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Chapter-I

INTRODUCTION

Tomato (ycopersicon esculentum Mill.)is the one of the world’smost consumed
vegetable crop. According to statistics of the Fd@dAgriculture Organization (FAO),
around 340 billion pounds (170 million tons) of dhe and processed tomatoes were
produced globally(FAO, 2018). The harvested areeei@ 5 million hectares of farmland.
The world production of tomatoes has consistemitygased since 2000, growing more than
54 percentfrom 2000 to 2014 (FAO, 2018). Chinahe largest producer of tomatoes,
followed by the United States (US) and India. Ottmajor producers in the tomato market
are the European Union and Turkey. Together, thepefive tomato producers supply
around 70 percent of the global production. Mexgcthe largest exporter of tomatoes in the
world, followed by the Netherlands and Spain (CI2017). In 2016, Mexico, the
Netherlands, and Spain accounted for 25.1 per&ht (illion), 19 percent ($1.6 billion),
and 12.6 percent ($1.1 billion) of the world’s tdtamato exports, respectively (CIA, 2017).

In India, it occupies an area of 778,000 hectanéls @an annual production of 193,
970, OOMT (2018-19). The major tomato producingtestaare Bihar, Karnataka, Uttar
Pradesh, Orissa, Andhra Pradesh, Maharashtra, MaHmdesh and West Bengal (NHB
2015).

The cultivated tomato is a member of the geotanum within the family
Solanaceae. The Solanaceae, commonly known asghishade family, also includes other
notable cultivated plants such as tobacco, chidpper, potato and eggplant. Tomato
classification has been the subject of much discasandthe diversity of the genus has lead
to reassessment of earlier taxonomic treatmentmal@ was originally name&olanum
lycopersicum by Linnaeus in 1753 ycopersicon lycopersicum (L.) Karsten has also been
used (Valdes and Gray, 1998). Miller (1768) in TiBardener’'s Dictionary used
Lycopersicon esculentum. Rick (1979) included nine species in thgopersicon genus. For a
long time tomatoes were known ds esculentum, but recent research has shown that they
are part of the genus Solanum and are now agaiadlyoreferred to asSolanum
lycopersicum (Spooner, Anderson and Jansen, 1993; Bohs andt€dd)s1997; Olmstead
and Palmer, 1997; Knapp, 2002; Spoagia., 2005, 2003; Peralt al., 2008).



The genus Solanum consists of approximately 150frciep. The tomato clade
(section Lycopersicon, formerly recognised as the genliycopersicon) includes the
cultivated tomato Solanum lycopersicum) and 12 wild relatives, all natives to western thou
America. Tomato $olanum lycopersicum) is derived from two wild ancestor species,
Solanum pimpinellifolium and Solanum cerasiforme. Other wild species are useful for
breeding disease resistance, colour improvementdasdable quality traits (Rane al.,
2008).

Tomatoes contain a variety of phytochemicals, tlstrwell-known beinglycopene.
In addition, other carotenoids (e.@§-carotene, phytoene, phytofluene), phenolics (e.g.
coumaric and chlorogenic acids, quercetin, rutid aaringenin), moderate amounts of the
antioxidant vitamin C (ascorbicacid) and a littlédamin E (tocopherol) are present.
Carotenoids are presentin many vegetables and Hutitycopene is more restricted in its
distribution,being concentrated in tomatoes, guaesehip, watermelon and pinkgrapefruit.
Lycopene imparts the red colour to these fruit. Tama known for its outstanding nutritive
value being a good source of vitamin-C. It cont&d8sL0 gm moisture, 0.90 gm protein, 0.1
gm fat, 0.60 gm mineral, 0.70gm fibre, 3.60 gm oagurate, 45.80 mg sodium, 0.19 mg of
copper, 24 mg sulphur, 38 mg chlorine, 114 mg potas, 320 IU vitamin-A, 0.07 mg
thiamine, 0.01 mg riboflavin, 0.40 mg nicotine a@d mg vitamin-C, 20 mg calcium, 15 mg
magnesium, 2 gm oxalic acid, 36 mg phosphorus &8@ rhg iron per 100 gm of fresh fruit
(Aykroyd, 1963). In addition to its high nutritixelue, it also has medicinal values. The pulp
and juice are digestible and a mild aperient, pt@mof gastric secretion, blood purifier. It is
reported to have antiseptic properties againstsiima infections. It is said to be useful
against cancer of the mouth, sore mouth, etc. Drgdato juice retains vitamin C. It
stimulates torpid liver and is good in chronic dgggia. It is one of the best vegetables which
keep our stomach and intestine in good order (Bbak, 2002).

Helicoverp aarmigera(Hub.) is a key pest as it infests fruits and makesn unfit
for human consumption causing considerable (55%) ¢oss. It has been estimated that
crops worth Rs.1000 crore are lost annually by pleist.Over the years, the more common
method for the control of this pest has been toehavfilm of a persistent effective
insecticide over the foliage and fruiting bodiesowgver, the indiscriminate use of
insecticides has eroded sustainability and resuiteduild- up of pesticide residues,
resistance to pesticides, resurgence and secoadtimeak of this pest. Therefore, switching

from the use of insecticides alone to more bioAsige methods of pest management such



as the use of trap crops and farm scraping hasveetee trend. Trap cropping and planting
of diversionary hosts have been widely applied saxdmmended in the past. Tomato fruit
worm adults prefers marigold at flowering stage dmposition as compared to tomato,
which reducedH. armigera infestation of tomato. So, to have clear provesaisn the
incidence of fruit borer and to find the populatiomld-up of these pest attacking tomatoes
and their relation with abiotic factors like temaieme, rainfall and relative humidity, the
present experiment was conducted for further unaledeng of the role played by the abiotic
factors in the incidence of fruit borer which isriméul to tomato growers which
ultimatelywill help tomato growers for better ratuin terms of yield as well as income

generation.

The indiscriminate use of synthetic chemical pedtie to control this pest resulted
in development of resistance (Armes al., 1992, 1994) and harmful pesticide residues in
fruits. The presence of residues of DDT, HCH, entfas, malathion and primisphos-methyl
in market samples of tomato has been reported (Riks al., 1992; Chalalkt al., 1997).
Microbials and neem formulations have been repaeckduce théd. armigerapopulation
and fruit damage in tomato (Praveen, 2000 and gaitg 2003). Hence, attempts were made
to evaluate the efficacy of different sequentigblagation of nucleo polyhe drosisvirus B
armigera (Ha-NPV), Bacillus thuringiensis var. Kurstaki Berliner (Btk), neemazol and
spinosad as the alternatives to the synthetic atempesticides for the sustainable
management dfl. armigera on tomato.

Keeping in view of aforesaid facts and knowing #egiousness of problems,the
present study is undertaking with the followingeatjves:

1. To study population dynamics of tomato fruit borer.

2. Correlation between tomato fruit borer populatiaiih abiotic factors.

3. To study the biology of tomato fruit borer.

4. Management of tomato fruit borer through IntegraBsbt Management with inter

cropping.



Chapter-I|

REVIEW OF LITERATURE

The available information on the various aspett®mato fruit borerHelicoverpa
armigera Hub. have been reviewed and given below.

2.1 Population dynamics of Helicoverpa armigera

Lal et al. (1985) used sex pheromone traps baited with 11- haxadeesw (z) 9-
haxadecenal for monitoring. armigera population and reported effective catches in March
April. They also observed peak larval populatiomgies preceded by a peak in moth
catches.

Parihar and Singh (1985) noticed the incidence of fruit boréi. armigera (Hubner)
on tomato and found that maximum fruits were iréddan 2 week of April (50-68 & 33.04 %
in 1984 & 1985 respectively).

Walker and Cameron (1990) monitored adult population ¢i. armigera on tomato
and maize with the help of pheromone traps anddoncrease in catches in tomatoes in late
January, mid February and March coincided withease in egg counts. Catches of adult in
maize crops were low as compared with catchesnratoes. However, the peak flights into
tomato fields in mid February and early March caled with flights into maize crops.

Fang et al. (1990) studied the occurrence of tomato fruit borer angbreed peak
population ofH.armigera from late October to mid November.

Dubey et al. (1993) studied on population dynamics Bf armigera in Madhya
Pradesh for over two consecutive years (1983-84188d-85) showed its peak activity from
February to March during both years.

Verma and Sankhyan (1993) monitored H. armigera population by using
pheromones traps and worked out relationship betweszth activity and larval infestation on
important cash crops including tomato.They founat thdult activity started during 10-11
standard week (SW (mid March). Chickpea was ttst &irop exploited by the over wintered
population ofH. armigera between 13-20 SW while tornado harboured a perdidarval
population from 17-26 SW. They found negative datren with maximum temperature and

positive correlation with rainfall and adult activi



Dwevedi et al. (1996) used sex pheromone traps for monitorlhgarmigera and
reported that maximum number of moths was trappe&bril, March and May during 1988,
1989 and 1990, respectively. They found increases ipopulation between10.5 to 3.

Pandey et al. (1996) reported thaH. armigera is one of the major limiting factors of
spring season tomato in the hills. They reported gest was active from February to May
with high incidence during March - April.

Chavan et al. (2013) investigated on the population dynamics and evianaif pest
management modules against major insect pestsnoatto were carried out at Navsari
Agricultural University, Navsari, south GujaratRabi, 2007-08. Results revealed that aphid
and whitefly population commenced from transplantvith 1.35 aphids leaf-1 and 0.37
whiteflies leaf-1, reached to peak level (7.31 apledf and 6.01 whiteflies/leaf) at 11 WAT.
Peak level of percent infested leaves by leaf mimas 31.75 % at 10th WAT. The higher
population ofHelicoverpa on foliage (2.80-3.40 plant-1) was noticed durihgd week of
January to end of February (10-16 WAT).

Bala et al. (2017) studied larval population dfl. armigera first appeared in the field
during 3rd standard metrological week (SMW) whidatadyally increased and reached its
peak (7.37 larvae per plant) during™8MW. Correlation between various abiotic factors
viz., maximum relative humidity (r = -0.38), minimurelative humidity (r = -0.21) and
rainfall (r = -0.33) with fruit borer larval populan was found to be negative where as
maximum temperature (r = 0.88), minimum temperafure 0.86) and sunshine hour (r =
0.34) were positively correlated with armigera larval population. application deauveria
bassiana 1.50% LF (Bio-Power) at three different doses glavith neem and quinalphos
revealed that upto 80% pest mortality over untitatentrol can be obtained whBeauveria
bassiana 1.50% LF was applied @ 4000 ml/ha.

Kharia et al. (2018) reported the population oH. armigera andBemisia tabaci were
recorded starting from thé"4tandard week at crop establishment stage antBfilstandard
week at the crop maturity stage. The first appeagaf the fruit borer was noticed during
11th standard week (218" March) and it reached maximum in"L6tandard week (16 -
22April), while the population decreased up to cropturity. A negligible population of
whitefly was first observed during 16th standarcekvevhich remained below ETL ranging

from 0.1 to 0.2 adults per plant till crop maturiiy8" standard week).



2.2 Correlation between populationof H. armigerawith abiotic factors

Kekati et al. (2005) conducted an field experiment in Jorhat, Assamiialnup during
the 2001-0ZRabi season to study some seasonal history and papulatiild aspects of the
tomato fruit borer. The pest population increasechmencement from the first week of
November and touched its peak during the first wafeRecember. The Population build-up
ofthe pest revealed significant negative corretatioth low temperature and non-significant
correlation with high temperature.

Singh et al. (2006) conducted field experiment and studies to caleutae larval
population ofH.armigera and its damage on tomato in Ranipur.

Kurl et al. (2008) carried out an experiment for the study to deteenthe impact of
tomato-based cropping systems (tomato-sugarcan@atbemaize-potato and tomato-
vegetables) on the population build-upHofarmigerain Meerut, Uttar Pradesh, India during
2004-06. The larval population and per cent oftfdamage caused y. armigera were
significantly different in all the three patternadawas highest in the tomato-vegetables
pattern. It was followed by the larval populatiamddruit damage percentage of the tomato-
maize-potato pattern. Tomato-sugarcane noted thesltl. armigera incidence.

Chatar et al. (2010) reported that the pest was active during the Vestk of
December to "8 week of January. Later on, the pest populatiorimtt gradually towards
the maturity of the crops. Correlation &f. armigerawith different weather parameters
indicated that maximum temperature exhibited higsignificant negative correlation (r= -
0.7514) with larval population of. armigera, whereas minimum temperature (r= - 0.5771)
and mean temperature (r= - 0.6836) exhibited sicant negative correlation.

Chakravarthy et al. (2011)studied the effects of sowing date (at th& 446", 48"
and 50" standard meteorological week, corresponding tty.earoderately early, late and
very late sowing) on the population densityHbBrmigera were studied in Uttar Pradesh ,
West Bengal, India, during 2007-09. The averageé pesurrence on tomato was highest
under very late sowing ({7} and lowest tender early sowing (7.65%).

Sharma et al. (2012) observed that maximum temperature and minimum eéeatpre
had positive correlation with male moth catches lamdal population oH. armigera while,
relative humidity had negative correlation with mahoth catches and larval population of

H. armigera.

Bisht et al. (2014) carried out an experiment for study the incideotélelicoverpa

armigera Hub, on tomatoSolanum lycopersicum L.) at Pantnagar during the cropping season
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2011-12 and 2012-13 revealed that the pest prabetstencidence almost throughout the
crop season marked its first presence ‘fnaiid 9'SMW i.e. (February and March), attain
peak population in 16th and 15th SMW (April), resipeely.

Renu et al. (2017) conducted under field conditions at Central Rededfarm,
SHUATS, Naini, Allahabad during Rabi, 2014-15, stadseasonal incidence of the fruit
borer, Helicoverpa armigera (Hubner) on tomato. The incidence of fruit borerted in §
standard week (third week of February) with a ndnpagulation of 22 larvae per plant.

Meena et al.(2017)conducted the field experiment to study the fluttraof pest
population of tomato fruit boreklelicoverpa armigera (Hub.) and their relation with the
prevailing weather conditions in kharif season nigir2012-13. The results shown that borer
incidence commenced in the 4th week of October 2@fi2intensity (0.67 larvae 5 plants).

Singh et al. (2017) study was conducted to ascertain the effect of wesat.e.
temperature on fruit borgHeicoverpa armigera (Hub.) activity, major insect-pest of Tomato
in northern plains of India. Initial fruit infestah by H. armigera was recorded in November
in the years of study i.e. 2012-13 and 2013-14 lvhleclined during December-January and
touched the peak i.e. 11.93 and 14.78 percenteimmbnth of March. The correlation dd.
armigera fruit damage (%) with maximum temperature wasrgjhp positive (r= 0.5082 and
0.5393) and similarly with minimum temperature (5880 and 0.6866) as well.

Saini et al. (2017) studied Seasonal Incidence of fruit bordel(coverpa armigera
Hubner) of chilli Capsicum annum L.) during June to December 2014, at Horticultiamen,
Rajasthan College of Agriculture, Udaipur. The gtudvealed that the occurrence of fruit
borer,H.armigera (1.00 larvae plant-1) was started in the fourtlekvef August (34 SMW)
and touched it's highest in the first week (40 SMMWpctober (2.80 larvae plant-1).

Kumar et al. (2017) field experiment was conducted to study the seslsacidence
of tomato fruit borerH. armigera (Hub.) on tomato with and without marigold asaptcrop.
The incidence oH. armigera on tomato without marigold as a trap crop wag fucticed in
the first week of February. The pest touched thakpeith a mean of 4.40 larvae / plants
during third week of March. Similarly, the incidenofH. armigera on tomato with marigold
as a trap crop was first noticed in the fourth wekBanuary. The pest touched the peak with
a mean of 1.20 larvae/plant during third week ofréhia The correlation between fruit borer
population and mean atmospheric temperature wagivyeosind significant in with and
without marigold (r= 0.633 and 0.677, respectivelijpe significantly positive correlation
were found betweemr. armigera larvae and damaged fruits in tomato with and witho

marigold (r = 0.878 and 0.929, respectively).
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Kumar et al. (2017) conducted to have a look at the seasonal occuarehtomato
fruit borer, H. armigera (hub.) on tomato with and without marigold aa lw®p. The
prevalence oH. armigera on tomato without marigold as a trap crop becoirst Visible

within the first week of February.

Bhati et al. (2017) the fruit borer larva was first observed during #ved SW and
reached at its peak (1.4 larvae / plant) durifigS¥. During this period the maximum and
minimum temperature were 21.5 and 90C, respectivelyereas morning and evening
relative humidity were 89 and 57 per cent, respebti Further sunshine, wind speed,
morning and evening vapour pressure and evaporatee 6.8 hrs, 3.5 km / hr, 8.7 mm,
10.2 mm and 1.9 mm, respectively. After"1®W, there was a gradual decline in the larval

population and was available up:th SW.

Mushtaqg et al. (2019) studies were carried out at Experimental FarmuBaof
Agriculture, Wadura, Sopore, SKUAST-K, during themay, 2016-2017. The larval infestation
of H. armigera started a month and half (22 SW) after transphantf the crop in all the
tomato genotypes. A negative and nonsignificantetation was computed betwedh
armigera larval population and maximum temperature (r £3@), whereas sunshine hours
had negative and significant association (r = -8)3ith fruit borer larvae. The other abiotic
factors such as minimum temperature, rainfall, mmaxn and minimum humidity had
significant and positive correlation with r valueg 0.874, 0.734, 0.543 and 0.593,

respectively.

2.3. Biology of tomato fruit borer

Vaishampayan and Veda (1980) observed population dynamics of gram pod borer
H. armigera (Hubner) and it's out break situation on grdtn.armigera has completed 5
generations in the laboratory as well as in fidlde seasonal variation in generation time was
largely due to extreme variation in ecological ¢ast temperature (10-45°C). photoperiod
(10 -14 hours), relative humidity (15-95%) and falh These factors also affected the
percent age of population emergence and fecundithieofemale, males out numbered the
females in the 19 and"sgenerations and female lives longer than malealligenerations
Tripathi and Singh 1993).

Choudhary and Sharma (1981) reported that the pest had complete 4 generation
from September to April. A minimum period of 29.@ys8 to complete 4 generation during



November December and maximum of 98.5 days fromD&dember to mid April. The
second generation was completed from first wedkafember to second week of December,
a total 33.2 days.

Mathur and Upadhyay (1992) documented that single female ldf armigera can
lays 500 to 1000 eggs. The egg period lasts froto 3 days. The newly hatched larva
measures 2 to 2.5 mm long while full grown larvesweported to he 35mm in length and
very variable in length. The caterpillar moultsddimes and become full grown in 20 to 25
days. The pupal period generally lasts from 104a&ys depending upon the environmental
conditions.

Shekhar et al. (1995) studies the life table off. armigera on 13 food plants in
Krishna-Godavari, Andhra Pradesh and found thatatty was high mostly in the egg and
1. 2 instar larvae stages on okra and mung beanirfluence of weather factors and natural
enemies on population &f. armigera on different food plants was qualified.

lzquierdo et al. (1996) collected the eggs and larvae of noctutid armigera weekly
from 27 commercial tomato crops in Spain, durin@@®92 and the parasitoids and predators
were determined in the laboratory at 25 C. 70 %tinet humidity and LD 16:8. Species from
the Trichogramma and Telenomow were found parasitizing eggs, witfrichogramma
evanescens and Telenomusvti being the most common.

Prakash and Fenemor e (2000) reviewed that oviposition oH. armigerastarts about
four days after emergence and may continue for tatleoudays. Eggs are deposited on tender
leaves singly and they hatch in 3-7 days. They ntedosix larval instars with total larval
period of 14-38 days depending upon the climate flii grown larva was reported as 3.5
cm long while pupa was 1.6 cm in length. Moths egadrafter a week or so.

Nigam and Kumar (2000) reviewed that egg stage dfl. armigera occupies 3-4
days. A ful grown larva is about 34 mm long. Pupailiod varied from 6-12 days. The total
life cycle from egg laying to adult emergence takbsut 21-49 days during summer and
autumn. There are about eight generations of pestear.

Sharma and Singh (2000) documented that egg &f. armigera is laid singly and
about 0.5mm in length. A single female can lay tdusand eggs. The incubation period
lasts from 2 to 4 days. Newly emerged larva is &l2omnm in length and greenish in colour.
The total larval period is about 25 to 30 days! Gudwn larva is 30-35 mm long. The length
of pupa is about 16mm while it is 6.0 mm in breadibtal life cycle lasts for 3 t0O 7 weeks.

Borah and Dutta (2002) studied the biology of gram pod boréf, armigera in the
laboratory and observed that the eggstbfarmigera hatch in 3,39 days. The pod borer has
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six larval instars and the larvae take 19.77 daysomplete its development. Thepre-pupal
and pupal periods are 2.28 and 14.27 days, respctThe female mothlives comparatively
longer (8.66 days) than the male (6.38 days) aadrthle to femalesex ratio are 1:1.45.

Thakor and Patel (2008) studied the biology ofH.armigera (Hubner) under
laboratory conditions on cabbage and they found tin@ egg incubation period was 4.04
days and the larval stage passes through sixingthesaverage development period of the
respective instar was 3.66, 4.90, 5.22 and 6.36 dayg the total larval period averaged 25.04
days. The pupal period averaged 10.72 days.

Sharma et.al. (2011) studied on life history and infestation done Hgicoverpa
armigera (Hubner) on tomato in semi-arid region of RajasthThey observed that the
fecundity female ranged from 256.60-490.66 eggs petcentage hatchability ranged
between 77.80-89.0 per cent in different generatidrhe longevity of male and female
moths was 2.44-5.89 and 8.79-11.33 days, respéctivethe first two generations the ratio
of male was higher than female (1:0.76 and 1:0W&it)in the next generation the ratio of
female was higher than males (1:1.22). The incobgberiod was 5-7, 5-6 and 4-6 days in
the 1", 2 and 3 generation. The larvae passed ghréive instars with 21,25-38.24 days of
total larval period in different generations. Thean pre-pupal pernod and pupal period
ranged from 4.04-4.75 and 13.78-24.38 days in iiffegenerationd. armigera completed
three generations in semi-arid region of Rajasth@n October to May.

Lakshmi et al. (2011) studied the comparative biology oHelicoverpa armigera
(Hubner) on different medicinal plants under labanaconditions revealed that thespherical,
ribbed eggs were laid singly on leaves, flowers sipides and on or near the fruiting bodies.
The fecundity of female moth was, on an average34l® 0.60 eggs on Coleus, eggs on
Ashwagandha, 1212.4 to 0.85 eggs on Kalmegh and.248 0.90 eggs on Musk mallow.

Baikar and Naik (2016) reported that longevity of adult ranged from @tdays with
an average of 6.9 + 0.74 days in males, while dhgevity of female moths ranged from 8 to
10 days with an average of 9.0 £ 0.66 days.

Herald and Tayde (2018) the Helicoverpa armigera (Hubner) recorded that the
mean pre-oviposition, oviposition and post-ovipositperiod on tomato lasted for 2.90 +
0.73 days, 5.50 + 0.52 and 1.60 + 0.51 days, réispéc A female laid on an average 412.0
+ 5.24 eggs. The incubation period was observdaetd.50 + 0.52 and their size varied from
0.40 to 0.62 mm in length and 0.37 to 0.56 mm ealth
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2.4. Management of tomato fruit borer through I.P.M. With inter cropping

Kumari and Reddy (1992) studied the relative trap efficiency of ICRISAT
standard trap and sleeve trap for trapping mald.airmigera & S. litura using synthetic
traps. Sinha and Jain (1992) carried out the madngoof maleH. armigera at IARI
regional station, Karnal (Haryana) India from Jayud986 to May 1986 using sex
pheromone baited traps. Maximum activity was reedrduring the spring summer season
(6-28 SW) while a minor peak activity was obseruedwutumn (42 to 56" SW). Pattern
of trap catches indicated oceans of 4-5 generatioasyear Moth catches in summer were
tiund to he positively correlated with larvae coohH. armigera.

Sinha and Mehrotra (1993) studied the effects of trap design, trap elevation
pheromone quality and loading and ageing in thergshene dispenser on the catch
efficiency of traps baited with synthetic sex phmome ofH.armigera were investigated in
ticids of chickpea in Karnal, Haryana, India in Y98). Final conclusion is with increasing
the numbers por trap of rubber septa, each withgSure, had no effect on trap catch: A
rubber septum was as effective as 6 rubbers oumseptith 30mg lure. The pheromone
dispensers lost their attraction power after weeks.

Prasad et al. (1993) worked in the field trials in A.P., India, catchafs22 adult inH.
armigera. Trap per night in sleeve pheromone traps cormdpd to 10 percent damage to
the reproductive part in cotton lby armigera.

Chhabra and Kooner (1993) studied pheromone trap in chickpea and pigeonpea i
Ludhiana (Punjab) India between 1981 and 1990. rEwgaled that there were population
peaks oH. armigera per year.

Dhanorkar and Puri (1993) Investigated peak catches of adultdHofarmigera and
Pectinophoragossypiella in pheromone traps in céilEdld in Maharashtra. (India) were
observed in September and February and SeptemhmrenMer and March 1987-88
respectively.

Verma and Sankhyan (1993) studied the adult activity oH. armigera. They
monitored H.armigera pheromone baited traps and catch data and larisditi@s. They
reported that maximum temperature and rainfall wezgatively and positively correlated
with population build up of insect.

Dubey et al. (1995) studied the population dynamics léf armigera over two years
(1983-84 & 1984-85). The pest showed peak activitfrebruary and March during both
years.
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Somnuk et al. (1995) conducted the experiment on pheromone trappingdaimithg
the week without pheromone trapping, the numbergggfs were more than those found
during the week with pheromone traps, neverthelieda showed no significant difference.
The level of abundance ¢i. armigera math was monitored by pheromone trapping, the
highest number was averaged at 4.5 moths per trapth to seventh week after tomatoes
transplanting.

Pandey et al. (1997) studied monitoring and management of tomato tvorter {.
armigera) and its egg.parasiteTrichogrammaishi) in western hills Nepal found that
monitoring ofH.armigera for several seasons across the agro climatic zoméisated that
March - April is the peak activity period of the kho

Bhadauria and Bhadauria (1997) used synthetic pheromone traps to study
H.armigerapopulation fluctuations in Indore, Madhya Pradesti995-96. Moths were trump
throughout the year during the period (7 to 27 Maf/high temperature ( 4G) and RH
(<50%). Five population peaks were observed duhegstudy.

Ge.Shaokui et al. (1997) studied the effects of sex pheromone was behawfardult
Heliothis and its field control. A field experiment was ¢ad out in China and found that
sex-pheromone not only affected the counting amdiletion of adult oH.armigera, but also
disturbed flying behavior in the course of feedidggpersal und concealment and the male
population was reduced by half. The copulationumfhcfemale was reduced by 0.6 times and
the incubation rate in the laboratory and field wasluced by 19 and 13.5 percent,
respectively.

Patil and Kulkarni (1997) analyzed light and pheromone trap catch for seeamsy
from 1987 to 1993 and compared with 1994 and 1998 that Indicated maximum activity
of H. armigera From October to December in Raichur, India. Theses a significant
negative correlation with temperature and rainfaltiereas morning relative humidity
showed a positive significant correlation with tiegiches.

Satpathy and Rai (2000) evaluated the potentiality of NPV (crude and folaed).
endosulfan and neem products under field conditmnsomato cv. sel-7.The treatment viz.,
crude NPV (200 or 300 LE/ ha), formulated NPV (ll0B/ha),endosulfan + crude NPV
(3509 ai.+ 100 or 200 LE/ha), formulated NPV + Negold(100 LE + 2.5 ml/), formulated
NPV + Econeem (100 LE/ha + 2.5 ml/l) and endos\{if@@ g ai ha). They reported that an
application of crude NPV + endosulfan (100 LE/h&50 g a.l. ha) which resulted in mean
fruit damage of 720 per cent is recommended andectPV at 300 LE/ha performed

equally well (7.79 per cent damage).
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Mehta et al. (2001) studied on the management of tomato fruit bordr,
armigera(Hubner) with nine insecticidal treatment at PalampHimachal Pradesh) and
observed that among the bio-pesticides tested, Bdated plots had lowest fruit
infestation(10.68%) as compared to HaNPV (11.9%@) azadirachtin (14.68%). A mixture
of deltamethrin +B.t. application revealed afruit damage of 5.58 pert egnle untreated
control had 24.2 per cent fruit damage.

Praveen, (2000) and Thilagam(2003) microbials and neem formulations have been
reported to reduce thé. armigera population and fruit damage in tomato.

Hussain and Bilal (2007) the use of marigold as a trap crop for the manageimie
tomato fruit borer in tomato was evaluated. Thepproon of larvae counted on trap row
increased with increasing rate and on main cropedsed with decreasing rate at 65 and 80
days after transplanting. All the treatment combores recorded lowest fruit damage, larval
population on tomato but trapped higher larvae arigold. Moreover, 3:1 combination
observed (81.0-88.89%) larval reduction than seotgp and was significantly better than
other treatments.

Rijaland Dahal (2019)studied themanagement dfelicoverpa spp.requires an
integrated pest management method which aims iduging healthy crops and maintaining
better sustainable agro ecosystem.Integrated pestagement aims to maintain pest
population below economic injury level. It is antagration of appropriate measure that
inhibits the development of pest population. Inéégd pest management aims to grow
healthy crops with least damage to agro-ecosyskéshicoverpa can damage 90% of fruit
and reduce yield by 30-40%. Resent research hage bede in biological and cultural
management ofHelicoverpa but development of resistant variety is best option
Flubendiamide 40SC@0.21ml/ltr and Emamectin berzaae best chemical whereas
Trichogramma @30cards/ha, Helio nucleo polyhedrosis and neesedaesticide are best
biological method for the pest management. Lowestgntage of fruit damages and the yield
highest of marketable fruits damage with NPV @ BBtha (Moharet al., 1996).

Vaidya et al. (1997) reported thatthe larval mortality ¢f. armigera up to 50-66
percent after 48 hrs and 83 percent at 72 hrseattrirent at 0.05 percent and 0.1 percent
concentration oBacillus thuringiensis subspaizawai.

Reddy and Divakar (1997) reported 90 per cent kill dfi. armigerain tomato with
Delfin treatment.
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Chapter-111

MATERIAL AND METHOD

The thesis entitledPopulation dynamics and eco—friendly management abmato
fruit borer ( Helicoverpa armigera Hub.)” on tomato were carried at Student’s Instructional
Farm,Acharya Narendra Deva University of Agricitu& Technology Kumarganj,
Ayodhya,(U.P.) and nearby farmers field duriRgbi,2019-2020 . The details of materials

used, experimental procedures followed and teclesiqulopted have described below.
3.1 Topography and climatic condition

The experimental site lies between 26M7atitude, 82.12E longitude and 113 m
above from the sea level in the sub-tropical belihe country with alkaline to normal soil.
Mostly the rainfall is confined from July to Septeen months. The weekly meteorological
data obtained from the Department of Agro-mete@ylaof the University (Table 3.1).

Table 3.1: Weekly meteorological data during croppig period

Standard Rainfall Temperature (°C) RH (%)

Week (mm) Min. Max. Min. Max.
47 0 125 27.2 59.1 91.8
48 0 14.2 26.8 61.5 93.5
49 0 9.7 24.9 47.2 94.2
50 2.2 11.2 23.9 57.1 91.7
51 0 8.5 176 73.8 91.7
52 0 5.3 14 79.7 89.8
1 7.8 9.1 19.3 62.7 88.7
5 6.6 8.2 16.5 77.4 93.4
3 21 10.2 18.6 76.8 954
4 0 6.4 20.5 76.2 90.2
5 0 7.3 21.8 57.1 91.4
6 0 6.2 22.5 48.5 92.2
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7 0 8.8 22.8 49.2 85.5
3 5.3 12.4 25.4 61.8 91.3
9 0 14.0 26.8 52.4 92.8
10 6.8 13.9 26.2 59.1 88.8
1 9 147 26.8 57.4 87.2

3.2 Plan of experiments

A field experiments were conducted at Studentguotbnal Farm, A.N.D.U.A. &T.,
Kumarganj, Ayodhya, duringabi 2019-2020. To evaluate planting combination of @ton
(Narendra-6) intercropped with marigold in a Randmd Block Design (RBD) with three
replications. Twenty day old tomato Narendra-6 etgrtaken and 40 day old marigold (Pusa
Basanti Gainda) was taken Main Experimental Statitorticulture farm. For tomato row to
row spacing 60 cm. and plant to plant distance #5 whereas, marigold seedling were
planted 25 cm. apart. During the present studie®et row of tomato with one row of

marigold.
3.2.1 Field preparation and transplantation of seelihgs

The experimental plots were prepared by one deepgping with mould board
plough followed by two cross harrowing. The whakdds were cleaned by removing weeds
and plant debris manually. Entire field was marketh rope to have sowing in rows at 60
cm spacing between row to rows and 45 cm betweant pb plant. Field was divided in 3
blocks, 27 plots and a big plot for incidence bywing channels for irrigation and
drainage.

3.2.2 Fertilizers application

At the time of field preparation 1.5 ton F.Y.M. arex in soil. At sowing time the
recommended dose of fertilizers like nitrogen @Kgha in the form of urea, phosphorous
@ 100 Kg/ha in the form of single super phosphate@otassium @ 50 Kg/ha in the form of
murate of potash, half dose of nitrogenous fediliand full dose of phosphorus and potash
were applied in soil as basal application. The tiamg half quantity of N is top dressed four

weeks after transplanting.
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3.2.3 Crop Management

To remove all the weeds from plots one hand weediag given. For irrigations
purpose; first to four given by hazara. After eitdied the plant irrigation done at 30 days
after transplanting and second at 60 days aftemgpwere given. Weeding and hoeing were
done after irrigation with the help of hand hoexasnter-culture operation.

3.3 To work out the incidence of tomato fruit borer

3.3.1 Population dynamics of tomato fruit borer

The experiment was laid out in RBD with thrice realion with growing a variety,
Narendra-6 durindrabi 2019-20. The recommended agronomic practices Yodieved to
raise the crop. Bulk plot of 40x3%with three replication of tomato variety Narendra&s
raised and maintained without any insecticidal @pagibn to study the seasonal incidence of
H. armigera in relation to abiotic factors viz., maximum andnmum temperatures,
morning and evening relative humidity and rainfdlhe bulk plot area was divided into
ridges and furrows with 60 x 45 cm spacing. Thearmas transplanted on 20/11/2019 and
all the recommended package of agronomic practicesfertilizer application, irrigation,
inter-cultivation and disease management wereviath

3.3.2 Observations on seasonal incidence of tomdtait borer, H. armigera

The incidence of the tomato fruit borer was recdraeweekly interval on 5 randomly
selected plants from each plot. From initiatiorgstand continued till the crop maturity. The

observations were taken by counting the numbeairofie per plant.
3.3.3 Record of weather variables

The data on weather variables such as temperaglagive humidity and rainfall of
the crop seasoRabi 2019-20 were obtained from department of Agro-metegy of the

University to correlate the incidence of insecthaabiotic factors.

3.4 Correlation betweenH. armigera population with weather variables

The data recorded on the incidence of insects wiatestically analyzed in order to
determine the correlation coefficients betwekin armigera population with weather

variables.
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3.4.1 Correlation studies

The correlation between populatioH. armigera and abiotic factorsi.e. minimum
temperature, maximum temperature, relative humialitg rainfall were worked out by using

following formula:

Edn.dy

N [Y d2 xiXZdZy
N N

r =

Where,

r= Correlation coefficient
y=Population

xi=Weather parameter
n=Number of observations
Y'=Summation

3.5 Biology of H. armigera

The investigations on the biology Bielicoverpa armigera was carried at laboratory
of the Department of Entomology, Acharya Narendevd® University of Agricultural &
Technology Kumarganj, Ayodhya during 2019-20. Futbwn caterpillars oH. armigera
were collected from tomato crop grown in the Stadestructional Farm. These larvae were
reared separately in cledh armigera rearing trays in the laboratory at room temperature
during January to March. Fresh leaves of tomatotplavere kept in the jars to serve as food
for the larvae, fresh food was provided daily ie tars about 5 cm thick layer of dry soil was
provided at the bottom of the rearing jars to hékp grown up larvae to pupate The pupae
were transferred into jars for the emergence oftad@nly one pupa was kept in each rearing
jars. The newly emerged moths were released iis paiearing jars of one litre capacity. The
female moth was slightly bigger than male moth aondsessed the tuft of hair on tip of
abdomen (Bhatt and Patel 2001). Cotton swabs soak&@ percent sucrose solution were
provided to serve as food for the adults. The dgigsby each female on the leaves, walls of
the rearing jar and on the muslin cloth were rerdodaily with the help of moist camel hair
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brush. Count the number of eggs and transferrgekin- plates for studying the incubation
period and rest of the twenty specimens were obsgetv study the other parameters like
incubation period, number of larval instar, duratiaf the larval instar, total larval period,

pre-pupal period, pupal duration, longevity of matel female.
3.5.1 Incubation Period

Eggs were observed at 12 hours interval to deterrthe incubation period (days).
The change in colour from yellowish white to ligitey (black lead) was taken as a mark for

egg hatching.
3.5.2 Number of larval instars

To ascertain the number of instars, observationsoulting were recorded daily The
size of the head capsules 6fdnd 2nd instar were collected by detecting it wité help of
handlens (20x) while in later instars it was visilalith naked eye.

3.5.3 Duration of larval instars and total larval period

To record the duration of each larval instars andl iarval period, observations were

taken after each 12 hours.
3.5.4 Pre-pupal period

The sixth instar larvae in the later part of ife became sluggish, suspended feeding
and stopped movements and then got reduced irbsfpee the initiation of pupal formation.
The time interval between inactivation and pupatfation was recorded as pre-pupal period.

The observations were recorded after each 12 hours.
3.5.5 Pupal period

The duration between pupation and emergence addhlts was recordedas the pupal

period.
3.5.6 Adult longevity and total life period

The total duration (days) of adult male and fenfieden emergence till death and total
life period ofH. armigera from egg to the mortality of adult male and femalgs recorded.

The individuals were the same on which the eapls@ameters were recorded.
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3:1 Layout plan of experiment
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Details of experiment
Design - RBD
Plot size - 4x3m
Spacing - 60 x 45 cm
Replications - 3
Treatments - 9 (8+ control)
Variety - Narendra 6
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3.6 Management oH. armigera with IPM techniques

Table 3.2: Treatments for testing effectiveness agest tomato fruit borer under field

conditions.

Tr. No. | Insecticide name Rate /Dose Source

T! Pheromone trap (Helilure) + Inter croppipndO trap/ha. PCI
(marigold)

T? Ha-NPV+ Inter cropping (marigold) 300 LE EntomgjoDept.

TS Trichogramma chilonis + Inter| 1,25,000 Entomology Dept.
cropping(marigold) eggs/ha

T Bacillus thruringensis + Inter| 2g/lit. CIMAP(Lucknow)
cropping(marigold)

T® Neem oil + Inter cropping(marigold) 5% elSmade

T® Neem Seed Kernel Extract (NSKE) + Inter 5% Self- made
cropping (marigold)

T’ Neem Leaf Extract (NLE) + Inter 5% Self —-made
cropping(marigold)

TS Karan; Seed Extract  + Inter 5% Self -made
cropping(marigold)

T? Control + Inter cropping (marigold) -- -

Larval population of tomato fruit borer was recatdat weekly interval on 5
randomly selected plants to record the larval pajpuh of H. armigera. The treatments were
applied when infestation reached above ETL (1.\akt plant).

3.6.1 Yield

The yield of healthy fruits of each plot (kg./plotyas recorded at each picking and
converted into g/ha.
3.6.2 Cost-benefit ratio

The economics of each treatment was worked out@asis of expenditure incurred
on fruit borer management and value of additionaldyover control by using the following

formula

Net monetry return of additional cost (Rs./ha)
Cost of treatment (Rs./ha)

Cost — benefit ratio =
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Chapter-1V

EXPERIMENTAL FINDINGS

The present investigations entitleéPdpulation dynamics of fruit borer (Helicoverpa
armigera Hub.) in tomato and management through Integrated Bst Management
(IPM)” were carried out at Student’s Instructional Farm Aafharya Narendra Deva
University of Agriculture and Technology, KumargaAyodhya (U.P.) duringrabi, 2019-
20. The results obtained from different studieseh&een presented here under different

sections as follows.
4.1 Population dynamics of tomato fruit borer Helicoverpa armigera Hub.)

The weekly observation ¢i. armigera on tomato starting from germination to harvesie T
incidence of insect was fluctuating under varyingptiher conditions. The data of population

recorded tomato during experimental period werdyaed statistically as under condition.

The occurrence of fruit borer was started froffl @andard week (Second week of
January, 2020) to Mstandard week (Second week of March, 2020) witling population
ranging from 0.12 to 0.89 larvae. The peak peribdagurrence of this insect was observed
in 6 standard week (Second week of February, 2020n&eémum population of this insect
was recorded as 2.65 larvae /plant. The maximuresiafion of fruit borer larvae was
recorded at minimum temperature 6.2°C, maximum &atpre of 22.5°C, minimum relative
humidity 48.5, maximum relative humidity 92.2 pant and rainfall 0 mm.The minimum
0.12 larvae per plant population was recorded a 2tandard week with minimum
temperature 8.2°C, maximum temperature of 16.5°&imum relative humidity of 93.4 and
minimum relative humidity 77.4 per cent and raih@6 mm.

Table 4.1: Occurrence of fruit borer on tomato aloy with weather parameters during

Rabi, 2019-20

Standard | No. of larvae/plant | Rainfall Temperature °C) | RH (%)

Week (mm) Min. Max. Min. Max.
47 0.00 0 12.5 27.2 59.1 91.8
48 0.00 0 14.2 26.8 61.5 93.5
49 0.00 0 9.7 24.9 47.2 94.2
50 0.00 2.2 11.2 23.9 57.1 91.7
51 0.00 0 8.5 17.6 73.8 91.7
52 0.00 0 5.3 14 79.7 89.8
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1 0.00 7.8 9.1 19.3 62.7 88.7
2 0.12 6.6 8.2 16.5 7.4 93.4
3 0.68 21 10.2 18.6 76.8 95.4
4 1.16 0 6.4 20.5 76.2 90.2
5 1.73 0 7.3 21.8 57.1 91.4
6 2.65 0 6.2 22.5 48.5 92.2
7 2.43 0 8.8 22.8 49.2 85.5
8 2.11 5.3 12.4 25.4 61.8 91.3
9 1.58 0 14.0 26.8 52.4 92.8
10 1.43 6.8 13.9 26.2 59.1 88.8
11 0.89 9 14.7 26.8 57.4 87.2

4.2 Effect of abiotic factor on population buildupof fruit borer on tomato.

The occurrence of fruit borer larvae was correlatedh abiotic factors by
determining correlation coefficients. The fluctugti trend in incidence oH.armigera

population was found mainly due to change in werationditions.

The correlation coefficient with rainfall (r = -@L negatively non  significant,
positively significant with maximum temperature=10.38), negatively non significant with
minimum temperature (r = -0.17), negatively nonngigant with maximum relative
humidity (r = -0.34) and negatively significant tviminimum relative humidity (r = -0.48)
given in Table 4.2
Table 4.2: Relationship of abiotic factors with poplation buildup of fruit borer on

tomato during Rabi 2019-20

Correlation (r) Rainfall Temperature (C) Relative humidity (%)
(mm) Min. Max. Min. Max.
-0.12 -0.17 0.38* -0.48* -0.34

*Correlation is significant at the 0.05 level

4.3 Biology of fruit borer (Helicoverpa armigera Hub.)

The investigation on the biological parametersHofarmigera was studied under
laboratory conditions during January to March, 2@020 in the Post Graduate Research
laboratory, Department of Entomology, A.N.D.U.A. &Kumarganj, Ayodhya. The average
temperature during the study was 27.2°C with netaiumidity of 75+ 5 per cent. The results

obtained are presented under following heads-
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4.3.1 Incubation period

The freshly laid eggs were hemispherical, shiny gegnish yellow in colour which
changed to deep yellow after a day and then chatmetirk or grey black a day before
hatching In due course of time a depression ocduore the upper portion of egg which
became apparent with the advancement of time. Wergence cf larva from egg shell took
place through a fire hole made by emerging larviierAemergence eggshell became
transparent. Further, the data Revealed that inicubgeriod and find 3-4 days (mean
3.50+0.52 days).

4.3.2 Larval period
4.3.2.1 Fisrt larval instar

Freshly emerged first instar larva was smalle4ZInm) in size and cream coloured
with yellowish orange longitudinal lines on the sir surface of the body with brown to
black head. The legs and thorax were of brown celbulhe duration of this instar lasted for
2-3 days (mean of 2.5+0.52 days).

4.3.2.2 Second larval instar

The second instar larva was yellowish brown in goloThe head capsule was
prominent and dark. The duration of this instatdddor 2-3 days (mean of 2.6 £0.51 days).
The body length of this instar was 3.38 mm.

4.3.2.3 Third larval instar

The body colour of third instar was yellowish whitgth many black spots from
anterior to posterior end Head capsule was darkpmogortionate to the body: The third
instar larvae is 9.46 mm in length and the duratibthis instar ranged from 3-4 days (mean
of 3.60+0.51).

4.3.2.4 Fourth larval instar

The fourth instar larva was yellowish brown ordesth brown in colour with lateral
stripes yellowish white but dorsal stripes werecklahis instar measuring (178 mm) lasted
for 4-5 days (mean 4.40+0.52 days).
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4.3.2.5 Fifth larval instar

The fifth instar measuring 293 mm is yellowish brovo reddish brown in colour
(Plate-3) with broker Lateral stripes having blackour. Head, thoracic shield and legs were
reddish brown. This instar lasted for 4-5 days (m&&0 +£0.48 days).

4.3.2.6 Sixth larval instar

The full-grown larva of the sixth instar (32.2 mmsize) was brownish with brown
lateral stripes and distinct dorsal stripe It wasg and ventrally flattened but convex
dorsally. The duration of the last instar rangexnfr4-5 days (mean of 4.20 £ 0.42 days). So
the larva passed through six instars. The totahlgperiod lasted for 23-25 day with mean
9.50 +£1.79 day.

Table 4.3 Biology ofHelicoverpa armigera on natural diet (tomato) under lab condition

Biological parameters Range Av £ S.D.
Incubation period (days) 3-4 3.50 £ 0.52
Larval period (days) | First 2-3 2.50 £0.52
Second 2-3 2.60 £ 0.51
Third 3-4 3.60 £ 0.51
Fourth 4-5 4.40 £ 0.52
Fifth 4-5 4.70 £0.48
Sixth 4-5 4.20+£0.42
Total larval period 23-25 9.50+1.79
Pre-pupal period (days) 1-3 2.10£0.73
Pupal period (days) 13-15 13.80+£0.91
Adult period (days) 8-10 8.90 = 0.87
Total Life cycle (days) 40 - 47 -

4.3.3 Pre-pupal period

The sixth instar larva in the later part of itelibecame sluggish, suspended feeding
and stopped movements and then got reduced irbsfpee the initiation of pupal formation.
The time interval between inactivation and pupatfation was recorded as pre-pupal period.

The range of pre-pupal period was 1-3 days and rf{&246+0.73).
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4.3.4 Pupal period
Freshly formed pupa was light green yellowish itoao but later on turned into dark

brown prior to emergence of moth. The mean duradibthis stage was 13.80 +0 .91 days
and ranged from 13-15 days.

4.3.5 Adult Longevity

The duration from the date of emergence to deathdoits was considered as the
adult longevity. The results presented in Tableidddcated that the adults lived for 8 to 10
days with an average of 8.90 = 0.87 days.

4.3.6 Total development period

The duration of total life cycle was consideredtes period between the dates of egg
laying to the dates of death of adults. Data prieskim Table 4.4 revealed that the entire life

span ofH. armigera on tomato under laboratory conditions varied fradra@ 47 days.

4.4 Management of tomato fruit borer through Integrated Pest Management with inter-
cropping

The field tests were carried out for crop seag¢@abi 2019-20) to find out the
effectiveness of treatments against tomato frurehor otal Nine treatments vjiZ2Zheromone
trap @ 10 trap/ha, H-NPV @ 300LE;ichogramma chilonis @ 150000 eggs/haBacillus
thuringensis var. kurustaki @ 2g/lit, 5 per cent Neem oil, 5 per cent NSKpeb cent Neem
leaf extract, 5 per cent Karanj seed extract, arol (water spray) were tested against
tomato fruit borer. For application of treatmerttse incidence of tomato fruit borer was
regularly monitored to see the tomato fruit boreaahing at ETL (1 larva / plant). The
population of tomato fruit borer was recorded oag tefore spray at 1, 3, 7 and 14 days
after spray.

4.4.1 First spray
Based on the population of tomato fruit borer rdedrat 1 day after spray, it was
found that the treatments differed significantlprfr each other. The significantly lower

population (1.17 larvae/plant) was recorded in HVN®300LE with highest reduction which

differed significantly from the remaining 8 treatm® at 1 day after spray. Based on these

25



observations, H-NPV @ 300LE was found as a mo&icelfe insecticide against tomato

fruit borer at 1 day after spray durifgbi, 2019-20.

The effectiveness of the treatments was furtherpaoed at 3 days after spray and it
was found that all the treatments were superior owatrol in controlling tomato fruit borer.
Significantly lowest population (0.83 larvae /plaat tomato fruit borer was observed in H-
NPV @ 300LE with reduction as compared with othexatments. All botanical and
biological treatments are found significantly ma#ective to decrease the population of
tomato fruit borer from 3 days after spray in coagsion to control duringRabi season

2019-20.

The effectiveness of the treatments was furtherpaoed at 7 days after spray and it
was found that all the treatments were superior ogatrol in controlling tomato fruit borer.
Significantly lowest population (0.53 larvae /plaot tomato fruit borer was observed in H-
NPV @ 300LE with reduction as compared with othexatments. All botanical and
biological treatments are found significantly mafective to decrease the population of
tomato fruit borer from 7 days after spray in coagsion to control duringRabi season

2019-20.

The population of tomato fruit borer was furthecamled at 14 days after spray,
which showed almost similar trend in the effectees of treatments against tomato fruit
borer with some differences as Pheromone trap @trap/ha, H-NPV @ 300LE,
Trichogramma chilonis @ 150000 eggs/haBacillus thuringensis var kurustaki @ 2g/lit, 5
per cent Neem oil, 5 per cent NSKE, 5 per centniNEf extrcact, 5 per cent Karanj seed
extract and differed significantly from all the atenents at 14 days after spray during crop
season of 2019-20. Based on post treatment obsmrsatt 1, 3, 7, and 14 days after spray,
it was found that both botanical as well as biatagiinsecticides were effective against
tomato fruit borer. However, biological insecticsderere more effective than botanicals

insecticides.
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Table 4.4 : Efficacy of different treatments agmst larval population of tomato fruit borer (H. armigera.) during Rabi, 2019-2020

First spray
Treatments Tomato fruit borer/plant
1 DBS 1 DAS 3 DAS 7 DAS 14 DAS

T, Pheromone trap (Helilure) + inter cropping(Maridjol 1.29 1.26 0.95 0.73 1.03
(1.34) (1.33) (1.21) (1.172) (1.24)

T, H-NPV + inter cropping(Marigold) 1.31 1.17 0.83 0.53 0.81
(1.35) (1.29) (1.15) (1.01) (1.14)

T3 Trichogramma chilonis + inter croppingMarigold) 1.28 1.21 0.95 0.78 1.03
(1.33) (1.31) (1.20) (1.13) (1.24)

Ta Bacillus thruringensis + inter croppingMarigold) 1.29 1.26 0.89 0.68 0.86
(1.34) (1.33) (1.18) (1.09) (1.16)

Ts Neem Oil +inter croppingMarigold) 1.30 1.27 0.95 0.78 0.98
(1.34) (1.33) (1.21) (1.13) (1.22)

Ts Neem Seed Kernel Extract (NSKH) inter cropping| 1.32 1.29 1.05 0.90 1.08
(Marigold) (1.35) (1.34) (1.24) (1.18) (1.26)

T, Neem Leaf Extract (NLE) inter cropping(Marigold) 1.31 1.28 1.09 0.96 1.11
(1.34) (1.34) (1.26) (1.212) (1.27)

Tg Karanj Seed Extrattinter cropping (Marigold) 1.33 1.32 1.12 1.03 1.17
(1.35) (1.35) (1.27) (1.24) (1.29)

To Control+ inter cropping (Marigold) 1.30 1.50 1.70 1.88 2.03
(1.34) (1.412) (1.48) (1.54) (1.59)
SEmz+ 0.01 0.07 0.01 0.02 0.01
C.D.@5% NS 0.03 0.02 0.05 0.02

Figures in the parentheses are/X +0.5 transformed values. DBS = Day before spray, DAS Bay after spray
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Fig 4.1: Efficacy of different treatments against arval population of fruit borer (H. armigera) during Rabi, 2019-2020
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4.4.2 Second spray

Based on the population of fruit borer recorded days after spray, it was found that
the treatments differed significantly from eachesthlhe significantly lower population (1.04
larvae/plant) was recorded in H-NPV @ 300 LE/Hathwhighest reduction which differed
significantly from the remaining 8 treatments atdays after spray. Based on these
observations, H-NPV @ 300 LE/ha was found as a raffettive insecticide against fruit
borer. Among 4 botanical tested, 5 per cent Neénbgier cent NSKE, and 5 per cent Neem
leaf Extract, found comparatively more effectivaarthb per cent Karanj seed extract in

controlling fruit borer at 1 days after spray dgrRabi, 2019-20.

The effectiveness of the treatments were furtherpared at 3 days after spray and it
was found that all the treatments were superiomr aantrol in controlling fruit borer.
Significantly lowest population (0.77 larvae /plpaaof fruit borer was observed in H-NPV @
300 LE/Ha. with reduction as compared with otheatments. All botanicals and biologicals
treatments are found significantly more effectivedecrease the population of fruit borer

from 3 days after spray in compression to contwing) Rabi season 2019-20.

The effectiveness of the treatments were furtbengared at 7 days after spray and it
was found that all the treatments were superiomr @antrol in controlling fruit borer.
Significantly lowest population (0.29 larvae /plaaf fruit borer was observed in H-NPV @
300 LE/Ha. with reduction as compared with otlmeatments. All botanicals and biologicals
treatments are found significantly more effectieedecrease the population of fruit borer
from 7 days after spray in compression to contuirgy Rabi season 2019-20.

The population of fruit borer was further recordsd14 days after spray, which
showed almost similar trend in the effectivenesseadtments against fruit borer with some
differences as Pheromone trap @ 10 trap/ha, H-NP0G@LE, Trichogramma chilonis @
150000 eggs/haBacillus thuringensis var kurustaki @ 2g/lit, 5 per cent Neem oil, 5 per
cent NSKE, 5 per cent Neem leaf extrct, 5 per de€atanj seed extract and differed
significantly from all the treatments at 14 daytea&pray during crop season of 2019-20.
Based on post treatment observations at 1, 3,/ 1drdays after spray, it was found that
both botanical as well as biological insecticideseveffective against fruit borer. However,

biological insecticides were more effective thatainacal insecticides.
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Table 4.5: Efficacy of different treatments againstarval population of tomato fruit borer (H. armigera.) during Rabi, 2019-2020

Second Spray

Tomato fruit borer/plant

Treatments 1 DBS 1 DAS 3 DAS 7 DAS 14 DAS

T1 Pheromone trap (Helilure) + inter cropping(Marigold) | 1.17 1.05 0.90 0.33 0.40
(1.29) (1.25) (1.60) (0.91) (0.95)

T, H-NPV + inter cropping(Marigold) 1.24 1.12 0.77 0.29 0.37
(1.33) (1.27) (1.13) (0.89) (0.93)

Ts Trichogramma chilonis + inter cropping(Marigold) 1.15 1.13 1.03 0.77 0.83
(1.32) (1.28) (1.24) (1.13) (1.15)

T4 Bacillusthruringensis + inter cropping(Marigold) 1.26 1.27 0.97 0.45 0.54
(1.33) (1.33) (1.21) (0.97) (1.02)

Ts Neem Oil + inter cropping(Marigold) 1.23 1.36 1.06 0.80 0.87
(1.32) (1.37) (1.25) (1.14) (1.17)

Ts NSKE + inter cropping(Marigold) 1.21 1.15 0.96 0.76 0.82
(1.32) (1.28) (1.21) (1.12) (1.15)

T7 Neem leaf extract+ Inter cropping(Marigold) 1.15 1.11 0.97 0.81 0.87
(1.30) (1.27) (1.21) (1.15) (1.17)

T8 Karanj seed extract + Inter cropping(Marigold) 1.20 1.16 1.03 0.87 0.92
(1.32) (1.29) (1.24) (1.17) (1.19)

T9 Control + Inter cropping(Marigold) 1.35 2.27 2.22 2.17 1.45
(1.35) (1.66) (1.65) (1.63) (1.40)
SEmt 0.14 0.01 0.01 0.02 0.02
C.D.@5% NS 0.02 0.03 0.05 0.02

Figures in the parentheses are/X +0.5 transformed values, DBS = Day before spray, DAS Bay after spray
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Fig 4.2: Efficacy of different treatments againstérval population of tomato fruit borer (H. armigera) during Rabi 2019-20
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4.5 Effect of treatments on yield

All the treatments gave significantly higher yieldnge 197.43-173.65 g/ha over
control 171.34 g/ha. The effect of treatment orndyweas found higher yield 197.43qg/ha in H-
NPV@ 300LE. As compare to other tested treatmdiits.result showed that all treatments
had better yield in compression to control.

Table 4.6: Effect of different treatments on yieldof tomato var. Narendra-6 during Rabi

2019-20
Tr. Treatments Dose Yield
No. (g/ha)
T, Pheromone trap (Helilure) + inter cropping (Marijol| 10 trap/ha 182.52
T, H-NPV + inter cropping (Marigold) 300 LE 197.43
Ts3 Trichogramma chilonis + inter cropping(Marigold) | 150000
eggs/ha 189.12

T, Bacillus thruringensis + inter cropping(Marigold) 2 gllit 192.93
Ts Neem Oil + inter cropping(Marigold) 5% 192.39
Ts Neem Seed Kernel Extract (NSKE} inter| 5%

cropping(Marigold) 191.70
T, Neem Leaf Extract (NLE) inter cropping(Marigold) 5% 189.63
Tg Karanj Seed Extra¢tinter cropping(Marigold) 5% 173.65
Ty Untreated (Controly inter cropping(Marigold) 171.34
S.Em.t - 8.99
CD at 5% - 26.97
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Chapter-V

DISCUSSION

An attempt was made to record the seasonal ocagrehfruit borer and to observe
efficacy of different treatments against fruit bogelelicoverpa armigera Hub.) in tomato
(Narendra 6) crop durinBabi 2019-20. The findings of experiments have beeoudised in

the light of available literature in the followirsgctions.

5.1 Seasonal occurrence of fruit borerof tomato

The incidence of fruit borer recorded on periodasib during crop season, revealed
that the insect appeared at early stad@ ¢gandard week to f1standard week) of crop
growth. DuringRabi 2019-20, the initial population of this insect1®.larvae/plant) was
recorded in & standard week {2week of January, 2019). This was increased toeel lof
2.65 larvae/plant in"®standard week [@week of February, 2020). The above findings were
in confirmation with Chavast al. (2016).

5.2 Correlation coefficient between abiotic factors and occurrence of fruit borer

The correlation coefficient determined between tleeurrence of fruit borer and
abiotic factorrevealed both positive and negatmeetations.

Based on the correlation coefficients of fruit bomeith abiotic parameters, the
incidence of fruit borer was correlated at non gigant level with minimum temperature;
rainfall and maximum relative humidity.The abovedings were similar with Kumaat al.
(2018).

5.3 Biology of tomato fruit borer, H. armigera
5.3.1 Incubation period

The mean incubation period was 3.50 + 0.52 dayshhanged from 3-4 days at
room temperature. These results are in conformith the findings of Singh and Singh
1975). However, Verma and Kakar (1996) Chaudhady$imarma (1981) and Multaet al.

(2000) reported variations in the incubation period

These work also reported by Kumar and Mishra (20&pprted that the incubation
period varied from 4-5 days. Ligt al. (2004) reported that the incubation periodHof
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armigera on tomato was 3 days. Baikar and Naik (2016) rebtihat the incubation period

was observed to be 3.2+0.79 days.
5.3.2 Larval period

In the present investigations, the average larwahttbon was 9.50+1.79 days and
ranged from 23-25 days. These findings are in comfy with Saraf and Makhija (2015)
who reported larval period was 17-24 days. Baikat Baik (2016) reported that the larval

development was completed within 21.8+0.79 days.
5.3.3 Pre-pupal period

The mean duration of this stage was 2.10+0.73 daglsranged from 1-3 days.Baikar
and Naik (2016) reported that the mean pre-pupabghéasted for 2.2+0.45 days.

5.3.4 Pupal period

The mean duration of this stage 13.80+0.91and carigem 13-15 days. However
Saraf and Makhija (2015) who reported that the pppdaod ranged from 14-17 days.

5.3.5 Total life span

The longevity of adult male was ranged from 6-8dasile 8-10 for female adult.
The total life spanwas 19.10 + 2.95 days and rafiged 40-47 days.

5.4.1 Effectiveness of treatments against fruit borer

H. armigera is one of the most destructive pest, causes hialg lpsses by bore into
tomato fruits. The vyield losses range from 5 top&@cent across the country (Singh and
Chahal, 1978; Kakaet al., 1980 and Lal and Lal 1996). The concept of tegpping fits
into the ecological framework of habitat manipwatiof an agro-ecosystem for the purpose
of pest management. Inherent characteristics cdpadrop may include not only differential
attractiveness for feeding but also other attribditat enable the trap crop plants to serve as a
sink for insects or the pathogens they vector (8heind Badenes, 2006).

Population of tomato fruit borer (larval populatjomas also significantly reduced in
various treatment combinations of tomato and métigden they were compared with sole
crops of tomato in the years. Consistently low drpopulation was recorded in 3:1
combination. These observations draw their supfpon the findings of Torres-Villat al.
(2003) who reported higher tolerance to similavdhrdensities at advanced growth stages.

Moreover, larval population at early crop stage wsasely higher because larvae had a

34



convenient environment in terms of abundance a¥dis, fresh leaves and green fruits which

promoted better larval performance.

The Effectiveness of treatments was determineddoasehe population of fruit borer
was recorded one day before spray as pre-treatwleservation, while post treatment
observations were taken at 1, 3, 7, and 14 dags gfiray. The most effective biological
insecticide Ha-NPV 300LE/ha reduce the populatibtomato fruit borer.

5.4.2 Effect of treatmentson yield

All the treatments gave significantly higher yidltP7.43-173.65 g/ha) over control
(171.34 g/ha). The higher yield was found in (18@/a) in Ha-NPV@ 300LE as compare
to other tested treatments. The result showed dliathe treatments had better yield in
comparison to control. Among biological control, -N®V@ 300LE gave highest yield
which over other biological and botanical control.
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Chapter-VI

SUMMARY AND CONCLUSION

The experiments conducted on “Population dynamizs eco-friendly management
of tomato fruit borer Klelicoverpa armigera)” during Rabi 2019-2020.The data obtained
from experiments was compiled and analysed stzisti The summary and conclusion of

the present experiments are presented below.

The weekly observation was recorded lf armigera on tomato starting from
germination to harvest. The incidenceof fruit bpogrulation was fluctuating under varying
weather conditions. Theoccurrence of fruit borerststed from %' SW (January, 2020) to
11" standard week (March, 2020) with varying poputatianging from 0.12 to 0.89 larvae
per plant in different standard weeks, the maxinpapulation of this insect was recorded as
2.65 larvae/plant during®6SW (February, 2020) .

The correlation coefficients of fruit borer withiabbic parameters, the incidence of
fruit borerwas correlated at non significant lewath rainfall,minimum temperature and
maximum relative humidity. However, fruit borerwesrrelated significantly positive with

minimum relative humidityand significantly negatwéh maximum temperature.

Looking at the biology of fruit borer on tomatoetbhgg period varies from 3 to 4 days
(Av. 3.5 = 0.52 days). The larva &f. armigera passed through sixth different instars. The
first, second, third, fourth, fifth and sixth instarva lived for 2 to 3 days (Av. 2.5+ 0.52
days), 2-3 days (Av. 2.60 £0.51 days), 3 to 4 d&ys 3.60 = 0.51 days), 4 to 5 days (Av.
4.40 + 0.52), 4-5 day (Av. 4.70+ 0.48 ) and 4-5s{ay. 4.20+ 0.42 ), respectively with a
total larval period of 23-25 day and average me&0:#L.79. The pre-pupal and pupal stage
lasted for 1 -3 days (Av. 2.10 + 0.73 days) andtd35 days (Av. 11.90 £ 1.44 days),
respectively. The adults lived for 8 to 10 days (8W0 £ 0.87 days) and the entire life span

under laboratory conditions varied from 40 to 4ysda

The field tests were carried out for crop seas@Rabi 2019-20) to find out the
effectiveness of treatments comprising all thettnesats against fruit borer. Nine treatments
viz., Pheromone trap @ 10 trap/ha, Ha-NPV @ 300Liehogrammachilonis@ 150000
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eggs/ha, Bacillus thuringensis var. kurustaki @ 2gram/lit, Neem oil @ 5%,NSKE @ 5%,
Neem leaf extract @ 5%, Karanj seed extract 5%, @mwdrol (water spray) were tested
against fruit borer. For application of treatmeritg incidence offruit borerwas regularly
monitored to see the moth reaching at ETL (1 larkgd#dant). The population of fruit

borerwas recorded one day before spray as prevtesatobservation, while post treatment
observations were taken at 1,3, 7, and 14 days gftay. The population of fruit borer was
observed ranging from 2.65 to 2.43 larvae/plardrpo application of treatments which were
non-significant during Rabi2019-20. The population of fruit borerdecreased duoe

application of treatments with botanical and biadagjbiocontrol agents.

The effectiveness of treatments was further deteethi on the basis of
cumulativereduction in population of fruit borerrfé&abi season 2019-20. Out of all
treatments, Ha-NPV @ 300 LE/ha was found best @otrolling the population of fruit
borer. All the treatments gave significantly highyeld (197.43-173.65 g/ha) over control
(171.34 g/ha). The result showed that all the tneats had better yield than control.

Conclusion

% The maximum population of this insect was recordsd2.65 larvae/plant during
6"SW (February, 2020).

« Population of H. armigera exhibited non -significant correlation with rairfal
minimum temperature and maximum relative humiditgwever, population of fruit
borershowed significantly positive correlation withinimum relative humidity while
significantly negative with maximum temperature.

« The entire life span under laboratory conditiongaecifrom 40 to 47 day and average
mean 19.10+2.95.

s Out of all treatments, Ha-NPV@ 300LE/ha was founestbfor reduction of
population of fruit borer at 1, 3,7, and 14 days.

% The effect of treatment on yield was found highd9743g/ha)irla-NPV@
300LE/ha. As compared to other tested treatmertis. résult showed that all the

treatments had better yield in control.
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