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COMMON NAMES AND CHEMICAL ABBREVIATIONS

Name Chemical Name

A-820 N-sec-butyl-4-tert-butyl-2,6-dinitro aniline

alachlor 2-chloro-2,6-diethyl-N-methoxymethylacetanilide
triazine

amitrole 3-amino-1,2,4-triazole

atraton 2-ethylamino-4-isopropylamino-6-methoxy-1,3,5-
triazine

atrazine 2-chloro-4-ethylamino-6-isopropylamino-1,3,5-
triazine

B-3015 S-(2-chlorobenzyl) -N,N-diethylthiol carbamate

barban 4-chlorobut-2-ynyl-3-chlorophenyl carbamate

benfluralin N-butyl-N-ethyl-2,6-dinitro-4-trifluoromethyl aniline

bensulide di-isopropyl S-(2-phenylsulphonyl =
aminoethyl) phosphorothiolothionate

benthiocarb S-(4-chlorobenzyl) -N,N-diethylthiol carbamate

bioxone 2-(3,4-dichlorophenyl) -4-methyl-
1,2 4-oxadiazolidene-3,5-dione

bromacil 5-bromo-6-methyl-3- (1-methyl-n-propyl) uracil

bromoxynil 3,5-dibromo-4-hydroxybenzonitrile

butachlor 2-chloro-N- (isobutoxymethyl)
-2’ ,6’-acetoxylidide

chlonidine " N,N-bis (2-chloroethyl) -2,6-dinitro-p-toluidine

chloramben 3-amino-2,5-dichlorobenzoic acid

chlorbromuron N’-(4-brecmo-3-chlorophenyl) -N’
methoxy-N-methylurea

chlornitrofen 4-nitrc-2,4,6-trichlorophenyl ether

chloroxuron N’-4- (p-chlorophenoxy) phenyl-NN-dimethylurea

chlorproham isopropyl 3-chlorophenyl-carbamate

chlorthal 2,3,5,6-tetrachloroterephthalic acid

credazine 3 (2-methylphenoxy) pyridazine

cyanazine 2-chloro-4- (1-cyano-1-methylethyl =
amino)-6-ethylamine-1,3,5-triazine

cyprazine 2-chloro-4-cyclopropylamino-6-
isopropylamino-1,3,5-triazine

2,4-D 2.4-dichlorophenoxyacetic acid

2,4-DB 4- (2 ,4-dichlorophenoxy) butyric acid

dalapon ... 2,2-dichloropropionic acid

delachlor N-butoxymethyl-2-chloro-2,6"-diethylacetanilide

di-allate S-(2,3-dichloroallyl) di-isopropylthiocarbamate

dicamba ... 3,6-dichloro-2-methoxybenzoic. acid

dichlobenil 2,6-dichlorobenzonitrile

dichlorprop 2-(2,4-dichlorophenoxy) proprionic acid

dinoseb 2,4-dinitro-6-s-butylphenol

diquat 9,10-dihydro-8a,10a-diazoniaphenanthrenc

disul 2-(2,4-dichlorophenoxy) ethyl hydrogen sulphate

diuron ... ... .. N’-(34-dichlorophenyl)-NN-dimethylurea

Dowco 221 — see TCE-styrene

DSMA disodium methane-arsonate

EPTC S-ethyl dipropylthiocarbamate -

fenoprop .... 2-(2,4,5-trichlorophenoxy) propionic acid

fluometuron 1,1-dimethyl-3- (3-trifluoromethylphenyl) urea



Chemical Name

Name

fluorodifen 4-nitrophenyl 2-nitro-4-trifluoromethylphenyl ether

“Frenock” sodium salt. of 2,2,3,3-tetrafluoropropionate

HE-314 metatolyl-4-nitrophenylether

ioxynil 4-hydroxy-3,5-di-iodobenzonitrile

isonoruron N’- (hexahydro-4,7-methanoindan-1-yl) -NN-
dimethylurea and N’-(hexahydro-4,7-
methanoindan-2-yl)-NN-dimethylurea

karbutilate m-(3,3-dimethylureido) phenyl #-butylcarbamate

linuron N’-(3,4-dichlorophenyl) -N-methoxy-
N-methylurea

MCPA 4-chloro-2-methylphenoxyacetic acid )

MCPB 4- (4-chloro-2-methylphenoxy) butyric acid

mecoprop (£)-2-(4-chloro-2-methyl phenoxy) propionic acid

methabenthxazuron 1,2"-benzothiazolyl-1,3-dimethylurea

metobromuron N’-4-bromophenyl-N’-methoxy-N’-methylurea

molinate .... S-ethylhexahydro-1H-azepine-1-carbothiolate

monuron N’-(4-chlorophenyl) -NN-dimethylurea

MO 500 ... 2 4-dichloro 6-fluoro 4’-nitro-diphenylether

MSMA monosodium methane-arsonate

neburon ... N-butyl-N’- (3 ,4-dichlorophenyl) -N-methylurea

nitralin 4-methylsulphonyl-2,6-dinitro-
NN- dlpropylamhne

nitrofen 2,4-dichlorophenyl-4"-nitrodiphenyl ether

noruron N’- (hexahydro-4,7-methanoindan-5-yl)
-NN-dimethylurea

NTN 5006 O-ethyl-O- (2-nitro,4-methylphenyl) N-isopropyl
thiono-phosphoro amidate

OCS 21693 methyl 2,3,5,6-tetrachloro-N-methoxy-N-
methylterephthalamate

OCS 21799 2- (4-chloro-O-tolyl) oxy-N- methoxy acetamide

oxadlazon—see RP 17623

paraquat .... 1,1-dimethyl-4,4’bipyridilium

pebulate .... S-propyl butylethylthiocarbamate

picloram .... 4-amino-3,5,6-trichloropicolinic acid

PP 493 2,5-dichloro-3,6-difluoro-4-hydroxypyridine

prometryn 2 4-bisisopropylamino-6-methylthio-1,3,5-triazine

pronamide 3,5-dichloro-N- (1,1-dimethylpropynyl) benzamide

propachlor 2’-chloro-N-isopropylacetanilide

propanil ... N-(3,4-dichlorophenyl) propionamide

propazine 2-chloro-4,6-bisisopropylamino-1,3,5-triazine

propham .... isopropyl phenylcarbamate

prynachlor 2’-chloro-N- (1-methylprop-2-ynyl) acetanilide

R-7465 2-(a-naphthoxy) -N,N-diethylpropionamide

RP 17623 (G-315)

simazine ....
simetryn ...
swep
~ 5-45865
sulfallate

2-tert butyl-4-(2,4-dichloro-5-isopropyl
(oxyphenyl) -1,3 4-oxadiazoline-5-one

2-chloro-4,6-bisethylamino-1,3,5-triazine

2 ,4-bisethylamino-6-methylthio-1,3,5-triazine

methyl N-(3,4-dichlorophenyl) carbamate .

2 4-dichlorophenoxy cyclo hexylester

2-chloroallyl diethyldithiocarbamate

Name

Chemical Name

245T ..
2,3,6-TBA
TCA
TCE-styrene
TDW-6643
terbacil
terbutryn

Tope

tri-allate ...

trietazine
trifluralin
VCS-438 ...

vernolate
X-52

2,4 5-trichlorophenoxyacetic acid

2,3 ,6-trichlorobenzoic acid

trichloroacetic acid

a-2,2,2-trichloroethyl styrene

benzyl-N,N-diisopropyl dithiocarbamate

5-chloro-6-methyl-3-t-butyluracil

4-ethylamino-2-methylthio-6-+-butylamino-1,3,5-
triazine )

metatolyl-4-nitrophenylether

$-2,3,3-trichloroallyl diisopropylthiocarbamate

2-chloro-4-(diethylamino) -6- (ethylamino) -s-triazine

2,6-dinitro-NN-dipropyl-4-trifluoromethylaniline

2-(3,4-dichlorophenyl) -4-methyl-1,2 4-
oxadiazolidine-3,5-dione

S-propyl NN-dipropyl thialcarbamate

2 4-dichloro-3"-methoxy-4'-nitro-diphenylether



11b = 0.454 kg

1yd =0914m
1 ac = 0.405 ha
1gal = 4.551

11b/ac = 1.12kg/ha
1gal/ac = 11.251/ha

11b/sq.in. = 6.89 KN/m’

N.B. N = Newton

METRIC CONVERSION

1kg =2.201b
1m = 1.09yd
1ha =247 ac
11=0.22gal

1 kg/ha = 0.89 1b/ac .

11/ha = 0.089 gal/ac
ikKN/m? = 0.145 1b/sq.in.

N/m? has special name of the pascal (Pa).

CONFERENCE SUMMARY

WiLLiam R. FurTtick
International Weed Science Council

1t is difficult to summarize the nearly sixty excellent papers which
covered such a wide range of topics.

The conference was opened by President Neil Van der Schans
who reviewed the history and current status of the Asian-Pacific
Weed Science Society. He indicated that 200 delegates had
pre-registered. '

The final registration indicated the pre-registration figure was
very close to the actual attendance. In addition, a number of
students from the university and other local people attended some
sessions without being included in the registration figures.

The delegates attending. were almost evenly divided between
the private sector and the government and university sector. This
makes a very desirable union of the two components important
for the future of weed science.

Dr A. H. Moseman, in his key address to the Society, indicated
that, in the United States, industry made more than half the total
investment in agricultural research and their investment was
increasing, while the expenditure by government was decreasing
in relation to actual purchasing power of the dollars spent.

Several important points relative to issues that must be faced
by weed science in the future were made by Dr Moseman. This
Society must be concerned with these matters, which included:

(1) Co-ordinated national research programmes that include re-
search on the problems of the primary production regions
of each country must be developed. Sound research must be
done before starting large promotional programmes.

(2) The agricultural scientist must meet the needs of safeguard-
ing the quality of the environment as it relates to his field.
When new programmes such as pesticides are backed by
adequate research for safeguarding the environment, the
government scientist needs to help dispel false information
in the mind of the public.

(3) The socio-economic factors need to be more thoroughly
taken into consideration. This is particularly true of weed
science where there is widespread fear that introduction of
modern technology may lead to mass unemployment and
social unrest. .
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Several excellent papers were given which reviewed the current
status of weed science and outlined weed problems in several
countries. These included Indonesia, Korea, Australia, New
Zealand, South Vietnam, India, and Kenya.

These papers pointed up the rapid development of weed science
- in these countries but also the small size of the effort relative to
older disciplines such as entomology and plant pathology.

These review papers also indicated a heavy emphasis on re-
search with herbicides. In Dr Iven’s paper on Kenya he pointed
up the fact that, with smallholders who cannot afford herbicides,
major improvements can be made by introducing improved imple-
ments such as lighter and more efficient hoes.

It is my hope that, as weed science gains strength in the Asia-
Pacific area, it can expand into a more multi-disciplinary approach
and give greater emphasis to such things as:

(1) Ecological factors such as illustrated in the papers by Dr
Noda and others presented at the conference on the differ-
ences in germination patterns of important weeds, factors
affecting weed establishment, etc. The future programmes of
SEAMEB Biotropr outlined by Dr Soerjani should be sup-
ported as an important step in this direction.

(2) Changes and improvement in cropping systems as illus-
trated by several papers on potentials of minimum tillage,
use of higher plant populations, crop dessication to aid burn-
ing of cane, or conversion of bushland to pasture, etc.

(3) Economic implication. Unfortunately very little work was
reported that was based on studies of economic factors deter-
mining alternative choices, national priorities or social
implications. ~

(4) Equipment and application problems. This was another
important area with very little work reported.

The same could be said for many other important areas with
only very few papers dealing with aquatics, persisience in the
environment, etc.

WORK ON ESTATE CROPS

Usually herbicides are used first on estate crops because they
have the ability to pay the purchase price.

There were a number of papers presented on weeding estate-

crops. They indicated satisfactory herbicide programmes are
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available for these crops for most weed species. There were still
a number of unanswered questions indicated, such as control
measures for. certain species, and the best programme for maxi-
mum economy. These crops have been used in the development
of various practices such as sequential applications and other
methods of programmed weed control. Papers were presented on
weed control in sugarcane, rubber, tea, oil palm, coffee and cotton.

Rice

Eightqen of the papers related directly to weed control
A.ma!o‘rlty de.alt w1th the use of herbicides, which indicates a
wide interest in chemical weeding. Although the largest number
o~f1 papaer‘fhwer.ed from Japan where herbicide use is highly de-
veloped, the wide geographic distribution of the aut ors indi
widespread interest. ' hors indicated
. The large numl?er of new herbicides indicated a variety of
uture gro;iucts 1:Vlll be available for rice. In addition, several
papers dealt with new uses for older herbicides such ’

MCPA and chloramben. ‘ W 24D,
_ Several exce}lent papers dealt with germination habits of
Important  species, the reproduction characteristics of certain
perennial weeds, and the effects of water management and
temperature on herbicide performance,

Some of the differences in herbicide performance in rice
appeareq to be glue to differing responses between the Japonica
and Indica species, between varieties, or as a result of various
water management systems or temperatures,

in rice.

STUDIES OF SPECIFIC WEED SPECIES

Several papers detailed work on important weed species.

WEED CONTROL IN CorN, Sova BEAN AND PEANUTS

The work reported in several indi i
‘ : papers indicated effective herbi-
c1des. are available and also pointed up the importance of early
weeding whether by hand or with chemicals.

NEwW HERBICIDES

The properties of a number of new herbicides were presented
by company representatives or were discussed in papers by govern-
ment workers. This indicates a continuing introduction in the
future of highly efficient new products.
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AquATtic WEED CONTROL

The extensive interest shown in the few papers that dealt
with aquatic weeds would indicate that this is an area of more
importance than the small amount of work reported would
signify. Much more effort appears to be needed in this area.

RESIDUE STUDIES

The limited amount of work reported would also indicate
deficiencies in this important work.

PURPOSE OF A PROFESSIONAL SOCIETY

The excellent attendance and -interest shown in the 3rd Asian-
Pacific Weed Science Society meeting were heartening. I am
going to list a few purposes of professional societies so that each
delegate can consider how well our Society is meeting the goals.

(1) Bring people together for the exchange of ideas through the
papers presented and personal contact. It is important to
re-read the papers of interest to gain the most benefit.

(2) Stimulate an improved status and gain attention for the
discipline. ~

(3) Improve professional competence through expanded know-
ledge.

(4) Develop enthusiasm through a feeling of being part of a
team rather than isolated among colleagues of other
specialties.

(5) Arrange continuing exchanges of information through news-
letters, journals, and other publications.

(6) Improve the discipline by setting standards such as standard-
ized terminology and research techniques.

It would appear that the Asian-Pacific Weed Science Society
is well on the road to maturity. The Society is deeply indebted to
the private sector for the financial support and the large amount
of time and effort of their staff to help the new Society gain the
success shown at this meeting. The Society particularly needs to
show its appreciation to the unusually capable and hard-working

officers, President Neil Van der Schans, Treasurer Roger Billman, --

Secretary Don Plucknett, and Programme Chairman David Barnes.

RESEARCH AS RELATED TO AG
y, ‘ RICUT,
DEVELOPMENT URAL

A.H. Moseman

Di . .
irector, Malayszan Agricultural Research and Development Institute

‘feri ncio ]1;eel a certain kinship with those involved in this con-
NCe because of a- close association with development of re-

:;)Zi?al przc;blemhs, tﬁrough the pre-World War 2 period when
e carch and control programmes wer
‘ C et up for serio
noxious weeds that were infestin  saric lands.
| ; g vast areas of agricultural land
f':lnd',the,p,osbwar period when the mechanization and chemica?-’

THE SCIENTIFIC BASIS FOR MODERN WEED CONTROL

mo"l;(l:esrtei r;lﬁeatfiiw argals1 of agricultural research which have been
8, challenging and exciting dyri
decades than resea Lant physiologior o iree
de rch on weed control. Plant hysiologi
New courses in studies with pla ‘ guintors o . parted
e r t growth regul in i i
Fying. oo I studi plant g gulators — in identi-
; with  ever-increasin lectivi
selective chemical contro] weed spocies 1 iy the
‘ \ , of grassy weed species in ri i
wheat and other monocotyled i od 2t comanmalze
yledons is accepted ’
Plant ecologists and i ind new chafionplace
nt ¢ agronomists have found new in
ron challe
Icée:g?il;lg, CUItFral practices for weed control and engineell:lsge}fenl/re1
& since perfected equipment and application patterns to subdue
N i , Spray pattern
lorlf:t:f he(:irbllclde sprays ar‘ld dusts to susceptible Zr(f)ps Enstoilri)d
g and plant pathologists have made- new contriButions in_

5
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biological control of a number of stubborn weed species. Soil
scientists and economists also play their part.

Other disciplines or specialties could be enumerated as prime
participants in the evolution of current weed control practices.
The key point is that modern weed control is solidly science-based
and the constant improvements in effectiveness and efficiency de-
pend upon a well-supported and well-organized agricultural re-
search system. '

TEMPERATE ZONE TECHNOLOGY

Most of the significant advances in modern weed control prac-
tices have been evolved under temperate zone conditions. Aside
from empirical observation trials, there was limited research on
weed control in the developing nations of Latin America, Asia
and Africa prior to 1960. The major regional effort in Latin
America was initiated in 1966 when the U.S. Agency for Inter-
national Development supported a project directed by Oregon
State University co-operative with a number of Latin American
countries. The intensive wheat and rice production schemes in
South Asia — India and Pakistan — since 1966 also stimulated
attention to weed control research, particularly because the short-
strawed “Mexican wheats” and IRRI rice varieties were less able
to compete with weeds than the taller indigenous varieties.

This is the Third Conference of the Asian-Pacific Weed Science
Society and it may be safe to assume that there are few intensive,
sustained research programmes that extend back prior to the re-

‘search set up at the International Rice Research Institute in the

early 1960s.

THE' NEED FOR NATIONAL AGRICULTURAL RESEARCH SYSTEMS
IN ASIA ) i

The modernization of agriculture can be expected to proceed
at an accelerated pace in Asian countries in the years ahead.
Demands for food will increase as populations grow at the rate
of 3% or more per year in many countries in the region. Adjust-
ments in crop and livestock production are an immediate prob-
lem, as higher productivity of rice from new technology and from
new irrigation systems provides for national self-sufficiency for
rice in many countries and for changes in both domestic and
international rice market patterns.

Increased populations and increased technology in farming pre-

sent new concerns about. employment in rural areas. We appre-
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ciate a growing world-wide concern about the quality of the
environment — a factor relevant to use of herbicides and other
agricultural ~ chemicals. Intensified agricultural production
whe?her double cropping of rice or rotation cropping — or in:
volving expanded production of new crops — will require greater
efforts and new knowledge about control of pests, diseases, and
‘weeds. ' , ’
‘The list of problems or inhibitors in future agricultural de-
vglopment is formidable. And these problems are distinct recog-
nlzable,_ and specific to local farming areas. 1f agricultu;al and
economic development is to proceed through sustained growth
in dependable and efficient productivity, there must be precise

answers to precise problems. A few specific issues may be
assessed. , :

1. Foop PRODUCTION

The remarkably productive new rice varieties and related tech-
nol‘ogy fr'om the IRRI which triggered the “green revolution” in
As1a 'durLr}g the past 5 years have made a broad impact in boost-
ing rice yields. But in most cases the new varieties IR-8 and IR-5

“have had a brief production life as they have been attacked by

local_ fqrms of fungus, bacterial and virus diseases. There is a
continuing major task for each country to carry on the breeding

and selection programmes and related research to combine present

high-yield capabilities with the dis
: ' ; ease and pest control and
quality factors suited to local conditions and local consumers,

2. CROPPING ADJUSTMENTS — DiVERSIFICATION

Dur'ing the' past fifteen years, Thailand has changed from
ressientlally a r1qe,mono-cu1ture to an increasingly diversified agri-
Zu ture. Mal.aygla s hard core of agriculture is rubber and oil palm

set1r1oqs t1}11m11tati(or1fto the diversification of agriculture in this
country 1s the lack of dependable information on al i

: t
or livestock enterprises. Hemative erop
The consultant team concerned with the Johore-Tenggara land

development project, in their Fifth P
SAP rogress Report of June, 1970,

Owing :[o thfe, past, almost exclusive, attention to rubber and oil
pE.iI.In, little information is available about the commercial fe ;
b}hty _of other "activities. There are also great gaps in th tas}i-
nical information ‘intended for developing many of them s
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The study team considering possibilities for future agricultt_lral
development in Pahang-Tenggara also has recognized the handicap
of

a limited amount of basic and applied research data apd dos:u—
mented commercial experience.-with respect to the way in wh}ch
many of the crops being considered perform under Mal.aysm.n
conditions, and more specifically, under conditions prevaihng.ln
the Study Region. This has made it necessary to attempt to mod1yfy
data and experience from elsewhere in making an assessment of
the potential of certain crops.

The study team concludes that, before embarking on any
general scale planting of crops in the study region other than
rubber and oil palm, it will be necessary to est_abhsh a well-
organized comprehensive programme of basic and apphed
research. _

The planning and implementation of new cropping and land
use systems, whether to adjust agriculture in old areas or for
new land development schemes, must be guided by the new
knowledge and new technology that fit the precise conditions.

3. QUALITY OF THE ENVIRONMENT

There has been a growing popular concern about human
health hazards from chemical additives, including agrivultural
«hemicals, since Rachel Carson’s book Silent Spring made its
~mpact almost a decade ago. Atmospheric and water pollution
-iave come in for more recent attention.

While these problems are world-wide, with Los Angeles, New

rork City, Mexico City and Tokyo sharing pollution prominence,
it is essential to determine the specific nature of the problems and
the solutions, as related to agricultural practices, for local areas.
Knowledge is the antidote to the fear stemming from uncertainty
about health hazards from agricultural chemicals. The sophistica-
tion of instrumentation — the ability to detect minute quantities
of man-added chemicals in food products — has outdistanced
understanding of the relevaunce of such presence.

The answer-finding and decision-making on these issues cannot
be left entirely to the Western World. Political and administrative
leaders in the United States have been accused, with some justi-
fication, of “panic decisions” in response to public pressure to
withdraw approval for use of certain pesticides and herbicides.

I share the concern of the official of the U.S. chemical company --

who deplores the “efforts by ‘instant ecologists’ to portray manu-
facturers as ‘uncaring polluters’.”” In the close association with
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the agricultural chemicals industry during my years with the U.S.
Department of Agriculture research programme, through 1956,
I developed a deep appreciation of the efforts by scientists in
industry to achieve meaningful understanding of the significance
of pesticide residues.

The greater danger in the emotion-charged environmental
quality issue is the backlash against science and technology
generally. It has been estimated that in the U.S. total federal
expenditures on research and development have declined in real
dollars by more than 20% in the last 4 years. The accompanying
withdrawal from research and development work on pesticides
by private companies because of uncertain decisions on residues
may have a serious potential effect on agricultural production
around the world in the years ahead. In this regard the views of
Dr Philip Handler, President-of the U.S. National Academy of
Sciences, have special relevance:

If we forswear more science and technology, there can be no
cleaning up our cities, no progress in mass transportation, no
salvage of our once beautiful landscape and no control of over-
population. Those who scoff at technological solutions to these
problems have no alternative solutions.

Research on herbicides must proceed to improve specificity
and selectivity as well as to determine the behaviour of various
compounds under cropping conditions in Asia. In this connection
the experience of the International Rice Research Institute with
insecticides is relevant. Certain chemicals such as diazinon were
highly effective for control of stem borers, green leaf hoppers
and brown plant hoppers for a number of years. However, after
four years of use on the same experimental fields, diazinon be-
came ineffective in the control of the brown plant hopper,
Nilaparvata lugens. This was apparently due to genetic selection
of resistant forms of the insect, together with the build up in the
soil of types of micro-organisms that readily degraded diazinon

-and rendered it ineffective a few days after its application. The

microbiologists at TRRI have shown that several of the organo-
chlorine insecticides such as DDT, BHC and heptachlor are de-
graded rather rapidly in flooded padi soils, although the same
materials are persistent in well-drained soils.

4. RURAL Socio-EcoNoMIc FACTORS

One of the prominent “second generation” concerns about
Asia’s Green Revolution is the prospective unemployment of
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rural people — especially young people — and increased migration
to urban areas. Some will argue that efforts to modernize agri-
cultural production, by mechanization, the use of herbicides, etc.,
should be restrained in order to perpetuate labour-intensive
agricultural practices.

We cannot ignore the need to develop and apply modern
techniques to the upgrading of agricultural productivity in Asia.
And we must reject the notion that we can anchor youth to the
land with the roots of weeds. Present and future generations in
Asia will not be content to squat in the fields for endless hours
pulling weeds. Perpetuation of drudge labour on the land is not
an answer to the rural employment problem. Job opportunities
must be expanded elsewhere through the steady commercialization
of agriculture. These opportunities will vary in different countries
and between regions of a given country.

5. CrRop PROTECTION

Perhaps the major justification for national agricultural research
capability is the need for a continuous alert to crop disease and
pest hazards. Even with highly organized research systems, out-
breaks of destructive diseases, of epidemic proportions, may
occur. The heavy losses of the 1953 and 1954 wheat crops in the
United States to a new race of stem rust is a prime example. The
widespread damage to the U.S. corn crop in 1970 from
Helminthosporium blight is another.

Asian countries face a continuing hazard from virulent forms

of bacterial, fungus and virus diseases in rice and other economic.

crops. At the moment there is concern in Malaysia, in Sarawak,
about the damage to pepper from Phytophthora. This is not a
new hazard — the organism is a continuing limiting factor to
pepper growers and has great versatility in destroying other crops
around the world. The Phytophthora fungus causes stem canker
and the black-pod disease of cocoa in Africa and has been found
recently in cocoa plantings in Malaysia.

Crop pests and diseases cause losses annually in many countries
ranging to 20% or more, in production, handling and storage.
The alternatives are either to accept this magnitude of loss as a
production cost function or to establish and maintain a research
capability to control or at least minimize such losses. Since the
physiologic races or forms of disease vary in different agri-
cultural regions of the world, and soil and climate factors in-

fluence disease spread, it is necessary to have the research resource

at the national level.

L]
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AGRICULTURAL RESEARCH CAPABILITIES IN ASIA

My first review of agricultural research programmes in coun-
tries of Asia was made in 1950, prior to the activation of the
U.S. Point IV programme of technical co-operation. As we assess
the present status of national research capabilities, it is evident
that far too little progress has been made during these 20 years
of substantial technical assistance from many national and inter-
national, private and public organizations.

India is one exception. The review of agricultural research
and education by a joint team of Indian and American scientists
in 1955 resulted in the reshaping and strengthening of the Indian
Council of Agricultural Research, the Indian Agricultural Re-
search Institute and other centralized research institutes, and the
establishment of strong experiment station capabilities as a part
of the emerging agricultural universities. Research on the major
crops in India is now supported through All-India Co-ordinated
Research schemes rather than through the fractionated project
support of the past. Research in soil and water similarly is
organized on a national basis. -

~ Detailed reviews of research capabilities have been conducted

in Korea in 1967, in Pakistan and Malaysia in 1968 and in
Indonesia in 1969. An intensive study of research in the
Philippines is now in process and will be completed within this
calendar year. These studies have identified the limited scientific
staff capabilities in each of the countries, the inadequacy of re-
search facilities, the lack of co-ordination of support and opera-
tions in research — in general a common insufficiency of a suit-
able technological base upon which to build agricultural
development. '

There are, of course, exceptions and some examples of excel-

lence in organizations and programmes in Asia. The Rubber

Research Institute of Malaya and the former research programmes
on sugar cane in Java and India stand out.

RESTRAINTS IN STRENGTHENING NATIONAL RESEARCH
SYSTEMS

When the slow progress in building national self-reliance in
agricultural research over the past two decades is analysed, a
number of causal factors can be identified. Some of these, listed
without regard to priority significance, follow.
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1. The acticn-oriented efforts in extension and community or
rural development

The developing nations as well as external assistance agencies
have taken the position in past years that development must be
accelerated — “we’ cannot wait, the. disadvantaged people of the
world are in a hurry”. The rate of progress in agricultural de-
velopment in Asia over the past twenty years furnishes abundant
evidence that such “haste makes waste” and the substantial
investments which have been made to apply poorly-fitted innova-
tions from temperate climate agriculture to tropical farming
regions have generally produced minimal returns.

Dr John W. Mellor, Professor of Agricultural Economics at
Cornell University, after a critical analysis of factors in rural
progress in India (1968), concluded:

The most telling criticism of Indian agricultural development
policy is that the key deficiency — lack of an effective organisation
to produce a flow of highly profitable innovations suited to Indian
conditions — was not recognised at the beginning. The error was
not in underrating the importance of improved technologies but
in overestimating the productivity and applicability of what was
at hand. . .. .

The research problem came increasingly to be realised in the
second and third plan periods. The advantage of hindsight suggests
that at least five years and possibly ten could have been saved if
this problem had been more fully understood and tackled initially.

The obvious lesson is that the first step in an agricultural
development program should be initiation of a substantial, highly
integrated research program, directly connected to farm problems
at one end and to basic research and foreign efforts at the other.

There is still a continuing tendency to stress so-called action
programmes or development schemes to stimulate farmers to
better efforts or to encourage new or expanded crop production
to diversify agriculture. Such efforts, based upon inadequate
knowledge of what to grow, where to grow it, and how to grow
it, together with uncertainties with respect to market outlets, will

continue to be unproductive until national research capabilities:

have been strengthened to furnish more dependable guidance.

2. Lack of awareness and understanding of political and adminis-
trative leaders of the importance of new technology in agri-
cultural development ‘ o
In recognition of the importance of improving food pro-

duction in Mexico, the Rockefeller Foundation in 1943 initiated

an adaptive research programme concentrating on improvement
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of whe'at and maize production, in co-operation with the Ministry
ot Agriculture of the Government of Mexico. This programme

- was subsequently expanded in Latin America with co-operative

programmes in Columbia, Chile, Peru, Ecquador and other
countries.

_ In 1954 the Foundation turned attention to the possibility of
Improving rice production in Asia. Following reviews of research
and educational institutions, over a period of about eighteen
months, the Foundation endeavoured to strengthen rice research
resources through training awards and grants to selected Asian
institutions. After about five years, in 1959, it became apparent
that this process was relatively ineffective, primarily because
political and administrative leaders of the nations involved did
not appreciate the importance of a strengthened research capa-
bility dnd were not furnishing the co-operative support necessary
to make the external assistance meaningful,

The International Rice Research Institute was conceived in
195_9, .and established in 1962, in order to provide a multi-
d_wc_lphnary research team approach to study of the various factors
limiting rice production and to develop a modern rice production
technology for Asian conditions. The TRRI, which produced
readily applicable results three years later, demonstrates what
can be done when there is a positive commitment to support and
develop an effective research capability.

3. The he‘lfitage of colonial emphasis cn primary products for
international commerce

The strong past emphasis on plantation or estate crops or
products such  as rubber, oil palm, sugarcane, cotton, jute, tea,
coffee, cocoa, etc., directed attention toward research to insure
dependable production of these commodities. This situation pre-

~vailed in India, Indonesia, Malaya and other countries of Asia

and Africa. Some of these countries have moved away from
the' strict commodity research institute approach or have built
n'atlonal research capabilities through and around such organiza-
tions. Other countries, notably Indonesia, are still trying to con-

solidate and/or co-ordinate these fractured research resources

into eﬁ"egtive national systems. -Their support through special
cesses, with preferred salary levels and operations budgets, en-
courages those so privileged to perpetuate their autonomous status.
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4. The disruptive -effects of World War 2 and subsequent
struggles for independence

The benefits of new agricultural technology deyeloped in the
United States and other countries prior to 'and durlpg quld War
2 were delayed in coming to those countries of A§1a whl'ch were
occupied by foreign forces during the war, apd 1rnm<'3d1ate1.y’ or
soon thereafter were engaged in efforts to achieve .natlonal inde-
pendence. India, Pakistan, Indonesia and Kore?a were among the .
Asian countries where major institutional'ad]ustments were ' re-

quired in the 1950s and the 1960s following a decade or 1{11017?i
" of disruption of previously established research and educationa

systems.

5. The Green Revolution

The failure of the monsoons in India anq Pakistgr} in 1965
focussed world-wide attention on the incre_asmg@y critical short-
ages of food production in Asia. The ava1.1ab1hty of the hlgh-
yielding varieties of rice together with the 1mpr9ved pro‘d‘uc‘uon
practices from the TRRI in 1966 provided the prime resource fqr
boosting the yields of this important crop t.hroughout Soqth Asia
and the Far East countries. The growing attitude of despair about
world food supplies in 1965 changed abruptly to an attltqde of
cautious optimism by 1968. In fact, we now face the real risk of
over-optimism and a sense of complacency about future food

rces.
res%ie Green Revolution involved not only the improvc?d tec}}-
nology for rice production but also for Wh.eat production in India
and Pakistan, based upon the research initiated by_ the Rockef?}ler
Foundation in Latin America in 1943. The “Mexican wheats’ as
well as the “Miracle rices” combined to ghange our targets and
prospects for food production in Asia du}ung the past five years.
For his leadership in research in developing the Mexican Wheat;
and their application to South Asia; Dr Norman E. Borlaug o
the Rockefeller Foundation was awarded tht? Nobe.l Peace Prize
for 1970, the first agricultural scientist to achieve th;s’recogmtlon.

" The Green Revolution has created a greater awarencss of the
value of research-adapted technology for agr‘icultural grqwth apd
development. Top. political and administrative !eaders in India,
Pakistan, the Philippines and other Asian nations have recog-
nized the contributions of the adaptive research programmes in

wheat and rice production. The intensive agricultural programme

to accelerate the extensive use of the new varieties and related

B
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technology received top government support during the past five
years.

There is still the unanswered question as to whether those

© Asian government leaders who identified the benefits or fruits of

research — from  the IRRI and from Mexico — have developed
any firm priority commitments to the building of national capa-

‘ bilities to generate such new technology. Because of the outstand-

ing performance of the IRRI, the International centers including
the International Rice Research Institute, the International Center
for Maize and Wheat Improvement in Mexico, the International
Institute for Tropical Agriculture in Nigeria, and the centre for

_International Agricultural Research in Columbia are in the fore-
~front at the present time, as the potential generators of new agri-
cultural technology. Leaders of economic and technical assistance

organizations, including private foundations, international organ-
izations and national agencies, are providing increasing amounts

~ of support to such centres.

The 1970s may well be another decade of dependence on
external agricultural technology for the developing nations unless

" there is greater awareness of the need for building national
“capabilities for research. This awareness must emerge primarily

within the developing countries themselves, by political and
administrative leaders at the highest levels of government.

The Government of Malaysia is taking steps to establish a
more effective research base through the Malaysian Agricultural
Research and Development Institute. There is, unfortunately, no

ready formula for instant institutional development and the evolu-

tion of MARDI into a productive and effective national research
system: will take five to ten years. Results from high priority
research projects will, of course, be forthcoming prior to that
time but it must be recognized that an effective institutional base

" for research and education requires a strong commitment, in-

cluding effective financial support, for a continuing period of

-years.

- THE ROLE OF PRIVATE INDUSTRY IN AGRICULTURAL RESEARCH

The private industries concerned with agriculture are a most

~important factor in agricultural research in the more advanced

as well as in.the developing nations. In the United States, in
1965, the private industries spent $460 million or 53.9% of the

funds supporting agricultural research. The balance was pro-
vided through federal appropriations or grants and from state
| resources, : :

94245
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The agricultural industries which provide fertilizers, pesticides,
herbicides and machines have a prime concern that their products
meet farm requirements and that they are used properly. The
heavy investments by farmers in modern agricultural inputs re-
quire maximum efficiency and suitability of these inputs.

The support by industry is an important dimension in cost-
sharing in agricultural research. It would be most unfortunate if
private companies were to reduce or eliminate research and
development work on herbicides and pest control chemicals be-
cause of uncertainties about government decisions on use of agri-
cultural chemicals. If the full burden for development of crop
protection materials and methods is shifted to government
agencies in the future, less effective pest control practices, in-
cluding weed control measures, can be expected in the years
ahead. With present tendencies to de-emphasize support for
science and technology it is very doubtful whether federal and
state government will pick up the added research tab of the
magnitude provided by private industry in recent years.

SUMMARY

I have emphasized the form rather than the substance of re-
search in these remarks. Your programme has a full measure of
reports on specific experimental results for the remaining sessions
of the Conference. Many of these are project-orientated, on indi-
vidual chemicals, by scientists from industrial or public
organizations. :

Weed control research is multi-disciplinary; it requires the
type of broad organizational and financial base that will support
essential basic and background research as well as the more
applied and observational trials.

As agriculture in Asia is modernized, with greater dependence

on new technology, the research resource base in this region of the
world must be strengthened. It can be developed on a broadly-
participating national basis only if national administrative and

political leaders develop a greater awareness of and a deeper

commitment to improved technology for agricultural growth. If
this does not occur, we can expect a continued emphasis by tech-
nical assistance “donor” organizations on the establishment of
more specialized international agricultural institutes as sources of
new agricultural technology. This could well defer the building
of national self-sufficiency in agricultural science and technology
for another decade or more.

&
¥

e
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The advances in weed control practice over the past 25 years
are marked by ever-increasing specificity — of selected chemicals
to control given weeds in certain crops under prescribed growing
conditions. If agricultural growth and development, and diversifi-
cation of agriculture, are to proceed at the pace necessary to meet
targets for economic and social progress in Asia, there must be
f:qual precision in fitting solutions to location-specific problems
in crop and livestock production. This will require more positive
efforts to strengthen national research capabilities.



PROSPECTS FOR CHEMICAL WEED CONTROL
- IN INDONESIA
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Summary

Weed science in Indonesia — and in particular weed control
methods —is still in its infancy. In many crops, weeding still
depends mainly on manual labour. However, it was recently felt
that, in particular plantation crops, manual weeding is becoming
difficult, especially during certain periods of time and in particular
thinly populated areas.

Since 1966 the use of herbicides in agriculture, especially in
plantation crops — e.g. rubber, tea and oil-palm — has been be-
coming more economically important. It is also expected that the
use of herbicides will be increasingly needed in other crops, such
as sugarcane, in mechanized rice farming, in irrigation system or
water reservoirs, in vegetables ‘and other horticultural crops.

A co-ordinated screening programme is needed to achieve opti-
mum results and efficient practical implementation of chemical
weed control, directed not only toward the crop system, but also
toward the weed species. In this respect, an inventory of noxious
and troublesome weeds found in various agricultural conditions
will be very valuable.

There is a general lack of knowledge of the principles and prac-
tice of chemical weed control. Therefore, a training programme
is urgently needed, if the limited effort available is to be as
productive as possible.

INTRODUCTION

Weeds interfere with every aspect of human welfare, and par-
ticularly with crop production. Their importance in Indonesian
agriculture is undoubtedly great, as Indonesia is part of the tropi-
cal belt with favourable climate throughout the year, adequate
daylight, warm and humid for the prolific growth of various weed
species. ' ,
Chemical weed control has been one of the significant -advance-
ments in world agriculture during the past thirty years and many
works have been conducted in Indonesia since 1950 to study the
possibilities of replacing conventional manual weed control with
herbicides. However, as in many other developing countries, the

18
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progress in this field has been rather slow owing to the presence
of abundant cheap labour. Large-scale use of herbicides in prac-
tice has started more recently during the past few years in North
Sumatra and Java.

It is anticipated that the future development of herbicide usage
in Indonesia will greatly depend on the projected Five-year De-
velopment Plan, 1969-1974, which stresses the agricultural sector
as the central point of its development.

The aim of this paper is to analyse the prospects for chemical
weed control based on the current situation and factors that might
affect the future development of weed control programmes in
Indonesia.

Because of the limited opportunity and limited time available,
the information was compiled from some of the current users of
herbicides — e.g., State Estate Enterprises (P.N.P.). It is hoped
that further study will be made to complete the information, in-
cluding material from industrial sectors.

THE FIVE-YEAR PLAN

The Five-year Plan is directed toward raising the standard of
living of the people and creating new foundations, which will
enable planning and implementation of the Second Five-year Plan.

For long, agriculture has been the backbone of the economic
structure of Indonesia. The majority of manpower (approximately
80% of the 115 million people) is employed in agriculture, while
during the past years, approximately 70% of foreign exchange
earnings came from exported agricultural commodities (Depart-
ment of Information, 1969).

Development in agriculture means a widening of employment
and increase in the income of the greater part of the Indonesian
people. This will increase demand and develop new markets for
industrial production. Subsequently, this will bring price stability
and stability of wages, and the emergence of industry which will
be directed toward supporting agricultural sectors, and of indus-
tries producing substitute articles which are otherwise imported.
In this way a wider field of employment will be opened and
there will be changes in the proportion of manpower available for
the agricultural sector. By the end of the Five-year Plan it may
fairly be assumed that the available agricultural manpower, in-
cluding that used for manual weeding, will be reduced.
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FOOD PRODUCTION

The aim of food production increase is that, by 1974, Indonesia
will be self-supporting in rice, and that the nutritive value of the
diet (containing animal and vegetable proteins) will be improved.

The target of rice production in 1974 is 15.4 million tonnes,
which is an increase of 50% within 5 years — compared with
the 1968 production figure. In order to reach this target, effqrts
are being made through intensification — i.e.,. through'the im-
provement of the ““five efforts” system (irrigation, superior seeq,
fertilizers, pesticides and information) — and expansion of agti-
cultural areas outside Java. ’
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Fig. 1: Rice production in Indonesia, 1960-69. (Central Bureau of
Statistics, Djakarta.)
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- Figure 1 shows the increase of rice production in Indonesia
during the past 10 years (1960-69) and the total area of rice-fields
inside and outside Java. It is to be noted here that the increase
of production is partly caused by the success of the intensification
efforts -in- Java, but there is also a considerable increase of pro-
ducing areas outside Java, where labour is relatively scarce.

Forest land covers an area of 120 million ha, of which 1%
million ha could be converted into more productive farmland.
Almost all of these areas (97%) are located outside Java. This
will certainly affect the emphasis of weed control practices; a
logical consequence of new expansion of rice culture outside Java
is that it will be mainly in the form of mechanized or semi-
mechanized rice production units.

Several good examples of this semi-mechanized rice-field opera-
tion are clearly demonstrated by several rice projects cenducted
by the Estate Enterprises, namely, P.N.P. V at Sungei Karang
(approximately 550 ha), Uniroyal at Kisaran - (approximately

400 ha) and P.N.P. XVIII at Subah (approximately 100 ha).

Non-productive rubber areas were converted into irrigated and
upland rice-field, depending upon the availability of irrigation
water. :

In this semi-mechanized culture, rotovators are being used for
land preparation, while combine harvesters are available for
harvesting the crop. Transplanting and weeding are still being
done manually. However, the use of herbicides to replace manual
weeding seems promising. Paraquat at minimum rates and zero-
tillage followed by MCPA, or propanil combined with manual
weeding seems promising as regards yield per unit area. Important
problems still occur regarding the price of herbicides as compared
with labour cost. To some extent, propanil is already being used
on upland rice to replace manual weeding.

Table 1 lists a selection of promising herbicides for weed con-
trol in food crops (rice and corn) prepared from various reports
to the First Indonesian Weed Science Conference (Mangunsu-
kardjo and Kadnan, 1971a, b; Sutidjo and Sjarifullah, 1971;
Sundaru, 1971; Ronoprawiro, 1971).

To assist in the improvement of the nutritive value of the diet
of the people, it was recently planned to carry out intensification

“efforts in the so-called “mass guidance system” in developing
~ poultry and animal husbandry. How much these new activities
. in food production will affect the availability of manpower for

agriculture, and further influence the use of pesticides in general

~and herbicides in particular, is as yet unpredictable. However,
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every success in this campaign (as any success in other develop-
mental efforts, in industry, etc.) will inevitably absorb a certain
part of manpower resources and increase the costs of manual
weeding - accordingly.

TABLE 1: HERBICIDES WITH POTENTIAL USE IN RICE AND CORN

Time of Application*

Crops and Treaiment (kg/ha) D.B.P.(S) D.A.P.(S)

Upland rice:

propanil 4 ORI — 12
24D amine 1.4 — - 20
MCPA 0510 .o o e — 25
metobromuron 3.0 + 24-D amine 1.4 21 22
MSMA 264 . ..24D amine 14 7 22
paraquat 0.6 . ..24D amine 14 7 22

propanil 4 . .. MCPA 0.5 ... MCPA 0.5 14...28...4
Lowland rice:
propanil 33 ... handweeding ... — 24...30
nitrofen (granular) 2.0 .. = 3
24-D IPE (granular) 08 .. — 4
benthiocarbamate (granular) -3.0 — 4
delachlor 1.0 + 24D BE (granular) 05 ... — 4
-delachlor (granular) 1.0 ... 4

Corn: )
chlorthal 0.55 ... = 3
2,4-D . amine 0.80 — 32
245T + 24D amine 045 — 3
24-D amine  + MCPA 0.80 — 32
nitrofen 2.50 ... — 3

*D.B.P.(S). = Days before planting (sowing). D.AP.(S) = days - after
planting (sowing).

. | . =followed by.

4+ = mixture.

EXPORT COMMODITIES

Rubber, palm-oil, tea, coffee, sugar, pepper, tobacco, copra,
etc., are the main export commodities from estates and small-
holder plantations. Efforts have been made to increase the volume
and quality of export products through new investments in' the
form of rejuvenation and new planting, high yielding clones,
reduced cost per unit, the use of improved technology, etc.

Estate Enterprises are mainly located in North Sumatra, Java
and to some extent in South Sumatra and South Sulawesi (see
Fig. 2). It is also interesting to note that most estates are located

in areas with a population density of 90 to 769 per km? A

number of small estates, however, are found in less densely
populated areas, namely 20 to 99 per km’ (see Table 2).
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Fig. 2: The location of state estates.

TABLE 2: POPULATION DENSITY OF INDONESIA IN 1970
(Central Bureau “of Statistics, Djakarta)

} ' Population
Province Total Population Area Density
, (km?) (per km?)
1. Djakarta-Raya 4,303,768 571 7,458.8
2. Jogjakarta ... 2,438,489 3,169 769.5*
3. Central Java ... : e 21,262,165 34,206 621.6*
4. East. Java .. .. .. 24,812,305 47,922 517.8*
5. West Java .. .o 20,682,781 46,300 446.7%
6. Bali 2,064,997 5,570 370.7
7. West Nusa-Tenggara e 2,154,335 20,177 106.8
8.'South Sulawesi .. 5,009,968 50.233 99.7+
9. North Sumatra 6,399,687 70,787 90.4~
10. Lampung 2,662,695 - . 33,342 79.9¢
11. West Sumatra 2,704,247 41,778 64.7+
12, South Kalimantan ... . 1,646,938 37,660 437
13. East Nusa-Tenggara 2,234,515 52,876 423
14. North Sulawesi. ... 1,646,747 44,239 372
15. At'jeh 1,923,885 55,392 34.7%
16. Djambi 978,312 44,924 21.8+
17. South Sumatra 3,338,581 158,163 2115
18. Central Sulawesi ... I 896,521 44,239 20.3
19: South-East Sulawesi 897,921 50,233 17:9
20. Riau ... 1,538,932 94,562 16.3
21. Maluku 1,061,407 74,505 14.2
22, West Kalimantan ... 1,758,414 146,760 12.0
23, Bengkulu 544,946 124,821 44
24, Central Kalimantan 719,505 152,600 42
25. East Kalimantan ... 673,142 202,440 33
26. West Irian .. 933,000 421,981 22
Indonesia ... 115,288,203 2,059,557 55.97

*Areas where most of the estates are found.
tAreas where some estates are found.
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TABLE 3: TOTAL AREA, AVERAGE ANNUAL PRODUCT AND
EXPORTED VOLUME OF IMPORTANT COMMODITIES
(1965-1969, Central Bureau of Statistics, Djakarta)

Av. Annual Exported Vol.

Commodities Total area Product (% of Annual
(000 ha) (000 tonnes)  Product)
Rubber 1,900 730 95
Palm-oil 72 140 80
Coffee ... 350 120 71
Tea .. 115 75 46
SSugar .. e e 104 700 34
Cacao ... 10 1 32
Tobacco 152 50 18

The figures in Table 3 illustrate the total areas of rubber, oil-

palm, tea, coffee, sugar and other important estates and their-

respective average annual product during the five years 1965 to
1969. They also show the average percentage of the annual pro-
duct exported.

The use of herbicides for weed control in the various planta-
tions greatly depends on the manpower resources and scale of
wages. Comparing the four estate areas in North Sumatra, West,
Central and FEast Java, in terms of their order of population
density, it could be logically explained that the problem of man-
power resources diminishes in the order North Sumatra > West
Java > East Java > Central Java. This coincides with the fact
that North Sumatra was the first to introduce the use of herbi-
cides on a commercial scale as from 1966. West Java has started
to use herbicides more recently, commencing 1968, while East
and Central Java might be expected to follow shortly. Further-
more, West Java is the most vulnerable province in respect to
urbanization ‘into the growing city of Djakarta.

Almost all tea and oil-palm plantations, as well as most rubber
estates, are located in North Sumatra and West Java, which ex-
plains why the most important herbicide requirements are for
use in those crops.

TABLE 4: CHEMICAL WEEDING IN STATE ESTATES
(As % of the total weeded area)

Crop North Sumatra West Java Others
Rubber .. 15 5 —
Tea 25 20 =
Oil-palm ... v <01 — —

ASIAN-PACIFIC WEED SCIENCE SOCIETY 25

Calculated from the preliminary figures of 1970, the approxi-
mate percentage areas of State Estate Enterprises using herbicides
are shown in Table 4.

Sugarcane may be considered as the next crop in East and
Central Java where chemical weeding will become more import-
ant. The main reason for this attitude is the need to avoid crucial
problems in employing too many labourers for manual weeding

“at acceptable wages from a managerial point of view. Secondly,

in other cases there are indications of less labour being available
during the early stage of cane growth (Kuntohartono, 1971)

owing to social duties in rural communities during rice harvesting,

etc.

From a psychological and sociological point of view, this
change of emphasis in weeding methods should be co-ordinated
with other efforts to create other fields of employment within the
framework of the Five-year Development Plan.

Tobacco plantations, which are widespread in North Sumatra,
which is known as the producer of Deli tobacco, have a special
cultural system — i.e., a shifting cultivation method in order to
obtain a high organic soil content. Weed problems in this system
are in practice simple. Other tobacco plantations are located in
Central and East Java.

The most used herbicides at present are dalapon, paraquat,
MSMA, 2,4-D amine and sodium chlorate in rubber, oil-palm and
tea. More details of the herbicides used in plantations are pre-
sented in Table 5.

TABLE 5: HERBICIDES WIDELY USED IN PLANTATIONS

No. Applications

Crops and Treatments (kg/ha) per year
Rubber:
dalapon 5-8.5 3
paraquat 0.4-0.8 .. . 4
dalapon 5% . paraquat 03 T
Tea
MSMA 2.7 4+ 24-D amine 1.3 4 sodium chlorate 2.8 4
dalapon 4 + 2,4-D amine 0.7 . 3
paraquat 0.3 6
Oil-palm
dalapon 5 ... . paraquat 0.3 +
pentachlorophenol 0.8-1.4 T
. = followed by.
+ = mixture, RY GKVK

*4 weeks later.
tDepends on the weed condition.

\\\\\\\\\\\\\\\\\\\\\\l\\l\\\\\\l\\
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There are differences in the cost of weeding from place to

place, and from one crop to the other. Cost of weeding, particu-
larly of manual weeding, has increased markedly during the past
few years. The order of higher to lower cost are North Sumatra
> West Java > Central Java = East Java.

OTHER POSSIBILITIES

Because of local consumption, the export of vegetables and
fruits should be considered as negligible at present. The role of
horticulture, especially in the vegetable growing areas, is of ex-
treme importance owing to the large number of people involved
in land preparation, planting, pest control, and harvesting.

Certain technical factors might be present so.that chemical
weed control is desirable, for instance in onion and similar crops,
where disturbance of the soil by manual weeding might cause
injurious effects to the root. Furthermore, labour is also becoming
more expensive in these particular areas (including weeding
costs) . Introduction of the use of herbicides in horticulture might
be very successful in the very near future. So far, field testing of
herbicides on an experimental scale has shown promising results.
In spite of this, more investigational work is still needed.

Another very limited use of herbicides has been demonstrated
at Rawa Pening lake in Central Java using 2,4-D amine, and by
the Brantas River authority in East Java using paraquat, to pre-
“vent the spread of Salvinia and Pistia.

FUTURE DEVELOPMENT PLANS IN WEED CONTROL

To achieve more efficient weed control methods with respect

to planning, selection of proper herbicides, logistic support,
import regulations, distribution, etc., it is vitally important to
give priority and encouragement to weed research activities in
Indonesia. : ‘

A list of institutions actively engaged in weed research work
and development is given in Table 6.

As suggested during the First Indonesian Weed Science Confer-
ence in 1971 in Bogor (Soerjani et al., 1971), it is the first
priority in considering future weed research in Indonesia to make
an inventory of weeds commonly found in Indonesia. A list of

important weed species compiled from available literature, com-.
bined with preliminary surveys done in several places, is given t
as Appendix 1. More surveys have to be made to -collect. addi- .

tional information on the current distribution of weeds in import-

/ ASIAN-PACIFIC WEED SCIENCE SOCIETY 2

ant agro-ecological conditions. It is also necessary to record
important biological shifts resulting from cultural methods in
general and weed control methods in particular.

At present among the most important weeds, from the point
of view of their abundance and difficulty in control, are Imperata
cylindrica, Cyperus rotundus, Mikania cordata, Salvinia spp., and
Eichhornia crassipes.

Except for Cyperus rotundus, many of these weeds are not
really difficult to control (mechanically, chemically or with com-
bined methods). However, problems might exist as regards eco-
nomic feasibility and the continuous supply of herbicides. The
first problem might arise from managerial factors which create
uncertainty in developing feasible planning. This is an important
point, as the use and cost of herbicides might be relatively high
during the first years; the cost might subsequently decrease, pro-

~vided the plan was consistently followed. The second problem

must be overcome by having as many alternatives as possible.
This policy has further advantages, among others minimizing the

" hazardous effect of certain herbicides being used continuously,

and also preventing the establishment of . resistant weed species
against particular control methods.

The next priority is to assess losses due to weeds so that weed
control programmes can be based on more accurate estimates of
feasibility. ' ,

The biology of important weed species should be studied to

. achieve better understanding of their growth habits, life-cycles

and reproduction to obtain satisfactory results in weed control.
This study should include possible utilization of certain abundant

- weed species, such as Imperata cylindrica which was surveyed for

possible use of paper production and Eichhornia crassipes for
possible use as compost and mulching.

Planned and co-ordinated studies to improve control methods
should be initiated to achieve optimum results and efficient prac-
tical implementation of weed control. The study should not only
be directed toward the crop system but also toward the variation
of the phyto-sociology of the weeds in various important environ-

T:’, mental conditions (as regards soil type, rainfall, temperature,

humidity, light intensity, etc.). In this respect, it is suggested that
a so-called data centre for information about weeds in Indonesia

is needed. These data would be available and communicable to

every interested party. The official communication of the Weed
Science Society of Indonesia, Weeds in Indonesia, could perform
part of this task.
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There is a general lack of knowledge of the principles and soypg | L | L% ] %
practice of chemical weed control. Therefore an advanced training
programme in weed science either abroad or at home for key
persons from official as well as commercial institutions is urgently
needed. There are only limited manpower and efforts in weed
science in Indonesia. Training courses in weed science will in-
evitably improve the existing efforts and make them as productive
as possible. ‘ : ~

Summarizing, we may conclude that the future of chemical
weed control in Indonesia in a diversity of crops still ‘remains
open, with unlimited potential and possibilities for further
development. ‘ '
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5 2 APPENDIX 1
A Preliminary List of Weeds Commonly Found in Indonesian Agriculture
Bogor
Vernacular Nawmes

bajem duri (I.J.S.); bajem radja (J.)
bandotan lombok (I.); gagadjahan (J.)

keremak (I); kremeh (J.)
kaju-apu (I1.J.); ki-apu (é.)
ctjeng (I.S.); gendjer (S.J.)

Sci. Conf.
Ronoprawiro, S., 1971.. Weed control in lowland rice with propanil and
nitrofen granular. Ist Indonesian Weed Sci. Conf. 4
Soerjani, M.; Soemarwoto, O.; Azis, H.; Somaatmadja, D.; Partosoedarso,

M.; Tirtarahardja, P.; Somaatmadja, S., 1971. The past, present and
future weed research in Indonesia. Ist Indonesian Weed Sci.. Conf.
Sundaru, M, 1971. Results of an experiment with granulax herbicides
on transplanted rice. Ist Indonesian Weed Sci. Conf. :
Sutidjo, D.; Sjarifullah, G., 1971 The use of propanil weed MCPA, in - g
upland rice cultivation. Ist Indonesian Weed Sci. Conf.

I. = Indonesian. J. = Javanese. S. = Sundanese.

Species

R. E. Nasution and M. Soerjani, Regional Center for Tropical Biology and Nationé} Biological Institute
Family:

A philoxeroides “(Mart.) Griseb.
Amaranthus spinosus L.

Alternanthera sessilis (L), R.Br.
ARACEAE

Prepared by:
AMARANTHACEAE

Pistia - stratiotes L.
BORAGINACEAE
Heliotropium indicum L.
BUTOMACEAE

Limnocharis flava (L.) Buch.
CARYOPHYLLACEAE

djukut-ibun (S.); tjebungan (J.)
gewor (S.); brambangan (J.)

Ceratophyllum demersum L.

Drymaria cordata Willd.
COMMELINACEAE

CERATOPHYLLACEAE
Commelina nudiflora L.
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RECENT DEVELOPMENTS IN WEED CON’ lROL
IN AUSTRALIA

K. A. WATsON

Amalgamated Chemicals (Aust.) Pty. Lid, Bankstown N.SW., Australza
(Agronomist, Australian Chemical Co. (Malaysza_)‘ Sdn., Berhad)

INTRODUCTION

Austraha comprises an area of 7 686 850 km’ lying between

latitudes 10°41”S and 43°39’S. Of the total area of Australia i

nearly 39% lies in the tropics. However, of all the continents

(excluding Antarctica), Australia receives the least average rain-

fall and 39% of the country receives less than 254 mm per annum.
It is obviously impossible in the space of this short paper to

.2view weed problems and weed control methods applying to

«his large area with its diversity of climate and crops, in any
depth. This paper is restricted to a brief review of the more
recent developments in the field of weed science in Australia.

- CROPS
WHEAT (Iriticum aestivum)

In spite of the current over-supply situation in the world wheat
market, this crop continues to be the most important form of
agricultural production in Australia. The area of wheat grown
over the last 50 years has ranged between 4 million and 10
million hectares. Obviously weed control in a crop of this size
has attracted considerable attention.

Use of phenoxy herbicides provided a solution for the most
common weeds of wheat (mainly belonging to the’ Cruciferae and
Compositae) . However, the annual treatment of about 20% of
the wheat acreage with phenoxy herbicides has resulted in a
marked change in the weed flora to species showing considerable
tolerance to these chemicals — e.g., Fumaria spp., Amsinckia spp.,
Polygonum spp., Emex australis, and Lithospermum arvense. A

new range of herbicides has been developed to cope with these

problem weeds in wheat including linuron, prometryn, dicamba,
bromoxynil, picloram, and most recently methabenzthiazuron.

Concutrently with the increase in broadleaved weeds tolerant "

to phenoxy herbicides there has been a marked increase in grass
weeds, particularly wild oats (Avena fatua, A. ludoviciana) .

36
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Di-allate and tri-allate used - pre-emergence, and barban post-
emergence have provided good control under favourable con-
ditions. "At present trifluralin is being developed for selective
control . of wild oats and other weeds in wheat and barley
(Hordeum vulgare)-.

Wimmera ryegrass (Lolium rzgldum) is a problem in southern
wheat areas and di-allate and tri-allate are used currently to con-
trol this weed. Trifluralin, alachlor, and bioxone, are showing
promise for pre-emergence control while diuron and isonoruron
show post-emergence activity-

Paradoxa grass (Phalaris paradoxa) is a weed of increasing
importance in northern cereal areas. Trifluralin is the only herbi-
cide to demonstrate effective control of this weed.

Skeleton weed (Chondrilla juncea) remains the major perennial
weed of wheat. Kill of seedling rosettes and suppression of
mature plants in the crop can be obtained with 2,4-D. Picloram/

. 2,4-D mixtures are also used for this purpose. In southern areas,
- reduction of skeleton weed population is obtained by use of sub-

terranean clover (Trifolium subterraneum) pastures in rotation
with wheat, while in drier areas lucerne (Medicago sativa) is
used for the same purpose. Investigations are currently being
conducted in Europe by the Commonwealth Scientific and Indus-
trial Research Organisation (CSIRO) in an effort to find bio-

~ logical control agents for skeleton weed.

Rice (Oryza sativa)

Although rice is a relatively minor crop in Australia, it is
important in that the highest yields in the world are obtained in
the Murrumbidgee Irrigation Area  (M.I.LA.) where some

36 000 ha produces an average yield of 6.27 tonnes of paddy per

hectare. Weed control can be a serious problem in this area with
barnyard grass (Echinochloa crus-galli) being the major problem,

_causing yield reductions of one-third in severe infestations. Use

of propanil has proved effective against barnyard grass, provided
temperatures are high enough. Under M.I.A. conditions molinate
is proving more reliable than propanil, particularly in cool springs
and has the added advantage of residual activity. Rotational pas-
tures are also an important aspect of weed control in rice in the
M.ILA.

CortoN (Gossypium hirsutum)

The area sown to cotton in Australia is expected to stabilize
at about 40 000 ha, almost entirely grown under irrigation. At
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this time, cotton represents the most intensive application of
herbicides for weed control in any crop currently grown in
Australia.

Trifluralin, and to a lesser extent nitralin are used pre-plant.
Chlornidine also shows promise as a pre-plant treatment under
Australian conditions. These three herbicides can provide effective
control of most annual grasses as well as some broadleaved weeds.

Herbicides applied at planting are fluometuron, diuron, or to a
~ lesser extent noruron. Fluometuron is the preferred past-plant
herbicide in the Namoi Valley of New South Wales, but causes
severe damage to cotton in the Ord River Valley in Western
Australia where diuron has proved the safest of the substituted
urea herbicides.

MSMA is used to a limited extent as a post-emergence treat-
ment at present, but its use is likely to increase as nut grass
(Cyperus rotundus) and Johnson grass (Sorghum halepense)
infestations spread.

MaizE (Zea mays) AND SORGHUM (Sorghum bicolor)

The area planted to maize and sorghum can be expected to
increase with the reduction in wheat acreages. At present 2,4-D
is the main herbicide used for broadleaved weed control. How-
ever, there is a limited use of picloram/2,4-D mixtures where
ZA-D-resistant weeds such as thorn apple (Datura spp.) ccur.

T'he use of atrazine is increasing in irrigated crops, bu. activa-
+ion in rain-grown crops is erratic. Crop oils have been used to
#¥me extent to improve the control of barnyard grass wich post-
Jnergence applications of atrazine. ,

Other herbicides under investigation for use in sorghum and/or
.naize include propachlor, alachlor and cyprazine.

50YA BEANS (Glycine max)

The area planted in soya beans has shown a rapid increase over
the last two years, and there is an increasing interest in weed
control in this crop. At present the only herbicides registered for
use on soya beans are trifluralin which is applied pre-plant and
linuron which is applied post-plant, usually as a band treatment.
It is anticipated that all the standard herbicides recommended for
soya beans in the United States will ultimately be registered in
Australia, including vernolate, chloramben, chloroxuron, nitralin
and propachlor.

:
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PEANUTS (Arachis hypbgaea)

Trifluralin, 2,4-D and 2,4-DB are the standard herbicides cur-
rently used on peanuts in Queensland. However, it is expected
that nitralin, chlornidine and vernolate will be registered for use
on this crop before long.

VEGETABLES

Trifluralin, linuron, chlorthal, sulfallate, nitrofen, prometryn,
dichlobenil, benfluralin, chloramben, propachlor and ioxynil, all
find application in various vegetable crops. Use of combination
treatments such as trifluralin and linuron on carrots and chlorthal
and ioxynil on onions is becoming increasingly common.

Of the new herbicides, the 4-amino-1,2,4-triazin-5-one group
(BAS 94337) is most interesting, providing selective control of
black nightshade (Solanum nigrum) as well as barnyard
grass in direct-seeded tomatoes (Lycopersicon esculentum) .

FruiT

Use of residual herbicides in perennial fruit crops is expanding
rapidly. Diuron alone and simazine, either alone or in mixtures
with amitrole find application in citrus (Citrus spp.), pome fruits
and grapes (Vitis vinifera) . Simazine/atrazine mixtures are used
on citrus and restricted areas of grapes only.

In citrus bromacil has largely replaced diuron. In peaches
(Prunus persica var. vulgaris), terbacil is proving useful and may
find application in other stone fruits.

Other residual herbicides used to some extent in orchards are
dichlobenil and trifluralin, while asulam will probably prove
useful for control of docks (Rumex spp.).

There is also widespread use of paraquat for rapid knockdown,
non-residual weed control in orchards.

PASTURES AND FORESTS

The most significant recent development in weed centrol in

“pasture and forest situations has been the developinent of

picloram for control of Eucalyptus spp. and some othei woody
species. Picloram in mixtures with 2,4-D or 2,4,5-T has provided
effective and economical control of a wide range of Fucclyptus
spp. when applied by stem injection techniques.

In Queensland alone in the 1969-70 financial year, it is esti-
mated that $1,300,000 was spent on arboricides and over $1
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million of that total comprised picloram which would be sufficient
to treat approximately 0.2 million hectares of timber-

Picloram-based herbicides are making a very significant contri-
bution to land development in Australia and offer marked advan-
tages over the techniques previously used. Picloram is also.proving
useful for selective thinning in eucalypt forests. '

A recent development in Western Australia has been the use
of a combined herbicide-grazing treatment to control "annual
pasture weeds. A low rate of 2,4-D (0.7 kg/ha) is applied which
is sufficient to produce epinasty of the weeds and -an increase in
palatability, apparently because of an increase in sugar levels.
Weeds which were previously unattractive to sheep are then
readily grazed. Because of the low cost of the treatment and the
increased growth of pasture caused by removal of competition,
the spray-graze system has been widely accepted by Western
Australian farmers. \ ;

Biological control of several important weeds affecting pastures
is being investigated, mainly in Queensland. Weeds for which
biological control shows promise include groundsel bush
(Baccharis halimifolia), lantana (Lantane camara), Noogoora
burr (Xanthium pungens) and crofton weed (Eupatorium adeno-
phroum) . Prickly pears (Opuntia spp.) are still controlled satis-
factorily by cactoblastis (Cactoblastis cactorum) in Queensland.
However, herbicides are used for prickly pear control in New
South Wales where climatic conditions are apparently not as
favourable for the development of the cactoblastis as in Queens-
land. The herbicides used for pear control are mixtures of pic-
Joram and fenoprop. ‘

CONCLUSION

Methods of weed control have been evolved to handle most of
the important weed problems affecting agricultural and pastoral
production in Australia. The methods used include herbicides,
cultural practices and biological agents. Changes in weed flora
will require continuing investigation of weed control techniques.

WEED CONTROL IN WARM-ZONE CROPS IN
- NEW ZEALAND

L. J. MATTHEWS
Research Division, Department of Agriculture, Hamilton, New Zealand

Summary

In general, New Zealand has a temperate insular climate. Cool
night temperatures restrict the areas in which warm-zone crops
may be grown mainly to coastal regions. Maize and sweet-corn
are the main crops grown in: these areas. Warm-zone broadleaved
weed species have always been troublesome, but more recently,
annual grasses have come into prominence, four species of which
are now agronomically important. The most effective control is
obtained with a combination of broadieaved and grass weed
killing herbicides.

INTRODUCTION

The temperate insular climate of New Zealand restricts the
areas where warm-zone crops may be grown successfully. Figure
1 delineates the warm-zone areas which are coastal and frost-free,
at least for the growing period of the crops.

In the past few years, warm-zone crops have increased in an

- attempt to diversify the traditional agricultural produce of meat,

wool, dairy products and timber. The success or otherwise of
such crops depends very largely on successful weed control. Once
weed control is assured, agronomic factors may be tested more
effectively, such as plant densities, choice of varieties or hybrids,
time of sowing, fertilizer application, and insect control.

MAIZE AND SWEETCORN

In the main maize-growing areas, the continued use initially
of 2,4-D and subsequently atrazine has resulted in a dominance
of grasses, mainly Echinochloa crus-galli, Tn new maize-growing
areas normally straight out of pastures, broadleaved weeds may
or may not be troublesome in the first year, depending on the age
of the pasture. Within three years, annual grasses are dominant,
mainly members of the Panicae — Panicum dichotomiflorum;
Digitaria sanguinalis and Echinochloa crus-galli. Eleusine indica
may also be present. Generally, broadleaved weeds depress yields

< more than grasses.

4
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Highest yields (decreasing order of importance for the one = (3) Eliminating weeds before or at crop emergence.

variety) have been obtained by: (4) Fertilizer application; this is important only after the third

(1) Selection of suitable hybrids with high yields. % or fourth crop out of pasture.

(2) Increasing planting density from the traditional 18 000
plants per acre (row spacing of 75 cm) to 30 000 to 40 000
plants. ‘

; Lepidopterous insects are usually not important if the crop is
| weed-free: In clean crops, cultivations per se may be dis-
. advantageous.

Herbicides

Atrazine (1.12kg/ha) is still the base herbicide applied at
weed emergence. This rate is more than adequate for broadleaved
weeds (mainly Amaranthus spp., Polygonum spp., Solanum spp.,
and to a less extent Chenopodium spp.) and there is little advan-
tage in adding surfactants or oil. However, with or without
adjuvants, this rate is totally inadequate for annual grass control

. and even high rates of 4.48 to 6.72 kg/ha with adjuvants will

- not control the more resistant Panicum and Digitaria spp. Cypra-

airua Forest . zine at the same rate produces much the same results as atrazine,

. and its claim for superior grass control is not substantiated under

- New Zealand conditions. Cyanazine (at twice the rate of atrazine)

has shown slightly superior grass control and possibly broadleaved
weed control under drier conditions.

The triazines as a group are not adequate on members of the
Panicae and Eleusine indica. These species show greater suscepti-
bility if the triazines are soil-incorporated or applied at strict pre-
emergence, but the high organic matter levels of most New
Zealand soils (the average soil is usually greater than 8%)
severely restricts the value of such application.

Woodhilly”” "/ Rvernéod
"5 Hend “ (“Whenuapai
Abert Park N e'”“,’/-t‘ﬁ., OS5
Mechanics Bay AUCKLAN Orkra. \: /&
Oratia L7 U Poerate
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"4 05 WA/

\kl ’? A‘//)} iy
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Wiirckei Soil Con.e aingaroa_**

Iveock . Grass HERBICIDES
karau k
' Alachlor (2.24 kg/ha) and prynachlor (2.24 kg/ha) have
proved superior to propachlor (3.36 kg/ha) when applied in con-
junction with atrazine (1.12 kg/ha), cyprazine (1.12 kg/ha) or
cyanazine (2.24 kg/ha) at seedling emergence. The soil must be
moist (preferably near field capacity) and further rain must fall
for full efficiency. Under hot, dry conditions results are poor.
These mixtures at present are the soundest recommendations for
soils over 10% organic matter but are only adequate under
favourable conditions.

Butylate (3.36 to 6.72 kg/ha) pre-plant soil-incorporated is the
most reliable additive for soils of less than 10% organic matter

Fig. 1: The warm-zone areas of New Zealand.
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but this material may fail under continuous wet conditions. It
has proved more selective than EPTC.

CULTIVATED SORGHUMS

The tolerance of cultivated sorghums has not been tested |
widely under New Zealand conditions. There are some data to |
suggest propazine (2.24 kg/ha) and noruron (2.24 kg/ha) may |

be considered as the base herbicides with alachlor (2.24 kg/ha
for improved grass control. '

SOYA BEANS

As yet, this is not a fully commercial crop in New Zealand.
Yields of up to 4000 kg/ha have been obtained in weed control

experiments. Soya beans are sown at about the same time as |
maize, and warm-zone weeds, mainly Amaranthus spp., Solanum
spp., and members of the Panicae, are the most troublesome. As |

for maize, optimum yields have been obtained by eliminating |

weeds before crop emergence.

The base herbicides are trifluralin, nitralin and vernolate for |
soil of less than 10% organic matter. The rates required are de- |

pendent on soil organic matter — trifluralin (0.84 kg/ha), nitralin |

(1.12 kg/ha), vernolate (3.36 kg/ha) being satisfactory for soils
up to 5% organic matter content. Rates of trifluralin (1.12

kg/ha), nitralin (1.68 to 2.24 kg/ha) are required for soils up |
to 10% organic matter. It is doubtful if vernolate rates should |
be increased beyond 3.36 kg as this material and EPTC have not -
shown the same degree of selectivity as trifluralin and nitralin. |
These materials used alone or in mixture with one another—e.g., |
trifluralin (0.56 kg), vernolate (3.36 kg) have not proved satis- |
factory against all broadleaved species and show weaknesses |
under high rainfall and where the organic matter level is greater |
than about 10%. Broadleaved herbicides such as linuron (1.12 to |
2.24 kg), chlorbromuron (1.12 to 2.24 kg) and metobromuron |
(2.24 to 3.36 kg) show considerable merit as additives for early |
pre-emergence applications, provided moisture conditions are

suitable.

Alachlor (2.24kg) and to a less extent propachlor (3.36 to

6.72kg) are adequate alternatives to trifluralin, nitralin and |

vernolate under moist conditions. In mixtures with methoxy |
ureas, near-complete weed control is obtained except for Poly- |
gonum spp. which show resistance to both groups of materials. |
At present there is no suitable control for weeds in soya beans |
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in soils of high organic matter level (above 10%), as the efficiency
of the above materials is drastically reduced. Chloramben (3.36
to 4.48 kg) as a pre-emergence application is less dependent on
soil organic matter levels than the above herbicides but has proved
reliable only under optimum conditions of moisture. Post-
emergence materials have not proved satisfactory. Chloroxuron
at rates adequate for weed control is excessively damaging to soya
beans. '

SUNFLOWERS AND SAFFLOWERS

These crops show similar tolerances — trifluralin and nitralin
at the rates employed for soya beans and EPTC (3.36 kg) are
the superior materials. When Solanum spp. are present, pronamide
(1.68 kg) is a suitable additive as a pre-emergence treatment-
Low rates of prometryn (1.12 kg) have been used with marginal
tolerances. No reliable post-emergence materials are available.

RICE

The small acreage grown is drilled and surface-flooded or sown
by aircraft with pre-germinated seed in shallowly flooded fields.
Propanil (4.48 to 6.72 kg) possibly has not proved as effective
as in tropical areas, where temperatures are warmer, nor is the
residual activity of molinate (3.36 kg) adequate for the full con-
trol of Echinochloa crus-galli. Mecoprop (2.24 kg) is normally
required, once the rice is tillered, for broadleaved weed control.

Early post-emergence applications of propanil (4.48 to 6.72 kg)
and mecoprop (2.24 kg) have shown high promise in experimental
areas of dryland rice.

PEANUTS (GROUNDNUTS)

Peanuts are not a commercial crop in New Zealand. No single
herbicide or mixture of herbicides has been- adequate owing to
the poor competitive effect of the crop. Benfluralin (3.36 kg) or
trifluralin  (1.12 kg), depending on variety, plus alachlor (224
kg), linuron (2.24 kg), metobromuron (2.24 to 3.36 kg), or
chlorbromuron (2.24 kg) appear most promising.



STATUS OF WEED CONTROL IN INDIA
‘N. C. JosH1

Directorate of Plant Protection Quarantine -and- Storage, Ministry of
Agriculture (Department of Agriculture), Government of India

urgent attention.

algal weeds like Chara and Nitella also cause serious losses in

crops, particularly Jowar and Bajra, all over the country, are also

considerable.

The losses caused by Weeds in India could in some cases be
as:high as 70 to 80%. Even if the loss is assumed to be 10%

(a most conservative estimate) of the total agricultural produce, -

the amount would come to Rs. 4,200 million for the principal :
ron,  diuron, diquat, paraquat, trifluralin, MSMA, DSMA and

Control of weeds by mechanical and cultural means. has ﬁgured . propanil.

- 24-D and MCPA: Of all the herbicides, these have been used the
- most. The former is available indigenously in three different
. formulations (i.e., ester, amine and sodium salt)- 2,4-D sodium

cereals, pulses, oil seeds, cotton, sugarcane and chillies.

prominently in the agronomic practices adopted by the cultivators.
With increased experience and availability of better tools, these
technigues continue¢ to be improved and modified. It is even
asserted that many age-old practices, such as sowihg rate, sequence

and interculture, were primarily intended to keep the weed popu-
lation in check. The techniques generally worked well except in-

some cases where the cultivator continued to fight a losing battle,
sp., - Carthamus oxvyacantha, Pluchea lanceolata, Xanthium
tenuifolius, Eichhornia crassipes (water hyacinth), Oxalis spp.

and Baira), Argemone mexicana, Ageratum spp., and Chara spp.

In India, until now little has been achieved .in controlling
weeds by the use of chemicals, although insecticides, fungicides:

46
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~ and rodenticides have been widely adopted by farmers for the
~control of insect pests, plant diseases and rodents.

It is estimated that weed control measures at present are being

ﬁado\p»ted annually only over 80,000 to 100,000 ha which is in-
significant compared with the total cultivated area.

For various reasons, chemical weed control has not received

~much attention in India. First, the availability of agricultural

The losses caused by weeds in India are considerable and warrant labour at a comparatively cheap rate makes the farmer rely on

the traditional methods of hand-weeding for controlling weeds.
Apart from the weeds of arable land, aquatic weeds such as | ° 1 o e iy & &

water hyacinth are a serious problem in the north-eastern states . i .
. . . . c ely. Next, weed control
The losses due to this weed in Bengal alone have been estimated the farmer is reluctant to use it extensively XL W

oi1s _ » work was, until now, done mainly on government or institutional
as 100 million rupees annually (Rs. 7.50 = $1.00 US.). The farms only. The idea and practice were not conveyed to the

paddy fields in West Bengal. Recently, a species of Salvinia has farmers. More extension work s yet required to make a break-
. . . through in the use of herbicides. Finally, Indian farmers generally
become a problem in Kerala State. There are also angiospermic

Parasnes Wthh inflict serious losses; the damage cauggd by dicotyledonous crops with monocotyledons. The use of herbicides
broom rape” (Orobanche sp.) on tobacco is 5 to 10% in Bengal, in mixed croppine is not advisable
15 to .20% in Maharashtra and Gujarat, and 30 to 35% in pping / )

Madras State. The losses caused by Striga to paddy and Kharif . . . . . . . L
y paccy _ popularize herbicides, since, with the intensification of cultivation

~and rising labour costs, chemical control using herbicides will play
_ an increasingly important role in deriving the full benefits from
_inputs such as fertilizers and water.

Secondly, the cost of herbicide application is rather high, and

follow mixed cropping and these mixtures mostly consist of

- Despite these difficulties, efforts are being made to test and

The herbicides that are being used or will be used for tackling
weeds in India are 2,4-D, MCPA, 2,4,5-T, TCA, dalapon, monu-

salt and 2,4-D esters in wheat crops and 2,4-D amine ‘in maize
have given excellent results.

Dalapon, TCA and 2,4,5-T: The use of 2,4,5-T is very much
such as in the case of kans (Saccharum spontaneum) Lantana .

restricted, as it is mainly used:for killing woody shrubs (i.e.,

. Lantana and Zizyphus) and:is also used for increasing latex in
strumarium, Canncbis spp., Chenopodium spp., - Asphodelus

rubber plants. The sodium salt of TCA has been tried against

. grassy weeds. Dalapon is another promising herbicide for con-
(in hill areas), Mimosa pudica, Striga spp. (parasites of Jowar

trolling grasses in such crops as legumes and potatoes. The chemi-

. cal ~has - also proved very effective against kans: (Saccharum

spontaneum), baru (Sorghum halepense) and doob  (Cynodon

dactylon) .
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Simazine and Atrazine: Simazine and atrazine have proved pro-
mising in controlling weeds in maize, sugarcane and sorghum.
The high cost of these herbicides (i.e., Rs. 125 per hectare) , how-
ever, seems to be the main limiting factor to their large-scale use.

Propham, Chlorpropham,- EPTC and PEBC: These carbamate
‘herbicides have been used in controlling weeds in vegetable crops,

but their use is so far confined to research farms only. Their cost

is very high. ‘ :

Monuron, Diuron and Linuron: Monuron is a very strong weedi-
cide and has been used for control of kans (Saccharum. spon-
taneum) . At lower dosage rates, it has also been used for control-

ling weeds in sugarcane. No commercial application of these is |
made on agricultural crops. Nevertheless, they hold great promise

for total weed control in many crops

Propanil: This has been used in India for the last six ‘\'yeafs for |
controlling weeds in paddy. However, because of relatively high

cost its use is not widespread.

Diquat and Paraquat: These two herbicides have been used in

India since 1960 and hold great promise as desiccants and total |
weedkillers and are suitable either as directed sprays or for pre- |
emergence application to many crops. Paraquat has been a great |

help in controlling weeds in tea plantations.

T riﬂuralin, MSMA and DSMA: These weedicides have controlled.

weeds in different crops. Trifluralin has proven effective in con-

trolling weeds of cotton. Similarly, the two arsenical herbicides,

MSMA and DSMA, also proved effective in the control of the
perennial weed Sorghum halepense. 7 e

Out of such a large range' of herbicides tested, only four,

namely 2,4-D, 2,4,5-T, pentachlorophenol and ammonium  thio- |
cyanate, are produced in India, so far in rather limited quantities |

because of poor demand. Anticipating a spurt in demand because
of the quick spread of various programmes of high-yielding

varieties, cash crops and multiple cropping, herbicides belonging 1
to sophisticated groups (propanil, simazine, arsenicals, dalapon) |

are being licensed. JRET S
Since their introduction to India -in 1948 the annual con-

sumption figures of these weedicides have shown a slight increase. |

The Central Government is also keen to help the herbicide
manufacturing industry by following a liberal policy in allocation

of foreign exchange. At present, the total capacity licensed for :
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the production of herbicides in the country is about 2,800 tonnes,

of which 1,700 tonnes has already been installed. The current
production of herbicides (i.e., 2,4-D, 2,4,5-T, etc.) is at present
about 400 tonnes. ‘

Out of the total of 80 million hectares fixed for plant pro-
tection measures, the Central Government proposes to cover 2

.million hectares in weed control during the end of the Fourth

Plan period (1973-4). The Government also proposes to start a

- pilot project for the demonstration of the use of herbicides in
_various crops in. different locations. In the beginning, the weeds

which are widespread and obnoxious will be tackled and would
include about 2000 ha of infested land.



51

‘Tedlueydsw = N ‘sousdiowe-oxd = — ‘sousdrowo-jsod = + «

nIyyos eloyy) INgs[yo0) WNLDIUNALS WNIYIUDY G
Lmefeg — DIV]020UD] VIYon]d ‘§
enjedry, [91I0S poop dds syvxQ ‘¢
wqg pue weyselvy Lvqreyr — vlofipunios snydL2iz 7
“an “dmw + suey — WnaUDIUOAS WNIDYOIDS
> SAIIM - YTHLO
M — BIUIA[RS ‘dds vuiapsg 'y
w — posm puog ‘dds uojadowwiog ‘¢
— el je ‘dds vyddy -
@ e[e1oy pue eindiij, e e UL T
5 ‘ueyiseley ‘reyig ’
z ‘TeSuog "m yqunyer qiuoeAy To3em $ad1ssD10 DIULOYYILT |
S STANNVHD NOILVOIM] GNV SANOJ NI Sagapp JILYNDY
« — — uodyovisdjod wnjasiuuayg ¢
_w , , — — DOLIPUNLD  DIv42dUL] T
) Wwessy ‘e[exsy] ‘seapepyy + —_ — ‘dds wniiowdng 1
= SdO¥D SNOANVITHISIN YIHL(O ANV ‘AHAI0D ‘VA], ‘¥HadNY
S uepuen) — ‘dds vayoojosiiy g
= — — ‘dds vioydozoay) -y
M BllRYD JIe(leq paamiadien DUATOUOUL DUIYIUDIL] ¢
a eIlYSeIR R )
M d'v .mmoﬁﬁm W BUION a8poasinN snpunjold sniadsy g
= eAypely ‘qelung — qoo( SSeI3 epnuLiag uojL1ovp uopoud) ‘1
< NOLLOD
eUIO[\ 93pasinN snpunjod sniadd) -G
yoq Jamopges pripm DYJUDIDAXO SNUDYIID) 4
Izerqg — dds smjapoydsy ‘¢
enyleqg IsjrenbsquieT wnqp wnmpodousay)) ‘7
SeIPE]N puz Ieyrg
‘Te3uog 1soM ‘ysepelq
Tenn ‘ysopeid ‘Teydeuwrgy — qoo( Ssead epnuriog UoJL19vp uopouk) 1
mmﬁ,:b pajes — D2]UPBAD DISOIZ) b
neg sseid uosuyo[ asuadapy wnydios ‘¢
eqIOW agpasinN snpunjot sniadd) ‘g
. —t eAI18Y paom yOIIM 'dds 3148 '
Ieylg pue ysopeld JIeiif) : ANVOAVONG
qooq sseis epnuiog U0j419Vp UOPOUL)) °G
Cepey Ieqled poom 1odae) VULFOUOUL DULDYIUDIL] ‘b
eA18y poam YOIIM s21m] D3HIS €
eYION a8posinN SNpUNIoL StniadL) g
SBIPB]N Pue OIOSA]
eIJYSEIB R
ysopeld eAypen asuadapy winysios ‘|
wegIseley —+ nieg ssead uosuyor Yy Y m%%o_
3]
3} + meyeIN — ‘dds wmidoujorjpp 9
w + ’ qood sseid epnuriog UoJLIOVP UOPOULT °§
m + — poompurg SISU2ALD SNINAJOAUOD) “§
)
Z A + enuyreg sortEnbsqUITT winqp wmpodousy) g
O Teqtd s w d v S — snijofinuay snjapoydsy g
A edypepy ‘qefund 0o Iomorges PpIL DYIUDIDEXO SMUBYIIDD) ]
=] opeid Ie1in) + 1yod wes PIIM
= usepeld saSTNg ONIGNTONI (LVEHA\) SIVENT) Iavy
= + qooq sseld epnuog uoj£1o0p UOpPoOUL) °9
+ epueIny wels pay D42J100Dq DIUDUUY G
‘I’ ‘essLIO + eA13y PoAM UOIIM vain] v34IS b
dn Em.mw< + yeweg sse1d paelureg 1Ip3-sN40 DOJYIOUIYIT '€
seapey + qqumyes YIUIOBAY I97eM "dds pruoyyarg g
. + erey) ‘dds pivy) ‘1
resusg ‘M Aaavd
21018 LJUDUIIDILL  JUWIDN ADINODULD ) JUUDN YSHSUF UOUIULOD paom puv doid
Jo rouuvpy
<
un

VIANI NI SdO¥Q TVINLTINDIYOV INVIY OdWI ONILOHAAV SAddM JYOLfVIN dNOS




WEED PROBLEMS AND WEED RESEARCH IN
KENYA

G. W. IVENS

0.D.A. Weed Specialist, A.R.C. Weed Research Organization,
' Begbroke Hill, Yarnton, Oxford

Climatic conditions in Kenya vary from the hot, humid coastal

strip, and the semi-desert of the northern districts, to cool high- -

lands above 3000 m, where crops and weefls are more charac.tet-
istic of temperate regions than of the tropics. The most soph1st1i
cated agriculture and the most advanced methods'of weed contro!
are found in the areas of higher altitude and ralnfall'. Neverthe-
less, agricultural conditions in Kenyg have rpugh in common
with those of the Asian-Pacific countries, and it is hoped that a
consideration of East African weed problems will be relevant to
conference.
thei(enya’s tourist industry is enjoying a current boom bt}t, apart
from this, there are few natural resources other than agrxcglture.
As in most developing countries, there is a large population of

subsistence farmers, a high level of unemployment, and a low

level of agricultural wages. There is also a strong contrast be-
tween the standards of peasant agriculture and of the larger cong
mercial farms and plantations (including Government-owne
farms), which contribute about half of the total agricultural
production.

SMALLHOLDER CROPS

ize is the principal subsistence crop, a total slightly in
exi\gsizeof 1000%00 hlzl being grown, 90% by sn.la/llhold'ers.
Sorghum and millet occupy another 360 000 ha, while various
legumes, especially dwarf French beans (Phﬂ:SeOlL'lS‘) apd pigeon
pea (Cajanus), are grown on 600 000 ha, often in mixed crqpi
ping systems with maize or ’sovrghum.‘ Annual and pereanm}?
weeds present a considerable problem in these crops and t tel
principal control method is hoeing, a heavy hoe being used wit
a chopping action, which disturbs the sqll to’ about the same
extent as the original digging. Hand-weeding of fpod crops }11)1'0-
vides employment for a large number of people in areas w erei
no alternative employment exists. Improvemepts in weed contro:
btechnique, however, could undoubtedly provide scope for more

52

ASIAN-PACIFIC WEED SCIENCE ‘SOCIETY 53

profitable use of labour, even if this only consisted of more care
being devoted to cash crops, normally attended to only after the
food crops have been weeded.

Cotton is one cash crop grown by smallholders for which con-
siderably increased production is planned- The importance of very
simple improvements in weed control in this crop has been illus-
trated by the work of Druijff and Kerkhoven (1970). On an
irrigated cotton-grown scheme in eastern Kenya, these workers
showed that, by substituting a light, “Dutch” hoe for the tradi-
tional “jembe”, and commencing weeding operations earlier, the
average farm yield of seed cotton was increased from 900 to

- 2100 kg/ha, while labour requirements dropped from 67 to 25

man-days/ha. Farmers in this area are no less conservative than
subsistence farmers elsewhere, yet a period of two years was
found to be sufficient for the voluntary adoption of the improved
weeding system.

Other crops may offer the possibility of obtaining similar yield
increases through simple improvements in weed control, and
the prospects would seem particularly good with crops grown on
irrigation schemes, where there is often a greater possibility of
controlling the efforts of the cultivator than elsewhere. At present,
however, little research is being done on weed control in sub-
sistence crops, so that progress is unlikely to be rapid.

In highland areas pyrethrum is a valuable cash crop grown by
smallholders on about 3400 ha. Being a rather weakly com-
petitive perennial, weeds are particularly troublesome but, in
spite of herbicide trials conducted at the Horticultural Research

Station, a safe and effective chemical treatment has yet to be
developed.

PLANTATION CROPS

The situation is very different in plantation crops, where
managements have been quick to take advantage of any improve-
ments in weed control made possible by research. Much of the

weed research that has been done in Kenya has been directed
towards these crops.

COFFEE

The arabica coffee crop accounted for 30% of the total value
of exports in 1969 and was produced on approximately 85 000 ha,
of which plantations made up 38% of the area and 50% of the
crop. The Coffee Research Foundation supports a Coffee Research
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Station, in whose research weed control has played an mmportant
part (Mitchell, 1969). For general weed control, many estates
have now adopted a minimum cultivation programme based in
the drier areas on 6 to 8 applications during the year of paraquat
at a low dose of 0.14 to 0.28 kg/ha (Outram, 1970). Some use
of diuron and other residual chemicals is also made, either as
separate treatments or, more commonly, in mixture Wit'h paraquat.
Such control programmes are of particular value in m}ll.che.d
coffee, and work well in the absence of perennial weeds. ngztm:za!
scalarum and Cynodon dactylon, the most serious perennial
grasses, can be successfully eliminated with dalapon, but Cyperus
spp. remain a difficult problem in certain areas. As yet,.sm‘all-
holders make little use of herbicides but, with the organization
of growers into co-operatives, it seems likely that their use will
extend, as management standards rise and the advantages of
chemical weed control become more apparent.

TEA

This is the second most important export crop and occupies
40000 ha, 60% of which are in commercial estates- Weed prob-
lems are similar in nature to those in coffee, but less serious,
and weed studies have been made by the Tea Research Institute.
On most estates herbicide treatment is now routine in the ﬁrst
year or two after pruning and low doses of paraquat are applied
as spot treatments up to 12 times a year (Outram, 1971).

S1SAL

Sisal has been planted on the same scale as coffee, and has a
research station of its own, which has given much attention to
herbicides. Bromacil has been found very selective in- bulbil
nurseries (Hopkinson, 1971). In field sisal, Digitaria scalarum is
a major problem. Detailed studies of TCA and dalapon have
been made, but interest in weed control has declined with the
general decline of the industry.

SUGAR

Most of Kenya’s 26 000 ha of sugar is grown on large estates,

the largest of which undertake their own research. The weed

problems and control measures vary considerably from one area
to another. 2,4-D and MCPA are the main stand-by for contFol
of dicotyledonous species and are often used in combination with
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TCA or dalapon where perennial grasses are important. Cyperus
species are generally troublesome and, in western Kenya, the
parasitic Striga hermontheca is a local problem for which, as yet,
there is no satisfactory solution.

PINEAPPLE

A small but flourishing pineapple industry has been started
with the support of a major canning concern. The original aim
was for the processing factory to be supplied by small-scale
growers. It has proved difficult to obtain regular supplies of the
required quality fruit from this source, however, and fruit has
tended to come increasingly from larger plantations. The cropping
system is to a large extent controlled by the canning company,
and involves soil-sterilization for nematode control, use of broma-
cil for weed control, and laying down of black polythene for
moisture conservation. The company conducts its own research,
but the results of this are not widely publicized.

COMMERCIAL CEREAL GROWING

Wheat succeeds at higher altitudes in Kenya and an area of
165 000 ha is grown, mostly in large-scale farming enterprises.
Herbicide treatment is routine, the greater part of the area being
sprayed from the air with 2,4-D or MCPA. As in other wheat-
growing countries, continued use of these chemicals has led to a
build-up of resistant weeds, many introduced from Europe, and
some use of mecoprop, dichlorprop, dicamba and 2,3,6-TBA is
made to deal with Polygonum spp., Galium spurium, Spergula
arvensis, Silene gallica, etc- Annual grasses such as Sefaria verti-
cillata are more difficult to control and, although pre-emergence
treatment with terbutryn or propachlor have given good control
on an experimental scale (Terry, 1971), they have yet to be used
widely in practice. No satisfactory control has been found for

Cyperus rotundus and the other Cyperus spp. sometimes trouble-
some in wheat.

Although primarily grown for subsistence, a proportion of the
maize crop is grown commercially and weeded chemically, or
mechanically with inter-row cultivators. The principal herbicide
used is 2,4-D applied either pre- or post-emergence. A number
of triazines and other residual herbicides are available for use
in maize, but the returns from this crop are low and only the
cheapest forms of weed control are practicable.
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BUSH CONTROL IN RANGELAND

The land suitable for crop production in Kenya is limited to
about one-fifth of the total area. On the remaining four-fifths, the
rainfall is too low or erratic for cropping, but there are large
grassland areas suitable for livestock production. Bush limits
the grazing capacity on an estimated 10 000 000 ha of this range-
land (Heady, 1960), and a further 14 000 000 ha harbours
“tsetse” (Glossina spp.), flies carrying a trypanosomal disease
fatal to cattle.

Much work on methods of controlling bush has been done in
the past by the Tsetse Division of the Ministry of Agriculture and,
more recently, by the UNDP/FAO Range Management Project,
in which the writer participated (Ivens, 1971a). Some of the
smaller types of bush — for example Aspilia mossambicensis (a
yellow-flowered composite of the same general appearance as
Eupatorium odoratum) and Solanum incanum — can be effective-

ly controlled by 2,4-D, applied at low-volume with a mistblower

(Ivens, 1971b), and control appears to be economical, though
not as yet widely practised.

On a number of larger shrubs and trees, including various
Acacia spp., a formulaticn of picloram + 2,4-D has been more
effective than either 2,4-D alone or 2,4,5-T. The mixture is con-

siderably more expensive than 2,4-D, but expenditure on chemi-

cal can be reduced to a minimum by applying small volumes of
herbicide concentrate, either by injection or to the cut surface
of stumps, and such treatment can be economical on rangelands

of relatively high potential. In the less productive areas Wher.e»r
extensive development of co-operative and group ranching is

now taking place, the only form of bush control likely to be
economically possible in the immediate future is controlled burn-
ing, with or without preliminary slashing.

WEED CONTROL RESEARCH
TROPICAL PESTICIDES RESEARCH INSTITUTE

Research on agricultural problems of common interest to the
three East African Community countries, Kenya, Tanzania and
Uganda, is the responsibility of the East African Agriculture and
Forestry Research Organization, with which is associated  the
T.P.R.I. at Arusha, Tanzania. This station was set up originally
to work on insect (especially tsetse) control, but has now ex-
panded, with support from the British Overseas Development
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Administration, to cover work on a variety of medical and agri-
cultural pests, including weeds. Weed control research has
covered bush control and most of the important East African
crops. Particular studies have been made on perennial grass
weeds and Cyperus spp., and the susceptibility of annual weeds
to a wide range of herbicides determined. Screening trials of
new compounds on sown crops have been carried out and a
considerable ‘amount of information obtained about the persist-
ence of residual chemicals under local conditions. Close contact
is maintained with other East African research stations interested
in weed control, and advisory publications on weed identification
and control produced from time to time (Hocombe and Yates,
1963; Ivens, 1967; Terry, 1969). T.P.R.I. has also been closely
concerned with the organizing of weed conferences in East
Africa, the fourth of which was held in Arusha in August, 1970.

NATIONAL RESEARCH STATIONS

Reference has already been made to the Coffee and Sisal
Research Stations, the Tea Research Institute and the Horti-
cultural Research Station, all of which are crop oriented. The

- Coffee Research Station is currently the most active in weed

work, though this work is only one of several responsibilities of

-the officer concerned. At various regional agricultural stations,

weed investigations have been conducted from time to time, but
there is no programme as yet for sustained research. A full-time
weed specialist has been included in plans for the development of
a new agricultural research centre in the Embu district, however,
and if the plans are implemented as anticipated, better co-
ordination of weed control work will be possible.

TECHNICAL ASSISTANCE

The bush control work supported by UNDP in the Kenya
Range Management Project has already been mentioned. On the
completion of the project, a Government counterpart officer is
due to take up work on bush control, and will become the first
Kenyan with a full-time post in the field of weed science. Before
the initiation of the project, U.S.A.I.D. also provided consultants
to advise on problems of bush in rangeland, as well as equipment
and chemicals for bush control work.

British budgetary aid for T.P.R.I., mentioned above, has
supported a considerable amount of research on weeds. In future,
aid from the Overseas Development Administration will be
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granted for more specific projects, and arrangements are cutrently
being made for a project to continue the weed work at Arusha.
Until plans for the new Kenya research station materialize, there-
fore, T.P.R.I. will remain the only official centre maintaining an
interest in weeds beyond the context of a specific crop.

Technical assistance has also been provided by the Netherlands
Government in the form of the investigation of cotton weeding
techniques conducted by the Dutch firm ILACO (International
Land Development Consultants N.V.). Details of this useful piece
of organization and methods research were given earlier (Druijff
and Kerkhoven, 1970).

COMMERCIAL RESEARCH AND DEVELOPMENT

Commercial organizations concerned with the intensive pro-
duction of crops such as sugarcane and pineapple conduct their
own weed control research as previously mentioned. Those con-
cerned with the marketing of agricultural chemicals have been
reducing expenditure on research in Kenya in recent years,
though in the past some firms have undertaken extensive .de-
velopment work. The probable reason for this trend is that suffi-
cient work has already been done for the successful introduction
of such well-established treatments as 2,4-D and MCPA for wheat,
paraquat for tea and coffee, etc., and insufficient returns are
foreseen from the development of new treatments. Economic
factors, however, are constantly changing, and it is quite possible
that some such factor as an increase in agricultural wages, a
reduction in the cost of chemicals, or increased crop prices could
result in greatly increased sales and stimulate fresh commercial
interest in development.

CONCLUSIONS

It will be clear from this review of weed control in Kenya
that the introduction of herbicides has already had a major
impact on the growing of plantation crops. The research, on the
basis of which these advances have been made, has been a result
of the joint initiative of government and technical assistance
workers, backed by the agrochemical industry and the more pro-
gressive growers themselves. In Kenya, as in many other develop-
ing countries, there is little doubt that improvements in weeding
techniques could have an equal or greater impact on the pro-
duction of food and cash crops by smallholders, even if this only
meant the introduction of a better design of hoe.
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The initiative for research into ways of advancing the weed
control standards of subsistence farmers, however, will have to
come mainly from governments, either through requests for weed
workers to technical assistance agencies or, preferably, through
the provision of their own official weed specialists. In this con-
nection, the progress of the weed control part of the South East
Asian BIOTROP Project, and, in particular, the development of
training facilities for weed workers, will be followed with great
interest by countries in East Africa.
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THE USE OF HERBICIDES IN TEA
ESTATES IN NORTH SUMATRA

KiswiTo SuTepjo and J. R. LUBIS

Marihat Research Station, Government Owned Estates, North Sumatr&

INTRODUCTION

Tea estates in North Sumatra are generally in areas where the
warm, humid climate and the good loamy, volcanic soil are con-
ducive to rapid and abundant weed growth. Clean-weeding, ex-
cept for young planted areas, introduces grave danger of erosion,
especially on this type of soil. Cover crops are necessary for
protection of the soil, and the cheapest method to achieve this
condition is to keep soft weed cover which is not competitive
with tea plants. However, in practice it is very difficult to have
an ideal weed cover as noxious weeds grow as well as the soft,
desirable weeds (Schoorel, 1949; Eden, 1965; Rochecouste,
1971). , /

Hand-weeding is done by hoeing and piling the weeds between
the rows of tea plants, usually at monthly intervals. This system
has some disadvantages for both the tea plant and estate opera-
tions as follows:. - :

- (1) High requirements of labour, =10 to 40 man-days per
hectate, depending on the period of time after planting and
pruning. The degree of shade determines weed growth to a
large extent. Nowadays, shortage of labour has become
serious and control of weeds in some fields is delayed to
the detriment of the tea.

(2) Hoeing disturbs the soil and the feeder roots, and often the
lateral roots, are damaged.

For some years, herbicides have been used in practice for
successful control of alang-alang (Imperata cylindrica) with
alang-alang oil (S.A.O.) at rates of 50 litres in 2500 litres H.S.D.
oil per hectare in three applications. Dalapon and paraquat have
given satisfactory results in sheet alang-alang (Seth, 1969;
Soedarsan, 1969). Other contact or translocated herbicides have
been reported to give effective control against broadleaved and
grass weeds in rubber and oil palm estates in Malaysia (Eden,
1965; Barnes and Tan, 1969; Brown, 1969; Ramachandran et al.,
1969; Pushparajah, 1970; Seth, 1970; Rochecouste, 1971) . Most
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of the weeds in oil palrh and rubber are also found in tea estates
in North Sumatra at altitudes from 300 to 1200 m above sea

level (Schoorel, 1949). The main weeds of tea in Sumatra are
as follows:

Soft Weeds: Ageratum conyzoides/mexicana, Borreria latifolia/
laevis, Erechtites valerianifolia, Oxalis corymbosa/latifolia,
Centella asiatica.

Noxious Weeds: Imperata cylindrica; Panicum barbatum/pilipes/
repens, Paspalum  conjugatum, Axonopus compressus,
‘Mikania cordata, Leersia hexandra, Cyperus rotundus.

It is feasible that some of the same herbicides that successfully
control weeds in oil palm and rubber may be used in tea. Sima-
zine, diuron, amitrole and paraquat have been tested for use in
tea as an alternative to hoeing "(Anon., 1964). The cost of using

‘herbicides for weed control must be competitive with hand-

weeding: On the assumption that it will be less expensive, some
experiments and practical trials were carried out to obtain data
on the possible use of herbicides to supplement or replace hand-
weeding. In-certain conditions, chemical. weeding can replace
hand labour where there is a shortage of labour.

EXPERIMENTS
EXPERIMENT 1
Material and Methods

The experiment was carried out on Mardjandi Estate, North
Sumatra, in pre-war planted tea fields. Three different periods of

‘time after pruning were used: Just after pruning (100% open

sun); at 6 months after pruning (60% shade); at 12 months
after pruning (90% shade). ;
Four treatments were applied to each field:
(1) 5.41 “Ansar 529 M” (67% MSMA), 1.81 2,4-D amine
(72% a.e.), 7.5 kg sodium chlorate in 6001 of water per
hectare.

(2) 3.61 “Ansar 529M”, 0.91 2,4-D amine in 600 1 of water per
~hectare, with 3 applications at intervals of 2 weeks.
(3) 6.0kg “Sordox” (63% DSMA 4 diuron*) + 7.5kg
sodium chlorate in 6001 of water per hectare-
(4) 7.5 kg “Sordox” 4+ 0.91 “Gramoxone” (paraquat 20% a.i.)
4+ 1.81 2,4-D amine in 6001 of water per hectare.

*Diuron was at a concentration to give a field rate of 0.5 kg/ha.
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The weeds in these fields were Paspalum conjugatum, Axonopus
compressus, Ageratum sp., Imperata cylindrica, Panicum barba-
tum, Mikania scandens, Borreria sp., and other broadleaf weeds.

RESULTS AND DISCUSSION

Assessments were made by estimating the percentage of the
field covered by weeds. Results are shown in Table 1.

TABLE 1: WEED COVER BEFORE AND AFTER SPRAYING IN THREE
DIFFERENT. FIELDS

Percentage of Weed Cover
1 2 1 2 3
day wk mon. mon. mon.
before after after after after

‘Field Conditions and Treatments

100% open sun:
MSMK 4+ 24D amine + sodium chlorate 100 18 8 70 100
MSMA " + 24-D amine ... ... 100 8 17 500 100
DSMA + sodium chlorate .. ... 100 26 16 70 - 100
DSMA + paraquat + 2,4-D amine ... .. 100 22 10 70 100

60%. under shade:

MSMA + 24-D amine 4 sodium chlorate 100 15 5 8 100
MSMA + 24D amine ... ... 100 80 12 35 70
DSMA 4 sodium chlorate ... ... 100 18 8 40 ,100
DSMA 4 paraquat 4 2,4-D amine ... ... 100 20 10 40 100
90% under shade:
MSMA 4+ 24-D amine 4 sodium chlorate 70 10 0 7 70
MSMA + 24-D amine ... e 80 40 5 15 40
DSMA 4+ sodium chlorate ... . 10 35 25 55 70
DSMA 4+ paraquat + 2,4-D amine

The data presented in Table 1 show that all treatments gave
maximum effect one month after application. The effectiveness of
the MSMA/2,4-D amine/sodium chlorate mixture on both the
60% and 90% shaded areas is still apparent up to two months.
However, in 100% open sun, young soft weeds were rapidly re-
established and three months later the condition was back to
starting conditions. In this case, the flora of weeds had changed.
Soft weeds and alang-alang occurred instead of Paspalum con-
jugatum, Panicum sp. and Axonopus compressus. 'MSMA/2,4-D
amine at application of three rounds at two-weeks intervals, gave
the same result as MSMA/2,4-D amine/sodium chlorate, except
for the fields at 60% and 90% shading, where effectiveness was

_a little longer (up to 3 months). Both of the mixtures mentioned
have similar weed control effect-

70 3 25 50 75 .
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“Sordox”/sodium  chlorate and “Sordox”/paraquat/2,4-D
amine mixtures were effective for only 2 months after application.
Without the influence of shading, the control of Paspalum con-
jugatum, Panicum sp. and Axonopus coempressus was less than
with the MSMA mixtures.

Tea plants treated with “Sordox” mixtures showed a yellowish
grass leaf colour on new tea leaves. This could be due to diuron.

It appears that sodium chlorate and paraquat used as contact
herbicides and 2,4-D amine as translocated herbicides did not
give additive effect when mixed with DSMA.

EXPERIMENT 2
Material and Methods

Effectiveness of dalapon for controlling lalang (Imperata
cylindrica) in sheet lalang areas has been reported by Soedarsan
(1969) . In tea estates, most of the lalang is found growing spora-
dically, mixed with other weeds. This experiment was carried out
with different mixtures of “Basfapon” (74% a.e. dalapon) +
“U 46-D Fluid” (72% 2,4-D ai.) for controlling the mixed
weeds including lalang. Weeds other than lalang were Paspalum
conjugatum, Panicum barbatum and Mikania cordata. Treatment
at three different rates of “Basfapon” combined with three differ-
ent rates of “U 46-D Fluid” was as follows:

. Basfapon 5kg + U 46-D Fluid 051
Basfapon 5 kg U 46-D Fluid 1.01
Basfapon 5 kg U 46-D Fluid 151
Basfapon 4 kg U 46-D Fluid 1.01
Basfapon 4 kg U 46-D Fluid 1.51
Basfapon 4 kg U 46-D Fluid 2.01
. Basfapon 3 kg U 46-D Fluid 151
. Basfapon 3 kg U 46-D Fluid 2.01
. Basfapon 3 kg U 46-D Fluid 2.51

“Citowett” (150 ml), a non-ionic wetting agent, was added to
each treatment. A spray rate of 6001 of solution per hectare was
sprayed three times at monthly intervals.

©ENG RGN~
ettt 4

Results and Discussion

The results are shown in Table 2.

“Basfapon”/2,4-D amine mixtures at several rates had practi-
cally no effect against Paspalum conjugatum and Mikania cordata.
Initially both of these weeds had shown toxicity symptoms, but
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TABLE 2: WEED COVER BEFORE AND AFTER SPRAYING WITH
DIFFERENT DOSAGES OF “BASFAPON” AND 24D AMINE

Weeds and Time of Observation Percentage of Weed Cover in Treatments

Relative to Spraying 1 2 3 4 5 6 7 8 9

Paspalum conjugatum

1 day before ... .. 30 35 30 60 40 30 25 30 35

1 mon. after 1st ... 25 35 25 60 40 30 25 30 35

13 mon. after 2nd ... ... 40 35 35 65 45 35 30 35 35

1# mon. after 3rd ... ... 45 45 45 70 50 40 40 40 35
Panicum barbatum

1 day before ... ..-20 15 10 5 15 10 5 10 10

1 mon. after Ist ... 15 10 5 * 10 5 5 10 10

13 mon. after 2nd ... ... 15 10 * * 10 5 5 10 ®

+ mon. after 3rd .. . 5 * ® 5 % 5 5 *
Imperata cylindrica

1 day before ... .. 15 20 20 15 10 5 25 10 *

1 mon. after 1st .. .. 5 5 5 10 5 * 20 100 =

13 mon. after 2nd * * 5 10 5 * 20 10 *

1# mon. after 3rd * * * 5 * * 5 5 *
Mikania cordata

1 day before .. .. 30 30 40 20 35 55 40 45 55

1. mon. after Ist . .. 25 30 30 15 30 55 40 45 55

13 mon. after 2nd .. .. 30 35 35 20 40 55 45 45 60

1% mon. after 3rd .. .. 40 40 40 25 45 60 50 55 60

*Too small to estimate, below 5%.

eventually the young shoots continued healthy growth. Complete
control of a pure stand of Mikania cordata was obtained by two
applications of 11/ha of 2,4-D in 2251 solution (Ramachandran
et al., 1969). That rate is nearly equivalent to treatment 9 (2.51
in 6001 solution). Perhaps the ineffectiveness of 2,4-D was due
to its being mixed with “Basfapon”; also, the existing Mikania
cordata was not a pure stand. Mixtures mentioned above provide
some effect in suppressing the growth of alang-alang, especially
at rates of 5 kg/ha of “Basfapon”. Nevertheless, new alang-alang
soon emerged, owing to rhizomes that survived. This is probably

caused by the fact that “Basfapon”/2,4-D amine mixtures were

sprayed on weeds as a whole, and only part was applied to
alang-alang itself.

In addition, the effect of 2,4-D amine is not clear. “Basfapon”/
2,4-D amine mixture at high rates was effective against Panicum
barbatum.

PRACTICAL USE
- Based on experience gained and compilation of results in herbi-

cide trials reported by other authors, further trials were carried
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out on a larger scale varying from 10 to over 100 ha on six
estates.

The type and rates of herbicides used and the intervals between
application were as follows:

(1) Mixture of 5.41 “Ansar 529M”/“Asazol”, 1.81 2,4-D amine
and 7.5 kg sodium chlorate with spray intervals of 2 to 3
months.

(2) Mixture of 4.31 “Ansar 529M”, 6 kg sodium chlorate and
2.1 kg “Gramevin” with spray intervals of 1.5 to 2 months.

(3) Mixture of 5 kg “Basfapon”, 1 litre “U 46-D” (2,4-D amine)
and 150 ml “Citowett” at spray intervals of 1 month.

(4) 1.5t02.01“Gramoxone” at spray intervals of 1 to 2 months.

(5) 5kg “Basfapon” sprayed following the MSMA mixture
(only in fields with alang-alang).
The volume of spray solution was 600 1/ha. Spraying per treat-
ment was done twice, except for “Basfapon” or its mixtures which
were sprayed three times.

EFFECTIVENESS OF HERBICIDES

The herbicides did not show detrimental effects on the tea
plants if carefully sprayed. Direct contact of herbicides with tea
leaves and young branches caused damage. The leaves and stems
showed scorch and became dry. The tips and young shoots finally
died.

A mixture of MSMA/2,4-D amine/sodium chlorate controlled
Paspalum conjugatum, Axonopus compressus, Panicum barbatum
and broadleaved weeds effectively, as reported by Barnes and
Tan (1969). Two months after the second application, the field
was covered with soft weeds such as Borreria sp., Ageratum sp.
and Erechtites sp. but only a few grasses survived. It did not kill
fern and Imperata cylindrica, but only scorched the leaves con-
tacted by the herbicide- In fields where Imperata cylindrica grew
sporadically, after the second application, it expanded rapidly
and only a few soft weeds could be found.

Mixtures of MSMA/sodium chlorate/“Gramevin” gave satis-
factory control of soft weeds and grasses, but not of alang-alang.
The growth of alang-alang was depressed after the second spray-
ing, but was not totally diminished.

Mixtures of ‘“Basfapon”/2,4-D amine/“Citowett” gave good
control of broadleaved weeds (Panicum sp. and alang-alang), but
one month later the young, fresh alang-alang emerged. Paspalum
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conjugatum was not killed, except for the leaves directly hit by
. spraying. The rest showed a yellowish colour and continued to
grow but at a slower rate. Two months after the second applica-
tion, the field was dominated or became a pure stand of Paspalum
conjugatum, depending on the percentage of cover at the start.

- Paraquat appears to be an effective herbicide for controlling
weeds at rates of 1.51/ha. After one week all the weeds were
desiccated if sprayed evenly. However, it did not kill the stolons
and rhizomes of different kinds of grasses and alang-alang. Two
months after the second spraying, the grasses grew vigorously and
sometimes . totally covered the soil. Young leaves of alang-alang
grew normally because paraquat is not translocated and thus
does not affect the rhizomes.

“Basfapon” sprayed two weeks after the MSMA mixtures gave
effective control against alang-alang. Usually there is no succession
of alang-alang after this application.

Mikania cordata could not be controlled by any herbicide.
Most herbicides gave only sub-lethal effect. This was not due to
the control ability of the chemical, but to the difficulty in. spray-
ing techniques and the ability of Mikania cordata to propagate
rapidly even from one small part of its stem. For Mikania cordata,
2,4-D amine alone is reported to be effective (Ramachandran et
al., 1969; D. van Staalduino, pers. comm.).

SuccessioN oF WEEDS

With hand-weeding, the -vegetative and generative parts- of
weeds remain in the field piled in the rows between the tea
bushes as sources of regrowth and, more or less, survive through-
out the years. Dominance of certain weed species is determined
by the intensity of shade, altitude, humidity and fertility of soil.
Sometimes cattle grazing helps Axonopus compressus- and Pas-
palum conjugatum to become dominant. ‘

Experience with chemical weeding has shown that weed suc-
cession is determined by resistance of weeds toward a particular

herbicide. For example, soft weeds will be dominant after the

use of:

(1) MSMA/2,4-D amine/sodium chlorate where alang-alang was
absent before spraying.

(2) Paraquat in the field which ‘was not infested by Paspalum
conjugatum, Panicum barbatum, Axonopus compressus and
alang-alang before spraying.
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(3) Dalapon for killing alang-alang after use of MSMA mixture.

Observation after two or more applications of a herbicide mix-
ture in different fields, showed that domination of noxious weeds
became a problem after:

(1) Imperata cylindrica domination, where this weed was found
sporadically before spraying with MSMA mixtures.

(2) Mikania cordata domination, where Mikania cordata was
found to compose over 40% of the weeds in the field and
was sprayed with the herbicides mentioned above.

(3) Panicum sp. and Paspalum conjugatum domination, in fields
that were sprayed with paraquat and dalapon.

From these results the use of certain herbicides as repeated
applications is not recommended. Spraying programmes must be
studied, based on observation of the type of weeds in the field, if
the soft weed growth described by Shepherd et al. (1970) is to
be obtained and maintained.

Failures of He‘rbicides‘ Used -

Successful control was not obtained in all fields, owing to the
specific and peculiar conditions of the fields.

Length of Time after Pruning

When the tea was pruned, the fields became open to the sun
and the weeds grew rapidly, vigorously and massively. In this
period, the amount of herbicide used is higher than in the other
fields one year after pruning. The effectiveness of herbicides was
excellent in fields one year or more after pruning. The most diffi-
cult period is up to 6 months after pruning- This problem could
be solved by spraying the field before pruning with a mixture
of contact and soil-acting herbicide to keep the area free from
weeds after pruning (D. van Staalduino, pers. comm.). The
pruning debris will prevent soil erosion during the first months.

Pruning Debris

In pruning, branches and leaves are piled in the rows between
the tea plants to cover the weeds. The debris persists in the field
for three to four months and then decays. During this period,
spraying work is difficult and less effective. Special care is needed
to prevent drift of contact herbicide from damaging the growing
points or the young shoots.
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Piles of Weed Debris

The initial use of herbicides to replace hand-weeding did not
give satisfactory results owing to obstruction by the piles of
weed debris between the rows of tea plants. The stoloniferous
weeds like Paspalum conjugatum and Panicum sp. were not well
controlled. In fields where these piles were not apparent, weeds
were more easily controlled. It is recommended that, before the
initiation of chemical weeding, the soil should be levelled and the
piles of weed dispersed.

Rain

Some herbicides need a few hours to translocate into the weeds
to control them successfully. In general, translocated herbicides
require several hours of sunny weather.

In North Sumatra in the mountainous tea regions where tea is
cultivated, there is no distinct dry season. The precipitation is
2500 to 4000 mm per year. Rain sometimes delays herbicide pro-
grammes and it makes labour management difficult. It is advisable
to manage the spraying work in such a way that, on suspected
rain days, spraying can be shifted to the fields ready for contact
herbicides (paraquat) not influenced strongly by rain.

CONCLUSION

Weed control in tea estates using MSMA, sodium chlorate,
2,4-D amine, paraquat and dalapon herbicides did not damage
tea plants, but gave effective control of weeds. DSMA caused a
yellowish colour on the tea leaves (probably due to diuron). Use
of proper herbicides must be justified each time, depending on
the situation and condition of weeds in the field.

Paraquat and MSMA mixtures are very effective on broadleaved
weeds. MSMA mixtures control Paspalum conjugatum, Panicum
sp. and Axonopus compressus.

Dalapon can be recommended for control of alang-alang only.
Nevertheless, there are still some handicaps in the field that make
the application of herbicides less effective than they might be.
Further research is required to test other mixtures of - herbicides
in an effort to improve the effectiveness of weed control in tea.
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WEED CONTROL IN PLANTATION CROPS

A. K. SETH
Plant Protection Ltd., Fernhurst

Summary

In attempting to replace sodium arsenite, a number of herbicides
have been identified with useful activity against important planta-
tion crop weeds. None of these used alone provides long-lasting
control, particularly ‘of perennial grasses in open or light shade
conditions. Sequential applications of a translocated herbicide
(e.g., dalapon or amitrole), followed by a contact herbicide (e.g.,
paraquat), give extended control but their use requires close
supervision and has other disadvantages. Recently single applica-
tion treatments using mixtures of herbicides with complementary
activity have been  increasingly tried. The trials described have
shown that mixture of 0.28 kg/ha paraquat/0.28 kg/ha diuron/1.68
kg/ha MSMA or 0.84 kg/ha paraquat/0.84 kg/ha diuron will give
equal or better control than an  amitrole/paraquat sequential
treatment.

The war against weeds is a  continuing battle and only a
resourceful armoury equipped with a range of herbicides and
well thought out methods of application can ensure success.
Constant use of a single herbicide would eventually result in a
build-up of resistant weeds. The most effective approach to weed
control in plantation crops, on both a cost and an efficiency basis,
is to adopt programmes of spraying with the herbicides or mix-
tures of herbicides and application techniques best suited to any
given situation.

INTRODUCTION

In plantation crops in Malaysia, grasses are usually the dominant
weeds. Among these, Paspalum conjugatum, Axonopus com-
pressus, Ottochloa nodosa and Panicum spp. tend to be domi-
nant, with Eleusine indica, Digitaria sp. and Ischaemum muticum
also present commonly but in relatively small amounts. Imperata
cylindrica is usually the most important species in smallholdings.
Amongst dicotyledonous weed species, Mikania cordata is con-
sidered to be the most important weed.

Traditionally, sodium arsenite has been used for weed control
but it presents serious toxicological hazards both to the user and
also to young crop plants. In an attempt to arrive at safe and
effective alternatives to sodium arsenite, Riepma (1962a, b, 1963,

1965) evaluated a number of compounds—e.g., dalapon,

amitrole, disodium methylarsonate and paraquat — and concluded
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that paraquat is the most effective treatment for use against A.
compressus; in the short term it was also the most effective
treatment against P. conjugatum and O. nodosa. For prolonged
control of. P. conjugatum, amitrole and DSMA were found to be
more effective. More recently MSMA has been evaluated but
again found to be most effective against P. cenjugatum only.

From these experiments and from preliminary trials carried
out by the author (s), it appears that none of these chemicals used
alone gives lasting control of all weeds, particularly under the
fully open conditions commonly encountered in plantations. Con-
sequently, novel techniques, using one or more of these herbicides,
have been developed in order to obtain long-term control of either
specific or mixed weed stands. As paraquat had already been
shown by Riepma (1962a) to be the most effective chemical for
short-term weed control, in most of the work reviewed here, it
was utilized either on its own or in combination with other
chemicals in an attempt to provide prolonged, broad-spectrum
control of the dominant plantation crop weeds.

EXPERIMENTAL -
SEQUENTIAL APPLICATIONS OF SINGLE HERBICIDES

Paraquat is a contact herbicide with rapid desiccant action
and quick inactivation on contact with soil. In the case of
perennial weed species, many of which have underground storage
organs, a single application of paraquat rapidly desiccates the
foliage and this is followed by rapid regeneration from the under-
ground rhizomes (e.g:, Imperata cylindrica) or from protected
axillary buds (e.g., Mikania cordata) . In such situations, repeated
applications aimed at exhausting the carbohydrate reserves have
been shown to provide good control of these difficult weeds but
the timing of the repeat applications is critical in that the re-
generating foliage must be destroyed before it starts contributin
to the plant reserves (Seth, 1970a, b, 1971). '

The trials with I. cylindrica were laid out on a 162 ha site
where this species formed a continuous mature stand. One appli-
cation of paraquat at 0.56 kg/ha was compared with the same
dose followed by two repeat applications at 0.28 kg/ha, applied
when regeneration had reached 25%, 50% or 75%. A single

" application of dalapon at 16.80 kg/ha and an application of 16.80

kg/ha followed by a further 11.20 kg/ha applied at 50% re-
generation were used as standard. Paraquat was applied using a
volume rate of 4501/ha whereas dalapon was applied in 900
1/ha. Results obtained are presented in Fig. 1. Maximum dura-
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Fig. 1: Control of Imperata cylindrica using paraquat or dalapon. Vertical

bars are LSDs (P = 0.05) for the arcsin-transformed data. (1) 0.56 kg/ha

paraquat; (2) 0.56 kg/ha paraquat followed by two resprays (<) of

0.28 kg/ha paraquat at 25%; (3) at 50%; or (4) at 75% regeneration;

(5) 16.80 kg/ha dalapon; and (6) 16.80 kg/ha dalapon followed by
11.20 kg/ha at 50% regeneration.

tion of control was given by the application of 16.80 kg/ha
dalapon followed by a further 11.20 kg/ha. A single application
of paraquat provided control only for.a very limited period: The
optimum time for repeating the application of paraquat as shown
by the overall duration of control was when regeneration had
reached 50%. The 75% regeneration stage appeared to be too
late for an effective repeat application of paraquat. An initial
application of paraquat at 0.56 kg/ha followed by two repeat
sprays at 50%  regeneration gave a duration of control com-
parable to that of a single application of dalapon 16.80 kg/ha.
Timely repeated applications of paraquat have not only been
found cheaper than high rates of dalapon but also much more
acceptable under many cropping s1tuat1ons—eg young tea,
rubber and oil palm.

Trials with Mikania cordata produced very similar results. This
species, helped by its- ability to form adventitious roots at: each
node or branch in contact with soil, quickly establishes itself on
open patches and amongst cover crops. Under fully open con-
ditions, if allowed to grow  unchecked, it rapidly covers the
ground, swamping all other growth. A very effective treatment
for the control of this species has been found to be the applica-
tion of 0.28 kg/ha paraquat applied at volume rate of only
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112.5 I/ha followed at about 50% regeneration (2 to 3 weeks)
by a second application at the same rate and volume. Results are
presented in Fig. 2. In the absence of any storage organs, the
carbohydrate reserves in Mikania are unlikely to be very high.
The use of a single spray of paraquat does not provide lasting
control, but is likely to create conditions of carbohydrate starva-
tion through rapid destruction of the foliage and the regrowth
under these conditions, although quick, is usually impoverished:
A timely second spray of paraquat consequently provides com-
plete and lasting control. This treatment against M. cordata has
found wide acceptance in crops which are susceptible to trans-
located herbicides (e.g., 2,4- -D), for example, young oil palm and
tea.

100
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Fig. 2: Control of Mikania cordata using paraquat or 2,4-D. (1) Paraquat

0.28 kg/ha; (2) paraquat 0.56 kg/ha; (3) 2,4-D 0.56 kg/ha; (4) 2,4-D,

2.24 kg/ha; (5) paraquat 0.28 kg/ha followed by paraquat 0.28 kg/ha
applied 2 weeks later.,



74 THIRD CONFERENCE

SEQUENTIAL APPLICATION OF Two HERBICIDES

Headford (1966), while studying measures for the control of
P. conjugatum, recommended the application of 0.28 to 0.56
kg/ha paraquat 3 weeks after an initial application of a sub-lethal
dose of amitrole at 0.42 kg/ha rate. This treatment gave much
better results than can be expected from two herbicides applied
individually. Since the pre-treatment with amitrole in Headford’s
experiments did not reduce the speed of desiccation by paraquat
and showed no obvious stimulation of new shoot growth, it is
unlikely that the synergistic effect is derived from enhanced up-
take or movement of paraquat. Amitrole is a slow-acting but
freely translocated herbicide and moves rapidly in the phloem to
regions of meristematic activity. In contrast, paraquat is a highly
efficient desiccant with relatively limited mobility. Thus he argued
that the rapid destruction of foliage may create conditions of
carbohydrate starvation under which new shoots are limited suffi-
ciently to enable amitrole already accumulated in the shoot initials
to exert a toxic action.

A similar approach using another translocated herbicide,
dalapon, at 2.24 to 4.48 kg/ha followed 3 weeks later by para-

quat at 0.28 to 0.56 kg/ha has very successfully been used for

the control of a very common weed Ottochloa nodosa and also
less common but difficult weeds like Paspclum commersonii,
Ischaemum muticum and Eleusine indica. ‘

Results from a typical trial carried out on a pure stand of
O. nodosa are presented in Table 1. As can be seen, single appli-
cations of paraquat provided quick but short-lived desiccation.

TABLE 1: COMPARISON OF PARAQUAT AND DALAPON ALONE, IN
MIXTURE, AND AS SEQUENTIAL APPLICATIONS FOR THE
CONTROL OF O. NODOSA

% Kill weeks after Spraying

Treatment (kg/ha) 2 4 6 8 10 12 14
paraquat 028 ... w13 48 18 8 <5 <5 <5
paraquat 0.56 .. ... 80 61 24 9 5 <5 <5
dalapon 224 .. o <5 <5 <5 <5 <5 <5 <5
dalapon 448 .. . 5 <5 <5 <5 <5 <5 <5

paraquat 0.28/dalapon 2.24 ... 68 58 39 18 8 <5 <5
paraquat 0.56/dalapon 2.24 ... 70 58 41 19 10 <5 <5
paraquat 0.28 — dalapon 2.24 71 62 36 17 8 <5 <5
paraquat 0.56 — dalapon 224 79 72 50 23 12 5 <5
dalapon 2.24 — paraquat 028 10 97 91 80 63 48 35
~ dalapon 2.24 —s paraquat 0.56 10 97 92 81 63 50 \ 35
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Dalapon alone at 4.48 kg/ha provided hardly any control and
attempts to obtain both rapid and lasting control with a mixture
of dalapon and paraquat failed. Since dalapon is a foliar-absorbed
herbicide, it is likely that the poor control obtained from an
initial application of paraquat followed 3 weeks later by dalapon
resulted from inhibition of entry and movement of dalapon fol-
lowing rapid desiccation by paraquat. However, when dalapon
was applied 3 weeks before paraquat, long-lasting control was
obtained.

SINGLE-APPLICATION TREATMENTS USING MIXTURES OF
HERBICIDES

To avoid the need for the two spray rounds and the weed
recognition required with sequential treatments, the use of single-

TABLE 2: COMPARISON OF DIURON, ATRAZINE AND BROMACIL
ALONE AND IN COMBINATION WITH PARAQUAT FOR THE
CONTROL OF P. CONJUGATUM

% Kill weeks after Sip;'rayiﬁ;

Treatment (kg/ha) 2 4 6 8§ 10 i2
diuron 0.28 ... TR - —_ = = = = =
diuron 0.56 1 - - - - —
bromacil 0.28 ... - —_- = = = = —
bromacil 0.56 ... e, — = = = = =
atrazine 0.28 ... e — — — — = =
atrazine 0.56 ... ., — = = = = —
paraquat 0.56 ... 60 38 21 8§ — —
paraquat 0.56/diuron 0.28 .. 1265 54 41 23 10
paraquat 0.56/diuron 0.56 .. 13 72 46 37 25 <5
paraquat 0.56/bromacil 0.28 ... .. 19 74 47 28 19 5
paraquat 0.56/bromacil 0.56 ... .. 83 66 64 30 18 5
paraquat 0.56/atrazine  0.28 .. 19 64 44 28 14 <5
paraquat 0.56/atrazine 0.5 ... 76 72 55 41 16 <5
diuron 1.12 .. ... 40 15 3 2 - -
diuron 224 .. ... 68 42 29 9 — —
bromacil 1.12 .. e - - - = = = —
bromacil 2.24 .. - - = = = = =
atrazine 1.12 . . — = = = = —
atrazine 2.24 .. - —_— = = = = =
paraquat 0.56 .. .. 60 38 16 6 — —
‘paraquat 0.56/diuron 1.12 .. 9 8 71 61 37 18
paraquat 0.56/diuron 2.24 .. 8 78 61 47 31 12
paraquat 0.56/bromacil 1.12 .. ... 88 82 68 46 24 14
paraquat 0.56/bromacil 2.24 ... 80 76 54 40 12 9
paraquat. 0.56/atrazine 1.12 ... 13 56 34 8 2 —

paraquat 0.56/atrazine 2.24 ... 64 54 30 13 7 2
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: o =No application.tl_ﬂeat_rnents or m%xtures‘of herbicides with comple-
; SR & 3 9R mentary activity is becoming increasingly popular.
,_S o~ 2 E 2 i;,o) 0 Seth (1970a) presented results from trials evaluating mixtures
% §S Reen = 8 mg of paraquat and phptosynthesis inhibitors. All the trials were
-3 el RN 8 = ' carried out in P. cenjugatum dominant swards growing vigorously
2 S5 nege ; N When‘ sprayed. Imt}al trials compared representatives from the
(% S T z §: 8 R st_lbstltuted urea (diuron), u.racil_ (bromacil) and triazine (atra-
@ S a 5% ag zine) groups, either alone or in mixture with paraquat 0.56 kg/ha.
2 = il The rates of ‘photos’ynthesw inhibitors used in the first trial were
> = 7 1R8 0.28 and 056 kg/ha, whereas in the second trial higher rates,
E g 1.12° and 2.24 kg/ha were used. When the inhibitors were
g § o 3 . S s sprayed alone on stapding vegetation, only diuron hafi any acti-
2 N P S N il i vity and only at the highest raj[es used (Table 2). In mixture with
= EREEEEES S ST RS paraquat, diuron and bromacil at 0.28 and 0.56 kg/ha had very
& ER S 3 ¥ 2 lae similar effect, but at 1.12 and 2.24 kg/ha, diuron appeared to be
0 5 8 |mees =N ) = a slightly better additive. Atrazine, particularly at higher rates,
52 5}? § . %% %Q o SR ~ was considerably less effective than either diuron or bromacil,
,88 §§0 og §§§E N 'Trials comparing the activity of mixtures of paraquat and
E 2 m,,a 5222 0 diuron at various rates showed that, despite certain anomalies,
% % |§ § | %% P g‘* 5 lop 'there was a tendency for activity to increase as rates of paraquat
°3 >§§ N pes) §§ < increased from 0.28 to 0.56 to-0.84 to 1.12kg/ha (Table 3)-
EE ;Q o R=SRE=N rﬁ% :Q N 1 With diuron, activity tended to increase with each increase in
2 & S £ zzas 5 & Q . Yiss rate from 0.28 to 0.56 to 1.12 to 2.24 kg/ha.
SN . Ao s <3 ieg In a further trial (Table 4) paraquat 0.56 and 0.84 kg/ha were
= = 30 838D = e & N e evaluated in mixtures with 0.56, 0.84 and 1.12 kg/ha diuron.
%E N %E 9 ‘n\ ™~ Again, increasing the paraquat rate from 0.56 to 0-84 kg/ha
& d jmh = & : . , : improved activity. Similarly, the 0.84 kg/ha rate for diuron was
= = <Nleo better than 0.56 kg/ha but the activity with the 1.12 kg/ha rate
= = 3572 was similar to that obtained with 0.84 kg/ha. Thus, under fully
= = E S8R open conditions, the best combination appeared to be a mixture of
2 | gew Q g 0.84 kg/ha paraquat + 0.84 kg/ha diuron. The degree of im-
= N o = proveme‘ntrthat can be obtained with these compounds was well
E *‘S Icex A “ illustrated in one trial where 0.84 kg/ha paraquat ion alone gave
5 Eb crom = < DR 4 weeks’ control (60% kill tak¢n as adequate control), whereas
5 20 |8r8& 5 3 ng 0.84 kg/halparaquat + 0.84 kg/ha diuron gave control for well
@ 5 mge 2 22 s over 8 weeks (Fig. 3). IR
i s E il e “Trials comparing paraquat, diuron and MSMA alone on two
i - separate areas dominated by P. conjugatum and O. nodosa, res-
= 5 o 3 pectively, show .that MSMA at /raFes of 2.69 kg/ha and above is
o §§ 2 § = the most eﬂ.ectn./e chemical against the former, followed by
= $8 < §8| paraquat'whlch in turn is better than diuron (Table 5). How-
§§ § § § S : Eéo i% ever, against O, nodosa, paraquat was the most effective chemical,
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Fig. 3: Control of Paspalum con]ugatum using (1) paraquat 084 kg/ha
and (2) paraquat 0.84 kg/ha/diuron 084 kg/ha.

TABLE 5: CONTROL OF PURE STANDS OF PASPALUM CONJUGATUM
AND PANICUM NODOSUM WITH MSMA, PARAQUAT AND DIURON

: % Control — w;eks after Sprayings
Treatment P. conjugatum P. nodosum

(kg/ha) Ist. 3rd 5th. 7th 2nd 3rd. 4th 5th
*MSMA - 0.90 ... 65 38 5 — — = e
MSMA 1.80 e 83059 12 — 64 2710 5
*MSMA 270 ... 86 90 65 40 —_ = = -
MSMA 360 . 97 92 70 63 73 30 16 10
paraquat 028 .. ... 55 23 8 5 70 67 55 35
paraquat 0.56 . .. ... 60 38 22 7 76 73 65 45
paraquat 0.84 ... 170 63 " 55 40 88 88 80 60
paraquat 1.12 .. U 79 67 59 30 95 95 88 66
diuron- 0.28 .. 15 5 = — — = ==
diuron’ 0.56 e 20100 — 0 — 5 — — -
diuron. 1.12 T A ... 40 - 25 5 = 50 — = =
diuron 2.24 ... 68 70 55 30 5 — — -

*MSMA at 090 and 2.70 kg/ha ‘was not evaluated against  Panicum
nodosum
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with MSMA providing very limited control. Diuron as a post-
emergent spray had practically no-effect. ,

In an attempt to obtain a treatment effective against a wide
range of species, but at lower rates of herbicidal application than
the chemicals applied alone or in the two component mixtures
described above, combinations of paraquat, diuron and MSMA
were tried. Because of its effectiveness against P. con]ugatum
MSMA was chosen as the third component. In a larger series of
trials, a range of MSMA rates from 1.12 to 3.36 kg/ha were tried
in combmatlon with 0.28 kg/ha paraquat + 0.28 kg/ha diuron.
The results obtained (Table 6) show that rates of MSMA higher
than 1.68 kg/ha produced little or no increase in activity; thus
an optimum combination appeared to be a mixture containing
0.28 kg/ha paraquat + 0.28 kg/ha diuron + 1.68 kg/ha MSMA.

This triple component mixture was then compared on a P.
conjugatum dominant sward with 3.58 kg/ha MSMA, 0.84 kg/ha
paraquat. 4+ 0.84 kg/ha diuron and a sequential application of
0-42 kg/ha amitrole followed two weeks later by 0.56 kg/ha
paraquat. The results presented in Table 7 show that the
paraquat/diuron and the triple compohent mixture were the
best treatments; further experience in the field has shown these
treatments to be of particular value for the control of mixed
grasses.

TABLE 6: EVALUATION OF VARIOUS' RATES OF MSMA IN
COMBINATION WITH PARAQUAT FOR THE CONTROL OF
PASPALUM CONJUGATUM

Treatment (kg/ha)

% Control — weeks after Spmymg

Paraquat 4+ Diuron + MSMA 1 2 3 4 5 6
0.28 0.28 1.12 8 70 59 57 46 40
028 0.28 1.68 87 8 76 75 T2 68
0.28 0.28 224 8 8 79 75 T T
0.28 0.28 2.80 89 8 8 8 75 73

TABLE 7: COMPARISON OF PARAQUAT/DIURON AND PARAQUAT/

DIURON/MSMA  MIXTURES WITH MSMA ALONE AND A

SEQUENTIAL APPLICATION OF AMITROLE AND PARAQUAT ON A
PASPALUM CONJUGATUM DOMINANT SWARD

Treatment (kg/ha)

% Control — weeks after Spraying

Paraquat + Diuron + MSMA 1 3 5 7
0.28 0.28 1.68 90 90 8 8 715
0.84 0.84 — 90 90 87 80 —
— — 3.60 97 92 70 60 50
amitrole 0.42 — paraquat 0.56 — 75 56 45 42
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THE PLACE OF DINOSEB IN ESTATE WEED
CONTROL

J. S. Lowe
Dow Chemical Pacific Ltd, Kuala Lumpur, Malavsia

Summary

Dinoseb does not give sufficient control over a long period when
used alone, although it can readily eradicate Mikania at rates of
less than 2.80 kg/ha. In a mixture, dinoseb improves the perform-
ance' of other herbicides, and a mixture of 4.20 kg dinoseb,/0.028 kg
picloram/2.80 kg dalapon per sprayed hectare is in the same price
range as other recommended mixtures, although giving longer
control with repeat applications.

Dinoseb has been commercially available for 25 years, and is in
general ‘use in Europe and the United States of America in a
wide variety of applications, ranging from pre- and post-emergent
weed control to crop desiccation: prior to harvest. However, its
possibilities -as a general contact herbicide in the rubber and oil
palm plantations of South-cast Asia has never been exploited.
Dinoseb is listed as one of ‘the most toxic of the herbicides
in general use, yet it is also one of the safest to use. In 25 years,
only one person’s death has been attributed to dinoseb, a record
which no other contact herbicide can even remotely approach.
It has a LDs of 35 to 50 mg/kg body-weight which puts it on
a par with sodium arsenite, but the reasons for its safe usage are:

(1) There is no accumulation of the chemical or its residues in
the body.

(2) Dermal contact is obvious and immediately noticeable be-
cause it stains the skin bright yellow:

(3) Vapour inhalation contact is immediately known by a dis-
agreeable nasal and throat irritation that precludes receiving
a lethal dose. It can, therefore, be said that dinoseb has its

- own built-in safety factors.

(4) Dinoseb is a metabolic stimulant and kills by over-exciting
the metabolism of both plants and animals, thus exhausting
their immediate food reserves. The effect of oral contami-
nation can, therefore, be remedied by keeping the patient
very cool and supplying -cold drinks of glucose water. The
fact that the effects of this herbicide can be remedied makes
it unique among the- contact herbicides.

81
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In late 1969, Dow Chemical International Inc. decided to
investigate the potential of dinoseb (Dow General Weedkiller)
in the plantation industry in comparison with the contact herbi-
cides already in use, paraquat, MSMA, and sodium chlorate.

METHOD

The areas selected for trials were in both shaded rubber and

open young oil palm areas where the vegetation was particularly .

abundant, and had no history of herbicide treatment during the
previous six months. Most of them had received no treatment
whatsoever- , '

The “Dow General Weedkiller” mixture, consisting of 50%
dinoseb, 35% diseline and 15% “Emgard” by volume, was
prepared in bulk and used at rates of 12.5, 18.75 and 25.0 ml
per litre of water diluent; “Gramoxone” (20% paraquat) was
used at 12.5 ml/1 water and “Ansar 529M” (56% MSMA) at
12.5ml/1 water. ;

The spraying was carried out between the hours of 9.00 a.m.
and 12.00 noon, using a Serval pump, and a double-head jet
which gave a coverage of roughly 2251 per sprayed hectare.

‘As will be seen from Table 1, the results obtained when using
dinoseb on its own, although impressive for the first two weeks
after spraying, did not compare with either paraquat or MSMA
at one month. The kill of dicotyledonous weeds such as Borreria,
Ageratum, Embelia, Stachytorpheta and Sida was better than
either paraquat or MSMA, but the grasses, particularly Paspalum
conjugatum and P. commersoni seemed to come back quickly.
Although some of the contact herbicides gave more than 50%
control of these Paspalum species, it was noticeable that the areas
treated with dinoseb quickly developed numerous new leaflets as
if dinoseb had stimulated growth in the unkilled grasses.

However, the effect of dinoseb at the lowest concentration of
12.5 ml/1 water diluent on Mikania cordata was most impressive,
and indicated that, as the recovery of cover from such a low
concentration of dinoseb was very rapid, the use of this herbicide
to eradicate Mikania in a mixed cover was eminently feasible.

Follow-up experiments have indicated that with 9.75 and
12.5 ml/l water diluent dinoseb will kill all Mikanic in a mixed
cover and affect only the youngest leaves of Centrosema and
Pueraria. 1t will also kill Borreria at this same concentration, but
‘Jeaves the bulk of the cover unaffected. '
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TABLE 1: WEED CONTROL WITH DINOSEB IN SHADED AND OPEN
PLANTATIONS )

(0 = no control. 10 = complete  control)

’ ; Controi k at
Estate Treatment (per ha) Shade/Open 1wk 2wk 3wk 4wk 5wk

A dinoseb 8.41 Open 9 3 1 0 0
B dinoseb 8.41 Shade 9 8 7 5 2
dinoseb 7.01 Shade 8 6 4 R
dinoseb 5.61 Shade - 5 2 0 0 0
dinoseb 4.2.1 Shade 4 1 0 0 0
“Gramoxone” 2.8 1 Shade 10 10 8 6 4
C dinoseb 561 Open 6 4 0 0 0
dinoseb 7.01 Open 8 5 1 0 0
dinoseb 841 Open 9 6 2 0 0
“Gramoxone” 2.81 Open - 9 8 7 6 4
MSMA 281 Open 8 7 6 4 2
D dinoseb 841 Shade 9 - — 3 0
~ dinoseb 5.6 1 Shade 8 — — 0 0
“Gramoxone” 2.81/
24-D amine 1.41. - Shade 10 — — 6 2
sodium arsenite 7.84 kg -Shade : 9 — — 6 3
MIXTURES

Contact herbicides have a place in various mixtures, and
dinoseb because of its metabolic stimulatory action offers scope
to improve the performance of other components in the mixture.
Using as a comparison, the mixtures MSMA 2.81, 2,4-D/amine
141 or “Tordon 101 0.7 1 and sodium chlorate 5.6 kg, and
“Gramoxone” 2.81 plus 2,4-D amine 1.41, or “Tordon 101”
0.71, a dinoseb mixture was made with dinoseb 4.21 mixed
with “Tordon 101 0.71 and dalapon 2.81 (see Table 2).

The MSMA was “Ansar 529M” containing 560 ml a.i. per litre.

TABLE 2: PERCENTAGE WEED CONTROL WITH DINOSEB
MIXTURES

% Control at

Treatment (per ha) 1 month 2 months

dinoseb 4.2 1/ Dalapon M” 2.80 kg/“Tordon 101” 071 75 25

dinoseb 4.21/Dalapon M” 2.80 kg/“DMA-6" 141 70 15
dinoseb 4.2 1/“Kenapon” 5.61 60 0
dinoseb 4.21/“Kenapon’ 4.2 1/“DMA-6"” 141 ... 70 15
“Gramoxone” 2.81 70 15
MSMA 2.81/“DMA:-6" 1.4 1/sodium chlorate 5.60 kg ... 75 30
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The degree of control of the vegetation two months after
spraying was only fair with all of the mixtures, principally be-
cause the trial areas had very luxuriant cover. Therefore, a third
set of trials was carried out with the object of improving the
degree of control- Table 3 gives the summarized results of these
trials.

TABLE 3: PERCENTAGE WEED CONTROL WITH DINOSEB
MIXTURES

% Control at

Treatment (per ha) 1 month 2months

dinoseb 4.2 1/dalapon 2.80 kg/Tordon 101”7 0.71 75 25
MSMA 2.8 1/dalapon 2.80 kg/“Tordon 101”7 0.7 1 90 50
dinoseb 5.6 I/dalapon 2.80 kg/“Tordon 1017 0.7 1 .90 60
dinoseb 5.6 I/sodium. chlorate 5.60 kg/“Tordon 22K”

0351 G e e .. 100 75
“Gramoxone” 2.8 1/“Kenapon” 5.61 ... ... 100 70
“Gramoxone” 2.8 1/dalapon 2.80 kg/“Tordon 22 K7 0.351 100 80

The mixtures can be improved by substituting “Tordon 101”
for 2,4-D amine, and markedly improved if “Tordon 22K”, the
potassium salt of picolinic acid, is used instead. Clearly 4.2 1/ha
dinoseb in the mixture was not optimum, and the performance
of the mixture containing 5.6 1/ha dinoseb proved much better.

The decision on whether or not to use a mixture depends to a
large extent on cost. Table 4 gives the cost of various mixtures.
The MSMA formulation has changed and instead of “Ansar
529M” at 2.81/ha, one now needs 4.7 1/ha of the new ‘Ansar
529” to achieve the same quantity of active ingredient. In prac-
tice, Ansul now recommends 5.61/ha as the basis for their
mixtures.

The costs are based on the retail prices of “Ansar 529” being
$13.25/gal ($2.95/1), “DMA-6" at $14.00/gal ($3.11/1), sodium
chlorate at 40 c/lb (88c/kg), dalapon $1.80/1b ($3.97/kg);

TABLE 4: COSTS OF DINOSEB MIXTURES

Treatfnent (pe7 ii;) Cost/ha
“Ansar 529" 5.61/24-D amine 1.41/sodium chlorate 5.60 kg ..  $25.64
“Ansar 529" 5.61/“Tordon 22K” 028 l/dalapon 280kg .. ..  $31.69
“Gramoxone’’ 2.8 1/“Tordon 22K” 0.281 ... $30.13
dinoseb 4.21/“Tordon 22K” 028 I/dalapon 2.80 kg .. .. ..  $30.13

~ dinoseb 5.6 1/“Tordon 22K’ -0.28 1/sodium chlorate 5.60 kg‘ $30.13
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“Tordon 22K” $136/gal ($30.22/1); “Gramoxone” $42/gal
($9.33/1); and “Dow General” (dinoseb) at $16/gal ($3.51/1).

The cost difference between any of .these mixtures is not large,
but it is now noticeable from repeat applications that killing the
cover systematically using herbicides such as “Tordon 22K” and
dalapon, in addition to a contact herbicide, does give longer con-
trol, and, therefore, any extra expense incurred by using these
herbicides will be recouped over a period of time.

DISCUSSION

Dinoseb kills only the part of the plant that it touches; there
is no translocation whatsoever. It kills because at low concen-
trations it excessively stimulates respiration, and, at high con-
centrations, it inhibits the coupling during phosphorylation and
oxidation of pyruvate. It can also act as a protein coagulant,
thereby disrupting enzymic reactions.

At first sight the rapid yellow staining of skin and clothing
during the use of dinoseb as a herbicide would seem to be a
distinct disadvantage. But in point of fact, it indicates how much
dermal contact with herbicides occurs during normal spraymg
which goes unnoticed. The ubiquitous yellow stain has the advan.
tage of making the operators much more careful with their solu-
tions and since it can be washed off, but only after a thorough
scrubbing, it enforces a hygiene which might otherwise be over-
looked.

Briefly, dinoseb by screaming to all that it is poisonous makes
itself safe to use, and the result of this self-advertisement is to
be seen from its record over 25 years.



THE CONTROL OF BAMBOO

J. S. LowE
" 'Dow Chemical Pacific Ltd, Kuala Lumpur, Malaysia

Bamboos are a familiar form of vegetation throughout South-
cast Asia; their occurrence is only sporadic in West Malaysia,
but they become much more abundant in the monsoon forests
of Burma, Thailand and Laos. Some bamboos are deliberately
planted near villages for their usefulness, while some are native,
frequenting particular habitats like riverbanks, and edges of
forest. Bamboos frequently colonize road margins and clearings,
and in the hill forests any form of shifting cultivation as prac-
tised by Orang Asli or Meo tribes usually gives rise to a climax
bamboo-Shima type vegetation.

Once present, bamboo becomes a serious problem, for its
rapid growth retards or entirely prevents regeneration of de-
sirable tree species and vigorously competes with any other
plants for nutrients and soil moisture- Therefore, in spite of
their multitude of uses, bamboos can be a pest in plantations,
right-of-way maintenance (power-lines, road-sides, and railway
embankments) and in the successful regeneration of both Diptero-
carp and teak forests. Specific examples of bamboo as a weed
are as follows: On the main range of West Malaysia, Dendro-
calamus pendulus colonizes clearings in the hill-forest, its weak
culms up to 18 m in length making use of the surrounding vegeta-
tion for support; once these culms have gregariously flowered
they die, and in falling may damage regenerating tree seedlings
and saplings, as well as form an almost impenetrable barrier.
In Northern Thailand’s Lampang Province, where teak is an
important product, bamboos often form virtually the sole middle
and ground layers of vegetation of the teak forests, greatly reduc-
ing the chances of natural regeneration of the teak, while the
cutting of the useful bamboo, Pai Bong (B. tulda), in these areas
often acts as a screen for illegal teak extraction, thus aggravating
the regeneration problem.

Again, the Mekong River electricity projects have necessitated
thousands of miles of overhead power-lines supported by pylons,
and in Thailand, in the clearings necessary for these cables,
Bambusa tulda, B. burmanica and Gigantochloa scortechinii, all

of whose culms grow rigidly erect up to 18 m, can touch the

- cables in the centre of the pylon span and so cause a costly short-
circuit if left to grow. ' :

86
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In areas of the Malay-Thai peninsular north of Kedah, where
the climate becomes pronouncedly monsoonal, bamboos are much
more extensive because they are one of the few species to survive
the forest leaf fires that tend te occur towards the end of the dry
season. The survival is due to the bamboo’s very tough under-
ground rhizome system carrying numerous viable buds which
readily give rise to new culms.

The vigour of the rhizome system is the main cause of the diffi-
culty in controlling the growth of bamboos. Slashing or ground
fire merely activates the buds on the rhizome so that there is
regeneration of several smaller culms instead. Only repeated
slashing can reduce the vigour of the underground stems. Lacerat-
ing the rootstock mechanically has some effect on pachymorph
rhizome species, but it is a very laborious and costly means of
control. :

Watson and Wyatt Smith (1961) showed that with Giganto-
chloa levis slashing three times in fourteen weecks gave only
slightly less vigorous regeneration than a single slashing, and
that within six months the culms were again 3 to 5m high.
2,4,5-T, as the butyl ester, had no effect unless the culms were
cut and even then the effect was small; even 715 % sodium arsen-
ite gave only 50% defoliation and did not affect regeneration.
Only 20% sodium chlorate, 10% TCA (sodium salt), 5%
amitrole and 712 % dalapon gave adequate control when the
culms were left uncut. ,

Cruzado et al. (1961) showed that in Puerto Rico, TCA,
amitrole and dalapon controlled 12 species of bamboo: Bambusa
(5 species), Dendrocalamus (3 species), Gigantochloa (1
species), and Sinocalamous (Dendrocalamus ?) (1 species) -

With other monocotyledonous plants, such as grasses, sodium
arsenite is considered to be a more effective contact herbicide
than sodium chlorate, and as both kill the above-ground tissues,
the underground rhizomes are relatively unaffected by both
chemicals. M

If it is accepted that sodium chlorate’s effect was perhaps for-
tuitous in the work of Watson and Wyatt-Smith, then the next
most cost-efficient treatment was 715 % dalapon, as shown by
the following costs for 10 gal (45.41) of solution:

20% sodium chlorate — M$12.00
7% % dalapon (74% ae) — M$18.00
5% amitrole (50% w.p.) — M$26.00

10% TCA (95% ae.) — M$20.00
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Dalapon is absotbed as an undissociated molecule by the plant;
it is translocated with the food material, and is not metabolized
to any appreciable extent. It accumulates at the sites of meta-
bolic activity such as meristems (buds), and, because it is trans-
located throughout the plant, affects the underground meristems.
Dalapon is, however, rapidly broken down by micro-organisms
in the soil, and hydrolyses (in aqueous solution) at the rate of
1% per hour at South-cast. Asia ambient temperatures. ,

While a foliar spray on bushy bamboo is practicable and
Watson and Wyatt-Smith- (1961) sprayed 715 % dalapon solu-
tion on the bottom 1 m of the culms with success, the control of
bamboos in hill forest and power-line rentises, where water is
not readily available, requites a mere concentrated application
technique. :

METHOD

Near the foot. of Genting Simpah, Selangor, where Dendro-
calamus pendulus was vigorously invading an abandoned lines-
site, the area was divided into a series of plots, each plot con-
taining two or more clumps averaging at least twenty culms per
plot. The treatments were:

(1) 20 g of dalapon/*“Lissapol”, a paste containing 12 g of active
ingredient smeared on to two nodes (each 15 cm long) of
each culm. ‘

(2) 30g of dalapon/“Lissapol” paste containing 18 g a.i. smear-
ed on to three nodes (each 15cm long) of each culm.

(3) 20 g of “Kenapon”/dalapon paste containing 18 g a.i. smear-
ed on to three nodes of each culm. ,

(4) 45 g of “Kenapon”/dalapon paste placed on the exposed
rootstock after scraping away leaf mould and earth.

(5) 45 g of “Dowpon S” (dalapon plus “Dalawet™) on exposed

"~ rootstock. ' ,

(6) 15ml of “Kenapon” (9g a.i.) injected into one node of

each culm after making a short cut with-a paranga.’

‘The treatments were examined at intervals with a final ob-
servation six months after treatment. The first observation at two
weeks showed only yellowing of leaves in some cases and death
of some of the young culms (rebong), not present in all clumps.
Table 1 gives a summary of the treatment records at a later date.

The' three successful treatments (2), (3) and (6) were re:

peated on three separate clumps of Gigantochloa scortechinii in
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. TABLE 1: TREATMENT OF DENDROCALAMUS PENDULUS WITH

DALAPON
Tredatment per Plant 1month 2 months 6 months
(1) 12 g a.i. on 2 nodes 30% defln. 30% defln. 25% culms dead
) 10% culms dead otherwise re-
o generation
(2) 18 g a.i. on 3 nodes 60% defln. 100% defln. Dead
60% culms dead
(3) 20 g “Kenapon” on 75% defln. 100% defln. Dead
3 nodes 80% culms dead
(4) 45 g “Kenapon” on 10% defln. 10%. culms Regeneration
rootstock ~ affected
(5)- 45 g “Dowpon. S” No effect No effect No effect
on rootstock
(6) 15ml  “Kenapon” 60% defln. ~100% defln. Dead
injection )

the same area. Observations were made after two months and six
months, with almost exactly similar results. Gigantochlca scor-
techinii is very much easier to inject than Dendrocalamus pendu-
lus, since the culms were relatively thin-walled.

It was interesting to note that 9 g active ingredient in the form
of “Kenapon”, the glycol ester of dalapon, when inserted into
the hollow nodes killed just as efficiently as 18 g of the same
chemical smeared on the outer waxy culm surface, while although
18 g a.i. of dalapon in a paste with non-ionic wetting was just
as effective as “Kenapon”, 12 g ai. of the paste was inadequate
for total kill. As expected, the solid “DowponS” on the exposed
rootstock was-completely inactivated by bacteria before sufficient
quantities could be absorbed.

In the trial recorded in Table 1, the costs would appear to be:

Chemicals Labour Total

“Kenapon” 15ml at.$6.60/1 - Cutting and injection of 18 12.4c/culm

=-10.0c culms in 20min = 24c/
Dalapon paste 30g at $44/ Wiping 60 culms in 20 min  13.7c/culm
kg = 13.2c = 05c/culm

Dalapon “spray 2251 73% 30 culms in 20 min = 1.0c/ 7.0c/culm
soln.” for 17 culms = 6.0c culm

The aqueous spray technique used by Watson and Wyatt-Smith
(1961} requiredonly 10 g a.i. per culm in spite of possible splash-
back, whereas in this trial 12 g a.i. was found to be inadequate.
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An explanation of this discrepancy may be sought in not only
the size of the culms, but also the species. Gigantochloa levis is
an edible bamboo and, therefore, less lignified in the young state;
the stated culm diameters were 5 to 6 cm, whereas mature culms
would be up to 10 cm in diameter. The Dendrocalamus pendulus
in the trial had culm diameters of nearly 9 cm, while Giganto-
chloa scortechinii with culms up to 18 m tall had culm diameters
of 11 to 12 cm. It is, therefore, suggested that the rates and cost
of the dalapon paste and the dalapon spray would be equatable
on similar sized bamboos.

In clumps of both of the species used in the trials there were
several young, newly emergent culms (rebong) of 0.6 to 1.2m
in height. These invariably died within 2 weeks of treatment
indicating that, with rapidly growing tissues or sites of high
metabolic activity, the chemical was rapidly absorbed and effec-
tive.

It was also noted that the culms receiving the paste on the
lowest internodes died more quickly than where the three treated
internodes were at head height (1.7 m). A possible explanation
of this is that the culm grows in height by extension of the lower
nodes first, and therefore this site of metabolic activity close to
the rhizome buds receives the chemical first, and translocates it
to the underground stems. Alternatively, the lower nodes tend
to be less waxy so that degree of penetration of chemical could
be a factor.

The importance of the wax layer on the culms of bamboo was

demonstrated by using “Dowpon S” mixed into a paste with a
wax solvent. Five hundred grams of “Dowpon S’ was made into
a smooth paste with 675 g of “E 3390”, an Esso solvent similar
to kerosene, of low flash point and low cost- The paste was used
on 45 culms of Shizostachyum zollingeri; three internodes, each
25 c¢m long and 6 cm in diameter, of each culm were wiped with
the paste, and 320 g of “Dowpon S” in the paste was used, thus
averaging 7 g per culmi.

There was a rapid absorption of the solvent, leaving a bloom
of “Dowpon” on the surface. A brown streaking of the large,
30 cm long and 4 cm wide, leaf blades was evident 10 days later.
Thereafter, the browning progressed steadily — the loss of green
colour from the culm and the beginning of leaf fall one month
after treatment were the symptoms heralding the death of the
culm. :

Translocation of the herbicide from mature to immature culms
was demonstrated on two clumps of Shizostachyum zollingeri,
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each of which had at least 24 culms over 2.4 m in height. A sol-
vent “Dowpon S” paste was smeared on three internodes of 12
mature culms in each clump, the paste containing just under
200 g of the herbicide — i.e., 10 g per culm. The treated culms
were considered dead two months later, and chlorosis of leaves
on other culms was evident at that time. Four months after treat-
ment, 16 of the untreated culms had defoliated and the inter-
nodes turned a yellowy brown, while the remaining 8 culms
showed leaf chlorosis, but had not died. In view of the small
amount of active ingredient involved, translocation to and death
of an additional 16 culms were considered a promising result,
and showed that the underground rhizome system had been
affected.

“Tordon 101" (a mixture of picloram and 2,4-D as amines)
sprayed as an aqueous solution, and “Tordon 10K” pellets failed
to affect those species of bamboo on which it was tested. In no
case were the culms cut, nor were the culm sheaths removed as
this stops growth. One trial using 5% 2,4,5-T butyl ester be-
haved in much the same way as “Tordon”, and it is thought that
what slight effect was produced was as much a result of the action
of diesoline as of the herbicide.

DISCUSSION

The importance of using a concentrated herbicide technique
can be assessed in the silviculture of hill-forest, where chemicals
and equipment need to be man-handled to a large extent.

A man doing five hours of herbicide work and three hours
of travel a day would need to carry 60 kg of water plus dala-
pon, plus spray equipment to kill 450 culms using the spray tech-
nique, but only 14 kg of dalapon paste to kill the same number
of culms, or carry 28 kg to do 900 culms — a full five hours’
work. Therefore, there is no doubt which techrique is pre-
ferable.

Although the “Kenapon” injection technique is cheaper than
dalapon paste, it is more time-consuming. Five hours’ work by
one man involving slashing and injection would be unlikely to
maintain a rate of 18 culms in 20 min, and even ai this rate he
could do only 270 culms using 7 kg of chemical. Therefore, in
hill-forest silviculture where foresters must be supplied with
food, and given camping allowances, a laborious technique proves
to be much more expensive than appears in lowland areas of
easy access. Also, the injection technique is not practicable with
thick-walled bamboo species, such as Dendrocalamus strictus, or
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Gigantochloa ligulata, or the thin rotan type species such as
Dinochloa scandens, or Schizostachyum aciculare.

For clearing of power-line rentises and roadsides, a concen-
trated spray technique is preferable because of the ease of appli-
cation. At Nam Ngum, Laos, where species of Gigantochloa and
Dendrocalamus are in great abundance, control of bamboo was
effected using an aerial spray of “Kenapon” in undiluted form at
22.4 kg .a.i./ha; Gigantochloa scortechinii, G. levis, Schizo-
stachyum zollingeri, and S. grande with their large leaves are
particularly suited to such a method of control.

Near Tak and Pak Chong, Thailand, an aqueous preparation
of both dalapon at 16.8 kg/337.51 water per hectare and “Kena-
pon” at 33.751/2251 water per hectare have been used to con-
trol bamboos of Thyrostachya oliveri (Pai Rauk) and B.

blumeana (Pai Sisook) which had regenerated into a bush clump .

after slashing. Power spray equipment was found to be particu-
larly effective with species that grow up to only 9 m in height.

One could not recommend a wiping with paste technique on
culms of Bambusa blumeana or B. arundinacea because of the
thorns on the numerous lower branches, but for B. vulgaris where
the culms are spaced 7 to 10 cm apart, and the three species
which are a pest in Malayan forest silviculture, Gigantochloa
scortechinii, Dendrocalamus pendulus and Schizostachyum grande,
a wiping technique offers the most practicable method of control
of the sporadic patches of these bamboos.
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WEED CONTROL IN RUBBER PLANTATIONS

E. PusHPARATAH and Y. K. Woo
Rubber Research Institute of Malaya, Kuala Lumpur, Malaysia

INTRODUCTION

Rubber (Hevea brasiliensis) is the main plantation crop in West
Malaysia, covering an area of 1.6 million hectares. The economic
life span of the trees, including the period of immaturity, is
about 30 years. During the period of immaturity, which is about
6 years, weed control constitutes.a major proportion of mainten-
ance requiring between 59 and 65% of the total cost of upkeep
which includes manuring and disease control (Ng Choong Sooi,
1967).

COVER MANAGEMENT

In the early years of rubber cultivation, clean weeding was
practised as this gave an initial advantage in rubber growth when
compared with weeding along the tubber rows. Considerable
erosion of the resulting bare soil was, however, observed (Haines,
1932). Besides, there was considerable loss of organic carbon
and great nutrient leaching losses (Watson et al., 1964), and re-
cent work has indicated a reduction in stability of soil structure
resulting in compaction (N. K. Soong, pers. comm.). Even though
the rubber plantation is considered akin to forestry, experiments
have shown that at some 5 to 6 years after closing of canopy
the plots kept bare since clearing from jungle have lower organic
matter than those areas with some cover initially (Pushparajah
and Chellapah, 1969). Over the past few decades, maintenance
of covers in the inter-row areas has become an established prac-
tice. Three groups of cover are recognized:

(1) Leguminous covers — often creeping legumes like Pueraria
phaseoloides, Calopogonium mucunoides, Centroszma pubes-
cens — generally established and maintained.

(2) Light grasses and some woody shrubs — mainly Paspalum
conjugatum, Axonopus compressus and Ottochlea nodosa —
self-grown but encouraged.

(3) Undesirable weeds — this category includes Mikania cor-
data, Melastoma malabathricum, Eupatorium odoratum,

93
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Ficus spp., Imperata cylindrica and Gelichenia linearis. In
fact, the latter two species have been shown to suppress
growth of Hevea so severely that death of the plants may
occur (Anon., 1938). Growth of immature rubber is also
depressed by Mikania cordata (Wong Phui Weng, 1964),
‘and by the other species listed but to a lesser extent
(Wycherley and Chandapillai, 1969).

In fact, during the early stages of its growth, even the covers in
the first and second group are likely to compete with the rubber
and keeping the planting strips clear of all weeds is shown to be
desirable (Rubber Res. Inst., 1940). The current policy is to
establish legume covers where possible and where terrain condi-
tions will not permit establishment of covers to maintain a cover
of light grasses with extra nitrogen manuring to offset the com-
petition from them. Weed control in rubber would be particu-
larly demanding during the first 4 to 5 years after establishment
of rubber, owing to the vigour of the vegetation, but, as the
trees mature, the crowns meet and the reduced light intensity
reaching the ground results in a sparse ground vegetation.

CHEMICAL COVER OF WEEDS

Use of chemicals in weed control dates to pre-war years, but
intensified research on herbicides in rubber set in only in the late
1950s - and- early 1960s. Until this. time, alkaline solutions of
sodium arsenite together with sodium chlorate were the main
chemicals used in controlling weeds. Then dalapon was found
useful for controlling a rank weed, I. cylindrica, but sodium
arsenite continued to maintain prominence because of its low
cost. However, legislation to limit the use of sodium arsenite be-
cause of its toxicity hazards and its ineffectiveness against some

weeds like Tetracera scandens (Riepma, 1964) generated a larger

programme of herbicidal research.

WEED CONTROL IN LEGUME COVERS

Weeding in legume cover areas is generally carried out by
hand and costs of such hand-weeding rounds could be consider-
able. A large number of herbicides were tested for control of
weeds in legumes (Riepma, 1962c, 1965¢, 1965d). None of the
herbicides tested gave a complete selectivity together with long
persistence. The most suitable herbicide was found to be neburon
“applied at the rate of 2.5 kg/ha. But even this showed some
sensitivity to P. phaseoloides and precautions in such areas were
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necessary; hence the use of neburon has not become an
established practice. Recent work with alachlor indicated the
possibility of this chemical being suitable for weed control in
legume cover areas (Wong Phui Weng, 1969).

SOIL-ACTING HERBICIDES

In testing soil-acting herbicides for use in rubber cultivation
(Riepma, 1962a, 1962c, 1965a) emphasis was on selectivity to
avoid damage to the legume cover. The chemicals tested included
simazine, atrazine, atraton, prometryn, diuron, monuron and
neburon. These gave effective weed control for about 13 to 16
weeks. The effect of these and some others tested subsequently
in' controlling five common weeds is summarized in Table 1.
The variability of the effectiveness and persistence of these chemi-
cals, according to soil conditions in Malaya, cannot be over-
emphasized. Simazine on a sandy loam soil extended the period
of weed control by six weeks over that in a coastal clay soil.

- Use of soil-acting herbicides should, however, be made with

caution for, though there were no adverse effects on Hevea seed-
lings prior to budding, there were some indications that some of
the chemicals affected the percentage of budding successes
(Riepma, 1968).

TABLE 1: EFFECT OF SOME PRE-EMERGENT HERBICIDES ON
COMMON WEEDS

Treatment Axonopus Paspalum Eleusine Cyperus Borreria
(kg/ha) compressus conjugatum indica sp. latifolia
bromacil 24 ++ + + + 4+ +
diuron  2.4-4.8 + + 14 + NT NT
linuron  2.5-5.0 + 4+ + 4+ + + + NT
neburon 2.5-5.0 + + + — 4 —
atraton 2550 = -+ + + + 4+ + 14
simazine 2.5:5.0 4 + 4+ L+ + 4
dicamba 2448 = T4 NT — +
alachlor 0915 44 ++ 4+ + —
atrazine 1.020 1+ 4+ ++ + 4 ++ 4

Note: + 4 = effective
+ = effective only at higher rates used
+ = very variable in effect
— = no effect
NT = not tested
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TABLE 2: REACTION OF WEEDS TO HERBICIDE MIXTURES

Weeds Mixtures*
C

B
o]
]
tr

Grasses:
Axonopus compressus
Centotheca lappacea
Digitaria adscendens
D. fuscescents
Eleusine indica
Eragrostis spp.
Ischaemum aristatum
1. muticum
1. timorense _
Ottochloa nodosa
Panicum pilipes
P. samentosum
P. trigonum +
Paspalum conjugatum
P. commersonii
Sporobolus indicus
Tricholaena rosea
Sedges:
Cyperus rotundus
Fimbristylis spp.
Seleria spp.
Dicotyledons:
Ageratum conyzoides + 4+
Borreria latifolia +
Eupatorium odoratum + 4+
Melastoma wmalabathricum 4+
Mikania cordata + -+
Scorpia dulcis +
Ferns:
Cyclosorus spp.
Gleichenia linearis
Lygodium spp.
Nephrolepis bisserata
Pityrogramma calomelanos ..
Stenochlaena palustris
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Note: NT = not tested
+ = somewhat resistant
+ + = very susceptible
— = resistant
+ = susceptible

*A = 2,4-D 1kg/ha/sodium chlorate 20-35 kg/ha

B = MSMA 1.6 kg/ha/24-D 1kg/ha

C = MSMA 1.6 kg/ha/24-D 1 kg/ha/sodium chlorate 10 kg/ha
.D = MSMA 1.6 kg/ha/24-D 1 kg/ha/dalapon 1.6-3.2 kg/ha

E = MSMA 1.6 kg/ha/paraquat 0.5 kg/ha/diuron 0.25 kg/ha
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CONTACT AND TRANSLOCATED HERBICIDES

The results of the earlier trials on these individual herbicides
have been reviewed by Riepma (1968). From these chemicals,
a number of mixtures, consisting generally of systemic and con-
tact herbicides, were then tested for the effectiveness on the
various weeds (Anon., 1967, 1968). The susceptibility of major
weeds to these various combinations are given in Table 2.

LIGHT INTENSITY ON SUSCEPTIBILITY

Variability in weed control is often experienced in the field.
One of the important factors that influences this is the effect of
light on the behaviour of different weed species and also on the
different herbicides themselves. For instance, A. compressus
grows better in slightly reduced light intensities (Riepma, 1965b).
Thus a higher dose of herbicides would be required to control
this grass at 70 to 80% daylight than at either 100% or 40%
daylight. Though P. conjugatum is initially more susceptible to
amitrole under full light, the effect is more persistent under re-
duced light. .

VOLUME OF APPLICATION

The volume of application influences the cost of spraying con-
siderably. In spraying trials with translocated herbicides, the
difference in volume of application in the range of 280 to 1120
1/ha had little effect on the herbicidal efficiency (Riepma, 1962b,
1963b) . The volume to be chosen for use must, therefore, enable
adequate wetting of the foliage and at the same time there should
be little excess solution flowing into the soil (especially important
when the herbicides have no soil-acting properties) .

EFFECT OF CHEMICALS ON PLANT SUCCESSION

With continued use of a fixed regime of chemicals, certain
resistant species ‘tend to become dominant. When a short-lived
effect was obtained by using paraquat against a dominant stand
of P. conjugatum and M. malabathricum, these weeds soon recol-
onized the area, but when paraquat was used on O. nodosa, mark-
ed development of other species occurred — e.g., by germina-
tion of seed of Borreria latifolia and Cleome ciliata. When
amitrole was used against an almost pure stand of M. mala-
bathricum, the sprayed area was invaded from outside by M.
cordata and 1. cylindrica, but where the Melastoma was in a
mixed population, the regenerating weeds were Seleria spp. and
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T. scandens (Riepma, 1963a). More recently, in immature rub-
ber, the use of mixtures of contact and translocated herbicides
has also resulted in the development of resistant species. After
three rounds of an MSMA/2,4-D/sodium chlorate mixture on a
strip infested predominantly with P. conjugatum, Sporobolus
indicus established as the main weed, while in the same area, use
of “Weedazol”/paraquat resulted in the predominance of Paspal-
um commersonii. When sodium chlorate/2,4-D mixtures had been
used for some time, P. conjugatum became the dominant species
and weeds like Brachiaria mutica, Cynodon dactylon, Eragrostis
spp., and Panicum repens were found to be resistant. It is likely
that these latter weeds could, if they are present, become
dominant species with time. In a third case where inter-cropping
was carried out, Eleusine indica established itself as a predomin-
ant weed in the inter-row and eventually invaded the tree-row
area, although the latter had, over a period of a year, been treat-
ed with three rounds of MSMA/2,4-D/sodium chlorate mixture
— the encroachment mainly being from the germinating. seeds.
Similar effects on changes in plant population are apparent when
pre-emergence herbicides are used. :

Besides the above factors influencing weed regeneration, the
other factor to be considered is that of soil type — e.g., Selangor
series, one of the more fertile rubber soils, has a higher nitrogen
status and water-table than the inland soils, and hence is likely
not only to stimulate weed regeneration (Riepma, 1962a), but
also to affect predominant weed species. The change in canopy
conditions resulting from growth of rubber would alter the light
intensity and thereby change the composition of weeds.

FUTURE DEVELOPMENT AND OUTLOOK

_ It appears th_at, with a tendency to use a fixed regime of herbi-
c1de_rn1xtures In many areas, the eradication of the susceptible
species could lead to resistant species becoming dominant,

As mentioned earlier, re-establishment of weeds in planting
strips can be due as much to encroachment from inter-row areas
as by germination of seeds in the soil. While the encroachment
weeds can be killed with post-emergence herbicides, those from
seeds could possibly best be prevented by use of pre-emergence
herbicides. A combination of sequential spray of post- and a soil-
acting (pre-emergence) herbicide may prove more useful on pro-
fusely seeding species like E. indica, P. conjugatum, A. compres-

sus, B. latifolia, and C. ciliata. Selection of such combinations
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can be initially made from Tables 1 and 2. That such combina-
tions would give longer periods of control has been shown by
Riepma (1962a, 1962c) who reported that a combination of
amitrole and simazine extended the period of weed control by
more than six weeks over that obtained by amitrole alone. Simi-
larly, a combination of diuron (a pre-emergence herbicide) with
a post-emergence herbicide (e.g., paraquat or MSMA) gave a
better control -of weeds than a combination of the latter or on
their own. It is believed in this instance that the low levels of
diuron used had acted more on the existing vegetation (Seth,
1970).

Changes in weed population occur in. the field because of
chemicals applied: as well as the shading effect of the rubber
trees. Thus, the need for constantly studying the weed popula-
tion in order to select an effective regime of herbicides cannot

be over-emphasized.
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CIRCLE WEEDING TECHNIQUES IN IMMATURE
' OIL PALM
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(Present address: Ansul (Malaysia) Sdn. Berhad, Kuala Lumpur,
) Malaysia)

Summary

Pre-emergent application of diuron at 2.24 to 3.36 kg/ha on to the
clean-weeded palm circles effected efficient weed control. Use of
contact herbicide mixtures often caused damage to lower palm
fronds; however, experimental evidence indicated that neither
herbicide injury nor deliberate removal of at least 10 lower fronds
adversely affected the subsequent growth of the palms. It is
suggested. that the use of diuron, followed up with cheap contact
herbicide containing diuron to control the peripheral encroach-
ment of weeds into and regeneration within_the palm circles, offers
the most efficient weed control techniques in o0il palm areas.

INTRODUCTION

One of the important considerations in the management of young
oil palm replants is to keep the palm circles free from weeds.
Shortage of manual labour in Malaysia, as a whole, has become
an acute problem, so much so that in certain parts of the country
satisfactory maintenance of the replants remains difficult. Herbi-
cide usage is the only solution to these problems associated with
weed control and upkeep. Although there is a wide range of
herbicides available in this country, there is nevertheless a grow-
ing need to search for the most effective and economical herbicide
that would achieve effective and prolonged control of weeds with
no resultant damage to the main crop. With this objective in
mind, Chemara Research Station has undertaken a series of trials
in young oil palm replants to study the efficacy of a wide range
of herbicides on the degree and duration of weed control. The
paper presented here reports preliminary results of Chemara
herbicide trials, some completed and others still in progress. The
results, although by no means conclusive enough to provide pre-
cise recommendations on the choice and methods of weed control
to be adopted in the future, nevertheless enable tentative con-
clusions to be drawn which could be of practical value and
provide guidance for further research in the field.
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MATERIALS AND METHODS

Three investigations were conducted on two adjoining estates
in Negri Sembilan on Rengam series soil. These experiments were
designed to study techniques of weed control in young oil palms.
Reference is also made to spraying established herbicide demon-
stration areas in co-operation with Ansul (M) Sdn. Bhd., Dupont
and ICI (M) Sdn. Bhd. on three Guthrie estates.

ExPERIMENT HB4

This was an observational trial mainly to study the reaction in
the growth of newly planted young oil palms to pre-emergence
herbicides applied to the weeded circle. The experimental area
was recently planted with oil palm to tidy up the office premises.

The trial comprised five pre-emergent herbicides applied at two

rates which were compared with an untreated control as follows:

Rate/ha

. Actual product

Formulations Active Ingredients LI L2
1. “Karmex” WP 80% diuron 336 kg 6.72 kg
2. “Planavin” WP 75% nitralin - 336 kg 6.72 kg

3. “Amiben” EC 24% chloramben 421 841

4. “Lasso’” EC 48% alachlor 421 841
5. “Hyvar X WP 80% - bromacil 336 kg 6.72 kg

A simple randomized block of 12 palms (each treatment
allotted to 1 palm only) was laid in 4 replications. The total
number of palms in the trial was intentionally limited to 48
palms in order to minimize the risk of otherwise having to lose a
greater number of palms owing to possible herbicidal injury. The
herbicides were applied at the rate of 6751 of water per hectare,
sprayed on the clean weeded palm circles of 1 m radius. The trial
was established in November 1968 and the relevant observations
were completed by March 1969.

RESULTS AND OBSERVATIONS

The regenerated weeds consisted of Imperata cylindrica,
Cyperus rotundus, C. zollingeri, Axonopus compressus, Paspalum
conjugatum. Ottochloa nodesa, Phyllanthus niruri, and a few
ephemerals. The mean percentage cover in the palm circle, the
dry weight of regenerated weeds, the length of the first fully
opened frond and the number of newly formed fronds under the
various treatments are shown in Table 1. o
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- The data, though not statistically analysed, reveal obvious
differences among treatments in respect of their relative efficacy
in controlling weed regeneration as shown, especially by bromacil,
diuron and alachlor. The growth of the palms was not affected
by diuron and no toxicity symptoms were observed on the palms.

ExPERIMENT HB5

This experiment was conducted in a 1969 new clearing sustain-
ing a Rengam series soil planted with young oil palms. The object
was to study in detail the effect of various rates of diuron on
the control of weed regeneration in the circles and the growth of
the palms. Diuron was used at rates of 1.34, 2.78, 5.56, and
11.12 kg a.i./ha.

These were applied in water at the rate of 675 1 per sprayed
hectare into the clean-weeded palm circles of 2 m radius. The
experiment was laid out following a single palm-plot design in
which the 5 herbicide treatments were laid on groups of 5 palms,
replicated 25 times. The maintenance of the palms followed
routine estate practice. The vegetation comprised sown leguminous
creepers with a mixture of grasses, mainly Ottochloa nodosa and
Axonopus, Paspalum conjugatum and Digitaria spp. and a few
ephemeral herbs. The trial was established in June 1969 and
observed for a period of 9 months. The following observations
were made:

(1) Pre-treatment recordings on the number of fronds and the
length of first fully opened frond.

(2) Post-treatment recordings on the number of newly produced
fronds and the length of the first fully opened frond at
3-month intervals.

(3) Visual assessment on the percentage weed regeneration in
the palm circles.

RESULTS AND OBSERVATIONS

The mean percentage cover assessed at 3 months after spraying
under the various treatments is given in Table 2.

Analysis of variance of data showed highly significant differ-
ences due to treatments, and suggested that diuron applied at
3.36 kg/ha gave the most efficient weed control. It was observed
that weed control in the circles was maintained for a period of
3 to 4 months, but weeds and creepers encroaching from the
periphery of the circles soon covered the circles and, in some
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Assessment of the weed control of both regenerated and
encroached weeds made by ICI on 30/3/70 showed 65 to 70%
kill. Block A, in general, showed a better kill compared with
Block B. It was also observed that an average of 10 live lower
fronds per palm were killed owing to application of the above
treatments. The premature killing of these live fronds caused some
concern among the management. The trial was, therefore, termi-
nated on the decision that the possible effect of herbicidal injury
to the lower fronds on the subsequent performance of the palms
will first be studied in a separate trial.

ExrErRIMENT HB6

In order to study more precisely the effect of herbicidal injury
to live lower fronds on the subsequent growth of the young palms
and also to test the efficacy of selected herbicides (singly or, in
mixtures) on the circle weed control, a statistically designed trial
was laid in mid-June 1970 on an estate in Negri Sembilan in a
field with a Rengam series soil. The palms were planted in
March 1969. The trial compared the following treatments.

Applied -when
Herbicidal Treatments (per ha) Palm Circles were:  Palm Fronds

1. I.C.I. Tank Mix:
“Gramoxone” 1.41/MSMA. 421/

diuron 0.35 kg Not weeded Not removed
2. “Karmex” 2.24 kg/MSMA 421 Not weeded Not removed
3. “Karmex” 2.24 kg/MSMA 421 . Not weeded Removed
4, “Karmex” 224kg .. Weeded Not removed
5. “Karmex” 224kg ... .. .. Weeded Removed
6. Hand-weeded control = .. Weeded Not removed
7. Hand-weeded control .. Weeded Removed

The treatments were laid out in randomized blocks and repli-
cated 25 times. Treatment (1) — ICI Tank Mix — was repli-
cated twice in each block. The herbicides were sprayed in June
1970 with water at the-rate of 450 1/ha.

During the first six months, the control plots were hand-weeded
at monthly intervals. The number of fronds removed under
treatments (3), (5) and (7) was based on the mean number-of
fronds per palm found killed under treatment (1). The herbicide
treatments were first applied in June and a second apphcatlon in

'September 1970.
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RESULTS AND OBSERVATIONS

- Results and observations for the period June - Octoher 1970
only ate reported; measurements were made on the percentage
of weeds regenerated in circles, the number of fronds produced
per palm and the length of the first fully opened frond, both
prior to and after applying the herbicides. The percentages of
weeds in the palm circles are given in Table 4.

TABLE 4: AVERAGE PERCENTAGE WEED GROWTH IN PALM

CIRCLES
Before After Spraying
‘ g : Spraying on 10/6/70
Treatment ) 26/5/70 10/7/70 14/8/70
1. ICI Tank Mix 83.9 8.0 25.0
2. “Karmex"' /MSMA ... . 83.4 11.0 12.3
3. “Karmex’’/MSMA (frond removed) 85.8 9.6 17.1
4. “Karmex” (pre-weeded) . 80.5 0 6.7
5. “Karmex” (pre-weeded/frond removed) 82.2 0 32
6. Hand-weeding .. 85.4 2.2 19.2
7

. Hand-weeding (frond removed) 82.7 1.8 18.1

The palm' circles treated with diuron either singly or in com-
bination with MSMA showed better weed control.

The number .of fronds produced and the length of the first
fully opened frond of palms under the various treatments until
September 1970 are given in Table 5

TABLE 5. MEAN NUMBER OF FRONDS AND MEAN LENGTH OF
FIRST FULLY OPENED FROND

No. of Fronds

Length of Ist Fully

Produced Opened Frond (cm)
Before After Before After
Spraying Spraying Spraying Spraying
Newly
Total up to Produced
Treatmerit - 25/5/70 2/107/70 26/5/70 2/10/70
1. ICI Tank Mix ... 25.2 11.6 451.1 536.9
2. “Karmex”’/MSMA ... 25.0 11.4 483.4 547.4
3.-“Karmex”/MSMA .. 25.0 11.7 471.9 543.1
4, “Karmex” (pre- )
weeded) 26.4 11.3 4719 | 538.5
5. “Karmex” (pre-
weeded/frond
removed) 25.9 11.3 468.6 540.8
6. Hand-weeding 26.0 114 471.4 545.1
7. Hand-weeding (frond ) )
removed) 25.0 11.5 384.6 556.3
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The data in Table 5 showed no significant differential effects
owing to treatments, either in the number of fronds produced or
the length of the first fully opened frond.

DISCUSSION

The most salient observation from the above trials has been
the efficacy of diuron at the rate of 2.24 to 3.36 kg/ha sprayed
on to the clean-weeded circles, which gave better control of
weed regeneration for a period not less than 3 months. Sheldrick
(1969) reported that substituted urea herbicides such as diuron
and monuron, in the first year of applying, provided exceptional
weed control for nine months. Chandapillai (1970) showed that
diuron sprayed on to newly prepared oil palm nursery prior to
emplacing the polybag palms, achieved most efficient and eco-
nomic control of weed regeneration in the nursery for a period of
4 to 6 months, with no adverse effect on the subsequent growth
of young palms, either in the nursery or after they were planted
out in the field. Although palm circles treated with diuron re-
mained weed-free, invasion of the circles by weeds from the
periphery posed problems of upkeep. It is suggested that this
problem could be solved by the following procedure:

(1) When applying diuron on to the clean-weeded circles, the
radius of the initial circle be at least 0.3 m beyond the drip-
line of the fronds, and

(2) The peripheral encroachment, together with the odd regener-
ated weeds within the circle, be sprayed with an economic
contact herbicide containing diuron which would perform
the dual role of killing the sward and, at the same time,
preventing dormant weed seeds from growing. Sheldrick
(1969) reported adequate weed control achieved by twice-
yearly spraying of diuron combined with a contact herbicide.

Chemara Research Station organized a commercial herbicide
spraying trial in June 1970 in co-operation with the leading local
herbicide promoters Ansul (M), Dupont and ICI (Agriculture) .
to assess the techniques and relative efficacy of the recommended
herbicides. The trials were conducted on three Guthrie estates
under different conditions of soil and ground cover. Comparisons
were made on the efficacy of ICI Tank Mix (i.e., a mixture of
1.41 “Gramoxone”, 2.8 ] MSMA and 0.35 kg diuron per hectare),
Ansul Tank Mix (i.e. a mixture of 5.61 “Sordox L33”*, 5.60 kg

*“Sordox L33” contains 40% ai. MSMA plus 10% diuron in a special
formulation.
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sodium chlorate and 1.4 1 of non-ionic surfactant such as “Lissa-
pol”), diuron at 2.24 kg/ha, and manual weed control. (A full
treatise of this observational trial is beyond the scope of this
paper and will be reported elsewhere.) The most significant
observation from the above trials were that, while the two types
of mixture produced variable effects on both the degree and
duration of weed control and damage to lower palm fronds,
diuron effected more satisfactory control of weed regeneration
within the circles with no injury to the lower fronds. However, it
was relieving to note from the results of Experiment HB6 that
damage to lower palm fronds, caused by herbicide spraying or
the deliberate removal of at least 10 lower fronds, did not
adversely influence the subsequent growth of the palms.

Barnes and Tan (1969), from their numerous field trials using
MSMA in oil palms, observed no systemic damage to the palms.
Seth (1970) produced data to confirm that the growth of palms
weeded chemically by a mixture of paraquat/MSMA /diuron was
as good as or even better than that of hand-weeded regimes,
despite the observed herbicidal damage to lower fronds. It is the
opinion of the writer that use of diuron, a residual herbicide, on
a clean-weeded palm circle has much to recommend it since it
keeps the circles clean for a substantial period, avoids herbicidal
injury to growing points, and renders collection of loose fruits
easy, rather than encouraging weeds to grow fitst and later trying
to control them by contact herbicides with possible disadvantages.

Regular weeding, Sheldrick (1969) observed, with substituted
ureas such as diuron, did not affect the vegetative growth of the
palms, nor did it upset their early flowering and yield of fruit
bunches.

In conclusion, the results of trials reported here and those of
parallel studies elsewhere suggest that application of a pre-
emergent herbicide such as diuron on to the clean-weeded palm
circles, followed up with application(s) of an efficient and
economic contact herbicide containing diuron to control regenera-
tion with and peripheral encroachment into the palm circles,
offers the most efficient weed control techniques in young oil
palm replants.
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WEED CONTROL IN TEA IN INDIA

S. B. D. AGARWALA
Dow Chemical N.V., New Delhi, India

Summary

A large number of field trials were conducted in tea gardens in
north-east and southern Indian tea estates to evaluate the efficacy
of Dow General Weed Killer (containing 5.51b dinoseb/U.S. gal)
and a General Weed Killer (GW) (containing 2.51b dinoseb/U.S.
gal) comparatively against the common practice in each garden
which involves applying 1.24 1/ha paraquat 20% EC. As one should
expect, the dosage depended upon the climatic zone as affecting
weed vigour, ‘age and extent of coverage by weeds, and the specific
composition of weed population at each location. Generally speak-
ing, 2.47. to 4.94 1/ha of GW was adequate for obtaining up to 13
weeks’ control of monocotyledonous weeds, including some which
are not easily affected by paraquat. In southern Indian conditions,
the minimum required dosage of GW was 4.94 I/ha. At this dosage,
up to 50% weed control was maintained for: about 5 to 6 weeks.
At higher dosages (7.41 or 9.881/ha) GW maintained good weed
control for up to 9 weeks. Dinoseb at all effective dosages in
addition produced effective control over some weeds not generally
susceptible to paraquat. Some weeds, like thatch grass, Cynodon
spp., Panicum spp., are not controlled by either dinoseb or para-
quat and it is suggested that dalapon be used as a sequential
treatment. )

INTRODUCTION

Tea is a crop of great importance to India and Ceylon. The
plant is a native of Assam and was growing there, unknown to
the Government, even before Chinese tea was introduced in
1834 in southern India. As an export commodity, Indian tea
was able to compete successfully as early as 1852. The develop-
ment of the tea industry in India, particularly in the north-east
region, was very fast thereafter. It is estimated that there are
about 347,000 ha producing about 380 million kg of finished tea.
Of this, southern India has about 75,000 ha and produces
approximately 97 million kg of tea. Tea is one of the largest
earners of foreign exchange. In 1968-9 about 201 million kg of
tea was exported and earned 1,565 million rupees, or about
14% of the total foreign exchange earning. India thus produces
43% of the world tea and has 38% of the world export market.
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Tea growing is almost exclusively confined to the hill slopes
and is highly labour intensive. Tea labour has always been the
highest paid and best looked after. Yet, in the recent past, labour
unions have made it very difficult for the tea estate managements
to use labour peacefully and to best advantage. Excessive com-
satition in export markets imposes the urgent need to reduce the

st of production. Because labour cannot be retrenched easily,
e least that planters have to do is to contain their number and
cost, and to introduce means of increasing their productivity. A
successful plan of chemical weed control in tea has to fit into
this situation.

THE WEED PROBLEM

Tea culture is akin to silviculture inasmuch as tea and shade
trees once planted remain there easily for 60 to 70 years, or
sometimes even 100 years. The soil is manured, but cannot be
disturbed because this would damage the feeder roots and reduce
the yield of tea and, in extreme cases, lead to soil erosion. Most
of the tea areas in India have a warm and humid climate. All
these factors are conducive to the growth of weeds.

Weeds assume greater importance in old plantings where
bushes are spaced apart for easy movement of pickers, and are
less important in the new system of close, hedge-type planting.
Furthermore, the problem is greater during the first 3 to 5 years
of new plantings and after heavy pruning every 3 to 5 years, when
there is inadequate shading of the weeds by the bushes.

Weed growth in tea gardens is' perpetuated and spread by
seeds being blown in or creepers invading it from adjoining
uncultivated areas, embankments or thatch grass plantations
meant to be used for roofing labour quarters. The following are
the more commonly occurring weeds in tea gardens:

Monocotyledons Dicotyledons

 Axonopus spp.

Cyanotis spp.
Cyntococcum spp.
Digitaria spp.

Eleusinz indica
Eragrostis spp.

Paspalum spp.

Panicum repens
Pennisetum clandestinum
Thatch grass

Ageratum spp.

Bidens spp.

Borreria hispida (Bagrakote)
Erichthytis spp.

Galinsoga spp.

Oxalis spp.

Polygenum alata
Polygonum spp.

Ipomoea spp.

Eupatorium glandulosum
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The conventional method of manual weed control locally
known as “cheeling” involves lightly scraping the soil surface
with a steel blade fixed to a long handle. A certain amount of
damage to feeder roots did happen and the garden was never
really clean enough unless an expensive labour force was con-
stantly on the job. More recently, chemical weedkillers which
became commercially available and were found useful by tea
research stations were recommended for use. Thus, sodium salt
of 2,4-D (1kg in 4001 of water) has been used in tea for con-
trolling morning glory and other broadleaf weeds, but in the
hands of labourers this could be a hazard to the tea bushes also.
Others which find use in tea gardens are 1kg in 1001 of water
applied at the rate of 450 to 5601/ha during September-
November and followed by a repeat application at the rate of
225 to 340 1/ha in the April to June period. It is estimated that
about 75,000 tonnes is currently consumed annually.

SIMAZINE

One kilogram in 200 litres water during wet weather is some-
times used, preceded by clean-weeding, manually or with para-
quat. This is not much used.

PARAQUAT

This is the most popular treatment today. The recommended
dosage is 310 ml of 20% paraquat EC in 1001 of water. The
rate of spray is about 450 [/ha. Quite often even half the above
dosage is applied if the weeds are young or sparse. The current
annual consumption is estimated to be about 200,000 to 300,000 1
of 20% paraquat.

Simultaneously, wherever new planting is undertaken, spacing
between the tea bushes is reduced to achieve complete shading
of the ground when they are full grown. This has been done with
particular success in Ceylon. In such areas, use of chemical weedi-
cides are limited to early life of transplants and post heavy
pruning periods.

DOW GENERAL

In 1969 and 1970, a number of experiments were coniducted
in Indian tea gardens to evaluate the comparative performance
of dinoseb formulations Dow General (5.51b dinoseb per U.S.
gallon) or General Weed Killer (containing half the active in-
gredients) against paraquat.
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The first year was devoted to feeler trials with- Dow General.
These trials were conducted in several north India tea plantations,
namely, Nudwa, Lepetkata, Singlijan, Hatimara, Ledo, Ophulia,
etc. Dow General Weed Killer (DG) sprayed at the rate of 2.47 |
in 400 to 750 1/ha water gave satisfactory control of all broadleaf
weeds including mature Bagrakote and Ageratum, for about a
month. However, grasses like Cynodon and Paspalum were only
superficially scorched and revived after one month. A dosage - of
4.941 DG /ha was required to get 6 to 8 weeks’ control of grasses.

In 1970, a General Weed Killer (GW), formulated indigenous-
ly by Tata Fison Industries, our collaborators, was used. The
change from Dow General to General Weed Killer was made to
conform with general practice elsewhere, and also because Dow
General Weed Killer does not require agitation during spraying.
This was formulated according to our formula, except that
mineral oil was replaced" by xylene. These probes conducted at
Nudwa and Lepetkata tea estates indicated that, wherever broad-
leaved weeds predominated, even 2.47 1/ha of Dow General, with
about 7501 water, gave commercially acceptable control for a
period of about 6 weeks in rainy weather and 8 weeks in normal
weather. All stages of Borreria, Ageratum and Paspalum were
killed by the fourth day after treatment. Grasses like Paspalum
began to revive after one month. ‘ :

In predominantly grassy weed areas, as in Singlijan - and -

Hatimara estates, 4.94 1/ha or more was required to obtain highly
satisfactory control, whereas 2.47 to 3.81 I/ha merely scorched

-the grasses which revived completely by one monih so as to look
like untreated plots. :

Similarly, satisfactory reports were obtained from independent
trials done by a few tea planters (Itakhooli, Ledo and Ophulia
tea estates), and the Indian Tea Association Experiment Station,
Tocklai. Itakhooli TE and Tocklai used 251 diesel oil and 3751
water per hectare to dilute Dow General (DG) and found that
31 DG/ha gave satisfactory control of all weeds for at least 20
days. ,

Initial probes with General Weed Killer in 1970 indicated
that application at the rate of 1.241/ha did not control more
than 50% of the weeds, resulting in repeat carpet spraying “ the
entire area. In places where 2.47, 4.94 or 7.41 1/ha were applied,
all dicotyledonous weeds, including those not effectively con-
trolled by paraquat, and most of the monccotyledons, except a few
grasses, were controlled. In such cases, only spot application was
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needed to maintain control, reducing the need of spray per chemi-
cal to half or one third of the initial dosage.

In further trials, the results were visually. evaluated on O to 5
gradings (0 = no control, 5 = complete control). Each trial had
4 dosages (2.47, 4.94, 7.41 and 9.881/ha) of General Weed
Killer and one dosage (1.241/ha) of paraquat 20% EC for com-
parison, and was run throughout the season to dete‘rminfz the nf:‘ed
for repeat spraying to keep the weeds under control. Private trials
in  the Northern Indian tea gardens (Singhijan, Lepetkata,
Margherita, Raidang, Beesakopee, Chubva, and Sycotta) as well
as those conduced by ITA experiment station, Tocklai, showed
that under conditions prevailing in north-eastern India tea gardens
(Table 1) the treatment differences were significant and Fh‘e
differences in effectiveness at various periods after a spraying
were highly  significant. General Weed. Killer performed mU}ch
better in comparison with paraquat than in southern Indian
estates. The weed control success by the two lower dosages (2.47
and 4.941 GW/ha) was statistically similar to that by 1.241
paraquat whereas the two higher dosages (7.41 and 9.881
GW/ha) were significantly superior to the rest. At 4.941/ha or
more, GW had the added advantage that it controlled even
Bagrakote and Ageratum at all stages of growth. For effective
suppression of perennial and mature grasses, 7.41 to 9.881 GW
were needed and the overall effect at these dosages was far
supetior to that of paraquat.

Repeat application during this period (12 May to 31 August,
1970) maintained a relatively high standard of weed control

TABLE 1: PERCENTAGE EFFECTIVENESS OF GENERAL WEED
CONTROL IN NORTH INDIAN TEA ESTATES, 1970

Av.
Treatment Weeks after Treatment Effective-
(l/ha) Iwk 2wk 3wk 4wk 5wk 10wk 13wk mness
15 6344 548
raquat 20% 2 63.44 58.05 5373 4500 4729 53.15 63.44
IC)}E;N 3.47 ' 90.00 5555 39.23 6344 5077 6642 6344 612
GW 4.94 50.77 53.13 5555 3923 5679 66.42 6344 55.0
GW 741 - 90.00 67.21 4729 6344 63.44 6344 6344 664
GW 9.88 90.00 63.44 63.44 63.44 63.44 6344 6344 612
Average angular
‘;forrrg; 76.84 5948 51.85 5491 56.36 6257 63.44 2
Standard error (treatments) .. + 3'60
Critical difference at 5% ... R 3.89
Standard error (dates) . + 3.

Critical difference at 5% 11.36
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right up to the end of the trial period. The effect up to the 1Ist
week was spectacular.’ Treatment differences disappeared after
6 weeks — the longer period of control was achieved where tea
bushes covered the ground more effectively. However, neither
paraquat- at normal dosages nor-GW produced real and lasting
control- of monocotyledons, particularly of tough ones like
Cynodon and thatch grass. In such cases, dalapon should be used
as a supplementary treatment. Nevertheless, the scorched look
imparted by paraquat spraying was more impressive to planters
than that achieved with.4.94 to 7.41 litres GW. At 9.881/ha
GW gave much better overall weed. control than 1.24 1 paraquat
20% and was comparable to 2.47 1 paraquat 20%.

In south ‘Indian tests conducted at Karamalai, Highforest,

Pallivasal. HR, Paralai, Craigmore, Chamraj and Mayfield tea
estates, the findings were in general ‘similar to experience in the
north-eastern region, but as the climate is generally warmer and
more humid; even during winter months, weed growth was
generally more vigorous with grasses forming a larger percentage.

TABLE 2: PERCENTAGE EFFECTIVENESS OF GENERAL WEED
KILLER IN SOUTH INDIAN TEA ESTATES, 1970

Av.’
Centres/Replication Effectiveness
Treatment I I I v (Angular
(l/ha) Karamalai H. Forest Pullevasal Paralai Values)
paraquat 20%..2 47.87 68.61. . - . 5224 .- 48.62 54.33
GW 247 26.56 35.24 20.70 37.76 30.00
GW 4.94 39.23 54.76 37.76 45.00 44.19
GW 741 47.87 54.76 37.76 48.62 47.25
GW 9.88 ° 50.77 63.44 45.00 48.62 51.96
Standard error + 4.0584
Critical dlﬁerence at 1% 16.9116

The data in Table 2 indicate that there were statistically highly
significant differences between the treatments. The average per-
formance of paraquat 20% at 2 1/ha was not significantly differ-
ent from the performance of 4.94, 7.41 or 9.88 1/ha of General
Weed Killer; 4.941 GW/ha was, however, shghtly inferior and
may be regarded as a marginal dose.

At 4.941/ha-GW controlled some weeds- (Ca’lsularzaf‘ and
Polyonum) and at higher dosages grasses, Cyanotis, Cyntococcum,
and Eragrostis as well. These are not properly controlled by
‘paraquat.’ '
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TABLE 3: PERCENTAGE EFFECTIVENESS AT VARIOUS INTERVALS
AFTER TREATMENT, 1970

Av.
Effective-
ness
Treatment Days after Treatment (Angular
(I/ha) - 8 16 .26 38 51 66 97 Values)
paraquat 20% 2 69.30 5598 37.76 60.00 4138 4138 3776 49.08
GW 247 4500 3000 30.00 4138 2070 2562 2070 3048
GW 4.94 5224 4138 4785 5598 3776 3776 30.00 43.28
GW 741 60.00 4856 5224 5598 4500 4856 30.00 48.62
GW 9.88 69.30 5476 60.00 60.00 4500 5224 37.76 54.16
Average angular
form 59.17 4614 . 4557 5467 3797 4111 3124
Standard error (dates) ... ey + 1.8317
Critical " difference at 1% ... 7.2442
Standard error (treatments) .. .. ... e e ..+ 166
Critical : difference at 1% ... 6.56

In experiments where multiple treatments were given (Table
2) treatment differences as well as periodic-variances were found
to be highly significant statistically. 4.94, 7.41 and 9.88 {/ha GW
gave results statistically similar to that of 1.24 1 paraquat 20%
EC and were significantly better than 2.47 1/ha GW.

The effectiveness of treatments decreased significantly as time
passed (except observations recorded around 38 days after treat-
ment which have not been explained) (Table 3). Generally
speaking, over 50% weed control level was maintained for 4
to 5 weeks. Beyond this period and up to 9 weeks, the two higher
rates of GW gave somewhat better results than by paraquat.
These observations were recorded between 18 May and 19
October 1970.
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WEED CONTROL IN ARABICA COFFEE IN THE
CENTRAL HIGHLANDS OF NEW GUINEA

G. H. PRITCHARD
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Territory of Papua and New Guinea

INTRODUCTION

Arabica coffee production in New Guinea is concentrated in the
highand areas between Kainantu in the east and Mount Hagen
in the west, with a smaller centre in the Wau Valley south-west
of Lae. It is grown in upland valleys at altitudes mostly around
1,524 m above sea level, although the range is from about 915 m
to 1,980 m. Mean annual rainfall in these valleys varies from
about 165 mm in parts of the eastern section to 305 mm at the
western end. Rain falls in. all months of the year, buf is highest
between December and April with mean monthly recordings of
200 to 330 mm. In the drier season, monthly falls vary from 50
to 150 mm in the east and from 100 to 230 mm in the west.
Coffee is produced both by indigenous growers, mostly in small
village plantings, and by expatriates on plantations. About 67%
of total production comes from indigenous growers. Indigenous
coffee is grown under shade provided by Casuarina sp. while
expatriate plantations until recently have used Albizig stipulata
and to a lesser extent Casugaring sp. and Leucaena leucocephala.
Now many plantations are removing shade trees and obtaining

higher yields, while maintaining tree health and vigour by using

higher levels of fertilizer.

WEED  CONTROL

~ Prior to 1967, weed control was carried out almost entirely
with hand labour using spades or hoes. In some instances, planta-
tions had tried herbicides such as dalapon and 2,4-D, and,
although they offered control of some problem weeds, they did
not appear to be an economic alternative to hand-weeding. Simi-
larly, the few trials that had been performed with soil-acting
herbicides indicated that on a cost basis they were an even less
likely = alternative to hand-weeding. With the introduction of
paraquat, an economical substitute for hand-weeding seemed a
possibility, particularly as it became apparent that labour costs

were likely to increase as economic development of the Territory
continued.
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Paraquat is the most widely used herbicide on plantations and
it is also used to a limited extent by more advanced indigenous
growers. More recently diuron has gained some acceptance on
plantations. Herbicides, which are applied with knapsacks, have
now almost entirely replaced manual weed control in plantation
coffee. .

There are at present two main methods of weed control being
used, one based on paraquat and the other on diuron:

(1) In the paraquat-based programme, paraquat is applied to

"~ weeds 15 to 25 c¢m high' before they set seed. This requires

" spraying at intervals of approximately six weeks. By prevent-

ing further seed production, the viable weed seed population

in -the upper soil is gradually reduced, and control costs

decrease with time. Applications are made initially at rates

of 0.28 to 0.42kg in 5051 per hectare as overall sprays.

Subsequently after about three applications, new weed

growth becomes patchy and spot-spraying becomes possible.

At the same time, the spray concentration can be reduced

to about 0.14 kg per 5051, and this amount of spray is

sufficient to treat about 214 times the area originally covered.

In the ideal situation, this results in very low weed control

costs. However, in most cases there will be some weed

species not controlled by paraquat which require additional

treatment. Herbicides applied in spot-sprayings for these
weeds include dalapon, amitrole, 2,4-D and MCPA.

(2) In the diuron-based programme, either overall (blanket)
applications of diuron are made to weed-free ground at
intervals of three to six months, or diuron is applied as
required to standing weeds. In the latter case, either a
suitable surfactant or a foliar-acting herbicide such as para-
quat or amitrole is included in the spray mix to effect a
kill of the existing weeds. When overall sprayings of diuron
to clean ~ground are used, the initial application is at
3.6 kg/ha of diuron and subsequent applications are at
1.8 kg/ha. Usually a total of 7.2 kg/ha of diuron is required
in the first year, after which two applications per year, each
. at 1.8 kg/ha, are required. Between these diuron applications,
spot-treatment of resistant. species with other herbicides is
usually necessary.

~ Mulching in conjunction with herbicides is not used to any

extent, mainly because of a lack of suitable material and. the

high cost of the operation. To date, maintaining weed-free
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ground with herbicides does not seem to have produced soil
etosion problems. _— ;

WEED SPECIES

Appendix 1 lists most of the weed species present in highland
coffge. The weeds which are most troublesome are the perennial
species, Paspalum conjugatum, Cynodon dactylon and Commelina
diffusa, and to a lesser extent a number of annual weeds which
are resistant to one or both of the main herbicides. Eradication
of the perennial weeds by hand-weeding was not economically
possible except for small infestations. Without a prolonged dry
season, the topsoil is likely to remain moist throughout the year,
and hand-weeding provides only a temporary check on the growth
of perennial weeds. All the perennial species can be eradicated or
controlled with herbicides. S

Paspalum cenjugatum may be eradicated by a number of treat-
ments — amitrole, amitrole-paraquat sequential sprays, MSMA,
diuron, and spray mixtures of diuron plus paraquat or amitrole.
The cheapest treatment is two applications of an amitrole spray
containing 0.28 to 0.57 kg per 2051, but the treatment chosen
is often influenced by the other weeds present.

Cynodon dactylon can be controlled with dalapon, but, at the
rates used in coffee, complete eradication is a lengthy process.
For spot-spraying, concentrations of 1.9 to 3.8 kg per 2051 with
a repeat application about four weeks later are recommended.

Commelina diffusa can be eradicated with repeated treatments
of 2,4-D or MCPA. The latter, at 0.57 to 1.13 kg per: 2051 has
given better results than the same concentrations of 2,4-D. vIo'xynil‘
plus MCPA has given excellent results, but is a more expensive
treatment. ‘ : B

Ipomoea batatas. Regrowth of sweet potato is often troublesome
because it is resistant to paraquat and diuron. However, it is
readily eradicated with 2,4-D or MCPA at concentrations of 0.28
to 0.57 kg per 205 1. :

Crassocephalum crepidioides is not controlled by pre-emergence
applications of diuron and it usually becomes prominent on
diuron-treated- areas. 2,4-D does not give satisfactory control of
larger plants but paraquat is effective.

Several other broadleaf species of fairly minor importance,
such as Lindernia crustacea, L. anagallis and Polygonum dicho-
gozngm are resistant to paraquat, but can be controlled with
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EXPERIMENTAL WORK

There heave been three main aspects of the weed control ‘work
in coffee. at the Highlands Agricultural Experiment Station,
Aiyura. These are investigating control measures for particular
weed species, evaluating newer herbicides, particularly pre-
emergents, and, thirdly, examining over an extended period the
costs and effectiveness of various weed control programmes.

Trials have been carried out on Paspalum conjugatum, Cyno-
den dactylon, Commelina diffusa, and Ipomoea batatas. Control
recommendations for these weeds, based on trials and subsequent
field experience, have been given briefly above.

The only pre-emergent herbicide being used commercially in
coffee in New Guinea is diur\on. When it has been compared
with other pre-emergents in trials it has been superior on a
cost-performance basis to the other herbicides. However, evalu-
ation of other pre-emergents, both alone and in mixtures is
continuing. .

The third aspect, cost evaluation of different weed control
programmes, is being covered by a number of larger-scale trials.
Extrapolation of results, particularly of costs, from small-plot
trials .of relatively short duration to the plantation situation is
difficrlt for a number of reasons. These include:

(1) The large variation in costs which different weed populations
" can induce.
(2) The appearance of resistant species after a treatment has
’been continued for some time.
(3) The decrease in costs with time if the weed species present
are controlled and re-seeding is prevented.

Consequently, to examine the performance and cost of a herbi-
cide treatment, both in comparison with other herbicide treat-
ments and with hand-weeding, larger-scale trials which continue
for several years are necessary. In these trials, the herbicides used
in a given treatment and the application rates have to be fairly
flexible. This is because it is not possible to control all the weeds
present with one herbicide and because the composition of the
weed flora will change with time.

EVALUATION OF FOUR WEED CONTROL PROGRAMMES

The first of the longer-term trials commenced at Aiyura in
March -1968. Laid down in mature coffee, it compares four weed
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c.ont.rol treatments under three shade situations on two sites. One
site is on the lower slopes of grassland hills, and the other on flat
bottom land that prior to draining and clearing had been swamp
on which the dominant species were Saccharum spp. Although
the hillside soils are lighter in texture than those on the lower
site, the soil types on both sites are typically clays with over 10%
organic matter.

' Eaf:h shade plot covers 0.25 ha and within this area the coffee
1s.bemg grown at three spacings — 2.13, 2.44 and 2.74 m on the
triangle — and with two pruning systems (single and multiple
stem). Weed control costs under each shade are thus an average
of costs under these six growing situations. The shade plots are:
(1) Fairly dense Casuarina sp., (2) less dense Albizia stipulata,
and (3) unshaded. The weed growth in each shade plot at the
beginning of the trial is given in Table 1.

TABLE 1: WEED WEIGHT (kg dry matter/ha) AND PERCENTAGE
GROUND COVERED BY WEEDS PRIOR TO COMMENCEMENT OF
TRIAL

(Figures averaged over the two sites)

Weed Control Plot
Hand- Hand-weeded
Shade Paraquat Diuron weeded 4+ Diuron  Mean
Casuarina:
Weed weight ... ... 124 116 263 147 162
% Cover 8 10 12 11 10
Albizia:
Weed weight ... ... 1287 794 976 635 923
% Cover 51 46 40 42 45
Unshaded:
Weed weight ... ... 2178 2356 4426* 2397 2613
% Cover 84 76 89 82 82

*Obtained from one site only.

The weed problem in the trial areas was severe on the un-
shaded and Albizia stipulata plots, with perennial grasses forming
a high proportion of the weed population.

The four treatments are:

(1) Based on paraquat, with no soil-acting residual herbicides.
Applications are made as required. Spraying with other
herbicides for specific weeds not controlled by paraquat is
done as necessary, although for the first 30 weeks only
paraquat was used. The other herbicides used were amitrole
(for Paspalum conjugatum, Cyperus brevifolius, and C.
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kyllingia), dalapon (for Cynodon dactylon, Paspalum orbi-
culare, and P. pcniculatum), 2,4-D (for Ipomoea batatas,
Rumex crispus, Polygonum spp., and Lindernia spp.) and
MSMA (for C. brevifolius and C. kyllingia) .

(2) Based on diuron. Overall applications of diuron are supple-

mented by spot-spraying with other herbicides on specific
weeds as necessary. In the first year, three applications of
diuron were made at 4.5, 2.2 and 2.2 kg/ha on the unshaded
plots and at 3.6, 1.8 and 1.8 kg/ha on the Albizia stipulata
plots. The Casuarina sp. plots received an initial application
of 3.6 kg/ha after which only spot treatments were used. In
each of the following two years, unshaded and Albizia
stipulata plots received two applications at 1.8 kg/ha. Other
herbicides used were dalapon (for Cynodon dactylon and
Paspalum orbiculare), 2,4-D and MCPA (for Commelina
diffusa, Crassocephalum crepidioides, Ipomoec batatas,
Rumex crispus, and Dichrocephala bicolor), paraquat (for
Crassocephalum crepidioides and various annual grasses and
broadleafs) and amitrole and MSMA (for Cyperus brevi-
folius and C. kyllingia).

(3) Hand-weeded. Weeding is done as necessary, except that
during wet weather it is postponed because in such con-
ditions the weeding of perennial grasses is ineffectual. Hoes
were used for most of the first two years, but thereafter
were replaced by spades, which allowed the work to be done
more efficiently.

(4) Hand-weeded, with an application of diuron during the peak
harvest period. Coffee is picked throughout the year in most
areas, although there is a very definite flush period which
lasts for two or three months. At this time, labour for weed-
ing is scarce and a herbicide application may be of practical
value.

The diuron application was made to recently weeded ground
except on one occasion, when standing weeds were sprayed with
a spray mix of diuron and amitrole. On the unshaded plots,
diuron was applied at 3.6 kg/ha in each year. Albizia stipulata
plots received 3.6 kg/ha in the first year, and 2.7 kg/ha in each
of the second and third years. Casuarina sp. plots received only
spot-sprayings because weed growth did not justify overall appli-
cations. } _

As in treatment (3), hand-weeding was done with hoes initially,
and then replaced by spades,
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RESULTS

(1) Based on paraquat. Weed growth was slight under the dense
Casuarina sp. shade and good control was maintained throughout.
In the other shade plots, paraquat on its own was not able to
eradicate the heavy growth of Paspalum - conjugatum, although
some reduction was achieved, particularly in the Albizia stipulata
plots. The continuing presence of this weed made frequent spray-
ings necessary. Amitrole was then applied four weeks prior to
paraquat applications, and, after two such sequential sprayings,
almost complete eradication was achieved. On the lower site
during the second year, Cyperus brevifclius, C. kyllingic, and
Cynodon dactylon invaded the predominantly bare ground and
became serious weeds. The grass was controlled with dalapon
and control of the sedges was achieved with amitrole and MSMA,
although it took some time and was relatively expensive. Weed
control on the better drained hillside site was both better and

less expensive.

(2) Based on diuron. Weed growth under Casuarina sp. shade
was slight, and after the initial overall application diuron was
applied as spot-sprays because weed growth did not justify over-
all applications. In the other shade plots the first two applications
of diuron were applied to growing weeds so a surfactant was in-
cluded in the spray. After this, applications were to predomi-
nantly bare ground, so no surfactant was used. The diuron appli-
cations in the first year eradicated Paspalum conjugatum. The two
sedges, C. brevifolius and C. kyllingia, appeared, but the partial
control exhibited by diuron plus spot-spraying with amitrole and
MSMA has prevented them from becoming a problem.

(3) Hand-weeded. There was no reduction in the weed density
or in the composition of the flora over the three-year period.

(4) Hand-weeded plus diuron. There was a decrease in the weed
cover and a change in the proportion of the species present.
Paspalum conjugatum decreased while Commeling diffuse, Pas-
palum orbiculare and Cyncdon dactylon increased. :

The costs, averaged over the two sites, are given in Table 2.
Application costs are included in the cost of the herbicide treat-
ments.

In the hand-weeded treatment, the cost figures given for the
first year have been reduced from the costs actually obtained to
the same costs as those prevailing in the second year. This is
because the first-year costs were considered to be unrealistically
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TABLE 2: COST OF TREATMENTS ($U.S./ha)
(Costs converted on the basis of A$1.00 = US$1.12)

Cost $US
Treatment and Shade Yri Yr2 Yr3 Total
Basically paraquat: ‘
Casuarina ... 30.91 - 1317 - 18.85 62.93
Albizia e S 84.19 45.29 52.76 182.24
Unshaded .. . 106.23 72.28 90.17 268.68
Basically diuron:
Casuarina ... 43.19 12597 24.49 93.65
Albizia o 13672 54.19 58.14 249.05
Unshaded ... e 17527 69.21 73.24 317.72
Hand-weeded:
Casuarina. ... 31.73* 31.73 - 2839 91.85
Albizia 89.15* 89.15 78.40 256.70
Unshaded . .. ... . 136.40% 136.40 105.12 377.92
Hand-weeded plus diuron:
Casuarina = ... 28.27* 35.56 30.07 93.90
Albizia 81.62% 63.55 47.64 192.81

Unshaded ... e 12894 10116 79.29 309.39

*Adjusted figures — see text.

high. The weeding in the first year had produced no decrease ip
the weed population (and none would be expected because this
treatment was a continuation of what had been practised on the
area for the preceding 12 years), and yet the hand-weeding costs
for the second year on the various plots were between 38 and
48% lower. This decrease in cost was attributed mainly to closer
supervision of labour in the second year, although a change-over
from hoes to spades for the last two weedings in the second year
is also considered to have contributed to the decrease. Weeding
can be more rapidly carried out with spades, and their use
throughout the third year is considered to be the reason for the
decrease in costs from the second to the third year.

Similarly, the hand-weeding costs in the “hand-weeded plus
diuron” treatment also decreased considerably in the second year.
However, this was partly due to a decrease in the weed popula-
tion brought about by the diuron treatments and not just to an
increase in labour efficiency. The costs given for the first year
of this treatment in Table 2 have been adjusted by making the
same percentage reduction in hand-weeding costs (not total costs)
as occurred in the “hand-weeded only” treatment.

Even with these adjustments, the hand-weeded treatment has
been the most costly, but after adjustment the hand-weeded plus
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diuron treatment compares favourably with the diuron-based
treatment.

Over the three-year period, the cheapest treatment in all shade
situations has been that based on paraquat, although, in the second
and third years, the cost of the diuron-based treatment in un-
shaded coffee was less than that of the paraquat-based treatment.
This was mainly due to the high cost of controlling the sedges,
C. brevifolius and C. kyllingia, on the lower site of the paraquat-
based treatment. ‘

Table 1 shows the influence of the three shade conditions on
weed growth, and the considerable effect of shade on weed
control costs can be seen from Table 2. Although weeding costs
are higher in unshaded conditions, trial results at Aiyura have
shown that considerably higher yields can be obtained from un-
shaded coffee, which more than cover the extra weeding costs.

A feature of the continuous timely use of herbicides is the
decrease in costs from the initial relatively high levels as the
viable weed seed population in the surface soil is gradually
depleted. In the paraquat-based treatment, this decrease has been
checked by the appearance of species which are relatively costly
to control. Now that these weeds have been reduced to low
levels, further reductions in the cost of this treatment should be
possible. A marked drop in costs in the second year of the
diuron-based treatment was not continued in the third year. In
future years, some cost reductions may be possible by decreasing
further the rates of diuron used. However, any marked improve-
ment in costs will depend upon the elimination of the few species
which are resistant to diuron and which are contributing signifi-
cantly to control costs.

This trial has not, so far, demonstrated any yield increases from
using herbicides. However, it has shown that herbicides are an
economical alternative to hand-weeding at present wage rates.
In the future, the advantage is likely to be even more on the
side of herbicides. '
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APPENDIX 1

Weed Species Found in Coffee in the New Guinea Highlands

Monocotyledons

Commelina diffusa
Cynodon dactylon
Cyperus brevifolius
Cyperus distans
Cyperus kyllingia
Digitaria pruriens
Eleusine indica
Eragrostis  tenuifolia
Imperata cylindrica
Isache myosotis
Leersia hexandra
Paspalum conjugatum
Paspalum orbiculare
Paspalum paniculatum
Pennisetum clandestinum

Dicotyledons

Ageratum conyzoides
Ageratum houstonianum
Alternanthera sessilis
Amaranthus lividus
Bidens pilosa
Crassocephalum crepidioides
Dichrocephala bicolor
Drymaria cordata
Erigeron sumatrensis
Ipomoea batatas
Galinsoga parviflora
Lindernia crustacea
Lindernia anagallis
Polygonum dichotomum
Polygonum minus
Polygonum nepalense
Portulaca oleracea
Stellaria media

Viola betonicifolia
Youngia japonica



- WEED CONTROL IN TEA FIELDS

K. S. VENKATARAMANI

United Planters Association of Southern India, UPASI Tea Research
Station, Coimbatore District, South India

- Weeds, in general, suppress the tea crop (Eden, 1939, 1960;
Glover, 1952; Visser, 1961); grass weeds markedly retard the
growth of young tea plants in clearings (Venkataramani, 1962).
Weeds also influence the micro-climate and pest and disease
incidence, as in the case of the tea mosquito bug and the blister
blight disease of tea, apart from being a nuisance to workers.
It is little wonder, therefore, that weeds have been ruthlessly con-

demned and weed control has become a routine practice in tea

culture. ; :

The usual method of weed control in tea fields involves the
employment of manual labour for pulling out the weed and the
use of cutting, digging and scraping implements, and also thatch-
ing and mulching whenever and wherever possible.

Digging and scraping lead to much soil disturbance and pos-
sibly also erosion and root injury, the effect of which may even
be worse than the presence of ‘weeds. It is also now recognized
that vigorous cultivation of the soil as such is an unnecessary
practice in tea culture.

The traditional method of weed control is an ever-recurring
drudgery. Apart from expense, the availability of labour at the
appropriate time also poses a real problem. This naturally raises
the question whether there is any method of approach to the
problem of weed control other than manual weeding.

Far-reaching achievements have been obtained i