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ABSTRACT

EVALUATION OF CARBOSULFAN (MARSHAL®25 EC) AGAINST 
COTTON AND BRINJAL SUCKING PESTS AND BRINJAL SHOOT

AND FRUIT BORER

By

R. SHEEBA JASMINE

Degree : Master of Science in Agricultural Entomology

Chairman : Dr. S.Chandrasekaran,
Associate Professor,
Department of Agricultural Entomology,
Tamil Nadu Agricultural University,
Coimbatore - 641 003.

2002

Field experiments were conducted to evaluate the bioefficacy of 

carbosulfan 25 EC as foliar application against pests of cotton and brinjal, toxicity 

to natural enemies, phytotoxicity to plants and to determine the terminal residues.

The results of the experiments on cotton elicited that carbosulfan sprayed 

at 300g a.i.ha'1 effectively reduced the leaf hopper population (83.2%) but stands 

second to methyldemeton sprayed at 250g aJ.ha'1 with the highest per cent 

reduction of population (86.9%) on 3 DAT. Cent percent reduction of aphids on 

cotton was observed irrespective of die doses of carbosulfan at 1 DAT and it was 

followed by methyl demeton 250 g a.i.ha'!,Among the three doses, carbosulfan 

300 ga.i./ha was the most effective against cotton thrips with 96,2 per cent 

reduction followed by methyl demeton at 250g a.i.ha'1 with 95.9 per cent.

With regard to the sucking pests of brinjal, significant reduction of 

leafhopper (89.1%) was achieved with the endosulfan 350g a.i.ha'! followed by 

carbosulfan 300g a.i. ha"1 (86.1%).Significant reduction of whiteflies and aphids



were observed with the application of carbosulfan at 300g a.i.ha'1 followed by 

endosulfan 350g a.i.ha'1. The per cent damage caused by brinjal fruit borer 

on number and weight basis was minimum (1.3-2.8) in carbosulfan 

300 g a.i.ha'Ifollowed by 250g a.i.ha'1 (1.8-3.3).

Studies on the toxicity of carbosulfan to the natural enemies of cotton and 

brinjal ecosystem revealed that carbosulfan at 200, 250 and 300g a.i.ha'1 exhibited 

toxicity to the tune of 5.6 to 41.0 per cent to spiders. Foliar application of 

carbosulfan at lOOOg a.i./ha (over and above the recommended level of 

300g a.i./ha) did not show any phytotoxic symptoms both for cotton and brinjal.

Three rounds of carbosulfan spray at 14 days interval on cotton left 

residues at first harvest in the seed for 500 and lOOOg a.i.ha'1 to the tune of 

0.042-0.099 and 0.054-0.121 pg/g respectively. There was no detectable level of 

residues on lint samples. Similarly, for the same doses the residue analysis in the 

brinjal fruits at first and third harvests revealed that none of them recorded residues 

at detectable levels.



CONTENTS

7fT

i 

4'

n
32—

I INTRODUCTION

II REVIEW OF LITERATURE

III MATERIALS AND METHODS

IV EXPERIMENTAL RESULTS

V DISCUSSION

VI SUMMARY

CHAPTER TITLE PAGE NO.

REFERENCES



LIST OF TABLES

Sl.No. Title Page
No.

1. Effect of carbosulfan 25 EC on cotton leafhopper-Field 
experiment I 35

2. Effect of carbosulfan 25 EC on cotton whitefly-Field 
experiment I 3«r

3. Effect of carbosulfan 25 EC on cotton aphid- Field 
experiment I *>lr

4. Effect of carbosulfan 25 EC on cotton thrips- Field 
experiment I

5. Effect of carbosulfan 25 EC on cotton leafhopper- Field 
experiment II 37

6. Effect of carbosulfan 25 EC on cotton whitefly- Field 
experiment II ¥

7. Effect of carbosulfan 25 EC on cotton aphid-Field 
experiment II

8. Effect of carbosulfan 25 EC on cotton thrips- Field 
experiment II 43

9. Effect of carbosulfan 25 EC on the yield of seed cotton- 
Field experiment I& II 4r

10. Effect of carbosulfan 25 EC on brinjal leafhopper- Field 
experiment I

¥>

11. Effect of carbosulfan 25 EC on brinjal whitefly- Field 
experiment I 4*

12. Effect of carbosulfan 25 EC on brinjal aphid - Field 
experiment I ¥t

13. Effect of carbosulfan 25 EC on brinjal shoot and fruit borer- 
Field experiment I

SO

14. Effect of carbosulfan 25 EC on brinjal leafhopper-Field 
experiment II 52-



SLNo. Title Page
No.

15. Effect of carbosulfan 25 EC on brinjal whitefly- Field 
experiment II

16. Effect of carbosulfan 25 EC on brinjal aphid- Field 
experiment II sr

17. Effect of carbosulfan 25 EC on brinjal shoot and fruit borer. 
Field experiment II ST

18. Toxicity of carbosulfan to spiders of cotton eco system. 5’%'
19. Toxicity of carbosulfan to spiders of brinjal eco system. Lo
20. Phytotoxicity of carbosulfan 25 EC to cotton. 6(
21. Phytotoxicity of carbosulfan 25 EC to brinjal.

22. Harvest time residues of carbosulfan 25 EC on cotton lint 
and seed. t>r

23. Harvest time residues of carbosulfan 25 EC on brinjal fruits.



LIST OF FIGURES

Figure

No.
Title

Page

No.

1. Effect of carbosulfan25 EC on cotton leafhopper

2. Per cent reduction in fruit damage due to carbosulfan 25 EC 5^-



LIST OF PLATES

Sl.No. Title Page
No.

1 Field view of cotton field experiment at Eastern Block, 
Coimbatore. 24

2. Field view of brinjal field experiment at Thopputhottam, 
Coimbatore. z\

3. Study on phytotoxicity of carbosulfan on cotton @500 g a.i./ha.

4. Study oh phytotoxicity of carbosulfan on cotton @1000 g a.i./ha. &>

5. Standard chromatogram of carbosulfan



INTRODUCTION



CHAPTER I

INTRODUCTION

Cotton, the most important natural textile fibre of the world, occupies a 

prominent place in the Indian economy, providing livelyhood to millions of people 

as well as serving as the basic raw material for the huge domestic textile industry. 

(Gupta, 2001). The area and production of cotton in India is 8.53 million hectares 

with total production of 2.84 million tonnes (CSIW, 2000). It is one of the 

principal commercial crops of Tamil Nadu occupying 1.848 lakh hectares which 

remain unchanged over decades (Kumar et al., 1999). Equally important native 

commercial vegetable crop brinjal {Solarium melongena L.) is widely grown in 

Tamil Nadu occupying 7,189 hectares. Both crops harboured many insect pests 

including leafhopper, Amrasca biguttula biguttula (Ishida), whitefly, 

Bemisia tabaci (Genn.), aphid, Aphis gossypii (Glover) and thrips, Thrips tabaci 

(Lind.) and bollworm complex {Pectinophora gossypiella Saund., Earias insulana, 

Earias vittella Boisd., Helicoverpa armigera Hubner.) in cotton and shoot and fruit 

borer, Leucinodes orbonalis (Guen.) in brinjal.

Cotton crop is damaged by more than 40 insect pests (Nair, 1995) coupled 

with a yield loss of 30-40 per cent. Simultaneously brinjal suffered the ravages 

from 36 insect pests since nursery stage (Regupathy et al., 1997) coupled with a 

yield loss of 70-92 per cent.

The right choice of chemical insecticides in pest control strategy for cotton 

and brinjal is not governed by its toxicity alone but depends more on their safety to 

natural enemies in the ecosystem and the environment. Many insecticides like 

monocrotophos, endosulfan, carbaryl, quinalphos and many formulations of 

synthetic pyrethroids were recommended for the management of pests.
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Nonetheless, the pyrethroides have been withdrawn in our state or restricted from 

use because they caused secondary outbreak of spider mites Tetranychus 

cinnabarinus Boisduval and resurgence of coccids and pseudococcids (Regupathy 

et ah, 1997). Even the newer molecule like lambda cyhalothrin is found to cause 

resurgence of cotton aphid A. gossypii (Kidd and Rummel, 1997). This probably 

might have paved the way for the advent of newer insecticide molecule, alternate 

to existing formulation for the effective management of pests.

The invention and evaluation of newer molecules may always have 

superiority over the existing insecticides in controlling the pest without much 

environmental pollution and over come the ecological constraints like resurgence, 

resistance and residues. The carbamate groups of insecticides viz., carbofuran, 

aldicarb, carbaryl etc., were always favoured for ecological, economical and 

sociological adaptability against cotton and brinjal pests (Krishnaiah et ah, 1976; 

Reddy and Joshi, 1990; Mishra, 1993; Walunj and Dethe, 1996).

Carbosulfan 25 EC (Marshal*1) is one of the carbamate of broad spectrum 

insecticides developed by Farm Machinery and Chemicals (FMC) for the 

management of sucking and chewing insect pests in agriculture and public health. 

Carbosulfan both 25 EC and 25 DS formulations were proved effective as foliar 

spray and seed dresser respectively against many insect pests on okra, chillies, rice, 

beans, maize, apple, cotton, brinjal, citrus and cauliflower (Mote and Shah, 1993; 

Chandrasekaran et ah, 1994; Rao and Panwar, 1995; Asaf Ali and Chinniah, 1999; 

Ahmed et ah, 2000; Karthikeyan and Purushothaman, 2000; Lei Hui De et al., 

2000; Singh et ah, 2000; Sontakke and Dash, 2000; Srinivasan and Rabindra, 

2001). But the effect of Marshal® on sucking pests of cotton and brinjal are 

lacking. Keeping this in view the present study was taken up to evaluate the 

usefulness of carbosulfan against cotton and brinjal pests with the following 

objectives.
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• To assess the bio-efficacy of carbosulfan against sucking pests of cotton 

and brinjal along with shoot and fruit borer of brinjal.

• To study the effect of carbosulfan on natural enemies in cotton and 

brinjal ecosystem.

• To study the phytotoxic effect of carbosulfan on cotton and brinjal.

• To determine the terminal residues of carbosulfan in cotton seed and

lint as well as in brinjal fruits for the harvested produce.



REVIEW OF LITERATURE
T
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CHAPTER II

REVIEW OF LITERATURE

2.1. Effectiveness of insecticides against cotton pests

Cotton is one of the versatile crops whose pesticide consumption is steadily 

increasing (54%) year by year (Anonymous, 1997), despite, its area under 

cultivation remaining unchanged (8 million hectares) over decades (Kumar et al., 

1999), Cotton crop is damaged by more than 40 insect pests (Nair, 1995) coupled 

with a yield loss of 30-40 per cent annually at different growth stages (Mustafee, 

1996). During the early stage, the crop is highly vulnerable to sucking insect pests 

like jassid (Amrasca biguttula biguttula Ishida.), Whitefly (Bemisia tabaci Genn.), 

aphid (Aphis gossypii Glover), thrips (Thrips tabaci Lind.). Dhawan et al. (1988) 

reported an avoidable loss of 1.10 q /ha seed cotton due to jassid alone, Reddy 

(1987) stated that whitefly is causing economic loss of 10 to 45 per cent.

Several carbamate insecticides such as carbofuran, aldicarb and carbosulfan 

(Surulivelu and Kumarasamy, 1990; Regupathy, 1981; Chinniah and Asaf A15, 

1999) have been tested and found to be effective against these pests.

2.1.1. Leafliopper (A.biguttula biguttula)

Gupta eial. (1999) evaluated the efficacy of different insecticidal schedules 

and reported that foliar sprays of dimethoate (0.05%) methyl demeton (0.04%) and 

phosphamidon (0.04%) were effective against leafhoppers, whiteflies and aphids.

Bhamburkar (1986) proved that phosphamidon @ 0.34 kg a.i./ha and 

methamidophos @ 0.8 kg a.i/ha were effective against leafhoppers under dryland 

condit. ions and the yield was also higher. Patil et al. (1991) reported that better
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control of leafhoppers was achieved with monocrotophos @ 360 g a.5/ha and 

dimethoate @ 555 g a.i/ha.

Several others have reported that monocrotophos 36WSC @ 500 g a.i./ha 

was effective in controlling leafhoppers (Karuppuchamy et ah, 1986; Dhandapani 

et ah, 1988; Dhawan et al., 1988; Patel and Bhalani, 1988; Surulivelu and 

Kumaraswamy, 1989; Shahawy et ah, 1991; Banbote et ah, 1995; Patel and 

Yadav, 1995; Javaid Iqbal et al, 1997; Patel, 1999).

Senapati and Behera (1989) reported that methyl demeton at 0.5 kg al/ha 

at 20 days interval provided good control of leafhoppers. Similarly methyl 

demeton was recommended by Santhini and Uthamasamy (1997).

Spraying schedule consisting of monocrotophos (500 g a.i./ha), 

deltamethrin (12.5 g a.i./ha), endosulfan (750 g a.i/ha), cypermethrin (60 g a.i./ha) 

and triazophos (600 g a.i/ha) has proved their effectiveness against jassids (Roshan 

Lai and Gupta, 1998).

Foliar application of carbosulfan 25 EC at 0.075 per cent was found to be 

effective in controlling jassids (Asaf AH and Chinniah, 1999). Patil et ah (1999) 

conducted studies with imidacloprid 70 WS at 10 g/kg of seed treatment which 

revealed that the leafhopper population could be kept below the ETL up to 35 days 

on DCH - 32 and up to 40 days on NHH-44 cotton hybrids.

Chinniah and Asaf All (1999) found that seed treatment with carbosulfan 

25 DS @ 50 g/kg of delinted cotton seed at the time of sowing was found to 

control leaf hopper very effectively up to 40 days after sowing compared to two 

rounds of foliar spray with systemic insecticides viz., dimethoate, acephate and 

monocrotophos.
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2.1.2. Whitefly (B. tabaci)

Dahiya and Ram Singh (1982) observed that monocrotophos, dimethoate 

and methyl demeton were effective in the control of whiteflies. Gupta et al (1999) 

conducted experiment on the insecticidal spray schedules and reported that 

phosphamidon (0.04%), methyl demeton (0.04%) and dimethoate (0.05%) were 

effective in controlling whiteflies.

Spraying organophosphorus insecticides like chlorpyriphos, 

monocrotophos and methyl demeton at 250, 175 and 300 g ai/ha respectively were 

effective in the control of whiteflies (Nagia et al, 1992). Banbote et al (1995) 

reported the efficacy of monocrotophos (0.6%) against pupae and adults of 

whiteflies.

Spraying schedule consisting of monocrotophos (500 g a.i/ha), deltamethrin 

(12.5 g a.i./ha), endosulfan (750 g a.i/ha), cypermethrin (60 g a.i/ha) and triazophos 

(600 g a. i/ha) was proved to be the most effective against whiteflies (Roshan Lai 

and Gupta, 1998). Imidacloprid 70 WS at 10 g/kg of seed treatment recorded 

whitefly population below ETL level up to 35 and 45 days on DCH and NHH-44 

cotton hybrids respectively (Patil etal, 1999).

2.1.3. Aphid (A. gossypii)

Gupta et al. (1999) reported that three rounds of foliar sprays including 

dimethoate (0.05%), methyl demeton (0.04%) and phosphomidon (0.04%) were 

effective against aphids. Manisegarane and Kumarasamy (1994) proved the 

superiority of methyl demeton over methomyl for the control of aphids.

The efficacy of monocrotophos in controlling aphids was reported by 

several authors (Karuppuchamy et al, 1986; Surulivelu and Kumarasamy, 1989; 

Banbote et al, 1995; Pawar and Mali, 1997), The studies conducted by Chinniah
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and Asaf AH (1999) revealed that seed treatment with carbosulfan 25 DS (50 g/kg) 

was effectively controlled the incidence of aphids.

Among the seven insecticides tested, carbosulfan 25 EC at 0.075 per cent 

concentration given as two rounds at 15 days interval significantly reduced the 

population of aphids in field condition (Asaf All and Chinniah, 1999).

Sumlivelu and Kumrasamy (1990) reported that soil application of aldicarb 

(1.0 kg a.i./ha) reduced the aphid population significantly over all other treatments.

2.1.4. Thrips (T tabaci)

Regupathy (1981) reported that seed treatment with aldicarb sulfone 

(75 WP)and carbofuran (50 SP) were equally effective in bringing significant 

reduction in thrips population. The studies conducted by Pawar and Mali (1997) 

revealed that monocrotophos (300 g a.i./ha ) was found to be the most effective 

against thrips. Imidacloprid 70 WS (10 g/kg) seed treatment recorded thrips 

population below ETL up to 40 and 35 days on NHH-44 and DCH-32 cotton 

hybrids respectively (Patil et al. 1999).

2.2. Effectiveness of insecticides against brinjal pests

Brinjal is an important vegetable crop grown all over the country. It forms 

one of the important requirements of Indian diet with considerable nutritional 

values. This cash earning crop is damaged by more than 36 insect pests, even from 

nursery stage (Regupathy et al., 1997). It is prone to the attack by a complex of 

pests like jassids (A.biguttula biguttula), whiteflies (B. tabaci.) and shoot and fruit 

borer (Leucinodes orbomlis Guen.) which cause about 70-92 per cent loss in the 

fruit yields. The yield loss of fruits by shoot and fruit borer was reported to be up 

to 70 per cent in case of severe incidence.



8

Several carbamate insecticides have been evaluated for the control of these 

pests (Krishnaiah et ah, 1976, Ramzan et ah, 1976; Choudhary, 1982; Singh and 

Kavadia, 1989;Mishra, 1993; Walunj andDethe, 1996).

2.2.1. Leafhopper (A. biguttula biguttula)

Brinjal jassid (A. biguttula biguttula) is an important pest causing 

considerable damage. In the early stage of the crop, jassids cause heavy loss by 

sucking the cell sap from the leaves and ultimately reduce the yield. Butani and 

Varma (1976) reported that phosphamidon, monocrotophos or dimethoate at 

0.03 per cent reduced the population of leafhoppers on brinjal. Similarly Mall et al. 

(1997) reported that monocrotophos and phosphamidon showed better control of 

jassids and aphids etc.

Ramzan et ah (1976) concluded that endosuifan 0.05 per cent was effective 

in the control of brinjal leafhopper and it was followed by fenthion 0.07 per cent 

and quinalphos 0.1 per cent. Foliar application of carbosulfan 0.44 per cent, 

endosuifan 0.07 per cent or dimethoate 0.03 per cent was effective in controlling 

the leafhoppers (Mohan, 1988).

Monocrotophos was recommended at 0.05 per cent for effective control of 

leafhoppers by several workers (Bhandarkar and Borle, 1980; Mote, 1981; 

Dhandapani and Kumaraswamy, 1982). Shah et ah (1990) found that application 

of monocrotophos 0.036 per cent if it was follwed by malathion 0.05 per cent and 

endosuifan 0.07 per cent was effective. Combination of monocrotophos with 

mancozeb or carbendazim controlled the leafhopper infestations on brinjal 

(Naria etah, 1993).

On contrary, Rosaiah (2001) reported that application of monocrotophos 

0.05 per cent followed by Neemazal (0.25%) and NSKE (3%) was the most



effective. Monocrotophos 36 WSC @ 500 g a.i/ha was the most effective treatment 

in maintaining jassid population at a low level followed by quinalphos 25 EC 

@ 500 g a.i/ha. (Ghongale et ah, 2002).

Several authors have reported about the effectiveness of dimethoate against 

leafhoppers (Prakash et ah, 1981; Prakash and Verma, 1985; Singh and Kavadia, 

1989). Singh et ah (1996) reported that application of cypermethrin 0.007 per cent 

was the most effective in suppressing the population of lealhopper followed by 

chlorpyriphos 0.03 per cent and quinalphos 0.03 per cent.

The soil application of disulfoton and aldicarb each @ 1.5 kg a.i./ha was 

found to be significantly superior over foliar sprays in controlling jassids at 

30 days after transplanting (Singh and Kavadia, 1989).

Sushilkumar et ah (1990) reported that quinalphos 25 EC proved to be the 

most effective insecticide followed by carbaiyl 50 WP and sevisulph 

(40:50 WP). Sudhakar et ah (1998) reported that bifenthrin at 0.01 per cent 

recorded the highest per cent reduction of jassids followed by malathion at 

0.1 per cent.

2.2.2. Whitefly (B. tabaci)

Foliar sprays with disulfoton and dimethoate reduced infestations of 

whiteflies on brinjal (Prakash et ah, 1981; Prakash and Verma, 1985). Sudhakar 

et ah (1998) found that application of bifenthrin 0.01 per cent was the most 

effective in controlling whitefly followed by malathion 0.1 per cent.

Singh and Kavadia (1989) reported that carbaryl 50 WP, endosulfan 

35 EC and malathion 50 EC in combination either with disulfoton or aldicarb each 

@ 1.5 kg a.i./ha were found to be effective against whiteflies during the fruiting 

stage. Litainger and Apostol (1994) reported that carbofuran (1 kg a.i/ha) provided
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provided the best control of whiteflies. Application of Neemazal (0.5%) was 

significantly superior in reducing the whitefly population (Rosaiah, 2001).

2.2.3. Aphid (A. gossypii)

The efficacy of phosphamidon and dimethoate in controlling aphids was 

reported by Patel et ah (1980). Where as the superiority of the monocrotophos in 

controlling aphids was reported by several authors (Bhandarkar and Borle, 1980; 

Bodhade et ah, 1992; Mishra, 1996; Mall et ah, 1997). Dhamdhere and Mathur 

(1994) reported that methyl demeton (0.05%) was found to be effective against 

aphids.

Reghunath et ah (1989) reported that application of phorate or carbofuran 

along with seed followed by the need based spraying of carbaxyl 0.2 per cent, 

malathion 0.1 per cent or quinalphos 0.05 per cent were effective in controlling 

aphids. Ghongale et ah (2002) found that Nurelle* D 505 (chlorpyriphos + 

cypermethrin 50:5) @ 550 g a.i/ha was being the most effective followed by 

quinalphos 25 EC @ 500 g a.i/ha; chlorpyriphos 20 EC @ 500 g a.i./ha and 

monocrotophos 36 WSC @ 500 g a.i/ha against aphids.

Among all plant products tested by Chitra et aJ (1993) against aphids, 

petroleum ether extract of Argemone mexicana L. at (0.1%) was superior in 

controlling aphids (76.19%) comparable to monocrotophos (78.82%) and 

endosulfan (75.46%). Litainger and Apostol (1994) reported that high dosage of 

disulfoton (2 kg a.i/ha), mephosfolan (2 kg a.i/ha) and carbofuran (2 kg a.i/ha) 

either as a split or single application were found to be excellent against aphids.

2.2.4. Shoot and fruit borer {L. orbonalis )

Krishnaiah et ah (1976) observed that application of carbaryl at 0.1 per cent 

was effective against fruit borer infestation on brinjal. Yazdani et ah (1981) found 

that carbofuran when applied in split doses, proved to be effective against brinjal
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shoot and fruit borer. Singh et al. (1996) reported that spraying of endosulfaln @ 

0.5 kg a.i/ha was significantly superior in reducing the shoot and fruit infestation 

by brinjal borer.

Ramzan et al. (1976) tested endosulfan, quinalphos, fenthion and methomyl 

against brinjal fruit borer and concluded that all were effective but quinalphos was 

the least effective. Spraying of 0.07 per cent endosulfan resulted in the lowest 

percentage of fruit infestation as compared to 0.04 and 0.05 per cent endosulfan, 

0.15 per cent carbaryl and 0.05 per cent phosalone (Shah, 1979).

Similarly, Choudhary (1982) evaluated seven insecticides viz.,carbaryl 

(1.0 kg a.i./ha), endosulfan (0.7 kg a.i./ha), quinalphos, fenitrothion, chlorpyriphos, 

phenthoate and methomyl (each @ 0.5 kg a.i/ha). Among these, carbaryl and 

endosulfan were the most effective against shoot and fruit borer of brinjal. 

Sontakke et al. (1990) found that percentage of shoot and fruit borer infestation 

was 4.2-7.7 per cent in quinalphos, deltamethrin, fenvalerate, monocrotophos and 

endosulfan treatments and thereby increasing the yield of brinjal and also recorded 

higher cost benefit ratios. Bothara and Dethe (1991) tested the bioefficacy of 

different formulations of endosulfan namely 35 EC, 50 EC and 25 ULV against 

brinjal shoot and fruit borer and found that the treatment with ULV formulation 

was the best of all.

Spraying of thiodicarb (Larvin® 75 WP) and methomyl (Lannate*40 SP) 

were effective against L. orbonalis when they were applied along with carbaryl 

50 WP and monocrotophos 36 WSC (Walunj and Dethe, 1996). Anilkumar et al. 

(2000) found that the insecticide mixture Spark® (deltamethrin + triazophos) 

0.1 per cent was the most effective and significantly superior over other treatments 

in controlling shoot and fruit borer of brinjal.
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Srinivas and Peter (1993) evaluated nine insecticides and found that 

pyraclofos, deltaphos and cartap hydrochloride were significantly superior to the 

other insecticides in controlling the shoot and fruit borer. Choudhary and Saraf 

(1995) reported that soil application of phorate combined with endosulfan was 

more effective against fruit and shoot borer. Radhika et al. (1997) reported that 

application of 0.1 per cent triazophos on need basis (ie. when > 20% of the fruits 

were infested by the pest) produced the highest fruit yield and returns.

Chinniah and Asaf Ali (1999) found that quinalphos 25 EC @ 2ml/l and 

carbosulfan 25 EC @ 2ml/l were on par and significantly superior to all other 

treatments, in terms of the least shoot damage and average fruit yield/ha. 

Srinivasan and Rabindra (2001) reported that carbosulfan 25 EC when applied 

individually at 2.0 or 2.5 ml/1, as foliar spray was very effective in checking the 

damage caused by shoot and fruit borer to brinjal.

Spraying of 2 per cent carbaryl (or) endosulfan 0.07 per cent in 

combination with plant growth regulator (Planofix* (NAA), 1000 ppm) gave 

higher yields of brinjal and the combination was the most economical as reported 

by Reddy and Joshi (1990). Soil application of carbofuran 3 G @ 0.5 kg a.i/ha 

during earthing up followed up spraying of fenvalerate @0.1 or cypermethrin @ 

0.5 or deltamethrin @ 0.007 kg a.i./ha were found to be the most effective 

insecticides for the control ofZ,. orbonalis (Mishra, 1993).

Spraying of fenvalerate and permethrin @ 0.25, decamethrin @ 0.05 and 

endosulfan @ 0.75 kg a.i. /ha were affective against the fruit borer (Yien, 1985). 

Spraying of fenvalerate @ 50 g a.i/ha at 15 days interval for five times, 

proved significantly better than dusting endosulfan 4 per cent @ 525 and carbaryl 

1000 g a. i/ha in recording less fruit damage and higher number of fruits per plant 

(Brar et al.s 1992).
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Seedling dipping and spraying of cypermethrin 0.01 per cent greatly 

reduced the incidence of fruit borer (Sinha et al, 1986). Roy and Pande (1994) 

reported that fenvalerate applied at the rate of 280 g a.i/.ha was the most effective 

against L orbonalis followed by deltamethrin (280 g a.i/ha) and endosulfan 

(1400 g a.i.ha).

Azeez Basha et al. (1982) reported that spraying decamethrin at 

0.05 per cent recorded the least fruit borer infestation of 9.3 and 7.76 per cent on 

number and weight basis respectively. Deltamethrin (20g a.i/ha) and endosulfan 

(750 g a.i/ha) were equally effective against shoot and fruit borer (Sharma and 

Chhibber, 1999).

Similarly, Paul and Ghosh (1990) reported that deltamethrin 225 ml/ha 

was found to be the best treatment recording 21.3 per cent fruit borer damage as 

compared with 58.7 per cent in the untreated check. Among the insecticides tested 

by Ghongale et a/.,(2002) against brinjal fruit borer, application of Nurulle® D 505 

@ 550 g a.i/ha was observed to be the most effective and was significantly 

superior to the remaining insecticidal treatments.

Chitra et al. (1993) reported that petroleum extract of A. mexicana (0.01%) 

was superior among all plant products tested against shoot and fruit borer. Rosaiah 

(2001) observed that Neemazal (0.5%) was significantly superior in reducing shoot 

and fruit damage and contributed to maximum yield.

2.3. Toxicity to natural enemies

Selective use of insecticides to control pests without adversely affecting 

natural enemies is important for pest management programmes. Among the various 

entomophage, the coccinellids, spiders, green lacewing and Geocoris sp. are very 

important in cotton and brinjal ecosystem. The use of insecticides for the control of



14

insect pests may cause harmful effects to these natural enemies. Several workers 

had studied selective toxicity of insecticides for these natural enemies.

Gerling et al. (1997) proved that populations of Chrysoperla cornea 

Stephens were unaffected by applying monocrotophos. Ramalho and Jesus (1988) 

reported less toxicity of methyl demeton to the predators of cotton ecosystem. 

Dimethoate and methyl demeton were non toxic to the natural enemy population 

(Ali and Karim,1990). The toxicity of monocrotophos at 0.04 per cent to Chrysopa 

scelestes (Banks) in cotton ecosystem was proved by Patel and Yadav (1995).

Raman and Uthamasamy (1983) reported that carbosulfan was found to be 

the least toxic to spiders in cotton ecosystem. Fenvalerate 10 EC at 0.3 lit/ha 

recorded 57 per cent mortality of Pardosa in cotton ecosystem (Mansour et al., 

1992). Restabilization of spider population was noticed after 4-5 weeks of spraying 

of deltamethrin and methamidophos was reported by Volkumar and Wetzel (1993).

Cole et al. (1997) observed that lambda-cyhalothrin recorded little impact 

on ground spiders, Diazinon, fenobucarb, carbaryl, dichlorvos and imidacloprid 

were found to be toxic to spiders in cotton ecosystem (Nagata et al., 1997). 

Vandenberg et al. (1998) found that monocrotophos @ 108 g a.i/ha adversely 

affected the population of Pardosa Boes.et str. in cotton ecosystem.

Azadirachtin was found to be sensitive to spiderlings (Punzo, 1997). 

Tiwari and Khan (2002) reported that fenobucarb and chlorpyriphos methyl 

adversely affected the per cent parasitization by Trichogramma chilonis Ishii, at all 

the tested concentrations. Among several insecticides tested, none of the 

insecticides were safer to the adults of Geocoris orchropterus Fieber, however 

neemarin 1500 ppm was found safer to the nymphs of the predator. Quinalphos 

(0.05%) was found comparatively safe to the predator (Anand Jha et al., 2001).
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Manisegarane and Kumarasamy (1988) reported that endosulfan (700 g a.i.ha) was 

relatively safer to Chelonus blackbumi Cam.

Beevi and Balasubramanian (1992) reported that buprofezin (0.05%) and 

diflubenzuron (0.1%) were safe to the adult parasitoids (Encarsia shafeei Hayat). 

The studies conducted by Hegde and Patil (1994) revealed that endosulfan 35 EC, 

cotton seed oil and carbaryl 42 SL produced more than 50 per cent mortality of 

Amblyseius longipinosus Evans on cotton.

Neem oil and fish oil rosin soap were found to be less harmful to the 

natural enemies of whitefly (Natamjan, 1990). Venugopal Rao et al. (1990) found 

that endosulfan and phorate were the least harmful to the early stage predators of 

whitefly where as carbaryl was the least harmful to late stage predators (Phytoseiid 

mites).

Among the insecticides tested for toxicity to eggs of C. scelestes, methyl 

parathion was found to be the safest insecticide having only 23.46 per cent 

mortality of the predator followed by dimethoate (27.78%) (Shukla et al., 1995). 

Sreelatha et al. (1995) found that endosulfan was found to be the least toxic to the 

adults of Bracon habetor Say.

Maleque et al., (1999) reported that cypermethrin 10 EC applied at weekly 

intervals caused population reduction of ladybird beetles and spiders in brinjal. 

Imidacloprid 70 WS at 7 g/kg was found to be safer to natural enemies in cotton 

ecosystem (Kumar et al., 1999). Srinivasan and Sundarababu (2000) observed that 

endosulfan (0.07%) and abamectin (0.003%) are the least toxic to C. cornea 

Stephens.
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Neemazal (0.5%) and NSKE (5%) were safer to natural enemies like 

syrphids and spiders in brinjal ecosystem as reported by Rosaiah (2001). 

Srinivasan (2000) reported that phosphamidon 40 SL @ 300 g a.i./ha recorded 

lower levels of toxicity to spiders in brinjal and cotton eco system.

2.4. Phytotoxicity studies

Quinalphos (AF, CS, and EC) formulations did not show any phytotoxic 

effect on cotton (Valarmathi, 1997). Borle et al. (1980) found that granular 

formulations of insecticides viz., phorate (10%), disulfoton (5%) and dimethoate 

(5%) exhibited phytotoxic effect on cotton. Lambda-cyhalothrin applied in the 

three doses, viz., 7.5, 15 and 30 g a.i./ha did not have any phytotoxic effect on
t

brinjal (Mathirajan, 1998).

Gupta etal. (1998) reported that foliar application of imidacloprid 17.8 SL 

at 0.005 and 0.02 per cent did not produce any phytotoxic symptoms on cotton. 

Beta-cyfluthrin @ 12.5, 18.75, 25, 37.50 and 75 g a.i/ha and lambda-cyhalothrin @ 

35 g a.i./ha did not exhibit any phytotoxicity and any other adverse effects on 

brinjal (Dikshit et al., 2001).

Srinivasan (2000) revealed that foliar application of phosphomidon 40 SL 

at four times the normal dosage did not cause any phytotoxic symptoms on cotton 

and brinjal.

2.5. Insecticide residues 

2,5.1. Cotton

Gupta et al. (1998) investigated the residue of imidacloprid in cotton at 

harvest in samples of lint, seed and soil collected from plots with seed treatments. 

The analysis revealed that no detectable residue of imidacloprid was present in any 

samples of lint or seed.
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Mukheijee and Gopal (2001) reported that the residues of imidacloprid 

were not detected in cotton lint and seeds or even soil. The residues were 

invariably below detectable level (<0.05 mg/kg).

The level of quinalphos (25 EC and 20 AF) residues detected in lint 

samples varied from BDL to 0.06 ppm at first picking and 0,01 to 0.09 at third 

picking. In seeds, the residues were below detectable level except one sample that 

had 0.01 ppm (Kumar, 1995).

Valarmathi (1997) noticed that the harvest time residues of quinalphos in 

lint samples of first picking were in detectable level, but less than the maximum 

allowable residual limit (MRL) of 0.05 ppm. During third picking, the harvest time 

residues were at below detectable limit (BDL) in both lint and seed samples.

Manimegalai et al. (1994) found that the residues of pyraclofos in 

cottonseed, oil, lint and soil were quite low.

2.4.2. Brinjal

Dewan and Beri (1965) reported that average deposits of 3.9 ppm due to 

0.1 per cent DDT emulsion spray, which was reduced to 2.2 ppm in three days, 

1.7 ppm in seven days and 0.3 ppm in two weeks. Similar reduction in the deposits 

due to 0.1 per cent gamma-HCH emulsion spray was also observed.

Rajukannu et al. (1980) reported that the half-life period of quinalphos 

applied at the rate of 0.50 kg a.i./ha was 2.38 days, while Verma (1984) found that 

half-life of quinalphos (0,03,0.05 per cent) was 3 days in brinjal.

In contrast, the half-life of quinalphos (0.3125 kg a.i./ha) was 2 days in 

brinjal (Kishore and Raj, 1985), but Ramsubbarao et al. (1987) reported that 

0.05 per cent quinalphos application to brinjal resulted half-life of 1.951 days.
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Patel et al. (1994) suggested a safe waiting period of 2.1 days for quinalphos 

(0.05%) in / on brinjal for safe harvest with half - life of 0.9 days.

The cumulative residues of the insecticides in / on marketable fruits 

sampled 1 h after the last spray with quinalphos (0.05%) ranged from 1.26 to 

1.79 mg/kg and half-life values were 2.1 to 2.2 days (Barooah and Yein, 1996).

Agnihotri et al. (1992) found that residues of fluvalinate (0.05 %) persisted 

for 7 days on brinjal with a half-life of 1.2 - 1.8 days. Dethe et al (1995) found 

detectable levels of residues in 73.3 per cent of farm gate samples.

Dikshit et al. (2001) reported that the half-life of beta-cyfluthrin and 

lambda-cyhalothrin on brinjal were found to be 1.43 - 2.60 days and 1.45-2.54 

days respectively. Residues of beta-cyfluthrin in brinjal fruits declined 

progressively with time and become non-detectable after seven days.

The residues of lambda - cyhalothrin on brinjal ranged from 1.98 to 

2.15 ppm, 3.64 to 4.70 ppm and 5.82 to 7.12 ppm for the corresponding doses of 

lambda - cyhalothrin at 7.5, 15 and 30 g a.i/ha. The analysis revealed that no 

detectable residue of lambda - cyhalothrin was present in soil samples (Mathirajan, 

1998).

Litainger and Apostol (1994) revealed that the residues in the brinjal fruit 

under Philippine conditions do not vary much for carbofuran from 1 to 8 kg a.i/ha 

but are below the 100 ppb tolerance limits set in edible commodities.



MATERIALS AND METHODS
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MATERIALS AND METHODS

Experiments were conducted to evaluate the bioefficacy of caibosulfan 

(Marshal ®25EC) against pests, toxicity to natural enemies, phytotoxicity and 

determination of terminal residues in cotton and brinjal. The details of the 

experiments carried out are described in this chapter.

3.1. Cotton

Two randomised and replicated trails were conducted at Eastern block, 

Tamil Nadu Agricultural University Coimbatore during January - May 2002 and 

June - October 2002 with the cotton cultivar, MCU-7 to evaluate the bioefficacy of 

carbosulfan against pests, toxicity to natural enemies, phytotoxicity and 

determination of terminal residues in cotton.

3.1.1. Evaluation of bioefficacy against sucking pests

Bioefficacy of carbosulfan 25 EC was evaluated against sucking pests of 

cotton. Methyldemeton(Metasystox*25 EC) was included for comparison. 

Properties of carbosulfan

Chemical name : 2,3-dihydro-2,2-dimethyl benzofuran-7yl

Empirical formula 

Formulation

Source

Mode of action

Trade name

Common name

(dibutylamino thio) methyl-carbamate.

Carbosulfan

Marshal *

Systemic insecticide with contact and stomach 

poison. Cholinesterase inhibitor.

QoIfeNaCbS

25 EC/GR/DS

FMC India Ltd, Bangalore.
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3.1.1.1. Experimental details

The insecticides used in the present investigation and their dosages are 

given below.

Tj - Carbosulfan 25EC @ 200 g a.i./ha 

T2 - Carbosulfan 25 EC @ 250 g a.i./ha 

T3 - Carbosulfan 25EC @ 300 g a.i. / ha 

T4 - Methyl demeton 25 EC @ 250 g a.i./ha 

T5 - Untreated check

Three rounds of sprayings were given in the first and second trials at 14 

days interval commencing from 25th day after sowing with pneumatic knapsack 

sprayer using 500 litres of spray fluid per hectare. The plot size was 20 m2 and 

replicated four times.

3.1.1.2. Method of assessment

The populations of sucking pests viz., leafhopper (Amrasca bigultula 

biguttula Ishida.), whitefly (Bemisia tabaci Germ.), aphid (Aphis gossypii Glover.) 

and thrips (Thrips tabaci Lind.) were recorded on top, middle and bottom leaves of 

ten randomly tagged plants per plot prior to spraying and 1, 3, 7 and 14 days after 

spraying.

Cotton yield per plot was recorded separately and it was computed to 

quintal/hectare and the same is subjected to statistical analysis.

3.1.2. Evaluation of toxicity to natural enemies

In both the field trails, toxicity of carbosulfan 25 EC was evaluated to 

natural fauna of cotton eco system particularly to spiders and coccinellid complex. 

In the present investigation, the occurrence of coccinellids is in very low numbers 

in both the field trials and hence, it could not be taken up. So the spiders are taken
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Plate 1. Field view of cotton field experiment at Eastern Block, 
TNAU, Coimbatore.

Plate 2. Field view of brinjal field experiment at Thopputliottam, 
Coimbatore.
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into account for evaluating the toxicity of the insecticides tried in the field 

experiment.

a. Method of assessment

The numbers of spiders were recorded to assess the toxicity of chemicals 

prior to third application and 1, 3, 7 and 14 days after spraying on ten randomly 

tagged plants per plot.

3.1.3. Evaluation of phytotoxicity

Phytotoxicity of carbosulfan 25 EC was evaluated on cotton using the 

following five treatments.

Ti - Carbosulfan 25 EC @ 250 g a.i./ha 

T2 - Carbosulfan 25 EC @ 500 g a.i./ha 

T3 - Carbosulfan 25 EC @ 1000 g a.i./ha 

T4 - Methyl demeton 25 EC @ 250 g a.i./ha 

T5 - Untreated check

Symptoms of phytotoxicity viz., leaf injury, wilting, vein clearing, necrosis, 

epinasty and hyponasty were observed from ten randomly tagged plants per plot at 

1, 3, 7 and 14 days after each spraying as per Central Insecticide Board 

Registration Committee (C.I.B-RC) protocol. Leaf injury was assessed on visual 

rating from 1-10 such as (0-10% = 1, 11-20% = 2, 21-30% = 3, 31-40%=4, 41- 

50% =5, 51=60%=6, 61-70%=7, 71-80%=8, 81-90%=9 and 91-100%=10).

The percent leaf injury was calculated using the formula,

Total grade points
Per cent leaf injury = ----------------------------------------------- X 100

Max. grade X No. of leaves observed
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Plate 3. Study on phytotoxicity of carbosulfan on cotton @ 500 g a.i./ha

Plate 4. Study on phytotoxicity of carbosulfan on cotton @ 1000 g a.i./ha
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3.1.4. Terminal Residue Analysis

3.1.4.1. Sampling

Cotton was sprayed with carbosulfan (Marshal® 25 EC) at the rate of 250, 

500 and 1000 g a. i/ha with the help of pneumatic knapsack sprayer. Each treatment 

was replicated four times in randomized block design. Cotton lint and seed samples 

were collected from each replicate of three treatments at first and third harvests. 

Control samples were collected similarly from untreated plots.

The samples collected from four replications for each treatment were 

pooled together and they were made into two replicates for residue analysis.

3.1.4.2. Extraction 

a. Lint

Weighed samples of first and third harvests (lOg) were soaked overnight in 

methonol. Then, the samples were filtered through buchner funnel with repeated 

washings and the extract was filtered through Whatman No 1 filter paper and it 

was dried by passing through anhydrous sodium sulphate. The methonol extract 

was then condensed in the rotary vaccum flash evaporator (Buchi Rotovapor 

R-14®).

Derivatisation

The condensed methanol extract was dissolved in 1 ml of the reactant 

solution (Holden, 1973) (1,0 g of 1- fluoro 2, 4-dinitrobenzene in 100 ml of 

acetone) and transferred quantitatively to stoppered 25x190 mm test tubes. With 

this, 15 ml of the phosphate buffer solution (phosphate buffer of pH 11-25.0 g of 

Na2HP04 was dissolved in 2480 ml of distilled water and 20 ml of 1 M NaOH 

solution was added and mixed well) was added, mixed well and kept in the water 

bath and the temperature was maintained at 50°C for 30 minutes. After 30 minutes, 

the test tubes were removed from the water bath, cooled and transferred to a 60 ml



separatory funnel. The content was extracted twice with exactly two 25 ml portions 

of n-hexane and the organic layer was collected and the hexane extracts was 

condensed and retained for final determination.

b. Seed

Ten gram of seed samples collected at first and third harvests were blended 

with the help of a homogenizer and was extracted with diethyl ether in soxhlet 

apparatus at 60°C for 6 h.

3.1.4.3. Clean up

The condensed seed extract was transferred to a separating funnel, mixed 

with 250 ml of saturated sodium chloride solution and extracted thrice with 50 ml 

of dichloromethane. The dichloromethane extract was combined and evaporated to 

near dryness through rotary vaccum flash evaporator (Buchi Rotovapor R-14®).

For column chromatograph, 50 cm x 1.5 cm (I.D) glass columns were used. 

The tip of the chromatographic column was plugged with cotton wool. Anhydrous 

sodium sulphate was filled to a height of 2 cm followed by 8 cm of Florisil: 

charcoal mixture (8g of deactivated Florisil + 1.5 g of acid washed charcoal) and 

overlaid with 2 cm layer of anhydrous sodium sulphate. The Florisil was activated 

at 135°C for six hours and cooled in desiccator. The cooled Florisil was

deactivated by adding 4 per cent water and mixed well. The deactivated Florisil
}

was used as fresh.

The condensed dichloromethane extract was loaded on to the column and 

eluted with a mixture of 9:1 hexane and ethyl acetate. About 100 ml of elutant was 

collected, condensed to near dryness and re dissolved in 1 ml of derivatizing agent 

and derivatisation was done as detailed in 3.1 for

final determination.
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3.2. Brinjal

Two randomized and replicated trials were conducted viz. one at Eastern 

block, Tamil Nadu Agricultural University, Coimbatore during January - May 

2002 and the other at Thopputhottam Village during March - July 2002 with the 

variety CO 2 to evaluate the bioefficacy of carbosulfan 25 EC, toxicity to natural 

enemies, phytotoxicity and determination of terminal residues in brinjal.

3.2.1. Evaluation of bioefficacy of carbosulfan

Bioefficacy of carbosulfan 25 EC was evaluated against the sucking pests 

and shoot and fruit borer of brinjal. Endosulfan (Thiodan* 35 EC) was included for 

comparison (Standard).

3.2.1.1. Experimental details

The insecticides used in the present study and their dosages were given 

below.

Tj- Carbosulfan 25 EC @ 200 g a.i./ha 

T2 - Carbosulfan 25 EC @ 250 g a.i./ha 

T3 - Carbosulfan 25 EC @ 300 g a.i./ha 

T4 - Endosulfan 35 EC @ 350 g a.i./ha 

T5 - Untreated control

Three rounds of sprayings were given in the first and second trials at 14 

days interval commencing from 70th day after sowing with pneumatic knapsack 

sprayer, using 500 litres of spray fluid per hectare. The plot size was 20 m2 and 

replicated four times.



27

3.2.1.2. Method of assessing pest population and damage

The population of sucking pests viz., leafhopper, whitefly and aphid was 

recorded on top, middle and bottom leaves of ten randomly tagged plants per plot 

prior to spraying and 1, 3,7 and 14 days after spraying.

The fruits showing exit holes or entry points of larvae in the form of minute 

plugged holes surrounded by small discolored patches were counted as damaged 

fruits.

The total number of shoots and infested shoots in ten randomly selected 

plants per plot were counted before and after spraying and the percentage was 

worked out. The number and weight of damaged and healthy fruits per plot were 

recorded after each picking during the spray schedule. During each picking, the 

fruit yield was recorded in each plot and the yield of healthy fruits for each 

treatment from all the pickings was pooled and worked out on hectare basis.

3.2.2. Evaluation of toxicity to natural enemies

Toxicity against the natural enemies of the brinjal pests especially spiders 

were evaluated in the field experiment as per the treatment details and spray 

schedule given under section 3.2.1.1 and method of assessment given under section 

3.1.2.1.

3.2.3. Evaluation of phytotoxicity

Phytotoxicity of carbosulfan 25 EC was evaluated on brinjal with the 

following five treatments replicated four times.

Ti - Carbosulfan 25 EC @ 250 g a.i./ha

T2 - Carbosulfan 25 EC @ 500 g a.i./ha

T3 - Carbosulfan 25 EC @ 1000 g a.i./ha .

T4 - Endosulfan 35 EC @ 350 g a.i./ha

T5 - Untreated control

Method of assessment is similar to that of given under section 3.1.3.
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3.2.4. Residue Analysis

3.2.4.1. Sampling

Brinjal fruit samples were collected at first and third harvests from each 

replicate of three treatments sprayed with carbosulfan (Marshal *25 EC) at the rate 

of 250, 500 and 1000 g a.i./ha. Control samples were collected similarly from the 

untreated plots. The samples collected from four replications for each treatment 

were pooled together and they were made into two replicates for residue analysis.

3.2.4.2. Extraction

A representative sample of 50 g fruit was taken for analysis of carbosulfan 

with 9:1 methanol: pH 8 buffer (100 ml) in a warring laboratory blender. Then the 

sample was filtered through Buchner funnel and the extract was condensed through 

rotary vaccum flash evaporator (Buchi Rotovapor R-14*).

3.2.4.3. Cleanup

The condensed extract was transferred to a separating funnel, mixed with 

250 ml of saturated sodium chloride solution and extracted thrice with 50 ml of 

dichloromethane. The dichloromethane extract was combined and evaporated to 

near dryness through rotary vaccum flash evaporator (Buchi Rotovapor R-14*).

For column chromatograph, 50 cm x 1,5 cm (I.D) glass columns were used. 

The tip of the chromatographic column was plugged with cotton wool. Anhydrous 

sodium sulphate was filled to a height of 2 cm followed by 8 cm of Florisil: 

charcoal mixture (8g of deactivated Florisil + 1.5 g of acid washed charcoal) and 

overlaid with 2 cm layer of anhydrous sodium sulphate. The Florisil was activated 

at 135°C for six hours and cooled in desiccator. The cooled Florisil was 

deactivated by adding 4 per cent water and mixed well. The deactivated Florisil 

was used as fresh. The condensed dichloromethane extract was loaded on to the 

column and eluted with a mixture of 9:1 hexane and ethyl acetate. About 100 ml of
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elutant was collected, condensed to near dryness and re dissolved in 1 ml of 

derivatizing agent and derivatisation was done as detailed in 3.1.4.2.a.and extracted 

with n-hexane for final determination.

3.3. End analysis

3.3.1. Standards

The reference standard carbosulfan received from FMC India Ltd. was used 

for the preparation of stock solution, spiking and quantification of residue in the 

sample matrices.

3.3.1.1. Concentrated stock solution

From the technical standard of 93.3 per cent purity, 110 mg was weighed 

and transferred to a 100 ml volumetric flask with distilled hexane and the volume 

was made up. Then the flask was shaken well to get a homogenous solution of 

1000 ppm and was stored in refrigerator at 4°C.

3.3.1.2. Intermediate stock solutions

The concentrated stock solution was brought to room temperature and one 

ml from the concentrated stock solution was transferred to a 100 ml volumetric 

flask. The volume was made up and the flask was shaken well to obtain a 

homogenous solution of 10-ppm standard solution. This was utilized for spiking 

the samples for recovery studies.

3.3.1.3. Working standard

From the intermediate stock solution, working standards of 0,1-1 ppm were 

prepared by diluting one ml of 10 ppm solution to 10-100 times. These working 

standards were derivatised with of derivatising agent as in 3.1.4.2.a for 

standardization of operating parameters in GC to find out the retention time and for 

quantitative determination of residues in samples.
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3.3.2. Fortification

The cotton lint, seed and brinjal fruits were fortified at 1-10 jag / g by 

adding required quantity of 10-ppm standard stock solution.

3.3.3. Final determination

Carbosulfan residues in samples were determined with Gas 

Chromatography (GC) Chemito model 2865 equipped with 63Ni electron capture 

detector (BCD). The following are the operating parameters of the GC.

Column 3% OV 17(Glass column packed withl.Sm X 

2.00mm.I.D) Chw.l00-120p.

Temperature (°C) 

Oven 

Injector 

Detector 

Source 

Flow rate

Nitrogen

220

240

260

300

20 ml/min

The final quantification was worked out using the following formula.

Hs Wstd Vs
Residues = --------- X --------- X -----

Hstd Ws Asj

Where,

Hs - Peak height of the sample

Hstd - Peak height of the standard

Wstd - Weight of the standard in ng

Ws - Weight of the sample in g

Vs - Volume of the sample (final extract in ml)

Asj - Aliquot of the sample injected

RF - Recovery factor
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3.4. Statistical analysis

The corrected percent reduction in field population was worked out by 

using the formula of Henderson and Tilton (1955),

TaXCb

Corrected percent reduction = 1 - --------------  X 100
TbXCa

Where

Ta - Number of insects in the treatment after spraying

Tb - Number of insects in the treatment before spraying

Cb - Number of insects in the untreated check before spraying •

Ca - Number of insects in the untreated check after spraying

The field level population was subjected to statistical analysis adopting 

randomized block design. The percentage values were converted to arc sin 

(angular) ^percentage transformed values for shoot and fruit borer while the data 

on sucking pests and natural enemies were transformed intoVx+0.5 .The mean 

values of treatments were then compared by using Duncan's Multiple Range Test 

(DMRT) (Gomez and Gomez, 1984).
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CHAPTER IV

EXPERIMENTAL RESULTS

The results of field experiments conducted to assess the bioefficacy against 

sucking pests of cotton and brinjal and shoot and fruit borer of brinjal, toxicity of 

insecticides against natural enemies, phytotoxicity and terminal residues of 

carbosulfan 25 EC in/on cotton and brinjal are presented in this chapter.

4.1. Bioassay evaluation of carbosulfan 25 EC

4.1.1. Cotton

4.1.1.1. Experiment I 

a. Leafhopper

The results of the observations on the leafhopper population in the field 

experiment conducted during 2002, are presented in the Table .1. The pre - 

treatment count of cotton leafhopper ranged from 41.5 to 44.0 per 10 plants before 

first round of spray. Carbosulfan 300g a.i/ha recorded the lowest population 

(9.0/10 plants)on 1 DAT, followed by methyl demeton 250g a,i/ha (11.0/10 plants) 

as against 44.3 per 10 plants in untreated check, whereas, methyl demeton on 3 

DAT recorded maximum per cent reduction (E6.9 %)fo!lowed by carbosulfan at 

higher concentration (83.2%). Fig. 1.Similar trend was observed on 7 DAT and 

continued the superiority over the other in second and third sprayings also. 

Carbosulfan at 300g a.i./ha effectively controlled the leafhopper till 14 DAT and it 

was found to be superior to other carbosulfan treatments.

b. Whitefly

The population of whiteflies was in all the treatments, which varied from 

0.3 to 9.0/10 plants during experimental period. Hence, the bioefficacy of the 

treatments could not be differed significantly between the treatments (Table. 2).
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c. Aphid

The pre-treatment population before the first round of spray ranged from 

318.5 to 343.5 per 10 plants (Table .3). On 1 DAT, a reduction of cent per cent was 

achieved in carbosulfan sprayed plots, whereas, methyl demeton reduced the 

aphids to 99.1 per cent. After that, the difference in per cent reduction brought out 

by various treatments was significant.

Similar trend in reduction of aphid was observed in all the treatments 

except in control at second round of spraying. On 3 DAT, the population of aphid 

was observed for the lower dose of carbosulfan (200g a.i./ha) and methyl demeton 

sprayed plots (4.0 and 2.0/10 plants), whereas, in the third round of spraying, 

carbosulfan at higher concentration of 300g a.i/ha achieved cent per cent reduction 

of aphid population upto 3 DAT.

d. Thrips

The population level of thrips varied from 0.5 - 9.0 per 10 plants during the 

period of observation in all the three rounds of sprays, hence, a suitable conclusion 

could not be drawn (Table .4)

4.1.1.2. Experiment U 

a. Leafhopper

The pre treatment count ranged from 30.0 to 33.8 per 10 plants (Table.5). 

Carbosulfan 300 g a.i/ha recorded maximum per cent reduction (78.7%) at one 

DAT and it was on par with methyl demeton 250 g a.i/ha (71.9%). Afterwards, 

methyl demeton achieved better control of leafhopper and it was on par with 

carbosulfan at higher dose. Similar trend was found on 7 DAT and 14 DAT.
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In second and third round of sprayings as a whole, methyl demeton 

250g a.i./ha was found to be superior than other treatments followed by 

carbosulfan 300g a. i/ha.

b. Whitefly

The population of whiteflies observed in all the treatments varied from 0.3 

to 6.0 per 10 plants during the experimental period, hence, there was no significant 

difference between the treatments on the bioefficacy (Table .6).

c. Aphid

The observations recorded before spraying revealed that, the population 

was ranging from 61.0 to 64.5 per 10 plants (Table .7). The results obtained from 1 

and 3 DAT indicated that, cent per cent control of aphid was achieved in all the 

treatments. Results from the subsequent observations (7 and 14 DAT) revealed 

that, the population of aphid was minimum (6.3 - 15.0/10 plants) in carbosulfan at 

higher concentration followed by carbosulfan 250 g a.i/ha, which was on par with 

methyl demeton 250 g a.i/ha. In third round of spraying, carbosulfan 250 and 300 

g a.i/ha recorded cent per cent reduction till 7 DAT, which were on par with 

methyl demeton 250g a. i/ha.

d. Thrips

The pre-treatment population of thrips before the first round of spraying 

ranged from 21.5 to 23.5 per 10 plants (Table .8). On 1 DAT, the results showed 

that, carbosulfan at higher concentration recorded maximum per cent reduction of 

96.2 and it was on par with other treatments. Though all the treatments were found 

to be superior to untreated control at 7 and 14 DAT, carbosulfan 300 g a.i/ha 

recorded minimum aphid population (7.5 - 12.5/10 plants) followed by methyl 

demeton 250 g a.i/ha (10.5-14.5). Similar trend was observed in second and third 

sprayings also.
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e. Seed cotton yield

The seed cotton yield in untreated check was 1.8 and 1.9 kg/20 m2in first 

and second field experiments, respectively. The maximum yield of 2.8 and 

2.9 kg/20 m2 (13.8 and!4.3 q/ha) was recorded in plots treated with carbosulfan at 

300g a.i./ha. Methyl demeton 250g a.i./ha and carbosulfan 250 a.i./ha recorded 

2.7 - 2.8 and 2.5 - 2.6 kg/20 m2 in first and second field experiments, respectively. 

All the treatments are on par with each other and superior over control (Table .9).

4.1.2. Brinjal 

4.1.2.1. Experiment I

a. Leafhopper

The pre-treatment population of leafhopper varied from 63.5 to 

65.0 numbers per 10 plants (Table .10). Endosulfan 35 EC at 350g a.i/ha was 

found to be superior to other treatments till third round of spraying followed by 

carbosulfan at higher dose (300 g a.i./ha). The difference in per cent reduction 

brought by various treatments was significant.

b. Whitefly

The pre-treatment population of whitefly varied from 53.0 to 55.0/10 

plants. Carbosulfan at higher concentration was found to be the best among the 

treatments which resulted reduction ranging from 65.1 to 96.6 per cent followed by 

endosulfan 350 g a.i/ha (63.4 to 96.2%) during the first round of spraying. In 

second round, prior to spraying, population ofwhiteflies ranged from 37.5 to 108.5 

per 10 plants. The efficacy trend in second and third round of spraying was as that 

of first round (Table . 11).



Ta
bl

e 
9.

 E
ffe

ct
 o

f c
ar

bo
su

lfa
n 

25
 E

C
 o

n 
th

e 
yi

el
d 

of
 se

ed
 co

tto
n.

45

M
ea

ns
 fo

llo
w

ed
 b

y 
a 

co
m

m
on

 le
tte

r i
n 

a 
co

lu
m

n 
ar

e 
no

t s
ig

ni
fic

an
tly

 d
iff

er
en

t b
y 

D
M

R
T 

(p
= 

0.
05

)



Ta
bl

e 1
0.

 E
ffe

ct
 o

f c
ar

bo
su

lfa
n 

25
 E

C
 o

n 
br

ln
ja

l l
ea

fh
op

pe
r-

 F
ie

ld
 e

xp
er

im
en

t I

46

D
A

T-
 D

ay
s a

fte
r t

re
at

m
en

t:
 P

T
C

 - P
re

 tr
ea

tm
en

t c
ou

nt
 

Fi
gu

re
s i

n 
pa

re
nt

he
se

s a
re

 V
x 

+ 
0.

5 
tr

an
sf

or
m

ed
 v

al
ue

s.
M

ea
ns

 fo
llo

w
ed

 b
y 

a 
co

m
m

on
 le

tte
r 

in
 a

 c
ol

um
n 

ar
e 

no
t s

ig
ni

fic
an

tly
 d

iff
er

en
t b

y 
D

M
R

T
 (p

= 
0.

05
)

---
---

—
---

---
---

---
---

---
---

---
---

---
---

-_
__

__
---

---
---

---
--

---
---

---
---

---
---

---
---

--
---

---
---

---
---

---
--

 (Mean oi rour observations)
N

um
be

r o
f l

ea
fh

op
pe

rs
 p

er
 10

 p
la

nt
s 

~J
II

I A
pp

lic
at

io
n

14
 D

A
T •o

VC(N
CN
uSW

3:
v£ (4

.1
)

"c
r-

y-S 
> ^
: cn'w'

«o
1/ (2

.4
) OIT

ITC*

(911)

7 
D

A
T XfC

cs (4
.6

) uir
CN

--Nvq
rn

*c> nS CN * w
«c
N

y—\
>- CN w 13

2.
0*

(1
1.

5)

3 D
A

T xt
t*
VC (4

.1
) c

O'

y-S ,0V
rr

y"s
* O
! CN* w

C
O

(9 1) 13
4.

0*

(9TI)

1 D
A

T •oin
cs

vq
rn

um
vd

y-svq
CN

ja
C
CN

(91)

«a
y—s«N
w 13

4.
0®

(9TI)

II
 A

pp
lic

at
io

n

14
 D

A
T •oo

TfTf (6
.7

) u
cn
aJCN

y**sin
in

.0m
oc (4

.4
)

16
.0

*
(4

.1
) u*n

CN
cn (1

1.
5)

7 
D

A
T O

CNcn

y—s
r*;
inw 21

.0
e

(4
.6

) -Oin
*"p« (3

.5
) «

cn
00 (3

.0
)

12
0.

0®

(O
il)

3 D
A

T ■acn
ciCN

/■N00
W

am
sd*—i (4

.1
)

o

(2
.7

)

5.
0*

(2
.3

)

11
0.

5*

(SO
I)

I D
A

T -«o
v—» (4

-2
) o«n

CN*«-H (3
.6

) x>cn
V (2

.2
)

S
rn

y-\
ON

w 10
8.

0®

/—\ rr 
o

14
 D

A
T -ofn

oo*n s-y

o00
l>xt

S JO
O
Km

y—s
vd 34

.3
*

(5
.9

) uin
ino (1

0.
3)

7  
D

A
T 60

oocn
m
vdw'

u>in
cnm

/•**s
inw

*00
CNCN

/-•s00
s

•
cn
oCN

S
s

tiO
00oo (9

.4
)

C#o

*S#
3* 3 D

A
T *<o00

00CS

y“*STJ;
inw

ain

CN (4
.7

) JSm
r-‘

y-s00
oi'W

&
vd

y—SVO
CNs—y 69

.5
®

OOw
<

1 D
A

T •Dcn
CNCN (4

.8
) ain

C-*
y*"SCN
s

JOfn
in (2

.4
) «m

(2
.2

) o
oo
VO

y—srn
DOw

PT
C

65
.0

63
.5

65
.5

65
.0

64
.5

Tr
ea

tm
en

ts

Ow
<N
J
“3 •

w\
H <

03
•NP

co
CD

N
§)

u
(JQ
(N
1,

8-

J l

fSi

CO
J3

<0
00
Drt
N

§) T3
- C

ar
bo

su
lfa

n 
25

 E
C

CO

m
m§
■n

s> T4
- E

nd
os

ul
fa

n 
35

 E
C

COfj
CO
00
on
i T5

- U
nt

re
at

ed
i-
u_

_t
_B

c
J



Ta
bl

e 
11

. E
ff

ec
t o

f c
ar

bo
su

lfa
n 

25
 E

C
 o

n 
br

in
ja

l w
hi

te
fli

es
 -F

ie
ld

 e
xp

er
im

en
t I

47

m7 
D

A
T

PT
C

55
.0

54
.0

53
.5

53
.0

54
.0

10
.5

C

(3
.3

)

6.
0b

(2
.6

)

4.
0*

(2
.1)

4.
3*

(2
.2

)

63
.5

d

(8
.0

)

6.
3C

(2
.6

)

4.
5b

(2
.2

)

2.
0*

(1.
6)

2.
3*

(1
6)

60
.0

d

(7
.8

)

3 D
A

T
1 D

A
TI A

pp
lic

at
io

n

14
 D

A
T

52
.0

d

(7
.3

)

43
.8

C

(6
.7

)

37
.5

*
(6

.2
)

38
.8

b

(6
.3

)

10
8.

5d
(1

0.
4)

I D
A

T

5.
3£

(2
.4

)

3.
0b

(1
.9

)

1.
0*

(1.
2)

1.
0*

(1.
2)

10
9.

0d
(1

0.
5)

(SO
I)

pS'601

(6T)
,0

£

(6T)
.O

T

(rz)
,0S

(6Z)
,08

_____

ddyn

ic
at

io
n

7 
D

A
T

19
.0

d

(4
.4

)

14
.5

e

(3
.9

)

9.
3*

(3
.1

)

10
.0

b

(3
.2

)

11
3.

0*
00

.7
)

14
 D

A
T

28
.0

d

(5
.3

)

19
.0

*
(4

.4
)

14
.0

*
(3

-8
)

15
.0

b

(3
.9

)

11
4.

0*
(1

0.
7)

D
A

T-
 D

ay
s a

fte
r t

re
at

m
en

t; 
PT

C
 - P

re
 tr

ea
tm

en
t c

ou
nt

 
Fi

gu
re

s i
n 

pa
re

nt
he

se
s a

re
 V

x 
+ 

0.
5 

tra
ns

fo
rm

ed
 v

al
ue

s.

15
.0

*
(3

.9
)

8.
3b

(3
-0

)

4.
0*

(2
.1)

4.
3*

(2
.2

)

10
9.

0d
(1

0.
5)

14
 D

A
T

7 D
A

T X>
m
CN

(o

cn•w*

u
vn
VO (2

.6
) «

tn
CN (1

.7
) X>rn

rn

(6T)

q
o o

3 D
A

T x>

tn (2
.4

) x>q

(2
.1

) as
00
o

(IT)

mq S
CNJ

w

u
vn
ro

(1
0.

7)

ic
at

io
n

II
I A

pp

1.
0*

(1.
2)

0.
5* (1.
0)

0.
0*

(0
.7

)

0.
0*

(0
-7

)

11
3.

0b
(1

0.
7)

D
A

T

T1
-C

ar
bo

su
lfa

n 
25

 E
C

 
@

 2
00

 g
 a

.iT
ha

T2
- C

ar
bo

su
lfa

n 
25

 E
C

 
@

 2
50

 g
 a

.iT
ha

T3
-C

ar
bo

su
lfa

n 
25

 E
C

 
@

 3
00

 g
 a.

i./
ha

T4
-  E

nd
os

ul
fa

n 
35

 E
C

 
@

35
0 

g 
a.

iT
ha

T5
- U

nt
re

at
ed

 
C

he
ck

—
...

...
...

...
...

...
...

...
...

1--
---

--
—

—
---

---
---

---
---

—
 .........

...
...

...
.—

---
---

---
---

---
--

- ----------
--

--
---

--
--

--
---

--
--

---
--

--
--

 (Mean of four obs
er

va
tio

ns
)

I 
N

um
be

r o
f w

hi
te

fli
es

 p
er

 10
 p

la
nt

s

Tr
ea

tm
en

ts

M
ea

ns
 fo

llo
w

ed
 b

y 
a c

om
m

on
 le

tte
r i

n 
a c

ol
um

n 
ar

e 
no

t s
ig

ni
fic

an
tly

 d
iff

er
en

t b
y 

D
M

R
T 

(p
= 

0.
05

)



c. Aphid

The population level of aphids before insecticide application on brinjal 

varied from 44.0 to 45.5 per 10 plants. On 1 DAT, a reduction of cent per cent was 

achieved in all the treatments till the second round of spraying. In the third round, 

cent per cent reduction was till 3 DAT except for carbosulfan at lower dose (200 g 

a.i./ha) with 98.6 per cent reduction. The per cent reduction increased with increase 

in doses of carbosulfan and carbosulfan 300g a.i/ha was found to be more effective 

than standard check (Endosulfan 350g a.i./ha) (Table .12).

d. Shoot and fruit borer

Shoot damage by the borer was hot found throughout the cropping period. 

The incidence of fruit borer based on fruit weight was significantly less in the 

treated plots ranging from 1.3 to 3.5 per cent after first application, 2.0 to 

4.5 per cent after second application and 4.3 to 7.0 per cent after third application 

(Fig.2) (Table, 13). While on number basis the fruit damage was 2.S-5.3, 4.3-8.0 

and 7.0-11.5 per cent, respectively. In untreated control, the fruit borer incidence 

ranged from 14.5 to 34.3 per cent. Carbosulfan 300 g a.i/ha and 250 g a.i/ha were 

found to be more effective than the endosulfan 350g a.i/ha in all the three rounds 

of spraying.

4.1.2.2. Experiment II 

a. Leafhopper

The population of leafhopper ranged from 99.3 to 105.3 per 10 plants 

before the treatment. The per cent reduction of leafhopper was maximum 

in endosulfan 350g a.i./ha sprayed plants followed by carbosulfan 300g a.i7ha 

in all the three rounds of spray (Table. 14). Endosulfan 350g a.i/ha registered 

90,3 per cent reduction of leafhopper followed by carbosulfan 300g a.i./ha 

(87.2%). Afterwards, the reduction was in a decreasing trend with 87.8 per cent 

in endosulfan and 83.9 per cent in carbosulfan 300g a.i7ha. Similarly,
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on 14 DAT, endosulfan 350g al/ha reduced leafhopper population to 49.5 per cent 

followed by carbosulfan 300g a.i./ha (42,3%). Efficacy status of the different 

chemicals remained as same till third spray.

b. Whitefly

The pre treatment population of whitefly on brinjal was varied from 60.0 to 

62.5 /10 plants. The population after treatment ranged from 1.3 to 63.0, 3.3 to 64.3, 

and 18.5 to 82.0 and 32.3 to 98.5/10 plants on 1, 3, 7 and 14 DAT, respectively. 

Carbosulfan 300g a.i./ha was found to be superior to other treatments in all the 

three rounds of spraying followed by standard endosulfan. During the third round 

of spraying, carbosulfan at higher concentration recorded cent per cent reduction 

on 1 DAT and it was found to be on par with endosulfan 350g a. i/ha (98.1%) and 

carbosulfan 250g a.i./ha (94.6%). At 14 DAT, both endosulfan and carbosulfan 

registered the lowest population of each 4.5 whiteflies /10 plants against 99.5 in 

untreated control (Table .15).

c. Aphid

Prior to spraying, the aphid population on brinjal varied from 36.0 to 38.0 

per 10 plants. A reduction of cent per cent was achieved in all the chemical 

sprayed plots in 1 and 3 DAT. After that, the difference in per cent reduction 

brought by various treatments was found to be significant (Table .16). At 7 DAT, 

carbosulfan 300g a.i./ha registered the maximum per cent reduction of 97.5 

followed by endosulfan (95.2%), carbosulfan 250g a.i./ha (90.1%) and carbosulfan 

200g a.i/ha (81.8%). The per cent reduction was ranging from 53.6 to 73,5 at 

14 DAT in various treatments. Similar trend on the efficacy was continued in the 

second spray, however, in the third spray, carbosulfan 300g a.i/ha recorded a 

remarkable cent per cent reduction till 7 DAT, but it was on par with endosulfan 

350 and carbosulfan 250g a.i./ha.
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d. Shoot and fruit borer

There was no shoot borer incidence noticed throughout the cropping period. 

The fruit borer incidence on both number and weight basis was significantly less in 

treated plots (Table. 17). The incidence was 1.5 to 3.8 per cent in insecticide treated 

plots when, compared to untreated check (17.5%) on weight basis after first 

application, 2.8-4.S per cent, after second application and 4.5 to 8.3 per cent, after 

third application. Carbosulfan 300g a.i./ha was found to be superior over the other 

treatments followed by carbosulfan 250g a.i./ha in all the three rounds of spraying 

and it was found to be on par with standard endosulfan 350g a.i./ha.

e. Brinjal fruit yield

The statistical analysis of the yield data revealed that, the healthy brinjal 

fruit yield was maximum (27.5 and 29.0 t/ha) in caibosulfan (300g a.i./ha) treated 

plots followed by carbosulfan at 250 g a.i./ha (26.6 and 28.1 t/ha), which was on 

par with endosulfan 350g a.i./ha (26.5 and 27.9 t/ha) and carbosulfan at 200g 

a.i./ha (23.8 and 26.8 t/ha) as against untreated control which recorded the lowest 

(16.1 and 19.1 t/ha) yield in the first and second experiments, respectively (Table 

13&17).

4.2. Toxicity of carbosulfan 25 EC to natural enemies

Experiments were conducted to assess the toxicity of carbosulfan 25 EC to 

natural enemies in cotton and brinjal ecosystem.

4.2.1. Cotton

4.2.1.1. Spiders

The population of spiders ranged from 6.00 to 7.00 from the 10 observed 

plants. Caibosulfan at higher dose recorded minimum number of spiders (5.0 and 

4.5/10 plants) on 1 and 3 DAT (Table .18). At 7 and 14 DAT, all the insecticides 

tried were not toxic to spiders.
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4.2.2. Brinjal 

4.2.2.I. Spiders

The pre-treatment population of spiders varied from 8.5 to 9,5 per 10 plants 

before spraying (Table .19). Carbosulfan 300g a.i./ha exhibited 23.5 per cent 

reduction in spider population over control followed by carbosulfan 250g a.i./ha 

(15.8%). At 3 DAT, carbosulfan at higher concentration registered maximum 

reduction over other treatments. However, at 7 and 14 DAT, none of the treatments 

were considerably toxic to spiders and the population in all the treatments was on 

par with control.

4.3. Phytotoxicity of carbosulfan 25 EC on cotton and brinjal

The results of the investigations on the phytotoxicity effect of carbosulfan 

25 EC as foliar application to cotton and brinjal are furnished in the Table 20 and 

21. It was observed that, the plants were normal in all the doses of carbosulfan 

25 EC, methyl demeton 25 EC and endosulfan 35 EC treated plots and were not 

differed symptomatically with the control. During the entire period of 

observations, the mean grade of “1” was graded for all the treatments imposed 

plants. Hence, it was concluded that all the treatments irrespective of the doses 

given did not inflict any phytotoxicity effect on cotton and brinjal.

4.4. Residues of carbosulfan 25 EC 

4.4.1. Determinability

The minimum detectable level or sensitivity of the Gas Chromatography 

(GC) was 0.1 pg for carbosulfan. The lower quantitative limit of the GC for cotton 

lint and seeds considering lOg weight was 0.02 pg and 0.004 pg for brinjal of 50 g 

respectively with a final volume of the extract (2ml). Values below this level are 

reported as below detectable level (BDL).
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4.4.2. Recovery

The mean recovery of carbosulfan was 81.5, 87.0 and 84.5 per cent from 

cotton seed, lint and brinjal fruit spiked samples respectively.

4.4.3.1. Cotton

The residues of carbosulfan at 250g a.i./ha were at below detectable levels 

in cotton lint and seed in both the experiments. Application of carbosulfan 

(Marshal 25 EC) at 500 and 1000 g a.i/ha left residues of 0.042 and 0.054 and 

0.099 and 0.121 pg/g in the cotton seeds sampled at first harvest from first and 

second field experiments respectively, while, the residues in lint samples were at 

below detectable level (Table .22).

4.4.3.2. Brinjal

No detectable residue levels were determined in brinjal fruit samples 

collected at first and third harvests of first and second field trials. (Table,23)
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CHAPTER V 

DISCUSSION

The results obtained from the field experiments conducted to evaluate the 

bioefficacy of carbosulfan 25 EC against sucking pests of cotton and brinjal and 

shoot and fruit borer of brinjal, toxicity against natural enemies, phytotoxicity 

effect and on terminal residues are discussed in this chapter.

5.1. Bioefficacy

Carbosulfan 25 EC @ 300 g a.i./ha spray registered 83.2 per cent reduction 

in leafhopper population on third day after the treatment was imposed. The other 

two doses of the carbosulfan (250 and 200 g a.i./ha) were also found in reducing 

the hopper population significantly from the number of 42.5 to 11.5 and from 44.0 

to 19.5 respectively. Similar findings were also reported by Asaf AH and Chinniah 

(1999) that carbosulfan 25 EC @ 0.075 per cent has resulted the highest mortality 

(84.5% and 85.6%) of leafhopper respectively on 7th day after first and second 

spray. Chinniah and Asaf Ali (1999) also suggested that, cotton seeds coated with 

carbosulfan 25 DS @ 50 g/kg effectively controlled (66.6%) the leafhopper 

population on 7 DAT. The insecticides evaluated against the leafhopper 

remarkably reducing the population when compared to the untreated plots where 

an increase in the number of hoppers form 43,5 to 71.3 at the end of third round of 

spray. The findings of the two field experiments elicited that, methyl demeton 

25 EC sprayed @ 250 g a. i/ha reduced the leafhopper population to the maximum 

level of 86.9 per cent on third day after the spray. Senapati and Behera (1989) also 

investigated concordant results that methyl demeton at 0.5 kg a.i./ha at 20 days 

interval resulted in good control of leafhoppers and again supported by



68

Gupta et al., (1999); Manisegarane and Kumaraswami (1994) and Santhini and 

Uthamasamy (1997).

The population level of whitefly varied from 0.3 to 9.0 and 0.3 to 6.0 per 

10 plants in the first and second field experiments respectively. Since the 

population was very low.

Cent per cent reduction of cotton aphid was observed for the three doses of 

(200, 250 and 300 g a.i/ha) carbosulfan sprayed plants even after a day of spray. 

But on 3 DAT, the carbosulfan 300 and 250 g a.i./ha were effected cent per cent 

reduction. In the present field experiment, results showed that carbosulfan 300 and 

250 g a.i./ha brought down the aphid population to the zero level in all the three 

rounds of spray and the findings were in agreement with the results obtained for 

carbosulfan 25 EC @ 0.075 per cent which registered a higher mortality (95.6 and 

97.5%) of aphids on 7th day after first and second spraying by Asaf Ali and 

Chinniah (1999) and 86.3 per cent reduction was obtained with carbosulfan 25 DS 

@ 50 g /kg seed treatment by Chinniah and Asaf Ali (1999). Similar findings 

were reported by Drishpon et al. (1989) that carbosulfan, methyldemeton, 

pirimicarb were highly effective against all stages of the cotton aphid.

The studies on population level of thrips were ranged from 0.3 to 9.0 in the 

first experiment. The carbosulfan 300 g a.i./ha effected 96.2 per cent reduction on 

1 DAT, which was on par with methyl demeton (95.9%), carbosulfan 250 g a.i./ha 

(94,1%) and carbosulfan 200 g a.i./ha (92.3%). The highest dose of carbosulfan 

25 EC (300 g a.i./ha) was maintained its superiority over the other treatments in 

the second and third round of spray too. These results were in accordance with the 

findings of Patil et al. (2002) who reported that carbosulfan at 300 g a.i./ha 

effected 80.5 per cent reduction of thrips on 3rd day after the treatment was
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imposed. Similarly Regupathy (1981) proved the efficacy of carbofuran @ 7.5 and 

10 per cent w/w (96%) for the control of thrips.

The bioefficacy of carbosulfan against the brinjal leafhopper evaluated in 

two field experiments revealed that carbosulfan 300 g a.i./ha recorded the higher 

reduction of 92.4 per cent of leafhoppers in the first, 88.7 per cent in the second 

and 89.3 per cent in the third round of spray on the first day observations after the 

each round of spray. This is in confirmation with the earlier report of Mohan 

(1988) with 0.44 per cent treatment of carbosulfan. Sushilkumar et al. (1990) 

found that carbaryl (50 WP @ 0.15%) effected 80.32 per cent reduction of 

leafhopper population after 7 DAT. Endosulfan 350 g a.i./ha reduced the 

leafhopper population to 93.4 per cent on 1 DAT and the efficacy was persisted 

for the subsequent observation also (77.1% - 7 DAT), This findings were similar 

to the observation made by Singh and Kavadia (1989) who proved that endosulfan 

35 EC and aldicarb 10 g @ 1.5 kg a.i./ha resulted 80.4 per cent reduction of 

leafhopper even after 7 DAT and also in agreement with the findings of Ramzan 

et al. (1976), Mohan (1988) and Shah et al (1990).

Effective percentage reduction of 96.6 and 96.1 of brinjal whitefly was 

achieved by the spray of carbosulfan 300 and endosulfan 350 g a.i./ha respectively 

in the first round of spray. But cent per cent reduction in the 3rd round of spray 

which were on par with carbosulfan 250 and 200 g a.i./ha. The findings are 

agreeable with Singh and Kavadia (1989) who reported that aldicarb 10 G 

@ 1.5 kg a.i./ha in combination either with carbaryl or endosulfan resulted in 

82.9 and 84.3 per cent reduction respectively. Similarly Litainger and Apostol 

(1994) obtained 100 per cent control of whiteflies when carbofuran applied 

@ 1 kg a.i./ha.



Though all the doses of carbosulfan controlled the brinjal aphid population 

effectively, the highest dose of carbosulfan (300 g a.i./ha) showed the persistence 

control over other treatments. Cent per cent reduction was achieved in all the 

treatments after one day of spraying and continued till 3 DAT for carbosulfan 300, 

250 and endosulfan 350 g a.i./ha in 3rd round of spray as against 66.5 aphids 

recorded in untreated check. Concordant results were also reported by Litainger 

and Apostol (1994) that carbofuran 1 kg a.i./ha registered 99-100 per cent control 

(0 - 2.7 aphids /30 leaves) against 1034 aphids /30 leaves in untreated checks on 

49 DAT which coincide with the findings of Reghunath et ah (1989) who reported 

that carbofuran @ 0.5 kg a.i./ha along with seed followed by need based spraying 

of carbaryl 0.2 per cent were effective in controlling aphid. Chitra et ah (1993) 

reported that endosulfan (0.07%) gave 75.5 per cent reduction of aphid 

population.

In the present investigation, the damage on the shoot by Leucinodes 

orbonalis (Guen.) was not observed throughout die cropping period. The per cent 

damage caused by brinjal fruit borer on fruits were calculated both in number and 

weight bases to evaluate the efficacy of the insecticides. Among die treatments, 

carbosulfan 300 g a.i./ha recorded a minimum of 2.8 to 7.0 and 1.3 to 4.3 per cent 

damage of fruits on number and weight basis respectively and this was followed 

by next lower dose of carbosulfan 250 g a.i./ha (3.3 to 8.3 and 1.8 to 5.0%) which 

was on par with endosulfan 350 g a.i./ha (3.3 to 8.5 and 2.0 to 5,0%) as against 

20.5 to 48.0 and 14.5 to 34.3 per cent in untreated check. Such an observation has 

been reported earlier by Chinniah and Asaf Ali (1999) when carbosulfan applied 

@ 2 ml/I and carbosulfan + quinalphos @ 1 ml of each/1 registered 14.6 and 

12.1 per cent fruit damage respectively as against 21.8 per cent damage in 

untreated check. This is again agreed in conformity with the findings of 

Srinivasan and Rabindra(2001) who found that carbosulfan 2 ml/1 recorded



a per cent damage of 0.7 to 4.3 and 1.5 to 7.6 on weight and number basis 

respectively. Though the endosulfan efficacy was next to the carbosulfan 250 g 

a.i./ha in reducing the fruit damage, the effectiveness was significant and was in 

agreement for an alternate insecticide because Sharma and Chhibber (1999) 

reported that endosulfan 750 g a.i./ha recorded 8.4 and 10.9 per cent of shoot and 

fruit damage respectively and also coincide with findings of Sontakke et at 

(1990) who recorded 7.7 per cent and Bothara and Dethe (1991) who reported 

9,9 per cent fruit damage with 25 ULV @ 3.50 kg a.i./ha.

Yield

Cotton

The seed cotton yield was found be the maximum in the carbosulfan 300 g 

a.i./ha imposed plots, which yielded 13.8 q/ha, followed by methyl demeton 

(13.5 q/ha). Similarly, in the other experiment also carbosulfan 300g a.i,/ha 

registered the highest yield of 14.3 q/ha followed by methyl demeton (13.8 q/ha) 

as against 9.3 q/ha in untreated check. Such an observation had been reported by 

Patil et al (2002) that carbosulfan 25 EC @ 300 g a.i./ha recorded an yield of 

14.7 q/ha and Surulivelu and Kumaraswamy (1990) found that seed treatment 

with carbosulfan 25 SD at 1 g a.i./100 g seeds effected an yield of 19.4 q/ha as 

against untreated check yielded only 11.0 q/ha.

Brinjal

The harvest of healthy fruits was found maximum from the carbosulfan 

300 g a.i./ha sprayed plots, which had a substantial increase over the other two 

doses of carbosulfan at 250 and 200 g a.i./ha and endosulfan at 350 g a.i./ha4 with 

a recorded yield of 27.5 and 29.0 tonnes/ha in first and second field experiments 

respectively. This is in confirmation with the reports of Srinivasan and Rabindra 

(2001) who recorded a fruit yield of27,02 tonnes/ha from the carbosulfan sprayed



@ 2.5 ml/lit. In the present investigation, endosulfan 3S0 g a.i./ha registered

26.5 and 27.9 tonnes/ha in the first and second field experiment. It is in 

concordance with the findings of Sharma and Chhibber (1999) who registered

23.6 tonnes/ha fruit yield for the spray dose of 750 g a.i./ha.

5.2. Toxicity to natural enemies

All the insecticides viz., carbosulfan at three doses 300, 250 and 200 

methyl demeton 250 and endosulfan 350 g a.i./ha evaluated against insect pests 

were not too toxic to the natural enemies particularly spiders after 7 and 14 DAT. 

The toxicity level noticed for the carbosulfan 300, 250,200 and methyl demeton 

(250) were with a reduction per cent of 28.6 and 41.0, 15.4 and 29.0 and 7.7 and 

14.8 and 14.3 and 27.5 in cotton ecosystem on 1 and 3 DAT respectively. All the 

insecticides irrespective of the doses were safe to the spiders based on the report 

that till 50 per cent reduction in population is considered to be safe as reported by 

Dhawan(2000). Similarly, these findings were in accordance with Raman and 

Uthamasamy (1983) who found carbosulfan was the least toxic to spiders in 

cotton ecosystem and Srinivasan (2000) who observed for phosphamidon 85 WSC 

where he recorded a maximum of42.02 per cent reduction of spider population at 

5 DAT, in cotton ecosystem.

In brinjal, no insecticide is toxic to spiders after 7 and 14 DAT. However, 

considerable levels of toxicity were observed in the 1 and 3 DAT with carbosulfan 

300, 250, 200 and endosulfan 350 g a.i./ha treated plots with a decrease in 

decrement per cent of 23.5 and 38.7, 15.8 and 25.2, 5.6 and 15.8 and 5.9 and 

16.4 respectively.

This implies that the carbosulfan at 200 g a.i./ha was safer to the natural 

enemies especially to spiders which was in concordance with the other plant 

derived insecticides like Neemazal® (0.25% and 0.5%), NSKE (3.0% and 5.0%)



Jatropa leaf extract (0.5%), Calotropis (0.5%) and Anona (0.5%) recorded 

1.87 spiders / 5 plants in all botanical treatments with brinjal plants. 

(Rosaiah, 2001)

The results of the toxicity of carbosulfan 25 EC to beneficial organisms on 

cotton and brinjal eco-system had indicated that carbosulfan 25 EC @ 300 and 

250 g a.i./ha exhibited certain amount of toxicity to the natural enemy population. 

Such an observation has been reported earlier by Patil et al. (2002) in cotton

5.3. Phytotoxicity

Carbosulfan 25 EC applied at 250, 500 and 1000 g a.i./ha to cotton and 

brinjal did not develop any deleterious effects on the plants. This elicit that the 

chemicals even at the three and half times higher doses than the carbosulfan 300 g 

a.i./ha does not harm the plants and registered the phytotoxicity grade of 

1 (0 - 10%) and therefore, it is considered as safest level for the phytotoxicity. 

The same effect was observed also by Mathirajan (1998) for lambda-cyhalothrin 

applied in three doses viz., 7.5,15 and 30 g a,i./ha, Dikshit et al (2001) with 12.5, 

18.75,25, 37.50 and 75 g a.i./ha, Srinivasan (2000) with phosphamidon (40 SL) as 

foliar application of 1200 g a.i./ha and Valarmathi (1997) who also found with 

quinalphos (AF, CS and EC) formulations @ 500, 1000 and 500 g a.i./ha on 

cotton. On the contrary to die present investigation Mote and Shah (1993) 

reported that carbosulfan @ 6, 7 and 5 per cent as seed treatment and carbofuran 

3 G @ 1 kg a.i/ha showed phytotoxicity symptoms with leaf tip burning up to 7th 

day after germination on soybean and therefore, it might be due to the higher dose 

than the recommended one of 1 g/kg of seed and 1 kg a.i./ha as soil application 

respectively. The second reason might be due to the tenderness of the soybean 

seedling, which is considered to be prone for phytotoxicity at the germination as 

compared to the grown up leaves of brinjal and cotton plants sprayed with the 

insecticides.



5.4. Residues

Carbosulfan applied to cotton @ 500 and lOOOg a.i./ha left residues in the 

seeds at first harvest to the level of 0.042 and 0.054 pg/g in the first experiment 

and 0.099 and 0.121 ppm in the second experiment respectively. Such an 

observation had been reported earlier for carbofuran by Rangathilakam(1990) that 

application of granules resulted in harvest time residues of 0.019 to 0.229 ppm in 

sorghum grains and 0.036 to 0.123 ppm in fodder on dry basis. Similarly, 

Manimegalai et al. (1995) reported for the other pesticide that pyraclofos @ 750 g 

a.i./ha left 0.1079 and 0.0894 ppm residues in cotton seed and lint respectively. 

While, Mukheijee and Gopal (2001) who reported that imidacloprid @ 6, 9, 12, 

18 and 24 ml/kg seed treatment left residues of below detectable level 

(<0.05 mg/kg) in cotton seed at harvest. On contrast to seed, the residues were 

below detectable level in lint samples. It is concordance with the findings of 

Manimegalai et al (1995) and Mukheijee and Gopal (2001) who reported that 

residues were at BDL for cotton lint samples after pyraclofos and imidacloprid 

application.

The carbosulfan residues were below detectable level in the brinjal fruits 

sampled for residues at first and third harvests. This is in accordance with the 

findings of Eswara Reddy and Srinivasa (2001) who determined the residues at 

below detectable level in the brinjal fruits after 12 days of application of 

carbosulfan. Though, Dikshit et al (2001) reported that the initial residues of 0.98 

mg/kg of lambda cyhalothrin for 35 g a.i./ha on brinjal fruits but subsequently 

seen that it was declined to 0.76 mg/kg on 1 day and dissipated to an extent 

of 0.14 mg/kg on 7 days after second spray. Litainger and Apostol (1994) 

reported that there were 2 residue peaks for 1 kg a.i. /ha as a single application and 

2 kg a.i. /ha as split application of carbofuran ranged from 58 - 60 ppb (first) and 

50 - 60 ppb (second) respectively on brinjal fruits.
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Cent per cent reduction of cotton aphid was in all the doses of carbosulfan 

treated plots at 1 DAT, whereas in the second round, carbosulfan 300 and 

250g a.i/ha effected cent per cent reduction at 3 DAT too. Carbosulfan 300 

and 250g a.i./ha were found to be superior to methyl demeton and especially 

carbosulfan 300g a.i./ha showed a remarkable reduction of the aphid (100%) 

till 7 DAT at third round of spray.

(iii) Carbosulfan 300g a.i/ha effected 96.2 per cent reduction of thrips at 

1 DAT, which was on par with methyl demeton (95.9%), carbosulfan 250g 

a.i,/ha (94.1%) and carbosulfan 200g a.i/ha (92.3%). The highest dose of 

carbosulfan 25 EC was maintaining its superiority in efficacy over the other 

treatments in the second and third round of spray.

(iv) In brinjal, endosulfan at 350g a.i/ha was found to be the superior than 

carbosulfan 300 g a.i/ha (86.1%) in reducing leafhopper to the mean

CHAPTER VI 

SUMMARY

The results of the investigation carried out on the bio efficacy of 

carbosulfan 25 EC against the sucking pests of cotton and brinjal, toxicity of the 

chemicals to spiders, phytotoxicity and residues of carbosulfan are summarized 

here.

(i) The maximum reduction of cotton leafhopper population (86.9%) was 

recorded by methyl demeton 25 EC @ 250 g a.i/ha followed by carbosulfan 

25 EC @ 300g a.i/ha (83.2%)at 3 DAT. The results were similar in both the 

field experiments after the second and third round of spray.



percentage of 89.1 per cent at 1 DAT in the second and third round spray of 

both the field experiments.

(v) Effective reduction of brinjal whitefly to the tune of 96.6 and 96.2 per cent 

was achieved by the spray of carbosulfan 300 g a.i./ha and endosulfan 

350g a.i/ha respectively in first round of spray, but cent per cent reduction 

was achieved in the third round of spray, but were on par with the 

carbosulfan 250g a.i./ha.

(vi) Though all the doses controlled the brinjal aphid population effectively, the 

highest dose carbosulfan 25 EC @300 g a.i./ha maintaining its superiority 

over other treatments. Cent per cent reduction was achieved in all treatments 

at 1DAT and continued till 3 DAT for carbosulfan 300 and 250g a.i/ha and 

endosulfan 350g a.i/ha in third round of spray.

(vii) Damage on the shoot by fruit borer was not observed throughout the cropping 

period. The per cent damage caused by brinjal fruit borer on fruits both on 

number and weight basis was minimum (2.8 and 1.2) in carbosulfan 

300 g a.i/ha and it was followed by carbosulfan 250g a.i/ha (3.3 and 1.8) 

which was on par with endosulfan 350 g a.i/ha (3.3 and 2.0). Carbosulfan 

300g a.i/ha was found to be superior followed by carbosulfan 250g a.i/ha, 

which was on par with the standard check endosulfan 350 g a.i/ha.

(viii) All the insecticides tried for the evaluation of the insect pests of cotton were 

found to be non toxic to natural enemies after 7 and 14 DAT, however 

moderate levels of toxicity were noticed for carbosulfan 300 g a.i/ha (28.6 to 

41.0%), carbosulfan 250 g a.i/ha (15.4 to 29.0%) and methyl demeton 

(14.3 to 27.5%) in cotton ecosystem.
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(ix) In brinjal, no insecticide is toxic to spiders after 7 and 14 DAT. However, 

considerable levels of toxicity were observed in the 1 and 3 DAT with 

carbosulfan 300, 250, 200 and endosulfan 350 g a.i./ha treated plots with a 

decrease in decrement per cent of 23.5 and 38.7, 15.8 and 25.2, 5.6 and 

15.8 and 5.9 and 16.4 respectively.

(x) Carbosulfan 25 EC applied at 250, 500 and 1000 g a.i/ha to cotton and 

brinjal did not show any phytotoxicity effect on the crops tested.

(xi) Carbosulfan applied to cotton at the rate of 500 and lOOOg a.i/ha left 

residue in the seeds at first harvest to the level of 0.042 and 0.054 pg/g in 

the first trial and 0.099 and 0.121 pg/g in the second trial respectively. 

Carbosulfan at 250g a.i./ha samples had the residues at below detectable 

level.

(xii) The harvest time residues of carbosulfan 25 EC applied at 250, 500 and 

1000 g a.i/ha were found below detectable level in lint samples of both the 

field experiments.

(xiii) Carbosulfan residues detected for the different doses viz, 250,500 and 

lOOOg a.i./ha were below detectable level in the brinjal fruits sampled for 

residues at first and third harvests in both the field experiments.
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