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ABSTRACT 

Studie-s were performed to investigate the bio-efticacy and 

p¢fsistenc), of commonly used insecticides. impact of processing on residues along 

with hiology of (,:him fruil borer (Heli('(H'f.'rpa armigera Hubner) during the year 

2015-16 at Farmers: field . Food Quality Testing Laboratory and Post Graduate . - . 

Research Lahoratory. Department of Entomology. N. ivl. College of Agriculture. 

Na\'sari Agricultural University, Na\"sari. - . 

Among the tested insecticides. fipronil 0.005 per cent and 

I~npropathrin 0.03 p~rcent Wl~re equally and signiticantl,Y superior in controlling. 

chilli thrips and resulled in higher yield. 

The persistence studies 011 insecticides on chilli fruit re\·ealed that. 

hall~lit"· period "f 11 .67 days I,l[ lipronil ~(l . 005%) and 6.98 days for lambda-

cyhalothrin (0.005" . ). Thi s period was -1.68 days for <thion (0.088 %). 2.6 days for 

cypennethrin (0.012% ). 8.1-1 lew fenpt"p,uhrin (0.03%) and 6.57 days tll[ 



fenazaquin (0.005%). The processing factor (sun drying followed by powdering) 

obtained was 5.02 to 8.57. 

Studies on biology of fruit borer (H. arrnigera) in chilli revealed 

that, the eggs were hemispherical with yellowish white in colour. The incubation 

period ranged from 2 to 5 days while, hatchability noted was 52.57 ± 11.22 per 

cent. The neonate larva was of dirty white while. full grov>'n larva was pinkish 

hro\vn and pnh:: green in colour. Larvae passed through six distinct instar. The 

duration of first, second, third. fourth fifth and sixth instar larva was 2.88 ± 0.73. 

3,46 ± 0.51. 3.91 ± 0.79. 3.73 ± 0.70. 4.55 ± 0.51 and 4.71 ± 0.72 days. 

respectively. The total larval period was completed in 23.14 ± 1.28 days. Pupation 

took place in the soil in an earthen cocoon. The average pupal period was 12.67 ± 

1.28 days. Male moth was of greenish-grey in colour. whereas female moth of 

orange brown colour and characterized by tuft of hairs on the tip of abdomen. The 

sex ratio (Male: female) was 1 :2.08. The averagt! pre-oviposition. oviposition and 

post- oviposition periods were ~.86 ± 0.85. 8.14 ± 0.85 and 1.51 ± 0.51 days. 

respectively. The average fecundity of the female recorded as 1048.40 ± 193.58 

eggs. Longevity of male recorded as 8.67 ± 1.06 days while that of female was 

10.90 ± l.n days. The total life cycle occupied 40 to 59 days (48.43 ± '.44 days) 

by male and 42 to 6' days (50.67 ± 2.13 days) hy female. 

The larvae were parasitized by tachinid tly, Jriniopsis adusta in tield 

and 7.14 per cent parasitization \vas recorded during present investigation. 
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I. INTRODUCTION 
• 

• 

Chilli. «('ap,\'icut11 annuum L.) popularly known as 'mirch' in Hindi. 

helongs to the family Solanaceae originated from Latin American region and 

currently lIsed throughollt the world as a spice and is an important condiment crop 

grown in Gujarat. It was introduced in I.~d.ia by the Portuguese in 16th century and 

since then it had rapidly spread throughoLt the country (Anon .. 201 Sa). From 

ancient time chillies has heen used as food. spice and househuld medicine for 

sl!vel'a l common prohlems such as high cholesterol. hi gh hlood pressure. pain to 

joint. sk in problem. relief of pain in neuropathy, counter irritant in treatment of 

rheumatism. lumbago and used as carminative. appetizer, stomachic and 

bevcrages. Whilc it's bi ological function is to repel herbivores animals and fungi. 

Capsicum is derived from the Greek word "Kapsimo" meaning "to bite. The 

therapeutic effect of chillies is due to capsaicin. protein. fixed oil. thiamine and 

ascorbic acid (Pawar, 2011). 

India is the largest producer. consumer and exporter of chilli. which 

contributes to about 40 per cent of total world production. Among the states. 

Andhra Pradesh is Ihe largest producer of chilli in India. contributing to about +I 

per cent to the lotai production. followed by Kamataka (12%). West Bengal (8%). 

Madhya Pradesh (7%). Maharashtra (4%) and Tamil Nadu (2%). Exports have 

touched record high of 2.81 lakh tonnes in 2012-13 and during April-June 2013 

exports were 65500 tonnes. About 10-1 S% of total domestic production is meant 

for exports with domestic consumption of 85-90 per cent (Anon .. 2015b). 
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Chilli occupks a pride place among the vegetables for ils delicious 

taste and pkasant flavour. In India, chilli is mainly grown for its fruits which arc 

lIsed prior to its maturi ty in various culinary preparations and also in stuffing. 

pizza and hurgcl'. Both green and dry chillies are produced world over from the 

chilli crop . The cul'.;vation {)f chilli has become capital intensive due to many 

production constrains of 'vhich the los..<.;es caused by pests in paramount. Nearly 25 

insects have hccn rccorJl.!d attacking chilli leaves and fruits in India. which 

includes thrips. "phi<i. whitclly. fruit borer. cutworm. plan! bug and other minor 

pests. o f which. thrips. Sr.:il'lothrips dorsalis i lood is considered as the most 

serious and important pest (Butani. 1976). In Gujarat. thrips. aphid. cutworm. 

whiktly and miles have been reported to infes t the chilli crop (Patel.1 al .. 1970 ). 

Among tht: var io lls sucking pests. chilli thrips. Scirlothrips dorsalis 

Iinod is extremely small insect and it is a serious pest on chilli in India. These 

have become regular pests of the crop in traditional chilli growing tr:lcts. known 

f,,"If l1lonocropping. resulting in the qualitative and quantitative crop loss. However. 

S. dor.Hlli.\' is kno\vn as a pest on many cultivated plants including Actinidia 

chint'nsis Plnneh .. Allium ccpa L.. Arachis hypogaea L. Camellia sinensis L.. 

('ill'''.': sinensis L.. Goss.l'lJilllll hirsIII1I111 L.. . Fragar;" resca L .. Hf\'ea brasiliensis 

fvHilI.Arg .. J-~\'(/n.mgea macrophyfla L. . 1\·J(lng~lera indica L.. Neillmho Illlc[fel'a 

Adans .. Ricinus {'OIm"u,,;.\' 1... Rosa ruhiginos(l L.. Tamarindus indica L. and 

'·ili.< \ 'illil~ra L. (Bournier. 1999). 

, 
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Chilli thrips allacks all the above ground parls of its host plants. II 

prefCrentially on new growth of young leaves, buds and fruits. Both nymph and 

. 
adult of thrips cause damage by scraping epidermis of the leaves and suck the cell 

sap from the leaves resulting in the margin of the leaves rolled upwards and the 

lear size redw.:c:d (Rangarajan el aI., 1975), locally known as "Kokadava" in 

Guj·'rat. In extreme conditions, plants usually develop characteristic wrinkled 

leaves, Wilh di stinctive brown scarring along the veins of leaves, the buds of 

Ilowers, the calyx of fruit. the leaves to be shed, fresh buds become brittle and 

subsequently fall. Newer leaves arc often shiny and older ones are frequently 

scarred from rasping, Infested plants become stunted and severe infestations can 

result in total defoliation of the host. The symptoms may be confused for a fungal 

disease and it is also responsible for leaf curl disease of chilli. Feeding damage can 

reduce the sale value of crop produced, and in suflicient numbers of plants and kill 

plants already aggravated by environmental stress. Thrips is one of the most 

serious pests causing about 60.5 to 74.3 per cent yield loss of green chilli (Patel 

and Gupta, 1998). Another imporlant pest of chilli is fruit borer, Helicoverpa 

lIrmigcra (llubncr) is a polyphagous pest and the peak activity is noticed during 

October to .Iune month in chilli ecosystem. Adult female lays eggs singly on buds, 

flowers, and small fruits and on young terminal. While. the damage caused by 

larvae of H. armigera during flowering and fruit formation is the most concern. 

Larvae feect on leaves, nower buds and tlowers, developing pods, fruits and seeds 

by making a circular hole. Later, the larvae feed on seeds usualiy with its head 
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inside the pod and rest of the body outside. Young larvae graze on leaves alone. 

moving Oil to feeding on developing fruits. The fruit borers cause upto 90 per cent 

. 
yield loss (Reddy and Reddy. 1999). Without a good control strategy. chi Iii thrips 

and ti'uit horer can he a difficult pests to manage. 

The losses caused by various pests to chilli crop can be avoided by 

adopting proper pest control tactics. Insecticide application is one of the 

management options that can substantially reduce yield losses associated with 

insect pests infestation. Tht!re are number of insecticides available to control these 

p"sts. Foliar applications of systemic insecticides have been found elTective than 

soil drenches in controlling sucking pests. Since chilii thrips and fruit borer feed 

011 new growth. it is important to spray, when the plant is actively growing. 

However. indiscriminate use of insecticides have led to insecticide resistance. pest 

resurgence and environmental pollution besides upsetti Ag the natural ecosystem. 

sumcient work has been done on testing the bio-efficacy of conventional 

insecticides against pests of chilli. There is a paucity of information about the 

ellicacy of newer insecticides against pests of chilli. No\v it realized that many 

pesticide residues in agricultural produce cause health hazards. The presence of 

p"sticide residues in spices. especially in chilli is a major non-tariff barrier against 

"'port of chilli to developed countries (Singh and "-umor. 1998). 

Survey carried out by institutions spread throughout the Harmna 

state indicated that. 13 pcr cent of vegetables have been contaminated with 

• 

organophosphorous compounds residues. In addition. long persistence of some 
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agrocill:micals in the environment sets in a series of undesirable effects through 

contamination of food and feed. Bioaccumulations of pesticides and 

. 
biomagnitication processes have become the weak links in the food chain. 

Therefore. determination of residue status especially of newer insecticides in 

produce at harvest is equally important. 

Over and above a polyphagous pest i.c. fruit borer (H. armiKera) is 

also one of the potential pest of chilli. The information regarding its biology 

especially on chilli is also limited under south GuiaTal condition. Therefore. 

present studies 011 ~·Pe .. sist('nce and dissipation of insecticides against chilli 

thrips and hiology of fruit borer (lIelicOl'erpa armigera lIubner)"' was carried 

out with following objectives. - -

ObjcctiHs 

I. Bioefticacy of various insecticides against chilli thrips (S dorsalis Hood) 

2_ Persistence of different insecticides in chilli 

3. Processing factor of ditTerent insecticides in chilli -
4. Biology of fruit borer (H. armigera) in chilli 

• 



Review 
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II. REVIEW OF LITERATURE 

Chilli, Capsicum lInnuum L. is one of the most commonly grown 

and economically impOl1ant vegetable and spice in south Gujarat. This crop is 

cultivated throughout the year, and is one of the vegetable and spice that are 

available at affordable prices for both the rural and urban poor. Chilli is cultivated 

on small holdings, and sale of produce harvested almost daily over a 4-5 month 

season serves as a valuable source of income to farmers. Looking to the potential 

of pest in chilli crop, a retrospection of literature penaining to bio-efticacy of 

insecticides against chilli thrips. persistence and processing factor of insecticides 

residues, and biology of fruit borer H. armigera are presented under following 

heads: 

2.1 Bioefficacy of • various inscctiddes against chilli thrips 

(Scirlolitrips dorsalis Hood) 

2.1.1 Fipronil 

Reddy el al. (2007) evaluated fipronil against chilli thrips in field in 

A.P and found that fipronil 5% SC @ 2mLlIit was the best treatment with 

significantly highest yield . Ahmed and Prasad (2009) from Lam Guntur reported 

that tiproni l 5 SC at 50 g a. i.lha was most effective against chilli thrips. Similarly. 

Srinivas el al. (2009) recorded lowest number of thrips population 1.64/leaf in 

tipronil 5 SC treated plot at the rate of 1.00 mLiI at Mumbai. Likewise. Ghosh el 

al. (2009) evaluated the e!lieacy of tipronil against thrips and reported the overall 

mean dimination of thrips population and consequently yield increase was 50.0%. 
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The percent rcduction in curly leaves was also observed compared to control. 

Halder el al. (2016) evaluated tipronil under tield condition at Varanasi and found 

. 
that maximum reduction in thrips population (75.41%) and significant green chilli 

yield. 

In cotton. Patil el al. (2009) studied the efficacy of fipr.''lil 5% SC at 

SOO glha against sucking pest at Dharwad. They concluded that tipron'! 5% SC 

registered least number of thrips (8.47/three leaves). Patil and his coworkers 

(2013) further tested lipronil against mulberry thrips and reported that. fipronil 

was most effective in reducing the population of thrips at Raichur. Pachundkar el 

al. (2013) from Anand also observed that fipronil 5 SC (0.005%) effectively 

managed thrips on cluster bean. 

2.1.2 Lambda-nhalothrin 
• 

No work has been done to test lambda cyhalothrin against chilli 

thrips. However. Soliman (20 II) studied the efficacy of lambda-cyhalothrin 

against Helicoverpa armigera and £tiella oinckenella. He found that the same 

treatment was effective against tested insect and reduction of larvae population 

upto 76.55%. 

In a comparative trial. Yousuf el al .. (2012) fond lambda-cyhalothrin 

as most effective against Dysderclis koenigii in malvaceae and poaceae crop. They 

also reported that. fecundity of adult D. koenigii was found inhibited. 
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There are no recent reports aboul ethion against chilli thrips . 

. 
However, Chinniah and Ali (2000) evaluated the efficacy of different insecticides 

against carmine spider mite, Telranychus cinnabarinus among them, ethion 50EC 

and 50EW (0.1 %) was highly effective against 'he pest. Likewise, ethion (50% 

EC) reduced 82.64 % insect population of Helic('verpa armigera and £tiella 

zinckenella by Soliman (2011). 

2.IA C),pcrmcthrin 

Soliman (20 II) studied the efficacy of cypermethrin against 

Helicoverpa annigera and Eliel/a zinckellella. He recorded 80.91 % population 

reduction in cypermethrin treated plot. Whereas, Mahmood ef al. (2014) observed 

the reduction of spotted boll worm population upto 59.44% on okra crop in 

cypermethrin treated plot. Lal and Jat (201Sa) found that cypermethrin (25EC @ 

188 mL ha" ) was promising in managing adult blister beetIe in pigeon pea. Like-

wise population oftur pod bug was lowest in cypermethrin treated plots even at 10 

days after application (Lal and Jat, 20ISb). 

2.1.5 Elhion + eypennelhrin 

Patel ef at. (2009) revealed that ethion + cypermethrin (0.045%) was 

most effective treatmentagainst chilli thrips. While, Parmar ef al. (2013) evaluated 

ethion + cypermethrin (0.045 %) against pest complex of okra at Anand and found 

significantly effective against red mite, Tetranychus telarius. 



2.1.6 Fen propathrin 

Adult of stored grain pest. Aiphifohius diaperinus was reduced by 

te"npropathrin @ 1.96 !1g/cm' as reported by Tabassum ef al. (1998). Likewise, 

Chinniah and Ali (2000) conducted field study on okra and reported that, 

ti:npropathrin lOEC at O.C 1 % was highly effective to control the carmine spider 

mite. Further. Aslam and his c0worker (2004) found that, fenpropathrin 20EC was 

most effective against Earias insulana tBoisd.), E. vi/ella (Fab.) and Helicoverpa 

armigera (Hub.). Similarly . .lana and Somchoudhury (2005) found fenpropathrin 

30 EC exhibited excellent control of tea red spider mite at 0.75 and 1.0 mLiI. 

Against sucking insect pest complex in cotton. Shivanna ef al. (2011) showed 

superior efficacy in bringing down all the sucking pest population by 

fenpropathrin 30 EC. 

A mixture of fenpropathrin + buprofezin also found most effective 

against sucking insect pest complex of cotton (Afzal ef al .. 2001). Whereas, 

Karmakar and Patra (2015) revealed that pyridalyl 15% + [enpropathrin 20% EC 

remained effective in controlling red gram pod borer complex. 

2.1. 7 Fcnazaquin 

Reza (2006) studied the efficacy of different pesticides against chilli 

thrips and observed that fenazaquin 10% EC at 0.005% was second best treatment 

after milhemectin 1 % EC. 
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Tllhlt: 1: I'crsish.'nce of different insecticide in different commodities applied 
ITCOmlll(-'ndl'd dose 

. Comllound s· lIalf-life • I. with Commj)dity nose Reference No. (IJays) 
form lila t ion 

25 g aj.lha 1.57 
Kumar el al. (2013) 

50~ a.i.lha 1.71 Chilli fruits 
40 g aj.lha 4.22 

Xavier el at. (2014) 
80~ a.i.lha 4.32 Fipronil 5% 

I Peanut SC - <I Li e/ al. (2015) 
seed lin 

5(1..ll,a. i .Iha 3.50 
Chilli Saini el al. (20 IS) 100 g 

3.53 
a.i.Iha 

Lambda- Limejuicc IS g a.i.Iha 3.4 Mohapatra el al. (2006) 
2 cyhalothrin 

IS ~ a.i.lha t 2.92 
5%EC Okra fruits Singh el al .. (2007) 

2.86 30 a.i.lha I 
Cowpea 

2.90 Soliman (2011) -
pods 

Okra fruits - 1.27 Parmar el at. (2012) 
3 Ethioll 50% 

500 g 
1.81 

a.i.lha Sharma ar.d Parihar 
Chilli fruits 

1000 g (2013 ) 
2.32 

a.i.lha 
-t -

60 g a.i.lha 3.3 Deen el at. (2009) 

Okra fruits 
Cypennethrill 

4 2.59 Parmar el al. (2012) -
25% EC 

Chilli fruits 
20 g a.i.lha 1.98 

Kumar el al. (2013) 
40~ a.i.lha 2.68 

Fenpropathrin Squash Romeh and Hendwai 
5 1.78 -

20% EC fruits (2013) 

100 g 
1.9t05.3 

Fcnazaquin a.i.lha 
6 A<.:id lime Sharma el al. (2006) 

10% EC 200 g 
3.6 to 5.2 

a.i.lha 
-



2.3 Prnccssing factnr nf different insecticides in chilli. 

Tahle 2: Processing nf different insecticide in different commodities applied at recommended dose 

% Reduction in 
Processing Sr. 

Insecticides Commodit) IJroccssing insecticide residue 
Reference No, com'cntration factor 

Washing with tap 
42.05 0.58 Saini elal. (2015) I Fipronil 5% SC Chilli water 

Sun dried chilli • 3.09 Xavier el al. (2014) 

Tomato 
~onet;; , with 

45.29 0.55 
lap water Elba,hirelal. (2013) 
~a.shing three time 

67.11 0.33 
wit~water 

[G;~ liZ ;(2013) ~rdamom 4.58 Sun dried -Lambda· 
2 

cyhalolhrin ng tap 
0.60 Singh el al. (2007) 40.0 

(ODAA) water 

Flouring 31.5 il.69 
Wheat Chappatti making 71.0 0.29 Pal and Shah (2008) 

Aread making 74.9 0.25 

~ el at. (20Q'll. Chilli fruits Drying - 3.52 
p;;n;;;;;-el af. (2012) , Rubbing wet 

cloth, dipping in 
3 Ethion SO(}!) EC 

Okru fruits 
normal water, washing 
with normal water, 

29.2g-61.88 0.38-0.70 

washing with 2% brine 

solution an~ 

~12 ~I 45.2 Walia el 01. (2010) III 01 
4 (·ypr.:rmcthrin Rrinjal 

~iJ~ 41.4 

~ ..!!c59 
~ 

--
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5 

cJothi,midin, 
dicthafencarb, 
falpct, 
imidac1oprid, 
indoxacarb, 
mClhalllyl, 
mcthoxyfenozidl! 

Brinjal with water, 30.2-92.10 0.08.0-0.70 • 

2.0% NaCi . J.O % 
NaHC03, 0.5 % acetic Chandra el al. (2015) 

okra fruits acid and boiling in 27.2-92.2 0.08-0.73 

water 
Washing one time with 

37.51 0.37 
Tomato Elbashir el al. (2013) 

with 
51.47 0.51 

water at low 
Grecn concentration 

92 .04 0.08 
Hai eI al. (2013) 

peppers Egg at 

(0 day) '----+----o~--l Duhan ef al. (2010) 

42-70 Kumar ef 01. (2004) 

Chili 
-"te~a~------i---------~----.---t--~ 

Drying - 4 

Noh ef al. (2015) 

2A3 Cardamom Curing 
~--------+------~'------T----O-

-

Eggplant 
fruits 

24.73 
Romeh and Hendwai 

= '--___ + __ -'5~6":;:. ~---t---i ~--I (2013) 
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2.4.1.1 

Biology of fruit borer (1-1. lIrmigerll) in chilli. 

Site and pattern of ovipostion 
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Ali el £II. (2009) li'om Aligarh. India. observed that II. armigera laid 

l!ggs singly on chickpea during night time due to nocturnal behaviour. 

Patel el £II. (201 I) !i'om Navsari. Gujarat. observed eggs of H 

£fl'llIigel'o (Iltlbner) arc laid singly on buds and leaves of rose and female mostly 

preferred laying eggs on buds. 

Sharma el £II. (2011) observed eggs of H. armigera (Hubner) are laid 

on twig of tomato plant and some time eggs were laid on the walls of the chimney 

and on the muslin cloth. 

Female moth of H. armigera laid the eggs singly on tcnder parts of 

Ihe ground nut plant. repOrled by Ghadiyaeral. (2014) from Anand. Gujarat. 

2A.1.2 Colour. shape and size 

Freshly laid eggs of H armigera were yellowish white which 

become dark brown before hatching as observed by Ali el al. (2009). Patel el £II. 

(2011). Sharma el £II. (2011) and Ghadiya el al. (2014). 

The size of eggs were hemispherical and round \vith nat base and 

sm00th apical area. The rest of the surface was sculptured in the form of 

longitudinal ribs. The egg size varied from 0.42 to 0.60 mm in length and 0.40 to 

0.55 mm in breadth (Ali el a/., 2009).0.45 to 0.51 mm with an average of 0.49 ± 

0.04 mm in length and 0.50 to 0.58 with an average of 0.54 ± 0.2 mm in breadth - -
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(Patel el ai., 20 II), 0.47 + 0.04 mm in length and 0.48 + 0.05 mm in breadth 

(Sharma el ai., 2011) and 0044 to 0.50 mm with an average of 0.47 ± 0.02 mm in 

• 

length and from 0.046 to 0.53 mm with an average of 0.49 ± 0.02 mm in breadth 

(Ghad iya el ai., 2014). 

2.4.1.3 Incubation period 

The incubation period of H. armigera varied from 2 to 4 days 

(Ghadiya el ai., 2014), 3 to 4 days (Ali el ai , 2009), 3 to 5 days (Patel el ai .. 20\1) 

and 4 to 7 days (Sharma el ai .. 2011). The hatching percentage observed as 53.33 

± 0.4 7 % by Ali el ai. (2009). 

2.4.2 Larva 

The length and breadth of H. armigera varied from I U to 6'" instar 

larvae was reported to be lAO ± 0.06 and 0.'15 ± 0.01: 3.88 ± 0.11 and 0.75 ± 

0.01; 7.90 ± 0.19 and 2.28 ± 0.04; 12.83 ± 0045 and 2.85 ± 0.04: 20.97 ± 0.61 and 

3.24 ± 0.04; 32.50 ± 0.35 and 4.03 ± 0.04, respectively (Ali el ai. , 2009), 1.47 ± 

0.02 and 0.51 ± 0.02; 3.52 ± 1.08 and 0.82 ± 0.0 \: 9.42 ± 0.66 and 1.8\ ± 0.01: 

23.02 ± 1.36 and 3.24 ± 0.01; 34.50 ± 1.29 and 5.11 ± 0.07; 43.89 ± 1.14 and 6.59 

± 0.56. respectively (Patel el ai, 2011). Whereas. length and br<adth of H. 

armigera varied from I" to 6th instal' larvae was reported to be 1.44 + 0.03 and 

0.49 + 0.02; 3.43 + 0.44 and 0.78 + 0,29: 8.3 + 0.07 and 2.95 + 0.5\: 17.8 + 0.34 

and 2,99 + 0.31; 32.40 + 0.92 and 5.20 + 0.02, respectively (Sharma el al .. "011). 

The length and breadth of head capsule measlired as 1.56 to 1.92. 0,28 to 0.35 and 

0.25 to 0,29: 4.00 to 5.20. 0,56 to 0.68 and 0.47 to 0.55: 7.80 to 9.30. 0.70 to 1.22 
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and 0.66 to 0.75: 15.9U to IS.70, 2.00 to 2.41 and 1.12 to 1.30: 26.50 to 30.30, 

3.00 to 4.20 and 2.55 to 2.63, respectively (Ghadiya el ul .. 2014). 

The average duration of I" to 6'h instar was 2.27 ± 0.08, 2.42 ± 0.08, 

2.67 ± 0.07,2.83 ± 0.07, J.40 ± 0.10 and 3.J7 ± 0.11 days, respectively in 

chickpea (Ali el al .. 2009),2.16 ± 0.37, 2.84 ± 0.37.3 .80 ± 1.00, 4.60 ± 0.76, 4.16 

± 0.69 and 6.60 ± 1.22 days, rcspeclively in rose (!'alel el al .. 2011). Whereas a 

average duration of I" to 5'h instar 2.84 ± 0.37. 2.80 ± 0.76. 4.16 ± 0.69, 5.20 ± 

0.87 and 5.44 ± 0.% days, respectively with the total larval period varied from 15 

to 26 days with an average of 22.44 ± 2.75 days (Ghadiya el al. . 2014). Whereas, 

the average duration of I" to 5'" instars took 8.39. 9.0. 4.30.4.0 and 4.70 days, 

respectively. with the total larval period 30 to 39 days in I" generation. However, 

it was 9.25, 9.22. 9.75. 6.22 and 6.80 days in I" to 5'h instars, respectively. in the 

2"d generation with a total duration of 38.24 days. Aut 4.30 days for I" to 5'h 

instars. respectively, with a total larval duration of 23 to 28 days (Sharma el "I .. 

201 I). 

2.4.3 Pre-pupa 

The full grown larvae become sluggish. wrinkled with suspended 

feeding and movement while, the colour pattern become light green yellowish to 

light brownish with less prominent strips before form ulation of pupa and 

contracted its length and appendage, become quiescent and then the pupal 

formation took place (Ali el al .. 2009; Patel ellll .• 2011: Sharma el al .. 2011). 

Whereas, length and width of pre-pupal varied linm 22.50 (0 29.00 and 3.90 to 
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5.00 mm with an average of 25 ± 0.49 and 4.56 ± 0.09 mm, respectively (Ali ef 

al .. 2009),22.42 to 28.38 mm and 4.92 to 4.98 mm with an average 25.01 ± 1.5 

mm 4.96 ± 0.02 mm, respectively. While, total duration of pre-pupal stage lasted 

for 1 to 3 days with an average of 2.15 ± 0.16 and 2.28 ± 0.61 days by (Ali ef al .. 

2009 and Patel ef al .. 201 I), 24.40 + 2.83 mm and 4.85 + 0.65 mm while. 'otal 

duration of pre-pupal stage ranged between 4.17. 4.04 and 4.75 days during 1 

different generations (Sharma ef al.. 20 I I), 21.50 to 26.80 mm and 2.70 to 4.30 

mill while, total duration of pre-pupal stage varied from I to 4 days with an 

average of2.68 ± 0.855 days (Ghadiya ef "' .. 2014). 

2 . .1.4 Pupa 

The pupa was obtect type with machogany colour. Surface was 

smooth anterior and posteriorly with two tapering paraliel spines at the posterior 

tip (Ali ef al.. 2009: Patel ef al.. 2011: Sharma ef al .. 2011). The newly formed 

yellowish green pupa become light brown within 24 hours and funher darkened 

prior to emergence of moth (Patel ef al .. 20 II and Sharma ef al .. 20 II). 

The length and breadth of pupa varied from 17.00 to 20.50 mm and 

5.40 to 6.30 mm with an average of 19.00 to 0.30 and 5.72 ± 0.08 mm 

respectively (Ali ef al .. 2009). 19.9 to 23.10 mm and 5.90 to 6.50 mm with an 

avemgc of 20.93 ± 1.09 and 6 .09 ± 0.8 mm (Patel e/ al .. 2011). Whereas length. 

breadth and weight of male pupa varied from 22.5 + 0.94 mm. 5.98 + 0.24 mm 

and 130.0 + 2.50 mg and in case of female pupa it varied from 18.20 + 0.45 mm. 

6.42 + 0.54 111m and 138.15 + 1.80 mg respectively (Sharma el al .. 2011). 
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Similarly. kngth. hr~adth and genital pore of male pupa varied from \8.20 to 

22.10 mill and ..J"l)() to (l.20 111111 and n.SH to ().65 mill and in case of female pupa it 

vnrkd Ihull 19.JO 10 2J.70 111111. 4.95 to 6.60 111111 and 1.66 to 1.79 mm. 

rl'Spl'ct i vc I Y , 

Ali ,', a/. (2009) observed that Iho pupal st:'~e tonk period varied 

IhHll 10\0 14 days with an average of 13.15 ± 0.17 days. Whi~'" total duration of 

pupal stage val'iL'd i'mlll l) l{) 14 days 
• 

with an average of 10.44 ± 1.36 days as 

rl'l1~W1Cd hy Pah:\ t'l al. (20 I I). 

Shan"" ,', al. (2011) show thai the pupal period was reported to be 

inllucnccd hy the n:aring temperature being 21.25. 34.38 and 13.78 days in 

October ill Nnvcmhc-r. December to Fehruary and April to May. respectively. 

(,hadiya ," a/. (2014) reported that the duration of male pupae varied 

from'S l() IS t.hlYs "ith an average of 16.60 ± 1.11 days while that of female pupa 

nlricd from 14 to 20 days with an average of 17.36 ± 1.75 days. which was 

slightly higher than male pupal duration. 

, , --..... ~ Adult 

,\Ii ,'I al. (~OO<)) ,)hserycd that adult moth was stout hodied with 

hmad thorax. While. it ""IS medium in size as ohse~'ved hy (Patel CI al .. "011). 

The f,,-)rC'wings had a series of dots on the margins and a black - -
cOIlHna-shaped marking in the middle llnderside of each forewing. Ho\vever, the 

hind wings wert:' light in colour with a hroad dark-bn.1\\TI border at apical end: they - - . 

had vdlowish margins and stronglv marked veins while. there \vas distinguished . - -. 
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~olollr paltern hetween male amI female moths. Males were recorded greenish-

grey in colour, whereas female with orange-brown and also the presence of tuff of 

• 

hairs on Ihe tip of "hdolllen (Ali <'I (1/., 2009; Sharma <,I (1/. . 201 I and Patel el a/., 

2011 ). 

The average length "" ,I width of male and female was measured as 

17.65 ± 0.1 ~mm and 34.73 ± 0.59 mm 15 well as 20.0S ± 0.38 mm and 40.93 ± 

11.55 mm, respectively (Ali <'I (//., 2009). The body length and width of male moths 

ranged from 15.40 10 I R. 75 mm and 33.40 to 39.1 5 mm with an average of 17.09 

± 0 .77 mm and 36.2 ± 1.55 mm . respectively and in case of lemale 18.40 to 22.20 

mm allli 38.39 to 49.99 mm with an average of20.57 ± 1.22 mm. and 41.61 ± 2.86 

mm. respectively (Patel ci (//., 2011). The length and width varied from 18.42 + 

O.5X mm and 3X.30 + 0.35 mm in male and 19.82 + 0.75 mm. 42.15 + 0.65 mm in 

female. respectively (Sharma el 01., 2011). the length and width in male varied 

I,'om 16.40 to 18.50111111 and 31.70 to 36.50 mm and 17.90 to 22.50 mm and 37.60 

to 42.10 mm in female. respectively (Ghadiya c/ 01 .. 2014). 

2 .... 6 )n·-o\,iposilion. o\'iposition :md post-oviposition 

The pre-oviposition recorded as 2.00 to 2.80 days (Ali c:I al.. 2009). 

2 to 4 days (Patd cI (//., 2011 and Ghadiya cl lIl .. 2014). Likewise. Oviposition 

ohserwd as 4 .60 to 5.80 days (Ali CI al .. 2009).4 to 7 days (Patel <'I al .. 20/1) and 

6 to 8 da)'s (Ghadiya ci al .. 2014). Similarly. post oviposition period reported as 

1.30 to 2.30 days (Ali c/ 01 .. 2009) and 0 to 2 days (Patel ci 01 .. 2011. Ghadiya ci 

(// .. 2014). 
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The female of H. armigera laid 405.00 to 420.00 eggs (Ali et al .. 

• 

2009).29010910 eggs (Palel et al. 2011) and 163 to 318 eggs (Ghadiya et al .. 

2014 ). 

2.-'.H Ila("hinl: percentage 

The sig:'i1icant variation in the fecundity of female 256.60 to 490.66 

eggs/ female during diner.nt l11onths, while Ihe per cent hatchability of egg was 

very l11uch inllucnced by the temperature prevailing in the laboratory. 89.0 per 

cent during April, 87.8 per cent during October and 77.80 pcr cent during 

November. respectively. (Sharma et al. 2011). Similarly. the hatching period 

varied Irom 5 I to 55 % (Ali et £II. . 2009), 66 to 96 % (Patel et af .. 2011) and 50 to 

75 % (Ghadiya et al. . 2014). 

2.4.9 Longevity 

The longevity of male and female of H. "rmigera varied from 7 to 

II and 10 10 14 days (Ali et al. . 2009). 

According to Patel et al. (2011) both l11ale and female of were alive 

for about 4.00 to 8.00 and 5.00 to 11.00 days. 

The average longevity of male moth during Decem!>er to February. 

OClober to November and April to May was reported to be 55.89, 4.33 and 2.-14 

days. respeclively. While in case of female varied from 11.33.9.78 and 8.79 days. 

respectively (Sharma et 01. 2011). 
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Ohadiya ('I"/. (2014) observed that the male and female survived 7 

to X days with (Ill average 7.64 ± 0.49 days and X to 10 days respectively. While 

• 

mule: female sex ratio rccon .. h.:t1 in laboratory and field condition varied from 1: 

I.OX to I: 1.15 days respectivcly. 

2A.\O Sex nltin 

The sex ratio or male: female observed as 1 :0.72 by (Patel el a/ .. 

201 I). While. it was I: I.OX in lahoratory and 1: 1.15 in lield condition according 

III (Uhadiya ('I"/. 2(14). 

lA.1I T"t" I life cycle • 

Ali ('I a/. (2009) observed that the total life cycle of H. "rmigera 

from egg to emergence of adults varied from 37 to 52 days . Similarly, Patel el ai. 

(2011) reported that the total life cycle of male was 35 to 45 days and 37.00 to 

48.00 days in female respectively. 

Sharma el al. (20 II) noted that the H. armigem took minimum of 

44.25 days in third generation (first week of April to second week of May) and 

maximum of 65.25 days in second generation (first week of December to second 

week of February) while in tirst generation during first week of October to last 

week of November. however the life cycle was completed in 56.69 days. 

Total life cycle occupied 40 to 6 1 days in case of male, while 43 to 

65 days in female as reported by Ghadiyael 01. (2014). 
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III. MATERIALS AND METHODS 

Chilli. C. ann/111m is seriously threatened by attack of many pests. 

al110ng them a chilli thrips (8. dorsalis) attacks at various growth stage of a crop, 

while. a fruit borer (1/. armigera) causing considerable damage especially at fruiling 

stage. Both these pests are considered as major pests of chilli in south Gujarat and 

hl.!nct: aimed during present investigation to generate relevant information. The 

studies includes. bio-efficacy of dillerent insecticides against chilli thrips. persistence 

or insecticides. processing factors of insecticides and biology of fruit borer. The 

materials used and experimental techniques adopted during the course of 

investigation to fulfill the objectives set forth are elucidated here under in this 

chapter. The Held experiment was conducted at farmers field in village Kesali of 

Gandevi taluka in Navsari district during rilhi 2015-16. while sludies on persislcnce 

and processing factor of insecticides used against chilli thrips were undertook in Food 

Quality Testing Laboratory and studies on biology of fruit borer was carried out in 

Post Graduate Research Laboratory of Department of Entomology. N . M. College of 

Agriculture. Navsari Agricultural University. Navsari. Guiara! during the year 2015-

16. 

The details of research techniques used tor following experiments are 

• 

nal'rall!d hereunder. 



• • 

Plate I: Insecticides used for the bioefficacy experiment 

Plate 2: Application of insecticidal treatment in bioefficacy plot 
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Plate 3: Field experiment on bioeftic"9 of insecticide, against chilli thrip' 



1'lalC 4 (A) Plale 4 (8) Plale 4 (C) 

I'lale 4: (A) Damaging thrips (8) nymph (C) adult 

Plate 5: Sampling of treated chilli 



3.1 Bioeffieacy 01" • various 

(S. dor.wln,) 

insecticides 
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against chilli thrips 

To study the hioetlicacy of various insecticides. a field experiment 

was conducted at fa rmers field. of which the details are here under. 

3.1.1 Application of insecticides 

First spray of respective insecti cides was made on appearance of 

pests and subsequent spray was given after 15 days using manually operated 

hydraulic Knapsack sprayer fitted with hollow cone nozzle. To avoid drift of 

insecticides among treatm ents, a polyethylene sheet was held between adjacent 

plots as barrier (Plate-I and 2). 

3.1.2 Method or observations 

Five plants were randomly selected and tagged from net plot area to 

record the observation of thrips (Plate-3). The number of nymphs as well as adults 

were counted on three leaves each from top. middle and bottom of each tagged 

plants (Plate-4). Observation was recorded . t a day before spray and 3. 5 and 7 

days after each spray and the data was subj ected to the statistical analysis by 

empl oying suitable transformation. Yield of green chilli fmit s per plot was 

recorded at each picking and the data thus. obtained were converted to quintal per 

hectare. The yield data were also subjected to the statistica l analysis. 
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3.1.3 Expcrimenlal delails 

1 Location 

2 Season 
3 Dale of lransplanling 

4 Design 
5 Treatments 

6 Replicalions 

7 No. of spray 

8 Date of spraying 

9 Crop 
10 Variety 

1 I Spacing 

12 No. of plan Is per plot 

13 Plot size 

A. Gross Plot 

B. Net Plot 

14 Method of sowing 

15 Fertilizer Dose 

· Farmers field. Village Kesali. Ta. GandevL Dis!. 
· Navsari 
: Rahi(2015) 
• 
• 16/01/2015 
• 
• Randomized Block Design (RBD) 

: Six (6) 

T, Fipronil 5% EC (0.005%) 

T, Lambda-cyhalolhrin 5% EC (0.005%) 

T, Elhion 40% EC + cypermelhrin 5% EC (0.1%) 

T, Fenpropalhrin 30% EC (0.03%) 

T, Fenazaquin 10% (0.005%) 

16 Control (waler spray) 

: 4 
· 2 at 15 days interval 
• 

• 
• 

• 
• 

• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

I": 17/02/2015 

2nd: 03/03/2015 

Chilli 

SHP 4884 

60cm x 60 em 

5 rows x 10 plant = 50 plants 

3.0 x 6.0 m 

2.4 x 5.4 m 

Transplanting 

100: 50:50 NPK kglha -



• 

Table 3: Detail of insccticitlcs used against chilli thrips in bio-cfllcacy trial 
• 

Sr. 
No. 

Name of iusecticide 
Trade Loti Date of Expiry Cone. Dose 

!\lanufactures 
Name Batch no. Manufacturing Date (%) (mL a.Uha) 

I Fipronil sse Socin Flo ABOO021 14/8/2013 8/9/2015 0.005 25 Rallis India Limited 

2 Lambda-Cyhalothrin 5 EC Recva-S ANOOIl 22/6/2012 31812014 0.005 25 Rallis India Limited 

3 
Ethioll 40 EC + Cypcrmcthrin 5 

Nagata AK00209 
EC 

231712013 11/5/2015 0.1 499.5 Rallis India Limited 

4 FcnpropMhrin 30 EC Meothrin AUOOO96 31912013 26/812015 0.03 150 Sumitom of India Pvt. Ltd. 

5 FcnaZ3tluin 10 EC Magister ACOOOI03 15/2/2013 19/512015 0.005 50 DuPont India 



3.2 I'ersistcncc of different insecticides in chilli 

• 
3.2.2 Sllmplin~ procedure 

In order to study the persistence of insecticidal treatment, the chilli 

fruits (250g) were picked up during morning hours from each replication (Plate-5) 

and brought to Food Quality Testing Laboratory. Navsari Agricultural University. 

Navsari on 0 days (2 hours), thereafter further samples were drawn subsequently 

at I. 3. 5. 7. I [) and 15 days aller the last spray. Collected samples were processed 

as soon as possible. prcterahly on the sampling day to avoid any degradation of 

insecticide residues. The detail of sampling al different time interval is shown 

hereunder. 

Tahle -t: Sampling schedule 

Sr. No. S:lmpling inte-rnal D~lte uf sample collection 

I o day (2 hr atler the last spray) 03/02/2015 

0 1 day after spray 04/02/20t5 (10 A.M) -
) 3 days after spray 06/02/20 I 5 (10 A.M) 

4 5 days after spray 08/02/2015 (10 A.M) 

5 7 days after spray to/02/2015 (10 A.M) 

6 10 days after spray 13/0212015 ( to A.M) 

7 15 days alter spray 18/0212015 (10 A.M) 

3.2.3 Mc.'thndoiogics cmploytd for insctticide n'siduc anal)'sis 

The exlraction and cleanup of insecticide residues inion chilli fruits 

were performed according to the molecules (insecticides). 
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3.2'" S .... is.icul.lII<1lysis 

The residue data were subjected to statistical analysis as given by 
. 

Ilanda 01 al. (1999) . The half IiI'" values of each insecticide as indices of the rates 

of diss ipation were calculated. 

(,Iu.'micals, ~hlsswarcs and instruments USC~ for the analysis of 

inSl'cticilic residues 

3.25.1 Chemicals (Standards. Solvents and Rl'ag,cnts) 

Insecticide standards of high puri ty (2:99°;'.) (Technical Grade) 

supplied hy Sigma Aldrich India Ltd. were used for ,malytical purpose. The 

certilled reference material (CRM) of dilTerent insecticide standards were kept in 

deep tiwzer at -200°C and used when required for preparation of stock solutions 

or individual standards. Moreover, different organic solvents and reagents like 

acct () n~ . n·hexane. iso-octane. acetonitrile. dichloromethane. dhyl acetate. acetic 

acid. hydrochloric ac id. toluene. methanol, anhydrous magnesium sulphate. 

anhydrous sodium acelale. PSA (Primary Secondary Am ines), anhydrous sodium 

sulphate. 110rosil. sodium hydroxide peilels. disodiulll hydrogen phosphate and 

potassium dihydrogen orthophosphate of HPLC grade and high purity were used 

for th~ preparation of standards as well as extraction and clean up methodologies 

during the present investigation. 

3.25.2 Glasswal"cs 

Glasswares like beaker. measuring cylinder. conical tlask. 

volumetric tl ask and test tubes (graduated) and glass column lIsed were as Merk® 
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and Borosil® make. The above mentioned glassware's were washed twice, first 

with douhle distilkd water followed by washing with organic solvent (acetone) 

und dried at 120De temperature in oven to avoid cross contamination of 

insecticides. 

3.2.5.3 Equiplllcnts and instrume;:ts 

The details of equipments and instruments used during extraction 

and clean up methodologies as well as quantification or insecticide residues during 

the study period are described hereunder. 

1-lol11ogcnizcr 

Popular make homogenizer of I kg capacity was used for 

homogenization and tine grinding of sample. 

Analytical balance 
• 

Sartorius made analytical balances having capacity of 210 ± 0.1 g 

and 200 ± 0.0 I mg to weigh the samples and reagents, respectively. 

Blender 

A vertical high speed blender (make Remi) was used ficlr blending 

the homogenized samples. 

Vortex 

Vortex mixture (make Mac) llsed for proper mixing of samples and 

standards. 



Cl'lItrit'uge 
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Thermo Scientific (Multifuge X I R) make centrifuge machine was 

• 

used for the centrifugation of the samples. 

I'll h<lsctl conc('nrnltol' 

Nitrogen generator and cylinder based evaporator (make Caliper) 

was used for preparation o~ final volume of the sample under inert atmosphere. 

(;as Chrumafugl'aph 

Thermo Scicntir.c make Trace GC' ultra with auto sampler TriPlus 

was lIsed for quantitative analysis of insecticide residues {P1ate-7). 

lIi~h Performance Liquid Chromatograph (HPLC) 

Surveyor Plus with auto sampler (Thermo Scientific make). tlPLC 

was used for quantitative analysis of fenazaquin insecticide (Plate-8). 

3.2.6 PI"eparation (If insedicidt's standanJ 

The standards (Technical Grade) of five insecticides viz .. fipronil. 

lambda-cyhalolhrin. elhion. cypermethrin. fenpropalhrin and fenazaqub wilh 

more than 99 per cent purily were used for preparation of standard solutions of 

difterenl (desirable) concenlration for quantitative estimation. Mixture of three 

GC' -amenable insecticides standards viz.. fipronil, lambda-cyhalothrin. ethion. 

c)'permethrin and fenpropathrin were prepared to reduce Ihe analysis time and 

other valuable resources. The quantitative and qualitative analysis of mixture of 
• 

live insecticides was perlh rrned on GC-EC'D while. fenazaquin was quantified on 

IIPLC equipped with PDA detector. respectively . 



ddil en of 6 g MgS04 and 1.5 g 
NaOAc 

"ortex for I min 

o "aw 2 IlIL ali(IUOI 

Ilomogcnizcd snrnplc 

Addition of 15 mL 1% 
~Icc.ic acid in ncctonitrilc 

Centrifuge for I min 
at 3500 rpm 

Centrifuge for I min at 2500 rpm 

Sample storage 

Weighing of 15 g 
sample 

Drawing aliquot of 6 mL 
in 300 mg PSA and 900 mg 

MgS04 

Vortex for I min 



• 
~ . Cl hcnt evapo ratIOn 

in TCl"bovap 
M'lkc lip 2 mLwith toluene Ilc;tdy via ls to inject in 

GC/HI'LC 

13te 5: Extraction and clean-up steps for multiresidue analysis (QueChERS) method 

-
' F 

Plate 7: Gas Chromatograph equipped with EC DIF PD 

Plate 8: High Performance Liquid Chromatograph equipped with PDA 
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n-hexane and acetone, 9: 1 mL v/v in volumetric flask, which gave a intermediate 

standard sol utiol1 of 20 rpm concentration. J lowevcr, same method of dil ulion was 

used ror Fcnazaquin which was diluted in the solvents like water: acetonitrile 

(60:40 m/. v/v) lind 0.1 N hydrochloric acid with 100 mL acetonitrile, 

resp~ctivcly. 

3.2.6.1.4 Working standards 

The intermediate standards were used for the preparation of working 

standards. Suitllhlc aliquot was diluted to obtain final concentration orO.OI, 0.025, 

0.05,0.1,0.25,0.5, 1.0 and 2.0 ppm. 

3.2.7 Method v.lidotion 

3.2.7.1 Linearity study 

The calibration curve for tipronil, lambda-cyhalothrin. ethion. 

cypermethrin and ienpropathrin were evaluated by assessing the signal response of 

target analytes from the calibration solutions of 0.0 I, 0.025, 0.05, 0.1 . 0.25, 0.5. 

1.0 and 2.0 ppm. Lateron. the standard solutions of tiproni!. lambda-eyhalothrin. 

ethion, cypermethrin and fenpropathrin of each concentration were injected in to 

Gas Chromatograph equipped with Electron Captured Detector (GC-ECD I. 

Moreover. fenazaquin was performed by using High Performance Liquid 

Chromatography equipped with Photo Diode Array Detecto, (HPLC-PDA,. The 

volume of standard concentrations used for injection was I 1'1 on Gas 

Chromatography, whereas, it was 20 1'1 on High Pecforrnance Liquid 

Chromatography. 
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During the linearity study. parameters or instruments were set 

, accnrding to the response obtained by detector for ahove mentioned analytes. 

Thus .. the correlation cocnicicnt (I~?) for each insecticide was calculated by 

p\{ltting the graph or response of arl.!a (or height) vis concentrations of standard 

used. 

.1.2.7.2 Accurac~' ('X, l"l'l'O\'CI'Y) and Pl'ecision (,Yo ({SIl) 

The recovery study provides accuracy (% recovery) and precision of 

the method (% Relative Standard Dcviatinn). which arc the indicators of the 

cllicicncy of the analytical method employed. In order to cnsun,: quality assurance 

information. before taking lip analysis or test samples. the analytical method was 

standardized by processing spiked (fortilied) samples in seven replicates for each 

insecticide. For this purpose. chilli n·uit samples were taken n·om the untreated 

control where no insectkides have been sprayed. The obtained samples of chilli 

ti-uits were cut into small pieces of about 1-1.5 em which were thoroughly mixed 

in grinder. After quartering. t 5 gm sample was weighed accurately in a 50 mL 

polyphenol test tube with seven replicates and was spiked with individual 

insecticide standard solution with fortification levels of 0.0 I. 0.05 and 0.1 ppm for 

tipronil. lambda-cyhalothrin. ethion. cypennethrin and fenpropathrin. whereas 

0.01. 0.25 and 0.50 for fenazaquin was used for the anaiysis to test the efficiency 

of the method employed for the extraction and recovery study of ditTerent 

insecticides. Following formulae were used for calculation of per cent recovery -
and relative standard deviation. 



mg kg-I of insecticide ohtaineo in a 
forti lied slImplc 
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%. '{C.'col'crv = • ~-------------------------------------- X 100 
mg kg-I of insecticide t()rlilied 

SJ) 

'y., RSI)= ••••••.................•.... X 100 

Mean or replicates 

WherC'. SD is Ihl..' standard deviation among different replicates. 

3.2.7.3 Lim;1 or IIrlccl;on (LOn) anll limil of 'I"antilal;"" (LOQ) 

In order 10 de Icc I Ihe insecticide followed quantitalion in the 

samples. LOO and 1.0Q were worked oul by Ihe following formula . 

, 
so X Fortilieation level 

LOI) ~ ---------------------------------- X 3.14 

100 

LOQ = LOO X 3.0 

Where, SD is Ihe standard deviation among dilTcrenl replicales 

3.2.7A Sample I' .... ce'sing (QuEChERS) 

In order 10 exlract the insecticide residues of fipronil. lambda· 

cyhalothrin, rthion. cypermelhrin, fenpropalhrin and fenazaqu!n inion chilli fmits. 

samples collecled were subjecled to analyse by Qul.'ChERS (Quick. Easy, Cheap. 

EfTeclivc, Rouggcd and Safe) method (Plate·6). The chilli li'uits were cui into 

small pieces and homogenized on high speed blender. A 11ll111ogenized macerated 
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sample (15 ± 0.1 g) was weighed in a polypropylene centrifuge tube (50 mL 

capacity) with the help of Sartorius make analytical balance (capacity 200 g ± 0.1 

g). These 50 mL centrifuge tubes were kept under deep freezer for 10 minutes at _ 

10°C after adding 15 mL extractant (1 % acetic acid in acetonitrile) and adsorbents 

(6.0 g MgS04 + 1.5 g sodium acetate). The centrifuge tube, were shaken 

vigorously and vortexed for 1 minute to avoid clumping and were cen~fifuged at 

3500 rpm for 1 minute. Six mL of supernatant layer was transferred to another 

centrifuge tube (15 mL capacity having 300 mg primary and secondary amines 

(PSA and 900 mg MgSO,). These were again shaked and vortexed for 1.0 min and 

centrifuged at 2500 rpm for 1 minute. Thereafter, 2 mL supernatant was 

transferred to a graduated glass test tube of 15 mL capacity. These test tubes were 

subjected to concentration under the gentle stream of N, and 40°C of water with 

the help of the turboVap. a calliper made N, concentrator. These samples were 

evaporated to dryness and reconstituted with toluene up to 2.0 mL and transferred 

in glass vials and subjected to quantitative analysis on chromatographic 

instruments. 

3,2.704.1 GC parameters 

3.2.7.4.1.1 GC parameters for fipronil, lambda-c~ halothrin. ethion. 

c~'permethrin~ fenpropathrin 

The instrument parameters were adjusted in relation to the signal 

response given by detector during the present investigations. 
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Thermo maJc Trace Gt.' Ultm 

Tripills 

DB-5 ( 30 m. id.-O.25 ~m and FT.- 0.25 ~l1n) 

150°(, 290 °C 

230 °C (1.0 min) 

PTV 'plille" 

10 IllL min"' 

Ildiul1l 

I ' I ' . I . _ III ~ mill 

Constant Flow 

E(,ll 

300°(' 

\.0 Ma 

Nitro}.!cll -

• 
(2.0 min) 

• 

Residue of lenazaquin was quantilicti on HI'LC by adopting bdow 

Illentioned paramekrs. 

Instrument (model) 

Autosampler 

('olumn 

Mobile phase 

no\V mode 

Flow rate 

• 
• 

• 
• 

• 
• 

• 
• 

Thermo made Finnigan Surveyor IIPLC 

Finnigan Alitosamplerpilis 

Thermo Scienlific: Hypers il Gold (' 18: 
Particle Size : 5~\In: 250 "'''' x 4.0 lUlU 1.1) . 

Water: Acetonilrile (40: 60%) 

lsocratic 

I mL min"' 
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'kh!~tHI' PI)/\ 

. wave lellgth .11 () I1Ill 

J.2. 7.~ (.'"1111 Ut lIe iUII uf" in s(:d j,'id,' .. csid lies 

I'he t.::o m; l.! lll ralioll or insl.:ctil.:idc rcsiJucs was work ed out hy 

t k ight! Area Sli.\ll\..I.ml Fimll vU\ Ul11C 
tlf sample injccte,1 (!, L) ( mI.) 

I~l'silhll' 
X X X 

Lone . 
~--- .. -----.. ---- .. -------------- ---------------

11'1'111) of std , 
I kight!Area Sam r le Weight of 
Hl'slantian.1 injected ( )d) sample (gm) 

J.J Pnu:f.'s s ill~ r:'U.'.ur 0" tlit"l'l'n.'n' inscdiddcs in "hilli 

J .. \.I Prucl'.'ising factor 

Chilli fruit samples (250 g) were collected nn 0 day alier treatment 

Ihull caeh treatment sepurately and sundricd. The dried chill i samples were ground 

tn pnwdcr with different insecticide rcsidues viz" lipronil. lambda-cyhalothrin. 

l't hion, cypcnnclhrin. Ii:npropathrin and fcnal.aquin in ground chill i powder was 

dl.'h:rmincd. which was used to cstahli sh the processing factor of respective 

i ns~c ticidc in chilli. 

Residues in cured chilli powd<r (ppm) 

Prol'l'ssing facto)" ,0-

Residues in fresh chilli fruit (ppm ) 
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To a representative sample of 2.0 g. 8 mL of water was added to 

make weight equal to 109. To this. 10 mL acetonitrile was added. The content 

was shaken vigorously lor I min. centrifuged at 3500 rpm for 2 min after adding 

4 g MgS"4 and 1.0 g Nael. From this. 6 mL aliquot was transferred to 15 mL 

centrifuge tul--, followed by addition of 1.5 g MgS04 and 0.25g PSA. Again the 

sample was centrifuged at 2500 rpm for 2 min. An aliquot of 4 mL from 

supematant was translerred to the test tube (weight of sample 0.8 g) and 

evaporated to dryness. The residues were reconstituted with 2 mL HPLC grade 

acetonitrile and quantified on HPLC-PDA. 

3.3.3 HPLC anah'sis • 

For the ana lysis of fenazaquin. Thermo surveyor plus HPLC 

equipped with PDA detector. autosampler and Hypercil gold® (C-18 column 

. 

(250mm x 0.6 111m i.d. x 5.0 )l film thickness) was used. The sample was .un in 

isocratic mode. The mobile phase was consisting of acetonitrile and water (80:20 

v/v) with constant flow of 0.5 mLimin. The absorbance of fenazaquin molecule 

was recorded at 269 nm. The retention time of fenazaquin was 2.44 min. 

Residues (1'I'm) ~ -----------------
A, x W 

Where. 

A I = Area/Height of sample in the Chromatogram 

A, = AreaIHeight of standard in the Chromatograph 



V 1= TOlal vulume of ~<lmple in mi .. 

. C = Concentration of analytical standard in ppm (~lg/Il1L) 

W =..: Weighl of the sHmp\c ill g 

3.H M .... hud validatinn shltlil'S 

3.3.4.1 Liru.'arih' shuh' • • 
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Linearity study of fcnal'.aquin was conducted on IIPI .(,·PDA. The 

working standards of fcnai'.aql1in were il1icClctl 011 IIPL('-PDA and graphs 

hl!twccn concentration ami instruments response wac plotted. The corrdation 

l'ljUC1tioIlS (foll<.)\villg linear rcl<ltiollship) ilnd co-efficient of determination (f{2) 

were cHlculatcd. 

3.3.4.2 l~eCtn ' l'l'\, study 
• • 

Recovery studies were performed to determine the accuracy (% 

Recovery). Precision (% RSD) and sensitivity (LO[) and I,OQ) o r the method 

employed. The known amount or renazaqu in was spiked in chill i rruit. chilli 

powder and soi I samples. 

Biology of fruit hon'l" (H. C1r",i;:era) in chilli 

The details o f the material used und techniques employed to study 

the dirferent aspects or biology or li'uit borer a rc as under. 

3 .... 1 I{f.'~, .. ing Ct.'".' hnittues 

Initially. the larvae of H. ",.",iger£l were collected rrom chickpea 

tidd at College Farm. N. M.College of Agriculture. Navsari and r~an~d on same 

crop under laboratory conditi on till pupati on. Larvae were reared indi vidually to 
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a"Ilili cannlhaHsm. Sim\lhan~nllsly. chiHi plants were also raised individually in 

, P~)t I'llI' fl.lrthc:r studies on vurilllls aspccts of hiology of the pest on chilli. 

Newly ctncrgcd male and female moths were released in pair in the 

(wip(lsition cag.c (!O elll di;'\lllch.'r x 4S t'm hcighll for mating. A pol of chilli plant 

,V;.IS kc:pt in oviposition cagF.:' for l'cmalcs to provide fC;!sting and oviposition sileo 

Pic\,.'I.;' of black colour muslin dOlh (1 sq. n.) was hangtxi in an oviposition cage for 

\,.'gg. laying. Ovipositilltl cage was covcn:d with hlack colmm:d Illuslin cloth 

lPlatc-9A and B) hJ cn:ak' d:.lrkncss. CoHon swab dipped in live pef cent honey 

Sll\utilHl W\.lS kept in small vial and placed in oviposition cage as fuou to the male 

and 1~lllak moths. The eggs \vere collected with camel hair brush from the leaf. 

slwots. p~ll surl~H:e. hlack I.:ulolln:d muslin cloth and also fwm thl! bottom of the 

cagc. (\\lIectr.:d eggs wcre tlst:.'d for further study . Simultaneously. a g.eneral culture 

of (he pest is also maintained in the laboratury during the study . 

. H.2 

Colour and morphology of egg was dde!'mined with the help of 

Stereo Trinocular microscope Olympus-SZ (16) tilted with Brand Catcam-130 

('fllll1.:ra having sothvare power Scope photo tJ'late-lO) for measuring the size of 

Freshly I"id ~5 eggs were sepamtely kept on chilli kaf placed on wet 

colton piece in Petri dish (10 em diameter) (Plate-I I A). The eggs were observed 

twice a day (8.00 am and .. .\..00 pm) until the emergence of larvae and incubation 

period was recorded. 



Plate 9 (A) Plate 9 (B) 

9: ( ) 0, iposition cage with chilli plant (A) oviposition cage covered with muslin clotl 

'late I l: Stereo Trinocular microscope Ol)mpus-SZ (16) fitted "ith Brand Catcam-130 
camera having sofh\are po"er Scopephoto 
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With a view 10 determine the Ilumber and duration of different larval 

ill!'itars al\d 101al larval 11criod. the newly emerged larvae were phu.::cd individually 

in plastic l'ulhtn: tithes (2.5 em diameter x 7.5 em hr..:ight) with the hdp or fine 

L'illlH..'l hail' hrllsh. i\ smull twig wilh tender kayes was provided as food to the 

larval.' (lin:! and SCl~llIH.I insta!') and the end of twig wns wrurpcd with moist coHon 

sn':lb 10 maintain n turgidity. Thcn:aflcr. fresh and tender green chilli fruits were 

I'l'ovidl'd as ti.lOti 10 thl' larvae In onward instars (third. fourth and nl'lh).Thc food 

\VOls rcphll'L'd every nltcrnalc..' day (Plate-II H) . 

At! the larvae wen: kept under observation daily for their change of 

instars. A. change uf instnr was conlinncd hy presence of casted heau capsule and 

soltlt.'times t.'xuviae in the rea ring luhe. The duration of each instar was worked out 

:lnd Icn~th as well us breadth of each instal' were also measun.:d. -
J . .j.4 

About 2.5 to 3.0 em thick layer of moist soil was provided in the 

glass jar (10 em diameter X 13 em hight) to full grown larvae for pupation (Plate-

12A). TLl record the pre-pupal period. the larvae were observed from the time 

whc:n it stops feeding and become sluggish to the time when it undergoes soil for 

• pupal ton. 

3.4.5 Pupa 

Pupae were collected from earthen cocoon and separated sex wise on 

the basis of morphometric differentiation. The male and female pupae were kept in 



• 

Plate II (A) Plate II (8) 

Plate II: Studies on biology: (A) individual egg (8) individual larva 

Plate 12 (A) Plate 12 (8 ) 

Plate 12: (A) Moist soil for pupation (8) pupae 
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plastic iar (12 cm diameter x 15 em height) I Plate-12B). Pupal period was 

recorded from time of larva underwent soil to the emergence of adult. The colour 

and size of pupae were also recorded. 

JA.6 Adult 

The moths emerged were observed for their colour and size. Male 

and female were confirmed by presence of tuft of hairs at the end of abdomen in 

case of female which was absent in male. Ten pairs of male and female moth of 

the same age group were paired separately in oviposition cage to study their 

preoviposition, oviposition and post oviposition periods as well as longevity of 

adults and fecundity. The length and breadth with their expanded wings were also 

measured with the help of vernier caliper (Plate-13 and 14). The sex ratio was 

worked out on the basis of male and female moths emerged from the general 

culture maintained in the laboratory. 

3.4.7 Pre-oviposition, o\'iposition and post-oviposition period. 

fecundi!)' and longevi!)' 

Pre-oviposition period was calculated from the date of emergence of 

female adult to the date of starting laying eggs. Likewise, a period from starting of 

laying eggs to the ceasing of laying eggs was considered as oviposition period 

while ceasing of laying eggs to the death of female was considered as post 

oviposition period. 



Plat 13: "easurement (length) of adult of H. armigera 

Plate 14: \leasurement (breadth) of adult of H. armigera 
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Tolal life cycle was considered as Ihe period belween dale of laid 

egg 10 Ihe dale of adull died . 



Results 
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IV. RESULTS AND DISCUSSION 

Chilli is one of the importnnt major vegetable as well as spices crop 

of south Gujaral. The farmers commonly used many types of insecticides, which 

are being lIsed to control chilli thrips, S. dorsalis and chilli fruit borer, H. arm;gera 

in chilli crop. All the insecticidal compounds potentially po3e hazards to human 

being, animals and environment, as they are chemically tail. .... red to be toxic. 

Looking to the potent ial of insecticides against chilli thrips, bio-efficacy of 

insectic ides. determine their residues in/on fresh chilli fruits as well as dry chilli 

powder, pers istence and processing factor and to know the activity of different life 

stages of pest, stud ies on biology of H. armigero were carried out during robi. 

2015·16. It can helps to decide the strategy of management practices. The results 

on various investigations are presented and discussed in the light of available 

literature after statistical analysis of data under the following head. 

4.1 Biocfficacy of • 
varIOUS insecticides against chilli thrips 

(S. dorsalis) 

The data on thrips poplliation after 3, 5 and 7 days after 1" and 2"" 

spray and their pooled are presented in Table-5 and depicted in Figure-I. 

4.1.1 First spray 

The data on mean popUlation before commencement of spray are 

consistent among different treatments (14.25 to 15.45 thrips/leal) as the data are 

statistically non-signincant. Moreover, there was a significant difference in the 
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data of mean population of thrips in treated plot and untreated control, which 

showed efficacy of insecticidal treatments. 

At 3 DAS. all the insecticidal treatments were significantly superior 

over untreated control. The lowest thrips population was recorded in the treatment 

of fipronil 0.005 per cent at 25 mL a.i.!ha ~ 0 . 55 thrips/leat) and was at par with the 

treatment of fenpropathrin 0.03 per cent at 1<0 mL a.i.!ha (0.55 thrips/leat) and 

ethion + cypermethrin 0.1 per cent at 499.5 mL a.i .!ha (0.90 thripS/leat). Latter 

was also at par with the treatment of lambda-cyhalothrin 0.005 per cent at 25 mL 

a.i.!ha (1.05 thrips/leat). The treatment of lenazaquin 0.005 per cent at 50 mL 

a.i.lha (3.85 thrips/leat) recorded significantly higher population than rest of the 

treatments, however it was significantly superior than untreated control. 

After 5 DAS. fipronil 0.005 per cent recorded the lowest thrips 

population (0.55 thrips per leat) and was also at par with the treatment of ethion + 

cypermethrin 0.1 per cent (1.10 thrips/leaf). Latter was also found at par with 

lambda-cyhalothrin 0.005 per cent (1.45 thripsl\ea!). I'enpropathrin 0.03 per cent 

(2.50 thrips/leaf) and fenazaquin 0.005 per cent (2.70 thrips/leaf) remained 

equally effective against thrips. though they were significantly superior than 

untreated control. 

• 



Table 5: H~ of various insecticides hl st~ 
. 

Dose No. o~ day afler sp 
Treatmcn1 (mL Overa ll 

a.i.lha) ~ ~ iliL IUBA ~ ~ 
Pooled 

Fipronil 5 SC 25 
3.98 1.02 1.02 1.39 1.1 5 4 .06 1.22 1.39 2.82 1.8 I 1.48 

( 15.40) (0.55)a (0.55). ( 1.45)a (0.8S)a ( 16.0S) ( 1.00), ( 1.4S)a (7.45)a (3.30), (2 .08)a 

l ambda-cyhaloth rin 5 
25 3.86 1.24 1.39 2.23 1. 64 4.2 1 1.85 2.0 I 3.66 2.51 2.07 EC (I 44S) ( 1.0S)b (I.45)b (4.55)bc (235)c (17.25) (300)b (3 .55)e (12.95)b (6.50)b (4.43)e 

Ethion 40 EC + 
499.5 3.99 Ll 8 1.26 1.5 I 1.27 4 .14 1.69 1.84 3.80 2.44 1.86 

Cypermeth rin 5 EC (1545) (0.90),b (1.1 O).b ( 1.85), (1.28)ab (1 6.65) . (2 .35)b (2 .90)be (l4.00)b (642)b (3.S5)bc 

3.84 1.02 1..72 1.80 1.49 4.04 1.28 1.61 2.93 1.94 I. 71 Fcnpropathrin 30 EC 150 
( 14. 25) (0.55), (2.50)c (3.10),b (2.05)bc (1 5.90) (LIS). (2. I O),b (8.10), (3.78), (2.92),b 

• 

3.92 2.0S 1. 79 2.52 2.04 4 .07 1.90 2.82 3.94 2.88 2.46 Fcnazaquin I() EC 50 
( 14.85) (3 .85)e (2 .70)c (5 .85)c (4 . 13)d ( 16.05) (3 15)b (7 .55)d ( 15.05)b (8.58)e (6.36)d 

3.85 3.8 4 .0 I 4 .05 3.98 4.07 3.63 4.02 S.07 4.24 4. I I 
Concrol • 

( 16.05) ( 12.8S)_ ( 15.75)< (25.20)c ( 17.93)d ( 16.56)< ( 14 .35) ( 14 .00)d ( 15.65)J (l590)d ( 15.18)e 

S.Em '" (T ) 0. 10 0.06 0. 10 0. 17 0.09 0. 11 0.12 0.09 0. 1 I 0.09 0.09 

CD a15% (T NS 0. 18 0 .29 0.50 0.29 NS 0.37 0.28 0.33 0.28 0.32 

0.09 O. I I S.Em '" (I' X I ) 0.10 - -- -- - - -
NS NS 

CD a l 5%.i!~.-'-2L NS - -- -- - - -
1149 5.3 1 12.79 8.09 5.87 8.20 10.05 C.V.% 5.06 6.79 10.43 14.89 

,I • . ,. odd ~-Fig\ I t:: in the parenthe~is are original val ue~le~ outside square root~rrned 



20.00 

18.00 

16.00 

... 14.00 .. .. -.. 12.00 .. 
~ 
"" .- 10.00 .. ... -... = 8.00 • = Z 

6.00 

4.00 

2.00 

0.00 

17.93 

15.18 

-

-

I 
8.58 

6.50 6.42 6.36 

4.13 4.43 

2.35 

After 1st spray After 2nd spray Overall pooled 

• Fipronil5 0;' (25 mL o.lJho) 

• Ethion 40-/. + Cypennethrin 50/. (499.5 mL aJJha) 

• Fcnazaquin 10% (SO mL a.IJhe) 

• Lambda.Cyhalotbrin 5 -I. (25 mL a.iJha) 

• Fenpropalhrfn 300/. (ISO mL a.iJha) 

- Control 

Figure I: Efncacy of various insecticides against chilli thrips. 

\6.56 



45 
Results and Discus.~·ion 

At 7 DAS. significantly the lowest (1.45 thllp:SfH:::al) pupUlaUUJI wa:s 

cotlnted in treatment of fipronil at 0.005 per cent (1.45 thrips/leal) and ethion + 

cypermethrin 0.1 per cent (1.85 thrips/leal), however latter was also at par with 

fenpropathrin 0.03 per cent (3.10 thrips/leal). These was followed by lambda-

cyhalothrin 0.005 per cent (4.55 thrips per leal) and fenazaquin 0.005 per cent 

(5.8:' thrips/leat). 

~.1.2 " Ponied over I· spra..y 

It can he seen h'OJn the pooled data that, all the Irealmenls recorded 

significantly the lowest population of thrips than untreated control. Wherein. 

tipronil al 0.005 per cent established its superiorily by imparting the lowest mean 

thrips population (0.85thrips/leat) and was at par wilh ethion + cypermethrin 0.1 

per cenl (1.28 thrips/leaf). The treatment of fenpropalhrin 0.03 per cent (2.05 

thrips/leat) remained at par with the treatment of ethion + cypcrmethrin 0.1 per 

cent on one side and with fenpropathrin 0.03 per cent (2.05 thrips/leat) on other 

side. The treatment of fenazaquin 0.005 per cent (4.13 thrips/leat) recoded 

significantly higher thrips population and, thus, found least effective. 

4.1.3 Second spray 

After second spray at 3 DAS, the treatment of fipronil at 0.005 per 

cent (1.00 thrips/leaf) and fenpropathrin 0.03 per cenl (1.15 thrips/leaf) recorded 

significantly the lowest thrips population than rest of all treatments. The next hest 

treatments were ethion + cypennethrin 0.1 per cent (1.45 thrips/leal), lambda-



46 
Results and Discussion 

cyhalothrin 0.005 pcr cent (3.00thrips/leaf) and fenazaquin 0.005 per cent 

(3. I 5thrips/leaf). 

At 5 DAS, tipronil at 0.005 per cent (1.45 thrips/leaf) recorded the 

lowest thrips population, however, it was at par with the treatment of 

lenpropathrin 0.03 per cent (2.1 () thrips/leaf). The treatment of ethion + 

cypcrmethrin 0.1 per cent (2.90 thrips/leaf) was found equally effective with the 

lrealmenl of fenpropathrin 0.03 per cent and lambda-cyhalothrin on either side. 

Fenazaquin 0.005 per cent found the least et1ective by recording higher thrips 

populalion (7.55 lhrips/leaf). 

Seven days after spraying, fipronil 0.005 per cent (7 AS thrips/leaf) 

and tenpropalhrin 0.03 per cent (8.1 {) thrips/leaf) recorded significantly lowest 

thrips population and proved their superiority. The next best treatments were 

lambda-cyhalothrin 0.005 per cent (12.95 thrips/leaf), ethion + cypermethrin 0.1 

per cent (14.00 thrips/leaf) and fenazaquin 0.005 per cent (\5.05 thrips/leaf). 

4,1.4 Pooled over 2'" spray 

It is evident from the pooled data that, all the insecticidal treatments 

played significant role in minimizing the thrips population, Among them, after two 

sprays, treatments of tipronil at 0.005 per cent (3,30 thrips/leaf) and fenpropathrin 

0.03 per cent (3.78 thrips/leaf) established their superiority to control the thrips. 

While, the next effective treatments found were ethion + cypermethrin 0.1 per cent 

(6.42 thrips/leaf) and lambda-cyhalothrin 0.005 per cent (6.50 thrips/leaf). The 
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tfcatl11l!nt of fcnazaquin 0.005 per cent found the least effective by recording 

highest population (8.58 thrips/leal) even utter two sprays . 

.... 1.5 Pooled over two sprays 

Glance through the data on pooled over two sprays, all the 

insecticidal tn,::atmcnts proved effective over untreated control. A non significant 

result of Treatment X Period showed consistent performance of the treatments 

over period and sprays. It is also clear from thl! data that a treatment of fipronil 

0.005 pel' cent (c.OS thrips/leal) and fenpropathrin 0.03 per cent (2.92 thrips/leal) 

found significantly superior in controlling the chilli thrips population. A treatment 

of ethion + cypermcthrin 0.1 pel' cent (3.85 thrips/leat) proved as the second best 

treatment. though. it was equally etTeetive to [enpropathrin 0.03 per cent and 

lambda-cyhalothrin 0.005 per cent (4.43 thrips/leal). Fenazaquin 0.005 per cent 

(6.36 thrips/leat) remained the least effective among all the treatments during 

present investigation. 

Earlier. superiority of fipronil has been proved against chilli thrips 

by Reddy el al. (2007) and Ahmed and Prasad (2009). Similarly. Chinniah and 

Ali (2000) observed superiority of cthion and fellpropathrin against carmine spider 

mite. While. Parmar el "I. (2013) reveled that the ethion + cypermethrin proved 

signiticantly effective against red mite, l'elranyc/1lfs ,e/arius on okra. Thus. the 

above reports regarding efficacy of insecticides confirms the present tindings. 

/\ treatment of fenazaquin found least effective against chilli thrips 

during present investigation but Reza (2006) recorded it as second best treatmcnt 
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on same pest and crop. From this, it can be assume that the pest might have 

develop resistance against the chemical, which needs further investigation. 

~.1.6 Fruit yield 

The data on yield of chilli fruit (Table-6 and Figure-2) revealed that. 

all the insecticidal treatments have effectively controlled the thrips in chilli crop 

which ultimately re!lected by increase in yield. It observed that. fipronil (0.005 %) 

treated plot recorded highest yield (421.95 quintal/hectare) and was at par with 

fenpropathrin (403.26 q/ha). It was followed by treatments of lambda-cyhalothrin 

0.005 per cent (375.04 q/ha), ethion + cypermethrin 0.1 per cent (328.43 q/ha) and 

fenazaquin 0.005 per cent (304.19 qiha). Significantly, the lowest yield was 

recorded in untreated control plot with 172.84 qiha. Reddy ef al. (2007) also 

rep0l1ed increase in yield in fipronil treated plot in chilli. 

-f.2. Persistence study of different insecticides against chilli thrips 

4.2.1 Method validation for fresh chilli 

The main objective of any method validation study (analy1ical 

measurement) is to obtain consistent, reliable and accurate data. The results from 

method validation can be used to judge the quality, reliability and consistency of 

analytical results, which is an integral part of any good analytical practice. 

Therefore, prior to determine the insecticide residues in chilli, method validation 

studies were performed to establish the accuracy (% recovery), precision (% 

RSD), limit of detection, limit of quantitation of the analytical method employed 
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Tl.lhll' 6: Effect of different insecticide on chilli fruit yield 

Sr. 
No. 

I 

, -

3 

~ 

-, 

6 

:\ole: 

Treatment Fruit yield Fruit ~'ield 
. (kg/ha) (q/b.) 

Fiprollil 0.005% (25 mL a.i.lha) 218.7 421.95a 

Lambda-c~'halothl"in 0.005% (25 mL a.i.lha) . 19~A 375.04b 

[thion + c~permethrin 0.1% (499.5 mL a.iJha) 170.3 ... ")8 ·r' ~_ . .>C 

fenpropathrin 0.03% (150 ml a.iJha) 209.1 403.26a 

Fenaz.:lquin 0.005% (50 mL a.iJha) 157.7 304.19d 

Control (water spray) 89_6 I 72.84e 
I 

A:'\O \-A 

S.E.rn i: 0.91 6.99 

CD.@5% 2.73 21.07 

C\". (-/o) 4.18 4.18 

Treatment means with letter(s) in 
significance in respecli\-e columns 

common are not signitlcant al 5° 0 level of 

I 
L-______________________________________ l 
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421.95 
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o!; 
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375.04 

'" - 328.43 .. 
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Figure 2: Impact of insecticides on chilli fruil yield. 
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and linearity or targeted analyte on their respective instruments mentioned in 

section 3.2.5 of chapter materials and methods is discussed hereunder. 

4.2.2 Linea rity 

Linearity of an analytical procedure may be defined as its ability 

(within a given range) to obtain test results that .are directly proportional to the 

concentration (amount) of analytes in the sample. Prior to residue analysis, 

linearity study of different insecticides viz., tiproni!. lambda-cyhalothrin. ethion. 

cypermethrin. fenpropathrin and fenazaquin were performed on respective 

instruments and detectors to obtain their linear range. To establish the linearity of 

ditferent insecticides. stock solution of the different insecticides were serially 

diluted and graphs of concentration Vs. response of the respective GC or HPLC 

dctector were plotted. The graphical depiction of correlation of various 

concentrations of insecticides is presented in Table 7 and Figure 3 to 8. The results 

obtained in the linearity study revealed that response of different insecticides viz .. 

/ipronil. lambda-cyhalothrin. ethion. cypermethrin. fenpropathrin and fenazaquin 

were linear in the range 0.05 to 1.0 ppm on their respective detectors. The 

coefficient of determination (R') recorded for all the insecticides were 0.99. 

4.2.3 Accuracy (%. recovery) and precision (% RSD) 

Accuracy of an analytical procedure is the closeness of agreement 

between the conventional true value or an accepted reference value and the value 

obtained. When applied to a set of test resuits. it involves a combination of random 
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T.,blt.' 7: ))ee.IUs of line~lrity study of insecticides used in persis tence 
• 

Sr. 
Linearity Cocfficic.-nl of 

No. Insect icidc In st rument range tlcl crminatio n 
Regression equation 

(!'g g") (R') . 

I Fipronil GC-ECD 0.05 to 1.0 0.99 Y = 1027.5x + 20.797 

2 
Lambda· GC-ECD 0.05 to 1.0 0.99 Y = 144934x - 1726.4 
cyhalothl'in 

J [thinn GC-ECD 0.05 to 1.0 0.99 Y = 64091x + 1758.5 

4 C)'permcth rin GC-EC D 0.05 to 1.0 0.99 Y = 39975x - 344.98 

- Fcnprnpathrin GC-ECD 0.05 to 1.0 0.99 Y = 326468x - 3802.2 , 
6 Fenaz<1quin HPLC-PDA 0.05 to 1.0 0.99 Y = 35642x - 1239.7 

error (estimated as precision) and a common systematic error (trueness or bias). 

Precision of the method employed is the closeness of agreement between 

independent analytical results obtained by applying the experimental procedure 

under stipulated conditions. The smaller the random part of the experimental 

errors which affect the results, the more precise is the procedure. Per cent relative 

standard deviation is considered as the measure of precision. Generally, these 

parameters are assessed by analyzing a sample with known concentrations and 

comparing the measured va lue with the true value. 

Considering this, recovery studies of different insecticides inIon 

chilli !fuit were performed to establish the accuracy and precision of the method 

applied for extraction and clean up. For this purpose. the recovery study was 

performed with three levels of fortification with seven replicates along with 
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control as well as reagent blank. The detailed methodology is mentioned in the 

section (3.2.7.2) of materials and methods chapter. 

The data obtained from recovery study, limit of detection and limit 

of quantification of fipronil. lambda-cyhalothrin, ethion, cypermethrin, 

fenpropathrin and fenazaquin in fresh chilli fruits and sun dry chilli powder are 

described hereunder Table-8 and 9. 

~.2.3.1 Fipronil, lambda-cyhalothrin, ethion, cypermethrin and 

fenpropathrin 

Chilli fruits samples were fortified with fipronil, lambda-cyhalothrin, 

ethion, cypermethrin and fenpropathrin 0.1, 0.25 and 0.5 flgig concentration 

levels. The results obtained in the study reveals that the fortified samples of chilli 

on GC-ECD imparted mean recovery of 88.14 ± 5.12, 91.10 ± 5.86 and 95.58 ± 

3.63 per cent with 5.81, 6.43 and 3.80 per cent RSD at above mentioned 

fortification levels, respectively. The per cent mean recovery RSD data obtained 

for lambda-cyhalothrin were 90.40 ± 3.57 (RSD 3.95 per cent) 105.46 ± 4.63 (4.39 

RSD per cent) and 97.36 ± 3.34 (3.43 RSD per cent) at 0.1.0.25 and 0.5 flgig level 

of fortification. 80.70 ± 4.73 with 5.87 per cent RSD. 77.50 ± 5.12. 6.61% RSD 

and 84.07 ± 4.1 I, 4.89% RSD, respectively in case of recovery of ethion. The per 

cent mean recoveries along with per cent RSD obtained in the study were 76.94 ± 

5.23, 80.01 ± 4.23 and 74.65 ± 4.02 with 6.80, 5.28 and 5.38 per cent RSD. 

respectively at corresponding fortification level of cypermethrin. Whereas. in case 
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of fcnpropathrin per cent mean recovery data obtained from samples fortified 

obtained were 86.42 ± 2.81 (3.26% RSLl), 110.32 ± 3.37 (3.05% RSD) and 106.54 

± 4.11 (3:85% RSD) pcr cent, respectively. 

U.3,2 I'cnaz"lquin 

The recovery study of fenazaquin was performed at 0.1, 0.25 and 0.5 

ppm concentration level on I fPLC-PD}\ and the per cent mean recoveries along 

with per cent RSD obtaincd in the study were 90.40 ± 3.57 (3.95% RSD), 105.46 

± 4.63 (4.39% RSD) and 97.36 ± 3.34 (3.43% RSD), respectively, in 

corresponding fortification level. 

~,2,4 Limit of detection and limit of quantification (LOD and LOQ) 

During the present investigation, limit of detection and limit of 

quantification was also performed for different insecticides. The LOD and LOQ of 

different insecticides were as follow: fipronil 0.02 and 0.05 Ilg g" (GC-ECD). 

lambda-cyhalothrin 0.01 and 0.04 Ilg g" (GC-ECD), ethion 0.016 and 0.047 Ilg 

g"(GC-ECD), cypermethrin 0.01 and 0.04 Ilgg" (GC-ECD), fenpropathrin 0.01 

and 0.03 Ilgg" (GC-ECD) and fenazaquin 0.01 and 0.04 Ilgg' (HPLC-PDA). 

respectively. 

u.s Method validation of sun dried chilli powder 

~.2.5.1 Fipronil, lamhda-cyhaiothrin, cthion, cypcrmcthrin and 

fcnpropathrin 
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Dry chilli powder samples were fortified with fipronil, lambda-

cyhalothrin, ethion, cypermethrin and fcnpropathrin 0.1 and 0,5 ppm concentration 

level, The' resllits obtained in the study revealed that, the fortified samples of chilli 

on GC-ECD imparted mean recovery of 89.62 ± 4.31 and 93.34 ± 3.39 with 4.81 

and 3.63 per cent at above mentioned fortification levels, respectively. The per 

cent mean recovery data obtained for lambda-cyhalothrin were 97.93 ± 2.91 with 

RSD 2.97 per cent and 97.74 ± 2.16 (2.21 per cent RSD). While, 80.11 ± 3.16 with 

3.95 per cent RSD at 0.1 and 82.96 ± 3.56 (4.30 per cent RSD) at 0.5 level of 

ethion, respectively. The per cent recovery along with RSD obtain in the study 

were 78.48 ± 2.80 with 3.57 per cent RSD and 77.33 ± 3.69 with 4.78 per cent 

RSD at 0.1 and 0.5 f0l1ification level of cypermethrin, respectively. While, in case 

of fenpropathrin per cent mean recovery data obtained from samples. fortified 

obtained data were 101.09 ± 1.90 (1.87 per cent RSD) and 105.98 ± 2.28 (2.15 per 

cent RSD) per cent, respectively. 

4.2.5.2 Fenazaquin 

The recovery stuely of renazaquin was performed at 0.1 and 0.5 ppm 

concentration level on HPLC-PDA and the per cent mean recoveries along with 

per cent RSD obtained in the study were 97.93 ± 2.91 (2.97 per cent RSD) and 

101.41± 2.82 (2.78 per cent RSD) per cent. respectively in corresponding 

fortification level, 
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Compound 
Fortificatioll Recoverv ('Y..) 
level Olg g-I) I 1\'h~un SI) RSD'% LOU 

R-I R-2 R-3 R-4 R-S R-6 R-7 ().lg g.-\) -
O. I 84.09 85.23 91.56 89.67 80,45 90,55 95,45 88.14 5.12 5.81 0.02 

Fipronil 0.25 94.28 85.34 93.43 80.73 91.83 95.55 96.54 91.J0 5.86 
~ 

6A3 0~02 
0.5 95.92 97.23 98.67 96.41 87.89 94.85 98.12 95.58 3.63 3.80 0.01 

• 0.02 

0.1 89.04 93A9 91.88 90.14 86AI 95.73 86. II 90.40 3.57 3.95 0.01 
L-Cyhalothrin 0.25 100.21 103.09 109.63 99.17 110.54 108.75 106.82 105.46 4.63 4.39 0.02 

0.5 102.66 96.78 100.23 94.55 98.82 94.91 93.58 97.36 3.34 3.43 0.01 

O.oJ 

0.1 75.65 85.74 75.80 86.32 84.36 80.12 76.93 80.70 4.73 5.87 0.016 

Ethion 0.25 78.87 70.12 73.89 78.33 80.65 74.76 85.87 77.50 5.12 6.61 0.017 

0.5 85~81 79.84 76.87 86.16 88.28 85.19 86.37 84.07 4. I I 4~89 0.014 

• 0.016 

0.1 70.56 80.34 73.76 79.67 70.34 82.36 81.56 76.94 5.23 6.80 0.02 

Cypermethrin 0.25 82.23 73.87 75.44 80.89 85.12 78.65 83.87 80.0 I 4.23 5.28 0.01 
• 

0.5 80.54 70.45 73.78 75.12 79.56 71.34 71.76 74.65 4.0" 5.38 0.01 

0.01 
. 

O. I 88.87 84.23 85.65 90.87 87.12 85.68 82.51 86.41 2.81 3.26 0.01 

Fcnpropathrin 0.25 107.23 112.67 105.71 111.05 109.18 110.60 115.78 110.32 3.37 3.05 0.0 I 

0.5 108.07 100.37 102.52 106.64 112.93 108.44 106.83 106.54 4.11 3.85 0.0 I 

0.01 

O. I 89.04 93.49 91.88 90.14 86.41 95.73 86.11 90AO 3.57 3.95 0.01 

FcnaZa(IUin 0.25 100.21 103.09 109.63 99.17 110.54 108.75 106.82 105.46 4.63 4.39 0.02 

0.5 102.66 96.78 100.23 94.55 98.82 94.91 93.58 97.36 3.34 3.43 0.01 

0.01 
-

Table 8: Method validatioll study of lipronil, lambda-cyIHilothrin. ethion. cypermethrin. fl'npropathrin mId fenazaquin 
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~.2.6 Limit of detection and limit of quantification (LaD and LOQ) 

During the processing study, limit of detection and limit of 

quantification was also worked out for different insecticides, The LOD and LOQ 

of different insecticides were as follow: lipronil 0,0 \ and 0,04 flg g" (GC-ECD), 

lambda-cyhalothrin 0.01 and 0.03 fig g" (GC-ECD), ethion 0.0\ I and 0.034 flg g' 

'(GC-ECD), cypermethrin 0.01 and 0.03 flgg" (GC-ECD), fenpropathrin 0.0\ and 

0.02 flgg" (GC-ECO) and fenazaguin 0.01 and 0.03 flgg" (HPLC-PDA), 

respectively. 

".2.7 Persistence of different insecticides usell inIon chilli 

In order to study the persistence of five insecticides inion chilli, a 

field trial was conducted at Fanners field, Village Kesali, Ta. Gandevi, Dis!. 

Navsari. Two foliar sprays of five insecticides viz., fipronil, lambda-cyhalothrin. 

ethion + cypermethrin, fenpropathrin and fenazaquin were applied at 

recommended doses. A representative samples were drawn from each treatment in 

triplicate along with controL The samples were taken on 0 days (2 hours after 

application), 1,3,5,7,10 and 15 days after application. 

The dissipation kinetic of the different insecticides was determined 

by plotting residue concentration against time and the maximum coefficient of 

determination found were used to ascertain the equations of best fit curves. For all 

the samples studied in present investigation, the exponential relationships were 

applied, conesponding to a first-order rate equation mentioned hereunder. 
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. 
Spiking Recu'"'l.'ry ("/<» 

Compound It~\ 'c l 'lean SD RSDo/ .. LOU LOQ 

(I'g g-O H-I H-2 H-3 R-4 H-S R-6 R-7 e.g g-I) (p.g g_l) 

Fiprunil 0.1 89.19 85 .29 92.50 85.20 86.14 93,05 
, 

96.00 89.62 4.31 4,8 1 0,01 0,04 

0.5 95, 10 91.29 96,05 88.57 89,86 95,20 97,33 93.34 3.39 3,63 0.01 0,0) 
, 

0,01 0,04 

l-C~'halothrin 0 , I 94,63 98,29 100,76 94.66 98.48 102,24 96.47 97,93 2.91 7.97 0,01 0.03 

0 ,5 97.30 97.79 100.58 94,62 98.59 99.80 95.50 97,74 2.16 2.21 
+ 

om 0,02 

0,01 0,03 

Ethiun 0, I 80, ) I 78.57 75.52 83.60 84.43 80,02 83.06 80.11 3.16 3,95 0,011 0,032 

0,5 82,96 79.20 76.20 84.88 86,36 82,6 1 84.71 82.96 3.56 4.30 0,012 0,036 

+ . 0,011 0,034 

Cypcrmcthrin 
0.1 76.40 17.11 74.60 80.28 17.73 80,51 82,72 78.48 2,80 3.57 0,01 0.03 

0.5 81.39 72.16 74.61 78,0 I 82.34 75,00 17.82 77.33 3.69 4.78 0,01 0,04 

0,01 0,03 

0 , I ) 0 1.39 ~9.09 97,96 102 ,85 )03.08 101.57 101.71 101.09 1.90 1.87 0.0 I 0,02 

Fenpropathrin 
0.5 105 .56 104.04 102,06 106.85 108.40 106,87 108. 11 105.98 2.28 2. 15 0,01 0.02 

, 

0,01 0.02 

Fcnazaquin 0 .1 94.63 98,29 100,76 94,66 98.48 102,24 96.47 97,93 7.91 2.97 0 .01 0,03 

0.5 10 1.44 99.94 104,93 96.86 104.68 101.83 100.20 10 1.41 2.82 2.78 0,0 I 0.03 

0,01 O,OJ 

Tahle 9: Method validation study IIf fipronil. lambda-cyhalothrin, clhion, cypcrml'lhriu. fl'npropathrin and fcnaz3l1 uin in dried chilli powder 

'" -.l 

• 



• 

5~ 

Ii DrUcws..Uc"'J 

C.=C~'" 

fil'roail 

iipronil ,>N:ai""J in the pr=nt investigation t-y aJopting the ;utisrical mood 

~ie:,..~ eqmtk"'- the half life \\~'rkN Olll was 11.67 Jays (Tat-le-IO\. 

fruit;; incil.:a!ed 65.S I pcr rent residues of fipf<'llil residues "'e", 1.'Sl \\ithin 15 

dj;;s;_;>'Don ,,'hich is re11""'N from the halt~lif" , -alues e.g. I. 71 ~K.um.lT <1 aL. 

2013l-4 " (X.a,iereJ aL. 201-41 and ,.sO ~Saini el a1.. 2015 I J.ays in crulli. 



• 

59 
/(e.nlll.' and O;,n:uuion 

In addition to thi •• degmdation or Jipronil i. also afleeted by other 

uhiotic factors such as environmental temperature and rainfall. At lower 

tcmpemll!rc, Jipronil is cunverted to its ox on mctaholitc. The chill i crop was taken 

in the winter season~ Ihcrcl()rc. fipronil residues were less and also dissipated at 

faster rate. I Icnccli>rth. this might be a probable reason that the half life of lipron" 

was dt:h::clcd 11.67 days in the prescnt investigation. 

~.2.7.2 I .a I1Ilulll - l'\ ' h a 141' h rin 
• 

To investigate the di~sipation pattern of lambda-cyhalothrin in chilli, 

the Illiial' spray of lamhda·eyhalothrin was performed applied at the rate of 0.005 

per cent (recommended dose). The spray concentration @ 0.005 per cent resulted 

in 0.33 JIg g" of initial deposition which dissipated to 0.27, 0.25, 0.23, 0.23, n.13 

and 0.07 JIg g" at 1".3".5",7''', lO,h and 15'h day after application. respectively. 

In terms of pel' cent dissipation, it was observed that within I" day after spray 

16.26 per cent of initial deposition was dissipated followed by 23.01 , 28.53. 30.67, 

60.12 and 79.14 per cent at 1".3", 5'h, 7'h, lO,h and 15'h days, respectively. The 

regression equation obtained showing dissipation pattern is as foHow: 

y = ·0.043Ix + 1.5401 (R' = 0.92). Half·life period worked out for lambda· 

cyhalothrin at recommended dose was 6.98 days (Table· I I). The dissipation half· 

life obtained in the present study (6.98 days) is more or less similar to the finding 

of earlier studies viz., 3,4 days (Mohapatra el al .. 2006) and 2.92 days (Singh el 

", .. 2007). 
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Ethion was applied at the rate of 0.088 per cent at recommended 

(h)sc in chilli to estahlish its persistence hehaviour in chilli fruits. The residues of 

dhit111 ohtained at ditTerent time interval in/on chilli fruits. The initial deposition 

l)f 0.20 ± 0.05 ~g g.l of ethion was detected inion chilli fruit:- on zero days after 

application. The residues of ethion were progressiYely decrease1 from 1 st day 

lmward and m~l.,il1lum of 76.7], per cent reduction was recorded at 10th day while. 

its residues become BDL on 15th
' days. The regression equation of ethion was 

tined as " = -O.0642x +1.2774 hv giving 0.9656 as R'. Moreowr. the half life 
~ . ~ -

period for this insecticide was 4.68 days (Table-Il). 

The ethion was IGund moderately persistent (DTso; 4.68 days) in 

chilli. while other workers had reponed a rapid degradation of ethion in seyorai 

crops. e.g. cowpea pods (t'IO= ")0 days. Soliman. 2011), okra (t,~= 1.27 days by 

Pamlarel al .. 2012) and chilli fruits (t'12= 1.81 days by Sharma and Parihar. 2013) 

which is contradictory to the finding of present investigation. The rate of 

dissipation depends on several parameters such nature of molecule. weather 

conditions. nature of vegetation etc. In South Gujarat condition. the temperature is 

remaining mild across the season. TIlis might be a probable reason for the 

moderate persistence of ethion in chillies. 

4.1.7.4 C~'permethrin 

The initial deposition of cypermethrin when applied at the rate of 

0.011 per cent recorded on zero day was 0.55 flg g" and which gradually 
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dissipated to O.4R, 0.27, 0.13 and 0.10 fig g" at I", 3", 5" and 7'h day after 

application, respectively. It was observed 13.95 per cent of initial deposition was 

lost on I'~ day aner application followed by SI.R 1,76.8 I and 82.43 per cent within 

3",5'" and 7'h days, respectively. The residues of this treatment reached to BDL on 

i h day after application. The regression C'luation for cypermethrin was fitted a'i y 

~ -0.1 162x + 1.7591 (R' = 0.98) with a half li'o period of 2.6 days (Table- J3). 

Likewise, many workers have reported the half life (t'l2) of 3.3,2.59 

and 1.9H days which is in agreement of present investigation (Deen el at., 2009; 

Parmar el at" 2012 and Kumar el at" 2013), respectively. 

The higher dissipation rate may be due to differences in 

environmental effect arising from the use of open field site. Growth dilution factor 

might be a potential factor of fast degradation and less persistence of cypermethrin 

residues in chilli fruits. 

4.2.7.5 Fcnpropathrin 

The initial deposits of fenpropathrin detected on zero day was 1.58 

fig g" when fenpropathrin was sprayed at the rate of 0.03% (Table-I 4). The initial 

deposit of recommended dose was dissipated to the extent of 77.33 per cent on 

IS'h day. The regression equation for fenpropathrin was fitted as y = -0.0397x + 

2.2241 (R' = 0.9772) with a halflife period of 8.14 days. 

Similar findings were also reported by Romeh and Hendawi (2013a) 

where residues of fenpropathrin were below the detection limit on IS" days after 

application. 
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Fenazaquin was applied at the rate of 0.005 per cent in chilli to 

establish !ts dissipation behaviour in chilli fruits. The initial deposition was 

2.33 ).lg g.1 at zero days which gradually decreased 1.68, 1.47, 1.22,0.98,0.58 and 

0.19 ).lg g.1 at I" to 151h days after deposition. Per cent degradation was ranged 

from 27.84 to 91.80 ~er cent within I" to IS days of exposure. The regression 

equation for fenpropathrin was fitted as y = -0.0458x + 2.2723 with R' value as 

0.9161 with a half life period 6.57 days (Table-IS). 

More or less similar finding was reported by Sharma ef a/. (2006) 

with half life ranged from 1.9 to 5.3 days in different season. 

~.3 Processing factor of different insecticides in chilli. 

Although. chilli fruits are widely produced and consumed as raw but 

it's dried and powdered form is also used as spice/condiment throughout the world 

to impart pungency and taste to food and beverages. Among them the dry power is 

the major form, which is largely used by the consumer. There are re~orts on the 

detection of pesticide residues even in chilli and chilli product samples collected 

from retail outlets (Rao, 2005). Processing of chilli leads to increase in the 

concentration of the pesticides in final product. Hence. in view of the possible 

residue problems posed by these chemicals to the consumers, this study was taken 

up to find out the magnitude of increase in concentration of these insecticides 

(processing factor) in processed chilli, so as to prescribe the suitable processing 

factor for chilli. In present investigation, the elTect of sun drying followed by 
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powdering on the residues of fipronil, lambda-cyhalothrin. ethion, cypermethrin, 

fenpropathrin and fenazaquin in the chilli was studied. 

The results obtained in the study reveals that the residues of all the 

insecticide concentrated by 5,02 to 8.57 per cent due to drying followed by 

powdering proce" (Table-16). The result showed that initial deposits of fipronil, 

lamhda-cyhalothrin, 'thion, cypermethrin, fenpropathrin and fenazaquin in the 

ti'esh chilli fruits were 0.27 ,0.07, 0.20, 0.55, 0.11 and 0.11 ~g/g recorded on zero 

day (2 hrs after last spray), while these were 2.33, 0.62, 1.25,2.77,0.74 and 0.60 

~g/g when subjected to processing (drying followed by powdering). This indicates 

that the residues of above insecticides concentrated, which indicates by processing 

factor. The processing worked out for tipronil, lambda-cyhalothrin, ethion, 

cypermethrin, fenpropathrin and fenazaquin was 8.57, 9.13, 6.19, 5.02, 6.87 and 

5.38, respectively. The results obtained in the study confirm that the dehydration 

process causes increase in the residues of insecticides with respect to fresh food 

commodities. Several earlier studies conducted on various crops viz., chilli (Pathan 

el al., 2009), (Xavier el aI., 2014 and Noh el al .. 2015), cardamom (George and 

Kumar, 2013) and (Pratheeshkumar and Chandran, 2015) showed that residues of 

insecticides were concentrated due to drying or dehydration in lieu of 2.45-5.14 

times. 

The results obtained in the study were as per the expectation as due 

drying or dehydration a substantial moisture loss occurred in Iresh chilli. Toontom 

el al. (2012) reported that drying causes moisture loss as moisture content in [i'esh 
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chillies wC're (RS.15 %). which were merely 11 % after ditlcrcnt dl)'lng processes. 

Therefore. 1<)5S in moisture content in due to processing (drying followed by 

j'h)w(..icring prl''Iccss) might he a prohahle reason for the concentration of residues of 

lipr(mil. hlmhda-cyhal()thtin.. cthton. eypcnncthrill. fcnpl'Opathrin and fcnazaquin 

in .. hied powdered chilli. 
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U (2 hrs ;Inn 
~ - -

II~ 
- - - -

o. 16 1lB.. ~ J!iI ~ -

~ I (G-I Il~ ~ 
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1)"1'511 (Days) 
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Dose (mL 'l.i.lhn) Mean SIl Dissipation (%) 
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D;lYS after Dose (mL a.i.lh,,) 
Residue (flglg) 

LDD 
application !\tean S() Dissipation (%) LOQ 

(pg/g) (pg/g) 

R-I R-II R-1I1 . 

~ 
Control - - -

0:25 ~ ~ 
-

444 0.20 0.16 I -

~ I - -
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- - -
I I • I ~ I ~ ~ 

"·on"~ 
l - - - - - -
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15 
- - - - -

BiL. t ~ ~ ~ Il()L ~ 
PersisteTlCl' Recommended dose 

~ 
y - -0.0642x + 1.2774 

R' R' ~ 0.96 

IlT5t1 (Dapl 4.68 

Tahir 12: Pt.'rsistt.'ncc of ('thi(Hl in/on chilli fruits 
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~ ____ 3 _____ ~ ____ ~1~50~ ____ ~1~1~. 1~4_4-1~1.~13~+-I~I~.5~1~ __ ~1.~21~' __ ~I~l.2~2~ __ ~1~(J~.J~~ __ _ 
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7 

IU 

IS 

J' us;,~' L'lU.' L' 

~attern 
Ut.'gn.'ssiun 

..!!I..ualion 

n' 
--------. . 

IJTSII (/lays! 

- - -
150 1.37 1.01 1 1.07 1 1.15 0.19 lb.~H 

Control - - - - - -
150 1.38 1.04 1.02 1.15 11.211 27.49 

Control - - - - - -
151l 1 0.70 '1 0.53 1 0.88 1 0.71 0.17 55.35 

Control - - - - -
150 O.4X 0.41 0.19 11.)1, 11.15 1 77.3J 

Rccommcmlt:d UtlSI.' 

y = -0.0)97x + 2.2241 

R'-0.97 
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Tahle 1-1: l'crsistclu.'4.' of fCIIIU"op'llhrin in/till chilli fruils 

0.01 

LOQ 
(J.lg/g) 

0.03 
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Days after Residue (~g1g) 
LDD LOQ Dose (mL a.i.lha) Mean SD Dissipation (%) application (~g1g) (~g1g) 

. 
R-I R-II R-III 

0(2 hrs after Control - - - - - -
application) 50 2.10 2.09 2.80 2.33 0.41 -

Control - - - - - -
1 

50 1.87 0.98 2.19 0.63 I 1.68 27.84 
Control - - - - - I - I 3 

50 1.34 I 1.29 1.77 1.47 I 0.27 I 37.03 I 
Control - - - - - -

5 0.01 0.04 
50 1.44 I .05 1.17 1.22 0.20 47.72 

Control - - - - - -
7 

50 0.96 0.75 1.22 0.98 0.23 58.03 

Control . - - - - - -
10 

50 0.68 0.49 0.56 0.58 0.10 75.09 

Control I - I - - - --
15 

50 0.15 I 0.21 I 0.22 0.19 0.04 91.80 

Persistence Recommended dose 
pattern 

Regression y = -0.0458x + 2.2723 
equation 

R' R'=0.91 

DT50 (Days) 6.57 

Table 15: Persistence of fenazoquin inion chilli fruits 
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Tahlt..' tfl: Eff'{".'t processing oro (zero) days dry chilli sample 

Itcsiducs in days 
Mean (three 
n'plication) Ilroccssing 

Comjwlllld Mean 
residues of factor CYo) 

RI IU R3 
g.'cen chilli 

Fipl'Onil 2.52 1.45 3.n I 2.33 11.27 8.57 

Lmuhda- 0.65 0.42 0.79 0.(,2 II.II? 9.13 
cyhalnthl'in 

Ethiull I .75 1.63 n.37 1.25 II.W (l. t 9 

('Yllt'nUl'lli rin 3.52 2.88 . 1.92 2.77 11.55 5.02 

Ft.'11 propa t It ri II 1l.36 I . I 3 0.73 11.74 11.11 (,.87 

Fcna:r.,uluin 0.62 0.34 0.85 lI.f>II 11.11 5.38 
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Results and Discussion 

The present investigation was carried out to study the biology of H. 

armigerq on chilli which provides infonnation on various life stages through 

which they pass and behavior which they show. The results drawn from these 

studies are presented and discussed as below. 

IA.I 

~A.l.I Site and pattern of egg laying 

In laboratory, it was' observed that. the female moth of H. armigera 

laid eggs singly or in batches of 2 to 3 eggs. The eggs were glued on tender leaf 

lower surface and shoots of the chilli plant (Plate-I SA). Occasionally the eggs 

were also found on pot, piece of black colour muslin cloth and bottom of the cage 

(Plate-ISB). The egg laying was slow and low in number in the initial stage, but it 

increased gradually and slower dO\\TI at the later part of the oviposition period. 

Earlier, similar pattern of egg laying was recorded by Patel el al. (20 II) and 

Sharma el al. (20 II). 

~A.1.2 Colour, shape and size 

The freshly laid eggs were yellowish white in colour, which changed 

to deep yellow after a day (Plate-16A) and become dark brown prior to hatching 

(Plate-16B). Eggs were hemispherical with flat base and prominently sculptured 

with numerous ridges running from one polar end to another. The present 

observation is more or less similar with that of Ali el al. (2009), Patel el al. (2011) 

and Sharma el ar (20 I I). 



Plale 15 (A) Plate 15 (B) 

Plate 15: .,ilc ofo,ipo~ilion: ( ) on shoot (8) on muslin clotb 

Plate 16 (Al Plale 16 (B ) 

Pla te 16: Eggs: (A) befo re hatching (B) after hatcbing 

Plate I ( ) Plate I (B) 

Plate I: (A) First instar Ian a (B) head cap ule 
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Size of t!gg measured under the Stereo Trinocular microscope 

Olympus-SZ (16) fitted with Brand Catcam-130 camera having software power 

Scopephoto. The result summarized in Table-17 revealed that, length and breadth 

"I' freshly laid eggs measured from 0.42 to 0.56 mm (0.49 ± (J.(J4 mm) and 0.44 to 

0.57 mm (0.51 ± 0.04 mm) respectively. Patel e/ al. (2011), Sharma e/ a/. (2011) 

'Ind (iadhiya e/ a/. (2014) also recorded little hit the same size of eggs. 

4A.1.3 Incuhation 1H.·riut! 

I t is clear from the data (Table-I 8) that the incubation period varied 

from 2 to 5 days with an average of 3,9 ± 0.74 days. The incubation period for 

eggs of 1I. armigel'll has heen reported as 3 to 5 days (Ali e/ al., 2009; Patel e/ al., 

2011) and 2 to 4 days (Gadhiya e/ al., 2014) which are in close concurrence with 

present linuillg. 

4A.I..j lIl1tciting percentage 

Out of 10484 eggs ohserved under laboratory conditions, 5577 eggs 

hatched with hatchability of 53,20 % when reared on chilli (Table-19). Similarly. 

Ghadiya e/ a/. (2014) have also reported 59 percent hatchability on groundnu!. 

While, it was 83 percent on rose according to Patel e/ al. (2011) and 77 to 89 

percent on tomato, as recorded by Sharma e/ al. (2011). 
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Tahle 17' I\'leasuremcnt o f eggs of II armj"era • • n 

Sr. No. Length (mm) 
• 

I 0.49 

• 2 0.47 

3 0.56 
.j 0.54 

5 0.47 

6 0.48 

7 0.45 

8 0.45 

9 0.54 

10 
. 

0.45 

: I 0.42 

12 0.55 

13 0.51 

14 0.49 

15 0.48 

16 0.49 

17 0.42 

18 0.55 

19 0.47 

20 0.50 

21 0.47 

22 0.46 

23 0.52 

24 0.48 

25 0.44 

Mi n. OA2 

Max. 0.56 

Av. '" S.D. 0.49'" 0.04 

+ 
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Urcadlh(mm) 

0.50 

0.52 

0.s5 

0.47 

0.44 

0.45 

0.44 

0.57 

0.45 

0.46 

0.46 

0.57 

0.49 

0.56 

0.52 

0.52 

0.46 

0.57 

0.53 

0.52 

0.49 

0.57 

0.55 

0.5 1 

0.50 

0.44 

0.57 

05 1 ± O.O~ 
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T.able 18: Incubation period of H. armigera 

'Sr. No Date of eggs 1:lid No of eggs 
observed 

1 5/2/2016 25 

0 6/2/2016 30 -
, 7/2/2016 22 J 

4 71212016 35 

5 8/2/0016 15 

6 <)/2/-'016 70 

. 
7 912/0016 32 

S 10/2/2016 23 

9 11/212016 27 

10 12/2/2016 30 

Total 259 

Min. 

Max. 

A", ± S.D. 
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Date of eggs hatched Incubation 
eriod d~ 

8/2/2016 3 

9/2/2016 3 

1112/2016 4 

12/2/2016 5 . 

11/2/2016 3 

13/2/2016 4 

13/2/2016 4 

15/0/2016 5 

15/2/2016 4 

16/2/2016 4 

- -

2 

-, 
3.9±0.74 
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Table 19: Hatching percentage of II. lIrmigerll 
~ 

. 
Hatchability 

Sr. No. No. of egg I:lid 
No. of eggs hatched Hatching percentage 

• + 
I 1205 644 53.44 

2 1235 785 63.56 

3 851 367 43.13 . 

4 1212 862 71.12 

5 1200 623 51.92 

6 852 . 422 49.53 

7 1198 656 54.76 

8 1114 431 38.69 

9 875 319 36.46 

\0 742 468 63.07 

Total 10484 5577 -

Av. percentage - 53.20 -
of hatching 
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77 
UI'.wl,.\, and IJi.\'('u.uifln 

In order to study the variolls larval in~tar or I/. • • arrnlgera In 

laboratory c~lI\diliull, newly hatched Imvue were I'can.:d individually in plastic 

l'Ultlll'L' tub!..' , Till' larvae passed through six distinct instars. when reared initially 

tlll chilli Icuvc.!s ami thereuner on fresh green fruits. till they ''''.Jpatl!u. Ali el (I/. 

(:::!O(l9) and Pah.'1 ('I til. (~Oll) also rccon.h:d six instal'S in II. arm;gerct rcan.:u on 

chid.pl'" ;1Ilt.! rose. n:spcl.:tivcly-, 

U.2.2 Firs. ill .~t:.'1' 

At the tim!.! ufhalching. larva came oul from the egg by making hule 

nn cilllrioll with the help of IlH.Hlthparts. The.: hody or freshly emerged larva was 

scmi-translw:I..' nL and dirty white in coloUl' with whitish longitudinal lines on the 

dorsal surll"e or the body (Plate-I 7 1\). Thoracic and anal shield were brown in 

colour. Whereas. thoracic legs were segmented with !irst two segments of light 

brown and tarsi were dark brown to black in colour. Zig·zag spotted line was 

present on dorsal sid~ nnd black coloured spiny structure comes Ollt from that spot. 

Almost similar observations were made by Ali el £II. (2009) on chickpea. Patel el 

til. (~O I I) on rose and Sha..ma el £II. (20 I I) on tomato. 

The newly emerged larva remained sluggish and became active aftcr 

2 to 3 hours on kaves. Patel el £II. (2011) also obserwd similar behaviour when 

n~ared on rosc. 
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The neonat~ larva initially rcmainc:d in egg shell and found to feed 

nn chorion of the egg. Thereafter, in search of food. larva was found hanging on 

p .. 'tridish . with the help of thread like suostance secreted from mouth. In the 

beginning. larva found to I't:cd on lender leaves with its chewing and biting type of 

IlH..Huh pnrts. The change in instar was coc·inned by presence of only head capsule 

nil leaf surface. The exuviae of whole hody :-lid not observe in this instar during 

It can be seen Irol11 the dala (Tahle-20) that the length or lirst instar 

larva l11easured li'ol11 1.30 to 1.98 111111 (1.60 ± 0.22 ITII11) and the breadth varied 

rrnl11 0.18 to 0.35 111111 (0.26 ± 0.05). Ali el al. (2009) have measured on an average 

lAO nlln length and 0.45 111m breadth on chickpea. While. it was 1.80 mm in 

length and 0.3 I n1l11 breadth as measured by Gadhiya el al. (2014) on groundnu!. 

The head capsule was large in size \vhich was dark brown to black in 

colour (Plate·17B). The length and breadth of head capsule (Table-21) measured 

!rom O. I 9 to 0.38 mm (0.28 ± 0.32 mm) and 0 .23 to 0.40 mm (0.07 ± 0.06 mm), 

respectively. 

The results summarized in Table-22 indicated that the duration of 

lirst instar larva ranged from 2 to -I days on chilli (2.88 ± 0.73 days). Similarly it 

was also report<d as 2 to 3 days on chickpea (Ali el al.. 2009); on rose (Patel el al .. 

2011) and on groundnut (Gadhiya <!I 01..2014). 



Tahle 20' I\lcasurem"nt of different larval instar of H armigera (in mm) • • • . 
]" inslar 2nd instar 3'd . 4'b instru S'b instar mslar 6'~ in5t.ar Sr. So. 

Length Breadth Length Breadth Length Breadth Length B,,, •• h i Length Breadth Length I Breadth 
I 1.49 0.19 I 3.36 0,57 7.30 1.11 13.43 2.14 16.34 22 • 20.13 I 3.25 
2 1.30 ~. 0.21 4.14 0.54 9.93 UJ 8.55 I.8V 17.57 2." 26.10 3.87 

3 1.30 0,20 4.62 0.53 I 10.75 1.43 10.58 1.65 15.92 2.12 30.40 I 4.12 

4 1.69 0.29 5.07 0.72 9Jn 1.57 12.48 1.71 17.30 2.56 28.71 4.08 

5 1.82 034 4.61:1 0.71 9.65 Ll6 IU9 J 58 19.76 3.08 I 30.60 4.17 

~ 6 I.7R 030 5.23 0.76 IUU 0.98 15.90 2.3M 16.77 2.67 I 10.11 3.19 

7 1.62 0.28 3.78 0.51 7.66 I 0.87 9.68 1.78 16.45 2.79 25.13 3.41 

8 1.33 0.22 4.66 0.52 11.28 1.78 13.13 1.98 17.98 1.81 -l- 30.26 I 4.18 

9 1.98 0.35 5. 11 0.74 ]0.82 1.41 14.72 2.06 18.42 2.88 23.13 3.52 

10 1.46 0.18 4.61 0.7 8.99 1.03 8.90 1.52 16.89 2.35 21.63 3.38 

1I UJ 0.21 4.84 0.84 10.25 U3 13.67 2.04 J7.96 2.76 22.49 3.40 

12 1.33 0.21 4.58 0.63 10.74 1.11 10.12 ].62 15.99 2.23 29.37 4.06 
. 

13 1.34 0.21 3.50 0.5 11.16 1.11 11.89 1.47 16.112 I 2.1S4 30.48 4.13 

14 1.78 a.Jl 4.38 0.65 7.78 0.85 8.79 1.33 19.87 3.14 26.87 3.22 

15 1.69 0.29 5.20 0.72 7.90 0.87 12.85 1.99 17.52 2.65 . I 23.68 3.61 

16 1.57 0.25 4.48 0.64 10.57 1.03 10.72 I 1.56 16.43 221 I 2825 I 3.98 

17 1.69 0.29 5.34 0.8 10.12 1.23 15.62 I 2.16 19.49 3.08 I 21.53 3.27 

18 1.82 (J.32 4.89 0.89 11.20 1.55 14.25 2.09 18.68 2.73 25.62 3.57 

t 19 1.53 0.22 3.43 0.53 Hi9 1.16 8.63 1.41 19.10 2.98 30.11 4.18 

20 1.48 0.20 4.85 0.82 8. 76 0.78 10.69 172 16.32 1.6) 20.56 3.64 

21 1.93 0.28 5.12 0.78 9.32 1.02 14.65 2.25 17.38 2.41 23.77 3.42 

5.20 0.8 7.58 0.96 15.28 1.96 19.1 8 3.05 29.86 4.32 
22 1.39 0.22 

I 1.48 12.86 2.04 17.91 I 2.75 27.31 I 3.67 
23 1.97 0.35 3.89 0.56 10.89 

0.83 9.62 ].97 19.76 -l- 3.16 22.68 I 3.55 
24 1.78 0.28 4.21 0.54 8.98 

2.57 2936 I J.78 
25 1.56 0.26 4.98 0.9 10.68 1.20 I I .4 1 152 16.95 

t 11.55 1.33 I 15.92 2. I 2 20. I J I 3.19 
Min. 1.30 0.18 3.36 0.50 7.30 0.78 

3.16- 30.60 ·U2 
2..111 19.87 

.\1ax. 1.98 0,35 5.34 0.90 I I 1.28 1.78 15,90 

11.98 ± 2.33 I,H3 ± 0.29 17,71 ± 1.27 2.70:1::0.31 25.93 ± 3.70 3.72 ± 0.37 
A,·.±S,J). 1.60 ::I: 11.22 0,26 ± O.OS 4,57 ± 0.59 I 0.68 ± 0.13 9,55 * 1.32 1.16*0.26 ..., 
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TabIe21: : ot~ 
7irs'ar ~instar Sr. No. 

I instal' instar inslar 4th imtar 

I ~ I l~ Brea dth B Breadth ~ Breadth r !'_~ I~ Breadth 
I 0.) I 0.49 0.55 0.64 0.67 1.17 1.21 I 1.77 1.84 -+ 3.02 3.73 , 0.32 0.36 0.-$9 0.48 0.71 0.80 133 1.58 I 1.96 2.35 '.73 2.81 

J O. ~9 0.25 0.55 0.58 0.7' 0.66 I.4J 1.62 1.08 1.31 1.66 2.89 , 0.23 0.27 0.44 0.51 0.66 0.68 1.53 1.55 1.91 2.08 2.S2 ' 8-.. , 
5 0.38 0 .39 0.48 0.52 0.15 0 .8 1 1.50 1.58 2.14 2.21 1.86 , 5' . , 
6 0 ,]4 0.36 0.42 0.47 0,61 I 0 .62 1.5 1 I -, . , ... I 2, II 2.21 2.7'2 3.01 

7 I 0,38 0 .39 0.46 0.44 0.68 0.70 1.32 lA6 I 1 .8·' 1.98 I 2.99 3.15 

8 0.32 0.39 0.52 0.55 0.62 0.63 \.39 1.50 2.03 2.18 3 ,-.• , 3.33 

9 0.24 0.33 0.43 0.49 0.63 0,62 1.46 1.49 1.79 2.01 .2.99 3-20 

10 0.23 0.25 0,43 0.46 0.74 I 0.83 1.22 1.29 1.98 2.09 1.90 2.2 1 

" 0.20 0.26 0.53 0.56 0.62- 0.65 1,45 1.61 2.05 2.14 3.3 3-16 

" 0,21 0.28 0.55 0.57 0.74 0.82 1.35 1.-1-1 1.85 2.03 289 3. \0 

* 
I 0.3) I 0.35 U.54 0.57 • 0.68 0.70 1.19 ~ 2.iI ' 3' I~ ~ ~ .. . .J 

0.38 DAD 0049 O.S 1 0.67 0.70 1.23 1.3 1 l.SS l. 9-1. 2,9 3.2-1. 

15 0.34 OAO 0.43 0.48 0.62 O./H 1.49 ,,-. -, 1.0S 2.13 1.93 2. 17 

16 0.)5 0.39 0.49 (i .53 0.75 0.83 1.33 1.41 loS::! I 1.91 2.78 3.11 

17 I 0.19 I 0.27 0.!'i4 O.~S 0,6 1 0.63 1.50 IA!\ 1.7S I ' 0' .. , 1.96 2. J3 

.. 0.21 0.27 0.52 O.S6 0.71 0.78 1.34 IA I I.lW 1.89 3.21 3.37 

19 0.37 0.40 0.43 O.4~ 0.03 0.65 1.28 1.39 1.93 2.02 ' I' -. , 1A6 

20 0. 1<> 0.23 0.44 0.45 0 .61 0.63 l..l2 1A3 2.14 ' '5 . , 3.)4 3.58 

0.72 1.1 8 1.26 1.~9 2.09 1.93 '" 21 0 .26 o.n O.sS 0.59 0.80 -,--

22 O.2K 0.33 0041.) 0.54 O.6Q t 0.72 1.39 1.45 1 . I I 2.]0 2.67 I 2.93 

23 () .2 I n.24 0.51 0.54 0.b5 0.71 p- 1.33 J.S I 1.'15 3.44 I 3.68 .. , 
2. 0.27 0.36 0.52 0.~5 0.68 0.73 \.46 1.51 2.07 1 . 11 2.S9 3.1 -1. 

25 n.22 1l.25 0.55 0.57 0.73 0.75 1.46 1.-1.9 I 2. IJ I ,US 2.89 I 3.37 

1l.44 4- IUd I 11.62 1.17 \.22 I 1.77 
, I.S-I. I.~() ± W Mill. ": ~) -:J 11.2.' 11042 . _ .. __ .- . . . . I 2.14 ~ .\.-1.4 3.73 

Mu). . llo4tI 11.55 (I." "~I Ii:" 1.5.' 1.1'12 
- .. ~---. .. - ....!.:.±!.. :1: 0.12 I.'H~ 2. 11 ~ 2.btj ± 0.51 ~ 04'1 

A''. .1 S.U. IUM J. 11 .:\2 II .U7 ± n.llel II.-I.I} ~ ~~ n.aH ± 11.115 U. 7~i Ua ± 0.11 
. -.- . . .. . . 
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Second inslar Ialva was morphologically resembled to the first instar 

larva. The larva was yellowish to light brown in colour (Plate-IRA). Thoracic legs 

were dark in colour as compared to abdominal legs . The larva was more active 

than previous instar. It was also observed that. larva of this instar preferred fresh 

and tender chilli fruit to feed (Plate-IRe). Patel el al. (2011) also observed similar 

characteri stic s in H. "rmigera when reared on rose. 

The larva measured (Table-20) from 3.36 to 5.54 mm (4.57 ± 0.59 

mm) in length and 0.50 to 0.90 mm (0.68 ± 0.13 mm) in breadth . Ali el al. (2009) 

also recorded the body length ranged from 3.50 to 5.00 mm and breadth from 0.70 

to 0.80 mm' in breadth. 

The head capsule was transparent having brown spot having (Plate-

18A). The measurement of head capsule (Table-21) is ranged from 0.42 to 0.55 

mm (0.49 ± 0.05 mm) in length and 0.44 to 0.59 mm (0.52 ± 0.04 mm) in breadth 

during the investigation. 

The duration of second instar larva was ranged from 3 to 4 days 

(3.46 ± 0.51 days) in Table-22. The larval period of H. (ll'migera ranged from 2 to 

3 days of on chickpea and rose by Ali e/ al. (2009) and Patel e/ al. (2011). 

Whereas. 2 to 4 days on groundnut by Gadhiya el (II. (2014). 

~.4.2.4 Third ;nst",· 

The third instal' larva was similar to second instar in general 

appearance but differed in size. The colour of the body was yellowish to light 



l'lnte 18 (A) I' late 18 (8) Plate 18 (C) 

!' Inte 18: (A) Second i",lar larva (8) head cap~ule (e) larva feeding on fruil 

I'la le 19 (A) Pia Ie 19 (8) Plale 19 (C) 

Plulc 19: (A) Third inslar larva (8) moulting (e) head capsule wilh exuviae 

Plnlc 20 (A) Pia Ie 20 (8) Plale 20 (e) 

l'lnle 20: (A) Fourlh inslar Ian a (8) moulting (e) and head capsule 
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tlnl\\11. hut it was darker than previous instar. A dorsal longitudinal line on either 

side was prnmin~nl in third instar. Moreover. a white coloured band was present 

nn iatL'ra.i side of the: hody (Platc-19A). Prior to moulting. cuticle turn black in 

colour (Plat<-I <J1l). 

Tho length of third instar larva measured (Table-20) from 7.30 to 

11.2R mm (9.55 ± 1.32 mOl). while that of the breadth from 0.78 to 1.78 mm (1.l6 

± 0.26 mm). Th..: present findings are in close agreement with the finding of 

(iadhiya l" vI. (:!Ol·t) who reported the average length of third instar larva of H. 

tJrmigerll on groundnut to l'k.~ 8.46 mm with 1.01 mm in breadth. 

Th~ head capsule was more compact and transparent with light 

bra"" spots (Plate-I 9('). The data in Tahle-21 revealed that the length of head 

capsule of third instar larva measured trom 0.61 to 0.75 mm (0.68 ± 0.05 mm), 

while that of the hreadth from 0.62 to 0.83 mill (0.71 ± 0.07111111). 

The duration required to complete third instar (Tablc-22) ranged 

between 3 to 5 days (3.91 ± 0.79 days). This period was also reported as 3 to 5 

days on groundnut by Gadhiya el al. (2014). 

Fourth instal' 

Variation in colour was ohserved in fourth instar larva. It was of 

green. reddish brO\\11. brown and greenish brov.:n. Setae were also observed all - -
over the body of fOU!1h instar larva (Plate-20A). Generally the lateral strip on all 

the larvae were yellowish white. but dorsal strip was of variable in colours. The 

strips wore either continues or broken (Plate-20B). 
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The data on measurement are summarized in Table-20. The length of 

fourth instar larva was ranged trom 8.55 to 15.90 mm (11.98 ± 2.33 mm), while 

that of .breadth ranged from 1.33 to 2.38 mm (1.83 ± 0 .29 mm). The present 

lindings arc more or loss similar to those of Ali e/ at. (2009), who reported the 

length and breadth of fourth instar larvae of H. armigera as 12.83 ± 0.15 mm and 

2.85 to 0.04 mm on chickpea. respectively . 

The head capsule was s imilar to third instar but size was differed 

(Plate-ZOC). The head capsule of fourth instar larva (Table-21) measured from 

1.17 to 1.53 mm and 1.22 to 1.62 mm with an average of 1.36 ± 0.11 and 1.44 ± 

O. I 2 mm, respectively. 

The duration of fifth instar larva (Table-22) ranged from 4 to 5 days 

(4.55 ± 0.5 I days). The present tindings are more or less in confinnation with 

those of Ali e/ al. (2009), who reponed 3 to 4 days of fifth instar when H. 

armigera reared on chickpea and 3 to 6 days when reared on rose (Patel c/ al .. 

20 I I). 

304.2.6 Fifth iustar 

The filth instal' larva was showed pinkish brown and pale green 

colour pattern with broken dorsal strips and continues lateral strips. The black 

spots were reduced in number (Plate-21 A). Dorsal strip of pinkish brown larvae 

was thick and black in colour, while in pale green colour Ialvae strip was thick and 

white in colour. The abdomen was turn in yellowish green and thoracic reason \vas 

remain dark green coloured, when larvae st3l1 moulting (Plate-2IB). The fitih 



l'lat :1 (A) Plate .1 (8) Plate 11 ( ) 

lIar :' 1: , A) Fifth in' tarians (8) moul{in~ ( l and head cap,ule 

F 

;....._-----
Plate :. (A) Plate •• (8 ) Plate .1 (C) 

rlat ::: ( ) : i~th instar Ian a (S) mOllltin~ ( ) and head capsule 

Plate :.J A) Plate.3 (S ) Plate 23 (S) 

1 : ( A ) FuU gro ~ Ian a goes into the oil ( 8 ) pre-pupa (C ) and head capsule" ith 
exU\i ae 
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instar larva was more active and aggressive as compare to previous stage but at the 

time of moulting larva was less active. 

The length and breadth of fifth instar larva (Table-20) was ranged 

from 15.92 to 19.87 mm (17 .7 1 ± 1.27 mm) and 2.12 to 3.16 mm (2 .70 ± 0.31 

mm), respectively. Previ ously , it was also repo:-ted average as length and breadth 

of tifth instar larva of H. armigera as 20.97 and 3.2\ respectively on chickpea by 

Ali "' "I. (2009). 

Head capsule was transparent light o range in colour (Plate-2 1C). 

The length and breadth of head capsule (Table-21) ranged from 1.77 to 2.14 mm 

wi th an average of 1.97 ± 0.13 mm and 1.84 to 2.38 mm with an average of 2. 11 ± 

0.16 mm, respectively. 

Result given in Table-22 present the duration of fifth instar larva 

ranged from 4 to 5 days with an average of 04.55 ± 0.51 mm . The present 

investigation more or less simi lar confirmation with Patel el al. (2011) who 

recorded duration of fifth instar larva of H. armigera ranged from 3 to 6 days, 

when reared on rose. 

404.2.7 Sixth inst.r 

The sixth instar larva was flattened ventrally but convex dorsally. 

The body was pinkish brown and pale green in colour with two black longitudinal 

strips on dorsal side and scattered sh0l1 hairy setae present all over the body 

(Plate-22A). The characteristics of larva during moulting were simi lar to the 

prev ious instal' (Plate-22B). Legs were pinkish to light g reen in colour. 
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Thl: hody length and breadth of sixth instar larva (Table-20) ranged 

teom ~O.II to W.oO mOl (15.93 ± 3.70) and 3.19 to 4.32 mm (3.72 ± 0.37 mm) 

ft'spectiydy. Similarly, it was also reported as 30.50 to 34.50 mm in length and 

,:UW tll .. L25 mm in breadth wi1t:'11 H. armigera was reared on chickpea, by Ali el 

lkad capsule of s\;.th instar larvae was similar in appearance as of 

ntlh instar larvae. but ditTen:d in size (Plate-22C). After moulting. mostly a head - . 

",'aps-uk was found in excreta. The length of head capsule tTable-21) varied from 

I.S6 to 3A-l- mOl (2.69 ± 0.51 mrn). while breadth varied from 2.13 to 3.73 mm 

(1.96 ± 0.49 mm). 

The data of duration of sixth instar larva summarized in Table-22 

nmged lrom 4 to 6 days (4.71 ± 0.72 days). In past. Patel et al. (2011) recorded 

that the dunnion of sixth (an'al instar duration ranged from ..+ to 8 days when 

reared on rose. 

-IA.2.S Totallarnll in~tar 

The perusal of data presented in Table-~2 re,'ealed that. the total 

larval development period of H. armigera varied from::! 1 to ::!5 days (21.-+ ± 1.71 

days). Earlier. this period of H. armigera was recorded as 1..+ to 20 days on 

chickpea by Ali e! al. (2009). While. as per Patel et al. (~Oll) it was 191<' 2~ days 

when reared on rose. The variation in the larval period may be hecause of di ft~rent 

hosts. 
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4.4.3.1 

I'rc-pupa 

Culmll', shape ~lnd size 
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Aner completion of larval development, final instar larva stopped 

feeding and change its colour from pinkish brown to light pinkish brown and pale 

green to light green yellowish with less prominent strips. These was the indication 

of larva L1IH.!"rgoing pre-pupal stage. The full grown larva wondering on the soil 

J()f pupation (1'Iate-23A) and pupated within the soil by making an earthen cocoon 

(Plate-24M, Aner preparing an earthen cocoon, the larva contracted its body 

while the legs remained straight (1'Iate-2313), During this period the larva did not 

exhibit any movement unless it was disturbed. finally, larva shedding off cuticle 

and head capsule was attached with that inside the cocoon and goes into pupal 

stage (Plate-23C). Ali el al. (2009) and Patel el al. (2011) also observed that the 

full grown larva of sixth instar becomes sluggish and suspended feeding and 

movement. 

The length and breadth of pre-pupa was varied from 13.02 to 17.29 

mm (15.44 ± 1.38 mm) as indicated in Table-23. The length and breadth of pre-

pupa of H. armigera was. rcspectively, 25.43 and 4.56 mm on chickpea (Ali elal., 

2009); 25.01 and 4.96 mm on rose (Patel elai .. 2011) and 24.12 to 3.51 mm on 

groundnut (Gadhiya el ai., 2014). The difference found in size of pre-pupa 

between present study and previous study may be due to different hosts. 



• 

I'late 24 (A) I'late 24 (B) Plate 24 (C) 

plah-2.t : (A) Earthen cocoon (B) freshly formed pupa (C) and fully developed pupa 

Plate 2S (A) Plate 2S (B) Plate 2S (C) 

Plate 2S: (A) Spiny posterior tip (B) abdominal segment (C) spiracles 

(A) (B) 
-

Plate 26: Morphomatric difference: (A) male (B) female 
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T:khll' 2~\: ~h'aslln' lIll' nl uf )In'-pupa anti pup:, of /I IIrmigf!ra • 

1'n.·- llUPli I'u,)a 
Sr. Nu. 

1 . "II~th Hre:ulth Length Rr(,OIdlh 
111m (mill ruIU rum 

• 

I 1 (J.O 1 2.82 12.25 3.68 , 17.2Q 3.06 11.00 3.31 • 

, 
15.20 3.13 12.48 4 .12 .' 

4 16.26 3.28 13.42 4.57 

5 16'{)6 3.15 10.98 2.76 

0 14. 17 2.64 12.20 3.38 

7 13.02 2.64 11.40 3 -, .) .:. 

~ 17M . 3.13 D . IO 4 .12 

9 15.78 ' ,-.1..) ) 12.88 2.Q I 

III 13.47 2.9 I 11.52 3.76 

II 16.90 3.73 12.78 3.80 

12 14.78 3. 14 13.06 4'-.. ~ 
13 15.39 )1-.. , 11.24 3.30 

14 13.61 3.07 13.31 4. II 

15 17.15 3.6Q 11.93 ' 4 -.."I. ,) 

16 16 .. N 3.52 13.40 4.51 

17 13.90 ' '4 ~ .• 11.16 ' '1 ~.-

18 13.53 2.98 12.79 ' '6 _L , 

19 16.78 3.34 1 :!.36 3.71 

20 15.88 3..t1 12 .85 4.0 I 

21 I 7. I I ' -8 .) .) 11.66 3.31 . 

22 13.67 3.19 12.76 3.75 

l' . ~ 14.37 2.89 12.90 4.07 

24 16.83 3.42 13 .13 4 " .~-

,-., 15.4 ' 2.Q8 11.67 ' -9 _.) 

'tin. 13.02 2.6-' 10. QS ' '9 _. ::-

Max. P .2'} 3.S4 13.42 ..1.57 

A,. ± S. l>. 15,44 ± US 3.20 ± 0.32 12.33 ± 0.80 3.6\) ± 0.52 
..J 
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...... 3.2 Pre-pupal period 

The pre-pupal period (Table-24) found ranging from I to 2 days 

(1.48 ±.O.SI days) during present study. This stage lasted for I to 3 day on 

chickpea (Ali el lIl. , 2009) and rose (rate I et al., 2011) and I to 4 days on 

groundnut (Gadhiya et al .. 2014). 

-1.4 ... 

......... 1 

Pupa 

Colour, sh .. pc. size and behaviour 

The newly formed- pupa was transparent green to light green in 

colour (Plate-24B) and f1ll1her. it become hard and changed into reddish brown 

colour with prominent black eye spet after few hours (Plate-24C). The pupa was 

obtect type. It was smooth, cylindrical. long and tapering towards the posterior end 

with two paraliel spines at the posterior tip (Plate-2SA). Abdomen was distinctly 

marked into ten segments (Plate-2SB) and weli defined dark brown spiracles were 

visible on fourth to ninth abdominal segments (Plate-2SC). Male and female pupae 

were differentiated at pupal stage based on morphometric characters. Male pupa 

carri~s genital aperture on ninth abdominal segment, whereas. in case of female. it 

was present on eight abdominal segments (Plate-26). Movement of abdomen was 

observed when pupa was disturbed. Present observation more or less similar to 

earlier study of Ali et al. (2009) and Patel et al. (20 II) when H. armigera reared 

on chickpea and rose, respectively. 

Looking to the data in Table-D. the kngth of pupa measured from 

10.98 to 13.42 mm (11.41 ± 1.03 mm). while that of breadth measured fro m 2.59 
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to 3.57 mm (3.21 ± 0.36 mOl). Earlier. the length and breadth of pupa measured as 

1,9.00 and 5.72 mm on chickpea by Ali el al. (2009) and 20.93 and 6.09 mm on 

rose by patel el al. (20 II) respectively. Thus. it is clear from this study that. host 

plant playing role in size of various stages of pest. 

The morphometric meaSUft!ments of pupa were also taken to identify 

the sex of pupa. Accordingly. the distance between anal and genital pores (Table-

25) of male pupa was recorded as 0.45 to 0.67 mm (0.56 ± 0.45 mm). while in 

female. it was 1.39 to 1.72 mOl (1.55 ± 0.11 mm). Thus. it was observed that the 

distance between anal and genital pore was more in female than male. Gadhiya et 

al. (2014) have also reported same while studying biology of pest on groundnu\. 

The data given in Table-24 revealed that the pupal period varied 

Irom II to IS days with an average of 12.67 ± 1.28 days. In past. Ali el al. (2009) 

recorded average pupal period of 13.15 days of H. "rmigera on chickpea. while. 

Patel el al. (2011) noted it as 10.44 days on rose. 

4A.5 Adult 

4.4.5. t Colour, size, shape and behavior 

Immediately after emerging from the pupa. adult took a rest for 

some time to stretch and harden its wings and other body parts. Once the body 

acquired normal structure and hardened the wings. adult looking for the food. The 

compound eyes were dark bro\vn in color and were located laterally on the head. It 

possessed a pair of antennae of setaceOllS type on the dorsal side of the head 

between the compound eyes. Siphoning type of mouthpart \vas coiled Gnd rested 
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Tahll~ 24: Ilunltion of IH.'r-pupaI1md pupal pe l"ind of II. armigera 

Sr. No. Pre-pupal period ([)a~'s ) Pupal period (Days) 

I I 12 
• --t , 2 12 -

3 I 13 

4 I 14 

5 I 12 
-

6 2 I I 

7 , 12 -

8 I J3 

9 I 14 

10 I I I 

I I 2 15 

12 I 13 

13 , I I -
14 2 12 

15 2 12 

16 2 14 

17 I 13 

18 I 15 

19 , I I -
20 I 12 

21 2 14 

M in. 1.1111 11 .00 

M;n:, 2.00 1 S.OO 

Av. ± S.I). tA8 ± 0.5 1 12.67: 1.28 

I 
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• 
Sr. No. 

Distance between anal and genital pores (mm) 

Malt' Female 

. I 0.65 1.66 

2 0.57 1.52 

3 0.45 1.39 

4 0.49 1.72 

5 0.61 • 1.48 

6 0.67 1.62 

7 0.58 1.66 

8 . 0.66 1.50 

9 0.50 1.50 

10 0.48 1.42 

I I 0.66 1.71 

12 0.45 1.59 

13 0.47 1.70 

14 0.50 1.46 

15 0.61 1041 

16 0.62 1.52 

17 0.66 1.43 

18 0.57 1.44 

19 0.49 1.39 

20 0.63 1.65 

21 0.54 1.69 

22 0.48 1.55 

23 0.58 1.51 

14 0.59 1.58 

25 0.53 1.59 

J\lin. 0.45 1.39 

Max. 0.67 t.i2 

A\'.±S.D. 0.56 ± 0.45 I.5S±O.11 
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beneath the head. The adults were of medium size with broad thorax possessing 

yellowish brown forewings and legs were long with dirty white scaly appearance. 

There w<1s a distinguished colour pattern between male and female moths. Males 

were of greenish-grey in colour (Plate-27), whereas, females with orange brown 

and were also identified by the prese"ce of tuft of hairs on the tip of abdomen 

(Plate-28). There was series of the dot~· on margin and black kidney shaped 

marked on underside of each forewing. The transparent membranous part of the 

forewings was covered with creamy coloured scale. Hind wings were lighter in 

colour and each possessed a dark coloured patch at the apical end. These 

observations are more or less in agreement with those reported by Ali ef al. (2009) 

and Patel el 01. (2011), when H. armigera was reared on chickpea and rose 

respectively. 

The data on measurement of adult moths are given in (Table-26). 

The length of adult male varied from 15.94 to 18.21 mm (16.94 ± 0.83 mm) and 

the breadth varied from 32.18 to 34.79 mm (33.12 ± 0.82 mm). Whereas. in case 

of female. the length varied Ii'om 17.90 to 22.83 mm (20.31 ± 1.62 mm) and the 

breadth varied from 30.16 to 36.68 mm (34.23 ± 1.83 mm). These observations on 

length and breadth were almost similar to the observations recorded by Ali el al. 

(2009). Patel ef at. (2011) and Gadhiya ef al. (2014). when H armigera was 

reared different host viz .. chickpea. rose and groundnut. respectively. 



• 

PIMe 27: Male adult of fl. armigera 

) 

Plate 28: Female adult of fl. arllligera 
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Tahlt.' 2C~' Mcasun'fllt.'u( H" m .. ll' 'nut fem 'tll' 'Hlull or 1/ armigeTa • • • • • • 

M :111.- t""n1:l1t: • 

Sr. No. 
l ,l' II/.:11I (mm) nrc.Hlth (nun) Ll'I1~th (nlln) Brclulth (mm) 

I' 16.0) 32.29 19 .34 33.39 

2 15 .94 32.18 17.(J{) 30.16 

3 16.M9 33.15 20.32 34.85 

4 18.21 34.79 19.62 33.47 

5 18.08 33.56 22.50 36.58 

6 1(,,23 32.43 18.52 32.9 

7 17.50 33.68 19.63 33.45 

8 16.78 33. 16 18.25 32.74 

') 17.2 1 32.47 21.98 35.9 1 

10 16. 14 32.4 1 17.98 30.22 

I I 15.96 32.22 21.42 35.77 

12 17.52 32.7 1 19.60 33.48 

13 15 .95 32.22 20.59 34.92 

14 18. I 0 34.53 22 .09 36.21 

15 15.98 32.34 18.78 32.93 

16 16.88 33.19 21.36 35.23 

17 16.28 32.45 18.74 32.86 

18 15.99 32.38 22 .79 36.43 

19 16.71 33.14 19.20 33.26 

20 17.88 33.74 20.2 1 34.66 

2 1 17.62 33.69 21.87 35.64 

22 18.14 34 .50 22.81 36.5 I 

23 18.08 34.47 19.00 32.96 

24 16.99 33.24 20.45 34.62 

25 16.38 33. I I 22.83 36.68 

Min. 15.9-1 32.18 17.90 30.16 

M:n: . 18.21 34.79 22.83 36.68 

A\'. ± S.Il. 16.94 ± 0.83 33.12± 0.82 20.31 ± 1.62 34.23 ± 1.83 
-
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I.ooking to the data (Tahlc-27) it can he concluded that. the prc-

(lvipositio.t1 pl..:riod varied from 2 to 4 days (2.Hfl ± O.KS days) which arc closc 

CllllCurn.!'IH':C Itl tIH)SI.' lll" 1'.lki el al. (20 I I ) and (iadhiya d £II. (2014) , 

Thl.' oviposition period ranged from 7 to ') days (X .14 ± 0.85 Jays) as 

i:'dil'UII:d in Tahk-27 during present investigation. l:arlicr. this rn.:riod reported as 

4 to 7 dnys (I'atel .. , "I" 2(11) ami (, 10 days (liadhiya .. , "I" 2(14 ). 

Thl.' post-oviposition -period Juring the sltH.lil.!s ranged from I to 2 

days wilh all awrage of I.S2 ± (I .S I days (Table-27). Pale I <'I til. (20 I I) and 

(;adhiya <'I til. (2014) also reporled () 10 2 days of post-oviposition period in Il. 

• 
arulIg£'l'lI . 

.104.7 Fccnndity 

In laboratory. Ihe egg laying capacilY (Table·28) recorded during Ihe 

siudy was varied frolll 742 10 1235 eggs (1048.40 ± 193.58 eggs) per female on 

chilli . Aimosl similar fecundilY or 290 10 910 eggs per female on rose was 

recorded by Palel CI al. (2011) while il was 405 to 420 on chickpea (Ali "I al .. 

2009) ami 163to 318 un groundnul (Gadhiyaelltl .. 2014). 

4 ..... H Long;t'\'it)' 01' adult 

The longevilY (Table-27) of male ranged from 7 10 10 days (8.67 ± 

1.06 days) while maled female lived for 9 10 13 days (1 0. 90 ± 1.22 days). 

According 10 Ali "I al. (2009), both male and femal e of H. armigera lived for 

about 7to II and 10 to 14 days respectively. Similarly. Patel el al. (2011) 
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Table 27: Pre-oviposition, o\'iposition, post-oviposition period and adult 
~"fH. chilli 

• 

Pre-
Oviposition 

POSI- Adult longevity (Da)'s) 
Sr. No. oviposition oviposition 

(Oa)'s) . 
(Days) (Oays) Male Female 

I 2 9 2 8 I I 

2 3 8 2 8 I I 

3 2 9 I 7 I I 

4 4 9 I 10 13 

5 3 7 2 8 10 

6 0 9 
. 

I 9 I I -
7 2 9 2 10 I I 

8 4 8 I 7 12 

9 3 8 2 8 I I 

10 2 7 I 9 9 

1 1 4 7 I 10 I I 

12 4 9 2 8 9 

13 3 8 I 9 I I 

14 2 8 2 10 13 

15 3 7 2 10 9 

16 3 9 2 8 10 

17 2 9 I 9 I I 

18 4 7 I 9 10 

19 2 9 0 7 13 -
20 4 8 I 8 12 

21 2 7 2 10 10 

Min. 2.00 7.00 1.00 7.00 9.00 

Max. 4.00 9.00 2.00 10.00 13.00 

Av. ± S.D. 2.86 ± 0.85 8. 14±0.85 1.52 ± 0.51 8.67 ± 1.06 10.90 ± L22 



Tahle 2H: F('cundity of /-1. armigera 
• 

. Sr. No . 

I 

• 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Min. 

Max. 

Av. ± S.D. 
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No. of eggs laid hy individual fcmulc 

1205 

1235 

851 

1212 

1200 

852 

1198 

I I 14 

875 

742 

742 

1235 

11148..111 ± 19358 
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~t:onJt:'J th\.' longe\'ity of mak and female adults as ~ to 8 and 5 to 11 days, 

respel' ti,-dy_ While. Gadhiya cl aI_ (:!Ol~) reported this duration of male and 

female adults as 7 to 8 days and 8 to 10 days respectively_ 

404.9 Sl'X ratio 

Based on morphological characters mentionl!d earlier. the adult were 

ditl~rentiated intll th~ir sexes. Out of 100 adults emerged from laboratory mass - . 
culture during JX'rit'd of study. 3-4 were males and 66 were females. which 

indicated the r~r,.:lT1derJ.nce of female. The sex ratio of male to female was 1: 2.08 

lTilhk-~Q). According to Gadhiya et al. (201·1). the sex ratio of H. armigera was 

I: 1.1 ~ when reared on growldnuL -
Tot.lliff cnlc , 

The total life span (Table-30) (Plate-29) from eggs to the death of 

adult occupied by male was ~o to 59 days (~8A3 ± :!A~ days), While. female 

occupied ~7 to 57 days (51.72 ± 2,72 days), Thus, a total life period of male was 

shl. ... rter than female recorded during present investigation. The present findings are 

more or less in agreement with those of Gadhiya el al. (201 ~), 

404,11 lan·al-pupal parasite of H. armigera 

A tachinid ny, Jllriniopsis adllsta lar.al-pupal parasite was found to 

parasitize H armigera_ when the lan-ae were collected from chickpea field during 

the present studies, ;\[ostly. the third and fourth instar larvae were found 

parasitized by this parasite in field condition, The parasitized larvae showed its 

nonnal de\'elopmental acti,-ily until pupation, But the infected pupae were turned 
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Pre-pupa 

61h instar 

Adult 

5th instar 

Total life cycle of 
H. armigera 

Male 
40 to 50 days 

Female 
47 to 57 days 

Egg 

4th instar 

Plate 29: Life cycle of H. armigera on chilli 

1'1 instar 

2nd instar 

3rd instar 



·Sr. Nu. Atlul1 uh"t'nt'd 

. 
I() I 

. --
2 III 

J 10 

4 10 

; 10 

<- 10 

7 10 

N 10 

<) 10 

III 10 

TtI.lI. IUU 

Mi n. 

Ma\:. 

,.\,·.±S.U. 

NUlUht.'rs uf ;ullll( 

Malt· h ·lIIl1lt· 

4 (, 

J 7 

3 7 

4 6 

4 6 
-

.1 7 

4 6 

3 7 

4 6 

2 8 

34 C!l. 

2.UO (..1m 

4.0U K.IIII 

3.411 C,.M) 

qq 

Rt'.w/f.<; tllld Di.,·t' II.,·sirm 

St.'"\ rollin 

(Mllit': F(,!lHlle) 

I: 1.49 

I: 2.33 

I: 2.ll 

I: 1.49 

I: 1.49 

I: 2.33 

1: 1.49 

I: 2.33 

--t -
I : 1.49 

I: 4.00 

-
I: l..a l) 

l' I : 4.1111 

I: 2.IIK 



100 
Results and Dbjcussinn 

Table 30:Dctail of life cydc of H. armigera 

. Period (Days) 
Pal"ticulars No. 

S.". No. 
oils. Avg. ± S.Il. 

Min. Max. 

I Incunation period (Days) 25 2 5 3.9 ± 0.74 

2 Hatching percentage 10484 5577 53.20 % 

3 Larval period (Days) 
. 

[ instar 25 2 4 2.88 ± 0.73 

II instal' 24 3 4 3.46 ± 0.51 

III instal' 23 3 5 3.91 ± 0.79 

IV instal' 22 3 5 3.73 ± 0.70 

V instal' 22 4 5 4.55 ± 0.51 

VI instar 21 4 6 4.71 ±0.72 

Total larval period (Days) 21 21 25 23.14± 1.28 

4 Pre-pupal (Days) 2 I I 2 1.48±0.51 

5 Pupal period (Days) 2 I 10 14 11.86 ± 1.56 

6 Pre-oviposition period (Days) 21 2 4 2.86 ± 0.85 

7 Oviposition period (Days) 21 7 9 8.14 ± 0.85 

8 Post-oviposition periods (Days) 21 I 0 1.52 ± 0.51 -
9 Sex ratio (Male: Female) 100 34 66 I: 2.08 

10 Adult longevity (Days) 

Male 21 7 10 8.67± 1.06 

Female 21 9 13 10.90 ± 1.22 

I I Total life cycle (Days) 

Male 2 I 40 59 48.43 ± 2.44 

Female 21 42 62 50.67 ± 2.13 

12 Fecundity 10 742 1235 1048.40 ± 193.58 
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dark lW\l\vll h) hluck in colour ailer 2 to 3 days or pupation and thal illl.lic.lh.:u the 

para~itizali'lil . Aller J 10 4 days. a maggot of tachinid lly came out from pupae by 

Ilwkillg hole and pupates oliisidl..' (Pl;:tlc':WA and H), Adult of II. armi!!,l!ra did 1101 

l..'lllcrged IhHn inl'ct'h:d pupae. The pupal period or tachinid lly was recorded as 2 

III 3 days. The adul: lachinid fly closely resembled 10 house l1y (Plato-31). It was 

grayish in colour and Iw:"y setae were ohserved on thoracic and anal region having 

browll clJloured ":tllllpound eyes. pair or aristatc antellna. sponging mouthparts. 

sticking kg'S and s\l\gk pair of n,cmnranuus wing.s, 

Fourty two larvae of II. armigcl'lI were collected (hUll chickpea lield 

during. leafy stage of the crop. of which thr~c larv;]I! were found parasitized hy 

tachinid ny. Thus. 7.14 per cent parasitization was noted during present studies 

(Tabel-IS). The parasile was senllo NIlI!. Uang"I"l"c 1')1" ilienlilicalion. 



Plate 30(A) Plate 30 (8) 

Plate 30: (A) Parasitized pupa of H. armigera (8) tachinid Oy pupa 

Plate 3 t : Adult of tachinid 0) 
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V. SUMMARY AND CONCLUSION 

Chilli. Cap,y;cum annum L. is one of the prominent spice and 

vegetable crop of India. From a social equity point of view, this vegetable is 

especially important. as it is liked by rich and poor. urban and rural . upper and 

Iv '..vel' classes and is a social leveler in the class-conscious society of this part of 

the \t\ Jrld. Besides income. chilli is an important source of nutrition, which is 

primarily consumed as spices and cooked vegetable in various ways. The biggest 

threat to chilli cultivation is the vulnerable and wide spread attack by several 

insect pests. Among them , chilli thrips, Scrilolhrips dorsalis Hood is considered as 

the most serious and important pest in south Gujarat region. To minimize the 

economic losses caused by these chilli thrips, various insecticides are being used 

over this crop on massive scale from transplanting to fruit harvesting, which leads 

to accumulation of insecticides residues in chilli fruits and dried chilli powder and 

pose significant health hazards to human. Moreover, insecticide residue problems 

are one of the most important debating issues for hu.nan health. Considering the 

above points in view, investigations on HPersistence and Dissipation of 

Insectirides against Chilli Thrips and Biology of Fruit Borer (Helicol'erp" 

(frmigertl Hubner) were carried out at Farmers field , Village Kesali. Ta. Gandevi. 

Dis!. Navsari and Food Quality Testing Laboratory as well as well as Post 

Graduate Research Laboratory of Entomology Department, Navsari Agricultural 

University, Navsari. Gujarat during Rabi 2015-16. The important findings of the 

present investigation are summarized here under. 
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Bioefficacy of variuus insecticides against chilli thrips 

(S. dorm Ii .• ') 

It is evident from the studies that. a treatment of fipronif 0.005 per 

cent (25 mL a.i.fha) and [enpropathrin 0.03 per cent (150 mL a.i.!ha) found 

significantly superior in controlling the chilli thrips. A treatment of ethion + 

cypermethrin 0.1 per cent (499.5 mL a.i.!ha) proved as the second best treatment, 

though, it was equally effective to [enprop.thrin 0.03 per cent and lambda-

. 

cyhalothrin 0.005 per cent (25 mL a.i .lh.). Fenazaquin 0.005 per cent (50 mL 

•. i.lha) remained least effective among all during present investig.tion. 

The treatment of fipronil 0.005 per cent also resulted in significantly 

higher fruit yield (421.95 qlha), which was at par with fenpropathrin 0.03 per cent 

(403 .26 ql hal, followed by lambda-cyhalothrin 0.005 per cent (375.04 qlha), 

ethion + cypermethrin 0.1 per cent (328.43 qlh) and fenaz.quin 0.005 per cent 

(304.19 qlh). The lowest yield was observed in untreated control plot with 172.84 

qfha. 

5.1 Persistence of different insecticides in chilli. 

QuEChERS method was used to validate various parameters like 

linearity, accuracy (% recovery), precision (% RSD) and detection limits (LOD 

and LOQ). 

5.2.2 Persistence of Fipronil 

Recommended treatment of tipronil inion chilli !i'uits showed 0.27 

fig g" as initial deposits, which reduced to 0.09 ~'g g" 15th day at"t<r the application 



• 

IO~ 

S"",mdl)' mid <. ·ondll.~ jml 

~flt!'ct loss of 0.25 pc:r Ct!'llt initial deposits. The rcgressinn C4u3tion worked out 

, 
W:lS Y '" -O.0258x + l.-lll Il( R -. 0.\)8) :lnd h:lll" life was I 1.67 days. 

• • 

- , J :"I ••• I' ... 'rs ish.'m:\' n f 1 . ~111l htl :'I-,"~' h;., luth rin 

The initial lit!pos ition or 0.33 ~Ig g.1 of lambda-cyhalolhrin was 

dd\!ctl!d inion chilli fruits. \\'h~n sampled from fl.!'commcn('kd dose wcre ~malyzed. 

The regrt'ssion equation of Iamvda-cyhai{)thrin at 0.005 pt!r cent was tiHl!d as y=-

, 
0.0·0 Ix + 1.5401 hy giving 0 .92 as R- "allll! . Moreon;r. the half life ~rioJ for 

-, . :"I ...... Persistellcl' nf Ethion 

Data on rc..:ommended dose of ethion residues in!t.m ~hilli fruits 

recorded as 0.20 ± 0 .05 ~tg g' l at 0 day (2 hours of exposun;:). The- regression ' 

equ:llion of ethion was calculated as y = -O.06~2, + 1 . 277~ (R' = 0.\)6) and half 

litl: period was caklllat~d as 4.68 days. 

-, -:'1._.:'1 PCl"sish.'IH.'l' uf cYJ1crml'thrin 

Th~ spray concentration of 0.011 per cent resulted in 0.55 Jig g'l of 

initial deposition, which gradually dissipated and were BDL « LOQ = 0.0-1 !Ig!gl 

011 t h. day. The- n:gresSi l)1\ equation obtained wus y = -O.1162x + 1. 75C)1 

with a half life peri\1d of 2.6 days. 

- , L ="._.u F "'II l)rop:'1 f h rin 

, 
lR-, 0.(8) 

I ,~ 'I" '. ~ -. -
g ' l ;)1 0 days (2 hours ~)f c-xposure) WCI,\: 7733 pc-r cent on ISlh day during tht:' 
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present investigations. The regression equation for fenpropathrin was fitted as 

y = -0.0397x + 2.2241 (R' = 0.9772) with a half life period of 8. 14 days. 

5.2. 7 I~('r~istcnce of FcnaZa(IUin 

The initial deposition of 2.33 ~g g" at 0 days (2 hours of exposure) 

of fenazaquin 0.005 per cent was detected inion chilli fruits. The regression 

equation of renazaquin was titted as y = -O.0397x + 2.2241 by giving R' = 0.97. 

Moreover. the haif life period for this molecule was 8.14 days. 

Conclusion 

The persistence of different insecticides were poor to moderate in 

the chilli crop as 65.81 10 91.80 per cent of initial deposit were lost within 15'h 

days after Ihe spraying . 

The half-life values worked out for different insecticides were as 

follows : tipronil (11.67 days) > fenpropathrin (8.14 days) > lambda-cyhalothrin 

(6.98 days) > fenazaquin (6.57 days) > ethion (4.68 days) > cypermethrin (2.6 

days). 

5.3 Processing factor of different insecticides in chilli. 

The processing factor worked out for fipronil , lambda-cyhalothrin. 

ethion. cypermethrin. fenpropathrin and fenazaquin was 8.57. 9. 13, 6. 19_ 5.02. 

6.87 and 5.38. respectively. The study of process ing factor reveals that the 

residues of all the insecticide concentrated by 5 to 9 times due to drying followed 

by powdering process. The result showed that initial deposi ts of fipronil. lambda-

cyhalothrin, ethion, cypcrmethrin, fenpropathrin and fenazaquin in the fresh chilli 
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li'uits were 0.27, 0.07, 0.20, 0.55. 0.11 and 0.11 ~g/ g recorded on zero day (2 hrs 

aller last spray). while these were 2.33, 0.62. 1.25,2.77.0.74 and 0.60 ~gl g when 

subjected to pro.cessing (drying followed by powdering). respectively. 

Conclusion 

The chilli fruit samples sprayed with different insectici(~~s at their 

recommended dose collected on zero day after the application were subjc--ted to 

sun drying and powdering and the processing factor (ratio of the residues in 

processed to fresh products) were worked out for each insecticide. The processing 

factor worked out for fipronil (0.005), lambda-cyhalothrin (0.005), ethion 

(0.088). cypermethrin (0.012). fenpropathrin (0.03) and fenazaquin (0.005) which 

reveals that the residues were 5 to 9 times, when fresh chillies are subjected to sun 

drying and powdering. 

5.4.1 Bio)ogy of fruit bo)"er (H. ul'lIligera) in chilli. 

Biology of chilli fruit borer, H. armigera indicated that the female 

laid eggs singly or in batches of 2 to 3 on tender leaf and shoots of chilli plant. 

Occasionally the eggs were found on pot. piece of black colour muslin cloth and 

platform. The freshly laid eggs were yellowish white in colollr which changed to 

deep yellow after one day and become dark brown prior to hatching. Eggs were 

hemispherical with flat base and prominently sculptured with numerous ridges 

running Iram one polar end to another. The length and breadth of freshly laid eggs 

were ranging from 0.42 to 0.56 mm and 0.44 to 0.57 mm respectively. The egg 

laying capacity of the female varied from 742 to 1235 eggs with an average 
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1048.40 ± 193.58. The hatching percentage was 53.20. The incubation period 

ranged from 2 to 5 days. 

The larvae passed through six distinct instars when fed on chilli 

leaves and fresh green chilli fruits. The body colour of freshly emerged larva was 

semi·translucent. diny white in colour with whitish Ic~gitudinallines on the dorsal 

surface of the bod\'. The second instar larva was vellov.isr to li2ht brown in colour . ' -

having transparent brown spoued head capsule. The third instar larva was similar 

. 

in general appearance but differed in size. At the time of moulting. cuticle lum to 

black in colour. Head capsule was more compact and transparent with light bro,," 

spots. In fourth instar. larvae appeared in variOIiS colours of green. reddish brO\\l1. 

bro\\ll. ereenish brmm and covered with setae allover Ihe bod\'. The fifth instar - . 
larvae were showed pinkish brO\\l1 and pale green colour panem \\ith broken 

dorsal strips and continues lateral strips. Head capsule was transparent and light 

orange in colour. The sixth instar larva was flanened ventrally bU! cocvex 

dorsally. The body was pinkish brown and pale green in colour \\ith Iwo black 

longitudinal strips on dorsal side and scanered shan hairy setae were present on all 

over the body. Mostly. a head capsule was found in excreta after moulting. The 

avera.ge length of firsL second. third. fourth fifth and sixth instar lan'ae were 1.60 - -
± 0.22. 4.57 ± 0.59. 9.55 ± 1.32. 11.98 ± 2.33. 17.71 I 1.27 and 15.93 ± 3.70 mDI. 

while that the averaee breadth were 0.26 ± 0.05. 0.68 ± 0.13. 1.16 ± 0.26.1.83~ -
0.29.2.70 ± 0.31 and 3.72 ± 0.37 mm. respectiyely. The average lan'al duration of 

first. second. third. fourth fifth and sixth instar larvae were recorded as ~.88 = 
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0.73.3.46 ± 0.51. 3.91 ± 0.79.3.73 ± 0.70. 4.55 ± 0.51 and 4.71 ± 0.72 days, 

respoctively. The total larval period was completed in 23.14 ± 1.28 days, when 

reared on chilli. . 

The larva undergoes pupation in soil by preparing an earthen cocoon 

and the pre-pupal period recorded 'lS 1.48 ± 0.51 days. The newly formed pupa 

was transparent green to light green :'1 colour and further it became hard and 

changed into reddish brown colour with prominent black eye spot. The pupa was 

of obtect type. rhe average length and breadth of pupa measured as12.33 ± 0.80 

ancl 3.69 ± 0.52 mm, respectively. The average pupal period was 12.67 ± 1.28 

days . 

The male moth was of greenish-grey whi Ie female was of orange 

brown. Presence of tuti of hairs on the tip of abdomen of female is the 

identilication character. The average length of male and female measured from 

16.94 ± 0.83 and 20.31 ± 1.62, while breadth with expanded wingspan measured 

as 33.12 ;, 0.82 and 34.23;' 1.83 mm, respectively. The sex ratio (Male : female) 

was 1 :2.08. The average pre-oviposition, oviposition and post- oviposition periods 

were 2.86 ± 0.85, 8.14 ± 0.85 and 1.52 ± 0.51 duys, respectively. The male and 

female moth lived for 8.56 ± 1.04 and 10.80 ± 1.32 days, respectively. The 

average longevity of male recorded as 8.67 ± 1.06 days while that of female was 

10.90 ± 1.22 days. The average fecundity of the temale recorded as 1048.40 ± 

193.58 eggs. The total life cycle of male was completed in 40 to 59 days (48.43 ± 
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2.44 days). while il was completed in 42 10 62 days (50.67 ± 2.13 days) during the 

. .' 
present InvestigatIOn. 

5.4.2 L~lrv"'-pupal p'lrasite of fl. armiJ,(erli 

Field collected larvae of I-I. armigcra were found to parasitize by a 

tachinid n~ ' .Iuriniopsi.\' (Jdusla and the parasitization recorded was 7.14 per cent. 

• 
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Appendix I' Weeklv meteorological data recorded at Meteorological Observatory Navsari Agric Itural U' '1) N . (2014 5 • • u mYers) " avsan -I ) • . , 
Standard 

Ilright 
Temperature (DC) Relative Humidity (%) 

Vapour pressure Wind 
Sun shine 

Week (mm of Hg) Speed Evaporation 
(hrlday) MaxT MinT MeT MoRH EvRH MeRH MoVP EvVP MeVP (kmlhr) 

I 2 3 4 5 6 7 8 9 10 II I2 13 
49 8.77 32.56 15.74 40.43 69.38 36.97 87.86 11.22 13.37 17.91 2.99 3.69 
50 6.63 30.16 14.00 37.16 81.86 47.92 105.82 11.65 14.68 19.00 2.19 3.07 . 
51 7.64 29.29 13.23 35.90 70.48 47.81 94.39 9.65 14.44 16.87 4.95 3.17 
52 7.69 29.04 12.98 35.53 68.73 33.19 85.33 9.09 9.55 13.86 3.85 3.18 
I 7.47 28. II 13.89 35.06 85.55 38.39 104.75 11.31 10.97 16.79 3.46 2.87 
2 8.99 30. I I 9.77 35.00 72.10 32.40 88.29 8.30 10.24 13.42 3.0 I 3.33 
3 8.46 29.64 12.66 35.97 82.40 33.19 98.99 10.74 10.22 15.84 3.30 3.09 
4 7.00 28.01 14.51 35.27 82.98 45.90 105.93 11.46 12.66 17.79 4.45 3.10 

5 8.94 29.84 1403 36.86 78.45 36.58 96.74 10.58 12.07 16.61 5.08 3.76 

6 8.77 31.97 14.93 39.44 85.12 37.05 103.64 12. 14 12.80 18.54 3.82 4.60 

7 9.79 32.43 13.76 39.31 86.17 40.53 106.44 11 .84 14.53 19.11 2.81 4.61 

8 9.61 34.39 16.06 42.41 90.49 37.88 109.43 13.71 15.02 21.22 3.05 4.70 

9 7.64 23.70 12.94 30.17 74.96 44.61 97.27 11.29 12.33 17.45 4.07 4.04 

10 8.93 32.71 15.24 40.34 81.46 41.58 102.25 13.27 16.18 21.36 3.81 4.90 
. 

I I 8.77 32.51 18.51 41.77 84.92 48.85 109.35 15.68 17.55 24.46 5.06 5.73 

12 9.09 33.14 19.04 42.66 82.79 39.50 102.54 16.65 19.58 2644 3.78 5.71 

-



• 

CERTIFICATE 

This is to ccrtily thai I have no objection for supplying only one copy or any 

part of this th\!sis' l(~ any scientist a\ a time through rcprographic process if 

necessary for rendering reference service in a 'ibrary or documentation centre. 

Phll'(.' 

n,,1,· 

: Na\'sari 

: 10 I UX 12U I C, (I'alil. V. M.) 


