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Chagter 7 INTRODUCTION

Soybean [Glycine max (L.) Merrill.] is an important leguminous crop. Native of
soybean is in Asia and the first known records, however, indicate that soybean emerged
as a domesticated crop around the eleventh century B.C. in China (Hymowitz, 1970),
where it was cultivated for its oil since centuries and they named it as a “yellow jewel”

which feeds china’s entire population.

Soybean is one of the most important oilseed crop grown in India and
throughout the world. In India, it is mainly grown in Madhya Pradesh, Rajasthan,
Gujarat and Mabharashtra. In India soybean is cultivated in an area of about 11.39
million hectares with a production of about 13.79 million tones and productivity is
about 1.2 t/ha (Anon., 2016). In Uttarakhand Soybean is cultivated in an area of about
0.220 lakh hectare with a production of about 0.91 million ton with a productivity of
1103 kg/ ha.

From nutritional point of view, soybean contains 43.20 per cent protein and
20.00 per cent of edible oil. Soybean is a good source of phosphorus and lecithin. It
also contains good amount of potassium, sulphur and Vit. E. Soybean protein is mainly
rich in amino acids like leucine, methionine and threonine that the human body
requires. For vegetarians, it is known as “poor man’s meat”. Owing to the absence of

sugar content, it is considered to be very suitable diet for diabetic patients.

The national production of soybean has not been able to meet its domestic
requirement due to the poor average yield. Among the various factors responsible for
the poor yield, non-replacement of old cultivars with new improved ones and insect
pest damage (Lal et al., 1981) are the major ones. Out of the various factors attributed
to the low yield, one of the main factors is the economic losses caused by insect-pest to

various pulses varied from 10 to 15 percent (Bindra, 1968).

According to Bhattacharya and Rathore (1979), 60 to 100 species of insects are
found to attack the soybean at various stages in Uttar Pradesh. Mundhe (1980) reported

about 16 insect species on soybean crop in Maharashtra. Among the various insect
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pests infesting soybean crop, following are considered to be important (Singh et al.,

1989; Sojitra, 1990 and Vyas, 1996).

1. Gram pod borer . Helicoverpa armigera (Hub.)
2. Pink pod borer : Cydia ptychora (Meyr.)

3. Leaf eating caterpillar 1 Spodoptera litura (Fabr.)

4.  Green semilooper : Chrysodeixis acuta (Walker)
5.  Grey semilooper 1 Amyna octo (Guenee)

6. Girdle beetle . Oberopsis brevis

7. Leaf miner . Aproerema modicella (Deventer)
8. Whitefly :  Bemisia tabaci (Gennadius)
9. Stem fly : Ophiomya phaseoli (Tryon)
10. Thrips . Caliothrips indicus (Bag.)
11. Aphid . Aphis glycine (Koch)

12. Jassid . Empoasca kerri (Pruthi)

The tobacco caterpillar, Spodoptera litura (Fab.) is a serious and regular pest in
Madhya Pradesh. It damages soybean from mid August to October in kharif and from
November to March in rabi. Incidence of S. litura was observed in all the soybean
growing parts of Uttarakhand and was confined to kharif season. After damaging the
leaves, they also start feeding on young parts, consequently damaging 30 to 50 per cent
of the pods (Anon., 2007). Higher population was noticed in Udham Singh Nagar and

Haridwar districts. The pest was active in grand growth stage of the crop (Patil, 2002).

Insect pests and diseases are important limiting factors of agricultural production
across the globe. The tobacco caterpillar, Spodoptera litura (Fabricius) (Lepidoptera:
Noctuidae) is a polyphagous insect, whose reproductive capacity and migration ability
over long distances has made it an economically important pest of many agricultural
crops with a wider geographic range throughout tropical and temperate Asia, Africa,
North Africa and Pacific Island however it is absent in European Union (Feakin, 1973;

EPPO/CABI, 1997). It is widely distributed in India causing serious losses when
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outbreaks occur (Tandi and Narayananan, 2002). Outbreak of this pest occurred during
1987-88 in Andhra Pradesh and Tamil Nadu, where it caused 66% loss in the yield of
seed cotton running into a loss of few hundred crores of rupees (Dhaliwal and Arora,
2001). In 2004, S. litura was seen grazing even unpreffered weeds on the roadside and
drains after devouring the soybean fields of Madhya Pradesh. It challenges majority of
conventional control strategies and also cry 1Ac encoded transgenic cotton and is
becoming a serious pest of important commercial crops next to Helicoverpa spp.
(Janakiraman and Gupta, 2002). S. litura has been reported to attack over 112
cultivated plant species belonging to 44 families, out of which about 60 species are
known from India (Garad et al, 1984; Chari and Patel, 1972). It is a serious pest
causing enormous losses to many economically important cultivated crops such as cotton,
soybean, groundnut, tobacco and vegetables, feeding gregariously on leaves leaving
midrib veins only (Qin et al., 2004). This defoliator is a potential pest of pulses, oil seeds
and millets and now has become a major pest of cotton causing economic losses ranging
from 25.8-100% (Dhir et al., 1992) based on crop stage and its infestation level in the
field. In India, it has become a major pest and endemic particulary in southern states

causing yield losses up to 71% (Amin, 1983).

Its control has depended mostly on application of various insecticides. This was
the first lepidopteran to develop insecticide resistance in India when Srivastava and
Joshi (1965) reported the failure of HCH to check this pest on cauliflower with seven
fold resistance. Development of insecticide resistance in this pest has been faster in the
last two decades (Venkateshwarlu et al., 2006). As a result, many field populations
have developed high resistance against wide variety of insecticides including
organophosphate, carbamate, pyrethroids and some selected newer chemistry
insecticides with frequent field control failures (Armes et al., 1997; Kranthi et al.,
2001; Ahmad et al., 2007, 2008; Saleem et al., 2008). Strain of S. litura resistant to
chlorinated hydrocarbons, organophosphates and carbamates have been detected in
areas where intensive control operations were carried out with these insecticides

(Srivastava and Joshi, 1965; Ingram, 1973; Ramakrishnan et al., 1984).

Development of resistance has led to sporadic outbreaks and crop failures

(Ahmad et al., 2007). Recently, there was an outbreak of S. lifura on soybean in Kota
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region of Rajasthan and a loss of Rs 300 crore was estimated. The pest also struck in
epidemic form on soybean in Vidarbha region of Maharashtra in August 2008 and
caused wide spread losses (Dhaliwal and Koul, 2010). In 1987-88, S. litura outbreak
was reported from Andhra Pradesh and Tamil Nadu, where it caused 66% loss in the
yield of seed cotton running into a loss of few hundred crores of rupees (Dhaliwal and
Arora, 2001). If suitable control measures are not adopted, it is capable of defoliating
entire crop (Tandi and Narayananan, 2002). The management of the pest has
therefore become increasingly difficult all over the world and the most commonly used

insecticides are ineffective in controlling it.

Currently, there are 261 pesticide molecule and 585 pesticide formulations
registered for use in India (http://www.cibre.nic.in/). There has been a sequential
rise in the production and consumption of pesticides in India during the last three
decades, the consumption pattern however, differs from rest of the world. Only one
per cent of the insecticides are consumed in India as compared to 76 per cent of world
consumption (Bhattacharya et al., 2009). It is revealed that in 2014-2015 the total
chemical pesticide consumption in India was 57533 MT (http://pib.nic.in/).
Synthetic pyrethroids representing the major invention in insecticide chemistry in
recent years contribute 25 percent to the total pesticides marketed in the country
(Verma and Singh, 2000). The per capita consumption of pesticides in India is
lowest in the world, and the highest being in Taiwan (17kg/ha) followed by China
(13kg/ha), Japan (12kg/ha), USA (7kg/ha), Korea (7kg/ha), France (Skg/ha), UK
(Skg/ha) and India (0.6kg/ha) (http://www.tsmg.com/download/reports/Indian
AgrochemicalsIndustry 2013).

The hazards and harmful effects of insecticides especially the wide application
of conventional insecticides necessitate the use of new chemistry insecticides which are
more effective, specific, safer for humans and much less toxic to our ecosystem
(Korrat et al., 2012). To enhance crop productivity with multiple pest situations,
several workers have advocated the use of insecticide mixture for resistance
management (Ishaaya et al,, 1985; Ascher et al., 1986; Tabashnik, 1989; Dittrich
et al., 1990).

Introduction............ e



Keeping in view the aforesaid background information the present study has

been conducted with following objectives:

1. To ascertain the incidence and status of insect pests of soybean and their natural

enemies in major districts of Uttarakhand

2. To study the effect of soybean and other hosts based artificial diet on growth

and development of tobacco caterpillar Spodoptera litura.

3. To study the field resistance of tobacco caterpillar Spodoptera litura to

insecticides in major districts of Uttarakhand

4. To study the field efficacy and economics of major insecticides against

tobacco caterpillar Spodoptera litura on Soybean
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Chapter 2 REVIE‘W OF LITERATURE

The available literature pertaining to the different areas of investigation has

been reviewed and presented in chronological order under following heads:

2.1 To ascertain the incidence and status of insect pests of soybean and their natural

enemies in major districts of Uttarakhand

2.2 To study the effect of soybean and other hosts based artificial diet on growth

and development of tobacco caterpillar Spodoptera litura.

2.3 To study the field resistance of tobacco caterpilllar Spodoptera litura to

insecticides in major districts of Uttarakhand

2.4  To study the field efficacy and economics of major insecticides against tobacco
caterpillar Spodoptera litura on Soybean

2.1 To ascertain the incidence and status of insect pests of soybean and their
natural enemies in major districts of Uttarakhand.

Suenaga (1953) investigated the seasonal variations of Melanagromyza sojae
(Zehntner) in Kyusu Island where it is widely distributed and attacks several legumes.
The insect was prevalent from May to October, soybean plant dissections during this
period indicated that the larvae first started appearing and that their population was low
in June. No damage was observed on soybean sown early in summer. The soybean crop
sown after June started showing signs of damage by M. sojae and the crop sown in July
and later had 100 per cent damaged stem. During this period, the population of second
and third generation was very high. In west and south east part of Kyusu island 100 per
cent plants showed damage even earlier than the July sown crop. M. sojae had four

generations during May to October.

Survey carried out at Pantnagar revealed that stem fly damage was more severe
during the rainy season than in the summer season. Crop suffered from severe damage
at the seedling stage and caused plant mortality. However, during later stage the plant

can with stand the damage (Singh and Beri, 1973).
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Adimani (1976) reported stem fly incidence on soybean which commenced
from third week after sowing and continued up to tenth week. Singh (1982) observed a
greater infestation of stem fly in blackgram between June to September, than the other
months of the year. Its infestation at legumes in sunny experimental plants averaged
14.8 per cent plants infested over the three years as against 44.9 per cent in shady

plants during the same period.

Talekar and Chen (1983) studied the M. sojae infestation on soybean and
mungbean throughout the year in Taiwan, but the infestation was more severe during
relatively dry period after the rainy season that lasted from May to September. Between
October to December, almost 100 per cent soybean and 60-70 per cent mungbean were

damaged by these flies.

Singh and Singh (1990a) studied the seasonal incidence of M. sojae on
soybean. The plant infestation increased abruptly in the third week of August and
infestation increased from 72 to 98.90 per cent in the first week of September. The fly
infested almost every plant (99.9 to 100) in the first week of October. Immediately after
monsoon break, the crop was attacked by agromyzid than in case of delayed sowing

(Kundu and Srivastava, 1991).

M. sojae generally infest soybean throughout the season, infestation was
initially low, and reached its peak in the 5th to 8th weeks after planting and declined

towards the end of the season (Berg ef al., 1995).

Patil (2002) reported that stem fly incidence was high in Jamkhandi (14.80%)
and Mudhol (14.45%) taluks of Bagalkot district, Gokak (16.20%), Raibag (16.30%)
and Athani (14.45%) of Belgaum district.

Survey conducted during 2003-04 revealed the infestation of stemfly upto 20
per cent at Dharwad and 65 per cent at Athani and Chikkodi taluks of Belgaum districts
(Anon., 2004).

Fletcher (1922) was the earliest worker to report the incidence of nine species of
insects occurring on soybean from India. About 85 species of insects belonging to six
different orders and a mite on soybean were reported from Madhya Pradesh by

Gangrade (1962).
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Ramakrishna Ayyar (1963) reported two insects of soybean crop from south
India. Rawat et al. (1969) recorded over two dozen different species of arthropod pests

of soybean from Madhya Pradesh, India.

Approximately 380 species of insects have been collected from soybean crop
from many parts of the world (Luckmann, 1971). Saxena (1972) from Madhya
Pradesh recorded 32 insect pests and two non-insect pests of soybean. A total of 267
insect species were reported from soybean fields in Arkansas (Tugwell et al., 1973).
Singh (1973) registered 56 insect pests and a mite on soybean crop from Pantnagar,

Uttar Pradesh.

Rai et al. (1973) recorded 24 insect species feeding on soybean in Karnataka,
among them maximum damage was inflicted by the larvae of Lamprosoma indicata F,
Stomopteryx subsecivella Zeller, Diacrisia obligua Walker and the gelechid shoot
borer. Adimani (1976) recorded 59 insect species belonging to six orders occurring
around Dharwad on soybean in Karnataka. According to Mundhe (1980) the
semilooper, T. orichalcea was a pest mainly during kharif although it was observed in

stray instances during summer also.

Singh et al. (1988) reported a higher larval population of the noctuid, Rivula sp.
on DS 76-1- 29 and PK 472 (18.4-19.8 larvae/10 plants) than on MACS 75 and JS 76-
259 (4.8-5.0 larvae/10 plants). PK 472 and Bragg sown on 25th June, however, gave
maximum grain yield as compared to remaining cultivars and dates of sowing.
Cultivars sown on 25th June recorded higher larval populations of Rivula sp. (20.5

larvae/10 plants).

Sontakke and Patro (1991) reported the incidence of about 20 insect pests on
soybean in Western Orissa. Field studies were carried out during 1988-89 in Chiplima,
Orissa, India indicated that, kharif crop of soybean suffered greater damage by insect
pests than the rabi crop. Lowest pest incidence and higher yields were recorded with
early sowings (20th June and 5th July; Ist and 15th November) in both the seasons.
Three need-based applications of monocrotophos in kharif and two in rabi gave
satisfactory control of all the insect pests, resulting in increased grain yield of 11.2 and
3.1 g/ha, respectively as compared to control as reported by Sontakke and Mishra

(1994). Field studies conducted in Himachal Pradesh, India, during 1993 showed that
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delaying the sowing date of soybean resulted in the decrease of yields. The maximum
yield (3.69 g/ha) was obtained by sowing on 28th May and the lowest yield (1.45 t/ha)
was obtained by sowing on June 25th (Chandel and Gupta, 1995). The studies on date
of sowing carried out at Dharwad also revealed the higher incidence of S. litura with

late sown groundnut crop (Patil, 1995).

Occurrence of 34 species of insects was observed during kharif and summer in
Bangalore. Among them, A. modicella (Deventer), Liriomyza trifolii (Burgess), M.
sojae T. orichalcea, Monolepta sp. and H. armigera were considered as major insect
pests on the crop (Venkataravanappa, 1996). Thippaiah (1997) noticed 34 species of
insects on soybean during kharif season and 25 species during summer season, in
Bangalore, Karnataka. Among these, lepidopteran defoliators, 7. orichalcea, S. litura,
Achaea janata (Linn.) and Achaea lactina (L.) appeared only during kharif season

where as S. obliqua was noticed during both summer and kharif seasons.

Chaturvedi ef al. (1998) reported that during kharif of 1995, 17 insect and one
mite species were recorded infesting soybean variety JS 72-44 (Gaurav) sown on 15th
July 1995 in Sehore, Madhya Pradesh, India. Of these, two damaged the stems, 10
defoliated the plants, five sucked the cell sap and one damaged the roots at different
growth stages of the crop, starting from immediately after the emergence of the

cotyledons.

The population density of some insects associated with soybeans was estimated
in a field experiment in India during kharif 1985 by following simple random sampling
and two-stage sampling techniques at three stages of plant growth, 60-64, 86-89 and
98-99 days after sowing, using the ground cloth sampling method. Population densities
of S. obliqua and S. litura during the crop growth period were maximum around the
second half of October. However, density of T. orichalcea was higher during the later
part of September or early October. Significant correlations were observed between

population densities of some insect species as reported by Vinod Kumar ez al. (1998).

Populations of Biloba subsecivella (Zuller), Chrysodeixis acuta (Walker), S.
litura and S. obliqgua were low in early-sown (22nd June and 2nd July) soybean.
Incidence of these pests was high in crops sown between 12th July and Ist August

(Mandal et al., 1998).
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Jayappa (2000) reported 40 and 21 species of insects attacking soybean during
kharif and summer seasons, respectively in Bangalore, Karnataka. 300 species of insect
pests were infesting soybean, of which blue beetle, grey semilooper, green semilooper
and stem fly were major insect pests in Madhya Pradesh (Singh et al., 2000). The
lepidopteran defoliators like S. litura, T. orichalcea and S. obliqua were observed on
the crop from 28 days after sowing and caused severe defoliation in Bangalore as

reported by Kamala (2000).

Ngoyen Phi-Dieu Huyen (2001) reported that lepidopteran defoliators like S.
litura, T. orichalcea and L. indicata were observed from 21 days after germinations
(DAG), of which H. armigera was a major pest. Spodoptera litura was seen from 21 to
49 DAG with lessincidence (0.12 to 0.5 / plant). Thysanoplusia orichalcea was
observed from 21 to 77 DAG and population was more at 42 and 49 DAG.

Patil (2002) opined that soybean was attacked by 48 phytophagous insect
species, among these the seedling borers, M. sojae, Obereopsis brevis Swed, leaf eating
caterpillar S. litura and pod borer, Cydia ptychora Meyrick were key pests during
kharif. Whereas, leaf miner, A. modicella, white fly, Bemisia tabaci (Genn.) and leaf

hopper, Amrasca biguttula biguttula (Ishida) were major pests during summer.

An experiment was carried out at the experimental station of the University of
Tocantins in Gurupi, Brazil to determine the population fluctuation of soybean pests.
Among defoliating caterpillars, Anticarsia gemmatalis (Hub.) and Cydia includes
(Fab.) were the most abundant. Among the defoliating beetle complexes, Cerotoma
arcuata (Oliv.) was the most abundant, with population peaks near the reproductive

stage as registered by Didonet et al. (2003).

Sastawa et al. (2004) reported that the number of insect defoliators and pod
sucking bugs were significantly higher in soybean sown on 31st July in 2001 and on
28th August in 2002. Grain yields were higher in early sown soybean in 2001 as

compared to late sown crop in 2002.

Meena and Sharma (2006) reported the minimal larval population of 1.42
larvae per meter row length in early sown crop (25th June), followed by mid sown crop
and late sown crop which recorded 1.67 and 1.87 larvae per mrl, respectively at

Udaipur, Rajasthan.
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Madrap et al. (2007) recorded the seasonal incidence of insect pests of soybean
during Kharif season at Parbhani. The studies revealed that the infestation of leaf miner
and semilooper were less during the Kharif season. However, infestation of S. litura

and girdle beetle was more up to 6.8 and 5.6 per cent, respectively.

Maximum larval population of S. litura and T. orichalcea (7.80, 12.00, 12.80
and 6.50, 6.20 and 8.60 larvae/mrl, respectively) were noticed on the crop sown on 08-
06-06, 27-06-06 and 08-07-06 dates, respectively. Early sown crop recorded lower
incidence of S.litura, T. orichalcea and S. obliqua defoliators as compared to that of
late sown crop as reported by Harish (2008). Basic information on the seasonal
incidence of leaf eating caterpillars on soybean is considered most essential to manage

the pest.

2.2 To study the effect of soybean and other hosts based artificial diet on growth
and development of tobacco caterpillar Spodoptera litura.

Abdullah et al. (2000) reported that an artificial diet and soybean leaves will be
used in rearing the larvae of beet armyworm, Spodoptera exigua (Hubner) (Lepidoptera
:Noctuidae) in laboratory condition. The artificial diet was composed of soaked
mungbean, baking yeast, methyl paraben, sorbic acid, ascorbic acid, casein, choline
chloride, agar, vitamin, formalin and distilled water. Survival of larvae on artificial diet
(96.67%) was higher than those reared on soybean leaf (63.64%). Weight of larvae and
pupae reared on artificial diet was significantly higher than those of the larvae and
pupae fed with soybean leaves. The larval and pupal periods of those fed with artificial
diet was found to be 15.7 £ 0.84 and 6.73 £ 0.51 days respectively, whereas, those fed
with soybean leaf was 18.65 + 0.83 and 8.5 + 0.52 days respectively. The average
number of eggs laid was 577.9, when the larvae were reared on artificial diet. However,
it was 472.5 when the larvae were reared with soybean leaf. The female and male life
spans were 14.6 and 11.4 days on artificial diet and 13.1 and 10.2 days with soybean
leaf. Without feeding, the adult showed a life span of 6.29 + 1.42 and 5.3 £ 0.66 days in
artificial diet and soybean leaf respectively. The sex ratio was more or less similar in
the first and second generations but in the third generation males number increased

considerably (1:1.72).
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Divakara and Doddamane Manjulakumari (2015) reported that the study of
artificial diet formulation and its efficacy evaluation on development and reproduction
of S.litura and the biological parameters based on mass rearing of eleven continuous
generations showed higher pupation (89.3+1.84) and survival (70.4%1.21) of larvae on
new modified diet formulation and the average number of eggs laid by insects reared

on this diet was 3546.4+10.21

Sreelakshmi and Mathew (2017) studied development of castor based oligidic
diet for tobacco caterpillar, S.litura (Fabricius) and its comparative study with other
artificial and natural diets. The results revealed that populations reared on castor based
oligidic diet showed a significant reduction in total larval period (13.08 days) and total
life period (32.66 days) with high development indices and survival per cent (73.26)

when compared to populations rose on natural diets.

Saljoqi et al. (2015) reported Studies on rearing of S./itura (Fabricius) on
different artificial diets i.e., bean based diet (Diet-1) and gram based diet (Diet-2) and
its parasitism with Trichogrammachilonis (Ishii) will be conducted under controlled
laboratory conditions of 27+2°C, 65+5% RH and 14:10 L:D during 2013. The results
showed that feeding the 1st, 2nd and 3rd generations of the immature stage of S.
lituraon diet-2 resulted in highest % survival rates among all the parameters of
immature stages of S. litura, lower total larval duration (15.8 days as against 17.2 days
of control) and total duration from egg to adult stage (29.6 days as against 31.9 days for
diet-1). The mature adult stage of S. litura showed almost same trend of better
performance of S. litura fed on diet-2 in terms of higher oviposition period 5.7 days and
higher female fecundity (total number of eggs 1612.3) compared with the oviposition
period 5.2 days and female fecundity (total number of eggs 1541.86) recorded for diet-
1. No significant difference was observed among the diets in the % parasitism rate of S.
litura by T. chilonis. Increased trend of parasitism coincided with the increased time of
exposure. Highest parasitism rate of 91.1% and 89.5 % was observed in the egg cards
exposed to T. chilonis for 24 h in Diet-2 and Diet-1, respectively, while after 16 h
exposure, 90 and 88.6 % was recorded for Diet-2 and Dietl, respectively. Diet-2 was

found to be better compared with Diet-1 for rearing of S. litura.
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2.3 To study the field resistance of tobacco caterpilllar Spodoptera litura to
insecticides in major districts of Uttarakhand

Pramanik and Chatterjee (2003) have observed that abamectin had the lowest
LCso value of 110.068 ppm for P. xylostella and 271.416 ppm for S. litura, while
novaluron had the highest LCsy of 1482.335 ppm for P. xylostella and 1976.430 ppm
for S. litura. The order of relative toxicity was: abamectin > spinosad > acetamiprid >

cartap hydrochloride > novaluron.

Gupta et al. (2004) estimated the relative susceptibility of five days old larvae
of S. litura to certain novel insecticides. On the basis of LC50 value, the order of
toxicity of different insecticides was emamectin benzoate (6.93) > fenvalerate (1.82) >
indoxacarb (1.62) > cypermethrin (1.00) > abamectin (0.94) > quinalphos (0.67) >
bifenthrin (0.51) > spinosad (0.44) > endosulfan (0.28) > betacyfluthrin (0.23) >
lambda cyhalothrin (0.19).

Munir Ahmed et al. (2005) studied effectiveness of some new chemistry
insecticides against second instar larvae of leaf worm, S. lifura under controlled
laboratory conditions at three different concentrations and the results revealed that,
emamectin benzoate 1.9 EC proved to be the best followed by lufenuron 5 EC,
spinosad 45 SC and indoxacarb 15 SC, respectively. Abamectin 1.8 EC proved to be

the least effective to control the pest.

Gupta et al. (2005) studied the toxicity of new molecules on Earias vittella
(Fabricius) based on LC50 values. The LC50 values of abamectin, betacyfluthrin,
emamectin benzoate, spinosad, cypermethrin, endosulfan, lambda cyhalothrin,
chlorpyriphos, indoxacarb and fipronil were 0.0001, 0.0001, 0.0004, 0.0004, 0.0006,
0.0017, 0.0027, 0.0032, 0.0237 and 0.0409 per cent, respectively.

Similarly, Venkateswarlu et al. (2005) have determined the relative toxicity of
some novel insecticides against insecticide resistant Guntur strain of S. litura on
Cotton. Novaluron was found to be the best at 72 h after treatment with higher relative
toxicity than quinalphos (x77.0) and fenvalerate (x76.9) to which the pest has
developed increased levels of resistance, followed by indoxacarb which was 63.6 and
63.1 times toxic than fenvalerate and quinalphos at LDsy level. At LDgy level

indoxacarb was the best to eliminate the resistant individuals which was 50.0 and 37.7
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times toxic than fenvalerate and quinalphos followed by novaluron which was 27.1 and
33.0 times toxic than quinalphos and fenvalerate. Profenofos was third in efficacy
against resistant S. litura. Among the novel insecticides thiodicarb and spinosad

showed poor efficacy against resistant Guntur strain of S. litura.

Stanley et al. (2006) carried out studies on acute toxicity of emamectin
benzoate and spinosad to S. litura for arriving at discriminating doses of resistance
monitoring and reported that, the pest was highly susceptible to these insecticides. The
discriminating doses were fixed at 0.40 ppm for emamectin and 125 ppm for spinosad
to S. litura. The discriminating doses when applied to the field collected population of
Coimbatore and Madurai areas, no resistance was detected, which was confirmed by

very high percentage mortality.

Dhawan et al. (2007) studied the susceptibility of third instar larvae of S. litura
to certain novel insecticides. The LC50 of emamectin benzoate, novaluron, pyridalyl,
flubendiamide, chlorantraniliprole, chlorpyriphos and thiodicarb were 0.0001, 0.0020,
0.0037, 0.0040, 0.0044, 0.0390 and 0.0410 per cent, respectively.

Shankarganesh et al. (2007) have observed that among the novel insecticides,
indoxacarb was the best against the Bangalore and Guntur populations of S. litura with
higher relative toxicity than cypermethrin (12.1 and 15.9), fenvalerate (10.9 and 20.6)
lambda-cyhalothrin (6.1 and 26.0) and profenophos (9.2 and 20.4), respectively,
followed by emamectin benzoate which was 6.0 and 4.2, 5.5 and 5.48, 3.1 and 6.92 and
4.58 and 5.44 times more toxic than cypermethrin, fenvalerate lambda-cyhalothrin and
profenophos at the LC50 level. The larvae of S. litura obtained from Guntur and
Bangalore had 10.4, 4.8, 17.2 and 7.8-fold and 3.6, 1.1, 1.8 and 1.9 fold resistance to
cypermethrin, fenvalerate, lambda-cyhalothrin and emamectin benzoate, respectively,

compared to the Delhi population.

Kaur et al. (2007) have found indoxacarb as the most toxic against the three
populations of S. [litura in Punjab (Malerkotla, Hoshiarpur and Mansa) followed by
thiodicarb, chlorpyrifos and spinosad. Cypermethrin and fenvalerate were less toxic
indicating development of resistance and acephate was the least toxic. The new
molecules, i.e. indoxacarb (LC0.00001-0.00003%) and thiodicarb (LC 0.00039-
0.0010%) proved extremely toxic and almost all the populations indicated high level of

susceptibility to these insecticides.
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A comparision of Punjab and Delhi population of S. litura indicated that the
Punjab population was 2.27 and 1.36 fold resistant to chlorpyriphos and ethion,
respectively than that of Delhi population. At LCs, the relative resistance value for
quinalphos was 1.32 by leaf dip method, indicating that Punjab population may develop
faster resistance against quinalphos as compared to Delhi population (Kodandaram

and Dhingra, 2007).

Emamectin benzoate showed the highest relative toxicity (1093.2, 986.5, 870.6,
254.3 and 160.3 times) than triazophos, cypermethrin, deltamethrin, chlorpyriphos and
quinalphos to which the pest, S. litura has developed high level of resistance.
Novaluron was the next best which showed better toxicity (134.2, 121.0, 106.8, 31.2
and 20.4 times) than triazophos, cypermethrin, deltamethrin, chlorpyriphos and

quinalphos at LDs level, respectively (Prasad et al., 2007).

The toxicity studies by Ahmad et al. (2008) against various populations of
S. litura in Pakistan indicated that for spinosad, resistance ratio compared with Lab-PK
were in the range of 7-122 fold, 3-95 fold for indoxacarb, 4-186 fold for abamectin,
2-77 fold for emamectin and 13-224 fold for fipronil. The resistance ratio for insect
growth regulator (IGR) tested was in the range of 2—66 fold for leufenuron, 8-56 fold
for diflubenzuron and 2-153 fold for methoxyfenozide. Pair wise comparisons of the

log LCsos suggested a cross-resistance mechanism.

Ajanta et al. (2008) studied toxicity of emamectin benzoate in the laboratory to
determine its performance on three larval stages (5, 7 and 9 days old) of tobacco
caterpillar, S. litura using three types of assay techniques viz., leaf dip, Potter’s tower
and thin film method taking three different formulations of emamectin benzoate and
reported that, median lethal concentrations (LC50) of emamectin benzoate 1.9% EC
against 5, 7 and 9 days old larvae were recorded as 0.00005, 0.00017 and 0.0007 per

cent, respectively.

Dhawan et al. (2008) have found the LC values of emamectin benzoate,
novaluron, pyridalyl, flubendiamide, chlorantraniliprole, chlorpyrifos and thiodicarb
against S. litura by topical application technique as 0.0001, 0.0020, 0.0037, 0.0040,
0.0044, 0.0390 and 0.0410%, respectively. Based on the LC value, the order of toxicity

of different insecticides was emamectin benzoate > novaluron > pyridalyl >
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flubendiamide > chlorantraniliprole > chlorpyrifos > thiodicarb with relative toxicities

of 390.0, 19.50, 10.54, 9.75, 8.86, 1.00 and 0.95, respectively.

Prasada Rao and Grace (2008) studied the susceptibility of Spodoptera exigua
(Hubner) to different insecticides and reported that LC50 of indoxacarb, novaluron,
emamectin benzoate, lufenuron, spinosad, methomyl, deltamethrin, cypermethrin,
profenophos, thiodicarb, quinalphos, chlorpyriphos, fenvalrate, endosulfan and
acephate were 0.029, 0.037, 0.04, 0.15, 0.9, 0.208, 0.239, 1.09, 1.51, 2.23, 3.9, 6.02,
6.16, 6.30 and 35.4 pg/larva, respectively.

Kitturmath (2008) generated baseline values for indoxacarb and spinosad
against the laboratory reared S. litura for 25 generations without exposing to insecticide
by using artificial diet and found that indoxacarb (LD50 of 0.19 pg a.i./g) was highly
toxic to susceptible strain as compared to spinosad (LD50 of 3.74 ug a.i./g). Suby et al.
(2008) studied efficacy of certain newer insecticides with novel mode of action on S.
litura using leaf dip method and the results revealed that, LC50 of emamectin benzoate
against 4, 7 and 10 days old larvae were recorded as 0.22, 0.25 and 0.34 ppm,
respectively and recorded maximum mortality of larvae followed by indoxacarb (33

ppm), spinosad (166 ppm) and cypermethrin (408 ppm).

The experiment on contact toxicity against 9d old larvae of S. litura by larval
dip method indicated that deltamethrin was the most toxic insecticide and dimethoate
was least toxic. The LTsg value of deltamethrin, cypermethrin, alphamethrin, lambda-
cyhalothrin and dimethoate was 10.30, 10.93, 14.40, 22.54, and 23.80 h respectively at
the concentration closer to LCsy at 24h. Deltamethrin therefore was fastest acting
synthetic pyrethroid. Dimethoate was 6.4 times less toxic than deltamethrin and 2.7

times less toxic than alphamethrin at LCsg level (Kumar, 2008).

A comparative dose mortality response expressed in terms of relative toxicity
indicated that indoxacarb and methomyl were almost at par whereas thiamethoxam,
imidacloprid and fipronil were 28.54, 37.45 and 44.36 times less toxic than indoxacarb
against the larvae of S. litura. Imidacloprid, fipronil and thiamethoxam, in particular,
showed a very high RT value indicating far less stomach toxicity to S.litura as
compared to indoxacarb and methomyl. The order of toxicity by leaf dip method

24HAE at LCsy levels was: indoxacarb (2) > methomyl (296) > fipronil (816) >
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thiamethoxam (1984) > imidacloprid (3719ppm) whereas in residue contact bioassay
24HAE at LCsg level, the order of toxicity was: indoxacarb (15) > methomyl (19) >
fipronil (571) > imidacloprid (572ppm) (Ramangouda, 2008).

Rao (2008) studied insecticide resistance in S. litura from cotton fields in
Kurnool, (A.P.). The LCsy (micro g per larva) values of lufenuron, emamectin
benzoate, novaluron, indoxacarb, profenofos, endosulfan, chlorpyrifos, deltamethrin,
quinalphos, spinosad, cypermethrin, dichlorvos, acephate and fenvalerate were 0.0068,
0.0069, 0.030, 0.21, 0.213, 0.645, 0.93, 0.95, 1.02, 1.14, 3.31, 5.12, 5.3 and 5.49 micro
g per larva, respectively. The LCq ( micro g per larva) values for emamectin benzoate,
lufenuron, novaluron, indoxacarb, chlorpyrifos, endosulfan, spinosad, deltamethrin,
cypermethrin, thiodicarb, quinalphos, profenofos, dichlorvos, fenvalerate and acephate
were 0.017, 0.89, 0.89, 1.23, 2.23, 2.95, 3.89, 5.12, 11.48, 16.5, 16.9, 17.78, 18.62,
21.37 and 34.67 micro g per larva, respectively. Using the LCsy value of cypermethrin
as the control, dichlorvos, acephate and fenvalerate were found to be the least toxic.
Based on the LCy values, emamectin benzoate was the most potent, whereas acephate

was the least potent.

Lingaraj et al. (2009) studied relative toxicity of selected novel insecticides at
the rate of 2 ml of each concentration against tobacco caterpillar, S. lifura and the
results revealed that, LC50 values for abamectin, chlorfenapyr, indoxacarb, spinosad,
thiodicarb and quinalphos were 0.0302, 0.0094, 0.0039, 0.0135, 0.0292 and 0.0321,
respectively at 24 hours with relative toxicity being 1.28, 3.41, 8.23, 2.33 and 1.09
respectively as compared to quinalphos, while at 48 hours, the LC50 values were
0.0204, 0.0084, 0.0029, 0.0127, 0.0248 and 0.0262 per cent, respectively, the relative
toxicity being 1.27, 3.11, 9.03, 2.06 and 1.05 by topical application. Indoxacarb
exhibited highest toxicity both at 24 and 48 hours while, spinosad outperformed

indoxacarb.

Ramanagouda and Srivastava (2009) studied the effect of five insecticides
viz., indoxacarb 14.5 SC (Avaunt), methomyl 40 SP (Lannate), fipronil 0.3 GR
(Regent), thiamethoxam 25 WG (Actara) and imidacloprid 17.8 SL (Confidor) on S.
litura for toxicity evaluation by contact and leaf dip methods and the results revealed

that, indoxacarb 14.5 SC was the most toxic insecticide at 24 hr exposure at all the
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three concentrations, the values being 7.0 ppm (LC30), 15 ppm (LC50) and 126 ppm
(LC90) whereas imidacloprid 17.8 SL was least toxic with 281, 572 and 3313 ppm at
LC30, LC50 and LCI90, respectively.

Temple et al. (2009) conducted an experiment to evaluate three bioassay
methods (viz., insecticide treated diet, topical application and adult vial test) for
potential use in future insecticide resistance surveys and to determine the baseline
toxicity of rynaxypyr to selected lepidopteran pests. The results revealed that rynaxypyr
(chlorantraniliprole) was highly toxic to bollworm, Helicoverpa zea (Boddie), fall
armyworm, Spodoptera frugiperda (J.F.Smith) and tobacco budworm Heliothis

virescens (F.), in all the three laboratory bioassay procedures.

Talikoti et al. (2009) estimated the relative susceptibility of third instar larvae
of S. litura to certain novel insecticides under laboratory conditions and reported that
on the basis of LC50 value, indoxacarb 15.8 EC proved to be highly toxic to the both
early and late instar larvae followed by spinosad 45 SC which was also equally

effective in controlling the larvae.

Hardke et al. (2011) conducted baseline dose-mortality responses for fall
armyworm, S. frugiperda larvae in laboratory bioassays to confirm field efficacy
against natural infestations and to determine residual efficacy of selected insecticides
and the results revealed that, among the newer insecticides chlorantraniliprole,
cyantraniliprole, flubendiamide and spinetoram recorded LC50 value ranging from
0.066 to 0.93 pg/ml. In diet-incorporated assays, the LC50 values of chlorantraniliprole

and spinetoram were significantly lower than the LC50 of all other insecticides.

Talikoti et al. (2012) conducted bioassay studies against third instar larvae of S.
litura and indicated that among the insect growth regulators viz., buprofezin, lufenuron,
novaluron and the check diflubenzuron, the highest relative toxicity was exhibited by
novaluron at 76 hr and lufenuron at 96 and 120 hr of exposure by topical application.
Novaluron exhibited greater toxicity irrespective of the time of exposure when

sandwich method was used and lufenuron was intermediary in toxicity.

Karuppaiah and Chitra (2013) estimated the relative susceptibility of third

instar larvae of S. litura to certain novel insecticides. On the basis of LC50 values, the
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order of toxicity of different insecticides was chlorantraniliprole 18.5 SC (37.75 ppm) >
emamectin benzoate 5 SG (37.75 ppm) > indoxacarb 15.8 EC (3.28 ppm) > spinosad 45
SC (1.91 ppm) > pyridalyl 10 EC (1.61 ppm) > flubendiamide 20 WG (1.24 ppm) >
bifenthrin 10 EC (1.00 ppm) > koranda 505 EC (0.83 ppm) > polytrin C 44 SC (0.68
ppm) by direct spray method. The LC50 obtained by leaf-dip method revealed that
chlorantraniliprole 18.5 SC (0.0001%) was most effective followed by emamectin

benzoate 5 SG (0.0002%) and indoxacarb 15.8 EC (0.0012%).

Che et al. (2013), Beet armyworm, Spodoptera exigua (Hubner), is a serious
pest of vegetables in China, and its control is heavily dependent on chemical
insecticides. The current resistance status of nine insecticides was investigated in 16
field populations collected from seven provinces of China during 2009-2012.
Compared with the susceptible strain WH-S, some field populations evolved various
levels of resistance to eight of the nine insecticides tested: emamectin benzoate (4- to
348-fold), indoxacarb (2- to 41-fold), spinosad (5- to 38-fold), chlorantraniliprole (2- to
44-fold), tebufenozide (2- to 87-fold), chlorfluazuron (3- to 31-fold), cypermethrin (79-
to 1240-fold), and chlorpyrifos (8- to 3,080-fold), but no significant resistance was
detected to chlorfenapyr (0.4- to 7-fold). This indicates that chlorfenapyr has no cross-
resistance with these other currently used insecticides. Four consecutive years
resistance screening at two places shows that resistance patterns will be different
between populations from Luhe (Jiangsu Province) and Fengxian (Shanghai).
Resistance levels to chlorpyrifos will be much higher in populations from Luhe (877-
t03,080-fold)than from Fengxian (8- to 110-fold). Fengxian populations reported to be
developed moderate levels of resistance to tebufenozide (13- to 87-fold), but no
resistance in Luhe populations (2- to 6-fold). However, Luhe populations developed
moderate levels of resistance to chlorfluazuron (21- to 31-fold), but there was no

resistance in Fengxian populations (3- to 5-fold).

Tong et al. (2013) carried out studies to evaluate resistance in the populations
of Spodopteralitura Fab. (Lepidoptera, Noctuidae) from five districts of Hunan
Province in China to various insecticides from 2010 to 2012. For organophosphates and
pyrethroids, resistance ratios compared with a susceptible Lab-BJ strain will be in the

range of 14-229-fold for organophosphates and 12-227-fold for pyrethroids. Similarly,
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relative low levels of resistance to emamectin, indoxacarb, and chlorfenapyrwill be
observed in all five populations. In contrast, the resistance to carbamates (thiodicarb or
methomyl) was significantly higher than that of organophosphates, pyrethroids and
newer chemistry insecticides. The pairwise correlation coefficients of LC50 values
indicated that the newer chemistry insecticides and old generation insecticides will be
not significant except abamectin, which was negatively significantly correlated with
methomyl. A significant correlation was observed between thiodicarb, methomyl,
anddeltamethrin, whereas resistance to bifenthrin showed no correlations with
resistance to other insecticides except deltamethrin. The results are discussed in relation
to integrated pest management for S. litura with special reference to management of

field evolved resistance to insecticides.

Jeughale and Bhalkare (2015) carried out studies to evaluate resistance in the
population of Spodopteralitura Fab. (Lepidoptera, Noctuidae) from eight districts of
Vidarbha region in India to indoxicarb from 2011-2013. For indoxicarb, resistance ratio
compared with a susceptible strain will be in range of 2.66 to 6.14 fold. However,

relatively low level of resistance to indoxicarb was observed in all eight populations.

The LC values of emamectin benzoate, novaluron, pyridalyl, flubendiamide,
chlorantraniliprole, chlorpyriphos and thiodicarb against third instar larvae of S. litura
by topical application techniques were 0.0001, 0.0020, 0.0037, 0.0040, 0.0044, 0.0390
and 0.0410%, respectively. On the basis of LC value, the order of toxicity of different
insecticides was emamectin benzoate > novaluron > pyridalyl > flubendiamide >
chlorantraniliprole > chlorpyriphos > thiodicarb with relative toxicity of 390.0, 19.50,
10.54,9.75, 8.86, 1.00 and 0.95, respectively (Dhawan et al., 2007).

Ramanagouda and Srivastava (2009) determined the bioefficacy of five
insecticides against 7d old larvae of S. lifura by contact and leaf dip methods. Indoxacarb
was the most toxic insecticide at 24h exposure, the value being 7.0ppm (LCzp), 15ppm
(LCsp) and 126ppm (LCyo) and imidacloprid was the least toxic with 281, 572 and 3313
ppm at respective LC levels. The order of toxicity by residue contact bioassay method at
LCso was indoxacarb > methomyl > thiamethoxam > fipronil > imidacloprid. In leaf dip
method also at 24h after exposure, indoxacarb was the most toxic insecticide (LCso = 1.0,

LCsgp = 2.0 and LCyy = 13ppm) and imidacloprid was the least toxic (LCsy = 2186,
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LCsp = 3719 and LCyy = 10377ppm). The order of toxicity at all the three LC levels was

indoxacarb > methomyl > fipronil > thiamethoxam > imidacloprid.

An investigation was undertaken to determine the toxicity of indoxacarb and
imidacloprid by leaf dip method against 8d old larvae of S. litura. At 24h after
exposure, at all the levels, indoxacarb was more toxic insecticide (LCsg = 1.1, LCsp =
2.2 and LCyp = 10 ppm) than imidacloprid (LC3p = 1825, LCsy = 3643 and LCyy =
19962 ppm). The order of toxicity at all the three LC levels and at different time

intervals was indoxacarb > imidacloprid (Sharma, 2011).

The stomach toxicity of indoxacarb, cypermethrin, alphamethrin and
profenophos against 8 d old larvae of S. litura by leaf dip bioassay method was
determined by Pal (2012). The order of toxicity at 48 h LCsg level was: profenophos
(0.025%) > alphamethrin (0.031%) > cypermethrin (0.038%).

Effectiveness of emamectin benzoate, lufenuron, chlorpyrifos and cypermethrin
against field populations of 2nd instar larvae of S. exigua was tested by Saeed et al
(2012) by leaf dip method. Emamectin benzoate gave the lowest LCs, value, 0.005 mg/I
(95% FL: 0.004-0.007 mg/l) followed by lufenuron, 0.65 mg/l (95% FL: 0.38-0.93
mg/l). While there was a non significant difference in the LCs values of cypermethrin
and chlorpyrifos, 146 mg/l (95% FL: 108-188 mg/l) and 175 mg/l (95% FL: 113-256
mg/l), respectively. The order of effectiveness in terms of LTsy values was;

cypermethrin > chlorpyriphos > emamectin benzoate > lufenuron.

Bhatnagar et al. (2013) have reported that the relative toxicity ratio (RTR) of
novel molecules at LCs value in comparison to cartap hydrochloride against S. litura at
24 and 48h were: spinosad (4.77, 9.9) > fipronil (1.59, 3), and at 72 h the values were
spinosad (10.14) and fipronil (2.54). LCs, values of cartap hydrochloride, fipronil and
spinosad, were 0.44% and 0.126%; 0.0418% and 0.079%; 0.004% and 0.0264%

respectively at 24 h.

The bioassay studies with alphamethrin, endosulfan, flubendiamide, indoxacarb
and novaluron and biopesticides like emamectin benzoate and spinosad against third
instar larvae of S.litura by leaf dip method and topical application using Potter’s tower

revealed that emamectin benzoate was highly toxic to third instar larvae with LCsy of
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4.23 x10° % by leaf dip and 2.24 x 10-3 % by topical application. The relative toxicity of
emamectin benzoate, indoxacarb, spinosad, alphamethrin, novaluron and flubendiamide
were 4554.05, 765.08, 2.99, 2.25, 1.95 and 1.83 by leaf dip metod, while by topical
application, emamectin benzoate, indoxacarb, alphamethrin, novaluron and spinosad,
were 34.52, 11.20, 4.17, 2.29 and 1.50 times, respectively more toxic than endosulfan.
The larvae were highly susceptible to emamectin benzoate and indoxacarb when tested

by leaf dip and topical application methods (Sharma and Pathania, 2015).

The relative toxicity study of six insecticides to third instar larvae of S. obliqua
by Nair ef al. (2007) revealed that on the basis of LCsy values (% ai), the descending
order of toxicity was: emamectin benzoate 5 SG (0.00005), cypermethrin 10 AF
(0.00013), indoxacarb 14.5 SC (0.00053), endosulfan 35 EC (0.00323), fenvalerate 20
EC (0.00340) and fenpropathrin 30 EC (0.00513).

The order of toxicity, on the basis of LCsp has been reported by Karuppaiah and
Srivastava (2013) as chlorantraniliprole > emamectin benzoate > indoxacarb > spinosad
> pyridalyl > flubendiamide > bifenthrin > koranda and > polytrinC with the relative
toxicity of 37.75, 37.75, 3.28, 1.91, 1.61, 1.24, 1, 0.83, 0.68 by direct spray method; and
by leaf dip method chlorantraniliprole (0.0001) was most effective followed by
emamectin benzoate (0.0002) and indoxacarb (0.0012). The order of relative toxicity was
203, 101, 16.9, 2.86, 1.97, 1.83, 1.6, and 1.4 for chlorantraniliprole, emamectin benzoate,

indoxacarb, spinosad, koranda, pyridalyl, polytrin C and flubendiamide, respectively.

The results of baseline susceptibility of S. litura by topical application method
revealed that field population exhibited lower susceptibility to spinosad, emamectin
benzoate, indoxacarb and lufenuron as evidenced by higher LDs, values of 0.2485,
0.0425, 0.0223 and 0.0198 pg a.i./larva, respectively in comparision of susceptible
population (0.0262, 0.0120, 0.0045 and 0.0031 pg a.i/larva). Field population of
S. litura was 9.48, 6.39, 4.96 and 3.54-fold resistant to spinosad, lufenuron, indoxacarb
and emamectin benzoate, respectively. Lufenuron, indoxacarb and emamectin benzoate

were more toxic than spinosad (Patil et al., 2015).

Kuldeep and Shri Ram (2004) have observed the lowest LCsy of 15.46 ppm
for O to 24 h old larvae of S. litura, while for 6 day old larvae it was 42.17 ppm. LT
values ranged from 341.5 to 149.0 h and 321.7 to 138.2 h for O to 24h old and 6 day old

larvae of S. litura, respectively.
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On the basis of LCs, values against S. obliqua, Virat, Bulldockstar, Anaconda,
Polytrin C, Ducord, Nurelle D, Spark, Nagata and Spectrum were 5.36, 5.88, 5.04,
3.40, 3.23,2.74, 1.68, 1.62 and 1.13 times more toxic than Super D. Koranda was 0.87
times less toxic than Super D when evaluated by direct spray method. A comparision of
the relative resistance based on LCs values of S. obliqua, S. litura and Helicoverpa
armigera to various insecticide mixtures indicated that H. armigera was relatively

resistant amongst these three pests (Dhingra et al., 2007).

The investigation on lethal and sub lethal effects of diflubenzuron
(Diflubenzuron 25WP) and lufenuron (Match 5EC) against neonates of S. obliqgua on
artificial diet fortified with eight levels of diflubenzuron and lufenuron indicated
diflubenzuron complete larval mortality in diflubenzuron at 1 and 2 ppm on sixth day
and at 0.8, 0.4, 0.2 and 0.1 ppm on eighth day. All larvae failed to reach pupal stage at
0.05 ppm while only 26.7% pupation and 10% adult emergence was noticed at 0.025
ppm. All adults emerged were deformed on diflubenzuron treated diets. Lufenuron
caused complete larval mortality at 0.53 to 12.5 ppm on fortified diets on eighth day. At
0.26 ppm of lufenuron, the larvae could not reach to pupal stage. Only 46.7% pupation
occurred at 0.132 ppm which resulted in 20% adult emergence. L.Csq for diflubenzuron
and lufenuron were 0.024 and 0.143 ppm, while LTsy ranged from 220.9 to 544 h and
228.3 to 577.8 h, respectively (Gupta and Bhattacharya, 2008 a).

Chilana (2009) assayed novel molecules using ‘leaf dip’, Potter’s spray tower,
topical microapplicator and thin film methods against 7 day old larvae of S. litura and
S. obliqua and reported that emamectin benzoate and indoxacarb were most effective
by all assay techniques. Among all the bioassay techniques, leaf dip method was
adjusted the best. Emamectin benzoate and indoxacarb depicted 124 to 7223.8 and 16
to 1911.1 fold effectiveness (relative toxicity at LCq) than endosulfan. The toxicity
response with synthetic pyrethroids was the best under Potter’s spray tower and
deltamethrin showed very low values of LCsy 0.0061, 0.0032 and 0.0028 % at 24, 48
and 72 h respectively to S. litura, however at 48 h bifenthrin was found 147 times more

toxic than endosulfan to S. obliqua.
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2.4 To study the field efficacy and economics of major insecticides against tobacco
caterpillar Spodoptera litura on Soybean

Tests on the control of S. litura (Fab.) carried out in 1975-76 and 1976-77 with
11 insecticides indicated that all the compounds were effective in reducing the pest
numbers, with no significant difference between them after 72 h, but fenvalerate 0.02%,
chlorpyrifos 0.04% and leptophos 0.068% gave more rapid kill of the larvae than the
other compounds (Patel and Chari, 1980).

Relative susceptibility of lambda-cyhalothrin, decamethrin [deltamethrin],
cypermethrin, bifenthrin, Bulldock [beta-cyfluthrin] and fenvalerate, and chlorpyrifos,
malathion, endosulfan and lindane against 2™ instar larvae of S. litura was determined
by Singh and Singh (1997). It was concluded that lambda-cyhalothrin was the most

effective and lindane was the least effective insecticide.

The toxicity of ethofenprox [etofenprox] was compared with beta-cyfluthrin,
bifenthrin, alpha -cypermethrin, deltamethrin, lambda -cyhalothrin, cypermethrin, and
fenvalerate against S. litura. Compared with cypermethrin (set at 1.0), the most toxic
was beta-cyfluthrin (29.5), followed by etofenprox (10.1) while fenvalerate (0.43) was
the least toxic. Comparison of LCsy values showed that during 1995-2002 S. litura
resistance to all the synthetic pyrethroids increased 5.36 (lambda -cyhalothrin) to 12.64
fold (fenvalerate) (Kodandaram and Dhingra, 2003).

Ahmad and Saleem (2004) reported that Chlorpyrifos, methomyl, emamectin
benzoate and lufenuron proved most effective and gave 100% mortality of 2" instar
larvae of S. litura at recommended half and double the recommended field dose.
Thiodicarb, spinosad and methoxyfenozide showed 90.8, 87.5 and 81.7% larval
mortality, respectively. Minimum mortality was observed for abamectin (45.8%),

indoxacarb (50%) and profenofos (36.7%).

Bioefficacy of novaluron (Rimon 10 EC) against S. litura attacking cotton was
compared with chlorpyrifos, thiodicarb, spinosad and endosulfan by Saini et al. (2010),
in the laboratory and at farmers' fields. The results indicated that in the laboratory
though initial mortality in novaluron at 0.005 and 0.01 per cent concentration was low,
yet the larvae stopped feeding within two days and gradually all larvae were dead when

observed after nine days of treatment. Spinosad (Tracer 45 SC) 0.015 per cent had no
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toxicity against this pest. Under field conditions, novaluron at 37.5 and 50 g a.i./ha was

as good as thiodicarb (Larvin 75 WP) at 470 g a. i./ha after seven days of spray.

Thirteen insecticides were evaluated by Saini ef al. (2005) against S. litura and
it was concluded that thiodicarb (Larvin 75 WP) (0.075%) was the best insecticide
giving 100% kill of the larvae within 24 h when untreated larvae were offered treated
leaves. When both larvae and leaves were treated, thiodicarb provided complete kill of
the larvae within 48 h even at lower concentration (0.037%). The next promising
insecticides were chlorpyrifos 20 EC (0.06%), endosulfan 35 EC (0.11%), indoxacarb
15 EC (0.03%) and profenofos 50 EC (0.15%) giving 90.0, 76.7, 73.3 and 73.3% larval
mortality, respectively, within 72 h when treated leaves were provided to the treated
larvae. Spinosad (Tracer 45 SC) (0.014 and 0.018%), cypermethrin (0.01, 0.02 and
0.03%), deltamethrin (0.003, 0.006 and 0.008%) and neem (Fortune Aza 0.15 EC)
(0.00075%) had poor activity against this pest.

Reddy et al. (2005) evaluated certain newer and safer insecticides, with Bt
against S. litura on sunflower as foliar sprays and reported that indoxacarb + lufenuron
and indoxacarb + Bt recorded the highest values for overall mean efficacy (69.9 and
68.1%, respectively) and yields (1656 and 1600 kg/ha, respectively). The use of
insecticides at lower doses in combination with Bt was more effective in controlling the
pest and increasing sunflower yield compared with individual insecticide sprays at

higher doses.

ShuiJin et al. (2006) proposed that for control of S. litura in Nanjing, Jiangsu
and Hexian, Anhui, Province, China, pyrethroid insecticides should be prohibited, use
of OPs and carbamates should be limited, and the other insecticides with no resistance,
e.g., monosultap, abamectin, hexaflumuron and fipronil, should be used rationally and

in rotation to delay resistance development.

Pineda ef al. (2007) concluded that the combination of lethal and sublethal effects
of methoxyfenozide and spinosad might exhibit significant effects on the population

dynamics of S. littoralis.

Sammour et al. (2008) have reported that chlorfluazuron and lufenuron
significantly decreased the pupal weight, percent pupation, longevity, mating frequency

and fecundity in S. litroralis.

Review of Literature............ e



A chronic feeding experiment conducted against 8d old larvae of S. litura with
sub lethal doses of four insecticides viz., indoxacarb (0.0001%), methomyl (0.017%),
imidacloprid (0.2%) and thiamethoxam (0.1%) revealed that the larvae consumed less
food when leaves treated with tested insecticides were offered as food as compared to
untreated. The consumption was reduced by 20.90, 19.23, 17.60 and 14.53% at LCj3 of
indoxacarb, methomyl, imidacloprid and thiamethoxam, respectively over control.
Sublethal dose of these insecticides were effective in delaying the development of S.

litura and extended the developmental parameters significantly (Basera, 2009).

Various insecticides belonging to SP, OP and biorational were evaluated by two
bioassay techniques (direct spray and leaf dip) against third instar larvae of S. litura by
Kodandaram et al. (2009). Betacyfluthrin was found to be most toxic and ethion least
toxic to S. litura. Regardless of method of application relative efficacy of most of the
synthetic pyrethroids was same except betacyfluthrin and alphamethrin. The
effectiveness of indoxacarb followed by chlorpyriphos, acephate, quinalphos and

spinosad was more by leaf dip method than direct spray.

Studies were carried out to monitor the level of esterase activity at different age
intervals of S. litura and to determine the relative susceptibility of seven day old larvae
against six different synthetic insecticides. The activity slightly increased from 2™ to 4™
day i.e. 0.120- 0.158 moles /mg /min. and from the 5 day, there was drastic increase.
Indoxacarb followed by emamectin benzoate was the most effective. The data on
relative toxicity to cypermethrin showed that except fenvalerate all other insecticides
viz., lambda cyhalothrin, profenophos, indoxacarb and emamectin benzoate were 1.21,

2.45,7.20 and 2.87 fold toxic to S. litura, respectively (Shankarganesh et al., 2009).

Hardke et al. (2011) evaluated 4 recently developed insecticides
(chlorantraniliprole, cyantraniliprole, flubendiamide, and spinetoram) and 5 commercial
standards (indoxacarb, lambda-cyhalothrin, methoxyfenozide, novaluron, and spinosad). In
diet-incorporated assays, the LCsy values of chlorantranilprole and spinetoram were
significantly lower than the LCs, of all other insecticides against fall armyworm. The
results indicate that newer insecticides are equal to or more efficacious against fall

armyworm than traditional insecticides.
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The bioefficacy studies conducted by Khan et al. (2011) against S. litura
indicated that chlorpyrifos, profenofos, emamectin benzoate, spinosad, indoxacarb,
methoxyfenozide and lufenuron proved highly toxic with extended exposure time.
After 3 days of the insecticide treatment, 100% mortality was observed in emamectin
benzoate @ 100 and 110 ml, followed by chlorpyrifos @ 1100 ml (96.56%), lufenuron
@ 55 ml (86.67%) and methomyl @ 440 ml/acre (83.34%).

An experiment conducted by Pandey (2011) to examine the stomach toxicity of
three insecticides against 7 d old larvae of S. litura by leaf dip method reflected the
order of toxicity at 24h LCs level as: profenofos (1738ppm) > triazophos (2618ppm) >
imidacloprid (4373 ppm). In another study, the three insecticides profenophos,

deltamethrin and A- cyhalothrin showed almost similar values of LCsy (1000ppm).

Rehan ef al. (2011) recorded the L.Cs data through diet incorporation method
against S. litura as emamectin benzoate (1.59 ppm), spinosad (7.77 ppm), profenofos
(686.5 ppm) and imidacloprid (258.75 ppm) at generation 1. The decrease in the LCs
values after 11 generations as compared to the field population of S. litura was 4.81,
9.83, 9.3 and 13.82 folds against emamectin benzoate, spinosad, imidacloprid and
profenofos, respectively. The estimated decrease in resistance was 11.36, 11.11, 16.67

and 9.61 for imidacloprid, spinosad, emamectin benzoate and profenofos, respectively.

Ragaei and Sabry (2011) opined that the biorational insecticides spinosad and

buprofezin can be used for the control of S. litforalis in a combination.

In Brazil the IGR lufenuron (Match EC - 0.3 L/ha™") showed higher efficiency
on the control of fall armyworm S. frugiperda and lower deleterious effects on the
populations of natural enemies when compared to chlorpyrifos (Fersol 480 EC - 0.6
L/ha™). Besides spiders and the predator Doru luteipes, the observed parasitoid species
of the caterpillar were Chelonus sp., Campoletis sp. and Euplectrus sp. (Toscano et al.,

2012).

The LCsg of deltamethrin, bifenthrin, emamectin benzoate, chlorfluazuron and
flubendiamide against second instar larvae of S. litura, were 619 and 100, 74.2 and
65.8, 0.08 and 0.06, 73.4 and 52.5, and 0.37 and 0.31 ul/ml, respectively after 48 and

72 hour of exposure by leaf dip method. Pyrethroids were least effective as compared
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to new chemistry insecticides, and emamectin and flubendiamide were more toxic than

chlorfluazuron.

Tong et al. (2013) evaluated resistance in the populations of S. litura from five
districts of Hunan Province in China and observed relative low levels of resistance to
emamectin, indoxacarb, and chlorfenapyr. In contrast, the resistance to carbamates
(thiodicarb or methomyl) was significantly higher than that of organophosphates

14-229 fold, pyrethroids 12-227 fold and newer chemistry insecticides.

Wang et al. (2013) found the LCs, values of spinosad by oral exposure of late
second-instar larvae to S. exigua at 48 and 72 h after treatment as 0.317 and 0.293 mg
kg'l, respectively. Spinosad at sublethal concentrations significantly extended the
developmental period of survivor larvae, and reduced larval net weight. Post exposure
effects were indicated by decreased pupation ratio and pupal weight, by prolonged
prepupal and pupal periods and by decreased emergence ratio, fecundity and longevity
of adults. The combination of lethal and sublethal effects of spinosad affected
S. exigua population dynamics significantly by decreasing its survival and

reproduction, and by delaying its development.

Narayanamma and Reddy (2014) conducted a field experiment against Achaea
janata L., S. litura and Conogethes punctiferalis Guen and observed that
chlorantraniliprole (1.64 and 1.01 larvae/plant), spinosad (1.92 and 0.92 larvae/plant) and
flubendiamide (2.56 and 1.25 larvae/plant) were significantly superior for Spodoptera
and castor semilooper, respectively at one day after spraying during the first spray. The
treatments flubendiamide (1: 5.8), spinosad (1: 5.6) and chlorantraniliprole (1: 5.3)

registered the highest cost benefit ratio.

Bio-efficacy studies showed that flubendiamide 480 SC @ 48 and 60 g a.i ha
against the pod borer S. litura and spirotetramate 150 OD @ 60 g a.i ha™' followed by
acephate 75% SP @ 468.75 g a.i ha” and metasystox 25% EC @ 187.5 g a.i ha
against the thrips Scirtothrips dorsalis were the best treatments. None of the treatments

showed any phytotoxicity on chilli crop (Reddy et al., 2014).

The toxicity results against first and third instar larvae of S. litura by leaf dip
method by Sharma and Pathania (2014) at HPKVV, Palampur indicated the LCs

value of emamectin benzoate as 6.80 x 10”7 % and 4.23 x 10° %, respectively. The
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relative toxicity to first instar indicated that emamectin benzoate, indoxacarb, spinosad,
flubendiamide, alphamethrin and novaluron were 15300, 3570, 6.44, 4.16, 4.10 and
2.43 times, respectively more toxic than endosulfan. Almost similar trend was observed
against third instar. The studies indicated that emamectin benzoate and indoxacarb

were most toxic to S. litura larvae.

Bhatt et al. (2015) evaluated newer molecules against S. litura infesting bidi
tobacco nursery. The results indicated that the lowest percent damage registered by
flubendiamide was at par with emamectin benzoate, chlorantraniliprole and chlorpyrifos.
Ninety percent mortality of S./ifura was recorded with emamectin benzoate @ 11g a.i./ha

in tobacco nursery.

The bioassay study indicated that emamectin benzoate was the most potent
against 3" and 5™ larval instars of S. littoralis with chronic LCqy values of 0.31 and
0.64 mg ml 1, respectively. The combined effect of emamectin benzoate and lufenuron
or spinosad was either additive or antagonistic; suggesting that single application of
these insecticides is more effective than in combination. In comparison to lufenuron
and spinosad, emamectin benzoate killed both 3rd and 5th instars of S. littoralis
significantly faster. These findings suggest that emamectin benzoate is an effective
compound compared with lufenuron and spinosad for control of S. littoralis (El-Sayed

and EL Sheikh, 2015).

Krishnaiah et al. (2015) evaluated imidacloprid-0.3ml/l; dimethoate-2ml/I;
monocrotophos-1.6ml/l; emamectin benzoate-0.1g/l; thiodicarb-1g/l; chlorfenapyr-
2ml/l and flibendiamide-0.1ml/l against S. lifura and thrips on groundnut during rabi
season. Chlorfenapyr toxicity was highest to S./itura larvae (87 to 90%) whereas
thiodicarb, emamectin benzoate and flubendiamide reduced the population by >70%
over control. Monocrotophos was moderately toxic and dimethoate and imidacloprid

were poor in managing the pest.

Field efficacy of Alika (33, 27.5 and 22g a.i./ha), imidacloprid (20g a.i./ha),
lambda-cyhalothrin (15g a.i./ha), ethion (750g a.i./ha) and thiamethoxam (25g a.i./ha) on
soybean crop was evaluated against S. obliqua at Pantnagar by Chand (2012). Ten days
after spray Alika @33g a.i./ha and imidacloprid @20g a.i./ha provided cent per cent
control followed by Alika @ 27.5g a.i./ha having 0.33larvae/ mrl (meter row length).
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Chapter 3 MATERIALS AND METHODS

Pantnagar is situated at the foothills of Himalayas at an altitude of 243.84 meter
above the mean sea level (MSL), 29°N latitude and 79.3°E longitude. The annual
rainfall is about 1574.3 mm, which has a lot of variation throughout the year. The
temperature variation is very large, as summer holding temperature maximum of

around 40-44°C while in winter season it falls heavily to 0-9°C.

3.1  To ascertain the status and incidence of insect pests of soybean and their
natural enemies in major districts of Uttarakhand

A roving survey was undertaken to know the status of insect pests of soybean in
soybean ecosystem of major districts of Uttarakhand like Udham Singh Nagar,
Nainital, Almora, Champawat, Pittoragarh, Pauri, New Tehri, Uttarakashi and Roorkee

as detailed in Table 1.

3.1.1 Leaf eating caterpillars

Observations on larval population of leaf eating caterpillar, S. litura and
semiloopers were made at three randomly selected spots of one meter row in each
treatment leaving border rows. Larval counts were made by shaking the plants gently
over a white cloth placed between the rows. Average number of caterpillars found per

meter row length (mrl) was worked out.

3.1.2 Stem fly and girdle beetle

To study the incidence of pests of soybean, roving survey was carried out in
different locations of each district. In each location five fields/villages were
surveyed. Survey was undertaken at flowering and harvesting stage observations
were made on 10 randomly selected plants from each field during flowering and
harvesting. The plants were dissected to observe the stem fly infestation, stem
tunneling and extent of tunneling, later they were converted to percentage by the

following formula.
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Table 3.1: Location selected for survey of insect pests of soybean in Uttarakhand

during 2016-17

Sl No. Districts Villages Longitude Lattitude
Pantnagar 29°1'15.74"N, 79°2923.06"E
Udham Singh Pantnagar 29°1'15.74"N, 79°2923.06"E
01 Nagar Sirsa 29.5336° N, 75.0177° E
Darau 28.8720° N, 79.4451° E
Kashipur 20.2104° N, 78.9619° E
Gadarpur 29.0397° N, 79.2504° E
Dineshpur 29.0462° N, 79.3212°E
Haldwani 29.2183° N, 79.5130° E
Kaladungi 29.2854° N, 79.3480° E
02 Nainital Ramnagar 29.3948° N, 79.1265° E
Bhimtal 29.3461° N, 79.5519° E
Nawagaon 30.7227° N, 78.2804° E
Khairna 29.4945° N, 79.4802° E
Majera 29.6428° N, 79.6327° E
Hawalbagh 29.6428° N, 79.6327° E
03 Almora Matela 29.7960° N, 79.1933° E
Dwarahat 29.7760° N, 79.4268° E
Ranikhet 29.6434° N, 79.4322° E
Majkhali 29.6792° N, 79.5133°E
Tanakpur 29.0722° N, 80.1066° E
Banbasa 28.9911° N, 80.0800° E
04 Champawat Champawat 29.3209° N, 80.0088° E
Lohaghat 29.4042° N, 80.0842° E
Ghat
Barakot 29.4679° N, 80.0717° E
Gaina 29.5697° N, 80.3227° E
05 Pittoragarh Chandak 29.5965° N, 80.1917° E
Gurna 29.5283° N, 80.1617° E
Aicholi
Pittoragarh 29.5829° N, 80.2182°E
Kotdwara 29.7524° N, 78.5269° E
Pauri Gharwal Dogadda 29.8070° N, 78.6094° E
06 Ghumkal 29.8925° N, 78.6701° E
Satpuli 29.9170° N, 78.7101° E
Pauri 30.1471° N, 78.7745° E
Srinagar 30.2247° N, 78.7986° E
Chamba 30.3455° N, 78.3947° E
Tehri Ranichauri 30.3111° N, 78.4097° E
07 Garhwal Maletha
Jamnikhal 30.2723° N, 78.6101° E
Fakot 30.2273° N, 78.3508° E
Tipri 30.3722° N, 78.5008° E
Chilyanisaur 30.5840° N, 78.3150° E
08 Uttarakashi Dhanpur 30.5979° N, 78.3181° E
Nagni 30.5873° N, 78.3227° E
Dharasu 30.6101° N, 78.3202° E
Roorkee 29.8543° N, 77.8880° E
09 Haridwar Podwali
Sultanpur 29.7561° N, 78.1055° E
Laksar 29.7538° N, 78.0215° E
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No. of plants affected
Per cent stem fly infestation = ---==-==-eceeauu--- - x 100
Total number of observed plants

For recording the damage of the girdle beetle damage following formula was used

Number of plants with girdle beetle damage
Girdle beetle infestation = ---- -- x 100
Total number of plants observed

3.1.3 Natural enemies

Observations on the incidence of predators (coccinellids, spiders and
Eucantheacona bugs) were recorded at three randomly selected spots of one meter row

in each treatment leaving border rows was taken.

3.2  Comparative study of soybean and other host based artificial diets on
growth and development of S. litura

Present study was carried out during 2016- 2017 in the Department of
Entomology, College of Agriculture, Govind Ballabh Pant University of Agriculture

and Technology, Pantnagar.
3.2.1 Preparation of diets

The egg mass and larva of S. litura collected from the infested vegetable fields
of various experimental locations were used for mass rearing on artificial diet. Initially,
the diet recipe given by Saljoqi et al. (2015) was followed with few modifications
(Diet 1). An up gradation for this diet has been made by adding dried soybean, castor,
blackgram leaf powders and agar (diet-2, 3, 4, 5) to increase the similarity in
composition to natural diet and to increase the palatability for S. litura. Ingredients
include chickpea flour, yeast powder, ascorbic acid, sorbic acid, formaldehyde solution,
agar and other chemicals listed in Table-2 and 1000ml distilled water. All the dry and
wet ingredients of the diet were weighed/ measured carefully, and kept in separate
containers. Half of the total water was taken in a steel vessel, brought to boil and agar
was added. The total quantity of gram flour was added to the boiling agar. Remaining
water was poured and stirred continuously to reduce the clump formation. Then, all the

dry and wet ingredients were added to the mixture and thoroughly homogenized using
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blender. The prepared diets were then poured into the sterilized plastic boxes (Plate 1a),

and allowed for solidification. Diet was left over for whole night and used next day for

feeding to S. litura. The diet was cut into small pieces of size 2 x 2 cm (Plate 1b) and

introduced to the plastic rearing troughs. The S. litura larvae were introduced to the diet

piece in the trough. The same procedure was used to rear the larvae using diet-2, 3, 4

and 5 also (Plate-2). Based on good palatability and reduced duration of life stages, the

best diet was selected for further rearing of S. litura.

Table 3.2: Chemical ingredients of Fraction-A used in artificial diets.

SL. No Composition Quantity
1. Baking Yeast powder 10g
2. Methyl Paraben 2.5g
3. Sorbic acid 1.5g
4. Ascorbic acid 3.0g
5. Casein 3.0g
6. Choline chloride 0.5g
7. Agar l4g
8. Niacin 6.0g
9. Calcium Pentothenate 6.0g
10. Thiamine 3.0g
11. Riboflavin 3.0g
12. Pyridoxin monohydrochloride 1.5g
13. Folic acid 1.5¢
14. Biotin 120g
15. Inositol 10g
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Table 3.3: Composition of artificial diets for rearing of S. litura

Chickpea Soybean Castor leaves Black gram Agar based
flour based leaves based based leaves based artificial diet
artificial diet artificial diet | artificial diet | artificial diet (Diet-V)
(Diet-I) (Diet-1I) (Diet-11I) (Diet-1V)

Chickpea flour- | Soybean Castor leaves- | Black gram Agar-150g
150g leaves-150g 150g leaves-150g
Fraction A Fraction A Fraction A Fraction A Fraction A
1litre distilled 1litre distilled 1litre distilled 1litre distilled 1litre distilled
water water water water water

3.2.2 Rearing procedure of S. litura

A colony of S. litura was raised from two pairs of adults collected from field at
Norman Borlaugh Crop Research Center Pantnagar, and was transferred to the
laboratory. Each pair was kept in a separate glass jars with a nappy liners pasted at the
walls of jars for egg laying. The mouth of jar was kept closed with a muslin cloth. The
adults were fed on a piece of cotton soaked in honey solution. The eggs laid were
collected and kept in Petri dishes for hatching. As the larvae emerged, they were reared
on the 5 diets (Table 3) i.e., chickpea based diet (Diet-1), soybean based diet (Diet-2),
Castor based diet (Diet-3), black gram based diet (Diet-4) and agar based diet (Diet-5)

for testing the effectiveness of the diets.
3.2.3 Culture maintenance of S. litura

To maintain the culture the larvae of S. litura were regularly fed on the prepared
diets and the adult stages were fed with honey solution for the timely availability for

studying its different biological parameters.

The data on time taken to complete different life stages of S. litura reared on
artificial and natural diet were compared and documented. Larval growth index and
total developmental index were calculated based on per cent pupation and per cent
survival respectively using the formulae (Gupta et al., 2005) mentioned below to
evaluate the effect of diet on growth and development of S. litura. Larval growth index
= % Pupation / Larval Period (days). Total developmental index = % Survival / Total

Developmental Period (days).
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3.2.4 Statistical analysis

Design followed was completely randomized design (factorial). Pooled data
obtained from three generations was subjected data analysis by using OP Stats

software.

3.3  Study of field resistance of tobacco caterpillar Spodoptera litura to collected
from different districts of Uttarakhand state

3.3.1 Collection of S. litura

A roving survey was undertaken to collet the tobacco caterpillar S. litura of
soybean in soybean ecosystem of major districts of Uttarakhand like Udham Singh
Nagar, Nainital, Almora, Champawat, Pittoragarh, Pauri, New Tehri, Uttarakashi and

Roorkee as detailed in Table 1
3.3.2 Culturing of the S. litura

A laboratory susceptible strain of S. litura obtained by single pair crosses of a
field — collected population of S. litura and reared in the laboratory for 3-4 generations
without exposure to insecticides. For bioassay different populations of S. litura at
fourth or fifth- instar larvae were collected from the field crops grown in different
locations of Uttarakhand state from 2017. The details of locations have been presented
in Table A and depicted in Fig. A. The larvae collected were reared on semi-synthetic
diet (Ahmad et al., 2008) in the laboratory at (Temp: 25+ 2°C, RH: 75 + 5 % and photo
period of 13 hrs light: 11 hrs darkness), in glass jars for two generations before the
bioassay was carried out. Diet was replaced after 24 h and pupae were collected on
alternate days. Moths were also be shifted to glass cages with mesh sides for ventilation
and fed on a solution containing 10 per cent honey soaked onto cotton wool ball
(Ahmad et al., 2007b). The neonate larvae were fed with semi-synthetic diet. The field
collected populations were reared in the laboratory to accommodate to laboratory

conditions and to obtain sufficient insect numbers for bioassay.
3.3.3 Test insecticides

The insecticides viz., Chlorotraliniprole, indoxacarb, lamda cyhalothrin,
spinosad, dichlorovas, emamectin benzoate, imidachlopride, flubendiamide and

lufenuron were purchased from the open market.
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3.3.4 Preparation of insecticide solution

The insecticide solutions were prepared using the above commercial formulation

which was diluted with distilled water. Fresh solution was prepared as and when required.
3.3.5 Bioassays

Bioassay was conducted with newly third-instar larvae of S. litura using a
standard leaf disk method (Ahmad et al., 2007b). Serial dilutions of the test
compounds were prepared. Soybean leaves were cut into small 5 sq. cm. leaf disc and
dipped into the insecticide solution for 10 s. These leaves were air dried at ambient
temperature for 5-10 min by spreading on a towel paper. Leaves were dipped in sterile
distilled water only to use as controls. Leaves treated with insecticides were then
transferred to each Petri dish lined with moistened filter paper. At least five
concentrations and three replications (10 larvae per replication) will be used to estimate
each concentration mortality line thus total numbers of tested larvae per concentration
will be 30. The bioassays will be kept at a temperature of 25 + 2°C and 75 £ 5 per cent
relative humidity, and photoperiod of 13:11 (light:dark). Mortality data will be scored
24 hours till 76 hours after exposure for insecticides. Larvae will be considered dead if

they failed to make a co-ordinated movement when prodded with a brush.
3.3.6 Statistical analysis

@) The observations recorded on mortality were corrected using Abbott’s formula

(Abbott, 1925) as given under-

' i ) — —
Abbott's corrected mortality (%) 100 —C x 100

Where, T = mortality in Treatments (%)
C = mortality in Control (%)

(i1) The data so obtained was subjected to probit analysis for obtaining regression
equation and computing LC/ LD values following Finney (1971). LC values were
computed using probit analysis based computer programme STPR718 at the

Computer Center, College of Basic Science and Humanities of this University.

(iii)  Resistance ratios (RRs) will be determined as LC50 values of field strain/ LC50

values of susceptible strain.
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34 To study the field efficacy and economics major insecticides against
tobacco caterpillar S. litura on soybean.
The details of the experiment are as under...
1) Location Crop Research Centre College of Agriculture,
GBPUA & T, Pantnagar
2) Design Randomized Block Design
3) Replication Three (3)
4) Treatments Ten (10)
5) Crop, Variety JS-335
6) Plot size
a. (a) Gross (area) S5m x 5m
b. (b) Net (area) 3.5m x 3.5m
7) Spacing 75cm x 45¢cm
8) Seasons Kharif, 2016 and 2017.
9) Details of treatments As per table 4.
3.4.1 Methodology

The spraying of all insecticides was carried out with the help of knapsack
sprayer. The spray solution required for uniform coverage was estimated by spraying
known quantity of water before spray and then insecticides were mixed thoroughly in
water. The care was taken to obtain uniform coverage of insecticides on each plant.
First spray of insecticides was applied at initiation of pest infestation and second
spray was repeated after of 15 day of first spray. Observations on number of larvae
was recorded prior and first, third and fifth days after spraying from 5 randomly
selected plants from each quadrate (1 m x 1 m). In case of dead larvae eating is
stopped and larvae become darkish in colour is considered as dead. The data recorded
on population was converted to per cent mortality by using the formula of Henderson

and Tilton (1955).

TaxCb
TbxCa

Corrected per cent mortality = 100 x ( 1-

)
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Where,
Ta = Number of insect pest recorded after treatment
Tb = Number of insect pest recorded before treatment
Ca= Number of insect pest recorded from check plot after treatment
Cb= Number of insect pest recorded from check plot before treatment

The fruit yield obtained from each net plot of treatments was converted on
hectare basis and subjected to statistical analysis. The per cent increase in yield over

control was calculated by using following formula:
o T-C
Yield increase over control = - X 100

Where, T = Yield of respective treatment (kg/ha)
C = Yield of control (kg/ha)
3.4.2 Yield and economics

Soybean was harvested from the plot area completely in a single day. Healthy
and damaged or under developed seeds was recorded and weighed separately during
each harvesting. The yield per hectare was calculated for each treatment and data was

subjected to statistical analysis.

Economics of all the treatments were worked out by considering the price of
soybean, cost of insecticides to be used and labour charges for spraying of insecticides.
Cost: benefit ratio (CBR) was also worked out to compare the economics of various

insecticidal treatments.

Net realization over control (Rs/ha)
CBR = S e

Total cost of insecticide + Labour charges (Rs/ha)
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Table 3.4: Details of the insecticides used to study the field-efficacy against tobacco caterpillar (S. litura) on soybean

Tr. No. Treatment Dosage Trade Name Insecticide Group Manufacturing Company
T, Chlorantraniliprole 18.5SC 0.20 ml/1 Ranaxypyr Diamide Du-Pont, India, Ltd. Gurgaon
T, Indoxacarb 15.8 EC 0.40 ml/l Avaunt Oxidiazines Syngenta Crop Science Ltd,
Mumbai
T3 Lambda cyhalothrin 5 EC 0.30ml/1 Karate Synthetic Pyrethroids Syngenta Crop Science Ltd,
Mumbai
Ty Spinosad 45SC 0.25 ml/l Tracer Spynosyns De-Nocil Crop Protection
Ltd., Mumbai
Ts Dichlorvos 46SC 1.5ml/l Nuvan Organophosphate Insecticide India Ltd, New Delhi
Te Emamectin benzoate 5G 0.30 g/1 Proclaim Semi synthetic analogue of Syngenta Crop Science Ltd,
abamectin Mumbai
T Imidacloprid 17.5 SC 0.5ml/1 Confidor Synthetic Pyrethroids Bayer Crop Science Ltd, Mumbai
Ts Flubendiamide 480SC 0.20 ml/1 Fame Diamides Bayer Crop Science Ltd, Mumbai
Ty Lufenuron SEC 0.5ml/1 Match Acylurea Insect Growth Syngenta Crop Science Ltd,
Regulators Mumbai
Tio Control (Untreated) - - - -
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Plate 01. Major insect pests of soybean and their natural enemies



Plate 02. Glimpse of survey on soybean crop in major districts of Uttarakhand



Plate 03. Experimental setup of soybean and other host based artificial diets on S. litura



Plate 04. Rearing of populations of different districts and bioassay studies
experimental setup
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Chapter 4 RESULTS AND DISCUSSION

The present investigation was undertaken to study on pest incidence, biology
and field resistance of tobacco caterpillar Spodoptera litura (Fabricius) to newer
insecticides collected from major districts of Uttarakhand. The observations recorded in
the present investigation have been presented and discussed under the following

headings:

4.1 To ascertain the incidence of major insect pests and their natural enemies on

soybean in major districts of Uttarakhand

4.2  To study the effect of soybean and other hosts based artificial diet on growth

and development of tobacco caterpillar Spodoptera litura

43  To study the field resistance of tobacco caterpillar Spodoptera litura to

insecticides in major districts of Uttarakhand

4.4  To study the field efficacy and economics of major insecticides against tobacco

caterpillar Spodoptera litura on Soybean

4.1 To ascertain the incidence of major insect pests and their natural enemies
on soybean in major districts of Uttarakhand

The survey was conducted in different locations of U.S. Nagar, Almora, Nainital,
Pauri Gharwal, Uttarakashi, New Tehri, Haridwar, Pithoragarh and Champawat districts
during kharif, 2017 for assessment of incidence and severity of leaf eating caterpillars
and stem fly in soybean and also recorded insecticides used during the crop and natural

enemies/mrl. The data pertaining to survey was presented under.
4.1.1Roving survey of soybean insect pests and their natural enemies

The detailed survey results of soybean insect pests of each district are presented

in following paragraphs (Table no. 4.1).
4.1.1.1 U. S. Nagar District

Survey was carried out in different locations viz., Pantnagar, Sirsa, Darau,

Kashipur, Gadarpur and Dineshpur during 2017 and the results indicated that the
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incidence of the defoliators/mrl was ranged from 1.0 (chrysomelid beetle, Dineshpur)
to 6.4 (Spodoptera oblique, Pantnagar). S. litura incidence was highest in pantnagar
(6.2) and lowest in kashipur and sirsa (2.5). The incidence of T. acuta was found to be
maximal at Pantnagar and Dineshpur (4.2) and it was minimal at Darau (2.0). The mean
values of S. litura, S. oblique, T. acuta and Chrysomelid beetles was 3.8, 4.7, 3.2 and

2.0, respectively.

Stem fly incidence ranged from 14.6 per cent (Gadarpur) to 60.2 per cent
(Pantnagar) and mean was 29.6 per cent. The white fly/ 3 leaves incidence on soybean
ranged from 2.4 (Gadarpur) to 10.8 (Pantnagar) and mean was 5.7. Jassid/ 3 leaves
were recorded highest in Gadarpur (3.6) and lowest in Sirsa (2.1) and the mean
recorded was 2.8. The girdle beetle per cent infestation was ranged between 1.4

(Kashipur) to 8.9 (Patnagar) and mean was 3.9.

The natural enemies per meter row length was recorded highest at Pantnagar
(6.5, Lady bird beetle) and lowest at Dineshpur (1.5, Spiders).The mean values of lady

bird beetle, Eucanthacona bug and spiders was 3.6, 3.3 and 2.9, respectively.
4.1.1.2 Nainital

Survey was carried out in different locations viz., Haldwani, Kaladungi,
Ramnagar, Bhimtal, Navagaon and Khairna during 2017 and the results indicated that
the incidence of the The defoliators/mrl was ranged from 2.3 (7. acuta, Bhimtal and
Khairna) to 6.4 (S.litura, Nayagaon). The incidence of S. obliqgua was found to be
maximum at Haldwani (5.5) and was minimal at Khairna (3.4). The incidence of
chrysomelid beetle was highest in Kaladhungi (6.0) and lowest in Haldwani (2.6). The
mean values of S. litura, S. oblique, T. acuta and chrysomelid beetles was 5.1, 4.3, 3.2

and 4.4, respectively.

Stem fly incidence ranged from 13.4 per cent (Bhimtal) to 18.9 per cent
(Haldwani and Kaladhungi) and mean was 16.3 per cent. The white fly/ 3 leaves
incidence on soybean ranged from 3.1 (Khairna) to 13.1 (Kaladhungi) and mean was
6.5. Jassid/ 3 leaves were recorded highest in Kaladhungi (6.1) and lowest in Ramnagar
(2.1) and the mean recorded was 3.5. The girdle beetle per cent infestation was ranged

between 2.1 (Bhimtal) to 8.8 (Kaladhungi) and mean was 5.5.
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The natural enemies per meter row length was recorded highest at Kaladhungi
(6.9, Lady bird beetle) and lowest at Khairna (1.6, Spiders).The mean values of lady

bird beetle, Eucanthacona bug and spiders was 5.3, 4.0 and 2.4 respectively.
4.1.1.3 Almora

Survey was carried out in different locations viz., Majera, Hawalbagh, Matela,
Dwarahat, Ranikhet and Majkhali during 2017 and the results indicated that the
incidence of the defoliators/mrl was ranged from 2.4 (T. acuta, Matela and Dwarahat)
to 6.7 (Chrysomelid beetle, Majera). S. litura incidence was highest in Majera (6.4) and
lowest in Matela (3.4). The incidence of S. obliqgue was found to be maximum at
Hawalbagh (6.4) and was minimal at Ranikhet (2.9). The mean values of S. litura, S.

oblique, T. acuta and chrysomelid beetles was 4.3, 4.4, 3.1 and 4.9, respectively.

The incidence of stem fly ranged from 12.1 per cent (Matela) to 14.3 per cent
(Ranikhet) and mean was 13.2 per cent. The white fly/ 3 leaves incidence on soybean
was ranged from 2.2 (Matela) to 6.4 (Ranikhet) and mean was 3.7. Jassid/ 3 leaves
were recorded highest in Hawalbagh (6.1) and lowest in Matela (2.3) and the mean
recorded was 3.8. The girdle beetle per cent infestation was ranged between 2.3

(Matela) to 4.1 (Dwarahat) and mean was 3.2.

The natural enemies per meter row length was recorded highest at Dwarahat and
Ranikhet (6.1, Eucantha bug) and lowest at Majkhali (1.6, Spiders).The mean values of

lady bird beetle, Eucanthacona bug and spiders was 3.8, 4.2 and 3.1, respectively.
4.1.1.4 Champawat

Survey was carried out in different locations viz., Tanakpur, Banbasa,
Champawat, Lohaghat, Ghat and Barakot during 2017 and the results indicated that the
incidence of the defoliators/mrl was ranged from 0.0 (S. obliqua, Banbasa) to 4.6 {S.
litura (Lohaghat) and Chrysomelid beetle (Tanakpur)}. T. acuta incidence was highest
in Barakot (3.2) and lowest in Tanakpur (2.1). The incidence of chrysomelid beetles
was found to be maximum at Tanakpur and Champawat (4.6) and was minimal at
Bambasa and Lohaghat (2.1). The mean values of S. litura, S. obliqua, T. acuta and

chrysomelid beetles was 3.6, 3.2, 2.6 and 3.2, respectively.
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Stem fly ranged from 2.6 per cent (Barakot) to 6.5 per cent (Tanakpur) and
mean was 3.9 per cent. The white fly/ 3 leaves incidence on soybean was ranged from
2.1 (Lohaghat) to 5.6 (Banbasa) and mean was 3.5. Jassid/ 3 leaves were recorded
highest in Tanakpur and Lohagat (3.4) and lowest in Banbasa (2.1) and the mean
recorded was 2.9. The girdle beetle per cent infestation was ranged between 2.1

(Lohaghat) to 5.3 (Tanakpur) and mean was 3.3.

The natural enemies per meter row length was recorded highest at Tanakpur
(3.9 Lady bird beetle) and lowest at Barakot (1.1, Spiders). The mean values of lady

bird beetle, Eucanthacona bug and spiders was 3.2, 2.5 and 2.1, respectively.
4.1.1.5 Pithoragarh

Survey was carried out in different locations viz., Gaina, Chandak, Gurna,
Aicholi and Pithoragarh during 2017 and the results indicated that the incidence of the
defoliators/mrl was ranged from 0.0 (S. oblique, Bambasa) to 4.6 {S. litura (Lohaghat)
and Chrysomelid beetle (Tanakpur)}. T. acuta incidence was highest in Barakot (3.2)
and lowest in Tanakpur (2.1). The incidence of chrysomelid beetle was found to be
maximum at Tanakpur and Champawat (4.6) and was minimal at Banbasa and
Lohaghat (2.1). The mean values of S. litura, S. oblique, T. acuta and chrysomelid
beetles was 3.6, 3.2, 2.6 and 3.2, respectively

Stem fly incidence ranged from 2.4 per cent (Aicholi) to 3.9 per cent (Gaina)
and mean was 3.34 per cent. The white fly/ 3 leaves incidence on soybean was ranged
from 2.1 (Pithoragarh) to 4.1 (Gaina) and mean was 3.00. Jassid/ 3 leaves were
recorded highest in Pithoragarh (4.6) and lowest in Gaina and Chandak (2.4) and the
mean recorded was 2.88. The girdle beetle per cent infestation was ranged between 2.4

(Gaina) to 3.7 (Pittorogarh) and mean was 3.34.

The natural enemies per meter row length was recorded highest at Pithoragarh
(3.8 Lady bird beetle) and lowest at Aicholi (1.9, Spiders). The mean values of lady

bird beetle, Eucanthacona bug and spiders was 3.2, 2.36 and 2.12 respectively.
4.1.1.6 Pauri Gharwal

Survey was carried out in different locations viz., Kotdwara, Dogadda, Ghumkal,

Satpuli, Pauri and Srinagar during 2017 and the results indicated that the incidence of the
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defoliators/mrl was ranged from 2.1 (7. acuta, Kotdwara) to 4.6 (Chrysomelid beetle,
Ghumkal). S. litura incidence was highest in Ghumkal (3.0) and lowest in Dogadda and
Satpuli (2.4). The incidence of S. oliquewas found to be maximum at Srinagar (3.8) and
was minimal at Ghumkal (2.1). The mean values of S. litura, S. oblique, T. acuta and

chrysomelid beetles was 2.6, 3.1, 2.5 and 4.1 respectively.

Stem fly incidence ranged from 4.9 per cent (Srinagar) to 18.70 per cent
(Dogadda) and mean was 12.0 per cent. The white fly/ 3 leaves incidence on soybean
was ranged from 2.1 (Dogadda) to 3.1 (Satpuli) and mean was 2.50. Jassid/ 3 leaves
were recorded highest in Pauri (3.9) and lowest in Ghumkal (2.5) and the mean
recorded was 3.20. The girdle beetle per cent infestation was ranged between 2.4

(Kotdwara) to 7.5 (Srinagar) and mean was 4.30.

The natural enemies per meter row length was recorded highest at Srinagar
(4.4 Lady bird beetle) and lowest at Ghumkal (1.4, Spiders). The mean values of lady
bird beetle, Eucanthacona bug and spiders was 3.0, 3.1 and 2.4, respectively.

4.1.1.7 New Tehri

Survey was carried out in different locations viz., Chamba, Ranichauri,
Maletha, Jamnikhal, Farkot and Tipri during 2017 and the results indicated that the
incidence of the defoliators/mrl was ranged from 1.2 (S. litura, Tipri) to 6.4
(Chrysomelid beetle, Chamba). T. acuta incidence was highest in Ranichauri (3.2) and
lowest in Tipri (2.1). The incidence of S. oliqgue was found to be maximum at
Ranichauri (4.3) and was minimal at Chamba (2.4). The mean values of S. litura,

S. oblique, T. acuta and chrysomelid beetles was 2.9, 3.4, 2.6 and 5.1, respectively.

Stem fly incidence ranged from 6.4 per cent (Farkot) to 15.60 per cent
(Chamba) and mean was 11.4 per cent. The white fly/ 3 leaves incidence on soybean
was ranged from 2.3 (Maletha and Jamnikhal) to 3.5 (Tipri) and mean was 2.9. Jassid/
3 leaves were recorded highest in Jamnikhal (3.8) and lowest in Tipri (2.3) and the
mean recorded was 3.1. The girdle beetle per cent infestation was ranged between 2.7

(Farkot) to 11.3 (Chamba) and mean was 6.20.

The natural enemies per meter row length was recorded highest at Chamba (4.2,
Lady bird beetle) and lowest at Ranichauri(2.0, Spiders). The mean values of lady bird

beetle, Eucanthacona bug and spiders were 3.4, 3.0 and 2.4, respectively.
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4.1.1.8 Uttarakashi

Survey was carried out in different locations viz., Chilyanisaur, Dhanpur, Nagni
and Dharasu during 2017 and the results indicated that the incidence of the
defoliators/mrl was ranged from 1.1 (S. litura, Dharasu) to 6.4 (Chrysomelid beetle,
Nagni). T. acuta incidence was highest in Nagni (3.1) and lowest in Dharasu (1.4). The
incidence of S. oliqua was found to be maximum at Dhanpur (3.5) and was minimal at
Nagni (2.1). The mean values of S. litura, S. obliqua, T. acuta and chrysomelid beetles

was 2.9, 2.9, 2.3 and 4.5, respectively.

Stem fly incidence ranged from 2.4 per cent (Chilyanisaur) to 13.60 per cent
(Dhanpur) and mean was 5.7 per cent. The white fly/ 3 leaves incidence on soybean
was ranged from 2.3 (Dharasu) to 4.3 (Dhanpur) and mean was 3.1. Jassid/ 3 leaves
were recorded highest in Dharasu (3.7) and lowest in Chilyanisaur (2.2) and the mean
recorded was 2.7. The girdle beetle per cent infestation was ranged between 2.3(Nagni)

t010.7 (Dhanpur) and mean was 5.1.

The natural enemies per meter row length was recorded highest at Dharasu (4.6
Lady bird beetle) and lowest at Nagni (1.9, Spiders). The mean values of lady bird

beetle, Eucanthacona bug and spiders was 3.6, 2.9 and 2.3, respectively.
4.1.1.9 Haridwar

Survey was carried out in different locations viz., Roorkee, Laksar, Sultanpur,
Podawali and Khanpur during 2017 and the results indicated that the incidence of the
defoliators/mrl was ranged from 2.1 (7. acuta, Laksar) to 4.6 (Chrysomelid beetle,
Khanpur). S. litura incidence was highest in Laksar (3.5) and lowest in Roorkee and
Podwali (2.6). The incidence of S. oligue was found to be maximum at Podwali (4.6)
and was minimal at Sultanpur (2.1). The mean values of S. litura, S. obliqua, T. acuta

and chrysomelid beetles was 3.02, 3.5, 2.68 and 3.22, respectively.

Stem fly incidence ranged from 13.2 per cent (Roorkee) to 23.4 per cent
(Khanpur) and mean was 19.04 per cent. The white fly/ 3 leaves incidence on soybean
was ranged from 3.1 (Laksar and Podawali) to 4.5 (Khanpur) and mean was 4.08.
Jassid/ 3 leaves were recorded highest in Sultanpur (2.9) and lowest in Podwali (1.2)
and the mean recorded was 2.24. The girdle beetle per cent infestation was ranged

between 1.4 (Podwali) to 5.6 (Khanpur) and mean was 2.92.
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Table No. 4.1: Incidence of insect pests of soybean and their natural enemies in major districts of Uttarakhand

District Location Host Previous | Insecticide used Insecticide Defoliators/mrl White | Jassid/3 Stem fly Girdle beetle Naturalenemies/mrl
crop Majorly used S. S. T. Chrysomeli | fly/3 | leaves | (%infestation) | (%infestation) | Lady | Eucanthacona | Spiders
litura | obliqua | acuta d beetle leaves bird bug
beetle
Pantnagar Soybean | Wheat Coragen Many 54 6.4 4.2 3.1 10.8 34 60.2 8.9 4.2 59 4.1
Pantnagar Soybean | Peas Indoxacarb Many 6.2 5.8 34 24 5.6 2.4 30.2 5.6 6.5 4.5 3.7
U. S. Nagar Sirsa Soybean | Wheat - 4.1 5.1 2.6 1.0 8.5 2.1 404 4.1 4.8 3.5 34
Darau Urd Mustard | _ Imidachloprid 3.1 2.6 2.0 24 4.8 32 25.4 2.3 24 24 3.1
Kashipur Wheat Coragen Nuvan 2.5 7.1 2.4 3.1 4.6 2.5 16.8 14 2.8 2.9 2.1
Gadarpur Urd Wheat Monocrotophos - 2.8 2.0 3.7 1.2 24 3.6 14.6 2.6 2.1 2.1 2.2
Dineshpur Soybean | Wheat - - 2.5 3.6 4.2 1.0 3.5 2.4 19.7 2.3 2.1 2.0 1.5
Mean 3.8 4.7 3.2 2.0 5.7 2.8 29.6 39 3.6 33 29
Haldwani Soybean | Wheat Coragen Many 4.6 5.5 4.1 2.6 7.1 3.8 18.9 6.4 55 6.4 2.1
Kaladungi Soybean | - Indoxacarb Many 5.9 4.1 3.5 6.0 13.1 6.1 18.9 8.8 6.9 4.6 34
Nainital Ramnagar | Soybean | Potato _ - 6.1 4.1 3.6 5.1 9.1 2.1 16.4 7.4 5.4 3.1 2.1
Bhimtal Urd Mustard | _ Imidachloprid 4.6 4.6 2.3 4.1 2.6 3.1 14.1 2.1 6.2 3.8 2.3
Nayagaon Wheat Coragen Nuvan 6.4 42 3.1 49 3.8 34 134 3.6 4.6 3.6 24
Khairna 32 34 2.3 3.5 3.1 24 16.2 4.5 32 24 2.3
Mean 5.1 43 3.2 44 6.5 3.5 16.3 5.5 53 4.0 24
Majera Soybean | Wheat Coragen Many 6.4 4.3 3.1 6.7 3.6 4.1 13.6 24 24 3.6 34
Hawalbagh | Soybean | - Indoxacarb Many 4.6 6.4 34 4.1 34 6.1 12.4 34 5.6 4.1 34
Matela Soybean | Wheat - - 34 34 2.4 2.4 22 2.3 12.1 2.3 3.1 2.6 3.6
Almora Dwarahat Soybean | Mustard | - - 3.7 5.2 24 3.1 4.3 3.6 13.6 4.1 3.5 6.1 3.1
Ranikhet Urd Wheat - - 4.1 29 3.6 6.4 6.4 3.4 13.1 3.6 5.1 6.1 32
Majkhali Urd Wheat Nuvan Nuvan 3.6 4.1 34 6.4 24 3.1 14.3 3.2 3.2 2.6 1.6
Mean 4.3 44 3.1 4.9 3.7 3.8 13.2 3.2 3.8 4.2 3.1
Tanakpur Soybean | Wheat Coragen - 3.1 3.5 2.1 4.6 3.8 34 6.5 5.3 3.9 2.3 2.1
Banbasa Soybean | Cabbage | Imidachloprid Imidachloprid 3.6 0.0 22 2.1 5.6 2.1 4.0 2.4 2.7 34 2.1
Champawat Champawat | Bhatt Cabbage | Nuvan Nuvan 3.8 4.5 2.8 4.6 3.6 3.1 2.8 34 34 2.9 3.0
Lohaghat Urd Wheat - Many 4.6 3.8 2.7 2.1 2.1 34 4.1 2.1 34 2.0 22
Ghat Soybean | Wheat Nuvan Nuvan 34 43 2.3 34 34 2.4 34 4.1 3.1 24 2.1
Barakot Soybean | Potato Nuvan Nuvan 3.2 2.8 32 24 24 3.1 2.6 2.3 2.4 2.1 1.1
Mean 3.6 3.2 2.6 3.2 3.5 29 3.9 33 3.2 2.5 2.1
Gaina Soybean | Wheat Imidachloprid Imidachloprid 4.1 32 34 4.1 4.1 2.1 39 4.1 2.1 2.4 1.8
Thiomethoxam
Chandak Urd Wheat Nuvan Nuvan 23 3.1 24 4.6 3.1 24 3.1 24 3.6 2.1 24
Pittoragarh Gurna Soybean | Wheat Nuvan Nuvan 3.3 2.6 2.7 3.8 3.4 2.4 4.6 3.1 3.1 2.4 2.0
Aicholi Soybean | Wheat - - 2.7 33 29 39 23 29 24 34 34 2.1 19
Pittoragarh | Soybean | Cabbage 34 29 34 24 2.1 4.6 2.7 3.7 3.8 2.8 2.5
Mean 3.16 3.02 | 296 3.76 3 2.88 3.34 3.34 3.2 2.36 2.12




Table No. 4.1: Contd...

District Location Host Previous | Insecticide used | Insecticide Defoliators/mrl ‘White | Jassid/3 Stem fly Girdle beetle Naturalenemies/mrl
crop Majorly used S. S. T. | Chrysomeli lgzzzs leaves | (%infestation) | (%infestation) Lady | Eucanthacona | Spiders
litura | obliqua | acuta d beetle bird bug
beetle
Kotdwara Soybean | Wheat Coragen Many 2.8 29 2.1 34 2.7 34 12.9 2.4 34 2.6 2.1
Pauri Dogadda Soybean | Peas Indoxacarb Many 2.4 33 2.6 43 2.1 33 18.7 3.8 2.9 2.6 1.6
Gharwal Ghumkal Soybean | Wheat _ - 3.0 2.1 2.7 4.6 24 25 12.8 3.6 2.7 34 14
Satpuli Urd Mustard _ Imidachloprid 2.4 35 2.4 2.8 3.1 2.8 12.1 23 3.1 24 29
Pauri Wheat Coragen Nuvan 2.6 29 2.6 39 24 39 10.3 59 2.8 4.1 24
Srinagar Urd Wheat Monocrotophos - 2.7 3.8 2.4 53 2.4 35 49 7.5 4.4 35 3.8
Mean 2.6 31 2.5 4.1 2.5 32 12.0 4.3 3.0 31 24
Chamba Soybean | Wheat Coragen Many 25 2.4 29 6.4 34 2.6 15.6 11.3 4.2 23 29
Ranichauri Soybean | - Indoxacarb Many 14 43 32 5.3 32 2.6 12.3 8.6 32 2.1 2.0
Tehri Maletha Soybean | Potato _ - 2.6 32 2.4 5.6 2.3 34 9.2 6.3 2.6 4.3 2.8
Garhwal
Jamnikhal Urd Mustard _ Imidachloprid 2.3 32 2.6 4.1 2.3 3.8 12.3 2.9 3.6 4.1 2.3
Farkot Wheat Coragen Nuvan 2.6 35 2.4 4.6 2.8 3.6 6.4 2.7 3.5 24 2.3
Tipri Soybean | Wheat Nuvan Nuvan 1.2 3.6 2.1 4.5 35 23 123 5.1 32 2.8 2.1
Mean 29 34 2.6 51 29 31 114 6.2 34 3.0 24
Chilyanisaur | Soybean | Wheat Coragen Many 3.6 2.5 2.4 5.1 2.6 22 24 39 34 2.6 2.4
Dhanpur Soybean | - Indoxacarb Many 4.0 35 24 2.6 4.3 2.4 13.6 10.7 29 34 2.6
Uttarakashi Nagni Soybean | Wheat - - 3.1 2.1 3.1 6.4 3.1 2.6 4.1 23 34 23 1.9
Dharasu Soybean | Mustard - - 1.1 34 14 39 23 37 2.6 35 4.6 33 24
Mean 29 29 2.3 4.5 3.1 2.7 57 51 3.6 29 23
Roorkee Soybean | Wheat Coragen - 2.6 32 2.4 34 6.1 23 13.2 24 34 23 1.2
Laksar Soybean | Cabbage Imidachloprid 35 3.1 2.1 34 3.1 24 16.6 2.6 3.1 23 24
Haridwar Sultanpur Bhatt Cabbage Nuvan 32 | 21 | 35 24 36 29 21.4 26 32 2.1 2.1
Podawali Urd Wheat Many 2.6 4.6 25 23 3.1 1.2 20.6 1.4 2.6 2.7 2.1
Khanpur Soybean | Wheat Nuvan 3.2 4.5 29 4.6 4.5 24 234 5.6 34 23 2.6
Mean 3.02 35 2.68 3.22 4.08 2.24 19.04 2.92 3.14 2.34 2.08




The natural enemies per meter row length was recorded highest at Roorkee and
Khanpur (3.4, Lady bird beetle) and lowest at Roorkee (1.2, Spiders). The mean values
of lady bird beetle, Eucanthacona bug and spiders was 3.14, 2.34 and 2.08 respectively.

4.2 To study the effect of soybean and other hosts based artificial diet on growth
and development of tobacco caterpillar Spodoptera litura

The present investigation was carried out in Soybean Laboratory, Department of
Entomology, G. B. P. U. A. & T Pantnagar. The data was recorded on the biological
parameters, including both immature and mature adult stage of S. litura fed on the said
diets (Table no. 3.2.2). Almost same trend of the collected data was observed in Ist,
2nd and 3rd replication of S. litura. Therefore, only the average mean data regarding

the overall 3 replications have been presented.
4.2.1 Effect of diet-1 diet-2, diet-3, diet-4 and diet-5 on S. litura

The results of the present study on duration of life stages of S. litura are given
in Table no. 4.2.1. Mean number of days taken by the first instar larva was 2.16 days on
diet 2 and it was significantly on par with S. litura raised on diet 1 with duration of 2.4
days. However, duration of 1st instar larvae taken on diet 3, 4 and 5 were 3.28, 3.2and
3.43 days and was significantly different with other two natural diets. The larva raised
on artificial diet-2 showed a duration of 2.16 days which was significantly varied with
all other diets tested except artificial diet-1. Second instar larvae showed duration of
2.39, 2.16 and 3.2 days on chickpea, soybean and castor leaves respectively and are
significantly different. Whereas, larvae reared on artificial diet-5 showed duration of
3.8 days and it was on par with castor (3.28). However, diet-2 showed a reduced

duration of 2.16 days and found to be effective when compared to other diets.

Third instar larvae reared on soybean leaf registered duration of 2.2 days and is
found to be significantly different. Larval duration of 3.93, 3.23 and 4.06 were
documented with black gram, chickpea and diet-5 and were statistically on par with
each other. Larva reared on artificial diet-2 showed duration of 2.2 days and was on par
with diet-2 (2.23days). Larval duration of 4th instar S. litrura was significantly higher on
diet-5 and black gram leaves with 4.7 and 3.73 days respectively. Whereas, larvae raised on

chickpea, soybean, and castor showed duration of 3.43, 3.33 and 3.03 respectively and
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Table No. 4.2.1: Growth & Survival parameters of S. litura (Mean + SD¥*) under different diet formulations

Biological Parameters Diet I Diet IT Diet III Diet IV Diet V CD
Egg period 2.13+0.55 2.8+061 3.23+0.25 2.8+0.15 2.5+0.26 NS
Ist instar 2.4+0.85 2.17+0.15 3.28+0.30 3.2+0.1 3.43+0.21 0.749
2nd instar 2.39+0.25 3.2+0.26 3.63+0.57 2.5+0.15 3.83+0.25 0.600
3rd instar 3.23+0.25 2.2+0.26 2.33+0.29 3.9+0.25 4.07+0.38 0.529
4th instar 3.43+0.21 3.3340.15 3.03+0.35 3.7+0.21 4.740.26 0.448
Sth instar 3.3+0.44 3.03+0.06 3.53+0.45 3.5+0.15 5.0£0.15 0.542
6th instar 2.83+0.29 2.37+0.23 3.43+0.50 4.0+£0.47 4.6+0.15 0.649
Pre-Pupal period 3.21+£0.27 3.1+0.1 2.53+0.55 3.7+0.21 3.3+068 NS
Pupal period 10.7+£0.53 8.95+0.93 10.74+0.71 12.5+1.0 14.1+1.18 1.635
Adult life span 3.5+0.5 4.5£0.5 3.25+0.25 4.1£0.36 5.6+0.81 0.944
% Pupation 83.35 89.15 82.34 75.23 89.36 -
% Survival 74.32 81.23 85.32 64.31 55.21 -
Larval growth index 4.74 5.47 4.28 3.61 3.49

Total Development Index 2.00 2.28 2.19 1.46 1.08




were statistically on par. Mean number of days taken for Sth instar S. litura was
3.00and 3.3 days respectively on soybean and chickpea and were on par with each
other. Whereas, larva rose on castor and black gram leaf showed a duration of 3.53
days which was statistically on par with diet-5 (4.96). Agar (diet-5) registered highest
larval duration for 6th instar S. lifura with 4.63 days and was on par with black gram
(3.96 days). Duration registered on soybean leaf was 2.36 days and was on par with
diet-1 (2.83 days). Lowest duration was documented for diet-2 (2.36) and is
significantly different with other diets tested. Total mean larval duration was found to
be highest in larvae raised on Agar (diet-5) (25.63) followed by black gram (20.83) and
were significantly different. Whereas, duration documented for diet-1 and castor leaf
raised larvae are 17.59 and 19.25 respectively and were statistically on par. Lowest

mean larval duration was recorded for diet-2 with 16.3 days and was statistically

significant.
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Fig. No. 4.2.1 Total larval period of S. litura on different artificial diets

Highest pre-pupal duration was recorded under black gram leaf with 3.73 days
followed by diet-5 which was found to be 3.26 days and is on par with chickpea (3.21)
and soybean (3.1). Whereas, diet-3 documented pre-pupal duration of 2.58 days and
they were statistically different. Pupal duration was highest in larva raised on agar with

14.13 days followed by blackgram with 12.5 days and diet-2 with 8.95 days. Pupal
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duration of S. litura raised on chickpea was significantly on par with both castor and
diet-3. Highest adult period of 7.44days was recorded in S. [litura raised on diet-2
followed by castor with 6.16 days and diet-1 with 5.83 days and were statistically on
par with diet-2. Adult period recorded on diet-5 was 5.60 days and was on par with
diet-2 (4.5). Incubation period was found to be higher in S. [itura raised on castor (3.23)
followed by soybean with 2.8 days and diet-4 with 2.7 days and is statistically equal
with diet-5. Incubation period recorded with diet-2 and castor was 3.25 days and 3.16
days respectively and was statistically equal. Total life cycle period was highest for
S. litura raised on agar with 51.1 days. Black gram and castor recorded next highest
duration of 43.93 days and 39.03 days. Total life cycle period of 37.13 and 35.65 was

recorded for S. litura raised on diet-1 and diet-2 and were statistically on par.
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Fig No. 4.2.2: Total life cycle duration of S. litura on different artificial diets

4.2.2 Growth and Development indices

The larval growth index was 5.46 for diet-2 followed by 4.73, 4.27, 3.61 and
3.48 respectively for S. litura raised on diet-1, castor, black gram and agar based
artificial diets. The developmental index was also higher in diet-2 (2.27) followed by
castor based artificial diet (2.18), diet-1 (2.00), black gram based artificial diet (1.46)
and diet-5 (1.07).
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The development of artificial diets, pioneered by Vanderzant et al. (1962)
facilitated the continuous production of insects. Since then, several species of dipterans,
lepidopterous and coleopterans have been successfully reared under controlled
laboratory conditions. In the present study, in order to guarantee a continuous and
adequate supply of larvae, an effort was made to standardize a viable rearing technique.
Initially, the artificial diet (Diet-1) was prepared based on the procedure described by
Saljoqi et al. (2015). Further, diet-2, 3, 4 and 5 were standardized by slightly
modifying the procedure and composition of diet-1 to increase its palatability (Table 2).
Total larval period documented for S. lifura reared on modified diet was 16.3 days and
is comparatively lower with 17.2 days and 15.08 days reported by Saljoqi et al (2015)
on bean based and gram based artificial diets. Present study is in coordination with
Sorour ef al., 2011 who reported a total larval duration of S. littoralis (13.78) days on
bean based artificial diet. Total developmental index reported by Gupta et al. (2005)
and Diwakara and Manjulakumari, (2015) were 2.84 and 1.95 which were in
accordance with the present soybean based oligidic diet where total developmental
index recorded was 2.28. Soybean is one of the most favorite foods of S. litura next to
the castor, whose composition is very essential especially for skeleton build-up process

of its early instars.

However, large scale mass rearing on any natural diet is very laborious process
with high risk of infections. Hence, in the present study an attempt was made by mixing
dried soybean leaf powder with traditional artificial diet ingredients. The effectiveness
of artificial diets was assayed in terms of palatability and time taken for completion of
various life stages of S. litura. Rearing of larvae of S. litura in artificial diet was
successful and the number of days taken to complete the total larval period (Fig. no.
4.2.1) is lower in larvae raised in diet-2 followed by diet-1. However, total life cycle
was significantly lesser in both the diets tested than populations rose on other artificial
diets viz., castor, black gram and agar (Fig. No.4.2.2). Survival percentage and total
growth index were also highest in S. litura raised on diet-3 followed by larvae raised on

diet-1 and soybean based artificial diet (diet-2).
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4.3  Field resistance of tobacco caterpillar Spodoptera litura to insecticides in
major districts of Uttarakhand state are presented and discussed as below

The present investigation aimed to monitor level of different insecticidal
toxicity against third instar larvae of S. litura (Fab.). The larvae were collected from
different locations of Uttarakhand state during 2016-17 and 2017-18 and leaf dip
method of bioassay was carried out to know median lethal concentration (LC sy) of
insecticides. For different insecticides malformed larvae and shrinked larvae were

considered as dead ones and results were presented in Table 4.3.1-4.3.10.
4.3.1. Udham Singh Nagar

After 24 HAF with various insecticides tested against third instar larvae,
Emamectin benzoate 5G was found to be more toxic (Table No. 4.3.1), with LC 50
value of 0.000252% followed by Chlorantraniliprole (Coragen) (0.000428%),
Chlorantraniliprole (Coragen) (0.000428%) Indoxacarb 15.8 EC (0.000434%),
Spinosad 45EC (0.000514%) dichlorvos 45SC (0.001202%), Lambda cyhalothrin 5 EC
(0.001289% Flubendiamide 480 SC (0.003353%) and Lufenuron 5 EC (0.010174%).
The least toxicity was recorded by Imidacloprid 17.5 SC (0.034620%).

In other quarters, order of toxicity of various insecticides against third instar
larvae is as follows Emamectin benzoate 5G > Chlorantraniliprole 18.5 SC >
Indoxacarb 15.8 EC > spinosad 45 SC > Dichlorvos 45SC > Lambda cyhalothrin 5 EC
> Flubendiamide 480 SC > Lufenuron 5 EC > Imidacloprid 17.5 SC.

At 48 HAF, Emamectin benzoate 5G was found to be most toxic with LC 50
value of 0.000118%, followed by Spinosad 45EC (0.000168%), Indoxacarb 15.8 EC
(0.000210%) Chlorantraniliprole (Coragen) (0.00028031%) Lambda cyhalothrin 5 EC
(0.000414%), Dichlorvos 45SC (0.000641%), Flubendiamide 480 SC (0.002063%) and
Imidacloprid 17.5 SC (0.002571%). Lufenuron 5 EC (0.005986%) was found to be

least toxic against the larvae.

In other quarters, the order of toxicity of various insecticides against the third
instar larvae of S. litura (Fab.) based on median lethal concentration (LCsg) is as
follows, Emamectin benzoate 5G > spinosad 45 SC > Indoxacarb 15.8 EC >
Chlorantraniliprole (Coragen) > Lambda cyhalothrin 5 EC > Dichlorvos 45SC >
Flubendiamide 480 SC> Imidacloprid 17.5 SC > Lufenuron 5 EC.

Results and Discussion.........~



Table 4.3.1: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of

Udham Singh Nagar population at 24, 48 and 72 HAE
Insecticides HAE Chi square Regres.sion Fiducial limits at LCs,
(Trade name) (hr.) LC Values (%) equation
LC;, LCs, LCy, Y=a+bx Lower Upper
Chlorantraliniprole 24 0.000123 0.000428 0.009254 0.622776 Y=4.266+0.174x 0.000262 0.017936
(Coragen) 48 0.000098 0.000282 0.00369842 0.789473 Y=4.342+0.20x 0.000163 0.000554
72 0.000026 0.000091 0.001673 1.115516 Y=4.893+0.189x 0.000232 0.000165
Indoxacarb 15.8 EC 24 0.000120 0.000434 0.010286 0.379314 Y=4.383+0.171x 0.000262 0.596434
48 0.000072 0.000210 0.002924 0.940034 Y=4.489+0.205x 0.000079 0.000332
72 0.000064 0.000159 0.001500 1.159289 Y=4.561+0.241x 0.000057 0.000230
Lamdacyhalothrin 24 0.000195 0.001289 0.134357 0.978875 Y=4.177+0.176x 0.000592 27.544730
5 EC 48 0.000068 0.000414 0.036034 0.564598 Y=4.480+0.179x 0.000095 0.001315
72 0.000026 0.000136 0.007870 1.439873 Y=4.746+0.208x 0.000003 0.000281
Spinosad 45EC 24 0.000057 0.000514 0.116636 0.078701 Y=4.379+0.155x 0.000210 5.451344
48 0.000023 0.000168 0.021807 0. 2195106 Y=4.703+0.122x 0.000009 0.000391
72 0.000008 0.000050 0.005040 1.095299 Y=4.887+0.193x 0.000000 0.000127
Dichlorovas 45SC 24 0.000325 0.001202 0.030141 1.006745 Y=4.166+0.167x 0.000684 0.002500
48 0.000186 0.00064 1 0.013511 0. 2571047 Y=4.397+0.172x 0.000354 0.003558
72 0.000090 0.000326 0.007749 0. 2324760 Y=4.796+0.114x 0.000006 0.000540
[Emamectin 24 0.000027 0.000252 0.063770 0.274241 Y=4.350+0.187x 0.000092 0.002036
benzoate 5G 48 0.000012 0.000118 0.031007 0.274934 Y=4.542+0.181x 0.000014 0.000331
72 0.000006 0.00004 1 0.004254 1.430205 Y=4.694+0.234x 0.000013 0.000134
Imidachloprid 17.5 SC 24 0.000351 0.034620 0.04231 0. 2471538 Y=4.222+0160x 0.001829 0.6554429
48 0.000035 0.002571 0.006213 1.469490 Y=4.437+0.187x 0.000104 0.069415
72 0.000026 0.001318 0.003124 0. 6151048 Y=4.516+0.190x 0.000263 0.006598
[Flubendiamide 480SC 24 0.000646 0.003353 0. 1928799 0.093920 Y=4.344+0.094x 0.001755 0.4467327
48 0.000368 0.002063 0. 1436385 0.9951012 Y=4.420+0.170x 0.000815 0.030210
72 0.000100 0.000620 0.055156 0. 3995481 Y=4.800+0.159x 0. 000796 0.001305
Lufenuron SEC 24 0.003159 0.010174 0. 1810637 0.791570 Y=4.149+0.184x 0.006293 0.3269547
48 0.002144 0.005986 0.074953 1.478450 Y=4.292+0.213x 0.003715 0.012556
72 0.000957 0.002746 0.036753 0. 4337042 Y=4.701+0.205x 0.000414 0.004260

Mean larval wt.=0.0232g/larva (23.2 mg)
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Fig. 4.3.1 Dosage-mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of U. S. Nagar population
by leaf dip bioassay method
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At 72 HAF, the most toxic insecticide was Emamectin benzoate 5G with LCs
value of 0.000041% followed by Spinosad 45EC (0.000050%), Chlorantraniliprole
(Coragen) (0.000091%) Lambda cyhalothrin 5 EC (0.000136%), Indoxacarb 15.8 EC
(0.000159%), Dichlorvos 45SC (0.000326%) Flubendiamide 480 SC (0.000620%) and
Imidacloprid 17.5 SC (0.001318%). The least toxicity was recorded by Lufenuron 5 EC
(0.002746%).

In other quarters, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5G> spinosad 45 SC. > Chlorantraniliprole (Coragen) >Lambda
cyhalothrin 5 EC> Indoxacarb 15.8 EC> Dichlorvos 45SC > Flubendiamide 480 SC>
Imidacloprid 17.5 SC> Lufenuron 5 EC.

Resistance ratio of S. [litura population found in this district against
chlorantraniliprole 20 SC was found to be 2.06, 8.58 and 1.10 folds resistant compared
to the susceptible population at 24, 48 and 72 HAF respectively. The same for
indoxacarb 15.8 EC was 2.54, 2.09 and 2.28, lambda cyhalothrin 5 EC 4.29, 3.26 and
2.10, for spinosad 45 SC 4.06, 2.15 and 1.05, for dichlorvos 46 SC, 4.27, 2.71 and 1.77
folds, for emamectin benzoate 5 G 4.20, 5.23 and 2.19, for imidacloprid 17.5 SC it was
32.43, 22.26 and 17.97, for flubendiamide 480 SC it was 3.42, 3.92 and 2.10 folds and
for lufenuron 5 EC the resistance ratio was found to be 2.94, 2.54 and 2.07 folds at 24,
48 and 72 HAF, respectively.

4.3.2. Nainital

Among the various insecticides tested against third instar larvae, at 24 HAF,
Spinosad 45EC recorded highest toxicity with LCsy value of 0.000420% followed by
Indoxacarb 15.8 EC (0.000505%), Chlorantraniliprole (Coragen) (0.000604%),
Emamectin benzoate 5 G (0.000759%), Lambda cyhalothrin 5 EC (0.000816%),
Dichlorvos 45SC (0.001163%), Flubendiamide 480 SC (0.003419%) and Lufenuron 5
EC (0.010892%). Imidacloprid 17.5 SC (0.012870%) was recorded as least lethal
insecticide (Table No. 4.3.2).

The order of toxicity of various insecticides against third instar larvae of S.
litura (Fab.) based on median lethal concentration (LC50) can be stated as follows,

spinosad 45 SC > Indoxacarb 15.8 EC > Chlorantraniliprole (Coragen) > Emamectin
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benzoate 5 G >Lambda cyhalothrin 5 EC > Dichlorvos 45SC > Flubendiamide 480 SC
> Lufenuron 5 EC >Imidacloprid 17.5 SC.

Among the various insecticides tested against third instar larvae, at 48 hr HAF,
Spinosad 45 EC recorded highest toxicity with LCsy value of 0.000145% followed by
Indoxacarb 15.8 EC (0.000294%), Emamectin benzoate 5G (0.000318%), Lambda
cyhalothrin 5 EC (0.000529%), Dichlorvos 45SC (0.000562%), Chlorantraniliprole
(Coragen) (0.000624%) and Flubendiamide 480 SC (0.002533%). Lufenuron 5 EC was
found to be least lethal with LCs, value of 0.006410%.

The order of toxicity of various insecticides to the third instar larvae of S. litura
(Fab.) based on median lethal concentration (LC50) can be stated as follows, Spinosad
45 SC > Indoxacarb 15.8 EC > Emamectin benzoate 5G > Lambda cyhalothrin 5 EC >
Dichlorvos 45 SC > Chlorantraniliprole (Coragen) > Flubendiamide 480 SC >
Lufenuron 5 EC.

Among the various insecticides tested against third instar larvae, at 72 hr HAF,
Emamectin benzoate 5G recorded highest toxicity with LCsy value of 0.000095%
followed by Spinosad 45EC (0.000106%), Indoxacarb 15.8 EC (0.000206%), Lambda
cyhalothrin 5 EC (0.000251%), Chlorantraniliprole (Coragen) (0.000255%),
Dichlorvos 45SC (0.000369%) and Flubendiamide 480 SC (0.001080%). Lufenuron 5
EC was found to be least lethal with LCsq value of 0.004119%.

The order of toxicity of various insecticides against third instar larvae of S.
litura (Fab.) based on median lethal concentration (LC50) can be stated as follows,
Emamectin benzoate 5G > spinosad 45 SC > Indoxacarb 15.8 EC > Lambda
cyhalothrin 5 EC > Chlorantraniliprole (Coragen) > Dichlorvos 45SC > Flubendiamide
480 SC >Lufenuron 5 EC.

The resistance ratio for S. litura population of this district when compared to
susceptible population for chlorantraniliprole 20 SC was found 2.90 at 24, 5.44 at 48
and 3.08 folds at 72 HAF. This ratio for indoxacarb 15.8 EC was 2.96, 2.93 and 2.95
folds, for lambda cyhalothrin 5 EC 2.71, 4.16 and 3.87 folds, spinosad 45 SC it was
3.31, 1.86 and 2.23 folds, for dichlorvos 46 SC it was 4.13, 2.38 and 2.00, emamectin
benzoate 5 G it was 12.65, 14.10 and 5.07, for imidacloprid 17.5 SC 12.06, 0.00 and
0.00, for flubendiamide 480 SC it was 3.49, 4.81 and 3.66 folds, whereas, for lufenuron
5 EC it was found to be 3.14, 2.72 and 3.11 folds at 24, 48 and 72 HAF, respectively.

Results and Discussion............ e



Table 4.3.2: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Nainital population at 24, 48 and 72 HAE

Insecticides HAF LC Values (%) Chi square Regression equation Fiducial limits at L.Cs,
(Trade name) (hr.) LCy LCs LCyy Y=a+bx Lower Upper
Chlorantraliniprole 24 0.000186 0.000604 0.010923 0.4938715 Y=4.086+0181x 0.000357 0.075888
(Coragen) 48 0.000183 0.000624 0.012693 0.3457071 Y=4.112+0.172x 0.000360 0. 4979291
72 0.000566 0.000255 0.000036 0.1093492 Y=4.227+0253x 0.000368 0.000171
Indoxacarb 15.8 EC 24 0.000147 0.000505 0.010562 0.4379930 Y=4.216+0.168x 0.000306 0.063691
48 0.000090 0.000294 0.005391 0.4417438 Y=4.406+0180x 0.000156 0.000868
72 0.000076 0.000206 0.002371 1.371490 Y=4.450+0.255x 0.000090 0.000310
Lamdacyhalothrin 24 0.000124 0.000816 0.083603 0.5192323 Y=4.308+0172x 0.000385 0. 1142634
5EC 48 0.000084 0.000529 0.048605 0.8426778 Y=4.406+0180x 0.000190 0.003616
72 0.000056 0.000251 0.010165 1.663018 Y=4.509+0.228x 0.000050 0.000455
Spinosad 45EC 24 0.000059 0.000420 0.053044 0.085605 Y=4.362+0.172x 0.000182 0.006952
48 0.000019 0.000145 0.021444 0.4371341 Y=4.635+0.173x 0.000002 0.000329
72 0.000017 0.000106 0.009162 0.6626536 Y=4.678+0.195x 0.000003 0.000220
Dichlorovas 45SC 24 0.000307 0.001163 0.030771 0.3730946 Y=4.208+0.159x 0.000663 0.00132
48 0.000192 0.000562 0.007902 0.3165635 y=4.372+0.197x 0.000320 0.001160
72 0.000118 0.000369 0.006080 1.341079 y=4.562+0.199x 0.000077 0.000582
Emamectin benzoate 5G 24 0.000057 0.000759 0.4524737 0.5923066 Y=4.195+0168x 0.000259 0.000822
48 0.000023 0.000318 0.2149569 0.3816079 Y=4.391+0.163x 0.000101 0.2202692
72 0.000010 0.000095 0.022506 0.6215048 Y=4.565+0.192x 0.000072 0.000236
Imidachloprid 17.5 SC 24 0.000231 0.012873 3.032521 2.972737 Y=4.155+0.170x 0.001719 0.096351
48 0.000382 0.023871 1.23541 1.75321 Y=4.241+0.182x 0.000232
72 0.000071 0.000736 0.23145 0.23546 Y=4.531+0.161x
Flubendiamide 480SC 24 0.000717 0.003419 0.159962 0.069017 Y=4.226+0.196x 0.001841 0. 1363166
48 0.000495 0.002533 0.140882 1.357451 Y=4.323+0.179x 0.001285 0.046517
72 0.000227 0.001080 0.050332 1.217053 Y=4.750+0.100x 0.000117 0.002047
Lufenuron SEC 24 0.003473 0.010892 0.181593 0.1798751 Y=4.120+0.181x 0.006696 0. 3563894
48 0.001858 0.006410 0.135113 0.2568368 Y=4.397+0.172x 0.003537 0.035587
72 0.001527 0.004119 0.047424 1.372103 Y=4.450+0.225x 0.001790 0.006203

Mean larval wt.=0.0232g/larva (23.2 mg)
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Fig. 4.3.2. Dosage-mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Nainital population by
leaf dip bioassay method
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4.3.3. Haridwar

At 24 HAF (Table No. 4.3.3), the resistance level of larvae was found to be
least when treated with Chlorantraniliprole (Coragen) with LCsy value of 0.00037%
followed by Emamectin benzoate 5 G (0.00041%), Indoxacarb 15.8 EC (0.00050%),
Spinosad 45 EC (0.00068%). Dichlorvos 45 SC (0.00113%), Lambda cyhalothrin 5 EC
(0.00161%), Flubendiamide 480 SC (0.00375%) and Imidacloprid 17.5 SC
(0.01217%). But, the larvae was found to be least mortal with Lufenuron 5 EC
(0.01320%).

In particular, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Chlorantraniliprole (Coragen) > Emamectin benzoate 5G > Indoxacarb 15.8 EC >
spinosad 45 SC > Dichlorvos 45 SC > Lambda cyhalothrin 5 EC > Flubendiamide 480
SC > Imidacloprid 17.5 SC > Lufenuron 5 EC.

At 48 HAF, the resistance level of larvae was found to be least when treated
with Emamectin benzoate 5 G with LCsj value of 0.00017% Spinosad 45 EC (0.00044%),
followed by Chlorantraniliprole (Coragen) (0.00027%). Indoxacarb 15.8 EC (0.00033%)
Dichlorvos 45 SC (0.00071%), Lambda cyhalothrin 5 EC (0.00085%), Imidacloprid
17.5 SC (0.00180%) and Flubendiamide 480 SC (0.00183%). But, the larvae was found
to be least mortal with Lufenuron 5 EC (0.00563%)

In particular, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.)based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5G > Chlorantraniliprole (Coragen) > Indoxacarb 15.8 EC >
spinosad 45 SC > Dichlorvos 45 SC > Lambda cyhalothrin 5 EC > Imidacloprid 17.5
SC > Flubendiamide 480 SC >Lufenuron 5 EC.

At 72 HAF, the resistance level of larvae was found to be least when treated
with Emamectin benzoate 5 G with LCsg value of 0.00010% followed by Spinosad 45
EC (0.00018%), Chlorantraniliprole (Coragen) (0.00020%), Indoxacarb 15. 8 EC
(0.00021%), Lambda cyhalothrin 5 EC (0.00035%) Dichlorvos 45 SC (0.00044%),
Imidacloprid 17.5 SC (0.00050%) and Flubendiamide 480 SC (0.00110%). But, the

larvae were found to be least mortal with Lufenuron 5 EC (0.00355%).
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Table 4.3.3: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of

Haridwar population at 24, 48 and 72 HAE

Insecticides HAE LC Values (%) Chi square Regression equation Fiducial limits at LCs,

(Trade name) (hr.) LCs LCsy LCyy Y=a+bx Lower Upper
Chlorantraliniprole 24 0.00011 0.00037 0.00654 0.32188 Y=4.302+0..180x 0.00023 0.00230
(Coragen) 48 0.00011 0.00027 0.00230 0.34505 Y=4.257+0.241x 0.00018 0.00042
72 0.00009 0.00020 0.00164 0.9023608 Y=4.357+0.274x 0.00011 0.00028
Indoxacarb 15.8 EC 24 0.00017 0.00050 0.00671 0.3861240 Y=4.086+0.198x 0.00032 0.00428
48 0.00015 0.00033 0.00220 0.5425525 Y=4.018+0272x 0.00024 0.00055
72 0.00008 0.00021 0.00203 0.7261568 Y=4.419+0.235x 0.00011 0.00031

Lamdacyhalothrin 24 0.00026 0.00161 0.1426475 0.8425751 Y=4.087+0.180x 0.00071 33.82686
SEC 48 0.00014 0.00085 0.07420 0.8390970 Y=4.267+0.181x 0.00041 0.05452
72 0.00006 0.00035 0.03062 1.31763 Y=4.510+0.186x 0.00004 0.00085

Spinosad 45EC 24 0.00008 0.00068 0.1356267 0.05776 Y=4.299+0.157x 0.00029 15.90431

48 0.00005 0.00044 0.08704 0.4286012 Y=4.391+0.163x 0.00017 0.1014692
72 0.00003 0.00018 0.01300 0.3087889 Y=4.523+0.199x 0.00003 0.00037

Dichlorovas 45SC 24 0.00034 0.00113 0.02229 0.1586293 Y=4.15+0.172x 0.00068 0.2067218
48 0.00025 0.00071 0.00946 0.8550527 Y=4.228+0.205x 0.00047 0.00223
72 0.00013 0.00044 0.00900 0.5787230 Y=4.534+0.178x 0.00011 0.00081
Emamectin benzoate 5G 24 0.00004 0.00041 0.1473600 0.5315066 Y=4.260+0.183x 0.00016 0.03331
48 0.00001 0.00017 0.07339 1.31795 Y=4.525+0.198x 0.00003 0.00105
72 0.00001 0.00010 0.02992 1.57510 Y=4.525+0.198x 0.00001 0.00027
Imidachloprid 17.5 SC 24 0.00035 0.01217 76.03965 2.13131 Y=4.082+0.229x 0.00210 0.07040
48 0.00006 0.00180 7.09899 1.49413 Y=4.354+0.232x 0.00047 0.00686
72 0.00002 0.00050 1.25539 2.14522 Y=4.519+0.248x 0.00010 0.00246
Flubendiamide 480SC 24 0.00114 0.00375 0.07085 0.22990 Y=3.949+0.230x 0.00226 0.01956
48 0.00039 0.00183 0.08354 0.27160 Y=4.422+0.180x 0.00076 0.00629
72 0.00030 0.00110 0.02802 0.45719 Y=4.507+0.217x 0.00032 0.00186

Lufenuron SEC 24 0.00381 0.01320 0.28118 0.54894 Y=4.094+0.172x 0.00745 56.54604
48 0.00183 0.00563 0.08979 0.36859 Y=4.397+0.189x 0.00304 0.01288
72 0.00099 0.00355 0.08232 0.62497 Y=4.639+0.172x 0.00016 0.00594

Mean larval wt.=0.0232g/larva (23.2 mg)
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Spinosad 45 SC
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Fig. 4.3.3. Dosage - mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Haridwar population by
leaf dip bioassay method
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In particular, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5G > Spinosad 45 SC> Chlorantraniliprole (Coragen) >
Indoxacarb 15.8 EC > Lambda cyhalothrin 5 EC > Dichlorvos 45 SC > Imidacloprid
17.5 SC > Flubendiamide 480 SC >Lufenuron 5 EC.

S. litura population collected from this district exhibited 1.78, 2.36 and 2.42 folds
resistance to chlorantraniliprole 20 SC at 24, 48 and 72 HAF respectively. The same
population showed resistance against indoxacarb 15.8 EC 2.94, 3.29 and 3.01 times, for
lambda cyhalothrin 5 EC, 5.36, 6.69 and 5.39 times, for spinosad 45 SC, 5.37, 5.63 and
3.79 times, for dichlorvos 46 SC, 4.01, 3.00 and 2.38 times, for emamectin benzoate 5 G,
6.83, 7.54 and 5.34, for imidacloprid 17.5 SC 11.40, 16.29 and 6.82 times, for
flubendiamide 480 SC, 3.83, 3.47 and 3.73 and for lufenuron 5 EC, 3.81, 2.39 and 2.68

times more resistance against susceptible population at 24, 48 and 72 HAF, respectively.
4.3.4. Tehri Garhwal

At 24 hr HAF, Indoxacarb 15.8 EC reported highest larval mortality rate with
LCso value of 0.000390% followed by Spinosad 45 EC (0.000450%), Emamectin
benzoate 5 G (0.000472%), Chlorantraniliprole (Coragen) (0.000499%), Dichlorvos 45
SC (0.000981%), Lambda cyhalothrin 5 EC (0.001125%), Flubendiamide 480 SC
(0.003146%) and Lufenuron 5 EC (0.012079%). Imidacloprid 17.5 SC (0.043679%)
reported lowest larval mortality (Table No. 4.3.4).

In other words, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Indoxacarb 15.8 EC > Spinosad 45 SC > Emamectin benzoate SG> Chlorantraniliprole
(Coragen) > Dichlorvos 45 SC > Lambda cyhalothrin 5 EC > Flubendiamide 480 SC >
Lufenuron 5 EC > Imidacloprid 17.5 SC.

At 48 HAF, Spinosad 45 EC reported highest larval mortality rate with LCs
value of 0.000209% followed by Emamectin benzoate 5 G (0.000217%),
Chlorantraniliprole (Coragen) (0.000272%), Lambda cyhalothrin 5 EC (0.000572%),
Dichlorvos 45 SC (0.000583%), Flubendiamide 480 SC (0.001836%) and Imidacloprid
17.5 SC (0.004740%). The lowest larval mortality was reported by Lufenuron 5 EC
with LCsg value of 0.007091%.
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Table 4.3.4: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Tehri Garhwal population at 24, 48 and 72 HAE

Insecticides HAE LC Values (%) Chi square Regression equation Fiducial limits at LCs,
(Trade name) (hr.) LCs LCsy LCyy Y=a+bx Lower Upper
(Chlorantraliniprole 24 0.000161 0.000499 0.008076 0.020683 Y=4.158+0.181x 0.000314 0.008705
(Coragen) 48 0.000072 0.000272 0.007128 0. 3936595 Y=4.410+0.179x 0.000089 0.001230
72 0.000043 0.000426 0.001937 1.499090 Y=4.709+0.209x 0.000011 0.000205
Indoxacarb 15.8 EC 24 0.000100 0.000390 0.011095 0.978107 Y=4.357+0.163x 0.000224 0.762058
48 0.000088 0.000244 0.003030 1.226188 Y=4.391+0.214x 0.000127 0.000406
72 0.000045 0.000134 0.001975 3.093346 Y=4.659+0.220x 0.000014 0.000212
Lamdacyhalothrin 24 0.000220 0.001125 0. 0620724 0. 1974795 Y=4.107+0.197x 0.000577 0.040046
5 EC 48 0.000079 0.000572 0.0 740449 0. 4062085 Y=4.441+0.163x 0.000192 01915142
72 0.000056 0.000365 0.036164 1.938587 Y=4.493+0.186x 0.000044 0.001014
Spinosad 45EC 24 0.000062 0.000450 0. 05843249 0.175839 Y=4.344+0.172x 0.000199 0.108057
48 0.000034 0.000209 0. 01813501 0. 3976571 Y=4.503+0.188x 0.000045 0.000493
72 0.000032 0.000178 0.01219752 1.719271 Y=4.516+0.202x 0.000036 0.000366
[Dichlorovas 45SC 24 0.000327 0.000981 0.014671 0.2392119 Y=4.132+0.189x 0.000625 0. 1132740
48 0.000196 0.000583 0.008519 0. .5133094 Y=4.356+0.197x 0.000337 0.001318
72 0.000196 0.000453 0.003571 0..5304780 Y=4.332+0.251x 0.000273 0.000646
[Emamectin benzoate 5G 24 0.000030 0.000472 0.4231053 1.162892 Y=4.314+0.165x 0.000159 0.00521
48 0.000022 0.000217 0.058742 0.013985 Y=4.4134+0.178x 0.000069 0.001372
72 0.000010 0.000053 0.003344 2.043789 Y=4.561+0.267x 0.000021 0.000136
Imidachloprid 17.5 SC 24 0.000509 0.043679 0.062112 1.157926 Y=4.126+0.180x 0.002130 0.895584
48 0.000042 0.004740 0.00541 1.432998 Y=4.420+0.170x 0.000325 0.00426
72 0.000023 0.001469 41.126630 1.370686 Y=4.502+0.189x 0.000274 0.007882
[Flubendiamide 480SC 24 0.000618 0.003146 0.172500 0.406005 Y=4.273+0.173x 0.001661 0.188269
48 0.000348 0.001836 0.110145 0.434912 Y=4.453+0.170x 0.000650 0.006504
72 0.000209 0.000848 0.026774 1.791302 Y=4.607+0.213x 0.000110 0.001482
Lufenuron SEC 24 0.003725 0.012079 0.218521 0.494704 Y=4.086+0.181x 0.007150 1.521081
48 0.002548 0.007091 0.088132 1.307278 Y=4.204+0.214x 0.004689 0.020066
72 0.001121 0.003267 0.045516 0.416324 Y=4.623+0.201x 0.000700 0.004987

Mean larval wt.=0.0232¢g/larva (23.2 mg)
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Fig. 4.3.4. Dosage - mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Tehri Garhwal
population by leaf dip bioassay method
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In other words, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Spinosad 45 SC > Emamectin benzoate 5G > Indoxacarb 15.8 EC > Chlorantraniliprole
(Coragen) > Lambda cyhalothrin 5 EC > Dichlorvos 45 SC > Flubendiamide 480 SC >
Imidacloprid 17.5 SC > Lufenuron 5 EC.

At 72 HAF, Emamectin benzoate 5 G reported highest larval mortality rate with
LCsp value of 0.000053% followed by Indoxacarb 15.8 EC (0.000134%), Lambda
cyhalothrin 5 EC (0.000365%), Spinosad 45 EC (0.000178%), Chlorantraniliprole
(Coragen) (0.000426%), Dichlorvos 45 SC (0.000453%), Flubendiamide 480 SC
(0.000848%) and Imidacloprid 17.5 SC (0.001469%). The lowest larval mortality was
reported by Lufenuron 5 EC with LCsq value of 0.003267%.

In other words, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5G > Indoxacarb 15.8 EC > Spinosad 45 SC > Lambda
cyhalothrin 5 EC > Chlorantraniliprole (Coragen) > Dichlorvos 45 SC > Flubendiamide
480 SC > Imidacloprid 17.5 SC >Lufenuron 5 EC.

Resistance ratio for S. litura populations collected from this district against
chlorantraniliprole was found to be, 2.40, 2.37 and 5.15 time more as compared to the
susceptible population at 24, 48 and 72HAF, respectively. This ratio for indoxacarb
15.8 EC was 2.29, 2.43 and 1.92 times, for lambda cyhalothrin 5 EC, 3.74, 4.50 and
5.62 times, for spinosad 45SC, 3.55, 2.68 and 3.74 times, for dichlorvos 46 SC it was,
3.49, 2.46 and 2.46 times, for emamectin benzoate 5G, 7.87, 9.62 and 2.83 times, for
imidacloprid 17.5 SC, 40.91, 42.88 and 20.03 times, for flubendiamide 480SC, 3.21,
3.49 and 2.88 times and for lufenuron SEC it was 3.49, 3.01 and 2.47 times at 24, 48
and 72 HAF, respectively.

4.3.5. Pithoragarh

Among the various insecticides tested against third instar larvae, at 24 HAF the
results revealed that Emamectin benzoate 5 G was highly toxic with LCsy value of
0.000394% followed by Indoxacarb 15.8 EC (0. 000411%), Chlorantraniliprole
(Coragen) (0.000499%), Spinosad 45 EC (0.000582%), Lambda cyhalothrin 5 EC
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(0.000955%), Dichlorvos 45 SC (0.001236%), Flubendiamide 480 SC (0.003273%)
and Lufenuron 5 EC (0.009332%). Imidacloprid 17.5 SC was found to be least toxic
with LCsg value 0.047415% (Table No. 4.3.5).

The order of toxicity of various insecticides against third instar larvae of
S. litura (Fab.) based on median lethal concentration (LC50) can be stated as
Emamectin benzoate 5G> Indoxacarb 15.8 EC > Chlorantraniliprole (Coragen) >
Spinosad 45 SC > Lambda cyhalothrin 5 EC > Dichlorvos 45 SC > Flubendiamide 480
SC > Lufenuron 5 EC > Imidacloprid 17.5 SC.

Among the various insecticides tested against third instar larvae, at 48 HAF the
results revealed that Emamectin benzoate 5 G was highly toxic with LCsy value
0.000119% followed by Indoxacarb 15.8 EC, Spinosad 45 EC Chlorantraniliprole
(Coragen), Dichlorvos 45 SC, Lambda cyhalothrin 5 EC, Flubendiamide 480 SC and
Lufenuron 5 EC with LCsq values of 0.000215%, 0.000247%, 0.000335%, 0.000666%,
0.000745%, 0.002063%, 0.006569% respectively. The least toxicity was recorded by
Imidacloprid 17.5 SC (0.011833%).

The order of toxicity of various insecticides against third instar larvae of
S. litura (Fab.)based on median lethal concentration (LC50) can be stated as
Emamectin benzoate 5G> Indoxacarb 15.8 EC > Spinosad 45 SC > Chlorantraniliprole
(Coragen) > Dichlorvos 45 SC> Lambda cyhalothrin 5 EC > Flubendiamide 480 SC >
Lufenuron 5 EC >Imidacloprid 17.5 SC.

Among the various insecticides tested against third instar larvae, at 72 HAF, the
results revealed that Indoxacarb 15.8 EC with LCsy value of 0.000118% followed by
Spinosad 45 EC (0.000130%), Chlorantraniliprole (Coragen) (0.000145%), Lambda
cyhalothrin 5 EC (0.000257%), Dichlorvos 45 SC (0.000522%), Emamectin benzoate 5
G (0.000522%), Flubendiamide 480 SC (0.000796%) and Imidacloprid 17.5 SC
(0.002192%). The least toxicity was recorded by Lufenuron 5 EC (0.003553%).

The order of toxicity of various insecticides against third instar larvae of
S. litura (Fab.) based on median lethal concentration (LC50) is as follows, Indoxacarb
15.8 EC > Spinosad 45 SC > Chlorantraniliprole (Coragen) > Lambdacyhalothrin 5 EC
> Emamectin benzoate 5G> Dichlorvos 45 SC > Flubendiamide 480 SC > Imidacloprid
17.5 SC >Lufenuron 5 EC.
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Table 4.3.5: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Pithoragarh population at 24, 48 and 72 HAE

Insecticides HAE LC Values (% Chi square Regression equation Fiducial limits at LCs,
(Trade name) (hr.) LCs LCs LCyy Y=a+bx Lower Upper

Chlorantraliniprole 24 0.000161 0.000499 0.008076 0.020683 Y=4.159+0.180x 0.000314 0.008705
(Coragen) 48 0.000095 0.000335 0.007452 0.529768 Y=4.382+0.171x 0.000189 0.002926

72 0.000056 0.000145 0.001518 1.287642 Y=4.616+0.235x 0.000040 0.000216

Indoxacarb 15.8 EC 24 0.000118 0.000411 0.008872 0.541674 Y==4.293+0.172x 0.000251 0.012312
48 0.000067 0.000215 0.003721 0.683960 Y=4.526+0.187x 0.000064 0.000364

72 0.000041 0.000118 0.001579 0.769732 Y=4.757+0.211x 0.000012 0.000190

Lamdacyhalothrin 24 0.000158 0.000955 0.080242 0.409285 Y=4.247+0.175x 0.000470 0.104179
SEC 48 0.000100 0.000745 0.104275 1.207125 Y=4.348+0.171x 0.000319 2.303396

72 0.000026 0.000257 0.028971 1.394792 Y=4.247+0.174x 0.000000 0.000228

Spinosad 45EC 24 0.000084 0.000582 0.068986 0.079582 Y=4.266+0.174x 0.000272 0.030929

48 0.000026 0.000247 0.061154 0.074627 Y=4.558+0.152x 0.000009 0.002054

72 0.000032 0.000130 0.004005 0.068917 Y=4.546+0.240x 0.000034 0.000227

Dichlorovas 45SC 24 0.000319 0.001236 0.034630 0.464116 Y=4.192+0.159x 0.000688 0.521432
48 0.000196 0.000666 0.013555 1.042933 Y=4.356+0.180x 0.000666 0.003982

72 0.000161 0.000522 0.009409 0.922371 Y=4.437+0.187x 0.000522 0.001141

Emamectin benzoate 5G 24 0.000033 0.000394 0.176011 1.154650 Y=4.227+0.183x 0.0001471 0.067227
48 0.000012 0.000119 0.033044 0.427943 Y=4.519+0.189x 0.000014 0.000330

72 0.000161 0.000522 0.009409 0.9223712 Y=4.627+0.225x 0.000234 0.001141

Imidachloprid 17.5 SC 24 0.000484 0.047415 0.057712 0.8231404 Y=4.155+0.170x 0.001988 1.130726
48 0.000182 0.011833 0.092365 0.656059 Y=4.260+0.182x 0.001530 0.091544

72 0.000174 0.002192 0.098745 1.073131 Y=4.531+0.161x 0.000000 0.409821

Flubendiamide 480SC 24 0.000761 0.003273 0.1186234 0.208912 Y=4.192+0.186x 0.001835 0.042604
48 0.000368 0.002063 0.1436385 0.995101 Y=4.420+0.170x 0.000815 0.030210

72 0.000170 0.000796 0.035757 0.3734353 Y=4.689+0.184x 0.000032 0.001470

Lufenuron SEC 24 0.002674 0.009332 0.202381 0.182281 Y=4.255+0.167x 0.005691 0.864545
48 0.001616 0.006569 0.207411 1.317231 Y=4.429+0.161x 0.003096 23.990730

72 0.000991 0.003553 0.082319 0.6249746 Y=4.639+0.172x 0.000158 0.005943

Mean larval wt.=0.0232g/larva (23.2 mg)
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Chlorotraniliprole 18.5 SC
7 -
6 .
£
3 5
g 4 #48 HAE
g ; y=0.1715x + 4.3821
2 |
S y=02351x + 4.6163 W/2ZHAE
=W
1 -
0 T T T T 1
3.301 3.397 3.522 3.698 4
Log concentrations
Indoxacarb 15.8 EC
7 -
6 4
R ‘W
S
E 4
2, y =0.1726x + 42934 @24 HAE
= |
E y=0.1872x + 4.526 W48 HAE
2 4
y=02116x +4.757 A72HAE
1 .
0 T T T T 1
3.301 3.398 3.523 3.399 4
Log concentrations
6 - Lamdacyhalothrin 5 EC
. ///_
£
3 4
S
(=}
g 3 y=0.1759x +4.2477 24 HAE
2, ] y=0.1716x +4.3484 W48 HAE
& y =0.1749x + 4.6827 A72HAE
1 4
0 T T T T 1
3 3.046 3.223 3.522 4
Log concentrations

Results and Discussion.........~



Probit mortality

Spinosad 45 SC

W

y=0.1748x + 4266  ®24 HAE
y=0.1528x +4.5586 W48 HAE
y=02403x + 45463 TPHAE

3 3.301 3.522 4 4.045
Log concentrations

Probit mortality

Dichlorovos 46 SC
f‘V
'

y=0.159x + 4.192 ®24 HAE

y=0.1803x + 4.3561 W48 HAE
y=0.1877x + 44373 AT2HAE

3 3.096 3.221 3.397 3.698
Log concentrations

Probit mortality

Emamectin benzoate 5G

]
E

y =0.1832x + 4.2772 €24 HAE

y =0.2251x + 4.6277 H43 HAE
y=0.1891x + 4.5191 72 HAE

3.045 3.301 4 4.159 4.301
Log concentrations

Results and Discussion............




Imidacloprid 17.5 SC
N w

y=0.1709x + 4.1553 #24HAE

Probit mortality
w

2 n
y=0.1826x + 42608 W43 HAE
1 - y=0.1616x +4.5312 AT2HAE
0 : : , . .
1.494 1.638 3 3.301 3.522

Log concentrations

6 Flubendamide 480 SC
;|
=
: .
(=]
£ 3 |
= y=0.1868x +4.192 ®24HAE
E 2 y=0.1707x + 4.4203 W48 HAE

y = 0.1849x + 4.6897 72 HAE

0 T T T T 1
2.397 2.522 2.698 3 3.301
Log concentrations
6 - Lufenuron 5 EC
5 - A
;} r
T 4
~—
S
(=]
E 3 y=0.1674x + 42556 424 HAE
< 5 y=0.1618x + 44298 @48 HAE
S |
2 y = 0.1724x + 4.6392 72 HAE
1 4
0 ; . ; . .
2 2.096 2.221 2.397 2.698

Log concentrations

Fig. 4.3.5 Dosage - mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Pithoragarh population
by leaf dip bioassay method
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The S. litura population of this district showed resistance ratio of 2.40, 2.37
and 5.15 folds greater as compared to susceptible population at 24, 48 and 72 HAF
against chlorantraniliprole 20 SC. The resistance ratio was found to be 2.41, 2.14 and
1.69 times for indoxacarb 15.8 SC, for lambda cyhalothrin 5EC, 3.18, 5.86 and 3.96
times, for spinosad 45SC, 4.59, 3.16 and 2.73, for dichlorvos 46SC, 4.39, 2.18 and
2.83 times, for emamectin benzoate 5G it was, 6.57, 5.28 and 27.87 times, for
imidacloprid 17.5SC, 44.41, 107.06 and 29.89 times, for flubendiamide 480SC, 3.34,
3.92 and 2.70 times, whereas for lufenuron SEC the resistance ratio was 2.69, 2.79
and 2.68 times more as compared to that of susceptible population at 24, 48 and 72

HAF, respectively.
4.3.6. Dehradun

At 24 hr HAF, among the various insecticides tested, Emamectin benzoate 5 G
was found to be most toxic against third instar larvae with LCsy value of 0.000386%
(Table No. 4.3.6) followed by Indoxacarb 15.8 EC (0.000392%), Chlorantraniliprole
(Coragen) (0.000417%), Spinosad 45 EC (0.000486%), Dichlorvos 45 SC (0.000933%),
Lambda cyhalothrin 5 EC (0.001070%), Flubendiamide 480 SC (0.002732%) and
Lufenuron 5 EC (0.009332%). The least toxicity was recorded by Imidacloprid 17.5 SC
(0.031443%).

The ascending order of toxicity of various insecticides against the third instar
larvae of §. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5G > Indoxacarb 15.8 EC > Chlorantraniliprole (Coragen) >
Spinosad 45 SC > Dichlorvos 46 SC > Lambda cyhalothrin 5 EC > Flubendiamide 480
SC 45 SC> Lufenuron 5 EC > Imidacloprid 17.5 SC.

At 48 HAF, among the various insecticides tested, Emamectin benzoate 5 G
was found to be most toxic against third instar larvae with LCsy value of 0.000056%
followed by Spinosad 45 EC (0.000164%), Chlorantraniliprole (Coragen)
(0.000271%), Indoxacarb 15.8 EC (0.000272%), Lambda cyhalothrin 5 EC
(0.000382%), Dichlorvos 45 SC (0.000522%), Flubendiamide 480 SC (0.001648%)
and Lufenuron 5 EC (0.006209%). The least toxicity was recorded by Imidacloprid
17.5 SC (0.014726%).
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Table 4.3.6: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Dehradun population at 24, 48 and 72 HAE

Insecticides HAE LC Values (%) Chi square Regression equation Fiducial limits at LCs,
(Trade name) (hr.) LC; LCs LCyy Y=a+bx Lower Upper
Chlorantraliniprole 24 0.000114 0.000417 0.010137 0.3613760 Y=4.317+0.164x 0.000250 0.052584
(Coragen) 48 0.000090 0.000271 0.004155 0.1253378 Y=4.414+0.189x 0.000143 0.000563
72 0.000022 0.000083 0.002303 0.089253 Y=4.974+0.155x 0.000009 0.000164
Indoxacarb 15.8 EC 24 0.000115 0.000392 0.008072 0. 2463380 Y=4.310+0.172x 0.000240 0.006156
48 0.000072 0.000272 0.007128 0.3936595 Y=4.497+0.162x 0.000089 0.001230
72 0.000042 0.000125 0.001793 1.143050 Y=4.726+0.209x 0.000012 0.000200
Lamdacyhalothrin 24 0.000157 0.001070 0.1197323 0.4309263 Y=4.256+0.167x 0.000501 7.615325
5EC 48 0.000048 0.000382 0.061499 1.267431 Y=4.527+0.169x 0.000005 0.001890
72 0.000022 0.000177 0.031294 1.156109 Y=4.724+0.166x 0.0000297 0.000406
Spinosad 45EC 24 0.000049 0.000486 0.135914 0.4150321 Y=4.423+0.146x 0.000185 0.00143
48 0.000022 0.000164 0.028437 0.19635 Y=4.63+0.163x 0.000002 0.000406
72 0.000013 0.000087 0.010305 0. 261909 Y=4.766+0.178x 0.000000 0.000194
Dichlorovas 45SC 24 0.000267 0.000933 0.020237 0.182116 Y=4.256+0.167x 0.000569 0.086440
48 0.000149 0.000522 0.011451 0.271337 Y=4.489+0.170x 0.000191 0.001378
72 0.000093 0.000363 0.010280 0.678688 Y=4.649+0.163x 0.000001 0.000640
Emamectin benzoate 24 0.000026 0.000386 0. 302800 0.615686 Y=4.353+0.164x 0.000129 0.000421
5G 48 0.000004 0.000056 0.031519 0.781335 Y=4.71+0.172x 0.000047 0.000155
72 0.000006 0.000043 0.004767 0.348327 Y=4.715+0.220x 0.000013 0.000140
Imidachloprid 17.5 SC 24 0.000282 0.031443 0.034312 0.977800 Y=4.214+0.169x 0.001650 0.5990165
48 0.000118 0.014726 0.002134 0.951525 Y=4.315+0.165x 0.001214 0.1785854
72 0.000035 0.001535 16.486960 0.115372 Y=4.503+0.189x 0.000337 0.006998
Flubendiamide 480SC 24 0.000498 0.002732 0.180618 0.218443 Y=4.350+0.164x 0.001369 0.2371928
48 0.000351 0.001648 0.074322 0.794129 Y=4.436+0.188x 0.000589 0.004532
72 0.000123 0.000665 0.042646 1.239176 Y=4.743+0.178x 0.000001 0.001323
Lufenuron SEC 24 0.002674 0.009332 0.202381 0.182281 Y=4.256+0.167x 0.005691 0.8645447
48 0.001657 0.006209 0.160464 1.187816 Y=4.420+0.170x 0.002985 0.002985
72 0.001616 0.004857 0.072885 0.550935 Y=4.444+0.196x 0.002210 0.008642

Mean larval wt.=0.0232¢g/larva (23.2 mg)



Chlorantraniliprole 18.5 SC

7 -
6 .
- S
3 . W
]
T
S 4
E . y=0.1646x +4.3178 ¢ 24HAE
5 5 y=0.189x + 4.4148 W A48HAE
A~ y =0.1554x + 4.9744 4 72HAE
1 -
0 T T T T 1
3.301 3.397 3.522 3.698 4
Log Concentration
. Indoxacarb 18.5 EC
o 6
2 ///
E > W
~—
S
S 4
% 3 y=0.1726x +4.3107  ®24HAE
§ , y=0.1621x + 4.4973 MASHAE
A~
. y=0.2096x + 4.7268 A 72HAE
O T T T T 1
3.301 3.397 3.522 3.698 4
Log Concentration
Lambda cyhalothrin 5 EC
6 -
s
= 4 -
(=]
= 3 |
~—
= y=0.1673x + 4.2564 & 24HAE
(=]
£ 2 y =0.1695x + 4.5274 @ ASHAE
1 y=0.1667x + 4.7246 A 72HAE
0 T T T T 1

3 3.045 3.221 3.522 4

Log Concentration

Results and Discussion




Spinosad 45 SC
7 -
6 .
_ ,
£ s ._a:g:—///sf—%’f:'
]
s 4
= 3 | y = 0.1466x + 4.4235 & 24HAE
:.g 5 | y=0.1636x + 4.63 W48HAE
~ . y=0.178x + 4.7661 A 72HAE
0 T T T T 1
3 3.301 3.522 4 4.057
Log Concentration
. Dichlorvos 46 SC
3
g W
St
=]
= 3 -
= , y=0.1673x + 4.256  ®24HAE
c -
£ y=0.1705x + 4.489 MWA48HAE
1 _
y=0.1631x + 4.6499 A 72ZHAE
0 T T T T 1
3 3.096 3.221 3.397 3.698
Log Concentration
; Emamectin benzoate 5G
6 -
e ——
£ 4
§ y=0.1641x + 4.3538 ¢ 24HAE
3 4
E y=0.1724x+4.71 m@m48HAE
=]
2 4
& y=0.2207x + 4.7154 A 72HAE
1 4
0 T T T T 1
3.045 3.301 4 4.159 4.301
Log Concentration

Results and Discussion.........~



Imidacloprid 17.5 SC
6 -
5 | [ ]
3} [
R
13
=]
= 3
z y=0.1693x + 4.2148 ®24HAE
E 2 y=0.1652x + 4.3158 W 48HAE
. y=0.189x +4.5034 A 72HAE
0 T T T T 1
1.495 1.638 3 3.301 3.522
Log Concentration
Flubendiamide 480 SC
7 -
6 .
z 5 & =
=
E e
= 3 . y=0.1647x + 4.3509 & 24HAE
.'.g 5 | y=0.188x + 4.4364 g 48HAE
S
~ L y=0.1789x + 4.7435 A 72HAE
0 T T T T 1
2.397 2.522 2.698 3 3.301
Log Concentration
6 - Lufenuron 5 EC
)l
5 .
"
8
3 3
= y=0.1673x + 4.256 ¢ 24HAE
2 2 y=0.1706x + 4.4209 W ASHAE
S
A 1 y = 0.1966x + 4.4449 A 72HAE
O T T T T 1
2 2.096 2.221 2.397 2.698
Log Concentration

Fig. 4.3.6. Dosage - mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Dehradun population
by leaf dip bioassay method
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The ascending order of toxicity of various insecticides against the third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5G > Spinosad 45 SC > Chlorantraniliprole (Coragen) >
Indoxacarb 15.8 EC> Lambda cyhalothrin 5 EC > Dichlorvos 45 SC > Flubendiamide
480 SC > Lufenuron 5 EC > Imidacloprid 17.5 SC.

At 72 HAF, among the various insecticides tested, Emamectin benzoate 5 G
was found to be most toxic against third instar larvae with LCsy value of 0.000043%
followed by Chlorantraniliprole (Coragen) (0.000083%), Spinosad 45 EC (0.000087%),
Indoxacarb 15.8 EC (0.000125%), Lambda cyhalothrin 5 EC (0.000177%), Dichlorvos
45 SC (0.000363%), Flubendiamide 480 SC (0.000665%) and Imidacloprid 17.5 SC
(0.001535%). The least toxicity was recorded by Lufenuron 5 EC (0.004857%).

The ascending order of toxicity of various insecticides against the third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5 G > Chlorantraniliprole (Coragen) > Spinosad 45 SC >
Indoxacarb 15.8 EC > Lambda cyhalothrin 5 EC > Dichlorvos 45 SC > Flubendiamide
480 SC > Imidacloprid 17.5 SC > Lufenuron 5 EC.

The ratio for resistance of the S. litura population, collected from this district
was compared to that of the susceptible population and was found to be 2.01, 2.36 and
1.00times higher for chlorantraniliprole 20SC at 24, 48 and 72 HAF, respectively. The
resistance ratio of the collected population was found to be 2.30, 2.71 and 1.79 times
against indoxacarb 15.8EC, 3.56, 3.01 and 2.73 times against lambda cyhalothrin SEC,
3.83, 2.10 and 1.83 times against spinosad 45SC, 3.32, 2.21 and 1.97 times for
dichlorvos 46SC, 6.43, 2.48 and 2.30 times for emamectin benzoate 5G, 29.45, 133.23
and 20.93 times higher for imidacloprid 17.5SC, 2.79, 3.13 and 2.25 times against
flubendiamide 480SC and 2.69, 2.63 and 3.67 times against lufenuron SEC than that of
the susceptible population at 24, 48 and 72 HAF, respectively.

4.3.7. Champawat

At 24 HAF, Imidacloprid 17.5 SC was found to be most lethal with LCs, value
of 0.000365%, followed by indoxacarb 15.8 EC (0.000417%), chlorantraniliprole
(Coragen) (0.000444%), spinosad 45 EC (0.000461%), dichlorvos 45 SC (0.001163%),
lambda cyhalothrin 5 EC (0.001504%), flubendiamide 480 SC (0.003122%) and
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lufenuron 5 EC (0.009366%). emamectin benzoate 5 G (0.024701%) was found to be

least toxic against the third instar larvae (Table No. 4.3.7).

To rephrase it, the order of toxicity of these insecticides against third instar
larvae of S. litura (Fab.), based on median lethal concentration (LC50) is as follows,
emamectin benzoate 5G > indoxacarb 15.8 EC > chlorantraniliprole (Coragen) >
spinosad 45 SC > dichlorvos 45 SC > lambda cyhalothrin 5 EC > flubendiamide 480
SC > lufenuron 5 EC > imidacloprid 17.5 SC.

At 48 HAF, Emamectin benzoate 5 G was found to be highly lethal with LCs
value of 0.000126% followed by spinosad 45 EC (0.000172%, spinosad 45 EC
(0.000172%), indoxacarb 15.8 EC (0.000228%), chlorantraniliprole (Coragen)
(0.000237%), lambda cyhalothrin 5 EC (0.000538%), dichlorvos 45 SC (0.000636%),
flubendiamide 480 SC (0.001848%) and lufenuron 5 EC (0.006704%). Imidacloprid

17.5 SC (0.021355%) was reported as least lethal insecticide against third instar larvae.

To rearticulate it, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.), based on median LC50 is as follows, emamectin benzoate 5G
> spinosad 45 SC > indoxacarb 15.8 EC > chlorantraniliprole (Coragen) > lambda
cyhalothrin 5 EC > dichlorvos 45 SC > flubendiamide 480 SC > lufenuron 5 EC >
imidacloprid 17.5 SC.

Once more, at 72 HAF, emamectin benzoate 5 G was found to be the most
toxic insecticide with LCsy value of 0.000050%, followed by spinosad 45 EC
(0.000074%), indoxacarb 15.8 EC (0.000100%), chlorantraniliprole (Coragen)
(0.000117%), lambda cyhalothrin 5 EC (0.000271%), dichlorvos 45 SC (0.000400%),
flubendiamide 480 SC (0.000461%) and Imidacloprid 17.5 SC (0.001631%).

Lufenuron 5 EC (0.004367%) was found to be least toxic against third instar larvae.

To put it in another manner, the order of toxicity of different insecticides based
on their LCsy against the third instar larvae of S. litura (Fab.) can be described as
follows, emamectin benzoate 5G > spinosad 45 SC > indoxacarb 15.8 EC >
chlorantraniliprole (Coragen) > lambda cyhalothrin 5 EC > dichlorvos 45 SC >
flubendiamide 480 SC > imidacloprid 17.5 SC > lufenuron 5 EC.
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Table 4.3.7: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Champawat population at 24, 48 and 72 HAE

Insecticides HAE LC Values (%) Chi square Regression equation Y=a+bx Fiducial limits at L.Cs,
(Trade name) (hr.) LCs LCsy LCyy Lower Upper
Chlorantraliniprole 24 0.000130 0.000444 0.009195 0.055049 Y=4.272+0.167x 0.000273 0.017447
(Coragen) 48 0.000057 0.000237 0.007732 0.370540 Y=4.5788+0.152x 0.000002 0.000839
72 0.000031 0.000117 0.003031 0.777967 Y=4.805+0.169x 0.00002 0.000205
Indoxacarb 15.8 EC 24 0.000114 0.000417 0.010137 0.361376 Y=4.316+0.164x 0.000250 0.052584
48 0.000060 0.000228 0.006104 0.391423 Y=4.570+0.160x 0.000023 0.000515
72 0.000029 0.000100 0.002054 0.893964 Y=4.856+0.183x 0.000000 0.000178
Lamdacyhalothrin 24 0.000196 0.001504 0. 2279632 0.562149 Y=4.209+0.158x 0.000634 0.25313
5EC 48 0.000070 0.000538 0.081315 1.220494 Y=4.438+0.17x 0.000138 0.043439
72 0.000034 0.000271 0.044600 1.280027 Y=4.611+0.169x 0.00016 0.000673
Spinosad 45EC 24 0.000058 0.000461 0.075775 0.718162 Y=4.342+0.173x 0.000195 0.000052
48 0.000019 0.000172 0.039733 0.089446 Y=4.638+0.154x 0.000000 0.000483
72 0.000013 0.000074 0.004862 0.268627 Y=4.785+0.202x 0.000002 0.000158
Dichlorovas 45SC 24 0.000307 0.001163 0.030771 0.373095 Y=4.208+0.159x 0.000663 0.00213
48 0.000193 0.000636 0.012032 0.658217 Y=4.372+0.180x 0.000363 0.002583
72 0.000150 0.000400 0.004435 1.120830 Y=4.467+0.225x 0.000172 0.000594
Emamectin benzoate 5G 24 0.000021 0.000365 0.405265 0.729282 Y=4.40+0.154x 0.000110 0.000425
48 0.000011 0.000126 0.046938 0.488625 Y=4.527+0.180x 0.000010 0.000416
72 0.000008 0.000050 0.005208 1.573340 Y=4.634+0.235x 0.000017 0.000148
Imidachloprid 17.5 SC 24 0.000261 0.024701 0.032524 0.185158 Y=4.263+0.158x 0.001698 0. 3593928
48 0.000151 0.021355 0.029756 0.776512 Y=4.303+0.158x 0.001287 0.354377
72 0.000016 0.001631 0.0021345 0.974719 Y=4.539+0.170x 0.000001 0.028236
Flubendiamide 480SC 24 0.000536 0.003122 0.238696 0.040641 Y=4.339+0.156x 0.001560 0.004213
48 0.000310 0.001848 0.149554 0.543724 Y=4.325+0.200x 0.000493 0.025458
72 0.000098 0.000461 0.021099 0.581435 Y=4.875+0.183x 0.000001 0.000966
Lufenuron SEC 24 0.002917 0.009366 0.165433 0.758576 Y=4.186+0.184x 0.005877 0.178926
48 0.001901 0.006704 0.149078 0.530350 Y=4.382+0.171x 0.003774 0.058577
72 0.001163 0.004367 0.113470 2.199726 Y=4.536+0.178x 0.000368 0.008867

Mean larval wt.=0.0232g/larva (23.2 mg)
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Fig. 4.3.7. Dosage - mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Champawat population
by leaf dip bioassay method
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The resistance ratio for the S. litura population collected from this district was
found to be 2.14, 2.07 and 1.41times higher than the susceptible population at 24, 48
and 72HAF, respectively. Against indoxacarb 15.8EC the resistance ratio was 2.44,
2.27 and 1.43 times, for lambda cyhalothrin SEC, 5.00, 4.24 and 4.18 times, for
spinosad 45SC, 3.64, 2.20 and 1.56 times, for dichlorvos 46SC, 4.13, 2.69 and 2.17
times, for emamectin benzoate 5G, 608, 5.59 and 2.67 times, for imidacloprid 17.5SC,
23.14, 193.21 and 22.24 times, for flubendiamide 480SC, 3.11, 3.51 and 1.56, whereas,
for lufenuron 5EC, 2.70, 2.84 and 3.20 times, at 24, 48 and 72 HAF, respectively.

4.3.8. Almora

The toxicity studies against third instar larvae with various insecticides at 24
HAF, revealed that indoxacarb 15.8 EC was found to be most toxic with LCs, value of
0.000392% followed by chlorantraniliprole (Coragen) (0.000454%), emamectin
benzoate 5 G (0.000521%), spinosad 45 EC (0.000571%), lambda cyhalothrin 5 EC
(0.000971%), dichlorvos 45 SC (0.001089%), flubendiamide 480 SC (0.002840%) and
lufenuron 5 EC (0.010008%). Imidacloprid 17.5 SC (0.062696%) was found to be least
lethal (Table No. 4.3.8).

In clear text, the order of toxicity of these insecticides against the third instar
larvae of S. litura (Fab.) based on median LCsq is as follows, indoxacarb 15.8 EC >
chlorantraniliprole (Coragen) > emamectin benzoate 5 G > spinosad 45 SC > lambda
cyhalothrin 5 EC > dichlorvos 45 SC > flubendiamide 480 SC 45 SC > lufenuron 5 EC
> imidacloprid 17.5 SC.

At 48 HAF, indoxacarb 15.8 EC was found to most toxic with LCsy value of
0.000392% followed by chlorantraniliprole (Coragen) (0.000454%, emamectin benzoate
5 G (0.000521%), spinosad 45 EC (0.000571%), lambda cyhalothrin 5 EC (0.000971%),
dichlorvos 45 SC (0.001089%), flubendiamide 480 SC (0.002840%) and lufenuron 5 EC
(0.010008%). imidacloprid 17.5 SC (0.062696%) was found to be most lethal.

In another way, the order of toxicity levels of different insecticides based on
median LCsy was as follows, indoxacarb 15.8 EC > chlorantraniliprole (Coragen) >
emamectin benzoate 5 G > spinosad 45 SC > lambda cyhalothrin 5 EC > dichlorvos 45
SC > flubendiamide 480 SC > lufenuron 5 EC > imidacloprid 17.5 SC.
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Table 4.3.8: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Almora population at 24, 48 and 72 HAE

Insecticides HAE LC Values (%) Chi square Regression equation Fiducial limits at L.Cs,
(Trade name) (hr.) LC; LCs LCo Y=a+bx Lower Upper

Chlorantraliniprole 24 0.000139 0.000454 0.008367 0.180383 Y=4.229+0.175x 0.000284 0.009252
(Coragen) 48 0.000099 0.000350 0.007833 0.617555 Y=4.365+0.171x 0.000202 0.004177
72 0.000075 0.000200 0.002215 0.618558 Y=4.489+0.217x 0.000086 0.000297
Indoxacarb 15.8 EC 24 0.000115 0.000392 0.008072 0.246338 Y=4.310+0172x 0.000240 0.006156
48 0.000092 0.000253 0.003086 0.271260 Y=4.395+0.206x 0.000138 0.000430
72 0.000083 0.000210 0.002027 0.726157 Y=4.419+0.235x 0.000106 0.000306
Lamdacyhalothrin 24 0.000204 0.000971 0.045330 0.224398 Y=4.141+0.198x 0.000521 0.012576
5EC 48 0.000055 0.000411 0.056658 0.443595 Y=4.531+0.162x 0.000034 0.002137
72 0.000033 0.000270 0.046769 0.792755 Y=4.638+0.160x 0.000012 0.000678
Spinosad 45EC 24 0.000114 0.000571 0.030324 0.120406 Y=4.122+0.210X 0.000301 0.004105
48 0.000064 0.000356 0.024601 0.074489 Y=4.321+0.197X 0.000166 0.001437
72 0.000024 0.000154 0.014117 1.476637 Y=4.559+0.199 0.000014 0.000322
Dichlorovas 45SC 24 0.000347 0.001089 0.018163 0.180214 Y=4.120+0.181X 0.000670 0.035676
48 0.000260 0.000883 0.017858 1.261212 Y=4.234+0.181X 0.000546 0.027078
72 0.000103 0.000414 0.012763 0.358983 Y=4.628+0.152X 0.000001 0.000847
Emamectin benzoate 24 0.00004 1 0.000521 0.273996 0.203236 Y=4.276+0.166x 0.000191 0.000712
5G 48 0.000014 0.000207 0. 1454978 0.359635 Y=4.482+0.161x 0.000033 0.007285
72 0.000006 0.000052 0.012336 0.509016 Y=4.698+0.194x 0.000001 0.000127
Imidachloprid 17.5 SC 24 0.001037 0.062696 0.072143 1.114692 Y=4.017+0.192x 0.003009 0.072312
48 0.000229 0.020859 0.032541 1.131693 Y=4.224+0.177x 0.001636 0.265886
72 0.000042 0.004740 0.00541 1.432998 Y=4.420+0.170x 0.000325 0.005214
Flubendiamide 480SC 24 0.000588 0.002840 0.110902 0.667838 Y=4.241+0.189x 0.001578 0.027311
48 0.000368 0.002063 0.143639 0.995101 Y=4.420+0.170x 0.000815 0.030210
72 0.000250 0.001199 0.056883 1.349018 Y=4.541+0.188x 0.000179 0.002382

Lufenuron SEC 24 0.002959 0.010008 0.200956 0.544621 Y=4.194+0.176x 0.006110 0. 7496876
48 0.001762 0.005645 0.099137 0.263338 Y=4.442+0.180x 0.002917 0.014236
72 0.001441 0.004202 0.058491 0.940434 Y=4.489+0.205x 0.001576 0.006635

Mean larval wt.=0.0232g/larva (23.2 mg)
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Fig. 4.1.3. Dosage - mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Almora population by
leaf dip bioassay method
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At 72 HAF, Emamectin benzoate 5 G was found to be the most toxic
insecticide with LCsy value of 0.000052% followed by spinosad 45 EC (0.000154%),
chlorantraniliprole (Coragen) (0.000200%), indoxacarb 15.8 EC (0.000210%), lambda
cyhalothrin 5 EC (0.000270%), dichlorvos 45 SC (0.000414%), flubendiamide 480 SC
(0.001199%) and lufenuron 5 EC (0.004202%), whereas, imidacloprid 17.5 SC
(0.004740%) was found to be least lethal among all.

In other words, the order of toxicity of all the insecticides against the third instar
larvae of S. litura (Fab.) based on median LCsy was as follows, emamectin benzoate 5G
> spinosad 45 SC > chlorantraniliprole (Coragen) > indoxacarb 15.8 EC > lambda
cyhalothrin 5 EC > dichlorvos 45 SC> flubendiamide 480 SC > lufenuron 5 EC
>imidacloprid 17.5 SC.

The S. litura population collected from Almora showed 2.18, 3.05 and 2.42
folds resistance ratio as compared to the susceptible populations against
chlorantraniliprole 20SC, respectively at 24, 48 and 72 HAF. This population showed
2.30, 2.52 and 3.01 times more resistance against indoxacarb 15.8EC, 3.23, 3.24 and
4.16 times more resistance ratio against lambda cyhalothrin SEC, 4.51, 4.56 and 3.24
times more against spinosad 45SC, 3.87, 3.73 and 2.24 times more for dichlorvos
46SC, 8.68, 9.18 and 2.78 times more against emamectin benzoate 5G, 58.73, 188.72
and 64.64 times more for imidacloprid 17.5SC, 2.90, 3.92 and 4.07 times more against
flubendiamide 480SC and 2.89, 2.40 and 3.18 times more resistance towards lufenuron

SEC at 24, 48 and 72 HAF, respectively.
4.3.9 Pauri Gharwal

In the toxicity studies against third instar larvae with these insecticides at 24
HAF, emamectin benzoate 5 G was the most toxic insecticide with a median LCsg
value of 0.000264%, followed by indoxacarb 15.8 EC (0.000335%), chlorantraniliprole
(Coragen) (0.000428%), spinosad 45 EC (0.000514%), lambda cyhalothrin 5 EC
(0.001257%), dichlorvos 45 SC (0.001320%), flubendiamide 480 SC (0.003273%) and
lufenuron 5 EC (0.010008%). Imidacloprid 17.5 SC (0.034620%) was found to be

comparatively lesser toxic, as compared to others (Table No. 4.3.9).
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Table 4.3.9: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Pauri Garhwal population at 24, 48 and 72 HAE

Insecticides HAE LC Values (%) Chi square Regression equation Fiducial limits at LCs,

(Trade name) (hr.) LC; LCs LCy Y=a+bx Lower Upper
Chlorantraliniprole 24 0.000123 0.000428 0.009254 0.622776 Y=4.275+0.172x 0.000262 0.017936
(Coragen) 48 0.000098 0.000280 0.003698 0.789473 Y=4.347+0.206x 0.000163 0.000554
72 0.000027 0.000097 0.002219 0.146753 Y=4.919+0.161x 0.000000 0.000176
Indoxacarb 15.8 EC 24 0.000095 0.000335 0.007452 0.529768 Y=4.382+0.171x 0.000189 0.002926
48 0.000072 0.000210 0.002924 0.940034 Y=4.489+0.205x 0.000079 0.000332
72 0.000064 0.000159 0.001500 1.159289 Y=4.561+0.241x 0.000057 0.000230
Lamdacyhalothrin 24 0.000176 0.001257 0.159464 0.689592 Y=4.220+0.167x 0.000565 0.0062341
5EC 48 0.000068 0.000414 0.036034 0.564598 Y=4.479+0.179x 0.000095 0.001315

72 0.000026 0.000136 0.007870 1.439873 Y=4.746+0.208x 0.000003 0.000281

Spinosad 45EC 24 0.000057 0.000514 0.116636 0.083001 Y=4.379+0.155x 0.000210 0.00059
48 0.000023 0.000168 0.021807 0.219511 Y=4.601+0.173x 0.000009 0.000391
72 0.000008 0.000050 0.005040 1.095299 Y=4.888+0.192x 0.000000 0.000127
Dichlorovas 45SC 24 0.000381 0.001320 0.028115 0.548698 Y=4.095+0.172x 0.000745 0.001564
48 0.000186 0.000641 0.013511 0.257105 Y=4.397+0.172x 0.000354 0.003558
72 0.000090 0.000326 0.007749 0.232476 Y=4.694+0.165x 0.000006 0.000540
Emamectin benzoate 24 0.000033 0.000264 0.045432 0.561380 Y=4.276+0.206x 0.000108 0.001548
5G 48 0.000012 0.000118 0.031007 0.274934 Y=4.543+0.181x 0.000014 0.000331
72 0.000006 0.000041 0.004254 1.430205 Y=4.694+0.234x 0.000013 0.000134
Imidachloprid 17.5 SC 24 0.000351 0.034620 0.045871 0.247154 Y=4.222+0.160x 0.001829 0.655443
48 0.000015 0.001224 0.002546 1.352796 Y=4.545+0.180x 0.000196 0.007631
72 0.000026 0.001318 0.001964 0.615105 Y=4.517+0.190x 0.000263 0.006598
Flubendiamide 480SC 24 0.000761 0.003273 0.118623 0.208912 Y=4.19+0.187x 0.001835 0.042604
48 0.000433 0.002289 0.137893 0.435053 Y=4.382+0.171x 0.001076 0.033684
72 0.000100 0.000620 0.055156 0.399548 Y=4.801+0.159x 0.000522 0.001305
Lufenuron SEC 24 0.002959 0.010008 0.200956 0.544621 Y=4.194+0.176x 0.006110 0.749688
48 0.002144 0.005986 0.074953 1.478450 Y=4.292+0.213x 0.003715 0.012556
72 0.000957 0.002746 0.036753 0.433704 Y=4.701+0.205x 0.000414 0.004260

Mean larval wt.=0.0232g/larva (23.2 mg)
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Fig. 4.3.9. Dosage - mortality of different insecticides against 3" instar larvae of

tobacco caterpillar, Spodoptera litura (Fab.) of Pauri Garhwal
population by leaf dip bioassay method
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The order of toxicity of insecticides against the third instar larvae of S. litura
(Fab.) LCsy was follows, emamectin benzoate 5 G > indoxacarb 15.8 EC >
chlorantraniliprole (Coragen) > spinosad 45 SC > lambda cyhalothrin 5 EC > dichlorvos
45 SC > flubendiamide 480 SC 45 SC > lufenuron 5 EC > imidacloprid 17.5 SC.

At 48 HAF, emamectin benzoate 5 G showed to highest toxicity with LCsg
value of 0.000118%, followed by spinosad 45 EC (0.000168%), indoxacarb 15.8 EC
(0.000210%), chlorantraniliprole (Coragen) (0.000280%), lambda cyhalothrin 5 EC
(0.000414%), Dichlorvos 45 SC (0.000641%), lufenuron 5 EC (0.005986%), and
flubendiamide 480 SC (0.002289%). Imidacloprid 17.5 SC (0.001224%) was found to

be least toxic.

The outcomes can also be described in order of toxicity levels of different
insecticides against the third instar larvae of S. [litura (Fab.) based on median lethal
concentration LCsp and can be stated as follows, emamectin benzoate 5 G > spinosad 45
SC > indoxacarb 15.8 EC > Chlorantraniliprole (Coragen) > lambda cyhalothrin 5 EC >
Dichlorvos 45 SC > lIufenuron 5 EC > flubendiamide 480 SC > Imidacloprid 17.5 SC.

At 72 HAF, insecticides followed more or less similar trend in their toxicity
levels against third instar larvae of S. obliqua (Fab.) and emamectin benzoate 5 G was
again found most toxic with LCsy value of 0.000041% followed by spinosad 45 EC
(0.000050%), Chlorantraniliprole (Coragen) (0.000097%), lambda cyhalothrin 5 EC
(0.000136%), indoxacarb 15.8 EC (0.000159%), dichlorvos 45 SC (0.000326%),
flubendiamide 480 SC (0.000620%) and lufenuron 5 EC (0.002746%) whereas,
Imidacloprid 17.5 SC (0.001318%) was again found to be the least lethal.

The order of toxicity of these insecticides based on their median lethal
concentration (LC50) is as follows, emamectin benzoate 5G > spinosad 45 SC >
Chlorantraniliprole (Coragen) > lambda cyhalothrin 5 EC > indoxacarb 15.8 EC >
dichlorvos 46 SC> flubendiamide 480 SC > lufenuron 5 EC >Imidacloprid 17.5 SC.

The resistance ratio showed by the S. litura population collected from this
district against chlorantraniliprole 20SC was found to be, 2.06, 2.44 and 1.17 times to
that of the susceptible population at 24, 48 and 72 HAF, respectively. The same for
indoxacarb 15.8 EC was, 1.96, 2.09 and 2.28 times, for lambda cyhalothrin SEC it was,
4.18, 3.26 and 2.10 times, for spinosad 45 SC, 4.06, 2.15 and 1.05 times, for dichlorvos
46SC, 4.69, 2.71 and 1.77 times, for emamectin benzoate 5G, 4.40, 5.23 and 2.19
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times, for imidacloprid 17.5 SC it was, 32.43, 11.07 and 17.97 times, for flubendiamide
480 SC it was, 3.34, 4.35 and 2.10 times and for lufenuron 5 EC, this resistance ratio
was found to be 2.89, 2.54 and 2.07 times at 24, 48 and 72 HAF, respectively.

4.3.10. Uttarkashi

At 24 HAF, indoxacarb 15.8 EC was found most toxic with LCsy value of
0.000343%, followed by Chlorantraniliprole (Coragen) (0.000389%), lambda
cyhalothrin 5 EC (0.000644%), spinosad 45 EC (0.000729%), Dichlorvos 45 SC
(0.000909%), emamectin benzoate 5 G (0.000953%), flubendiamide 480 SC
(0.003122%) and lufenuron 5 EC (0.006078%). Imidacloprid 17.5 SC (0.007509%)
was found to be least effective (Table No. 4.3.10).

To rearticulate, the order of toxicity of various insecticides against the third
instar larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as
follows, indoxacarb 15.8 EC > Chlorantraniliprole (Coragen) > lambda cyhalothrin 5
EC > spinosad 45 SC > Dichlorvos 45 SC > emamectin benzoate 5 G > flubendiamide
480 SC 45 SC > lufenuron 5 EC > Imidacloprid 17.5 SC.

At 48 HAF, again, indoxacarb 15.8 EC was found most toxic with LCsy value
of 0.000236%, followed by chlorantraniliprole (Coragen) (0.000270%), spinosad 45
EC (0.000282%), emamectin benzoate 5 G (0.000283%), lambda cyhalothrin 5 EC
(0.000324%), dichlorvos 45 SC (0.000583%), flubendiamide 480 SC (0.001733%) and
imidacloprid 17.5 SC (0.002889%). Lufenuron 5 EC (0.005026%) was found to be

least toxic.

In clear text, the order of toxicity of various insecticides based on LCsy was as
follows, indoxacarb 15.8 EC > chlorantraniliprole (Coragen) > spinosad 45 SC
>emamectin benzoate 5 G > lambda cyhalothrin 5 EC > dichlorvos 45 SC >

flubendiamide 480 SC > imidacloprid 17.5 SC > lufenuron 5 EC.

The toxicity studies against third instar larvae with various insecticides at 72 HAF,
revealed that lambda cyhalothrin 5 EC was found most toxic with LCs, value of 0.000123%
followed by spinosad 45 EC (0.000136%), emamectin benzoate 5 G (0.000138%),
chlorantraniliprole (Coragen) (0.000156%), indoxacarb 15.8 EC (0.000225%), dichlorvos 45
SC (0.000402%), imidacloprid 17.5 SC (0.000691%) and flubendiamide 480 SC
(0.000876%). Lufenuron 5 EC (0.003728%) was found to be least effective.
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Table 4.3.10: Dosage -mortality response of different insecticides against 3" instar larvae of tobacco caterpillar, Spodoptera litura (Fab.) of
Uttarkashi poulation at 24, 48 and 72 HAE

Insecticides HAE LC Values (%) Chi square Regression equation Fiducial limits at L.Cs,
(Trade name) (hr.) LC; LCs LCo Y=a+bx Lower Upper
Chlorantraliniprole 24 0.000145 0.000389 0.004447 0.809601 Y=4.138+0.217x 0.000263 0.001206
(Coragen) 48 0.000099 0.000270 0.003184 0. 5909052 Y=4.3380.214x 0.000159 0.000481
72 0.000056 0.000156 0.001918 0. 5234302 Y=4.625+0.212x 0.000037 0.000234
Indoxacarb 15.8 EC 24 0.000110 0.000343 0.006352 1.278095 Y=4.191+0.307x 0.000206 0.001781
48 0.000087 0.000236 0.002735 1.734406 Y=4.316+0.187x 0.000123 0.000376
72 0.000109 0.000225 0.001326 2.339572 Y=4.379+0.224x 0.000150 0.000303
Lamdacyhalothrin 24 0.000126 0.000644 0.035786 0. 5740572 Y=4.286+0.197x 0.000322 0.003530
5EC 48 0.000071 0.000324 0.013701 0. 7554469 Y=4.459+0.215x 0.000093 0.000616
72 0.000019 0.000123 0.012672 0. 6857297 Y=4.813+0.179x 0.000153 0.000282
Spinosad 45EC 24 0.000085 0.000729 0.143570 0. 6135874 Y=4.253+0.167x 0.000311 0.000812
48 0.000043 0.000282 0.029537 0.5114236 Y=4.422+0.187x 0.000091 0.001072
72 0.000022 0.000136 0.011826 0. 3193557 Y=4.615+0.192x 0.000010 0.000279
Dichlorovas 45SC 24 0.000350 0.000909 0.009525 0. 1981273 Y=4.028+0.223x 0.000616 0.003484
48 0.000196 0.000583 0.008519 0. 5133094 Y=4.355+0.197x 0.000337 0.001318
72 0.000133 0.000402 0.006070 0. 5942513 Y=4.530+0.197x 0.000124 0.000636
Emamectin benzoate 5G 24 0.000066 0.000953 0. 6900309 0. 2502076 Y=4.185+0.161x 0.000300 0.000979
48 0.000024 0.000283 0. 1260381 0.184719 Y=4.383+0.171x 0.000094 0.010025
72 0.000027 0.000138 0.007746 0.5328113 Y=4.289+0.261x 0.000056 0.000281
Imidachloprid 17.5 SC 24 0.000211 0.007509 0.008134 0. 5487770 Y=4.216+0.208x 0.001540 0.036619
48 0.000077 0.002889 21.870470 1.083786 Y=4.341+0.213x 0.000696 0.011995
72 0.000037 0.000691 0.9114238 1.967259 Y=4.431+0.266x 0.000178 0.002686
Flubendiamide 480SC 24 0.000536 0.003122 0. 2386961 0.040641 Y=4.339+0.156x 0.001560 9.001111
48 0.000397 0.001733 0.065290 0.099600 Y=4.414+0.188x 0.000173 0.004566
72 0.000157 0.000876 0.060068 0. 2655282 Y=4.695+0.165x 0.000004 0.001721
Lufenuron SEC 24 0.001937 0.006078 0. 1014185 0.553355 Y=4.364+0.188x 0.003480 0.017339
48 0.001580 0.005026 0.086725 0. 5722498 Y=4.453+0.187x 0.002170 0.010002
72 0.001520 0.003728 0.033933 1.085994 Y=4.459+0.245x 0.001712 0.005323

Mean larval wt.=0.0232g/larva (23.2 mg)
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Imidacloprid 17.5 SC
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Fig. 4.3.10. Dosage - mortality of different insecticides against 3" instar larvae of
tobacco caterpillar, Spodoptera litura (Fab.) of Uttarakashi population
by leaf dip bioassay method
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Table no: 4.3.11 Resistance ratio of different insecticides to different populations of S. lifura in Uttarakhand at 24, 48 and 72 HAF

Insecticides HAF U.S. Nainital Almora | Champawat | Pitoragarh Pauri New Tehri | Uttarkashi | Dehradun | Haridwar
Nagar Gharwal
Chlorotraniliprole 24 2.06 2.90 2.18 2.14 2.40 2.06 2.40 1.87 2.01 1.78
18.5SC 48 8.58 5.44 3.05 2.07 2.92 2.44 2.37 2.36 2.36 2.36
72 1.10 3.08 242 1.41 1.75 1.17 5.15 1.89 1.00 2.42
Indoxacarb 15.8 EC 24 2.54 2.96 2.30 2.44 241 1.96 2.29 2.01 2.30 2.93
48 2.09 2.93 2.52 2.27 2.14 2.09 2.43 2.35 2.71 3.29
72 2.28 2.95 3.01 1.43 1.69 2.28 1.92 3.22 1.79 3.01
Lamdacyhalothrin 5 EC 24 4.29 2.71 3.23 5.00 3.18 4.18 3.74 2.14 3.56 5.36
48 3.26 4.16 3.24 4.24 5.86 3.26 4.50 2.55 3.01 6.69
72 2.10 3.87 4.16 4.18 3.96 2.10 5.62 1.90 2.73 5.39
Spinosad 45SC 24 4.06 3.31 4.51 3.64 4.59 4.06 3.55 5.75 3.83 5.37
48 2.15 1.86 4.56 2.20 3.16 2.15 2.68 3.61 2.10 5.63
72 1.05 2.23 3.24 1.56 2.73 1.05 3.74 2.86 1.83 3.79
Dichlorovas 46SC 24 4.27 4.13 3.87 4.13 4.39 4.69 3.49 3.23 3.32 4.01
48 2.71 2.38 3.73 2.69 2.81 2.71 2.46 2.46 2.21 3.00
72 1.77 2.00 2.24 2.17 2.83 1.77 2.46 2.18 1.97 2.38
Emamectin benzoate 5G | 24 4.20 12.65 8.68 6.08 6.57 4.40 7.87 15.88 6.43 6.83
48 5.23 14.10 9.18 5.59 5.28 5.23 9.62 12.55 2.48 7.54
72 2.19 5.07 2.78 2.67 27.87 2.19 2.83 7.37 2.30 5.34
Imidachloprid 17.5 SC 24 32.43 12.06 58.73 23.14 44.41 32.43 40.91 7.03 29.45 11.40
48 23.26 0.00 188.72 193.21 107.06 11.07 42.88 26.14 133.23 16.29
72 17.97 0.00 64.64 22.24 29.89 17.97 20.03 9.42 20.93 6.82
Flubendiamide 480SC 24 3.42 3.49 2.90 3.19 3.34 3.34 3.21 3.19 2.79 3.83
48 3.92 4.81 3.92 3.51 3.92 4.35 3.49 3.29 3.13 3.47
72 2.10 3.66 4.07 1.56 2.70 2.10 2.88 297 2.25 3.73
Lufenuron SEC 24 2.94 3.14 2.89 2.70 2.69 2.89 3.49 1.75 2.69 3.81
48 2.54 2.72 2.40 2.84 2.79 2.54 3.01 2.13 2.63 2.39
72 2.07 3.11 3.18 3.30 2.68 2.07 2.47 2.82 3.67 2.68

HAF- Hours After Feeding, Resistance Ratio=L.C50 of field population/LC50 of Susceptible Population




In other words, the order of toxicity of various insecticides based on their LCs
was as follows, lambda cyhalothrin 5 EC > spinosad 45 SC > emamectin benzoate 5G >
chlorantraniliprole (Coragen) > indoxacarb 15.8 EC > dichlorvos 45 SC> imidacloprid

17.5 SC flubendiamide 480 SC > lufenuron 5 EC.

It is also observed that the S. litura population of Uttarkashi exhibited the
resistance ratio to different insecticides are as follows, chlorantraniliprole 20 SC
showed 1.87, 2.36 and 1.89 folds of resistance at 24, 48 and 72 HAF respectively. The
same population showed resistance ratio against indoxacarb 15.8 EC as, 2.01, 2.35 and
3.22, against lambda cyhalothrin 5 EC as, 2.14, 2.55 and 1.90, against spinosad 45 SC,
5.75, 3.61 and 2.86, against dichlorvos 46 SC as, 3.23, 2.46 and 2.18, against
emamectin benzoate 5 G as, 2.88, 3.55 and 4.37, against imidacloprid 17.25SC as, 7.03,
26.14 and 9.42, against flubendiamide 480SC, 3.19, 3.29 and 3.27 and against
lufenuron SEC as, 1.75, 2.13 and 2.82, respectively at 24, 48 and 72 HAF, as compared

to that of susceptible population.

4.4 Bio-efficacy and economics of insecticides against tobacco caterpillar
Spodoptera litura on Soybean

Observations recorded on larval population, per cent reduction over control

(%ROC), seed yield and economics are presented here under.
4.4.1 First spray 2016

The larval population was found to be distributed homogeneously in all the
treatments at one day before first spray of the insecticides. At one day after spraying the
least larval population was noticed in flubendiamide 480 SC @ 0.2 ml/l with 5.99
larvae/meter row length (mrl), which was superior among the other treatments. This was
followed by the next best treatments, having dichlorvos 45SC @1.5ml/l and spinosad 45
SC @ 0.25 ml/l with larval population of 7.44 and 7.54 larvae/mrl, respectively. These
treatments were followed by lambda cyhalothrin 5 EC@ 0.30 ml/l, chlorantraniliprole
18.5 SC @ 0.2 ml/l, indoxacarb 15.8 EC @ 0.40 m/l and imidacloprid 17.5 SC@ 0.5
ml/l, which were found at par with each other with the mean larval population of 8.20,
8.31, 8.64 and 8.78 larvae/mrl, respectively. The highest larval population was found in

the untreated control (11.77 larvae/mrl). (Table-4.4.1).
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Table No. 4.4.1. Efficacy of different insecticides against tobacco caterpillar (S. litura) on soybean during kharif 2016

Mean number of larvae/meter row length

Tr. No 1* Spray 2™ Spray
Treatment 1IDBS | 1DAS | 5DAS | 7DAS | % ROC | 1DBS 1DAS | 5DAS | 7DAS | %ROC
11 | Chlorotraniliprole 18.5EC@0.20 mi/1 | 10.78 8.31 6.00 | 255 46.68 6.66 3.55 244 155 | 43.09
(3.282)" | (2.888)" | (2.452)™ | (1.604)™ (2.581) | (1.892)* | (1.574)" | (1.262)"
T2 | Indoxacarb 15.8 EC@0.40 ml/l 10-363 8.64 524 |32 | 448 367 | 366 2655 N 1-1‘; | 3867
(3.206)* | (2.943)° | (2.363)™ | (1.807)" (2.375)™ | (1.924)® | (1.613)™ | (1.085)"
13 | Lamdacyhalothrin 5 EC@ 0.30ml/I 10.44 8.20 6.22 3.99 42.56 5.00 3.33 2.44 1.61 33.93
(3.235)" | (2.869)° | (2.498)° | (1.996)" (2.239)" | (1.824)* | (1.574)* | (1.283)®
T4 Spinosad 45SC@0.25 ml/l 10.21 7.54 5.55 322 45.98 433 3.22 2.55 1.89 26.16
(3.188)" | (2.745)™ | (2.353)™ | (1.797)™ (2.073)" | (1.793)* | (1.604)® | (1.383)®
TS5 Dichlorovas 45SC@1.5ml/1 8.89 7.44 . 6.22 . 3.55 . 38.93 6.22 . 4.89 . 3.55 . 322 2331
(2.984)* | (2.736)™ | (2.501)° | (1.892) (2.496)™ | (2.219)® | (1.892)° | (1.793)°
T6 | Emamectin benzoate 5G@0.30 g/l 10.78 911 1 6.65 | 266 | 4366 45 | 322 1.78 1.03 1 37.99
(3.286)" | (3.025)° | (2.578)" | (1.642)" (2.144)" | (1.807)" | (1.333)* | (1.034)"
7 | Imidachloprid 17.5 SC@0.5ml/l 9.55 8.78 7.33 5.33 32.55 7.22 5.22 3.00 2.44 33.93
(3.093)* | (2.963)" | (2.712)" | (2.313)° (2.693)° | (2.288)" | (1.739)® | (1.573)™
18 | Flubendiamide 480SC@0.20 ml/l 8.00 5.99 4.00 1.89 48.35 4.22 3.33 2.00 113 32.50
(2.835)* | (2.455)* | (2.008)* | (1.383)" (2.059)* | (1.824)* | (1.421)" | (1.077)
T9 Lufenuron SEC@0.5ml/l 10.24 9.0 6.89 3.89 39.08 5.55 4.00 ' 2.88 ' 1.66 ' 3231
(3.205)" | (3.003)° | (2.626)° | (1.981)° (2.364)™ | (2.008)™ | (1.705)® | (1.297)®
T10 | Control (Untreated) 933 [ 1177 | 11.78 | 1200 0 1322 [ 1133 [ 1233 12.67d 0
(3.205)* | (3.433)° | (3.437)° | (3.469) (3.642)" | (3.368)° | (3.515) | (3.565)
S.Em + 0.1436 | 0.1207 | 0.1297 | 0.1098 - 0.1424 | 0.1214 | 0.1081 | 0.0883 -
C.D.at5% 0.4267 | 03588 | 0.3854 | 0.3263 - 04231 | 03607 | 03212 | 0.2624 -
C.V.% 7.928 7.199 8.801 9.566 - 10.001 10.00 10.423 9.965 -

Figures in the parentheses are transformed values
NS- Non-significant, DBS- Day before spray, DAS- Days after spray
In vertical columns, means followed by same letter do not differ significantly by DMRT (P=0.05).




5 DAS the lowest insect population was found in the treatment flubendiamide
480 SC @ 0.2 ml/l with 4.00 larva/mrl and this was followed by spinosad 45 SC @
0.25 ml/l, indoxacarb 15.8 EC @ 0.40ml/l1 and chlorantraniliprole 18.5 EC @ 0.20 ml/1
with an at par larval population with each other of 5.55, 5.54 and 6.00 larva/mrl,

respectively.

A similar trend in efficacy of the insecticides was observed at seven days after
spraying wherein, the least mean number of larvae per meter row length was observed
in the plots treated with flubendiamide 480 SC, followed by chlorantraniliprole,
emamectin benzoate 5 G, indoxacarb 15.8 EC, spinosad 45 SC, dichlorvos 45SC,
lufenuron 5 EC with insect population of 2.55, 2.66, 3.22, 3.22, 3.55, 3.89, 3.99
larvae/mrl, respectively and they were found to be at par with each other. The highest
insect population was observed in plot treated with imidacloprid 17.5 SC (5.33

larvae/mrl). Whereas, 12.00 larvae/mrl, were found in untreated control.

Highest per cent reduction over control (ROC) was observed in flubendiamide
480 SC @ 0.20ml/1 with 48.35 per cent which was at par with chlorantraniliprole 18.5
EC @0.20ml/1 (46.68 per cent) and spinosad 45 SC @0.25ml/l (45.98 per cent).
Followed by indoxacarb 15.8 EC @0.40 ml/l (44.18 per cent), emamectin benzoate 5 G
@ 0.30g/1 (43.66 per cent), lambda cyhalothrin SEC @ 0.30ml/l (42.56 per cent),
lufenuron 5 EC @ 0.5ml/l (39.08 per cent), dichlorvos 45 SC @ 1.5ml/l (38.93 per
cent) and imidacloprid 17.5 SC @ 0.5ml/l (32.55 per cent).

4.4.2 Second spray

At one day before second spray flubendiamide 480 SC @ 0.20ml/1 (4.22
larvae/mrl) was having least larval population along with the at par populations of
spinosad 45 SC @ 0.25ml/l and emamectin benzoate 5 G @ 0.5 g/l with larval
population of 4.33 and 4.55 larvae/mrl, respectively (Table No. 4.4.1). The next three
treatments with populations of 5.00, 5.55 and 5.67 were lambda cyhalothrin 5 EC @
0.30ml/1, lufenuron SEC @ 0.5ml/l and indoxacarb 15.8EC @ 0.40 ml/ I. These three
populations were at par with remaining two treatments of dichlorvos 45SC @ 1.5 ml/I
(6.22 larvae/mrl) and chlorantraniliprole 18.5 EC @ 0.20ml/l (6.22 larvae/mrl). The
highly significant larval populations were found in imidacloprid 17.5 SC @ 0.5ml/I

(7.22 larvae/mrl) and untreated control (13.22 larvae/mrl).
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At one day after spraying the lowest populations were recorded at par with each
other in emamectin benzoate 5 G @ 0.30 g/l, spinosad 45 SC @ 0.25 ml/],
flubendiamide 480 SC @ 0.20 ml/l, lambda cyhalothrin 5 EC @ 0.30 ml/l and
chlorantraniliprole 18.5 EC @ 0.20 ml/l with mean larval population of 3.22, 3.22,
3.33, 3.33, 3.55 larvae/mrl, respectively. Next best treatments were found to be
indoxacarb 15.8 EC @ 0.40 ml/I (3.66 larvae/mrl), followed by lufenuron 5 EC @ 0.5
ml/l (4.00 larvae/mrl) and dichlorvos 45 SC @ 1.5 ml/l (4.89 larvae/mrl). Whereas,
compared to other treatments, the highest population was found in imidacloprid 17.5

SC @ 0.5 ml/I (5.22 larvae/mrl).

Similarly, at 5 days after spraying the lowest larval population was recorded in
emamectin benzoate 5 G @ 0.30 gm/I and flubendiamide 480 SC @ 0.20 ml/l with 1.78
and 2.00 larvae/mrl and they were followed by chlorantraniliprole 18.5 EC @ 0.20 ml/l
, lambda cyhalothrin 5 EC @ 0.30 ml/l, indoxacarb 15.8 EC @ 0.40 ml/l, spinosad 45
EC @ 0.25 ml/l and lufenuron 5 EC @ 0.50 ml/l with an at par larval population of
244, 2.44, 2,55, 2.55 and 2.88 larvae/mrl. The highest population was found in
imidacloprid 17.5 SC @ 0.5 ml/l (3.00) and dichlorvos 45 SC @ 1.5 ml/l (3.55).

Whereas, 12.33 larvae/mrl were found in the untreated control.

At 7 days after spraying emamectin benzoate 5 G @ 0.30 gm/l recorded the
lowest larval population of 1.03 larvae/mrl which was at par with the population
recorded in plots treated with flubendiamide 480 SC @ 0.20 ml/1 (1.13 larvae/mrl) and
indoxacarb 15.8 EC @ 0.40 ml/1 (1.14 larvae/mrl). These were followed by
chlorantraniliprole 18.5 EC @ 0.20 ml/l, lambda cyhalothrin 5 EC @ 0.30 ml/l,
lufenuron 5 EC @ 0.50 ml/l and spinosad 45 SC @ 0.25 ml/l with larval population of
1.55, 1.61, 1.66 and 1.89 larvae/mrl, respectively. Imidacloprid 17.5 SC @ 0.5 ml/l
recorded 2.44 larvae/mrl along with dichlorvos 45 SC @ 1.5 ml/l recorded highest
population of 3.22 larvae/mrl and thus found to be least effective when compared with

untreated control plot (12.67).

Highest percent reduction over control was recorded in chlorantraniliprole 18.5
EC @ 0.20 ml/l with a significant reduction of 43.09%, followed by indoxacarb 15.8
EC @ 0.40 ml/l and emamectin benzoate 5 G @ 0.30 gm/l with 38.67 and 37.99%,
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respectively. Moderate percent reduction was recorded in lambda cyhalothrin 5 EC @
0.30 ml/l, lufenuron 5 EC @ 0.50 ml/l with 33.93 and 33.50%. Lowest percent
reduction of 23.31% was recorded in dichlorvos 45 SC @ 1.5 ml/I.

4.4.3 First Spray 2017

As of previous year i.e. Kharif 2016 all the treatments recorded a uniform
population at one day before spraying (Table No. 4.4.2). During the first day after
spraying more or less similar trend was observed in the larval count as seen in one day
before spray with flubendiamide 480SC @ 0.20ml/l (8.00 larvae/mrl), imidacloprid
17.8 SC @ 0.5ml/l (8.66 larvae/mrl), dichlorvos 45 SC @ 1.5ml/l (7.66 larvae/mrl),
emamectin benzoate 5 G @ (.5g/1 (9.22 larvae/mrl), lufenuron 5 EC @ 0.5ml/I (9.33
larvae/mrl), spinosad 45 EC @ 0.25ml/1 (9.33 larvae/mrl), chlorantraniliprole 18.5 EC
@ 0.20 ml/1 (9.66 larvae/mrl), lambda cyhalothrin 5 EC @ 0.30ml/1 (10.00 larvae/mrl),
and indoxacarb 18.8 EC @ 0.40ml/1 (10.55 larvae/mrl).

During five days after spraying a significant reduction in larval population was
observed in flubendiamide 480 SC @ 0.20ml/l with 4.33 larvae/mrl. This was at par
with lufenuron 5 EC @ 0.5ml/l (5.55 larvae/mrl), spinosad 45 EC @ 0.25ml/l (5.66
larvae/mrl), imidacloprid 17.5 SC @ 0.5ml/I(5.89 larvae/mrl) and emamectin benzoate
5G @ 0.30 g/l (6.00 larvae/mrl). It was followed by lambda cyhalothrin SEC @
0.30ml/1, chlorantraniliprole 18.5 EC @ 0.20ml/l and dichlorvos 45 SC @ 1.5 ml/l with
larval population of 7.33, 7.33 and 7.66 larvae/mrl, respectively.

At seven days after spray flubendiamide 480 SC @ 0.20ml/l recorded
significantly lesser population of S. litura with 2.03 larvae/mrl which was at par with
population in plots treated with emamectin benzoate 5 G @ 0.30g/1 (2.66 larvae/mrl),
lufenuron 5 EC @ 0.5ml/l (3.33 larvae/mrl), spinosad 445 EC @ 0.25ml/1 (3.33
larvae/mrl) and lamda cyhalothrin 5 EC @ 0.30ml/l (3.66 larvae/mrl). Comparatively,
higher population was present in chlorantraniliprole 18.5 EC @ 0.20ml/l (4.33
larvae/mrl), dichlorvos 45 SC @ 1.5ml/l (4.33 larvae/mrl) and imidacloprid 17.5 SC @
0.5ml/1 (4.44 larvae/mrl).
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Table No. 4.4.2 Efficacy of different insecticides against tobacco caterpillar (S. litura) on soybean during kharif 2017

Mean number of larvae/meter row length

Tr. No Treatment 1% Spray 2" Spray
1IDBS | 1DAS | 5DAS 7DAS | % ROC | 1DBS 1DAS | 5DAS | 7DAS | % ROC
T1 | Chlorotraniliprole 18.5EC@0.20 ml/l | 12.00 9.66 733 433 26.56 6.33 4.55 244 0.89 34.89
(3.466)* | (3.112)" | (2.712)" | (2.083)™ (2.52)® | (2.144)" | (1.573)™ | (0.938)®
T2 | Indoxacarb 15.8 EC@0.40 ml/l 12.00 10.55 8.00 4.66 22.40 5.55 3.56 2.11 1.22 35.01
(3.462)" | (3252)" | (2.821)" | (2.168)° (2.364)" | (1.895)" | (1.450)* | (1.061)"®
T3 | Lamdacyhalothrin 5 EC@ 0.30ml/l 11.93 10.00 7.33 3.66 27.04 6.00 422 2.44 1.89 29.66
(3.454)* | (3.158)" | (2.712)° | (1.909)™° (2.445)® | (2.059)" | (1.573)™ | (1.383)™
T4 | Spinosad 45EC@0.25 ml/l 11.33 9.33 5.66 3.33 30.80 6.33 3.89 2.00 0.89 39.99
(3.358)" | (3.043)" | (2.376)™ | (1.824)™ (2.505)® | (1.960)" | (1.420)* | (0.939)™
T5 | Dichlorovas 45SC@1.5ml/l 9.66 8.78 7.66 433 16.73 6.33 4.66 3.55 2.89 20.15
(3.099)" | (2.958)* | (2.768)" | (2.083)™ (252" | (2.168)* | (1.892)™ | (1.709)
T6 | Emamectin benzoate 5G@0.30 g/l 11.44 9.22 6.00 2.66 32.25 6.33 433 2.55 1.11 34.39
(3.389)* | (3.043)" | (2457)° | (1.64D)® (2.50)™ | (2.083)* | (1.60H™ | (1.074)™
T7 | Imidachloprid 17.5 SC@0.5ml/l 10.00 8.66 5.89 4.44 23.32 733 5.55 4.00 222 24.45
(3.158)* | (2.944)* | (2.427)™ | (2.117)™ (2.712)* | (2.359)® | (2.008)° | (1.505)°
T8 | Flubendiamide 480SC@0.20 ml/l 10.33 8.00 433 2.03 36.82 6.00 4.11 1.89 0.55 39.33
(3.215)" | (2.832)* | (2.083)* | (1.438)" (2.452)® | (2.026)* | (1.383)* | (0.752)
T9 | Lufenuron SEC@0.5ml/l 10.55 9.33 5.55 3.33 27.93 8.22 6.66 4.55 2.89 21.26
(3.252)* | (3.0539)" | (2.364)™ | (1.824)™° (2.873)° | (2.584)" | (2.141)° | (1.709)°
T10 | Control (Untreated) 12.22 10.44 13.00 10.55 0 10.89 10.22 8.89 755 0
(3.497)* | (3.236)* | (3.611)" | (3.249) (3.302)° | (3.197)° | (2.988)" | (2.755)"
S.Em + 0.1518 | 0.1438 | 0.1319 0.1362 - 0.1436 | 0.1297 | 0.0968 | 0.1297 -
C.D.at 5% 04511 | 04274 | 0.3920 0.4046 - 0.4268 | 03854 | 0.2876 | 0.3856 -
C.V.% 7.8852 | 8.1336 | 8.6784 11.596 - 9.497 9.9968 9.296 16.255 -

Figures in the parentheses are transformed values
NS- Non-significant, DBS- Day before spray, DAS- Days after spray
In vertical columns, means followed by same letter do not differ significantly by DMRT (P=0.05).




Significantly highest per cent reduction over control i.e. 36.82 per cent was
observed in flubendiamide 480 SC @ 0.20ml/l. The next best reduction in this regard
was observed in emamectin benzoate 5 G @ 0.30 g/l (32.25%) and spinosad 45 EC @
0.25ml/1 (30.80%). Following these were lufenuron 5 EC @ 0.5ml/l, lambda
cyhalothrin 5 EC @ 0.30ml/l and chlorantraniliprole 18.5 EC @ 0.20ml/l with at par
reduction over control of 27.93, 27.04 and 26.56 per cent, respectively. Imidacloprid
17.5 SC @ 0.5ml/l (23.32%) was found to be at par with indoxacarb 15.8 EC @
0.40ml/1 (22.40%). The least per cent reduction over control was observed in

dichlorvos 45 SC @ 1.5ml/1 (16.73%).
4.4.4 Second spray

The lowest population of S. litura larva was observed in the case of indoxacarb
15.8 EC @ 0.40ml/1 (5.55larvae/mrl) at one day before spray (Table No. 4.4.2). Other
than this all the eight treatments recorded to have larval population at par with each
other. On one day after spraying the least larval population was observed in indoxacarb
15.8 EC @ 0.40ml/l (3.56 larvae/mrl) followed by spinosad 45 SC @ 0.25ml/1(3.89
larvae/mrl), flubendiamide 480SC @ 0.20ml/l (4.11 larvae/mrl), lambda cyhalothrin 5
EC @ 0.30ml/I (4.22 larvae/mrl), emamectin benzoate 5G @ 0.30g/1 (4.33 larvae/mrl),
chlorantraniliprole 18.5 EC @ 0.20ml/l (4.55 larvae/mrl), dichlorvos 45 SC @ 1.5ml/I
(4.66 larvae/mrl). Comparatively higher population was observed in plots treated with
imidacloprid 17.5 SC @ 0.5ml/1 (5.55 larvae/mrl) and lufenuron 5 EC @ 0.5ml/I (6.66

larvae/mrl).

During five days after spraying plots treated with flubendiamide 480 SC @
0.20ml/1 with 1.89 larvae/mrl followed by spinosad 45 SC @ 0.25ml/l with 2.00
larvae/mrl, indoxacarb 15.8 EC @ 0.40ml/l with 2.11 larvae/mrl, chlorantraniliprole
18.5 EC @ 0.20ml/l 2.44 larvae/mrl, lambda cyhalothrin 5 EC @ 0.30ml/l with 2.44
larvae/mrl and emamectin benzoate 5 G @ 0.30g/1 with 2.55 larvae/mrl. Comparatively
more population was observed in dichlorvos 45 SC @ 1.5ml/l with 3.55 larvae/mrl,
imidacloprid 17.5 EC @ 0.5ml/l with 4.00 larvae/mrl and lufenuron 5 EC @ 0.5ml/I

with 4.55 larvae/mrl.
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At seven days after spray least population was found in flubendiamide 480SC
@ 0.20ml/1 (0.55 larvae/mrl) followed by chlorantraniliprole 18.5 EC @ 0.20ml/I (0.89
larvae/mrl) and spinosad 45 SC @ 0.25ml/l (0.89 larvae/mrl). Next treatment, found
effective emamectin benzoate 5 G @ 0.30g/1 (1.22 larvae/mrl), indoxacarb 15.8 EC @
0.40ml/1 (1.22 larvae/mrl), lambda cyhalothrin 5 EC @ 0.30ml/l (1.89 larvae/mrl),
imidacloprid 17.5 SC @ 0.5ml/l (2.22 larvae/mrl), lufenuron 5 EC @ 0.5ml/1 (2.89
larvae/mrl), dichlorvos 45 SC @ 1.5ml/I (2.89 larvae/mrl).

The best per cent reduction over control was observed in spinosad 45 SC @
0.25ml/1 with 39.99 per cent and flubendiamide 480 SC @ 0.20ml/l with 39.33 per
cent. Followed by indoxacarb 158 EC @ 0.40ml/l with 35.01 per cent,
chlorantraniliprole 18.5 EC @ 0.20ml/l with 34.89 per cent, emamectin benzoate 5 G
@ 0.30g/1 with 34.39 per cent and lambda cyhalothrin 5 EC @ 0.30ml/I with 29.66 per
cent. Comparatively lesser per cent reduction was observed in the case of imidacloprid
17.5 SC @ 0.5ml/1 (24.45%), lufenuron 5 EC @ 0.5ml/l (21.26%) and dichlorvos 45
SC @ 1.5ml/1 (20.15%).

4.4.5 Efficacy of different insecticides against S. litura during 2016 and 2017
kharif

During the kharif season of 2016 the mean number of larvae per meter row
length was found least in plots treated with insecticide flubendiamide 480 SC @
0.20ml/1 in restricting population to the least among all the insecticides with an average
of 3.054 larvae/mrl, it was at par with spinosad 45 SC @ 0.25ml/I (3.996 larvae/mrl),
chlorantraniliprole 18.5 EC @ 0.20ml/l (4.068 larvae/mrl), emamectin benzoate 5 G @
0.30g/1 (4.076 larvae/mrl) and indoxacarb 15.8 EC @ 0.40ml/l1 (4.128larvae/mrl).
Further, plots treated with lambda cyhalothrin 5 EC @ 0.30ml/l showed larval
population of 4.298 larvae/mrl, whereas, lufenuron 5 EC @ 0.50ml/l and dichlorvos 45
SC @ 1.5ml/l showed at par populations of 4.718 and 4.813 larvae/mrl, respectively.
Least effective treatment was found to be imidacloprid 17.5 SC @ 0.5ml/l with larval
population of 5.349 larvae/mrl, which was found to be significantly lower than all of
the other treatments. More or less similar results were also found in second year (kharif,
2017) with flubendiamide 480 SC @ 0.20ml/l having significantly less mean number of

larvae per meter row length (3.484 larvae/mrl) followed by at par populations in
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spinosad 45 SC @ 0.25ml (4.182 larvae/mrl), emamectin benzoate 5 G @ 0.30g/1
(4.312 larvae/mrl) and chlorantraniliprole 18.5 EC @ 0.20ml/l (4.868 larvae/mrl),
which was on par with lambda cyhalothrin 5 EC @ 0.30ml/1 (4.923 larvae/mrl),
indoxacarb 15.8 EC @ 0.40ml/1 (5.018 larvae/mrl) and imidacloprid 17.5 SC @ 0.5ml/I
(5.127 larvae/mrl). Lufenuron 5 EC @ 0.5ml/l and dichlorvos 45 SC @ 1.5ml/l were
found to be least effective with larval population of 5.386 and 5.312 larvae/mrl,
respectively. Thus, flubendiamide 480 SC @ 0.20ml/l along with spinosad 45 SC @
0.25ml/I were found to be most significantly effective followed by emamectin benzoate

5 G @ 0.30g/1 and chlorantraniliprole 18.5 EC @ 0.20ml/l (Table 4.4.3).

Per cent reduction over control during the first season was highest in
chlorantraniliprole 18.5 EC @ 0.5ml/l with 44.885 per cent reduction in larval
population over untreated control plots and was also found to be significantly higher
than all the other treatments. It was followed by indoxacarb 15.78 EC @ 0.40ml/l,
emamectin benzoate 5 G @ 0.30g/l and flubendiamide 480 SC @ 0.20ml/l where per
cent reduction in larval population (41.425, 40.825and 40.425%) was at par with each
other. Lambda cyhalothrin 5 EC @ 0.30ml/l showed 38.245 per cent reduction over
control was at par with spinosad 45 SC @ 0.25ml/1 (36.07%), which was on par with
lufenuron 5 EC @ 0.5ml/I (35.695%). Imidacloprid 17.5 SC @ 0.5ml/l and dichlorvos
45 SC @ 1.5ml/l were on par with per cent reduction over control of 33.24 and 33.12

per cent, respectively.

After pooling the data for the two years i.e. 2016 and 2017 Kharif, as presented
in Table No. 4.4.4, flubendiamide 480 SC @ 0.20 ml/l was found to be most effective
insecticidal treatment to lower the larval population of S. lifura among all the
insecticides with a highly significant mean larval population of 3.269 larvae/mrl and
39.25 per cent reduction of larval population over the control plots. The second best
insecticidal treatment was found to be the chlorantraniliprole 18.5 EC @ 0.20 ml/I
(4.468 larvae/mrl and 37.805 per cent reduction in larval population over the control)
which was at par with emamectin benzoate 5 G @ 0.30 gm/] with 4.194 larvae/mrl and
37.0725 per cent reduction over control. Spinosad 45 SC @ 0.25 ml/l was also found to
be at par with flubendiamide 480 SC @ 0.20 ml/I in restricting the S. litura population

to 4.089 larvae/mrl but its per cent reduction of larval population over the control,
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Table No. 4.4.3 Pooled data of bio-efficacy of different insecticides against S. litura of 2016 and 2017 kharif season:

Tr. . Mean no. %ROC Mean no. %ROC Pooled data (larvae/mrl)
No. Chemical name larvae/mrl 2016 larvae/mrl 2017

2016 2017 (larvae/mrl) % ROC
T1 | Chlorantraniliprole 18.5SC @ 0.20 ml/I 4.068 44.885 4.868 30.725 4.468 37.805
T2 | Indoxacarb 15.8 EC @ 0.40 ml/l 4.128 41.425 5.018 28.705 4.573 35.065
T3 | Lambda cyhalothrin 5 EC @ 0.30ml/1 4.298 38.245 4.923 28.35 4.611 33.2975
T4 | Spinosad 45SC @ 0.25 ml/1 3.996 36.07 4.182 35.395 4.089 35.7325
T5 | Dichlorvos 46EC @ 1.5ml/l 4.813 31.12 5.312 18.44 5.063 24.78
T6 | Emamectin benzoate 5G @ 0.30 g/l 4.076 40.825 4.312 33.32 4.194 37.0725
T7 | Imidacloprid 17.5 SC @ 0.5ml/1 5.349 33.24 5.127 23.885 5.238 28.5625
T8 | Flubendiamide 480SC @ 0.20 ml/1 3.054 40.425 3.484 38.075 3.269 39.25
T9 | Lufenuron SEC @ 0.5ml/ 4.718 35.695 5.386 24.595 5.052 30.145
T10 | Control (Untreated) 11.979 - 10.109 - 11.044 -




35.7325 was significantly lower than that of the flubendiamide 480 SC @ 0.20 ml/l
(39.25%). Whereas, on the other end of the comparison, lufenuron 5 EC @ 0.5ml/l,
dichlorvos 45 SC @ 1.5ml/l and imidacloprid 17.5 SC @ 0.5ml/l were found to be the
least effective insecticides during these two seasons, in order to lower the S. litura
population with a mean larval population of 5.063, 5.238 and 5.052 larvae/mrl,
respectively. In pooled data, the least per cent reduction over control plots was
observed in the dichlorvos 45 SC @ 1.5ml/l (24.78%), which was significantly lower
than the nearest treatment, imidacloprid 17.5 SC @ 0.50 ml/l (28.5625%) and
lufenuron 5 EC @ 0.5ml/I (30.145).

These results were found to be in accordance with the previous research works
on the efficacy of insecticides for the management of S. /ifura on soybean. Motaphale
et. al, (2017) studied on the efficacy and economics of different insecticides and bio-
rational against S. litura in soybean and reported that rynaxypyr 20SC with 64.52 per
cent reduction and emamectin benzoate with 58.84 per cent reduction at 3 days after

first and second spray, respectively.

Patil and Mohite (2015) worked on the bio-efficacy of new molecules of
insecticides against S. litura and reported that S. litura population at 3DAS recorded
0.45 larvae/plant in plots treated with flubendiamide 480 SC @200 ml/ha and on 7
DAS population was reduced to 0.37 larvae/plant and it was significantly superior over
all other treatments. However, it was on par with spinosad 45 SC @ 187.5 ml/ha. At 7
days after application, flubendiamide 480 SC @ 200 ml/ha recorded significantly low
survival of S. litura larvae as compared to other treatments. The S. litura population
was reduced to 0.37 larvae/plant in the treatment with flubendiamide 480 SC @ 200
ml/ha. The treatment with spinosad 45 SC, lambda cyhalothrin 5 EC and emamectin
benzoate 1.9 EC were next in order of efficacy in reducing the survival population of S.

litura larvae

The results were also in similar with the field efficacy of some new insecticides
against S. exigua per 10 plants that the pooled mean of two years were lowest in
chlorantraniliprole 20% SC with 0.33 larvae/10 plants, spinosad 45%SC with 0.34 and
flubendiamide 20% WG with 0.50 as against untreated plots 16.7 larvae/10 plants and

recorded 98.0, 97.9 and 97.0 per cent reduction of S. exigua respectively (Suneel
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Kumar and Sarada, 2015). Patil et al. (2015) reported flubendiamide 480 SC @ 200
ml/ ha as the best chemical and recorded minimum population of S. litura (0.30 larva
per plant). Spinosad 45 SC (0.36 larva per plant), lambda cyhalothrin 5 EC (0.39 larva
per plant) and emamectin benzoate 1.9 EC (0.40 larva per plant) were in next order of
effective and also flubendiamide 480 SC was observed to be relatively safe to natural

enemies.
4.4.6 Effect of different insecticides on soybean seed yield

Assessment of the effect of different insecticidal treatments on the soybean
seed yield was observed by comparing the yield in different treatments with the yield
of untreated control (Table No. 4.4.4). Highest yield for the first season (Kharif,
2016) was recorded in the plots, treated with emamectin benzoate 5 G @ (0.30 gm/I
with 2514.89 kg/ha, with a percent increase in yield of 53.84 percent over control,
which was significantly higher than other treatments and at par with that of
chlorantraniliprole 18.5EC@0.20 ml/1 (2491.91 kg/ha yield and 52.43% increase over
control) and indoxacarb 15.8 EC@0.40 ml/l (2438.80 kg/ha yield and 49.18%
increase over control). The next best yield was recorded in the plots treated with
flubendiamide 480SC@0.20 ml/l (2186.73 kg/ha yield and 33.77% increase over
control), followed by spinosad 45SC@0.25 ml/l (2137.42 kg/ha yield and 30.75%
increase over control) and lambda cyhalothrin 5 EC@ 0.30ml/I (2033.49 kg/ha yield
and 24.39% increase over control), which were at par with each other. Whereas,
yields recorded within spinosad 45SC@0.25 ml/1 (2137.42 kg/ha yield and 30.75%
increase over control) and lambda cyhalothrin 5 EC@ 0.30ml/l (2033.49 kg/ha yield
and 24.39% increase over control) were on par with imidacloprid 17.5 SC@0.5ml/l
(1905.93 kg/ha yield and 16.59% increase over control) and the yield of later two
were on par with the yields in plots treated with lufenuron SEC@0.5g/1 (1872.73
kg/ha yield and 14.56% increase over control) and dichlorvos 45SC@1.5ml/I
(1841.02 kg/ha yield and 12.62% increase over control). The expected least yield was

recorded in untreated control with 1634.76 kg/ha.

After the second season as well, the plots treated with emamectin benzoate
5G@0.30 g/l came up as the highest producing treatments with a significantly higher

yield of 2919.87 kg/ha and a percent increase in yield over control of 52.24%, as

Results and Discussion............ e



Table No. 4.4.4. Effect of different insecticides on soybean seed yield during 2016 and 2017

Tr. No. Treatments Kg/ha (2016) % Yield increase Kg/ha (2017) % Yield increase
T1 Chlorantraniliprole 18.5EC@0.20 ml/I 2491.91° 52.43 2907.73¢ 51.61
T2 Indoxacarb 15.8 EC@0.40 ml/1 2438.80° 49.18 2800.27° 46.00
T3 Lambda cyhalothrin 5 EC@ 0.30ml/I 2033.49"¢ 24.39 2473.89" 28.99
T4 Spinosad 45EC@0.25 ml/l 2137.42%¢ 30.75 2564.64° 33.72
T5 Dichlorvos 45SC@1.5ml/l 1841.02* 12.62 2307.04% 20.29
T6 Emamectin benzoate 5G@0.30 g/ 2514.89° 53.84 2919.87¢ 52.24
T7 Imidacloprid 17.5 SC@0.5ml/I 1905.93" 16.59 2291.07* 19.45
TS Flubendiamide 480SC@0.20 ml/I 2186.73¢ 33.77 2837.31 47.94
T9 Lufenuron SEC@0.5g/1 1872.73" 14.56 2253.44% 17.49

T10 Control (Untreated) 1634.76" - 1917.93* -
S.Em + 0.1168 - 0.1901 -

C.D. at5% 0.3471 - 0.56485 -

CV.% 6.4047 - 8.6863 -

In vertical columns, means followed by same letter do not differ significantly by DMRT (P=0.05).




compared to other treatments and it was at par with chlorantraniliprole 18.5EC@ 0.20
ml/l (2907.73 kg/ha yield and 51.61% increase over control), flubendiamide
480SC@0.20 ml/1 (2837.31 kg/ha yield and 47.94% increase over control), indoxacarb
15.8 EC@0.40 ml/l (2800.27 kg/ha yield and 46.00% increase over control) and
spinosad 45SC@0.25 ml/1 (2564.64 kg/ha yield and 33.72% increase over control). The
yield in flubendiamide 480SC @0.20 ml/l, indoxacarb 15.8 EC @0.40 ml/l and spinosad
45SC@0.25 ml/l was on par with the yield recorded in lambda cyhalothrin 5 EC@
0.30ml/1 (2473.89 kg/ha yield and 28.99% increase over control) and the yield of last
two was on par with dichlorvos 45SC@1.5ml/l (2307.04 kg/ha yield and 20.29%
increase over control), imidacloprid 17.5 SC@0.5ml/1 (2919.87 kg/ha yield and 19.45%
increase over control) and lufenuron SEC@0.5g/l (2253.44 kg/ha yield and 17.49%
increase over control). Again the untreated control was the least producing treatments

among all.

The results of the present investigation are found to be similar with the previous
year research works where, Motaphale et. al, (2017) in their study on efficacy and
economics of different insecticides and bio rational against S. /itura in soybean reported
rynaxypyr 20 SC resulted in significantly higher yield of 2443.00 kg/ha followed by
spinosad 45 SC 2385.00 kg/ha. The highest gross income and net profit was recorded in
rynaxypyr 20SC.

Patil and Mohite (2015) worked on the bio-efficacy of new molecules of
insecticides against S. litura. Flubendiamide 480 SC @ 200 ml/ha recorded the highest
yield of 2100.10kg/ha followed by emamectin benzoate 1.9 EC @ 2000ml/ha recorded
the yield of 1933.6 kg/ha and these treatments were followed by lamda cyhalothrin 5
EC @ 40g/ha with 1730.4kg/ha.
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Chapter 5 SUMMARY AND CONCLUSION

The present investigation was undertaken to notice the incidence of major insect
pests and their natural enemies of soybean in major districts of Uttarakhand, along with
the comparative study on different soybean based artificial diets on growth,
development and fecundity of Tobacco caterpillar, Spodoptera litura. Further,
experimental trials were also been conducted to study the field resistance level and bio-

efficacy of different insecticides against S. litura.

A roving survey was conducted in ten districts, U S Nagar, Nainital, Almora,
Champawat, Pithoragarh, Pauri Garhwal, New tehri, Uttarkashi, Dehradun and
Haridwar of Uttarakhand state. The laboratory experiments were conducted in the
Soybean Entomology Laboratory of the Department of Entomology, and the field trials
were conducted in Norman E Borlaug Crop Research Centre (NEBRC) of G.B. Pant
University of Agriculture and Technology, Pantnagar. The salient findings in the

present investigation have been presented under the following headings.

51 To ascertain the incidence of major insect pests and their natural enemies
on soybean in major districts of Uttarakhand

The survey was conducted in different locations of U.S. Nagar, Almora,
Nainital, Pauri Gharwal, Uttarkashi, Dehradun, New Tehri, Haridwar, Pithoragarh and

Champawat districts during kharif, 2017.

The incidence of tobacco caterpillar S. litura was highest in Nainital district
with mean number of larvae of 5.1 per meter row length. Almora recorded the second
highest number of S. litura with 4.3 larvae/mrl followed by U. S Nagar recorded the 3.8
larvae/mrl. The rest districts recorded the moderate level of incidence of tobacco
caterpillar like Champawat (3.6 larvae/mrl), Pithoragarh (3.16 larvae/mrl), Haridwar
(3.02 larvae/mrl), New Tehri (2.9 larvae/mrl), Uttarkashi (2.9 larvae/mrl), Pauri
Garhwal (2.6 larvae/mrl) and least incidence was observed in Dehradun (2.0

larvae/mrl).
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The incidence of bihar hairy caterpillar S. obliqua was highest at its incidence in
U. S. Nagar with 4.7 larvae per meter row length with Kashipur being its hotspot. The
second position was Almora district which recorded the 4.4 larvae/mrl. The moderate
level of incidence was recorded in Nainital (4.3 larvae/mrl), Haridwar (3.5 larvae/mrl),
New Tehri (3.4 larvae/mrl), Champawat (3.2 larvae/mrl), Pauri Garhwal (3.1
larvae/mrl), Pithoragarh (3.02 larvae/mrl), Dehradun (3.0 larvae/mrl) and Uttarkashi

recorded the lowest level of incidence of with 2.9 larvae/mrl.

The incidence of soybean semilooper Thysanoplusia acuta was highest at its
incidence in U. S. Nagar with its mean number of larvae of 3.2 larvae per meter row
length, the second highest incidence was observed in Nainital district with 3.2
larvae/mrl. Further the Almora, Dehradun, Pithoragarh, Haridwar, New Tehri and
Chmpawat recorded moderate level of infestation with 3.1, 3.1, 2.96, 2.68, 2.6 and 2.6
larvae/mrl, respectively. The other districts observed less infestation and incidence of

semilooper Pauri Garhwal (2.5 larvae/mrl) and Uttarkashi (2.3 larvae/mrl).

Chrysomelid beetle which is known to cause defoliation on soybean crop was
found highest in its population in New Tehri district with 5.1 beetles per meter row
length. Second position in the incidence of this pest was observed in Almora (4.9
beetle/mrl), followed by Uttarkashi (4.5 beetle/mrl), Nainital (4.4 beetle/mrl) with
Majhera being one of its hotspot and Pauri Garhwal (4.1 beetle/mrl). Other districts like
Pithoragarh (3.76 beetle/mrl), Haridwar (3.22 beetle/mrl) and Champawat (3.2
beetle/mrl) observed moderate level of incidence. Dehradun and U. S. Nagar recorded

the lowest incidence of 2.22 and 2.0 beetle/mrl, respectively.

Whitefly incidence was observed to be highest in Nainital district with 6.5
whitelfy per three leaves followed by U. S. Nagar with 5.7 whitefly per three leaves and
Haridwar with, 4.08 whitefly per three leaves. Dehradun (3.8 whitefly/3 leaves),
Almora (3.7 whitefly/3 leaves), Champawat (3.5 whitefly/3 leaves), Uttarkashi (3.1
whitefly/3 leaves) and Pithoragarh (3.0 whitefly/3 leaves) recorded the moderate level
of incidence of whitefly. New Tehri and Pauri Garhwal recorded the lowest incidence

of whitefly with 2.9 and 2.5 whitefly/3 leaves, respectively.

Jassids incidence was found to be highest in Dehradun with 4.4 jassids per three

leaves followed by Almora (3.8 jassids/3 leaves), Nainital (3.5 jassids/3 leaves), pauri
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Garhwal (3.2 jassids/3 leaves), New Tehri (3.1 jassids/3 leaves) and Champawat (2.9
jassids/3 leaves), and these were to be moderate in its incidence. Lowest incidence was
recorded in Pithoragarh (2.88 jassids/3 leaves) followed by U. S. Nagar (2.8 jassids/3

leaves), Uttarkashi (2.7 jassids/3 leaves) and in Haridwar (2.24 jassids/3 leaves).

The per cent stem fly infestation was highest in U. S.Nagar with 29.6 per cent,
followed by Haridwar with 19.04 per cent, Nainital with 16.3 per cent, Almora with
13.2 per cent, Pauri Garhwal with 12.00 per cent and New Tehri with 11.4 per cent of
moderate level stem fly infestation. Uttarkashi, Dehradun, Champawat and Pithoragarh
districts were found to be having lesser stem fly infestation of 5.7, 5.2, 3.9 and 3.34 per

cent, respectively.

The girdle beetle infestation was found to be highest in New Tehri with 6.2 per
cent infestation followed by a moderate level of infestation found in Nainital (5.5%),
Dehradun (5.3%), Uttarkashi (5.1%) and Pauri Garhwal (4.3%). Comparatively lower
infestation was found in U. S. Nagar (3.9%), Pithoragarh (3.34%), Champawat (3.3%)
and Almora (3.2%). The lowest per cent infestation of the pest was found in Haridwar

with 2.92 per cent.

Population of natural enemies viz, lady bird beetle, Eucanthacona bug and
spiders was also recorded during the survey in ten districts. Mean population of lady
bird beetle, Eucanthacona bug and spiders was found to be highest in Nainital district,
including 5.3 of lady bird beetle, 4.0 of Eucanthacona bug and 2.4 of Spiders, nearly
followed by Almora with 3.8, 4.2 and 3.1 lady bird beetle, Eucanthacona and Spiders,
respectively. The population of natural enemies was also comparatively higher in
Uttarkashi district with mean population of 3.6 for lady bird beetle, 2.9 for
Eucanthacona bug and 2.3 for spiders. This was followed by 3.6, 3.3 and 2.9 in U. S.
Nagar, 3.4, 3.0 and 2.4 in New Tehri, 3.0, 3.1 and 2.4 in Pauri Garhwal, 3.2, 2.5 and 2.1
in Champawat, 3.14, 2.34 and 2.08 in Haridwar, 3.2, 2.36 and 2.12 in Pithoragarh
district. The least natural enemy population was found in Dehradun district with a mean
population of all three natural enemies, with 2.4, 2.0 and 2.34 (lady bird beetle,

Eucanthecona bug and Spiders, respectively).
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5.2  Comparative study of artificial diet along with Soybean leaves on growth
and development and fecundity of tobacco caterpillar Spodoptera litura

A laboratory experiment was conducted to study the effect of soybean and other
host based artificial diets on the growth and development of S. litura. The study
revealed that, soybean based artificial diet (Diet II) was proved to consume lesser
number of days to complete its larval stage i.e total larval period was 16.3 days
whereas, chickpea based artificial diet (Diet I) recorded larval duration of 15.5 days.
The other host based artificial diet recorded long duration to the completion of larval
stage (Castor leaves based artificial diet Diet III 19.25, blackgram leaves based
artificial diet Diet IV 20.83 and agar based artificial diet Diet V 25.63 days).

Highest larval growth index was recorded Diet II i.e. Soybean based artificial
diet 5.47 and it was followed by Diet I with 4.74. Least larval growth index 3.49 was
recorded on Diet V (Agar based artificial diet). Total development index was highest in

Diet II (2.28) followed by Diet III (2.19).

53 Study of field resistance of tobacco caterpillar Spodoptera litura to newer
insecticides collected from major districts of Uttarakhand state

The present investigation aimed to monitor level of different insecticidal
toxicity and field resistance against third instar larvae of S. litura (Fab.). The larvae
were collected from different locations of Uttarakhand state during 2016-17 and 2017-
18 and leaf dip method of bioassay was carried out to know median lethal

concentration (LC 50) of insecticides.

The U. S. Nagar population when subjected to leaf dip bioassay method at
48 HAF, Emamectin benzoate 5G was found to be most toxic with LC 50 value of
0.000118%, followed by Spinosad 45EC (0.000168%), Indoxacarb 15.8 EC
(0.000210%) Chlorantraniliprole (Coragen) (0.00028031%) Lambdacyhalothrin 5 EC
(0.000414%), Dichlorvos 45SC (0.000641%) Flubendiamide 480 SC (0.002063%) and
Imidacloprid 17.5 SC (0.002571%). Lufenuron 5 EC (0.005986%) was found to be

least toxic against the larvae.

In other quarters, the order of toxicity of various insecticides against the third
instar larvae of S. litura (Fab.) based on median lethal concentration (LCsgy) is as

follows, Emamectin benzoate 5G > spinosad 45 SC > Indoxacarb 15.8 EC >
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Chlorantraniliprole (Coragen) > Lambdacyhalothrin 5 EC > Dichlorvos 45SC >
Flubendiamide 480 SC > Imidacloprid 17.5 SC > Lufenuron 5 EC.

This population recorded 8.58 fold resistant towards chlorantraniliprole 20 SC
at 48 HAF, 2.09 fold for indoxacarb 15.8 EC, 3.26 fold for lambda cyhalothrin 5 EC,
2.15 fold for spinosad 45 SC, 2.71 fold for dichlorvos 46 SC, 5.23 fold for emamectin
benzoate 5G, 23.26 fold for imidacloprid 17.5 SC, 3.92 fold for flubendiamide 480 SC
and 2.54 fold for lufenuron 5 EC when compared to susceptible population at 48 HAF.

The Nanital population of S. litura when tested with various insecticides at 48 hr
HAF, revealed Spinosad 45 SC recorded to be highly toxic with LCsy value of
0.000145% with resistance ratio (RR) 1.86 and followed by Indoxacarb 15.8 EC
(0.000294%) with 2.93 RR, Emamectin benzoate 5G (0.000318%) with 14.10 RR,
Lambda cyhalothrin 5 EC (0.000529%) with 4.16 RR, Dichlorvos 45SC (0.000562%)
with 2.38 RR, Chlorantraniliprole (Coragen) (0.000624%) with 5.44 RR and
Flubendiamide 480 SC (0.002533%) with 4.81 RR. Lufenuron 5 EC was found to be
least lethal with LCsq value of 0.006410% with 2.72 RR.

The order of toxicity of various insecticides to the third instar larvae of S. litura
(Fab.) based on median lethal concentration (LC50) can be stated as follows, Spinosad
45 SC > Indoxacarb 15.8 EC > Emamectin benzoate 5G > Lambda cyhalothrin 5 EC >
Dichlorvos 46 SC > Chlorantraniliprole (Coragen) > Flubendiamide 480 SC >
Lufenuron 5 EC.

Haridwar population of S. litura at 48 HAF, Emamectin benzoate 5 G with
LCso value of 0.00017% and Resistant Ratio (RR) 7.54 was found to be more toxic
followed by Spinosad 45 EC (0.00044%) with 5.63 RR, Chlorantraniliprole (Coragen)
(0.00027%) with 2.36 RR. Indoxacarb 15.8 EC (0.00033%) with 3.29 RR, Dichlorvos
45 SC (0.00071%) with 3.00 RR, Lambdacyhalothrin 5 EC (0.00085%) with 6.69 RR,
Imidacloprid 17.5 SC (0.00180%) with 16.29 RR and Flubendiamide 480 SC
(0.00183%) 3.47 RR. But, the larvae were found to be least mortal with Lufenuron 5
EC (0.00563%) with 2.39 RR.

In particular, the order of toxicity of various insecticides against third instar

larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
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Emamectin benzoate 5G > Chlorantraniliprole (Coragen) > Indoxacarb 15.8 EC >
spinosad 45 SC > Dichlorvos 45 SC > Lambdacyhalothrin 5 EC > Imidacloprid 17.5
SC > Flubendiamide 480 SC >Lufenuron 5 EC.

S. litura population collected from New Tehri at 48 HAF, Spinosad 45 EC
reported highest larval mortality rate with LCsy value of 0.000209% and Resistant
Ratio (RR) 2.68 followed by Emamectin benzoate 5 G (0.000217%) with RR 9.62,
Chlorantraniliprole (Coragen) (0.000272%) with RR 2.37, Lambdacyhalothrin 5 EC
(0.000572%) with RR 4.5, Dichlorvos 45 SC (0.000583%) with RR 2.46,
Flubendiamide 480 SC (0.001836%) with RR 3.49 and Imidacloprid 17.5 SC
(0.004740%) with RR 42.88. The lowest larval mortality was reported by Lufenuron 5
EC with LCs value of 0.007091% with RR 3.01.

In other words, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Spinosad 45 SC > Emamectin benzoate 5G > Indoxacarb 15.8 EC > Chlorantraniliprole
(Coragen) > Lambdacyhalothrin 5 EC > Dichlorvos 45 SC > Flubendiamide 480 SC >
Imidacloprid 17.5 SC > Lufenuron 5 EC.

Among the various insecticides tested against third instar larvae of S. litura
collected from Pithoragarh, at 48 HAF the results revealed that Emamectin benzoate 5
G was highly toxic with LCsy value 0.000119% and Resistant Ratio (RR) of 5.28
followed by Indoxacarb 15.8 EC, Spinosad 45 EC Chlorantraniliprole (Coragen),
Dichlorvos 45 SC, Lambdacyhalothrin 5 EC, Flubendiamide 480 SC and Lufenuron 5
EC with LCsy values of 0.000215% with RR 2.14, 0.000247% with RR 3.16,
0.000335% with RR 2.92, 0.000666% with RR 2.81, 0.000745% with RR 5.86,
0.002063% with RR 3.92, 0.006569% with RR 2.79 respectively. The least toxicity was
recorded by Imidacloprid 17.5 SC (0.011833%) with RR 107.06.

The order of toxicity of various insecticides against third instar larvae of S.
litura (Fab.)based on median lethal concentration (LC50) can be stated as Emamectin
benzoate 5G> Indoxacarb 15.8 EC > Spinosad 45 SC > Chlorantraniliprole (Coragen) >
Dichlorvos 45 SC> Lambdacyhalothrin 5 EC > Flubendiamide 480 SC > Lufenuron 5
EC >Imidacloprid 17.5 SC.
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Dehradun population of S.litura at 48 HAF, among the various insecticides
tested, Emamectin benzoate 5 G was found to be most toxic against third instar larvae
with LCsg value of 0.000056% and Resistant Ratio (RR) of 2.48 followed by Spinosad
45 EC (0.000164%) with RR 2.10, Chlorantraniliprole (Coragen) (0.000271%) with RR
2.36, Indoxacarb 15.8 EC (0.000272%) with RR 2.71, Lambdacyhalothrin 5 EC
(0.000382%) with RR 3.01, Dichlorvos 45 SC (0.000522%) with RR 2.21,
Flubendiamide 480 SC (0.001648%) with RR 3.13 and Lufenuron 5 EC (0.006209%)
with RR 2.63. The least toxicity was recorded by Imidacloprid 17.5 SC (0.014726%)
with RR 133.23.

The ascending order of toxicity of various insecticides against the third instar
larvae of S. litura (Fab.) based on median lethal concentration (LC50) is as follows,
Emamectin benzoate 5G > Spinosad 45 SC > Chlorantraniliprole (Coragen) >
Indoxacarb 15.8 EC> Lambdacyhalothrin 5 EC > Dichlorvos 45 SC > Flubendiamide
480 SC > Lufenuron 5 EC > Imidacloprid 17.5 SC.

Champawat population of S./itura at 48 HAF, Emamectin benzoate 5 G was
found to be highly lethal with LCsy value of 0.000126% and Resistant Ratio (RR) of
5.59 followed by spinosad 45 EC (0.000172%) with RR 2.20, indoxacarb 15.8 EC
(0.000228%) with RR 2.27, chlorantraniliprole (Coragen) (0.000237%) with RR 2.07,
lambda cyhalothrin 5 EC (0.000538%) with RR 4.24, dichlorvos 45 SC (0.000636%)
with RR 2.69, flubendiamide 480 SC (0.001848%) with RR 3.51 and lufenuron 5 EC
(0.006704%) with RR 2.84. Imidacloprid 17.5 SC (0.021355%) with RR 193.21 was

reported as least lethal insecticide against third instar larvae.

To rearticulate it, the order of toxicity of various insecticides against third instar
larvae of S. litura (Fab.), based on median LC50 is as follows, emamectin benzoate 5G
> spinosad 45 SC > indoxacarb 15.8 EC > chlorantraniliprole (Coragen) >
lambdacyhalothrin 5 EC > dichlorvos 45 SC > flubendiamide 480 SC > lufenuron 5
EC > imidacloprid 17.5 SC.

Population of S.litura collected from Almora district at 48 HAF, indoxacarb
15.8 EC was found to most toxic with LCso value of 0.000392% and Resistant Ratio
(RR) of 2.52 followed by chlorantraniliprole (Coragen) (0.000454%) with RR 3.05,
emamectin benzoate 5 G (0.000521%) with RR 9.18, spinosad 45 EC (0.000571%)
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with RR 4.56, lambda cyhalothrin 5 EC (0.000971%) with RR 3.24, dichlorvos 45 SC
(0.001089%) with RR 3.73, flubendiamide 480 SC (0.002840%) with RR 3.92 and
lufenuron 5 EC (0.010008%) with RR 2.40. imidacloprid 17.5 SC (0.062696%) with
RR 188.72 was found to be most lethal.

In another way, the order of toxicity levels of different insecticides based on
median LCsy was as follows, indoxacarb 15.8 EC > chlorantraniliprole (Coragen) >
emamectin benzoate 5 G > spinosad 45 SC > lambda cyhalothrin 5 EC > dichlorvos 45
SC > flubendiamide 480 SC > lufenuron 5 EC > imidacloprid 17.5 SC.

Pauri Garhwal population of S./itura at 48 HAF, emamectin benzoate 5 G
showed to highest toxicity with LCsy value of 0.000118% and Resistant Ratio (RR)
5.23, followed by spinosad 45 EC (0.000168%) with RR 2.15, indoxacarb 15.8 EC
(0.000210%) with RR 2.09, chlorantraniliprole (Coragen) (0.000280%) with RR 2.44,
lambdacyhalothrin 5 EC (0.000414%) with RR 3.26, Dichlorvos 45 SC (0.000641%)
with RR 2.71, lufenuron 5 EC (0.005986%) with RR 2.54, and flubendiamide 480 SC
(0.002289%) with RR 4.35. Imidacloprid 17.5 SC (0.001224%) was found to be least
toxic with RR 11.07.

The outcomes can also be described in order of toxicity levels of different
insecticides against the third instar larvae of S. litura (Fab.) based on median lethal
concentration LCsy and can be stated as follows, emamectin benzoate 5 G > spinosad
45 SC > indoxacarb 15.8 EC > Chlorantraniliprole (Coragen) > lambdacyhalothrin 5
EC > Dichlorvos 45 SC > lufenuron 5 EC > flubendiamide 480 SC > Imidacloprid
17.5 SC.

Uttarakashi population of S. litura at 48 HAF, again, indoxacarb 15.8 EC was
found most toxic with LCsy value of 0.000236% and Resistant Ratio (RR) of 2.35,
followed by chlorantraniliprole (Coragen) (0.000270%) with RR 2.36, spinosad 45 EC
(0.000282%) with RR 3.61, emamectin benzoate 5 G (0.000283%) with RR 3.55,
lambda cyhalothrin 5 EC (0.000324%) with RR 2.55, dichlorvos 45 SC (0.000583%)
with RR 2.46, flubendiamide 480 SC (0.001733%) with RR 3.29 and imidacloprid 17.5
SC (0.002889%) with RR 26.14. Lufenuron 5 EC (0.005026%) with RR 2.13 was

found to be least toxic.
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In clear text, the order of toxicity of various insecticides based on LCsy was as
follows, indoxacarb 15.8 EC > chlorantraniliprole (Coragen) > spinosad 45 SC
>emamectin benzoate 5 G > lambda cyhalothrin 5 EC > dichlorvos 45 SC >

flubendiamide 480 SC > imidacloprid 17.5 SC > lufenuron 5 EC.

54  To study the field efficacy and economics of major insecticides against
tobacco caterpillar Spodoptera litura on Soybean

Efficacy of different insecticides against S. lifura during the kharif seasons of
two consecutive years, 2016 and 2017. To accomplish this study, soybean variety JS-
335 in 10 treatments with 3 replications and number of larvae was recorded prior and
after first, third and fifth days of spraying 9 insecticides, namely, chlorantraniliprole
18.5SC, indoxacarb 15.8EC, lambda cyhalothrin SEC, spinosad 45SC, dichlorvos
46SC, emamectin benzoate 5G, imidacloprid 17.5SC, flubendiamide 480SC and

lufenuron SEC from 5 randomly selected plants from each quadrate (1 m x 1 m).

During the two year study period i.e. Kharif 2016 and 2017, flubendiamide 480
SC @ 0.20 ml/l was found to be the most effective insecticidal treatment among all the
insecticides with a highly significant mean larval population of 3.269 larvae/mrl and
39.25 per cent reduction of larval population over the control plots. The second best
insecticidal treatment was found to be the chlorantraniliprole 18.5 EC @ 0.20 ml/I
(4.468 larvae/mrl and 37.805 per cent reduction in larval population over the control),
followed by emamectin benzoate 5 G @ 0.30 gm/l with 4.194 larvae/mrl and 37.0725
per cent reduction over control, spinosad 45 SC @ 0.25 ml/l with 4.089 larvae/mrl and
35.7325 per cent reduction of larval population over the control. Whereas, lufenuron 5
EC @ 0.5ml/l, dichlorvos 45 SC @ 1.5ml/l and imidacloprid 17.5 SC @ 0.5ml/l were
found to be the least effective insecticides during these two seasons, with 5.063, 5.238
and 5.052 larvae/mrl, respectively. During the experiment, least per cent reduction over

control plots was observed in the dichlorvos 45 SC @ 1.5ml/1 (24.78%).

After each season the assessment of the effect of different insecticidal
treatments on the soybean seed yield was observed by comparing the yield in different
treatments with the yield of untreated control during the two year study period and the
highest yield was recorded in the plots treated with emamectin benzoate 5G, with a

yield of 2514.89 kg/ha, 2919.87 kg/ha and 53.84 and 52.24 per cent increase in yield
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over control for the year of 2016 and 2017, respectively. This was followed by
chlorantraniliprole 18.5SC, with 2491.91 and 2907.73 kg/ha yield and 52.43 and 51.61
per cent increase in yield over control, indoxacarb 15.8EC, with 2438.80 and 2800.27
kg/ha yield and 49.18 and 46.00 per cent increase in yield over control, flubendiamide
480SC with, 2186.73 and 2837.31 kg/ha yield and 33.77 and 47.94 per cent increase in
yield over control, spinosad 45SC with, 2137.42 and 2564.64 kg/ha yield and 30.75 and
33.72 per cent increase in yield over control, lambda cyhalothrin SEC with, 2033.49
and 2473.89 kg/ha yield and 24.39 and 28.99 per cent increase in yield over control,
imidacloprid 17.5SC with, 1905.93 and 2291.07 kg/ha yield and 16.59 and 19.45 per
cent increase in yield over control, dichlorvos 46SC with 1841.02 and 2307.04 kg/ha
yield and 12.62 and 19.45 per cent increase in yield over control. Among all the
insecticidal treatments, the least yield was recorded in the plots treated with lufenuron
with a yield of 1872.73 and 2253.44 kg/ha and a per cent increase in yield over control
of 14.56 and 17.49 per cent.

Conclusion

1) From the above results it is noticed that the incidence of defoliators was highest
in Nainital, Almora and U. S. Nagar, where the population of three of the four
defoliators viz. tobacco caterpillar, S. litura (5.1, 4.3 and 3.8 larvae/mrl,
respectively), bihar hairy caterpillar, S. obliqgue (4.3, 4.4 and 4.7 larvae/mrl,
respectively) and semilooper, T. acuta (3.2, 3.1 and 3.2 larvae/mrl, respectively).
Whereas, the highest incidence of the chrysomelid beetle, Hispinae spp. was
found highest in Tehri Garhwal, followed by Almora and Uttarkashi with beetle
population of 5.1, 4.9 and 4.5, respectively.

2) In this study the highest incidence of sucking pests i.e., whitefly (B. tabbaci)
and jassids (E. kerri) was found in the district Nainital, followed by U. S. Nagar
and Haridwar with mean whitefly population of 6.5, 5.7 and 4.08 per three
leaves, respectively and for jassids in Dehradun, followed by Almora and

Nainital with 4.4, 3.8 and 3.5 jassids per three leaves.

3) For stem borers’ infestation, U.S. Nagar being highest with 29.65%, followed
by Haridwar (19.07%) and Nainital (16.34%) were found highest stem fly
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4)

5)

6)

7)

infestation and four districts, namely Tehri Garhwal followed by Nainital,

Dehradun and U.S. Nagar found highest girdle beetle infestation.

Whereas, the three different natural enemies’ viz. Coccinellid beetles,
Eucanthecona bugs and spiders were found most abundant in three hilly districts
of Uttarakhand, namely Nainital (11.7), followed by Almora (11.5) and
Uttarkashi (10.3), where use of chemical insecticides is comparatively lower as

compared to other districts of Tarai regions in the state.

In the study of the effect of soybean and other hosts based artificial diet on
growth and development of tobacco caterpillar S. litura, the soybean based diet
(Diet-II) was found most effective with tobacco caterpillar completing its life
cycle with a larval period of 16.3 days with a larval growth index of 5.47 and

total growth index of 2.27.

In field resistance study, the S. litura populations from different districts
showed multiple resistance with highest resistance showed against Imidacloprid
17.5 SC (Confidor). Whereas, the most toxic insecticide was found to be
emamectin benzoate 5G (Proclaim), followed by chlorantraniliprole 18.5 SC

(coragen), indoxacarb 18.5EC (Avaunt) and spinosad 45SC (Tracer).

The best insecticidal treatments to control S. litura with a highest yield and cost
benefit ratio were found to be the flubendiamide 480SC @ 0.20ml/l and
emamectin benzoate 5G @ 0.30g/1.

Future Studies

1y

2)

3)

Forecasting models need to be developed for the management of major insect

pests of soybean in order to increase the productivity.

Further evaluation of toxicity of newer insecticides against Spodoptera litura

(Fab.) need to be conducted.

Major artificial diets for S. litura should be identified and their role in insect
nutrition should be studied, for their mass multiplication which will also be

helpful in developing resistant cultivars.
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4) Resistance studies should be conducted and suitable Integrated Resistance
Management (IRM) practices and their knowledge should be given to farmers

through extension work to reach all the soybean growing farmers in the state.
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ABSTRACT

The field and laboratory studies were carried out during 2016-17 and 2017-18 at G.B.P.U.A & T. Pantnagar, Uttarakhand,
India, to study “pest incidence, biology and field resistance of tobacco caterpillar Spodoptera litura (Fab.) on soybean in major
districts of Uttarakhand”. The survey was carried out in the major districts like U. S. Nagar, Nainital, Almora, Champawat,
Pithoragarh, Paruri Garhwal, Tehri Garhwal, Uttarakashi, Haridwar and Dehradun. Incidence of major pest defoliators (S. litura, S.
obliqua and T. orchalcea) was highest in Nainital, followed by Almora and U. S. Nagar. Whereas, the highest incidence of the
chrysomelid beetle, Hispinae spp. was found highest in Tehri Garhwal, followed by Almora and Uttarkashi. The highest incidence of
sucking pests i.e., whitefly (B. tabbaci) and jassids (E. kerri) was found in the district Nainital, followed by U. S. Nagar and Haridwar.
Stem fly infestation was highest with 29.65% in U.S. Nagar being followed by Haridwar (19.07%) and Nainital (16.34%). Girdle
beetle damage was more in Tehri Garhwal followed by Nainital, Dehradun and U.S. Nagar. The three different natural enemies’ viz.
Coccinellid beetles, Eucanthecona bugs and spiders were found most abundant in three hilly districts of Uttarakhand, namely Nainital
(11.7/mrl), followed by Almora (11.5/mrl) and Uttarkashi (10.3/mrl).

The biology of S. litura on soybean and different natural host based artificial diet was evaluated in laboratory conditions.
Among the different diets tested the soybean leaves based artificial diet (Diet II) proved to be best and recorded least total larval
period of 16.3 days, highest larval growth index of 5.47 and total developmental index 2.28. The second best artificial diet was found
to be chickpea flour based artificial diet (Diet-I) with total larval period of 15.5 days, larval growth index of 4.74 and total
developmental index was 2.0.

The experiment was conducted on field collected population of S. litura to evaluate the LC50 and field resistance against
major insecticides, the results revealed that U. S. Nagar population when subjected to leaf dip bioassay method at 48 HAF, recorded
8.58 fold resistant towards chlorantraniliprole 20 SC, 2.09 fold for indoxacarb 15.8 EC, 3.26 fold for lambda cyhalothrin 5 EC, 2.15
fold for spinosad 45 SC, 2.71 fold for dichlorvos 46 SC, 5.23 fold for emamectin benzoate 5G, 23.26 fold for imidacloprid 17.5 SC,
3.92 fold for flubendiamide 480 SC and 2.54 fold for lufenuron 5 EC.

The Nanital population revealed Spinosad 45 SC to be most toxic with resistance ratio (RR) 1.86 and followed by
Indoxacarb 15.8 EC with 2.93 RR, Emamectin benzoate 5G with 14.10 RR, Lambda cyhalothrin 5 EC with 4.16 RR, Dichlorvos
45SC with 2.38 RR, Chlorantraniliprole 18.5 SC with 5.44 RR and Flubendiamide 480 SC with 4.81 RR. Lufenuron 5 EC was found
to be least lethal with 2.72 RR. Haridwar population recorded resistance to Emamectin benzoate 5 G with (RR) 7.54 was found to be
more toxic followed by Spinosad 45 EC with 5.63 RR, Chlorantraniliprole 18.5 SC with 2.36 RR. Indoxacarb 15.8 EC with 3.29 RR,
Dichlorvos 45 SC with 3.00 RR, Lambda cyhalothrin 5 EC with 6.69 RR, Imidacloprid 17.5 SC with 16.29 RR and Flubendiamide
480 SC with 3.47 RR. But, the larvae were found to be least mortal with Lufenuron 5 EC with 2.39 RR. S. litura population collected
from Tehri Garhwal district Spinosad 45 SC reported highly toxic and with resistant ratio (RR) 2.68 followed by Emamectin benzoate
5 G with RR 9.62, Chlorantraniliprole 18.5 SC with RR 2.37, Lambda cyhalothrin 5 EC with RR 4.5, Dichlorvos 45 SC with RR 2.46,
Flubendiamide 480 SC with RR 3.49 and Imidacloprid 17.5 SC with RR 42.88. The lowest larval mortality was reported by
Lufenuron 5 EC with RR 3.01. Pithoragarh, the results revealed that S. litura high mortality to Emamectin benzoate 5 G with
Resistant Ratio (RR) of 5.28 followed by Indoxacarb 15.8 EC, Spinosad 45 EC Chlorantraniliprole 18.5 SC, Dichlorvos 45 SC,
Lambda cyhalothrin 5 EC, Flubendiamide 480 SC and Lufenuron 5 EC with values of RR 2.14, 3.16, 2.92, 2.81, 5.86, 3.92, 2.79
respectively. The least toxicity was recorded by Imidacloprid 17.5 SC with RR 107.06. Dehradun population among the various
insecticides tested, Emamectin benzoate 5 G was found to highly toxic against third instar larvae with Resistant Ratio (RR) of 2.48
followed by Spinosad 45 EC with RR 2.10, Chlorantraniliprole 18.5 SC with RR 2.36, Indoxacarb 15.8 EC with RR 2.71, Lambda
cyhalothrin 5 EC with RR 3.01, Dichlorvos 45 SC with RR 2.21, Flubendiamide 480 SC with RR 3.13 and Lufenuron 5 EC with RR
2.63. The least toxicity was recorded by Imidacloprid 17.5 SC with RR 133.23. Champawat population Emamectin benzoate 5 G was
found to be highly lethal with Resistant Ratio (RR) of 5.59 followed by spinosad 45 EC with RR 2.20, indoxacarb 15.8 EC with RR
2.27, chlorantraniliprole 18.5 SC with RR 2.07, lambda cyhalothrin 5 EC with RR 4.24, dichlorvos 45 SC with RR 2.69,
flubendiamide 480 SC with RR 3.51 and lufenuron 5 EC with RR 2.84. Imidacloprid 17.5 SC with RR 193.21 was reported as least
lethal insecticide. Population of S. litura collected from Almora district at 48 HAF, indoxacarb 15.8 EC was found to most toxic with
and Resistant Ratio (RR) of 2.52 followed by chlorantraniliprole 18.5 SC with RR 3.05, emamectin benzoate 5 G with RR 9.18,
spinosad 45 EC with RR 4.56, lambda cyhalothrin 5 EC with RR 3.24, dichlorvos 45 SC with RR 3.73, flubendiamide 480 SC with
RR 3.92 and lufenuron 5 EC with RR 2.40. Imidacloprid 17.5 SC with RR 188.72 was found to be most lethal. Pauri Garhwal
population emamectin benzoate 5 G showed to highest toxicity with Resistant Ratio (RR) 5.23, followed by spinosad 45 EC with RR
2.15, indoxacarb 15.8 EC with RR 2.09, chlorantraniliprole 18.5 SC with RR 2.44, lambda cyhalothrin 5 EC with RR 3.26, Dichlorvos
45 SC with RR 2.71, lufenuron 5 EC with RR 2.54, and flubendiamide 480 SC with RR 4.35. Imidacloprid 17.5 SC was found to be
least toxic with RR 11.07. Uttarakashi population indoxacarb 15.8 EC was found most toxic Resistant Ratio (RR) of 2.35, followed by
chlorantraniliprole 18.5 SC with RR 2.36, spinosad 45 EC with RR 3.61, emamectin benzoate 5 G with RR 3.55, lambda cyhalothrin 5
EC with RR 2.55, dichlorvos 45 SC with RR 2.46, flubendiamide 480 SC with RR 3.29 and imidacloprid 17.5 SC with RR 26.14.
Lufenuron 5 EC with RR 2.13 was found to be least toxic.

Field trials were conducted to evaluate the field efficacy and economics of newer insecticides in kharif seasons of 2016 and
2017.The best i ticidal treatments to control S. litura with a highest yield and cost benefit ratio were found {o be the flubendiamide

480SC @ 0.20ml/l hind emamectin benzoate 5G @ 0.30g/1. ‘ S 2
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