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Abstract

The chemical control of groundnut white gruls|otrichia serrata F. andH.
reynaudi Blanchard (Coleoptera: Scarabaeidae), was stidsalith--central India.
Microplot trials demonstrated that chlorpyrifos amidacloprid seed--dressings were
effective againstl. serrata at rates as low as 0.6 and 3.5 g a.T, kgspectively, while
microplot and on--farm trials showed that 1.2 ariddga.i. kghof chlorpyrifos and
imidacloprid, respectively, were required fbrreynaudi. Chlorpyrifos residue analyses
indicated that at 20 days after sowing (d.a.s.prageto 5.0 g a.i. kKjproduced residues in
soil and groundnut seedlings markedly below theveeit MRL, and no detectable
residues at harvest under the southern Indian-raggson environment. A farmer survey
found that in Andhra Pradesh (AP), insecticidesofgiyrifos and phorate) were applied
for white grub control in 37.5% of farms sampledjlesho insecticides were applied for
this purpose in Karnataka and Tamil Nadu. Theewpitib density on farms in AP where
insecticide had been applied averaged 0.07 larvaeompared to 1.04 larvae?i the
remaining AP farms. In AP, Karnataka and Tamil datD%, 42% and 39% of currently
untreated groundnut fields, respectively, exceegtbeisional economic threshold. A
survey in the Anantapur district of AP found tretfier’s target and achieved rates for
seed treatment averaged 0.44 and 0.52 g &, Hath below optimal rates determined in
microplot experiments. These data provide the fatiod for an effective and sustainable
program of management for groundnut white grubsinhs-central India by providing

key efficacy data and baseline data on farmer iicsget-use patterns.
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1. Introduction

Holotrichia species (Coleoptera: Scarabaeidae) are pests gfaraps in India (Yadava
and Sharma 1995) and in other parts of Asia (Selolatial. 1983, Chaet al. 1989, Liuet
al. 1993). In IndiaH. consanguinea has been especially important as a pest across the
light soils of the Gangetic Plains of northern indince the late 1960s (Musthak Ali
2001), causing widespread damage to groundnut, aadathps in the rotational cycle
such as pearl millet and sorghum. Other speciaskatty groundnut in India include the
species reported on heke,reynaudi, H. serrata (Yadava and Sharma 1995), atdsp.nr

consanguinea (Anitha et al. in press).

For many years, the chemical controHbfconsanguinea on groundnut in northern
India has relied largely on seed treatments witbrpirifos (5 g a.i. kg of seed, as 20
e.c.) (Yadava and Sharma 1995). Other availasdgrtrents include in--furrow soil
treatments of phorate, chlorpyrifos or quinalph@ngtes at sowing, and standing--crop
side dressings treatments with chlorpyrifos (ilg&tion water or broadcast after mixing in
sand or soil, followed by irrigation). There agports of organophosphate insecticides in
groundwater (Mohapatra and Agnihotri 1996) in axdagidespread application. These
experiences indicate the need for a cautious apiptoethe widespread recommendation

and use of insecticides for white grub managenmegtaundnut.

The main (rainy season) groundnut growing area dhsoor--central India extends
over 400 -- 500 km from Mahbubnagar in central AadPradesh (AP), southwards into
northern Tamil Nadu (TN), and westwards into east@mataka; much of this area is a

groundnut monoculture in the rainy season (Jul@dtwber). Scarab adults emerge at the



commencement of the monsoon rains --- which aiggers groundnut planting --- with

the result that there is a close association betwes and pest phenologies.

Despite the yield loss associated with white gedalfng activity (mainhyH.
reynaudi), insecticide application was not the norm whes $itiidy started in the early to
mid 1990s and was largely restricted to the arearar Anantapur (Anithet al. in press).
By 1995, farmers in this region had found that tbeyld controH. reynaudi with less
chlorpyrifos than the 5 g a.i. Rgf seed recommended fisir consanguinea in northern
India. This indicated that these farmers were arsdoueduce pesticide application to
the lowest dose possible, and through informalfarms observations, had achieved

some reductions in chlorpyrifos rates.

The work reported here is part of an integratedaaah to managing the southern
Indian peanut white grub problem, within a projectded by the Australian Centre for
International Agricultural Research. Firstly, Aratet al. (in press) report on the
distribution and abundance of the most importéoibtrichia species that attack
groundnut crops in the southern Indian states of AnBhadesh, Karnataka and Tamil
Nadu, namelH. reynaudi andH. serrata. Rogerst al. (in press) quantify the yield
losses on groundnut per white grub for these twoispe The present paper reports on
the minimum insecticide seed--dressing rates negessaontrol these species (derived
by microplot and on--farm trials), a chlorpyrifosidue experiment, and baseline data on

white grub populations and chemical use patterngaom in south--central India.

2. Materialsand methods



2.1 Microplot trials

Rain--fed microplot trials were conducted at the Internati@nops Research Institute
for the Semi-Arid Tropics (ICRISAT) Asia Centre, Ratheru, Andhra Pradesh in 1995
— 1996 and 1998 — 2000 to determine minimal effective rates afpshifos and
imidacloprid. Microplots were constructed of paving stonesesically in the soil to
form rectangular bays 0.5 m deep and 1.0 m x 0.9 m. Mmewefilled with a sandy
local alfisol to promote drainage. Groundnut (ICGS 44) plants estiablished and
thinned to achieve a population of density of 30 plants/miotofirials were planted at
the commencement of the monsoon (typically June -- July)yssoh During the

growth of the crop, normal agronomic practices were applied.tré@&enents used in
each year are given in tables 2 -- 5. The tri@sevaid out as randomised complete block

designs with at least four replications per hardegs.

For the seed treatments of chlorpyrifos 20 e.c. (all jriglad the imidacloprid
200SL formulations (1998 -- 2000), the required quantity of the insgetiwas added
to the seed in a rotating drum seed--treater. The seed wil géxed in the drum for
a few minutes to ensure they were fully coated, care békeg t@ot to damage the testa.
Seeds treated with insecticide were sown 1 to 2 h aftedmtesd to reduce the risk of
losing seed viability, a problem that can be associatedthighprocedure when using
chlorpyrifos (Mathur and Bhatnagar 2001). The imidacloprid 70 WS fotionl§1995,
1996, 1999) was coated onto the seed by first wetting the seédsiwimal water and

then adding the required quantity of the insecticide todkd.s



Grubs ofH. serrata andH. reynaudi were reared from adults that were collected in the
field at ICRISAT Asia CentreH. serrata) or at AnantapurH. reynaudi). Larvae were
reared in a bed of sand/ organic matter mixturannoutdoor screen house, with pearl
millet seedlings grown as food for the developiewyae. When the grubs reached second
instar, they were collected from the rearing aneghed and then added to the microplots
(20 larvael plot in 1995, 10 larvae/ plot theredftgtable 1). Larval mortality was
assessed 15 days after release by removing the contenhah&zioplot and searching
the soil for larvae (“destructive sampling”). In somels$ria separate set of groundnut
plots was allowed to grow to maturity to assess yield parasaeRant mortality, larval
mortality and larval weight gain were recorded. In Triathg number of flowers th
also was recorded at the 15 days--after--release ass@ssrAt crop maturity, final
plant mortality, weight of plant haulms, pod weight and seed hi®igvere also
recorded. Data was analysed by analysis of variance, kisihgr's Protected LSD test
(Steel and Torrie, 1980) for mean separations of pre-planned deommto elucidate
the efficacy of each chemical and the lowest efficacious dibmze a range of doses

were tested. Some data sets required transformation peoalysis.

[insert table 1 about here]

2.2 Residuetrial.

Studies on the pesticide residues in soil, seed, seedlindgsahds of groundnut
following seed treatment with chlorpyrifos 20 e.c. were edrdut in 1995 to evaluate

the residue situation under the southern Indian monsoon environmentred@tments



were five replicates of chlorpyrifos (20 e.c.) at 1.3,&hd 5.0 g a.i. kKjseed, with an
untreated control in a randomised block design. The plotsdvedem and were sown
in an area where contamination from the activities in pte/seasons would not
interfere with the result. Groundnut (ICGS -- 44) was treateith the microplot
experiments. Normal agronomic practices were followed duh@gtowth of the crop.
Soil and seedling samples for residue analysis were takerl0 and 20 days after
sowing. Seed and haulm samples were taken at haSestsamples from all the
treatments were drawn from 6 -- 8 places in each plotavibil core. The sample was
reduced to 50 g by mixing the cores thoroughly and quarteringpréparation of
plant samples for residue analysis is described in detAihitha (1997). Residues
were quantified with a Fisons 8000 gas chromatograph, with #isignsf 0.01 pg g,

following the Indian Standard Method, 1S:12365 (1988).

2.3 On--farmtrials, 1998 monsoon season

These trials compared the efficacy of imidacloprid and chldigg/as seed dressings
for the management dfl. reynaudi in rain--fed groundnut in on-farm conditions in
Anantapur and Chittoor Districts of Andhra Pradesh, India. This tsiare carried out

in conjunction with local and umbrella non--government organisations @GO
(specifically, Agriculture Man Ecology (AME), Banigae). At Chittoor, these trials were
included in the broader AME package of improved production technology for
groundnut. This included the applicationR¥fizobium, plus Trichoderma (for seedling

rot management), mussoriphos (a cheap phosphate source), andrdamasure

(FEYM).



In the trials carried out in Chittoor and Anantapur districtgtinents were laid out
in approximately 0.1 ha plots in each of five farmer’s fieldsdnhevillage (table 7).
There were 20 farmers in four villages in Anantapur and 10 in tilages at Chittoor
These trials were sown 16 to 27 July 1998 in Anantapur and 19 to 2230y in
Chittoor. Project staff either treated the seed (Anamfaqr supervised farmers and

NGO staff (Chittoor).

Sampling for grubs occurred between 15 -- 30 September in Anantajuct@isd
14 -- 23 September in Chittoor District. Fifteen 30--cm squasevpere dug in each
plot at random, soil was hand sorted and the number of white gruirsied. A harvest
sample was collected in ten 1%sub--plots in each treatment. Pod weight and haulm
weight were recorded. Data was analysed by analysis ridnea, using Fisher's
Protected LSD test (Steel and Torrie, 1980) for mean separatiopse-planned
comparisons to elucidate the efficacy of each chemical. Siatee sets required

transformation prior to analysis.

2.4 Farmsurvey

During a survey of white grub species distributimal density (Anithat al. in press),
conducted in the main groundnut production regafrsouthern India during August

1999, farmers were asked if and how they appliectiitsges for white grub management.
White grub densities in their fields were asses$¢lde same time. The survey covered the

groundnut production region from Mahbubnagaf (@E 16 42’N) in the north to



Dharmapuri (7812'E 12 06'N) in the south, an area approximately 500 kmhaesouth
and 200 km wide. During the survey, a total ofaténs in 26 villages in 20 districts were
sampled (3 individual farmers/ village). Of the4® were in Andhra Pradesh, 18 in Tamil

Nadu and 12 in Karnataka

2.5 Farmer--treated seed

On 14 July 2000 (during the peak planting seasoth®2000 rainy season), samples of
farmer--treated seed were collected from eight $armhe Anantapur region, with farmer-
-supplied information on treatment rate. The amo@ichlorpyriphos on the seed was
determined by gas chromatography by the Nagarjunagrial Research Development
Institute with a Shimadzu 17AAA GC System. Thesaymes allowed a comparison of

the actual rates of application with what farmeaficlved they were applying.

3. Results

3.1 Microplot trials

3.1.1H. serrata. Microplot trials conducted between 1995 and 1998€ta) indicate that
this species can be effectively controlled by ghjaofos seed--dressing rates of 1.2 g a.i.
kg™ of seed, i.e. one--quarter that required to cohtr@onsanguinea in northern India
(Yadava and Sharma 1995). Additionally, the experits showed that imidacloprid
provides was as effective as chlorpyrifos. The modes amaofithese two products

are known to be different with imidacloprid having repellard antifeedant activity

10



against white grubs, in addition to contact and stomachitpXMcGill et al. 2003).
The larval weight change data (table 2) show that larvéeeiimidacloprid treatment
plots consistently lost weight. Larvae in other plots anttiénchlorpyrifos treatments

mostly gained weight.

[insert table 2 about here]

Plant--response data (table 3) from these trialrooed the efficacy of both
products, with reductions in plant mortality and eases in pod yield. Imidacloprid
treatment resulted in higher pod yields for eqamtlarval mortality (table 2). The pod
yield data reflects more the differences in laweight gain than differences in the
mortality data, perhaps reflecting a greater radoeh white grub feeding on the
groundnut plants in the imidacloprid plots fromati--feedant and/or repellent action.
An additional reason for the yield increases resyfrom the application of imidacloprid
may lie in its systemic effect on leaf miners andking insects (jassids, aphids and thrips)
(Jyothirmaiet al., 2002) that inevitably infest rainy season groundmyps in southern

India (Wightman and Ranga Rao 1994

[insert table 3 near here]

Lower rates of both products were evaluated in @@®2eason (table 4).
Chlorpyrifos at rates down to 0.6 g a.i”fand imidacloprid at 3.5 g a.i. kgrovided
equivalent, and high, levels of control. There wasignificant diminution in larval

mortality from imidacloprid down to 0.25 g a.i. kgalthough imidacloprid rates below 1.0

11



g a.i. kg" were inferior to chlorpyrifos at 0.6 and 1.2 g kg*. These data indicate that
farmers inH. serrata endemic areas can apply chlorpyriphos at 12.5%stiee r
recommended fdd. consanguinea and still achieve effective control.

[insert table 4 near here]

3.1.2H.reynaudi. The 1999 microplot trial oH. reynaudi confirmed growers’
observations (unpublished) that this species isegtibie to lower rates of chlorpyriphos
thanH. consanguinea (table 5): 1.2 g ai/kg seed produced 100% mortadity. reynaudi.
Imidacloprid at 3.5 g a.i. Kgproduced equivalent control to chlorpyrifos atd £i. kg,
but lower rates were somewhat less efficaciousttiai.2 g chlorpyrifos rate. However,
there were no differences in either the larval alibytor weight gain data for the three
imidacloprid treatments. This data showed equntdéevels of control from the two
imidacloprid formulations compared. The implicatis that farmers need not look
beyond the cheapest product, provided it came froshiable source. Additionally, there
was no diminution in control from the 200 SL forntida at 1.0 g, compared to 3.5 g.
Chlorpyrifos and imidacloprid produced significaamd equivalent plant responses —

lower plant mortality and increased numbers of @osvat 30 d.a.s.

The experiment in 2000 witH. reynaudi compared lower rates of both chemicals
(table 4). However, the trial was adversely affddby flooding during assessment and
many surviving larvae appear to have drowned. i§hise reason for the high control
mortality. The single control plot assessed pridhtorain had 30% mortality, compared to

60 — 80% in plots assessed after the flooding. lirhited the experiment’s ability to

12



discriminate between chemical dose rates, andte#f ai both chemicals had equivalent

mortality

[insert table 5 near here]

3.2 Residuetrial

When the seed was treated with chlorpyrifos at 5 g a'iskgd (the rate recommended
for H. consanguinea control in northern India), the residue in the seed peak@dlat
ppm (SE = 0.012) at 5 d.a.s., and by 20 d.a.s. had decreased to 0.085pm.005)
(table 6). Lower doses had proportionally lower residues andibiesidues were well
below the maximum residue limit (MRL) of 2 ppm. In seedlirigs,residues in the 5 g
kg™ rate were 1.3705 ppm by 20 d.a.s. Again, seedling residaisrates and times
after treatment were less than the MRL for chlorpyrifos inetegles (2 ppm). No
detectable chlorpyrifos residues were recorded in either lkeonehaulms at harvest

(110 DAS) from all dose rates.

[insert table 6 near here]

3.3 On--farmtrials, 1998 monsoon season

The on--farm trials at Anantapur and Chittoor @ab) confirmed the results of the

microplot trials againgtl. reynaudi (table 5). At Anantapur, the two chemical treattaen

were equally effective with an 89% reduction in plagion density. At Chittoor, high

13



levels of control were achieved, with reynaudi larval populations being significantly
lower for imidacloprid than chlorpyrifos. At the @bor site, the use of the AME
management package of biological additives, phosggHhfertiliser and organic matter
also produced a 60% reductiorHnreynaudi populations. The reasons for this are
unknown, but at least a partial explanation maynlithe likely impact of FYM on.
reynaudi development. Pot trials witH. serrata have demonstrated that the addition of
FYM alters the patterns of larval growth and planttaldy in a similar soil (V. Anitha

unpublished data).

[insert table 7 near here]

3.4 Farmsurvey

The survey showed that average white grub densitig® absence of insecticide were
higher in Andhra Pradesh (1.04 larva@)rihan in either Karnataka (0.55 larva&)ror
Tamil Nadu (0.53 larvae R). Areas in Andhra Pradesh — such as around Apanta
have experienced white grub problems in groundmyiscfor a number of years (Anitha

1992).

The survey found that only farmers in Andhra Pradgxgilied insecticides for
whitegrub management (18 farms in 5 districts ftbe48 farms in 14 districts sampled in
the State), and was concentrated in the area betwed&rishna River and Anantapur.

Farmers in the southerly sections of the southtrakbimdian groundnut production region

14



did not use insecticides to manage white grubs. @©¢hlemicals used, chlorpyrifos was

the choice of all adopters. Two--thirds had atsaltphorate.

[insert figure 1 near here]

The white grub densities on farms where seed hdwanot, been treated with
insecticide (figure 1) provides evidence that thesgments reduced white grub
populations under groundnut (maximum likelihood chuege = 20.56y < 0.001, df = 4).
In areas that did not use insecticide, 48% of faratspopulations greater than 0.3 larvae
m2, while no farms that applied insecticide exceetiellevel (figure 1). In terms of
average larval densities, areas that used instetisieraged 0.07 larvaé’ntompared to

1.04 larvae i from areas of Andhra Pradesh where insecticidenagapplied.

3.5 Farmer--treated seed

Discussions with farmers about their seed treatmeutess showed that the target rates of
were either 2 or 2.5 mL Ky(i.e. 0.4 or 0.5 g a.i. Ktpf seed) (table 8). This is well below
most of the rates evaluated in the microplot triat&l an order of magnitude lower than
the rate recommended fldr consanguinea in northern India. Achieved treatment rates
varied widely, from almost an order of magnitudtetarget to more than four times
over target (table 8). Six of the eight achieveds&elow 0.6 g a.i. Kg which was the
lowest effective dose in the microplot trials (&R, 4 and 5) agairidt serrata. Seven of
the eight were below the 1.2 g that was highlyatiife againsH. reynaudi (table 5).

These farmers were fromta reynaudi endemic area.
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[insert table 8 near here]

4. Discussion

Seed--dressing treatments Farconsanguinea are well established in northern India
(Yadava and Sharma 1995), e.qg. chlorpyrifos ag%0. kg' seed. However in south--
central India, with its harsh and highly variablenglte, growers have indicated that the
insecticide treatments at rates used in northera kn@i beyond their economic means,
given the low average yields (Ali 2003) and highk v$ crop failure. In southern areas,
with severe white grub problems, growers experiemith lower rates of seed
treatment, finding that control of southern spe(i€seynaudi andH. serrata ) was
possible with reduced rates. The series of expetsmweported here confirm the growers’
observations that the two main southern speciebeaontrolled with a fraction of the
rate recommend fdt. consanguinea, namely one--eighth and one--quarter oftthe
consanguinea doses foH. serrata andH. reynaudi, respectively. Because of problems
with adverse weather conditions in a k&yreynaudi trial, it is possible that the minimum
effective rate foH. reynaudi is lower than the one--quartdr consanguinea rate reported

here.

The choice between chlorpyrifos and imidaclopridkisly to be made by the farmer
on the basis of cost. . The greater cost of the latteluct indicates that chlorpyrifos is
most likely to receive widespread use. Imidackbprould, however, provide control of

thrips, leafhoppers and other sucking insects. Trhsguations where these pest groups
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are important during the first six weeks of crop giogwidacloprid may provide
substantial practical advantage over chlorpyrifblis points to the importance of
assessing technological improvements, such as ingestior white grubs, within the
context of the farming system as a whole. In tlesgmt case, the relative impacts of
various possible changes to farmer inputs needs totsidered in the context of the
economic costs and benefits of the extra inputsyv-tcost changes with large impacts
(e.g. chlorpyrifos at 1.2 g a.i. Repf seed) may find easy acceptance, while moréuiff
-to--implement, or higher--cost, changes may beenpooblematic, even though they may

provide a broader range of benefits.

The residue trial indicates that for the main paddohlorpyrifos, there are unlikely
to be residue issues in soil, plant material ovésted product within the southern India
environment. Thus, this data points to the minimuigcéf/e chlorpyrifos rates reported
here being environmentally sustainable, as weleaggthighly efficacious. However, the
analyses of farmer--treated seed indicates thausfiar who currently use chlorpyrifos are
applying it at sub--optimal rates. While these sytiiagal rates will provide moderate
levels of control (table 4), they also may incretheerisk of insecticide resistance
emerging in the southern species. This risk fronuieeof sub--optimal rates appears
greater than that associated with optimal ratessurig the white grub population in
groundnut is only a fraction of the population onraffdasis, any selection for resistance
by the fully effective rates is likely to be swampmdunselected individuals from
adjacent untreated crops and non--cropped areds-optimal doses, however, would

permit the preferential survival of partially--resist individuals within groundnut fields,
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potentially leading to the emergence of chemical-#foneggresistance. In this situation,

on--going monitoring of susceptibility status of bethuthern species appears desirable.

The analyses of the farmer--treated seed indi¢htedhe farmers were not good at
calculating and applying the chemicals at pre-+dateed rates. This result points to the
need for intensive farmer education in areas whesecticide seed--dressings are

employed.

The farm survey indicates that average levels afevgrub infestation are higher in
Andhra Pradesh than the two neighbouring statesveMer, significant infestations occur
in all three. Based on the provisional economieshold of 0.14 larvae ffor H. serrata
(Rogerst al., in press), 70%, 42% and 39% of currently uné@aroundnut fields in
Andhra Pradesh, Karnataka and Tamil Nadu exceettheehold for treatment with
insecticide. Additionally, at the limit of deteati of a larval population using the
recommended sampling regime (i.e. 1 larva in fift88cm x 30cm samples), the
estimated losses frok. serrata are worth approximately Rs 600, compared to seed
treatment costs of Rs 100 — 120"h&hus for a larval population at the limit of eetion,
the benefit: cost (B/C) ratio from treatment wobilbetween 5 and 6. B/C ratios would
be proportionately higher for the population deasitthserved across south--central India.
On this basis of these two scenarios, there amngsoto argue for the widespread

adoption of white--grub management on groundnsbirthern India.

In the immediate future, management options caudtlide the insecticide seed--

dressings discussed here, as well as communityndoticollect adults from feeding trees
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(as used in northern India agaikstconsanguinea (Yadava and Sharma, 1995)). These
adult control options are feasible in southern Inaliay that the adult--feeding trees have
been identified foH. reynaudi andH. serrata in the groundnut production regions (Anitha
etal., in press). However, the aggregation--pheromosdiated trap--and--kill method
being developed againdt consanguinea (Lealet al., 1996) is not relevant fo.

reynaudi because anisole is only a male attractamt.ireynaudi, rather than also being
an aggregation trigger for both sexes (aHoronsanguinea (Wardet al., 2002)). In the
longer termMetarhizium anisopliae (Gupta, 2001) may provide additional options in
southern India, but this requires much more wavkanisopliae strains highly pathogenic
to southern species are required, as the best &irai. consanguinea is much less
effective againstl. serrata (R.B.L. Gupta, personal communication). Additiopathe
optimum placement d¥l. anisopliae spores for inoculum survival and infection of larvae
(20 cm depth) (R.B.L. Gupta, personal communicai®npt compatible with southern

Indian tillage practices.

In this region, seed is applied at 100 — 120 kf & a 1.2 g a.i. kg rate, this points
to the application of 120 — 150 ghef chlorpyrifos over, perhaps, some hundreds of
thousands of hectares of southern India. The residalyses and efficacy trials reported
here indicate no adverse environmental or healttessa/ould be expected from the area--
wide application of this technology. However, gaing monitoring of chlorpyrifos
residues in soil and the environment would be pruidldarge--scale use occurred. There
is considerable scope for broad--scale economiefiiefrom the introduction of refined
white grub management processes in the south-atémtian groundnut production

region. These economic benefits would bring witnt broad--scale social and
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community benefits for a large number of people wiiwently are at the margins of an

increasingly prosperous society.

Acknowledgments

We would like to thank Md Khaja, Manaiah, Ravin8@bu, Anjaneyulu and Babu Rao
for their technical assistance with the conduchisfwork. Dr G V Ranga Rao and his
team of the IFAD IPM project at ICRISAT also deseour thanks for their cooperation
during the trials, as do Mr Mans Lanting and th# staAgriculture Man Ecology,
especially Mr Balaji and J.S.Naidu, and the headdacal staff of the Rural
Reconstruction Society, Andhra Pradesh Rural Réart®n Mission and the Rural
Development Trust. The local farmers we worked witAnantapur and Chittoor made
the most serious contribution — they allowed yseidorm experiments on what was their
primary means of economic and personal survival hdVitthe efforts of all these people,
this work would not have been possible. Dr Andreart\provided valuable input into
the design and conduct of these trials. Fundthi®work were provided by the Australian
Centre for International Agricultural Research ag pf project CS2/94/50 “Management

of white grubs in peanut cropping systems in Asia and Australia”.

References

Ali, N. 2003. Country Report India (2). B. Shanmugasundaram (ed?)pcessing and

Utilisation of Legumes. (Tokyo, Asian Productivity Organisation), p. 117 — 145.

20



Anitha V. 1992. Studies on the groundnut pod borers. M.Sc. thesisiyadi& Ranga

Agricultural University,Hyderabad, India.

Anitha, V. 1997. Applied ecology of whitegrubs in groundnut in Andhraddéia

Ph.D. thesis, Acharya NG Ranga Agricultural Univerdityderabad, India.

Anitha, V., Rogers, D.J. Wightman, J., and Wardln¥ress. Distribution and abundance
of white grubs (Coleoptera: Scarabaeidae) on groundrsouthern IndiaCrop

Protection

Cho, S.S., Kim S.H., and Yang, J.S., 1989. Studies on the seasonalence of the
white grubs and the chafers, and on the species of chafére peanut fields in
Yeo--Ju areaResearch Reports of the Rural Development Administration, Crop

Protection 31, 19--26.

Gupta, R.B.L. 2001. Fungal pathogens in the manageai whitegrubs and other soil
dwelling pests. In G. Sharma, Y.S. Mathur, and.R.Bupta (eds.) Indian

Phytophagous Scarabaeidae and their Managementhidgr(india)), p. 112 — 130.

Liu, X., Wang, S., Huang, S., Chen, G., Liu, X., WaB8g, Huang, S. and Chen, G.,

1993. Control of scarabs with a 25% isofenphos microencapsulated saspensi

Plant Protection 19, 52.

21



Indian Standard Method, 1S:1236888.Indian Sandard Method for determination of
chlorpyrifos residues in food commodities 1S12365--1988. Bureau of Indian

Standards, New Delhi.

Jyothirmai, T., Krishna, T.M., Ramaiah, M., Padmavathamfrend Rao, A.R. 2002.
Efficacy of different insecticides against jassids on grounddauirnal of

Entomol ogical Research 26: 291--295.

Leal, W.S., Yadava, C.P.S., and Vijayvergia, J.N. 199fyrégation of the scarab
beetleHolotrichia consanguinea in response to female--released pheromone
suggests secondary function hypothesis for semiochendcainal of Chemical

Ecology 22:1557--1566.

Mathur, Y.S. and Bhatnagar, A. 2001. Whitegrub and itsageament in groundnut
cropping system. In G. Sharma, Y.S. Mathur, andIR.Bupta (eds.) Indian

Phytophagous Scarabaeidae and their Managementbiagr(India)), p. 48 -- 64.

McGill, N.G., Bade, G.S., Vitelli, R.A. and Allsopp.G. 2003. Imidacloprid can reduce

the impact of the whitegrudntitrogus parvulus on Australian sugarcan€rop

Protection 22, 1169 — 1176.

Mohapatra, S.P. and Agnihotri, N P., 1996. Peaficdontamination of groundwater in

India. Pesticide Outlook 17, 27 -- 30.

22



Musthak Ali, T.M., 2001. Biosystematics of phytoghas Scarabaeidae — an Indian
overview. In G. Sharma, Y.S. Mathur, and R.B.L. @Gujeds.) Indian Phytophagous

Scarabaeidae and their Management. (Agrobios jngia5 — 47.

Rogers, J., Ward, A.L., and Wightman, J. In prdé3amage potential of two Scarab

species on groundnulnternational Journal of Pest Management. .

Setokuchi, O., Kobayashi M., and Oashi, K., 1983. Studies on theggooi Anomala
rufocuprea Motschulsky (Coleoptera: Scarabaeidae). IV. Observation @peeks
during the period of adult emergend#&.oceedings of the Association for Plant

Protection of Kyushu 29, 103--106.

Steel, R.G.D. and Torrie, J.H. 1980. Principles and Procedliftstistics: A

Biometrical Approach, (2nd Edition). McGraw--Hill, New York.

Ward, A., Moore, C., Anitha, V., Wightman, J. and Rogér&002) Identification of
the sex pheromone éfolotrichia reynaudi. Journal of Chemical Ecology 28, 515-

-522.

Wightman, J.A. and Ranga Rao G.V. 1994. Groundnut PestsSinaltt (ed.)'he

Groundnut Crop: a scientific basis for improvement. (London, Chapman and Hall),

p. 395--4609.

23



Yadava, C.P.S. and Sharma, G.K., 198%lian white grubs and their management. Al
India Coordinated Research Project on Whitegribshnical Bulletin No 2. (Indian

Council of Agricultural Research).

24



Table 1: Details of white--grub species, grub sizexgeriment commencement, imidacloprid formulations, and grubsesbead mortality

assessment dates for microplot experiments (1995 — 2000).

Trial  Year Species Initial Imidacloprid Grub Assessment
Weight Formulation Release Date (d.a.s.)
(mg) Date (d.a.s.)

1 1995 H.serrata 200 70WS 20 35

2 1996 H.serrata 300 --400  70WS 20 30

3 1998 H.serrata 700 — 900 200SL 15 30

4 1999 H.reynaudi 300 — 400 70WS & 15 30

200SL
5 2000 H.serrata 700 200SL 15 30
6 2000 H.reynaudi 600 -- 700  200SL 15 30
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Table 2: Efficacy of chlorpyrifos 20 e.c. and imidaclopridVi® seed treatments against

larvae ofHolotrichia serrata on groundnut (1995 — 1998), assessed 35 days after

sowing

Trial and Treatment

% Larval Mortality

Larval WeightiGémg)

Trial 1 (1995)

Untreated 27.0a 393 a
Chlorpyrifos 1.2 g a.i./kg 85.0c 106 b
Chlorpyrifos 2.5 g a.i./kg 90.0c 113 b
Imidacloprid 3.5 g a.i./kg 66.0 b -13 ¢
Imidacloprid 7 g a.i./kg 85.0c -91d
Trial 2 (1996)

Untreated 6.0a 348 a
Chlorpyrifos 1.2 g a.i./kg 720D -38 b
Imidacloprid 3.5 g a.i./kg 56.0b -78 c
Trial 3 (1998)

Untreated 18.0 a* 726 a
Chlorpyrifos 1.2 g a.i./kg 86.0b 197 b
Imidacloprid 3.5 g a.i./kg 84.0b -297 ¢

Within each trial and parameter, means followed by the $aitee are not significantly

different (Protected LSD Ted®,< 0.05)

* Arc sin transformation used in this analysis. Equivateatins are presented.
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Table 3: Groundnut plant response to contrdfiotiotrichia serrata larvae with
chlorpyrifos and imidacloprid seed treatmedts) days after sowing (1996), and 115

days after sowing (1998)

Trial and Treatment % Plant Mortality Pod Yield (¢)m

Trial 2 (1996)

Untreated 30.7 a* 62.2 a
Chlorpyrifos 1.2 g a.i./kg 40b 132.2 b
Imidacloprid 3.5 g a.i./kg 20b 212.2c

Trial 3 (1998)

Untreated 22.7 a** 100.0 a
Chlorpyrifos 1.2 g a.i./kg 13.3 ab 140.2 ab
Imidacloprid 3.5 g a.i./kg 8.0b 163.6 b

Within each trial and parameter, means followed by the $ettee are not significantly
different (Protected LSD Ted®,< 0.05).
* Square root transformation used in analysis. Equivalent nearnmesented.

** Arc sin transformation used in analysis. Equivalent nseare presented.
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Table 4: Efficacy of chlorpyrifos and imidacloprid seedtiments against larvae of

Holotrichia serrata andH. reynaudi on groundnut, and plant response (Trials 5 and 6,

2000)

Treatment H. serrata H. reynaudi
Larval mortality, Plant mortality, Larval mortality,
30 DAS (%) at harvest (%) 30 DAS (%)

Untreated (with larvae) 20.0a 29.3a 60 a

Chlorpyrifos 0.15 g 67.5 bc 53b 97.5hb

a.i./kg

Chlorpyrifos 0.3 g a.i./lkg 72.5 bc Ob 95.0b

Chlorpyrifos 0.6 g a.i./lkg 85.0 cd Ob 97.5hb

Chlorpyrifos 1.2 g a.i./kg 95.0d 0Ob 97.5b

Imidacloprid 0.25ga.i/ 60.0b 1.8b 925D

kg

Imidacloprid 0.5ga.ifkg 57.5b 0Ob 975b

Imidacloprid 1.0ga.if kg 62.5b 0Ob 95.0b

Imidacloprid 3.5 ga.il kg 75.0 bcd 0Ob 95.0b

For each parameter, means followed by the same lettapasignificantly different

(Protected LSD TesE < 0.05)
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Table 5: Efficacy of chlorpyrifos 20 e.c. and imidaclopridV/® and 200SL seed
treatments against larvaeldblotrichia reynaudi on groundnut, and plant response,

assessed 30days after sowing (Trial 4, 1999)

Treatments Larval Larval Plant Flowers n¥

mortality weight gairmortality

(%) (mg) (%)
Untreated 20 a 422 a 141a 112 a
Chlorpyrifos (1.2 g a.i./ kg) 100 c - 0Ob 228 b
Imidacloprid 70 WS (1.0ga.i./kg) 70D 72 b 0Ob 293 b
Imidacloprid 200 SL (1.0g a.i/kg) 70D 68 b 0Ob 290 b
Imidacloprid 200 SL (3.5 g a.i./ kg) 80 bc 57D 0Ob 324 Db

For each parameter, means followed by the same lettanasggnificantly different

(Protected LSD Tesk < 0.05)
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Table 6: Chlorpyrifos residues (ppm) (mean = SE) in soilgzondndnut seedlings 20

DAS, and groundnut kernels and haulms at harvest following sssdent

Material analysed  Seed treatment rate (g a.i.kgeed)

1.25 2.5 5.0

Soil 20 d.a.s. 0.0170 + 0.00248 0.0176 £ 0.00176 0.0291 + 0.00456
Seedlings 20 d.a.s. 0.3389 + 0.00839 0.7649 +0.02287 1.3705 + 0.14134
Kernels 110 d.a.s. BDL* BDL BDL

Haulms 110 d.a.s. BDL BDL BDL

* BDL = Below detectable levels
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Table 7: Efficacy of chlorpyrifos 20 e.c. and imidaclopridVi® seed treatments against
larvae ofHolotrichia reynaudi on groundnut in on--farm trials at Anantapur (4 villages,

5 farms/village) and Chittor (2 villages, 5 farms/\gig, 1998

Location and Treatment Larvae“rtt
Anantapur
Untreated 4.25a
Chlorpyrifos 1.2 g a.i./kg 0.67b
Imidacloprid 3.5 g a.i./kg 0.30b
Chittor
Untreated 2.38a
Untreated (+ NGO nutrient package*) 0.96 b
Chlorpyrifos 1.2 g a.i./kg (+ NGO nutrient package*) 53
Imidacloprid 3.5 g a.i./kg (+ NGO nutrient package*) 0do8

* NGO nutrient package consistedRfizobium, Trichoderma, mussoriphos rock
phosphate, and farm yard manure and was part of the Agriculturdebtdogy
participatory technological development program.

** At each site, means followed by the same letter aresigiificantly different P<

0.05, Protected LSD test).
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Table 8: Farmer--reported and analysed seed--dressing chiospyte for control of

H. reynaudi in groundnut at Anantapur, Andhra Pradesh, 2000sommseason

Farmer Farmer reported rate of Applied rate from residue

chlorpyrifos 20 e.c. (mL K§) analysis (mL of 20 e.c. Ky

1 2 0.23
2 2 2.61
3 2 2.86
4 2 3.68
5 2 8.37
6 2.5 0.23
7 2.5 1.22
8 2.5 1.72
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Figure 1: White grub density on groundnut in AndhradBsh, Karnataka and Tamil Nadu

on farms that used and did not use insecticide faewgnub control.
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