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Production of Vermi-compost from Weed Biomass Vis-A-Vis their Utilization
in Rice (Oryza sativa) Nutrition.

D. J. Rajkhowa, J. Das and R. Kalita
Department of Agronomy, Assam Agricultural University
Jorhat-785 013, Assam, India
dipjyoti@aau.ac.in

Abstract: The study was conducted in 2000 and 2001 to evaluate the biomass of two
weed species viz., Ipomoea carnea and Eichhornia crassipes for the production of
vermicompost utilizing native earthworm species. Results clearly indicated the
possibility of utilizing such biomass with farm yard manure at 60:40 ratio to production
vermicompost containing 2.0-2.5% N, 1.3-1.8% P, 1.8-2.5% K, 1.0-1.2% Ca, 0.3-0.5%
Mg, 0.4-0.5% § within 60-70 days utilizing the earthworm species Eisenia foetida or
Amynthas diffringens. Results also indicated the superiority of vermicompost from I
carnea than E. crassipes. The effect of vermicompost thus prepared and the
incorporation of fresh biomass of tlie above weed species were also evaluated on rice in
a field experiment conducted for two seasons in an acid Inceptisol. Significant
improvement in rice productivity, nutrient uptake as well as improvement in soil
nutrient status was recorded due to the incorporation of vermicompost and weed
biomass. Results clearly indicated the possibility of saving 25-50% fertilizer nitrogen in
transplanted rice.

Key words: weed biomass, earthworm,, rice productivity, soil nutrient status, soil
microbial population

INTRODUCTION

Productivity of soils can not be sustained only through the use of chemical fertilizer. Of
late, much emphasis is being put globaily on increased use of organic sources of
nutrients for sustaining soil fertility and crop productivity. Escalating fertilizer prices,
growing environmental concern and global energy crisis has necessitates the search for
alternative and cheap sources of plant nutrients to supplement chemical fertilizer.
Weeds such as /. carnea and E. crassipes are very much avaitable in and around farm
environment and contain a quite high percentage of plant nutrients. Tender and
succulent biomass of such weeds may be utilized for direct incorporation in puddled rice
soils as well as for the production of vermicompost having low C:N ratio utilizing
earthworms. Available literature revealed the positive influence of plant biomass and
vermicompost incorporation on crop growth and yield (Raju ef al. 1987; Minhas and
Sigh 1998; Rajkhowa and Gogoi 2001; Victor ef. al. 2001). Earthworms are reported to
be instrumental in the decomposition of different bio-wastes and improving soil health
(Fletcher 1991); Kale er al. 1992). Since the information relating to utilization of weed
biomass for production of vermicompost and their effect on crop nutrition is very much
scarce, the present study was proposed.
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MATERIALS AND METHODS
Pot studies

The studies on vermicomposting of weed biomass viz., I carnea and E. crassipes were
conducted during summer and winter seasons of 2000 and 2001 in concrete pots of size
Im x 0.75 m x 0.5 m. The biomass of the respective weeds were collected, chopped (4-6
cm) and heaped under the sun for 7-10 days. A layer of ground soil (4 -5 cm) was
placed at the bottom of the each concrete pot above which a layer of partially
decomposed cowdung (5-10 cm) was placed. The weed biomass and partially
decomposed cowdung at 60:40 ratio (weight basis) was placed in alternate layers up to a
height of 2 ft. The earthworm species i.c., E. foetida and A. diffringens at 3 kg t'
biomass were introduced to the concrete pots separately. Sprinkling of water was done
to keep the compost mixture moist (70-80 %). The pots were then covered with hessian
cloth. Necessary measures were taken to protect the pots from direct sunshine and rain.
The pot studies were replicated in Completely Randomized Block Design. The maturity
of compost was judged visually. The observations on earthworm population, cocoon
number and other parameters were taken at harvest. The vermicompost produced were
analysed for their nutrient content following standard procedures. The microbial load in
the vermicompost was also determined.

Field Experiment

The field experiment was conducted at Assam Agricultural University, Jorhat in dry
(DS) and wet seasons (WS) of 2001. The soil in the test field was acidic (pH 5 2) with
organic carbon 8.2 g kg™, available N 240 kg ha™, P 6.2 kg ha' and K 74 kg ha™'. The
treatments comprised of five sources of organic manures viz., fresh biomass of 1. crrea
(S1); fresh biomass of E. crassipes (S2); vermicompost prepared from I crnea (S3);
vermicompost prepared from E. crassipes (S4) and FYM (S5); and two N-substitution
levels viz. 25 per cent substitution (N1) and 50 per cent substitution (N2) along with two
contro! -No nitrogen (C1) and recommended dose of nitrogen (C2). The experiment was
laid out in factorial randomized block design with three replications. The rice variety
“Lachit” and “Ranjit” were grown during DS and WS, respectively. The weed biomass
were collected, chopped and incorporated in soil 15 days before final puddling, while
vermicompost and Farm Yard Manure (FYM) were applied at final puddling of the soil.
The different growth parameters in rice were recorded at the active growth stage of the
crop and the yield components and yield were recorded at harvest. The soil and plant
samples were analyzed for their nutrient content following standard procedures. The
build up of microbial population in soil was studied at harvest of the crop.

RESULTS AND DISCUSSION

The biomass of I carnea and E. crassipes could successfully be utilized for
production of vermicompost round the year. The time required for composting such
biomass varied from 59-65 days during summer and 72-78 days during winter seasons.
The vermicompost recovery ranged from 54-67 per cent and was more or less same
during both summer and winter seasons.



Table 1. Vermicomposting of weed biomass during summer and winter seasons.

Treatment Days required for Per cent recovery
vermicomposting
Summer
E crassipes +A. diffringens 65 59.02
E.crassipes+ E. foetida 59 67.53
I carnea + A. diffringens 69 54.30
L carnea+ E. foetida 61 58.0
CD (P=0.05) NS NS
Winter
E.crassipes +A. diffringens 72 57.45
E.crassipes+ E. foetida 72 57.45
1 carnea + A. diffringens 78 54.84
I carneat E, foetida 72 58.04
CD (P=0.05) NS NS

Results also revealed that both species of earthworm viz., E. foetida and A. diffringens
were similar in their composting ability. The multiplication rate of E. jfoerida was
comparatively higher over A. diffringens (Table 2) and the multiplication rate was
slightly lower during winter season.

Table 2. Population dynamics of E. foetida and A. diffringens during summer and winter
seasons during composting of weed biomass.

Treatment Initial population Final population
(adult+young)

Summer

E.crassipes +A. diffringens 85 1206

E.crassipes+ E. foetida 92 1824

1 carnea -+ A. diffringens 85 1194

I carmea+ E. foetida 92 1424

CD (P=0.05) - 125

Winter

E.crassipes +A. diffringens 85 1184

E.crassipes + E. foetida 92 1545

L carnea + A. diffringens 85 1129

I carnea+ E. foetida 92 1224

CD (P=0.05) - 76

Chemical analysis of vermicompost showed that vermicompost prepared from the weed
biomass was rich in major and micro nutrients and had narrow C:N ratio showing its
superiority over many other conventional sourced of organic manures.

Results also revealed that vermicompost from I carnea contained relatively higher
amount of plant nutrients than from E. crassipes. The vermicompost prepared from
weed biomass was also rich in fungal and bacterial population. The fungal population
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was relatively higher in the vermicompost prepared from I carrmea while, the bacterial
population was higher in the vermicompost from E. crassipes (Table 4).

Table 3. Nutrient content of vermicompost prepared from I carrea and E.crassipes.

Nutrient Content Vermicompost
I carnea E.crassipes

N (%) 2.5 22
P (%) 1.8 1.3
K (%) 2.9 1.8
Ca (%) 1.2 1.0
Mg (%) 0.5 0.3
S (%) 0.5 0.4
Fe (%) 1.03 14
Mn (ppm) 760 1730
Cu (ppm) 1313 1175
Zn {(ppm) 21 29.5

Table 4. Microbial population in vermicompost prepared from I carnea and

E.crassipes.

Microbial population

Vermicompost

: I carnea E.crassipes
Fungi 1.3x 10° 24x10°
Bacteria 7.0x 10’ 1.6x 10°

Data on changes in C:N ratio of weed biomass during composting showed that C:N ratio
of the weed biomass narrowed down to about 11 to 19. Results showed that irrespective
of weed species tried, the C:N ratio was comparatively lower with the use of E. foetida
than A. diffringens showing slightly higher efficiency of E. foetida over A. diffringens

Table 5. Changes in C:N ratio of weed biomass during vermicomposting

Treatment Days

0 [5 30 45 60
I carnea+ E. foetida 37.9 34.0 30.5 22.6 11.27
I carnea + A. diffringens 37.9 36.5 32.0 29.5 16.33
E.crassipes+ E. foelida 50.6 37.3 273 19.8 13.7
E.crassipes +4. | 50.6 47.1 37.4 27.9 19.2
diffringens

Effect on crops

The chlorophyll content and leaf nitrate reductase activity in rice increased significantly
due to different sources of organic manure applied. Use of vermicompost prepared
either from L carnea or E. crassipes was at par and resulted in higher chlorophyll
content over the fresh biomass incorporation of the weeds. The rapid and increased



availability of nutrients particularly N from vermicompost with narrow C:N ratio might
have resulted in increased chlorophyll content. The increase in chlorophyll content was
significantly higher over no nitrogen but was at par with the treatment receiving
recommended nitrogen.

Table 6. Chlorophyll content and nitrate reductase activity in rice as influenced by
organic manures and N-substitution.

Treatments Chlorophylt Content NRA (imoleNO,
(mg g tissue) o’ fr.wt.30 min’
Sources of organic manure
Fresh biomass of I carnea 1.83 1410
Fresh biomass of E. crassipes 1.81 1620
Vermicompost prepared from [ 2.30 2118
carnea
Vermicompost prepared from 2.18 2052
E. crassipes -
FYM 2.06 1710
CD{P=0.05) 0.21 86.3
Levels of N substitution
25 % N-substitution 2.11 1774
50 % N-substitution 1.96 1790
CD(P=0.05) NS NS
Treatment mean V Control _
Treatment mean 2.03 1782
No nitrogen 1.31 890
CD (P=0.05) 0.13 38.6
Recommended dose of Nitrogen 2.20 2040
CD (P=0.05) NS NS

Nitrate reductase acivity (NRA) also followed the similar trend as that of chlorophyll
content. All sources of organic manure tested significantly increased the NRA over no
nitrogen. Among the sources of organic manure, vermicompost prepared from either
carnea or E. crassipes resulted in the highest NRA. Increase in NRA following
addition of vermicompost was also earlier reported by Rajkhowa and Gogoi (2001).

Effect on rice yield

Grain yield of rice significantly varied due to different sources of organic manure.
Vermicompost prepared from I carnea or E. crassipes produced the highest yield of
both dDS and WS rice. The increased and prolonged availability of nitrogen from
vermicompost might have resulted in increased yield attributes of rice which ultimately
resulted in higher yield. Similar resuits were also_earlier reported by Vasanthi and
Kumaraswamy (1999). The lowest yield of rice on the other hand, obtained from the
treatment that received incorporation of fresh biomass of £. crassipes. Contrary to the
fresh biomass incorporation of E. crassipes, rice yield was higher with the incorporation
of fresh biomass of I carnea and was also at par with the treatment that received farm
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yard manure. This might be due to relatively higher nutrient content of 1 carnea
particularly nitrogen over E. crassipes. This confirms the earlier findings of Shamim
and Rajkhowa (1999). The overall increase in yield of DS and WS rice due to different
sources of organic manure was significantly higher over no nitrogen (control) but was at
par with the treatment that received recommended dose of nitrogen. Different nitrogen
substitution levels failed to bring any significant change in rice yield.

Table 7. Yield of rice as influenced by organic manures and N-substitution

Treatments Grain Yield (t ha)

Dry season rice Wet season rice
Sources of organic manure
Fresh biomass of 1. carnea 3.2 4.1
Fresh biomass of E. crassipes 2.8 3.9
Vermicompost prepared from 1 3.8 4.4
carnea
Vermicompost prepared from 3.9 4.4
E. crassipes
FYM 32 4.0
CD(P=0.05) 0.3 0.2
Levels of N substitution
25 % N-substitution 3.4 4.1
50 % N-substitution _ 3.4 4.3
CD(P=0.05) NS NS
Treatment mean V Control
Treatment mean 3.4 4.2
No nitrogen 2.1 3.1
CD (P=0.05) 1,2 0.5
Recommended dose of Nitrogen 3.8 4.0
CD (P=0.05) NS NS

Effect on nitrogen uptake

Significant variation in N uptake by crop was recorded due to the different sources of
organic manure. Use of vermicompost resulted in significantly higher nitrogen uptake
over the treatments receiving incorporation of fresh weed biomass. Among the different
sources of organic manure, the lowest nitrogen uptake was recorded in the treatment
that received fresh biomass incorporation of E. crassipes. The higher mineralization of
nitrogen from vermicompost compared to fresh biomass incorporation might have
supplied more amount of nitrogen which consequently led to increased N uptake by
crop.

As regard to nitrogen substitution level, 50% substitution through organic manure
resulted in significantly higher nitrogen uptake over 25% substitution. Reduced leaching
loss of N with higher substitution rate through manure might have resulted in increased
N uptake. The results are in accordance with the findings of Minhas and Singh (1998).



Nitregen uptake (kg/ha}

Figure 1. N uptake by dry season rice as influenced by interaction effect of sources of
organic manure and N substitution rate.

Nitrogen uptake (kg/ha)
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Figure 2. N uptake by wet season rice as influenced by interaction effect of sources of
organic manure and N substitution rate

Effect on soil health

Addition of different organic manures significantly increased the soil organic carbon
and available N over no N and recommended dose of N after two rice crops. This was in
conformity with the findings of Bhandari et al. (1992). Vermicompost prepared from I
carnea or E.crassipes resulted in higher build up of organic carbon in soil over the
incorporation of fresh biomass of the weeds or farm yard manure.The increase in
available nitrogen was highest with the use of vermicompost from I carnea and was at
par with the treatment that received fresh biomass incorporation of E. crassipes. As
regards to nitrogen substitution levels, 50 % substitution with organic manure led to
significantly higher build up of available N in soil over 25% substitution. Reddy and
Reddy (1998) also found significantly higher build up of available N in soil over 25%
substitution. Such increase in available N due to addition of organic manures might be
due to mineralization of nitrogen from organic sources and solubilization of native N.
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Similar results were also reported by Bhandari et a/(1992) and Minhas and Singh
(1998).

Table 8. Effect of organic manures and N-substitution on soil organic carbon and N-
status at harvest (after two rice crops)./

Treatments Organic carbon Available N
(g ke (kg ha™)
Sources of organic manure
Fresh biomass of I carnea 11.5 258
Fresh biomass of E. crassipes 11.4 292
Vermicompost prepared from I carnea 13.3 292
Vermicompost prepared from 13.4 278
E. crassipes
FYM 12.5 259
CD(P=0.05) 01.0 11.0
Levels of N substitution .
25 % N-substitution 12.3 262
50 % N-substitution 12.5 272
CD(P=0.05) 0.6 8.0
Treatment mean V Control
Treatment mean 12.4 267
No nitrogen 7.6 162
CD (P=0.05) 3.3 10.0
Recommended dose of Nitrogen 9.8 247
CD (P=0.05) 2.4 9.0

Effect on soil microorganisms

Bacterial and fungal population in soil increased significantly due to addition of organic
sources over no N and recommended dose of N applied as fertilizer. Vermicompost
prepared either from 1. carnea or E.crassipes resulted in the highest build up of bacterial
and fungal population in soil followed by the treatment that received farm yard manure.
This might be due to higher microbial load in the vermicompost applied to the soil.
Higher microbial load in the vermicompost was also reported by Indira et af, (1996).

Among the nitrogen substitution level, 50 per cent substitution through organic manures
resulted in significantly higher bacterial and fungal population in soil over 25 per cent
substitution.
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Table 9. Bacterial (x10° per g soil) and fungal (x10* per g soil) population after harvest
of wet season rice.

Treatments Bacteria Fungi
Sources of organic manure
Fresh biomass of I carnea 3.13 3.9
Fresh biomass of E. crassipes 3.20 3.38
Vermicompost prepared from I 4,73 6.73
carnea
Vermicompost prepared from 4.90 6.62
E. crassipes
FYM 3.68 4.88
CD(P=0.05) 0.22 0.67
Levels of N substitution
25 % N-substitution 3.83 4.82
50 % N-substitution .. 4.03 5.38
CD(P=0.05) 0.14 0.43
Treatment mean V Control
Treatment mean 3.93 5.10
No nitrogen 2.50 3.30
CD (P=0.05) 0.26 0.59
Recommended dose of Nitrogen 3.06 4.43
CD (P=0.05) _ 0.27 0.62
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The Anti-Bacterial Property of Selecied Weeds
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Abstract: This study was conducted to screen the anti-bacterial property of twenty
weed species against three species of bacteria namely: Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus. It also aimed to evaluate the ability of the weed
extracts to be a protectant and an eradicant against the pathogens. The methods used
were divided into two parts, the screening study and the evaluation study through in
vitro bioassay. These were done using paper disc technique. Results of the screening
study revealed that 17 out of 20 weed crude extracts possess anti-bacterial property. The
weed crude extracts of Ruellia tuberosa L., Althernanthera sessilis R. Br. ex. Roem. and
Schult.,, Celosia argentea L., Gomphrena celosioides Mart., Chromolaena odorata
R.M.King and H. Robinson, Ipomoea obscura (L.) Ker-Gawl., Sida rhombifolia L.,
Mimosa invisa Mart. ex Colla, Pennisetum polystachyon (L.) Schult, Physalis angulata
L. and Stachytarpheta jamaicensis (L.) Vahl. were found effective in inhibiting the
growth of E. Coli, P. aeruginosa and S. aureus. While the weed crude extracts of Emilia
sonchifolia (L.) D.C. ex Wight, Tridax procumbens L. and Solanum ferox L. were
effective only against E. coli and S. aureus. On the other hand, Boerhavia erecta L. and
Macroptilium lathyroides (L.) Urb. were effective only against P. aeruginosa, whereas,
Vernonia cinerea (L.) Less. was effective only against S. aureus. The weeds that gave
the biggest zone of inhibition in the screening study against E. coli, P. aeruginosa and
S. aureus were evaluated as to their ability to be protectant and as eradicant. Evaluation
study showed that all the weed crude extracts of R. tuberosa, A. sessilis, C. argentea, G.
celosioides, C. odorata, I. obscura, S. rhombifolia, M. invisa and P. polystachyon can
all be used as protectant against the pathogens but fatled to show that they can be used
as eradicant.

Key words:  Anti-bacterial property, crude extracts, eradicant, in vitro bioassay,
protectant, zone of inhibition

INTRODUCTION

About 8,000 species of plants behave as weeds, and these are those plants that grow
where people do not want them to grow (FAO1994). They are considered out of place,
undesirable and with negative value. Plants are called weeds wherever they grow
because they are useless and they interfere with the successful growth of crops, for they
shelter insects and diseases that damage the economic crops. They compete with crops
for light, water, and nutrients in the soil that reduce both the quantity and quality of
Crops.

On the other hand, weeds also have some importance in our ecosystem. They can be
enjoyed as ornamentals for they are pleasing to the eyes because of their flowers and
seedpods. They appear and grow quickly to cover unsightly scars of the landscape
caused by man and nature. Weeds prevent or reduce soil erosion, and they provide in
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some instances, excellent forage for livestock during certain periods of the year. They
are helpful to birds, rabbits and other wildlife for they provide them with shelter and
foods (Anderson 1983). Some of these weed plants contain compounds that maybe
used to control the effect of microorganisms like bacteria.

Bacteria are widely distributed in nature and they have adapted to every conceivable
habitat. They are found within and upon our bodies and in the food we eat, the water
we drink and in the air we breathe (Smith 1980). The abundance of bacteria makes the
people prone to them, especially the body part, which is usually exposed, and that is the
skin.

Bacteria and other microorganisms invade the body through areas where the skin has
been broken. Bacteria cause infections such as boils, impetigo and others. The
microorganisms such as Escherichia coli, Staphylococcus aureus and Pseudomonas
aeruginosa are some of those invaders causing diseases to animals especially man.
Bacteria’s great adaptation to every conceivable habitat makes them abundant. Failure
to control them can cause diseases and even death.

This study on weeds once proven to inhibit growth of micro-organisms, especially
opportunistic pathogens maybe used as effective anti-bacterial agents. These weeds are
readily available and their cost is far less than buying anti-bacterial agents that are
usually available in tubes, which are really expensive. In addition to this, weeds will be
allowed to grow and mechanical as well as chemical control of weeds will be avoided
that truly cost much and bring harm to crops, human and wildlife.

The main objective of the study is to determine the anti-bacterial property of some
weeds against three different species of bacteria namely: E. coli, S. aureus and P.
aeruginosa. Specifically, it aimed to determine which of the three bacterial isolates is
more sensitive to the different crude extracts of the weed plants.

MATERIALS AND METHODS
I. Screening Study

Twenty weeds were collected on a bright sunny morning to be sure that photosynthesis
was taking place. Only undamaged and actively growing stem and leaves were cut and
placed in plastic bags. After the collection crude extracts, paper discs and bacterial pure
culture were prepared. The sterile cotton swab was dipped into the prepared bacterial
culture. The entire Mueller — Hinton I1 agar (MH agar) surface was swabbed evenly
then it was rotated and swabbed again. Then the extract impregnated oven dried discs
were sceded equidistantly into the agar plate using sterile forceps.

In this study, three bacteria were used. For each bacterium five swabbed plates were
used to accommodate the 20 extract impregnated discs plus two control discs. In each
plate, four different discs soaked in different plant extracts were seeded plus the alcohol
and distilled water soaked discs (control) placed at the middle. This was done in three
replications. The disc-seeded plates were incubated for 24 hours at 37 °C before
microbial effect was determined by means of zone of inhibition.



The diameter of zone of inhibition was measured to the nearest mm using a foot ruler.
Appearance of zone of inhibition means effectivity of weeds against test pathogens and
absence means resistance of organism to the weed extract. The weed plants that gave
the biggest zone of inhibition in the first part of the study, the screening study, were
used in the second part, the evaluation of the weed extract as protectant from the
pathogens and as eradicant.

II. Evaluation through In Vifro Bioassays
As Eradicant Against the Pathogens

Filter paper disc was prepared. It was sterilized in an autoclave, ovendried, and then
soaked into the weed extract with anti-bacterial property as proven in the first part, the
screening study. Paper discs for two controls were prepared, soaked in alcohol and
sterile distilled water. Bacterial culture was prepared and it was adjusted using 0.5
McFarland Standard. After that, the adjusted bacterial culture was swabbed into the
Mueller-Hinton agar plates. This swabbed plate was incubated for 24 hours and after 24
hours of incubation disc extract was seeded onto it. The disc-seeded plates were
incubated for 24 hours and after the incubation pericd if no zone of inhibition was
visible the experiment was terminated. But if zone of inhibition appeared, the extract in
impregnated disc was removed from its position. A prick was made on the area where
the extract has been removed, and then the pricked piece was swabbed into the nutrient
agar plate. These plates were incubated for 24 hours and if after 24 hours of incubation
growth of bacteria was visible, it only meant that the extract inhibited the growth of the
bacteria but did not kill the bacteria.

As Protectant Against the Pathogens

Filter paper disc was prepared. It was sterilized in an autoclave, ovendried, then soaked
into the bacterial culture. Paper discs for two controls were soaked in distilled water and
the other one in alcohol. The impregnated discs were seeded into the Mueller Hinton 11
agar (MH agar) containing 5 ml of the plant extracts with antibacterial property as
proven in the first part, the screening study. The plant extract was only added to the
media after sterilization and when it is already cool.  The disc-seeded plates were
incubated for 24 hours at 37 °C before determining the microbial effect by means of the
inhibition of pathogen’s growth. Three replications for each treatment were prepared.

The degree of colonization of the pathogen that developed in the media with the plant
extracts was determined using the scale as follows:

I — Pathogen colonized 100% of the media with the plant extract
2 — Pathogen colonized 75% of the media with the plant extract
3 — Pathogen colonized 50% of the media with the plant extract
4 — Pathogen colonized 25% of the media with the plant extract
5 — No growth of the pathogen in the media with the plant extract
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RESULTS AND DISCUSSION
I. Screening for Anti-Bacterial Property

Twenty weeds were screened for antibacterial property using three bacterial species
namely: E. coli, P. aeruginosa and S. aureus. The crude extracts of R. tuberosa, A.
sessilis, C. argentea, G. celosivides, C. odorata, E. sonchifolia, T. procumbens, I
obscura, S. rhombifolia, M. invisa, P. polystachyon, P. angulata, S. ferox and S.
Jamaicensis showed inhibitory effects on E. coli, clear zones were formed around the
crude extract discs (Table 1). However, P. aeruginosa was inhibited by a great number
of the plant weed crude extracts. The weeds that inhibited the growth of this bacterium
were R. tuberosa, A. sessilis, C. argentea, G. celosioides, C. odorata, I obscura, S.
rhombifolia, M. invisa, B. erecta, M. lathyroides, P. polystachyon, P. angulata, and S.
Jamaicensis (Table 1) S. aureus, on the other hand, was inhibited by R. fuberosa, A.
sessilis, C. argentea, G. celosioides, C. odorata, E. sonchifolia, T. procumbens, V.
cinerea, I. obscura, S. rhombifolia, M. invisa, P. polystachyon, P. angulata, S ferox and
S.jamaicensis (Table 1).

All weeds listed above formed a clear zone around the crude extract impregnated disc.
This indicates that the crude extracts inhibited the growth of the bacteria used. This may
further indicate the presence of antibacterial compounds in those weed crude extracts
against E. coli, P. aeruginosa and S. aureus. This study is an attempt to look into
valueless plants that may possess antibacterial property. Anderson (1983) defined weeds
as plants for which man has not yet found use but the result of this study is a very real
possibility that a plant considered valuelgss may be the sources of some chemical
compounds that can be used to check the growth of pathogenic microorganisms.

The fact that some of these weed plants were reported to be medicinal by Quisumbing
(1978), hence their ability to inhibit the growth of the test organisms. The test plants
that were reported as medicinal were S. rhombifolia (use for boils, cuts, itches, chicken
fox, broken bones, fever, menses, herpes, headache, infantile diarrhea and boils); 4.
sessilis (used for eye wash, snake bite and boils); C. argentea (used for bruises, sores,
wounds, skin eruption, buboes, abscesses, eczema, gonorrhea, diarrhea and menses); S.
Jerox (used for cuts, wounds, swelling, severe bruises, syphilis and fever); S.
Jjamaicensis (used for fever, cough, itchiness and bruises); ¥. cinerea (used for wounds,
humid herpes, eczema, febrile infection, wounds, sores, malarial fever, conjunctivitis,
asthma and bronchitis); E. sonchifolia (used for cuts, .wounds, eye inflammation,
astringent, sore, swelling, sore ears, ulcers, cough, fever and blindness). Hence, there is
the possibility of the presence of active ingredient that is inhibitory to E. coli P.
aeruginosa and S. aureus.

H. Evaluation of Weed Extract as Eradicant
The weeds that showed the biggest zone of inhibition against the bacterial isolate

in the screening study were further evaluated as eradicant. In the screening study, R.
tuberosa, G. celosicides, C. odorata, 1. obscura, S. rhombifolia and M. invisa
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Table 1. Zone of inhibition (mm) effected by crude extracts in the screening study.

Weed Plant E. coli P. aeruginosa S. aureus
Ruellia tuberosa 8.8 7.6 8.0
Althernanthera sessilis 6.6 7.0 6.3
Celosia argentea 6.6 7.0 6.6
Gomphrena celosioides 8.5 7.3 7.2
Chromolaena odorata 8.6 8.3 8.7
Emilia sonchifolia 6.6 6.0 6.6
Tridax procumbens 6.3 6.0 6.6
Vernonia cinerea 6.0 6.0 6.6
Ipomoea aquatica 6.0 6.0 6.0
Ipomoea obscura 9.6 7.5 7.6
Ipomoea triloba 6.0 6.0 6.0
FEuphorbia heterophylla -6.0 6.0 6.0
Sida rhombifolia 9.0 7.8 9.0
Mimosa invisa 8.6 7.3 3.3
Boerhavia erecta 6.0 6.6 6.0
Macroptilium lathyroides 6.0 6.3 6.0
Pennisetum polystachyon 6.6 6.6 7.5
Physalis angulata 6.6 6.6 6.6
Solanum ferox 6.6 . 6.0 6.6
Stachytarpheta jamaicensis 6.3 6.3 6.6

Zone of inhibition — average of three replications
Paper disc is 6mm in diameter

gave the biggest zone of inhibition against E. coli. These weeds were used for the
gvaluation study if these plants can be used as eradicant. These weeds showed no zone
of inhibition in the evaluation study. These weeds therefore could not be ‘used as
eradicant the moment the microbes that initiated the disease had already multiplied in
number. R. tuberosa, A. sessilis, C. odorata, I obscura, S. rhombifolia and M. invisa
gave the biggest zone of inhibition in the screening study for P. aeruginosa but gave
negative results on the evaluation study as eradicant. On the other hand, R. tuberosa, G.
celosioides, C. odorata, 1. obscura, S. rhombifolia, M. invisa and P. polystachyon gave
the biggest zone of inhibition against S. aureus but the evaluation study as eradicant
showed negative results.

The results indicate that the test pathogens were not affected by the used crude extracts.
According to Smith (1980), if the bacteria are susceptible to the antibiotic a zone of
inhibition encircles the disc and if the bacteria are unaffected or resistant to the drug,
growth will cover the area around the disc. Since the bacteria were already established
in the media, the extracts were not able to inhibit the already growing bacteria. Hence,
the efficacy of the extract could not be measured using the zone of inhibition. Probably,
amount of the extracted active component is not enough to control the growth of the
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cstablished pathogen. Hence, another method of cvaluating weed as eradicant is
recommended to test the efficacy of weed crude extracts:

III. Evaluation of Weed Extract as Protectant

The weed that showed zone of inhibition against the three bacterial isolates in the
screening study were also evaluated as protectant against the microbes. The degree of
pathogen colonization that developed in the media with the weed extract was
determined using the scale of 100%, 75%, 50%, 25% and no growth. The degree of E.
coli colonization in the media with weed extracts showed that R. tuberosa, G.
celosioides, C. odorata, I obscura, S. rhombifolia and M. invisa can be very good
protectant, no growth of pathogen was observed in the media after 24 hours of
incubation (Table 2). For P. ageruginosa, the weed crude extracts of R. tuberosa, A
sessilis, C. argentea, G. celosioides, C. odorata, I. obscura, S. rhombifolia, M. invisa
and P. polystachyorn effected no growth of pathogen (Table 2). .S. aureus did not grow
in the media with crude extracts of R. tuberosa, G. celosioides, C. odorata, 1. obscura,
S. rhombifolia, M. invisa and P. polystachyon (Table 2 ).

Table 2.  Degree of colonization of E. coli, P. aeruginosa and S. aureus in the media
with the weed extracts.

Weed Plant E. coli P. aeruginosa S. aureus
R. tuberosa 5 5 5
A. sessilis NE 5 NE
C. argentea NE 5 NE
G. celosioides 5 5 5
C. odorata 5 5 5
I obscura 5 5 5
S. rhombifolia 5 5 5
M. invisa 5 5 5
P. polystachyon NE 5 5

e 5-No growth of pathogen in the media with the plant extract
s NE - Not evaluated

Results showed that the test pathogens did not grow in the media after 24 hours of
incubation and even if the incubation period was prolonged. This means that the
bacteria cannot grow in the media with the weed crude extracts, because the weed crude
extracts might have some important ingredient that inhibit the growth of the test
pathogens. Due to rapid multiplication of the bacteria within a few hours, there are
many microorganisms in the inoculated culture (Smith 1980). That is, if the test
pathogens are unaffected by the crude extract mixed with the media, growth within 24
to 48 hours of incubation could have developed, but it did not. Therefore, all the weed
crude extracts that were evaluated can be used as protectant against E. coli, P.
aeruginosa and S. aureus. This shows that these weeds contain chemical compounds
that can check the growth of pathogenic bacteria. It means that weeds are not
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undesirable after all. They could also be important in some other ways like source of
important compounds that may be inhibitory especially to pathogenic microbes.

Based on the results, further study must be carried out to identify the active principles
from these weeds that are responsible for the inhibitory effects of the weed crude
extracts against the test bacteria. It is also recommended that other methods of
evaluating the effects of weeds as eradicant be conducted.
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Weed Database: Significance In Indian Agriculture
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Abstract: In India, information on weeds with respect to their floral distribution in
different crops and cropping systems, soil types, climatic conditions, growing scason,
phenology and effective control measures is either not available or insufficient. Such
information will be useful for importing or exporting agricultural commodities as per
WTO agreement. Hence, an attempt is being made to develop a national database on
weeds at NRC Weed Science, Jabalpur, to address these problems. This database will
help in retrieving the information on weeds in different agro-climatic zones of the
country in various crops and cropping systems, soil types and climatic conditions. The
collection of data from all the agro-ecological regions (AER) during last 20 years
revealed that the number of most frequently encountered weed species in Indian
agriculture varied from 60-70 in humid, per humid, sub humid, coastal and island
ecosystems, 30-40 in semiarid and 15-20 in arid ecosystems. The rainfall distribution
directly influences the weed growth. The heavy growth of invasive species was confined
in the high rainfall humid and per humid region of the country. In the present modules
of weed database the desired information is recorded in a text form in an elaborative
way and as a consequence, searching for the answer to a specific query is often difficult.
Considering the need for easy retrieval of data, the codel nomenclature may be of great
use. The coding of the different data field/ data type in the database system may help in
minimizing the text and reduce the required space and also help the users for rapid
retrieving of the information. In this nomenclature, the weeds may be grouped into
various modules and combined together. A single window by putting the coded
nomenclature symbols would help to retrieve the desired information within a short
period of time.

Key words: agro-climatic zones, agro-ecological regions, coding, database, invasive weeds
INTRODUCTION

Database of weeds in different ecosystems can supply necessary information for
prevention, prediction and the pooling of resources for developing the effective control
measures against the problematic weeds of the varied agro-ecological regions. A
database would also function as a baseline for understanding patterns and change and is
a priority (Cronk 1995). Very often basic autecological facts are unknown for different
weed species and this is particularly true of ecological behavior in the native range.
There is sufficient knowledge on the current status of weeds and other plant species
nationally but this information are placed in a very unorganized way in present
database. A need was felt to collect all these sporadic information and represent them in
a systematic manner and in easily retrievable format so that it could fulfill the
requirements of various end users. Considering the existing scenario of software and
hardware availability in the country, the guidelines chosen for the selected database
were (a) to have collapsible data fields, (b) to be IBM compatible, (c) to run under
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Windows, and (d) to be user friendly. Similar guidelines were proposed by Frost er al.
(1995).

METHODOLGY

Data collected on weeds of different crops and cropping systems and non-cropped areas
during the last 22 years (1978-2000) by the All India Coordinated Research Project on
Weed Control centers of different agro-ecological regions (19 Agro-ecological regions)
of the country were used in the database. The weed survey works done in the different
locations of the country were ranked according to the intensity and importance value
index (IVI) and also its importance in the production system. These processed
information are utilized for the database program and the preparation of weed
distribution maps of the country. Information was also gathered from the different weed
scientist working in the plant sciences departments of different organizations of the
country. This information was compiled district wise. A number of weed species were
recorded in the cropped and non-cropped situations.

The information are classified into different groups viz. crops, cropping systern, degree
of infestation. Out of the major weed species five most dominant weed species has been
considered for the database preparation. Database searches could be made as follows:

1. State: The state search form provides a list of twenty states for the user to
choose form.

2. District: This form provides a list of total number of districts of the state.

3. Crop: This form provides major crops of the district.

4. Season: This form provides the growing season of the crop in the district and
state.

5. Weed: This form provides the list of major five weeds of the crop of the
district

6. Infestation: ~ This form provides the degree of infestation of five dominant weed
species in the major crops grown in the district.

7. Distribution:  This forms provides the distribution of each weed species in the

' different districts of the state as well as in the country based on their
occurrence and degree of infestation. This form also provides the
distribution of major crops of the state and in the country.

8. Ranking: The user can select a weed species in different crops of the district,
state and country. The ranking includes five different categories each
one identified with a number as follows:

5-  Very high infestation (> 80 percent)
4. High infestation (60-80 Percent)

3- Moderate infestation (40-60 percent)
2- Low infestation (20-40 percent)

1- Very low infestation (<20 percent)

Along with the database program, distribution maps of the different dominating weeds
are also being prepared by using the software Arcview. Maps will be prepared
accordingly for five dominant weeds of major crops of the state. It is also proposed to
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prepare the maps of major invasive weeds of the country. These maps will show the
distribution and its pattern of dominance.

Considering the need for easy retrieval of data, the codel nomenclature (Table 1) has
been introduced to minimize the descriptive nature of the different data fields. This will
not only maximize the input entry into the program but also help the researcher for
reviewing the retrieved information effectively.

Table 1. Key for decoding weed nomenclature.

Ontogeny Season Crop Emergence | Ranking Control
Measure
A - Annual I-Kharif | C - C1-Rice E-Early 5 - Serious Weed 1 - Chemical
B - Biennial | 2 - Rabi Cereals  C2- Wheat merged 3 - Principal Weed | 2 - Cultural
C - Perennial | 3 - Summer C3- Maize L - Late 1 - Common Weed | 3 - Mechanical
P - PI-Pea emerged 4 - Biological
Pulses P2-Lentil
.. P3-
Greengram
P4-
Blackgram

O - Oil Ol-Rapeseed

seeds & Mustard
02-
Sunflower
03-
Groundnut
O4-Castor
O5-Niger
O6-Linseed

Decoding

Weed : Phalaris minor Retz. Life form: Annual (A)Control: Chemical (1)
Season : Rabi (R) Ranking: Serious weed (5) Phalaris minor
Retz. RC;ASE]

Associated crop : Cereal Wheat (C;) Emergence: Early (E)

SIGNIFICANCE

Weeds are an integral component of all ecosystems. However, information on weeds
with respect to floral distribution in different crops and cropping systems, soil types,
climatic conditions are either not available or insufficient. Such a database will be of
tremendous use, as it would aim at effective and economical weed management
practices. Besides enhancing crop production, identification of major weeds in different
crops/ cropping systems and agro-climatic regions will also help in world trade. In the
WTO agreement, it has become essential or mandatory to make all possible information
on pest status (including weeds) available before exporting or importing agricultural
commodities (Gogoi e al. 2002). Information gathered in the database program will
help the researchers and planners for easier retrieving of information. The infestation
and weed species distribution in different crops and cropping systems will help in
identifying the recommended weed control practices for adoption in the crop field. This
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database will also indicate the status of weed flora distribution in an agro-climatic zone
and act as benchmark survey report. The weed flora shift or changes could be monitored
in future crop production systems. It will also help into studying the impact of various
crop management practices on weed crop interference and their effects on crop growth
and yield. Pests, including weeds, play an important role in sustainability of any
production system under a specific set of environment. The interactions of different
variables on weeds could be monitored in advance by using the information available in
a database system. The documentation of weed distribution maps could be of great use
for the planners and extension personnel in suggesting the plan of activities related to
the constraints in different production systems under varied agro-ecological situations of
the country. The information available to the district level even helps in planning up to
microlevel projects. The information on weeds and their risk (weed risk) are important
production indices in the present era of globalization of agriculture, where the
movement of agricultural products becoming more easier and increased by many folds.
Keeping record of pests (including weeds) will help the farming community in
preparing the budget and crop production balance sheet in advance.
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Abstract: Pot and laboratory experiments were conducted to understand the nature of
seedling emergence of Echinochloa spp. and rice (Oryza sativa) and develop a
prediction model of their seedling emergences as affected by soil depth and soil
temperature. Initial data analyses indicated that Echinochloa spp. could also emerge
from deeper soil up to 10 cm as compared with rice. Echinochloa spp. required lower
temperature for seedling emergence, and emerged faster than rice. When the Gompertz
curve was fitted at each soil depth and soil temperature, the parameter B did not vary
with soil depth and temperature. The parameter C decreased with soil depth, but it
increased with temperature, and the changes were logistic. The parameter M increased
with soil depth, while it decreased with temperature, and the changes were exponential.
Therefore, incorporating the logistic curve for C and the exponential curve for M
combined the Gompertz curve, and the combined model well described the scedling
emergence of rice and Echinochloa spp. as affected by soil depth or soil temperature.
Thus, the combined model can be used to simulate the seedling emergence of weeds
buried at different soi! profiles and exposed to a certain temperature condition.

Key words: Echinochloa spp., rice, emergence, Gompertz curve, modelling,
temperature, soil depth

INTRODUCTION

In rice cropping, Echinochloa spp. has long been considered as one of the most
troublesome weeds, causing significant yield losses, and has a wide regional
adaptability ranging from north to south (Holm et al. 1977). Echinochloa spp. can
emerge more quickly than rice and its low-temperature adaptability is also greater than
rice. Echinochloa spp. can emerge even at 11.0°C, while rice can emerge at higher than
12.3°C (Kwon et al. 1996). Moreover, it can also emerge from deeper soil profile than
rice. Kim (1993) reported that Echinochloa spp. can emerge from soil profile deeper
than 10 cm in a pot test, and this ability was due to its mesocotyl growth. These
characteristics thus render Echinochloa spp. as much more competitive than rice at
lower temperatures.

The accurate prediction of weed seedling emergence is a key element in crop-weed
competition and population dynamics studies, and decision-making for weed
management. As seedling emergence is influenced by climatic and soil conditions such
as temperature, soil water content, soil depth, and se on, many mathematical modeling
approaches have been made to develop a model to simulate seedling emergences of
crops and weeds under various conditions (e.g., Cussans et al. 1996; Vleeshouwers
1997). However, little information is available for the model development for seedling
emergences of Echinochloa spp in combination with rice.
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In this study, we applied a general emergence model to simulate Echinochloa spp. and
rice seedling emergence and further tried to develop a new combined model by
incorporating the influences of temperature or soil depth into the general emergence
model.

MATERIALS AND METHODS

Model development

The emergence model describes mathematically the emergence pattern of seedlings,
which is expressed as the time course of cumulative emergence. Several models were
developed but the simplest model is Gompertz curve (1837), which has widely been
used by many weed scientists (e.g., Cussans et al. 1996),

-B(T-M
y=C/ee ( ) [1]

where y is the cumulative emergence at days (T) after sowing, C is the maximum
emergence, B is the rate of increase of emergence once it is initiated, M is a time lag
before emergence commences.

As seedling emergence is influenced by environmental factors (f), each parameter in
Eqn 1 will also be affected. Therefore, Eqn 1 can be rewritten as follows,

—Bi(T-M ;)
y=Ci/€e ’ I 2]

Eqn 2 is the most complex model. To predict the emergence of a plant under a given
condition (f), each parameter must be estimated for a wide range of levels. However, if
the parameter changes in a continuous simple form with increase or decrease, the
change of the parameter can be modeled and the model can be incorporated in to Eqn 2.
In this study, wide ranges of soil depth and soil temperature were examined, and
modeled changes of parameters were incorporated into the Eqn 2.

Data generation

Effect of soil depth

Pot experiments were carried out at the Experimental Field Station of Seoul National
University in 1993. A rice cultivar (Oryza sativa L. cv. Dongjin) and three Echinochloa
crus-galli varities crus-galli, oryzicola, and praticola were sown at different soil depths
in pots. Seeds were covered with different amounts of sandy clay loam soil to adjust the
soil depths to 0, 1, 2, 3, 4, 6, 8, 10, and 12 cm on 4 April and 6 May 1993. The pots
were then placed in a side-opened glasshouse to ensure the temperature to follow
closely outside conditions and to prevent the pots from rain. The soil water content was
maintained to 30% (w/w) by top irrigation using a hand-sprayer. The emerged seedlings
were recorded daily until 25 days after sowing. The experiment consisted of three
replicates.

Effect of soil temperature
A laboratory experiment was conducted in an aluminum block apparatus designed to
confer a linear continuous temperature gradient to the seeds from cooling to heating
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ends of the apparatus (Kwon et al. 1996). The apparatus consisted of 8 holes in the same
temperature row and 16 rows with different temperatures (8 x 16) ranging from 10 to
30°C. A rice cultivar (O. sativa L. cv. Ilpoom) and E. crus-galli var. crus-galli were
sown and covered with sandy clay loam soil to adjust soil depth to 1 cm. The soil
moisture content was maintained at 30% (w/w) by top irrigation using hand-sprayer.
The emerged seedlings were recorded every 8§ hours after the first emergence. The
experiment consisted of four replicates repeated twice.

Statistical analysis

All measurements were initially subjected to analysis of variance (ANOVA). Non-linear
regression was used to fit the Gompertz curve (1837) and other models. There was no
evidence of lack of fit of the most complex model (eqn 2), so each model in the
sequence was compared with its predecessor by calculating the F-value as follows

e RSSj4]1-RSS [RSSQJ 5]
Gij+1-dj dfa

where RSS and df represent the residual sum of square and the degree of freedom,
respectively, j+1 represents the reduced model from its predecessor (j) and a represents
ANOVA. If the F-value was lower than the tabulated F-value (5% level) with (df;-df;,
df,) degrees of freedom, the reduced mode!l could be accepted.

RESULTS AND DISCUSSION

Modeling seedling emergence as affected by soil depth

For each soil depth, non-linear regression analyses were conducted to fit the Gompertz
curve (Eqn 1) to the emergence data for each plant species. When parameters (C, B, and
M) were plotted against soil depth to explore the relationships between soil depth and
parameters, the plots clearly showed that the soil depth affected parameters C and M but
not B (Fig. 1). As B did not change with soil depth, it was assumed that B would be
constant. When eqn 4 was fitted, there was no evidence that this fitted less well than
Eqn 2, so there was no evidence that 5 varied with soil depth.

~B(T-M;
y=Ci/ee ( & 4]

As shown in Figure 1, M appeared to increase exponentially with soil depth, so A in
Eqn 4 was replaced by exponential curve a»'. F-test, after fitting Eqn 5, also revealed
that there was no evidence that Eqn 5 fitted less well than Eqn 4, confirming that the
exponential increase of A in Eqn 5 can describe the delayed seedling emergence with
increasing soil depth.

/e—B(T—ari)
y=Cij/ e [5]

(A) (B)
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Figure 1. The relationships between soil depth and parameters M (A) and C (B). The

parameters were estimated using Eqn 2 for rice (O. sativa cv. Dongjin; O) and
Echinochloa crus-galli vars. crus-gaili (R), oryzicola (@), and praticola (A).

Parameter C obtained after fitting Eqn 5 showed that C still decreases with soil depth in
a logistic form. Thus, C; in Eqn 5 was replaced by the logistic curve to give Eqn 6.
When Eqn 6 was fitted, there was no evidence that this fitted less well than Eqn 5,
indicating that C decreases logistically with increasing soil depth.

y = Cmax/(1+(f/e")dJ ee_B(T_ar ) [6]

When Eqn 6 was fitted, parameters were estimated for each rice and Echinochloa spp.
(Table 1). Although C was pgreater in rice, parameters n and J showed that the
emergence (%) of rice decreases most significantly with soil depth than Echinochloa
spp. implying that Echinochloa spp. can emerge in soil deeper than rice. B for rice was
greater than that for E. crusgalli var. crusgalli, indicating that rice can emerge more
quickly than E. crusgalli var. crusgalli after its first emergences. Like this, we often
observe delayed emergence of weeds in field conditions. Although the first emergence
of weeds is faster than crops, the spread of emergence in time is greater in weeds.
Unlike crop seeds, each weed seed is not uniform, having different physiological
abilities in dormancy, germination and seedling growth, thus resulting in smaller B.
Parameters @ and » were also greatest in rice. However, the greater a indicates that the
lag time of rice to get to a certain emergence takes longer than Echirochloa spp. at each
soil depth. Moreover, the greater r also indicates that the lag time of rice increases more
significantly than Echinochloa spp. with increasing soil depth. In conclusion, Egn 6 and
estimated parameters clearly describe eco-physiological differences in seedling
emergence between rice and Echinochloa spp. The simulated emergences of these
species are illustrated in Figure 2.
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Table 1. Parameter estimates for the seedling emergences of rice and Echinochloa spp
as affected by soil depth. The numbers in parentheses are standard errors.

Parameter estimates

Plant species C. " J B 4 .
Rice (0. 100000 1623 24340 09332 9977  1.1365
sativa) (-) (0.068) (03270) (0.0750)  (0.118)  (0.0051)
E \fgfsg"”’ 52038 1.6596  4.067 03098  7.934  1.0600
crusaall (1.578)  (0.0371)  (0.400)  (0.0299) (0.287)  (0.0135)

var, 33822 19326 10201 05128 818  1.0603

oryzicola (0.506)  (0.0151)  (0.970)  (0.0371)  (0.152)  (0.0055)
var. 32046 12383 1279 05401  7.992  1.0646
praticola (1058)  (0.0756)  (0.119)  (0.0713)  (0.206)  (0.0069)
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Figure 2. Simulated seedling emergences of rice (O. sativa cv. Dongjin) (A), Echinochloa crus-

galli vars. crus-galli (B), oryzicola (C), and praticola (D) as affected by soil depth, using eqn 6
and parameter estimates given in Table 1.
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Modelling seedling emergence as affected by soil temperature

With the same sequences as described, Eqn 2 was remodelled by incorporating the
change of each parameter with increasing soil temperature (Fig. 3). Like the cases of
soil depth, B appeared to be constant regardless of soil temperature. In cases of the other
parameters, M decreased exponentially with increasing soil temperature, and C
increased in a logistic form with increasing soil temperature. Thus, the final model was
the same as Eqn 6.

—Bi(T-M;)
y = Cz'/e"Z (2]
B;= constant
e~ BT -Mp)
y5Ci/e (4]
l My= exponential increase or decrease
e—B(T—ar )
y=Ci/ e [5]

2 \4 eCiBF(lgigiSﬂp dgeredse or increase
y = Cmax 1+(f/€ ) e [6]

Figure 3. Model tree for seedling emergences of rice (O. sativa cv. Dongjin) and Echinchloa spp.
as affected by soil depth or soil temperature.

In conclusion, Eqn 6 can be used to describe the seedling emergence of rice and
Echinochloa spp. as affected by either soil depth or scil temperature. This approach can
also be applied to incorporate the effects of the other environmental factors, such as soil
strength and water content on seedling emergences of crops and weeds. As this model
was developed using the data generated from pot studies, further works are required
based on field data for validation and parameter adjustment.
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Abstract: This study was undertaken to understand the intra-specific responses of plant-
plant interactions of crop and weed plants. The experiment results revealed that cotton
(Gossypium hirsutum) plant height at maturity decreased linearly with increasing plant
densities (0.8,5,10,20 plants m?). However, when plant height was considered for
young plants (looking at main stem first reproductive node), crowded plants grew taller
than the isolated plants. The average length of main-stem vegetative internodes and
main-stem first internodes were significantly longer in dense populations than in sparse
populations. Isolated plants produced greater main stem leaf areas than crowded plants.
Individually grown bladder ketmia (Hibiscus trionum) plants developed the longest first
internode as compared to higher plant densities (5,10,20 cm spacings). Increasing plant
density did not affect main-stem height for the first reproductive node whereas crowded
plants were significantly shorter than plants at other spacings (10,20,120 cm). The
main-stem leaf area and biomass of the weed exhibited a linear increase with increasing
spacing.

Key words: L-system, 3D digitizer, morphogenesis, plant architecture, Gossypium
hirsutum, Hibiscus trionum

INTRODUCTION

In preparation for detailed studies of plant-plant interactions of cotton (Gossypium
hirsutum) with bladder ketmia (Hibiscus trionum), this study investigated the
underlying intra-specific responses of these crop and weed plants.

Cotton is an important cash crop in Australia. It occupied approximately half a million
ha during 2000-01 and produced 2.4 million bales with 260% of world average yield
(Anon. 2001). Excerpts of a cotton growers survey in New South Wales revealed that
annual weed control in cotton costs $A187 ha™!, the major components included $A76
ha” for herbicides and $A67 ha™ for hand chipping where the predominant weeds were
Noogoora burr (Xanthium occidentale, X. spinosum), various sedges (Cyperus spp.),
(Physalis spp.), bladder ketmia and morning glory (Ipomea lonchophylla (Charles
1991). Cotton lint yield reductions due to Noogoora burr and fierce thornapple (Datura
Jerox) averaged 36% and 12%, with maximum distances of influence of 1.71 m and 1.65
m, respectively (Charles et al. 1998).

Bladder ketmia is an annual weed found around the world in different crops. It occurs
throughout Queensland, except in the north and the dry northwest. Its occurrence in the
western region of New South Wales is restricted mainly to grey clay floed plains, less
commonly on red earths (Cunningham et al. 1981). Early slow growth of cotton
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provides a niche for bladder ketmia to establish and complete its life cycle before cotton
covers the inter-row space. This characteristic of bladder ketmia has made it an
important weed in cotton-based cropping systems.

Plants grow in communities and forage for common resources like photo-synthetically
active radiation, soil nutrients, soil moisture and carbon dioxide. The below- and above-
ground plant parts play an important role in acquiring different resources and sensing
proximity to other plants well before they are shaded and serve as an early warning
signal future competition. The process of obtaining resources and further utilization of
these resources for the acquisition of more resources is a preemptive exercise (0
competitive interactions (Bazzaz 1990).

Little emphasis has been given to understanding the adaptive architecture and
morphology of individual plant in a plant community scenario. In preparation for
studies on inter-specific interactions, this study investigated how the cotton with cotton
and bladder ketmia with bladder ketmia plants interacts at the plant level under varying
plant densities. Further these interactions will be simulated using L-systems for
visualization and better understanding of interactions.

MATERIALS AND METHODS

Glasshouse experiments were conducted during May to December 2001 at the
University of Queensland, St. Lucia, Brisbane, Australia. The experiments were
conducted using a complete randomized design. Cotton (Sicala-40) and bladder ketmia
seeds were pre-germinated and planted at different spacings (5,10,20, and 120 cm) in
galvanized sheet troughs (120 cm x 40 cm x 30 cm) painted off-white with washable-
finish on the inside. Holes at the bottom and in the corners of the troughs drained excess
water. A 2 cm silica sand layer with a nylon mesh (105 pm}) on top at the bottom of the
troughs was laid out to avoid the mixing up of roots. Acrylic sheets were used to create
sections for different plant spacing in troughs. Steamed nursery pot mixture fertilized
with Osmocote (6 kg m™) was used as soil media. Cotton and bladder ketmia plants
were watered regularly using water cane.

L-system models for the simulation and visualisation of the morphogenesis of cotton
plants (Hanan and Room 1997) were used. In the formulation letters are used to
represent specific plant components. The basic model of development of the main stem
is captured in the following growth rule

A I[L][B]A

where apex A produces (=) an internode I, a leaf L, and a bud B in the axil of the leaf
and the apex continues to grow. The square brackets [ and ] mark the beginning and
end of branches.

Development is expressed as a function of thermal time (Hanan, 1997) so each
component has an associated parameter for degree-days. For the apex, degree-days are
accumulated until the plastochron is reached, then production rule (A > I{L][B]A) is
triggered. The apex also keeps track of the number of nodes produced, and assigns that
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value to each component, so that component lengths can be related to their position in
the plant (Prusinkiewicz et al. 2001). The final form of the production rule is then

A(n,dd) : dd> PLC> I(n,0)[L(n,0)][B(1,0)]A(n+1,dd-PLC+Ddd)

where n is the node number, dd is the accumulated degree-days for each component,
PLC is the plastochron, Ddd is the current day’s degree-days, and the condition
dd>PLC controls the application of the rule with the addition of rules for cotyledon
production and growth of leaves and internodes, the simulation produces images as the
in (Figure 1).

o ’.%_\

Figure 1. Three stages in the development of a virtual cotton plant.

Morphology of cotton and bladder ketmia plants was measured and recorded with
Floradig (software; Hanan and Room 1997) compatible Sonic digitiser Model GP12-XL
(Science Accessories Corp. 1994) at 3 day intervals and discontinued one month prior to
harvest to have final digitization at harvest. Floradig software and its user manual can be
downloaded from http://www.cpai.uq.edu.au. Digitization was initiated when cotton and
bladder ketmia plants attained their first true leaf of thumbnail size and continued till the
finish of the experiment. Multiple *.txt data files were imported into an Access
database. Data were sorted by Access queries. Data was analysed employing Mini-tab
software with Tukey’s pairwise comparisons.

RESULTS AND DISCUSSION
Effect of plant spacing on growth and development

Cotton — Plants grown in dense population produced significantly longer first internode
and average internode length of main-stem vegetative internodes as compared to the
sparse population (Figs. 2 and 3). However, 10 cm spacing cotton plants spaced at 10
cm recorded significantly smaller average vegetative internodes than 5 cm spacing.
Isolated cotton plants grew tallest amongst the four spacings and proved to be
statistically taller than all other spacings at harvest whereas plants spaced at 5 cm
recorded minimum final plant height. This trend in plant height was almost reversed for
first reproductive node of main shoot resulting in statistically taller cotton plants in 5 cm
spacing than the isolated ones. Isolated cotton plants amassed maximum main-stem total
leaf area that was statistically higher than all other spacings, while leaf area exhibited
linear increase with spacing. Main-stem biomass accumulation also followed a similar
trend to that of the main-stem leaves. Sparsely grown cotton plants accumulated
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maximum main-stem leafl biomass, which was significantly higher than other spacings
(5, 10, 20 cm). R
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Figure 2. Effect of cotton spacing on MS internode length, plant height, MS leaf area, MS
leaves biomass, and MS stem biomass.

First Reproductive Node Stage At Plant Harvest Stage

Figure 3. Virtual cotton models showing plant height at first reproductive node stage (left hand
four plants) and at harvest (right hand four plants). The spacings from left to right in
each half of the figure are 5, 10, 20 and 120 cm.

The internode, petiole, and laminae lengths in this virtual cotton model are expressed in
visualisation rules using the following fitted equations based on plant density and nodal
position.

Main stem vegetative nodes and leaves

Internode length=0.9007*density+27.968; R><0.8932
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Petiole length =-.4381*density+102.24; R>=0.8731
Lamina length=-0.4536*density+85.132;  R?=0.4059
Main stem reproductive nodes and leaves

Internode length=-0.3816*density-+43.437; R?=0.7364
Petiole length=-1.7526*density+101.76;  R’=0.946
Laminae length=-1.1099*density+99.354; R*=0.9708

Bladder ketmia —The different spacings used for the bladder ketmia plants did not
influence the average internode length of the main shoot (Fig. 4). However, the first
internode produced by isolated plants was statistically longer than that seen at the other
spacings (5, 10, 20 cm). Plant height, when measured from the vegetative internodes,
was also not affected by spacing. However, the crowded plants at harvest were
statistically shorter than all other spacings (10, 20, 120 cm). Main-stem leaf area was
minimurm and maximum for crowded and uncrowded plants, respectively. The
intermediate spacings (10, 20 cm) did not manifest any statistical difference among
them but were significantly inferior to isolated plants and were superior to crowded
ones. The biomass of main-stem leaves was also observed to be a minimum in 5 cm
spacing but the sparse spacings (20, 120 cm) did not record any significant difference
between them. However, main-stem biomass showed a linear increase with increased
spacing (5-120 cm).
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Figure 4. Effect of bladder ketmia spacing on MS internode length, plant height, MS
leaf area, MS leaves biomass, and stem biomass.
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These results are similar to the findings that reduction in R:FR in plant canopy promotes
stem elongation and grew taller stems relative to dry matter accumulation, stem
diameter and leaf area and produce few branches ((Ballaré et al. 1987; Child and Smith
1987; Collins and Wein 2000; Schmitt et al. 1987; Jurik 1991). Response to neighbour
shade has been examined in Polygonum spp. and observed that relative branch length
and branching were negatively related to density; plants at high density were smaller
and less branched (Geber 1989). In the present study, crowded cotton plants grew taller
earfier in their life. However, at harvest uncrowded plants were the tallest, presumably
because they had produced a greater number of internodes than the crowded plants. This
is because height is the product of internode length and internode number.

Biomass differences in cotton can be mainly attributed to branching proliferation. On
the contrary, bladder ketmia did not exhibit similar responses in main shoot growth to
cotton. Presumably, bladder ketmia has a shorter life cycle and poor apical dominance.
This triggered simultaneous growth of vegetative branches and main stem that might
have not left enough time to respond to differences in plant spacing.

This project will now collate these intra-specific responses of cotton and bladder ketmia
with new findings on inter-specific interactions of these two species under different soil
moisture regimes.
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Sagittaria aginashi Makino, a Perennial Paddy Weed in Korea

Itoh, Kazuyuki' and Yeon-Chung Ku®
'"National Agricultural Research Center for Tohoku region, Morioka, Japan), National
?Crop Experiment Station, Suwon, Korea

Abstract; Sagittaria aginashi Makino is a paddy perennial weed. It lives on volcanic
soil areas in Tohoku region. However, the species is very difficult to find in southern
Japan now. The Red Data Book of Vascular Plant, Threatened Wildlife of Japan (2000)
shows that the species is grouped NT (next threatened, rare species). The Red Data
Book of Kinki, Threatened Wildlife of Japan (2001) shows that the species group A
(highly endangered plant). The species looks like S. trifolia before corm development
in September. We observed the species in paddy ecosystems in Korea from 1998 to
2002. We found 2 specimens in Kyoto Univ. from Kyonggi-do, Korea in 1930’s. S.
aginashi was not found in paddy areas in Seoul, Suwon, Choron, Andon, Tegue,
Miliyan and Pusan areas. At most, specimen and pictures of S. aginashi showed that the
species was narrow leaf type of S. trifolia. S. aginashi was present in Jeju Island.

Key words: perennial paddy weed, Sagittaria aginashi
INTRODUCTION

The benefits of paddy fields in environment preservation so far consist of several
functions such as preventing flood, fostering water resources, preventing soil erosion
and landslide, soil purification, preserving the rural landscape and recreational amenities,
and so forth. In addition to these functions, this investigation shows how the
preservation function of bio-diversity occurs in paddy field ecosystem and examines the
methods that promote the development of sustainable agriculture, which makes
bio-diversity an indicator.

In contrast, Japan’s agriculture is facing an increasingly difficult situation due to
internationalization and the imbalance between supply and demand of agricultural
products. Regional vitality is being lost as a result of the aging of residents and
depopulation, and the increase of non-farmer households and part-time farmers.
Attitudes in rural communities are thus changing. In addition to higher agricultural
productivity, the nation has come to expect much of rural communities as maintaining
and improving the living environment and diverse functions of rural community areas.
Such communities are expected to conserve the land, water and natural resources (Itoh
2000).

To meet these expectations, it is essential to consider various aspects of rural
communities, including reorganization of the agricultural area, and the development of
management technology to maintain the activity of the rural area and improve
agricultural infrastructure and facilities for sustainable agricultural production to
harmoniously maintain the rural ecosystem. -

An integrated report entitled “Rice Agro-ecosystem of the Muda Irrigation Scheme,
Malaysia” was published by MADA and MINT in 1998. Preliminary work related to the
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bio-diversity of tropical paddy fields is included in this book.

Bio-diversity in rural ecosystems has been threatened recently by the loss of habitats

and water pollution caused through the runoff of pesticides and fertilizer from rice fields.

Minimum pesticides are required for production in rice fields.
Observation site

Sagittaria aginashi, an endangered plant, was targeted and compared with S. wrifolia, a
serious paddy weed in Tsuchikawa, Nishiki village, Akita Prefecture, Japan as regards
the in-situ condition.

S. aginashi, S. trifolia forma suitensis, and several endangered plants were tested as
indicator plants of herbicide runoff, especially sulfonylurea (SU) herbicides from paddy
fields. We estimated the LDso, GRso and deformity of leaf in the species for
bensulfulonmethy! (BSM) and pyrazosulfulonethy! (PSE).

Vegetation surveys were done in poorly drained paddy fields in Seoul, Suwon, Choron,
Andon, Tegue, Miliyan and Pusan areas with agriculture extension workers. These
fields consisted of about 50 abandoned muddy fields, 10 water plantain, watercress,
Oenanthe javanica and water vegetable fields, 7 irrigation and natural ponds and 1000
rice fields from 1998 to 2002. We got information about S. aginashi in Korea from
universities, institutes and museums. Especially, we met Dr. Yong No Lee, the president
of the Korea Plant Research Institute and he introduced paddy areas in Seoul and
Choron.

RESULTS

A 1/100 recommended dose of BSM in rice fields caused deformity of S. trifolia forma
suitensis leaf 2 weeks after treatment. Isp for the species toward BSM and PSE, were
1/10 (7.5 g a.i. ha™') and 1/3 (7 g), respectively, in pot experimental conditions. GRso for
plant height of S. aginashi toward BSM were 1/18 (4.18 g a.i. ha') in the pot
experiment (Fig.1 & Table 1). GRso for dry weight of Azolla japonica toward BSM, was
1/50 (1.5 g a.i. ha™") in the pot experiment. S. aginashi, S. trifolia forma suitensis, Azolla
japonica and Brasenia shreberi, were among the good indicator plants for herbicide
runoff from paddy fields.

We found 2 specimen of S. aginashi in the herbarium of Kyoto University from
Kyonggi-do, Korea in 1930’s. They have corms in the specimen.

We would like to find the species using companion plants, such as Epilobium
angustifolium (yanagiran), Lysimachia vuigaris (kusaredama), Scirpus fuirenoides
(hime-matsukasa-susuki), Eriocaulon robustius (hiroha-inunohige). We found in the
paddy areas of Tohoku District in Japan with S. aginashi. We could not find S. aginashi
in paddy areas in Seoul, Suwon, Choron, Andon, 'fegue, Miliyan and Pusan areas in
Korea, whereas, these companion plants were present in most places. We found a lot of
S. trifolia in every observed fields from narrow leaves to wide leaves (Lee, 1997).

506




BS Plant height -D.W.

'E\%i./ha) (cm £S5.D.) (¢ 8.D.)
0 13.36 (£0.70) 0.12 (£0.02)
0.25 13.07 (£0.54) 0.12 (+£0.06)
0.75 12.62 (+0.88) 0.10 (£0.01)
2.5 8.44 (£1.88) 0.03 (£0.01)
7.5 2.92 (£0.50) 0.02 (£0.01)
25 2,12 (£0.65) 0.01 (=0.005)
75 0.80 (£0.03) 0.01 (20.002)

Table 1. Effect of BSM on S. aginashi at 40 days after application.
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At most herbarium specimens and pictures of illustrated books published in Korea are
known as S. aginashi was a narrow leaf type of S. trifolia S. aginashi in Jeju Island in a
Korean volcanic island was found by Lee, Yong No

DISCUSSIONS

Sagittaria aginashi, an endangered plant, was targeted and compared with S. trifolia, a
serious paddy weed in Tsuchikawa, Nishiki village, Akita Prefecture, Japan as regards
the in-situ condition Table 2 shows the niche differentiation between S. aginashi and S.
trifolia. The paddy was situated on a narrow hillside with poor drainage and no
consolidated land for rice cultivation and a water shield (Brasenia schreberi). S. trifolia
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is found only inside paddy fields, whereas S. aginashi is found in and around
water-shield ponds, and outside or around paddy fields (Itoh 1996). The species adapt
around paddy fields and exists only in a non-herbicide condition. The Red Data Book of
Vascular Plant, Threatened Wildlife of Japan (2000) shows the species is grouped NT
(next threatened, rare species). The Red Data Book of Kinki, Threatened Wildlife of
Japan (2001) shows the species is in grouped A (highly endangered plant). The species
looks like S. frifolia before corm development in September.

Table 2. Niche differentiation between S. aginashi, an endangered plant and S. #ifolia, a
paddy weed in Tsuchikawa, Sishi-senboku Village. Akita Prefecture, Japan
(Itoh,1996).

Place S. (% S. Total
Aginashi Total triflolia
Around water shield pond 6

(100) 0 6
Bank of stream 14 (82) 3 17
Ditch around paddy field
8 (82) 2 11
Paddy levee
5 (83) 1 6
Inside paddy field 1 @ 43 44
Tillaged, submerged paddy .
field 1 (13) 7 4
Non-tillaged, submerged
fallow field 2 {100) 0 2

As mentioned in the preface, the use of the pesticides occupies a big factor in the
development of modern agriculture in Asia. Since rice cultivation depends on the use of
pesticides not only in Japan but also in Korea, a discussion on the rights or wrongs of
their use from the perspective of bio-diversity conservation cannot be avoided. When
considering the relationship between bio-diversity and pesticides, most important is how
the pesticides affect the non-target organisms inhabiting the same agro-ecosystems. It is
certain that not only the concentration but also the mode of action of pesticides
appreciably affects non-target organisms. The side effects of pesticides occur also in
soil by degradation products. Some observation indicates that the degradation product is
not always safe to non-target organisms.

The quantity of pesticides is very important, because the lower the input of pesticides to
the environment, the lesser the impact on the environment. To harmonize
agro-productivity with environmental protection, it is necessary to (1) monitor
pesticides in the environment, (2) predict the fate of pesticides in the environment, (3)
examine the influence on non-target organisms to confirm both the safety concentration
and safety-releasing pattern and (4) regulate the amount of pesticides released outside
the agro-environment. The qualitative properties of pesticides are also important.
Pesticide development is changing from the production of biocidal agents to
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bioregulators such as pheromones. And the formulation of pesticides is also changing
from rapid release formulation to slow release formulation such as coating or micro
capsule pesticides (Takagi & Ueji 1997; Ueji and Inao 2001).

Even though pesticides have to be used in order to secure yield through the pesticide
development approach, the adverse impact of pesticide use on the ecosystems may be
reduced and sustainable agriculture with rich bio-diversity may be achieved.

In this project, we could not find S. aginashi in Korean paddy ecosystem. If you have
any information about the species, please contact following e-mail: kitoh@affrc.go.jp.
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Management Strategies for Transgenic Creeping Bentgrass (Agrostis palustris)
Resistant to Glyphosate
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01003, USA
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Abstract.  Creeping bentgrass (Agrostis palustris Huds)) is a self-sterile, wind
pollinated perennial grass. This species is native to Eurasia but has become naturalized
in North America. Creeping bentgrass is one of the most tolerant cool-season
turfgrasseswhich ca n tolerate continuous, close mowing at heights as low as 0.5 cm.
This species is widely used for putting greens and fairways on the golf courses of
temperate climates around the world. The development of transgenic Agrostis palusiris
resistant to glyphosate [N-(phosphonomethyl) glycine] has led to our research to identify
alternative strategies for control of these and related Agrostis species. Field studies were
conducted in 2002 with several modes of action of herbicides. Glyphosate at 1.68 kg ha
' alone and sequential applications of 1.68 kg ha” of glyphosate followed by an
application of glyphosate (1.68 kg ha') 4 weeks later completely controlled one-year old
susceptible creeping bentgrass sod. Clethodim at 0.28 kg ha’', fluazifop at 0.42 kg ha’
and isoxaflutole at 0.22 kg ha"' provided excellent (>95%) control of one-year old
creeping bentgrass. Fluazifop and sethoxydim were not effective in controlling four-year
old creeping bentgrass. Atrazine at 2.24 kg ha™! completely killed creeping bentgrass sod
up to 12 WAT. Tanxit GTA at 0.7 kg ha' followed by a sequential application of 0.7 kg
ha™ controlled 94% of creeping bentgrass. Similar creeping bentgrass control was also
obtained with sequential applications of Mon 44951 at 0.14 followed by an application
of 0.14 kg ha"' 4 weeks later. Results indicate alternative management strategies to
control the glyphosate resistant creeping bentgrass under various environments.

Key words: Agrostis palustris Huds, clethodim, fluazifop, glyphosate, isoxaflutole,
mesotrione, resistant turfgrass, sethoxydim

INTRODUCTION

Creeping bentgrass (4. palustris Huds.) is a self-sterile, wind pollinated perennial grass.
This species is native to Eurasia but has become naturalized in North America. Creeping
bentgrass is one of the most tolerant cool-season turfgrasses, which can tolerate
continuous, close mowing at heights as low as 0.5 em. This species is widely used for
putting greens and fairways on the golf courses of temperate climates around the world.

With the advent of biotechnology, glyphosate [N-(phosphonomethyl)glycine] resistant
crops such as maize (Zeg mays L.) and soybeans [Glycine max (L.) Merr.] have been
developed. Creeping bentgrass plants are currently being developed (Scotts and
Monsanto Company). Glyphosate resistant creeping bentgrass plants are being
developed utilizing the co4 epsps gene, which codes for an altered 5-
enolpyruvylishikimate-3-phosphate (EPSP) synthase enzyme (Lee et al. 1996; Lee et al.
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2002). The development of glyphosate resistant turfgrass species was reported as a
beneficial technology by Johnson et al. (1989). However, creeping bentgrass is a self-
sterile, wind-pollinated species and has the potential fo transfer the glyphosate resistance
trait via pollen to non-glyphosate resistant creeping bentgrass and related species
(Belanger et al. 2001; Davies 1953; Johnson and Riordan,1999; Wipff and Freeker
2001). Gene transfer has also been repeatedly demonstrated between a crop plant and a
refated species growing in close proximity (Arias and Rieseberg,1994; Hancock et al.
1996; Rodgers and Parkes 1995).

Glyphosate controls plants by inhibiting the enzyme EPSP synthase involved in the
synthesis of aromatic amino acids (Amrhein et al. 1980). Cyclohexanedione and
aryloxyphenoxy-propionate class herbicides control grass species by inhibiting the
enzyme acetyl-CoA carboxylase (ACCase), which is involved in fatty acid biosynthesis
(Burton et al. 1989; Focke and Lichtenthaler 1987). Isoxaflutole, a HPPD inhibitor
herbicide, controls broadleaf and grass species by inhibiting p-hydroxyphenylpyruvate
dioxygenase, an enzyme involved in the conversion of p-hydroxyphenylpyruvate to
homogentisate in plastoquinone biosynthesis (Luscombe et al. 1995; Kushwaha and
Bhowmik 1999). Mesotrione, another HPPD inhibitor, controls susceptible species in a
similar manner. The molecular target for mesotrione is the enzyme p-
hydroxyphenylpyruvate dioxygenase (HPPD). This enzyme is involved in the pathway
that converts the amino acid tyrosine to plastoguinone. Mesotrione is structurally similar
to the substrate p-hydroxyphenylpyruvate and acts by competitive inhibition, which
results in the blockage of carotenoid synthesis (Lackey et al. 2000).

Grass control herbicides belonging to cyclohexanedione and aryloxyphenoxy-propionate
classes are commonly used to control both annual and perennial grass weed species in a
wide variety of broadleaf agronomic crops. Several of these herbicides such as
clethodim, fenoxaprop, fluazifop and sethoxydim are also labeled for grass weed control
in ornamental crops or in several turfgrass species. Isoxaflutole can be used to
selectively control creeping bentgrass in other established turfgrass species (Bhowmik
and Drohen 2001). Glufosinate and glyphosate provided complete control of colonial
bentgrass (Agrostis capillaris L.) 42 days after treatment in Oregon (Cook et al. 1996).

Currently, limited information is available on the response of creeping bentgrass and
related bentgrass species to the above-mentioned herbicides. The development and
potential commercialization of glyphosate resistant Agrostis species poses a
management challenge to our current system. The potential for unintended transfer of
the glyphosate resistant gene from creeping bentgrass to related Agrostis species
necessitates further studies for alternative control strategies. The objective of this
research was to examine the potential for selective control of creeping bentgrass stands.

MATERIALS AND METHODS

Experiments were conducted at the University of Massachusetts Turfgrass Research
Facility in South Deerfield, MA. The soil was a Hadley fine sandy loam (Typic
Udifluvents) with 3.5% organic matter and a pH of 6.5. The area was fertilized once a
month with N fertilizer at 24.39 kg ha''. This trial area was moderately infested with
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Poa annua. Mowing was done weekly and the clippings were not removed. Mowing
was maintained at a 1.27 cm height. In all experiments, POST treatments were applied
to the established creeping bentgrass. An untreated control was included in each
experiment for the comparison. All treatments were applied using a COz-backpack
sprayer with Teejet XR 11004 VS nozzles at 152 kPa using a spray volume of 467 L ha’
'. Treated turfgrass area was weekly mowed after the treatment application. Turfgrass
injury was visually estimated on a scale of 0 to 100%, where 0 = green healthy turf and
100 = dead brown turf. Turfgrass injury was determined every two weeks up to 16
weeks after treatment (WAT).

Experiments were conducted in a randomized block design and all treatments were
replicated three or four times. Analysis of variance (ANOVA) was used to determine
differences in treatment effects. Error terms were obtained by calculating the expected
mean squares (Damon and Harvey 1987). The appropriate error terms were used in the
hypotheses tests using the ANOVA program of SAS (SAS Institute, 1995). Means were
separated by Student-Newman-Keuls test at p=0.05.

RESULTS AND DISCUSSION
Effect of age on creeping bentgrass control

Glyphosate at 1.68 kg ha™ alone and sequential applications of 1.68 kg ha”' of
glyphosate followed by an application of glyphosate (1.68 kg ha) 4 weeks later
controlled creeping bentgrass over 95% 1 WAT and provided complete control up to 16
WAT (Table 1). Clethodim at 0.28 kg ha™, fluazifop at 0.42 kg ha" and sethoxydim at
0.42 kg ha” controlled only 27 to 38% 1WAT. However, at 4 WAT, these treatments
provided over 95% control, except the sethoxydim treatments, which provided only 87%
creeping bentgrass control. Similar results with these herbicides have been reported by
Hart et al. 2002; Bhowmik and Riego 2003; and Sutton 2002. Isoxaflutole at 0.28 kg
ha™ controlled creeping bentgrass by 50, 88 and 95% 1, 2, 4 WAT, respectively. The
sequential treatments of clethodim, fluazifop or isoxaflutole 4 weeks after the initial
application improved creeping bentgrass control up to 16 WAT. Glyphosate either
alone or sequential treatments provided complete control of one-year old creeping
bentgrass 16 WAT. Sethoxydim was not an effective treatment. In general, glyphosate,
clethodim and isoxaflutole completely controlled Poa annua 4 WAT.

Effect of timing of application on creeping bentgrass confrol

Glyphosate at 1.68 kg ha” alone and sequential applications of 1.68 kg ha’ of
glyphosate followed by an application of glyphosate at 1.68 kg ha” 4 weeks after the
initial application controlled 4-year old creeping bentgrass (>95%) throughout the 16-
week period (Table 2). Clethodim at 0.28 kg ha’, fluazifop at 0.42 kg ha” and
sethoxydim at 0.42 kg ha™ controlled only 17 to 35% !WAT. However, at 4 WAT,
these reatments provided over 90% control except the fluazifop treatments which
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treatments of fluazifop and sethoxydim 4 weeks after the initial application did not
improve creeping bentgrass control 16 WAT. Glyphosate either alone or with
sequential treatments provided complete control of 4-year old creeping bentgrass. The
sequential applications of clethodim and isoxaflutole provided excellent control 16
WAT. Fluazifop and sethoxydim were not effective in controlling 4-year old creeping
bentgrass. In general, glyphosate, clethodim and isoxaflutole completely controiled Poa
annua 4 WAT.

Effect of timing and frequency of application on bentgrass control

This trial was conducted on a 4-year old creeping bentgrass stand mixed with Kentucky
bluegrass patches. Sequential applications of glyphosate at 1.68 kg ha’', clethodim at
0.28 kg ha™, fluazifop at 0.42 kg ha™ or sethoxydim at 0.42 kg ha™' 4 and 8 weeks after
the initial application resulted in excellent control (>99%) of creeping bentgrass stand
12 WAT. Creeping bentgrass control with HPPD inhibitors (isoxaflutole and
mesotrione) was slightly different. Isoxaflutole at 0.22 kg ha' resulted in 93% control 2
WAT, while it controlled only 79% 8 WAT. Sequential applications of 0.11 kg ha™' of
isoxaflutole followed by an application of 0.11 kg ha" of isoxaflutole 4 weeks later
resulted in 87 and 53% control of creeping bentgrass 2 and 8 WAT, respectively.
Mesotrione at 0.22 kg ha™! resulted in 87% control 2 WAT, while it controlled only 45%
8 WAT. Sequential applications of mesotrione at 0.11 kg ha™' followed by 0.11 kg ha™
of mesotrione application 4 weeks later resulted in 91 and 57% control of creeping
bentgrass 2 and 8 WAT, respectively. Similar results have been reported earlier (Hart et
al. 2002; Bhowmik and Domingo 2003; Bhowmik and Drohen 2001). Atrazine at 2.24
kg ha™! completely killed creeping bentgrass sod up to 12 WAT. Tanxit GTA at 0.7 kg
ha followed by a sequential application of 0.7 kg ha™ controlled creeping bentgrass by
94%. Similar creeping bentgrass control was also obtained with sequential applications
of Mon 44951 at 0.14 followed by an application of 0.14 kg ha™! 4 weeks after the initial
application. Results indicate alternative management strategies to control the glyphosate
resistant creeping bentgrass under various environments.
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Assessment on Gene Flow Through Detection of Sexual Compatibility Between
Transgenic Rice with Bar and Echinochloa crusgalli var. mitis

Xiao-ling Song, Qiang Sheng, Liu Lin-li, Xu Yan-hong
Weed Research Laboratory, Nanjing Agriculture University,Nanjing 210014, China

Abstract: The possibility of gene flow between two varieties of transgenic rice with
bar gene (Y0003 and 99-t) (male) and barnyard grass (Echinochloa crusgalli var. mitis }
(female) was studied by means of reproductive biology. The germination and growth of
rice pollen grains on barnyard grass stigmas at different periods, 30 minutes up to 4 hr,
after crossing by hand were observed with optical-microscope. The cross results were
compared with the germination and growth of barnyard grass pollen grains at the
corresponding time after self-pollination. The results showed that the pollen grain
germination and growth of the two varieties were similar on barnyard grass stigmas and
differed from self-pollination of barnyard grass significantly. Pollen grains germinated
and pollen tubes penetrated stigmas normally, and the number of pollen grains
condensing or releasing their inclusions or having released them increased with time
after self-pollination. Pollen grains of transgenic rice on the stigmas of barnyard grass
failed to germinate or grow normally after cross, nor could penetrate the stigmas of
barnyard grass. Therefore, it could be concluded that the sexual incompatibility between
transgenic rice with bar gene and barnyard grass lay in that the rice pollen is not able to
penetrate the stigma of barnyard grass. The fact that the emasculated barnyard grass
pollinated with the rice pollen grains did not seed further proved the incompatibility
between them. .

Keyword: Echinochloa crusgalli var. mitis, gene flow, transgenic rice with bar gene,
sexual compatibility.

INTRODUCTION

While benefiting human significantly, herbicide-resistant crops could induce potential
harm to environment since herbicide-resistant gene could transfer to weedy relatives. In
a specific environment, the relatives of some crops are malignant weeds or wild
relatives. If the fitness of weedy relatives are increased by herbicide-resistant gene,
these weedy relatives will become hardly-controlling weeds, which will produce new
weed-control problems in the arable field, and affect ecological environment (Kling
1996; Qian et al. 1999; Wei et al. 1999; Gressel 2000). From the above reasons, it is
necessary to assess the potential gene flow accurately. Barnyard grass and rice belong to
Echinochloa and Oryza respectively. As bamnyard grass exists in rice field widely, and
can propagate largely to harm the crops severely. It can even mimic rice strongly

(Barrett 1983), the issue whether herbicide-resistant gene of transgenic rice could -

transfer barnyard grass has raised wide concerns. However there have -been no reports
about this research. In general, there are three methods to assess the gene flow of
herbicide-resistant transgenic crops. First, by spontaneous hybridization (Thomas et al.
1996: Chevre et al. 1997; Darmency and Fluery 2000). The results of this method
have high correlation with experimental design and environment, and the period of this
method is long and covers large scale analysis. Second, by hand pollination (Lefol et al.
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1996; Metz et al. 1997). Manual pollination was done before anthesis so that the
possibility of pollen cross would be increased artificially. The hybrid F; must be tested
in following season, so the period of this method is also long. Third, by ovary culture in
vitro or by embryo rescue techniques (Kerlan et al. 1992; Lefol et al. 1997). This
method is resorted to when the relatedness with parent is far and sexual compatibility is
poor leading to embryo abortion. By this means it is possible to obtain hybrids between
female and male, but gene transfer in nature is unlikely. The weighty matter is these
methods overlook the principal condition namely the sexual compatibility so that the
reason and the stage of sexual incompatibility couldn’t be known. Thus the gene flow
between herbicide-resistant crops and weedy relatives cannot be assessed objectively
and rapidly.

In this experiment, the gene flow between two varieties of transgenic rice with bar gene
(Y0003 and 99-t) (male) and barnyard grass (Echinochloa crusgalli var. mitis ) (female)
was studied by means of reproductive biology. The purpose was to explore the method
how to test the gene flow at earlier stage. Furthermore, the firsthand evidence of
whether the herbicide-resistant gene could transfer from transgenic herbicide-resistant
rice to barnyard grass could be provided by this experiment.

MATERIALS AND METHODS

1. Materials: The two experimental transgenic rice with bar gene Y0003 and 99-t were
provided by International Rice Institute. Barn yard grass was collected from rice field in
Nanjing, China. The experimental soil was clay which was collected from vegetable field
in Nanjing Agricultural University.

2. Methods: The experiment was conducted in the greenhouse and weed research
laboratory of Nanjing Agricultural University. The germination and growth of pollen
grains were observed with an optical-microscope. More than 30 florets were treated for
each treatment.

2.1 The emasculation technique for barnyard grass

The blooming spikes of barnyard grass were selected as experimental material. The
anthers were drawn out with vacuum pump when glumes just opened. The emasculated
florets were marked and others were pulled. Twenty spikes were treated. Ten spikes were
self-pollinated, the other 10 spikes were not pollinated. After 10d of treatment, the
seed-setting rates were examined in order to test the emasculating rate and the vigor of
stigmas.

2.2 Barnyard grass pollen germination and growth at different times after anthesis
The stigmas of barnyard grass were taken out carefully at 0.5 1, 2, 3, 4 hr after anthesis.
These stigmas were put on clean microscope slides, and dropped with a little distilled
water, then covered with cover slides. The prepared stigmas were observed using an
optical-microscope. -

2.3 Hybridization in greenhouse

The emasculated florets of blooming barnyard grass spikes were pollinated with
experimental rice pollen grains. At 0.5, 1, 2, 3, 4 hr after pollination, the stigmas were
prepared with the method of 1.2.2.The germination and growth of the rice pollen grains
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on the stigmas of barnyard grass were observed with optical-microscope and pictures
were taken. More than 550 pollinated florets were bagged in order to test the seed-setting
rate after pollination.

RESULTS AND DISCUSSION
Research on the emasculating technique for barnyard grass

The emasculating rate was 100% because no seed was produced in the 398 emasculated
florets. This showed that the emasculation with vacuum pump was perfect. Two hundred
ninety eight emasculated florets pollinated with the rice pollen and produced 295 seeds
with a setting rate of 98.9%. This indicated that stigma’s vigor of barnyard grass was not
influenced by emasculation with vacuum pump. From the above reason, the
emasculation with vacuum pump was used so that the germination and growth of the rice
pollen grains on the stigma of barnyard grass could be estimated correctly.

Barnyard grass pollen germination and growth
at different time after anthesis

At 0.5h after anthesis, almost 85% of pollen grains germinated and pollen tubes had
penetrated the stigmas of barnyard grass, and 16.79% of germinated pollen grains had
released or were releasing their inclusions. Atl-4h after anthesis, the number of pollen
penetrating the stigma had no significant change, reaching 90%. The percent of pollen
condensing or releasing inclusions or having released inclusions doubled at 1h compared
with that at 0.5h after anthesis. The percent of those pollen grains at 2h after anthesis was
close to that at 3h, rising by 10% than that at 1h. At 4h after anthesis, the percent of
pollen grains releasing inclusions increased significantly compared with that before 4h,
reaching 57%, and the percent of pollen grains condensing or releasing inclusions
decreased slightly (Fig. 1).

Hybridization in greenhouse

The pollen grain germination and growth of the two varieties were similar on barnyard
grass stigmas and differed from self-pollination of barnyard grass significantly. At 0.5h
after pollination, 95% pollen grains did not germinate and formed global pollen tube
from germinal pore, which cannot penetrate the barnyard grass’s stigma. The remaining
5% germinated successfully. At 1-4 hr after pollination, 55% of the pollen grains
germinated, but pollen tubes did not grow normally and penetrate the stigmas of
barnyard grass. Some pollen tubes were twisted or hooked, changing the growth route
after encountering the barnyard grass’s stigmas. Some of them enlaced the self pollen
grains or the stigmas of barnyard grass. Others had swelled at the tube terminal. The
pollen was distorted and formed various shapes so that pollen grains cannot penetrate the
stigmas of barnyard grass. Forty five percent of pollen grains did not germinate.
Meantime, no pollen grains which were condensirig and releasing or had released
inclusions were observed. The fact that rice pollen grains cannot normally germinate on
the stigmas of barnyard grass demonstrated that the sexual compatibility between
barnyard grass and rice was very poor. The 620 emasculated florets pollinated with
Y0003 and 570 florets pollinated with 99-t did not produce seeds. The seed setting rate
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was zero. This result indicates that failure of emasculated barnyard grass florets to seed
also showed the sexual incompatibility between barnyard grass and experimental
transgenic rice.
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Figure 1. Pollen grain germination and tube growth of barnyard grass after
self-pollination.

DISCUSSION

It maybe possible that the herbicide-resistant gene of rice can transfer to barnyard grass,
considering that barnyard grass is a concomitant of rice. The probability of occurrence,
however is very low considering that the relatedness of the two species is very far.
There have been no reports about whether they are sexually incompatible or at what
stage and what degree of sexual incompatibility occur. This experiment could offer the
direct evidence for the sexual incompatibility of the plants at early stage. The
germination of pollen grains on the stigma need signal transmission among cells. The
stigmas are not only important barriers against exterior pollen grains, but also can
supply germination environment for pollen grains as well as the signal of pollen
recognition (Chen and Yang 2000). In this experiment, although some pollen grains of
herbicide-resistant transgenic rice could germinate on the stigma of barnyard grass, the

pollen tube grew so abnormally that they failed to penetrate the stigma of barnyard grass.

This result demonstrates that pollen grains of transgenic rice are unable to transmit
signal with the stigma of barnyard grass normally.

Many researchers (Dale 1992; Schefler and Philip 1994; Snow et al. 1999) hold the
view that successful hybrid formation depends not only on the sexual compatibility
between the crop plants and recipient species.The two species must also flower at the
same time, share the same insect pollinator (if insect-pollinated) and be at a sufficiently
close distance for the transfer of viable pollen. If the recipient species is sexually
compatible with the crop, the consequences of transfer of the transgenes will depend on
the sexual fertility of the hybrid progeny, their vigor and sexual fertility in subsequent
generations, or their ability to propagate vegetatively. Among these important
conditions for gene transfer, the sexual compatibility was the most important. Without
this condition, the possibility of gene transfer was very poor. In our experiment,
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herbicide-resistant transgenic rices were sexually incompatible with barnyard grass.
This showed that the possibility of herbicide-resistant gene transferring to barnyard
grass is very low, In addition, the emasculated barnyard grass pollinated with pollen
grains of transgenic rice but unable to seed demonstrated further that gene transfer
cannot occur by pollen crossing.

The cross between transgenic rice and barnyard grass was inter-specific. Meng et al.
(1995) reported that expression positions of hybridization incompatibility included
stigma, style, and embryo sac. The incompatibility between transgenic rice and barnyard
grass occurred at the first step of incompatibility. That decreased the possibility of
horizontal gene transfer significantly. The transgenic herbicide-resistant gene could
escape not only by cross-pollination but also by horizontal gene transfer (Lorenz and
Wackernagel 1994; Gebhard and Smalla 1999). The same cellular mechanisms that
enable the artificial vector carrying the foreign genes to insert into the genome can also
mobilize the vector to jump out again to reinsert at another site or to infect other cells. If
incompatibility between transgenic rice and barnyard grass wouldn’t occur the first step,
the herbicide-resistant gene could release in embryo of barnyard grass to increase the
risk of horizontal gene transfer. The low possibility of horizontal gene transfer was also
proven by this experiment. The fast test method for those species whose incompatibility
occurs at early stage of pollen germination was provided by this experiment.

LITERATURE CITED

Barrett, S C H. 1983. Crop mimery in weeds. Economic Botany. 37:25-282.

Chen S R, and Yang H Y. 2000. The mechanism of pollen-pistil interaction. Plant
Physiology Communications. 36:356-360.[in Chinese]

Chevre A M. etal. 1997. Gene flow from transgenic crops. Nature. 389:924,

Dale P J. 1992. Spread of engineered genes to wild relatives. Plant Physiol.
100:13-15.

Darmency H. and Fluery A. 2000. Mating system in Hirschfeldia incana and
hybridization to oilseed rape.Weed Research. 40:231-238.

Kling J. 1996. Could transgenic super crops one day breed super weeds?, Scinece,
274:180-181.

Qian Y Q. etal. 1999. Application and potential problems of transgenic crops. Chin.
1. Appl. Environ. Biol.. 5:427-423. (in Chinese)

Gebhard F and Smalla K. 1999. Monitoring field releases of genetically modified sugar
beets for persistence of transgenic plant ‘DNA and horizontal gene transfer.
FEMS Microbiology Ecology.28:261-272

Gressel J. 2000. Molecular biology of weed control. Transgenic Research, 9: 355-382.

526




Kerlan M C. et al. 1992, Risk assessment of out crossing of transgenic rapeseced
related species: inter-specific hybrid production under optimal condition with
emphasis on pollination and  fertilization. Euphytica. 62:145-153.

Lefol E. et al. 1996, Predicting hybridization between transgenic oilseed rape and
wild mustard.Field Crops Research. 45:153-161.

Lefol E. et al. 1997. Sexual hybridization in crosses of cultivated Brassica species
with the crucifers Erucastrum gallicum and Raphanus raphanistrum potential
for gene introgression. Euphytica.  95:127-139.

Lorenz M G. and Wackernagel W. 1994. Bacterial gene transfer by natural genetic
transformation in the environment. Microbiol. Rev..58:563-602.

Meng J L. etal. 1995. Plant Reproductive Genetics. Beijing: Science Press. 296-308.
(in Chinese)

Metz P [L J. et al. 1997. The ixn[;act on biosafety of the phosphinothricin tolerant
transgene in inter-specific B. rapax B. napus hybrids and their successive
backcrosses.Theor Appl Genet. 95:442-450.

Schefler J A. and Philip J D.1994. Opportunities for gene transfer from transgenic
oilseed rape (Brassica napus) to related species. Transgenic Research. 3:
263-278.

Snow A A. et al. 1999. Costs of transgenic herbicide resistance introgressed from
Brassica napus into weedy B. rapa. Molecular Ecol..8:605-615.

Thomas R. M. etal. 1996. The risks of crop transgene spread. Nature. 380: 31,

Wei W. et al. 1999..Gene flow between transgenic crop and their wild related  species.
Acta Botanica Sinica. 41:343-348. (in Chinese)

527




Weeds, Mycorhizae, and Economics of Roundup-Ready Hybrid Corn (Zea mays)
Grown Under Conservation Versus Full Tillage System in Lampung (Indonesia)
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Abstract: This field study that was conducted in 2000 (first) and 2001 (second)
growing seasons to document (1) weeds, (2) mycorhizae, and (3) economics of farming
system of RR-Corn compared with other corn cultivars (hybrid C-7 and open pollination
Bisma) in conservation (CT) and full tillage (FT). Weeds were sprayed twice with
Roundup in the CT plots (1* season: RR-Corn and C-7; 2™ season: RR-Corn, C-7 and
Bisma). Manual weeding was applied in the FT plots (1 season: C-7 and Bisma; 2™
season: RR-Corn, C-7 and Bisma). Major constraints for producing corn under CT were
planting difficulty and low growth success (1% season), coverage of the ilalang grass
{(Imperata), drought, and downy mildew disecase (2™ season). Planting difficulty in CT
was due to remnants of (thorny, woody and stubby) weeds. In any cultivar and tillage
system, broadleaved weeds dominaied over grasses. The number of mycorhiza was 5 to
172 chlamydospores and averaged 51.8 chlamydospores per 5 g soil. Mycorhizal
density in RR-CT was lower than that in BISMA-FT. There were indications that root
infection by mycorhizae was supressed in CT system (i.e., RR and C7). Growing RR-
Corn in a CT system in the 1 season could have been beneficial if its growth success
was adequately good. In terms of labor, however, RR-Corn CT was more efficient than
the other farming systems. In contrast, in the second season there was no major
difference in the overall efficiency between CT and FT. The overwhelming farming
inefficiency was due to the drought and cost for eradicating the diseased plants.

Key words: conservation tillage, Roundup-ready corn
INTRODUCTION

One of the serious problems that cause low corn production in Lampung is weeds.
Uncontrolled weeds hinder corn plant growth, affect soil characteristics, and worsen
pest problems in the agroecosystem. Therefore, weed management is a must in
agriculture (Kishore et al. 1992).

Conservation tillage system has been considered promising to control weeds and
conserve soil biodiversity (Utomo 1995; Utomo 1997). However, its effectiveness has
been quite dependent on herbicide application. Corn plants themselves are frequently
affected by herbicide application (leaf injury or severe growth). Consequently, growing
an herbicide-tolerant corn variety becomes a viable alternative to cope with such
condition.

Recent progress in gene technology has facilitated the introduction and expression of
genes to the development of crop plant genotypes that are resistant to a specific
herbicide (Kishore et al. 1992). Herbicide, like Roundup has been developed by
combining two powerfui tools, chemical synthesis and screening of representative
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plants species, both of weeds and crop. Since 1987, the gene of glyphosate (active
ingredient of Roundup) tolerance has been transferred into tomato. Recently, Roundup-
resistant corn has been engineered by the name of RR-Corn.

Thus, this study was done to (1) examine weed problems, (2) document effects on
mycorhizae, and (3) assess the economic feasibility of farming system of RR-Corn as
compared with other corn cultivars (hybrid C-7 and open poliination Bisma) grown
under conservation tillage (CT) versus full tillage (FT) system.

MATERIALS AND METHODS

The study was conducted in an experimental land of the Assessment Station for
Agricultural Technology, Natar, South Lampung (ca. 20 km north of Bandar Lampung)
during the dry season of 2001 (June to November 2001).

Three corn varieties were planted in six plots (size 80 m x 50 m; planting distance: 25
cm x 75 cm) differing in tillage systems (C7-CT = C7 grown under conservation-tillage;
RR-CT = RR grown under conservation-tillage; Bisma-CT = Bisma grown under
conservation tillage; RR-FT = RR grown under full tillage; C7-FT = C7 grown under
full-tillage; Bisma-FT = Bisma grown under full-tillage). in the FT system, seeds were
sown after the land was plowed completely. No plowing and mechanical weeding were
done in the CT system. In the CT system, Roundup 75 WSG (74.7% monoammonium
gliphosate) was sprayed twice during the growing season (Roundup rate 1.5 kg ha™, and
1.0 kg ha™', spray volume 450 L ha™).

Weeds

The indicators of weed infestation, i.e., total and dominant weed species were observed
using the quadrat (50 cm x 50 cm) method. Additionally, herbicide phytotoxicity to the
corn plants was evaluated using visval scoring valuation (Komisi Pestisida Departemen
Pertanian 1989).

Mycorhizae

The densities of mycorhizae were observed from 0.5 kg soil samples using decantation
and centrifugation method and their population density was determined (Daniel and
Skipper 1982). Earthworms were hand-sorted from 3 quadrats (25 cm x 25 cm of 30 ¢m
deep) per plot. The earthworms were collected, tallied and weighed. The population
density and the biomass density {extrapolated to 1 m”) were observed twice, i.e. before
planting and at the vegetative phase of the plants.

Econoinics

The economic information was tabulated and descriptively analyzed. Efficiency
problems recognized in the field were inventoried and confronted with their respective
agronomic relevance. Efficiency of growing each of the three corn varieties (RR, C7
and Bisma) under CT or FT system was calculated using analysis of Revenue Cost
Ratio (R/C) as follows.
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R/C  Gross Revenue
= Cost

Meanwhile, the break-even point (BEP), i.e., the minimal plant yield (kg ha') above to
that is considered profitable, was calculated using the following formula.

BEP= TFC/(P-VCU)

where TFC = total fixed cost, P = output price per kg yield and VCU = variable cost per
kg. Yield used for the economic analysis was of the dry seeds (13-15% water content;
see Aoronomlc Performance). Price was Rp959, 00 kb seeds.

RESULTS AND DISCUSSION
Weeds

The first Roundup application to RR=CT plot was done at 3 weeks after planting (WAP)
when weeds covered 22.4% of the plot. Table 1 shows that the herbicide could suppress
the weed growth so that at 6 WAP weed coverage in the RR-CT plot was lower than
that in the rest of the plots. The pattern of weed growth suppression. was in accordance
with the suppression of weed dry weight collected from the corresponding plots. The
second Roundup application also effectively suppressed the weed growth.

At the time of the first herbicide application, both plots were 10 % covered with weeds.
The weeds seemed to be quite sensitive to the herbicide so that at the time of planting
most of the weeds looked toxicated. At3 WAP (5 weeks from the start), weed coverage
was more than 50% with Ipomoea triloba, Mimosa invisa, Euphorbia gemculata and
LCC dominating. A

The second Roundup application to C7-CT or Bisma-CT was done 7 weeks following
the first application, i.e., when the weed coverage was more than 85% over either plot.
In terms of the existing weed coverage, the second herbicide application seemed to be a
little late. However, that was safer for the crop although 15% of the corn plants in either
plot were still toxicated by the herbicide. Toxicated plants were characterized by
yellowing and drying of their under leaves.

Overall, weed coverage and dry weight of the C7-CT plot were similar to that of the
Bisma-CT plot. However, weed coverage in either C7-CT or Bisma-CT plot was much
higher than that in the RR-CT plot. That was also true for the weed dry weight at 6
WAP (Table 1).

Weed conditions in all FT plots (RR, C7 and Bisma) were relatively similar, especially
in terms of the weed dry weight. Weed coverage at both observations (3 WAP and 6
WAP) was above 41%. The weeds were new which originated from their seed deposits
(except Imperata cylindrica). Weed growth was faster due to looser (tilled) soil and
more open surface (no-mulch) than those in the CT systems. In addition, mechanical
weeding that has been done could not seem to suppress the weeds effectively, especially
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against I cylindrica and other weeds that grew along the plant rows (M. invisa and I
triloba).

Table 1. Weed coverage (%) and weed dry weight (g 0.25 m?).

Weed Coverage Weed Dry Weight
3 WAP 6 WAP 3 WAP 6 WAP
Conservation Tillage
RR 224c¢ 16.8d [.10b 4.88c
C7 55.0ab 85.6a 4.78 ab 20.02 a
Bisma 56.0 ab 930a 246 ab 19.52 ab
Full Tillage .
RR 66.6 a 62.6b 6.56 a 14.00 abc
C7 41.4 be 48.4c¢c 5.70 a 10.00 be
Bisma 41.6 be 62.0b 3.96 ab 14.00 abc
LSD 0.0 216 11.3 4.47 9.88
Mycorhizae

The number of mycorhiza fluctuated in a range of 5 to 172 chlamydospores and
averaged 51.8 chlamydospores per 5 g soil (Fig. 1, Table 2). Mycorhizal density in RR-
CT was lower than that in BISMA-FT but it was rather unclear whether in general
mycorhizal population was supressed in the CT system. The presumed supression
phenomenon, however, was more clearly shown by the mycorhizal infection.
Myecorhizal infection to RR or to C7 plant roots was significantly lower under CT
system than that under FT system. That indicated that the pattern of mycorhizal
population density (the potential) in soil was not necessarily parallel with the pattern of
their interactions with the plat roots (the actual). The actual interaction (i.e., infection)
should be affected by the plant characters. In other words, if supression of mycorhizal
infection was real under CT system (due to herbicide effect, perhaps) then that might be
the case for the hybrid corn varieties (RR and C7) but that was not necessarily true for
the open pollinated variety (BISMA).

W
g 150 r —&—RRCT
g 125 1 —e—C7CT
'% g 100 —&— BISMA-CT
on
Sw 57 —O—RR-FT
5§ 50t —0—C7-FT
2 25 | —A— BISMA-FT
E
= 0 i 1 )
=
0 5 10 15 20

Weeks after planting of RR-CT

Figure 1. Population density of mycorhizae in soil where three varieties of corn
plants were managed under conservation tillage (CT) or full tillage
(FT). (RR = Roundup Ready, hybrid variety), C7 = hybrid variety and
Bisma = open pollination variety
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Economic performance

Farming analysis for 2001 growing season (Table 3} showed that growing RR in CT
system was the only farming practice that provided net profit, i.e. Rp.742.700,00 ha™ or
R/C = 1.13. The others were unprofitable (R/C < 1). The overwhelming farming failures
were due to the unsuitable growing season where in general rainfed water was lacking.
But the efficiency of all tested plots (RR-CT included) was actually sub-normal due to
excessive use of “unecessary” man-days for artificial watering (surface irrigation) and
manual control for the downy mildew disease which contributed 20—25% of the total
labor cost. The superiority of RR-CT over others occurred only in the plot area where
Imperata grass did not exist.

Table 2. Average mycorhizal density and mycorhizal infection in plots where three corn
varieties were grown under conservation versus full tilllage systems in Natar
South Lampung, 2001 growing season.

Tillage systems and Mycorhizal density Mycorhizal infection
corn varieties - (mumber S:g'1 soil) (%)
Conservation Tillage
RR 33.1b 47.7b
C7 595a 44.7b
Bisma 60.6a 63.8a
Full Tillage
RR 48.0 ab 69.7a
c7 47.2 ab 712 a
Bisma 62.6a 57.5 ab
LSD 0.05 15.5 15.3

Values in the same column followed by the same letter indicated no siginificant difference by LSD
0.05(Lentner and Bishop, 1986; Little and Hills, 1978); infection = number of chopped corn
roots with mycorhizal mycelium multiplied by 100 and divided by total number of chopped com
roots in a five-meter row.

The break-even point (BEP) analysis provided information on the minimum level above
which the yield of any variety-tillage combination was considered profitable (Table 4).
The BEPs of the second season were higher than that of the first season (> 5000 kg ha'!
versus < 4,000 kg ha'} meaning that (1) to reach a minimum profit, the 2001 growing
season had to produce more seeds and (2) farming inefficiency in this season was
higher. The source of inefficiency was quite apparent as aforementioned, i.e., uses of
extra man-days for surface irrigation (as a consequence of the harsh dry season) and for
manual control of the downy mildew disease. In addition, it was evident that the BEP
was the highest for the highest performers (RR-CT for the second season and C7-FT for
the first season). Curiously, the most profitable corn farming was the most inefficient
farming.
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Table 3. Financial analysis for farming three corn varieties under two tillage systems

ha~1.
Description No Imperata With Imperata
RR C7 BISMA RR C7 BISMA
I. Conservation Tillage (CT)
a. Grain yield (kg ha™) 6,830 4,620 2,720 4,350 - 2,050
b. Gross revenue (Rp) 6,488,500.00 4,389,000.00  2,584,000.00 4,607,500.00 -  1,947,500.00
c. Farming cost
- Purchased input (Rp) 1,363,000.00 1,363,000.00  1,053,000.00 1,363,000.00 -  1,053,000.00
- Pre-harvest fabor (Rp) 3,290,000.00 2,957,500.00  2,905,000.00 3,290,00000 -  2,905,000.00
- Harvest & post-harvest (Rp) 1,092,800.00  739,200.00 43520000  776,000.00 -  328,000.00
Total Farming Cost 5,745,800.00  5,059,700.00  4,393,200.00 5,429,000.00 -  4,286,000.00
Net Revenue (Rp) 742,700.00 -670,700.00 - 1,809,200.00 -821,500.00 - -2,338,500.00
R/C 1.13 0.87 0.59 0.85 - 0.45
L. Full Tillage (FT)
a. Grain yield (kg ha™) 2,050 2,710 2,280 - - -
b. Gross revenue (Rp) © 1,947,500.00 2,574,500.00  2,166,000.00 - - -
c. Farming cost .
- Purchased input (Rp) 1,133,000.00 1,133,000.00 823,000.00 - - -
- Pre-harvest laber (Rp) 3,372,500.00 3,372,500.00  3,285,000.00 - - -
- Harvest & post-harvest (Rp)  328,000.00 433,600.00 364,800.00 - - -
Total Farming Cost 4,833,500.00 4,939,100.00  4,472,800.00 - - -
Net Revenue (Rp) -2,886,000.00 -2,364,600.00 -2,306,800.00 - - -
R/C 0.40 0.52 0.48 - - -

Exchange rate: Rp1000,00 =
US $ 0.095

" Tillage systems

2001 season

Tabie 4. Break-even-point analysts of the 2000 versus 2001 corn growing season (kg/hectare)

2000 season

Conservation Tillage (CT)

RR 5,890 3,018
c7 5,469 3,018
Bisma 5,010 _ -
Full Tillage (FT)
RR 5,703 -
c7 5,703 3,788
Bisma 5,200 3,368

534




LITERATURE CITED

Daniels, B.A. and FLD. Skipper. 1982. Method for recovery and quantitative estimation
of propagules from soil. Pages: 29-36, in Methods and principles of mycorrhizal
research. N.C. Schenck (ed.). APS, St. Poul, Minnesota.

Kishore, G. M., S. R. Padgette, and R. T. Fraley. 1992. History of herbicide-tolerant
crops, methods of development and current state of the art-emphasis on
glyphosate tolerance. Weed Tech. 6:626-634.

Komisi Pestisida Departemen Pertanian. 1989. Pedoman pengujian efikasi untuk
pendaftaran pestisida. Koperasi Daya Guna Direktorat Perlindungan Tanaman
Pangan, Departemen Pertanian. Jakarta.

Lentner, M. and T. Bishop. 1986. Experimental design and analysis. Blacksburg:
Valley Book. 565 pp. .

Littie, T.M. and F.J. Hills. 1978. Agricultural experimentation, design and analysis.
New York etc.: John Wiley & Sons. 350 pp.

Utomo, M. 1995. Reorientasi kebijakan pengolahan tanah. P. 1—7. In: M. Utomo, F.X.

Susilo, D.R.J. Sembodo, Sugiatno, H. Susanto, A. Setiawan {(ed.) Prosiding Seminar
" nasional V Budidaya Pertanian Olah Tanah Konservasi. Universitas Lampung.
Bandar Lampung, 8—9 Mei 1995.

Utomo, M. 1997. Olah tanah konservasi: Teknologi pengolahan tanah lahan kering
berkelanjutan. Pidato Pengukuhan Guru Besar Universitas Lampung. Bandar
Lampung. 33 pp.

335




Environmental Benefits From the Use of Roundup Ready® Cotton

A. Crossan', T. Grahamz, L Kennedy', C. Cuff’, D. Moore*
'School of Land, Water and Crop Sciences, The University of Sydney, NSW 2006,
Australia a.crossan@agec.usyd.edu.au
*Hydrobiology Pty Ltd, Brisbane, Australia
*Maunsell Australia Pty Ltd, Townsville, Australia
“Monsanto Australia Ltd, Toowoomba, Australia

Abstract: Roundup Ready® Cotton has been successfully introduced into the
Australian cotton industry on the basis of its technical fit and the benefits the weed
control system offers. With the use of the Roundup Ready technology, however, comes
the potential increase in the amount of the herbicide glyphosate (N-(phosphonomethyl)
glycine isopropylammonium, Roundup) applied. Although glyphosate has been used in
Australia for many years with favourable results for weed control, no other Australian
studies have examined the potential environmental ‘impact of this increased glyphosate
use. The current study aims to assess the relative environmental risk of glyphosate when
used as the principal herbicide on glyphosate-resistant genetically enhanced cotton
varieties compared with other industry-typical conventional herbicide programs. The
project has comprised desktop risk-ranking modelling studies and a field study
involving water, suspended sediment and soil sampling.

Two approaches to modelling, the Pesticide Impact Ranking Index (PIRI) (Kookana et
al. 1998) and the use of fugacity modelling (Mackay 2001 and Sanchez-Bayo et al.
2002), have been used to compare the probable fate of glyphosate and other herbicides
in runoff and groundwater. The relative risk of each herbicide to the aquatic
environment was calculated based upon the toxicity of each chemical and their
concentrations in the relative environmental phases, determined by the respective
modelling approaches.

The field study undertaken at Auscott Midkin in the Gwydir Valley (northern New
South Wales, Australia) consisted of four trial fields. All four fields were sown with
Roundup Ready® Cotton (Sicot i89RR). Two fields were subjected to typical
conventional herbicide programs over the 2001/02 growing season whilst the other two
were subjected to typical glyphosate-dominated herbicide programs. Other herbicides
used in the study, for comparative purposes, included 2,4-D, diquat dibromide, diuron,
fluometuron, paraquat dichloride, pendimethalin, prometryn and trifluralin. The field
data has also enabled a level of validation of the desktop risk-ranking assessments.

These assessments show that the use of Roundup Ready® Cotton with Roundup
Ready® herbicide provides a lower environmental risk than using conventional
applications of herbicides.

Key words: Australian cotton industry, ecological risk assessment, glyphosate,
Roundup Ready cotton
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INTRODUCTION

Roundup Ready® Cotton has been introduced into the Australian cotton industry on the
basis of its technical fit and the benefits the weed control system offers. With the use of
the Roundup Ready technology however, comes the potential increase in the amount of
the herbicide glyphosate (N-(phosphonomethyl)glycine isopropylammonium,
Roundup®) applied. Although glyphosate has been used in Australia for many years
with favourable results for weed control, no other Australian studies have examined the
potential environmental impact of this increased glyphosate use. Glyphosate has low
affinity for the organic phase (logK. reported in the negative range —4.59 to —1.7) and
high water solubility, ranging from 10 to 15.7 g L (Tomlin 1999-2000; Giesy et al.
2000). At first sight, this data suggests that glyphosate could be prone to leaching or
appearing in run-off water. However, a number of studies have shown that glyphosate is
relatively immobile in the environment as it binds tightly to soil, with sorption
coefficients (Kq), ranging from 9 to 60,000 L kg, with a geometric mean of 2,072 L
kg (Giesy et al. 2000).

The objective of this study was to assess the environmental risk of glyphosate use for
weed control on glyphosate-resistant genetically enhanced cotton varicties relative to
other commonly used herbicides, including diuron, 2,4-D, fluometuron, pendimethalin,
prometryn and trifluralin. This objective was achieved by comparing results of risk
assessments for two groups of herbicide application scenarios, genetically engineered
(GE) and conventional. The GE scenarios involved the use of glyphosate as a main
feature, because of the tolerance to glyphosate of genetically engineered Roundup
Ready® cotton varieties such as Sicot I189RR. Irrigation runoff data obtained from the
field studies were used for the risk analysis in relation to water quality guidelines and
toxicological data from glyphosate and other herbicides.

MATERIALS AND METHODS

This project consisted of a field study involving actual herbicide treatment programs
and desktop risk assessment, for several theoretical herbicide application programs.

Modelling

Two desktop risk assessment approaches, the Pesticide Impact Ranking Index (PIRI)
(Kookana er al. 1998) and the use of fugacity modelling (Mackay 2001 and Sanchez-
Bayo et al. 2001) with ecological risk assessment, were used. The relative risk of each
herbicide to the aquatic environment can be calculated based upon the toxicity of each
chemical and their concentrations in runoff and groundwater.

Field studies

The field study undertaken at Auscott Midkin in the Gwydir Valley (northern New
South Wales, Australia) consisted of four trial fields. Ail four fields were sown with
Roundup Ready® Cotton (Sicor I189RR). Two fields were subjected to typical
conventional herbicide programs over the 2001/02 growing season whilst the other two
were subjected to typical glyphosate-dominated herbicide programs. Other herbicides
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used in the study, for comparative purposes, included 2,4-D, diquat dibromide, diuron,
fluometuron, paraquat dichloride, pendimethalin, prometryn and trifluralin. The
herbicide application scenarios assessed were based upon industry-typical application
programs over an entire growing season.

The four fields, with slope gradients of 1:1400, were uniform light to medium grey
cracking soils of 50-60% clay content. Soil organic carbon levels were measured as 0.8-
1.2%, and pH levels were within the range of 7.5 to 8.6.

Herbicide applications

Actual applications of herbicides for the four fields of the field experiment are shown in
Table 1. The use of glyphosate in a post emergence ‘knockdown’ application is not
possible on a conventional cotton variety but was made possible here through the
planting of the glyphosate tolerant Sicor I89RR variety on all four fields. The ability to
rate the relative risk of individual herbicides was not affected by the application of
glyphosate for knockdown in the conventional program fields. The applications were
chosen without the benefit of prior relative risk assessment.

Chemical Analysis
Pesticide residues other than glyphosate

Composite water and suspended sediment samples were collected from the tail drains of
the fields following irrigations. The water samples were extracted three times with
dichloromethane and the extracts were combined and then reduced in volume by
evaporation and made to volume in hexane. All herbicides except for the phenylurea
chemicals were analysed by GC/MS. For analysis of phenylurea herbicides, solvent
exchange between hexane and methanol was conducted on the hexane extract obtained
from this method. Residues were determined by HPLC-UV.

Table 1: Herbicide applications on the four fields used in the field experiment. Figures
in brackets indicate application rates of active ingredient in kg ha™.

Fields Herbicide Applications - 2001/02 Cotton Season®
{Herbicide Knockdown Pre-Emergence Knockdown Layby
Program)
24 - Diuron (1)/Trifluralin Glyphosate (1.5} Glyphosate (1}
(Roundup) (2.3) - {end Oct) (tnid Dec)
{early Sept)
29 - Diuron {1)/Trifluralin Glyphosate (1.5) Fluometuron (1.5
{Conventional) (2.3) (early Sept) (late Oct) Prometryn (1.5) Diuron
Fluometuron/ Prometryn Glyphosate (1) (1)
(early Oct) {early Nov) (early Dec)
83 2/4-Dy (0.9Y Diuron (1)/Trifluralin Glyphosate (1.5) Glyphosate (1)
{Roundup) Glyphosate (1) {mid (2.3) (mid Sept) {mid Oct) {mid Dec)
Aug)
. 84 2/4-D (0.9Y Diuron (1)/ Glyphosate (1.5) | Fivometron (1.2)/ Divron
- (Conventional) Glyphosate (1) Pendamethalin (3) (mid {mid Oct) (0.8)
{mid Aug) Sept) (mid Dec)
Fluometuron (1.7)/
Prometryn (1.7) {late
Sept) )

* All herbicide applications occurred in 2001
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Sediment and soil samples were extracted by shaking with an acetone/dichloromethane
(50/50 v/v) mixture. Residues were then partitioned three times with dichloromethane
and the solvent then exchanged with hexane. Determination and confirmation of
pesticides other than the phenylurea herbicides was conducted by GC-MS. For analysis
of phenylurea herbicides, solvent exchange between hexane and methanol was conducted
on the hexane extract obtained from this method. Analysis was conducted by HPLC-UV
and/or HPLC-MS. Confirmation was by HPLC-MS.

Glyphosate residues in water and filtered sediment

Water samples were acidified, dried and the residue taken up in the mobile phase for
analysis by HPLC using a post-column reaction specific for primary amines. Glyphosate
was oxidised in a post-column reactor coil at 55° C with hypochlorite solution to form
glycine, then reacted with o-phthalaldehyde (OPA) in the presence of mercaptoethanol
in a second coil to form a fluorophor, detected fluorometrically. AMPA, a major
breakdown product of glyphosate, also forms a fluorophor under these conditions and
was also detected.

Sediment from water passed through a 0.7 pm filter paper was extracted with 0.5N
ammonium hydroxide, reduced in volume, acidified with hydrochloric acid and taken to
dryness. The residuec was then taken up in mobile phase and filtered before analysis by
HPLC.

RESULTS AND DISCUSSION

Application of Pesticide Impact Rating Index (PIR]) to assess relative risk rating
for potential off-site migration and toxicity to rainbow trout (Oncorhynchus
mykiss) and water flea (Daphnia sp.)

PIRI is a simple index that integrates different factors influencing the off-site migration
potential of pesticides (Kookana et al. 1998 and 1999). PIRI is based on three
components, namely: the value of the asset (water resources threatened) (V), the source
(s) of threat (pesticide use) to the asset (L), and the transport pathways through which
the threat is released to the asset (7). The detriment to water quality is assumed to be the
product of ¥, L and T, summed over all the pesticides used on a catchment.

Risk rating for different scenarios under Conventional
Herbicide Programs

E3 Mobility
. 33 Only
= 30 N
T o5 limp ¢} B Mobility +
py - | Fish toxicity
5 2014 L . £1 Mobility +
o o L obility
= o 1 | Daphnia
g 10 toxicity
5 5 :
o 2

()l

CF-
F29 Fa84

Figure 1: The overall scores for the 8 different scenarios under the
conventional herbicide programs.
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Risk rating for different scenarios under Genetically Enhanced
Programs

B Mobility Only
B nohility + Fish toxicity
O Mobility + Daphnia toxicity

Overall score rating

GE-t GE-2 GE-3 GE4 GE-F24 GEF83

Figure 2: The overall scores for the 6 different scenarios under the
genetically enhanced herbicide programs

Under conventional herbicide programs (Fig. 1), the highest PIRI risk rating was
associated with the two actnal field scenarios (CF-F29 and CF-F84) and the
conventional herbicide scenarios C2, C3 had the lowest risk rating.
Under GE programs, the PIRI scores (Fig. 2) were lower than those in the conventional
programs. Within GE programs, the highest risk rating was associated with GE-2. In
contrast the GE herbicide scenario GE-3 had the lowest risk rating.

Fugacity

Fugacity modelling (Mackay, 2001) allows estimation of the concentrations of
herbicides in environmental phases for theoretical herbicide applications scenarios. The
data obtained from fugacity modelling were then used to develop an environmental risk
assessment for these scenarios.

Comparisons between data from actual field experiments and modelled fugacity data
were made. Fugacity assumes that partitioning occurs instantaneously after application.
Irrigations and irrigation run-off sampling are usually conducted some time after the
initial pesticide application. Thus, the values obtained by modefling using fugacity are
usually overestimates because environmental degradation is not included. To compare
such fugacity data with field data, half-lives must be taken into account to obtain more
realistic values.

Agreement between fugacity calculations and actual concentrations was acceptable. In
the case of glyphosate, fugacity models concentrations that fall below the limit of
detection. No glyphosate was detected above the LOD in the field data validating this
model. On the other hand, the results for sediment in runoff from field F24 showed
good agreement for trifluralin and diuron for modelled and field data.

The herbicide program chosen for field F29 employed multiple applications of some
herbicides (Table 1). However, there is good agreement between the modelled and the

field data.
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In summary, the results showed that good agreement was observed between fugacity
modelled data and real field data. The largest disagreement, in the case of prometryn,
was less than an order of magnitude greater. It follows that it was appropriate to use
fugacity to model ‘worst case’ concentrations of herbicides for the risk assessment of
the theoretical herbicide scenarios.

Field trial data

The results obtained from the field data, summaries shown in Table 2, show that
glyphosate was detected above the limit of detection in a small number of runoff
samples within suspended sediments. Diuron and trifluralin were detected more often
above their limits of detection (LOD) in both the suspended sediment and the aqueous
phase. '

The other herbicides, pendimethalin, fluometuron, prometryn and metolachlor were also
detected in some samples. It can be noted that some herbicides, e.,g. fluometuron and
prometryn, were detected in runoff samples though not applied to all fields. This is
likely a result of the reuse of contaminated irrigation runoff to irrigate successive fields.
The study assessed the data presented in Table 2 with respect to water quality
guidelines, however, the guidelines are incomplete and do not prescribe values for
fluometuron, prometryn or pendimthalin. Glyphosate was found to be well below the
370 pg L limit (ANZECC/ARMCANZ, 2000). Diuron was found to be above its limit
(0.2 pg L), which is purposely low due to lack of available toxicity data. Therefore, the
herbicide concentrations in runoff were used to formulate the relative risk between the
herbicides based upon toxicological data.

Table 2. Summary of results of the runoff studies showing averages and ranges of
herbicide concentrations (pg L) in water for each field.

Chemic |Glyphosa Pendimethal |Fluometu | Prometry |Triflural| Metolac
Field] al te Diuron in ron n in hlor
24 | Ave - 16.1 0.4 1.3 1.3 0.6 0.1

Low 1.6 LOD 0.3 LOD 0.07 | LOD

High | LOD 45.8 1.01 2.2 1.43 1.35 0.09
29 | Ave - 26.6 1.0 10.9 3.2 1.8 0.2

Low 1.4 10D LOD LOD | LOD | LOD

High | LOD 73.8 2.5 32.9 6.75 -6.7 0.18
83 | Ave - 16.9 0.1 1.1 0.8 1.0 0.1

Low 0.51 L.OD LOD LOD | LOD | LOD

High | LOD 63.3 0.27 1.5 1.44 3.82 0.18
34 | Ave - 37.3 3.7 38.8 4.4 0.1 0.1

Low 0.59 LOD LOD 0.36 LOD | LOD

High | LOD 57.7 6.47 93.2 1368 | -0.12 | 0.09

LOD=limit of detection; 0.05 pg L' for pendimethalin, prometryn, trifluralin and metolachlor,
10 pg L™ for glyphosate, and 0.3 ug L™ for diuron and fluometuron.

541




Risk to aquatic ecosystems for field experiment scenarios

Relative risk (RR) was expressed by comparing the toxic exposure of the herbicides of
two common wetland species, rainbow trout (Oncorhyachus mykiss) and water flea
(Daphnia sp.) following recognised risk assessment framework (Norton ef al., 1992).
The field results were used to determine the probability of exposure and the likely level
of exposure is given by the median value of all data collected (Table 3).

Exposure (X)

Estimation of exposure is a key aspect of determining risk and knowledge of the
concentrations (C) of pesticides in the ecosystem is essential to determine exposure. The
following equation (1) was used to determine exposure (X):

X=CPt]/2(BCF) (1)

The probability of exposure (P) is determined by the frequency of positive values ‘n (+)’
for each chemical compared to the number of samples in the data set “N”. The half-life
(tir2) is included to represent persistence and “BCF” refers to the bioconcentration factor
in organisms (Chiou et al. 1977).

A summary of herbicide concentrations used for the ecosystem risk assessment is shown
in Table 2, The median data (Table 3) were used to determine the exposure as they are
considered to give a more realistic representation of the runoff data for risk assessment
purposes. Averaged data are often skewed too low and are therefore not useful for
sensible ecosystem management. As shown in Table 3, glyphosate had the lowest
probability of detection. No significant difference was observed in the runoff data
between scenario types (conventional vs. GE) for trifluralin. In the case of glyphosate a
negative BCF factor is given, due to its extremely low affinity for organic matter. This
value is obtained from a negative logKow and was disregarded for the exposure
calculations contained in Table 3.

Table 3: Median herbicide concentration in runoff water calculated from the field trials
and determination of exposure of each chemical to the ecosystem.

Chemical Median Probability Half-life| BCF | X=C * P * t1/2*BCF
(igLh) | _(Py=nGYN_| (112)
Conv | GE [Conv (P} | GE (P)| days log Conv. GE

Glyphosate <10 | <10| 0.33 0.46 22 -2.6 72.6" 101.2°
Diuron 43.68 | 7 1.00 1.00 60 3.2 82555 1323.0
Fluometuron [1.9 | 0.9 1.00 - 85 2.7 2761.4 -
Prometryn 200 | 1.2 1.00 - 60 34 4239 -
Pendimethalin 1.91 |0.18| 1.00 - 21 5.2 209.8 -
Trifluralin® 0.42 0.89 25 49 45.6

3 ising a concentration of 10 pg L™ and disregarding negative BCF
® Combined runoff data, conventional and GE as no significant difference was found between
program residue detection



Risk (R)

Applying the information generated on exposure (X) and toxicity (Tox), Tox=LCsp
(Tomlin, 1999-2000) to the following equation (2) allows computation of the risk to the
ecosystem:

R =X/Tox (2)

The results of the risk assessment are presented in Table 4. The risk categories were
subjective, chosen as high (R>10), medium (10>R>1), low (1>R>0.01) and negligible
(R<0.01) and were applied to obtain relative distribution within the results of the risk
assessment.

Table 4 Relative risk scores and categories of the herbicides used in the field trial

scenarios.
Chemical Conventional GE

Trout | Category |Daphnia| Category | Trout |Category |Daphnia| Category
Glyphosate 0.0009 |Negligible] 0.006 [Negligible] 0.001 [Negligible] 0.008 |Negligible
Diuron 7.5 Medium 0.2 Low 1.2 Medium | (.03 Low
Fluometuron 0.05 Low 0.3 Low - - - T
Prometryn 0.08 Low 0.01 Low - - - -
Pendimethalin 4.2 Medium ID - - - - -
Trifluralin® 1.1 Medium | 0.08 Low 1.1 Medium | 0.08 Low

*Combined Conventional and GE
ID Insufficient data

The results in Table 4 indicate that glyphosate has negligible risk compared to use of the
other herbicides to the two-wetland species, by many orders of magnitude. The
chemicals yielding lowest risk after glyphosate were prometryn and fluometuron, which
are categorised as low. From Table 4 diuron and pendimethalin pose medium risk to
trout. Diuron, pendimethalin and trifluralin posed the greatest risk to trout, however,
the risk to Daphnia from the use of these chemicals was categorised as low.

In assessing the conventional versus GE herbicide programs selected, with hindsight it
can be concluded that the use of prometryn and fluometuron in a GE program instead of
trifluralin and diuron would further reduce risk associated with the overall GE program.
Further improvement of the GE application scenario depends upon the
interchangeability of efficacy in the herbicide treatments from physical properties. Any
increase in application rates must increase the exposure and associated risk to
ecosystems proportionally. A principle of ecosystem protection is that the lower the
mass of a chemical applied to the environment the lower the risk of ecological
contamination by that chemical.

Risk to aquatic ecosystems for the theoretical herhjcide application scenarios
The main purpose of the fugacity model was to produce an estimation of the

concentration of herbicides in runoff to enable risk assessment of the theoretical
herbicide scenarios. The total runoff data obtained from the fugacity modelling was
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used to assess the risk of the theoretical herbicide treatments based upon the toxicity of
the two-wetland species as detailed previously.

The results from the theoretical scenarios presented in Figure 3 showed good agreement
with the risk categories determined for the actual field experiment scenarios. Diuron and
trifluralin consistently gave high risk to trout and low and medium risk respectively to
Daphnia. The fluometuron assessment indicated high and medium risk existed for
daphnia and trout respectively. The theoretical scenarios aliowed metolachlor,
pyrithiobac-sedium and clethodim to be assessed and these results showed that the risk
of using these chemicals at the indicated rates was usually very low. The risk associated
with the use of glyphosate was consistently found to be negligible.

& Trout
m Water flea
O Combined

3 -

Risk Score
o

Figure 3. Risk score for each herbicide; presented as averages of all scores from all
scenarios.

CONCLUSIONS

The two approaches to risk assessment illustrated here are complementary. Obviously,
they can both be used to optimise environmental risk reduction if employed as decision
tools for choosing application programs. Whilst desktop approaches can indicate the
likely risks, risk assessment using real data provides validation for such management
decisions. Better information on the toxicity of herbicides to local ecosystems, including
plant species, would be desirable for this purpose.

These assessments indicate that the use of prometryn and fluometuron in a GE program
with glyphosate instead of trifluralin and diuron would result in a significant reduction
of risk associated with the overall GE program. Although there was no significant
difference in the illustrative conventional and GE +herbicide programs chosen in this
study, this can easily be rectified. The interchangeability of the herbicide treatments as
allowed by efficacy should allow further reduction of risk.
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The risk assessment presented indicates that the introduction of Roundup Ready®
Cotton for weed management in cotton production lowers the risk of ecosystem
contamination, consistent with similar studies carried out on transgenic corn varieties
(Esters ef al. 2001; Wauchope et al. 2001). The current study has not assessed the risk
of leaching to ground water. The unique interaction of glyphosate with soil, a result of
its zwitterionic structure, suggests that environmental fate studies involving a number of
Australian soils, especially with respect to leaching, would be appropriate. Some studies
have shown that glyphosate behaviour in soil depends upon localised soil characteristics
(Piccolo et al. 1994, 1996; de Jonge et al. 2000), but detailed computer modeling of
glyphosate leaching behaviour in a highly vulnerable US setting showed no movement
below 2 m (Estes et al. 2001).

Therefore, the use of Roundup Ready® Cotton with Roundup Ready® herbicide
potentially provides a lower environmental risk than other approaches using
conventional applications of herbicides.
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The Use of Carfentrazone-ethyl For The Control Of Roundup Ready Cotton And
To Aid In The Knockdown Of Difficult To Control Broadleaved Weeds

G. R. Cumming and I. Pegg
FMC (Chemicals) Pty Ltd, PO Box 329, Hamilton Central, Qld 4007, Australia

Abstract: Carfentrazone-ethyl has been evaluated for use as a mixing partner for the
knockdown herbicide glyphosate with the objectives of increasing weed spectrum, the
reliability of broadleaf weed control and the speed of activity.

Carfentrazone has shown a high degree of activity on some of the harder-to-control
broadleaf weeds such as marshmallow (Malva parviflora L.), Paterson’s curse (Echium
plantagineum L.), and sub-clover (Trifolium subtervaneum L.). As well as double gee
(Emex australis Steinh.) and Brassica species, particularly wild radish (Raphanus
raphanistrum L.), both of which are showing increasing levels of Group B herb1c1dc
resistance. After the limited release of glyphosate tolerant cotton (Roundup Ready®

(RR) Cotton) in Australia during the 2001/2002 season and its rapid adoption in the
2002/2003 season. The control of volunteer seedling RR cotton plants in a cropping
system that is dominated by the use of glyphosate for fallow and crop establishment
weed control is a true challenge.

Initial herbicide screening work by Roberts (2001) demonstrated that various
commercially available products commonly added to glyphosate for broadleaved weed
control had limited effect on RR cotton seedlings. However carfentrazone was identified
as one active that did provide commercially. acceptable levels of control of RR cotton.

The 2002 winter cropping season saw the launch of carfentrazone in a 240 g ai L EC
formulation branded as Hammer EC by FMC (Chemicals) Pty Ltd. Hammer is
distributed in Australia by Crop Care Australasia Pty Ltd specifically for use as a
mixing partner with the major knockdown herbicides for use in the southern, temperate,
cropping regions of Australia. Further field trials were undertaken in the cotton growing
regions to determine the suitability of carfentrazone for use in herbicide programs for
the control of RR cotton and other common broadleaved weeds. It was established that
use rates of 18 to 24 g ai ha'! provided the best and most robust conirol of RR Cotton
(97% — 100%).

Carfentrazone has many unique benefits. However one of significant interest to the
farming community is that it has no soil carryover and therefore no plant back
restrictions - a particular benefit when used prior to sowing legumes or oilseeds and in
opportunistic cropping systems utilizing unreliable rainfall.

Keywords: broad- [eaf weeds, carfentrazone-ethyl, glyphosate, knockdown herbicides,
Roundup Ready® Cotton

INTRODUCTION

Herbicides control plants by disrupting different functions of the plant cell.
Carfentrazone-ethyl is a light-dependent herbicide that inhibits the enzyme
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protoporphyrinogen oxidase (commonly abbreviated as protox) and in doing so, disrupts
lipid and cell membranes. The lethal effect is caused by natural plant compounds that
accumulate in the cells of weeds treated with carfentrazone. Protox is the site of action,
but induction of lipid peroxidation, which results in membrane disruption, is the
mechanism of action. Membrane disruption is the overall mode of action.

The following points summarize the protox mechanism of, and course of action for,

carfentrazone in plants;

¢ Sunlight and photosynthesis are required. Light is required for activity since
photosynthesis must be in progress. Newly developing leaves, actively making plant
pigments, are most susceptible.

e Protox inhibition leads to a build-up of protoporphyrin IX, an intermediate in
chlorophyll synthesis.

o In light, proptoporphyrin IX is very efficient at transferring energy to oxygen-
yielding, unstable forms including singlet oxygen.

o The cell membrane is damaged, releasing cell contents into intercellular spaces,
causing the cell to collapse and die.

s Cellular destruction results in plant tissue necrosis (death).

The process and onset of action is very rapid. Plants treated with carfentrazone become
necrotic and die shortly after treatment. Initial symptoms are observed within 2 to 4
days and mortality occurs within 7 to 14 days dependent upon environmental
conditions.

Leaf penetration is the key to control with carfentrazone and weeds should be in an
active growth stage — producing chlorophyll — to maximize effects.

Roundup Ready® (RR) Cotton

In many broadacre crops, weeds are the most economicaily damaging pests. The
improved ability to control weeds is usually rapidly adopted by farmers and as such
herbicide tolerant crops are likely to dominate farming fields in the future. The limited
commercial release of RR Cotton in the 2000/2001 growing season saw the beginning
of a new era in weed management for cotton production in Australia. An additional
management difficulty with herbicide tolerant crops is the control of volunteers in the
following year.

This is particularly important if the volunteer plants being controlled have the Roundup
Ready gene and the following crop is cotton, as the use of glyphosate will not control
these seedlings. Initial herbicide screening work by Roberts (2001) demonstrated that
the products commonly added to glyphosate for broadleaved weed control had limited
effect on RR cotton seedlings.

Carfentrazone-ethyl was identified as one product that provided commercially
acceptable levels of control of RR cotton. Consequently a series of trials were designed
to further evaluate the potential of carfentrazone as a viable tool for the management of
volunteer cotton plants and other broadleaf weeds within a weed management system
principally bases on glyphosate.
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MATERIALS AND METHODS
A. Cotton Trial

An initial screening trial was conducted by FMC (Chemicals) Pty Ltd mid season
2001/2002 to evaluate the use of carfentrazone for the control of both conventional and
RR cotton seedling volunteers. An additional series of 9 trials were conducted at the
beginning of the 2002/2003 cotton seasons in Australia to confirm the results of the
initial trial, as well as to evaluate the effectiveness of carfentrazone on other common
broadleaved weeds that occur during the cotton-seeding period.

All trials were of a com?lete randomized block design with 3 replications. Treatments
were applied in 75 L ha” total spray volume using Flat Fan 110-01 Teejets at 200 kPa.
The rate of glyphosate (450 g ai L") used ranged from 1000 to 1500 mL ha " dependent
on weed size and represented commercial use rates. All treatments had the spray
adjuvant “Supercharge” added at 0.5% volume/volume (ie: 0.5 L 100L™") unless

otherwise stated.

Assessments of Visual Percent Control were made at 7 & 14, Days After Application
(DAA), results not shown. Final weed counts were performed at 28 DAA to ensure
sufficient time for any re-growth to occur.

Trial sites were chosen in fields that had been pre-watered 10 to 20 days prior to seeding
of this seasons cotton crop with application being just prior to seeding or post seeding
pre-emergent of the cotton crop. At the time of application targeted broadleaf weeds
ranged in size from cotyledon to 6 leaves.

B. Wheat Trial

A series of 8 trials were also conducted in the Western Australia wheat belt during the
winter of 2001 to evaluate the efficacy of carfentrazone when mixed with glyphosate
and applied prior to crop establishment or as fallow sprays. The weed species targeted
were marshmallow, sub-clover, wild radish and doublegee.

Trial methods were the same as outlined above with the exception that treatments were
applied in 60 L ha T total spray volume and the rate of glyphosate (450 g ai L 1 used
ranged from 600 mL to 1000 mL ha " dependent on weed size and represented
commercial use rates.

The results presented in Table 5 are the average of these data sets and thus statistical
analysis has not been included.

At the time of application the broadleaf weeds ranged in size from cotyledon to 6 leaf.
This was considered to be typical of weed sizes at crop establishment.
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RESULTS

The use of carfentrazone either alone or in mixtures with glyphosate provided excellent
levels of control of both Roundup Ready and conventional cotton seedlings up to the 6
Leaf growth stage. The level of control provided was superior to glyphosate alone or the
standard mixtures of glyphosate plus oxyfluorfen or glyphosate plus fluroxypyr when
applied to conventional cotton.

These mixtures were not applied to the first trial #1, because Roberts (2001) had already
clearly showed that both oxyfluorfen and fluroxypyr had no commercial acceptable
effect on RR cotton.

Additional trials were conducted to evaluate the use of glyphosate plus carfentrazone
mixtures on a range of commonly found broadleaved weeds at the time of planting
cotton.

Carfentrazone when used alone has provided excellent control of both RR and
conventional cotton. There is a clear rate response, with 6 g ai ha” failing to provide
commercially acceptable levels of control (64% to 92%). The use of 12 g ai ha™ was
acceptable (94% to 100%) when applied in 100 L ha™ total volume. However, the final
result was very dependent on the quality of application as can be seen by the drop in
efficacy (86% & 78%) when applied in 50 L ha! total volume. Both of these rates are
considered to be too unreliable for commercial recommendation.

Use rates of 18 to 24 g ai ha™ have provided the greatest and most robust levels of
control (97% to 100%). Additional field demonstrations on a commercial scale (not
reported), have confirmed that use rates of 18 to 24 g ai ha ' applied in a minimum total
volume of 75 L ha ' constantly provide commercially acceptable results of 95% control
or greater.

Traditionally glyphosate is relied upon to control conventional cotton volunteer
seedlings. Often that level of control is not total (79%), the addition of carfentrazone at
18 g ai ha "' increased the level of control to 97%. The addition of either oxyfluorfen
(71%) or fluroxypyr (82%) to glyphosate, whilst broadening the spectrum of weeds
controlled did not increase the level of conventional cotton control.

When using carfentrazone alone the rate of spray adjuvant (Supercharge) used was 1.0%
viv, this was reduced to 0.5% v/v due to the extra wetter loading that is present in the
glyphosate formulation.

Table 2: Represents a summary of all broadleaved weeds tested to date, where effective
control is defined as commercially acceptable 95% or greater. Many broadleaved weed
species were effectively controlled by glyphosate alone. The addition of carfentrazone
did not cause any antagonism to glyphosate and was a benefit in terms of speed of
control with full plant desiccation being observed by 7 (DAA).

The addition of carfentrazone significantly increased the level of control achieved
compared to glyphosate alone on three weed species as well as RR and conventional
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cotton. Glyphosate is commonly mixed with fluroxypyr when targeting these weeds,
particularly cow/peach vine (Ipomea lonchophylla). Carfentrazone had limited effect on
bellvine (Ipomea plebeia) and the use of fluroxypyr remains the best choice for this
weed.

Table 1. Percentage control of Roundup Ready and conventional cotton seedling
volunteers (Gossypium hirsutum,).

Rate #1 RR #1 Con. #2 Con.

Treatment g ai ha Cotton Cotton Cotton.
Carfentrazone 6 92 64
Carfentrazone 12 96 100
Carfentrazone 18 100 100
Carfentrazone 24 100 100
Carfentrazone ** 12 86 78
Glyphosate 450/ 562 ] 0 79
G -+ Carfentrazone 6 81
G + Carfentrazone 12 - 100 100 94
G + Carfentrazone 18 100 100 97
G + Carfentrazone 24 97
G + Oxyfluorfen 19 71
G + Fluroxypyr 90 82
LSD (P=0.05) 8.3 20
Av: Plant Size 4 Leaf 70% 4 Leaf 35% Cotyledon to 2

6 Leaf 30% 6 Leaf 65% Leaf

** A single treatment applied in 50 L ha ~' Total Volume.
#1: Trial Number AU12-02-H501, Conducted mid season 2000/2001 by seeding both Roundup
Ready and Conventional cotton. All treatments applied in 100 L ha " total volume with
“Supercharge” at 1.0 % viv.
#2: s the averaged results from three trials, AU12-03-H525, H526, H527, conducted at the
beginning of the 2002/2003 season. All treatments applied in 75 L ha T total volume with
“Supercharge” at 0.5% v/v.

Carfentrazone at use rates of 18 to 24 gai ha ', has significantly increased the level of
control for both native rosella (dbelmoschus ficulneus) and cow/peach vine (I
lonchophylla) compared to glyphosate alone (Table 3). Carfentrazone has provided
equivalent and at times numerically, although not significantly, greater levels of control
of both native rosella and cow/peach vine compared to the standard fluroxypyr.
Oxyfluorfen, another Group G active, had no useful effect on cow/peach vine and enly
limited effect on the native rosella.

Table 4 shows that carfentrazone when mixed with glyphosate has not responded to the
addition of extra wetter (47%) compared to nil adjuvant (48%), which is not surprising
considering the wetter loading that most glyphosate formulation already have. There has
also been minimal response to the addition of a wetter/oil combination such as DC Trate
(55%).

551




Table 2. Common broadleaved weeds tested with glyphosate plus carfentrazone 7
mixtures.

Common Name Scientific Name Plant Size

Species effectively controlled by glyphosate alone.

Boggabri Amaranthus mitchellii Cot. ~ 4 Leaf
Bladder ketmia Hibiscus trionum Cot. -2 Leaf
Mint Weed Salvia reflexa

Pigweed Black Trianthema portulacastrum Cot. — 2 Leaf
Sesbania Pea Sesbania cannabina Cot. — 2 Leaf
Shepherds Purse Capsella bursa-pastoris 4 — 12 Leaf

Spiny Headed Sida  Sida acuta Cot. — 2 Leaf

Species effectively controlled by glyphosate plus carfentrazone.

Cow/Peach Vine Ipomea lonchophylla Cot. — 4 Leaf
Native Rosella Abelmoschus ficulneus Cot. — 2 Leaf
Pigweed Red Portulaca oleracea 10 — 30 cm diameter
Vol. Cotton Gossypium hirsutum Cot. - 6 Leaf
Vol. RR Cotton Gossypium hirsutum Cot. — 6 Leaf

Species NOT effectively controlled by glyphosate plus carfentrazone
Bellvine Ipomea plebeia Cot. — 6 Leaf

Table 3. Percentage control of native rosella (4. ficulneus) and cow/peach vine (I

lonchophyila).
Rate Native Rosella Cow / Peach Vine

Treatment G ai ha' (28 DAA) (28 DAA)
Glyphosate 4507562 88 44
G -+ Carfentrazone 6 98 34
G + Carfentrazone 12 96 70
G + Carfentrazone 18 98 38
G + Carfentrazone 24 100 93
G + Oxyfluorfen 19 94 41
G + Fluroxypyr 90 100 85
LSD (P=0.05) 8 . 20
Av: Plant Size 4 Leaf 70% 4 Leaf 35%

6 Leaf 30% 6 Leaf 65%
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The last three products are considered to be premium adjuvants and are commonly used
with grass selective herbicides for their ability to increase activity. All have resulted in
significantly higher levels of centrol than either BS1000 or DC Trate. Uptake (72%)
was numerically inferior to Hasten (81%) and Supercharge (83%), although not
significantly. Hasten and Supercharge have clearly resulted in the highest levels of
activity.

Table 4: Effect of different spray Adjuvants on the control of cow/peach vine.

Rate Cow/Peach Vine
Treatment* % v/v (28 DAA)
Nil 48
BS1000 0.25 47
DC Trate 1.0 55
Uptake 0.5 72
Hasten 0.5 31
Supercharge " 05 83
LSD (P=0.05) 13
Av: Plant Size 6to 12 Leaf

*All treatments consisted of glyphosate (675 g ai ha”) plus carfentrazone (18 g ai ha™) with the
various

adjuvants added, and were applied in 75 L ha" total volume.

BS1000; (wetter) 1000 g L™ alcohol alkoxylate

DC Trate; (oil/wetter) 763 g L™ petroleum oil

Uptake; (Adjuvant) 582 g L™ paraffinic oil + 208 g "' non-ionic surfactant.

Hasten; (Adjuvant) 704 g L esterifield canola oil and non-ionic surfactant.

Supercharge; (Adjuvant) 432 Mineral oil

Adjuvants often consist of other ingredients including penetrant’s.

Whilst no grass species results are presented, most sites had either annual ryegrass
(Lolium rigidum Gaudin) or barley grass (Hordeum leporinum Link ) present ranging in
size from Zadok Z12 to Z21. There was no evidence of carfentrazone having any
activity on the grass species present. These grasses were controlled 100% by all
treatments with symptoms typical of glyphosate use (Table 5).

The use of both carfentrazone and oxyfluorfen resulted in rapid leaf desiccation and
increased speed of death of the target broadleaved weeds. Both carfentrazone and
oxyfluorfen significantly increased the speed of control at 7 DAA, compared to
glyphosate alone. Carfentrazone was noticeably quicker acting than oxyfluorfen on all
specials tested.

Carfentrazone at 12 to 18 g ai ha’ when mixed with glyphosate, has resulted in
commercially acceptable levels of weed control (>90%) for all target weeds and is
significantly better than glyphosate alone, and was-numerically superior to oxyfluorfen
on all weed species targeted. The addition of oxyfluorfen to glyphosate significantly
improved the level of control (94%) of Marshmallow compared to glyphosate alone
(15%), but had limited effect on the other weed species. Whilst the higher rate (30 g ai
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I}a !y of oxyfluorfen has clearly been antagonistic compared to the lower rate (18 g ai ha

)
DISCUSSION

Carfentrazone has provided excellent levels of control of both conventional and
Ror.:ndup Ready cotton seedling volunteers when applied alone at rates of 18 to 24 g ai
ha”

Table 5. Percentage control of marshmallow (Malva parviflora) subterranean clover
(Trifolium subterranean), wild radish (Raphanus raphanistrum), and spiny
emex (Emex qustralis).

Treatment ;Eg{zgeha" x:ﬂf; Sub-clover Rwalclicilsh Spiny Emex
Glyphosate 270 15 70 90 66

G + carfentrazone 6 88 87 95 78

G + carfentrazone 12 97 93 98 39

G + carfentrazone 18 09 97 09 04

G + oxyfluorfen 18 94 75 92 72

G + oxyfluorfen 30 82 69 90 66

Av: Plant Size coul o, pol o 43 04 o4 Leat

Results are the average of 3 to 4 trials for each weed species.

The key to control is leaf penetration and full coverage of all growing points from the
plant apex down to below the cotyledons. Thus, the use of an appropriate spray
adjuvant, specifically either Hasten or Supercharge, and sufficient total spray volume (>
75 L ha ") is important.

A mixture of carfentrazone and glyphosate can be used to control Roundup Ready
cotton seedling volunteers, as well as the usual weeds glyphosate is targeted against. In
addition to this carfentrazone has activity on most broadleaved weeds and has shown
additive effects when mixed with glyphosate ranging from increased speed of control to
greater levels of control of some of the more difficult to control species,

The difference in modes of action from glyphosate, which inhibits EPSP Synthase
(group M) and carfentrazone which, inhibits protoporphyrinogen oxidase (group G) is
important, as this allows carfentrazone to control glyphosate tolerant cotton and also
control other weeds using a different herbicide group. Rotating herbicide chemistry is an
important component of any preventative herbicide resistance strategy.

All broadleaved weeds tested in the Western Australian series of trials (Table 5) proved
to be susceptible to carfentrazone. There was no evidence of any antagonism between
glyphosate and increasing rates of carfentrazone in these trials.
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However, there was a common trend for a numerical inverse rate response to the use of
oxyfluorfen. This is a commonly observed field experience where rates of oxyfluorfen
(24 g ai ha' or higher) are used with glyphosate rates of 450 g ai ha™ or less. It is the
opinion of the author that if a high enough rate of oxyfluorfen is combined with a low
rate of glyphosate then the movement of the glyphosate to its sites of action can be
reduced, resulting in initial foliage desiccation from the oxyfluorfen followed by new
growth emerging from the lower growing points. Further work may be warranted to
fully understand this issue.

The demonstrated effectiveness of carfentrazone on species such as wild radish and
spiny emex provides another useful tool in the resistance management of these and other
species, whilst at the same time providing excellent control levels for some of the more
difficult broadleaved weed species.
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Effect of Different Formulations of Glyphosate-Based Herbicides on Liquid
Fastburn Symptom Development

S. Mitra' and R. P. Crockett?
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Abstract: This study was initiated to evaluate the short-term efficacy of several liquid
formulations of glyphosate-based herbicides on the development of fast burn symptoms.
Two dry herbicide formulations (Roundup ProDry® and QuikPRO® powered by
Roundup® from Monsanto Co.) were included in the experiments. QuikPRO® powered
by Roundup® has been developed as a fastburn glyPhosate product. All glyphosate-
based herbicide treatments were applied on a kg ae™ (acid equivalent) glyphosate per
acre basis and were compared to glufosinate (Finale® 2SC) treatment applied at 1.7 kg
ae ha”'. Six different formulations of glyphosate-based herbicides were applied at three
different rates (5, 5.88 and 6.8 kg ac ha'). The percent “brown-out” symptomology of
individual weed species was observed at 1, 2, 4, 7 and 14 days after treatment (DAT).
The effect of the treatments was observed on creeping bentgrass, common
lambsquarters, prostate knotweed, velvetleaf, and wild mustard. Two days after
application the QuikPRO® powered by Roundup® formulation applicd at 6.8 kg ae ha
rate resulted in 25% brownout of the common lambsquarters, while the Finale®
treatment led to 6% brownout of the lambsquarters population. The higher rate of
application (6.8 kg ae ha™') of QuikPRO® powered by Roundup® resuited in 64% more
brownout of common lambsquarters, compared to the lower application rate (5 kg ae ha”
'y at 4 DAT. The fastburn response on prostate knotweed was much slower than the
effect on lambsquarters, wild mustard and velevet leaf. MON 79141, MON 78997,
MON 78567, and QuickPRO® powered by Roundup® treatments applied at 6.8 kg ae
ha™ resulted in greater brown-out symptoms on creeping bentgrass compared to the
Roundup ProDry® and Finale® treatments at 1 DAT. There was no significant
difference in level of brownout symptomology development of creeping bentgrass
between the 5.88 and 6.8 kg ae ha™' rate of MON 79141 and MON 78567 at 24,7, 8
and 14 DAT.

Key words: brownout, formulation, Roundup®, glufosinate, surfactants
INTRODUCTION

Different formulations of glyphosate-based herbicides have been very effectively used
for non-selective weed control. Glyphosate inhibits the 5-enolpyruvylshikimate-3-
phosphate (EPSP) synthase, which produces EPSP from shikimate-3-phosphate and
phosphoenolpyruvate in the shikimic acid biosynthetic pathway (Amrhein et al. 1980).
EPSP inhibition leads to the depletion of the aromatic amino acids phenyialanine,
tyrosine and tryptophan, all needed for protein synthesis in plants (Ahrens 1994).
Roundup ProDry® and QuikPRO® powered by Roundup® are dry formulations of
glyphosate. Roundup ProDry® contains an ammonium salt of glyphosate, sodium
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sulphite and some surfactants, while QuikPRO® powercd by Roundup® contains an
ammonium salt of glyphosate and diquat dibromide. Different liquid formulations of
glyphosate-based herbicides are being developed with improved surfactant systems in
order to optimize their fastburn properties.

Objectives

The objectives of the research were;
1. To evaluate the short term efficacy of the different liquid formulations of
glyphosate for fastburn symptomology
2. Compare the liquid formulations to the dry formulations of glyphosatc based
on brown-out symptoms development

MATERIALS AND METHODS

Two sets of experiments were conducted in the spring and fall of 2002 at the California
State Polytechnic University, Pomona. The first experiment was conducted in a fallow
land with a very high weed population. The predominant weed species were common
lambsquarters (Chenopodium album L.), prostate knotweed (Polygonum aviculare 1.),
velvet leaf (dbutilon theophrasti Medicus), and wild mustard (Brassica kaber Wheeler).
Common lambsquarters were in the 7-leaf stage, prostate knotweeds were in the 10-leaf
stage, velvet leafs were in the 12-leaf stage and the wild mustards were in the 10-12-leaf
stage when the treatments were applied. In this experiment MON 78995, MON 78996,
MON 78997, QuikPRO® powered by Roundup®, MON 78567, and Roundup ProDry®
was applied at two rates, 5.0, and 6.8 kg ae ha'. All the treatments were compared to an
untreated check plot and a Finale® 2SC (glufosinate) treatment applied at 1.7 kg ac ha™.
All the treatments were laid out in a randomized block design with three replicates. The
treatments were applied over the top with a carrier volume of 100 gal acre™.

The second set of experiments was conducted on a creeping benigrass (Agrostis
palustris) putting green built according to the USGA specification (USGA 1993). In
this experiment MON 79141, MON 78997, MON 78567, QuikPRO® powered by
Roundup®, and Roundup ProDry® was applied at three rates (5, 5.88, and 6.8 kg aec ha”
Y. All the treatments were compared to an untreated check and a Finale® 2SC
(glufosinate) treatment applied at 1.7 kg ae ha'. The treatments were laid out in a
randomized block design with: three replicates. Percent brown-out symptomology was
observed for all individual species at 1, 2, 4, 7 and 14 days after treatment (DAT).

Statistics

Data was summarized with Agriculture Research Manager (ARM) software. Analysis
of variance (ANOVA) was conducted and Duncans New Multiple Range Test at P =
0.05 was used to separate the means of the discontinuous variables, while regression
was used for all continuous variables like rate of application.
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RESULTS AND DISCUSSIONS

In the first experiment common lambsquarters developed brown-out symptoms 1 day
after treatment (DAT) with the QuikPRO® powered by Roundup application applied at
6.8 kg ae ha'. There was no statistically significant difference between any of the other
treatments at 1 DAT. None of the treatments affected the prostate knotweed population
at 1 DAT. During the second DAT the common lambsquarters showed a 23% higher
brownout in the QuikPRO® powered by Roundup treatment (6.8 kg ae ha’ ) than the
untreated check and the Finale® treatment. There was no significant difference in
common lambsquarters brownout at 2 DAT between any of the other treatments.
QuikPRO® powered by Roundup® (6.8 kg ac ha™ ) resulted in 7% brownout symptom
development of the prostate knotweed population 2 DAT, while there was no significant
difference between the other treatments. After 4 DAT the Finale® treatment resulted in
70% brownout of common lambsquarters and 63% brown out of prostate knotweed,
which was significantly higher than the other treatments (Fig. 1).
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Figure 1. Effect of different glyphosate-based herbicide formulatlons applied at 6.8 kg
ac ha” and glufosinate applied at 1.7 kg ae ha™ on common lambsquarters
brown-out as observed 1, 2, 4, 7 and 14 days after treatment (DAT). The
LSD (P = 0.05 level) was 2.87, 5.70, 3.16, 8.07, and 16.46 for the data set
obtained at 1, 2, 4, 7 and 14 DAT, respectively.

After 4 DAT and 7 DAT the Finale® treatment resulted in optlmum brown-out of
lambsquarters and prostate knotweed followed by the QuikPRO® powered by
Roundup® treatment (6.8 kg ae ha™), while the other treatments did not differ
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significantly. At 14 DAT all the treatments resulted in over 70% brownout of both
lambsquarters and prostate knotweed except the Roundup ProDry® (5 kg ae ha™) and
there wasno significant difference among the treatments.

In the second experiment Roundup ProDry® did not have any effect on creeping bentgrass
untill 4 DAT. MON 79141, MON 78997, MON 78567, and QuikPRO® powered by
Roundup treatments applied at 6.8 kg ae ha! resulted in greater brown-out symptoms on
creeping bentgrass compared to the Roundup ProDry and Finale® treatments at 1 DAT.
There was no significant dlfference in brownout symptomology of creeping bentgrass
between the 5.88 and 6.8 kg ae ha™ rate of MON 79141 (Fig. 2) and MON 78567 at 2,4,
7, 8 and 14 DAT.
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Figure 2. Development of brownout symptoms on creeping bentgrass due to application
of MON 79141 as observed at 7 DAT. MON 79141 was applied at 5, 5.88,
and 6.8 kg ae ha™' rates. The points are mean brownout percentage and the
line was constructed with a linear regression model.

At 7 DAT the Finale® treatment resulted in over 71% brownout of creeping bentgrass,
which was significantly higher than all the other treatments. MON 79141, MON 78997
and QuikPRO® powered by Roundup® treatments applied at 6.8 kg ae ha' resulted in
significantly higher brown-out symptoms on creeping bentgrass compared to MON
78567 and Roundup ProDry® at 1, 2, 4, and 7 DAT (Fig. 3).
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Figure 3. Effect of different formulations of glyphosate-based herbicides applied at 6.8
kg ae ha” and glufosinate applied at 1.7 kg aec ha” on creeping bentgrass
brown-out symptoms development as observed 1, 2, 4, 7 and 14 days after
treatment (DAT). The LSD (P = 0.05 level) was 6.31, 9.54, 11.32, 16.28,
and 12.96 for the data set obtained at 1, 2, 4, 7 and 14 DAT, respectively.

Two days after application the QuikPRO® powered by Roundup® formulation applied
at 6.8 kg ae ha™ rate resulted in 25% brownout of the common lambsquarters, compared
to only 6% due to the Finale® treatment. The higher rate of application (6.8 kg ae ha™)
of QuikPRO® powered by Roundup® resulted in a 64% more brownout symptomology
of common lambsquarters, compared to the lower application rate (5 kg ac ha") at 4
DAT. The fast bumn response on prostate knotweed was much slower than the effect on
lambsquarters, wild mustard and velvetleaf. After 4 DAT the Finale® treatment resulted
in 70% brownout of the common lambsquarters compared to only 40% by the
QuikPRO® powered by Roundup® treatment. There was no statistically significant
difference in fast bum symptom development on prostate knotweed between all the
glyphosate based herbicide treatments 7 DAT. There was no significant difference in
lambsquarter brown-out between the Finale® treatment and all the other glyphosate-
based herbicide treatments except the Roundup ProDry® treatment applied at 5 kg ae ha”
! rate at 14 DAT.
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Figure 4. Development of brownout symptoms with the application of MON 78997 on
creeping bentgrass as observed at 7 DAT. MON 78997 was applied at 5,
5.88, and 6.8 kg ae ha rates. The points are mean brownout percentage and
the line was constructed with a linear regression model.
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Figure 5. Regression curves indicating the brown-out symptoms on creeping bentgrass
observed 7 DAT due to QuikPRO® powered by Roundup® (a) and Roundup
ProDry®(b) applications. |

The brownout symptoms development on creeping bentgrass at different application
rates with the liquid formulations of glyphosate-based herbicides could be explained
with a linear regression model, while a quadratic regression model was used to explain
the effects due to the dry formulation treatments (QuikPRO® powered by Roundup® and
Roundup ProDry®) (Fig. 5). There was no significant difference in creeping bentgrass
brown-out between the 5.88 and 6.8 kg ae ha' rates of MON 79141, MON 78997,
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QuikPRO® powered by Roundup®, MON 78567, and Roundup ProDry® formulations
14 DAT.
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Herbicidal Scheduling in Maize (Zea mays L.)-Potato (Solanum tuberosum L.)-
Sunflower (Helianthus annus 1..) Cropping System Under Irrigated
Ecosystem of Northern India

AN. Tewari’ and S$.N. Tewari
Chandra Shekhar Azad University of Agriculture & Technology, Kanpur-208002
(India)
ant-kanpur@rediffmail.com

Abstract: Field investigation was carried out for two consecutive years (2000-2002) to
develop herbicidal schedule in maize-potato-sunflower cropping system grown under an
irrigated ecosystem of alluvial tract of Gangetic plain at Kanpur. Six sets of the
herbicidal treatments were compared in complete randomized block design with four
replications. Results revealed that allowing weed growth throughout the cropping span
caused 34.91%, 26.84% and 30% yield reductions in maize, potato and sunflower crops,
respectively. Atrazine (0.75 kg ha) applied in maize prevented weed competition but
did not show any residual effect on weed emergence in the succeeding potato and
sunflower crop of the sequence. Similarly, atrazine (0.75 kg ha') in maize and in potato
(0.25 kg ha'') brought about significant reductions in associated weed flora in these
crops but failed to reduce weed growth in the succeeding sunflower crop. Application of
atrazine (0.75 kg ha™') in maize and pendimethalin (1 kg ha') in sunflower proved to be
an effective herbicidal schedule of weed control and optimum yield of component crops
under maize-potato-sunflower cropping system grown under the irrigated ecosystem of
northern India.

Keywords: Herbicides, maize, potato, sunflower, weeds, cropping system
INTRODUCTION

Maize-potato-sunflower is a newly introduced cropping system in the alluvial tract of
northern India. Weeds pose serious problem in growing the component crops of this
system. Maize is heavily infested with rainy season weeds mainly carpet weed
(Trianthema monogyna L.), amaranthus (Digera arvensis Forsk), nutgrass (Cyperus
rotundus L.), dayflower (Commelina benghalensis 1.), wild rice (Echinochloa colona
(L) Link) etc. Immediately after harvesting of maize during second fortnight of
September, potato planting is done in succession. Rainy season annuals during the early
stage and winter annuals during later stage often emerge and offer severe competition in
potato crop. The succeeding sunflower crop is sown during first fortnight of March.
Owing to frequent irrigations and congenial temperature, this crop is adversely affected
through winter and summer annuals. Thus, different types of flora compete with all the
component crops of this cropping system. Keeping these facts in view, the present
investigation was undertaken to develop an herbicidal schedule in maize-potato-
sunflower cropping system.

MATERIALS AND METHODS

Field investigation was carried out for two consecutive years (2000-2002) to develop
herbicidal schedule in maize-potato-sunflower cropping system grown under irrigated
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ecosystem of alluvial tract of Gangetic plain at Kanpur Six sets of the herbicidal
treatments viz, T, maize (atrazine 075 kg ha) - potato (untreated) - sunflower
(untreated) T, maize (atrazine 0.75 kg ha ) potato (atrazine 0.25 kg ha’ ) — sunflower
(untreated) T3 maize (atrazme 0.75 kg ha™) - potato (atrazme 0.25 kg ha™") — sunflower
(pendimethalin 1 kg ha™ ) T4 maize (atrazme 0.75 kg ha’ ) — potato (manual weeding) —
sunflower (pendimethalin 1 kg ha™) Ts maize (weedy) — potato (weedy) — sunflower
(weedy) Ts maize (manual weeding) — potato (manual weeding) — sunflower (manual
weedng) were compared in randomized complete block design with four replications.
The experimental fields were sandy loam in texture having medium organic carbon
(0.54%), phosphorous (17/1 kg ha™') and potassium (160 kg ha). Soil pH was slightly
alkaline (7.6). Maize (cv. Azad wuttam 75-80 days duration), potato (cv. Kufri
chandramukhi 85-90 days duration) and sunflower (cv. Morden 80-85 days duration)
were raised during rainy, winter and spring season, respectively, under sequencial
cropping in situ. The component crops were raised under recommended package of
practices under irrigated condition. As per treatment, atrazine and pendimethalin were
applied second day after sowing through knapsack sprayers fitted with flood jet noozle
maintaining spray volume of 800 1 ha™. The populations of weeds were recorded using
a 50 cm x 50 cm quadrat at two places from each plot at 60 days after sowing, Dry
matter accumulation of weeds was estimated after sun drying and then in electric oven
at 60°C till constant weight. Manual weeding was done twice at 20 and 40 days after
sowing in each crop as per treatment through manual labors using kfurpi — a hand tool.

RESULTS AND DISCUSSIONS
Weed Studies

Maize crop was mainly invaded with carpet weed (7. monogyna L.), wild rice (.
colona (L.) Link), day flower (C. benghalensis 1..) and nutgrass (Cyperus rotundus L.).
Infestations of lambsquarter (Chenopodium album L.), pimpeerneel (4nagallis arvensis
L.), sweet clover (Melilotus alba Desr) and swinecress were the major weed flora in
sunflower. Antrazine (0.75 kg ha') reduced the population of 7. monogyna, C.
benghalensis and E. colona significantly during both years of experimentation. Balyan
et al. (1994) also reported effective control of 7. monogyna and D. arvensis due to
application of atrazine in maize crop. The crop over effect of atrazine was found
ineffective in reducmg the associated weed flora in succeeding potato crop. Low dose of
atrazine (0.25 kg ha™') in potato was found advantageous in diminishing the emergence
and growth of C. album, A. arvens:s M. alba and C. didymus. Further, the resuiua]
effect of atrazine (0.75 kg ha™) applied in maize and low dose of atrazine (0.25 kg ha™
applied could not be reflected in reducing the population of 7. monogyna a major weed
in sunflower crop (Table 1). The application of pendimethalin (1 kg ha') registered
discernible effects on the mortality of 7. monogyna in sunflower crop. Similar results
have been reported by Itnal et al. (1992) in groundnut+sunflower intercropping. Pooled
data on dry matter of weeds behaved in similar fashion (Table 2). Significant reductions
in weed dry weight were recorded due to effect of herbicides in all crops under study.
Application of atrazine (0. 75 kg ha'} in maize, atrazine (0.25 kg ha'y in potato and
pendimethalin (1.0 kg ha'! ) in sunflower depressed the dry matter accumulation by
46.42%, 40.00% and 43.87%, respectively. However, no residual effects of atrazine
could be manifested on the mortality of weeds in the succeeding potato and sunflower
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crop. Owing to adequate rainfall received in maize crop, there was faster degradation of
applied atrazine in maize. Consequently no carry over effects in succeeding potato could

_ be seen either on weed flora or on crop growth. Potato plot also enjoyed congenial

¢ conditions for microbial degradation of atrazine due to frequent irrigations and high
applications of nitrogen. As a result, no residual effect could be visualized in the
succeeding sunflower crop. In a field experiment conducted under similar
agroecosystem at Lucknow, Srivastava ef al. (1999) observed the persistence of atrazine
in soil varying from 45-60 days and its content declined well with increasing nitrogen
and moisture level.

Table 1: Weed population 50 cm? at 60 days after sowing under maize-potato-sunflower
cropping system. '

Maize
f =

i Treatments T. monogyna E. colona C. benghalensis C. rotundus
7 2080 2001 2000 2001 2000 2001 2000 2001

250 | 3.75 | 3.25 3.25 4.75 425 | 16.00 | 35.50

L (1.73) | 2.06) | (1.93) | (1.93) | 229) | (2.18) | (4.06) | (6.00)
T 325 | 325 | 425 | 400 | 325 | 325 | 17.50 | 34.50
A2

& (193 | (1.93) | (2.18) | (2.10) | (1.93) | (1.93) | (4.24) | (5.91)
1f 350 | 3.75 | 3.00 | 325 | 475 | 4.00 | 16.50 | 3225

L (2.00) | (2.06) | (1.87) | (1.93) | (2.29) | (2.10) | (4.12) | (5.72)
T 225 | 375 | 3.75 | 4.00 | 3.75 | 4.00 | 19.50 | 33.00
~4 (1.65) | (2.06) | {2.06) | (2.10) | (2.06) | (2.10) | (4.47) | (5.78)
T 7.00 | 9.50 | 5.00 | 550 | 525 | 650 [ 2375 | 35.25

=2 (2.73) | (3.16) | (2.34) | (244 | (2.39) | (2.70) | (4.92) | (6.02)

1.50 | 2.00 1.00 1.50 2.25 2.00 | 16.25 | 27.25
- (L40) | (1.57) | (1.20) | {1.40) | {1.65) | (1.57) | (4.09) | (5.26)

C.D.5% 0.31 0.30 | 0.37 026 | 0.46 0.39 NS NS

Potato
b ] Treatments C. album A. arvensis M. alba C. didymus
i 2000 | 2001 | 2000 | 2001 | 2000 | 2001 | 2000 j 2001
B T, 725 | 10.75 | 1225 | 825 | 8.00 | 725 | 625 | 7.50
278 | 335 | 357 L 295 | 291 | 278 | 259 | 2.82
T 275 11075 | 1225 1 4.00 | 3.75 | 3.25 | 2.00 | 4.50
2 1.80 | 335 | 357 | 2.10 | 2.06 | 193 | 1.57 | 2.23
3 T 275 | 4.00 | 3.00 | 450 | 425 | 3.50 | 2.00 | 3.25
L B 3 1.80 | 2.10 | 1.87 | 223 | 2.18 | 200 | 1.57 | 1.93
j T, 375 | 525 | 5.00 | 450 | 450 | 550 | 1.50 | 3.50
206 | 239 | 234 | 223 | 223 | 244 | 140 | 2.00
T, 850 | 850 | 10.75 | 850 | 8.50 | 5.00 | 425 | 8.75
3.00 | 3.00 | 335 | 3.00 | 3.00 | 234 | 2.18 | 3.04
T, 200 | 200 | 450 | 1.50 [73.75 | 2.00 | 2.00 | 2.00
1 157 | 157 | 223 | 1.40 | 2.06 | 1.57 | 1.57 | 1.57
? C.D.5% | 028 | 032 1 026 | 036 | 044 | 042 | 0.29 | 0.27
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Sunflower
Treatments T. monogyna C. rotundus
2001 2002 2001 2002
T 14.75 (3.90) 9.25 (3.12) 14.75 (3.90) 26.75 (5.22)
T, 14.75 (3.90) 9.50 (3.16) 15.50 (4.00) 28.75 (5.36)
Ts 6.00 (2.50) 3.75 (2.06) 12.00 (3.53) 26.50 (5.22)
T4 6.50 (2.70) 4.00 (2.00) 11.75 (3.50) 26.75 (5.22)
Ts 13.25 (3.70) 9.00 (3.08) 14.50 (3.87) 27.75 (5.31)
Te 3.75 (2.06) 2.00 (1.57) 8.25(2.95) 24.25 (4.97)
C.D. 5% 0.31 0.22 NS NS

Table 2: Dry weight of weeds and yield of component cops (Pooled of two years)

Dry weight of weeds (kg ha'l) Yield of component crops
Treatments Maize | Potato | Sunflower | Maize | Potato | Sunflower
T, 1185 890 . 299 2430 14.99 1067
T, 1195 640 287 2473 18.17 1100
T3 1235 540 174 2489 18.15 1362
Ty 1200 635 181 2510 16.49 1363
Ts 2305 900 310 1961 14.49 1078
Ts 735 520 104 3013 19.81 1550
C.D.5% 213 91 67 201 2.02 133
Crop Studies

Pooled data revealed that the yields of component crops were significantly influenced
by the weed control treatments (Table 2). Result showed that allowing weed growth
throughout the cropping period caused on an average, 34.91%, 26.84% and 30% yield
reductions in maize, potato and sunflower, respectively. Application of atrazine (0.75 kg
ha') in maize, atrazine (0.25 kg ha'} in potato and pendimethalin (1.0 kg ha™) in
sunflower recorded significant to be increase in the yield over the untreated. The extent
of increase in the yield was found 26.92% inmaiza, 25.25% in potato and 26.34% in
sunflower. The residual effects of these herbicides were not visible on the growth and
yield of component crops. In an earlier field investigation carried out at Kanpur,
application of simazine (1 kg ha™) in maize field did not show the residual effect in the
succeeding potato and wheat crop (Rathi and Tewari 1979). It was thus concluded that
pendimethalin (1 kg ha™} in sunflower proved to be an effective herbicidal schedule for
intended weed control and optimum yield of component crops grown under irrigated
ecosystem of north India.
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Abstract: A field study was conducted to evaluate the 1mpact of continued appllcatlon
of metsulfuron-methyl (Ally® ) at 15 g ha”' and 30 g ha’ and tank-mix of Ally® +
glyphosate at 15 + 540 g ha on the yield, oil quality and growth of oil palm. Initial
results indicated that after the 12™ consecutive round of normal circle spray over a 3-
year period, all treatments produced normal fresh fruit bunch (FFB) y1elds oil
extraction rate (OER) and vegetative growth of oif palm. The half-lives of Ally®at 15
and 30 g ha’ in the field were 6.3 and 7.9 days, respectively, from the first-order
kinetics. The results demonstrated that Ally® has short half-life in the soil under an oil
palm ecosystem.

Key words: First-order kinetics, fresh fruit bunch, kernel extraction rate, metsulfuron-
methyl, vegetative growth

INTRODUCTION

Metsulfuron-methyl is a low-use-rate sulfonylurea herbicide widely used for post-
emergence broadleaf weed control in oil palm plantations. It inhibits the enzyme
acetolactate synthase (ALS), also known as acetohydroxy acid synthase (AHAS), which
participates in the biosynthesis of the branched-chain amino acid valine, leucine and
isoleucine (Ray 1985; Brown 1990). The deprivation of these essential amino acids
results in the rapid cessation of plant cell division and growth. Metsulfuron-methyl has
good selectivity against oil palm and is very effective against a wide range of broadleaf
weeds at application rates of 15 to 30 g ha™ (Khairuddin and Teoh 1992; Chung 1997).

The increasing use of metsulfuron-methyl has led to concerns about its fate in soils and
its bioavailability, which depends on its degradation and its retention on soil
constituents. In pursuing these aims, extensive research has been carried out on the
mobility and degradation of metsulfuron-methy! in laboratory and field studies (Nordh-
Christerson and Bergstrom 1989; Wadd and Drennan 1989; Walker et al. 1989;
Bergstrom 1990).

In general, sulfonylurea herbicides degrade in soils primarily by chemical hydrolysis
and microbial metabolism. There have been several publications, which elucidate the
significance of microbial degradation (Beyer et al. 1988; Vega et al. 1992; Ismail and
Lee 1995; Brown and Kearney 1991). Chemical hydrolysis of metsulfuron-methyl has
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been shown to be very rapid at low pH. The hydrolysis at 45°C increased from 2.1 days
at pH 5 to 33 days at pH 7 (Brown and Kearney 1991). The degradation rate of
metsulfuron-methyl is affected by soil temperature, moisture, pH, and soil microbial
viability. The half-life of metsulfuron-methyl ranges from 2.5 days {soil conditions: pH
3.1, 35 °C, 80% field water holding capacity (FC)] to 36 days (soil conditions: pH 5.7,
10 °C, 60% FC) depending on these factors (Ismail and Lee 1995; James et al. 1995)..
The degradation of metsulfuron-methy! in the soil under temperate conditions is well °
documented. However, there is a lack of knowledge about the behavior of metsulfuron-
methyl in the tropical soils especially in oil palm agro-ecosystem.

This study evaluated the long-term impact of metsulfuron-methyl on the yield, oil
quality and growth of oil palm under field conditions.

MATERIALS AND METHODS

This study was established in a 1988 planting of D X P oil palms planted 9 m
(triangular) to give 136 palms ha".~ Qil palm yield in the selected site from the 3" to
10th year of harvesting ranged from 24 to 26 t ha”'vear”. The selected field was sprayed
with metsulfuron-methyl (Ally® 20DF) at the label recommended rate of 15 g ha”,
twice the recommended rate of 30 g ha™ and tank-mix of Ally® and glyphosate at 15 +
540 g ha™. Spray applications were carried out using PB Crossmark knapsack sprayer
fitted with the red multi-cone nozzle to deliver a volume rate of 450 L per blanket
hectare, Treatments were applied over a 1.2 m wide swath in the harvesting paths and
[.8 m radius palm circles. All treatments were sequentiaflly applied at 3 monthly
intervals. Manual weeding was carried out in the untreated plots every 6-8 weeks to
maintain the trial site.

Plot size consisted of 16 rows with 12 palms per row. Twenty palms in the middle 4
rows were marked for recording, which means each recording plot was separated with
12 rows on the left and right from each other. This is to avoid contamination of
treatments through lateral movement. The randomized complete block design (RCBD)
with 4 replications was used for this study. The number and weight of fresh fruit
bunches were recorded for individual palms at each harvesting round of 10 days
interval. After the bunch was harvested from the palm, one bunch from each plot was
sampled for bunch analysis following the method developed by Rao et al. (1983). The
vegetative measurement described by Corley et al. (1971) was carried out at 6 months
interval for all the 20 palms in each plot. Data were subjected to analysis of variance
and treatment means were compared using Tukey’s Test.

Soil samples were collected at 0-10, 10-20, 20-30, 30-40 and 40-50 cm depth using a
soil auger at 1, 3, 7, 14 and 21 days after 2" application of treatment. Five soil samples
at approximately 0.5 kg each were randomly collected from each replicate across the
study area. After collection from the field, these samples were air dried at room
temperature and passed through a 2 mm sieve. The sieved samples were well mixed
and homogenized. The soil samples were analyzed according to the method described in
by Walker et al. (1989).
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RESULTS AND DISCUSSION

Fresh fruit bunch (FFB) yields are summarized in Tables la to 1d for every month of
the 3 years of harvesting as well as the first 6 months before the first treatment. No
significant difference was observed between treatments. Plots treated with Ally® at
both tested rates and tank-mix of Ally® + glyphosate at field recommended rate were
found to produce the same FFB yield compared to the untreated check after 12"
consecutive rounds of treatment. The fresh fruits bunch weight fluctuated every month
throughout the whole experiment with the highest bunch weight obtained in the 18" to
20" month. The total FFB yield over the period of 36 months was not significant
different among treatments (Table 4).

The same results were obtained on the oil extraction rate (OER), where the impact of
treatments was not significantly different. The OER data obtained were quite uniform,
ranging from 20.30% to 28.88% throughout the experiment (Tables 2a to 2d).

Vegetative growth data collected on'rachis length, frond production, number of leaflet,
total frond and leaf area index at 6 month interval for 3 years as well as the first 6
months before treatment were not significantly different between the treatments (Tables
3ato 3d).

The above results on FFB, OER and vegetative growth obtained clearly indicated that
12 consecutive rounds of normal circle sprays over a 3 year period with Ally® at up to
twice the recommended rate and tank-mix-of Ally® + glyphosate does not cause any
deleterious effects on FFB, OER and vegetative growth of oil palm. This was supported
by many studies showing that Ally® has excellent crop selectivity against oil palm
(Khairuddin and Teoh 1992; Chung 1997).

The results on degradation of Ally® in the soil at 15 and 30 g ha were shown in Figure
1. The data suggest that the degradation of Ally® at both application rates followed
first-order kinetics as both correlation coefficients, at R?Z> 0.9. To calculate the half-
life, residue values were logarithmically transformed and a linear fit of the values
against time. Half-lives of 6.3 and 7.9 days were estimated from the first-order kinetics
of the degradation process for both application rate (Table 5). As expected from known
behavior of Ally®, rapid degradation occurs in acidic soil with high organic content and
temperature. The high microbial activity in the oil palm ecosystem also enhanced the
degradation of Ally® in the soil. The results concurred with previous studies by Reed
and Chang (1992). Thus, it can be concluded that the repeated use of Ally® does not
give rise to residues in the environmental compartment of soil.
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Table 3d. Impact of Ally® and tank —mix of Ally® + glyphosate on vegetative growth of oil palm — in the 4™

year.
Treatment Application 36 months after first application
Treatment Rate (gha) Rachis Frond No. of Total Leaf Area
Length (cm) Prod. Leaflet Frond Index

1. Ally® 15 603.17 a 12.04 a 177.51 a 3723 a 561a
2. Ally® 30 622.24 a 12.00a 180.57 a 388ia 544a
3. Ally® + glyphosate 15+ 540 600.91 a 1132a 178.64 a 38.00a 539a
4. Check - 608.90 a 1172 a 178.67 a 384%5a 5.4% a

Values in same columns having the same letter are not significantly different at p < 0.01

Table 4. Impact of Ally® and tank —mix of Ally® + glyphosate on the total FFB of oil palm .

Treatment Rate (g ha) Total FFB/ha (MT)
1. Ally® 15 74.84 a
2. Ally® 30 79.90 a
3. Ally® + glyphosate | 15 +540 74.88 a
4, Check - 7497 a

Values in same columns having the same letter are not significantly different at p <0.01

Table 5: First order rate constants (K), half-lives (Ty») and correlation coefficient of metsulfsufon-methyl at
two application rates.

Concentration (g ha) R’ K (days ) T, (Days)
1. 15 09159 0.1093 6.3
30 0.9202 0.0877 7.9
250
| +15gaha = 30gaiha
£ Zm\ )
boj) \.
< 150
S \\ s y=-00877x+2102
1.00
£ =092
2 y=-0.1003x +2,0364
g 0% RES0.9750 \\
2
0.00 T T T T T ¥ L 4 T T — T
O 2 4 6 8 10 12 14 16 8 B~ 2
050 -
Days after treatment

Figure 1: Degradation of metsulfiron-methyl in the field from two application rates.
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Bromacil Residues in Seil and Groundwater Following its Use in Asparagus Crops
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Abstract: Bromacil is a persistent, soil active herbicide with high water solubility. It is
widely used for controlling weeds in citrus, pineapples, sugar cane and forestry. In New
Zealand, bromacil is also registered for controlling weeds in asparagus. In the study
reported here, two asparagus fields were sampled over a 1-3 year period to determine
the fate of the applied bromacil. Wells were drilled on the field margins and
groundwater samples were collected at regular intervals throughout the study. In
addition, soil samples were taken to 1 m depth on nine occasions. Bromacil residues
were extracted from the water by solid phase extraction (SPE) and eluted with methanol.
Soil samples were extracted with aqueous sodium hydroxide and partitioned into
dichloromethane. All samples were then evaporated and redissolved in methanol/water
for analysis by HPLC. At Site 1, which had a low organic matter sandy soil, bromacil
residues were routinely traced in soil samples to 1 m depth. Concentrations in the top 10
cm ranged from 2160 pg kg™ immediately after application to 166 pg kg™ after 1 year.
At 1 m depth concentrations fluctuated up to 18 pg kg throughout the year. In the
groundwater sampling wells associated with Site 1, bromacil was found in
concentrations ranging from 0.30 — 84 pg L™, At Site 2, which contained more organic
matter and less sand, soil residues were not found deeper than 50 cm. The groundwater
was generally free of bromacil at this site, but occasionally contained concentrations up
to 0.34 pg L™\

Key words: Bromacil, degradation, groundwater, leaching, persistence, soil residues
INTRODUCTION

Since its introduction in the early 1960s, bromacil has been used in a variety of
agricultural and non-agricultural situations for control of annual and perennial weeds.
However, its principal use is for weed control in citrus orchards and industrial sites
including railway lines. Bromacil is very persistent in the soil with a half life of 4 - 6
months (Gardiner et al 1969) and is also very soluble and, thus, prone to leaching (Smith
et al 1975). Bromacil is more strongly adsorbed by organic.matter than by clay particles
and is thus more persistent and less mobile in soils with a high organic matter content
(Rhodes et al 1970; Gerstl and Yaron 1983a, b). Also, Weber and Best (1972) reported
that bromacil was more persistent in an acid soil than a neutral soil.

In Europe, bromacil has been found in wells within 100 m of railway tracks where it had
been used for weed control (Leistra and Boesten, 1989). In his review of groundwater
contamination in the USA, Ritter (1990) reported that bromacil was found in the
groundwater of two states and attributed its presence to agricultural use. In areas where
bromacil has been widely used in avocadoes and citrus crops, such as California and
Florida, USA, it is now included in the “Pesticides on Groundwater Protection List”.
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Latest pesticide use trends in these areas show that bromacil use is declining steadily
(CDPR 2002).

In New Zealand, bromacil is registered for controlling weeds in asparagus (Asparagus
officinalis) and is applied annually to the majority of the crop. The type of soil usually
chosen for asparagus cropping is sandy in nature. Generally, this type of soil is highly
prone to leaching of bromacil, resulting in groundwater contamination (Hebb and
Wheeler 1978; Gémez de Barreda et al 1991). However, most New Zealand soils are
acidic and have high organic matter content. Also, the clay fraction of many soils is of
volcanic origin, especially in the North Island where clay content may consist of 100%
allophane (Burney et al, 1975). Because of these features, it is difficult to predict the
behaviour and fate of bromacil in New Zealand soils and groundwater without local
data.

MATERIALS AND METHODS

Two study sites with a history of bromacil use were set up in established asparagus crops
in the Waikato region of New Zealand. Both sites were treated with bromacil (Hyvar, 800
g ai ke!) at 2.0 kg ai ha' in August 1990, 1991 and 1992 as part of their normal
agricultural practices. For collection of groundwater samples, several wells were drilled
with a Gillings rig and lined with 75 mm slotted PVC pipe fitted at the top with a screw
cap and sealed around the soil surface with bentonite clay. Site 1 had five wells located on
low lying land on either side of the asparagus crop. Wells 1A and 1B were drilled in 1990
and Wells 1C, 1D and 1E in 1991. At this site water samples were also collected from the
owners’ domestic well (1F) sited about 70 m from the asparagus crop. Site 2 had four
wells located at the ends of shelter belts in the middle of an asparagus block. Wells 2A and
2B were drilled in 1990 and Wells 2C and 2D in 1991. Water samples (0.5 — 2.0 1) were
collected from each well at regular intervals with a stainless steel dipper fitted with a one-
way valve at the bottom. Stratified soil samples were collected at selected time intervals
from both sites during the growing season of 1991/92 with a modified motorised soil
sampler fitted with a 50 mm diameter split tube inside the auger. Three soil cores were
collected from the treated area adjacent to the wells at each sampling time and after
stratification the corresponding layers were bulked together, sieved (2 mm), and
subsampled (2 x 20 g) for dry matter determination. Some soil properties for the stratified
layers at both sites are presented in Table 1.

Full details of the methods for extraction, cleanup and determination of bromacil have
been provided elsewhere (James and Lauren 1995). Briefly, bromacil was extracted from
the groundwater by SPE (C18) foliowed by elution with methanol. Extraction from the
soil was by aqueous sodium hydroxide followed by partitioning into dichloromethane.
Both the methane and dichloromethane fractions were then evaporated and redissolved
in methanol/water for analysis. Bromacil concentration was determined by HPL.C on a
reversed phase C18 column with a methanol/water mobile phase and UV detection. The
detection limits were 0.05 pg L™ for a 100 ml groundwater sample and 2.0 mg kg! fora
50 g soil sample.
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Table 1: Some soil characteristics of the two field study sites.

Soil depth Soil property

(cm) pH Organic C (%) Sand (%) Silt (%) Clay (%)
Site 1

0-10 6.1 2.3 88 10 2

10-20 59 0.9 97 2 I

20-30 5.9 0.5 95 5 0

30-50 5.8 0.9 04 6 1

50-70 7.1 0.4 97 2 I

70-100 6.8 0.2 97 2 I
Site 2

0-10 6.7 6.6 66 23 11

10-20 6.0 4.9 76 19 5

20-30 5.7 6.0 79 20 1

30-50 6.0 1.6 91 9 0

50-70 6.3 0.6 95 5 0

70-100 6.2 0.4 96 4 0

RESULTS AND DISCUSSION
Groundwater

At Site I bromacil was found in all wells adjacent to the asparagus field (Wells 1A, 1B,
1C and 113} as well as in the domestic well (1F) at all sampling dates (Table 2). The level
of contamination fluctuated during the year but there was always a large increase of
bromacil found within the first few months of it being applied to the soil surface. With
time, the levels of bromacil usually decreased over the year but never completely
disappeared. No bromacil was used after the 1992 application and its residues diminished
over time, particularly in the most contaminated well (1C), and reached low levels 2 years
after the final application. No bromacil was ever found in the well (1E) situated about 20
m away from the treated area but in the same low lying topography as the other wells.

Bromacil was only occasionally found in the wells at Site 2 and then only at
concentrations up to 100 fold lower than at Site 1. This was despite the water tables being
at similar depths at the two sites (Table 2). Gerstl and Yaron (1983a) found bromacil to be
only weakly adsorbed by clay but strongly adsorbed by soil organic matter (OM). It is
likely that the higher levels of organic carbon (OC) at Site 2 adsorbed the bromacil more
strongly, effectively stopping it from leaching downwards in large quantities.

The situation here, which has resulted in bromacil leaching to the groundwater, appears to
be similar to some overseas cases. Ritter (1990) and Hebb and Wheeler (1978) both
reported bromacil leaching to the groundwater under sandy soils in the USA. In the latter
case, the soil involved (91% sand, 1.9% OM, pH 4.9) was very similar to our Site 1.
However, bromacil in this case was applied at at 10 fold greater rate (22 kg ai ha) to
control weeds in pines and the highest amount found in the groundwater was 1250 pg I
135 days after application. In citrus orchards in Spain, Gomez de Barreda et al (1991)
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found bromacil in well water at 4.4 pg I''. The soils in this case were similar in texture to
our Site 2 except that their soil had considerably less OM (<1%) than at Site 2.

Table 2: Bromacil contamination found in the groundwater and monthly rainfall data.
Analysis results are the average of two subsamples.
Bromacil concentration (pg 1)

e

Well Rain-
Sampling Site 1* Site 2 fall®
date 1A 1B 1C° 1D¢ 1F 2A 2B 2C° 2D° {mm)
! 21.9.90 9.31 0.08 3.10 0.1¢  0.10 78
i Bromacil appliedd Bromacil applied®
i 2.11.90 3778 520 244 0.14 n.d® 152
[.12.90 5826 5.0 399 | 013 dry 108
3.1.91 84.01 7.83 3.95 dry - 24
i 9291 67.84  Dry 7.54 dry - 160
14.3.9] dry Dry 8.48 dry - 36
14.4.91 dry Dry 5.92 dry - 60
3.5.91 dry Dry . 11.93 dry - 87
14.6.91 dry Dry 4.88 dry - 52
‘ 16.7.91 dry Dry 4835 dry 820 | dry - nd. dry 66
' 16.8.91 1612  1.05 5598 023 3.66 n.d. - nd. 024 210
19.9.91 648 438 3585 034 294 | 007 - 006 021 134
Bromacil applied® Bromacil applied”
16,1091 432 632 4225 047 269 nd. - nd. 021 38
19.11.91 i2.85 358 2516 048 1.90 n.d. - nd. 034 116
20.12.91 2006 1094 4039 043 | 2.88 n.d. - nd. 028 32
31192 1064 Dry 2303 039 205 dry - n.d. dry 136
19.2.92 8.40 Dry 1921 028 1.72 dry - nd. 023 68
253.92 dry Dry 1882 dry 133 | dry . nd. dry 50
23.4.92 dry Dry 3244  dry 4,46 dry - n.d. dry 60
3.6.92 dry Dry 4340  dry 0.77 dry - n.d. dry 101
3.792 5.81 243 1503 038 1.36 dry - n.d. dry 78
18.8.92 2.11 Dry 1345 038 1.17 n.d. - n.d. dry 279
21992 0.77 - 2152 0.67 1.22 n.d. - dry 0.08 102
Fina! bromacil application®
41292 7.10 - 28.09 058 1.74 - - - - 273
' 12.4.92 4.85 - 1130 094  2.68 - - - - 318
5.8.93 3.65 - 3.60 . 091 333 - - - - 358
18.11.93 dry - 7.26 1.53 3.56 - - - - 213
20.2.94 dry - 495 090 208 - - - - 228
16.5.94 dry - 483  0.70 1.12 - - - - 210
31.8.94 0.46 - 282 065 053 - - - - 464
Minimum and maximum depth of watertable in well {m) during sampling
Min, 1.7 2.0 1.7 2.0 6.0 1.8 2.5 1.8 2.5
Max. 2.1 24 3.8 4.3 2.3 3.0 34 5.5
; a No bromacil was ever found in Well 1E.
b Rainfall is the total accumulated for the periods between samplings. The first period is for the

month prior to the first sampling.

Well not drilled until 19.6.91.

Bromacil was applied at 2.0 kg ai ha™'. NB, no bromacil applied at Site 1 in 1993.
‘ n.d. = not detected at detection limit of 0.05 pg 1.

t - Well not sampled.

O oL
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The quantity of bromacil in the groundwater at Site ! is not considered to pose a health
risk. Bromacil has low toxicity and all except one of these analyses showed a
concentration below the limit of 80 pg I set by the USA Environmental Protection
Agency (EPA) Office of Ground Water and Drinking Water (Health Advisory Levels for
Selected Pesticides) (Barceld, 1993).

Soil

At both Sites 1 and 2, 66% - 85% of the applied bromaci! was recovered from the top 10
cm of the soil (Table 3). Bromacil was also found at lower depths at both sites, both before
and after the 1991 application. However, at Site 1, the bromacil concentration in the 10-20
cm was much higher than at Site 2, and increased significantly much sooner after
application (within 2 months) than at Site 2 (within 4 months). At Site 1 bromacil was
found down to the maximum depth samples (70 - 100 cm), whereas at Site 2 it was not
found deeper than 50 cm. At both sites bromacil residues continued to persist in large
amounts into the next growing season.

Table 3:  Soi] residues of bromacil and rainfall data for the 12 month period following
herbicide application in September 1991.
Bromacil soil residues (ug kg™)

Sampling Sampling depth (cm) Rainfall®
date 0-10 10-20  20-30 30-50 50-70 70-100 (mm)
Site 1
22.8.91 718 624 995 . 87 9 n.d. 181
25.9.91 307 339 263 26 nd. n.d. 143
Bromacil applied at 2.0 kg ai ha™
23.10.91 2160 462 107 86 14 18 71
28.11.91 845 1180 870 619 32 13 95
17.12.91 842 331 214 124 n.d. n.d. 32
16.1.92 623 663 616 361 15 3 92
25.3.92 403 777 418 113 28 5 162
23.6.92 322 299 1450 156 23 2 232
22.9.92 166 289 377 64 35 10 387
Site 2
22.8.91 930 160 42 n.d. n.d. n.d. 181
Bromacil applied at 2.0 kg ai ha™

7.10.91 1510 03 n.d. n.d. n.d. n.d. 173
18.11.91 1680 57 17 n.d. n.d. n.d. 136
17.12.91 1230 42 23 35 n.d. n.d. 32
16.1.92 1400 239 n.d. n.d. nd.  nd 92
25.3.92 1260 68 n.d. n.d. n.d. n.d. 162
23.6.92 1240 32 22 n.d. n.d. nd. 232
22.9.92 630 29 20 nd. ” n.d. n.d. 387
a Rainfall is the total accumulated for the periods between samplings. The first

period is for the month prior to the first sampling.
b n.d. = not detected with detection limit of 2 ug kg™
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These findings complement previous studies in New Zealand by Sanders et al. (1996) who
found that residues from single applications of bromacil persisted for about 6 months but
repeat applications persisted considerably longer. Their studies showed that repeat
applications of bromacil had a detrimental effect on the soil microflora which probably
resulted in reduced breakdown and longer persistence of residues. Tucker (1978)
investigated the use of bromacil in Florida citrus orchards on sandy soils (95 - 99% sand,
0.38 - 0.42% OM, pH 7.3 - 7.8) and found residues down to 60 cm. This concurs with the
results of the present study as bromacil leached very quickly after application on the more
sandy soil (Site 1). Several workers have also reported on the rate of degradation of
bromacil. Gardiner et al. (1969) and Wolf and Martin (1974) determined the half life (t;;)
of C'* labelled bromacil to be 5 - 6 months in silt loam and sandy soils while Zimdahl et
al. (1970) determined it to be 7 months at 13.2°C in a loam soil. Zimdahl et al. (1970) also
found that the degradation of bromacil followed first order reaction kinetics and the rate
was not greatly affected by temperature (t,.= 5 months at 31.2°C). In our study the t,; for
bromacil in the 0 - 10 cm layer differed markedly between sites. At Site 1 rainfall had a
significant effect on the dissipation of bromacil residues, rapidly leaching them from the
upper soil layers (Table 3). As a result the ty, for bromacil in the 0 — 10 cm layer was only
110 days. At Site 2, where there was considerably less leaching, the ty; for bromacil was
about 330 days.

This study showed that bromacil leached in small concentrations into the groundwater
after agricultural use at normal rates of application. The amounts of herbicide involved
were generally well within recommended limits set by the World Health Organisation
(WHO) and the EPA. The leaching of this herbicide appeared to occur soon after
application and probably before it became strongly bound to soil sorptive sites. The worst
contamination, both in terms of amount and duration, was from the very sandy site with
low soil OC content. Residues in the groundwater decreased markedly once the use of
bromacil was discontinued. The second case of contamination (Site 2), which was on soil
with higher soil OC, was very minor.

Under the soil and climatic conditions of this study, bromacil was found to be quite
persistent, and in some situations mobile. Residues persisted throughout the year and in
some instances this repeated use could lead to accumulation of bromacil in the soil over
time. Where required, periodic use of alternative herbicides or lower rates of bromacil
could effectively be employed to break any cycle of accumulation.
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Abstract: Experiments were conducted during the years 1998-1999 and 1999-2000 to
evaluate the bio-efficacy of Carfentrazone-ethyl applied as post-emergence foliar spray at
the rates of 15, 20, 25 and 30 g ha’, against broadleaf weeds infesting Wheat.
Carfentrazone-ethyl at the rates of 25 and 30 g ha™' gave more than 95 percent control of
Chenopodium album, Rumex dentatus, Medicago denticulata, Melilotus alba, Vicia faba
and Anagallis arvensis. Lower rates of application at 15 and 20 g ha™' led to poorer
control of these weeds which was on a par with that noticed under 2,4-D (sodium salt)
applied @ 500 g ha'. As a consequence, grain and straw yield under these three
treatments were comparable. Carfentrazone-ethyl applied at 25 and 30 g ha™! gave the
highest grain and straw yield, which were significantly superior when compared to that
obtained under 2,4-D.

Key words: Bio-efficacy, broadleaf weeds, carfentrazone-ethyl
INTRODUCTION

Weeds infesting wheat fields comprise annual grasses such as Phalaris minor, Avena
sterilis ssp.ludoviciana and broadleaf weeds such as A.  arvensis, C. album,
Convolvulus arvensis, Lathyrus aphaca, M. denticulata, M. alba, Silene conoidea, V.
Jfaba and R. dentatus (Bajpai et al. 1992 ; Balyan et al. 1988; Balyan and Malik 1992 ;
Singh 2000; Singh et al. 1995 and Suresh Kumar and Singh 1994).

The herbicide, Isoproturon, which is widely used since early 1980's has been found to
be very effective against grasses. However, it exhibits poorer bio-efficacy against some
broadleaf weeds such as A. arvensis, L. aphaca, M. denticulata, M. alba and R. dentatus
(Bajpai et al. 1992 ; Balyan et al. 1990 and Balyan and Malik 1988). Besides tank
mixing 2,4-D with isoproturon, stand alone application of 2,4-D has also been
recommended for controlling weed flora predominated by broad leaf weeds (Phogat et
al. 1991; Sharma et al. 1987; Singh and Sharma 1984; Singh et al. 1997). Inappropriate
timing of application of 2,4-D has been found to lead to malformation of spikes and
reduction in grain yield in wheat (Balyan et al. 1990; Balyan and Panwar 1997
Bhagwati et al. 1989; Bhan et al. 1976 ; Pinthus and Natowitze 1967 and Sharma et al.
1987).

Hence, there is need for alternative effective herbicides to control broadleaf weeds in
wheat without causing attendant malformation of spikes. Metsulfuron-methy! which is
effective against broadleaf weeds has been evaluated and recommended (Rajvir and



Pahuja 2001; Sharma and Sharma [997; Tewari et al. 1998 and Walia et al. 1998). In
this paper we report the usefulness of carfentrazone-ethyl as a post-emergence, contact
herbicide for the effective control of broadleaf weeds.

MATERIALS AND METHODS

Field experiments were carricd out during the Rabi season ( November to April ) of
1998-1999 and 1999-2000 in the State of Punjab. Soil of the experimental field was
sandy loam and slightly alkaline in reaction (pH 8.0). Wheat varicty PBW 343 was
sown on Novemberl5,1998 and November 22,1999 at a row to row spacing of 2(}cm
with a tractor mounted seed-cum-fertilizer drill using a seed rate of 100 kg ha™.
Recommended levels of NPK (125 kg N, 62.5 kg P,Os and 30 kg KO ha') were
applied. Half of N and full P,Os and K;O were applied at the time of sowing and
remaining N was given with first irrigation. All other agronomic and plant protection
practices were followed as per the Package of Practices, PAU, Ludhiana. Four
irrigations were given. Treatments of carfentrazone-ethyl @15,20,25 and 30 g ha
were compared with the standard treatment of 2,4-D sodium salt applied @ 500 g ha',
weed free and weedy check plots. Plot size was 6 m X 6 m and all the treatments were
arranged in randomized block design with four replications. Herbicide treatments were
imposed as post-emergence blanket foliar spray at 35 days after sowing using a
knapsack sprayer fitted with WFN 040 nozzle and spray volume of 450 litres of water
per hectare.

Visual assessment of phytotoxicity of herbicide treatments on crop was recorded on a
scale of 1 to 10 (1= adverse effect of the herbicide on the crop and 10= 100% adverse
effect of the herbicide on crop). Species-wise count of weeds was recorded at 60 days
after sowing within 1.0m x 1.0m quadrat at three places at random in each plot Dry
weight of weeds was recorded after drying the weed samples in an oven at 70° C until
constant weight was achieved. Grain and straw yield was recorded at harvest.

RESULTS AND DISCUSSION

Phytotoxicity

Wheat plants in the experimental plots treated with carfentrazone-ethyl exhibited mild
speckling of leaves three days after imposing treatments. The plants became normal ten
days after treatment. Treatment with carfentrazone-ethyl did not lead to leaf injury, vein
clearing, wilting, necrosis, epinasty and hyponasty symptoms in plants.

Weed flora

At the time of imposing treatments, plots were predominantly infested with the
broadleaf weeds (65%), C. album, M. alba, M. denticulata, and R. dentatus. Other broad
leaf weeds were A arvensis, C. arvensis, L. aphaca, Silene conoidea, Cornopus
didymus and V. faba. Phalaris minor was the grassy weed observed during both the
years.

589




‘Weed control

Treatment with carfentrazone-ethyl @ 15 and 20 g ha™ gave 78% to 91% weed control
of C. album and less than 30 per cent control of M. alba, M. denticulata and R. dentatus
and other broadieaf weeds (Fig. 1). These treatments were comparable to 2,4-D applied
@ 500 g ha'. Poor bio-efficacy of 2,4-D Sodium salt against Rumex sp., M.
denticulata, A. arvensis, C. didymus, Silene conoidea, Fumaria parviflora, C. arvensis,
L. aphaca and V. sativa has earlier been reported (Balyan et al, 1992 ).
Carfentrazone-cthyl @ 25 and 30 g ha'! gave 95 to 98% control of C. album, M. alba,
M. denticulata, R. dentatus and other broadleaf weeds.
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Figure 1. Effect of treatments on weed control (Mean of 1998-1999 & 1999-
2000)
Dry weight of weeds

Weedy check treatment recorded the highest dry weight of weeds (Table 1). There was
a significant reduction in the dry weight of weeds under the treatments of carfentrazone-
ethyl@ 15and 20 g ha and 2,4-D applied @ 500 g ha'. A further reduction in the dry
weight of weeds was noticed in the treatments of carfentrazone-ethyl @ 25 and 30 g ha’
! Dry weight of weeds was the lowest in weed free plots because besides broadleal
weeds, the grass weed P. minor was also removed.



Table 1: Influence of treatments on dry weight of weeds at 60 days after sowing

Dry weight of weeds (g m™) *
Treatments , Other ,
(gai hah) Chenopo- | Melilotus | Medicage | Rumex broad leaf Phalaris
o diunt album alba denticulata| dentatus roa iz minor
weeds

Carfentrazone ethyl : 15 4.6 383 77.4 58.7 17.1 196.2
Carfentrazone ethyl : 20 29 30.7 723 54.4 15.4 201.2
Carfentrazone ethyl : 25 0.2 1.2 1.1 0.1 1.2 201.5
Carfentrazone ethyl : 30 0.1 0.4 04 0.3 0.8 199.7
2,4-D Sodium salt : 500 32 33.7 73.5 555 19.0 198.6
Weed free 0.1 0.2 0.4 0.2 0.2 0.9
Weedy check 60.5 74.0 09.3 71.6 24.7 205.2
CD at 5% 7.2 9.2 15.7 11.3 6.2 23.7
* Mean of 1998-1999 & 1999-200
** See text

Effective tillers and yield

Number of effective tillers, grain and straw yield were the lowest in weedy check plot,
demonstrating the adverse effects of weed infestation throughout the duration of the
crop (Table 2). Highest number of tillers, grain and straw yield were recorded in the
weed free plots. Values of these parameters in plots treated with 2,4-D @ 500 g ha

were significantly higher when compared to those of weedy check plots. Similar
findings have been reported in earlier studies ( Dilraj Sidhu et al. 2000; Kurchania et al.
2000, Sahadeva Singh et al. 1997 and Singh and Sharma 1934). Carfentrazone-ethyl @
25 and 30 g ha’' was significantly superior to its fower rates of 15 and 20 g ha' and to
that of 2,4-D in respect of number of effective tillers, grain and straw yield but was
inferior to hand weeding. This is due to the fact that carfentrazone-ethyl controlled
broadleaf weeds but not grasses where as under hand weeded treatment both grasses and
broadleaf weeds was effectively removed. Visual assessment of the crop during the
reproductive phase did not reveal any adverse effect of carfentrazone-ethyl on spike
formation.

Table 2: Effect of treatments on effective tillers, grain and straw yield.

Treatmenis Effective tillers* Grain yield* Straw yleld*

(gai ha') (No sq.m™ ) (kgha') (kgha™)
Carfentrazone ethyl : 15 117.6 3138 4092
Carfentrazone ethyl : 20 118.7 3214 4229
Carfentrazone ethyl : 25 122.5 3868 5175
Carfentrazone ethyl : 30 122.6 3957 5260
2,4-D Sodium salt : 500 117.2 3063 4067
Weed fiee 129.7 - 5014 6478
Weedy check 68.4 2492 3374
CD at 5% 2.3 302 320

* Mean of 1998-1999 & 1999- 2000
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Higher grain and straw yield obtained under treatments with carfentrazone-ethyl at 25
and 30 g ha provided further proof that the herbicide has no adverse effects on spike
formation. Results of the present study, thus, indicate that application of carfentrazone-
ethyl@25and 30 g ha” at 35 days after sowing leads to successful control of broadleaf
weeds with favorable implications on grain yield.
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Abstract: The study was conducted during the years 1999-2000 and 2000-2001 to
evaluate the usefulness of pre-mix formulation of clomazone and 2,4-D EE for weed
management in transplanted paddy. EC formulation containing clomazone @ 175 and
200 g litre” with each of the two levels of 2,4-D EE @ 180 and 270 g litre” were
evaluated for bio-efficacy against weeds and safety to crop. Standards for comparison
were butachlor SOEC @ 1250 g ha”', clomazone @ 175 and 200 g ha and 2,4-D EE @
180 and 270 g ha'. Weed ﬂora in the experimental plots comprised the grasses,
Echinochioa crus—galli and E. colona, the sedges, Cyperus difformis, C. irig,
Fimbristylis miliacea and the broadleaf weeds, Eclipta alba, Monochoria vaginalis,
Commelina benghalensis, Sphenoclea zeylanica and Ludwigia parviflora. Pre-
emergence soil surface spray of clomazone + 2,4-D EE @ 175 + 270 and 200 + 270 ¢
ha! within three days after transplantmg paddy led to higher percent control of weeds
and lowest dry weight of weeds, in observations recorded at 30 and 45 days after
transplanting. Grain and straw yield under these treatments were the highest and were
significantly superior to that of all the treatments included as standards for comparison.

Key words: broadspectrum weed control, pre-mix formulation of clomazone+2,4-DEE,
transplanted paddy

INTRODUCTION

India is one of the major rice growing countries in the world. As per the agricultural
statistics, rice was cultivated in 44.6 million hectares with a production of 85.9 million
tons and an average productivity of 1928 kg per hectare in the year 2000. Severe
infestation of weeds is one of the main factors responsible for the low productivity of
rice. Weed flora in transpianted paddy fields in different rice growing regions of India
comprises grasses such as E. crus-galli, E. glaberescens; E. colona and broad leaf
weeds such as Ammania baccifera, Marsilea quadrifolia, L. parviflora, M. vaginalis,
S. zeylanica and sedges such as C. difformis, C. iria, C. rotundus, and F. miliacea.( Bali
et al. 1994; Ghosh and Ganguly 1993; Kurmi and Das 1993; Mandal et al. 1986;
Mukhopadhyay 1968, 1969 and 1971; Ray 1973; Sahu and Bhattacharya 1964 and
Singh and Rao 1970).

Uncontrolled infestation of weeds has been reported to lead to crop loss of 30 to 70 per
cent (Anantha Kumari and Rao 1993; Chaudhary et al. 1995; Gautam and Mishra 1995;
Jena and Mishra 1992 and Raju and Reddy 1995). Herbicides such as anilofos,
benthiocarb, butachlor, oxadiargyl, oxadiazon, pendimethalin, 2,4-D and pretilachlor
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have been found to be useful for weed management. Butachlor is the most widely used
herbicide mainly because of its broadspectrum activity.  Continual use of the same
herbicide having the same mode of action leads to shift in weed flora and evolution
of resistance in weeds (Ahn et al. 1975; De Datta 1977, Ho and Zuki 1988; Kandasamy
and Sankaran 1995 and Kim 1983). In order to prevent such a problem and to present
farmers with a wider choice of affordable and effective herbicides, there is a need to
develop molecules of newer chemistries and combination products having herbicide
partners with different mode of action. The present study was conducted with this
obiective.

MATERIALS AND METHODS

An experiment each was conducted in the State of Karnataka during Kharif season (June
to November) of 1999-2000 and 2000-2001. The trials were laid out in randomized
block design with three replications. Thirty days old seedlings of rice cv. IR-64 were
transplanted at a distance of 20 cm x 15 cm during both the years in sandy clay loam
soils with pH of 7.8 on July 05 and July 15 of the respective years. Fifty kg P,0s and 50
kg K,O per hectare were applied at planting and 100 kg nitrogen was given in three
equal splits at the time of transplanting, 20 and 40 days after transplanting. The
treatments consisted of pre-mix formulation of clomazone + 2,4-DEE applied at
175+180, 175+270, 200+180 and 200+270 g ha.”’, besides weed free and weedy check
treatments. Standards for purposes of comparison were stand-alone application of
butachlor @ 1250 g ha!, clomazone @ 175 and 200 g ha'!, 2,4-DEE @ 180 and 270 g
ha™'. Plot size was 8 m x 8 m. Water in the experimental plots was drained out before
imposing the treatments. Herbicide treatments were applied as pre-emergence soil
surface spray three days after transplanting using a knapsack sprayer fitted with flat fan
nozzle and a spray volume of 600 litres of water per hectare. Water was impounded in
the experimental plots one day after treatment.

Phytotoxicity scoring was done at five and ten days after herbicide application based on
I to 10 scale ( 1= no adverse effect of the herbicide on the crop and 10= 100% adverse
effect of the herbicide on the crop ). Species-wise number of weeds occurring within
1.0m? quadrat in each plot was recorded at random at 30 days after transplanting. Dry
weight of weeds under each treatment was recorded after drying the weeds in an oven
at 70° C until constant weight was achieved. Grain and straw yield were recorded at
harvest.

RESULTS AND DISCUSSION
Phytotoxicity

Plants in the plots treated with clomazone alone and the combination of clomazone +
2,4-DEE at all the dosages exhibited slight bleaching of leaves of paddy at five days
after imposing treatments. Plants regained greenness.of leaves at ten days after
treatment. Similar observations were reported by Caseley et al. (1997) and Andrade
(1988). Treatment with stand alone application of clomazone and pre-mix formulation
of clomazone + 2,4-DEE did not lead to leaf injury, vein clearing, wilting, necrosis,
epinasty and hyponasty symptoms in plants.

595




Weed flora

E. crus-galli, E. colona, M. vaginalis, C. benghalensis, L. parviflora, S. zeylanica, E.
alba, C. difformis, C. iria and F. miliacea were the weeds noticed in the weedy check
plots at 30 and 45 days after transplanting.

Weed control

Treatment with the combination of clomazone + 2,4-DEE @ 175180 and 200+180 g
ha gave 80 to 88% control of the weeds (Fig. 1). These treatments were comparable to
stand alone application of clomazone at both the rates and butachlor. 2,4-DEE @ 180
and 270 g ha gave control of broadleaf weeds and sedges to the extent of 70 to 90%
and 57 to 73%, respectively. Treatment with clomazone + 2,4-DEE at 175+270 and
200+270 g ha™! gave 88 to 100% control of the weeds, E. crus-galli, E. colonum, M.
vaginalis, C. benghalensis, C. difformis and others comprising L. parviflora, S.
zeylanica, E. alba, C. iria and F. miliacea..
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Figure 1. Effect of treatments on weed control (Mean of 1999-2000 and 2000-2001
Dry weight of weeds

Dry weight of weeds was the highest in weedy check plots (Table 1). There was a
significant reduction in the dry weight of weeds of all the Spemes in the treatments of
clomazone + 2,4-DEE @ 175 +180 and 200+180 g ha'. These treatments were
comparable to butachlor @ 1250 g ha” and stand-alone application of clomazone @
175 and 200 g ha”'. Lowest dry weight of weeds of all the species was recorded under
clomazone + 2,4-DEE @ 175+270 and 200+270 g ha ! which was comparable to weed
free plots. In earlier investigations, stand alone application of clomazone has been
found to be useful for weed management in Rice (Scherder et al. 2000; Spiridonov et al.
1995; Webster et al. 1999; Webster and Baldwin 1998; and Talbert et al. 1999). Jordan
and Kendig 1998 and Carvalho et al. 1990 hypothesized that combined application of
clomazone and 2,4-DEE might enhance the spectrum of weeds controlled. Results of
the present investigation provide evidence to the hypothesis.
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Table 1. Influence of treatments on dry weight of weeds and yield.

. 2 Grain | Straw
Dry weight of weeds (g m™) yield* | yield®

Treatments
(g a.i. ha™) Echino- | Echino- Mono- |Commelina
chloa | chioa aey PETYUS | Choria. | bengha- |Others** (kg ha™")

. ifformis g ,
crusgalli| colona vaginalis|  lensis

Clomazone + 2,4~

Coper s | 22 | 2 28 | 41 43 47 | 4563 | 7863
gggazl‘;rf ++227’3‘ 0.1 0.1 0.1 0.1 0.1 0.1 | 5080 | 8726
ggga;%%e ++128,3- 22 1 23 | 27 | a1 48 42 | 4600 | 7925
g'é’glazz%%e :227’3' 0.1 0.1 0.1 0.1 0.1 0.1 | 5087 | 8844
Butachlor : 1250 2.0 2.0 2.6 5.2 5.4 44 | 4653 | 8107
Clomazone : 175 2.6 29 1 3.6 6.0 5.5 5.2 4500 7902
Clomazone : 200 2.1 23 3.5 4,7 54 4.8 4520 8036
2,4-DEE : 180 1008 | 398 | 55 | 5.1 5.7 87 | 3603 | 6152
2,4-DEE : 270 100.1 | 398 | 6.1 43 5.5 82 | 3714 | 6961
Weed free 0.1 0.1 0.1 0.1 8.7 0.1 | 5051 | 9106
Weedy check 99.9 38.9 2.5 3.7 358 36.4 2546 | 5178
CD at 5% 22 1.6 19 | 28 1.6 22 | 196 | 406

* Mean of 1999 2000 & 2000-2001; ** Seetext

Yield

Weedy check plot recorded significantly lower grain and straw yield during both the
years (Table 1). This is due to the presence of weeds throughout the duration of the
crop resulting in severe crop-weed competition. Among the herbicide treatments,
treatment with 2,4-DEE @ 180 and 270 recorded the lowest grain and straw yield. This
is attributed to the control of broadleaf weeds and sedges by 2,4-DEE but not grasses.
Similar results obtained in other studies were attributed to the bio-efficacy of 2,4-D
against broadleaf weeds and sedges but not grasses (Ampong-Nayarko 1999 and
Bernasor and De Datta 1986). Treatment with clomazone + 2,4-DEE @ 175+180,
200+180 g ha' and stand alone application of clomazone @ 175 and 200 g ha’
recorded grain and straw yields which were on par with that of butachlor @ 1250.
Treatment with clomazone + 2,4-DEE @ 1754270 and 200+270 g ha" recorded the
highest grz%in and straw yields which were significantly superior to that of butachlor @
1250 g ha™.

Thus, the results of present study has clearly established that treatment with pre-mix
formulation of clomazone + 2,4-DEE @ 175+270 g ha'' and 2004270 g ha' was
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superior to stand alone application of clomazone and butachlor for weed management of
broad spectrum of weeds in transplanted paddy with favourable implication on grain
and straw yields.
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Abstract: Field experiments were conducted during the years 1999-2000 and 2000-
2001 to evaluate the usefulness of pre-mix EC formulation of clomazone +
pendimethalin for weed management in irrigated cotton. Dosages of clomazone +
pendimethalin applied as pre-emergence soil surface spray within two days after sowing
were 175 + 350, 225 + 450, 300 + 600 and 375+ 750 ¢ ha”. These treatments were
compared against weedy check, weed free treatment and stand alone application of
clomazone @ 525 g ha™ and pendimethalin @ 1000 g /ha. Per cent weed control was
the lowest and dry weight of weeds was the highest in weedy check plot followed by
treatments comprising clomazone + pendimethalin @ 175 + 350 g ha”, 225 + 450 g ha™
and stand alone application of clomazone @ 525 g ha™ and pendimethalin @ 1000 g ha
'. Percent weed control was the highest and the dry weight of weeds was the lowest
under the treatments of clomazone + pendimethalin @ 300 + 600 g ha' and 375+ 750 g
ha' and weed free treatment. The former two treatments gave effective control of
Echinochloa colonum, Commelina benghalensis, Cyanotis axillaris, Digera arvensis,
Euphorbia hivta, Trianthema portulacastrum, Paspalum conjugatum and Digitaria
sanguinalis. Seed Cotton yield was the highest under the treatments clomazone +
pendimethalin @ 300 + 600 and 375 + 750 g ha'! which was at par with that obtained
under weed free treatment.

Key words: bio-efficacy, pre-mix formulation and seed cotton
INTRODUCTION

One of the important factors responsible for low yield of cotton in India is competition
offered by weeds. Losses in cotton yield range from 40 to 85 per cent depending upon
the nature and intensity of weed infestation and duration of their competition (Babiker et
al. 1986; Balyan et al. 1983; Bhan and Mishra 1993; Brar and Gill 1983; Jain et al.
1981; Keeley and Thullen 1989; Sandhu et al. 1996; Street et al. 1985 and Thind et al.
1995).

Initial period of 30-35 days is the most critical for crop-weed competition in cotton
(Jaya kumar et al. 1990 and Bhan and Mishra 1993). Thus, weed control during early
stages is very important to minimize competition and aftain high yields. Farmers often
resort to conventional methods of weed control like hand weeding and hoeing to contain
weeds. These methods besides being expensive and ineffective are not ideal because
reinfestation of weeds takes place after each hoeing. Coincidence of rainy season with
weed infestation makes hoeing impractical. Evaluation of herbicides to overcome these
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problems has led to the recommendations on the use of pre-emergence herbicides such
as diuron, pendimethalin, fluchloralin, trifluralin, alachlor and metolachlor (Brar et al.
1995; Brar et al. 1999; Kurlekar and Khuspe 1979 and Panwar and Malik 1988). Non-
availability of some of these herbicides at the right time and the requirement of pre-
plant incorporation in the case of some others have restricted the herbicide options
available to farmers. Viewed in this context, there is an imperative need to widen the
choice of herbicides available to farmers. The present investigations are undertaken to
evaluate the usefulness of pre-mix formulation of clomazone + pendimethalin for weed
management in cotton.

MATERIALS AND METHODS

Field investigations were carried out for two years in the State of Karnataka during the
Kharif season (June to December) of 1999-2000 and 2000-2001 in a field with medium
black soil. One pre-sowing irrigation was done and cotton variety var. LH 1556 was
sown in a finely prepared seedbed by dibbling four seeds per hill on May 20, 1999 and
June 01, 2000 respectively in the two years. Sowing was done in such a manner that
row-to-row spacing of 1.0 m and plant-to-plant distance of 0.75 m was maintained.
About one month after sowing, extra plants were removed keepmg one plant per hill.
Phosphorous @ 30 kg P205 ha" and potash @ 30 kg K»0 ha™ given before sowing.
Nitrogen @ 100 kg ha” was applied in two equal spllts at thinning and at flowering.
First irrigation was given about four weeks after sowing and subsequent ones as and
when needed.

Treatments of clomazone + pendimethalin @ 175+350, 225+450, 300+600 and
3754750 g ha! were compared thh stand alone application of clomazone @ 525 g ha”,
pendlmethalm @ 1000 g a.i.ha ', weed free treatment and weedy check plots. The plot
sizewas 6 mx 6 m. The treatments were laid out in randomized block design with four
replications. All the herbicide treatments were imposed as pre-emergence, blanket soil
surface spray two days after sowing using a bakpak sprayer fitted with flat fan nozzle
and a spray volume of 750 litres per hectare.

Visual phytotoxicity of herbicide treatments on crop was recorded at five and ten days
after sowing on a scale of 1 to 10 (1= no adverse effect of the herbicide on the crop and
10 = 100 per cent adverse effect of the herbicide on the crop). Species-wise count of
weeds and dry weight of weeds were recorded at 45 days after sowing within 1.0 m x
1.0 m quadrat at three places at random in each plot. Dry wei§ht of weeds under each
treatment was recorded after drying the weeds in an oven at 70° C until constant weight
was achieved. Seed cotton yield was recorded by harvesting five times

RESULTS AND DISCUSSION
Phytotoxicity
Cotton plants in the experimental plots treated with clomazone alone and combination

of clomazone and pendimethalin exhibited light yellowing of cotyledonary leaves of
about 20% plants after imposing treatment. The plants became normal at 10 days after
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sowing. These treatments did not lead to leaf injury, wilting, vein clearing, necrosis,
epinasty and hyponasty.

Weed flora

E. colonum, D. sanguinalis, C. benghalensis and T. portulacastrum were the
predominant weeds in the weedy check plots at 45 days after sowing. Amaranthus
viridis, Digera arvensis, Euphorbia hirta, C. axillaris were the other weeds noticed in
the weedy check plot. Infestation of the weeds was highest in the weedy check plots.

Weed control

Treatment Wlth pre-mix formulation of clomazone + pendimethalin at [75+350 and
225+450 g ha'! gave 78-83% control of all weeds (Fig. 1). These treatments were
comparable to stand alone appllcatxon of clomazone @ 525 g ha' and pendimethalin @
1000 g ha™. Similar reduction in population of T. portulacastrum and other weed
species due to treatment with pendimethalin was noticed in earlier studies (Brar et al.
1995; Karlekar and Khusik 1979; Panwar and Malik 1988). Treatment with the pre-mix
formulation of clomazone + pendimethalin @ 300+600 and 375+750 g ha™! gave more
than 90% control of E. colonum, D. sanguinalis, C. benghalensis and T. portulacastrum
and the others comprising D. arvensis, E. hirta, C. axillaris and Paspalum conjugatum.
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Figure 1. Effect of treatments on weed control (Mean of 1999-2000 and 2000-2001

Dry weight of weeds

Weedy check treatment recorded the highest dry weight of weeds (Table 1). Among the
herbicide treatments, apphcatlon of pre-mix formulation of clomazone + pendimethalin
@ 175+350, 225+450 ¢ ha”! recorded the highest dry weight of weeds and these
treatments were comparable to stand alone application of clomazone @ 525 g ha' and
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pendimethalin @ 1000 g ha'. Treatment with pre-mix formulation of clomazone +
pendimethalin @ 300600 and 375+750 g ha' recorded the lowest dry weight of weeds
which was comparable to that noticed in weed free treatment.

Table 1. Effect of herbicide treatments on dry weight of weeds at 45 days after sowing.

Dry weight of weeds (g m™) *
Treatments ) Echino- | Digitaria | Commelina | Trianthema | Others
(g a.i. ha™) chloa | sangui- bengha- portul- b
colona nalis lensis acastrim

Clomazone + Pendimethalin;
175 + 350 6.8 5.8 5.9 8.9 6.5
Clomazone + Pendimethalin:
295 + 450 0.4 5.1 5.3 7.0 5.7
Clomazone + Pendimethalin;
300 + 600 1.6 1.9 1.3 3.1 2.3
Clomazone + Pendimethalin:
375 + 750 1_.1 1.1 0.9 2.2 1.2
Clomazone: 525 7.3 4.5 6.5 9.1 7.3
Pendimethalin; 1000 6.8 5.8 6.1 7.8 6.6
Weed free 0.2 0.4 0.2 0.4 0.5
Weedy check 26.2 28.8 33.7 37.8 21.7
CD at 5% 2.9 2.8 31 4.1 32

DAS : Days after spraying
* Mean of 1999-2000 & 2000-2001 ; ** see text

Yield

Lowest seed cotton yield was recorded in weedy check plots (Table 2). A significant
improvement in yield was notlced under the treatment of clomazone + pendimethalin @
175+350 and 225+450 g ha, clomazone @ 525 g ha™! and pendimethalin @ 1000 g ha™

Higher yields consequent on superior weed control due to treatment with
pendimethalin has earlier been reported (Panwar et al. 1989 and Singh et al. 1988). A
further significant improvement of yield which was comparable to that obtained under
weed free treatment was evident in plots treated with pre-mix formulation of clomazone
+ pendimethalin @ 300+600 and 375+750 g ha™.

It could, thus, be concluded that treatment with pre-mix formulation of clomazone +
pendimethalin @ 300 + 600 and 375+750 g ha™ offered broad spectrum weed control in
cotton which is superior to that obtained under stand alone application of pendimethalin
and clomazone. Bio-efficacy against weeds and seed cotton yield due to treatment with
clomazone + pendimethalin @ 300 + 600 g ha! were comparable to that under
treatment with clomazone + pendimethalin @ 375+750 g ha'. Therefore, application of
clomazone + pendimethalin @ 300--600 g ha! was adequate for effective weed control
and enhancing seed cotton yield.

604




Table 2. Influence of herbicide treatments on seed cotton yield.

Treatments Seed Cotton yield

(kg a.i. ha™) (kg ha™)
Clomazone + Pendimethalin; 175 + 350 1082
Clomazone + Pendimethalin: 225 + 450 1136
Clomazone + Pendimethalin: 300 + 600 1406
Clomazone + Pendimethalin: 375 + 750 1425
Clomazone: 525 1041
Pendimethalin: 1000 1021
Weed free 1450
Weedy check . 506
CD at 5% 175

* Mean of 1999-2000 & 2000-2001
ACKNOWLEDGEMENTS

We thank Mr. Mohan S lyer, M/s. Rallis India Limited, Bangalore, for providing
samples of pre-mix formulation of clomazone + pendimethalin for the trials. The
permission given by M/s. Rallis India Limited, Bangalore to present this paper is
gratefully acknowledged by the authors.

LITERATURE CITED

Babiker, A.G.J. et al. 1986. Effect of application time on herbicidal efficacy of
oxasiazon on cotton in the Sudan Gazira. Weed Res. 26: 51-57.

Balyan, R.S. et al. 1983, The effect of weed removal at different times on the yield of
seed ctton. Cotton Develop. 13: 9-10.

Bhan, V.M. and Mishra, J.S. 1993. Improving crop productivity through weed
management, Pesticides Information. XIX (3): 25-36.

Brar, H.S. and Gill, H.S. 1983. Studies on critical period of crop weed competition in
cotton. Indian J. Ecol. 10: 148-153.

Brar, A.S. et al. 1999. Integrated weed management in American cotton. J. Res.Punjab
aric. Univ. 36(3&4): 194-198. .

Brar, A.S. et al. 1995. Integrated weed management in upland cotton ( Gossypium
hirsutum ). Indian J. Weed Sci. 27(3&4): 138-143.

605




Jain, S.C. et al. 1981. Nutrient competition studies in cotton (Gossypium hirsutum)
under different weed control systems in Madhya Prades. Indian J. Weed Sci.
13: 18-25.

JayaKumar, R. et al. 1990. Interference period of weeds with cotton. Pestology XLV
(10): 28-29.

Keeley, P.E. and Thullen, R.J. 1989. Growth and competition of Black Nightshade
( Solanum nigrum ) and Palmer Amaranth { Amaranthus palmer ) with cotton
( Gossypium hirsutum ). Weed Sci. 37: 326-334.

Kurlekar, V.G. and Khuspe,V.S. 1979. Studies on weed control in cotton. Indian I.
Agron. 24;: 377-382.

Panwar, R.S. and Malik, R.K. 1988. Integrated weed management in cotton. J. Cotton
Res. & Dev, 2: 50-56.

Panwar, R.S. et al. 1989. Evaluation of pre-emergence and post-emergence herbicide in
Cotton, Haryana Agric. Univ. J. Res. 19 :235-239.

Sandhu, K.S. et al.1996. Crop weed competition in American cotton (Gossypium
hirsutum). Indian J. Weed Sci. 28 : 171-172.

Singh V. et al. 1988. Pattern of dry matter production under weed control systems and
nitrogen level in cotton. J. Indian Soc. Cotton Imp. 13(2) : 163-168.

Street, J.E. et al. 1985. Competition of binary weed system with cotton { Gossypium
hirsutum ). Weed Sci. 33: 807-809.

Thind, R.J.S. et al.1995. Weed, interference in American cotton. Indian J. Weed Sci.
27(1&2): 75-79.

606

Bt G




Control of Fern, Stenochlaena palustris, Using Paraquat Mixed with Triasulfuron
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Abstract: A field experiment was conducted in a mature oil palm plantation to
determine the efficacy of paraquat and sulfosate mixed either with triasulfuron or
metsulfuron methy! for the control of fern Stenochlaena palustris. S. palustris could
only be controlled by paraquat treatment. The greatest efficacy was found in paraquat
300 g a.i. ha! mixed with trlasulfuron 15 g ai. ha or with metsulfuron methyl 15 g
a.iha’ and in paraquat 600 g ai ha”. The mortality ranged from 91.6% to 93%. The
mortality of S. palustris treated with paraquat 300 g a.i. ha” was not different from
those treated w:th paraquat 200 g a.i. ha”' mixed with triasulfuron or metsulfuron methy!
at 10 g a.i. ha”'. The mixtures of paraquat with triasulfuron or metsulfuron methyl did
not only result in higher mortality of S. palustris but also suppressed the weed longer
than those treated with paraquat alone. In contrast, sulfosate applied either single or
mixed with triasulfuron or metsulfuron showed poor control on S. palustris.

Key words: metsulfuron methyl, paraquat, Stenochlaena palustri, .triasulfuron
INTRODUCTION

In the last decade, the development of new oil palm plantations has turned from mineral
soil to peat soil due to the limitation of mineral soil for new oil palm plantation. The
most common weed species associated with oil palm grown on peat soil is fern,
especially Stenochlaena palustris.

Herbicide application is one of the most common tools for controlling weeds in oil palm
plantations nowadays (Chia and Badrulisam, 1997; Sriyani ef al. 2001). The herbicide
usually offers a more effective and efficient tool in controlling weeds than other tools
especially in estates located in a region where labor is expensive. Herbicide application
for controlling weeds in a plantation is generally repeated every two to three months
because weed growth interferes with crop management. In Indonesia, paraquat has been
widely used as a nonselective post emergence herbicide for controlling weeds in oil
palm plantations because it acts very quickly to kill the target plants. The study aimed
to determine S. palusiris control using paraquat combined with triasulfuron and
metsulfuron methyl.

MATERIALS AND METHODS

A field experiment was carried out in September, to December 2001 in an oil palm
plantation on peat soil in Labuhan batu Regency, North Sumatra, Indonesia. The oil
palm trees were planted in 1994. The ficld was infested mainly by weed species of S.
palustris.  Herbicides tested were applied in the first week of September 2001. The
rates of herbicide treatments used in the study are shown in Table 1. Each herbicide

607




was applied using a lever operated knapsack sprayer with the spray volume of 500 L ha”
!, Water used for diluting herbicides was collected from a well in the peat soil area.
The plot size was 5 m x 18 m laid down on the inter-rows of oil palm trees.

Table 1. Rates for herbicide treatments used in the study.

Herbicide Rate (g a.i. ha')

Paraquat 200

Paraquat + Metsulfuron methyl 200 + 10
Paraquat + Triasulfuron 200+ 10
Paraquat 300

Paraquat + Metsulfuron methy! 300+ 15
Paraquat + Triasulfuron 300+ 15
Paraquat 600
Metsulfuron methyl + Agristick 30 +2.5% (v/v)
Triasulfuron + Agristick - 30 +2.5% (v/v)
Sulfosate 430

Suifosate + Metsulfuron methyl 480+ 15
Sulfosate + Triasulfuron 480 4+ 15

The treatments were arranged in a Randomized Complete Block Design with three
replicates. Visual assessment of plant damage (% of foliar control) was made at one,
two and four weeks after application (WAA). Coverage of re-growth of the plant was
assessed at six to 12 WAA. Data were subjected to ANOVA analysis.

RESULTS AND DISCUSSION

Percent control of S. palustrzs is shown in Table 2. Percent control of S. palustris by
paraquat at 600 g a.i. ha” was not different from that of the two combmatlons paraquat
300 g a.i. ha' + 15 g metsulfuron methyl a.i. ha™ and 300 g a.i. ha™! triasulfuron. The
three-herbicide treatments controlled S. palustris ranging from 91 to 93% at 4 WAA.
Similarly, control of S. pafustris with the application of 300 g a.i. ha’! paraquat was not
different from those treated by combinations of paraquat at 200 g a.i. ha™ + metsulfuron
methyl 10 g a.i. ha’ and paraquat 200 g a.i. ha'! + triasulfuron 10 g a.i. ha'. The three
treatments controlled of S. palustris by 83 to 85%. It is obvious that the application of
paraquat + metsulfuron methyl and paraquat + triasulfuron as mixtures increased
efficacy on S. palustris.

On the other hand, metsulfuron methyl + Agristick, triasulfuron + Agristick, sulfosate,
suffosate + metsulfuron methyl and sulfosate + triasulfuron did not control S. palustris
satisfactorily. Coverage of S. palustris at six to 12 WAA is shown in Table 3. The
application of paraquat + metsulfuron methyl and paraquat + triasulfuron as mixtures
resulted in lower percent of coverage of S. palustris. Both mixtures of 300 g paraquat
+ 15 g metsulfuron methyl ha' and 300 g paraquat + 15 g triasulfuron ha! resulted in
30% coverage of S. palustris of which were much lower than that of 300 g paraquat
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Table 2. Visual percent control of S. palustris by the herbicides used.

- Rate % eontrol (WAA)
Herbicide (gai. ha) 1 2 4
Paraquat 200 63.3b 70.0b 733Db
Paraquat + Metsulfuron methyl 200 + [0 70.0 be 76.6 bc 833c
Paraquat + Triasulfuron 200 + 10 733 cd 783 ¢ 85.0¢
Paraquat 300 75.6 cde 80.0c 85.0c
Paraquat + Metsulfuron methyl 300 + 15 80.0 de 8l.oc 93.0d
Paraquat + Triasulfuron 300+ 15 75.0 cde gl.ec 91.6d
Paraquat 600 83.0e 88.3d 91.6d
Metsulfuron methyl + Agristik 30 +2.5% (v/v) 50a 50a 83a
Triasulfuron + Agristick 30+ 2.5% (viv) 50a 50a 50a
Sulfosate 480 50a 50a 50a
Sulfosate + Metsulfuron methyl 480 + 15 50a 50a 5.0a
Sulfosate + Triasulfuron 480 + 15 50a 5.0a 5.0a

Means followed by the same letter in the same column are not significantly different at the 0.05 level

according to LSD test.

Table 3. Visual coverage of S. palustris assessed 6, 8, 10, and 12 WAA.

.. Rate % coverage (WAA)
Herbicide (gaihal) 6 8 10 12
Paraquat 200 35¢ 41.6b 533D 80b
Paraquat + Metsulfuron 200 + 10 183de  266c 383c 6l.6cd
methyl
Paraquat + Triasulfuron 200+ 10 233d 26.6¢ 83c 56.6d
Paraquat 300 16.7e 25.0c 36.6c 71.6bc
Paraquat + Metsulfuron 300 +15 $3f 166cd 200d  30e
methyl
Paraquat + Triasulfuron 300+ 15 83f 15.0cd 21.6d 30e
Paraquat 600 6.7f 11.6d 16.6d 35e
Metsulfuron methy| + 304+2.5%v)  933b  100a  100a  100a
Agristick
Triasulfuron + Agristick 30 +2.5% (v/v) 100 a 100 a 100 a 100 a
Sulfosate 480 95 ab 100 a 100 a 100 a
Sulfosate + Metsulfuron——— 4g4 4 5 967ab 1002  100a  100a
methyl
Sulfosate + Triasulfuron 480 + 15 95 ab 100 a 100 a 100 a

Means followed by the same letter in the same column are not significantly different at the 0.05 level

according to LSD test.

without mixture (coverage of 70%) at 12 WAA. These results mean that the mixtures
of paraquat + metsulfuron methyl and paraquat + triasulfuron suppressed S. palustris
longer than paraquat without combination. It is not understood how the mixtures of
paraquat + metsulfuron methyl, and paraquat + triasulfuron work synergistically in

controlling S. palustris.

the sulfonyiureas are systemic herbicides (WSSA 1989).
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In fact, paraquat is a quick acting contact herbicide whereas
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methyl or triasulfuron (30 g a.i. ha™") applied singly could not control fern, S. palustris.
Similarly, sulfosate at 720 g a.i. ha applied either singly or mixed with triasulfuron or
metsulfuron methyl can not also control S. palustris. In conclusion, the study indicates
that S. palustris could only be controlled by using paraquat. Triasulfuron and
metsulfuron methyl at 50 to 75 g. ha" could increase the efficacy of paraquat in
controlling fern, S. palustris.
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Dissipation and Mobility of Butachlor and Pretilachlor in
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Abstract: A laboratory experiment was conducted to determine the test species suitable
for bioassay of herbicide residue and a field experiment was conducted to study the
persistence and mobility of butachlor and pretilachlor in broadcast-seeded wetland rice
by determining the amount of herbicide residue at various soil depths and at different
times after application through plant bioassay.

The laboratory experiment indicated that among the five plant species tested, barnyard
grass (Echinochloa glabrescens Munroe ex Hook.f.) showed greatest sensitivity to both
herbicides in terms of shoot length, hence was used as bioassay test plant for the
herbicide dissipation experiment.

The field experiment showed that dissipation in water samples was rapid. Butachlor
dissipated faster than pretilachlor at 0 day after treatment (DAT), the amount of
butachlor and pretilachlor detected at 0 DAT was 4.25 and 7.5 ppm, respectively. The
amount of pretilachlor decreased at a faster rate than butachlor at 3 DAT. Continuous
decrease in the amount of herbicide was observed until 14 DAT. Pretilachlor and
butachlor were not detected in the water sample from 21 to 84 DAT. Dissipation of
butachlor and pretilachlor from the soil samples was faster than dissipation of both
herbicides from the water sampie. Both herbicides were detected only at 0 DAT at
concentrations of 0.25 and 0.3 ppm, respectively. Butachlor and pretilachlor residues
were only detected at the 0 to 5 cm depth indicating that the two herbicides were not
mobile and ruling out the possible role of leaching in dissipation.

Key Words: bioassay, butachlor, dissipation, herbicide residue, mobility, pretilachlor
INTRODUCTION

Increasing concern on environmental safety has triggered research on the fate and effect
of continuous use of pesticides to the environment. Most of these researches involved
insecticides, particularly the old ones or those belonging to the organochlorines and
organophosphates groups that control a broad spectrum of insects and which are
relatively more persistent.

Herbicide use and development have been increasing in the tropics. With the demand
for increased yields for an ever-increasing population, there has been a shift in the way
rice is produced, from traditional transplanting to direct seeding, due to high cost of
production in the former. With this development, herbicide usage has also increased
since the weed problem is more serious in direct-seeded than in transplanted rice and
consequently making herbicides a necessary input in direct-seeded rice. Herbicides have
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also been recently pointed out as among the causes of environmental problems. Most of
researches on the fate of herbicides in the environment have been confined to temperate
soil and climatic conditions which are far different from conditions in the tropics.
Herbicide residue studies were also aimed at finding the safe recropping interval and
determine the length of time a herbicide will persist and provide effective control of
target weed species. Among the very few studies on fate of herbicides is the one
conducted by Chen and Chen (1979) in Taiwan that indicated that temperature gave a
significant effect on adsorption of butachlor (N-butoxymethyl 2-chloro-2', 6'-
diethylacetanilide) by soil. In the Philippines, Mabbayad et al. (1986) reported that
dissipation of butachlor in two soil types under laboratory and field conditions was very
rapid. There was faster dissipation of the herbicide at higher moistures and higher
temperature. Other studies were by Filho (1980) on oxadiazon (2-tert-butyl-4-[2-4-
dichloro-5-isopropyloxyphenyl]-1,3,4-oxadiazoline-5-one) and by Berayon and
Mercado (1983) on pendimethalin {N-[1-ethylpropyl]-3,4-dimethyl-2,6-
dinitrobenzenamine) persistence. There is therefore a great need for tropical countries
like the Philippines to generate information on the fate of commonly used herbicides in
the soil including their movement or presence at different depths from the soil surface,
with time. ’

Herbicide residues in the soil can be accurately measured and analyzed by chemical and
physical procedures. But such quantitative measurements sometimes are not well
correlated with plant response because of a number of interacting soil (physical and
chemical properties) and environmental factors (rainfall and temperature) (Appleby
1985). Measuring herbicide residue through bioassay offers a more realistic assessment
of the amount of the herbicide that is left in the soil over time, since this is the amount,
which is available for plant uptake and various degradative processes. The use of both
bioassay and chemical analysis to determine the amount of herbicide residues in the soil
will surely enrich the data that will be generated.

This study was conducted to: 1) determine the appropriate bioassay ftest plant for
butachlor and pretilachlor; 2) determine the persistence and mobility of butachlor and
pretilachior in a broadcast-seeded wetland rice environment through herbicide residue
analysis using plant bioassay; and 3) determine the amount of residues of these
herbicides along the soil column at different times after application.

MATERIALS AND METHODS
Determination of appropriate test plant for butachlor and pretilachlor

A laboratory experiment was done to determine the sensitivity of test plants to varying
concentrations of butachlor and pretilachlor. Seeds of corn, mungbean, sesame,
sorghum and barnyard grass were used to determine response of these plant species as
bioassay plants for butachlor and pretilachlor. Twenty seeds of these test species were
sown in petri dishes lined with filter paper. Ten mi, of different concentrations of the
two herbicides ranging from 25 ppm to 0.5 ppm were added. The experiment was laid
out in a randomized complete block design with four replications. Germination as well
as the general growth (e.g., root and shoot length) of the test species was noted. Shoot
and root length of plants were measured after one week.Data were subjected to Analysis
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of Variance (ANOVA) and means were separated using Duncan’s Multiple Range Test
(DMRT). The test species with the greatest sensitivity to the two herbicides was used as
bioassay plant.

Herbicide dissipation

A field experiment was conducted to determine dissipation and mobility of the two
herbicides through plant bioassay. Nine concrete plots measuring 1.5 m X 2 m were
used. The experiment was laid out using the randomized complete block design with
three replications. Three treatments were maintained for this experiment, these are
butachlor applied at 0.8 kg ai ha”!, pretilachlor at 0.4 kg a.i. ha' and untreated check

Land preparation

Soils from two lowland sites were added to the soil in each plot. This was done to
ensure the occurrence of weed species associated with lowland rice. The original soil
found in the plots (Soil A) and the soils from the lowland areas (Soil B) were mixed
separately to homogenize the soils.” After mixing, soil was placed in each plot. Soil A
was placed at the lower 25 cm while the upper 5 cm was composed of Soil B. The soil
in each plot has a depth of 30 cm. It was prepared for lowland culture prior to planting.
Plowing and rotavation was done manually in each plot.

Seed preparation, planting and application of treatments

Seeds of PSB Re-58 were cleaned, soaked in continuously flowing water for 24 h and
incubated for another 48 h prior to planting. It was sown in the plots at the rate of 100
kg hal. The herbicides were applied at 8 DAS instead of 4 DAS due to unfavorable
weather conditions. It was applied. Herbicides were applied using a calibrated sprinkler
instead of a knapsack sprayer.

Residue Analysis

Soil and water samples were collected from each plot at 0, 3, 7, 14, 21, 28, 35, 42, 56,
70, 84, 98 days after treatment and at harvest. PVC pipes measuring 6 cm in diameter
and 5 cm in length served as soil samplers. Prior to sampling, five samplers were piled
one on top of the other and fastened by scotch tape to make to a total length of 25 cm.,
this served as the soil column. One soil column was implanted at all sampling times for
each plot to obtain soil samples. Passing a carpenter’s metal spatula through each soil
sampler separated soil samplers from the columns. Soils in the sampler were placed in
labeled plastic cups and represented soil from each depth. Soil from first (from the top),
second, third, fourth and the lowest sampler represented 0-5, 5-10, 10-15, 15-20 and 20-
25 cm depths, respectively. The soil at each depth was mixed and water was added to
make a paste-like consistency.

Water samples were obtained from the top portion of each plot. Collected water
samples were placed in small plastic ice cream cups. Twenty seeds of barnyard grass
were sown in each cup containing the soil and water samples. All samples were
maintained at the Department of Agronomy screen house.
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Shoot length of 10 plants were measured from each treatment and compared to the shoot
length of test plants subjected to known concentrations of test herbicides, which served
as standard. For all sampling times, a standard was set up and maintained in the same
area where the soil and water samples collected were maintained. The shoot length of
the test plant that is equivalent to the standard indicated the level of herbicide residue
present in the herbicide treated plots at all sampling times. Movement of the herbicides
was noted by assessing the amount of herbicide at different depths (0-5, 5-10, 10-15,
15-20 and 20-25).

RESULTS AND DISCUSSION

Development of Bioassay Procedure for Butachlor and Pretilachlor

Effect of Butachlor on Shoot and Root Growth

The effect of butachlor on the shoot and root growth of test plants is shown in Table 1.
Plant species used vary in their response to different concentrations of butachlor
solution. Corn and mungbean shoot was not significantly affected by varying
concentrations of butachlor. Sorghum plants treated with 5 to 25 ppm butachlor showed
significantly shorter shoots than those plants treated with I and 0.5 ppm of the herbicide
and also from the control. Sesame and barnyard grass were the only species whose shoot
growth was affected by the varying butachlor concentrations. Sesame’s shoot length
was greatly reduced at 5 to 25 ppm butachlor concentrations. However, the shoot length
of plants subjected to 1 and 0.5 ppm butachlor did not differ from the control.

Among the test species, barnyard grass (¥chinochloa glabrescens Munroe ex Hook.f)
exhibited the greatest significant reduction of shoot length. Plants treated with 0.5 to 25
ppm butachlor had significantly shorter shoots than the control. Plants applied with 5,
10 and 25 ppm showed comparable shoot lengths. Shoot lengths of barnyard grass was
reduced from 81 to 84% when applied with 5 to 25 ppm butachlor; application of 1.0
ppm and 0.5 ppm of the herbicide reduced shoot length by 73% and 47%, respectively.

Table 1. Effect of butachlor on the percentage (%) inhibition of shoot and root of test
plant species.

Concentration Test plant species

{ppm) Corn Mungbean Sorghum Sesame Bamyard grass
Shoot Root Shoot Root  Shoot  Root Shoot Root  Shoot Root

25 0 0 21 33 72 42 40 72 84 14

10 0 0 28 30 68 26 21 73 84 8

5 0 26 34 21 54 9 12 72 81 0

1 0 0 19 16 14 0 2 25 73 6

0.5 0 0 20 0 0 0 0 17 47 17

0 - - - - - - - - - -

The different test plants had varying response to butachlor concentrations. Corn plants
showed minimal sensitivity to the herbicide. Mungbean plants showed sensitivity at 1 to
25 ppm butachlor. Root length of mungbean plants treated with 0.5 ppm butachlor was
not significantly different from the control. Sorghum plants showed greater sensitivity
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than mungbean and corn at 25 ppm. Root length of plants treated with 5 to 25 ppm
butachlor was significantly shorter than those treated with 1 ppm and 0.5 ppm and the
control.

Among the plants tested, sesame was greatly affected by butachlor. Roots of sesame
‘ were greatly reduced from 72 to 73% when treated with 5 to 25 ppm butachlor. At 0.5 to
1.0 ppm, root length was reduced from 17 to 25%.

Barnyard grass showed minimal reduction in root length indicating that the shoot was
more sensitive to butachlor than the roots. Root length of the control plants differ
significantly from root length of plants treated with 25 ppm and 0.5 ppm. However,
plants treated with 1 ppm, 5 ppm and 10 ppm did not differ from the control.

Effect of Pretilachlor on Shoot and Root Growth

The effect of pretilachlor on the shoot and growth of the different test species is shown
in Table 2. For corn and mungbean, the response to pretilachlor was the same as their
response to butachlor application. Shoot length of corn plants treated with different
pretilachlor concentrations did not differ from that of the control, suggesting that corn
plants were not sensitive to the herbicide. Shoot length of mungbean varied with
pretilachlor concentrations. Significantly shorter roots were observed among treated
! plants except for those treated with 1 ppm pretilachlor.

Tabie 2. Inhibition of the shoot and root of test plant species due to varying concentrations

| of pretilachlor.
Concentration Corn Mungbean Sesame Barnyard grass

t (ppm) Shoot Root Shoot Root Shoot Root Shoot Root
| 25 0 0 0 63 61 75 84 51

i 10 0 0 0 56 50 7579 37

5 0 0 0 34 40 71 77 29

1 0 0 0 48 40 59 58 42

! 0.5 0 0 28 35 16 34 25 30

0

Among the plant species tested, sesame and barnyard grass showed the greatest
sensitivity to pretilachlor as what was observed with butachlor. However, there was
greater reduction of shoot length of barnyard grass than the shoot length of sesame.
Sesame plants treated with 0.5 to 25 ppm were significantly shorter than the control. It
was observed that as the concentration increased, root length was reduced significantly.
Inhibition of the shoot ranged from 16% to 60% when treated with 0.5 to 25 ppm,
respectively.

Corn plants did not show any root inhibition. Roof lengths of the other test plants were
greatly affected by varying concentrations of pretilachlor. Mungbean plants exhibited
significantly shorter roots compared to the control however; plants treated with 1 to 10
ppm did not vary significantly from each other. Root of sesame was greatly reduced at 5
to 25 ppm pretilachlor. Inhibition of the roots was at 59% to 75% at 25 ppm. Inhibition
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of the roots was even higher than barnyard grass. Greatest inhibition of the root (51%)
was observed at 25 ppm.

Results of the laboratory experiments agree with the findings of Elloran (1986). She
reported that pretilachlor at 10 M completely inhibited germination of barnyard grass
and rice. At concentrations of 107 and 107, pretilachlor had little or no effect on
germination but produced stunted or/malformed seedlings. Based on the results,
barnyard grass was chosen as the bioassay plant for the field experiment on dissipation
and mobility. Although sesame also exhibited sensitivity of shoot and root growth, some
plants rotted at the early stages of the observation period. Its adaptability to lowland
conditions has still to be studied and the cost of its use is another consideration.
Barnyard grass on the other hand is readily available particularly in broadcast-seeded
wetland rice areas where butachlor and pretilachlor are widely used. Barnyard grass
showed great sensitivity to the two herbicides in terms of shoot growth and also with
root growth. These test plants were not completely killed at the highest concentration of
the two herbicides (25 ppm).

Herbicide Dissipation

Dissipation in Water Sample

The concentration of the herbicide that was detected at 0 DAT (3 h after treatment) was
estimated, using the standard, to be 4.25 ppm and 7.5 ppm for butachlor and
pretilachlor, respectively (Fig. 4). At 3 DAT, concentration of both herbicides decreased
with pretilachlor having the greater decrease to 0.9 ppm; corresponding figure for
butachlor was 2.6 ppm. Further decrease in the concentration of both herbicides was
observed at 7 DAT. Concentration was detected to be 1.35 ppm and 0.47 ppm for
butachlor and 0.8 ppm and 0.5 ppm for pretilachlor at 7 and 14 DAT respectively. At
21 DAT no herbicide was detected. Shoot length of test plants were comparable with
those of the unireated plots and the 0 ppm in the standard. These results indicate that no
herbicide was detectable from 21 to 84 DAT.

Dissipation of butachlor was observed to be very rapid than the dissipation of
pretilachlor at O DAT in the water samples indicated by the higher amount of
pretilachlor at 7.5 ppm compared with the 4.25 ppm for butachlor. However, the amount
of pretilachlor detected decreased at a faster rate than butachlor after 3 days, declining
further until 14 DAT. This is due to the differences in properties, particularly solubility
of the two herbicides. Pretilachlor is more soluble at 50 mg L, while butachlor
solubility is 23 mg L' in water. Chen and Chen (1979) reported that maximum amounts
of 2.16 ppm and 0.30 ppm for the 1% and 2™ cropping season was detected in water
samples collected at 0 DAT. Furthermore, half-lives of butachlor dissipated from field
water were found to be about 0.8 day in the 2™ crop and 5.5 days in the 1% crop. The
difference in response of the two cropping season was attributed to the difference in
climatic environments. The 2™ cropping was characterized as having a hot and shiny
weather, whereas relatively cooler and rather cloudy weather was observed in the 1%

cropping.
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Figure 1. Dissipation of butachlor and pretilachlor in water
Dissipation in soil

Soil samples from varying depth were obtained at different times after herbicide
application from the herbicide-treated and control plots. Response of barnyard grass in
terms of shoot length indicated that the two herbicides were only detected at 0 DAT in
the soil samples and was confined to the 0 to 5 cm depth (Fig. 2). The amount of
butachlor and pretilachlor detected at 0 DAT was 0.25 and 0.3 ppm, respectively. At
the lower soil depths, no herbicide was detected at 0 DAT. These amounts were
reduced to zero at this soil depth at 3 DAT. At 7 DAT no herbicide residue can be
detected at all soil depths indicating that both butachlor and pretilachlor were not mobile
and that they stayed at the 0-5 cm depth, ruling out the possible contribution of leaching
to loss of the herbicides.

Most of the reports on butachlor dissipation indicated higher amounts than what was
recorded in this study. The differences in amounts obtained by other authors may be
attributed to the method of determination used. Early works on butachlor and
pretilachlor involved analysis through chemical means, which may also account for the
amount of herbicide adsorbed by the soil particles and that may have been released or
made available due to extraction by chemical means. Analysis through bioassay is
different from chemical analysis because it does not account for the herbicide that is
adsorbed but only the portion that is available for plant uptake and for other degradation
processes. Thus, the amount of the herbicide reported in water and soil reflect the
portion of what was applied that is available for uptake by weeds and rice.

The acetanilides to which butachlor and pretilachlor belongs, have sufficiently short
half-lives under warm, moist field conditions to prelude their build up in the soils
(Beestman and Deming 1974). This was also confirmed by succeeding works of several
researchers who worked on butachlor under various environmental conditions (Chen
and Chen 1979; Kulshresta et al 1981; Mabbayad et al 1986) and for pretilachlor
(Suwanketnikom and Kaitboonyarit 1990). Major routes of degradation for butachlor
were photodecomposition with several products already identified, adsorption and
microbial decomposition.

In the experiments conducted, dissipation through photodecomposition may have
contributed greatly to dissipation of both herbicides in the water sample, the effect of
which was greater on pretilachlor since decrease in the amounts detected declined
rapidly after application until 14 DAT.
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Dissipation in soil was faster than in water since no amount of both herbicides were
detected at 3 DAT. This may be attributed to absorption of the herbicide by the growing
rice plants. -Kulshresta (1987) reported that butachlor residues were detected in rice
plants 35 days after herbicide treatment. Furthermore, rice grains at harvest contained
0.11 ppm butachlor (Kuilshrestha et al 1981) and indicated that the herbicide were
absorbed and translocated within the plant.

Another process that may affect dissipation of the two herbicides is adsorption by the
soil. The soil used in the experimental plots contained 2.18% organic matter, high
enough to hold herbicide particle tightly. Work done by Beestman and Deming
revealed that dissipation from Ray silt containing 1% organic matter was two times
faster than dissipaton from Wabash silty clay soil containing 3% organic matter.
Suwanketnikom and Kaitboonyarit (1990) reported that pretilachlor was the second
most adsorbed herbicide of the acetanilide family tested through soil thin layer
chromatography. Only a very small fraction of the herbicide was mobile and the main
portion remained at the site of application.

The amount of butachlor and pretilachlor that was detected in this study were lower
from those obtained by Mabbayad et al. (1986). They reported that at 60 minutes after
treatment the detectable amounts of butachlor were 10.2 ppm in loam soil and 8.6 ppm
in silty clay loam soil. These figures are much higher than those obtained in this study.
Furthermore, butachlor was detected up to 21 days after application in Mabbayad’s
study while in this study, butachlor in soil was only present at 0 DAT or 3 hours after
application.

The results indicate that most of the butachlor and pretilachlor available for plant uptake
is in the water. An important implication of these results is that the occurrence of heavy
rains close to butachlor and pretilachlor application may reduce the effectiveness of
these herbicides and enhance movement of the herbicides to other fields. Another
important implication of these results is that in order to enhance the effectiveness of
both herbicides in direct-seed rice, they should be applied during the dry season or
during the early part of the dry season for wet cropping season. Butachlor and
pretilachlor have short residual activity in water, Three weeks after application, no
amount of both herbicides available for plant uptake was detectable in the water of
treated fields.

.............

............................

Figure 2. Dissipation of butachlor and pretilachlor in soil at 0-25 ¢cm depth
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Abstract: Two separate glasshouse experiments were conducted to study the effect of
simulated rainfall on herbicide performance against Cynodon dactylon. Glyphosate
formulated as Sting (first experiment) and Touchdown (sccond experiment) were used
at the rates of 0 (control), 1.5, 1.5 + agral and 3.0 kg a.i. ha™. Paraquat at 1.0 kg a.i. ha
was also used as a comparison. Ten weeks old Cynodon dactylon plants were exposed
to a heavy simulated rainfall (10 mm per minute for 3 minutes) at 2, 4, 8 and 24 hours
after glyphosate application. The results have showed that injury from glyphosate was
decreased when artificial rainfall was applied to C. dactylon soon after spraying. At 3.0
kg ai. ha”, a 4 h rain free period was suff cient to get good control of C. dactylon.
Addition of 1% Agral to 1.5 ka a.i. ha” of both forms of glyphosate increased their
efficacy. Ram free periods of only 4 to 8 hours were enough to give good control when
1.5 kg a.i. ha! were applied with 1% Agral.

Key words: Common bermuda, herbicides, rainfastness, surfactants

INTRODUCTION

As the Cynodon dactylon is a highly competitive perennial grass, which has been ranked
second in the world’s worst weed (Holm et al. 1977). Having rhizomes and stolons
makes this species particularly difficult to eradicate especially by mechanical weeding.
Stolons and rhizomes cut into fragments can easily regrow and establish if conditions
are suitable. The continued use of pre-emergence herbicides that control only annual
weeds gives an opportunity for C. dactylon to spread. Wakabayashi (1982) suggested
that for the effective control of perennial grasses, a toxic amount of foliage applied
herbicide must translocate through the entire rhizome system. Hence, systemic post-
emergence herbicides, i.e., glyphosate, fluazifop-P-butyl, glufosinate ammonium etc.
could be used to control this grass. It has also been reported that certain environmental
factors can influence the performance of post-emergence herbicides. Rainfall, soil
moisture or drought, temperature, light and relative humidity has been shown to affect
the activities of several herbicides (Baird and Begeman 1972; Turner 1981; Bovey ef al.
1990; Reddy and Sing 1992). Rainfall can effect the efficacy of post-emergence
herbicides greatly. Rainfall soon after application of foliar-applied herbicides may
drastically reduce their efficacy on herbaceous weeds or woody plants. Numerous
studies have reported the effect of rainfall on the efficacy of many foliar applied-
herbicides (Caseley et al. 1975; Behrens and Elakkad 1976; Coupland et al. 1976;
Andersen and Arnold 1985). However little is known about the influence of rainfall on
the herbicide performance against C. dactylon. The objective of the study was to
investigate the effect of times of simulated rainfall and the influence of surfactants on
herbicide performance against C. dactylon.
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MATERIALS AND METHODS

Two separate experiments (Sting® experiments) and (Touchdown® experiments) on the
effect of simulated rainfall on herbicide performance on C. dactylorn were conducted in
the weed glasshouse. C. dactylon plants were established in the glasshouse by planting
shoot propagules in 12.5-cm-diameter plastic pots (three shoots per pot} containing
John Innes No. 1 compost. Plants were treated at the age of ten weeks after planting.

Glyphosate formulated as Sting® and Touchdown® were used at the rates of 0 (control),
1.5, 1.5 + 1 % agral and 3.0 kg ai ha. Paraquat at 1.0 kg ai ha was also used as a
comparison. C. dactylon plants were arranged in a 2 m® plot outside the glasshouse and
herbicides were sprayed onto the plant using a 1 liter size laboratory pot sprayer which
delivered about 450 - 500 1 ha'. Herbicides were sprayed to the whole area of the
plots, not only onto the plants. All plants were returned to the glasshouse and were
separated into 5 groups for simulated rainfall treatments. At 2, 4, 8 or 24 hours after
herbicide application the plant were exposed to a heavy simulated rainfall using a
regulated hosepipe fitted with a fine spray nozzle to deliver water at the rate of 10 mm
per minute for 3 minutes. Other plants were left without a rainfall treatment. Herbicide
treated and untreated plants without a simulated rainfall treatment were also included as
controls. All plants were kept growing for another eight weeks. The experiment was a
factorial design with 4 replications.

RESULTS AND DISCUSSIONS

Table 1 and 2 show the results of the effect of simulated rainfall on glyphosate (Sting®

and Touchdown®) efficacy on C. dactylon. Plants which received no rainfall treatments
developed phytotoxic symptoms about a week after spraying, particularly with the
higher doses of herbicides or the use of agral.  Visual symptoms of glyphosate
developed more slowly on plants subjected to rainfall treatments. Generally, injury from
glyphosate was much less when artificial rainfall was applied to C. dactvlon. This
effect of rainfall lasted up to and including 8 hours after glyphosate spray at 1.5 kg ai
ha'. Addition of surfactant (1% Agral) to 1.5 kg ai ha” of glyphosate significantly
(p<0.05) increased damage when rainfall was given at 8 hours or earlier. So, rain free

periods of only 4 to 8§ hours for Touchdown® and Sting® respectively were enough to
give good control (>77 % injury) when applied with 1 % Agral. Sting® and
Touchdown® at 3.0 kg ai ha™' need only 4 or more hours rain free periods to get good

(>85 % injury) control of C. dactylon. Rainfall applied 2 hours after glyphosate spray
significantly (p<0.05) reduced plant injury to the same extent for both formulations.

On the average, herbicide damage from both Sting® and Touchdown® were reduced by
about half with rainfall after about 1% to 2V (3.0 kg ai ha” and 1.5 kg ai ha’ + Agral) or
3% hours (1.5 kg ai ha™ alone) (Figure 1 and 2). As a comparison the effect of paraquat
at 1.0 kg ai ha™ was not affected by any rainfall treatments.
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Table 1. Percentage of injury of C. dactylon as affected by the time of simulated rainfall
after glyphosate (Sting®) spraying.

% injury
Herbicides Simulated rainfall treatments Means
(hours after herbicide spray)
2 4 8 24 no rain

Paraquat

1.0 kg ai ha™ 95 95 100 100 98 97.6

Glyphosate (Sting®)
3.0 kg ai ha™ 525 86.3 913 933 96.3 83.9
1.5kgaiha' +
1 % Agral 38.8 67.5 715 775 81.3 68.5
1.5 kg ai ha 13.8 463 575 738 82.5 54.8
Means 40.0 73.8 81.6 86.2 89.5

LSD (P<0.05} for herbicide = 7.33 LSD (P<0.05) for rain = 8.20

LSD (P<0.05) herbicide*rain = 16.40

100 7

Py
*

90 +

80 -

»

704

60 +
—e— paraquat 1.0 kg aifha

—=—glyphosate 3.0 kg aitha

Injury (%)

—a— glyphosate 1.5 kg ai’ha
LSD (p<0.05)=16.4 +1 % agral
—— glyphosate 1.5 kg aitha

4 6 8 24 no
rain
Time of simulated rainfall treatments (hours)
after herbicide spray

Figure 1. Time for 50 % loss of control by the effect of simulated rainfall on herbicide
(Sting®) performance against C. dactylon.



Table 2. Percentage of injury of C. dactylon as affected by the time of
simulated rainfall after glyphosate (Touchdown®) spraying

% injury (after 8 weeks)
Herbicides Simulated rainfall treatments Means
(hours after herbicide spray)
2 4 8 24  no
rain
Paraquat 1.0 kg ai ha™ 92.5 925 950 950  95.0 94.0
Glyphosate (Touchdown®)
3.0 kg ai ha™ 53.8 88.8 913 93.8 970 849
1.5kgaiha’ +1%Agral 400 775 800 8.5 888 738
1.5 kg ai ha’! 16.3 488 600 75.0 85.0 57.0
Means 50.7 769 816 866 915
LSD (P<0.05) for herbicide =11.4 LSD (P<0.05) forrain=11.3

LSD (P<0.05) herbicide*rain =14.5

injury (%)

100 - I
90 4 -
80 4 /
70 4 /

60 o

7 f —e—paraguat 1.0 kg aitha
40 —m— glyphosate 3.0 kg
aifha
30 « —a— glyphosate 1.5 kg
LSD (P<0.05)=14.5 ai‘ha + 1 % agral
——glyphosate 1.5 kg
20 4 aitha
10 1
0 4 v‘ 4 L 1
0 4 8 no rain

Time of simulated rainfall treatment (hours) after herbicide spray

Figure 2. Time for 50 % loss of control by the effect of simulated rainfall on herbicide
(Touchdown®) performance against C. dactylon.
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The studies demonstrated that injury from glyphosate was much less when a heavy
artificial rainfall {10 mm min™. for 3 min) was applied to C. dactylon soon after
spraying. Behrens and Elakkad (1976) also reported that artificial rainfall at the rate of
1.0 mm hour” for one hour starting at 5 minute after spraying severely decreased
glyphosate activity and rainfall at the rate of 12.5 mm starting at 2 hours after herbicide
application resulted in complete loss of its activity in 4. repens. With both glyphosate
formulations applications at the rate of 3.0 kg a.i. ha™ needed only 4 or more hours rain
free period to get good control of C. dactylon. This agrees with other reports, which
indicate that a rain free period of 6-8 hours after spraying glyphosate is needed to give a
good level of control (Baird and Begeman 1972 and Behrens and Elakkad 1972).
However with 1.5 kg a.i. ha” alone, early rainfall prevented much herbicide damage.
So the effect of rainfall after spraying glyphosate can be overcome by increasing the
dose applied and the cost of application. The higher concentration of glyphosate in the
spray solution would have increased the rate of foliar absorption. Coupland et al.
(1976} also observed that increased doses of difenzoquat helped to overcome the effect
of adverse environmental conditions on the control of Avena fatua.

Manipulation of formulation and/or application methods may reduce the risk of
diminished glyphosate activity. The results have showed that by adding surfactant (1
% Agral) to 1.5 kg a.i. ha'! glyphosate, good control could be obtained with rain free

periods of only 4 or 8 hr for Touchdown® and Sting® respectively. Turner (1931)

reported that adding 0.5 % Ethomeen surfactant to Roundup® increased its performance
about fourfold when 5.0 mm of rain was applied to A. repens 1 hr after herbicide
application. Reddy and Sing (1992) also reported that ‘Kinetic’, a silicon adjuvant
enhanced glyphosate efficacy when Cyperus esculentus and Panicum maximum were
subjected to post-spray rainfall at 60 minutes. The cost of using extra adjuvant would
be less than doubling the doses of glyphosate applied. Applying a lower volume of
water also has the effect of increasing both herbicide and adjuvant concentrations in the
spray drops applied so this should also be investigated for C. dactylon.

When other environmental conditions during the critical period after spraying are
favorable for uptake then less time is required for penetration of the herbicide, so the
herbicide performance and its rain fastness are likely to improve. Caseley ef al. (1975)
demonstrated that there was less reduction in glyphosate activity on E. repens due to the
wash off effect of heavy rain 2 hours after spraying when sprayed plants were kept at 90
% relative humidity compared to 50 % relative humidity, or when herbicide had been
sprayed onto leaves which were already wet. The importance and significance of rain
following the application of glyphosate or other foliage-applied herbicides depends on
several factors, including the dose applied, rain intensity and the presence of appropriate
types and amounts of surfactant. The absence of rain for periods of 8 hours or more
increases the opportunity for sufficient amounts of herbicide to penetrate into the plant.
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Abstract: Herbicidal responses of sulfonylurea herbicides to Cyperus serotinus,
Eleocharis kuroguwai, Sagittaris trifolia, and Potamogeton distinctus were evaluated
under different planting depths of perennial weeds, application time, and temperature
conditions. Herbicidal efficacy of sulfonylurea herbicides was fairly good until 2 tol5
c¢m planting depths, but was poor at more than 15 cm depth, and the control of E.
kuroguwai decreased remarkably. Azimsulfuron, imazosulfuron, and ethoxysulfuron
showed good control of P distinctus regardless of application time, but herbicidal
efficacy against C. serotinus was reduced with delayed application time. E. kuroguwai
and C. serotinus were regrown by application of azimsulfuron and imazosulfuron at 5
and 10 days after planting, but were killed at 15 days after planting. Weed control
efficacy of sulfonylurea herbicides to perennial weeds was highest at 30°C followed by

20 to 25°C, but was poor at 10 to 15°C.

Key words: application time, perennial paddy weed, planting depth, sulfonylurea
herbicide, temperature, weed control efficacy

INTRODUCTION

Emergence patterns of perennial weeds are very different in paddy fields by planting
depth (Pyon et al. 1990), temperature (Lee and Pyon 2001; Pyon et al. 1990; Pyon 1984).
Weed control efficacies of perennial weeds are also different in paddy fields by
application time of herbicides (Lim et al. 1991; Lee et al. 1994). Therefore, weed
control efficacy of perennial weeds was examined under different planting depths of
perennial weeds, application timing of sulfonylurea herbicides and temperatures
conditions.

MATERIALS AND METHODS

Planting depth study

Tubers or rhizomes of perennial weeds were planted in 1/5,000 a Wagner pots at 2, 5, 10,
15, 20, 25 cm planting depths in the green house. Fertlllzcr was applied at 110- 45 57 kg
ha?! N-P,0s-K,0. Aznmsulfuron at 15 g ha', imazosulfuron at 75g ha’, and
ethoxysulfuron at 21g ha™ were applied at 10 days after planting. Weed control efﬁcacy
was examined at 50 days afier treatments.

Application time study

Tubers or rhizomes of perennial weeds were planted in 1/5,000 a Wagner pots at 3 cm



planting depth in the greenhouse Azimsulfuron at 15 g ha™, imazosulfuron at 75 g ha”,
and ethoxysulfuron at 21 g ha™ were applied at 5, 10, 15, 20, 25 days after piantmg
Weed control efficacy was examined at 10 days interval until 60 days after treatments.

Temperature study

Tubers or rhizomes of perennial weeds were planted in pots (7 cm diameter) at 3 ¢m
planting depth. Growing temperatures were 10, 15, 20 25, 30°C in the growth chamber
Azimsulfuron at 15 g ha”', imazosulfuron at 75 g ha', and ethoxysulfuron at 21 g ha™
were applied at 10 days after planting. Weed control efﬁcacy was examined at 50 days
after treatments by measuring dry weight of weeds.

RESULTS AND DISCUSSION

Effect of planting depth on control of paddy perennial weeds by sulfonylurea
herbicides

C. serotinus was controlled by azimsulfuron and imazosulfuron at 2 to 10 cm planting
depths regardless of planting depths, but was not emerged at abovel5 cm depths (Table
1). Ethoxysulfuron controlled C. serotinus was controlled by 34% at 2 cm and 5% at 5
cm depths. Eleocharis kuroguwai and Sagittaria trifolia were controlled well at below
15 cm depths, but control efficacy of the 3 herbicides decreased at 20 and 25 cm depths.
Potamogeton distinctus was controlled by the 3 herbicides regardless of planting depths.

Table 1. Control of perennial weeds at 50 days after treatments by three sulfonylurea
herbicides under different planting depths.

% weed control

Herbicides Weed species Planting depth {cm)
2 5 10 15 20 25
Azimsulfuron €. serotinus Rottb. 99.95 100 100 - - -
(15gaiha™)  E kuroguwai Ohwi. 99,7 100 100 99.8 84.2 58.9
S. trifolia Rottb. 98.2 98.5 100 94.1 65.9 -
P, distinctus A. Benn. 97.6 100 99.4 100 99.2 98
Imazosulfuron . serotinus Rottb. 98.9 98.8 100 - - -
(75g ai ha!)  E kuroguwai Ohwi. 99.2 99.8 99.8 97.8 - 46.7
8. trifolia Rottb. 97.8 93.5 97.0 100 82.5 -
P distinctus A. Benn. 100 99.4 99.3 98.8 98.8 98
Ethoxysulfuro  C. serofinus Rottb. 34.6 4.9 - - - -
n E. kuroguwai Ohwi, 90.9 97.0 98.6 97.3 74.6 57.0
(21gai ha') S, wrifolia Rottb. 982 957 100 100 83.2

P distinctus A. Benn, 74.7 82.0 97.5 97.4 90.4 91.7

Effect of application time on control of paddy perennial weeds by sulfonylurea
herbicides

As herbicide application time was delayed, weed control efficacy of 3 suifonylurea
herbicides against perennial weeds decreased, although control effect was higher in
azimsuifuron and imazosulfuron than in ethoxysulfuron (Fig. 1). C. serotinus and E.
kuroguwai were controlled well by azimsulfuron and imazosulfuron at 5 to 15 DAT, but
control effects decreased at 20 and 25 DAT application (Table 2). E. kuroguwai was
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controlled by ethoxysulfuron at 5 DAT, but control effects decreased at 15 DAT and late
timing. Control effect of C. serotinus was generally lower especially at 15 DAT and
later timing. .S. trifolia was controlled well by the 3 sulfonylurea herbicides at 10 and 15
DAT, but control effects decreased at 5, 20, 25 DAT application. P distinctus was
controlled completely by azimsulfuron and imazosulfuron regardless of application
timing, but control efficacy of ethoxysulfuron was better at 20 and 25 DAT than at 5, 10,
and 15 DAT application.

120 T

—* Azimsulfuron
—*— Imazosulfuron
—*— Ethoxvsulfuron

100 [

80 |

60 |

40 |

% weed control

20 1

! ! L ' i !

5 10 15 20 25
Days after treatment

Fig. 1. Control of perennial weeds at 60 days after planting as affected by application
times of three sulfonylurea herbicides .

Table 2. Control of perennial weeds at 60 days after planting by species as affected by
application times of three sulfonylurea herbicides.

% weed control

Herbicides Weed species Application time (DAP)*

5 10 15 20 25
Azimsulfuron . serotinus Rottb. 93.7 97.9 99.3 74.6 66.0
(15 g ai ha'l) E. kuroguwai Ohwi, 92.5 98.3 95.2 70.6 24.9
S. trifolia Rottb. 474 86.5 88.5 89.7 73.2
P, distinctus A. Benn. 100 100 100 100 100
Imazosulfuron C. serotinus Rottb. 94.1 95.7 96.4 72.9 56.8
(75 gaiha') E. kuroguwai Ohwi. 91.8 96.7 96.8 46.8 23.7
S. trifolia Rottb. 79.7 86.8 89.6 85.1 84.2
F. distinctus A. Benn. 100 94.9 100 100 100
Ethoxysulfuro . serotinus Rottb. 37.0 47.2 8.1 2.0 1.1

n E. kuroguwai Ohwi. 93.5 80.6 62.2 31.5 -
(21 gaiha’) S wifolia Rottb. 62.0 84.7 85.0 79.8 77.8
P, distinctus A. Benn. 2.8 23.8 18.0 60.8 67.3

#DAP: Days after planting

Effect of temperature on control of perennial- paddy weeds by sulfonylurea
herbicides

Weed control efficacy of the 3 sulfonylurea herbicides against all perennial weeds was
highest at 30°C followed by 20-25°C, but control efficacy was poor at 10-15°C. Control
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of P distinctus was very poor at 10-15°C. C. serotinus was controlled completely by
azimsulfuron at 30 DAT and imazosulfuron at 40 DAT and efficacy of ethoxysulfuron
was lower at 30°C. Control efficacy against E. kuroguwai by the 3 herbicides was
generally excellent regardless of temperature conditions. Control of S. #ifolia was also
higher at high temperature conditions, but was not completed and its growth was
inhibited. Control effects of P. distinctus by the 3 sulfonylurea herbicides was poor at 10
and 15°C, but was 100% at 20, 25, and 30°C.

Table 3. Control of perennial weed species at 50 days after treatments by three
sulfonylurea herbicides under different temperature conditions.

% weed conirol*®

Herbicides Weed species Temperature(°C)
10 15 20 25 30
Azimsulfuron C. serotinus Rottb. 100 94.5 71.7 86.3 100
(15gaitha™) £ kuroguwai  88.9 96.7 100 99.8 99.9
Ohwi. .
S. trifolia Rottb. 733 87.8 81.4 75.6 86.1
P distinctus A. 21.4 60.8 100 100 100
Benn.
Imazosulfuron . serotinus Rottb. 91.7 95.6 81.8 81.0 96.1
(75gaiha™)  E. kuroguwai 100 90.6 100 99.5 99.5
Ohwi.
S. trifolia Rottb. 733 69.4 §9.6 93.3 93.8
P distinctus A 51.1 55.7 100 100 100
Benn.
Ethoxysulfuron C. serofinus Rottb. 83.3 96.7 69.3 723 81.7
(2lgaiha’) E kuroguwai 100 88.9 96.9 99.3 98.2
Ohwi.
S. trifolia Rottb. 50.0 57.8 58.5 98.1 84.0
P distinctus A 22.6 67.6 100 100 100
Benn.

Dry weight of the untreated control - Dry weight of the
* % weed control: _treated control X100
Dry weight of the untreated control
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Abstract: The experiment was carried out to survey the mechanism of herbicide action
and examine the effects and injury on crops caused by herbicides. Soybean, Chinese
cabbage and pumpkin showed high tolerance to alachlor and metolachlor, herbicides
belonging to the acetanilide group. The main symptoms caused by these herbicides
include stunting, local leaf spot and necrosis of growing points. Watermelon, melon and
pumpkin were highly sensitive to dinitroanilines, ethalfluralin and pendimethalin than
the other crops tested. Crop injury symptoms due to these herbicides were inhibited root
growth and swollen hypocotyl. Watermelon, melon, onion, green onion and carrot were
sensitive to napropamide, which caused abnormal growth of new leaves due to necrosis
of growing points. The grass killer herbicides of the phenoxy group, fenoxaprop-p-
ethyl, haloxyfop-R-methyl except 2,4-D, were highly tolerated by the broad-leaved
crops. All crops were sensitive to hexazinone, herbicide of the triazine group. The
herbicide caused chlorotic spots in the upper leaf that later turned brown. All crops were
likewise relatively sensitive to the sulfonylureas, especially thifensulfuron-
methyl. However, all crops showed high sensitivity to flazasulfuron. The phytotoxicity
symptoms caused by the sulfonylureas were inhibited hypocotyls, reduced root growth
and dwarfing of new leaf.

Key words: Herbicide, phytotoxicity, sensitive crop, tolerant crop

INTRODUCTION

In 2000, herbicides comprised 22.3% of the 5,822 Mt of pesticides used in Korea. This
amount was decreased by 140 Mt compared to that in 1996. The reasons for the
reduction in the total amount of herbicide were lesser amount of herbicides used as well
as increased usage of high activity herbicides like sulfonylureas that require low dose of
application.

Many farmers experienced phytotoxicity because of drift, inflow or irrigation of
herbicides to neighboring crops, application of unregistered herbicides, misuse,
presence of herbicide residues in soil affecting the succeeding crops, and application to
unsuitable field conditions (Lee and Ryu 1993; Kwon et al. 1993). According to a
survey in 1998, about 22% farmers experienced herbicide phytotoxicity caused by
butachlor 5% GR, esprocarb - pyrazosulforon-ethyl 5.07% GR, bensulfuron - molinate
5.17% GR (Lee et al. 1998). This experiment was conducted to survey mechanisms of
herbicide action and examine the injury caused and influence of herbicides on crops.
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MATERIALS AND METHODS

A total of 17 herbicides were used in the experiment (Table 1). Seven groups comprised
the test herbicides namely: acetanilides (alachlor and metolachlor), dinitroanilines
(ethalfluralin and pendimethalin), amides (napropamide), phenoxies (2,4-D, fenoxapro-
P-ethyl and haloxyfop-R-methyl), triazines (terbuthylazine, prometryn and hexazinone),
carbamates (molinate and pyributicarb), and sulfonylureas (azimsulfuron, bensulfuron-
methyl, cinosulfuron, pyrazosulfuron-ethyl, thifensulfuron-methyl and flazasulfuron).
Varjous dosages including the recommended rates, 2 and 4 times the recommended rate
were used to induce artificial phytotoxicity (Table 1). The crops tested were
watermelon, cucumber, pumpkin, melon, potato, eggplant, red pepper, tomato, soybean,
onion, green onion, lettuce, corn and Chinese cabbage (Table 2). Crop seeds were
soaked in the herbicide solution for 24 h, washed with water and sown in the growth
chamber at 28°C. Soil treatment was done prior to transplanting of the seedlings.
Seedlings were raised in the greenhouse.

RESULTS AND DISCUSSION

Table 3 shows the relative response of crops to herbicides and the phytotoxic symptoms
observed. These responses are affected by factors such as soil, wind, water, temperature
and method of spray, and others. Soybean, pumpkin and Chinese cabbage showed high
tolerance to alachlor and metolachlor, herbicides of the acetanilide group. The main
symptoms caused by these herbicides were stunting, localized leaf spot and necrosis of
growing points. The dinitroanilines (ethalfluralin and pendimethalin) were highly
phytotoxic to watermelon, melon and pumpkin but not to the other crops tested.

Table 1. Herbicides tested and the dosages applied.

Group Herbicide Dosage (ai g 10a™)
Acetoalide Alachlor 87.4 174.8 349.6
" Metolachlor 80.0 160.0 320.0
Denitroanine  Ethalfluralin 105.0 210.0 420.0
Pendimethalin 95.1 190.2 380.4
Amide Napropamid 150.0 300.0 600.0
Phenoxy 2,4-D 28.0 56.0 112.0
Fenoxaprop-P-ethyl 7.0 14.0 28.0
Haloxyfop-R-methyl 6.0 12.0 24.0
Triazine Terbuthylazine 400.0 800.0 1,600.0
Prometryn 100.0 200.0 400.0
Hexazinone 250.0 500.0 1,000.0
Carbamate Molinate 150.0 300.0 600.0
Pyributicarb 352.5 705.0 1,410.0
Sulfonylurea  Azimsulfuron 0.9 1.8 3.6
Bensulfuron-methyl 2.4 4.8 9.6
Cinosulfuron 24 4.8 9.6
Pyrazosulfuron-ethyl 2.1 4.2 8.4
Thifensulfuron 5.25 10.5 21.0
Flazasulfuron 7.5 15.0 30.0
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The symptoms of crop injury were inhibited root growth and swollen hypocotyl. The
amides, represented by napropamide, were likewise highly phytotoxic to watermelon,
melon, onion, green onion and carrot. The specific symptoms observed were abnormal
growth of new leaves caused by necrosis of the growing points. The grass killer
herbicides of phenoxy group, fenoxaprop-p-ethyl and haloxyfop-R-methyl except 2,4-D,
were highly tolerated by all broad-leaved test crops. Red pepper, cucumber and melon
were highly sensitive to 2,4-D. All crops were sensitive to hexazinone, (triazine group)
and caused chlorotic spots that later turned brown in the upper leaves. All crops were
highly sensitive to the sulfonylureas especially thifensulfuron-methyl and flazasulfuron.
The crop injury main symptoms caused by the sulfonylureas were inhibited hypocotyls,
reduced root growth and abnormal growth, of new leaves.

Table 2. The crops used and their cultivation methods.

Family Crop Cultivation Method
Cucurbitaceae Water melon Transplanting
Cucumber “
Pumpkin «“
Melon «
Solanaceae Potato Seeding
Egg plant Transplanting
Red pepper “
Tomato «
Leguminosae Soybean Seeding
Liliaceae Onion “
Green onion *
Compositae Lettuce Transplanting
Gramineae Comn Seeding
Cruciferae Chinese cabbage “

Benzothiadiazole, bipyridylium and diphenyl ether groups caused local leaf spots.
Isoxazolidinone, amino acid and triazine group herbicides caused phytotoxicity in the
whole plant but did not inhibit crop growth. Isoxazolidinone, a herbicide representing
clomazone, caused chlorosis, while glyphosate caused leaf wilting. Triazine (hexazinone)
caused necrosis in the whole plant. The benzoic acid group (dicamba) and
phenoxycarboxylic acid (2,4-D) caused malformation of leaves and twisting of stems.
Root pruning was exhibited by crops sensitive to dinitroaniline. The imidazolinones
caused malformation of above-aerial parts and the sulfonylureas caused rosette formation
of above-aerial parts.

The responses of sensitive test crops to the herbicide groups are shown in Table 4. Local
leaf spot was observed in leaves that came in contact with benzothiadiazole, bipyridylium,
and diphenyl ether herbicides. The whole plant exhibited chlorosis and necrosis but
growth of crops was not inhibited by the application of isoxazolidinone, amino acid and
triazines. Clomazone treatment caused chlorosis while glyphosate caused leaf wilting.
Hexazinone, a member of the traizine group, caused necrosis. Dicamba and 2, 4-D treated
plants had twisted in stem while dinitroaniline sensitive plants exhibited root pruning.
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Imidazolinones caused malformation of the above-aerial part, and the sulfonyureas
inhibited of crop growth and rosette formation of above aerial parts.

Table 3. Relative response of crops to various herbicides and symptoms exhibited by the

test crops.
. . Relative response to herbicide treatment
Group”  Herbicide” — P Ty e Ty Symptoms ¥
Sensitive Crop Tolerant Crop
W, 1
Alachlor m, on, me, le, ca, s0, pu, cc a(cu), b(to), ¢,
cu, go, ¢o, eg, rp, to f, g d
Aceta.
Metola Wm, me, le, cu, pu, S0, On, po, € cc  efcu,to),d, ¢
. gO,tO,CO H :p ] psrp: 3 L ] 3g
on, le, go, ca, cu,
Ethal. Wm, me, pu so, co, po, ep, to, h,g, ¢
Dinitro. CcC, Ip
Pendi. Wm, on, me, ca., so, cu, on, le, co, h ki
Pu, 20 PO, €p, Ip, to, cc
. Wm, on, me, go, ca .
. tl td 3 3 - 0 CC 3 k
Amide Napropa o, le, pu, so, co po, €p, Ip, to, 1, ¢, a(co),
Molinate rp, cu S0 Lm
Carba. . e le, to, cu, co ep, so), g, 1
Pyribu. p, 1p, le, to, cu, co, n(ep, so), g,
on, go, me, so
2.4-D le, to, go, so Ip, cu, me, co, on,ep o, £, a(to), p
e le, to, cu, go,
Fenoxa. co P> 1P, 16, 10, CUl, § a(co)
Phenoxy on, me, so
ep, rp, le, to, cu, £
. , £, p(so
Haloxy €O, SO me, on, go q, f, p(so)
to, go, me, cu, on, , CO, € , f(cu), p(me,
Terbuth. > 8% on, Ip, €0, ep q, flew), p
s0, le cu), d
. : a(to, cu), qfep,
Triazine  Prome. to, ep, so, go, on, co  Ip le)
Hexazi. €p, 1p; le, cu, me, n,qfr
on, €0, go, $o, to
Azim. % %80, P, le, cu, wm, pu, ca, co, to  s(wm), g
me, Ip
co, go, to, cu, wm, t(wm), u(co),
Bensul. pu, me, 1p, ep, le ¢a, on v(Cucurbitaceae)
. ca, go, on, ep, le, cu, .
. Cco, pu, 1p, {0 51
Cino win, me pu, rp g
Sul. Pyrazo. wm, ca, 1o, on, lc, co, pu, to v(Cucurbitaceae)
cu, me, 1p, ep .
€0, me, pu, cu, Wi,
Thifen. rp, ep, 10, go, on, le, k, t, o{rp)
ca
co, me, pu, cu, win,
Flaza. p, ep, to, go, on, le, k, t

ca




1. Group - Aceta.: Acetanilide, Dinitro.: Dinitroanilide, Carba.: Carbamate, Sul.: Sulfonylureas
2. Herbicide - Metola.: Metolachlor, Ethal.: Ethalfulalin, Pendi.: Pendimethalin,
Napropa.: Napropamide, Pyribu.: Pyributicarb, Fenoxa.: Fenoxaprop-P-ethyl,
Haloxy.: Haloxyfop-P-ethyl, Terbuth.: Terbuthylazin, Prome.: Prometryne,
Hexazi.: Hexazinone, Azim.: Azimsulfuron, Bensul.: Bensulfuron,
Cino.: Cinosulfuron, Pyrazo.: Pyrazosulfuron-ethyl, Thifen.: Thifensulfuron,
Flaza.: Flazasulfuron
3. Crop - wim: water melon, on: onion, me: melon, le: lettuce, ca: carrot, cu: cucumber,
go: green onion, co: corn, ep: egg plant, rp: red pepper, to: tomato, so: soybean,
pu: pumpkin, cc: chinese cabbage, po: potato
4. Symptom - a: death of growing point, b: local leaf spot, ¢: stunting of new leaf, d: death of
bottom leaf, e: death of growing point and new leaf, f: stunting of plant, g: growth
inhibition of root, h: plumping of hypocotyl, i: inhibition of growth, j: stunting of leaf,
k: growth inhibition of lateral root, I: local leaf spot, m: chlorotic spot of leaf edge,
n: chlorosis and defoliation in bottom leaf, o: twist of stem, p: top-necrosis,
q: browing of bottom leaf edge, r: completely dead, s: inhibition of radical,
t: inhibition of hypocotyl, u: malformation of root, v: cluster of new leaf

Table 4. Herbicide phytotoxicity symptoms observed from the sensitive crops.
Symptom Specific symptom Group Herbicide
- n Y
1 3 discolor malfor.
root’ above
whole” local®” leaf stem
O O _ not uni.” Benzothi.”?  bentazone
0 O local? uniform Bipyridylium paraquat
O O soil sur.'®  Diphenyl'" :iadlazone
O O chlorosis [soxazo.”  clomazone
14) . .
O 0O 0 whole'? tender Amino acid 1gllyhpcilslztee
0 0 necrosis'”  Triazine efcxaz o
I7)
O 0 above-acrial part'®  Acetanilide metl%.) ’
ala. ™ etc.
O O 0O O 19) cup™” Benzoic acid dicamba
malfor 21) 22)
O O ) O cup(turn)”’ Phenoxy 2.4-D
' . Dinitroanilin ethal.*”,
. 0 O © O root pruning € pendi.24) etc.
0O o 0 ) 0 malfor. of above?®  Imidazo.*® ;rtr::azethapyr
O 0 o) O 0 shape of rosette Sulfonylurea zfglsulﬁnon
1) inhibition of root, 2) inhibition of above-aerial- part, 3) discoloration of leaf, 4)
malformation, 5) symptoms in whole plant, 6) local leaf spot, 7) local necrosis, 8) not
uniform, 9) Benzothiadiazole, 10) soil surface, 11) Dipheny ether, 12) necrosis of whole
plant, 13) Isoxazolidinone, 14) symptoms of tender leaf, 15) irregular necrosis, 16)
inhibition of above-aerial part, 17) metolachlor, 18) alachlor, 19) malformation leaf, 20}

shape of cup, 21) shape of cup(turnover), 22) Phenoxycarboxylic acid, 23} ethalfluralin,24)
pendimethalin, 25) malformation of above-aerial part, 26) Imidazolidinone
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Evaluation on Herbicide Hazards to Rice

g Wu Jinglun and Li Chunshuang
'Institute of Plant Protection, J iangsu Academy of Agricultural Sciences, Nanjing
210014,China

Abstract: Herbicides belonging to 8 chemical families were used on both Indica and
Japonica rice at higher dosage than recommendation to estimate their harmfulness on
rice. The chemical families were amides, thiocarbamates, sulfonylureas, heterocyclics,
ureas and phenoxy carboxylic acids. Rice was planted by seedling throwing and
directed-sowing. Herbicides were applied with moving liquid treatment and mist spray.
The symptoms on rice plants caused by these herbicides were described and the
difference of susceptibilities to the herbicides between indica and japonica were
compared. Results also showed that the hazards in rice plants caused by some
herbicides could be reduced by fertilizer application

Key words: hazard, herbicides, rice
i INTRODUCTION

Herbicides are widely used in many countries in rice production. Herbicide hazards to
rice sometimes occur due to application mistakes, variance of environmental factors
and quantity of herbicides. This study was conducted to better understand the
harmfulness of these herbicides on rice define the symptoms when herbicide injury in
rice plants, and finally find some ways to reduce the injury.

MATERIALS AND METHODS

Greenhouse experiments were carried out during 2000~2001 in the Institute of Plant
; Protection, Jiangsu Academy of Agricultural Science. Rice plants at 5 to 6 leaf-stage
¢ were transplanted using seedling broadcasting and rice seeds were planted in plastic

bucket of 20 cm X 17 cm. Rice cultivars were Shanyou 63 (indica) and Wuyugen 3
(japonica).

Herbicides:

60% Butachlor EC provided by Changzhou Pesticide Company;
50% Guinclorac WP provided by Qunshan Chemical Factory;
‘ 10% Clincher EC provided by Dow Chemical Pacific LTD;
i 25% Chlorsulfuron WP provided by Institute of Hormone Science at Jintan County,
| Jiangsu province
50% Isoproturon WP provided by Institute of Agricultural Science at Wuxuan County
96% Molinate EC provided by ICI

Herbicide hazards to japonica and indica transplanted by throwing and seedling
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Rice at 5 to 6 leaf stage was transplanted by throwing. The seedlings were treated with
herbicides at designated rates with drop injection while seed planted rice were treated
by spray. The height and tillers were recorded at 7-day interval after treatment. The
plant fresh weight, root length and dry weight were assessed at 28 days after treatment.
Herbicides and rates of application are listed in Table 1.

Table 1.Treatments and time of application for herbicide hazards to japomica and

indica .

No. Treatment Rate ha No of Rate
1 Butachlor 200 A
2 Butachlor 1800 B
3 Butachlor 2700 C
4 Clincher 75 A
5 Clincher 150 B
6 Clincher 225 C
7 Molinate 2880 A
8 Molinate 5760 B
9 Molinate 6840 C
10 Quinclorac 375 A

1t Quinclorac 750 B

12 Quinclorac : 1125 C
13 Isoproturonc 225 A
14 Isoproturonc 450 B
15 Isoproturonc 675 C
16 Chlorsulfuron 7.5 A
17 Chlorsulfuron 15 B
18 Check 0

Herbicide hazards to rice at different leaf stages

Japonica seeds were planted in plastic buckets tilled with 0.5 sm soil on August
20,24,28 and September 1. Seedlings were treated with herbicides at designated rates on
September 3 with a pot spray tower at pressure of 10 1b inch™ and spray volume was
50ml m™. The height and tillers of seedlings were measured at 7-day interval after
treatment Fresh and dry weight of the seedlings above soil, root length and root fresh
weight were measured 28 days after treatment.

All treatments were repeated 3 times, and all buckets were arranged in completely
randomized design. Inhibition rate and recovery was calculated as follows:
Inhibition (%)= _Untreated (height, fresh weight)-treated (height, fresh weight)




| Untreated (height, fresh weight)

Recovery (%) = Untreated (height, fresh weight)-treated (height. fresh weight)
(Untreated (height, fresh weight)

The standard of the hazard degree and regrowth in rice are listed in Tables 2 and 3.

Table 2. Standard of the hazard degree to rice.

Hazard level Inhibition Status
0 <0 Normal
I 0.1~20% Slightly inhibition
I 20.1~40% Inhibited
[T 40.1~60% Obviously inhibited
v 60.1~80% - Seriously inhibited
Vv 280% Completely inhibited

Table 3.Standard of the regrowth

- Recovery level Recovery Status
A >80% : Completely recover
B 50%~80% Could recover
C <50% Recover
\ RESULTS AND DISCUSSION

Herbicide hazards to japonica and indica transplanted by rice seedling throwing

Effect of herbicides on fresh weight of rice seedling and root are shown in Figures 1 and
2. Clincher was safe to japonica and indica, even at high rates of up to three times more
than the recommendation. Other herbicides at high rate caused injury on rice seedlings.
! There were significant differences among treatments on the rice performance. It was
| also seen that japonica was more sensitive than indica. Both japonica and indica were
most susceptible to chlorsulfuron, indicating that the chlorsulfuron is not safe when
applied to rice.
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Figure.l Inhibition of fresh weight on transplanted rice seedlings 30
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Figure 2.The percentage of inhibition of fresh weight on seed sowing rice at
30 days after treatment.

The symptoms of injured rice

Various symptoms observed after treatment, and all the symptoms were different from
each other as shown in Table 4.

640




Table 4. Symptoms on direct-seeded rice caused by herbicides at 14 days after

treatment .
Treatments Indica Japonica
NO of rate NO of rate
A B C A B C
Butachlor No Shortand Short and Shortand Short and Short and
(60%EC) injury. small light in small small in small
plants plant, lightly in plant. Dark growth
lightly. dark green plant, green leaf.  seriously,
Dark growth Dark inhibited
green leaf and green Dark
leaf. nature leaf leaf green leaf.
change
yellow.
Quinclorac ~ No No " The No leaf The
(50%WP) injury.  injury. growing  injury. growing
leaf in onion leaf
tuble in in tuble in
shape. shape.
Clincher No No No injury Noinjury No injury.  No injury.
(10%EC) injury.  injury. :
Chlorsulfuron Nature  Death Nature Death
(25%WP) leaf leaf
change change
yellow. yellow.
Isoproturon  leaf Crimping Reduced  Crimping Reduce Reduced
(50%WP) ' leaf. tillering leaf tillering tillering
Withered Withered  withered  withered Withered
leaf plants plants plants plants.
Seriously  lights. lightly. Growth
inhibited Growth seriously
growth. slightly inhibited.
inhibited.
Molinate No No Somewhat No Somewhat  Somewhat
{96%EC) injury.  injury. green leaf injury. green leaf  green leaf

Growth recovery of injured rice seedlings after applying urea

With the application of 150 kg ha! urea after herbicide treatment, the injured rice,
except those treated with Chlosulfuron, started to recover 30 days after herbicide
application. Except in rice treated with chlosulfuron whose recovery rate was below
10%, recovery rate in general was 50% to 100%. The results indicated that urea
application can reduce injury caused by butachlor,quinolac and isoproturon but not on
plants injured by chlorsulfuron.
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Table 5. The degree of recovery height of rice at 30 days after high rate treatment .

Treatments No Transpalnted Direct-sown 1
of Indica japonica Indica japonica :

Butachlor(60%EC) 1 B C A A

Butachlor{60%EC) 2 C C A B

Butachlor(60%EC) 3 C C A B

Clincher(10%EC) 4 * A * *

Clincher(10%EC) 5 * B * * |

Clincher(10%EC) 6  * B * A 3!

Molinate(96%EC) 7 B C A C E

Molinate(96%EC) 8 B C A C

Molinate(96%EC) 9 B C B C

Guinclorac(50%WP) 10 * * * A

Guinclorac(50%WP) 11 * * * B

Guinclorac(50%WP) 12 A + C B

Isoproturon(50%WP) 13 * * C *

Isoproturon(50%WP) 14 A A C C

Isoproturon(50%WP) 15 A A C C

Chlorsulfuron(25%WP) 16 C C C X

Chlorsulfuron(25%WP) 17  C c C X

*: Percentage of recovery height below 10% comparing to CK
*¥: Degree of growth recovery of rice at 30days after treatment with high dose of herbicide
X: Died plant
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Performance of Diammonium Salt of 56.4% W/V AS for Weed Control
in Rubber Crop
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10900, Thailand
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Abstract: The study was conducted in a rubber plantation in Chanthaburi province,
Thailand in 2000 to determine the efficacy of herbicide diammonium salt of glyphosate
56.4% W/V AS 0.53, 0.70, 0.88, 1.06, and 1.23 kg ai ha!. It was carried out in RCB
with 3 replications with plot size 5 m x 13 m. Herbicides were applied between rows of
rubber plants by using knapsack sprayer with spray volume 375 to 500 L ha’. The
results showed that diammonium salt of glyphosate at 1.06 to 1.23 kg ha” had no
phytotoxic eefect on rubber plants and a good efficacy to control narrowleaved weeds,
eg., Pennisetum polystachyon, (L.) Schult., Ottochloa nodosa (Kunth) Dandy, Digitaria
adscendens (H.BXK.) Henr., Eleusine indica (L.) Gaertn. and Paspalum conjugatum
Berg., as well as broadleaved weeds eg. Chromolaena odorata Linn., Borreria laevis
(Lamk.) Griseb., Borreria alata (Aubl.)) DC., Ageratum conyzoides Linn., Mimosa
pudica Linn. and Synedrella nodiflora (L.) Gaertn. Diammonium salt of glyphosate at
higher rate gave better efficacy than lower rate, similar with glyphosate 48% SL at 1 kg
ha. However, diammonium salt of glyphosate 56% at every rate could decrease density
and weed dry weight significantly but did not affect the growth rate of rubber plants.

Key words: diammonium salt of glyphosate, rubber crop, weed control
INTRODUCTION

Weeds are one of the major problems in rubber plantations. Weeds affect rubber growth
especially in the early growth stage. The major weeds in rubber plantations are
Pennisetum polystachyon (L.) Schuit., Ottochioa nodosa (Kunth) Dandy, Digitaria
adscendens (H.B.K.) Henr., Eleusine indica (L.} Gaertn., Paspalum conjugaim Berg.,
Chromolaena odorata Linn., Ageratum conyzoides Linn., Mimosa pudica Linn. (Aubl.),
Borreria laevis (Lamk.) Griseb., Borreria. alata (Aubl) DC., Crassocephalum
crepidioides (Benth) S. Moore, and Synedrella nodiflora (L.) Gaertn. (Yongboonkead
et al. 1984) There are various methods to control weeds. One method is manual weed
control, but laborious and expensive (Leungapapong 1997). The Gardeners increasingly
use herbicides in rubber crop especially glyphosate 48% SL which could inhibit the
enzyme EPSPS (5-enolpyruvylshikimate S- phosphate synthase). The weed cannot
synthesize three amino acids: phenylanine, tryptophan and tyrosine, which inhibit the
metabolism of weed and dead weeds, were eradicated (Franz et al. 1997). Glyphosate
48 % SL is one of the popular herbicide in rubber crop to control major weeds, such as
grasses and broadleave weed. A popular method is to use herbicide. Therefore, this
study, using various rates of herbicides, is important for rubber plantations. It evaluated
the appropriate rates of diammonium salt of glyphosate 56.4% W/V AS in rubber
plantations.
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MATERIAL AND METHODS

The experiment was conducted in the gardener’s field in Chanthaburi province during
September to December 2000. It was laid out in randomized complete block design
(RCB) with 3 replications and 8 treatments in plot size 5 m x 13 m, Knapsack sprayer
with fan type nozzle spray volume 375 to 500 L ha™, applied between rubber row at 2 to
3 leaf stage of weeds, less than 30 cm height. The treatments comprised of diammonium
salt of glyphosate at 0.53, 0.70, 0.88, 1.06, 1.23 kg ha™ and glyphosate 48% SL at 1 kg
ha', hand weeding 3 times and weedy check. The number and species of weeds were
collected by random from 2 points of 0.5 m x 0.5 m. Growth rate of rubber plants was
recorded at 30, 60 and 90 days after application (DAA). Data were analyzed by using
Duncan’s New Multiple Range Test (DMRT). Phytotoxic of herbicides to rubber plants
were evaluated by visual rating 0-10 at 15, 30 and 60 DAA. and efficacy of herbicide to
control of weeds that classified by species and types were rating 0-10 by visual
assessment at 30 DAA.

RESULTS AND DISCUSSION

Weed density

The experimental field was infested with high density of weeds (Table 1). Predominant
weeds were P. conjugatum Berg., D. adscendens (H.B.K.) Henr., O. nodosa (Kunth)
Dandy, E. indica (L.) Gaertn. and P. polystachyon Schult. with 72, 42, 24, 22 and 18
plants m? respectively. For broadleave weeds, B. alata (Aubl) DC., 4. conyzoides
Linn., B. laevis (Lamk.) Griseb., C. odorata Linn., S._ nodiflora (L.) Gaertn. and M.
pudica Linn. average 150, 30, 28, 12, 10 and 6 plants m™ respectively.

Table 1. Weed species occurance in rubber crop.

Weed species No. plants m™ %
Grasses
Paspalum conjugatum Berg. 72 17.4
Digitaria adscendens (H.B.K.) Henr. 42 10.1
Ottochloa nodosa (Kunth) Dandy 24 5.8
Eleusine indica (L.} Gaertn. 22 53
Pennisetum polystachyon (L.) Schult. 18 4.4
Broadleaves
Borreria alata (Aubl.) DC. 150 36.2
Ageratum conyzoides Linn. 30 7.2
Borreria laevis (Lamk.) Griseb. 28 6.8
Chromolaena odorata Linn. 12 29
Synedrella nodiflora (L.) Gaertn. - 10 24
Mimosa pudica Linn. 6 1.5
Total 414 100
Crop injury

There were crop injury at 15, 30, 60 DAA, after application (DAA) and not
significantly different with hand weeding (Table 2).
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Table 2. Injury of rubber at 15, 30 and 60 days after herbicide applications (DAA)*

- Crop inju
Treatment (kglz?t}?a'l) 15 p3d] ~ 60
DAA  DAA DAA

1. Diammonium salt of glyphosate 56.4% W/V AS 0.53 0 0 0
2. Diammonium salt of glyphosate 56.4% W/V AS 0.70 0 0 0
3. Diammonium salt of glyphosate 56.4% W/V AS 0.88 0 0 0
4. Diammonium salt of glyphosate 56.4% W/V AS 1.06 0 0 0
5. Diammonium salt of glyphosate 56.4% W/V AS 1.23 0 0 0
6. Glyphosate.48% W/V SL 1 0 0 0
7. Hand weeding - 0 0 0
8. Weedy check - 0 0 0

* DAA = days after herbicide application

Growth of rubber

Growth of rubber plants was measured by circumference at 170 cm height (Table 3). At
30 DAA, the treatments of diammonium salt of glyphosate at the rates of 0.70, 0.88 and
1.06 were not significantly different from glyphosate 48% SL and hand weeding, but
differed from low rate of diammonium salt of glyphosate 0.53 and weedy check. At 60
DAA, the average circumference of rubber plants was the same as at 30 DAA. At 90
DAA, the diameter of weeds applied with diammonium salt of glyphosate at 0.70, 0.88,
1.06 and glyphosate 48% SL including hand weeding was not significantly different
from that of the weedy check. However, the percentage of growth did not differ among

treatments.

Table 3. Circumference of rubber at 170 cm height at 30, 60 and 90 days after application.

Circumference' . Increased
Treatment Rate ] ; circumference (%)
(Kg ai hay DBA?2 DAA DAA
30 60 90 30 60 90
1.Diammonium salt of 0.53 21.7ab 22.1b 225b 232ab 16a 182 3.la
glyphosate 0.70 232a 23532 239a 245a 15a 17a 23a
2.Diammonium salt of 0.88 233a 236a 239a 247a 09a 16a 30.a
glyphosate 1.06 231a 234a 238a 244a l2a 16a 24a
3.Diammonium salt of 1.23 22.2ab 22.6b 23.0b 23.6ab l6a I.7a 2.9a
glyphosate 1 2402 245a 248 253a 1.8 13a 2.la
4.Diammonium salt of - 23.1ab 235a 24.0a 244a 182 22a 24a
glyphosate - 213b 216b 220b 225b 1l4a 172 23a
5.Diammonium salt of
glyphosate
6.Giyphosate.48% W/V SL
7.Hand weeding
8. Weedy check
C.V. (%) 18.8 164 155 1577 285 324 334

"'Means within a column followed by the same letter are not significantly different at the 95% level by

DMRT.

*DBA = day before application. * DAA = day after application.
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Grass control efficiency

R THa v

At 30 DAA, diammonium salt of glyphosate 56.4% at every rates had a good grass
¥ control like glyphosate 48% SI. (Table 4). The rates of diammonium salt of glyphosate
56.4% at 1.06 and 1.23 kg ha™' could decrease the population of P. conjugatum Berg,,
D. adscendens (H.B.K.) Henr., O. nodosa (Kunth) Dandy, E. indica (L.) Gaertn. and
excellent control of P. polystachyon (L.) Schult. These results were similar with the
Botany and Weed Science Division recommendation (1995).

Table 4. Grass control efficiency with visual assessment at 30 DAA.

Treatment Rate 1 Grass control efficiency
‘ (Kgaiha') PAS DIG OTT ELE PEN
) 1. Diammonium salt of glyphosate 0.53 7.8 75 7.2 77 8.1
; 2. Diammonium salt of glyphosate 0.70 8.2 8.3 8.3 82 8.0
3. Diammonium salt of glyphosate 0.88 0.2 93 93 ) 0.8
4, Diammonium salt of glyphosate .. 1.06 9.5 9.5 9.7 9.7 10.0
5. Diammeonium salt of glyphosate 1.23 9.8 9.7 9.8 9.8 100
X 6. Glyphosate 48% SL 1 9.8 10.0 9.8 10.0  10.0
; 7. Hand weeding - 6.0 7.0 7.0 7.0 5.0
8. Weedy check - 0.0 0.0 0.0 0.0 00
Weed species
PAS = Paspalum conjugatum Berg. OTT = CQaochloa nodosa (Kunth) Dandy

‘DIG = Digitaria adscendens (H.B.K.) Henr.  ELE=  Eleusine indica (L.) Gaertn.
PEN = Pennisetum polystachyon (L.) Schult .

Broadieave control efficiency

At 30 DAA, broadleaved weeds were eliminated by all rates of chemical control, and
v hand weeding had lower control efficiency (Table 5). 4. comyzoides Linn. was

completely controlled by the high rate of diammonium salt of glyphosate 56.4% at 1.23

kg ha™! and glyphosate 48% SL.

Table 5. Broadleave control efficiency with visual assessment at 30 DAA.

Treatment Rate 1 Broadleave control efficiency
(Kgaiha’) BORL BORA AGE CHR SYN MIM
1.Diammonium salt of glyphosate 0.53 6.8 6.8 72 67 68 7.0
2.Diammonium salt of glyphosate 0.70 7.2 7.2 78 713 15 17
3.Diammonium sait of glyphosate 0.88 32 8.2 85 18 8.2 3.3
4.Diammonium salt of glyphosate 1.06 8.8 8.8 98 92 92 95
5.Diammonium salt of glyphosate 1.23 9.5 9.5 100 93 93 97
6.Glyphosate 48% SL 1 9.3 9.7 10,0 95 95 68
k 7.Hand weeding - -5.0 7.0 70 50 60 50
8. Weedy check - 0 0 0 0 0 0
Weed species
BORL = Borreria laevis (Aubl.) DC. CHR = Chromolaena odorata Linn.
: BORA = Borreria alata (Lamk.) Griseb. SYN = Synedrella nodiflora (L.) Gaertn.
i AGE = Ageratum conyzoides Linn, MIM = Mimosa pudica Linn.
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Number and dry weight of grasses

At 30 DAA, the number of grass weeds was significantly reduced in four-weed species
spray with chemicals (Table 6). Only E. indica (L.) Gaertn. had the same density as a
result of chemical and hand weeding. All weed control treatments were significantly
different from the untreated plots. Narrow-leaved weeds had higher weight in the weedy
check treatment than weed control treatments, except P. polystachyon (L.) Schult.,
which had high density in the hand weeding treatment (Table 7).

Table 6. Number of grass weeds in rubber crop at 30 DAA.

Treatment Rate Grasses *(no. plants m™)
(Kgaiha!)  PAS DIG OTT ELE PEN

1.Diammonium salt of Glyphosate 0.53 8.7¢ 6.0bc 93¢  6.0b 4.0a
2.Diammonium salt of glyphosate 0.70 10.0c 80c 86c 53b 5.0a
3.Diammonium salt of glyphosate 0.88 4.7b 476c  53b 2.0a 0.7a
4.Diammonium salt of glyphosate 1.06 33ab  4.7bc  40b 2.0a 0.0a
5.Diammonium salt of glyphosate 1.23 1.3a 27ab  13a 2.0a 0.0a
6.Glyphosate 48% SL 1 13a 0.0a 132 0.0a 0.0a
7.Hand weeding - 14.7¢ 12.7d 14.0d 6.7a 11.3b
8. Weedy check - 26.7¢ 273e 27.0e 30.7 20.7c

C.V. (%) 7.5 26.8 153 243 63.8
* Means within a column followed by the same letter are not significantly different at the 95% level by
DMRT.
Weed species ‘
PAS = Paspalum conjugatom Berg. OTT = Ottochloa nodosa (Kunth) Dandy

DIG = Digitaria adscendens (H.B.K} Henr. ELE = Eleusine indica (L.) Gaertn.
PEN = Pennisetum polystachyon (L.) Schult.

Table 7. Dry weight of grass weeds in rubber crop at 30 DAA.

Rate Grass weight* (g m™)
Treatment (Kgiai PAS DIG OTT ELE PEN
ha™)

1. Diammonium salt of glyphosate 0.53 8.9¢ 7.8¢ 9.8¢ 5.2¢c 26.1c
2. Diammonium salt of glyphosate 0.70 93c 1.70c 10.0c 5.1c 28.8¢
3.Diammonium salt of glyphosate 0.88 39 3.6b 4.8b 1.8b 17.1b
4. Diammonium salt of glyphosate 1.06 3.9b 2.4b 4.7b 1.9b 0a

5.Diammonium salt of glyphosate 1.23 29ab 17ab 2.2ab l.4ab Oa
6.Glyphosate 48% SL 1 1.9a 0a 0.8a Oa Oa
7.Hand weeding - 147d 13.6d 15.0d 8.1d 859
8. Weedy check - 283c  277e  30.9¢ 333e¢  67.4d
CV. (%) 10.8 15.9 16.5 13.1 14.0

* Means within a column followed by the same letter are not signiﬁcantly different at the 95% level by

DMRT.

Weed species

PAS = Paspalum conjugatum Berg. OTT = Ottochloa nodosa (Kunth) Dandy

DIG = Digitaria adscendens (H.B.K.,) Henr. ELE = Eleusine indica (L.) Gaertn.

PEN = Pennisetum polystachyon (L.) Schult.
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Number and dry weight of broadleaves

At 30 DAA, four weed species, B. laevis (Lamk.) Griseb., B. alata (Aubl) DC, C.
odorata Linn. and S. nodiflora (L.) Gaertn. were reduced when sprayed with every
chemical treatments and differed from hand weeding and untreated check plots (Table
8). Chemical treatments significantly decreased the density of broadleaves like, C.
odorata Linn. and M. pudica Linn., The weight of broadleaved weeds were different in
untreated check treatment from weeded treatments in 4 species: B. alata (Aubl.) DC., C.
odorata Linn., S. nodiflora (L.) Gaertn. and M. pudica Linn. (Table 9). These results
showed that diammonium salt of glyphosate 56.4% have a good efficiency in grasses.

Table 8. Number of broadleaved weeds in rubber crop at 30 DAA.

Rate Broadleaves number ~ (no. plants m)

Treatment (Kgaiha!) BORL BORA AGE CHR SYN MIM
1.Diammonium salt of glyphosate 0.53 453d  653c¢c 10.0c 73¢ 67c 7.3d
2.Diammonium salt of glyphosate = 0.70 36.7cd  62.7c 7.3bc 6.7¢c 53bc  6.0d
3.Diammonium salt of glyphosate 0.88 253bc 56.7bc 4.7ab  33b 33ab 4.0c
4. Diammonium salt of glyphosate 1.06 16.0ab 447b 2.0a 33b 2.7a 3.3bc
5.Diammonium salt of glyphosate 1.23 10.0ab 26.7a 2.0a 2.7b 20a 2.0b
6.Glyphosate 48% SL 1 93a 267a 2.0a Oa 132 0Oa
7.Hand weeding - 700e 82.7d 6.7bc 13.3d 153d 7.3d
8. Weedy check - 753e 87.3d 8.0bc 15.3d 17.3d 12.7¢

CV. (%) 13.2 142 367 196 201 183

i * Means within a column followed by the same fetter are not significantly different at the 95% level by DMRT.
Weed species

BORL = Borreria laevis (Aubl.) DC. CHR = Chromolaena odorata Linn.
BORA = Borreria alata (Lamk.) Griseb. SYN = Synedrella nodiflora (L.) Gaertn.
AGE = Ageratum conyzoides Linn. MIM = Mimosa pudica Linn.
\;
' Table 9. Dry weight of broadleaved weeds in rubber crop at 30 DAA.
Treatment Ratc Broadleaves weight (g m™)
(Kgaiha') BORL BORA AGE CHR SYN MIM
1. Diammonium sait of glyphosate 0.53 16.9¢c 1427c 832c 7.5d 5.8¢ 2.5d
2.Diammonium salt of glyphosate 0.70 122b 115.8bc 799a 73d 57¢ 2.lcd
3 3.Diammonium salt of glyphosate 0.88 1196  982b 43.7b 5.7c 49bc  1.9¢c
1] 4, Diammonium salt of glyphosate 1.06 4.2a 92.8b 189a S4c 47b  2.2cd
5. Diammonium salt of glyphosate 1.23 3.8a 579a 1l16a 3.5b 22a 05b
6.Glyphosate 48% SL 1 3.7a 586a 1l4a Oa 1.9a Oa
7.Hand weeding - i5.6c 2163d 86.8¢c 123c 1684 3.le
3 8. Weedy check - 15.9¢ 228.0d 88.7¢c 162f 17.6d 6.2f
| C.V. (%) 125 130 93 122 69 114

!} * Means within a column followed by the same letter are not significantly different at the 95% level by DMRT.
Weed species -

BORL = Borreria laevis (Aubl.) DC. CHR = Chromolaena odorata Linn.
BORA = Borreria alata (LLamk.) Griseb. SYN = Spnedrella nodiflora (L.) Gaertn.
AGE = Ageratum conyzoides Linn. MIM = Mimosa pudica Linn.
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CONCLUSION

Dlammomum salt of glyphosate 56.4% W/V AS can be applied from 1.06 to 1.23 kg ha’
. It was an excellent of grass control such as Pennisetum polystachyon (L.) Schult.,
Paspalum conjugatum Berg., Digitaria adscendens (I1.B.K.) Henr. and control of
broadleaved weeds such as Borreria laevis (Lamk.) Griseb., Chromolaena odorata
Linn. and Synedrella nodiflora (L.) Gaertn. Similarity with glyphosate 48% SL at the
recommended rate provided a good control of grasses and broadleaved weeds. In
addition, diammonium salt of glyphosate 56.4% had no effect and injury of growth and

development of rubber resulting in the high yield of rubber production.
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Potential Use of Mesotrione in Controlling Annual Weed Species in

Maize (Zea Mays) RN M ¢
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Ynstitute of Plant Protection, CAAS, Haidian, Beijing 100094, China

Abstract. Mesotrione [2-(4-mesyl-2-nitrobenzoyl)-3-hydroxycyclohex-2-enone] is a
5 relatively new pigment inhibitor herbicide that is labeled for use in maize (Zea mays L.).
| This herbicide controls susceptible weed species by inhibiting the 4-HPPD enzyme.
| Field studies were conducted using typical, replicated, small-plot research techniques at
our research farm since 1999. Mesotrione was applied PRE or POST, either alone or in
combination with acetochlor, s-metolachlor, or atrazine. Mesotrione applied PRE
provided excellent control (>95%) of Chenopodium album, Amaranthus retroflexus,
while mesotrione treatments controlled 82% of Ambrosia artemisiifolia. Mesotrione
applied POST provided excellent control of these species. In general, mesotrione in
combination with acetochlor or s-metolachlor provided excellent control of Digitaria
sanguinalis and Setaria glauca. None of the treatments with mesotione had any adverse
effects on silage or gram yield of maize. The pre mix combination of mesotrlone plus
acetochlor (2.45 kg ha™, palaquat (0.7 kg ha™") and at1az1ne (1.12 kg ha 1Y resuited in
highest silage (71000 kg ha Y and grain (12950 kg ha™) yields of maize under
minimum-tillage system. Under conventional-tillage system, the treatment combmatlon
of metolachlor plus atrazine IT Magnum and mesotrione (3.24 and 0.11 kg ha™) resulted
in highest maize silage (84448 kg ha’ ) and grain (11751 kg ha™) ylelds as compared to
maize yields of silage (19264 kg ha') and grain (24451 kg ha™) from the untreated
check.

Key words: Amaranthus retroflexus, Ambrosia artemisiifolia, Chenopodium album,
Digitaria sanguinalis, Setaria glauca, Zea mays, ZA-1296

T INTRODUCTION

{ For many years, maize growers all over the world have relicd on triazines,
! chloroacetamides and thiocarbamates for pre-mergence weed control, and
imidazolinones and sulfonylureas for post-emergence weed control. The continuous use
of these herbicides has resulted in contamination of groundwater and related
environmental concerns. The development of weed resistance to triazines and
sulfonylureas has been a result of the use of these herbicides annually, primarily on a
continuous basis. The resistant weeds have created major challenges for current weed
management systems. Therefore, the introduction of a new pre-mergence herbicide will
become an important tool for weed management strategy in maize production.

Mesotrione [2-(4-mesyl-2-nitrobenzoyl)-3-hydroxycyclohex-2-enone] is a systemic
4 herbicide that belongs to triketone herbicide, which is known as HPPD inbibitor.
!’ Mesotrione is absorbed by root and foliage. The molecular target for mesotrione 1s the
; enzyme p-hydroxyphenylpyruvate dioxygenase (HPPD). This enzyme is involved in the
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pathway that converts the amino acid tyrosine to plastoquinone. Mesotrione is
structurally similar to the substrate p-hydroxyphenylpyruvate and acts by competitive
inhibition, which results in the blockage of carotenoid synthesis (Lackey et al. 2000).
The lack of carotenoid synthesis in meristematic tissues gives rise to bleaching
Symptoms.

Mesotrione applied PRE selectively controls both grass and broadleaf weeds in maize
(Armel et al. 2000; Bhowmik 2000; Bhowmik and Lackey 1999; Bhowmik and
McGlew 2001; Lackey and Brownell 2001). Mesotrione applied preemergence at 0.16
kg a.i. ha' controls important broadleaf weeds such as Abutilon theophrasti Medic., A.
retroflexus L., A. artemisiifolia L., C. album L. and grass weeds such as D. sanguinalis
(L.) Scop., Echinochloa crus-galli (L.) Beauv., Seatria faberi Herrm., Setaria viridis
(L) Beauv., and Panicum dichotomiflorum Michx (Armel et al. 2000; Bhowmik 2000;
Bhowmik and Lackey 1999; Bhowmik and McGlew 2001). Mesotrione at 0.105 kg ha™
when applied postemergence controls 4. retroflexus, A. artemisiifolia, C. album
(Bhowmik and Lackey 1999; Bhowmik and McGlew 2001) and Abutilon theophrasti,
Xanthium strumarium L. and Datura stramonium L. (Lackey and Browell 2001).

Limited information is available on the effectiveness of mesotrione and their
combinations with grass control herbicides. The objective of our studies was to evaluate
various PRE and/or POST treatments under three tillage systems.

MATERIALS AND METHODS

General experiments were conducted at the University of Massachusetts Experiment
Station, South Deerfield, MA. The soil was a Hadley fine sandy loam (Typic
Udifluvents) containing sand, silt and clay in 50.2, 44.6 and 5.1%, respectively. The soil
had a pH of 6.3 with an organic matter content of 1.5% and a cation exchange capacity
(CEC) of 6.8-meq/100 g. The area was heavily infested with D. sanguinalis, S. glauca,
C. album, and moderately infested with A. artemisiifolia and A. retroflexus. Plots were 3
by 6 m and maize was planted in 75 cm rows at a density of 62,800 plants ha™.
Treatments were applied with a CO; backpack sprayer at a pressure of 152 kPa in 189 ]
ha™, using 8002 flat fan nozzles. Weed control was visually estimated on a scale of 0%
to 100%, where 0% = no control and 100% = complete control. Weed control was
estimated 2, 3, 5, 10, and 12 weeks after treatment (WAT). Maize was harvested from
the center row of each plot. Grain yield was adjusted to 15% moisture.

General linear model (GLM) program of SAS (SAS Institute Inc., 1995) was used to
analyze the data. All data were subjected to analysis of variance (ANOVA) and
appropriate mean separation techniques were used. ANOVA was used to determine
significant treatment effects and the error terms-were obtained by calculating the
expected mean squares (Damon and Harvey 1987). Data were subjected to analysis of
variance and means were separated by Student-Newman-Keuls test at p = 0.05, using
the appropriate error term.

Minimum-tillage system, 1999 Minimum-tillage area consisted of maize stubbles
from 1998 season and was disked once in the spring. Prior to planting, fertilizer was
applied broadcast at 560 kg ha'! of 15-8-12 (N-P-K). The minimum-tillage area had also
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moderate infestations of horseweed (Conyza canadensis L.) and catchweed bedstraw
(Galium aparine L.). ‘Max-21" maize was planted with a no-till planter on May 12,
1999. The PRE treatments were applied on May 13, 1999. The experiment was a
randomized block design with three replications. Maize was harvested on October 7,
1999.

No-tillage system, 2000 No-tillage area was maintained with maize stubbles from
1999 season. Fertilizer was applied broadcast at 560 kg ha™ of 15-8-12 (N-P-K). ‘Max-
21” maize was planted with a no-till planter on May 11, 2000. Maize was also side-
dressed with 50 kg ha™ of 34-0-0 (N-P-K) on July 18, 2000. All treatments were applied
one week prior to maize planting (PTP). This site had an infestation of rough fleabane
(Erigeron strigosus Muhl. ex Willd.) and white campion [Silene alba (Mill.) E.H.L.
Krause]. The experiment was a randomized block design with three replications. No
yield data was recorded due to heavy bird damage.

Conventional-tillage system, 2001  Conventional tillage consisted of moldboard
plowing followed by two diskings in the spring. Fertilizer was applied broadcast at 560
kg ba” of 15-8-12 (N-P-K). ‘Max-21" maize was planted with a no-till planter on May
7,2001. Maize was also side-dressed with 50 kg ha™ of 46-0-0 (N-P-K) on July 2, 2001.
The PRE treatments were applied on May 9, 2001, while POST treatments were applied
at the 3- to 4-leaf stage of D. sanguinalis species when C. album was at the 6- to 7-leaf
stage and A. arfimisiifolic was at the 5- to 6-leaf stage. The experiment was a
randomized block design with three replications. Maize was harvested on October 2001.

RESULTS AND DISCUSSION

Minimum-tillage system, 1999 The pre-mix combinations of mesotrione plus
acetochlor either with glyphosate or paraquat controlled C. album, A. artemisiifolia and
A. retroflexus 5 and 12 WAT, and Galium aparine and C. canadensis 12 WAT (Table
1). The addition of 2,4-D or atrazine to these treatments did not improve any control of
these species. The PRE treatment of acetochlor or a pre-mix combination of acetochlor
plus atrazine, when combined with isoxaflutole provided excellent control of these
species 5 and 12 WAT. These treatments provided excellent (>95%) control of G.
aparine and C. canadensis 12 WAT. Similar broadleaf weed control with isoxaflutole
has been reported earlier (Bhowmik et al. 1996; Bhowmik et al. 1999).

All treatments provided excellent burn-down control of all grass and broadieaf weed
species present at the time of application (Table 2). These treatments controlled S.
glauca and D. sanguinalis up to 12 WAT. The PRE treatments of acetochlor or a pre-
mix combination of acetochlor plus atrazine, when combined with isoxaflutole provided
excellent control of S. glauca and D. sanguinglis up to 12 WAT. The pre-mix
combination of mesotrione plus acetochlor (2.45 kg ha™y, paraquat (0.7 kg ha™) and
atrazine (1.12 kg ha-1) resulted in highest silage (71000 kg ha™") and grain (12950 kg ha”
1Y yields of maize.
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No-tillage system, 2000 The pre-mix combination of mesotrione plus acetochlor and
glyphosate or paraquat applied PRE controlled C. album, Erigeron strigosus, Silene
alba, D. sanguinalis and Elytrigia repens up to 10 WAT (Table 3). Similar weed control
with mesotrione treatments under no-tillage system has been reported (Armel et al.
2000; Bhowmik et al. 2000). There were no differences in weed control due to various
rates (1.96, 2.20 and 2.45 kg ha™") of mesotrione plus acetochlor treatments in our trial
in 2000. The premix combination of acetochlor plus atrazine plus glyphosate at 4.76 kg
ha™' conirolled C, album, Erigeron strigosus, S. alba, D. sanguinalis and E. repens 10
WAT.

Conventional-tillage system, 2001 Treatment of metolachlor II Magnum and
mesotrione at 1.78 kg ha™! + 0.21 kg ha™ alone or with an application of atrazine (1,12
kg ha') applied PRE controlled C. album, A. artemisiifolia, S. glauca and D,
sanguinalis 10 and 16 WAT (Table 4). The pre-mix combination of metolachlor plus
atrazine II Magnum PRE alone or followed by a POST application of mesotrione at 0.11
kg ha” provided excellent control (>95%) of all of these species up to 16 WAT. The
PRE application of metolachlor II Magnum followed by an application of mesotrione
and atrazine (0.11 and 0.28 kg ha"l) or primisuilfuron at 0.04 kg ha! POST controlled C.
album, A. artemisiifolia, S. glauca and D. sanguinalis up to 16 WAT. Similar broadleaf
weed control with mesotrione has been reported earlier (Armel et al. 2000; Bhowmik
2000; Bhowmik and Lackey 1999; Creech and Evans 2002).

None of the treatments with mesotione had any adverse effects on silage or grain yield
of maize. The tolerance of maize and sensitivity of weed species to mesotrione is
explained by differences in uptake and metabolism (Lackey et al., 2000). The treatment
combination of metolachlor plus atrazine II Magnum and mesotrione at 3.24 + 0.11 kg
ha™ resulted in highest maize silage (84448 kg ha™') and grain (11751 kg ha™") yields as
compared to maize yields of silage (19264 kg ha™') and grain (24451 kg ha™) from the
untreated check.

These studies demonstrate the importance of mesotrione in annual broadieaf weed
control. This type of weed control would be of great importance in designing weed
management practices in maize around the world, especially for the control of triazine
resistant broadleaf weeds.
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(\/ LGC-42153: A New Generation Sulfonylurea Herbicide <~

Abstract: LGC-42153 is a new sulfonylurea herbicide being developed by LG Life
Sciences Ltd., Korea. This new herbicide can be used for rice and cereal crops. In rice,
the herbicide provides excellent control of Echinochloa crus-galli, which is not
controlled or only marginally controlled by the commercial sulfonylurea herbicides such
as bensulfuron-methyl or pyrazosulfuron-ethyl. In addition to E. crus-galli control, the
herbicide provides excellent conirol of annual broad-leaved, sedges and perennial weeds
of rice with similar efficacy to other sulfonylurea rice herbicides. For rice, the herbicide
can be applied both to_soil and as foliar, and its use rate is 15 to 30 g a.i. hal. The
herbicide can also control broadleaved weeds including Galium spp. with good safety to
cereal crops when foliar-applied. In this report, we introduce basic physicochemical,
toxicological, and biological properties of the herbicide, and its development status.

A SV

Key words: LGC-42153, sulfonylurea, acetolactate synthase, rice, winter cereals
INTRODUCTION

Sulfonylurea rice herbicides such as bensulfuron-methyl and pyrazosulfuron-ethyl were
first introduced in the early to mid 80s, and have contributed greatly in weed control of
all rice systems in the world. Typical characteristics of these sulfonylurea herbicides
include low use rates, low mammalian and eco-toxicity, and high efficacy and good rice
safety. In terms of biological efficacy, these herbicides control various annual and
perennial weeds, but are weak on Echinochloa crus-galli, the primary grass weed in rice.
Due to this weakness, these herbicides have been used as mixtures with grass killer
partners, as so called “one-shot™ herbicides in various countries, particularly Korea and
Japan.

In the new herbicide discovery with sulfonylurea chemistry, a new molecule that can
control Echinochloa in addition to sedge and broadleaved weeds has been a major goal
for over 15 years; however, there has been no real success.

LGC-42153 [N-[[(4,6-dimethoxy-2-pyrimidinyl)amino]carbonyl]-2-[2-fluoro-1-
(methoxy methylcarbonyloxy) propyl]-3-pyridinesulfonamide] is a new sulfonylurea
herbicide discovered by LG Life Sciences Ltd. jointly with Korea Research Institute of
Chemical Technology. This new herbicide controls E. crus-galli very effectively as well
as the other various rice weeds by soil and foliar application, demonstrating a significant
advancement in this chemistry.

In this report, we introduce basic chemical and biological information of the herbicide
L.GC-42153.
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CHEMICAL AND PHYSICAL PROPERTIES

Structure:
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Code Name: ___.
Common Name:
Chemical Name:

Me OMe

N
F
SO,;NHCONH—{ :}
N

OMe
L.GC-42153
Flucetosulfuron (ISO-proposed)
N-{[(4,6-dimethoxy-2-

pyrimidinyl)amino]carbonyl}-2-[2-fluoro-1- (methoxymethylcarbonyloxy) propyl]-

3-pyridinesulfonamide
Chemical Formula:
Molecular Weight:
CAS RN:
Appearance:
Melting Point:
Solubility (water at 250):
Partition (octanol/water) cocfficient:
Vapour pressure :
pKa value :

CigH,1FN505S

487.3

412928-75-7

Odorless, solid white powder at 250 -
178~1820

114 mg L

logP =1.05

<1.86x10° Pa at 250

3.5

TOXICOLOGICAL PROPERTIES

Rat acute oral toxicity
Mouse acute oral toxicity
Dog acute oral toxicity

LD50: >5000 mg
LDsg: >5000 mg kg™ (89)
LDse: >2000 mg kg™ (39)

Rat 13 weeks oral toxicity NOAEL 200 ppm (dietary)
Ames test Negative

Chromosome aberration test Negative

Micronucleus test Negative

ENVIRONMENTAL SAFETY

Fish acute toxicity (carps) LCsy>10 ppm

Algae acute toxicity ECs0>10 ppm

Daphnia acute toxicity LCsp>10 ppm

FORMULATION

For soil application, LGC-42153 is formulated as 0.07 and 0.1% GR in Korea and Japan,
respectively. For foliar application, it is formulated as a water dispersible granule of
various contents from 10 to 50%. We also developed self-dispersible laborsaving
granules (Kim et al. 2003).
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MODE OF ACTION

LGC-42153 is a sulfonylurea and, thus, inhibits acetolactate synthase (ALS) (Hwang et
al. 2003), the first committed enzyme for the biosynthesis of branched-chain amino
acids, valine, leucine, and isoleucine. This compound can be absorbed via roots, stem
and leaf, and its translocation via leaf is faster than that of glyphosate and pyribenzoxim
(Lee et al. 2003). The symptoms of herbicidal action include growth cessation, chlorosis,
death of apical meristems, and subsequently whole plant death in 2~3 weeks. The
selectivity mechanism to this herbicide is assumed to be due mainly to the rapid
recovery of ALS activity in rice as compared with weeds (Hwang et al. 2003).

BIOLOGICAL PROPERTIES

Weed Control Spectrum

LGC-42153 applied to the soil or foliarly provides broad weed control spectrum
including annual broad-leaved weeds, sedges, some grasses such as Echinochloa spp.,
and perennial weeds (Table I). Particularly in rice, its weed control spectrum is very
similar to conventional sulfonylurea rice herbicides such as pyrazosulfuron-ethyl but the
advanced characteristics of LGC-42153 is its capacity to control of Echinochloa spp.
Therefore, the efficacy of LGC-42153 alone is similar to that of the conventional one-
shot mixtures in Korea and Japan. Based on this advantage in biological efficacy, LGC-
42153 can be developed either as a solo product or mixture with new concepts or
simpler composition.

Table 1. Weed control by LGC-42153 at a range of application doses in comparison
with pyrazosulfuron-ethyl applied to soil at 7 days after rice transplanting.
Results from pot trials.

Dose Rice Weed control (%; 0: no control, 100: complete kill)

Herbicide g a.i. ha safety ECHC MOO SCPJ ROTI LIDP CYPS ELOK SAGT
VA U N Y E U R
5 0 40 50 50 70 60 40 30 40

10 0 80 9% 70 100 90 65 60 50
L.GC-42153 15 0 95 100 95 100 95 80 70 60
20 10 100 100 100 100 100 95 80 70
40 20 100 1000 100 100 100 95 50 80

5 0 0 80 70 90 60 60 30 40

Pyrazosulfuro 10 0 20 9 8 100 90 70 60 60
n-ethyl 15 0 30 100 100 100 100 80 80 70

20 10 40 100 100 100 100 95 90 80

40 10 40 100 100 100 100 95 90 90

ECHCG: Echinochloa crus-galli, MOOVA: Monochoria vaginalis, SCPYU: Scirpus juncoides,
ROTIN: Rotala indica, LIDPY: Lindernia pyxidaria, CYPSE: Cyperus serotinus, ELOKU:
Eleocharis kuroguwai, SAGTR: Sagittaria trifolia
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Echinochloa crus-galli Control

When applied to the soil, LGC-42153 controlled E. crus-galli completely even at 10g a.i.
ha (Figure 1A). When applied as foliar spray, LGC-42153 controlled E. crus-galli at
20g a.l. ha!, and the overall efficacy was similar to that of pyribenzoxim (Figure 1B).

120 120
o LGC42163(LD,; 0.589)

1008 - . 4 PSE(LD :3.45) 100 &
%‘ ~ A 50 ﬂ_g
& 80 1 5 80
g 8
5 604 S 60
] £ %
£ 40 £ 40 \
_% 20 1 E 501 @ LGC-42153 {LDso: 4.60) \

8

£ g £ | A PBX(LDs: 20.79)

00 o1 10 100 1000 0004 oot 0010 0100 1000 10000 100.00
Herbicide dose (g a.i/ha) Herbicide dose (g a.i./ha)

Figure 1. Dose responses of E. crus-galli to soil-applied LGC-42153 and
pyrazosulfuron-ethyl (PSE) (A), and to foliar-applied LGC-42153 and
pyribenzoxim (PBX) (B). The growth stage of E. crus-galli at the time of
application was three leaf stage for both soil and foliar application.

Residual Efficacy

Residual period of Echinochloa spp. control by LGC-42153 was between 30~40 days
after application, which was significantly longer that those of molinate and
molinate+pyrazosulfuron-ethyl mixture (Fig. 2). Therefore, it is expected that season-
long control of Echinochloa spp. is assured by one application of LGC-42153. Carry-
over potential to succeeding crops was also evaluated in pots and field conditions;
however, there was no injury to cereals and the various vegetables (data not shown).

Crop Safety

LGC-42153 offers good selectivity to rice and cereal crops. The dose-response study of
rice to LGC-42153 revealed that the LDso value of LGC—42153 was 182.9¢ a.i. ha”,
while that of pyrazosulfuron-ethyl was 323.1g a.i. ha (Fig. 3). As recommended
appllcatlon dose range of LGC-42153 is 20~30g a.i. ha’, it can be concluded that LGC-
42153 is very safe to rice.
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Figure 2. Residual efficacy of LGC-42153 in controlling E.crus-galli in comparison
with molinate (@) and molinate + pyrazosulfuron-ethyl (A). The test was
conducted in a pot condition.
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Figure 3. Dose responses of rice to LGC-42153 (@) and pyrazosulfuron-ethyl (A)
which were applied to paddy water at 12 days after rice-transplanting, The fresh
weight was recorded at 30 days after herbicide application.

CONCLUSIONS

The herbicide LGC-42153 is a new highly active herbicide to E. crus-galli, and other
annual and perennial rice weeds. Due to its excellent activity to E. crus-galli, the
herbicide does not require a grass-killer partner in the typical one-shot mixture in Korea
and Japan. This advantage opens possibilities to develop a solo product and also new
mixtures with low environmental input of chemicals. As the herbicide is effective by
soil as well as foliar application, flexibility to develop diversified products in all rice
culture system is very high.
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Efficacy and Crop Tolerance of DE-638 in Indica Rice in ASEAN Countries

N. Lap', S.Pornkulwat?, S.N.A Sayomchai > C. Antipas >, M.A. Jaafar *, S. Djoko
3 ,Vasant L.Patil 6, S. Sonoredjo S and R.K. Mann’
'DowAgroSciences Vietnam, 2DowAgrOSciences Thailand, 3Dow:fkgroSciences
Philippines” DowAgroSciences Malaysia, > DowAgroSciences Indonesia,
*DowAgroSciences Asia, "DowAgroSciences USA.

Abstract: DE-638, common name penoxsulam, is a new rice herbicide belonging to
triazolopyrimidine sulfonamides that is being developed by Dow AgroSciences for
weed control in rice growing countries around the world. It is a broad-spectrum
herbicide with post-emergence and residual activity. This paper presents the efficacy
and crop tolerance field trial results for DE-638 in direct-seeded and transplanted indica
rice across 5 ASEAN countries (Malaysia, Philippines, Indonesia, Thailand &Vietnam)
from 1998 to 2002. Multi-location field studies across ASEAN over 5 years
demonstrated that when applied as a post-emergence application at 3 to 16 days after
sowing in direct wet-seeded rice; 10 to 15 g ai ha™ provided >90% control of ECHCG,
FIMMI, CYPIR, CYPDI, MOOVA and SPDZE. When applied post-emergence at 10 to
16 days after transplanting in transplanted rice, 10 to 15 g ai ha”' provided >90% control
of ECHCG, FIMMI, CYPIR, CYPDIL, MOOVA and SPDZE. The highest rate of DE
638 alone tested (60 g ai ha™") did not provide commercial control of LEFCH. However,
DE-638 + cyhalofop-butyl tankmix at 10 -+50 to 12.5 +62.5 g ai ha™', respectively, can
be used to attain >90% control of LEFCH and to enhance the performance of DE-638
on ECHCG. DE-638 is very safe to indica rice when applied to direct-seeded and
iransplanted rice at tested rates of 2.5 to 60 g ai ha™ with application timing of 3-16
days after sowing or transplanting,

Key words: DE-638, efficacy, direct seed rice, grasses, sedges, broadleaf weeds
INTRODUCTION

Rice is a major stapie food with a planted area of 29 MM ha in ASEAN countries in
2001, which provides for 520 million people. Rice production should be increased to
meet the demand of the increasing population. One of the most important methods to
increase rice production is to minimize the loss caused by weed competition in rice
fields. These weeds not only reduce rice production but also affect rice seed quality.
Since the beginning of agriculture, growers have tried to control rice weed by any
means. One of the means is using synthetic herbicides. Many different herbicides have
been commercialized, but farmers still prefer a one shot treatment that will provide
broad-spectrum weed control.

DE-638, common name penoxsulam, has been in development by Dow AgroSciences
since 1998. It is a new rice herbicide belonging to triazolopyrimidine sulfonamides that
could be a suitable herbicide for broad-spectrum weed control in rice. Field studies with
DE-638 were started in ASEAN countries in 1999.Since then, further field studies to
fine tune the dosage were initiated in Malaysia, Philippines, Indonesia, Thailand &
Vietnam.
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This report summarizes the result of 66 efficacy and rice crop tolerance trials conducted
in these countries in 1998-2002.

MATERIALS AND METHODS

Field studies were conducted on field stations of Rice Research Institutes in Malaysia,
Philippines, Indonesia and Vietnam and on farmer fields in Thailand. Trials were done
in randomized complete block design (RCBD) with 3 or 4 replications with plots of 16-
25 m> Target crop was Oryza sativa (Indica) cultivated by direct seeding or
transplanting. In wet seeded rice, water was partially drained from the field. Post
emergence foliar application was made to exposed weeds, and the paddy was reflooded
within 48 h after application. Other cultivation followed local farming practices.

DE 638 formulation (formulation code GF-237) tested in these trlals contained 25g ai L
penoxsulam with the tested rates ranging from 5 to 60 g ai ha!. Each tested rate was

diluted in a spray volume of 300 - 400 L water ha! and applied by knapsack sprayer

with fan nozzle. No additional adjuvant tankmix was required for use with GF-237. ‘

Weed control evaluations were made at 14 DAA (days after application), 28 DAA and
42 DAA by visual observation on biomass reduction of weed compared with untreated
plot as percentage of control. Phytotoxycity was recorded at 3, 7 and 14 DAA by visual
assessment of percent injury.

Collected data were statistical analyzed by PRM5 (owned by Dow AgroSciences) and
Minitab software

RESULTS AND DISCUSSIONS

Rice crop phytotoxicity

The tested rate 5-60 g ai ha” DE-638, did not cause any injury symptom on indica rice
when applied at 3-16 days after sowing or transplanting.

Efﬁcacy of DE-638 on Echinocloa crus -galli ( ECHCG)

Table 1 demonstrates that all tested rates provided herbicidal act1v1ty on ECHCG with
wide application window of 3-16 DAS. DE-638 at 10-15 g ai ha™ prov1ded more than
85% control, except in 2001 trials in Philippines wherel2.5 g ai ha were applied at 10-
15 DAS.
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Table 1. Efficacy of DE-638 on ECHCG at 28 DAA (% biomass reduction).
Days after No. of DE-638 (g ai ha
Sowing Country  bservation 7.3 10 5 12.5) 15
3-5DAS Philippines n=4 78.8 86.3 94.5 95.5
Vietnam n=_§ 78.8 94.4 96.3 96.9
6 -9 DAS Malaysia n=4 70.0 85.0 85.0 90.0
Philippines n=4 83.8 96.0 98.0 98.3
Thailand n=_§ 60.0 93.4 95.9 98.4
Vietnam n=3§ 65.0 84.4 88.2 06.4
10-12 DAS  Malaysia n=4 - 90.0 - 96.0
Philippines n=12 - 71.8 86.0 93.8
Thailand n=3§ - 97.5 91.5 96.3
Vietnam n=12 - 93.3 95.0 98.3
13-16 DAS Malaysia n=12 - 88.0 87.5 93.3
Philippines n=24 83.25 77.7 N4 05.8
Thailand . n=3§ - 91.7 95.0 98.4
Vietnam n=24 78.8 89.0 92.5 97.5
Indonesia * n=4 - 85.7 - 98.4

* Transplanted rice

Efficacy of DE-638 on Fimbristylis miliacea (FIMMI)

Table 2 demonstrates that 12.5 g ai ha DE-638 provided >87.5% control of FIMMI

with an application window of 3-16 DAS across ASEAN countries.

Table 2. Efficacy of DE-638 on FIMMI at 28 DAA (% biomass reduction).

Days after Country No. of DE-638 (g ai ha™")

Sowing observation 7.5 10 12.5 15
3-5DAS Vietnam n=2§ 85 95.7 96.3 08.8
6 -9 DAS Malaysia n=4 80.0 95.0 95.0 - 100.0

Vietnam n=3§ 81.3 87.6 88.75 982
10-12DAS  Malaysia n=4 - 80.0 - 98.0
Thailand n=4 - 98.8 100.0 100.0
Vietnam n=12 - 89.6 93.8 96.7
13-16 DAS Malaysia n=12 - 87.0 - 100.0
Vietnam n=20 82.5 87.5 01.7 96.8

Efficacy of DE-638 on Cyperus spp (CYPSS)*

Table 3 demonstrates that 10 g ai ha™ DE-638 provided more than 85% control of
CYPSS with an application window of 3-12 DAS. DE-638 applied at 13-16 DAS
required12.5 g a.i./ha.
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Table 3. Efficacy of DE-638 on CYPSS* at 28 DAA (% biomass reduction).

Days after No. of DE-638 (g ai ha™’
Sowing Country observation 7.5 10 12.5) 15

3 -5DAS Philippines n=4 100.0 100.0 100.0 100.0
Vietnam n=4 85.0 91.3 92.5 97.5
6 -9 DAS Malaysia n=4 80.0 95.0 95.0 100.0
Philippines n=2§ - 100.0 100.0 100.0
Thailand n=4 93.3 96.7 100.0 100.0
Vietnam n=_8 81.3 89.4 88.2 96.9
10-12 DAS  Malaysia n=4 - 85.0 - 100.0
Philippines n=3_§ - 100.0 100.0 100.0
Thailand n=4 - 85.0 933 95.0
Vietnam n=12 - 89.2 93.2 96.3
13-16 DAS Malaysia n=12 - 85.0 93.0 88.3
Philippines n=20 100.0 100.0 100.0 100.0
Thailand n=2_8 - 883 90.0 100.0
Vietnam n=20 71.5 87.0 91.3 96.3

* CYPSS in Malaysia and Vietnam was CYPIR and in Philippine and Thailand was CYPDI
Efficacy of DE-638 on Sphenoclea zeylanica (SPDZE)

Table 4 demonstrates that 10 g ai ha! DE-638 provided more than 85% control of
SPDZE with an application window of 3-16 DAS.

Table 4. Efficacy of DE-638 on SPDZE at 28 DAA (% biomass reduction).

Days after Country No. of DE-638 (g ai ha")
Sowing observation 7.5 10 12.5 15

3 -5DAS Philippines n=4 100.0 100.0 100.0 100.0
Vietnam n=3 77.5 96.9 96.3 98.2
6 -9 DAS Philippines n=4 100.0 100.0 100.0 100.0
Thailand n=238 100.0 100.0 100.0 100.0
Vietnam n=_§ 77.5 86.9 04 4 95.7
10-12 DAS  Philippines n=_2 - 100.0 100.0 100.0
Thailand n=38 - 100.0 100.0 100.0
Vietnam n=12 - 92.5 95.7 97.9
13-16 DAS  Philippines n=12 - 100.0 100.0 100.0
Thailand n=12 - 100.0 100.0 100.0
Vietnam n=20 - 90.9 93.0 96.9

Efficacy of DE-638 on Monochoria vaginalis (MéOVA)

Table 5 demonstrates that 7.5 g ai ha” DE-638 provided more than 90% control of
MOOVA with an application window of 3-16 DAS across ASEAN countries.
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Table 5. Efficacy of DE-638 on MOOVA at 28 DAA (% biomass reduction).

Days after Country No. of DE-638 (g ai ha™)

Sowing observation 7.5 10 12.5 15
3-5DAS Philippines n=4 100.0 100.0 100.0 - 100.0
6 -9 DAS Malaysia n=4 90.0 95.0 95.0 100.0

Philippines n=4 - 100.0 100.0 100.0

10-12 DAS  Philippines n=12 - 100.0 100.0 100.0
Vietnam n=4 - 98.8 100.0 100.0

13-16 DAS Malaysia n=4 - 100.0 100.0 100.0
Philippines n=20 100.0 100.0 100.0 100.0

Vietnam n=4 - 100.0 100.0 100.0

Indonesia n=4 - 100.0 100.0 100.0

Summary on efficacy of DE-638 on common weeds listed.

Overall, the trial results shown in Tables 1-5 and illustrated in Figures!-3 demonstrate
that DE-638 was very efﬁcacmus on common weeds in rice. Farmers can apply a very
low use rate of 10-15 g ai ha to attain more than 85% control of key important weeds.
This product will provide farmers a very flexible timing of application when compared
with other current products that at certain rate provided one of two choices, either early
post application of 3-9 DAS or late post application of 12-15 DAS.

Graph1: ECHCG Control across ASEAN countries
(% Biomass Reduction at 28 DAA)

100 —

48" TRHRE e
i

I I I I T I ! I T I I I
'b‘b©q,© @q’@’@fb‘b(@,b%@ & ©¢b‘b ©q,© & "b‘b© & ,—ofb ¥

& & T AT &, &

35DAS 6-9 DAS 10-12 DAS 13-16 DAS

% Control

70 —

672




% Control

100

as

90

-

Graph 2: CYPSS Control across ASEAN countries

(% Biomass Reduction at 28 DAA)

HE

7

|

i

|

85

1 T 1 I ] 1 ) 1 1 ] 1 T
fb‘b©q,© fb‘b© fb‘b@
& &
MW S &°
3-5 DAS

@ @
@. .-bq; b,gb rt?’
P K &°
6-9 DAS

10-12 DAS 13-16 DAS

Graph 3: SPDZE Control across ASEAN countries
(% Biomass Reduction at 28 DAA)

ik

o H ).

100 —

95

% Control

) |

3-5 DAS 6-9 DAS 10-12 DAS 13-16 DAS

Efficacy of mixture of DE-638 + Cyhalofop on Leptochloa chinenses (LEFCH)

DE-638 at10-30 g ai ha” did not provide commercial control of LEFCH. However,
cyhalofop-butyl made an excellent tank mix partner for control of LEFCH without
antagonizing the control of ECHCG and other weeds listed. The result of this mixture as
shown in Table 6 demonstrates that 10+50 to 12.5+62.5 g ai ha' of DE-638 +
cyhalofop-butyl, respectively, provided more than 85% control of this weed without
antagonizing ECHCG control.
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Table 6. Efficacy of DE-638 + Cyhalofop on LEFCH at 28 DAA
(% biomass reduction).

Days after Country No. of DE-638 + Cyhalofop (g ai ha™)
Sowing observation 10+ 50 12.5+62.5 15+ 75
3 -5 DAS Vietnam n=12 90.9 94.2 99.6
6 -9 DAS Thailand n=12 94.4 100.0 100.0
Vietnam n=12 89.6 94.2 98.0
10 -12 DAS  Philippines n=12 96.4 99.7 95.0
Thailand n=_§ 89.2 91.7 95.0
Vietnam n=12 90.7 94.2 97.5
13-16 DAS  Philippines n=20 96.2 100.0 98.4
Thailand n=28 70.0 85.0 91.7
Vietnam n=16 05.3 95.0 99.1

In summary, low use rates of 10-15-g ai ha™ DE-638 provided more than 85% control of
above common weeds in direct seeded and transplanted rice in tropical rice culture. DE-
638 +cyhalofop-butyl is an efficacious mixture for truly broad-spectrum grass,
broadleaf and sedge control in ASEAN rice.
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Glyphosate SP (Feida) and its Use Techniques

! Chu Jian§jun and 2 Zhang Hong-xiu
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Abstract: A new herbicide product, Glyphosate Soluble Powder, was invented and
produced by Nantong Feitian Chemical industrial Co. Ltd. This product was
registered in the end of 1997 and patent right was obtained in 2001 in China. This
paper provides the weed control spectrum, weed control in peach, fellow after wheat,
and rubber plantation and the advanced techniques and directions for use of this new
product.

Key words: Glyphosate SP, new herbicide
INTRODUCTION

Glyphosate has been been used as a major non-selective herbicide with the widest
application area in the world for its "wide spectrum, high efficacy and low toxicity".
However, due to its low solubility in water, this compound must be made into salt by
combination reaction with other compositions such as ammonia before field use.

Glyphosate SP (commercial name Feida), was studied and produced only by Nantong
Feitian Chemical Industrial Co. Ltd. The product was registered in the end of 1997.

This product can dissolve in water at a high-speed. The unique characteristic of this
product is that it is mixture between glyphosate and SDP, a natural adjuvant extracted
from plants. The production process is easy to operate and avoids the use of
materials that have high toxicity, easy to explode and burn.

Spectrum of weeds controlled by Glyphosate SP

Trials in field borders, mulberry fields, fruit gardens, tea gardens, and other non-tilled
fields were conducted from 1996 to 1999 in Jiangsu and Zhejiang province. The dose
used for 30% Glyphosate SP were 0.75, 1.125, 1.5, 1. 875 2.25, 2,625, 3.00, and
7.5kg ha™l. The herbicide spray volume used was 450 h ha™.

Following are the weed control efficacy parameters gathered:

1. Percent weed control by species = — number of plants/species in plots with
herbicide treatment)/ ( number of plants/species in the check plots (CK)

2. Fresh weight weed control = (fresh weight of weeds/species in the CK - fresh
weight of weeds/species in herbicide treated plots)/ fresh weight of
weeds/species in the CK
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RESULTS AND DISCUSSION

The results obtained showed that almost all annual, biennial, or perennial weed species
were sensitivity to 30% Glyphosate SP .at the dose of 0.75kg ha” to 3.00 kg ha’,
although the herbicide efficacy to weeds varied with the change of weed species and
herbicide dose. Integrating the results obtained in different areas and in different years,
weed species investigated and the weed control over them are listed as follows:

Table 1. Weed species and weed control of Glyphosate SP at 1.5 and 3.0kg ha
application rate.

Weed control*

Weed species . 0
.5 kgha' 3 kg ha”

Chinese Silvergrass (Miscanthus sinesis)

Mugwort Wormwood (Artemisia argyi)

Alligator Alternathera (Alternanthera philoxeroides)
Sibirian Cocklebur (Xanthium sibiricum)

Indian Hemp (Abutilon theophrasti)

Common Crabgrass (Digitaria sanguinalis) 5 5

Goosegrass Wiregrass (Eleusine indica) 3 3

Green Bristlegrass (Setaria vividis) 5 5

Annual Bluegrass (Poa annua) 4 5

Bairnyardgrass (Echinochloa crusgalli) 4 5

Equal Alopecurus (Alopecurus aequalis) 5 5

Common Chickweed (Stellaria media) 5 5

Chinese Pennisetum (Pennisetum alopecuroides) 4 4

Lambsquarters Goosefoot (Chenopodium album) 5 5

Hairy Bittercress (Cardamine hirsuta) 5 5

Spiny Amaranth (Amarabthus spinosus) 5 5

Slender Catchweed Bedstraw (Galium aprine) 5 5

Annual and Annual F leaba'ne (Erigeron annus) 4 5

biennial Temat'e Pinellia (Pinellia ternata) 5 5

weeds Perfoliate Knotweed (Polygonum perfoliatum) 5 5

Flower Gentle (Admaranthus tricolor) 5 5

Arista Goosefoot (Chenopodium aristatum) 5 5

Sunspurge (Euphorbia helioscopia) 3 4

Canton Buttercup (Ranunculus cantoniensis) 4 5

Common Dayflower (Commeling communis) 4 4

Scabrous Hedgeparsley (Torilis scabra) 4 5

Japanese Mazus (Mazus japonicus) 5 5

Japanese Paspalun (Paspalum thunbergii) 3 4

Flowerofanhoux (Hibiscus trionum) 5 5

Common Ragweed (Ambrosia artemisifolia) 3 4

Japanese Hop (Humulus scandens) 5 5

Common Knotweed (Polygonum avicularé) 3 3

Prostrate Yerbadetojo (Eclipta prostrata) 4 5

Bermudagrass (Cynodon dactylon) 3 4

Nutgrass Galingale (Cyperus rotundus) 4 S

Common Cephalanoplos (Cephalanoplos segetum) 4 5

Lalang Grass ({nperata cylindria) 4 5

. Amur Silvergrass (Miscanthus saccharifiorus) 4 5
Perennial . . d

Common Reed (Phragmittes communis) 3 4

weed 4 5

4 5

5 5

4 5

4 5

® In the above table, "5" means more than 95% weed control, "4" means more than 83% and less than
95% weed control, "3" means less than 85% weed control,
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and tea due to herbicide by-products and its residues. The 30% Glyphosate SP contains
minimum by-products, and its active ingredient can be rapidly decomposed in soil and
water into materials that do not affect plants and environment. This product has more
merit on weed control and environment protection compared with 10% glyphosate and
other kinds of herbicides.

It was found in the field experiments that some perennial weeds such as bermudagrass
(Cynodon dactylon) and common reed (Phragmittes communis) and some others can not
be effectively controlled by Feida at less than 3kg ha! so it is necessary to raise the
herbicide dose to increase its efficacy.

Weed control in peach garden, fellow after wheat and rubber plantation

1. Peach garden (Nanjing)

Field trials were conducted in June in a peach garden in Jiangsu Academy of
Agricultural Science. The experimental land area was 9650 m2. The main weeds in the
field are Erigeron annuus, Setaria vividis, Leonurus japonica, Commelina communis,
Humulus scandens, Amaranthus spinosus, Convolvulus arvensis, Cyperus rotundus, and
Cayratia japonica etc. Herbicide treatment was carried on 10™ June, and weed control
was investigated on 24™ July.
Herbicide dose: 30% Glyphosate SP: 150, 200, 250 g mu”!
41% Glyphosate ammonia salt: 200g mu’’

Result obtained showed that 30% Glyphosate SP could give excellent weed control in
peach garden (Table 2). It is suggested that the appropriate dose of this herbicide is
150g mu” for annual weeds and 200~250g mu’ for perennial weeds.

2. Fellow after wheat (Shijiazhuang)

The experimented field was located at the Houbei Food and Oil Crops Research
Institute. The main weeds were common crabgrass (Digitaria sanguinalis), goosegrass
wiregrass (Eleusine indica), green bristlegrass (S. vividis), and lambsquarters, and
! gooscfoot (Chenopodium album). Herbicide treatment was conducted on July 11" 1997
Table 3 shows the individual weed control at 20 days after herbicide spraying

Further investigation showed that the fresh weight reduction of the above treatment at
deses of 100, 150, 200, 250, 300g mu” (30% Glyphosate SP), 100, 200, and 300 mi mu’
! (41% Glyphosate ammonia salt) are 63.8%, 79.6%, 90.9%, 97.0%, 97.6%, 64.2%,
88.1%, and 97.4%, respectively.

It can be concluded that the herbicide 30% glyphoééte SP was as effective or even more
effective than glyphosate ammonia salt while the weed death was 2 to 3 days earlier.
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Table 2. Weed control in peach garden (Nanjing, 1997).

Weed individuals before spraying (plants/0.2 m>)

Weed species CK G 150gmu” G200g mu" G250g mu” R200g mu’!

Erigeron annuus 203 21.8 20.3 21.5 20.3
Setaria vividis 13.8 13.8 14.0 14.3 13.5
Leonurus japonica 5.8 6.0 5.5 4.8 53
Commelina communis 43 4.8 5.5 3.8 5.0
Humulus scanden 15.5 13.5 14.0 14.3 13.8
Amaranthus spinosus 3.8 4.3 3.8 3.5 3.5
Convolvulus arvensis 33 33 3.8 4.0 3.5
Cyperus rotundu 4.5 4.8 5.3 5.0 4.3
Cayratia japonica 3.0 3.5 43 4.0 3.8
Dead rate (25d) 0 100 100 100 100
Fresh weight weed control (%) 0 97.5 98.8 99.8 08.5

® [n the above table, "G" means 30% Glyphosate, "R" means 41% Glyphosate ammonia salt.

Table 3. Individual weed control (%) in fellow after wheat (Shijiazhuang, 1997).

Treatment 30% Glyphosate SP 41% Glyphosate salt
(g or ml mu™) 100 150 200 250 300 100 200 300

Grass weeds
Digitaria sanguinali  31.7  65.6 83.9 100 100 39.1 73.0 100

Eleusine indic 433 78.0 80.0 100 100 44.7 82.0 100
Setaria vividis 74.8 953 100 100 100 74.2 95.1 100
Echinochloa 1.7 36.7 31.6 100 100 40.0 65.0 100
crusgalli

Total 502 773 85.6 100 100 54.8 85.2 100
Broadleaf weeds

Portulaca oleracea 405 614 85.8 863 903 421 58.7 873
Amaranthus 933 917 100 100 100 91.7 91.7 100
retroflexus

Acalypha australis 40.0 40.0 45.4 g81.8 81.8 89.1 45.5 98.1
Abutilon theophrasti 0 41.7 28.3 833 817 0 0 70.5
Convolvulus arvensis 555 555 100 100 100 0 66.7 100
Pharbitis nil 0 16.3 12.5 323 60.8 0 0 26.6
Chenopodium album 372 65.1 100 100 100 18.6 32,6 100
Polygonum aviculare 0 0 6.7 0 0 6.7 433 16.7
Erigeron annuus 0 0 100 100 100 0 0 100
Humulu scandens 333 333 333 100 100 0 333 100
Total 355 69.0 78.2 86.4 86.7 30.9 50.3 87.0

Final weed control 354 60.5 81.6 925 92.7 418 699 924

It is suggested the appropriate dose of herbicide 30% Glyphosate SP are 200g mu” for
annual weeds and 200 to 250g mu™ for perennial weeds in fellow.

3. Rubber plantation

The perennial weed Imperata cylindria is the major malignant weed in rubber plantation
in Hainan province. Trials to control this weed with 30% Glyphosate SP and 41%
Glyphosate ammonia salt were conducted in August 1998 in Haikou. Results (the data
is omitted here) obtained showed that 500 g Glyphosate mu™ provided the same control
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of I cylindrcia compared to 500 ml Glyphosate ammonia salt mu’" The application of
300 g Glyphosate mu’' gave approximately the same control as that of 300ml
Glyphosate ammonia salt mu”. This result indicates that 30% Glyphosate SP at the
dose of 300~500g mu’' can provide good control of L cylindrica.

The advanced techniques of Glyphosate SP

Glyphosate SP has a pale yellow to yellowish brown powder color. The main technique
targets are as Table 4.

Table 4. Physical and chemical targets.

Item Targets
Glyphosate content, %(m/m)2 30.0
No-dissoved matter in water, %(m/m)= 0.5

pH 2.0-4.0

The most important and advanced characteristic of the product is the initiated
application of SDP, the new and high effective adjuvant isolated from plants. The
mixture of glyphosate and SDP is easy to produce and provides an excellent solution the
problem of glyphosate being hard to disslove in water, avoids the use of materials that
are highly toxic, easy to explode and burn. The four years of weed control experiments
and practice in 16 provinces in China showed that Feida could give better control over
weeds with about 20% less cost compared with the herbicides of glyphosate salts. The
five major merits of this product are as follows:

1. Feida was produced through a physics process, thus avoiding the second pollution in
traditional craft in which some materials with high toxicity, easy to explode and burn
were used. SDP, the natural adjuvant from plants used in the product has no toxicity,
and residue, does not pollute the environment and has synergistic action to herbicides,
with high stability. The efficacy of Feida is equal or better compared with the
herbicides of glyphosate salts at the same dose.

2. The toxicity of Feida is lower. The adjuvant used in Feida is SDP that does not have
other toxic compositions, so the toxicity of Feida is lower. The inspection report by the
Jiangsu Provincial Sanitary & Anti-Epidemic Station showed that the oral L.Dsq of the
male and female rats were 9260 mg kg and 7940 mg kg™, respectively, and the score
of the acute dermatl irritation test and the integral index of the acute eye irritation test on
rabbit were all zero.

3. Feida is easy to dissolve in water, easy to use, easy to pack and transport.
4. The cost of Feida is lowest of all the same kinds of herbicides.
5. The efficacy of Feida would not decline when there is a rain 3 hours afier spraying.
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Directions for use
Use category

As a non-selective herbicide, Feida can be used in field borders, irrigation canals, sides
of highways or railways, atrports, oil depositories, and other non-tilled fields, or used in
mulberry fields, fruit gardens, tea gardens, bamboo fields, and rubber gardens,
Otherwise, Feida can be used by directional spraying in maize, soybean, sorghum,
cotton, and sugarcane fields. In this case, the spray nozzle must be low to avoid crop
leaves from coming into contact with the herbicide. Feida can be also used for stubble
cleaning in wheat, rape, sugarcane, and other crop fields to control weeds before crop
planting. Reports from Guangdong province showed that 10% glyphosate used for
stubble cleaning would decrease emergence rate of sugarcane by 20% while Feida
would not affect sugarcane emergence.

Dose
In general, Feida is used in fields at the dose of 3 kg ha™. But due to the various
situations in fields, users should select application doses according to weed populations

and their growth states. Some common weed species and herbicide dose involved
recommended are as foliows:

Table 5. Common weed species and herbicide dose.

Weed species Dose (kg ha)
Common Crabgrass (Digitaria sanguinalis)
Goosegrass Wiregrass (Eleusine indica)
Green Bristlegrass (Setaria vividis)

Annual Bluegrass (Poa annua)

Annual weeds | Equal Alopecurus (4lopecurus aequalis) 3
Common Chickweed (Stellaria media)
Lambsquarters Goosefoot (Chenopodium album)
Hairy Bittercress (Cardamine hirsuta)

Spiny Amaranth (4dmarabthus spinosus)

Slender Catchweed Bedstraw {Galium aprine)
Bermudagrass (Cynodon dactylon)

Nutgrass Galingale (Cyperus rofundus)

Common Cephalanoplos (Cephalanoplos segetun)
Lalang Grass (Inperata cylindria)

Perennial weeds | Common Reed (Phragmittes communis) ' 3.75
Mugwort Wormwood (Artemisia argyi) )
Alligator Alternathera (dlternanthera philoxeroides)

Dilution

Four hubdred fifty to 750 kg ha” water is suitable for diluting Feida when it is for field
use. According to weed density and growth stand, users can decide whether to use low
or high water volume of herbicide solution but should be within the limits
recommended.

680



Important Notes

I.

Glyphosate SP is a non-selective herbicide, so users should avoid the herbicide
from coming into contact with crop leaves.

This herbicide is only effective for controlling weeds by stem and leaf spraying,
and not effective for controlling weeds when sprayed on the soil.

No re-spraying or missing spraying when the herbicide 1s used in the fields,

Use clear water to dilute the herbicide. Murky water would decrease the weed
control efficacy.

Use this herbicide at proper dose and spray volume to bring the herbicide
efficacy into full effect.

Take care in mixing Feida with other herbicides. This product contains high
effective natural adjuvant, so other adjuvants are not needed when it is used.
Wash sprayer thoroughly to avoid damage to crops when the sprayer is used in
crop fields later. " L
Quality guarantee period: 2 years.
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Formulation Factors Influencing Effective Herbicidal Action of a
Floating Granule of LGC-42153

T.Y. Kim, K. G. Kang, D. S. Kim, J. N. Lee and S. J. Koo
Agrochemical Research Institute, LG Life Sciences Ltd., Daejeon, Korea
dosoonkim(@lgls.co.kr

Abstract: The novel sulfonylurea herbicide LGC-42153 can control Echinochla crus-
galli and a wide range of annual and perennial weeds in paddy rice field at 20~30 g ai
ha”. Since the herbicide provides broad weed control spectrum as a solo product,
development of laborsaving formulations can be easier and more flexible than the
conventional mixture herbicides in Korea and Japan. A series of experiments was
conducted to optimize formulation factors of a self-dispersible floating granule that can
be used at a low application volume (5 kg ha™). In this report, we describe the classified
main characteristics that an ideal formulation has to possess, selection of appropriate
media based on established critical level of each character, and the physico-chemical
properties and biological performance of the selected formulation.

Key words: LGC-42153, laborsaving, floatation, dispersal, granule
INTRODUCTION

Recently many laborsaving formulations and application systems have been developed
to reduce labor input, particularly for the weed control in paddy-rlce field. Since the
introduction of “1 kg” (used at the application volume of 1 kg 10a™"y granules in Japan,
laborsaving formulations such as flowable, jumbo formulations, and spreading oil have
been used widely in Japan (Takefumi et al. 2001). These formulations enable farmers to
apply the formulation from levee by hand or application equipment (Noritake 1993).

LGC-42153 is a new sulfonylurea herbicide that controls E. crus-galli effectively as
well as other annual and perennial weeds at 20~30g ai ha”, indicating that LGC-42153
alone can be an one-shot rice herbicide without other grass-killer partners such as
carbamates and aryloxyphenoxy propionic acids. This biological property has been
waited for long in sulfonylurea chemistry since the introduction of bensulfuron-methyl.

In this paper, we describe a floating self-dispersible “500 g” (used at the application
volume of 500 g/10a) granule of LGC-42153 without water-soluble pack as a type of
laborsaving formulation. This floating granule submerges down to the soil surface
immediately after application, then floats up onto the water surface, and releases the
active ingredient as the granule disperses rapidly across a long distance. This study was
conducted to select appropriate formulation ingredients for each characteristic, floating
capacity or dispersibility, and to make the granule physico-chemically more self-
dispersible and biologically stable.

MATERIALS AND METHODS

The self-dispersible “500 g” granule containing LGC-42153 of 2.1 g (0.42% w/w)
requires specific characteristics; submerging after being applied, floating within a few
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minutes, dispersing to a long distance within a short period of time (long distance
dispersal) and finally releasing or diffusing active ingredients (short distance dispersal).
To optimize these characteristics, this study was conducted stepwise by examining
formulation ingredients (Table 1) and granule size involved in each characteristic.

Table 1. Formulation ingredients used in this study.

Category Formulation ingredients

Binders Aaravia gum, Dextrin, Gellan gum, Guar gum, Locust bean gum,
PEG6000 (polyethyleneglycol), Sodium alginate, Tara gum, Xanthan
gum, Na-CMC (sodium carboxymethylcellulose), PVP
(polyvinylpyrrolidone), SPA (sodium polyacrylate), PVA (polyvinyl
alcohol)

Potassium chloride, Ammonium chloride, Sodium sulfate, Ammonium

Water-soluble sulfate, Urea, Sodium benzoate, Glucose, Lactose

fillers

EP4C (sodium di-ethylhexylsulfosuccinate), Surfynol 440 (ethoxylated
Wetters/ 2.4,7.9-tetramethyl-5-decyn-4,7-diol), Q2-5211 (polyoxyethylene
Dispersants  modified polydimethyl siloxane) :

Formulation preparation

To evaluate the effects of binders on granulation and floatation, various types of
polymers, listed in Table 1, were added into a template granule formulation, which
contains the same amount of potassium chloride, EP4C, and so on. Samples were
prepared at a 200 g scale. The dry ingredients (Table 1) including LGC-42153 were
blended using a Ken mixer (KM-600, AICOH Co, Japan), followed by a wet blending
step in which sufficient water (10~13% w/w) was added. Blended samples were then
transferred to a laboratory extruder (KAR-75, Tsutsui Co, Japan) for granulation by
extruding them through the screen with holes of different sizes. The extruded granules
were dried at 500 for about 3 min in a laboratory fluid bed drier (TG100, Retsch Co,
Germany).

Measurement of floatation

To investigate the influence of ingredients and granule sizes on floatation, experimental
granules containing different binders or water-soluble fillers were prepared with
different sizes as described above. Five granules of a uniform size in each granule
sample were placed gently into a 500 ml beaker containing tap water at 5 cm depth.
Then, the floating time of each granule was recorded.

Measurement of dispersal of LGC-42153

To evaluate the influence of the wetters/dispersants and granule sizes on dispersal of
LGC-42153, granule samples were formulated at different sizes. The granule samples
contained the same binder and filler selected on the basis of floating time in the above
study. For simple quantification of dispersed LGC-42153 without clean-up process,
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application dose rate of LGC-42153 was 90 g a.i. ha™’, about four times higher than the
recommended dose. Accurately weighed granules containing about 18.9 mg of LGC-
42153 were spot-applied at the top front of a specially designed Styrofoam box (0.3
mx10 m) laid black vinyl sheet and containing 150 L of tap water (5 cm in depth). At
different time intervals, aliquots of 1 mL were sampled at three points at 7 m away from
the treated spot. Three aliquots were filtered and analyzed using a high performance
liquid chromatography (HPLC) to quantify LGC-42153.

Biological evaluation

An indoor paddy field test was conducted to evaluate the biological performance of the
floating granule selected in the above studies as compared with a conventional “3 kg”
(used at the application volume of 3 kg/10a) granule formulation. The indoor paddy
field system was designed to be 0.32 m deep x 0.3 m wide x 13 m long using Styrofoam
box filled with paddy soil up to 20 cm. Top soil was puddled after top irrigation and
seeds of E. crus-gall were sown at 3 days after puddling. As soon as the seedlings
emerged, water depth was maintained at 5 cm throughout the experiment period. At the
3 -leaf stage of E. crus-galli, the selected floating “500 g” granule and a conventionally
formulated “3 kg™ granule, at the LGC-42153 dose rate of 21 g ai ha™, were applied at
the front of each system by hand. Efficacy was visually assessed at 30 days after
application.

RESULTS AND DISCUSSION
Selection of binder

All the granules containing different binders listed in Table 1 did not float (collapsed or
soluble in water) except for those with SPA (sodium polyacrylate) and xanthan gum
(Table 2). It is thought that the reason for floating capacity of these granules using SPA
and xanthan gum may be due to the capacity of keeping airs in the network or matrix
structure within a granule (Mikio et al. 1991). Although both xanthan gum and SPA
made the granule to float readily, dispersal after floatation was different. While the
granules containing 5% xanthan gum disintegrated slowly, that with 5% SPA
disintegrated rapidly although its shape in water was somewhat distorted. These results
imply that blending of SPA and xanthan gum could optimize granulation, floating
capacity, and disintegration property of the granule. When they were blended, floating
capacity improved slightly with increasing xanthan gum at a constant content of SPA,
but floatation was delayed with increasing SPA at a constant content of xanthan gum
(Figure 1). Based on this result, the contents of SPA and xanthan gum were fixed at 0.8
and 0.5%, respectively, for further studies. i
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Table 2. Granulation and floatation properties of the granules as affected by binders.

Binders Degree of granulation Floating time (second)
Na-CMC Intermediate Not detected (soluble in water)
Dextrin Good Not detected (soluble in water)
PVA Intermediate Not detected (soluble in water)
SPA Poor 239

PVP Good Not detected (soluble in water)
PEG6000 Good Not detected (soluble in water)
Sodium alginate Good Not detected (soluble in water)
Xanthan gum Poor 117

Gellan gum Poor Not detected (soluble in water)
Tara gum Poor Not detected (soluble in water)
Locust bean gum Good Not detected (soluble in water)
Arabic gum Intermediate Not detected (soluble in water)
Guar gum Good Not detected (soluble in water)

* These GRs were made using the same template containing LGC-42153, EPAC, and potassium chloride
and varying binders (5.0%).
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Figure 1. Floating time of the granules as affected by the contents of SPA (A) and xanthan gum
(B). These granules were made using the same template containing LGC-42153, EP4C,
and potassium chloride and varying the relative content of SPA and xanthan gum.

Selection of water-soluble fillers i

To examine the suitability of potassium chloride in comparison with other fillers,
potassium chloride was replaced with other soluble fillers. For granulation, most fillers
were good except Na;SOy and sodium benzoate (Table 3). Regarding floating time, the
granule containing urea floated most quickly in 122 seconds, followed by those
containing KCl, sodium benzoate, and glucose, while those containing (NH4)2504 and
lactose failed to float. After floatation, the disintegration property was best with KCl,
disintegrating immediately. Therefore, this result suggest that KCI is the muost
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appropriate filler among the tested.

Table 3. Physical properties of the granules as affected by fillers.

. Degree of Floating time Disintegration of granules
Filler . .
granulation {second) after floatation
KCl Good 142 Disintegrated immediately
NH,4Cl1 Good 357 Disintegrated 2~3 seconds
NazSO4 Intermediate 792 later
(NH,4),80, Good Not floated Disintegrated 2~3 seconds
Urea Good 122 later
Sodium Poor 154 Not applicable
benzoate Good 230 Not disintegrated
Glucose Good Not floated Disintegrated 2~3 seconds
Lactose later
Disintegrated 2~3 seconds
later
Not applicable

LSD .05 81.5

Template formulation: LGC-42153, EP4C, SPA, xanthan gum and fillers to 100%.

Withatthe spread and dispersal of an active ingredient after floatation is firstly
Cn Vito: force generated during the disintegration of granules on the water
ating such a driving force, surfactants such as wetters and dispersants
preading agent.
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appropriate filler among the tested.

Table 3. Physical properties of the granules as affected by fillers.

Fil Degree of Floating time Disintegration of granules
iller . A
granulation (second) after floatation
KCl Good 142 Disintegrated immediately
NH,4CI Good 357 Disintegrated 2~3 seconds
NapS0y4 Intermediate 792 later
(NH4),S0, Good Not floated Disintegrated 2~3 seconds
Urea Good 122 later
Sodium Poor 154 Not applicable
benzoate Good 230 Not disintegrated
Glucose Good Not floated Disintegrated 2~3 seconds
Lactose : later
Disintegrated 2~3 seconds
later
Not applicable
LSD g5 81.5

Template formulation: LGC-42153, EP4C, SPA, xanthan guim and fillers to 100%.
Selection of wetter/dispersants

It is thought that the spread and dispersal of an active ingredient after floatation is firstly
due to the driving force generated during the disintegration of granules on the water
surface. In generating such a driving force, surfactants such as wetters and dispersants
can contribute as a spreading agent.

Dispersal capacity was assessed by measuring L.GC-42153 concentration at 7 m apart
from the applied spot at different time intervals. In all the formulations, the maximum
concentration was reached at about 72 h after application; however, the concentration of
LGC-42153 was almost instantaneously (within 1 h) 60 to 80% of the maximum in the
formulations containing EP4C, Surfynol 440, or Q2-5211 (Fig. 2). By comparison, in
the conventional “3 kg” granule, the concentration of LGC-42153 distant from the
applied spot was initially very low and increased linearly until 72 h, suggesting
dispersion was solely dependent on diffusion of the active ingredient. Therefore, it was
evident that these surfactants contribute greatly in dispersion of the disintegrated
particles on the water surface. Among the surfactants, Surfynol 440 gave the GR the
best disperibility.

-
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Selection of wetter/dispersants

It is thought that the spread and dispersal of an active ingredient after floatation is firstly
due to the driving force generated during the disintegration of granules on the water
surface. In generating such a driving force, surfactants such as wetters and dispersants
can contribute as a spreading agent.

Dispersal capacity was assessed by measuring LGC-42153 concentration at 7 m apart
from the applied spot at different time intervals. In all the formulations, the maximum
concentration was reached at about 72 h after application; however, the concentration of
LGC-42153 was almost instantaneously (within 1 h) 60 to 80% of the maximum in the
formulations containing EP4C, Surfynol 440, or Q2-5211 (Fig. 2). By comparison, in
the conventional “3 kg” granule, the concentration of LGC-42153 distant from the
applied spot was initially very low and increased linearly until 72 h, suggesting
dispersion was solely dependent on diffusion of the active ingredient. Therefore, it was
evident that these surfactants contribute greatly in dispersion of the disintegrated
particles on the water surface. Among the surfactants, Surfynol 440 gave the GR the
best disperibility.
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Figure 2. Time-course change in LGC-42153 concentration at 7 m apart from the applied point
of the various granules containing different wetters/dispersants.

Template formulations for the GRs: LGC-42153, wetter/dispersant, SPA, xanthan gum, KCi to 100%, and

for the conventional 3kg GR: LGC-42153, EP4C, sodium lignosulfonate, dextrin, Na-bentonite, talc to

100%. Theoretical maximum concentration of LGC-42153: 0.126ppm.

Effects of granule size on floatation and dispersal

It was assumed that granule size would affect the floatation and dispersal of granules.
As the granule size of the conventional “3 kg” granules ranges from 0.7 to 1.2 mm in
diameter, we tested the experimental granules range from 0.5 to 1.5 mm in diameter.
Figure 3 shows that the smaller the granule size, the faster its floating time; and
dispersal of the granule also varied with its granule size. To disperse an active ingredient
to a long distance in a short time, our results suggest that smaller granules are more
appropriate. However, a small-sized granule is difficult to broadcast and can be
influenced by wind. In addition, the dispersal of LGC-42153 formulated in 1.0 mm
granule was similar to that of 0.7 mm granule. Therefore, we determined the optimal
diameter of the granule to be 1.0 mm for the biological efficacy test.
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Fig. 3. Floatation of granules (A) and dispersal of LGC-42153 (B) as affected by granule size.
Template formutation: LGC-42153, Surfynol 440, SPA, xanthan gum, fillers to 100%.
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Biological performance of the floating granule

When the conventional “3 kg” granule was spot-applied, E. crus-galli was controlled up
to about 6 m away from the treated spot; however, control decreased dramatically in a
farther distance, showing no control from 9 m. By comparison, efficacy of the floating
granule was complete up to about 9 m and evident in the region farther than 9 m (Fig. 4).
This result suggests that LGC-42153 has a good intrinsic diffusion potential and floating
granule technology increases the dispersal of LGC-42153 greatly.

10

Weed control

0 + . . . ERE

0 2 4 6 8 10 12 14
Distance from application {m}

Fig. 4. Biological performance of the floating granules (@) in comparison with the conventional
. “3 kg” GR (O) in controlling Echinochloa crus-galli.

In conclusion, the results of this study suggest that the floating granule we developed
offers very good dispersibility and can be applicable to current rice cropping systems.
Under the field condition, performance of the new granule was equivalent to that of the
conventional “3 kg” formulation (data not shown). The floating granules can also save
labor very significantly as compared with the conventional granulés.
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Abstract: LGC-42153 is a new sulfonylurea herbicide being developed by LG Life
Sciences Ltd., Korea. This new herbicide can control barnyard grass (Echinochioa crus-
galli), broad- Ieaved and sedge weeds with a high level of crop safety At the whole plant
level, LDsp values for rice and barnyard grass were 83.8 g a.i. ha'' 4.5 gai ha' and I
respectively. /n vitro acetolactate synthase (ALS) enzyme assay revealed that ALS Iso
values of 1.GC-42153 were very little different between rice and barnyard grass
(8.38x107° vs. 9.38x107 M). In an in vivo ALS assay, rice treated with L.GC-42153
showed initial decrease in acetolactate accumulation within 6 h, but showed recovery
afterward reaching about 70% of the untreated control at 96 h. However, this recovery
did not occur in barnyard grass. In conclusion, this study suggests that LGC-42153
inhibits ALS and its selectivity mechanism between rice and barnyard grassdis due to
differential recovery mechanism of ALS in rice.

Key words: acetolactate synthase, Fchinochloa, selectivity, LGC-42153, sulfonylurea

INTRODUCTION

LGC-42153 is a new sulfonylurea herbicide being developed by .G Life Sciences Ltd.,
Korea. This new herbicide can control the major grass weeds such as Echinochloa spp.
and Digitaria spp, various broad-leaved weeds including Galium spp., and sedges,
while it is very safe to rice and cereal crops. Like other sulfonylurea herbicides, LGC-
42153 was assumed to inhibit ALS in plants. In this study we conducted whole plant
assay, and in vitro and in vivo ALS assays to investigate the mode of action of LGC-
42153 and determine the basis of selectivity between rice and barnyard grass.

MATERIALS AND METHODS

Whole plant assay

For foliar application, each 10 plants of rice (Oryza sativa cv. Chucheong) and
barnyardgrass (Echinochloa crus-galli) were grown in a plastic pot (100 cm?) in a
glasshouse maintained at 30/23 (day/night) + 3°C. Atthe 4-leaf stage, the herbicide was
sprayed using a COp-pressurized belt-driven sprayer (R&D Sprayer, USA) equipped
w1th an 8002E flat fan nozzle (Spraying System Co., USA) adjusted to dehver 300 L ha

!. Application rates of LGC-42153 (50% WG) were 10~320 g a.i. ha for rice and
2 5~80 g ai ha”' for barnyardgrass. Treated plants were then returned to the glasshouse
and watered by sub-irrigation as needed. Fresh weight was measured at 20 days after
application.

For soil application, 6 plants of 14 days-old rice seedlings were transplanted, and 20
seeds of barnyard grass were sown in separate plastic pots (200 cm?) containing paddy
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soil. The plants were grown in a submerged paddy condition at 3 cm water depth in the
glasshouse. At 3-leaf stage of barnyard grass, LGC-42153 (0.07% GR) and
pyrazosulfuron-ethyl (0.07% GR) were applied onto the paddy water in the pots at 1.25,
2.5, 5,10, 20, 40, and 80 g ai ha™ for barnyard grass, and 10.5, 21, 42, 63, 84, 168, and
336 g ai ha” for rice. At 34 days after application, fresh weight was measured.

The experiment was conducted in a completely randomized design with three
replications.

In vitro ALS assay

ALS was extracted from green seedlings of rice and barnyard grass at 3-leaf stage. The
enzyme extraction and assay were conducted using a modified protocol of Ray (1984).

In vivo ALS assay

Rice and barnyard grass seedlings at 3-leaf stage were prepared, and LGC-42153 was
sprayed at 30 g a.i. ha™ as described in the whole plant assay. After various periods of

time (6, 12, 24, 48, and 96 h), the plants were harvested and ALS activity was measured.

The amount of acetolactate accumulation iz vivo was determined by the method of
Simpson et al. (1995) using cyclopentanecarboxylic acid (CPCA) as the inhibitor of
keto acid reductoisomerase (KARI), the next enzyme to ALS in the pathway of the
branched amino acid synthesis. The rate of CPCA used in this experiment was 1 kg ha™,
and the pertod between CPCA and LGC-42153 application was 96 h.

Statistical analysis

All measurements were initially subjected to analysis of variance (ANOVA). For data
from whole plant and in vitro assays, the standard dose-response model {Streibig, 1980)
was fitted to estimate dose rates or concentrations causing 50% inhibition (LDsg or Isg
value) relative to untreated controls. All statistical analyses were conducted using
Genstat 5.

RESULTS AND DISCUSSION

When ap]lalied foliarly in the glasshouse condition, the whole plant LDsq values were 4.5
g ai ha' and 83.8 g a.i. ha” for barnyard grass and rice, respectively, demonstrating
good selectivity between the weed and crop (Fig. 1). Similarly when applied to the soil,
the whole plant LDsq values were 0.58 g a.i. ha” and 182.9 g ai ha™ for barnyard grass
and rice, respectively. Therefore, selectivity of LGC-42153 was 315-fold between rice
and barnyard grass. In the same condition, LDsy values of pyrazosulfuron-ethyl were
3.45 and 323 g a.i. ha for barnyardard grass and rice, respectively, showing 94-fold
selectivity. This comparison demonstrates that selectivity of LGC-42153 is more than 3-
times greater than that of pyrazosulfuron-ethyl, mainly due to the stronger activity to

barnyard grass (3.45/0.53 = 6-fold).
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Figure 1. Dose responses of barnyard grass (A) and rice (B) to LGC-42153, which was
foliar-applied. The bar represents the standard error of three replicates and the
solid line represents fitted values.

120 120
A e LGC-42153(L0_:0.589)
= 1008 -0 - A PSE(LD_:345g) = 100
= TN, A IS
8 80 8 =80
‘G k=]
o =]
£ g0 < 60
= b=
= . O
2 4 g 40
5 A 5
220 I 201 e LGC42153(LD,; 1829 0)
S~ 4 PSE (LD, 323.1g)
0 - - 0 . . .
0.0 0.1 1.0 10.0 100.0 10004 0 1 10 100 1000
Herbicide dose (a ai ha™ Herbicide dose (o ai ha'ly

Figure 2. Dose responses of barnyard grass {A) and rice (B) to LGC-42153 and
pyrazosulfuron-ethyl, which were directly applied to the soil.

To determine if differential ALS sensitivity has a role in rice selectivity, in vitro enzyme
assay using ALS extracted from rice and barnyard grass was conducted. ALS Iy values
of LGC-42153 to rice and barnyard grass were 8.38x10™ and 9.38x10™ M, respectively.
However, ALS Iso values of pyrazosulfuron-ethyl were 2.29x107 M for rice and
1.17x10” M for barnyard grass (Fig. 3 and Table 1). The Iso values of LGC-42153 were
about 100 ~ 1000 times greater than those of pyrazgsulfuron-ethyl. Other sulfonylurea
herbicides such as chlorsulfuron, sulfometuron-methyl, and chlorimuron-ethy! had
similar Iso values to that of pyrazosulfuron-ethyl (Beyer et al. 1988; Gerwick et al.
1990). It was unique that, despite this marked weakness in in vitro ALS inhibition
activity, LGC-42153 had stronger whole plant activity than pyrazosulfuron-ethyl in
barnyard grass as shown in Figure 1. Therefore, in the herbicidal action at the whole
plant level, LGC-42153 is likely to involve some unknown physiology in the potent
herbicidal action. In terms of selectivity, the difference in in vifro ALS.Isp values
between rice and barnyardgrass was not great; therefore, differential ALS sensitivity did
not seem to contribute significantly.
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Figure 3. Dose response of ALS extracted from barnyard grass (A) and rice (B) to
LGC-42153, and pyrazosulfuron-ethyl. The bar represents the standard error
of three replicates.

Table 1. In vitro ALS I5p values of L.GC-42153 and pyrazosulfuron-ethyl to rice and
barnyard grass.

Herbicide Lso M)

Rice Barnyardgrass
LGC-42153 8.38x107 9.38x10”
Pyrazosulfuron-ethyl 2.29x107 1.17x107

In the in vivo assay, ALS activity was rapidly inhibited soon after application reaching
about 70% to 80% at 6 h in the both plants. After 12 h, rice ALS activity began to
recover and reached about 70% of that of the untreated plant at 96 h. However, this
recovery did not occur in barnyard grass (Fig. 4). This comparison demonstrates that
rice tolerance is mainly based on a recovery mechanism.
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Figure 4. Acetolactate accumulation in rice and barnyard grass after application of
LGC-42153. The bar represents the standard error of three replicates.
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In conclusion, LGC-42153 inhibited ALS of plants similar to other sulfonylurea
herbicides, but at a significantly higher concentration than pyrazosulfuron-ethyl. Further
investigation is needed to understand the relationship of the weak in vitro activity and
the potent whole plant activity. Selectivity at the target site was not apparent between
rice and barnyard grass, indicating that the selectivity mechanism of LGC-42153 will
involve other mechanisms. /n vivo assay showed that ALS activity was rapidly inhibited
in the both plants. This inhibition was recovered in rice, but not in barnyard grass,
indicating that this differential recovery is involved in rice selectivity. The specific
biochemical mechanism conferring this recovery in rice is yet to be investigated.
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Abstract: Novel tricyclic glycol benzyl ether compounds, having chiral 3, 3a, 3, 9b-
tetrahydro-2 H-furo{3,2-c][2]benzopyran (TFB) skeleton, were synthesized and their
herbicidal activities against paddy weeds were examined. TFBs were synthesized from
D-glucose, which was used as a natural chiral source. Herbicidal activity was mainly
influenced by the substituents at the 6- and 7- position of the TFB ring system.
Introduction of oxygen carrying small alkyl groups (e.g. methoxy group) at these
positions increased the selectivity between rice and annual paddy weeds such as
Echinochloa crus-galli. Further experiments indicated that (2R,3S5,3aS,9bR)-2-ethyl-
-3-(2fluorobenzyloxy)-6,7-methylenedioxy-3,3a,5,9b-tetrahydro-2 H-furo[3,2-C][ 2]

benzopyran (MT-147) has the most suitable herbicidal properties for paddy rice among
these compounds. MT-147 exhibited excellent herbicidal activity against annual paddy
weeds including barnyardgrass with pre- and post-emergence applications at 300 to
1000 g a.i. ha. No phytotoxicity was observed against rice plants at these dosages.

Key Words: chiral 3,3a,5,9b-tetrahydro-2 H-furo[3,2-c][2]benzopyran (TFB) skeleton,
D-glucose, Echinochloa crus-galli, glycol benzyl ether, herbicidal activity,
MT-147

INTRODUCTION

In the late 1960s, a variety of herbicidal glycol benzy! ethers, which were effective for
weed control in cereals, were discovered by Shell, and many other cyclic benzyl ether
herbicides were found out (Isaac et al. 1975, Grayson et al. 1987). The structural
features of these compounds were oxygen containing heterocyclic systems with
substituted benzyloxy groups or equivalent substituents (Fig. 1). We hypothesized that
the orientation of the oxygen in the heterocyclic system and that of benzyl ether were
closely related to herbicidal activity. If the orientation of these oxygen atoms was fixed
at favorable direction for the active site interaction by the rigid cyclic system, herbicidal
activity could be increased. Based on this hypothesis, various cyclic benzyl ethers,
which had rigid cyclic systems, were synthesized and their herbicidal activities were
elucidated. As a result, it was revealed that the tricyclic tetrahydro2H-
-furo[3,2-c][2]benzopyrans (TFBs, Figure 1) had good herbicidal properties against
annual paddy weeds (Arai et al. 1993). The reports on the synthesis of compounds with
TFB ring were very few, and there were no reports, which revealed that such
compounds have herbicidal activity. The only TFB derivative that reportedly exhibited a
biological activity was monocerin (Fig. 1). This compound was reported in 1970 as an
antifungal metabolite of Heminthosporium monoceras for the first time (Aldridge et al.
1970).
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Figure 1. Chemical structures of glycol benzyl ether herbicide, TFBs, and monocerin.

In the last two decades, the combination products of herbicides have been developed
and dominating the market of rice weed control in Japan. The most popular combination
products are so-called "one-shot" herbicides, which consist of graminicides and
compounds effective on broad leaf or sedge weeds. "One-shot” herbicides exhibit a
broad spectrum by a single application, providing farmers with laborsaving application
methods. We have found, through our intensive discovery program to develop a
graminicide for "one-shot" herbicide, that several TFBs had excellent herbicidal activity
on Echinochloa species.

In this study, several TFBs were synthesized, and structure-activity relationships were
examined. Herbicidal properties of the selected compounds, MT-147, were also
described.

MATERIALS AND METHODS
1. Synthesis of TFBs

Figure 2 shows the synthetic route for TFBs 9. The hydroxyl groups of I-, 2-, 5- and
6-position of D-glucose were protected by isopropylidene group to yield diacetonide 1.
The diacetonide 1 was benzylated with benzyl chloride and NaH in the presence of
phase transfer catalyst to give benzyl ether 2. The 5,6-isopropylidene group of benzyl
ether 2 was selectively hydrolyzed in 70% acetic acid to afford 5,6-vicinal diol 3.
Oleffination of vicinal diol 3 was furnished via 5,6-cyclic orthoester 4 to give olefin S.
Olefin 5 was treated with 5% palladium on carbon under hydrogen atmosphere to afford
xylohexofuranoside 6. Methanolysis of  1,2-isopropylidene  group  of
xylohexofuranoside 6 with p-TsOH gave the anomeric mixtures of methy! glycoside 7.
The 2-hydroxyl group of methyl glycoside 7 was reacted with benzyl chloride under
similar condition as etherification of 2 to yield anomeric mixtures of
2.3-dibenzylglucofranoside 8. These anomeric mixtures such as 7 and 8 were easily
separated into single isomers, for example by silica gel column chromatography, and
could be used for the subsequent reaction without separation of each isomer. Treatment
of the anomeric mixtures of 2,3-dibenzyl glucofranosides 8 with BF3+OEt; afforded
TFBs 9.
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Figure 2. Synthesis of TFBs.

2. Basic herbicidal activities of TFBs

Germinated seeds of barnyardgrass (Echinochloa crus-galli) were placed in 5 ml of
deionized water containing various concentrations of test compounds in a cylindrical
grass vessel. The final concentration of acetone was less than 0.5 % (v/v), and this
concentration of acetone did not affect the growth of £ crus-galli. The grass vessels
were coveled with plastic caps, and the plants were grown at 25 °C under light (14 h, 72
pE m? sec 'Y and dark conditions (10 h) for 7 days. Then the plants were visually
observed and minimuni concentration necessary for the complete inhibition of shoot
growth (MIC, minimum inhibitory concentration) was examined.

3. Post-emergence herbicidal activities of TFBs

Wagner’s pots were filled with soil, seeded with E. crus-galli and then flooded with
water.  Two plants of paddy rice (Oryza sativa, cv Koshihikari) were transplanted to
these pots and were grown in a green house. At the 2nd leaf stage of E. crus-galli, the
test compounds dlssolved in acetone were applied onto the paddy water at 100, 300, 500
and 1,000 g a.i. ha'. Thirty days after treatment, the degree of weed control and
injury on the paddy rice by test compounds were visually investigated (0; no damage, 1;
slight damage, 2; small damage, 3; medium damage, 4; severe damage, 5; dead).
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RESULTS AND DISCUSSION

Figure 3(A) represents effects of substituent R1 on herbicidal activities of TFBs. Among
these TFBs (I-V), ethyl derivative II showed the highest herbicidal activity against E.
crus-galli. Tt was noteworthy that ethyl group made a contribution to produce more
potent herbicidal activity, and methyl, n-propyl, ethenyl, methoxymethyl group
decreased herbicidal activity. Other substituents (e.g. -CHO, CH,OH, -CH,SCH;,
-CH=CHCH3: data not shown) also decreased herbicidal activity.

Figure 3(B) shows effects of substituent R2 on herbicidal activities of TFBs. In a series
of R2-substituted analogs, TFB VI showed the highest activities. The (S)-isomers, VI
and VIII, were more active than their corresponding (R)-isomers, VII and IX,
respectively. Lengthening of carbon chain of R2 seems to reduce the herbicidal activity.

/ 'y @\o ‘-_O é
R2
No. R F No. R2 F

| methyl Vi | (S)}Me
1l ethyl l ! VIl | (R-Me | l
1
| n-propyl I ' VIl | (8)-Et
. I !
i
Iv | ethenyl 5 | | i IX (R}-Et \
1 1 t L ! 1 —_—
. . ; |mS500eha F | i ' |mso0gha
v CH30 —| , ' |o3oogma X =0 ! \ ' |D300gha
CH2- I | ! |D100 gha ; I ! [1100 gha
Il i | - + [ { e gm e ==
0 1 2 3 4 5 0 1 2 3 4 5
Herbicidal activity Herbicidal activity

The carbonyl analog X was inactive.

Figure 3. Effects of substituent R1and R2 on herbicidal activities of TFBs.

Figure 4 summarizes the results of effects of substituent Yn on herbicidal activities of
TFBs. TFBs XI and XII, which had methyl group at 6- or 7-position of TFB ring
system, exhibited more potent activity than non-substituted one. But 8- or 9-substituted
TFBs XIII and XIV were less active than non-substituted one. It seemed that the
substituents at 6- or 7-position of TFB ring system contributed to increase herbicidal
activities of TFBs. For the purpose of obtaining further information about
structure-activity relationships, TFBs that had various substituents at 6- and/or
7-position were synthesized and their herbicidal activities were examined. 7-methoxy
analog XV and 6,7-methylenedioxy analog XXI showed good herbicidal activities, and
the activity of 6-ethyl analog XIX was as active as non-substituted analog II. 7-chloro
analog XVII, 7-bromo analog XVIII, and 6,7-dimethyl analog XX showed moderate to

weak activities (Fig. 4).
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Figure 4.  Effects of substituents Yn on herbicidal activities of TFBs.

As for the substituent Xn, compact substituents such as methyl, fluoro, chioro etc., at
ortho-position were suitable, and thiophene ring could be used instead of substituted

benzene ring to obtain the same levels of herbicidal activity (data not shown).

On the basis of the information about structure-activity relationships obtained by
above-mentioned experiments, TFBs 10-14 were found out. Table 1 shows herbicidal

properties of TFBs 10-14.

When methyl group was introduced at S-position of TFB

ring system, more potent herbicidal activity was obtained, but rice injury was increased
(12, 13). The oxygen-containing small alkyl group at 7-position of TFB ring system
improved both herbicidal activity and selectivity on the paddy rice (10, 13, 14).

Table 1.

Herbicidal properties of TFBs 10-14.

9 8 Herbicidal aclivities / Rice injury
7 0 0 Rate | Growth rale | Extent of damage
RO L . N
K 7 Yn )N [5] 0-5% dead
6 0 0 4 | 6-10% severe
o 0 @\ o 3 [11-40% medium
R2 F 2 [ 41-70% small
An MT-147 1 | 71-90% shight
compound 14 0 191-100% [ nodamage
No Ssubstituents MIC Herbicidal activity Rice injury
(ppm) A a X 1 A
R1 R2 Xn Yn J10ga'|3ga” |1ga” [30ga |10ga
1 | CyHs H F H 0.20 5 4 3 3 1
10 | CoHs H CH; 7-OCH;z 0.13 5 5 4 0 0
11| CyoHg H F 6C,Hs | 020 | 5 45 4 3 1
12| CHs | (S)CHs| F H 010 | 5 5 5 5 3
13| C,Hs | (S)}-CH;| CI | 7-OCH; | 0.04 5 5 3 0
14| CHs | H Fol e 005 | 5 4 0 0
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It was revealed that TFB 14 (MT-147) had the most suitable herbicidal propertles for
paddy rice among these compounds. MT-147 controlled E. crus-galli at 300 g a.i. ha!
by pre- and post-applications, and showed relatlvely good control for Scirpus juncoides
and Monochoria vaginalis at 1,000 g a.i. ha™'. But, it had no herbicidal activity on
Sagittaria pygmaea. Application of MT-147 caused no injury on rice at 1,000 g a.i. ha!

(Table 2).
Table 2. Herbicidal activity and phytotoxicity of MT-147.
Application Dose Herbicidal activities ** Rice
timing (gaihay EC sJ | Mv | sp | injury
Pre- 100 4 2 2 0 0
emergence 300 5 4 4 0 0
1,000 9 5 ) 0 0
Post- 100 2. 1 3 0 0
emergence* 300 ) 3 °o 1.0 0
1,000 5 4 5 0 0

* post: 2nd leaf stage of EC
w EC: Echnochloa crus-gallf, SJ: Seirpus juncoides , MV: Monochoria vaginalis , SP: Sagittaria pygma

The herbicidal efficacy of MT-147 on E. crus-galli was enhanced by the simultaneous
application with bromobutide or daimuron. When MT-147 (200 g a.lha ) was applied
to the weed at 2.5 leaf stage with bromobutide (500 g a.i. ha’ ) or daimuron (800 a.i. g
ha), the combmatlon completely killed the weed (Figure 5). Single application of
MT-147 (200 g a.i. ha™") had a moderate efficacy on E. crus-gallz Single application of
bromobutide (500 g a.i. ha™') or dimuron (800 g a.i. ha 'Y did not show herbicidal
activity against E. crus-galli.

Based on this result, several “one-shot” herbicides were formulated as granules or
suspension concentrates containing MT-147, bromobutide (or daimuron) and
benzofenap (or imazosulfuron). These “one-shot” herbicides exhibited excellent
herbicidal propertics controlling wide range of annual and perennial paddy weeds
without injury on rice (Data not shown).

Compounds (dose, g a.i. ha*)

MT-147 (200)

MT-147(300) -

MT-147(200)+Daimuron (800) -

MT-147(200)+Bromobutide (500)

1
I

Dairruron (8C0)
Bromobutide (500)

R P
o

I 1

0 1 2 3
Herbicidal activity

Figure 5. Herbicidal activity of MT-147 and its combination with bromobutide or daimuron.
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In conclusion, it is very interesting that unique TFBs exhibited remarkable herbicidal
activities. Several TFBs were effective for weed control in paddy rice. An object of our
investigation was to find novel herbicides. Thus, various TFBs were synthesized, and
their herbicidal activities were examined. As a result, it was revealed that MT-147,
representative compounds of TFBs, exhibited excellent herbicidal properties for
“one-shot” herbicide in paddy rice.
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Very-Low-Volume Basal Bark Applications of Triclopyr for Woody Plant Control
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Abstract: Conventional basal bark treatments of woody plants require the aPplication of
a rather large volume of a 2 to 4% herbicide product in oil solution (vv™). Portaging
adequate amounts of the oil carrier into remote pastures and forests limited the utility of
basal bark applications in such areas. In order to reduce the amount of oil carrier
needed, a very-low-volume (VLV) basal bark method with a higher herbicide
concentration was evaluated on several noxious woody plant species. In the VLV
method a sprayer was fitted with an orifice disk instead of an atomizing nozzle. Under
pressure, a fine stream of a concentrated herbicide solution was ejected through the
orifice that was directed at the basal stem of the target plant. A 20% Remedy™
(butoxyethyl ester of triclopyr, Dow AgroSciences) in crop oil (v’ or the ready-to-use
Pathfinder 1I™ (Dow AgroSciences), which was equivalent in triclopyr concentration,
was applied in either horizontal streaks from ground level to 45 ¢m high or in vertical
streaks, from ground level to 90 cm high, on opposite sides of the basal stems.
Horizontal streaking would be useful for treating stands of woody weeds. Vertical
streaking would be useful for precise treatment of individual woody weeds. Acacia
confusa, Prosopis pallida, and Psidium cattleianum were all susceptible to VLV
applications applied in horizontal streaks. Ardesia elliptica, Casuarina equisetifolia,
Corynocarpus laevigatus, Psidium cattleianum, and Psidium guajava were susceptible
to vertical streak treatments. The volume of herbicide solution expended by this method
was 8 to 17 mL plant”. This method should be useful to ranchers and foresters who
must control these problem species in remote areas. Work continues to further assess
this method on other species and on larger plants that will require higher doses (more or
longer streaks).

Key words: basal bark application, invasive plants, "very-low-volume method, woody
plant control

INTRODUCTION

An effective method of killing many species of woody plants is the basal bark method
wherein a lipophyllic herbicide in an oil carrier is applied to the basal stem up to the 40-
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cm height level of the target plant. The concentration of herb101de is usually 2 to 4% of
product (vv™') and the amount of solution applied is 15 mL cm™ of basal stem diameter
(Klingman and Ashton 1975). A 15 cm diameter stem would therefore require 225 ml of
the herbicide solution. This is a rather Jarge amount of material. In many remote ranches
and forests, the terrain is rough and impassable with vehicles. In such areas, it would be
difficult and unsafe to transport large quantities of material in addition to equipment.
Walking on rough ground with heavy load risks severe injuries in falls. That danger is
compounded by fatigue induced by carrying heavy loads for an extended period of time.
The authors of this report have been working with a very-low-volume (VLV) foliar
application method developed by Mr. Shigeo Uyeda, weed control superintendent
(retired) of the McBryde Sugar Company in Hawaii. This method, originally called the
“magic wand” method, now called the “Uyeda drizzle method” or more simply the
“drizzle method”, employs a conventional sprayer with the nozzle replaced by an orifice
disk that ejects a fine stream of a concentrated herbicide solution or emulsion. By
waving the wand and applying the herbicide in foliar applications at 15 L ha™, effective
control of many species was obtained (Motooka et al. 1983). The drizzle applicator was
used in basal bark applications to determine if VLV applications would be effective in
the control of invasive woody plants. The VLV basal bark applications were made on
opposite sides of the basal stem either in horizontal streaks from ground level to 45 cm
high or in vertical streaks from ground level to 90 cm high. The horizontal streak
method would be more efficient in treating stands of weeds where there is no danger of
injuring desirable dicots. In such areas the wand can be waved to cover a wide swath.
The vertical streak method would be more useful in natural areas where preservation of
native plants is important. The fine stream can be applied to an invasive woody plant
very precisely without injuring nearby plants.

MATERIALS AND METHODS

Sprayers pressurized with CO; and equipped with a disk with a 0.5 mm diameter orifice
and discharging 3 mL sec” at 207 kPa were used to make VLV basal bark applications.
Remedy™ (butoxyethyl ester of triclopyr, Dow AgroSciences) at 20% in crop oil or the
ready-to-use Pathfinder II™ (Dow AgroSciences), which contain the equivalent
triclopyr concentration, was applied to the bases of woody plants in these frials. The
woody plants treated were severe pests in pastures, forests or both (Table 1). Data in
percentage reported herein were converted by the arcsin transformation if appropriate
for analysis (Steel and Torrie 1960).

Horizontal streak application
The following three trials employed the horizontal streak method. Four streaks were
made on each of two opposite sides of the basal stem. This amounted to 7.6 mL plant™

including the material that missed the stems (Unpubl. data, University of Hawaii).
Except Formosan koa, all plants were treated individually.
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Table 1. Invasive woody plant species treated by very-low-volume basal bark
applications (Wagner et al. 1999).

Species

Comment

Formosan koa
(Acacia confusa Merr.)

Shoebutton ardesia
(drdesia elliptica Thunb.)

Australian pine
(Casuarina equisetifolia 1.)

Karakanut

(Corynocarpus laevigatus  J.K.
Forster & G. Forster)

Olive (Olea europaea L.
subsp. africana)

Kiawe
{(Prosopis pallida
[Humb-Bonpl. ex Willd.] Kunth.)

Waiawi
(Psidium cattleianum
Sabine var. littorale)

Guava
(Psidium guajava L.)

A small, common ormamental tree, prolific seeder,
invades pastures and disturbed areas in mesic to
wet climates.

A tall ornamental shrub, prolific seeder, spread by
birds, forms dense stands in high rainfall pastures
and disturbed areas in forests.

A large, hardy tree, an ornamental and windbreak,
especially in coastal areas. Spread by seed and
rhizomes in mesic areas.

A serious problem in Kauai forests where it was
aerially seeded in 1929 in a reforestation project.
Spread by feral pigs, deer and goats that feed on the
fruits.

Planted as an ornamental, windbreak and for
reforestation, olive flowers at elevations above ca.
1000 m. and has become a pest is such areas.
Spread by birds and feral mammals that feed on the
little fruits.

An early introduction into Hawaii. Kiawe pods
were valued as cattle feed. However kiawe is
thorny with a large canopy that shades a large area
in arid zones.

One of three varieties of P. cattleianum in Hawalili,
waiawi bears edible, small yellow fruits with many
hard seeds, used to make fruit drinks. Spread by
birds and mammals that feed on the fruit. A serious
pest in high rainfall pastures and forests where it
forms dense stands. Only variety capable of
growing into a substantial tree.

Guava is a serious pest in mesic to high rainfall
pastures and forests. The fruit is used to make juice
and jelly. The fruit is yellow with many hard seed
that is spread by birds and mammals, including
cattle. -

1. Formosan koa. At Wailua, Kauai, a single large plot was treated by walking through a
grove of Formosan koa and back in the opposite direction while waving the wand to
treat the basal stem of each plant in a 3 m by 15 m area. Each stem was treated with four
horizonta! streaks of triclopyr (20% in crop oil) on opposite sides although with this
methodology the number of streaks per plant was not precise. Evaluations were made at
19 months after treatment (MAT) by visual estimates of defoliation in all plants within
the center 1.5 m by 5 m of the plot and by counts of dead plants.
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2. Kiawe. At Kohanaiki, Hawaii, stems of 48 plants in two class sizes, <10 cm and 11 to
15 ¢m in basal diameter, were treated with Pathfinder 1™ and evaluated by visual
estimates of defoliation at 2 MAT.

3. Waiawi. On the Waihee Ridge Trail, Maui, stems of waiawi, each 5 to 20 cm in basal
diameter, were treated with triclopyr ester in crop oil. Visual evaluations of defoliation
were made along with counts of dead plants at 27 MAT.

Vertical streak application

In the following six trials, Pathfinder II"™ was applied in vertical streaks, one on each of
two opposite sides of the basal stem from ground level to 90 cm high. The volume
applied to each stem ranged from 9.4 to 17 mL plant™.

4. Shoebutton ardesia. At Princeville, Kauai stems of 96 saplings of shoebutton ardesia,
2.5 to 5 cm in basal diameter, were treated. Evaluations were made by visual estimates
of defoliation at 4 MAT.

5. Australian pine. At Kalaheo, Kauai, the stems of 10 plants, 5 to 10 cm in basal
diameter, were treated. The plants were evaluated by visual estimates of defoliation at 3

MAT.

6. Karakanut. At a high rainfall site at Kokee, Kauai, the stems of 10 plants, 5 to 12 cm
in basal diameter, were treated. Evaluations were made by visual estimations of
defoliation and a count of dead plants at 12 MAT.

7. Olive. At Kokee, Kauai, the stems of 10 plants, 6 to 12 ¢cm in basal diameter, were
treated. Evaluations were made at 3 MAT by visual estimations of defoliation at 3
MAT.

8. Waiawi. At Kokee on Kauai, stems of 10 plants, 7.5 to 12.5 ¢m in basal diameter,
were treated. Visual estimates of defoliation and a count of dead plants were made at 13
MAT.

9. Guava. At Princeville, Kauai, stems of 21 guava plants, 15 cm basal diameter, were
treated. Evaluation was made by visual estimates of defoliation at 4 MAT.

RESULTS AND DISCUSSIONS

Horizontal streak applications

Formosan koa was slow to succumb but by 17 MAT, the trees were almost completely
defoliated and 73% of the treated plants were dead (Table 2). Kiawe of both size classes
were severely defoliated at 2 MAT. There was significantly greater injury in the smaller
plants (ANOVA, F=11.93, p=0.01), though defoliation was high for both size classes
(Table 2). Unfortunately, this trial was prematurely terminated because volunteers hand-
cleared the trial area. These results offer hope that the method would also be effective
on a more recent introduction, mesquite (Prosopis juliflora [Sw.DC), a growing
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problem on Kauai and Qahu and recently found on Hawaii. Waiawi, a thin-barked
species, demonstrated injury very quickly, and recovery was very poor. By 27 MAT,
there was 96% defoliation and 70% of treated trees were killed (Table 2).

Table 2. Efficacy of very-low-volume basal bark applications of triclopyr in horizontal
streaks on woody plants.

Species Defoliation  n sd Kill MAT
(%) (%)

Formosan koa 98 41 8.0 73 17

Kiawe? 99 32 2.0 - 2

Kiawe’ 94 16 9.0 - 2

Waiwi 96 17 10.3 70 27

'Months after treatment. “Basal diameter <10 cm. *Basal diameter 11-15 em.

Vertical streak applications

Shoebutton ardesia was severely defoliated at 4 MAT (Table 3). Australian pine was
severely injured at 3 MAT with 94% defoliation (Table 3). Karakanut was severely
injured at 12 MAT, but only 40% of the treated plants were killed (Table 3). A higher
dose, more streaks or streaks longer than 90 ¢cm may provide complete kill. Olive
showed no injury at 3 MAT (Table 3) consistent with earlier conventional basal bark
application trials (Unpubl. data, University of Hawaii). Apparently the bark of the plant
is somewhat impervious to oil treatments. Other tolerant species encountered were the
kahili- flower tree (Grevillea banksii R.Br.), and paperbark (Melaleuca quinquenerva
[Cav.] S.T. Blake) (Unpubl. data, University of Hawaii). On the other hand, the green-
stemmed species catsclaw (Caesalpinia decapetala [Roth] Alston) and gorse (Ulex
europaeus 1..) were susceptible to VLV basal bark applications of triclopyr (Motooka et
al. 1999). Waiwi was very susceptible to vertical streak treatment, with 99% defoliation
and 90% kill at 13 MAT (Table 3). Guava was quickly and severely defoliated at 4
MAT (Table 3).

As with conventional basal bark treatments, large trees will probably not succumb to
VLYV basal bark treatments. Furthermore, some species seem to be tolerant to basal bark
application. Higher doses will probably be required for trees larger than those targeted
in these studies. Karakanut at 20 cm basal diameter for example, was little damaged by
horizontal applications of triclopyr in oil (Unpubl. data, University of Hawaii). Control
of large waiwi, a thin-barked species and sensitive to triclopyr, may be feasible. A tree 6
m in basal diameter was killed by applications of eight streaks completely around the
trunk circumference (trees this size were rare so replication was not possible). Further
work is planned to determine the species susceptible to VLV basal bark application as
well as adjustments to the method to improve efficacy such as higher doses, i.e. more
and longer streaks and follow-up applications after recovery begins. Follow-up will be
required in any case to tend to missed target plants and re-infestations. A formula needs
to be developed that provides guidance on the proper dose, i.e., number of streaks
relative to the size of the target plant, i.e. the diameter of the basal stems. Even if utility
of the VLV basal bark method is restricted to smaller woody plants, it will be a useful
tool for vegetation managers who have to manage woody invasive plants in remote
areas.
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Table 3. Efficacy of very-low-volume applications of triclopyr made in vertical streaks
on woody plants.

Species Defoliation n sd Kill MAT'
(%) (%)
Shoebutton ardesia 96 89 12.9 - 4
Australian pine 94 10 14.9 - 3
Karakanut 90 10 11.9 40 12
Olive 0 10 - - 3
Waiawi 99 10 0.3 90 13
Guava 99 21 1.8 - 4

'MAT = months after treatment,
CONCLUSIONS

The VLV basal bark application method was effective on several woody invasive plant
species. It provides an efficient and effective means to manage invasive plants in remote
areas where the reduced portage will offer greater worker-safety than conventional
methods. Additional research will further define the potential of method.
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Abstract: Field studies were conducted in Bongabon, Nueva Ecija during the 2001 and
2002 dry seasons to determine efficacy of selective postemergence application of
glyphosate control against purple nutsedge (Cyperus rotundus L.) and other weeds
infesting onion (4//ium cepa L.) grown after rice (Oryza sativa L.).These application
methods included use of shielded sprayer, shielded nozzles and paintbrush in directed
herbicide applications. Shielded nozzie or shielded sprayer provided adequate season-
long weed control and yielded comparably with plots treated with preplant treatments
like stale-seedbed techniques and better than those of preplant applications of
glyphosate or those treated with farmers’ practice of tillage and interrow cultivation.
Among the postplant ‘methods, it took less time to apply with shielded nozzle than with
shielded sprayer or paintbrush.

Key words: weed management, rice-based cropping systems, postemergence
herbicides

INTRODUCTION

As much as 90% of potential yields in onion crops are lost due to competition when
weeds are left uncontrolled. In farmers’ fields, the amount that onion growers spend
annually in weedling labor and herbicides, $400/ha or 20% of total production costs,
reflects the critical role of weed control in onion production. Purple nutsedge, Cyperus.
rotundus L., the most destructive weed in onion cannot be controlled selectively with
herbicides once the onion crop has emerged because herbicides that can control this
weed are not selective to onion. Glyphosate, which is effective against this weed, is not
selective to onion and can only be used as a preplant application to avoid crop injury.
Preplant applications however are too early in the season to control escapes and
subsequent regrowths at mid-season and thus fail to provide adequate season long
control. If glyphosate can be applied postplant without injury to onion, its efficacy can
be increased and season-long control can be obtained. Thus, there is a need to
determine safe and effective methods of applying herbicides postemergence which are
safe tot he crop to obtain adequate season-long control of weeds in onion.The objectives
of this study are to determine selective postplant application methods of glyphosate
for control of purple nutsedge and other weeds in onion grown after rice.

MATERIALS AND METHODS

Site description. The studies were conducted at the TPM CRSP Asian site in Bongabon,
Nueva Ecija, Philippines, lat 15-16°N and long 121°E, 50 to 100 m above sea level. The
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monthly average day and night temperatures range between 20°C and 32°C, with a
yearly mean average of 27°C. The soil is clay loam, classification Inceptisols
(Eutropepts with Dystropepts). The stale-seedbed studies were conducted in a farmer’s
field in Palestina village in San Jose, Nueva Ecija while the postplant herbicide
application studies were conducted at the NOGROCOMA/IPM CRSP Demo Farm in

Bongabon, Nueva Ecija.

The studies were conducted during the 2001 dry season (January to April 2001) and
2002 dry season from November 2001 to April 2002. The area was plowed twice and
harrowed thrice. Forty-five day old seedlings of onion cultivar Red Pinoy were
transplanted on January 11, 2001 and January 11, 2002 into 4 x 5 m plots in raised
furrows, with three rows in each furrow. Complete fertilizer (14-14-14 NPK) was
applied at 14, 34 and 49 days after transplanting (DAT). Chlorpyrifos and NPV were
applied once to manage insect pests and benlate and captan also applied once to manage
diseases. Plots were irrigated as needed with a deep-well pump and soil moisture
maintained at field capacity. The treatments were: 1) glyphosate application with
paintbrush; 2) glyphosate application with a sprayer with nozzle shield; 3) glyphosate
application with a shielded sprayer; 4) preplant glyphosate at 2 weeks before
transplanting followed by one handweeding; 5) chemical stale-seedbed (harrowing
followed after 2 weeks by glyphosate); 6) mechanical stale-seedbed (harrowing
followed after 2 weeks by another harrowing); 7) farmers’ practice (tillage and interrow
cultivation); 8) unweeded control; and 9) weed-free control (3x handweeding).
Glyphosate was applied at 1.0 kg a.i. ha™ at 3 weeks after transplanting in 200 L ha™
water. The following data were recorded: 1) weed density (number of weeds by species
per square meter), 2) weed fresh weights (g m'z), 3) time spent in applying glyphosate
(mandays ha™'); 4) time spent in handweeding (mandays ha™); 5) crop injury rating (0-
no injury; 100- dead plant); 6) weed control rating (0-no control; 100-complete control)
and 7) bulb fresh weight at harvest. Onion bulbs were harvested at 81 DAT froma 2 x
3 marea on April 1, 2001 and April 1, 2002. Treatments were replicated four times in a
Randomized Complete Block Design. Data were subjected to analysis of variance
(ANOVA) using Proc GLM (SAS) and treatment means were compared using LSD
(0.05).

RESULTS AND DISCUSSION

Dry season 2001. Weed growth in plots treated with postplant application methods
(paintbrush, rollerbrush, and shielded sprayer) were significantly lower than weed
growth in plots treated with preplant application methods and in unweeded plots (Figure
1). Weed growth in all the postplant application methods were further reduced when
these were followed by one handweeding. Of the ‘three postplant methods, shielded
spreyaer was most efficient, followed by paintbrush, and rollerbrush. Weed growth in
plots treated with preplant application methods was lower than weed growth in
unweeded plots. Yields in plots treated with postplant application methods were higher
than those in plots treated with preplant application and in unweeded plots but lower
than those in weed-free plots (Table 1). Plants treated with shielded sprayer had the
highest yields, followed by yields in plants treated with paintbrush and rollerbrush.
Yields were further increased when followed by one handweeding.
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The shortest time to apply the herbicide was obtained with the shielded sprayer (4 man-
days ha™") while it took longer to apply both the paintbrush and rollerbrush (12 to 17
mandays ha™"). The amount of time needed to handweed after herbicide application was
fastest with the shielded sprayer, indicating less weed growth. Without herbicide
application, it took about 60 man-days to handweed; this was twice longer than for the
time it took to handweed the plots when a postplant application was made prior to
handweeding (Table 1).

Table 1. Weed density, bulb yield and handweeding times in onion cv. Red Pinoy
treated with different postplant application methods of glyphosate during in
Bongabon, Nueva Ecija during the 2001 dry season.

Treatment’ Weed density Bulb yield Handweeding
time '

(no. m™) (tha™) (md ha™)
Preplant 120 b 1.0f
Paintbrush 66 d 40c¢
Paintbrush/handweeding 37f 6.0c 28
Rollerbrush 8¢ 23e -
Rollerbrush/handweeding 43 ef 42d 42
Shielded sprayer 60 de 47d
Shielded sprayer/handweeding 36 f 74b 29
Unweeded control 143 a O01lg
Weed-free control Og 02a 64

iA'«rerage of 4 replications

Dry season 2002. At 30 DAT, weed fresh weights in stale seedbed, farmers’ practice,
and postplant treated plots were all lower than those of plots treated with preplant
applications and the unweeded control plots (Table 2). At harvest, weed weights in the
stale-seedbed treated plots were lowest among all the treatments, indicating that these
methods provided adequate season-long weed control. Postplant application methods
(nozzle shield and sprayer shield) and the farmers® practice plots also had low weed
weights indicating adequate weed control from these treatments. Highest weed weights
were obtained from the paintbrush application method and the preplant applications.

Good weed control obtained from stale seedbed plots and shielded nozzle treatments are
reflected in the high yields obtained from these treatments (Table 3). Lower yields were
obtained from farmers’ practice-ireated plots and those treated with shiclded sprayer.
Plants with preplant glyphosate applications and those applied with paintbrush gave the
lowest yields among the treated plants. Lowest yields were from unweeded plots and

highest yields from weed-free plots.
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Table 2. Weed fresh weights at 30 DAT and at harvest and yield of onion cv. Red
Pinoy with preplant or postplant treatments in Bongabon, Nueva Ecija during

the 2002 dry season.
Weed fresh weight ¢ m™
30 DAT Harvest Yield t ha'
Treatment |
Preplant glyphosate 146 b 926 b 13.4 de
Stale-seedbed, chemical 53¢ 682 ¢ 19.5 ab
Stale-scedbed, mechanical 48 ¢ 694 ¢ 19.1 ab
Farmer’s practice S2¢ 862 be 15.1cd
Paintbrush 59¢ 924 b 109e
Shielded nozzle 54 ¢ 842 be 17.8 bc
Shielded sprayer 52¢ 817 be 13.9 de
Weed-free control (3 hw) 0d 0d 21.7a
Unweeded control 546 a 1188 a 08¢

Average of four replications.

Among the postplant application methods, the shielded nozzle provided the highest
yields, followed by yields from plants applied with the shielded sprayer and lowest
yields were obtained from plants applied with paintbrush (Table 2). The shielded nozzle
also took the least time to apply (about 1.2 mandays "ha) compared with 4 mandays ha™
for the shielded sprayer and 17 mandays ha™ for the paintbrush.

Results indicate that postplant application methods using a shielded nozzle or a shielded
sprayer can control emerged weeds in onion with adequate selectivity to the crop. Onion
treated with postplant applications yielded comparably with those treated with preplant
application methods like stale seedbed techniques. Among the two postplant methods,
plants applied with shielded nozzle gave higher yields than those applied with shielded
sprayer. Preplant application of glyphosate without stale seedbed treatments did not
provide adequate season-long control of weeds and provided yields lower than those in
stale seedbed plots and those in plots applied with shielded nozzles.
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Practical Weed Suppression by Using Allelochemical from Hairy Vetch
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Abstract: Screening of allelopathic plants by specific bioassays and field tests showed
that Hairy vetch (Vicia villosa) is the strongest allelopathic plant. Hairy vetch was found
to be the most promising cover plant for weed control in orchard, vegetable and rice
production and even for landscape amendment in abandoned field in Japan. We have
isolated “cyanamide”, a well-known nitrogen fertilizer, from hairy vetch. This is the first
finding of natural cyanamide in the world. '

Key words: allelochemicals, hairy vetch, Vicia villosa, weed suppression
INTRODUCTION

Hairy vetch is a well-known green manure and cover crop in the United State and Europe.
The origin of hairy vetch was estimated to the area from west Asia to east Mediterranean
coast. It was cultivated in England and Germany in the early 19th then introduced to
USA in the middle of 19th century, had a good reputation from USDA, and now widely
distributed in the southern part of the USA. Hairy vetch was introduced into Japan in the
early 20th, and had a good result by the Agricultural Experimental Station, but did not
distribute until now.

There are some reports on the allelopathy and weed control by hairy vetch. Lazauskas
and Balinevichiute (1972) tested the inhibitory activity of extract of seeds to barley, and
found that hairy vetch showed the strongest activity. White et al. (1989) reported that the
incorporation of residue of hairy vetch and crimson clover reduced the emergence
Solanaceae weeds to 60 to 80 %, and water extract of hairy vetch had the stronger
inhibitory activity. Johnson et al. (1993) reported that the mulch made from hairy vetch
or rye completely inhibited the weed in non-tillage systems by killing them by herbicide
or mechanical cutting. Teasdale and Daughtry (1993) reported that the living mulch of
hairy vetch showed better inhibitory activity than the desiccated one. Abdul-Baki and
Teasdale (1993) reported a unique system using hairy vetch mulch to compensate for the
vinyl plastic film mulch in tomato production. There are so many reports and field
observation about the weed suppression of hairy vetch, but still now the contribution of
allelopathy and its allelochemicals are unknown. We are now going to separate
allelochemicals from hairy vetch and will report about the chemical nature.

T Hairy vetch is utilized as a winter cover crop in the United States (Greshenzon 1998) and
Japanese orchards and abandoned paddy fields (Fujii 2001). In addition to providing a
great amount of nitrogen to soils and preventing evaporation of water and soil erosion,
hairy vetch effectively suppresses weed growth (Hoffman et al. 1993). Weed growth
"( inhibition by chemicals contained in this plant (allelopathy) has been supposed to be an
: important factor for weed suppression, together with competition for light, nutrients, and
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water.  The extracts of the leaves of hairy vetch show phytotoxicity stronger than those
of many other plants. However, none of plant growth inhibitors in hairy vetch has
been 1dentified.

MATERIALS AND METHODS
Origin of seeds of cover crops and definition of hairy vetch

Most of the seed used in this experiments are from “Kaneko Seed Co.”, “The Takii Seed
Co.”, “The Yukijirushi Seed Co.”, and “Sakta no Tane, Sakata Seed Co.”. The term
‘hairy vetch’ was used in Japan both for hairy vetch and woolly pod vetch. All seeds of
hairy vetch was imported from USA, and some seed company deny to tell the origin, we
call them as hairy vetch in a whole. But there are difference as Vicia villosa and Vicia
dasycarpa (=syn. V. villosa subsp. varia). The allelopathic activity and inhibitory activity
on the field of both is almost the same.

Sereening of Allelopathic Cover Crops by the Plant Box Test

Primary selection of cover crops for allelopathy was done using "Plant Box Method",
developed for the assessment of allelopathy (Fujii and Shibuya, 1991a). Young plants
were cultivated for one to two months in a sand culture, in standing water containing a
nutrient solution. The receiver plant used for bioassay was lettuce (Great Lakes 366),
because it is high sensitivity to bioactive substances.

Extraction of Inhibitory Chemicals from Cover Crops

Plant growth inhibitory activities of some cover crops were tested by water and methanol
extraction. Dried leaves and shoots (60 C, over night, forced air dry) were extracted by
150 times of water and 40 times of methanol. These extracts were mixed with agar
(0.5%) to make a stuff bed to support lettuce seeds. After three days in a dark condition
at 20 C, radicle and hypocoty! length were measured.

Screening of Cover Crops for Weed Control in the Experimental Fields

To know the practical weed suppression ability by cover crops, field tests for weed
suppression were designed. All field trial for screening were done in the experimental
field of Shikoku National Agricultural Experimental Station. For the first screening for
spring seeding cover crops, 46 plants were sown on 1m x 1 m quadrates on May 23, 1992,
then after three months of no weeding, weed density and dry weights were measured on
August 25, 1992. For the preliminary screening for fall seeding plants, 39 candidates
were sown on 2 x 2 m quadrates on November 5, 1992, and after no weeding for 6
months, weed dry weight of each plot was measured on April 20, 1993. For selected 21

cover crops of fall sown, 4 times replications by complete randomized bloc design were
designed and seeded on 2 x 2 m quadrates on November 5, 1992, and weed and crop dry
weighs were measured on April 20, 1993.

716



Application of Hairy Vetch to Abandoned Paddy Field in the Experimental Station

From the results of screening of cover crops, we focused on hairy vetch, and four trial
was conducted on the experimental field in Shikoku National Agricultural Experiment
Station. 1) larger scale application test of hairy vetch was conducted in comparison with
Chinese milk vetch on the uniform paddy field of 1000 m?. This field was divided into
16 block and 4 replications of 4 different cover crop trials were designed. Cover crop
design were; (1) hairy vetch, (2) hairy vetch and oat, (3) Chinese milk vetch, (4) no
treatment as control. This experiment was started in 1992 and continued. Data {rom 1992
to 1994 was reported in this paper. 2) Changing the seeding ratio from standard seeding
to increased into four times was examined using a field of 500 m? and arranged with
split-split-plot test with 4 replications. This test start from October 25, 1993 and weed
and crop yield were measured in May 20. 3) Changing the seeding date from October
to February was tested using the same field with tree replications. This test was started
from 1992 and ended in 1994. 4) Effect of soil water contents on the growth of hairy
vetch was tested in the lysimeter. This lysimeter was designed to know the suitable water
ratio for crops, and it is possible to change the water level by stair step system of over
flowing. Each block was about 10 m”and there were four stages with two replications.

Soil type of above four tests was [sandy loam, paddy field converted to upland
condition.] 5) The combination of leguminous cover crops and barley were examined
on the slope land experimental field of Shikoku National Agricultural Experiment
Station on O-asa mountain. The slope angle of this field was 9 degree. Seeding date was
November 6, 1993, and crop and weed yield were measured on May 30. The total area of
this field was about 800 m”. Soil type of this field is light volcanic ash soil.

Direct Application Test of Hairy Vetch to Farmer’s Field

Direct application and exhibition trial of hairy vetch were done using the field of
cooperative farmers by the courtesy of each district counselors for farmers (in Japan,
there are counselors for farmers in each county. These counselors are public service
officers belong to the Ministry of Agriculture.) Six different farming systems were
chosen. 1) Paddy field in Man’nou town. The owner is Mr. Tsune-kane. The area is about
800 m®. This paddy field is in a slightly mountainous area, and slightly dry condition.

This field was just stop rice productlon 2) Paddy field in Marugame city. The owner is
Mr. Hirata. The area is about 1000 m®. This field is close to road and in humid condition.

This field was abandoned two years ago. 3) Paddy field in Zentsuji city. The owner is Mr.

Kawada. The area is about 900 m’. This field was abandoned for 4 or 5 years and they
used Chinese milk vetch as green cover crop, but suffered from serious weed infection.

4) Grassland in Tyu-nan town. The owner is Mr. Morichika. The area is about 600 m?.
This grassland in in a slope land, and used as exhibition. 5) Orchard for Kaki, Japanese
persimmon in Kounan town, Oka village. The owner is Mr. Oka. The area used for cover
crop trial is about 50,000 m® in first year, 1992, and extended to 10,000 m? in the
following year and continue until now. Oka family is a pioneer in this orchard area, and
produces sweet type of Kaki of supreme quality. 6) Pear Orchard in Toyohama town. The
owner is Mr. Oohiro. The area used for the trial for hairy vetch is about 80000 m’. He
continued cover crop trial after 1993.
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Isolation and identification of Allelochmicals

Nuclear magnetic resonance (NMR) spectra for 1H and 13C were recorded by using a
JNM a-600 (JEOL, Tokyo) spectrometer. Infra-red (IR) spectra were obtained using a
Spectrum GX-AutoIMAGE system (PerkinElmer, Boston, MA, USA). High
performance liquid chromatography (HPLC, 626 pump with 996 photodiode array
detector; Waters, Milford, MA, USA) equipped with an ODS column (Inertsil ODS-3,
250 x 4.6 mm i.d.; GL-Sciences, Tokyo, Japan) eluted with water at a flow rate of 1.0 ml
min” with detection at UV 210 nm was used for the isolation and quantification of
cyanamide.

Plant materials

For-isolation of plant growth inhibitors, hairy vetch, which had been cultivated in our
institute’s experimental field (Tsukuba, Japan) from October 2000 to May 2001, was
used. Neither fertilizer nor pesticide had been applied in the field at least for 3 years. For
quantification of cyanamide in the seedlings of hairy vetch, seven seeds were placed on
vermiculite (Fukushima Vermi, Fukushima, Japan) filled in a pot and covered with the
vermiculite. The germinated seeds were subjected to HPLC analysis. The pot was
incubated in an illuminated growth chamber (Eyelatron FLI-301NH; EYELA, Tokyo,
Japan) for 9 d at 25°C with 25000 1x.

RESULTS AND DISCUSSIONS
Screénings of Allelopathic Cover Crops

The results of screening of candidates for allelopathic cover crops from leguminous and
gramineous species by Plant Box Method were shown in Table 1 and Table 2,
respectively. In this table, radicle percentage means the percentages of the root radicle
by length of the young lettuce plants present in the root zone of each donor plant, based
on the calculation of radicle length within the root zone controlled by donor plants. As
shown in Table 1, leguminous cover crops such as velvet bean, hairy vetch, yellow sweet
clover and white sweet clover have strong allelopathic inhibitory activities. Of these
legumes, velvetbean, Crotaralia, Canavalia, Cajanus, Cicer, Vigna and Glycine are
summer cover crops, and most of others are winter cover crops. Melilofus and Pueraria
are perennial crops. Then it is important to know the characteristic of each cover crop to
use for the farmland.

Gramineous species, such as oat, wheat, millet (Setaria), rye also showed strong
inhibitory activity, but most of Compositae family such as Helianthus showed only
medium inhibitory activity by this method (Table 2).

Extraction of Inhibitory Chemicals from Cover Crops
To know the existence of allelochemicals in plants, we checked the extraction of
chemicals for some principal cover crops. Table 3 shows the inhibitory activities of

water and methanol extracts of cover crops. Hairy vetch and velvetbean showed the
strongest inhibitory activity in both water and methanol extract. We have already
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published the results about the alleloc