants were harvested and the number of seeds
produced by each plant was recorded.

Introductions were monitored for 30 months, at which point all remaining seeds were retrieved
and tested for viability with tetrazolium chloride. Introductions were then classified as
*successful' (seedling establishment within a ring followed by the production of at least one
viable seed), "failed’ {neither seeds produced nor viable seeds remaining) or 'indeterminate’ (no
seeds produced but at least one viable seed remaining). The effects of seed number and seed
buriul upon colonization at individual sites were analyzed by fitting a log-linear madel (7) to the
number of introductions falling within each outcome category (successful, failed or
indeterminaie).

RESULTS

The distribution of the fates of introductions (i.e. the proportions of outcomes in successful,
failed or indeterminate categories) differed markedly between the two separate introductions
(Tables 1, 2). While the effect of seed number upon intreduction fate was highly significant
(F<0.001) in the first (1989) introduction (Table 1), it was insignificant in the second.
Strnilarty, there was a highly significant (P<(L001) effect of seed burial for the first introduction
only (Table 2).

Table 1. Fates of buried Emex introductions at Wongan Hills, determined over a 3 year

period
Year of Number of seeds introduced
inroduction i 2 4 8 16
1989 85 (qor 100 100 (0) 100 (@ 100 (D)
1990 30 {62) 15 (50) 40 () 50 (25) o

Figures represent the percentages of successful and (failed) introduction, respectively.
Indelerminate introductions can be derived by subiracting the sum of the figures from
100.

Viable seeds were detected in a substantial number of introductions which had failed to yield
reproductive plants (Tables 1,2). These seeds had remained dormant for the duration of the 30
month experimental period and presumably could had germinated had the experiment not been
terminated.  However, most emergence occurred during the first growing season following
introduction {results not presented).
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Table 2. Fases of surface-sown Emex introductions at Wongan Hills, determined over a 3

year period
Year of Number of seeds introduced
introduction 1 2 4 8 16
1989 15 (500 10 (40) 40 (40 75 (D 100 ()
1990 5 (BB) 5 (90 10 (30) 12 (75) 17 (67N

Figures represent the percentages of successful and {failed) introduction, respectively.

Indeterminate introductions can be derived by subitracting the sum of the figures from
0.

The mean reproductive output of introductions was generally low (Table 3}. While the numbers
of seed produced increased with introduction size in the first set of introductions, no such trend
wis evident for the second set.

Table 3. Cumulative number of seeds produced per introduction by burial at Wongan Hills

Yeur of Number of seeds introduced

introduction 1 9 4 8 16
1989 14 @) 13 (3) 25 ™ 39 (16) 123 (40
1990 24 (9 15 (8 39 (19) 41 (17 21 (13

Values in parenthesis are standard errors.

DISCUSSION

Results from this siudy show the importance of timing 10 the outcome of weed introductions.
Since each introduction had a guantitatively different outcome, misleading conclusions could
have been drawn about the colonization process if only a single introduction had been made.
This work was part of a larger study involving two other sites {(East Chapman and Manjimup).
In zn attempt to arrive at general conclusions, we will emphasize results from the 1989

introduction, since these were consistent with results from parallel introductions made elsewhere
{F.[}. Panetta, unpublished data).

Provided Emex seeds are buried, a high proportion of introductions are successful, even when
few seeds are involved. While levels of seedling mortality were low {(<10%), seed mortality was
sometimes high (Tables 1, 2). It is clear, therefore, that the major stochastic phenomena
controlling the fate of Emex introductions are processes which influence either seed monality or
seed burial. A degree of seed burial is required for germination (F.D. Panetta, unpublished
duta), but Emex seeds are sufficiently long-lived to take advantage of natural burial processes,
e.g. the soil movement which accompanies rainsplash, erosion, grazing or trampling. Cropping
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activity buries many seeds, partially explaining the prominence of Emex in crop/pasture rotations
(5).

For both buried and surface-sown seeds in 1989 introduction, the probability of colonization
success increased with introduction size (Tables 1, 2). Most colonization failures occurred in the
single-seeded introductions, but in patural situations, prominent dispersal vectors (r.g.

contaminated agricultural products or tyre treads) could be expected to deposit seeds in small
groups.

Emex is able to spread its colonizing effort over a number of seasons through seed dermancy,
thus capitalizing on any interyear variations in growing conditions, Mantins and Jain (8) found a
similar spread of colonizing effort in their experimental introductions of Trifelium hirtum, There
was evidence that late-emerging T. hirtum plants were genetically distinct (8}, but such is not
likely to be the case for Australian Emex populations (10}, The presence of seed dormancy may

incur costs during colonizing episodes (12). However, such costs are reduced when the
probability of seed survival its high (1).

As long as the number of individuals remains small, a colony will be prene to extinction arising
from either environmental or demographic stochasticity {3). A fundamental problem in the study
of colonization is that some failures are easily demonstratable, but a successful outcome is
vonsiderably less so. We have defined a successful introduction as one where at least one viable
seed is produced. However, colonization success for an annual species must be some positive
function of its reproductive output early during a colonizing episode. Seed production by an
Emex plant is a nepative function of the biomass of its neighbours; Emex has been shown to be
a poor competitor against such pasture associates as Trifofium subterranewm and Hordeum
ploucum (11).  In the present study, Emex survivorship and reproduction were probably
enhanced, since interspecific competition was reduced through clipping and treatment with
herbicides. To this extent, our estimates of its colonization success may be inflaied.
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CHANGES OF WEED COMMUNITIES IN LOWLAND RICE FIELDS IN KOREA

K.H. Park, Y.C. Ku and Y.J. Oh
Rice Production Division, Crops Experiment Station, R.D.A., Suweon 441-100, Korea

Summary. Changes of the weed communities in lowland rice fields throughout Korea were
determined by sampling 2,459 sites in 1992. In 1971 the dominant weeds were all annuals
except for Eleocharis acicularis. By 1981 the dominant weeds were Menochoria vaginalis >
Sagittaria pygmaea > Potamogeton distinctus > Sagittaria trifolia > Cyperus serotinus > Rotala
indica. The dominant weed in 1992 was Efeocharis kuroguwai, followed by §. trifolia >
Echinochipa crusgatli > M. vaginalis > S. pygmaea > C. serotinus, of which only E. crusgaili
and M. vaginalis were annuals. Perennial weeds such as E. kuroguwai and 3. rrifolia have
increasingly become the most predominant weed species in 1992, Unlike 1981, E. crusgalli was
a particular dominant weed species in lowland rice field.

INTRODUCTION

A recent change of cultural practices in lowland rice field of Korea from machine transpianting
of aged seedling (35 days} to that of infant seedling {8-10 days) or direct seeding would evoke
different responses from different weed species. Similarly, a change from lowland to upland
condition introducing of direct seeding would prevent the emergence of semi-aquatic and aquatic
weeds but allow upland weeds to take over. A machine transplanted rice cultivation presently
constitutes over 5% of the total rice area in this country, while direct seeded rice has become
popular since 1988, Weeds in rice field are mostly controlled by chemicals in Korea. Since
1961, repeated upplication of butachlor, benthiocarb, nitrofen, and 2.4-D in lowland rice fields
resulted in the predominance of C. serorinus and E. kuroguwai (13, Furthermore, a marked
build-up of perernial weeds is observed in lowland rice fields of Korea due to chemical
management schemes applied continuously since 1975 (2},

The main objective of this nationwide weed survey conducted in cooperation with the Provincial
Rural Development Administrations was to determiine recent major weeds in lowkand rice field,
their distribution and imponance as affected by cultural practices.

METHODS

The sampling of weeds {lotal sampling sites: 2,459) was done at two rice fields within each
town in 1992, The weeds were counted at 40-50 days after ransplanting in the transplanted rice
field and at 60 days afier seeding in the direct seeded rice cultivation, respectively. The size of
gquadrat used was 50x50 cm, sampled randomly over the area, The density, biomass, and
frequency of individual weed species in each quadrat were determined. The summed dominance
ratio was calculated for each weed based on its absolute and relative density, absclute and
relutive frequency, and imporance value.

RESULTS AND DISCUSSIONS
A nationwide weed survey in 1992 was conducted by the Rural Development Administration in
lowland rice field of Korea, following surveys in 1971 and 198%, As shown in Fig. 1, the

dominant weed species were E. kuroguwai (17.5%), S. trifolia (15.2%), E. crusgalli (8.6%),
M. vaginalis (8.5%), Ludwigia prostrata (8.3%), P. distinctus (3.7%), Aneilema japonica (3.5%),
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and Scirpus funcoides (2.8%). Those weeds were constituted with 76% determined by the
summed dominance ratio in lowland rice fields of Korea. There was a marked build-up of
perennial weed, in particular E. kuroguwai and S, wrifefig.  In addition, the annual weeds
E. crusgalli, which was not among the 10 major dominant weed species in 1981, had become a
major weed species in 1992. This may have been due to changes in cultural practices and
herbicides used in lowiand rice ficlds during this period (Tables ! and 2). Meanwhile, direct
seeded nice and infant rice scedling ransplanting technology have gradually increased, as labor
saving and cost reducing strategics for rice production in Korea. These cultural practices have
also changed the weed community. In direct seeded rice cuitivation, annual weed species such
as E. crusgalli and M. vaginalis were prominant (Table 1). In the early stages of direct seeded
rice culture under dry paddy condition, the paddy field was under wpland condition. Annual
weeds may take over, while the emergence of semi-aguatic and aquatic weeds is prevented.
Flooding is employed to control weed species that cannot germinate under such a condition. As
shown in Table 2, in lowtand rice field where 2,4-D, nitrofen, propanil and butachlor have been
continuously used, perennial weeds such as E. kiwroguwai and S. trifolia had become the most
predominant weed species in 1992, Unlike 1981, E. crusgalli was a dominant weed species in
lowland rice field. This might be due to increased vse of herbicide mixiures for conwolling
annual and perennial weeds at the same time. This may lower the rate of active ingredient in
the herbicide mixture for the contro of annual weeds.

Table 1. The deminant weed species as affected by cultural practices in lowland rice field in

Korea
Cultural practices 1st Znd 3rd 4th 5th
Direct seeding
- Dried E.c. Cs. E.k. St L.p.
- Flooded M.v. Ec. L.j. Ek. Al
Machine transplanting
- Infant seedling (8-10 days) Ek. 5.t M.v. S.p. E.c.
- Aged seedling (35 days) Ek. S.t Ec. S.p M.v.
Hand transplanting St M.v. Aj. Ek. S.p.
Ec.: Echinochioa crusgalli C.s.; Cyperus seroiinus
M.v.: Monochoria vaginalis L.j.: Leersia japonica
EX.: Eleacharis kuroguwai A.}.: Aneilema japonica
S.t: Sagittaria irifolia 5.p.: Sagistaria pygmaeq
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Table 2. Major herbicides wsed in lowland rice fields in Korea

Total Ponion of Major herbicides
Year consumplion herhicide far
of herbicides  lowland rice Tickd
{Prod., kg) (%) Ist 2ngd 3rd
1964 9610 - 24-D (i00}
14965 25,023 - PCP (49.1) 24-D{31.4) Propanil (14.3)
1970 4,957,585 97.7 Nitrofen (44.5) PCP (21.7) Chloronitrofen (11.3)
i975 28398 840 £5.1 Botachlor (50.0)  Nitrofen (42.9) Chloronitrafen (11.3)
1980 47164924 M5 Buiachlor (66.5)  Alachlor (9.3) Thicbencarb (8.8}
1985 49430965 746 Bulachkw (53.1)  Alachlor (13.8) Thiobencarb (7.7)
199G 1948000 6R.S Butchlor {27.9)  Alachlor {14.6)  Butachlor + benauliuron
mathyl (12.9)
i
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WEED POPULATION SHIFTS IN CROP FIELD IN SHANGHAI
APPROPRIATE CONTROL STRATEGIES

H-Y. Tang
Shanghat Academy of Agricultural Scignce, Shanghai 201106 China

Summary. A survey carried out in 1981 showed that the percentages of weed infestation areas in
different crop fields in Shanghai was 08.2%, 75% and 78.8% in wheat, rape and dce field

respectively, A similar carried out in 1991/1992 showed that this value was 91.6%, 94% and
84.8% respectively.

The Nora also shifted significantly between 1981 and 1991/1992, some major weeds including
Alapeciirus aequalis, Malaehitm gquaticaum and Cyperus difformis were successfully controlled,
while the more herbicide-tolerant weeds including Backmarnnia syzigachne, Polypogon fugax,
Juncellus seroting and Sagittaria pygmeae, increased their infestation rate to 34%, 21%, 19.9%
and 30.8% respectively, These changes are due to repeated rice-wheat rotation, reduced tillage
and repeated application of single herbicide such as CHLOROTOLURON in wheat fields and
NITROFEN in rice fields. They will be well managed by selecting suitable cropping systems,
high active or mixed herbicides and cffective integrated weed control systems according to the
weed flosa in Fields.

INTRODUCTION

MCP was introduced successfully o centrol broad-leaf weeds and sedge weeds in rice seed-beds
in Shanghai in 1965-1967, 2 years later NITROFEN was tested and extended to control
Echinochloa crus-galli, Cyperus difformis and some annual broad-leaf weeds in rice seed beds
and transplanting fields. Controlling weeds in rice ficlds with these herbicides is more economic
and efficacious than hand weeding, and farmers adopted these herbicides rapidly, opening the
first page in history of chemical weed contrel in Shanghai (1). But MCP can not control
Echinochloa crus-galli and NITROFEN is not efficacious enough for contrelling this weed too,
so some years Echinochloa crus-gaili became a more serious probiem weed. SATURN and
MACHETE were inroduced for ¢ontrolling Eckinochloa crus-galli in rice fields in 1981-1982,
but these two herbicides are not efficacious for controlling perennial weeds in rice fields.
CHLOROTOLURON was introduced for controlling Alopecurus aequalis, Malachium aquaticum
in wheat and barley felds in Shanghai, and some years later Galium aparine, Backmannia
syzigachne and A. japonicum became problem weeds. The shifis of field weed population
became a new probler after ten years. In 70% of fields where herbicides are used to control
weeds in Shanghai now, the problem is more and more serious, but little attention is paid to it.

MATERIALS AND METHODS
{nvestigation with five-scale visualization method was conducted in 5000 field plots in 1981 and
the same field plots in Shanphai suburbs in 1991, SO fields were disposed for one crop in every
villape (3).
The effects of three cropping systems on field weed population shifts was tested in 1985-1988 in

QinDon farm, where every reatment is 0.1 ha. The effects of herbicides on weed population
shift in fields were tested with small plots in QinDon farm and 5.4 state farm and experiment
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farm of Shanghai Academy of Agricultural Science, every small plot 20 meter square, three
replication,

RESULTS AND DISCUSSION

According to author’s survey with five-scale visnalization in 1981-82,the percentages of weed
infestation areas in wheat, rape and rice fields in suburbs of Shanghai were 68%, 75% and 78%
respectively, the percentages of over-medium infestation areas were 34%, 50% and 42%
respectively. However in 1991, the percentages of weed infestation arcas reached 91%, 94% and
84.8%, respectively, the percentage of over-medium infestation areas reached 79.6%, 86% and
54% respectively, the percentages of weed infestation arcas increased by 19%, 25.6% and 6%
respectively, the over-medium infestation areas increased by 45.6%, 36% and 12% respectively
from 1981 1o 1991 (Tables 1 and 2).

Table 1. Variation of weed population in wheal fields in Shanghai

Infestation area (%) May 1981 [nfestlalion arca (%) May 1990

Weed species

1 2 3 4 5 1 2 k) 4 5
Alapecurus japonica 168 44 03 O 0 205 85 40 90 5.0
Backmania syzigachne 452 16 17 02 0 no 170 B3 45 KR
Selerockloa kengiana 204 120 59 1.7 04 232 116 9.6 48 24
Polypogod frugar 36.3 6.9 1.3 08 02 415 125 15 5.0 40
Alopeeurus aequalis 351 197 10¢% 4.3 14 425 715 45 15 05
Malachium aquiticam 529 83 63 1.2 Q0 715 7.5 1.5 a 0
Total weed infestalion date 68.23 4 9.6 796

Table 2. Weed population shifis in rice fields in Shanghai

Infestation area (%) 198110 Infestation area (%) 1990,10

Weed species

1 2 k| 4 5 1 2 3 4 5
Echinochioa crus-galli 492 388 100 100 12 576 232 5.6 24 28
Cyprerus diffarmis 672 104 i} 0 0 28.8 24 0 ] 0
Manochoria vagenalis 452 28 08 08 0 52.0 T2 0.4 0 0
Ruata indica 400 108 L& 16 0 260 40 08 0 0
Ammannia baccifora 524 08 O 0 0 40.8 20 04 0 0
Ectipta aibum 524 08 0O 0 0 458 40 O 1] ¢
Sagittaria pygmaea 3.6 32 0 0 0 158 116 48 08 ¢
Juncellus serotina 144 i 04 0 0 352 204 100 1.2 1.6

The population composition of weed communitics also changed greatly since 1981, all this
change was induced by the following factors:

354



Allelopathy and weed communities

Single type herbicides were used continuousiy. Some herbicide-sensitive weeds were controlled,
for example, the CHLOROTOLURON-sensitive weeds, Alopecurus equalis, Malachium
agquaticum, the NITROFEN and MACHETE-sensitive weeds Cyperus difformis, Echinochloa
crus-galli and Rotala indica were controlled successfully (Figs 1 and 2), the percentage of
infesiation areas of those weeds decreased 21.5%, 26.8% and 8%, 18%, 7.6% respectively, while
the infestation arcas of the CHLOROTOLURON-tolerant weeds, A. japonicus, Backmannia
syzigachne, Polypogon fugax and the NITROFEN and MACHETE-wlerant weeds Juncellus
serotinuwm, Sagittaria pygpmaea increased by 34%, 21.8%, 19.8% and 14%, 30.8% respectively
from 1981 to 1991 (Tables 1 and 2).

Continuous rice-wheat rotation_cropping systemn was extended. The crop system of paddy-rice
with upland crop {cotten, corn or soybean) as an efficacious, economic and safe method for
weed control. For example, the infestation areas of A, jopericus, B. syzigachne and Saggitaria
pygmdea, Echinochloa crus-galli in paddy rice-wheat with upland crop (cotton, corn or soybean)
rotation cropping system are reduced by 50-90% as compared te those in continual rice-wheat
rotation cropping systern. It was proven that the germination rawe of A. juponicus, Backmannia
syzigachne, Sclechloa Kengiana was 39.3%, 83% and 62.7% vepectively in rice-wheat rotation
field after seed buried in soil for 2 years, but the germination rate of these weeds was 0-1.7%
only in cotton-wheat rotation fields (Fig. 3).

Wheat-wheat continuous cropping system was practiced year by vear. According to the test data
the blossorn and seed ripening of weeds in wheat fields almost coincide with those of wheat, so
all of ihe weed seeds are falling into soil while we harvest wheat. The weed infestation will get
serious in wheat-wheat continuous cropping field year by year, but if we plant green manure, all
weeds will be killed while we harvest crop and at the same time, the weed seeds are not ripe
yet.  Almost no ripe weed seeds are left in soil, so the weed infestation in most years will be
reduced compared with wheat-wheat continuous cropping fields (Fig. 4).

No-tillage system was developed and introduced. Weed plants can be killed by cultivation. The
wbers and rhizomes of perennial weeds will be turned up to soil surface by a plow and
cultivations in autumn, the tubers will be killed by minus zero temperature in winter. According
to the author’s test, the tuber of juncellus serotina will be killed by low temperature at -3 to -5°C
in 2.3 days. The plow and cultivation are the traditional and efficacious way for weed control
in fields for long period, but in recent years the development of rural enterprises gave rise to a
large-scale transferting of labor pawer from crop production to industry and side-line occupation,
the no-Lillage system was rapidly adopied by farmers, this is one of the causes of more and more
sericus weed infestation, especially in the case of perennial weeds.

A safe effective and economical weed control could only be achicved by integrated weed
management. The following suggestion may be preferable in this regard:

The planting areas of upland crops like cotton, com and soybean, green manure crops should be
enlarged and a scientific cropping system, including the rotation of upland crop (cotton, corn,
soyhean), with paddy crop (rice) or wheat-green manure-rape be established.

The use of mixed herbicides is helpful to control a broad spectrum of weed species according to
different population composition of field weed communities, but the antagonism between
different  herbicides should be noticed. The mixtare of CHLORSULFURON +
CHLOROTOLURON can be used in grass weeds dominating fields such as Alopecurus aequalis,
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A. japonicus, Bacmannia syzigachne and broad leaf weed Galiun gparine dominating field.
Otherwise, PUMA can be applied at first and BENTAZON later. MACHETE + LONDAX
mixture can be used for the control of annual weeds, such as: Echinochloa crus-galli,
Monochoria vaginalis and perennial weeds, such as: Juncellus seroting and Sagistria pygmaea,
otherwise, MACHETE can be applied at first and BENTAZON, MCP later.
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THE BIOLOGY OF LOLIUM: WILL L. TEMULENTUM BE SIMILAR TO L. RIGIDUM AND
THREATEN CROFP ROTATIONS IN WESTERN AUSTRALIA?

W.M. Blacklow' and C. Andreasen’
' The University of Westemn Australia, Nedlands WA 6009, Australia
* The Roya} Veterinary and Agricultural University, Copenhagen, Denmark

Summary. Each year in Western Australia more than 20 farms deliver wheat and barley infested
with drake (L. temufentum L.). The seeds can be poisonous and contaminated grain is
unacceptable for overseas markets. Drake may be more widespread than realised presently
because it can be misidentified as a variant within the annual ryegrass complex (L. rigidum and
its hybrids). Biotypes of L. temulentun from Western Australia have innate and enforced seed
dormancy; vigorous seedling growth; high seed production. Unless special cleaning measures
are used the weed is sown with crops established from seed saved on the farm. L. temulentum
produced less regrowth after defoliation than L. rigidwm and may be sensitive to grazing.
L. temulentum is unlikely to become more widespread in Western Australia if clean seed is sown
and an integration of methods is used for its management, including a phase of grazed pasture.
However, the awned biotype of drake (L. temulentum var. remulentwm} which is prevalent in
Western Australia may be more able to survive the current farming systems than the biotypes
introduced inte other parts of Australiz and which have not flourished.

INTRODUCTION

Each year in Western Australia more than twenty farms produce barley and wheat which is
infested with drake (Lofium temwlentum L.). The seeds of drake can be poisonous (4) and
contaminated grain needs expensive recleaning to meet the low, or zero, tolerances of markets.
Drake grows throughout the wheatbelt of Western Australia but it seldom reaches densities that
cause concern to many farmers. However, the incidence of the weed is unpredictable and thase
that receive grain for export markets do not want the weed to increase. Elsewhere in Australia
drake is rare or extinct (10) and in other countries it is an endangered species (7) or a weed that
needs to be controfted (12).

The variable incidence and status of drake is intriguing, particularly when compared with the
widespread and troublesome annual ryegrass (Lofium rigidum L. and its hybrids). In part, the
problem is due to difficulties with identification of species and hybrids within the Lofium genus.
However, regional differences will be due to variations within, and between, the Lolium species
and their interactions with climates, soits and farming systems. This paper develops several
hypotheses to explain the current distributions of drake, and to predict the factors which could
cause it to increase in Western Australia. Comparisons with Lolium rigidurn may strengthen the
cutcomes of the investigation of drake and also provide further insights into the nature and
distribution of weeds.

MORE WIDESPREAD THAN CURRENTLY RECOGNISED?

Drake may be more widespread than currently recorded but identified incorrectly as Lolium
rigidum. Kloot (10} concluded that there were four Lolium species that could be weeds of
Australian agriculture. Three of the species outcross (L. perenne, a perennial; L. multiflorum, a
short-lived perennial; L. rigidwn, an annual} and produce interbreeding hybrids which form
populations with individuals that have all possible characteristics of the parent species. These
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crosses with Lolium rigidum retain the annual habit and could, therefore, cohabit sympatrically
with the annual, self-pollinating Lolium temulentum. Consequently, Lolium temulentum could
be in the same fields as Lolium rigidum and its hybrids and, if unrecognised, identified
incorrectly as "annual ryegrass” (L. rigidum).

All annual Loffum species are characierised by glabrous, shiny leaves. Compared with Lolium
rigidum, our Western Australian collections of Loliwn temulentum have seedlings with larger
more erect leaves and only a few tillers. However, individuals within Lolium rigidum
populations were as large and erect as Lolium temulentum. Differences in the morphelogy of the
inflorescence and seed {caryopsis plus adhering glumes) make it possible to distinguish between
Lotiurn rigidum, and its hybrids, and Lolium remulentum (10). The spikelets are more widely
spaced on the spike, particularly at its base, and the sceds are larger and ovoid (Fig. 1). The
long awns of drake {L. temidentum var. temulentum) differ from its awnless biotype
(L. termulfentum var. arvense [With.] Liljebl) and the awnless L. rigidum and its hybrids.
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Figure . The lerminal spikelets and sceds {caryopsis plus adhering glumes) of the awned biotype of
druke {a)y and of annual rycgrass (b).

BIOTYPE INTRODUCTIONS OF DIFFERENT ADAPTABILITIES?

Drake may have adupted successfully (o Western Australia because the introductions came from
the Mediterranean regions of Burope. It is known that drake is adapted to regions from northem
Europe., with summer growth and freezing winters, to Mediterranean regions, with winter growth
and long dry summers (9). Perhaps the lack of persistence of drake in other parts of Australia is
because the introductions to these parts were from the more northern regions of Europe and less
adaptable 10 the long, dry summers of southern Australia.
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It would be expected that seed dormancy for summer survival would be an imporant atribute
for success in Mediterranean climates. It was sugpested that drake has no dormancy (5; 8) but
drake from Western Australia has both innate and enforced dormancy (2}, These differences in
dormancy may be due to sources of sced with that from Western Australian preduced by
biotypes beuer adapted to Mediterranean climates. Annual ryegrass is well adapted to the
Mediterranean climaies of southem Australia and it has innate and enforced dormancy also (6).

The responsivengss of flower initiation by drake to photoperiod and vernalisation differs among
biotypes {5). A summer annual biotype (Ceres) requires an exposure of only one day with a
photoperiod greater than nipe hours to switch plants from vepelative to reproductive growth. A
winter biotype from Turkey, bowever, had a critical photoperiod of more than 14 hours (5).
The photoperiod requirements of the Western Australian biotypes for flower initiation are not
known but plants grown in late summer initiated reproductive growth whereas Lolium rigidum
continued to make vegetative growth (Fig. 2). The winter biotypes of drake respond to
vernalisation whereas the summer types are unresponsive (1; 5). Lofium rigidum responds also
o photoperiod and vernalisation but Mediterranean types had a low vemalisation response (3).

10

Currulative Regrowth (g Dry Matter par 10 plants)
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Figure 2. The response of Lalfium species 10 frequent deloliation during February-March 1993 in 4
daylight phytotron, Perth, Western Austratia (32° South Latitude; 13-14 hours daylengih;
25°C/15°C day/night temperatures) of the awned biotype of drake (0) and of annual ryegrass
{+). The mcan coefficient of variation for a datum point (n=4) was 10%.
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ENCOURAGED BY FARMING SYSTEMS?

Drake may have adapted more successfully to regions of Western Australia because of the types
of farming systems practiced there. Discussions with farmers who have infested grain suggests
that druke is more of a problem on light textured soils that are cropped frequently without the
use of herbicides for grass control, and without a grazed pasture in rotation with the cereal
crops. Additionally, farmers in these regions routinely save a portion of their crop as seed for
subsequent crops and if infested with drake then the weed is sown with the crop. The awned
biotype of drake seems more persistent than the awnless type which supports the proposition that
drake is an obligate weed of cercals, since it would be more difficuit to separate from cereal
grains by seed-harvesting machinery. For example, accessions in the Herbarium of Tasmania are
only Lhe awnless biotype and the species may be extinct in that State. In Westerm Australia,
however, cereal seed is contaminated by the awned biotype of drake and the awnless biotype has
not been seen recently.

tHerbicides, and their rotations, are used widely in crop rotations across southern Australia for
weed control.  The expectations would be that current methods of cultural and chemical contrel
of prass weeds would control drake also,  However, it was suggested (2) that delayed
germination of drake by warm emperatures may enable it to escape early cultural and chemnical
wreatments.  Resistance of annual ryegrass to herbicides is of major concern across southern
Australia (11) but we have very littke information on the response of drake to herbicides.

CONCLUSIONS

The persistence of drake in Western Australia may be due to the introduction of adaptable
bictypes from Mediterrancan regions of Europe. These adaptable types may have been
encouraged by the farming systems of low inputs of herbicides, minimum tillage, rotations that
have low grazing pressures and infrequent use of crops other than cereals, and the use of seced
from crops infested with drake. The required elimination of potentially peisonous
contaminations of drake will require its recognition as a different species from annual ryegrass, a
greater intolerance of its presence in crops, and a reversal of those factors that encourage it. The
hypotheses proposed in this paper require validation if management programs are to be based on
saund knowledge of the biology of the weed.
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COMPARISON OF THE ECOLOGY OF BITOU BUSH AND BONESEED
(CHRYSANTHEMOIDES MONILIFERA) IN SOUTH AFRICA AND AUSTRALIA

JK. Scott
CSIRO Division of Entomoeiogy, Private Bag PO, Wembley WA 6014, Australia

Summagry. The ccology of the biological control targets, bitou bush, Chrysanthemoides
maonilifera rotundata, and boneseed, C. monilifera monilifera in their native habitat, South
Africa, are compared with weed infestations in their country of introduction, Australia.
Taxonomic and distribution differences between bitcu bush and boneseed implies that two sets
of agents will be required. Boneseed and bitou bush plants in South Africa produced
significantly less seed than in Australia. For bitou bush this was largely due to fewer fiowers.
Mature plant densities can however be similar in the two countries. Biological control aimed at
reducing flower numbers through herbivory, would reduce seed set and also reduce competition
with native flera in Avstralia. Control of infestations in Australia will require combining
biolagical control with management, probably by fire.

INTRODUCTION

The southern African shrubs, bitou bush, Chrysanthemoides monilifera rotundata and boneseed,
C. monilifera monilifera, are weeds in Australia and arc the targets of a biological control
program. Their importance and ecology in Australia was established in a number of studies (17,
18, 20, 21). Comparisons of plant abundance have been made between C. monififera in South
Africa and Australia (16, 19), although the South African plants used in the comparison, from
Knysna on the south coast of Cape Province, were probably C. monilifera pisifera, a subspecies
not found in Australia {4, Scout, unpublished observations). Reports that C. menilifera was
much less abundant in its native region of southern Africa (16, 19) and that the plant iz attacked
by insects likely to be host specific (10} has lead to a search for biological control agents. The
ecology of bitou bush and boneseed was studied during the search for biological control agents
in South Africa. In this paper | make a comparison, in the context of biclogical control, of the
distribution and abundance of these weeds in their native habitat, South Africa, with that of the
weeds in their country of introduction, Australia,

METHODS

Information of the ecology of biton bush and boneseed in Australia was obtained from published
sources. The ecology of bitow bush and boneseed in South Africa is based on study sies
monitored from 987 to 1989 {1, Scott unpublished). Boneseed was studied at two sites: Devil's
Peak and St James in Cupe Province. Bitou bush was studied at five sites in Natal: The Bluff,
Paimict, Miunzini, Nseleni and St Lucia. Flowers and seeds were counted on 20 randomly
chosen plants at three monih intervals at each site. Seedlings and mature plant were counted
during the study and seed bunk densities were measured at the end of the sampling period. Full
details of this study will be reported eisewhere (Scott unpublished).

RESULTS AND DISCUSSION
Taxonomy. ldentification of Chrysenthemoides subspecies is simpler in Australia than in South

Africa where thete are at least 7 taxa and different forms and intergrades between forms (4, 12).
Bitou bush and boneseed only overlap in the Ulladulla - Sydney region in Australia, but
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hybridization appears rare (15}, Hybrids are not known from South Africa where bitou bush and
boneseed are geographically widely separated (12). There are considerable morphelogical
differences between the two subspecies as illustrated by Norlindh (12). Thuos it is likeiy that
studies of the genetic variability of bitou bush and bonesced will show that they are separate
species, The difference between bitou bush and boneseed also implies that two sets of
biological control agents will be required.

Distribution. Bitou bush in Australia is considered to have only cccupied part of its potential
range (5) when compared to the distribution in South Africa (12). In contrast, boneseed appears
to occupy a wider range of climates and habitats in Australiz than in South Afnica. In Australia
boneseed is found in Mediterranean type and temperate clirmates in South Australia, Victoria and
NSW. In South Africa the plant is restricted to the south west Cape Province that has a
Mediterranean type climate (12, Scott uapublished). The wide range of climates in which bitou
bush and boneseed are found also implies that it is vnlikely that a single bioiegical control agent
will be effective across the entire range. For this reason several agents arc being selected from a
wide range of climales, including climates where boneseed is not present in South Africa, but
matched te Augstralian conditions (2).

There is no obvious difference between the soil type preference of bitou bush in Australia and
South Africa. Plants in both regions are found on sandy or low fenility soils of granitic or
sedimentary origin and on coastal soils (8, 18). Boneseed is found on sandy or low fertility soils
of granitic or sedimentary origin and on coastal soils in Australia {18). In contrast, boneseed in
South Africa is largely restricted to mid slopes of mountains and lithosols on sandstone, whereas
ather Chrysanthemoides species such as C. incana and C. m. pisifera are found on the coastal
plain (Scott unpublished). The extent to which the distribution is determined by biotic factors
such as pathogens or insects or intra-specific competition has not been investigated. Given the
wider distribution in Australia, biological contrel agents found in both coastal and mountain
habitats (eg Comosfolopsis germana and "Tortrix” sp.} (1, 14) could be more effective than
agents with more restricted distributions (eg some of the chrysomelids).

Phenology. Bonesced has a similar flowering phenology in Australia and South Africa (Table
1. However, because of its relatively short flowering period, alternative hosts may be important
to enable a build-uwp of populations of seed predators such as Mesoclanis spp. (9) and for their
survival during the non flowering peried. C. incang and C. m. pisifera found near boneseed in
South Africa extend the availability of flowers and seed by three months. These plants are
absent from Australia. Noble and Weiss (11} point out that 1o be successful biological control
agent, a seed predator would need to cause greater than 95% seed reduction over the entire year
and that control would be unsatisfactory if it dropped to less than 9%0% during part of the year
(especially during abundant seed production). Build-up of flower destroying insects and seed
predators is more likely to occur on bitou bush because the plant flowers for more of the year
than boneseed (Table 1).

Seed production.  Although boneseed plants in Souwth Africa and Awustralia preduce similar
numbers of ovules per capitula, an order of magnitude less seed is produced in South Africa
(Table 1). This order of difference continues into the seed bank. Unforunately there are no
published data available from Australia to extend the comparison as far as mature plants.

More of a comparison is possible for bitou bush, Similar numbers of ovules are formed on the
capitula in both countries (Table 1). However in South Africa, the canopy preduces a fifth of
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the capitula and these in tum have a third less seed maturing in comparison with Australia.
These differences are carsied through into the seed bank and seedlings numbers. There are more
plants in South Africa than would be expected given the differences in seed production. This
may be due to self thinning of seedlings to the same mature plant density. Plants in Sowth
Africa covered less surface arca than in Australia. This is likely to be due to the greater range
of herbivores present, some of which are being used as biciogical control agents (eg
Camastolopsis germana).

Table 1. Comparison of bitow bush and beneseed geology in southern Africa and Australia.
Unsourced data from South Africa cotne from Scott (unpublished). South African
data shows means + S.E. for the Devil's Peak population of boneseed (N = 20) and
means t S.E. of five populations of bitou bush. Australian data are ranges or
means + S.E. from published sources.

Plant characteristic South Africa Australia (Source)

Bonesced

Flowers July - Oct. Aug. - Oct. (18, 1T}

Ovules/capitulum 651014 5-6(15)

Ripe fruit Nav. - Feb. Nov, - Feb. (18)

Seed/m? canopy 127 £ 32 3025 = 450 (1)

Seed bank under plants, 70 £ 22 800 - 2500 (6)
seeds/m®

Seedlings/im® 0 (snbumt) 47 £ 18 {unburnt)

1.4 £ 0.2 (burnt)

826 1 255 (burnt) {6)

Rilou hosh
Flowers Apr. - Nov. Apr. - Nov, (18)
Ovulesfeupitulum 1602 11 - 13 {15)
Capitlum/m® of canopy 164 £ 77 1010 £ 170 (19
Ripe fruit Apr. - Jan. All year (June - Sept.) (17
Mature seeds/capitulum 2.1 £0.35 6.6 £0.3 (19)
Seeds/m® canopy 924 + 444 3545 1+ 600 (17)
Sevd bank under plants, 17+ 14 2030 1 460 (19)
seeds/m?
Seediings/m? 0.03 + 0.02 (unburnt) 114 £ 27 (unburnt} (17)
40 + 16 {burnt)
Plantsfm?® 0.2 £ 0.04 02 {ah, 0.67 20)
% ground cover 25.6% 37.6% (20)
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Biological control. Fire will have a2 major impact on the biological control program. Boneseed
does not resprout after fire in South Africa or Australia (6) and depends on the soil seed bank
for regeneration. Lane and Shaw (7) found that boneseed had no seed bank remaining after fire.
This also appears to be the case in South Africa. Seedlings appeared following a fire at the
Devil's Peak study site, but not in the next year. In contrast to boneseed, 26% of mature bitou
bush resprouted ir Australia (17) although fire caused toss of seed (17). Fire appeared to have a
similar effect on bitou bush in South Africa (Scott unpublished). The seed of bitou bush and
honeseed rapidly lose viability in the soil. Weiss (17) reported the percentage viable seed for
bitou bush and boneseed after three years to be 2% and 13% respectively. Plants at the South
African study sites were mostly of similar ape (as estimated from annual growth rings),
indicating episodic recruitment, probably following fire (Scott unpublished). Fire combined with
seed predation could effectively control populations (11).

The difference in bitou bush seed production between South Africa and Australia results from a
lower density of capitula in South Africa (Table 1). A number of biotic factors could be
responsible including C. germana which has afready caused a reduction in Flowering in Australia
{13). Seed predators such as Mesoclanis species were not abundant at the sites and during the
sampling period destroyed up 10 9% of poteniial seed. Further studies using insect exclusion
experiments (3) could show the role of herbivory in reducing seed production in South Africa.
It would be expected that the growth ring increments, which are wvery evident in
Chrysanthemoides, would also increase in size once the plant was freed from herbivory in South
Africa. Among the first changes to be expected from successful biological control in Australia
would be a reduction in capitala number and a reduced growth ring increment. It will stll be
necessary 10 manage infestations, probably by fire, to ensure the removal of stands of dense
bitou bush and boneseed once there has been a significant depletion of the seed bank.
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ASPECTS OF THE ECOLOGY OF
AFRICAN BOXTHORN, LYCIUM FEROCISSIMUM

P.A. Erkelenz
Animal and Plant Control Commission, PO Box 181, Streaky Bay SA 5680, Australia

Summary. Little is known of the ecology and biclogy of the woody weed African boxthom. A
study of some aspects of the ecology of boxthorm was carried out on a coastal reserve on the
west coast of Scuth Australia. No clear evidence was found of boxthormn displacing native
vegetation.  Fruit production per plant varied but no link between fruit production and plant
height was established. A positive, linear relationship exists between boxthorm fruit size and the
number of seeds per fruit. Further ecological studics of boxthorn are recommended.

INTRODUCTION

Ecological studies are important for weed control planning. They can assist authorities establish
the significance of a weed, its poiential to spread (8,12) and provide an objective basis for
decisions on quarantine and other legislative responses (1,12,13,16). Such research can also
assist the development of conrol techniques, particularly biological control (3,17), and
appropriate control strategies (4). A number of authors have criticised the paucity of ecological
studies of weeds and have urged that more work be done in this area (3,6,8,11,16).

African boxthom, Lycium ferocissimum (Miers), is regarded as a serious threat to native plant
communities in Australia (10,18} and as a weed of grazing land (7,14,19). It is a declared
noxious weed in all Australian states and the Northern Territory {14). Considerable public and
private resources are directed to control programs for the plant. Despite this, very little has been
published on boxthorn biology and ecology. Clearly ecological research would allow better
informed decisions to be made on the status and control of boxthorn,

This paper will describe an initial effort to gather information on the ecology of boxthorn,
Results of studies on the impact of boxthorn on coastal vegetation and aspects of its fruit and
seed production are presented and discussed.

METHODS

Field measurements for the study were taken on a well established infestation of boxthorn ¢n a
coastal reserve at Cape Baver, 32° 43'5, 1347 03'E, some 20 km nonthwest of Sweaky Bay,
South Australia. Two rectangular study sites, each consisting of 52 10x20 m cells, were pegged
cut. The location of each individual boxthorn was mapped and measurements of height and
projected ground cover taken.

Impact swdies. To see if there were any differences in vegetation between areas of "high’ and
low” boxthom density, a 2x2 m quadrat was sampled in each cell; the quadrats were pasitioned
using the transect/baseline method (2). The number and total % ground cover was recorded for
cach perennial species. The total % cover of all annual species and % of bare ground was aiso
recorded. The data was then analysed, using a two sample T-test, for differences in mean %
cover of perennials, annuats and bare ground and high/low % cover of boxthorn. Differences in
the mean number of perennials between highflow numbers of boxthorn were analysed in the
same fashion. Significant results were examined further using simple linear regressions,
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Fruit production, Two boxthorn plants were randomly selected from five height categories, a
total of ten boxthorms. When most fruit were ripe, cach plant was progressively felled and its
fruit stripped and counted. A one way analysis of variance was used to compare fruit
production between the five height categories.

Fruit_sizefseed number. The relationship between fruit size and the number of seeds per fruit
was explored. Eleven boxthom plants were randomly selected and 20 ripe fruit, representing a
range of sizes. were sampled from each. Each fruit was measured for volume and diameter and
then dissecied and the seeds extracted and counted. Linear regression was then used to exarnine
the relationship between volume and sced number and diameter and seed number.

RESULTS AND DISCUSSION

impact_studies. Results of measurements carried out on vegetation in quadrats classified as
high or low for boxthorn are presented in Table 1.

Table 1. Effect of African boxthorn density on other vegetation at Cape Bauer.

% Cover Number of individuals
Vegetation component {count per 4 m’)
High® Low* High® Low®
Atriplex cinerea 6.13 4.21 1.7¢' 118"
Danthonia spp. 0.26 0.15 1.56 0.60
Lycium australe 0.23 032 0.07¢ 0.3%
Marieana erioclada 0.13 0.09 0.0 0.0
Muarieana oppesitifolia 92.06° 4.27 0.87 1.20
Nitraria billardierei 6.44 7.95 130 0.58"
Olearia wxilluris 0.21 0.91 0.17 0.32
Scleroluena purullelicuspis 1.69 1.27 0.32 0.88
Stipa spp. 0.29 0.27 0.87 1.08
Other perennial herbs 0.11 0.43 0.21 0.46
Other perennial shrubs 0.60 4.72 0.56 0.27
Totwl perennials 26.45 23.92 7.53 7.00
Total annuals- 58.40° 37.57! - -
Bare ground 14.54° 36.55° - -

' "thigh’ boxthomn >2% cover (mcan=4.9%), "low’ boxthom <=2% cover (mean=0.45%)
" 'High’ boxthomn >2 individuals (mean=5.54), "low” boxthom <=2 individuals (mean=0.68)
cdelzhl Means significantly different ac P=0.05

Regression analysis was then carried for those vegetation components which showed a
significunt result (Table 1), to determnine if there was any clear relationship between the level of
the component and the level of boxthom. While this produced a number of significant (P=0.05)
results, between boxthorn and annuals and boxthorn and bare ground for % cover and boxthom
and coast saltbush, Atriplex cinerea, nitre bush, Nirraria billardierei and other shrubs for number
of individuals. 7 values indicated a high level of varation in the data. The significant results
should therelore be regarded with extreme caution.
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As stated earlier, boxthom is regarded as a serious threat to native plant communities in
Australia. It has been suggested that boxthom is displacing nitre bush on islands off the South
and Western Australian coasts (10). However the results presented in table 1 provide no clear
evidence of differences in vegetation between areas of high and low boxthotn density. Therefore
it would be difficult to reach a conclusion on whether or not boxthorn has displaced native
vegetation at this site. A more likely explanation for boxthom’s invasion of this site is that it
has taken advantage of a past disturbance (5,9} and is exploiting resources formerly used by
other plants that were present prior to the disturbance. Given that the site was grazed by sheep
in the past and is currently subject to grazing by rabbits, this is most likely to be the case.
Further studies need 1o be caried out before 1t can be established what, if any, impact boxthom
is having on native plant communities. Research effort should be directed toward those
environments where boxthomn is regarded to pose the most serious threat and where most control
resources are currently being directed; for example coastal areas and offshore islands {10,18).

Fruit production. Fruit produced per boxthorn plant ranged from 0 to 535; the mean being 223,
This is in conirast to a study in southern Victoria where fruit production ranged from 730 to
4219 over ten plants (Hildebrand, unpublished thesis). The higher figures in the Victorian study
are likely 10 be duc to the different environment and the more intensive methodology used,

There was no difference (P=0.05) in the number of fruits produced by plants of different heights.

More observations arc required before the relationship between plant size and fruit production
can be determined.

Fruit sizefteed number. Results of boxthorn fruit size and seed number measurements are
summansed in Table 2.

Table 2. Size and number of seeds of boxthom fruit collected at Cape Bauer.

Volume Diameter Number of seeds
(o) {(mm)
Range 0.1 to 1.0 41012 2 to 67
Median 0.2 7 20
Mean 2.86 7.41 21.40

The range of fruit diameters measured were similar to the 5 to 10 mm reported by Purdie et al.
{15), however the number of seeds counted per fruit in this study showed wider variation than
the 35 to 70 reported by the same authors.

Regression analysis revealed significant (P=0.05) positive lincar relationships between fruit
volume, diameter and the number of seeds per fruit. However low ¥ values showed some
variation in the nature of these relationships between individual boxthorn. Further analysis
revealed that these relationships were not significantly different for eight of the eleven piants
sampled. Two of the other three plants also showed positive linear relationships but
significantly different from the other eight. Thus, further measurements will be required to
clearly establish the relationships between volume and seed number and width and seed number.
Coupled with a better understanding of fruit production per plant, including the proportion of
ditferent sized fruit, knowledge of the nature of the relationship between fruit size and seed
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number may allow a model to be developed which could estimate the number of prepagules
produced by an individual or stand of boxthorn.

This study has tiken some of the first steps toward a better understanding of boxthorn. It has
provided some evidence that boxthormn may not be as clearly detrimental to native vegetation as
first thought. Fruit production per plant varies widely and no link between fruit production and
plant height has yet been established. There is a positive, linear relationship berween boxthomn
fruit size and the number of sceds per fruit but further measurements are required to establish
the exact nature of these relationships. While the information presented here will not
immediately change the way we view boxthorn or its control, it does provide a basis for future
ecological studies of this plant. As well as further work on the aspects described above, useful
work could be donc on dispersal ecology and the germination characteristics of boxthom seed.
Much remains to be discovered abeut this plant that would be of value to weed control
authorities, managers of censervation areas and primary producers.
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SOME ASPECTS OF THE BIOLOGY OF RASPWEED {HALORAG!S ASPERA)

V.A. Osten', S.W. Adking®, S.R. Walker’ and L. Broom’
' Queenstand Department of Primary Industries, Emerald Q 4720, Australia
% Department of Agricubture, The University of Queensland Q 4072, Australia
? Queensland Wheat Research Institute, Toowoomba Q 4350, Austratia

Summary. The objectives, details and results of four germination experiments cn the fruit of
raspweed are teported. Effects of gibberellic acid, scarification, temperature, light and previous
storage regimes on germination and dormancy are highlighted. Results are discussed and field
implications are drawn. The importance of raspweed’s sexual reproductive strategies as
compared to its asexual strategies is noted. A brief indication of raspweed’s weediness is also
provided.

INTRODUCTION

Raspweed, Haloragis aspera, is a member of the Haloragaceae family. It is a native of Australia
where 1t is widely distributed but limited to south of the Tropic of Capricor. Isolated incidences
have been reported in Western Australia and Tasmania. Raspweed is a major perennial weed of
cultivation in central Queensland, parts of southern Queensland and north-western New South
Wales.

Raspweed it is often referred to as a ’take-all” weed because where it grows nothing else will.
lts extensive root system and non-seasonality attribute to its weediness. Little is known about the
biology of raspweed and hence management is often difficult. It is a perennial herb up to 30 em
high with annual stems arising from a deep subterranean system. Leaves are up to 4 cm long
with hooked hairs piving a raspy texture, hence its commen name. The inflorescence is an
indeterminate spike of dichasia of 3 to 5 very small flowers. Fruits are small, globular with
persistent sepals. The woody exocarp encloses four locules with the potential for all lecules to
be filled with one pendulous ovule (2). The contribution made by sexual reproduction to the
poputation dynamics of this weed is not fully understoed, and while it is not considered the
major path of reproduction, the plant devotes much energy toward it (Osten, unpublished daca).

Information on the different components of reproductive strategy is necessary for the
development of efficient integrated management programs (1). This paper reports on aspects of
raspweed’s sexual reproduction, emphasising the requirements for germination.

METHODS
During spring 1990 mature fruits were cellected from pouted raspweed specimens grown in
central Queensiand. Half of the collection was stored in air tight containers a1 -3°C for a period
of 20 months. The remainder was after-ripened at a constant 25°C for up to 30 months.
Several unsuccessful attlempts were made to remove the gel-like seeds from the woody pericarp

of the fruit without causing damage to the embryos. Consequently, all germination studies have
used the entire fruit capsule.

Four germination experiments were conducted in controlied environment growth cabinets. The
first two were undertaken at The University of Queensland in late 1990 and early 1992. The
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latter two in Emerald in mid 1992 and early 1993, Germination was monitored for six
{Experiments 1, 2, 3) or 1en (Experiment 4) weeks.

Experiment . The objectives were to determine whether freshly collected raspweed fruits have
the ability to genminate, the requirements for such and whether the fruits exhibit dormancy.
Treatments included a combination of two scarification regimes (scarified and not); four
gibberellic acid (GA} concentrations (nil, 0.1, 1.0 and 10.0 mM); three temperature regimes (13,
20 and 25°C) and two light regimes (light and dark). Scarification involved removing the
blossormn end of the fruits with a sharp scalpel. Darkness was imposed by wrapping dishes with
alfoil. The nil GA solution used sterile water.

Experiment 2. The objective was 1o determine and compare the gemmination ability of fruits
which had been stored at -5°C for 20 months and fruits which have been after-ripened at 25°C
for the sume period. Treatments were a combination of two light regimes (light and dark); three
alternating temperature regimes (18/13, 25/20 and 30/20°C); two GA concentrations (nil and
1.0 mM) and two fruit types (stored -5°C and stored 25°C}). All fruits irespective of fruit type
were scarified (as in Experiment 1).

Experiment 3. The objective was to delermine the effect of light on the permination of frait
capsules with a longer after-ripening period (24 months at 25°C). Only two treatments were used
in this instance (light and dark). All fruit were scarified and every dish had 1.0 mM GA added.
All were kept at a constant [4°C.

Experiment 4. The objectives were to determine the germination ability of fruits kept for 30
months at 25"°C (compared with previous experiments) and whether dormancy has been reduced
such that scarification and GA are no longer necessary to facilitate gemmination. The treatments
were 4 combination of two scarification types (scarified and net); two GA concentrations (nik
and 1.00 mM) and two light regimes {light and dark). Scarification procedures were the same as
Experiment 1. All dishes were kept at a constant 14°C.

RESULTS AND DISCUSSION

Experiment . Irrespective of treatment, it took at least 21 days for the first fruit to germinate.
Afler six weeks, only 1.7% of the total 1440 frult germinated. Referving to only that which
germinated, and considering each treatment factor on its own, 52% germinated at 15°C, and 28%
and 20% at 20 and 25°C respectively. 68% germinated in 1.0 mM GA and 16% in each of the
0.1 and 10.0 mM GA solutions. Of those germinated, 68% were scarified and 64% were in the
light. The highest yielding treatments (combined factors) were equal between the 15°C with
1.0 mM GA + scarified + light, and its similar weatment in the dark. Collective data indicate
that Fresh Eruit capsules have a high degree of dormmancy. Some degree of dormancy can be
broken by scarification and applications of GA. Germination requires cool temperatores and
Tight.

Experiment 2. The first after-ripened fruit germinated only after seven days and the first ‘cold’
treated fruit after 14 days. Again only 1.5% of the total froit germinated. Of those germinaed,
%06% were from the after-ripened batch. Irrespective of fruit type, light regime or GA, 41%
germinated at 18/13'C, a further 41% at 25/20°C and 18% at 30/20°C, Considering the other
treatment factors, 73% perminated in the presence of GA: and equal numbers germinated
between the light and the dark. The highest yielding treatment was the after-ripened fruit kept at
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18/13°C in the light with the GA. Considering that ali fruit were scarified and the overall low
germination, dormancy must still be playing an important role. Only 2.6% of the total after-
opened sample germinated compared with <0.5% of the ‘cold’ treated sample.

Experiment 3. Following after-ripening for 24 months, germination increased to 29%, equally in
the light and in the dark. Again all fruit were scarified, all had GA applied and all were kept at
14°C. Sixteen days after reatrment, 31 fruit had germinated with 65% of these in the dark. Later
germinations preferred the light, It appears that dormancy has been reduced to some extent and
this is reflected in the increase in overall germination (increase from 2.6% 1o 29%) even though
scarification and GA have been used as facilitators.

Experiment 4. It tock 12 days until the first fruit germinated and by 70 days 7% had sprouted.
Considering treatment factors on their own and only those that germinated, 93% had 1.0 mM
GA added; 80% were in the light and 64% were scarified. The combination of GA and light
vielded 73% of the germinated fruit. The meawunents containing GA., light and scarified froit
produced 43% of the germinated fruit and the similar treatment with the unscarified fruit
produced 25% of the total. These data indicate that after 30 months of storage at 25°C, raspweed
fruits still exhibit a high degree of dormancy. The overall germination percentage was still low
but has increased over that achieved in Experiments 1 and 2. In this experiment the application
of GA was the major facilitator of germination. While scarification assisted, its affects across
treatments were not as obvious. In this instance germination appeared to be influenced by light.

Implications. Field germination of raspweed is likely to be very low, probabiy as low as 1% for
the fruit/seed bank. Fruits in the field are not kept in constant conditions and do not have growth
promotants like GA freely available, nor are they readily scarified. It is obvious that raspweed
fruits exhibit a very high degree of dormancy and or low viability. Viability has not been
addressed and can not be ignored. Scarification to remove part of the woody pericarp may have
enhanced germination but not to a great extent. This suggests that (a) some other non-
mechanical agent is controlling dormancy and or (b) the seeds have jow viability. The woody
pericarp may not be a major barrier to germination. The assumption can be made tha: under
field conditions the woody pericarp will eventually decay and with cool conditions the fruit will
germinate on the soil surface and from depth, While light would not appear to be a major factor,
preference for light conditions has been exhibited.

Cool temperatures around 15°C are much preferred for germination. In central Queensland, this
would mean germination is restricted to the cooler winter months, but in southern regions, the
germination window would be much wider. This temperature requirement may explain the limit
of the species northern distribution. In central Queensland winter rains are quite rare so optimal
conditions for germination are not likely to be experienced as often as they would in southern
regions., However, raspweed is still a major problem in cenwal Queensland, its weediness
attributed more 10 its asexual reproductive traits,

Clearly, reproduction from seed is not raspweed’s primary method of proliferation, but the plant
devotes much energy toward it This biological function must occur for a purpose. Maintenance
of genetic variability, assurance of long term survival of the species and wider dispersal are the
probable reasons. While raspweed’s sexual reproductive sirategies may not be as imporiant as
the asexual methods, they can not be disregarded when considering weed management
techniques. Allowing the sced bank to replenish and build up, even if only 1% generate new
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plants, these new plants are then a potential problem considering the contribution they will make
using their asexual reproductive strategies.
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COMPARATIVE BIOLOGY OF CRUCIFEROUS WEEDS: A PRELIMINARY STUDY

R. Cousens, R. Baweja, J. Vaths and M. Schofield
Applied Plant Ecology Research Unit, University of Sydney, NSW 2006, Australia

Summary. Temperature and light responses of a number of crucifers were screened in the
laboratory. Their developmental rates were also compared in a pot experiment. Hirschfeldia
incana and Sisymbrium officinale showed a preference for light at almost all temperatures.
However, several other species germinated best in the dark at lower temperatures and in the light
at higher temperatures. Hirschfeldia incana took by far the longest to flower.

INTRODUCTION

Sixty nine species of Brassicaceae have become established in Australia, mostly from Europe.
Thinty seven of these are considered as weeds by Auld and Medd (2). Despite their importance
in agriculture and their significance in the naturalised flora, little is known of their biology and
ecology. There are some exceptions to this statement. Raphanus raphanisirum and Sinapis
arvensis have been studied widely overseas. As a major weed of the Australian wheat belt
R. raphanistrum has received attention in respect of its control, seed bank dynamics, pheaology
and seed biology (3,4). Sinapis arvensis has similarly been studied in the northem hemisphere.
There have been some studies of germination, competition with crops and herbicidal control of
Brassica tournefortii (3). Even species cansing major (but local) problems in cropping in
Australia, such as Rapistrum rugosum and Sisymbrium orientale, or widespread weeds of pasture
and roadsides, such as Hirschfeldia incana, remain virtually unstudied,

One of the most notable features of the intreduced cnucifers is the pawchiness of their
distributions (as can be seen from the maps in Flora of Australia, Volume 8). Even though
some of the species have been intreduced for over 150 years, it is likely that few have reached
equilibrivm in their distributions. Even the most abundant and widespread in cropping.
R. raphanistrum, is belicved 1o be still spreading. Within the climatically suitable regions, it is
likely that abundance is affected by land-use and edaphic factors. For example, S. arvensis is
most abundant in the northern hemisphere on heavy soils, neatral to alkaline, but it can occur on
more acidic soils. Within Australia, Rapistrum rugosien in crops tends to occur on heavy,
alkaline soils; its dominance as a weed in northem NSW and Southern Queensland may indicate
a preference for higher temperatures and summer rainfall (though it also occurs as a weed in
parts of South Australia). Hirschfeldia incana is one of the most common Brassicaceas on the
southern tablelands of NSW, perhaps indicating a preference for cooler temperatures, higher
rainfall and a dislike of cropping.

From published distribution maps, the current ranges of many weedy Brassicaceae appear to
overlap little within New South Wales and within Australia as a whole. Indeed. it is seldom that
more than one cruciferons weed is found in any crop. To what extent do their distributions
reflect accidents of history, climatic adaptations or edaphic preferences? TIf we wamt 1o
understand comparative distiibutions of species, we require comparative biclogical and
ecological data. The experiments described here are part of a project to deterrnine the extent to
which soil pH and temperature responses are likely to affect crucifer dismributions in Australia.
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METHODS

Seeds of a range of species were collected throughout New South Wales in Novernber 1990.
They were stored in sealed containers in the laboratory. Due te limitations of space, only one
source of seeds for most species was included in the study. In the pot experiment, two sources
of Brassica fruriculosa and Raphanus raphanisirim were inciuded. The study was of the namre
of a preliminary screen; the data were not amenable to parametric statistical analysis.

Temperatore and light response.  Seeds were germinated in petri dishes at a range of
temperatures, from 3°C to 35°C. There were three replicates of each species, both in the dark
and in the light {2 hour photopeniod}. Thirty seeds were placed in each petri dish, on top of
two Whatman No.1. filter papers. Sufficient distilled water was added 1o fully moisten the
papers. Periodically, further water was added as papers began to dry out. The species and their
origins were as follows: Brassica fruticulosa (Port Botany); B. tournefortii (Hillston); Sinapis
arvensis (Walgew), Sisymbrium oriertale (unknown); §. irie (Quirindi); S, officinale (Denman;
8. erysimoides (Hillston), Hirschfeldia incana (Gunning). Seeds of Raphanus raphanistrum
remain in pod segments; in petrl dishes they did not germinate and rotted. B. tournefortii did
not germiniate in water; seeds were pre-rinsed for ten minutes in 1% sodium hypochloriie 1o
break dormancy, For the same reason $. arvensis were imbibed in 5ppm GA, Germination was
recorded daily at high temperatures, less often at lower temperatures; seeds with at least their
radicle or cotyledons visibie were counted and removed.

Time 10 flowering. Seeds were sown on each of 5 dates: 16 April, 15 May, 4 July, 26 August,
30 September 1992.  Seeds were planted in 15 cm pots at a depth of 0.5 em {except for
S. orientale, which were spread on the soil surface). There were 30 seeds in each pot.
Following poor germination in April, seeds of R. raphanistrum, B, fruticulesa (Valiey Heights
only), S. arvenxis and B. tournefortii were imbibed in 2ppm GA, overnight before later sowings.
Afier emergence, seedlings were thinned to three per pot. For each sowing there were three
replicates in a randomised complete block design. The same seed sources were used as before.
with the addition of B. fruticulosa (Valley Heights), R. raphanistrium (Cobbitty and Rutherglen)
and Rapistrum ruposum (Gurnedah). Every week the mumber of plants which had started to bolt
and those which had begun 10 flower were counted.

RESULTS

Temperature _and light response. Germination at optimal termperatures was good, with the
exception of §. irie and 5. orientale (Fig. 1). H. incana and S. officinale showed preferences for
light throughout most of the temperature range. Most other species appeared to prefer light at
the higher temperatures (S. orfentafe, 5. irie, S. erysimoides, S. arvensis, B, fruticulosa), some
species showed a distinct preference for darkness at lower temperatures (B. fourngfortii,
8. ervsimoides, and possibly 8. orientale and 5. irio). Most species showed at least some
germination a1 5°C (the only exception was §. officinale). It was not possible from the daily
counis to determine base temperatures (T,) from the rates of germination. From Figure 1 it
would appear that S. officinale may have a T, of near 10°C, and B. fruticulosa may have the
lowest T, (based on the highest % germination at 5°C). In the light, several species appear to
have hase temperitures above 5°C (5. arvensis, B. tournefortii, 8. orientale). S. erysimoides
appears to have a T, in the light over 10°C, but of below 5°C in the dark.
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Time to flowering. For all sowing dates H. incana was the slowest to flower. The most rapid
e fiower for most sowing dates was S. erysimoides. B. fruticulosa and R. raphanistrum were
also quick to flower from winter sowings. As would be expected, all species flowered quicker
from spring sowings than from winter sowings. There was considerable mortality in the
September sowing, following a period of high temperatures, hence data are not available for
some species. Some species did not germinate well in the April sowing {sec Methods); this was
mostly due to dormancy, since emergence after imbibition in GA, was much better

Table 1. Time in days from 50% emergence to first flower on 50% of plants. Emergence
was recorded to the nearest day, flowering to the nearest week.

Sowing dates
Species 16492 15592 4792 26892 30592
B. fruticulosa (Valley Heights) 64 77 69 36 41
B. frutictilosa (Port Botany) - 76 62 48 41
R. raphanistrum (Cobbitty) ay 73 62 40 33
R. raphanistrum (Rutherglen} - 73 69 43 41
Rapistrum rugosum (Gunnedah) 122 103 76 60 -
Sinapis arvensis (Walgett) (935) g1 76 43 41
Sisymbrium afficinale (Denman} - 111 76 60 -
§. orientale (unknown) {51 0g 75 54 47
§. irio (Quirindi) - S0 55 60 -
5. ervsimoides (Hillston) - 70 48 34 49
Brassica tourneforrii (Hillston) (84) 85 &9 a8 -
Hirschfeldia incana (Gunning) (190) 142 116 83 76

? Parentheses indicate small sample size.

Most species bolied some time before flowering began; however, S. erysimoides began to flower
as it started to bokt. For most species bolting was fairly synchronous, whereas for H. incang
there were sometimes differences of several weeks between individuals.

DISCUSSION

Greater germination of crucifers in the light than in the dark has been recorded for various
species (eg 1). However, within a species the response to light can be variable, depeading on
the age of the seed and the duration of burial (e.g. S arvensis). The two species most
consistently showing a light preference across all temperatures, H. incana and S. officinale, often
occur in pastures and not in tilled systems. Cheam (pers. comun.} found that B. tournefortii
germinated best in the dark: Cousens er af, (unpublished) reported slightly higher germination in
the dark for R. rugesum, but this became reduced with duration of storage. The response to
light by the B. tourneforsii in this study had clearty changed during seed storage. Up to
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September 1991 there was virtually no germination in the light after bleach pre-treatment, and

good germination in the dark (unpublished).
February 1991 resulted in goed germination in both light and dark.
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The length of time taken to flower has seldom been studied in crucifers. The most rapid
development of 33 days for R. raphanistrum is somewhat less than the 49 days recorded by
Cheam (3). However , soil temperatures in the pots are likely 10 have been higher than in the
ground, perhaps ieading to more rapid development. Because soil temperatures were. not
recorded, no attemnpt was made to compute any day degree requirements of the species (4).
Time to flowering was netably longer for H. incana than for other species; for most sowing
dates it took about twice as long as R. raphanistrum to flower. A species with a long
developmenial period is uniikely to succeed in an annual cropping system. By remaining as a
rosette, it will suffer from competition with the ¢rop for light. It may akso be unable to reach
maturity before the crop is harvested. This slow development may explain the predominance of
this species in non-cropping areas.

REFERENCES

1. Andersen, R.N. 1968. Germination and Establishment of Weeds for Experimental Purposes.
(Humphry Press: Geneva, New York).

2. Auld, B.A. and Medd. RW. 1987, Weeds:An Litustrated Botanical Guide to the Weeds of
Australia. (Inkata Press: Melboumne),

3. Cheam, A.H. 1986, Weed Res. 26, 405-413.

4. Code, G.R., Reeves, T.G., Brooke, HD. and Piggin, C.M. 1978, Proc st Aust Weeds
Conf., p 241.

s. Dhawan, R_S., Sharma, D.R. and Chowdhary, J.B. 1987, Indian J. Agric. Sci. 57, 107-111.

6. Reeves, T.G., Code, G.R. and Piggin, C.M. 1981. Aust. J. Exp. Agric. Anim. Hush., 21,
524-530.

380



Weed morphology and distribution

DIFFERENCES IN MORPHOLOGY AND SUSCEPTIBILITY TO HERBICIDES BETWEEN
SEEDLINGS OF BECKMANNIA SYZIGACHNE AND ALOPECURUS AEQUALLS VAR,
AMURENSIS TN WHEAT AND BARLEY CROPPING OF SOUTHERN JAPAN

H. Marita
Kyushu National Agriculural Experiment Station, Chikugo, Fukuoka, 833 Japan

Sumriary. Seedlings of B. syzigachne and A. aequalis var. amurensis are difficult to distinguish
because of morphological resemblance in their garly growth stage in drained paddy fields for
wheat and barfey in southern Japan. Separating the two species is needed for the correct
evaluation for efficiency of herbicides, since they differ in susceptibility to the preemergence
apphication of wifluralin or benthiocarb + prometryn. Difference in color of roots was the most
elfective indicator (o distinguish them.

INTRODUCTION

American sloughgrass, Beckmannia syzigachne Steud., has become a noxious gramineous weed
in drained paddy fields for winter cropping of wheat, Triticum aestivum L., and barley, Hordeum
vilgare L., i Kyusyu. southern Japan (2,4). Area affected by American slonghgrass was
estimated as 309 percent against 58,544 ha of planted area in 1992, while short-awned foxtail,
Alopecurus aequalis Sobol. var, amurensis (Komar) Chwi, affected 8§5.4 percent of the area.
Close resemblance in the morphology of their young seedlings prevents the correct evaluation on
the herbicidal efficiency to the two gramineous weeds. Therefore, distinguishable characteristics
and susceptibility to some soil applied herbicides in American sloughgrass were investigated in
comparison with short-awned foxtail.

METHODS

Dafferences in size of leaf blade. Seeds of American sloughgrass and short-awned foxtail were
sown in a 5 cm of depth of sterilized light clay soil in the cement pots of 75 L, on 1) December
1990, Seediings were grown under 4 different soil moisture rates, Size of leaf blade were
measured on 73 duys after seeding.

Morpholorical differences in seedlings and response to herbicides. In cement pot of 73 L filled
with light clay soil, seeds of American sloughgrass and short-awned foxtail were sown into the
surface soil with other species such as catchweed bedstraw, Galium sprium L. var,
echinospermon Hayak, and so on. Seeds were stored under the ground in 30 cm for dormancy
break during 50 days before seeding.

Wheat two-rowed and nuked barley were sown in each one tow in a pot. Details of the treatment
of soil-upplied herbicides are given in Table 1. Morphotogical characters were observed with the
seedlings in 2 to 6 leaf stages collected from untreated plot at the end of March of both years.
Herbicidal efficiency was evaluated through sampling the survived weeds at 122 days and 114
days after application in 1958 and 1989, respectively.
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Table §. Experimental design for herbicidal efficiency to Beckmannia syzigachne and Alopecurus
aequalis var. amurensis.

Hembicide
Seeding
Year date Plot no. Name Formulation Rate Application
(kg aifha} date
1988 17 Nov, 1 benihiocarb emulsifier 4+0.4 18 Nov.
+ prometryn  concentrate
2 benthiocarb granules 4+04
+ prometryn
3 trifluralin cmulsificr 1.35
concentraie
1989 24 Nov. 1 benthiocarb granules 4+04 26 Nov.
+ prometrym
2 triflurakin granules L13

RESULTS AND DISCUSSION

Difference in leaf size. Length and width of lcaf blade of the first, second and third leaves were
given in Table 2. They were not affected by soil moisture rate in American sloughgrass, while
the leapth of leaf blade of short-awned foxtadl was inhibited under higher soil moisture rate.
Width of leaf biade of American sloughgrass was significantly broader than that of short-awned
foxtail in the second and third leaves, however they did not differ in length.

Table 2. Lengih (L) and width (W) of leal blade (LB) of seedlings of Beckmannia syzigachne and
Alopecurus aequalis var, gmurensis ynder different soil moisture rates

Suil B. syzigachne® A. aequalis var. amurensis®

0

moislure 1si LB 2nd LB K1 RS:) 1 LB Ind LB id LB
alc®

o L W L W L w L w L W L w
36.4% 249 08 260a 12 358 22 19.9 a7 299a 1.0 387 1.7
1% 24.1 D% 235 13 4i0a 23 19.1 a7 28.1a 1.0 380 1.7

46,7% 215 08 2%3a 1.1 38.1a 21 214 Q.7 30.0a 1.0 36.4a 1.8
51T .5 08 268 12 391a 22 16.6 a7  IL3b 1.0 29.8hb 16

A

Figures are mean value (mwn) of 4 1o 24 leaves for B. syzigachne and 17 to 3§ leaves for A, aequalis var,
arturensis. Same alphabet means no significant difference at 5% level by T-test.
Mecan af 3 measurements from Janoary to Febeuary.

It is considered that the differences in width of leaf blade are too inconspicuous to adapt as a
practical method for distinction of seedlings of both species.

Morphological differences in seediings. Differences in some characters to distinguish the
seedlings of american sloughgrass from shorm-awned foxeail were given in Table 3. Spikelet and
husks at the base were effective for distinction if they remained. Young panicle in leaf sheath
was also effective after initiated, The oot coler of American sloughgrass was white, while that
of short-awned foxtail was pale reddish brown.

382



Weed morphology and disiribution

Tabie 3. Morphological differences in seedlings of Beckmannia syzigachne and Alopecurus
aequalis var. amurensis in two- 1o six-leaf stage at end of March
Characters B, syzigachne A.aequalis var. amurensis

Spikelet and husks remained
at end of mesocoytyle

Tip of ligule

Quality of leaf blade

Young panicle in sheath

Root colour

awnless

glumes are swollen, floret is

minutely pointed

minutely rough on surface

rachis-branch is obvious

white

glumes are sharply flat and

hairly, floret awned

sharply pointed

minutely rough only on
margines

rachis-branch is invisible

pale reddish brown

Difference in root color is recognized as the most effective character among these for distinction,
because it can be adaptable to the seedlings without spikelet and husks removed at
sampling-time and before panicle initiation. The difference in root color was observed more

clearly when half dried.

Response to preemergence _application of soil-applied herbicides.

Effects of preemergence

treatment of soil-applied herbicides were given in Table 4. Through the herbicides treated and
year, numbet of planss survived was greater in American sloughgrass than in shert-awned foxtail
with the difference in 4 10 40 percent of control. When herbicidal efficiency was evaluated
wilhout separating two species, it was resulted in overestimate for American sloughgrass, and in
underesiimate for short-awned foxtatl.

Table 4. Effects of preemergence weaiment of soil-applied herbicides to Beckmannia
syxpachne and Alopecurus aegualis var. amurensis at 122 and 114 days after
treatment as percent of untreated control

B. svzigachne A. aequalis B. syzigachne +
var. amirensis A. aequalis

Year Plot no.* - -

Nao. of Air-dry No. of Air-dry No. of Air-dry
plants weight piants weight plants weight

1983 1 330 - 538 - 207 -

2 54.0 - 14.0 - 36.0 -
3 538 - 1.2 - 19 -

Unireated control® 575 - 478 - 1050 -

1989 1 38.9 40.7 R.7 8.5 18.6 17.9
2 19.5 355 13.6 22.6 15.5 26.4
Untreated control® 1656 18.6 3384 45.8 5040 64.4

* Refer Table 1.

" Number and g per m?, mean of 2 replicates.
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Characterisiics in the emergence and seed germination of American sloughgrass have been
reported (1). However, there was no effective method to identify the young seedlings of
American sloughgrass (2,4}, while mature plants could be distinguished withowmt touble from
short-awned foxtail (3). In the experiments for evaluation of herbicidal efficiency to American
sloughgrass and short-awned foxtail, following procedure has been adopted in order to decide the
composition of the two species in sampled weeds. Individual seedling in border, which was
marked before sampling time in middle March, was identified after its heading on few weeks
after the time (4). The results of this study provide the simple and accurate method to separate
the seedlings of American sloughgrass and short-awned foxtail. Difference in the response 1o
some herbicides between the two species suggests a probable factor encouraging the infestation
of American sioughgrass in winter cropping of wheat and barley in southern Japan.
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1. Arai, M. 1961, J. Kanto-Tosan Agric. Exp. Stn 19, 1-182. {in Japanese with English
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4. Sato, H., Imabayashi, 5. and Manabe, H. 198%. Rep. Kyushu Branch of Crop Sci. Soc,
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MORPHOLOGY AND DISTRIBUTION OF AMMANNIA AURICULATA WILLD. IN PADDY
FIELDS OF SOUTHERN JAPAN

S. Nakayama' and H. Morita
Kyusyu National Agricultural Experiment Station, Chikugi, Fukvoka, 833, Japan
' Present address: National Agriculture Research Centre, Kannondai, Tsukuba, 305, Japan

Summary. Ammannia auriclata was detected as a new troublesome weed in paddy fields in
Kyusyu islands beside two common species, A. multiflora and A. coccinea. The distribution
range of A, auriculata was approximately similar to A. coccinea which naturalised in the 1950s.
Morphological differences in peduncie, pedicel, seed and cotyledon were effective to distinguish
A, auriculaia Trom others,

INTRODUCTION

In recent years, Ammannio species have infested paddy fields of southern Japan, in spite of the
application of newly developed herbicides. Ammannia multiffora Roxb. and A. coccinea Rottb.,
a naturalised species, had been known as common Ammannia species in Japan. Recently, we
found oot that another naturalised species, A. auriculata Willd. had been incorrectly identified as
A. coceinea in paddy fields in Kyusyu islands, located at southern Japan (3). A. guriculata was
first recorded in Japan by Hatsushima {2} in 1978. A. auriculata has been incorrectly identified
as A. coccined because of their morphological resemblance. Distribution and morphological
differences of A. auricwlata were investigated and compared with 2 other Ammannia weeds.

METHODS

Distribution in Kyusyu islands. The district of an agricultural extension office was taken for the
surveying unit and 58 of 106 units were surveyed in this study. The occurrence of A. guriculata
and A. coccinea were surveyed in fallow paddy fields or paddy rice fields with no autumn
ploughing in the units. The survey was carried out from January to March and frem November
to December in 1992,

Morphological characteristics. Tao investigate morphology of mature plants of A. auriculata,
A rovcined and A. multiflors, specimens collected from paddy fields in Kyusyu and the Nile
delia of Egypt, and fresh plaots growing in Kyusyu National Agricultural Experimens Station,
were examined.

Seeds of three Ammannic species were collected from mature plants growing in paddy fields in
the Experiment Station in late autumn to early winter in 1991. They were dried and kept in a
desiccator at room temperarre,

Sced surface wux observed with a scanning electron microscope {HITACHI 450-LB). Size of
twenty seeds was measured with a micrometer under a stereoscopic microscope. Fifty seeds
were weighled with five replications. To investigate morphology of seedlings, seeds of the three
species were sceded on watered paddy sefl in plastic cases (18x13 cm, depth 6 cm) at a spacing
of 1.5x1.5 ¢cm.  Nutrients were applied at rates of 30-30 g ai. ha N-P,O,K,0 in a compound
fertiliser. The cascs were incubated in a growth chamber at 30°C, 14 h light at 18,000 lux.
Cotyledons were observed under a stereoscopic microscope pericdically.
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RESULTS AND DISCUSSION

Distribution in Kyusyu islands. The results of the survey on the occurrence of A. guriculata and
A. coccinea are shown in Table 1. A. auriculota was observed in 31 of 58 surveying units while
A. coccineq was observed in 24 (Table 1). A. auriculata has widely infested Kyusyu already, at
a higher frequency than A. coccinea which become naturalised in Kyusyu in the 1950s (1).

Table 1. Frequency in occurrence of A, guriculata and A, coceinea in districts of agriculteral
extension offices in Kyusyu islands

Tovestigated Observed Frequency
(A) (B) {B/A)
A. auriculata 53 3l 0.53
A. coccinea 58 24 0.41

In the survey, A. awriculata and A. ceccinea were often observed in the same ficld. Considering
this phenomena and the morphological resemblance, there is 4 possibitity that 4. auricularg will
be observed in regions infested with A. coccinea beside Kyusyu islands. Thetefore, infestation
with A. aguriculata should be noticed in such regions.

Morphological characteristics. The morphological characteristics of three Ammannia species are
summarised in Table 2. In mature plants, A. guricwlats could be easily distinguished from
A. multifiora by the remarkable pinkish-purple or purple petals and larger diameter capsules.
Since A. auriculata and A. coccinea resembled each other in shape and colour of petals and size

of capsules, The length of peduncles and pedicels were te most reliable indicators for
distinguishing A. auriculata from A. coccinea.

The seed surface was comparatively smooth in A, guriculata, while it was rough in the other 1wo
species. This difference can be seen with the naked eye as a practised observer. Since the most
remarkable characteristic in seeds of A. gquriculata was its surface, it is considered the maost
useful and reliable key for distinguishing seed of A. auriculata from others.

Since cotyledons of Ammannia species change in size and shape with extension, to distinguish
species the shape of cotyledons should be compared at the same stage. Cotyledons of
A. auriculata had remarkable processes on their edge until the middle phase of extension, while
cotyledons of the other two species lost these processes soon after germination. The processes
on cotyledons of 4. quriculara were the most reliable characteristics for distinguishing the
Armannia species in the cotyledon stage.

The results of this study can be used as helpful information in ecological study on Ammannic
species.
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Table 2.

Key in dilferentialing three weed species of Ammannia in Kyusyu islands

A. auriculata

A, coccinea

A, mulaflora

Malure plants

Basal part ol Icat
on fowering slem

Pcials

Poduncles
Pedicels

Malure capsules

Sceds
Colour
Lenpth (mm)
Wilth (mm)

Thuousand sccd
weight {mg)

Surface
Colyledon
Basal part

Frocesses on edge

auricelate, amplexicaul
to winged slem

4 pelals, 2-3 mm long,
pinkish-purplc or
purple

3-§{} mm

2-5 mm

2-3.5 mm in diameter,
exceeding floral tube

lustrous tighl brown
{1.44 {0.042)"

(141 (0.048)

193 {0.17)

comparalively smooth

cuncale in carly slage,
ovale laler

remarkable bl micdle
phasc

auriculate, amplexicaul
1o winged stem

4 petals, 2-3 mm long,
pinkish-purple or

0-2 mm

0-1 mm

34 mm in diameter,
exceeding floral tube

slightly

yellowish brown
0.47 (0.031)
0.39 (0.036)
21.2 (0.28)

rough

ovile

indistingi

truncale or auriculate
slightly o ridged siem

4 petais, 0.5 mm long,
minuie

(-3 mm
-1 mm

2-2.5 mun in diameter,
exceeding floral tube
by >50%

reddish brown
0.38 ({0.030)
0.30 (0.028)
12.3 (0.21)

rough

cuncate in carly stage,
ovale later

indistinct

*  Standard deviations for length, widih and weight of sceds showed in parenthesis.

—_—
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ASSESSMENT OF THE ORIGINS OF TRIBULUS TERRESTRIS IN AUSTRALIA

8.M. Moerrison and J.K. Scott
CSIRO Division of Entomology, Private Bag PO, Wembley WA 6014, Australia

Summary. Tribulus terresiris is an introduced weed of unknown origin in Australia, It is a
problem to the Australian dried fruit industry and is toxic to livestock. Correct identification of
the weed is important because several native forms of Tribulus are confused with T. ferrestris.
Isozyme analysis scparated seven Australian and six overseas populations of T ferrestris into
four groups, The southern Ausralian, Broome (northern Wesiem Austratia), South African and
U.S.A. populations formed a close group. Goomalling (southern Western Australia), Middle
East and Crete populations formed a second group. The Indian population was separate from
other groups and the Queensland and Northemn Territory populations were closely related to each
other. This preliminary analysis points to a foreign arigin for weedy populations of T, ferrestris
in southern Australia.

INTRODUCTION

Tribulus terrestris (Zygophyllaceae) (caluop) occurs in semi-arid and Mediterranean-type
climates world-wide. It is a prosaate, summer growing annual. The seeds perminate after late
spring and summer rains in warm counditions (24 - 27°C). The fruit consisis of a woody burr
comprised of five wedge-shaped cocci each with one or two pairs of large spines {8}, There are
2 to 4 seeds per coccus (16). Seeds can remain viable for many years if buried in the soil, thus
after successive generations a large reservoir of seed can accumulate (16).

Weedy populations of T, terresiris are found in many locations in Australia (10, 16). Tt is
thought to have been accidentally introduced to New South Wales before 1895 (16). Tribulus
terrestris i5 a problem to the Australian dried fruit indusiry because the spiny burrs may
contaminate harvested dried fruit (7). Additionally the plant can be toxic to livestock, especially
sheep, (2, 3). The taxonomic status of T. serrestris is unclear (2, 10, §2 19) and forms of the
plant are variously ¢onsidered to be native or introduced. Before considering biclogical control
of this weed, it is essential to identify the introduced weedy form of T. terrestris and to
determine its overseas origin (12). Here we report on a preliminary anatysis, using isozyme
techniques, to aid the identification of forms of T. terresiris as an indication of their geographic
origin.

MATERIALS AND METHODS

Tribulus terresiris accessions were cobtained by written requests to potential collectors. Over 80
samples were received from mainland Austmlia, and 13 from overseas locations with
Mediterranean-type  climates. The analysis presented here used seven poepulations from
Australia and six from overseas. Dry seeds were stored at room temperature untit needed.
Seeds were excised from the woody burr and dipped in 1.25% sodium hypochlorite for 5
minutes, then washed in distilled water. The seeds were germinated on mwoist filter paper in a

sealed petri dish incubated at a 16 hour 20°C, 8 hr 35°C cycle. Secedlings were used for isozyme
work when they were 2 to 4 days old,

Cotyledon and root tip tissue of each seedling were homogenised together in 7 plL. of 0.16M
phosphate buffer (pH 7.0), containing 2.5% sucrose, 0.12% bromophenol blue and 0.75 mg mL"'
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dithiothreitol, in a plastic microwell tray on an ice bath (9). Three 2 x 4 mm filter paper wicks
were placed in each sample, Five to ten seedlings from each of three plants was assayed for
cach population, except for Crete where seeds from only one plant was available.

Horizontal starch gels were made from 9.6% hydrolysed starch (Conmaught) in each of three
different buffer sysiems. Three enzymes were assayed on each of three buffer systems as
follows: histidine gels at pH 8.0 (4), phosphoglucomutase (PGM) EC 2.7.5.1, 6-
phosphogluconate dehydrogenase (6PGD) EC 1.1.1.44, phosphogluceisomerase (PGI) EC 5.3.1.9;
tris-citrate gels at pH 7.0 (It), aconitase (AC) EC 4.2.1.3, isocitrate dehydrogenase (IDH} EC
1.1.1.42, malate dehydrogenase (MDH) EC 1.1.1.37; lithium borate gels at pH B.0 (9), esterase
(EST) EC 3.i.1.1, leucine aminopeptidase (LAP) EC 3.4.11 or 13, glutamate-oxaloacetate
transaminase {(GOT) EC 2.6.1.1.

A wick from each sample was inserted into a slot cut in the cathodal side of each gel. Te
prevent the gels overheating, electrophoresis was carried out at 4°C in a refrigerator with an ice
bath placed over each gel and a maximum current of 50 mA. Electrophoresis was terminated
when the bromophenol blue front had maved about 10 con.  Each gel was sliced horizontally into
3 sections and each slice stained for an individual enzyme.

The assay methods used for EST, IDH and PGM and LAP were those described by Shaw and
Prasad (13), except that an agar overlay was used for PGM. PGI, AC and MDH assays
followed the methods of Richardson ef ai. (11), and 6PGD and GOT the method of Brown ef al.
(5. Stained gels were fixed with acetic acid, then rinsed in water, wrapped in plastic and
photecopied for a perrnanent record. Isozyme banding patterns were scored immediately after
sthming.

Cluster analysis was performed using the UPGMA method (14) with modified Rogers distance
(2th) on the Biosys-1 computer program (17).

RESULTS AND DISCUSSION

Six of the enzymes with a total of eleven polymorphic loci were used in the analysts, In GOT
and LAP systemns the resolution proved too poor to score confidently, so they were excluded.
PGl loci were clearfy pelymorphic, but were also excluded because they expressed complex
zymograms with multipie overlapping bands. This indicates that there are more than the
expected two Yoci for PGI  (18), possibly with heteropolymers between the loci. It is therefore
likely that the populations examined were polyploid. Additionally, fixed heterozygosity at the
6PGD - 2 locus in all populations examined, plus preliminary chromosome counts (4n = 24)
support this view, Oualy thosec enzymes that demonstrated a dipleid-like expression for the
polymorphic loci examined were used in the analysis.

The dendrogram {Fig. 1) shows that some of the populations are very similar to each other. The
southern Australian, Broome (northern Westemn Australia), South African and U.S.A, populations
formed a close group. Goomalling (southern Western Australia), Middle East and Crete
populations formed a second group. The Indian population was separate from any other groups
and the Queensland and Nornthern Territory poputatiens are closely related to each other, but
were the greatest distance from the other populations. The percentage standard deviation of the
best fiting dendrogram was 15.3% (6), Other methods used o derive genetic distances (17)
produced essentially the same overall dendrogram.
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This preliminary analysis supports the view that there are two forms of T. terrestris in Australia,
an introduced form and a native form. The form found mainly in souwthern Australia is very
similar to the plants from some of the overseas collections. The Northern Temitery and
Queensland forms of T. ferrestris had the greatest genetic distance from overseas populations
indicating that they are native to Australia. Possible ongins of the intoduced form of T.
terrestris are the Mediterranean, Middle East and South Africa. The inclusion of further samples

and cytogenetic data in the analysis will help to clarify the likely origins of the introduced T.
1eTresiris,
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Figure 1. Dendrogram showing relationships among Tribulus terrestris populations, based on
isozyme dissimilarity. Populations are as follows: (1) Darwin, Nonhem Territory,
(2) Charters Towers, Queensland, (3) Kashmir, India, {(4) Rondebosch, South Africa,
(3) Loxton, Sonth Australia, (6) Mudgee, New South Wales, (7) Mildura, Victoria,
(8) Prosser, WA, USA, (9) Broome, Westem Australia, (10} Crete {11) Kuwait City,
Kuwait, (12) Tebran, Iran, and (13} Goomalling, Western Australia.
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VARIATION IN LEAF FORM AND FLOWERING PERIOD OF CAPEWEED
(ARCTOTHECA CALENDULA)

H. Wood
Schoot of Science and Technology, Charles Sturt University,
Wagga Wagga NSW 2678, Ausiralia

Summary. A total of 332 specimens of capeweed from major Australian herbaria, comprising
578 separate plants, were examined in an investigation of leaf-form variation and flowering
pericd across the continent.  The degree of leaf incision ranged from almost entire margins to
highly dissected leaves and was not related to habitat or land use. The incidence of leaf-form
types varied significantly among States, suggesting that at least three separate introductions of
capeweed occurred in Western Auvstralia, South Australia and New South Wales. Over $7% of
the plants in this study were flowering when collected, and specimens were located in flower in
every month of the year although the majority occurred in the latter half of the year. The
retationship between collecticn date and latitude was significant with later collections in more
southerly locations.

INTRODUCTION

The ability to predict in advance which plant species are likely to pose weed problems when
inroduced to a new envirenment remains an clusive goal for weed scientists. With a few
notable exceptions (1, 2), the history of introduction and spread of existing weeds is one source
of information to which little attention has been paid (3). Plant specimens preserved in herbaria
provide a readily available source of historical information about introduction pattemns, rates of
spread, changes in morphology over time and other aspects of the biology and ecology of the
species. This paper is part of a larger study of capeweed introduction and spread in Australia
based on herbarium specimens and other histotical sources (Wood, unpublished data}.

METHODS

Herbarium specimens of capeweed from the following herbaria were examined: the State
Herbarium of South Australia, the Queensiand Herbarium, the Tasmanian Herbarium, the
Western Australian Herbarium and the Australian National Herbaria in Canberra, Melbourne and
Sydney. All 332 specimens collected prior 10 1985 were examined and for each specimen the
date, location of collection and collector’s comments {if any) were recorded, and the latitude and
iengitude of each location was determined where possible; not all information was available for
every specimen. Only four specimens were collected from the Northern Territory and these
were not included in the analyses described in this paper. Some specimens consisted of several
plants on a single sheet and for each of the 578 plants the flowering status and leaf form were
alse recorded where possible.

Leaf form was scored in three subjective categories: relatively smooth leaf margin (designated
as type A}, moderaiely incised leaf margin {type B} and highly incised leaf margin (type C).
The type C leaf form was the least common and for some analyses types B and C were
combined to yield an adequate sample size. Information abous the habitat and land use at the
collection site was available for 146 plants; the categories used in the analysis were disturbed
ground {including roadsides), urban areas, agricultural land and others. Insufficient data were

30



Weed morphology and distribution

available to analyse cultivation and grassland separately. Data were analysed using G-tests for
squality of proportions (4) and the $.1% significance level was used throughout.

RESULTS AND DISCUSSION

Leaf form_ A significant difference in Jeaf form among States was observed (Table 13 Over
95% of plants collected in SA and Tas were type A, and Type C plants were virtually absent.
By contrast aver 44% of plants collected in NSW {including ACT) were types B and C, and
other States had intermediate leaf form patterns. There was no relationship between leaf form
and either Tatitude or land use at the site of collection,

Table 1. Summary of plant collection data by State

State WA SA NSW* Vic Qld Tas
Number of planis 62 263 %3 59 58 43
Type A (%) 683 9.5 554 65.5 64.3 95.2
Type B (%) 26.7 35 38.6 31.0 28.6 24
Type C (%) 50 0 6.0 3.4 7.1 2.4
En)_ (60} (260) (83} {58) (56) 42)
Flowering (%) 967 96,9 98.9 94.7 96.2 100
Flowcring in

Jan-Mar (%) 0 04 0 12.5 0 14.6
Apr-June (%) 1.9 0.8 1.1 6.3 0 24
July-Sept (%) 65.4 40.6 BR.O 229 62.0 17.1
Oct-Dec (%) 323 58.2 10.0 583 380 65.9

* Includes ACT

The variation among Stares is probably the result of separate introductions of capeweed with
differing leaf forms. The earliest recorded collections of capeweed in Australia date from the
1830s in WA, followed by SA in the 18405 and NSW in 1865 (Wood, unpublished data). The
populations in southern Qld were probably derived from a northward expansion from NSW,
while the pattern of introduction into Vic and Tas is less clear. It is intriguing to speculate that
the dissected-leaf faorm may have been better adapted to the more humid climate of the east

coast than the smooth-margined form. A survey of the current distribution of capeweed leaf
forms in NSW is planned for 1994

The proportion of type A plants collected has increased significantly over time, however this
may be attributable to the preponderance of SA specimens collected in the recent past; about
45% af all plants were cellected in SA and of these 81% were collected after 1964. When data
from individual states (SA and NSW) were analysed separately there was no change in leaf form
incidence aver time, but data sets may have been too small to detect trends.

Flowering, Overall 97% of all plants collected were in fiower; this percentage did not vary
significantly among States (Table 1). Plants in flower were cotlected in all months of the year,
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but almost all collections (97%) occurred in the second half of the year. Collection month was
significantly related to latitude (Table 2) with flowering plants collected later at more southerly
latitudes.

While this observation is not conclusive evidence of a later flowering season with increasing
latitude (it is possible that, for a variety of reasoms, collection activity in maore scuthesly
locations increases towards the end of the year), variation in flowering season with latitude due
to photoperiodic effects is well known (5) and this is the most likely explanation. The
significant difference in collection incidence among the States (Table 1) is most probably a
reflection of the latitude effect.

Table 2. Relationship between collection menth and latitude of capeweed specimens
collected in flower. Values are percent plants from each latitude range
collected in each quarter.

Latitude ("S) (n Jan-Mar Apr-June July-Sept Oct-Dec
<30 (70) it o 60.0 400
30-34 {261) 0.4 0.4 48.3 51.0
35-39 (149) 4.0 0 40.3 557
40+ {40) 15.0 0 17.5 67.5
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LATITUDINAL DIFFERENTIATION IN HEADING PHOTOPERIOD SENSITIVITY AND
SEED DORMANCY OF ECHINOCHLOA ORYZICOLA, AN OBLIGATE WEED
IN FLOODED RICE

Y. Yamasue', K. Nakatani® and T. Kusanagi'
' Weed Science Laboratory, Kyoto University, Kyoto 606, and
* Mational Agricultural Center, MAFF, Tsukuba 305, Japan

Susmmary. Latitudinal differentiation in heading photoperiod sensitivity and seed dormancy of
Echinochlpa oryzicola, an obligate weed in flooded rice, was studied by treating plants of the
strains from seven countries with 8, 12 and 16 h photoperiod, and by submerging seeds in water
at 4°C. Strains from countries in lower latitudes such as Sri Lanka, Bangladesh and Taiwan
headed even under 16 h photoperiod and were identified as having weak photoperiod sensitivity.
Strains from countries in higher latitudes had stong phatoperiod sensitivity and did not head
under the long phetoperiod, except for a strain from northerm Japan which was weakly
photoperiod sensitive. Seeds of strains from Sri Lanka and Bangladesh showed more than 30%
germination after 3R days of submergence. but strains from higher latitudes had a stronger
dormancy and exhibited littie germination after submergence. The significance of latitudinal
differentiation in heading photoperiod sensitivity and strength of seed dormancy are discussed
with respect to survival strategies of this obligate weed in flooded rice.

INTRODUCTION

Echinochloa oryzicolo Vasing. (= E. phyllopegon Stapf) is an obligate weed in flooded rice and
is widely distributed over temperate and tropical regions of the world (1.3,6,9). It has various
characters adaptive as a weed in flooded rice, including its morphological mimicry to rice (1,9),
anaerobic seed germinability in flooded soil (4,5,7,9,12), dormancy-germination pattern of soil-
buried seeds synchronizing to soil condition in the crop (7,12).

Moreover, E. oryzicela is well known to exhibit a geographical cline in heading time in Japan
{8.9,10).  Heading time of the weed as well as that of rice becomes carlier as the latitude
increases, and the time when 2 local population of the weed initiates heading coincides the
heading time of the rice cultivar planted. The coincidence of heading times between crop and
weed is an importans survival strategy for the weed 10 escape from hand weeding. Objectives of
the experiments reported herein were to study latitudinal differentiation of E, orvzicola in
heading photoperiod sensitivity and strength of seed dormancy in 12 strains originating in
several temperate and tropical countries.

METHODS

Plant_materials. Seeds of 12 strains of E. eryzicolu supplied by Drs. N. U. Ahmed, L. 5. Leu, S.
Matsunaka and T. Yabuno were planted in mid July at our experimental field in Kyote under a
natural day length and their identities were confirmed accerding to Yabuno (9).

Photoperiod sensitivity in heading. Germinating seeds of each strain at 25°C were planted in late
July in 1/5.000 are pot and thirned to 3 plants per pot with three replications. They were treated
with 8, 12 and 16 h photoperiods in three identical growth chambers ar 25°C and 70% relative
humidity. Naturat day length exceeded 9 h during the experimental period until mid November,
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Then, only natural light was used for the 8 h treatment (7:00-15:00). Both natuyral light and
supplemental light (177 pmol/sec/m’) were used for the 12 and 16 h treatments.

Depth of sced dormancy. Plants of each strain were grown under a natural day length in Kyota,
The plants headed from late July to mid September, depending on the strain. Seeds maturing
within & month after initial heading were collected, air-dried for 10 days under a room condition,
and stored with silica gels at -21°C for maintenance of seed dormancy. Submergence was
inidated in late December by placing 20 seeds into a 20 mL bottie with 3 mL of distilled water
at 4°C in the dark. Germination of the submerged seeds were periodically tested at 30°C in the
light, and the percentages were used as a criterion for the strength of seed dormancy. The
experiment was conducted with three replications.

RESULTS AND DISCUSSION

Photoperiod sensitivity in heading. ALl of the strains of E. oryzicela used appeared to be short
day plants. They had an optimum photoperiod for heading at ecither 8 or 12 h, with heading
delayed or prevented at the 16 h photoperiod (Table 1}. Strains which headed at 16 h were those
from Sri Lanka, Bangladesh, Taiwan and Kamikawa (Japan). There was a negative correlation
between the latitudes of original collection sites and the duration from planting to heading under
a photoperiod at 12 h (r=-(.823, n=11, P=0.01).

The photoperiod sensitivity of rice cultivars is often determined by the durations of basic
vegetative phase (BVP} and photoperiod sensitive phase (PSP), as described elsewhere (13,14).
We arbirrarily adopted this concept and calculated the BYP and PSP for each strain of
E. oryzicola (Table 1), Swrains from lower [atitudes such as Sri Lanka, Bangladesh and Taiwan
had BVP values from 16 to 24 days and PSP from 27 to 36 days, and headed even under the
16 h photeperiod

But strains from higher latitudes such as France, China and Japan had smaller BVP and did not
show heading at 16 h, though the one from Kamikawa, Hokkaido District of Japan, showed
smaller BVP and greater PSP values as well as heading at 16 h. We classified straing into two
groups with weak and swrong photoperiod sensitivity in heading. The weakly sensitive strains
include those from Sri Lanka, Bangladesh, Taiwan and Kamikawa, whereas the smongly
sensitive strains include the ones from France, China, Korea and Japan except the one from
Kamikawa.

Seed dormancy. The strength of seed dormancy of E. oryzicela was cornpared among strains by
determining genmination percentages of the seeds submerged in water at 4°C. Seeds of the two
Sri Lanka strains exhibited low germination percentages before submergence and more than 30%
germination after 34 days (Table 2). Much greater germination was obtained for seeds of
Bangladesh strain with the same duration. Seeds of strains from latitudes at higher than N 30°
germinated little before 34 days and reached 50% at either 68 or 111 days. There were negative
correlations between the latitudes where strains originated and the germination percentages at 68
days (r=-0.672, n=12, P=0.03), Therefore, we concluded that the strength of seed dormancy
increased with latitude in the northern hemisphere,
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Table 1. Heading photoperiod sensilivity of vardous strains of Echinochloa oryzicolz Vasing
Country Collection Lalil.:ldc Photoperiod (hr)* BVP pSP®
sike N 8 12 16
Sn Lanka (13)  Anpunawaila 8 ND* ND ND
50 Lanka (11)  Gampola b 45.7 71.2 81.6 20.7 i59
Bangladesh Dacca 24 41.2 533 8.6 16.2 274
Taiwan Tauyuce 26 493 493 78.6 243 293
Korea Fuyou 36 M5 359 9.5 100+
China Beijing 40 2.7 357 117 100+
France Camarguc 47 352 334 £.4 1004+
Fapan Kagoshima 2 36.8 319 6.9 100+
Japan Magasaki 13 374 319 6.9 100+
Japan Takalsuki 35 43.1 56.7 18.1 100+
Japan Konosu 6 75 35.2 10.2 100+
Japan Kamikawa 44 297 29.7 76.8 4.7 471

The values shown are the mean numbers of days afier planting wilh three replications.  Standard
errors of the means were smaller than 2.0,

The BYP and PSP arc the duration of the basic vegetative and phioto sensitive phases in days.

¢ Not determined,

LY

Table 2. Gesmminalion pereentages of Lhe seeds submerged in water at 4°C

Latitude Germination percentage after submergence®
Couniry Ne
1] H 68 1t1 161

Sri Lanka (I3 8 T.5 a7 79.3 517 £5.9
Sn Lanka (k1) b 2.5 36.7 717 59.5 9.1
Bangladesh 24 S0 87.3 94.0 240 256
Taiwan 26 {.0 4.0 39.0 89.0 98.0
Korca 36 0.0 20 11.7 25.2 63.8
China 40 0.0 2.0 48.7 89.2 96.3
France 47 2.0 1.3 250 0.3 94.3
Japan (Kayoshima) 32 LD 6.7 43.0 48.3 70.2
Japan (Nagasaki} 33 3.0 1.7 370 44.8 50.8
Japan (Takalsuki} 35 7.5 6.7 323 9.4 40.4
Fapan (Konosu) 36 0.0 0.7 33 5.3 50.5
Jupan {Kamikawu) 44 10 i6.7 44 .7 4%.6 35.3
1.5.D, (005 7.9 11.1 28.3 22.7 14.8

Genmination percentages at 30°C for 7 days in the light after the days of submergence indicated.
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Days Lo Heading or Germination percentage
2
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e T T T T T
5 20 49

Latitude{n®

Figure 1. Interrelationship of the heading photoperied sensitivity at 12 hr () and the
germination percentages after submergence for 68 days (+) with latitades of the
strains originated.

Photoperiod sensitivity of the rice cultivar planted in a given region is 2n important determinant
to ensure full development and yield from water and temperature stresses at heading and
maturity. In most of tropical Asia, rice cultivars waditionally planted had a strong photoperiod
sensitivity with heading time coinciding with end of the wet season. But there has been a
pronounced reduction in the sensitivity since the extent of irrigation has grown along with the
exiension of newly bred cultivars since the 1960°s (2). The cultivars planted in the northemn
region of Japan arc weaker in photoperiod sensitivity than those planted in the southern region
{15). Photoperiod sensitivity of E. oryzicela strains used here appears to be in agreement with
the sensitivity of rice cultivars where each strain of the weed originated. The strains from France
and Kamikawa were classified te be streng and weak in the sensitivity, respectively, though the
two collection cites are litde different in latitude (Table 1). This is probably refated to far higher
temperatures in the fall in Camargue. E. oryzicolz is an obligate weed found exclusively in
flooded rice and escapes from hand weeding by means of morphological mimicry before heading
(1,9). Yabuno (9) previcusly pointed cut the importance of hand weeding as a selection pressure
by verifying a parallel geographic differentiation of Japanese straing in heading time to those of
rice.

Seed dormancy is also a significant character for a weed 1o survive through  hostile winter
temperatures in a region of high latitude. The weed tended te have stronger seed dormancy in
temperate regions. Strains from tropical Asia, where germination temperatures prevail throughout
the year, had weaker seed dormancy. [In such regions the seeds produced may germinate
relatively soon after maturity, with weed infesting fields of flooded rice when water becomes
available for germination. Further experitnents with a greater number of strains from locations
within and between countries and field observation will be required to verify the survival
strategies in heading photoperiod sensitivity and strength of seed dormancy of this weed in
flooded rice.
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EFFECT OF APPLICATION TIME OF TWO SELECTIVE HERBICIDES ON PANICLE AND
SEED PRODUCTION OF WILD QATS {AVENA SPP)

A.S. Cook', M.G. McMillan’, R.W. Medd® and R.D.B. Whalley’
! Apricaltural Research and Advisory Station, PMB, Glen Innes NSW 2370, Australia
? Agricultural Research and Veterinary Centre, Forest Road, Orange NSW 2800, Australia
* Department of Botany, University of New England, Armidale NSW 2351, Australia

Summary. The effect of time of herbicide application on the fecundity of wild oats was
examined in a glasshouse experiment as part of a program to evaluate the potential for selective
spray-topping in wheat. Seven times of spraying were studied on wild oat plants ranging in
growth stages from late tillering to early panicle emergence. Two herbicides, fenoxaprop-ethyl
and flamprop-methyl were applied at 17.25 and 225 g ai/ha respectively. Wild oat seed
production was reduced by between 64 and 999% and panicle control ranged from a 10%
increase to 99% reduction. Results confirmed that early application (Jate tillering) is optimal in
terms of plant kill and seedset reduction but late applications (early boot} still have value in
reducing seedset, which might be usefut for controlling wild oat populations on a long term
basis.

INTRODUCTION

Simulation modelling of wild oat control strategies by Medd and Pandey (3) indicated that a
reduction in seedset/seed rain of greater than 70% over and above that achieved by normal
herbicide applications could be justified economically. Under conditions where populations were
increasing, 70% control of seed input to the seed bank returned a small monetary loss with an
expected crop vield of 1.5 t/ha. The tactic became profitable following increases in either crop
yield or seed kill efficiency. If this tactic could be developed commercially, it has potential to
improve the effectiveness of wild oat control in wheat and other crops, thereby reducing both the
overall cost and volume of herbicide used in the long temm.

Preliminary field experiments indicated that the late application of herbicides for wild oat control
in wheat has potential for reducing seed production by up 1o 96% (2). The experiments showed
that fenoxaprop-ethyl and flamprop-methyl were far more effective for late application than
diclofop-methyl or tralkoxydim. Medd er al. {2) suggested the term ‘selective spray-topping’ to
describe the use of selective herbicides applied late post emergence with the aim of reducing
seed production.

In order to cxamine the relationship between application time and reduction in wild cat seedset,
a glasshouse experiment was undertaken using the rwo most promising herbicides, applied over a
range of times from late tillering to carly panicle emergence.

METHODS

A glasshouse experiment was conducted at the Agricultural Research and Advisory Station,
Gien Innes, te examine the effect of twe herbicides at seven times of application on seedset in
wild oats. The growth stage of every tiller on each plant was recorded using Zadok’s scale (4).
Herbicides were applied to ten single plant replicates at each time of application. Fenoxaprop-
ethyl and flamprop-methyl were applied at half the minimum labelled rates (17.25 and 225 g/ha
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respeclively). Ten pots were also used as unsprayed centrols. Temperatures and relative
humidities at the time of spraying are given in Table t for each time of spraying.

Wild out seeds were planted on 8 Auvgust 1992 into black plastic pots {15 cm diamerter} filled
with a sundftoanvpeal mixture, Seedlings were thinned to one per pot between 8 and 20 days
afier sowing. Pols were watered by hand immediately after sowing and by an automatic
overhead sprinkler system twice daily thereafter.  Ammonium nitrate was applied on 10
September 1992, Pots 10 be treated were removed, sprayed, then returned the glasshouse.
Merbicides were applied through a three metre hand held boom fitied with 8003 Teejet® flat fan
nozzles (spaced 50 cm apart) at 240 kPa and spray volume 189 L/ha.

Regular asscssments included visual scoring of plant damage and tiller/panicle counts. Panicles
were harvested as they ripened and before the commencement of seed shedding. A zero 1o five
score was used to visually rank paniclefseed control (zero = no control and five = 100%
contrit), Scores above three are considered commercially acceptable which comesponds to at
least B(t% conwol {1). Post harvest measurements were glume counts and filled seed counts per
piant.

Table 1. Wild oat prowth stages and spraying conditions at the time of application.

Apphicatios fune 1 2 3 4 5 6 7

Spraying details

Dale ol sprayving 27892 214092 41092 13,1092 19.1092 261092 301092
Diaws after lirst spray i 5 9 9 22 29 13
Temperature (9} 17 18 19 1% 15 21 20
Bomidity (%) 41 38 54 62 54 5 58

Wild vai growih stage for fenoxaprop-ethyl pots'

Tilleesfplant 12.6 13.0 143 14.5 154 1%.6 6.6
Tillers - vegetutive (%) 100 100 160 Kl 43 33 i7
Tillers - clongsting (%) 0 0 G 28 56 48 52
Tillers - booling (%) 4 0 0 0 i 19 26
Tillers - panicle (%) ¢ 0 o 0 o] 0 5

Wild oat growih stage for flamprop-methyi poty'

Tilkers/plant 1.5 13.6 14.5 17.1 190 15.7 18.7
Tillers - vegetnive {%) 106 100 9g 19 57 19 29
Tillers - clongating (%) 0 0 1 2 42 64 42
Tillers - hooling (%) 0 0 0 0 1 17 26
Tillers - panicle (%) 0 0 0 0 0 0 1

1

Asscased using Zadoh's scale. Vepetative = 10 10 29; elongating = 30 to 39; booling = 40 to 49; panicle =
S0 L 59,

RESULTS AND DISCUSSION
Sced production was contrelied by at least 89% for the first four times of application (late
tillering to late stern elongation).  After early booting, controb of seedset declined but did not fall

below 63%. Flamprop-methyl was consisienily better than fenoxaprop-ethyl over the last five
appiwation times (Tables 2 and 3.
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The wild oats in this experiment were not subject to competition from other species, moisture
stress or other factors normally present in the field. Furthermore, although growth stages
between the times of treatment were similar (Table 1) far pots assipned to each herbicide,
maturity of plants was acceierated by glasshouse conditions and late planting. For instance, the
period from the start of tiller elongation to panicle emergence was 17 days. Thus, levels of
seedset control indicated by this experiment might not be achievable in the field situation where
it is more difficult to minimise the effects of adverse environmental constraints, This is borne
out by ficld experiments over two seasons and two sites which gave between 30% and 99%
reduction in seed production wsing the same herbicides applied at similar growth stages and
rates. I[n 1992, half the flamprop-methyl and 70% of the fenoxaprop-ethyl treatments produced
greater than 75% seedset control.  Also, flamprop-methyl appeared slightly less effective than
fenoxaprop-ethyl under field tests and this could havc becn caused by the different growing
conditions experienced in the glasshouse {Cook, unpublished data).

Table 2. Visoal assessments and harvest data for wild oats sprayed at various times with
fenoxaprop-ethyl.

Application time 1 2 3 4 5 ] 7 Control
Panjcle reduction (0-5}) 493z 39h 38 b Jebed 33hed  MDcod 184 0.0 e
Whole seeds/plant 12a 530 a 350 a 40.0a  1330b  189.0h 17300 M0 c
Panicles/plant 02a 2.7 ab 1.8 b 3.4 ab 6.2 be 7.6 be T3k 11.3¢
Glumes/plant 1.0 a 47.0 ab 450t a 47.0ab  98.0bc 107.0c¢ 1020¢ 286.0 d
Whele sceds/glume t.16bcd 105abc  (.64a 0.7ab 1.37cde 1.6dde 177l 2.20f
Whole seeds/panicle 1.2s Wabe 1l6abc 79ab 174bc 234 205¢ 45,7 d

Differences between means followed by the same letter are not significanily different (P=0.05) within parameters.

Table 3. Visual assessments and harvest data for wild oats sprayed at various times with
flamprop-methyl.

Applicalion time 1 2 3 4 3 6 7 Control
Panicle eduction {(3-5) 50a 4.0 be 4.6 ab 44a 13 od dled 2.84d 00e
Whole seeds/plant 042 55048b 1302 210ab  91.0b  TROab 950D 5170 ¢
Panicles/plant 0.1a 1.7 e 1% ab d42ab 12.8c 10.6¢ 4.5 be 1.3 ¢
Glumes/plant 042 390ad 1302 140 a 69.0b  T10b  850b 2560 ¢
Whele secds/glume 1.56ah 1.45h {.8ba 1.36b 1.29ab I.1iab 1. 19ab 2.20c
Whale seeds/panicle D4 a 3.6 ab L4 ab J4ab 65 ap Bhab 12.0d 457 ¢

Diltereswes belween means followed by the same leller are nol sigtificantly different (P=0.05} within parameters,

In the field, wild oat emergence is staggered and mixed seedling cohorts produce a range of
growth stages, complicating the decision making process. Early application of post-emergence
herbicides is generally recommended to minimise yield loss through competition, but this allows
later germinating cohorts te survive and produce seed. This experiment confirms the potential
for late application to control later germinating cohorts and also to significantly reduce seed
production of fertile tillers not killed by earlier reatments. Consequently, where the objective is
to minimise seed production, optimal timing is likely to be fater in the field where mixed cohorts
are present

Both herbicides appear to warrant further investigation of the selective spray-topping concept
which might also have advantages with regard to managing herbicide resistance. Field work
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aimed at optimising both rate and timing of herbicide application is in progress. Other aspects
being examined include tank mixtures and additives, crop phytotoxicity and herbicide residues.
A three year experiment is alse examining the effects of pre- and post- emergence herbicide
applications alone and in conjunction with seiective spray-topping to quantify their effects on
compettion from wild ocuts and on soil seed bank populations,
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REPRODUCTION AND GENETIC YARIATION IN JOHNSONGRASS
(SORGHUM HALEPENSE) POPULATIONS

R.F. Camacho, M.}, Horak, L.). Moshier and D.Z. Skinner
Department of Agronomy, Kansas State University, USA

Summary. Johnsongrass is a perennial weed that is capable of reproducing by means of seed
and rhizomes. Polymerase chain reaction-random amplified polymorphic DNA (PCR-RAPD)
technique was used to examine the repreduction and genetic vaniation within 10 jehnsengrass
populations in Kansas. Two twenty-base primers provided a suitable number of fragments to
distinguish between individual johnsongrass genotypes. All populations had different degrees of
penetic variability, with the occumence of many genotypes per population and few clones,
indicating the importance of reproduction by seed in population maintenance and dissemination,

INTRODUCTION

Johnsongrass has been listed by Holm et al. (2) as one of the 10 worst weeds of the world. It
reproduces by seeds as well as by rhizomes, and thus, 15 extremely difficult to control (4). To
date, litde is krown of the frequency or imponance of seed and rhizome reproductions to the
matntenance and dissemination of johnsongrass. However, considerable intraspecific variation
has been described for this weed species (1). The aim of this research was to examine the mode
of reproduction and genetic variation occurning within johnsongrass populations.

METHODS

Sites and plant_collections. Ten populations of johnsongrass were collected in 1991, The
collection sites were located in the state of Kansas, USA on an east-west transect extending
approximately 520 km and a north-south transect extending approximately 325 km. Az each site,
plants were selected at randem and at intervals along a transect. Each plant was unearthed, all
soil was removed from the roots, and the shoots were clipped back te 10 cm. The plants were
transplanted to styrofoam cups containing a mixture of peat:sand:vermiculite (1:3:1, v/iv~). The
plants were placed in a mist chamber for a week to allow for the re-establishment of roots and
shoots, then removed from the chamber and transplanted to 15 cm plastic pots containing a
mixture of peat:vermiculite:silt loam soil (1:1:1, v/v/v). Pots were arranged and maintained in a
gresnhouse by populations until DNA extraction.

DNA extraction. One gram leaf samples were obtained from the planis growing in the
greenhouse, The samples were placed in a mortar, frozen with liquid nitrogen, and crushed with
a pestle. Five mL of CTAB buffer was added during crushing. The mixtures were transferred
to plastic test tubes and placed in a 65°C oven for 30 min. The tubes were removed from the
oven, 5 mL of ¢hloroform was added to each tube, then were centrifuged at 13.000 x g (2,200
rpm) for 15 min. The supematants were transferred to new tubes, and 5 mL of isopropanol
added 1o each to precipitate the DNA. The tubes were then placed in a -20°C freezer for § h.
The samples were cenwrifuged at 13,000 x g for 15 min, and all solutions removed, leaving the
DNA attached to the bottom of each tube, Two mL of TE buffer (3} were added 10 the DNA (o
resuspend it. The above procedures were repeated once to further purify the DNA samples.

Amplification, One pL {approximaiely 100 ng) of the DNA extract was added to a well on a
PCR-assay plate coniaining 200 pL/L each of dNTP's, 12 pg/30 pL of either HPH-1 or HPH-2
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primer, 20X reaction buffer and 0.3 umits/30 pl. reaction of the thermostable DNA pelymerase
(Replitherm™).  Fifty cycles of PCR amplification were performed in a thermocycler (MJ
Rescarch™) with the following temperature profile: 94°C {2 min), 92°C (30 sec), 28°C (30 sec),
and 72°C (1 min) followed by a final incubation period of 5 min at 22°C.

Electrophoresis and analysis.  Amplification products were analyzed by electrophoresis in a
1.25% pels in half-strength TBE buffer and desected by staining with 0.5 ug/mL of ethidium
bromide. A 1 kb ladder {BRL™) DNA marker was ran on cach gel. Gels were placed on top
of a UV light source to reveal DNA bands and photographed. Gels were scored by reconding
the presence or absence of bands. Data were analyzed using PAUP (Phylogenetic Analysis
Using Parsimony) computer software.

RESULTS AND DISCUSSION

The PCR amplification of the DNA using 1wo twenty-base primers (HPH-1 and HPH-2) resulted
in the amplification of discrete fragment profiles among the johnsongrass individuals that were
exuamined. Results of our study indicated that Marshall and Scott Co. populations were the most
diverse having 25 and 23 genotypes (out of 30 individuals), respectively., Overall data also
indicated that clonal reproduction was predominant in § populations, while reproduction from
secils was higher in the remaining 2 populations. Genetic diversity within populations varied by
location.
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GROWTH, BIOMASS ALLOCATION AND RESPONSE TO GLYPHOSATE OF
IMPERATA CYLINDRICA GROWN UNDER DIFFERENT LIGHT CONDITIONS

LB. Ipor and C.8. Tawan
Universiti Pertanian Malaysia, Kampus Bintula, PO Box 396, 97008,
Bintulu, Sarawak, Malaysia

Swnmary. Lalang (Imperata cvlindrica) was grown from seed in a greenhouse 0, 50 and 75%
shade to determine the vegetative response, panitioning of biomass allocation and response o
glyphosate treatment. Leaf arez of 1. cylindrica increased as shade level increased. Dry maiter
of shoots, roots and rhizomes declined as shade level increased. Shading significantly influenced
the pattern of biomass allocation of 1. cylindrica as was clearly shown by the different values of
leaf to root weight ratio, leaf area, net assimilation rate and leaf area duration. Placement of
plants originally from three shade levels to 0% shade or vice versa resulted in different patterns
of biomass allocation and response to glyphosate treatment. The activity of glyphosate was
significantly enhanced with increase in light intensity.

INTRODUCTION

fmperata cylindrica Racuchel is an important perennial weed in Malaysia and many other
countries in Southeast Asia. It is one of the ten worst weeds in the world and regularly infests
many crops (3). It is aggressive and has an extensive rhizomatous system (11) and reproduces
profically from both seeds and rhizomes (6). For many years control of this weed has been
attempted using mechanical, cultural, chemical and combined methods, bug little acention has
been paid to the role of envirenment and iis effects on plant growth rate, vigour and competitive
ability. These studies were designed to determine growth, biomass allocation and response to
glyphosate of I. cyfindrica grown under different light conditions.

MATERIALS AND METHODS

Three shade levels (100% available sunlight, 50 and 75% shade) were used in this study. At 3%
and 42 days after planting, four planis from each shade level were harvested. Leaf areas, height
of the longest extended leaf and total plant dry weights (65°C oven-dried) were determmined. At
the 42-day harvest, the dry weights of lcaves, stems and roots were also determined for growth
analysis by a standard method {10}.

The activity of glyphosate on [, cylindrica was determined by applying 1.0, 1.5 and 2.16 kg
ai/ha of glyphosate at 400 L/ha with knapsack sprayer. Al experiments were arranged in a
randomised complete block design with 5 replicates.

RESULTS AND DISCUSSION

Decreasing the light intensity tended to increase the plant height (Table 1). Plants at 0% shade
produced significantly more leaves and tillers than those from 50 and 75% shade. Reduction of
light intensity to a certain degree had resulted in increase stern elongation and leaf size of
Solidago virgaurea (1), but further reduction of light significantly reduced the vegetative growth
of the plants. This pattern of growth was also observed on [ cylindrica (9, 12).
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Partitioning of plant biomass into leives and thizomes differed significantly among the plants
from the three shade levels. At 75% shade, the plants partitioned more biomass into leaves and
less into rhizomes than the other two light regimes (Table 2). However, the shoot to root weight
ratios did not differ significantly baiveen shade levels.  Leaf area and leaf area ratio
significantly increased with increase in shade. Both specific leal area and leaf area ratio were
greatest at 75% shade,  Leaves produeed under shade conditions were generally thinner then
those produced in unshaded treatment (2). This concomitant increase in specific leaf area and
leaf weipht ratio indicated that the vwount of leaf area per unit of plant weight was increased by
shading,  The dry matter produciion (DMPY, net assimilation rare (NAR) and leaf area duration
{LAD) at 50% shade were significantly kigher thun those from 0% and 75% shade (Table 3),
and were lowest at 753% shade.

Table 1. The height, leaf and tiller nummber of £, evfindrice grown under different shade
levels at tenth week of transplanting.

Shade level {95) Heiphi (cm) No. of leaf No. of ller
[} ER)) 65.0a 20.3a
50 T2.5a 37.5b 13.8b
75 71.4a 27.5¢ 9.5¢

Within cach column. vulues sharing the same letter are not significantly different at 5% level,
according 10 Duncan’s multiple reage test

Table 2. Effect of shading on vegetative growih, leaf area production and biomass allocation
i J. ovlindrica

Shade level LWy SWR SLA LAR
¢ RhRWR
(%) (g/m) {em?/g)
0 £,398b 0 25%a 0.117a 178.1b 70.9¢
50 0.3776 0.265a 0.228a 288.4a 108.7b
75 0 514a 0,282 0.129 208 64 153.4a

Within each column, values sharing the same letter are not significantly different at 5% level,
accordin to Duncan™s multipke range tost.

Table 3. Effect of shading on dry-matter production {DMP), net assinulation rate (NAR) and
leaf urea duretion (LA of £ ¢viindrica during the 35th w 42nd-day inerval after

transplanting
Shade fevel (7 tieight {om) No. of leaf No. of tiller
0 38h 0.00111a 5619.9b
) 1904 0.00293a 12970.2a
75 2.5k 0.00051b 2448.6c

Within cach column, values sharing the same letter are not significantly different at 5% level,
according o Duncan™s multiple cang: teat
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Control of [. cylindrica by glyphosate was significantly improved with increasing light intensity
(Fig. 1). Plants under 0% shade were completely killed at 1.5 and 2.16 kg a.i/ha 21 days after
treatment, compared with only about 50% at 2.16 kg a.ifha under 50 and 75% shade, 21 and 28
days after treatment respectively. Different growth panems and physiological characteristics of
plants can influence herbicide performance by affecting spray interception, retention, uptake and
translocation of herbicide (7). Placement of the treated plants at 75% shade severely decreased
the phytotoxicity of glyphosate on [. cylindrica (Fig. 1). At 0% shade, 100% control was
recorded with 1.5 kg a.i/ha, but it required 2.16 kg a.i/ha at 50% shade, 35 days after treatment.
The rate of the control reduced to only 53% with 2.16 kg a.i/ha at 75% shade during the same
interval. Light intensity enhanced the onset of activity of imazapyr against [. cylindrica (8).
Increased activity under high light inteasity was mainly doe to the increase of herbicide
percentage distribution in plants.
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Figure 1. Effect of shading on control of !. cplindrica by glyphosate (I). Remained at three
shade levels (II). Transferred from 0% shade to 3 shade levels (III}. Transferred
from three shade levels to 0% shade A = 1.0 kg ai./ha; B = 1.5kg ai/ha; C =
2.16 kg a.i/ha.

Treated plants initially at 75% shade were completely killed even at the application rate of 1.0
kg aifha, 21 days after treatment {Fig. 1). Complete contrel required 2.16 kg ai/ha for plants
initially grown under 50% shade. Plants grown at higher light intensities were slower to develop
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phytlotoxic symptoms and damages was still minimal 35 days after treatment. Plants exposed to
high light imensity experienced an increase in photosynthetic products which may have caused
an increase in the translocation of herbicide immediately afier spraying.

bl e
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REPRODUCTIVE STRATEGY OF EQUISETUM ARVENSE L.

K. Nakatani', K. Noguchi' and T. Kusanagi®
' National Agriculture Research Center, Tsukuba, Ibaraki 305, Japan
? Kyota University, Sakyo-ku, Kyoto 606, Japan

Surmmary. The rhizote of elongation of Equisetum arvense L. started soon after the growth of
shoots, but the formation of tuber followed two months later than rhizome elongation. The
greater part of dry matter production was partitioned into rhizome and tuber, and 75% of dry
matter partitioning ratio to rhizomes and tubers was observed in the maturing growth stage.
Rhizomes were more tolerant against drought or high temperature stress than tubers. The
growth of rhizome originating from tuber was more rapid than that from rhizome.

INTRODUCTION

Equiretum grvense L. is one of the most common perennial weeds in Japan and is difficult to
control. It is growing on eighty percent of agricultural area in Japan (2), and it has been
enhanced by recent extension of minimum- or no-tillage conservation. Problems of this weed
arc more serigus in cool agricultural zones, i.e. northemm part of Japan, especially in pasture.
Because E. grvense contains thiaminase enzyme, animals eating this weed become deficient of
vitamin B, (1),

E. arvense propagates both by sexval reproduction (spores) and by asexual reproduction
(rhizomes and tubers). Ecological fcatures of their propagative organs are not characterised well.
Some experiments were carried out to enable to design the reasonable control method of this
weed.

METHODS

1.  Germination and establishment of spores. The fertile cones of E. grvense were collected
from fields in Tsukuba for the materials in the experiment. The spores produced in sporangium
in a desiccator were put on MS medium or volcanic ash soil.  The effects of some
environmental conditions on the germination and establishment of spores were examined by
various freatments as follows: (i) pH of M8 medium: pH 3.7, 4.5 57, 68, 74; (i)
Temperature: 5, 15, 20, 25, 30°C; (iii) Soil moisture: pF 1.0, 1.5, 2.0, 2.7, 4.0; and (iv) Gas
condition: 100% N, gas, air with scaled or ventilated condition.

2. Reproduction of rhizomes and mbers. Three tubers were planted into 1/500 a Wagner pot
fitlled with volcanic ash soil on 7 June 1988 without any fertiliser, and were placed outside. Dry
weight of each organ was measured monthly. Five wbers or two rhizomes with three nodes
were also planted into 1/5000 a Wagner pot filled with volcanic ash soil. These were set up in a
water bath controlled at 15, 20, 25 and 30°C. The amount of reproduction of newly formed
tubers or rhizomes were examined six months after planting.

3. Tolerance of rhizome and tuber apainst ¢nvironmental stress. Responses to some kinds of
stress were compared between thizome and tuber. Tubers and rhizomes cut into segments with
three nodes were subjected to experiments as follows:
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(i) Low remperature: The segments were put into seil with 66% soil moisture cendition, and
incubated at -1, -3 and -5°C for 1, 2, 4 and 7 days.

{ii) High temperature: The segmenis set in grass tubes were put into the water bath controlled
at 40, 45, 50, 35 and 60°C for 5, 10, 20, 30, 60 and 120 minutes.

(3i)) Drought condition: The segments set in petri dish were put into drying incubator
controlled at 25°C for 2(}, 45, 60, 90 and 180 minutes.

RESULTS AND DISCUSSION

1. Germination and establishment of spores. Responses of spore germination to some
environmental factors were summarised as follows:

(i) pH: Range for normal germination: pH 4.5-6.5, Optimum: pH 5.7.

(i) Temperature: Range for normal germination: 15-30°C, Optimum: 20°C.

(i) Soil moisture: Spores coukd germinate at the soil moisture condition less than pF 2.7, but
prothallium was produced less than pF 2.0 (Table 1).

{iv) Gas condition: Spores could germinate without O,

Tahle 1. Effect of soil meisture on germination of spores, development
after germination and formation of prothallium

pF Germination Development Prothallium
1.0 good good formed
1.5 good good formed
20 good good formed
27 medium bad no

4.0 bad dead no

It is known that the numerous spores are produced (1), but the results obtained here suggest that
it is very difficuit to establish the plants of E. arvense from spores under natural conditions.

2. Reproduction of rhizomes and tubers. The elongation of rhizomes started soon after the
onset of shoot growth. The total length of new rhizomes reached about 30 cm/plant 4 months
after planting. The formation of wbers followed two months later than rhizome elongation.
Finafly six tubers/plant were newly formed.

Fig. | shows changes in dry matter partitioning ratio to each organ during growing period.
When the shoots started growth, the dry matter partitioning ratio to shoot was higher than 75%.
During August dry matter pastitioned inte underground organs was increased. In September the
dry matter partitioning ratio to rhizome and tuber reached 75%.

Temperatures affected the tuber formation from rhizome or tuber responded similarly. In both

cases, optimum temperature for suber formation was observed at 20°C, and tuber formation was
decreased at 30°C.
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On the other hand, temperatures affected rhizome elongation from tuber or rhizome differenily.
Total length of new rhizomes from ber was longer than those from rhizome, except at high
temperature (Fig. 2).

The panition of photosynthetic products to rhizomes and tubers starts from early growth stage
and at maturing growth stage the greater pant of photosynthates translocates to their under
ground propagative organs.
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Figure }. Changes in dry matter partitioning ratio into each organ during growth season.
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Figure 2. Difference in response of rhizome elongation to temperature between rhizome from

rhizomes and that from tubers.

3. Tolerance of rhizome and tuber against environmental strgss. The ratio of emergence of
tubers and rhizomes was decreased by the treatment of -3 or -5°C for a day. Treatments of -3 or
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-5'C longer than 2 doys kifled all buds on tubers and rhizomes. Treatment of -1°C did not
influcnee the emergence even for 7 days.

Buds of tubers were killed by treatment at 45°C for 60 minutes, or 50°C for 10 minutes. Those

of rhizomes were not killed by treatment at 45°C for 120 minutes but killed by treatment at 50°C
for 30 minutes,

The emergence of buds of rhizome was decreased when moisture toss of rhizome reached 40%,
and all buds of rhizomes were killed when the moisture loss reached 62%. Emergence of buds
of tubers was decreased when the moisture loss of tubers reached 10%, and all buds of tubers
were killed when the moisture loss reached 25% (Fig. 3).

These tesults indicate that the emergence ability of rhizomes is more tolerant against high
tetnperature and drought stress than that of tubers.
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Figure 3. Difference in tolerance of germinating ability to water stress between thizomes and
tubers,

Conclusion. Rhizomes are more tolerant against severe environmental condition than tubers. On
the other hand, the growth of rhizomes originated from tuners is more rapid than those from

thizomes. The vigorous reproductive ability of E. arvense depends on different characteristics of
tsbers and rhizomes in the propagative strategy.
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THE EFFECT OF GERMINATION STIMULANTS ON SEEDLING EMERGENCE
OF WILD OAT (AVENA FATUA) FROM S0IL

5. W, Adkins
Dept of Agriculture, The University of Queensland, St Lucia Q 4072, Australia

Summary. The effect of potassium nitrate (200 mM) and ethephon (1 mM - an ethylene
releasing chemical) on promoting emergence from buried seed was variable with both treatments
similar to one another and no synergism noted when used together. Examination of exhumed
seeds showed that these treatments had a secondary effect, reducing seed viability. By counting
the number of dead and adding to the proportion stimulated to emefge, a value for removing
seeds from the soil was obtained. Under this type of analysis it was clear that al! treatments bad
the ability to remove seed from the soil seed bank especially when the sced was old, near the
soil surface, were primary (large) seed or from low or intermediate dormancy isogenic lines.
However, based on overall considerations, it is unlikely that either potassium nitrate or ethephon
could be recommended for future field application to remove a significant proportion of the wild
ozt seeds from the seed bank,

INTRODUCTION

Wild oat (Avena fatua 1.) is a persistent annual weed in most winter cereals throughout the
world. It owes its success to seed dormancy and to long term viability of seeds in the soil (6).
Censequently scedlings emerge irregularly over a period of several weeks 10 many years.
Repeated application of conventional herbicides can be used te control seedlings, however, such
treatments have little or no effect on the dormant seeds in the soil seed bank. Application of
germination stimulants to force early, synchronous germination and eliminating the seedlings
with herbicides has been suggested as a way to eradicate the dormant, persisient portion of the
weed seed bank (3). Several chemicals are known to overcome wild oat dormancy under
laboratory conditions. Of these ethylene and nitrate are perhaps the best suited for field
simulagons. Ethylene can be conveniently applied as ethephon, a water soluble compound that
releases ethylene into the seil and plant materials. The response of wild oat seed to nitrate and
ethylene will depend on seed age (1, 3), with young seeds less responsive than older seeds. The
response will also depend on whether the seed is primary or secondary seed from the spikelet
(m.

The objects of this study are to: Determine the effecis of potassium nitate and ethephon on
wild oat germination and emergence in a pot trial, determine the difference, if any, between
isogenic lines, and determine if factors such as age, depth of planting, and whether the seeds are
primary or secondary will influence the loss of seed from the seed bank.

MATERIALS AND METHODS

Seed material. Seed collected from three growth cabinet grown isogenic lines were used (3).
These lines represent dormancy types from low dormant {CS166), intermediately dormant
(AN31), 10 deeply dormant (M73). Seeds were used at harvest {young seeds) or after-ripened
(4) for six months (old seeds). At the time of harvest a distinction was made between primary
{largest seed. basal position in the spikelet} and secondary (smallest seed, top position in the
spikelet) seed. The viability of all seed lots used was ca. 100%.
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Burigl of seed. The soil used in this study was a composite sandy loam clay having a pH of 7.0
and 5% organic matter. Weighed amounts (4.5 kg) of the soil were placed into plastic bags; and
distilled water or treatment solution added to obtain negative 0.03 MPa (field capacity). The
sealed bags were shaken occasionally to ensure uniform seclution distribution. The moist soil
was then transferred to 20 cm diameter plastic pots (2 L) and planted with 20 seeds at a depth of
2 or 3 cm. Lost water was replaced daily. The pots were placed in a glasshouse maintained at
approximately 25°C day, 18°C night and a nawral photoperiod of 13 hours day. Coleoptile
protrusion was the emergence criterion and counts were made daily untl emergence was
complete.  All remaining seeds were washed free of soil, counted and transferred onto filler
paper in 9 cm Petri dishes. Seeds were microscopically examined to determine both intact, non-
perminated seeds, and empty seeds that had germinated or lost viability.

Treatments. In a preliminary experiment, potassium nitrate (KNO,) and ethephon were applied
10 bring the air dried soil to Reld capacity to produce final soil concentrations of 0, 100, 200,
350 or 500 mM KNO, and 0, 0.1, 1.0, 10 or 50 mM ethephon. Each treatment was replicated 3
times and applied o primary, hulled seed of lines C5166 and ANS1 (both after-ripencd for 3
menths) planted at a depth of 2 cm.  The resulis of this experiment were used to select one
concentration each of KNO, and ethephon to be used in subsequent trials. The first wrial
investiputed the effect of KNQ, and ethephon, alone and in combination, on primary, hulled,
young and old seeds of C3166, ANS51 and M73, planted at ¢ither 2 cm or 5 cm below the soil
surface. The second trial consisted of exactly the same treatments but the seed used was
secondary seed.

Statistical Analyses. Emergence and dead seed counts were added together, normalized by an
arc-sine transformation ([X/§00]") and subjected to a factorial analysis of variance.

RESULTS AND DISCUSSION

Pretrial. Increasing KNOy rate froms 100 to 204 mM increased seedling emergence (Fig, 1).
However, as rate was increased to 500 mM effect on emergence was less pronounced due to a
reduction in viability. Ethephon, an ethylene-releasing compound, could alse stimulate seedling
emergence however in a much namrower band of concentrations than that seen with KNO,.
Increasing sthephon rale from 0.1 to 1 mM increased seedling ernergence, however above this
rite the chemical progressively reduced viability. At the best cencentrations both chemicals
could stiraulate the emergence of pritmary, hulled seed of line C5166 planted at a depth of 2 cm
by as much as 40% uabove the control. These two concentrations, 1 mM ethephon and 200 mM
KNQ,. were used in all future wrials. A similar, but much smaller promotion of emergence (25
and 15% for KNO, and ethephon respectively), were observed for ANSL at the peak
concentrations.

Effect of chemicals. The effect of KNQ, and ethephon on promoting emergence from buried
seed populations from three biotypes and treated under several conditiens was variable with both
treatments similar to one another and no synergism noted when the two were used together (data
not shown). Fxamination of exhumed seeds showed that these treatments had had a profound
effect on the viability particularly of the larger seeds {primary seed). Unsound seeds were
discovered which had either germinated and failed to reach the soil surface or had lost the
integrity of their endosperm tissue. By counting the number of dead seeds/seedlings and adding
to the proportion stimulated to emerge by the same treatment provided a method for looking at
the total effectiveness of these chemical treatments in removing seed from the seed bank. Under
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this type of analysis it was clear that all treatments had the ability to remove seed from the soil
seed bank whether by emergence or by killing the seed. This was dependent on the
isogenic line planted, seed age, seed size and depth of planting (Fig. 2}.
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Figure 1.  Percentage scedling emergence from primary sceds of wild oat lines CS166 (=) and ANS5L {m)
following treatment with polassium nitraie and ethephon. The seeds wene afier-ripened for 3
months and were planted at a depth of 2 cm. The ungemminated seeds of CS166 weme
recovered and the total viability determined (©). Ermor bar = £ SE.

Biotypes, Combined killing of the seceds and emergence was greatest in the least dormant
(C8166) line (Fig. 2). With the most dormant line (M73) some seeds were killed, especially
those planted at depth bot litile effect on dormancy was observed. The difference between lines
in their response 0 KNO, and ethephon observed here is thought to be related to the existence
of a persistent block o germination that exists in all lines but is most intense and persistent
during after-ripening in the order M73 > ANS1 > CS166 (4).

Age. The effect of KNOQ, and ethephon on promoting seed loss from soil when partly after-
ripened seeds were planted was much greater than that seen when freshly harvested seeds were
planted (Fig. 2). This was especially true for primary, hulled seeds of the least dormant lines
(C5166 > ANS31). The difference between seedlots of different ages in their response to KNO,
and ethephon observed here is thought to be related, as explained above, to the existence of a
persistent germnination block that exists in freshly harvested seeds of all lines but has been
overcome (CS5166}, partly overcome (ANS51} or still present (M73) in partly after-ripened seeds.

Seed size. There is evidence that secondary seeds are less affected by the weatments than
primary seeds, especially when planted at depth (Fig. 2). It has been shown before that
secondary seeds have a deeper dormancy than primary seeds {1). In addition it may be expected
that a small seed wiil intercept kess KNO; and ethephen in the soil than larger primary seeds.
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Figure 2. The combined percentages of seedling emergence and sceds killed from primary
seeds (Fig. 2A), or secondary seeds (Fig. 2B) of wild oat lines ANS51, C5166 and
M7} following treatment with distilled water (C), potassium nitrate {100 mM; N),
ethephon {1 mM; E) and a mixture of the two substances (M). The seeds were
planted at gither 2 or 5 cm and were ¢ither freshly harvested (young) or partly after-
ripened at room temperature for six months (old).

Depth of planting. There is evidence that seed at 2 cm depth are more affected by the chemical
weatments than at 5 ¢cm depth. It may be expecied that the conditions for germination and
emergence are more suitable at the 2 ¢rn depth than the 5 cm depth and this is the reason for
better emergence at 2 ¢m than 5 cm. A further abservation is that al the shallower depth seeds
are promoted to emerge while at depth viability is upset more.

Conclusions. It is difficult to predict from these data what may happen in the field. It could be
speculaed that where there is a predominance of low dormancy families (like CS166), as is the
case with a continuous cropping situation (6), then application of KNO, or ethephon may be of
some use cleansing the seced bank. However, in a second situvation where there is a
predominance of dormant families (like M73), as is the case with a summer fallow situation (6},
then application of these chemicals will do little towards reducing the seed bank. Even in the
first situation the suggestion is that within the population of seeds a large proportion would fall
into the category of being insensitive to promeotion, in other words, are freshly shed seeds, are
secondary seeds, or are at depth. In a typical situation in the field a large proportion of the seed
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would fall within one of these difficuli-to-stimulate categories.  Thus. based on overall
considerations, it is unlikely that either KNGO, or ethepon, alone or in combination, could be
recommended for future field application te remove wild oat seeds from the seed bank.
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EFFECT OF TIME OF EMERGENCE ON REPRODUCTIVE BIOLOGY OF AUSTRALIAN
POPULATIONS OF WILD QAT {AVENA FATUA)

LJ. Armstrong and S.W. Adkins
Department of Agrculture, The University of Queensiand, St Lucia Q@ 4072, Australia

Summary.  Wild omt (A, foma) plants emerging earlier in the season had a longer life span
though all plants set seed in 2 short period during October and MNevember. Plants emerging
earlier afso were barger in stature producing more tillers, shoot dry matter and seceds which had
low levels of dormancy. Plant growth and reproductive output of some lines was cormelated
closely with the photoperiod regime during plant growth. Some polymorphism was shown
between the lines used in this study in both plam biology characteristics and their overall
response to different emergence dates.

INTRODUCTION

The main persistence mechanism for wild ovats {Aveng faiua) 15 its ability so produce copicus
aurmbers of dormant seeds which germinate irmegularly from the soil seed bank over the course
of the scason (5). Earlier graowth cabinet studies have determined that A. farua when exposed to
varying environmentul conditions such as photoperiod, temperafure and water stress show
marked differences in phenology, plant morpholegy and seed characters. For example A, fatua
are long day (LD) plants with LDs bastening flowering and resulting seeds with low levels of
dormancy {6). Most earlier studies have kooked at these environmental effects under constant
conditions in controlled growth cabincts. These studies are not always appropriate for analysing
developments in the nawral environment as they not take into account that the photoperiod is
constantly changing and that plants react differently in pots than in swards. To overcome these
concerns studies have been carried aut to assess the effect of varying photoperiods by planting at
different sowing dates (7) but these previous studies have not taken into account the genetic
variability that is known to exist within the populadon (3,1). It is therefore more appropriate to
study these effects using isogenic Tines rather that heterozygous field populations.

The sim of this study is 10 determine if changing environmental regimes, as a result of different
times of emergence in the field, has any effect on the seed preduction, dormancy and viability of
A fatua.  To help understand any changes that may occur in these characters other
morphological characters (viz. phenology, tiller and shoot biomass production) were recorded.
Near isopenic lines chosen for study were from a small geographic location and this was
expected to show the extent of polymorphism that may exist for environmental response within
the study area, '

METHODS

The field trial was carried out at Hermitage Research Station, near Warwick Queensland berween
April and December 1991, Six near isogenic lines from southern QLD and northemn NSW were
sown at § different fimes over the course of the season. The experimental design was a split
plot design replicated in blocks comprising the 5 emergence dates as main plots, and isogenic
lines as subplats. Each planting {2x14 m) comprised 6x1 m’ subplots. Seed was pregerminated
and hand planted in each plot at a density of 40 seeds/m’ and grown to seed maturity.
Measurements were made on phenology {time to floral initiation, anthesis and seed maturation),
on piant motphology; fertile and total tiller and shoot production, and on reproductive biology,
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an estimate of primary seed production (by measuring flower production dug to the difficulty in
coltecting all dehisced seed), weight, dormancy and viability. Primary sced dormancy was
assessed by imbibing caryopses in water and several concentrations of gibberellic acid (GA,), a
germination stimutant, for 20 days dark incubation at 20°C. A Pearson® Correlation Analysis
was made comparing plant biology characteristics with cumulated photoperiod, a summation of
the daily photoperied (h} experienced during plant growth.

RESULTS AND DISCUSSION

Only results from two of the isegenic lines used in this study will be discussed in the scope of
this paper. Trends shown by these lings are representative of all lines used in the initial study.

Plant Characters. Planis emerging early in the season were exposed to shoriening days of
autumn compared to those emerging later in the warming and lengthening days of spring. Early
emerging plants had a longer life span but all plants regardiess of emergence date flowered and
set seed in a short period from mid October to mid Novetnber (Fig 1a). This would indicate a
LD response with flowering hasiened by lengthening days and suppotts earlier growth cabinet
studies (6) and field studies (7). There was litde polymaorphism in duration of life span but
some variation in response to different emergence dates amongst the lines studied. Plants
emerging earlier is the season, and exposed to shorter days were found to produce more tillers
(Fig 1b) which supports carlier field studies (7) but is in contrast to earlier growth cabinet
studies (2). These plants alse produced greater shoot production compared to later emerging
plants (Fig 1c) with some polymorphism between the different lines studied.

Seed Characters. Those plants emerging earlier possessed a greater flower and seed production
(Fig 1d} as these plants grew best under those conditions, producing the greatest tiller and shoot
production. These results supports earlier studies (7). There was also some degree of
pelymorphism in the seed production between lines studied. Interestingly, little difference was
found in the seed weight produced by plants emerging at different times (Fig le). This
observation is in contrast to earlier growth cabinet studies, which showed that under conditions
which result in a long life span small seeds are produced (i). Variations in seed size may be
imporiant in the persistence of A. fatiia as seed size has previously been linked to longevity with
small seeds less prone to predation and fungal attack in the soil seed bank (5) but this may not
be the case in this instance. Differences were also found in the level of seed dormancy amongst
the lines used in this study. Seeds produced by plants emerging in July were more dermant than
other seeds (Table 1), though showed ne difference in viability. Previous studies have suggested
that plants with a short life span produce less dormant seeds (1) but this was not the case in this
study.

Implications. The ultimate success A. fatia is due to its ability to produce large numbers of
dormant viable seeds. This process is dependent on conditions experienced by the parent plant
which has a bearing on initial plant growth and reproductive output. Some lines showed a
correlation between plant biology and photoperiod exposure (Table 2). Plants emerging earlier
with a longer cumulative photoperiod were larger in stature, produced more tillers and shoot dry
matter and more seed with a low degree of seed dormancy. This may indicate how varying
photoperiod vegimes can determine the persistence of A. fotua. lmepular emergence of seeds
from the soil seed from the bank results in plants being produced which are of different age and
morphelogy and have been exposed to varying photoperiod regimes. These plants produce seed
over a short perifd and show phenctypic polymorphism in both numbers produced and dormancy
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characters. Repurdless of emergence date, some seed is produced that is capable of emerging
irregularly from the seed bank. There was both some polymorphism in plant biology characters
and the overall response to different emergence dates in the lines studied.
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The influcnee of different emergence dites on the {a) phenology ; vegelative phase (W),
reproductive phase {0}, and maturation phase () (b) fertile (M) and total tiller (O} production
(¢} shoot dry weight, {d) seed production (flower production) and (e) seed weight of 2 near
isogenic lincs of Avena faara. Yalues with the same leticr are not significantly different (5%

level) in cach ling.

421



Weed physiology and reproduction

Table 1. The influence of different emergence dates on the depth of seed dormancy  (Germination
% in 500 pM GAy of 2 near isogenic lines of Avena fama. Values with the same lerer
are not significantly different (5% level) for each Line.

Emergence date

Linc
April May June July August
Warwick 95 a 68 ab 93 ab 0b 73 ab
Coonabarabran 9% ab 98 ab 100 a 35¢ 85a

Table 2. Comelation of plant biology characteristics of 2 near isogenic lines of Avena
fatug with cumulated photoperiod experienced during plant growth, using

Pearson’s Correlation Analysis. Coefficients are statistically significant at 5%
(), and 1% ().

Pearson’s cotrelations

Characters {vs. cumuiated photoperioed)
Warwick Coonabarabran
Taotal life span 097" 0.99™
Fertile tillers 0.01 0.28
Total dllers .56 0.60"
Shoot production 0.78" 0.65"
Seed production 072" 0.51
Seed weight 0.43 -0.14
Seed dormancy 0.25 0.80"
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REGENERATIVE CAPACITY OF ROOT FRAGMENTS OF CARDARIA DRABA

A.R. Harradine
Departnwent of Primary Industry and Fisheries, Research Laboratories,
5t John's Ave, New Town Tas 7008, Australia

Summury.,  Cardaria draba rools collected from a field infestation in autumn 1990 were
separated into three thickness classes, cut into 5 or 10 cm pieces and planted in pots at 2, 5 or
{0 cm depth. Shoot emergence was recorded. Shoots emerged from all fragment classes and
lengths at all depths. The overall mean number of emerged shoots per viable root fragment was
2.0, The mean percentape of fragments which produced shoots was 41% but it varied widely
hetween treatments. Calculations based eon these data indicate that a €. draba shoot density of
over 5,000 per square metre could result from regrowth from root fragments within 4 weeks of
cultivation.

INTRODUCTION

Cardarig draba, hoary cress, is a significant weed of crops in many temperate areas of the world
{2, Its declaration under Noxious Weeds fegislation in five Australian Siates (4) is indicative of
its serious weed slalus in this country.

C. draba is an herbaceous perennisl plant, regenerating each auwtumn from an extensive root
system which may reach a depth of 9 m (1). Following cultivation of infested areas, the plant is
capabie of regrowth from roots below the depth of cultivation (3) and from root fragments (6).
The plant may also spread to new areas following transport of root fragments on cultivation
implements.

This paper reports work which studied the regenerative capacity of root fragmenis as pari of a
wider research program 1o develop integrated control methods for C. draba in intensive cropping
SYsems,

METHODS

C. draba roots were collected from a heavily infested pasture at Kempton in the Midlands area
of Tasmania on 19 March 1990, about the time when seed-bed preparation would begin for an
autuman-sown field crop in the region. The area had not been cultivated for at least 5 years. At
the time of sumpling, C. draba had completed its seasonal growth cycle and no green shoots
were present.

All C. draba roots large enough to be readily separated from the associated grass roots were
collectied from an area 1m x 1m x 10 cm deep. Roots were washed carefully and then
separated (with cutting as necessary) into three “thickness” classes based on lignification and
size (Fable 1). Within these classes, roots were cut into 5 and 10 cm lengths.

On 21 March 1990, the toot fragments were planted at depths of 2, 5 or 10 cm in 20 cm
diameter plastic pots filled with a 50/50 composted pine bark/sand medium. Seven fragments of
one of the six thickness x length categories were planted in each pot with five replicates of each
depth treatrment. Pots were maintained in a semi-controlled glasshouse environment (temperature
range 10 to 25°C) with duily watering,
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The time of emergence of sheots at the soil surface was recorded. At four, ten, sixteen and
twentysix weeks after the start of the experiment, pots with shoots at the surface were emptied.
C. draba root fragments with emerged shoots were recorded and discarded. The remaining
fragments were replanted as before, using the same soil and taking extreme care not 10 damage
any shoots present which had not yet reached the soil surface. At twenty-six weeks, emergence
had almost finished and thereafter fragments were removed from pots as shoots emerged. The
trial was terminated 52 wecks after the initial planting.

Daia were analysed by analysis of variance for a completely random design of three thickness x
two length x two depth factors at each of two times. Mean shoot number per fragment and
percentage of fragments which produced emerging shoots were the parameters analysed. The
latter data were ransformed (arcsin ¥ X) prior to analysis.

RESULTS AND DISCUSSION
The total fresh weight of roots collected from the sampled area was 372 g.

The first shoots emerged 10 days and the last shoot 51 weeks afier planting, Over 99% of the
final shoot number had emerged by 26 weeks and this was taken as the finish of the frial for
data analysis.

The rate of shoot emergence was high over the first four weeks and decreased thereafter. Over
all weatments, shoot emergence during this initial four week pericd was 68%, 80% and 89% of
the final shoot number for thickness classes 1, 2 and 3 respectively.

For the fragiments which produced emerged shoots, the overall mean shoot number per fragment
was 2.0, with a2 maximum of five.

Mean shoot number per fragment (SN/F) was significantly greater for thickness class 2 (1.23)
than for the other two classes (0.58, 0.69) and almost twice as high for the 10 cm fragment
tength (1.10) than for the 5 c¢m tength {(0.56). Final SN/F at 10 cm depth of planting (0.52) was
significantly less than for the other two depths (1.04, 0.93),

Over all treatments, the greatest SN/F at all dmes of sampling was for thickness class 2
frapments of 10 cm length planted at 2 or 5 cm (Table 1). Thickness class 1 fragments of 5 cm
length generally had the lowest emerged shoot number. The relative differences between
treatments were the same at the 4 and 26 weeks sampling times (Table 1}.

Overall, 41% of the 630 fragments produced at least one emerged shoot over the 52 week
duration of trial.

The percentage of fragments with emerged shoots (%FS} was significantly greater for thickness
class 2 (65%) than for the other two classes {35%, 22%) and for the 10 cm fragment length
(51%) relative to the 5 cm length {30%). Overall, depth of planting had no significant effect on
%FS.

The %FS was greatest for 10 cm fragments of thickness class 2 and least for 5 cm fragments of
class 1 and beth lengths of class 3 fragments (Table 1). As for SN/F, the relative differences
between treatments were the same at the 4 and 26 weeks sampling times (Table 1).
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A similar trial has been conducted in England (6) in which C. draba roots were collecied from
the fietd in April {northern hemisphere spring). Although the root fragments used were smaller
at between 1.3 and 5.0 om in length, the overall viability of fragments was greater {(approx.
75%}) than in the current trial. The mean number of shoots per fragment was similar. The rate of
emcrpence was considerably less in this earlier trial, even though the maximum depth of

planting was less (7.5 cm). These results indicate that C. draba is able to regenerate readily from
root fragrents in both spring and avtomn,

Limited observation indicates that normal seedbed preparation using disc implements does not
result in many C. draba root fragments of less than 5 cm in length and that most fragments are
much greater thapn this unless intense secondary cultivation is undertaken (Harradine, personal

observation). Tine cultivation implements would be expected to reduce fragment length even
less.

From the above experimental data, cultivation of a well-established C draba infestation to 10 cm
depth for an auamn sowing of a field crop could result in a C. draba population of over 5,000
plants per square metre within 4 weeks of cultivation, from regrowth of root fragments alone.

Table 1. Mcan shood number per fragment and percentage of C drabe root fragments that had produced shoots
al foue and Iweniy-six wecks afier planting.

Thickness Lengen Depth Shoot no. per fgment Percentage of fragments with shoots
¢lass® {cem) (em) 4 wecks 26 weeks 4 weeks 26 weeks

t 5 2 0.1 040 57 (13R)" 200 (26.6)
1 5 h LiR]1 022 114 (197 28 {28.9)
1 5 10 0.09 Q.14 g6 (17.0) 4.2 (22.)
1 10 2 1.06 122 485 (441} 628 (51.8)
1 10 5 0.83 001 485 (#42) 542 (474)
1 1y 10 0.54 0.60 it4 (340 311 (315
2 5 2 0.80 0.86 40.0 (39.2) 457 (42.%)
2 5 5 1.00 114 69.0 (56.2) T2 {594)
2 5 LCr .20 0.37 200 (26.6) 342 (3538)
2 10 2 .80 197 714 (57.6) B0 (634)
2 10 5 () LR6 800 (634} 826 (65.6)
2 n 1 0.66 114 400 (39.2) M3 (59.5)
3 5 2 1.06 L.0G 314 (40 4 3400
i 5 5 .71 0.71 200 (266) 200 (26.6)
i 5 1 0.09 0.14 37 (138 86 7.
3 10 2 071 071 200 (26.6) 200 (26.5)
3 10 5 074 074 200 (26.6) 200 (26.6)
3 ) 10 0.54 0.74 225 {285 314 (34
Lsdl {P=005) (32 027 (13.2) (6.n

Thickness classes

I: "Thin. non-lignificd”: Approx. diameier 1-3 mm, (resh weight 0.04-0.30 mg/mm. {13% of Lotal
simple on Fresh weight basis).

2 "Thick, non-lignified™ Approx diameler 3-6 mm, fresh weight 0.30-1.00 mgfmm. (33% of total
simple un lresh weight basis).

kS "Thick. lignified”: Approx diameter 3-8 mm, fresh weight 0.724.20 mgfmm. {54% of total simple on
frexh weight hasis).

Figures in parentheses are the transformed values to which the Lsd. applies.
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This experinent confirms local field experience that cultivation for field crop establishment
would be expected to exacerbate an existing C. draba weed problem. It also indicates that
normal cultivation alone is unlikely to control C, draba. This is confirmed by experiments which
found that 39 (3) and 22 to 24 (7) cultivations over a three-year annual cropping pragram were
necessary for C. draba control,

if cultivation is to be used to reduce C. draba density in an integrated congol program it should
be aimed at chopping roots into fragments as small as possible and burying them as deeply as
possible,
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EFFECT OF BURIAL DEFiH ON DOCK ROOT REGROWTH

AL Popay, W. Stiefel and D. Graves
AgResearch Grasslands, Palmerston North and Flock House, New Zealand

Summary. Reprowth of broad-leaved dock, Rumex obiusifolinus, and curied dock, R. crispus,
from root fragments was studied, Shoots developed more readily from crown material than from
taproots, and more shoots emerged from shallow planting depths. In broad-leaved dock, the
ability of taproots to send up aerial shoots, and the size of those shoots, depended on depth of
burial of the taprouts, and on the medium they were growing in. Under the conditions of these
experiments, burying taproots 20 cm deep reduced, but did not stop them sending up shoots.
Suggestions for tmproved experimental technique are made.

INTRODUCTION

Broad-leaved dock, Rumex obtusifolius, and curled dock, R. crispus, are problems in pastures
(6), and in crops farmed without pesticides in New Zealand, and in Britain (1). In New Zealand,
plaats regrowing from roots adversely affect yields during the cropping phase of rotations (6).
Cultivated fallows are the most commonly suggested method for the cultural conwrel of docks
(1), but we have found this less effective for dock control than for couch, Elvirigia repens. The
regrowth ability of dock roots has been studied in New Zealand (4) and Britain (53 Only the
upper 7.5 em of broad-leaved dock root and the upper 4 cm of curled dock root can give rise to
shoot buds ¢4). Work on couch in both America (8) and Europe (3) showed that the ability of
buried rhizome fragments to regrow depended both on fragment size and depth of burial,
Broad-teaved dock roots buried 20 cm deep by ploughing can produce vegetative stems from
that depth (2). The studies reported here were preliminary attempts to examine the effects of
burial of root fragments on the speed and vigour of shoot emergence.

METHODS

Roats of broad-leaved dock and curled dock were collected in the field in early December from
mature plants which were in flower or beginning to flower. In three experiments, tap roots
(including crowns) or parts of roots were huried horizonally in gither soil (Manawatu silt loam)
or sand in 4.5 litre black plastic buys, which were then placed outside and watered regularly. In
Experiem 1, 1oot systems  of R. ebfusifolius were separated into crowns (upper 2.5 cm of (ap
roct), main tap roots (7.5 cm long, taken from below crown) and secondary tap roots (7.5 cm
long), and those of R. crispis were separated into crowns and main tap roots. On 3 December
1992. four units of each part were buried in each bag, in either moist soil or sand, at a depth of
5. 10, 15 or 20 cm. The 40 treatmenss were unreplicated and arranged at random.  Experiment 2
wai planted on 7 December, and Experiment 3 on 14 December 1992. In these two
experiments, esch root unit, the intact uppermost 8 cm of taproot (including crowns) of
R. obtusifolius, had its volume meusured by water displacement, and a sample of units was dried
to constunt weight. Four such units were buried in each 4.5 litre black plastic bag, in moist soil
or sand, at 5, 10, 15 or 20 cm depth. In these two experiments, each treatment was replicated 7
Limes.

Experiment 1 was destructively harvested on 18 January, 46 days after planting. Experiment 2
was harvested on 22 January, also 46 days after planting, and Experiment 3 on 9 March, 85 days
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after planting. At these final harvests, emerged and unemerged shoots were counted. In
Experiments 2 and 3, the dry matter of each root and its attached shoots was also assessed.

RESULTS AND DISCUSSION

In Experiment 1, the average volume and dry weight of curled dock crowns was 14.6 cm® and
2.7 g, of curled dock taproots was 13.5 cm’ and 1.9 g, of broad-leaved dock crowns 21.8 cm and
19 g, and of broad-leaved dock taproots 13.5 cm’ and 2.4 g.

In Experiment 1, numbers of shoots at final harvest were similar in both soil and in sand.
Although the treatments were not replicated, so that statistical analysis was not possible, more
shoots emerged from crowns than from taproots (Table 1). No shoots at all emerged from
secondary (aproots.

Table 1. Experiment . Numbers of shoots emerged (per planted
root fragment) above soil surface at final harvest, averaged
over both planting media and 5 and 10 ¢m planting depths.

curled dock broad-leaved dock
Crowns 22 1.7
TFaproots 1.2 0.6

As shown in Table 2, fewer shoots emerged from the more deeply buried crowns, but the shoots
not emerged at that time could have emerged later.

Table 2. Experiment 1. Numbers of shoots per planted crown at final
harvest, averaged over both dock species and both planting

media.
Planting depth (cm) 5 10 15 20
Emerged 1.9 1.9 0.9 0.3
Unemerged 0.1 0 0.9 0.9

At the final harvests of Experiments 2 and 3, the numbers of emerged shoots declined with
increased depth of taproot planting (Table 3). More shoots emerged from reots planted in sand
than from those planted in soil, and this difference was particutarly marked in Experiment 2. At
the time of harvest of Experiment 2, there were also more unemerged shoots in sand than in soil,
especially at the greater depths. Few unemerged shoots remained by the time Experiment 3 was
harvested, suggesting that the shoots still unemerged when Experiment 2 was harvested may
have died without emerging.

Mean dry matter of roots and associated shoots at harvest in Experiments 2 and 3 are shown in
Fig. 1. In both experiments, dry weights of plants from more deeply planted roots tended te be
lower, presurmably because of the extra resources needed for shoot emergence from depth.

428



Weed physiofogy and reproduction

Table 3. Numbers of emerged and unemerged shoots present at final harvests of
Experiments 2 and 3. For all least significant differences (1.5.d.), p = 0.05.

Planting depth {cm} Planting
medium

5 10 15 20 L.s.d. soil  sand l.s.d.

Emerged shoots per planted root
Experiment 2 1.9 1.8 1.5 1.2 0.43 2.5 0.7 0.32
Experiment 3 2.0 1.5 1.1 1.0 0.42 1.8 12 0.03

Unemerged shoots per planted root

Experiment 2, soil 04 0.7 1.1 20

sand 0.7 2.0 35 4.0 0.17
Experiment 3 002 024 044 0381 0.454 not significant
11

10 Expt. 3

ILSD, p = 0.05, = 2.35)

L T TS ¥

!

Expt. 2
& (LSD.p =005, = 1 52)

Total dry matter:pianted root {g)
o

5 10 15 20
Depth of burial {cm)

Figure 1. Dry matter of dock plants (roots and shoots) per planted root as harvest of
Experiments 2 and 3.

Sand grown plants tended to show more red colouration and had smaller leaves and flowers than
those grown in $oil, besides having lower dry weights, Differences in growth in sand and soil
may have been due to nutritional, moisture o temperature effects. Numbers of shoots emerging
from roots in the two media may also have been affected by moisture or temperawre, or by the
differences in their physical characteristics.
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In some plastic bags, especially those containing soil. shoots from deep planted roots often grew
up between the soil and the sides of the bag. This may have been due fo light penetrating where
the soil shrunk away from the sides of the bag, or to this being an easier route for shoots to
follow. A better technique may be to bury dock roots in the ground and observe their regrowth.

The evidence presented here suggests that burial as deep as 20 cm slows the growth and
development of regrowth from dock roots, but it does not prevent roots from regrowing. Even
deep pioughing and burial of dock roots is therefore unlikely to give adequate control.
However, more work is needed on the effects of burial on dock root regrowth, because of
possible deficiencies in the experimental techniques used here.
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WEED SEED EXCRETION BY SHEEP - TEMPORAL PATTERNS
AND GERMINABILITY

J.W. Heap' and 1. Honan?
! Primary Indusiries (SA}, SERHQ, Box 618, Naracoorte SA 5271, Australia
* Eyse Animal and Plant Control Board, PO Box 37, Cleve SA 5640, Australia

Summary. Duration and tate of weed seed excretion by sheep was measured. Bxcretion of
cutleaf mignonette, Reseda luiea. seeds began within 24 h of ingestion, peaked between 3 and 4
days and then declined untl the last sced was detected on day 12. Recovery of ingested seeds
was 23%. Excretion of silverleal nightshade, Solanum elaeagnifolivm, seeds also began within
24 h, with most seeds excreted in the first 7 to 9 days. Single seeds were detected 23 and 31
days after ingestion. Excreted seeds of both species were germinable. Sheep were clearly
shown to be potential vectors for seeds of both species. Current common on-farm quarantine
perixis of several days are inadequate. Stock should, where practical, be quarantined for at least
14 days 1o reduce the risk of spreading undesirable weed seeds. Further research on feed rations
and purgative treatments may be useful in reducing excretion duration.

INTRODUCTION

Cutleaf mignonette and silverleaf nightshade are major perennial weeds of arable areas of South
Australia which can survive grazing, cultivation, drought and most herbicide applications. There
are no gasy contrel measures for large infestations so emphasis must be placed on reducing their
rale of spread. Swong circumstantial and anecdotal evidence of spread via seed excreted by
sheep during pasture phases of ley rotations has been recognised by the authors. Four
experiments were conducted in South Australia to determine the potential of grazing sheep as
vectors for seed of both species.

METHODS

Experiment 1. This experiment was conducted 10 measure the rate, duration and germinability
of cutleaf mignonette seed excreted by sheep. Seven penned sheep were each fed 7000 sceds
and then a diet of oaten hay (800 g/day) and dry pellets (800 g/fday). Dung was collected daily
for 25 days from a collection bag artached w cach sheep. Total seed excretion was measured
daily for each sheep and germination (10/20°C for 12/12 h; dark) was measured cvery second
day.

Experiment 2. Fresh sheep dung was collected fortnightly from a volunteer mallee pasture
infested with silverleaf nightshade. Seeds/500 dung and berries/m® (mature and green) were
counted at each sampling date. Silverleaf nightshade density declined from 3.5 shoots/m® in
mid-January to zero in early May. The stocking rate was 1 sheep/ha for the first sampling date,
then an average of 2.5/ha for the remainder of the experiment. Siiverleaf nightshade was the
only significant source of green forage present from Movember 10 May. Excreted and field-
collected seeds were incubated in fluctuating light and temperature conditions (dark/ight at
10/30°C for 12/12 h) to measure germinability.
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Experimen and 4. In Expeniment 3 ten sheep were removed from a silverleaf nightshade-
infested volunteer pasture in late Febrvary and placed in a pen with a concrete floor. Excreted
seeds were counted in fresh 500 g dung sampies which were collected every second day from
the concrete floor for 17 days, The sheep were each fed approximately 1 kg of medic hay daily,
and dung was swept from the floor after each sampling time. Experiment 4 was conducted with

similar methodology to Experiment 3, except that 1 kg dung samples were collecied for 31 days,
commencing in early April.

RESULTS AND DISCUSSION

Experiment 1. Excretion rate and duration are shown for cutleal mignonewe in Fig. 1.
Gemmination of excreted seeds two days after ingestion was only 0.8%, compared to 3.0% for
uningested seed. reflecting the high dormancy level of the freshly-harvested seed. “Soft" seed
may have been digested prior to excretion, thus reducing the germinability of excreted seed.
Germination rose to 3.2% for excreted seed after ouidoor weathenng for three months, An
average of 23% of ingested seed was recovered after excretion.

Experiment 2. Silverieafl nightshade seed excretion, perminability and field berry density for
Experiment 2 arc shown in Figs 2, 3 and 4,

Experiments 4 and 5. Silverleaf nightshade excretion for Experiments 4 and 5 are shown in Figs
5and 6.

These experiments have demonstrated that sheep eat silverleaf nightshade berries under field
conditions, and that weed seeds can be excreted for at least 31 days after ingestion. Viable and
germinable seeds of both species were excreted.

In Experiment 1 cutleaf mignonette seed excretion began within 24 h after ingestion and peaked
between 3 to 4 days after ingestion. After day 4 there was a steady decline and the last seed
was detected on day 12 (Fig. 1). The low, but significant germination of excreted seeds
confirmed a report from Ozer and Hasimoglu (2) in Turkey that excreted cutieaf mignonette
seed metained some viability.

In Experiment 2 seeds were found in the dung of sheep grazing under field conditions from mid-
Fanuary umtil late April (Fig. 2). The highest numbers were found berween late January and
mid-March. The highest concentration was equivalent to 672 seeds/kg of fresh dung, during the
pericd when green berries were abundant (Fig. 4) and pasture reserves were lowest. Fig 4
shows a decline in berry density during late surnmer and autumn, presumably caused by sheep
prazing. The occummence of seeds in dung ceased about two weeks afier berry density had
declined to zere (Figs 2 and 4). It appears that grazing pressure on berries increases as
alternative feed reserves decline, leading to ingestion of almost all berries present. This pattern,
observed in 1991 near Cleve, might be different in other seasons or areas where alternative feed
reserves vary.
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Seeds collected from dung in Experiment 2 had a germination percentape of between 18-67%.
Germination occurred at all of the sampling times at which sufficient seed was recovered to
perform the test (Fig. 3). Germination percentage was initially high, but declined to about 20-
30%. Uningested ficld-collected seeds had a higher germination percentage than excreted seced
{Fig. 3). It is likely that "soft seed" (Jow dormancy) would be digested, unless excreted quickly.
As a result it would be expected that excreted intact seeds would have a higher level dormancy
than fresh seed samples which still contained the "soft seed” component, leading to a lower
germination percentage. McKenzie (1}, in a similar study, found that germination of excreted
seed was higher than normal seed. The reason for this discrepancy is not known, but may be a
function of the dormancy status of the normal seed. Subsamnples of dung from the late January
collection were incorporated inte the top 5 cm of pots of sand and placed cutside (Adelaide) to
weather without supplementary watering. In July 1992, healthy silverleaf nighishade seedlings
in the four-leaf stage were observed. This demonstrates that silverleaf nightshade seedlings can
cstablish from within intact dung pellets. The authors have also recorded seedlings of cutleaf
mignonette growing from within sheep dung under field conditions.

Experiments 3 and 4 show that seed excretion declines over a period of at least 31 days after
silverieafl nighishade is ingested (Figs 5 and 6). The majority of seed was excreted within the
first 7 to 9 days, but significant numbers were excreted 15 to 17 days after ingestion. The single
seed detections at day 23 and day 31 (Fig. 6} may be of Little practical significance in rmost
situations. In a similar study McKenzie (1) found that sheep excreted silverieaf nightshade seeds
for at least six days after ingestion, but measurements were not taken after 7 days. Their smdy
found that almost all seed was excreted within 4 days. A difference in diet may account for this
variation. St-John Sweeting (3) reported similar temporal patterns of weed seed excretion from
horses to those found for cutieaf mighonette and silverleaf nightshade.

This research highlights the potential role of sheep as vectors for cutleaf mignonette and
silverledf nightshade spread. It appears that sheep will eat silverleaf nightshade berries for as
long as they are available if altemative pasture reserves are low. Cutleaf mignonette seed (1320
seeds/kg dry dung) has also been detecied in field-collected sheep dung by the authors (Heap,
unpublished data). If sheep have been grazing in a field which contains viable seeds of either
species then it would be prudent to assume that they may be excreting viable seed. If they are
to be moved to an area with little or none of the weeads, then they should be quarantined for at
least onec week and preferably two weeks. Even after two weeks there is a smali chance of
spreading viable seeds. The inconvenience of quarantining sheep should be regarded as an
insurance premium. The greater the time of quarantine, the less is the risk of spreading viable
seeds.
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PROGRESS IN TRAINING AGRICULTURAL CHEMICAL USERS IN AUSTRALIA

John H. Kent
School of Agriculture, Chardes Sturt University, PO Box 588,
Wappga Wagpa NSW 2678, Australia

Summary. It is essential that abl users of agricultural chemicals are competent. At the 1987
Australian Weeds Conference, Kent and Pratley recommended the introduction of co-ordinated,
industry hased, national training programmes for all those who use, sell, or give advice on the
use of farm chemicals. They also recommended changes to legislation to promote uniformicy
and rerwove confusion. Considerable progress has been made since 1987. The Agriculiural and
Velernary Chemicals Association of Australia Ltd (AVCA) has introduced, through its Agsafe
division, an indusury, self-regulatory programme requiring the accreditation of storage premises
plus the training and accreditation of staff. The National Farmers Federation, in conjunction
with the Rural Training Council of Australia, has introduced a natienally co-ordinated training
progrumme for the users of farm chemicals. Urban pest controliers are now required to be
traincd and licensed. Legislative changes have been intreduced. Despite these advances many
challenges confinue 1o face our industry. Legislation controlling national registration of
agriculural chemical products must be fully implemented. Training and accreditation continues
te reguire co-ordination and rationalisation. Individuals and the Weeds Science Societies have a
responsibitity to support and participate in training and accreditation to ensure high levels of
competency in the industry and (o maintain the progress that has been made. Commanity and
environmental pressures will force further progress unless we, as an industry, continue to take
the initiutive.

INTRODUCTION

Agricultural chemicals are an important component of economic and effective pest controf and
their continued use is essential. However, it is vita] that these products are used accurately and
safely to ensure effective and efficient control of pests, safety to operators and consumers, and
sifely to the environment.

To maximise the advantages of using agricultural chemicals while minimising potential problems
we must ensure they are used correctly and only by well trained and competent applicaters (3),

At the 1987 Australian Weeds Conference, Kent and Pratley recommended the introduction of
co-ordinmed industry based, national training programmes for all those who use, sell, or give
advice on the use of farm chemicals (5). They also recommended changes te legislation to
promote wniformity and remove confusion. Considerable progress has been made since 1987,
although many chailenges still face the industry.

RECENT INITIATIVES

It is essential that all involved with agricultural chemicals are competent. This is best achieved
throngh education, training and accreditation instead of harsh legislation and licensing. This
approach is supported by the 1990 Senate Seclect Commiitee inquiry inte Agricultural and
Veterinary Chemicals in Australia (13 In line with this approach, several initiatives have been
introduced in Austradia.
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Farm chemical industry training and accreditation. In 198%, The Agricultural and Veterinary
Chemicals Association of Australia Ltd. (AVCA) introduced a training and accreditation
programme for all personnel concerned with the manufaciure, distribution and sale of
agricultural chemicals. This programme has been evolving and now AVCA has established an
independent division (Agsafe) to implement and manage industry accreditation. This requires all
personnel to undertake a comprehensive training programme and pass an examination to become
personally accredited. As well, all premises handling and distributing products must attain
premises accreditation by ensaring storage facilides comply with an industry standard
incorporating all Jegal requirements. To date, over 700 staff out of approximately 10,000 have
gained personai accreditation while approximately half of the estimated 1200 eligible stworage
premises have gained premises accreditation (L. Day, pers. comm., 1%93). A significant
incentive to achieve accreditation comes in the form of a Trades Practices Commission
Authorisation which requires industry groups not o conduct business with companies which do
not meet accreditation standards.

A feature of the new Agsufe division is that individuals and organisations committed 10 high
standards of safety and competence can become members of Agsafe.

As part of its on-going desire to continually enhance competency standards within the industry,
Apsafe is in the process of introducing advanced training modules for those already aceredited.
These have been developed after identifying industty competencies and job profiles, and
conducting a needs analysis through a comprehensive industry survey and consultation process.
This stage II training has been facilitated by a substanual government grant and is being directed
by a task force of industry representatives and educators. Training modules wiil be written in
competency based training format to comply with national accreditation requirements and will be
suitable for many industry sectors to include in oaining programmes.

End user training. In 1991, the Nuational Farmers Federation and the Rural Training Council
Australia, moved to introduce a National Farm Chemical User Training Program (NFCUTP) 1o
ensure all users of agricultural chemicals are competent.  Although mainly directed at producers,
this programme is suitable for all vsers of these products and experience has shown an
enthusiastic response from local government bodies, nursery operators, and government
organisations. The NFCUTP is based on core competencies established by a National
Management Committee. In each state courses have been developed and have been implemented
to comply with the naticnal competencies. The resuli has been a duplication of effort and
resources with 6 different courses ranging from 8 to 16 hours duration. There is also duplication
of administration and management activities, Despite these inefficiencies, the programme has
been well received with nearly 10,000 participants successfully gaining their certificate.

This programme is the most significant training initiative ever o be introduced in Avstralia and
deserves our full support. It is highly recommended to all users of agricultural chemicals (4).

Other training initiatives. Significant training programs which have been inwoduced in recent
years for specific industry sectors include:

- A Grain Protection Short Course developed by Charles Sturt University for the grain
handling industry.

. State based training programmes and licensing requirements for urban pest control officers.
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. A training programme in Victoria for urban herbicide users (2).

. Attention is being given to the training needs of those in positions like garden shops or
specialist areas who do not see themselves fitting the mould of either the Agsafe
accreditution propramine or the Farm Chemical User Programme.

FUTURE CHALLENGES

All who are involved in the rural indostries need to be aware of current rends and work towards
meeting future challenges which will effect us all and require our attention. These include:

1. Implementation of the Agsafe stage 1l accreditation modules which will require close co-
operation between educators and industry,

2. The National Farm Chemical User Training Program is rapidly gaining in significance. A
major challenge will be to achieve co-ordination of state programmes to achieve a truly
nationat course.  Furthermore the logistics of providing a voluntary training programme 1o
an estimated 500,00 potential participants around Australia is daunting.

3. All who are currently involved in the industry, including researchers and advisers, shauld
demonstrate their suppott and commitment to indusiry training and accreditation by
participating in these programmes and becoming accredited themselves. It is possible that
in the future all will be forced to do so. Such provisions are being incorporated into
legistation covering accupational health and salety and agricultural chemical use.

4. Organisations such as the Weed Science Socicties have a respansibility to actively support
and promote industry training programimes both in Australia and in neighbouring countries
in the Pacific, South East Asia and beyond. The Societies must alse lobby vniversities and
colleges to ensure that students in their courses achieve recognised industry competencies
so that on graduation they are well qualified 1o enter the industry.

5. While training programmes should be encouraged, their introduction must be rational and
co-ordinated. We need 10 be wary of uncontrolled proliferation and duplication.

6. Changes to legistation are still required to ensure national and international conformity of
regulations poverning the transport, storage and use of agricuitural chemicals. The national
registration scheme for agricultural and veterinary chemicals must be ratified by our
politicians so that it can be fully implemented. Again, industry organisations have a
responsibility to promote this as well as contribute to the debates on product labelling and
COALLNET TRanagemant,

CONCLUSION

In recent years much progress has been made to ensure agricultural chemicals are used safely
and accurately although many challenges still face us.  As individuals and as an indusiry
organisation we have a respensibility 1o use our influence and our talents at every opportunity to
promolc and encoursge  training  programmes aimed at improving competency and
professionalism.  The full support of all is essential to maintain the progress we have made in
the past six years and to meet the challenges ahead. Community and environmental pressures
will lorce further progress unless we, as an industry, continue to take the initiative, be pro-active
and provide feadership.
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THE MANAGEMENT OF WEEDS ON ABORIGINAL LAND
WITH SPECIAL REFERENCE TO MIMOSA PIGRA

LL. Miller and G.C. Schultz
Depurtment of Primary Industry and Fisheries, Darwin NT, Australia

Summary. Aboriginal land owners recognise that land degradation by weeds is unfavourable to
their waditiwenal way of life and to their efforis to become self sufficient. A large isolated
infestation of Mimosa pigra occurs on the East Alligator River floodplain in Arnhem Land,
posing a threat to the region. Control started in 1983 with the release of biological control
agents followed by intermittent chemical control, In 1991 the infestation was 8,208 ha of dense
to scattered plants, and chemical and mechanical control commenced on the entire infestation.
Follow-up work is essential to achieve the objectives of the program.

INTRODUCTION

Weed management is becoming an increasingly important issue on Aboriginal land in the
Merthern Territory (NT) (2,12). About 47% of the NT is Aboriginai land or is under claim by
Aborigines, either through the land rights process or through purchase of pasioral properties and
subseyuent conversion o Aboriginal freehold. Noxious weeds are found from the Top End to
Centeal Australia.  They cause losses in pastoral production, pollution of water supplies and
degradation of the natural environment. On Aboriginal land, the owners recognise that land
degradation by weeds 15 unfavourable 1o their waditional way of life and their efforts 1o become
self suilwient.

Weeds on Aboriginal land. It is generally believed that Aborigines have occupied Australia for
40,000 years. Being hunters and gatherers, rather than farmers, the fraditional Aboriginal
lifestyle does not include weeding. Europeans (Portuguese and Dutch) have been visiting the
Northern Territory since the 16th or 17th century (11} Macassans and other south-east Asian
people may have been visiting our shores for 1200 years, so there has been ample opportunity
for exotic species to be transporied and beceme established in the north. For example, the
taumarind (Tamarindus indicis) was introduced to Ambem Land well before the first British
exploration of the east coase {11).

it ix not known when the first exotic weeds were introduced to the Northemn Territory, but while
weetlks such as water letuce (Pistig srratiotes) and needle bush (Acacia farnesiang) are
considered to be native (6,7) they may well have been introduced prior to European settlement.
Hyptis (Hyptis suaveolens) was found by the explorer Ludwig Leichhardt in 1845 (3). Many
olther weeds were introduced to Darwin in the late 18005 (7}, for example, candle bush (Senna
afuia), mimosa (Mimosa pigra), thormappies (Datwra spp.) and snake weeds (Stachytarpheta
spp.).

Examples of noxious weeds which now occur on Aboriginal land include mimosa, salvinia
{Sulvinia molestd), spinyhead sida {Side acuta) and hyptis in the Darwin Region, parkinsonia
Parkinsonia aculeata), lion's il (Lesnotis nepetifolia), caltrop (Tribulus spp.) and khaki weed
(Aleernanthera pungensy in the Katherine Region, and parkinsonia, rubber bush (Calotropis
procera) and Athel pine (Tamarix aphyila) in the Southern Region.
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Mimosa, in particular, poses a threat to aditional lifestyles and economic development (2). It
forms dense impenetrable monocuitures on floodptains (8,9) which are traditional hunting and
gathering areas for magpie geese, file snakes, goannas, turtles and water lilies, access to fishing
areas is prevented, tourist operations may be hampered, and pastures for cattle and buffale
enterprises on the floodplains are lost.

Responsibility for control. Aborigines have been employed for weed control in Darwin since
early this century (1}. However, the major issues facing weed control on their own land are
funding and the enforcement of the Noxious Weeds Act.  As is the case with other land, the
responsibility for weed conrot on Aboriginal Jand is that of the owners or managers of the land.
Aboriginal land owners are encouraged to contrel weeds but, as with other landholders, the
success varies from place to place. Aboriginal land owners generally believe that funding of
weed control rests with Government as they do not have the physical, financial and techaical
resources to control weeds. In many cases, their land is not productive in a European sense and
therefore does not produce income, and the presence of weeds on their land may be the result of
introductions by Europeans. This philosophy has sometimes been accepted by Government.

Apart from using their own funds, Aborigines in the NT are sometimes able 10 access grants
from various sowces. NT Govermnment funds are spent on weed coatrol in some key areas, for
example, control of mimosa in the Daly River/Port Keats Aboriginal Land Trust and in Amhem
Land, control of lion's tail at Yarralin in the Victoria River District and control of Athei pine in
the Alice Springs District. Some other landholders also receive a similar service, but the NT
Govemment is hesitant to expand funding specifically for Aboriginal land as other landholders
would expect the same treatment. There are also funds available from Commonwealth
Government sources such as the Department of Employment Education and Training, the Burean
of Rural Sciences, the Ausmalian National Parks and Wildlife Service (ANPWS) Contract
Employment Program for Aborigines in Nataral and Cultural resource Management, and the
National Landcare Program.

Under the NT Noxious Weeds Act eradication or control can be enforced. This Act can be
applied to Aboriginal land if it does not conflict with the Commonwealth Aboriginal Land
Rights Act, but the Noxious Weeds Act has never been applied to Aboriginal land. Even if it is
applied, there does not appear to be a means to enforce an action to a conclusion, because those
areas which are held under Aboriginal inalienable frechold title cannot be sold, mortgaged or
dealt with to recover debts for compulsory controb carried out by the Government, as is
empowered under the Noxions Weeds Act.

MIMOSA CONTROL IN ARNHEM LAND

The eastern and western extremities of mimosa in Australia are on Aboriginal land. The largest
infestation in Arnhem Land occurs on the East Alligator River floodplains north of the
community of Oenpelli (Gunbalanya), posing a threat to the region, in particular Kakadu
National Park. This infestation started before 1983, the seed probably being accidentally brought
by buffalo catchers or buffaloes themselves. Limited resources were available to controf this
smali infestation of about 200 ha. Between August 1983 and June 1983 releases were made of
seed feeding beeties, biological conrol agents for mimosa. Other agents are now available, but

while prospects for conwol are promising {5), biological control has still to reach a high level of
effectiveness.
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In 1986 twelve Aborigines controlled isolated plants on the plain under a Commonwealth
Employment Program. Dense arcas were aerially sprayed with dicamba. This exercise
succeeded in increasing the awareness of the local community about the mimosa problem, but its
short-term nature meant that it achieved minimal control. Similar short-term, intermittent, jointly
funded projects involving the Northern Land Ceuncil (NLC), the Department of Primary Industry
and Fisheries (DPIF), the former Department of Aboriginal Affairs and the ANPWS tock place
on part of the infestation between 1988 and 1990, but the infestation at Oenpelli increased to
about 8,200 ha of dense to scattered mimosa.

Control proposal. An inter-agency mecting in May 1990 resolved to develop a program to
contrel minwosa on all Aboriginal land in the Northem Territery. A Public Environment Report
{PER) was completed in April 1991 (2). The then Commonwealth Department of the Arts,
Sport, the Environment, Tourism and Territories invited public submissions on this proposal and
an ‘Environment Assessment Report’ supporting the proposal was published in June 1591,

The proposal was to control mimosa by following a five year action plan (subject to major
review uafter three years) aimed at preventing the spread of mimosa in three key areas: the
Oenpelli floodplains in western Amhem Land, the Daly River/Port Keats Aboriginal Land Trust,
and Wagail Reserve. A five year program was proposed as it was unlikely that biological
control would be effective within that time. Funding for the proposal was sought from the
Commonwealth under a specific grant, separate from the ongoing mimosa control program
funded by the NT. In 1991/52 the Commonwealth provided a direct grant of $2 million, and in
1992/93 a further $1.046 million, for control of the Oenpelli infestation. Funding was recently
committed for a further three years amounting to $3.5 million. No commitment was made for
funding to control mimosa in the Daly River area and Wagait Reserve.

Respensibility for the program.  An inter-agency Sigering Comnmittee has prime responsibility
for the program which has been implemented by the Weeds Branch of the NT DPIF, the NLC,
the ANPWS and Gunbalanya Council. A research and menitering program is carried out by
CSIRO Division of Wildlife and Ecology.

METHODS

Site preparation.  fn 1991, 50 km of tracks were cleared with a bulldozer and road grader 1o
allow for ground marking during aerial application of herbicide. The tracks were carefully sited
to prevent fulure erosion or damage to any sacred sites in the area. This latter problem was
avoided by using locul Aboriginal operators., Areas for herbicide storage, fuel dumps, and a
waste dutnp were selected.

Aerial spplication. The dry pelleted herbicide, tebuthiuron, made up most of the herbicide
applied at a recommended rate of 1.5 kg ai/ha {9,10). It was necessary to have the work
completed by Decemnber before the floodplains became too wet for tebuthiuron application, and
5o that vehicle access could he guaranteed.

The tebuthiuron was applied by a Bell Jetranger helicopter using an lsolair application umit in
November 1991, Runs were marked using & m high banners attached to four-wheel drive
vehicles, although large areas were flown with reduced marking where banners were hidden in
the trees and in some areas marking was not possible. Calibration of the equipment was carried
out twice a day and when a new batch of herbicide was opened. Some variability was found
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within the batches and humidity affected the mie of application throughout the day. A total of
12,436 kg of tebuthivron (62,180 kg of Graslan®), in 194 loads, were applied at an average rate
of 1.53 kg/ha. One bay, which had been reated in previcus years, was teated at 1.0 kg/ha.
Flying time was 1152 hours. A foliow-up application of tebuthiuron was made to
approximately 2,000 ha of the leading edge in December 1992,

The foliar-applied liquid herbicide, fluroxypyr, was used to control mimosa growing in the
palacochannels and areas nof treated with tebuthivron. Fluroxypyr is effective on mimosa at 600
g ai/ha (10). All herbicide and fuel was placed on site before the wet season and staff flew in
each day to carvy out the application. Applications were carried out in March and May 1992 on
1,321 ha of the project site, at outlying arcas in Amhem Land, and isolated plants scattered
across the floodplain towards the boundary of Kakadv National Park.

No ftagging was possible as the floodplain was inundated. A total of 789 kg of fluroxypyr
(2631 L of Staranc®)} was applied and 57.6 spraying hours were spent in this phase of the
operation. Approximately 2% of the total area could not be treated due to wet weather and

shortages of herbicide. Follow-up applications of fluroxypyr were made in March and April
1993,

Ground control. The key to successful mimosa control is to conwrol isolated plants surrounding
and away from the main infestation. Fourteen Aborigines living at Gunbalanya have been
employed for this work. Over 7% of the budget was spent directly on Aboriginal employment
and this proportion will increase as the major infestation is brought under control.

The ground teams were equipped with two 4 x 4 vehicles, two trailers and four quad bikes to
allow access to the area. Application equipment comprised of strong lopping shears, 9L
knapsack sprayers and appropriate safety equipment for each individual. [solated mimosa plants
were cut off close to the ground and fluroxypyr mixed in diesel was applied to the cut surface.
If the plant had seeded, or if a large number of seedlings were found, tebuthiuron pellets were
applied by hand over the area.

Mechanical control. Between October and December approximately 2,000 ha of the treated
mimosa was chained using two low ground pressure D4 bulldozers.

RESULTS AND DISCUSSION

Aerial application. Mimosa is relatively sensitive to tebuthiuron compared to other species.
Within one month after application, tip chlorosis and tip browning of the feliage of mimosa can
be noted, and complete defoliation is usually cbtained within three months (9). An inspection
was carried out on 8§ Jannary 1992, Tip chlorosis was apparent over a wide area. A further
inspection on 20 February 1992, after necrosis and defoliation had commenced, indicated that
striping had occurred over most bays. It was always understood that some striping may occur
(2) and that only a partial kill would be achieved in the palacochannels as the herbicide
dissolves without being absorbed. The foliar herbicide, fluroxypyr, was on site 1o cover this
contingency. The degree of striping was greater than anticipated and was probably due to
calibration errors, changes in wind direction and speed, and long runs hetween markers.

Application of the fluroxypyr achieved necrosis and defoliation of the mimosa. The mimosa
plants that were sprayed during March were flowering and bearing green pods. Seed production
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may have been reduced as the herbicide generally produces visible effects within ten days.
However, in areas where spraying was delayed until May, the mimosa produced mature seed.
After being sprayed with fluroxypyr, mast of the mimosa on the plain was either dead or dying.

Ground control. The boundary between the infestation and the woodland is longer than 60 km
and there are six major drainage lines feeding the area. It took from May until September 1992
for the tcams to cover the paper bark fringe and treat all mimosa plants. The rest of the season
wis spent on the open floodplain searching for plants and re-weating the fringe.

Mechanical control. In May 1993 the chained area which had received iwe applications of
tebuthiuron was virtually free of mimosa. Repeneration by native grasses and sedges and the
introduced para grass (Brachiaria mutica) which has been on the plain for at least 70 years, was
occurring. Mimosa is difficult to bum, but fire has a place in control programs (9). Whether
chaining i necessury is debatable, and trials are planned to test whether compaction of the
mimosa fuel assists in its buming and assists in the regeneration of understorey vegetation.

Costeffectiveness.  If a decision is made to control a large mimosa infestation, there is no
current allemative to acrial application of herbicides. The total cost of applying tebuthiuron o
mimosy was $114/ha.  These costs do not include freight or staff costs etc. Fluroxypyr
application at $89.40/ha is comparable to costs in spraying mimosa with this herbicide in other
areas. It is difficult to estimate the cost of losing the floodplains of Amhem Land and Kakadu
National Park to mimosa. and this program is planned to continue for five years. It is therefore
o early to measure final effectiveness, but the program achieved its first year objectives.

Research and environmental monitoring. A preliminary report (4) concluded that tebuthiuron is
unlikely to have a deleterious effect on aquatic fauma and suggested steps to improve the
efficiency of the propram.

Conclusion. The control of large areas of weeds an Aboriginal land, integrating different control
methods and work teams, is possible without undue damage to the environment. The Oecnpelii
program was the farpest single aerial application of herbicide ever undertaken in the NT, the
largest single application of herbicide to mimosa in the world, the largest single tebuthiuren
operation ever undenaken in Australia and probably the largest single application of tebuthiuron
to a wetland environment in the world. Provided that funding for the program continues the
objectives of this program on Aberiginal tand can be achieved.
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BENEFITS OF A NATIONWIDE EXTENSION PROGRAMME TO BIOLOGICAL CONTROL
OF WEEDS RESEARCH IN NEW ZEALAND

P. Syrett, L.M. Hayes, J.J. Sheat
Manaaki Whenua-Landcare Rescarch, PO Box 69, Lincoln, Canterbury, New Zealand

Summary. The success of a 5-year nationwide biological control of weeds extension programme
is evalualed in terms of agent cstablishment, level of community interest and support, and
opportsnitics for enhancing research. Data from many sites have been collected. The support of
collaborating organisations has allowed widespread establishment of control agents and
geographical areas where agents are unsuccessful have been identified early. The programme has
raised the profile of biological conirol of weeds projects in the community and increased client
groups’ knowledge and understanding of the technolopy. Release strategies are currently being
tested in a way that iniepraies sound experimental design with client requirements; the results
will provide data that may lead to improved success rates.

INTRODUCTION

In 1986 the Biological Conirol of Weeds Group of Entomology Divisien, DSIR {now Manaaki
Whenua - Landeare Research} identified the need for an extension programme io build on
existing links with the nutionwide network of noxious plants officers who are appoinied by local
government to administer control of noxious plants, The idea arose firstly because research
workers were unable to supply all the requests for bioclogical control agents, and secondly
because several weed contrel agenis released and established in New Zealand many years
previousty were still of limited distribution. In some cases this was solely because insects
dispersed only slowly from the original release points, which suggested that a programme of
deliberate re-distribution would improve success of these agents. Ewven for species that spread
well unaided, it is often desirable to achieve establishment in areas sooner than would occur by
nawral dispersal.  Grindell (2) has described the cooperative extension programme currently
operated by Landcare Research, This paper shows how extension work has been integrated with
raseurch projects and how the extension programme is increasing the effectiveness of biological
control.

BENEFITS OF USER-PAYS

Under the cooperative extension programme, collaborating organisations (Regional Councils, the
Department of Conservation, forestry companies, and Landcorp Farming Led) pay Landcare
Research for a service that includes supplying insect biological control agents, managing release
sites, eollecting data and training field staff (2). Crown funding approved by the Foundation for
Research, Science, and Technelogy (FRST) pays for research on exploration, selection and host
testing of potential control agents, and impact assessment. In addition, 25% of the financial
contribution from collahorating organisations supports research associated with their programme.
This allows researchers 1o conduct work that interests or benefits collaborators but is unlikely to
be funded by the Crown because it may not be of sufficiently high priority or relevance to FRST
outputs. Examples of research funded in this way are studies which compare the efficiencies of
diffesent insect rearing methods, assessments of the impact of thisle crown weevil
(Trichosiroculus horridus (Panzer)) on nodding thisde (Carduuy nutans L), and studies on the
alligator weed beetie, Agasicles kygrophila Selman & Vogt,
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An excellent relationship has developed between Landcare Research staff and collaborating
organisations. In general collaborators greatly appreciate the programme’s value and continue to
give it their financial and Jogistical support. Close communication between research and user
organisations alfows lLandcare Research 1o select projects important to users. One of their
particular concerns has been the lack of data on the efficacy of biological control agents that are
currently being released. Since collaborators need evidence to convince ratepayers, politicians,
and management that the biological control technique is cost-effective and sound, impact
information from previous projects is useful to them. Other organisations interested in a specific
control project may prefer to fund research that will demonstrate the effectiveness of the control
agent to be released, rather than joining the extension programme. Services received by
collaborating organisatiens are negotiated annvally and may be varied from time to time, by
mutual agreement, as priorities of the organisations change. However, Landcare Research’s
flexibility has limitations. For example, it is not possible to provide control agents for a
completely new target weed without obtaining additional funding or re-organising research
priorities, but it may be possible to replace a previously agreed agent by another. By responding
10 the needs of the collaborators, the research effort is well focused, and users willingly provide
both practical and political support to gain funding for the work.

EFFECTIVE ESTABLISHMENT OF BIOLOGICAL CONTROL AGENTS

The extension programune has enabled establishment of control agents to be achieved at many
widely distributed release sites much more rapidiy than woeuld have been previously possible
(Table 13, Noxious plants officers, with their extensive knowledge of local weed populations,
have been invaluable in identifying suitable sites for releasing agents. Traditionally, releases of
biological conirol agents were local and limited. Cinnabar moth (Fyria jacobaeae 1..), first
released in 1929, was stll restricted to the scuthermn part of the North Island in 1981 (7).
Ragwort seedfly, Boranophila jacobaeae {Hardy), was released at fewer than 10 sites, and St
John's wart beede, Chrysoling hyperici (Firster), at close to 4). While ragwort seedfly is sall
confined to a limited area of the central North Island, St John's wort beetic rapidly became
established on St John's wort (Hypericum perforatum L.) throughout New Zealand (3). This
demonstrates that some species can establish widely from a small number of releases. After
tedistribution under the extension programme, cinnabar moth is now established at sites
throughout New Zealand (8). Besides providing a large number of initia! release sites, the
extension programme also encourages and trains field staff to redistribute insects from these
primary release sites once they are well established. This further increases the effectiveness of
establishment.

Perhaps an even greater problem was the previous lack of tesources to assess establishment at
large numbers of widely dispersed sites which meant that many release siles were not
subsequently monitored (6}, The extension programme has greatly increased the quality of
monitoring. Data are collected on standard recovery sheets, which have been designed so that a
range of observers can provide relisble information. Field staff ermployed by collaborating
organisations are taught the skills required to complete these assessment forms.

In general, by remeving the costs of rearing and establishing control agents from the research
programme, the extension programme allows research to focus on the problem of identifying
factors that influence soccess or failure. Enformation gathered from ragwort flea beetle
{Longitarsus jacobaeae (Waterhouse)) and cinnabar moth release sites showed that establishment
was achieved at 75% and 35% of 106 sites respectively (8). Rates of spread. as well as
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estublishment, were greater for ragwort flea beetle. There was also a strong indication that
rugwort (Senecie jucobuea L) populations were declining at most sites where ragwort flea
heetles, alone or topether with cinnabar moth, were established. Establishment data for gorse
spider mite (Tetranychus fintearius Dufour) releases showed that after 2 years of widespread
release, mites had fadled to establish in several discrete areas. Identifying the establishment
pattern enabled new strains of spider mite to be sought from arcas of Europe better matched
climatically with those areas where the original strain failed to establish (4). Without the
comprehensive and simullancous establishment data provided through the extension programme
it would have taken significantly longer for the pattern to beceme apparent.

Informalion from the extension prograrmme benefits research projects on the biology and impact
of control agents because it aids selection of optimal sites for more detailed experimental work.
Ficld seaff from collaborating organisations sometimes help to collect data for these siudies. A
current example involves a large-scale experiment to test release strategies. A post-doctoral
fellow from the Centre for Population Biology, Silwood Park, UK, is collaborating with
Landcare Research to determine how numbers of agents per release and numbers of releases per
sile affect establishment success. This work will be conducted in conjunction with the extension
programme, so that recovery information can be collected in the normal way, but more releases
will be made o [lfil the needs of the scientific objectives as well as those of the collaborating

organisations. The cost of extu releases is more than compensated for by the savings to the
rescarch programme.

Table 1. MNumber of inscot releasex mude under the cooperalive extension programme up 1o 1993
Spweivs L9867  19R7-8  1988-% 198390  1990-1  1991-2 19923 Toual
Alligator weed (Alternanthera philaseroidis)
Aguxrcles Rygrophib® 3 3
Yerpdra mallod [[H 3 1 1 1 16
SuUJohn™s wort (Hypericum perforaium)
Chryserting quoids igeming 4 4

Cabilornian thistle (€ lesium arverce)

Leweer rypartla 3 4 & 13

Aliva rerducrum 2 L 3
Nuduing thistle (€ arduns rutaas)

Vrichosirecadus fuwridius 4 26 16 22 2 11 98

Lrephowa solalitialis L 6 6 1 4
HRagwarl (Senesier jacebdaea)

Tvrid paevihvieas 43 12 bl 34 2 140

Lamgitarsus joacoboras [ L] 3 pa 5 é 9 4 92
Gugsae {({1lex eurporus)

Vetranyrhns lintraris 139 &8 9 15 251

Sovicothrips staphylinus 16 &5 96 197

Agemesriorin digeter il ] 13 19

Cyifier suivedana 6 6
Brosun (Tpfisics s cparins}

Braehicdins vitloxus 3 3
Total puepbr species reancd ] 4 4 5 11 9 il 14

* Omigind relesses of Agasicles hygrophile were made at 34 siles under an earlier scheme.
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BENEFITS FROM COMMUNICATION AND PUBLIC RELATIONS

About 90 noxious plants officers are employed by Regional Councils to implement weed control
policies. Noxious plants officers are trained in biological control of weeds during their formal
training programme. Like other field staff from all collaborating organisations they participate
in workshops and field days held by Landcare Research. High-quality information supplied by
Landcare Research through regular newsletters and personal contact is greatly appreciated by
collaborating crganisations. Their ficld swaff now form an integral part of the biclogical control
of weeds programme, They help to raise the profile of biclogical contrel in the community by
organising local publicity and by communicating with locat councillors and the public. In
several areas noxions plants officers have successfully encouraged local schoals to rear
biological conirol agents for release. This develops an interest amang children, theie parents and
their teachers in the principles and practicalities of biological control of weeds. In addition these
groups identify with biological control activities being undertaken in their local areas.

Information obtained by Landcare Research from contact with field staff includes useful
anecdotal observations. Information on damage to weeds by pathogens or insects observed by,
or reported to, field staff may result o the identification of organisms new to New Zealand. For
example, many records of the spread of blackberry rust (Phragmidium violaceurn (Schulz)) in
New Zealand have been obtained from noxious plants officers. When information on weed
status or insect establishment is required, Landcare Research achieves a high level of returns
from feld staff because of the excellent relationship developed with them. For exampie, a
student supported by Landcare Rescarch surveyed noxious plants officers in the northemn part of
the North Islang for information on alligator weed, Alternanthera philoxeroides (C. Martins), and
alligator weed beetle and achieved a 96% return from her questionnaire.

DISADVANTAGES AND PROBLEMS

Although the requirements of research and extension are often the same - both sides want 10
select the best site to achieve establishment and long-term survival of conirol agents - inevitably
same conflicts arise between the scientific requirements of the biclogical control project and the
needs of collaborating organisations, particularly when the supply of agents is limited. Releasing
insects on a pragmatic basis 1§ rarely compatible with achieving a properly replicated
experimental design,

The exiension programme was first negotiated in 1986 to achieve the release of 17 species of
control agent over a 5-year period. Perhaps inevitably, the proposed programme was ambitious
and it has been a sguggle wo fulfil the original commitments. The availability of new control
agents is difficult to predict in advance. It depends both on the ease with which Impostation
Impact Assessments can be completed for agents that successfully meet increasingly stringent
safety criteria and on the technical difficulties of rearing large numbers for distribution. When
local government was re-arganised in 1990 the programme was re-negotiated and some of the
original objectives were modified.

Information on recovery sheets has been transferred to a PC-based database, which is invaluable
in providing a comprehensive record of the status of control agents at release sites. Such a large
database can easily become unwicldy, so it has been important to ensure that every piece of
information collected is essential and is in a readily usable form. It is costly w0 store
information that is uanecessary.
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The number of specics being rcared in any one year tends to increase (Table 1) I is difficult to
cease rearing any species once widespread release is complete because requests for additional
releases continue to be made as new organisations join the programme and priorities of
organisations change.

CONCLUSIONS: THE FUTURE

The biological control of weeds extension programme has been extremely worthwhile. The level
of support for the work in the community has increased, and widespread establishrment of control
agents has been achieved more rapidly than would have occurred otherwise. Useful information
on establishment has been obtained, and new funding has been made available for research.
However, only limited conclusions can be drawn about factors influencing establishment and
impact of agents because scientificatly designed and replicated release strategies were not used.

In the future, increasingly stringent requirements for the scrutiny of new introductions will
probably reduce the number of control agents available for the programme and there will be an
increasing focus on developing straiegies for managing control agents. Programmes will be
more closely tailored 1o the requirements of individual organisations and regions. Already
distinct differences are appearing in programmes being run in different parts of the country in
response to differing needs.  Attempts will be made to implement release strategies that allow
statistical comparisons of releases while still maintaining compatibility with the needs of
collaborating organisations.
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TOWARDS A NATIONAL APPROACH TO EFFICIENT PESTICIDE USE

G. Evans, P. Rowland and D. Adams
Bureau of Resource Sciences, Dept of Primary Industries and Energy,
Canberra ACT 2600, Australia

Summary. The National Sirategy for Ecologically Sustainable Development requires that
Governments a@ssess the merits of setting indicative narional targets for the use of selected
agricidiural and veterinary chemicals. These words provide agricoltural and veterinary scientists
frem all disciplines with an opportunity to contribute to debate an this matter, the outcome of
which could bave profound implications for Australian agriculture. Failure by any group or
discipline to take up the opportunicy incurs the risk that decisions will be made without their
input. This paper describes the environment in which the debate will take place and outlines the
role that weed scientists may play ia it.

INTRODUCTION

The National Strategy for Ecologically Sustainable Development (ESD} (4) identifies five
objectives for the agricultural sector, one of which covers effective and safe management of
pesticides. A key strategy for achieving this objective requires that Governments assess rhe
merits of setting indicative national fargets for the use of selected agricultural and veterinary
chemicals.

Given the political dimensions and the policy ramifications of this statement it is imperative that
agricultural and veterinary scientists from all disciplines contribute to a rational and informed
debate on the issue, weighing the opportunities and potential benefits against the costs. Failure
to take up the opportunity incurs the risk that vital decisions will be made in the absence of
appropriate input from weed scientists.

TREATMENT OF PESTICIDE IN THE ESD PROCESS

The Commonwealth Government’s Working Party that reported on ecologically sustainable
development in the agricultural sector {1,2) recognised the concerns expressed by different
interest groups about pesticides, including such matters as: censumer health and the safety of
workers and people in rural areas; the environmental impact of pesticides in soil and water;
and the development of pesticide resistance.

It i3 clear, however, that the overriding concern was for the need to maintain market access,
something that could be jeopardised were Ausmralia to export commedities containing residues of
pesticides that are either not approved for use or exceed maximum residue limits in importing
countries. This ¢oncern is reflected in the recommendation thai targets be set for reductions in
use of specific classes of chemicals as a means of encouraging the development of alternatives
and ensuring thot Australia is in a position to meet changing market requirements for iis
agricuftural products (2).

The Working Party was not unanimous in its view on establishing targets for pesticide vse; some
members supported the idea of mandatory targets, others favoured the sefting of indicative
targets. The National Farmers® Federation (NFF), on the other hand, was opposed to setting any
targets without objective scientific data to show that such action would be beneficial to human
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health and safety (2). Debate within the Working Party was constrained by a lack of data on the
potential benefits of sening targets for pesticide use in Australia. In the end, the statement
incorporated into the National Strategy viz, Governments will assess the merits of sefting
indicative national tarpets for the use of selected agricultural and veterinary chemicals was, in
all probability, the best possible outcome. The ESD strategy now provides weed scientists with
an opportunity 1o contribute to debate on this matter, the outcome of which could have profound
consequences for our agricultural industries.

INITIATIVES TC REDUCE PESTICIDE USE

There is 4 worldwide trend to greater regulution of pesticide use involving, among other things,
fregquent reviews of registered products and the introduction of progressively more rigorous
criteria for assessing the impact of pesticides on the environment. These develepments have led
to the withdrawal of significunt numbers of chemicals from use. For other products, registered
uses have been severely restricted.  The level of community concern about pesticides was so
preat that governments in Sweden, Denmark and the Netherlands legislated to reduce their use
(6). Several other countries have estabiished voluntary programs with similar objectives (5).

It is important at the cutsed that Australian agricultural and veterinary scientists understand the
environment in which Governments have been prepared to take what some might think to be
quite radical steps or, in the case of the Netherlands, draconian measures. These steps have not

been taken lightly, and reflect extensive consideration rather than hasty decisions to pacify green
lobbies.

The Netherlands ranks only second behind the United States in the value of its exports of
agricultural products. It has achieved this position through the development of intensive, highly
sophisticated systerns of production supported by large inputs of pesticides. To achieve the goal
of halving pesticide use in a decade will involve massive restructuring of agriculure.  Direct
costs to farmers have been estimated at 2.3 biflion Dutch florins (AUS$1.8 billien) and extra
costs will run to an estimated annual 830 million Duich florins (AUS$660m) in the year 2000
(3). No government could afford to alienate an important and influential sector in this way
withoul compelling reasons and hope te survive. While doubtless there is much disquiet among
fanmers, it was clear 10 the Dutch that the agricultural systems they had in place were on a
Lotalty unsustainable course and, if the country were to retain its position in world agriculture,
quite drastic measures were required (7).

The situations in Sweden and Denmark wete quite different. The agricultural sector in neither
country is in any way comparable with the Netherlands, yet public concem about the impact of
pesticides on hunssan health and safety and the environment were sufficient for the povernments
in these countrics 1o lead the way in legistating for reductions in pesticide use (6).

The message from this is that each country mwust assess its own situation apd set in place
policies directed to pesticide use that will provide the best possibie cutcome for the community.
Fhis is the challenpge before us.

REGULATION OF PESTICIDE USE IN AUSTRALIA

Historically, registration of pesticides in Australia bas been a state responsibility. Under an
agrecment developed by the former Standing Committec on Agriculture (now the Standing
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Committee on Agriculture and Resource Management (SCARM)), the Commonwealth undertook
clearance of agricultural and veterinary chemicals abead of the States imposing their
requirements for registration and vse. The role played by the Commonwealth was formalised
with the introduction of the Agricultural and Veterinary Chemicals Act 1988. This is about to
change and under an agreement announced in a press release by the Minister for Primary
Industries and Energy in 1992, the Commonwealth will take responsibility for registration. This
is to be done by a statutory body, the National Registration Authority, but the States will retain
responsibility for use of agricultural and veterinary chemicals. Thus any move to establish a
national approach to pesticide use will need to be considered in the SCARM arena. SCARM is
pivotal because it is one of those committees where business of common interest to the States
and to the Commonwealth is dealt with and where national co-ordination is undertaken.

Countrics that have moved to reduce pesticide use, by legislation or voluntarily, have used the
registration process as an instrument to force change by inroducing progressively more rigorous
criteria for assessing the impact of pesticides on the environment. If decisions were made 10 set
targets for pesticide use in Australia, the National Registration Authority would play & key role,

Bodies such as the NFF, consumer, environmental and other interest groups will be important
contributors from the outset.

A ROLE FOR WEED SCIENTISTS

Weed scientists have a particularly important role in the development of a national approach to
pesticide use for several reasons: herbicides are the single most important group of pesticides in
use in Australia, representing more than sixty percent of sales; herbicide use has increased as
farmers have adopted mintmum tilage technology; existing public concern about herbicides
contaminating the environment; and the development of herbicide resistant crops will heighten
debate on the use of pesticides.

It is critical at the outser that debate is a constructive one and does not degenerate into an
exchange of unsupported opinion about what is possible and what is not possible andfor whether,
in the view of experts, herbicides pose any or no risk to the environment or to hurmnan health and
safety., Imespective of scientific views about the safety of pesticides, serious consumer cancerns
exist.

With their mastery of the subject, weed scientists have an obligation to package existing
information in a way that can be used by non-scientists, particularly those who must advise
governments on the issues.

Recognition of the depth of public concern about pesticides and the worldwide mend to seek
ways to reduce pesticide use should guide weed scientists when framing their R&D proposals.
The objective for their research should be an outcome that provides Australia with substantial
national advantage.
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THE ROLE OF LANDCARE GROUPS IN WEED CONTROL

D.L. Atkins' and J.M. Molloy’
! Department of Primary Industries, Ayt Q 4807, Australia
? Department of Primary Industries, Brisbane Q 4000, Australia

Landcare groups have played a key role in weed control in Australia. Landcare groups have
provided a forum for an exchange of information between landbolders and Government
Departments, and have increased awareness of weed problems in the community. The groups
have fostered cooperation between neighbouring properties and Goverament research and
extension agencies.

Landcare groups have adopted a participative action research/learning approach, with
demonstration sites and field days to increase landholder awareness and education of weed
control methodology., Landholders on the Landcare groups are aware of the factors that may
influence the adoption process of other landholders. In some cases peer pressure has been
responsible for effective weed control in an area.

Weed control has been the single most important issues responsible for the formation of some
landcare groups. These groups have recognised that an integrated approach is required, as weeds
do not recognise propenty boundaries. A number of case studies are provided which describe the
processes used by some Landcare groups.

Landcare groups also provide an administrative body for the application of funding from State
and Commonwealth funding sources.

BACKGROUND TO LANDCARE GROUPS

Landcare groups are made wp of people who have come together 1o collectively work towards
improved land management Groups usually consist of primary producers, members of local
government, educational institutions and anyone from the local commanity. With limited
financial and people resources, proups rely on awareness and education to promote sustainable
land management practices.

The number of landcare groups in Australia grew in response to a commitment by the Australian
Government to support a concerted effort by the community 1owards addressing land
degradation. This support was brought about by the colfaboration of the two key primary
producer and conservation groups, the National Farmers Federation and the Australian
Conservation Foundation. The result of this collaboration was funds being set aside for
distribution to the community by way of grants, known as the National Landcare Program.

Issues which groups address vary between districts and states. In southern Australian salinity,
feral animals, revegetation and soil erosion are key issues. Woody weeds, rangeland
management and soil erosion are key issues in northem Australia, eight of the fourteen different

pasture communities in Queensland are threatened by the spread of woody weeds or undesirable
timber regrowth (6).
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Landcare groups organise activities such as field days, guest speakers at meetings, farm walks,
bus trips and project sites. Funding for projects and activities can be obtained by submissions to
the National Landcare Program.

COOPERATION AND INTEGRATION

The eurly landcare groups which formed in Victoria aimed to address problems of weeds and
salinity. Producers saw the futility of doing action on their property without the cooperation of
their neighbours. Weed control will only be effective if the source of weed seed is also
contrelled. This is difficuit if the source is on a neighbouring property. Working towards a
cooperative solution also saves on human and financial costs.  Landcare groups have the
advantage of being able to influence their neighbours and develop a joint effort.

Govemment and non-goverament agencies, individual landholders and focal communities will
not only have to find new solutions to ecological problems - they must also find new ways of
working together (2). Combined activities and projects have benefits for both government
agencies and producer groups. Tnput from the community results in ownership of problems and
acceptance which may lead 1o more effective action. Government agencies enjoy the benefits of
an additional exicnsion service and input to research projects.

Dalrymple Landcare Committee. The Dalrymple Landcare Committee located around Charters
Towers have a close working relationship with government agencies, agribusiness and producer
organisations,  The Commitiee has finks with Tropical Weeds Research Centre (Lands
Depaniment), Grazing Lands Management Unit (Department of Primary Industries) and CSIRO.

Management of woody weeds is a major issue for the Committee. At their regular field days
weeds are always on the agenda. By organising field days, the Commitiee secks to provide
informative discussions which may minimise the costs of weed control to landholders in the
Shire and surrounding districts.

Prickly Acacia Landcare Project - Western Queensland. Prickly Acacia is an overwhelming
woody weed problem in the Mitchell Grass Downs of North West Qld which is being addressed
through the efforts of four landcare groups and Lands Department The Flinders, Richmond,
MacKinlay and Cloncurry Landcare Groups submitted a combined project to National Landcare
Program to appoint a prickly acacia extension officer to assist with mapping the weed and
providing advice to tandholders on control programs.

AWARENESS AND EDUCATION 1N RURAL AND URBAN COMMUNITY

Landcare groups do not have the resources to address all the problems in their districts. A role
which groups fill is in promoting svailable information and technelogy to other producers.
Promoting discussion on methods of weed control plays a big part in eventual management.
Bringing issues out in the open helps producers to understand their problems and perhaps be
more willing 1o actl.

Many weeds in Australia originated as urban garden weeds and escaped into the country. Road

side demonstrations and trials set up by landcare groups help to raise awareness of issues and
promote early control of weeds. These demonstrations also educate the urban community about
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issues of weed control. Hopefully it will serve to help the community te accept responsibility
for land degradation, in this case weeds.

PEER PRESSURE AND LANDHOLDER PERSPECTIVE

The primary rale of landcare groups, and the measure of their effectiveness, is generating
commitment to sustainahility at a community and individual level (1}. Commitment is achieved
through helping the commuaity to understand and own the issues of land degradation and to
develop action.

Landcare groups can play a unigue role in the rural community by putting pressure on other
landholders w control weeds. The message is coming from landholders who have the same
constraints and who are often in a similar situation. Landholders will more often hsten to
opinions and advice from other landholders.

Feedback to government agencies on land degradation is a role taken seriously by landcare
groups. Following is an extract from a talk given at the Dalrympfe Landcare Committee
Rubbervine field day.

"Weed control on the massive scale needed in Northern Ausiralia is too much for
landholders alone.  Over zeatous lands officers, depantmental heads, single issue
enthusiasts or stupid politicians will extinguish what hope we have if lack of understanding
overshadows realism."(3)

FUNDING FOR WEED CONTROL

Only recently has funding been made available through the National Landcare Program for
landcare groups to work on weed projects. Landcare groups have been instrumental in helping
people to understand that weeds are land degradation,

Several projects, which were submitted for funding, from Victoria, New South Wales and
Queenstand, under National Landcare Program specifically related to weed control (5).

The recently released Drafi National Weed Strategy stated that:

“Weed managemeni showld be seen as a fundamental part of landcare, because weeds are
major contributors te land degradation and weed management is an important foctor in
sustainable land use and ecologically sustainable development (4).

It is hoped that this statement will assist in providing more assistance in the future for weed
management, financially through programs such as the National Landcare Program and alse be
encouragement (o conmumunity groups such as Landcare and to State government departments in
the fight against weeds.

Understanding and ownership of land degradation issues by the community are fundamental in
successfully moving towards sustainable land management. The problem of weed control did
not appear ovemight and can not be solve by supply of simplistic weed destruction information.
Landcare groups are attempting to addressing the issuc by promoting understanding of the
problem, discussing the issues and encouraging action,
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Cooperation and colluboration with Landcare groups may assist in more effective methods of
weed control than is possible by chipping away at the problem in isolation.
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WEED CONTROL BOARDS - DO WE NEED NON-SCIENTISTS?

R.G.M. Harvey
Member, SA Animal and Plant Contro! Commission, GPO Box 1671,
Adelaide SA 5001, Austrahia

Summary. This paper gives a farmers’s view of the role of non-scientists on weed control
authorities. Control authorities generally comprise both scientists and non-scientists such as
farmers and environmentalists.

The non-scientist board members are very necessary to project any ideas or conclusions the
board rnakes, to the people who actually do the work,

A non-scientist board member with some teriary education, a broad outlook, and successful in
their field is ideal. You should pick, rather than elect, an individual who has wornthwhile
knowledge of the subject, and can communicate back to his peers. Boards should be limited to
six or seven members and include a good, non-public servant chair.

INTRODUCTION

This is going to be the most non-scientific paper ever presented to a conference of this nature.
it might just give you all a little light relief!

| can imagine many occasions at a meeting of a statutory weeds board where a scientist has to
listen to a non-scientist talk on a problem. He may either be a farmer or may be an
environmentalist. I can picture the scientist thinking to himself: "Why doesn’t this nitwit shut
up, he doesn’t understand the subject, he is being parochial with tunnel vision, he wanders all
aver the place, and he is dull". One of the most difficult things for a farmer is not to relate a
problem to his own situation or environment.

So why not have just scientists on boards and commitices dealing with pest plants? Could they
operate more efficiently and with less cost?

Prior to 1948 weed control in South Australia was overseen by Ministerial advisory commitees
made up of public servants. In 1948 a new Noxious Weeds Advisory Comumittee was appointed
with two non-scientists representing local government and farmers (6).

Landowners continue to have a role in noxious weed control authorities in SA (3), Qld (7), WA
{1}, and in advisory committees for most other states. These boards are successful at meeting
farmers needs (5)

In 5A we have a two-ticred system with Yocal animal and plant control boards whose members
are appointed by kocal povernment. The Animal and Plant Control Commission is responsible
on a statewide basis. It comprises seven members, six nominated by the Minister of Primary
Industries, and one, being a public servant nominated by the Minister for Environment and Land
Management. The Minister of Primary Industrics must select at least four primary producers,
and twe persens from a panel of ne less than four nominated by the Local Government
Association with appropriate experience in agriculture and matters of animal and plant control
).
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ROLE CF NON-SCIENTISTS

So why not have just scientists on boards and committees dealing with pest plants? Could they
operate them more efficiently and with less cost?

The first answer is yes, they probably could.

The next answer lies in where the weeds actually occur, which is usually either on farms, crown
lands or National Parks and reserves. These lands belong to farmers or the State. In the end the
landholder has to deal with the problem of weeds, and is responsible for their control and
eradication (2). So therefore landholders should have some say in these boards.

These representative landowners are very necessary to project any ideas or conclusions the board
muakes, to the people who have acrually to do the work (8). A structure which gives strong local
participation and responsibility is essential for effective weed legistation (9).

SELECTION OF BOARD MEMBERS
So how do we ensure that the best possible selection is made of the person to fill this role?

[ have been a Farmer for most of my life, and & member of the South Australian Vertebrate Pest
Conltrol Authority and Pest Plants Comission, probably for longer than anyone else, and maybe
for too long! So I have some experience of a greal variety of board members.

The wdeal metnber in iy view is an educated person, preferably with a tertiary education, so that
he or she has been taught to think. This person should have travelled a bit. which tends to give
them a broader outlook. It i5 also necessary that they have been successful in what they are
doing, as this gives them standing and respect in the community. They must be able to visualise
problems in a wider sense than theit own area. One of the things I am sick of hearing is: "Now
at Oodnawallop where 1 live, we always do things in this way, (and he will go on to describe
this at length), and 1 cannot see why you cannot fix the problem at Qodnawant”.

People on a board mwust not be there just because they represent another organisation. 1 well
remember an experience on the executive of a primary producers’ organisation in Scuth
Australia, when we were asked to appoint a member to the State Abattoirs board. The
discussion went something like this:-

"Well, Richard Harvey has sheep and cattle which he sends o this abattoir, and it is his
turn for another Board”.

Although T eventually learnt a [ot, my knowledge of running an abattoir initially was almost
2cr0,

So you necd to resist this sort of pressure, which is not always easy for a Minister of State.

Instead pick an individual who has the atiributes [ have already mentioned, plus a worthwhile
knowledge of the subject, and who can commwunicate with his peers.
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THE CHAIR

Another concern is the selection of a board presiding officer or chair. I would prefer to see an
independent chairman of a weeds authority, rather than a public servant. This is not because [
dislike public servants, but usually they are combining the job with a very heavy workload from
other directions, and cannot devote sufficient time to the weeds beard.

The success of any meeting is fargely determined by the presiding officer (4). There are many
people who seem quite normal individuals at a meeting, but on being elected to the chair their
whole personality changes. Because nobody can really interrupt them they talk toe much,
prolong the meeting, and tend to shorten the members lives through beoredom. A good
chairman should stop people talking, not do it himself,

BOARD SIZE

Six or seven members on a board is plenty. Resist the temptation to add people either because
they want representation, or to increase the coverage geographicalty (4). A boeard of fourteen or
fifteen is recommended by some {10) but in my experience is far too many, cumbersome, and
difficult to handle.

I became chairman of a board like this some years aga, and the only way I could handle it to
make the meefings reasonably short was to arrange to have most of the business decided
beforehand, which is not a good idea.

Finally, life is very moch more pleasant if every member has a sense of humour!
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DYNAMICS OF WEED INVASION; IMPLICATIONS FOR CONTROL

R.J. Hobbs
CSIRO, Division of Wildlife and Ecology, LMB 4, PO,
Midland WA 6056, Australia

Summary.,  While existing problem weeds receive most attention in terms of research and
control, the contived intreduction of species into Australia over the last century makes it likely
that mzny currently unimportant species will become important problems in the future. Many
invasive species remain in restricted foci for long periods before undergoing explosive range
cxpansions. Early recognition of species beginning rapid range expansion could allow early and
mure cost-effective control.  There is a need for the development of a proactive approach to
limit future weed problems.

INTRODUCTION

Weed control necessarily focusses on those weeds which cause extensive economic or
environmental dumage. These are the well-established problem weeds which cover large areas
and are often spreading rapidly {(8). There are, however, many other inroduced specics which
con beeome jocaity abundant or problematic or remain in localised areas without necessarily
beeoming a weed problem.  An important question to be considered is how many of the
currently non-problematie introduced species have the potential to become important weedy
species. An associated question is whether we have the capacity to recognise potential weed
problems at an early stage and hence carry out more cost-effective contrel. Early recognition and
treatmsent of problems could result in the prevention of costly invasions and control measures in
the Tuture.  1n this paper, patteens of weed spread are examined, the potential for future weed
problems is discussed and the possibilities of developing methods of early detection of problems
are explored.

PAST PATTERNS OF WEED INTRODUCTION AND SPREAD

Plam intreduction inte Australia has been a continuous and on-going process since the arrival of
Curopeans, with a near linear increase in maturalised species in all states of Easterm Australia
(6,16, Fip. 1), which continues more or less unabated despite quarantine laws. Examination of
the history of introduction of some of today’s most important environmental weeds indicates
that most were inroduced some time apo (8). Further examination of the dynamics of range
exlension of species for which information exists illustrates that, in many cases, popuiations
remained simall and locafised  for long periods before a sudden explosive range expansion
{1,2,3,5.12) . This comesponds 10 a pattern observed more widely for a range of different
invicling plant specics, as well as for diseases (11; Fig. 2).

Cumbining (he information in Figs 1 and 2 provides some sort of estimate of the potential for
the development of further major weed problems in Australia.  Lag times between initial
colonisation and the explosive phase of range expansion can be as much as 70-100 years. Given
that many of our current weed problems were arnohg the earlier introductions and that the
number of introduced species has increased by almost an order of magnitude in the last century,
it seents likely that we can expect an increasing number of introduced species 10 move into an
aceclerated tate of spread. Siove current control measures are inadequate to deal with the present
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suite of problem species, the prospect of an ever-increasing supply of new problems should be
viewed with concern.

PREDICTION AND EARLY DETECTION OF RAPID SPREAD

Attempts to predict which invading species are likely to become important weeds have largely
met with a lack of success. While a broad set of characteristics of successful invaders can be put
together (14,15), this still does not provide a wseful mechanism for predicting the responses of
individual species (4,9,10,13). This is in part because a successful invasion depends not only on
the characteristics of the invading species but also on the characteristics, dynamics and history
of the site being invaded (9,10). This suggesis that invasicns are somewhat individualistic in
nature, depending on the chance congruence of a number of plant and site factors at a particular
time (4). If this is the case, predicting the onset of a rapid range spread by any one species can
be expected to be a difficult, if not impossible, task. However, given the likely extent of the
problem in the Futare, this task should receive further attention.
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Figusc 1.  Number of naturalised plants in the four eastemn Australian states, 1870-1980 (from 6,16),
and estimated date of introduction of selected specics (data from 8): 1) Crysanthemoides
monivifera; 2, Crypiosiegia grandiflora; 3, Myrsiphylhum asparapoides; 4.Mimosa pigra; 5.
Eichornia crassipes; 6; Parkinsonia aculeata: 7, Tamarix aphylla: 8. Frasopis spp.

Given that it is difficult 10 predict which species will become problem weeds from species characteristics
alonc, we need to develop a predictive capability based on other factors. Early recognilion of the
Lransition to the phase of rapid spread may hold some promisc, Some work has been conducted into
lactors which accelerate the rate of spread of invaders. For instance, spread will be more rapid if
numerons widely-spaced foci of invasion develop than if spread is mainly from a single focus (Fig. 3:
H). Examples of rapid plant spread show a mixture of shon-dislance dispersal around a primary focus
and long-distance spread (o new sites, with subsequent short- and long-distance dispersid from the
secondury sites (17}, Monitoring for this process of the formation of widely-spaced secondary foci could
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provide onc means of carly detection of poienlial problems. Simitary, species which are currently present
i small abundamnces bot in many localitics could also receive priarity atiention,
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Figuse 2. Slylised represcniation of spread of an invasive plant species plotted against the percentage of
the new range eccupicd versus the percentage of time belween irst occurrence and the most
recent censuy (derived from 11}
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Figure 3. The addifion of loci increases the rate of new range occupation quadratically, cven if the
total arca initially occupicd and rates of spread are the same (11}

Ihe importance of multiple foci in speeding up invasion is also relevant to control programs: if
the controf measures centse on the primary focus and ignore smaller infestations, these will
simply act as secondary foci and pegate the effects of the control program. The need for early
control of species nol yet seen as major problems also has to be communicated to managers,
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whe may be unwilling to divert resources from other apparently more pressing problems. A
simple cost-benefit analysis of early versus delayed contol on any of the exisiting major weed
problemns would provide a convincing extension tool.

More attention to site factors which enhance invasion potential might also be useful
Disturbance, especially, is a factor frequently invoked in permitting invasion (7), and this
includes buman-induced disturbances such as road building and logging, and natral disturbances
such as fires and floods. While not all serious weed problems can be linked directly to
disturbance, the linkage is frequent enough to provide some degree of predictability. The
combination of an vnusual disturbance or climatic event and the presence of multiple foci of a
potential invader could be used as an early warning alent for an incipient problem.

CONCLUSION

The two approaches discussed above may provide the start of a3 framework for assessing and
predicting potential future weed problems. However, they need te be tested and developed in
practice, other approaches need to be considered, and the whole area requires more theoretical
and practical research. Until now the question of predicting future weed problems has always
becn put in the "too hard” basket. Considering the extent and costs of current weed problems
and the huge potential for future problems, a smal! degree of effort put inte developing early
warning sysiems now may pay huge dividends in the future, if invasions can be detected and
controlled before they reach the stage of explosive spread. In addition to reactive management
to deal with today’s massive problems, we also need proactive research and management to
minimise tomommow's.
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THE NATURE OF EXOTIC INVASIONS IN HERBACEQUS VEGETATION OF HIGH AND
LOW SPECIES RICHNESS: IMPLICATIONS FOR CONSERVATION AND
MANAGEMENT

5. Mclntyre
Dept of Ecosystern Management, University of New England,
Armidale NSW 2351, Australia
Current address: CSIRQ Division of Tropical Crops and Pastures,
306 Carmody Road, St Lucia Q 4067, Australia

Summary, Sixty quadrais from grassland vegetation were divided into those with above and
below average richness of native species. Low richness sites were more highly disturbed and
muinly dominated by exotic perennial prasses. High richness sites were typically dominated by
native perennial grasses. The most abundant exatic species showed two patterns of occurrence:
greater frequency in low richness sites or similar frequency over both low and high richness.
The data indicate that exotic species may vary in their impact on native vegetation, and that
selective control could be a useful strategy to maintain, or regain, native species richness
following disturbance.

INTRODUCTION

Combinations of disturbance and invasions by exotic species are considered to be a major threat
to the survival of native plants in Ausiralia {3). In a survey of native grassland sites on the New
England Tablelands, 97% of samples were found to contain exotic species, even though the
sampling was stratified to include exampies of the vegetation in its most natural state {McIntyre,
unpublished data}. For vegetation such as natural grasslands, exotic invasions are a fact of life.
The challenge in conserving the native component of such herbaceous communities lies in
understanding and manipulating synthetic communities of exotic and native species.

The relationship between exotic invasions, exogenous disturbances (human-induced) and loss of
natve specics is widely recognized in Australia (1), In ficld situations, it can be difficult to
differentiate the direct effects of disturbances on native species from the competitive effects of
exotic invasions, as well as the interactions arising from these two factors. Despite this, field
observations give us direct information on the nature of exoctic invasions and at least correlative
evidence of the relationship between invaston, disturbance and persistence of native plants.

There is disagreement regarding the impact of exotics, with some arguing that the displacement
of natives by exotics is reduced by virtue of their use of unoccupied niches. However, Herbold
and Moyle (4) have argued convincingly that undisturbed communities are not invaded without
disturbance or without displacement of native species in undisturbed communities. In the case
of herbaceous vegetation in Austratia, even after disturbance, native species would eventually
recolonize in the absence of exotic propagules and it would be difficult to argue that exotics
have no direct impact on native communities, given the space they occupy. Nonetheless, the
relative impacts of different exotics may vary. The inevitable presence of exotics in some
vegelation types makes it worthwhile considering how species may differ in the the impact they
can have on native communities and whether there are some that should be targetted {or contro!
under particular circumstances. With these questions in mind, this paper compares the exotic
component of species poor and species rich herbaceous vegetation and asks whether particular
exotic species, life-histories or life-forms are associated with low or high species richness?
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METHODS

A survey of herbaceous vegetation was conducted in grassy ecosystems on the New England
Tablelands of New South Wales during 1990-91. The vegetation sampled had been subjected to
varying degrees of modification resulting from exogenous disturbances, mainly grazing, soil
disturbance (mostly from earth-moving equipment), water enrichment (sites receiving extra
ronoff resulting from human-medified drainage) and (although not measured) nutrient en-
richment. Details of methods and a full species list are presented in McIntyre e al. (6). Of the
120 quadrais originally sampied {one 6x53 m quadrat per site), a subset of 60 ungrazed sites was
tuken to examine the relationship between richness of native species and exotic invasions. Due
W the complexity of vegetation response to stock grazing and the interactions that are likely to
occur between grazing and other disturbances, the 60 sites that had physical evidence of grazing
at the time of sampling, were excluded from the current anatysis.

The sumple was divided into two groups of 30 sites; a low richness group, with below-average
richness and a high richness group with above-average richness of native species. The average
richness of the sample was 19.9 native species. Twe simple measuvrements of floristic
abundance were vused: frequency (or counts) of species or groups of related species derived
from presencefabsence data collected for all species in the quadrats; dominance was recorded
for all species that had a projected canopy cover of >10%. Although this cover rating is well
below what might be considered tue dominance, there was an average of only 1.6 dominant
species per quadrat, and the majority of species had very low percentage cover. Each taxon was
classified into an additional two categories: annual or percnnial life-history and forb or grass
life-form. These traits were compared over the two richness groups.

RESULTS AND DISCUSSION

The low richness group cccurred in habitats with a greater frequency of soil disturbance and
water enrichment {Table 1). Significant losses of native species and increases of exotics with
these disturbances have been confirmed statistically for the entire data set (7). Low richness was
also assovialed with either thick litter ot >5% bare ground while high richness sites tended to
have thin litler cover (Table 1). These proportions varied significantly (y2= 8.3, d.f.= 3,
p<tt05). The dominance of chalk grassland vegetation by perennial grasses, and their ability to
suppress smaller statured, interstitial species through littet accumulation has been described by
Grubb {3). A simnilar situation appears to occur in New England where Poa spp. and Themeda
asseralis are the most common dominants (6). The bare ground at low richness sites was most
cominonly due to disturbances whereas it appeared more frequently to be due to constrained
production at the high richness sites.

The twa groups had similar numbers of dominants overall, although low richness sites had a
greater proportion of cxotic dominants and high richness sites had more native dominants. The
same trends were evident in the number of non-dominant exotics (Table 2).

Perennial grasses were the most common dominants overall, although amongst exotics, annual
grasses and perennial forbs were also well represented (Table 3). At high richness sites, all the
dominant perennial grasses were native, while at low richness sites there were similar numbers
of records of native and exotic dominant perennial grasses. Thus perennial native grasses may
also be capable of reducing richness of interstitial plants in some cases. There were only four
low richness sites that were dominated only by natives. OF these, none appeared to be soil
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disturbed, two had water enrichment and three had litter >3 cm deep. In contrast, the presence
of dominant exotic plants was never associated with high native richness, except in the case of
annual grasses,

Table 1. Compardson of sites with above- and below-average species richness (30 m?). Numbers of
sites in each of three soil disturbances classes and two water enrichment classes are given.

Soil disturbance Water Averige number of non-dominant
Richaess of enrichment exotic species
nalive species Low Mod. High No  Yes »5% <l 15 >5
barc
Low (mean = 12) 5 4 2zl 17 13 i3 1 3 i3
High mean = 28) 22 7 L 28 2 9 2 12 7

Table 2. Average number of ¢xotic and native dominant (cover >10%} taxa and exotic non-
dominant taxa recorded in 30 m* plots at sites of low and high native species

richness.
Average number of dominants Average number of
non-dominant
Exotic Native Total exotic species
Low richness (n=30 sites) 0.97 0.70 1.67 8.0
High richness {n=30 sites) 013 1.37 1.50 4.3

Table 3, Distribution of species records across life-history categories

Native dominants Exotic dorminants Non-daminant exotics

Life history Richness Richness Richness

Low High Low High Low High
Perennial grass 16 32 12 0 36 13
Annual grass 0 0 8 4 47 18
Perenniat forb 5 7 7 0 99 61
Annual forb Q 0 2 0 56 35
Other 0 2 0 0 2 1
Toul 21 41 29 4 240 128

Records of non-dominant exotics were much more frequently associated with high native
richness (Table 3), with 35% of all records being at high richness sites compared with 12% of
dominants. Species from all life-history categories were found to occur both as dominants and
non-dominants in the plots.
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Tuble 4 lists the ten most frequently occurring exotic taxa, They represent a range of life-
histories, but all show one of two patterns of occurrence: 1) Tolerant species - these had similar
frequencies at sites of low and high richness and tended to be non-dominant, perennial or annual
forbs (although Hypoechoeris spp. and Trifolium arvense cach dominated at one low richness
sitey, 2) Disturbance specialists - these bad a higher frequency at sites of low richness
(disturbed) sites and could achieve dominance at sites of low richness (with the exception
of Vilpia spp. which also dominated at two high richness sites). Dotinance was distributed over
a nuinber of taxa. Apart from the pnative grasses Poa spp. and Themeda australis, with 25 and

12 dominance records respectively, only Plantago lanceolate was dominant at more than 4 of
the 60 sites.

Tuble 4, Ten most frequently recorded exotic taxa, distribution of their records over sites of high and low
specics richness and accurrence as dominant (> 10% cover) or non-dominant compenents of the
vegelation, Where more than one species is listed, the first-named is Lhe nrost frequendy occurring,
although e all reerneds could be scparated. a = anoual, p = perenmial | g= grass, [ = forb

Low richness High richness
Speciesf Total Life
species group Dominant Non- Dominant Non- records  history
dominant dominant
Hypowhoeris radicatadt!, glabea 1 0 0 24 45 pifaf
Plantioge Tanceolata 5 20 1] 7 k¥4 pf
Vulpio bromoidestV. myurost

V. miralis 2 11 2 5 20 ag
Trifedium arvense 1 ¢ 0 -3 18 af
Centirurism erythraealC. senuiflorum 0 7 ¢ 11 i3 af
Rrowmins racemosusiB. Rordeacrus!

H. metfiforsis 2 12 1] 3 17 ag
Trifelivm repens 0 7 0 9 16 pf
Prrorhagin velidinag 0 9 0 6 15 af
Pespalun dilatasum t 10 0 3 14 pe
Comnyza albida 0 7 0 6 13 pt

Without finer records of abundance, it is not possible w know the extent to which tolerant
spucics might increase their cover at sites of low richness and thus contribute to reductions in
otal nateve richness.  Previous analyses of the entire survey data set (7) showed a significant
negative correlation both between numbers of native species and disturbances as well as between
numbers of native species and numbers of exotic species (once the cffects of disturbances were
removed).  Thus even non-dominant exotics may displace natives through their direct presence.
Nonetheless, the data and observational evidence suggest that disturbance specialists may
contribute even more 10 the reduction in rare species by increasing their cover in response to
disturbance. Perennial exotic grasses are of panicular significance in this regard; the six sites of
lowest richness (native species <B) were all dominated by exotic perennial grasses, had high
levels of soil disturbance and all had a litter layer >5 ¢m deep.  Thus under conditions of
disturbance, exotic perennial grasses may be capable of permanently displacing native species,
while smaller-statured exotic forbs such a Centaurium spp. and Peworhagia veluting may have
only 4 minor compelitive effect,

The following eveats and mechanisms are likely to operate in the process leading to loss of
native species tichness in herbaceous vegetation and are consistent with our observations:
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a)  some cxolic specics are able to invade natural vegetation without gross levels of exogenous
disturbance;

b) physical disturbances destroy populations of native and exotic piants:  disturbances
encourage establishment and dominance by exotics, both newly-introduced and occurring at
the site;

¢) pre-emplive occupation of sites by exotics, reduces post-disturbance recolonization by
natives which are often slower (lower seed production, slower prowth rates),

d) site enrichment (nutrients, water) can lead to competitive exclusion of less responsive
species (often native) by more responsive species (often exotic);

e)  in the absence of further disturbance, perennial grasses may accumulate litter and suppress
smaller statured interstitial species; this may occur in native communities dominated by
perennial grasses in the absence of fire or intermittent grazing or mowing.

The effects of soil disturbance, enrichment, invasion by exotic perennial grasses followed by a
period of low disturbance may lead to the greatest reduction in native species richness and be
cffectively permanent. Ii is suggested that in cases of unavoidable disturbance. selectve control
of exotic perennial grasses may be a useful strategy where limited resources are available for
conservation management. Although more detailed observations are needed to fully describe the
impacts of exctics on native richness, differential effects that relate to plant morphology are
indicated by the data and by theory (2,3).
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ECOLOGY OF WOODY WEED INVASIONS IN THE TROPICAL WOODLANDS
OF NORTH-EASTERN AUSTRALIA: IMPLICATIONS FOR MANAGEMENT

JR. Brown and J.G. Mclvor
CSIRO Division of Tropical Crops and Pastures, Davies Laboratory, PMB PO,
Aitkenvale ) 4814, Australia

Summary. Attemnpts at controlling exotic woody weed invasions in tropical woodlands of north-
easten Australia have penerally revolved around reliance on the competitive ability of existing
vegetation to suppress invading pepulations, and on the development of mechanical or chemical
contrel methods for restoring invaded areas. However, there is very littie experimental or
observational evidence to support this approach. In this paper we review some of the pertinent
litermaure and present some empirical evidence in support of an approach that focuses research
and manapement efforts on limiting dispersal of invading plants and implementing more
complex management regimes that are based on the negative effects of disturbance on invaders,

INTRODUCTION

Shrub invasion in grazed ecosysterns is a common problem throughout the world. Abundant
cxamples describe the conversion of open grasslands, savannas, and woodlands to shrublands
aned closed woodlands. As density and stature of invading shrubs increases, fewer ecosystem
resources are available for berbaceous growth. Consequenily, livestock camrying capacity 1s
reduced, soil erosion is increased, and species, habitats, and ecosystems are endangered. Much
consternation and economic expenditure has accompanied this phenomenen and yet the problemn
PErsINES,

Most auempts at reversing this trend have revelved around some combination of rnechanical,
chemical, or biological control in heavily invaded areas. Although a substantial area is
completely dominated by exotic shrubs and few [andscapes are completely free of isclated
individuals, the majority of land area temains open or occupied at relatively low densities.
Unlortunawely, fow resources have been expended to examine proximate causes and mechanisms
of invasions and the implications for management aimed at containing invasions and maintaining
produclivily, Cuusative tactors must be altered if invasions are to be centained and mechanisms
may provide clues to key processes that foretell invasions and allow appropriate actions. Any
realistic exiamination of causes and mechanisms must include both the invading species and
ecosystem attributes (12).

Ecosystem atieibutes. Fropical and subtropical woeodlands represent about 92 mha of Australian
vanpeland (11). These ecosystems evolved with periodic extended drought (B) and large-scale
intensive fires (43, but lucked exposure to heavy grazing by large herbivores (9). Consequently,
bunchgrasses dominate the herbaceous Jayer. Although aboveground net primary productivity is
relatively high compared to other grasslands, basal area is low (<3%). Therefore, even in
undisturbed ecosysterns where disturbance is low, much of the soil surface is unoccupied and
available for colonization. Even moderate levels of disturbance decreases perennial bunchgrasses
busal area (10), increasing openings where seeds of invading plants may establish.

Liveswck grazing is by far the most extensive land use (11). Herbaceous production in the wet

scasan typicully exceeds grazicr demand and intake during the dry season is Jimited by low
digestibility {5). However, cattle numbers have approximately doubled in the past twenty years.
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This increased forage demand and utilization has resulted in shifts in species compaosition in the
herbaceous layer toward annual grasses and forbs (10). Increased availability of annual grasses
and forbs has a positive feedback effect on livestock intake (1), In twm, increased intake and
compositional shifts have a negative feedback on amounts of herbaceous growth available as fine
fuel, reducing the frequency and intensity of fire. This disruption of the fire regime has resulted
in a loss of equilibrivm in the relationship between woody and herbaceous components of the
vegetation (15) and allows for the greater expression of the woody compenent.

Invader attributes. Two of the most economicalty important woody weeds in the north-eastern
woodlands are rubbervine (Crypiostegia grandiflora) and prickly acacia (Acacia niletica).
Rubbervine was introduced in the late 1800s around population centres as a horticultural plant
and is now common in the eastern part of the region (13). Ik commonly inhabits the more
productive lowland areas adjacent to ephemeral and permanent watercourses. In addition to an
ability to exist as a shrub, it can climb intw the canopy of established trees. Seed production is
very high {(>>5K/ mature plant), seeds are viable (germination >90%) and dispersal is via wind
or water, When cstablished plants are subjecied to top removal, they can resprout from below
ground parts. Many naturally occurring stands are monocultures.

Prickly acacia is most common in the Mitchell grasslands, but is increasing rapidly throughout
the east ag well (13). It is a legurninous shrub or small tree and is capable of producing large
quantities of viable seeds (>10k/mature tree). Seed viability is high (>80%) and seed longevity
may exceed 5 years in the soil. It was introduced originally as a fodder tree and seed dispersal
via cattle is very effective. It can exist in near monocuitural stands as well. In the westemn
portions of it’s geographic range, prickly acacia originally was concentrated near bore drains.
Although large trees with high seed production remain concentrated in these well watered areas,
populations have spread throughout entirc paddocks where livestock have access. Recently, it has
spread eastward into more mesic ecosystems, where seed producing trees are widely distributed
acrass the landscape.

Possible causes and mechanisms. Historical and anecdotal reporis as well as experimenial
evidence suggests that these woody plant increases are relatively recent (c. 25-40 y). Invasions
are attributed to two general causes: 1} decreased competitive ability of current herbaceous
vegetation assemblages or 2) decreased fire frequency and intensity. Although the two causes are
related and interactive, it is important to separate and quantify each i strategies are to be
devised that can limit Invasions.

If competition from herbaceous vegetation is to be a major factor limiting shrub survival, it is
most likely during the seediing and juvenile stages of the life cycie. When seeds of invading
shrubs are present on a site, germination and emergence are likely limited only by viability and
moisture availability (6). These conditions are frequently met in north-eastern Australia, so
germination and emergence are likely occurrences on most sites. Although woody plant growth
may be limited if herbaccous plants are capable of pre-empting moisture, effect on survival is
more critical in depressing population size and limiting invasions (2}, If survival is unaffected
and woody plants mature, the effect of the herbaceous layer in limiting survival, growth and
reproduction is diminished (16). As shrubs mature, below ground investment in both extensive
tap root systems and morc fincly divided shallow root systems insure shrub access 1o soil
moisture and natrients. Logically, life history relegates the role of herbacecus vegetation in
fimiting shrub populations to the seediing and juvenile stages. Thus, we initiated experiments to
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examine the ability of common, highly competitive perenmial grasses to limit the success of
Juvenile shrub seedlings.

METHODS

To test the effect of herbaceous vegetation in limiting woody plant success, we introduced seed
of rubbervine and prickly acacia into established vegetation dominated by perennial grasses and
monitored survival. In a glasshouse, we introduced 15 seeds of each species into pots {50 cm in
diameter x 25 cm deep) in which perennial grasses had been wransplanted and grown for 50 d
with supplementary water. The prasses were speargrass (Heteropogon contortus) or Indian
vouchgrass (Bothriochloa pertusa). Speargrass is a native perennial bunchgrass that is indicative
of light w moderate grazing (1). Indian couchgrass is a stoloniferous perennial grass introduced
from India and 13 ndicative of heavy grazing. Throughout the experiment the grasses were
defoliated biweekly at one of three levels (heavily = 10 cm, moderaigly = 40 cm and
undefoliated). Woody plant seedlings were not defoliated. Immediately after shrub seeds were
inroduced to the pots, all pots were watered to saturation for 4 d to simulate a germinating
rainfall event. In addition, pots were well watered at three different intervals (54, 14 d, and
21 d) to simulate rainfall paterns typical of good, average and dry years, respectively. We
monitored shrub seedling emergence and subsequent survival for 90 6.

In January 1992, we introduced seeds of rubbervine and prickly acacia into 1 m? plots dominated
by perennial prasses that had been protected from grazing for >20 y. Although the wet seasons
of 1991-1992 and 1992-1993 were among the driest on record, seed germinated in some of the
plots and was monitored over the next two years.

RESULTS AND DISCUSSION

In the glusshouse study none of the treatments significantly affected seedling survival. Seediing
survival for both species exceeded 95% for both species repardless of competing species,
defohiation regime, or watering regime. In the field study, prickly acacia survival was 62% and
rubbervine survival was 8§79% afier two seasons. Although these experiments represent a limited
range of conditions and a short time period, the combination of our results and research and
observations from around the world in similar situations leads us to suggest that the likelihood of
limating shrub invasion of open woodlands via the competitive effects of the herbaceous layer is
very fow, This conclusion, then, focuses attention on the alternative hypothesis presented above;
that the primary value of herbaceous vegetation in limiting shrub invasion is as fine fuel to
initiate fires of sufficient ntensity and frequency to limit woody plant success.

An undersianding of the attributes of the invading species indicates seed availability and viability
seldom are limiting factors if mature plants are within dispersal distance. Herbaceous vegetation
may limit seedling survival under some conditions (7), but if essential resources (notably
moisture) are in adequate supply, the effect is greatly diminished. If shrub seedlings survive to
the juvenile stage, it is highly unlikely that herbaceous vegetation can reduce survival. During
this phase, herbaceous vegetation may have more value as fine fuel to increase frequency and
intensity of fires than fer exploitative or interference competition. Although most woody shrubs
are fire tolerant, frequent hot fires may remove top growth and preatly limit their ability to
compete for water and nuirients in upper soil profiles (14). If this is the case, juvenile woody
plant effects on herbaceous production can be greatly limited. In addition, repetitive 1op removal
can eflectively maintain populatiens of woody plants as juveniles and greatly depress seed rzin
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on a sitg. By limiting seed production at the population level, presence of woody plant seeds in
the seedbank would eventuaily run down if treated areas are sufficiently distant from seed
producing trees.

However, if woody plants survive to become adults, herbaceous vepetation has little effect on
either survival, growth or reproductive success {3). Spot treatment with chemical, mechanicat or
attempis to control populations via biological controls inevitably leave seed producing adults
capable of restocking the seed bank. Thus, there remains the potential for rapid increases in
invasive shrub populations.

Based on our observations and literature interpretations, we suggest it is futile to expect that
herbaceous vegetation, however well managed, can have more than minimal impact on the rate
of shrub invasions in tropical woodlands. Research and exiension efforts could more effectively
be directed toward developing cost-effective management schemes that focus on the judicious
use of fine fuel for fires that can check the increase in shrub density and stature.
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ECONOMICS OF CHANGING ROTATIONS TO COMBAT HERBICIDE RESISTANCE

A. Bathgate', D. Pannell® and C. Schmidt'
y Department of Agriculture of Western Australia, Baren-Hay Court,
South Perth WA 6151, Australia
2 University of Western Australia, Nedlands WA 6009, Australia

Summary. The cconomics of altering rotations to delay the development of resistance to
herbicides was investigated using a whole-farm, biceconomic model called MIDAS. The model
represents the dryland farming systemn in the castern wheatbelt of Western Auvstralia.  The
profilability of various cereal-pasture-lupin rotations was compared 1o those currently optimal in
the farming system. The effect of wool and wheat prices and length of pasture phase on the
profitabiliy of the rotations was examined. Using prices expected in the medium term, altering
rolalions by the inclusien of pasture into cereal-lupin rotations had a significant adverse effect on
farm profit. The extent of profit decline was sensitive to soil type and product prices.

INTRODUCTION

Use of Integrated Weed Management (IWM) has been widely promoted as the key 1o managing
herbicide resistant weeds. A key element of IWM is the inclusion of pasture phases in the
rotation, since this aflows the use of a wider range of non-selective weed control measures,
especially knockdown herbicides and grazing. However the decision to change rotation is very
complex and is influenced by many factors other than herbicide resistance. These include prices,
produciion costs, soil type, availability of adapted legume species, yields, crop disease, nitrogen
lixation, machinery size, farm debt, and auitudes to risk

Because it is such a complex issue, it is aot clear that it is in the best interests of farmers to
change rotation belore resistant weeds build up to high densities. In this paper we examine the
short- te medinm-term economic effects of changing rotations to delay build-up of resistance.
We use 3 whole-farm, bioeconomic model (called MIDAS) which incorporates the main factors
influencing rotation choice other than herbicide resistance. The model is vsed to investigaie (a)
the change in short-run profit resulting from the inclusion of pasture into continucus cropping
ritations, (b) profitubility of different lengths of the pasture phase and {c) the sensitivity of
results 1o pasture yields and grain and wool prices.

METHODS

Mode! description,  MIDAS is a mathematical programming model which represents a typical
farm in the castern wheatbel of Western Australia, about 270 km east of Perth. Average rainfall
ix 310 mem per annum and the main products are wheat and wool. A proportion of cropping is
done continuously, usually in a wheat-lupin rotation, with one or two years of wheat after the
lupin crop.

The model calculates the combination of farm enterprises, rotations, sheep flock size and
structure, machinery usage and sheep feeding strategies which maximises farm profit in the
medium tenn. The model output gives details not only about the most profitable set of activitics
bt alse the profitability of activitics not selected. A detailed description of the model can be
foumd in Kingweli and Pannetl (1) and Morrison and Young (2}. Model data and assumptions
are presented by Pannell and Bathgate (3). Only a brief overview of the model is given here.
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Seven soil types are described in the model, and they are ¢lassified according to their production
characteristics. Up to 20 rotations per soil type are represented in defail with allowance made
for the effects of current crops and pastures on subsequent production. This is due to factors
such as discase break effects, stubble for grazing, nitrogen fixation and the reduction in pasture
production after crop. The impact of these factors is quantified for each rotation option on each
soil type.

Analysis of rotations. The model was modified on three soi! types by the introduction of pasture
into the cereal-lupin rotations. The soil classes on which these novel rotations were introduced
are those lighter textured soils better suited to cereal-lupin cropping. These are soil types 52
(sandplain), 83 (gravelly sand) and $4 {duplex) (3}.

The new rotations were chosen in consultation with peneral advisors of the Department of
Agriculture. For each phase of each rotation, we obtained estimates of production parameters
and facilers such as nitrogen fixation, soil structure effects, etc. Most of the data for these
rotations had to be estimated subjectively (in collaboration with advisors) due to lack of
experience with the rotations. The model was run to compare profitability of the new rotations
with traditional rotations. We also tested the impact of different combinations of wheat and
wool prices on the relative profitability of rotations. Finally, different levels of pasture growth
were examined on one of the soil types to determine what effect it has the profitability of the
rolations,

RESULTS AND DISCUSSIOM
Table 1 shows how much the profitability of the new rotations would have to improve for them
to be as profitable as continuous cropping with wheat and lupins. These values are termed

"shadow cests” and they are based on average retums per hectare over the length of the rotation,
They de net directly allow for impacts of the rotation on herbicide resistance.

Table 1. Shadow costs of wheat-pasture-lupin rotations

Sail type: 52 53 54
Rotation” ($/ha) ($/ha) ($/ha)
CPPPLCL 11.7 73 14.83
CPPCL 11.2 8.9 14.8
CPL 18.9 17.1 24.1

C = cereal crop, L = lupin crop, P = pasture.

On each of the three soil types examined, CPPPLCL performs similar economically to CPPCL.
The advantage which the longer pasture phase has in allowing a more thorough run-down of the
ryegrass seed bank means that it is likely to be preferred from the point of view of resistance
management. Thus when resistance rmanagement is considered (in addidon to the many factors
already considered in calculating Table 1}, CPPPLCL is likely to be the best ¢conomic
performer of these three rotations. Even though it is the best of the rotations we considered,
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CPPPLCL requires farmers to make a substantial sacrifice of short-run income compared to CL
or CCL.

Given the low profit margins in the eastern wheatbelt region the decreases in profit shown in
Table 1 are substantiak. 1t seems unlikely that farmers will be prepared to introduce pastire into
continuous cropping rotations unless resistance is imminent. From a long-tenm economic point
of view, continuing 1o crop may well be the best decision for them to make. This is reinforced
by cumrent evidence that the number of selective herbicide applications needed to produce a
herbicide resistant ryegrass population is not reduced by inclusion of a pasture phase in the
rotation. Once resistance becomes a problem one of the new rotations may be adopted.
Possibly, then, the best way to view the values in Table 1 is as the decline in profit which will
occur after resistance has become established in the ryegrass population and the farmer has been
forced to change rotation.

1t is notable that on each soil type, CPL is the least profitable of the rotations we considered.
This is due to the low pasture density in this rotation and to the higher cost of herbicides
reyuired to conlrol ryegrass in the pasture prior to the lupin crop.

Effect of changing prices. Fhe resuits in Table 1 are for a particular set of assumptions, It may
be that different assumptions would lead to different conclusions. To investigate this possibility,
we solved the model for a wide range of wheat and wool prices. The results of this exercise
varied for different rowutions on different soil types. An iliustrative set of results for the CPPCL
rolation on soif type 52 is shown in Table 2.

Tzble 2. Shadow prices of CPPCL rotation on soil type 52.

Wheat price Wool price(c/kg greasy)

($/T n.p.r) 250 300 350 400
30 8.6 10.6 9.3 8.2
170 122 11.2 9.9 9.0
211 17.3 16.6 16.7 153

Naturally, the higher the wool price, the more profitable it is to include pasture in the rotation.
Conversely, the higher the wheat price, the greater is the profit advantage of cropping. These
trends are evident in Table 2 but even at the highest wool price and lowest wheat price, the
CPPCL rotation is still an averape of $8.20 less profitable than CL.

For the other soil types, results not presented bere show that these cereal-pasture-lupin rotations
can compete economically with cereal-lupins in certain circumstances. In panticular if wool
price is 350c/kg greasy, and the wheat price drops to $150/tonne (soil type 83) or $130/tonne
(soil type S4), there is no economic advantage of CL over CPPCL or CPPPLCL even in the
short term. It is anticipated that for the foreseeable future, wheat prices will remain above these
levels. 1T the wool price is Yess than 350c (as it currently is), the wheat price would have to fall
even lurther for it 10 be prefitable in the short term to change to CPPPLCL or CPPCL.
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Effect of increasing pasture growth. Apart from higher wool prices an alternative way of
improving the profitability of cereal-pasture-lupin rotations is to increase pasture production.
Low pasture density after cropping is a primary contributor to the relatively low profitability of
cereal-pasture-lupin rotations. There are various means by which pasture production may be
improved, including plant breeding, grazing management and re-seeding. Here we are not
specific about the source of extra pasture production but consider hypothetical increases of 10
percent and 20 percent above current levels. Results for soil type 3 are shown in Table 3.

Prospects for these novel rotations appear best on soil type 3. Even so a 20 percent increase in
pasture production on this soil type is not safficient to make them as profitable in the short term
as CCL. However the best of them (CPPPLCL) is only $2.00 per hectare per year behind CCL.
It would be expected that the advantages of this rotation for resistance management would more
than compensate for this small sacnifice of shott-term income.

Table 3. Shadow costs of wheat-pasture-lupin rotations on soil type $3

Increase i pasture growth: 0% 10% 20%
Rotation ($/ha) ($/ha) {($/ha)
CPPPLCL 7.3 3.2 2.0
CpPCL 89 5.9 43
CPL 17.1 16.5 16.0

CONCLUDING COMMENTS

The results presented here are, of course, specific to a particular region with its own production
system and production levels. Even within this region we have shown that results of adopting a
new rotation are very sensitive to factors such as wheat price and wool price, Nevertheless the
study has highlighted some impartant lessons of broader relevance.

The introduction of a pasture phase into continuous cropping rotations to delay the onset of
resistance can be very costly. As unpalatable as it appears, it may be in farmers’ best interests
to wait for resistance to develop before responding with a new rotation, especially given wheat
and wool prices expected to prevail over the next 3 to 3 years,

The profitability of altering rotations is very dependant on soil type and product price.
Introducing pasture is only likely 1o be a viable strategy for delaying resistance on soils where
the profitability of pasture is similar to that of crop. On other soils, it may be better to wait for
resistance to appear before moving to adopt the rotations examined here,

Note, however, that we have not yet identified how much shori-term income it is wonh
sacrificing in order io delay resistance, so a cautious interpretation of our results is necessary.
Also note that the resubts do not imply anything about the costs of other management responscs,
such as cultivation, burning or seed catching.
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ECONOMIC INTEGRATION OF CHEMICAL AND NON-CHEMICAL WEED CONTROL
UNDER HERBICIDE RESISTANCE IN CONTINUQUS CROPPING

A.K. Abadi Ghadim', D.J. Pannelf*, and R.}. Gorddard®
' Department of Agricuiture, South Perth WA 6152, Australia
? University of Western Australia, Nedlands WA 6009, Ausiralia

Summary. Even under threat of herbicide resistance, inclusion of pasture into continuous
cropping systems will not be acceptable or even advisable in all situations. However there is a
range of other non-chemical control options available, including cultivation, burning and choice
of wheat cultivar. In this study we investigate the optimal combination of chemical and non-
chemical control of ryegrass under threat of herbicide resistance. Our model is a dynamic non-
lincar programiming model representing a continuous cropping system infested with ryegrass in
Western Ausiralia. We investigate the impact which herbicide resistance has on the optimal
combination of chemical and non-chemical control and estimate the cost of failing to respond
optimally to the threat of resistance.

INTRODUCTION

There have been a number of studies of the economics of pesticide resistance in insects and
diseases (2) but almost no research on the economics of herbicide resistance. In this paper we
address the economics of herbicide resistant weeds in Western Australian dryland agriculture, a
mixed farming system preducing livestock and various crops. Our focus is on the management
of herbicide resistance before it reaches high levels rather than on responses to a high existing
tevel of herbicide resistance.

By far the greatest number of occurrences of herbicide resistance in Aunstrafia has been for
annual ryegrass (Loliwm rigidium) growing as a weed in continuous cropping rotations (usually
wheat/lupins) treated with sclective grass herbicides (1,5). This reflects the frequency with
which selective herbicides are usually used in continuous cropping. This system is the focus for
our study.

The Mapnagement Options. Resistance deveiops after a number of years of chemical use,
whereas costs of the various management responses are incurred in the preceding years.
Evaluating management strategies to prevent herbicide resistance requires comparison of costs
and returns incurred over time. Discounting both future costs and future benefits is a method
used to determine the “net present value” of a strategy. A strategy with the highest net present
value is most beneficial to the farmer.

Of the many strategies proposed for prevention of herbicide resistance two strategies are
evaluated in this paper The first strategy is the use of a non-chemical weed control method,
such as mechanical cultivation. The second strategy is the application of lower dosages of the
herbicide. Our case study is for a situation where continuous cropping is the most profitable
tand use prior to development of herbicide resistance.

The cost of non-chemical conirol varies for different methods. In the case of mechanical
cultivation there are the costs of machinery usage as well as potential costs from soil erosion and
a reduction in crop yields if planting must be delayed to allow cultivation. The benefits of this
strategy are that the weed peopulation can be controlled without applying sclective pressure for
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weeds that are resistant te selective herbicides. The strategy of reducing herbicide dosage has
the benefit of fower chemical costs, less phytotaxic damage to the crop and reduced selective
pressure for resistant weeds. The costs of this strategy are reduced weed control and therefore
lower crop yiclds in the short run and greater weed seed numbers the following year. Since the
choice of one strategy (r.e. cultivation or reduced herbicide rates) affects the profitability of the
other, it is necessary to ke an integrated approach o select the appropriate combinatior of the
two strategies,

Model deseription.  We model the build-up of resistance to diclofop-methyl by annual ryegrass
{Lolium rigidum} in wheat crops in Western Australia. The model is implemented as an annual
time-siep simulation in 4 microcomputer spreadsheet.  Statistical estination methods, data
sources and specific functions used are not presented here. This information is available from
the aothors. ‘The model draws on that developed by Maxwell & af. (3} but parameters and
several of the functions are specific to Australian conditions.

The model includes the Tollowing functions:

1. Deasity of susceptible weeds surviving herbicide application as a function of herbicide
dose and pre-treatment weed dengity.

2. Proportional phytotoxic damage to the wheat crop as a function of herbicide dose.
3 Wheat yield loss from competition with both susceptible and resistant weeds.

4. Autenomous nawral mortality of weed seeds over summer.

5. Weed mortality from non-chemical contrel.

6. Camry-over of weed seeds {susceptible and resistant) from one season to the next.
7. Seed production per weed as a function of intra- and inter-specific competition.

Parameter values asswned for the analysis were as follows:

Initial density of susceptible weeds: 10{)/square m;
Initial frequency of resistant weeds: (00000 ;
Weed-free wheat yield: 60 kg/ha;
Price of wheat: $120A0nne;
Price of herbicide: $55/kg ali;
Other costs of crop production: $89/ha;

Cost of extra cultivation for weed contrel including

indirect costs such as soil degradation and erosion: $10/ha;

Gross murgin of grazing sheep: $25/ha.

Due 10 the variation in effectiveness and costs of non-chemical weed centrel we look at three
different levels of effectiveness, where cullivation kKills either 25%, 50% or 75% of all weeds.
For convenience, mechanical cultivation will be assumed to be the non-chemical weed control
mecthod in this paper. Cuitivation is a typical non-chemical weed control method which farmers
in Western Australia use in conjunction with chemical weed control.  Fer simplicity we assume
that the Yand is cropped with wheat each year until the number of weeds resistant to herbicide is
so preat that livestock grazing of pasture is more profitable than further cropping. We also
assuime that weeds other thun ryegrass are well controiled.
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RESULTS AND DISCUSSION

We calculated the net present values of 12 different management scenarios representing different
combinations of chemical and non-chemical weed control (Table I). The three herbicide
dosages in Table 1 comespond to 50 percent, 75 percent and 100 percent of the label
recommended rate for control of ryegrass with dichlofop-methyl. These herbicide dosages are
consistent with current farmer practices in Western Australia.  Four different levels of
effeciiveness of cultivation are considered: Zero, 25 percent, S0 percent and 75 percent weed
mortality. Thus the first line of results is for a strategy relying totally on herbicide for weed
control. The other three lines are for strategies which include non-chemical control.

Table 1. Net present value of agricultual production
(A%/ha over 30 years at 5 percent real discount

rate)
. Herbicide dosage

Weeds killed (kg active ingredient/ha)
by cultivation (%)

0.188 0.281 0.375
0 496 660 686
25 540 685 666
50 703 778 726
75 1058 975 836

If no cultivation is used lowering the herbicide rate below 0.375 kg/ha reduces farm profitability
{Table 1). However a cultivation which kills as few as 25 percent of the weeds makes it
profitable to reduce the herbicide dose by 25 percent. If cultivation can be 75 percent effective
at controliing weeds, it would be profitable to cat herbicide dosage by 50 percent Thus the
lower herbicide dosages shown in Table 1 can be considered when at least 25 percent of weeds
have been killed by other means such as cultivation. A lower weed density following cultivation
means that the yield loss preventad by applying herbicide is lower, so that the highest rate of
hetbicide is not warranted. Pannell (4) showed that the optimal herbicide dose is positively
related to weed density, so a lower density prior to spraying is associated with a lower aptimal
herbicide dose.

Table 2. The number of years of crop before pasture
becomes a more profitable land use

Herbicide dosage
Weeds killed (kg active ingredient/ha)
by cultivation (%)
0.188 0.281 0.375

0 3 7 7
25 4 9 7
50 9 9 9
15 16 16 16
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Table 2 shows the number of years of crop which can be grown before the density of weeds
reaches a level at which crop is less profitable than pasture. Pasture is assumed to be $88/ha
less profitable than a weed-free crop. At the lowest dosage of herbicide and zero o 25 percent
effectivencss for cultivation the papulation of non-resistant weeds very quickly builds up to such
high densities that cropping is less profitable than pasture.

Table 3 shows that if the lowest herbicide dose is used and cultivation achieves a weed kill of
50 pescent or less, then at the time when cropping is abandoned, the proportion of weeds which
are resistant to herbicide 15 still very low. At the higher herbicide dosages, susceptible weeds
are contained, but eventually selection pressure precipitates the onset of resistance. If the farmer
refies solely on rate cutting to delay the build-up of resistance, herbicide dosage has o be
reduced so much that the population of susceptible weeds increases to the point where crop
yields are decreased substantially.

Table 3. The proportion ol herbicide-resistant weeds present
after the cropping phase indicated in Table 2.

‘ Herbicide dosage
Weeds Killed (kg active ingredient/ha)
by cultivation (%)

0.188 0.281 0.375
i) 0.00006 0.54 0.98
25 0.0002 0.53 0.99
50 0.15 0.98 1.0
75 1.0 1.0 1.0

Effectiveness of cultivation is the main determinant of years of cropping before resistant weed
density reaches a critical level. Herbicide dosage affects the net present vatue but does not
substantially affect the time to resistance build-up. This result depends on the simple genetic
assumptions implicit in our model and does need some empirical verification. Results of this
study show that it is not sufficient to consider individual control straiegies without examining
their interaction. Furthenmore the evaluation of the impact of control measures on resistant
weeds should accouns for the population of susceptible weeds.
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THE ECO-ECONOMIC THRESHOLD PERIOD FOR CONTROLLING BARNYARD GRASS
IN SUMMER SOYBEANS

Z.G. You and S.R. Li
Department of Agronomy, Beijng Agricultural University, 100094 Beijing, P.R. China

Summary. A term of "Eco-economic Threshold Period for Weed Control® was proposed and
ficld experiments were conducted in the Beijing region of China to study the functional
relationship between the summer soybeans {Giyeine max. L.) vield and the relative weedy and
weed free days by bamnyard grass (Echinochloa crus-galli (L.) Beauv.). Models for calculating
the eco-economic threshold period for the weed control in the crop were then developed. Results
calculated using these models showed that the eco-economic thresheld peried for controlling
barmyard grass in summer soybeans was 16.8-26.0% days of the total crop growth season after
emerpence. This is the critical period for avoiding the weed damapge whilst maximizing the use
of the weed in reducing soil erosion and the loss of light interception and soil nutrienis caused
by insufficient plunt covering during the early growth phase.

INTRODUCTION

Weeds not only have hanmful aspects on crop productivity but also useful in the agro-ecosystem
in preventing soil erosion (2-7). Therefore, the principle of weed control should be to avoid their
negative effects, utilize their positive effects and optimize the socio-economic ecosystems (4).

Soybeuns are usually sown in row spacings of more than 45 cm. Their vegetative growth and
increase in leaf area develop slowly in the beginning of the growth season so that most pars of
the field are bare for a long period after planting. As a result, the soil erosion and the loss of
light interception without weed mulching in the field during this period is quite heavy, especially
in sloping fields. Rarly chemical weed control will not only aggravate this situation but also may
increase the environmental pollution and the cost of weed control.

The objectives of this work were to develop models for calculating the eco-gconomic threshold
period which might serve as a guide for efficiendy contralling bamyard grass in summer
soybeans,

METHODS

Experiments were conducted in three ficlds with a large natural seed bank of barnyard grass in
the Beijing region during 1984 and 1985, Soybeans was seeded in 7x45 cm row spacing to give
a final density of 21 plants/m’ in 1984 and in 6x45 cm row spacing to give a final density of 24
plantsAn® in 1985, After seeding the fields were immediately irrigated to improve the emergence
of the weed and crop. The plot size of each experiment was 12-15 m® containing 6 rows of
soybeans. All weeds except bamyard grass in the experimental plots were removed during
soybean prowth season by hand weeding. Al treatments were accomplished with 3 replications.

In 1984, barnyard grasses were allowed to emerge together with soybean and grow for 0, 21, 42,
63, and 84 days after crop emergence and for the entire growth season at the density of 6.7, 33,
73, and 147 bamyard grass plants/fm®, while for 0, 14, 28, 38, and 42 days and for the entire
growth scason at the density of 6.7, 33, 73, and 147 plants/m® in 19835, Afier the termination of
each weedy dusation these plots were then kept weed free by hand weeding until soybean
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maturity. In an other experiment in 1985, plots were kept weed frec for 0, 21, 35, 49, 63, and 77
days after soybean emergence and for the entire season. After the terminating of the weed free
duration bamnyard grasses were allowed to emerge and grow until soybean maturity.

The eco-economic threshold period for weed control in this paper was defined as "A weed free
period which can economically and ecologicaliy avoid the damage caused by the growth of
weeds emerging before and during crop growth season”. The onset of the threshold period was
defined as the maximal percent weedy days after crop emergence before the crop relative yield
was over 97% of the weed free treatment. The end of the threshold period was defined as the
percentage of the least weed free days after crop emergence after which the growth of the
emerging weeds did not reduce crop yield by more than 3%.

The functional relationships between soybean relative yield and the relative weedy and weed free
days afier crop emergence were fitted by means of computer software PlotIT.

RESULTS AND DISCUSSION

1. Relationship between weedy days and soybean yield. As shown in Table I, bamyard grass
irrespective of plant density did not significantly reduce soybean vield when the relative weedy
duration was kept within the first 23.9% days of the total crop growth season afier emergence in
1984, However the relative weedy days by barnyard grass lasting longer than 47.7% days of the
total crop growth season after emergence decreased the soybean relative yield significantdy and
reached the maximum after the first 95% relative days. There was a significant interaction effect
between weed density and weedy duration en soybean yield. Soybean relative yield was reduced
as increase of weed density and the lasting of the weedy duration. In 1985, barnyard grass
interference resulted a less reduction in soybean vield and a delayed damage time because of its
reduced density in this year (Table 2). The function fitting results indicated that there was a
Weibull functional relationship with r= 0.98 shown as follows between the relative weedy
duration (X} by bamyard grass at the highest interference density and the relative yield of
soybean (YY) :

Y, = 107.6(1-exp(-(1.00376-0.000074X )™ " <i>

2. Relationship between weed free days and soybean yield. In' 1985, only those bamyard grass
which emerged together with soybean and was in interference with soybean for an entire growth
season caused 2 significant reduction in soybean yield. However it did not reduce soybean yield
when it emerged 21 days afier soybean emergence or later because it hardly emerged and
formed little biomass under strongly shading of soybean (Table 3). The function fiting resuits
showed that there was a positioned exponential functional relationship with r= 0.99 shown as
follows between the relative weedy free days of bamyard grass after crop emergence (X, and
the soybean relative yield (Y,):

Y, = -63.4exp(-0.1172X,)+100.02 <2

3. Establishment of models for calculating the eco-economic threshold period. According to the
definition of the eco-economic threshold period for weed control and the above functions <1>

and <2>>, the functicnal relationships berween the relative weedy and weed free days by bamyard
grass and the soybean relative yield was fitted. The following medels were derived:

X= 16.3%T <3>
X,=26.0%T <d>
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where,
T= total crop growth days after emergence
X, = onset of the eco-economic threshald period in percent days of the total
crop growth season after emergence
X,= end of the eco-economic threshold period in percent days of the total crop
prowth season after emergence

Table 1. Weedy duration by bamyard grass in relation to soybean yield in 1984

Weedy day . Relative Soybean
after cmergence ?:n’::ﬁ, 3}:’2 height x DM relative yield

days % P gm’ %

o 00 0.0 0.0 0.0 t00.0

21 239 6.6 1.7 L6 100.0

130 7.0 6.5 1000

710 13.1 14.2 99.9

147.0 215 320 97.8

az 477 6.7 15.3 243 99,9

330 53.5 68.5 81.0

730 99.6 1169 75.3

1470 176.9 2103 62.0

63 76 6.7 229 539 99.9

130 (03.2 192.0 68.9

730 150.4 2090 63.1

147.0 240.6 462.0 423

%4 95.5 .7 384 §2.9 89.7

330 1203 252.0 64.1

3.0 165.5 363.0 526

1470 289.0 5780 4.1

” 100.0 6.7 379 80.9 897

33.0 1159 247.0 63.5

(Emire scason) 730 146.8 327.0 510

147.0 2764 555.0 335

By combining the model of <3> and <4> it can be seen that the eco-economic threshold period
for controlling barnyard grass in summer soybeans lay in the first 16.8-26.0% days of the total
crop growth season after emergence, namely around 14 to 22 days after soybean emergence in
the Beijing region.

The beunduries of the “critical periods for weed control” in many studies were usually arbitrarily
defined as the period during which the relative crop yield exceeds 95% (1,8} But in our study
they were defined as the period during which keeping weed free can ensure the crop relative
yield exceeds 97% of the weed free treatment. This is because in our other research it was
found that the loss caused by weed growth from soybean emergence 1o crop maturity could be
usuably counteracted by the value provided by it in preventing soil and nutrients from washing
away and providing the soil with organic matter (4,5 Table 1-3).
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Table 2.  Weexly duration by bamyand grass in relation to soybean yield in 1985
Weedy day

. Relative Soybean
afler emergence pﬁmz g‘j’r’:“lz height x DM relative yield
days % g/m? %
0 0.0 0.0 0.0 0.0 100.0
14 16.5 3.3 102.%
6.7 107.7
202 108.1
ns 107.¢
28 329 13 4.2 54 107.6
6.7 14.5 223 100.5
20.2 o9 100.1 835
337 949 156.4 86.1
a5 412 i3 14.5 231 100.5
6.7 Nz 46.3 0.9
202 89.5 148.5 86.2
337 3.2 5540 79.0
42 494 33 8.6 62.6 95.7
6.7 TL3 133.7 B4.7
20.2 196.5 3279 199
337 3242 56014 75.1
85 100.0 33 54.8 1244 90,9
6.7 1240 220.9 799
20.2 22718 432.0 78.5
33.7 3564 608.3 16.6

Table 3. Weed (ree and emerging period by bamyard grass in relation to soybean yicld in 1985

;:"ceﬂ;’?fggg: Density, DM heilzﬁta::vém reli'tjiz?;irz:ld
days % plants/m gfm g’ %

o 0.0 303 7758 1081.0 6.3
21 24.7 22 93 45 98.6
35 41.2 18 1.1 6.4 997
9 576 15 45 25 1000
63 4.1 12 39 L0 993
7 9.6 3 0.6 0.0 99.5
85 1000 0 0.0 0.0 100.0

You has simulated the nitrogen loss caused by leaching in soybeans under weedy and weed free
conditions and found that the nitrogen loss caused by leaching in soybeans without weed growth
was more heavy than that with weed growth during the first 17% days of the total growth season
because of the litile vegetative growth and the limited uptake of nitrogen from soil by soybean
plants (5). Results obtained in this study showed that barmyard grass emerging afier the first
24.7% days or later in soybean growth season no longer significantly reduced the yield of
summer soybeans (Table 3). These results indicated that this kind of weed growth had used only
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those resources which soybean could not use. According to the definition of the eco-economic
threshold period and the results shown in Table 1, 2 and 3 it can be seen further that keeping
barnyard grass free in soybeans after the end of the threshold control period by weeding will
only waste money, while killing the weed emerging together with soybean immediately after its
emnergence can surely avoid the potential weed damage in the late growth season, but it will be
not favourable for uiilizing the positive aspects of the weed, Only keeping weed free within the
eco-cconomic threshald control petiod can, in one side, avoid all the weed interference damage
to the crop during the whole growth season, and, in other side, fully utilize the positive aspects
of weed growih in the field ecosystern and achieve a highest eco-economic benefit in weed
control.

Weed density reaches only half of its maximum before the first 16.5% relative days while it
does after the first 24.7% days (5). This is just the time within the eco-economic threshold
period for controlling bamyard grass. Weed contrel with post-emergence herbicides to keep the
weed free within the threshold control period can also aveid the shorcomings of less chemical
controd percentage with pre-emergence herbicides because of weed emerging afterwards.

Nowadays, barnyard grass control in summer soybeans in China is usually blindly accomplished
outside its eco-economic threshold control period. Usually 1-2 times of pre-emergence
herbicides applications and 1 1o 3 times of mechanically weeding are normally needed to avoid
the weed damage to soybeans. This weed control performance usually results a weed control
cost as high as 85 to 150 yuantha. However, when bamyard grass is kept free subjectively only
within its threshold control period found in this study weed control cost will be reduced to 51 to
S8 yuan/ha which saves over 40% of the conventional weed control cost. This is achieved by
applying post-emergence herbicides such as sethoxydim, fluazifop (methyl, butyl or p-butyl
ester), or imazethapyr at the time around the first 16% days of the total soybean growth season
(the onset af its threshold conmol period) and its efficacy is kept until to the first 26% days after
emergence (the end of its threshold control period.

By comparing world research results in weed-crop competition (1), Heemst found that the
"critical period for weed control” in soybeans averagely arranged in the first 12-30% days of the
wtat soybean growth season worldwide, which is similar to the eco-economic threshold period
far controlling barnyard grass by the first 16.8-26% days found in this research. This implies
that using the relative weedy and weed free ime and the relative crop yield 1o present the
functional relationship between weed interference duration and crop yield reduction can estimate
the effect of weed species, crop varieties, and environmental factors on the threshold period for
weed control.  Therefore, the eco-economic threshold period for controlling barmyard grass in
spring soybeans in China may be similar to that in summer soybeans found in this study. This
is to be studied in the future.

Moreover, the results achieved in this study means also that the herbicide efficacy for controlling
barnyard grass inn summer soybeans should remain at least from the application day till o the
firs 26% days of the total crop growth season and for the post-emergence herbicides their eco-
cconomical application date would be around the first 16% days.
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OROBANCHE BROOMRAPES - STATUS AND POTENTIAL IN AUSTRALIA

R.J. Carter
SA Animal & Plant Control Commission, GPO Box 1671, Adelaide SA 5001, Australia

Summary. Broomrapcs, Orobanche spp.. are major weeds of broadleaf crops in the Old World,
but the three species estublished in Australia are not yet impottant weeds here. Four species,
crenate broomrape, . crenaty Forsk., Egyptian broomrape, O. aegyptiaca Pers., branched
broomrape, O. ramosg 1., and nodding broomvape, . cernua Locfl. are potentially major
agricultural weeds in Australia. A pregram to eradicate branched broomrape began in South
Australia in 1992, The key is eurly identification of broomrape infestations and exhausting seed
reserves by stimulating gemination using host plants, prior to herbicide treatment.

INTRODUCTION

The parasitic broomrapes are major weeds of broadleaf crops in the Mediterranean, Europe and
Asia, however despite warnings 30 years age (3,7.21) broomrzpes are not important weeds in
Austrafia (5). Crenate broomrape, Egyptian broomrape, branched broomrape, and nodding
broomrape are internationally important in a range of broadleaf crops (8). The comprehensive

review by Foy, Juin and Jucobsohn (R) provides a background to the control and biclogy of
breomrapcs.

Wilh the increase in field grown tomatoes and grain legurmne production in seuthern Australia
over the past 20 years, it is surprising that broomrapes have not established as major weeds as
they have in the northern hemisphere.

Australiz remains almost free of broomrape. Until 1992, only the native Australian broemrape
O. cernua Loefl. var. austratiana (F. Muel) ex Tawe) J. Black ex G.Beck, and the introduced
clover or small broomrape. O minor Smith, occurred in Aupstralia (6). The commercially
important species, branched broomrape is now established in Australia near Mumay Bridge, SA
{W. Barker and M. Hyde, pers. comm. 1992). This was not the first time branched broomrape
occurred in Australia. In 1911 it was collected in the sandhills near Glenelg in South Australia,
however this population has not survived (6).

The recent discovery near Murray Bridge appears to be a new introduction, Tt is separated by
F0km and R2 yeuars from the previous record, however the disappearance of the former
infestation suggests that branched broomrape may not become a problem in Australia.

With this paper 1 hope 1o restart the discussion as to why broomrapes have not become a
problem in Austalian apricuiture and suggest ways to ensure the status guo continues.

DISCUSSION

Impact of broomrapes. Crenate broomrape dramatically reduces yield in peas and jentils (4) and
faba bean (15} crops in Spain and is responsible for reducing grain legume plantings as farmers
extend rotations to avoid parasitisation. Some crops in Morocco (1} and Spain (15) are totally
destroyed.  In Spuain vield of faba bean was halved due to as few as four emerged crenate
broomrape plants {14). Even vetch is affected and hay made un-markesable due 1o
contamination (8),
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Branched broomrape is a recurring problem in tomato production in Catifornia (16) and Greece
(12) and tomato and potatoes in Lebanon (2). Tomato yield losses of 30 to 75% are reported
from California and Hungary respectivety (8). Both crenate and Egyptian broomrape reduce
carrot yield and quality (19), and branched and Egyptian broomrape both affect tomato fields
{17} in Israel.

Figure . Distibution of the four major weedy broomrape species by  countries
(2,4,9,12,15,17,19).

Nodding breommape reduces tobacco leaf by wp to 52% in India and attacks sunflowers in
castern Europe, Russia and the Middle East (13).

Australian broomrape by contrast is a rarely problem in subterrancan clovers in Westemn
Australia (3).

Figure 1 shows the geographical distribution of the broomrape species with a major impact on
agriculture.

Biology and control. Broomrapes damage hosts by using there nutrients especially supar.
Broomrapes reduce quality of carrots, drawing on sugars from the roots (19). Tomatoes and
eggplant have less fruit, and faba beans have reduced seed yield (16).

Rroomrapes have mbers which store starch (20). Often the host dies, while the parasite is able
to produce large amounts of seed using starch from the tuber (16).

Once broomrape is established, conwol is difficult. Fumigation with methyl-bromide, low doses

of glyphosate and soil solarisation are all used with varying success (8). The false host ptants
such as flax reduce soil seed pools (Westbrooks, pers. comm. 1993).
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An average broomrape plant produce over one hundred thousand small seeds {2). The seed
remaing viable for at least 10 years and possibly up to 20 years in the soil and germination is
stimulated by moist preconditioning and stimulation from host plant root exudates. Only seeds
close 10 host plamt roots germinate.  Other sced remains dormant and viable. It is not affected
by pre-emergent herbicides, and cultivation is of no value as it germinates with the crop.
Breormrapes can altach 10 reots up to 30 cm decp so any soil fumigation must alse be deep ().
Hand pulling is not effective as only emerged plants are removed, and the crop has already been
damaged.

Clover broamrape is controlled in subterranean clover pastures by superphosphate and grazing
(22), and spread in pusture seed is minimised by certified seed schemes (7).

Potentigl in_Australia. Broomrapes have the potential to impact on a wide range of broadleaf
crops grown in Australia. Some are listed on Table 1.

Tubie I, Major Australian crops likely 1o be affecied by broomrape, Grobanche sp. The more () the greater
the damage
Broomrape Source®
Crop crenald manay ramnsa CETnHa
aegyptiaca®
Bum medie (Medicage potymorpha L) ++ Pers. obs
Carral {Daucus carota 1) o + +4 18
Celery (Apium graveclens L.} ++ ++
Chickpeas (Cirer arietinum 1.) ++ ++
Cole coops (Brassice oleracra L) ++
Cucumber {Cucwmiy sativa L.) ++
Fabe hean (Vicia faka L.) H+ ++ ++
Ficld peas (Fisem safivim L) -
Lentil {Leras culinaris Moedic ) ++ + 4
Leltuce (Laviura sativa L) ++ ++
Luccmw {Medicage sativa 1) ++ -+ 18
Pedalo (Sodanunr fuberoxam L) -+
Roxckmelon (Cucumis mefe L) ++
Subllowey {Curthamuy tincioriug L) ++ ++
Subermancan clover (Trifetium sebterranean L) ++ 21
Sunilower (Hefianthus anruos 1) + ++ ++ haad
Tobacco (Wicetiona tabacar L) ++ o+t ++
Tomado (Lycepersicon esiufentum Mill) t+t haad
Tumip {Brassica rapa L.} i
Yerch {Viciae sotive 1.} ++ e
Zacchimi (Cucurbifie pepo L.} +

* Bascd on (R) unleys oaherwise indicaied.
" Closely nelated species often deseribed as &, murelii (8.17).

Australiun broomrape. It is likely that Australian breomrape, being mainly restricied to
uncleared and newly developed farmiand. at least in SA, has not coincided with host crops.
Towate, tobacco and sunflowers are the main host crops of nodding broomrape.  Australian
broomrape may have a different host preference to the variety of nodding broomrape, (0. cernua
Locfl. var. desertorum Beck.) afiecting crops in Eastern Europe and the Middle East (8) through
Asia to ndia {13}
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Grain legume crops. The broomrape species posing the greatest sk to the developing grain
legumne growing industries are not vet in Australia. Faba beans are readily attacked by Egyptian
and crenate broomrape (11). There is no record of either species in Australia yet.

The branched broomrape and Egyptian broomrape are very similar, although they vary in their
host preference. Branched broomrape plants attached to tobacce twice as readily as Egyptian
broomrape (10). The strain of branched broommape tested did not attach to lucerne, although in
Britain it parasitised jucerne (18).

Eradication programs. Recently an eradication program for branched broomrape began in Texas
and for clover broomrmape in South Carolina {23). Clover broonwape was eradicated from
Washington County, Virginia, USA (Foy, pers. comm. 1993).

False hosts have reducing seed reserves of branched broomrape in Texas. Seed per 400 g soil
sample declining from 367 in 1984 to 3 in 1990, and 0 in 1991 after annual planting of flax to
encourage germination (Westbrooks, pers. comm. 19933,

At Murray Bridge immediately afier discovery of branched broomrape in October 1992, we hand
pulled all 125 emerged plants prior to seed production, We fenced the 3000 m? infested area to
stop spread on livestock and vehicles. During 1993 we intend to ptant a sacrifice host crop. In
September 1993 we plan 10 destroy it with glyphosate.

Provided we do not find any other infestations we belicve the infestation may be eradicated in
¥0 years. If allowed o spread. it may become an important weed of the grain legume, oilseed,
vegetable and seed industries in southern Australia.
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INTRODUCTION AND STATUS OF KOCHIA SCOPARIA IN WESTERN AUSTRALIA

J. Dodd' and J.H. Maare®
Department of Agriculiure, Western Australia
! Baron-Hay Court, South Perth WA 6151, Australia
® Albany Highway, Albany WA 6330, Ausiralia

Summary. Within two years of its introduction for use as a salt tolerant forage plant and for
saltiand rchabilitation, kochia showed weedy attributes by proliferating at planting sites and
spreading to non-saline soils. Assessment of its weed potential indicated that it would cause
considerable damage tc agriculture in Western Australia and, even more so, in summer-grown
crops and summer fallows in south-eastern Ausmalia. Recognition of its weed potential led,
first, to its proclamation as a Declared Plant in Western Australia and, ultimarely, to it becoming
an eradication target, under a program funded jointly by Federal and Staie bodies.

INTRODUCTION

Kochia, Kochia scoparia, is an annual chenoped originating from eastern Europe and western
Asia. It is a C, plant that is competitive under hot, sunny conditions and it has a high water-use
efficiency, enabling it to thrive in summer. Well grown plants are dense, multi-stemmed,
spherical bushes that may reach 1.5 m in height and diameter.

A weedy form of this species has become a problem in various parts of the world, including
most of Europe, parts of temperate Asia, Canada, USA and Argentina (5, 6, 1(), but had not
been recorded in Australia. The taxonomy of this form is unclear, but X. densiflora or
K. scoparia subsp. densiflora may be applicable (P. Wilson, pers. comm., 1992). An ornamental
form, known variously as summer cypress, mock cypress or burning bush, K. scoparia var.
trichaphylia, is distinct from the weedy taxon and has been grown in Australia for many years.

Problems associated with kochia are its competitiveness in a wide range of agricultural and
horticultural crops, invasion of pastures, allelopathic effects on pasture and crops plants, toxicity
to stock, and infestation of roadsides and railway reserves (1, 3). It is also noted for its rapid
spread, which results from the 'tumbleweed’ natare of dead, seed-laden plants (3} It has
developed resistance to sulfonylurea and triazine herbicides as a result of rep

cated treamment (1, 7, 8).

Despite its well documented weediness, there has been considerable interest in cultivating kochia
as a forage plant, on account of its palatability, rapid growth, high productivity and ease of
establishment (2, 4). Tts ability to flourish in saline scils led to its recognition as a potential
forage plant for use in salt-affected soils in Australia. It was introduced into Western Australia
in 1990, but by early 1992 it had begun showing weedy behaviour by spreading from planting
sites.

This paper reviews the introduction of kochia into Western Australia, its progress during two
vears of cultivation, and the intervention by the State’s Agriculture Protection Board (A.P.B.),
the Department of Agriculture and the Australian Quarantine Inspection Service (A.Q.1.5.} aimed
at preventing kochia becoming established as 2 weed in Australia.
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METHODS

Abstructs of literature on kochia were obtained from the Commonwealth Agricultural Bureaux
{C.A.B.) database for the period 1973-91,

Individuals to whom kochia seed had been sold were raced through sales records supplied by
the Perth-based sced mcerchant who imported the seed in mid 1990. They were contacted by
phone in early 1992 to determine the progress of plantings. This led to field surveys in autumn
1992, Further surveys of known plantings were conducted in spring and early summer 1992 to
determine the amount of regeneration from seed, the extent of spread within and beyend the
planting site and the environmental conditions of the site.

RESULTS AND DISCUSSION
Literature profile. Of the 208 references on this plant in C.A.B. Abstracts for the period

1973- 1990, two thirds dealt with its deleterious awributes (Fig, 1). The literature also provided
information on the plant’s biclogy.

i
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Figure 1. Literawure on kochia from C.A.B. abstracts for the period 1973-1990, categorised by
topic.

Introduction and ultimate distribution. When the seeds of kochia were imported into Perth from
United States in May 1990, there was no reason for A.Q.LS, 1o doubt the claims made regarding
the usefulness of kochia for rehabilitating salt-affected land. Since the plant was not prohibited
under Federa! or State legislation, its importation was allowed.

Plantings were made in 1990 on a small number of farms in Western Austrafia, mainly for the
production of commercial quantities of seeds. By late 1991, kochia had been planted ai 68 sites
throughout the southwest of Western Australia.  Almeost without exception, the plantings were in
salt scalds that the lundholders were keen to rehabilitate, The plantings were located throughout
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the wheatbelt, with two in adjoining pastoral regions. Mo seeds were distributed beyond
Western Australia, apart from two consignments that were sent to Victoria, of which one failed
to germinate and the other was not planted.

In most cases, the seed was sown as a component of a mixture, in which the other species were
salt-tolerant perennials including saltbush, Atriplex spp., acacia, Acacia saligna, and the grasses
puccinellia, Puccinellia ciliata, and tall wheat grass, Agropyron elongatum. Several farmers who
purchased seed had not planted it, while in other cases the seed failed to germinate or else the
planting was destroyed by grazing while plants were immature.

Surveys. Field inspections throughout 1992 showed that kochia was growing actively at 52 sites
in all parts of the wheatbelt where it bad originally been introduced. The spring 1992 survey
revealed that kochia seedlings were present at practically all sites that had contained mature
plants the previous autumn. Seedling densities were often high, reaching several thousand
seedlings/m®.  This indicated a high level of seed production within the planting site, since these
seediings were clearly not derived from the original sowings. Most infestations were small
(Table 1}. The majority were l¢ss than 10 ha in extent and, within that size class, most ocoupied
0.1-5 ha, reflecting the limited size of the original sowings in salt-affected sites.

Table 1.  Size distribution of kochia infestations, December 1992

Size class (ha) Infestations Size class Infestations
(n) (ha} (n)
01-10 38 61 - 70 0
11-20 4 71 - 80 i
21-30 5 81 - % o
31-40 0 91 - 100 i
41 - 50 2 101 - 110 1]
51-60 0 111 - 120 1

Seedlings were not restricted to saline soils, but were found on a range of soil types, including
non-saling agricultural soils and an alkaline 'kopi’ soil of pH B.8 (9). In most cases, the
seedlings were growing within the salt scald, but there were several instances where they
occurted in crops (specifically barley and lupins) and pasture adjoining the scald. Others grew
in nearby firebreaks, ditches and tracks, and along fences where the parent tumbleweed had
stopped. These findings indicated the weed’s adaptability and its potential to invade a wide
range of soil types and land use.

One limitation of the spring 1992 survey was the small size of seedlings (most were <5 cm 1all),
which made their detection difficult, especially when they were present at low density. When
some sites were examined again in January 1993, after plants had grown substantially, isolated
plants could be found sorme distance away. The most extreme examples of this were at
Jerramungup, in the southern wheatbelt, where the sizes of two infestations that were recorded as
occupying less than 10 ha each when assessed in spring 1992, were revised to 750 ha in January
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1993 when large plants were found in adjoining paddocks, in one case up to 3 km from the
original planting. These examples also itlustrate the plant’s ability for rapid spread, following its
initiat sowang in 199

Declared plant status. Within a few weeks of the magnitude of the weed potential of kochiz
being realised, the A.P.B. gazetted kochia as a Declared Plant (noxious weed) in Aprit 1992,
placing it in the P4 (containment} category which required landholders to prevent its spread.
This was an interim classification, pending further evaluation of the suitability of placing kochia
m the emdication category. Declaration led te various contrel measures at all known plantings,
aimed ac preventing dead plants breaking off and spreading from the existing plantings. At that
time an intense publicity campaign was undertaken to alert growers to the risks posed by kochia
and to invite reports of suspect plants.

The declaration status of kochia was upgraded to P2 (eradication) in December 1992, in response
to the widespread germination at planting sites and evidence of spread of the weed. Tt was also
considered to be a suitable candidate for cradication because of its re

cent inttoduction, its limited but well documented distribution, the high degree of farmer support
and the limited longevity of its sceds, which appear to lose viability after 18 months (A.H.
Cheam, pers. comm., 1993).

Potential distribution.  The potential distribution of kochia was predicted by bioclimatic
matching, using climatic profiles for locations overseas and in Western Australian where the
plant had been recorded. The resulting prediction indicated that most of southern Australia was
climatically suitable for kochia, including the major cereal growing regions of all southern
mainland States (8. Connell. pers. comm., 1992). Owverall, kochia might be an even greater
threat to south-eastern Australia than 1o Western Australia. This is because its prevalence as a
weed in a wide range of summer-grown crops in the United States (3) suggests that it would be
of particular concern in those parts of south-eastern Australia where crops are grown in summer.
It is also highly likely that kochia would flourish in summer fallows, depleting the soi moisture
reserves required for subsequent crops.

Eradicalion pregram. In view of the perceived threat to Australian agriculture as a whole, and
the weed's current restriction to Western Ausiralia, joint Federal (A Q.1.S.) and State funding for
a four-yeur eradication program for kochia was approved in March 1993, As a result, a vigorous
program of herbicide treatment, crash grazing and grubbing was conducied at all known
infestations in autumn 1993, with the aim of preventing seed production by destroying all known
kochia plants (B. Uren. pers. commm., 1993),

A commitment to monitor known infestation sites, to search adjoining areas for any missed
plants and to continue with publicity to help locate any new infestations should guarantee the
suctess of the eradication campaign and protect Western Australia and other parts of Australia
from this recent, undesirable introduction.
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THE SPREAD OF BUFFEL GRASS IN INLAND AUSTRALIA: LAND USE CONFLICTS

G.F, Griffin
CSIRO Division of Wildlife and Ecology, Centre for Arid Zone Research,
PO Box 2111, Alice Springs NT 0371, Australia

Swummary. Buffe! grass has spread along road sides, river systems and into sheltered mountain
habitats in central Australia. It is altering the biological integrity of many of these systems and
may affect future native mammal re-introduction atternpts. It is occupying restricted moist
habitats in the ranges where most of our rare and relict native species occur. There are [ew
options to limit further spread. The invasion provides imporant lessons for assessing new
introductions and controlling species targeted for particular areas.

INTRODUCTION

Bulfel gruss (Cenchrus cifiaris} is widely distributed zcross nerthemn and inland Australia,
established from early accidemal introduciions and many programs of deliberate propagation for
erosion control and pasture improvement (14, 2). There is no evidence to suggest that the likely
spread or impact of the species to nen-targeted areas was ever given consideration. [t is now
spreading, un-aided, into many areas that were never targeted for its establishment (8). Grass
invasions throughout the world have often had devastating consequences (3).

Buffel grass is propagated in many areas in central Australia (8, 1). It bad a restricted
distribution for most of the time it has been established in central Australia. It spread rapidly
during high rainfall periods and extensive flooding in the 1970's. Buffel grass now dominates
most river frontage areas with self-maintaining populations, altering fire regimes and displacing
food plants for native animals (12} It is dense in significant conservation areas of Uluru
Mational Park (7). 1t is a major threat to food plants of Aboriginal people (10),

The establishment and spread of buffel prass raises at least two important issues 1o land
managers.  First, the criteria by which potential introductions are assessed do not include the
invasive potential of the species into rangelands and conservation areas. Second, before species
are established on tarpget areas, mechanisms for limiting undesirable spread need to be in place.

I show how and where buflel grass has spread through areas of mountain ranges of central
Australia. T discuss the conservation significance of the invasion and highlight some issues of
introductions in rangeland and conservation areas.

METHODS

Data were collected from an extensive area of mounfain ranges in central Australia. The data
comprise presence records of boffel grass on different geological units and in different
topographical positions on those units. I examine the frequency of records according to geclogy
and topography.

During 1991 | sampled 308 one-kilometre transects within the central mountain ranges. On each
transect [ recorded if buffel grass was present within a site of 20 m radius at every 50 m interval
along each transect. 1 recorded the location for each transect in AMG co-ordinates. At each
record site | noted geological and topographical data to comrelate with the occurrence of bufiel
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grass. Each transect was confined to a geological unit so | have only recorded here if buifel
grass was present on a unit. I have classified the vnits into fewer rock types. The mean values
of a range of oxides for cuch rock type were calculated from data available from the Bureau of
Mineral Resources. No geochemical data were available for alluvial sites. The site
topographical data were wsed to determine if the presence of buffel grass was associated with
particular morphological features. T classified morphological features into common landform
types. I calculated annual solar radiation levels of sites.

RESULTS AND DISCUSSION
Buffel grass prefers alluvial soils and rock types that are low in SiO, and high in CaQ (Table 1).
These rock types generally provide alkaline seils richer in nutrients than sandstones and

quartzites. These results are consistent with the other findings (4} that buffel grass generally
fails to establish on acidic soils.

Table 1. The percent frequency of buffel grass on rock fypes and the mean percent by volume of oxides

in the rock types

Rock Freq- Mean percent by volume of oxides

1ype HENCY -
ALO, CaQ Fe, 0, K0 Mgo Mno Na,0 PO, 5i0,

Alluvium 86 - B - - - - - - -

Gneiss 51 100 id 37 23 1.6 00 1.7 0.0 447

Dolomile 13 54 3.1 1.9 35 10 0.4 06 04 54.4

Lirnesione 27 7.1 5.2 48 22 47 03 10 0.3 266

Chaartzite 7 19 16 i1 2.5 1.3 0.3 09 1] 6.4

Sandsione 6 58 25 25 24 1.7 04 0.5 0.6 79.0

Lower parts of drainage systems and alluvial flats, particularly flood-outs, are preferred
landfotms for buffel grass (Table 2). It was frequent on cliffs, ledges and benches. These
habitats in the higher parts of the mountains are sheliered from high solar radiation levels
(Fig, 1).

Buffel grass is very common about the town of Alice Springs (Fig. 2) where it has spread from
intensive plantings (93 by means of wind and water. Where it occurs on sites distant from Alice
Springs it is predominantly in drainage systems and on alluvial flats. The spread of buffel grass
along drainage systems is consistent with recordings of its habitat preference in other areas of
Australia (8). The drainage systems are those areas where cattie grazing is most comrmon and
floods frequently disturb the soil surface.

Table 2. Percent frequency of butfel grass in different landform types in the mountains of ceniral

Awustralia
High ridges Hill slopes Drainage systems Alluvial flats
Ledge 2.0  Cnff 20,7 Head-waters 22.3  Flocd-out 69.7
Bluff 5.2  Bench 226  Creek 232
Peak 8.7 Slope 5.5 River 375

Shoulder 49
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it is unlikely that cattie are responsible for significant spread of buffel grass since seeds rarely
survive ingestion (6). Evidence from Uluru National Park (7) suggests that anspori of seed
along road comdors is largely by wind penerated from vehicles.

Buffel grass is established or spreading into habitats critical for conservation in  central
Australia. lts establishment in the very restricted habitats of shaded cliffs and gorges in the hills
brings it into direct competition with many of the known rare and relict plant species of central
Australia (3, 11). Its deminance along the lower drainage systems is altering the habitats known
16 have harboured many small mammals that have gone jocally or globally extnct in Australia
{13). Aleration of these rich areas may limit attempts to re-introduce many mammal species to
their former habitats.
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Figure 2. Map of the distribution of transee1 samples showing the occumence of buffel grass. X =
present on crecks and flais, O present on hills, < = absent on creeks and flats, » = abscnt on
hills.  Alice Springs is located a1 approximately 385000E 7377000N,
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Trading off the perceived positive effects of introduced species against the negative effects
requires that the effects are undersioed and considered. Agricultural or horticultural criteria are
largely used for assessing species for introduction into Australia. [ suggest that any future
assessments need to take much greater account of the impact of species in natural rangelands
and conservation areas. Strong and growing public concern for the maintenance of biodiversity
may sway opinion against more introductions that could homogenise our biota (15). We need
alternatives to conventional introductions.
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RAMPION MIGNONETTE AND ITS CO-ORDINATED CONTROL

R.J. Carter
SA Animal & Plant Contrel Commussion, GPQ Box 1671, Adelaide SA 5001, Ausoalia

Summary. Rampion mignonette, Reseda phyteuma L., is an annual to short lived perennial
agricultural weed from the Mediterranean, new to Australia. It has the potential to spread and
increase agricultural preduction costs in southern Australia. Rampion mignonette is well adapted
to the climates of southern Australia and New Zealand, and if not contained may become a
widespread weed. Eradication may succeed.

INTRODUCTION

Every year new plants become naturalised in Australia. Some newly intoduced plants spread
and become miajor weeds., Other have limited impact. Early eradication of a weed will prevent
it causing widespread problems (25), however our record of predicting and stopping potential
weeds soon after introduction is poor (3,12).

Species unknown in Australia with a similar biogeographic range to plants invasive in Australia
may be potential weeds (5,6).

Predictors of potential weeds include the experience in other regions with similar climates
(14,17,25), the plant’s native distribution (4,6), the behaviour of related taxa (25). seed
production and germination (6) and the number of introduction points (6). Competitive ability
may ajsc predict the potential to cause probiems in a new environment (13).

‘This paper reports on the potential of the recently introduced plant, rampion mignonetie, Reseda
phyreuma subsp. phkyteuma L. to spread and impact on agriculture,

Importance of rampion mignonette, Rampion mignonette is an annual to short lived perennial
nerb (1). The subspecies is native to north Africa and southern Europe (1,3) and is a weed of
dryland wheat, chickpeas, faba beans (8), vegetable fields (16}, maize (7) and vines (1,2,15), but
is not a major weed. In Portugal it is restricted to walls, rocky places and roadsides (Ribeibo
pers comm, 1990), It is not a major weed outside of its native range (9) but has spread to
northern Europe (24). Rampion mignonetic is not on weed lists from North America (23), South
Africa (22), Tran {10} or New Zealand (21).

Rarnpion_tnignonette in Australia. The first record of rampion mignonette in Australia, was
from Magambie, Victoria (36°47°S, 14°10°E) in 1985 (Cade, pers comm, 1985). It was
eradicated within two years (Montgomery, pers. comm. 1991}, The introduction was attributed
to imported luceme seed planted in 1980 (18). The hicerne crop failed and was followed by
three successive wheat crops. In 1984, when the area was sown to Lrrigated pasture grasses,
rampion mignonette appeared in isolated patches. Stock would not eat it and the owner removed
all plants (Cade, pers. comm. 1985}, It also appeared in an adjoining paddock planted to lucemne
in 986, The few plants found were destroyed by the land-owner. It last appeared in 1987
{Monigomery, pers. comm. 1991),

The second record was from Clare, SA (33°50°S, 138°37°E) where it was collected in 1987 after
it escaped under-vine herbicides. Unforunaiely it was wrongly determined as the garden escape
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sweet mignonette, K. odorata (2). Tt was only in 1989, after further spread, that specimens were
determined as rampion mignonette (Heap, pers. comm. 1989} By 1990 when it was first
surveyed it covered five non-contiguous vineyards over 38 ha (2).

METHODS

On visits to the Clare infestation between September 1990 and December 1992 1 observed
rampion mignonette in vineyards, roadsides, pastures and tree reserves. | obtained management
history from land-owners.

| used the literature {1,24) and herbarium records to map the native range of rampion mignonette
and matched climates from 29 sites from the native range of subspecies R. phytewna in north
Africa and south-west Europe, with climates of Australia and New Zealand using CLIMEX
version 4.2 (20). 1 chose recording stations c¢lose to collection sites from herbarium records
(Fig. 1). Climates with a match index equal or more than 0.7 are a good match (17).
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Figure 1. European and North African range of rampion mignonette, Reseda phyterwna subsp.
phyteuma, including sites used for climate matching.

RESULTS AND DISCUSSION

Climate matching. The climate of the Western Australian wheatbelt, and south-eastem Australia,
is simifar to that of the native range of rampion mignonette. The predicted range alse includes
the major vineyard areas in Australia. In New Zealand the climate of Napier in the North
island, and parts of the South Island match the native range (Fig. 2).

The Australian infestations of rampion mignonette occur at sites which match with its native
range. Clare matches with Rome, Ealy (match index = 0.72)} while Mangalore, 15 km from
Nagambie, matches Barcelona, Spain (0.70) and Touleuse, France (0.73).

Distribution in Europe. Figure 1 shows the nadve range of R. phyreuma spp. phyteuma. The
native range of the sub-species suggests it is adaptable and will become a significant weed in
Australia. The European range is broad indicating a potential to spread quickly (4).

Biology. Seed biology and morphology suggest that rampion mignonette is invasive. Invasive
species germinate rapidly but have seced dormancy (6). The preliminary biological studies
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indicate that rampion mignonette is a prolific seeder (18) and field observations suggest that it
germinates over an extended period (19).

Resistance to cultural practices. Rampion mignonette causes most problems in vineyards where
herbicides are used for weed control, but will also dominate under the vine where herbicides are
not used between the rows. It resists current cultural practices in vines, including triazine
herbicides, and its seedlings emerge all year, escaping glyphosate. [t invades well managed
vineyards at Clare. Agricultural weeds which resist herbicides increase when herbicides are used
frequently (T1).
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Figure 2. The potential range of rampion mignonette, Reseda phyteuma $sp. phyieuma
Australia and New Zealand. Match indices > 0.7 are a good match.

At Clare it is also present in a relatively poor volunteer pasture. Tt is eaten by sheep, but is not
preferred.  This aliows it to dominate under selective grazing. In SA it has not yet spread to
cropped paddocks. Tolerance to herbicides may enable rmpion mignonette 1o become a weed of
muny annual crops as well as horticulture in southern Australia.

Ability to spread. Rampion mignonetie is easily spread and will soon spread to other vine
growing districts. It has already spread from one vineyard near Clare to a second under the
same management, 7 km away. After field inspections, mud washed fromm boots contained
seeds and pods (Heap, pers. comm. 1989). The frequent movement of workers, vehicles and
machinery between vine growing districts will enable rampion mignonette to spread.

Coordinated_control. A conirel program for rampion mignonette should proceed because the
climate matching indicates it could become widespred in southen Australia; and secondly, the
tolerance to triazine herbicides and ability to escape other treatments will enable it to compete
with a range of horticulral and annual crops and thirdly, its broad native range and the initial
spread within the Clare suggests that it will spread rapidly within Australia,
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There are twe possible aims for a coordinated contrel program. A containment program aims to
prevent further spread from the infested areas by regular treatments and local quarantine. The
alternative is eradication.

Containment program. In 1991 the Animal and Plant Control Comenission began a containment
program by proclaiming it under the Animal and Plant Control {Agricultural Protection and
other purposes) Act, 1986 and Seeds Act, 1979-82. The containment program is locally funded.
Landowner are required to destroy rampion mignonette on their properties. A local control
board oversees the operation. Landowners are co-operating by spraying any plants with
glyphosate (Conrade, pers. comm. 1992). A colour brochure was produced and a publicity
campaign including all vineyard areas in South Australia commenced in 1992,

Eradication program. To move from containment to eradication will require extra resources Lo
study rampon mignoneties biology, develop control techniques, camry out control and compensate
affected landowners for lost production due to eradication treatments. An eradication program
has the advantage that it has no annual cost after eradication.

There are two reasons why eradication is likely to succeed. Firstly, the only Ausiralian
infestation is still small and secondly, the successful eradication of the Nagambie infestation
suggests it is technically possible to eradicate rampion mignonette.
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