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known from Alaska, where potholes up to 6 m in dia-
meter and 5 m in depth were formed in sandstone in 85
years®. Bloom’ has reported about four times increase in
the pothole dimensions developed into shale and siltstones
between 1963 and 1983, in the Coy Glen, New York. It is
most important to note that these rapidly formed potholes
were developed in relatively less resistant substrate. In
the Indian subcontinent, although a few attempts have been
made to estimate or measure the rates of bedrock erosion
on the Indus river on the basis of cosmogenic dating and
by using drill holes in rocks®®, there are no reports on
quantitative estimates for rates of pothole erosion. There-
fore, the results of this study are significant because the
evidence shows that discernable bedrock erosion can take
place on human timescale.

The findings of the present study have implications for
improving our understanding of the less-studied bedrock
river channels in India, which are dominated by amaz-
ingly high levels of power expenditure during monsoon
floods”'°, but are generally assumed to be more stable and
less dynamic than the alluvial river channels’.
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Development of transgenic cotton appears to be effec-
tive in managing the bollworm population. However,
selection of suitable techniques to manage the sucking
pest population on transgenic cotton is needed. Stu-
dies were made to assess the impact of insecticides on
sucking pests and natural enemy complex on trans-
genic cotton. Results of field studies conducted during
kharif 2002 at the Department of Cotton, Tamil Nadu
Agricultural University, Coimbatore under irrigated
conditions revealed that seed treatment of transgenic
cotton with imidacloprid @ 5 g kg™ of seeds was more
effective than other treatments in keeping the popula-
tions of leafhoppers, Amrasca devastans (Dist.); aphids,
Aphis gossypii (Glover); thrips, Scirtothrips dorsalis
(Hood) and whitefly, Bemisia tabaci (Gennadius) below
economic threshold level up to 40 days after sowing.
The studies also showed that seed treatment of trans-
genic cotton with imidacloprid was not only safe but
also attracted predators, viz. coccinellid beetles, Coc-
cinella septumpunctata (Linnaeus) and Cheilomenes
sexmaculatus (Fabricius); green lace wing, Chryso-
perla carnea (Stephens) and Lynx spider, Oxyopes
Jjavanus (Thorell); orb spider, Argiope minuta (Karsh);
wolf spider, Lycosa pseudoannulata (Boesenberg and
Strand); long-javed spider, Tetragnatha javana (Tho-
rell); Neoscona theisi (Walcknear) and Peucetia viri-
dana (Stoliczka) in transgenic cotton.

COTTON, Gossypium hirsutum L., an important industrial
crop of the world, is grown in an area of more than 38
million hectares (m ha), of which approximately 24% is in
India. Punjab, Haryana, Rajasthan, Maharashtra, Gujarat,
Madhya Pradesh, Andhra Pradesh, Karnataka and Tamil
Nadu are the major cotton-growing states of India. India
is the third largest global cotton producer. Despite the
large area (9.2 m ha), productivity is far below (290 kg/ha)
the global average and production is only 19.6 million
bales"”. The low yields (up to 35-40%) are mainly attri-
butable to insect pests.

About 162 species of insects occur in cotton at various
stages of growth, of which 15 are key pests. Sap feeders,
viz. leathopper, Amrasca devastans (Dist.); aphid, Aphis
gossypii (Glover); thrips, Scirtothrips dorsalis (Hood) and
whitefly, Bemisia tabaci (Gennadius) damage the cotton
crop with regular occurrence at different growth stages,
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reducing the growth and yield. Transgenic cotton is pro-
mising in the management of bollworm population only™*.
Hence, suitable techniques to manage the sucking pest
population on transgenic cotton are needed. Imidacloprid
as a seed-dresser insecticide is effective against sucking
pests of cotton’. The present study was made to assess the
effects of insecticides treatments on transgenic cotton.

The effect of insecticides on sucking pests and their
natural enemies in transgenic cotton and non-transgenic
cotton was studied in a field experiment during kharif 2002
at the Department of Cotton, Tamil Nadu Agricultural
University, Coimbatore under irrigated conditions. The
experiment was conducted in a randomized block design
(RBD) with nine treatments and three replications. The
treatments included are given in Table 1.

Observations on the population of sucking pests, viz.
leafthopper, A. devastans (Dist.); aphid, A. gossypii (Glover);
thrips, S. dorsalis (Hood) and whiteflies, B. tabaci (Gen-
nadius) were recorded at fortnightly intervals up to 70 days
on three leaves (top, middle and bottom canopy of the
plants) per plant by randomly selecting five plants from
each plot. Similarly, observations on the population of
natural enemies, viz. predatory coccinellid beetles, Cocci-
nella septumpunctata (Linnaeus) and Cheilomenes sex-
maculatus (Fabricius); green lace wing, Chrysoperla carnea
(Stephens); and spiders such as lynx spider, Oxyopes java-
nus (Thorell); orb spider, Argiope minuta (Karsh); wolf
spider, Lycosa pseudoannulata (Boesenberg and Strand);
long-javed spider, Tetragnatha javana (Thorell); Neo-
scona theisi (Walcknear) and Peucetia viridana (Stoliczka)
were recorded. The data on mean population of sucking
pests and their natural enemies were subjected to statisti-
cal analyses (ANOVA and DMRT).

There was higher incidence of leafhoppers and thrips,
moderate incidence of aphids and low incidence of white-
flies during 2002 kharif season. The effects of insecti-
cides on sucking pests and their natural enemies, on both
transgenic and non-transgenic cotton, are presented in
Figure 1 a—g. Data on the effect of different treatments
on the population of leathopper, A. devastans showed
significant differences at different intervals of observa-

Table 1. Treatments included in the study
Treatment number Cultivar Chemical Concentration
T1 Bt MECH 162
T2 MECH 162 Imidacloprid 5 g*
T3 TCHB 213
T4 Bt MECH 162
T5 MECH 162 Dimethoate 500 ml**
To TCHB 213
T7 Bt MECH 162
T8 MECH 162 No spray -
T9 TCHB 213

*Imidacloprid @ 5 g/kg of seed (seed treatment).
**Dimethoate @ 500 ml/ha; sprayed when the pest population crossed
the economic threshold level.
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tions (Figure 1 a). Among the treatments, imidacloprid
seed treatment was found to be significantly superior in
reducing leafthopper infestation compared to the other treat-
ments. The lowest leathopper populations (0.00, 1.03, 2.55
and 2.53 hoppers per leaf) were observed on transgenic
cotton with imidacloprid seed treatment at different inter-
vals. The highest leathopper populations were observed
on TCHB 213 without any treatments, recording 2.1, 3.15,
3.8 and 4.51 hoppers per leaf on 3, 5, 7 and 9 weeks after
sowing, respectively.

Similarly, the lowest thrips populations, viz. 0.003, 1.83,
2.77 and 0.83 thrips per leaf were observed on transgenic
cotton with imidacloprid treatment at different intervals
(Figure 1 b). A similar trend was also noticed with aphids
and whitefly populations. A lowest population of 3.10
aphids per leat and 0.45 whiteflies per leaf was observed
on 63 days after sowing (Figure 1 ¢ and d) on transgenic
cotton with imidacloprid seed treatment.

Observations on the natural enemies revealed that the
populations of C. septumpunctata, C. sexmaculatus and
spiders were significantly higher in plots treated with imi-
dacloprid than untreated plots. Maximum number of 2.4
coccinellid adults per plant on 63 days after sowing was
observed in transgenic cotton with imidacloprid seed
treatment, whereas it was only (.86 beetles per plant in plots
sprayed with dimethoate (Figure 1 e). In case of C. carnea
eggs, the plots which received imidacloprid seed treat-
ment had significantly higher egg populations than the un-
treated check. Highest number of eggs was observed on
transgenic cotton with imidacloprid seed treatment (0.6
eggs per plant, 63 days after sowing; Figure 1 f). How-
ever, dimethoate spraying reduced C. carnea egg laying
and it was on par with the untreated check.

In the case of spiders, O. javanus, A. minuta, L. pseu-
doannulata, N. theisi and P. viridana, imidacloprid seed
treatment had recorded higher populatons than the un-
treated check. Among the treatments, highest number of
spiders (0.2, 1.2, 1.6 and 1 per plant) was recorded on
transgenic cotton treated with imidacloprid. Lowest num-
ber of spiders (0.07, 0.0, 0.2 and 0.2 per plant) was obser-
ved on TCHB 213, sprayed with dimethoate (Figure 1 g).

The present findings agree with the results reported by
Mote et al.’ and Patil et al.7, who concluded that seed
treatment with imidacloprid reduced the sucking pest
population below the economic threshold level up to 40
days after sowing. Seed treatment of cotton with imida-
cloprid was effective against leathopper population up to
61 days after germination®”. Whereas spraying of imida-
cloprid on cotton against leafhopper was less effective®.
Salmon’ reported that imidacloprid seed treatment showed
impressive biological efficacy against sucking pests of
cotton under African conditions. However, imidacloprid
seed treatment was less effective in controlling thrips, which
is not in agreement with the present findings'®. Thus, the
new seed dresser is found to offer better protection against
early-season sucking pests on transgenic cotton.
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Figure 1. Effect of insecticides on (a) leafhopper, (b) thrips, (¢) aphid, (d) whitefly, (e) coccinellids, ( f) Chrysoperla carnea and (g) spiders on

transgenic cotton. WAS, Weeks after sowing.

728

CURRENT SCIENCE, VOL. 86, NO. 5, 10 MARCH 2004



RESEARCH COMMUNICATIONS

The results indicated that seed treatment of transgenic
cotton with imidacloprid was not only safer but also at-
tracted predators to the plants. It is further revealed that
C. sexmaculatus, C. septumpunctata, C. carnea and spiders
preferred plants raised from seed treated with imida-
cloprid than the control. Imidacloprid seed treatment in-
creased the nitrogen and chlorophyll content in cotton
plants®. Imidacloprid molecules contain five nitrogen
atoms each, the major elements required for plant growth.
Higher nitrogen and chlorophyll content in cotton plants,
besides avoiding direct contact of seed dressers with
predators, may probably be the reason for seed treatment
being safer, consolative and attractive to these insect
predators. These results are consistent with those of earlier
studies by Satpute er al.'', who concluded that imidaclo-
prid seed treatment was attractive to the coccinellids,
Chrysopa predators in cotton under higher doses. Further,
studies also indicated that seed treatment was safer than
foliar sprays against ladybird beetles and egg laying by
C. carnea on cotton ecosystemlz.

Imidacloprid is physiologically active against a wide
range of insects, including some beneficial species. It was
topically toxic to predatory arthropods, aphelinid parasi-
toid, Aphidius ervi (Haliday), adults and larvae of the
coccinellids, Hippodamia convergens (Guerin—Menerille)
and the bees, Apis mellifera L., Nomia melanderi (Cock-
erell), and Megachile rotundata (F.) in laboratory condi-
tions. It was also toxic to a predatory pentatomid bug,
Podisus maculiventris (Say), when exposure occurred
topically, by residual contact or from ingestion'”. On the
contrary, imidacloprid was less toxic to the predator C. car-
nea and parasitoid such as Eretmocerus mundus (Mercet), a
pupal parasitoid of Bemisia tabaci and Trichogramma
Jjaponicum (Ashmead), an egg parasitoid of lepidopterous
pest'®, when used as spray. Further studies showed that
granular imidacloprid caused some short-term suppres-
sion of earthworms up to 40 days and reduced pitfall
capture of predatory coleopterans; but greater abundance
of ants, carabids, spiders and Staphylinids was observed,
thus laboratory toxicity tests may not always reflect a
pesticide impact on non-target invertebrates in the
field'”. The present investigation suggests that the new
seed dresser offers promising protection against sucking
pest of transgenic cotton and increased activity of natural
enemies which suppressed subsequent resurgence and
secondary pest outbreak. Thus, seed treatment of trans-

genic cotton with midacloprid can be an ideal strategy for
integrated pest management in transgenic cotton.

1. Sharma, D., The introduction of transgenic cotton in India. Bio-
technol. Dev. Monit., 2001, 44, 10-13.

2. Dandale, H. G., Thakare, A. Y., Tikar, S. N., Rao, N. G. V. and
Nimbalkar, S. N., Effect of seed treatment on sucking pests of cot-
ton and yield of seed cotton. Pestology, 2001, 25, 20-23.

3. Murugan, M., Sathiah, N., Dhandapani, N., Rabindra, R. J. and
Mohan, S., Laboratory assays on the role of Indian transgenic Bt
cotton in the management of Helicoverpa armigera (Hubner)
(Noctuidae: Lepidoptera). Indian J. Plant Prot., 2003, 31, 1-5.

4. Fakrudin, B., Prasad, B. P. R., Reddy, K. B. K., Kuruvinashetti,
M. S. and Patil B. V., Baseline resistance to CrylAc toxin in cot-
ton bollworm, Helicoverpa armigera (Huber) in south Indian cot-
ton ecosystem. Curr. Sci.,, 2003, 84, 1304-1307.

5. Gupta, G. P., Agnihoti, N. P., Sharma, K. and Gajbhiye, V. T.,
Bioefficacy and residue of imidacloprid in cotton. Pestic. Res. J.,
1998, 10, 149-154.

6. Mote, U. N., Datkile, R. V. and Loage, G. R., Efficacy of imida-
cloprid as seed treatment against initial sucking pests of cotton.
Pestology, 1995, 19, 5-8.

7. Patil, B. C,, Patil, S. B., Vdikeri, S. S. and Khadi, B. M., Effect of
imidacloprid seed treatment on growth, yield, seedling vigour and
biophysical parameters in cotton (Gossypium spp.) genotypes. In
Proceedings of the World Cotton Research Conference-3, Cape
Town, South Africa, 9-13 March 2003.

8. Dhavan, A. K. and Simwat, G. S., Field evaluation of thiameth-
oxam for control of cotton jassid, Amrasca biguttula biguttula
(Ishida) on upland cotton. Pestology, 2002, 26, 15-19.

9. Salmon, E., Gaucho — an innovation in cotton seed treatment un-
der African conditions. In ref. 7.

10. Nakat, R. V., Khutwad, D. S. and Chavan, B. P., Efficacy of
newer insecticides as seed dressers on sucking pests of green gram
[Vigna radiata (L..) Wilczek]. Pestology, 2002, 26, 27-29.

11. Satpute, N., Katole, S., Nimbalkar. S. and Satpute, V., Attraction
of seed treatment of imidacloprid and thiamethoxam to the popula-
tion of Cheilomenes sexmaculatas (Febr.) and Chrysoperla carnea
(Stephens) on cotton. J. Biol. Control, 2002, 1, 81-83.

12. Katole, S. R. and Patil, P. J., Biosafety of imidacloprid and thia-
methoxam as seed treatment and foliar sprays to some predators.
Pestology, 2000, 24, 11-13.

13. Decock, A., Declereg, P., Tiny, L. and Degheele, D., Toxicity of
diafenthiuron and imidacloprid to the predatory bug Podisus
maculiventris (Heteroptera: Pentoatomidae). Environ. Entomol.,
1996, 25, 476— 480.

14. Gonzalez-Zomora, J. E., Glardo, G. M. and Garciam. M., Toxicity
of different pesticides on pupa of Eretmocerus mundus Merect,
parasitizing Bemesia tabaci. Proceedings of the Meeting at Terrife,
Canary Island, 1997, vol. 20, pp. 114-120.

15. Stark, J. D., Jepson, P. G. and Mayer, D. F., Limitations to use of
topical toxicity data for predictions of pesticide effects in the field.
J. Econ. Entomol., 1995, 88, 1081-1088.

Received 28 July 2003; revised accepted 6 November 2003

CURRENT SCIENCE, VOL. 86, NO. 5, 10 MARCH 2004

729



