
The invasive plant species, some of them have been well recognized as weeds in agricultural
production system, while weeds in natural ecosystemare recognized as environmental,weed.
Agricultural weedsproblemshavereceivemoreattentionsthan environmentalweedproblems.
Recentlyenvironmentalweedshavereceivedincreasingattentionin Indonesia,becausetheir impact
on native biodiversity, important alien invasive plants specieshave been documented,it is hoped
that collections anddisseminationof information on their spreadalert people for their controls and
managements.

Fifteen species of invasive alien species are discussed for their records and distribution .m
Indonesia.

MATERIALS AND METHODS

The main sources for the selection of the speciesis the Compilation of alien plant speciesin
Indonesia (Tjitrosoedirdjo & Tjitrosemito, 2005). All the alien plants species appear in the
referenceswere noted,the invasive andnon invasiveonewere separated.Addition information was
takenfrom theherbariumspecimensandlocal floras.The decisionasto which speciesto bediscuss
was basedon the available important and speciesdistribution andthe speciesincluded hereonly a
fraction of all invasive speciesin Indonesia.Only the speciesconsideredto asseriouslyproblematic
andregardedthat deserveattentionin termsof monitoring andcontrol areincluded.

RESULTS AND DISCUSSIONS

Important record baseon the compilations by Tjitrosoedirdjo & Tjitrosemito, 2005, there are 12'
speciesconsiderasimportant.

1. Acasia nilotica (L) Willd. ex Del. (Mimosaceae)

Native Africa and continental Asia, in 1850 was introduced to Java, since long time out of
cultivation and spreadalso outsideofJava island (Backer& Bakhuizenvan denBrink, 1965).Base
on the collectedspecimensat the HerbariumBogoriense(BO) it was found in Bogor andJakartain
1900, In East Java (Pasuruan)in 1931 and Timor island in 1985. It was also found at Wasur
National Park,Papua(Mutazin, 2001).

Recently it is reported as important colonizer at Baluran National Park in East Java, the only
savannaleft in Java.A. nilotica was introducedin Baluran National Park in 1969andplantedasa
fence to protect the teak forest nearby from fire in the savanna.In 1980 a little invasion of A.
nilotica was noticed, but shortly after that a rapid expansionbegun. In 1993 it was estimatedto be
1200ha and in 1996the invaded areaswas around5 000 ha. The savannaproviding the herbivore
feeds especially for banteng (Bos javanicus, Bovidae) which is classified as vulnerable. The
invasionof A nilotica reducesthe herbageyield at the expendof reducingthe population ofbanteng
(Siregar& Tjitrosoedirdjo, 1999).A. nilotica is a seriousenvironmentalweeds:

2. Austroepatorium inulifolium (Kunth) R. M. King & H. Rob (Asteraceae)
Synonym:Eupatorium inulifolium Kunth

Native of Tropical America, it is comefrom the Bogor Botanical Garden,naturalizedin West Java
commonly found at the tea plantations, it is now commonly found in Cibodas, Mount Gede
PangranggoNational Park and spreadwidely in West Java. In Bengkulu and West Sumatrait is
found at the disturbedforest,plantations,perennialcropsandroad sides.
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3. Chromolaena odorata (L.) R.M. King & H. Rob. (Asteraceae)

Native to Central and South America. It is an aggressive invader of pastures, plantation crops, and
is a major environmental weed, suppressing and smothering underlying vegetation (Waterhouse,
2003).
In Indonesia it is found for the first time from Lubuk Pakam, North Surnatera in 1934. It spread
very quickly, it is now spread all over the islands from Aceh to Papua. C. odorata invaded the
Pananjung, Pangandaran Nature Reserve, Ujung Kulon Nature reserve in West Java, and grassland
of East Nusa Tenggara and reducing the grazing area.

4. Clibadium surinamense L. (Asteraceae)

Native of Tropical America, it was naturalized since long time in Java and the first collection in
Java was in 1888. It was reported for the first time in Sumatra in 1931, it is now commonly found in
Sumatra and also recorded from Gimpu, Central Sulawesi. It can be found in abandoned agricultural
fields, road sides, young secondary forest.

5. Eichhornia crassipes (Mart.) Solms

It was introduced to beautify the ponds of Bogor Botanical Garden in 1886, soon afterwards this
plant had already spread all over the country (Tjitrosoedirdjo & Widjaja, 1991). In Sumatra: South
Sumatra, Lampung, West Sumatra, Jambi and North Sumatra. Kalimantan: South Kalimantan. Nusa
Tenggara: Bali, Lombok and Flores. Papua: Jayapura and Merauke. Almost 'all the open waters are
invested by water hyacinth.

The most well known and striking example is the water hyacinth problems at Rawa Pening lake,
Central Java where the problem up to now is still un-solve.

6. Eupatorium sordidum Less (Asteraceae)

Native of Mexico, it was introduced in West Java as ornamental plant. Running wild and become a
problems at Gede Pangrango National Park in West Java at 1400-17000 m altitude at the forest
trails, forest-borders and waste places.

7. Hydrilla verticillata (L.f. Royle)

It is recorded at the open water in three islands: Java, Sumatra and Sulawesi. Sumatra: Lampung,
South Sumatra, West Sumatra and Jambi, Sulawesi: South Sulawesi. Kalimantan and no record yet
from Papua.

8. Mikania micrantha Kunth (Asteraceae)
The genus Mikania has about 400 species mainly in the warmer parts in the New World. The only
indigenous species in Asia is M. cordata while M. micrantha is the only New World species to have
been introduced here. The latter species readily takes to disturbed areas' and tends to be weedy
(Parker, 1972). In 1949 it was imported from Paraguay and planted in the Bogor Botanical Garden,
and in 1956 this species was introduced as non-legume ground cover in rubber plantations.
Wirjahardja (1976) reported that by 1976 it occupied the greater part of rubber plantations and
abundaned agricultural areas in West and East Java and South Sumatra.

M. micrantha is rapidly perennial vine, climbing to the canopy, dense infestation shade and inhibit
the growth of native vegetation in forest gaps and margin, perennial crops. In Indonesia M.
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micrantha displacedthe native speciesM cordata (Tjitrosoedirdjo, 2002). In Papuait is found in
Merauke,Timika, Nabire andSorong(Waterhouse,2003).

9.Mimosa diplotrica C. Wright ex Sauvalle(Mimosaceae)
Synonym:Mimosa invisaMart.

Native of Brazil, a scramblingshrub,in Javanaturalizedsincelong time ago andspreadthroughout
Indonesia,found in sunny to lightly shadedsites;along drains and water-courses,in ravines,road-
sides,pastures,cultivated groundsandmoist wasteplaces,mining reclamationarea,sugarcaneand
coconutplantationsfrom 0-2000m alt (Tjitrosoedirdjo, 1992).

.10.Mimosapigra L. (Mimosaceae)

Native of tropical America, in Java it was alreadypresentin 1844, in Indonesia it is recordedin
Java,Sumatra,Kalimantan and Papua.Mimosapigra forms denseimpenetrablethickets on moist
localities, waste places, floodplains, along river banks, canal, waterholes and in reservoirsoften
forming adensejungle andgrowth at 1-700m altitude.It will also grow in drier habitats.

11.Passiflora edulis Sims(Passifloraceae)

Native of SouthAmerica, it was naturalizedin West andCentral Java. In mount GedePangranggo
in West Java,it was cultivated but running wild and becomeproblems, climbing the canopy and
suppressesthe foresttrees.Foundat thehedges,brush-woods,openforest at 1-1400m altitude

12.Penisetumpolystachion (L.) Schult. (Poaceae)

Native of tropical Africa, a tuft grassit was first noticed in West Java in 1972 and Spreadvery
quickly at the road sides,wasteplaces,up land rice fields andplantations. It becomesdominant in
clearedforestsandspreadsquickly after fires. Native plants aredisplacedandregenerationof trees
andshrubsis prevented.

13.Piper aduncum L. (Piperaceae)

Native to Central and SouthAmerica, a century ago introducedto Bogor Botanic Garden.The first
herbarium specimenwas found from Bogor in 1900 and spreadout in Central Java, East Java,
Sumatra,Kalimantan, Sulawesi, Maluku and Papua.Piper aduncum is a serious environmental
weed, it is rapidly invades the disturbed sites and recently logged forest. At sites at Wanariset
Semboja,East Kaliinantanand Lore Lindu National Park, Central Sulawesi impenetrabledense
infestationscanbe seen.It was alsorecordedat the low elevation in Jayapura,Nabire andSorongin
Papua(Waterhouse,2003).

14.Salvinia molestaD.S. Mitchell

It is recordedat the openwater in Java,Sumatra,Kalimantan, and Papua.It was not recordedyet
from Sulawesi. '

15.Stachytarpeta jamaicensis (L.) Vahl. (Verbenaceae)

Native to tropical America, commonly found in Java,known in SulawesiandTimor, widely spread
andcausemanyproblemsin Papua
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Abstract: Luolijing, a weedy rice (Oryza sativa) is distributed in the paddy area of Liaoning
Province, and south-east region of Jilin Province, Northeast China. The weedy rice was found by a
local farmer in 1990, but it wasn't reported on time, and it tends to be more serious year by year
until recently. Samples of the weedy rice were collected from Donggang Town located at 39°4'
north latitude, and 3.4 m above sea level, Dandong City, Liaoning province. The·weedy rice density
would be up to 100-110 plants m", interfering with the growth of planted rice if no effective
measure is adopted. Weedy rice is taller than normal cultivated rice. The. morphological
characteristics of seed are as follows: medium grain, drop easily, the hull is straw-colour or yellow
alternate with black-gray; awns or awnless; the length of awn is 2 to 12 cm; the weight of 1000
seeds is 23.5g;the colour of seed capsule is nacarat. Its germination capacity is over 88% under the
temperature of 13-38oC. The weight of dry plant is reduced by 50-69% when submerged to 2.5-10
em deep. Herbicides butachlor, oxadiazon (Ronstar), quinclorac, bentazone and pyrazosulfuron etc.
were popularly used to control rice weeds. The herbicides provided about 50% control of the
emergence weedy rice which stays in the soil less than 1 em deep. However, it could not be
controlled while the weedy rice seeds are more than 2 ern deep in the soil. Hand pulling is more
effective than herbicide application for weedy rice control.

Key words: Biology, Luolijing (Oryzasativa),weedy rice

INTRODUCTION

There were a few recordings of weedy rice in China. A 'Lu-Dao ' was found earlier in 1950~1960's
with the characteristic of weedy rice [4]. Ajaponica wild rice was determined as a cultivated rice
turned into wilding by Ding Ying. He also indicated that Oryzasativa f. spontaneawas a weedy rice
which grew in Wu-Chuan, Guangdong Province [2]. Recently a weedy rice Luolijing was reported
to seriously inter~ered with cultivated rice in Dandong, Liaoning Province (Chen et al. 2004, Yu et
al. 2005).

Developing a research on weedy rice would formulate the correct strategy of weedy rice
management, and accelerate the sustainable control of harmful living things. The objectives of this
study were to determine the biological characteristics of the weedy rice, and provide scientific basis
for the weedy rice control and utilization as resource.

MATERIALS AND METHODS

The weedy rice Luolijing (Oryza sativa L.), and cultivars Chuenjiang 11 (Oryzasativa L.japonica)
and Ganzaoxian (Oryza sativa L. indica) were used in these experiments. The rice seeds were
observed in freezer (-20°C) before seeding. The Loulijing seeds were collected from the paddy in
Dandong, Liaoning Province. Other cultivated rice seeds were provided by the Bank of Rice
Germplasm in the China National Rice Research Institute.
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Germination characteristics of rice seeds

Ten rice seeds were placed into Petri dish (9 ern diameter) with 10 ml distilled water in fo'uI-
replications. It was cultured in aptitude climate chamber with 12 h light (7:00 to 9:00) and 12 h dark,
light intensity of 700001x, temperature of 3SoC, 2SoC, ISoC, 13°C and SoC.Rice burgeon number
were collected eachday.

Characteristics of rice seedson water absorption and cold tolerance

Ten rice seeds was placed into Petri dish (9 em diameter) with 10 ml distilled water in four
replications, and soaked for 0 h, 6 h, 12 h, 24 hand 4S h. The sample weights were quantified
before and after soaking, and calculated the water contents. The rice seeds were treated at 20°C
below zero in a refrigerator for three days. The samples were taken out from the refrigerator and
placed in room temperature for 2 h, then added with distilled water, 5 ml per Petri dish. The samples
were moved in the aptitude climate chamber at 2SoC and cultured for four days. The germination
number of rice seedswas investigated and the germination rate was calculated.

Control effects of weedy rice after adopting flooding

Pot experiments were conducted in the greenhouse at average temperature of max 37.SoC and
minimum 20.6oC on sandy clay of pH 7.1 and 3.4% organic matter. Ten rice seeds after accelerating
germination were planted in the soil lcm deep in four replications. It was treated with the flooding
of 0 em, 2.5 em, 5 em, 7.5 em and 10 em at 1 day after rice broadcasting, replenished water each
day, and maintained for six days. Then the normal management of 2-3 em water depth was
recovered, and observed it for 14 days. The data of rice seedling, plant height and biomass dry
weight was collected.

RESULTS AND DISCUSSION

Morphology of the weedy rice Luolijing

Samples of the-weedy rice Luolijing were collected from Donggang Town located at 39°4' north
latitude, and 3:4 m above sea level, Dandong City, Liaoning province, China. The weedy rice
density was 100~110 plants m", interfering with the cultivated rice if no effective measure was
adopted. The weedy rice plant is taller than normal cultivated rice. The morphological
characteristics of Luolijing seed are as follows: medium grain, easy to shatter after maturation, the
hull is straw-colour or yellow alternate with black-gray, awns or awnless, the length of awn is 2 to
12 em, the weight of 1000.seeds is 23.5 g, the seed capsule is nacarat.

Germination characteristics of rice seeds

The germination rate of Luolijing seedswas 95% after soaking at 2SoC and 3SoC for 3d, SS% given
in the treatment of soaking at ISoC for 7d, 95% for the treatment of soaking at 13°C foe 14d.
However, The Luolijing seeds didn't germinate after treatment at SOCfor 2S d. The germination
characteristic of Luolijing was similar comparing with cultivars japonica Chuenjiang 11 and indica
Ganzaoxian. However, under the condition of ISoC, the period of starting to germinate delayed 2 d
than the two cultivars.

Characteristics of rice seeds on water absorption and cold tolerance

Water content of rice seeds, as an average value from three varieties of Luolijing, Chuenjiang 11
and Ganzaoxian, was raised significantly with prolonging the soaking period, and the germination
rate of the rice seedsdecreased significantly after treatment oflow temperature of -20°C for 3 hand
growth at 2SoCfor four days (Table 1).
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Table 1. Relationship between cold-resistant and soaking period.

Treatment Water content of Germination rate of
rice seeds(%) rice seeds (%)

Soaking for 48 h, 3 rice varieties 33.98 a 0 d
Soaking for 24 h, 3 rice varieties 28.11 b 31.7 c
Soaking for 12 h, 3 rice varieties 22.83 c 46.7 c
Soaking for 6 h, 3 rice varieties 19.54 d 65.0 b
Soaking for 0 h, 3 rice varieties 11.04 e 91.7 a .

1Va~ueswithin eachcolumn followed by the samebetterarenot significantly different at the 5% level by

Tukey's (TangandFeng 2002).

Among the three rice varieties, the average water content of the weedy rice Luolijing was lower
than Chuenjiang 11 and Ganzaoxian after soaking for 0~48h, and higher germination rate of
Luolijing seedswas given. It indicated that the husks of Luolijing caryopsis had stronger capacity
obstructed from water than the two cultivars (Table 2).

Table 2. Characteristics of water content and cold-resistant from different rice varieties.

Treatment Water content of Germination rate of
rice seeds(%) rice seeds (%)

Luolijing, soaking for 0~48 h 17.038 b 63.3 a
Chuenjiang 11, soaking for 0~48 h 20.533 a 30.8 b
Ganzaoxi~, soaking for 0~48 h 20.180 a 23.3 b

1Valueswithin eachcolumn followed by the samebetter arenot significantly different at the 5% level by

Tukey's (TangandFeng 2002).

Under water contents of 23.66~25.19%, the strength order of germination rate of rice seedswas as
follow: Luolijing> Chuenjiang 11» Ganzaoxian. During the water content of 18.79~21.68%, the.
strength order of germination rate of rice seeds was as follow: Luolijing» Chuenjiang 11 =
Ganzaoxian. When the water contents were 9.99~ 12.63%, the germination rates of rice seedsdidn't
have significant difference among the three varieties (Table 3). Under the similar water contents, the
germination rate of Luolijing seeds was significantly higher than Chuenjiang 11 and Ganzaoxian
after treatment of low temperature at -20°C for 3h and growth at 28°C for four days. It indicated that
the weedy rice Luolijing had stronger cold-tolerance function than the two cultivars.

Table 3. Characteristics of water absorbing and cold-tolerance of rice seeds.

Treatment Watercontentof Germination rate of
rice seeds(%) rice seeds C%)

Luolijing, soakingfor 24 h 23.66cde 87.5 a
Chuenjiang11,soaking for 12h 24.51cd 45.0 c
Ganzaoxian,soakingfor 12h 25.19cOd
Luolijing, soakingfor 12h 18.79fg 95.0 a
Chuenjiang11,soaking for 6 h 21.68def 47.5 c
Ganzaoxian,soakingfor 6 h 20.77ef 50.0 be
Luolijing, soakingfor 0 h 12.63h 100a
Chuenjiang11,soaking for 0 h 10.49h 85.0 ab
Ganzaoxian,soakingfor 0 h 9.99h 90.0 a

1 Valueswithin eachcolumn followed by the samebetter arenot significantly different at the 5% level by

Tukey's (TangandFeng 2002).
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Control effects of weedy rice treated with flooding

Compared with the un-flooding chick, the flooding treatments of 2.5~10 ern for 6d reduced the
seedling number and plant height of the weedy rice Luolijing significantly. However, it's not
significant difference among the different depth of water. At 14d after re-irrigating with the water
depth of2~3 em, the germination rate of rice seeds and its plant height were similar with the earlier
flooding treatment. The treatment decreased the plant dry weight of Luolijing significantly and
reached the weedy rice control of 50~69% (Table 4).

The seedling number and plant height of the Chuenjiang 11 flooded with 10 em were similar as
those in the un-flooding chick, showing that the cultivar seeds had more satisfactory characteristic
of flooding-tolerance. However, Ganzaoxian, the cultivar indica rice, had poor function of
flooding-tolerance, and the flooding treatment of 5cm killed its germinated seedsof 100% (Table 4),
Apparently, the susceptibility of weedy rice Luolijing to the flooding was higher than Chunjiang 11,
but lower than Ganzaoxian.

Although weedy rice had been reported in China (Vaughan et al. 2001), it didn't spread and caused
the yield loss economically. However, the weedy rice recently infested Liaoning Province, and
southeast region of Jilin Province, Northeast of China, and damaged the yield and quality of
cultivated rice. It's difficult to determine where the weedy rice came from now. It's possible that' it
came from degraded cultivated rice after natural selection for long period (Chin 2001) .. However, it
is not possibly a result of crossing between cultivated rice and wild rice, because of wild rice can't
live in the cold region, Northeast of China.

The seeds of weedy rice Luolijing had the characteristic of cold-tolerance, because its husks of
caryopsis showed stronger function to obstruct water than the cultivated japonica rice Chunjiang 11
and indica rice Ganzaoxian, as well as its biological characteristics. However, whether the seedling
plant of Luolijing had the function of cold-tolerance is desired to further research.

Table 4. Effects of water depth on rice seedling surviving and plant dry weight.

Treatment 6d after treatment 14dafterirrigated with the depthof2-3em
(em)

Seedling Plant height Seedling Plant Dry weight
surviving (%) (em) surviving (%) height (em) of plants(g)

Luolijing, WD 0 100a 12.2a 100a 36.1 a 0.54 a

Luolijing, WD 2.5 73 be 3.0 e 80 ab 26.8 ab 0.27bed
Luolijing, WD5 45 d 3.0 e 58 e 24.70 0.17de

Luolijing, WD7.5 63 cd 2.7 ef 58 e 25.6 ab 0.17 de

Luolijing, WD 10 65 cd 3.1 e 60 e 26.9 ab 0.23 cd
Chunjiang 11,WD 0 100a 10.2ab 100a 26.4 ab 0.54 a
Chunjiang 11,WD 2.5 93 ab 7.7 cd 95 ab 23.6 b 0.42ab

Chunjiang 11,WD 5 98 ab 8.7 be 93 ab 22.8 b 0.39ab
Chunjiang 11,WD 7.5 98 ab 6.3 cd 93 ab 18.7be 0.29bed

Chunjiang 11,WD 10 100a 8.7 be 98 ab 23.9 b 0.37bed

Ganzaoxian,WD 0 88 abe 5.8 d 75 be 23.4 b 0.29bed

Ganzaoxian,WD 2.5 15e 1.2efg 5d 9.8 cd 0.02ef
Ganzaoxian,WD 5 8 e J.2 efg Od Od Of
Ganzaoxian,WD 7.5 Oe Og Od Od Of
Ganzaoxian,WD 10 3e 0.4 fg Od Od Of

1 Valueswithin eachcolumn followed by the samebetter arenot significantly different at the 5% level by Tukey's

(TangandFeng2002). WD = water depth.
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Flooding at early period of rice growth might be adoptedto control the weedy rice in transplanted
rice, which reducedthe plant density andplant height of Luolijing significantly. The susceptibility
of the weedyrice to flooding washigher thancultivatedjaponica rice Chunjiang 11.The cultivated
japonicarice plantedin the cold region of NortheastChinahadpowerful flooding-tolerance.So that
the weedy rice could be partly controlled and its seedlingdensity significantly reduced,flooding
shouldbe doneduring the early period of rice growth.

Although the characteristicsof biology and stress-resistanceof the weedy rice Luolijing were
investigatedpartly (Chenet al. 2004,Yu et al. 2005), the classification anddistribution of theweedy
rice, as well as its harm to the crop were not studied, measuredand evaluated in China. The
technologiesof the weedy rice control are desiredto researchand extend which benefit farmersto

.reducecostandincreaseincome.
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Study on the biology of field horsetail (Equisetum arvense)
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Abstract: Field horsetail (Equisetum arvense) is a perennial upland weed and very difficult to.
control. Experiments were conducted in the field and greenhousein Heilongjiang, China, in.
1999-2000to study the biology of this weed.The resultsshowedthat this weed was anoxylophyte
plant and favored to grow in neutral and slightly acid soils. Rhizome germination increasedwith
increasein the number of nodesand length of internodes.Maximum growth rate was at 25"°C.It
could also regenerateby corm. The age of field horsetail could be determinedby stem color and
rhizomecharacteristics.

Key words: Age, biology, Equisetum arvense, field horsetail.

INTRODUCTION

Field horsetail is a ferny perennialweed (Anderson 1996).It occursprincipally in North America,
Europe,Russia,England, and China (Bell 1988; Chen 1987;Tang 1988; Zhang 1998).This weed
hasbroughtmuch trouble to wheat,com, soybean,andsomehorticultural crops (Anonymous 1988a,
1988b;Ramideide1984;Daniel 1985).

Although the weed can reproducevia sexualmechanismsthrough germinatedsporesproducedby
male and female gametophytes,the rhizomes and corms are consideredas the principal meansof
perennation,reproduction.tanddissemination(Daniel 1985).It hasan extensiverhizome systemand
produces corms as an important energy reservation for growth and survival. Willimas (1979)
reportedthat 5Q%of the total rhizome weight of the plant was found in the top 25 em of soil, 23%
in the next 25 em, and the rest in deepersoil, even in a depth of 100 em or more (Daniel 1985;
George1986).Daniel (1985) researchedthe growth ratesof summerstem, rhizome, andcorm rate
undergreenhouseandfield conditions andfound that rhizomesegmentsof 1em long with one-node
easilyregeneratedfrom 15em deep.

. There are many reports'about control of field horsetail. A lot of herbicides, such as 2, 3, 6-TBA,
dalapon,amitrole,MCPA, dicamba,pic1oram,dichlobenil, chlorthiamid, glyphosate,asulam,2, 4-D,

.- fosamine,linuron, simazine,paraquat,and atrazine,were appliedto control this weed,but the most
of themcould not provide goodcontrol. Glyphosate,2, 4-D, MCPA, amitrole, anddichlobenil could
control the summerstemsof this weed effectively, but could not control its rhizome (Nilsson 1991;
Marshall 1980, 1987; Kuriyama 1992; Hallgren 1996; George 1986; Davison 1982). This weed
could re-grew as well whether it was hoed once or 16 times during the growing season(Daniel
1985).The objective of this study was to study,through field survey and greenhouseexperiments,
thebasebiology that may be helpful for its effectivecontrol.

MATERIALS AND METHODS

Effectsof soil typesandtillage on infestationof field horsetail

A number of fields with different soil types and tillage conditions in Baoquanling Farm,
Heilongjiang province, China were selectedto investigateeffect of thesefactors on field horsetail
growth during June1999- June2000. Soil typesandtillage conditions in the investigatedfields see
(Table 1 and 2). Four sampleswere taken from eachfield and the number of rhizomes countedin
everysite with 25 em x 35 em quadrat from surfaceto 15 em depth. Density and height of spring
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stemswerecountedandmeasuredwhensporesweremature.

Effectsof nodenumberandtemperatureon rhizomepropagation

Rhizomeswith different nodes(2, 4, 6) were selectedandput into Petri dishes(12 m) with a piece
of filter paper.Eachpetri dish was addeddistilled water of 30 ml (pH=7.04), sealedwith paraffin
and then put in growth chambersat different temperatures7.2°C, 18°C, 25°C, and 32°C without
light. Each treatmentwas replicated four times and arrangedin a completely randomizeddesign.
For corms, only one temperature (25°C) was used due to limited materials. Shoot lengths and
numbersweremeasuredandcountedevery2 daysafter incubation.

Determinationof the ageof perennialrhizomes

Rhizomeswere dug out and their morphologywas observedandthe length of internodesmeasured.
Th~mtheageof rhizomeswas determinedbasedon stemcolor andrhizome characteristics.

RESULTS AND DISCUSSION

Effectsof soil type andtillage on the infestationof field horsetail

With increasingtillage intensity, the densityof field horsetail rhizome becamelower and lower. In
continual 2-year tillage field, the density of field horsetail rhizome was 26 m", and. it was
significantly lessthan others (Table 1). It meansthat subsoiling and deepplowing could effectively
reducethe density of the weed and tillage is an effective control measure.Field horsetail favored
bleachedBaijiang soil where high density was observedand also could grow in sandy soils and
black soils. However, there was no significant difference in number amongthree soil types (Table
2). When spring stem grew up to about 8.0 em, it could disperse spores(Table 2). In order to
preventsexualreproduction,control measureshouldbe takenin early stage.

Effectsof nodenumberandtemperatureon rhizomepropagation
-

With the increasein the number of nodesand the length of internodes, the capacity of rhizome
germination increased(Fig. 1). Field horsetail could germinateand grow from 7.2°C to 32°C,but
maximum growth rate was at 25°C. Some rhizomes were two years old according to above
determination.All of them could germinateat 25°C. Corms could germinate too at 25°C. The
rhizomeswith more nodesproduced longer shootsbecauselonger rhizomes reservemore energy
andnutrientsfor their growth.

Table 1. Density of field horsetail's rhizomes (no. m") in different tillage fields of bleached
Baijiang soil in BaoquanlingFarm(June1999andJune2000).

Tillage system Continual I-year tillage No tillage Wasteland
2-year tillage

Note: Values within a row followed by the sameletter are not significantly different at the 5% level by

Duncan'smultiple rangetest.

Table2. Field horsetail growth in different types of soil in Baoquanling Farm (June1999andJune
2000).

Measure Soil type
BleachedBaijiang Sandy Black

Sporesdispersedor not No Yes No Yes No Yes
Height (cm) 3.471 7.789 5.082 8.396 3.154 8.600
Density (no.m") 411ns 434ns 343ns

Note: nsmeansno significant differenceat the 5% level by Duncan's multiple rangetest
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Figure 1. Effects of temperature and node number on the growth of field horsetail

Determination of the age of perennial rhizomes

The age of woody plants could be determined by their annual ring and the age of biennial weeds .hy
their flowers, but it is difficult to determine the age of perennial weeds. In our field survey, we
found that the age offield horsetail could be determined by stem color and rhizome characteristics,
Younger rhizomes were green. With aging, the color became darker, from brown to black. For
rhizome, top node rotted and dried out and new rhizome grew from the last second node in next
year so that there was a dry and rotten node on the top of rhizomes segment grown in one year (Fig.
2). The age of the weed could be easily identified according to the dry and rotten nodes after dug
out from soil.
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Monitoring forage production of Nilegrass using spectral remote sensing
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Abstract: Nilegrass (AcrocerasmacrumStapf) is a C3 perennial and has been commonly used as a
forage grass in many areas including Taiwan. Field experiments were conducted at the Taiwan
Livestock Research Institute Experimental Farm to measure seasonal changes in fresh weight of
aboveground plant parts and ground-based remotely sensed reflectance spectra (350-2400 run) of
nilegrass vegetation during the growing seasons from June 2002 to October 2004. The data were
used to establish spectral models for assessing and monitoring forage production along vegetation
development. By linear correlation intensity analysis, results showed varied correlation coefficients
between spectral reflectance and forage production in the measured spectral domain. Positive values
of correlation coefficient were found from near-infrared (740-1300 run) region to the front portion
(1300-1400 run) of short-wave infrared region (1300-1800 run), while reflectance from the
remaining wavebands showed negative correlation. The maximum absolute value of correlation
coefficient was located at 439 run, where reflectance-forage production relationship was better
f'tted to a quadratic function (R2=0.503, P<O.OOl). Of the examined spectral indices, forage
production most correlated with RGREENIRNIRratio (R2=0.654, P<O.OOI), where RGREENis
reflectance at greeJ?light (490-560 run) maximum and RNIR is reflectance at near-infrared peak.
Modeling of spectral characteristics and forage production was further improved by using a
multiple linear regression (MLR) model. The best five-variable linear regression equation exhibited
a greater sensitivity (R2~0.726, P<O.OOI, Cp=6.000) to assessforage production. When validating
the MLR model with other sets of data from different growing seasons, the model gave reasonable
prediction values with the slope of l.086 and root mean square error of 3.891 (N=21). Results
suggest that forage production of nilegrass along phonological development may be assessedand
monitored by models established from vegetation high-resolution reflectance data.

Key words: Correlation intensity analysis, forage production modeling, multiple linear regression
analysis" nilegrass, spectral reflectance data.

" INTRODUCTION

A number of forage grasses have been selected and released from the Taiwan Livestock Research
Institute to farmers to meet the local demand of forage for animal feeds recently (Buu et al. 1993;
Shaug et al. 1999). Among them, nilegrass adapts to regional climate and is becoming a popular
species with increasing cultivation acreage. In contrast to the other wide-cultivated C4 type
pangolagrass iDigitaria decumbens),nilegrass is a C3 perennial and produces high forage yield with
high forage quality throughout the year than its alternative. The newly released cultivar 'Taichi
No.1' is also resistant to rust disease and grows well in winter if water is available to help solve
forage shortage during the chilling seasons(Shaug et al. 1999,2002).

Many reports have pointed out that forage quality may decrease after a certain growth stage during
plant development. Lee et al. (1991) showed that nutrient digestibility and total digestible nutrient
ofpangolagrass decreased towards flowering. Buu et al. (1993) indicated that crude protein content
of pangolagrass decreased while acid detergent fiber and crude fiber increased as growth stage
advanced to maturity. Hsu et al. (2005) reported that crude protein content of both nilegrass and
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pangolagrassdecreasedyet neutraldetergentfiber andaciddetergentfiber increasedwith a delayof
cutting. Sincethe timing of harvestdeterminesforagequality, the criteria for harvestdetermination
areimportant issuesfor growersin aid of growth managementandyield production planning. '

Canopyspectraldata taken from remote sensingprovide timely information on changesin plant
biophysical parametersas indicators of crop growth and development. Such feature of remote
sensing techniques provides an advantageover conventional field survey in monitoring and
supervisingcrop growth statusover a large areaandunderdiversified environments(Bauer 1975).
The extractedvital information canthenbe usedfor precisionmanagementof productionprocesses.
Especially,yield prediction in the early stagesof growth provides an opportunity of an appropriate
adjustmentof farming operationin a more efficient andeffective way. However, the spectralnature
of crop vegetation should be defined and the relationships between spectral characteristicsand
biophysical parametersshould be establishedbefore practical applications (Rouse et al. l 974;
~iegand et al. 1991).

The objectiveswere to take ground-basedremotely sensedhigh-resolution reflectancespectraof
nilegrassvegetation in conjunction with the abovegroundplant parts measurementsin order to
select suitable spectral characteristics,and then used for establishing spectral models to assess
forageproductionduring the growing periods.

MATERIALS AND METHODS

Field experimentswere conductedin the experimentalfarm of Taiwan Livestock ResearchInstitute
(23°04'N, 120°26'N, elevation of 31 m) at Hsinhuaheadquarterfrom June2002 to October2004,
with 8 growing seasonsin total. Data acquired from Seasons1 to 4, 5 and 7 were usedfor the
establishmentof models,while datafrom the othertwo seasonswere usedfor validation of multiple
linear regression(MLR) model. It was a 4-year-oldnilegrass(A. macrum cv. Taishi No.1) pasture,
and the soil was an acidic sandy loam with a pH of 4.8 and organic matter less than 0.8%. The
experimentalfield was divided into 4 plots with 0.9 haper plot. No pesticideswere usedduring the
expe~imentalperiod and weed control was practiced by hand-weeding at 1-2 weeks after the
previouscuttings.

On eachday of spectralmeasurement,threel-m2 areasper plot were harvestedto obtain the fresh
weight of abovegroundplant parts(fresh-basedforageproduction) and the plot averagewasusedto
couple with spectral data. Reflectancespectrumof nilegrassvegetation was taken by a portable
spectroradiometer(model GER-2600, Geophysical& Environmental ResearchCorp., New York,
USA) on near cloudless moments between 10:30 to 13:00 local standardtime. There were 24
randomspotsof spectralmeasurementsper plot on eachsamplingdate and eachmeasurementwas
setasanaverageof four full-range (350-2500nm) spectralscans.The meanreflectancespectrumof
a plot was calculated from those of 24 measurementsand was used to correlate with the forage
productionof theplot. The spectroradiometerhad a 10degreefield-of-view lensnadir-viewing over
nilegrassvegetation,at a distanceof 1.7m, to acquirethe reflected radiance.Reflectancespectrum
was obtainedby comparing radiancespectrumof the targetvegetationwith radiancespectrumofa
standardreferencepanel, the so-called'Spectralon'(Labsphere,Inc., North Sutton,NH, USA). Care
wastakento preventthe influence of shadowandbackground.

Statisticalanalysesand graphplotting wereperformedby using StatisticalAnalysis Systemversion'
8.1 (SAS Institute 1998) and SigmaPlot2001 (SPSSASC BV, the Netherlands).Linear correlation
intensity betweenspectralreflectanceand forageproduction was analyzedandthe narrow bandof
the maximum absolutevalue of correlation coefficient was identified. Among the spectralindices,
the normalized difference vegetation index (NDVI) was calculated by the formula
(RNIR-RRED)/(RNIR+RREO),where RNIRis the reflectanceat the near-infrared (740-1300 nm) peak
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and RREDis the reflectance at the red light (640-740 nrn) minimum. The ratios of RREoiRNIR,
RcJREEN/RNlR,and RREoiRGREENwere also computed, where RGREENis the reflectance at the green
light (490-560 nrn) maximum. For MLR analysis, the Collinearity Diagnostics and the R-squaie
Selection methods were used in combination to select suitable spectral characteristics (narrow
bands), followed by the Step-wise Selection procedure. Changes of determination coefficient (R2)
with the number of characteristic wavebands used in MLR models were then examined to select the
optimum waveband number and established an optimal model for forage production. The best
five-variable MLR model was in the form of Ys=a+alR)'I+a2R),2+a3R)'3+a4R)A+asR).5,where
dependent variable Y 5 is the forage production, and independent variables R).], R)'2,RD, R)Aand R)'5
are reflectance of the characteristic narrow bands Id, A2, A3, M and A5 selected from the reflectance
spectrum. The root mean square error (RMSE) was calculated as:

and was used to compare the precision of estimation between the measured values (Xn and the
estimated values (Xi ). .
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Fig. 1. Result of correlation intensity
analysis between spectral
reflectance in range of
350-2400 nrn and forage
production· of nile grass
(Acrocerasmacrum Stapf).

Fig. 2. The quadratic relationship
between forage fresh weight
and spectral reflectance at 439
nrn of vegetation spectra of
nilegrass (Acroceras macrum
Stapf).

RESULTS AND DISCUSSION

Results of linear correlation intensity analysis between spectral reflectance at 350-2400 nrn range
and forage fresh weight (fresh-based forage production) of nilegrass is plotted in Figure 1. There
existed varied correlation coefficients along the measured spectral domain. A positive correlation
coefficient was found in wavebands from the near-infrared (740-1300 nrn) to the front portion
(1300-1400 nrn) of short-wave infrared region (1300-1800 nrn), while reflectance of the remaining
wavebands showed a negative value of correlation coefficient. The maximum absolute value of
correlation coefficient located at 439 nrn (r=-0.663**), where reflectance-forage production
relationship was best fitted to a negative quadratic function (R2=0.503, P<O.OOl) (Figure 2).

Of the examined four spectral indices, forage production most correlated with RcJREENIRNIRratio
(R2=0.654, P<O.OOl) (Fig. 3). It was a negative exponential function, the increase of forage
production would accompany with the decrease of the RGREENIRNIRratio. The commonly used
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spectral index NDVI had a positive exponential relationship (R2=0.602, P<0.001) with forage
production.
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Table 1. The best five-variable multiple linear regressionequation for estimating forage fresh
weight of A.s macrumStapf from different narrowbandsof vegetationspectra.

RGREEN/RNIR

Item
Y=a+b~39 +CR891+dR1709+eR1909+fR2255 R2 P Cp
a b c d e f

Freshweight 18.175 -2.499 0.618 -2.232 -0.219 2.542 0.726 0.0001 6.000
Partial-R2 0_015 0.450 0.172 0.034 0.055
~39, ~39, RS9b R1709, R1909, andR2255: the reflectanceof at 439 nm, 891 nm, 1709nm, 1909nm, and 2255 nm,

respectively.

Consistentwith the reports by Yang et al. (2003) and Yang and Chen (2004), modeling of spectral
characteristicsto forageproduction was improved by incorporating multiple factors.into the MLR
model. The R2was promoted from 0.503 of the single spectralcharacteristics439 nm to 0.602 of
RGREENIRNIRratio then to 0.726 (P<0.001, Cp=6.000) of the best five-variable linear regression
model (Table 1). When validating the MLR model with data from two other growing seasons,the'
model gavereasonableprediction valueswith a slopeof 1.086and root meansquareerror of 3.891
(Fig. 4). Resultssuggestthat forage production of nilegrassalong phonological developmentmay
be assessedandmonitored by modelsestablishedfrom vegetationhigh-resolution reflectancedata.
More data containing the variability causedby cultivation management,soil background and
climatic variation shouldbe includedto expandthe applications.
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Comparison four aromatic rice varieties with and without weed control conditions
in pre-germinated seeded rice in Thailand
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Abstract: Weedsand four aromaticrice competitionwere conductedin the field to determineplant
traits that confer competitive ability againstweedsin pre-germinatedseededrice. The experiments
was laid out in 2x4 Factorial in RCB with 4 replications,first factors were weed control methods:
2,4-D/propanil at 2 Kg ai ha-I and untreatedcheck plots, second factors comprised four rice
aromatic varieties: Khao Dok Mali 105 (KDML 105), Horn Klongluangl (HKLGl), Horn
Suphanburi(HSPR) and Patumthani I (PTTl). In untreatedplots, HKLG 1 gave the highest yield
that wasnot significant with PTTI andKDMLl05. HSPRandKDML 105gavethe lowestyield. At
harvest,plant height of KDMLl 05 was the highestthan the others 3 varieties:HSPR,HKLG 1 and
PTTI respectively.Therefore KDMLl05 and PTTI had a good competitive ability with weedsin
term of plant type and height. The secondyeartrial gavethe sameresultswith the first year.Four
cultivars gavea good responsefor weed control since grain yield of treatedplots in eachvarieties
showedhigheryield thanuntreatedplots.

Key words: Competition,aromaticrice, varieties,cultivar

INTRODUCTION

Weedsaretheonemajor constraintin rice production.Pre-germinatedseededrice (wet seededrice)
has a higher competition with weedsthan transplantedrice. Weed and crop will be germinatedat
thesametime in wet seededrice.

There aremany findings of InternationalRice ResearchInstitute from 1977-1988,yield lossesdue
to weedsin wet seededrice was average44 percent,transplantedrice 48 percent,dry seededrice 74
percentanduplandrice 48 percent(Ampong-Nyarko andDe Datta, 1991).In Thailand, yield losses
due to weed growth in different type of rice culture, wet seededrice 20 percent, transplantedrice

. 16.5percent,dry seededrice 38.7percentanduplandrice 60.6percent (Vongsaroj, 1997).

The availability of good water supply and short-durationmodem rice and cost-efficient herbicides
including high labor costshavemotivatedmany farmersto shift from transplantingrice to broadcast
seeding.Direct seedinghascreatednew problems,suchasmajor weed shifts and high density (De
Datta andNantasomsaran,1991).

The differ of plant type causesthe differ severeof weedand crop competition (Moody, 1991).The
widespreadreplacementof traditional tall varietieswith modem varieties may have increasedweed
problems.The traditional varietieshave droopy leaves,the semi-dwarfs are shorter aridhave erect
leaves.Thereforemore light penetratesthe crop canopy,and more weedsemergeand survive (De
Datta, 1981). .

In Thailand, the researchworks on weed andrice varietiescompetition havedone for a long time.
In 1976, Vongsaroj et al (1976) evaluatedThai traditional varieties; Leung Pratew 123, Khao
Kaew, PuangNak 16with tall, droopy leaves,had lower weed density than modem varieties:RDl,
RD3,RD7andRD9. Nantasomsaranet al (1997)reportedthat KDMLI05 andRD6varietieswith tall
and high tillers had lessweed weight than short IR72 variety. Naturally traditional varieties have
more leaf areaindex, biomassand seedweight than modem varieties. Therefore weed and crop
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competition, the establishmentof traditional varieties take more advantagethan modem varieties.
Weed and crop competition depend on many factors, however there are many variation of
competition, dependon crop tolerance and weed suppression.The experimentsshould be donein
many times and evaluatedwith many findings for the potential of those varieties (Caton et al,
2001).

The objective of this study is to find out the competitive ability of four rice cultivars under pre-
germinatedseededrice.

MATERIALS AND METHODS

The experimentswas laid out in 2x4 Factorial in RCB with 4 replications at ChacheongsaoRice
ResearchSectionduring July 2001 to January2003 (wet seasonof 2 years), first factors comprise
weed control methods: 2,4-D/propanil at 2 Kg ai ha-1 and untreatedcheck plots, 'secondfactors
comprised four aroma rice varieties: Khao Dok Mali 10S (KDMLI0S), Horn Klongluangl
(HKLG1), Horn Suphanburi(HSPR) andPatumthanil (PTTl). Plot size was Sx6m. Aromatic rice
was sown in pre-germinated seeds.The treatment of 2,4-D/propanil was applied as the post
emergenceherbicideat IS daysafter sowing (DAS).

Data of weed speciesand weed weights were recorded at 60 DAS by using the two quadratof
SOxSO em samplingin eachplot. Plant height was measuredat 30, 60 DAS and at harvesting.Grain
yields wererecordedat 14percentmoisturecontentandyield component.

RESULTS AND DISCUSSION

First year experiment:

The dominant weed speciesin trial areawere Scirpusgrossus L.f. 30.29%, Fimbristylis miliacea
(L.)Vahl 23.73%, Sphenocleazeylanica Gaertn. 20.67%, Cyperus difJormis L. 10.11%Marsilea
crenata Presl 9.86%, Echinochloa crus-galli (L.) P.Beauv. 3.SS%, Ludwigia hyssooifolia G.Don
Exell 1.33%,Nymph0idesparvifolium Ktze. 0.46%

In untreatedplots, KDML 10S had the lowest weed number.Weed weight showedthe sametrend
with weed density in untreatedplots. The treatedplot with 2,4-D/propanil HKLG 1 had the lowest
weedweight.

"

At harvest,plant height.of KDML 10S was taller than three cultivars in two conditions of weed
control andfollowed by HSPR,HKLGI andPTTI respectively.The advantageof tall plant is more
competitivewith weedthan short statureplant

Patumthani1 had the highest panicle number in both untreatedand treated plots whereasKDML
10S hadthe lowestpaniclenumber

Grain yields were obtainedfrom treatedplots more thanuntreatedplots '

Horn Klongluangl gave the higher yield than the others in untreatedplots. Average of two weed
control conditions,HKLGI showedthe highestyield andfollowed by PTT1, KDMLlOS andHSPR
respectively.

Secondyear experiment:

The experimentwas conductedin the sameareaof the first year.The dominant weedswere sedge:
Fimbristylis miliacea (L.) Vahl 90.82%, Leptochloa chinensis (L.) Nees 4.73%, Scirpusgrossus
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L.f. 2.07%, Cyperusdifformis L. 1.31%, Sphenocleazeylanica Gaertn.0.63%,Echinochloa crus-
galli (L.) P.Beauv.0.36% andAeschynomeneasperaL. 0.08%. Khao Dok Mali 105had lessweed
numberthanthreevarieties(fig 1).

OF.miliacea =90.82
fil L. chinensis = 4. 73
El s.grossus= 2.07
oCdifformis = 2.07
• S.zeylanica= 0.63
.E.crus-galli = 0.36
• A.aspera = 0.08

Fig l. Weedspeciesanddensityin untreatedplots, 2002.

At 60 DAS, weed weight of treatedplot was lower than untreatedplots. In untreatedplots, KDML
105 had the lowest weed population. In treatedplots, HSPR had the lowest weed weight (fig 2).
KDMLl 05 was taller than three cultivars when average from two conditions of weed control
methods(fig 3). Patumthanil had the highestpaniclenumber followed by HKLG1, KDMLl05 and
HSPRrespectively.

50

HSPR PDl

40 • untreatedcheck

10

KDMLl05 HKLGl

Fig 2 Weedweight at 60 DAS in ntreatedandtreatedplots, 2002.
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Fig 3. Plantheight at harvest,2002.
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Grain yieldsof four cultivars gavethe sametrendwith the first year.Horn Klongluangl showedthe
highestyield andfollowed by PTTl, KDMLl 05 andHSPRrespectively(fig 4).
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Fig 4. Grain yield, 2002.

CONCLUSIONS

1. Horn Klongluang 1 gavethe highestyield amongfour rice cultivars.
2. Patumthani1 had ahigh tillering andpaniclenumber.
3. KhaoDok Mali 105hada tall, droopy leaves,andtherewere lessweedpopulation.
4. Horn Klongluang 1 and Khao Dok Mali 105have a good trend to competewith weedsin pre-

germinatedseededrice.
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Abstract: 6-Methoxy-2-benzoxazolinone(MBOA) inhibited the germination of cress seedsat
concentrationsgreaterthan 0.03 mM. Induction of a-amylaseactivity in the cressseedswas also
inhibited by the MBOA at concentrationsgreaterthan 0.03 mM. Both inhibitions increasedwith
increasingconcentrationsof MBOA, and the extent of the germination was positively correlated
with the activity of a-amylasein their seeds.Rrespiration during germination acceleratesto pro-
ducemetabolic energyand biosynthetic precursors.Therefore, soluble sugarsthat can be readily
usedin respirationmustbe suppliedconstantlyto maintain respiratory metabolismandgermination.
However,the amountof readily utilizable soluble sugarsin plant seedsis usually very limited, with
starchbeing the main reservecarbohydrate.a-Amylasewas consideredto playa major role in deg-
radation of reserve carbohydrate to soluble sugars during germination. Thus, induction of
a-amylaseis essentialto maintain activerespiratorymetabolismwhich allows germinationof plant
seeds.Theseresults suggestthat MBOA may inhibit the germination of cressseedsby inhibiting
the induction of a-amylaseactivity. It may be one of the possibleaction mechanismsof MBOA on
inhibition of the germination.

Key words: a-Amylase, 6-Methoxy-2-benzoxazolinone, allelopathy, germination, inhibitor,
Lepidiumsativum.

INTRODUCTION

6-Methoxy-2-benzoxazolinone(MBOA) was found in severalGraminaceousplant speciessuchas
wheat, com and maize (Niemeyer 1988). MBOA and its precursor hydroxamic acids have been
recognizedas plant resistanceagentsbecauseof their phytotoxic activity on insects (Dowd and
Vega 1996;Bravo and Copaja 2002), and fungi and bacteria (Frey et al. 1997; Yue et al. 1998;
Glennet al. 2002).

MBOA andits relatedcompoundshave also attractedattentionbecauseof their involvement in al-
lelopathiceffects(BarnesandPutnam1987;Inderjit andDuke 2003; Belz andHurle 2004).MBOA
wasreportedto inhibit the germinationandgrowth of severalplant species(Perez1990;Hayashiet
al. 1994;Kato-Noguchi et al. 1998;Kato-Noguchi 2000). However, the physiological mechanism
ofMBOA on the inhibition is not fully understood.

a-Amylase is consideredessentialfor seedgerminationbecausethis enzymetriggers starchdegra-
dation in the endospermof seedsand enablesthe seedsto germinateand grow (Perataet al. 1992;
Perataet al. 1997; Vartapetianand Jackson 1997). It might be possible that MBOA inhibits "he
germinationowing to the inhibition of a-amylaseactivity in the seeds.Thus, the effectsof MBOA
on germinationanda-amylaseactivity in cressseedswere investigated.
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MATERIALS AND METHODS

Plant material

Seedsof cress (Lepidiumsativum L.) were sterilized in a 2 % (w/v) solution of sodium hypochlorite
for 15 min and rinsed four times in sterile distilled water. All further manipulations were carried out
under sterile conditions. MBOA was dissolved in a small volume ofMeOH and added to two sheets
of filter paper in a 9-cm Petri dish and dried. The filter paper in the Petri dish was moistened with 4
ml 0.05% (v/v) aqueous Tween 20. On the occasion, sucrose (1 mM) was added into the medium.
Fifty seedsof cress were arranged on the filter paper in the Petri dish and germinated in the dark at
25°C for 6 - 48 h. The lengths of emerged radicles of cress seeds were measured with a ruler. For
determination of a-amylase activity, cress seedswere harvested, frozen immediately with liquid N2
and freeze-dried.

Extraction and assay'of a-amylase

Freeze-dried cress seeds (10 seeds for one determination) were ground to a fine powder in a mortar
using a pestle. Then the powder was homogenized with 1.5 ml of ice-cold solution of 100 mM
HEPES-KOH (PH 7.5) containing 1 mM EDTA, 5 mM MgCh, 5 mM DTT, 10 mM NaHS03 and SO
mM bovine serum albumin. The homogenate was centrifuged at 30,000 g for 30 min, and the su-
pernatant was heated with 3 mM eaCh at 75°C for 15 min to inactivate ~-amylase and
a-glucosidase (Sun and Henson 1991; Guglielminetti et al. 1995), and used for a-amylase assay.

a-Amylase was assayed by measuring the rate of generation of reducing sugars from soluble starch.
Appropriate dilutions of the enzyme preparations were made, and 0.2 ml of the diluted preparations
of the enzyme was added to 0.5 ml of 100 mM Na-acetate (PH 6.0) containing 10 mM CaCho Re-
tion was initiated with 0.5 ml 2.5 % (w/v) soluble starch. After incubation at 37°C for 15 min, the
reaction was terminated adding 0.5 ml of 40 mM dinitrosalicylic acid solution containing 400 mM
NaOH and 1 M K-Na tartrate, and then placing immediately into a boiling H20 bath for 5 min. Af-
ter dilution with distilled water, the AS30of the reaction mixture was measured and reducing power
evaluated using a standard curve obtained with glucose (Guglielminetti et al. 1995).

RESULTS AND DISCUSSION

Effects ofMBOA on germination

The effects of exogenous applied MBOA on cress seed germination were determined. MBOA in-
hibited the germination and the germination was completely inhibited by 3 mM MBOA. When
lengths of cress radicles were plotted against logarithm of MBOA concentrations, concentra-
tion-response curves were linear. At concentrations greater than 0.03 mM, MBOA inhibited the
growth of cress radicles and the concentration required for 50 % inhibition on the radicle growth
was 0.18 mM. These results suggest that MBOA inhibited the cress germination and the inhibition
was increased with increasing MBOA concentrations. The growth inhibition by MBOA was recov-
ered by addition of sucrose to the medium, which suggests that the inhibition may not cause by the
toxicity of MBOA itself. The germination inhibition by MBOA was also found in several other
plant species (Perez 1990; Kato-Noguchi 2000), and uptake of MBOA by plant seeds was signifi-
cantly faster than its precursor hydroxamic acid, 2,4-dihydroxy-7 -methoxy- 1,4-benzoxazin-3-one
(Perez 1990).

When germinated cress seeds whose radicle emerged were transferred to the solution containing 3
mM MOBA from the plain solution (0 mM to 3 mM MBOA), the germination was inhibited, indi-
cating that MBOA is able to inhibit the germination even after radicle emerged. On the other hand,
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when cress seeds were transferred to the solution containing 3 mM MOBA from the plain solution
(3 mM to 0 mM MBOA), the germination of cress seeds initiated and their radicles began to grow.
This result suggests that 3 mM MBOA did not killd the seeds, and also suggests that detoxification
ofMBOA absorbed by seedsmay occur (Inderjit and Duke 2003; Glenn et al. 2003).

Effects of MBOA on a-amylase activity

MBOA inhibited the activity of a-amylase in cress seeds at concentrations greater than 0.03 mM.
When a-amylase activities were plotted against logarithm of the concentrations, concentra-
tion-response curves were linear. The concentration required for 50 % inhibition on the activity was
0.16 mM as interpolated from the concentration-response curves, which value was almost the same
as the concentration required 50 % inhibition on the radicle growth of the seeds. MBOA (0.001,
0.03,0.1,0.3, 1 or 3 mM) was added into the reaction mixture for a-amylase assay but the activity
of a-amylase was not affected by presence of MBOA in the assay mixture, suggesting that MBOA
dose not inhibit in vitro a-amylase activity. These results suggest that MBOA inhibited a-amylase
induction at the protein level and the inhibition was increased with increasing MBOA concentra-
tions. In addition, two concentration-response curves indicate that the length of cress radicles was
positively correlated with the activity of a-amylase in their seeds.

Change in a-amylase activity in cress seedsafter incubation was determined. The activity in control
seeds (0 mM MBOA) was low at time 0 and increased as the process of germination occurred,
where radicles of cress seeds emerged around 16 h after incubation. However, MBOA inhibited the
increasing of a-amylase activity and the inhibition was greater with increasing MBOA concentra-
tions. At 48 h, the activities in seedstreated with 0.1 and 0.3 mM MBOA, respectively, were 58 and
32 % of that in control seeds, and the activity in seeds treated with 3 mM MBOA remained almost
unchanged.

Although the activity or a-amylase in control cress seeds(0 mM MBOA) was increased continually
(0 to 0 mM MBOA), the increasing activity was reduced when cress seeds were transferred to the
solution containing 3 mM MOBA from the plain solution (0 to 3 mM MBOA), suggesting that
MBOA may well be able to inhibit increased activity in cress seeds after radicle emerged. On the
contrary, the activity in cress seeds increased after transfer to the plain solution from the solution
containing 3 mM MBOA (3 to 0 mM MBOA), where radicles of these seedlings resumed a growth
rate similar to untreated seedlings. Thus, it seems that a-amylase activity in cress seeds correlates
well with germination and growth.

Germination inhibitio~ and a-amylase activity

Plant germination is a complex phenomenon, and many kinds of genes and enzymes are known to
participate in this event (Beck and Ziegler 1989; Thomas 1993; Conley et al. 1999). During germi-
nation respiration accelerates to produce metabolic energy and biosynthetic precursors (Perata et al.
1997). Therefore, soluble sugars that can be readily used in respiration must be supplied constantly
to maintain respiratory metabolism and germination. However, the -amount of readily utilizable
soluble sugars in plant seeds is usually very limited, with starch being the main reserve carbohy-
drate (Ricard et al. 1998; Saglio et al. 1999; Guglielminetti et al. 2000). a-Amylase was considered
to playa major role in degradation of reserve carbohydrate to soluble sugars during germination
(Perata et al. 1997; Vartapetian and Jackson 1997). Thus, induction of a-amylase is essential to
maintain active respiratory metabolism which allows germination of plant seeds.

MBOA inhibited the germination of cress seeds and the induction of a-amylase in the cress seeds.
Furthermore, a-amylase activity in the cress seeds reflected the extent of their germination. These
results suggest that MBOA may inhibit the germination of cress seedsby inhibiting the induction of
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a-amylase.It may be one of the possibleaction mechanismsof MBOA on inhibition of the germi-
nation. The result that exogenouslyapplied sucroseovercamethe inhibiting effect of MBOA may
supportthis hypothesis. •
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Momilactone B: a potent allelochemical in rice root exudates
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Abstract: A potent allelochemical causingan inhibitory effect on rice was recently isolated from
rice root exudates,and the chemical structureof the inhibitor was determinedby spectraldata as
momilactoneB. Momilactone B was found to be releasedfrom rice roots into the neighboring en-
viroriment, and its releaselevel may be sufficient to causegrowth inhibition of neighboringplants,
The allelopathicpotential of rice seedlingsof sevencultivars was comparedwith the concentrations
of momilactoneB in, the roots exudatesof theserice seedlings.The allelopathic potential of each
rice cultivar was closely correlatedwith the momilactoneB concentrationin the root exudatesof
the respectivecultivar. Thus, the extent of the allelopathic potential of theserice varietiesmay be
accountedfor by the concentrationof momilactoneB in their roots exudates.Thesefindings sug-
gestthatmomilactoneB may play animportant role in rice allelopathy.

Key words: Allelopathy, donor-receiverbioassay,growth inhibitor, momilactone B, Oryza sativa,
root exudates.

INTRODUCTION

The negativeimpacts of commercial herbicide useon the environmentmake it desirableto diver-
sify weed managementoptions (Putnam 1988; Weston 1996;Narwal 1999). Many investigations
havebeenattemptedto exploit allelopathy of plants for weed control purposesin a variety of agri-
cultural settings(Einhellig'1996; Seigler 1996;Duke et al. 2000), since allelopathy is regardedas
the direct influence of an organic chemicalreleasedfrom one living plant on the growth anddevel-
opmentof otherplants (Rice 1984;PutnamandTang1986;Lovett 1991).

Rice (Oryzasativa L.) hasbeenextensivelystudiedwith respectto its allelopathy aspart of a strat-
egy for sustainableweed management,suchasbreedingallelopathic rice strains.A largenumberof
rice varieties were found to inhibit the growth of severalplant specieswhen theserice varieties
were grown togetherwith theseplants under the field orland laboratory conditions (Dilday et al.

, 1998;Kim et al. 1999;Olofsdotter et al. 1999;Azmi et al. 2000). Thesefindings suggestthat rice
.~probablyproducesandreleasesallelochemical(s)into the environment.However, rice allelochemi-

calsreleasedfrom living rice plantshavenot yet beenidentified.

Aqueousextractsof rice plants inhibited the growth of severalplant species(Tarnaket al. 1994;
Kawaguchi et al. 1997;Jung et al. 2004) and aqueousextractsof decomposingrice residuesinhib-
ited root growth of lettuce seedlings(Chou and Lin 1976). Severalphenolic compounds,suchas
p-hydroxybenzoic acid, vanillic acid, p-coumaric acid and ferulic acid, were found in aqueousex-
tractsof rice residuesand straw (Kuwatsuka and Shindo 1973;Chung et al. 2001; Rimando et al.
2001; Chunget al. 2002). It is not clear,however,whetherthesecompoundsarereleasedfrom liv-
ing rice plants into theneighboring environment.

In this paper,an allelochemicalwas isolated from rice root exudatesand the chemical structureof
the allelochemicalwas determinedby spectraldata.The releaselevel of the allelochemicaland al-
lelopathic potential of sevenrice cultivars were also determinedto seewhether their allelopathic
potential is accountedfor by the releaselevel of the allelochemical.
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MATERIALS AND METHODS

Isolationandquantification of allelochemical

Seedsof rice (Oryza sativa cv. Koshihikari) were germinatedand hydroponically grown for 14
daysasdescribedby Kato-Noguchi et al. (2002). Then, the culture solution was separatedby sev-
eral chromatographicfractionations keeping track of the biological activity and finally 2.1 mg of
putative compound causing the inhibitory effect of the rice seedlings was isolated. The al-
lelochemicalin rice root exudateswas quantified as proceduredescribedby Kato-Noguchi et al.
(2003a).

Donor-receiverbioassay

Sevencultivars of rice, cvs Hinohikari, Kamenoo,Koshihikari, Nipponbare, Norin 8, Sasanishiki,
and Yukihikari were chosen for bioassayas donor plants. After surface sterilization, theseseeds
were grown at 25°C with a 12-hphotoperiodin a growth chamber.After 4 days,uniform rice seed-
lings were transferredto 5.5-cmPetri disheseachcontaining a sheetof filter papermoistenedwith
3.5 ml of 1 mM MES buffer (pH 6.0) as describedby Weidenhameret al. (1987), and grown for
further 3 days.Then, ten seedsof lettuce (Lactucasativa L.) were arrangedon the filter paperin the
Petri dishesand allowed to germinateand grow with the rice seedlingsunder conditions as de-
scribedabove.After 3 days, the lengthsof the hypocotyls and roots of the lettuce seedlingswere
measured.Control seedlingswere incubatedwithout rice seedlings.

RESULTS AND DISCUSSION

Isolation andidentification of rice allelochemical
,

About 5,000rice seedlings,cv. Koshihikari, werehydroponically grown for 14daysin orderto find
out a potentallelochemical in rice root exudates.Keeping track of the biological activity, their cul-
ture solution was purified by severalchromatographicfractionationsand finally 2.1 mg of putative
compound"causing the inhibitory effect of the rice seedlingsto be isolated (Kato-Noguchi et al.
2002; Kato-Noguchi and Ino 2003a).The chemical structureof the inhibitor was determinedfrom
its high-resolution MS, and IH_ and 13C-NMR spectral data as 3,20-epoxy-3a-hy-
droxy-9,B-pimara-7,15-dien-19,6,B-olide(momilactoneB; Fig. 1).

Momilactone B

Momilactone B was first isolated from rice huskstogetherwith momilactone A (Kato et al. 1973;
Takahashiet al. 1976)and later found in rice leavesandstraw (Cartwright et al. 1977;Kodamaet al.
1988;Lee et al. 1999).The function of momilactoneA asa phytoalexin hasbeenextensivelystud-
ied andseverallines of evidenceindicate that momilactoneA hasan important role in rice defense
systemagainstpathogens(Takahashiet al. 1999;Agrawal et al. 2002). Although the growth inhibi-
tory activity of momilactone B was much greater than that of momilactone A (Takahashiet al.
1976;Kato et al. 1977),the function ofmomilactone B is obscure.
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Allelopathic potentials of seven rice cultivars

Allelopathic potentials of seven rice cultivars were determined by "donner-receiver bioassay". In
the bioassay, lettuce seeds were allowed to germinate and grow with 7-day-old rice seedlings for 3
days. The growth of hypocotyls and roots of the lettuce seedlings was inhibited by the presence of
rice seedlings and the rice cultivars showed different range of the inhibitory activity. The length of
lettuce hypocotyls relative to the length of control seedlings (grown without rice seedlings) was 75,
72, 63, 60, 51, 48 and 37 % for cvs Hinohikari, Nipponbare, Sasanishiki, Yukihikari, Norin 8,
Kamenoo and Koshihikari, respectively, and the length of lettuce roots relative to the length of con-
trol seedlings was 65, 63, 61, 45, 36, 32 and 19 % for cvs Hinohikari, Nipponbare, Sasanishiki, Yu-'
kihikari, Norin8, Kamenoo and Koshihikari, respectively. Thus, the inhibitory effect of cv. Koshi-
hikari was the greatest, followed by that of cv. Kamenoo, Norin 8, Yukihikari, Sasanishiki, Nip-
ponbare and Hinohikari.

The lettuce seedlings may grow with the rice seedlings without interspecies competition for nutri-
ents, because no nutrients were added in the bioassay. Light is also unnecessary in the developmen-
tal stages of these seedlings, since early developmental seedlings mostly withdraw nutrients from
the reserve of their seeds (Fuerst and Putnam 1983). In addition, during the bioassay any significant
pH changes in the medium in all dishes did not found. Therefore, the inhibitory effect of rice seed-
lings against lettuce may not be due to the competitive interference and pH changes in the medium.
These results suggest that all rice cultivars studied in this experiment may possess allelopathic po-
tential and there are differences in allelopathic potential between these rice cultivars.

Release level ofmomilactone B from seven rice cultivars

Rice seedlings were hydroponically grown for 15 days and the concentrations of momilactone B in
their culture solutions were determined. Momilactone B was found in all culture solutions, but the
concentration in the solutions differed with rice cultivars. The highest concentration was in the so-
lution of Koshihikari, followed by that of cv. Kamenoo, Norin 8, Yukihikari, Sasanishiki, Nippon-
bare and Hinohikari. It has been reported that momilactone B was produced in rice plants of cv.
Koshihikari and released from the rice roots into the culture solution or neighboring environment
(Kato-Noguchi et al. 2002; Kato-Noguchi and Ino 2003a; 2003b). Therefore, all rice cultivars stud-
ied may produce and release momilactone B into the culture solutions and the release level appears
to depend on the cultivar.

Momilactone B inhibited the growth of roots and hypocotyls of cress and lettuce seedlings at con-
centrations greater than 3,11M,and the inhibition increased with increasing concentrations of mom i-

" lactone B (Kato-Noguchi et al. 2002). Considering the inhibitory activity, the release level of mo-
milactone B from rice seedlings of cv. Koshihikari into neighboring environment was sufficient to
cause growth inhibition of neighboring plant species (Kato-Noguchi and Ino 2003a, 2003b).

Relationships between allelopathic activity and momolacton B

The relationships between the growth of lettuce hypocotyls and roots incubated with rice seedlings
of seven cultivars and momilactone B concentrations in the culture solutions of corresponding rice
cultivars are linear. Both regression coefficients (hypocotyls, - 0.9326; root, - 0.9166) are significant
at 0.01 level, suggesting that momilactone B concentrations and allelopathic activities in their cul-
tivars are closely correlated.

All rice cultivars studied in this experiment inhibited the growth of lettuce hypocotyls and roots
when the lettuce was grown with the rice. Momilactone B was found in all culture solutions of their
rice cultivars. The concentrations of momilactone B in the culture solutions reflected the extent of
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the growth inhibition of the lettuceseedlingsby the rice seedlings.Theseresults indicate that these
rice cultivars possessvarious allelopathicactivities andthe extentof their allelopathic activity may
be accountedfor by their releaselevel of momilactoneB. Thus, momilactone B may play an im-
portant role in rice allelopathy or defensesystemagainstcompetition with neighboring plants for
resourcessuchaslight, nutrientsandwater.

LITERATURE CITED

Agrawal GK., Rakwal R., TamogamiS., YonekuraM., Kubo A. and Saji H. 2002. Chitosanacti-
vatesdefense/stressresponse(s)in the leavesof Oryza sativa seedlings.Plant Physiol.Bio-
chern.,40: 1061-1069.

Azmi M., Abdullah M.Z. and Fujii Y. 2000. Exploratory study on allelopathic effect of selected
Malaysianrice varieties andrice field weedspecies.J.Trop.Agric. Food Sci., 28: 39-54.

Cartwright D., LangcakeP.,Pryce RJ., Leworthy D.P. andRide J.P.1977.Chemical activation of
hostdefensemechanismsasabasisfor cropprotection.Nature, 267: 511-513,

ChungLM., Ahn J.K. andYun SJ. 2001.Identification of allelopathiccompoundsfrom rice (Oryza
sativa L) straw andtheir biological activity. Can.J.Plant. Sci., 81: 815-819.

ChungLM., Kim K.H., Ahn J.K., Chun S.c., Kim C.S.,Kim J.T.andKim S.H. 2002. Screeningof
allelochemicalson bamyardgrass(Echinochloa crus-galli) and identification of potentially
allelopathic compounds from rice (Oryza sativa) variety hull extracts. Crop Prot., 21:
913-920.

Chou C-H. andLin H-J. 1976.Autointoxication mechanismof Oryza sativa. 1.Phytotoxic effectsof
decomposingrice residuesin soil. J. Chern.Ecol., 2: 353-367.

Dilday R.H., Yan W.G, MoldenhauerK.A.K. and GravoisK.A. 1998.Allelopathic activity in rice
for controllirrg major aquaticweeds.In: Olofsdotter M (ed) Allelopathy in Rice, Interna-
tional Rice ResearchInstitute, Manila pp 7-26.

Duke S.O.,.DayanF.E.,Romagni J.G andRimandoA.M. 2000.Natural productsassourcesof her-
bicides:Currentstatusandfuture trends.WeedRes.,40: 99-111.

Einhellig F.A. 1996.Interactionsinvolving allelopathyin cropping systems.Agron. J., 88: 886-893.

FuerstE.P.andPutnamA.R. 1983.Separatingthe competitive and allelopathic componentsof in-
terference:Theoreticalprinciples. 1. Chern.Ecol., 9: 937-944.

Fujii Y. 1992.The potential biological control of paddy weed with allelopathy: Allelopathic effect
of somerice varieties. In: Proc Int Symp on Biological Control and IntegratedManage-
mentof PaddyandAquatic Weedsin Asia, Tsukubapp 305-320.

Jung W.S., Kim K.H., Ahn J.K., Hahn SJ. and Chung LM. 2004. Allelopathic potential of rice
(Oryza sativa L) residuesag~instEchinochloa curs-galli. Crop Prot., 23: 211-218.

Kato T., Kabuto c., SasakiN., TsunagawaM., Aizawa H., Fujita K., Kato Y. andKitahara Y. 1973.
Momilactones, growth inhibitors from rice, Oryza sativa L. Tetrahedron Lett., 39:
3861-3864.

Kato T., TsunakawaM., Sasaki N., Aizawa H., Fujita K., Kitahara Y. and TakahashiN. 1977.
Growth andgerminationinhibitors in rice husks.Phytochemistry,16:45-48.

Kato-Noguchi H., Ino T., SataN. and YamamuraS. 2002. Isolation and identification of a potent
allelopathicsubstancein rice root exudates.Physiol. Plant., 115:401-405.

Kato-Noguchi H. 2002. Isolation of allelopathic substancesin rice seedlings.Plant Prod. Sci., 5:
8-10.

225



Kate-Noguchi H. and Ino I. 2003a. Rice seedlingsreleasemomilactone B into the environment.
Phytochemistry,63: 551-554.

Kato-Noguchi H. and Ino I. and Ichii M. 2003b. Changesin releaselevel of momilactoneB into
theenvironmentfrom rice throughoutits life cycle. Func.Plant Biol., 30: 995 - 997.

KawaguchiS.,YoneyamaK., Yokota I., TakeuchiY, OgasawaraM. andKonnai M. 1997.Effects
of aqueousextractof rice plants (Oryzasativa L.) on seedgermination andradicle elonga-
tion of Monochoria vaginalis var.plantaginea.Plant Grow. ReguI.,23: 183-189.

Kim KU., Shin D.H., Kim H.Y., Lee Z.L. andOlofsdotterM. 1999.Evaluation of allelopathicpo-
tential in rice germplasm.KoreanJ.WeedSci., 19: 1-9.

Kodama 0., Suzuki I., Miyakawa J. and Akatsuka T. 1988.Ultraviolet-induced accumulationof
phytoalexinsin rice leaves.Agric. BioI. Chern.52: 2469-2473.

Kuwatsuka S. and Shindo H. 1973. Behavior of phenolic substancesin the decaying processof
plants. 1. Identification and quantitative determinationof phenolic acids in rice straw and
its decayedproductby gaschromatography.Soil Sci. Plant Nutr., 19:219-227.

Lee C.W., YoneyamaK, Takeuchi Y, Konnai M., TamogamiS. and Kodama O. 1999.Momilac-
tonesA andB in rice straw harvestedat different growth stages.Biosci. Biotechnol. Bio-
chern.,63: l318-l320.

Lovett J.V. 1991.Changingperceptionsof allelopathy andbiological control. Biol. Agric. Hort., 8:
89-100.

Narwal S.S. 1999.Allelopathy in weedmanagement.In: Narwal SS(ed) Allelopathy Update,Basic
andApplied Aspects,Vol. 2. SciencePublishersInc., Enfield, New Hampshirepp 203-254.

OlofsdotterM., NavarezD., RebulananM. andStreibig .JC. 1999.Weed-suppressingrice cultivars:
Doesallelopathyplaya role? WeedRes39: 441-454.

PutnamA.R. andTangC-S. 1986.Allelopathy: Stateof the science.In: PutnamAR, TangC-S (ed)
The Scienceof Allelopathy, JohnWiley & Sons,New York pp 1-19.

PutnamA.R. 198'8.Allelochemicals from plants asherbicides.WeedTechnol.,2: 510-518.

Rice E.L. 1984.Allelopathy, Ed. 2. AcademicPress,Orlando.

. Rimando A.M., Olofsdotter M., Dayan EE. and Duke S.O. 2001. Searchingfor rice allelochemi-
cals:An exampleof bioassay-guidedisolation.Agron. J., 93: 16-20.

, SeiglerD.S. 1996.Chemistry andmechanismsofallelopathic interactions.Agron. J., 88: 876-885.

"TakahashiN., Kato I., TsunagawaM., SasakiN. andKitahara Y. 1976.Mechanismsof dormancy
in rice seeds.II. New growth inhibitors, momilactone-Aand -B isolated from the hulls of
rice seeds.Jap.J. Breed.,26: 91-98.

TakahashiA., Kawasaki T., Henrni K., Shii K, Kodama0.,SatohH. and ShimamotoK. 1999.Le-
sion mimic mutants of rice with alterationsin early signaling eventsof defense.Plant J.,
17:535-545.

TamakJ.C., Narwal S.S., Singh L. and Singh 1. 1994.Effect of aqueousextracts of rice stubbles
andstraw andstubbleson the germinationandseedlinggrowth of wheat, oat,berseemand
lentil. Crop Res.,8: 180-185.

WeidenhamerJ.D., Morton I.C. and Romeo J.T. 1987.Solution volume and seednumber: Often
overlookedfactorsin allelopathic bioassays.J. Chern.Ecol., l3: 1481-149l.

WestonL.A. 1996.Utilization of allelopathy for weedmanagementin agroecosystems.Agron. J.,
88: 860-866.

226



Allelochemicals from buckwheat and tatary buckwheat
and practical weed control in the field
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Abstract: Bioactivity guided solvent extraction, chromatographic purification (silica gel, Sephadex
. gel and thin layer chromatography) and identification by Mass and NMR spectroscopy have yielded
various allelochemicals from the aerial parts of common buckwheat (Fagopyrum esculentum)and
tatary buckwheat (Fagopyrum tataricum). In case of common buckwheat, gallic acid, rutin and
fagomine were -found important allelochemicals, and in case of tatary buckwheat, rutin was found
to be the major allelochemical evaluated by total activity method. Field trials carried out at
experimental fields showed strong weed inhibition by buckwheat. Plots where buckwheat was
grown mixed with weeds, produced more than 75 % reduced weed biomass as compared to
buckwheat free plots. Seeding of buckwheat in June increased the weed inhibitory effect, than in
July. These findings suggest that buckwheat can be used as cover crop as the allelochemicals
released from the living or decaying plant material can reduce the growth of various co-occurring
weeds effectively.

Key words: Allelopathy, catechol compounds, cover crop, fagomine, galIic acid, rutin.

INTRODUCTION

AlIelopathy is a phenomenon of chemical interaction and is probably of wide spread significance in
the functioning of natural communities. In plant-plant interactions, allelopathy is generally used to
denote the process by which plants release phytotoxic compounds (allelochemicals) to the
environment, resulting in harmful or beneficial effects on neighboring plants. Utilization of the
allelopathic potential of plants for weed control is given great emphasis, because it would reduce
the risk of environmental toxicity. Crop species with alIelopathic potential have been given greater
attention during the last two decades. These include crops such as barley, oat, wheat, rye, canola,
mustard species, sunflower, sweet clover, hairy vetch, creeping red fescue, tall fescue, perennial
and rye grass [Fay and Duke (1977); Putnam and DeFrank (1979); Irons and Burnside (1982); Fujii
(1999a, 1999b); Overland(1962); White et al. (1989)]. Cover crops are mostly used in no tillage. ,

production system because they provide surface residue which reduces soil erosion, conserves
water retention and soil nutrients [Guenzi and Macalla (1962); MacalIa and Norstadt (1974);
Teasdale et al. (1991)]. Identification of cover crops that provide weed suppression may increase
acceptance and utilization of these soil conserving tillage techniques [Leather (1982), Weston and
Duke (2003»).

#

Buckwheat (FagopyrumesculentumMoench) is a grain that is being.eaten for hundreds of years in
the Far East. China, Japan, Korea and other Asian countries have long enjoyed noodles made from
buckwheat flour. In fact, Japan is the largest consumer of buckwheat and imports an annual of
100,000 metric tons of buckwheat. Buckwheat can also be used for a variety of baked products,
including pancakes, breads, muffins, crackers, bagels, cookies, and tortilIas among others.
Buckwheat is an agronomic species of polygonaceae family that belongs to genus Fagopyrum.
There are about 15 species in the genus Fagopyrum,which occur in temperate areas of Euro-Asia.
Another member of this genus used as food is Fagopyrumtataricum Gaertner (tartary buckwheat).
Weed suppression activity of buckwheat and tatary buckwheat were already known to farmers from
the ancient times, but its allelopathic potential and alIelochemicals were not fulIy studied. Recently,
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isolationof allelochemicalsand evaluationof weedsuppressionin the field was done.This plant is
known as"bitter buckwheat",and its allelopathicpotential is alsoknown Iqbal et a1.(2002).Plants-
in this family producea wide.array of biologically active constituents.As fast-growing covercrop,
buckwheatis most useful for weed suppression[Tsuzuki et a1.(1987); Tsuzuki and Yamamoto
(1987)]. Common buckwheatis known to Japanesefarmersas cover crop since long for limiting
soil erosion. There are some reports about its allelopathic activity in field and green house
[Tominaga and Uezu (1995)]. Experiments conducted under field conditions have shown that
buckwheatshadesand smothersweeds, or competesthem for soil moisture and nutrients. Both
living buckwheatandbuckwheatresiduehavean allelopathiceffect on weed germination.Recently
it was reportedthat aqueousextract of aerial part of buckwheatinhibited germination or seedling
growth of lettuceand other weeds[Isojima et a1.(2000)]. Buckwheatshootsproduceandreleasea
varietyofbioactive chemicals,which aretoxic to weeds[Iqbal et a1.(2002, 2003)].

The presentpaper discussesthe role of allelochemicals from the viewpoint of total activity and
describeshow thesebioactive substancescontribute towardsthe allelopathic activity of buckwheat
andmakeit a successfulcandidatefor allelopathicgroundcovercrop.

MATERIALS AND METHODS

Instruments

IH NMR spectrawere recorded at 600 MHz, and DC NMR spectraat 150 MHz on JEOL JNM
alpha,-600spectrometerin CD30D. Tetramethylsilane(TMS) was used as an internal reference.
Silica gel GF254, analytical chromatoplates,Sephadex-LH20, andsilica gel grade60, 70-230mesh
for columnchromatographywerepurchasedfrom Wako, JapanandMerck, Germany.

Isolation and Identification-of allelopathic substances

In this experiment,we focused on determination of the allelopathic potential of crude extract of
buckwheat (Fagopyrum esculentum)and tatary buckwheat (Fagopyrum tataricum) shoot, along
with all of its organic solvent fractions using seedlingelongationtest with pre germinatedlettuce
seeds.Freshly cut aerial parts of buckwheatwere extractedwith 80 % aqueousethanol.The water
suspensionof the original aqueousethanolic extract was subjectedto a liquid-liquid partition to
obtain hexane, ethyl acetate, and butanol sub-fractions. Various chromatographic purification
techniques (silica gel, Sephadex gel, HPLC and thin layer chromatography) and advanced
instrumentation (mass and,NMR spectroscopy)were used.to isolate, identify and quantify the
allelochemicalsfrom the aqueousethanolicextractof aerialpartsof commonbuckwheatfollowing
the sameprocedure as described earlier [Iqbal et al. (2002, 2003)]. Phytotoxins implicated as

. allelochemicalswere identified from the most active fractions (ethyl acetate fraction) of tatary
buckwheat.The allelopathic potential of all the isolatedcompoundswas examinedby testing their
biological activitieson lettuceandweeds.

RESULTS AND DISCUSSION

AUelopathic substances isolated from buckwheat (Fagopyrumesculentum)

Experimentsconductedin field showedthat the total number of weeds,which appearedin plots,
were not different betweenbuckwheat-weedplots andweedplots, however, the total weeddry wt.
in buckwheat-weedplots was only 25% of that in the weed plots alone (Figure 1). The reduction
rateof eachweedwas different amongspeciessuggestingdifferential sensitivity to buckwheat.The
current experimentshave shown that buckwheat is a successfulcompetitor in the field against
weeds and can effectively suppressweed growth. Although, buckwheat did not influence the
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numberof the weedsthat emerged,yet it reducedtheweedbiomassto considerableextent.Seeding
of buckwheatin Juneincreasedthe weedinhibitory effect than in July.

200

so

N
.§ ISO .
~..c
0.0

'v
~
C 100
-0

-0
Cl)
Cl)

~

a
June Seeding July Seeding Control

Figure 1. Effect of commonbuckwheaton the growth of weeds in the field.

To suppressweeds,the cover crop of buckwheatshouldbeplanted30-50 daysbeforecrop planting.
Two consecutiveplantings of buckwheat will have a greater effect on weeds. One week after
flowering, buckwheatcan be mowed or cut and crops can directly be planted into the buckwheat
mulch. These results confirm that buckwheat is a successful competitor against weeds and
effectively suppressweed growth. It is not yet establishedwhether the weed suppressionis related
to theproduction of allelopathic compoundsreleasedby buckwheatresidues,or dueto competition
of resourcese.g.reduction of light, moistureor nutrientsat the soil surface.
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Figure 2. Piperidine type of allelochemicals isolated from buckwheat.

High plant growth inhibitory activity was observedby aqueousextract of aerial partsof buckwheat
(F. esculentum). Bioactivity guided extraction, various chromatographic purification techniques
(silica gel, sephadexgel, HPLC and thin layer chromatography)and advancedinstrumentation
(mass and NMR spectroscopy)have led to the isolation and identification of five phytotoxins
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belonging to piperidine type of alkaloids (Figure" 2) and eight phenolics (Figure 3) as
allelochemicals. Most of the phenolics contain catechol moiety in their structure. Catechol
compoundshave alreadybeenreported as allelopathic in the caseof Mucuna and other important
cover crops [Fujii (1999a, 1999b)]. Recently Callaway and Aschenhoug (2000) reported the
importanceof catechinin plant invasion.The catecholcompoundsisolated from buckwheatarealso
importantandmight havethe samemodeof action in the field asallelochemicals.
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Figure3. Structuresof catecholmoietycontainingallelochemicalsisolatedfrom buckwheat.

The growth inhibitory activity of gallic acid on the roots of the test plant was as much as ten fold
higher than on"the hypocotyls indicating that root growth was initially more sensitive to the
presenceof this naturalproduct. (+)-Catechindid not show strong inhibitory effectson the root and
shoot growth of lettuce but was significantly inhibitory to various other weeds.The bioassaysof
other piperidine alkaloids revealed that the root and shoot growth was almost diminished at 500
ppm. It was observedthat at a concentrationof 10 ppm fagomine inhibited the elongationof roots
of lettuceseedlingsby 50%. Piperidin-4-onehowever was lesspotent. The concentrationsof these

"- compoundsin aerialparts of buckwheatrangefrom 0.01 %-0.02 % on fresh wt. basis.To consider
the activity on the field, we introduce the conceptof "Total Activity" [Hiradate (2004, 2005)], and
calculatethe total activity on field basis(Table 1). This is a simple idea of consideringthe ratio of
concentrationof eachcompound to specific activity of eachcompound. Since the concentrationof
gallic acid is much higher than other compounds,it was concludedthat gallic acid plays the most
important role in allelopathic activity of buckwheat. As for specificity, gallic acid inhibits the
growth of broad leaf weeds, but not inhibitor for grassweeds.As the specific activity (ECso) of
rutin is smaller than that of gallic acid and fagomine, the concentration of rutin in buckwheat is
much higher than other chemicals and about 0.2 % in fresh weight (2 % in dry weight), as
comparedwith total activity, rutin is also important allelopathic factor next to gallic aicd.
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Table 1: Total activity of buckwheat allelochemicals on the plant basis.

Total

Activity

(C/ECso)

Content (C)

(mg/kg-fw)

Fagomine
2-Hydorxymethylpiperidine-3-01

Piperidine-4-one

Rutin
Quercetin
Gallic acid
(+)-Catechin

220

140
120

2400
400

400
200

ECso

(ppm)

10

10
50

100
95

5
32

22

14
2

24
4

80
6

* EC50 meansconcentration of chemicals that inhibit 50 % growth.

Allelopathic substancesisolated from tatary buckwheat (Fagopyrum tataricum)

Comparison of the inhibitory activity on lettuce root growth revealed that the major activity of the
original extract of buckwheat tataricum was fractionated into the EtOAc fraction.
Purification of the ethyl acetate soluble fraction by repeated chromatographic procedures led to the
isolation of allelochemicals, which were identified by NMR spectroscopic techniques as rutin,
quercetin, and related catechol compounds (Figure 4). Piperidine alkaloids were also isolated and
they are the derivatives of piperidin-2-carboxylic acid. The structures of these known compounds
were confirmed by co-chromatography with authentic samples and comparison of their
spectroscopic data with those reported in literature.
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Figure 4. Structures of allelochemicals isolated from tatary buckwheat.

All the flavonoids reported here, especially rutin are known to have antibacterial, antiviral,
antihypertensive and antioxidant activities. The plant growth inhibitory activity of all these
compounds was tested on lettuce seedlings and all were found to be significantly inhibitory. ECso
value of rutin was not as low as the other isolated compounds bur it was found in much higher
amount. This makes it evident that the purified compound of low specific inhibitory activity may
play a greater role in the expressed inhibitory potential than those of high specific inhibitory
activity by virtue of being present in larger quantity. In the present study Total Activity of all the
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inhibitory compounds was also calculated and among these, total activity of rutin was found to be
the highest also in the case of tatary buckwheat. Among buckwheat species, F. tataricum is a
species to note because it contains 50-130 times much higher amount of rutin.

These studies show that rutin is the potential allelochemical in tatary buckwheat. As regards the
weed suppression activity in field it is not much different from common buckwheat (data not
shown). This means that the concentration of gallic acid in buckwheat is high enough to suppress
weeds in the field. Direct application of common buckwheat and tatary buckwheat can drastically
reduce the biomass of weeds in the field (Figure 1). It is therefore suggested that in future
buckwheat could be used as ground cover crop, this will allow long-term weed suppression in agro-
economic system through the release of allelochemicals.
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Utilization of plant allelopathy for paddy weed control in Vietnam: An overview
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Abstract: Plant allelopathy plays an important role in agricultural production and is commonly
exploited for biological control of pestsandweeds.Allelopathy hasbeenwidely studiedin Europe,
the US, Australia, Japan,India, Taiwan, andKorea for decades.However, the term 'allelopathy' is
only theoretically known in Vietnam, and researchon the plant allelopathy has not much targeted
sincethe recentten years.With rich natural ecosystems,many plants may have strong allelopathic
properties,which ca!l be exploited in agricultural practice.The overuseof agrochemicalsmay cause
problems for human health, environmental pollution, and unsafe agricultural products. A
preliminary survey on searching plants with strong allelopathic potential on the ecosystemsin
Vietnam was conductedand their inhibition on emergenceof noxious paddy weedswas examined
beforeapplying themto paddy fields. Nineteenspecieswhich controlled total paddyweedsbiomass
by 70% and increasedrice yield by 20% at 1-2 tons ha-1 were: Ageratum conyzoides, Alocasia
cucullata, Azadirachta indica, Bidens pilosa, Blechnum orientale, Eupatorium canabium, Euphobia
hirta, Galactia pendula, Helianthus tuberosus, Leucaena glauca, Melia azedarach, Medicago
sativa, Morus alba, Nerium oleander, Passiflora incarnate, Piper methysticum, Sophora japonica,
Stylosanthes guianensis, and Tephrosia candela. Their impactson major paddy weedswerespecies
dependent.Theseplants were useful sourcefor paddy weedreduction and rice yield improvement.
Numerous allelochemicals which involved in their strong activity were identified. The
allelochemicals containing in these plants may be utilized for the development of biological
herbicides.

Key words: Allelopathy, biological control, inhibition, paddyweeds,rice.

INTRODUCTION

Rice is the staplecrop in Vietnam andpaddy field accountsfor more than 6.7 million ha,or 82%of
the arableland (IRRI 2003). Rice production in Vietnam hasexperienceddramatic changesin the
past 30 years.Once a major rice-exporting country, Vietnam was a net importer of this staple for
more than two decades.Vietnam is the world third largest rice exporting country (4 million t in
2004).With incentivesto increaseproduction andincomewith modem rice technology,Vietnamese

- farmershavegonefrom growing 15.9million t in 1985to 24.9 million t in 1995,and 34.5million t
in 2004 (Agroviet 2005). Larger agriculture production results in the greateruseof agrochemicals
such as synthetic fertilizers, herbicides, insecticides, and fungicides that cause environmental
pollution, unsafeagricultural productsandhumanhealth.Toxic agrochemicalsshouldbeminimized
andreplacedby the useof saferandbioactive chemicalsisolatedfrom plant with strongallelopathic
potential.

The term 'allelopathy' is defined as a beneficial or detrimental effect from a donor plant to the
recipientby the chemicalpathway andthe harmful impact of allelopathy may be usedfor biological'
weed and pest control (Rice 1984). Study on allelopathy was conducted sporadically in the early
zo" century. Research on allelopathic characteristic on major crops and plants including the
determinationof allelopathic potential, isolation and identification of allelochemicals as well as
attemptsto utilize their biological effectivenessin agricultural production, have been carried out
widely in Europe,US, Australia, Japan,India, Taiwan, and Korea by the last decadesof the zo".
century. The allelopathic characteristic and its mode in the plant and environment were further
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elucidatedandvarious allelochemicalsfrom commonplantsandcropswere isolatedand identified.
However, in theplant ecosystemtheremay bemanyplantswith strongallelopathic potential.which
may be useful sourcesfor biological control of weeds,pests,fungi and greenmanurethat shouldbe
surveyedandevaluated.

The term 'allelopathy' was theoretically known by Vietnamesescientists.However, the researchon
this plant characteristicwas not conducted,until the late 90s of the last century. Even though
Vietnamesefarmershave traditionally usedseveraltypes of plant speciessuchasMelia azedarach,
Ageratum conyzoides,andEupatorium canabium as greenmanures,clarification on applied doses,
treatedtimes, andtheir impacts on weedsandplant fungi were not carried out. Furthermore,some
plant extractswere sprayedon rice andvegetables,which causedthe reduction of pestandpathogen
infestation (unpublished data). The chemicals from those plants responsible for their phytotoxic
actionwerenot described.

Vietnam has a rich plant ecosystemincluding both sub-tropical and tropical areaswith abundant
plant specieswhich may have strong allelopathic potential. However the evaluation of their
allelopathic activities has never been conducted.This note reviews our researchin Vietnam from
1998-2004on the searchfor plant specieswith strongallelopathicpotential andtheir applicationfor
agricultureproduction asbiological control of weed and greenmanures.Analysis of their chemical
compositionto isolateandto identify bioactive allelochemicalswas alsoconducted.

MATERIALS AND METHODS

Screeningfor plantswith strongallelopathicpotential

In a preliminary survey,plants were selectedfrom the plant ecosystemsbasedon (a) their speedof
invasivenessandhave a great areain the plant ecosystems,(b) have lower natural weed density in
their canopyand surroundingsthan the otherplants in the ecosystem,and (c) are traditionally used
as green manure, weed or pest managementby local farmers, and medicinal purpose. Plant
materials including their leaves, stems, and roots were collected and dried and their aqueous
extractswereexaminedfor the impactson indicator plants.In this step,lettuce,radish,sesame,bean,
andonionwerecommonly usedasthe indicator plants in bioassays.

The inhibitory levels on germination, hypocotyl and radicle elongation were noted and the
magnitudeof theseinhibitory levels was determinedas the inhibitory level of the plant. The plant
specieswhich exhibited strongallelopathicpotential (greaterthan 20%) were selectedandtestedfor
their influenceon emergenceof major paddyweedsin laboratoryandgreenhousetrials.

Effectson growth of paddyweeds

Noxious paddy weeds such as Echinochloa crus-galli, Monochoria vaginalis, Rotala indica,
Eleocharis acicularis, Scirpus juncoides, Doparium juncencum, Lindemia pyxidaria, and Cyperus
difformis were used. Seedsof theseweed specieswere collected in previous years and dormancy
breakagewere done.Before the bioassaywas conducted,the germination test of the weedstreated
with distilled water was made and their germination was greater than 70%. Simultaneously,
different applieddosesand treatedtimes, andfrequencyof treatmentwere carried out to determine
which causedthe maximum reduction on paddy weedbiomassand showedthe greatestpromotion
on rice growth andyield.
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Field application

Based upon results from laboratory and greenhousetrials, plant species which were the most
effective on weed reduction and rice yield promotion were selectedand applied to paddy field.
Commonly, the plant leaves were used becauseit can provide a great quantity for paddy field
application.The plant leaveswere choppedinto 2 em lengthanddried. Hand weedingandherbicide
treatmentswere also prepared. Field experiments were conducted in a completely randomized
designwith at leastthreereplicatesandconductedin two cropping seasonsin different paddyfields.
Determinationof weedbiomass,weed type, andrice growth was conductedat 1 and2 monthsafter
incorporation.Calculation on rice yield was alsocarriedout.

Analysis ofbioactive chemicals(allelochemicals)

Plant specieswhich showed strong suppressionon paddy weed growth and were effective to
stimulaterice yield were selectedin the searchfor bioactive chemicals(allelochemicals)which may
be exploited for the developmentof biological herbicides.Their leaves,stems,androotswere used.
Commonmethodsfor allelochemical extraction were applied,viz. 70% MeOH at 40°C andshaken
for 1 day. Analytical instrumentssuch asHPLC, TLC, GC-MS, LC-MS, IR, and NMR were used
for identifying and isolating allelochemicals.Compoundswhich account for a large amount in the
plant werepurified and examinedfor their phytotoxic actionson weedemergence.

RESULTS AND DISCUSSION

Screeningfor plantswith strongallelopathic potential

During 1998-2004, some hundred plant species from the plant ecosystems in Vietnam were
surveyedand collected for the screening.Their plant parts were separatedand evaluatedfor the
allelopathicpotential. Their suppressivedegreeswere averagedand set asthe inhibitory magnitude
of the plant. Plants that exhibited an inhibitory magnitude greater than 20% were selectedand
examined for their impacts on noxious paddy weed growth. These plants are listed in Table 1,
including some crops, legumes, and medicinal plants (total 25 plant species).Both rice (Oryza
sativa L. Japonicacv. Hinohikari) hull andbran showedstrongallelopathic potential. Alfalfa leaves,
stemandpellets gavea greatallelopathicpotential (Table 1).

Effectson growth of paddyweeds

-Plant materialsof those25 plant specieswere examinedfor their influence on weed andrice growth
in laboratoryand greenhouse.In laboratory trials, germination and growth of noxious paddyweeds
againstaqueousextractsof thoseplant specieswere conducted.Furthermore,paddy soil was taken

.:to greenhouse.Plant materials were applied to the soil with different treated times, applied doses,
and frequency of treatment. It was concluded that at 1-2 t ha", applied plant species can
significantly suppressmajor paddy weed emergencessuchasE. crus-galli, R. indica, A. indica, E.
acicularis, S.junco ides, and C. difformis, and almost growth of the other specieswas completely
inhibited.

The most effective treatment time that causedmaximum weed reduction, was within 1 week after
transplanting.Later incorporation of plant materials to soil provided less inhibition becauseat that
period the weeds had already germinated and grown, and exhibited stronger resistanceto the
appliedmaterials.
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Table 1. Allelopathic potential of some crops and plants selectedfrom the plant ecosystem(in
decreasingorderof activity).

Plantspeciesandcommonname Inhibition (%) Rank

100.0 ***
100.0 ***
100.0 ***
100.0 ***
100.0 ***
85.0 ***
81.3 ***
80.7 ***
79.5 ***
67.0 **
67.0 **
65.5 **
65.4 **
64.9 ** ,
60.7 **
58.1 **
54.6 **
52.8 **
50.0 *
48.0 *
37.4 *
34.6 *
29.9 *
25.7 *
24.9 *
21.7 *
16.8
15.9

Helianthus tuberosus (Jerusalemartichoke)
Medicago sativa L. (Alfalfa) (cv. Rasen):leavesandstem

, Medicago sativa L. (Alfalfa) (cv. Yuba): leavesandstem
Nerium oleander (Oleander)
Piper methysticum L. (Kava): Root
Medicago sativa L. (Alfalfa): pellets
Azadirachta indica A. Juss(neem):leavesandbark
Leucaena glauca Benth. (White lead-tree)
Sophora japonica (Japanesepagodatree)
Alocasia cucullata (Chinesetaro)
Ageratum conyzoides L. (Billy goatweed)
Passiflora incarnate (Passionflower)
Galactia pendula Pers.(Galactia)
Eupatorium canabium L. (Fragrantthroughoutwort)
Oryza sativa L. (rice) (cv. Koshihikari): bran
Melia azedarach L. (Chinaberry)
Stylosanthes guianensis (Stylo)
Blechnum orientale L. (White fern)
Bidens pilosa L. (Beggartick)
Fagopyrum esculentum Moench (Buckwheat):pellets
Euphorbia hirta L. (Asthmaweed)
Alpinia speciosa (Alpinia)
Morus alba L. (Mulberry)
Tephrosia candida Robx. (White tephrosia)
Manihot esculenta Crautz(Cassava)
Desmodium rezoni L. (Beggarweed)
Cassiafistula L. (Canafistula)
Oryza sativa L. (rice) (cv. Koshihikari): hull

The inhibition is averaged from suppressive magnitude of different plant parts (leaves, stem, and root) on
germination of the indicator plant. *, **, and *** indicate inhibition greater than 20, 50, and 80%, respectively.
Numberswith (-) value indicate stimulation over control.

Field application

Resultsof the laboratory and greenhouseexperimentsindicated that 21 plant speciesshowedstrong
reduction of noxious paddy weed and rice yield promotion. Their impacts on paddy weedbiomass
and rice yield are presentedin Table 2. Table 2 shows that except for Tephrosia candila and rice
bran which exhibited low weed suppression(1.9 and 25.1% of inhibition, respectively),other plant
speciesgave strong weed reduction. Four treatmentsprovided 50-65% weed control [rice bran,
alfalfa (cv. Yuba) mixed with rice bran, and buckwheatpellets, the others exhibited very effective
weed suppressionby 70-90% (Table 2). Except for rice bran which slightly reduced rice yield
(6.5%), other treatmentspromotedrice yield. Galactia pendula andMelia azedarach increasedrice
yield by lower than 10%.Furthermore,Alocasia cucullata andHelianthus tuberosus provided 17%
rice yield promotion. Other plant species stimulated rice yield greater than 20% (Table 2).
Herbicide had 11.6%weed reduction andhandweedinghad 25.6% . Total weed biomassreduction
andnutrient composition in appliedplant leavesmay contribute to rice yield promotion
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Analysis for allelochemicals

We found variousphenolic acids and fatty acids from different plant parts from A. conyzoides, A.
indica, Fagopyrum spp., M indica, M sativa, and P. methysticum. Two allelochemicalswhich
showedstrongherbicidal and fungicial activities and accountfor great amountsin the plant leaves
are mimosine and 7,8-dihydro-5,6-dehydrokawain(DDK), which were found in Leucaenaand
Alpinia speciosa, respectively. These two compoundsmay be utilized as leading substancesfor
bioactive herbicides and fungicides, Analysis for novel allelochemicals with strong herbicidal
actionis continuing.

Table2. Effectsof allelopathicplants on paddyweedsandrice in paddy fields ascomparedwith the
respectivecontrol.

Plantspeciesandcommonname
Weed

reduction (%)
Increasein rice

yield (%)

Ageratum conyzoides L. (billy goatweed)
Alocasia cucullata (Chinesetaro)
Azadirachta indica A. Juss(neem)
Bidens pilosa L. (Beggartick)
Blechnum orientale L. (White fern)
Eupatorium canabium L. (Fragrantthroughoutwort)
Euphobia hirta L. (Asthmaweed)
Galactia pendula Pers(Galactia)
Fagopyrum esculentum Moench (Buckwheat)

pellets:
Helianthus tuberosus (Jerusalemartichoke)
Leucaena glauca L. (white lead-tree)
Melia azedarach L. (Chinaberry)
Medicago sativa L. (Alfalfa)

Pellets
cv. Rasen
cv.Yuba

Morus alba L. (Mulberry)
Nerium oleander (Oleander)
Oryza sativa L. (Rice)

Hull' 51.7
Bran 25.1
Hull+Rasen 88.3
Bran+Yuba 53.1

Passiflora incarnate (Passionflower) 74.5
Piper methysticum L. (Kava) 86.3*
Sophora japonica (Japanesepagodatree) 81.4
Stylosanthesguianensis (Stylo) 72.0
Tephrosia candila L. (White tephrosia) 1.9
Herbicide(5 L ha_1

) 77.8
Handweeding 71.7

80.8
81.5
91.0*
81.8
74.7
75.8
87.9
84.8

20.9
17.0

23.3
23.3
23.3
23.3
7.0

51.7
70.1
85.9
86.9

17.0
23.3
4.7

70.0
80.0
65.0
72.7
71.3

80.6
29.0
23.3
19.5

19.4
-6.5+
77.4
29.0
21.5

9.9
25.8
23.3
11.6
25.6

.: : CalculatIon was not conducted. + : mh16lfed percentage compared wlth the control
Applied dose: 1-2 tons ha,l *: only greenhouse trial was conducted

Nineteenplant specieswhich reducedpaddy weedbiomassand stimulated rice yield by more than
70 and 20%, respectively,were selected.Theseplants are important sourcesfor biological weed
control andthey may contain numerouspromising bioactive allelochemicalsthat may be useful for
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the developmentof novel biological herbicides.Beside the incorporation of plants with strong
allelopathic potential to paddy field, the utilization of crop rotation with a rotational use of
allelopathic crops may be very useful to reduce weed infestation and improve crop yield. In
Northern Vietnam, between two annual rice cropping, various short-term crops such as maize,
sweetpotato,potato,beans,and vegetablesareapplied,which may causevery efficient impactson
weed reduction. In SouthernVietnam, three rice cropping can be conductedannually and a large
areaappliesdirect-seedlingof rice that exacerbatesweedproblemsbecauseweedsandrice emerge
at the sametime, and causesa shift in weedflora towardspredominantly grassyweeds.To resolve
the increasingweed problems, herbicide useis increasedthat can result in hazardouseffect to the
environment,agricultural productsandhumanhealthaswell asconcernsabout the developmentof
herbicide-resistantweeds.Therefore,a more appropriatecropping system(crop rotation, cover crop,

.mulch, andgreenmanures)shouldbe utilized to minimize the detrimentaleffectsof agrochemicals.
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Study on the allelopathy of Leuceana
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Abstract: Leucaena (Leucaena leucocephalade Wit) is a tropical legume that grows widely in
subtropical and tropical zones. This plant contains high protein, and good annual yield, therefore it
has a great potential as animal feeds. In Southeast Asia and Africa, Leucaena is grown for soil
improvement and soil erosion prevention. Leucaena possesses mimosine W-(N-(3~
hydroxypyridone-4)-a-amino-propionic acid] that is responsible for the toxicity of Leucaena and
preventing from the wide use of this plant. Mimosine helps Leucaena to defend itself from
perpetrators, and expand its distribution in the ecosystem. The ingestion of Leucaena results in
alopecia, growth retardation, cataract and infertility in animals. Here we review our research have
conducted for last two decades on the reduction of mimosine from Leucaena, which can enhance
usage of the legume as livestock feeds. Simultaneously, mimosine can be effectively exploited as a
leading herbicidal compound. Various experiments carried out in our laboratory revealed that
mimosine shows strong inhibition on numerous noxious weeds species and plant pathogens.
Mimosine can be reduced by different ways: (1) hydrolosis by chemicals, (2) chelating by metals,
(3) fermentation by microorganisms, (4) leaching by soaking water, and (5) exposure to heavy ion
beams to produce new Leucaena varieties.

Key words: Leucaena, mimosine, DHP, degradation, toxicity

INTRODUCTION

Leucaena is a legume tree with a potential use as protein in the subtropics and tropics. It has a wide
environmental adaptability and a great use. It was estimated that some 2-5 million ha of Leucaena
are planted world-wide. However, a large area of naturalized Leucaena in Southeast Asia and
Pacific regions is difficult to verify (Brewbaker and Sorensson, 1990). In Japan, Leucaena appears
only in the region of Okinawa. However it accounts for a large area in this Southern Islands of

. ("'t,an.

.Leucaena has been used as a high quality forage for ruminants. It supplies a balanced intake of
protein, minerals and amino acids with a moderate tannin content which promotes by-pass protein
'value (Jones, 1979). However, the presence of a toxic amino acid, mimosine, prevents it wide use as
animal feeds because animals get sick when ingested Leucaena. One of the degradation products of
mimosine is 3-hydroxy-4-H-pyridone (HP), caused goiter, loss of hair and reduced productivity
when fed to animals (Hegarty et al., 1979). It was found that mimosine binds with the ferrous ion to
form a mimosine-ferrous complex that was not toxic to the growth of mice and rats, although the
same amounts of free mimosine did inhibit their growth (Lin and Ling, 1961). Mimosine chelates
iron with a binding constant of 1036

, which may be important in its mechanism of action (Katoh et
al., 1992). Furthermore, mimosine inhibits the DNA synthesis of many DNA viruses through the
inactivation of ribonucleotide reductase, and this suppression was reversible by iron. The
amendment of iron or copper has also been shown to reverse the inhibitory effect of mimosine on
the DNA synthesis in Chinese hamster cells (Mosca et al., 1995).

VIe have conducted researches on Leuceana for more than 20 years with following purposes (i) to
clarify the phytotoxic action, physiological and chemical modes, and regulation of mimosine in
Leucaena and in the nature to utilize this compound for the development ofbioactive fungicides and
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herbicidesandother agronomicbenefits,(ii) to reducethemimosinecontent in Leucaenain order to
promoteits usefor animal foragethroughtheuseof mimosinedegradationenzyme,chemicalaction,
andbreedingpathway.

PURIFICATION OF MIMOSINE FROM LEUCAENA

It was verified that young leaves possessesthe greatestamount of mimosine. We developeda
patentedmethodto purify this compoundon an industrial scaleby the useof an ion-exchangeresin
method(Tawata,1990).In which, Leucaenaleaveswereboiled andthe solution was filtered. Ultra-
filtration was conductedat 4 atm at 30°C, 700 rmp equippedwith Filtron membrane.A colunin
packed with acid form Amberlite IRA (technical grade) was employed and the resin was then
washedwith 2N NH40H with pH adjustedto 4.5-----5.0.

MIMOS~NE CONTENT FROM DIFFERENT PLANT PARTS OF LEUCAENA
Different plant parts (including bark, xylem, xylem of roots, mature leaves, immature leaves,
mature stem, young stem, hairy roots, cortex of roots, mature seed pods, immature seedpods,
immature seeds,mature seeds,flowers, flower buds) of Leucaena with four common varieties
growing in the region of Okinawa were analyzed for mimosine content. It was concluded that
youngerplant partsof Leucaenaproduceda greaterquantity ofmimosine thanthe matureparts.The
young leavesandseedsgavethe greatestamountof mimosine.

LEACHING OF MIMOSINE

Even though all plant parts of Leucaenapossessmimosine but only young plant parts leacheda
great amount of mimosine by soaking water. The young leaves had the greatest quantity of
mimosinethrough leaching.

HERBICIDAL ACTIVITY OF MIMOSINE

Different dilutions of mimosine (1-1000 ppm) were preparedand testedfor its impactson various
plants and.weeds (viz. Bidens pilosa, Brassica rapa, Mimosa pudica, Leucaena leucocephala,
Lolium multiflorum, Phaseolus vulgaris) to examine the herbicidal action of this compound. It
showedthat mimosine inhibited weedgrowth (B. pilosa, andM. pudicay at 25 ppm, suggestingthat
mimosinemay be usedasa herbicidal compound.However at 100ppm, mimosine did not give any
inhibition on Leucaenawhich implied that Leucaenahas a greater resistanceto the detrimental
impactsof mimosine.

MIMOSINE DETOXIFICATION

Combination between mimosine and FeCi) by different ratios were made and tested for their
impactson germination and growth of different indicator plants. It was observedthat a mixture of
mimosineandFeCi) at 6:4 ratio reducedthe most toxicity of mimosine ascomparedwith mimosine
and FeCi) individually, and other treated ratios. This may be the most effective and economical
method to lower both the toxicity of mimosine in Leucaenaleavesgiving a safer animal livestock
anddecreasethesoil toxicity causedby mimosine in the areagrown with Leucaena.

SCREENING OF BACTERIAL DEGRADING MIMOSINE AND DHP

TheImpacts of mimosine and DHP on numerous bacteria was screened.Among 43 screened
bacteria, growth of Escherichia coli. Najjar, Corynebacterium pseudodiphterium, Aerobacter
aerogenes, Bacillus natto Sawamura, Bacillus subtilis var Niger were the least influencedby both
mimosine and DHP at 1% concentration.The Bacillus subtilis var Niger showed the greatest
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reductionof mimosine content as comparedwith other treatments,which was confirmed by paper
chromatography.It suggestedthat this bacterialhasapotential to degrademimosine.

EXTRACTING MIMOSINE DEGRADING ENZYME

Our Laboratory has developed a method to extract mimosine degrading enzyme from young
Leucaenaleaves(total protein: 146.9mg ml', total activity: 7520unit, specific activity: 51.4u mg',
recovery: 1). The degradingpotential of this enzymeon mimosine was examined.The biological
characteristicof the enzymewas alsostudied.It was showedthat this enzymewas very effective to
degrademimosine to DHP. Among 18 testedamino acids,glycine, leucine, isoleucine,valine, and
asparaginehadno impactson the enzyme,whereastheotheraminoacidsreducedits activity.

MIMOSINE IN DIFFERENT VARIETIES OF LEUCAENA

The mimosinecontent from in Leucaenavarieties in Okinawawas examined.It was found that the
quantity of mimosine is varietal dependence.Varieties with low mimosine content are useful for
forage,whereasthe varieties with high mimosine quantity are beneficial to extract mimosine for
multi-purposeuses.

CONCLUSIONS

Leucaenais an important legumetree in Okinawa andmany other subtropical and tropical regions.
It canprovide a greateramount of livestock feed when mimosine content in Leucaenais reduced.
Mimosine is apotential compoundwhich may be useful for the developmentof bioactive herbicides.
Furthermore,the utilization of Leucaenaleaves for soil improvement and weed control is very
prormsmg,
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The uptake and distribution of acid, ester and amine salt formulations of 14C-Iabelled 2,4-D
. in rubber vine (Cryptostegia grandijlora) with time

GJ. Harvey
Queensland Department of Natural Resources and Mines

Beenleigh, Queensland,Australia, 4207.

Abstract: Rubber vine (Cryptostegia grandiflora) was treated with 14C_2,4_Damine salt, emulsifiable
acid and ester formulations in water as carrier using foliar application, and with the ester and

.emulsifiable acid in diesel distillate as carrier as basal bark treatments. Most of the herbicide was
retained by the leaf or stem to which it was applied irrespective of formulation or carrier. Of the foliar
treatments, uptake of the ester was greatest (P<O.Ol), while uptake of the amine 'salt and acid was
approximately equal. Average total uptake of the ester was also statistically significantly greater
(P<O.Ol) than of the acid following basal bark application. Translocation of the ester following both
foliar and basal bark application, measuredas the amount of 14Crecovered from the roots and soil, was
statistically significantly greater (p<0.01) than for the other treatments irrespective of application
method. Surprisingly, and interestingly, the amount of 14Cfound in the roots and soil following
treatment with ester and acid formulations did not differ significantly irrespective of the application
method, although the concentration of 14Cfound in the roots was maintained longer following basal
bark application of the ester.The implications of these findings are discussed.

Keywords: 2,4-D, carrier, Cryptostegia, formulation, rubber vine.

INTRODUCTION

Rubber vine iCryptostegia grandiflora), a major weed problem of the grazing industry and a major
threat to native ecosystems in north Queensland, is effectively controlled by only a small number of
herbicides, including 2,4-D [(2,4-dichlorophenoxy)acetic acid], ,picloram (4-amino-3,5,6-
trichloropicolinic acid), metsulfuron [2-«« 4-methoxy-6-methyl-1 ,3,5-trizin-2-yl)amino )carbonyl)
sulfonyl)benzoic acid] and Krenite® (ammonium ethyl carbamoylphosphonate) (Harvey 1981a,b;
1987; McFadyen and Harvey 1990; Vitelli et al. 1994). Differences in uptake and translocation,
together with differences in toxicity of the herbicides tested, are sufficient to account (Harvey 2005)
for the differences in efficacy of the phenoxyacid and related herbicides in the field.

The efficacy of the above herbicides on rubber vine in the field is affected by their formulation asacid,
ester or salt, and their placement as well as the carrier in which they are applied (Harvey 1981a,b;
1982). Although the efficacy of herbicide treatments generally is known to be affected by both
formulation and carrier (e.g., Hull 1970; Burr and Warren 1971; Richardson 1977), very little
information is available on the influence of these factors in the control of woody plants. All must be
optimised for each situation (e.g., aerial vs ground application) for best results. Basal bark treatments
are very effective against a wide range of woody species (King 1966; Bovey and Young 1980), and
basal-bark treatment of rubber vine with 2,4-D esters in diesel distillate, or waste fuel, remains an
effective control option for scattered and isolated infestations. However, there are very few
quantitative studies on the effects of formulation on foliar absorption' and translocation in woody
plants, and quantitative assessmentof the efficiency of basal-bark application is largely lacking. this
study addressesthe influence of aspects of formulation on absorption and translocation of 2,4-Din '
rubber vine.
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MATERIALS AND METHODS

Plant Material and Growth Conditions

Rubber vine seedlings were grown under natural light in a glasshouse at Sherwood, Brisbane, in
individual nursery propagating tubes (ca. 8 em high x 4 em diameter) using a 2:1 mixture of sand and
peat. Conditions in the glasshousehave been described earlier (Harvey 1990, 2005). All plants chosen
for experimentation had a single, straight stem and were approximately 20 em tall at 6 months of age
and bore about 10 or 12 fully expanded leaves. Plants were removed from the glasshouse for
acclimatisation at least 48 hours prior to treatment.

Purity and Activity of the 14C-2,4-D and Preparation of Formulations Containing Labelled Herbicide

Side-chain-Iabelled 2,4-D (2,4-D-214C, specific activity 1.04 GBq mmol") was purchased from the
Radiochemical Centre, Amersham (England). The triethylamine salt was prepared as described earlier
(Harvey 2005). 14C_2,4_Dacid was prepared by mixing 9.25 MBq of side-chain (2-14C)-labelled 2,4-
D with 5 mls of AF-201, a commercial formulation containing 300 g t.' emulsifiable 2,4-D acid. The
14C-2,4-D butoxyethyl ester was prepared (Harvey, 1989) using 9.25 MBq of side-chain (2_14C)_
labelled 2,4-D and 10 g pure 2,4-D. The ester, which was chromatographically pure by HPLC, was
formulated as described earlier (Harvey 1990).

The identity and radiochemical purity of the acid, amine salt, and ester formulations were confirmed
by TLC, visualized under UV light (254 nm) and exposed to x-ray film (Kodak RPS Royal Medical)
for 24 hours as described earlier (Harvey 1990, 2005). All 2,4-D formulations gave single spots
having identical mobility to authentic non-radioactive herbicides.

Table 1. Summary of detai!s of herbicide concentration and carrier used in this experiment.

Treatment

Number"

Herbicide Volume and concentration

of herbicide plus carrier

7

8

9

10

11

2,4-D butoxyethyl ester

2,4-D acid

2,4-D, TEA salt

2,4-D butoxyethyl ester

2,4~D acid

125 ilL x O.3%/water

125 ul, x 0.3%/water

125 ul, x O.3%/water

10 ilL x 3%/diesel

10 ilL x 3%/diesel
"

a SeeFigure 1 for explanationof numbers

Application of the 14C-Herbicidal Solutions

125 ul. x 0.3% solution of2,4-D emulsifiable acid, ester, and the TEA salt formulations were applied
to all leaves as before. 10 ul, x 3% solutions of the 2,4-D acid and ester formulations in diesel
distillate were applied to the lower 3 to 4 em of the plant stems as basal bark treatments. Both plants
were treated with the herbicide mixture, and plants were sampled at 3, 6 and 24 h, then at 2, 3 and 7 ,
days.

Experimental design

The experimental design was a randomised complete block with 3 replications of each treatment at
each time. Each plot consisted of two rubber vine seedlings in a single nursery propagating tube as
described. Data were analysed by Analysis of Variance using SYSTAT@ (Wilkinson 1986).

246



Counting Procedures

.
The procedure was as described earlier (Harvey 1990, 2005). Plants were harvested by cutting the
stems at ground level. The leaves or treated stems,where appropriate, were then washed with distilled
water/special methylated spirit [50:50 (v/v)], and the washings collected and pooled for later safe
disposal. Soil was washed from the roots using the minimum amount of water needed to ensure fine
rootlets were recovered (any fine rootlets recovered from the soil samples were added to the root
fraction). The separate (treated) leaf, stem, root and soil samples or, in the case of the basal bark
treatments, leaf plus stem and treated stem samples, were freeze-dried. Leaf, stem and root samples
were weighed, then ground in a micro-hammer mill and subsamples carefully weighed into

.combustion thimbles (packard Combusto-cones).

Dried soil samples were extracted for 24 to 48 h using commercial acetone, filtered, washed several
more times with acetone, and the combined filtrate plus washings evaporated to near dryness over a
warm hot-plate in a stream of dry air. The residue was taken up in ether and transferred to 14C_free
combustible pads (packard Combusto-pads). All samples were combusted in a Packard 306 sample
oxidizer and counted in a Packard liquid scintillation spectrometer, corrected for background and
quenching.

The herbicide treatment solutions were also evaporated to dryness on Combusto-pads, oxidised, and
counted, except that the ester solutions were oxidised without drying (to avoid loss of ester through
volatilisation).

Analysis of Results

Corrected counts (disintegrations minute"; dpm) were entered into a computer program which
calculated 14C-herbicjde recoveries as ug herbicide and percent (%) recovery (as a percentage of
herbicide applied). The data so ~enerated were analysed by analysis of variance for main effects
(treatment, time) using SYSTAT (Wilkinson, 1986). Arcsine transformation of the recovered (%)
herbicide data increased the precision of the analyses, and significance levels quoted refer to the
transformed data, not the data shown. Soil and root data were analysed separately, but are presented
graphically (Fig. 1) as combined data for purposes of simplicity and clarity.

RESULTS AND DISCUSSION

Large differences in the proportions of 2,4-D in leaves and stems are to be expected following
selective placement of the herbicide. Such large differences were found (Fig. 1) confirming the
relative immobility of these herbicides, i.e. the greater proportion of the herbicide remains in that
organ by which it is absorbed, except in the case of root absorption where some herbicides may be
carried rapidly in the transpiration stream to the leaves, i.e. to a "transpiration sink" (Hay 1976; Shone
and Wood 1974; Shone et al 1974; Briggs et al. 1982) or absorbed by cells along the LDT pathway
(Loos 1975).

This experiment is, therefore, best regarded as a 3-part experiment where (a) differences in herbicide
content between leaves and stems of leaf-treated plants, (b) differences between stems and leaves of
stem-treated plants and (c) differences in herbicide content of roots and soil resulting both'. from
formulation differences and from selective placement of the herbicide are examined. '
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Figure 1. Recovery of radioisotope following leaf or stem treatment of rubber vine with different
formulations of 14C-Iabelled2,4-D.

PART
leaf leaf&stem root+soil tr stem

'lliJDD[w~~
{iJDDGJ;
~{idJDD[jJ~~
~4[WJDDQ~i
{ilLJDD[jJ~i
6llliJDD[]~i

7 8 9 1011
TREAT

7 8 9 1011
TREAT

7 8 9 1011
TREAT

7 8 9 1011
TREAT

'SeeTable 1 for detailsof treatments

(a) Leaf.placement

Leaf placementU

2,4-D as

7 2,4-D ester

8 2,4-D acid

9 2,4-D amine

Basal bark"

10 2,4-D ester

11 2,4-D acid

Time

1= 0.125 DATb

2= 0.25 DAT

3= 1DAT

4= 2DAT

5= 3DAT

6= 7DAT

bDAT=Days

after Treatment

"

All three formulations, ester, acid and amine salt of 2,4-D were absorbed rapidly. In absolute terms,
absorption of the ester was faster and more complete (P<0.01) than uptake of the acid or amine
formulations, average values over the period 1 to 7 days for the three formulations being 90, 65 and
72%, respectively. In relative terms, absorption of the acid was fastest, the absorption after 3 hours
being 76, 80 and 63%, respectively, of the maximum attained for each formulation. The,pattern of
absorption was similar to that in earlier experiments on rubber vine and groundsel bush in that
absorption of the acid and amine salt was apparently complete after 24 hours, but recovery of the ester
was greatest after 3 days (Harvey 1990, 2005). Greater absorption of the oil-soluble ester than of the
acid or amine conforms to the expected result «Norris and Freed 1966a; Hull 1970; Que Hee and'
Sutherland 1973; Ashton and Crafts 1981), the esterbeing more effective in the field (Harvey 1987).

The amount of herbicide in the stems increased significantly with time for all formulations. The largest
amount of radioisotope recovered in the stems was for the ester at 72 h, this value being statistically
significantly higher (P<0.01) than for the other formulations or for the ester at other times. Otherwise,
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the amountof radioisotoperecoveredfrom the stemswas similar for the esterand acid, both being
significantlygreaterthanfor theamineformulation.
The amountof herbicidefound in theroots increasedwith time for all threeformulations;only for the
esterweretheseincreasesstatisticallysignificant.Conversely,the amountof radioactivity found in the
soil decreasedwith time, possiblyandat leastpartlybecauseof herbicidemetabolismanddegradation
by soil microbes.Soil microbesare,in general,moreactivethanmanyplants in degrading2,4-D and
theotherphenoxiesboth throughring cleavageandmetabolismof the sidechain (Loos 1975;Hatzios
andPenner1982).

None of the differencesfound in eitherrootsor soil were statisticallysignificant at any time for both
the acidandamineformulations.By contrast,differencesfound for the estertendedto be significantly
greater(P<O.OI)for the ester at later times in the root and earlier times in the soil; where these
differenceswere found they were alsostatisticallysignificantly greater(P<0.01)than for the acid and
amineatall times.

(b) Stemplacement

Averagetotal uptakefor the ester(83%) was statistically significantly (P<O.OI)greaterthan for the
acid (32%) following basal bark application. This was due to greater stem uptake of the ester
(P<0.01).Theamountof radioisotoperecoveredfrom therootswasalsosignificantly (p<0.01)greater
for the esterthan for the acid. Although the amountof radioisotoperecoveredfrom the soil was
greaterfor the esterthan the acid, and that recoveredfrom the untreatedleaf plus stemwas much
greaterfor theester,thedifferenceswerenot statisticallysignificant.

As for the leaf treatments,the greaterproportion (73 to 87% for the ester,87 to 98% for the acid) of
theherbicideremainedin thatpart of theplant to which it wasapplied,in this casethestem.

.
(c) Rootandsoil differences

More radioisotopewasrecoveredfrom theroot aftereitherleaf or stemapplicationof esterthanfor any
othertreatment.The amountsrecoveredfollowing leaf applicationreachedmaximum levelsat 3 and7
DAT; the amountsrecoveredfollowing basalbark applicationwere high and of the sameorder of
magnitudeafteraslittle as3 hours.Thesereadingswerestatisticallysignificantly (p<0.01)higherthan
for all othertreatmentsatall times.

.Theamountof radioisotoperecoveredfrom soil wasalsogreaterfor theesterthanfor theacidor amine
formulations, though most of the differences were not significant. Surprisingly, the amount of
radioisotoperecoveredfrom the soil was greatestfor the leaf-appliedester.Recoveryof 14Cfrom the
roots after basal bark application of the esterwas consistentlyhigh from 3 hours to 7 DAT, but
recoveryfrom roots in the foliar estertreatmentrosesubstantiallyonly between2 and 3 DAT. Thus
placementof theesterat the stembaseincreasedthe amountof translocatedherbiciderecoveredfrom
therootsatmosttimes,but did not increasetheamountof herbiciderecoveredfrom the·soil.

GeneralDiscussion

Largedifferencesin theproportionsof2,4-D in leavesandstemsareto be expectedfollowing selective
placementof the herbicide. Such large differenceswere found (Fig. 1) thus confirming earlier'
observationsaboutthe relativeimmobility of2,4-D, i.e. thegreaterproportion of theherbicideremains
in thatorganby which it is absorbed(Hay 1976;Martin andEdgington 1981;Harvey 1990),exceptin
thecaseof root absorptionwheresomeherbicidesmaybe carriedrapidly in the transpirationstreamto
the leaves(Hay 1976;ShoneandWood 1974;Shoneetal. 1974;Briggs et al. 1982).
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As notedearlier,foliar absorptionof the esterwassignificantly greater(P<0.01)than for the acidand
amineformulations,averagevaluesover theperiod 1 to 7 daysfor the threeformulationsbeing90, 65
and72%,respectively.Thesevaluesmay be comparedwith absorptionvaluesof 75-79%for various
aminesaltsof2,4-D in sunflower(Helianthus annus) (QueHeeandSutherland1973)and 1.7%,2.9%,
and 20.8% for 2,4-D amine, acid and ester formulations in the resistant bigleaf maple (Acer
macrophyllum) (Norris and Freed 1966). Other values reportedinclude 56 to 85% in pea (Pisum
sativum) and 62 to 86% in tomato (Lycopersicum esculentum) (Fang 1958), 63% in ironweed
(Vernonia baldwinii) (Linscott and McCarty 1962),20 to 55% for sodium 2,4-D in wolftail (Carex
cherokeensis) (Bums et al. 1969),56 to 79%in honeyvinemilkweed (Cobleet al. 1970),and64%for
hemp dogbane(Apocynum cannabinum) and 84% for milkweed (Asclepias syriaca) (Wyrill and
Burnside, 1976).However, direct comparisonsshouldbe treatedwith caution as in very few of the
abovereportswere the herbicidesformulatedasthey were in this experiment,asnormal commercial
concentrates,andmost referencesare for the unformulatedacid in acetoneor alcohol assolvent,with
or without addedwetting agents.

Control of woody perennialplants is not successfulif the crown androots arenot killed andtheplant
reshootsfrom the base.Basalbark applicationof phenoxyherbicidesto woody perennialspeciesis a
particularly effective method of treatment(Coble et al. 1969;Upchurch et al. 1969),andbasalbark
applicationof 2,4-D esteror mixtures of 2,4-D plus 2,4,5-T or 2,4,5-T plus picloram estersgave95-
100% control of rubber vine in the field (Harvey unpublished).Pillmoor and Gaunt (1981) have
suggestedthat the lethal action of 2,4-D may dependupon the length of time that the herbicideis
maintainedin tissueabovea certain (critical) concentration.Suchan explanationwould be consistent
with the resultsfor the esterbasal-barktreatmentsin this experiment,in which the amountof 14Cin
theroots following basal-barktreatmentis, at all times,greaterthanthe amountof 14Cin therootsfor
all othertreatmentsexceptfor the esterleaf applicationat 3 and7 DAT. However,the resultsobtained
heredo not seemconsistentwith this hypothesisfor thebasal-bark2,4-D acidtreatment,which is more
effective than 'foliar application of 2,4-D ester (Harvey 1982), but for which the amount of 14C
recoveredfrom the roots is less than for the esterfoliar treatment.We cannot,however,discardthe
hypothesisbecausewe do not know the critical level of 2,4-D neededto causedeath.Rootsarevery
sensitive to auxin, including the synthetic auxins 2,4-D, 2,4,5-T, picloram etc. (Thimann 1969;
Richardsonand Amor 1975; Torrey 1976), and the amount of herbicide recoveredfrom the roots
(0.00005-0.00319%dry weight) is more thansufficientto produceaphysiologicalresponse(10-7_10-11

M 2,4~D< 0.0002%dry weight).

The resultsdo suggestthat deathof the crown and roots doesnot dependentirely on the amountof
herbicide translocatedto the roots, i.e. it would seemherbicide in the stem may kill the plant by

._ girdling the stemandproducinglethalphysiologicalchangesin the roots that arenot dependenton the
amountactually translocatedto the roots. This surprisingly low translocationto the roots following
basalbark applicationof phenoxy herbicideshaspreviously beendemonstratedby Hay (1956) and
Sundaram(1965)in severalspeciesof tropical trees.

Estersof picloram andthephenoxyacidsaregenerallymore effectivethanthe saltsof theseherbicides
(CarpenterandWalker 1952;Krygier andRuth 1961;WieseandRea 1962,),a result confirmedearlier
for rubbervine (Harvey 1981a,1982,1987b).We may concludethat (1) for anysingleherbicide,such
as2,4-D, the esterformulation is superiorto acid or salt formulations for the control of rubbervine,.
and (2).this superiorperformanceof the esteris due to greaterabsorptionof the esterwith resultant
greatertranslocationofthe herbicideor a toxic metabolite.Theseresultsprovide aninterestingcontrast
with thosereportedfor absorptionandtranslocationof the sameformulationsof the sameherbicidein
groundselbush tBaccharis halimifolia), which is more susceptibleto the aminesalt, andin which the
aminesaltwasmorestronglyabsorbedandmoremobile (Harvey 1990).
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Protoporphyrinogen IX-oxidizing Activities involved in the Mode of Action of a New
Compound N-[4-Chloro-2-fluoro-5-{3-(2-fluorophenyl)-5-methyl-4,5-dihydroisoxazol-5-

ylmetho:xy]-phenyl} ]-3,4,5,6-tetrahydrophthalimide

Hwang In Taek·, Kyung Sik Hong, JungSupChoi, Hyoung RaeKim,
Dong Ju Jeon,KwangYun Cho

KoreaResearchInstitute of ChemicalTechnology,Jang-dong100,
Yuseong-kuP.O. Box 107,Taejon,305-606,Korea, ithwang@krict.re.kr

Abstract: N - [4 - Chloro- 2 -fluoro-5 - {3 - (2 - fluorophenyl) - 5 - methyl - 4,5 - dihydroisoxazol -
5 - yl-methoxy] - phenyl} ]-3,4,5,6-tetrahydrophthalimide(EK-5385) is an experimentalsubstituted
bicyclic herbicide.Soil-applied EK-5385 showedgoodrice selectivity andpotent herbicidal activity
on barnyardgrass tEchinochloa crus-galli var. oryzicola) at rates of 3.9-250 g a.i. ha-I.
Barnyardgrasswas exhibited normal growth underdark condition, however the growth of shootand
root was severely inhibited under light condition (14/10 hrs of light! dark, 50 mol m" S-I of
photosynthetically active radiation) when treated with EK-5385. ICsoof EK-5385 to chlorophyll
loss in cucumber cotyledons was approximate 0.7 and 0.3 M, respectively. IC50 of EK-5385 to
carotenoidsloss in cucumber cotyledons was about 0.26 OM. Iso concentration of EK-5385 'on
Protox activity wasapproximate5.5nM.

Key words: Carotenoids,chlorophyll, herbicidal activity, Protox, selectivity

INTRODUCTION

Some of bicyclic herbicides causerapid photobleaching and desiccation of green plant tissues.
These herbicides exert their herbicidal effects by causing accumulation of a photosensitizing
intermediateof porphyrin synthetic pathway, protoporphyrin IX (Proto IX). The Protox inhibitors
haveusually show foliar necrosisafter 4-6 hoursof sunlight following post-emergenceapplications.
With pre-emergenceapplicafions,the tissuesaredamagedby contactwith the herbicide asthe plant
emergesabovethe soil surface.As with post-emergenceapplications,the damageis tissuenecrosis.
Following absorption and movement to the site of action in chloroplast, light is an obligate
requirementfor herbicidal activity.

The purposeof this studywas to elucidatethe modeof action of novel compoundEK-5385 (Fig. 1)
, on 1)herbicidal selectivity betweentransplantingrice andbarnyardgrass,2) EK-5385 requiredlight
_for activity, 3) EK-5385, like oxadiazonandoxadiargyl,blocked porphyrin biosynthesisby
inhibiting protoporphyrinogenoxidase.

Fig. 1. Chemical structure of N-[ 4-chloro-2-fluoro-5-{3-(2-fluorophenyl)-5-methyl-4,5-
dihydroisoxazol-5-ylmethoxy}-phenyl]-3,4,5,6-tetrahydrophthalimide(EK-5385).
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MATERIALS AND METHODS

Evaluation of herbicidal activity: Bamyardgrass seeds were sown 0.S-1.0 em depth and 2.S-leaf
stage of rice seedlings were transplanted 3 em depth into plastic pot (surface area: 140cm2

) filled
with muddy loam soil. After seeding, pots were kept under 3 em water depth in a glasshouse
maintained at 28-330C (day) and 20-26oC (night). Herbicide solutions were dropped into the water
of submerged paddy condition at 2 days after transplanting, and application rates were different to
the herbicides. These herbicide solutions were prepared by dissolving technical in acetone, and
subsequently adding distilled water. The resulting solutions contained SOOml L-1 acetone and

.required amounts of technical. Herbicidal activity was evaluated visually at 2 weeks .after treatment
based on a scale of 0 to 100, where 0 indicated no visible effect and 100 indicated complete death of
plants.

Effect of light on the herbicidal activity: Barnyardgrass seeds were seeded in test tube filled with
0.8% agar, and placed in growth chamber controlled with 30°C, 14110 hrs (SOOmol m-2

S-I of
photosynthetically active radiation, PAR) and 0/24 hrs of light/dark condition. Plant height was
evaluated at 2 days after setting. Herbicide application was conducted as dropping l ml of 0.1, 0.3, 1,
3, and 10 OM herbicide solutions into test tube. '

Photosynthetic pigments determination: Cucumber seeds were grown in vermiculite at 2SoC dark
condition for 6 days. Etiolated cucumber cotyledon was floated on the Petri dish (4.S em) contained
7 mL of potassium phosphate buffer (PH 6.0) solution with or without herbicide. Petri dish was
placed in growth chamber controlled with 2SoC dark conditions overnight and changed conditions'
to light with SODmol m-2

S-I photosynthetically active radiation (PAR) for 14 hrs. Chlorophyll was
extracted and assayed according to the procedure of Hiscox and Israelstam. The tissues from the
dishes were soaked for 24 hrs in darkness in 10ml of dimethylsulfoxide at room temperature.
Chlorophyll extraction was complete at this time. Total chlorophyll and carotinoid content of these
samples were determined after extraction with Lichthenthler method.

Protophorpyrinogen IX determination: Protophoryrinogen IX (PPIX) was extracted from the above
samples. One gram of etiolated cucumber cotyledon was grounded with 20 mL solutions of acetone
and O.IN NH40H (9:1, v/v) and filtered with Mira cloth. The filtrates were centrifuged at 4°C,
20,000xg for 10 min. Supernatants were separated with n-hexane, and resolve HEAR layer in 3mL
of n-hexane. PPIX contents in HEAR layer were determined with florescence spectrophotometer
(Kontron Instruments SFM2S, Ex 400 nm, Em 633nm, 2S°C) compared with standard curve of
PPIX sodium salt (Sigma). The photodiode array detector scanned from .300 to 700 nm to confirm
the peak. Level ofPPIX with triplicate was expressed on a molar basis per gram of fresh weight.

Etioplast isolation: All procedures were conducted under a dim, green light source. Etioplasts were
isolated 7-day-old etiolated barley (Hordeumvulgare L. cv. Dongboree, 100 g fresh wt) leaves by
differential centrifugation and Percoll-density centrifugation. The isolated etioplast fractions were
highly enriched for etioplasts and had relatively little contaminated by other subcellular components.
The isolated etioplast fractions were stored at -80°C until use.

Protox assay:Before assay, the extracts of etioplasts were thawed and sonicated twice for S s at O°C.
and were adjusted to 4 mg of protein mrl in a suspension buffer consisting of SO mM N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES, pH 7.8), 330 mM sucrose, 1 mM MgCh,
S mM ethylenediaminetetraacetic acid (EDT A), 2.S mM dithiothreitol (DTT), and 0.1% (w/v)
bovine serum albumin (BSA). Protein concentration was determined by the method of Bradford
with BSA as a standard. When herbicide was utilized, it was added in a volume of 2 0L of acetone
to 200 OL of the extract, and acetone was added to control treatments. The extracts were allowed to
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incubateon ice for 15min with or without the herbicide,but the incubation time did not appearto
be critical. The activity of Protox was determined by using a Kontron Instruments SFM25,
temperature-controlled,recording luminescence spectrometer with excitation at 395 nrn and
emission monitored at 622 nm according to the method of Sherman et al. The assaymixture
consistedof 100mM HEPES (pH 7.5), 5 mM EDTA, 2 mM DTT, 1% Tween 20, and about2 OM
ProtogenIX. ProtogenIX utilized in the assaywas preparedby the reduction of Proto IX with
sodium amalgamasdescribedby Jacobsand Jacobs.Autooxidation of ProtogenIX to Proto IX in
thepresenceof heat-inactivatedextractwasnegligible.

RESULTS

Herbicidal activity: Soil-applied EK-5385 showed good rice selectivity and potent herbicidal
activity on bamyardgrasstEchinochloa crus-galli var. oryzicola) at ratesof 3.9-250 g a.i. ha-1

• Soil-
appliedEK-5385 exerted95% control efficacy to bamyardgrassat the rate of 3.9 g a.i. ha-1

, andthe
control efficacy was increasedasincreasingthe rateof application.However, transplantingrice was
safeto 250 g a.i. ha-1 of soil-applied EK-5385 (Table 1).

Table. 1. Herbicidal Selectivity of EK-5385 and Oxadiazon between Transplanting Rice and
Bamyardgrass

Rate
Rice Injury and Control Value (%) a)

(g a.i.lha) EK-5385 Oxadiazon
TR b) ECHOR TR ECHOR

1 a 35 a 0
3.9 a 95 a 0

15.6 a 95 a 65
62.5 0 100 0 100
250 5 100 0 100

a) a scale of a to 100, where 0 indicated no visible effect and 100
indicated complete death of plants

b) TR; 2.5 leaf stage of transplanting rice, ECHOR; Echinochloa
crus-galli var. oryzicola

Light requirement for EK-5385 phytotoxicity: Bamyardgrasswas exhibited normal growth under
dark condition (0/24 hrs of light/dark) of growth chamber, however, the growth was severely
inhibited under light condition (14110 hrs of light/dark, 50 mol m-2

S-l of photosynthetically active
radiation, PAR) when treatedwith EK-5385. The growth inhibition was increasedwith increasing
the rates 'of herbicide application. The inhibition was more sensitive in shoot growth than root
growth to theseherbicides.Application of 0.1 g a.i.ha" EK-5385 inhibited by 50 and 30% of the
normal shoot and root growth of bamyardgrass,respectively. Shoot growth was completely
inhibited at 1 g a.i. ha-1ofEK-5385 (Fig. 2).
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Loss of chlorophyll and carotinoids: EK-5385 gradually reducedchlorophyll contentsin cucumber
cotyledonswith increasing the application rate. ICsoof EK-5385 to chlorophyll loss in cucumber
cotyledons was approximate 0.7 OM. Carotenoids contents in etiolated cucumber cotyledons
treatedwith EK-5385 was decreasedwith increasingratesEK-5385 application. ICsoofEK-5385 to
carotenoidslossin cucumbercotyledonswasapproximately0.26 OM (Fig. 3).
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Fig. 3. Total Chlorophylls and Carotenoidsin Etiolated Cucumber Cotyledons treatedwith EK-
5385andOxadiargyl. Error barsarestandarderror of the means.In somecasesthe errorbar
is obscured,bythe symbol.

Effect on Protox IX accumulation and Protox activity: Protox IX accumulated in the cucumber
cotyledons treated with EK-5385 (Fig. 4). EK-5385 effectively inhibited Protox activities rn

etioplast from barley leaves (Fig 5). Iso concentrations of EK-5385 on Protox activity were
approximately 5.5 nM. The Protox inhibition in barley etioplasts increased with increasing
concentrationofEK-5385, but no further inhibition of Protox in barley ethioplastsoccurredbeyond
0.01 OM EK-5385 concentration.

Thus, the fact that EK-5385 has shown the same pattern with the references oxadiazon and
oxadiargyl in theseconditions suggestedthesecompoundshavethe samemode of action of Protox
inhibition in chlorophyll biosynthesis.In additions to this result, the potential for foliar treatment,
cellular leakage,and lipid peroxidation remainsto be evaluated.
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Abstract: Herbicideshave becomemore andmore important in agriculture production in Vietnam
since 1995.With the advantagesof low cost and labor saving, the quantity of herbicidesusedhas
sharplyincreasedfrom severalthousandtonsannuallybefore 1990to more than 10thousandtons in
2003 to put herbicide in equal proportion with insecticidesand fungicides. Up to now, herbicides
are mainly used in paddy rice since it takes the largest areaamong agricultural crops. However,
technicalmiss-useof herbicide due to inadequateknowledge on the complex interaction between
crops,herbicidesand environmentconditions,is constrainingthe progressof herbicide application.
Therehavebeenmany casesof herbicide damage,e.g., 2,4-D, butachlor or oxadiazon,due to the
farmer's misunderstandingof application scope in some specific eco-conditions. Information on
theseis still inadequate.This paper is concernedon the researchfindings on herbicide impact of
someabiotic factors,suchastemperature,humidity, water standandirrigation timing, soil structure,
andtheselectivity andefficacy of major herbicidegroupsmainly usedin paddyrice. The studywas
conductedby the researchersof theNational Institute of Plant Protection,at the Red River Delta of
Vietnam.

Key words: Abiotic factors,efficacy, herbicides,selectivity.

INTRODUCTION

As a tropical country, Vietnam hasa favorablecondition for the diversification anddevelopmentof
both agriculture crops and weeds.There have been more than 400 weed speciesrecordedto be
dominant in agri-eco systemsthroughout the country and they have become a real constraint in
intensive farming. Thus, weed managementis necessaryin order to maintain and increasecrop
yield. Presently, weed control is mainly dependent on chemical herbicides that have been
introducedinto Vietnam since the 60s. A dramatic changein farmers' attitude towards the useof
herbicides in recent years due to changing agricultural labor structure and rural urbanization,
increasingneedfor agricultural labor, hasfosteredtheuseof herbicidesfor weedcontrol.

A good herbicide requires high selectivity that is highly dependenton the complex interaction
betweencrop, herbicide, and environmentalconditions (Ashton and Harvey 1971). According to
this review, the sevenmain abiotic factors involved affecting the responseof plants to herbicides
are plant growth stage, growth rate, plant morphology, plant physiology, chemi-biology,
biochemistry and genetic. Molecule structure and concentration of herbicide, active ingredient,
formulation, and application mode of herbicides will determine their selectivity to plants. In
addition, abiotic factors such as soil structure, precipitation and/or water level and ambient
temperaturealso play an important role in selectivity of herbicides. Since herbicides used in
Vietnam are mainly imported, there had been very few studies on herbicide selectivity and its
applicationoptions appropriatefor the eco-conditionin Vietnam. Thesemay result in somerecent
poisoning casesin 2000 and 2002 attributed to butachlor activity due to low temperatureand
rainfall during the application.

This studyaimedmainly to critically evaluatethe effect of abiotic factorson the efficacy andsafety
of some major herbicide activities used in paddy rice, to select herbicides with the most_wide
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application range, and to optimize their usage in certain ecological places in Vietnam. The research
was concerened with some of major abiotic factors, i.e., temperature, water regime and soil type.

MATERIALS AND METHODS

Trials were carried out using Khangdan, a Chinese hybrid rice variety, and eight most common
herbicides, i.e., pretilachlor; butachlor; oxadiazon; metsulfuron methyl; bensulfuron methyl;
Eehoxysulfuron; quinclorac and fenoxaprop- ethyl. Seeds of four most common weeds such as
Echinochloa crus-galli; Leptochloa chinensis;Fimbristylis miliaceae and Cyperusdifformis, were
also broadcast in the experimental plots to enrich their populations.

Laboratory tests were used for evaluating the influence of temparature. Rice and weed seeds were
sown on three major typical soil types (heavy clay, slightly and sandy soil) contained in trays (lOx
20 ern). The study had- five replicates. The trays were kept in growing chambers controlled at seven
different temperatures from 10 to 40°C with interval of 5°C. Herbicides were sprayed at
recommended time and concentration.

Green house tests were conducted for evaluating the influence of water stand. Rice and weeds seeds
were sown in cement pools (2.5 x 3.0 m), with three replicates, in the greenhouse. Three water
levels were imposed (1). no water stand; (2). water level maintained at one third of rice plant height;
and (3) water level maintained at two third of plant height within 15-20 days after spraying.
Herbicides were sprayed at recommended time and concentration.

Field tests were conducted for evaluating the influence of soil and irrigation regimes on selectivity
of herbicides to direct seeding rice and their efficacy.

Soil test.Three major typical soil types consisted of (1) heavy clay soil; (2) slightly clay soil; and
(3) sandy soil were selected for evaluation. Seeds of rice and weeds were randomly broadcast and
herbicides were applied, at recommended time and concentration, in a large trial plot (300 m") for
each typical soil type without replications.

Irrigation regimes.The test was designed as randomized complete block (RCB) in three replicates
with four irrigation treatments: (1). flooding before applying herbicides; (2), water drained at
application and reflooded after 1 day, (3) water drained at application and reflooded after 2 days
and (4) water drained at application and reflooded after 3 days. Plot size was 15 m-2 (3 m x 5 m).

'Water level remained at ~ne third of plant height at appropriate growing stage of rice when
..herbicides applied.

Soil typestests.Done with three above major soil structures in large scale trials without replicates
(plot size is 300 m").

Observation.Phytotoxity of rice was recorded at 1,3,5, and 7 days (for Lab. tests) and 3,5, 7, and
14 days (for green house and field tests) after treatment, evaluated by ,EWRS (European Weed
research Societys) score: (1) no symptom; (2). Very mild symptoms, slightly stunting; (3). Mild but
clearly recogniable symptoms; (4). More severe symptoms (e.g.chlorosis); (5). Thinning out, heavy
chlorosis or stunting, reduction in the yield to be expected; (6); (7); (8); (9) heavy damage to total'
kill.

Herbicide bio-efficacy was evaluated at 20 days (for Lab. tests) and 30 days (for green house and
field tests) after treament by % bio - mass dicreased.
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RESULTS AND DISCUSSIONS

Effectsof temperatureon the selectivitiy andefficacy oftested herbicidesapplied in different soil
types

Ambient temperatureproved to have significant effect on the selectivity of eight testedherbicides
towardsrice. In general,all the testedherbicides,exceptoxadiazonapplied at 5 daysafter sowing,
showedrelative safety to rice, with the damagelevels ranging from 2 to 3 under 20 to 30°C.The
higher andor lower the temperaturesout of that rangeresultedin more severedamageto rice. The
most severerice damageswere recordedin oxadiazon,then in butachlor and bensulfuron methyl

.causeddamagesat levels 6, 7 and 8 at 10°C; and levels 5 to 6 at 40°C, respectively (Figure 1).
Major phytotoxity symptomswere yellowish leaves,if severeleaveswere burned,plants stuntedor
evendied.

Howeverthis effectalsodependedon thesoil structure(Figures1,2 and3) with moreprofounddamage
in heavy clay soil than in slightly clay and sandy soil. The damagescausedby post-emergence
herbicideslike quincloracand fenoxapro,were lessvaried in interaction with temperaturethan pre-
emergenceherbicides,pretilachlor andbutachlor (Figure 1).

Figure I: Effect of temperature on herbicidesphytoloxlly
(Lab. testwith slightly soll- data recordedat 7 daysafler treatment)

Temperature

Additionally, ambient temperature also
influencedthe efficacy of herbicidesagainst
grass(Table 1) and sedgeweeds(Table 2).
To both groups, the highest efficacy of all
eight testedherbicides was recorded when
applied at temperaturegreater than 20°C. It
showed slightly varying efficacy at 20 to
40°C. On the contrary, a dramatic decrease
in efficacy (about 10-15%) of all tested
herbicides was evident at temperatures
lower than20°C.

Figure 2: Effect of temperature on herbicides phytotoxity
(Lab. test with sandy soil- data recorded at 7 days after treatment)
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Figure 3: Effect of tempaeature on herbicides phytotcxtty (lab. test with
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However, these reductions in herbicide efficacy also dependedon appropriate herbicide groups
(Tables 1 and 2). More significant reductionswere recordedwith pre and/or early-post-emergence
herbicideslike pretilachlor, butachlor andoxadiazoncomparedto post-emergenceones.

Pretilachlor and quinclorac were most effective againstgrassweeds,controlling about90% of the
weedsat optimum application temperaturegreaterthan 20°C, followed by butachlor, oxadiazonand
fenoxaprop-ethyl.Fair to high efficacy (54.7-96.0%) were also found on sedgesexposedto all
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testedherbicidesexceptmetsulfuron methyl. This herbicide and ethoxysulfuron also causedvery
low efficacy (lS.3-37.3%) againstgrassesacrosstestedapplicationtemperatures.

Table 1. Effect of temparatureon bio-efficacy of herbicidesto control grassweeds(Lab. test with
slight clay soil - datarecordedat 20 daysafter treatment).

Activity

Bio-efficacy to control grassweeds(%)
100e lSoe 200e 2Soe 30°C 3Soe 40°C

Pretilachlor- Applied at 3DAS
Butachlor- Applied at 3DAS
Oxadiazon- Applied at SDAS
Bensulfuronmethyl - Applied at SDAS
Ethoxysulfuron- Applied at 7DAS
Fenoxopro-P-Ethyl- Applied at lSDAS
Metsulfuron methyl ---20DAS
Quinclorac- SDAS
Untreated,check

72.8 77.3 88.8 92.2 91.7 90.2 83.0
68.3 70.0 81.6 78.9 76_8 82.S 77.S
6S.9 68.4 79.0 81.4 82.3 83.9 76.1
S3.1 60.8 72.1 7S.6 77.2 68.2 63.0
20.3 21.0 32.1 3S.8 40.7 4S.3 28.3
64.7 70.1 81.9 84.7 86.0 88.7 7S.2
lS.3 22.9 30.2 26.3 28.3 32.1 28.3
69.S 77.9 8S.9 83.1 87.0 89.6· 80.S

The decreasein herbicide efficacy at lower temperaturecan be attributed to somereasons.On 'the
onehand,low temperatureinhibits penetrationanddegradationof herbicides,therebydelaying their
effectiveness.While slowly moving to the targetedactive sites in plant, part of the herbicidesmay
be lost dueto degradationinto soil andplant. On the other hand, low temperaturemay postponethe
germination of weeds,preventing the contact of new susceptibleseedlings to herbicides at their
mosteffectivestageof high concentrationafter application.

Table 2. Effect of temparatureon bio-efficacy of herbicidesto control sedgesLab. test with
slight soil- data.recordedat 20 daysafter treatment).

Bio-efficacy to control grassweeds(%)
Activity lOue lSue 20ue 2Sue 30ue 3Sue 40ue

Pretilachlor- Appliedat 3DAS 72.4 80.1 92.1 93.3 9S.7 94.0 86.S
Butachlor- Appliedat 3DAS 6S.1 71.3 8S.6 87.9 83.2 89.7 79.8
Oxadiazon- Appliedat SDAS 68.7 72.2 83.7 86.9 8S.S 87.1 80.0

-Bensulfuronmethyl- Applied at SDAS 70.0 7S.3 82.S 86.0 84.9 89.1 81.0
Ethoxysulfuron- Applied at 7DAS 64.3 70.1 77.S 7S.8 82.5 80.1 78.6
Fenoxopro-P-Ethyl- Applied at 15DAS S4.7 60.8 70.S 73.2 76.4 79.2 7S.7
Metsulfuron methyl- 20DAS 24.9 30.2 42.1 46.S SO.4 S3.S 44.8
Quinclorac- SDAS 72.5 80.3 94.6 92.0 96.3 97.8 90.6
Untreatedcheck

Effectsof irrigation timings to selectivity andefficacy oftested herbicides

Whenexposedto herbicides,rice aswell asweedsweredamagedatdifferent levels,which dependedon
notonly theherbicidesbut alsoon thetiming of watersupplyat applicationin both springseason(Table
4). All herbicidesexceptethoxysulfuroncauseddamageto rice to someextentin all four testedwater
timings. In general,the earlier the water flooding after herbicide application,the more damagewas
found in rice by pre-emergenceherbicides (pretilachlor and butachlor) and early-post-emergence
herbicide(oxadiazon).The mostseveredamagelevelswererecordedin the treatmentswith pretilachlor
(level9) andbutachlor(level 8) in early floodingconditionin springseason(Table3). In contrast,the
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Table 3. Effect of irrigation timing on selectivity of herbicides (Field test data collected at 15 days
after spraying in spring season).

Activity
Level of crop damage (scale) at various temperatures

Treatment 1 Treatment 2 Treatment 3 Treatment 4

Pretilachlor - Applied at 3 DAS 9 7 3 1

Butachlor - Applied at 3DAS 8 5 4 2

Oxadiazon - Applied at 5DAS 5 3 3 2

Bensulfuron methyl- Applied at 5DAS 2 3 2 2

Ethoxysulfuron - Applied at 7DAS 1 1 1 1

Fenoxopro-P-Ethyl - Applied at 15DAS 3 3 3 5

Metsulfuron methyl - Applied at 20DAS 3 3 2 2

Quinclorac - applied at 5DAS 3 3 2 4

Untreated check 1 1 1 1

DAS - days after sowing; Treatment 1 - flooding before applying herbicides; Treatment 2, 3 and 4 - Drain water at
application andreflood at 1, 2 and 3 daysafter, respectively.

post-emergenceherbicides (quinclorac and fenoxaprop) causedmore severe damage to rice when the
field was irrigated late, 3 days after spraying. More severedamageswere also recorded in spring than in
summer.

The efficacy of herbicides against weeds also varied under different water timing regimes (Figures 4,5,
and 6). Early and late flooding at 3 days after herbicide application inhibited their effectiveness. In
almost all cases,'flooding at 1 and 2 days after herbicide application produced highest control of all
grass, sedgeand broad leaf weed groups. Among 8 tested herbicides, quinclorac and fenoxapro - p -
ethyl were more slightly varied in efficacy than others.

All five tested post-emergence herbicides
proved to be safe to rice (Table 5) when
water level in the field was one-third of the
height of the rice plants during application.
In contrast, severe damages were found in
non-free water or higher water stands
except treatments with ethoxysulfuron,
which seemed to be safe regardless of the field water level. Highest damage level of 6 and 5 were
found in rice treated with metsulfuron methyl and fenoxoprop-ethyl, respectively, when water was
up to two third of rice height at application.

Flgur,e 4: Effect of Irrigation timing on blo-efficacy of berbicldes
to control grass weeds (Dale collected at 30 days after spraying of

the field test)
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However, herbicides demonstrated most effectiveness against grass weeds in no water stand
experimentaltreatments,followed by flooding at onethird of plant height (Table 6). The sametrend
was also found for the efficacy of herbicides on sedgeweed control except bensulfuronmethyl
(Table7). Ethoxysulfuron showedthe highest level of efficacy decrease(from 38.1 to 23.3%),next
to bensulfuronmethyl (from 74.8 to 64.2%); fenoxaprop-ethyl(from 91.2 to 83.2%) andquinclorac
(from 91.7to 82.6%).

TableS. Effect of water standon the selectivity of post-emergencyherbicides(Data recordedat 15
daysafter application from greenhousetests)

Activity
Level of crop damage(scale)at different water levels

Treatment1 Treatment2 Treatment3

Bensulfuronmethyl.- Applied at 5DAS
Ethoxysulfuron- Applied at 7DAS
Fenoxopro-P-Ethyl- Applied at 15DAS
Metsulfuron methyl- Applied at 20DAS
Quinclorac- Applied at 5DAS
Untreatedcheck

314
112
515
416
414
111

Treatment 1 - no water stand; Treatment 2 - water level maintained at one third rice plant height; and Treatment 3 -
water level maintainedat two third plant height within 15-20daysafter spraying.

Table 6. Effect of water stand on the bio-efficacy of post-emergencyherbicides to control grass
weeds(Data.recordedat 30 daysafter application from greenhousetests).

Activity
Bio-efficacy to control grasses(%)
Treatment1 Treatment2 Treatment3

Bensulfuronmethyl- Applied at 5DAS
Ethoxysulfuron- Applied at 7DAS
Fenoxopro-P-Ethyl- Applied at 15DAS

Metsulfuron methyl- Applied at 20DAS
Quinclorac- Applied at 5DAS
Untreatedcheck

74.8 69.7 64.2
38.1 31.1 23.3
91.2 83.1 83.2

41.2 36.6 28.4
91.7 88.3 82.6

"

Table 7. Effect of water stand on the bio-efficacy of post-emergencyherbicides to control sedges
(Datarecordedat 30 daysafterapplication from greenhousetests).

Activity
Bio-efficacy to control sedges(%)

Treatment1 Treatment2 Treatment3
Bensulfuronmethyl- Applied at 5DAS
Ethoxysulfuron- Applied at 7DAS
Fenoxopro-P-Ethyl- Applied at 15DAS
Metsulfuron methyl- Applied at 20DAS
Quinclorac- Applied at 5DAS
Untreatedcheck

86.1 938 97.0
90.1 80.8 78.2
81.1 76.4 72.1
64.1 56.3 50.1
80.9 80.9 74.9
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Effect of soil structures on selectivity and efficacy of herbicides

As in temperature, the selectivity and bio- efficacy of herbicides also changed in accordancewith soil
structures. This effect is more clearly recognized with pre-emergence herbicides such as butachlor or
early post-emergenceherbicides like oxadiazon. On the other hand, phytotoxicity of herbicides tended
to be more severe in sandy soil while the difference was not clear in slightly clay and heavy clay soil
(Figure 7). In contrast, bio-efficacy on grasses,sedges,and broadleaf weeds considerably increased in
slightly and heavy clay soil compared with that in sandy soil (Table 8).

Figure 7: Effect of soil structure on selectivity of herbicides (data

collected at 15 days after application from fieldt ~e:::..:;st)'-- --,II

fJ Pretilachlor

Thit nhe Thit nang

6~----------------------------~

Activity

•• Butachlor

5+-.rr-------------------------~ oOxadiazon

o Bensulfuron methyl

II Ethoxysulfuron

fJ Fenoxopro-P-Ethyl

•• Metsulfuron methyl

oQuinclorac

II DC
Cat pha

Table 8. Effect of soil structure on the bio-efficacy of herbicides (Data recorded at 30 days after
application from field test).

Sandy soil
Bio-efficacy of herbicides in various soil structures

Slightly soil Heavy clay soil
123

Pretilachlor - Applied at 3DAS
Butachlor - Applied at 3DAS
Oxadiazon -- Applied at SDAS
Bensulfuron methyl=- Applied at SDAS
Ethoxysulfuron - Applied at 7DAS
Fenoxopro-P-Ethyl- Applied at lSDAS
Metsulfuron methyl- Applied at 20DAS
Quinclorac - Applied at SDAS
Untreated check
I - grasses;2 - sedges;3 - broad leaves

123

82.3 875 801
70.5 72.1 786
80.9 80.4 84.2
70.3 81.3 83.2
42.9 83.5 86.5
78.4 642 79.3
29.3 80.2 92.4
77.7 76.5 81.7
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1 2 3
92.7 94.5 880
76.4 70.6 75.4
86.3 79.0 81.2
76.7 78.6 81.5
44.3 78.2 83.2
80.1 61.8 73.2
397 76.8 91.0
80.4 73.1 80.6

91.3 96.8 87.6
77.1 68.9 67.8
88.9 75.5 80.1
75.3 75.0 78.6
46.2 75.2 79.3
84.4 59.2 71.0
35.9 71.0 87.6
80.1 67.5 78.5

Temperature caused significant effect on efficacy and selectivity of herbicides applied in direct
seeding rice. Temperature ranging from 20 to 35°C proved to be optimum for herbicide application
in terms of weed control and safety. Considerable damages of rice and dramatic reduction of
herbicides efficacy were recorded if herbicides were applied at 15°C downward with the pre-
emergence herbicides showing more profound effect than post-emergent ones.

The earlier the field was flooded, the higher the efficacy of pre- and/or early-post-emergence
herbicides against weeds and the more severe the damage on rice. A reverse effect was recorded for
post-emergence herbicides, quinclorac and fenoxaprop-ethyl.



Though the highest effectivenessof tested herbicides againstboth grass and sedgeweeds were
recordedwhen treatedin no water standexperimentalplots, the most severeeffects on rice were
also found hereplus in flooded treatmentsof two third rice height. A considerablyhigh control of
weedsin floodedtreatmentsof one-third rice height wasrecordedwith completesafetyto rice.

In sandysoil, all theherbicidesgot lower selectivity andbio-efficacy than in slightly clay andheavy
clay soil. However this effect also dependedon the nature of herbicides with more profound
damagefound in pre-germinationherbicides.

Although pre-germination herbicides showed a wider spectrum of weed control, they are more
likely varied in their effect with changesin abiotic factors. Thus, the risk causedby undesired
conditions,suchasraining or changeof temperature,during or just after application is unavoidable.
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Factors affecting the herbicidal performance of f1ucetosulfuron
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Abstract: Experiments were conducted in a glasshouse to investigate the effects of temperature,
light, water depth, rainfall, run-off, N-fertilizer and weed growth stage on the activity of
flucetosulfuron (LGC-42153). The herbicidal activity of flucetosulfuron against Echinochloa spp.
was significantly reduced when plants were subjected to low temperature or shaded conditions. The
activity was also reduced at deep water after soil application, while it was not significantly affected
by water depth at the time of foliar application. Water run-off significantly decreased the activity,
with LT90values of3.4 and 6.7 days for 50% and 100% run-off, respectively, indicating that at least
4-7 days of run-off free periods are required to get more than 90% weed control depending on the
amount of run-off. Rainfall after foliar application also affected the activity but not so great as
expected. Soil fertility also affected the activity, which increased with increasing the level or basal
N-fertilizer. Although the activity of flucetosulfuron depended on the growth stage of weeds,
flucetosulfuron at 25 g a.i.ha" controlled Echinochloa crus-galli and Aeschynomene indica up to 5
and 6 leaf stage, respectively.

Key words: Aeschynomene, Echinochloa, flucetosulfuron, growth stage, light, N-fertilizer, rainfall,
rice, run-off, temperature, water depth.

INTRODUCTION

Flucetosulfuron (LGC-42153) is a sulfonylurea herbicide developed by LG Life Sciences, Ltd (Koo
et al. 2003). When applied to soil or foliage, flucetosulfuron provides broad-spectrum weed control
including annual broad leaf weeds, sedges, some grasses such as Echinochloa spp.. and perennial
weeds in paddy rice field (Kim et al. 2003). Due to its broad-spectrum weed control including
Echinochloa spp., flucetosulfuron was registered as a solo one-shot herbicide (Fluxo®) in Korea.
Like other sulfonylurea herbicides, flucetosulfuron inhibited acetolactate synthase (ALS) (Hwang et

. al. 2003), the first committed enzyme for the biosynthesis of the branched-chain amino acids. This
compound was absorbed via roots, stem and leaf, and its translocation via leaf was faster than
glyphosate and pyribenzoxim (Lee et al. 2003).

Herbicide performance is usually affected by various environmental factors. This report summarizes
the results of a series of experiments to investigate factors related to the herbicidal performance of
flucetosulfuron, including temperature, light intensity, water depth, rainfall, run-off, N- fertilizer,
and weed growth stage.

MATERIALS AND METHODS .

Pot experiments were conducted in a glasshouse at LG Life Sciences R&D Park, Daejeon, Korea.
Rice was grown in 10 em x 10 ern plastic pots containing paddy soil (clay loam soil), while
Echinochloa crus-galli, Aeschynomene indica and Brassica napus were grown in 10 em in diameter
or 10 em x 10 ern plastic pots. Twelve days-old rice seedlings were transplanted, while weeds were
sown. The pots were maintained at appropriate temperature and light conditions. Foliar application
was made using CO2-pressurized belt-driven sprayer (R&D Sprayer, USA) equipped with an 8002E
flat fan nozzle adjusted to deliver 1000 L ha-I, while soil application was made by direct application
of the herbicide formulation to flooded soil in the pots. Formulations of flucetosulfuron were 50%
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WG and0.07%GR for foliar andsoil application,respectively.Freshweight wasmeasuredat 20 or
30 days after application. All experimentsconsistedof three or four replicates of a completely
randomizeddesign.

Climatic factor: To evaluate the effects of temperatureand light, plants were maintained at
different temperature (15-25 and 25-35°C) and light (0, 50 and 75% shading) conditions,
immediately after herbicide application was made. For the temperaturetest, soil application was
used,while for theshadingtest, foliar applicationwasused.

Water factor: To evaluatefactors relatedto water,different water depthsand levels of run-off were
imposedafter application.For water depth study,rice andE. crus-galli were grown at about 1 em
waterdepthinitially, and 1 day before application, thepots were maintainedat different waterdepth
regimes:0 or 6 em for soil application and 0 or 5 em for foliar application. For run-off study,50%
and 100%of total noodedwater was drained at 1, 2, 4, 8 days after soil application. Rainfastness
studywas also conducted,and for this study,artificial rainfall at 5 mm hour' was given at 1,2,4,
8 hoursafter foliar application.

N-fertilizer: To evaluatethe effect of N-fertilizer, E. crus-galli and rice were grown at various,N-
fertilizer levels (0, 27.5, 55.0, 110N kg ha-IasabasalN-fertilizer), andthen flucetosulfuron (0.07%
GR) was applied directly to flooded soil at 12 days after transplanting (rice) or sowing (E. crus-
galli).

Growth stage:To evaluatethe effect of plant growth stage,flucetosulfuron was applied to foliages
of E crus-galli andA. indica at three different growth stages(3, 5 and 7 leaf stagesfor E. crus-galli
and2, 3, 6 leaf stagesof A. indica)

Statistical analysis: Fresh.weight was convertedto percentagesof control for eachtest, andthese
percentvalueswere usedfor statistical analysis.To quantify the herbicide dose-response,nonlinear
regressionanalysis was conducted to fit the standarddose-responsecurve (Streibig 1981). All
statisticalanalyseswere conductedusing Genstat5 (1993).

RESULTS AND DISCUSSION

Effects of temperature and light
",

Flucetosulfuron was more active against E. crus-galli at 25-35°C than 15-25°C (Fig lA.).
Similarly flucetosulfuron causedgreaterdamageon rice at 25-35°C than 15-25°C (Fig lB.). The
LDsovalues for E. crus-galli and rice were 3.58 and 292.38 g a.i.ha", respectively, at 15-25°C,
while those subjectedat 25-35°C, had 2.33 and 70.06 g a.i.ha" respectively.Therefore, it can be
concludedthat flucetosulfuron is more active athigher temperature. .
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Light intensity also affected the herbicidal activity of flucetosulfuron. Figure 2 shows that the
herbicidal activity of flucetosulfuron on both E. crus-galli and B. napus decreaseswith light
shading.The LDsovalue for E. crus-galli was 0.015g a.i.ha' at 0% shadingcondition, while it was
0.048 and 0.169 g a.i.ha' at 50 and 75% shadingcondition, respectively. The LDso value for B.
napus was0.054g a.i.ha'l at 0% shadingcondition, while it was 0.165 and0.577g a.i.ha' at 50 and
75% shading condition, respectively. This result indicates that shading decreasesactivity of
flucetosulfuronsignificantly.

Effects of water

,

Water depth after herbicide application affected the herbicidal activity of flucetosulfuron.. The
activity of flucetosulfuron was greaterat 1 em than 6 em to both rice andE. crus-galli. The LDso
valuesfor E. crus-galli and rice were 9.59 and 187.19g a.i.ha' at 6 ern, while thoseat 1 em were
5.10 and 104.20g a.i.ha', respectively.Shallow water depth increasesthe herbicide concentration
in water,andthis is likely to increaseabsorptioninto plants andthereby increaseherbicidal activity
of flucetosulfuron.However,whenE. crus-galli wasgrown at 6 em water depth,the plant wasmore
susceptibleto flucetosulfuron than theplant grown at 1 emwater depth(datanot shown).
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Figure 2. Dose-responsesfor the relative freshweight of E. crus-galli (A) andB. napus (B)
treatedwith flucetosulfuron at 0% (e), 50% (0) and75% (,,) shading.
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Deep water prior to herbicide application affects the growth of E. crus-galli morphologically and
physiologically, rendering the plant more susceptible; however, the deep water after herbicide
application is likely to reduce herbicide absorption due to reduced herbicide concentration.
Therefore, it is important to maintain flooding water at a proper depth before or after application of
flucetosulfuron.
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Figure 3. Dose-responses for the relative fresh weight of E. crus-galli (A) and rice (B)
treated with flucetosulfuron by soil application and maintained at 1 em and 6 em
water depths.

In the case of foliar application, the activity of flucetosulfuron, against A. indica, was not
significantly affected by water depth (Figure 4); however the activity of bentazon decreased at
flooded (5 em) condition. This result indicates that for foliar application, flucetosulfuron does not
require complete drainage but bentazon requires complete drainage to achieve consistent weed
control. '
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Figure 4. Fresh weight of A. indica treated with flucetosu1furon and bentazone at 0 and 5
em water depths, given immediately prior to herbicide application and
maintained thereafter.

Artificial water run-off given after herbicide soil application caused significant loss of herbicidal
activity against E. crus-galli (Figure 5). The loss was affected by the amount of run-off and time
when run-off was made. Sensitivity to run-off appeared to be similar between flucetosu1furon and
pyrazosulfuron-ethyl + mo1inate mixture, and both herbicides seemed to require at least 4 days of
run-off free period to achieve sufficient weed control.
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(B) on E.crus-galli under different run-off conditions. The LT90 indicates days
required to achieve 90% weed control

No run-off.

Rainfall after foliar application affects herbicidal performance (Coupland et al. 1987). The length of
time required between herbicide application and the onset of rain for effective weed control is
important for post-emergence herbicides. In our study, rainfall (5 mm hour-I) tended to reduce the
efficacy of flucetosufluron, but no significant reduction was observed even in the case of rain onset
after 1 h (Figure 6), indicating that flucetosulfuron is not susceptible to rainfall. Our previous work
showed that flucetosulfuron uptake into and translocation in plants were very rapid (Lee et al. 2003).
The result of the present rain fastness study confirms and is consistent with the previous findings.

Effects of N-Fertilizer

Fertilizer also affects herbicidal activity. Kim (1999) reported that weeds grown at high levels of N-
fertilizer were more susceptible to herbicide. The activity of flucetosulfuron was also clearly
influenced. by N-fertilizer (Figure 7). The LDso values for E. crus-galli and rice were 21.22 and
1019.43 g a.i. ha-I at 0 kg ha-I of basal N-fertilizer while those were 11.49 and 222.07 g a.i. ha' at
110 kg a.i.ha' of basal N-fertilizer, respectively (Table 1). As the basal N-fertilizer increases, the
herbicidal efficacy and phytotoxicity increased. Therefore, the use of N- fertilizer at optimum level
is also important to achieve good weed control without crop phytotoxicity.
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Figure 6. Relative fresh weight of E. crus-galli applied with flucetosulfuron at 3 and 5
leaf stages. Rain treatment (5 mm hour") was made at 1, 2, 4, 8 hours after
herbicide application.
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Table 1. LDso and LD90 values (g a.i. ha-1
) of flucetosulfuron for E. crus-galli and rice at different

levels of basal N-fertilizer.

Echinochloa crus-galli RiceN-
. fertilizer

(kg ha-1
)

LDso LD90 LDso

o
27.5
55.0
110

2l.22 177.31

13.85 56.94
12.43 37.74
11.49 26.76

1019.43

493.24
356.74
222.07

Effects of weed growth stage

LDIO

100.90
65.46

59.34
26.74

In general, bigger and older plants require a higher dose of herbicide to achieve the same efficacy
than that for smaller and younger plants (Chandrasena et al. 1986). In the case of E. crus-galli, LD90
values offlucetosulfuron were 15.73 and 19.40 g a.i.ha" at 3- and 5-leafstage, respectively, but the

'. value increased rapidly to 60.36 g a.i.ha-1 at 7 leaf stage (Figure 8A and Table 2). The increase of
LD90 with growth stage was also seen inA. indica with its LD90 values being 5.82, 7.95 and 25.50 g
a.i.ha" at 2, 4 and 6 leaf stage, respectively (Figure 8B and Table 2). This result indicates that
flucetosulfuron provides similar control up to about 5-leaf stage for E. crus-gaill and 4-leaf stage
for A. indica, but advanced stages above those will require significantly higher doses.

Table 2. LDso and LD90 values of flucetosulfuron for E. crus-galli and A. indica at different growth
stages.

Echinochloa crus-galli (g a.i. ha-1) Aeschynomene indica (g a.i. ha·1
)

Stage LDso LD90 Stage LDso LD90
3 leaf 3.73 15.73
5 leaf 4.54 19.40

7 leaf 5.85 60.36

2 leaf l.78 5.82

4 leaf 2.39 7.95
6 leaf 5.34 25.50
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Figure 8. Dose-responsefor Relative freshweight of E. crus-galli (A) andA. indica (B)
to flucetosulfuron appliedto foliar at different growth stages.

Collectively, these results show that herbicidal activity of flucetosulfuron was influenced by
temperature,water depth, run-off, level of N-fertilizer, and growth stageof weeds.Among these
factors,impact of water depth and run-off in soil application seemto be most significant. Although
the level of N-fertilizer also affects herbicidal efficacy and phytotoxicity, practical impact is likely
to be minimal since fertilization usually follows a certain determined program. As for foliar
application, influences of various factors were very little indicating flucetosulfuron will provide
consistentperformanceacrosswidely different conditions.
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Reducing herbicide rate by exploiting water regimes

J. D. Janiya*,andD. E. Johnson
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Abstract: The studieswere conductedat the lowland field site andscreen-houseof the International
RiceResearchInstitute, Philippines, to determineif flood managementcould allow applicationrates
OfherbicideSofit (pretilachlor + fenclorim assafener)to be reducedwhile maintaining satisfactory
weed control. Three water regimes (saturatedconditions, alternate flooding and draining, and
continuousflooding) were combined with two intervals of water introduction (early-3 days after
seeding [DAS] 'and late-7 DAS) and four herbicide rates (no herbicide, full rate, 75% of
recommendedrate [RR], and 50% of RR). In field and screenhouseexperiments,rice yield was
similar amongthreewater regimeswhen full rate of herbicidewas applied. Reducedapplicationof
pretilachlor at 50% of recommendedrate reducedweed growth regardlessof water regime.Weed
densityandbiomasswere greatestwherethe soil was maintainedsaturatedrather than flooded.The
different water regimes favored growth of certain weed species.Cyperus difformis L., Ischaemum
rugosum Salisb. and Echinochloa spp. establishedwell in the saturatedsoil while Sphenoclea
zeylanica Gaertn.establishedwell in both saturatedandcontinuously flooded soils.

Key words: Pretilachlor, reducedherbiciderate,waterregimes

INTRODUCTION

Water managementis-a strong determinantof the weed flora in irrigated direct seededrice. The
timing, depth, and duration of flooding may determine the successful establishmentof weeds
(Mortimer et al. 1997)and may switch the weed flora from exclusively obligate aquaticto entirely
terrestrialspeciesor a mixture of both (Hill et al. 2001). Timing of flooding in direct seededrice is
critical in the establishmentof rice seedlingand the control of weedsthrough flooding (Pablico et
al. 1996; Tuong et al. 2000). Seeding of rice under water or early flooding however, while
preventinggerminationof many weed speciescan reducethe rice standdue to poor anchorageand

. mortality. Water applied during the early stageof weed growth preventsmany weed seedsfrom
germinatingand suppressesweed establishment,and the longer the flooding is delayedafter weed
emergencethe deeperthe water required to achievecontrol (Moody 1993). Tuong et al. (2000)
foundthat flooding the field 3 daysafter seeding(DAS) reducedweed growth by 73-88%compared
with the farmer'spracticeof flooding 10DAS.

Flooding andsoil moisture level after the introduction of watermay play an important role on weed
seedlingsurvival and growth or mortality. Moon et al. (1999) found that different weed species
respond differently to water regimes. Emergenceof Echinochloa crus-galli (L.) P. Beauv. and
Ludwigia octovalvis (Jacq.) Raven was greater in saturated soil conditions while Sphenoclea
zeylanica (Gaertn.) showed greater emergenceunder flooded conditions. Tuong et al. (2000)
reportedthat Echinochloa glabrescens Munro ex Hook. f. dominated the field when flooding 'of
direct seededrice was delayeduntil 7 DAS whereasMonochoria vaginalis (Burm. f.) Presl were
dominant either when fields were flooded at 3 DAS or when rice was sown in standingwater.
Williams et al. (1990) compareddifferent water depth on its effect on weed establishmentand
growth. Without herbicides, 20 em water depth provided good control of Echinochloa spp and
Cyperus difformis L. comparedto poor control at 5-cm-deepflooding. Weedcontrol was improved
by herbicide treatmentbut weedswere not controlled with shallow flooding even when this was
combinedwith herbicide. Tuong et al. (2000) reportedthat flooding direct seededrice at 3 DAS
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sustainedyield and water productivity without having to use herbicide or with only half of the
recommendedrate (0.15 kg a.i. ha'). Williams et al. (1990) found that weed control was improved
at all water depth (2-8 inches) by herbicide treatments,but weedswere not controlled in shallow
water (2 inches),evenwith herbicides.Watermanagementcanthereforeplaya critical role in weed
managementin direct seededand will have an influential role on appropriateherbicide usageand
both water depth and herbicideswere necessaryfor consistentweed control. Thus this study was
conductedto determine if the rate of herbicide could be reducedwhen combined with judicious
watermanagement.

MATERIALS AND METHODS

One field experiment (1) was conducted from March to June 2004 at the International Rice
ResearchInstitute, Philippines. The field wasplowed andharrowedonce, andthen plots (3 m x 12
m) were established.'the soil within the plots was leveledusing a wooden plank pulled by a hand-
tractor. The'experimentwas laid out in a split-split-plot design with four replications. Herbicide
rate:no herbicide,recommendedrate [RR, 0.3 kg a.i. ha"], 75% RR, and 50% RR was assignedto
the main plot. Time of flooding (early-3daysafter seeding(DAS) and late-7 DAS) was assignedto
the subplot andwater regimes [continuous saturation(SAT), while alternateflooding and draining
(AWD) andflooded conditions (FLD)] were assignedto the sub-subplots.Pre-germinatedrice seeds
(IR72) were broadcastat 100 kg ha". The herbicide (pretilachlor + fenclorim) was applied at 2
DAS. Forty kilograms per ha eachof N, P20S and K20 were applied at 10 DAS and additional 30
kg ha-' N was applied at 30 and at 52 DAS. Water was applied at a prescribedtime to a depthof 5
em. Weedswere countedasbroadleaf,grass,sedgeat 10and 18DAS, andcountedandweighedby
speciesat 31, 80 and 117 DAS using two 50 em x 50 em quadratsper plot. Weed sampleswere
dried at 80De for 48 h then weighed. Grain yields at harvestwere taken from a 5 m2 samplingarea
andtheseadjustedto 14%moisture.

Two screenhouseexperiments(2 & 3) were conductedin August to September2004 andFebruary
to March 2005.Plastic trays measuring32 emx 24 cm x 10em were filled with soil taken from the
unweededplots Of the field experiment above.Soil in the trays were soakedin water andpuddle
manually and leveled.Holes were bored at eachsideof the trays 1 em abovethe baseof the tray to
allow entranceof water and another bored at each side of the tray 2 em above the soil level to
maintain 2 em water depth. Metal basinswith four division measuring 120 em x 60 cm x 40 em

. were filled with water to a desired depth to meet the 2 em flooding depth. The treatmentswere
'. .arrangedin a split-split-plot design with four replications. Pre-germinatedrice seeds(IR72) were

sown in rows (3 rows trail) at 11 seedsrow-I. Pretilachlor + fenclorim was applied using a
precision spraychamberusing the sameratesas in the field experiment.Water was introducedat a
prescribedtime. Trays for the continuously flooded treatmentwere positioned suchthat thedepthof
waterwasmaintainedat 2 ern.For the alternateflooding anddraining the trays were submergedto 2
em water for 3.5 daysthen raisedto drain the water for 3.5 days.For saturatedtreatmentthe water
level was kept at about lcm below the soil surface.Weed density count was done at 15 and 30
DAS. The experimentwasterminatedafter 30 days. .

RESUL TS AND DISCUSSION

Field exp-eriment

Total weed density from 10 to 80 DAS andweed biomassfrom 31-117 DAS were reducedby all
herbicideratescomparedto the control (0) (Table 1). Fifty percentRR effectively controlledweeds
and resultedin similar yield to RR. Similar results with the use of pretilachlor in wet-seededrice
were reported by Pablico and Moody (1993). Early flooding increased the density of sedges
(P<0.05) at 10 DAS but not at the later stagesof crop growth (Table 2). Density of grassesand
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sedges at 18DAS, and grass density, dry weight of grasses and sedges at 31 DAS were greater
(P<0.01) when the soil was kept saturated compared to AWD or FLD. '

Table 1. Effect of herbicide rate on weed density (number m"), dry weight (g m") and rice yield (kg
ha-1). Expt.1.

Herbicide Weed density (no m-2
) Weed biomass (g m-2)

rate (days after seeding) (days after seeding) Grain yield
(kg a.i. ha-1)

10 18 31 80 117 31 80 117 (kg ha-1)

0 989 1097 776 238 117 55 371 260 617

0.15 52 202 63 39 l39 l3 96 l39 2017

0.225 20 117 25 32 124 8 107 108 1939

. 0.3 22 119 19 20 105 8 48 66 2581

SE± 70 78 74 l3 19 5 53 36 210

Table 2. Density and dry weight of grassesand sedgesat 10, 18 and 31 DAS as affected by time of
flooding and water regimes. Expt. 1.

Flooding Weed density (no m-2
) Water Weed density (no m-2) Weed biomass (g m-2

)

time 10DAS regime 18 DAS 31 DAS

Sedges Grasses Sedges Grasses Sedges

Early ,95.9 SAT 40.9 134.4 6.3 10.8

Late 50.7 AWD 35 100.7 2.6 5.5

FLD 35.8 88.2 2.6 5.3

SE± l3.8 SE± 1.1 11 0.7 1.4

The total weed biomass at 31 DAS showed interaction among herbicide rate time of flooding and
. water regime (Table 3). Herbicide application at 50% RR combined with early flooding reduced
.weed growth by more than 75% compared to the control. Without herbicide applied, early
introduction of water (3 DAS) and maintaining the field either SAT or A WD resulted in greater
weed growth compared to FLD. Weed biomass at a given herbicide application rate did not differ
among water regimes when water was introduced at 7DAS except at the 50% RR in with saturated
soil conditions and where weed growth was at a similar level to the no herbicide treatment. Among
the 24 weed species collected four major species C. difformis, S. zeylanica, Ammania baccifera L.
and Ischaemum rugosum Salisb were the dominant species in the experiment. There were
significant effects of herbicide application (P<O.Ol) on the growth ofS. zeylanica, C. difformis and
A. baccifera but no significant interaction effects between water management and herbicide rate
(Table 4). With these species, application of 50% RR reduced growth by about 90% and there was
no apparent advantage of applying a higher rate. I rugosum had significantly more biomass where
the.plots had been maintained saturated (SAT). Grain yield was greatest where the herbicide was
applied at the recommended rate and least where no herbicide was applied (Table 5). There were
significant interactions between water management and herbicide rate with the benefit of the higher
rates being most apparent in the saturated treatment. At the 50% RR alternate and continuous
flooding showed a yield advantage compared to where the soil was only saturated.
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Table3. Weedbiomassat 31 daysafter seedingasaffectedby herbiciderate, time of flooding and
waterregime.Expt. 1.

Time of
flooding and
waterregime

Herbiciderate
NH RR 75%RR 50%RR SE±

Early flooding
SAT

AWD
FLD

Late flooding
SAT

AWP
FLD

77.7 21.7 18.9 9.4
61.7 1.8 10.8 11.7
49.8 11.8 5.1 21.4

6.52
43.9 4.7 8.5 33.4
45.6 3.4 0.7 1.7

51 5.1 4.5 5.8

Table4. Weedbiomass(g m") of major weedspeciesat 31 daysafter seedingasaffectedby
herbiciderate, time of flooding andwater regime.Expt. 1.

Weedspecies
Herbicide rate

NH SE±RR 75%RR 50%RR
Sphenoclea zeylanica
Cyperus difformis
Ammania baccifera

Waterregime
Ischaemum rugosum

18.3
16.9
1.6

SAT
5.1

1.9
1.9

0.1

1.8

3.3
0.5

3.3 1.3
1 0.5
0.1 0
AWD FLD
1.5 1.9 0.65

Table5. Grain yield (kg ha'..l)asaffectedby herbiciderateandwater regime. Expt.l.

Water regime
Herbiciderate

NH RR 75%RR 50%RR SE±
0.48 2.36 1.56 1.36
0.36 2.6 1.76 2.53 0.2
1.01 2.78 2.51 2.16

SAT
AFD
FLD

Screenhouseexperiments

Water control in the field had beenproblematic due to leaksand movement through cracksin the
bunds. Thus screenhouseexperimentswere conducted to assessthe treatmentswith better water
control.

As observedin experiment 1, herbicide application generally had a greatesteffect on weedsthan
watermanagementin experiments2 & 3. Therewere interactionsbetweenherbicide rate andwater
regimes in both experiments2 & 3 (Table 6). With no herbicide applied, keeping the field at
saturation(SAT) led to greatestweed biomass.Therewas 49 and 47% lessweedbiomassin AWD·
andFLD plots comparedto SAT in experiment2 and47 and67% lessthan SAT in experiment3. In .
plots treatedwith herbicideweedbiomasswas reducedregardlessof water regime. In experiment2,
the greatestweedbiomassoccurredwhere 50% RR was followed by soil saturationand leastwhen
plots were flooded.Thesedatagenerallysupportthe resultsof the field experiment.Dominantweed
speciesin experiment2 were C. difformis, S.zeylanica, M vagina lis andEchinochloa spp.while in
experiment3 they were Cyperus iria L., I rugosum, S.zeylanica andA. baccifera. In experiment2,
there was a clear advantageof applying herbicide for control of S. zeylanica andM. vaginalis but
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the advantageof applying RR rather than 50% RR was unclear (Table 7). In experiments2 & 3,
biomass of C. difJormis was greatest where no herbicide was applied and the soil maintained
saturated.Where50% RR was applied, C. difJormis had similar levels of growth whether flooding
wascontinuousor not. In experiment3,1. rugosum wasreducedby herbicide application regardless
of ratewhile therewas no significant effect onA. baccifera or S. zeylanica. Herbicide rate andtime
of flooding did not affect rice biomass;however,higher rice biomasswas obtained from the AWD
treatmentin Expt 2 andFLD in Expt 3 (Table8)

Table 6. Effect of herbicide and water regime on total weed biomass (mg trail) at 30 days after .
seeding.Expt. 2 and 3.

Waterregime

NH

Expt 2

SAT 906.9

AFD 461.5

FLD 473.5

Expt 3

SAT 1841.7

AFD 973.1

FLD 608.2

Herbicide rate

RR 75%RR 50%RR SE±

62.3 51.4 146.3

43.3 17.4 72.5

2.3 5.5 48.8

20.9 21.1 89.7
11.9 20.1 34.3

28.6 6.3 33.4

33.6

131.3

Table 7. Effect of herbiciderate andwaterregimeon dry weight (mg trail) of major weedspecies
30 daysafter seeding.Expt. 2 and3.

Weedspecies Herbicide rate

NH RR 75%RR 50%RR SE±

Expt2

Sphenoclea zeylanica 228 6.6 10 36.4 39.7

Monochoria vaginalis 62.6 4.4 5 29.2 13.3

Echinohloa spp. 29.4 6.5 3.6 6 8.6

Cyperus difJormis

SAT 306.7 0 0.5 1.3

AFD 97.4 0.6 0.4 1 22.3

FLD 47.6 0 0 0

Expt 3

Ischaemum rugosum 62.3 0.5 1.3 5 4.7

Ammania baccifera 50.2 1.7 2.2 22.8 ns

Sphenoclea zeylanica 81.3 29.7 27.2 45.5 ns

Cyperus difJormis

SAT 257.1 0.6 0.5 0.6

AFD 128.6 0 0 0.4 22.9

FLD 94.5 0 0 0
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Table8. Effect of waterregimeson rice biomass(g trail) 30DAS.

WaterRegimes Expt2 Expt 3

SAT
AFD
FLD
SE±

5.4

5.9

5.6
0.1

7.6
7.6
8.2

0.2

The results obtained from theseexperiment suggestthat herbicide rates can be reducedfrom the
recommendedrateandstill provide adequatecontrol of weeds.Moody (1995) statedthat farmersin
most countries in south and SoutheastAsia apply herbicides less than the recommendedrate.
Experiment 1 suggests,however, that yields could only be maintained where the field can be
subsequently flooded. The suppressiveeffect of water on weeds is dependenton depth and
combination of water depth and herbicide would further improve weed control (Williams et al.
1990;Hill et al. 2001).The resultsof our studiessuggestthat therewere differencesin the levelsof
weedcontrol dependingon whether the fields had beenflooded at 3 or 7 DAS with better control
with earlier flooding after 50% RR application under saturatedcondition. Selection of weeds
speciescommencesvery early in the life of the crop and the selection is causedby imposedwater
regime(Hill et al. 2001). Weed seedsmay germinatebefore flooding however the survival of these
specieswill be determinedby their ability to withstand flooding or the size andageof the seedlings
during flooding. In theseexperiments,C. difformis was an example of a speciesthat was able to
establishparticularly well in saturatedsoil. The use of water managementin conjunction with
reducedherbicide application ratesmay provoke a shift to aquaticspeciesbut this may be averted
by therotation of managementregimes.
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Abstract: Weedyrice iOryza sativa) infestation recently hasbecomemore seriousin the Mekong
delta rice areas.This study was conductedto determinewhether the imidazolinone herbicidescan
be a good alternative measurefor generalweed control (including weedy rice) in paddy field of
herbicide tolerant rice variety. The bio-efficacy, crop selectivity, and carry-over risk of selective
imidazolinoneherbicideswere investigatedat paddy field trials of Cuu Long Delta Rice Research
Institute in the 2003wet and2004 dry season.The rice seedsof CL 161at rate 100kg ha-I,japonica
type containing imidazolinone tolerance trait PWC-16 supplied by the Lousiana StateUniversity
Agricultural Centerwere mixed with weedy rice seeds(50 kg ha-I) and grassseeds(3.5 kg ha"),
then sown on puddled soil. Four compoundsof Imazapic, Imazapyr, Imazapic + Imazapyr 1:3,
Imazethapyr+ Imazapyr 3:1 at rate of 80 to 160g a.i ha-Iwere applied at 7 or 12daysafter sowing
(DAS) on drainedfield. The Imazapic solo andreadymixture with Imazapyr usedat the rateof 120
- 160 g a.i ha-1

, applied at 7-12 DAS, appearedto be promising products due to their excellent
control of weedy rice as well as other general weeds, good selectivity on CL161 rice (slightly
yellowing of leaf were observedat 3-4 daysafter applied,but rice plants totally recoveredafter one
week),andno carryover risk on following rice crop sownwith non-tolerancevariety observed.

Key words: Carry-over risk, imidazolinone, herbicide tolerant variety, selectivity, weed control
efficacy.

INTRODUCTION

Weedyrice, commonly consideredto be ecotypesof Oryzasativa, is one of most harmful weedsin
lowland fields, particularly in direct-seededcultivation. Weedyrice infestation recently is oneof the
biggest threats to rice growers in many countries such as Malaysia (Azmi et al. 1998), Central
Americas,andMekong Delta of Vietnam (Chin et al. 2000).Their characteristicsof easyshattering,
long viable of seedin soil, and taller than cultivated rice make theseunwanted plants difficult to
manage.Being the samegenusand speciesasrice grown for consumptionmakesweedyrice nearly
impossible to control by conventional means.So far, selectiveherbicide for weedy rice control is

- still non-existent.Also no effective andeconomicalmethodis reported,especially in Mekong Delta
where rice is cultivated all year round. This study was conducted to determine whether the
integration of imidazolinone herbicides and tolerant trait containing variety (which is called
CLEARFIELDTM rice) can be a good alternative measure for general weed control (including
weedyrice) in paddyrice field.

Imidazolinoneherbicidescontrol weedsby inhibiting the plant specific 'enzymeacetohydroxyacid
synthase(AHAS), which is involved in the biosynthesispathwayof the branched-chainaminoacids
- valine, leucine and isoleucine. This inhibition causesa disruption of protein synthesiswhich, in .
turn, interfereswith DNA synthesisandcell growth. AHAS, andthereforethe biosynthesisof these
threeamino acids,doesnot occur in animals,which partially explains the generally low toxicity to
mammalsandothernon-targetanimal species.

CLEARFIELDTM rice has been developed by Lousiana State University Agricultural Center
breedersthrough a combination of mutagenesisand conventionalplant breeding,which is tolerant
to imidazolinone herbicides. Technology does not involve introduction of genetic material from
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other sourcesand, thus, is characterizedas a non-GMO (genetically modified organism)process,
and grain harvestedfrom field applied with this techniqueare approved for food and feed.use in
globalmarketwith no restriction.

MATERIALS AND METHODS

The study was conductedin clay soil lowland fields with good water supply in the 2003 wet and
2003-2004dry seasons.The rice variety CL 161, a japonica type with IMI tolerancetrait PWC,
supplied by LSU-AC through BASF Corporation, was sown at 100 kg ha-1

• Seedsof different
ecotypeweedyrice (Oryza sativa), Echinoloa crus-galli andLeptochloa chinensis, weremixed with
,thegerminatedCL 161 rice seedandbroadcastedrandomly in the experimental field at the rate of
50 kg ha-1

, 2.5kg ha-1
, and 1 kg ha-1

, respectively. ,

Field trials with. plot size of 25 m2 were establishedusing randomizedcompleteblock designwith
four replications and 15 treatments.Three major active ingredients of Imazapic, Imazapyr, and
Imazethapyrwere usedassolo andready-mix formulationsat various doserate from 80 to 160g a.i
ha-1 appliedat 7 DAS or 12 DAS on drain off water field. Crop oil is addedat 0.5% water volume
asnon-ionic surfactant.

To identify the carry-overrisk of herbicideson thenext crop, non-tolerancerice varieties,OM 2517
at seedrate of 200 kg ha-1 and OM 1490 at 150,kg ha-1

, were used in year of 2003 and 2004
respectively, on no-plough soil right after harvesting the first rice crop. For weed control, pre-
emergencetreatmentof pretilachlor at at 360 g a.i ha" was applied followed by Bispyribac-sodium
at 25 g a.i ha-1 at 7 DAS.

RESULTS AND DISCUSSION

Crop selectivity

Imidazolinoneproductsat recommendedratesplus an additive (crop oil concentrate)exhibits good
crop safety in both application timing of 7 and 12 DAS. Some temporary symptoms (stunting,
yellowing of leaves,and slow tillering) of rice plant occurred at 3 days after treatment,but the
plants totally recoveredafter two weeks without causingany negative effect to plant growth and
grain yield (Table 1). ..,

Besides,the IMI products gave excellent control of weedy rice. In caseof untreatedor standard
herbicides,the weedy rice surpassedCL 161rice plants in height and causedsignificant reduction
of grainyield (Table2).

Herbicidal activity

Imidazolinoneherbicidesusedsolo or combinedat rate of 120- 160 g a.i. ha' provided effective
control of the most important weeds in rice field, including grassweeds (Echinochloa crus-galli,
Lepchtochoa chinensis), important sedges(Cyperus difformis, Fimbristylis miliacea), and broadleaf
weed (Ludwigia octovalvis), superior or equal to other reference products (Tables 3 and 4), In
addition, they showedspecial activity on weedyrice bio-types that are insufficiently controlled by
reference active ingredients such as pendimethalin + cyc1osulfamuron, bispyribac sodium +.
fenoxaprop-P-ethyl,or pretilachlor (in residuetrial- Table 6). Meanwhile, pot experimentsshowed
that in both application timing of 7 DAS and 12DAS, 1MI herbicides at 80 g a.i ha' and at lower
rateswerenot enoughto guaranteetheherbicidal efficacy (Table 5).
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Among the IMI products, the Imazapic and combination of Imazapic and Imazapyr at ratio of 1:3
showed better weed control herbicidal efficacy than the others. Besides, application timing of -12
DAS gave more consistent herbicidal efficacy. It is possible that the post-emergence applied IMI
herbicides are primarily absorbed through leaves and, hence, more leaf surface area was exposed to
herbicide droplet at later application.

Table 1. Crop selectivity of imidazolinone herbicides on rice variety of CL161 (0 Mon, Can Tho,
combined of 4 trials in 2 seasons2003-2004)

Treatment Application % Rice injury No. of Plant height
rate tiller (ern)

a.i. ha" (g) 3DAA 15 DAA 30DAS 60DAS

Untreated 0 0 3.9 1122

Imazapic 80 10 0 3.1 69

Imazapic 100 10 0 3.3 65

Imazapic 120 20 0 3.2 69
.,

Imazapic 160 30 0 3.1 74

Imazapyr 80 10 0 3.2 72

Imazapyr 100 10 0 3.9 67

Imazapyr 120 20 0 3.6 73

Imazapyr 160 20 0 4.2 76

Imazapic + Imazapyr' 20 + 60 10 0 3.7 72

Imazapic + Imazapyr' , 25 + 75 10 0 3.1 66

Imazapic + Imazapyr' 30 + 90 10 0 3.3 69

Imazapic + Imazapyr' 40 +120 20 0 3.5 73

Imazethapyr + Imazapyr' 60 + 20 10 0 3.3 70

Imazethapyr + Imazapyr' 75 + 25 10 0 3.1 67

Imazethapyr + Imazapyr' 90 + 30 10 0 3.3 72

Imazethapyr + Imazapyr' 120 + 40 20 0 3.5 74

Pendimethalin + Cyclosulfamuron 495 + 15 10 0 3.8 1142

Bispyribac sodium + Fenoxaprop-P-
25 + 30 30 0 3.7 1022

ethyl

LSD (0.05) ns 9.4

DAA = daysafter appl.; DAS = daysafter sowing; 'ready-mix formulation; 2heightof weedyrice.
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Table 2. Grain yield of CLl61 treated with various imidazolinone herbicides (0 Mon, Can Tho,
2003-2004); DAA = days after appl. ; DAS = days after sowing; 'ready-mix formulation.

Treatment a.i. ha-I (g) Grain Yield (kg ha-I)

Wet season2003 Dry season2003-2004
Application timing 7DAS 12 DAS 7DAS 12 DAS

Untreated 19 133 1425 1327
Imazapic 80 218 920 3355 3200
Imazapic 100 3130 3050
Imazapic 120 424 900 3100 3070
Imazapic 160 740 860
Imazapyr 80 144 850 3710 3490
Imazapyr 100 3425 3440
Imazapyr 120 279 835 3465 3320
Imazapyr 160 671 830
Imazapic + Imazapyr' 20+ 60 181 954 3410 3320
Imazapic + Imazapyr' 25 + 75 3320 2910
Imazapic + Imazapyr' 30+90 351 970 3510 3520
Imazapic + Imazapyr' 40 + 120 544 847
Imazethapyr + Imazapyr' 60+ 20 125 1000 3600 3200
Imazethapyr + Imazapyr' 75 + 25 3370 3270
Imazethapyr + Imazapyr' 90+ 30 291 973 3520 3110
Imazethapyr + Imazapyr' 120 + 40 647 887
Pendimethalin + Cyclosulfamuron 495 + 15 27 169 1540 1370
Bispyribac sodium + Fenoxaprop-P-ethyl 25 + 30 27 135 1585 780

LSD (0.05) 130 115 658 527

Table 3. Post-emergence weed control with imidazolinone herbicides on CLl61 rice (0 Mon,
Cantho, Wet season 2003).

Treatment g a.I. % weed control at 60 DAS
ha-1 7 DAS treatment 12 DAS treatment

WR ECH LEP SED WR ECH LEP SED LUD
Untreated (113) (201) (182) (53) (159) (128) (208) (50) (19)
Imazapic 80 75 100 79 95 99 95 90 80 72
Imazapic 120 96 95 63 52 100 97 96 81 88
Imazapic 160 100 100 100 99 100 96 97 95 100
Imazapyr 80 38 62 16 0 100 93 95 78 99

.Imazapyr 120 45 71 99 0 100 97 95 86 97
Imazapyr 160 77 82 70 5 100 99 97 86 94
Imazapic+Imazapyr ' 20 + 60 57 80 77 0 100 96 96 94 93
Imazapic+Imazapyr' 30 + 90 91 84 75 15 100 95 100 95 91
Imazapic+ Irnazapyr' 40+120 93 91 92 41 100 100 100 100 100
Imazethapyr+Imazapyr

,
60 + 20 73 32 44 0 100 97 98 '88 96

Imazethapyr+Imazapyr' 90 + 30 79 89 71 65 100 99 98 97 97
Imazethapyr+Imazapyr' 120+40 91 82 65 86 100 99 99 98 94,'

Peridimethalin+
495+15 0 44 95 63 0 25 50 95 100

Cyclosulfamuron

Bispyribac sodium+
25 + 30 0 99 99 15 0 96 100 98 100

Fenoxaprop-P-ethyl
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Table 4. Post emergence weed control with imidazolinone herbicides on CL 161 rice (0 Mon,
Cantho, Dry season 2004).

Treatment g a.i. ha -I % weedcontrol at 60 DAS

7 DAS treatment 12DAS treatment
WR ECH LEP SED WR ECH LEP SED

Untreated (176) (15) (10) (56) (145) (26) (10) (48)

Imazapic 80 100 100 100 100 100 100 100 100

Imazapic 100 99 100 100 100 100 100 100 100
Imazapic 120 99 100 100 100 100 100 100 100
Imazapyr 80 93 100 100 100 98 100 100 100
Imazapyr 100 96 100 100 100 98 100 100 100
Imazapyr 120 94 79 100 100 100 100 100 100
Imazapic+Imazapyr' 20 + 60 96 93 97 100 97 100 100 100
Irnazapic+Irnazapyr' 25 + 75 98 100 100 100 98 100 100 100
Imazapic+ Imazapyr' 30 + 90 96 100 100 100 100 100 100 100
Imazethapyr+Imazapyr' 60 + 20 99 100 100 100 100 100 100 100
Imazethapyr+ImazapyrI 75 + 25 100 100 100 100 100 100 100 100
Imazethapyr+Imazapyr' 90 + 30 100 100 100 100 99 100 100 100

Pendimethalin+ Cyclosulfamuron 495 + 15 15 48 61 100 0 5 71 68

Bispyribac sodium+ Fenoxaprop-P- 25 + 30 0 41 100 100 2 100 100 100
ethyl

* WR: Oryza sativa (weedy rice) ; ECH: Echinochloa crus-galli; LEP: Leptochloa chinensis; SED: combined of
Cyperus difformis andFimbristylis miliacea.
DAA = daysafter appl. ; DAS = daysafter sowing; I ready-mix formulation; (n) No of weedm"; avr. of 4 replications

Table 5. Post emergence-weed control with imidazolinone herbicides at low rate (Pot trial - CLRRI,
Can Tho, 2004)

Treatment g a.i. ha-l % weed control at 30 DAA

7 DAS treatment 12 DAS treatment

WR ECH LEP WR ECH LEP

Untreated (18) (54) (44) (21) (54) (25)
Imazapic 60 100 32 74 70 43 0
Imazapic 80 100 78 66 85 59 0
Imazapic+Tmazapyr ' 15+45 100 71 61 89 36 69
Imazapic + Imazapyr I 20 + 60 100 33 83 82 49 74
Imazethapyr + Imazapyr I 45 + 15 100 73 60 90 0 0
Imazethapyr + Imazapyr I 60 + 20 100 52 42 100 44 43
DAA = days after appl.; DAS = days after sowing; I ready formulation; (n) No of weed pori; avr. of 3
replications.

Carry-over risk on following rice crop

Under good water supply condition, imidazolinone herbicides applied at rates from 80 - 160 g a.i
ha-I showed no negative carry-over effect on the next non-tolerance rice crop. Meanwhile, good
control of weedy rice in the previous season also reduced weedy rice infestation in the following
seasonby preventing seed accumulation in the soil. The build up of weedy rice seed bank in plots
where unfavorable control was obtained also led to suppressed height and lodging of weedy rice on
the cultivated rice plants, resulting in drastic grain yield loss even in the following season (Table 6).
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Table 6. Carry-over risk identification of imidazolinone herbicides on following rice crop with non-
tolerance varieties (0 Mon, Can Tho, 2003-2004).

Treatment g a.i. ha-i 7DAS 30DAS 60DAS Grain
Phyto. No. of PIt. Height* PIt. Height* Yield*

(%) tiller* (em) (ern) (tons ha')

Untreated 0 3.2 45.6 112.8** 1.3

Imazapic 80 0 3.7 39.5 70.2 2.9
Imazapic 120 0 3.9 40.4 73.5 3.0
Imazapyr 80 0 3.6 39.0 70.1 3.1

. Imazapyr 120 0 4.0 40.4 73.2 3.0
Imazapic+ Imazapyr' 20+ 60 0 4.4 41.3 72.9 3.0
Imazapic+ Imaz,apyr' 30+90 0 4.3 41.0 74.2 3.1
Imazethapyr+ Imazapyr' 60+20 0 4.5 40.5 73.6 3.0
Imazethapyr+ Imazapyr' 90+ 30 0 4.1 40.9 74.2 3.1
Pendimethalin+ 495 + 15 0 3.2 45.9 110.9** 1.3

Cyclosulfamuron
Bispyribac sodium+ 25 + 30 0 3.1 45.4 . 113.4** 1.4

Fenoxaprop-P-ethyl
LSD (0.05) ns ns 12.3 0.6

DAS = daysaftersowing;Ireadyformulation;*avr.of2 trials,4 reps.pertrial; ** heightof weedyrice.

Formulation available & Registration status

CLEARFIELDTM Production System for Rice, which combines IMI herbicides and herbicide-
tolerant varieties, has been recently introduced in US, Brazil, Colombia, and Central America
(BASF internal sources 2004). Not considered as a GMO variety, the CLEARFIELDTM rice product
offers growers accessto all local and international markets with no restrictions. Many formulations
are registered and commercialized suitable for local market demand(Table 7). Registration in
Vietnam is expected soon for treatment on the local rice varieties that contain herbicide tolerant trait
through intensive breeding work.

Table 7. Some products used in CLEARFIELDTM Production System for Rice.

Active Ingredient Product name Country

Imazapic

Imazethapyr

Imazapic + Imazapyr 1:3

Masterkey 70 DG

Newpath 24 SL

Kifix 70 DG

Colombia, US, Brazil, Central
America

The introduction oflMI-tolerance varieties offers rice growers a good opportunity to manage weedy
rice and other common weeds. However, more studies in Mekong Delta area are required to
evaluate the carry-over risk on light texture soil and/or on rotation 'field crops (e.g., watermelon,
com, pulse, ... ).

Besides, its success much depends on how well the cultivation and management strategies ·can
reduce the potential for weed resistance, maximizing the agronomic and yield potential of seed, and
ensuresustainability of the system through managing the use of the trait (s).

287



ACKNOWLEDGEMENT

The authorswould like to acknowledgeto BASF Corporation,USA for granting the researchfunds
andfor supplyingthe CLEARFIELDTM rice seeds.

LITERATURE CITED

Azmi M. andAbdullah M.Z. 1998.A manual for the identification andcontrol ofpadi angin (weedy
rice) in Malaysia.MARDI. 18pp.

Chin D.V., Hien T.V. and L.V.Thiet. 2000. Weedy rice in Vietnam. In Limited ProceedingsNo.2
"Wild andWeedyRice in Ecosystemsin Asia- A Review", IRRI.

Chin D.V., SonT.T.N.;Kiet L.c., Hiraoka H., Itoh K. andKobayashiH. 2003. Lowland rice weeds
in Vietnam (in vietnamese).Agriculture PublishingHouse.Hanoi. 162pp.

ShannerD.L. andConnor S.L.O'. 1991.The Imidazolinoneherbicides.CRC Press.290 pp.

288



Penoxsulam: a new global rice herbicide

R. Manrr'", L. Nguyen'', V. Patil3, D. Larelle", C. Mavrotas",
H. Nonino", M. Morell 7, Y.K. Min8

, I. Shiraishi9

IDow AgroSciences LLC, Indianapolis, IN, USA, 46131, 2Dow AgroSciences BV, Ho Chi Minh
City, Vietnam, 3Dow AgroSciences Asia, Kuala Lumpur, Malaysia, 4Dow AgroSciences, Le

o Chesnay Cedex, France, 5Dow AgroSciences Export SAS, Athens, Greece, 6Dow AgroSciences,
Mogi Mirim, Brazil, 7Dow AgroSciences, Bogota, Colombia, 8Dow AgroSciences, Seoul, Korea,

9Dow AgroSciences, Tokyo, Japan
rkmann@dow.com

Abstract: Penoxsulam (code name DE-638) is a new triazolopyrimidine sulfonamide herbicide
currently being Cleveloped by Dow AgroSciences for use in rice around the world. Penoxsulam
provides post-emergence cross-spectrum control of Echinochloa grasses and many broadleaf and
sedge weeds in rice with 2 to 4 weeks residual weed control in most areas. Perioxsulam is a
systemic, phloem and xylem mobile herbicide that is absorbed via leaves, shoots and0roots.
Penoxsulam has been field tested in over 20 countries in over 1,900 field trials from 1998 to 2004.
Penoxsulam can be applied to dry-seeded, water-seeded and transplanted rice, and provides
excellent post-emergence weed control activity of all Echinochloa spp (ECHSS), the major grass
weed in rice around the world. Penoxsulam use rates range from 10-15 g ha·1 in ASEAN countries,
30-40 g ha'i in EuropeanlEufrasian countries, 26-50 g ha'i in Southern/Central American countries
and 35-50 g ha'i in North America, Japan and Korea. Rice tolerance to penoxsulam has been
excellent in indica and japonica rice varieties in all countries when applied at the correct timing of
application. Penoxsulam is typically applied from BBCH12 to BBCH22 stage of ECHSS weeds.
The low use rates reduce potential for water quality issues and there are no rotation crop issues. Due
to its favorable acute.ichronic and ecotox profile as compared to other commercially available rice
herbicides, penoxsulam was registered under U.S. EPA's Reduced Risk Pesticide Program.
Penoxsulam has excellent formulation flexibility; formulated as a low concentrate OD with
adjuvant built in, a high concentrate SC and as a clay or cellulose based granule for use in
transplanted and water-seeded rice depending on customers needs. The liquid formulations have a 1
hour rainfastness requirement and can be tankmixed with other herbicides and insecticides.

Key words: DE-638, Echinochloa crus-galli, penoxsulam, rice, weed control.

INTRODUCTION

Penoxsulam is being developed to control economically important weeds in dry-seeded, water-
seeded and transplanted rice crops around the world. Depending on local application methods,
penoxsulam is a versatile herbicide with formulation flexibility that can be applied with a backpack
sprayer, mist-blower, tractor sprayer and aerial application (airplane and helicopter). Penoxsulam
granules can be applied by hand, blower, or by aerial application. Penoxsulam has been tested under
the following code names: DE-638, XDE-638, XR-638, DASH-OOLand DASH-l 1000Penoxsulam
was designated a Reduced Risk Pesticide by US EPA in January, 2003, since it met the 4 criteria for
Reduced Risk: 1) reduces risk to human health, 2) reduces risk to non-target organisms, 3) reduces
the potential for contamination of surface and ground water due to very low use rates, and 4)
broadens the adoption of integrated pest management practices while reducing environmental
loading.

This paper presents information on the active ingredient: physico-chemical properties, toxicological
and environmental profiles, as well as biological performance summary of results for major rice
growing countries around the world.
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CHEMICAL AND PHYSICAL PROPERTIES

Commonname(ISO)........... Penoxsulam
Structure:

Chemicalname(CAS) 2-(2,2-difluoroethoxy)-N-(5,8~dimethoxy[1,2,4]triazolo[1,5-
c]pyrimidin- 2-yl)-6-(trifluoromethyl)benzenesulfonamide

Chemicalfamily Triazolopyrimidine sulfonamide
Codenamestested DE-638, XDE-638, XR-638, DASH-001, DASH-1100
Empirical formula : CI6HI4 F, N, O, S
Molecularweight 483.373
Vapor pressure 7.16x 10'16mm Hg or 9.55 x 10.14Paat 25°C

1.87x 10,16mm Hg or 2.49 x 10'14Paat 20°C
DissociationConstant(pKa) 5.1
Watersolubility at 20°C ..... 5.7mg L'I @pH 5

408mgL,I @pH7
1460mg L'I @pH 9

Octanollwaterpartition coefficient at 19°C: log Kow = -0.354 (unbufferedwater)

FORMULATIONS

Penoxsulamis formulated to meet the needsof growers and their cultural practices. For use in
ASEAN countries,penoxsulam products will be formulated as an Oil Dispersion (OD) product
containing 25 g ai L'I penoxsulam or as a combination product containing 10 + 50 g ai L'I of
penoxsulam+ cyhalofop-butyl, respectively.The OD formulation usesa vegetableoil carrierwhich
optimizesthebiological performancewithout the needfor additional tankmix adjuvants.The 250D
formulation is also used in parts of Latin America, Eufrasia, and Greater China rice growing
countries,whereasa 20 g ai L'I formulation is use in the EuropeanUnion. A 240 g ai L'I SC

- (SuspensionConcentrate) formulation is used in North America and many countries in Latin
America, aswell as India and Pakistan,whereasa diluted 37.5 g ai L'I SC formulation is usedin
Japanand Korea. Several clay-basedgranuleshave been developed for use in Japanand Korea,
whereascellulose-basedgranule has been developedfor use in water-seededrice in California,
USA.

TOXICOLOGY

Acute Oral LDso(rat) > 5000mg kg'l b.w.
Acute Dermal LDso(rabbit) > 5000mg kg" b.w.
Eye Irritation (rabbit) Mild transientocular irritation
Skin Irritation (rabbit) Very slight andtransientskin irritation
Skin Sensitization(guineapig) Non-sensitizer
Teratogenicty(Ames test,CHO-HGPRT, micronucleusassay,mouselymphoma assay)
......................................................................Negative
Mutagenicity Negative
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Chronic 2 yr (rat, mouse, dog) Not carcinogenic

ECOTOXICOLOGY

Aquatic Plants EC5o Green algae 96 hr 0.086 mg L-1

. I
Blue-green algae 120 hr. 0.49 mg L-
Duckweed 14 day 0.003 mg L-1

Freshwater diatom 120 hr >49 mg L-1

Avian Oral LD50 Bobwhite Quail > 2025 mg kg' b.w.
Mallard Duck > 2000 mg kg' b.w.

Avian Dietary LC50(8 day) Bobwhite Quail > 4411 ppm
Mallard Duck > 4310 ppm

Fish* 9<ihr LC50 Rainbow trout > 102 mg L-1

Bluegill Sunfish > 103 mg L-1

Common Carp > 101 mg L-1

Silverside > 129 mg L-1

Aquatic invertebrates LC50(96hr) Ramshorn snail.. > 126 mg L-1

. Mysid shrimp >114 mg L-1

G. pseudolimnaeus > 126 mg L-1

EC5o... Daphnia magna .48 hr> 98 mg L-1

Eastern oyster 96 hr> 127 mg L-1

Earthworm 14 day LC50 > 1000 mg kg-
1

Bees .48-h oral LDso > 110 Jlg bee";48-h contact LC50> 100 Jlg
bee-1

*No acute tOXICIty was observed in any fish species at any concentration. Penoxsulam has an
extremely low bioaccumulation factor (BCF) of 0.02 ml g-l and will not bioaccumulate.

ENVIRONMENTAL FATE

In water, the major route of degradation is through a combination of photolysis and biological
degradation. Laboratory studies demonstrate photolysis half-life in water of two days under
conditions simulating summer sunlight at 400N latitude. Half life of the herbicide under laboratory
aerobic and anaerobic aquatic conditions averaged 25 and 7 days, respectively. Field studies in
flooded water-seeded rice paddies using typical agronomic practices provided half-life in water of
approximately 6.5 days, whereas penoxsulam half-life was approximately 14.6 days in dry-seeded
rice cultural practices where penoxsulam is applied prior to permanent water flood.

In soil, penoxsulam degradation is mainly a microbiological process, influenced by temperature.
Soil half-lives under laboratory aerobic conditions averaged 42 days at 20°C and 7.3 days under
anaerobic conditions (20°C).

The rapid degradation of penoxsulam minimizes the risk of damage for cultivated crops following
rice harvest. Many field carry-over studies have been completed under normal rice cultural practices
around the world without any carry-over or negative effect seen to many crops, including but not
limited to cereals, com, sorghum, soybean, sunflower, and cotton.
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RESIDUES IN RICE AND GRAIN QUALITY

Penoxsulamresidues in the harvest straw were approximately 1-2 ppb, whereas penoxsularn
residuesin the rice grain were 1 ppb or less. Four studies were conducted in Italy, Franceand
Greeceto evaluategrain quality at harvest following an application of penoxsulamat 40 gr ai ha",
It was shownthat penoxsulamdid not induceany negativeeffect on the following attributes:1000
rice caryopsisweight, milling yield, immature and damagedkernels, protein and amylosecontent
andgelationtime.

TRANSLOCATION, MODE OF ACTION AND RESISTANCE MANAGEMENT

Penoxsulamis a systemic,phloem andxylem mobile herbicidethat is absorbedprimarily via leaves
andshootsandsecondarilyvia roots.The compoundis translocatedin plants to meristematictissues
and inducesplant chlorosis, necrosisand ultimately control of susceptibleplant species.Complete
desiccationof susceptibleplants may occur in 7-10 daysunder ideal growing conditions, but may
take longerunder lessideal conditions.

Penoxsulamis a triazolopyrimidine sulfonamide whose mode of action is the inhibition of the
AcetolactateSynthase(ALS) enzyme in plants. Several other ALS mode of action products are
alreadyusedfor weed control in rice. To minimize the risk of developmentof ALS-resistantweed
biotypesto penoxsulamin rice, it is recommendedto apply penoxsulamonly onceper seasonunder
a rigorousresistancemanagementprogramthat utilizes the following procedures:useof appropriate
cultural practicesthat minimize weed seedgenerationand carryover in the seedbank, alternatethe
use of herbicide products with different modes of action for weed control, use tankmixes and
combinationproducts with multiple and different modes of action, and use mechanicalmeansto
control escapedweeds.

INTENDED USES GLOBALLY

"

Penoxsulamis ~ post-emergenceherbicide to be used in dry and water-seededrice as well as
transplantedrice. Minimum and maximum effective single use application ratesvary from as little
as 10 g ai ha-1 to a maximum of 50 g ai ha-1

, dependingon the country, There is no needto add
additional adjuvant to any of the OD formulations, as the formulation performanceis optimized,
saving.additionalcosts and labor to the applicator. Typical applications of the liquid penoxsulam
forinulations would be an application to non-flooded dry-seededrice or to a drained rice paddy to
exposedweeds,andin someconditions applicationof penoxsuiam to a shallow floodedpaddy (3 to
10 ern, depending on the country practices) with a diluted liquid formulation or a granule

- formulation will provide commercialcontrol of important weeds.

The following three tables provide a summary of the results of testing penoxsulam as a foliar
application in rice from 1998 to 2004. Thesetables are not an endorsementof weed control and
shouldonly be usedasa guide. Different ratesof penoxsulammay be required to provide effective
control of the sameweed speciesin different countries,andthere aredifferent biotype responsesto
penoxsulamglobally. Different cultural practicesand difference in environmental conditions will
alsoimpacteffective foliar useratesandresidualweedcontrol activity,
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Table 1. Plant species that have been found to be susceptible to foliar applications of penoxsulam.

Acalypha australis Cardamine parviflora Kyllinga squamulate Portulaca oleracea
Aeschynomene spp Chenopodium spp Lindernia spp Rotala indica
Alisma plantago-aquatica Cleome viscosa Lythrum junceum Sagitta ria spp
Alternanthera Commelina Malachra alceifolia Scirpus junco ides
philoxeroides communis
.Amaranthus spp Cyperus spp (annual) Melochia spp Scirpus mucronatus
Ammannia spp Echinochloa spp Monochoria spp Scleria pterota

(annual)
Bacopa spp Echinochloa Nasturtium officinale Sesbania exaltata

polystachya
Baltimora recta Eclipta alba Nymphaea spp Sphenoclea zeylanica
Bergia capensis Elatine trianda Oenanthejavanica Spilanthes acmella
Bidens tripartita Eleocharis spp Phyllanthus niruri Tridax procumbens
Boerhaavia diffusa Fimbristylis spp Physalis angulata Xanthium strumarium
Caperonia spp Heteranthera limosa Polygonum spp

Table 2. Plant species that have been found to be moderately susceptible to foliar applications of
penoxsulam.

Butomus umbellatus
Commelina
benghalensis
Corchorus spp
Cyperus esculentus
Cyperus rotundus

Cyperus serotinus

Eriochloa spp
Erucaria spp
Euphorbia nutans
Glyceria declinata

Hyssopus spp

Ipomoea spp
Ischaemum rugosum
Jussiaea abyssinica
Ludwigia spp

Marsilea spp
Potamogeton
distinctum
Scirpus maritimus
Sida spp
Spigelia anthelmia

Table 3. Plant species that have been found to be tolerant to foliar applications of penoxsulam.

Aneilema keisak
Brachiaria spp
Cenchrus echinatus
Dactyloctenium spp

Digitaria spp
Eleusine indica
Eriochloa punctata
Euphorbia heterophylla

Leptochloa spp
Murdannia nudiflora
Oryza sativa
Panicum spp

Paspalum spp
Rottboellia spp
Scirpus planiculmis
Setaria spp

CROP SELECTIVITY

Tolerance of rice to penoxsulam is due to differential metabolism compared to susceptible weeds.
The speed of penoxsulam metabolism to inactive molecules contributes to the differential selectivity
between tolerant and susceptible plant species. Under greenhouse conditions, penoxsulam's half-life
in japonica rice was 1.6 day, in indica rice 0.6 day, whereas in Echinochloa crus-galli the
penoxsulam half-life was 4.4 days.

REGISTRATION STATUS

A~ of early 2005, penoxsulam has been registered in over 15 countries including Argentina, China,
Colombia, Indonesia, Italy, Korea, Malaysia, Morocco, Philippines, Turkey, United States, and
Vietnam. Registration activity is ongoing in additional rice growing countries.
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CONCLUSION

Penoxsulam is a new post-emergence herbicide for broad-spectrum weed control in dry-seeded,
water-seeded, and transplanted rice. It fits the cultural practices of many rice growing countries very
well, showing a low use rate product with very favorable toxicological and environmental profile,
no grain residues, no anticipated crop rotation restriction, water management flexibility, excellent
selectivity and very good control of many of the most important weeds (Echinochloa spp., sedges,
and broadleaf weeds) in rice. Penoxsulam is a flexible product that can be formulated to meet local
cultural practice needs, and applied alone or in combination with other herbicide products to meet
grower needs.
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Abstract: Penoxsulam, code name DE-638, is a new triazolopyrimidine sulfonamide rice herbicide
that is being developed by Dow AgroSciences for the control of rice weeds in rice growing
countries around the world.' It is a broad-spectrum herbicide with post-emergence and residual
activity that controls many important grasses, broadleaf and sedge weeds with excellent rice
tolerance. This paper discusses the value of penoxsulam, a new unique herbicide that can be used to
increaserice productivity under different rice cultures in direct-seeded as well as transplanted rice
in five ASEAN countries, viz., Malaysia, Philippines, Indonesia, Thailand and Vietnam. Small plot
field research trials and on-farm demonstration trials were completed from 1998 to 2004. Multi-
location and multi-season field trials across ASEAN countries over a 7 year period and large plot
size on-farm demonstrations on grower fields in 2003-2005 demonstrated that when penoxsulam
was applied as a delayed pre-emergence to foliar applied post-emergence at 0 to 18 days after
sowing in direct wet-seeded rice, 10 to 15 g a.i. ha-' of penoxsulam provided >90% control of
ECHCG, ECHCO, FIMMI, CYPIR, CYPOI, MOOV A and SPDZE, resulting in up to 200% yield
increase compared with non-herbicide application. When applied as post-emergence at 7 to 18 days
after transplanting in transplanted rice, 12.5 to 15 g a.i. ha-' of penoxsulam provided >90% control
of ECHCG, FIMMI, CYPIR, CYPDI, MOOV A and SPOZE, resulting in up to 200% yield increase.

Penoxsulam is not effective for control of LEFCH, an important grass weed in some areas causing
reduction in rice yield. Penoxsulam + cyhalofop-butyl tank mix or as a premix oil dispersion (OD)
formulation at 10+50 to 12.5 + 62.5 g a.i. ha-', respectively, when applied at 4-18 DAS can be used
to obtain >90% control of LEFCH without reducing control of other weeds. Penoxsulam has
excellent crop safety, with rates up to 5X rate, i.e., 60 g a.i. ha", when applied at 0-18 days after
sowing or transplanting it did not cause crop injury to rice or reduce yields.

Key words: Common weeds in rice, direct seededrice, penoxsulam, performance transplanted rice.

INTRODUCTION

Penoxsulam (OE-638) is a new Dow AgroSciences rice herbicide that has had been widely
researched and field tested since 1998 throughout rice growing countries around the world before
introduction to the market. Extensive and intensive testing under varied rice growing conditions of
temperate and tropical rice areas around the globe has resulted in generating very robust data based
recommendation. Trial recommendations have been subjected further to rigorous reconfirmation
under "on farm demonstrations" essentially carried out by growers themselves (typically under local
agronomic conditions that are widely adopted by farmers in respective area) since 2003. This
approach of taking science-based solution from lab/ field trials directly to rice growers certainly
reaffirms the robustness of recommendations with clearly defined biological performance
deliverables. Based on this approach, within Southeast Asia area, during the pre-development and
development periods of 1999-2004, many studies of 216 small- scale field trials and 252 large-scale
demonstrations of penoxsulam on rice were completed in 5 countries in the area. They included
field studies in normal farming practices and variable field conditions such as studies under
different soil moisture, different watering regimes to field after application of rice herbicidal
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treatment,different water sprayvolumes,different soil typesanddifferent applicationmethods,and
demonstrationsto reconfirm result in scientific trials.

This paperfocuseson the performanceof penoxsulamaloneand its pre-mix productpenoxsulam+
cyhalofop-butyl in 166 bioefficacy and rice crop tolerance trials under normal rice farming
conditions conducted from 1998-2004 and in 246 large-scale demonstrations (on-farm
demonstrations)conductedfrom 2003-2005in the five ASEAN countries.

MATERIALS Al~D METHODS

Field trials were conducted on field research stations of Rice Research Institutes/Centersin
Malaysia, Philippines, Indonesia and Vietnam and on farmer fields in Thailand and Philippines.
Trials wererandomizedcompleteblock design (RCBD) with 3 or 4 replications with plot of 16-25
m2

• Target crop was Oryza sativa (Indica) cultivated by direct-seedingor transplanting. In wet-
seededrice, water was partially drained from the field, post emergencefoliar application madeto
exposedweeds, arid the paddy re-flooded within 24 - 48 h after application. Other agronomic
practicesfollowed were asper local farming conditionsin respectivecountry.

_Penoxsulamformulations tested in thesetrials were GF-237 and GF-1075 containing 25 g a.i. L-1

penoxsulamOD formulation; and GF-981 OD, containing10 g a.i. + 50 g a.i. L-1 penoxsulamand
cyhalofop-butyl, respectively.The ratestestedof penoxsulamrangedfrom 5 to 60 g a.i. ha-1

• Each
testedratewasdiluted in a sprayvolume of 150-400 L ha-1 water and applied by knapsacksprayer
with fan nozzle.No additional adjuvant tank mix was required for usewith GF-237, GF-1075and
GF-981dueto theOD formulation having adjuvantalreadybuilt in.

Large scaledemonstrationswere conductedon farmer's fields. The averagesizeswere 1,000 m2

(ranging 500 m2-5,000 m2
). DowAgroSciences delivered samples to farmers and they applied

penoxsulam(GF-1075)or mixture of penoxsuiam+ cyhalofop butyl (GF-1075 + Clincher* 10ECor
GF-981) themselvesfollowing their own normal farming practices.The ratesof penoxsulamwere
10-12.5g a.i. ha-1 andtherewasonly one applicationof testedchemicalmadeper demonstration.

Individual weedcontrol evaluationwere madeat 14DAA (daysafter application), 28 DAA and42
DAA by visual observation on biomass reduction of weed compared with untreated plot as
percentageof control and confirmed by each specieweed count at 42 DAA. Phytotoxicity was
recordedat 1,3, 7, 14and28 DM by visual assessmentof percentinjury.

Collecteddatawere-statisticalanalyzedby PRM5 andMinitab software. * Trademark of Dow
AgroSciencesLLC.

RESULTS AND DISCUSSIONS

Rice Crop Phytotoxicity: The testedrates of 5-60 g a.i. ha-1 penoxsulam in 216 small-scalefield
trials and 252 large-scaledemonstrationscarried out in five ASEAN countries under normal or
abnormalconditions did not causeany injury symptomto indica rice when applied at 0-24 DAS or
7-18DAT.

Efficacy of penoxsuiamon Echinocloa sp. (ECHSS) in small-scalefield trials

Table 1 demonstratesthat all tested rates of 7.5-15 g a.i. ha-1 penoxsulam provided herbicidal
activity on ECHSS.The averageof93 trial resultson ECHCG showedthat penoxsulamat 10-12.5g
a.i. ha1 provided >90% control of this specieswhen applied at 0-18 DAS. When applied at 10-18
DAS, >90% control of ECHCO was achievedwith 15 g a.i. ha-1penoxsulamacross14trials on this
weedspecies.
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Table 1. Efficacy of penoxsulam on ECHSS at 42 DAA (% Biomass Reduction) Echinocloa crus _
galli (ECHCG).

Days After Sowing Country No. of replications Penoxsulam (g a.i. ha-l)

7.5 10 12.5 15
Thailand

Vietnam
Malaysia
Philippines
Thailand
Vietnam
Malaysia
Philippines
Thailand
Vietnam
Indonesia *
Philippines
Thailand
Vietnam

Indonesia *
Echinocloa colona (ECHCO)

10 -14 DAS Philippines
(9 trials) Thailand

Vietnam
Philippines
Thailand
Vietnam

0-3 DAS

(16 trials)
4 -9 DAS
(25 trials)

10 -14 DAS
(40 trials)

15-18 DAS
(12 trials)

15-18 DAS (5 trials)

n= 12

n=48
n=8

n=36
n=26
n=24
n=20
n=24
n=38
n= 50
n = 15
n=8
n=9
n= 11

n= 12

87.8' 93.6 95.5

94.7 94.2 94.6 95.4
71.0 90 89.1 90.5
87.8 94.9 97.2 98.1
79.7 91.8 94 97.3
87.6 93.3 95.6 97.9

87 93.1 92.3
82.5 84.6' 91.4 93.8
71.3 90.2 93.5 95.8

96.2 94.9 94.5
97.8 99.7

55.0 68.8 93.3 92.1
78.9 91.7
86.4 85.6 93.6

97.2 100 100

n = 12
n=3
n = 18
n=4
n=3

n= 12

91.9

86
89.7
81.5

86
92.1

86 92.5 94
95

94.5
85.8
95

94.4
* Transplantedrice

84.3

Efficacy of pen oxsuiam on Fimbristylis miliacea (FIMMI) in small-scale field trials

Table 2 demonstrates that across 80 trials, 10-12.5 g a.i. ha-I penoxsulam provided >90 % control of
FIMMI when applied at 0-18 DAS across ASEAN countries.

Table 2. Efficacy of Penoxsuiam on FIMMI at 42 DAA (% Biomass Reduction).

Country No. of Penoxsulam (g a.i. ha-l)

replications 7.5 10 12.5
Days after

Sowing 15

90.5
97.9

0-3 DAS
(J8 trials)

4 -9 DAS
(22 trials)

10 -14 DAS
{35 trials)

15-18 DAS
(5 trials)

Philippines
Vietnam
Thailand
Malaysia
Philippines
Thailand
Vietnam
Malaysia
Philippines
Thailand
Vietnam
Philippines
Vietnam

Indonesia *

n=24 93.4 96.1 95.3
n = 32 99 98.3 97.6
n = 16 86.8 94.9 96.1
n = 8 90.8 89 90.7
n = 44 92.7 96.1 97
n = 6 100 99.6
n = 24 91.3 94.8 95.8
n = 16 91.9 94.2
n = 32 90.8 92.5 92.2
n = 16 99.4 99.4

n = 70 98.8 93.6 95.5
n = 8 92.8 93.5

n=12 89.3 85

n = 2 100 100

93.4

97.1

98.8
92.5
96.6, .

100 .

96.3
94.8
90.9

*Transplantedrice
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Efficacy of penoxsulam on Cyperus sp. (CYPSS) in small-scale field trials

Table 3 demonstrates that across 68 trials treated at 0-18 DAS, 109 a.i. halpenoxsulam provided
>90% control ofCYPDI, and in 22 trials treated at 4-18 DAS, 12.5 g ai ha-I provided >90% control
ofCYPIR.

Table 3. Efficacy of penox suiam on CYPDI &CYPIR at 42 DAA (% Biomass Reduction) Cyperus
difJormis (CYPDI).

Days After No. of
Penoxsulam (g a.i. ha-i)

Sowing Country replications 7.5 10 12.5 15

0-3 DAS (7 trials)
Vietnam n =28 99.6 98.2 96.8 97.9

4-9 DAS Philippines n=60 96.1 95.9 100 99.2

(22 trials) Thailand n = 19 90.9 96 96.6 96
Vietnam n=4 98.8 100 100

10 -14 DAS Malaysia n=4 86.3 86.3
(34 trials) Philippines n=60 95.4 96.2 97.6 98.8

Thailand n= 39 95.8 93.3 97 95.4

Vietnam n=28 100 97 96.9 98
15-18 DAS Philippines n=8 100 100 100 100

Thailand n=3 100 100
(5 trials) Vietnam * n=4 99.9 99.9 100 100

Indonesia * n=4 98.1 100 100

Cyperus iria (CYPIR)

4 -9 DAS Malaysia n=7 85 87.9 88.9 88.3

(9 trials) , Philippines n= 16 86.3 85.9

Vietnam n = 12 87.5 91.7 91.3 97.5

10 -14 DAS Malaysia n= 12 90.4 90.6 92.1

(1.1trials) Philippines n=4 85 86.3 88.3 87.3

Vietnam n=28 89 91.7 92.5

15-18 DAS Vietnam n=8 83.3 87.5 90.6

(2 trials)

* Transplantedrice

Efficacy of penoxsulam on Sphenoclea zeylanica (SPDZE) in small-scale field trials

Table 4 demonstrates that in 81 trials across ASEAN countries, 109 a.i. ha-J penoxsulam provided
>90% control ofSPDZE at the application window of 0-18 DAS.
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Table4. Efficacy of penoxsulamon SPDZEat 42 DAA (% BiomassReduction).

Days after No. of Penoxulam(g a.i. ha-I)

Sowing Country replications 7.5 10 12.5 15

0-3 DAS Philippines n=8 94.8 96.5

(10 trials) Vietnam n=24 96.2 97.8 97.2 98
Thailand n=8 91.2 96 100

4 -9 DAS Philippines n=60 94.9 93.3 99.6 97.9
(26 trials) Thailand n=26 85.9 96 95.7 99

Vietnam n = 16 83.8 92.5 95.9 97.5
10-14 DAS Malaysia n = 12 94.3 99.8 95.7
(38 trials) Philippines n=56 93.8 97.4 95.8 100

Thailand n=37 93.8 98.1 98.8 98.2
Vietnam n=42 94.8 96.4 96.8

15-18DAS Philippines n=8 100 100 100 100
(7 trials) Thailand n=3 100 100 100

Vietnam n = 11 89.3 92.5 93.6

Efficacy of penoxsulamon Monochoria vagina lis (MOOVA) in small-scalefield trials

Table 5 demonstratesthat in 34 trials, 10-12.5 g a.i. ha-Ipenoxsulam provided >90% control of
MOOVA at applicationwindow of 0-18DAS acrossASEAN countries..
Table5. Efficacy of penoxsulamon MOOVA at 42 DAA (% BiomassReduction).

DaysAfter Country No. of Penoxsulam(g a.i. ha-I)
Sowing replications

7.5 10 12.5 15

0-3 DAS (2 trials) Vietnam n=8 93.5 89 90.3
4 -9 DAS Malaysia n=4 82.5 86.5 96.8 93.5
(13 trials) Philippines n=48 97.4 98.1 9Q.4 97.1
10-14DAS Malaysia n=7 96.3 95.7 97.5
(22 trials) Philippines n=40 98.3 98.1 99.4

98
Vietnam n = 38 95.1 954 95.6

15-18DAS Philippines n = 12 100 100 lOO 100,

(7 trials) Vietnam n=3 96.7 93
Indonesia* n= 10 82 100 98

* Transplantedrice

Efficacy of penoxsulamon commonweedsin rice in large-scalefield demonstrations

Weedsthat were evaluatedin demonstrationfields wereEchinocloa crus-galli, Echinocloa colona,
Fimbristylis miliacea, Cyperus difformis, Cyperus iria, Cyperus rotundus, Sphenoclea zeylanica,
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Ludwidia octovalvis andMonochoria vaginalis. Table 6 provides a summary of resultsacross252
demonstrationtrials where penoxsulamwas applied at 0-20 DAS and demonstratesthat 10-12.S g
a.i. ha-1 provided 90-99 % control of Echinocloa sp. and 85-99% control of sedgesandbroadleaf
weeds.Resultsalsoshowthat across6 demonstrationtrials treatedat 14 & 21 DAT in transplanted
rice that penoxsulamat 12.5-15 g a.i. ha' provided >90% control of Echinocloa crus-galli and
Monochoria vaginalis.

Results of penoxsulamlarge field demonstrationtrials confirmed the results generatedin small
_scalereplicatedfield trials that 10-12.5g ai ha-lpenoxsulamin both conditions provided 85 to 99%
control of thecommonweedsin ASEAN rice.

Table6. Efficacy of penoxsuIamon commonweedsat42 DAA (% BiomassReduction).

Country Application Penoxsulamrate No. of % control
Window (g a.i. ha-l) demonstrations

ECHSS Sedges Broad leaves

Philippines 2-5 DAS 7.5 47 90 91 87
6-10DAS 10 52 91 92 86

15-20DAS 12.5 60 92 89 80
Vietnam 0-3 DAS 10-12.5 15 95-99 95-99 85-90

4-9 DAS 10-12.5 22 95-99 95-99 95-99

10-14DAS 10-12.5 30 95-99 95-99 95-99

15-18DAS 10-12.5 20 90-95 85-90 90-95

Indonesia* 14DATr 12.5-15.0 4 90-95 90-95

21 DATr 15 2 90-95 90-95

Total 252 demos 90-99 85-99 85-99

* Transplantedrice

Summaryon efficacy of penoxsulamon commonweedslisted

Overall, the small andlargescalefield trial resultsshownin tables 1-6demonstratethatpenoxsulam
was very efficaciouson commonweedsin rice. Fannerscan apply a very low userateof 10-12.5g
a.i. ha-l penoxsulam to attain 85-99% control of key important weeds except LEFCH. The
penoxsulam OD product will provide fanners a very flexible timing of application product
comparedto other current products that provides one of three choices, either pre-emergenceat 0-
3DAS, early postapplicationat 4-9 DAS or middle to latepost application at 10-18DAS.

Efficacy of mixture of penoxsulam+ cyhalofop on Leptochloa chinenses (LEFCH)

Penoxsulamat 10-30 g a.i. ha-l does not provide commercial control of Leptochloa chinenses.
However, cyhalofop-butyl makes an excellent tank mix or premix partner for controlling L.
chinenses without antagonizingthe control of E. crus-galli and other weeds listed. The results of
these"mixtures shown in Table 7 demonstratethat tank mixing or premixing at 10+50 g a.i. ha-l

penoxsulam + cyhalofop-butyl, respectively, provided 85-100% control of this weed without
antagonizingE. crus-galli control.
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Table 7. Efficacy ofpenoxsulam+cyhalofop on LEFCH at 42 DAA (% Biomass Reduction).

Days After Country No. of Penoxsulam+ Cyhalofop (g a.i. ha-I)
Sowing replications 10 + 50 12.5 + 62.5 15 + 75

Tank Pre Tank Pre Tank Pre
mix mix mix mix mix mix

'9-Apr Thailand n= 15 &26 91.3 92.8 99.1 94.8 96.5 95.6
(9 &10 trials) Vietnam n = 16 &12 91.7 91.8 94.4 98.8 97.8 95.8.

10 -14 Philippines n =44 &20 98.2 94.3 98.2 95.5 99.9 97.4
(19 &22 trials) Thailand n=24&30 84 95.6 82.4 94.7 88 97.1

Vietnam n= 8 &32 91.3 94.7 93.8 98.8 100 98.3
15-18 Philippines n = 12 &8 98 95.3 100 94.5 99 97.5
(5 & 3 trials) , Vietnam n= 8&4 93,8 83.8 87.5 93.8 100

n = tankmix andprepack,respectively.

Effect of penoxsuiam and penoxsulam + cyhalofop on rice grain production

Table 8 demonstrates that in 64 trials across ASEAN countries, the application of penoxsulam at
10-15 g a.i. ha-1 or penoxsulam + cyhalofop at 10+50 g a.i. ha-1

, increased rice grain yield up to
200% and 300 %, respectively, when compared with untreated treatments.

Table 8. Yield comparison among penoxsulam and untreated treatments.

No. of Treatments Rate (g a.i. ha-I) Average Yield % against
replications (kg a.i. ha") Untreated

239 Penoxsulam 10 3,223 190

(64 trials) (g a.i. ha-1) 12.5 3,523 207
15 3,445 203

Untreated 1,699 100
91 Penoxsulam + Cyhalofop-Butyl 10+50 3,603 316
(24 trials) Untreated 1,139 100

In summary, penoxsulam at 10-15 g a.i. ha" provided 85 to 99% control of above common weeds in
direct-seeded and transplanted rice in tropical rice culture. Penoxsulam + cyhalofop-butyl is an
efficacious mixture for truly broad-spectrum grass,broadleaf and sedge control in ASEAN rice. The
application of penoxsulam or penoxsulam + cyhalofop-butyl mixtures are very safe to rice and they
protect rice from yield loss caused by common weeds in the crop.
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New application technique of pretilachlor/fenclorim for weedy rice control
in direct seeded wet sown rice in South East Asia
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Abstract: Direct seeded wet-sown rice is widely cultivated in South East Asia, the Southern
provinces of China, and is increasing in South Korea. The technique has been known since the
1980s and after a rapid initial development, further expansion has slowed down because of several
constraints of this cropping system. In addition to high infestations of grasses such as Echinochloa
crus-galli (L.) Beauv and Leptochloa chinensis (L.), weedy rice (Oryza sativa L. fp. spontanea)
infestations are increasing in areas where wet-sown rice is grown continuously, such as Vietnam,
Malaysia, Sri Lanka, Thailand and Korea. The rapid increase of weedy rice infestations causeshigh
yield losses and reduces fanners' income. Farmers currently manage weedy rice infestations by
using the stale-seedbed technique and hand weeding. These techniques delay rice planting, increase
water use and require high labour cost. The application of pretilachlor/fenclorim (SOFIT EC 300)
by dripping the concentrate or slightly diluted product directly into water during the last levelling,
offers a unique way to achieve reliable broad-spectrum weed control including Leptochloa sp. and
weedy rice, thereby maximizing overall yield potential.

Key words: Direct seeded rice; South East Asia; weed control; pretilachlor; fenclorim; weedy rice

INTRODUCTION

Pretilachlor/fenclorim was launched in the mid-80s in South East Asia as a pre-emergence herbicide
in direct seeded wet-sown rice. The recommended application timing is 0-4 days after sowing.
Spraying of pre-emergence herbicides requires applicators to walk through a saturated field which
is labour intensive. Further the increasing infestations of Golden Apple Snail has forced farmers to
maintain dry conditions as long as possible after rice seeding thereby reducing the performance of
pre-emergence herbicides. These conditions considerably limited the use of preti1achlorlfenclorim.
The presence of weedy rice had already been reported in 1983 (H. Hyakutake and S. Zungsontipom,
1985). Since 2002 weedy rice infestations have become a serious problem in the direct seeded rice
areas.The authors reported that infestations of "weedy types" reduce yield of cultivated rice and the
presence of red grains lower the quality of rice. The seedsof weedy rice shatter readily at maturity,
thus building up a seed bank. Current recommended herbicides do not control weedy rice. Syngenta

_ now offers a solution to control weedy rice through a novel technique for the application of
pretilachlor/fenclorim. A herbicide application by dripping the product into water during levelling
of the paddy field 2-3 days before sowing was evaluated during several seasons in the Chao Praya
region of Thailand.

Picture 1: Early emergence of weedy rice panicles

302



Dripping application

Farmers usually perform the last puddling or land levelling by using a levelling board attached
behind the tractor. During this working process pretilachlor/fenclorim was dripped without
additional equipment directly into paddy water. A bottle was attached with a hanging device upside
down in front of the tractor or in front of the levelling board. A hole was pricked into the seal of the
bottle by using a special device (picture 2). The size of the hole was designed to provide dripping
rates between 600-750 g ai ha-1 of product at normal tractor speed of 1 meter Isec. Tractor motion
and the levelling board distributed the product evenly over the whole paddy field. A minimum
water level of 5-10 ern was required to ensure that all areas of the field were well covered with
water. The paddy water remained in the field for 2-4 days before it was drained and pre-germinated
rice was broadcasted.

Picture 2: Dripping lid Picture 3: Dripping of pretilachlor/fenclorim
during last levelling

Trial design and evaluations

Two large-scale (2-3 hay demonstrations were conducted in 2004 in Suphanburi and Nonthaburi
provinces, central plain, Thailand. SOFIT EC 300 (Pretilachlorl fenclorim) was applied at 2 Ihal

(600 gai ha"). Crop tolerance, control of weedy rice and other weed species were assessedvisually
using a 100 % scale. (0% = no control, no crop damage, 100 % = full control, complete crop
destruction). Rice yield obtained after treatment was compared with the yield of the previous
season.Further small plot trials were conducted with 4x6 m2 plots and 4 replicates. A micropipette
and a hand levelling board were used to simulate drip application. Together with manual land
levelling the product was dripped into 5-10 em standing water. The water was maintained for 2-4
days, and then the incubated Suphanburi 1 rice variety was seeded into the paddy water. The water
was drained immediately after rice sowing. Water was re-introduced 7-10 days after sowing.

RESULTS AND DISCUSSION

The pretilachlor/fenclorim treatment increased rice yield by one-third in the Nonthaburi location
and almost doubled rice yieid in Suphanburi site (table 1). Despite the heavy weedy rice infestation
at both locations the treatment achieved a 70-80 % reduction of the weedy rice population. Good
crop tolerance with minor transient phytotoxicity to rice was reported after the drip and spray
application (table 2). The higher rate of 750 g ai ha-1 was better than the 600gai ha-I in the overall
weed control including Echinochloa crus-galli (L.) Beauv (Table 3). The results show the reduction
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of both number of weeds and amount of dry weight of weeds after dripping and spray applications.
Dripping pretilachlor/fenclorim at rates of 600-750gai ha-I provided broad-spectrum weed control,
including Echinochloa crus-galli (L.) Beauv., Leptochloa chinensis (L.), Sphenoclea zeylanica
Gaertn. and Cyperus difformis Linn and gave comparable or better results than the spray
application. Best weed control was obtained with pretilaclor/fenclorim at 750gai ha-I dripped 2-4
days before sowing the rice (table 3). This treatment also provided the highest rice yield (table 4).

Table 1. Effect of herbicide on weedy rice control and rice yield before and after dripping under
heavy weedy rice infestation in demonstration trials (2 locations), July 2004-March 2005

Locations

Application method
Suphanburi province Nonthaburi province

Treatment
And timing

Weedy rice Rice yield Weedy rice Rice yield
control (%) (Kg ha') control (%) (Kg ha-1

)

l. Early-post practice Conventional spray in 0.0 3,645 0.0 3,333
under heavy weedy previousseason
rice infestation

2. pretilachlor 30% Dripping at 2 DBSJi in 80.0 6,770 70.0 4,166
EC 600 gai ha-1 the following season

11Days before Sowing

Table 2. Effect of herbicide application timing and method on wet sown rice in small plot trials
(average of2 locations), May-December 2004

Treatment

Rice height (em)Phytotoxicity No. of rice tiller
Application method (%) lL m?

and timing --:-15::-'-.L-..3::-:0:-----:2:-::0----:-1-=-0 5::--:3:-::0--=D=-A-:-S::--6:::-:0--=D=-A-:-S:::--:l:-::l-=-I-:::D=-A:-:::-S

DAAli DAA DASli DAS

1.pretilachlor 30%
EC 600 gai ha-1

2. pretilachlor 30%
EC 750 gai ha-1

3. pretilachlor 30%
EC 600 gai ha-1

4. pretilachlor 30%
EC 750 gai ha-1

5. pretilachlor 30%
EC 412 gai ha-I

6. Handweeding(at
30 DAS).

7. Weedycheck 0.0 0.0 242a 255 b 46:7 ab 81.2bcd 110.9d

c:v (%) 10.71 8.67 2.66 3.15 2.16
F-test Ns * * * **

lLVisual assessment; '11 Days after Application; 31Days after Sowing; 41Days before Sowing;

5! In each column, means followed by the same letter are not significantly different at 5 % level by DMRT

Dripping at 4 DBS 41 6 0.0 294a5! 336 a 44.7 c 78.6 d 112.9cd

Dripping at 4 DBS 315 a 47.4 ab 85.0 ab 120.0a10 0.0 308a

Dripping at 2 DBS 322 a 45.7 be 82.5 abc 116.6abc9.5 0.0 305a

Dripping at 2 DBS 291a 119.2ab11 0.0 321 a 46.2 abc 85.4 a

Sprayat 2 DAS 318a 46.1 abc 80.8 cd 116.2bc8 0.0 312a

0.0 0.0 47.7 a 83.4 abc 116.6abc285a 312 a
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Table 3. Effect of herbicide application timing and method on number of weeds at 40 days after
sowing (small plot trials, average of210cations), May-December 2004

Application
method
andtiming

Number of weedm" anddry weedweight in gm m·2 at 40 DAAl!Treatment

ECHCG LEPCH SPHZE CYPDI

Number Dry Number Dry Number Dry Number Dry
weight weight weight weight

10.0b JL 12.7b 0.0 a 0.0 a 43.3 b 2.9 a 7.0 a 0.5 a1.pretilachlor 600
gai ha'

2. pretilachlor 750
_ gai ha·1

3. pretilachlor 600
gai ha'i .

4. pretilachlor 750
. _gai ha'i
5. pretilachlor 412

gai ha'i
6. Handweeding

(at 30 DAS)
7. Weedycheck 27.8 c 44.0 c 36.0a 3.6 b 141.0c 23.2 b 396.0b 53.7b
c:v. (%) 50.52 50.16 318.21 267.65 35.26 52.82 58.91 62.20

F-test ** ** Ns * ** ** ** **
11 Days after Application;21Days before Sowing , 31 In each column, means followed by the same letter are not
significantly different at 5 % level by DMRT

Dripping at 4
DBS 2i

Dripping at 4
DBS
Dripping at 2
DBS
Dripping at 2

DBS
Sprayat 2
DAS

1.8a 1.5a 0.0 a 12.3a 1.0a 2.0 a 0.1 a

5.0 ab 7.1 ab 0.5 a 0.0 a 28.5 ab 3.3 a l.Oa 0.0 a

4.3 ab 6.0 ab 1.0a 0.1 a 20.0 a 2.5 a 0.0 a 0.0 a

4.3 ab 3.1 a 0.0 a 0.0 a 28.3 ab 2.5 a l.5a 0.2 a

l.8a 0.0 a 0.5 a 0.1 a 7.8 a 0.4 a 16.0a 1.3a

Table 4. Effect of herbicide on rice yield (small plot trials, average of 2 locations), May-December
2004

Treatment Application method and timing Rice yield (kg ha·I)12

. 1. pretilachlor 600 gai ha'l Dripping at 4 DBS 2L 5555 c3L

2. pretilachlor 750 gai ha'i Dripping at 4 DBS 6326 a
3. pretilachlor 600 gai ha'l Dripping at 2 DBS 5907 be
4. pretilachlor 750 gai ha'i Dripping at 2 DBS 6262 ab
5. pretilachlor 412 gai ha'i Spray at 2 DAS 6078 ab
6. Hand weeding (at 30 DAS) 6261 ab
7. Weedy check 4291 d
C.Y. (%) 4.59
F-test **
Ii At 14%moisture content at 105days after sowing.'' Days before Sowing, Ji In eachcolumn, meansfollowed
by the sameletter arenot significantly different at 5 % level by DMRT

CONCLUSION

SOFIT EC 300 (pretilachlor/fenc!orim) dripping during the last field leveling is an effective
solution for the control of weedy rice infestations in tropical direct seeded wet-sown rice. The
specially designed dripping device facilitates the combination of herbicide application and land
leveling into one operation. This innovative approach delivers a new application method,.broad-
spectrum weed control and a unique solution to manage the increasing infestations of weedyrice in

'airect seededwet-sown rice in South East Asia.
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Abstract: Weeds are major biotic stressesresulting in 20% to 40% yield losses in wet-seeded rice.
Use of herbicides is the commonly used weed control method of rice farmers in Sri Lanka. The
present study was conducted at Rice Research and Development Institute in 2004 during the minor
CUltivating season (April-August) using randomized complete block design with 4 replicates, to
investigate the weed control efficacy of pretilachlor as a pre- emergence herbicide under different
application methods, and its phytotoxicity on rice. Recommended rate of pretilachlor 0.6 L ha")
was applied at just before sowing with a knapsack sprayer, as a sand mix and with a splash bottle.
Hand weeding and no weeding treatments were used as controls. The results revealed that different
application methods effectively controlled major grasses,broadleaves and sedges in the respective
treatments except Aeschynomeneindica and Cyperusdifformis. Different application methods of
pretilachlor did not show any negative impact on germination, plant height, leaf area, biomass
production, yield, and yield components of rice. Results indicated that the three application methods
were effective in controlling weeds associated with wet-seeded rice.

Key words: Application method, pretilachlor, weeds, wet-seeded rice.

INTRODUCTION

Weeds are major biotic stress in rice cultivation in Sri Lanka. Yield losses caused by weeds in rice
(Oryza sativa L.) under Sri Lankan conditions have been estimated by various researchers to be
20% (Velmurugu 1980), 20-30% (Darmarathna and Jayawardena 1989; Gunasena 1992), and 20-
40% (Herath Banda et al. 1998, Amarasinghe and Marambe 1998). At present, grassy weeds have
become the main biotic problem in rice cultivation in the dry and intermediate zones whereas
broadleaves and sedges are dominant in wet zones of Sri Lanka. Although integrated weed
management methods promoted among fanners include cultural as well as chemical methods, use of
chemicals has become the predominantly adopted cost-effective option among 90% of farmers in
the dry and intermediate zones and 50 t070% farmers in the wet zone.

Over the past four to five decades, more than 20 herbicides have been recommended for rice
cultivation in Sri Lanka. However, propanil has been most widely used as early-post emergence
grass herbicide in rice due to its effectiveness on local weed composition and agro-climatic
conditions. In the iate 1990's bispyribac sodium was recommended and has gained island-wide
acceptance among rice farmers within a short period, resulting in effective weed control under both
research and farmer managed conditions (Abeysekera 1999).

In the 1980's, the first group of pre-emergence herbicides was introduced in Sri Lanka comprising,
of butachlor, pretilachlor and molinate. However, these herbicides were not popular among farmers'
due,to rapid spread of broadcast crop establishment technique and poor crop management practices
including land preparation, leveling and water management. Phytotoxicity problems were observed
in rice exposed to pre-emergence herbicide (Abeysekera 1999). The farmers also perceived that
crop damage could be caused to rice seedlings by walking in the field when applying herbicides
during the first week of crop establishment. However, with the advancement in farming education
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programs and fanner's own experience, pretilachlor being a pre-emergence herbicide is becoming
popular among rice fanners in Sri Lanka.

Use of knapsack sprayers with 8 t016 L capacity is the most widely used herbicide application
technique in Sri Lanka. A more selective, effective, easy, and economical application technique,
with an accurate dosage of herbicide is important in achieving higher weed control efficacy.
Therefore, the objectives of this study were to compare the weed control efficacy among three
different application methods of pretilachlor in wet seededrice and their phytotoxicity on rice.

MATERIALS AND METHODS

The experiment was carried out at the Rice Research and Development Institute (RRDI) ,
Batalagoda, Sri Lanka, located in the low country intermediate zone (ILl') during the minor
cultivating season, April-August 2004. The site receives an annual rainfall ranging from 1500 to
2285 mm, and the daily mean temperature varies from 23°C to 28°C. The experimental field was a
lowland containing low humic gley (LHG) soil. A three-month old rice variety, Bg 300, was used

for the experiment. Pretilachlor (Sofit®) was used as a pre-emergence herbicide at 1.6 L ha-I. The
. application methods used are Tl: Sand mixture - 1.6 L ha' herbicide diluted in 2.5 to 3 L of water,
mixed with 60 to 70 kg of coarse river sand and applied just before sowing, T2: Splash application
technique - 1.6 L ha-Iherbicide diluted in 10 Iof water and splashed evenly on the paddy field with

3-5 em standing water by using a Splash Pack® 2 days before sowing (the herbicide was retained for
2 days in the field and water was drained just before sowing), T3: Spraying using a knapsack
sprayer - 1.6 L ha-1 herbicide diluted in 350 L of water and applied using 16 L capacity knapsack
sprayer, T4: Hand Weeding, and T5: No Weeding. .

The experiment was laid out in a randomized complete block design with 4 replicates. Cultural
practices, fertilizer and pest management were done according to the recommendations of the
Department of Agriculture. Weed counts and dry weights of individual species were taken at 6
weeks after sowing (WAS). Growth and development of rice were recorded at 4, 6, and 8 WAS,
together with the yield components and final yield. Visual phytotoxic symptoms on rice plants were
obtained at 2, 4 and 6 weeks after application of herbicide. The data were analyzed using the SAS
computer software package and mean separation was done by Duncan multiple range test (DMRT).

RESULTS AND DISCUSSION

The major weed flora found in the experimental area is shown in Table 1. The dominant weed
group was grasses, followed by broadleaves and sedges. Among grasses Leptochloa chinensis,
Echinochloa crus-galli and Isachne globosa were the dominant species.

Table 1. The major weed flora found in experimental area.

. Grasses Sedges Broadleaves
Species (%) Species (%) Species (%)
L. chinensis 14.5 C difformis 6.0 M. vaginalis 9.2
E. crus-galli 7.2 C. iria 5.8 C. diffusa 7.9
I. globosa 6.8 F. miliacea 5.4 E. alba 5.9·
P. distichum 4.3 F. dichotoma 2.4 M. nudiflora 5.4

E. colona 0.9 C. rotundus 1.2 M. quadrifolia 3.9
L. octovalvis 2.2
A. indica 2.2
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Weed control efficacy

Significantly higher number of grass, broadleaves and sedges were observed in the no- weeding
treatment when compared to the rest. Pretilachlor effectively controlled grasses, broadleaves and
sedge weeds, but the results were not significantly different from the hand weeded treatments
(Table 2). The three application techniques did not show any significant difference in weed control
efficacy of the herbicide. However, the results revealed that pretilachlor has relatively poor control
over Aeschynomene indica, Cyperus difformis and Isachne globosa.

Table 2. Effect of different method _of application of Pretilachlor on weed count and dry weight at
6WAS.

Treatment Weed count (no m-2) Weed dry weight (g m-2)

Grasses Broad Sedges Grasses Broad Sedges
leaves leaves

SandMixture 17.6b 3.2c 8.7b 6.3b Lib LOb
Splash 24.5 b 6.7 be 5.4 b 6.7 b 1.1 b 0.85 b
Spray 18.4 b 11.3 b 8.4 b 6.4 b 1.2 b 0.83 b

Hand Weeding 4.5 c 3.4 c 2.2 c 0.5 c 0.0 b 0.32 b
No Weeding 59.9a 24.6 a 28.3a 18.6a 17.0a 11.77 a
Within a column, meansfollowed by sameletters arenot significantly different by the DMRT at p=O.OS.

In general, the weed control efficacy of pretilachor was lower on broadleaf weeds than on grasses
and sedges (Table 2). The results also revealed that different spray volumes adopted in three
different herbicide application techniques did not affect the weed control efficacy of pretilachlor.
However, increase in' spray volume of propanil has been reported to increase the weed control
efficacy (Nakomsri 1996; Anonymous 1985). This contradiction in results may be due to the
different modes of action and time of application of the herbicide.

Phytotoxicity on rice plant

(a) Germination and plant count ofrice

At 2 WAS rice seedling count did not show any significant difference among the treatments (Table
3), 'suggesting that different application methods of pretilachlor did not affect the germination of
rice seeds in wet-seeded conditions. Similar results were observed at 4 and 6 WAS. In the no-
weeding treatment, a significantly lower plant count was observed at 6 WAS, which could be the

- result of severe competition exerted on rice plants by weeds.

Table 3. Effect of different application methods of pretilachlor on rice plant count at 2, 4, and 6
weeks after sowing (WAS).

Treatments 2W AS 4W AS 6W AS

Rice plant count (No m-z)

Sand Mixture 265.9 a 319.4 a 564.6 a
Splash 298.3 a 313.2a 451.4a
~pray 302.4 a 306.2 a 454.3 a.
Hand Weeding 286.3 a 327.6 a 512.5 a
No Weeding 301.5 a 289.0 a 315.7 b

Within a column, meansfollowed by sameletters arenot significantly different by the DMRT at p=O,OS.
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(b) Growth and development of rice

The herbicide treatments did not have any detrimental impact on the growth and development of
rice plants. Plant height, leaf area index (LAI) and dry matter production obtained at 6 WAS
showed no significant difference among the herbicide-treated plots and hand weeded treatments
(Table 4). However the lowest dry matter weight and LAI were observed in the no-weeding
treatment, probably due to the heavy weed infestation.

Table 4. Effect of different application methods of pretilachlor on plant height, dry matter
production and LAI of rice at 6 WAS.

Growth parameters

Plant height LAI Dry matter
Treatments (em) (g m")

Sand Mixture 55.5 a 4.24 a 517.4 a
Splash 51.0 a 4.57 a 546.8 a
Spray 51.3 a 4.59 a 505.4 a
Hand Weeding 52.9 a 4.64 a 496.3 a '
No Weeding 50.5 a 2.23 b 217.4 b
Within a column, meansfollowed by samelettersarenot significantly different by the DMRT at p=O.OS.

(c) Yield and yield components of rice

No significant differences in yield and yield components of rice were observed between
pretilachlor-treated plots and hand-weeded plots. However, yield and yield components were
significantly lower in the no-weeding treatment, which could be due to the higher densityof weeds
(Table 5). The percentage grain filling and lOOO-grain weight were not significantly different.
However, the number of grains per panicle and panicles per square meter were significantly low in
no-weeding plots than the other treatments (Table 5). These results clearly showed that pretilachlor,
applied using the three techniques, had no detrimental effect on early growth and yield of rice. No
visual phytotoxicity symptoms ofrice plants were observed with.pretilachlor in rice fields.

Table 5. Effect of different methods of application of pretilachlor on yield and yield components of
nee.

Treatment

Yield and yield components

Number of
Panicles m-2

Number of Grain 1000-grain
Grains filling weight (g)

panicle" (%)
Sand Mixture 592.5 a 88.3 a 86.8 a 26.65 a 3.90 a

. Splash 547.5 a 91.2 a 90.7 a 26.25 a 4.15 a
Spray 588.6a 85.4 a 89.1 a 26.15 a 4.18a
Hand Weeding 608.3 a 94.5 a 93.3 a 26.41 a 4.40 a
No Weeding 302.4 b 51.3 b 89.7 a 25.74 a 2.20 b
Within a column, meansfollowed by samelettersarenot significantly different by the DMRT at p=O.OS.'.

Pretilachlor is an effective herbicide for controlling annual grasses, broadleaves and sedges in wet-
seeded rice fields. The efficacy of control of broadleaves by the herbicide is relatively lower when
compared to that of grasses and sedges. However, this was not reflected in total weed biomass and
grain yield of rice. Weed control efficacy of pretilachlor was not significantly different when the
chemical was applied using a knapsack sprayer, splash pack or as a sand mixture. The three
different methods of pretilachlor application did not cause any visual phytotoxic symptoms and also
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showedno significant effect on early growth, yield and yield componentsof rice. The splashpack
andsandmixture techniquesareeasy,andcosteffective for the farmer. However, further studiesare
needed to verify the effectiveness and farmer acceptanceof these methods under differ~nt
managementpractices.
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Abstract: Field trials were conducted to test efficacy of flucetosulfuron on Echinochloa crus-galli
in many countries including Korea, Japan, China and Vietnam from YRI to YR2. Flucetosulfuron
provided excellent control of Echinochloa crus-galli in various rice cultivation systems by soil and
foliar application. By soil application, flucetosulfuron controlled E. crus-galli up to 5 leaf stage and
its appropriate dose ranged from 10 to 30 g a.i. ha·l. By foliar application.: flucetosulfuron
controlled E. crus-galli up to 6 leaf stage and its appropriate dose ranged from 20 to 50 g a.i. ha-I

Collectively, flucetosulfuron demonstrated stable performance across widely different field
conditions at very low application rates (10 to 50 g ai. ha-I), and showed flexibility in terms that
both soil and foliar application were possible in a very wide application window.

Key words: Flucetosulfuron, Echinochloa crus-galli, bamyardgrass, rice

INTRODUCTION

Flucetosulfuron (LGC-42153) is a new sulfonylurea herbicide developed for rice (Koo et al., 2003).
Like other sulfonylurea herbicides, flucetosulfuron inhibited acetolactate synthase (ALS) (Hwang et
al., 2003) and was absorbed via roots, stem and leaf, and its translocation via leaf was faster than
glyphosate and pyribenzoxim (Lee et al., 2003). When applied to soil or foliage, flucetosulfuron
provides broad-spectrum weed control including annual broad leaf weeds, sedges, some grasses
such as Echinochloa spp. and perennial weeds in paddy rice field (Kim et al., 2003). In particular,
strong activity of flucetosulfuron against Echinochloa spp. may render flucetosulfuron different
from other sulfonylurea herbicides. Due to its broad-spectrum weed control including Echinochloa
spp., flucetosulfuron was registered as a solo one-shot herbicide (Fluxo®) in Korea.

From the early stage of flucetosulfuron development, we conducted various field studies to evaluate
field performance of this herbicide not only in Korea but also in rice-cultivating countries.
Therefore, in this report, we summarize results of field trials in rice-cultivating countries including
Korea, Japan, China, Vietnam, Thailand and so on.

MATERIALS AND METHODS

To evaluate the herbicidal performance of flucetosulfuron in controlling bamyardgrass (Echinochlo
crus-galli), pot experiments were conducted in a glasshouse at LG Life Sciences R&D Park,
Daejeon, Korea. Echinochloa crus-galli was grown in 10 em x 10 em plastic pots. Foliar application
was made at 3, 5 and 7 leaf stages using CO2-pressurized belt-driven sprayer (R&D Sprayer, USA)
equipped with an 8002E flat fan nozzle adjusted to deliver 1000 L ha-I, while soil application was
made at 1-6 leaf stagesby direct application of the herbicide formulation to flooded soil in the pots.
Formulations of flucetosulfuron were 50% WGand 0.07% GR for foliar and soil application,
respectively. Fresh weight was measured at 30 days after application. All experiments consisted of
three replicates of a completely randomized design.
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To evaluatethe field performance of flucetosulfuron, field experiments were conductedin rice
fields in Korea, Japan,China, Vietnam, Thailand, Italy, Spain and Brazil. Foliar application'was
madeusing a COz-pressurizedknapsacksprayer,while soil application was madeat 1~6 leaf stages
by direct application of the herbicide formulation to flooded soil. Formulations of flucetosulfuron
were 10%or 50% WG for foliar application and 0.07% GR for soil application. Visual assessment
wasmadeat 30~50daysafter application.

RESULTS AND DISSCUSSION

Performance in the glasshouse

Flucetosulfuron controlled E. crus-galli very effectively by soil or foliar application.
Flucetosulfuronappliedto flooded soil controlled effectively E. crus-galli up to 6 leaf stageat 20 g
a.i.ha', while molinate, a well-known grasskiller in transplantedrice cultivation, controlled only up
to 2 leaf stage(Figure lA). Foliar applied flucetosulfuronalsoperformedwell, providing more than
90%control of E. crus-galli up to 5 leaf stagewith lessthan20 g a.i. ha-I of flucetosulfuron (Figure
1B). This result thus indicates that flucetosulfuron at 20 g a.i.ha" provides similar control up to
about5-leaf stagefor E. crus-gaill by soil or foliar application.
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Figure 1. Relative fresh weight of E. crus-galli treated with flucetosulfuron by soil
application (A) at 20 g a.i.ha-Iin comparisonwith molinate (openbar) treated
at 1500g a.i.ha' andfoliar application(B) at different growth stages.

Field performance in Korea

During last five years,many field trials havebeenconductedin various paddy conditions in Korea.
In the caseof soil application, flucetosulfuron showedvery good efficacy to E. crus-galli up to 4
leaf stagein paddyfields (Figure 2A). Flucetosulfuronof 109 a.i.ha-1controlled more than 95% of
E. crus-galli at 1~2 leaf stage, showing the similar efficacy to commercial standardsincluding
pretilachlor mixtures.At 20 g a.i ha-I, flucetosulfuron controlled effectively E. crus-galli up to -4
leaf stage with superiority to commercial standardsincluding molinate + pyrazosulfuron-ethyl
mixture. In the caseof foliar application, flucetosulfuron showedgood efficacy to E. crus-galli in
paddy fields (Figure 2B). Flucetosulfuron at 15 g a.i. ha' achievedabout 90% control of E. crus-
galli up to 4 leaf stage.When increasedthe doseto 30 g, the herbicide controlled E. crus-galli up to
5 leaf stagewith superiority to commercialstandard,bentazone+ cyhalofop-ethyl.
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.Figure 2. Field performance of flucetosulfuron in controlling E. crus-galli by soil
application (A) and foliar application (B) at different growth stages in Korea
in 2000-2004.
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During last four years, many field trials have also been conducted in various paddy conditions in
Japan. In the case of soil application, flucetosulfuron showed very good efficacy to E. crus-galli up
to 5 leaf stage in paddy fields (Figure 3A). Flucetosulfuron controlled more than 90% of E. crus-
galli up to 4 and 5 leaf stage at 20 and 30 g a.i. ha'l, respectively. At 20 g a.i ha", flucetosulfuron
controlled effectively E. crus-galli up to 4 leaf stage with superiority to commercial standards
including pyrminobac mixtures. In particular, the efficacy to E. crus-galli at 5 leaf stage was very
unique performance of flucetosulfuron. It was unable to compare this efficacy with other
commercial standards as there were no products registered to control such a large E. crus-galli. In
the caseof foliar application, flucetosulfuron also showed good efficacy to E. crus-galli in paddy
fields (Figure 3B). Flucetosulfuron at 20 g a.i. ha' achieved about 90% control of E. crus-galli at 4
leaf stage. When increased the dose to 45 g, the herbicide controlled E. crus-galli completely with
superiority to commercial standard, bentazone + cyhalofop-ethyl.
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Figure 3. Field performance of flucetosulfuron in controlling E. crus-galli by soil

application (A) and foliar application (B) at different growth stages in Japan
in 2001-2004.
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Field performance in China

In 2003 and 2004 several field trials have also been conducted in various paddy conditions in China.
In the case of soil application, flucetosulfuron at 15-20 g a.i. ha-I showed very good efficacy to E.
crus-galli up to 3 leaf stage in paddy fields (data not shown). In the case of foliar application,
flucetosulfuron showed good efficacy to E. crus-galli in paddy fields (Figure 4). Flucetosulfuron at
30 g a.i. ha' achieved more than 90% control of E. crus-galli at 5 leaf stage. By comparison with
commercial standard, bensulfuron-methyl + quinclorac, flucetosulfuron performed better in
controlling E. crus-galli.
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Figure 4. Field performance of flucetosulfuron in controlling E. crus-galli by foliar
application at different growth stages in China in 2003-2004.

Field performance in the other countries

Field trials have also been conducted in Europe, South Asia, and South America to evaluate field
performance of flucetosulfuron when applied to foliage of E. crus-galli in wet-direct seeded rice
cultivation. In Europe, particularly Spain and Italy, flucetosulfuron controlled E. crus-galli
effectively with equal or superior activity to the commercial standard, cyhalofop-butyl. In Vietnam,
when application was made at 14 days after rice seeding, flucetosulfuron at 20 g a.i. ha-I achieved

- about 98% control of E. crus-galli with similar efficacy to cyhalofop-butyl. In Thailand,
flucetosulfuron performed a little inferiorly at 20 g a.i. ha-I to bispybibac-sodium, but superiorly at
40 g a.i. ha-I to bispyribac-sodium. In Brazil, flucetosulfuron achieved 90% and 95% control of E.
crus-galli at 40 and 50 g a.i. ha-I, respectively, with superior efficacy to cyhalofop and similar to
bispyribac-sodium. In overall, it can be concluded that flucetosulfuron performed better than
cyhalofop-butyl and similar to bispyribac-sodium in controlling E. crus-galli in rice cultivation in
many countries.
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Figure 5. Field performance of flucetosulfuron in controlling E. crus-galli by foliar
application in Spain,Italy, Vietnam,Thailand andBrazil.

In conclusion, theseresults show that herbicidal performanceof flucetosulfuron in controlling E.
crus-galli waswell.demonstratedin variousfield conditions in many rice-cultivating countriesfrom
the North (China) to the South (Brazil). Unlike other herbicides for E. crus-galli control,
flucetosulfuron controls E. crus-galli by both soil and foliar application. Field performance of
flucetosulfuronby soil and foliar application and strongactivity of controlling E. crus-galli up to 5
leaf stageby soil application may thus renderflucetosulfuronmore flexible andvastly usablefor E.
crus-galli control in variousweedcontrol systems.
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Weed control effect of a new herbicide LGC-421S3 in rice fields in China
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Abstract: LGC-42153 is a new sulfonylureaherbicidedevelopedby LG Life SciencesLtd., Korea.
This herbicide canbe usedto control weedsin both direct seededand transplantedrice fields. The
herbicidehasbeenintroduced in China in 2002 to be evaluatedfor soil and foliar application.The
results showedthat it could provide excellent control above 90% to barnyard grass(Echinochloa
spp.), broadleafand sedgeweedsat recommendationratesof25 to 40 g a.i. ha-1in rice field. It was
especiallyeffective to old barnyardgrassseedlingswith more than sevenleaves.And it was safeto
rice andthesuccessivecropsin field trials.

Key words: 'Control effect,Echinochloa spp.,flucetosulfuron,LGC-42153, rice, safety.

INTRODUCTION

Sincethemid 1980's,sulfonylurea herbicidessuchasbensulfuron-methyl and pyazosulfuron-ethyl
have been used in paddy fields with diversified cultivation methods. They become the most
important herbicides in paddy weed control in the world. They are characterizedby high activity
and selectivity at extraordinary low application rates, low mammalian toxicity, good safety for
crops and environment, convenient application and broad spectrum.And they can control many
kinds of annual and perennial weeds such as broadleaf, and sedgeweeds (Zhang et al. 2000).
However, most of the sulfonylurea herbicides can not provide good control to barnyard grass
(Echinochloa spp.),one of-the most important paddyweeds.They needto be mixed with the other
herbicideswhich could kill barnyard grasssuch as acetochlorand butachlor so that it could reach
one-shotcontrol effect.

LGC-42153, a new sulfonylurea herbicide, has been developed by LG Life SciencesLtd and
ChemicalTechniqueResearchAssociation,Koreajointly (Hwang et al. 2003; Koo et al. 2003; Lee

: et al. 2003). The popular Chinese,English and trade names are Fubihuanglong, Flucetosulfuron
(ISO-proposed)andHanleshengrespectively.Its molecularweight is 487.3. The molecular formula
is C1sH21FNsOsS.LGC-42153 can be used for both soil and foliar application. It has broad
spectrum,including gramineousweedssuchasbarnyardgrass,broadleafweeds andsedges.

The prominent characteristicof LGC-42153 is that it controls barnyard grassvery well either by
soil 'or foliar application. In direct seeded rice, LGC-42153 usually was more effective in
controlling older Echinochloa plants up to 2 -5 leaf stageby spraying, even at 7 leaf-stagein
drained plot. In transplantedrice field, LGC-42153 was applied at 5-15 days after transplanting
when barnyard grasshad 1.5 to 3 leaf stage.Besidesit could control other weeds very well. Its
persistencewas 30-40days,significantly longer thanthat of pyrazosulfuron andmolinate (Lee et al.
2003). Single application of LGC-42153 could control barnyard grass.plants throughout the
growingyeriod of rice. And it was safeto rotational crops.

The new type herbicide was authorizedin Korea in 2004. Somefield experimentswere conducted
from 2002 for registering in China. The objectivesof this study were to evaluatethe control effect
of this herbicideon barnyardgrassandotherweedsanddetermineits safetyto rice in China.
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MATERIALS AND METHODS

Herbicide

10% LGC-42153 WP, supplied by LG Life Sciences Ltd Korea. 53% Mefenacet.
Bensulfuron-methyl WP produced by Kexing Pesticide Factory of Nantong, China.

Rice

Japonica rice variety Yeguang and Wuxianggeng (Oryza sativa L.) were used in Nanjing and

Nantong, respectively.

General conditions

Field experiments were conducted in both direct seeded rice and transplanted rice field in Nanjing
in 2002 and Nantong in 2003 and 2004. The experimental field was located at Xigou village of
Qixia Town of Nanjing on a loam soil with 2.18% organic matter and pH 6.8, While at Xueyao
Town of Nantong on a sandy soil with 1.1% organic matter and pH 7.2. In direct seededrice fields,
all rice seedswere soaked in water for 24 h before sowing and was sown at the rate of200 kg ha-1 in
Nanjing and Nantong respectively. The fields were flooded at 3-4 leaf stage of the rice seedlings. In
transplanted fields, all rice seedlings were transplanted at 4-5 leaf stage. Regular water management
practices were used.

Herbicide application

In the Nanjing experiment, the herbicide was applied at 3-5 leaf stage of weeds on July 4, 2002. In
the Nantong experiment, the herbicide was applied at 5-7 leaf stage of barnyard grass on July 15,
2003 and 2004 in both direct seeded(at 45 days after seeding) and transplanted rice field (at 27 days
after transplanted). The control herbicide was 25% Quinclorac plus bensulfuron-methyl SC 150 g
a.i. ha-1 in direct seeded rice in Nanjing, and 53% Mefenacet plus Bensulfuron-methyl WP 318 g
a.i. ha-1 in transplanting rice in Nanjing and in direct seeded rice and transplanting rice in Nantong.
The rate of LGC-42153 was 20, 30, 40, 60 g a.i. ha-1 in both direct seeded rice and transplanted rice
in Nanjing, 20, 30,40, 60 g a.i. ha-1 in direct seededrice and 15,25,35,50 g a.i. ha' in transplanted
rice in Nantong, respectively. All herbicides were applied as broadcast sprays at 450 kg ha-1 with a
hand-pressurized sprayer. All experimental design was a randomized complete block with four
replicates per treatment.

Control effect investigation and data statistics

The control effect was investigated at 20 and 50 days in Nanjing and at 20 and 45 days after
application in Nantong in direct seeded rice and in transplanted rice, respectively. Weed densities
and fresh weight were determined in five 0.11m2 samplings selected randomly from each plot.
All data analysis was done using SPSS for Windows (SPSS Inc., 2001). The data were analyzed by
analysis of variance and treatment means were compared by Duncan's multiple range test at,the 5%
and 1% level of significance.
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RESULTS AND DISCUSSION

Experimental results in direct seededrice fields

The results in direct seeded rice of Nanjing and Nantong are shown in Tables 1-3. LGC-42153
provided 73-88% control at 20 g a.i. ha-I and 30 g a.i. ha-I which was similar with that of the control
herbicide, while 90-96% control at 40 g a.i. ha-I and 60 g a.i. ha-I. To difformed galingale, it
provided similar control at 20 g a.i. ha-I with the control herbicide, and significantly better than that
of the control herbicide at other higher rates. All rates of LGC-42153 provided good control 'on
broadleaf weeds,. The total control effect increased with the rates of LGC-42153, reaching 90% at
30 g a.i. ha-I.

In the Nantong experiment, the results in two years showed that control effects of all experimental
rates of LGC-42153 to barnyard grass at 3-7 leaf stage were between 70-100%, significantly higher
than that of 53% mefenacet plus bensulfuron-methyl WP with only 10-30% control. There was no
difference in control of sheathed monochoria, common ammannia and difformed galingale between
recommended rates of LGC-42153 and 53% mefenacet plus bensulfuron-methyl WP. The total
control effects of all experimental rates of LGC-42153 were significantly larger than thatof 53%
Mefenacet plus Bensulfuron-methyl W P.

In the Nanjing experiment, LGC-42153 exhibited relatively good control on all experimental weeds
at all treatment rates particularly to barnyard grass and Chinese sprangletop.

Table 1. Control effect of LGC-42153 in direct seeded rice at 20 and 50 days after application.
Nanjing, 2002.

Rate DFA Barnyard ChineseSprangletop Difforrned Broadleaf weeds Total
G a..i. grass Galingale
ha-I D F D F D F D F D F

LGC20 20 79.4Ab 73.3ABab 82.3Bb 84.4Ab 82.5Ab

50 81.1Ab 83.3Ab 75.7Ab 83.2Ab 90.9Aab 95.4Aab90.2Aab 93.5Aab 87.3ABb 86.4Ab

LGC30 20 84.4Aab 77.9ABa 94.3Aa 88.8Aab 87.8Ab

50 84.1Ab 88.6Ab 78.4ABa 83.5Ab 94.5Aa 96.4Aa 91.8Aab 96.0Aa 89.3ABb 90.4Aab

LGC40 20 89.9Aa 82.1ABa 95.4Aa 92.4Aa 91.5aa

50 90.0Aa 91.4Aa 82.3Aa 86.5Aa 96.1Aa 96.9Aa 92.5Aa 96.4 Aa 91.3Aa 92.5Aa

LGC60 20 96.0Aa 85.3Aa 96.3Aa 94.7Aa 94.4Aa

50 94.9Aa 96.1Aa 86.4Aa 88.1Aa 97.2Aa 97.4Aa 95.6Aa 98.0Aa 94.7Aa 96.2Aa

25%Q.B 20 81.0Ab 71.1Bb 81.7Bb n.2Bb 75.IBc

150 50 81.8Ab 84.6Ab 76.3Bb 82.7Ab 85.5Bb 88.5Bab86.1 Bb 91.0Ab 84.4Bb 86,6Ab

Note: 25%Q.B 150=25%Quinclorac+Bensulfuron-methyl SC, LGC=LGC42153, DFA=days after application
D= Density;;F=Fresh(the same as follow) . Numbers within the samecolumn with different lowercaseor uppercase
lettersaresignificantly different (P<0.05 andP<O.Ol, respectively;Duncan'snew multiple rangetest).Unlessotherwise
indicated,Numberswith different letters in the following tablesare the samemeaning.
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Table 2. Control effect of LGC-42153 in direct seeded rice at 20 and 45 days after application.
Nantong, 2003.

Rate
DF Barnyard Sheathed Common Difforrned Total

g a..i.ha'\ A 0 F 0 F 0 F 0 F 0 F

LGC20 20 99.8Aa 98.1Aa 85.0Bb 100Aa 98.1Aa

45 99.2Aa 99.9Aa 99.4Aa 99.4Aa 67.8Bbc 83.3Bb 100Aa 100Aa 96.4Aa 98.7,Aa

20 99.8Aa 98.1Aa 88.4Bab 100Aa 98.3Aa
LGC30

99.6Aa 99.6Aa 75.4Bb 84.0Bb 100Aa 98.8Aa45 99.6Aa 100Aa 100Aa 97.1Aa

LGC40 20 99.9Aa 100Aa 93.5Aa 100Aa 99.2Aa

45 100Aa 100Aa 100Aa 100Aa 77.3Bb 92.8Aa 100Aa 100Aa 98.2Aa 99.4Aa

LGC60 20 . 100Aa 99.2Aa 100Aa 100Aa 99.9Aa

45 100Aa 100Aa 100Aa 100Aa 95.3Aa 98.2Aa 100Aa 100Aa 99.6 99.9Aa

53%M.B 20 30.6Bb 87.2Bb 69.0Cc 100Aa 33.3Bb

318 45 O.OBb OBb 100Aa 100Aa 100Aa 100Aa 100Aa 100Aa 53.5 Bb 50.5 Bb

Note: 53% M.B. WP = Mefenacet+ Bensulfuron-rnethyl WP

Table 3. Control effect of LGC-42153 in direct seeded rice at 20 and 45 days after application.
Nantong, 2004.

DFA Barnyard Sheathed Common Oifformed Total
Rate
g a.i. ha'

grass Monochoria Ammannia Galingale

0 F 0 F 0 F 0 F 0 F

LGC20 20 70. 70d 100Aa 58.4Cc 100 75.2Cc

45 86. 1Bb 95.5Aa 99.6Aa 99.7Aa 69.8Cc 93.5Ab 100Aa 100Aa 83.4Bb 95.6Aa

20 88.5Cc 100Aa 83.2Bb 96.1Aa 87.3Bb
LGC30

94.7Aa45 98.7Aa 100Aa 100Aa 84.6Bb 97.7Aa 100Aa 100Aa 92.5Aa 98.2Aa

LGC40 20 91. 8Bb 100Aa 84.3Bb 100Aa 92.2 Aa

45 95.3Aa 98.9Aa 100Aa 100Aa 91. 3Aa 97.7Aa 100Aa 100Aa 94. OAa 98.3Aa

LGC60 20 97.3Aa 100Aa 91. 6Aa 100Aa 94.9Aa

45 96.9Aa 99.3Aa 100Aa 100Aa 93.7Aa 99.IAa 100Aa 100Aa 96. 1Aa 99.2 a

53%M.B 20 18.5Ce 85. 7Bb 80.3Bb 33Bb.5 57. 7Ce

318 45 11. 2Ce OBb 88. 7Bb 95.7Aa 94.9Aa 99.2Aa 90.5Aa 96.4Aa 63.80d 52.8Bb

From the above results, LGC-42153 could provide good control effect to gramineous weeds, sedge
and broadleaved weeds in direct seededrice in China.

Experimental results in transplanted rice fields

The results in transplanted rice in Nanjing and Nantong are shown in Tables 4-6. In Nanjing,
LGC-42153 at 20g a.i. ha'\ and 30 g a.i. ha'\ provided similar control effect tobarnyard grass,
chinese sprangletop, difformed galingale and broadleaf weeds with 53% mefenacet plus
bensulfuron-methyl WP 318 g a.i. ha'\. LGC-42153 at 40 g a.i. ha'\ and 60 g a.i. ha:\ had
.significantly better control than the standard herbicide, The results demonstrated that LGC-42153 at

,the recommended rate could control most of weeds including barnyard grass, difformed galingale
and broadleafweeds in transplanted rice fields.
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Table 4. Control effect of LGC-42153 in transplantedrice at 20 and 50 days after application.
Nanjing, 2002.

Rate DFA Barnyard Chinese Difformed Broadleaf weeds Total

g a..i. grass Sprangletop Galingale

ha-I D F D F D F D F D F

LeC 20 20 7S.0Ce 71.9 Bb 78.8Ce 75.3Dd 75.6Dd

50 S3.0Bb 83.lBb 78.6Abc 75.4Ab 91.1Aa 90.9Aa 86.ICe 91.6Aa 85.5Cc 85.2Bc

20 83.8Bb 76.9ABa 84.8Bb 81.8Ce S1.8Ce
LGC30

50 85.7ABa 89.9Ab 78.3Abc 81.2Aa 91.81Aa 92.1Aa 86.2BCc 93.1Aa 85.6 Cc 89.6Be

LeC-40 20 86.9Ab 80.6Aa 85.3Bb 87.6Bb 86.7Bb

50 90.9Aa 93.6Aa 81.2Aab 83.7Aa 94.4IAa 95.3Aa 90.5ABb 95.2Aa 89. 9Bb 92.5ABb .

LeC 60 20 93.7Aa 84.6Aa 91. OAa 91. 2Aa 91. 3Aa

50 91. 9Aa 95.2Aa S1.7Aa 85.0Aa 95.4Aa 96.6Aa 94. IAa 97.9Aa 92.9Aa 94.4Aa

53%M.B 20 79. ICe 75.9Bb 76.3Ce 77.3Dd 77.3Dd

318 50 82.9 Bb 86.5Bb 77.7Ae 82.8Aa 79.6Bb 88.2Ab 85.4Ce 92.0Ab 83. 7Cd 87.9Cd

Table 5. Control effect of LGC-42153 in transplantedrice at 20 and 45 days after application.
Nantong,2003.

Rate DFA Barnyard Sheathed Common Difformed Total

g a..i. grass Monoehoria Ammannia Galingale

ha" D F D F D F D F D F

LeC 15 20 27.3Dd 63.9Bb 80.9Bb 100Aa 35.5Dd

45 47.8Cc 63.7Bb 81.8Bb 78.9Bb 87.8Bb 96.1Ab 100Aa 100Aa 55.2Cc 67.3Bb

20 54.5Ce 94.2Aa 81.4Bb 100Aa 61.4Ce
LeC 25

79.4Bb45 90.8Aa 99.3Aa 99.9Aa 92.1Ab 98.2Aa 100Aa 100Aa 83Bb 92.1Aa

LeC 35 20 73.0Bb 94.8Aa 89.0 Bb 100Aa 74.4Bb

45 92.8Aa 97.9Aa 100Aa 100AA 95.5Aa 98.9Aa 100Aa 100Aa 93.3Aa 97.9Aa

LeC 50 20 84.5Aa 100Aa 95.2Aa 100Aa 85.9Aa

45 93.8Aa 98.6Aa 100Aa 100Aa 100Aa 100Aa 100Aa 100Aa 94.8Aa 98.8Aa

53%M.B318 20 O.OEe 64.7Bb 83.3 Bb 77.6Bb 6.9Ee

45 19.8Dd 38.4Dd 97.6Aa 99.7Aa 97.6Aa 99.3Aa 100Aa 100Aa 31.3Cc 44.3Cc

Table 6. Control effect of LGC-42153 in transplantedrice at 20 and 45 days after application.
Nantong,2004.

.Rate DFA Barnyard Sheathed Common Difformed Total

g a..i. grass Monochoria Ammannia Galingale
ha-I D F D F D F D F D F

LeC 15 20 61.4Cc 64.3CDd 35.9Cc 98.5Aa 64.7Ct

45 41.8Ce 76.4Bb 71.2Bb 90.9Ab 59.8Ce 82.8Ab 97.4Aa 99.1Aa 52.1 Cd. 79.4Bb

20 66.4 Ce 74.8BCe 55.9Bb 95.7Aa 70.1Ce
LeC 25

45 70.2Bb 91.5Aa 79.3 Bb 93.4Aa 73.1Bb 86.7Ab 100 100Aa 70.4 Ce 91.3Aa

Lec 35 20 78.9 Bb 81.5Bb 81.9Aa 100Aa 85.1Bb

45 78.9Ab 91.9Aa 90.8Aa 97.8Aa 85.8Aa 94.1Aa 100Aa 100Aa 85.7 95Aa

LeC 50 20 90.6Aa 92.7Aa 85.8Aa 100Aa 92.4Aa

45 85.4Aa 94.6Aa 93.1Aa 98.6Aa 88.9Aa 96.5Aa 100Aa 100Aa 88.6Bb 9604Aa

53%M.B318 20 27.lDd 68.3Dd 67.7Bb 94.5Aa 50.6De

45 ODd OCe 7204Bb 89.lAb 8004Ab 9304Aa 9404Aa 98.9Aa 13.3Dd 30.6Cc
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The results of experiments in Nantong were consistent in two years. It showed that the control
effect of LGC-42153 on barnyard grass increased with the rates. The fresh weight control effect was
more than 65% and 90% at 15 g a.i. ha-1 and other higher rates respectively, significantly higher
than 53% mefenacet plus bensulfuron-methyl WP 318 g a.i. ha-1

• To sedge and broadleaf weeds,
control effects were similar.

From the above results, LGC-42153 could provide good control effect on gramineous weeds, sedge
and broadleaved weeds in transplanted rice in China. Considering that treatment was done 25 days
later after rice was transplanted, the herbicide provided satisfactory control effects at the rate of 25
g a.i. ha' similar to what was observed when it was applied 5-10 days after transplanting.

Rice safety and grain yields influenced by herbicide

No injury was observed on treated rice plants in all treatments. This showed that the experimental
rates of LGC42153 are safe to direct seeded and transplanted rice. Total rice yield results as
influenced by LGC-42153 treatments in direct seededand transplanted rice in Nanjing andNantong
are shown in Table 7. The results showed that all rice yields with all herbicide treatments were
.significantly greater than the untreated control and were similar with the control herbicide and
manual control. Rice yields increased above 50% both in direct seeded and transplanted rice in
Nanjing, 8-20% in direct seeded and transplanted rice in Nantong. These results showed that
LGC42153 could significantly increase rice yields.

Table 7. Total grain yield as influenced by LGC-42153 treatments in direct seededand transplanting
rice in Nanjing and Nantong.

Field TotaI'grain yield(kg ha')

LGC 20(15) LGC 30 LGC40 LGC60 control Manual Untreated

(25) (35) (50) heribicide control control

in Nanjing, 2002 4967.4Aa 5441.3Aa 5160.1Aa 4802.6Aab 4466.9A ab 4314.5Aab 2237.9Bc

in Nantong , 2003 6312.5Aab 6305.3Aab 6586.3Aa 6195Aab 5740.0A b 6465Aa 2822.5Bc

in Nantong, 2004 7792Ab 8020.0Aab 8144.0Aa 8278.0Aa 7657.0Ab 8238Aa 5769Bc

in Nanjing, 2002 6515Ab 6337.0Ab 6883Aa 6719.0Aab 681O.0Aa 7546Ab 2874Bc

in Nantong, 2003 8408.8Aa 8335.0Aa 8387.5Aa 8403.8Aa 8271.4Aa 8328.8Aa 7686.3Bb

Direct·

seeded

rice

Transplanting

rice

in Nantong, 2004 7482 .0Aab 7927.0Aa 8186.0Aa 8040.0Aa 7491.0Aab 7999Aa 6734Bb

Note: LGC 20(15) =LGC 42153 20 g Ca..i.) ha' in direct seededrice ofNanjing andNantong, in transplantingrice of
Nanjing. LGC 42153 15g Ca..i.) ha' in transplantingrice of Nantong. (the rest may be deducedby analogy).Numbers
within the samerow with different lowercaseor uppercaselettersaresignificantly different (P<0.05 andP<O.O 1,
respectively;Duncan'snew multiple rangetest).

CONCLUSION

LGC-42153 not only has high activity on, but can also control many annual and perennial paddy
field weeds, such as barnyard grass (Echinochloa crusgalli(L.) Beauv., E. crusgalli var, mitis, E.
caudate Roshev., E. hispidula (Retz.) Nees), broadleaf weeds, such as old world arrowhead
(Sagittaria trifolia L.), common ammannia iAmmania arenaria H.B.K., A. bad/era L., A. multiflora
Roxb.), white flowered mazus (Mazus japonicus (Thunb.) 0 Kuntze), Indian rotala (Rotala indica
(Willd.) Koehne), procumbent false- pimpernel (Lindernia procumbens (Krock.) Philcox),prostrate
false pimpernel tLindernia procumbens (Kroch.) Philcox), Korsakow monochoria (Monochoria
korsakowii Regel et Maack), sheathed monochoria (Monochoria vaginalis (Burm. F.) Presl ex
Kunth), brittle falsepimpernel tLindemia crustacea (L.) ), chara (Chara fragilis Desv.), little najad

321



(Najas minor AIl.), and sedgessuch as diffonned galingale (Cyperus difformis L.), latejuncellus
(Juncellus serotinus (Rottb.)C.B. Clarke), flatstalk bulrush (Scirpus planiculmis Fr. Schmidt),
common bulrush (Scripus triqueter L.), rushlike bulrush (Scripus juncoides Roxb.), needle
spikesedge (Eleocharis yokoscensis (Franch. Et Sav.) Tang et Wang), grass-like fimbris
tFimbristylis miliacea (L.) Vahl). Therefore,LGC-42153 could be applied asone-shotherbicideat
the recommendationrate of 25-40 g a.i. ha-1 and 20-35 g a.i. ha-1 in both direct seededand
transplantingrice fields in China respectively.
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Effect of sowing methods and herbicides in direct drilled rice (Oryza sativa)
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Abstract: A field study was conductedat Agricultural ResearchFarm of BanarasHindu University
in monsoon seasonof 2002 and 2003. Rice seedswere drilled on raised beds and flat beds.
Cyhalofopbutyl at 120g ha" POST, butachlor at 1000 g ha-1 PRE, butachlor at 850g ha-1 PRE·
followed by propanil at 850 g ha-1 POSTandbutachlorat 850 gha' PRE followed by 2,4-D at 500 g
ha" POSTwere applied in both the methodsof sowing. The major weedsobservedin presentstudy
were Echnochloa colona (L) Link, Echinochloa crusgalli (L) Beauv, Eleusine indica (L) Gaerth,
and Cyperusrotundus L among narrow leaved.The major broad leaved weeds were Commelina
benghalensisL, Euphorbia hirta L. andEclipta alba (L) Harsk. Rice seededon bedsrecordedless
weedsdensity anddry weight andproducedhigher crop growth and grain yield. Butachlor at 850 g
ha-1 PRE followed by 2,4-D 500g ha-1 POST was most effective in controlling narrow andbroad
leavedweeds.This herbicidal sequencehad maximum crop growth, yield attributes andrice grain
yield. '

Key Words: Rice, methodof sowing,herbicides,weedscontrol

INTRODUCTION

Weedsare one.of the most important biological,constraintslimiting upland (dry land) rice (Oryza
sativa) production (Singh and Singh, 1983;ArraudeauandHarahap,1988).Aerobic soil conditions
anddry tillage practices,besidesalternatewetting and drying encourages.Continuousgermination
and growth of weedsin crop life cycle. Lossesin grain yield varies between50-91% (Pillai et al.
1976;SinghandSingh, 1983).

In easternIndo-Gangetic plains of India, direct seededrice cultivation is characterizedby land
preparationat optimum moisture followed by broadcastingand lor drilling of rice seedson flat
beds. Pre-emergenceherbicides supplemented with 1-2 manual or mechanical weeding is
commonly practiced to control weeds. In seasonsof high rainfall, inter row cultivation become
impractical andineffective on medium andheavysoils (Moody andMukhopadhyay, 1982).

Raisedbedsarewidely usedin developedcountriesbut havebeenintroducedrecently in rice-wheat
sequenceof EasternIndo-Gangeticplains (IGPs) of India. Permanentraised bed offer producera
multitude of benefits such as reduced tillage, increased opportunity for crop diversification,
mechanical weeding, relay cropping and intercropping and water saving (Connor et al. 2003;
Tuong,2003).

There are many studies on weed managementin dry land rice seedingon flat beds,but limited
researchwork hasbeendone in rice sownon raisedbeds.Thus, the objectivesof this studywere (i)
Whetherdifferencesin weedsgrowth exist amongtwo methods(raisedand flat beds)of sowingand
(ii) to evaluatethe effect of herbicidesaloneandin sequenceon weedsandcrop yield.

MATERIALS AND METHODS

This study was conducted in upland fields at BanarasHindu University, Varanasi, India in the
monsoon seasonsof 2002' and 2003. Soil properties of the experimental field at start of first
experimentwere 0.42% organiccarbon,49.57%sand,28.81% silt and21.62%clay andpH 7.4.
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The experiment was laid out in a split plot design with methods of sowing in main plot and
herbicides with weed free and weedy check as subplots, each with four replications. After land
preparation at optimum moisture, raised beds were made with 'DWR' bed planter. The spacing
between two furrows was 70 em and width of beds was 60 cm. Three row of rice variety NDR-97
was seeded on each beds. On flat beds, seeds were sown at a 20 em row to row distance. The
seeding rate was 100 kg ha-I. Herbicides - butachlor (1.0 kg a.i. ha"), PRE- cyhalofop-butyl (0.12
kg a.i. ha-I). POST (15 DAS), butachlor (0.85 kg a.i. ha-1

) PRE followed by prop aniI(0.85 kg a.i.
ha') POST (10 DAS) and 2,4-D (0.50 kg a.i. ha-1

) POST (10 DAS) were applied with single flat-
fan nozzle boom mounted on a hand sprayer.

At 60 DAS weeds were sampled from two 50 by 50 em. quadrate randomly placed in each plot.
Count was made for different weed species in each sample. Weed samples were oven dried at about
70°C and then weighed. Destructive sampling was done from m-I border rows from each side of
plots to record shoot biomass. At harvest, number of panicles were counted from 1 m" sample area
of net plot. Thirty panicles were threshed to count grains per panicle. The grain yield was obtained
from 18~m-2·samplingarea in each plot. .

RESULTS AND DISCUSSION

Effect of sowing methods and herbicides on weed density and biomass, rice growth and yield

Dominant weed species occurring in the experimental field were Echinochloa colona, Echinochloa
crus-galli, Cyperus rotundus and Cyperus difformis. Several literature (De Datta, 1980 and Smith et
al. 1983) confirm dominance of these weed species in direct dry seededrice.

Table 1. Effect of sowing methods and herbicides on weeds density at 60 Days after sowing (DAS).

Treatments Ratekg WeedsDensity (per m")
ha"

E. colona E. crus-galli C. rotundus C. de/armis

2002 2003 2002 2003 2002 2003 2002 2003
Flat beds 20.8 17.73 10.90 4.74 20.12 16.70 6.80 6.00

(4.58) (4.27) (3.38) (2.30) (4.50) (4.20) (2.70) (2.60)

Raised,beds 7.17 6.80 9.30 3.80 17.20 16.60 5.50 4.90
(2.80) (2.70) (3.10) (2.10) (4.20) (4.10) (2.50) (2.30)

LSD (p=0.05) NS NS NS NS NS NS NS NS NS

_ Cyhalofop butyl 0.12 19.30 14.60 12.30 6.10 22.80 16.,00 7.70 6.20
(15 DAS) (4.46) (3.88) (3.60) (2.60) (4.80) (4.10) (2.90) (2.60)

Butachlor PRE 1.0 15.98 16.00 11.80 4.60 21.90 12.30 6.90 5.80
(4.06) (3.81) (3.50) (2.30) (4.70) (3.60) (2.70) (2.50)

Butachlor,PREfb 0.85+0.85 15.58 12.80 9.60 3.60 20.70 11.30 5.10 4.90
propanil (POST) (4.01) (3.64) (3.28) (2.00) (4.60) (3.40) (2.40)' (2.30)

Butachlor PREfb 0.80+0.50 14.00 11.90 7.20 3.00 18.60 6.70 4.10 3.80
2,4-D (EE) POST (3.80) (3.52) (2.80) (1.90) (4.40) (2.70) (2.20) (2.10)

Handweeding 20 &40 6.29 1.90 3.40 1.90 5.10 2.40 3.00 1.50

DAS (2.60) (1.54) (1.97) (1.54) (2.40) (1.70) (1.90) (1.40)
Weedycheck 22.30 16.55 17.80 7.60 24.20 21.30 12.60 6.30

(4.77) (4.13) (4.30) (2.80) (5.0) (4.70) (3.60) (2.60)

LSD (p=0.05) 1.19 0.73 NS NS 2.0 1.1 NS NS

Data in parenthesis( ) are transformed(X+0.5)1/2 values.
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An ANOV A showed no interaction effects between sowing methods and herbicides on weeds so the
main effect of sowing methods was determined over four herbicides and two checks (hand weeding
and weedy check). Results reveal that weed density and biomass were not significantly affected by
sowing methods. Raised bed planting had relatively lower weed density and biomass than flat beds
(Table -1).

The crop growth traits such as plant height and shoot biomass were significantly higher in raised
wed planting compared with flat beds (Table 2). These traits of rice are reported to be inversely
correlated with weed-growth (Fofana and Rauber, 2000; Ni et al. 2000; Gibson et al. 2003). .

. There were significant differences in weed biomass due to herbicide application over weedy check.
Sequential application of butachlor followed by (fb) 2,4-D was significantly superior to other
herbicide treatments. Similar trend was observed with butachlor fb propanil over butachlor PRE and
cyhalofop-butyl POST.

Table 2. Effect of sowing methods and herbicides on plant height, shoot biomass of crop and weed
biomass at 60 DAS

Treatments Rate kg ha-1 Plant height (ern) Shoot biomass (g m-I) Weed biomass (g m-2)

2002 2003 2002 2003 2002 2003

Flat beds 51.00 55.00 49.40 54.00 43.80 25.76

Raised beds 56.00 60.00 49.40 60.20 39.27 23.10

LSD (p=0.05) NS 2.10 2.40 53.30 4.10 NS NS

Cyhalofop butyl
0.12 47.00 50.60 3.50 33.20 47.83 28.46

(15 DAS)

Butachlor PRE 1.0 48.50 53.40 39.70 48.40 42.91 22.78

Butachlor PRE
fb propanil 0.85+0.85 53.50 57.80 47.60 56.80 40.44 20.70
(POST)
Butachlor PRE
fb 2,4-D (EE) 0.80+ 0.50 59.60 63.40 50.80 67.50 38.37 19.31
POST

Hand weeding
20 &40

59.90 61.90 63.00 75.00 19.98 12.49
DAS

Weedy check 46.40 47.20 71.90 36.90 50.90 3l.76

LSD (p=0.05) 3.10 3.80 34.80 5.10 2.08 2.10

Rice grain yield and yield traits were significantly affected by showing methods and herbicide
treatments (Table 3). Rice sown on raised beds produced significantly higher grain yield than flat

. beds. This was due to increased number of panicles, grain panicle" and 1000 grain weight. The
significant difference in grain number in crop on raised beds might be due to production of high
shoot biomass and its translocation for grain formation.

Sequential application of butachlor PRE followed by 2,4-D or propanil POST had significantly
more yield than butachlor PRE and cyhalofop butyl as POST. These results confirm the findings of
Singh and Ram, 1990 and Kalia and Bindra 1996 who reported significant decrease in weed
biomass with corresponding increase in rice yield due to combined use ofbutachlor with propanil or
2,4-D EE over single application of herbicides.
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Table3. Effect of showingmethodsandherbicideson yield traits andgrain yield (two yearpooled)

Treatments Ratekg ha-l Panicles No. of grains Weight of Grain yield
m-1 panicle" 1000 grains(g) (kg ha-1)

Flat beds 390.00 43.80 ·19.40 3330

Raisedbeds 397.00 45.90 20.00 3700

LSD (p=0.05) NS NS 1.05 NS 3800
Cyhalofopbutyl

0.12 373.00 42.10 19.60 3000
(15 DAS)
ButachlorPRE 1.0 385.60 43.80 19.70 3600
ButachlorPRE fb

0.85+0.85 390.00 48.90 19.30 3900
propanil (POST)
ButachlorPRE fb

0.80+0.50 395.00 49.90 20.10 4100
2,4-D{EE) POST
Handweeding 20 &40DAS 430.00 51.10 19.00 4300 '

Weedycheck 310.00 33.00 20.40 2028

LSD (p=0.05) 24.00 1.40 NS 105.0

This study indicated that agronomic managementsuch as raised bed sowing can improve rice
cultivar competitivenessagainstweeds.Sequentialapplication of herbicide can be an effective tool
to manageweedsin uplandrice.
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Abstract: The study was conductedduring the years2001-2002 and 2002 -2003 to evaluatethe
usefulness of pyrazosulfuron-ethyl 10WP for weed management in transplanted paddy.
Pyrazosulfuron-ethyl10WP at 20, 25, 30, 35 and 40 g a.i. ha-t was evaluatedfor its bio-efficacy
againstbroadspectrumof weedsandsafetyto crop. Standardsfor comparisonwere butachlor50EC
at 1250 g a.i. ha-t and pretilachlor 50EC at 500 g a.i. ha-J

• Weed flora in the experimentalplots
comprisedof the grassesEchinochloa crus-galli andE. colonum, the sedges,Cyperus difformis, C.
iria, Scirpus maritimus, and the broadleaf weeds, Eclipta prostrata, Monochoria vaginalis,
Commelina benghalensis, Marsilea quadrifolia and Ludwigia parvijlora. Pre-emergencesoil
surface spray of pyrazosulfuron-ethyl 10WP at 30, 35 and 40 g a.i. ha-t within 3 days of
transplantingled to higher per centcontrol of weedsandlowestdry weight of weedsin observations
recorded at 30, 45 days after transplanting and at harvest. Grain and straw yield under these
treatmentswerethehighestandwere comparableto the standards.

Key words: Broad spectrumweedcontrol, pyrazosulfuron-ethyl10WP, transplantedpaddy.

INTRODUCTION

Rice is the major cerealcrop of India and it is grown in almost all ~tatesunder"varied ecosystems.
Weed flora in the transplantedpaddy fields in different rice growing tracts of India consist of
grassessuch as Echinochloa crus-galli, E. glaberescens; E. colonum, Leptochloa chinensis,
Rottboellia exaltata and broad leaf weeds, Ammania baccifera, Eclipta prostrata, Marsilea
quadrifolia, Ludwigia parviflora, Monochoria vagina lis , Rotala indica, Sphenoclea zeylanica and
sedges such as Cyperus difformis, C. iria, C. rotundus, Fimbristylis miliacea and Scirpus

.maritimus. ( Dhiman andSingh 2004; GhoshandGanguly 1993;Govindra Singh et al. 2004;Kurmi
and Das 1993; Ray 1973; Sahu and Bhattacharya1964; Shekharet al. 2004 and Singh and Rao
1970).

Severeinfestation of weedsis one of the main factors responsiblefor the low productivity of rice.
Weed competition dependsupon weed species,density of crop and weed, soil moisture, nutrients
availability andperiod of competition. In view of this, weedsmust be controlled within the critical
period of weed competition to prevent crop lossesfrom weeds. If the weeds are not kept under
check'duringthe critical period, it hasbeenreportedto leadto crop loss ono to 80 per cent (Brar et
al. 1997; Chaudharyet al. 1995; Gautam and Mishra 1995; Jenaand Mishra 1992; Moorthy and
Manna 1989;Paradkaret al. 1997;Pillai andRao 1974;Saikia andPurshothamam1996;Singh and
Bhan 1986;andRaju and Reddy 1995).Hence,properweed managementpracticesareessentialto
obtainbetteryields in transplantedpaddy.

Several pre-emergence herbicides such as anilofos, butachlor, oxadiargyl, oxadiazon,
Pendimethalin,2,4-D and pretilachlor aloneor supplementedwith hand weeding have beenfound
to be useful for weedmanagementin transplantedpaddy (Mishra et al. 1988;Moorthy andManna
1993;Mishra, 1996;Paradkaret al. 1997;Porwal 1999).For many years,butachlor andpretilachlor
havebeenthemost widely usedherbicidesbecauseof their broadspectrumactivity. However,there
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is a need for alternative herbicideswith lower dosages,as continual use of the sameherbicide(s)
with the samemode of action may lead to shift in weed flora and evolution of resistancein weeds
(De Datta 1977;Govindra Singh et al. 2004; Ho and Zuki 1988;Kandasamyand Sankaran1995;
Kim, 1983;Moss andRubin 1993).Oflate, low dosage,high efficacy herbicidesto control broader
spectrumof weedshave been found promising (Kurchania et al. 2000; Moorthy 2002). Hence, to
give farmers a wider choice of affordable and effective herbicides, there is a need to develop
environmentaleco-friendly moleculesof newer chemistrieswith lower dosagesand with different
mode of action. In view of this, the presentstudieswere carried out to evaluatethe usefulnessof
pyrazosulfuron-ethyl10WP for broad-spectrumcontrol of weeds.

MATERIALS AND METHODS

An experiment each was conducted in the State of Karnataka during Kharif season·(June to
November)of2D01-2002 and 2002-2003.The trials were laid out in randomizedblock designwith
threereplications.Twenty-five dayold seedlingsof rice cv. IR-64 were transplantedat a distanceof
20cmx 15cmduring both the yearsin sandyclay loam soils with pH of7.8 on July 15 andJuly 10
of the respectiveyear.Fifty kg PZ05 and50 kg KzO per hectarewere applied at planting and 100kg
Nitrogen was given in three equal splits at the time of transplanting, 20 and 40 days after
transplanting(DAT). The paddy crop was raised as per recommendedpackageof practices.The
treatmentsconsistedofpyrazosulfuron-ethyll0WP at 20,25,30,35 and40 g a.i. ha', besidesweed
free and weedy check treatments. Standards for purposes of comparison were stand-alone
applicationofbutachlor at 1250g a.i. ha-1

, andpretilachlor 50EC at 500 g a.i. ha-1• Plot sizewas 10
m x 10m. Water in the experimentalplots was drainedout before imposing treatments.Herbicide .
treatmentswere applied as pre-emergenceblanket soil surfacespray three days after transplanting
using a knapsack,sprayer fitted with flat fan nozzle and a sprayvolume of 600 L ha'. Water was
impoundedin the experimentalplots oneday after treatment.

Phytotoxicity scoring was done at five and 10 days after herbicide application basedon 1 to 10
scale ( 1= no adverseeffect of the herbicide on the crop and 10= 100% adverseeffect of the
herbicide09 the crop ). Number of hills per sq m and height of plants were recordedat 30 and 60
DAT. The per cent degreeof weed control was visually assessedat 30, 45 DAT and at harvest,on
zero to 100scale,by two observersindependently.The averagevalueswere transformedto arcsine
values and were subjected to analysis of variance. Number of weeds occurring within 1.0 mZ

quadratin eachplot was recordedat randomat 30, 45 DAT and at harvest.The dataon numberof

, weedswere subjectedto square-roottransformationusing..J,;+l. Dry weight of weedsundereach
treatment was recorded after drying the weeds in an oven at 70°C until constant weight was
achieved.Observationson yield andits attributeswererecordedat harvest:

RESULTS AND DISCUSSION

Phytotoxicity

Plants in the plots treatedwith pyrazosulfuron-ethyl 10WP at all the ratestried did not exhibit any
sympfom of phytotoxicity in terms of leaf injury, vein clearing, wilting, necrosis, epinasty and
hyponastysymptomsin plants.

Echinochloa crus-galli, E. colonum, Monochoria vaginalis, Marsilea quadriifolia, Commelina
benghalensis, Ludwigia parviflora, Sphenoclea zeylanica, Eclipta prostrata, Cyperus difformis, C.
iria, Scirpus maritimus and Fimbristylis miliacea were the weedsnoticed in the weedy checkplots
at 30,45 and60 DAT.
Weedcontrol
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Treatmentsof pyrazosulfuron-ethyl at 30, 35 and 40 g a.i. ha" gave 95% control of the broadleaf
weeds, Eclipta prostrata, Ludwigia parviflora, Monochoria vagina lis, Marsilea quadrifolia,
commelina benghalensis (Fig.1). These treatments gave about 90% control of the sedgeslike
Cyperus difformis, Cyperus iria, Scirpus maritimus and Fimbristylis miliacea. At this infestation
level of grasses,the treatmentsof pyrazosulfuron-ethylat 30, 35 and 40 g a.i. ha-1 gave 80-85%
control

90 -

80

70
"0
~ 60~
0
o

'" 50Q)
Q)

:s.
'2 40Q)
o
l-o
Q)

0...
30

20

10

0

Broad leaf Grasses Sedges

~ Pyrazosulfuron-ethyl 20 g a.i./ha

§ Pyrazosulfuron-ethyl 35 g a.i./ha

[IIJ Pretilachlor 500 g a.i./ha

rlI Pyrazosulfuron-ethyl 25 g a.i.lha

!Sill Pyrazosulfuron-ethyl 40 g a.i./ha

mI Weed free

aPyrazosulfuron-ethyl 30 g a.i./ha

El Butachlor 1250g a.i./ha

~ Weedy check

Figure 1. Influence of treatmentson per cent weedcontrol
(meanof2001-2002 &2002-2003)

Effect on weeds

The weedy check treatment recorded the highest number of weeds per unit area. Among the
herbicide treatments,pyrazosulfuron-ethyl at 20 and 25 g a.i. ha-1 recordedthe highest number of
weeds arid thesetreatmentswere significantly inferior to pyrazosulfuron-ethyl at the higher rates
and the standardtreatments.However, pyrazosulfuron-ethyl at 30, 35 and 40 g a.i. ha-I recorded
significantly the lowest number of weeds and these treatments were comparable to that of the
standard treatmentsof butachlor, pretilachlor at the recommendeddosage and weed free plots

(Table 1). Dry weight of weedsexhibited the inversetrendof results (Table 1).
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Table 1. Influence of treatments on biometric parameters.

Treatments Dose No. of weeds m-2* No. of weeds m-2*

(g a.i. ha-I) Broad leaf Grasses Sedges Broad leaf Grasses Sedges

Pyrazosulfuron-ethyl 20 2.5(5.2) 4.3(18.0) 2.4(5.2) 2 8.2 4.2

Pyrazosulfuron-ethyl 25 2.0(3.0) 4.1(16.0) 1.8(2.2) 1.3 6.4 2.9

Pyrazosulfuron-eth yl 30 1.6(1.5) 3.8(14.0) 1.6(1.5) 0.1 5.6 1

Pyrazosulfuron-ethyl 35 1.5(1.2) 3.4(11.0) 1.4(1.0) 0.1 4.4 0.5

Pyrazosulfuron-ethyl 40 1.4(1.0) 3.1(9.0) 1.4(1.0) 0.1 3.6 0.6 .,.

Butachlor 1250 3.0(8.0) 1.4(1.0) 4.0(15.0) 3.8 0.1 7.5

Pretilachlor 500 3.3(10.0) 1.4(1.0) 3.4(11.0) 4.6 0.1 5.2

Weed free 1.4(1.0) 1.4(1.0) 1.4(1.0) 0.1 0.1 0.1

Weedy check 5.2(27.0) 4.5(20.0) 9.1(83.8) 10.8 14.8 42.8

SEmi' 0.1 0.1 0.2 0,1 0.1 0.4

CD at 5% 0.4 0.3 0.6 0.6 0.7 1.2

*Mean of 2001-2002& 2002-2003; Observationsrecordedat 45 daysafter transplanting; figures in parenthesesjndicate
the absolutevalues.

Yield

Pyrazosulfuron-ethyl at all the rates tried produced significantly more panicles m", grains panicle"
and hence higher grain yield over the weedy check treatment during both the years (Table 2).
However, pyrazosulfuron-ethyl at 20 and 25 g a.i. ha' recorded the lowest grain and straw yield and
these treatments, were significantly inferior pyrazosulfuron-ethyl at the higher rates tried.
Pyrazosulfuron-ethyl at 30, 35 and 40 g a.i. ha' recorded significantly higher grain yield due to
higher values of the yield attributes as a result of better weed control. These treatments were
comparable to the standard treatments ofbutachlor and pretilachlor at the recommended dosages.

Thus, the results clearly established that pyrazosulfuron-ethyl at 30, 35 and 40 g a.i. ha -I was
comparable 'to the standard treatments ofbutachlor and pretilachlor for control of broad spectrum of
weeds in transplanted paddy with favorable implications on grain and straw yields.

Table 2. Effect of treatments on yield attributes of transplanted paddy.

Treatments Dose Grain yield Straw yield Panicles m -2 Grains
(g a.i. ha') (kg ha-I) (kg ha-I) panicle-1

2001 2002 2001 2002 2001 2002 2001 2002

Pyrazosulfuron-ethyl 10WP 20 3980 4010 6050 6817 296 300 54 55

Pyrazosulfuron-ethyl 10WP 25 4280 4320 6579 7344 339 350 56 59

Pyra~osulfuron-ethyl 10WP 30 4700 4920 7085 8630 390 410 71 75

Pyrazosulfuron-ethyl 10WP 35 4775 4980 7168 8700 395 400 . 70 77

Pyrazosulfuron-ethyl 10WP 40 4805 5100 7207 8800 410 415 74 78
Butachlor 50EC 1250 4790 5085 7185 8730 400 410 71 75

Pretilachlor 50EC 500 4750 5018 7125 8630 390 400 70 74;"

We'ed free 4865 5160 7297 8862 415 430 75 80

Weedy check 1829 '1978 2650 3580 179 190 29 32

SEm± 64 117 76 125 4 5 1 1

CD at 5% 184 351 228 376 26 32 7 7
Meanof2001-2002 & 2002-2003
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Abstract: The herbicidal efficacy of sodium chlorate granules to L. chinensis seeds was
investigated. In paddy fields and paddy levees, soil surface was treated with sodium chlorate
granule 50 kg ai ha-l, 100 kg ai ha-l and 200 kg ai ha-l respectively on December9, 2002. Soil
samplescontainingseedswere collectedfrom the paddy fields and levees0-3 em below the ground
surfaceon April 10,2003.On June10andSeptember22,2003, eachair-dried soil sampleswereput
in 13em-diameterplastic cups.When the seedlingshavegrown in thoseplastic cups,the numberof
eachspecieswascounted.As the treatmentconcentrationof sodiumchlorate granulesincreased,the

.number of seedlingsof L. chinensisgrowing in the plastic cups remarkably decreased.On paddy
leveewhich with was treatedwith sodium chlorate 50 kg ai ha", the number of seedlingsgrowing
in theplastic cupswas similar to that in untreatedsoil. Wheresodiumchloratewas treated200kg ai
ha-l, the numberof seedlingsgrowing in the plastic cupsremarkablydecreasedto the samelevel of
that in thepaddy fields. For further herbicidal effect examinationof sodium chlorategranuleson L.
chinensis seeds,seedswere soakedin 0.3, 0.6, 1.0, 3.0% sodium chlorate aqueoussolutionsunder
the samecondition with lighting and 20°C temperature.The seedssoakedin sodium chloratemore
than 0.6% solution didn't germinate. These results suggestthat the soil surface treatment with
sodiumchlorategranuleshelpedinhibit the germinationof buried seedsof L. chinensis.

Key words: Buried seeds,Leptochloa chinensis,sodiumchlorate,soil surfacetreatment

INTRODUCTION

Leptochloa chinensisL. is a noxious annualweed commonly seenin paddy fields and wet upland
fields (for instance,paddy levees)of southwesternJapan.L. chinensis produced huge amount of

.seeds(Kasahara1974),thereforeits seedlingsdistribute in a largequantity.Although we haveto use
a foliar treatmentherbicide to control this weed,there is a greatrisk of crop injury. Wereportedthat
post-harvestsoil surface treatment with granuleswas effective to reduce a biomassof Paspalum

_ distichum (Matsuo et al. 1985,Sudo2003). In the samereport,we sodium chlorategranulesrestrain
buried seedsin paddy fields from germinating. Therefore, the present study was conducted to
evaluatethe herbicidal efficiency of soil surfacetreatmentwith sodium chlorate granuleson buried
seedsof L. chinensis and some Poaceaespecies (Alopecrus aequalis var. amurensis and Poa
annua).

MATERIALS AND METHODS

Experiment 1
The first field experiment was conductedin 2001 at Hyogo Prefectural Agricultural Technology
Center (HPATC), Hyogo, Japan.The soil texture was loam. The field was severely infested with
short-awnedfoxtail (Alopecrus aequalis Sobol. var. amurensisOhwi) in winter. After harvestingof
rice on September20, 2001, rice strawswere completely removedfrom the experimentalplots. On
October5,2001, sodium chlorategranuleat 50 kg ai ha-l (SCG-50), 100kg ai ha-l (SCG-100)and
200 kg ai ha" (SCG-200) was treated on the soil surface of each paddy field respectively.
Replicationswere conductedin two other plots (5m x 5m) for each concentration.The field had
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grown no winter crop until April 2002. On April 10,2002,2kg soil samplescontaining seedswere
collected at random from 0-3 cm below the ground surface in eachplot. All soil sampleswere
air-dried, smashedand riddled using a 3 mm-mesh sieve. 100g riddled soil was put in a leaky
plastic cup (l3cm diameter x l Ocmdepth)on November 10, 2002. All the cupswere placed in a
rainproof houseand wateredproperly. When the seedlingsgrew in the plastic cups,the numberof
eachspecieswascounted.Replicationswereconductedin four othercupsfor eachsoil sample.

Experiment 2
The secondexperiment was conducted the next winter 2002 to 2003 at the same Center. The
dominantweedof this experimentalpaddy fields andpaddy leveeswasred sprangletop(Leptochloa

-chinensis (L.) NEES). After harvesting of rice, sodium chlorate granuleswere treatedto the soil
surfacein paddyfields andpaddy leveeson December9, 2002.Treatmentquantity was the sameas
experiment1. Each treatment plot had two replicateplots (paddy fields: Sm x Sm, paddy levees:
0.6tn x Sm).On"April 10,2003, soil sampleswerecollectedusing the samemethodasexperiment1,
and w.e.reput in plastic cups. The experimentincluded two replications and conductedtwice (on
June10andSeptember22,2003).

Experiment 3
L. chinensis seedswere collected from field populations in HPATC on October2003. Seedswere
air-dried and ripe ones were selectedout using a stereoscopicmicroscope,and then storedat the
room temperature.Approximately 100seedswere soakedin 5°C water for 10daysandwereplaced
on the filter paper in a plastic cup (5cm diameter x Scm depth). 20ml sodium chlorate aqueous
solutions (0.3, 0.6, 1.0, 3.0 %) was addedinto eachplastic cup. Distilled water was used as the
control. All the cups were placed in a lighted chamber at 20°C. After 30 days, the number of .
germinating seeds was counted. Replications were conducted in five other cups for each
concentration.

RESULTS AND DISCUSSION

The efficacy of sodium chlorate to buried seedsof L. chinensis
Figure 1 shows the herbicidal effect of different concentrationsof sodium chlorate granuleson
buried seedsof L. chinensis in paddy fields and levees.The number of growing seedlingsof L.
chinensis in the control of paddy fields was298cup". The numberof growing seedlingsof SCG-SO,
SCG-IOOand SCG-200was 80, 47 and 12 cup'I respectively,indicating the growth of seedlings
wasmoresignificantly restrainedasthequantityof sodiumchlorateincreased.On paddylevees,the
numberof growing seedlingsin the SCG-SOcupwas similar to that in the untreatedsoil. Besides,a
standarddeviation in SCG-SOwas large; therefore,therewas no significant difference in numbers
amongSCG-SO,SCG-IOOand control plots. In the SCG-200cup, the numberof growing seedlings
wasremarkablydecreasedto the samelevel of that in paddyfields.

Seedsof L. chinensis hardly germinateby ordinary germination treatments.In the presentstudy,
seedsweresoakedin 5°C water for 10daysbeforethegerminatingtest (Matsuo et al. 1985).During

..the test, seedswere soakedin distilled water or sodium chlorate solutions in a lighted chamberat
20°e. The germination ratio of L. chinensis seedsin sodium chlorate solutions was significantly
lower.The seedssoakedin 0.6% sodiumchloratesolution or higher didn't germinate(Fig. 2).
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he effect of sodium chlorate on buried seedsof A. aequa/is var. amurensis and P. annua
igure 3 shows the herbicidal.effect of different concentrationsof sodium chlorate granuleson
iried seedsof A. aequalis var. amurensis. The numberof seedlingsgrowing in the control plastic
ip was 41. In contrast, the number in the SCG-50cup was less than 25% of that of control. In
2G-IOOandSCG-200,the numberwas lower than 1. It was obvious that the numberof seedlings
ecreasedasthequantity of sodiumchlorategranulesincreased.

herewasremarkableeffect of sodiumchlorateon buried seedsof annualbluegrass(Poa annua L.),
scauseno growing seedlingsof Poa annua was observedat SCG-50, SCG-100and SCG-200on
prill0, whenthesoil sampleswas collected(Fig. 4).

heresultsof the experimentsindicate that the soil surfacetreatmentwith sodiumchlorategranules
effective to restrain the germination of buried seedsof L. chinensis, A. aequalis var. amurensis

id Poa annua in paddy fields and paddy levees.This inhibitory mechanismof sodium chlorate
·anules..has.yet to be seenwhether it servedasherbicideor it inducedthe secondarydormancyof
e weed. Therefore the soil surface treatment applied in this study will possibly becomea new

.erbicideapplicationmethodof sodiumchlorategranules.
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Abstract: Maize is an important crop to Vietnamese especially to Minority living in hilling and ..
mountain. With more than 180 thousand ha of maize, the Northern West region becomes one of
main area'for maize growing in Viet Nam. However, almost maize grown here is on slope soil with
cinecrop per year, in rainy season, only. The traditional method such as hoeing, drying weed &. crop
residue collected then firing them before planting maize shows a backward in culturing. This results
low yield harvested, waste time in growing and facing big problem of erosion .

.In addition this is also one of reason causing calamities such as forest fire, flooding with high water.
In order to improve maize planting method in this area, Syngenta Viet Nam in collaboration with
the National Plant Protection Institute and Viet Nam Agricultural Science & Technology Institute
has carried out an experiment using Gramoxone 20 SL (a non- select contact herbicide with ai is
paraquat) as an element in minimum tillage method of maize growing on slope soil to reduce
erosion. The experiment is conducted since 2002 at Hoa Binh and Yen Bai provinces where rainfall
is as high as 1700 mm yearly. Gramoxone 20 SL with 2 applications, the first is 2 days before
planting maize at dosage 4 L ha'l applied directly to growing weed, and the second one is one
month later at dosage 2 L ha'l applied as inter row of maize. The traditional method of farmer is
arranged as control in the experiment. Result of the experiment shows much benefit in comparison
to the traditional method: .

Reduce soil erosion of 34 % during rainy season.
Shorten growing time by more than 20 days per season.
Save manpower cost of weeding VND 750,000 ha'l.
Preventing forest fire contributing to environmental protection.

Key words: Minimum tillage, maize, erosion reducing, Gramoxone.

INTRODUCTION

With 180,000 ha of maize grown yearly, the North West becomes an important area of maize
production in Viet Nam. Typical features of Maize cultivated here are: gown in steep slope soil of
15 - 25 0; concentrated in rainy season June - September with high annual rainfall of 1700 mm;
planting method is backward with hand weeding, weed burning, manual tillage and stick soil for
sowing. All these make maize production facing big problem of strong erosion, soil degradation,
production cost increased and yield decreasedand calamity such as forest fire, flood.

Application of appropriate technologies of cultivation in slope soil 'here not only reduced.
considerably soil erosion but gradually improved soil fertility to create good condition for maize
growing (Thai Phien, 1999). Some countries nowaday have developed a new method called No-
tillage or Minimum-tillage Technique for maize planting. WestLafayetta (2002) reports that 4.6
million of ha of maize in Midwest of American is planted using either no-tillage or strip tillage.
This method is largely adapted because of its great advantages. Researchers have documented
benefits come from no-tillage technique including reducing erosion, improving soil fertility,
preserving natural resources (West Lafayetta, 2003). In order to provide farmers a better method for
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weed control in maize grown on slope soil, to reduce hard work, erosion and avoid negative impact
to the environment, Gramoxone 20 SL - a non selective, contact herbicide has been used to study in
minimum tillage method for maize grown on slope soil. This study has been conducted by Syngenta
Vietnam in collaboration with The National Plant Protection Institute (NPPI) and The Northern
Agriculture Research Centre (Viet Nam Agricutural Science & Technology Institute) at Hoa Binh
and Yen Bai provinces, since 2002 up to now.

MATERIALS AND METHODS

The study is conducted by both experimental types of replicated small plot and non replicated large ..
plot. -Gramoxone 20 SL, active ingredient Paraquat is a non selective and contact herbicide. It has
been manufactured by ICI England, now Syngenta Switzerland and used in more than 120
countries, worldwide. The famous property of this product is broad spectrum with fast action and
rain fastness. It can control all parts of weed above soil surface within 1-2 days after application.
Hence it is a contact herbicide so it is very safe to maize when applied as pre-planting or inter row
for weed control.

Maize variety of Bioseed 9681is planted on slope soil 20-250 in rainy season (July - September).
The minimum tillage method is implemented with first application of Gramoxone 20 SL with
dosage 4 L ha-1 directly to growing weed 2 days before planting and the second one applied as inter
row at 30 days after planting with the dosage 2 L ha-1

. The conventional farmer practice is arranged
in the study for comparison on time, manpower & cost saving for weed control and erosion. 2 x
additional fertilizer is applied.

Efficacy of weed control by Gramoxone 20 SL is assessedvisually at 1 - 2 days after application.
Time & manpower spent for hand weeding in Farmer practice is calculated based on actual working
of producer.

To compare soil erosion between 2 planting methods, cement soil traps of dimension 2m x 0.75m x

0.5m are designed at the bottom of hilling to collect erosion soil from whole plot of 150m2

appropriately.

Erosion soil collected in the traps are weighed and analyzed monthly on N, P20S' K20. Soil from

the plots are sampled at random in surface layer 0-25cm depth 2 days before planting and every
month after planting for analysis on organic matter, N, P20S' K20 at Laboratory of Soil & Fertilizer
Research Institute. Total nutrient lost by erosion is calculated based on multiply the amount of
erosion soil by nutrient percent of trapped soil in each month. Yield is actually harvested from
whole plot and air dried up to 15%.

Analysis method on soil nutrient is followed method of FAO - ISRIC (1987 - 1995) and standard
method of the National Institute for Soil and Fertilizer - NISF 1998 as follows:

pH H20 by pH meter using distilled water - soil solution 1: 25

- OC% by method of Wakley - Black - Total N % by method of Kjeldahl
- Total P20S % by Spectrophotometer - Total K20 % by Flamephotometer - Available

- P20S by method of Oniani

- Available K20: by method of Bray II with Flamephotometer and Filter glass K 768mm

- CEC: Soil sample is impacted by NH40Ac (Amon axetat) at pH = 7 then wash by KCI
(Kali clorua).

339



RESUL TS AND DISCUSSION

Table 1: Monthly rainfall in West North Vietnam

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

2000 12.4 62.5 5l.8 78.l 21l.8 136.7 399.3 312.1 145.6 226.4 3.7 26.9
2001 17.4 43.7 92.0 114.3 144.0 267.6 379.2 388.0 146.2 168.8 39.8 6.4

2002 37.3 37.4 59.4 59.9 208.0 207.3 255.2 227.6 11l.0 114.9 30.0 52.2
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Maize planted in slope soil closely depends on rain fed water. However, figure collected from
metorological station at Yen bai province (table 1) shows uneven distribution on rainfall between
months in the year. High rainfall time concentrated during June to September is .also the time for
starting maize grown in North West region. All activities in planting maize at early season together
with high rainfall strongly enhance erosion in this area.

Table 2 : Major weeds & efficacy in controlling them by GMX (pre-planting)

Level
Height of weed Efficacy (%)

No Weedspecies
infestation

before application
1 DAA 2DAA

(em)

1 Ageratum conizoides +++ 78 75.1 90.2
2 Mimosa indica +++ 53 8l.5 95.8
3 Borreria atlata. +++ 43 79.8 100
4 Commelina communis ++ 31 78.5 96.0
5 Bidens pilosa + 26 90.8 100

6 Crotalaria mucronate + 68 92.3 100
7 Allmania albida + 91 84.7 100
8 Eleusine indica + 12 '86.4 100
9 Eragrotis sp + 27 100 100

10 Leptochloa chinensis + 31 100 100
11 .Saccha rum sp + 187 75.0 98.8
12 .:Streblus sp + Wilting 50

Note: DAA: Day after application. +++ Heavy infestation
Dosage: 4L ha-J ++ Moderate infestation

+ Light infestation
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Data in Table 1 showsthat there are 12major weedsdamagingmaize planted here. Someof them
grow very fast (Ageratum conizoides 78 cm, Saccha rum sp 187cm) and someare difficult to be
controlled by other non-selectiveherbicide such asMimosa pudica, Mentha arvensis (Hoang Anh
Cung 1980).Atdosage4 L ha-l appliedpre-plantingdirectly to growing weed, Gramoxoneshowsa
fast action in killing weeds.Within 1-2 days from application a high efficacy of 75 - 100% has
been obtained to almost weed species.This allows fanners to plant maize earlier right after
application 1-2 daysand createspossibility for fanners to plant next crop (soybeanor upland rice)
in optimal condition. Whilst in Fanner practice (Table 4) this time takes 31-37 days. That means
fannershaveto delayplanting time for aboutonemonth. This hardwork andtime consumedresults
higher productioncost of maize when comparedto minimum tillage method. Besidesthe savingof
manpower& planting time, the broad spectrumand fast action of Gramoxonein killing weed(Jeff
Auu 2001) alsoallows fanners to plant maizequite actively, not dependon weathercondition. And
it is more important that this techniquecontributesin preventing forest fire becauseweedburning -
a main factorcausingthis calamity hasbeeneliminated.

Table '3 : Major weedsandefficacy in controlling themby GMX (inter row)

No Weedspecies Level of Height of weedbefore Eficacy (%)
infestation application(em) 2DAA .

1 Ageratum conizoides +++ 15 99.8
2 Mimosa indica +++ 12 99.8
3 Rottbolia exaltala ++ 38 89.4

4 Leptochloa chinensis ++ 21 91.3

5 Paspalum conjugatum + 26 93.9
6 Paspalum sp. + 22 100
.7 Bidens pilosa + 16 100
.8 Crotalaria mucronate + 18 94.0
9 Allmania albida + 25 94.6
10 Eleusine indica + 18 80.3
11 Borreria at/ata. + 16 91.5
12 StrebIus sp + Dried leaf only
Note: - DAA : Day after application +++ Heavy infestation

- Dosage: Gramoxone2 L ha-' ++ Moderate infestation
+ Light infestation

Data from this table confirms good performanceof Gramoxoneeven at low rate 2 L ha-1
• At two

days after application as inter-row almost weeds infesting maize is controlled 80-100%. This is
once again to show quick effectiveness of Gramoxone in controlling weeds. Time spent for
Gramoxone application is just only 3-4 manpower days while fanner have to spend 16-18
manpowerd~ysfor handweeding. Out of the hard work asmentioned,doing handweedingat this
growth stageof maizefacessomeotherdisadvantages:

- '. In convenientfor fanner working insidehigh anddensefoliage of maize fields.
- Long time in hand weedingallows weedsstill alive andhaving time to competewith maize

on nutrientbeforeto be killed.
- Some parts of plant (root, basal stem) may be mechanically' injured during hoeing,that

createsentrypoints for bacteriaor fungi comeinside crop causinginfestation.

Theseproblemswill be avoidedoncethe minimum tillage methodusing Gramoxoneis adoptedby
fanner.
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Table 4: Comparison on manpower for weeding between Farmer Practice and Minimum Tillage
method.

Time spent for weeding (manpower day ha-1) Total
Planting Cutting Drying Burning Removing Hand GMX GMX appl.

(manpower
method weed weed weed ash weeding appl. Pre- Inter-row 30 day ha')

30DAP planting DAP
Farmer 18-22 2-3 2-4 7-8 16-18 0 0 45-55
practice
Minimim 1-2 0 0 0 0 3-4 3-4 7-10
Tillage
Saving '. 14 3 2.5 4 9 -3.5 -3.5 50

Saving on time & manpower for weeding 50 manpower day ha-I as given in table 4 allows farmer to
plant maize quite actively at early rainy season, not depend on either weather condition or available
farm worker to contract. This also creates chance for farmer to plant next crop (soybean or upland
rice) in optimum condition (in high rainfall month). Beside that another benefit recognized in
Minimum Tillage method as seen in table 4 that the new cultural of minimum tillage method has
contributed in preventing forest fire because of no more work of weed burning is implemented .. '

Table 5 : Soil erosion and nutrients lost

Tillage methods

Farmer practice
GXMminimum
tillage
Reduced by GMX-
minimum tillage:
Quantity (kg ha-I)
Percent (%)
Rainfall (mm)
Soil covered by
maize (%)

Erosion soil (kg ha')
Total soil Total nutrients lost (kg Yield
lost (kg ha-I) (ton ha

July Aug Sept ha') N P20S K20 I)

4250 2950 2090 9290 17.8 8.9 20.1 4.21a
2215 2060 1856 6131 11.1 6.2 12.4 4.27a

2035
47

345
25

890 234
30 11.2

295 145
95 85,

6.70
37.6

3159
34

785

2.1
22.2

7.8
38.6

_ 'Erosion on slope soil is influenced by different factors: Slope degree, rainfall, surface residue, soil
texture, tillage method .... Among that surface residue plays an important role to reduce erosion by
minimizing rain drop splash and run-off velocity (Adam 1966, Myer et al 1970). Percentage of
plant residue on soil surface increased as tillage intensive decreased (Kladivko et al 1986). Data in
Table 5 shows total amount of soil erosion in minimum tillage is considerably less than in Farmer
practice; 613lkg ha-I v s 9290 kg ha-I respectively. It is only 66% of Farmer practice or in other
word, minimum tillage method of maize planting reduces 34% soil erosion compared to Farmer
practice: The reason for that is in minimum tillage, Gramoxone is applied for weed control, This
product only kills the parts of weed above ground to prevent their competition with maize on
nutrient but their roots and other parts below ground is intact. Soil texture is not loosen so the
cultivated layer is not disturbed resulting less erosion happened. In addition to this, weeds after fa
be killed their biomass remain in the soil as surface residue. It limits run-off of rain water to reduce
erosion,

Contrary to that in Farmer practice, weed is cut, dried, burnt and ash is removed out then soil is
hoed or plowed for planting maize. All these works impact strongly to soil structure making the

342



.ultivated layer loosensothat when rain coming, this layer,without surfaceresidueis easilymoved
lown leadingstrongererosioncomparedto minimum tillage method.

Within maizegrowing season,erosionsoil in July is more than in August & September.It's amount
.s4250 kg, 2950 kg, 2090 kg per ha respectivelyin Farmerpractice.The reasonfor this might due
:0 in July when maizeplant is still small (at vegetationgrowing stage)soil coveredby maizeis less,
only 25% in comparisonto 95% in August and85%in September.In addition to this rainfall in this
.nonth is highest 345rnm comparedto 295mm and 145rnmin August & Septemberrespectively.
With both factors,higher rainfall & lesscoveragetogetherwith loosensoil surfaceat early season
making soil erosion is occurred strongestin July comparedto the rest months of the season.A'
similar situation is alsoobservedin Minimum till method. .

When comparisonson erosion situation in August and September,we find that amount of soil
erodedin August is bigger than in Septemberin both Farmerpractice & Minimum tillage. This is
dueto higher rainfall 295mm in August v s 145rnmin September.However, thedifferent amountof
erosionsoil erosionbetweentwo thesemonths in Farmerpractice, 860 kg ha-t is much more than
thatonein Minimum tillage 204 kg ha-tonly. The main reasonhereis becausein August farmerhas
to do onemore handweedingby hoeing that asmentionedabovemakessoil surfaceloosenso it is
strongly impactedby rain than in Minimum tillage wherejust Gramoxone2L ha-t appliedasinter-
row for weedcontrol.

The datain Table 5 also showsthat total nutrients lost during seasonby erosionin Farmerpractice
is higher than in Minimum tillage, 17.8kg N, 8.9 kg P20S, 20.1 kg K20 v s 11.1kg N, 6.2 kg P20S,

12.4kg K20 per ha respectively.Among key elementsof nutrient, potassiumlost is biggest7.8 kg
ha-t, thencometo Nitrogen 6.7 kg ha-t and leastis Phosphorus2.1 kg ha-t. Though amountof total
nutrient lost in Farmerpractice is more than in Minimum tillage, the actual yield of maizeharvested
is not significantly different betweentwo methods,4.21 ton ha-t in Farmerpracticeand4.27 ton ha-
t in Minimum tillage. This may be due to high additional fertilizer applied can compensatethe
nutrient lost and satisfy the crop demand.Another reasonmay be due to our study hasjust been
conductedfox:3 seasons,the soil degradationis not big enoughto affect the yield but the lower one
from the Farmerpractice might be foreseenin near future. In that situation in order to maintain an
equal yield to the Minimum tillage, more fertilizer must be applied in the Farmer practice. That
meansyield may be the samebut productioncostis higher in Farmerpractice.

Table6 : Situationof soil fertility in plot.

2 daysbeforeplanting July August September

Soil quality indicators GMX Farmer GMX Farmer GMX Farmer GMX Farmer
rrurumum practice min. till prac min. till prac. min. till prac

tillage

pH H20 4.44 4.31 4.89 4.59 4.90 4.46 4.50 4.40
Total oc (%) 1.42 1.51 1.42 1.41 1.45 1.29 2.01 1.65
Total N (%) 0.13 0.11 0.15 0.16 0.17 0.14 0.15 0.11
Total P20S (%) 0.08 0.07 0.07 0.08 0.08 0.07 O.lO' 0.06
Total K20 (%) 0.15 0.14 0.12 0.12 0.13 . 0.11 0.14 0.08
Available P20S mg 3.28 3.57 3.59 3.16 2.88 2.45 17.40 12.36
10Qg-t
Available K20 mg 7.53 8.12 8.75 8.56 15.06 14.06 18.60 1) 22
100g-t

CEC (LdL 100g-1
) 6.52 6.92 6.21 6.52 6.20 6.08 6.92 552
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Soil fertility contributes significantly to high yield of maize thus fanners have to apply fertilizer
every season to compensate the nutrient lost by erosion and crop & weed uptake. In comparison
between two methods the data in Table 6 shows that not clear difference on soil quality indicators
found in July & August as well as before planting. But in September these data are significantly
different. This may due to high additional fertilizer is applied concentrate in 2 first months during
vegetation growth and reproduction stages of maize. In September at maturity stage no more
fertilizer needed to apply in both methods while the erosion in Fanner practice is more than in
Minimum tillage (Table 5). Beside that, in Minimum tillage after inter-row application of
Gramoxone, died weed remains in soil, their biomass residue has contributed to improve soil
fertility.

Method of Minimum tillage using Grmoxone for Maize growing on slope soil:

1. Application of Gramoxone 4L ha-I 2 days before planting when rainy seasonstarts.
2. Planting maize 2 days after application
3. Application of Gramoxone 2 Iha-I 30 days after planting (inter-row)
4. Other cultivated work is followed as usual

CONCLUSION

Using Gramoxone in Minimum tillage method for maize grown in slope soil brings more benefits
compared to conventional Fanner practice:

- Save time & manpower in weeding: 21-33 days, 50 manpower days.
- Create chance for maize and next crop growing in optimal duration.
- Reduce erosion 34 % and improving soil fertility
- Contribute in preventing forest fire and in protecting the environment
- Obtain high Economical effectiveness in saving 750,000 VND ha" compared to farmer practice.

With the mentioned benefits the Minimum tillage method should be largely promoted for fanner to
adopt in planting maize on slope soil in North West Vietnam.
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Broadleaf weed control in maize and soybean with postemergence herbicide

fluthiacet-methyl 5%EC
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Abstract: Field experimentswere conductedin maize and soybeanto determine the efficacy of
fluthiacet-methyl 5%EC in 2004 in Shandongprovince China. The result showed that the grass
Amaranthus retroflexus L. and Physalis minima L. could be effectively controlled by
fluthiacet-methylat the dosageof 3.75-15 g ai ha", after spraying 30 days, 89.3%-100% in plants
effect and94.7%-99.9% in weight effect weed gained.Relatively good efficacy was achievedwith
broadleafweed such as Portulaca oleracea L. and Acalypha australis. Fluthiacet-methyl did not
injure maize,but injured soybeanleavesafter spraying 3 days, 7 days later the new leavesgrew
normally, andyield increaseswere obtainedfollowing control of weedsin maizeandsoybean.

Key words: Fluthiacet-rnethyl,maize,soybean,safety,weedcontrol

INTRODUCTION

Fluthiacet-methyl is a postemergencecontact-type herbicide that provides excellent control of
velvetleaf,but also has activity on someother broadleaves.It was registeredfor soybeansin 1997
and corn in 1998at use rates of 1.5 to 2.25 ozlA. Fluthiacet-methyl was shown to be practically
non-toxic to birds, practically non-toxic to small mammals,practically non-toxic to beesandother
beneficial insectsand its action will most likely be tank mixed with other productsor be sold as a
premix to increasethe weed spectrum.Now more and more researchersare interesting in studying
this herbicide in its clean process,synthesis,and so on. In order to check the effect on weeds in
soybeanandmaize and its safety to plants,we carriedout theseexperimentsin Shandongprovince
of China.

MATERIALS AND METHODS

Environmental conditions
Both field experimentswere all conductedin sandyloam soil in maize and soybeanwith the main
speciesof weeds Amaranthus retroflexus L., Physalis minima L., Portulaca oleracea L. and
Acalypha australis on zs" June 2004 at jining, Shandongprovince China. The spraying day was
sunshine,no wind and the mean temperaturewas 26.70 and rainfall was 324.5mm in whole
experimentperiod.

Design and arrangement
The six treatmentstestedwere: fluthiacet-methyl 5%EC 3.75, 7.5, 11.25and 15 ga.i. ha' (offered
by ShenyangChemistry Institute), control herbicide lactofen 24%EC 72ga.i. ha' (bromoxyniI
octanoate25%EC 375 g a.i. ha" in maize) andunsprayedcontrol. Therewere4 replications in each

2 '
treatment.The areaof eachtreatmentwas20m, andrangedrandomll' the solution were sprayedat
~-4 leavesstageof maizeand 1.-5leavesstageof weedsat 600kg hm . ' ,

Toxicity of the herbicideswas surveyedby observingthe leavesof maize, soybeanand recording
the symptomsandclassification to confirm the safetyto maizeafter spraying 1, 3, 7, 15and30 days
respectively.The yield of maize was gained to determinethe effect on maize production of the
trialed herbicides. '
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Weeds plants were surveyed after spraying 15 and 30 days respectively. 4 points were sampled in
each plot and each survey area was 0.25m2. The weight of weeds was surveyed after spraying 30
day~. •

All date were analysed by Duncan's multiple range test.

RESULTS AND DISCUSSION

Effects to plants

III experimental period, Fluthiacet-methyl did not injure maize, but injured soybean leaves after
spraying 3 days, 7 days later the new leaves grew normally.

In plant yield, broadleaf weed decreased the number and moist weight by Fluthiacet-methyl, but
.here were a lot of narrowleaf weed, so the effects of Fluthiacet-methyl to harvest were not
significant. ',It increased plant harvest by 5.4, 6.2, 6.9% and 8.1% in soybean (Table 1) and by
2.1,5.6,4.3 and 5.6% in maize(Table 2). "

fable 1. Effect of Fluthiacet-rnethyl 5%EC to harvest of soybean

Treatment Plant hm·2 Seed in Weight Yield Than

one ear (g/ 1OOseeds) (kg m") CK±(%)

Fluthiacet-methyI5%EC3.75ga.i. ha'i 151500 117.1 15.1 178.6 5.4

Fluthiacet-rnethyl 5%EC 7.5ga.i. ha'i 152400 118 15 179.8 6.2

Fluthiacet-rnethyl 5%EC 11.25ga.i. ha" 153000 117.6 15.1 181.1 6.9

Fluthiacet~methyI5%EC 15ga.i. ha'i 152700 118.3 15.2 183.1 8.1

lactofen 24%EC 72 ga.i. ha'i 152700 118.1 15.1 181.5 7.2

Control 148650 113.2 15.1 169.4

Table 2. Effect ofFluthiacet-methyI5%EC to harvest of maize

, Treatment Plant hm'2 Seed in Weight Yield Than

one ear (g/100seeds) (kg m'2) CK±(%)

Fluthiacet-methyI5%EC3.75ga.i. ha'i 61500 341.9 28.1 393.9 2.1

- .Fluthiacet-methyl 5%EC 7.5ga.i. ha'i 61500 351.4 28.3 407.7 5.6

Fluthiacet-methyl 5%EC 11.25ga.i. ha'i 61500 348.1 28.2 402.5 4.3

Fluthiacet-methyI5%EC 15ga.i. ha'i 61500 352.5 28.2 407.6 5.6

lactofen 24%EC 72 ga.i. ha'i 61500 347.1 27.8 395.6 2.5

Control 61500 342.3 27.5 385.9

Effects on weedscontrol
Fluthiacet-rnethyl 5%EC couldcontroll the grass Amaranthusretrojlexus L. 'and Physalis minima L.,
effectively at the dosage of 3.75-15 g a.i. ha'i. It had common plant effect to Acalypha australis.,.
but had-good weight effect in maize or soybean.

In soybean (Table 3) after spraying 15 days, the plant effects of Fluthiacet-rnethyl 5%EC 3.75, 7.5,
11.25,15 ga.i. ha" to Amaranthus retrojlexus L. and Physalis minima L. were between 90.2% and
98.8%. Relatively poor efficacy to Acalypha australis. was achieved between 45.3% and 65.6%.
The total broadleafplant effects were 81.5%, 84.4%, 83.3% and 90.6%, respectively, and control
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herbicide was 94.6%.

After spraying 30 days, the plant effects of four dosages to broadleaf weed were 88.1 %, 95'.0%,

94.3% and 98.1 %, respectively. Immense weight effects were achieved by 98.9%, 99.9%, 99.8%

and 99.9%, respectively.

Table 3. Effect of Fluthiacet-methy 15% EC on broadleafweed in soybean

, .
Plant effect (%)

Weight
effect (%)--

Period '. Treatments Physalis Acalypha Portulaca Amaranthus Total - Total
minima australis oleracea retrojlexus L.

L. L. L.

'Fluthiacet-methyl 5%
92.7 45.3 71.4 93.3 81.5 c BEC 3.75ga.i. ha-I

Fluthiacet-methyl 5%
92.7 51.6 71.4 95.7 84.4 be ABEC 7.5ga.i. ha-I

Fluthiacet-methyl 5%
90.2 59.4 85.7 90.9 83.3 B

Sprayed EC 11.25ga.i. ha-
I c

15 days Fluthiacet-methyl 5%
95.1 65.6 100 98.8 90.6 ab ABEC 15ga.i. ha-I

laetofen 24% EC 72
100 79.7 100 98.8 94.6 A. h -I aga.l. a

Control

Fluthiacet-methyl 5%
100 64.1 95.5 88.1 A 98.9 b AEC 3.75ga.i. ha-I a

Fluthiacet-methyl 5%
100 79.5 100 95.0 A 99.9 AEC 7.5ga.i. ha-I a a

_I. Fluthiacet-rnethyl 5%
Sprayed EC 11.25ga.i. ha'i

100 79.5 99.1 94.3 a A 99.8 ab A

30 days Fluthiacet-methyl 5%
100 92.3 100 98.1 A 99.9 AEC 15ga.i. ha-I a a

laetofen 24%EC 72
100 84.6 98.2 95.0 A 99.9 A. h -I a aga.l. a

Control

*The values were significantly different from the values with different letters by Duncan's multiple range test.
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Table 4. Effect ofFluthiacet-methyI5%EC on broadleafweed in maize

Weight
Plant effect (%) effect

Period
(%)

treatments
Physalis AcalyphaPortulaca Amaranthus Total Total
minima australis oleracea retrojlexus L.

L. L. L.

Fluthiacet-rnethyl5%
92.7 45.3 71.4 93.3 81.5 c BEC 3.75ga.i.ha'l

Fluthiacet-methyl 5%
92.7 51.6 71.4 95.7 84.4 be

A
EC 7.5ga.i.ha'l B

Fluthiacet-methyl 5%
90.2 59.4 85.7 90.9 83.3 c B

Sprayedsc11.25ga.i.ha'l

15days Fluthiacet-methyl 5%
95.1 65.6 100 98.8 90.6 ab

A
EC 15ga.i.ha' B

lactofen 24% EC 72
100 79.7 100 98.8 94.6 A. h ,I aga.l. a

Control

Fluthiacet-methy]5%
100 64.1 95.5 88.1 a A 98.9 b AEC 3.75 ga.i.'ha,1

F~uthiacet-methfl5% 100 79.5 100 95.0 a A 99.9 a AEC 7.5 ga.i. ha'

Fluthiacet-methyl 5%
100 79.5 99.1 94.3 a A 99.8 ab A

SprayedEC 11.25ga.i. ha'l

30 days Fluthiacet-methyl 5%
100 92.3 100 98.1 a A 99.9 a AEC 15ga.i. ha'

lactofen 24% EC 72
100 84.6 98.2 95.0 A 99.9 A. h ,I a aga.l. a

Control

In maize (Table 4)after spraying 15 days, 91.3%~100% to Amaranthus retrojlexus L. and
73.3%~100% to Acalypha australis., Portulaca oleracea L. were gained of Fluthiacet-methyl
5%EC on plant effect The total plant effects to broadleaf weed were 88.1%, 91.0%, 92.2% and
95.1%, respectively.

After spraying 30 days, the total plant and weight effects to broadleafweed were 85.3%-93.6% and,
94.7%-9,.8.3%.

Path analysis
Based on the results of experiments in maize and soybean, we say that Fluthiacet-methyl 5%EC was
an excellent postmergence herbicide although it had injury on soybean in early period. The grass
AmaranthusretrojlexusL. and Physalis minima L. which had 2-5 leaves period could be effectively
controlled by fluthiacet-methyl 5%EC at the dosage of 3.75-15 g ai ha'l, and relatively good
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efficacy was achievedwith Portulaca oleraceaL. andAcalypha australis. Fluthiacet-rnethyl5%EC
canbe tank mixed with other productswhich had better effect on narrowleaf weed to increasethe
weedspectrum.
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Abstract: Experimentswere conductedin the field during the years2001-2002 and 2002-2003to
evaluatethe usefulnessof various application ratesof metribuzin 70WP singly andastank mix with
pendimethalin 30E at 500, 750 and 1000 g a.i. ha-l for weed management in soybean.The
treatmentswere imposed as pre-emergenceblanket soil surface spray. Stand alone application of
metribuzin 70WP up to 525 g a.i. ha-1 was safe to soybean.A progressive increasein percent
control of weeds and decreasein dry weight of weeds was noticed with increaseddosageof

. pendimethalin30E as a tank mix with metribuzin 70WP at 250 g a.i. ha-l. Results indicate that the
treatmentsof tank mixture of metribuzin 70WP andpendimethalin30E at 250+750and250+1000 g
a.i. ha -lwere on par with that of standalone application of metribuzin 70WPat 525 g a.i. ha-I and
pendimethalin 30E at 1000 g a.i. ha-l up to 30 days after sowing. However, thesetank mixtures
weresignificantly superiorto thoseof standaloneapplicationtreatmentsup to 60 daysafter sowing.

Key words: Bio-efficacy, broadspectrumcontrol of weeds,metribuzin 70WP, pendimethalin,tank
mixtures.

INTRODUCTION

Soybean[Glycine max (L.) Merrill.] is one of the important kharif oil seedcrops of India. Weed
competition is.'considereda major constraint in soybeancultivation (Bhan et al. 1974). Soybean
being initially a slow growing crop andcontinuousrainfall during this period further aggravatesthe
situation, making the conditions congenial for severeinfestation of broad spectrumof weeds.The
weedsmustbe controlled within the critical period of first 30 daysof sowing to preventcrop losses.

, Weeds not kept under check during the critical period may lead to crop loss of 20 to 85%,
dependingon intensity of infestation, duration of competition and density of crop (Bhan 1974;
Bhan, 1975;Dharm et al. 1992;Govindra Singh et al. 2004;Hammerton 1974;Knezeric et a1.2003;
-Kurchaniaet al. 2001; Kurumawanshi et al. 1995;Moody 1973;Singh and Singh 1987;Tiwari and
Kurchania 1990; Zhang ZePu 2003). In soybeanfields, the major weed flora are Cyanotis spp.,
Cyperus rotundus, Commelina benghalensis, Cynodon dactylon, Dactyloctenium aegyptium,
Dinebra retrojlexa, Echinochloa colona, Eleusine indica, Euphorbia geniculata, Euphorbia hirta,
Portulaca oleracea,Parthenium hysterophorous,Trianthemamonogynaand Xanthium strumarium.
The conventionalmethod of weed control is time consuming,expensiveand laborious: Moreover,
rainfall during the cropping period and unworkable soil conditions do not permit, manualweeding
during critical crop growth stages.Therefore, chemical weed control is the only altemative to

. increasethe yield of soybean.

At present, pendimethalin, fluchlora1in, metolachlor and alachlor are being recommendedfor
chemical weed control in soybean as pre-emergenceapplication or as pre-plant incorporation
(Bhalla et al. 1998; Dubey 1998; Jain et al. 1998; Singh and Bhan 1997). There are reports that
continuoususe of theseherbicides resulted in a shift in weed flora. Therefore, there is a needto
develop altemate herbicides which may provide broad spectrum control of weeds when applied
alone or in combination. In view of this, present investigation was carried out to study the bio-
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efficacy of tank mixtures of metribuzin and pendimethalin over the existing herbicides for control
of mixed population of weeds.

MATERIALS AND METHODS

Field investigations were carried out for two years in the State of Kamataka during the Kharif
season (June to November) of 2001-2002 and 2002-2003 in a field with medium black soil.
Soybean variety var. JS335 was sown in a finely prepared seedbed by drill sowing on June 05, 2001
and Junel5, 2002 respectively in the two years. Sowing was done in such a manner that row
spacing of 30 em and hill distance of 10 cm was maintained using a seed rate of 75 kg seed ha-1

• ~

. The recommended doses ofN: P2 05 at 20:60 and K20 at 20kg per hectare was applied at the time
of sowing. -;

Treatments of tank mixtures of metribuzin and pendimethalin at 250+500, 250+750 and 250+ 1000
g a.i.iha" were compared with stand alone application of metribuzin at 425 g, ,525 g a.i. ha',
pendimethalin at 1000 g a.i. ha-1

, weed free treatment and weedy check plots. The plot size was 10
1Jl x 10m. 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 backpack sprayer fitted with flat fan nozzle and a spray volume of 750 L ha-1

• A
light irrigation was given to the experimental plots one day after imposing the treatments.

Visual phytotoxicity of herbicide treatments on crop were recorded at 5 and 10 DAS 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). Plant population per unit area and height of plants were recorded at 30 and
45 DAS. Number of weeds per unit area and dry weight of weeds were recorded at 30, 45 and 60
DAS within 1.0 m x 1.0 m quadrat at three places at random in each plot. The data on number of

weeds were subjected to square-root transformation using.J;;+l. Dry weight of weeds under each

treatment was recorded after drying the weeds in an oven at 70°C until constant weight was
achieved.jGrain and stover yield was recorded at harvest.

RESUL TS AND DISCUSSION

Phytotoxicity

Plants in the plots treated with tank mixtures of metribuzin and pendimethalin at all the rates tried
and stand alone application of metribuzin or pendimethalin did not exhibit any symptom of
phytotoxicity in terms of leaf injury, vein clearing, wilting, necrosis, epinasty and hyponasty
symptoms in plants. The data on plant population and height of plants (Table 1) further showed that
the tank mixtures of metribuzin and pendimethalin at all the rates tried did not exhibit any
phytotoxicity on the crop.

Plant population

Number of plants per unit area was not influenced by the treatments at both observations (Table 1).

Height of Plants

Height of plants did not exhibit any significant difference among the herbicide treatments at
observations recorded at 30 DAS (Table 1). However, height of plants at 45 DAS under the
treatments of tank mixture of metribuzin and pendimethalin at 250+500 g a.i. ha-1 and stand alone
application of metribuzin at 425 g a.i. ha-1 were significantly lower. '
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Table 1. Effect oftreatments on biometric parameters.

Treatments

Dose

(g a.i. ha") 30DAT 45 DAT30DAT

No. of plantsm-2*

45DAT

Height of plants (ems)*

Metribuzin+ Pendimethalin

Metribuzin+ Pendimethalin

Metribuzin+ Pendimethalin

Metribuzin

Metribuzin

Pendimethalin

Weed"free
Weed~check

SEm±

CD at 5%

250+ 500

250 + 750

250+ 1000

425

525

1000

63.6

63
62.1

63.9

64.0

62.9

64.6
61.2

NS

65.3

62.9

62

63

63.3

63.1

64.0
58.3

NS

23.2 35.6

24.2 40.5

24 40.9

23.9 34.5

23 41;6

24 41.0

24.9 41.2
15.4 25.3

0.5 0.5
1.7 1.5

* Mean of2001 -2002 & 2002·2003

Weedflora

The weedy check plots were infested with broadleaf weeds like Commelina benghalensis,
Euphorbia geniculata.. E. hirta, Portulaca oleracea, Parthenium hysterophorous and Xanthium
strumarium, the grassy weeds were Echinochloa colonum, Cynodon dactylon and Dinebra
retroflexa andthe sedgeCyperus rotundus.

Effect on weeds

Weedychecktrearnentrecordedthe highestnumberof weedsanddry weight of weedsper unit area
at all theobservations(Fig.1 and2). Standaloneapplicationof metribuzin at 425 g a.i. ha-landtank
mixture of metribuzin and pendimethalin at 250+500 g a.i.ha" led to significant reduction in the
number of weeds and dry weight of weeds. Treatments of tank mixtures of metribuzin and

.pendimethalin at 250+750and 250+1000g a.i. ha-1recordedthe lowest number and dry weight of
weeds andthesetreatmentswere comparableto that of the standaloneapplication of metribuzin at
52? g a.i. ha', pendimethalinat 1000g a.i. ha-1 andweed free plots at observationsrecordedat 30
fJAS. However, the treatmentsof tank mixtures of metribuzin and pendimethalin at 250+750 and
250+1000g a.i. ha-1were significantly superiorto that of the standardtreatmentsof sole application

. of metribuzin andpendimethalinat 45 and60 DAS.
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Figure2.Influence of treatmentson dry weight of weeds(meanof2001-2002 & 2002-2003).

Yield

Tank mixtures of metribuzin and pendimethalinat250+750and 250+1000 g a.i. ha recordedthe
highestnumber of pods plant" thereby leading to higher grain and stover yield (Table 2). These
treatmentsweresignificantly superiorto thatof the standardtreatmentsof standaloneapplicationof
metribuzin andpendimethalinat the recommendedrates(Table 2). Among theherbicidetreatments,
tankmixture of metribuzin andpendimethalinat 250+500and standaloneapplicationof metribuzin
at 425 g a.i. ha' recordedthe lowestnumberof podsplant", grain andstoveryield. The reductionin



yield and its attributes were attributed due to weed competition (Bajpai et al. 1973; Malik and La!

1973). Weedy check treatment recorded the lowest grain and stover yield.

Table 2. Effect of treatments on yield attributes of soybean.

Dose No. of pods Grain yield Stover yield
(g a.i. ha'!) plant" (kg ha') (kg ha'!)

Treatments 2001 2002 2001 2002 2001 2002

Metribuzin + 250+500 14.3 17 1410 1500 1833 1950
Pendimethalin
Metribuzin + 250+750 27.1 29 1985 2080 2780 2804
Pendimethalin
Metribuzin + 250+1000 28 29.6 2010 2150 2813 2810
Pendimethalin'

Metribuzin 425 15.2 17.3 1490 1520 1937 1976

Metribuzin 525 26.2 28.5 1740 1800 2460 2403

Pendimethalin 1000 25.2 29.1 1720 1790 2420 2390
Weed free 28.9 30.1 2024 2190 2831 2847

Weedy check 102 1l.2 930 1050 1209 1365

SEm± 1.3 1.3 73 86 104 114

CD at 5% 4 4 223 263 315 347
Mean of2001 -2002 & 2002,2003
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Herbicidal and ceo-safety weed management in soybean in the
entisol of West Bengal during wet season

P. Patra* and R. Haque
Professor, Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya,

Mohanpur 741252, Nadia, West Bengal, India

Abstract: A field experiment on weed control in soybean was conducted in Gangetic alluvial soil
(entisol) during wet seasons of 2001 and 2002. The treatments consisted of fluchloralin,
pendimethalin, oxadiazon and metolachlor at 0.5 kg a.i. ha-l, and oxyfluorfen at 0.2 kg a.i. ha', as
pre-emergence, alone or in combination with hand weeding (HW) at 30 days after sowing (DAS),
spading at 30 DAS, HW at 30 DAS or 30 and 45 DAS, paddy straw mulch at 5.0 t ha-l, narrow row
spacing ·(22.5 ern) and unweeded control. Respective weed mortality (%) and weed control
efficiency (%) values at 90 DAS were high in twice HW (94 and 95), HW at 30 DAS (91 and 83),
pendimethalin + HW (85 and 88), metolachlor + H.W. (84 and 81), mulching (81 and 89) and
narrow row spacing (72 and 81). Nodule number and nodule dry weight per plant at 45 DAS were
higherirreco-safety weed control treatments than in herbicides. Respective total shoot growth (g m
2) at 90 DAS and seed yield (t ha-l

) of soybean in eco-safely weed control treatments e. g., narrow
row spacing (461 and 2.35) and mulching (442 and 2.21), and that of combination of pendimethaIin
+ H.W. (500 and 2.40) were as good as that of recommended practice of twice H.W. (561 and 2.49).
Net returns in narrow row spacing (Rs. 19710 ha') and mulching (Rs. 18230 ha') were slightly
lower than twice H.W. (Rs. 21560 ha') and pendimethalin + H.W. (Rs. 20484 ha-l).

Key words: Eco-safety, mulching, weed mortality, weed control efficiency, net return.

INTRODUCTION

Soybean is grown in India mainly as a rain fed wet seasoncrop. At the early stage of crop growth,
the problem of weed competition is acute during the wet season of this area. The efficacy of
different herbicides in soybean crop has been studied (Dubey et al. 1997; Patra 1999; Singh et al.
2003; Ralli et al. 2003). But at present, special emphasis is being given on eco-safety methods of
weed control. In the present investigation, some eco-safety mechanical and cultural methods were

'compared with chemical methods of weed control in soybean.

MATERIALS AND METHODS

The field experiment on weed control in soybean (Glycine max L. Merrill) was conducted during
wet season of 2001 and 2002 at the Central Research Farm, Gayeshpur, Bidhan Chandra Krishi
Viswavidyalaya, Nadia, West Bengal, India, situated at 22.93~ latitude and 88.530E longitude and
9.75 m above mean sea level, on the entisol, in randomised block design. The treatments consisted
of herbicides, viz., fluchloralin, pendimethalin, oxadiazon and metolachlor at 0.5 kg a.i. ha-l and
oxyfluorfen at 0.2 kg a.i. ha-l as pre-emergence, alone or in combination with Hand Weeding (HW)
at 30 days after sowing (DAS), eco-safety practices viz., spading at 30 DAS, HW once at 30 DAS,
HW twice at 30 and 45 DAS, soybean sown at narrow row spacing of 22.5 em and paddy straw
mulching at 5 t ha" along with unweeded control. Soybean cv. Pb-I (l15 days) was sown normally:
at 45 ern apart rows at the first week of July with uniform basal dose of fertilizer at 20: 60: 40 kg N:
P205 : K20 ha-l in the form of urea, single super phosphate and muriate of potash, respectively.
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RESULTS AND DISCUSSION

Effect on weedpopulation

In the experimentalfield, grassand sedgeweedswere dominant over broadleavedones(Table 1).
Weedingtwice was the most effective treatmentin reducingweedpopulation (at 90 DAS). Among
theherbicides,pendimethalin+ HW gavethe lowest weedpopulation, which was statistically at par
with handweedingtwice. Fluchloralin + HW andmetolachlor+ HW were similar to pendimethalin
+HW. Combination of herbicides with hand weeding showed better control of weeds than
herbicidesalone.Spadingand weeding oncerecordedhigher weed population than weedingtwice.
Weed mortality was the highest in twice hand weeding, followed by pendimethalin + HW,
fluchloralin + H.W., metolachlor + H.W., weedingonceandspading(Table 1).

Table 1. Effect of different weed control treatmentson weedpopulation (no. m-2
), weed dry weight

, (g m-2
) anddry weight of soybeanshoot(g m-2

) at 90 DAS.

Weed population Weed dry weight Soybean

shoot

Treatment Grass Sedge Broad- Total Weed Grass Sedge Broad- Total Weed
leaved mortality leaved control

(%) efficiency
(%)

Fluchloralin 82 30 6 118 70.9 34 5.3 2 41.3 70.4 360.6

FluchloraIin + 37 17 10 64 84.2 16 3 3 22 84,2 497.3
Weeding at 30 DAS
PendimethaIin 112 38 3 153 62.1 44 11.6 1.2 56.8 59.2 393.3
Pendimethalin + 40 12 8 60 85.3 6.6 5.3 4.7 16.6 88.1 500
Weeding at 30 DAS
Oxadiazon 144 51 4 199 50.7 70.6 8 2.2 80.8 42 248

Oxadiazon + Weeding 117 46 4 167 58.8 45.3 12 1.3 58.6 57.9 288.6
at 30 DAS
Metolachlor 171 23 4 198 51.1 50.6 19.3 0.8 70.7 49.3 346.6
Metolachlor +/ 48 13 3 64 84.2 12 13.3 0.6 25.9 81.4 402.6
Weeding at 30 DAS
Oxyfluoren 214 16 2 232 42.6 66.6 12.6 1.7 80.9 41.9 317.3

Oxyfluorfen + 78 34 4 116 71.4 26.6 7.3 1.4 35.3 74.7 352
Weeding at 30 DAS
Spading at 30 DAS 30 20 17 67 83.4 42.6 6 2.7 51.3 63.2 395.3
Weeding once at 30 36 17 11 64 84.3 13.3 7 3.3 23.6 83,1 442.6
DAS

Weeding twice at 30 & 10 6 8 24 94.1 3 3.2 1 7.2 94.8 561
45 DAS
Narrow row spacing 93 17 4 114 71.9 20 6.6 0.2 26.8 80.8 491.3

(22.5 ern)
Mulching (Paddy 52 13 13 78 80.8 6.2 7.3 2.1 15.6 88.8 442.8
straw @5.0 t ha')

Unweed control 345 49 10 404 108 21.6 9,7 139.3 232

CD. (at 5%) 46 12 6.2 39 10.2 7.6 ' 0.8 11.3 61

Effect on nodulation (45 DAS)

Effect on dry weight of weed

All the weed control treatments reduced the grass and total weed growth significantly over
unweededcontrol (Table 1). Hand weeding twice recordedthe lowest dry weight of weed, which
was statistically similar to mulching and pendimethalin+ HW, in respectof grass,sedgeandtotal
weed dry weights. Control of all types of weeds with pendimethalin was similarly reported by
KalpanaandVelayutham(2004). Strawmulch reducedthe growth of weed,similar to the finding of
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Nimje (1996). Narrow row spacing recordeda reducedgrowth of weed similar to weeding once.
Weed control efficiency was the highest with twice hand weeding, followed by mulching and
pendimethalin + HW (Table 1). High weed control efficiencies of narrow row spacing and
mulchingweresimilarly reportedby Nimje (1996).

Effect on dry matteraccumulationin soybean

At 90 DAS, shootgrowth of soybeanin the plots of oxadiazon,alone,or in combinationwith hand
weeding,were at par with unweededcontrol (Table 1). Growth of soybeanin oxyfluorfen-treated
plots were also low. This result was due to sometoxic effect of theseherbicides on plants. In all
other treatments,soybeangrowth augmentedsignificantly over weedy check. Hand weeding twice
recordedthe maximum growth of soybeanshoot. Shoot growth in plot hand weeded twice was
appreciablyhigher than other treatments,followed by pendimethalin + HW, fluchloralin + HW,
narrowrow spacingandmulching.

Nodule humberper plant of soybeanwas significantly higher in solely hand weededplots (once.or
twice), lower in the plots of chemical treatments,narrow row spacingand spading,and similar in
the plots of mulching, as comparedto unweededcontrol (Table 2). The dry weight of nodule per
plant washigh in plots handweededonceor twice andmulchedplots. It was low in all otherplots,
although the differences from unweeded control were not always significant. Thus herbicides,
spadingand excesspopulation showeddecreasingeffect on nodule. Reduction in nodulation with
herbicideswassimilarly reportedby Ralli et al. (2003).

Effect on yield components

Toxic effect of oxadiazon and oxyfluorfen reduced the plant population of soybean (Table 2).
Narrow row spacingobviously increasedthe plant population, and other treatmentsdid not show
anydifferenceamongthemselves,in this respect.Twice handweeding recordedthe highestnumber
of filled pod per plant while the weedy check had the lowest. Fluchloralin, pendimethalin and
oxadiazonappliedalone,andnarrow row spacingwerenot superior to weedy check, in this respect.
Other treatmentsaugmentedthe pod number significantly over weedy check, and were at par with
twice handweeding.Number of seedsper pod did not vary significantly amongthe treatments.The
highest test weight was observed in twice hand weeding, which was at par with single hand
weeding,mulching, pendimethalin andmetolachlor treatedplots, but appreciablyhigher than other
treatments.

, Effect on seedyield

Thehighestseedyield wasproducedin twice handweedingtreatment,followed by pendimethalin+
HW andnarrow row spacing(Table 2). The latter two treatmentswere not significantly superiorto
fluchloralin + HW, mulching and metolachlor + HW Other workers also reported efficacy of
pendimethalin (Dubey et al. 1997; Ralli et al. 2003; Kalpana and Velayuthum 2004), fluchloralin
(Nimje 1996;Patra 1999) and metolachor (Dubey et al. 1997).Thus, eco-safetymethods,of weed
control, like narrow row spacingand mulching were asproductive as the efficient combinationsof
herbicides and hand weeding, and sometimesclose to twice hand weeding. Yield increasewith, .
narrow TOW spacing and mulching corroborated the finding of Nimje (1996). Oxadiazon and'
oxyfluorfen treatments,due to toxic effect on crops, reducedthe productivity over that of weedy
check. Other treatmentsaugmentedthe productivity of soybeanover unweededcontrol, but were
inferior to the earlier treatments.Percent increasein yield overweedy checkwashighestwith twice
handweeding(76), followed by pendimethalin+ HW (70), narrow row spacing(66), fluchloralin +
HW (62), mulching (56) and metolacholor + HW (56). Oxyfluorfen and oxadiazon reduced the
yield by 5Jo 32%over that of control.
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Effect on net return and benefit- cost ratio

The highest net return was observed in twice hand weeding treatment, followed by pendimethalin +
HW, narrow row spacing, fluchloralin + HW and mulching. Very low return was obtained from
oxadiazon and oxyfluorfen treatments, even lower than the unweeded check. The highest benefit-
cost ratio was recorded in pendimethalin + hand weeding, followed by narrow row spacing and
pendimethalin alone.

The results indicate that pre-emergence application of pendimethalin at 0.5 kg a.i. ha-I + hand
weeding at 30 DAS is highly efficient in controlling weeds, and increasing soybean yield and
remuneration. Hand weeding twice at 30 and 45 DAS is the most productive, remunerative and
ecologically safe, but costly also. But it is practicable where labor is available 'and farmers can
afford the high cost associated with it. Narrow row spacing (22.5 em) and straw mulching at 5 t ha-I

are slightly less productive and remunerative than twice hand weeding and pendimethalin + HW,
but ~~eecologically safe.

Table 2. Effect of different weed control treatments on nodulation at 45 DAS, yield components,
seedyield of soybean, net return and benefit-cost ratio.

Net Benefit

Nodulation Yield components Seed yield return cost
1 -I ratiopant

Treatment No. Dry Plant No. of No. of Test Weight Kg ha-I % increase (Rs.ha-I)

weight population filled pod seed .pod" (gIlOO (+ve) or

(g) plant" 1 seeds) decrease
(-ve)

Fluchloralin 5.7 0.037 35 76.5 2.2 10 2047 44.8 16107 1.1

Fluchloralin + 4.9 0.029 36 92.9 2.4 9.6 2287 61.8 18447 1.16

Weeding at 30 DAS
Pendimethalin 3.4 0.028 35 81.7 2.2 10.3 2126 50.4 17634 1.24

Pendimethalin -t 3.3 0.032 35 97.5 2.4 10.3 2400 69.8 20484 1.32

Weeding at 30 DAS

Oxadiazon 4.5 0.029 13 83.6 2.2 9.6 956 -32.3 515

Oxadiazon + 4.9 0.035 14 95.3 2.2 9.3 1133 -19.8 1350 0.08

Weeding at 30 DAS
.Metolachlor 5.4 0.044 35 86.9 2.1 10 1919 35.8 14610 1.03

. Metolachlor + 5.5 0.034 36 94.2 2.2 10.1 2207 56.1 17670 1.14

Weeding at 30 DAS

Oxyfluoren 3.4 0.033 19 89.9 2.3 9.6 1101 -22 2436 0.17

Oxyfluorfen + 4.1 0.026 18 97.6 2.5 8.8 1341 -5 4776 0.31

Weeding at 30 DAS
Spading at 30 DAS 5 0.041 35 80.2 2.4 9.1 1815 28.4 13350 0.96

Weeding once at 30 9.4 0.074 35 90.5 2.1 10.6 2057 45.5 16350 1.12

DAS
Weeding twice at 30 9 0.076 36 102.5 2.6 10.8 2487 76.0 21560 1.15

&"45 DAS
Narrow row spacing 3.8 0.027 53 66.6 2.5 9.3 2347 65.8 19710 1.28

(22.5 cm)

Mulching (Paddy 6.8 0.07 35 96.5 2.3 10.5 2210 56 18230 1:1

straw @ 5.0 t ha')

Unweed control 7 0.048 33 67.6 2.2 9.5 1413 7950 0.6

C.D. (at 5%) 0.9 0.019 13 17 NS 0.9 190

NS = Not Significant
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Abstract: The present study was conducted in pots to evaluate/ screen the selectivity of new
herbicides viz: isoproturon (recommended for the control of grass weeds) and metsulfuron-methyl
(recommended .for the control of broad leaved weeds) at various doses and at different time of
application against barley (Hordeum vulgare L.) at the Research Farm of Zhejiang University,
Hangzhou, in China during year 2003. The plastic pots (30cm X 10 ern) with a small hole at bottom
were filled with clay loam soil Thirteen treatments comprising two herbicides namely isoproturon
(469,938 and 1407 g a.i. ha") and metsulfuron-methyl (3,6, and 9 g a.i. ha-1

) as pre-emergence and
post-emergence application along with untreated plants were laid out in completely randomized
block design. The height of barley plant was significantly affected with pre-emergence application
of both herbicides. The tallest plants (37.67 em) at 35 days after sowing were found in untreated
pots which however were statistically at par with post-emergence application of metsulfur on-methyl
at 3 and 6 g a.i. ha-I and isoproturon at 938 g and 1407 g a.i. ha-1

. SPAD value of functional leave
known to indicate chlorophyll content and nitrogen concentration was significantly lower due to
pre-emergence application of both herbicides except their lowest concentration as compared to their
post-emergence 'application except isoproturon at 1407 g and metsulfuron-methyl at 9 g a.i. ha-1•

Leaf and tiller development was also significantly lower due to pre-emergence application of both
herbicidal treatments. Pre and post-emergence application of metsulfuron-methyl at 3 and 6 g a.i.
ha-1 and post-emergence application of isoproturon at 469 and 938 g a. i. ha-1 did not significantly
affect the growth of barley plant. Proline content is a measure of degree of stress under which plant
exist due' to herbicide application. Proline content was significantly affected due to herbicide
treatments and increased significantly with corresponding increase in the levels of their
concentration. Proline content was comparatively higher in those plants which were treated with
post-emergence application. Enzymatic activities of superoxide dimutase (SOD),peroxidase (POD)
and malondialdehyde (MDA) were estimated after 35 days after sowing. SOD activity was
significantly higher under herbicide treatments and increased with increasing level of their doses.
The highest value of SOD (107.81 n mol g-l FW) activity was recorded in those barley plants which
were treated with pre-emergence application of isoproturon at 1407 g a.i. ha-1 closely followed by
pre-emergence application of metsulfuron-methyl @ 9 g a.i. ha". Whereas the lowest activity
(48.56 n mole g-I FW) of superoxide dimutase was recorded with post-emergenet treatment of
metsulfuron-rnethyl at 6 g a.i ha-I. Peroxidases (POD) activity was also significantly influenced by
herbicide treatments. But the trend was opposite to SOD activity. Malondialdehyde (MDA) content

. of the barley plant w?s also varied significantly due to application of herbicide treatment. The
. lowest value (5.82 n mol g' FW) of the content was recorded in untreated barley plant which was
however at par statistically with values observed in post-emergent treatment of isoproturon (469
and 938 g a.i. ha') and metsulfuron-methyl (3 and 6 g a.i. ha') treated plants. However, no specific
increasing trend in MDA content was recorded with corresponding increase in the level of herbicide
application. From this study it may be concluded that post-emergence application of both herbicides
(isoproturon @ 469,938 g a.i. ha' and metsulfuron-methyl @ 3, 6 and 9 g ha") in barley for
controlling complex weed flora would be more selective than their pre-emergence application at the
respective doses.

Key words: Herbicides, selectivity, isoproturon, metsulfuron-methyl, barley, China
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INTRODUCTION

Barley is oneof the important commercialcropsof China. It hasbeenextensivelyusedfor making
various beverageslike malting quality for making Beer in addition to its usesas fodder for cattle
andasadditive to somefood product for humanconsumptionasa rich sourceof vitamins for health
maintenance.So its cultivation is gaining much popularity amongst fanners as cashcrop. Barley
productivity is low (4500 kg ha") as against its potential of 6000-7000 kg ha-l. Frequent rains
coupledwith liberal use of manurespromote luxuriant growth of weeds and causethe damageof
barley yield to the tune of 20.86-34.30% asreportedby Mu et al. (2000) in China and 10-38% by
Balyan and Malik (1994) in India. Farmers control weeds either manually or by the use of i

herbicideseffectively. Manual weeding is not alwayspossibleas it is time consuming, labour and
cost intensive. Under such condition, use of herbicides is warranted to realize yield potential of
barley crop. Isoproturonandmetsulfuron-methylarereportedeffective in controlling complexweed
flora including grassyand broad leavedweedsrespectively in barley crop (Chauhanet al., 1999).
Herbicides being chemical and toxic, are environmentally hazardous and known to generate
oxidative stressin crop plants (Hendry, 1994).But information about their effect at different levels

_ on barley growth particularly at physiological andbio-chemical level is scantyand meager.Hence
the presentinvestigation was taken up to optimize the dose and time of herbicide application,in
barley by studying the effect of herbicides on growth of crop and their physiological and bio-
chemicalresponsesin term of oxidative stressto appliedherbicides.

MATERIALS AND METHODS

The pot experimentwas conductedunder the greenhousecondition at Zhejiang University, Huajia
pond campus,Hangzhou(31.5 N), China during the winter seasonof 2002-2003.The plastic pots
(30 emX 10ern)with a small hole at bottom were filled with clay loam soil I having organiccarbon
content of 1.65%, total soil nitrogen 0.085 %, available phosphorus38.9 mg kg" and available
potash30.59mg kg" and left for a week to settle down the soil properly. Twenty seedsof Barley
cultivar ZAU-3 were sown in each pots on 7thmarch, 2003. The experiment was laid out with
following treatments in completely randomized block design with three replications (Table-l ).
Herbicideswere sprayedon pots similarly to field conditionswith one litre capacitysprayerusing a
sprayvolume of 600 litre ha-!(40 litre mu". Treatmentsconsistedof different levels of isoproturon
(469, 938, and 1407 g a. i. ha") and metsulfuron-methyl (3, 6 and 9 g a. i. ha-1

) applied as pre-
emergenceand post-emergencealong with control. Pre-emergencetreatmentsof both herbicides

, . were appliedat one day after sowing whereaspost-emergencewere applied at 25 daysafter sowing
(DAS). Observationsof plant height(em) (25 and 35 daysafter sowing),leaf and tiller development

_(35 days after sowing) and chlorophyll content through SPAD value of fully expandedfunctional
leavewererecordedto assesstheherbicideseffect on plant growth. Level of proline contentin plant
to be consideredimportant to identify its condition under or abovethe stressdue to severalbiotic
and abiotic conditions was determinedat 35 DAS by methodsdescribedby Zhang (1992). For the
extraction and assay of enzymes (SOD- superoxide dimutase, POD-peroxide and MDA-
malondialdehyde),primary leaveswere homogenizedwith 0.05 M potassiumphosphatebuffer (pH
7.8) .in pre-cooled morter and grind the samplewith pestle at 4 C. Grinded and filtered material
throughfour musclin clotheslayerswascentrifugedat 4 C for 20 minutes at 10000rpm in a cooling
centrifuge. The supernatantwas used for the assayof superoxide dimutase (SOD), peroxidase.
(POD) and malondialdehyde(MDA) according to the method describedby Chanceand Maehly .
(1955),,BcauchampandFridovich (1971) andZhang(1992).
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Table 1 Detail of treatments combinations.

Treatments Dose
(g a. i. ha-I)

Time
of application

Control
Isoproturon
Isoproturon
Isoproturon
Metsulfuron-methyl
Metsulfuron-methyl
Metsulfuron-methyl
.Isoproturon
Isoproturon
Isoproturon

. Metsulfuron-methyl
'Metsulfuron-methyl
Metsulfuron-methyl

469
938

1407
3
6
9

469
938

1407
3
6
9

Pre-emergence
-----do----
-----do----
-----do---

-------do----
-------do----
------do---

Post-emergence
------do----
-------do----
-------do----
-------do----
--------do----

Pre-emergence= 1 daysafter sowing of crop
Post-emergence= 25 daysafter sowing of crop

RESULTS AND DISCUSSION

Effect of Herbicides on Barley Growth:

Plant Height: There was highly significant effect of the pre-emergence herbicide treatments on
plant height (em) with successive increase of their concentration. Significantly lower height was
recorded under the influence ofpre-emerrence treatment ofisoproturon @ 938 and 1407 g a. i. ha-I

and of metsulfur on-methyl @ 9 g a. i. ha at 25 DAS. However the difference in plant height in rest
of treatments was not found statistically significant as it was recorded before post-emergence
treatments, (Table 2). While at 35 DAS, height was significantly lower due to pre and post-
emergence application of isoproturon at 1407 g a. i. ha-I and metsulfuron-methyl at 9 g a. i. ha-I

which however were at par-with each other. The tallest plants (36.67 em) were found in untreated
pots, which were at par with pre and post-emergence application of metsulfur on-methyl at 3 and 6 g
'a. i. ha-l and also with pre-emergence of isoproturon at 469 g a. i. ha-I and post-emergence of
isoproturon at 938 and 1407 g a. i. ha-l.

Leaf Development: Leaf development was expressed in term of their numbers per plant. Number
of leaves per plant were differed significantly due to influence of herbicidal treatments. The highest
number of green leaves (12.20 plant") were recorded in untreated pot which, however was at par

, with pre and post-emergence application of metsulfuron-methyl at 3 and 6 g a. i. ha-I and post-
emergence treatment of isoproturon at 469 and 938 g a. i. ha-l. The lowest number of leaves (5.89
plant") was observed in pre-emergence treatment of isoproturon at its highest level (1407 g a. i. ha
I), which was however at par with its post-emergence application. Data presented in Table 2

, revealed the significant difference in the pre and post-emergence' treatments of isoproturon but
metsulfuron-methyl did not affect the number of leaves with the change in its time of application.

Tillers Development: Yield is the resultant of the tillers development. The highest number of tillers
(4.22) per plant were noted in untreated pot at 35 DAS which were at par the values recorded in pre-
emergence treatment of metsulfuron-methyl at 3 and 6 g a. i. ha-Iand post-emergence of isoproturon
at 469 and 938 g a. i. ha'. While the lowest number (1.53) of tillers were registered in pre-
emergence treatment of isoproturon @ 1407 g a. i. ha-I which was closely followed by its post-
emergence application (1.55 tillers) at the same concentration (Table 2). Isoproturon caused overall
significant reduction in SPAD value, leaf development and tillers development with pre-emergence
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application as compared to metsulfuron-methyl, irrespective of their doses and time of application
in the present investigation.

Effect on SPAD value: SPAD values of functional leaves are reported to have positive correlation
with chlorophyll content and nitrogen concentration (Feibo, et al., 1998).Significantly lower SPAD
value were recorded due to pre-emergence treatments of both herbicides at all levels at 25 DAS.
The lowest SPAD value (25.98) was recorded in pre-emergence isoproturon treated pots at 1407 g
a. i. ha-1,which. was however differed significantly from the rest of the treatments. At 35 DAS, pre
and post-emergence herbicide treatments caused significant reduction in SPAD value of barley
crop. The highest SPAD value (39.22) was registered under control (untreated) which was
statistically at par with pre-emergence application of the lowest concentration of isoproturon (469 g
a. i. ha') and metsulfuron-methyl (3 g a. i. ha") and post-emergence of metsulfuron-methyl only at
3 and 6 g a. i. ha'. Post emergence application of isoproturon @ 1407 g a. i. ha-1 observed the
lowest SlAD value (23.29) among the herbicide treatments but was statistically similar with post-
emergence treatment of metsulfur on-methyl @ 9 g a.i. ha-1(Table 2).

Table 2. Effect of herbicide treatments on growth of barley plant

Treatments Dose Plant Height Plant Height Number of Number of SPAD value SPAD value
(g a.i ha") (em) (em) leaves tillers At 25 DAS At 35 DAS

At 25 DAS At 35 DAS (No. plant") (No. plant")

Control 22.88 ab 36.67 a 12.20 a 4.22 a 38.13a 39.22 a

Isoproturon 469 20.33 abc 32.16 ab 9.77 be 2.43 d 33.67e 35.91abe

Isoproturon 938. 19.55 be 30.11 bede 9.55 bed 2.30 de 29.90 d 31.70 ede

Isoproturon 1407 15.50 d 23.78 f 5.89 e 1.53 e 25.98 e 29.42 ef

Metsulfuron- 3 21.66 abe 35.33 ab 12.33 a 3.42 abe 35.28 abe 35.55 abe
methyl
Metsulfuron- 6 20.88 abe 31.55 abede 11.11 abe 3.44 abe 34.40 be 34.81 bed
methyl
Metsulfuron- 9 17.75 cd 27.00 def 9.00 cd 2.66 cd 29.57 d 33.96 bed
methyl
Isoproturon 469 22.94 ab 33.22 ab 10.22 abe 3.67 a 33.97 be 31.75 ede

Isoproturon 938 23.30 ab 32.44 ab 10.05 abe 3.56 ab 36.30 abe 30.61 de

Isoproturon 1407 23.54 a 27.33 edef 7.34 de 1.55 e 36.87 ab 23.29 g

Metsulfuron- 3 23.97 a 35.12ab 1l.33 ab 3.78 a 37.63 a 37.14 ab
methyl
Metsulfuron- 6 22.59 ab 33.11ab 1l.33 abe 4.11 a 36.80 abe 36.39 ab

- methyl
Metsulfuron- 9 23.80 a 26.39 ef 9.77 be 2.78 bed 36.83 ab 26.02 fg

methyl
Meanswith the samelettersarenot significantly different

Effect of herbicides on Assay of enzymatic activites in Barley plants:

. .
Proline content: Proline content (Table 3) was significantly affected due to herbixcide treatments
and increased significantly with corresponding increase in the levels of their concentrations.

Untreated plants recorded the lowest proline content (29.07 ug • g-l FW) amongst all the treatments',
which however were at par with the rest of treatments except pre-emergence treatment of
metsulfuron-methyl at 6 and 9 g and post-emergence treatment at 9 g a. i. ha-1and post-emergence
treatment of isoproturon at 1407 g a. i. ha-1.Pre-emergence application of isoproturon at 469 g a. i.
ha-1caused the lowest proline content accumulation (30.40) which, however was at par with all rest
of the treatments except pre-emergence treatment of metsulfuron-methyl at 6 and 9 g a. i. ha-1and
post-emergence treatment at 9 g and post-emergence treatment of isoproturon at 1407 g a. i. ha-1.
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Application of isoproturon at 1 DAS did not bring any significant increase in proline content even at
its highest concentration except its post-emergence treatment at 1407 g a. i. ha-1

•

Table 3. Effect of herbicide treatments on proline content and enzymatic activities in barley plants
at 35 DAS.

Treatments Dose Proline SOD POD MDA activity
(g a.i.ha') content activity activity (nmol g-lFW) :.

(ug. g-l) (nmol s (nmol g
lFW) lFW)

Control 29.07 e 50.99 e 29.33 de 5.82 e
Isoproturon 469 30.40 e 55.34 de 90.25 a 8.73 abc
Isoproturon 938 32.14 de 79.72 b 47.70 cde 7.83 cde
Isoproturon 1407 38.38 cde 107.22 a 32.32 de 10.81 a
Metsulfuron-methyl 3 48.67 bcde 74.81 bed 72.66 ab ·8.46 bcd

Metsulfuron-methyl 6 61.07 abed 79.84 b 51.18 cd 8.11 cd

Metsulfuron-methyl 9 76.59 ab 92.74 ab 52.09 cd 10.69 ab
Isoproturon 469 31.76 e 55.65 de 56.04 be 6.79 cde
Isoproturon 938 54.14 bcde 56.71 cde 50.95 cd 6.39 de
Isoproturon 1407 61.98 abc 75.38 be 42.43 cde 8.72 abc
Metsulfuron-methyl 3 31.18 e 49.69 e 79.08 a 7.61 cde
Metsulfuron-methyl 6 45.15 cde 48.56 e 44.78 cde 6.72 cde
Metsulfuron- methyl 9 84.30 a 53.58 e 42.49 cde 8.46 bed

FW: Freshweight
Meanswith thesamelettersare not significantly different

Superoxide dimutase (SOD) Activity: The results for antioxidant enzymes presented in Table 3
revealed that activity of SOD enzyme was significantly induced with increasing levels of their
concentration.The highest SOD activity (107.22 n mol g-1FW) was recorded with the application of
pre-emergence treatment of isoproturon at 1407 g a. i. ha-1closely followed by the pre-emergence
application of metsulfuron-methyl at 9 g a. i. ha-1.Whereas the lowest activity (48.56) was induced
with post-emergence treatment of metsulfuron-methyl at 6 g a. i. ha-1 which was however at par
with rest of treatments except pre-emergence application ofisoproturon at 938 and 1407 g a. i. ha-l
and of metsulfuron-methyl at all doses and post-emergence treatment of isoproturon at 1407 g a.i.
h -1a .

Peroxidases Activity (POD): Peroxidases activity in barley plants (Table 3) was significantly
affected under the influence of herbicide application and increased significantly over untreated
plants but decreased with subsequent increase in their levels of application. The lowest value of
POD activity (29.33 n mol g-1 FW) was observed in untreated plants which was found at par with
rest of treatments except pre-emergence of isoproturon (469 g a. i. ha") and metsulfuron-methyl
(3,6 and 9 g a. i. ha-l) and post-emergence of isoproturon at 469 and 938 g and metsulfuron-methyl
at 3 g a. i. ha-1. While the highest POD activity (90.25 n mol g-IFW) was induced. with pre-
emergence application of the lowest level of isoproturon (469g) which was followed by pre and
post-emergence application of metsulfuron-methyl at 3 g a. i. ha-l

Malondialdehyde (MDA) content: MDA content of the plants was significantly varied due the
application of herbicide treatments(Table 3). The lowest value (5.82 n mol g -IFW) of the content
was recorded in untreated plants which was however at par statistically with the values observed in
post-emergence of isoproturon (469 and 938 g) and metsulfuron-methyl (3 and 6 g a.i. ha-1)treated
plants. In contrast, the highest (10.81 n mol g-IFW) accumulation of MDA content was registered
with pre-emergence application of isoproturon at 1407 g a. i. ha-l closely followed by pre-
emergence treatment of metsulfuron-methyl (9g) and isoproturon (469g) and post-emergence

365



treatmentof isoproturonat 1407 g a. i. ha-I.However no specific increasetrend in MDA content
wasrecordedwith correspondingincreasein the level of herbicideapplication.
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Tolerance of different wild oats biotypes to different oat killers under field conditions
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Abstract: A field experimentwas conductedat MalakandherResearchFarm, NWFP Agricultural
University, Peshawar,Pakistanduring Rabi 2003-04 to investigate the toleranceof different wild
oats biotypes to herbicides. The experiment was laid out in randomized complete block design
under a split-plot arrangementwith four replications. The experiment comprisedof four wild oat
biotypes assignedto the main plots, while 4 herbicides (Aim, Puma super, Affinity and Weedy
check)were kept in sub-plots. The Ghaznavi-98variety of wheat in a sub-plot size of 5 m x 1 m
wasplantedin the 2nd week of November2003.The datawererecordedon wheatdensitym", wild
oatsdensitym", wheat leaf area(crrr') plant", wild oatsleaf area(em')plant", wheatplant height at
maturity (ern),wild oats plant height at maturity (em), wheat spike length (ern), numberof grains
spike", weight of grains spike", 1000grainsweight (g), biological yield (t ha-I),and grain yield (t
ha-I). The statisticalanalysesof dataexhibited non-significant differencesfor toleranceof biotypes
to herbicides in all the morphological and agronomic traits, while interaction of biotypes with
herbicideswas only significant for wheat plant height. Responseto herbicidesvaried significantly
for all the morphological and agronomictraits exceptwheatdensity,wheat spike length, 1000grain
weight andbiological yield. The density of wild oatswas the highest in weedy check.For the wild
oatsdensity all the herbicidesperformedequally, statistically significant from the weedy check.As
a consequenceof phytotoxic effect on weeds, the herbicides increased grain yield. All the
herbicides had comparable yields and out-yielded the weedy check. From the findings it is
concludedthat wild oatspresentin the areasfrom where the biotypes were collected canbe killed
by equaldosesof testedherbicidesall over the areasandthe herbicide Affinity is recommendedfor
controlling weedsin wheatcrop.

Key words: Biotypes,herbicides,wild oats,yield, yield components.

INTRODUCTION

. At the national level the area under wheat cultivation is 8.034 million ha, with a production of
19.183million t. The areaconsistsof about7.001million ha irrigated and 1.033million ha of un-
irrigated land. In NWFP, the areaunder wheat cultivation is about 0.732 million ha. One third of
this areain NWFP is irrigated, while two third is rainfed giving a total production of 1.064million t
at the rate of 1454kg ha-I (Anonymous2003). One of the prime reasonsfor the increasedyield is
the introduction of very effective herbicides.But in Pakistanwheat yield (kg ha-I) is unfortunately
very low andactual farm yield is about30-35% of the potential yield. Weed interferenceis oneof
the importantbut lessnoticed constraints,contributing towardslow yield of wheatin Pakistan.

Seventy-five percent (75%) of the total population resides in rural areas. Our population is
increasing at one of the fastest rates in the world. Our food production should fulfill the food
requirementsof our population. It is impossible to increase the area horizontally becausethe
cultivated areais alreadysqueezing.Vertical increaseis possiblebecauseof having enoughroom to
get the potential yield of even the existing varieties of wheat. Weed competition is the only'
constraintfor the wheat yield becauseinsectsanddiseasesarenot significant problems.Smutsand
rustsarecontrolled dueto incorporation of resistancegenesin wheat cultivars. Thus the only pests
left aretheweeds,which areimpedingour efforts in harvestingpotential yields.
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Weeds reduce crop yield, deteriorate the quality of farm produce and hence reduce the market value
of wheat. Weed management increases the cost of production and, thus, is necessary to device such
methods which could reduce not only the cost of production but also save time and labor. Among
the weedy check methods, the chemical weedy check is one of the recent origins, which is being
emphasized, in modem agriculture (Taj et a1.1986).

It has been estimated that crop losses due to weed competition throughout the world as a whole are
greater than those resulting from the combined effect of insect pests and diseases. Weeds may
encourage the development of fungal diseases, provide shelter for pests of all kinds and act as host
plants for parasitic nematodes. There are thus, several reasons for entirely eliminating weeds from ..'
the crop environment. As a matter of fact, with the rising costs of labor and power, the use of
herbicides will be the only acceptable method of weed control in the future. In situations where
there. is heavy infestation of weeds there is a need to develop a package of weed management
technology, helpful to minimize the weed competition losses in our country. An effective weed
management systemis a basic requirement and major component of management in the production
system (Young et a1.1996 and Norris 1982).

Morikawa (1989) studied 14 dwarf accessions adapted as a weed to barley and wheat fields in
eastern Asia were collected in Japan and the Korea Republic. Crosses between the accessions and
the cultivated oat Kanota suggested that in 7 accessions, dwarfness was controlled by a dominant
gene and in 3 by a recessive gene. Two accessions showed digenic inheritance and accession 288
showed polygenic inheritance, while dwarfness in 342 was controlled by an incompletely dominant
gene. Dwarfness was controlled by major genes, except in 288. The dwarfing gene in 812 was
allelic to that in 169 but not to that in 153.

Darmency and Thoma's (1994), in an experiment initiated in 1987, studied the progress of3 wild oat
genotypes, one of which (phenotype 1) required vernalization, in over 3 years in wheat followed by
barley and then rape. In every case a marked fall was observed in the proportion of phenotype 1 in
the population. .,

Regnier and Bakelana (1995) determines the effects of cultivated oats (Avenasativa) cv. Ogle and
Pennvda planting pattern on early canopy shape and growth of cultivated oats and wild oats (A.
Jatua), in part to test the assumption of radial plant canopy expansion on which previous theoretical
models of crop-weed interference models have been based, Cultivated oat DW and leaf area at crop
flowering (64 DAE) also decreased with increasing rectangularity of crop planting pattern.

'. Reductions in cultivated oats growth in rectangular patterns were associated with earlier
intraspecific interference and delayed crop canopy closure in rectangular compared to equidistant

-patterns. Wild oats leaf area and tiller number 64 DAE decreased with more equidistant crop
planting patterns, consistent with reduced canopy area 31 DAE and earlier crop canopy closure in

.: . equidistant patterns.

Seefeldt et a1. (1996) reported that Diclofop-resistant Avena Jatua in winter wheat fields was
identified during 1990-91 in the Willamette Valley of Oregon, USA. Multiple applications of
diclofop over a 10-year period provided selection pressure for resistance in these fields'. These
biotypes differed widely in morphological traits, which suggested they originated independently.
Large differences existed in the levels of resistance to diclofop and the patterns of cross-resistance
to other aryloxyphenoxypropionate and cyclohexane dione herbicides.

Koscelny et a1. (1997) conducted field trials in SW Oklahoma during the 1993-94 and 1994-95
winter growing seasons and found that diclofop at 840 g a.i. ha-1

, fenoxaprop at 90 g a.i. ha-1 and
imazamethabenz at 530 g a.i. ha-1

, when autumn-applied, controlled wild oats by 96, 99 and 95%,
and increased wheat grain yields by 26, 29 and 24%, respectively. These herbicides Weedy
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controlled wild oat over a wider range of growth stages than current labels indicate. The same
treatments applied in March were less effective for wild oat Weedy check and did not increase

. wheat yield.

Korniak and Frey (1996) presented the frequency of occurrence of four varieties of Avenafatua in
north-eastern Poland. They concluded that frequency of particular varieties had changed noticeably
after 12 years. In 1981, var. fatua was the most frequent and represented 29.6% of the total. By
1993, this percentage had fallen to 12.2. An even greater change was noted for var. intermedia
(Lestib.) Lej. & Court. In 1981, its frequency amounted to 28.4%, and in 1993 it was only 5.5%. At
the same time there was an over two-fold increase in var. glabrataPeterm. (from 22.4 to 48.8%)
and one almost as great in var. vilis (Wallr.) Hausskn. (from 19.6 to 33.5%).

Kiec 1995 studied variability in Avena fatua in Poland during 1986-89 and 10 varieties were
identified: vars. 'fatua, glabrata, intermedia and vilis, and 6 others new to Poland. The varieties
were separated on the basis of plant height, panicle length, kernel pubescence and colour, callus
pubescence, and 1000-seed weight. A. fatua var. fatua and varieties with long hairs were the most
numerous in the survey. Varieties with short callus hairs were generally taller, and had longer
panicles and higher 1000-seed weights.

Salarzai et al. (1999) studied the effect of different herbicides for the control of weeds in wheat
crop. They concluded that herbicides significantly affected the weed population, weed biological
yield and various yield components. The highest grain yield (5030 kg ha-1

) was obtained in plots.
treated with Banvel-M as compared to weedy check yield of 41'95 kg ha-l.

Fayed et al. (1998) reported that Flamprop-M-isopropyl, fenoxaprop-ethyl, tralkoxydim and
diclofop-methyl were applied 30 or 60 days after sowing wheat (Triticum aestivum)cv. Sakha 69 in
field experiments in El-Nubaria, Egypt between 1994 and 1996. The effect on A. fatua density was
assessed 30 days after spraying and wheat yield components were calculated. Hand weeding,
tralkoxydim, diclofop, flamprop-M and fenoxaprop significantly decreased the number of A. fatua
plants m" (79.4, 76.7, 81.6, 78.2 and 78.5%, respectively) compared to the unweeded treatment.
-Early application (30 days after sowing) of chemicals more effectively reduced A.fatua density and
increased wheat yield components. Tralkoxydim application 30 days after sowing was
recommended for maximum grain yield.

Spandl et al. (1997) evaluated rates and application timing of post emergence herbicides for wild
oat (Avenafatua) weedy check in spring wheat and barley at Crookston, Minnesota, from 1994 to
1996. Diclofop, imazamethabenz, and fenoxaprop + MCP A + thifensulfuron + tribenuron were
applied to one- to three-leaf wild oat; and difenzoquat, imazamethabenz, fenoxaprop + MCPA +
thifensulfuron + tribenuron, and fenoxaprop + 2,4-D + MCPA were applied to four- to five-leaf
wild oat at half, three-quarters and IX rates. Wild oat weedy check with half rates generally was
less than that with three-quarter rates, which was lower than or similar to that with IX rates. Wild
oat biomass was often reduced less with half rates than IX rates. However, reducing herbicide rates
'generally did not influence grain yields or net economic return. Grain yields and net economic
retumwere generally greater in herbicide-treated plots than in the untreated weedy check.

Santin et al. (1997) carried out field study during 1995-97 in Spain in a period of heavy
precipitation, moderate temperatures and short tillering periods for wheat (cultivars Pane 247 and
Anza) and Avenasterilis. Similar positive responses to N fertilization (50-250 kg ha-I) were found
in both species. The traditional tall wheat cv. Pane 247 was more competitive than the semi-dwarf
cv. Anza in decreasing the number of panicles and spikelets of A. sterilis with increased N doses.
Competition for light between wheat and A. sterilis was evident.
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Korniak and Frey (1996) reported the frequency of occurrence of four varieties of Avena fatua in
north-eastern Poland. In 1993, samples consisting of 100 A. fatua panicles were collected randomly
from single fields (each of about 1ha) of spring cereals, located in 20 different villages. In all, 2000
panicles were collected, representing 20 populations of the species, and the percentage of each
botanical variety was determined. Similar studies in the same 20 localities had been conducted
previously, in 1981. The frequency of particular varieties had changed noticeably after 12 years. In
1981, var.fatua was the most frequent and represented 29.6% of the total. By 1993, this percentage
had fallen to 12.2. An even greater change was noted for var. intermedia (Lestib.) Lej. & Court. In
1981, its frequency amounted to 28.4%, and in 1993 it was only 5.5%. At the same time there was
an over two-fold increase in var. glabrata Peterm. (from 22.4 to 48.8%) and one almost as great in
var. vilis (Wallr.) Hausskn. (from 19.6 to 33.5%).

Stevenson et al. (2000) deciphered data collected from 14 sites in Saskatchewan, Canada, to
investigate the influence of weed Weedy check method (cultural versus herbicides) and N andP
fertilizers on crop yield of autumn rye, spring wheat, and barley, and the presence and number of
weed species, Cultural weed Weedy check included 25% greater crop seeding rate, preseeding
tillage closer to the time of seeding, and fertilizer N banding in closer proximity to the seed. Four
weed species (wild oat (Avena fatua), lambsquarters (Chenopodium album), wild buckwheat
iPolygonum convolvulus [Fallopia convolvulus)), and field pennycress (Thlaspi arvense) occurred
more frequently in plots with cultural weed weedy check compared with herbicide weed weedy
check for all cereal crops.

Weaver et al. (1994) investigated an eco-physiological simulation model of competition between A.
fatua and winter wheat cv. Avalon for light was parameterized and tested. The model simulates
growth of each species, in kg DM ha-' a', from sowing to maturity as a function of irradiance,
temperature and various species characteristics. The canopy height of each species, and the density
and time of emergence of A. fatua were systematically varied while all other parameters were left
unchanged. Accurate simulations of growth in mixtures depended upon an accurate description of
the canopy height of each species throughout the growing season. Model predictions of winter
wheat yield losses in relation to A. fatua density and time of emergence showed good agreement
with previouslypublished data.

Ibrahim et al. (1995) conducted four pot experiments in 1992-94 at Giza, Egypt examined wild
,oats/wheat competition. Wheat cv. Sakha 69 was grown with wild oats at wheat + wild oats
numbers port of 6 + 6, 6 + 5, 6 + 4, 6 + 3, 6 + 2 or 6 + 1. At these densities, grain yield plant" was
decreasedby 58,54,48,43, 16 and 7% in 1992/93, and by 54, 38, 22, 38, 16 and 7% in 1993/94,
respectively, compared with wheat grown alone. In the 2nd experiment, crop weed competition was

- markedly decreased when emergence of wild oats was delayed by 3 weeks. in the 3rd experiment
wheat and wild oats achieved 100% germination 9 and 15 d after sowing, respectively. In the 4th
experiment, wheat and wild oats were sown on 1, 15 or 30 November or 15 December. The
optimum sowing date for wheat was 30 November while the growth of wild oats was most vigorous
when sown on 1 November.

Ped~eros (2001) conducted two experiments, through additive design, 'to evaluate the effect of
-increasing densities of wild oats (A. fatua) and Italian ryegrass (L. multiflorum), separately, in
winter and spring production of wheat (Triticum aestivum) at two locations in Chile. Wild oat'
densities between 0 to 16 plants m-2 in the Andean foothills, and 0 to 24 plants m-2 in the irrigated'
valley.' Every additional wild oat plant m -2 reduced wheat yield by approximately 100 kg ha-'. Wild
oat densities of 3 plants m-2 reduced wheat yield by 4.5% in the irrigated valley, and 3.5% in the
Andean foothills, respectively. With the losses projected by the hyperbolic model, the economic
threshold varied between 3 and 4.4 wild oat plants m-2

, and 27 and 36 Italian ryegrass plants m-2

depending on the agroecological area and weed Weedy check cost.
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GonzalezandSantin(2001) concludedthat wheat (Triticum aestivum) grew with the infestingweed
wild oat (Avena sterilis subsp.sterilis) in semi-arid conditions of Toledo province, Spain during
1995-97.Both specieswere affected by the drought conditions, although drought causedmore
damageto the growth and seedproduction of A. sterilis than of wheat.Both speciesbenefitedfrom
nitrogen fertilization, but much more so in the year when water was not a limiting factor. In
comparisonwith the semi-dwarf cultivar (Anza), the tall wheatcultivar (Pane247) is competitively
superiorto A. sterilis. This competitive superioritywasrelatedmore to the height of thewheatplant
and supposedcompetition for light than to tiller production. The competition affected (he
productionof A. sterilis paniclesand spikelets.In addition, the height and competitiveability of the
tall wheat cultivar increasedmore than that of the semi-dwarf cultivar with increasingnitrogen
doses.

Major weedsthat infested the experiment apart from the planted wild oats were Phalaris minor,
Poa annua, Cirsium arvense, Convolvulus arvensis, Chenopodium album, Fumaria indica,
Carthamus oxycantha, Galium aparine andEuphorbia helioscopia.

In view of the importance of the wild oats problem and the vital importance of food for human
beingsand the relevanceto the national economy,an experimentwas conductedto investigatethe
competitionbetweenwheat andwild oatsfor following objectives.

a. To investigatethe toleranceof different wild oatsbiotype to different herbicides
b. To studythe efficacy of different grasskillers on the yield andyield componentsof wheat.
c. To decipherthe interaction ofbiotypes with different grasskillers.

MATERIALS AND METHODS

An experimentwas conducted at MalakandherResearchFarm, N.W.F.P Agricultural University,
Peshawar,Pakistanduring winter 2003-04. The experimentwas laid out in randomizedcomplete
block (RCB) designwith a split plot arrangementhaving four replications. In eachreplication, there
were four main plots. Eachmain plot consistedof five rows, five meter long spacedat 20 em.Four
wild oatsbiotypes(D.I.Khan (Black), D.I.Khan (White), Mardan, Peshawar)collectedfrom across
the North West Frontier Province, Pakistanwere assignedto main plots and herbicides(Aim 50 g
ha', Pumasuper l.25 L ha-I, Affinity l.75 kg ha', weedy check) were kept in the sub-plots.The

. subplot sizewaskept at 5 x 1 m2
. The seedof Ghaznavi-98wheat variety was drilled at the rateof

120kg ha-I on is" November 2003. The wild oatsbiotypeswere sown at 30 plants m-2 right after
wheat sowing. All the recommendedcultural practices were carried out uniformly in all the
treatmentsduring thecourseof experimentexceptthetreatments.

During the courseof the studies,data were recordedon wheat density m", wild oats density m",
wheat leaf area(cm'') plant", weed density m", wheat plant height at maturity (em), wheat spike
length (em), number of grains spike", grain weight spike" (g), 1000 grain weight (g), biological
yield (t ha-I) and grain yield (t ha"), The data recorded individually for each parameterwere
SUbjectedto the ANOV A technique by using MSTATC computer'software and the significant
meanswere separatedby using Fisher'sProtectedLSD test (SteelandTorrie 1980).

RESULTS AND DISCUSSION

Data recordedon the density of wheat m", wild oatsdensity m", wheat leaf areaplant", wild oats
leaf areaplant", wheatplant height at maturity (ern),wild oatsplant height at maturity (em), wheat
spike length (em), number of grains spike", weight of grains spike", 1000 grain weight (g),
biological yield (t ha') and grain yield (t ha -I) of wheatarepresentedasunder.
Wheatdensity
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Statisticalanalysisof the datashowedthatwild oatbiotypesandherbicidesandtheir interactionhad
no significant effect on wheat density rn". The data (Table 1) show that among the wild oat
biotypes, maximum wheat density (163.313) was recorded in D.LKhan (Black) biotype, while
minimum (wheatdensity 138.875)was recordedin D.I.Khan (White). Among the herbicidemeans,
maximum wheat density (166.063) was recordedin weedy check, while minimum wheat density
(150.583)was recordedin Aim treatment.For interactionof wild oatsbiotypeswith the herbicides,
the maximum wheat density (179.250) was recorded in (D.l. Khan black x weedy check) while
minimum wheat density (123.00) was recordedin D.I.Khan white X Puma Super treatments.The-
dataexhibit that the density of competingweedsdid not reacha level where the mortality of the
neighboringspeciesoccurs in accordancewith the self thinning rule; hencethe differencesamong
thedensityin different treatmentswere statistically similar.

Table.1.Wheatdensitym" asaffectedby different wild oatbiotypesand herbicides.

Avena',. fatua --------------------------------------------~Biotype AIM
Herbicides

PUMA SUPER AFFINITY WEEDY CHECK
Biotype
Means

D.I.Khan (B)
D.I.Khan(W)
Mardan
Peshawar
Herbicide
Means

142.75
142.25
143.25
144.75
143.25

164.5 166.75
123 129.5
162.25 133.25
161 147
152.688 144.125

179.25
160.75
153.75
170.5
166.063

163.313.
138.875
148.125
155.813

Wild oatsdensity

Statistical analysis of the data showed that wild oat biotypes have non-significant effect while
herbicidesandtheir interaction with wild oatbiotypeshavesignificant differenceson wheatdensity
m". Table 2 shows that among the wild oatsbiotypes, maximum wild oat density (20.488) was
recordedin Dil.Khan (white) biotype while minimum wild oats density (11.500) was recordedin
D.I.Khan (black). Among the herbicidesmeans,maximum wild oat density (29.725) was recorded
in weedy check, while the minimum (10.250) was recorded in the treatment subjectedto Puma
Super. For interaction of wild oat biotypes with the herbicides, the maximum wild oat density
(31.500)was recordedin Peshawarx weedy check,while the minimum density (1.75) wasrecorded
in D.I.Khan white x Puma Super (Table 2) The data exhibit that despite the statistical non-
significance, there is spread among the biotypes for their density indicating a difference in

'competitive ability of thebiotypes.

Table2. Wild oatsdensitym-2 asaffectedby different wild oatbiotypesandherbicides.

Avena fatua ----------------------------~------------~~--
Biotype

Herbicides
PUMA SUPER AFFINITY

DJ.Kh~m(B)
, D.I.Khan(W)
-Mardan
Peshwar
Herbicide
Means

AIM

11.25
12.25
18.25
18
14.938a

1.75 4.5
20 20
16.5 8
2.75 12.25

10.250a l1.188a

WEEDY CHECK
Biotype
Means

28.5
29.7
29.2
31.5
29.725b

11.5
20.488
17.988
16.125

372



Wheatleaf area(cm/) plant"

Statistical analysisof the data showedthat for wheat leaf areaplant" biotype, herbicide and their
interactionhad non-significant effect. The data show that among the wild oatbiotypes, maximum
wheat leaf areaplant" (25.375) was recordedin Peshawarbiotype while minimum wheat leaf area
plant" (22.319)was recordedin D.l.Khan (black). Among the herbicidesmeans,maximum wheat
leaf areaplant" (25.364)was recordedin Aim, while minimum wheat leaf areaplant" (23.655)was
recorded in Affinity (Table 3). For interaction of wild oat biotypes with the herbicides.,the
maximum wheat leaf areaplant" (27.622) was recordedin Peshawarx Aim while minimum .leaf.
area(21.458)wasrecordedin D.l.Khan white X Affinity treatment.

Table3. Wheatleaf area(ern) asaffectedby different wild oatbiotypesandherbicides.

Avena fatua
Biotype -A:-:IM=---.,-PUM---A-S.,-UP-E-R--AF-F-IN-IT-y--W-E-E-D-y-C-H-E-C-K-·

Herbicides Biotype
Means

D.I.Khan(B)
D.l.Khan(W)
Mardan
Peshawar
Herbicide
Means

23.313 23.225 21.753 20.985
25.722 24.713 21.458 22.347
24.798 25.075 24.455 26.84
27.622 21.895 26.955 25.028
25.364 23.727 23.655 23.8

22.319
23.56
25.292
25.375

Weeddensity

Statistical analysis of the data showed that herbicides had a significant effect while wild oat
biotypes and their interaction had non-significant role on weed density. The data in Table 4
enunciatethat amongthe wild oatbiotypes, maximum weed density m" (52.500)was recordedin
Peshawarbiotype while minimum weed density m-2 (48.625) was recorded in Mardan wild oat
biotype. Among the herbicides meansmaximum (82.063) was recorded in weedy check, while
minimumweed densitym" (28.000)was recordedin Affinity treatment.For interactionof wild oat
biotypeswith the herbicides,the maximum weeddensity (84.250)was recordedin D.l. Khan black
x weedy check and Mardan x weedy check, while minimum weed density m-2 (24.750) was
recordedin D.I.Khan white X Affinity treatment.SinceAffinity is a broad spectrumherbicide, it
controlled both grassesand broadleaf weedsand consequentlythe density was the lowest in this
treatment.Similarly Puma superis very effective on grasses,thus it followed Affinity in reducing
weed population,Our findings aresimilar with the work of Koscelny and Peeper(1997), Spandlet
al. (1997), Salarzaiet al. (1999) and Stevensonet al. (2000) who reportedreducedweeddensity in
wheatwith the applicationof different herbicides.

Table4. Weedsdensitym-2 asaffectedby different wild oatbiotypesandherbicides.

Avena fatua Herbicides Biotype
Biotype Means

AIM PUMA SUPER AFFINITY WEEDY CHECK

D.I.Khan (B) 48.5 48.25 25.75 84.25 51.688
J.5 .I.Khan(W) 51 44.25 24.75 80.5 50.125
Mardan 42.75 33.5 34 84.25 48.625
Peshawar 52.75 50.5 27.5 79.25 52.5
Herbicide 48.750b 44.125c .28.000d 82.063a
Means
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Wheat plant height at maturity

Statistical analysis of the data showed that wild oats biotypes had a non-significant, while
herbicides and their interaction with wild oats biotypes had significant differences. The data in
Table 5 show that among the wild oat biotypes, maximum plant height at maturity (81.813 cm)was
recorded in D.I.Khan (white) biotype while minimum plant height at maturity w(81.063 ern) as
recorded in D.I.Khan (black) wild oat treated plots. Among the herbicides means, maximum plant
height at maturity (83.750 ern) was recorded in Affinity and Puma super (83.063) treated plots, .
while minimum (78.313 em) was recorded in weedy check treatment. Aim also failed to surpass
height from the weedy check. For interaction of wild oats biotypes with the herbicides, the
maximum plant height at maturity (86.500 cm)was recorded in Peshawar x Affinity, although it was
statistically comparable with several other interactions, while minimum wheat density (74.750) was
recorded in D.I.Khan black X weedy check.

Table 5. ~lant height at maturity (em) asaffected by different wild oat biotypes and herbicides.

Avena Jatua . Herbicides Biotype
Biotype AIM PUMA SUPER AFFINITY WEEDY CHECK Means

D.I.Khan(B) 82.750a-d 85.000a-c 81.750a-d 74.750e 81.063
D.I.Khan(W) 81.750a-d 80.250cd 85.500ab 79.750cd 81.813

Mardan 78.000de 85.500ab 81.250bcd 80.500bcd 81.313

Peshwar 78.750de 81.500bcd 86.500a 78.250de 81.250

Herbicide 80.313b 83.063a 83.750a 78.313b
Means

Wheat spike length

Statistical analysis of the data showed that wild oat biotypes, herbicides and their interaction with
wild oat biotypes had non-significant differences. The data (Table 6) show that among the wild oat
biotypes, maximum wheat spike length (8.812 ern) was recorded in D.I.Khan black biotypes while
minimum wheat spike length (8.150 em) was recorded in Mardan wild oats. Among the herbicides
means, maximum wheat spike length (8.750 em) was recorded in Puma Super, while minimum

. (8.150) was recorded in Affinity treatment. For interaction of wild oat biotypes with the herbicides,
the maximum wheat spike length (9.125) was recorded in D.I.Khan white x Puma Super while
minimum wheat spike length (7.500) was recorded in Peshawar x Aim treatment.

- Table 6. Wheat spike length (ern) asaffected by different wild oat biotypes and herbicides.

Avena Jatua
Biotype -A-IM---P-UM-A-S-UP-E-R--AF-F-IN-I-T-Y--W-EE-D-Y-C-H-E-C-K-

Herbicides Biotype
Means

D.I.Khan(B)
D.I.Khan(W)
Mardan

.Peshwar
Herbicide
Means

9 8.925 8.9 8.42~
9.075 9.125 8.55 8.25
8.25 8.3 8.075 7.975
7.5 7.8 8.925 8.425
8.456 8.75 8.15 8.163

8.812
8.75
8.15
8.269

Number of grains spike

Statistical analysis of the data showed that wild oat biotypes and their interaction with wild oats
biotypes have a non-significant effect while different herbicides had significant effect on number of
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grainsspike" (Table 7). The dataexhibit that amongthe wild oatbiotypes,maximum grainsspike"
(52.194) were recorded in D.I.Khan black biotype while minimum grains spike" (47.575, were
recorded in D.I.Khan white wild oats. Among the herbicides means, maximum grains spike"
(61.713)were countedin Affinity, while minimum grainsspike" (39.412)werewitnessedin weedy
checktreatment.For interactionof wild oatbiotypeswith theherbicides,themaximum grainsspike-
! (72.200)was recordedin D.I.Khan white x Affinity while minimum grains spike" (35.850)was
observedin D.I.Khan white x weedychecktreatment.

Table7. Numberof grainsspike" asaffectedby different wild oatbiotypesandherbicides.

Avenafatua
Biotype

Biotype
Means

Herbicides

AIM PUMA SUPER AFFINITY WEEDY CHECK

D.I.Khan(B)
D.I.Khan(W)
Mardan
Peshwar
Herbicide
Means

52.925
46.35
48.55
47.4
48.806b

46.25
49.4
49.65
46.25
47.888b

72.2
58.7
58.1
57.85
61.713a

37.4
35.85
38.65
45.75
39.412c

52.194
47.575
48.737
49.312

Grainweight spike

Statistical analysis of the data showed that wild oat biotypes and their interaction had a non-
significant effect while herbicides had significant effect on weight of spike. The data in Table 8
depict that among.the wild oat biotypes, maximum grain weight spike- (1.978) was recordedin
Mardanbiotypeswhile minimum grainsweight spike" (1.897)was recordedin D.I.Khan black wild
oat treatedplots. Among the herbicidesmeansmaximum grain weight spike" (2.405)wasrecorded
in Affinity, while minimum (1.561)was recordedin weedy check treatment.For interactionof wild
oat biotypes with the herbicides, the maximum grain weight spike" (2.495) .was recorded in
D.I.Khan black x Affinity while minimum grain weight spike" (1.435) was recordedin D.I.Khan
black x weedychecktreatment.

Table8. Grain weight spike" asaffectedby different wild oatbiotypes andherbicides.

Avenafatua
Biotype

Biotype
Means

Herbicides

AIM PUMA SUPER AFFINITY WEEDY CHECK

D.I.Khan(B)
D.I.Khan(W)
Mardan
Peshwar
Herbicide
Means

1.95
1.782
1.972
1.598
1.826b

1.708
1.995
2.037
1.817
1.899b

2.495
2.432
2.272
2.42
2.405a

1.435
l.453
l.63
1.727
l.561c

1.897
l.916
l.978
1.901

Grainweight

It is '~videntfrom the data(Table 9) that the 1000-grainweight (g) was not significantly affectedby
wild' oat biotype, herbicidesand their interaction.The meandatamanifest that amongthe wild oat
biotypes,maximum lOOO-grainweight (36.291g) was recordedin Mardan biotype while minimum
lOOO-grainweight (34.689 g) was recordedin D.I.Khan white wild oat treatedplots. Among the
herbicidesmeansmaximum 1000-grainweight (36.909g) was recordedin Aim treatedplots, while
minimum (33.976 g) was recordedin Weedy check treatment.For interaction of wild oat biotypes
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with theherbicides,the maximum 1000-grainweight (38.318g) was recordedin Mardanx Affinity
while minimum 1000-grainweight (32.650g) wasrecordedin D.I.Khan white x weedycheck.•

Table9. 1000grainweight (g) asaffectedby different wild oatbiotypesandherbicides.

Avena Jatua
Biotype

Herbicides

AIM PUMA SUPER AFFINITY WEEDY CHECK

Biotype
Means

D.I.Khan(B)
D.I.Khan(W)
Mardan
Peshwar
Herbicide
Means

37.156
35.265
34.905
36.313
35.909

34.482
37.143
36.923
36.815
36.341

34.41
33.697
38.217
34.23
35.139

34.175
32.65
35.12
33.957
33.976

35.056
34.689
36.291
35.329 .

Biological yield

It is evident from (Table 10) that wild oats biotypes, herbicides and their interaction had non-
significant differencesfor biological yield (t ha"I).The datareveal that amongthe wild oatbiotypes,
maximumbiological yield (2.412 t ha"l) was recordedin D.I.Khan (white) biotypeswhile minimum
biological yield (2.125 t ha") was recorded in Peshawarwild oat treated plots. Among the
herbicidesmeans,maximum biological yield (2.362 t ha"l) was recorded in weedy check, while
minimum biological yield (2.225 t ha"l) was recordedin Aim treatment.For interaction of wild oat
biotypeswith the herbicides,themaximum biological yield (2.750 t ha') was recordedin D.I.Khan
black x weedy check while minimum biological yield (1.900 t ha"l) was recorded in Peshawarx
weedycheckandPeshawarx Pumasupertreatment.

Table 10.Biological yield (t ha') asaffectedby different wild oatbiotypesandherbicides.

Avena fatua H_er...:...bl:....·c_id_e_s _
Biotype AIM PUMA SUPER AFFINITY WEEDY CHECK

Biotype
Means

D.LKhan(B) 2.3 2.45 1.9 2.75
D.I.Khan(W) 2.5 2.5 2.15 2.5
Mardan 2 2.55 2.35 2.3

.Peshwar 2.1 1.9 2.6 1.9
Herbicide 2.225 2.35 2.25 2.362
Means

2.35
2.412
2.3
2.125

Grain yield

It is evident from Table 11 that grain yield (t ha"l) showednon-significant responseto wild oat
biotypes and their interaction with herbicides, while the herbicides,significantly affected the
determinationof grain yield. The datashowthat amongthe wild oatbiotypes,maximum grainyield
(1.522 t ha"l) was harvestedin D.I.Khan (black) biotype while minimum grain yield (1.274 t ha") .
wasrecordedin Peshawarwild oat plot. Among the herbicidesmeans,maximum grain yield (1.502.
t ha"l)was recordedin Affinity, while minimum (1.156 t ha"l) was recorded in the weedy check
(Table 11).For interactionof wild oatbiotypeswith theherbicides,themaximum grain yield (1.67Q
t ha") was recordedin Mardan x Affinity interaction, while minimum grain yield (0.810 t ha"l) in
D.I.Khan white x weedy check. The yields were generally lesser across all the interactions
involving weedycheck.
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These findings are corroborated with the earlier work of Koscelny and Peeper (1997), Spand] et al.
(1997), Salarzai et al. (1999) and Stevensen et al. (2000) who reported an increase in wheat yield
due the application of various herbicides and consequently a reduced weed density in wheat.

Table 11. Grain yield (t ha-1) asaffected by different wild oats biotypes and herbicides.

Avena fatua Herbicides Biotype
Biotype

AIM PUMA SUPER AFFINITY WEEDY CHECK
Means

D.1.Khart(B) 1.48 1.49 1.554 1.564 1.522
D.1.Khan(W) 1.524 1.514 1.4 0.81 1.312

Mardan 1.446 1.22 1.67 1.316 1.412

Peshwar 1.564 1.216 1.38 0.936 1.274

Herbicide f504a 1.360ab 1.502a 1.156b

Means
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Efficacy of pre and post-emergence herbicides for controlling weeds in chickpea in Pakistan
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Abstract: To study the efficacy of different herbicides for controlling weeds in chickpea, an
experiment was conducted at Agricultural Research Station Ahmad Wala, Karak, NWFP Pakistan
during Rabi season2003-04, using RCB design with four replications. The experiment consisted of
seven herbicide treatments, a weedy check, and hand weeding. The herbicides treatments included:
s-metolachlor (1.44 kg a.i ha-1

), metribuzin (0.35 kg a.i ha-1
) and pendimethalin (0.99 kg a.i ha") (as

pre-emergence); isoproturon (0.85 kg a.i ha'), clodinafop (0.03 kg a.i ha-1), fenoxaprop-Pvethyl
(0.75 kg a.i ha-1

) and pendimethalin (0.99 kg a.i ha-1
) as post emergence. Data were recorded on

weed density m", number of branches plant", number of pods plant", number of grains plant",
1000-giains weight (g) and grains yield (kg ha-1

). For controlling weeds, hand weeding proved to be
the best, giving only 9.17 weeds m-2 as comfared to 33.67 weeds m-2 in weedy check plots.
Similarly, the highest grain yield (1147.8 kg ha ) was recorded in hand weeded plots. In herbicidal
treatments, pendimethalin as pre-emergence produced the highest yield (1060.3 kg ha") as
compared to weedy check plots (338 kg ha').

Key words: Chickpea, herbicides, and weed control.

INTRODUCTION

Chickpea (Cicer arietinum) is the principal pulse that provides a major source of protein in diet of
the predominantly vegetarian population. It is traditionally cultivated in arid sandy areas of NWFP
but recently its production has declined as the crop has been displaced by the rapid expansion of
irrigated areas and the introduction of modem productive wheat cultivars. Two main categories of
chickpea are.distinguished, based primarily on seed characteristics: the 'desi' type, having relatively
small, angular seedswith rough, usually yellow to dark brown testa; and the 'kabuli' type, which has
larger, more rounded and creamed colored seeds. The desi-type constitutes about 85% of annual
world production and is confined entirely to the Indian sub-continent, Ethiopia, Mexico and Iran.
The kabuli-type comprises only a minor area and production, but accounts entirely for the crops of
'Europe and the America, except Mexico. Other categories are the 'gulabi' (pea shaped) type of
central India and green-seeded desi-type of central and northwestern India. In Pakistan during 2002,
chickpea was grown on 963,000 ha with a production of 675,200 t. Punjab and Sindh are leaders in
chickpea production (Anonymous 2003).

Chickpea yields in Pakistan are lower than the maximum potentials of the cultivars. The gap could
be attributed mainly to weed competition in addition to other production constraints. Since chickpea
is traditionally grown on residual soil moisture, therefore, weed competition poses a major problem.
Common annual weed species include Chenopodium album, Asphodelus tenuifolius, Argemone
mexicana, Carthamus oxyacantha, Cenchrus ciliaris, Cyperus rotundus, Fumaria sp., Polygonum
sp., Lathyrus spp., Vida stiva, Euphorbia sp., Cynodon dactylon and Cirsium arvense (Saxena and
Yadav 1976).

Harid weeding at 30 and again at 60 days after sowing (DAS) essentially eliminates the adverse
effect of weed competition (Saxena 1980). In commercial practice, the cultivation of preceding
rainy-season fallows not only helps to capture and conserve moisture but also reduces weed
infestations. On black soils, in the wetter areasof central India, "haveli" cultivation (the practice of
containing water by bunding in the rainy season) serves similar purposes. Inter-row cultivation by
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tractor or animal-drawn implements' is common and facilitated in North Africa by sowing the crop
in very wide rows. When properly used, pre-emergence herbicides such as prometryne, tervutryne,
pronamide, cyanazine and methabenz-thiazuron accomplish effective and economic weed control,
resulting in chickpea seed yields similar to or only slightly lower than those of weed-free treatments
(Sheldrake et al. 1997).

Potential yield losses in chickpea due to weeds range between 22-100% (Saxena and Yadave 1976).
Post emergence application of pyradate herbicide gave 97.5% weed control (Skrobakova 1999).
Bhalla et al. (1998) reported that herbicide treatment gave 50-64% weed control with increased .
yield. Weed growth was significantly reduced by the use of herbicides and resulted in increased·
yield of 50% against the control (Stork 1998). Singh (1998) and Sukhadia et al. (199.9) pointed out
that weeds-reduced productivity in chickpea by up to 36.8% and 41-44%, respectively. .

In view of the importance of the problem, this experiment was designed to investigate the efficacy
of different herbicides on weed pressure and consequent effects on various parameters of chickpea
crop including yield and yield components

MATERIALS AND METHODS

Conducted at Ahmadwala Agricultural Research Station Karak, NWFP during 2003-04, the
experiment was laid out in randomized complete block (RCB) design with four replications and
nine treatments. The size of each plot was 1.8x4 m2

. Each treatment had six rows, 30 em apart. Desi
type of chickpea was sown for the experiment. Standard agronomic practices were followed.

Table 1. List of treatments used in experiment

Treatment Common Name Time of application Rate (kg a.i ha-I)

Dual Gold 960 EC

Sencor 70 WP

Stomp 330 EC

Isoproturon 50 WP

Topik 15Wp

Puma Super75EW

.Stomp 330 EC

Hand weeding

Weedy check

s-metolachlor

metribuzin

pendimethalin

isoproturon

clodinafop

fenoxaprop-P-ethyl

pendimethalin

Pre-emergence

Pre-emergence

Pre-emergence

Post-emergence

Post-emergence

Post-emergence

Post-emergence

1.44

0.35

0.99

0.85

0.03

0.75

0.99

Data were recorded on weed density m", plant height (ern), number of branches plant", number of
pods plant", number of grains plant", 1000 grains weight (g) and grains yield (kg ha-I):The data
collected were subjected to statistical analysis and the treatment means, were separated by least
significance difference (LSD) test (Steel and Torrie 1980).

380



RESULTS AND DISCUSSION

Weed density

Weed density m-2 was significantly (P<0.05) affected by the various treatments (Table 2). The
weeds noticed in the experiment were Asphodelustenuifolius, Medicago denticulata, Chenopodium
album,Argemonemexicana,Carthamusoxycantha,Cenchrusciliaris, Cirsium arvense,Polygonum
sp., Lathyrus spp., Vida stiva, Convolvulusarvensis,Anagallis arvensis,Fumaria indica, Cynodon
dactylon, Euphorbia sp., and Melilotus perviflora. Maximum weeds m-2 (33.67) were recorded in
the weedy check plots and minimum weeds were recorded in hand weeding (9.17 m") plots. The
pre-emergence herbicides also exhibited good control of the weeds of chickpea. The results are in
conformity with the works of Singh and Sahu (1996) and Balyan and Malik 1996..

Plant height at maturity

The effect of the different treatments on plant height was not significant (P>0.05) as shown in Table
2. Among all treatments, hand weeded plots produced the tallest plants (50.57 em) while the weedy
check had the lowest plant height (37.63 ern). Thakar et al. (1995) and Iqbal et al. (1991) obtained
similar results while working on chemical weed control in chickpea. '

Number of branches plant"

The different herbicides and hand weeding had no significant (P>0.05) effect on the number of
branches plant". Comparison of the treatments means reflects that maximum number of branches
plant" (3.8) were recorded in the hand weeded plots, while minimum number of branches (2.25)
were recorded in weedy check plots as shown in Table 2. The possible reason for the increased
number of branches by hand weeding and herbicide treated plots could be the best control of weeds
and consequently increased the maximum utilization of available resources, while the least number
of branches plant" in the weedy check could be attributed to weed competition. Singh and Sahu
(1996) had obtained similar results in chickpea experiment.

Number of pods plant"

The herbicides and hand weeding as weed control measures had insignificant effect (P>0.05) on the
number of pods plant". The highest (34.15) number of pods plant" was recorded in hand weeded
plots. It was, however, statistically at par with the herbicidal treatments (Table 2). Lowest number

.of pods was recorded in weedy check plots (21.08). Weeds affected the number of pods plant" and
reduced chickpea yield (Balyan and Malik 1996). The" variability maybe attributed to the
effectiveness of weed control methods, which ultimately increased the nutrient availability for the
crop (Hosseini 1997) and Singh and Sahu (1996).

Number of grains plant"

The number of grains plant" was significantly affected (P<0.05) by the different herbicidal
treatments and hand weeding. The highest (53.5) number of grains plant" was obtained. from hand
weeding plots. However, it was statistically at par with the group of the herbicides as given in Table
2. The lowest number of grains plant" was recorded in the weedy plots (25). The highest number of
grains plant" in hand weeding plots may be due to its effectiveness on weed control. These results
agre~with the results obtained by Bhalla et al. (1998).

Weight of 1000 grains

The herbicides and hand weeding had no significant effect (P>0.05) on the weight of 1000 grains.
The means for 1000 grains weight showed that the highest (205.0 g) was obtained from hand
weeded plots. The lowest 1000 grains weight (172.5 g) was recorded in weedy check plots as

381



exhibited by Table 2. The reason for highest 1000 grains weight in hand weeding plots was largely
due to the fact that it showed maximum weed control, thus maximized the available resources for
the crop and reduced weeds competition, while the fact for lowest 1000 grains weight is the strong
weed competition. The results are in line with that reported by Iqbal et al. (1991) and Singh and
Sahu (1996).

Grain yield

The different herbicidal treatments and hand weeding had significant (P<0.05) effect on grain yield
in chickpea. The data in Table 2 indicate that the highest grain yield of (1147.8 kg ha-I) was.
obtained from hand weeded plots. However, it was statistically at par with the herbicidal treatments..
The lowest grain yield was recorded in weedy check plots (388 kg ha-I).The highest yield in hand
weeding plots was probably due to maximum weed control and, thus, the crop flourished and
efficiently utilized all the available resources. All the herbicides equally controlled all the weeds in
chickpea; the slight differences in their grain yield might be due to the fact that different treatments
were facing competition with different weeds. These results are in conformity with Iqbal et al.
(1991).

Table 2. Effect of treatments on different parameters of crop.

Weed Plant Number of Number Number of 1000 Grains yield
Treatment density Height branches of pods grams grams (kg ha-I)

::'~ - m-2 (em) plant" plant" plant" weight (g)
...:

Dual Gold 960 10.12a 49.63 3.5 33.55 39.15 ab 198.8 979.8 ab
EC(s-metolachlor) .

Sencor 70 WP 26.55 ab 44.08 3.2 27.45 29.47 ab 185.8 862.8 ab
(metribuzin)

Stomp 330 ec 9.48 a 50.08 3.5 34.05 43.72 ab 201.3 1060.3 ab
(PRE)
(pendimethalin)

Isoproturon 50 18.61 ab 49.3 3.5 33.47 35.47 ab 196.3 951.8 ab

WP (Isoproturon)

Topik 15 WP 24.04 ab 45.05 3.3 28.25 30.83 ab 187.5 931.0 ab
, (clodinafop)

Puma Super 75 22.11 ab 45.52 3.4 30.97 33.80 ab 195 947.0 ab
EW (fenoxaprop-
P-ethyl)

Stomp 330 EC 26.69 ab 40.5 3.05 23.55 28.95 ab 183.8 635.8 ab

(~OE)
(pendimethalin)

Hand Weeding 9.17 a 50.57 3.8 34.15 53.50 a* 205 1147.8 a*

Weedy Check 33.67 c 37.63 2.25 21.08 25.00 b 172.5 388.0 b

LSD' at 0.05a 21.76 13.31 1.285 14.18 25.65 29.81 875.4

level
Meansfollowed by different letters in the respectivecolumn are significantly different at % probability level according
to LSD test.
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Response of weeds over-time to different herbicides in potato

S. Hashim, K. B. Marwat and M. A. Khan
Department of Weed Science
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Abstract: Weed management trial in potato was conducted during fall, 2002 at Peshawar, NWFP,
Pakistan to assessthe weed pressure as affected by various herbicidal molecules at different time
intervals. The treatments used against weeds were pendimethalin, triazine, sulfentrazone,
triazine+terbuthylazine, metribuzin and trifluralin at 1.32,0.75,0.60,0.75,0.42 and 1.20 kg a.i. ha.
I. Weedy check and hand weeding were also included in the study. Weed data were recorded at four
intervals. during the crop seasonin all treatments. The response of weed density over time was cubic
in monocot, dicot and total weeds. Lowest weed density in m" (64.35) was recorded in hand
weeding, followed by triazine+ terbuthylazine (68.1) and metribuzin (79.95), whereas maximum

. weed densities also in m-2 (147.9, 146.5, 144.4,134.4 and 111.75) were recorded in sulfentrazone,
followed by no-weeding, trifluralin, triazine and trifluralin, respectively.

Key words: Herbicides, potato, weed control.

INTRODUCTION

Potato (Solanum tuberosum) is second to maize in terms of the number of producer countries and
fourth after wheat, maize and rice in global tonnage. The average composition of potato is about
80% water; 2% protein and 18% starch. As a food, it is one of the cheapest and easily available
sources of carbohydrates and proteins and furnishes appreciable amount of vitamin Band C as well
as some minerals (Woolfe 1987).

Potato is apopular crop in Pakistan and is grown in 110.5 thousand ha with production of 1868.4
thousand tons, with the average yield of 16.9 t ha-I. Weeds are an important factor in the
management of all land and water resources, but their effective impact is greatest on agriculture.
There is no reliable study of worldwide damage causedby weeds. However, it is widely known that
losses-causedby weeds exceed the losses from any category of agricultural pests, such as insects,
nematodes and diseases. Of the total annual loss of agricultural produce from various pests, weeds
account for 45%, insects 30%, diseases 20% and other pests 5% (Rao 2000). Similarly, Marwat
(2003) reported that 38% losses occur in potato due to weeds equivalent to annual losses ofRs. 3.9

- billion in monitory terms. Several reports address the importance of weed management in potato.
Tyla and Tamosiunas (1996) and Hashim et al. (2003) reported that herbicide use decreased the
weed density and increased the potato yield. All herbicidal treatments significantly reduced weed
density over the control (Khan et al. 1995). Due to improved production technology, high rate of
fertilizer dose with frequent irrigations tremendously increases weed growth. The weeds
successfully compete with the potato crop for water, nutrients and light and thus reduce the yield
and quality of tubers (Singh et al. 1986). As the emergence is very slow, the emerging shoots are
liable to have serious competition with weeds from germination up to the harvest of the crop. Weed
scientists can improve the use of practices for weed management by improving the knowledge of
relevant intervention. Zhukova and Loban (2000) and Gruczek (2000) reported that the use of
herbicides increased yield, improved crop quality, and increased profitability in potato.

Keeping this scenario in mind, this study was conducted to see the effect of different herbicidal
molecules on weeds of potato and the response of weeds density over-time.
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MATERIALS AND METHODS

Response of weeds over time to different herbicides in potato was studied during fall season of
2002 at NWFP Agricultural University Research Farm, N- W, Pakistan, using randomized complete'
block design with eight treatments and five replications. The size of the treatment was 5 m long
with 3 ridges, as well as row to row distance and plant to plant distance of 75 and 20 em,
respectively. Calculating for'this area, 25 potato tubers were planted in each treatment. Different
herbicides were applied according to their time of application (Table 1).

Table 1. Herbicides used in the experiment, along with their rate and time of application.

Treatment/Trade
Name

Common Name Active ingredient
(kg ha')

. Time of
application

Stomp 330 EC

Igran 500 FW

Authority 4F

Topogard 500 FW

Sencor 70 WP

Treflan 4 EC

Hand weeding

Weedy check

pendimethalin

triazine

sulfentrazone

Igran + terbuthylazine (35: 15)

metribuzin

trifluralin

1.32

0.75

0.6

0.75
0.42

1.20

Pre-emergence

Pre-emergence

Pre-emergence

Pre-emergence

Post-emergence

PPI

Data was recorded on mono cot weeds m", dicot weeds m-2 and total weeds density m". Irrigation
and other agronomic practices were carried out as per requirement of the crop. To seethe impact of
herbicides on weed density over-time, regression analyses were done using polynomials, to find out
the linear, quadratic and cubic effect, respectively (Steel and Torrie 1980).

RESULTS AND DISCUSSION

As a whole, the crop was not very healthy as it was attacked by early blight (Alternaria solani).
However, the infestation was uniform and, therefore, the relative effect of weed control treatments
on different parameters was consistent.'

~',IO!locotweeds density

The monocot weeds density over-time was statistically significant, the curve response was cubic
(Fig, 1). Highest weeds density of monocot was observed during first measurement, then decreased
in the second (29.7 m"), increased in third measurement (44.18 m") and decreased in the fourth
(24.45 m") measurement. Statistically, weed density of monocot during the first and third
observations, 48.08 m-2 and 44.18 m", respectively, was higher but at par compared to the second
and fourth observations, 29.70 m-2 and 24.45 m", respectively, which yielded lower and statistically
similar (at par) weed density. Sabra (2000) reported that a negative correlation between potato yield.
and weed population was recorded. Organic matter and other soil constituents were correlated
positively with the total and broadleaved weeds. The best model fitting the relation between total
we-edpopulation and potato yields was exponential.

Dicot weed density

Different herbicidal treatments had significant effect on weeds density of dicot weeds overtime in
potato (Fig. 2). The response of weeds density to treatments was cubic. During the first observation,
higher weed density of 99.75 m-2 was recorded then dec~easedto 65.78 m-2 during the second
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observation, again increased during the third (95.48 m") and then again lowered in fourth
observation 41.34 m". The means during first and third observation and second and fourth
observations were statistically similar, respectively. Galeev & Mekheev (2000) reported that
herbicide application increased yield by 15-28% and increased starch content in tubers by 0.2-0.4%.
No negative effect on potato and no residues in tubers at harvest were detected.
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Figure 1. Density of monocot weeds as
affected by different herbicides over-time.
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Figure 2. Density of dicot weeds as affected
by different herbicides over-time.

As the weed density is the sum of monocot and dicot weeds, the total weeds density over-time was
significant and the response of total weeds during four observations at different times during the
seasonwas cubic (Fig'. 3). The higher number of weeds was recorded in first (147.83 m") and third
(139.65 rn"), but lower in the second (95.40 m") and fourth (65.78 m") observations. Weed density
during first and third as well as second and fourth was statistically similar. A total of 147.9 weeds
m" were found in Authority followed by no-weeding, Stomp, Igran and TrefIan having 146.55,
144.45, 137.4 and 111.75 weeds m", respectively. All these treatments were statistically at par with
each other. Lowest weed density was observed in hand-weeding (64.35) followed by Topogard
(68.01) and Sencor (79.95), respectively. As the critical weed competition with potato occurs at this
stage, the herbicides therefore controlled the weeds at the desirable time. Nedunzhiyan (1998)
reported that based on average yield in the two years, the critical period of crop-weed competition
was 30-45 days after sweet potato planting.
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Figure 3. Weed density as affected by different herbicides over-time.
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Efficacy of different herbicides for weed management in canola in N-W Pakistan
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Abstract: To evaluate the effect of different pre and post-emergence herbicides for controlling weeds
in rapeseed(variety Oskar), an experiment was conducted at Agriculture Research Station, Mingora
during rabi season2003-04, using randomized complete block (RCB) design with four replications.
The experiment was sown in mid-October with nine treatments, viz, seven herbicides, hand weeding,
and a weedy check. Each treatment consisted of 4 rows 75 em apart and 4 m long, giving a total size of
4 m x 3 m. The pre-emergence herbicides included: s-metolachlor (1.92 kg a.i ha-'), pendimethalin
(1.32 kg ai ha") and trifluralin (1.2 kg a.i ha"), while the post-emergence herbicides were fenoxaprop-
P-ethyl (0.75 kg a.i ha-'), clodinafop (0.05 kg a.i ha'), oxadiazon (0.36 kg a.i ha-') and propaquizafop
(0.02 kg a.i ha-'). Data were recorded on weed density m", fresh weed biomass (kg ha-'), number of
branches plant", number of siliquae plant", siliqua length (ern), plant height at maturity (em), number
of seedssiliqua', 1000 seedsweight (g), seed yield (kg ha') and cost-benefit ratio. Weed density m",
fresh weed biomass and seed yield were significantly affected by the different herbicidal treatments.
Pendimethalin treatment exhibited the best performance, with minimum weeds m" (13.5) and fresh
weed biomass (257.9 kg ha-') as compared to weedy check (38 m") and (806 kg ha'), respectively,
Similarly, the highest number of branches plant" (6.89), number of siliquae plant" (301), siliqua length
(6.8 em), number of seeds siliqua' (25.8), 1000 seedsweight (3.99 g), seed yield (1692 kg ha') and
cost-benefit ratio (l :7.~7) were recorded in pendimethalin-treated plots as compared to the weedy
check.

Key words: Canola, herbicides, rapeseed,weed control.

INTRODUCTION

Rapeseed and canola (Brassica napus L.) are the main oil producing crops in Pakistan. They are
grown in rabi season and have remained the major sources of edible oil in the subcontinent for
decades. The Canadian oilseed-breeding programme developed the sweet mustard or canola, which
is a high producing type of mustard. It has a better taste as well as highest level of unsaturated fatty

, acid and thus helps lower blood cholesterol level. It is also a rich source of oil and protein and
contains more than 40% oil (Weiss 1983). Canola was introduced recently to our country to increase
'the domestic edible oil production. It is rapidly replacing the older varieties of rapeseed and
mustard.

In Pakistan, the area under rapeseed and mustard cultivation during 2002-03 was 280,000 ha
yielding an average of 837 kg ha-'. In NWFP, the total area under rapeseed and mustard cultivation
was 19,1000 ha with an average production of 447 kg ha-' (Anonymous 2003). The low acreage of
rapeseed is partially due to its sowing season that overlaps with the wheat-sowing season.As wheat
is the staple food crop, lesser attention is therefore given to oilseed crops. That's why mustard is
only gro~n on almost rain fed and less fertile areas. As a result, not enough edible oil is produced to
fulfill the domestic requirement. Edible oil is the second most important import item after
petroleum: Canola is a smother crop because of its larger leaves, rapid growth and early canopy
closing. Still, weed competition is very critical during the early stand establishment particularly the
parasitic weed Orobanche sp. (Joel et al. 1995).
Weeds decreaseoil production as well as the oil quality. Several methods have been in use for weed
control in canola, like hand weeding, cultivation in row cropping, and use of chemicals. But most
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reliance is made on chemical weed control, as it is comparatively more independent of weather,
cheap and saves labor. Pre-emergence herbicides are more effective than post-emergence or jnanual
control methods (Rapparini 1996). Khan et al. (1995) suggestedthe use of post-emergence plus hand
weeding if proper pre-emergence herbicides are unavailable. Keeping in view the importance of the
different herbicides for controlling weeds in canola, this experiment was conducted to figure out the
most effective, economical and suitable herbicide for the areaconcerned.

MATERIALS AND METHODS

In order to study the impact of different herbicides on rapeseed (Brassica na~usL.) an experiment
was sown at Agriculture Research Station, Mingora during 2003-04 on 1St October 2003 using
Oskar. variety of rapeseed, applying seed rate of 5kg ha". The experiment was laid out in
randomized complete block (RCB) with 9 treatments replicated 4 times. The 9 treatments were
Dual Gold 960EC, Stomp 330EC, Treflan 4EC, Puma Super 7SEW, Topik 15WP, Ronstar 12L, Agil
100EC, a hand weeding and a weedy check. Each treatment had a size of 4 m x 3 m with 4 rows and
row-to-row distance of 75 em. Details of the treatments used in the experiment are shown in Table
1. .

Trifluralin was first incorporated in the soil and the pre-emergence herbicides were applied one day
after sowing. The post-emergence herbicides were sprayed at 2-3 leaf stage of the crop after the second
application of nitrogen fertilizer.

Data were recorded on weed density m", fresh weed biomass (kg ha'), number of branches plant",
number of siliquae plant", siliqua length (ern), plant height at maturity (ern), number of seedssiliqua', .
1000 seedsweight (g), seedyield (kg ha-I)and cost-benefit ratio.

Table 1. Detail of treatments used in experiment.

Treatment Application time

Dual Gold 960 EC

Stomp 330 EC

Treflan 4 EC

Puma super7SEW

Topik 15 WP

Ronstar 12 L

AgillOO EC

Hand weeding

Weedy check

Common name

s-metolachlor

pendimethalin

trifluralin

fenoxaprop-P-ethyl

clodinafop

oxadiazon

propaquizafop

Pre-emergence

Pre-emergence

Pre-plant Incorporated

Post-emergence

Post-emergence

Post-emergence

Post-emergence

1.92

1.32

1.20

0.7S

O.OS

0.36

0.02

The data recorded were individually subjected.to ANOVA by using MSTATC computer software and
. meanswere separatedby using Fisher's LSD test (Steel and Torrie 1980).

RESUL TS AND DISCUSSION

Weeds density

There was significant (P<O.OS)effect of different herbicides on weed density. Table 2 shows that
the highest weed density (38) was recorded in the weedy check. The lowest weed density (13.5) was
recorded in Stomp 330 EC treatment but was statistically at par with the rest of the herbicidal
treatments along with hand weeding. This may be due to strong killing effect of Stomp 330 EC on
the weeds while weeds in the weedy check were left to grow freely without any disturbance. The
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difference in weed population in different treatments can be attributed to the fact that some
herbicidesaremore effective for weedcontrol than the other. Similar resultshavebeenreportedby
Tiwari and Kurchania (1993) and Khan et al. (2003). Lolas (1997) also reported that herbicides
could effectively control weeds.

Freshweedbiomass(kg ha-!)

Analysis of varianceshowedthat the different herbicidal treatmentshad significant effect (P<0.05)
on weedbiomass.Table 2 indicates that Stomp 330 EC treatedplots had the lowest weedbiomass
(257.9kg ha') but was statistically at par with Treflan 4 EC. The weedy checkhad the lowestweed
biomass(806 kg ha'). The difference in weedbiomassamongthe different treatmentscould be due
to differencesin their phytotoxic effect as observedby Tiwari and Kurchania (1993). It is argued
that pre-plant-incorporatedor pre-emergenceherbicide treatments are indispensable,controlling
many weedsbefore they emerge.Weed biomass is reducedthrough the use of chemicals,which
ultimately favoursthe yield (Lolas 1997).

Numberof branchesplane!

.The different herbicidal treatmentshad non-significant effect on the number of branchesplant" .as
shownin Table2. The highestnumberof branchesplant" (6.89) was recordedin plots sprayedwith
Stomp330EC,while the lowest (5.69) was in the weedy check.The possiblereasonfor increasein
numberof branchesplant" by Stomp 330 EC could be the best control of weedsand consequently
increasednutrient availability to the crop. The lowest number of branchesplane! in the weedy
checkcould be attributed to weed competition for nutrients, light, moisture and space.The results
are in agreementwith those reported by Singh et al. (1995). Khan et al. (2003) also statedthat
application-of someherbicidesincreasesnumberof branchesplant" in rapeandmustard.

Numberofsiliquae plane!

Analysis of varianceindicated that the different herbicidal treatmentshad non-significant effect on
the numberof siliquaeplane! (Table 2). The highestnumberof siliquae plane! (301) was recorded
in Stomp330E(: treatedplots, while the lowest (216) wasnoted in the weedycheck.The resultsare
similar to thosereportedby Thomas (1998) which showedthat herbicides efficiently enhancethe
yield components.Khan et al. (1995) reported that application of some herbicides increasesthe
.nurnberof siliquaeplant" in rapeseed.

Siliquallength

- Analysis of variance showed that the different treatments had non-significant effect on siliqua
length (Table 2). The longest siliqua length (6.8 em) was recorded in Stomp 330EC treatedplots,
while the shortestwas observedin the weedy check (6.3 em). The longest siliqua length (6.8 em)
recorded in Stomp 330EC treated plots can be attributed to the best weed managementby the
chemicaltreatment,which enabledthe flow of nutrientsinto the crop, therebyenhancingthe siliqua
length. The shortestsiliqua length (6.30 em) recordedin weedy check could be due to the weeds'
competition for nutrients.The result is supportedby RaghavanandHariharan(1991)andKhan et al.
(2003) who statedthat pre-emergenceherbicides improve the siliqua length in the rapeseedcrop
particularly theherbicideTreflan 4EC.

Plantheight atmaturity

The effect of the different treatmentson plant height was non-significant (Table 3). The weedy
check plots had the tallest plants (143.4 em), while the hand weeding treatment had the shortest
plants (127.2 em). The competition of the rapeseedplants with the weedsin the weedy checkplots
forced the crop plants to rise higher than their normal heights. All the herbicidal treatments
produced'almost statistically equal plant height but was comparablewith that of weedy check.
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Similar resultshavebeenreportedby Khan et at. (2003) who statedthat there was non-significant
increasein theplant height with the applicationof someherbicides. '

Table2. Effectsof the treatmentson different cropparameters.

Weed Freshweed Number of Number of Siliqua
Treatments density biomass branches siliquae length

-2 (kg ha') plant" plant" (ern)m

Dual Gold 960 EC (s- 18.0ab 520.8ab 6.15 ab 260 ab 6.69ab
metolachlor)
Stomp330EC 13.5b 257.9b 6.89 a 301 a -; 6.80a .
(pendimethalin)
Treflan4 EC (trifluralin) 17.8ab 296.6ab 6.56 ab 272 ab 6.77ab

Pumasuper75 EW 22.3 ab 653.8ab 6.00 ab 242 ab 6.44ab
(fenoxaprop-P-ethyl)
Topik 15WP 21.8 ab 590.0ab 6.00 ab 247 ab 6.48ab
(c1odinafop)
Ronstar12L (oxadiazon) 29.3 ab 682.9ab 5.81ab 229 ab 6.42ab

Agill00 EC 26.5 ab 654.6ab 5.88 ab 239 ab 6.43ab
(propaquizafop)
HandWeeding 19.0ab 540.4ab 6.00 ab 251 ab 6.62ab

Weedycheck 38.0a 806.0a 5.69b 216 b 6.30b

LSD at 0.05a level 21.23 522.8 1.2 85 0.52
Means followed by different letters in the respective column are significantly different at 5% probability level
accordingto LSD test.

Numberof seedssiliqua'

Number of seedssiliqua' was not significantly affectedby various herbicidal treatments.Table 3
shows that the highest number of seedssiliqua' (25.75) was produced by the Stomp 330EC
treatment,while the lowest number of seedssiliqua' (21.63) was found in the weedy check. The

, highestnumberof seedssiliqua' obtainedfrom Stomp330ECtreatmentwasperhapsdueto its best
. phytotoxic effect on weeds.On the other hand, the lowest number of seedssiliqua' in the weedy

check plots were probably due to the weed competition against the rapeseedplants which might
have greatly reducedthe flow of nutrients towards the seedsin the pods. Theseresults are in line
with thosereportedby Yadav et al. (1995) who statedthat numberof seedssiliqua' increaseswith
the applicationof someherbicides.

1000seedsweight

Analysis of varianceshowed that herbicideshad insignificant effect on 1OOO-seeds'weight (Table
3). Plots treatedwith Stomp 330 EC gave the highest thousandseedsweight (3.99.g) while the
weedycheckplots exhibited the lowest thousandseedsweight (3.62 g). The reasonfor the lowest
seedweight in the weedy checkplots might be the competition betweenthe weedsagainstthe crop
plants.Theseresultsaresimilar to thosereportedby Yadav et al. (1995) andKhan et al. (2003) who
mentionedthat seedweight increaseswith theuseof chemicalmethodof weedcontro!'
Seedyield

Analysisof variancedepictedthat different herbicideshad significant (P<0.05) effect on seedyield.
Table3 showsthe effect of different herbicidetreatmentson the seedyield. The dataindicatedthat
Stomp330ECtreatedplots producedthe highest seedyield (1692 kg ha-I) while the weedy check
hadthe lowestseedyield (1119kg ha-I).However,Stomp330ECwas statistically similar to Treflan
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4EC (1666 kg ha-I) and statistically at par with the rest of the herbicidal treatments. The best
performance of Stomp 330EC can be attributed to the best control of weeds due to weed
competition reduction, enabling increased flow of nutrients towards the seeds. The results are
supported by Khan et al. (2003) who stated that pre-emergence herbicides significantly increased
the seed yield of rapeseed crop. Similar results were obtained by Singh et al. (2000), Yadav et. al.
(1995) and Khan et al. (1995). Almost all of them stated that pre-emergence herbicides significantly
increase the seed yield by efficiently reducing the weed population to avoid any weed competition
in the early critical stages of the crop.

Table 3. Effects of the treatments on Cost-Benefit ratio and some parameters of the crop.

Plant height Number of 1000 Seed yield Cost
Treatments at maturity seeds seeds (kg ha-I) Benefit

(cm) siliqua' weight (g) Ratio

Dual Gold 960 EC (s- 139.4 ab 25.1 ab 3.88 ab 1550 ab 5.02
metolachlor)

Stomp 330 EC 137.9 ab 25.8 a 3.99 a 1692 a 7.47

(pendimethalin)

Treflan 4 EC (trifluralin) 136.6 ab 25.5 ab 3.92 ab 1666 a 6.67

Puma super 75 EW 14l.1 ab 24.4 ab 3.79 ab 1396 ab 4.45

(fenoxaprop- P-ethyl)

Topik 15 WP 140.9 ab 23.4 ab 3.68 ab 1400 ab 3.98
(clodinafop)

Ronstar 12 L (oxadiazon) 132.8 ab 22.2 ab 3.65 ab 1275 ab 1.86

Agill00 EC 134.8 ab 23.3 ab 3.72 ab 1380 ab 1.83

(propaquizafop)

Hand Weeding 127.2 b 24.9 ab 3.84 ab 1535 ab 1.31

Weedy check 143.4 a 21.6 b 3.62 b 1119b

LSD at 0.05a level 16.2 4.2 0.37 543

Meansfollowed by different letters in the respectivecolumn aresignificantly different at 5% probability level
accordingto LSD test.

Cost-Benefit ratio

The cost-benefit ratio was found significant in the different treatments (Table 3). Stomp 330 EC (1:
7.47) produced the highest cost-benefit cost-ratio followed by Treflan 4 EC treatments ,(1: 6.67).
The lowest cost-benefit ratio was recorded in the hand weeding treatment (1: 1.31), which was due
to the highest labor cost. These values indicated that all the herbicidal treatments gave optimum
cost-benefit ratio as compared to the weedy check. The possible reason for the highest return of
herbicides might be their cost and timely weed control as compared to other weeds control methods. ' '
Similar work has been done by Khan et al. (1995) and Singh et al. (2000). '
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Efficacy of different herbicides for controlling weeds in onion at higher altitudes
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Abstract: To study the efficacy of different herbicides for controlling weeds in onion (variety
Swat-l ), an experimentwas conductedat Agriculture ResearchStation (North), Mingora during
rabi 2003-04, using Randomized Complete Block (RCB) design with eight treatmentsand four
replications'. The treatments were seven herbicides including pendimethalin (1.32 kg ha-I),
trifluralin (1.2 kg ha"), s-metolachlor (1.92 kg ha-1) used as pre-emergence,while the post-
emergenceherbicide'swere 2,4-D (1.13 kg ha-1

), bromoxynil + MCPA (1.3 kg ha-I), clodinafop
(0.05 kg ha-I) and terbutryn + triasulfuron (0.3 kg a.i ha-1) and a weedy check. The effect of all

. theseherbiCideswere studiedon weed kill percentage,fresh weedbiomass(kg ha"), size of onion
...bulbs (ml), onion bulbs m", plant height (ern),onion diameter(em),onion yield (kg ha-1

), andcost-
benefit ratio. The parameterssignificantly affected by the different herbicides were weed kill
percentage,size of onion bulbs (ml), onion diameter (em) and onion yield (kg ha'). The highest
weedkill percentage(88.6 %), size of onion bulbs (78.25ml), onion diameter (5.49.em) andonion
yield (29950kg ha-I)were recordedin pendimethalinascomparedto weedy check(00.0 %), (47.75
ml), (4.06em) and(13700kg ha"), respectively.The cost-benefitratio was alsohighest(1:29.81)in
pendimethalin followed by s-metolachlor (1:19.32), trifluralin (1:17.05) while the lowest was in
terbutryn + triasulfuron (1:3.90). Pendimethalin performed well in the parametersthat were not
significantly affected' by. the different treatments. It is concluded that the performance of
pendimethalin was the best among all the herbicidal treatments followed by s-metolachlor,
therefore,pendimethalin is recommendedat '1.32kg a.i ha" for significantly reducing the weeds
populationandenhancingthebulb yield in onions.

Key words: Herbicide, onion, andweedcontrol.

INTRODUCTION

Onion (Allium cepa L.) belonging to family Alliaceae is one of the important vegetablecropsnot
only in Pakistanbut also all over the world. It is oneof the oldestvegetablesmentionedin the Bible
<!-swell as in the Holy Quran. It is a condiment crop and consumedas fresh in saladsor addedin

- cooking dishesas spice. Apart from furnishing nutrition, it also provides relishing flavors to our
diets.Researchhassuggestedthat onions in the diet may playa part in preventingheartdiseasesby
reducingblood cholesterol level and triglycerides (Bakhsh and Khan 1990). Onion bulb is rich in
phosphorus,calcium and carbohydrates.Onion has diuretic properties and is beneficial to the
digestivetract. It is good for the eyesand actsas a heart stimulant and is useful as anti-rheumatic
remedies(Shanmugavelu1990).

Onion canbe grown on all classesof soils, i. e., sandyloam to clay loamsbut clays needlightening
with humusapplication.Onion plant is sensitiveto high acidity andproducemaximum yield over a , .
fairly narrow rangeof soil reactionsi. e. pH 5.8-6.5on sandy loam soil. Good yields of onion are'
produced.on muck soils (organic in nature,rich in nitrogen andhave high water holding capacity)
over a wide range of soil reactions than on mineral soils (Haliburton 1956). Onion is highly
sensitiveto temperatureandphotoperiod.Bulb formation is favoredby relatively high temperature
and longerphotoperiod(ThompsonandKelley 1957).
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In Pakistan onion was grown on area of 108 thousands hectares in 2002-2003, with a total
productionof 1.42 million tons at an average yield of 13.2 t ha-1• In NWFP, the total production was
193,600 t with an average of 19.3 t ha-' in 10,000 ha (Anonymous, 2003).

The onion yield in Pakistan is lower than the potential yield of the cultivars. This gap could be
attributed mainly to weed competition, because onion has poor canopy structure to compete with
weeds. At young stage the onion leaves are very small and cannot shade the ground even in
advanced stages of growth of the crop. The period from emergence to 4 weeks later is the most
'critical in the direct seeded onion (Ghafoor 2000; Shadbolt and Holm 1956). In transplanted onion ,
the critical stage is from the time of transplantation up to nine weeks and yield reduction estimates ..
rang~d between 4.45 and 70.5% (Garcia et al. 1994).

In Pakistan, weeds are mostly managed manually costing about Rs. 1000 ha'. In contrast, hand
weeding costs'in USA have been reported to the tune of $9259 ha', 5-7 times more expensive than
using herbicides alone or in combinations (Bannaon et al. 1988). Good selective and economical
weed·control was obtained with the use of herbicides (Suso et al. 1993). Yield increased as in the
herbicidal treatments, 8.89 ha' to 37.92 t ha", compared with the yield in mechanical cultivation +
hoeing treatments 5.49 ha-1 to 12.49 t ha-' (Halmagean et al. 1993). Srivastava et al. (1986) obtained
significantly higher yield than the weedy check using herbicides and twice of the manual hand
weeding in the onion crop.

Keeping in view the importance of different herbicides for controlling weeds in onion, the present
experiment was carried out with the following objectives:

1. To evaluate 'different herbicides for controlling weeds in onion.
2. To figure out the effect of different herbicides on the yield of onion.
3. To find out the most effective and economical herbicide for weed control in onion under the

agro-c1imatic condition of Swat
4. To quantify the phytotoxicity of herbicides if any on the crop,

MATERIALS AND METHODS

In order to study the effects of different herbicides on weed control in onion, an experiment was
conducted at Agriculture Research Station, Mingora. The variety Swat-l was transplanted during rabi
2003-04. The experiment was laid out in randomized complete block (RCB) design with four
replications. Each replication consisted of eight treatments. Each treatment consisted of 5 rows with
row-row distance of 20 em and plant-plant distance of 8 em, respectively. The detail of the
treatments during the study is shown in Table 1.

Table 1. Treatments used in the experiment.

Treatment Common name Time of application Rate (kg ai ha-l)

Stomp 330 EC
Dual Gold 960 EC
Treflan 4 EC
2,4-D 70 SL

Buctril M 40 EC
Topik 15 WP
Logran Extra 64 WG
Weedy check

pendimethalin
s-metolachlor
trifluralin
2,4-D
bromoxynil + MCP A
c1odinafop
terbutryn + triasulfuron

Pre-transplantation
Pre-transplantation
Pre-transplantation
Post-transplantation
Post-transplantation
Post-transplantation
Post-transplantation

1.32
1.92
1.20
1.13
1.30

0.05
0.30
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Data were recorded on weed kill percentage, fresh weed biomass (kg ha"), onion bulbs m", size of
onion bulbs (water displaced) (ml), plant height (em), onion diameter (em), onion yield (kg ha-1

)

and cost-benefit ratio (CBR).

The data recorded for each trait were individually subjected to the ANOV A Technique by using
MSTATC computer software and means were separatedby using Fisher's LSD test (Steel and Torrie
1980).

RESULTS AND DISCUSSION

The data recorded on weed kill percentage, fresh weed biomass, onion count m-2
, plant height, size

of onion bulbs, onion diameter, onion yield and cost-benefit ratio in onion variety Swat-I at
Agricultural Research Station, Mingora were statistically analyzed and the results arepresented and
discussed as under:

Weed kill percentage

Statistical analysis showed a significant (P<0.05) effect of different herbicides on 'weed kill
percentage (Table 2). The weed species infesting the experiment were Echinochloa crusgalli,

, Paspalum sp., Digitaria sanguinalis, Chenopodium album, Coronopus didymus, Synapis arvense,
Fumaria indica, Ranunculus sp., Polygonum sp., Setaria sp., Rumex sp., Poa annua, Sisymbrium
irrio, Amaranthus viridis, Elusine indica, Cuscuta sp., Leptochloa sp. and Alternenthra sp. The
highest weed kill percentage (88.6 %) was recorded in plots treated with Stomp 330 EC as pre-
emergence, followed by Dual Gold 960 sc (85.0 %), Treflan 4 sc (76.7 %) and Topik 15 WP
(76.7 %). The lowest weed kill percentage (00.0 %) was recorded'in weedy check plots, and Logran
Extra 64 WG (19.4 %) treated plots (Table 2). The variability in weed kill percentage in different
treatments can be attributed to the fact that pre-emergence herbicides are more effective for weed
control than broad leaf killer herbicides, i.e., Logran Extra and Buctril M 40 Ee. These results are
similar to those reported by Orkwor et al. (1983) who stated that herbicides applied prior to
transplanting gave excellent weed control for at least 12 weeks and resulted in maximum onion
yield comparable with those applied with herbicides after transplanting.

Fresh weeds biomass

The different herbicidal treatments had non-significant effect on weed biomass. Table 2 indicates
, that the lowest weed biomass (2666 kg ha') was found in Stomp 330 Ee treated plots. However, it
was statistically at par with Dual Gold 960 Ee (2916 kg ha-1

), Treflan 4 EC (3166 kg ha-1
), 2,4-D 70

SL (3874 kg ha'), Buctril M 40 Ee (3791 kg ha-1
), Topik 15 WP (3691 kg ha') and Logran Extra 64

,WG (4208 kg ha"). This might be attributed to the fact that the data for fresh weeds biomass were
taken at the end of the season, where almost all of the weeds were present. By this time the
persistence/effect of pre-emergence herbicides has been minimized, while, the post-emergence
herbicides were selective and only controlled either grassy or broadleaf weeds. As a result, the
tolerant or resistant species flourished well. So at the end of the season maximum weeds were
present in all treatments and were not significantly different from the weedy check in terms of weed
biomass. These results are in line with those reported by Malik et al. (1981) and Sinha and Ratohore
(1993).

'.Onion bulbs

Onion.bulb count was not significantly affected by the different herbicidal treatments (Table 2). As
show~ in Table 4, the highest bulb count was recorded in Stomp 330EC (49.97) treated plots, while the
lowest (39.95) was observed in the weedy check. The variability can be attributed to the fact that
although the presenceof weeds in certain treatments affected the size of the bulb, it did not prevent the
transplants to establish. Thus, approximately similar number of bulbs was obtained from the different
treatments.These results agreewith the findings of Sarivastavaet al. (1986).
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Sizeof onion bulbs

'The size of onion bulb was significantly (P<0.05) affected by the different herbicidal treatments,
(Table 2). The largest bulb size was recorded in Stomp 330EC (78.25 ml). However, it was
statisticallyat par with Dual Gold (70.0 ml), Treflan4 EC (67.50ml) andTopik 15WP (63.75ml).
Thesmallestbulb size(50.0 ml) was observedin LogranExtra andthe weedy check (50.0 ml). The
largest size in different treatments is due to the effectiveness of different herbicides, which
controlledweedsandultimately increasedthe nutrient availability for the crop. The treatmentswere
kept weed-freefor the maximum time and,hence,producedlarger bulbs. Theseresultsare in line
with theresultsreportedby Keeling et al. (1990).

Table2',Treatmenteffect on different parameters.

Weedskill Freshweeds Onion Sizeof
Treatments percentage biomass countm-2 onion bulbs

(kg ha') (ml)
Stomp330EC (pendimethalin) 88.60a* 2666 b 49.97 78.25a*
Dual Gold960EC (s-metolachlor) 84.96ab 2916 b 48.58 70.00ab
Treflan4 EC (trifloralin) 76.69ab 3166ab 48.77 67.50abc
2,4-D70SL(2,4-D) 67.22bc 3874ab 46.13 51.50bc
Buctril M 40 EC (bromoxynil+ MCPA) 52.57c 3791ab 46.13 53.75be
Topik 15WP (Clodinafop) 76.68ab 3791ab 42.08 63.75abc
LogranExtra64 WG (terbutryn+ triasulfuron) 19.44d 4208 ab 44.63 50.00c
Weedycheck 00.00e 4875 a 39.95· 47.75c
LSD valueat 0.O'5a 18.61 1740 10.39 19.79

*Means followed by different letters in the respective column are significantly different at 5% probability level
accordingto LSD test.

Plantheight

The effect of different herbicides on plant height was non-significant. AU the treatmentswere
statistically similar to each other. This may be attributed to the fact that in case of weed-free
conditions,theplantsdevelopedto full sizewithout any stressconditions or competition with weeds
for nutrients, space and light. In case of weed infestation, however, similar results have been
reportedby Markovic (1983) who statedthat therewas no significant effect of herbicideson plant
height.

Oniondiameter

The effect of different herbicideson onion diameterwas significant (P<0.05) asshown in Table 3.
The largestonion diameter was recordedin the Stomp 330EC treatedplots (5.24 ern), but it was
statisticallysimilar with Dual Gold 960EC (5.085),Treflan 4 EC (4.965),Topik 15WP (4.727)and
Buctril M 40 EC (4.463). The smallestbulb diameterwas noted in the weedy check (4.057 ern),
followed by LogranExtra64 WG (4.27).Thepossiblereasonfor increasein oniondiameterby Stomp
330EC,Dual Gold 960 EC and Treflan 4EC could be the best control of weedsand consequently
increasednutrient availability to the crop while the minimum bulb diameterin the weedycheckwas
dueto weedcompetitionfor nutrients,light, moistureandspace.Theseresults are in conformity with
Gillet al. (1982) and Manjunath et al. (1989) who reportedthat weed infestationshighly reduced
cropvigor, leaf production,andbulb diameterandconsequentlybulb yield in onion crop.

Onionyield

The different herbicides had significant effect (P<0.05) on onion yield (Table 3). Stomp 330EC
treatedplots (29950 kg ha-1

) and Dual Gold (29400 kg ha-1
) producedthe highest yield, but were

statistically at par with Treflan 4 EC (27620 kg ha") andTopik 15 WP (24320 kg ha-1
), while the
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lowest bulb yield was recorded in the weedy check (13700 kg ha-1) and Logran Extra 64 WG (16920
kg ha'). Pre-emergence herbicides as a whole produced better results. This could be due to the fact
that pre-emergence herbicides were more effective than the post-emergence herbicides. P~e-
emergence herbicides controlled the weeds throughout the critical stage of the onion, resulting in
increased availability of nutrients to the crop. These results are in line with those reported by Singh
et al. (1992) and Halmagean et al. (1993).

Cost-Benefit Ratio

Table 3 shows that the highest cost-benefit ratios were recorded in plots treated with Stomp 330 EC
(1: 29.81), Dual Gold 960 EC (1: 19.32), and Treflan 4 EC treated plots (1: 17.05). The lowest cost-
benefit ratio was recorded in Logran Extra 64 WG treated plots (1: 3.90) but it is still acceptable.
These values indicated that all the herbicidal treatments gave optimum cost-benefit ratio as
compared to the weedy check. The possible reason for the highest return of herbicides might be
their cost and timely' weed control as compared to other weed control methods. Similar results have
been reported by Warade et al. (1995) and Saikia et al. (1997).

Table 3. Effect of the herbicide treatments on the different parameters.

Treatments
Cost-Benefit
Ratio (CBR)

Plant
height
(ern)

Stomp 330 EC (pendimethalin)

Dual Gold 960 EC (s-metolachlor)

Treflan 4 EC (trifloralin)

2,4-D 70SL (2,4-D) .

Buctril M 40 EC (bromoxynil + MCPA)

Topik 15 WP (Clodinafop)

Logran Extra 64 WG (terbutryn + triasulfuron)

Weedy check .

LSD value at 0.05a

59.7

56.1

54.25

55.05

55.8

55.8

54.85

59.65

8.171

Onion
diameter

(ern)

Onion yield
(kg ha")

29.81

19.32

17.05

8.88

7.67

9.32

3.9

5.49 a*

5.08 ab

4.96 ab

4.32 be

4.46 abc

4.73 abc

4.28 be

4.06 c

0.891

29950 a*

29400 a

27620 ab

18700 cde

21520 bed

24320 abc

16920 de

13700 e

6558

*Means followed by different letters in the respective column are significantly different at 5% probability level
. accordingto LSD test.
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Abstract: Weed competition in onion is a global problem and lossesdue to weeds have been .
reportedas high as 70-75%, The crop has very poor capability to competewith weedsdue to its
shortstature,non-branchinghabit, sparsefoliage, shallow root system,and slow initial growth, Use
of liberal dosesof fertilizers and more frequent irrigation favor more weed growth. Very close

, planting of the crop and its shallow root systemalso make mechanicalweeding quite ineffective,
seedlingssustaininjury. The study was conductedat the University ResearchFarm, Kalyani, Nadia
during 2002-2003. It aimed to evaluate the comparativebio-efficacy of different treatmentson
weedswith lower dosesof herbicides and their effects on various physiological parameters,bulb
yield and its post harvest shelf life. The treatments in the study were: Check/Control, Hand
Weeding(HW), Weed Free, Oxyfluorfen (100g a.i.), Pendimethalin(750 g a.i.), Agil (l00 g a.i.),
Oxyfluorfen (l00 g a.i + HW), Agil (100 g a.i. + HW), and Oxyfluorfen (100 g a.i. + Agil 100 g
a.i.) The most commonly observed weeds were Cynodon dactylon, Cyperus rotundus, Eleusine
indica, Echinochloa colonum, E. crusgalli (among narrow-leaved) and Ageratum conyzoides,
Physalis minima, Portulaca oleracea andEuphorbia hirta (amongbroad-leaved).Oxyfluorfen 100
g a.i. + HW treatmentsignificantly reducedthe weedpopulation andbiomassat harvest(33.33m?
& 11.39g m-2

) over the control of(130.00 m-2 & 33.36g m"). The highestbulb yield was obtained
with weed free treatment (11.9lt ha-') followed by Oxyfluorfen 100 g a.i. + HW (10.77 t ha-'),
which was at par with hand weeded treatment (10.47 t ha'). The season long, crop weed-
competition (control) reduced bulb yield by 37.61%. The post-harvest shelf life of the bulbs
revealedno sign of sproutingandrotting after threemonthsof storage.The weight lossof the bulbs
wasrecordedmaximum in weed-freetreatmentfollowed by Pendimethalinand Oxyfluorfen + HW
for thesameperiod.

,Keywords: Bioefficacy, biomass,herbicide,phytotoxicity, postharvestshelf life, weedpopulation

INTRODUCTION

.: .Onion is by far the most important vegetablecrop grown in India and is consumedby common
massesall year round. The increasing demand of onion for domestic and export markets have
encouragedfarmers to grow the crop on larger scale.However, its production and productivity in
India arevery low comparedto many other countries.Farmersarenot awareof improved varieties,
suitable production technologies, pest managementand post harvest management.Among the
managementproblems, weeds pose a serious threat to onion cultivation. Onion has very poor
capability to compete with weeds due to its short stature, non-branching'habit, sparsefoliage
shallow,root system,and slow growth in the initial growth stage.Moreover, useof liberal dosesof
fertilizers andmore frequent irrigations favour more weed growth. Very closeplanting of the crop
and its shallow root systemalso make mechanicalweeding quite ineffective, as seedlingssustain
injury. Crop growth canalsobe suppressedevenif theweedsarepresentfor only two weeks.Thus,
this investigation was undertaken to the study the effect of herbicides integrated with manual
weedingon onion.
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MATERIALS AND METHODS

-The experiment was conducted at University Research Farm, Kalyani of Bidhan Chandra Krishi
'Yiswavidyalaya from December 2002 to April 2003 in a sandy loam soil in randomized block-
design with three replications. The treatment combinations were weedy check/control, hand
weeding (HW) at 25 and 45 days after planting (DAT), weed free, Oxyfluorfen (100 g a.i. ha-1

) as
post emergence (POE) at 25 DAT, Pendimethalin (750 g a.i. ha") as pre-planting (PP) at 2 days
before transplanting (DBT), Agil (100 g a.i. ha) as pre-emergence(PE) at 2 DAT,.Oxyfluorfen +
HW at 45 DAT, Agil + HW at 25 DAT and Oxyfluorfen + Agil. Seedlings of onion cv. Sukhsagar,
a popular cultivar in this agro-climatic zone, were transplanted on 23rd December, 2002 in a plot

size of 4 m x 2.2 m each with its normal package of practices. The recommended fertilizer dose was
125:60:.100 kg ofNPK ha-1

• The crop was harvested on zo" April, 2003. Observations were made
on types of weed flora, weed populations and dry matter taken on 50 and 75 DAT and harvesting,
weed control efficiency (WEC), weed index (WI), yield attributes and yield as well as post-harvest
shelflife of the bulbs of onion.

RESULTS AND DISCUSSION

The most commonly noticed weeds were Ageratum conyzoides L., Amaranthus viridis L.,
ArgemonemexicanaL., Portulaca oleraceaL., Euphorbia hirta L., and Physalis minima L. (among
broad-leaved weeds) and Cyperus rotundus L., Digitaria sanguinalis (L.) Scop. Echinochloa
crusgali (L.) Beauv. E. colonumL., and Eleusineindica (L.) Gaertn. (among narrow-leaved weeds).
The total weed population kept on increasing as the crop matured (Table 1). The best result in
relation to lowest number of weeds (33.33 nos.) was recorded with oxyfluorfen + HW at 45 DAT
treatment followed by HW at 25 and 45 DAT (35.33). Reduced dry matter accumulation by weeds
was observed in different weed control treatments. Oxyfluorfen + HW at 45 DAT gave the lowest
dry weight at all stages of observation followed by twice HW at 25 and 45 DAT. Among the three
sole herbicides applied in this experiment, Pendimethalin showed its superiority in these respects.
Lower weed population and dry weight in the integrated treatment of oxyfluorfen + (HW) at 45
DAT may ,be attributed to initial suppression of weed growth which resulted in less crop-weed
competition as reflected in lower weed population, dry weight and weed control efficiency. Similar
results have been reported by Singh et al. (1986) and Nadagouda et al. (1996). The ability of
Pendimethalin to suppress the growth of all types of weed flora is due to its higher persistence in the
soil other sole herbicides applied in this study. This result is in conformity with the findings of AI-
Kothayari and Hassan (1999).

The weed-free treatment exhibited maximum values of all yield attributes indicating its superiority
over other treatments (Table 2). Higher values for length, diameter and weight of bulb in this
treatment may be attributed to the season-long weed-free situation resulting in better availability of
light, nutrients, moisture and space for the growth of the crop. Pendimethalin was found more
effective than Oxyfluorfen, Agil or the combination of both because it was able to control all types
of weed flora more efficiently than the other two herbicides. The treatment oxyfluorfen + (HW) at

.45 DAT recorded the next best results in these relation which is mainly because of suppression of
initial weed growth, leading to less crop-weed competition. This treatment was followed closely by
HW at 25 and 45DAT. All these attributes in the control had lower values due to highest weed
competition, resulting in unfavourable growing condition for the crop. Similar to yield attributes,
yield was influenced significantly by different treatments. Highest bulb yield (11.9lt ha") 'was
recorded in the weed-free treatment followed by oxyfluorfen + HW at 45 DAT (10.77 t ha') and
HW at 25 and 45 DAT (10.47 t ha-I). The weed-free treatment the highest yield mainly because of
utilization of resources in better way. Initial suppression of weed growth by oxyfluorfen + HW at
45 DAT and HW at 25 & 45 DAT was reflected in the increased yields in these treatments, which
could be supported by weed index as well.
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Table 1. Effect of different treatments on total population and dry weight of weeds and weed
control efficiency (WCE).

Treatment Total population Dry weight WCE
(nos. m") (g m") (%)

50 75 Harvest 50 75 Harvest 50 75 Harvest
DAT DAT DAT DAT DAT DAT

Control 96 118.66 130 29.8 56.04 66.36
HW at 25 & 45 DA T 11.33 28.66 35.33 0.19 6.76 12.16 99.36 88.14 81.67

Weed Free 0 0 0 0 0 0
Oxyfluorfen @100g a.i. 50.66 66.66 86 16.2 34.47 42.43 45.63 39.56 36.6
ha-I

Pendirnethalin @750 g 20 31.33 44 4.55 10.75 15.91 84.73 8l.15 76.02
a.i.ha-I

Agil @ioog a.i. ha-I 46.66 59.33 71.33 10.17 25.34 33.11 65.87 55.79 50.1
Oxyfluorfen @100 g 12.66 24 33.33 0.16 6.56 11.39 99.46 88.49 82.83
a.i.ha" + HW at 45 DAT..

. Agil@100 g a.i. ha-1 + 22.67 39.33 50.66 5.13 13.96 19.88 82.78 75.31 70.0~l
HWat 25 DAT
Oxyfluorfen @100 g a.i. 36 72 93.33 9.84 27.45 36.03 66.97 51.01 45.7
ha-I + Agil @100 g a.i.
ha-I

S.Em. (±) 2.194 2.539 2.285 0.669 0.782 0.985
C.D. at 5% 6.579 7.611 6.851 2.004 2.346 2.954
CV 11.555 8.993 6.548 13.702 6.72 6.471

Table 2. Effect of different treatments on length, diameter and weight of bulb, total yield of bulb
and weed index in onion.

Treatment Bulb Bulb Yield Weed Index
(t ha') (WI)

Length Diameter Weight (%)
(em) (ern) - (g) -

Control 30.3 28.98 21.3 7.43 37.165
HWat25 &45 DAT 36.98 36.78 30.03 10.47 12.09

- Weed Free 38.96 39.25 34.5 11.91

Oxyfluorfen (100g a.i. ha') 33.11 31.81 23 8.19 31.234
Pendimethalin (750 g a.i.ha') 35.81 35.66 28.16 9.73 18.304
Agil (100g a.i. ha") 33.96 31.86 24.66 8.53 28.295
Oxyfluorfen (100 g a.i.ha') + 37.03 37.17 31.16 10.77 9.572
HW at 45 DAT
Agil (100 g a.i. ha-1) + HW at 35.16 33.22 27.9 9.b4 19.059
25 DAT
Oxyfluorfen @100 g a.i. ha-1 + 33.56 31.6 23.83 8.24 30.814
Agil @1-O0g a.i. ha-I

S.Em. (±) 1.116 1.009 0.818 0.237
C.D. at 5% 3.345 3.025 2.453 0.709
CV 5.515 5.067 2.21 4.345
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Table3. Effect on postharvestshelflife of bulb

. Treatment Weight of Bulb (g) Physiologicalweight loss(%)

Harvest 2nd Month 3rd Month 2nd Month 3rd Month

Control 605 575 560 4.96 7.43

HW at 25 & 45 DAT 912 870 845 4.6 7.34
WeedFree 1065 1008 970 5.35 8.92
Oxyfluorfen (1OOga.i, ha-1

) 720 683 665 5.13 7.63
Pendimethalin(750 g a.i.ha') 855 812 780 5.02 8.77
Agil (100ga.i, ha-1

) 750 718 700 4.26 6.66
Oxyfluorfen (100 g a.i.ha') + HW 930 878 850 5.59 8.6
at45 DAT
Agil (100 g a.i. ha-I)+ HW at 25 807 772 755 4.33 6.44

DAT
Oxyfluorfen @100g a.i. ha' + 706 670 645 5.09 8.64
Agil @100g a.i. ha-1

S.d. 131.65 123.83 117.92
Mean 816.66 775.22 752.22 4.92 7.82

This result confirms the findings of Singh et a1. (1998) and Ved Prakash et a1. 2000). The
.effectivenessof pendimethalinmay be attributed to higher persistenceof the herbicide in the soil,
therebysuppressingtheweed flora for longer duration, resulting in lesscrop-weedcompetition.For
this reason,higherbulb yield wasobtained.

The datapresentedin Table 3 revealedthat the weight of the bulbs considerablydecreasedduring
storing. There were also no signs of rotting and sprouting during storagefor three months.under
ambientconditions.The averagephysiological weight loss in the secondmonth 4.92%. Maximum
weight losseswere observed in oxyfluorfen + HW at 45 DAT (5.59%) followed by Weed Free
treatment(5.35%). In the following month (3rd month), the averageweight losswas 7.94%with the
maximumweight lossin weed-free(8.92%) followed by pendimethalin(8.77%).

Physiologicalweight loss in onion was due to respirationof the bulbs. Although onion hasa low
respiration rate, maximum weight loss in the weed-free treatment was due to a fa~ter rate of
respirationthanothertreatments,asbigger bulb sizehadfasterrespirationrate.

It may be concludedthat the tedious,cumbersome,costly andnon-availability of laboursat critical
crop-weedcompetition stagein the hand weeding treatmentmay be replacedby IntegratedWeed
Management(IWM) system,by application of oxyfluorfen 100ga.i.ha-I asPOE in the initial stage
andonehandweedingat 45 DAT asit recordedstatistically similar performance.
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Abstract: Oxadiazon, 3-[2,4-dichloro-5-(1-methylethoxy)phenyl]-5-(l, l-dimethylethylj-I ,3,4-
oxadiazol-ZfIllj-onc, is a herbicide with both pre- and post-emergenceactivity that is registered.
internationally for weed control in Oryza sativa, Gossypium hirsutum, Arachis hypogaea,
vegetables,andtree fruits. It hasalsobeenregisteredin the United Statesfor pre-emergencecontrol
of weedsin turfgrassesand ornamentals.Oxadiazonstrongly adsorbsto the surfaceof soil organic
matter,andis-largely immobile, andremainsin the top 5 ernof the soil profile. It is relatively stable

..in the soil andproducesmetabolitesthat do not accumulate.Degradationis primarily due to aerobic
microbial activity, with degradationtaking longer underextremelydry or flooded conditions.Up to
55% of soil applied oxadiazoncanbe strongly adsorbedand renderedbiologically inactive within
20 weeks of application. Oxadiazon causesrapid necrosisand photo-bleaching of plant tissues.
Visible plant symptoms are similar to those produced by p-nitro-substituted diphenyl ether
herbicides.Germinating seedlingsare affected as they emerge through the oxadiazon containing
soil layer.Oxadiazonin the granular formulation is safely usedfor pre-emergenceweed control on
a wide variety of establishedwarm and cool seasonturfgrasses.Injury that may occur is transitory
in nature,consistingof .leafyellowing in cool seasongrassesand delayedgreen-upin warm season
grasses.Oxadiazondoesnot affect turfgrassroot, rhizome or stolon growth, and doesnot decrease
sod strength,or affect the establishmentof turfgrass from sod, plugs or sprigs. Germination of
turfgrass seedscan be reduced when sufficient oxadiazon residues are present. In most cases
establishmentfrom seedcanbe madein oxadiazontreatedsoil, if seedingis delayeduntil 4 months
afterapplication."

Key words: Microbial degradation,photodecomposition,sod strength, soil adsorption, turfgrass
establishment

INTRODUCTION

Oxadiazonis a herbicidewith both pre- andpost-emergenceactivity. It is registeredinternationally
'for weedcontrol in crops such as Oryza sativa L., Gossypiumhirsutum L., Arachis hypogaeaL.,
.vegetables,and tree fruits (Anonymous 2002). Since 1978,oxadiazon (Chipco Ronstar) hasbeen
registeredin the United Statesfor pre-emergencecontrol of weeds in turfgrass and ornamentals
(Bingham et al. 1995). This document provides a comprehensivereview of the behavior and
persistenceof oxadiazon in soil. It also highlights the effects of oxadiazon on turfgrass
establishment,growth, anddevelopment.

SOIL BEHAVIOR AND PERSISTENCE

Photodecomposition

Photolysis is a recognized pathway for the decomposition of pesticides in the environment.
Oxadiazondissolvedin water was found to degradein the presenceof natural daylight or artificial
light producedby mercury vapor arc lighting, andhad a half-life of approximately25 minuteswith
nearly complete degradationoccurring within 20 h of exposure(Laurent and Chabassol1976).
Artificial light degradedoxadiazon more rapidly than daylight but both light sources induced
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similar transformations of the parent compound. Ultra violet light was primarily responsible for
photolysis. Oxadiazon does not undergo appreciable photodecomposition when applied to the soil
(Laurent and Chabassol 1976). Under field conditions, 80% of oxadiazon can be photo-degraded
within 8 months of application but under turfgrass conditions, degradation due to photolysis may be
significantly slower since most of the oxadiazon is bound up in the soil and thatch, and is not
exposed to light. Thatch layer consists of undecomposed or partially decomposed layer of organic
matter situated above the soil surface.

Adsorption characteristics

Soil adsorption of oxadiazon is due primarily to its hydrophobic association with the soil organic
matter 'surface (Carringer et al. 1975). Compounds of low water solubility such as oxadiazon (0.7
ppm) are preferentially adsorbed to hydrophobic components of organic matter (polymers
comprised of certain alcohols, proteins, carboxyls, carbohydrates, and saturated and unsaturated
cyclic and heterocyclic ring structures) and removed from solution. Degree of adsorption is directly
related to soil organic matter content (Ambrosi et al. 1977). Oxadiazon is not adsorbed to the soil
clay fraction, and adsorption is not affected by the cation exchange capacity of the soil.

Oxadiazon is rapidly adsorbed in the soil with significant adsorption occurring during the first half
hour after application (Amrosi and Desmoras 1973). Initial adsorption is not affected by soil type,
but only continues in soils with organic matter contents greater than 1% (Ambrosi et al. 1977). In
high organic matter soils, adsorption levels may not reach a dynamic equilibrium with soil organic
matter for several weeks. The majority of the oxadiazon is adsorbed to the fulvic acid fraction, with
lesser amounts being adsorbed to the humic acid and humin fractions.

Soil adsorption plays a critical role in the herbicidal activity of oxadiazon. The proportion of
oxadiazon soil residues detected by bio-assay compared to the residues detected by gas
chromatograph (GC) analysis declines from an average of 100% immediately after application to
55% at 20 weeks post application (Barrett and Lavy 1984). Since greater than 95% of oxadiazon in
the soil can be extracted and identified by GC analysis (Guardigli 1987), adsorption and
deactivation must be considered when determining the biological availability of oxadiazon in a soil.
A large reservoir of biologically inactive oxadiazon may remain in a soil long after herbicidal
activity is lost.

Leaching characteristics

Oxadiazon is virtually immobile in soil. Guardigli (1971) found oxadiazon to be strongly adsorbed
in the first 5 cm of soils with an acidic pH and would not leach even after exposure to 63.5 ha-em of
simulated rainfall. In soils with pH values greater than 7, leaching of oxadiazon down to 15 ern
would occur to a limited extent with 63.5 em ofrainfall.

In a leaching study, radio-labeled oxadiazon was applied to the surface of 4 different soils (loamy
sand, sandy loam, silt loam, and clay loam). Water was percolated through the soil columns, and
95% of the applied herbicide was recovered in the first 5 em of the soil profile (Ambrosi and
Desmoras 1976). In another study conducted by Ambrosi and Helling (1977), oxadiazon was
applied to 5 soils (ranging in pH from 5.1 to 7.7 and organic matter content from 0.14% to 4.68%)
that- were aged for 6 months under aerobic conditions, and then leached with water. TLC auto-
radiography showed oxadiazon to be largely immobile with only trace amounts discovered in the
soil profile.

A long-term field study was conducted by Chemlawn Inc. to investigate the leaching potential and
degradation of oxadiazon (Guyton et al. 1985). Oxadiazon was applied to a Festuca arundinacea
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Schreb. turfgrass growing on a sandy loam soil treated with oxadiazon at rates of 4.5 to 5.6 kg ha-I

on an annual basis from 1977 to 1984. Greater than 90% of the oxadiazon residue remained in the
top.2.5 em of the soil. Only when 5_5kg ha-I of oxadiazon was applied for 8 consecutive years,
residues were found to a depth of 15 em and this fraction comprised only 3% of the total oxadiazon
residue.

Metabolism and degradation in soil

Oxadiazon is stable in soil and produces metabolites that do not accumulate. Stability is much
greater in flooded and sterile soils, which indicates that degradation is primarily due to aerobic
microbial activity (Ambrosi and Desmoras 1976; Ambrosi and Heilig 1977). Bacterial species
believed to decompose oxadiazon include: Alcaligenes eutrophus, Psuedomonas putida,
Rhodococcusrubropertinctus, and R. rhodochrous (Finkelshtein et al. 1984). Oxadiazon does not
inhibit growth of other soil bacteria. Fungi and actinomycetes do not appear to use oxadiazon as a
metabolic substrate.

Major metabolites of oxadiazon include a carboxylic acid, a phenol, and a dealkylated derivative
-andare not believed to be herbicidally active (Ambrosi et al. 1977). Due to oxadiazon's low water
solubility, degradation products occur at very low concentrations with none exceeding 0.06 ppm.
The percentage of metabolites never exceeds 10% of the parent oxadiazon fraction in the soil.

Soil dissipation of oxadiazon has been investigated in many soil types. Ambrosi and Desmoras
(1973) reported half-lives of 150 days in the laboratory and 180 days in field trials in a silt loam
soil. Barrett and Lavy (1984) found 59% of applied oxadiazon remaining after 20 weeks in a
Crowley Silt Loam (Typic Albaqualfs). Finkelshtein et al (1984) reported that oxadiazon degraded
more slowly in a podzolic soil when flooded than when held at field moisture capacity. After one
year of incubation 27% of the applied oxadiazon remained in the moist soil, while 57% was
recovered from the flooded soil. Average half-life of oxadiazon is documented as six months by
Prost (1985). Chakraborty et al (1999) reported that dissipation of oxadiazon in Kalyani alluvial soil
in India followed. first-order kinetics and DT 50 values ranged from 44 to 45 days.

EFFECTS ON TURFGRASS ESTABLISHMENT, GROWTH AND DEVELOPMENT

Mode of action

'Oxadiazon is absorbed through the aerial parts (shoots and leaves) and is minimally absorbed by
roots either with pre- or post-emergence application (Petrinko 1971). Plant tolerance to foliar
'application of oxadiazon is related to the rate of herbicide absorption through the leaf tissue

. (Archireddy et al. 1984). Leaf-absorbed oxadiazon is translocated mainly to the shoot, with minimal
translocation to the root. If oxadiazon is absorbed by roots, it does not translocate throughout the
plant (Ambrosi and Desmoras 1973; Bingham et al. 1980).

Oxadiazon causes rapid necrosis and photo-bleaching of plant tissues (Duke et al. 1989). Visible
effects are much like those caused by p-nitro-substituted diphenyl ether herbicides such as
aciflourfen, 5-[2-chloro-4-(trifluoromethyl)phenoxy]-2-nitrobenzoic acid. Light is essential for its
herbicidal activity, with damage being characterized by rapid light dependent membrane disruption
that can be detected within one hour of application (Ambrosi and Desmoras 1973; Duke et al. 1989;
Nissan 'i 975). The first ultrastructural damage evident is breakage of the tonoplast and
plasmalemma. Duke et al. (1989) postulates that oxadiazon inhibits conversion ofphotophyrin IX (a
photodynamic dye capable of herbicidal activity) to Mg-photophyrin, causing rapid membrane
peroxidation. Temperature has little effect on herbicidal activity. Porphyrin synthesis inhibitors
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such as gabaculine and dioxyheptanoic acid almost completely prevent the herbicidal activity of
oxadiazon.

Effects on shoot growth

_Oxadiazon injury to young grass leaves appears initially as a bleaching of leaf tips followed by
death of plant crowns (Hurto and Turgeon 1979). Damage to emerging shoots is greater when
seedlings emerge through an oxadiazon containing thatch layer. Thatch layer consists· of
undecomposed or partially decomposed layer of organic matter situated above the soil surface. '
Thatch does not bind oxadiazon as tightly as soil, and more of the applied herbicide is available to .
the se.edling.

Small seededgrass species are more sensitive to oxadiazon injury than large seededgrasses(Nissan
1975). Resistance decreases in the following order: Zea mays L., (threshold soil concentration 1
ppm)"> Triticum aestivum L., Sorghum bicolor Moench., Oryza sativa (0.3 ppm) > pactylis
glomerata L., Eragrostis curvula L., Phleum pratense L., Lolium multiflorum Lam., Festuca
arundinacea, Digitaria ascendens (H.B.K.)Henr., Poa annua L., (0.1 ppm) > Echinochloa crus-
galli (L.) Beauv., and Agrostis palustris L.. '

Oxadiazon is safely used in the granular form on a wide variety of warm- and cool-season
turfgrasses including: Lolium perenne, Poa pratensis, Festuca arundinacea, Agrostis palustris,
Cynodon dactylon [L.] Pers., Zoysia japonica Steud., Stenotaphrum secundatum (Walt.) Kuntze ..
Temporary injury that may occur consists of leaf yellowing in cool season grasses and a delay in
green-up of warm season grasses (Johnson 1976; Johnson 1978; Johnson 1986). Johnson (1983)
reported oxadiazon injury to 'Tifway' C. dactylon grown under putting green management.
Turfgrass injuries included delayed spring green-up, turfgrass discoloration (reddening), and stand
thinning. Root growth was not significantly affected.

In a putting green study, Bhowmik et al. (1995) found no significant differences in tiller number,
clipping dry weight, root length or root weight between oxadiazon treatment and the untreated
control plot, when turfgrass plugs taken 3, 6, and 9 weeks after treatment from the A. palustris
putting green and grown for 8 weeks in sand culture pots in the greenhouse. Bentgrass grown under
putting green management is more tolerant to oxadiazon than C. dactylon (Johnson 1986). A.
palustris stands were not thinned, but temporary discoloration did occur. The injury was within
acceptable limits.

Effects on root, stolon and rhizome growth

Oxadiazon has little effect on root growth in either warm or cool season turfgrass species. In a study
investigating effects of pre-emergence herbicides on rooting of Eremochloa ophiuroids [munro]
Hack., Festuca arundinacea, Poa pratensis, C. dactylon, and Z. japonica, Lewis et al. (1988)
reported that Oxadiazon-treated sod had root strengths comparable to untreated sod. Bhowmik
(1996) reported that root strength of one-year old P. pratensis sod-treated with oxadiazon at 4.5 kg
ha-I was similar to that of untreated turfgrass. Bhowmik et al. (1995) also reported no injury or
thinning of A. palustris after three consecutive yearly application of oxadiazon at 2.2 kg ha-~.ona
putting green. Similar results were reported for C. dactylon by Bignham and Hall 1985, Demoeden
et al (1988), and Johnson (1980); for Poapratensis by Christians (1982), Jagschitz (1986a; 1986b),
Bhowmik (1996), and Bhowmik et al. (1993a; 1993b); and for Agrostis palustris by Demoeden et
al. (1988) and Bhowmik et al. (1995).

Differences in responses of cultivars to oxadiazon have been reported for P. pratensis and C.
dactylon (Johnson (1980) and Christians (1982). Christians (1982) found that 'Newport' and 'Baron'

407



P. pratensis cultivars' root and rhizome weights decreasedby oxadiazon, while the cultivars 'Park'
and 'Enmundi' were not injured. Root growth of 'Ormond' C. dactylon decreased by oxadiaion,
while 'Tifway', 'Tifgreen', and 'Tifdwarf were unaffected.

Effects on turfgrass establishment from seed

Effects of oxadiazon on seedling grasses are related to herbicide placement and concentration.
When oxadiazon was mixed with the soil and placed at different depths (Barrett and Lavy 1984),
greater injury occurred to F. arundinacea seedlings when the chemical was placed nearer the soil.
surface. Comparable injury was caused by oxadiazon applied either at 2.0 kg ha-I in the top 1.2 ern
of soil or at 16 kg ha-I applied at a depth of3.2 to 11.5 ern (application rate was calculated basedon
information provided in the materials and methods by Barrett and Lavy (1984).

Application of 4 kg ha' in the 1.2 - 3.2 ern zone resulted in the same amount of injury as 16 kg ha-I

applied throughout the soil to a depth of 11.5 cm. Analysis of the soil profile for oxadiazon at 45
days after "application indicated minimal movement of oxadiazon below the level of application.
Lower percentages of oxadiazon remained where applications were made to the upper portion of the
soil profile.

Fall over-seeding of established cool season turfgrass is a standard cultural practice used to fill in
bare areas and improve stand quality. Fall over-seeding of warm season grasses with L. perenne
provides color during the dormant period of warm seasongrass. A considerable number of studies
have been conducted investigating effects of spring application of preemergence herbicides on fall
over-seeding of turfgrass.

Nash and Demoeden (1982) showed that acceptable L. perenne cover could be obtained with
seedings made 10 weeks following a 2.2 kg ha-I application of oxadiazon. At 4.5 kg ha", acceptable
L. perenne cover was obtained on seedings made at least 20 weeks after herbicide application.
Verticutting prior to seeding at 5, 10, and 15 weeks following herbicide application enhanced L.
perenne germination. Bingham and Schmidt (1983) found that oxadiazon at 2.2 and 3.4 kg ha-I

could be applied 2 months prior to L. perenne seeding without affecting establishment. Bhowmik
and Prostak (1998) reported excellent stand density of L. perenne from reseeding 4, 6 and g weeks
after oxadiazon (2G) treatment. There were no differences in stands from 2.2 or 4.4 kg ha-I rates of
oxadiazon. L. perenne stands were over 80% 4 WAT, and over 90% 6 and 8 WAT.

, Other cool seasongrassesare less tolerant of oxadiazon residues than L. perenne. Relative tolerance
, Of evaluated cool seasonturfgrasses to oxadiazon soil residues is: L. perenne > Festuca rubra > Poa

pratensis > Agrostis palustris (Worrad 1988). Agrostis palustris is extremely sensitive to oxadiazon
residues during establishment. When planted 5 months after oxadiazon application (3.0 kg ha-I)
Agrostis palustris cover was reduced by 28%. No establishment occurred for 4 months following a
6.0 kg ha-I application at 5 months after treatment cover was reduced by 67%.

In a study investigating the effect to herbicides on F. rubra and P. pratehsis renovation seedings,
Jagschitz (1986a and 1986b) reported that 3.4 kg ha-I of oxadiazon reduced germination of Festuca
rubra when seeded less than 22 weeks after herbicide application. P. pratensis germination was
reduced -by 32% (compared to the untreated control) when seeded 22 weeks after oxadiazon
application. Earlier plantings were more severely affected (84% reduction for the 15 week post
application seeding).
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Establishment from sprigs

C. dactylon is normally established from sprigs during an active growing period in spring and early
summer. Annual grass weeds compete with C. dactylon sprigs and can reduce the rate of
establishment. Weed control is critical during this period, and oxadiazon is commonly used during
C. dactylon establishment.

In an evaluation of herbicides for use during 'Tifway' C. dactylon establishment, oxadiazon (2G)
applied at 3.4 kg ha-I in a single application or l.7 kg ha-I applied twice did not injure C. dactylon '
(Johnson (1975). Similar results were reported by Bingham and Hall (1985) when several
herbicides were evaluated for use during establishment of ,Vamont', 'Midiron', and 'Tifway' C.
dactylon cultivars. Oxadiazon (2G) at rates of up to 4.5 kg ha-I did not retard ground cover
development ofthe three cultivars studied. Overall root growth and cold temperature tolerance of
the cultivars were not affected by oxadiazon treatment.

Establishment from sod

Sodded turfgrass is normally establisheo in whole area coverage or from plugs or strips, and 'control
of annual weeds is critical in the development of a healthy, vigorous turf. Oxadiazon is commonly
used in these establishment practices and has been shown to provide excellent weed control without
causing turf injury (Bingham et al. 1995).

In a study evaluating effects of pre-emergence herbicides on four C. dactylon cultivars, Kenna and
Dunfield (1986) found that 9.0 kg ha-I of oxadiazon did not adversely affect the percent field plug
survival, percent ground cover, or root quality of 'Tifgreen', 'Sunturf, 'U-3', or common C. dactylon
cultivars. Prodiamine, pendimethalin, and benefin all caused significant injury to the cultivars for
parameters evaluated in the study. Oxadiazon at 3.4 kg ha-I did not adversely affect root weight,
root length, percent cover, or rate of establishment of 'Belair' and 'Meyer' Z. japonica (Fry et al.
1986). The number of stolons and rate of stolon branching were greater in the oxadiazon treatments
than the untreated control.

Oxadiazon is safe for use in establishment of P. pratensis and Z. japonica from plugs. With
machine planting of'A-20' Poa pratensis plugs the rate of establishment and the control of P. annua
was the best in plots treated with oxadiazon (2.2 kg ha-I) (Solon and Turgeon 1975). Bhowmik
(1996) reported rooting strength of P. pratensis in a field study that common pre-emergence
herbicides at recommended rate for 2 to 3 years did not cause root pnming or did not adversely
affect the overall growth and quality of P. pratensis.. '

Oxadiazon has been shown to be safe for use prior to laying P. pratensis sod. Oxadiazon at rates of
3.4 to 4.6 kg ha-I applied between 1 and 18 weeks before sod laying did not effect the rooting, root
strength, or turf vigor of P. pratensis (Jagchitz 1980; Jagchitz 1986b).'Oxadiazon·did not effect
rooting of P. pratensis when it was applied to the sod 5 weeks prior to cutting (Shearman et al.

1979).

Oxadiazon can be safely used for pre-emergence weed control on established turfgrasses and during
, turfgrass establishment from sod, plugs, and sprigs. Oxadiazon does not affect turfgrass root, shoot,

stolon, or rhizome growth and does not affect sod strength, Results of research over the past 25
years show that oxadiazon is largely immobile in soil. Downward movement of oxadiazon is related
to its adsorption to fine clay and humic particles that travel downward via soil macropores.
Dissipation of herbicidal activity is due to aerobic microbial degradation and strong soil adsorption.
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Abstract: Quilpie mesquite (Prosopis velutina Woot.) is an invasive, prickly woody weed that is
believed to have been introduced into southwest Queensland in the 1930s. Although it produces
palatable pods and provides shade for grazing stock, it develops dense thickets, reducing pasture
growth. Field results using triclopyr-based formulations with basal stem application showed
inconsistencies that appeared to be related to rainfall patterns. In March 1995, we tested the
efficacy of selected herbicides using dieseline as the basal stem herbicide carrier. Herbicide
treatments were set out adjacent to the south boundary of Comongin Station Quilpie, Queensland.
Plants with root system in a predominately dry condition after spraying were more susceptible to
the applied herbicides than plants with greater access to soil moisture, particularly within one
month of herbicide application. At the second assessment in November 1995, a distinct pattern of
plant degradation occurred because of herbicide-induced plant degeneration, which is linked to
water availability. Herbicide efficacy showed significant responses to the effect of water
availability (P <0.01), with a significant interaction between water access and herbicide treatment
(P <0.01). High 'soil moisture on the day of application promotes herbicide efficacy, provided
follow-up rain did not occur. The higher strength dicamba and triclopyr formulations showed the
most effectiveness irrespective of plant height « 1.5 m or 2: 1.5 m) or water availability. Smaller
plants were more susceptible to applied herbicides. The recovery response of triclopyr + picloram
treated plants when close to ponding depressions was possibly because of the buffering capacity
provided by the larger biomass of mesquite bordering channels, enabling detoxification of the
lower dose formulations.

Key words: Control, basal-stem, herbicide, Prosopis, mesquite, soil-moisture.
:

INTRODUCTION

Quilpie mesquite (Prosopis velutina) is a persistent woody weed mostly restricted to Quilpie Shire
in Queensland, but with extended ranges in New South Wales and Western Australia. The botanical
features of mesquite favour survival in dry conditions. The P. velutina treated in this experiment
ranged from plants 2-3 m tall.

The capacity of P. velutina to tolerate herbicides if plenty of water is available after herbicide
application is linked to the topography and soil type in the target area. The channel country around
Quilpie has sandy red clay loam, which is quickly waterlogged (National Wilderness Red Index
1994). So gradual are the gradients of the land there that floodwaters slow down, spread out, find
break up into hundreds of small braided channels (Short and Blair 2000). When the channels cease
to flow, many small ponds are left to sustain near plant life.

This experiment was conducted to find an alternative to the high cost of control afforded by
triclopyr ester, and, a posteriori, to find out if soil water availability after herbicide application
affects herbicide efficacy. Triclopyr ester is the main oil-based basal stem treatment for controlling
Quilpie mesquite.
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MATERIALS AND METHODS

Location and site

The trial occurred near Quilpie, Queensland (DNRM map ref: SG55-9 Quilpie [1975] BL 3869) on
grazing land on the southern boundary fence line of the Comongin property .:

Within the experimental area, Quilpie mesquite (Prosopis velutina) grew in semi-arid open grazing
channelled clay loam verging on the flood plain adjacent to the Bulloo River (26.5147970S;
144.347470E). The dominant canopy species were Coolabah trees (Eucalyptus coolabah. Blakely and
Jacobs), Silver-leaf ironbark (E. melanophloia F. Muell), Beefwood (Grevillea striata, R. Br.), and
Gidgee (Acacia cambagei, R.T. Baker) (nomenclature follows Anderson (1993)). Species to 4 m tall
included Silver cassia (Senna artemisioides (D.C.) Randell), Budda (Eremophila mitchellii Benth.)
and Gooramurra iEremophila bignoniiflora Benth.) F. Muell) (Lazarides and Hince 1993).

.Design " "

The experiment incorporated three factors influencing P. velutina growth, namely herbicide
treatments, water accessibility, and plant size. The herbicide treatments were set out in a balanced
fully replicated trial, with randornised plots repeated in eachof three blocking groups.

Because each plot was - 4 ha with up to 1000 plants within each datum area incorporating water
holding channels, the further blocking factor, water availability was introduced to the experiment a
posteriori. Environmental scientists adopt similar approaches where pollution studies have indicated
the presence of the "key indicator" in an initially not noticed pattern (Thomson and Seber 1996).
Water availability was coded as 1: dry soil profile (>5 m away from ponded areas or channels); 2:
moderate amount of water being available to treated plants (>3 and::; 5 m away from ponded areasor
channels) and 3: for plants subjected to inundation or ponding adjacent to root zones following rain
events (:'S 3 m from a flood channel). Assessment occurred on at least 30 randomly selected plants
from within each datum areawithin the selected plots.

Experimentalists applied the herbicides in March 1995 and assessedover Lyear only, because of a
control strategy that involved further treatment immediately following the last assessment.Weather
'datashowed above-average rainfall for 1995.

Equipment

. Croplands Swismex Lagus Jal hand-pumped knapsack sprayers of 8 litres capacity were used for this
experiment. They were fitted with 1 m spraying wands and 2 mrn adjustable nozzles. Sprayers were
pressurised to 1000 kPa. For best results, the sprayer nozzle was adjusted to deliver a narrow, low-
pressurised cone-shapedjet. The dieseline mixture was sprayed lightly but evenly on the stems up to
50 em from the ground for small plants and up to 1 m above the branching point for older plants
above three metres high. This was on some occasions - 2 m above-ground level but more commonly
<1.5 m from the ground.

Heights of targeted mesquite plants were measured before treatment application using a Herga and .
Co clinometer - UK manufacture No. DMS-3. Plants < 1.5 m were considered as small and plants ;:::',
1.5 m were considered large.

Analysis

The data were analysed with Systat 9 software, using repeat measure multivariate analysis of variance
(Wilkinson and Coward 1994) as outlined by Sparkes and Panetta (1997) with three factors
influencing P. velutina growth, i.e., Treatment, plant size (Plants < l.5 m or > l.5 m), and water
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availability. A graphical presentation was used to reflect differences between the treatments and size
of the treated plants (Figure 1) and the affects of the habitat through water availability (Eigure 1).
Moderation of post-hoc growth affecting factor comparisons occurred using Tukey adjustment
(Wilkinson and Coward 1994). Dunnett's test was used in a two-sided one-way test to decide whether
the independent herbicide treatments were significantly different from the control.

RESULTS AND DISCUSSION

All herbicide treatments were significantly different from the control, and access to water through
.the root zone had a significant effect on rating plant response to herbicide (P<O.OOI). The affect of,
the plant size on the overall response through the assessmentswas highly significant (P<O.OOI).

The 'interaction effect (Tabachnick and Fidell 2001) of water access*treatment was significant
(P<O.OOI). However, judging by the size of the F ratio, access to water was a significant factor in
determining the treatment response. Where the root system remained in a predominately dry
condition (Fig. 2 - low water access), plants were distinctly more susceptible to the applied
herbicides. The interaction between herbicide treatment and plant size (P<O.OOI) was highly
significant. The data shows the herbicide treatments were significantly more effective on smaller
plants. .

Treatment 1, the highest rate of dicamba amine, provided 100% kill in the dry soil, 60% kill in the
marginally moist soil and 50% in wet soil. Comparatively, treatment 4, triclopyr ester, provided
54% kill in the dry soil, 57% kill in the marginally moist soil, and 40% in wet soil. Both treatments
displayed the greatest margin in herbicide performance between efficacious treatments and
treatments 5-15. Higher strength triclopyr ester treated plants growing in dry soil were often dead to
the ground, but not the roots, compared with other treatments.

Of thetreatments that incorporated dicamba or triclopyr alone (Treatments I and 4), the two higher
strength formulations showed greater efficacy irrespective of plant size or water availability and did
not differ significantly between themselves (P = 0.95).

However, lower strength mixtures of these herbicides often had poor efficacy (Figure 1 and 2).
Treatments 6, 7 and 8 performed poorly on larger plants where water availability was high after
herbicide application. Treatment 6, the lowest strength triclopyr butoxyethyl ester, was significantly
less effective than treatment 7, the mixture of the strongest strength of triclopyr butoxyethyl ester +
picloram isooctyl ester (P<O.OI). The triclopyr butoxyethyl ester + picloram isooctyl ester was
released commercially many years after the release of triclopyr ester of similar strength and with a
higher relative cost. However, the detection of residual compounds like picloram may prevent
successful application for graziers looking for certified organic beef registration.

Treatments 8 - 15 (Figure 1) showed comparatively poor efficacy. Treatments 8 and 9, medium and
low concentration of triclopyr + picloram esters, targeted on P. velutina and grow.ing under high-
water availability, were less efficacious at the second assessment compared those growing in low
water availability areas and subjected to the highest concentratio~ of triclopyr + picloram ester
(treatment 7) (P< 0.01). Thus the impact of the dosage response and amount of soil moisture
following spraying, projects a response trend for this formulation (Figure 1). Where the root system
remained in a predominately drier condition (Fig. 2 - low water access) plants were distinctively
more susceptible to the applied herbicides. Treatments 12 to 15, various 2,4-D formulations,
showed poor efficacy (Figure 1). Water accessibility is the "key indicator" that was observed to
induce the pattern of reshooting of sprayed plants (Figure 1). The rainfall pattern for 1995 (Figure
1) provided conditions that were ideal for herbicide application with a dry March preceded by a
supplementary rain in January and February. The unexpected high volume rain incidents in May
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caused flooding of channels and catalyzed the reshooting of mesquite treated with triclopyr-based
products.

P. glandulosa with its root system in a predominately drier condition after application were more
susceptible to the applied herbicides (Bovey 1998), within one-month post-herbicide application.
High soil moisture on the day of application promotes herbicide efficacy ((Sparkes 2003). Herbicide
treated plants, particularly those subjected to triclopyr + picloram ester that had continued accessto
water, were able to recover.

Table 1. Herbicide treatments applied using the basal stem application technique.

Treatment Herbicide Product Mls product Spray solution
. i.' 5 t.' . i.'a.!. g a.!. g

I Qicamba(Ji)oil soluble amine 400 125 * 10
2 Dicamba® oil soluble amine 400 100 * 8
3 Dicamba® oil soluble amine 400 75 6
4 Garlon 600® 600 83.33 * 10
5 Garlon 600® 600 55.55 * 6.67
6 Garlon 600® 600 41.66 5
7 Access@(triclopyr ester) 240 111 * 5.34

(picloram ester) 120 2.67

8 Access®(triclopyr ester) 240 84 * 4.03
(picloram ester) 120 2.02

9 Access®(triclopyr ester) 240 56 2.69
. (picloram ester) 120 1.34

10 Grazon® DS (triclopyr ester) 300 166 9.96
(picloram amine) 100 3.32

11 Grazon® DS (triclopyr ester) 300 106 6.36
(picloram amine) 100 2.12

12 Grazon® DS (triclopyr ester) 300 84 5.04
(picloram amine) 100 1.68

13 2,4-D 500 333 33.3
14 2,4-D 500 212 21.2

15 2,4-D 500 166 16.6

16 Control
* Common dilutions presentin standardbasalstem formulations with dieseline carrier.
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Evaluation of newer molecules for chemical weed control
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Abstract: Among the agronomic practices that influence production, productivity and quality
'parameters of tea, weed management has attained significant importance in view of the near
exclusive dependence on herbicides for chemical weed control. Experiments were conducted in the
field during the years 2000-2001 and 2002-2003 at Koppa Estate, Karnataka, to evaluate the
usefulness of glyphosate 41 SL at 720 g a.i. ha'! as tank mix either with metsulfuron-methyl25 WP
at 4 g a.i. ha'! or carfentrazone-ethyl 40 WP at 20, 25 and 30 g a.i. ha'! respectively. Paraquat
dichloride 24 WSC was also evaluated at 360 and 540 g a.i. ha'! as tank mix individually with
metsulfuron-methyl 25WP at 4 g a.i. ha'! and carfentrazone-ethyl 40WP at 20, 25 and 30 g a.i. ha'!,
respectively for broad spectrum control of weeds. Glyphosate 41SL as tank mix with metsulfuron-
methyl25WP at ,720+4 g a.i. ha'! and glyphosate 41SL +carfentrazone-ethyl 40WP at 720+30 g a.i.
ha'! gave effective control of resistant weeds like Ageratum conyzoides, Cynodon 'dactylon.
Crassocephalum crepidioides, Mitracarpus villosus, Spermacoce ocymoides and Spermacoce
latifolia compared to stand alone application of glyphosate 41SL at 720 g a.i, ha·!. A progressive
increase in per cent control of weeds and decreasein dry weight of weeds per unit area was noticed
with increased dosage of carfentrazone-ethyl 40WP. Paraquat dichloride 24WSC in combination'
with Carfentrazone 40WP at 30 g a.i. ha'! gave effective control of these weeds than with
metsulfuron methyl 25WP at 4 g a.i. ha'! .

Key words: Additives, broad spectrum, tank mixtures, weed control, weed flora.

INTRODUCTION

Tea (Camellia spp. L.) is grown in about 0.4 million ha in India. Tea in south India is located at
altitudes ranging from 500 to 2200 m above the mean sea level in the hilly tracts of Western Ghats
of India.

Tea is grown in a wide range of soil types that are chiefly acidic in reactions; tea soils are latosols in
south India (Barna 1989), The tea growing districts of south India vary from each other in total
rainfall, rainfall pattern, soil type, texture, altitude and climatic conditions. It is also well established
fact that such conditions favour luxuriant growth of mixed population of weeds and even the age of
tea fields from pruning has been found to influence weed flora (Devei et al. 1992; Roberts and
Margaret 1980).

Weeds pose a serious problem in young tea plants in new clearings, pruned fields, mature tea fields
and vacant patches in mature tea fields. The need for weed management persists 'till a complete
ground cover is achieved by the spread of tea bushes (Sharma 1976).

Chemical weed control in tea has been found to be more efficient and cheaper than manual weeding
(Onsando 1989; Rahman 1974; Rahman 1975). Both pre-emergence and post-emergence herbicides
are being recommended for weed control in tea (Chakravartee 1994; Kotoky and Barbora 1993).
The most popular recommendations that are being practiced in south India are tank mixtures of
glyphosate, 2,4-D sodium salt and non-ionic wetting agent for control of mixed population of
weeds, dominated by broadleaf weeds. Combination of glyphosate, kaolin along with the non-ionic
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wetting agent is recommended for mixed population of weeds predominated by grasses
(Chakravarteeand Barbora 1993; Satyanarayanaet al. 1992; 1993;Sharma1977; 1978;Sharma-et
al.l980).

However,therearereportsthat someof the broadleafweedshavedevelopedresistanceto the above
said combinations.In this context, moleculesof newer chemistrieswith lower dosageshavebeen
evaluatedas tank mix with glyphosateand paraquatdichloride respectively for achievingbroader
spectrumof weedcontrol.

MATERIALS AND METHODS

Experimentswere carried out during the year 2000-2001 and 2002-2003 at Koppa Estate,Koppa,
Kamataka,situatedat an altitude of around 1100m abovemeansealevel. Mature tea fields in their
first year from pruning were selectedfor the study. There were 11 and 15 treatmentsand each
treatmentwas replicated three times. The trials were laid out in randomizedblock design and the
plot size/was10 m x 10m. The treatmentsconsistedof glyphosate41 SL at 720 g a.i. ha-I as tank
mix eitherwith metsulfuron-methyl 25 WP at 4 g a.i. ha' or carfentrazone-ethyl40 WP at 20, 25
and30 g a.i. ha-I respectively.Paraquatdichloride 24 WSC wasalso evaluatedat 360 and 540 g a.i.
ha·1 astank mix individually with metsulfuron-methyl25 WP at 4 g a.i. ha-I andcarfentrazone-ethyl
40 WP at 20, 25 and30 g a.i. ha-I, respectively,for thecontrol of mixed population of weeds.

The standardsfor the purposeof comparisonwere standalone application of glyphosate41 SL at
720g a.i. ha", paraquatdichloride 24 WSC at 360 and540 g a.i. ha-I,metsulfuron-rnethyl25 WP at
4 g a.i. ha', carfentrazone-ethyl25WP at 20, 25 and30 g a.i. ha", tank mixture of glyphosate41 SL
and2,4-D sodiumsalt 80 WP at 720 +1120 g a.i. ha-I in combinationwith non-ionic wetting agent
at 500ml ha" andthe untreatedcontrol.

Herbicide treatmentswere applied as post-emergenceblanket foliar spray directed towards the
weedsat the four to five leaf stage.The treatmentswere imposedthrough a low pressuredeveloping
knapsacksprayerfitted with WFN 040 nozzle, at a pressureof 1.00kg cm-2

. The volume of spray
fluid usedwasequivalentto 450 L ha' .

The averagevalueswere transformedto arc sine valuesandwere subjectedto analysisof variance.
Number of weedsoccurring within 1.0m2 quadratin eachplot wasrecordedat random at 15,30,45
and60 daysafter imposing the treatments.The dataon numberof weedswere subjectedto square-

root transformationusing.[;;+1. Dry weight of weedsin eachtreatmentwas recordedafter drying
. theweedsin anoven at 70° C until constantweight wasachieved.

RESULTS AND DISCUSSION

Weedflora

At the time of imposing the treatments,all the plots were predominantly infested with broadleaf
weeds such as: Ageratum conyzoides, Bidens biternata, Conyza ambigua, C. leucantha,
Crassocephalum crepidioides, Drymaria diandra, Emilia sonchifolia, Eupatorium odoratum.:
Mimosa -pudica, Oxalis corniculata, Polygonum chinensis, Polygonum nepalense, Spermacoce
ocymoides, Spermacoce latifolia, Ischaemum rugosum, Mitracarpus verticillatus, Scoparia dulcis
and the grassessuch as Cynodon dactylon, Digitaria adscendens, Paspalum conjugatum and
Panicum repens.
WeedControl
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Biometric observations

The untreated control recorded the highest number of weeds per unit area and was significantly
inferior to that of herbicide treated plots (Table 1). There was significant reduction in number of
weeds per unit area in the treatments of stand alone application of carfentrazone-ethyl at 20, 25 and
30 g a.i. ha', metsulfuron-methyl at 4 g a.i. ha' and glyphosate at 720 g a.i. ha", in that order
(Table 1). Treatment of tank mixture of glyphosate and metsulfuron-methyl at 720+4 g a.i. ha'i

· recorded significantly lower number of weeds and was superior to that of the standard treatments at
all the observations recorded. There was a significant reduction in number of weeds with increase in
dosage of carfentrazone-ethyl at 20, 25 and 30 g a.i. ha'l as tank mix with glyphosate at 720g a.i..'
h ,I

a .

Table 1. Influence of treatments on weed density.

Dosage Number of weeds m'2 *
Treatment (g a.i. ha') 7DAT 15DAT 30DAT 45DAT '60DAT

Glyphosate 41SL + Metsulfuron- 720+4 7.8 2.0 1.4 1.4 3.6
methyl 25WP (59.8) (3.0) (1.0) (1.0) , (11.9)
Glyphosate 41SL + 720+ 20 9.7 5.7 5.1 6.0 7.5
Carfentrazone-ethyl 40WP (93.0) (31.4) (25.0) (35.0) (55.2)
Glyphosate 41SL + 720 + 25 9.8 4.7 4.0 5.1 6.7
Carfentrazone-ethyl 40WP (95.0) (21.0) (15.0) (25.0) (43.8)
Glyphosate 41SL + 720 + 30 9.5 3.6 3.3 4.0 5.9
Carfentrazone-ethyl 40WP (89.2) (11.9) (9.8) (15.0) (33.8)
Glyphosate 41SL 720 9.8 7.8 6.8 7.3 9.3

(95.0) (59.8) (45.2) (52.2) (85.4)

Carfentrazone-ethyl 40WP 20 13.0 13.0 13.9 14.0 14.0
(168.0) (168.0) (192.2) (195.0) (195.0)

Carfentrazone-ethyl 40WP 25 11.7 11.0 11.3 11.8 12.2
(135.8) (121.0) (126.6) (138.2) (147.8)

Carfentrazone-ethyl 40WP 30 10.6 9.6 9.6 10.5 11.0
(111.3) (91.1) (91.1) (109.2) (120.0)

Metsulfuron-methyl 25WP 4 10.2 9.2 9.0 10.3 10.6
(103.0) (83.6) (80.0) (l05.0) (111.3)

Glyphosate41SL+2,4-D Sodium 720+1120+ 9.3 3.3 3.0 3.7 5.4

salt+NIWA 500 (85.4) (9.8) (8.0) (12.6) (28.1)
Untreated control 14.1 14.1 14.3 14.0 14.0

(197.8) (197.8) (203.4) (195.0) (195.0)
SEm± 0.3 0.1 0.2 0.4 0.3
CD at 5% 1.1 0.6 0.7 0.6 0.5

* .,J;;+l transformedvalues;Mean of 2000-2001and2002-2003;

Figuresin parenthesisindicate the absolutenumberof weeds.m"

· Treatments of stand alone application of paraquat dichloride, metsulfuron-methyl, carfentrazone-
.ethyl recorded the highest number of weeds and were significantly superior to all the tank mixture

· treated plots (Table 2). Treatments of paraquat dichloride at 540 g a.i. ha' in combination with
carfentrazone recorded lowest number of weeds per unit area and were significantly superior to that
of paraquat dichloride at 360 g a.i. ha'i (Table 2). These findings highlight that the concentration of
paraquat dichloride in the tank mix is important in determining its bio-efficacy. Victor (2003)
reported that straight application of carfentrazone-ethyl even at 20 g a.i. ha'l failed to contain
broadleaf weeds. Thus, the results of the present study indicate that, the beneficial effect of the
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combination may be attributed to synergism between the two herbicides (Rao et al. 1977; Yang Zu
Nang 1978).

Table 2. Influence of treatments on weed density.

Dosage Number of weedsrn" *
Treatment (g a.i. ha-') 7DAT 15DAT 30DAT 4SDAT

Paraquat dichloride 24WSC +- 360+-4 6.1 6.2 8.5 11.3

Metsulfuron-methyl 25WP (36.2) (37.4) (71.2) (126.6)
Paraquat dichloride 24WSC +- 360 +-20 5.2 5.3 8.0 10.3
Carfentrazone-ethyl 40WP (26.0) (27.0) (63.0) (105.0)
Paraquat-dichloride 24WSC +- 360 +-25 4.4 4.4 6.5 9.2
Carfentrazone-ethyl 40WP (18.3) (18.3) (41.2) (83.6)
Paraquat dichloride 24WSC +- 360 +-30 3.8 3.7 5.7 8.1
Carfentrazone-ethyl 40WP (13.4) (12.6) (31.4) (64.6) l

Paraquat dichloride 24WSC 360 8.2 8.6 9.3 13.2
(66.2) (72.9) (85.4) (173.2)

Paraquat dichloride 24WSC + 540 +-4 4.8 4.8 7.8 10.2 .

Metsulfuron-rnethyl 25.WP (22_0) (22.0) (59.8) (103.0)
Paraquat dichloride 24WSC + 540 + 20 4.1 4.0 6.7 8.8
Carfentrazone-ethyl 40WP (15.8) (15.0) (43.8) (76.4)

Paraquat dichloride 24WSC + 540 + 25 3.3 3.0 5.5 7.5
Carfentrazone-ethyl 40WP (9_8) (8.0) (29.2) (55.2)
Paraquat dichloride 24WSC + 540 + 30 2.4 2.4 4.5 6.5
Carfentrazone-ethyl '40WP (4.7) (4.7) (19.2) (41.2)

Paraquat dichloride 24WSC 540 6.6 6.0 8.8 11.3

(42.5) (35.0) (76.4) (126.6)
Carfentrazone-ethyl 40WP 20 13.6 13.0 14.3 15.5

(183.9) (168.0) (203.4) (239.2)

Carfentrazone-ethyl 40WP 25 12.8 12.0 12.9 13.5
(162.8) (143.0) (165.4) (18l.2)

Carfentrazone-ethyl 40WP 30 10.9 10.9 11.1 12.1
(117.8) (117.8) (122.2) (145.4)

, Metsulfuron-rnethyl 25WP 4 11.1 10.2 10.0 11.6

(122.2) (103.0) (99.0) (133.5)
Untreated Control 15.1 16.0 16.0 15.8

(227.0) (255.0) (255.0) (248.6)

SEm± 0.1 0.1
0.1

0.3
CD at 5%

0.6 0.5
04

0.8
.6

* .[;+1 transformedvalues;Mean of 2000-2001 and2002-2003

Figuresin parenthesisindicate the absolutenumber of weeds.m"

Dry weight of weeds exhibited similar trend ofresults as that of number of weeds (Table 3 and 4).
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Table 3. Influence of treatments on dry weight of weeds.

Treatment
Dosage Dry Weight of weeds (g m-2)*

(g a.i. ha-I) 7DAT 15DAT 30DAT 45DAT 60DAT

Glyphosate 41SL + 720+4 36.0 0.9 0.7 2.6 4.8
Metsulfuron-methyl 25WP
Glyphosate 41SL + 720+ 20 62.4 14.6 7.8 10.5 24.1
Carfentrazone-ethyl 40WP

.Glyphosate 41SL + 720 + 25 56.5 8.5 4.5 7.5 13.5
Carfentrazone-ethyl 40WP
Glyphosate 41SL + 720 + 30 50.2 3.6 3.0 4.5 12.0
Carfentrazone-ethyl 40WP
Glyphosate 41SL 720 80.4 4l.9 33.8 35.6 46_5

Carfentrazone-ethyl 40WP 20 91.6 93.9 102.5 106.3 110.8
Carfentrazone-ethyl 40WP 25 89.5 80.6 90.7 94.2 96.4

Carfentrazone-ethyl 40WP 30 86.7 62.9 42.8 59.5 62.9
Metsulfuron-rnethyl 25WP 4 85.2 64.2 44.0 57.7 61.0

Glyphosate41SL+2,4-D 720+ 1120+500 49.3 3.0 2.4 3.9 10.9
Sodium salt+NIW A
Untreated control 108.8 114.7 119.5 123.9 128.7

SEm± 1.0 0.8 . 0.2 0.3 0.6
CD at 5% 3.2 2.4 0.6 0.9 2.0

* Meanof2000-2001 and2002-2003

Table 4. Influence of treatments on dry weight of weeds.

Treatment
Dosage Dry Weight of weeds (g m-2)*

(g a.i. ha") 7DAT 15DAT 30DAT 45DAT

Paraquat dichloride 24WSC + 360 + 4 16.5 17.2 39.0 56.9

Metsulfuron-methyl 25WP
Paraquat dichloride 24WSC + 360 + 20 12.1 12.1 28.3 47.0

Carfentrazone-ethyl 40WP
Paraquat dichloride 24WSC + 360 + 25 8.4 8.2 18.5 38.5

Carfentrazone-ethyl 40WP
Paraquat dichloride 24WSC + 360 + 30 6.0 5.6 14.1 30.2

Carfentrazone-ethyl 40WP
Paraquat dichloride 24WSC 360 26.2 28.7 46.2 72.1

Paraquat dichloride 24WSC + 540 + 4 9.9 9.9 29.1 40.6

Metsulfuron-methyl 25WP
Paraquatdichloride 24WSC + 540 + 20 7.0 6.7 19.7 35.1
Carfentrazone-ethyl 40WP
Paraquatdichloride 24WSC + 540 + 25 4.4 3.8 13.1 25.3
Carfentrazone-ethyl 40WP
Paraquat dichloride 24WSC + 540 + 30 2.1 1.9 8.6. 17.2
Carfentrazone-ethyl 40WP
Paraquat dichloride 24WSC 540 15.2 15.7 35.4 46.3
Carfentrazone-ethyl 40WP 20 103.1 110.6 125.9 130.6

- Carfentrazone-ethyl 40WP 25 66.3 60.2 60.0 66.9
Carfentrazone-ethyl 40WP 30 60.9 56.7 51.0 62.9
Metsulfuron-methyl 25WP 4 • 61.5 57.9 51.3 63.4

Untreated Control 125.7 143.6 150.8 149.9

SEm± 0.3 0.5 0.6 1.1

CD at 5% 1.2 l.5 l.9 3.2
* Meanof2000-2001 and2002-2003
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Basedon the resultsof the study it is concludedthat tank mixtures of glyphosateat 720 g a.i. ha-I
in combinationwith metsulfuron-methylat 4 g a.i. ha-l gaveeffective control of broadspectrumof
weedsin teaplantations.Tank mixture of paraquatdichloride at 540 g a.i. ha-I with carfentrazone-
ethyl at 30 g a.i. ha-l alsogaveeffective control of weeds.
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Bio-efficacy of XL 20AG in managing weed flora in tea plantation
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Abstract: Tea crop plays an vital role towards the Indian economy though its cultivation is
restricted in geographical distribution to the tropics between 20~(-and 200S latitudes. Climate has'a
profound effect on the persistence of weeds and this competes more in the perennial crop tea at its <

.various stages of crop growth. Weeds affect most of the matured tea plantation more as high
nutrient encourages weed growth. Therefore weed management is needed at regular intervals in tea
plantation. Digitaria, Eleusine, Cynodon, Paspalum and Echinochloa among grassy weeds and
Cyperus and Kllyinga, in sedges where as Scoparia, Borreria, Ludwigia, Oxalis, Commelina and
Ageratum among broadleaves are dominant weed flora in the northern tea plantation of West
Bengal'. Considering the economics an experiment was conducted to manage these' weeds;during
2002 at the Kamalpur tea Estate of North West Bengal, India with a new formulation of Glyphosate ..
Results revealed that XL20AG applied @ 60 or 40 ml litre-! of water showed full control of all
types of weed flora within three to four weeks after application. The effectively of XL20AG was
better than Glyphosate 41% SL applied @ 10 ml litre-!. This chemical was checked the resurgence
of tubers, stolons or rhizomes of some weeds. There was no phytotoxicity of this chemical to tea
plant.

Key words: Tea, weed management, herbicide, new formulation.

INTRODUCTION

Tea, an important plantation crop of India, plays a key role in national economy. Soil and climate
has a profound influence proliferation of weeds. The management practice and climatic condition in
tea growing areas of West Bengal often create the condition, favourable for growth of the weeds.
Weeds cause yield reduction in Tea to the tune of 15-40 % in this region (Samanta and Roy, 2005).
Hence, effective control of weeds during the critical period of crop-weed competition results poor
growth of weeds and good stands of tea. Thus, for effective and economic weed management, tea
needs suitable and effective herbicides to keep the ground weed-free during the critical period.
Keeping the above view, a field experiment was conducted to study the efficacy of XL 20 AG on
weed control and its phytotoxicity, if any, on tea.

MATERIALS AND METHODS

The field experiment was conducted at Section 10 of Kamalpur Tea Estate, Darjeeling, West Bengal
at 890E longitude and 270N latitude during summer 2002. The experimental soil was clay loam in
texture, acidic in nature, high in organic matter content with a pH of 6.1.Temperature begins to rise
from May and reaches maximum in July. It starts dropping from middle of October, onwards and .
becomes minimum in January. The average rainfall is 3000 mm per annum of which around 75 %
rainfall occurs during June to September. The treatments consisted of XL 20 AG at five different
doses (15,20,30,40 and 60ml L'water), Glyphosate 10 ml r! and untreated control. One metre strip
between two tea row was used as plot with a length of hundred metre. Required quantities of
herbicides were sprayed with a backpack sprayer with a nozzle WFN 0.040 in a spray volume of
450 lit ha-!. The weed samples were collected randomly from each treatment for taking their dry
weight by using a quadrate of lrnx lm. from the population of weed samples were used to calculate
percentage weed control (population and dry weight basis) as compared to untreated one at 5, 15, 45
and 90 days after spraying (DAS) of the herbicides.
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RESULTS AND DISCUSSION

The.predominant weed flora present in the experimental field were Digitaria sanguinalis, Eleusine
indica, Cynodon dactylon, Paspalum scrobiculatum and Echinochloa colonum among grassesand
Cyperus rotundus and Kyllinga sp. in sedges whereas Scoparia dulsis, Borreria hispida, Ludwigia
octovalvis, Oxalis corniculata, Commelina benghalensis and Ageratum conyzoides.

At 5 DAS, all the weeds showed toxicity to weeds. XL 20AG at 60, 40 and 30 ml 1 -I water and
glyphosate-l l % SL greatly reduced the weed population upto 45 DAS (Table 1). However, some
regrowth of weeds took place at 60DAS. In contrast, in the lowest two doses of XL 20AG at 15 and
20 ml 1~I water, regrowth took place 15 days earlier as compared to other herbicides used. Table II
that XL 20 AG at its all doses and Glyphosate 10 mll-I drastically reduced the dry weight of weeds
at 45 DAS. Among the herbicides, XL 20 AG 60 ml l -I water provided maximum weed control of
98.4% by reducing the dry weight from 24.7 to 0.4 gm" closely followed by XL 20 AG 40 ml l -I
water and Glyphosate. On the contrary, dry weight in untreated control increased from initial 24.6
to 31.8 gffi-2:' However, XL 20 AG provided 95.0 to 98.4% reduction in weed dry weight at 45 DAS
depending on the dose. The higher was the dose, the greater was the control of weeds in tea
plantation.

Table 1. Effect of treatments on percentage weed control (population basis)

Treatment Dose
(ml l -Iwater

Percentage weed control (population basis) Days after spraying

5 15 45 60
XL20AG
XL20AG
XL20AG
XL20AG
XL20AG

GLY 41% SL
Weedy check

60
'40

30
20
15
10

93 95 96 92
86 94 95 86
83 89 93 83
79 88 86 81
77 86 83 77
89 94 95 88

GLY=Glyphosate

Table 2. Effect of treatments on weed dry weight and percentage weed control (dry weight basis) in
tea

Dose Dry weight of weeds (gm-2) Percentage weed control
Treatment (rnl l -Iwater) (Dry weight basis)

Initial 45 Days after spraying

XL20AG 60 24.7 0.4 98.4

XL20AG 40 22.3 0.6 97.4

XL20AG 30 24.2 0.9 96.4

XL20AG 20 25.4 1.0 96.2

XL20AG 15 23.0 1.2 95.0
GLYAl% SL 10 23.9 0.5 97.9
Weedy check 24.6 31.8

Gl.Y'=Glyphosate
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Abstract: The effect of four different weed managementsystems on the growth of coconut
seedlingswas evaluatedto determine the most economical and effective method of controlling ,
weeds,in coconutnurseriesin the low country dry zone of Sri Lanka. The treatmentswere; hand
·weedif.!g(TI)' applicationof glyphosateat 1.44kg ai ha-I (T2),application of Diuron at 3.2 kg.ai ha'
I (T3) and application of oxyfluorfen at 270 g ai ha-I (T4). All treatmentswere applied at three
monthly intervals. According to the results, T2 and T3 significantly reduced the weed biomass
comparedwith thoseof other treatmentsandthe emergenceof new weed seedlingswasvery low in
Diuron- applied plots (T3). The growth of coconut seedlings (in terms of girth) increased
significantly (P<0.05) in T3 at the end of the nurseryperiod. Treatmentwith glyphosateat i.44 kg
ai ha-I (T2)resultedin reducedgrowth of seedlingsat the latter part of the experiment.The highest
growth rate of coconut seedlings (girth) was observed in T3 plots. The most effective and
economicallyviable herbicide combination was the application of Diuron at 3.2 kg ai ha-1 (T3) for
controlling weedsin coconutnurseries.

Key words: Coconut,diuron, glyphosate,oxyfluorfen, nursery,weed

INTRODUCTION

Coconut (Cocos nucifera L.) is by far the most extensivelycultivated major plantation crop in Sri
Lanka (LiyanageandLiyanage 1992).High quality coconutseedlingsmust be usedto establishand
maintain ahealthyanduniform plantation.Therefore,much attentionneedsto be paid at thenursery
stageto ensureproduction of quality seedlings.Coconut seedlingsare raised in nurseriesprior to
field planting. Propercare and maintenanceof seedbedfacilitate the selectionof early germinating
vigorous seedlings.Geneticcorrelation studiescarriedout by Liyanage and Abeywardanain 1957
haveshownthat early germination andseedlingvigor is correlatedto adult palm characterssuchas
early flowering andhigh nut andcoprayield.

During the nurserygrowth of seedlings,theremust be adequatemaintenanceif the plants areto be
vigorous and transplantable (Peries and Everad 1993). Among the cultural practices, weed
managementis an important but an expensiveagronomic input in a coconut nursery. However,
much information on the effect of growth reduction of seedlingsdue to weed competition in the
coconut nurseriesis lacking. The most popular weed control method in coconut nurseriesis hand
weeding but it is labor intensive and time-consuming (Senarathneand Perera 2004). The major
weed speciespresentin coconut nurseriesin the dry zone of Sri Lanka are Imperata cylindrica,
Cynodon dactylon, Panicum repens, Mimosa pudica, Hedyotis auricularia andHyptis suaveolens.

Glyphosate (N- (phosphonomethyl)-glycine) is a commonly used herbicide in mature coconut
. plantations(Senarathneand Perera 2003). It is a non-selectivepost emergenceherbicide, which
controls a wide rangeof monocotyledonousand dicotyledonousannuals,biennials and perennials
(Boyall 1998).Diuron (3-(3,4-dichlorophenyl)-1,1dimethylurea)is a ureaherbicide usedto control
a wide variety of annual and perennial broadleaf weeds,grassweeds and mosses(Caroline-Cox
2003). At present, it is widely used in sugarcaneand pineapple cultivations in Sri Lanka.
Oxyfluorfen (2-chloro-1 (3-ethoxy-4-nitrophenoxy)-4-(trifluormethyl benzene))is a selectivepre-
emergenceherbicide for weed control in a variety of crops, which controls a wide spectrumof
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annual broadleaf weeds and a few grasses(Chauhan and Ramakrishanan 1981). Therefore, careful
: -testing of these weedicides is important to find the most economical and effective means of

controlling weeds in the coconut nursery.

MATERIALS AND METHODS

An experiment was carried out in August 2003 to July 2004 in a coconut nursery located at
Wilpotha province in the Low Country Dry Zone of North-Western Sri Lanka. The average day
temperature of this site was around 30°C. The rainfall during the period of study was uneven with
dry spells.

Seed nuts were spaced 45 ern between rows and 15 em wi thin rows in the' nursery bed. The
treatments applied following a Randomized Complete Block Design with three replicates include:

-- T I.Manual weeding
T2. Application of glyph osate at 1.44-kg ai ha-I (41ha')
T3. Application of Diuron at 3.2 kg ai ha-I

T4• Application of Oxyfl urofen at 0.27 kg ai ha-I (1.251 ha')
T5. Uncontrolled

Each experimental plot was of 2.44 m x 3.04 m in dimension planted with 40 seednuts. Treatments
were made according to a fixed schedule using a hand sprayer on the entire surface of the plots. All
treatments were repeated at three month intervals, starting from August 2003 and ending in July
2004. Weed biomass was randomly collected as samples in 0.25 m x 0.25 m quadrant and weighed
every month. Plant height and stem girth were measured as growth parameters of coconut seedlings.
The seedlings of major weed species that emerged were counted to calculate the weed seedling
density.

RESULTS AND DISCUSSION

Effect of different herbicides on weed biomass

Among the treatments, the lowest weed biomass was produced by T2 (1.44 kg ai ha' Glyphosate, -
continuous application) and T3(3.2 kg ai ha-I of Diuron) (Figure 1). The other treatments were not
so effective in suppressing weeds satisfactorily and interfered with hand weeding. Moreover, T 2 and
T3 were effective in reducing both monocotyledonous and dicotyledonous weeds. Glyphosate is a
widely used, non-selective, foliage applied herbicide known to be highly toxic to Panicum repens
(Manipura & Somaratne 1974). Diuron is used for both complete vegetation control and selective
weed control in certain crops. Although hand weeding treatment suppressed weed growth
temporarily, fast re-growth was observed, especially with monocotyledonous weeds. Generally
hand weeding causes more damage to dicotyledonous weeds and aerial parts of monocotyledonous
weeds and less damage to root systems or underground plant parts such as stolons, bulbs and
rhizomes of monocotyledonous weeds. Hence, dicotyledonous weeds are much easier to control by
hand weeding. Boyall (1998) showed that when glyphosate was applied, it gets translocated into the
underground rhizomes and destroys all viable buds. Therefore, this is the ideal method for
controlling monocotyledonous weeds. However, dicotyledonous weeds seeds in the soil germinate
'with time (Figure 2) and produce new weed population on glyphosate-applied plots.
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Figure 1. Weed biomass (g m") as affected by five different weed management methods (from
August 2003 to July 2004) in a coconut nursery. Treatments were applied in October
2003, January ~004 and April 2004. Vertical bars indicate ±-SE of the mean.

Time (months 2003-2004)

-+- T1. Hand weeding

-y,-- T4. Oxyflurofen

___ T2. Glyphosate 411ha

---¥- T5. Unweeded

T3. Diuron

Diuron, also a selective systemic herbicide, is more effective against broadleaved weeds and grass
weeds (Caroline-Cox 2003). Diuron has longer residual activity as very low weight of weed
biomass was recorded in T3 plots. It was a very effective herbicide in the control of both types of
weeds in coconut nurseries. Emergence of new weed seedlings was very low in diuron-applied plots
(Figure 3). All the treatments were applied at three-month intervals but T3 did not need three
applications because after two applications weed growth was reduced significantly. Oxyfluorfen
was less effective in controlling both types of weeds. Emergence of new weed seedlings,
particularly dicotyledonous weeds, was very high in oxyfluorfen applied plots (Figure 4).

200

-50

Time

--+-Imperata cylindrica

Hedyotis auricularia

___ Cynodon dactylon

-)f- Hyptis suaveolens

Figure 2. Effect of glyphosate on the emergence of major weed species (Number of seedlings m")
in a coconut nursery. Treatments were applied in October 2003, January 2004 and April
2004. Vertical bars indicate ±-SE of the mean.
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seedlings m,2) in a coconut nursery. Treatments were applied in October 2003, January
2004 and April 2004. Vertical bars indicate ±...SEof the mean.

Effect of different herbicides on coconut seedling growth

Application of diuron at 3.2 kg ai ha ,lha significantly increased (P<0.05) the girth of seedlings
compared to the other treatments (Table 1). Seedling height however, significantly increased in the
unweeded plots (Table 2). In selecting high quality vigorous seedlings, broad and well-spread
leaves, stout stems, and short petioles are considered as desirable characteristics. Partly spreading,
narrow leaved, lanky seedlings were produced in unweeded plots due to high competition for light
with weeds. Seedling height is a negative character in selecting vigorous coconut seedlings.

Seedling girth started to increase during the latter part of the nursery period This could be attributed
to reduced competition for soil moisture and nutrients due to less or no weed growth in plots
applied with glyphosate or diuron. The seedling girth in T2 and T3 treatment were highest at the
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end of the experiment In T2, coconut seedling growth was also reduced and this may be due to
glyphosate toxicity on the coconut seedlings. Some yellow colored patches also appeared on the
leaves of seedlings in glyphosate-applied plots (T 2)' It is also important to note that manual control
ofweeds did not result in any significant increase in growth as compared to unweeded plots. This
implies that the competition by weeds for nutrients and moisture has not been effectively
suppressedby hand weeding. It is also interesting to note that there was no significant difference
among seedlings in herbicide applied plots, hand weeded plots and in T 4 treated plots.

Table' I. Effect of different weed control treatments on the seedling girth of coconut seedlings (cm))
at Wilpotha.

Treatments' Nov Dec Jan Feb Mar April May June July Growth R"
03 03 04 04 04 04 04 04 04 function

T,- Handweeding '7.0 7.7 9.2 10.0 10.6 12.0 12.6 13.5 13.8 Y=0.89X +6.2 0.986
Tr Glyphosate 8.1 8.7 10.0 11.1 11.6 13.4 14.2 15.9 16.4 Y=1.09X+6.6 0.990
T}- Diuron 7.1 8.0 9.5 10.4 11.2 12.6 13.6 15.8 17.2 Y=1.23X+5.5 0.98~

.T4- Oxyflurofen 7.8 8.2 9.3 10.1 10.7 11.7 12.3 13.2 13.1 Y=0.73X+7.0 0.982

Ts- Unweeded 7.8 8.4 95 10.4 10.9 12.2 12.9 13.5 14.1 Y=0.81X+6.9 0.998

Significance ns ns ns ns ns ns ns ** **
LSD (P=0.05) 1.16 1.15

CV%
* Significantlydifferentat P=O.OS; ns,not significantlydifferentat p=o.OS. Y= Coconutseedlinggirth (em)t = Time
(months)

Table 2. Effect of different weed control treatments on the height of coconut seedlings (ern) at
Wilpotha. '

Treatments Nov Dee Jan Feb Mar April May June July
03 03 04 04 04 04 04 04 04

T 1- Handweeding 50.1 60.5 74.3 81.2 84.1 90.9 ·101.5 113.5 116.0
Tr Glyphosate 66.6 76.7 92.8 99.8 106.0 113.4 129.5 146.9 130.6

Tr Diuron 48.4 63.4 80.0 80.2 85.0 94.8 109.1 122.7 127.7

.T4-Oxyflurofen 59.4 71.7 84.9 91.6 98.7 106.6 116.4 127.7 125.7

, Ts-Unweeded 60.8 74.0 85.4 95.1 99.4 106.6 116.7 130.5 150.0

Significance ns ns ns ns ns ns ns ns **
LSD (P=0.05) 18.5

CV%
'* SignificantlydifferentatP=O.OS; ns-notsignificantlydifferentatp=o.OS.

In terms of seedling height and girth, the highest growth rate of coconut seedlings was observed in
. the T3 (Tables 1 and 2). The seedling girth increment was 1.29 em per month (Table 1).

Cost benefit analysis of different weed control methods

,

The' costs of different weed control methods are given in Table 3. Highest seedling growth was
achieved by the application of diuron at 3.2 kg ai ha'l (T3).
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Table3. Costanalysisof different weedcontrol methods.

Methodsof weedcontrol Numberof
rounds

Costper 1000
seedlingsper round

Total costper 1000
seedlings(Rs)

T1-Handweeding
T2- Glypho 1.4kg ha-1

T3- Diuron 3.2kg ai ha-1

T4-0xyflu 0.27kg ai ha-1

4

3
2
3

400.00
46.67
156.80
75.00

1600.00
140.00
313.60
225.00

Includesmaterial & labor cost
Averageprice of commercial product of glyphosateSL Rs400 lliter,
Averageprice of commercial product of diuron SL Rs 560 1400g,
Averageprice of commercial product of oxyfluorfen SL Rs 12001400ml
Averagelabor wage:SL Rs 2001 manday,US 1$= Sri Lankan (SL) Rs 95

Application of glyphosateat 1.44kg ai ha-1 anddiuron at 3.2 kg ai ha-1 producedthe lowest weed
biomass.However, the most cost-effectivemethodof controlling weedswas to apply diuron at 3.2
kg ai ha-1

• Hand weedingwas not economicalasit involved a total cost of SL Rs 1600.00per 1000
seedlings.T4was lessexpensivebut not effective in controlling weeds.

It could be concluded that application of diuron at 3.2 kg ai ha-1 is the most economicalweed
control methodto producegoodquality seedlingsin coconutnurseries.Alternatively the application
of glyphosateat 1.44kg ai ha-1 canbe recommendedbut with lessefficacy.
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Abstract; Glyphosate is the most widely used herbicide in the world. Surfactants are well known to
enhance its uptake, translocation and field performance, The interactions between glyphosate
formulations and surfactants, however, are not simple and depend on factors which include leaf
surface, droplet characteristics, differential wetting of leaves, adjuvant type and the chemical form
of the herbicide. Understanding the complexity of these interactions is critical in order to,reduce the
amount of glyphosate being used worldwide, particularly in environmentally sensitive areas.

In most species, addition of common adjuvants to glyphosate reduces the surface tension of spray
solutions and droplet contact angles, leading to increased spray deposition, spray retention, and leaf
wetting. There are many examples in the published literature where such adjuvant effects translate
directly to increased uptake and enhanced glyphosate activity. There are other instances, however,
which show that adjuvant effects on glyphosate treatments are more species specific than previously
appreciated; increased spray delivery does not always result in increased control of certain weeds.
In this paper, some examples indicate the complex interactions between glyphosate, adjuvants and
plant responses. Reasons for lower effectiveness of glyphosate treatments in the field include the
hydrophobic nature of waxes, poor droplet spreading, increased drying time and antagonism in the
presence of certain adjuvants.

Crop-based oils and methylated seed oils, which also increase leaf wetting, have increased the
effectiveness of glyphosate treatments on many difficult-to-control weed species. Results of recent
studies are discussed, indicating that the enhanced activity of glyphosate in the presence of oil-
based adjuvants possibly involves humectant action or a solubilization effect on epicuticular waxes

" on the target leaves.

Key words: Adjuvants, glyphosate, surfactants.

INTRODUCTION

Glyphosate (N-(phosphonomethyl) glycine is a global herbicide because of its versatility in
economically controlling a broad spectrum of weeds under varied agricultural, industrial, amenity
and domestic situations (Bayliss 2000). Once applied the leaf surface, glyphosate has several
barriers to overcome before it becomes lethal to a plant. These are: (a) epicuticular wax on the
cuticle; (b) the cuticle itself; (c) walls of epidermal cells, and (d) plasmalemma of. cells. The
efficacy of glyphosate depends largely on the success of passing through these barriers, before
transl?cation within a plant to its sub-cellular sites of action.

Withthe aim of overcoming the cuticular barriers, many studies have examined the formulation
factors involved- such as glyphosate concentrations, glyphosate-adjuvant mixes, surfactant and/or
adjuvant concentration, spray droplet sizes, surface tension reduction in solutions, and leaf surface
characteristics, These have revealed the complex nature of the interactions between different
surfactants, surfactant rates, herbicide rates and target species, as major factors influencing the
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uptakeof glyphosate(Liu and Zabkiewicz 19972000; Knoche andBukovac 1993;Kirkwood et al.
2000; LeaperandHolloway 2000).

. Despitea vast amountof research,the basisof enhancementof foliar uptake of glyphosatecaused
by adjuvantsis still not well understood.Improved glyphosateefficacy with surfactantshasbeen
attributedto increasedleaf wettability, droplet contactareaandpenetration,resulting from reduced
surface tension and contact angle of droplets on leaf surfaces. Surfactants may also increase
glyphosateuptakeby influencing spraydroplet size,droplet drying time andoverall sprayretention
on leaf surfaces, and may also increase cuticular permeability and/or stomatal penetration
(Kirkwood 1993;1999).

Our researchwork hasfocusedon using adjuvantsto improve the bio-efficacy of glyphosate,so that
its rates can be reduced. This review is based on some laboratory and field 'research,which
demonstratethecomplexity of the interactionsbetweendifferent weed speciesandadjuvantson the
efficacy of glyphosate.

GLYPHOSATE-SURFACTANTINTERACTIONS

Influenceof epicuticularwax

The role of epicuticular wax and the influence of two surfactantson the uptake of glyphosatea.i.
were studiedusing three weed species-teaweed(Sida spinosa), velvetleaf (Abutilon theophrasti)
andsicklepod(Cassiaobtusifolia) (SharmaandSingh 1999).

Thesespecieshad different amountsof polar wax (14, 64 and 93%, respectively), as a % of total
waxeson adaxialleaf surfaces(25.5, 27.6 and 40,6 ug em"), respectively. Glyphosate(Rodeo'")
treatments(0.56 kg a.i. ha" in 188 L ha-1of water) were given to the three weeds,either aloneor
formulated with surfactants X-77 (non-ionic) and Silvet L-77 (organosilicone). During spray
treatments,the 3rd fully expanded leaf was kept covered with aluminium foil, and later, after
removingthecover,the adaxial surfaceof this leaf wastreatedwith 14C-glyphosate,appliedas5 x 2
1-11droplets(10 1-11).

.Contact Angles (CA) measuredcorrelatedwith the amount of polar wax on leaf surfaces,being
leaston teaweedand highest on sicklepod. Surfactantssignificantly reduced surface tension (ST)
a~dCA of glyphosatedropletson both Teflon slidesandtest leaves.

Uptakeandtranslocationof glyphosatewithout surfactantdecreasedsignificantly asthe % of polar
waxeson adaxial leaf surfacesincreasedin the species(Table 1). However, incorporation of X-77
or L-77 significantly increasedthe uptake and translocationof 14C-glyphosateby all species,and
this increasewas greaterwith L-77 than with X-77 in all species.The overall effect of increased
glyphosateuptakewas well correlatedwith low ST and low CA, increasedspreadingof dropletsin
thepresenceof thesurfactants.

Greenhouseefficacy evaluation trials consistently showed significantly higher % control of all
speciesachievedby Rodeo+ L-77, which is attributedto superspreadingpropertiesand increased
surfacecontactpromotedby L-77. However, thespecies-specificnatureof the glyphosate-surfactant

. interactionwasalsoobvious from the study. '
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Table 1. Effect of surfactants on uptake and translocation of 14C-glyphosate and overall control of
test weed species with varying amounts of cuticular polar waxes.

Treatment Teaweed Velvetleaf Sicklepod

*Uptake as % of applied

Glyphosate (control) 28.03 e 21.80 f 20.97 f

Glyphosate + X-77 58.27 b 38.60 c 34.23 d

. Glyphosate + L-77 66.43 a 56.87 b 56.77 b

Translocation as % of applied

GIYJ?hosate(control) 4.48f 3.78 g 3.4 g

Glyphosate + X-77 9.75 d 5.87 e 6.07 e

Glyphosate + .L-77 35.40 a 20.57 b 11.17c

Control %

Glyphosate (control) 45.0 cd 41.3 d 43.8 cd

Glyphosate + X-77 55.0 b 47.5 cd 66.3 a

Glyphosate + L-77 68.8 a 50.0 be 66.3 a
*In all Tables Uptake = 14C in the whole plant; Translocation= 14C in the whole plant, excluding the treated
leaf. Recovery of 14C activity: 95%. Values followed by the same letter are not significantly different
(Duncan's New Multiple RangeTest).

The interaction of plant surface waxes and surfactants on uptake of glyphosate was seen in another
study (Sharma et al., 2001), which used Commelina (Commelina communis) and Nightshade
(Solanum nigrum). The leaf surface properties of these two weeds were significantly different.
Nightshade's leaf surface had large amounts of non-polar waxes.

Glyphosate (RodeoTM) treatments on the weeds were the same as above, either alone or formulated

with Kinetic® (0.25% v/v), which is a blend of polyalkyleneoxide modified poly-dimethyl-siloxane
(organosilicone) and non-ionic surfactants. Experimental procedures for 14C-glyphosate uptake
studies were also as same as given previously .

. Both uptake and translocation of 14C-glyphosate were significantly higher in the presence of the
surfactant than without surfactant, in both species. However, between the two species, greater
uptake and translocation of 14C-glyphosatewas in Nightshade (Table 2).

- Table 2. Effect of Kinetic® on 14C-glyphosate uptake and translocation by Commelina and
Nightshade.

Harvest Uptake (% of applied) Translocation (% of applied)

time (h) Commelina Nightshade Commelina Nightshade

- S* +S - S +S - S +S -S +S

0.25 2 20 6 26 1 2 1 14

1 6 27 9 35 2 3 2 23

6 14 35 24 54 2 5 4 37

24 21 51 51 66 4 6 9 43

48 26 58 59 68 9 16 17 46

LSD (P~0.05) 3 2 1 2
*- S: no surfactant;+ S: with surfactant.

The increased entry of glyphosate, with or without surfactant into Nightshade is attributed to its
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relatively smooth leaf surface, which had less polar wax (or greater amounts of non-polar wax) .
.Uptake and translocation results were well correlated with the % control of these two 'Weeds
; achieved by glyphosate (±surfactant) (data not presented).

Scanning electron micrographs of treated Commelina leaves showed that the application of
glyphosate alone disrupted the epicuticular waxes on the adaxial leaf surface, but the waxes
remained intact on the cuticle. Treated with the organosilicone surfactant alone, the waxes appeared
dissolved, dried and with cracks. Similar damage to cuticles and epidermal tissues caused by
surfactants has been reported (Feng et al. 1999). With glyphosate + surfactant, surface waxes were
disrupted and dissolved; trichomes were ruptured from the base, and stomata were also disrupted.
The surfactant-aided disruption of epicuticular wax on Commelina probably allowed increased
penetration of glyphosate active ingredient into the plant.

In both our studies, glyphosate uptake was greater through non-polar cuticles, and glyphosate was
repelled by leaf. surfaces with more polar (hydrophilic) components. The presence of surfactants
allowed such repellence to be overcome. However, there are other studies, which have produced
somewhat different results. For instance, Chachalis et al. (2001) reported that lower efficacy of
glyphosate was related to the more hydrophobic (non-polar) nature of epicuticular wax of redvine
(Brunnichia ovata) leaves, compared to those of trumpet creeper (Campis radicans), a susceptible
species.

The wax mass per unit area (22-37 ug ern") was similar in the two species regardless of leaf age.
However, trumpet creeper was consistently more susceptible to glyphosate than redvine and the CA
of droplets was lower on its leaves. Trumpet creeper leaves have dense trichomes and glands and
significant surface micro-roughness compared to redvine, with no trichomes or glands. Therefore, it
is possible that leaf surface characteristics played a significant role in increased glyphosate uptake
by this susceptible species.

Species-specificity of responses

The species-specific nature of the adjuvant-enhanced uptake of glyphosate was observed in another
study with hairy beggarticks (Bidens frondosa) and guinea grass (Panicum maximum), which
differed in leaf surface characteristics (Sharma and Singh 2000).

Plants were treated with glyphosate (Rodeo" 0.56 kg a.i. ha-I in 188 L ha-I of water), alone or
formulated with adjuvants: (a) non-ionic surfactant Ortho X-77 (0.25% v/v), a mixture of alkylaryl-
polyoxyethylene glycols, free fatty acids and isopropanol; (b) organosilicone Silwet L-77 (0.1%
v/v), and (c) Methylated Seed all, MSO (1% v/v). Measurement of static ST and CA of a range of
concentrations of the three adjuvants mixed with glyphosate indicated that L-77 caused the greatest
reduction in ST and CA (Figure 1).
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Figure 1. Effect of adjuvant concentrations on (a) Surface tension of glyphosate solutions and (b)
Contact angles on a Teflon slide.
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In B.frondosa, all three adjuvants greatly increased the uptake and translocation of 14C-glyphosate
(Table 3). In the presence of L-77 >50% of the applied 14C-glyphosatewas taken up by B. frondosa
within 15 minutes. At 6 h, and thereafter, glyphosate uptake was significantly higher with MSO
than with X-77.

In P. maximum,uptake and translocation of 14C-glyphosateincreased with both X-77 and MSO, but
not with L-77. In fact, compared with the glyphosate alone treatment, L-77 had an antagonistic
effect on uptake and translocation of glyphosate in this grass species. The efficacy trial confirmed
L-77 induced antagonism of glyphosate uptake by P. maximum.

Similar antagonism of glyphosate by L-77 in grasses has been reported (Liu and Zabkiewski 1997;
Juying and-Dastgheib 2001). The common explanation is that the spread of droplets caused by L-77

. in the range of 0.1-0.2% is very large, and hence, the doselleaf area covered could be too low and
not conducive to cuticular penetration through diffusion. It is well known that glyphosate uptake is
better from concentrated droplets. This explanation is probably true for our study as well. In
addition,. the concentration of L-77 (0.1%) may not have been sufficient to permit stomatal
infiltration in P. maximum. .

Both of the above effects could be dependent on the nature of the target species foliage. Usually,
grass species are more susceptible to glyphosate than broad-leaved weeds; hence, this antagonism
by organosilicone surfactants is significant to note.

Table 3. Effect of surfactant types on 14C-glyphosate uptake and translocation in Bidensfrondosa
and Panicummaximum.

Treatment B. frondosa P. maximum

Uptake as % of applied

0.25 h 6h 24 h 48 h 0.25 h 6h 24 h 48 h

Glyphosate (control) 6.9 25 28 28 2.2 14 18 37

Glyphosate + X-77 29.8 45 50.1 49.9 3.5 16 23.5 32.6

. Glyphosate + L-77 52.5 77 84.6 83.9 3.6 3.1 5.1 7.5
, G~yphosate+ MSO 17.2 43 61.5 62.4 2.2 12.5 23.1 36.8

LSD (P = 0.05) 1.2 0.8

Translocation as % of applied

0.25h 6h 24h 48 h 0.25 h 6h 24 h 48 h

Glyphosate (control) 2.5 12.3 13.0 14.2 0.9 4.1 15.9 18.l

Glyphosate + X-77 15.l 35.2 40.6 40.6 1.2 5.9 14.4 20.4

Glyphosate + L-77 30.l 65.4 70.4 70.3 1.3 1.9 3.0 5.2

Glyphosate + MSO 7.5 31.1 48.8 48.6 1.0 4.4 13.6 25.2

LSD (P = 0.05) 1.4 0.5

% Control

.Glyphosate (control) 36.3 (± 6.3)* 17.5 (± 2.9)

Glyphosate + X-77 52.5 (± 11.9) 30.0 (± 4.1)

Glyphosate + L-77 94.0 (± 6.2) o (± 0)

Glyphosate + MSO 77.5 (± 9.6) 58.8 (± 4.8)
"Numbers in parenthesisareStandardErrors of the Means.
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Our study also showed the significantly increased control of both species achieved by glyphosate,
assisted by MSO. The increased uptake and translocation of 14C-glyphosate 6 h after treatment is
indicative of either a solubilizing effect on the cuticular waxes, or humectant effect on the droplets,
or both. These effects have been recorded by others as well (Wyrill and Burnside 1977) and have
been reviewed by Kirkwood (1993; 1999).

. Glyphosate-surfactant interactions- some field studies

In Australia, several field studies were conducted during 1999-2000 in a watershed catchment to

evaluate the efficacy of surfactants on Biactive® glyphosate for the control of large weed

infestations. Only Biactive® glyphosate, which does not contain additional surfactants, was
registered in Australia for 'over or near water' applications.

In one trial, weed infestations were large stands of Lantana (Lantana camara) and Groundsel bush
iBaccharis halimifoliay in the Lake Samsonvale catchment in South-East Queensland. Infestations
were 4,.0-3.5m tall shrubs with dense foliage. Both species have great potential for regeneration and

~ 22'
regrowth. Field plots were ~50 m (Lantana) or ~25 m (Groundsel) and three replicates. Lantana
plots were mostly unbroken stands; Groundsel plots were dense clusters of large plants (1-5 plants

~) .m .

Field treatments were glyphosate Biactive® (a) without surfactant (1.8 or 2.7 Kg a.i. ha'), (b) +
non-ionic surfactant Agral 90™ (0.05 or 0.1% v/v), or (c) + Pulse" (0.2% v/v), an organosilicone.

Plots were treated with either 10 L plot" (Lantana) or 5 L plot' (Groundsel) (~ carrier volume of
2000 L ha'). The use of slightly higher rates in this field trial was because it was possible that
various cations in the lake water sources may antagonize glyphosate. Nalewaja and Matysiak (1991)
reported that higher rates could overcome the influence of antagonistic salts in glyphosate spray
earners.

Single applications of Biactive® glyphosate alone were ineffective on the mature stands, as
indicated by significant regrowth at 8 WAT. However, the addition of the surfactants to glyphosate
significantly increased the control of bojh species. The increase of glyphosate efficacy caused by
both rates of the non-ionic Agral 90 was significantly higher than the enhancement due to the
organosilicone surfactant Pulse'".

The organosilicone- Pulse" increased the efficacy of glyphosate on Lantana, but the influence on
Groundsel was much less. The spray containing Pulse" spread almost immediately on the foliage
of both species.

Run-off occurred from leaves of both species with Pulse" (data not presented), but this run-off
from Groundsel leaves was much more marked than from Lantana. This may explain the loss of
glyphosate efficacy and the species-specific control response observed.

-It is possible that the relative high carrier volume used in the trial, necessitated by the maturity of
the stands, may have contributed to loss of activity due to spray run-off from Groundsel. The spread
of droplets caused by L-77 may have also caused the glyphosate dose per leaf area to be very low,

. which would not be conducive to cuticular penetration through diffusion. If anything, these results
emphasize the need to be much more mindful of the adjustment required in relation to surfactant
concentrations and carrier volume, in using particularly the organosilicones, as has been pointed out
(Liu and Zabkiewicz 1997).
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Table4. Glyphosate-surfactantinteractionson field control of maturewoody weedstandof Lantana
andGroundsel. '

Treatment

Lantana Groundsel

HerbicideRate(Kg a.i. ha·l)
l.8 2.7 l.8 2.7

% Control (4 WAT)*
34 56 25 48
60 90 55 90
65 95 62 95
64 88 38 75

5.4 6.8
% Regrowth(8 WAT)*

100 65 100 60
35 20 25 10
20 0 25 10
15 0 60 25

5.0 8.2

Glyphosate(control)
Glyphosate+ Agral 90 (0.05%)
Glyphosate+ Agral 90 (0.1%)
Glypliosate+ Pulse(0.2%)

LSD (P = 0.05)

Glyphosate(control)
Glyphosate+ Agral 90 (0.05%)
Glyphosate+ Agra190 (0.1%)
Glyphosate+ Pulse(0.2%)

LSD (P = 0.05)
*visual estimationof control (0-100% control)

A second adjuvant-glyphosateefficacy Trial was conducted in Botany Wetlands in Sydney, a
nutrient-enrichedpond systemwith deeply entrenchedinfestationsof mature,2-2.5 m tall Ludwigia
peruviana (Chandrasenaet al 1998). The field Trial was conducted in early summer November
1997.Averageair temperaturewas 25°C andrelative humidity 55%.

Treatmentswere glyphosateBiactive®(a) without adjuvant(l.8, 2.7 or 3.6 Kg a.i. ha-l),(b) + Agral
90™ (0.05% v/v), (c) + Pulse" (0.2% v/v), or (d) + Synertro1,a vegetable-oil concentrate
containing832 g t.' of emulsifiable Canolaoil. Threereplicateplots (25 m2 of 100%L. peruviana)
pertreatmentwere treatedwith 5 L plot" (carrier volume 2000L ha-I).

The results(Fig. 2) indicated the dose-dependentglyphosatecontrol of L. peruviana achievedat 4
WAT, and the consistent enhancement of glyphosate efficacy by both Agral and Pulse.
Incorporating the vegetable oil- Synertrol also improved the performance of glyphosate on L.
peruvian a significantly. Droplets without adjuvants wetted the leaves poorly and dried on leaf
surfaceswithin 3-5 minutes, whereasthe adjuvant-incorporateddroplets were moist even after 12-

, 15minutes(datanot presented).Pulsecausedsomerun-off from treatedleaves,but run-off wasnot
significant in theother treatments.
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Figure 2. Effect of adjuvantson the efficacy of Biactive® glyphosateon mature

standsof Ludwigia peruviana.
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In both of the field studies reported, the increased efficacy of Biactive® glyphosate caused by
adjuvants was obvious and relatively easily explained by the observed improved wetting of target
leaves and increased droplet drying times. There was evidence that Agral 90 was consistently better
than others in assisting Biactive® glyphosate uptake, andthat carrier volume needs to be lower to
benefit fully from incorporating an Organosilicone surfactant.
The increase in glyphosate efficacy caused by the Canola oil-based Synertrol is significant, because
this biodegradable adjuvant may be more acceptable to be used with Biactive® glyphosate 'in cr
near water' under the current conditions in Australia.

Efficient delivery of active ingredient to target sites is a fundamental requirement for herbicide
activity. In the case of glyphosate, this can be achieved by influencing the efficiency of spray
retention (decreased ST and CA), cuticle penetration and tissue absorption, by using a suitable
adjuvant. Selection of a suitable surfactant can reduce the degree of incompatibility between the
polar glyphosateand the largely non-polar cuticle.

The herbicide-adjuvant-plant interaction is a complex system. Understanding the different roles of
adjuvants in enhancing glyphosate efficacy is essential for optimum utilization of this global
herbicide. Glyphosate uptake is very dose dependent, and adjusting the amount of added surfactant
to control droplet spread, and hence, applied dosage per leaf, is a simple option for enhancing
uptake into any species.

The mechanism of surfactant-induced transfer of glyphosate active ingredient across the cuticle is
still not well established and could involve one or more of the following processes: (i) change in
solubility relationships and partitioning processes that are favorable to transfer, (ii) decrease in the .
resistance of the, cuticle to diffusion, and (iii) activation of specific polar or non-polar routes
through the cuticle. Our studies, among others, have established that there is a linear relationship
between properties such as ST and CA, and the uptake of glyphosate. However, many glyphosate
efficacy studies, including ours, show that greater herbicidal activity can be produced by slightly
higher rates of surfactants.

We believe that surfactants do not simply exert their effects on plant surfaces; they could penetrate
through the waxy cuticle into the underlying tissues, thereby assisting the uptake of glyphosate.
Other adjuvants, such as vegetable oils, may provide for greater uptake of glyphosate by creating
and prolonging conditions conducive to cuticular penetration. The interactions between plant-
species, glyphosate and surfactant rates are not simple, and need to be considered when planning
weed control programs, so that the ultimate aim of reducing the amount of glyphosate used in the
world and costs incurred, can be reduced.
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A simple technique to evaluate types of herbicide mixtures for pre-registration in Indonesia

S. Tjitrosemito
BIOTROP, P.O. Box 116, Bogor, Indonesia

Abstract: A technique to test types of herbicide mixtures was developed using 2,4-D and
glyphosate, and their mixtures. Three species were used as test weeds, i.e., Bidens pilosa,

Brachiaria sp., and Cyperus kyllingia. These weeds were planted in glasses containing soil and
warm casting mixture for about 3 weeks before being sprayed with the herbicide treatments, i.e.,
glyphosate at 0,72, 144,216, and 288 g ai ha-1 equivalent, 2,4-D at 0, 180,360,540,720 g ai ha-I

equivalent, and their mixture at 0, 54, 108, 162, and 216 g ai ha-I equivalent. Harvesting wasdone
at 14 DAT, by cutting fresh parts, collected and placed in labeled paper bags, oven dried, and the
dry weight data were recorded. The percentages of damage were calculated from the dry weight.
With probit analysis LD50 of2,4-D, glyphosate, and their mixture were obtained, 486.5, 105.8, and
105.9 g 'ai ha-I, respectively. It was found using ADM analysis that expected LDso of the mixture
tested was 143.1 g ai ha-1

, higher than that obtained from the experiment. It was concluded that the
mixture was not antagonistic. The technique was easy and quick to complete, and is appropriate for
pre-registration tests,

Key words: ADM, antagonistic, herbicide mixture

INTRODUCTION

The Indonesia Government through the Department -of Agriculture (DA) administers management
of pesticides (read: herbicides) well to make herbicides available to consumers ( farmers, planters)
any time of the year at reasonable prices. The Indonesian Department of Agriculture has been
implementing regulations for various pesticides since 1970 through the promulgation of
Government Decree No. 711973 that directs the management of distribution, storage, and usage of
pesticides. The technical statement of the regulation is in accordance with FAO International Code
of Conduct on the Distribution and Use of Pesticide (FAO 2003). Only herbicides that comply with

. the regulations are allowed to be marketed in Indonesia, Those herbicides must be effective, safe to
crops, animals, human, and environment, fulfill the technical and administration requirements and
utilized only on conditions specified in the labels of herbicide containers. A permanent permit may
be issued by the government to an agrochemical company to market a herbicide for 5 years, and at
the end of the period it must be tested again to ensure the quality and comply with existing
regulations. In this case this pesticide must go through a process to obtain another permanent permit
entitling it to be marketed for another 5 years. Otherwise, the herbicide will not be allowed to be
utilized in Indonesia. Herbicides like 2,4,5 T and amitrole are prohibited for use in Indonesia. A
temporary permit only allows the herbicide to be marketed for one year. It should be evaluated
again to get permanent permit for 5 years.

The mounting public pressures to reduce herbicides usage have been-taken up by the Government
. (the DA) well by proposing and implementing a series of regulations aimed at reducing the use of
pesticides (including herbicides). The decree No.12 Year 1992 on cropping systems and stature No.
6 Year 1995 on crop protection laid a political foundation that crop protection should be carried 'out

.within the framework of Integrated Pest Management (IPM). This idea should be translated into
regulations that support the principle and objective of IPM, i.e. to reduce the distribution and usage
of herbicide. However, since late 1990s Indonesia has experienced a multi crisis crippling a greater
part of economic activities including those on crop productions. The cost of pesticides soared sky
high reducing further activities on crop production and making life much more difficult for a greater
portion of the population.
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To reduce the price of pesticides, the DA issued a new regulation No. 343 .1IKpts/TP .270/712001 on
the registration of pesticides replacing the old regulation No. 944/Kpts/TP.270/511989. In the old
regulation an active ingredient of any pesticide is allowed to be registered only under three different
formulations. In the new regulation there is no restriction in the registration with regard to the
number of formulations developed from an active ingredient. The new regulation opens up more
activities that are available for many small local companies. These new companies are competing to
sell pesticides; they import generic active ingredients from many sources overseas and formulate
their own products, register them at the DA and market them accordingly at lower prices. The
consumers mainly farmers and planters are currently enjoying 15-20% lower price than before the
regulation was implemented (Untung 2004). This deregulation of pesticide registration and the
accompanying ease of getting permit to import generic herbicides facilitate not only lowering of

. herbicide prices but also increases the consumption of herbicides, or other pesticides (Figure 1).

It is quite obvious that the increase in the number of formulation is much more than that of the
active ingredients. At the international level, the addition of new available active ingredients in the

.,' past 20 years has been slow if any. The situation of increasing herbicide consumption in Indonesia
'is also enhanced by the new regulation permitting development of various formulations. The
challenge to this development is to ensure that all formulations should be effective, safe for crops,
animals, human and environment and comply with the existing regulations. In particular the
development of herbicide mixtures consisting of two or more active ingredient and marketed as
such should be tested to ensure that the mixture is not antagonistic. The problems of testing have
been much discussed (Tjitrosemito and Burhan 1995; Tjitrosemito 2002).

In this paper the author presents an easy method of testing herbicide mixture formulations for pre-
registration to be marketed by agrochemical companies by which the mixture can be evaluated and,
therefore, to provide a technical support to the DA to develop regulations related to herbicide
mixtures basedon which the decision to accept or to reject the registration.
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Figure 1. Numbers of pesticide active ingredients and formulations up to 2001.
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MATERIALS AND METHODS

:This experiment was carried out at the BIOTROP Greenhouse in Tajur, Bogor, West' Java,
.'Indonesia. Weeds selected for testing were chosen from areas where the mixture will be used. At
least three species of weeds were selected representing co-dominant species categorized as broad
leaved weeds, grasses, and sedges with one species each. In this work the selected weeds were
Bidenspilosa (Asteraceae), Brachiaria sp. (Graminae), and Cyperus kylingia (Cyperaceae). The
herbicide mixture consisted of glyphosate and 2,4-D at the ratio of 2401120 active ingredient, with
EC formulation.

The weed seedswere soaked in water for 24 h and planted at about 0.5 em below the soil surface in
glassescontaining the growth media. The plastic glasses, 9 em in diameter at the top end, and 12 ern
in height, were perforated at the bottom to facilitate water diffusion from underneath to the growth
media up. The growth media consisted of a mixture of Tajur soil and warm casting at the ratio of
1:1 (by volume). The soil was cleaned off from any gravel, and organic debris, air dried and passed
through a fine screen. The soil and warm casting mixture was oven heated up to 10SoCfor 24 h to
kill any soil pathogens that may interfere with the growth of planted weeds.

Ten seedsof each weed species were planted. These glasses were placed in plastic trays measuring
40 x 30 em with a side wall of 7 ern. These trays were filled with water to automatically water the
glass of growing weeds. The weed seeds emerged 4-5 days later. After seven days weed seedlings
were thinned out leaving three uniform plants/glass. The weeds were maintained carefully and at 20
days after thinning they were sprayed with the prescribed herbicide treatments in four replications.

Spraying was done using a knapsack sprayer equipped with pressure gauge and T-jet nozzle,
calibrated to deliver an equivalent of 400 L ha·1

• Weeds were taken from the tray and placed
randomly on the ground inside a marked 4 m2 area. Sprayed weeds were collected and placed back
in properly labeled new strays.

The threeherbicides, glyphosate, 2,4-D, and their mixture (2401120) were applied at the following
doses, glyposate at 0,72, 144, 216,and 288 g ai ha-I equivalent, 2,4-D at 0, 180,360,540,720 g ai
ha·1 equivalent, and their mixture at 0, 54, 108, 162, and 216 g ai ha-I equivalent. Weed species

. receiving the same treatments were placed in the same trays, and maintained carefully up to harvest.

Harvesting was carried out 14 days after treatment (DA T) by cutting the fresh part of weeds from
all treatments. These were collected and placed in labeled paper bags, oven dried at 80°C for 48 h
weighed and the data were recorded accordingly. The percentage of damage was calculated as
follows: D, = [l-(Wft/Wtc)} x 100%, where D, = percent of damage, Wft= dry weight of fresh part
under treatments, and W tc= dry weight of fresh part from control.

The percentages of damage of the three weed species were averaged and transformed to probit,
while the doses were changed to their logarithmic values. The relationship between values of probit
and log (dose) were linear, and the linear regression of each herbicides was computed. LDso was
,estimated by taking the value of probit = 5, which would give a value of log (LDso). By converting
to antilog the value of LDso was obtained from the logarithmic table. Having found the values of
LDso using isobol technique (Tammes 1964) in the framework of Additive Dose Model (Hatzios

" and Penner 1985) the type of herbicide mixture can be evaluated whether antagonistic or not.
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RESULTS AND DISCUSSION

The; data on dry weights (not presented in the paper) were used to calculate the percentage of
damage from these three weed species, and averaged to represent a way of evaluating damage to
weed situation in the field. The percentage of damage of weeds is presented in Table 1.

The data showed a range that may be too high, but it is typical of data on herbicide effect on more
than one weed species. Although theoretically the range would have extended from 5 to 95%
damage, the percentages of damage derived from the measurement of dry weight would be difficult
to achieve without an extra expense for additional doses to be tested. It will increase the cost of
testing for the herbicide. The data on these percentages of damage were then transformed to probit
by reading -from the probit table, while the doses were transformed to their logarithmic values

. (Table 2).

Table 1. The percentage of damage of B. alata, Brachiaria sp., C. kyllingia (average of three weed
species) due to various herbicide treatments.

Herbicides Doses Replication
(g ai ha') 1 2 '1 4.)

180 29.93 29.83 13.77 33.85
360 44.41 42.50 22.56 39.91
540 51.65 50.32 35.47 57.83
720 67.70 74.49 59.73 75.84

72 30.39 42.14 41.31 30.69
.144 57.77 59.97 57.67 47.39
216 79.52 66.97 83.20 88.04
268 90.64 l.65 94.73 96.43

54 19.46 20.62 28.42 43.72
108 37.75 34.27 37.84 6l.53

162 54.98 59.18 57.59 75.57
216 82.33 88.27 81.76 86.32

2,4-0

Glyphosate

Mixture of
2,4-0 and
glyphosate

Table 2. The values of probit obtained from the probit table and log (dose) of herbicide
concentration used in the testing.

Herbicides Log (doses) Probit values (Y) Total

X 1 2 3 4
2,4-0 2.2553 4.4731 4.4702 3.9106 4.5838 17.4377

2.5563 4.8595 4.8112 4.2448 4.7445 18.6800
2.7324 5.0412 5.0075 4.6286 .1964 19.8737
2.8573 5.4589 5.6585 5.452 5.6996 22.0622

Sub total 19.8327 19.9474 18.0292 20.2243 78.0336
Glyphosate 1.8573 4.4875 4.8020 4.7805 4.,4960 18.5661

2.1584 5.1960 5.2518 5.1920 4.9350 20.5748
2.3345 5.8237 5.4345 5.9620 6.1760 23.3962
2.4594 6.3167 6.3820 6.6168 6.7995 26.1150

Subtotal 2l.8239 2l.8703 22.5514 22.4065 88.6521
Mixture of l.7324 4.105 4.1798 4.4294 4.8417 17.5914
2,4-0 and 2.0334 4.6881 4.5962 4.6897 5.2919 19.2659
glyphosate 2.2095 5.1254 5.2323 5.2015 5.6915 2l.2507

2.3345 5.9268 6.1902 5.9050 6.0945 24.1165
Subtotal 19.8808 20.185 20.2256 2l.9196 82.2245
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The relationship between probit values (Y) and log (doses) (X) theoretically is linear in the form of
N= a + bX. Using statistical calculation the regression obtained and the subsequent value of LDso
are presented in Table 3.

Table 3. Regression equations developed from each herbicides and the corresponding LDso_

Herbicides Regression R2 LD 50
(g ai ha-')

2,4-D Y = 0.1368 + 1.8098 X 0.8361274 486.5
Glyphosate Y = -1.1632 + 3.0441 X 0.9298745 105.8
Mixture Y = 0.1193 + 2.5284 X 0.8377375 t05.9

A high value of regression coefficient was obtained in all three herbicides tested. This indicates a
good prediction of the value of X at a given value of Y. A good fit of the regression line was
obtained (Tables 4, 5 and 6). .

Table 4. Analysis of variance of regression line for 2,4-D.

Source of df Sum ofS Means ers Var. Ratio F Table
Var.

Doses 3 2.9157 0.9719 14.155** 5.95
Regression 1 2.4379 2.4379 35.506** 9.33
Deviation 2 0.4778 0.2389 3.479 NS

Error 12 0.8240 0.0687
Total 15 3.7397

Table 5. Analysis of variance ofregression line for glyphosate.

Source of df Sum ofS Means ofS Var. Ratio F Table
Var.

Doses 3 8.1498 2.7166 55.252** 5.95
Regression 1 7.5783 7.5783 154.131** 9.33
Deviation 2 0.5715 0.2858 5.812 NS
Error 12 0.5900 0.0492
Total 15 8.7398

--
With the regression lines derived from the collected data proven to be reasonable to predict the
value of LDso, the next step was to measure if the mixture was antagonistic or not. (It is required by
the regulation that any marketed mixtures of herbicides should not be antagonistic). The model to
test the mixture was Additive Dose Model developed by Tammes (1964) and shown in Figure 2.

- .

Table 6. Analysis of variance ofregression line for the mixture of2,4-D and glyphosate:

Source of df Sum ofS Means ofS Var. Ratio F Table
Var.

. Doses
.,

5.9032 1.9677 27.068** 5.95.)

Regression 1 5.3648 5.3648 73.795** 9.33
Deviation 2 0.S3'bS 0.2692 3.704NS
Error 12 0.8724 0.0727
Total 15 6.7756
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Figure 2. ADM solution to find the expected value of LDso from the mixture tested

The expected LDso value of the mixture tested is the interaction point of lines Y = 486.5 -
..' 486.51105.8 X and 2Y = X (equation representing the active ingredient ratio of the mixture). The

'solution of these two equations gives a value ofY = 47.7 and the corresponding value of X = 95.4-
Summing these two concentration components up (47.7 + 95.4 = 143.1) gives an LDso of 143.1 g ai
ha-I. This value is still higher than the value of LDso of2,4-D and glyphosate mixture obtained from
the actual experiment, i.e. 105.9 h ai ha-I (see Table 3). This result supports the contention that the
mixture of glyphosate and 2,4-D in this particular ratio and tested in this work is not antagonistic.

The technique developed is very simple, quick and quite reliable. Using this technique almost
everyone will be able to carry out the data calculation. This is important for the Indonesian
government where there are more than 300 formulations of herbicides tested annually, making it
difficult for the DA staff to do the testing by themselves. The constraint to this test is on the
difficulty in obtaining the probit table. Recently, however, the probit table has been available from
the internet. This method facilitates herbicide testing by the DA staff and agrochemical companies
can obtain results of the test rapidly.
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Abstract: Weed biocontrol projects in the Pacific region over the past 20 years were assessed. <

Twenty-three biocontrol agents have been released on 10 weeds in 13 of the 22 Pacific Island
Countries and Territories. Most of the activities or projects in the south Pacific' were the result of
donor-funding, particularly ACIAR and AusAID (Australia), GTZ (Germany), CIRAD (France),
NZAid (New Zealand) and recently the EU, while island countries and territories such as Guam and
Palau.iin the northern Pacific benefited from their association with the United States. There have
been numerous successes, most notably the control of Salvinia molesta, Pistia stratiotes,
Eichhornia crassipes, Mimosa diplotricha and Chromolaena odorata in one or more countries. In
other weed projects such as on Lantana camara, success has not eventuated and research is still
needed to overcome this weed. While the projects centred on one or two countries initially,
expertise and the transfer of agents to other countries continued long after the projects officially
concluded. Agents of the above weeds have been moved around, sometimes fortuitously to other
countries, with similar success in most cases.In addition to past research, there are a number of new
projects, working on weeds such as Mikania micrantha and Coccinia grandis that are being.
developed. In this paper, we surrimarise the projects undertaken in the Pacific region over the past
20 years, provide information on the status of each of the weeds targeted, and outline some potential
new biocontrol projects.

Key words: Biological control, Chromolaena odorata, Lantana camara, Eichhornia crassipes

INTRODUCTION

Apart from a few opportunistic introductions in the early 1900s, particularly against Opuntia spp.
{Cactaceae) (1930s), Cyperus rotundus L. (Cyperaceae) (1930s) and Lantana camara L.
(Verbenaceae) (1911-1930s), active programs in the biocontrol of weeds in the northwestern Pacific
have been fairly recent. Biocontrol programs were initiated after World War II and concentrated
mostly on Clidemia hirta (L.) D. Don. (Melastomataceae), Xanthium strumarium L. (Asteraceae),
L camara and C rotundus. These programs involved the transfer of natural enemies that had
already been released and established in Hawaii or Australia to Micronesia and other countries in
the South Pacific (Julien and Griffiths 1998). Waterhouse and Norris (1987) gave a good review of
all the weed biocontrol projects until the mid 1980s. However, apart from reviews by Muniappan
(1988), Denton et al. (1991) and Schreiner (1989) on L camara and Schreiner (1989) on C. hirta in
Palau, there has not been any review on many of the weed biocontrol programs in the Pacific
region. Since the mid 1980s, the number of biocontrol projects has-increased considerably, both in
terms of countries utilising biocontrol and the number of weeds targeted. This paper gives an
a~count of weed biocontrol programs since the mid 1980s and discusses some future prospects.:

Weed Biocontrol Programs (1985-2005)

Chromolaena odorata (L.) R. M. King and H. Robinson (Asteraceae)

Chromolaena is a neotropical plant that has become an invasive weed in tropical Africa, Asia,
Micronesia, Papua New Guinea and East Timor. It has also' established in some areas in northern

451



Queensland,Australia, where it is the subjectof an eradicationcampaign.Chromolaena is mostly a
problem of plantation crops, disturbed forests, pastures, and along roadsides. It flowers in

.November-Decemberin thenorthernhemisphereandJune-Julyin the southernhemisphere.

Biocontrol of Chromolaena first startedin 1970when the moth Pareuchaetes pseudoinsulata Rego
Barros (Lepidoptera: Arctiidae) and the flower-feeding weevil Apion brunneonigrum Beguin-
Bellecoq(Coleoptera:Brenthidae)were imported into Malaysia.However, theresearchexpandedin
1984,when a project in Guam supportedby US Departmentof Agriculture began.Of the several
natural enemies evaluated for control of Chromolaena, P. pseudoinsulata and' the gall fly,
Cecidochares connexa (Macquart) (Diptera: Tephritidae) haveproven the most effective andhave
beenusedwidely in thepacific.

Pareuchaetes pseudoinsulata was introduced and field established on Guam in 1985. It was
subsequentlyintroduced to the Northern Mariana Islands of Rota in 1985, Tinian and Saipanin
1986(Mnniappanet al. 2004) and in Yap (FederatedStatesof Micronesia) in 1988(Muniappanet
al. 1988)' arid 2004 (R. Muniappan pers. obser.), where it established. Further introductions

,,'cQnductedin the FederatedStatesof Micronesia on Pohnpei in 1988-90 (Esguerraet al. 1991),

Kosraein 1992 (Esguerra 1998) and Chuuk in 2004 (Englberger pers comm.) also resulted in
establishment. It was released in Palau in 1989 (Miles et al. 1991) and again in 1996-97
(Muniappan pers. obser.)but it did not establish.Releasesare being continued but establishment
hasnot beenconfirmed.

P. pseudoinsulata WaS also introduced into PapuaNew Guinea in 1998, as part of an ACIAR-
funded project. The moth was widely releasedbut only establishedin Morobe province, despite
being releasedin largenumbers(Bofeng et al. 2004).

C. connexa was imported into Guam in 1998 from Indonesia,with field releasescommencingin
2002andestablishmentachievedby 2003.Field releasesconductedin Palau in 1999alsoresultedin
establishment.Releasesof this fly in SaipanandRota in 2003 temporarily establishedandthendied
out. Another releaseconductedin Rota in 2005resultedin establishment.Further releasesof the fly
in Pohnpeiin 2003,Chuuk andKosraein 2004 (Englberger2004) andYap in 2005 haveresultedin
field establishment(Muniappanpers.obser.).

C. connexa was introduced into PapuaNew Guinea in 2001, where it quickly established.Since
. . then it has establishedin 11 provinces, and is spreading and controlling chromolaena in two

'provinces (Day and Bofeng unpubl. data). With funding from ACIAR, the gall-fly has been
..introducedinto EastTimor, but it is too early to confirm establishment(M. Day pers.comm.).

,.The mite, Acalitus adoratus Keifer (Acari: Eriophyidae), has been fortuitously introduced into
Micronesia from Asia, but it is not effective. Two agents introduced from Trinidad, A.
brunneonigrum in 1984 and the stem boring moth, Mescinia parvula (Zeller) (Lepidoptera:
Pyralidae) in 1984 and 1986,were releasedin Guam but did not establish. The shoot boring fly,
Melanagromyza eupatoriella Spencer(Diptera: Agromyzidae), imported from Trinidad to Guamin
1987wa~mostly parasitizedandno releasesweremade.

Muniappan et al. (2005) have recently reviewed the spreadof chromolaena and the efforts to
suppress,it on a global basis for the last two decadesthrough biocontrol. Six international
workshopsconductedsince 1988 and 16 newslettersproducedon this weed and its management,
canbe retrievedat:http://www.ehs.cdu.edu.au/chromolaena/siarnhome.html
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Coccinia grandis (L.) Voigt (Cucurbitaceae)

Ivy gourd is a recent introduction to the Mariana Islands. It is of East African origin and has been
introduced and naturalized in several countries in Asia, tropical Central and South America and the
Pacific. However, it has become invasive only in Hawaii, Saipan and Guam. Hawaii has imported
three natural enemies from East Africa and successfully suppressed this weed. These three agents
have since been introduced to Guam. The leaf mining weevil, Acythopeus cocciniae O'Brian and
Pakaluk (Coleoptera: Curculionidae), was released in Guam and Saipan in 2003 and has established
in both the islands (Muniappan pers. obser.). The petiole galling weevil, Acythopeus burkhartorum.
O'Brian and Pakaluk (Coleoptera: Curculionidae) was released in Guam in 2004 and Saipan in
2005 but field establishment has not been confirmed. Several shipments of a third natural enemy,
the sterri boring moth, Melittia oedipus Oberthor (Lepidoptera: Sessidae), have been imported to
Guam quarantine facility since 200lfor host specificity studies. However, no field releases of this
moth.have been made thus far.

Eichhornia crassipes (Martius) Solms-Laubach (Pontederiaceae)

Water hyacinth is one of the world's worst water weeds, affecting many tropical countries by
blocking waterways, preventing access to fishing grounds, markets and hospitals. Successful
biocontrol of water hyacinth has been achieved in many countries since the mid 1970s (Julien and
Griffiths 1998). Neochetina eichhorniae (Curculionidae) was introduced into Papua New Guinea in
1986 and, along with N. bruchi (1993), has controlled water hyacinth in many parts of the country,
including the worst infestations along the Sepik River (Julien et al. 1999). N. eichhorniae has also
been introduced into the Solomon Islands (1988) and Vanuatu (2004). However, its status in these
countries is unknown.

Lantana camara L. (V erbenaceae)

Lantana is a weed of both agricultural and natural ecosystems and has been the focus of biocontrol
projects worldwide for over 100 years. While there has been some control in some countries, the
weed is still a problem in most places where it has naturalised (Day et al. 2003). The leaf blotch
miner, Calycomyza lantanae Frick (Diptera: Agromyzidae), was introduced to Guam in 1992
(Muniappan et al. 1992) and Fij i in 1996 from Australia and to Pohnepei from Guam in 1996
(Esguerra et al. 1997a), while C. lantanae and Ophiomyia lantanae (Froggatt) (Diptera:
Agromyzidae) have been fortuitously introduced to Chuuk in 2002 (Muniappan and Reddy 2003)
and to Saipan and Yap in 2004 (Muniappan pers. obser.). Lantanophaga pusillidactyla (Walker)
(Lepidoptera: Pterophoridae) and Epinotia lantana Busck (Lepidoptera: Tortricidae) were
fortuitously introduced to Yap (Muniappan 1989).

The leaf-mining beetle Octotoma scabripennis (Chrysomelidae) was introduced into Fiji and the
Solomon Islands in 1993and Niue in 1994. It failed to establish in Fiji, while its status is unknown
in the latter two countries. Two other agents, Teleonemia scrupulosa (Tingidae) and Uroplata
girardi (Chrysomelidae), were introduced into Niue and the Solomon Islands in the early 1990s. U.
girardi established and is causing damage in both countries, while T scrupulosa is present in the
Solomon Islands and its status is unknown in Niue (Julien & Griffiths 1998). Charidotis pygmaea
(Chrysomelidae) was introduced into Fiji from Australia in 1995 but failed to establish.

Research in biocontrol continues, with new agents being studied in Australia and South Africa.
Some of these include the budmite Aceria lantanae (Eriophyidae), the herring-bone miner
Ophiomyia camarae (Agromyzidae), a root-feeding weevil Longitarsus sp. (Chrysomelidae), a
petiole galling weevil Coelocephalapion camarae (Brentidae) and the rust Prospodium
tuberculatum (Pucciniaceae) (Day et al. 2003).
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Mikania micrantha Kunth (Asteraceae)

Mile-a-minute is a weed of plantations and food gardens in many countries of the Pacific
(Waterhouse and Norris 1987). Only one agent, Liothrips mikaniae (Phlaeothripidae), has been
released in the Solomons in 1988 and this failed to establish (Julien and Griffiths 1998). However,
several other agents currently under investigation elsewhere show promise. The moths Aetinote
anteas and A. thyla pyryha (Nymphalidae) are currently being tried in Indonesia, while the rust
Puccinia spegazzinii (Uredinales) is being tried in India and China. A new project with funding
from ACIAR is being developed to introduce these agents into Fiji and PNG.

Mimosa diplotricha (=invisa) C. Wright ex Suavalle (Fabaceae)

The psyllid, Heteropsylla spinulosa Muddsman, Hodkinson and Hollis (Hemiptera: Psyllidae), was
introduced into Australia in 1988. It established and achieved some control along the coastal areas
of north Queensland. It was subsequently released in Pohnpei in 1992 and Yap in 1993-1994
(Esguerta et al. 1997b), where it established and suppressed the weed. It was also introduced to

. Palau in 2000, but its status is unknown. Elsewhere, it was released in Samoa in 1988 as part of an
. ACIAR project, Fiji and PNG in 1993, Cook Islands and the Solomons in 1994 and American

Samoa in 1997. It has established in all areas and is exerting control or partial control. Two other
agents, Psigida walkeri, introduced into Cook Islands in 1994, and Scamuriussp., introduced into
Samoa in 1988, failed to establish (Julien and Griffiths 1998).

Pistia stratiotes L. (Araceae)

Successful biocontrol of water lettuce has been achieved in many countries, particularly those in
Africa from introductions of Neohydronomus affinis (Curculionidae) from Australia. Following
good control in Australia and elsewhere, N. affinis was also introduced to PNG in 1985, where it
established and has achieved good control at some sites (Julien and Griffiths 1998).

Salvinia molesta D.S. Mitchell (Salviniaceae)

Following the success of Cyrtobagous salviniae (Curculionidae) in Australia, PNG and many
countries in Africa and Asia, the beetle was introduced to Fiji III 1991. The beetle quickly

.established and has controlled Salvinia in a number of locations.

Sida aeuta Burman f. and S. rhombifolia L. (Malvaceae)
..

The leaf-feeding beetle Calligrapha pantherina (Chrysomelidae) was introduced into Australia to
control both Sida spp. in the Northern Territory. Following its establishment in Australia, it was
then introduced to PNG, Fiji and Samoa before 1998 and Vanuatu in 2004. Control has been
achieved in some areas in PNG and Fiji, while impacts of the agent in Samoa, are still to be
determined and it is too early to determine its status in Vanuatu (Julien and Griffiths 1998).

.Xanthil!m strumarium L. (Asteraceae)

Noogoora burr is mainly a weed of pastures, where it can impact on production and cause death to'
the stock. The stem-boring moth Epiblema strenuana (Tortricidae) was introduced and established
on parthenium, ragweed and noogoora burr in Australia (Julien and Griffiths 1998). Along with
other agents that were introduced, it has contributed to the control of noogoora burr and ragweed
and the partial control of parthenium. It was introduced twice to PNG to control noogoora burr in
2002 and 2003. However, both attempts failed, with the culture dying out before establishment
could be confirmed (Day pers. comm.).
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DISCUSSION

The introduction of successful agents from one country to another is a very cost-effective method of
controlling weeds. The control of Salvinia and water hyacinth, using agents imported from
Australia, highlight the benefits of collaboration within the Pacific region. More recently, biocontrol
agents for Chromolaenaare being moved around Micronesia, then to PNG and now to East Timor.
Preliminary studies show that this weed is also being controlled in local areas of some countries or
islands. The practice of assisting our neighbours in controlling serious weeds using successful
agents should be encouraged in countries where some of the above mentioned weeds occur but no
biocontrol agents have been introduced. The challenges ahead lie in targeting weeds where little is ,
known about their controls.
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Biological control of weedsin Papua New Guinea

WareaOrapa
Plant ProtectionService,Land ResourcesDivision

Secretariatof the Pacific Community,PrivateMail Bag, Suva,Fiji Islands
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Abstract: Biological control (biocontrol) hasbeen the preferred method for invasive alien weed
control in PapuaNew Guinea (PNG) while the use of herbicides is largely restricted to plantation
agriculture situations. There have been 15 introductions of biological control agentsin less than
four decadesof classicalbiological control efforts againstweeds.Generallyweedbiological control
hasbeenmore successfulin terms of establishmentof biocontrol agentsand their effectivenessin
controlling the target weeds than biocontrol against arthropod pests or snails. There are several
weeds.undersomelevel of biocontrol andtheseinclude puncturevine (Tribulus cistoidesv, lantana
(Lantana camara), salvinia (Salvinia molesta), water lettuce iPistia stratiotes), creepingsensitive
plant (Mimosa diplotricha), water hyacinth (Eichhomia crassipes) and two speciesof Sida. A
biological control project is continuing for chromolaena (Chromolaena odorata). Attempts to
introducea biocontrol agent for Noogoorraburr (Xanthium strumarium) were not successful.Plans
are being developedto target mile-a-minute weed iMikania micrantha) and Giant SensitivePlant
(Mimosa pigra) using biological control. There is a need for research to find suitable natural
enemies for other weeds of considerable concern to agriculture, biological diversity and the
environment,as the use of other methodsof weed control such as herbicides is not feasible for
invasiveweedmanagementin PNG.

Key words: Biological control, PapuaNew Guinea,weeds

INTRODUCTION

Many introducedweedsareseriousimpedimentsto agricultureandother land usesystemsin Papua
New Guinea (PNG, Fig. 1) but weed managementhas lagged very much behind arthropodpest
managementfor a variety of reasons.Economic costs,humanhealth, and environmentalconcerns
have continued to play a role in decisions on the use of various weed managementstrategies.
Agriculture in PNG is still dominated by smallholder semi-subsistencefarming, which relies
heavily on manuallabour for weeding andculture methodsto suppressweeds.The useof chemical
herbicidesis almostnegligible in smallholderfarming situations,largely dueto the prohibitive costs
of herbicidesandrelianceon shifting cultivation, which requireslittle weedcontrol or is dueto lack
of awarenesson the impact of weed competition. National efforts against introduced weedshave
concentratedon the use of biological control more than herbicides;the latter are more appropriate
andutilised in commercialplantation croppingsituations.

Biological control activities in PNG date back to 1927 when unspecified predatorswere moved
from larger islands to the Niningo Atolls in the Manus Islands for-the control of coconut scales
(Aspidiotus destructor) (Wilson 1960).To date, 15biological control agentshave beenintroduced
for weedcontrol comparedto 42 speciesof parasitoidsfor insectpest control, and four (4) against
snail pestsduring the 77 yearsof classicalbiological control history in PNG. However, biocontrol
agentsintroduced for weeds have been more successfulcompared to biological control efforts'
againstarthropodandmollusc pests(Table 1).
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Table 1. A comparisonof the effectivenessof weed biological control agents(BCA) liberated as
against those releasedagainst insect and mollusc pests since 1927 in PNG. Effective
agentshaveprovided 'some' to 'full' suppressionof the targetpest.

PESTTYPE

Insects Weeds Snails

42 15 4
24 13 1

15 10 0

TotaInumberof BCA speciesliberated
. Numberof liberatedBCAs establishedon targetweeds

Numberof establishedBCAs effective againsttargetweeds

The high level of successof biological weed control agentsmay be attributed to the fact that all
projects were 'transfer projects' which, according to Julien (1989), enjoy a high level of success
becauseresearch on host-specificity and effectiveness of agents initially are done by another
country. Most failures of biological control programmes generally occur because'of poor
environmental suitability of an introduced agent, and possibly also due to poor or unsuitable
implementationstrategiesusedby the projects themselves(Julien andOrapa 1999).

This paper reviews the status of all intentional introductions of weed biological control agents,
presentbiocontrol work, andfuture prospectsin biological weedcontrol in PNG.
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TARGETS AND STATUS

Ten introducedinvasiveweedshavebeenthe targetsof biological control programmesin PNG. The
following is a review of the status of each of these weeds and their agents. For referenceto
Iocations refer to Figure 1. Additional information on the biocontrol agents liberated is given in
Table2.

Tribulus cistoides (Zygophyllaceae)

The history of biological control agentintroductionsagainstweedsin PNG is short. It datesbackto
1966when the weevil Microlarinus lareyni was introducedand releasedaroundPort Moresby for
the control of puncture vine, Tribulus cistoides. A year later another agent M. lypriformis was
imported to control the same weed (Bourke et. al. 1973; Young 1982). While puncture vine
occasionallyoccursin the drier areasaroundPort Moresby, the presentstatusof control by the two
Microlarinus speciesis unknown.

Lantana camara (Verbenaceae)

Lantana is a very aggressive invasive weed in a number of tropical and subtropical regions
including Australia. Lantana threatenedto invade disturbed sites, dry open plains and forest
reserves.Six biocontrol agentsare recordedas introducedand establishedin PNG againstlantana.
(Day et al. 2004). The hispine beetle Uroplata girardi, and the tingid bug Teleonemia scrupulosa
were releasedin'1972 and 1973,respectively(Young 1982).Another biological control agent,the
lantanaseed mining agromyzid fly (Ophiomyia lantana e), was recorded from lantana seedsat
Popondettain September1973, at Wau near Bulolo in 1975 (Greve and Ismay 1983). Another
agromyzid fly (Calycomyza lantanae) was reported after 1977 (Julien and Griffiths 1998).
However, it is not clear when and how theseagentswere introduced into PNG. U. girardi and T
scrupulosa arecommonly found where lantanaoccurs.The weedhasnot becomeastroublesomeas
fearedearlier in PNG for unknown reasons.Two reasonsmay be possible: thesefew agentshave
provided effective control or invasive biotypes may be absent and so is riot able to compete
successfullywith thedensetropical vegetationcharacteristicof most areasin PNG.

Salvinia molesta (Salviniaceae)

Successfulcontrol of the small floating fern salvinia (Salvinia molesta) in the Sepik River of PNG
remainsasone of the world's most successfultextbook casesof classicalweed biological control
projects.Control was achievedwithin two andhalf yearsof initial releaseof the biological control
agentbut only after discovering the important role of nitrogen in the population dynamics of
Cyrtobagous salviniae, the tiny weevil usedasa biological control agent(Room andThomas1985;
Thomasand Room 1986a). Initially, the biological control agent for salvinia colIected from the
Amazonbasinwas incorrectly identified as Cyrtobagous singularis. Upon recognising this species'
inability to control the speciesof salvinia found in Australia, new research led to the proper
identification of S molesta and the tiny weevil C. salviniae was introduced and releasedin-the
SepikRiver systemin 1982(ThomasandRoom 1986a).An estimated250 km2 of salviniacover(or
54%of the stationarywater surfaceof the lower half of the Sepik River) was reducedto just 2 km2

(0.5%) within two years of establishmentof the weevil (Room and Thomas 1986b).The salvinia
invasionhaddirectly affectedthe daily livelihoods of over 100,000peopleandthe accessto remote
river villages by tourists. The successfulcontrol of salvinia in the Sepik resulted in the return of
normalcyto villagers' livelihoods andthenaturalecosystem.
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Pistia stratiotes (Araceae)

Water lettuce (P. stratiotes) is a floating aquatic aroid and thought to be native to SoutheastAsia
including New Guinea, where it may be attacked by a number of natural enemies.However,
increasesin the abundanceof this plant in a numberof locations including the SepikRiver led to a
decision to introduce the tiny weevil Neohydronomus affinis in -1985-(Laup 1986). Without
adequateresourcesto control P. stratioes, successfulcontrol hasbeenachievedon the SepikRiver
aswell ason severalinfestationsin Lae and in somedredgeponds at Bulolo, 50 km southof Lae.
This author released100 adult weevils of N. affinis on a small infestation nearKimbe (West New
Britain) in 1995andby 1999therewasexcellentcontrol.

Eichhornia crassipes (Pontederiaceae)

Waterhyacinth (E. crassipesi W<;lS first found growing in gold dredgepondsat Bulolo in June1962.
It attractedattention and within the.sameyear of discovery it was the target of a major eradication
effort from 3 out of 55 gold dredge ponds found infested. A combination of manual labour to
remove the weed from ponds as well as spraying with 0.2% 2, 4-D esterand burning of uprooted
plants with diesel fuel in the hope of eradicating it but re-growth occurred from treatedaswell as
nearbypondsin April 1963andfollow up treatmentsoccurred.In October 1962water hyacinthwas
gazettedas a 'notifiable noxious weed; making it obligatory for landholdersto notify an inspector
of plants of its presenceandmaking it illegal for removal from the Wau-Bulolo area.Despitethese
measures,the weed persistedand eventually moved to most parts of the country. It was carelessly
introducedinto the SepikRiver in 1986,immediately after the Salvinia problem was broughtunder
control. This rather attractive plant spread rapidly until it started causing serious problems on
village livelihoods in the late 1980sandearly 1990s.

Biological control againstE. crassipes beganwith the introduction andreleaseof the mottled water
hyacinth weevil Neochetina eichhorniae at Madang in June 1985.The Australian governmentaid
agency AusAID supported a biological control project (1993 - 1998), which resulted in the
introduction and releaseof three additional agents.The relatedweevil N. bruchi was introducedin
March 1993.Both weevils are very widely established,often together, and have beenresponsible
for successful control of water hyacinth (Julien and Orapa 2001). The moth Niphograpta
albiguttalis was introduced in 1994 and releasedat several lowland and highland water hyacinth

" infestations.This agentappearsto have failed to establishat all releasesites.N. albiguttalis prefers
-the-bulbouspartsof water hyacinth petioles associatedwith newly invading or lesscrowdedplants

- such as at the edgesof taller water hyacinth stands. It is suspectedthat lack of suitable plants
(bulbous form) at the points of releasetogether with other factors contributed to this failure. A
secondmoth, Xubida infusellus, was introducedin 1997andfield releasedin onehigh areaandfour
'lowland areasbetweenMarch 1997 and early 1999.X infusellus prefers and feeds inside the tall
petioles of water hyacinth plants, ringing and eventually killing the top part of the leaf. It is
establishedonly in a highly eutrophic lake invadedby waterhyacinth nearPort Moresby (Julien and
Orapa2001). Another insect, the mirid bug Eccritotarsus catarinensis, was host-testedin Australia
but wasconsiderednot suitablefor importation andreleaseby thePNG government
Mimosa diplotricha (Mimosaceae)

The creeping giant sensitive plant (Mimosa diplotricha) has occurred as a seriousweed in many
provinces: Its impact was particularly serious on grazing properties in the Markham and Ramu
valleys and severalother parts of PNG. In 1991 Ramu Sugar Ltd imported the tiny sap sucking
psyllid bug Heteropsylla spinulosa from Australia and releasedthis agenton its grazing properties
in the Gudsupareaandin the Laloki areanearPort Moresby.The establishmentof H. spinulosa and
successfulcontrol of M. diplotricha on the Gudsuppropertieswere reportedby Kuniata (1994).
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Heteropsylla spinulosa has spread naturally on M. diplotricha in many areas away from these
original release sites including spread up into the cooler Waghi Valley at 1600 metres altitude and
\n January 2005 was found spreading further west into the Southern Highlands where it is restricted
by the absenceof the weed. Elsewhere M. diplotricha is now less common than M. pudica in many'
places becausethe psyllid is giving effective control (Orapa, personal observation).

Chromolaenaodorata (Asteraceae)

Serious concerns on Chromolaena (Chromolaena odorata) were first raised in 1992 following
quarantine survey along the PNG-Indonesia border when the weed was found increasing near
Vanimo in the northwest. Since then additional large infestations of the weed were located in
several 'Other areas including New Britain. A biological control project commenced in 1998 with
funding support from the Australian Centre for International Agriculture Research (ACIAR), which
was.already funding a regional programme in Indonesia and the Philippines. The leaf-feeding moth
Pareuchaetespseudoinsulatawas imported and first released in March 1999 on chromolaena in the
Markham Valley, and later in other areas. This moth is established and causes sporadic damage
only in the Markham Valley in areasreceiving less than 1000mm of rainfall annually. No recoveries
have been made elsewhere (Orapa et al. 2001).

In January 2001, the stem galling fly Cecidocharesconnexa was supplied by the Philippine
Coconut Authority in Davao, where the agent was awaiting approval for field releases. This gall fly
is widely established at all release sites in PNG and spreading (Orapa and Bofeng 2004). At
Namatanai (New Ireland) and the Markham Valley, it has already reduced large chromolaena stands
3 years after first release (Bofeng and Day thisproceedings).

Table 1. Natural enemies of weeds introduced into Papua New Guinea and their status. (Note: Aust.
= Australia and? denotes unknown)

Target Weed Biological Control Agent Year Origin of Result References
Introduced BCAs

Tribuluscistoides L. Microlarinus lareynii 1966 Ex Italy via Not established Young (1982)
Zygophyllaceae (Duval) (Coleoptera: Hawaii

Curculionidae)

Puncture vine M lypriformis (Wollaston) 1967 Ex Italy via Established and Bourke et al
Hawaii. effective. ( 1973)

Lantana camaraL. Ophiomyia lantanae ? Mexico. Fortuitous spread; Day et al,
(Verbenaceae) (Froggart) (Diptera: reported at Oro (1973) (2003);
Lantana Agromyzidae) and Wau (1975).

Teleonemiascrupulosa 1973 Ex Mexico Established. Effective. Greve & Ismay

St~l (Hemiptera: Tingidae) via Aust. (1983); Young
(1982)

Uroplata girardi Pic 1972 Ex Brazil Established. Impact
(Coleoptera: via Aust unknown

Chrysomelidae)

Salvinia molesta Cyrtobagoussalviniae 1982 Ex Brazil Established. Effective. Room &
Mitchell Calder & Sands via Aust. On Sepik R. 250 km2 of Thomas
(Salviniaceae) (Coleoptera: salvinia reduced to 5 ( 1985);
Salvinia Curculionidae) km2 in 2 years. Thomas &

Room (1986)

Pistia stratiotesL. Neohydronomusaffinis 1985 Brazil via Established. Effective Laup (1986).
(Araceae) Water Hustache (Coleptera: Aust most sites except in W.Orapa,
lettuce Curculionidae) Bulalo. (pers. obs.),
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Mikania mierantha Liothrips mikaniae 1988 Ex Colony failed in J.Moxon (pers.
(Asteraceae)Mile-a- (Priesner)(Thysanoptera: Trinidad quarantine. comm.)
minute Phlaeothripidae) via,

~ Malaysia A prospective future
via target
Solomons.

Mimosa diplotricha Heteropsylla spinulosa 1993 Ex Brazil Established.Effective Kuniata (1994)
Martius ex Colla Muddiman, Hodkingson & via Aust. all areas.In trial plots
(Mimosaceae) Hollis (Hemiptera: causedup to 98%
Creepingsensitive Psyllidae) reduction.
plant

Eichhornia Neoehetina eichhorniae 1985 Brazil via Established.Effective. Laup (1986) ;
erassipes Mart Hustache(Coleoptera: Aust. 50-90%reduction with Julien & Orapa,.
Solrns-Laub." Curculionidae) Neochetina N. bruchi (2001)

, (Pontederiaceae) bruehi Warner
Water hyacinth

Niphograpta albiguttalis 1993 Brazil via Established.With N.

Warren (Lepidoptera: Aust. eiehhorniae providing
Pyralidae) effective control.

Xubida infusellus (Walker) 1994 Ex Not established
(Pyralidae) Argentina

via Aust.

1997 Ex. Establishedat one site.
Argentina Minor impact on weed.
via Aust.

Sida aeuta L., S. Calligrapha pantherina 2000 Ex Mexico Established.Very
rhombifolia St~l (Col: Chrysomelidae) via Aust. effective and spreading
(Malvaceae) very rapidly.

Chromolaena Pareuchaetes 1999 Ex Establishedat one Orapaet. al
odorata King & pseudoinsulata Regos Trinidad location only. Sporadic (2001) ;
Robinson Barros (Lep: Arctiidae) via Guam. impact.
(Asteraceae)
(Chromolaena) Ceccidochares eonnexa 2001 Ex. Brazil, Establishedand already

Macquart (Dipt: via providing control after
Tephritidae) Philippines. at somesites.Releases

and impact assessment
\
, continuing

.Sida rhombifolia andS. acuta (Malvaceae)

-Thesetwo Sida specieshave been serious weeds in PNG and were especially significant in the
Markham Valley west of Lae, mainly on pasturesbut also under cropping situations in the

'highlands provinces (mainly coffee), roadsidesand other disturbedareasin PNG. In the Markham
Valley, managedcattle pastureswere severely overgrown by Sida speciesduring and after the
drought induced by the EI Nino phenomenonin 1997. At the end of the drought in mid-1998,
significant tractsof pasturewere rendereduselessby Sida sppinvasion.Efforts suchasslashingand
ploughing in Sida using tractorsproved expensiveanddifficult andcould not solve the problem for
many farmersincluding Ramu SugarLtd (RSL). RSL had three tractors dedicatedto slashingSida
all yearround on 37,000hectaresof infestedranch lands.The costof applying 2, 4-D (thepreferred
herbicide-forSidacontrol) to 2000 ha twice a year for RSL were US$116,000(1997), US$136,000
(1998), ,US$98,000 (1999) and US$21,000 in 2000 (L.S. Kuniata, RSL pers comm.). The
introduction of the leaf-feeding beetle, Calligrapha pantherina, from Darwin Australia in January
2000 reducedthesecosts as well as the weed problem. Within a few months the beetle rapidly
spreadandreducedSida standsat six initial releasesitesandwithin 12months the beetlehadspread
to more than 150 Ian of the valley and reduced large areasof the weeds. The agent has spread
naturally into the highland areas(from Markham Valley) and on New Britain and New Ireland in
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the Bismarck Archipelago from single releasesof a few hundred individuals during 2002 and 2003,
respectivel y.

Xanthium strumarium (Asteraceae)

Seasonal increases in the abundance of Noogoorra burr (Xanthium strumarium) in the Markham
Valley west of Lae is an ongoing problem on large tracts of grazing land. The weed often grows
quickly and competes with pastures, while the foliage of the 'weed is considered toxic to livestock.
In 2001 Trukai Industries, a rice company but with significant interests in beef farming, funded a-
biological control project. The stem-galling moth Epiblema strenuana was introduced into a post-
entry quarantine facility in Lae early 2002 but this failed when the small starter colony died in
quarantine. Two repeated introductions from Queensland Australia were made but these were
similarly lost during post-entry quarantine screening. This work was to be one of only three private
sector driven and funded biological control efforts in PNG but work has ceased as a result of
discontinued interest by the financier who had high expectations of biological control. .

PROSPECTS

A wide range of weeds continue to impact on agriculture and the natural environment affecting food
security as well as biodiversity. Biological control, though limited in its usage, will continue to
remain as one of the primary tools for addressing specific invasive weed problems in PNG.
However, general weed control in plantation agriculture will continue to rely on the use of
herbicides such as paraquat, glyphosate and to some degree 2, 4-D. At present, there are a number
of weeds that could be potential targets for biological control. Some of the planned biological
control activities for PNG in the next few years include the introduction, screening and release of a
number of host-speci~c' natural enemies of some target weeds. Plans are being made to introduce
again the leaf-mining 'agromyzid fly Calycomyza eupatorivora for chromolaena control at the time
of preparation of this paper (M. Day and 1. Bofeng, pers comm). An earlier attempt to introduce it
from South Africa in 2004 failed when the colony died during long transit.

Large areas of cash cropping and subsistence agriculture in moist lowland areas and the islands are
threatened by the spread of mile-a-minute weed (Mikania micranthay. M. micrantha is already a
serious weed of oil palm, cocoa and coconut plantations and small holder food gardens in PNG. In
1988 an attempt was made to introduce the thrip Liothrips mikaniae from Malaysia via the Solomon
Islands, but this agent was lost in quarantine (J. Moxon pers. comm.). A new regional biological
control project is planned by the Secretariat of the Pacific Community (SPC) based in Fiji and to be
supported by ACIAR. Potential biocontrol agents already showing promise against M micrantha
elsewhere will be introduced and host-tested for suitability in the Pacific Islands including PNG
prior to liberation.

Another troublesome weed which has not yet spread but has the potential of being a biological
, control target is the prickly giant sensitive plant, Mimosa pigra (Orapa and Julien 1996). It threatens
to invade large areasof lowland provinces and periodically inundated wetlands if not .brought under
control quickly. An integrated programme with strong emphasis on biological control has been
ongoing in the northern Australia and plans are being developed to adopt some of these to address
the looming problem in PNG, Other serious weeds of particular concern deserving urgent biological
control research include Itch grass (Rottboellia cochinchiiiensis), Johnson grass (Sorghum
halepense), molasses (Melin is minutijlora) and Elephant grass (Pennisetum purpureum). Some
research on potential agents of R. coccinchinensis have been reported (Reeder et al 1996). However,
finding introducing biological control agents for grass weeds will not be easy, as close relatives are
important traditional food crops. Other important invasive weeds in PNG requiring attention
include: spike pepper (Piper aduncum); African tulip tSpathodea campanulata); and, merremia
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(Merremia peltata). These are major environmental weeds with serious consequenceson
biodiversity, agriculture and livelihoods in PNG and the Pacific region and require management
centred on biological control strategy. However, developmentsin biological control is however
constrained by chronic lack of funding, awarenesson the importance of invasive weeds
managementby decision makers and the subsequentlack of capacity to progressin this areaof
naturalresourcemanagement.
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Study on the efficacy of Setosphaeria rostrata in controlling
Leptochloa chinensis in net house and field conditions

H.L.Thil andD.V.Chinl
1CuulongDelta Rice ResearchInstitute

Co Do- CanTho- Vietnam
duongvanchin@hcm.vnn.vn

Abstract: Two experiments,one in the net houseand anotherin the field, were conductedat the
CuulongDelta Rice ResearchInstitute, Mekong Delta, Vietnam during Summer-Autumnseasonof
2004 to find out the efficacy of a fungus Setosphaeriarostrata to control Leptochloa chinensisin
rice. The floating rice husksaslow-tech mycoherbicidecarrying fungal sporesspreadthe biological
agent to the target weed. Results reveal that rice husk formulation has the same weed control
efficacy ascomparedto that of kaolin form. Application onetime at 7 days after sowing (DAS) is
better-thanthat of twice at 12DAS and 17DAS. The doseof 1012 spores.ha' is sufficient to control
Leptochloachinensisin pot experimentbut higher doseat 1013 sporesha -I is neededto ensurehigh
weed control efficiency. Rice plants suffer phytotoxicity at the rate of 1013 sporesha-I but,they
recoververy soon and grain yields are not adverselyaffectedsignificantly. Treatmentswith weed
control efficiency higher than 90% in both pot- and field conditions are: T2 [weed free check]

IJ 13(100%), T4 [S rostrata (Kao.) @10 -] (99.3%-100%) and T8 [S rostrata (Husk) 10 once]
(99.3%-100%). Rice yields under all treatments are higher than that of untreated check [Tl]
statistically except.T5 [S rostrata (Husk) @101O

] (2.19T.ha-l
) in the field condition. In pot

experiment, treatments T4 [S rostrata (Kao.) @1012
] (5.78T.ha-l

) and T8 [S rostrata (Husk)
10130nce](6.03T.ha-l}have the sameyield with T2 [weedfreecheck] (5.99T.ha-l

) statistically.Two
most promising treatmentsin the field condition areT7 [S rostrata (Husk) 1012 once] (4.13T.ha-l

)

andT8 [S rostrata (Husk) 1013 once] (4.40T.ha-l
) which havethe sameyields with weed freecheck

[T2] (4.44T.ha-l)statistically.

Key words: Floating mycoherbicide,Setosphaeriarostrata,Leptochloachinensis

INTRODUCTION

Rice is the most important crop in Vietnam. Direct seeding is the popular method of crop
establishmentin the South of Vietnam. From the past, farmers in the North of this country have
practisedtransplantingbut nowadaysthey have shifted partly into direct seedingalso. Grassesare
major weedsin direct seededrice with the most important speciesnamely Echinochloa crus-galli.
However, one more grassspecies,Leptochloa chinensis, hasbecomepopular recently. Two main
reasonsfor this successionare: (i) The shortageof water in rice production, particularly in Summer-
Autumn seasonand (ii) The popular use of some herbicides which are weak in controlling
Leptochloa chinensissuchas:pyrazosulfuron-ethyl,bispyribac-sodium,pyribenzoxim... In order to
checkthis trend, an attempthasbeenmadeby using fungusasbiological agentto control this weed.
Resultsfrom the collaborationbetweenthe CuulongDelta Rice ResaerohInstitute (CLRRI) andthe
Australian Center for International Agricultural Research(ACIAR) in the 1990's conluded that
Setosphaeriarostrata is a very promising fungusto control Leptochloa chinensis in rice. However,
the mass production of this fungus to produce mycoherbicide by high-tech industry with
sophisticatedfermenters is costly, particularly in the developing countries like Vietnam. In this
research, low-tech industry to produce mycoherbides with rice husks has been used. This
mycoherbicidewas tested in the net houseand rice field conditions to explore the possibility of
usingrice by-product to producelow-cost mycoherbicidefor in -situ utilization in the future.
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MATERIALS AND METHOD
,

1 Materials: Mycoherbicide in the form of kaolin was produced in advancedand kept in a
refrigerator before utilization. PDA medium was used to propagate the sporesof Setosphaeria
rostrata. This massof sporeswas washedaway, filtered by thick cloth. The solution containing
sporeswas mixed with kaolin powder and moisture was removed by fan during the processof
evaporationin room temperature.The sporeconcentrationin this formulation was 108 sporesg-I.
Rice husk mycoherbicidewas producedby massproduction of sporesin the mixture of husk+ rice
bran+maizepowder (6:2:2). This substratumwas sterilized in plastic bags at 120°C within 30·
minutes.The sterilizedmixture was culturedby Setosphaeria rostrata sporesandkept for 20 days.
After fungal multiplication with large amount of spores,the substratawill be dried by fan. The
sporeconcentrationin thehuskmycoherbicidewasapproximately2 x 106 sporesg",

- Pot experiment:'The experimentwas conductedin pots with the diameter of 30cm.Four hills of
ricevar. IR64 was sown apart with the distance of 20cm with 5 pre-germinatedseedseach.
Leptochloa chinensis seedlingsat one leaf stagewere transplantedinto pots with the densityof 20
plantsperpot in a crossshapewith 10plantseachline. The designandtreatmentsin pot experiment
aresimilar with that of field one.

- Field experiment:Rice var.IR64 was sown in line by drum seederat the rate of 100kg. ha-I.Five
kilograms of weed seedsof Leptochloa chinensis were broadcastedrandomly in the experimental
field. Ricewas sown on 29 May 2004 andharvestedon 29 September2004. The plot sizewas5 m2

(2.24 m x 2.24 m) with the surroundingbunds coveredby plastic sheets.Randomizedcomplete
block designwas usedwith 4 replications.Twelve treatmentsinclude: (i) untreatedcheck,(ii) hand
weedingtwice at 28 and35 DAS in the field experimentor weed free check in pot experiment,(iii)
spraying kaolin mycoherbicide @1012 spores ha-I once at 12 DAS, (iv) spraying kaolin
mycoherbicide @10\3 sporesha-I once at 12 DAS, (v) broadcastinghusk mycoherbicide@ 1010

sporesha-I once at 12 DAS, (vi) broadcastinghusk mycoherbicide @ 1011sporesha-I onceat 12
DAS, (vii) broadcastinghuskmycoherbicide@ 1012spores.ha'onceat 12DAS, (viii) broadcasting
husk mycoherbicide@ 1013spores.ha'onceat 12 DAS, (ix) broadcastinghusk mycoherbicide@
1010sporesha-I twice at 12 and 17 DAS, (x) broadcastinghusk mycoherbicide @ io'' sporesha-I

. twice at 12 and 17 DAS,(xi) broadcastinghusk mycoherbicideqp 1012sporesha-I twice at 12 and
17DAS, (xii) broadcastinghusk mycoherbicide@1O\3sporesha twice at 12and 17DAS.

Data to be collected were: Number of infected leaves at different stages,dead weed plants at
different stages,weed and rice dry weight, rice phytotoxicity, yield componentsand grain yield of
rice. The weed control efficiency in A treatment(%) = [dry weight of weedsunderuntreatedcheck
- dry weight of weedsunder A treatment]divided by [dry weight of weedsunderuntreatedcheck]
andmultiply with 100.

All datawereanalysedby IRRISTAT andSASprograms.

RESULTS AND DISCUSSION

.The numberof infected leavesof Leptochloa chinensis were countedat 3, 7, 14,21,35 and42 days
after mycoherbicide application (DAA). Those numbers were calculated in percentageand

, presentedin the table 1.
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Table 1: Percentage of infected Leptochloa chinensis leaves (%) as affected by treatments at 3, 7,
14,21,35 and 42 DAA.

Treatments
Leaf infection (%)

3 7 14 21 35 42

T1) Untreated check O.Oi(*) O.Oi O.Oh O.Oe O.Od O.Od

T2) Weed free check O.Oi O.Oi O.Oh O.Oe O.Od O.Od

T3) Srostrata (Kao.)@1012 73.4c 91.0b 98.5a 100.0a 100.Oa 100.0a

T4) Srostrata (Kao.) @ 1013 85.8a 98.2a 100.0a 100.0a 100.0a 100.0a

T5)S rostrata (Husk) @1010 33.3f 29.5f 22.7e 14.0c 3.3d 0.8cd

T6) Sro~trata (Husk)@1011 38.0e 32.7f 22.4e 12.9c 3.5c 1.3c

T7) $.rostrata(Hu.sk)@1012 56.9d 77.6d 89.7c 100.0a 100.0a 100.0a

T8)5: rostrata(Husk)@l 013 79.8b 96.0a 100.0a 100.0a 100.0a 100.0a

T9)Srostrata(Husk)@1 0IO.twice 11.8h 8.5h 5.7g O.Oe O.Od O.Od

TlO)Srostrata(Husk)@1011.twice 21.9g 17.2g 10.6f 3.4d 0.7d O.Od

Tl1)Srostrata(Husk)@1012.twice 39.8e 43.5e 52.8d 54.9b 58.0b 58.3b

T 12)S rostrata(H usk)@ 1013.twice 76.6bc 85.2c 93.2b 100.0a 100.0a 100.0a

** ** ** ** ** **

CV% 6.8 6.3 4.7 3.4 2.4 1.6

Remark: (*) Means in the same column followed by the same letter are not significantly different (P<O.O1)
accordingto DuncanMultiple RangeTest.

The data showed that if at 3 DAA the level of infection was high, the incidence of disease tended to
increase at later stage. Those were in the cases of treatments T3, T4, T7, T8, and T12. In contrast,
the ineffective treatments with lower percentage of infection at 3DAA, the weed Leptochloa
chinensis tended to recover at later stage resulting in less severity caused by the fungus. Those such
treatments were: T5, T6, T9 and T10. The data of typical treatment T5 observed at 3,7, 14,21,35,
42 DAA were 33.3; 29.5; 22.7; 14.0; 3.3 and 0.8% respectively. Low doses of spore concentration
at the level of 1010and 1011spores.ha" in both methods of application once or twice were not
effective in leaf infection. At 42 DAA, the percentage of leaf infection were 0.8; 1.3; 0.0 and 0.0%
'under treatments ofT5, T6, T9 and T10 respectively. Application twice had the lower efficacy than
those of once. The comparison between treatments T7 and T9 was the evidence. Under T7, the
infected leaf percentages were 56.9; 77.6; 89.7; 100.0; 100.0; 100.0% at 3,7,14, 21, 35 and 42
, 12 13 I

. DAA. All treatments at the rates of 10 and 10 spores.ha.' had the same performance of weed
control except T11.

+ Phytotoxicity on rice plants:

The phytotoxicity levels caused by mycoherbicides on rice plant var. IR. 64 were presented in table
2. . .
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Table 2: Percentage of infected rice leaves (%) as affected by treatments observed at 3,7,14,21 and
35 DAA.

Treatments
Leaf infection (%)

3 7 14 21 35

Tl) Untreated check O.Oe(*) O.Oc O.Oc O.Oc O.Ob

T2) Weed free check O.Oe O.Oc O.Oc O.Oc O.Ob

T3) Srostrata (Kao.)@1012 35.2b 19.1b 8.1b 2.1b O.Ob
T4) Srostrata (Kao.)@1013 55.5a 31.3a 14.1a 6.3a 1.1a

T5) Srostrata (Husk)@1010 O.Oe O.Oc O.Oc O.Oc O.Ob
T6) Srostrata (Husk)@1011 O.Oe O.Oc O.Oc O.Oc O.Ob
T7) Srostrata (Husk)@1012 5.4d 1.6c O.Oc O.Oc O.Ob
}8) Srostrat(l (Husk)@1013 13.6c 3.8c 1.1c O.Oc O.Ob
T9)Srostrata(Husk)@101°twice O.Oe O.Oc O.Oc O.Oc O.Ob
TI0)Srostrata(Husk)@1011twice O.Oe O.Oc O.Oc O.Oc O.Ob
T11)Srostrata(Husk)@1012twice O.Oe O.Oc O.Oc O.Oc O.Ob
T12)Srostrata(Husk)@1013twice 8.2d 2.3c O.Oc O.Oc O.Ob

** * ** ** **
CV(%) 35.0 64.4 15.1 12.5 35.8

Remark:(*) Means in the same column followed by the same letter are not significantly different (P<O.Ol)
accordingto DuncanMultiple rangeTest.

The kaolin form [T3, T4] had higher level of phytotoxicity on rice plants as compared to that of
husk form. Rice plants tend to recover very soon after application and at 42DAA, rice plants under
all treatments were normal except that under treatment T4 with 1.1% leaf infection.

+ Dead plants of Leptochloa chinensis:

The data on percentage of Leptochloa chinensis dead plants affected by treatments were counted at
3, 7, 14,35 and 42 DAA. These data were shown in table 3.

Table 3: Percentage of dead plants of Leptochloa chinensis (%) as affected by treatments at 3, 7, 14,
35 and 42 DAA.

Treatments
Dead plants (%)

3 7 14 35 42

Tl)Untreated check O.Of O.Og O.Og O.Of O.Oe

T2)Weed free check 100.0a 100.0a 100.0a 100.0a 100.0a
T3)S rostra ta(Kao .)@ 1012 76.8b 85.4b 92.9b 98.9ab 100.0a

T4)S rostrata(Kao.)@ 1013 94.0a 99.9a 100.0a 100.0a 100.0a
T5)Srostrata(Husk)@1010 O.Of 7.3h O.Og O.Of. O.Oe
T6)Srostrata(Husk)@1011 O.Of 4.5f 5.6,[ 8.7e 8.8d
T7)Srostrata(Husk)@1012 45.3e 77.9d 75.8d 90.2c 91.3b
. @ 13 70.0c 85.4b 97.8a 100.0a 100.0aT8)Srostrata(Husk) 10
T9)Srostrata(Husk)@1010twice O.Of O.Og O.Og O.Of O.Oe
T 1O)Srostrata(Husk)@1 011twice O.Of O.Og O.Og O.Of O.Oe
, . '2

0.9f lO.4c 14.ge 16.1d 16.1cTll)Srostrata(Husk)@10' twice
T12)Srostrata(Husk)@1013twice 63.0d 79.4c 85.3c 97.3b 99.9a

** ** ** ** **
CV(%) 6.2 5.2 4.2 3.0 1.5

Remark:(*) Meansin the samecolumn followed by the sameletter arenot significantly different (P<O.Ol)accordingto
DuncanMultiple RangeTest.
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The data on percentage of Leptochloa chinensis dead plants affected by treatments were counted at
3, 7, 14,35 and 42 DAA. Data showed that at 3DAA, there were only four treatments which hadthe
weed dead percentage more than 50%. Those were T3 (76.8%), T4 (94.0%), T8 (70.0%) and T12
(63.0%). The level of infection increased over time. Low level of spore concentration (1010and lOll
spores.ha") had no effect on weed control. Those were in the case of treatments T5, T6, T9 and
T1O. Two forms of mycoherbicides either kaolin or rice husk had the same performance.
Application twice had lower efficacy than that of once. The highest weed control efficiency were
under T3 (100%), T4 (100%) and T.8 (100%) followed by T12 (99.9%) and T7 (91.3%).

+Weed and rice dry weight:

The dry weight of Leptochloa chinensis and rice var. IR64 at harvest were presented in table 4.

Table~: Dry weigh! of weed and rice at harvest (g.porl) as affected by treatments.

Dry weight (g. porI)
Treatments

Leptochloa chinensis Rice
T1)Untreated check
T2)Weed free check
T3)Srostrata(Kao.)@ 1012

T4)Srostrata(Kao.)@1013

T5)Srostrata(Husk)@1010

T6)S rostrat~(Husk)@ 10II
T7)S.rostrata(Husk)@1012
T8)S.rostrata(Flusk)@l 013

T9)Srostrata(Husk)@1010twice
TIO)Srostrata(Husk)@lOlltwice
T11)Srostrata(Husk)@1012twice
T12)Srostrata(Husk)@1013twice

237.0a(*)
O.Od
O.Od
O.Od

230.5a
192.3c
l5.5d
O.Od

226.0ab
209.8bc
2l0.3bc

4.8d

49.5f
252.5bc
252.0bc
267.0a

81.3e

95.5d
250.3bc
266.3bc

59.8f
81.5e

88.5de
261.3ab

** **
CV(%) 12.5 4.4

Remark: (*) Means in the samecolumn followed by the sameletter arenot significantly different (P<O.Ol)
accordingto DuncanMultiple RangeTest.

There was a negative relationship between weed and rice biomass. High level of weed dry weight,
high weed competition resulted in low dry matter accumulation by rice due to weed-crop
.cornpetition. Dry weight of weed was brought down significantly as compared to untreated check

. except treatments at low doses of spores (T5 and T9). Leptochloa chinensis was completely killed
by treatments T3, T4 and T8. The other treatments T7 and T12 had the same level of weed control
with those three treatments but some plants of weed remained. In case of biological yield of rice, all
treatments caused the increment of rice yield as compared to untreated check except the treatment
of low dose applied twice (T9). The highest rice yields were under T4 (267 g. pot"), T8 (266.3 g.
pO(I) and T12 (261.3 g. pot"), Some other treatments such as T2 (252.5 ~. pot"), T3 (252.0 g. pot")

. andT7 (250.3 g. pot") had the same yield statistically but lower than those ofT4, T8 and T12 .

.+ Yield components and grain yield:

The data on yield components and rice grain yield were presented in table 5.
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Table 5: Yield components and grain yield (T.ha-I) as affected by treatments.

Panicle No. tillers No. grain Unfilled 1000grain Yield
Treatments length (em) per hill per panicle gram weight

percentage
Tl)Untreated check 20.ge(*) 6.0d 14.9h 71.3a 17.6f 2.24h
T2)Weed freecheck 27.6a 7.5a 40.9a 37.8g 26.8a 5.99a

J? 26.8abcd 6.9abc 35.9c 36.0e 22.7bc 4A4dT3)Srostrata(Kao.)@10 -

T4)Srostrata(Kao.)@1013 26.0d 7.1ab 40.3a 34Af 23.6b 5.78e
T5)Srostrata(Husk)@1010 26.2cd 6.2d 18.3g 46.7b 20.9de 3.5ge
T6)S'rostrata(Husk)@1 0II 26.9abcd 6Acd 25.8e 43.9c 22.1cd 4.37d
T7)S:·rostrata(Husk)@1 012 26.9abcd 7.0ab 37.2b 36.7e . 22.7bc S.03c

T.8)S rostrata(Husk)@ 1013 27.4ab 7.0ab 38.1b 33.2fg 23Abc ·6.03a
T9)Srostrata(Husk)@101°twice 26Abcd 6,5bcd 15,7h 46.9b 20Ae 2.68g
. II

26.2cd 6.6bcd 21.3f 45.7b 21.2de 3.23fTlO)Srostrata(Husk)@10 twice
" .. p .

26.7abcd 6.6bcd 31.7d 41Ad 21.3de .4.14dT11)S rostrata(Husk)@l 0 "twice

T12)Srostrata(Husk)@1013twice 27.1abc 6,9abc 37.7b 36.2e 22.6bc 5AOb

** ** ** ** ** **

CV (%) 2.7 6.3 2.9 2.0 4.2 5.58
Remark: (*) Means in the same colunm followed by the same letter are not significantly different (P<O.OI) according to
Duncan Multiple Range Test.

The variation in panicle length, number of panicle per hill, number of filled grains per panicle,
unfilled grain percentage, 1000-grain weight were measured and analysed statistically. All these
components would contribute to the final performance of grain yield. Rice yields varied from 2.24
T.ha-I to 6.03T.ha-l. Yields under all treatments were increased statistically as compared to
untreated check (2.24 T.ha-I). The highest yield was under T8 (6.03 T.ha-I) which was equal with
weed free check T2 statistically (5.99 T.ha-I) followed by T12 (5.40 T.ha-I). The next reasonable
treatments were T4 (5.78 T. ha") and T7 (5.03 T. ha") which were equal statistically among
themselves. The treatments T3 (4.44 T.ha-I), T6 (4.37 T.ha-I) and Tll (4.14 T.ha-I) had the same
yield, Yields of the rest of treatments were very low due to very high competition from Leptochloa

chinensis. '

. -I- Results in pot and field experiment: Weed dry weight (g.m"), weed control efficiency (%), rice
yield (T. ha -I) as affected by treatments were presented in table 6.

In case of net house, weed control efficiency reached 100% under T2, T3, T4 and T8. The other
treatments which had the weed control efficiency higher than 90% include T7 (93.5%) and T12
(98.0%). Generally, weed control efficiency in the field condition is lower than that of net house.
Only one treatment [T2] with weed control efficiency of 100%. The other treatments with high
weed control efficiency are T4 (99.3%) and T8 (99,3%). All weed control treatment were superior
in terms of rice yield to untreated check significantly except 'IS (2-19T ha') in the field condition,
In pot experiment, rice yield under treatment T4 (S.78T ha -I), T8 {6.03 T. ha-I) were similar with
that of weed free check T2 (5.99T ha") respectively. However, in the field condition, treatment T7
(4.13 T ha') and T8 (4.40 T.ha-I) had the same yield with weed free check T2 (4.44T ha-I)
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Table 6: Weed dry weight (g.m"), weed control efficiency (%), and rice yield (T.ha-1
) as affected by

treatments in net house and field conditions.

Weed dry weight Weed control Yield
Treatments efficiency

Net house Field Net house Field Net house Field
T1)Untreated check 3,385.7a 188.5'8: 0.0 0.0 2.24h 1.68f
T2)Weed free check O.Od O.Oc 100.0 100.0 5.99a 4.44a

T3)S.rostrata(Kao.)@1012 O.Od 38.3d 100.0 79.7 4.44d 3.67c
T4)S.rostrata(Kao.)@ 1013 O.Od 1.3e 100.0 99.3 5.78a 3.80c
T5)S.rostrata(Husk)@ 10 10 3,292.9a 191.2a 2.7 -1.4 3.5ge z.iser
T6)S.rostrata(Husk)@1011 2,747.1c 155.2b 18.9 17.7 4.37d 2.90d
T7)S. tostrata(H us~)@ 1012 221.4d 42.6d 93.5 77.4 5.03c 4.i3abc
T8)S .rostrata(Husk)@1 013 O.Od l.4c 100.0 99.3 6.03a 4.40ab

T9)S .rostrata(Husk)@1 01Otwice 3,228.6ab lS9.4b 4.6 1S.4 2.68g 2.57de
T 10)S-:rostrata(Husk)@1011twice 2,997.1bc 148.0b 11.5 21.5 3.23f 2.49de

TI1)S .rostrata(Husk)@1 012twice 3,004.3bc 116.4c 11.3 38.2 4.14d 2.73de
TI2)S.rostrata(Husk)@1013twice 68.6d 39.7d 98.0 78.9 S.40b 3.'84bc

** ** ** **
CV (%) 12.S 20.5 5.68 12.44
Remark (*): Means in the same column followed by the same letter are not significantly different (P<O.OI) according to
Duncan Multiple Range Test.

CONCLUSION

Rice husks are plenty in the Mekong delta of Vietnam at the rice mills after milling. These materials
can be used as fuel during the process of burning and other purposes. However, one attempt has
been made to use rice husk as floating substrata to carry fungal spores of Setosphaeria rostrata to
control Leptochloa chinensis in rice fields. Results in this pot experiment showed that it is possible.
The combined substrata of rice husk + bran+ maize powder in sterilized condition were used to
multiply fungal spores. During the process of application, some spores drop onto weed leaves. The
other spores move along rice husks and infect the shoots of weeds. This form of mycoherbicide
caused the same infection as compared with kaolin form of mycoherbicide at the same rate.
Application one time at the same rate had higher efficacy as compared to that of twice both in pot
and field conditions. This technology is promising and can be continued to do research on the field
condition in the future.

472
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Abstract: The golden apple snail (GAS), Pomacea canaliculata (Lamarck) (Gastropoda:
Ampullariidae), is a top pest of rice in many Asian rice farms. The farmers' first line of defense is
to use non-specific chemicals to have "instant" kill of GAS, without any concern on the
environment, their health, and its effects on non-target organisms. Some organic rice farmers in
Korea and Japan, however, do not kill GAS but employ them to feed on aquatic weeds in rice fields
and thus save expenses on herbicides. We evaluated the innovation of Korean and Japanesefarmers
at the PhilRice Central Experimental Station (CES) fields using large-sized fields (each 0.25 ha).
We also demonstrated the GAS paddy weeding effects in several farmers' fields in villages of
Nueva Ecija, Aurora, and Negros Occidental provinces during the 2003 and 2004 dry and wet
seasons. We also provided insights on how to use resident (field) GAS populations for weed
control.

Key words: Golden apple snail, invasive alien species, lowland irrigated transplanted nee,
Pomacea cana/iculata, weed density, weed management

INTRODUCTION

The golden apple snail (GAS), Pomacea cana/icu/ata (Lamarck) (Gastropoda: Ampullariidae),
native to Argentina and known for having a high nutritive value as food for human beings and farm
animals; was introduced in the Philippines and several Asian countries in the 1980's (Mochida
1987; Joshi et al. 2003; Joshi 2005). Few years after its introduction, rice farmers experienced GAS
damage. The damaged young rice seedlings results in poor crop stand and yield losses in fields
where shallow water depth is not maintained after transplanting. In addition, the use of various
formulations of non-specific molluscicides and misuse of pesticides cause environmental problems
(Dancel and Joshi 2000). Six years after its introduction in the Philippines, GAS invaded about
3.6% of the total area planted to rice (Rejesus et al. 1988). Many organic farmers in Japan and
'K.~\.~?.\l.~~ G~S ten: ~add'1 weedltl.'S(Wada et al. 2002) without using herbicides. The relationship
between rice farmers and GAS has evolved into a symbiotic one, thus conserving the non-target
aC\uaticfaunal diversity, The benefits of utilizing GAS as bio-,,:eeder far exceeds those ~btained
with the uti.li.zati.onot (lUCKS, carps or snnmps 1()'I: -p'aG.G.)1'WeeG.\\\'E,\1\l'20'a e\ 'a\. l\)\Y~).Tt\\.'20~'a~el
demonstrates the efficacy of GAS aspaddy weeder in the lowland irrigated transplanted rice fields.

MATERIALS AND METHODS

Large sized field experiments were conducted i~ the Ce~tr;11Experiment _Station (CES) ..of the
Philippine Rice Research Institute (PhiIRice), Maligaya, SCIenceCIty of Munoz, Nueva ECIJa,a~d
in farmers fields in Bantug, Munoz, Nueva Ecija, Dingalan, Aurora and Lacaron, Va~ladohd,
Negros Occidental, Philippines from 2003 to 2004 to demonstrate the weed contro.l efficiency of
GAS in lowland irrigated transplanted rice cultivation system and show how to avoid unnecessary
spending on synthetic molluscicides and herbicides. The popular inbred rice variety, IR64, was used
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during 2003 wet and dry seasonsand two hybrid rice varieties, Mestizo 1 and Mestizo 3, were used
during 2004 dry and wet seasonsat PhilRice. Mestizo 1 and PSB Rc82 were used during 2003 and
2p04 dry season and wet seasonsat Bantug. In Dingalan and Valladolid, IR64 and PSB Rc 10 were
used respectively during 2004 WS. Weed density and species were observed during the critical
early stagesof the rice crop.

Seedbed preparation. An area of 400 m2 was prepared for seedbed. The raised seedbed with
dimensions of 2 m wide and 10m long, was prepared for easy draining of water. Carbonized rice
hull (CRH) was applied just above the seedbed two days before seeding. With saturated water level.
and no inorganic fertilizer, the seedlings' leaves were erect and pale, with hard culm, making it
difficult for GAS to damage them.

Field preparation and treatments. In 2003 and 2004 cropping, 0.5 ha field was divided into two
plots. One plot was applied with Niclosamide 250 EC (synthetic commercial molluscicide) to kill
all GAS present in the field prior to transplanting. No molluscicide application was done in the
other plot, Both fields were prepared thoroughly and leveled well to maintain shallow depth of
water to minimize GAS damage to newly transplanted seedlings. No herbicide was applied in both
fields. Twenty-one day-old seedlings were transplanted at 20 ern x 20 em between hills and rows
with 2 seedlings hilrl. The area was kept saturated and allowed to dry up slowly to enhance weed
emergence. Water was introduced to 2 cm depth at 6-8 days after transplanting (DAT) or when
weeds had reached 1-2 leaf stage.

RESULT AND DISCUSSION

The weed species identified in all plots were grasses iEchinochloa spp. and Leptochloa chinensisi,
sedges (Cyperus spp. and Fimbrystylis miliaceai, and broadleaves (Ludwigia octovalvis, and
Sphenoclea zeylanica). Weed density was recorded in 1.5 m-2 at 10 DAT was higher in the plot with
GAS than in the plot without GAS during the dry season(DS) 2003. This is because water was not
yet introduced in the plots at that time (Fig. lA). However, after water introduction, weed densities
at 30 and 45 DAT from plot with GAS was much lower than in plots without GAS. This implies
that re-entry of water is an important factor in paddy weeding. When there is water, snails move
around; if there is no water, they simply bury themselves in the soil. No water is added into the field
right after transplanting and maintained at saturated condition for several days to enhance weed
growth. After the weeds have sprouted and grown to 1-2 leaf stage, water re-entry is done. The
snails then come out from hibernation underground to look for food. During the wet season (WS)
2003, higher weed density was recorded in plots without GAS starting from 15 to 45 DAT (Fig.

,1B). Higher weed density beginning from 15 until 45 DAT was recorded in plot without GAS
.- during 2004 DS and same trend was noted during WS 2004 (Figure lA-B). Moreover, higher rice

.grain yield for both WS and DS of 2003 and 2004 was recorded in plot with GAS than in plot
, without GAS (Table 1).

Table 1. Rice grain yield at PhiIRice-CES, Maligaya, Science City of Munoz, Nueva Ecija,
Philippines, 2003-2004 cropping seasons.

Year / Season Variety Grain yield (t ha-1)

With GAS Without GAS

2003 DS
2003 WS
2004 DS
2004 WS

IR64
IR64

Mestizo 1
Mestizo 3

7.3 5
5 4.6
7.65 6.26

5.52 3.12
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Paddy weeding experiments were also conducted in farmers' fields in different locations from
~2003-2004 wet and dry seasons (Table 2). Results showed that higher weed density was noted in
'plot without GAS as compared in plot with GAS. Rice grain yield for both wet and dry seasonsof
2003-2004 was higher in plot with GAS and subsequently had lower weed seedweight than in plot
without GAS, which have lower rice grain yield and higher weed seed weight. This implies that
1110reweed seedswere deposited in plots without GAS thus weed seeds are carried over to the next
cropping season. This may result in increased weed density in the field over time. Similar trends
were observed for all the farmers' fields in both seasons.These field evaluations provide insights on
how to use GAS as paddy weeder in lowland irrigated transplanted rice ecosystems. With this GAS
management technique, we are converting a pest in lowland irrigated transplanted rice systems to
become an ally of the farmer by altering its feeding behavior. Although land preparation is similar
to the recommended practice, it is necessary to level the field well to control water depth as well as
the movement of.GAS. Shallow water depth alters the feeding behavior and movement of GAS. It is
recommended that seedlings must be 21 days old, sturdy and have at least three leaves. In all plots,
prior. to -» transplanting, the average resident GAS size was between 15-20 mm, with a density of 10
m". We recorded a maximum of 5.6% missing hills in our first trial at PhilRice-CES. 'In all
subsequent trials we recorded less than 1% missing hills. This practice is not appropriate for direct-
seeded rice as rice and weeds germinate at the same time. It cannot be done on rice field
environments where water depth is difficult to maintain. This practice discourages strictly farmers
to collect GAS and put them in their rice fields, because if the water depth is less than half the
height of the GAS shell, the GAS buries inside the soil. In such a condition GAS cannot feed.

Just like Japanese and Korean farmers who do not spray chemicals to kill GAS in their fields to
practice organic fanning, Filipino farmers can also reduce the total cost of rice production by
managing GAS. This is the first report to demonstrate that paddy weeding by GAS is possible even
in the tropical paddy fields.

Tci.ble 2. Weed density at farmer's fields in experimental sites in the Philippines, 2003-2004
cropping seasons.

Year! Village Variety Weeddensity l.5 m" Rice grain Weedseed
Season yield. weight

With GAS Without GAS (t ha -I) (t ha -I)

DAT DAT With Without With Without

15 30 45 60 15 30 45 60 GAS GAS GAS GAS

2003DS Bantug Mestizo 1 - 14 167 167 146 9.3 7.7

2003DS Bantug Mestizo 1 - II 180 180 106 8.75 7.18

2004WS Bantug PSB Rc 82 0 0 0 0 0 73 37 39 5.95 5.9 0 0.53

2004WS Bantug PSB Rc82 0 0 0 0 0 0 2 3 5.12 4.9 0 0.5

2004WS Bantug PSB Rc14 0 0 0 0 132 170 108 65 7.21 4.67 0 2.95

2004 WS Bantug PSB Rc82 2 0 0 0 58 100 59 36, 4.38 4.08 .0 0.83

2004WS Bantug PSB Rc82 0 0 0 0 0 27 26 37 5.89 4.87 0 2.08

. 2004WS CaraksacanIR 64 0 0 0 0 0 16 22 10 8.3 6.6

200-+\VS Lacaron PSBRc-IO 0 0 0 0 t
.L

t t 3.5t 2.9tI

(- (No available data. (t) Weeds not counted because of low density due to' flooding, U) Affected by rice tungro virus
disease.
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Figure 1.Weeddensity from 10to 60 DAT during the2003(A&B) and2004 (C&D), Dry andWet
Seasons,respectively,PhiIRice-CES.
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Abstract: Classical bio-control of Eichhornia crassipes using insect agents is constrained in many
of the tropical watershed environs with interrupted host range due to seasonal .water flow and
complete drying of water during the hot summer months. Accordingly, the need for reinforcing the
classical bio-control approach with sustainable short-term measures has been realized and studies
were :done to explore the possibility of integrating the plant product of dried leaf powder of Coleus
amboinicus / aromaticus, that was shown to be extremely allelopathic on water hyacinth, with
established insect agents Neochetina eichhorniae / bruchi. Earlier studies showed that the plant
product was absorbed through the roots causing death of the weed within 5 h of application to the
water body, and imparted fresh weight reduction of the weed within nine days. However thedose
requirement was high with 20g L-1 of water and foliar spray of the plant product was in vain, as the
absorption of the plant product was curtailed by the cuticular barrier. The present investigation
attempted to integrate the plant product with insect agents N. eichhorniae / bruchi. Two different
sequences of integration, viz., application of plant product to water body .first followed by the
release of insect agents on to the weed, and release of the insects first on the weed followed by
spraying of the plant product on the weed, were compared. The first sequence of plant product-
insects failed to produce additive response as the insects migrated to untreated healthy plants.
However, the second one with the sequenceof insects-foliar spray of plant product showed additive
or synergistic response with efficient control of water hyacinth with in a season. The approach also
proved safe in terms of water quality and fish growth. The plant product was' also compatible with
insect agents,without causing any histopathological injuries .

. Key words: Bio-control, integration, insect agents, plant product, Water hyacinth-

INTRODUCTION

The aquatic weed water hyacinth, (Eichhornia crassipes (Mart.) Solms - Laubach; Pontederiaceaca),
is an erect, free floating, stoloniferous and perennial herb. Excessive infestations deleteriously
affect water traffic, water quality, and infrastructure for pumping and hydro electricity generation,
water use, and bio-diversity. Other problems include water loss due to evapo-transpiration and an
increase in the populations of vectors of human and animal diseases.

In Tamilnadu state, India, the Veeranum Lake and its distributaries form the major irrigation source
that covers a larger proportion of the rice tract of the state with a command area of 18,000 ha. This
lake and its distributaries in recent days have been infested with E. crassipes. Frequent mechanical'
removal of this weed is highly expensive, labor intensive, and time consuming. Chemical herbicides,
'even though effective are not popular because of their high cost and pollution hazards. Biological
control using insect agents, though accepted to be the only sustainable option, does not eliminate
the"weed and even after its implementation, large quantities of-water hyacinth biomass frequently
remain in water bodies. Biological control requires a minimum of several years, usually 3 to 5 years,
for the insect population to increase to a density where the weed is in substantial decline (Harley et
al. 1996). Further, the success of biological control depends on the availability of a continued range
of weed host.
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In India most of the water bodies are constrained with seasonal water flow and interrupted host
range, as weed dries off in hot summer. Accordingly, there are two ways to improve the
effectiveness of biological control of water hyacinth, (i) by multiplying the insects in large numbers

. and releasing these at an inoculation load adequate to eliminate the weed within a single season,but
is impracticable (ii) through augmenting the effects of the existing agents by integrating with other
short term control methods. .

Research at Annamalai University regarding the allelopathic potential of native plants on water
hyacinth has shown that dried leaf powder of Coleus amboinicus / aroniaticus applied @ 25 g L'I to
the water body is absorbed by the roots of water hyacinth and kills the weed with in 24 h, imparting
a near cent per cent fresh weight reduction with in one week. Further, if introduced on the leaves of
weed, the plant product is active at 0.1 g L'I dose (Kathiresan 2000). Based on the above facts, the
studies were conducted to explore the possibility of integrating the product of dried leaf powder of
C. amboinicus / aromaticus, with established insect bio-control agents Neochetina eichhorniae /
bruchi to achieve'control of water hyacinth with in a season.

MATERIALS AND METHODS

The experiments were conducted at the Department of Agronomy, faculty of Agriculture,
Annamalai University, India. Two different sequences that are possible for integrating the bio-
control tools were compared. The first sequence involves application of plant product into the water
body with to weaken the weed plant and predispose it to rapid destruction by the insect agents later.
The second sequence involves releasing the insect agents first followed by spraying the plant
product on the weed canopy with the expectation that the absorption of plant product by the weed
canopy could be assisted by the insect damage on the weed foliage.

For studying the efficiency of the first sequence, water hyacinth plants were taken in plastic
containers of size 16 x 12 x 7 ern and treated with dried leaf powder of C atnboinicus / aromoticus
at varying doses viz. 5, 10, 15, 20 and 25 g r', in two sets. In one set of these plant product treated
containers with water hyacinth, insect agents (N. bruchi / eichhorniae) were released ~12 insects
plant" with in a couple of hours later, whereas the other set was kept as such. Another container
with water hyacinth was released with the insect agent alone and one more was retained as an
untreated control. These treatments were replicated five times and observed for fresh weight
reduction at five days interval and reduction in chrolophyll content that were analysed under
completely randomized block design for working out least significant difference with 0.05 \~o

probability. The second sequence of a possible integration of both bio-control tools was studied by
releasing the insect agents @ 2 plant' on the water hyacinth plants in plastic containers and

. 'spraying the plant product at varying concentrations viz. 25, 20, 15, 10 and 5 per cent aqueous
extracts. These treatments WCI'ecompared with a treatment that accommodated a water hyacinth
plant, released with insects alone with out plant product spray as main treatments of a split plot
design with five replications. The sub-treatments of this experiment comprised the varying length of
time lag or interlude between the release of insect agents and plant product spray viz. 10Days After
Insect Release (DAIR), 20 DAIR and 30 DAIR.

The observations included reduction in fresh weight and chlorophyll content. The migrational,
behavior of the insects as influenced by the integration was also studied using steel frames with
"closely knit gauze cloth accommodating two of the plastic containers with water hyacinth. In one or
the containers with weeds, the different treatments pertaining to different sequences of integration
were taken up and the other container with weeds was left free without any treatment. The
movements of insect agents to the untreated plants remaining within the enclosure at stipulated

. intervals were recorded as the insects that migrated. The impact of these treatments on water quality,
.insects mortality and histopathology of fish were also studied from a different experiment with
treatments comprising, water hyacinth alone, water hyacinth released with insects alone, water
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hyacinth with insects + 25 % plant product spray at 10 DAIR and another treatment where in the
cement tanks of dimension 120 'ern x 65 em were accommodating fishes alone without eitherthe
weed or it's bio-control agents. In each treatment tank two fish fingerlings of five different species
rohu, mrigal, catla, common carp and grass carp (ten fingerlings in total) were released. The
histological studies on insect organs viz., cuticular membrane, fat body, foregut, midgut, hindgut,
salivary gland and testis were undertaken to evaluate the impact of the plant product spray on the
insect tissues. The standard technique described by Gurr (1959) was followed for histological
studies. In all the experiments plant product spray was undertaken by soaking the plant product in
water at respective dosages for 24 h and spraying the aqueous extract with required quantity of .
water to make a spray fluid of 500 L ha', through a high volume hand compression sprayer fitted
with flood jet deflector nozzle.

RESULTS AND DISCUSSION

Although. the study consist several experiments and different observations, few of them alone are
discussed here considering space constraint, clarity, and precision. The approach or sequence of
treating the water body first with plant product followed by the release of insect agents on the weed
host failed to offer any additive or synergistic impact on the weed. The lethality observed on the
weed, with a near full reduction in biomass of the weed at 10 DA T in the treatment comprising '25 g
1;1 of plant product followed by insects, could be solely attributed to the allelopathic injury suffered
by the weed due to the plant product. It was more of a reflection on independent allelopathic effect
of the plant product on the weed rather than an enhanced activity due to combined or integrated
mode of injury by both the insect agents and plant product in other treatment involving lesser doses
of plant product, viz., 20, 15 g L-I as well. In these treatments weed lethality and biomass reduction
to non-traceable levels were observed over a prolonged duration of exposure (Table 1). The plant
product interrupted membrane permeability and caused electrolyte leakage and root dysfunction,
thereby leading to wced lethality and biomass reduction (Kathiresan 2000). Lack of additive or
sYl1er~istic interaction between the plant product and insect agents in controlling the weed,
particularly in this sequence of treating the water body first with plant product followed by release
or insect agents, was due to migration of insect agents from treated partially dying plants to
untreated healthy plants as their preferred choice of feed is not available in plants whose physiology
is struck by the plant product, lacking electrolytes. This could be appreciated from higher insect
migration of 86.66 % recorded with the plant product at 25 g L-1

-I- insects, on I DAT itself.

f lowevcr. the approach or sequence of releasing the insect agents first on the weed and spraying the
plant product on the weed canopy later to imparted an additive or synergistic impact in controlling
the weed. The integrated approach comprising the release of insect agents on the weed first
tollowed by the foliar spray of 25 % plant product exhibited a higher degree of inhibition with cent
per cent reduction in fresh weight on 60 DAIR (Table 2). By virtue of their feeding behavior, the
insects imparted leaf scrapping, thereby removing the cuticular lining and exposing the inner soft
parenchymatous tissue beneath. Scrapping enabled better absorption of the plant product sprayed on
the foliage and thus, in addition to partially damaging the weed vigor and physical stature, the
;nsects also served as a vehicle or penetrant that help absorption and translocation of the plant
product. Further, the plant product did not deter the insects either by anti-feeding or repulsive mode

.as seen from the 20 % insect migration in treatment that included the plant product spray at the
highest concentration tried. Among the length of interlude or time lag between release of insects
undspraying of plant product compared, a gap of 10 days proved optimum. This is because at
inl1g.:r interludes of 20 and :W days. the voracious insect feeding behavior resulted in severe
destruction of the histology or the weed, which is essential for absorption and translocation of the
plant product. Further once absorbed, the activity of the plant product was greater than the damage
by insect feeding. As application of the plant product was delayed by another 10 or 20 days.
ultimate control or the weed was also delayed.
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Table 1. Impact of the integrated approach of treating water body with the plant product followed

. by the release of insect agents '(percentage reduction in fresh weight of E.crassipes).

Treatments 1 DAT 10DAT 20DAT 30DAT

TI - Control 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) , 0.01 (0.00)

T2- 5 gplant product 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 0.01 (0.00)

TJ - 10 g plant product 13.05 (5.10) 25.56 (18.61) 33.80 (30,95) 38.06 (38.00)

T4- 15 g plant product 24.20 (16.80) 50.93 (60.28) 90.00 (100.00) 90.00 (100.00)

T5 - 20 g plant product 32.08 (28.20) 61.34 (77.00) 90.00 (100.00) 90.00 (100.00)

T6 - 25 g plant' product 38.06 (38.00) 90.00 (100.00) 90.00 (100.00) 90.00 (100.00)

T7 -Insects alone 8.13 (2.00) 25.84 (19.00) 33.83 (31.00) 42.71 (46.00)

T, - 5 g plant product + Insects 9.53 (2.80) 27.97 (22.00) 35.26 (33.33) 44.46 (49.06)

T9- 10 g plantproduct + Insects 13.25 (5.26) 36.32 (35.08) 54.92 (66.97) 70.59 (88.96)

T1o- 15 g plant product + Insects 24.40 (17.07) 51.98 (62.07) 90.00 (100.00) 90.00 (100.00)

TII - 20 g plant product + Insects 32.12 (28.27) 62.64 (78,88) 90.00 (100.00) 90.00 (100,00)

TI2 - 25 g plant product + Insects 38.29 (38.40) 90.00 (100.00) 90.00 (100.00) 90.00 (100.00)

SED 1.81 1.01 1.32 1.35

CD 3.66 2.03 2.65 2.70

Figuresin parenthesesareoriginal values
DAT - Daysafter treatment

"
Table 2. Impact of the integrated bio-control involving the use of insect agents followed by foliar

spray of plant product at different interludes on percentage reduction in fresh weight of E.
crassipes

Treatments 10 DAIR 30 DAIR 60 DAIR 90 DAIR

Main treatments

MI - 25% plant product spray 28.54 (22.54) 47.17 (53.80) 90.00 (100.00) 90.00 (100.00)

M2- 20% plant product spray 28.51 (22.78) 43.82 (47.94) 74.84 (93.16:) 90.00 (100.00)

M3- 15% plant product spray 29.17 (23.75) 40.14 (41.55) 52.96 (63.71) 90.00 (100.00)

M, - 10% plant product spray 29.11 (23.66) 39.61 (38.87) 50.11 (58.88) 90.00 (100.00)

M5- 5%'plant product spray 28.48 (22.74) 37.75 (37.48) 43.71 (47.75) .48.78 (56.59)

'. M6 - Insect alone 27.76 (21.70) 36.88 (36.03) 42.85 (46.25) 45.79 (51.39)

SED 0.94 0.98 1.61 1.31

CD 1.87 1.98 3.24 2.63'

Sub treatments

SI-10 DAIR 28.58 (22.88) 44.49 (49.11) 57.27 (70.77) 67.29 (85)0)

~2:'" 20 DAIR 27.84 (21.80) 41.49 (43.89) 56.53 (69.59) 66.89 (84.60)

S3-30 DAIR 29.17 (23.70) 36.46 (35.32) 53.39 (64.44) 66.66 (84.30)

SE~ .' 0.97 1.12 1.63 1.42

CD 1.94 2.25 3.28 2.84

. Figures in parenthesesareoriginal values
.DAIR - Days after releasingof insects

The insectsdid not suffer any mortality due to direct exposure to the plant product spray at the
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highest concentration tried, viz., 25 % spray, and they also did not suffer any histological infection
that led to altered histological architecture in respect of various tissues such as cuticular membrane,
fat body, foregut, midgut, hindgut, salivary gland and testis. This as probably due to that facf that
many of the active principles in the plant product are only allelopathic and not allelomediatory in
terms of toxicity to adult insects (Lee et al. 2001). The integrated approach of releasing the insect
agents at 2 plant" followed by spraying plant product at 25 % over the weed 10 days later showed
that the water quality in terms of pH and dissolved oxygen were not affected. The untreated E.

crassipes infested system recorded pH 7.42 and dissolved oxygen of 2.56 ppm at 30 DAS whereas
pH of 7.28 and dissolved oxygen of 5.41 ppm were recorded in the system subjected to the.
integrated approach. Fish mortality of 4 % was recorded in aquatic system wherein integrated
approach was followed as against 42 % in aquatic system with untreated E. crassipes infestation
(Fig. 1)..
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Figure 1. Impact of integration of insect agents and plant product spray on water quality and fish
mortality.
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. Abstract: Rainfed and low input agriculture holds the key for sustainability in many developing
countries. Due to uncertainty and poor distribution of rainfall in such situations, integration of
farming elements other than crop raising plays a vital role in resource generation and sustenance
under small holder farms practicing low input agriculture. Goat rearing is a preferred farming
element in rain fed dry lands of India. This element, in addition to its contribution in terms of meat,
milk and economic return to the farming enterprise, also compliments depletion of weed seedbank
and: weed control through grazing in the off-season. It could be particularly useful in terms of
reducing the menace of perennial weeds that perpetuate through food reserves in' underground
propagules. However, penning or addition of goat waste might occasionally negate this
complimentary weed control through enriched soil seed bank by virtue of endozoochory or it may
also help deplete the weed seedreserves through the addition of allelomediatory principle. Hence, a
three year study was conducted at Department of Agronomy, Annamalai University to compare the
effects of integrating goat rearing with millets. In the off-season, goats were allowed to graze in a
particular strip of land repeatedly, while in another strip, goat waste was added repeatedly and in
another field both grazing and penning were combined. During the succeeding cropping season,
maize was raised in the field and each strip was divided to subplot treatments, i.e., unweeded, twice
hand weeding, in,tercropping with mungbean, alachlor at 1.5 kg ha', alachlor + handweeding and
alachlor + intercropping in a split plot design. Results showed that goat grazing during the off-
seasongradually brought down the Cyperus rotundus population to 69.04 % at the end of last year
experiment. The reduction in C rotundus population was 6l.8 % in plots where grazing was
combined with penning, but only l3.25 % in penning alone.

Key words: Goat grazing, penning, Cyperus rotundus, rainfed millet cultivation

INTRODUCTION

Indian agriculture has been showing a higher degree of reliance on dry land farming for its progress
in recent years. In India, 92 million ha are under dry land fanning or rainfed agriculture, accounting
for more than 70 % of the cultivated area in the country. However, it contributes 42 % of the food
production. The yields in these dry tracts are generally low coupled with the everlasting risk of total
crop failure due to vagaries of rainfall. Component technologies of soil, water, fertilizer and weed
management have to be attended for conserving the meager resources available in such dry tracts
and to effectively utilize them for farm production in a sustainable manner. As rainwater needs to
be effectively harnessed on the soil surface, the land needs to be kept weed free: This enables

.rnaximurn amount of rainwater to seep into the soil and also reduces evapo-transpiration loss of
'water from the weed vegetation. In many occasions, perennials like Cynodon dactylon and Cyperus
rotundus dominate the floristic composition of weeds in dry lands. Repeated hand weeding using

. hand hoes or shallow depth implements often exposes the surface soil moisture for more
evaporative loss. Use of herbicides is seldom preferred due to lack of optimum soil moisture for
herbicide desorption. This makes weed management in dry lands a more complicated but much
more significant technology for enhancing farm productivity. In view of the mounting demands of
'food, linking of enhanced food production with nutritional security, conservation of natural
resources, enhancing farmer's income, employment generation, etc., diversification of agriculture
becomes imperative (Mangala Rai 2004). Diversification of agricultural activities, which links
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farm-based enterprises with cultivation, would help the farmers to get more income and generate
additional employment. The farming system approach was observed as a resource management
strategy for achieving economic and sustainable agricultural production to meet the diverse
requirement of farm household while preserving the resource base and maintaining high
environmental quality (Rangasamy 1994). Small ruminants especially goats gain importance mainly
on account of their short generation intervals, higher rates of prolificacy and the ease with which
they can be marketed. They are very useful in semi arid and arid zones, where they can sustain
themselves on sparse vegetation and extreme climatic conditions. Goats were shown to be effective
in controlling leafy spurge by grazing on it, when stocked at a density of three to four goats per acre.
(Sedivec et al. 1995). Field studies at University of Idaho showed that goat grazing reduced the
infestation of spotted knapweed and seedhead production by the weed (Williams and Prather 2003).
Accordingly, an integrated farming system with goat rearing and millets might serve all the above
discussed prospects of weed suppression and moisture conservation. A study was conducted at
Annamalai University, India with the objective of tracing the impact of integrating goat rearing in
dry land farming on management of weeds.

MATERIALS AND METHODS

Field experiments were conducted for two years in the Annamalai University Experimental Farm,
Tamilnadu, India from 2003 in the same field to compare different modes of integrating goat
component in maize crop under rainfed conditions. The experimental field was predominated by
perennial weeds C;yperusrotundus L. and Cynodon dacytlon L. along with rare occurrence of
annuals like Trianthemaportulacastrum L. and Eclipta alba L. The fields were segmented to main
plots of dimension IS m x 24 m, fenced with naturally available semi-permanent fencing materials
and goats were integrated in these segments for different purposes. These include grazing alone,
goat manuring alone and grazing + manuring that were compared as main treatments along with a
fallow as untreated control, during the off-season (January to June), under split plot design. Goats of
local breed were allowed to graze in the field, 10 goats ha-I in treatment plots that involve goat
grazing. Their wastes were collected and incorporated in the treatment plots that involve goat
manuring. During the subsequent cropping season, July to October, maize crop was raised in these
fields. Each segment accommodating a goat integration treatment, viz., grazing or manuring or
grazing + manuring was further divided in to sub-plots wherein maize was raised with different
weed control treatments. These sub-treatments comprised of an unweeded control, twice hand
weeded, pre-emergence herbicide alachlor 1.5 kg ha', intercrop of blackgram, alachlor + hand

, weeding and alachlor + intercrop. The maize cultivars Bhanu and Co-l were raised during 2003 and
2004 respectively. An additive inter crop of mungbean cultivar ADT - 5 was raised in a row in
between two rows of maize (with a spacing of 60 em x 22 ern). Pre-emergence herbicide alachlor

_ '(Lasso 50 EC) was sprayed with a knapsack sprayer fitted with flood jet deflector nozzle using 500
L ha-I of spray fluid and 12pPsi of pressure, on 3rd day after sowing the crops in respective
treatment plots. Observations recorded include weed counts and weed biomass on 60 DA T, weed
control index and grain yield at harvest.

RESULTS AND DISCUSSION

Integration of goats in dry land agriculture as a farming element along with millets (allowing the
goats to graze on the weed vegetation in the off-season and adding the goat manure to the field)

.significantly influenced weed infestation and crop performance in millets raised subsequently.
Grazing by goats in the off-season reduced weed infestation in millets during the cropping season
and such a weed suppression was significantly. superior to all the other main treatments compared.
Grazing on annual weeds in their vegetative stage did not allow them to set seeds, thereby blocking
the enrichment of soil weed seed bank contributed for suppression of annual weeds in plots grazed
by goats. In respect of perennial weeds, repeated grazing led to the exhaustion of food reserves in
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the underground propagules that was reflected on reduced infestation during subsequent cropping
seasons.Though the goat component effectively reduced the weed population in subsequentseasons
through their feeding habit, addition of fresh goat manure slightly brought down weed control effect
by favoring higher weed counts and bio-mass especially with annuals, compared to grazing alone.
This is attributed to the re-infestation by annual weed seeds through the goat manure by virtue of
the process of endozoochory. However, the total weed count and weed biomass in these treatments
involving goat manure addition were significantly lesser than the untreated control. This weed
control advantage in goat manuring compared to untreated control might be due to reduced soil pH
and reduced recuperation of soil weed seed bank. When integrated as a farming component in dry'
lands where in millet was grown during cropping season, goats supplemented weed control and
reduced.weed infestation significantly by imparting weed control indices of 17.7 % and 31.34 %
during the first and second year, respectively. Excluding goat manure addition, grazing alone
supplemented weed control in millets recording weed control indices of 25.20 % and 45.17 %,
respectively. These observations are in concomitance with earlier observations of Tim Johnson
(199-,:l). .The impact of weed suppression on the yield performance of the millet was higher than the
soil fertility enhancing advantage of goat waste. This could be appreciated from higher grain yields
in goat grazing alone compared to treatments involving goat grazing + goat manuring. It could be
suggested that instead of adding fresh goat manure to the field, allowing the goat manure to
decompose throughout the off-season and incorporating it in the field just before raising the crop
could yield better results in terms of reducing weed competition and favoring millet yields.

As regards weed control treatments, pre-emergence application of alachlor 1.5 kg ha-I followed by
hand weeding was significantly superior once the other treatments, recording higher weed control
indices of 67.2 % and 54.7 % and grain yields of 106.25 q ha-I and 45.3 q ha-I in 2003 and 2004,
respectively. Efficient control of weed seed emergence by the application of alachlor with the
prevention of late emerging weeds by the supplemental hand weeding was responsible for it's
superior performance. These results are in conformity with the reports of Thakur and Sharma
(1996) and Mundra et al. (2003).

Table 1. Effect of grazing component on weeds in maize.

Treatment Weed Density m-2 Weed Biomass (g m-2) Weed control index (%)

2003 2004 2003 2004 2003 2004

Main plots
1. Control 23.89 13.09 83.90 62.25
2. Grazing 16.26 4.03 62.76 34.13 25.20 45.17
3. Penning 20.36 11.36 74.45 42.74 11.26 32.95
4. Grazing & penning 18.52 5.00 69.04 39.75 17.7 31.34

LSD (p=0.05) 2.13 1.69 6.09 4.92 1.46 3.06

Sub plots
1. Control 21.4 14.13 163.81 145.95
2. Twice hand weeding 7.13 6.49 7.46 6.73 95.45 95.39
3. Alachlor 1.5 kg ha-I 12.63 11.29 49.38 47.58 69.89 67.40

4. Blackgram (Intercrop) 15.78 12.26 55.87 51.51 65.89 64.71
5. Alachlor + 1 hand 7.02 6.4 7.23 6.44 95.59 95.59·
weeding 1.5 kg ha'

6. Alachlor + Intercrop 9.59 8.24 25.64 23.6 84.35 83.80
1.5 kg ha-I

LSD (p=0.05) 2.4 2.15 5.02 3.51 6.46 6.40
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Table 2. Effects of grazing component on grain yield of maize (q ha').

Treatment 2003 (Bhanu)
Main plots
1. Control
2. Goat Grazing
3. Penning
4. Grazing & penning
LSD (p=0.05)

67.75
84.75
71.35

75.05
2.62

36.00
43.9
37.3
40.35

l.94

Sub plots
l. Control
2. Twice hand weeding
3. Alachlor 1.5 kg ha-I

4. Blackgram
5. Alachlor + 1 hand weeding 1.5 kg ha'l
6'.Alachlor + Intercrop 1.5 kg ha'l

LSD (p''''0.05)

61.7

79,9
75.8
62.5

106.25
64.35

3.81

35.16
38.5
40.6
39.88
45.3
41.46

1.98
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Gene flow from rice cultivars to weedy relatives under field assessment
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Abstract: The studies have sought to identify the gene flow between two populations of IR64 and
weedy rices under natural hybridization. The experimental designs differing in the natural
hybridization of IR64 'and weedy rice plants were used in experiments conducted at CLRRl,
CanTho, Vietnam. Natural hybridization events between the two populations were detected by
codorriinant SSR markers' scoring. Distribution and frequency of alleles at the SSRs loci were
analyzed within weedy rices. A total of nine hybrids were identified from 1,000 seeds collected
from weedy rice mean 0.001%. The occurrence of the crop to weedy gene flow was significantly
associated with wind direction and frequency of the gene flow, which significantly decreased with
distance from the pollen sources. In both phenotypic analysis, molecular and segregation data
showed that pollination of recipient plants with pollen of the F, source occurred at a significant
frequency. Both designs could also prove to be very useful in studying the gene flow.

Key words: Gene flow, microsatellite marker (SSR), weedy rice

INTRODUCTION

In plant breeding programs, the introgression of target genes from wild relatives to cultivars have.
often been very, important to develop new improved varieties. Gene flow between cultivated rice
and weedy relatives has been recently reviewed by Messehuer et a1.(2001). The gene flow slightly
lower than 0.1% was detected in the circular plot when the plants were placed at a 1 meter distance
from the transgenic central nucleus. And a significantly lower value (0.01%) was found in the other
circle 5 meters from the transgenic plants. Gene flow is a two-part process involving pollination of
sexually compatible species followed by subsequent introgression of the trait into rice. This paper
has been considered potential risk by gene flow from rice cultivars (supposed as transgenic rice) to
weedy rice.

MATERIALS AND METHODS

Five accessions of weedy rices were collected in Mekong delta (Can Tho, Ca Mau, Dong Thap and
Kien Giang provinces) ( table 1)

Experiment design
Experiments were conducted for natural hybridization with IR64 in 2002 and 2003 wet seasonswith
the design namely "alternating population combination" with spacing of 20x20 ern (fig. 1).
Pollination was observed in the field during October-November. Weedy rice panicles were covered
with bags after flowering

Table 1: Weedy rice accessions used in the experiments

Acc. No. Collected in Feature

001
002
003
004
005

Tra Vinh
Can Tho
CaMau
Kien Giang
Long An

tall, long awn, black hull
tall, awnless, black hull
tall, yellow hull, awned
short, short awn, yellow hull
tall, red hull, awnless
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Figure 1: Alternating population combination for weedy rices and IR64

DNA extraction for peR analysis

DNA suitable for PCR analysis was prepared using a simplified miniscale procedure (Lang 2002).
A piece of young rice leaf (2 ern) was collected and placed in a labeled 1.5 ml centrifuge tube in ice.
The leaf was ground using a polished glass rod in a well of a Spot Test Plate (Thomas Scientific)

after adding 400 fil of extraction buffer (50 mM Tris-HCI pH 8.0, 25mM EDTA, 300mM NaCI and
1% SDS). Grinding was: done until the buffer turned green which is an indication of cell breakage

and releaseof chloroplasts and cell contents. Another 400 ul of the extraction buffer was added and

mixed into the well by pipetting. Around 400 ul of the lysate was transferred to the original tube of

the leaf sample. The lysate was deproteinized using 400 ul of chloroform. The aqueous supernatant
was transferred to a new 1.5 ml tube and DNA precipitated using absolute ethanol. DNA was air-

dried and resuspended in 50 ul of TE buffer (10mM Tris-HCI pH 8.0, 1mM EDTA pH 8.0). An

aliquot of 1 ul is sufficient for PCR analysis.

Microsatellite analysis

"
.: 'The primers used for amplifying are microsatellites listed in table 2. Each 25p,1 amplification

reaction consisted of 10mM of Tris-HCL (pH=8.0), 10xPCR buffer (lOmM Tris pH 8.4, 50mM
,KCl, 1.8mM MgClz and 0.01 mg/ml gelatin) and 1 unit of Taq DNA polymerase in a total volume

. of 20 fiOmM of PCR buffer 0.1mM of dNTPs, 200nM of primers, 0.5 units of Taq polymerase, and
20ng of genomic DNA. All DNA amplifications were performed on a PTC 100 thermal cycler
under the following conditions: 5 min at 94°C, followed by 1 minute at 94°C, 60 s at 55°C and 60 s

at nOc for 35 cycles and 7 min ;:itrrc: for final extension. An aliquot of 10 ul of the PCR product
was routinely taken for gel electrophoresis to determine if amplification was successful. When the
primers detected an amplicon length polymorphism, the samples were' readily scored. The PCR
products or the DNA fragments produced by restriction digestion were resolved electrophoretically

.on 1.2% agarose gel in 1X TBE buffer.

The amplification products were mixed with an equal volume of formamide dye (98% formamide,
1Ornlvl-of EDT A pH 8.0, 0.1% bromophenol blue and xylene cyanol). After being denatured at 94°C
for 3 min and immediately chilled on ice, 5p,1 of the sample was run for through a 5%
polyacrylamide gel for 2 hours using due by silver staining
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For the performance test

Agronomic characteristics such as plant height, panicle length, panicle per hill, spikelets per
panicle, filled grain percentage, grain yield were investigated and compared to check parents in the
RBD with three replications. Line assessmentwas done at maturity. Analysis of variance and mean
comparisons of the data from field were statistically carried out by IRRIST AT

RESULTS AND DISCUSSION

RESULTS

Survey of flowering time and seedset

Oryza sativa (IR64 and weedy rice) is predominately self-pollinated. When plants with overlapping
flowering periods are grown in close proximity, they may outcross naturally at low rates. The floral
structure of 0. sativa and the short viability of its pollen present biological ba~iers to cross-
pollination. Natural cross-pollination is highly dependent on proximity in time and space.Typically,
a rice floret opens only once for a brief period, during which fertilization takes place. Under
CLRRI's field conditions, the time of flowering of four varieties on a given day varied as much as
8:00-10:00 am whereas the time overlapses between opening and closing of florets was only 30
minutes. Overlap of flowering in rice and weedy rice is complicate. Flowering dates among weedy
rice types is highly variable. Several awnless weedy rice types have reached 50% heading nearly
one week earlier, and several awned weedy rice types have flowered more than 2 week later than a
midseason maturity rice variety. Furthermore, the total flowering period for red rice types typically
ranges from one to several weeks, whereas that for rice varieties typically lasts for only a few days.
The time of day when the flower opens and the period of flowering in rice depend on accessions
used and environmental conditions such as humidity and temperature. A number of studies of
pollen completion focused on the occurrence of competition when pollen grains were deposited
simultaneously on stigmas. Sequential pollination is usually defined as foreign and conspecific
pollen grain being deposited on stigmas at different time (Snow et al. 2000). The experiment
offered only two accessions of weedy rice overlapping flowering periods with IR64 and OM1490 .

.The flowering period of weedy rice populations, IR64 and OM1490 was notices as from late
October to early December. Based on the observation, experiment was correctly designed how to
synchronize flowering time.

Field pollination

Hybridization rate of 1000 IR64 offsprings was detected as 0.00% and 0.01% in case of the
treatments including IR64 versus weedy rice accession 001 (ace. 001), and ace. 005, respectively.
The morphology of the hybrids exhibited intermediate features between that of the parental species.

The stable introgression of transgene within natural populations' depends on fertility, genomic
structure and generations. This experiment indicated that the introgression exhibited slowly with
very low probability under natural optimal conditions. So under normal agricultural conditions,
introgression can be much rarer in terms of female weedy rice.

Differences among varieties were thought to be varied due to the differential flowering times o!
weedy and cultivated genotypes. Phenotypically, 999 plants were noticed as ShOI1plant type ""
IR64. Of these, one tall plant was addressed as mid traits of weedy rice parents. For the rice hull, oi
1000 seedsonly one exhibited black color in primary branch with awnless seeds.
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Table 2: Seedset and number of F, plants obtained in IR64 x weedy rice (ace. 005) based on pollen
receiver distance

Pollen receiver
distance(em)

Number of
seeds

Percentage of gene
flow (%)

Remark

A (20 em)

B (40 em)

C (60 ern)

D (80 ern)

E (100 em)

F (120 ern)

1000

1000

1000

1000

1000

1000

0.000

0.000

0.001

0.000

0.000

0.000

Non-overlap flowering time

Overlap flowering time

Overlap flowering time

Non-overlap flowering time

Non-overlap flowering time

Non-overlap flowering time

Seed set and number of plants obtained in the IR64 and weedy rice population (ace. 005) indicated
that in treatment of distance C (60 em), awned grain mutants and colorful hull grain mutants
accounted'for 0.03% and 0.01%, respectively. .

Table 3: Grain analysis ofFl from crosses based on pollen receiver distance in 2002 wet season

Pollen receiver Awn Grain length Grain width Color hull Color grain Number of
distance(em) (mm) (mm) seeds

A (20 ern) 0 7.30 2.3 yellow white 1000

B (40 em). 0 7.20 2.3 yellow white 1000

C (60 cm)· 0:1 7.26 2.3 yellow white 1000
( 997:3)

D (80 ern) 0 7.23 2.3 yellow: black white 1000
(999:1)

E (100 ern) 0 7.14 2.3 yellow white 1000

F (120 ern) 0 7.40 2.3 yellow white 1000

IR64 (check) 0 7.15 2.3 yellow white 1000

Weedy rice 1 4.50 1.1 black red 1000

,acc.OO5 ---'-'

.. , Rice pollen dispersal study: Natural outcrossing among rice plants is generally low as reflected in
the summary of pollen dispersal among rice plants (Table 3).

Agronomic characterization of IR64 and weedy rice lines

Among tested lines, according to. the mean agronomic data, the F, s obtained the highest value of
1000-grain weight. All of these lines showed higher yield performance than commercial IR64 and
weedy rice acc.005. ANOVA showed that the differences among treatments were significant at the
level of 0.01 in term of grain yield potential of Fjs, Similarly, heading date, plant height; panicle
length, total grains per panicle, filled grains per panicle, panicles / hill, 1000-grain weight exhibited
significant differences at the level of 0.01 (table 4)

"
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Table 4: Agronomic traits of cross between weedy rice x IR64 based on pollen receiver distance in
2002 wet season

,

Pollen receiver Plant height Panicles / Grain length Filled grains / Unfilling 1000-grain
distance(ern) (em) hill (mm) • panicle grain (%) weight

A (20 em) • 99c 12.33b 24.33bc 88.77a 19 30.17a
B (40 em) 101b 11.17b 24.10bc 77.69c 26 25.37bc
C (60 cm) 98cd 13.33b 21.83d 81.78b 17 27.08b
D (80 ern) 99cd 11.17b 24.67b 78.13c 19 26.83bc
E (l00 em) 97d 12.50b 23.67c 82.34b 21 32.08a
F (120 ern) 103cd 13.17b 23.60c 75.60c 25 30.67a
IR64 (check) 98cd 23.17a 24.83ab 83.97b 19 32.67a

.Weedy rice acc.005 102ab 11.33b 25.50a 81.40b 32 23.92c

CV (%) 3.07 7.79 5.94 7.06 19.35
F (0.01) ** ** ** ** **

Genotyping

Weedy rice populations are often genetically diverse. In an attempt to better understand the
complex genetics and origins, of weedy rice evaluated variations in SSR markers

SSR marker technology was used to evaluate the natural hybridization between weedy and
cultivated rices at 43 loci.

Of 43 SSRs, polymorphism was only recorded at 13 loci of weedy rices and IR64 through DNA
survey (Figure 2)

Figure 2: Polymorphism at 13 loci of weedy rice (lane 1) and IR64 (lane 2)

After DNA survey, of 13 polymorphic markers, RM315 and RM223 were noticed to be effective to
detect natural crossing between weedy and cultivated rices (Fig. 3). For 100 plants from natural
crossing in 2001 wet season, no hybrid plants were found. However, among 600 plants from natural
crossing in 2003 wet season, four hybrid plants (0.005%) were detected by DNA markers (figure 3).
It means that natural outcross in such casewas low rate.

•
A ~.III "'ij" •••.• J>:ti"-- s' __ ••. ~ •• --.

B

Figure 3: Hybrid plants from natural outcrossing between weedy rice and IR64 detected by DNA
markers, [A]: RM223 and [B]: RM315
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This study obviously showed that target genes from IR64 can introgress to weedy rice. Under
natural condition with a distance of less than 100 em, hybridization can occur (Song et al. 2003).
Weedy rice population (acc.005) was more encouragingly to consider as point to the mechanism by
which adaptive divergence can take place in the face gene flow. Determining the number of loci
adaptive divergence is therefore of key importance for gene flow (Latta 2003).

DISCUSSION

The maximum frequency of gene flow from cultivated rice to weedy rice in this study 0.02%, this is
much lower than that Song et al. (2003), Messeguer et al. (2001) reported as 2.94% and 0.5% under
similar conditions, respectively. The frequency of gene flow from cultivated rice to wild relative
Oryzarufipogon is significantly lower than weedy rice (Langevin et al. 2000). Cultivars and weedy
rices are primarily-self-pollinated, but they can outcross with one another providing an avenue for
the transfer of genetic traits such as herbicide resistance from transgenic rice to weedy rice (Davis et
al. 2003):' In natural crossing, Oryza sativa is predominately self-pollinated. So when plants are
grown in close proximity with overlapping flowering periods, they may naturally outcross at (very)
low rates. The consistent association of particular genotypes or phenotypes with particular
environmental conditions makes a strong case that hybrid populations were noticed in weedy rice
(ace. 005) x IR64 at the pollen receiver distance of 60 ern.
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Abstract: This field study was conducted under rainfed conditions during 2004. Genetically
modified com carrying the herbicide (glyphosate) resistance gene CP4 epsps was planted in three
replications. Eight treatments of herbicide sprays including fanners practice and weedy check were
included to evaluate the bioefficacy of glyphosate on transgenic com. The experimental area had
high intensity of both dicot and monocot weeds. However, Parthenium (28.7 to 39 %) and Digera
arvensis (11.7 to 16.7%) were the major weeds. Observations were recorded at 15, 30 and 45 days
after spray treatments. It was observed that there was no crop injury, stand loss and phytotoxicity
symptoms on com due to herbicide (glyphosate) spraying treatments though it is a non-selective
broad-spectrum herbicide. Results confirmed that the transgenic com carrying herbicide resistance
gene is stable under field condition. Glyphosate had 98 % weed control efficiency (WCE) up to 45
days when single spray was given with a dosage of 900 g ae ha-1 as single spray after 18 days after
planting. WCE was about 100 percent at all stages of crop growth in glyphosate-treated plots over
the weedy check. This influenced shelling percent and grain weight, which resulted in higher yield.
The highest grain yield (13.13 t ha') with maximum cost benefit ratio (1: 1.86) was also observed
in the least glyphosate sprayed treatment. The grain yield reduction was up to 41 % in weedy check
(7.7 t ha') plot when compared with treated highest yielding plot.

Key words: Bioefficacy, herbicide resistant, glyphosate, Roundup, transgenic com.

INTRODUCTION

Weed menace in agriculture is increasing in spite of constant efforts to get rid of them. Weeds cause
major losses in crop yields. A large number of weed species cause economic losses inmay field
crops in India. Although manual and mechanical practices are important components of weed
management, some weeds and weed seeds can reduce the crop quality to great extent (Padgette et
al. 1996). Due to the scarcity and expensiveness of labor more emphasis needs to be bestowed on
use of herbicide (Nagraju and Mohan Kumar 2005). Com is one of the major cereal crops in India
and fifth largest area in the world but has lowest productivity (1.81 t ha'). Poor weed management
is one of the factors responsible for the low productivity. All cultivation practices are mechanized
except weeding of crop (Senthilkumar et al. 2005). Crops made resistant to herbicide by
biotechnology are being adopted in North America and are entering other parts of world (Duke
2004). Herbicide tolerant crops account for 72 % of total biotech cropped area. The herbicide
tolerant maize occupies 4.3 -million ha (Clive 2004). Glyphosate has been used for over 20 years in
various ways in pre- planting, directed, spot or post harvest weed management system with no

, known report of weed resistance (Holt 1993). Herbicide resistant corn will speed the adoption of
reduced or low tillage agriculture that may reduce environmental damage by conservation of soil
moisture and soil erosion. Glyphosate-tolerant com developed by Monsanto Company that confers
the tolerance to herbicide by production of cpa-enolpyruvylshikirnate -3 phosphate synthase (CP4
ep'sps)proteins. Glyphosate is the active ingredient of agricultural herbicide Roundup® that kills
the plant by inhibiting the enzyme epsps. The experiment was aimed to test the phenotypic
performance of transgenic com carrying CP4 epsps gene and assess the effect of herbicide under
bioefficacy protocol and the results are described in this paper.
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MATERIALS AND METHODS

This study was conducted during the monsoon season 2004 at Mahatma Phule Krishi Vidyapeeth,
Rahuri, India. The genetically modified herbicide tolerant hybrid corn (Hishell NK603), expressing
cp, epsps gene was planted on protected area asbio-safety measures. The plant spacing was 60 em x
25 em, with plot size 18 m2

. The experiment consisted of eight treatments (Table 1) and was
replicated thrice in RBD design. The post emergence application schedule was followed as per
treatment detail. Standard agronornical operations were followed to raise the normal crop.

Table 1. Treatment details of the experiment.

Treatment Dosage (Formulated product)
(L ha-I)

Time of Application

Glyphosate Single'

applic~tio!?

Glyphosate Single
application
Glyphosate Single
application
Glyphosate Double
application
Glyphosate Double
application
Farmers practice

Weedy check

Weed free plot.

2.5 (900 g a.e. ha-I) Single Roundup® Application at V2-
V 4 stage of crop or 10 cm weeds.

Single Roundup® Application at V2-
V 4 stage of crop or 10 cm weeds.
Single Roundup® Application at V2-
V 4 stage of crop or 10 em weeds.
V2 - V4 State of crop or 10 em weeds
followed by at V6- V8 stage of crop
V2 - V4 State of crop or 10 ern weeds
followed by at V6-V8 stage of crop
Inter culture at 25-30 days followed
by 1 hand weeding between rows and
earthing up

5 (1800 g a.e. ha")

10 (3600 g a.e. ha")

2.5 (900 g a.e. ha-I) + 2.5 (900 g
a.e. ha")
5 + 5 (1800 g a.e. ha') + (1800 g
a.e. ha')
1 inter cultivation followed by I
hand weeding between rows and
earthing up

No weeding from sowing to
harvest.

Hand weeding 2 to 3 times to
maintain the plot weed free
throughout the growing season.

Data gathered included percent germination, plant population and crop safety observations
, (chlorosis, necrosis, scorching, malformed plants). The relevant observations on phenotype, yield
_and yield contributing traits influenced due to treatments were taken from randomly selected 80
plants in each plot to assessthe effect of glyphosate spray on growth and yield of corn. The data

, '. were subjected to computational statistics Unistat 5.5 UK software.

RESULTS AND DISCUSSION

Observations were recorded on weed species, weed intensity, crop injury after spray, weed control
efficiency, flowering period, plant height, earhead length and grain yield. Ten major weeds
comprised the weed flora in the experimental field. However, Parthenium hysterophorus had the
highest (28.7 to 39 %) intensity followed by Digera arvensis (1l.7 to 16.7 %), Digitaria
sanguinqlis (5.7 to 1l.7 %), Phylanthus niruri (7.7 to 18.3 %), Panicum isachmi (9.7 to 14.3 %),
Amaranthus polygamus, Chorchorus acutangulus and Cyperus rotundus ranged from 1 to 2.7 %.
The intensity of other weeds like Comellina benghalensis, Ipomoea sp., Comellina nudiflora etc.
was l. 7 to 4.3 %.
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The weeds had 2.5 leaves with 3.7 to 14.7 em height prior to the spray treatment. No symptoms of
crop injury, stand loss and phytotoxicity were observed at 14 and 21 days after treatment (DAT).
'Weed dry matter per square meter at 15, 30 and 45 DAT (Table2) revealed that weed dry weight,
reduced significantly due to herbicide treatments; weed control efficiency (WCE) of herbicide
treatment was more than 98 % in treated plots.

Table 2. Weed dry matter (g) m2 meter and weed control efficiency at 15, 30·and 45 DAT.

Treatment 15 DAT 30DAT 45DAT

Dry WCE Dry WCE Dry WCE
matter matter matter

Roundup® 2.5 L ha-i 4.00 98.74 5.33 98.08 6,67 97.54
Roundup® 5.0 L ha-1 3.67 98.84 2.67 99.02 4.33 98.40

• 1
4.00 98.74 3.67 98.66 3.33 98.77Roundup® 10.0 L ha

Roundupee 2.5 Seq 2_5L ha-1 3.33 98.95 5.00 98.18 3.33 . 98_77

Roundup® 5.0 Seq 5.0 L ha-1 4.67 98.53 4.67 98.30 2.00 99.26
Farmers Practice 36.67 88.49 1.40 85.81 30.00 88.95
Weedy Check 318.67 275.00 271.67

Weed free plot 1.06 99.66 0.75 99.72 0.83 99.69
C.D. at 5 % 41.43 26.27 12.22

Observations on various biometric and agronomic traits are shown in Table 3. The parameters ear
length, shelling percentage, grain weight and yield were significantly influenced by various
treatments. All glyphosate treated plots were significantly superior over the control (weedy check)
on all the parameters. The phenotypic parameters like stay green, ear length, number of ears, were
not significantly affected by glyphosate treatments when compared with farmer's practice and weed
free plot. The highest test weight (29.98 %) and grain yield (13.13 t ha') was obtained in treatment
900 sa.e. ha-1 glyphosate sprayed 20 days after sowing (Table 3). This was the reflection of higher
performance of other yield contributing characters like shelling percentage. The cost benefit ratio
(C:B) was also higher (1.86) at lower dosage application of glyphosate. Dixit (1995) reported that
.weeds in maize were controlled at lower dose. From this study it is confirmed that the transgenic
com carried stable herbicide-resistance gene and spray of glyphosate at 900 g a.e. ha-I was efficient
to control all the dicot and monocot weeds in the com field.

Table 3. Biornetric and agronomic parameters.

Treatment Ear Shelling 100 grain Yield mt ha C:B
length (%) weight I at 15 % ratio
(cm) (g) moisture

Roundup® 2.5 L ha-i 21.57 80.33 29.98 13.13 1.86

Roundup® 5.0 L ha-1 21.20 79.10 29.37 13.00 1.74

Roundup® 10.0 L ha-I 20.50 78.95 26.96 11.69 . 1.30
Roundup® 2.5 Seq 2.5 L ha-I 20.00 79.80 27.96 12.8 1.70

Roundup® 5.0 Seq 5.0 L ha-! 21.10 76.81 26.19 10.83 1.13

Farmers Practice 20.53 81.15 26.79 11.35 1.40

\Veedy Check 18.79 71.55 25:28 7.70 0.74
Weed free plot 20.60 77.90 26.26 10.48 1.07

C.D. at 5 % 1.39 4.56 4.12 2.85
ROUNDUP® is registeredtrademark of Monsanto CompanyUSA.

497



LITERATURE CITED

Dixit A. 1995. Economics of weed control methods in winter maize Agric. Sci. Digest., 15(3): 143-
145.

Duke S.O. 2004. Weed Management: Implications of Herbicide Resistant Crops.
http://www.nbiap.vt.edu/proceedings99 proceedings.duke.html

Holt l.S. 1992. History of identification of herbicide-resistant weeds. Weed Technology, 6: 15-620.'

Clive J. 2004. Global status of commercialized Biotech /GM crops, ISAAA briefs.

Nagaraju A.P. and Mohankumar H.K. 2005. Bioefficacy of Anilofos + 2-4-D (Ethyl Ester) and
other herbicides in Transplanted Rice (Oryza sativa L.) National Biennial conference.
ISWS, APAU, April. 6-9. Pages 8-9.

Padgette S.R., Re D.B., Barry G.F., Echholtz, D.E., Delannay X., Fuchs R.L., Kishore G.M. and
Fraley R.T. 1996. New weed control opportunities. In Duke S.O (Ed). Herbicide Resistant
Crops: Agricultural Environmental, Economic, Regulatory and Technical Aspects. CRC
Lewis Publishers Boca Ration. Pages 53-83.

Senthilkumar K., Ramasamy S. and Thiyagraian. 2005. Impact of mechanical weeding on weed
incorporation and rhizosphere soil stirring in low land hybrid rice. National Biennial
conference, ISWS, APAU, April. 6-9. Pages10-120.

498



Establishment of a test method of glyphosate-resistant Conyza canadensis in Chitta
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Abstract: Glyphosate, non-selective herbicide, has been used for the control of annual and
perennial weeds in orchards for more than 25 years in China. Conyza canadensis, which has been'
reported to have evolved glyphosate resistance in some countries, is one of the main weeds in
orchards in China. It is not known whether glyphosate resistance has evolved in C. canadensis in
China. In order to investigate and monitor the glyphosate resistance evolvement in China at the
long-term, a methodology for glyphosate resistance test was established first to test a large number
of glyphosate- resistant weed samples in China and to be comparable to the test methods used in the
documented cases of glyphosate-resistant weed. The method of glyphosate resistance test was
established here as follows. Sample seedswere sown over the mixed soil surface of a shallow tray
to be cultured into seedlings. Single seedling was transplanted into separate 5 ern x Scrn pot
containing mixed soil at 5-7 leaf stage of the seedling. The isopropyl amine salt of glyphosate at rate
0, 35, 70, 140280, 560, 1120,2240,4480, 8960 g ai ha'i could be applied when the seedling grew
to 11-13 leaf stage. The first observation was made 3 days after application and herbicide injury rate
was recorded based on visual assessment.The same work was consistently conducted every four
days until the injury symptom did not develop further. All data were fitted to a log -Iogistic
regression model. By comparison of the test experiment results in two times, it was confirmed that
the method could be repeated very well. So the method has been applied to test more 27 horseweed
samples during past two years.

Key words: Conyza canadensis, glyphosate, resistance, test method.

INTRODUCTION

Glyphosate, a broad-spectrum and nonselective-herbicide, has been used widely in the world since
the 1970s and became one of the most important pesticides (Ren 1998). With the successful
development and commercialization of glyphosate-resistant transgenic crops, glyphosate will be
applied to a wide range of crops (Xiang 1998; Fu 2002). At present, China has been become the
biggest producer and consumer of glyphosate.

With its widespread and long-term use during the past 30 years, glyphosate resistance has been
reported in six kinds of weeds in the world. It was first reported in 1996 from rigid ryegrasss
(Lotium rigidum) in an orchard in Australia (Powles et al. 1998). Subsequently, several additional
glyphosate-resistant weed populations have been identified: rigid ryegrass in a wheat production
system in Australia and in California (Pratley et al. 1999; Simarmata et al. 2003), Italian ryegrass
tLolium multiflorum) in Chile (Perez and Kogan 2003), goosegrass (Eleusine indica) in Malaysia
(Lee et al. 2000), and horseweed (rnarestail) (Conyza canadensis) in the eastern, midwestern, and

. southeastern United States (Van 2001; Rogers 2003). However, there are few reports about, the
research of glyphosate-resistant weed in China so far.

Bioassay has been proven an effective method to identify glyphosate resistance of weeds. Two main
bioassay methods for glyphosate-resistance test were conducted in petri dish experiment or pot
experiment. Seedbioassay in petri dish has been reported to be used successfully for documenting L.
multiflorum (Perez & Kogan 2003). Seedling bioassay in pot has been documented for Conyza
canadensis (Mark and VanGessel 2001), L. multiflorum (Perez and Kogan 2003), L. rigidum
(Pratley 1999). In petri dish test, root length and shoot length at different glyphosate concentrations
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were usually measured as the response index to establish a standard non-linear regression analysis
while the fresh weight or injury severity based on visual assessmentwas taken in pot experiment.

In order to evaluate the current status of glyphosate-resistant weeds and carry out a long-term
monitoring of glyphosate-resistant weeds in China, it is imperative to establish the
glyphosate-resistance testing methods at the beginning. Conyza canadensis, in which the
evolvement of glyphosate resistance has been reported in some countries else, is one of main weeds
in orchards in China. C. canadensiswas used as material in this paper to determine whether the
glyphosate resistance has evolved in C. canadensisin China.

MATERIALS AND METHODS

Seeds-of C. canadensispopulation

Seeds 0(.C. canadensi collected from roadside of CangBoMen in Nanjing were used as the
materi'als in order to establish the method of glyphosate resistance test.

Herbicide

Isoproplayamine salt of glyphosate, a commercial product named Nong Wang produced by
XinAnJiang Chemical Company of ZheJiang in China, was used as experimental herbicide.

Experimental container

Shallow trays (22 ern x 15cm surface by 6 em depth) and small plastic pots (5 x 5 surface and 8 em
depth) were used as experimental container.

Soil -

Soil collected from the garden ofNanjing Agriculture University was mixed with humic fertilizer at
the ratio of2:1.

Other materials

The other materials included the rose nozzle watering pot, manual sprayer and muslin.

Methods

The experiment was conducted in a green house of Nanjing Agriculture University from September
to October in 2003.

Method for culturing C. canadensis

The shallow trays were filled with prepared soil then watered using a rose nozzle equipped watering
pot. Test seeds were sown over the soil surface evenly. Each tray was watered lightly using a fog
nozzle that provided gentle watering. Immediately each tray was covered with muslin to keep other
weed seeds out. These trays were put in a green house randomly. The temperature was kept at a
range of 25·C -30·C. Each day, the muslin cover was opened and the trays were watered lightly to
keep the soil surface damp.

Transplant seedlings

500


