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Chapter-1
INTRODUCTION

Tomato(Solanum lycopersicurh.) is one of the most important and widely grown
vegetable crop over the world. It is a self-polledh crop belonging to family Solanaceae
having chromosome number 2n =24 (Rick, 1969). kdsnomically attractive and the area
under cultivation is increasing daily (Pattnakal, 2012). It ranks next to potato in world
acreage and first among the processed vegetablesidGary, 1996). It is used directly as
raw vegetable and also in the form of various pseed products like ketchup, puree, juice
and whole canned fruits etc. (Bhagta, 2017).

Tomato contributes as a good source of nutritiothéoconsumer and also a very good
source of income for small and marginal farmers@Biet al., 2010). Tomato holds a
significant position based on nutritional view pio&s it contains essential nutrients including
vitamin A, C and E providing approximately 20 mgwitamin C per 100 grams (Wilcoat
al., 2003). Besides these nutrients it also contgigarotene, lycopene pigments, water and
niacin, which are essential for metabolism (Olarayial., 2010). Due to the presence of
lycopene, flavonoids and antioxidant propertiespato is universally treated as ‘Protective
food’ (Sepatet al, 2013). Tomato and its products are also used peeventive strategy
against major lifestyle diseases, such as canakrcardiovascular diseases (Canene-Adams
et al, 2005).

This crop is native to Central and South America\ilov, 1951) and perhaps
introduced in India by the Portuguese, though themo definite record of its introduction.
Worldwide production of tomatoes reached 183.9iamlktonnes in 2016 over an area of 7.6
million hectares (FAO, 2018). China is the majooducer of tomato followed by India,
USA, Turkey and Egypt (FAO, 2017). India ranks sett area as well as in production of
tomato with about 7.97 lakh ha area and produacdb£0.7 million tonnes (NHB, 2017).
Madhya Pradesh is the leading state followed bymadradesh and Maharashtra in terms of
area under tomato crop in India, however, in Hinagh&hradesh, the annual production is 4.89
lakh tonnes from an area of 11080 ha (NHB, 2017).

Tomato is warm season annual plant that grows thghaverage optimum temperature
range of 25°C to 29°C (Ejaet al., 2011). It is generally grown as winter crop (Octebe

April) in plains of India, but in Himachal Pradeihis cultivated as an off-season crop during



April to October. However, like other vegetables successful and economic cultivation is
consistently threatened by many production congigailromato is more prone to insect pests
and diseases mainly due to the tenderness andessfas compared to other crops. The
tomato yield in India is considerably lower becao$eeveral factors of which the damage
caused by insect pests is most important. It isasi@ted by an array of pests like jassids,
aphids, tobacco caterpillar, flea beetles, leafarsinspider mites, and fruit borers. However,

the major economic damage is caused by the frudrl{&ajjacet al, 2011).

Tomato fruit borerHelicoverpa armigergHubner) (Lepidoptera: Noctuidae) causing
yield losses up to 31.53 per cent (Singh al, 2017) is the most destructive insect
pest resulting in considerable losses in quantgywaell as quality of tomato fruits
(Singh and Chahal, 1978; Tewari and Moorthy, 19B4ddy and Zehram, 2004). It
reduces the market value of fruit up to 50 to 80gamat.

The tomato pin wormJuta absolutaMeyrick, (Lepidoptera : Gelechiidae) is a serious
pest of both outdoor and greenhouse tomatoes. A$ecti deposits eggs usually on the
underside of leaves, stems and to a lesser exterituds. After hatching, young larvae
penetrate into tomato fruits, leaves on which thegd and develop creating mines and
galleries. On leaves, larvae feed only on mesophglving the epidermis intact
(OEPP/EPPO, 2005). Tomato plants can be attackeahywtdevelopmental stage, from
seedlings to mature stage.

To control the fruit borer and pin worrn, differepésticides are being used in large
guantities by farmers except in few cases wherectbp is grown as per Good Agricultural

Practices (GAP) for export purposes.

The synthetic pesticides are the important todhtagrated Pest Management, but their
indiscriminate use causes severe ecological corsegs like destruction of natural enemy
fauna, effect on non-target organisms, secondasy petbreaks. Further change in food
habits and consumption of tomato as salad, malas dafety issues more pertinent. Hence,

GAP has to be recommended so as to reduce theigedtad in food and environment.

Considering the economic importance of pest and, filve present study is conducted
to study the bioefficacy and residue dynamics ahlsmation product of novaluron and
lambda cyhalothrin on tomato so as to recommendséie waiting periods based on the
Maximum Residue Limits (MRLs) calculated and recoeming risk mitigation protocols
for food safety. The following objectives are forlated for the proposed study.



Objectives-

1. To study the bioefficacy of combination producthoivaluron and lambda cyhalothrin
against insect pests of tomato
2. To study the residue dynamics of combination prodcnovaluron and lambda

cyhalothrin in tomato



Chapter-2
REVIEW OF LITERATURE

This chapter contains the relevant literature parg to the present study titled
“Bioefficacy and residue dynamics of combination poduct of novaluron and lambda
cyhalothrin against insect pests of tomato”The available literature is reviewed under

different headings as follows:

General information of novaluron
Bioefficacy of novaluron

Residue estimation of novaluron
Persistence of novaluron on crops
Persistence of novaluron in soil

General information of lambda cyhalothrin
Bioefficacy of lambda cyhalothrin

Residue estimation of lambda cyhalothrin

© ® N o o bk~ w0 DR

Persistence of lambda cyhalothrin on crops

=
o

Persistence of lambda cyhalothimnsoll

1. General information of novaluron

Novaluron belongs to a class of insecticides calfesct growth regulators that
slowly kill the insects over a few days by disragtithe normal growth and development of
immature insects. Some compounds of this groupbewad spectrum insecticides with an
insect hormonal mimicking mode of action. Thesee@tsgrowth regulators affect chitin
synthesis of immature insects disrupting their radrgrowth and development. Novaluron
has low mammalian acute toxicity and has low rigkthie environment and non target
organisms (US EPA, 2002).

1.1 Chemical designation



Common name Novaluron
Trade name Rimon, Novaluron [ISB@nzamide

IUPAC name N-[[3-chloro-4-[1,1,2-trifluoro-2-(trifluoromethox@thoxy]phenyl]
carbamoyl]-2iBluorobenzamide

Molecular formula  GHoCIFsN2O4

Molecular weight 492.7 g/mol
Fomulation Emulsified concentrate
Application type Animal dip, spray

Solubility Soluble in water 0.9581g/l at 25C and in many organic solvents like

acetone, dichloethane, methanol, diethyl, ethyl acetate, hexane
toluene (Tomlin, 1997).

1.2  Toxicology

The acute toxicity through oral, derpaadd inhalation administrations were studied
using rats. LD50 was determined as >5000 mg/kg leelght for oral dose acute toxicity to
male and female rats, >2000 mg/mg body weight &nl treatment acute toxicity to male
and female rats, and >5150 mg/kg for inhalatiortetoxicity to male and female rats (FAO
2004).

1.3 Uses

Novaluron is an insecticide which inhibits chitignghesis, affecting the moulting
stages of insect development. It acts by ingesdod contact and causes abnormal
endocuticular deposition and abortive moultingisitused in agriculture/horticulture on a
wide range of crops including cotton, soya, majane fruit, citrus, potato, tomato and
vegetables against a wide range of pests. Novalgrander evaluation by WHO Pesticide

Evaluation Scheme as a mosquito larvicide (FAO 2004
2. Bioefficacy of novaluron

Bioefficacy of emamectin benzoate 5 SG @ 8.9 and 41. h&, novaluron 10 EC @
50, 75, and 100 g a.i. Haspinosad 45 EC @ 60 g a.i.”hand profenofos 50 EC @ 750 g a.l.
ha', with conventional recommended insecticide, enf@asu85 EC @ 350 g a.i.Hawere
compared by Pat#t al. (2007) againstelicoverpa armigeran chick pea and observed that

minimum larval incidence of 1.68 larvae/m row léngtas recorded in novaluron 10 EC @



100 g/ha at 3DAS. In another study, seven diffetezdtments along with untreated check
were tested to assess the efficacy of new insdescagaingtl. armigeraby Mahendreet al.
(2011). Among them spinosad (0.006%) and indoxad@rb07%) were proved to be
effective, which were followed by emamectin beneogi.001%), flubendiamide (0.004%)
and novaluron (0.0075%) in reducing the larval pafion as compared to endosulfan
(0.07%) and untreated check. Foliar applicationafaluron at different doses @ 18.75, 37.5
and 75 g a.i. HAwas evaluated againkt armigera(Sainiet al., 2013). It was found that
after 10 days of spray, novaluron at different dosas significantly superior to the standard
check, quinalphos (525 g a.i. Bawith respect to pod damage and grain yield. Iswa
concluded that novaluron even at the lowest dos8.761 g a.. had) proved
comparable/superior to the standard check, quinalpgnd was significantly superior at
higher dose (37.5 g a.i. Bain reducing larval population and pod damage, &mas
increasing grain yield of chickpea. A combinatianguct of novaluron 5.25 % + indoxacarb
4.5 % SC was also tested by Ghosihl. (2015a) against pod borer of pigeon pea. They
reported that the combination of novaluron + indmxh gave superlative effect over the sole
insecticide novaluron & indoxacarb & standard chkokbda cyhalothrin. Among the three
selected dose of novaluron + indoxacarb (750, 825,ml h&") the said chemical @ 875 ml
ha' was recorded as best in managtgarmigerapopulation up to harvesting period (mean
0.03% infested pod of both years), while, @ 825hal also recorded remarkable effect on
the target pest. Lal and Jat (2016) conducted @xpetal trials on the compatibility of urea 2
% with insecticides of different group viz., monomphos 36SL @ 500 ml Ha
cypermethrin 25EC @ 125 ml haguinalphos 25EC @ 1000 ml“hand novaluron 10EC @
375 ml h& against larval population dfi. armigerain the field conditions on chickpea.
These insecticides were found compatible with ufdgee minimum larval population df.
armigera was observed in novaluron 10 EC at 3, 7 and 10s daffer spraying.
Monocrotophos, quinalphos and cypermethrin couldpnovide consistent results agaihbt
armigera. Minimum per cent pod damage (7.3 %), maximum gyaénd (14.6 q ha) and
monetary returns (6265 flawas realized from novaluron 10EC @ 375 mif hplus 2 per

cent urea as compared to other treatments.

Kumar et al. (2003) evaluated bioefficacy of different inseictes viz. malathion (2
mi/l), carbaryl (2 ml/l),Bacillus thuringlensis(2 g/l), azadirachtin (3 ml/l), endosulfan (2
mi/l), diflubenzuron (4 g/l) and fenvalerate (0.%Ijnas alone and in different combinations

with novaluron against diamondback moth larvae utal®ratory conditions. Five days after



treatment, novaluron alone @ 0.75 ml/l providedp®0 cent mortality of diamondback moth
larvae while all the combinations at full dosesvided highest (100 %) mortality; whereas
novaluron +B.t.k (0.375 ml + 1 g/l) also gave 100 per cent mostakhich is a half doses
combination. However, all the remaining combinasi@t half doses provided more than 70
per cent mortality of larvae. The findings of Sviasan (2008) revealed that spraying of
spinosad (0.045%) and indoxacarb (0.015%) attribute higher yield and lesser larval
incidence when compared to other treatments i.encnatophos, lambda cyhalothrin,
triazophos, profenophos, indoxacarb, bifenthrinpegad, endosulfan, novaluroBt and
NSKE against spotted pod borer in short duratige@npea. Among biorationals, novaluron
(0.01%) provided good protectton and registerediagntly lesser incidence of spotted pod
borerM. vitrata larvae and higher yield. Sharma and Jakhar (2aid)ex the bioefficacy of
insecticides emamectin benzoate (0.002 %), endosul0.05 %), novaluron (0.01 %),
lambda cyhalothrin (0.004 %), and spinosad (0.0%24gainst brinjal shoot and fruit borer,
Leucinodes orbonalisThe results showed that in terms of shoot infesta emamectin
benzoate (0.002 %), endosulfan (0.05 %), noval@dl %) and lambda cyhalothrin (0.004
%) were found superior. The total number of drogpshoots was minimum (4.17) in
emamectin benzoate followed by endosulfan (6.88) movaluron (7.00), as compared to
spinosad (9.17), deltamethrin (11.67) &atillus thuringiensig13.17).

The bioefficacy of some newer insecticides agasestd borerTrymalitis margarias
(Meyrick) was tested during three consecutive seadd?012-13, 2013-14 and 2014-15 on
sapota by Bisanet al (2017). The result revealed that profenofos 500HZ5 % minimized
fruit damage up to 4.03 per cent while novalurorEf®0.005 % recorded 4.83 per cent fruit
infestation put forward superiority over standahkak acephate 75 SP 0.1125 % (9.86 %)
and other pesticides. However on economics baseshigher B: C ratio was recorded in
novaluron 0.005 % (3.28), profenofos 0.075 % (34 indoxacarb 0.0036% (2.46).

The results of study conducted by Cugeml (2007) suggest that novaluron could be
a valuable tool in future for Colorado potato bedtbptinotarsa decemlineataanagement
programs. They conducted field trials in 2003 arfip£ to assess the effectiveness of
novaluron (Rimon 10 EC), a benzoylphenyl urea ohsiynthesis inhibitor, for management
of Colorado potato beetle on potato. Foliar appilices of novaluron did not significantly
reduce numbers ofL. decemlineatadults, egg masses, or first instar larvae, bobrsd
fourth instars were greatly suppressed. At 50 palj novaluron provided excellent,

prolonged protection, whether applied twice a seasor once in alternation with



imidacloprid. In another study conducted by Alyaklet al (2008) on reduced viability of
Colorado potato beetlé,eptinotarsa decemlineataeggs exposed to novaluron, revealed a
negative effect of novaluron on the number of prygeroduced by the Colorado potato
beetle. Direct toxicity did not explain all of tmeduction in egg hatch observed, suggesting
that novaluron probably acted on reproductive adak well as on eggs after they were

deposited.

Srimohanapriyaet al. (2010) studied bioefficacy of insecticides agais rice leaf
mite under laboratory and field conditions. Amohg acaricides, methyl demeton 25 EC at
1000 ml/ha and novaluron 10 EC at 1000 ml/ha whesltest treatments in reducing the
population of mite and were equally effective aB,1l7 and 14 days after treatment, followed

by milbemectin under field conditions.

The seven novel chemical and biological insectidfubendiamide 39.35 SC,
chlorantraniliprole 18.5 SC, emamectin benzoate&; sovaluron 10 EC, indoxacarb 15.8
EC and twoBacillus thuringiensis/ar. kurstaki (Btk) formulations] were evaluated for their
safety toTrichogramma chilonidy Duraimurugan and Lakshminarayana (2018). Based o
the criteria suggested by IOBC (International Orgation for Biological Control) to assess
the toxicity of insecticides to natural enemieBf k formulations, flubendiamide,
chlorantraniliprole, indoxacarb and novaluron hadser effect odrichogramma chilonis

and were categorized as harmless (<30 % ma@jtalit
3. Residue estimation of novaluron

Dissipation and residual levels of novaluron in &omunder open field conditions
were investigated by Malha&t al (2014) using high performance liquid chromatogsap
equipped with diode array detector (HPLC-DAD) waghick, easy, cheap, effective, rugged
(QUEChERS) method. The method was validated udartkisamples spiked at three levels
and results showed that recoveries ranged frono 99 per cent. Similarly, Skt al (2016)
investigated chronic and acute risk assessmernseofovaluron and bifenthrin based on
the dissipation and residual level in cabbage datexd by gas chromatography coupled
with an electron capture detector (GC-ECD). At eliéint spiked levels, mean recoveries
were between 81 and 108 per cent with relativedstath deviations (RSDs) from 1.1 to
6.8 per cent. The limit of quantification (LOQ) wa®1 mg kg*, and good linearity with
correlation coefficient (>0.9997) were obtained.



An analytical method combining off-line flow thrglu extraction of a soil micro-
sample and direct on column large volume injecfiiovil up to 1.00 ml) of a methanol—
water soil extract onto a conventional C18 RP HRtdlumn enabled fast (within 3.5
minutes) trace microanalysis of the relatively nehwral pesticides epoxiconazole (E) and
novaluron (N), respectively. Linear calibration wes were evaluated from UV detection
(230 nm) data in the range from 0.1 to 5 mg/kghire¢ most abundant Slovak agricultural
soils. LOD (confidence band) at the levels 0.081-1amg/kg and LOQ 0.4 - 0.6 mg/kg and
LOD (S/N= 3) at the levels 0.007 - 0.018 mg/kg and LEINE 10) 0.024 - 0.060 mg/kg,
respectively, of dry soil were achieved. Recoverypesticides in the overall LVI method
including flow through 130 - 200 mg soil microsammxtraction was: for epoxiconazole
from 74 to 85 per cent and from 56 to 90 per cennbvaluron with reproducibility within
+ 6 per cent RSD (Rybat al.,2007).

4, Persistence of novaluron on crop

The novaluron was rapidly dissipated in chilli abdnjal following first order
reaction kinetics at all rates of application eesbd by Dast al (2007) with half lives of
1.80 - 1.95 days (for chilli) and 1.80 -2.08 dafgs prinjal) and the residue was found to be
below detectable limit on {0day samples. The study revealed that novalurohnet! pose
any problem of residual toxicity. Similarly, Malhat al (2014) found that novaluron
residues tend to dissipate in tomato followingtfosder rate kinetics with half-life of 2.08
days. Data demonstrated that the use of novalurmecammended doses would not pose any
hazards to consumer. Recovery of novaluron don&diyi et al. (2013) in plant and soll
samples of chickpea ranged from 82.22 to 90.64get.

Ahlawatet al (2017) conducted field experiment to study degtiath of novaluron in
chickpea at different doses (37.5, 75 and 150 gpai ha) at pod formation stage. The
average initial deposits of novaluron in green padse found to be 0.642, 1.705, 2.251 mg
per kg at the doses of 37.5, 75 and 150 g a.ihaerespectively. In case of green pods 91 per
cent dissipation was observed within 5 days afpgtieation. Harvest time grains were found
to be BDL (Below determination level). Similarly, Bisamt al (2017) carried out residue
study of profenofos and novaluron on sapota. Thelue was not detected at harvest of fruits
10 days after spraying of profenofos 0.075 % andahuwon 0.005 %.



5. Persistence of novaluron in sc

In a study conducted byine et al. (2017) theresidues of novaluron were found bel
the limit of detection in the apple field soil. Thalf life of novaluron in non sterilized so
evaluated by Dast al. (2008) ranged from 17.- 17.8 days (alluvial soil) 11-12.7 days
(costal saline soil), while the values in steritlzmil were 53.- 59.0 days (alluvial soil) an
28.9-28.8 days (costal saline soil), respectiv Ahlawatet al (2017) studied degradation
novaluron in chickpea cropped soil at differente$37.5 75 and 150 g a.i. per ha) at ¢
formation stage. Results of experiment revealetittteaaverage initial deposits of novalui
in soil were found to be 0.144, 0.186, 0.223 mg kgpr@ 37.5, 75 and 150 g a.i. per
respectively. In case of soil 77 peent dissipation was observed within 5 days a

application. At harvest time soil was found to HeLB

6. General information of lambda cyhalothrin

Lambda cyhbthrin is a mixture of isomers of cyhalothrCyhalothrir is an organic
compound that is used as a pesticide. it is a lpyoiet that consists of a racemic mixture
two or more of the fouactiveisomers of cyhalothrin (Moretto, 1991 ccording to Heet
al. (2008), &ambda cyhalothr is a class of synthetimsecticides that mimic the structt
and insecticidal properties of the natur occurring pyrethrin pesticidehich comes fron
the flowers of chrysanthemums. Pyrethroids suckyaslothrin are often preferred as
active ingredient in insecticides buse they remain effective for longer periods ofe
than pyrethrin. It is a colourless solid, althouggmples can appear beige, with a r
odour. It has low water solubility and is non vo&atlt has similar biochemical effects

that of natural pyrethrin.

6.1 Chemical designatiot

Cl
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Common name Lambda cyhalothrin

Trade name Karate, Warrior, Padaatbda-cyhalothrin, Cyhalothrin-k

IUPAC name Cyano-(3-phenoxypheny)rggtfiR,3R)-3-[(Z)-2-chloro-
3,3,3- triflaprop-1-enyl]-2,2-dimethylcyclopropane-1-
Carboxylate

Molecular formula  &&H1oCIFsNO;

Molecular weight 449.9 g/mol

Fomulation Capsule suspension (ES) WP
Application type Animal dip, spray
Solubility Soluble in water 0.004 ppb @°Q and in many organic solvents

acetone, dichloromethane, methanol, diethylyletitetate, hexane,
toluene (Tomlin, 1994).

6.2  Toxicology

The acute oral LB for male rats is 166 mg/kg, for female rats is Mg/kg, for
rabbits >1000 mg/kg (Tomlin, 1994). It is very toparticularly to various species of fish
and other aquatic organisms (lde al, 2008). Acute human exposure leads to irritation,

burning, vomiting, headache, anesthesia (Shards8)20
6.3 Uses

It is used for the control of several insects anband agricultural field like aphids,
beetles, butterfly larvae, cockroaches, mosquittelss and flies (Mergel, 2010). It is used
in control of animal ectoparasites, especi@lyophilus microplusor Haematobia irritans

on cattle andovicola ovis Melophagus ovinuen sheep (Tomlin, 1994).
7. Bioefficacy of lambda cyhalothrin

Ulaganathan and Gupta (2004) reported that six deuaof spray with newer
insecticides acetamiprid 20 SP at 40 g ajhanidacloprid 20 SL at 100 g a.i. ha
betacyfluthrin 2.5 SL at 18 g a.i. haspinosad 2.5 EC at 50 g a.i”‘haifenthrin 10 EC at 60
g a.i. hd and lambda cyhalothrin 5 EC at 15 g a.i*h@ere promising in reducing the
bollworms incidence and increasing the cotton yi8idnilarly, Ghureet al. (2008) evaluated
the bioefficacy of lambda cyhalothrin 5 EC, spirbgd SC, indoxacarb 14.5 SC, profenofos
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50 EC, Dipel 8 L Bt formulation) along with endosulfan 35 EC and NSE#% against
bollworms of cotton. Lambda cyhalothrin 5 EC at 1@.i. h&d was found to be the most
effective against cotton bollworms and was on piéin wdoxacarb 14.5 SC @ 75 g a.i’’ha
spinosad 45 SC @ 75 g a.i~hand profenofos 50 EC @ 1000 g a.i*ha

Duraimuruganet al (2007) evaluated the efficacy of emamectin 5 $@irest the
cotton bollwormH. armigeraon cotton and indicated that formulation of ematne@ 11 g
a.i. ha' was effective than other insecticides like profescs0 EC @ 750 g a.i. Halambda
cyhalothrin 5 EC @ 15 g a.i. Haindoxacarb 14.5 SC @ 100 g a.i:*fend spinosad 45 SC
@ 60 g a.i. hdin reducing the larval population and increasing yield. In another studly,
Dhakaet al (2011) evaluated the efficacy of different inggdes i.e. lambda cyhalothrin 5
EC at 500 ml hd, carbosulfan 25 EC at 1000 mlhdndoxacarb 14.5 SC at 500 ml'ha
bifenthrin 20 EC at 500 ml Hanovaluron 10 EC at 750 ml haflubendiamide 39.35 EC at
75 ml h&, spinosad 45 SC at 500 mihand endosulfan 35 EC at 1250 mi*Hziopesticide
viz., Bt at 1.5 kg h& and botanical viz., neemarin 1500 ppm at 2500 ait| bn vegetable
pea variety arkel against pod bordftiella zinckenella(Treitschke) and found that
flubendiamide was the best with lowest pod and sefedtation of 11.37 and 12.98 per cent,
respectively and maximum yield of 95.84 q“‘héllowed by indoxacarb, spinosad,
novaluron, carbosulfan, bifenthrin, lambda cyhalothendosulfan, neemarin am&, which
gave 93.56, 91.63, 89.74, 83.22, 81.52, 79.42, 7{5&.78 and 68.99 q Hhayield,

respectively.

Hammond (1996) conducted field experiment on redidactivity of lambda
cyhalothrin against bean leaf beetle in soyabeanreported that all weekly applications of
lambda cyhalothrin provided significantly greatentrol of bean leaf beetles in terms of pod
feeding until plant maturity in late September. \Whe large ¥ generation of bean leaf
beetles is anticipated, a single application ofddencyhalothrin provided long term control if
applied at the beginning of the emergence of tHeyéneration beetles. Similarly another
comparative study conducted by Oladimeji and KamnijR010) on efficacy of neem
(Azadirachta indicaA. Juss), basil @cimum basilicumL.) leaf extracts and lambda
cyhalothrin at three levels of concentration agailes beetlePodagrica spp(Jac.) in okra
wherein the leaf extracts were applied at 5, 10 2hanl per litre while lambda cyhalothrin
was applied at 2.5, 3.75 and 5.0 ml per litre aistiliéd water only served as control. The
treated okra plants performed significantly befer< 0.05) than the control. Percentage

reduction in leaf damage ranged between 21 - 48qrrinO. basilicum 50 - 54 per cent in
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Azadirachta indicaand 72 - 81 per cent in lambda cyhalothrin. Theas significant linear
negative relationship between dry pod yield andaser area of leaf damaged by the insect
(0.001 <P >0.01).

8. Residue estimation of lambda cyhalothrin

The residues of lambda cyhalothrin (15 and 30 .¢ha)i were extracted by Singh
al. (2007) from okra fruit samples macerated with @cetin a Warring blender. The extract
was concentrated and partitioned with hexane (50,285 ml) by diluting with aqueous
solution of sodium chloride. The organic phasesewenllected and concentrated. The
hexane extract was cleaned by passing through s glelumn packed with florisil and
neutral alumina (5 g each) sandwiched between ayer$ of anhydrous sodium sulphate.
The residues of lambda cyhalothrin were analyzeda ddhemito 1000 GLC which was
equipped with Nj3 and a glass column packed with 3 per cent OV-10B@100 mesh
Chromosorb (WHP). In another study, Pal and Sha@dgpapplied 2.0 ml of 5 EC lambda
cyhalothrin on 4 kg grains and extracted its ressdfrom wheat using the mixture of
acetone:water (65:35) with vertical blender cum bgemizer at high speed. The extract was
filtered, concentrated and set for liquid-liquidig#oning using hexane : methylene chloride
(1:1). The organic phase was collected and coretexskr The quantitative estimation of
concentrated sample was carried out using a GLCLED- (Chemito) and Trace GC- ultra
(Thermo Finnigan), both equipped with ECDgINand micro- bore capillary column. For
GC-1000 BP-1 SGE fused silica capillary (25 m x2002m x 0.25 mm) column was used.

The dissipation dynamics and residue amounts dbd@atyhalothrin, thiamethoxam
and clothianidin in apple were investigated by gsiapid resolution liquid chromatography
triple quadrupole mass spectrometer (RRLC-MS/MS) a@as chromatography mass
spectrometry (GC-MS). The developed method perfdrisegisfactory recoveries of 88 —
105% and the limit of quantitation (LOQ) was 0.04 kj* (Fanet al, 2019).

Malhat et al (2016) developed a validated analytical methadttie detection and
guantification of lambda cyhalothrin in tomato upsigas chromatography electron capture
detector (GC-ECD). The residues were successfulisaeted from tomato samples using
the QUEChERS method with slight modification.

9. Persistence of lambda cyhalothrin on crop:

Mathirajanet al. (2000) counducted a field trial to study the giasion pattern of
lambda cyhalothrin 5EC in chillies at three apglma rates i.e. 7.5, 15 and 30 g a.i./ha and
observed deposition of initial residues rangingrfrb.44 to 2.20 ppm when sprayed at 7.5 g
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a.i./ha. The medium (15 g a.i./ha) and highesty@d./ha) doses left initial residues ranging
from 2.84 to 5.83, and from 5.48 to 7.15 ppm, eetipely. The half-lives of residues were
in the ranges 0.77-0.94, 0.81-0.97 and 0.82-0.89 fo, 15 and 30 g a.i./ha, respectively.
The waiting periods on fruits were 2.51 to 3.41glaythe lower dose and 4.19 to 4.89 days
at the highest dose. Similarly, Sharma and Awa&002) conducted field trial to study
persistence of lambda cyhalothrin residues on ftawiker and found that the initial deposits
of lambda cyhalothrin were ranging from 0.81 to91rbg/ kg which dissipated quickly to
reach below detectable limit by 10-15 days and hiéf of lambda cyhalothrin in
cauliflower ranged between 2.0 to 2.4 days. In lagostudy, Singh and Singh (2003) found
that the application of lambda cyhalothrin at theerof 25 and 50 g a.i./ ha on chickpea
resulted in initial residues of 0.335 and 0.462 mg/which was degraded with half life
values of 4.9 and 5.0 days, respectively. Studmslucted by Jayakrishna al. (2005)
revealed that lambda cyhalothrin when applied atgbplication rate of 15 g a.i./ha and 30 g
a.i./ha on tomato fruits resulted in intial depa#it0.38 mg/kg and 0.52 mg/kg which was
degraded with half life values of 3.0 and 3.7 dagspectively.

Pesticide residues determination study conductelHanet al (2011) on selected
summer vegetables revealed that the residual leedypermethrin was highest (16.2
mg/kg) in edible portion of bitter gourd, while laa|a cyhalothrin and mancozeb residues
were detected high (4.50 mg/kg, 6.26 mg/kg) in kedgortion of bitter gourd and cucumber
respectively. Cypermethrin residues were high (1a8gkg) in okra leaves, while mancozeb
and lambda cyhalothrin residual level was high3In®y/kg, and 0.0002 mg/kg) in chili and
tomato leaves. Similarly, Salghdt al (2012) analyzed 8 pesticide residues in tomato
samples and the residue levels for lambda cyhafotanged from 0.001 to 0.010 mg/kg. In
another study, Faret al (2013) examined the residues of four insecticidesnely
metalaxyl, fluazifop-P-butyl, chlorpyrifos, and lada-cyhalothrin on six leafy vegetables.
The limits of quantification (LOQ) of metalaxyluthzifop-P-butyl, chlorpyrifos, and lambda
cyhalothrin were in the range of 0.001-0.01 mg'kKgr all samples, and the average
recoveries of all pesticides ranged from 67.6 19.1% at spiked levels of 0.01- 0.1 mg'kg
In supervised field trials, the half-lives of langbdyhalothrin were in the range of 1.77-6.24
days. Safe waiting period reported by Baeirial (2012) for bifenthrin in green bean was 4
days in the winter and 3.5 days in the spring, wagrfor lambda cyhalothrin it was 8 days
in winter and 7.5 days in the spring.
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Lofty et al (2013) analysed the dissipation pattern of lambghalothrin and
malathion in zucchini. The insecticide incorporateid the plants decreased rapidly with a
half-life time around 0.77 day for malathion anday/s for lambda cyhalothrin. For lambda
cyhalothrin, the preharvest interval is 5 daystidhdeposits of lambda cyhalothrin in fruits
of pomegranate were 0.120 and 0.170 mg/kg which deggaded with half life values of
2.59 and 3.11 days after the application rate dd Ahd 25 g a.i./ha, respectively (Kadam
al., 2015). Similarly, Reddgt al (2017) found that the application of lambda cgkiain @
15.63 g a.i./ha on chilli resulted in initial reses of 0.78 mg/kg with a waiting period of
11.16 days.

Vemuriet al (2017) evaluated the dissipation pattern of laatyhalothrin in open
field and polyhouse conditions in capsicum fruit$hee application rate of 15 g a.i./ha, and
found that the initial deposit of 0.16 mg/kg an@0mg/kg dissipated to 0.06 mg/kg and
0.05 mg/kg in 5 and 7 days of application.

10. Persistence of lambda cyhalothrin in soil

Hill and Inaba (1991) conducted a research anddotmat the more ideal soil
temperature conditions within the crop canopy iasesl the microbial degradation of
lambda cyhalothrin. One year after application,yoBI2% of the initial residues were
recovered in the fallow area. A combination prodaficthiamethoxam (12.6%) and lambda
cyhalothrin (9.4 %) (Alika 247 ZC) @ 33 g a.i. /had 66 g a.i. /ha, applied on paddy
yielded no residues in the soil samples after rsr{gariket al, 2010). The half life of 6.69
days in soil as well on tea was recorded by Giteal. (2010) with the application of lambda
cyhalothrin 2.5 ME.

Chauhan (2011) reported that the residues of larmaplalothrin when applied @ 15
and 30 g a.i./ha on tomato crop, dissipated comiglein soil on & and %' day,
respectively. Similarly, Chauhaat al. (2012) applied lambda cyhalothrin @ 15 g a.idhd
30g a.i./ ha at fruiting stage of tomato where dess reached below detectable level of
0.005 mg/kg on "8 and #' day at single and double dose, respectively inatoncropped
soil sample. The persistence and dissipation ofofip (75 g a.i./ha.) and lambda
cyhalothrin (30 g a.i./ ha.) on chili as well asswil evaluated by Reddy and Reddy (2013)

revealed no residues in soil after 15 days of spray
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Chapter-3
MATERIALS AND METHODS

The present investigation entitledBioefficacy and residue dynamics of
combination product of novaluron and lambda cyhalohrin against insect pests of
tomato” was carried out in the Department of Entomology, Y2 S. Parmar University of
Horticulture and Forestry, Nauni, Solan (H.P.) dgrihe year 2018. The supervised field
trials were conducted at the experimental farm led tepartment following all good
agricultural practices as per standard packageradtipes of the university (Anonymous,
2014). The bioefficacy of insecticides on insedtpef crop were observed and the residues
of respective insecticides were estimated in th&tiflde Residue Laboratory (PRL) of the
department. The experimental details related tolyssites, materials used, methodology
adopted for the studies and observations recordegdrasented in the chapter under different
heads.

3.1 Location

The experimental site is located at Nauni, dist8olan, Himachal Pradesh, at an
elevation of about 1200 meters above mean sea, lgmed) between 30°51'23” N latitude
and 77°10'7” E longitude. Agro-climatically, thecation falls under zone-Il mid-hills. The
climate is sub-temperate, having annual rainfativeen 1100-1300 mm, most of which

occurs during monsoon (June - August).

3.2 Crop raising

The seeds of tomat®olanum lycopersicunvariety NS 108 were purchased from the
local market. The seeds were sown in well prepeaiesstd nursery bed. The nursery bed was
regularly irrigated till the time of transplantin@ne month old seedlings were transplanted
on 27" April, 2018 in the plots/beds of size 3 x 2 m atlistance of 90 x 30 cm as per
standard packages of practices (Anonymous, 201djaiatain optimum plant population in
the field. Before transplanting, field was ploughaad sufficient quantity of well
decomposed FYM and fertilizers were added intosthié The experiment was laid out in
Randomized Block Design (RBD) with 7 treatmentdudmg untreated control replicated
thrice (Plate 3c).



3.3 Climatic conditions:

Table 3.1 Climatic parameters during experimental griod of tomato crop

Average Maximum temperaturgQ) 26.80
Average Minimum temperaturé@) 20.10

Average Relative Humidity (%) 80.00
Rainfall (mm) 332.00

Source: Meteorological Observatory, DepartmentrofiEbnmental Science, Dr. Y.S. Parmar
University of Horticulture and Forestry, Nauni, &ol(H.P.) 173 230

3.4 Treatments
Insecticides presented in Table 3.2 were studiedtHeir bioefficacy and residue

study.

Table 3.2 Detail of different insecticides used

Sr. Treatments Insecticides Dosage | Source Company
No. (g a.i./ha)
Common Name Trade
Name
1. To Untreated Control - - -
2. T, Novaluron + lambda GPI 1316 47+10
cyhalothrin(9.45+1.9%) ZC
3. T, Novaluron + lambda GPI1 1316 71+14 o
cyhalothrin(9.45+1.9%) ZC UPL Pvt. Limited,
4. Ts Novaluron + lambda GPI 1316 142+28 | Mumbai (India)
cyhalothrin(9.45+1.9%) ZC
5. T4 Novaluron 10 EC Rimon 75 Indofil
Agricultural
Chemicals
6. Ts Lambda cyhalothrin 4.9% CS Passat 14.7 Shanraefgri
Private Limited
7. Ts Chlorantraniliprole 18.5% SC Coragern 28 DuPontdnd

Private Limited

All the treatments (J to Tg) were studied for bioefficacy against tomato pests
whereas treatmentsy,TT, and T; were evaluated for persistence studies. The icsbes
were sprayed on tomato crop at the time of peseamce with each insecticide dose
sprayed twice at an interval of 10 days. The fpsy was done ord'®July, 2018 and second
on 12" July, 2018. Control plots were sprayed with watgly. Insecticides were sprayed

with a knapsack sprayer fitted with a triple actioozzle. Tomato plants were thoroughly
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covered with spray fluid to run-off stage. Spraysvane during a clear day, when there was
minimum wind and all necessary precautions werertak avoid the chances of drifting of
spray fluid to adjacent plots. Care was taken tbater concentration was sprayed first,
followed by higher concentration. The sprayer andaswuring cylinder were washed
thoroughly after each spray in order to avoid tagyover of insecticide from one treatment

to another.

3.5 Bioefficacy studies

The observations on pest incidence and their nuweee recorded one day before
spraying as pre-count. Post treatment count wamntak first, third, fifth, seventh and tenth
days after each spraying for fruit bordde{icoverpa armigera)and pin worm Tuta
absolutg. The field population data were subjected tastiaal analysis.

3.5.1 Fruit borer (Helicoverpa armigera) For recording the pest population counts, ten
plants were selected randomly in each plot. Tha datmortality was recorded, based on the
dead larvae of 3rd, 4th and 5th instars. All tbarts were taken during morning hours. The
data on fruit damage were taken on tenth day frachdreatment after each spray by
counting number of healthy and damaged fruits éP34).

3.5.2 Pin worm (Tuta absolutg The population of pin worm was recorded on ten
randomly selected plants per plot. The populatiaunts were recorded by randomly
selecting two leaves from top, middle and bottoneach of the ten selected plants in every

plot and mean number of pin worm larvae were catedl (Plate 3a).
3.5.3 Statistical analysis:

3.5.3.1 Fruit borer: The per cent reduction of larval population in thé treatments over

control was calculated by using Henderson-Tiltéo¥snula (Henderson and Tilton, 1955) as

under:
Per cent reduction in populatioril80(1 — ;—Z X E—Z)
Where, Ta = Number of insects after treatment
Tb = Number of insects before treatment
Ca = Number of insects in untreated check aftatriment
Cb = Number of insects in untreated check bei@ament.
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Post treatment counts were made after 1, 3, Bnd, 10 days after insecticidal
application. The per cent reduction in populaticaswalculated at the different days interval.
The data obtained were assigned arc sine transfimmsaanalysed statistically by applying
RBD as suggested by Gomez and Gomez (1984).

Total and damaged fruits were also recorded atal@ after each spray. The damage

percentage was calculated by using the followingntda (Guru and Patil, 2018).

Number of fruits damaged

Per cent fruit damage—= X 100

Total number of fruits

3.5.3.2 Pin worm: The larval count was recorded from 10 randomly etk plants per
replication. Percent larval reduction in all theatments over control was calculated using
Henderson-Tilton's formula as mentioned in theisecB.5.3.1. The data pertaining to pin
worm incidence was analysed with arc sine transitions by applying RBD as suggested
by Gomez and Gomez (1984). The fruit damage waslleaéd by using the above formula
mentioned in the section 3.5.3.1 by Guru and R&l18). The overall effects of the
treatments by combining these observations wereaalsessed by analyzing the data through
ANOVA.

3.6 Phyto-toxicity Study: Phyto-toxicity was observed on tomato plants duethe
application of treatment ;I{X dose) and 7 (2X dose) for yellowing, stunting, necrosis,
chlorosis, vein clearing, epinasty and hyponasignainterval of 1, 3, 5, 7 and 10 days as per

the rating scale (0-10) as mentioned in Table 3.3.

Table 3.3: Phyto-toxicity Rating Scale (PRS):

Crop response/ Crop injury Rating

0-00

1-10%

11-20%

21-30%

31-40%

41-50%

51-60%

61-70%

71-80%

81-90%

'5@00\10701#00!\) | o

91-100%
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3.7 Effect of insecticidal treatments on coccinelibeetles

The presence of coccinellids beetles was obsermadroplants in each replication in

all the treatments at an interval of 1, 3, 5, 7 d@dlays after each spray.
3.8 Residue study

3.8.1 Laboratory materials

The following chemicals (analytical grade), glassyanstruments and gases were

used to carry out the study:

3.8.1.1 Chemicals

Acetone (GHgO), Genetix Biotech Asia Pvt. Ltd. Nazafgarh RdsdyDelhi
Acetonitrile (CHCN), Genetix Biotech Asia Pvt. Ltd. Nazafgarh RoddwDelhi
Magnesium Sulphate (Mg3OMerck Specialities Pvt. Ltd. Worli, Mumbai
n-hexane (gH14), HPLC Grade, Genetix Biotech Asia Pvt. Ltd. NggahRoad, New
Delhi

w0 N

5 Potassium dichromate {&r,O;), Merck Specialities Pvt. Ltd. Worli, Mumbai
6 Primary Secondary Amines (PSA), Agilent Tecloggl USA

7. Reference standards, UPL Pvt. Limited, Mumbadig)

8 Sodium Chloride (NaCl), Merck Specialities Rud. Worli, Mumbai

9 Sodium Sulphate (N&8Q,), Merck Specialties Pvt. Ltd. Worli, Mumbai

10. Sulphuric acid (bF80y), Merck Specialties Pvt. Ltd. Worli, Mumbai

11. Teepol, Merck Specialities Pvt. Ltd. Worli, Mbai

3.8.1.2 Glassware and plastic wares

Beakers of 50 and 100 ml capacity, Borosil &hawks Ltd., Delhi

Capillary glass column, DB — 5, Agilent Techogies, USA

Graduated test tubes with stoppers of 5 mla@gpdorosil Glassworks Ltd. Delhi
Injection vials (1.5 ml), Agilent TechnologidsSA

Ivory PTFE / red silicone rubber septa, Agiléathnologies, USA

Plastic stands for holding tubes, Tarson PrizdRet. Ltd., Kolkata
Polypropylene centrifuge tubes (50 and 15 Wd)yson Products Pvt. Ltd. Kolkata
Tips of 1 and 5 ml capacity, Tarson Products Bd., Kolkata

Turbo tubes of 30 ml capacity, Borosil Glasswgdrtd., Delhi

© © N o g s~ wDdPE
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3.8.1.3 Instruments

Auto Pipettes (1 and 5 ml): Tarson Products Bdt, Subhash Road, Kolkata
Centrifuge: Eppendorf India Ltd., Chandigarh

Electronic balance: Mettler Toledo India Pvd.l. Mumbai

Gas chromatograph (GC) with ECD: Shimadzu a@atpan, Japan

Low volume high speed homogenizer: Heidolphntzay

High volume homogenizer: Heidolph, Germany

Phillips mixer grinder: Phillips India Ltd., Neagarh, Baddi, HP.

Refrigerator: Godrej India Ltd., Mumbai

Rotospin mixer: Tarson Products Pvt. Ltd., SaghhRoad, Kolkata

Spinex test tube shaker: Tarson ProductslRit. Subhash Road, Kolkata

© © N o g s~ wDdPE

L
= o

Turboevaporator: Turbo Vap® LV, Caliper Lifer8ice
Zero air Generator, PCl Analytics Pvt. Ltd. ivhai
Sonicator: PCI India Pvt. Ltd. Biwandi, Mumbai

[ =
w N

3.8.1.4 Gases
Nitrogen, Hydrogen, Helium and Zero air 99.99%ityurM/s Linde India Ltd.,

Mumbai.

3.9 Cleaning of Glasswares

Cleaning of glassware was done according to EP8Q)LProcedure to eliminate any
kind of contamination. The glassware was soaketiahwater followed by rinsing with
organic solvent in order to remove the contamimatibhe deep penetrant and oxidizing
agent, chromic acid 20 per cent [potassium dichter(®D g) in sulphuric acid (100 ml) w/v]
was used to remove traces of organic contamindims.glassware was dipped in chromic
acid for 4-5 hours and thereafter the same waseadasghder tap water to remove the chromic
acid. The glassware was further washed with solpiso and tap water, rinsed with distilled
water and finally with acetone to flush out thec&a®s of organic contaminants.

3.10 Working standard solution

Certified reference material (CRMSs) of insecticideler study were supplied by UPL,
Pvt. Ltd Mumbai to prepare the respective stockitsmhs of 400 ppm each by applying the

formula:
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Wt (g) x 16 x Purity (%)

V (m0) x 100

Concentration of the stock solution (ug)

Where, Wt = Weight of the CRM (g)
\% = Volume of the CRM to be prepared (mL)

From each stock solution, respective working sohgiof 40 ppm, 10 ppm and 1 ppm
were prepared by serial dilutions. To calculatewbkime of a definite solution required to
prepare solutions of other concentration, the foihg equation is used:

C]_V 1— C2V 2

Where, G= Concentration of unknown solution
V.= Volume of unknown solution
C,= Concentration of known solution

V>= Volume of known solution

Similarly, prepared lower concentrationg., 1.00, 0.50, 0.10, 0.05, 0.01 mg ketc.
with n-hexane for analysis in GC.
3.11 Insecticide residue study

The residues of novaluron and lambda cyhalothrireveeudied in / on tomato fruits
and field soil as a component of combination prochfcnovaluron + lambda cyhalothrin
(GPI11316) at X (71+14 g a.i./ha) and 2X (142+28igha) dose.

3.11.1 Sampling
3.11.1.1 Fruits

Tomato fruit samples (1 kg) were collected fromhegaplication of second and third
treatment at an interval of 0 (2 hours after sprayB, 5, 7, 10, 15 and 20 days, after second
spray and 1kg fruit samples were also collectedthfumtreated control which was sprayed
with water only. The samples were packed in polyletie bags, labelled well and brought to
laboratory for residue analysis.

3.11.1.2 Sail

Soil samples (1 kg) from the X and 2X dose sprafyeld were drawn from each
replication after 20 days of last spray for anaydburing sampling, soil samples were
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collected from soil depth up t@5 cmrandomly from treatment and control plots. The
samples were spread over plastic sheets and allawsttade dry at room temperature in the
laboratory. The air dried samples were desegregatmtlially using a pestle and a marble
mortar, passed through a No. 20 mm brass soil sawk mixed thoroughly to achieve

homogeneity.

3.11.2 Principle of QUEChERS technique

Tomato fruits and soil samples were analysed by@hHERS technique. QUEChERS
is an acronym for quick, easy, cheap, effectiveggad and safe technique for residue
analysis. QUEChERS was developed and followed Hgcthee analysis using a gas
chromatography-mass spectrometry method for thatdication of pesticides in fruits and
vegetable samples (Sharma, 2013). In this techngpmples were extracted with acetonitrile
and in the extract sodium chloride was added ireoitd reduce the amount of polar
interferences. The extract was cleaned up withedsspe solid-phase by using magnesium
sulphate anhydrous and primary secondary amine YPMAgnesium sulphate anhydrous
was used to remove water from organic phase. PSAusad to remove sugars, fatty acids,
organic acids, lipids and some pigments.

3.11.3 Tomato fruits analysis

Tomato fruits (1kg) were chopped into small piedemnogenized in high volume
homogenizer and analyzed by QUEChERS techniquert@h2013).

3.11.3.1 Extraction:

Out of homogenized sample, 15 g representative lganvps taken with 30 ml
acetonitrile in 50 ml polypropylene centrifuge tubed homogenized at 15000 rpm for 3
minutes by using low volume high speed homogen&ehydrous sodium chloride (3 g) was
added into the tube, shaken at 50 rpm for 5 minutgh Rotospin shaker and then
centrifuged at 3000 rpm for 3 minutes. The top orgdayer of 18 ml was transferred to
another 50 ml polypropylene centrifuge tube comtgr® g anhydrous sodium sulphate and

was shaken for 5 minutes at 50 rpm.

3.11.3.2 Dispersive solid phase cleanup:

Anhydrous magnesium sulphate (1150 mg) and PSA (4g§) were taken in 15 mi
polypropylene centrifuge tube. The tube was cagpetlshaken for one minute on Spinix test

tube shaker. Approximately 11ml fraction from 18 emkract was added into the centrifuge
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tube, shaken for one minute at 50 rpm in Rotospaker and then centrifuged at 3000 rpm
for 5 minutes. The 6 ml fraction was transferredht® 30 ml turbo glass tube and evaporated
in turbo evaporator to dryness at 45° C in thegqmes of zero air. The extract was dissolved
in 3 ml n-hexane for the analysis of novaluron &rdbda cyhalothrin and injected 1 ul into

gas chromatograph.

3.11.4 Soil Analysis
3.11.4.1 Extraction

Soil samples were analyzed by QUEChERS techniqoeéjfiad for analysis of saill
(Asensio-Ramost al, 2010). A representative 10 g sieved ground dilyssmple was taken
in a 50 ml polypropylene centrifuge tube, to whitgthml acetonitrile was added and allowed
for shaking up to 1 minute using a Rotospin shaker.

3.11.4.2 Dispersive solid phase cleanup

Add 4 g of anhydrous magnesium sulphate and 1 gsaafium chloride and
centrifuged at 3300 rpm for 3 minutes. After cdagation, 10 ml of supernatant was taken
in another centrifuge tube of 15 ml containing @¢.6f magnesium sulphate and 0.250 g of
PSA, thereafter allowed for 3 minutes shaking. Afieaking, the tube was sonicated for 3
minutes and then centrifuged for 10 minute at 4400. From this tube, 4 ml aliquot of the
supernatant was taken in a turbo tube and evapbratdryness in presence of air current at
45° C. The dried residues of cropped soil werealiesl in 2 ml of n-hexane for injection
(2pl) in to GC-ECD.

3.11.5 Determination of novaluron and lambda cyhathrin residues:

Parameters of GC-ECD

Novaluron and lambda cyhalothrin residues wereaneséd on gas chromatograph
SHIMADZU GC 2010 equipped with ECD and capillaryuwon (DB-1, 30m long, 0.25mm
ID. and 0.25um film thickness). Temperature of ¢tign port and detector was kept at 250
C and 300C, respectively. Oven temperature was initiallytkafp106 C for 5 minutes and
then raised to 22@C at the rate of 40C/ minute with a hold time of 5 minutes thereafter
column temperature was finally raised to 280at the rate of 4C/ minute and hold for 7
minutes. The gas flow (nitrogen) was 1.0 ml/ mird aetention time of novaluron and
lambda cyhalothrin was 7.530 and 23.537 min., r@spdy. The limit of quantification for
novaluron was 0.01 mg/ kg and for lambda cyhalattwas 0.1 mg/ kg.
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3.12 Recovery studies

The recovery was determined by spiking the untcetaeato fruits and soil samples
at 0.01, 0.05, 0.10, 0.50 and 1.00 mg'kigvels with different test insecticides. Fortified
samples were processed as per the procedure adebéoibanalysis of sample and linearity
was tested. The per cent recovery was calculatéallagss:

_ Amount recovered (mg/kg)

100
Amount added (mg/kg)

Per cent Recovery

3.13 Dissipation studies
3.13.1 Calculation of Residue Half Life (Rlg) Values
The RLsp values were calculated as per Hoskins (1961) famwhich is as follows:

_log2 _0301_0301

t
Where,
ty, = half-life value (Rlg) in days
K1 = slope of regression equation of the log resdietermined in mg/kg or

ppm (y) on the time elapsed in days (x)

3.13.2 Calculation for safe waiting period

_ logk, —logtol _ logk, —logtol

Tsi
K, b
Where,
Tsi = time taken in days by the insecticide to hretaterance limit
log ko = log of initial deposit
log tol = log of proposed tolerance limit
ki=b = slope of regression equation

3.13.3 Residues dissipation rate

The per cent dissipation of the residue over theaindeposit was calculated for
various sampling intervals as per the following Ineatatical formula:

Residue (mg/kg)

o _
Per cent dissipation (%) 100 Initial deposit (mg/kg)

100
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Chapter-4
RESULTS AND DISCUSSION

The present investigation was carried out to asdessBioefficacy and residue
dynamics of a combination product of novaluron andlambda cyhalothrin against
insect pests of tomato’ Experimental results of the present study arerde=d in the

following text under different heads.

4.1 Bioefficacy studies

4.2 Insecticide persistence study

4.3 Statistical constants of insecticide(s)
4.1 Bioefficacy studies:

Bioefficacy of combination product of novalurondalambda cyhalothrin (GPI 1316)
was evaluated against fruit borételicoverpa armigerpand pin worm Tuta absolutia on
tomato during the year 2018.

4.1.1 Bioefficacy of novaluron + lambda cyhalothrin(GPI 1316) against fruit borer
(Helicoverpa armigera)

4.1.1.1 Reduction of larval population after firstspray:

Observations recorded at one day before applitagwealed that population of fruit
borer was uniformly distributed in the field rangifirom 1.30 to 1.63 larvae per plant
(Table 4.1).

Data presented in Table 4.1 revealed that ther® avaignificant reduction in the
population of larvae after the application of diéfet insecticidal treatments. After one day of
first spray highest per cent larval reduction (2J.Wwas found in treatment novaluron +
lambda cyhalothrin @ 142+28 g a.i./ha)(@nd it proved to be significantly superior ovér a
other treatments. It was followed by novaluron mil@a cyhalothrin @ 71+14 g a.i./ha)T
and novaluron + lambda cyhalothrin @ 47+10 g ai(h) with 74.85 and 73.66 per cent
reduction, respectively. Among all the treatmental@ated lambda cyhalothrin @ 14.7 g
a.i./ha (E) was noticed with lowest per cent larval reduct{60.54) Similarly, at 1¢' day
after spray (DAS) maximum per cent larval reducticas observed in treatmeng (B0.33%)
followed by treatment J(86.00%) whereas minimum per cent larval reduct&$15%) was



Table 4.1 Bioefficacy of novaluron + lambda cyhaldtrin (GPI 1316) against fruit borer (Helicoverpa armigera) on tomato after first
spray during 2018

. Dosage Pre-count Per cent reduction
Treatments Insecticides ai/ha (No. of

Novaluron + lambda 47+10 1.46 73.66 | 7555 | 76.29 | 78.44| 80.36 76.86
T cyhalothrin (9.45+1.9%) ZC (59.17)| (60.36) | (60.86) |(62.33) (63.74) (61.29)
T Novaluron + lambda 71+14 (X) 1.50 74.85 | 77.24 80.66 | 84.33| 86.00 80.6F
2 cyhalothrin (9.45+1.9%) ZC (59.96)| (61.50) | (63.92) |(66.67) (68.07) (64.02)
T Novaluron + lambda 142428 (2X 1.30 77.72 | 80.15 84.21 | 86.69| 90.33 83.82
3 cyhalothrin (9.45+1.9%) ZC (61.83) (63.54) | (66.62) |(68.63) (72.05) (66.54)
T Novaluron 10 EC 75 1.56 67.57| 69.83 70.86 73.83| 76.00 71.62
4 (565.30) (56.62) | (57.31) |(59.23) (60.66) (57.83)
T Lambda cyhalothrin 4.9% C$  14.7 1.50 60.54| 62.99 64.00 | 66.60| 68.41 64.51
5 (51.07)| (52.51) | (53.11) |(54.68) (55.78) (53.43)
T Chlorantraniliprole 18.5% SC 28 1.63 68.01| 69.45 70.81 | 68.64| 65.15 68.4F
6 (55.54)| (56.43) | (57.28) |(55.97) (53.80) (55.81)

Mean 70.39 72.53 74.47 76.42| 77.71

(57.14)| (58.50 | (59.85) |(61.25) (62.35)

Figures in parentheses are arc sin transformeasalDAS- Days after spray

CD 0_05(Days):1.37
CD ¢.05 (Treatments): 1.50
CD g5 (Days x Treatments): 3.36
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noticed in treatmentsTWhen treatments were compared at different daysa# found that
per cent reduction in larval population get inceshsp to 18 DAS in all the treatments (T

T,, T3, Taand T) except in treatmentg{chlorantraniliprole @ 28 g a.i./ha) whose per cent
reduction in larval population get increased up't®AS then decreased df and 18' DAS.
Overall comparison of different treatments reveathdt significantly maximum larval
reduction of 83.82 per cent was recorded with nawal + lambda cyhalothrin @ 142+28 g
a.i./ha (B). Novaluron + lambda cyhalothrin @ 71+14 g a.i.(lig) was proved to be next
effective treatment after causing 80.61 per centalareduction followed by novaluron +
lambda cyhalothrin @ 47+10 g a.i./ha )T novaluron @ 75 g a../ha {Tr and
chlorantraniliprole @ 28 g a.i./ha {)Twith 76.86, 71.62 and 68.41 per cent reduction,
respectively. However, lambda cyhalothrin @ 14&.igha () was reported with minimum

larval reduction of 64.51 per cent.

Table 4.2: Bioefficacy of novaluron + lambda cyhalthrin (GPI 1316) against fruit
borer (Helicoverpa armigera) on tomato after second spray during 2018

Dosage Per cent reduction

gai/hal 1pas | 3DAS | 5DAS | 7DAS | 10DAS| Mean

Treatments Insecticides

Novaluron + lambda | 47+10

T cyhalothrin 82.66 | 84.55 | 85.29 | 87.44 | 89.36 | 85.86°
1

(9.45+1.9%) ZC (65.59) | (66.83)| (67.53)| (69.24)| (70.29)| (68.11)
- Novaluron * lambda | 71+14 | g3.85 | 86.24 | 89.66 | 93.33 | 95.00 | 89.62
) yhalothrin (X)

(Q.A5+L.00) ZC (66.42) | (68.21) | (71.38)| (75.19)| (77.59)| (71.76)

- Novaluron +lambda | 142428 | o¢ 75 | 8915 | 9321 | 95.69 | 97.33 | 92.45°

3 cyhalothrin (2X)

(9.45+1.9%) ZC (68.62) | (70.90) | (75.05)| (78.47)| (81.03)| (74.81)
T Novaluron 10 EC 75 | 76.57 | 78.83 | 79.86 | 82.83 | 85.00 | 5062
4 (61.12)| (62.61)| (63.31)| (65.56) | (67.28)| (63.98)
T Lambda cyhalothrin | 14.7 | 6954 [ 71.99 | 73.00 | 75.60 | 77.41 | 73.51
5 4.9% CS (56.48) | (58.02)| (58.67)| (60.38)| (61.61)| (59.03)
T Chlorantraniliprole 28 77.01 | 78.45 | 79.81 | 77.64 | 74.15 | 7741
6 18.5% SC (61.34) | (62.34)| (63.32)| (61.90) | (59.43)| (61.67)

Mean 79.39 | 81.53 | 8347 | 85.42 | oo .-

(63.26) | (64.83)| (66.54)| (68.46)

Figures in parentheses are arc sin transformeasalAS- Days after spray

C.D0.05 (Days): 1.7
C.D 05 (Treatments): 1.86
C.Doos(Days x Treatments): 4.16
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4.1.1.2 Reduction of larval population after secondpray

After second spray, similar trend was observethereduction of larval population
due to different treatments. Novaluron + lambdaadgthrin (9.45+1.9%) ZC @ 142+28 g
a.i./ha (B) caused the highest per cent reduction (86.72pmval population on 1 DAS
followed by novaluron + lambda cyhalothrin @ 71+d4a.i./ha (%) with 83.85 per cent
larval reduction. However, lowest per cent larvadluction (69.54) was noticed in lambda
cyhalothrin treatment @ 14.7 g a.i./ha)(TOn an average, novaluron + lambda cyhalothrin
@ 142+28 g a.i./ha @] was reported the best treatment with maximum D2dr cent
reduction. Next effective treatment was novalurolambda cyhalothrin @ 71+14 g a.i./ha
(T2) with 89.61 per cent reduction followed by novalur+ lambda cyhalothrin @ 47+10 g
a.i./ha () showing 85.86 per cent reduction. Novaluron 10 &C75 g a.i./ha (§) and
chlorantraniliprole 18.5% SC @ 28 g a.i./ha)($howing 80.62 and 77.41 per cent larval
reduction, respectively were next in terms of effiz. Whereas minimum (73.51) per cent
reduction was noticed in lambda cyhalothrin @ 14igha ().

4.1.1.3 Fruit Damage
4.1.1.3.1 After first spray

The data on fruit damage at the time of harvestiiter 1¢" day of each spray (Table
4.3) revealed that all the treatments proved sapemith less fruit damage compared to
control plot. Minimum fruit damage of 6.19 per caws observed in novaluron + lambda
cyhalothrin @ 142+28 g a.i./had)Ttreatment followed by novaluron + lambda cyhaiioth
@ 71+14 g a.i./ha () treated plots (7.76% fruit damage). The plotaged with novaluron
+ lambda cyhalothrin @ 47+10 g a.i./ha, novalurod EC @ 75 g a.i./ha and
chlorantraniliprole 18.5% SC @ 28 g a.i./ha recdril#.05, 15.67 and 21.33 per cent of fruit
damage, respectively. Maximum fruit damage of 2568 cent was seen in the treatment
sprayed with lambda cyhalothrin 4.9% CS@ 14.7 .¢ha.i(Ts). Control plots (§) where crop
was sprayed with water only, 34.05 per cent fruigse found infested with the larvae lof

armigera
4.1.1.3.1 After second spray

Similar trend of investigating treatments effectswaticed after second spray on fruit
damage due to fruit borer. Data presented in TdkBerevealed that all the insecticidal
treatments significantly reduced the incidenceroit borer. Minimum fruit damage (3.61%)
was recorded in jl(novaluron + lambda cyhalothrin @ 142+28 g a.i./m&)ich was

29



statistically at par with F(novaluron + lambda cyhalothrin @ 71+14 g a.i.Av@h 5.49 per
cent fruit damage followed by;Tnovaluron + lambda cyhalothrin @ 47+10 g a.i./Ha),
(novaluron 10 EC @ 75 g a.i./ha) and (Ehlorantraniliprole 18.5% SC @ 28 g a.i./ha)
showing 8.69, 13.67 and 20.06 per cent fruit dameggpectively. Maximum per cent fruit
damage (25.68%) was found in the fruits harvested fthe plots treated with lambda
cyhalothrin @ 14.7 g a.i./ha {)l whereas 36.98 per cent fruit damage was noticetie
control plots ().

Table 4.3 Bioefficacy of novaluron + lambda cyhalbrin (GPI 1316) against fruit borer
(Helicoverpa armigera) on tomato during 2018

Per cent fruit damage
- Dosage th i th
Treatments Insecticides gai/ha | 10 day afterfirst 10 day after second
spray spray
34.05 36.98
T -

0 Untreated control (35.67} (37.42)9

Novaluron + lambda 47+10 11.05 8.69
T cyhalothrin (9.45+1.9%) ZG (19.40) (17.09)

T Novaluron + lambda 71+14 (X) 7.76 5.49
2 Cyhalothrln (945+19%) ZC (1602)ab (1351)ab

T Novaluron + lambda 142+28 6.19 3.61
3 Cyhalothrln (945+19%) ZC (ZX) (1436)a (1091)a
T Novaluron 10 EC 75 15.67 13.67 |
C

4 (23.28)d (21.48)
T Lambda cyhalothrin 4.9% CE 14.7 25.(?8 25.68 f
e e

> (30.40) (30.41)

T Chlorantraniliprole 18.5% 28 21.33 20.06

SC

6 (27.48) (26.57)

CD, s 3.78 4.53

Figures in parentheses are arc sin transformecesalu

The bioefficacy of novaluron and lambda cyhalathagainst fruit borer was studied
separately and in combination with other insecésithy several workers but no study has so
far been conducted on the combination product eBhwon and lambda cyhalothrin in any
part of the world. So, the similar studies condddte evaluate the bioefficacy of novaluron
and lambda cyhalothrin were discussed here to stppe present study. The results of
present study showed 83.82 — 92.42, 71.62 — 8(h@264.51 —73.51 per cent reduction in
larval population of fruit borer after two foliarpglications of novaluron + lambda
cyhalothrin @ 142 + 28 g a.i./ ha, novaluron @ #igha and lambda cyhalothrin @ 14.7 g
a.i./ha, respectively which was in closer proximitigh the findings of Ghosadt al. (2015a)
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who reported 95.64, 79.82 and 79.49 per cent lam@iliction over control in fruit borer

population after three application of novaluron®&+ indoxacarb 4.5% SC @ 875 ml/ ha,
novaluron @ 750 ml/ha and lambda cyhalothrin 5% @CI00 ml/ha, respectively in first

season (2011). In second season (2012), reductitanval population was 96.12%, 80.71%
and 80.38% in plots treated with novaluron 5.25%ndoxacarb 4.5% SC @ 875 / ha,
novaluron @ 750 ml/ha and lambda cyhalothrin 5%@@00 ml/ha, respectively.

The results of present investigation are in canfty with the observations of Kumar
et al. (2003) who reported novaluron alone @ 0.75 mldvading 90 per cent mortality of
diamond back moth larvae while all the combinatiah$ull doses provided highest (100%)
mortality, whereas novaluronBt.k (0.375 ml + 1 g/lI) which is a half doses combioatalso
gave 100 per cent mortality. Sagtial (2013) reported that novalur@a 18.75, 37.5 and 75
g a.i./ha was found significantly superior agaiHstarmigeraas compared to the standard
check, quinalphos (525 g a.i./ha) with respect ta mlamage and grain yield in chick
pea.Novaluron 10 EC @ 200 g a.i./ha reduced populatibspotted pod boremMaruca
vitrata up to 70 per cent with less than 17 per cent podade (Mahalakshnat al, 2013).

The present experimental findings are also supddry the results of Yogeeswarudu
and Venkata (2014) who reported 87.12 - 94.38 ahd23- 90.83 per cent reduction over
control in larval population of gram pod bokér armigerain chickpea after two applications

of novaluron 10 EC @ 1.5 ml/ | and lambda cyhaiotBEC 1ml/ |, respectively.

Lal and Jat (2016) reported minimum (7.3 %) podhage in chickpea following
application of novaluron 10EC @ 375 mitalus 2 per cent urea.

4.1.2 Bioefficacy of novaluron + lambda cyhalothrin(GPI 1316) against pin worm
(Tuta absoluta)

4.1.2.1 Reduction of larval population after firstspray
The larval population before one day of applicatrees uniformly distributed in the

field ranging from 2.06 - 2.26 larvae per plantlfiea4.4).

Results presented in Table 4.4 showed that theseansignificant reduction in the
population of larvae after the application of diéfet insecticidal treatments. After one day of
first spray, highest larval reduction of 69.10 pent was noticed in treatmen {hovaluron

+ lambda cyhalothrin @ 142+28 g a.i./ha) and itvpobto be significantly superior over all
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Table 4.4 Bioefficacy of novaluron + lambda cyhaldirin (GPI 1316) against pin worm (Tuta absoluta) on tomato after first spray

during 2018
Pre-count Per cent reduction
Treatments Insecticides Dﬁ?ﬁi (No. of 1DAS | 3DAS | 5DAS | 7DAS | 10DAS| M
gal larvae/ plant) ean
Novaluron + lambda 47+10 2.10 60 88 63.69 | 66.73 69 22 71.8 66.46
- 0 . . . . . .
Lk Cyha"““”; é9'45+1'9 & (51.27) | (52.92) | (54.76) | (56.29) | (57.90)| (54.63}
. Novaluron + lambda | 71+14 (X) 2.20 65 72 67 11 70.29 72,67 7510 70.18
: o : : . . .
2 Cyha"’th”; é9'45+1'9 & (54.14) | (54.99) | (56.95) | (58.47) | (60.07) | (56.93)
Novaluron + lambda | 142+28 2.06 6910 | 7408 | 7633 8063 | 81.42 76.31
T . 0 . . . . " .
3 Cyha"’th”; é9-45+1-9 n) - (2X) (56.22) | (59.39)| (60.96) | (63.91) | (64.47) | (60.99]
T Novaluron 10 EC 75 2.26 64.49 | 66.51 | 69.40 | 71.94 | 72.14 68.89
4 (53.44) | (54.63)| (56.40) | (58.07) | (58.13) (56,13)b°
T Lambda cyhalothrin 14.7 2.16 55.52 54.70 57.31 59.62 57.40 56.91f
5 4.9% CS (48.15) | (47.68)| (49.19) | (50.53) | (49.23) | (48.96)
T Chlorantraniliprole 28 2.23 56.47 69.10 75.52 68.16 62.58 66.37d
6 18.5% SC (48.70) | (56.24) | (60.33) | (55.71) | (52.27) | (54.65)
Mean 62.03 65.86 69.26 70.37 70.07
(51.99) | (54.31)| (56.43) | (57.16) | (57.01)

Figures in parentheses are arc sin transformeesalbAS- Days after spray
CDo .05 (Days): 1.35

CD ¢.of Treatments): 1.48

CD ¢ofDays x Treatments):3.32
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other treatments at all the days of observatiomnvas followed by 7 (novaluron + lambda
cyhalothrin @ 71+14 g a.i./ha) with 65.72 per damtal reduction and jl{novaluron 10 EC
@ 75 g a.i./ha) with 64.49 per cent larval reduttidmong all the treatments investigated,
lambda cyhalothrin 4.9% CS @ 14.7 g a.i./hg) (Was noticed with lowest per cent larval
reduction (55.52%)Overall comparison of the different treatments raft® DAS revealed
maximum per cent larval reduction (76.31) in treatinT; followed by treatment Fwith
70.18 per cent larval reduction which is statislycat par with treatment jJ/showing 68.89
per cent larval reduction. Whereas least per aawal reduction of 56.91 was observed in
treatment T. Novaluron + lambda cyhalothrin @ 47+10g a.i./lig @nd chlorantraniliprole
18.5% SC @ 28 g a.i./ha d)Twere statistically at par with each other show@tg46 and
66.37 per cent larval reduction, respectively.

4.1.2.2 Reduction of larval population after secondpray

The data recorded after one DAS of second appiicashowed similar trend
(Table 4.5) as observed in first spray. Maximunvadhipopulation reduction (84.10 %) was
found in T3 (novaluron + lambda cyhalothrin @ 142+28 g a.i.flodlpwed by T, (novaluron
+ lambda cyhalothrin @ 71+14 g a.i./ha) showing’8Qer cent larval population reduction.
The other promising treatments werg(iiovaluron + lambda cyhalothrin @ 47+10 g a.i./ha)
and T, (novaluron 10 EC @ 75 g a.i./ha) showing 75.88 @bBd#9 per cent reduction
followed by Tg (Chlorantraniliprole @ 28 g a.i./ha) with 71.47 prnt larval population
reduction. The minimum per cent larval reductio®.52) was observed in treatmery T
(lambda cyhalothrin @ 14.7 g a.i./ha). The dataower all efficacy revealed that the best
treatment was JIfollowed by T, with 91.31 and 85.18 per cent larval reductiospegtively.
Treatment T and T, were statistically at par with each other showdigd6 and 79.89 per
cent larval reduction. Treatmeng Was also statistically at par withy With 78.17 per cent
larval reduction. The least effective treatmentattfthe treatments wass Which recorded

73.91per cent reduction of larvaeTofabsoluta
4.1.2.3 Fruit damage
4.1.2.3.1 After first spray

All the insecticidal treatments recorded signifitatower per cent fruit damage over
control. The order of per cent fruit damage in @as treatment is novaluron + lambda
cyhalothrin @ 142+28 g a.i./had)I< novaluron + lambda cyhalothrin @ 71+14 g aai ()
< novaluron + lambda cyhalothrin @ 47+10g a.i./Rig € novaluron @ 75 g a.i./ha (T4) <
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chlorantraniliprole @ 28 g a.i./had)l< lambda cyhalothrin @ 28 g a.i./has{Ehowing 3.66,
4.66, 5.66, 9.00, 10.33 and 12.33 per cent frumalge, respectively. Treatmentg T, and
T, were found statistically at par with each otheldot$ treated with novaluron,
chlorantraniliprole and lambda cyhalothrin wereoafeund statistically at par with each

other. Maximum fruit damage was observed in ungéekalots (14.33%).

Table 4.5 Bioefficacy of novaluron + lambda cyhakbrin (GPI 1316) against pin worm
(Tuta absoluta) on tomato after second spray during 2018

Dosage Per cent reduction

Treatments Insecticides h
gal/hal 1pas | 3DAS | 5SDAS | 7DAS | 10DAS | Mean

Novaluron + lambda| 47+10 75.88| 78.69 | 81.73 84.22 86.80 81.46
T, cyhalothrin (60.59)| (62.49)| (64.70)| (66.62) | (68.67) (64 61)C
(9.45+1.9%) ZC ’

Novaluron + lambda| 71+14
T, cyhalothrin X)
(9.45+1.9%) ZC

80.72 | 82.11 | 8529 | 87.67 | 90.10 | g5.18
(63.94) | (64.99) | (67.44)| (69.50) | (71.77) | oo oo

Novaluron + lambda| 142+28

: 84.10 | 89.08 | 91.33 | 95.63 | 96.42 | 01.31
T cyhalothrin (2X) :
3

(0 A541.9%) ZC (66.52) | (70.76) | (73.44) | (78.65) | (79.49) | 75 7)®
T Novaluron 10 EC | 75 | 7549 | 77.51 | 80.40 | 8294 | 8314 | 7989
¢ (60.39) | (61.69) | (63.72)| (65.72) | (65.77) | (63.46)
T Lambda cyhalothrin| - 14.7 | 7052 | 7270 | 74.31 | 76.62 | 75.40 | 391
5 4.9% CS (57.10) | (58.49) | (59.54)| (61.08) | (60.25) | (59.29)
T Chiorantraniliprole | - 28 | 7147 | 8o.10 | 86,52 | 79.16 | 73.58 | /817
6 18.5% SC (57.69) | (63.57)| (68.46)| (63.04) | (59.05) | (62.36)

Mean 76.36 | 80.03 | 83.26 | 84.37 | 84.24

(61.04) | (63.67) | (66.22)| (67.43) | (67.50)

Figures in parentheses are arc sin transforme@salbAS- Days after spray

CD 0,05(DayS): 1.81
CD o of Treatments): 1.99
CD o o5(Days x Treatments): 4.45

4.1.2.3.2 After second spray

Similar trend of investigating treatments effectswaticed after second spray on fruit
damage due to pin worm. Minimum fruit damage (2088 was recorded in treatmeng T
(novaluron + lambda cyhalothrin @ 142 + 28 g aa)Avhich was statistically at par with T
(2.66 %) and T (4.33 %). Treatment 4I(novaluron 10 EC @ 75 g a.i./ha)g lambda
cyhalothrin 4.9% CS @ 14.7 g a.i./ha) andchlorantraniliprole 18.5% SC @ 28 g a.i./ha)
showing 8.33, 10.66 and 9.00 per cent fruit dameggpectively were statistically at par with
each other. Among insecticidal treatments, maxinpen cent fruit damage (10.33%) was
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found in the fruits harvested from the plots trdatgth lambda cyhalothrin g), whereas

13.66 per cent fruit damage was noticed in therobptots (Tp).

Table 4.6 Bioefficacy of novaluron + lambda cyhaldtrin (GPI 1316) against pin worm
(Tuta absoluta) on tomato during 2018

Per cent fruit damage
. Dosage th i th
Treatments Insecticides gai/ha | 10 day after first 10 day after second

spray spray
14.33 13.6¢

T -
0 Untreated control (3.89) (3.81)
T Novaluron + lambda 47+10 5.66° 4.33"
! cyhalothrin (9.45+1.9%) ZC| (2.57) (2.27)
T Novaluron + lambda 71+14 4.66° 2.66°
2 cyhalothrin (9.45+1.9%) ZC|  (X) (2.33) (1.90)
- NovaI_uron + Iambga 142+28 3.66 233
3 cyhalothrin (9.45+1.9%) ZC| (2X) (2.13) (1.79)
T Novaluron 10 EC 75 9.00" 8.3%
. (3.15) (3.04)
T Lambda cyhalothrin 4.9% C$§ 14.7 12.33 10.66"
5 (3.63) (3.38)
T Chlorantraniliprole 18.5% S¢ 28 10.33¢ 9.00*
6 (3.35) (3.14)
CDo.os 3.02 3.24

Figures in parentheses are square root transfovalads

The results of present investigation are suppditethe work of Ghosadt al.(2015b)
who reported that novaluron 5.25 % + emamectir?®.@ 875 ml ha and novaluron 10 EC
@ 750 ml hd reduced 92.91 and 72.91 per cent population of ai@rback moth larvae
over control, respectively and the maximum yieldsvedtained from the plots treated with
novaluron 5.25% + emamectin 0.9% @ 875 mif hafirst season. Similar results were
observed in second season (2013) where novaluds?%.+ emamectin 0.9 % @ 875 mi‘ha
and novaluron 10 EC @ 750 ml haeduced 90.45 and 68.99 per cent population over
control. Like previous year, maximum Yyield was of¢a from the plots treated with
novaluron 5.25 % + emamectin 0.9 % @ 875 mt.HBisaneet al (2017) reported that the
novaluron 10 EC 0.005 % minimized fruit damage doiesapota seed borefrymalitis

margaritasup to 4.83 per cent.
4.1.3 Phyto-toxicity studies

The perusal of data presented in the Table 4.7afleglethat no phyto-toxicity
symptoms like yellowing, stunting, necrosis, chkisp vein clearing, epinasty and hyponasty

were observed on tomato plants after 1, 3, 5, 71&nhdays of two applications of each dose
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of test insecticide i.e. novaluron + lambda cyhaiot @ 71+14 g a.i./ha (X dose) and
novaluron + lambda cyhalothrin @ 142+28 g a.i./ld ose). Our results are in conformity
with the observations of Ghosall al. (2015b) who reported that there were no phyto-toxic
symptoms like leaf injury, wilting, epinasty andponasty, necrosis and vein clearing etc. in
all the three doses of novaluron 5.25 % + emaméxfr @ 875, 1750 and 3500 mi‘ha
and stated the insecticide safer for cabbage. Ketnalr (2014) tested six fungicides and six
insecticides alone and in combination for phytotdyi and observed no phytotoxicity
symptoms when novaluron was applied individuallyrecommended dose @ 1 ml/l in
groundnut. Price and Nagle (2006) also reportegmgo-toxicity symptoms on plants of
strawberry when novaluron was applied alone andombination with bifenthrin for sap

beetles.

Table 4.7 Phyto-toxicity effects of novaluron + larbhda cyhalothrin on tomato plants

Phyto-toxicity symptoms*

Dosage After first spray After second spray

@aihay 3 5 7 10 1 3 5 7 10
DAS | DAS | DAS| DAS | pAS | DAS | DAS | DAS | DAS | DAS

Treatments| Insecticides

Novaluron + 71+14

2 lambda X) 0 0 0 0 0 0 0 0 0 0
cyhalothrin
(9.45+1.9%) ZG
T Novaluron + | 142+28
3 lambda (2X) 0 0 0| o 0 0 0 0 0 0

cyhalothrin
(9.45+1.9%) ZQ¢

DAS= days after spraying, *Yellowing, stunting, nesis, chlorosis, vein clearing, epinasty and
hyponasty

4.1.4 Effect of insecticidal treatments on coccingl beetles

During the period of experimentation, no populataincoccinellid beetles was observed in
any treatment.

4.2 Insecticide persistence study
4.2.1 Efficiency of analytical method
4.2.1.1 Linearity

4.2.1.1.1 Novaluron

To establish the linearity of novaluron, calibratiourve was plotted by running the
standards of various concentrations., 0.01, 0.05, 0.10, 0.50 and 1.00 mg/kg in GC-ECD
and working out its correlation coefficient R Figure 1 shows the linear response of
novaluron in GC-ECD with correlation coefficient@®92.
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Fig .1 Linearity of novaluron

4.2.1.1.2 Lambda cyhalothrin

A calibration curve has been plotted by runningouss concentrations viz., 0.01, 0.05,
0.10, 0.50 and 1.00 mg/kg of lambda cyhalothriG@-ECD and the linearity of the method
was determined by calculating its correlation degfit (). The linear response of lambda

cyhalothrin with correlation coefficient of 0.997w obtained as depicted in figure 2.
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Fig. 2 Linearity of lambda cyhalothrin
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4.2.1.2 Recovery studies
4.2.1.2.1 Fruits
4.2.1.2.1.1 Novaluron

As persual from the data (Table 4.8), recovery @faturon from fortified tomato
fruits at different fortification levelsiz., 0.01, 0.05, 0.10, 0.50 and 1.00 mg/kg was 110.00
94.00, 96.00 and 83.60 and 101.60 per cent, ragphctThe average recovery was between
83.60 — 110.00 per cent. The results of presenlirfgs showed a close similarity to those
obtained by Malhaet al. (2014)using blank samples of tomato spiked at three $eoél
novaluron and results showed that recoveries rafrged 93 to 99 per cent. Similarly, Séi
al. (2016) found that mean recoveries of novalurod lifenthrin at different spiked levels
were between 81 and 108 per cent at limit of gfiaation (LOQ) of 0.01 mg Kd-
Recovery of novaluron in chickpea plant ranged fi@222 to 90.64 per cent (Saiet al.,
2013). Daset al (2007) reported the average recovery of novalunmorchilli and

brinjal spiked at 0.10 - 1.00 ppm as 92.00 - 94pED cent, respectively.

Kumaret al. (2018) reported that recovery of novaluron ranigetveen 81 to 103 per
cent in fresh chilli and from 82 to 110.2 per cendry chilli spiked at 1, 0.5, 0.25, 0.1, 0.05,
0.025, 0.01 and 0.005 mg /I fortification levels.

Table 4.8 Recovery of novaluron from fortified tomao fruits

Fortification Recovery (mg kg Average
(n'%"%i) R R Rs Re | Rs Mean £ SD re%%ery
0.01 0.010 0.012 0.010 0.012 0.010 0.011+0.001 O.0m
0.05 0.041 0.045 0.048 0.051 0.050 0.047+0.004 .0®4
0.10 0.104 0.100 0.094| 0.080 0.100 0.096 £0.0p9  006.
0.50 0.400 0.427 0.432 0.431 0.401 0.418+0.016 .6(B3
1.00 1.007 1.056 0.968 1.061 0986 1.016+0.041 1.610

4.2.1.2.1.2 Lambda cyhalothrin

A scrutiny of Table 4.9 showed that the recoveriaaibda cyhalothrin from tomato
fruits at different fortification levelsiz., 0.01, 0.05, 0.10, 0.50 and 1.00 mg/kg was 90.00,
106.00, 113.00, 92.40 and 102.00 per cent, resdgtiThe average recovery ranged
between 90.00 — 113.00 per cent as supported byethdt of Kelageret al. (2017) who
reported that recovery of lambda cyhalothrin was491105.08 and 113.46 per cent in
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tomato when spiked at 0.05, 0.25 and 0.50 mg/kgfit@mtion levels, respectively. In
another study, Vemuet al. (2017) observed that the recovery of lambda cyhalo from
chilli samples at 0.05, 0.25 and 0.5 mg/kg fotifica levels was 91.69, 95.88 and 109.66
per cent, respectively. The lambda cyhalothrin vecp was 84.2 and 88.0 per cent from
fortified brinjal fruits at 0.5 and 1.0 mg/kg legeas observed by Gupgh al. (2015). Aly
(2017) recovered 89.29 per centyhalothrin from sweet pepper fortified at 1.00/kag

Table 4.9 Recovery of lambda cyhalothrin from fortfied tomato fruits

Fortification Recovery (mg kg') Average
levels R: R, Rs3 R4 Rs Mean + SD | recovery
(mg kg™) (%)
0.01 0.008 0.009 0.01 0.010 0.008 0.009+0.001 .00
0.05 0.048 0.050 0.055 0.056 0.066 0.053+0.p03 6.000
0.10 0.116 0.119 0.115 0.103 0.121 0.113+£0.p06 3.0D1
0.50 0.448 0.469 0.486 0.455 0.4p0 0.462+0.016 .42
1.00 0.907 0.918 1.170 0.9%9 1.145 1.020+0.127 2.00

Chromatographic response of different concentrat{©®01, 0.05, 0.10, 0.50 and 1.00 mg/kg)
of novaluron and lambda cyhalothrin in tomato fradtrix is presented in Figure 3.

uV(x1.000.000)
50
<4— Novaluron

lambda Cyhalothrin __y,
1.00 .

g 075 L 1 mg kg _—
= =
= e
2“ ~ L «— 0.5 mg kg —_— > l
I~ 0.50 —
«—— 0.1 mg kg —_—
| Pyaels A
«— 0.05 mg kg™ e
0.25 L A
«— 0.01 mg kg -_— >
Control
0.00
73 10.0 125 15.0 17.5 20.0 225 min

Retention Time (Minutes)

Fig. 3 Chromatographic response of different concdgrations of novaluron and lambda
cyhalothrin in tomato
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4.2.1.2.2 Soil
42.1.2.2.1 Novaluron

The data presented in Table 4.9 showed that tlewveeg of novaluron from fortified
tomato field soil varied from 98.00 - 102.00 pentcat various fortification levels (0.01,
0.05, 0.10, 0.50 and 1.00 mg/kg). Our results aréene with those documented by Ahlawat
et al (2017) who recovered 85.96 — 89.46 per cent géluwon from control plot soil spiked
at level of 0.01, 0.05 and 0.10 mgkip chickpea.

Table 4.10 Recovery of novaluron from fortified tonato crop field soil

Fortification Recovery (mg kg Average
levels Rl R2 R3 R4 R5 Mean + SD recovery
(mg kg’ (%)
0.01 0.010 0.009 0.010f 0.009 0.011 0.010+0.000 0.00
0.05 0.053 0.052 0.045] 0.048 0.048 0.049 +0.003 .0008
0.10 0.097 0.102 0.100f 0.099 0.113 0.102+0.006 2.00
0.50 0.542 0.534 0.472| 0.485 0.466 0.500+0.035 0.00
1.00 0.886 0.926 0.901 0.896 0.932 0.908+0.019 .80

4.2.1.2.2.2 Lambda cyhalothrin

The data presented in Table 4.11 indicated thatdhbovery of lambda cyhalothrin
from fortified tomato field soil at various fortdation levelsviz,, 0.01, 0.05, 0.10, 0.50 and
1.00 mg/kg was found to be 90.00, 96.00, 88.003®@nd 83.00 per cent, respectively.

Hence, the average recovery from tomato croppddaned from 83.00 — 90.80 per cent.

Table 4.11 Recovery of lambda cyhalothrin from forified tomato crop field soil

Fortification Recovery (mg kg') Average
(n'%"lfg’l) R Rq Rs R: | Rs | MeantSD re‘é%ery
0.01 0.010 0.009 0.009] 0.009 0.009 0.009+0.000 .0MO
0.05 0.044 0.044 0.051] 0.050 0.049 0.048+0.003 .06
0.10 0.088 0.091 0.083 0.090 0.090 0.088+0.003 .0(B8
0.50 0.474 0.462 0.440, 0.435 0.461 0.454+0.016 .80
1.00 0.842 0.831 0.832] 0.800 0.846 0.830+0.018 .03

Similar trend of recoveries has been reported &égvidet al. (2014) who reported the
recovery of lambda cyhalothrin from cardamom figtil between 99.70 and 104.80 per cent

at fortification levels of 0.05 and 0.25 mg/kg, pestively. Maoet al. (2010) observed the
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average recovery of lambda cyhalothrin as 91.36.6®per cent from fortified tobacco field
soil at different fortification levels between 0.09.25 mg/kg. Faet al. (2019) reported the
average recoveries of lambda cyhalothrin, thiamethoand clothianidin in apple between
88 -105 per cent at the limit of quantitation (LO6)0.01 mg k.

4.2.2 |Initial deposits and persistence of novalurorand lambda cyhalothrin in/on
tomato fruits

Initial deposits of a pesticide depend upon a nundfefactors like concentration,
formulation, weather conditions, substrate chargties, type of sprayer used, distance
between the nozzle and plant surface and propertiearrier etc. Besides these factors, plant
type (erect or prostrate), shape of plant parteaghr narrow or linear) and growth of plant
parts (slow or fast) influence the deposits pezsist on plant surface (Ebling, 1963) wiasre
the dissipation of insecticides depend upon crayofa like stage of crop, rind of fruit,
internal material, weather factors like moistuemperature, rain and surface characteristics
to hold deposits and chemical factors like strwadtstability of chemical compound either as
parent compound or metabolites, volatilization,ubdity, formulation, site and method of
application (Edwards, 1975). Keeping most of thiesors constant the discussion will be

around the deposits and dissipation due to thddefensecticides.
4.2.2.1 Novaluron
4.2.2.1.1 Initial deposits

The average initial deposits (two hours after agpion) were 0.567 mg/kg and
1.241 mg/kg on tomato fruits due to the applicatddrcombination product of novaluron
and lambda cyhalothrin on tomato (Table 4.12 & 4.ERy.4). The initial deposits of
novaluron at standard dose (71 g a.i./ha) were firBés lower than that obtained from
double dose (142 g a.i./ha). The results of prefiedings showed a closer proximity to
those obtained by Ahlawat al (2017) who reported the average initial deposit.642,
1.705 and 2.251 mg/kg in green pods after the egipdin of novaluron 10 EC @ 37.5, 75
and 150 g a.i. per ha in chick pea.

Similarly, Kumaret al (2018) observed that the initial deposits of roran at 37.5
and 75 g a.i. hhwere 0.11 and 0.20 mg kgin fresh chilli whereas in dry chilli peppers
these were 0.31 and 0.59 mgkgespectively.
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4.2.2.1.2 Persistence infon tomato fruits

The initial deposits of novaluron at standard desze 0.567 which dissipated to
0.337, 0.163, 0.098 and 0.037 mg/kg after 1, 8ays 7 days of application, respectively. At
double dose, the initial deposits of novaluron we241 mg/kg which dissipated to 0.628,
0.368, 0.224, 0.111 and 0.027 mg/kg after 1, 3, &d 10 days, respectively (Table 4.12 &
4.13, Fig. 4). Persistence data showed that th@lamn residues on tomato fruits were
reduced from 0.337 to 0.037 mg/kg in 1 to 7 daystahdard dose, thus recorded 41.49 —
93.58 per cent dissipation at standard dose acldwdtle dose, residues were reduced from
0.628 - 0.027 mg/kg in 1 to 10 days showing 49¢1Q%.82 per cent dissipation on tomato
fruits. Our results are in agreement wlithse ofAhlawatet al (2017) who observed that the
mean initial deposits were reduced by more thape8scent in one day. These residues were
further reduced by more than 90 per cent dh day. The residues reached below
determination limit of 0.01 mg kKgon 7" day with the application of novaluron @ 37.5 g a.i
ha'; whereas at 75 and 150 g a.i’*h¢éhese residues reached below 0.01 nigikgl5 and
20 days, respectively, showing 100 per cent disisipan chickpea green pods. Kunetral
(2018) reported that residues of novaluron pemisfeto 7 days in fresh chilli pepper when
applied at 37.5 g a.i. Haand 75 g a.i. hhand residues were below the limit of quantificatio
on the 18 day for both doses, whereas residues of novalimairy chilli peppers reached
below the limit of quantification on the $%lay at both the dosages.

Table 4.12 Persistence of novaluron (@ 71 g a.i.)has a component of combination
product novaluron and lambda cyhalothrin in/on tomato fruits

Interval Residues (mg/kg)

(Days) R R, R Mean residues + SD Dissipation (%)
0 0.58 0.57 0.578 0.567 +0.005 -
1 0.31 0.358 0.343 0.337 £ 0.025 41.49
3 0.168 0.159 0.161 0.163 £ 0.005 71.70
5 0.104 0.095 0.095 0.098 £ 0.005 82.99
7 0.038 0.033 0.041 0.037 £ 0.004 93.58
10 BDL BDL BDL - -

Control ND ND ND ND -

BDL = Below Determination Limit; ND = Not Detected
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Table 4.13 Persistence of novaluron (@ 142 g &) as a component of combination
product novaluron and lambda cyhalothrin in/on tomato fruits

Interval Residues (mg/kg) Dissipation
(Days) R, R, R Mean residues + SD (%)
0 1.258 1.223 1.242 1.241 +0.018 -
1 0.635 0.621 0.628 0.628 +0.007 49.40
3 0.387 0.355 0.362 0.368 + 0.017 70.35
5 0.214 0.228 0.23 0.224 + 0.009 81.95
7 0.109 0.112 0.111 0.111 + 0.002 91.06
10 0.027 0.03 0.025 0.027 + 0.003 97.82
15 BDL BDL BDL BDL -
Control ND ND ND ND

BDL = Below Determination Limit; ND = Not Detected
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Fig 4 Dissipation pattern of novaluron (@ 71 and 12 g a.i./ha) as a component of
combination product novaluron and lambda cyhalothrn in/on tomato fruits

4.2.2.2 Lambda cyhalothrin

4.2.2.2.1 Initial deposits

The average initial deposits of lambda cyhalotkrare 0.282 mg/kg and 0.531 mg/kg
on tomato fruits due to the application of comhimatproduct of novaluron + lambda
cyhalothrin on tomato fruits (Table 4.14 & 4.15g/). The initial deposits of lambda
cyhalothrin at standard dose (14 g a.i./ha) we88 1imes lower than that obtained from
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double dose (28 g a.i./ha). Results of study cotedlby Jayakrishnaet al (2005) revealed

that lambda cyhalothrin when applied at the appboarate of 15 g a.i./ha and 30 g a.i./ha on
tomato fruits yielded initial deposit of 0.38 mg/kgd 0.52 mg/kg, while Singh and Singh
(2003) found that the application of lambda cyhaiiot (@ 25 and 50 g a.i./ ha) on chickpea
resulted in initial deposition of residues rangfram 0.335 and 0.462 mg/ kg which showed

conformity with the present findings.

Mathirajan et al. (2000) conducted a field trial to know the dissipatpattern of
lambda cyhalothrin 5EC in chillies at three applma rates i.e. 7.5, 15 and 30 g a.i./ha and
observed that the deposition of initial residuesgmag from 1.44 to 2.20 ppm when sprayed
at 7.5 g a.i./ha. The medium (15 g a.i./ha) anthést) (30 g a.i./ha) doses left initial residues
ranging from 2.84 to 5.83, and from 5.48 to 7.1%nppespectively. Sharma and Awasthi
(2002) conducted field trial to study persistence lambda cyhalothrin residues on
cauliflower and found that the initial depositslainbda cyhalothrin ranged from 0.81 to 1.59
mg/ kg. The initial deposits of lambda cyhalothm@sidues on brinjal fruits was 0.138 mg/kg
when sprayed at the rate of 15 g a.i./ha (Gugtal., 2015). The difference in the initial
deposits of lambda cyhalothrin may be attributedh® variations in type of crop, doses

applied and agroclimatic conditions.
4.2.2.2.2 Persistence in/on tomato fruits

At standard dose the initial deposits of 0.282 mglissipated to 0.150, 0.098 and
0.035 mg/kg after 1, 3 and 5 days of applicati@spectively. At double dose, the initial
deposits of 0.531 mg/kg dissipated to 0.280, 0.068)2 and 0.038 in 1, 3, 5 and 7 days,
respectively. The per cent dissipation values e@f ithitial deposit at standard dose were
found to be 46.75, 65.09 and 87.46 at 1, 3 andyS ddervals, respectively and at double
dose, the per cent dissipation values were 47 832680.80 and 92.85 at 1, 3, 5 and 7 days
intervals, respectively (Table 4.14 & 4.15, Fig.bhe results of present findings showed a
close proximity to those obtained by Vemwi al (2016). The residues of lambda
cyhalothrin dissipated to 0.06 mg/kg and 0.05 mdrk§ and 7 days of application at the
rate of 15 g a.i./ha in open field and polyhouseditions in capsicum fruits. Sharma and
Awasthi (2002) studied persistence of lambda cyhalo residues on cauliflower which

dissipated quickly to reach below detectable lioyitlO - 15 days.
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Table 4.14 Persistence of lambda cyhalothrin (@ 14 a.i./ha) as a component of
combination product novaluron and lambda cyhalothinin/on tomato fruits

Interval Residues (mg/kg)
(Days) R R2 Rs Mean residues + SD Dissipation (%)
0 0.281 0.279 0.285 0.282 +0.003 -
1 0.162 0.145 0.143 0.150 £ 0.010 46.75
3 0.107 0.098 0.09 0.098 + 0.009 65.09
5 0.038 0.031 0.037 0.035 £ 0.004 87.46
7 BDL BDL BDL - -
Control ND ND ND ND -

BDL = Below Determination Limit; ND = Not Detected

Table 4.15 Persistence of lambda cyhalothrin (@ 28 a.i./ha) as a component of
combination product novaluron and lambda cyhalothinin/on tomato

fruits
Interval Residues (mg/kg) Dissipation
(Days) R R> R3 Mean residues + SO (%)
0 0.529 0.543 0.522 0.531 +0.011 -
1 0.271 0.294 0.274 0.280 +0.013 47.37
3 0.169 0.160 0.176 0.168 + 0.008 68.32
5 0.102 0.100 0.104 0.102 + 0.002 80.80
7 0.034 0.039 0.041 0.028 + 0.004 92.85
10 BDL BDL BDL BDL -
Control ND ND ND ND

BDL = Below Determination Limit; ND = Not Detected

Fig 5 Dissipation pattern of lambda cyhalothrin (@14 and 28 g a.i./ha) as a component

Residue (mg/kg)
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of combination product novaluron and lambda cyhalt¢hrin in/on tomato fruits
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4.2.3 Persistence of novaluron and lambda cyhalath in soill

The transport, persistence or degradation of pdescin soil depends on the
chemistry of the pesticide as well as physicalndlcal and biological properties of the soill
(Beevi et al, 2014). The main processes which potentially caffine ultimate fate of
pesticides in soil are adsorption/desorption preegstransformation processes (biological
and chemical degradation), and transportation tfirosoil, atmosphere, surface water, or
ground water (Kumart al, 2008).

4.2.3.1 Persistence of novaluron in tomato field 8o

The data presented in Table 4.16 showed that mmatio field soil the residues of
novaluron were found to be below determination lle#®.01 mg/kg) after 20 days of
application of combination product of novaluronambda cyhalothrin at standard (71+ 14 g
a.i./ha) and double dose (142+ 28 g a.i’/ha). Csulte are in line with those of Ahlawet al
(2017) who observed that the average initial depasi chickpea field soil at 37.5, 75 and
150 g a.i. ha dosages were 0.144, 0.186 and 0.223 my keppectively. At 37.5 g a.i. fia
residues were reduced to BDL level dhday and at higher application @ 75.0 and 150.0 g
a.i. ha' residues persisted up to 7 and 10 days, resphctive

Table 4.16 Residues of novaluron in tomato field doas a component of combination
product novaluron and lambda cyhalothrin

Novaluron residues (mg/kg)
Interval @ 71g a.i./ha @ 142g a.i./ha
(Days) M_ean Mean
R R> R3 residues R1 R> R3 residues £
+SD SD
20 BDL | BDL | BDL BDL BDL | BDL | BDL BDL
Control ND ND ND ND ND ND ND ND

BDL = Below Determination Limit; ND = Not Detected

4.2.3.2 Persistence of lambda cyhalothrin in tomatbeld soil

The residues of lambda cyhalothrin were found tobbew determination limit
(<0.01 mg/kg) after 20 days due to the applicabbrmombination product of novaluron +
lambda cyhalothrin at standard (71 + 14 g a.i.Av@&) double dose (142 + 28 g a.i/ha) on
tomato field soil (Table 4.17). Chauhan al (2012) applied lambda cyhalothrin @ 15 g
a.i./ha and 30 g a.i./ ha at fruiting stage of ttom@nd observed residues reaching below

detectable level of 0.005 mg/kg off &nd 7' day at single and double dose in tomato
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cropped soil sample, respectively. Studies on #grsigtence and dissipation of fipronil (75 g
a.i./ha.) and lambda cyhalothrin (30 g a.i./ han)abili as well as in soil by Reddy and
Reddy (2013) reported no residues in soil afteddys of spray. Chauhan (2011) observed
that residues of lambda cyhalothrin when applied%ay a.i’/ha and 30 g a.i’/ha on tomato
crop, dissipated completely in soil offzd " day in case of single dose and double dose,

respectively. All these findings supported our hessu

Table 4.17 Residues of lambda cyhalothrin in tomatdield soil as a component of
combination product novaluron and lambda cyhalothin

Lambda cyhalothrin residues (mg/kg)
Interval @ 14 g a.i./ha @ 28 g a.i./ha
Mean Mean
(Days) R1 R2 R3 residues R1 R2 R3 residues
+SD +SD
20 BDL | BDL | BDL BDL BDL | BDL | BDL BDL
Control ND ND ND ND ND ND ND ND

BDL = Below Determination Limit; ND = Not Detected
4.3 Statistical constants of novaluron and lambdaytalothrin

The statistical constants obtained due to the aiwlgf persistence data as per
Hoskins (1961) of novaluron and lambda cyhalothested on tomato are given in Table

4.18.

Table 4.18 Statistical constants of test insecticdd in/on tomato fruits

Pesticide Dose Statistical Constants

(9 a.i. /ha) Regression Correlation RLso Waiting

equation cofficient (R% | (Days) period

(y=a+ bx) (Days)

Novaluron 71 y =-0.1614 - 0.2717x - 0.9945 1.86 .900

142 y =-0.1392 - 0.0503 -0.9917 2.16 15.04

Lambda 14 y =-0.1681 - 0.5800 X -0.9841 1.79 2.67
cyhalothrin 28 y = -0.1503 - 0.3217x -0.9883 2.00 4.82

4.3.1 Residue half-life value (Rko)

The half life values are influenced by the volstibf the compounds, initial deposits,
growth and physiology of plants, weather conditjoasidation, reduction and hydrolytic

biodegradation factors. Half life within vegetatiorere found to be degraded four times
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faster compared with plant surface half lives (Jkeat al., 2008). Insecticides with shorter

half lives tend to build up less because they areimtess likely to persist in the environment
while those having longer half lives are more k&b build up after repeated applications.
This may increase the risk of contaminating neatnyace water, ground water, plants, and

animals (Hansoet al, 2015).
4.3.1.1 Novaluron

Novaluron initial deposits dissipated to half @nslard dose in 1.86 days as compared
to 2.16 days at double dose from tomato fruitsjceihg first order kinetic behaviour of
novaluron (Table 4.18). Similarly, Malhat al (2014) found that novaluron residues tend to
dissipate following first-order rate kinetics witialf life of 2.08 days in tomato. In chickpea,
novaluron dissipated in green pods with half lifel@l0 days at 37.5 g a.i. hal.63 days at
75 g a.i. hd and 2.73 days at 150.0 g a.i.haespectively following first order kinetics
(Ahlawatet al, 2017). Kumaet al (2018) observed the half life of novaluron apgpla 37.5
and 75 g a.i. Haas 2.1 and 2.3 days for fresh chilli peppers addaBd 2.3 days for dry chilli

peppers
4.3.1.2 Lambda cyhalothrin

The data presented in the Table 4.18 indicated ldrabda cyhalothrin deposits
dissipated to half at standard dose (14 g a.iihd).79 days as compared to 2.00 days at
double dose (28 g a.i./ha) from tomato fruits iatlieg difference in dissipation behavior of
insecticide at both doses. Our findings are in kvith Sharma and Awasthi (2002) who
evaluated the half life of lambda cyhaothrin res&lin cauliflowe ranging between 2.0 to 2.4
days. Singh and Singh (2003) found that the inregidues of lambda cyhalothrin at the rate
of 25 and 50 g a.i./ ha on chickpea was degrad#d hailf life values of 4.9 and 5.0 days. In
another study, Faet al (2013) examined the half-lives of lambda cyhaiothn leafy
vegetables which was found in the range of 1.7724 @lays. Guptat al. (2015) reported
half-life of lambda cyhalothrin deposits on brinfalits as 2.65 days at dosage of 15 g a.i./ha.

4.3.2 Waiting Period

The time between last application of insecticidettua crop and harvest is referred as
waiting period. These values are used in calculaitw predicting residue concentration in
harvested produce and for detecting the time iateneeded between crop spraying and
harvesting or potential processing/ consumptioorgter to minimize residue concentrations

(Lewis and Tzilivakis, 2017). Thus considering ga&ety of consumer, waiting periods has
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been calculated at FSSAI MRL i.e. 0.01 and 0.1 mpd/&SSAI, 2017) for novaluron and

lambda cyhalothrin, respectively.
4.3.2.1 Novaluron

The waiting period of novaluron as a componentarhisination product (novaluron
and lambda cyhalothrin) has been calculated a€01dnh8l 15.04 days for safe harvesting of
tomato fruits after application at standard (X) auwaible (2X) doses, respectively. Kungr
al. (2018) reported waiting period of 8.4 and 9.4y novaluron in fresh chilli peppers at
37.5 g a.i. hdand 75 g a.i. h§ respectively, whereas it was 11.3 and 13.0 desectively
in dry chilli peppers.

4.3.2.2 Lambda cyhalothrin

For safe consumption of tomato, the waiting peraddlambda cyhalothrin was
calculated as 2.67 and 4.82 days at standard (K)Qanble (2X) doses, respectively on the
basis of FSSAI MRL of 0.1 mg/kg. Mathiraja al. (2000) observed the waiting periods of
2.51 to 3.41 days on chilli fruits for lambda cydtakin at the lower dose (15 g a.i./ha) and
4.19 to 4.89 days at the highest dose (30 g g.ithese findings support our results. On the
basis of European Union maximum residue limit oimf/kg for lambda cyhalothrin,
Seenivasan and Muraleedharan (2009) evaluatedctbly fiarvest interval of 5 days for tea
at the recommended dosage. Safe waiting periodtegpby Bouriet al. (2012) for lambda
cyhalothrin in green bean was 8 days in winter Aasddays in the spring.
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Chapter-5
SUMMARY AND CONCLUSIONS

The present investigatiofiBioefficacy and residue dynamics of a combination
product of novaluron and lambda cyhalothrin againstinsect pests of tomato’was carried
out in the Department of Entomology, Dr. Y.S. Parftdaiversity of Horticulture and Forestry,
Nauni, Solan (H.P.). The work was carried out teaththe efficacy of a combination product of
novaluron and lambda cyhalothrin (GPI 1316) agamstct pests of tomato substantiated with
residue data for its utilization in safe consumptaf tomato fruits. The obtained experimental
results are summarized as:

> Bioefficacy studies carried out against fruit bordelicoverpa armigeraevealed that
double dose of combination product novaluron + ldanbyhalothrin @ 142 +28 g a.i./ha
was the most effective treatment showing highestlaeduction of 83.82 and 92.42 per
cent followed by standard dose of same insecticm®bination (novaluron + lambda
cyhalothrin @ 71 + 14 g a.i./ha) with 80.61 and689per cent reduction after first and
second spray, respectively. Minimum fruit damagé.aP and 3.61 per cent was noticed
with novaluron + lambda cyhalothrin @ 142 + 28 iglea which was found statistically
at par with novaluron + lambda cyhalothrin @ 714+dla.i./ha with 7.66 and 5.49 per
cent fruit damage after first and second sprayeaetvely.

» Double dose of combination product (novaluron +Hdm cyhalothrin @ 142 + 28 g
a.i./ha) was found to be the most effective treatnagainst pin wormTuta absoluta
causing maximum reduction of 76.31 and 91.31 pat tmlowed by standard dose of
same insecticide combination (novaluron + lambdzatthrin @ 71 + 14 g a.i./ha) with
70.18 and 85.18 per cent reduction after first sacbnd spray, respectively. Minimum
fruit damage of 3.66 and 2.33 per cent was notwlal novaluron + lambda cyhalothrin
@ 142 + 28 g a.i./ha which was found statisticatypar with novaluron + lambda
cyhalothrin @ 71 + 14 g a.i./ha causing 4.66 aeé per cent fruit damage after first and
second spray, respectively.

» No phytotoxicity symptoms like leaf injury, wiltingein clearing, necrosis, epinasty and

hyponasty were observed on the tomato plants fatigwwo foliar applications of



standard (novaluron + lambda cyhalothrin @ 71 + dl4.i./ha) and double dose
(novaluron + lambda cyhalothrin @ 142 + 28 g aa))./bf test insecticide.

QUECHhERS technique was used for extraction andngfeaf tomato fruit and soil
samples. Method was validated by spiking matridiiérent levelsviz.,0.01, 0.05, 0.10,
0.50 and 1.00 mg/kg. Recoveries of novaluron ambta cyhalothrin from tomato fruit
samples fortified at five levels were in the ramde33.60 to 110.00 and 90.00 to 113.00
per cent, respectively. In tomato field soil, trexaveries of novaluron and lambda
cyhalothrin were found in between 98.00 to 102.0@ &3.00 to 90.80 per cent,
respectively at five fortification levels (0.0108, 0.10, 0.50 and 1.00 mg/kg).

Initial deposits of novaluron when sprayed at staddiose (71 g a.i./ha) as a component
of combination product of novaluron and lambda tgtmin was 0.567 mg/kg which
dissipated to 93.58 per cent &t day of spray with half life of 1.86 days. At doahlose
of novaluron (142 g a.i./ha), initial deposit wa24ll mg/kg which dissipated to 97.82
per cent at 10 day of spray with half life of 2.16 days. The tkss of novaluron were
found below the limit of determination at M@Gnd 1%' day after the application of
respective doses in tomato fruits.

Initial deposit of lambda cyhalothrin when spraysdstandard dose (14 g a.i./ha) as a
component of combination product of novaluron +bala cyhalothrin was 0.282 mg/kg
which dissipated to 87.46 per cent &t @ay of spray with half life of 1.79 days. At
double dose of lambda cyhalothrin (28 g a.i./haifjal deposit was 0.531 mg/kg which
dissipated to 92.85 per cent &t day of spray with half life of 2.00 days. The tess of
lambda cyhalothrin were found below the limit otetenination at # and 18' day after
the application of respective doses in tomatodruit

The residues of novaluron and lambda cyhalothritomato field soil were found below
the limit of determination at 30day after the last spray at both the doses.

Waiting period of 15 and 5 days was calculated lo@ basis of FSSAI MRL for

novaluron and lambda cyhalothrin, respectivelysiaie consumption of tomato fruits.
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CONCLUSIONS

> The investigating test insecticide combination picicbf novaluron + lambda cyhalothrin
at double dose (142 + 28 g a.i./ha) and standesd (&l + 14 g a.i./ha) was proved to be
most effective against both pests, fruit botéel{coverpa armigerpand pin worm Tuta
absolutg. No phytotoxicity symptoms were observed on tampliants following two
applications of standard and double dose of therisscticide.

> Combination product of novaluron and lambda cyhmlotpersisted in tomato fruits up
to 10 days at both the doses.

> In soil, the residues of novaluron and lambda aythein were detected at BDL at 20
day after last spraying at both the doses.

> The time period between the last spray and hafwesting period) of tomato fruits was

suggested to be 15 days for the test insecticidéomtion.
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Appendix

Bioefficacy of GPI 1316 (novaluron and lambda cyltiadin) againstH. armigeraafter first

spray
Source of Variation DF Mean Squares

Replication 2
Factor A 4 78.15
Factor B 5 377.513
Intraction A X B 20 8.844
Error 58 4.205
Total 89

Bioefficacy of GPI 1316 (novaluron and lambda cyllaiin) againsH. armigeraon tomato

after second spray

Source of Variation DF Mean Squares
Replication 2
Factor A 4 145.579
Factor B 5 802.021
Intraction A X B 20 14.801
Error 58 8.393
Total 89

Effect of GPI 1316 on per cent fruit damage dukltarmigeraafter first spray

Source of Variation DF Mean Squares
Replication 2
Treatment 6 311.571
Error 12 4.436
Total 20

Effect of GPI 1316 on per cent fruit damage duklt@armigeraafter first spray

Source of Variation DF Mean Squares
Replication 2
Treatment 6 436.841
Error 12 6.351
Total 20




Bioefficacy of GPI 1316 (novaluron and lambda cyliadin) agains®. absoluteon tomato after

first spray
Source of Variation DF Mean Squares
Replication 2
Factor A 4 227.595
Factor B 5 603.864
Intraction A X B 20 29.901
Error 58 10.347
Total 89

Bioefficacy of GPI 1316 (novaluron and lambda cyliadin) agains®. absoluteon tomato after

second spray

Source of Variation DF Mean Squares
Replication 2
Factor A 4 212.821
Factor B 5 542.882
Intraction A X B 20 24.12
Error 58 10.346
Total 89

Effect of GPI1 1316 on per cent fruit damage dué&.tabsolutaafter first spray

Source of Variation DF Mean Squares
Replication 2
Treatment 6 49.19
Error 12 2.833
Total 20

Effect of GPI1 1316 on per cent fruit damage dué&.tabsolutaafter first spray

Source of Variation DF Mean Squares
Replication 2
Treatment 6 55.381
Error 12 3.262
Total 20
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