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"I:ahle 4.I.l.3a : Incidence and relative abundance of leaf miner (Liriomyza trifolii Burgess) infestation 
at different times of planting on tomato 

~ 
Standard week 

-· g 
. 

" 50 51 52 1 ' 3 4 ' 6 ' ' ' 10 11 " 13 14 15 16 " " " 
p1 o.oa 0.01 1.25 0.76 ·o.oo 0.00 0.00 0.00 0.00 2.21 5.23 7.67 10.37 !5.22 20.67 . . p, 1.34 7.34 6.67 18.94 33.6'7 30.25 48.60 60.92 72.01 82.30 &8.51 

p, 2.22 15.23 45.68 46.51 48.37 50.36 71.68 75.21 81.67 85.24 88.23 

P, !5.33 28,82 47.33 58.67 68.20 71.98 76.37 84.23 89.67 93.98 

p1 0_.00 0.61 ""' 0.()0 0.00 0.00 0.00 0.00 OJl<l l.33 4.55 9.49 15.49 16.19 2<00 
p, 0.00 1.00 7.19 10.86 30.39 38.85 66.70 88.22 89.67 90.00 95.33 

p, 0.00 l.ll 11.92 39.89 41.23 35.00 45.00 68.11 78.75 82.00 86.33 

p, 12.91 25.00 10.92 25.00 60.29 57.23 68.25 70.00 77.09 80.00 

e1 0.00 031 0.76 0.38 0.00 0.00 0.00 0.00 0.00 1.77 4.89 8.58 12.93 15.71 24.34 

p, 0.67 4.}7 6.93 14.90 32.05 34.55 57.65 74.57 80.84 86.15 91.92 

p, .. l.H 8.17 28.80 43.20 44.80 42.68 58.34 71.66 80.21 83.62 87.28 .. 

p, 
' 

!4.12 26.19 23.13 46.84 62.74 66.11 72.31 77.12 83.38 86.99 

-

-· 

• 

" " 

I 
82.50 86.00 

~ 



eo~ 

63£;. ) . q,_ 

1458f)() 

0 2 JAH dD2 

/ ') ~-· 

j 
j 

j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 

j 
j 

j 

j 
j 
j 
j 



DEDICATED 

TO ., . 
.il' ••.•. ,: I, l : 

MY BELOVED BROTHER 



DEPARTMENT OF ZOOLOGY 
UNIVERSITY OF NORTH BENGAL 
P.O. NORTH BENGAL UNIVERSITY 
RAJA RAMMOHANPUR, SILIGURI- 734430 
DIST. DARJEELING, WEST BENGAL, INDIA 
PHONE: 450-498 FAX NO. 0353-450-546 

Jfo. ____________ __ 

CERTIFICATE 

91Jak : ;2}. I :2. 20CCJ 

'Tfiis is to certify tfi.at the thesis entitfetf r1nsect-pest constraints 

of tomato (L!fcopersictJtt escuktttum Mi£[) and tlieir management under 

terai region of West fJJenga[" em6otfies tlie recordS of original 

investigation carried out 6y Ms. !A{j.fanjana CliautfliuriJ !MSc. under 

our supervision. !Ms. Cliautfliuri work?tf on tliis topic for a6out five 

years. 

Ms. Cliau£fiuri. lias fu.Ifi[[.u[ tlie requirements of tlie 'University of 
f}{sJrtli rJ3enga£ for submission of tier tliesis. 'We are pfeased to forward tliis 

tliesis for submission to tlie 'University on 9-{prtli rJ3enga£ for consideratUm 

for tlie award of tlie degree of Voctor of Pliilosopliy (Pii.V.) in Science 

(Zoofogy). 

6'~ 
f?K ~~uzp~· 

Reader, Department of Agricultural Entomology 
Bidhan Chandra Krishi Viswavidayalaya 

North Bengal Campus, Pundibari, 
Cooch Behar -736165 

Professor, Department of Zoology 
University of North Bengal 



Ijee( immense yfeasure to exyress my deey sense '!J gratitude to Dr. D.C. 

DeG, Pr'!fessor, Deyartment cif Zoo(ogy, Universitycif North Ben!]a{, West Ben!]a( 

and Dr. S.K. Sentpati, Reader, Deyartment cif A!Jricu(tura( Entomo(o!}y, Bidhan 

Chandra Krishi Viswavidya(aya, North Ben!]a( Camyus, Cooch Behar, West 

Benga( jor their va(uab(e guidance, su!]gestions, keen and sustained interest, 

constructive criticism and intensive encouragement and co-oyeration tlirougliout 

my research work without which research work cou(d not have been worked out. 

J afso exyress my sincere !Jratitude to Camyus Director, North Ben!]a{ 

Camyus, Bidhan Chandra Krishi Viswavidya(aya and Associate Director 1 
Research, Nationa{ Agricu(tura{ Research Prt9ect, Terai Zone, Bid'lian Chandra 

Krishi Viswavidya(aya, Pundibari, Cooch Behar (West Ben!}a0 for yrovidin!] me 

witli necessaryjacifities for the _present investigation. 

J am indeed !Jrattju( to a(( the Teachers cif Deyartment cif Zoo(o!}y, 

University 1 North Ben!Ja{, West Ben!Jafjor yrovidin!] me Jacifities as and when 

needed. 

I fike to exyress my sincere gratitude to Dr. S.K. Lalia, Reader, P{ant 

Patho(o!]y, Dr. Asok Saha, Reader, A!Jronomy, Dr. A. K. Chowdhury, Lecturer, 

P(ant Patho(o!]y, Dr. A. Bhattacharya, Lecturer, A!Jricu{tura( Chemistry, Dr. A. 

Pramanik, Lecturer, A!Jricu(tura( Entomo(o!}y, Dr. T.K. Hath, Lecturer, A!Jrif. 

Entomo(o!}y, Mr. H. Chattetjee, Lecturer, Ar!Jri( Entomo(o!}y and Mr. J. Jana, 

Lecturer, Vegetab(e Science, Horticu{ture, North Benga{ Camyus, Bidhan Chandra 

Krishi Viswavidyafaya, for their va(uab(e SU!J!]estion which have lie!J'ed me a (ot 

in comy(etion cj this task. 



Thanks are afso extended to Ph.D. Scho{ars namef!J, J. Ghosh, S.K. Ghosh, 

5. Bera, 5. Giri, P. Mitra, C. Dey and S. Polder for their he(p and constant 

inryiration during the course '!f my research. 

Heartiest thanks are extended to workers '!f Bidhan Chandra Krishi 

Viswavid!Ja{a!Ja Farm cif Pundi6ari, Cooch Behar jor their gracious assistance 

received from time to time. 

Sincere thanks to 'B'Y'_pa'jor arduous task '!f t!JPing the manuscrpt. 

I am afso thanifuC to Ad'9'tive Research Counci{, Government '!f West 

Benga{, Ministry '!f Agricu{ture jor _providing jinancia{ stpyort under Research 

Pr£!ject entit{ed ''Investigation on the Pest and Disease Constraints '!f Imyortant 

Vegeta6{e Cro_ps and Their Management under Terai Region '!f West Bengaf'' 

im_p{emented at Bidhan Chandra Krishi Viswaviiya{aya, North Benga{ Camyus, 

Pundia6ari, Cooch Behar, West BengaC. India. 

Thanks are afso extended to Directorate 1 Agricu{ture, Government 1 west 

Benga{ jor their keen interest, stp_port and co-tperative during the course cif 

_present studies. 

Fina{ljj I owe m!J en com _passing debt to my _parents for their si{ent b{essings, 

a{ong with mora{ stp_port showered on me, which have a{ways been source '!f my 

energy, inryiration and strength. 

_N~t_h,J~ (t,Odt('J-1rvu,-J 

Dated Cooch Behar ( Nilanjana Chaudhuri ) 



CONTENTS 

CHAPTER-I Page No. 

1. INTRODUCTION 1-6 

CHAPTER-II 

2. REVIEW OF LITERATURE 7-32 

7-13 2.1 Seasonal incidence of insect-pests of tomato and their 

2.2 

interaction with crop phenology 

2.1.1 Aphid (Aphis gossypii Glover) 7 

2.1.2 White fly (Bemisia. ta.ba.ci Gennadius) 8 

2 .1.3 Leaf miner (Liriomyza. trifolii Burgess) 9 

2 .1.4 Fruit borer ( Helicoverpa. a.rmigera. Hubner) 11 

2.1.5 Tingid bug (Urentius hystricellus Richter) 12 

2.1.6 Hadda beetle (Henosepila.chna. vigintioctopuncta.ta. Fabr.) 13 

Bio-ecology of important insect-pests of tomato 

2.2.1 Fruit borer (Helicoverpa. a.rmigera. Hubner) 

2.2.2 Leaf miner (Liriomyza. trifolii Burgess) 

2.2.3 White fly (Bemisia. ta.ba.ci Genn.) 

13-17 

13 

15 

15 

2.3 Assessment of crop loss of tomato caused by important insect- 17-19 

pests 

2.3.1 Aphid (Aphis gosypii Glover) 

2.3.2 White fly (Bemisia. ta.ba.ci Genn) 

2.3.3 Leaf miner (Liriomyza. trifolii Burgess) 

2.3.4 Fruit borer (Helicoverpa. a.rmigera. Hubner) 

2.3.5 Tingid bug (Urentius hystricellus Richter) 

2.4 Evaluation of tomato varieties against insect-pests 

2. 5 Management of insect-pests of tomato through pesticides 

2 .5.1 Synthetic insecticides 

2.5.2 Neem derivatives 

17 

17 

18 

19 

19 

20-22 

23-32 

23 

25 

2.5.3 Entomopathogenic bacteria: Bacillus thuringiensis (Bt.) 27 

2.5.4 Entomopathogenic fungus: Bea.uveria bassiana 29 

2.5.5 Entomopathogenic virus: Nuclear polyhedrosis virus (NPV) 29 

2.5.6 Entomotoxin soil actinomycetes : Avermectin 31 



CHAPTER-III 

3. MATERIALS AND METHODS 33-43 

3. 1 Site of investigation 33 

3.2 Geographical location, soil and climate 33 

3.3 Seasonal incidence of insect pests of tomato and their natural 38-39 

enem1es 

3.4 Bio-ecology of important insect-pests of tomato 

3.4.1 Tomato fruit borer ( Helicoverpa armigera Hubner) 

3.4.2 Leaf miner ( Liriomyza trifolii Burgess.) 

3.4.3 White fly (Bemisia tabaci Gennadius) 

3.5 Assessment of crop loss of tomato caused by important insect

pests 

39-40 

39 

39 

40 

40-41 

3.6 Evaluation of tomato varieties against insect-pests, natural 42 

enemies and yield 

3. 7 Management of insect-pest complex of tomato through 42-43 

pesticides 

CHAPTER-IV 

4. RESULTS 44-155 

4.1 Seasonal incidence of insect-pests and their natural enemies of 44-92 

tomato and their interaction in relation crop-phenology 

4.1.1 Population fluctuation of different insect-pests and their 44-83 

natural enemies 

4.1.1.1 Aphid (Aphis gossypii Glover) 

4.1.1.2 White fly (Bemisia tabaci Gennadius) 

4.1.1.3 Leaf miner (Liriomyza trifolii Burgess) 

4.1.1.4 Fruit borer (Helicoverpa armigera Hubner) 

4.1.1.5. Tingid bug (Urentius hystricellus Richter) 

4.1.1.6 Hadda beetle (Henosepilachna vigintioctopuctata Fabr) 

4.1.1. 7 Natural enemies 

4.1. 1. 7a Menochilus sexmaculata 

4. 1. 1. 7b Coccinella septempunctata 

4.1.1. 7 c Spider 

4.1.2. Yield of tomato at different times of planting 

4.1.3 Phenological relation with relative abundance of pest 

population 

4.1.3.1 Aphid (Aphis gossypii Glover) 

44 

49 

55 

60 

65 

68 

71-83 

71 

75 

78 

83 

83-92 

87 



4.1.3.2 White fly (Bemisia tabaci Genn.) 

4.1.J.J Leaf miner (Liriomyza trifolii Burgess) 

4.1.3.4 Fruit borer (Helicoverpa armigera Hubner) 

4. 2 Biology of important insect-pests of tomato 

t 

4.2.1 Tomato fruit borer (Helicoverpa armigera Hubner) 

4.2.1.1 Incubation period 

4.2.1.2 Larval period 

4.2.1.3 Pupal period 

4.2.1.4 Preoviposition period 

4.2.1.5 Oviposition period 

4.2.1.6 Adult longevity 

4.2.1. 7 Life cycle 

4.2.2 Leaf miner (Liriomyza trifolii Burgess) 

4.2.2.1 Incubation period 

4.2.2.2 Larval period 

4.2.2.3 Pupal period 

4.2.2.4 Preoviposition period 

4.2.2.5 Oviposition period 

4.2.2.6 Adult longevity 

4.2.2.7 Life cycle 

4.2.3 White fly (Bemisia tabaci Gennadius) 

4.2.3.1 Incubation period 

4.2.3.2 Nymphal period 

4.2.3.3 Pupal period 

4.2.3.4 Pre-oviposition period 

4.2.3.5 Oviposition period 

4.2.3.6 Adult longevity 

4.2.3.7 Life cycle 

4.3 Assessment of crop loss of tomato caused by important insect

pests 

4.3.1 Winter crop 

4.3.1.1. Open pollinated variety cv. Pusa Ruby 

4.3.1.2. Hybrid cv. Abinash-II 

4.4.2 Spring-summer crop 

4.3.2.1 

4.3.2.2 

Open pollinated variety cv. Pusa Ruby 

Hybrid : Abinash-ll 

89 

89 

92 

93-108 

93-98 

93 

95 

95 

97 

97 

97 

98 

98-103 

98 

100 

100 

100 

102 

102 

103 

103-108 

103 

103 

105 

105 

107 

107 

108 

109-131 

109-120 

109-115 

115-120 

120-131 

120-126 

126-131 

4.4. Evaluation of tomato varieties against insect-pests, natural 132-143 



enemies and yield 

4.4.1 Aphid (Aphis gossypii Glover) 

4.4.2 White fly {Bemisia tabaci Genn.) 

4.4.3 Leaf miner (Liriomyza trifolii Burgess) 

4.4.4 Fruit borer (Helicoverpa armigera Hubner) 

4.4.4a Bored fruit (in number) 

4.4.4b Bored fruit (in weight) 

4.4.5 Natural enemies 

4.4. Sa Menochilus sexmaculata 

4.4.5b Spider 

4.5. Management of insect-pest complex of tomato 

pesticides 

4.5.1 Leaf miner (Liriomyza trifolii Burgess) 

4.5.2 Fruit borer (Helicoverpa armigera Hubner) 

4.5.3 Tingid bug (Urentius hystricellus Richter) 

4.5.4 Natural enemies 

4.5.4a Spider 

4.5.5. Yield of tomato 

CHAPTER-V 

through 

132 

133 

135 

136-138 

136 

138 

142-143 

142 

143 

144-155 

145 

147 

150 

152-154 

152 

154 

5. DISCUSSION 156-192 

5.1. Seasonal incidence of insect-pests and their natural enemies of 156-165 

tomato and their interaction with crop-phenology. 

5.2 Biology of important insect-pests of tomato. 166-168 

5.3 Assessment of crop loss of tomato caused by important insect- 168-183 

pests 

5.4 Evaluation of tomato varieties against insect-pest, natural 183-186 

enemies and yield 

5.5 Management of insect-pest complex of tomato through 186-192 

pesticides 

CHAPTER-VI 

6. SUMMARY 193-198 

CHAPTER-VII 

7. HIGHLIGHTS 199-200 

CHAPTER-VIII 

8. REFERENCES 201-218 





INTRODUCTION 

The fruits and vegetables have a good contribution to balanced diet of 

human beings for providing energy rich food content and vital protective 

nutrients like vitamins and minerals and enrich health from the most 

nutritive menu and tone up the energy and vigour of man. Comparatively 

vegetables are one of the cheapest sources of natural nutritive foods. 

India is a vast country with varied soil and agroclimatic conditions 

and is able lo grow a wide variety of fruits and vegetables. It has the 

distinction of being the largest producer of fruits and the second largest 

producer of vegetables (next only to China) in the world. The annual growth 

rate of these commodities has been of the order of 1.66 and 3.96 respectively 

(Chadha, 1995). Compared to many other countries present yield per unit 

area of most of the vegetables is very low in India. 

Among the vegetables, tomato, Lycopersicon esculentum Miller 

(Solanaceae) is one of the most important "protective foods" both because of 

its special nutritive value and wide spread production. It is the world's 

largest consumable vegetable crop next to potato and sweet potato but it 

tops the list of canned vegetables. It has originated in Peruvian and Mexican 

regions and has been used as food by the inhabitants of central and south 

America since pre-historic times. Perhaps it has been introduced in India by 

the Portuguese though there is no definite record of when and how it came 

to India. Tomato is cultivated in India over 2,90,279 ha with a total 

production of 46,03,446 MT (Chadha, 1995). Major tomato growing states in 

India are Bihar, Karnataka, Madhya Pradesh, Orissa, Punjab, Uttar Pradesh 

and West Bengal. At present yield per unit area is very low in India 9.78 

t/ha only, while in Netherlands it is 248 tjha (Kale et al., 1993). A more 

realistic high yield from field production in temperate region is 39 tjha, 

whereas, the average for the world is 21.12 tjha with tropical regions 

recording around 14 tjha (Choudhury, 1979). In India on an average, under 

field condition, a normal tomato crop yields 16-25 tjha while the hybrids 

often produce 60-80 tjha (Tiwari and Choudhury, 1993). 

Tomato fruits are rich in vitamin content, most important being 

vitamin C followed by Vitamin A, Band 82 (Nath, 1976). It is the rich source 

of vitamin A and C, minerals and organic acids (Gould, 1971). Tomato fruits 

are abundantly rich in vitamins, minerals and organic acids and contain 3-

5% total sugars, 15-30 mgj 100gm ascorbic acid, 7.5-10.5 mgj 100ml 
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titratable acid, 2.4 gm/ 100gm dry fruit weight of minerals and 25-

SOmg/ 100gm oflycopene (Aykroyd, 1963; Kalloo, 1989). 

The fruits are consumed raw, cooked or stewed. Large quantities of 

tomato fruits are used to produce soup, salad, pickles, ketchup, puree, 

sauces and used as ingredient for all vegetable preparation. It has a 

medicinal value as pulp and juices are promoter of gastric secretion and 

blood purifier. It is also considered to be intestinal antiseptic. 

It is relatively a warm season crop and requires relatively long season 

to produce a profitable crop. The plant can not withstand severe frost, hot, 

high rainfall and water logging. The crop grows well at an average 

temperature of 21-23°C but commercially it may be grown at temperature 

ranging 18-27°C. The best soil for tomato is rich loam with a pH of 6.0-7 .0, 

a little sand in the upper layer and a good clay in the sub-soil (Choudhury, 

1990). 

The unique geographical distribution, soil characteristic, agro

ecological situation and socio-economic background of terai regwn 

constitute a congenial environment for vegetable cultivation on commercial 

scale. Continuous cropping, monoculture, irrigation ancl high yielding 

varieties among other components of new agricultural technology often 

increase the vulnerability of crops to pest attack and favour multiplication 

and carry over of insect-pests. Moreover, presence of alternate host plants 

like other solanaceous crops and weeds make certain pests to emerge as 

devastating ones. The pests not only affect the health of the plants but also 

affect the quality and productivity of the crop, which turn into considerable 

economic loss of the crop. The annual crop loss in India have been 

estimated to be 10-30 per cent of the total production and in terms of money 

it is estimated around Rs. 6000 crores. Insect-pests constitute the major 

limiting factors in the successful production of tomato in the region under 
studies. 

The crop, tomato is prone to a number of diseases and is attacked by 

a number of insect-pests. Pests damage the crop either directly by feeding 

on some parts of the plants or by dessemination of harmful organisms from 

diseased to healthy plants. Among the different insect-pests of tomato, the 

fruit borer (Helicouerpa armigera Hubner), white fly (Bemisia tabaci Genn.), 

aphid (Aphis gossypii Glover), hadda beetle (Henosepilachna 

uigintioctopunctata Fabr.), jassid (Amrasca biguttula biguttula Ishida), leaf 

miner (Liriomyza trifolii Burgess), tobacco caterpillar (Spodoptera litura) etc. 



are important. Besides this lacewing bug or tingid bug ( Urentius hystricellus 

Richter), termites, grasshoppers, flea beetles also attack tomato plants. 

Among the non-insect pests mites and nematodes are also important. In 

terai region of West Bengal, aphid, white fly, leaf miner and fruit borer are 

the most important. (Anon, 2000). In addition, tingid bug and hadda beetle 

sporadically appear as minor pests. 

Aphids suck the sap from the leaves, tender part of stems etc and are 

more prevalent during pre-flowering stages of crop growth (Cruz and 

Bernardo, 1971) and caused curling, fading and shedding of leaves. Another 

sap sucking pest, the white fly acts as a vector of Gemini virus, which is 

pathogenic to the young plant (Quiros et al., 1995), spreading devastating 

leaf curl disease and causes yield loss upto 93% (Singh, 1989). However, 

both aphid and white fly populations decline with the advent of rainy season 

(Singh, 1984). 

Among the different ornamental plants, weeds, field crops, tomato and 

marigold are found to be the preferred host for survival of the leaf miner 

through out the year and the infestation rate was higher during monsoon 

and summer than the winter (Kapadia, 1994) and cause 22.5% reduction in 

yield during kharif season in Rahuri, (Pawar et al., 1996). Leaf miner 

attacked the leaves of middle and bottom canopy as compared to the top 

canopy (Srinivasan et al., 1995) and more infestation was found at low plant 

height (Zenhder and Trumble, 1984). The insect was first detected to infest 

tomato plants in south India in 1992. By 1995, the leaf miner reached the 

pest status and is apprehended to become major and the devastating one in 

future (Srinivasan et al., 1995). 

The fruit borer although the main pest of legumes but may attack a 

large number of plants including cotton, tomato etc. This polyphagous 

species is a key pest as it attack the cashable part of the plant i.e. fruit and 

make the fruits unfit for human consumption causing considerable crop 

loss (Kashyap, 1983) even upto 40-50% in Tamil Nadu (Srinivasan, 1959) 

and in Bangalore (Khaderkhan et al., 1997). The percentage of fruit damage 

is always higher in late planted crop (Ogunwolu, 1989} and the yield also 

declines progressively with the late plantings as disease and fruit borer 

infestation become more (Sharma et al., 1997). The infestation become more 

by the end of March (Lal and Lal, 1996). Unusual rains during late winter, 

high humidity and ambient temperature favoured the pest population build 

up as reported by Sinha and Chakrabarti ( 1983). 
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Lal ( 1991) reported that high yielding varieties and hybrids need more 

pesticides as they are more susceptible to insect-pest attack. Kashyap and 

Verma ( 1986) recorded 42-55% damage of tomato fruits in susceptible 

varieties while it is only 1.7-2.9% in resistant variety. 

Efforts to prevent pest damage have resulted m the ever-increasing 

use of pesticides. From the time of advent of chemical pesticides since 1950, 

the farmers all over the world adopted it as a potential weapon to fight 

against the pests in their field. Eye-catching performance of such pesticides 

lured the farmers to use these miracle compounds in large quantity to 

safeguard their crops from the attack of insect-pests. Among the pest 

attacking tomato, fruit borer, Helicouerpa armigera, is regarded to be the 

most important insect-pests causing yield losses directly as the pest attack 

is confined to cashable part of the crop i.e. fruits. Fruit borer develops 

resistance to DDT and synthetic pyrethroids and to a lesser extent to 

endosulfan and monocrotophos (King and Sawicki, 1990). Aldicarb, carbaryl 

and dimethoate has also been reported as the agents of pest resurgence 

(Eveleens, 1983). Recent reports reveal that this pest can not be managed to 

the desired level by the use of available insecticides (Patil, 1993). 

Such consequences forced to think over the pest management with 

new dimension. It gave birth to new idea of "Integrated Pest Management" 

(IPM) which assesses the existing situation and utilizes all the available pest 

control methods in a compatible manner to keep the pest population below 

economic threshold level and above maintenance threshold level of natural 

enemies. The global importance of IPM was recognised in 1992 when it was 

assigned a crucial role in agenda 21 (Chapter 14 Section 1) of the action 

plan of the UN Conference on Environment and Development (UNCED). 

The use of bio-control agents in the IPM has been gaining momentum 

since their introduction. The potential use of insect pathogens like Bacillus 

thuringiensis (Bacteria), Metarrhizium anisoptiae and Beauveria bassiana 

(Fungi) and nuclear polyhedrosis viruses (NPV) in pest control has been 

documented by various workers (Tanada, 1956; Steinhaus, 1957; Aizawa, 

1963; Igonffo, 1965 and Hemipel, 1967). This approach represents an ideal 

form of pest control as the pathogens provide long and short term pest 

suppression with less disruption in ecological balance (Pramanik, 1996). 

Besides the microbial control measures, some environment friendly 

biopesticides such as neem derivatives are applied against lepidopteran 

larvae as they disrupt the growth of these larvae and act as antifeedant 
agents (Mustafee, 1997). 
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Besides these, several cultural practices like regulated irrigation, use 

of resistant varieties, stimulation of different fertility level, time of sowing 

and harvesting, knowledge about environmental condition, age of plant also 

play very important role in the judicious pest management strategy. 

A good number of works have already been worked in different parts 

of the country and abroad on different aspects of the pest constraints and 

their management of tomato. The constantly charging dynamic nature of 

agroecosystem results in equally dynamic changes in pests and the 

problems they pose. Hence, pest management programme developed once 

can not be an everlasting solution to the pest problems of a crop. With the 

rapid advancement of science and technology and constantly changing 

dynamic nature of agriculture, pest management strategy is likely to go on 

changing from time to time. 

In terai region of West Bengal different vegetables are cultivated in 

large scale because of its unique soil-characteristic, agro-ecological situation 

and socio-economic background. But the fact is that the technologies at this 

moment available to the farmers are not ecologically sound. The vegetables 

that are cultivated are brinjal, chilli and cucumber all the year round; 

cauliflower, cabbage, leafy vegetables, tomato, potato in rabi and vendi in 

summer and rainy season. Because of high benefit to cost ratio of these 

crops grown in this region farmers mostly grow these crops as cash crops. 

As a result no proper crop rotation is followed. Even tomato, brinjal, chilli; 

cucumber are growing year after year on the same plot of land because of 

limited holding of irrigated land or upland of individual farmer. Therefore, 

injudicious application of fertilizers and improper crop-rotation practices are 

common phenomenon. Even to the farmers, there is large gap in modern 

plant protection methodologies, so that, they can achieve maximum 

productivity avoiding minimum losses due to frequent outbreak of pests and 

diseases. The insecticides and fungicides of different groups are applied at a 

closer interval, fruits are plucked even after a day of spraying, pesticides are 

applied regularly in a schedule, whether pest and disease appear or not, as 

a prophylactic measure. All these affect the crop plants as well as beneficial 

micro-organisms present in the soil and other parasites and predators along 

with the target ones. Moreover, toxic residues invariably deposited in fruits 

and other plant parts, which are consumed even before safe waiting period. 

Whether the amount deposited beyond tolerant limit is yet to determine. 

In order to overcome the problem of toxic residue hazards through the 

use of broad spectrum synthetic pesticides on the perishable crop like, 



6 

tomato it is necessary to evolve a safe pest management strategy, 

particularly in areas like terai region of West Bengal where no work, even 

preliminary investigation has yet been carried out. Therefore, a through 

study on incidence of pest and disease in relation to prevailing weather 

conditions, assessment of loss caused by them, role of varieties in 

perspective of new seed policy and use of safer pesticides which will be 

compatible with other methods of control with an ultimate objective to 

formulate future IPM programme under rapid changing agricultural 

situation and production system in terai region of West Bengal is the basic 

need at present day. 

In view of the objectives delineated above, programmes have been 

drawn accordingly and the investigation has been carried out during the 

period from 1996 to 1999 in a holistic approach as follows : 

• Study of fluctuation of pest population and interaction with biotic 

and abiotic environmental factors and crop-phenology with a view to 

identify favourable weather parameters, peak period of pest 

infestation and vulnerable stages of crop growth with an ultimate 

objective to manipulate them through asynchronization of peak 

period of pest activity and vulnerable stage of crop growth. 

• Study of bio-ecology of the important pest species with an objective 

to assess the pest structure at different environmental conditions 

and its relation with field level fluctuation of population. 

• Assessment of crop loss caused by the pest complex with an 

objective to take decision appropriately for protection measure. 

• Evaluation of varieties/hybrids commonly grown in the region with 

respect to pest interaction and effect on yield of crop for selecting 

varieties I hybrids tolerant to prevailing pest complex. 

• Evaluation of pesticides under field conditions (synthetic and of 

biological origin) with a view to identify the pesticides more 

efficacious to pests and safer to health as well as environment. 

It is expected further that the adaptable outcome of the present 

investigation will lead to formulation of a pest management strategy for 

tomato crop in terai region which will be environmentally sound, technically 

feasible, economically viable and also safer to human health and non-target 

organisms. This strategy can also be followed in other regions and even on 

other vegetable crops having similar problems in pest management. 





REVIEW OF LITERATURE 

2.1 Seasonal Incidence of Insect-Pests of Tomato 

and Their Interaction with Crop Phenology 

The pest structure and its relative abundance on a given crop vary 

widely with eco-climatic conditions, crop growing season, time of planting 

and crop growth stage. In nature tomato plant is attacked by a number of 

insects and different non-insect-pests, that reduce its yield and also affect 

the market value of the produce. In general, the major pests of tomato 

include, gram pod borer, leaf miner, tobacco caterpillar, hadda beetle, mealy 

bug, aphid and white fly. Most of these pests are polyphagous in nature and 

thereby have wide host range also. In order to prevent the activity of major 

pests now-a-days several highly toxic broad-spectrum insecticides are used. 

As tomato fruits are plucked at close intervals, the maintenance of 

insecticidal film over plant due to frequent prophylactic application is not 

only uneconomical but also hazardous. Therefore, the uses of poisonous and 

hazardous toxicants are not very much desirable. Climatological conditions 

such as temperature, humidity and day length (photoperiod) directly affect 

the population of both pests and their host plants. Climate also restrict the 

dispersal of pests to particular localities or else they would spread far and 

wide (Srivastava, 1993). A significant relationships have been observed in 

incidence and pest population build up with specific weather situations. The 

seasonal development of polyphagous insects is closely correlated to the 

development of their host plants (Srivastava, 1993). Atwal (1993) reported 

that by adjusting time of plantings, infestation by some pests can be 

prevented, the egg laying period of a particular pest can be avoided, young 

plants can be established before the attack starts, short duration crops can 

allow the minimum possible time for pests to multiply or they can mature 

before the pest appears. Similarly by adjusting the time of harvesting, crop 

can be saved from attack of the pest which might become abundant late in 
the season. 

2.1.1 Aphid (Aphis gossypii Glover) 

Among the insect-pests, the plant lice (Aphis gossypii Glover, 

Aphididae: Hemiptera) sucks sap from the leaves and tender shoots and 

reproduce throughout the year, however, remains more active from October 

to March. In spring large scale dispersal takes place, but the pest is usually 

of little significance during the summer and autumn, due to unfavourable 



climatic conditions. The cloudy, moist and cold weather favours their 

multiplication while heavy rain reduces its population (Singh, 1984). 

Kandoria et al. ( 1989) studied the seasonal activity and host range of Aphis 

gosypii in Punjab from June to May and reported that the aphid was active 

throughout the year and found on tomato during February and was very 

active on melon and tomato in March. It was further reported that the 

population declined from mid-May to the end of June due to high 

temperature (40-45°C). Bergman et al.( 1984) reported that the largest 

number of Myzus persicae were recorded at the end of the tomato season 

(August) whereas, Aphis sp. was more abundant at the beginning of the 

season (April) in Sau Paulo State. Oliviera (1971) is of the opinion that aphid 

population was negatively correlated with the amount of rainfall and that too 

both very high temperature, above 30°C and very low ones under 12°C. 

According to Mall et al.( 1992) the average temperature range of 20-25°C and 

average relative humidity of 50-72% were more favourable for maximum 

activity of the pest. From field experiment studies Cruz and Bernardo (1971) 

reported that aphid causing extensive damage during pre-flowering stage of 

the crop. Con tangelo et al. ( 1994) found that the aphid population appeared 

in peak within the first few weeks after transplanting of tomato. 

2.1.2 White fly (Bemisia tabaci Gennadius) 

Bemisia tabaci Gennadius, Aleyrodidae:Hemiptera, a potent vector of 

devastating leaf curl virus, commonly known as cotton white fly is found in 

most of the countries in tropics and sub-tropics. Its main hosts are cotton, 

tobacco and some winter vege1ables including tomato; the infestation on this 

crops may be sporadically severe. The flies dart about near the plants or 

crowd in between the veins or ventral surface of leaves, suck sap from the 

infested parts. As a result leaves became yellowish, wrinkle and curl 

downwards and ultimately shed off. Their activity is more during the dry 

season and decreases with the onset of rain and interferes with the 

photosynthetic activity of the plant by damaging leaves resulting in stunted 

growth of the plant (Butani and Jotwani, 1984). In Jordon young tomato 

leaves are generally preferred for oviposition (Ohnesorge et al., 1980). The 

flies are considered to be the major problem in young plants of tomato 

during dry season in Costa Rica (Quiros et al.,1995). The pest is distributed 

throughout the northern and western regions of Indian sub-continent and is 

serious particularly in the dry season (Atwal, 1993). 

Abdel et al. ( 1987) have studied the seasonal incidence of white fly in 

Egypt and found that the population is higher in September-November, i.e. 
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on late summer planted crop, whereas lower in February. In Saudi Arabia, 

the fly became abundant in summer and early autumn and winter planting 

showed low infestation of tomato leaf curl viral disease (Mazyad et al., 1979). 

In Northern India, the highest population (2.97 /plant) has been recorded in 

the 2nd week of October and lowest ( 1.17 /plant) in 1st week of December and 

higher being from 1st week of October to 2nd week of November. Such 

fluctuation of population is found positively correlated with the leaf curl 

virus incidence in the field (Anon 1994-95). Saklani and Mathai (1978) 

observed that in the plains of India B. tabaci population was higher during 

spring and summer. Verma et al.( 1989) reported that the incidence of 

tomato leaf curl virus on tomato is directly related to the population density 

of the vector Bemisia tabaci, the vector developed during January and also 

transmitting disease. In Italy Gallitelli et al.( 1991) found heavy infestation of 

B. tabaci during autumn in 1988. Kobatake et al.( 1981) reported a peak 

occurrence of the white fly in July, just before the rapid increase in 

infestation of tomato crops with the virus. Infact the fly occurs in wide range 

of warm climatic crops in many parts of the world and its population 

dynamics were affected by multiple crop interactions (Toscano et al., 1994). 

Butter and Rataul (1978) reported that in Ludhiana, Punjab, B. tabaci Genn. 

is known to transmit tomato leaf curl virus more effectively to winter than to 

summer crops, as the vectors are more active at temperature of 33-39°C. In 

Assam the minimum disease incidence and white fly population were 

recorded in the crop planted from October 10 to November 25 (Borah and 

Bordoloi, 1998). Bhardwaj and Kushwaha ( 1984) reported that white fly 

population reached peak three times in October, March and November. The 

population showed negative correlation with relative humidity but positive 

with temperature in Rajasthan. Venugopala Rao and Reddy ( 1994) studied 

the incidence of white fly in relation to different weather parameters and 

reported that the population huilcl up showed definite negative correlation 

with temperature, rainfall and relative humidity. 

2.1.3 Leaf miner (Liri.omyza tri.folii Burgess) 

The serpentine leaf miner, Liriomyza trifolii Burgess 

(Agromyzidae:Diptera) a native of Florida in southern United States and the 

Caribbean islands (Spencer, 1973) was an accidental introduction to India 

in 1992 in a wide variety of crops (Lakshminarayana et al., 1992; Pawar, 

1992; Shankar et al., 1992; Srinivasan 1992). Adult leaf miner fly damages 

the leaves to feed or to lay the eggs and the larvae tunneling within the leaf 

and make characteristic serpentine mine (Natarajan et al., 1994;Patil et 
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al., 1997). Extensive leaf mining activity reduces the photosynthetic capacity 

of the plants and can result in defoliation and sunscroch which produce 

unmarketable fruits in tomato, (Johnson et al., 1983). Srinivasan et al. 

( 1995) have reported that leaf miner has a wide spread distribution in the 

southern states of Andhra Pradesh, Karnataka, Maharashtra and 

TamilNadu. They further reported that in South India leaf miner infests a 

large number of hosts including vegetables, ornamental plants, fibre crops, 

pulses, green manuring crops, fodder, narcotics and weeds belonging to 16 

families and is prevalent from November to February. The leaves of the top 

canopy had fewer mines as compared to the leaves in the middle and bottom 

canopy. The author also added that at Rahod (Pune district), 30-40 days old 

tomato seedlings were severely affected and the pattern of attack was 

reverse while in the fields of Karnataka, Andhra Pradesh and rest of 

Maharashtra, mostly the older plants (70-90 days after planting) had more 

mined leaves at the middle and bottom canopy. Kapadia ( 1994) reported that 

in north Saurashtra agro-climatic zone, the serpentine leaf miner infested 13 

field crops, 15 vegetables, 16 weeds, 2 forest trees and 2 ornamental host 

plants from 18 families. Tomato and marigold were the preferred host for 

survival of the pest throughout the year and the magnitude of leaf miner 

infestation is higher in tomato during monsoon and summer than winter. 

Patil et al. ( 1997) has estimated the loss of vegetative growth due to attack of 

serpentine leaf miner attack. The per cent infestation at 10 and 20 days 

after sowing was significantly higher as reveal from the number of maggots. 

This resulted in lower plant height and lesser biomass production compared 

to healthy plants. While plants exposed to leaf miner on 30 and 40 days 

after sowing recorded a plant height and biomass which were at par with 

uninfested plants. Although leaf miner would feed and oviposit on young 

lateral foliage (side shoots) of mature plants, they would not do so on young 

terminal foliage at the apex of the plant (Ledieu and Helyer.1985). Zenhder 

and Trumble ( 1984) investigated the spatial and diel activities of Liriomyza 

spp and reported that most adults of L. sativae preferred the middle plant 

height, while L. trifolii was most abundant at low plant height. Issa and 

Marcano ( 1994) reported that the highest number of leaf miner were found 

from the end of the dry to the beginning of the rainy season (March to May). 

In Uttar Pradesh the infestation was higher in January whereas, small 

population was found in Mc:trch (Rai and Satpathi, 1995). A moderate 

temperature and high humidity is reported favourable for the development of 

the fly (Nair,1984). Bagmare et al.(1995) reported that the pest appeared at 

the seedling stages on soybean, kharif tomato and marigold and a high level 
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of incidence has been observed during September-October. They further 

stated that an average temperature of 27uc, longer sunshine duration of 9 

llr/day and average relative humidity 61.50% favoured the multiplication of 

1 he pest in Jabalpur. F'urthermore, in case of tomato the population was 

round to be positively correlated with average temperature and sunshine 

and negatively with relative humidity and rainfall. 

2.1.4 Fruit borer ( Helicoverpa armigera Hubner) 

The gram pod-borer or the gram caterpillar, Helicoverpa arm1gera 

H u bncr, Noctuidae : Lepidoptera, has a cosmopolitan distribution. It is a 

polyphagous pest and its preferred host plants include, pigeon pea, chick 

pea, berseem, lucerne, tomato, cotton, mung bean, peas, beans and also on 

llmn~rs and buds of roses and onion. Singh ( 1984) has reported that the 

<Hlults or lldicouerpu urmigero appear in the field in the late February or 

e;lrly March in the northern India and laid eggs preferably on leaves but 

during i1owering, on buds, blooms and i1owers. The larvae after hatching 

feed on leaves and subsequently attack the flower bud that prevents fruit 

formation. In Punjab the pest passes through one generation on gram 

during March, two generations on tomato during the period from March to 

May and one generation on maize and tomato during July-August. In other 

parts of the country the pest remains active throughout the year. The 

caterpillar makes a circular hole into the fruit and during feeding they enter 

the anterior part of the body, keep remaining part outside the fruit (Singh 

and Singh, 1975) and a single larva can damage several fruits before 

becoming full-grown. (Ewing and Ivy, 1948). Tiwari and Choudhury ( 1993) 

reported that the period or activity commences from October and continue 

up to March. According to Walker and Cameron ( 1990) adults of the noctuid 

H. armigera occur in higher number during the period from mid February to 

early March. Saheen ( 1979) surveyed the pest on tomato in Egypt and 

reported that H. arrnigera was present in crop from August to February, 

reaching peak during September-November. Lal and Lal ( 1996) found that 

the borer infestation slowly increased and by the end of March, the tomato 

fruits were badly damaged by the borer. It was further reported that during 

the end of March and early April the infestation was 70-80%; in 3rd week of 

May it was 13-18(Yo and in 4t11 week of May the value was 3-5%. Sharma et 

(1/.( 1997) reported that seedlings transplanted on 28th March and 12th April 

yielded lowest due to high infestation by fruit borer, while El-Gendi et 

ol.( 1997) reported that levels of H. armigera were low in all the crops 

regardless uf planting dates. Kalra ( 1992) reported that in Haryana, its 

infestation on tomato begins in the 2nc1 week of April; the number of 
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larva/plant has been 0.9 in 1988 and 0.4 in 1989. By the first week of May 

the extent of damage of fruits in 1988 has been 18.7% in number and 27.4% 

in weight. The corresponding values for 1989 have been 12.8% and 13.2% 

respectively. Thus inter year variation in the quantum of damage is 

imperative. During the month of June the pest population has declined but 

the damage of fruits remained still quite high which might be due to the 

sharp reduction in fruit formation as the crop approaches maturity. 

Fur\ hermore the relationship between the number of H. armigera larvae per 

plant and per cent fruit damage has been non-significant (r = 0.08). 

Similarly no clear-cut correlation has been observed between the number of 

larvae attacking the plants and the prevalent temperature (r = 0.246), 

average weekly maximum temperature (r =0.298), average weekly relative 

humidity (r =-0.533). Unusual rains during late winter, high humidity and 

ambient temperature favoured the pest population build up in Karnal (Sinha 

:we! Ch8krabarti,l983). Vaishampayan and Veda (1980) reported that 

minimum temperature and rainfall were positively correlated with the 

population build up of H. armigera at Jabalpur. The influence of 

temperature on oviposition, larval, pupal periods and adult activity has been 

discussed by Isshak et al.(1981). Harrel et aZ.(1979) have found that 

temperature, relative humidity and wind speed affect the larval development 

and pupal periods, whereas a significant negative correlation of pest 

incidence with rainfall was observed by Rao et al. ( 1990) at Guntur. Pimbert 

and Srivastava ( 199 1) reported that rainfall deficits promote the growth of 

population as negative relationship with rainfall was observed with 

Helicoue1pn nnnigern. Adult moth population was found positively correlated 

with rainfall (Bhat and Virupakshappa, 1990 and Jayaramaiah and Babu, 
1990). 

2.1.5 Tingid bug (Urentius hystricellus Richter) 

Moderate infestation of tingid bug, ( Urentius hystricellus Richter, 

(Tingiclae:l-lemiptera) were first time observed damaging egg plant during 

1975 at Sabour, Bhagalpur in the Indian State of Bihar. The pest is active 

mainly during May and June. Nymphs fed on sap on the upper surface of 

leaves ancl adults on the lower surface (Yadav, 1978). Singh and Mann 

( 1986) reported that in Punjab, all stages of tingid bug were present from 

May to September, but only the adult stage were found in October and April. 

The etclults overwintered in the plant debris from November to March. The 

population of tingid bug had recorded two peaks, the 1st in June and 2nd in 
August. 



2.1.6 Hadda beetle (Henosepilachna vigintioctopunctata Fabr.) 

The hadda beetles (Henosepilachna vigintioctopunctata Fabr., 

Coccinellidae:Coleoptera) appeared on tomato plant during March-April and 

remained active from April to October but the highest damage was caused 

during April-May. The adults hibernate during winter (Singh, 1984). 

Veeraval and Bhaskaran ( 1994) revealed that age of plants has no 

effect on the multiplication of Amrasca biguttula biguttula, Coccidohystris 

insolitus and Henosepilachna vigintioctopunctata whereas, plant age did 

affect the incidence and build up of Aphis gossypii, Urentius hystricellus 

(l~icht.). 

The foregoing account reveals that quite a good volume of work has 

been carried out on the incidence of different pests acting upon tomato in 

different parts of India and abroad. It is revealed that pest structures varied 

with region and with so many factors, which influenced the fluctuation of 

pest population. The incidence of pest varied with season of cultivation and 

growth stage. Role of important weather factors by which the pattern of pest 

incidence varied was also worked out by some workers. All these 

informations helped in formulation of pest management strategy in the 

respective areas. Till there have some gaps in information with regard to 

pattern of incidence of major pests and their natural enemies during the 

entire crop growing season, variation in relative abundance of different pests 

on crops raised at different time and their correlation with important 

weather parameters and also crop-pest phenological relationship of different 

crops raised at different part of the season. It, therefore, needs further 

[nvestigation to meet the gap of regional specificity. 

2.2 Biology of Important Insect - Pests of Tomato 

Among the different insect-pests attacking tomato, fruit borer, leaf 

miner and white fly may be considered major ones not only in India but in 

other tomato growing countries also. These insects cause direct and indirect 

damage to the fruits and plants that is reflected in the yield parameters. 

2.2.1 Fruit borer (Helicoverpa armigera Hubner) 

Fruit borer, Helicoverpa armigera lays eggs singly (Fletcher, 1914; 

Srivastava and Saxena, 1958.,Ismail and Swailem, 1976) on the leaves along 

the mid -vein and sometimes under the calyx of the tomato fruit. Amongst 

different plant parts namely buds, blooms, flowers and leaves, the leaves are 

the most preferred one. Rarely the eggs are laid on tomato fruits as well 
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(Singh and Singh, 1975; Ongoren et al., 1977). The eggs are shining 

greenish yellow and are round and become yellowish white in colour before 

hatching. Freshly hatched out larvae are yellowish white in colour but 

gradually change and acquire greenish tinge. Full-grown caterpillars are 

apple green in colour with whitish and dark grey broken longitudinal 

stripes. Pupae are dark brown in colour and have a sharp spine at the 

posterior end. The moth is stoutly built and is yellowish brown in colour. 

There can be 5-8 generations in a year depending upon environmental 

conditions and availability of suitable host. 

Under laboratory conditions the incubation period ranges from 2.6 to 

3.6 days at 31.1-32.3°C (Singh and Singh, 1975); 3.1 at 27-29°C (Ismail and 

Swailem, 1976); 4 days at 24°C (Coaker, 1959); 3.4 and 2.5 days at 22°C 

and 28(1C (Ongoren et al., 1977) and 2-12 days (Shavkatsishvilli, 1965). The 

duration of larval stage was longer under low temperature conditions 

(Lefroy,1971). The larval period lasted for 8-12 days in Punjab (Singh and 

Singh, 1975), 21-28 days in Uttar Pradesh (Srivastava and Saxena, 1958). 

The larval period lasted for 10.8 days (Singh and Singh, 1975), 13.7 days at 

27 -29°C (Ismail and Swailem, 1976), 14-15 days (Shavkatsishvilli, 1965) on 

tomato. Pupal period lasts for 5-8 days at 31.1-32.3°C (Singh and Singh, 

1975); 8-11 days at 29.4-32.5°C (Sharma, 1978); 10-19 days at 80±2°F 

(Patel et al., 1968) and 19 and 10.5 days at 22°C and 28°C (Ongoren et al., 

1977) respectively. Nachiappan and Subramanium (1974) have obtained a 

mean pupa1life of 10.7 days. 

When this insect was reared on tomato fruits at 31.1-32.3oc, the 

preoviposition and oviposition periods varied from 1-4, 2-5 days respectively 

(Singh and Singh, 1975). At 27-29°C these figures were 2.8 and 4.1 days 

respectively (Ismail and Swailerri, 1976). The corresponding durations were 

found to be 2.4 and 2-6 days by Atanasov ( 1964) and 4.25 and 2.66 days by 
Patel et al. ( 1968) respectively. 

The adults have been reported to survive for 1-16 (Singh and Singh, 

1975); 6.2-6.6 (Ismail and Swailem, 1976) and 1-29 days (Wilcox et al., 

1957). Hsu et al. ( 1960) found that the Heliothis (= Helicoverpa) moths 

survived for a mean period of 20 days. Ongoren et al. ( 1977) recorded a total 

adult life span of 10.6 and 7.2 days in females and 6.9 and 7.6 days in 

males, at 22° and 28°C respectively. Sharma ( 1978) also reported a longer 

life span of females than the males. Nachiappan and Subramanium ( 1974) 

reported that total life cycle of H. armigera has found to be completed in 

35.14 days on tomato. Atwal ( 1993) stated that the eggs hatch in 2-4 days 

during April to October and 6 days in February, the larvae become full fed in 
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13-19 days and the pupal period lasts for 8-15 days but m winter the 

duration of all stages are prolonged. 

According to Sharma and Chaudhury (1988) the average incubation, 

larval, pupal and the total developmental durations at 20, 25, 30 and 35 ± 

1°C were 5,4,3 and 2 days, 31.4, 19.3, 15.3 and 10.3 days, 23.8, 15.5, 9.6 

and 8.4 days and 62.2, 38.8, 27.8 and 20.7 days respectively. The authors 

further stated that there was a negative relation between temperature and 

duration of different immature stages; the pupal duration was slightly 

enhanced with the increase of humidity at 20 and 25°C. Goyal and Rathore 

( 1988) reported that during kharif season the duration of larval, pupal, 

preovipositional, ovipositional period and total life cycle was 14.48, 9.43, 2, 

7 and 25.85 days respectively. Kadu et al. (1987) observed that the duration 

of adult female life, male life, pre-reproductive period, incubation, pupal and 

generation period was shortened with the increase in temperature. The 

reproductive period, fecundity and hatching percentage of eggs increased 

with the rise in per degree temperature. Tripathi and Singh ( 1989) reported 

that larvae did not survive upto the pupal stage at 12 °Cand 37oc and the 

most suitable temperature for development was 22oc. 

2.2.2 Leaf miner (Liriomyza trifolii Burgess) 

The adult serpentine leafminer, Liriomyza trifolii, have two wings of 

dark colour with brown spot in it. Each female lay eggs singly inside the 

puncture made with help of an ovipositor in the leaf. So the eggs are, in 

direct contact with sap in the host tissues. (Singh, 1984). The larvae 

tunneling within the leaf and make characteristic serpentine mines (Patil et 

al., 1997). The larva (maggot) turns dark yellow at the mature stage and 

came out from the tunnel to pupate (Natarajan et al, 1994). The pupa 

became blackish brown at the advent of adult life. Daly et al.(1978) found, 

courtship and mating commonly takes place in the air at least in part and 

egg hatched quickly. As because it is a new pest in India, sufficient 

information is not available on the influence of temperature and humidity on 
its life history. 

2.2.3 White fly (Bemisia tabaci Genn.) 

White fly lays eggs singly on the lower surface of the leaves. Eggs are 

pear shaped, light yellowish in colour. On hatching the nymphs crawl a little 

and settle down on a succulent spot on the same leaf and never change the 

place thereafter. Nymphs are louse like and greenish white in colour. Adults 
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are minute insects, covered completely with a white waxy bloom. They have 

two pairs of pure white wings and have prominent long hind wings. 

The incubation period is 3-5 days in summer but may extend upto 33 

days during winter. The nymphal life lasts for 9-14 and 17-81 days in 

summer and winter respectively and pupal period lasts for 2-8 days and 

being longer during winter than summer. Adult's longevity is 2-5 days in 

summer but the time may be as long as 24 days in winter. There are about 

12 overlapping generations in a year (Butani and Jotwani, 1984). Khan and 

l~ao ( 1960) reported that life cycle lasted for 2-3 weeks during April

September but for a longer period during November-February. According to 

Atwal ( 1993) the eggs hatch in 3-5 days during April-September, 5-17 days 

in October-November and 33 days in December-January. Nymphal stage 

lasts for 9-14 days during April-September and 17-81 days during October

March and pupal stage lasts for 2-8 days. The life cycle is completed in 14-

22 days and 11 generations were completed in a year. Bhardwaj and 

Kushwaha ( 1984) also reported that in laboratory B. tabaci completed 11 

generations in a year on tomato seedlings. The duration of the individual 

stages of life history was measured at temperatures between 8.5 and 34°C 

during September-October; in Rajasthan. The egg stage lasted for an average 

range of 5.9 days; the larval stage 10.1 days and pupal stage 6.8 days at 

mean daily maximum and minimum temperature of 31-31.7°C and 17-

21.60C respectively. Hendi et al. ( 1987) reported that the in Egypt, the pest 

could successfully be reared on tomato plants in small earthen ware pots at 

temperature 30±2°C and 60±5% relative humidity. Under these conditions 

the pre-oviposition period lasted for 1-2 days and the oviposition period 7-36 

days. Each female laid up to 304 eggs and these hatched within 5-9 days. 

There were 3 larval instars, each lasting 2-4 days, and the pupal stage 

lasted for about 6 days. Adult life span varied from 3-13 day for male and 

from 8-43 days for female. The development cycle took 17-27 days and a 

generation took 22-61 days to complete with an average of 34.5±1.4 days. 

Salas and Mendoze ( 1995) studied the development and oviposition of 

Bemisia on tomato leaflets in the laboratory at 25°C and 65% relative 

humidity. The authors observed that the duration in days for the 

incubation, first, second, third nymphal instars and that of pupal instar 

were 7.3±0.5, 4.0±1, 2.7±1.1, 2.5±0.7 and 5.8±0.3 respectively. Total life 

cycle from egg to adult emergence was completed in 22.3 days. The adult 

longevity was 19.0±3.3 and 19.4±5.8 days for females and males 

respectively. The pre-oviposition period lasted 1.4±0. 7 days and oviposition 

16.7±3.2 days. Fecundity was 194.9±59.1 eggs/female while egg viability 
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was 86.5%, sex ratio was 1:2:7 for males: females: virgin females, those were 

parthenogenetic. 

Analysing earlier works conducted at different places by different 

workers showed that biology and behaviour of important pests of tomato like 

fruit borer, leaf miner and white fly vary spatially and seasonally. However, 

duration of different stages of life cycle under prevailing weather conditions 

in laboratory in different parts of the crop growing season and their 

correlation with key weather factors need to be worked out. This information 

is prerequisite for identification of factors influencing the out break of the 

pest, which is also complementary to the work on seasonal fluctuation of 

different pest species at field level in an eco-climatic condition. 

2.3 Assessment of Crop Loss of Tomato caused by 

Insect-Pests Complex 

The agro-climatic condition of terai region of West Bengal favours 

round the years cultivation of vegetables which in turn boosts up pest carry 

over and their abundance. This no doubt makes the production system more 

remunerative but also inf1uences the degree and magnitude of pest 

population and subsequent loss caused by them. Among the insect-pests 

attacking tomato in this region, aphid, white fly, leaf miner, tingid bug and 

hadda beetle caused damage to .. the vegetative part i.e. on stem and leaf 

while fruit borer, as the name denotes attacked the cashable part i.e. the 

fruit. 

2.3.1 Aphid (Aphis gosypii Glover) 

Among the insect-pests, aphid (Aphis gosypii Gover), is the sap feeder. 

Due to its heavy aphid infestation the plants remain stunted and the 

formation of f1owers and fruits is adversely affected and resulted in crop loss 

(Singh, 1984). In Alaska, aphid has been reported to cause 1-6% crop loss in 

tomato (Stoltz et al., 1997). Therefore, the attack of aphid alone does not 

capable to cause a severe crop loss. 

2.3.2 White fly (Bemisia tabaci Genn.) 

White fly, Bemisia Tabaci Gennadius, is a potent vector of leaf curl 

viral disease of tomato. Saklani and Mathai ( 1978) reported that in the 

plains of India and other hot regions, most of the insecticides were found to 

be more effective on the summer crops, probably because of the larger 

populations of B. tabaci during the spring and summer. In Egypt B.tabaci 

transmitted both tomato yellow leaf curl virus and tomato leaf curl virus 
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causing complete yield loss of late summer and autumn crop (Saheen, 

1977). Saikia and Muniyappa ( 1989) recorded the incidence of tomato leaf 

curl viral infection of tomato in Karnataka and reported that, from July to 

November, about 17-53% and from February to May upto 100% of the crops 

were infected. Further, in sequential sowings 90-100% of plants was 

infested in plots sown between the end of January and end of May, while 

infection in plots sown later was progressively less. The authors further 

added that the Pusa Ruby variety suffered 50-70% yield losses due to leaf 

curl disease when sown in February-May. While Kobatake et al. (1981) 

reported that in Japan the disease normally appeared first in mid July; the 

numbers of affected plants increased rapidly during August.While at 

Ludhiana B. tabaci is known to transmit tomato leaf curl virus more 

effectively to winter than to summer crops (Butter and Rataul, 1978). 

Similarly Mustafa et al. ( 1991) also observed that in Egypt, the incidence of 

tomato leaf curl viral disease was very little in the summer plantation. Singh 

( 1989) recorded 93<?/o yield loss due to devastating leaf curl disease 

transmitted by white fly. Reddy and Yaraguntaiah (1981) have found that 

carbofuran application was the most effective in reducing leaf curl disease 

incidence and increasing yield. Kobatake et aZ.(1981) reported that an 

application of acephate to the soil or to the foliage in July effectively 

decreased the incidence and spread the disease. 

2.3.3 Leaf miner (Liriomyza trifolii Burgess) 

The leaf miner ( Liriomyza trifolii Burgess) caused severe damage to 

plant by tunneling within the leaf resulting enormous loss in yield of crop. 

Johnson et al. (1983) observed extensive leaf mining badly affect the 

photosynthetic activity of plants resulting in production of unmarketable 

fruits. Ledieu and Helyer ( 1985) opined that yield losses that occurred as a 

result of leaf miner infestation were not dependent on severity of damage 

alone as proximity to fruit at an early stage of development was very 

important. If damage on leaves adjacent to a truss reached 30 mines per leaf 

at the time when fruit was half swollen a 10% loss in yield resulted in April
May. 

Natarajan et al. ( 1994) reported that Liriomyza trifolii caused 70-80% 

leaf infestation on tomato in Coimbatore. In Maharastha during kharif 

season leaf miner caused 30-40% leaf infestation (Anon, 1995), 20% leaf 

damage was observed by Han etaZ.(1996). In Rahuri during kharif season 

leaf miner caused 50.7% leaf damage in untreated control while on 

malathion treated plot it was 29.3%, the yield was also 72.5q/ha and 
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93.1qjha respectively in untreated and insecticidal treated plots, so leaf 

miner infestation caused 22.5% reduction of yield (Pawar et al. (1996). 

2.3.4 Fruit borer (Helicoverpa armigera Hubner) 

Fruit borer, Helicoverpa armigera Hubner, is an important pest in 

almost all the tomato growing areas in the world. Damage due to fruit borer 

was recorded to make the fruits unfit for human consumption, causing 

considerable crop loss (Kashyap, 1983); even the en tire loss of crop in many 

tomato growing areas of United States (Fery and Cuthbert, 1974). 

In India extent of damage due to fruit borer varied with region. Loss of 

tomato fruit due to borer extended upto 40-50% in TamilNadu (Srinivasan, 

1 959), where in Punjab it was on an average 30% of the tomato fruits which 

caused 36% loss in yield of the crop, Singh and Singh ( 1975). Singh and 

Narang ( 1990) reported that in Punjab 51.2% fruit was damaged by fruit 

borer, while after three sprays of insecticides at fortnightly interval, the 

damage ranged from 3.4-10.5%. Fruit borer also damaged 50% fruit (Lal, 

1985), 40-50% in Bangalore (Khaclerkhan et al., 1997). In Haryana it caused 

33.8% and 31.3% fruit infestation in number and weight basis respectively 

that resulted in avoidable loss in 9.3-44.3% in number and 16.1-14.6% in 

weight (Kaushik, 1991). Ganguli and Dubey (1998) assessed 32.52% 

avoidable losses on Pusa Ruby in Madhya Pradesh. Tewari and Rao ( 1987) 

determined the economic damage level for H. armigera in tomato as 3.48%. 

The percentage of fruit damage was consistently higher in the late planted 

crops (70.4% and 52.4% fruit damage in number and weight respectively) 

and the yield was declined progressively with late planting (Ogunwolu 

, 1989). Sharma et al. ( 1997) also reported that late planted crop su fTc red 

more from fruit borer infestation and disease in Kulu. Liiotta (1964) for 

the first time reported that H. armigeru. caused serious damage to late 

varieties. In the months of April and May damage was 18.2-55.3% as 

reported by Singh and Chahal (1978). Lal and Lal (1996) further reported 

that the infestation slowly increased by the end of March. 

2.3.5 Tingid bug (Urentius hystricellus Richter) 

The leaf sucking, tingid bug, ( Urentius hystricellus Richter) was active 

during August and September, therefore, summer crops suffer 

comparatively more than winter crop, Butani and Jotwani (1984). Because 

of its minor pest status very little information is available on the loss 

incurred by this pest on tomato. 
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Assessment of crop loss is an important prerequisite for adopting a 

strategy for control measures. Avoidable loss and extent of damage of tomato 

crop varied with region, season, time of planting, variety of crop and pest 

structure as evaluated by the different workers earlier at different places. 

Informations available of crop loss, till date were mostly based on -ra single 

pest. However, in crop field conditions, pests appear in a complex. An 

important pest may contribute maximum loss but role of other pests can not 

be ignored. Therefore, it will be more scientific to assess loss caused by pest 

complex as a whole considering their conjoint effect on yield and loss 

therein. Further systematic evaluation on assessment of loss of different 

varieties of tomato crop raised under different parts of the season need to be 

evaluated, not only to adjust time of planting to avoid crop loss but also to 

formulate management programme, both for short and long term for the 

management of the important pests particularly the key ones. 

2.4 Evaluation of Tomato Varieties against Insect
Pests 

The strategy for the control of insect-pests on vegetable crops is quite 

different from that of other field crops because of the nature of utilization or 

consumption of vegetables. Successful tomato cultivation is mainly depends 

on the chemical control of the pest. As tomato fruits are plucked at short 

intervals, the maintenance of insecticidal film is not only uneconomical but 

also hazardous. Therefore, the use of poisonous toxicants is not very much 

desirable. Thus cultivation of varieties less susceptible to pests and yielded 

greater will be the best strategy for pest management programme. The use of 

low degree of plant resistance has been advocated by many workers (Painter, 

1941; Snelling, 1941; Pathak, 1970; Maxwell, 1972; Dahms 197 4; Marrewijk 

and de Ponti, 1975). Now-a-days many cultivars have been developed ancl 

recommended by various Research Institutes and State Agricultural 

Universities. Lal ( 1991) reported that high yielding varieties and hybrids 

need more pesticides as they are often susceptible to insect-pests. Bane1~jee 

and Kalloo (1989) have reported that HA 101, Pusa Ruby, Red cherry and 

Manzana were moderately to highly susceptible to leaf curl virus, fusarium 

wilt and fruit borer attack. In Uttar Pradesh H-24 variety witnessed 

minimum incidence of leaf curl viral disease 9.4% whereas Pusa Ruby 

recorded 70% incidence which might be due to the number of vector species 

as reported by Pandey et al.(l995). But according to Borah (1996) 'Arl{a 

vikas" variety showed minimum (17.3%) leaf curl viral infection though the 

white fly population was higher on that variety in Assam. So, the leaf curl 
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virus infection was not found correlated with white fly population but to the 

number of vectors. The author further added that in spite of higher average 

pest incidence the variety 'Arka vikas' recorded highest fruit yield. This 

revealed that though the variety is susceptible to insects but tolerant to 

other diseases namely wilt etc. 

In Uttar Pradesh Rai and Satpathi ( 1995) have observed that the 

variety BSS-98 was most susceptible to leaf miner infestation, whereas Pusa 

Early Dwarf showed least infestation. Kaur et al. ( 1996) found that in 

Ludhiana, the infestation of fruit borer ranged from 15.5-34.4% in hybrids. 

It was less than 20% in the hybrids TH 802, TH 2920 and TH 818 as 

compared to 25.3% and 41.4% in check varieties Punjab Kesari and Punjab 

Tropic respectively. Besides fruit borer, fungal diseases like late blight and 

early blight also attack tomato crop. Though the hybrids TH 802 and TH 818 

showed considerable tolerance to the fruit borer and early blight disease, 

had high yield i.e. 819.28 and 893.28 qjha respectively. In Assam, Borah 

( 1996) observed that the variety Akra Abha recorded lowest fruit borer 

infestation ( 15.00%) while Pusa Early Dwarf variety recorded highest borer 

attack (20.2%) but yield was higher on Akra Vikas (66.9tjha) which 

observed 16.4% borer attack. This indicated that in these tomato varieties, 

pest incidence is not related to variety only. The meteorological factors such 

as temperature, relative humidity and rainfall may have played great role in 

the pest incidence. In Ethiopia Pusa Early Dwarf, Pusa Ruby was found to 

be more resistant against fruit borer, H. armigera, infestation (Gashawbeza 

and Tsedeko, 1993). During kharif, in Satpura Plateau zone, among the 

twelve tomato cultivars, evaluated, Mangla, Karnataka and Art -1 had 

significant fruit damage due to H. armigera (9.9, 8.6 and 8.2% respectively), 

while Pusa Ruby suflerecl the least fruit damage (3.2%). Although the 

Rashmi variety had 2.97 t/ha yield loss, produced highest total yield (20.92 

tjha) and the highest healthy fruit yield (17.95 tjha) (Shukla et al., 1993). 

Kashyap and Verma (1986) recorded 42.55% damage of tomato fruits in 

susceptible varieties while it was only 1.7-2.9% in resistant cultivars. In 

Chamba district of Himachal Pradesh, S-12 was the most resistant (0.66% 

of fruits infested), while HS-110 was the most susceptible (14% of fruits 

infested) (Thakur et al., 1998). The cultiver BL-410 was found most suitable 

terms of good yield, attractive fruit shape and size as well as comparatively 

free from insect -pest and disease damage (J aiswal et al., 1997). Similarl_y, PT-

4225 was also found appropriate on the basis of fruit yield and post-harvest 

shelf life. Lal and Lal ( 1996) reported that in Delhi and adjoining areas of 

Meerut and Hapur in western Uttar Pradesh, and in Sonepat and Panipat in 
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Haryana, most of the farmers grow two Indo-American hybrids like Rashmi 

and Rupali in March-April. 

Canerday et al.( 1969) reported that small fruited processing cultivars 

were less susceptible than the fresh market cultivars and thus suggested 

that the differences between cultivars may be caused by a simple dilution 

factor than by true resistance. However, in contrary to these findings, Fery 

et al.( 1979) observed that genotypes with many small fruits per plant often 

appeared to be more susceptible to insect pest attack than leading 

commercial cultivars when rated on a number basis but proved more 

resistant when rated on a percentage basis. 

1-\.esistant varieties are the most effective, economical, practical and 

easiest means of IPM. Moreover, it is safe and compatible with all other 

methods of pest control. Most of the modern varieties released and grown 

widely in insect-pest prone areas possess resistance to at least one insect

pest or disease. The development of insect biotypes capable of surviving on 

resistant plants appears to be the major threat to the extensive use of 

resistant varieties. Therefore, high level of resistance is not always 

necessary. Use of moderately resistant varieties in combination with need 

based insecticidal applications produce economic yield. 

From a critical look to the earlier work it can be said that in most of 

the cases varieties were evaluated against single key pest of tomato which 

was either against white fly or leaf miner or fruit borer. Although these three 

pests can be considered as key pests in India also and any one of the pests 

mentioned above became endemic to different localities. However, in nature 

one pest may appear in abundance and cause severe damage but role of 

other pests can not be ignored. It is, therefore, better to evaluate varieties 

against pest complex rather than against a single species. Under constantly 

changing dynamic agricultural situation pest structure is also changed 

continuously. Selection of variety, tolerant /resistant to pest is not 

everlasting. Time and pace is, therefore, to be considered before formulating 

a programme in varietal evaluation. It is, therefore, necessary to evaluate the 

varieties commonly grown in any area against the pest in complex since the 

variety /varieties grown in a locality for long is difficult to replace or 

introduce, more particularly to those varieties having higher productivity. 
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2.5 Management of Insect-Pests of Tomato through 
Pesticides 
2.5.1 Synthetic insecticides 

Since most of all the pests attacking tomato are polyphagous in 

nature, their occurrence and subsequent damage are very common in 

almost all the regions. So, synthetic insecticides are now-a-days 

indispensable to agriculture for achieving higher production and ensuring 

protection of crop plants from pest enemies. Malathion at the recommended 

dosages (0.05% ai) can be applied to most edible crops 2 to 3 days before the 

harvest of crop without danger of excess harmful residues. For this reason 

malathion is usually recommended for vegetable growing tracts as in terai 

region of West Bengal (Anon, 2000). Malathion is a contact and stomach 

poison used for the control of a wide variety of pests of crops such as 

aphids, hoppers, psyllids, plant bugs, aleyrodids, flea beetles, grey weevils, 

caterpillars, rice hispa, mealy bugs, scales, thrips etc. and red mites on 

arecanut (Srivastava, 1993). The other contact and stomach poison, DDVP, 

used against sucking pests, caterpillars and mainly against miners 

(Srivastava, 1993). Several workers reported activity of several insecticides 

for controlling pests of tomato. Singh and Chahal ( 1978) obtained best 

results by alternate sprays of malathion and carbaryl at 10 days interval 

starting from leaf perforation against H. armigera. Tiwari and Choudhury 

( 1993) recorded that spraying of 0.05% endosulfan is effective to control H. 

armigera. Whereas, endosulfan 0.07% was the most effective resulting in 

97.8-100% larval reduction after 10 days of first spray (Kaushik, 1991). In 

Cujarat, during rabi season endosulfan sprc-1_y @ 0.07% gave highest cost

benefit ratio ( 1 :52 .. 6) against H. urrn.igem on tomato (Patel et al., EJ<J 1). !11 

western north Carolina, endosulfan, fenvalerate and methomyl have found 

to be more profitable when applied against H. zea (Walgenbach and 

Estes,1992). While in Jabalpur as reported by Sharma and Patel (1994) 

fenvalerate monocrotophos, carbaryl dust are found to be most effective 

followed by alphamethrin and endosulfan against gram pod borer and after 

10 days of these treatment all the insecticides are at par and significantly 

superior to control. Gashawbeza and Tsedeko ( 1993) stated that in Ethiopia 

against potato tuber moth and H. armigera cypermethrin gave significantly 

better control than Bt, an average of 19% damaged fruit as compared to 

27%, while application of cypermethrin @ 75 gm ai/ha once at early 

flowering and once at early fruiting stage of the crop would result in minimal 

damage from these pests. Singh .and Narang ( 1990) reported that in Punjab 
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application of fenvalerate, permethrin and cypermethrin @ 50 gm aijha or 

deltamethrin @ 20 gm aijha gave equal or better control of the fruit borer 

than carbaryl or endosulfan applied at 1000 and 700 gm aijha respectively. 

Yields are higher when synthetic pyrethroids are used. According to 

Pokharkar and Chaudhury ( 1997) the synthetic pyrethroids vrz, 

cypermethrin 0.0075%, fen valerate 0.01% and deltamethrin 0.002% were 

superior to conventional insecticides on controlling H. armigera. Creighton et 

al. ( 1971) reported that DDT spray and mixture of 44% carbaryl and 11% 

methylparathion was highly effective to control tomato while NPV failed to 

protect the tomato fruits effectively from H. zea. 

Chirinos and Geraud ( 1996) reported that with the application of 

methomyl and cypermethrin @ 0.122% ai, 100% mined leaflets were 

observed from the StJt week with 20-40% parasitism. Poe et al. ( 1978) 

reported that in Florida, untreated control plots had significantly higher 

mean numbers of active and total mines of Liriomyza sativae in foliage 

samples than plots treated weekly with sulprofos, chlorpyrifos, 

methamidophos, oxamyl and acephate alone and combinations of methomyl 

and oxamyl, leptophos and oxamyl, leptophos and endosulfan and 

methamidophos and acephate. They further opined that there were no 

significant differences among treatments in the total number of fruit, 

although there were significant differences among treatments in total weight 

of fruits, as none of the treatments was significantly different from the 

control. Rushtapakornchai et al. ( 1996) reported that two applications of 

bifenthrin, fipronil, fenpropathrin and acephate gave significant L. trifolii 

control m Thailand. Richter and Tsegaye ( 1988) reported that 

methamidophos, dimethoate and deltamethrin were highly toxic to larvae of 

L. trifolii. While, Geraud et al. ( 1996) observed the percentage infestation and 

the number of mines caused by Liriomyza were significantly lower (P<=0.05) 

on the untreated control, whereas the percentage parasitism was 

significantly higher on the untreated control and for the methomyl 0.1% ai. 

v /v + Bacillus thuringiensis (0.0032% ai w jv: 16UIP /mg) mixture. Jeyakumar 

and Uthamaswamy ( 1997) stated that among the synthetic insecticides 

phosalone, chlorpyriphos recorded high larval mortality at 24 hrs. Rasool et 

al. ( 1986) found that in Pakistan, Sumithion (fenitrothion), Perfekthion 

(dimethoate) and Rogor (dimethoate) afforded effective control of Urentius 

sentis ( U. hystricellus) in cotton. According to Patel and Kulkarni ( 1955) 

application of contact and systemic insecticides was found most effective 

against tingid bug population in Brinjal. Singh et al. ( 1975) reported that 

DDVP and monocrotophos are 15.3 and 816.67 time as toxic as compared to 
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pp'-DDT when used against tingid bug on brinjal crop, while application of 

mecarbam and two formulations of tetradifon were less toxic. 

Among the pests attacking tomato, fruit borer (Helicoverpa armigera) 

is the most important causing direct yield losses as the attack of this pest is 

confined to the fruits mainly. The farmers mostly use toxic chemicals for the 

control of this pest. These persistent chemicals make a thin film over foliage 

and fruiting bodies to kill early larval instars before they bore into the fruits. 

As tomatoes are plucked at short intervals and even consumed raw, the 

application of insecticides leaves toxic residues in fruits, which become 

hazardous to human health. Continuous use of chemicals also creates 

resistance in insects against these insecticides. Lal and Lal ( 1996) reported 

that in Delhi heavy application of pesticides has changed the entire scenario 

of insect-pests on tomato. Even after 20 insecticidal sprayings, the damage 

due to borer was 60-70% or even more. H. armigera has been found to 

became resistant to DDT and carbaryl (Collins, 1986), endosulfan (Wilson, 

1974;Basson et al., 1979) monocrotophos (Witten and Bull, 1970) and 

recently to synthetic pyrethroids also (Collins, 1986). Walker (1988) also 

reported that the borer developed resistance against carbaryl and synthetic 

pyrethroids and against cypermethrin, fenvalerate and endosulfan (Me 

Caffery et al., 1989). Resistance to DDT and synthetic pyrethroids and to a 

lesser extent to endosulfan and monocrotophos has been detected by King 

and Sawicki ( 1990). Aldicarb, carbaryl and dimethoate caused resurgence 

causing insecticides of H. armigera (Eveleens, 1983). Recent reports revealed 

and that this pest can not be managed by using of available insecticides as 

they do not give satisfactory control of this pest (Dhingra et al., 1988 and 

Patil, 1993). Toscano et al. ( 1994) observed high levels of resistance to both 

organophosphate and pyrethroid insecticides in Bemisia population in USA 

and elsewhere in the World. Prophylactic control measure mostly with the 

use of chemical pesticides, particularly in intensively cropped areas apart 

from resistance and resurgence problem lead to the destruction of not only 

the insect-pests but also their natural enemies and allow the development of 

secondary pests, persistence of pesticide residues in food chain, 

environmental pollution and pesticide associated health hazards. Therefore, 

the ultimate solution to manage this pest lies in developing integrated 

management strategy involving the minimum use of chemicals and more 

reliance on other methods. 

2.5.2 Neem derivatives 

Now a day some environment friendly pesticides (Biopesticides) are 

used to overcome toxic residual hazards. Among the biopesticides neem 
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derivatives are applied against lepidopteran larvae. These disrupt the growth 

of these larvae and also act as antifeedent agents (Mustafee, 1997). 

Therefore, the biological control of insect-pests should be coupled with the 

judicious use of pesticides based on threshold values that had to be 

determined through survey and surveillance (Acharya Chowdhury, 1997). 

Neem (Azadirachtin), a botanical obtained from Azadirachta indica is a 

safe pesticide and active against insect-pests of tomato indirectly and 

directly. Pawar et al. ( 1996) have found that during kharif season in Rahuri 

treatment with 5% neem seed kernel extract was the most effective and was 

at par with cypermethrin at 0.01 %, endosulfan at 0.07% and dimethoate at 

0.03% for leaf miner control. Neem oil 50 EC (0.3%) has found to be most 

effective at 24 hrs after treatment in TamilNadu (Jeyakumar and 

U thamaswamy, 1 997) and neem seed kernel extract (4%) has been reported 

as effective (J agannatha, 1994) against L. trifolii on tomato in Coimbatore 

and Bangalore respectively. The effectiveness of neem seed kernel extract to 

Liriomyza had been reported by Larew ( 1986), Meisner et al.( 1986) and 

Parkman and Pienkowski ( 1990) on different crops. 

Sabillon and Bustamante ( 1995) is on the opinion that neem products 

reduced the number of B. tabaci) and protected the crop from attack by fruit 

boring larvae of Spodoptera sp. and Helicoverpa zea and diseases 

(particularly Phytophthora infestans) in Honduras. Sridhar and Sunderbabu 

(1997) have found that Neem Azal-F-1% and Neem Azal F-5% alone as well 

as with different combination of insecticide treatment were effective against 

aphid and white fly. Azadirachtin act as an antifeedant to the noctuid, 

Spodoptera frugiperda and as a moulting inhibitor in H. virescens, Klocke 

et.al (1989). While Sharma and Patel (1994) observed that neem oil were 

least effective against gram pod borer in J ablapur. In Delhi, application of 

neem oil or neem product available in the market did not provide any 

effective control against H. cmnigera on tomato and the experience or 

farmers regarding neem oil was not promising as suggested by Lal and Lal 

( 1996). Tht> author further stated that the use of neem product on other 

vegetable crops in large areas did not control insect pests. 

In order to overcome all these difficulties alternatives to the chemical 

pesticides are to be introduced in the management programmes of insect

pests of tomato. The integration and exploitation of all the compatible 

methods have been emerged out (Geier, 1966, Smith and Von den Bosch, 

1967). Biological control of pests is an ideal alternative to use of chemical 
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pesticides. In its modern definition biological control is essentially the use of 

one living organism to control another living organism (Rao, 1970). 

One of the important components and function of biological control is 

the biological suppression of insect-pests by employing pathogens like 

bacteria, viruses, fungi, protozoa and nematodes as biological control agents 

(Dutky, 1959) which was designated as 'Microbial Control' by (Steinhaus, 

1949). In West Bengal lepidopteran pests harbour more on crops during 

monsoon months and caused severe damage, resulting in the lower yield 

and production. Microbial agents represents an ideal form of pest control 

particularly for use in IPM system as it can provide long and short term pest 

suppression with less disruption in ecology (Pramanik, 1996). The potential 

use of insect pathogens like Bacteria (Bacillus thuringiensis), fungi 

(Metarrhizium anisoptiae) Beauveria bassiana) and nuclear polyhedrosis 

viruses (NPV) in pest control has been recorded by various workers (Tanada, 

1 956; Steinhaus, 1957; Aizawa, 1963 ; lgnoffo, 1965 and Hemipel, 1967). 

Bacillus thuringiensis sub-species kurstaki (Tanada, 1956; Hemipel, 1967), 

NPV (Rabindra and Jayraj, 1986) and entomogenous fungus Beauveria 

bossiona (Sharma et al., 1994) are been widely used against the 

lepidopteran pest H. armigera. 

2.5.3 Entomopathogenic bacteria : Bacillus thuringiensis (Bt.) 

A spore forming aerobic bacterium was isolated in Japan (Ishiwata, 

190 1) and a similar organism was isolated from the diseased larvae of flour 

moth and named as Bacillus thuringiensis in Thuringa, Germany by Berliner 

( 1915). Old well sporulated cultures ...of B thuringiensis were used to induce 

in silkworm by oral feeding whereas vegetative cultures of the bacteria were 

ineffective (Akoi and Chigasaki, 1915). 

The bacteria Bacillus thuringiensis (Bt.) produces several insecticidal 

toxin which are responsible for the control of the pests by providing 

mortality of the insects soon after their entry into the body. Lepidopteran 

pests are highly susceptible to Bt. having widest spectrum of activity and 

can be used in a manner similar to that of chemical insecticides for short 

term or temporary suppression of insect-pests. B. thuringiensis sub-species 

kurstnki is widely used against lepidopteran pests of various crops such as 

Pieris and Trichoplusia on crucifers, Munduca on tomato and tobacco and 

I-Ieliothis (= I-Ielicoverpa) on cotton and tomato (Tanada, 1956; Hemipel, 

1967). A preparation of HD-1 strain of Bt. at 12.0x109 IU/ha and 16xl0'1 

IU /ha gave 100% mortality of Jrrl and 5111 instar larvae of H. armigera 

respectively at 96 hrs after application (Dabi et al., 1979). The Bt was 
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effective against Spodoptera litura (Boised) causing more than 80% mortality, 

both in the laboratory and in the field when applied in combination with 

endosulfan (Zaz and Kushwaha, 1983). It was further reported that B. 

thuringiensis var. kurstaki when applied, infected larvae become sluggish 

and fed less and reduced the population and adult emergence rates as well 

as survivors which reached the adult stage failed to lay eggs. Lutwama and 

Matanmi ( 1988) studied the efficacy of B. thuringinesis and Baculovin1s 

heliothis against larvae of H. armigera on tomato and found that these larvae 

were susceptible to both pathogens. When Bacillus (Dipel) was combined 

with virus there is no significant effectiveness but when applied separately 

and combination of bacteria and virus with carbaryl were not significantly 

more effective than pathogen applied alone. Shankar and Mallikarjunappa 

( 1 992) evaluated the efficacy of BIOBIT WP (a commercial product of Bt. var. 

J,·urstukr) and found it ns the most effective in relation to other conventional 

synthetic pesticides. Three sprays (I-20 days old crop, II-flowering time, III-

20 days after II) of Dipel 8L a commercially available formulation of Bt. 

(2ml/l of water) gave 47.2% reduction of tomato fruit borer larvae and 

yielded 199 qjha in Udaipur, Rajasthan (Gupta et al., 1997). 

Bacillus thuringiensis var. kurstaki (Tested as Delfin) at 1 and 1.5 kg 

formulated materialjha was effective by reducing the larval survival to about 

87% over the pretreatment count after 96 hrs of the spray (GupLa and 

l~ajaRammohan, 1997). They further stated that combined use of egg 

parasitoid and Bt. was effective in suppression of fruit borer infestation on 

tomato in Solan. 

Bacillus thuringiensis can be usee! shortly before harvest without any 

restriction, as it has no ill residual effect. It is a selective agent that proves 

efficiency against larvae without harmful effects on human beings, domestic 

animals, beneficial organism and agro-ecosystem. Little informations are 

available on the toxic effect of B. thuringiensis on non-target pests. Smirnoff 

and Macleod ( 1961) mentioned that Bt. var. thuringiensis has no effect on 

birds and mice. Besides this, no ill effects were recorded in honeybee 

colonies after feeding with large quantities of Bt. (Wilson, 1962). A similar 

opinion on birds, animals and useful insects was also recorded by Nedkova 

et al. ( 1980). Following the same trend the normal and 100 times more than 

normal close of Dipel and Bactospine (Spore suspension of Bt.) had no 

adverse effects on the populations of earthworm as reported by Benz and 
i\ltwegg ( 1975). 
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2.5.4 Entomopathogenic fuugus: Beauveri.a bassiana 

Laboratory studies showed that toxins of the entomogenous fungus 

Beauveria bassiana destroy the natural physiological balance of Helicoverpa 

annigera. Reduction in respiratory efficacy may lead to the accumulation of 

carbohydrates in the noctuid. Toxic metabolities of the pathogen appear to 

play an important role in the decrease of total proteins, amino acids and 

nucleic acids (Sharma et al., 1994). However, Bassi(1835) established 

pathogenic nature of the fungus Beauveria bassiana (Bals.) in silkworm 

Bombyx mori Linn. and other insects. Taking from his findings, Le conte 

( 1874) first advocated the diseases as a means of insect control. In field cage 

studies, damage to soybean and corn by Helicoverpa zea has been reduced 

by application of this fungus with mortality reaching 76% (Ignoffo et al., 

1978; Mahammed et al., 1978). The larvae of three species of lepidopteran 

pests of cole crops namely, Artogeria rapae Linn., Pieris rapae Linn., Plutella 

xylostelln Linn., Trichoplusia ni Hb. were susceptible to Boverin (a 

microinsecticidal preparation of 13 bassiana produced in USSR) and LC:ill for 

the three species were 0.25, 0.025 and 0.27% respectively (Ignoffo et al., 

1979). Sandhu et.al (1993) reported th<lt conidia of B. bassiana survived 

longer at lower temperature (0-20 1lC) and lower r. h. levels (0-53%) where as 

conidia did not survive at higher kmperature (30-40°C). The authors further 

reported that when the temperature decreased from 30°C to 0°C at nearly all 

relative humidity levels the longevity of conidia increased and remained 

virulent for third instar larvae of 1-1. armigera under favourable condition for 

24 months. Meneses et al.( 1980) reported that in a field application B. 

bassiarw strain 32 (isolated originally from Leptinotarsa decemlineata in 

France) killed 66.3-95.8% of the adult rice pest Lissorhoptrus brevirostris 

(Suffr.) within 4 days of application. Srivastava and Tandon ( 1980) is in 

opinion that the B bassiana caused 100% mortality in 4 days when the 

larvae of the mango pest Orthago euadrusalis (Walk) were allowed to crawl 

over the fungus and in 6 days when they were sprayed. 

2.5.5 Entomopathogenic virus : Nuclear polyhedrosis virus (NPV) 

A wilt disease in the gypsy rnoth (Lymantriu dispar) was observed by 

Chapman and Glaser ( 1915) under field conditions which was later 

diagnosed as nuclear polyhedrosis virus (NPV). Young and Yearian (1974) 

reported that persistence of Ha NPV on foliage of tomato was significantly 

better than on cotton and soybean and little viral activity remained after 96 

hrs. Among the several entomopathogens tested against H. armigera the NPV 

has been found to be quite effective on chickpea (Rabindra et al., 1989). Me 

Garr ( 1968) reported the control or H. zen and H. uirescens in cotton crop by 
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NPV at the rate of 100 LE per acre, which was at par with insecticidal 

control. NPV lOOLE (1ml/L of water) gave 38.9% reduction in larval 

population under field condions on tomato in Rajasthan and yielded 182 

qjha (Gupta et al., 1997). Kinzer et al. (1976) found that 3 sprays of Ha NPV 

at weekly interval were as effective as monocrotophos applied as foliar spray 

at 5-7 days interval. Narayanan ( 1979) obtained 81.3 and 71.6% reduction 

in larval population of H. armigera on chickpea with NPV@ 250 and 125 LE 

per hectare respectively. It was further stated that endosulfan 0.07% was 

comparable to NPV 250 LE alone during evening hours and virus at 250 LE 

+Sandoz liquid adjuvant applied during morning hours. There was high 

reduction in larval population after 3 sprn_ys of NPV at 7 days interval, which 

was clue to synchronization of first application with appearance of 1 "1 and 

21\( 1 in star larvae of the pest. Mistry et al. ( 1984) reported the effectiveness of 

NPV against H. armigerrz infesting chickpea and tomato where 5-6 

application of NPV at 100 LE/acre caused 75-85% mortality (ave. 80.6%) as 

against 0 to 5.1% (mean 1.1 %) in untreated plots of tomato. The fruit 

damage was 4% in treated as against 15% in control plots. Pawar et 

o/.( 1987) evaluated NPV of H. armigera on chickpea and reported that two 

sprays of NPV at 500 LE/ha were as effective as two sprays of endosulfan 

0.05% in reducing the infestation of larvae and pod damage and thereby 

increased the yield. Field trials in chickpea fields in Bihar and U.P. during 

1987 showed that a single sprcw of 250 LE of HaNPV in 500 Litres of 

waterjha resulted in 97.2% mortality of the noctuid in 1987 and 25.4-78.8% 

larval mortality during 1988 (Misra et al., 1991). Pokharkar and Chaudhary 

( 1997) reported that combined applications of Ha NPV 250 LE/ha with half 

the close of the pyrethroicls viz, cypermethrin 0.0075%, fenvalerate 0.01% 

and deltamethrin 0.002°/cl were comparable with their normal dose in 

reducing the larval population and fruit damage and increasing the yield. 

However, carbaryl 0.15% and enclosulfan 0.07% alone and their sub-normal 

close combined with Ha NPV 250 LE/ha were far better than monocrotophos 

and quinalphos at 0.05% and their combination with Ha NPV. Ganguli et al. 

( 1997) found that spraying with NPV (250 LE/ha) at the appearance of the 

pest, followed 7 days later by endosulfan at 0.035 and 0.07% will protect the 

tomato crop from H. Clrmigero nncl yielded significantly greater. Srivastava 

( 1993) reported that nuclear polyhedrosis is primarily a lepidopteran 

disease, occurring also in some Diptera and Hymenoptera. NPV of H. 

armigera was found safe to silkworm (Bombyx mori L., Samia cyuthia ricini 

B.), honey bees (Apis cerana indica F) and an entomogenous nematode 

(Steinernemafeltiae Filipjev) (Sanjay et al., 1991). 
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2.5.6 Entomotoxin soil actinomycetes : Avermectin 

The avermectin is a group of closely related 16 membered macrocyclic 

lactones with potent acaricidal, insecticidal and nematicidal activities. They 

are natural products of fermentation by a soil actinomycete micro-organism 

(Streptomyces avermitilis). This process results in the production of four 

homologous pairs of highly related compounds; avermectins At, A2, B1 and 

\3;. Avermectin Bt (avamectin, MK-936) is the major component isolated 

from the fermentation broth and is a mixture of homologous avermectin, 

containing a minimum of 80% avermectin B1a and a maximum of 20% 

avermectin B 1 b (Fisher and Mrozik, 1989). S. avermitilis was first isolated 

from a soil sample collected from Japan. Burg et al. (1979) have described 

the characteristics of S. avermitilis culture and the avermectins and 

invermectins produced by this fermentation process. The toxicity of 

abamectin varies considerably between species and method of application. 

Abamectin is moderately toxic to mammals in cases of acute oral exposure, 

but it is much less toxic in instances of dermal exposure because it does not 

readily penetrate the skin (Lankas and Gordon, 1989). Abamectin is highly 

toxic to many insects such as leaf miners, mites, ants, cockroaches (Lasota 

and Dybas, 1991), house flies (Scott and Georghion, 1986) and Colorado 

potato beetles (Argentine and Clark, 1990). However, so called second 

generation avermectin (eg. MK-244) have shown the greatest toxicity to 

several important lepidopteran pests such as southern army worm 

(Spodoptera eridamia), tobacco bud worm (Heliothis virescens), and cotton 

boll worm (Helicoverpa zea) (Dybas, 1989). The selectivity of abamectin 

toxicity between target and non-target arthropods appears to be favourable, 

as relatively low toxicity has been reported for many non-target arthropods 

(Lasota and Dybas, 1991). 

The most important commercial use of abamectin (avermectin B1) is 

an acaricide. They arc known to be eflective against a wide range of mite 

pests such as eriophyids, tetranychids, tarsonemids and tenuipalpids. It 

provided excellent initial and residual control of immature and adult mites 

on a number of crops (Muraleedharan, 1993). Several workers reported the 

excellent efficacy of abamectin in mite control. Abamectin was widely used 

in the control of Polyphagotarsonemus latus, Tetranychus cinnabarinus, 

Acephylla theae, Calacrus carinatus, Eriophyes discoridis, Aculops lycopersici 

on castor, cotton, chilli, tea, tomnto and cucumber respectively in different 

parts of the World (Huengens and Degheele, 1986; Donatoni et al., 1988; 

Rangel et al., 1990; Zie et al., 1992; Muraleeclclharan, 1993; Szwejda, 1994). 

Rodriguez et al.( 1997) reported that in Canary islands, there was a large 
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infestation of Frankliniella occidentalis early in the growing period of the 

tomato crop, which was controlled with twice abamectin applications. It is 

worthwhile to mention here that abamectin neither persists nor 

;H-cumulHtcs in the environment. It rapidly degrades both in water and soil 

and it does not bioaccumulate; because it is used in such small 

concentrations, the use of <J.bamectin in tomato is not likely to have adverse 

impact on health and the environment. 

A critical analysis of earlier works reveals clear and rapid change in 

management strategy from synthetic pesticide towards those biological 

origin in view of developing awareness to health and environment. However, 

use of biologically originated pesticides is yet to establish in field level. 

Considering the present status of pest management of tomato more and 

more research are required to be conducted on non-synthetic, biologically 

originated pesticides to incorporate m integrated pest management 

programme of tomato at a low cost for minimum disruption of environment 

and also to avoid health hazard. 





MATERIALS AND METHODS 

3.1 Site of Investigation 
The experiments were conducted m the Instructional Farm and 

Research Laboratory, Department of Agricultural Entomology, Bidhan 

Chandra Krishi Viswavidyalaya, North Bengal Campus, Pundibari, Cooch 

lkhar, West Bengal, India. 

3.2 Geographical Location, Soil and Climate 
Location : Terai zone is situated between 25°57 I and 27°N latitude 

and 88°25/ and 89°54/ E longitude. This northern region ofWest Bengal is 

situated along Kurseong and Kalimpong hills and Bhutan hills in the north, 

Bihar border on the West and Assam border on the East. It includes Siliguri 

Sub-division of Darjeeling district and entire districts of Jalpaiguri and 

Coach Behar and Islampur sub-division of North Dinajpur district. The total 

geographical area of the zone is 12025 sq. km. Which is 13.5% of the state 

area with 9.7% of the states population. Rural population comprises more 

than 90% of the population of the zone. 

Soil The soils of this zone can be classified into two broad tracts 

a) Old Himalayan piedment plains - It spreads along with northern 

part of the area from Kharibari -- Phanisidewa in the West to Kumargram in 

East covering northern part of Siliguri sub-division and Jalpaiguri district. 

Soils are sanely loam to loam type, formed mostly from the Himalayan 

detritus. This area has a clark brown top soil, 1 - 3 ft. deep, medium to 

strong acidic in nature and fairly rich in humus content. Available N:2, 

available P:20s and available K20 contents are low to medium. 

b) Teesta flood plain - It spreads along the southern portion of 

Siliguri sub-division and Jalpaiguri district and entire Cooch Behar district. 

Soil texture vary from sandy to silty clay loam. Most soils of the zone have 

high fixing capacity for phosphorus. Soils being grilty and porous and poor 

in secondary micronutrients. 

Climate The climate of the zone is sub-tropical humid. Average 

annual rainfall of this zone varies from 2100-3000mm. The maximum 

rainfall1·.e. about 80% is received from south-west monsoon during the rainy 

months of June to September. While the range of minimum temperature of 

the area is 7 -8°C that the maximum temperature is 24 - 33.2ooc. The 

relative humidity of the area at 8.30 hour is 58% to 87% in March and July 

respectively. The relative humidity in the afternoon at 17.30 hour is 48% to 
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~4°;0 in March to November respectively. As a result the area as a whole is 

humid and warm climate except of having a short cold spell in winter, from 

December to February. The weather parameters during the period of 

investigation are furnished in Tables 3.1-3.4. 

Table 3.1 Weather parameters during the period of investigation in field 

condition in 1996-97 
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Table 3.2 Weather parameters during the period of investigation in field 

condition in 1997-98 
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Table 3.3 Weather parameters during the period of investigation in field 

condition in 1998-99 

Standard TemperatureDC Relative humidity % Average Total 
Week sunshine Rainfall 

----·---·-·· 
Mu.Khnllln MiniJn.urn Gn.dient 

1·4~~ 
t--~--~ 

·1') 2k.43 1:un 

Avertlge Mu.xhnut 

21.;)2 94.28 

n Minintum Gradient Avoraa:o hr/day mm 

52.43 41.85 73.36 8.71 0 

;:){) 27.41 12.01 15.40 1').7\ 9:L'i7 50.71 42.86 72.14 8.93 0 

51 2h.70 10.20 16.50 18.1;) 93.86 50.58 43.28 72.22 8.70 0 

52 2C.25 9.:59 16.66 17.92 94.50 '10.63 53.87 67.57 8.86 0 

1 25.50 9.06 16.44 17.28 95.71 43.00 52.71 69.36 8.21 0 

2 2:l.70 8.69 15.01 16.20 96.57 4:1.00 53.71 69.78 7.04 0 

3 2:1.80 8.06 15.7'1 15.9:1 98.00 <')(,,()() ::>2.00 72.00 7.91 () 

·l 2ci.7:J '). 7:1 [().( )() 17.7:1 ')3.71 'lH.UO 'l:i.71 70.85 8. I(, II 

5 2C.23 9.44 l(J.97 17.83 96.00 :J<), 71 5(J.29 67.85 8.60 () 

(, 27.7:1 12.17 1 ~). ~)h '1:::>.57 'l'J.86 70.50 7.88 () 

7 :10.11 1'1.33 15.78 22.22 94.71 50.00 11.71 72.36 8.24 (I 

8 2/l-')7 14.30 11.f>7 52.29 '13.85 74.21 7.53 u 

'l 2'J.b:l 1:1. I i> ](,_•'17 2 I. :J•J <);).'2/l :ill.42 1•1.86 72.85 90.1 () 

1ll :11.:18 1;).18 15-'J() 4').86 42.00 70.86 7.83 () 

11 :J\.l)() 1 :1-'J 1 17.ll'l 22 ;;; 87.8t ) :19.28 18.58 63.57 8.48 () 

12 :32.•16 16.95 1S.51 211.71 8(>.28 41.71 /] 1.57 65.50 8.30 () 

J:J :J0.78 1CJ. 7:1 l'l.U::i 2:1.75 85.00 51.00 15.14 68.00 2.71 I) 

11 :JJ.:17 3U.:H 11.03 28.8(> 81.0( ) 55.85 '13.00 69.92 6.63 () 

15 :O:l.58 21.58 12.00 27 .. ')8 90.71 57.14 33.57 73.93 7.44 IOC.50 

1 (, :12.88 21. lU 11.78 '2(>.')CJ 84.71 50.14 34.57 67.42 8.40 (I 

17 :00.15 22.48 7.67 2(>.:32 92.28 56.28 36.00 74.28 5.01 70.20 

1/l 28.·1·1 21.08 7.:16 24.76 95.43 CU.86 29.57 80.64 4.40 12 1.0() 

1'1 .HI. L:l 2 1. ()() ·"/1:1 2iJ.ll'} 'Yi. 2K l>K.llll 27.28 H 1.6•1 (,, <)(, ;-J.Lll 

}() 2 1.06 22.31 sJ:, }b.l/1 93.7 1 (>2. 28 :11.43 78.0() 7.57 1U.:iU 

21 :10.77 23.14 7.3:1 27. 1(1 9'1.7 1 ()(>.()() '28.71 80.3(, 4.14 281 :1u 

22 :l\.50 2 1.88 ').(,2 lL.V\ <J:J.Ol ) ()8.57 2'1.43 80.78 4.08 125.'1() 
- -·~·---L... 
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Table 3.4 Weather parameters duting the period of investigation in field 

condition (mean of three years) . 

~-·· .. -
Standard Temperatureoc Relative humidity % Average Total 

Week sunshine Rainfall 
Maximum Minin1um Gradient Average Maximum Minimum Gradient Avoraa:o hr/day mm 

-----~------ -----
'\9 25.76 12.87 12.89 19.:11 93.66 

------
52.43 41.23 73.04 7.30 0.00 

;;o 2'5.75 11.12 14.64 18.4·1 9:}.81 44.85 48.96 69.33 6.11 :1.53 

:ll 2~. ~)J 1ll.25 11.97 17.7<1 9:\. 2<> <1:J.55 11.71 (,8.41 7.10 I 1.( )( l 

~-) 2 2'1.39 9.84 14.:>5 17.12 9:l.7'J 1().()7 17.72 69.33 8.29 0.00 

1 22.20 9.24 12.96 15.7 2 96.0~) 59.24 16.81 77.64 5.77 0.00 

2 211. 7:i Sl.:c\2 1 l. <J:j 15.U:l CJ~J.8:i 52.71 1:l.14 74.28 4.80 0.00 

:\ 22m; 8.7() 1:1.:12 15.•12 9Ci.1'1 52.7(, '53.36 74.45 5.90 J .00 

·I J.l .. L\ '1.1) ( I :1. 21> ]:J.'/1) ()·\_;)'/ '17.02 17.:>5 70. 7<J (,.ox ll,()() 

;) 2.l. 7:\ q.()~) 1·1.1lX ](,.1,') C)~-).():~ 1X.1:1 '17.19 72.02 6.96 () .'):J 

(l 2.l.78 11 ).') 1 12.87 17. l:) ();J. :')~' <15_()2 19.76 70.50 4.5:1 I l.IJO 

7 27.37 12.40 1·1. 97 1 'l.X'J 91.0·1 45.00 19.04 69.52 7.94 ().()() 

8 27.12 12.62 14.50 1<J.R7 94.:n 46.19 48.14 70.26 8.24 1.33 

') 28.19 12.97 15.2:i 2o.:,s 94.U'J '12.94 51. 15 68.51 8.77 1.87 

]l) 2'J.81 15.24 14.57 22S2 89.09 43.38 55.71 66.23 8.70 u.uo 

11 2'J.Rll 1 :;. o:1 14.77 22.1:! 87.38 42.66 44.72 65.02 8.78 u.oo 

12 :\( l. :}(, 16.<\'2 11. 11 23.·1'1 l'l8.•\:l '19.63 38.80 69.0:1 8.0:1 2'2. :·il I 

1:1 28.CA 1 c,.:c~o 12.:1:3 22.17 87.66 5:1.97 :J:}. 69 70.81 4.17 '19.0:1 

1·1 2'J.')cj 17.58 12. :1c, 2:1.7(, 8tV18 5;-),;j~i :J3.15 71.90 5.94 2'). 117 

1:, :1u.uu 17.77 12.2:1 2:-LH() 9o.:;s 58.00 32.38 74.1') 6.78 5C.97 

j(, 2'1.·17 l8.3S 1 1. 12 23.'l 1 88.•1:i (,). 95 26.48 75. 1') C.30 28.211 

17 30.67 20.:34 10.1 :l 2S.L11 85.52 57.73 27.79 71.62 7.33 '18. 17 

IX :m. '18 .2 1.08 9.')11 21J.II.I 'J() .I l'J b0.71 29.38 75.40 7.25 :i0.8:l 

1'1 .11 :>1 /2.111 (l,;) I 21•.11· HC)_(J() (,;;, 1 ') 21.47 77.42 7.86 :1\.1)() 

)II :12.88 2:1.83 IO.UEi 27.x:. 88.7(J (, 1. 09 17.67 74.9:i 8.81 2(,. 21l 

21 :11.47 22.69 8.78 '27.ilX 93.'28 66.85 26.43 80.06 5.59 179.·1:\ 

22 31')7 22.CO 9.:i7 27.2'1 'JO.:i'2 C8.71 21.81 79.62 5.23 ');), 9:1 
·- . 
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3.3 Seasonal Incidence of Insect-Pests of Tomato and 

Their Natural Enemies 

A commonly grown F, hybrid of tomato, Abinash-II, was raised from 

November to May during 1997-98 and 1998-99 to study the seasonal 

incidence and fluctuation pattern of population of insect-pests and their 

twtural enemies and also the in11ucnce of prevailing environmental 

conditions on population dynamics. Twenty-one days old seedlings were 

transplanted four times on November 24, December 24, January 24 and 

February 24, with recommended fertilizer close (130:65:65 kg. NPK/ha) and 

usual agronomic practices in 3m x 6m sized plots with 60cm x 75cm 

spacing as recommended by J>andita and Bhatnagar (1981) in both the years 

as mentioned above. There were six replications at par randomised block 

design (l~BD). No plant protection measures were used for controlling insect

pests. 

Observations of insect-pests and their natural enemies were recorded 

at seven days interval from the very time of their appearance on plants 

planted at different time. Ten plants were randomly selected from each 

replication for such observations. The insect-pests and natural enemies 

round active on tomato during th(' course of investigation were collected and 

identified by the scientists, Deptt. of Agril. Entomology, B.C.K.V., Pundibari, 

Cooch Behar and subsequently confirmed by the scientists of Zoological 

Survey of India, Calcutta, wherever, it was deemed necessary. 

Ohservation of Rphicl Rnd 1ingicl bug population were recorded from 5 

tender lemTs per plan! from 10 plants of each plot and were scored in 

numLHT per leaf basis. The pop1ilation of white tly, haclda beetle and the 

prccl;Jtory population lik<' !'vlcnoclu'lus, Coccindla and spiders were recordecl 

from 10 plants per plot and were ( ounted as number per plant basis. Among 

the two internal feeders, leaf miner incidence was recorded by assessing per 

cent mined leaves per pla.nt in 10 randomly selected plants per plot, whereas 

for fruit borer, fruits were plucked at different intervals when they attained 

marketable condition and the damaged fruits thus obtained from each 

h;1rvesting were isolated, counted, weighed and thereafter calculated as 

percentage of damage both in number and weight. 

Data thus obtained from all the four plantings of each of the two years 

were pooled. The peak attack on a particular planting and by a particular 

pest I natural enemy species was considered as the highest population 
among all the seasons (plantings). 
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In order to study the incidence and fluctuation of population and the 

influence of abiotic factors on the population build up of different insect

pests species and natural enemy population two approaches were adopted. 

Firstly graphical superimposition techniques were employed to study the 

effect of weather parameters prevailed during the season. Secondly, in order 

to study instantaneous impact of meteorological variables on the population 

build up of various insect-pest species and their natural enemies at different 

planting times and althrough the season, simple correlation studies were 

carried out. Factorial analyses were made to study the reaction of pest and 

natural enemy population structure and yield at different planting times and 

crop phenology. 

3.4 Bio-Ecology of Important Insect-Pests of Tomato 

This study was conducted only for fruit borer, leaf miner and white fly. 

The rearing was performed at different times of a year for a particular 

species. 

3.4.1 Tomato fruit borer ( Helicoverpa armigera Hubner) 

The larvae were collected from the affected fruits. The larvae so 

collected were reared in plastic jars (15cm x lOcm) and fresh tomato fruits 

were provided for feeding. The mouth of the jar was covered and secured 

with a piece of cloth and rubber band. Fresh fruits were given to the larvae 

daily just to avoid any fungal growth on damaged fruit, until the larvae 

abandoned the fruit for pupation. The pupae were collected and placed in a 

rearing glass jar provided with a piece of cotton soaked in water to maintain 

humidity. Moths on emergence from the pupae were collected and released 

in a glass jar (19cm x 15cm). The moths were fed on 5% honey solution 

soaked in cotton swab. Eggs were laid on the wall of the jar. Immediately 

after hatching, the larvae were shifted to tomato twig and thereafter to 

tomato fruits. The rearing process was repeated thrice and the duration of 

different developmental stages were recorded. 

3.4.2 Leaf miner ( Liriomyza trifolii Burgess) 

Tomato twigs bearing eggs were collected from the field. The twigs so 

collected were plugged with water soaked cotton at the cut end and kept in 

petriplates. The maggots on hatching entered and mined within the leaves 

where eggs were laid on and when attained full maturity they came out from 

the mined leaves and pupated in the f1oor of the petriplates. The pupae were 

kept in a culture tube. After emergence, the flies were collected and released 
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to pruned tomato plants bearing few leaves and raised in earthen pots 

covered with fine muslin cloth made cage. The adult flies were provided 

honey solution (5%) for feeding and laid eggs inside the leaves. The leaves 

containing eggs were then taken out of plant and the same procedure 

mentioned above was repeated four times. The duration of egg, larval, pupal 

adult and total life cycle was recorded. 

3.4.3 White fly (Bemisia tabaci Gennadius) 

Several flies were released into a tomato plant on earthen pot in cage 

made up of muslin cloth. After egg laying the adults were removed. The 

nymphs on emergence fed the kaves where eggs were laid. Before being 

;1etivr they passed some times in a mute condition, this stage was 

considered as the pupal stage. The i1ies then released to another plants and 

the duration of several developrnental stages for four generations were 

recorded nne! pooled. 

The important weather par:tmeters, namely temperature and relative 

humidity under laboratory conditions during the period of studies were 

rt>corded daily. Data thus obtained from difTerent developmental stages and 

life cycle in different generations in the different periods of crop growing 

season were correlated with prevailing weather parameters under laboratory 

conditions. 

Table 3.5 : Rearing room temperature and relative humidity during the 

period of study of life cycle 
-------~-------·------- ------------

Month Tempe rature (OC) 

---------- --· 

Maximum Mi nimum 

October-1998 30.31 
--:·:----:---:--:c-::-:------+---------
November-1998 28.07 

Dc1·cm bcr- 1998 27.00 
.. , - . ·: -----~-------------- -t·--- ~-·· ....... -~-----

January-1999 23.06 

February- 1999 26.50 
~- ----- -·---·--------------------------------··- .. --··- ---·---- ~-----

March- l C)()<) 
---·· 

April-1999 

2R.96 

30.97 
____________________ _j _____________ " 

--· 

27.52 

24.96 
·--------
22.00 
. ----- ---· ---. -----

19.14 
-------------·- ----
23.13 

------------------~---

25.00 

27.55 
--------

Average 

28.91 

26.52 

24.50 

21.10 

24.81 

26.98 
--------- ------

24.26 

--------

Relative humidity 

(%) 

Average 

67.5 

60.00 

65.00 
--

60.05 
-------

63.54 
------~--

51.47 
--

64.80 

3.5 Assessment of Crop Loss of Tomato Caused by Important 

Insect-Pests 

The investigation on the extent of damage and assessment of loss in 

yidd clue to insect-pests attack was carried out during 1996-97, 1997-98 

ancl llJ()k-()9, in two sea.sons, one during winter ;mel another during spring

summer season. Two commonly grown varieties, open pollinated (Pusa 
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Ruby) and F 1 hybrid (Abinash-II) were transplanted once on 3rc1 week of 

November for winter crop and other on 2nc1 week of February for spring

summer crop respectively, in each of the year. The crops were raised with 

recommended fertilizer dose ( 130:65:65 kg NPK/ha) in large plots (4.8m x 

6m) with 60cm x 75cm spacing ;lt par randomized block design with six 

replications. In addition to control there were three treatments which were 

:=ts follows 
T1 = Insecticidal treatment. (Treated with carbofuran 3G in soil 

at 10 days after transplanting and subsequently sprayed 

with malathion ({y 0.05% at an interval of 15 days after 30 

clays of application of carbofuran). 

T2 = Fungicidal treatment. (Sprayed with fungicide (Dithane M-

45 @) 2gm/l of water) at an interval of 15 days). 

T:l = Tt + T2 (FuJl pmtection with insecticide and fungicide) 

Observations of pests were made at 10 days interval from the very 

tin1e of their appearance on plant. Ten plants were randomly selected from 

each plot for observation. Aphid and tingid bug populations were scored 

from five tender leaves of each plant. Population of white fly and predator 

like, Menochilus sexmaculata, Coccinellu septempunctata and spider were 

record eel from 10 plants per plot ancl were counted in number per plant 

basis. Leaf miner incidence was recorded by assessing per cent of mined 

leaves per plant in 10 randomly selected plants per plot, where as, for fruit 

borer, the fruits were plucked at an frequent interval when they attained 

marketable conditions and the cbmaged fruits thus obtained from different 

plucking were isolated, counted, weighed and calculated into percentage of 

d<nnage in number and weight. Yield of tomato of each treatment was 

recorclecl on the basis of tot8l fruit weight and then converted into tjha. 

Data thus obtained were pooled and analysed statistically. For 

assessment of crop loss 't'-test was applied which involves a comparison of 

yields of two plots in each of the six replications, where the plants from one 

plot were protected from insect-pc~sts/ diseases/both pests and diseases, by 

6 round of insecticide/fungicide/both insecticide and fungicide sprays after 

!he <lj)j)t'drclllCC Of pests, where !he pl:lll(S Of other plots were allowed (O 

cbmage by naturally occurring populal ion of pests. Gain in yield over 

control was calculated by the following formula : 

Per cent gain in yield over control = Yield in treated plot- Yield in controlled plot x 100 

Yield in treated plot 
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3.6 Evaluation of Tomato Varieties against Insect-Pests, 

Natural Enemies and Yield 

After a through survey in different parts of terai region of West Bengal, 

seven varieties most commonly cultivated in this zone namely, Kubergeeta 
(hybrid), Arjuna (hybrid), Divya (hyqrid), Rupali (hybrid), Rasika (hybrid), 

Abinash-1! (hybrid) and Pusa Ruby (open pollinated) were selected and 

raised during 1996-97, 1997-98 and 1998-99 to evaluate against insect

pests and natural enemies. All the varieties were transplanted on 19th 
November in each of the year with a spacing of 60cm x 75cm. Each variety 

was planted in row and replicated six times in six rows in randomized block 

design to obtain uniform dispersal effect of the pests and natural enemies 
among the varieties. 

Observations on major in~ect-pest species and natural enemies were 

made at 7 days interval at the very time of their appearance on the crop. 

Aphid population was recorded from 5 tender leaves (where concentration of 

aphid population was maximum) per plant from 10 plants per plot and 
converted them into number per leaf, whereas, white fly and natural 

enemies like Merwchilus and spider population was counted in population 
per plant. basis, from 10 plants per plot. Leaf miner incidence was recorded 

in the form of per cent mined leaves per plant. Fruit borer (infestation) 

percentage was calculated from the percentage of damaged fruit jin number 

and weight) among the fruits plucked at every harvesting. Yield of different . 
varieties were recorded on the basis of total fruit (cumulative of all plucking) 

and then <;:onverted into ton per haCtare. Total number of fruits and 

numbers of bored fruit produced .per plant were recorded and average of 
each variety was calculated from randomly selected plants. Mean weight of 

marketable fruits was recorded from each plucking of each variety in each 

replication and averaged in gram per fruit. Data thus obtained were pooled 

and analysed· statistically (Factorial analysis). 

3. 7 Management of Insect-Pest Complex of Tomato through 

Pesticides 

This aspect of study was confined only to Abinash-Il hybrid. The crop 
was raised with agronomic practices stated in previous experiment in 4.5m x 

l.Bm sized plot with three replications at par RBD layout. The seedlings 
were transplanted on 15tl• February in each of the three year (1996-97, 

1997-98 and 1998-99). Seven pesticides (Table 3.6) namely, two synthetic 
insecticides usually recommended for vegetables (malathion and DDVP), one 
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3.6 Evaluation of Tomato Varieties against Insect-Pests, 

Natural Enemies and Yield 

After a through survey in different parts of terai region of West Bengal, 

seven varieties most commonly cultivated in this zone namely, Kubergeeta 

(hybrid), Arjuna (hybrid), Divya (hybrid), Rupali (hybrid), Rasika (hybrid), 

Abinash-11 (hybrid) and Pusa Ruby (open pollinated) were selected and 

raised during 1996-97, 1997-98 and 1998-99 to evaluate against insect

pests and natural enemies. All the varieties were transplanted on 191JJ 

November in each of the ye<:1r wit 11 a spacing of 60cm x 75cm. Each variety 

was planted in row and replicated six times in six rows in randomized block 

design to obtain uniform dispersal effect of the pests and natural enemies 

among the varieties. 

Observations on major insect-pest species and natural enemies were 

made at 7 days interval at the vny time of their appearance on the crop. 

Aphid population was recorded frmn 5 tender leaves (where concentration of 

aphid population was maxin1urn) per plant from 10 plants per plot and 

converted them into number per leaJ, whereas, white f1y and natural 

enemies like Menochilus and spider population was counted in population 

per plant basis, from 10 plants pn plot. Leaf miner incidence was recorded 

in the form of per cent mined leaves per plant. Fruit borer (infestation) 

percentage was calculated from the percentage of damaged fruit (in number 

and weight) among the fruits pludced at every harvesting. Yield of different 

va_rieties were recorded on the basis of total fruit (cumulative of all plucking) 

and then converted into ton [HT hactare. Total number of fruits and 

numbers of bored fruit produced per plant were recorded and average of 

each variety was calculated from randomly selected plants. Mean weight of 

marketable fruits was recorded from each plucking of each variety in each 

replication and averaged in gram per fruit. Data thus obtained were pooled 

and analysed statistically (Factorial ana lysis). 

3. 7 Management of Insect-Pest Complex of Tomato through 
Pesticides 

This aspect of study was confined only to Abinash-II hybrid. The crop 

was raised with agronomic practices stated in previous experiment in 4.5m x 

1.8m sized plot with three replications at par RBD layout. The seedlings 

were 1 ransplanted on 15111 Febrt1ary in each of the three year ( 1996-97, 

1997-98 and 1998-99). Seven rwsticides (Table 3.6) namely, two synthetic 

insecticides usually recommended for vegetables (malathion and DDVP), one 
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neem based pesticide containing azadirachtin, three entomopathogens 

(Bacillus thuringiensis var. kurstaki, Beauveria bassiana and nuclear 

polyhedrosis virus) and a microbial toxin from a soil actinomycetes, 

Streptomyces avermitilis, avermectin were taken with a view to evaluate their 

efficacy at the field level. First spray was given with the initiation of 

infestation. Subsequent sprays were made at 15 days interval. Therefore, 3 

rounds of spray as required were made during the period of investigation for 

each year. 

Table 3.6 Informations on different pesticides evaluated under the 

programme. 

--------------,------------
Pesticides Doses 

1 . Malathion 
... -------···--·-·--------t------::--=---:=-:-~-----

0.05% ai 

2. DDVP 

3. Azadirach tin 

4. Bucillus thuringiens1:s var lrurstaki (Bt)(5 x 107 

sporesjmg) 

5. Beauveria bassiana (a pathogenic fungus) 

6. Ha NPV (Nuclear Polyhedrosis Virus) 

7. A vermectin (a microbial toxin from soil 

actinomycetes) 

0.05% ai 

1500 ppm ai 

1.0 gjl 

107 conidia/ ml 

250 LE/ha 

0.01% ai 

Observations on population of major insect-pests and their natural 

<~nemies were taken once before spraying and then after 3, 8 and 14 days of 

spraying. Observations on pest population and natural enemy populations 

were taken as rnentionecl in earlin experiments in 3, 8 and 14 days after 

each spraying. Fruit borer infest~1lion wH_s calculated in per cent damaged 

fruit in number and weight out of all the fruits plucked at every harvesting, 

at frequent interval as and whf'n attained marketable condition. Yield of 

marketable produce w<:ls c-llculatc<i in different years separately on the basis 

of fruit yield per plot and converted to ton per hactare. 

F'or the purpose of studies on comparative efficacy, percentage of 

incidence was converted into percentage protection (efficacy) by using 

following parameters : 

Per cent protection in treatments - Per cent protection in control 

Per cent protection = X 100 

100 -·Per cent protection in control 

D<lla thus obtained from lhree years were pooled and analysed 
statistically. 
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RESULTS 

4.1 Seasonal Incidence of Insect-Pests and Their 

Natural Enemies of Tomato and Their Interaction 

with Crop-Phenology 

4.1.1 Population fluctuation of different insect-pests and their 

natural enemies 

The experiment on fluctuation of population of different insect

pest species and their natural enrmies was conducted in 1997-98 and 1998-

99 during the tomato growing season through planting of tomato seedlings 

at monthly interval, starting from 241ll November to 24u1 February (P1 crop

planted on 24th November, P2 crop- planted on 24th December, P3 crop

planted on 24th January, P4 crop- planted on 24th February). Under 

present investigation aphid {Aprn:s gossypii Glover), white fly (Bemisia tabaci 

Gennadius), fruit borer (Helicoverpa c1.rmigera Hubner) and serpentine leaf 

miner (Liriomyza trifolii Burgess) were found predominant insect-pest species 

casusing damage to tomato. Among the different natural enemies, 

Menochilus sexmaculatn, Coccinella septempunctata and some spider species 

were found to play important role in natural suppression of soft bodied pests 

like aphid, white fly, mite etc. The seasonal fluctuation of insect-pest and 

their natural enemy population <lS influenced by planting time as well as 

prevailing weather conditions are discussed below 

4.1.1.1. Aphid (Aphis gossypii Glover) 

Aphid (Aphis gossypil), the small-soft bodied polyphagous insect 

appeared on all the four crops re:tised at different time in 1997-98 and 1998-

9CJ and their rele:1tive abundan<'e vari<·cl widely with difTerent times oi 
planting. 

In 1997-98, aphid population was initiated on 49tl! (0.19 /leaf}, 3n1 

(0. 98 /lean, 7th (2.21 /lean and 10111 (0.24 jlean standard week and continued 

for different periods on P, to P.1 cmp respectively (Table 4.1.1.1a). The mean 

aphid population was always lower in p, (0.18/lean and P4 (0.07 jlean crops 

(Table-4 .1.1.11) with the highest IJeing 0.41 j leaf and 0.24 /leaf on standard 

week 51 and 10 respectively. The mean aphid population was relatively 

higher on P2 (1.92/lean and l>:l (1.68/lean crop (Table 4.1.1.11), the 



Table 4.1.1.1a : Incidence and relative abundance of aphid (Aphis gos!!ypii Glov.) population at different times of planting on tomato 

Standard week 
Year I - ~- - - -~---1 

Planting ~ I 49 ! 50 ! 51 ! 52 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

0.32 () 26 U.l7 O.l] 0.15 0.07 0.03 

() 98 1.21 3.68 -U9 ()_:22 :; 68 I. 08 064 019 0.02 

2.21 ! "1 2 57 ] 19 () 50 0.33 0.03 

0.24 0.15 0.09 0.01 0.01 

PI 019 ()2(1 11-+l 

~ I P2 
~ ~--------------

~, f-~-~--------, 
r·-

0.39 0 . ."\U f)_:~ 0.19 0.11 0.03 0 01 !PI 0.67 (i 78 i.i 57 

/r ~ 092 1.09 2.22 7.33 3. 70 l. ()() 0.50 Oil 0 .lU 
'X 
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maximum being (6.22/leafj and (7.01/leafj on standard week 7 and 8 

respectively. 

With regard to the relative fluctuation of aphid population during 

entire crop growing season frorn J >ecember to May, it was observed that the 

builp up of aphid population was initiated (0.19 /leaf) early in the season 

from early December on the standard week 49. A moderate level of 

population was maintained upto the 2nd standard week i.e. upto the 2nct 

week of January (0.17 jleaf). Higher level of population was maintained from 

4111-10 1ll standard week (0.98-7.01/leafj i.e. from 3n1 week of January to 2uc1 

week of March and the population reached at higher level on the standard 

week 8 (7 .01 /leal) and the population level declined thereafter (Table 

·+.1. 1.1 b). During the period of higher incidence the average temperature, 

r.h., sunshine hr/day were ranged from 14.73 to 20.84°C, 61.78 to 75.93%, 

3.~~C) to <J.21 hrjclay respectively and the total rainfall was lOmm. 

In 1998-99, the Pt and P-1 crop also witnessed lower aphid 

population but the level was higher thnn the previous year 0.36/leaf and 

0.10/leaf respectively (Table 4.1. 1.12), but P2 and P3 crop witnessed less 

aphid population than the previous year and accounted to 1.74/leaf and 

1.45 /leaf respectively. The highest population level for four different crops 

was on 50111 (0.78 /leaf), 6tl 1 (7.33 /leaf), 71h (6.21 /leaf) and 10th (0.36 jleafj 

standard week during P1 to P1 crop respectively (Table 4.1.l.la). 1 

With regard to the nuctuation of aphid population during the I 
entire crop growing season it is observed that the population increased 

stcadily with the advancement of season and after the standard week 9 i.e. 

after the 1st week of March th(' population decreased gradually (Table 

4. 1. 1. 1 b). The aphid was found most active from standard week 4-9 and the 

highest being 7.33 /leaf on standard week 6. During higher period of 

incidence, average temperature, r.h. and sunshine hrjday were ranged from 

15.93 to 22.22°C, 67.85 to 74.21~'0, 7.53 to 9.05 hrjday without any 
1·ain fall. 

Pooled average data of two years on different plantings showed 

that P J. crop recorded significantly higher mean aphid population ( 1.83 j leaf), 

closely followed by P:, (1.56/leaJ). P1 and P" crop witnessed lower level of 

population 0.27 /leaf and 0.08/leaf respectively (Table 4.1.1.13). The 

initiation of aphid population on crops planted at different time was 

observed at early stage of crop growth i.e. only about 2 weeks after 

transpl;:mting and the infestation was continued for different periods on 
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Table 4.1.1.1 b Seasonal incidence of aphid (Aphis gossypii Glover) 
on tomato 

Standard Aphid /leaf 
Week 1997-9R 1998-99 Mean 

~-~- --~ -----··- --~---~--
49 019(0.8.\) 0.67( 1.08) 0.43(0.96) 

50 0.20(0 84) 0.78(1.13) 0.49(0.99) 

51 0.41(0.95) 0 57( 1.03) 0.49(0.99) 

52 (U2(091) 0.39(0.94) 0.36(0.93) 

l 0.26(0 87) 0 50(1.00) 0.38(0.94) 

2 0.17(0.82) 0.25(0.87) 0.21(0.84) 
1 0.98(1 22) 0.92(1.19) 0.95(1.20) .) 

4 1.21(1.31) 1.09(1.26) 1.15(1.28) 

5 3.68(2.04) 2.22(1.65) 2.95(1.86) 

6 4.19(2 16) 7.33(2.80) 5.76(2.50) 

7 6.22(2.59) 6.21 (2.59) 6.22(2.59) 

8 7.01(2.74) 3 I I (I. 90) 5.16(2.38) 

9 257(17") 1.21(131) 1.89(1 58) 

10 1.19( 1.3()) 0.67( 1.08) 0.93(1.19) 

11 0.50(1 0) 0.20(0.84) 0.35(0.92) 

12 0.33(0 91) 0.11(0.81) 0.22(0.85) 

13 0.03(0 7.\) 0.05(0.74) 0.04(0.73) 

14 001(071) 0 01(0.71) 0.01(0. 71) 

Figure in parenthesis indicate square root transformed value. 



48 

different planted crops (Figure 4.1.1a), for 10 weeks (49th_6111 and 3nL]211
' 

standard week) in P1 and P2 crops respectively. In P3 crop it was for 7 weeks 

(7tl'-13LI' standard week) and only 5 weeks (1011Ll41h standard week) for the 

V1 crop. 

Initial aphid population was 0.43/leaf, 0.95/leaf, 4.21/leaf and 

0.30/leaf on P1 - p,1 crop, this 

might be due to ecological 

pressure that determined the 

level of population. Higher initial 

population 

subsequently 

level 

planted 

on 

crops 

might be due to carry over of 

aphid population from the 

e<lrlier planted crops, where 

aphid population had already 

been built up and migrated to 

I 

I 
I 

Standard week 

120 

100 

I Fig 4.1.1b Seasonal incidence of aphid (Aphis uossypii 
\ Glov.) population (average) on tomato 
I -

more succulent crop. Similarly rwak aph ill population (Figure 4.l.la) was 

also varied with different time of planting. lt was only 0.49/leaf on 5011 ' and 

5 1st standard week to P 1 crop, 5. 7 6 I lear on 6th standard week to P 2 crop, 

5.16/leaf on 8 111 standard week to P:J crop and only 0.30/leaf on 1011 ' 

st;mdarcl week to P.1 crop (Table 4. l.l.lc1). 

It was also observed that higher level of population on tomato 

plant was observed only for 4-~1 weeks <1fter transplanting i.e. during the 

early establishment stage of crop growth. With the increment of age, plant 

became hardy, less succulent thereby less preferred by aphid, resulted in 

lower population. 

The relative fluctuation of aphid population during the entire crop 

growing season of the two years 

st uclied, revealed that the aphid 

population was initiated on 49u 1 

standard week i.e. during early 

December and moderate 

population was maintained upto 

2"d standard week i.E?. upto 

rniddk of January (Figure 

4. 1. 1 tJ). Higher population was 

maintained from Jnl_l ()ll1 

standard week I.e. during 
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Fig 4.1.1 b Seasonal incidence of aphid (Aphis gossypii 
Glov.) population (average) on tomato 
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middle of January to middle of March and the highest being during 7111 

standard week i.e. 3rc1 week of February (6.22/leaf). The population declined 

onward from 1 ph standard week (Table 4 .1.1.1 b). The average temperature, 

r.h., sunshine hr/day during the period of higher incidence were ranged 

15.43 to 22.13°C, 69.11 to 73.96°/cJ, 5.70 to 8.94 hr/day respectively and the 

total rainfall was 5.00mm. 

Correlation studies between mean aphid population and different 

weather parameters (Table 4.1. 1 .8) on crops planted at different time 

showed that the aphid population had significantly negative correlation with 

the mCJ.ximum, minimum and ;werage temperature in all plantings but 

temperature gradient showed positive and significant correlation in all 

plantings excepting the P1. During the period of higher incidence i.e. on P:2 

and P:l crops, maximum and averctge r.h. and r.h. gradient were significantly 

positive and minimum r.h. had significnnt negative correlation to the aphid 

popul<ltion. While the average r.h. was non-significant and positively 

correlated to aphid population. 

Correlation between aphid population during crop growing season 

and prevailing weather factors revealed that the population had significant 

negative correlation to minimum temperature, minimum r.h. and total 

rainfall. But relation of aphid population with the temperature gradient, r.h. 

maximum and gradient and sunshine hrjciay were significant and positive. 

The aphid population had negative and non-significant correlation with the 

maximum and average temperature and average r.h. (Table 4.1.1.10). 

4.1.1.2 White fly (Bemisia tabaci Gennadius) 

It is also a soft-- bodied small polyphagous pest. Besides direct 

d<-unage by desapplng leading in to devitalization of plant, it also secrete 

honey dew which fall on leaf and favours development of shooty mould or 

black fungus (Caprorliwn spp.) 1 hat interfere with the photosynthetic and 

respiratory activity of the plants. MoreoVf~r, this insect is a potential vector of 

tomato leaf curl viral disease, which causes huge loss to crop. 

Like aphid, mean white 11y population was also varied significantly 

among the different planted crops in both the years. In 1997-98, the 

populations of mean white f1y was at a low level on the Pr (0.23/plant) and 

the P-1 (0.04/plant) crop and higher population was observed on P) 

(0.7:2/plant) and P:1 (0.67/pl;mt) respectively (Table 4.1.1.11). The 

population was initiated on 49 111 , 3n1, 7 11! and 10th standard week and 

continued for different time and reached the maximum level on 52nci 
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Table 4.1.1.2a: Incidence and relative abundance of white fly (Bemisia tabaci Genu.) population at different time of planting on tomato 

est Population , Standard week 
I i 

I 
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I Plantilll! 
i -+ 9 50 5 I 52 I 2 3 -+ 5 6 7 8 9 10 I I I 2 I 3 I-+ 15 16 17 18 I 

pl 
f---------

1 o.o9 0.24 CU5 0.58 0.38 0.27 0.21 0 i.:'i 017 0.20 0.12 O.OI 0 0 I 

oe 
=;- ! P:: II ""'ll ., __ ..._ !) (-,! l (){! 1 .::; ~ 1 8-l 1 '.:! 'I ')X \l'f1 048 {)].:! nn~ 
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(0.58/plant), 7th (1.84/plant), Sth (1.32/plant) and 10tt1 (0.18/plant) 

standard week respectively for P1 to P4 crops respectively (Table 4.1.1.2a). 

From the analysis of relative fluctuation of population of white fly 

in the entire crop-growing season from December to May, it is revealed that 

the activity of white fly on tomato was initiated on 49th standard week i.e. 

from 1 "1 week of December and. continued till 17Ut standard week i.e. 1st 

week of May. The population reached at maximum level ( 1.84 /plant) on the 

7 11' standard week i.e. 3~< 1 week of Pebn.wry and higher population level was 

n1aintained from 511t-l() 11 ' standard week (Table 4.1.1.2b). During the period 

or higher level of white fly inciden('e average temperature, r.h. and sunshine 

hr/ day were ranged from 16.29 1o 20.84°C, 61.78 to 71.36%, 6.37 to 9.21 

hrjday respectively and the total rainfall was 79.50mm. 

During 1998-C)<), the initiation and duration of activity of white fly 

on different crops planted <-lt dillnent time followed the similar pattern as 

found during 1997-98. The population was also lower in P1 (0.23/plant) and 

P1 (0.06/plant) crops (Table 4.1.1.12) with the highest being on ls1 

(0.50/plant) and 1011t (0.22/phmt) standard week respectively, while 

comparatively higher level of white fly population was observed on P2 

(0.57 /plant) and P3 (0.42/plant) crop, with the highest being on 6ll' 

( 1.83 I plant) and 8 1ll ( 1.06 /plant) standard week respectively (Table 

4.l.1.2a). 

With regard to white !ly population fluctuation during the entire 

crop growing period it is observed that the population was initiated on 

standard week 49 and continued its activity till 18th standard week. The 

highest lly population ( l J() I plant) was recorded on 6th standard week and 

a higher population ( 1.06- I .BJ 1 pl;mt) \Vas maintained from 6th_9th standard 

week i.e. from middle or February to 1st week of March (Table 4.1.1.2b) when 

average temperature, r.h., sunshine h t) clay were ranged from 19.95 to 

22.64()C, 70.50 to 74.21\)C, 7.33 to 9.01 hrjday respectively and no rainfall. 

Analysis of pooled mean data of two years of white fly population 

on tomato crops raised on different time showed that the population level 

was significantly higher (0.65/plant) on P2 crop, closely followed by P: 1 

(0.54/plant) and minimum being observed from Pt~ (0.05/plant). (Table 

4. 1.1. 13). The population of fly was initiated at very early stage of crop 

growth only after 2 weeks of transplanting irrespective of their time of 

planting, however, infestation was continued for different periods on 

different crops. It was for about lJ weeks (491h-9tll standard week), 12 weeks 
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Table 4.1.1.2b Seasonal incidence ofwhite fly (Bemisia tabaci Genn.) 
on tomato 

Standard Whitefly/plant 
---·-

Week 1997-C)X 1998-99 Mean -···--·------------------- ------- ---- --~---- ----- ·----- ----------

49 0 09(0 77) 0.23(0.85) 0.16(0.81) 

50 0 24(0 8()) 0.38(0.94) 0.31(0.90) 

51 CU5(0 9::) 0.33(0. 91) 0.34(0.92) 

52 0.58(1.04) 0.28(0.88) 0.43(0.96) 

I 038(094) 0 50(1.00) 0.44(0.97) 

2 0.27(0.8X) 0.27(0.88) 0.27(0 88) 
,.., 

0 21 (0 8·1) 0.25(0.87) 0.23(0.85) .) 

4 0 61 (I 0',) 0. OSJ(O. 77) 0.35(0.92) 

5 1.00(1.22) 0.22(0.85) 0.61(1.05) 

6 I ~"(I .f.') .. _) . _, 1.83(1.53) 1.68(1.47) 

7 I 84( 15l) 0.84(1.16) 1.34(1.36) 

s I 12( I l ',) I 22( I 31) 1.27( 1.33) 

9 I 20( Ill I) I 06( I 25) 1.13(1.28) 

10 () 'J8( 1 2~1 ) 0.88(1.17) 0.91(1.19) 

I 1 0. 76( 112) 0. 52( 1. 01) 0.63(1.06) 

12 0.33(0 91) 0.20(0.84) 0.26(0.87) 

13 0.16(0.81) 0.11(0.78) 0.13(0.79) 

14 0.05(0.74) 0.02(0.72) 0.03(0.73) 

1 ') 0.02(0 72) 0(0.71) 0.01(0 71) 

16 001(071) 0.09(0.77) 0.05(0.74) 

17 0.01(0 71) 011(0.78) 0.06(0.75) 

18 0 00(0 71) 0.02(0. 72) 0.01(0.71) 

Figure in parenthesis indicate square root transformed value. 
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(3 1" -14tll standard week), 9 weeks (7tk 15u 1 standard week) and 9 weeks 

(10til_l8tll standard week) for P1, F2, P:, and P4 planted crops respectively 

(Figure 4.1.2a). 

Like aphid, initial white fly population level was 0.16 I plant, 

0.23/plant, 0.70/plant and ao 

0.:20/plant for P1 to P4 crops 

respectively. Difference in higher 

initial population level with 

dderrccl pl~mtings might be due 

to carry over through local 

migration of fly from earlier 

planted crop been use of 

prdCITil<T of fly popul;ltion to 

the more succulent plrtnts. 

Similarly population reached at 

GO 
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(
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Fig: 4.1.2a Incidence and fluctuation of whitefly 
(Bemisia liJtJac/ Genn.) population (average)at different 

time of planting on tomato 
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highest level at dillerent time 011 different crops planted at different time 

(Figure 4.1.2a). It was only 0.44/plant on 1st standard week, 1.68/plant on 

6tll standard week, 1.19 /plant on 8u1 standard week and 0.20 /plant on 10tl1 

standard week for P,, P2, P:1 and F), crops respectively (Table 4.1.1.2a). 

With regard to relative fluctuation of mean white fly population 

during en 1 ire crop growing 

season for two years studied it 

was revealed that the white i1y 

population was initiated on the 

4<) 11 ' s1<HHLlrd week z.e. from 

early December. The 
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StancJ<JrcJ \VCek i.e. UptO firSt 11ig4.1.lh -'''"""'"linci<lenccofwhiletly(Bemisiatahaci Gcnn.) 
population (avc1·11gc) on tumuto 

wed..;: of February (Figure ________ ___ _ ____ I 

4. 1.2b). The population reached at the highest level (1.68/plant) on the 6tll 

standard week i.e. middle of February and higher level of population was 

maintained from 611
L 1 Qtll standard week i.e. from middle of February to 

middle of March and declined gra.dually thereafter (Table 4.1.1.2b). During 

the period of higher incidence of lhis pest the average temperature, r.h. and 

sunshine hrjclay were recorded 17.07-'2'2.13°C, 65.29-72.78%, 7.79-8.~)"j 

hr/ day respectively and the total rainfall was 5mm. 



Table 4.1.1.8 Correlation between insect-pests population on tomato crops at different times of planting and prevailing weather conditions 

- - -1 
Planting I Aphid White fly Leaf miner Fruit borer Tingid bug Hadda beetle 

Weather P, p2 P, p~ p, D p~ 

Parameters I ' " 
l\1ax. temp. "c -t-l ~61 * -0 350 -I_! (.X]* 1 _._~ s=: i * 0 X2--t* '"''* 

(i 621 * 

:\lin. temp. "c I .;-·="* I -0 513* I .: ~::.>< I '; 1 * ! -'' "'.Q\'* ! _,-, ~ ,., _/' ""'2* -11 (<'6* (I 7tJ1* 1~1 c)=~:,< ···-il•-i* 'J ._, i /\* 
I \) 78:* l IJ ~~ 7* I <H11* I 0 917*: I 0 -+--+9 I -o 1 23 I :_;:-l}-1 I ~= "7...!* 

I 
I 

I I u m• i I I I -o 753* I _() 920* I I -o 6)g• I -o 732* I -o s1s• 
Temp. gr·ad "c I _,I 7 :::~· I 0 593 I {) 5 '\9* !) 765* -03~ 0 b02* I 0 695* I) 369 -0 X2-1* 0 046 I -0 410 I 0.234 I -U 484 I 0 466 

I I I 

-~~*I oss--+* I I) '8.79* I : ! I I I 
An· .. temp "c I -·_ '27* I -0 439 I ,,. ',....,.-

I = \~ . "~'* l n Ott;-:* I ~\.--.* ,-i ?_3...!* I) 7...!-:-* ( j ~: l:? 0 933* n -1-.::;0 I 0.023 I 0 PI i ; 613* 

l\1ax. r.h. ~,~ I -·:1 321 1 o.666* I \) ;\:\.\"' Ji .::; 75 * t) 967* (._) 5~6* {_) 676* -(: ....;.s.; .1) 813* -0 80-1* -0 3 7~ I 773* I -o ni* -0 5(';0* I) 7!2* 0 898* -0 711 * -0.145 I 0 216 I 0 747* 

I ;\fin. r.h.% 1:1 .. !_~4 -0.570* .. ()-t-tu X-. 1 * 0_439 -0 3:~1 -U :3 15* 750* -0 399 0. 83 7* 0 921)* I I l)--l-5* -0 161 0 691* I) 772* 0.811* 0.47-l -0 027 0 601* 0 550* 
' 0' 

r.h. grad% .1) 586* 0.674* 0.707* u 856* -0.561* 0 692* 0 891 * 0 794* -0 038 -0.913* -0.866* -0 884* -0.345 -0.796* -0.745* -0 683* -0.674* -0.028 -0.474 -0 562* 

Ave. r.h. 0/o I) 135 0.021 0 018 .1) 769* 0474 -0.157 -0412 -0 681* -0.626* -0.047 0 434 0.951 * ..0.609* 0 355 0.798* 0.859* -0031 -0 059 0493 0.629* 

* Significant 

(.]1 
.):>. 
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Studies on correlation between level of white fly population on 

crops of different time and important weather parameters (Table 4.1.1.8) 

revealed that the population was significant and negatively correlated with 

the maximum and minimum temperature and r.h. gradient but significant 

and positively correlated with maximum r.h., however, average temperature 

and temperature gradient was non significant and negatively correlated 

while non-significant and positive correlation was found with the minimum 

and average r.h. on P1 crop. In P; crop, temperature and r.h. gradient and 

maximum r.h. were significant and positively correlated with white fly 

population but maximum, minimum and average temperature and average 

r.h. had non-significant negative correlation. On P3 crop, the population had 

significnnt ly negative correlation with lll<lximum, minimum and average 

temperature and minimum r.h. hut hac! a significant positive correlation 

with temperature and r.h. gradi('nt ancl maximum r.h .. Average r.h. had 

non-significant and negative conclation. While in P4 crop, the population 

remained significant and negatively correlated with minimum and average 

temperature and r.h. respectively, but had a positive correlation with 

temperature and r.h. gradient. But maximum temperature and r.h. 

respectively had non-significant and negative correlation with white f1y 

population. 

Correlation studies between white f1y population during entire 

crop growmg season and important weather parameters showed that the 

population had non significant and negative correlation with maximum and 

average temperature, but minimum temperature, minimum and average r.h. 

and total rainfall showed negative and significant correlation with white fly 

population. The population was round significant and positively correlated 

with temperature and r.h. grmlic11t ancl sunshine hr/day, while maximum 

r. h. had non significant and positive correlation (Table 4.1.1.1 0). 

4.1.1.3 Leaf miner (Liriomyza trifolii Burgess) 

Adult leaf miner fly danmges the leaves to feed or to lay the eggs 

and the larvae tunnel within the leaf, make characteristic serpentine mine 

and reduces photosynthetic activity of the plants. Leaf miner infestation 

V<lricd significantly over four diflercnt planted crops in both the years. 

During 1997-98 leaf miner appeared Ht the early stage or crop 

growth on P1 crop (50tt1 standard week) and remained active only for a period 

or three weeks with a very low lev<'l of infestation (0.01-1.25% mined leaves). 

But after a lapse of five weeks ( 1-5111 standard week) it reappeared with 
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Table 4.1.l.3a : Incidence and relative abundance of leaf miner (Liriomyza tr~folii Burgess) infestation 
at different times of planting on tomato 
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p3 (J 00 1 11 11.92 39.89 41.23 35.00 45.00 6:>!.11 78.75 82.00 86.33 

p4 12.91 25.00 10.92 25.00 60.29 57.23 68.25 70.00 

P1 0 00 0.3! 0.76 0.38 0.00 000 0 00 0.00 0.00 !.77 4.89 8.58 12.93 15.71 24.34 

Pz 0.67 4.17 6.93 14.90 32.05 34.55 57.65 74.57 80.84 86.15 91.92 

p3 l.l1 8.17 2~ /;() 43.20 44.80 42.68 58.34 71.66 80.21 83.62 87.28 

p4 14.12 26.19 23.13 46.84 62.74 66.11 72.31 77.12 
---- -----

I 

18 19 20 21 

X9.67 93.9~ 

77.09 80.00 82.50 86.00 

83.38 86.99 
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Table 4.1.1.3b Seasonal incidence of leaf miner (Liriomyza trifolii Burgess) 
infestation on tomato (in 'X,) 

Standard Mined leaf %, 
Week 1997-98 1998-99 Mean 

1---

49 0 00(0 71) 0.00(0.71) 0.00(0.71) 

50 001(0.71) 0.61 ( 1.05) 0.31(0.90) 

51 1.25(1.32) 0.27(0.88) 0.76(1.12) 

52 0 76( 112) 0.00(0. 71) 0.38(0.94) 

1 0.00(0.71) 0.00(0.71) 0.00(0.71) 

2 0.00(0.71) 0.00(0.71) 0.00(0.71) 

"' 000(071) 0.00(0.71) 0.00(0.71) _) 

4 0.00(0. 71) 0.00(0.71) 0.00(0. 71) 

5 1.34(1.36) 0.00(0.71) 0.67(1.08) 

6 7.34(2.80) 1.33(1.35) 4.35(2.20) 

7 6.67(2.6R) 7. 19(2. 77) 6.93(2.72) 

8 18 94(441) 10 68(334) 14.90(3.92) 

9 45.68(6.1W) 30 39(5.56) 38.04(6.21) 

10 46.51(6.86) 38.89(6.27) 42.68( 6. 57) 

II 48 37(6 90) 66.70(8.20) 57.54(7.62) 

!2 60. 92(7. 84) 88.22(9.42) 74.57(8.66) 

13 7201(852) 89.67(9 50) 80.84(9.02) 

14 82 30(9 I 0) 90.00(9.51) 86.15(9.31) 

15 88.51(9 ·13) 95.33(9 79) 91 . 92( 9. 61) 

16 85.24(9 .. 1.6) 82.00(9.08) 83 .62(9. 17) 

17 88.23(9.42) 86.33(9.32) 87.28(9.37) 

18 89.67(9.50) 77.09(8.81) 83.38(9.16) 

19 93. 98(9 72) 80.00(8.97) 86.99(9.35) 

20 82 50(9 11) 

21 86.00(9.30) 

Figure in parenthesis indicate square root transformed value. 
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With regard to infestation level althrough the season the infestation 

pattern was similar to that of previous year but the total period of incidence 

was longer in 1998-99 and continued till 21st standard week (Table 

4.1.1.3b). The average temperature, r.h. and sunshine hrj were ranged from 

22.45 to 28.86°C, 63.57 to 81.641%, 4.14 to 8.48 hrjdays respectively and 

the total rainfall was 594.70mm during the higher period of leaf miner 

incidence ( 11 til - 21st standard week). 

Analysis of pooled dat<-1 for two years of leaf miner infestation 

revealed that P 1 crop always recorded lower leaf damage, the maximum 

being 24.34% on the 1 Jth 

standard ssweek (Figure 

4.1.3a). Among the four 

plantings the highest level of 

infestation (91. 92%) was 

recorded m P2 crop on 15th 

standard week but the 

percentage of leaf mmer 

infestation was consistently m 

higher proportion in P3 and P4 

crops, where the max1mum 

value was 87.28% in the 1711 1 
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standard week and 86.99% in the 1911l standard week respectively (Table 

4.1.1.3a). The mean leaf miner incidence was found significantly lower on P1 

crop (3 .28%) and the highest being on p_, crop (51.27%), closely followed by 

43.63% on P:o crop. The V2 crop witnessed 27.24% leaf miner infestation 

(Table 4. 1.1. 13). 

The overall observation revealed that the infestation of leaf miner 
was initiated during mid - -------------------------------. 

December for a short spell of 

three weeks and after a gap of 

5 weeks, the activity was 

continued from su 1-l9tl1 "" 

100 

so 

120 

100 

i 
80 ~ 

standard week With the j '0 

advancement of season the 

intensity of infestation also 

increased and recorded the 

highest level of91.92% on JSIIJ 

standard week (Figure 4.1.3b). 
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High level of infestation persisted from 11th to 19th standard week (Table 



Photngntph showing fruit borer feed on fruit 

Photograph showing leaf curl diseased plant 

Photogntph sho" lng mined leaf in tomato plant 

Photognttlh showing group of hadda beetle 
and its dama~c symptoms on tomato leaf 
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4.1.1.3b) i.e. from late March to late May at the average temperature 21.60-

27.230C, average r.h. 65.39-80.25%, average sunshine hr/day, 3.39-8.49 

hr/day and total rainfall of 375.30mm. 

In case of all the plantings, the leaf miner infestation showed 

signifiu-mtly positive correlation with the maximum, minimum and average 

temperature but temperature gradient showed a negative significant 

correlation (Table 4.1.1.8). In Pt crop the maximum and average r.h. had a 

significant negative correlation but r.h. minimum and gradient was non

significant and negatively correlated with leaf miner infestation. In case of P2 

crop r.h. maximum and gradient showed negative and significant 

correlation, while r.h. minimum had a significant positive correlation with 

leaf miner incidence. The P1 crop showed significant positive and negative 

leaf miner infestation with r.h. minimum and its gradient respectively but 

had non-significant positive and negative correlation with r.h. maximum and 

average respectively. But in P1 crop, maximum, minimum and average r.h. 

was significant and positively correlated, while r.h. gradient had negative 

and significant correlation with leaf miner infestation. 

With regard to leaf miner infestation in the entire crop growmg 

season i.e. December-May, signil"icant and positive correlation was obtained 

with maximum, minimum and avnage temperature, minimum r.h. and total 

rainfall while temperature gradient, r.h. maximum and gradient had 

significant and negative correlation with leaf miner infestation. The 

infestation was found non-significant and positive to average r.h. but was 

non-significantly negative to average sunshine hr 1 day (Table 4. 1. 1. 10). 

4.1.1.4 Fruit borer (Helicoverpa armigera Hubner) 

Fruit borer (1-Ielicoverpo armigera) is a cosmopolitan, polyphagous 

pest. It is a key pest of tomato e<tusing huge quantity of fruit damage that 

can not be replenished by any means, since it attacks the cashable part of 
tomato. 

In terai region, infestation by fruit borer causes much loss to 

tomato. The magnitude of damage varied with the time of planting as well as 

with the years of investigation. However, damage was restricted to about 8 to 

9 weeks and only during the fruiting stage of the crop. During 1997-98, the 

infestc:1tion was initiated on the 7' 1
' standard week on P 1 crop and continued 

upto 13' 1
' standard week with ;:-t maximum damage of 12.33% on the 12u, 

standard week. In case of P2 crop the initiation of infestation occurred on 

11th standard week and continued till 19th standard week with the highest 

population of 23.90% on 15tl' standard week. In P:i crop the population was 



Table 4.1.1.4a: Incidence and relative abundance of fruit borer (Helicoverpa armigera Hubner) as per cent bored fruit 
at different time of planting on tomato(%, in number) 

r Year 

~~ Pest population I Standard week 

Planti~: 
I 6 7 8 9 ](I II 12 13 14 15 1G 17 18 19 20 21 22 

I 
PI 

i 5.50 7.23 8.22 9.87 10.67 12.33 11.50 

I oc p2 1 r;_6g 9.86 11.13 9.'; . :- 30 ]!) 11 10.21 ~ 13 i ' ::--, -· . 
r-!.. 
::--, 

p3 I ::--, 6.25 12.00 20.00 12.68 16.33 I0.34 9.51 8.21 
~ ! 

I p4 14 :'(· 9.4X ~77 9.29 15.40 250I 
! 

' 

PI i l.2I 3.86 7.7I 4.33 9.93 I5.98 14.22 10.84 8.53 
' 

p2 
i ::--, I 7.98 10.54 8.39 I3.77 12.00 20.00 I5.89 I0.65 6.67 ::--, 

I I 
00 
::--, 

p3 i ::--, 8.33 I4.28 20.00 I2.00 I0.63 9.50 7.77 6.23 - I 

p4 5.00 7.I4 Il.II 9.99 I4.50 13.83 13.50 26.09 

PI 0.6I 4.68 7.47 6.28 9.89 13.32 I3.28 Il.l7 4.27 
c 
~ p2 i 9.33 I0.20 9.76 Il.64 I7.95 I8.I8 13.00 I0.43 6.90 ~ ';I) 

c ; i = 0) p3 ~ ~ 7.29 I3.14 20.00 I2.34 13.48 9.92 8.64 7.22 0) 

:;s 
p4 

I 
9.G8 8.31 9.94 9.64 14.95 I9.42 

(J) 
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noticed on 13th standard week and reached at the maximum level 20.00% 

on 15th standard week and continued upto 201h standard week, whereas, in 

J>,1 crop fruit boring started from 15th standard week and with gradual 

increase infestation level reach eel at a maximum of 25.01% on the 2ou~ 

standard week (Table 4.1.1.4a). The mean infestation level was significantly 

h ighcst in P. 1 crop ( 13. 70cYr)) and significantly lowest on P1 crop (8.16%). The 

P2 and P:~ crop witnessed 10.7 4<~;;1 and 11.91% attack respectively (Table 

4.1.1.11). 

Considering the entire S(~ason, fruit borer incidence was initiated 

on 7 111 standard week and con tin ucs up to 20111 standard week. Highest level 

of infestation was recorded on 20th standard week (25.0 1 %) (Table 

·+.1.1.4b). In general the fluctuation of borer infestation followed no definite 

pat tern rather it was inconsistcn t. However, high level of infestation was 

recorded from 15th to 20111 standc.1rd week, when average temperature was 

~2.10 to 29.87°C, average r.h. was 74.93 to 83.43%, sunshine hrjday was 

J.13 to 9.98 hrjday and total rainfall was 258.50mm. 

During 1998-99, the pat tern of fruit borer infestation followed the 

trend similar to that of 1997-98. However, the duration of infestation was 

longer and degree of infestation was also lower (Table 4.1.1.4a). Mean 

in!'cstation level was also significantly higher on p_., crop (12.68%) followed by 

P:l (12.09%) and P2 (11.27%) crops respectively. The P1 crop had recorded 

R.51 ~~~bored fruit in number (Table 4.1.1.12). 

With regard to the pattern of incidence during the entire crop 

growing season, the total duration of fruit borer infestation was recorded 

longer than previous year, started from 6 111 and persisted till 22 11d standard 

week and the highest infestation (26.09%) was observed on the 22mt 

standard week (Table 4.1.1.4b). In this year too fluctuation of fruit borer 

infestation followed no definite pat tern, rather it was inconsistent. From the 

over all observation, it can be saicl that higher level of fruit borer incidence 

was maintained from 11th to 22 11d standard week when average temperature, 

r.h. and sunshine hrjciaywere 2'2.45 to 27.58°C, 63.57 to 81.64%,2.71 to 

8.48 hr/ clay and the total rainfall was 660.10mm respectively. 

The pooled mean data of two years on fruit borer incidence 

rcvcalccl that the borer infestation was initiated on 6th, 11111, 13u1 and 15111 

st;mcl;lnl week in l1
1 to l1

1 crops tTspcctivcly. The percentage of fruit 

damaged (in number) was found significantly lowest (8.34%) on P 1 crop. 

With gracl ual increase fruit <lam:tJ•,es reached at the highest level ( 13 .19%) in 
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Table 4.l.l.4b Seasonal incidence of fruit borer (Helicoverpa armigera Hb.) 
on tomato CYc• in number) 

Standard Bored fruit 4Y., 
Week 1997-9~ 1998-99 Mean 

--·-----

6 1.21(1.31) 0.61(1 05) 

7 5.50(2 4')) .1.86(2.09) 4.68(2.27) 

8 7.23(2 n) 7.71(2.86) 7.47(2.82) 

9 8.22(2.96) 4 33(2.20) 6.28(2.60) 

10 9.85(3.21) 9.93(3.23) 9.89(3.22) 

1 1 1067(1:H) 15.98(4.06) 13.32(3.72) 

12 12.33(3 . .S~) 14.22(3 .84) 13.28(3.71) 

13 1150(3 ,16) 10.84(3.37) 11.17(3.42) 

14 12.00(3 ')4) 14.28(3.84) 13.14(3.69) 

15 23. 90( 4.40) 20.00(4.53) 21.95(4.74) 

16 16.36(411) 20.00(4.53) 18.18(4.32) 

17 16.33(410) 15.89(405) 16.11(4.08) 

18 [ 0.34(3 2CJ) 10.65(3.34) 10.49(3.31) 

19 15 .40(3 lJCJ) 14.50(387) 14.95(3.93) 

20 25.01(5 05) 13.83(3.78) 19.42(4.46) 

21 13 .50(3 .74) 

22 26.09(516) 

Figure in parenthesis indicate square root transformed value. 
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p,l crop. While in P2 and PJ crop 11.00% and 12.00% damaged fruit m 

number was recorded. (Table 25 9o 

4.1.1.13). Period of borer 

infestation was longer in P1 

and P2 crops than in the P3 and 

the least being in P.1 crop 

(Figure 4.1.4a). The duration of 

borer infestation was related to 

fruiting stage of the crop. The 

20 

" ~...... .... ., ., ... -. ....... 

Standard Week 

CrOp dUratiOn ViS-a -ViS fruiting Fig: 4.1.4a Incidence and fluctuation of fruit borer 
( He/icoverpa armlgera Hb.)(average) at different 

stage was longer in earlier time of planting on tomato 
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planting resulted maximum period of incidence. With the advancement of 

seasons, temperature was raised and fruiting period was shortened, which 

ultimately resulted shorter period of fruit borer infestation i.e. only for 6 

weeks in P4 crop. Fruit borer incidence was consistently higher on P2 crop 

(6.90-18.18%). The incidence of lruit borer infestation was highest on 11' 1
' 

standard week ( 13 .32%), 16Ll' st<:mdard week ( 18.18%), 1St11 standard week 

(20.00%) and 201h standard week ( 19.42%) respectively from P1 to P<1 crops 

(Table 4. 1. 1.4a). 

Similar trend was also observed as in case of damaged fruit in respect 

or weight. Here also that P1 crop had significantly lowest att::1ck (8.04%) over 

other crops and the minimum being 12.50% in p,l crop followed by 11.49% 

and 1 0.28%) in P:, and P2 crops respectively. (Table 4.1.1.11-4.1.1.13). 

With regard to mean fruit borer infestation during the entire crop 

growing season it is observed that fruit borer infestation was initiated on 6u, 
standard week and continued ---------

~ 1W 

upto 20 11' standard week. The 

t1uctuation of fruit borer 

infestation followed no definite 

pattern. It was comparatively 

lower (below 1 0%) at the early 

part of the season but with the 

advancement of season 

infestation increased (Figure 

4.1.4b). Higher level or 
infestation was observed from 
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Fig-4.1.4b Seasonal incidence of fruit borer(He/ico ·erpa 

armigora Hubner) (average) of tomato 

lltlr to 20th standard week (11.17-19.42%) i.e. during March to May (Table 

4.1.1.4b). During this period average temperature, r.h. and sunshine hrjday 
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were ranged from 21.60 to 28.13()C, 65.39 to 80.25%, 3.39 to 8.77 hrjday 

respectively and the total rainfall was 385.45mm. 

Studies of correlation between important weather parameters and 

borer infestation on crops planted at different time (Table 4.1.1.8), it is 

observed that temperature maximum, mm1mum, and average were 

significant and positively correlated with borer attack but temperature 

gradient showed a significant negative correlation with borer infestation in 

all the plantings. In Pt crop r.h. maximum and average was significantly 

ncgutive but r.h. nHnimum and gradient wC:ls non-signiflcant and negatively 

correlated with fruit borer infestation. In P:.t crop r.h. maximum and gradient 

had significant and negative correlation but maximum and average r.h. had 

positive correlation. During higher infestation period i.e. P3 and P4 crops, 

r.h. maximum, minimum and average showed a significant positive 

correlation but r.h. gradient was significant and negatively correlated with 

borer infestation. 

Correlation of overall borer infestation with climatic parameters 

althrough the crop growing season, showed that the population had a 

significant positive correlation with maximum, minimum and average 

temperature, minimum r.h. and total rainfall, while temperature gradient, 

r.h. maximum and gradient showed negative and significant correlation. 

Average r.h. and sunshine hrjday were found to be non-significant and 

positively correlated with borer in l'estation (Table 4.1.1.10). 

4.1.1.5. Tingid bug (Urentius hystri.cellus Richter) 

Although, tingid bug is a major pest of brinjal but it attacked 

tomato plants too only on late-planted crops, however population was 
always recorded low. 

During 1997-98 P:l and P4 crop, the bug population was initiated 

on 11 til and lou~ standard week respectively. The mean tingid bug 

population was found significantly higher 1.14 /leaf in P4 crop than the PJ 

crop one with 1.01 bugjleaf (Table 4.1.1.11). The highest bug population 

was recorded on 13'1! standard week (2.67 /leaf) in P3 crop but on P4 crop on 

1511
' stc=mdard week (2.78/lcaD (Table 4.1.1.5a). 

With regard to the pat tern of incidence of tingid bug population 

over the entire tomato growing season i.e. from 1Qth_l9tlt standard week 

(Table 4.1.1.5b), maximum level of population was recorded from 1211L15111 

standard week, the highest number was 2.78/leaf on 15th standard week. 
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Table 4.l.l.5a : Incidence and relative occurrence of tingid bug (Urentius hystricellus 
Richter) population at different times of planting on tomato 

~ 
Standard Week 

Year 
' 10 11 12 13 1-1 15 16 17 1!1 19 20 

--·-- --~-

00 p, !.00 rn 2JJ7 2.00 ].(,7 O.X4 0.55 
":' 
I'- ------------------------
0'\ 

p4 0'\ 0.5() (J.X4 (19)\ 1.02 2.2X 2.n l.7X 0.64 0.44 0.11 ...... 
-~--- t----

0'\ p, ()50 1.83 I. 1 5 2 3} 122 0.67 0.55 0'\ 
I 

00 
0'\ p4 0'\ () 33 0.75 0.83 0.89 1.50 2.60 1.08 0.78 0.67 0.37 0.16 ...... 

-·----·---- ------- ------~----·-- --

p\ 0.75 :~ 08 !.9 1 2.16 1.45 0.76 0.55 
c: 
~ 

,. 
~ .... -------·· ---
'-' ~ P.1 ~'c '-' 0.44 IJ.XO (I 91 0.95 !.89 2.69 1.43 0.71 O.SG 0.24 ;.-, 

Table 4.1.1.5b Seasonal incidence of tingid bug (Urentius hystricellus 
Richter) on tomato 

Standard Tingid bug !leaf 
Week 1997-98 1998-99 Mean 

- ------------·-- ------------- -- -------~----

10 0 56(1.03) 0.33(0.91) 0.44(0.97) 
1 1 1.00(1.22) 0. 75(1.12) 0.87( 1.17) 
12 2.33(1.6X) 1.83(1.15) 2.08(1.61) 
13 2.67(1.7H) 1.15(1.28) 1. 91 ( 1. 55) 
14 2.28( 1.67) 2.33(1.68) 2.31(1.68) 
15 278(1.81) 2.60(1.76) 2.69(1.79) 
16 I 78(151) 1.08(1.26) 1.43(1.39) 
17 0.64(1.07) 0.78(1.13) 0.71(1.10) 
18 0.44(0 97) 0.67(! 08) 0.56(1.03) 
19 0.01(0.71) 0.37(0.93) 0.24(0.86) 
20 0 16(0 81) 
21 0.01 (0.71) 

Figure in parenthesis indicate square root transformed value. 

21 

0.01 

I 
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During the period of maximum incidence, the important weather parameters 

were as followed; average temperature 20.74-26.06°C, r.h. 67.21-83.43%, 

sunshine hour/day 3.13-8.53 hrjday and the total rainfall was 299.40mm. 

During 1998-99, high<~st tingid bug population was found 

2.33 /leaf on 14th standard week and 2.60 /leaf on 15th standard week on P:~ 

and P.1 crop (Table 4.1.1.5a), with mean 0.70/leaf and 0.85/leaf bug 

population respectively (Table 4.1.1.12), while the population was appeared 

on 11 111 and 10111 standard wr~ek in P:J and P,1 crops. 

The population was appeared only on later part of the crop 

growmg season 1.e. from 1 0 11 ' standard week and was most active (2.60 

bugjleafl on 15th standard w<~ck (Table 4.1.1.5b). However, higher 

population level was maintained from 12 11 ' to 17tl' standard week when 

average temperature, average r.h. and sunshine hrjday ranged from 22.45 

to 28.86°C, 63.57 to 74.28%, 2.71 to 8.48 hrjday respectively and the total 

rainfall was 176.70mm. 

Mean data of two years revealed that (Figure 4.1.5a) the 

population was totally absent 

in J "1 two crops. On P:1 and P!J 

crop the highest population 

being found on 14111 standard 

week (2.16/leafl and on 15th 

stancln rei week (2. 19 I leaf/ 

respectively (Table 4.l.l.5a). 

The P-1 crop had significantly 

more number of mean tingid 

bug ( 1.00 I leaf1 followed by 

(0.86/leafl in P:l crop (Table 

4.1.1.15). 

An analysis of mean 

tingid bug population for the 

entire crop growmg see:1son 

showed that a high population 

was maintained from 12tl' to 

17111 standard week i.e. during 

March-April (Figure 4.1.5b). 
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to 75.43%, 3.39 to 8.49 hrjday respectively and the total rainfall was 

273.15mm. Peak population was recorded 2.69/leaf on 15th standard week 

i.e. early April (Table 4.1.1.5b). 

A correlation between weather parameters and tingid bug 

population on different crops revealed that (Table 4.1.1.8) for P3 crop the 

relation was significantly negative with maximum r.h. and r.h. gradient but 

with the temperature gradient and average r.h. the relation were non

significant and negative. Whereas, maximum, minimum and average 

tempcnlture and minimum r.h. showed non-significant and positive 

correlation with tingid bug populntion. In case of P.-, crop the population was 

non-significant and positively correlated with maximum and average 

temperature and temperature gradient but had a non-significant negative 

correlation with maximum, minimum, average r.h. and r.h. gradient and 

minimum temperature. 

Furthermore the relation between tingid bug population wi1 h 

prevailing weather conditions during the entire crop growing season revealed 

that the population was found significantly positive with maximum, 

minimum and average temperature and total rainfall, while maximum r.h. 

and r.h. gradient showed a significant negative correlation. The population 

had a negative and non-significant correlation with temperature gradient , 

average r.h. and sunshine hrjday (Table 4.1.1.10). 

4.1.1.6 Hadda beetle (Henosepilachna vigintioctopuctata Fabr.) 

Hadda beetle or Epilachna beetle is an important polyphagous 

pest. Its activity on tomato was recorded only on the late season crop. 

During 1997-98 hadda beetle population was recorded only on p,l 

crop and the mean population was 0.27 /plant (Table 4.1.1.11). Its incidence 

was initiated on 14th standard week and remained active till 17th standard 

week, highest being (1.05/plant) on 15111 standard week (Table 4.1.1.6a ancl 

6b). During the period of its activity the important weather parameters were 

recorded, 22.10-26.48°C average temperature, 72.07-83.43% average r.h., 

3.13-8.53 hr I day average sunshine and 222 .40mm total rainfall. 

During 1998-99 the incidence was recorded on P1 and P4 planted 

crop. The P1 and P.1 crop witnessed mean population attack of 0.69 

beetlejplant and 1.28 beetle/plant respectively (Table 4.1.1.12). In P1 crop 

the population was maintained only for a short period, during early part of 

the season, highest being on "JJ) 111 standard week (3.00/plant). While on P 1 

crop the population level was observed during later part of the season. The 
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Table 4.1.1.6a : Incidence and relative abundance of hadda beetle (/lenosepilachna 
vigintioctopunctata Fabr.) population at different times of planting on tomato 

~ 
Standard week 

n 

Year 
49 511 51 52 1 2 14 15 16 17 18 19 20 

J 

00 
::-, 

r-!. p.j O.J:l 1.0.' 0.67 0.52 0.10 0.01 ::-, 
::-, -
-------f------------t----------- -- ---

::-, PI 3.00 2.0X I. ?X 1.011 077 () 2'J ::-, 
I 

00 
::-, 

21 

::-, p4 o.n 4.73 2.00 3.00 2.83 1.40 0.84 033 

c c 
~ ~ 
:::;'c 

-- ---·-

"' PI 150 104 ... 0.89 0.50 OJR 0.14 

"" "' P.j >. 0.31 2.89 1.33 1.76 1.4X 0.75 

Table 4.1.1.6b Seasonal incidence of hadda beetle (Henosepilachna 
vigintioctopunctata Fabr.) on tomato 

Standard Hadda beetle/plant 

Week 1997-9R 1998-99 Mean 
-··---~---------·--- ------ --·-·--------- --~· -----

49 3.00(1.87) 1.50(1.41) 

50 2.08(1 61) 1.04(1.20) 

51 1.78(151) 0.89(1.18) 

52 1.00(1.22) 0.50(1.00) 

1 0.77(1.13) 0.38(0.94) 

2 0.29(0.89) 0.14(0.80) 

14 0.33(0. 91) 0.28(0.88) 0.14(0.80) 

15 1.05(1.24) 4.73(2.29) 2.89(1.84) 

16 0.67(1 OX) 2 00(1.50) 1.33(1.35) 

17 0.52(10 I) 3.00(1.87) 1.76(1.50) 

18 0.1 0(0 77) 2 83(1 82) 1.47(1.40) 

19 000(071) 1.40( 1.38) 0.75(1.12) 

20 0.84(1.16) 

21 0.33(0.91) 

Figure in parenthesis indicate square root transformed value. 

I 

I 

I 
I 
I 



70 

pest appeared in 14 111 standard week (0.:28/plant) and on the next week the 

population (4.73/plant) reached <11 the maximum level (Table 4.1.1.6a). 

With regard to the entire crop-growing season, the pest was 

recorded for a short period at the early part of the season. After a gap of 

about three months the pest reappeared to tomato plant on 14th standard 

week and reached at maximum level (4.73/plant) in the next week. High 

population level was maintained till 19n1 standard week and declined 

thereon (Table 4.1.1.6b). 

An analysis of pooled n 1ean data for two years revealed that only 

P1 and P<~ crops witnessed mean 

hadda beetle incidence or 
(0.34/ plant and 0.77/plant 

respectively) where the highest 

pop1JI;1tior1 w:-1s 1.50/pi:\Ilt on 

49 111 standard week on P1 crop 

(Figure 4.1.6a) and 2.89/plant on 

15111 standard week on 4 1 \t or f>-1 

crop (Table 4.1.1.6a). 

Considering overall 

Fi~ 4.1.6" Incidence and fluctuation of ha<l<la beetle 
(IJ eno.,,•pilacltna vigintiopunctata Fabr.) population (average) 

at t.liiTerent time of planting on tomato 

-----T'"II~' 

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

activity of hadda beetle on tomato crop during the total crop growing season 

(Table 4.l.l.6b) it is observed 

that the population was 

present only for few weeks 

during early part of the season 

i.e. from 49tll to 2nd standard 

week (Figure 4.1.6b). Higher 

population was maint<1ined 
from 15111 to 18tiJ standard 
week 1.e. from April to May, 

with max11num being 

2.89 /plant m 15th standard 

2.5 

~ 2'--"--,. ./ 

~ 15 \ 

" 1 

'\ 

Standardw .. k 

Fig 4.1.6b Seasonal incidence of Hadda beetle 
( Henosepilachna vigintioctopunctata Fabr.) 

population (average) on tomato 

120 

100 

20 

-------------------------' 

week, when average temperatun·, r.h. and sunshine hrjday were ranged 

from 14.97 to 19.14°C, 69.29 to 78.17%,4.54 to 8.67 hrjday and the total 
rainfall was 5.30mrn respectively. 

Studies on correlation between hadda beetle population on 

differen1 crops and the prevailing weather parameters, it is observed that in 

P1 crop population was non-significant and remained negatively correlated 
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with maximum temperature and temperature and r.h. gradient, while 

minimum and average temperature and maximum and average r.h., were 

positive and non-significantly correlated and minimum r.h. had a significant 

positive correlation (Table 4.1. l.H). In case of P1 crop, population was 

positive and significantly correlated with maximum, minimum and average 

temperature and r.h. respectively. r.h. gradient had a significant negative 

correlation but temperature gradient had positive and non-significant 

relation to hadda beetle population. 

When the toL1.l crop growing season was taken into account hadda 

beetle population was significant and positively correlated with maximum, 

minimum and average temperature and minimum and average r.h. and total 

rainfall. Temperature and r.h. gradient were negative and significantly 

correlated with hadda beetle population, while maximum r.h. and sunshine 

hrjclay had a non-significant neg:1tive correlation (Table 4.1.1.10). 

4. 1. 1. 7 Natural enemies 

Natural enemies, v1z, various parasites, predators, spiders, 

pathogens play important role in natural suppression of pest population. 

Their abundance was not only depends on prevailing weather conditions but 

also availability and size of pest (prey /host) population in the crop 

ecosystem. Under present investigation population of different predators 

which were more during the crop growing period was recorded with an 

objective to get an idea about their activity to formulate future pest 

management strategy considering their role and activity. The incidence of 

Menochilus sexmaculatu., Coccinclla septempunctata and different species of 

spiders, which were relatively more dominant natural enemies in this area. 

4.1.1. 7 a Menochilus sexmacu lata 

The activity and ·---------------------------. 

population of M. sexmaculata. 

was dependent on prevailing 

weather condition as well as 

stze of pest population. Since 

the populations of prey-pest 

species namely aphid and 

white t1y were comparatively 

lov\'<T ll1 both the years 

stucliccl, population of M. 

sexmaculata was also very low. 

0.35 
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Table 4.1.1.7at : Incidence and relative abundance of Menochilus se.xmacu/ata population at different times of planting on tomato 

Standard week r - -1- Pest population I 
Year~- . f-i ----------------------------------~ 

Plantmg 
1 51 52 7 9 13 15 10 11 12 14 2 -t 5 6 s 3 

0.22 0.19 0.2fJ (J 2X i, IX :_, 12 0 09 () fJ:" 0 00 

oc: 
=:' 0 1 ~ (! 21 () ()() () 15 0.02 0.10 0.20 (! 05 
r-- ~ (j 25 0.23 0.20 0.30 0.25 0.02 

~-----------~ 
~ I p" 

p 4 0 00 () 12 0.22 0.44 0.33 0.09 

::--, 
::--, 

I 
00 
::--, 
::--, -

E 
I "= ~ - 0: c O.l 

0: .... ... 
~ 

IP1 0.01 !!.17 0.12 0.00 0.17 ()02 0.11 ()]3 0.09 0.01 

p2 I u 00 0.03 0.15 0.27 

p3 0.00 0.00 

p4 

PI 0.00 0.20 0.16 0.10 0.23 0.10 0.12 0.11 0.07 0.00 

p2 0.02 0.07 0.17 0.21 

p3 

I 
0.00 0.00 

p4 I 

0.17 0 03 0.13 0.05 0.01 

0.09 0.12 0.29 0.33 0.18 0.09 0.01 

0.00 0.00 0.17 0.22 0.25 0.12 

0.19 0.02 0.14 0.03 0.00 

0.17 0.17 0.24 0.32 0.22 0.06 0.01 

0.00 0.06 0.20 0.33 0.29 0.11 

-.,J 
N 
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Table 4.1.1. 7a2 Seasonal incidenc.c of !Vlenochilus sexmaculata on tomato 

Standard Menochilus I plant 

Week ··-

I 997-98 1998-99 Mean --· ----- ··- ~--·~·-··-·---·- -·--1--- . --·-

51 000(071) 0.01(0.71) 0.00(0.71) 

52 () :?.2(0 85) () 17(0.82) 0.20(0.84) 

I () 19(0 8:1) () 12(0. 79) 0.16(0.81) 

2 () 20(0 8,1) () 00(0.71) 0.10(0.77) 
.., 

0.28(0.88) 0.17(0.82) 0.23(0.85) _) 

4 0 18(0.82) 0.02(0.72) 0.10(0.77) 

5 0.12(0.7<)) 0.11(0.78) 0.12(0.79) 

6 0 10(0.77) () 13(0. 79) 0.1 1(0.78) 

7 0.20(0.84) 015(0.81) 0.17(0.82) 

8 015(081) 0.27(0.88) 0.21(0 84) 

9 0.21 (0.8'1) () 17(0.82) 0.19(0.83) 

10 0 23(0 85) 012(0.79) 0.17(0.82) 

II () 20(0.8,1) () 29(0.89) 0.25(0.87) 

12 () 30(0 8<J) 0.\3(091) 0.32(0.91) 

13 0.44(0 97) 0.22(0.85) 0.33(0.91) 

14 o:ncocll) 0.25(0.87) 0.29(0.89) 

15 0 OCJ(O 77) 0 12(0 79) 0.11(0.78) 

Figure in parenthesis indicate square root transformed value. 
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However activity of this predator was recorded on all crops planted at 

different time irrespective or their size of population. 

Pooled mean data of two years showed that the activity of the 

predator (Figure 4.1.7al) was initiated on tomato on S2nd, 51h, 9th and 11th 

standard week of P1 to P1 crops respectively. From overall observations the 

size of the predators was recorded relatively higher at the earlier part of P1 

crop and later part of P-1 crop and became least on P2 and P3 planted crop 

which might be clue to hotll in!lucncc of prevailing weather conditions and 

size of prey-pest population. lt h;Js also been observed that duration of their 

activity was longer on P1 and P2 crop (8 weeks) and relatively shortened on 

late-planted crops for 6 weeks 011 P:: and for 5 weeks on P1 crops. (Table 

4.l.l.7a). The population was higher 0.10/plant in P3 crop and minimum 

being 0. 07 I plant in P2 crop. In 1 CJCJ7 -98 as well as 1998-99, M. sexmaculata 

population was max1mum n1 P:l crop (0.13/plant and 0.08/plant 

respectively). (Table 4.1.1.1 1-4. 1. l . 13). 

With regard to incidence of M. sexmacu}ata during the entire crop 

growth season it has been 

observed that the population 

was recorded in both the year 

and was followed similar 

pattern. The population (Figure 

4.1.7a;1) was initiated on 52 11rl 

standard 

successive 

week and 

Increase 

after 

nw .' J o <, 0 I 8 l> I() 1 l 12 13 14 I~ 16 II IB I <I .~> 
',I,UIIi!li•IWH•I 

Fig -.l.l.7<t~ St'li..,Oilal incidl~nn• ui'Alenochillut.' sp. population 

(avcrugl') ou tomato 
I 

population reached at the 

maximum level on 13111 standard __ _.J 

week. Relatively higher population was observed from 12u1 to 14111 standard 

week (Table 4.1.1.7a2). During this period the average temperature, r.h. and 

sunshine hrjday was 14.97-24.24°C, 65.39-78.17%, 3.39-8.94 hrjday 

respectively and the total rainfall was 191.55mm. 

From correlation studi<·s it w:-:1s found that, maximum, mm1mum 

and average temperature had non-significant negative correlation with M. 

sexrrwculnta population in 2nd to 4111 plantings. In P1 crop the population 

remained negatively and sign ilicantly correlated with maximum ancl 

minimum temperature and positively and non-significantly correlated with 

r. h., minimum, aven1ge c-md gnHiient but significantly and positively with 

r.h. maximum. In P2 crop the population varied non-significant and 

positively with r.h. mtLximum and gradient, while r.h. minimum and average 
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had non-significant and negative ('orrelation. ln P:l crop the population had 

<l significant negative correlation to r.h. maximum, minimum and average 

hut r.h. gradient showed non-significant positive correlation. In case of P,1 

crop r.h. maximum had significant and negative correlation and r.h. 

minimum and average had non-significant and negative correlation. 

Population was found to have non-significant positive correlation with r.h. 

gradient in all the crops. (Table 4. 1 . 1. 9). 

In consideration with e11tire crop growing season M. sexmaculata 

population had non-significant :mel positive correlation with maximum, 

temperature, r.h. gradient and average sunshine hr I day. Minimum and 

average temperature and total rainfall varied non-significantly and 

negatively with M. sexnw.culuta population, whereas maximum, minimum 

and average r.h. had a significant negativt~ correlation with M. sexmaculato 

population. (Table 4.1.1.10). 

4. 1.1. 7b Coccine Zla septempunctata 

Like Metwchilus sexrnuculata, the activity and population of 

Coccinellu septempunclutu also 

depended on the prevailing 

wca_t her condition ancl 

availability of prey-pest 

population. Pooled mean of two 

years data showed that the 

population (Figure 4. 1. 7b 1) was 

absent altogether in P, crop and 

appeared on 8 111, 7 111 and 1011 1 

standard week on P2 to P1 crop. 

The population level was higher 

0 4 . 

0 3 

c 0.25 
.'! 

~ 
~ 0.2 

§ 
u 015 

0.1 
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20 

10 

~'· '>l1 '1 ~-' I l J 4 5 b I II ~· 10 II 12 13 I~ I~ 16 I/ Hi I<~ /!J /1 ]2 

Standard week 

Fig: 4.1.7h 1 lucideucr und fluctuation of Cocci nella sp. 

popuh1tlon (uvcragc)ut dlfl"crcnt time of planting on tomato 

2nd l --3cd 

4th 

--...-Tenlp 

----4--ch 

-------··-·· ·-- ---------· ----- -----

on P:l crop (0.13/plant) and lasted for 8 weeks. The P2 and P., crop observed 

their activity (0.09/plunt :1nd (l.05/p1Hnt respectively) (Table 4.1.1.11-

4.1. 1.13) for 6 weeks. However the population level was least on 4th planted 
crop. (Table 4.l.l.7b 1). 

The relative fluctuation of mean C. septempunctata population during 

the entire crop growing season of two years studied, revealed that the 

population was initiated un 7 111 standard week and continued upto 151' 1 

standard week i.e. upto 3rc1 wee];; of March, (Figure 4.1.7b2) when average 

temperature, r.h. and sunshine hr/day were ranged from 20.68 to 24.84uc, 

65.39 to 74.43(%, 3.39 to 8.94 hr/day respectively and the total rainfall was 

186.25mm. The population became maximum on 11th standard week 



Table 4.1.1.7b1 : Incidence and •·elat.ive abundance of Coccinella septempunctata at 
different tinws of planting on tomato 

Pest population Standard week 
Year 

Plantin~ X ') 10 II 12 13 14 15 
~~~ ---~--------~~~-----~~~ ---~-----· ------------------- ---- -----

p2 0.30 1124 0.20 0 21 0.12 0.02 
00 r-------------··- --------:;-., 
' p3 Ll 0.15 (I 25 0.30 0.40 0.21 0.05 r-- II 

C\ 
:;-., ~-----------------· 

P.] (J.(J() 0.110 0.09 0.33 O.ll 0.03 
··--·- ---------- ·---- ---- ---------- ------------· 

p2 0.22 11.3'! () 27 0.1 X 0.11 0.05 
C\ 

,----------~----·---~-. :;-., 
I p3 l.l 0.11 11.0') 0.25 0.33 0.13 0.09 0.02 00 II 

:;-., 

~ 1--~---·---~--- ·~ 

])I (I 05 O.IJG 0.09 0.13 0.00 0.00 
··---- r----~--·-- ·- ~---- --

~ 
p2 ()2(, 112') ()2:J 0.21 (J.l1 0.03 

-; .... 
0: r----------~---

c :'..) pl 027 lUG 0.17 0.07 0.01 "' ;.-, (llJ 013 11.17 
:'..) c 
~ :E 

----------- ·-·-------·-

p-l 0.02 0.03 0.09 0.23 0.07 0.01 

Table 4.1. I. 7b2 Seasonal incidence of Coccinella septempunctata 
on tomato 

Standard Coccinella /plant --- . 
Week 1997-9X 1998-99 Mean 

----------~~---- ---------~----- ------ ---· --
7 0.33(0 t) I) () 13(0.79) 0.23(0.85) 

8 0. J 0( 0. X 1 J) () 22(0.85) 0.26(0.87) 

9 0 25(0Kl) 0.34(0.92) 0.29(0.89) 

10 O.JO(O X<J) 0.27(0.88) 0.28(0.88) 

11 0.40(0.95) 0.33(0.91) 0.36(0.93) 

12 0 21 0.8<1) 013(0.79) 0.17(0.82) 

I~ _., 033(0'>1) () 13(0.79) 0.22(0.85) 

14 0 13(0 /IJ) 0.02(0.72) 0.06(0. 75) 

15 0.03(0 1,1) 0.00(0.71) 0.01(0.71) 
-

Figure in parenthesis indicate square root transformed value. 
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Table 4.1.1.9 Correlation between natural enemy population on tomato crops at different time of planting and prevailing weather conditions 

~ Planting I lWenocltilus I Coccinella i Spider 

_F~her!'ai~[ Pl P2 P3 P4 1 P2 1 P3 1 P4 i PI P2 1 P3 1 P4 I 
Max. tempuC I -0.6 7 5* I -(i 1 C'l) -ll 2f·:' _n 228 I -0 3() 7 ! -0.559* I -0.298 ! -0 83fi* -0 g:;n= i -'' 096 I 0.581 * 

! I ! 

~ ·r· t uc 0 7 6"* (;(j'f. n '" 0 " 71 ("J 1-' ('· 7 79* 0 '46 I 0 8..,8* (.' 9' ~"' '· ('11 7 I 0 ..,9)-* lV Ill. en1p. - .f ,(... -u.v_i,_; -u._i..::..J - .J/'-t . )L -\), f - ·-' 1- . I - J. i_ \1 I • I 

Tempcrdd°C -0.158 0416 0310 0303 0274 Ci805* 0.202 '-0.305 06Y1* -'1870* 1-0782* 
- ' I 

A\ e. Temp. C j -0.480 1-C (143 -lUi4 -U.400 u.225 -u./36* -0.414 -lJ.310 -U.883* iJ.067 i 0.770* 

Max. rh% 0.515* 0.229 -0.573* -0.709* -0.112 0.065 -0.730* 0.845* 0.791 * -0.447 0.619* 

J'v1in rh% 0.076 -0.313 -0.546* -0.264 -0.254 -0.993* -0.939* 0.343 -0.728* 0.207 0.625* 

rhgrad% 0.177 0.292 0.145 0.034 0.072 0.764* -0.606* 0.080 0.826* -0.380 -0.538* 

Ave. rh% 0.201 -0.109 -0.784* -0.394 -0.330 -0.861* -0.912* 0.466 -0.068 -0.263 0.654* 

* Significant 

--J 
--J 
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(0.36/plant). So the population was found mainly on middle part of the 

crop-growmg 

'-L 1.1.7b2). 

season. (Table 

The population varied 

positively and non-significantly 

with minimum and average 

t cmperat urc and temperature 

gradient, and r.h. gradient but 

related non-significant and 

negatively with maximum, 

m1mmum a.nd average r.h. and 

·--·--·------ ····---·------ -

# 
f 

l1'ig .t.1.7h! Sl'liMIIIIII iucidcnn· nff-:occinella sp. population 

(avcntgc) un tomato 

-----·-------

maxunum temperature in P2 crop. In P:l crop, the population became 

significant and negatively correlated with maximum, minimum and average 

temperature, minimum and Clvcrage r.h., while both the r.h. and 

t empcra t UIT gradient showed signIficant :n1cl positive correlation. In case of 

P1 crop, temperature maximum, tninimum and average was found to have 

non-significant and negative correlation while r.h. maximum, minimum, 

average and r.h. gradient had significant negative correlation with C. 

septempunctata population. (Table 4.1.1. 9). 

From correlation studies of C. septempunctata population with the 

prevailing environmental condition althrough the crop growing season it is 

found that the population was nott-signil'ican 1 and positively correlated with 

minimum, and average temperature, r.ll. gradient, while r.h. maximum, 

minimum and average had a sigttificant negative correlation. Temperature 

m<Lxtmurn and gradient and sunshittc hr I day showed positive and 

significant correlation but the population varied non-significantly and 

negatively with total rainfall. (Table 4.1.1.10). 

4.1.1. 7c Spider 

Various species ol spider pL1 ycd an important role in natural 

suppression of pest population, particularly, the smaller ones like aphids, 

thrips, jassids, white flies, mites etc. Their activity was recorded on all crops 

planted at different time in each of the year studied. Pooled mean data of 

two years revealed that the population level was initiated (Figure 4.1.7cl) 

with the appearance of prey-pest population, i.e. on 49th, 3rct, 7th and lQtiJ 

standard week on P1 to P1 crop respectively. Population level was higher in 

earlier part of P1 and P2 crop but tm P.1 crop higher population was observed 

on later part of season. 11 has al~>n been observed that the duration of their 



Table 4.1.1.7cl Incidence and relative abundance of spider population at different times of planting on tomato 

I I Pest population I Standard week 
~· ! !! ____________________________________________________________________________________________________________________ ___ 

, ear ! c-. ! Planting -l<J <r; 51 52 1 2 l ~ 5 6 >: 9 10 II 12 13 14 : S I() I~ 19 20 21 

~ 

";' 
r--
::'\ 

::'\ 
::'\ 

I 
.~ 
IC\ 
1::'\ 
I 
I 

0 

f 
f+,.t "' 0 ... 

= gj 
~ ~ 

:::; 

pl 

P: 

p3 

p4 

lpl 

p_, 

p3 

p4 

PI 

p2 

p3 

p4 

,() 
I 

I 
r; Y! 0.33 o.n o 91 o.S-" .~. :~ ,. o ;o rJ.t,- rJ ss u -.~s .:' o u o.o2 

O.X-1 l I)() 0.75 1.00 (J60 0.25 0.33 0.42 0.32 0 16 0.02 O.Cil 

...:._ --:.:: c.::-: (:..!3 n-,c; l>l./1 ,,.::~ •_•35 01~ 

0.21 0.39 0.50 0.45 0.61 0.78 1.00 1.22 0.98 0.67 

()72 1.21 088 053 ~- (l<J:'; 0.67 0.2! r:_3=' (:41) 0.28 0.15 0.03 

(J !' :.'.X(J 0.60 0.91< 0 5C 1"' '!.20 0.39 0.29 0.12 (J 09 (' r,< 

0.00 U.OG 0.33 0.45 0.39 0.60 0.58 0.44 0.39 0.25 

0.17 0.23 0.69 0.57 0.78 0.64 0.75 2.17 1.33 1.00 098 0.84 

0.41 0.40 0.53 0.99 0.90 0.69 0.98 0.83 0.68 0.47 0.44 0.42 0.26 0.14 0.02 

0.80 0.90 0.68 0.99 0.55 0.21 0.26 0.41 0.30 0.14 0.06 0.03 

0.17 0.23 0.34 0.49 0.41 0.67 0.59 0.49 0.37 0.20 

0.19 0.31 0.60 0.51 0.70 0.71 0.87 1.70 1.15 0.83 

--J 
tD 
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activity was longer on P, crop ( 1 ~, weeks) and relatively shortened to late 
~---~--~- ---------~ 

planted crops ( 12 weeks) for P2 1 8 90 

and 10 weeks for P~l and P1 80 

70 

1 2 60 

crop respectively. (Table 

4.1.1.7cl). Spider population 

was recorded higher on p,, crop 

(0.77 /plant) which was 

significantly higher than other 

crops. Significantly lowest 

population was found on P3 

crop (0.41/plant) which was 

closely followed by P2 crop with 

0.43/plant. However, there 

:~ 1 

1]6 30 

0.4 ·; 20 

' )/ ~ 0 2 .;('' \ 10 - - 1st 
\.. •••2nd 

,.. --3rd 
0 ·--+- t--+- 0 

H 50 51 '" I 2 l ~ S 6 l 6 II 10 11 12 13 I~ 15 16 17 IB )g )0 21 22 ,., .. ,.·,::-.-:·::-:·:·.·.··4th 

Standard week ---.-~-Temp 

Fig: 4.1. 7c 1 Inridencc and lluduation of Spider pupulation ---------:::~- rh -~ 

(averagc)at dlllcrent tinH.' of planting on tomutu 

was no significant difference in 1 lOpulaUon level between P; and P3 crops. 

While the P1 crop recorded 0.58/plant. (Table 4.1.1.11-4.1.1.13). 

With regard to the incidence or spider population, over the entire 

crop growing season i.e. from 

December to May, tht~ 

population level was fou ncl to , 

fluctuate with the availability ol 

prey-pest population ancl 

followed similar pattern ol 

incidence m both the year 

studied. The population was 

initiated (Figure 4.1.7c2) on 4911 1 

standard week and reached at 

maximum level on 17 111 standard 

120 

100 

-sF'IDER 

_...,_._ TEMPERATr_rPE 

-HUMIDITY 

~ .................. -= ....... -:;.....__,_....,._,....._j. 0 --*-SUNSHINE 
49 Ill <1 <J 1 l J 4 J 6 ? I P lO ll l'l ll l~ IJ 16 l? ll 19 lO --+--RAIJ>JFAJ.l 

Fig ~.1.7 .. , Seusonallncldrnce of Spider population I 
(uver-ag<•) on tomato 

--~ ·---·-· ~------~ ---·---~------·1 

week (1.70/plant) and rem<lined ldgher ( 1.16/plant) till 18111 standard week 

when (Table 4.1.1.7c-<) average lemperalurc 25.62-26.19°C, average r.h., 

7 4.82-78.86%, average sunshine lrr/ day 6.10-6.77 hr J day and total rainfall 

was 139.45mm respectively. 

Correlation analysis show<~d that the spider population had significant 

negative correlation to maximum and minimum while temperature average 

and gradient showed non- sign iJ icant negative correlation. The population 

had positive and significHnt rt·lation with maximum r.h. but minimum, 

average r.h. and r.h. gradient h11d non-significant positive correlation in P1 

crop. in P 2 crop the population showed a significant negative correlation 

with maximum minimum, and average temperature and minimum r.h., 

while maximum r.h., tempemt ure and r.h. gradient respectively had 
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Table 4.1.1. 7c2 Seasonal incidence of spider population on tomato 

Standard Spider /plant 

Week ·--------·--- -f - --
1997 -9X I 998-99 Mean 

-------------··· 

0.41(0.95) 49 0. I 5(0.8 I) O.Cl7( I .08) 

50 0.::10(0 f\l)) 0 50( I .00) 0.40(0.95) 

51 0.33(0 9 I) 0.72(1.10) 0.53(1.01) 

52 0. 78( I II) 1.22(1.31) 0.99(1.22) 

1 o.n(l.l()) 0.88(1.17) 0. 90(1.18) 

2 0.84(1 17) () 53( 1.01) 0.69(1.09) 

" 0 7 8( l I I ) I 17(1.29) 0.98(1.22) _) 

4 I 00(1 2.l) 0.98(1.22) 0.99(1.22) 

5 0.75(1.12) 0.60(1.05) 0.68(1.09) 

6 1.00(1.22) 0.98(1.22) 0. 99(1.22) 

7 0.60(1 O'i) () 50(1.00) 0.55(1.02) 

8 0.45(0. 97) 0.40(0.95) 0.42(0.96) 

9 0. 3 5(0. 9 :)) 0.33(0.91) 0.34(0 92) 

10 O.'i3(1 01) 0.45(0 97) 0.49(0.99) 

1 1 () 43(0 Clil) 0 39(0.94) 0.41(0.95) 

12 0.75(1.12) 0 69( 1.09) 0.72(1.10) 

13 0.60(1 0~) 0.57(1.03) 0.58(1.04) 

14 061(105) 0.78(1.13) 0.70(1.10) 

15 () 7R( 1 1 I) 0 64( 1.07) 0.71(1.10) 

16 1 oo( 1 :, n () 75( 1.12) 0.87(1.17) 

17 122( I .1 1) 2.17(1.63) 1.70(1.48) 

18 0. 98( I :?.2) 1.33(1.35) 1.16(1.29) 

19 0.67(1 08) 1.00(1.22) 0.84(1.16) 

20 0.98(1.22) 

21 0 84(116) 

Figure in parenthesis indicate S(jll<Hc root transformed value 
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Table 4.1.1.1 0 Correlation coefficient of insect-pests and natural enemy population on tomato crops with prevailing environmental 
condition throughout the growing season 

1 Pests and Natural enemies J 

\Veatber Parameters Aphid / Whitefly / Mined leaf Bored fruit Tingid bug Hadda beetle Menochilus J Coccinella Spider i 

! /leaf i iplant ! % o;o /leaf /plant /plant 1 /plant /plant I 
I M · o -0.085 I -0.121 0.871* 0.907* 0.615* 0.338* I 0.011 

I 
0.345* 0.069 

I 1 ax1mum temperature C 
! I .• ' I I I 

"hnlrrn.~ .... '7. :.;;ill.peratuie C ' -0.311* __ -. -!.(JS* 0 9:2:::* ' " 903" !J.:'Y1"' ' 'I 503* ! -Oi72 i 0 072 I 0.286 
i 

Temperature gradient °C 0.542* 0.688* -0.587* -0 537* -0.281 -0.544* 0.395* 0.411* -0.512* 

Average te!!!.perature ''C -0.220 _(, 290 0 923* \ 0.924* 0.616* 0443* -0.096 0.193 0.198 
! 

Maximum rh% 0.374* () 285 -0.765* I -0. 718* -0.830* 
I 

-0 020 -0.44 7* 

I 
-0458* 0.672* 

Minimum rh% -0.487* -0.649* 0.509* 0.477* 0.246 0.588* -0.428* -0.415* 0.326* 

rh Gradient % 0.580* 0.683* -0.762* -0. 704* -0.562* -0.518* 0.183 0.168 -0.253 

Average rh% -0.286 -0.476* 0.137 0.141 -0.140 0.546* -0.601* -0.590* 0.330* 

Sunshine hr/dav 0.419* 0.559* -0.111 0.110 -0.263 -0.138 0.035 0.340* -0.143 

Rainfall ( mm) -0.344* -0.469* 0.702* 0.629* 0.562* 0.786* -0.228 -0.209 0.401 * 
- -

* Significant 

co 
N 
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significant and positive correlation. In P.l crop the population remained 

negative and non--significcmtly correlated with maximum temperature, r.h. 

maximum, average and gradient, while minimum and average temperature 

and minimum r.h. showed positive and non-significant correlation. During 

higher period of incidence i.e. in case of P., crop the maximum, minimum, 

average, temperature and r.h. respectively showed significant and positive 

correlation with the spider population l>ut temperature and r.h. gradient 

showed a significant negative correlation (Table 4.1.1.9). 

Regarding population fluctuation with weather condition during 

the total crop- growing season, the population was found non-significantly 

and positively to correlated maxi11tum, minimum and average temperature. 

R.h. grmlient and sunshine hrjday hnd a non-signil'icant negative 

correbtion but ten1pen1tU1T gn1dwnt h;11l" signil'icant negtltive correlation. 

Maximum, minimum and averag(' r.h. and total rainfall hacl significant and 

positive correlation with spider population. (Table 4.1.1.10). 

4.1.2. Yield of tomato at different times of planting 

Yield of tomato varied significantly with four different planted crops 

in two years. In 1997-98, P, crop yielded significantly higher 65 tjha over all 

other plantings and gradually decreased with the advancement of season. 

Therefore, yield of tomato wns rc<·orded minimum 31.00 tjha from P4 crop. 

(Table 4. 1. 1. 11). 

In 1998--99, P1 crop also yielded significantly more (89.25 tjha) 

followed by (57 .87 tjha and 55.92 tjha) in P2 and P3 crop respectively. With 

gradual decrease, yield becanw lowest 45.43 tjha in P4 crop. (Table 
4.1.1.12). 

Pooled mean clu let of 1 wo ye1 rs revealed that P, crop producer! 

highest (77.12 tjha) yield. Th<~ yield <!('creased gradually on subsequent 

plantings 49.00 tjha on P2 crop and ·l7.05 tjha on P3 crop. A relatively 

lowest yield was obtained from 4 111 plantc~d crop (38.21 tjha), which might be 

due to more abundance of pest population in last planted crop as compared 

to other planted crops. The 1st planted crop suffered by less pest attack that 

resulted in better yield over other plantings. (Table 4.1.1.13). 

4.1.3 Phenological relation with relative abundance of pest 

population 

Among the different JH'st mentioned above, tingid bug population 

was totally absent in P1 and Jl2 crops whereas, hadda beetle population 

remained absent in P'2 and P:1 crops, it would be better to say that the 

activity of these two pest species influenced more on prevailing weather 
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Table 4.1.1.11 Relative abundance (mean) of insect-pests, natUI·al enemies and yield of tomato crops in different times of planting during 1997-98 

Planting i Aphid Whitefly Mined / Bored J Bored Tingid Hadda JfenochihLs Coccinella ! Spider Yield t/ha I 

1 

i 

/leaf /plant leaf o;., I fruit% in / fruit% in bug/leaf beetle /plant /plant /plant 
I 

I i 
I 

j no. wt. /plant 
I 

I 0.18 023 I .., 7() 

I 8 16 I 7 98 0 00 (i 00 I 0 10 0 00 0.54 65.00 
P: 

I . I - ! 
i ., I (0.82) (U.l:i5) j I i /'i l (2.~4) ~~.91) (0.71) \, c: ; l ) (0.77) ' ~1.02) 

I 
I 

\ ~·. ' i) 

1.92 0.72 25.63 10.74 10.22 0.00 0.00 0.07 0.09 0.48 40.13 
Pz I 

II 55) (1 1 0) ! {5 lll (3 35) (3 27) (0.71) 

I 
(0. 71) (0.75) (0 77) (0.99) 

I i 
1.68 0.67 I .fY -P 11.91 ! i l 00 1.01 u 00 0.13 CL 17 I 0.48 38.19 

p3 
(1.25) (1.08) I (0.99) (7.07) (3.52) (3.39) (1.23) (0. 71) (0.79) (0.82) 

0.07 0.04 60 72 13.70 13.00 1.14 0.27 0.12 0.06 0.68 31.00 
p~ 

(0.75) (0.73) (7 82) (3. 77) (3.67) (1.28) (0.88) (0.79) (0.75) (1.09) 

SEM(±) 0.008 0.007 0.027 0.251 0.223 0.010 0.003 0.007 0.004 0.012 0.649 

I CD at5% 0.024 0.021 0.081 0.753 0.669 0.030 0.009 N.S. 0.012 0.036 1.947 

Figure in parenthesis indicate square root transformed value 

I 

co 
A 



Planting I 
I 
I 

I 

PI 

Pz 

p3 i 

p4 

SEM(±) 

CDat5% 

Table 4.1.1.12 Relative abundance (mean) of insect-pests, natUJ·al enemies and yield of tomato crops in different times of planting dm·ing 1998-99 

Aphid Whitefly Mined leaf Bored I Bored Tingid ~ Hadda !l1enochilu.v I Coccinella Spider I Yield t/ha 

/leaf /plant /plant /plant O;(l fruit 0/o in 1 fruit 0/t, in bug/leaf 1 beetle 

I 

/plant 
I I I 

no. I wt. I /plant I I 

0.36 0.23 3.87 8.51 8.10 0.00 0.69 0.06 

I 
0.00 0.63 ~()25 

(0 93) (0 85) (2.09) (3 00) (2.93) (0 7l) (1 09) (0.75) (0 71) (1.06) 
i 

1.74 0.57 28.86 11.2 7 10.74 0.\.J(. 0.01 0.06 0.09 0.38 5'.87 

I (I 50) (1.03) (5.42) (3.50) (3.35) (0.71) (0.71) (0.75) (0.77) (0.94) 

1.45 042 37.78 12.09 11.98 0 70 ! 00 0.08 0.10 0.34 55.92 
' (1.39) (0 97) (6.19) (3.55) (3.53) (1.09) (0 71) (0.76) (0. 78) (0.92) i 

0.10 0.06 41.83 12.68 12.00 0.85 1.28 0.05 0.03 0.85 I 45.43 

I (0.77) (0.75) (6.51) (3.63) (3.54) ( 1.16) (1.33) (0.74) (0.73) (1.16) 

0.008 0.006 0.016 0.0325 0.128 0.006 0 0037 0.005 0.0036 0.007 0.822 

0.024 0.018 0.048 0.0978 0.384 0.019 0.011 N.S 0.0108 0.021 2.467 

Figure in parenthesis indicate square root transformed value 

CXl 
lT1 
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Table 4.1.1.13 Relative abundance (mean) of insect-pests, natmal enemies and yield of tomato uops in different times of planting (pooled mean of two years) 

Planting Aphid ! Whitefly Mined leaf Bored Bored Tingid Hadda jf enochillL~ Coccinella Spider 

I 
Yield 

/leaf / /plant o;o fruit 0
/.., in fruit% in bug/leaf beetle /plant /plant /plant t/ha 

! 
I 

I I I no. wt. /plant I I 
I ' 

0.27 0.23 3.28 ! 8.34 8.04 0.00 
I 

0.34 I 0 08 0.00 0 .58 l 77.12 
PI 

(0.87) I I (0.85) (1.94) I (2.97) (2.92) (CUI) I (0.92) (0 76) (0.71) (104) 
I 

183 n 6.5 '")""":" -,J ~ 1 on 10.28 
i 0 nr 0 00 ""n,..., i 0.09 0 -+3 i -+9 .00 : - -p2 

I 
(152) (1.07) (5.27) (3.39) (3 .31) (0 71) (0.71) 

I 
(0.75) I (0.77) (0.96) 

1.56 0.54 43 63 12.00 11.49 0.86 0.00 010 
I 

0.13 0.41 47.05 
PJ ! j 

(1.44) I (1.02) (6 64) (3 54) (3.46) (1.16) (0.71) I (0 77) (0.80) (0 95) 
I 

0.08 I 0.05 51.27 

I 
13.19 12.50 100 0.77 

I 
0 09 0.05 077 38.21 

p4 
(0.76) (0.74) (7 .19) (3.70) (3.61) (122) (1.13) (0. 76) (0.74) (1.12) 

SEM(±) 0.015 0.007 0.33 i 0.036 0.142 0.007 0.004 0.005 0.003 0.014 0.393 

CD at 5% 0.045 0.021 0.10 0.115 0.426 0.021 0.012 N.S 0.009 0.042 1.257 

Figure in parenthesis indicate square root transformed value 

(X) 
(J) 
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conditions than the crop growth s1 age and also found no specificity on crop 

growth stage or age of crop. Whilt~ the incidence of remaining insect-pests 

species namely, aphid, white fly, leaf miner and fruit borer were recorded on 

all crops planted at different times and their relative abundance was largely 

determined by weather vis-a-vis crop growth stage or crop-phenology. 

Relative preference of plant parts by the pest species was also influenced by 

crop growth stage. Therefore, st:1ge vulnerability is dependent greatly on 

crop-insect -phenological relations! tip. 

4.1.3.1 Aphid (Aphis gossypii Glover) 

Aphid, one of the most striking sucking pest was found more 

abundant during early growth stage i.e. before fruit bearing, in all the 

plantings as compared to the later stage of crop growth i.e. fruiting stage in 

both the years studied. Significant variation in pest population between 

d iffercn 1 crop growth s1 age, planting time and their interaction was also 

observed. 

In 1997-98, significantly higher aphid population was recorded 

( l.54jlea1} during early growth stage as compared to 0.38/leaf during later 

stage of crop growth. Variation in pest population in both the stages of 

different crops was highly significant. The highest aphid population was 

recorded on early stage of P:J crop (3.24/lean followed by 2.52/leaf on P'2 

crop; while in fruiting stage signi l'icantly higher aphid population ( 1.31 /leal} 

among different crops was reu mied on P; crop over other crops. Pest 

population was always recorded significantly lower on both the stages of 

crop, 0.12/leafand 0.01/leafrespectively (Table 4.1.3.1). 

During 1998-99 also, significantly higher aphid population was 

recorded before fruiting stage of all the crops ( 1.64 /lean over later stage of 

crop growth i.e. fruiting stage (0.19 /leal}. Significantly higher aphid 

population 2.89 /leaf was recorded from P; crop on early crop growth stag(' 

(befon~ fruiting) closely followed l1y 2.8::>/lcufon P:l crop. However, there w:1s 

no significant difference in aphid populutiun between two aforementioned 

crops. The fruiting stage of P2 ('rap recorded the highest (0.59 ;'leal} aphid 

population over other crops. Here again P1 crop had significantly lower 

population in both the crop growth stages i.e. before fruiting and fruiting 

stage, 0.19 ;'leaf and 0.01 /leaf respectively. (Table 4.1.3.2). 

Pooled mean data of two years revealed that during before fruiting 

stage mean aphid populal ion i11 lour different crop was higher ( 1.59 jlean as 

against later stage of crop growth i.e. fruiting stage (0.28/leai}. Before 

fruiting stage of P:> crop and fruiting stage of P2 crop scored highest aphid 
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Table 4.1.3.1 Effect of crop phenology on relative occurrence of pest population on tomato crops as influenced by different times of planting during 1997-98 

I~ A Jhid /leaf White fly/plant Mined leaf (Yo 

Before F . . /I Before'! . . Before F . . M 
fi 

. . rmtrng Mean fi . . Frwtmg Mean c. . . rwtmg ean 
ruttmg , ruttmg 1IUttmg 
0.28 008 0.18 0.31 014 0.23 0.51 4.89 2.70 

Pt I 
(0.88) I (li fh) (0.82) (0 90) 10 80) (0,85) (l {!{I! (2 32) (1.79) 

2.52 ! i3l 1.n os-+ o.6l o.72 .::'' 4910 1 25.63 

p, I - (1.73) ;l3-l.) (1.55) (l 16) I (1.05) (1.10) !J "--: (7.04) (5.11) 

324 fil2 1.68 1.14 I o19 o.67 n-+l 7153 49.47 
p, I ' I i ; 

~ I (I o- · · - '-) ' · - .. 8~) 1 (1 08 -1- - -· ~ ~) '·' I (1.-::l : ( t.' , -' • ) ~ - ! \6 6) i .. v , 

p.j 0.12 0.01 I 0.07 0.07 0.01 0.04 39.25 I 82.19 60.72 

(0.78) (0 71) I (0.75) (0 75) (0 71) (0.73) 16 3•i) I (9.09) ' (7.82) 

1.54 [ 0.38 i 0.59 t 0.24 17.33 51.931 I 
Me~ I i 

'-------- --- (1.43) (0.94) (1.04) (0.86) (4.22) (7.24) ----········-

Figure in parenthesis indicate square root transformed value 

r Aphid/leaf Whitefly/plant Mined leaf% 
I c p CxP c I p I CxP c I p CxP 

1 SEM ='= ! 0.006 0.008 0.012 0.005 ! 0 (){)/ I 0.010 0.019 l 0.027 0.038 
LCD at 5% i 0.024 0.047 0.050 0.020 j 0.041 0.042 0.076 I 0.158 0.158 

C= Crop growth stage, P= Planting time, C x P = Interaction between crop growth stage and planting time 

CXl 
CXl 
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population (3.05/leaf and 0.95/leaf respectively). The mean aphid 

population before fruiting stage or P2 and P:i planted crops (2. 70 /leaf and 

3.05/leaf) varied non-significantly among themselves. However, both the 

stages of p,, crop witnessed lowc~lt mean aphid population, 0.15/leaf and 

0.01 j leaf respectively. (Tall lc 4. 1 .. L3). 

4.1.3.2 White fly (Bemisia tabaci Genn.) 

Another sucking pest, white fly was also found more abundant 

during early growth stage (before fruiting) than the later (fruiting) stage of 

crop growth. Mean white fly population varied significantly among different 

crop growth stage as well as over different time-~ of planting in both the 

stages. 

During 1997 -()8, signiti1 antly ltigber n1ean numlwr of white f1y 

0.59/plant was recorded on twfore J1·uiting stage over fruiting stage 

(0.24 /plant) in all the crops. !<datively higher white fly population was 

observed 1.14 /plant in P:1 crop, followed by 0.84/plant in P2 crop. While in 

fruiting stage, P2 crop witnessed highest white fly population of 0.61 /plant 

(Table 4.1.3.1). 

During 1998·9CJ, mcurt white t1y population was markedly 

dominant in earlier part or crop growth stage (0.44/plant) as compared to 

the later stage (0.20/plant) in all !he four different crops. Higher mean white 

fly population was recorded on P2 crop in the early stage of crop growth, 

(0.74/plant). Variation in mean white fly population in two stages of crop 

growth was not significant on P:;, crop 0. 60 j plant and 0. 54 I plant in before 

fruiting and fruiting stages respectively. Here also the P1 crop housed lowest 

numbn of pest population (Table 1-.1.3.~?.). 

Analysis of pooled mct111 data !'or two years study revealed that 

mean white fly population iiJr four plantings was recorded higher 

(0.51/plant) in before fruiting stnge, while during fruiting stage, it was only 

0.22/plant. Significantly higher level of white fly population (0.94/plant) was 

recorded before fruiting stage or I):J crop followed by 0.72/plant on P2 crop. 

Population level although was observed lower on fruiting stage than earlier 

stage of growth but signilkantlv higher population was recorded in P2 crop 

(0.58/plant) and it was only 0 14/plnnt on both P1 and P3 crop (Table 

4.1.3.3). 

4.1.3.3 Leaf miner (Liriomyza trijolii Burgess) 

Leaf damage due to leaf miner was relatively more abundant during 

later stage of crop growth i.e. rltlring fruiting stage of all crops planted at 
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Table 4.1.3.2 Effect of crop phenology on relative occurrence of pest population on tomato crops as influenced by different times of planting during 1998-99 

~ 
A lhid /leaf WhiteflJ'Lplant Mined leaf% 

Before . . Before . . Before .. 
fru

.
1
. Frmtmg Mean fi . . Frurtmg Mean fi . . Frmtmg l Mean 

1 mg 1 ru1tmg 
1 

ru1tmg l 

I 0.61 0.11 0.36 I' 0.31 0.15 0.23 0.22 7.51 I 3.87 
PI . I 

1 {105) (0.78) (0.93) 1 (0.91) (0.81) (0.85) (0.85) (2 83) 1 (2.09) 

i 2 89 0.59 i 1. 74 I 0 60 I 0.54 0.57 0.25 57 4 7 i 28.86 
P~ . ' . - I ( 1.84) (1.04) (1.50) I (105) (1.02) (1.03) (0.87) (7 61) I (5.42) 

p 
1 

2.85 o.o4 1.45 1 o.74 o.o9 o.42 13.23 62.34 1 37.78 

I 3 
;, 1'l3) I (0.73) 1 (1 .. 39) ~ ;ill; (0.77i i0.96) ! (3.71) t7Y?n , ;6.19) 

p o 19 0.01 0.10 1 o 09 0.03 0.06 16.28 67.37 1 41.83 
4 

(II 1\3) (0.71) (0.77) i (0 77) (0 73) (0.75) (4.10) (8 24i i (6.51) 

1.64 0.19 I 0.44 0.20 i 7.50 47.92 I 
Mean 1 1 j 

(1.46) (0.83) 1 (o.n) 1 co.84) i (2.83) (6.96) 

Figure in parenthesis mdicate square root transfonned value 

Whitefh/(!lant f Mined leaf% 
----, 

I! 

I 
I 

I I 
' I c p CxP c p CxP c 

I 
p CxP 

i SEM ± 0.006 ! 0.008 0.012 0.004 0.006 0.093 0.011 0.016 0.022 
0.024 I 0.047 I 0.048 0.016 ().{)34 0.370 I 0.046 I 0.094 i 0.092 ! l 

C= Crop grov .. th stage, P= Planting time. C x P = Interaction between crop growth stage and planting nme 

<D 
0 
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Table 4.1.3.3 Effect of crop phenology on relative occurrence of pest population on tomato crops as influenced by different times of planting 
(pooled mean of two years) 

:::::~~~ 
Aphid !leaf I Whitefly/plant I Mined leaf 1Y.• 

n Before F . . I Before I . . I Before I 
p fruiting 

ru1tmg : l\1ean 
fruiting 

i FrUitmu I!Ylean 
fruiting 

: Fruiting Mean I o 
! i 

PI 0.44 0 09 0.27 0.31 ! 014 ! 0.23 0.86 6 20 3.28 
' (0.97) (077) (0.87) (0.90) (0.80) (0.85) (0 93) 1 (2 59) (1.94) 
! 

I 

p2 2.70 0 95 1.83 0 72 0 58 0.65 1 21 53 28 27.24 
i i ' i ' (7 33) i (1.'9) i ( 1 :,=:) (1.52) (1.1 0) \ ~.04) I (1.07) : ( 1.31) (5.27) 

p3 3.05 0.08 1.56 0.94 0.14 0.54 20.32 66.94 43.63 I 

(1.88) (076) (1.44) (1.20) (0 80) (1.02) (4.56) (8.21) (6.64) ! 

i 0.15 0.01 i 0.08 0.08 '].02 0.05 'Y7 '7::. 74.78 51.27 I 
p~ -' . - I 

(0.81) (0.71) (0.76) (0.76) I (0.71) (0.74) (5 --, ,. I cs.6s) (7.19) ! . .) L.) 

Mean 1.59 0.28 0.51 I 0.22 12.41 l 50.30 
(1.4"!1_- _{0.§8) (1.01) (0.84) -- -@_.59)_ . (7.13) 

Figure in parenthesis indicate square root transformed value 

1- --
Aphid/leaf Whitefly/plant Mined leaf% 

I c I p CxP c p I CxP c I p CxP 
I SEM ± I 0.011 i 0.015 0.021 0.005 0.007 I 0011 0.023 I 0.033 0.046 
[CD at 5% I 0.032 I o.o43 0.061 - Jl.Ql'!_ - o.o2o L o.o32 - _Q_.067_ l 0.095 0.133 

- ------ ···-- --·-

C= Crop growth stage, P= Planting time, C x P =Interaction between crop growth stage and planting time 

t:D 



different time. Percentage of leaf miner incidence varied significantly with 

crop growth stage as well as with different planting time. 

During 1997-98, higher magnitude of leaf miner infestation of all 

the crops was recorded during fruiting stage (51. 93%) than before fruiting 

stage ( 17 .33%) of the crop. Interaction of pest population between different 

time of planting and crop growth stage revealed that the higher leaf miner 

infestation was found on the hdore frt1iting stage of P1 crop (39.25%), 

followed by (27 .41 %) on P:1 crop and minimum l>eing (0.51 1%) on P1 crop. 

Fruiting stage of P1 crop was also suffered more leaf miner attack (82.19%) 

which was significantly higher among the different crops planted at different 

time and this was followed by P:l crop (71.53%). Significantly lowest 

infestation was recorded from P1 crop in both the stages, 0.51% and 4.89% 

respectively. (Table 4.1.:3.1). 

In 1998-99, lnll- miner infestc1tion was also significantly higher 

during fruiting stage (47.92(/'iJ) as compared to 7.50% on early stage of crop 

growth. Fruiting stage of P~1 crop witnessed significantly higher by the leaf 

miner (67 .37%) closely followed l>y P:1 (62 .:341%) and P2 (57 .4 7%) crop. Before 

fruiting stage higher level of miner infestation was recorded ( 16.28%) on P1 

crop (Table 4.1.3.2). 

Analysis of pooled mean data of leaf mmer infestation over two 

years also revealed that the infestation was relatively more during fruiting 

stage (S0.30%) than early stage i.t~. befon~ fruiting (12.41%) in all the crop. 

The variation in leaf miner incicle1tce over different time of planting in both 

the stages was significant. The P1 crop was damaged significantly higher by 

leaf miner incidence 27.75% and 74.78% during early stage i.e. before 

fruiting and fruiting stages respectively and minimum being 0.86% and 

6.20% on early and later stHges of crop growth respectively on P1 crop (Table 

4.1.3.3). 

4.1.3.4 Fruit borer jHelicoverpa armigera Hubner) 

Fruit L>orer though <l polyphagous pest., is very specific to the food 

r.e. fruit of tomato, and therefore, its incidence was totally confined to the 

fruiting stage. However a significcmt variation in the level of infestation over 

crops planted at different time was observed. Pooled mean data of two years 

revealed that the highest level ( 13.19%) of fruit damage per cent (in number) 

was recorded on P·1 crop and minimum being 8.34% on P1 crop followed by 

P 2 ( 1 1 .()()<~[)) and P:1 ( 12.00 <~~;)) crop (Table ~. l. l. 15). 
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4.2 Bio-Ecology of Important Insect-Pests of Tomato 

Among the different insect-pests attacked tomato plants tomato 

fruit borer (Helicoverpa armigera), leaf miner (Liriomyza trifolii) and white i1y 

(Bemisia tabaci) have been regarded to be the important ones causing 

considerable damage to thf' plants. Fruit borer attack the fruits and make 

them unfit for consumption, leal mine1 cause damage to the leaves by 

mining into the leaves that affect photosynthetic activity of the plants and 

white f1y cause complett' loss in th 1·ee ways through direct de sapping leading 

into devitalization of plant, interference of photosynthetic activity through 

favouring development of shooty mould and transmitting leaf curl viral 

disease. Keeping this view in mind an attempt was made to study the 

biolog_y of these aforesaid pest species as influenced by the prevailing 

weather under laboratory conditions in different period of the year. The 

information from present cxpcnment will substantiate to justify pest

population f1uctuat ion under field condition. 

4.2.1 Tomato fruit borer (Helicoverpa armigera Hubner) 

The moths are nocturnal in habit. The adult (moth) came out 

during night and copulation takes place on dark conditions. Female laid 

eggs at the next day aftet· mating, singly 1>1J the w;dl of jars. Eggs were round 

ancl greenish yellow in colour wbi(·h ch::mgcd into yellowish white just before 

hatching. 

4.2.1.1 Incubation period 

The period of incubation varied significantly in different seasons, 
the lowest being (3.75 clays) during · - ---------------

April-May when temperature 

ranged from 25.83 to :3 I .:n"C ; 111cl 

the r.h. was 71.00%, while the 

highest being 5.10 days during 

February-March having 

temperature ranging 20.92 lo 

24.50°C and r.h. 62.2] (Yo 

respectively (Figure 4.2.1.1). The 

80 

-';;;--~-- GO 

----------- ~ 

•··•·•·••••••••••••••·•••••••••••••••· ~00 1:0 ~ ~-----_H""_'"'"_·-' 

Feb-Mar Mar-Apr Apr+May 
Month 

Fig. -1.2.1.1 Jncuhatiuu p(•riod of fruit ho'rC'r (If dico~·erpa 
armigera) 

average incubation period was '' .29 days. Correla-tion studit~sshowed ___ that 

the incubation period was condated negatively and signif1cantly to the 

maximum, minimum and aver<lge temperature but non-significantly and 

negatively to average r. h. (T<-l ble ,1.2.1 and 4.2.1a). 



f 

Table- 4.2.1 Duration of different developmental stages of fmit bo1·e,· (Helicoverpa armigera) on tomato under laboratory conditions 

Month 
Average duration (days) 

Incubation Larval Pupal Preoviposition Oviposition I Adult Male Adult Female Life cycle 
I 

February-.\larch I 
5 10 21 33 16.33 !67 5.15 ! ::, 67 10 00 I 43.36 

! i i I I I 

I 
(45-5.5) (1~-24) (14.0-18.50) (l 00-2 50) (45-5.5) I (4 5-6.5) (9-ll) (3 7 50-50.50) 

4.03 19.00 14.66 2 10 640 I 5.00 9.00 40.76 
March-April I : 

(3 5-5.0) \ i 7 -.::. j) (12-17) (1 50-3 (J(J) (45-70) ' 1-L0-6 0) (8 5-10.5) (34.00-46.00) 
' 

3. 75 16 50 10.00 !93 5.00 I 4.33 8.10 3143 
April-May 

(3.5-4.5) I (15-18) (9-11) ( l.00-3. 00) (3.0-6.0) (3 5-5.5) (7.5-9.0) (28 50-36.50) 

Mean 4.29 18 94 13.66 1.90 5.52 I 5.00 9.03 38.52 
-- ·- - - - -----

Figure in parenthesis indicates ranges of developmental periods 

I 

' 

ill 
_;,. 
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4.2.1.2 Larval period 

Freshly hatched larvae yellowish white in colour but gradually 

turned greenish. Full-grown cat<'rpillars were apple green in colour with 

whitish and dark gray broken longitudinal stripes. Three days before 

pupation larvae stopped feeding; became sluggish and entered into pre

pupal condition. 

The larval period varied 

during February-March (21.3~~ 

days) and the lowest during April

May ( 16.50 days), while during 

March-April it was 19.00 days. 

However average duration being 

18.94 clays. Longer larv81 duration 

was recorded when the 

temperature ranged from 23.27 to 

with the seasons. It was the highest 

and r·.h. 

80 

.. -- --------~ / 60 .... ________ 
....... ../ -

~ 
40 °~ 

Mar-Apr 
Month 

Fi~ ... 2.1 .2 Larval period of fruit borer 

( // elicoveqw armi~:era) 

20 

Apr-May 

"-
~ >-,------, 

--Larvalpell~~ 

l 
I 

respectively. At 26.67 -JO.:.D 11 C tcmperat u re and 69% r.h. larval duration 

was the shortest 16.05 days. Correlation studies showed that larval period 

had a non-significant negative rel<1tion to temperature (maximum, minimum 

and average) and average r.h. (Table 4.2.1 and 4.2.1a). 

4.2.1.3 Pupal period 

The caterpillar feel, grown and lived within the fruit keeping the 

posterior part of the body outside the fruit and when became fully grown 

came out from the fruits and pupated in soil. Average pupal duration was 

13.66 days while longer period WclS 16.33 days, when prevailing temperature 

range was 24.27 to 28.07°C and r.h. 20 so l 
58.(-)()01o t' 1 l . ~- - - - il, was 11 respec we y c u rmg --

Fcbrum)'-March. Hut during April- ,,, ---------___:__~ GO 

May the duration w8s shortenf'ri to f' ----~----
Q_ 

E ~~ ll 

:;;o~oe~;' t ~"~;~:~o~:~~a~~::.:t:~::~:or~ : ~· .... . .~ ____ .!. ~-'"''"'"'"] 20 ····l~lllj.,O,IJ\LJI·· 
- • Hunll'llly 

~------~--------40 
Feb-Mar Mar-Apr Apr-May 

f dh h Month WaS OUn t at t e pUpal periOd WaS Fig4-2-l.3Pupulperiodoffruitborcr 

· 'f" t j · 1 (H elicm•erpa armigera) j' non-stgm 1can. anc nega11ve y 

coiTf'latecl with maximum, minirnum and average temperature and average 
r.h. (T<ll>lc -+.:2.1 and -1.:2.l<1). 



Table- 4.2.1a Correlation co-efficient (r) between duration of different stages of life cycle of fruit borer (Helicoverpa armigera)and 
mean weather parameters 

Weather j Incubation Larval 
I 

Pupal Preoviposition I Oviposition I Adult Male I Adult Female 

Parameters I 
I I I I 

Maximum -0. 998* - ()7](1 -0.725 0.176 () 831 * -0 53SI -0. 937* 

temperature °C (24.50-31.33) (26. 54-30 23) (2R.07-31.50) (30 50-32 25) 128.20-32.00) (2Y.3fl-3\J -:-5) (28.58-32.00) 

i 
Minimum i -<: 9S3• - -.:.:, -··-,53 () 181: 0 972* _r: ~""' -0.17!1 

temperature °C I (20.92-25.83) (23.27-26.67) 1 (24.27-28.50) (26. 50-28. 50) (25.50-28.75) (25. 57-27. 50) (25.58-28.36) 

Average ! -0991* -0.'1 ~ ! _() 742 0.178 0.902* -0 702 -0.557 

1 ,,,1 1 8-8) 
i 

I 
I (27 08-29. 93) 

1 temperature °C ("'--'-·' -._ .) (24.91-28 -15 i !.2617-30.00) (28 50-3!13; l 

I 
!26 85-30.371 (27.46-2:; i2"\ 

! 
Average r.h. 0/o -0.444 -0.153 -0.237 0.176 0.118 -0.760 -0.978* 

(59.00-7100) ( 4942-69 ()()) (58.21-70.25) ( 40.00-63.25) ( 49 60-71.00) (55 00-63 87) (48.31-79.33) 

* Significant 

Figure in parenthesis indicate prevailing temperature (lC) and relative humidity (r.h.%) of respective stage of development 
and life cycle at the time of rearing 

Life cycle 

_() 876* 

(26 47-31 03) 

_J-1 943* 

(23 61-27.58) 

-0.911 * 

(2504-29 31) 

-0. 958* 

(56.74-64.55) 

<D 
(J) 
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4.2.1.4 Preoviposition period 

Preoviposition period varied with season and showed a positive 

correlation with maximum, minimum and average temperature and average 

Feb-Mar 

---

Mar-Apr 

Month 

RO 

-110 

Apr-May 

Fig -'.2.1.-l Prcnviposition pc1·ind of fn1it horcr 

(II elicoverpa armigera) 

80 

- Humicllty 

Feb-Mar Mar-Apr Apr-MayL-___ _J 

Month 

Fig 4.2.1.5 Oviposition perlo<l of fruit borer 

(Flelicol'erpa armigera) 

'--------------·---·-------- ·- ·-·· - --
r.h.. Preoviposition period was longer during March-April (2.10 days) 

followed by April-May (Figure 4.2.1.4), (1.93 days) while during February

March the period was the shortes1 (1.67 days) (Table 4.2.1 and 4.2.1a) . 

4.2.1.5 Oviposition period 

Oviposition period continued (Figure 4.2.1.5) for 5.15 days during 

February-March; 6.40 days during March-April and 5.00 days during April

May. On an average the oviposition period was 5.52 days. It had a 

significant positive correlation with temperature (maximum, minimum and 

average) but non-significant and positive correlation with r.h. (Table 4.2.1 

and 4.2.1a). 

4.2.1.6 Adult longevity 

The average longevity of male moth was recorded 5.00 days. During 

February-March, March-April and April--May it was 5.67 day, 5.00 days and 

4.33 days respectively (Figure 4.:2.1.6a). The longevity of female moth was 
.-----------------------

80 

----- GO 

Fig 4.2.1.6a Adult male longevity period of fruit hor·l'r 

(H elicoverpa armi~-:era ) 

17 
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Mar-Apr Apr-May 

Month 

Fi~ 4.2.1.6b Adult femle period of fruit borer 
(If elicoverpa armigertt) 

--Fomalalono.a-,.,ly 

;:;;;;,;:;:;:::;:;:;:;:;;;::Temperature 

- • HU1111d1ty 

----------------------
some how more than male ancl the highest duration was recorded 10.00 

days during February-March, 9.00 days during March-April and 8.10 days 



98 

during April-May (Figure 4.2.1.6b). Longevity of male and female moths 

were negatively correlated with temperature (maximum, minimum and 

average) and average r.h. i.e. adult life prolonged with the decrease of 

temperature and r.h. (Table 4.2.1 :1nd 4.2.1a). 

4. 2. 1. 7 Life cycle 

Duration of life cycle also varied in different season, shortest (31.43 

days) at 27 .58-31.03°C temperature 

and 64.55%) r.h. being in April-May 

and longest (43.36 days) at 2J.61-

26.470C temperature and 56.74cx~ r.h. 

in February-March (Figure 4.2.1.7). 

Average duration of life cycle for three 

generations studied was found ~)8.52 

days. From correlation studies it was 

found that total life cycle had 

50 

40 ---

Feb-Mar 

Fig 4.2.1. 7 Life cycle period of fruit borer 

(H e/icoverpa armigera) 

80 

60 

40 0~ 

significantly negative correlation with maximum, minimum and average 

temperature and average r.h. (Table 4.2.1 and 4.2.la). 

4.2.2 Leaf miner (Liriomyza trifolii Burgess) 

The dipteran fly usually mated partly in the air. Female started 

laying of eggs one day after ma1 i ng. The eggs were laid singly in a small 

number of the punctures made with the help of ovipositor. Eggs were 

yellowish white in colour. 

4.2.2.1 Incubation period 

The average incubation period varied over season, the lowest being 
recorded 2.63 days (at 27.17- ,, 

30.08°C and 66.92% r.h.) during 

April, followed by 3.00 days during 

March, 3.05 day during March-April 

and the highest being 4.07 days 

when temperature ranged from 

25.10 to 28.40°C and the r.h. was 

59.10% respectively (Figure 4.2.2.1). 

Average incubation period was 

.. "' 60 .. 

20 

March Mar-Apr April 

Mouth 

Fig 4.2.2.1 lncuhution period ofleafmincr 
(Liriomyza trifolii) 

· ....... , ... <"Telllperature 

'--·· ·------·-------------1 

recorded 3.18 days. Correlation of important weather parameters with 

incubation period showed a negative correlation to temperature (maximum, 

minimum and average) as well as average~ r.h. (Table 4.2.2 and 4.2.2a). 
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Table- 4.2.2 Duration of different developmental stages of leaf miner (Liriomyza tr~folii) on tomato under laboratory conditions 

Month I Average duration (days) 

1 Incubation Larval Pupal Preoviposition Oviposition Adult Male Adult Female I Life cycle 
! t 

I 4.07 6.50 
1010:,-n I 1.65 2.50 4 00 6.00 

I 
22.25 

February-March .., _ _ _ 
(1 00-2 00) (1 75-3 00) ! (3 00-6 00) 1 {500-750) ( 18 50-27 00) ; ( .).00-))0) i (Y50-7 50) (9 00-,~ Uv) 1 i . • I ! . I 

I 
7.00 8.00 1.25 2.75 3.10 5.25 19.25 I 3.00 

March I (2.00-4.50) (5.50-8.00) ' (7.50-9 50) (1 00-2 00) (2 00-3 50) (2.50-4.00) (4.00-6 00) 
: 

(16. 00-24. 00) 
I 

i 
3.05 6 00 8.12 1.50 3.00 4.06 6.15 18.65 

March-April 
(2. 50-4. 00) (5.00-7.50) (7.50-9.50) (1.00-2.00) (2.50-3.50) (3. 50-5. 50) (5.50-7.00) (16. 00-23.00) 

2.63 5.00 7.05 1.00 1.50 2.12 3.00 15.68 
April 

(1.75-3.50) (3.50-6.00) (6.50-8.00) (0.50-1.50) (1.00-2.50) (1.50-3.00) (2.00-4.00) (12.25-19.00) 

Mean 3.18 6.12 8.29 1.35 1.44 4.42 5.10 18.95 

Figure in parenthesis indicate ranges of duration of developmental stages. 

' 
' 

J 

(!) 
(!) 
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4.2.2.2 Larval period 

After hatching, the larvae (maggot) started feeding cell sap and 

also started mining. Maggots were 

shining yellow in colour. Duration of 

maggot was also depended on 

seasonal variation. The highest 

duration was observed during March 

(7.00 days) at 25.75-29.75°C 

temperature and 59% r.h. (Figure 

4.2.2.2), while the lowest being 5.00 

days during April at 25.82-30.26°C 

-~-·-·-~-~-----------

80 

60 

~ "' ~ [.~ 40 00 

s 2 '""''"'"""''"'"'"""""'""""'""'""'""""""'"""'""''"'"''""":"'''''""''"'''' 20 ! 
\ r::::_-::_-::_-::_-c.v-.1 ,-""-,' 

' i;:;::;:;;!;!:i;i;i;i;i;i;l;ii<femperatlt'e 

\. - - HlQTIIdlty 

Feb-Mar March Mar-Apr Apnl 
Month 

F'i~ 4.2.2.2 I .urvul period of leaf mluer 

(Liriomyza trifolii) 

temperature and 70.33% r.h .. Minimum and average temperature and 

average r.h. had non-significant negative correlation to maggot duration. 

But maximum temperature showed significant negative correlation to larval 

(maggot) duration (Table 4.2.2 and 4.2.2a). 

4.2.2.3 Pupal period 

The maggot came out of the mine to pupate and the pupation took 

place in the glass jar. Pupae were 
l2 80 

dark brown in colour and drum 

shaped. Pupal period varied with 

seasons and average duration being 

8.29 days. The pupal duration was 

the maximum (10.00 days) during 

February-March (at 24.0 to 28. J 7°C 

temperature and 50.8CY% r.h.) (Figure 

4.2.2.3) and the minimum was (7.05 

.. .. 
60 

~ 
40 .,u 

"' ii 
'''li•lli':!!i'•i\!ill:l:iii:illlilllllil!ill\\llll!'••\•;\;\; ;t;;;ililiillilllil !;!;!:!:!:IJIIIIIIIII!•!•!·:' 1-< 

Manli Mar-Apr 
Mon1h 

Fig 4.2.2.3 Pupul pcl'iod oflcufminl'l" 

(Liriomyza trifoli I) 

--·----·-----

20 

Apn! 

--h:pal!'ennd 

· · •··•::;;:,.·,:;!-!;.;.1en.p~rabu-~ 

-- Hunud1ly 

days) being during April (at 28.87 to 31.(,2°C temperature and 59.10% r.h.). 

The pupal period was non-significantly and negatively correlated with 

temperature (maximurn, minimum and average) and average r.h. i.e. pupal 

duration decreased with the incJTase of temperature and r.h. (Table 4.2.2 
and 4.2.2a). 

4.2.2.4 Preoviposition period 

Preoviposition also varied with the season and weather 

parameters. The highest preovipo~ition period ( 1.65 days) was recorded 

during February-March having temperature ranges 24.50 to 29.oooc and 

50% r.h. while the minimum of 1.00 day (Figure 4.2.2.4) at 28.00 to 32.00°C 

temperature and 79%) r.h. during April. This period showed non-significant 



Table- 4.2.2a Correlation co-efficient (r) between duration of different stages of life cycle of leaf miner (Liriomyza trifolii) 
and mean weather parameters 

Weathet· 

Parameters 

Max1mum 

T cmperature "C 

Mmmmm 

temperature °C 

A'::rage 

temperature °C 

Average r.h.% 

Incubation Larval I Pupal Prcoviposition Oviposition 

----·-

-U 592 -0.434 -0.84()* -U.-\95 -0.904* 
1 

i2-L:'U-27 1'7J 124.36-26.30) (28 J'7-3J62; ,2S.-:'-~200) 29 50-3100) 

_i!.:\8] -0.326 -,::.c:_ -!1480 -0 1\55* 

1)8 OU-3(1 08) 127.28-30.26) 

-0.537 -0.397 

12625-2862) 125 82-2804) 

-0.063 I -0.621 

(48.00-66.92) I (59 oo-70.33) 

(24 lHJ-21$.871 

-G "7f.6 

(26 09-30.25 i 

-0.344 

( 4943-59.1 0) 1 

I 

( 24 50-28 75) 

-0.500 

;26 75-30.00) 

-0.669 

( 46.00-79.00) 

125.50-27.50) 

-0. 913* 

I ~·27.63-29.25·~ 

-0.801 * 

1 150.00-76.00) 
I 

* Significant 

! 

Adult Male Adult Female 

-0.920* 

(2 9 00-32. 00) 

-0.597 

(24.83-28.00) 

-0.773 

(26.92-30.00) i 

-0.286 

( 49. 75-66.25) 

-0.691 

(]9.00-31 00) 

-0 538 

i24.71-27.50) 

-0.625 

(2710-29.25) 

-0.754 

(51.33-77.00) 

Figure in parenthesis indicate prevailing temperature (°C) and relative humidity (r.h.%) of respective stage of development 
and life cycle at the time of rearing 

Life cycle 

-0.895* 

128 21-30. 99) 

-0.846* 

(24.57-27.46) 

-D.877* 

(26 39-29.22) 

-D.267 

(51.54-65.65) 

0 



Photograph showing different life stages of fruit borer 

Photograph showing different life stages of leaf miner 
(Eggs and larvae within the leaf) 
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negative correlation to temperature (maximum, minimum and average) and 

average r.h. (Table 4.2.:2 and 4.2.2a). 

I ill> 
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Fig ...1..2.2.-' Prco\·iposition period of leaf miner 

(Liriomyza trifolii) 

4.2.2.5 Oviposition period 
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Fig 4.2.2.5 Oviposition period of leaf miner 

(Liriomyza trifolii) 

The female on an average laid eggs for 1.44 days. This period 

varied with season and continued for 3.00 days (Figure 4.2.2.5) during 

March-April (at 26.00 to 29.50°C temperature and 56.50% r.h.) and the 

lowest 1.50 days during April. This period was found significant and 

negatively correlated with maximum, minimum and average temperature 

and r.h. (Table 4.2.2 and 4.2.:2a). 

4.2.2.6 Adult longevity 

The male fly lived for 4.42 days on an average. The higher 

-
Feb-Mar March Mar-Arr 

~iot1th 

Fig .t.2.2.6a !\laic longevity of leaf miner 

(Liriomy:a trifolii) 
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Fig 4.2.2.6b Female longevity of leaf miner 

(Liriomyza trifolii) 

--Female 
!J.>n.;ev•ty 
Temperature 

dur;1tion or 4.06 ci;J_vs (Figur<' 4.2.2.68) wCJs recorded during March-April hut 

the shorter being during April (2.12 days). The longevity of female fly was 

somehow more than males and the highest duration was recorded 6.15 days 

(Figure 4.2.2.6b) during M;wch-April while it was the shortest (3.00 days) 

during April. The average longevity of female fly was 5.10 days. Longevity of 

male and female fly had non-significant negative correlation to all the 

weather parameters like maximum, minimum and average temperature and 

average r.h. (Table 4.2.2 and 4.2.2a). 
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4.2.2. 7 Life cycle 
The average duration of life cycle was 18.96 days. Duration of life 

cycle was minimum 15.68 days 
16 100 

during April, when temperature 

ranged 27.46 to 30.99°C and 

average r.h. 65.65% and 

max1mum during February-

March 22.25 days when 

temperature ranged from 24.57 

to 28.21 °C and average r.h. was 

54.72% respectively (Figure 

4.2.2.7). The average duration of 

80 
12 

[ 60 ~ 

§s 
] 

" .s 

20 

Nov-Dec Dec-Jan Feb-Mar 

Month - HUillldtty 

Fig 4.2.3.1 Incubation period ofwhitetly 
(Bemisia tabaci ) 

life for four generations was significantly and negatively correlated with 

temperature but negatively and non-significantly to r.h. (Table 4.2.2 and 

4.2.2a). 

4.2.3 Whitefly (Bemisia tabaci Gennadius) 

Females laid eggs singly on the underside of the leaves. Eggs were 

stalked, pear-shaped and light yellow in colour at first but turned into light 

brown later on. 

4.2.3.1 Incubation period 

Incubation period varied with seasons. The lowest period 6.15 

days (at 27.25 to 30.00°C 

temperature and 79% r.h.) was 

observed during October-November 

and the highest being 15.25 days 
(Figure 4.2.3.1) (at 20.36 to 24.430C 

temperature and 62.66% r.h.) 

during February-March. Average 

incubation period was recorded 

9.87 days. Correlation between 

16 100 

80 

- - 60 ~ 
ou 
" 40 ~ 

:1 ' '1:' =::::::~~·· 
Oct-Nov Nov-Dec Dec-Jan Feb-Mar - • Huuudity 

Month 
Fl~ 4.2.3.1 lncub11Uon p£'riod orwhltefly(Bemisia tabari) as lnfluennd by 

tempt"ralure and rellltlve luunldlty 

important weather parameters with incubation period showed significant 

negative correlation with maximum, minimum and average temperature but 

non-significant negative correlation to average r.h. (Table 4.2.3 and 4.2.3a). 

4.2.3.2 Nymphal period 

On hatching, the nymphs were settled themselves underside of the 

leaves and fed on cell sap. The nymphs were oval shaped and scale like. 
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Table 4.2.3 Duration of different developmental stages of white fly (Bemisia tabaci)) on tomato under· laboratory conditions 

Month 
Average duration (days) 

Incubation Nymphal Pupal Preoviposition Oviposition Adult Male Adult Female Life cycle 

October-November 6.15 8.30 4.00 1.12 2.32 4 50 7.12 19.57 

(5.50-7 00) (7.50-9.00) (3.00-5.00) (1.00-2.00) (1.75-3.00) (4 00-5 50) (6.50-8.00) (17.00-23.00) 

November-December 8.10 10.00 5.05 2.00 3.57 6 00 8.50 25.15 

(7.00-9.00) (9.00-11.00) (4.50-6.00) (1.50-3.00) (3 .00-4.50) (5.00-7.00) (7.50-9.00) (22.00-29.00) 

December-January 10.00 18.50 7.25 3.00 5.00 12.50 14.00 40.00 

(9.50-11.00) (18.00-19.00) (6.50-8.00) (2.75-4.00) (3.00-6.00) (11.75-13.00) (12.00-16.00) (36.75-42.00) 

February-March 15.25 16.35 6.00 2.50 4.00 7.35 10.00 38.75 

(14.50-16.00) (15.75-17.00) (5.00-7.00) (2.00-3.50) (3.50-4.50) (7.00-8.50) (9.00-12.00) (37 .25-43 .50) 

Mean 9.87 13.29 5.57 2.15 3.72 7.59 9.91 30.87 

Figure in parenthesis indicate ranges of duration of developmental stages 

0 
~ 
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The average nymphal period for four generations studied was 

recorded 13.29 days. During December-January the highest nymphal period 

was observed (Figure 4.2.3.2) 18.50 
80 

days (at 22.00 to 25.00°C 

temperature and 60% r.h.) and the 

lowest being 8.30 days in October

November (at 27.50 to 29.00°C 

temperature and 68.50% r.h.). It 

had significant negative correlation 

with max1mum, minimum and 
Oct-Nov Nov-Dec Dec-Jail 

Month 

60 

20 

--Nyrrphalpenod 

::!=:::::::::::::::::::;:;:;:irenrerature 
Feb-Mar 

• HtaJud1ly 

Fig 4.2.3.2 Nymphal period of white fly ~emi.l·ia tabaci) 
average temperature but average 

r.h. had non-significant negative correlation with nymphal period 

4.2.3 and 4.2.3a). 

(Table 

4.2.3.3 Pupal period 

Pupae stopped feeding and turned white in colour. This period was 

also varied from season to season 

and the average of 5.57 days was 

observed for four generations 

studied. The maximum being 

7.25 days (Figure 4.2.3.3) during 

December-January (at 19.50 to 

24.50°C temperature and 58% :r 
Uct·Nov Nov-Dec 

80 

-----60 

t ,-_ --------Pu-p•l:-p.,.-ood-, 

=:;.=:;;;:;:;;:;:;:;:;:;:;:;:;:;Temperature 

Feb-Mar Dec-Jan 

r.h.) and the lowest being 4.00 Monu, 
• Humidity 

dayS When temperatUre ranged Fig.U.3.3 Pupalperiodofwhitefly(Bemisiatabaci) 

from 27.17 to 29.75°C and average r.h. was 62% respectively during 

October-November. Pupal period showed significant negative correlation 

with maximum, minimum and average temperature and average r.h. (Table 

4.2.3 and 4.2.3a). 

4.2.3.4 Pre-oviposition period 

Preoviposition period was also varied over seasons and was 

100 

so 
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Fig 4.2.3.4 Preoviposition period of white fly 
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Fig 4.2.3.4 Preoviposition period of white fly 
(B emisia tabaci ) 
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Table- 4.2.3a Correlation co-efficient (r) between duration of different stages of life cycle of white fly (Bemisia tabaci)and mean weather parameters 

Weather Incubation Larval Pupal Preoviposition l Oviposition I Adult Male l Adult Female 
Parameters 

Maximum -0.861 * -0.894* -0. 969* -0.670 -0.781 -0.931* -0.907* 

temperature °C (2443-30.00) (25.00-29.00) (24.50-29.75) (24.00-28.25) (24.00-28.50) (24.00-28.50) (25.50-28.67) 

Minimum -0.937* -0.917* -0.961 * -0.876* -0.915* -0.976* -0.952* 

temperature °C (20. 36-27.25) (22.00-27.50) (19.50-27.17) (19.00-26.00) ( 19. 50-26.25) (19.00-26.17) ( 19 50-25.00) 

Average -0.990* -0.911 * -0.965* -0.804* -0.866* -0. 983* -0. 933* 

temperature °C (22.39-28.62) (23. 50-28.25) (22.00-28.46) (21.50-27.00) (21. 75-27. 37) (21 .50-27.25) (21.50-26. 75) 

Average r.h.% -0.678* -0.673 -0.884* -0.225 -0.468 -0.493 -0.298 

( 50.00-79.00) (55.00-68.50) ( 58.00-62.00) (54.00-78.00) ( 56.00-76.00) (52.43-67.00) ( 59.00-74.00) 

* Significant 
Figure in parenthesis indicate prevailing temperature (°C) and relative humidity (r.h.%) of respective stage of development 
and life cycle at the time of rearing 

Life cycle ] 
-0.951 * 

(25.60-29.20) 

-0.944* 

(21.13-26. 98) 

-0.947* 

(23.36-28.09) 

-0.856* 

(55.75-71.87) 

0 
(J) 
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observed 2.15 days on an average. The maximum preoviposition period 3.00 

days was observed during December-January and the minimum being 1.12 

days (Figure 4.2.3.4) during October-November (Table 4.2.3). 

4.2.3.5 Oviposition period 

This period was also varied with season. The female on an average laid 

egg for 3.72 days. The longest period was recorded 5.00 days during 

December-January (Figure 4.2.3.5) and the lowest was being 2.32 days 

during October-November (Table 4.2.3). 

Both the preoviposition and oviposition period was significantly 

and negatively correlated with maximum, minimum and average 

temperature but average r.h. had non-significant negative correlation (Table 

4.2.3a). 

4.'2.3.6 Adult longevity 

Flies were minute, covered completely with a white waxy bloom. 

Females lived longer than the males. 

Dec-Jan Feb-Mar '-------
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Fig 4.2.3.6a Male longevity of white lly 
Month ;::::::::,::::::::::rempenlt.ure 

Fig 4.2.3.6b Female longevity of white fly 

(Bemisia I abaci) (Bemisia I abaci) 

The average longevity of adult male and female were recorded 7.59 

and 9. 91 days respectively. However during October-November it was 4.50 

days while it was 12.50 days (Figure 4.2.3.6a) during December-January for 

male. The longevity of female was 14.00 days during December-January and 

7.12 days during October-November (Figure 4.2.3.6b). From correlation 

studies it was observed that the longevity of male and female had a 

significant negative correlation with maximum, minimum and average 

temperature while average r.h. showed non-significant and negative 

correlation (Table 4.2.3 and 4.2.3a). 



4.2.3. 7 Life cycle 

It was also varied with seasons; the minimum duration of the life 

cycle was recorded 19.57 days 

during October-November when 

temperature ranged 26.98 to 

29.20°C and average r.h. was 

71.87%. The longest duration of 

life cycle (Figure 4.2.3.7) was 

recorded 40.00 days during 

December-January at 21.13 to 

25.60°C temperature and 60.58% 
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Fig 4.2.3.7 Life cycle period of white tly (Bemisia tabaci) 

average r.h .. The average duration of life cycle for four generation studied 

was 30.87 days. Duration of life cycle had significant negative correlation 

with maximum, minimum and average temperature and average r.h. (Table 

4.2.3 and 4.2.3a). 
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4.3 Assessment of Crop Loss of Tomato Caused by 

Important Insect-pests 

4.3.1 Winter crop 

This is the normal growing season of tomato. The relative occurrence 

of the pests as well as natural enemies during this season was lower than 

the other seasons. Since the crop is grown in normal growing season and 

suffered from low level of pest infestation growth and development was 

adequate resulted higher productivity to tomato. Details of the results on 

pest incidence, occurrence of natural enemies, extent of damage and 

assessment of crops loss is furnished below pest wise over varieties. 

4.3.1.1. Open pollinated variety cv. Pusa Ruby 

Aphid (Aphis gossypii Glover) 

The population was recorded too low during winter season in all the 

three years (Table 4.3.1.1a-4.3.1.1d) studied. 

Average aphid population in three years revealed that the combined 

insecticidal and fungicidal and insecticidal application alone suppressed the 

population significantly (0.08/leaf and 0.09/leaf respectively) over untreated 

control (0.27 /leaf). Fungicidal application alone had no significant effect on 

suppression in aphid population (0.25 /leafj over untreated control (Table 

4.3.1.1d). 

White fly (Bemisia tabaci Genn.) 

The white fly population was always lower in winter season but was 

recorded higher in 1996-97 as compared to 1997-98 and 1998-99 (Table 

4.3.l.la-4.3.1.1d) .. Pooled mean data of the three years observation showed 

that malathion@ 0.05% alone as well as in combination with dithane M-45 

@ 2gm/l significantly suppressed the white fly population 0.23/plant and 

0.20/plant respectively over untreated control (0.52/plant) and fungicidal 

treatment alone (0.49 /plant) (Table 4.3.1.1d). 

Leaf miner (Liriomyza trifolii Burgess) 

Infestation of leaf miner (Liriomyza trifolii) was low in all the three 

years studied, but relatively higher level of attack was observed in 1996-97 

(Table 4.3.1.la-4.3.1.1d). 

Pooled mean data of three years revealed that application of malathion 

@ 0.05% and in combination with fungicide dithane M-45 @ 2gmjl resulted 

in significant suppression of leaf miner infestation (1.13% and 1.03% 
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Table 4.3.l.la Level of pest population and assessment of crop loss of open pollinated variety (Pusa Ruby) of tomato (winter season) in 1996-97 

Treatments Aphid I Whitefly I Mined leaf Bo1·ed fruit Bored fruit Menochilusl Spider I Yield (tlha) Value of %gain 

leaf plant o;;, %in No. 'Yo in Wt. plant plant significance over 
control 

Unt1·eated 0.31 0.78 2 35 8 6X 7.80 047 0.() 1 
42.26 - -

(0. 90) (1.13) (l G8) (3 .08) (2.82) (0 98) (1.05) 

Insecticidal control 0.11 0.40 1.50 5.02 4.52 0.25 0.29 Sig 
48.47 12.81 

(0.78) (0. 95) (141) (2.35) (2.24) (0.87) (0.89) (t=3.23) 

Fungicidal control 0.29 0.75 2.30 8.73 7.74 0.45 0.55 N.S. 
46.36 8.84 

(0.89) (1.12) (1.67) (3.04) (2.87) (0.97) (1.02) (t=2.416) 

Insecticidal and 0.10 0.35 1.35 4.98 4.38 0.20 0.25 Sig 
53.17 20.52 

Fungicidal control (0.77) (0.92) (1.36) (2 34) (2.21) (0.84) (0.87) (t=4.345) 

SEM (±) 0.007 0.023 0.039 0.018 0.055 0.032 0.070 1.389 - -
CD at 5% 0.021 ~~1 l 0.117 l 0.056 0.168 0.098 0.214 l 4.251 

Figure in parenthesis indicate square root transformed value 

0 



l 4 

Table 4.3.1.1 b Level of pest population and assessment of crop loss of open pollinated variety (Pusa Ruby) of tomato (winter season) in 1997-98 

--

Treatments Aphid I Whitefly I Mined leaf Bored fruit Bored fruit M enochilus Spider I Yield (t/ha) Value of o;., gain 

leaf plant % 'Yo in No. %in Wt. /plant plant sign ificancc OYer 

control 

Untnated 0.21 0.36 1.20 5.50 5.00 II IX () 68 
33.33 - -

(0.84) (0 94) (1.30) (2.45) (2.35) (0.82) (1.09) 

Insecticidal control 0.07 0.16 1.03 3.39 3.00 010 0.32 Sig 
36.79 9.40 

(0.75) (0 82) (1.24) (1.97) (1.87) (0.77) (0.91) (t=4.396) 

Fungicidal control 0.19 0.33 1.11 5.30 4.75 0.16 0.58 
38.62 

Sig 
13.70 

(0.83) (0.93) (1.27) (2.41) (2.29) (0.81) (1.04) (t=3.987) 

Insecticide and 0.05 0.14 0.90 3.21 2.85 0.09 0.30 Sig 
20.53 42.00 

Fungicidal control (0.74) (0.81) (1.19) (1.93) (1.83) (0.77) (0.89) (t=4.714) 

SEM (±) 0.006 0.010 0.020 0.032 0.034 0.030 0.060 1.236 

CD at5% 0.021 I 0.029 0.060 0.095 I 0.104 I 0.092 0.184 3.783 
----- - - - -----

Figure in parenthesis indicate square root transformed value 
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Table 4.3.l.lc Level of pest population and assessment of crop loss of open pollinated variety (Pusa Ruby) of tomato (winter season) in 1998-99 

Treatments Aphid I White fly I Mined leaf Bored fruit Bored fruit Menochilus Spider I Yield Value of %gain 

leaf plant 0/o o;;, in No. %in Wt. /plant plant (t/ha) significance over 

control 

Untreated 0.29 () ]8 U.'i (,_l)(, 6.32 () 2 () () 7.:; 
.'i-+05 - -

(0.89) (0.94) (1.36) (2. 73) (2.61) (0.84) (1.12) 

Insecticidal control 0.09 0.12 0.85 3.89 3.53 0.10 0.37 Sig 
9.59 60.67 

(0.77) (0.79) (1.16) (2.1 0) (2.01) (0.77) (0'.93) (t=5.267) 

Fungicidal control 0.27 0.35 1.29 6.84 6.21 0.19 0.69 N.S. 
3.55 56.87 

(0.88) (0.92) (1.34) (2. 71) (2.59) (0.83) (1.09) (t=2.20) 

Insecticide and 0.08 0.10 0.83 3.69 3.35 0.08 0.33 Sig 
12.39 62.61 

Fungicidal control (0.76) (0.77) (1.15) (2.05) (1.96) (0.76) (0. 91) (t=6.067) 

SEM (±) 0.006 0.006 0.011 0.021 0.007 0.028 0.056 1.238 - -
CD atS% 0.018 0.018 0.033 0.064 0.021 0.086 0.171 3.[788 

- - --- - ·- -------

Figure in parenthesis indicate square root transformed value 

N 
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Table 4.3.1.1d Level of pest population and assessment of crop loss of open pollinated variety (Pusa Ruby) of tomato (winter season) in 
(pooled mean of three years) 

---·-

Treatments Aphid I White fly I Mined leaf Bored fruit Bored fruit Menochilusl Spider I Yield Value of %gain 

leaf plant o/o 'Y., in No. %in Wt. plant plant (tlha) significance over 

contt·ol 

Untreated 0.27 0.52 1.63 7.05 6.37 0.28 0.68 
43.48 - -

(0.88) (1.04) (1.46) (2.75) (2.62) (0.89) (1.09) 

Insecticidal control 0.09 0.23 1.13 4.10 3.68 0.15 0.33 
48.65 

Sig 
10.63 

(0.77) (0.87) (1.28) (2.14) (2.04) (0.81) (0.91) (t=6.46) 

Fungicidal control 0.25 0.49 1.57 6.96 6.24 0.27 0.61 
47.28 

Sig 
8.04 

(0.87) (1.02) (1.44) (2.73) (21.60) (0.88) (1.05) (t=5.00) 

Insecticide and 0.08 0.20 1.03 3.96 3.53 0.12 0.29 Sig 
17.32 52.59 

Fungicidal control (0.76) (0.85) (1.24) (2.11) (2.01) (0.79) (0.89) (t=8.93) 

SEM (±) 0.005 O.Oll 0.016 0.021 0.022 0.025 0.048 0.774 - -
I CD at 5% I 0.016 0.034 0.050 0.063 0.067 0.076 I 0.147 2.368 

- ·- - ---

Figure in parenthesis indicate squa~e root transformed value 

' 

I 

I 

VJ 



Photograph showing differel1t treatments of yield loss assessment 
of tomato crop on open pollinuted variety (Pusa Ruby) 
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Fruit borer (Helicoverpa armigera Hubner) 

Fruit boring, caused by Helicoverpa armigera, was also low during 

winter crop, however, its infestation was at a lower level in 1997-98 as 

compared to 1996-97 and 1998-99 (Table 4.3.1.1a-4.3.1.1d). 

Analysis of pooled data of three years showed that although dithane 

M-45@ 2gmjl application alone had no significant effect on the suppression 

of fruit borer (in number) (6.96%) over untreated control (7.05%) but its 

combination with malathion@ 0.05% suppressed the infestation to a level of 

3. 96% (in number) over untreated control, followed by malathion @ 0.05% 

alone (4.10%). Similarly only 3.68% and 3.53% bored fruits by weight was 

obtained from malathion @ 0.05% alone and its combination with dithane 

M-45@ 2gmjl over untreated control (6.37%) (Table 4.3.1.1d). 

Natural enemies 

M. sexmaculata and spiders of different species were the most 

dominant predators recorded during the course of investigation on tomato 

crops (Table 4.3.1.1a-4.3.1.1d). In general the population level was always 

lower but the number was further lowered in malathion treated plots as 

compared to the untreated ones. 

Yield and gain over control 

In 1997-98, though the pest population was lower but yield was also 

lower as compared to other two years. In this year 42.00 tjha, 38.62 tjha, 

36.79 tjha and 33.33 tjha (Table 4.3.1.1a) yield was obtained from 

insecticidal, fungicidal and their combined treatment and untreated control 

respectively. Average yield for three years from insecticidal control resulted 

significantly higher (48.65 tjha) than in untreated control (43.48 tjha), 

where as, fungicide alone also yielded higher which might be due to control 

of disease which ultimately ref1ected in elevated yield of tomato (47.28 tjha). 

The combined effect of both the insecticide and fungicide together resulted 

in significantly higher yield of tomato. (52.59 tjha) which certainly due to 

simultaneous suppression of pests and diseases. (Table 4.3.1.1d). 

Gain in yield over control was varied in years. The maximum 

percentage of gain in yield due to insecticide application over control was 

obtained in 1996-97 ( 12.81 %) followed by 9.59% and 9.40% during 1998-99 

and 1997-98 respectively. (Table 4.3.1.1a-4.3.1.1d). 

However, gain in yield over control was recorded significantly higher 

during 1996-97 and 1997-98 (20.52 and 20.53% respectively) which might 

be due to combined suppression of pests and diseases more particularly due 

to severity of diseases on these two years. Under present investigation on an 
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average 10.63% yield was gained from insecticidal application over control 

and 17.32% from combined application of both insecticide and fungicide. 

(Table 4.3.1.1d). 

4.3.1.2. Hybrid cv. Abinash-11 

Aphid (Aphis gossypii Glover) 

In case of hybrid, aphid population was lower in all the years studied 

(Table 4.3.1.2a-4.3.1.2d). Highly significant suppression of aphid population 

was observed from insecticidal and combined insecticidal and fungicidal 

application (0.07 /leaf and 0.05/leaf) as against the untreated one 

(0.24 /leaf). 

White fly (Bemisia tabaci Genn.) 

The white fly population was recorded higher in 1996-97 over other 

two years (Table 4.3.1.2a-4.3.1.2d). From the pooled mean data (Table 

4.3.1.2d) it was observed that malathion@ 0.05% alone and in combination 

with dithane M-45@ 2 gm/1 lowered down the pest population significantly 

(0.12/plant and 0.10/plant) over untreated control (0.34/plant). 

Leaf miner (Liri.omyza tri.folii Burgess) 

Leaf miner population was moderate m all the three years (Table 

4.3.1.2a-4.3.1.2d), but a relatively, higher population was observed in 1996-

97. From the analysis of pooled mean data of three years (Table 4.3.1.2d) it 

was found that malathion@ 0.05% alone and in combination with dithane 

M-45 @ 2gmjl significantly suppressed the leaf miner population to 3.50% 

and 3.69% respectively over untreated control (5.33%). 

Fruit borer (Helicoverpa armigera Hubner) 

Out of three years studies fruit borer infestation was higher in 1996-

97, as compared to 1997-98 and 1998-99. (Table 4.3.1.2a-4.3.1.2d). Pooled 

mean data for three years (Table 4.3.1.2d) revealed that significantly higher 

suppression of fruit borer (4.09% in no., 3.94% in wt. and 3.87% in no., 

3. 77% in wt. respectively) was obtained from malathion @ 0.05% and its 

combination with dithane M-45 @ 2gmjl over untreated control (7.62% in 

no. and 7.42 in wt.) which was directly reflected on the higher gain in fruit 

yield over untreated control. 

Natural enemies 

Insecticidal spray not only suppressed the pest population but also 

adversely affect the natural enemy population, however, natural enemy 

population was in general at a low level in plots where pesticides were 

applied (Table 4.3.1.2a-4.3.1.2d). 
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Table 4.3.1.2a Level of pest population and assessment of crop loss of hybrid (Abinash-II) of tomato (winter season) in 1996-97 

Treatments Aphid I White fly I Mined Bored fruit Bored fruit Menochilusl Spider I Yield Value of %gain 

leaf plant leaf% %in No. %,inWt. plant plant (t/ha) significance ove1· 

control 

Untreated 0.26 0.60 6.56 9.00 8.69 0.43 0.52 74.00 - -
(0.87) (1.05) (2.66) (3.08) (3.03) (0.96) (l 02) 

Insecticidal control 0.07 0.23 4.23 5.10 4.92 0.21 0.23 85.36 Sig 13.31 

(0.75) (0.85) (2.17) (2.37) (2.33) (0.84) (0.86) (t=8.94) 

Fungicidal control 0.24 0.58 6.45 8.98 8.65 0.37 0.49 82.32 Sig 10.11 

(0.86) (1.04) (2.64) (3.08) (3.02) (0.94) (0. 90) (t=4.78) 

Insecticide and 0.06 0.20 4.08 5.00 4.82 0.18 0.20 92.87 Sig 20.32 

Fungicidal control (0.75) (0.84) (2.14) (2.35) (2.31) (0.82) (0.83) (t=12.38) 

SEM (±) 0.016 0.006 0.030 0.030 0.078 0.056 0.056 0.761 - -
CD at5% 0.047 0.020 0.090 0.090 0.239 0.171 0.171 2.329 

------

Figure in parenthesis indicate square root transformed value 

m 



Table 4.3.1.2b Level of pest population and assessment of crop loss of hybrid (Abinash-II) of tomato (winter season) in 1997-98 

Treatments Aphid I White fly I Mined Bored fruit Bored fruit Menochilusl Spider I Yield Value of %gain 

leaf plant leaf% 'Yo in No. o;., in Wt. plant plant (t/ha) significance over 

control 

Untreated 0.21 0.18 4.23 (J.O I 5 89 014 0.58 62 33 - -

(0.84) (0.82) (2.17) (2.55) (2.53) (0.80) ( 1.04) 

Insecticidal control 0.05 0.05 3.58 2.78 2.72 0.08 0.28 69.25 Sig 9.93 

(0.74) (0.74) (2.02) (1.81) (1.79) (0.76) (0.88) (t=4.046) 

Fungicidal control 0.19 0.17 4.10 5.80 5.82 0.13 0.54 72.45 Sig 13.97 

(0.83) (0.82) (2.14) (2.51) (2.51) (0.79) (1.02) (t=7.047) 

Insecticide and 0.04 0.04 3.30 2.62 2.57 0.07 0.24 80.66 Sig 22.73 

Fungicidal control (0.73) (0.73) ( 1. 95) (1.76) (1.75) (0.75) (0.86) (t=10.93) 

SEM (±) 0.006 0.004 0.025 0.029 0.048 0.012 0.032 1.227 - -
CD at5% 0.017 0.013 I 0.076 0.087 0.147 I 0.037 0.098 3.757 

-··-- - - - ·- --
Figure in parenthesis indicate square root transformed value 

__.. 
__.. 
-..1 



Table 4.3.1.2c Level of pest population and assessment of crop loss of hybrid (Abinash-II) of tomato (winter season) in 1998-99 

--

Tt·eatments Aphid I White fly I Mined leaf Bored fruit Bored fruit Menochilus! Spider I Yield Value of %gain 

leaf plant % %in No. %inWt. plant plant (t/ha) significance over 

control 

Untreated 0.25 0.23 5.21 7.85 7.69 016 0.52 84.91 - -
(0.87) (0.85) (2.39) (2.39) (2.86) (0.81) (l.01) 

Insecticidal control 0.08 0.07 3.26 4.39 4.17 0.10 0.23 94.25 Sig 9. 91 

(0.76) (0.75) (1. 94) (2.21) (2.16) (0.77) (0.85) (t=5.076) 

Fungicidal control 0.23 0.21 5.12 7.80 7.64 0.15 0.49 89.27 Sig 4.88 

(0.85) (0.84) (2.37) (2.88) (2.85) (0.81) (0.99) (3.89) 

Insecticide and 0.06 0.06 3.11 4.00 3.92 0.09 0.20 98.20 Sig 13.53 

Fungicidal control (0.75) (0.75 (l. 90) (2.12) (2.10) (0.77) (0.84) (9.04) 

! SEM (±) 0.006 0.008 0.020 0.023 0.031 0.018 0.028 0.940 - -
CD atS% 0.017 0.025 0.060 0.069 0.095 0.055 0.086 2.877 

--~ 

Figure in parenthesis indicate square root transformed value 

--

_... 
_... 
():) 



1' 
; 

Table 4.3.1.2d Level of pest population and assessment of crop loss of hybrid (Abinash-II) of tomato (winter season) (pooled mean of three years) 

Treatments Aphid I White fly I Mined leaf Bored fruit Bored fruit Menochilusl Spider I Yield Value of %gain 

leaf plant o/o %in No. %in Wt. plant plant (tlha) significance over 

control 

Untreated 0.24 0.34 5.33 7.62 7.42 0.24 0.57 73.75 - -
(0.86) (0.92) (2.41) (2.85) (2.81) (0.86) (1.03) 

Insecticidal control 0.07 0.12 3.69 4.09 3.94 0.13 0.26 82.95 Sig 11.09 

(0.75) (0.79) (2.05) (2.14) (2.11) (0 79) (0.87) (t=7.67) 

Fungicidal control 0.22 0.32 5.22 7.53 7.37 0.22 0.53 81.01 Sig 9.34 I 

(0.85) (0.91) (2.39) (2.83) (2.81) (0.84) (1.01) (t=5.937) 

Insecticide and 0.05 0.10 3.50 3.87 3.77 0.11 0.23 90.53 Sig 18.58 

Fungicidal control (0.74) (0.77) (2.00) (2.09) (2.07) (0.78) (0.85) (t=14.69) 

SEM (±) 0.005 0.003 0.014 0.018 0.025 0.021 0.029 0.402 - -
CD at5% 0.014 0.019 0.045 L_ o.o515_ 0.076 0.064 J _o.~89 _I _1.228_ 

....__ -----.L...-.-- - 1..-..-··· 

Figure in parenthesis indicate square root transformed value 

CD 
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Yield and gain over control 

Inter year variation in yield of tomato (Table 4.3.1.2a-4.3.1.2d) was 

observed under present studies and the yield was higher (84.91-98.20 tjha) 

in 1998-99. Suppression of insect-pests through the use of insecticide 

(malathion @0.05%) always resulted higher yield than fungicide alone, 

except 1997-98, where higher yield was obtained due to control of disease 

(72.45 t/ha) ratl-ter than insect control (69.25 tjha). 

From the foregoing discussion on incidence of different pests it is 

found that yield of tomato was directly related with abundance of different 

pests. Incidence of different pests species, their relative abundance in 

different year under different management practices showed highly 

significant variation in yield of tomato. Thus, it can, therefore, be said in 

other words that 11.09% loss in tomato yield can be avoided or can be saved 

from the application of recommended insecticide, 9.34% from fungicide and 

18.58% from both insecticide and fungicide. 

4.4.2 Spring-summer crop 

Spring-summer is the out of normal crop growing season of tomato 

practised in some pockets of terai region more particularly after the 

introduction of hybrids. Also some open pollinated variety like Pusa Ruby 

has been raised during off-season. Growth of plant vis-a-vis productivity of 

tomato at this season are far below than in normal crop growing season. 

The pest structure as well as magnitude of pest infestation was 

somehow different and also higher. The insect pests in this season 

were namely tingid bug ( Urentius hystricellus Richt) leaf miner (Liriomyza 

trifolii Burgess) and fruit borer (Helicoverpa armigera Hubner) only. The 

relative occurrence of different insect-pest species, and their natural 

enemies, extent of damage and assessment of loss caused by them in a 

complex on two different varieties having different genetical make up is 
described below. 

4.3.2.1 Open pollinated variety cv. Pusa Ruby 

Tingid bug ( Urentius hystricellus Richt) 

The population of tingid bug (Urentius hystricellus Richt.) was 

moderate in all the three years studied. In 1997-98 , the population 

level was higher than other two years. {Table 4.3.2.1a-4.3.2.1d) Pooled 

mean data of the three years showed that malathion @0.05% suppressed 

tingid bug population significantly (0.55/leaf), although the lowest 

population being recorded from combined application of malathion 

0.05% and dithane M-45 @ 2gm/l (0.51/leaf) over untreated control 
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Table 4.3.2.1a Level of pest population and assessment of crop loss of open pollinated variety (Pusa Ruby) of tomato 
(spring-summer season) in 1996-97 

Treatments Tingid bug Mined leaf Bored fruit Bored fruit Menochilus/ Coccinella Spider I Yield Value of 

I leaf % %in No. %in Wt. plant /plant plant (t/ha) significance 

Untreated 1.16 20.37 13.37 12.52 0.23 0.20 0.90 17.22 -
(1.29) ( 4.57) (3.72) (3 .61) (0.85) (0.84) (1.18) 

Insecticidal control 0.53 13.00 8.50 7.90 0.12 0.12 0.45 22.93 Sig 

(l.Ol) (3.67) (3.00) (2.90) (0.79) (0.79) (0.97) (t=18.66) 

Fungicidal control 1.10 20.00 12.78 11.90 0.21 0.19 0.86 20.37 Sig 

(1.26) (4.53) (3.64) (3.52) (0.84) (0.83) (1.17) (t=7.50) 

Insecticide and 0.50 12.87 8.23 7.71 0.10 0.10 0.42 25.11 Sig 

, Fungicidal control (1.00) (3.66) (2.95) (2.87) (0.77) (0.77) (0.96) (t=23.14) 

SEM (±) 0.008 0.133 0.033 0.028 0.019 0.013 0.006 0.292 -
CD at5% 0.026 0.399 _j_ 0.099 0.085 0.058 0.039 - _0.~1~ _l_ 0.892 

Figure in parenthesis indicate square root transformed value 

0/o gain over 

control 

-
i 

I 

24.90 I 

I 
I 

15.44 I 

31.42 

-

N 
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Table 4.3.2.1 b Level of pest population and assessment of crop loss of open pollinated variety (Pus a Ruby) of tomato 
(spring-summer season) in 1997-98 

Treatments Tingid bug I Mined leaf Bored fruit Bored fruit M enocltilu sf Coccinella Spider I Yield Value of 

leaf o;o %in No. 'Yo in Wt. plant /plant plant (t/ha) significance 

Untreated 1.64 22.87 11.50 10.00 0.27 0.25 0.87 10.00 -
(1.46) (4.83) (3 .46) (3.24) (0.88) (0.87) (1.17) 

Insecticidal control 0.84 15.10 7.50 6.50 0.13 0.12 0.47 13.23 Sig 

(1.16) (3. 95) (2.83) (2.65) (0.79) (0.78) (0.98) (t=l3.08) 

Fungicidal control 1.56 21.37 11.25 9.75 0.25 0.23 0.85 12.17 Sig 

(1.43) (4.68) (3 .43) (3.20) (0.87) (0.85) (1.16) (9.09) 

Insecticide and 0.76 15.00 7.25 6.32 0.11 0.10 0.43 14.60 Sig 

Fungicidal control (1.12) (3.94) (2.78) (2.61) (0.78) (0.77) (0.96) (t=16.65) 

SEM (±) 0.010 0.034 0.024 0.030 0.025 0.008 0.003 0.237 -
CD at 5% 0.031 0.105 0.074 0.092 0.076 0.024 0.009 0.727 

- - - 1 .. _ --- --··---

Figure in parenthesis indicate square root transformed value 

--·-- -

%gain over 

control 

-

24.41 

17.84 

31.51 
! 

I 

- I 

I 

I 

_.. 
N 
N 



Table 4.3.2.1c Level of pest population and assessment of crop loss of open pollinated variety (Pusa Ruby) of tomato 
(spring-summer season) in 1998-99 

-

Treatments Tingid bug Mined leaf Bored fruit Bored fruit Menochilus! Coccinella Spider I Yield Value of 

I leaf % %in No. %in Wt. plant /plant plant (t/ha) significance 

Untreated 0.86 16.87 8.20 7.45 0.24 0.10 0.95 18.68 -
( 1.16) (4.17) (2.96) (2.82) (0.86) (0.77) (1.20) 

Insecticidal control 0.29 7.20 4.88 4.45 0.12 0.06 0.43 24.00 Sig 

(0.89) (2.77) (2.32) (2.22) (0.78) (0.75) (0. 96) (t=15.03) 

Fungicidal control 0.83 16.67 8.00 7.25 0.23 0.09 0.90 20.65 Sig 
(1.15) (4.14) (2.92) (2.78) (0.85) (0.77) (1.18) (t=8.92) 

Insecticide and 0.27 7.00 4.67 4.25 0.10 0.05 0.40 26.55 Sig 
Fungicidal control (0.88) (2.74) (2.27) (2.18) (0.77) (0.74) (0.95) (t=16.46) 

SEM (±) 0.006 0.028 0.024 0.038 0.016 0.012 0.026 0.343 -
CD at5% 0.017 0.087 0.072 0.116 0.049 0.037 0.049 1.050 

-- ·- - ----

Figure in parenthesis indicate square root transformed value 

-

%gain over 

control 

-

22.17 

9.54 

29.64 

-

N 
w 
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Table 4.3.2.ld Level of pest population and assessment of crop loss of open pollinated variety (Pus a Ruby) of tomato 
(spring-summer season) (pooled mean of three years) 

Borell fntit I Bot·ed fruit Tt·eatments Tingid hug Mined leaf Menochilus/ Coccinella Spidet· I Yield Value of 

I leaf •y,, % in No. I 'Yo in \Vt. plant /plant plant (t/ha) significance 

Untreated 1.22 20.04 11.02 9.99 0.25 0.18 0.91 15.30 -

(1.31) (4.53) (3.39) (3.24) (0.86) (0.83) (1.19) 

Insecticidal control 0.55 11.77 6.96 6.28 0.12 0.10 0.45 20.05 Sig 

(1.02) (3.50) (2.73) (2.60) (0.80) (0.77) (0.97) (t=l3.53) 

Fungicidal control 1.16 19.35 10.68 9.63 0.23 0.17 0.87 17.73 Sig 

(1.29) (4.46) (3.34) (3 .18) (0.85) (0.82) (1.17) (t=12.33) 

Insecticide and 0.51 11.62 6.72 6.09 0.10 0.08 0.42 22.09 Sig 

Fungicidal control (1.00) (3.48) (2.69) (2.57) (0.77) (0.76) (0.96) (t=37.97) 

SEM (±) 0.004 0.020 0.014 0.078 0.013 0.010 0.024 0.235 -
CD at 5% 0.011 0.061 0.043 0.238 0.039 0.030 0.073 0.719 

- -

Figure in parenthesis indicate square root transformed value 

I 
0/o gain oyer I 

contml 
I 

-
I 

23.69 

13.71 

30.74 

-

N 
.p.. 
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(1.22/leaf). However, the fungicide, dithane-M-45 @ 2 gm/ 1 had no 

significant effect on suppression of tingid bug population. 

Leaf miner (Liriomyza trifolii Burgess) 

Leaf miner population was recorded highest during 1997-98 

followed by 1996-97 and 1998-99(Table 4.3.2.1a-4.3.2.1d). Analysis of 

pooled data of three years revealed that malathion significantly 

suppressed the leaf miner population 11.77% than in the untreated 

control (20.04%) but could not protect the leaf from miner infestation 

fully. 

Dithane M -45 111 combination with malathion resulted best effect 

on population suppression (11.62%) although the difference from 

malathon alone was not significant. Role of fungicide on leaf miner 

population suppression, although very low , was also evidence when it 

was applied alone ( 19.35%) over untreated control (20.04%) and the 

difference was marginally significant. 

Fruit borer (Helicoverpa armigera Hubner) 

Fruit borer directly responsible for damaging tomato fruits was 

recorded proportionately higher in 1996-97 over the other two years. 

Analysis of pooled mean data for three years revealed that the level of bored 

fruit percentage (in number) due to application of malathion, dithane M-45 

alone and their combination was significantly more (6.96%, 10.68% and 

6.72% respectively) than untreated control (11.02%), and bored fruit (in 

weight) (6.28%, 9.63% and 6.09% respectively) over untreated one (9.99%). 

However, fungicide also had a little effect on fruit borer suppression. 

Natural enemies 

Composition of natural enemies like M. sexmaculata., C. 

septempunctata and spider of different species were significantly lower 111 

malathion treated plots indicating killing of natural enemy population by 

insecticides and malathion can not be recognized as a safe insecticide (Table 

4.3 .2.1a-4.3.2.1d) to natural enemies. 

Yield and gain over control 

Higher pest population during 1997-98 resulted lower yield of tomato. 

Comparatively higher yield in 1996-97, 1998-99 was might be due to lower 

incidence of insect-pests (Table 4.3.2.1a-4.3.2.1d). So it can be said that the 

yield of tomato was directly related to the relative abundance of insect-pests. 

Analysis of pooled mean data showed that application of malathion not only 

suppressed the pest population but also augmented in yield of tomato. Thus 

significantly better yield was obtained through application of malathion 
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(20.05 tjha) and being highest from combined malathion and dithane M-45 

treated plot (22.09 tjha) as compared to untreated control (15.30 tjha). A 

yield of 17.73 tjha was recorded from fungicide treated plots. This might be 

due to control of diseases that ultimately increased yield of tomato. 

The incidence of different pest species, in different years under 

different management practices showed highly significant variation in yield 

of tomato fruits. It was observed from the above results that 23.69% and 

13.71% gain in yield was obtained from application of insecticide and 

fungicide separately. However, higher gain in yield (30.74%) was obtained 

when both insecticide and fungicide were applied together. So, in other word 

it can be said that, 23.69%, 13.71% and 30.74% yield loss can be avoided 

by applying insecticide, fungicide and their combination (Table 4.3.2.1d). 

4.3.2.2 Hybrid : Abinash-11 

Tingid bug ( Urentius hystricellus Richter) 

Lower level of tingid bug population was observed in 1998-99 as 

compared to 1996-97, 1997-98 (Table 4.3.2.2a-4.3.2.2d). Analysis of data of 

three years (Table 4.3.2.2d) showed that the combined application of 

insecticide and fungicide lowered down tingid bug population (0.38 /leaf) 

significantly over untreated control (0.94/leaf), whereas, insecticide and 

fungicide alone suppressed (0.41/leaf) and (0.89/leaf) bug population 

significantly as in case of untreated control (0.94 /leaf). 

Leaf miner (Liri.omyza trifolii Burgess) 

The infestation of serpentine leaf miner was high in all the three years 

but being higher in 1997-98, over other two years. (Table 4.3.2.2a-4.3.2.2d). 

From over all studies of three years (Table 4.3.2.2d) it is observed that 

malathion when applied alone or in combination with dithane M -45 

suppressed at a level of 35.86% and 35.52% leaf mining respectively, over 

untreated control (60.36%). Fungicide alone had no significant effect on 

suppression of leaf miner and 59.36% damaged leaf was recorded from the 
plots treated with dithane M-45@ 2gmjl. 

Fruit borer (Helicoverpa armigera Hubner) 

Fruit damage due to borer was observed more in 1996-97 over the 

other two years (Table 4.3.2.2a-4.3.2.2d). Pooled mean data showed (Table 

4.3.2.2d) that significantly lower fruit damage (in number) (8.29%, 7.79% 

and 12.68%) was recorded from insecticidal, fungicidal and their combined 

treated plots respectively over control (12.96%). Similarly 7.35% and 7.10% 

bored fruit (by wt.) was recorded from malathion treated plot as compared to 
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Table 4.3.2.2a Level of pest population and assessment of crop loss of hybrid (Abinash-11) of tomato (spring-summer season) in 1996-97 

-

Treatments Tingid hug Mined leaf Bored fruit Bored fruit Menochilus/ Coccinella Spider I Yield Value of 0/o gain over 1 

/leaf % %in No. %in Wt. plant /plant plant (t/ha) significance control 
I 

Untreated 102 61.97 14.85 13.91 0.20 0.16 0.80 41.00 - - I 

(1.23) (51.93) (3 92) (3.80) (0.84) (0.81) (I.l4) 

Insecticidal control 0.48 40.90 9.70 8.17 0.11 0.09 0.36 56.00 Sig 26.79 

(0.99) (39.76) (3.19) (2.94) (0.78) (0.77) (0.93) (t=8.89) 

Fungicidal control 0.98 61.10 14.22 13.75 0.18 0.15 0.75 45.78 Sig 10.44 

(1.22) (51.41) (3.84) (3.77) (0.82) (0.81) (1.12) (t=3.87) 

Insecticide and 0.45 40.12 9.18 8.00 0.09 0.08 0.33 61.70 Sig 33.55 

Fungicidal control (0.97) (39.30) (3 .11) (2.92) (0.77) (0.76) (0.91) (t= 11.88) 

SEM (±) 0.011 0.497 0.070 0.052 0.013 0.011 0.020 1.101 - -
CD at5% 0.032 1.491 0.200 I 0.159 0.039 I 0.034 0.061 3.369 

-· - - -

Figure in parenthesis indicate square root and angular transformed value whichever applicable 

N 
---.) 
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Photograph showing different treatments of yield loss assessment 
of tomato crop on hybrid (Abinash-11) 
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Table 4.3.2.2b Level of pest population and assessment of crop loss of hybrid (Abinash-11) of tomato (spring-summer season) in 199i-98 

Treatments Tingid bug Mined leaf Bored fruit Bored fruit Menochilus! Coccinella Spider I Yield (t/ha) Value of %gain over 

I leaf o/o o;., in No. %inWt. plant /plant plant significance control 

untreated 1.14 63.11 13.27 11.72 0.24 0.20 () 75 30.56 - -

(1.28) (52.60) (3 71) (3 .49) (0.86) (0.84) (1.12) 

Insecticidal control 0.53 42.78 8.80 7.95 0.12 0.11 0.42 42.00 Sig 27.24 

(1.01) (40.85) (3.05) (2. 91) (0.78) (0.78) (0.96) (t=6. 97) 

Fungicidal control 1.06 61.12 13.04 11.60 0.22 0.19 0.73 37.87 Sig 19.30 

(1.25) (51.43) (3.68) (3 .48) (0.85) (0.83) (1.11) (t=9.18) 

Insecticide and 0.50 43.12 8.20 7.65 0.10 0.10 0.39 47.78 Sig 36.04 

Fungicidal control ( 1.00) (41.05) (2. 95) (2.85) (0.77) (0.77) (0.94) (t=12.85) 

SEM (±) 0.011 0.702 0.039 0.042 0.055 0.006 0.023 1.252 - -
CD at 5% 0.033 2.107 0.118 0.128 0.168 0.018 0.070 3.832 

-- -- - -- ··-

Figure in parenthesis indicate square root and angular transformed value whichever applicable 

N 
co 



Table 4.3.2.2c Level of pest population and assessment of crop loss of hybrid (Abinash-II) of tomato {spring-summer season) in 1998-99 

--·-

Treatments Tingid bug Mined leaf Bored fruit Bored fruit Menochilus/ Coccinella Spider I Yield Value of %gain over 

I leaf 0/o %in No. %inWt plant /plant plant (t/ha) significance control 

Untreated 0.65 56.01 10.76 9.76 0.20 0.08 0.84 45.43 - -
(107) (48.45) (3.36) (3 .20) (0 84) (0 76) (1. 16) 

Insecticidal control 0.21 23.91 6.38 5.95 0. 12 0.04 0.38 59.67 Sig 23.86 

(0.84) (29.27) (2.62) (2.54) (0. 78) (0 73) (0.94) (t=9 82) 

Fungicidal control 0.63 55.85 10.78 9.72 0.19 0.07 0.80 50.85 Sig 10.66 

(1.06) (48.36) (3.36) (3.20) (0.83) (0. 75) (l.l4) (t=4. 90) 

Insecticide and 0.20 23.32 6.00 5.65 0.10 0.03 0.36 65.00 Sig 30.11 

Fungicidal control (0.84) (28.88) (2.55) (2.48) (0.77) (0. 73) (0.93) (t= 14.63) 

SEM (±) 0.009 0.77 0.029 0.056 0.023 0.016 0.034 0.741 - -
, CD atS% 0.028 2.32 0.088 0.171 0.070 0.049 0.104 2.267 

- -·-

Figure in parenthesis indicate square root and angular transformed value whichever applicable 

->. 

N 
(!) 



Tr·eatments 

Untreated 

Insecticidal control 

Fungicidal control 

Insecticide and 

Fungicidal control 

SEM (±) 

CD at 5% 
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Table 4.3.2.2d Level of pest population and assessment of crop loss of hybrid (Abinash-II) of tomato 
(spring-summer season) (pooled mean of three years) 

Mined leaf Spider I Yield Value of ~ Tingid hug 

I leaf ~~/{) 

Bored fnrit I Bored fruit 

•y., in No. I •y,, in Wt. 

MmochHu.<l I Cocdnc/h, 

plant /plant plant 
I 

(tlha) significance 

I 
() 94 (J0.3(J 12.% 11.80 0.21 () l'i ()so ~ '). ()() -

( 1.20) (50.98) (3.67) (3. 51) (0.84) (0.80) (l 14) 

0.41 35.86 8.29 7.35 0.12 0.08 0.39 53.18 Sig 

(0.95) (36. 79) (2. 96) (2.80) (0.78) (0.76) (0.94) (t=l0.27) 

0.89 59.36 12.68 11.69 0.19 0.14 0.76 44.83 Sig 

(1.18) (50.39) (3.63) (3.49) (0.83) (0.80) (1.12) (t=6.87) 

0.38 35.52 7.79 7.10 0.09 0.07 0.36 58.16 Sig 

(0.94) (36.58) (2.88) (2.76) (0.77) (0.75) (0.93) (t=18.60) 

0.004 0.39 0.034 0.068 0.031 0.008 0.013 0.598 -

O.Oll 1.18 0.104 0.208 0.095 0.024 0.039 1.833 

Figure in parenthesis indicate square root and angular transformed value whichever applicable 

•y., gain over 

control 

-

26.66 

13.01 

32.94 

-

w 
0 
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control ( 11.80%) which ultimately resulted higher gain in fruit yield directly 

from malathion treated plots. 

Natural enemies 

Pooled data for the three years (Table 4.3.2.2a-4.3.2.2d) showed that 

insecticides not only suppressed insect pest population but also lowered 

down natural enemy population namely M. sexmaculata, C.septempunctata 

and spider, which was in general at low level during the period of 

investigation. 

Yield and gain over control 

In 1998-99 relative abundance of pest population was lower as 

compared to other two ycm,s which was ultimately reflected on elevated yield 

of tomato. In 1997-98 vielcl was lowest which might be due to higher 

incidence of pests and diseases. (Table 4.3.2.2a-4.3.2.2d). Pooled mean data 

of three years (Table 4.3.2.2d) revealed that, the insecticidal application 

alone yielded significantly higher (53.18 tjha) over untreated control (39.00 

tjha). Fungicide also resulted better yield (44.83 t/ha) over untreated one, 

as it control the disease, one of the important component cause yield loss. 

The combined application of the both insecticide and fungicide resulted 

significantly superior yield over all other treatments (58.16 tjha) which was 

due to simultaneous suppression of pests and diseases together. 

It is also observed from above results that 26.66% and 13.01% gain in 

yield was obtained from insecticidal and fungicidal measures respectively 

and combined malathion and dithane M-45 together resulted 32.94% gain in 

yield. So in other words it can be said that 26.66%, 13.01 %and 32.94% yield 

loss cCJ.n be avoided or sdvcd by applying insecticide, fungicide and their 

combination respectively. 
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4.4. Evaluation of Tomato Varieties against Insect

Pests, Natural Enemies and Yield 

Selection of crop varieties from available sources having multi-pest 

and disease resistant/tolerant builds up the basic component of integrated 

pest management over which other feasible components can be articulated. 

Use of tolerant, even less susceptible varieties always bear less number of 

insect-pest and thereby can be suppressed easily with various other means 

befitting pest management. Growing of tolerant varieties, at least less 

susceptible ones is not only economically viable to the resource poor farmers 

but also easily adaptable and is a sustainable strategy. 

In view of foregoing discussion seven tomato varieties predominant in 

different tomato growing areas in terai zone of West Bengal were primarily 

chosen for evaluation under present investigation, to find out 

variety /varieties having high yield potential with low pest hazards, at least 

from key ones to achieve ultimate objective of incorporation of tolerant/ less 

susceptible variety /varieties, as a basic component for future IPM 

programme. Keeping parity with the objective delineated above, the 

experiment was conducted during 1996-1999 in winter season (normal 

growing season). Among the different insect-pests attacking tomato, aphid 

(Aphis gossypii Glover), white fly (Bemisia tabaci Genn.), leaf miner 

(Liriomyza trifolii Burgess) and tomato fruit borer (Helicoverpa armigera 

Hubner) were found potential ones, appeared in all the three years studied. 

In addition to insect-pests, their natural enemies namely, M. sexmaculata 

and various species of spiders active during the period were also observed. 

Therefore, insect-pests reaction on different tomato varieties and relative 

abundance of natural enemies along with yield of tomato from different 

varieties forms the present text, which is being discussed as follows. 

The population of all the pest species under present investigation was 

always at a lower level since the crop was raised during winter season. 

4.4.1 Aphid (Aphis gossypii Glover) 

Aphid population was also low and varied significantly among the 

varieties in all the years. In 1996-97 minimum aphid population was 

observed on Kubergeeta (0.22/leaD closely followed by Rasika (0.23/leaD 

which were significantly lower over all other varieties studied. Population 

level was significantly highest on Pusa Ruby (0.33 /leaD followed by Divya 
(0.30/leaD (Table 4.4.1). 



Photograph showing differen~ tomato cultivars. 
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In 1997-98, aphid population in general was lower and minimum 

aphid population was recorded on Arjuna (0.15/leaf) closely followed by 

Kubergeeta (0.16/leaf). The aphid population on these two varieties was 

significantly lower over other varieties. Significantly highest population was 

again observed on Pusa Ruby (0.25 aphid/leaf), followed by Divya (0.23/leaf) 

(Table 4.4.2). 

In 1998-99, lower aphid population was again observed on Kubergeeta 

(0.20 aphidjleai) which was closely followed by Rasika (0.21/leai). The 

difference in aphid population between these two varieties over others was 

significant. The highest population was observed on Pusa Ruby (0.29/lean 

which was again followed closely with Divya and difference over other 

varieties was significant (Table 4. 4. 3) . 

Analysis of pooled mean data for three years revealed that the aphid 

population although in general 

was at a lower level (Figure 4. 4. 1) 

but significantly lower population 

was observed on Ku bergeeta 

(0.19 /lean, closely followed by 

Rasika (0.20 /leaf). This result was 
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consistent in all the three years 

studied. Similarly, like three 
Fig.4.4.1 : Evaluation of varieties against aphid 

individUal yearS Significantly Aphis gossypii Glov.) 

highest aphid population was recorded on Pusa Ruby (0.29 /lean, followed 

by Divya (0.27 aphid / lean (Ta ble 4.4 .4) . 

A comparative study on two sets of varieties (open pollinated and 

hybrid) revealed that open pollinated variety Pusa Ruby (0.29 jleai) under 

study was more susceptible to aphid population than hybrids (0.22-

0.30/leaf). Aphid population in general; was observed lower on all hybrids 

but being lowest on Kubergeeta (0.19/lean and highest on Divya (0.27 /lean 

among the hybrids. It can therefore, be said that among the hybrid under 

present studies Kubergeeta and Rasika were less susceptible/tolerant and 

Divya was more susceptible to aphid . 

4.4 .2 White fly (Bemisia tabaci Genn.) 

Although white fly is an important and key pest of tomato particularly 

due to transmission of leaf curl viral disease but its population was always 

at a lower to moderate level in all the three years studied. However, white fly 

population was varied among the varieties in all the three years. In 1996-97 
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Varieties 

Kubergceta 

(Fi Hybl"id) 

Ar,juna 

(Ft Hybrid) 

Divya 

(Ft Hybrid) 

Rupali 

(Ft Hybrid) 

Rasika 

(Ft Hybrid) 

Abinash-II 

(F1 Hybrid) 
I 

PusaRuby 
(Open Pollinated) 

SEM (±) 

CDat5% 

Table 4.4.1 Evaluation of tomato varieties against insect-pests natural enemies and yield in 1996-97 

Aphid White fly Mined Bored Bored Menochilus Spider No. of No. of Ave. 

/leaf /plant Leaf% fruit% in fruit% in /plant /plant fruits bored fruit 

no. wt. /plant fruit wt.(gm) 

I I 
/plant 

0.22 () 70 2.85 9.00 7.20 0.27 0.44 93.40 9.65 85.00 

(0 84) (I 1 0) (J 83) (3.08) (2.77) (0.88) (2.77) 

I 0.2() on 245 13.21 10.56 0.24 ()..J.() 79 (i..J. 10.50 112(>7 

(0.87) (1.11) (1 72) (3. 70) (3. 3 3) (0.86) (0 95) 

0.30 0.69 2.53 10.28 8.25 0.29 0.37 65.92 6.80 92.82 

(0.89) (1.09) (I 74) (3 .28) (2.96) (0.89) (0.93) 

0.27 0.77 2.75 12.90 10.32 0.26 0.43 89.29 11.51 103.00 

(0.88) (1.13) (1.80) (3.66) (3.29) (0.87) (0.96) 

0.23 0.75 4.20 13.77 11.02 0.25 0.42 93.17 12.83 81.65 

(0.85) (1.12) (2.17) (3.78) (3.39) (0.87) (0.96) 

0.26 0.65 5.50 9.20 7.36 0.30 0.40 91.28 8.40 100.00 

(0.87) (1.07) (2.45) (3 .11) (2.80) (0.89) (0.95) 

0.33 0.88 2.20 8.50 6.80 0.38 0.51 138.08 14.74 38.75 

(0. 91) (1.17) (1.64) (3.00) (2.70) (0.94) (1.00) 

0.007 0.009 0.038 0.034 0.049 0.024 0.030 1.7076 0.1768 1.442 

0.023 0.027 0.110 0.100 0.140 0.069 N.S 4.935 0.511 4.167 
------·-· -

Figure in parenthesis indicate square root transformed value 

Fruit wt 

per plant 

(kg) 

5.80 

(, ~() 

5.27 

6.17 

5.18 

6.28 

3.24 

0.063 

0.018 

Yield 

(t/ha) 

75.67 

82.14 

70.84 

77.49 

53.60 

77.93 

46.27 

1.038 

3.001 

' 

_. 
VJ 
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significantly lowest white fly population (0.65 /Plant) was recorded on 

Abinash-II and highest being on Pusa Ruby (0.88 White fly /plant) (Table 

4.4.1). 

In 1997-98 minimum population was observed both on Divya and 

Abinash II (0.18/plant) and highest being Pusa Ruby (0.36/plant). The white 

fly population in general was lower in this year (Table 4.4.2). 

In 1998-99 low population level was again observed on Abinash-II 

(20/plant) closely followed by Divya (0.21/plant). The difference in 

population of these two varieties over others was significant. Highly 

significant white fly population was again observed on Pusa Ruby 

(0.38/plant) and among the hybrids higher population was recorded on 

Rupali (0.27 /plant) (Table 4.4.3). 

Analysis of pooled data for three years studies revealed that 

significantly lowest population was 

observed on Abinash-II (0.34 /plant) 

(Figure 4.4.2) . In other words it can 

be said that Abinash-II was less 

susceptible to white fly. Pusa Ruby 

was observed most susceptible among 

the varieties studied and a 

significantly highest population 

(0.54/plant) was recorded on this 

variety (Table 4.4 .4). 

0.6 

0.5 

~ 
0.4 

~ 0.3 

~ 0.2 

0.1 

Variety 

Fig.4.4.2 : Evaluation of varieties against white 
fly (Bemisia tabaci Genn.) 

In can therefore, be said that among the two sets of varieties (open 

pollinated and hybrid) open pollinated (Pusa Ruby) was more susceptible 

than hybrids (0 . .34-0.44 jleai) and among the hybrids Abinash-II was found 

least susceptible/tolerant over other hybrids and Rupali (0.44 /leaf) became 

more susceptible. 

4.4.3 Leaf miner (Liriomyza trifolii Burgess) 

Since the studies were made in normal crop growing season i.e. during 

winter, the level of infestation in general was lower. In 1996-97 significantly 

lowest leaf miner infestation was recorded on Pusa Ruby (2.20%), followed 

by Arjuna (2.45(%). Significantly highest leaf miner infestation was recorded 

on Abinash-II (5.50%) followed by Rasika (4.20%) (Table 4.4.1). 

In 1997-98, leaf miner infestation was in general lower which might be 

due to climatic influences. Pusa Ruby was again found significantly least 
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sufferer ( 1.12%) and Abinash-II was recorded worst sufferer significantly 

from leaf miner over all other varieties studied (Table 4.4.2). 

Like previous year, the activity of leaf miner in 1998-99 was in general 

lower. Significantly lowest leaf miner infestation ( 1.21 %) was again observed 

on Pusa Ruby and highest being on Abinash-II (4.91 %) (Table 4.4.3). 
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Bored fruit percentage (in number) varied over varieties in three years. 

In general higher fruit borer attack was recorded in 1996-97 over the other 

two years under present studies. Significantly lower fruit borer infestation 

was recorded in Pusa Ruby (8.50%) followed by Kubergeeta (9.00%) and 

Abinash-II (9.20%). The hybrid Rasika suffered maximum due to fruit borer 

infestation (13.77%), closely followed by Arjuna (13.21%) and Rupali (12.90) 

(Table 4.4.1). 

In 1997-98, fruit borer infestation in general was lower as compared 

to other two years studied. Among the hybrids Rasika again showed more 

susceptibility against fruit borer and was recorded 8.30% bored fruit (in 

number) followed by Rupali (7.50%) and Arjuna (7.34%). Lowest fruit borer 

infestation was recorded on Kubergeeta (6.00%) and Abinash-II (6.21 %) and 



Table 4.4.2 Evaluation of tomato varieties against insect-pests natural enemies and yield in 1997-98 

Varieties Aphid/leaf Whitefly/ Mined Bored Bored Menochilus Spider/ No. of No. of Ave. 

plant leaf% fruit% in fruit% in /plant plant fruits/ bored fruit 

no. wt. plant fruit/ wt.(gm) 

plant 

Kubergeeta 0.16 0.22 1.50 6.00 4.68 0.08 l\ A< 
V.'"t"...J 56.43 3 82 83.67 

(Ft Hybrid) (0.81) (0.84) (1.41) (2.55) (2.88) (0.76) (0.97) 

At·juna 0.15 0.27 !25 7J4 5.73 0.07 0.42 4LJ.83 3 56 110.00 

(F1 Hybrid) (0.81) (0.88) (1.32) (2.80) (2.50) (0.75) (0.96) 

Divya 0.23 0.18 1.35 6.67 5.20 0.10 0.40 39.82 2.66 90.00 

(F1 Hybrid) (0.85) (0 82) (1.36) (2.68) (2.39) (0.77) (0.95) 

Rupali 0.22 0.28 1.42 7.50 5.85 0.09 0.46 54.69 4.10 100.00 

CFt Hybrid) (0.84) (0.88) (1.39) (2.83) (2.52) (0.77) (0.98) 

Rasika 0.17 0.25 2.60 8.30 6.47 0.08 0.45 61.25 4.52 80.00 

CFt Hybrid) (0.82) (0.87) (1.76) (2.97) (2.64) (0.76) (0.97) 

Abinash-ll 0.21 0.18 4.00 6.21 4.84 0.10 0.48 55.89 3.47 100.00 

CFt Hybrid) (0.84) (0.82) (2.12) (2.59) (2.31) (0.77) (0.99) 

Pusa Ruby 0.25 0.36 1.12 5.20 4.06 0.15 0.54 101.10 5.00 37.21 

(Open Pollinated) (0.87) (0.93) (1.27) (2.39) (2.14) (0.81) (1.02) 

SEM (±) 0.006 0.007 0.025 0.028 0.062 0.011 0.030 0.752 0.042 1.1716 

CD at 5% 0.016 0.020 0.072 0.080 0.179 0.032 N.S 2.174 0.113 3.385 

Figure in parenthesis indicate square root transformed value 

Fruit wt. 

per plant 

(kg) 

4.59 

6 04 

4.33 

5.05 

4.90 

5.22 

2.60 

0.018 

0.051 

Yield 

(t/ha) 

60.00 

73.00 

58.21 

63.44 

50.69 

64.80 

34.28 

1.240 

3.585 

I 

I 
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there have no significant difference in level of infestation between two 

varieties. However, lowest fruit borer infestation was recorded on Pusa Ruby 

(5.20%) like other year (Table 4.4.2). 

In 1998-99, Pusa Ruby was found least susceptible again to fruit 

borer attack (in number) (7 .29%) and Rasika recorded maximum (9.00%). 

Divya (8.04%) and Rupali (8.09%) witnessed higher fruit borer infestation 

but difference in bored fruit percentage (in number) between two hybrids 

was non-significant (Table 4.4.3). 

Analysis of pooled data of three years revealed (Figure 4.4 .4a) that 

minimum fruit borer infestation was 

found on open pollinated variety, Pusa 

Ruby (7.00%) which was significantly 

lowest over all other varieties. 

Significantly higher fruit borer 

infestation was recorded from Rasika 

( 10.36%) followed by Arjuna (9.58%) 

and Rupali (9.50%). Kubergeeta 

(7.60%) and Abinash-II (7.75%) was 

found moderately tolerant (Table 

4.4.4). 

4.4.4b Bored fruit (in weight) 

12 

10 

6 : 

Variety 

Fig.4.4.4a : Evaluation of varieties against fruit borer 
(He/icoverpa armigera Hb.) 

Since bored fruit (in weight) is directly related with fruit boring in 

number, it followed almost similar 

pattern to that of fruit boring (in 

number). 

There was marked difference 

of fruit borer infestation on weight 

basis among different varieties of 

tomato under present investigation. 

It is already been discussed that 

fruit borer infestation in general 

was more in 1996-97 over the other 

• " ; . 

Variety 

. , .. 
Fig.4.4.4b : Evaluation of varieties against fruit borer 

(Helicoverpa armigera Hb.) 

two years. Rasika was found severely attacked by this pest in all the years 

11.02%, 6.47% and 7.38% in 1996-97, 1997-98, and 1998-99 respectively. 

Whereas, the open pollinated variety Pusa Ruby was found least (Figure 

4.4.4b) susceptible against fruit borer in all the three years and accounted 

6.80%, 4.06% and 5.98% fruit damage in weight respectively (Table 4.4.1-
4.4.4). 



Varieties 

Kubergeeta 

(F1 Hybrid) 

Ar.iuna 

(F 1 Hybrid) 

Divya 

(Ft Hybrid) 

Rnpali 

(F1 Hybrid) 

Rasika 

CFt Hybrid) 

Abinash-11 

(F1 Hybrid) 

PusaRuby 
(Open Pollinated) 

SEM (±) 

CD at 5% 

Table 4.4.3 Evaluation of tomato varieties against insect-pests, natural enemies and yield in 1998-99 

Aphid Whitefly/ Mined Bored Bored Menochilus/ Spider/ No. of No. of Ave. Fruit wt. 

/leaf plant leaf% fruit% in fruit% in plant plant fruits/ bored fruit per plant 

no. wt. plant fruit/plant wt.(gm) (kg) 

0.20 0.22 1 (1'1 
1.7L 7.80 640 0.11 0.54 96.00 7.50 85.65 6.93 

(0.84) (0.84) ( l. 56) (2.88) (2.63) (0.78) (1.02) 

0.22 0.24 1.50 8.20 672 0.09 0.67 84.75 6.83 113.89 8.10 

(0.84) (0.86) (1.41) (2. 95) (2 69) (0. 77) (1.08) 

0.28 0.21 1.69 8.04 6.59 0.13 0.54 67.75 5.42 92.75 6.28 

(0.88) (0.84) (1.48) (2 92) (2.66) (0.79) (1.02) 

0.25 0.27 1.70 8.09 6.63 0.09 0.62 93.05 7.33 102.23 7.35 

(0.87) (0.88) (1.48) (2.93) (2.67) (0.77) (1.06) 

0.21 0.25 2.23 9.00 7.38 0.10 0.57 98.07 8.20 81.65 6.17 

(0.84) (0.87) (1.65) (3.08) (2.81) (0.77) (1.03) 

0.25 0.20 4.91 7.85 6.44 0.11 0.60 95.08 7.21 100.07 7.48 

(0.87) (0.84) (2.32) (2.89) (2.63) (0.78) (1.05) 

0.29 0.38 1.21 7.29 5.98 0.18 0.71 143.80 10.42 38.60 3.86 

(0.89) (0.94) (1.31) (2.79) (2.55) (0.82) (1.10) 

0.007 0.008 0.032 0.030 0.060 0.016 0.028 0.8416 0.2564 0.724 0.029 

0.020 0.023 0.092 0.086 N.S 0.046 0.081 2.432 0.7409 2.093 0.086 

Figure in parenthesis indicate square root transformed value 

• 

Yield 

(t/ha) 

90.60 

97.88 

84.41 

92.34 

63.87 

92.86 

55.14 

1.244 

3.595 
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Fig. 4.4.8 No. of fruits/plant of different 
varieties 
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Fig. 4.4.9 No. of Bored fruit/plant of different varieties L___________________________________ L_·----------------------------------~ 
The difference laying between two parameters namely fruit boring in 

number and weight might be 

due to size r.e. weight of 

individual fruits which is 

inherent character of any 

variety (Table 4 .4. 1-4.4 .4). 

Since number, size as 

well as weight of fruit are the 

important yield attributes of 

tomato which are also inherent 

capacity of any variety. 

Therefore, number of fruits per 

plant and average fruit weight 

although varied over years but 

followed a similar pattern 

consistently in all the three 

years which has also been 

reflected in pooled mean data 

of three years. In Table 4.4.4 it 

is very prominent that number 

of fruits/plant varied 

significantly over the varieties. 

The highest significant number 

of fruits per plant was 
observed in Pus a Ruby 
(127.66) and the lowest being 

57.83 on Divya. However, 

among the hybrids highest 

number of fruits was recorded 

on Rasika (84.16). It is 
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Fig. 4.4.1 0 Average fruit weight (gm) of different varieties 
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Fig. 4.4.11 Fruit weight/plant of different varieties 
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Fig. 4.4.12 Yield of different varieties 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



Table 4.4.4 Evaluation of tomato varieties against insect-pests, natural enemies and yield (pooled mean of three years) 
-

Varieties Aphid Whitefly Mined Bored Bored Menochilus Spider No. of No. of Ave. fruit Fruit wt Yield 

/leaf /plant Leaf% fruit% in fruit% in /plant /plant fruits bored fruit wt.(gm) per plant (t/ha) 

no. wt. /plant /plant (kg) 

Kubergeeta 0.19 0.38 2.09 7.60 6.09 0.15 0.48 81.94 6.99 84.77 5.77 75.42 

(F1 Hybrid) (0.83) (0.94) (1.61) (2.85) (2.57) (0.81) (0.99) 

Arjuna 0.21 0.41 1.73 9.58 7.67 0.13 0.50 71.40 6.93 112.19 6.98 84.34 

(F 1 Hybrid) (0.84) (0.95) (1.49) (3 .17) (') Qt:\ 
~L..OVJ (0.79) (l 00) 

Divya 0.27 0.36 1.86 8.33 6.68 0.17 0.44 57.83 4.96 91.86 5.29 71.15 

(F 1 Hyhrid) (0.88) (0.93) ( 154) (2. 97) (2.68) (0.82) (0 97) 

Rupali 0.25 0.44 1.96 9.50 7.60 0.15 0.47 79.01 7.65 101.74 6.19 77.76 

(F1 Hybrid) (0.87) (0.97) ( 1.57) (3.16) (2.85) (0.81) (0.98) 

Rasika 0.20 0.42 3.01 10.36 8.29 0.14 0.50 84.16 8.52 81.21 5.42 56.05 

(F, Hybrid) (0.84) (0.96) (1.87) (3.30) (2.96) (0.80) (1.00) 

Abinash-II 0.24 0.34 4.80 7.75 6.21 0.17 0.49 80.75 6.36 100.02 6.32 78.33 

(F1 Hybrid) (0.86) (0.94) (2.30) (2.87) (2.59) (0.82) (0.99) 

Pusa Ruby 0.29 0.54 1.51 7.00 5.61 0.24 0.59 127.66 10.05 38.19 3.23 45.23 

(Open Pollina ted) (0.89) (1.02) (1.42) (2.74) (2.47) (0.86) (1.04) 

SEM (±) 0.004 0.007 0.015 0.020 0.024 0.012 0.019 1.101 0.158 1.113 0.037 0.630 

CD at5% 0.011 0.019 0.042 0.058 0.068 0.035 0.055 3.181 0.458 3.215 0.106 1.820 

Figure in parenthesis indicate square root transformed value 

~ 

~ 
~ 
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interesting to note here that Arjuna though produced lower number of fruit 

per plant (71.40) but due to larger size of fruit as well as weight ( 112.19 gm) 

fruit yield per plant (6.98 Kg.) and yield (84.34 tjha) was significantly 

highest. On the contrary Pusa Ruby though produced significantly largest 

number of fruits (127.66) but fruit weight per plant (3.23 Kg.) and yield was 

{45.23 tjha) lowest due to smaller size vis-a-vis lower weight of fruit (38.19 

gm). Abinash-II recorded 80.75 fruits/plant and yielded 78.33 tjha closely 

followed by Rupali with 79.01 fruits/plant and 77.76 tjha yield. It is 

interesting to note here that bored fruit in number and weight was though 

minimum on Pusa Ruby, from which it has been designated as less 

susceptible to borer but number of bored fruit per plant was at a maximum 

(10.05) even highly significant over all other varieties. On the contrary the 

number of bored fruit/plant was minimum on Divya (4.96) although it was 

designated as moderately susceptible to borer considering percentage of fruit 

boring in number {8.33%) and weight (6.68%). Therefore, based on number 

of fruit boring per plant Pusa Ruby was the most susceptible and Divya was 

less susceptible. Considering overall performance Arjuna and Abinash-II can 

be considered as better varieties because of their higher yield and less 

susceptibility to borer {Figure 4.4.8-4.4.12). 

4.4.5 Natural enemies 

Some naturally occurring insect parasites, predators, spiders and 

disease causing organisms play important role in natural suppression of 

pest population under field conditions. Like any living organisms, their 

activities though depend on prevalent weather condition but also varied with 

crop phenology as influenced by variety vis-a-vis availability and size of 

predator-prey population in crop ecosystem. Under present investigation 

population of dominant predators acting upon different insect species was 

taken into account. Among them Menochilus sexmaculata. and different 

species of spiders were more prominent during the course of investigation. 

4.4.5a Menochilus sexmaculata 

M. sexmaculata is a potential predator feeding upon aphids, thrips, 

white fly and other soft bodied insects. There was significant differences in 

predatory population on different varieties in all the three years. The 

population was comparatively higher in 1996-97 over other two years. In all 1 

the three years the open pollinated variety Pusa Ruby provided shelter of 1 

higher number of M. sexrrwculata 0.38, 0.13 and 0.18 per plant respectively. 1 

On the contrary lower incidence of M. sexmaculata population was recorded 1 

I 

I 

I 

I 
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on Arjuna 0.24, 0.07 and 0.09 per plant respectively. Higher population of 

M. sexmaculata on Pusa Ruby might 

be due to dense canopy (Figure 

4.4.6) providing better shelter by 

the plants of the variety. Moreover, 

higher population of prey like aphid 

and white fly as witnessed on Pusa 

Ruby further favoured build up of 

higher predatory population (Table 

4.4.1-4.4.4). 

4.4.5b Spider 
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Fig.4.4.6 : Evaluation of varieties against 
Menochi/us sp. 

Unlike M. sexmaculata spider population in general were recorded 

higher in 1998-99 over 1997-98 

and 1996-97 which might be due 

to antagonism between two 

predatory fauna or other factors 

like weather that also influence the 

size of population. Spider 

population was also varied 

significantly among the varieties 

over the years studied. Population 

of spider in general was found 
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Fig 4.4.7 Evaluations of varieties against spider 

higher in varieties having more prey (insect-pests) population. Analysis of 

pooled mean data for three years revealed that maximum population was 

found on Pusa Ruby 0.59/plant. While the population in three years 1996-

97, 97-98 and 98-99 were recorded and 0.51, 0.54 and 0.71 per plant 

respectively (Figure 4.4.7). The hybrid Divya showed minimum spider 

population per plant (0.44 only). While in three years it was recorded 0.37, 

0.40 and 0.54 per plant during 1996-97, 1997-98 and 1998-99 respectively 
(Table 4.4.1-4.4.4). 

It can, therefore, be said that because of dense canopy providing 

better shelter and higher prey-insect population on Pusa Ruby higher 

predatory population was recorded. With regard to years an interesting 

scene had been observed. A reverse level of population of two dominant 

predators Menochilus and spider was witnessed in the three years, which 

might be due to antagonism between two predatory faunas. However, it 
needs further investigation. 



144 

4.5. Management of Insect-Pest Complex of Tomato 
through Pesticides 

Pesticides essentially are important tool and also indispensable 

to the modern agriculture. However, indiscriminate and judicious use of 

broad spectrum and highly toxic pesticides and its over dependence in 

agriculture pose a threat to the pest management system, human health 

and environment. The problem is more acute to the perishable vegetable 

crop like tomato, which are plucked at frequent interval and consume raw or 

after little cooking. In view of this the experiment has been conducted to 

evaluate the pesticides more effective against pest of tomato and safer to 

natural enemies, human health and environment. Keeping parity with the I 
objectives delineated above pesticides of different origin have been I 
evaluated. Among them two were synthetic organophosphate, namely 

malathion and DDVP, widely recommended for controlling pests of 

vegetables considering their shorter persistently and low mammalian toxicity 

to avoid residual toxic hazard from the fruits plucked at frequent interval. 

Rest of all were biologically originated and safer to human health and 

environment. Among them, azadirachtin, a botanical pesticide, Bacillus 

thuringiensis var. kurstaki a bacteria, pathogenic to insect, Beauveria 

bassiana an entomogenous fungus, nuclear polyhedrosis virus (NPV) an 

entomogenous virus and avermectin a microbjal toxin produced by a soil 

actinomycetes species (Streptomyces avermitilis). Variation in relative 

efficacy among different pesticides over years indicates that some of them 

though do not control pest population totally but ultimately resulted in 

higher productivity of tomato. However, among the pesticides evaluated, 

avermectin and DDVP performed well in pest-suppression, which is reflected 
in yield also. 

Among the different insect-pests considered for investigation, 

leaf miner and fruit borer was found to be the major ones causing damage to 

tomato plant (leaves) and fruits respectively. However aphid, white fly, jassid 

and hadda beetle population was lower even on untreated control, so they 

were regarded as the minor pest. Another, minor insect-pest tingid bug 

although present in small number but present althrough the season. 

Considering the relative potentialities to cause damage due to higher level of 

infestation, the discussion of the present experiment is concentrated mainly 

to the relative e±Ticacy of the pesticides against the key pests namely leaf 

miner and fruit borer and the minor one tingid bug only. 
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4.5.1 Leaf miner (Liriomyza trifolii Burgess) 
The newly introduced dipteran pest of tomato in India 

(Lakshminarayana et al. 1992; 

Pawar, 1992; Shankar et 

al.1992 and Srinivasan 1992) 

damaged mostly the full grown 

plants and hamper the 

photosynthetic activity of the 

plants which ultimately leads in 

lower fruit yield (.Jhonson et al. 

1983). The difference in toxicity 

60 

of pesticides and their efficacy @•oA•I 

at different days after spraying 

vis-a-vis interaction between 

pesticides and their efficacy on 

different time series against leaf 

mmer population was 

significant in all the three years 

studied. The relative efficacy of 

pesticides in 1997-98 towards 

suppression of pest level was 

relatively lower over the other 

two years. 

DDVP @ 0.05% and 

avermectin @ 0.01% among the 

seven pesticides studied 

provided maximum suppression 

of leaf miner population on 

tomato (Figure 4.5.1) (44.39% 

and 44.18% respectively), and 

there was no significant 

M&lathlan OOVP AudiAehtln B.t. B. bas111n1 NPV Avermtctln 

Pesticides 

Fig. 4.5.1 Efficacy of pesticides against leaf miner 
(Liriomyza trifolii Burgess) 

difference in the effectiveness between these two. NPV @ 250LE/ha, 

Beauveria bassiana@ 107 conidia/1 and malathion @ 0.05% were found 

to suppress to a level of 36.60% , 32.41% and 34.41% leaf miner 

respectively but the effectivity among these treatments was non

significant . The minimum level of suppression was recorded from 

azadirachtin @ 1500ppm (24.13%) followed by Bacillus thuringieusis var. 

kurstaki (5 x 107 sporesjmg)@ 1 gm./1 (29.69%) control (Table 4.5.1). 



Table 4.5.1 Efficacy of pesticides against leaf miner (Liriomyza tr~folii Burgess) on tomato 

Suppression of population (%) 

Pesticides and their 3 DAS 8 DAS 14 DAS Grand Mean 
concentration 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 

Malathian 42.67 38.98 45.33 42.33 33.21 29.94 34.33 32.49 27.78 24.76 32.67 28.40 34.55 31.23 37.44 34.14 
@0.05% (40.78) (38.63) ( 42.32) (40.59) (35 19) (3317) (35.87) (34. 75) (31.81) (29.84) (35 86) (32.20) (36.00) (33. 97) (37.73) (35.92) . 

DDVP 53.73 45.32 56.06 51.58 46.39 39.62 "" QQ '-t/.UU 44.63 36.70 35.08 39.10 36.96 45.61 40.00 47.68 44.39 
@0.05% (47.14) (42.31) (48.48) (45.90) (42.93) (39.01) (43.78) (41.92) (37.29) (36.32) /10 '/(\\ 

\~)0./\Jj (37.44) ( 42.48) (39.24) ( 43.67) (41.78) 

Azadirachtin 27.87 25.47 30.22 27.85 23.67 23.84 24.17 23.89 18.67 22.03 20.37 20.36 23.40 23.78 24.92 24.13 
@ 1500ppm (31.86) (30.31) (33.35) (31.85) (29.11) (29.23) (29.45) (29.26) (25.60) (27. 99) (26.83) (26.82) (28.93) (29.19) (29. 95) (29.36) 

Bacillus tlmringietrsis 33.87 29.04 35.06 32.66 29.57 28.28 31.31 29.72 24.92 27.03 27.'67 26.70 29.45 28.11 31.41 29.69 
(5 x 10 7 spores/rug) @ 1 gm/1 (35.59) (.12 .61) I ( J6. ·" ) (34.85) (32. 94) (32.13) (34.02) (33.03) (29 95) (3133) (31.86) (31.11) (32.87) (32.02) (34.09) (33.02) 

Beauveria ba.ssiana 37.27 33.33 39.62 36.74 31.67 29.92 34.55 32.05 I 27.26 27.92 30.10 28.43 32.07 30.39 34.75 32.41 

@ 107 conidialml (37.62) (35.26) (39.01) (37.31) (32.25) (33.16) (36.00) (34.48) 1 (31.47) (31.90) (33.27) (32.22) (34.49) (33.45) (36.12) (34. 70) 

NPV 40.64 36.64 43.04 40.11 39.50 31.08 40.60 37.04 31.11 30.00 36.84 32.65 37.08 32.57 40.16 36.60 
@ 250LE/ba (39.60) (37.25) (41.00) (39.29) (38. 94) (33.88) (39.58) (37.49) (33.90) (33.21) (37.37) (34.85) (37.51) (34.80) (39.32) (37.23) 

Avermectin 50.73 44.59 51.84 49.05 47.37 40.77 49.90 46.01 36.89 35.88 39.70 37.49 45.00 40.41 47.15 44.18 
@ 0.01% (45.52) (41.89) (46.05) (44.45) ( 43.49) (39.68) (44.94) (42.71) (37.40) (36.80) (39.05) (37.75) (42.13) (39.47) ( 43.36) (41.66) 

Control - - - - - - - - - - - - - - - -

Mean 
40.97 36.20 43.02 40.05 35.91 31.92 37.53 35.12 29.05 28.96 32.38 30.14 - - - -

(39.80) (36.99) (40.99) (39.26) (36.82) (34.40) (37.78) (36.34) (32.61) (32.55) (34.68) (33.30) 

Figure in parenthesis indicate angular transformed value 

96-97 97-98 98-99 Mean 
A B AxB A B AxB A B AxB A B AxB 

I SEM ± 0.205 0.313 0.5428 0.255 0.390 0.677 0.149 0.228 0.395 0.132 0.202 0.352 
l_C:[)_~t _5% 0.937 1.035 1.534 1.!65 1.291 1.916 0.682 0.754 1.118 0.606 0.669 0.996 

---~- ----

A = Pesticides, B = Days after spraying (DAS), Ax B Interaction between treatments and days after spraying 

....... .,.. 
(J) 
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The efficacy of pesticides against leaf miner was the best at 3 days of 

spraying (DAS) (40.06%). The effectiveness of pesticides, with gradual 

decrease, became lowered on 14 days after spraying (30.13%). The highest 

leaf miner suppression was recorded (40.06%) at 3 days after spraying 

(DAS), which was significantly superior to 8 DAS (35.12%) and 14 DAS 

(30.13%) (Table 4.5.1). 

With regard to interaction between efficacy of toxicity of different 

pesticides over different time (Figure 4.5.1), DDVP@ 0.05%, avermectin 

@ 0.01% were found most effective and suppressed at a level of 51.58 

% and 49.05 % respectively at 3DAS. Azadirachtin @ 1500ppm was 

found least effective (27 .85%) followed by Bacillus thuringiensis (5 x 107 

sporesjmg)@ 1 gm./1 (32.66%) after 3DAS . At 8 days after spraying (DAS) 

avermectin @ 0.01% was found to suppress 46.01% which was 

significantly higher than other pesticides. DDVP @ 0.05% suppressed at 

a level of 44.63% followed by NPV @ 250LE/ha (37.04%) at 8DAS. The 

azadirachtin @1500ppm was again recorded least effective (23.89%). The 

degree of 

thuringiensis 

suppression of malathion @ 0.05% (32.49%), Bacillus 

(5 x 107 sporesjmg)@ 1gm/l (29.72%) and Beauveria 

bassiana @ 107 conidia/1.(32.05%) were although lower of the other 

pesticides tested ; but were non significant. At 14DAS avermectin @ 

0.01 %(37.49%) and DDVP @ 0.05% (36.96%) was found significantly 

superior to all other pesticides but the effectiveness among this two was 

non-significant . The minimum suppression of leaf miner population was 

being from azadirachtin @1500ppm (20.36%) again followed by Bacillus 

thuringiensis (5xl07 sporesjmg)@ 1gm/1(26.70%) (Table 4.5.1). 

4.5.2 Fruit borer (Helicoverpa armigera Hubner) 
In 1996-97 bored fruits(in number) was higher than other 

years but in 1997-98 the suppression level of the pest against 

different pesticides were lower than the other two years, while higher 

efficacy of pesticides were found in 1998-99, which might be due to 

climatic conditions prevailing during the course of investigation. 

Bored fruit (% in number) : 

Significantly lower number of fruit damage was obtained from 

the application of avermectin (6.45%) closely followed by NPV (6.53%) and 

Bacillus thuringiensis (6.67%) (Figure 4.5.2a). The difference in fruit boring 

percentage (in number) among the aforesaid pesticides was non-significant. 

The highest number of damaged fruit (%) was observed from the treatment 

of azadirachtin @ 1500 ppm (8.77%)). From malathion and DDVP the 



Pesticides and their 
concentration 

Malathian 

@0.05% 

DDVP 

@0.05% 

Azadirachtin 

@ 1500ppm 

Bacillus tlmringiensi~ 

(5 x 107 spores/mg)@ 1 

gm/1 

Beauveria bassiana 

@ 107 conidia/ml 

NPV 

@250LE/ha 

Avermectin 

@0.01% 

Control 

SEM ± 

CDat5% 

" 

Table 4.5.2 Efficacy of pesticides against fruit borer (Helicoverpa armigera Hubner) on tomato 

Bored fruit (%) SupJlression of bored fruit(%) 

In number In weight In number In wehrht 

96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 

9.70 8.60 6.58 8.29 8.17 7.97 5.38 7.17 34.68 33.69 38.85 35.74 41.27 32.00 44.84 

(3.19) (3.02) (2.66) (2.96) (2.94) (2.91) (242) (2.77) (35.82) (3548) (38.56) (36. 71) (39. 97) (3445) (42.04) 

7.52 7.69 5.34 6.85 6.31 7.33 4.21 5.95 49.36 40.71 50.37 46.81 54.64 3746 56.83 

(2.83) (2.86) (242) (2. 71) (2.61) (2.79) (2.17) (2.54) ( 44.63) (39.65) (45.21) (43.18) (47.66) (37 74) ( 48 93) 

10 00 9.22 7.09 8.77 9.14 8.91 6.12 8.06 32.66 28.91 34.11 31.89 34.29 23.98 37.29 

(324) (3.12) (2.75) (3.04) (3.1 0) (3.07) (2.57) (2.92) (34.85) (32.50) (35.74) (34.38) (35.84) (29 32) (37.64) 

7.20 7.62 5.18 6.67 6.51 7.40 4.28 6.116 51.52 4125 SU\6 48.21 53.20 36.86 56.50 

I (? ~~l I - II, (2.85) (2.38) (2.68) (2.65) (2.81) (2 18) 
I 

(2.56) I (45.87) (39. 96) ( 46 06) (43.97) ( 46.83) (37 38) ( 48 73) 

7.99 8.11 5.74 7.19 7.05 7.72 4.83 6.53 46.20 ' 37.47 46.65 43.44 49.32 34.13 52.56 
' 

(2. 91) (2. 93) (2.50) (2. 77) (2.75) (2.87) (2.31) (2.65) ( 42.82) (37. 74) (43 08) (41.23) (44.61) (35.75) (4647) 

7.18 7.42 4.98 6.53 6.21 7.12 4.10 5.81 51.65 42.79 53.72 49.39 55.36 39.25 58.36 

(2.77) (2.81) (2.34) (2.65) (2.59) (2.76) (2.14) (2.51) (45.94) ( 40.85) (4713) (44.65) ( 48.08) (38.79) (49.81) 

7.11 7.32 4.93 6.45 6.03 6.98 4.00 5.67 52.12 43.56 54.18 49.95 56.65 40.44 59.00 

(2. 76) (2.80) (2.33) (2.64) (2.56) (2.73) (2.12) (2.48) (46.22) ( 41.30) (47.40) (44.97) (48.82) (39.49) (50.18) 

14.85 12.97 10.76 12.86 13.91 11.72 9.76 11.80 
- - - - - - -

(3.92) (3.67) (3.35) (3.65) (3.79) (349) (3.20) (3.50) 

0.158 0.156 0.118 0.095 0413 0.175 0.246 0.144 0.714 0.795 0.508 0.359 0.961 1.358 0.696 

0.45() 0451 0.341 0.274 1.193 0.506 0.711 0.416 2.063 2.297 14o8 1.037 2.777 3.924 2 011 

Figure in parenthesis indicate square root and angular transformed value wherever applicable 

Mean 

39.37 

(38.86) 

49.64 

(44.79) 

31.85 

(34.36) 

48.85 

(44.34) 

45.34 

(42.32) 

50.99 

(45.57) 

52.03 

(46.16) 

-

0.604 

1.745 

I 

I 

+>
co 
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corresponding values were 8.29% and 6.85% respectively. However, all the 

pesticidal treatments were 

significantly superior over 

untreated control (12.86%) 

With regard to 

suppression of pest population 

over untreated 

avermectin 

control, 

(49.95%), 

NPV(49.39%) and Bt. (48.21 %) 

and DDVP (46.81 %) have 

significantly (Figure 4.5.2b) 
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Fig 4.5.2a Efficacy of pesticides against fruit borer 
(Helicoverpa armigera) 

lowered down fruit borer -------------------------, 

infestation (percentage m 

number). Azadirach tin @ 

1500ppm was found least 

effective (31.89%) which was 

closely followed by malathion @ 

0.05% (35.74%). Although 

malathion is largely 

recommended against fruit 

borer of tomato because of its 
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Fig. 4.5.2b Efficacy of pesticides against fruit borer 
(He/icoverpa arm/gera) (%control) 

lower persistency but it was 

almost least effective (35.74%) among all the pesticides evaluated under 

present investigation (Table 4.5.2). 

Bored fruit (% in weight) : 

Percentage of bored fruit (in weight) and its suppresswn 

followed the same pattern as that of bored fruit percentage in number. 

also avermectin, NPV and 

DDVP suppressed fruit boring 

(in weight.) at a level of 5.67%, 

5.81% and 5.95% respectively 

(Figure 4.5.2c). Azadirachtin 

and malathion application 

again showed higher level of 

fruit borer infestation (80.6% 

and 7. 17% respectively) as 

compared to other pesticidal 

treatments but the difference 
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Fig 4.5.2c Efficacy of pesticides against fruit borer 
(Helicoverpa armigera) 

Here 

from untreated control, ( 11.80%) was significant. Avermectin @ 0.01 %, 



NPV@ 250LE/ha and DDVP @ 

0.05% 

50.99% 

suppressed 

and 

(52.03%, 

49.64% 

respectively) fruit boring (in 

weight) (Figure 4.5.2d) and the 

suppression level was superior 

over other pesticides. The 

minimum level of fruit borer 

150 
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suppression was observed from Pesticides 

Fig 4.5.2d Efficacy of pesticides against fruit borer 
azadirachtin @ 1500 ppm (He/icoverpaarm/gera)(%control) 

(31.85%) which was closely followed by malathion@ 0.05% (39.37%). Here 

avermectin again proved its superiority over all other pesticides. 

4.5.3 Tingid bug ( Urentius hystri.cellus Richter) 
Variation among different 

pesticides, their efficacy on different 

time series against suppression of 

tingid bug as well as interaction 

among the treatments was highly 

significant. In 1997-98, the 

suppression level was lower than 

the other two years. Among the 

seven pesticides tested DDVP @ 

0.05% was found most effective 

against tingid bug (7 4.34%), closely 

but non-significantly followed by 

avermectin @ 0.01% (74.30%). 

Malathion @ 0.05% suppressed 

64.93%, whereas, three other 

entomopathogen namely Bt. (5 x 

107 sporesjmg)@ 1gmjl, Beauveria 

bassi ana @ 107 conidia/ ml and NPV 

@; 250LE/ha suppressed at a level 

100 
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of 61.99%, 61.54% and 61.23% so 

respectively. There was no 
significant difference in suppression 

level among these three pesticides. 

The minimum control was found 

again from azadirachtin @ 1500 

ppm (58.60%) (Table 4.5.3). 
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Fig. 4.5.3 Efficacy pesticides against Tingid bug 

(Urentius hystriceUus Richt.) 



Photograph showing tomato crop treated with different 
pesticides. 



Table 4.5.3 Efficacy of pesticides against tingid bug (Urentius hystricellus Richt.) on tomato 

Suppression of population(%) 
Pesticides and their 3 DAS 8 DAS 14 DAS Grand Mean 

concentration 

96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 
Malathian 78 19 68.81 80.72 75.91 67.33 53.29 72.67 64.43 56.27 46.98 60.14 54.46 67.26 56.36 71.18 64.93 
@0.05% (62.16) (56 05) (63. 95) (60.61) (55.14) ( 46.88) (58.48) (53.38) (48.60) (43.27) (50.85) (47.56) (55.09) ( 48.65) (57. 53) (53.68) 

DDVP 93.87 72.82 95.98 87.56 77.39 63.81 79.39 73.53 64.98 53.28 67.55 61.94 78.75 63.30 80.97 74.34 
@0.05% (75.66) (58. 58) (78.43) (69.35) ( 61.60) (53.02) (6300) (59.04) (53 72) ( 46.88) (55.27) (51.91) (62.55) (52.71) (64.14) (59. 56) 

Azadirachtin 73.67 68.88 75.54 72.70 56.78 51.37 59.28 55.81 47.67 43.51 50.69 47.29 59.37 54.59 61.84 58.60 
@ 1500ppm (59.13) (56.09) (60 36) (58. 50) ( 48.89) (45.78) (50.35) (48.34) (43.66) (41.27) ( 45.39) (43.45) (50.40) /A1'L")\ 

\"ti.U.J) 
rc:. 1 o.::::\ 
1,_-'l.UJ) (49.95) 

Bacillus tlmringiemis 76.11 62.14 78.31 72.19 63.33 54.38 67 06 61.59 53.72 47.38 55.51 52.211 64.39 54.63 66.96 61.99 
(5 x 107 sporc~/mg)@ 1 (60.74) (5203) (6224) (58.17) (52.73) (47.51) (54. 97) (51.70) (47 13) (43.50) (48.16) (46.26) (53.36) ( 47.66) (5491) (51.94) 
gm/1 I I 
Beauveria bassiana 77.92 66.67 I 79.52 I 74.70 63.17 49.13 65.18 59.16 53.19 41.90 I 57.20 50.76 64.76 52.57 67.30 61.54 
@ 107 conidia/ml (61. 97) (54.74) (63.09) . (59.80) (52.63) ( 44 5()) (53.84) (511.28) ( 46 83) ( 40.34) ( 49 14) (45.43) (53. 58) ( 46.47) (55.12) (5Ui7) 

NPV 74.92 63.16 76.27 71.45 62.84 52.14 65.83 60.27 54.16 45.62 56.14 51.97 63.97 53.64 66.08 61.23 
@ 250LE!ha (59. 95) (52.63) (60.85) (57.70) (52.44) (46.23) (54.23) (50.93) ( 47.39) ( 42.49) (48.53) (46.13) (53.11) (47.08) (54.38) (51.49) 

Avermectin 88.67 72.73 92.18 84.53 78.19 66.47 80.83 75.16 65.19 54.98 69.43 63.20 77.35 64.73 80.81 74.30 
@ 0.01% (70.33) (58. 52) (73.76) (66.84) (62.16) (54.62) (64.03) (60.10) (53.84) (47.86) (56.43) (52.65) (61.58) (53. 57) (64.02) (59.54) 

Control - - - - - - - - - - - - - - - -

Mean 80.48 67.89 82.65 77.01 67.00 55.80 70.03 64.28 56.45 47.66 59.52 54.55 
(63.~ (55.48) (65.38) (61.35) (54.94) (48.33) (56.81) (53.30) (48.70) (43.66) (47.61) (47.61) - - - -

- --

Figure in parenthesis indicate angular transformed value 

96-97 97-98 98-99 Mean 
A B AxB A B AxB A B AxB A B AxB 

[SEM ± 0.278 0.425 0.735 0.249 0.381 0.660 0.225 0.343 0.595 0.167 0.256 0.444 
I CD at 5% 1.27 1406 2.08 1.137 ,__1.261 - - 1.867_ 1.028 1.135 1.684 0.763 0.847 _____l~ -·- -

A= Pesticides, B = Days after spraying (DAS), Ax B = Interaction between treatments and days after spraying 

c..n 
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Regarding efficacy of against tingid bug all the pesticides were most 

effective (77.10%) at 3DAS. After gradual decrease in efficacy level it became 

lowered to 64.28% and 54.55% at 8 and 14 days after spraying respectively. 

Interaction between toxicity of pesticides (Figure 4.5.3) and efficacy at 

different time series was also significant among the pesticides evaluated, 

DDVP@ 0.05% and avermectin@ 0.01% were found most effective over all 

other pesticides and suppressed 87.56% and 84.53% respectively after 3 

DAS. NPV @ 250LE/ha was found least effective (71.45%) followed by 

Bt.(72.19%) and azadirachtin @ 1500 ppm (72.70%) and the difference on 

effectiveness between these three was non-significant. At 8 DAS avermectin 

@ 0.01% was found to suppress 75.16'?/o tingid bug population which was 

significantly superior to all other pesticides DDVP and malathion @ 0.05% 

came to the next and suppressed at level of 73.53% and 64.43% respectively 

and the minimum being from azadirachtin@ 1500 ppm 55.81%. Avermectin 

@ 0.01% was found significantly effective after 14 DAS (63.20%) over all 

other pesticides; DDVP@ 0.05% was recorded 61.94% and the efficacy was 

the lowest in azadirachtin @ 1500 ppm followed by Beauveria bassiana@ 
107conidiajml (50.76%). Efficacy of 

avermectin at initial stage was 
though moderate as compared to 

DDVP but overall performance was 

better. 

4.5.4 Natural enemies 

Different pesticidal 

treatments applied for suppression 

of ruinous pests also adversely 

affect the natural enemy 

populations. Among the different .~ 

natural enemies recorded in tomato 

crop ecosystem, spider of different 

species were predominant. 

4.5.4a Spiders 

Variation among diilerent 

pesticides, their efficacy and 

interaction was highly significant. It 

was found that none of the 

pesticides was safef' to spider 
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POpUlatiOnS, however peStl'C 'd S Figure 4.5.3 Efficacy ofpesticides against tingid bug (Urencius 
, . 1 e hys·tncuUus) (% control) 

from biological origin were less harrr1Tul to spider than the synthetic ones. 
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Table 4.5.4 Efficacy of pesticides against spiders on tomato 

I Suppression of population(%) 
-

Pesticides and their 3 DAS 8 DAS 14 DAS Grand Mean 
concentration 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 

Malathian 53.80 45.18 56.86 52.28 49.24 41.22 50.54 47.00 36.75 31.33 37.16 35.08 46.93 39.24 48.19 
@0.05% (47.18) (42.33) (48.94) (44 56) (39. 94) (45.31) fT7 '}')\ r·L1 nA\ f?.7 <;{';\ (36.32) ( 43 24) (38.78) ( 43 96) 

45.12 
(46.31) (43.28) \J f . .J.t-} \-''·"'} \_,I.-''-' I 

DDVP 56.34 50.32 56.33 54.33 50.14 45.79 48.07 48.00 37.12 34.80 35.81 35.91 47.87 43.64 47.23 
@0.05% (48.64) (45.18) ( 48.64) (47.48) ( 45.08) (42.58) (43.89) (37.54) (36 15) (36.76) (36.82) (43.78) (41.35) (43.41) 

46.08 
(43.85) 

Azadirachtin 50.27 47.24 47.37 -18.26 44.75 41.57 42.68 43.00 40.37 38.66 40.22 39.75 45.13 42.49 43.42 -13.68 
@ 1500ppm (45.15) (43.42) ( 43.49) (-14.00) (41.99) (40.15) (40.79) (40.98) (39.45) (3845) (39.36) (39.09) (42.21) (40.68) (41.22) (41.37) 

Bacillus thuri11giensis 
33.75 32.(i7 (5 x 107 spores/mg)@ 36.98 32.92 35.49 35.13 33.93 29.63 33.13 32.25 31.16 28 15 32.64 30.65 34 02 30.23 

1 gm/1 (37.45) I (35 011 (36 56) (36.35) (35.63) (32. 98) (35.14) (34.59) LU93i (]2 !l4) (34.84) (33.62) (35. 68) (33.351 (35 52) (3-1.86) 

I 43.18 31.52 34 17 I"·" I 

Beauveria bassiana 
I I 

1 2<J.25 30.94 25.84 32.23 I 29.67 23.75 ji'UX 22.24 21.79 29.62 25.58 32.55 
@ 107 conidia/ml I (4108) (34.15) I (35. 77) (37.04) (33.79) (30.55) (34.59) I (33.00) I (29.16) (26 12) (28.14) (27.83) (32. 97) (30.38) (34. 70) i (32. 74) 1 

NPV 36.25 ! 28.90 1 38.86 34.67 31.61 25.44 33.64 30.23 I 28.82 I 23.41 30.63 27.62 32.23 25.92 34.38 ! 30.84 I 
@250LEJha (3702) I (32.52) (38.56) (36.07) (34.21) (30.29) (35.45) (33.35) (3247) (28 94) (33.60) (31.71) (34.59) (30.61) (35.89) (38.73) 

Avermectin 42.69 41.13 39.57 41.13 38.56 37.54 38.26 38.12 29.45 27.88 30.00 29.11 36.23 35.52 35.28 36.12 
@0.01% ( 40. 79) (39.89) (38. 98) (39.89) (38.39) (37.78) 38.21) (38.13) (32.87) (31. 87) (33.21) (32.65) (37.01) (36.58) (36.44) (36.94) 

Control 
- - - - - - - - - - . - - - - -

Mean 45.64 39.60 44.09 43.16 39.88 35.29 39.79 38.32 32.49 29.08 32.67 31.42 
(42.50) (39.00) 

- - - -
(41.611 _Q4.07) _Q9.16) _Q6.45) (39.11) (38.25) (34. 75) (32.64) (34.86) (34.09) 

Figure in parenthesis indicate angular transformed value 

96-97 97-98 98-99 Mean 
A B AxB A B AxB A B AxB A B AxB 

I SEM ± 0.212 0.315 0.520 0.230 0.400 0.627 0.200 0.325 0.536 0.150 0.215 0.367 
l CD at 5% 0.968 1.042 1471 10511 1.324 1.774 0.914 1.075 1.516 0.6855 0.712 10386 I 

A= Pesticides, B = Days after spraying (DAS), Ax B Interaction between treatments and days after spraying 

(.T1 
(J.) 
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Among the seven pesticides, Beauveria bassiana @107 conidiajml, NPV @ 

250LEjha, Bacillus thuringiensis (5 x 107 sporesjmg)@ lml/1 were found 

less harmful and suppressed the spider population at a level of 29.25%, 

30.84% and 32.67% respectively. Whereas, the synthetic pesticides namely 

malathion and DDVP@ 0.05% markedly lowered down spider population to 

46.08% and 45.12% respectively (Table 4.5.4). 
With regard to efficacy of pesticides (Figure 4.5.4) against spider it was 

observed that killing of spider population was higher at 3 DAS (43.16%) and 

with gradual decrease in toxicity it became 38.32% at 8 DAS and 31.42% at 

14 DAS. 

4.5.5. Yield of Tomato I 
In 1997-98, the yield of tomato was low in all the treatments as 1 

compared to other two years 

( 1996-97, 1998-99) that was 

might be due to prevailing 

weather conditions during the 

period of investigation. It is well 

understood that the yield is 

directly related to the level of 

pest suppression as influenced 

by the application of pesticides 

which is further depended on 

their relative toxicity and 
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Fig : 4.5.5 Yield of tomato as influenced by pesticidal 
treatments 

persistency on different pest species. Therefore, the yield was recorded I 
higher in treatments where pest population was low due to better efficacy of 1 

pesticides against pest species. 

Among the seven pesticides (Figure 4.5.5) studied, avermectin @0.0 1% 

and DDVP @ 0.05% treated plots yielded significantly higher (59.74 tjha 

and 60.26 tjha respectively) over others. The untreated plot yielded the 

lowest (39.25 tjha). Among the pesticides, azadirachtin @ 1500 ppm was 

found less effective and yield was also lower (50.70 tjha) than other 

treatments, followed by malathion @0.05% (53.38 tjha) and Beauveria 

bassiana@ 107conidiajml (53.92 tjha). While Bacillus thuringiensis (5 x 107 

sporesjmg)@ lgm/1 and NPV @ 250LE/ha yielded 56.45 tjha and 57.38 

tjha respectively (Table 4.5.5). 

Considering health hazard, efficacy in pest suppression and yield of 

tomato as well as effect on other non-target organisms like natural enemy I 
the biologically originated pesticides, namely avermectin and NPV are the 1 

best suited pesticides for IPM programme in tomato. 

I 

I 

I 

I 

I 

I 



Table 4.5.5 Effect of pesticides on yield of tomato 

Pesticides and their concentration 96-97 97-98 98-99 

Malathian 
@0.05% 57.70 43.78 58.67 

DDVP 
@0.05% 62.14 48.86 69.76 

Azadirachtin 
@ 1500ppm 57.31 40.28 54.51 

Bacillus t/mriugiensis 
(5 x 107 spores/rug)@ l gm/1 59.77 46.30 63.28 

Beauveria bass ian a 

I @ 107 conidia/ml 58.17 44.60 58.99 

NPV 
@250LE/ha 59.37 45.79 66.98 

Avermectin 
@0.01% 62.06 48.33 68.84 

Control 
41.96 31.56 44.43 

SEM(±) 0.847 0.716 1.324 

CD at5% 2.447 2.069 3.826 

Mean 

53.38 

60.26 

50.70 

5ti45 

53.92 
I 

57.38 

59.74 

39.25 

0.662 

!.913 
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DISCUSSION 
5.1 Seasonal Incidence of Insect-Pests and Their Natural 

Enemies of Tomato and Their Interaction with Crop

Phenology. 

Weather plays a major role on crop production and also influences 

greatly in pest population dynamics. Besides weather, pest population 

dynamics also varies with crop growth stages i.e. phenology even in the 

same crop growing season, although it is also influenced greatly by 

prevailing weather conditions. IPM is a multitactical ecological approach 

wherein roles of weather and crop phenology are prominent. Appropriate 

understanding of the weather factors influencing the pest population 

f1uctuation at different stages of crop growth can help in formulating control 

strategy. It is rather difficult to find a direct cause and effect relationship 

between any single climatic factor and pest activity, because the impact of 

weather elements on pest is confounded (Parker, 1946 and Banerjee, 1972). 

However, studies on abiotic and biotic factors of environment and 

interaction between crop phenology and insect phenology are of immense 

help in pest management programme through formulation of pest models by 

quantifying relationship between pest incidence and influencing weather 

parameters and by asynchronisation of peak attack at critical stage of crop 

growth by optimizing sowing dates, crop varieties, cropping system etc. 

Therefore, the present investigation was undertaken with an objective to 

study the effect of various weather factors and crop phenology on the 

population build up of various insect-pests qf tomato in complex, so that the 

findings may be utilized in pest avoidance programme while formulating IPM 

in future. A detailed studies on causative relationship between important 

weather parameters, crop phenology and pest population build up was 

worked out in view to asynchronise the vulnerable stages of tomato crop 

from peak period of incidence of pest species through adjustment of planting 

times and other cultural practices, which is being discussed as follows. 

Relative abundance and fluctuation of pest population on 

different crops planted at different time as influenced by weather 

Relative abundance of insect-pest species on tomato, namely aphid 

(Aphis gossypii), white fly (Bemisia tabaci), leaf miner (Liriomyza trifolii), fruit 

borer (Helicoverpa armigera), tingid bug (Urentius hystricellus), hadda beetle 

(Henosepilachna vigintioctopunctata) and some dominant predators namely 
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Coccinella septempunctata., Menochilus sexmaculata and several species of 

spiders varied widely with different time of planting. 

Aphid (Aphis gossypii Glover) : Among the four planted crops aphid 

population was always lower in P1 and P1, maximum being 0.49 and 0.30 

per leaf respectively. Aphid population was relatively higher on P2 and P3 

crops with the highest being 5.76 and 5.16 per leaf respectively. Higher 

population was maintained from 31" to 10tll standard week i.e. from middle 

of January to 2ur1 week of March. The present findings is in conformity with 

Kandoria et al.( 1989) where aphid was observed active on tomato during 

February and very active in March in Punjab. Singh (1984) had also added 

similar report where dispersal of aphid was observed with the advent of 

spring when there was a rise of temperature. During the prevalence of aphid 

attack in terai region average temperature, r.h. and sunshine hr 1 day ranged 

from 15.43 to 22.13°C, 69.11 to 73.96%, 5.70 to 8.94 hrjday respectively 

and the total rainfall was 5 mm. Keeping aside the difference in level of 

aphid population, almost, similar information was also obtained by Mall et 

al., ( 1992), that a average temperature range of 20-25°C and average r.h. of 

50-72% were more favourable for the maximum activity of aphid population, 

confirms the results of the present investigation. Correlation between 

temperature and rainfall with aphid population revealed that the aphid 

population had negative correlation with maximum, minimum and average 

temperature and with total rainfall supports the results obtained by Oliviera 

(1971), Singh {1984) and Kandoria et al {1989). Although aphid population 

in general had negative correlation with r.h. but during higher period on 

incidence i.e. on P2 and P3 planted crop, r.h. maximum, average and r.h. 

gradient was significantly positive and minimum r.h. was significantly but 

negatively correlated with aphid population which is in conformity with Mall 
et al.( 1992). 

White fly (Bemisia tabaci Genn.) : Like aphid, the population of white fly 

was always at a low level on P1 and PLJ crop and was relatively higher on P2 

and P3 crop ; maximum being 1.68 and 1.19 per plant respectively. Higher 

population of white fly was maintained from 5th to 11th standard week i.e. 

during February-March. Naresh and Nene ( 1980) reported that in Nainital 

(Terai region of U.P.) white fly remained active from October to May on 

tomato, which confirms the result under present investigation. Saklani and 

Mathai ( 1978) reported that in the plains of India population of Bemisia 

tabaci was higher during spring, which is also in support of the present 

findings. However, Borah and Bordoloi ( 1998) recorded higher fly population 

from the 10t11-25th October planted crop and Kobatake et.al.(1981) observed 

I 

I 
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peak occurrence of white fly during July on tomato in Japan. However, these 

observations are not in conformity with the present findings, which might be 

due to regional climatic variation as influenced by agroclimatic conditions 

which determine largely the activity and fluctuation of white fly population. 

In Ludhiana, Punjab white fly was the most active at temperature ranged 

33-39°C, Butter and Rataul, ( 1978) but in terai region of West Bengal 

temperature never raised too high during the entire crop growing season, 

therefore, higher population was observed at 17.07 -22.13°C temperature, 

65.29-72.78% average r.h .. Moreover, the temperature is not the only factor 

determining the fly population. Rather all the weather parameters combined 

with the availability of host plants largely determine the size and fluctuation 

of population of any species. From correlation studies it is observed that 

temperature, r.h. and rainfall was negatively correlated with white fly 

population, which is in conformity with the findings of Venugopala Rao and 

Reddy ( 1994) where building up of white fly population showed a negative 

relationship with temperature, rainfall and r.h .. The observation of Butani 

and Jotwani (1984) also supports the present findings that activity of white 

fly decreased with the onset of rains. During the period of higher white fly 

incidence i.e. during February-March, r.h. maximum and gradient was 

significant and positively correlated and minimum and average r.h. was 

significant and negatively correlated with white fly population. The present 

results are not in conformity with that of Bharadwaj and Kushwaha ( 1984) 

who recorded that the white fly population had negative correlation with r.h. 

and positive correlation with temperature in Rajasthan. The differences are 

obviously due to wide variation in temperature and r.h. level in two far 

distantly located and radically different agro-ecological situations. 

Leaf miner (Liriomyza trifolii Burgess) : Unlike aphid and white fly, the 

level of leaf miner infestation gradual1y increased with the progress of crop 

growing season. Therefore, the leaf damage was the lowest on P1 crop and 

with advancement of season the extent of damage became progressively 

higher. Although the highest level of infestation (91. 92%) was recorded on P2 

crop but infestation was restricted for last few weeks of crop growth stage 

only, whereas, the percentage of leaf infestation was consistently in higher 

proportion in last two plantings from very early fruiting stages. On the whole 

higher level of leaf miner infestation was recorded during the period from 

11th to 19th standard week i.e. from later part of March to later part of May 

when average temperature and r.h. ranged from 21.60-27.23oc and 65.39-

80.25% respectively, confirms Bagmare et al. (1995). Issa and Marcano 

( 1994) observed highest leaf miner infestation during March to May i.e. 
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towards the end of dry season to beginning of the rainy season, which 

strengthens present observation. In terai region of West Bengal premonsoon 

rain starts between the later part of March and early part of April which 

favoured leaf miner infestation. A similar observation was also made by 

Kapadia ( 1994) where in North Saurashtra agro-climatic zone leaf miner 

infestation in tomato was higher dudng monsoon and summer and also 

found positive correlation with temperature and rainfall with leaf miner 

infestation, which is in support to the result of present findings. Rai and 

Satpathi ( 1995), however, observed higher leaf miner incidence during 

January in Uttar Pradesh and Bagmare et al. ( 1995) found a high incidence 

of the miner during September -October in Jabalpur. These region specific 

differences are reasonably expected because of quite a significant difference 

in the climatic conditions influencing leaf miner incidence. From correlation 

studies between leaf miner incidence and important weather parameters it is 

observed that the maximum, minimum and average temperature had 

significantly positive correlation but temperature gradient had significantly 

negative correlation with leaf miner incidence. Maximum r.h. and its 

gradient have significantly negative but r.h. minimum and average had 

significantly positive correlation with leaf miner incidence under present 

investigation. Although these parameters were significantly but negatively 

correlated with r.h. during this period of crop growth which might be due to 

fluctuation of r.h. during the early part of the season as well as crop growth, 

resulting lower infestation of leaf miner during this part of the season. 

Bagmare et al.( 1995) also reported that leaf miner incidence on tomato was 

found positively correlated with average temperature and negatively 

correlated with r.h. which supports the results of the present findings. 

Tingid bug ( Urentius hystricellus Richter) : Tingid bug is mainly 

recognized as a pest of brinjal. However, this pest was also recorded on 

tomato during later part of growing season from 11th to 17th standard week 

i.e. from March-April. Singh and Mann (1986) reported that the pest was 

advanced to adult stage during April in Punjab confirms the findings under 

present investigation. The pest is also active mainly during May and June in 

Bihar (Yadav, 1978). Although this information is not in conformity with the 

present record but it is quite possible that the pest can attack tomato during 

May-June provided the crop is available during the period. Since the crop 

period in terai region vis-a-vis in the present investigation completed almost 

before May there is no scope to study further. 

Haddaa beetle (Henosepilachna vigintioctopunctata Fabr.) : Hadda 

beetle is a well recognized polyphagous pest having wide diversity of host 
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range and recorded in tomato only during April-May, might be due to non

availability of other suitable host during the period. Singh ( 1984) reported 

that the hadda beetle appeared on the plants during March-April and 

remained active up to October but the highest level of damage is caused 

during April-May, supports the findings of present studies. An early onset of 

monsoon rain in terai region limits tomato crop cultivation upto May and, 

therefore, the pest switch over their attack to other alternate host plants like 

cucurbits, brinjal etc. which are grown during summer-monsoon months. 

Fruit borer (Helicoverpa armigera Hubner) : Fruit borer, a cosmopolitan 

species, is highly polyphagous pest of various economic crops. Although it 

feeds on foliage at its early stage of development of other host crop but in 

tomato its attack was very much confined only to the cashable part of the 

plant i.e. fruits. The very soft skin of the young fruits favours boring even by 

the first instar larvae. Therefore, its incidence was always restricted to the 

fruiting stage i.e. later stage of crop growth irrespective of times of planting. 

In the area of present investigation the infestation of fruit borer was 

confined to 7th to 20th standard week i.e. from later part of February to May 

on all the four different crops, the higher number of infestation covered the 

period from 11th to 20th standard week i.e. from March to May when average 

temperature and r.h. ranged from 20.68 to 28.13°C and 65.39 to 80.25% 

respectively. In Northern India also the fruit borer appears in the tomato 

field in late February or early March (Singh, 1984). Sharma et.al.( 1997) 

recorded fruit borer incidence in crops planted during the period from 28th 

March to 12th April in Kulu Valley. In the present study last planting was 

made on 24th February and borer was recorded till last date of harvest. This 

indicates that in case of for further delay in crop raising borer incidence 

could be noted beyond the month of May. Till, the findings under present 

investigation are in conformity with Sharma et al. ( 1997). Highest fruit borer I 
incidence was observed in mid February and early March (Walker and 1 

Cameron, 1990) and initiation of fruit borer incidence on tomato began in 

2nd week of April in Harayana as reported by Kalra ( 1992) quite different 

from with the present result. The correlation between important weather 

parameters and borer infestation reveals that maximum, minimum and 
1 

average temperature and r.h., sunshine hrjday and total rainfall were I 
positively correlated and temperature and r.h. gradient was negatively 

correlated with borer infestation. Vaishampayan and Veda ( 1980) also 

suggested such a relation. According to Sinha and Chakrabarti (1983) the 

unusual rain during late winter leads to high humidity and ambient 

temperature that favours the pest population build up. This is also revealed I 
I 

I 

I 

I 

I 

I 

I 
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m the present investigation. In case of P3 and P4 crops when level of 

infestation was higher, maximum, minimum and average r.h. had 

significant and positive correlation but r.h. gradient had significant and 

negative correlation with borer infestation. Rainfall was found positively 

correlated with borer infestation supports the findings of Bhat and 

Virupakshappa (1999) and Jayaramaiah and Babu (1990) but not in 

conformity with that of Rao et a.l. (1990) and Pimbert and Srivastava (1991) 

where rainfall deficit promoted growth of borer population. 

Natural enemies : The population of natural enemies of different pests 

studied was always very low. Only two predator species namely Cocci nella. 

septempuncta.ta. and Menochilus sexma.cula.ta. and a few species of spider 

were recorded. It has already been discussed that the population of natural 

enemies not only depends on the prevalent weather conditions but also on 

the availability and level of pest population. The population of two most 

important pest-prey (aphid and white fly) never reached in higher level. 

However, relatively higher activity of these natural enemies was observed 

during February to April when the climate was moderate and population of 

pests-prey was relatively high. Menochilus sexma.cula.ta. population was 

observed mainly during relatively colder period of the season whereas 

Coccinella. septempuncta.ta. on warmer period. Spider population, although 

recorded very low in number throughout the crop growing season, it 

increased with the increase of ambient temperature. 

From the foregoing discussion on incidence of different pest species 

and their natural enemies it can be said that fruit borer, leaf miner, white fly 

and aphid are the important pests or tomato in this region. Early crop i.e. 

first planted crop is more or less escaped maximum attack of both the major 

pests, the leaf miner and fruit borer. The population of hadda beetle and 

tingid bugs were also negligible at the earlier part of the season. Moreover, 

this part of the season can be considered as the principal season for tomato, 

where natural environment also favoured production of the crop. The 

population of aphid and white fly although appeared in relatively higher 

proportion but the level of population was not too high to make a 

devastating situation. This is why productivity of tomato was the highest 

(77.12 tjha) in case of P1 crop. With the advancement of planting season 

activity of major pests like fruit borer and leaf miner were increased which 

ultimately resulted in progressively low production of tomato. Therefore, the 

productivity was lowered gradually, 49.00 tjha in P2 crop, 47.05 tjha in P:1 

crop and 38.21 tjha in P4 crops respectively. From overall observations it 

can, therefore, be concluded that raising of tomato in early season produces 
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more yield due to relatively lower incidence of the major pests. However, 

considering profitability of late crop due to high market value during off

season exploiting natural agro-ecological condition of the region, cultural 

manipulation is required to keep the incidence of major pests low during 

later part of season. 

Phenological relation with relative incidence of pest population 

It has been observed under present investigation that relative 

incidence of different insect pest species and their natural enemy population 

on tomato varied widely with different time of planting. Apart from weather 

the pest structure and their relative infestation were largely determined by 

the crop growth stage or crop phenology. Relative preference of plant parts 

by a pest also influenced by crop growth stage. Therefore, stage vulnerability 

is depends greatly on crop- insect -phenological relationship. 

Among the four planted crops the infestation by the two sucking pests, 

aphid and white fly was always lower on P1 and P4 crops and was relatively 

higher on P2 and P.3 planted crops. The population of these two pest species 

was found more abundant during early growth stage of crop. 

Aphid (Aphis gossypii Glover) : Before appearance of fruits mean aphid 

population of all the four crops was higher ( 1.59 /leaf) as against later stage 

of crop growth i.e. fruiting stage (0.51 /leaD. The finding is in support of Cruz 

and Bernardo (1971), where the aphid population was reported to cause 

extensive damage during early growth stage (before-flowering) stage. 

Con tangelo et al. ( 1994) also observed that aphid population reached in to 

peak within few weeks after transplanting supports the results under 

present studies. 

White fly (Bemisia tabaci Genn.) : Population of white fly was found 

active during February-March i.e. on the crops of P2 and P3 crops in this 

region. It was also higher at early stage of crop growth (0.51/plant) as 

compared to fruiting stage (0.22/plant). Butani and Jotwani (1984) also 

made similar observation that the pest attacks the crop at early stage of 

crop growth resulted yellowing, wrinkled leaf curl and ultimately shed off 

leaves. Quiros et al. ( 1995) reported that in Costa Rica leaf curl disease was 

recorded more on young plants due to the presence of more vector 

population, white fly, which is in support of the present findings. 

Interaction between crop growth stage i.e. phenology and pest 

population was quite remarkable. Variations in pest population over 

different time of planting in both the stages was significant which might be 

due to influence of prevailing weather factors at different stages of crop 
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growth, which has already been discussed earlier. However, the variation of 

pest population at different growth stages in particular may be attributed to 

the physico-chemical variations in the plants at differences stages of their 

growth. At early stage, plants remained succulent, cuticular layer was thin 

and softer, favoured easy penetration of stylet and better nourishment 

resulting higher population growth of the sucking pests namely aphid and 

white fly. On the contrary, with the advancement of crop growth, plant parts 

particularly the leaves and stem, which are also niche of aphid and white fly, 

became hardy, less succulent, thicker and tough cuticular layer provided 

resistance in penetration of stylet for sucking and ultimately resulted lower 

population growth. 

~ingid bug ( Urentius hystricellus Richter) : The tingid bug another 

sucking pest of tomato, appeared only in the last two planted crop and the 

population was recorded relatively higher in P4 crop ( 1.00 /leaf) i.e. during 

mid March to mid May, which is in conformity with the findings of Yadav 

(1977), where the population was active mainly during May-June. In the 

present study the population build up depends more on the climatic 

conditions and the plant age has no impact on the incidence and build up of 

tingid bug population which contradicts the observation of Veeraval and 

Bhaskaran ( 1994) where plant age affects the incidence and build up of 

Urentius hystricellus Richt. 

Hadda beetle (Henosepilachna vigintioctopunctata Fabr.) Hadda 

beetle another minor pest of tomato in this region was found to infest the P1 

and P4 crop and its population was recorded higher in P4 crop (0.77 /plant), 

which might be due to influence of climatic conditions, rather than the 

influence of plant age. Veeraval and Bhaskaran { 1994) observed that m 

Tamilnadu the age of plants did not affect the multiplication of 

Henosepilachna uigintioctopunctata confirms the present results. 

Leaf miner ( Liriomyza trifolii Burgess) : The leaf miner, is one of the 

most damaging pests of tomato and is very difficult to control through 

chemical means because of its unique nature of feeding and incidence with 

relation to plant growth stage. The relative incidence of the pest was 

maximum during later stage of crop growth i.e. during fruiting stage. 

Average leaf damage of four different planted crops were higher {50.30%) at 

fruiting stage as against early stage (12.41%). The results are in conformity 

with Johnson et al. ( 1983) where extensive leaf mining activity reported to 

reduce photosynthetic capacity of plants and resulted in defoliation and 

sunscroch, which ultimately resulted lower yield and produced 

unmarketable fruits in tomato. The interaction between crop growth stage 
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and leaf miner infestation was significantly correlated. A similar result was 

also obtained by Bagmare et al. ( 1995), where the positive correlation was 

observed between leaf miner infestation and crop growth. Here also the 

significant variation over different time of planting was due to prevailing 

weather conditions that influenced population growth. The leaf miner is an 

internal feeder, feed within the leaf, with the advancement of plant growth, 

leaves became thick hence provided better food and shelter to the larva 

within the leaf favoured higher incidence in later stage of crop growth. Patil 

et al.,(1997) claimed that leaf miner favours and infests more at early stage 

of plant growth contradicts the present findings. Although at higher level of 

infestation preference of leaf could not become a factor for plant part 

selectivity where the question of survivability comes in force that ultimately 

results to accommodate the highly populated larvae to mine the young leaf 

for feeding. However, Zenhder and Trumble (1984); Ledieu and Helyer (1985) 

and Srinivasan et al. ( 1995) recorded leaf miner infestation on middle and 

bottom canopy. It was further observed that though the eggs are laid on 

young terminal foliage of side branches but leaf mining occurred on the 

mature leaves at the low plant height, which is in conformity with the 
present findings. 

Fruit borer (Helicoverpa armigera Hubner) : Since fruit borer is very 

much specific to the food i.e. fruits of tomato and, therefore, its incidence is 

always confined only to the fruiting stage of the crop irrespective of time of 

planting. Fruit damage was the lowest (8.34%) in P1 crop, with gradual 

increase reached highest level (13.19%) in P4 crop, i.e. during late February I 
to May. However, significant variation in level of infestation over crops at 1 

different times was observed which might be due to prevailing weather 

conditions influencing relative abundance of larval population attacking 

fruits. A similar observation was also made by Singh ( 1984) where fruit 

borer was found to prefer egg laying on buds, blooms and flowers and 
subsequently attack on fruits. 

Natural enemies : Natural enemy populations were found to vary with 

prevailing climatic conditions of different plantings as well as with the host 

or prey population. The population of all the natural enemies became higher 

on P:l crop when the population of sucking pests also recorded relatively 
higher. 

During the P1 crop the pest attack was minimum which resulted 

higher yield 77.12 t/ha. With gradual increase of pest population 

particularly the internal feeders, the yield of tomato crop in subsequent 

planting started to decline. Significantly the lowest yield was obtained from I 

I 

I 

I 

I 

I 

I 

I 

I 
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P4 crop which might be due to more abundance of leaf miner during early 

stages of crop growth as compared to other plantings and higher borer 

infestation. This findings is at par with that of Johnson et al. (1983) and 

Ledieu and Helyer ( 1985) who reported that yield loss occurred as a result of 

leafminer infestation which were not dependent on severity of damage alone 

but infestation proximity to fruit at an early stage of development was very 

important. 

In the present investigation population build up of the major insect

pest of tomato namely aphid, white fly, leaf miner and fruit borer was 

influenced by the important weather parameters as well as crop phenology. 

All the insect-pests as mentioned above are polyphagous in nature. Seasonal 

development of polyphagous insects is closely correlated to the development 

of the host plant (Srivastava, 1993). Among the four insect-pests studied, 

the sucking ones were most active at the early stage of crop growth and the 

internal feeders were most active at fruiting stage. Again with the 

advancement of season, population of sucking pests namely, aphid and 

white fly declined and damage due to internal feeder, namely leaf miner and 

fruit borer increased gradually. Atwal ( 1993) reported that by adjusting time 

of planting, infestation by some pests can be prevented, the egg laying 

period of a particular pest can be avoided, young plant can be established 

before the attack start, short duration crop can allow the minimum possible 

time for pests to multiply or they can mature before the pest appearance. 

However, activity of all the insect-pests in a complex was at a low level 

during normal growing season (P1 crop). Thus by growing tomato in normal 

season, pressure from pest complex can be avoided to a greater extent but it 

is very difficult to avoid incidence of insect-pests in complex completely at 

late season because of the unique pest structure of tomato in the region. 

Late stage of tomato is the most vulnerable stage of crop growth because the 

cashable part of the plant i.e. fruit is produced at this time. Moreover, value 

of tomato grown out of normal season is higher. Atwal ( 1993) suggested pest 

avoidance by adjusting time of harvesting crop can be saved from the attack 

of the pest which might become abundant rather late in season. In view of 

problem in management of internal borer at late stage i.e. fruit bearing stage 

through synthetic insecticides considering toxic residual hazard strategy of 

pest avoidance through early harvest of mature fruits may be a good 

proposition to minimize crop loss at this stage. Other pests like aphid, white 

fly and leaf miner at initial stage of infestation can be controlled by applying 
any relatively safe insecticide. 
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5.2 Biology of Important Insect-Pests of Tomato. 

The duration of different stages of lifecycle varies significantly among 

the different seasons studied. The duration of all the stages of leaf cycle of 

different pests differed significantly with temperature but non-significantly 

with r.h. This is why, the temperature played an important role in the 

process of development of different pests. So the activity of the pests was 

more during warmer part of the year. 

Fruit Borer (Helicoverpa annigera Hubner) : The duration of different 

development stages of fruit borer namely the incubation, larval and pupal 

stages, adult male and female life span and duration of total life cycle varied 

negatively with temperature and r.h. With the increase of temperature these 

periods were shortened. But the reproductive stages like preoviposition and 

oviposition periods showed a positive correlation with temperature as well as 

r.h. i.e. with the increase of temperature and r.h., the activity of 

reproduction also increased leading into higher population of pest at field 

level. This findings is in support of Kadu et al.(1987), where adult female life, 

male life, pre reproductive period and incubation period were shortened with 

the increase in temperature, while reproductive period increased with the 

rise of every per degree of temperature. 

Incubation period was a minimum of 3.1 days at 27-29°C temperature 

(Ismail and Swailem, 1976), 2.6-3.6 days at 31.1-32.3°C (Singh and Singh, 

1975), 3.4 and 2.5 days at 22°C and 28°C (Ongoren et al. 1977) were at par 

with the observations of present investigation. It is noteworthy to mention 

here that incubation period was shorter, 3.75 days at 28.58°C while longer 

5.10 days at 22.71 °C temperature. The larval period under present studies 

was longer during February-March at a temperature range of 23.27 -26.540C 

and shorter during April-May when the temperature range was 26.67-

30.23°C. The effectiveness of these temperature ranges conforms to that of 

Lefroy ( 1971), where the duration of larval stage was longer under low 

temperature conditions. The average larval period in the region under 

studies was recorded 18.94 days, where in Punjab it was 8-12 days (Singh 

and Singh, 1975) in Uttar Pradesh 21-28 days (Srivastava and Saxena, 
1958). 

Average pupal period was 13.66 days in this region. Nachiappan and 

Subramanium, (1974), observed that the mean pupal duration was 10.7 

days. In the present investigation it was also observed that mean pupal 

period was 10 days at 28.5-31.5°C which is in conformity to that of Sharma 

( 1978) where the pupal period was 8-11 days at 29.4-32.soc. 



The preoviposition and oviposition period were 2-4 and 6 days as 

reported by Atanasov ( 1964) which is in conformity with the present studies 

where the corresponding values were found 1.90 and 5.52 days respectively. 

Patel et al.( 1968) recorded preoviposition and oviposition period were 4.25 

and 2.66 days contradicts the findings of present investigation. The total life 

span of male and female under present investigation were 5.00 days and 

9.03 days which were at par with Sharma ( 1978) where females were 

observed generally lived longer than the males. The duration of total life 

cycle was about 38.52 days which is almost similar to that of Nachiappan 

and Subramanium (1974) where total life cycle of H. armigera was completed 

in 35.14 days on tomato. 

Leaf miner (Liriomyza trifolii Burgess) In leaf miner, mating and 

courtship under present investigation was taken place in air which was at 

par with Daly et al.( 1978). The maggot started mining from the oviposit side 

and after attaining maturity came out of the tunnel to pupate supports 

Natarajan et al.(1994) which makes characteristic serpentine mines 

supports Patil et al. (1997). All the developmental stages showed a negative 

correlation with temperature and r.h. Therefore, at high temperature life 

cycle is completed at faster rate, which might be the reason of higher level of 

leaf miner infestation during warmer part of the season. Moreover, average 

duration of life cycle for four generations were 19.95 days and longer being 

during February-March. 

White fly (Bemisia tabaci Genn.) : In case of white fly, the duration of 

different development stages were increased with the decrease of 

temperature and r.h. The present results revealed that the duration of all 

the developmental stages were longer during December-January, while these 

were shorter during October-November, which is in conformity to the 

findings of Butani and Jotwani (1984) where the duration of different 

developmental stages were recorded longer in winter than in summer. 

Bhardwaj and Kushwaha ( 1987) reported that the incubation, nymphal, 

pupal stages lasted on an average 5.9 days, 10.1 days and 6.8 days in 

Rajasthan but the corresponding values in present studies were 9.87 days, 

13.29 days and 5.57 days respectively during October-March, which can be 

attributed to variation in regional climatic conditions. 

In a study by Hendi et al.( 1987) reported that preoviposition and 

oviposition periods were 1-2 days and 7-36 days respectively at 30±2oc 

temperature and 60±5% r.h. while at 25°C temperature and 65% r.h. the 

preoviposition and oviposition periods were 1-4±0.7 days and 16.7±3.2 days 

respectively as reported by Salas and Mendoze (1995). The present findings 
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revealed that preoviposition and oviposition period was 1.12 and 2.32 days 

at 27oc temperature and 77% relatives humidity; and 3.00 and 5.00 days at 

21.soc temperature and 63% r.h. The average duration of the entire life 

cycle was 30.87 days, which supports the earlier records of Hendi et al. 

(1987) who obtained an average developmental cycle of 34.5±1.4 days. 

Thus it can be sum up that the biological activity of the pests 1s 

became more during warmer part of the season leading in to higher 

population infestation during the period which ultimately resulted in lower 

yield as compared to that of winter season. Thus the results from the 

studies on biological activity of different pests supplement to justify the 

relative incidence of pest population under field conditions in different times 

of the crop-growing season. 

5.3 Assessm.ent of Crop Loss of Tomato Caused by 

Important Insect-Pests 

Assessment of loss due to pests is the basic prerequisite for decision 

making in pest management. In the field of agriculture pest problem is 

complex, dynamic and ever changing in nature, varies with regional climatic 

conditions, agronomic practices, crop growing season, variety etc. which 

also influence degree and the magnitude of pest population and subsequent 

loss caused by them. Considering the subject mentioned above the 

experiment was conducted in two dominant crop growing season in terai 

zone with two commonly grown varieties having diverse genetic make up -

open pollinated (Pusa Ruby) and hybrid (Abinash-II). In addition to seasonal 

crop loss of two different varieties, insect-pests population of different 

species and dominant natural enemies were also recorded to have an idea 

on relationship between level of pest population and crop loss caused by 

them. 

A critical analysis of the results on assessment of loss showed that the 

composition of insect-pests species in both the seasons and varieties 

followed almost similar pattern but variation in their population at different 

seasons and varieties were much spectacular. A relatively low level of 

population of all the pest species was observed during winter as compared 

to that of spring--summer season. The pest-structure was also differed with 

seasons but not with varieties. This might be due to low temperature and 

r.h. prevailing in winter season and resulted in natural suppression of pest 

population due to ecological pressure. Lower incidence of pest during winter 

season also resulted in better yield (62.33-84. 91 tjha) of crop in all the three 
years studied. 



Table 5.3.la Comparative account on relative abundance of aphid (Aphis gossypii Glov.) between open 
pollinated and hybrid varieties and interaction with variety and treatment on winter crop. 

A_jJhid/leaf 
Treatments Open pollinated Hybrid 

f--c--------~9:_:6:_:-9:__:_-7 -~ 97-98 98-99 Mean 96-97 97-98 98-99 ' Mean 
Untreated I 0.31 0.21 0.29 0.27 0.26 0.21 0.25 0.24 

(0 90) (0.84) (0.89) (0.88) (0.87) (0.84) (0.87) (0.86) 

Insecticidal Control 0 I 1 0.07 0.09 0.09 0.07 0.05 0.08 0.07 

(On) (O 75) (O 77) (0.77) (0.75) (O 74) co 76) (0.75) 

Fungicidal Control 0 29 0.19 0 27 0.25 0.24 0.19 0.23 0.22 

(0 89) (0.83) (0.88) (0.87) (0.86) (0.83) (0.85) (0.85) 

Insecticidal and 0.10 0.05 I 0.08 0.08 I 0.06 0.04 0.06 0.05 

Fungicidal Control (0 77) (0.74) (0.76) (0.76) (0.75) (0.73) (0.75) (0.74) 

Mean 0.20 II 0.13 I 0.18 I 0.17 I 0.16 I 0.12 I 0.16 
(0.84) (0.79) (0.83) (0.82) (0.81) (0.79) (0.81) 

0.14 

(0.80) 

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 

Grand Mean 
~~---i 

96-97 97-98 98-99 
0.28 0.21 0.27 

(0.89) (0.84) (0 88) 

0.09 0.06 0.09 

(0 77) (0 7 5) (0 77) 

0 27 0 l 9 () 25 

(0.87) (0.83) (0.87) 

0.08 0.05 1 0.07 
I 

t0.76) co. 74) 1 (o 75) 

Mean 

Mean 
0.26 

(0.87) 

0.08 

(0. 76) 

0.23 

(0.86) 

0.06 

(0.75) 

T I V I TxV T I V I TxV T I V I TxV T 1 v I TxV 

/ ~~M ± o.oo6 I o.oos I 0.012 o.oo2 ! o.oo6 1 o.oo7 o.oo3 1 o.oos1 o.oo7 o.oo3 ! o.oo4 ! o.oos 
Q~~ ?Yo_ 19._017 I 0.023 I N.S. I 0.006 I 0.017 I N.S. I 0.009 I 0.014 I N.S. I 0.009 I 0.011 I N.S. 

T= Treatments, V= Varieties. T x V= Interaction between treatments and varieties 

~ 
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Table 5.3.1b Comparative account on relative abundance of white fly (Bemisia tabaci Genu.) between open 
pollinated and hybrid varieties and interaction with variety and treatment on winter crop. 

~~ . t 
White fly/plant 

ti·eatmen s Open pollinated Hvbrid Grand Mean 
96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 

Untreated 0.78 0.36 0.38 0.52 0.60 0.18 0.23 0.34 0.89 0.27 0.30 0.43 

(1.13) (0.94) (0.94) (1.04) (1.05) (0 82) (0.85) (0.92) (1.09) (0.88) (0 90) (0.96) 

Insecticidal Control 0.40 0.16 0 12 0.23 0.23 0 05 0.07 0.12 0.32 o1o I o.o9 ! 0.17 

(0 95) (0.82) (0 79) (0.87) (0 85) (0 74) (0.75) (0. 79) (0.90) (0. 77) (077) 1 (0.82) 

Fungicidal Control 0.75 0.33 0.35 0.49 0.58 0.17 0.21 0.32 0.67 0.2:5 o.n I o.4o 
I 

(1.12) (0. 93) (0 92) (1.02) ( 1 04) (0.82) (0.84) (0.91) ( 1. 08) (0 87) (0 88) : (0.95) 

Insecticidal and 0.35 0.14 0.10 0.20 ! 0.20 0.04 0.06 0.10 0.27 0.09 0.08 I 0.15 

Fungicidal Control (0.92) (0.81) (0.77) (0.85) I (0.84) (0.73) (0.75) (0.77) (0.88) (0.77) (0.76) (0.81) 

Mean 0.57 0.25 0.24 0.36 0.40 0.11 0.14 0.22 
- - - -

(1.03) (0.86) (0.86) (0.93) (0.95) (0.78) (0.80) (0.85) 
-

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 Mean 
T v TxV T I v I TxV T I v I TxV T I v I TxV 

SEM ± 0.008 0.012 0.018 o.oo4 ! o.oo5 ! o.oo8 o.oo4 1 o.oo5 1 o.oo1 o.oo4 ! o.oo6 ! o.oo8 
CD at 5% 0.023 0.034 N.S. 0.01_1_ l 0_.0_1~l0.023 I 0~11 I 0.014j Q.020 I 0.011 I 0.017 I N.S. 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 

..... 
-.J 
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Table 5.3.lc Comparative account on relative abundance of leaf miner (Liriomyza tr~folii Burgess) as mined leaf% 
between open pollinated and hybrid varieties and interaction with variety and treatment on winter crop. 

Treatments Onen nollinated 
96-97 I 97-98 I 98-99 I Mean 

Untreated 2.35 1.20 11.35 11.63 
. (1.68) (1.30) (1.36) (1.46) 
I I I 

Mined leaf% 
Hvbrid 

96-97 I 97-98 I 98-99 

6.56 I 4.23 I 5.21 
(2.66) (2.17) (239) 

Insecticidal Control 1.50 1.03 0.85 1.13 4.23 3.58 3 26 

(1.41) (1.24) (1.16) (1.28) (2.17) (2.02) (194) 

1.29 I 1.57 645 4 10 s 12 

(1.34) 1 (1.44) (2,64) (2 14) (2 37) 

Fungicidal Control 2.30 1.11 

(1 67) (1.27) 

0.83 11.03 4.08 330 3.10 

(1.15) (1.24) (2.14) (1 95) (l 90) 

Insecticidal and 1.35 0.92 

Fungicidal Control ( 1.36) (1.19) 

Mean 1.88 11.06 11.08 
(1.54) (1.25) (1.26) 

1.34 

(1.35) 

5.33 I 3.80 ,

1

. 4.17 

(2.41) (2.07) (2.16) 

Mean 
5.33 

(2.41) 

3.69 

(2.05) 

5.22 

(2.39) 

3.50 

(2.00) 

4.43 

(2.22} 

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 

Grand Mean 
96-97 I 97-98 I 98-99 
4.46 2.71 3.28 

(2.23) (1.79) (1.94) 

2.87 

1

. 2.30 2.05 

(1.83) (1.67) (1 60) 

4.38 2.60 3.20 

(2.21) (1.76) (192) 

271 12.11 430 

(1.79) (1.62) (6.60) 

Mean 

Mean 
3.48 

(1.99) 

2.41 

(1.70) 

3.40 

(1.97) 

2.26 

(1.66} 

T I V I TxV T I v I TxV T I v I TxV T I v I TxV 
SEM ± 0.015 

1 
0.022

1 
0.031 o.011 

1 
0.016 

1 
0.023 0.010 

1 
0.014 r o.020 o.oo8 

1 
o.011 

1 
0.016 

CD at 5% L 0.044 I 0.063 I 0.089 I 0.032 I 0.046 I 0.067 I 0.029 I 0.040 I 0.058 I 0.023 I 0.029 I 0.046 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 

--J 
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Among the various insect--pests that feed upon tomato four species 

namely, aphid, white fly, leaf miner and fruit borer occurred in all the three 

years studied. But the population size of a particular pest species exhibited 

inter-year and inter-seasonal variations. Of the four pest species the fruit 

borer is undoubtedly the key one and damages due to this borer can be 

assessed from the number and weight of the damaged fruits. The damage 

due to miner, aphid and white fly can be visualized from symptoms caused 

by them, but the extent of damage is very difficult to quantify directly. 

However, their cumulative effects were manifested on crop yield. Aphid and 

white fly were recorded only during winter i.e. on normal crop growing 

season, whereas, tingid bug appeared only during spring-summer i.e. out of 

normal crop growing season or off season. The two key pests, the fruit borer 

and leaf miner, appeared in both winter and spring-summer seasons. Level 

of infestation of different pests varied with the season and variety which 

ultimately manifested in yield and there by gain in yield of tomato. With 

regard to varieties, level of white fly and aphid population was significantly 

higher on open pollinated variety (Pusa Ruby) than hybrid (Abinash-II) and 

interaction between the varieties was significant (Table 5.3.1a-5.3.1b). On 

the contrary leaf miner infestation was significantly higher on hybrid than 

on open pollinated variety and interaction between the two varieties was 

significant (Table 5.3.1c and 5.3.2a). This might be due to thick leaf 

character of hybrid. Moreover, hybrid was more susceptible to leaf miner 

attack than open pollinated one and percentage of leaf damage was 3-4 

times higher than open pollinated variety in different seasons, 1.63% and 

5.33% during winter and 20.04% and 60.36% during spring-summer season 

on open pollinated and hybrid respectively. Fruit borer infestation was also 

more on hybrid than on open pollinated variety and was more in spring

summer than in winter season, 7.05% and 7.62% (in number) during winter 

and 11.02% and 12.96% (in number) during spring-summer on open 

pollinated and hybrid respectively. The interactions between the borer 

infestation in number and weight was significant (Table 5.3.1d-5.3.1e and 
5.3.2b-5.3.2c). 

Tingid bug, a minor pest of tomato, appeared only in spring-summer 

season and its population was recorded higher in open pollinated variety 

( 1.22 /leaf) than hybrid (0. 94 /leaf) and interaction between two varieties was 
significant (Table 5.3.2d). 

The leaf miner and fruit borer damage the crop both in winter and 

summer season. The magnitude of damage was higher in summer and 

hybrid was found more susceptible to these pests. The high level of pest 



Table 5.3.1d Comparative account on relative abundance of fruit borer (Helicoverpa armigera Hubner) as bored fruit (Yt1 in number 
between open pollinated and hybrid varieties and interaction with variety and treatment on winter crop. 

I 
--- ---

Bored fmit % in number 
Treatments Ooen pollinated Hybrid Grand Mean 

96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 
Untreated 8.68 5.50 6.96 7.05 9.00 6 01 7.85 7.62 8.84 I 5.76 7.40 7.34 

(3.03) (2.45) (2.73) (2.75) (3.()8) (2.55) (2.89) (2.85) (3.05) (2.50) (2. 81) (2.80) 

Insecticidal Control 5.02 3.39 3.89 I 4.10 I 5 10 278 4 39 4.09 5.06 3.08 4 14 4.09 

(2 35) (197) ( 181) (2 21) (2.14) (2.36) ( l 89) (2 15) (2.14) 1 (2 ]0) ! (2.14) ! (2 37) 
I 

Fungicidal Controi 8 73 5.30 6.84 i 6.96 8 Y8 5 XU 7.80 7.53 8.86 5 55 : 7 32 7.24 

(3.04) (2.41) (2.71) 1 (2.73) (3.08) (2.51) (2.88) (2.83) (3.06) (2.46) 1 (2.80) (2.78) 

I Insecticidal and 4.98 3.21 I 3.69 I 3.96 i 5 00 2 62 ! 4.00 I 3.87 I 4.99 2.92 ! 3.84 3.92 
l 

Fungicidal Control (2.34) (1.93) (2.11) (2.11) (2.35) (l 76) (2.12) (2.09) (2.34) (1.85) (2.08) (2.10) ! 

Mean 6.85 4.35 5.52 5.52 7.02 4.30 6.01 5.78 
- - - -

(2. 71) (2.20) (2.45) (2.45) (2. 74) (2.19) (2.55) (2.50) 

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 Mean 
T v TxV T J v I TxV T I v I TxV T I v I TxV 

SEM ± 0.012 0.017 o.o24 o.o15 1 o.o21 1 o.o31 o.o25 1 o.o33 1 o.o47 o.oo9 1 o.o13 1 o.o19 
CD at 5% 0.035 0.049 0.069JQ:0_44 j 0.060 j 0.090 j 0.073 I 0.095 I 0.136 I O~Q26 I 0.037 I 0.055 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 

...... 
-J 
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Table 5.3.le Comparative account on relative abundance of fruit borer (Helicoverpa armigera Hubner) as bored fruit·~, in weight 
between open pollinated and hybrid varieties and interaction with variety and treatment on winter crop. 

~~:.eatments 
-

Bored fruit % in weight 
Open pollinated Hybrid Grand Mean 

96-97 97-98 98-99 Mean 96-97 ,...,.., (\Q 
':! J-7o 98-99 Mean 96-97 97-98 98-99 Mean 

Untreated 7.80 5.00 6.32 6.37 8.69 5.89 7.69 7.42 8.24 5.44 7.00 6.89 

I (2 88) (2.35) (2.61) (2.62) (3.03) (2.53) (2.86) (2.81) (2 96) (2.44) (2.74) (2.72) 

Insecticidal Control i 4 52 I 3.00 I 3.53 I , . I 3.68 I 4.92 I 2.72 I 4.17 I 3.94 I 4. 72 I 2.86 I 3.85 

\LL-+)i(J87);\20i)i (2.04) j(233) (l.79)'\2.l(J)'(2.11) (228) (!X3) (2.09) (2.08) 

Fungicidal Control 

Insecticidal and 

Fungicidal Control 

Mean 

T 
SEM ± 0.010 
CD at 5% 0.029 

, , 8.65 5.82 7.64 7.37 X 20 5 28 6.93 6.80 6.24 
I 

(2.60) (3.02) (2.51) (2.85) (2.81) (2 95) (2.40) (2.72) (2.70) 

3.53 4.82 2.57 3 92 3. 77 4.60 2.71 3.64 I 3.65 

(2.01) (2.31) (l. 75) (2.10) (2.07) (2.26) I (1.79) 1 (2.03) 1 (2.04) 

~.77 
.69) 

Figure in parenthesis indicate square root transfom1ed value 

96-97 97-98 98-99 Mean : 

v TxV T I V ITxV T I V ITxV T I V ITxVi 
0.019 0.022 0.013 ! 0.019 ! 0.029 0.022 ! 0.030 ! 0.045 0.006! 0.010! 0.015 : 
0.055 0.064 j_o_.Q~~ J _O_.Q~~j_0.083 I 0.064 LQ._9_?§_L Q._l}_I_l 0.017 I 0.029 I 0.044 : 

T= Treatments, V= Varieties, T x V= Interaction between treatments and Yarieties 

--.1 
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Tables 5.3.lf Comparative account of yield between open pollinated and hybrid varieties and interaction 
with variety and treatment on winter crop. 

,--

Yield t/ha 
Treatments Open pollinated Hybrid I Grand Mean 

96-97 97-98 98-99 Mean 96-97 97-98 98-99 I Mean 96-97 97-98 98-99 Mean 
Untreated 42.26 33 3 54.85 43.48 74.00 62.33 84.91 I 73.75 58.13 47.83 69.88 58.62 

I 
I I I I 

Insecticidal Control ! 48 4' , 70 I 60 67 ! 48.65 ! 85 36 I 69.25 94 25 82.95 I 66.91 l 53 02 I 7746 I 65.80 I 

Fungicidal Control 46 36 38.62 56.87 47.28 82.32 72.74 89.27 81.01 64.34 55.54 73.07 64.14 I 

Insecticidal and 53.17 42.00 62.61 52.59 92.87 80.66 98.20 90.53 73.02 61.33 80.41 71.56 

Fungicidal Control 

Mean 47.57 37.69 58.75 48.00 83.64 71.17 91.66 82.06 - - - -
L_____ __ -

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 Mean 
T I V I TxV T l v I TxV T I v I TxV T I v I TxV 

I SEM ± o.53o 1 o.75o 11o61 o.588 1 o.831 1 1.176 o.512 1 o.724 1 1.o24 o.3o5 1 o.431 1 o.61o 
CD at 5% 1.5_42L~~~s3 J3:094 11.711 l2.3ss 1 3.41o ll.49o 12.o18 12.969 1 o.887 l1.237_j_ 1.769 

T= Treatments. V= Varieties, T x V= Interaction between treatments and varieties 

" 

" 
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population during summer resulted much lower yield even less than half in 

summer crop (27 .15 t/ha in control) than winter crop (58.62 t/ha in control) 

(Table 5.3.lf and 5.3.2e), although climate influences on crop growth and 

yield can not be ignored. Since pest infestation was higher on spring

summer crop and again more on hybrid, gain in yield was also higher from 

hybrid in all season in general a.ncl further more in summer in particular. 

In light of present investigation a look into the earlier works showed 

that tomato fruit borer is the key pest of tomato all over the world although 

extent of damage and loss in yield of tomato varied with region and crop 

growing season. Damage due to fruit borer was recorded to make the fruit 

unfit for human consumption, hence causes considerable crop loss 

(Kashyap, 1983), even the entire crop in many tomato growing areas of 

United States (Fery and Cuthbert, 1974). In India extent of damage due to 

fruit borer varied with region. Loss of tomato fruit due to borer extended 

upto 40-50% in Tamilnadu (Sr·inivasam, 1959), 36% and 51.2% (Singh and 

Singh, 1975 and Singh and Narang, 1990 respectively) in Punjab, 40-50% in 

Bangalore by KhaderKhan et ol.( 1997) and 50% (Lal, 1985). However, 

avoidable loss was assessed 3~.52% in M.P. (Ganguli and Dubey, 1998) and 

9.3-44.3% in number and 16.1-41.6% in weight in Harayana (Kaushik, 

1991). Whereas economic cb rnage level for H. armigera in tomato was 

recorded 3.48% (Tewari and l<ao, 1987). In terai region of West Bengal fruit 

damage in wt. was extended upto 6.37% in open pollinated and 7.42% in 

hybrid during winter season and it become 9.99% and 11.80% to open 

pollinated and hybrid respectively during spring-summer crop indicates 

always higher than economic damage level. However, the variation in loss in 

yield of tomato was might be due to regional climate variation in different 

season, which influenced relative abundance of insect-pests population. A 

critical review from earlier work shows that percentage of fruit damages is 

consistently higher in late planting crop (70.4% and 52.4% fruit damage in 

number and weight) and yield was observed declining progressively in late 

season (Ogunwolu, 1989). In present investigation damage due to borer was 

higher on late planted crop (Spring-summer crop) than normal growing 

season in winter, confirms the Ogunwolu ( 1989). The present investigation 

also confirms Singh and Chahal ( 1978) where H. armigera was recorded to 

damage 18.2-55.3% to the fruits in the month of April-May i.e. late tomato 

growing season, however, m<:Jgnitucle of damage is quite higher than in the 
present investigation. 

White fly, a potent vector of leaf curl viral disease of tomato was 

recorded to cause complete yield loss of tomato during late summer and 

I 
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Table 5.3.2a Comparative account on relative abundance of leaf miner (Liriomyza tr~folii Burges) as %, mined leaf between open pollinated 
and hybrid varieties and interaction with variety and treatment on spring-summer crop. 

[ Treatments Open pollinated 
96-97 97-98 98-99 Mean 

Untreated 20.37 22.87 16.87 20.04 

(4.51) (4 83) ( 4 17) (4.53) 

Insecticidal Control I 13 00 151017201 11.77 
i I I 

Fungicidal Control 20.00 2137 16 67 19.35 

(4 53) (4 68) (4 14) (4.46) 
I 

Insecticidal and 12.87 15.00 7.00 11.62 

Fungicidal Control (3.66) (3.95) (2.74) (3.48) 

Mean 16.56 18.58 11.93 16.70 

(4.13) (4.37) (3.53) (4.02) 
- ·-

Mined leaf 011• 
Hybrid 

96-97 97-98 98-99 Mean 
61.97 63.11 56.01 60.36 

(7. 91) (7.90) (7.52) (7.80) 

1 4o.9o 42.78 1 23.91 i 35.86 

(6.43) (6.58) ( 

61.10 61.12 55 85 i 59.36 

(7.85) (7.84) (7.50) 1 (7.36) 

40.12 43.12 I 23.32 35.52 

(6.37) (6.60) 1 (4.88) (6.00) 

51.02 52.53 39.77 47.77 

(7.18) (7.82) (6.34) (6.94) 

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 

Grand Mean 
96-97 97-98 98-99 
4117 42.99 36.44 

(646) (6 59) (6 08) 

i 26.95 j28.94 1 15.55 1 

40.55 4124 36.26 

(6.41) (646) (6.06) 

26.49 29.06 15.16 

(5 19) (544) (3.96) 

- - -

-

Mean 

-

Mean 
40.20 

(6.38) 

23.81 

) 

39.36 

(6.31) 

23.57 

(4.91) 

-

T I v I TxV T t v j TxV T I v I TxV T I v I TxV 

I SEM ± 0.187 ! 0.070 I 0.375 0.623 ! 0.881 ! 1.246 0.265 I 0.374 I 0.529 0.141 I 0.200 I 0.283 
_i:Dat 5o/_o_ I Q.544 j 0.201 I 1.091 11.813 12.528 13.613 I 0.771 11.073 11.534 I 0.410 I 0.574 I 0.821 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 

..... 
--.1 
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Table 5.3.2a Comparative account on relative abundance of leaf miner (Liriomyza tr~folii Burges) as % mined leaf between open pollinated 
and hybrid varieties and interaction with variety and treatment on spring-summer crop. 

Treatments Open pollinated 
96-97 I 97-98 I 98-99 I Mean 

1 r n-tr~r:~-torl 7n 1,7 I 77 '11.7 T 1 r, '11.7 I Jo o.::1 ...................... ---~-- -- -~-. -· ' 

(451) (4.83) 

Insecticidal Control 13.00 15.10 

(3 67) (3 95) 

Fungicidal Control 20.00 2137 

(4.53) (4.68) 

(4.17) (4.53) 

7.20 11.77 

(2. 77) ; ( 3.50) 

16.67 19.35 

(4.14) (4.46) 

Mined leaf% 
H' brid 

96-97 I 97-98 98-99 I Mean 
6197 T 63.11 56.01 I 60.36 

(7 91) (7.90) (7.52) 

40.90 42.78 23 91 

. (643) (6 58) (4 94) 

61.10 6112 55.85 

(7 85) (7 84) (7.50) 

(7.80) 

35.86 

(6.02) 

59.36 

(7.36) 

Insecticidal and 12 87 15.00 7.00 11.62 I 40.12 43.12 23.32 35.52 

Fungicidal Control (3.66) (3.95) (2.74) (3.48) (6.37) (6.60) (4.88) (6.00) 

Mean 16.56 18.58 11.93 16.70 51.02 52.53 39.77 47.77 

(4.13) (4.37) (3.53) (4.02) (7.18) 1 (7.82) (6.34) (6.94) 
-

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 

Grand Mean 
96-97 I 97-98 I 98-99 I Mean 
4117 1 42.99 1 36.44 I 4o.2o 

1 (6.46) (6.59) (6.08) 

26 95 28.94 15.55 

(5 24) (543) (4 Ol) 

40.55 4124 36.26 

(6.41) (6.46) (6.06) 

26.49 29.06 15.16 

(5.19) (5.44) (3.96) 

- - -

-

Mean 

(6.38) 

23.81 

(4.93) 

39.36 i 

(6.31) 

23.57 i 

i 

(4.91) 1 

-

T I V I TxV T I v I TxV T I v I TxV T I v TxV 

I SEM ± 0.187! 0.070! 0.375 0.623 ! 0.881 ! 1.246 0.265 ! 0.374! 0.529 0.141 ! 0.200 0.283 
_ _!::D at 5% I o.544 I o.2o1 11.091 11.813 12.528 I 3.613 I o.111 11.013 11.534 I o.41o I Q.574 0.821 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 

-..J 
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Table 5.3.2c Comparative account on relative abundance of fruit borer (Helicoverpa armigera Hubner) as bored fruit% in weight between 
open pollinated and hybrid varieties and interaction with variety and treatment on spring-summer crop. 

Bored fruit %, in wei_g_ht 
Treatments I Open pollinated I Hybrid 1 Grand Mean I 

96-97 I 97-98 I 98-99 I Mean I 96-97 I 97-98 I 98-99 l Mean I 96-97 I 97-98 I 98-99 I Mea~ 
Untreated I 12.52 10 00 7.45 9.99 13.91 11.72 9.76 11.80 13.21 10.86 8.61 10.89 

(3.61) (3 24) (2.82) (3.24) (3.80) (3.49) (3.20) (3.51) (3 70) (3.37) (3.02) (3.38) 

Insecticidal Control 7.90 6.50 4.45 6.28 8.17 7.95 5.95 7.35 8.04 7.22 5.20 6.82 

1 (2Ll0) (2 65) (2.22) (2.60) (2.94) (2Q]) (2 54) (2.80) (2 92) (2 78) (2.39) (2.70) 

/ Fungicidal Control 1190 9.75 7.25 I 9.63 

1 (3.52) (3.20) c2.n) (3.18) 

13.75 1160 9.72 

(3.77) (3.48) (3.20) 1 

11.69 

(3.49) 

12.82 10.67 8.49 10.66 

(3 65) (3.34) (3.00) (3.34) 

Insecticidal and 

Fungicidal Control 

Mean 

7.71 I 6.32 I 4.25 I 6.09 
(2.87) (2.61) (2.18) (2.57) 

8.00 I' 7.65 5.65 I 

(2.92) (2.85) (2.48) l 

10.01 I 8.14 I 5.85 I 7.99 

1
10.96! 9.73 I 7.77 

(3.24) (2.94) (2.52) (2.92) (3.36) (3.20) (2.88) 

7.10 

(2. 76) 

9.48 

(3.16) 

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 

7.86 6.98 4.95 6.59 

(2.89) (2.74) (2.33) (2.66) 

Mean 
T I V I TxV T I V I TxV T I V I TxV T I V I TxV I SEM ± 0.022 I 0.030 I 0.048 0.012 ! 0.020 ! 0.030 0.020 ! 0.0291 0.040 0.0151 0.022 I 0.028 

CD at 5~ _I_O.Q()~j_O__:Q86 I 0.139 I 0.035 I 0.057 I 0.086 I 0.057 I 0.083 I 0.116 I 0.044 I 0.064 j 0.080 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 

__... 
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Table 5.3.2d Comparative account on relative abundance oftingid bug (Urentius hystricellus Richt.) between open pollinated and hybrid 
varieties and interaction with variety and treatment on spring-summer crop. 

Tin2id bu2/leaf 
Treatments Open pollinated Hybrid Grand Mean 

96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 96-97 97-98 98-99 Mean 
Untreated ll6 1.64 0.86 1.22 1.02 1.14 0.65 0.94 1.09 1.39 0.76 1.08 

(129) (1.46) (I 16) (1.31) (1.23) (1.28) (1.07) (t.2o) 1 (1.26) (137) (1.12) (1.25) 

/ Fungicidal Control 
I 

l l 0 I 56 : 0 83 

) (0.99) 1 (l.ol) ( 

1.16 0.98 i 1.06 0 63 0.89 104 1.3 J 0.73 1.02 

(I 26) (1.03) 1 (l.l5) 1 (1.29) 1 (1.22) 1 (1.25) I (1.18) (1.24) i (I 34) (1.11)/ (1.23) 

Insecticidal and 0 50 0.76 ! 0.27 0.51 
1 0.45 I 0.50 0.20 0.38 047 i 0.63 0.23 0.44 

Fungicidal Control (100) (1.12) I (0.88) (1.00) (0.97) (1.00) (0.84) (0.94) (0.98) (I 06) (0.86) (0.97) 

Mean 0.82 1.20 0.56 0.86 0.73 0.81 0.42 0.66 
- - - -

(1.15) (1.30) (1.03) (1.17) (1.11) (1.14) (0.96) (1.07) 
-

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 Mean 
T v TxV T I v j TxV T l v j TxV T I v I TxV 

I SEM ± 0.005 0.007 o.ow o.oo9 1 o.o13 1 o.o18 o.oo5 1 o.oo8 1 o.o12 o.oo2 1 o.oo3 1 o.oo4 
CD at 5% 0.015 0.020 N.s. l _Q._02~ I o.037 [UN.s_._j_o.015lQ.9ill0.035 l o.oo6 l o.oo9 l 0.012 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 

CXl 
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Table 5.3.2e Comparative account of yield between open pollinated and hybrid varieties and interaction with variety and 
treatment on spring-summer crop. 

r--------------------,---------------------------------------------------------------------------------------------------, 
Yield t/ha 

Treatments Open pollinated Hybrid Grand Mean 
96-97 I 97-98 I 98-99 I Mean 96-97 I 97-98 I 98-99 Mean 96-97 I 97-98 I 98-99 I Mean 

Untreated 17.22 I 1000 I 18.68 I 15.30 41.00 I 30.56 I 45.43 39.00 29.11 I 20.28 I 32.05 I 27.15 

i Insecticidal Control 122.93 13 23 24 00 20.05 156.00 42.00 /59.671 53.18 . 39.46 27 61 141.84136.61 

I I I I 1 ·. , 

/ Fungicidal Control 

Insecticidal and 

Fungicidal Control 

20.3711217 20 65 17.73 

! 

25.11 i 14.60 2655 22.09 

45.78 37.87 50.85 44.83 30 08 25 02 35.75 .31.28 

61.70 I 47.78 I 65.00 58.16 i 43.40 129 69 45.77 40.12 

Mean 21.41111.75122.471 18.79 151.12139.55155.24 I 48.79 

Figure in parenthesis indicate square root transformed value 

96-97 97-98 98-99 Mean 
T v I TxV T l v j TxV T J v 1 TxV T I v I TxV 

I SEM ± 0.394 0.558! 0.789 0.424! 0.599! 0.847 0.355! 0.502! 0.711 0.225! 0.31810.451 
CD at 5% 1.146 1.601 L~.28_s ! 1.234 11.119 1 2.464 j1.o33 ji.441 1 2.o62 1 o.655 1 o.9n 1 1.3()?_ 

T= Treatments, V= Varieties, T x V= Interaction between treatments and varieties 
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autumn in Egypt (Shaheen, 1979). Similar report was also made by 

Kobatake et al.(l981) from Japan where it was normally attacked during 

mid July and rapidly reached at highest level during August. However, these 

informations are contradictory with the present findings where white fly was 

only recorded during normal growing season in winter although population 

was never reached at threshold level. The present finding is in conformity 

with Butter and Rataul ( 1978) and Mustafa et.al.( 1991) where transmission 

of tomato leaf curl virus by white f1y was more effective to winter than 

summer crop at Ludhiana and TYLCV disease was very little on summer 

crop in Egypt respectively. 

In Karnataka, it was higher during February-May and caused upto 

100% loss of crop and in July-November the incidence ranged from 17-53%. 

Tomato cv. Pusa Ruby was observed to suffer from 50-70% yield loss when 

sown in February-May. This might be due to more or less equitable climate 

that favoured year found activity of white fly transmitting leaf curl disease. 

Singh ( 1989) recorded 93% yield loss due to devastating leaf curl disease 

transmitted by white fly. However, in terai region population of white fly was 

always far below than threshold level and thereby little or no leaf curl 

disease was witnessed during the period of investigation. aphid was reported 

to cause 1-6% crop loss in tomato (Stoltz et al.1997) but in terai region its 

population was at a lower leveL 

Leaf miner caused severe damage to tomato plant resulting enormous 

loss in crop yield. However, loss due to leaf miner is not dependent only on 

severity of damage alone but proximity to fruit at early development stage is 

most important. Ledieu and Helyer ( 1985) observed 10% loss during April

May at fruit development stage when 30 mines were recorded per leaf. 

Jhonson et al. ( 1983) observed that leaf mining badly affect photosynthesis. 

Pawar et aZ.(l995) reported 50.7% leaf damage by leaf resulting 22.5% 
reduction of yield during kharif season. 

From critical review of earlier work it is observed that extend of 

damage and crop loss due to insect-pests have been assessed on the basis 

on individual pest species. But in the practical field of agriculture it is very 

difficult to assess loss by any individual pest because the different pests 

have different feeding habit and also feed at different stage of crop growth. 

Therefore, reduction in yield is the cumulative effect by all pest species 

involve in damage in a complex. It has already been mentioned that among 

the different pests feed upon tomato plant, damage due to fruit borer can be 
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quantified only through percentage of fruit damage or bored, till loss in yield 

by a simple pest species is difficult to quantity. 

It can be possible only if the crop is grown under condition out of 

natural crop eco-system. Therefore, crop loss assessed by the pest complex 

under present investigation is more comprehensive and practical. Thus it 

can be summerised that tomato crop in terai zone suffer more in spring

summer season than winter and open pollinated varieties suffered less than 

hybrid which ultimately resulted higher gain in yield during spring-summer 

season and also from hybrid crops. The conventional recommended 

pesticide measures could not protect the crop fully from the attack of insect

pests. However, loss of fruit yield of tomato can be saved 10.63% and 

11.00% in winter and 23.69~;) and 26.66% in spring-summer from open 

pollinated (cv.Pusa Ruby) and hybrid (Abinash-II) respectively, by using 

insecticide (malathion@ 0.05%) and carbofuran@ 2gmjplant) . 

5.4 Evaluation of Tomato Varieties against Insect-Pest, 

Natural Enemies and Yield. 

The results from the insect-pest interaction on different tomato 

varieties and as a consequence the incidence and abundance of natural 

enemies and their total effect on tomato yield revealed that out of the seven 

varieties evaluated neither was completely resistant to the pest complex nor 

to an individual pest. A variety found tolerant/less susceptible to one pest, 

showed more susceptibility to another. Pusa Ruby, the representative of 

open pollinated variety under present investigation was found more 

susceptible to both the sucking pests while showed less susceptibility to the 

internal feeders. Among the hybrids Abinash-II recorded the highest leaf 

miner infestation but was tolerant to white fly. The hybrid Rasika was also 

more susceptible to leaf miner and fruit borer than to the sucking pests. The 

hybrid Arjuna and Rupali, however, were moderately tolerant to all the pest. 

The hybrids in general yielded higher than the open pollinated ones because 

of their inherent genetic capacity which influenced yield attributing 

characters like larger size and weight of fruit leading into higher yield of 

tomato. Among the hybrids Arjuna was out yielder followed by Abinash -II 
and Rupali. 

An attempt has been made to rank the varieties and hybrids against 
individual pest species which is summerised below : 

Aphid Pusa Ruby > Divya > Rupali > Abinash-11 > Arjuna > Rasika > 

Kubergeeta 
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Whitefly : Pusa Ruby > Rupali > Rasika > Arjuna > Kubergeeta > Divya > 

Abinash-11 
Leaf miner : Abina.sh -II > Rasika > Kubergeeta > Rupali > Divya > Arjuna > 

Pusa Ruby 

Fruit borer(%): Rasika > Arjuna > Rupali > Divya > Abinash -II> Kubergeeta > 

Pusa Ruby. 

Lal ( 1991) reported that high yielding varieties and hybrids required 

more pesticidal treatments as they are often susceptible to insect pests. In 

present investigation also hybrids in general showed more susceptibility to 

insect-pests than the high yielding open pollinated one. Pusa Ruby showed 

moderate susceptibility to fruit borer and more to white fly vector of leaf curl 

virus, this was at par with the findings of Banerjee and Kalloo ( 1989) who 

reported that HA-10 1, Pusa Ruby, Red Chery and Manzana were moderately 

to highly susceptible to leaf curl virus, fusarium wilt and fruit borer. The F1 

hybrid BSS - 98 was noted to be the most susceptible to leaf miner 

infestation in Uttar Pradesh (Rai and Satpathi, 1995). In the present 

investigation too hybrids in general and Abinash-II in particular suffered 

more from leaf damage due to miner than Pusa Ruby. Pandey et al.( 1995) 

reported that H-24 witnessed minimum incidence of leaf curl virus (9.4%) 

whereas, Pusa Ruby recorded (70%) higher incidence which might be due to 

the higher number of white fly vector acting upon the variety. In present 

investigation Pusa Ruby although recorded highest white fly population but 

the leaf curl disease was not so much severe. The result under present 

investigation supports Borah ( 1996). 

More borer infestation (in term of percentage) was recorded on the 

hybrids than on the open pollinated variety Pusa Ruby. The hybrid Rasika 

recorded the highest bored fruit percentage in number and weight ( 10.36% 

and 8.29%) and Pusa Ruby recorded the lowest bored fruit (7.06% and 

5.61%) in number and weight. This is in conformity with Shukla et al. (1993) 

where in Satpura Plateau, Pusa Ruby suffered least fruit damage (3.20%) 

among the twelve tomato cultivars, but the difference in level of infestation 

was might be due to variation in regional climatic conditions. In Assam open 

pollinated variety Pusa early dwarf witnessed more (20.20%) borer attack as 

compared to hybrids namely Akra abha (15.00%) and Akra vikas (16.40%) 

(Borah, 1996) contradicts present findings. The hybrids Arjuna in the 

present investigation although recorded higher average pest incidence but 

also produced the highest fruit yield that differed significantly from rest of 

the varieties studied. The result is in conformity with that of Borah ( 1996) 

where Akra vikas yielded higher (66.90t/ha) though had 16.40% fruit borer 
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attack. It can, therefore, be said that fruit borer though caused damage 

substantially but could not able to affect the inherent character of the 

variety. Moreover, hybrids because of their unique genetical make up can 

produce higher yield even at higher level of borer incidence. In the present 

investigation it has been observed that the fruit borer infestation was the 

lowest in Pusa Ruby in number (7.00%) and weight (5.61%) when rated in 

percentage and thus it was designated as least susceptible among the 

varieties studied. On the contrary when bored fruit was rated in number per 

plant, it was remarkably the highest in case of Pusa Ruby (10.05/plant). 

This might be due to higher number of fruits produced by a single plant 

( 127 .66) and this number when converted into percentage the value was 

lowered. This finding is in conformity with Fery et al. ( 1979) who observed 

that genotypes with many small fruits per plant often appeared to be more 

susceptible than the leading commercial cultivars when rated on a number 

basis but proved more resistant when rated on a percentage basis. This 

might be due to the smaller size and weight of fruit in the open pollinated 

variety Pusa Ruby (38.19 gm) as compared to the hybrid (81.21-112.19 gm). 

The hybrid Arjuna though produced the lowest number (71.40/plant) of 

fruits among the varieties studied but yield was significantly higher (84.34 

tjha) due to larger size and better weight of single fruit. Moreover, the open 

pollinated varieties are indeterminate type having longer fruiting period. 

Therefore, it can produce more number of tomato for a prolonged period as 

compared to hybrids suffering higher number of fruit damage by borer, but 

when converted into percentage, the value of fruit damage became lowered 

and such variety seems to be less susceptible. Gashawbeza and Tsedeko 

(1993) found Pusa Ruby more resistant against fruit borer contradicts to 

that of the present investigation. The present result further contradicts 
Canerday et al. ( 1969) who reported that small-fruited processing cultivars 

were less susceptible than the fresh-marketed cultivars and thus suggested 

that the differences between cultivars may be caused by a simple dilution 

factor than by true resistance. The degree of fruit boring was not too much 

different among the varieties studied. However, Kashyap and Verma ( 1986) 

recorded 42.55% damage of tomato fruits on susceptible varieties while it 

was only 1.7-2.9% in resistant cultivars. It could not be possible by a simple 

dilution factor as stated by Canerday et aZ.(1969). 

Arjuna among all the varieties and hybrids studied showed moderate 

tolerance to all the pests and was out yielder followed by Abinash-II and 
Rupali. 
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It is imperative to discuss here that the resistant varieties are the 

most effective, economical, practical and easiest means of integrated pest 

management. Moreover, it is safe and compatible with all other methods of 

pest control. Most of the modern varieties released and grown widely in 

insect-pest prone areas provides resistance to at least one insect-pests or 

disease. However, with the introduction of national seed policy under 

present global economic and commercial scenario seeds of different varieties 

from various sources are being introduced in the country without following 

classical methods of evaluation of varieties. Since the farmers are more 

concerned about the yield and keeping quality of tomato fruits for long 

distance transport mostly ignore pest-disease problem because they are 

managed by usual chemical means without considering health and 

environmental hazard. The development of insect biotypes capable of 

surviving on resistant plant further appears to be major threat to the 

extensive use of resistant varieties. Therefore, high level of resistance is not 

always necessary. 

In perspective of present socio-techno-economic situation of the terai 

region commonly grown tomato varieties and hybrids were evaluated. From 

the observation of three years studies of these variety and hybrids it was 

found that the hybrid Arjuna was moderately tolerant or less susceptible to 

pest complex of tomato and also have higher productivity. Thus use of 

moderately tolerant Arjuna hybrid in combination with need based 

applications of safer pesticides would produce economic yield through 

further suppression of the pest. 

5.5 Management of Insect-Pests Complex of Tomato 

Through Pesticides 

The present experiment has been carried out for two fold of objectives

firstly, for comparison of the usual recommended synthetic pesticides with 

those of biologically origin and secondly, for effectiveness of biologically 

origin pesticides at field level in view of serious health and environmental 

hazard posed by the excessive use of toxic synthetic pesticides in order to 

develop a sustainable agricultural production system vis-a-vis to meet the 

export demand for pesticides free commodities in changing agricultural 

scenario under global perspective. It is quite apparent that tomato fruit 

borer and leaf miner are the key pests of tomato in this zone and these pests 

are more dangerous at the fruit bearing stage of crop growth. The larvae of 

fruit borer or leaf miner that once enter in the fruit or leaf are difficult to 

control by any conventional pesticidal measures. Moreover, the fruits of 
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tomato are plucked at frequent intervals and consumed raw as salad or after 

little cooking or processing. As a result there is very possibility to retain 

toxic pesticidal residue within the fruits which may cause health hazard. 

Growers are mostly concerned about the loss caused by fruit borer because 

the larvae once enter into the fruits make them unfit for human 

consumption and such fruits have no market value, hence cause huge 

economic loss. Again the leaf miner affects the photosynthetic activity of the 

plant resulting poor yield of tomato. Such problems compel the growers to 

be over-dependent on synthetic hazardous insecticides to save their crop 

where health and environment paid least or no attention. 

Keeping parity with the objectives delineated above only seven 

pesticides each representing distinct source of origin were evaluated. Among I 
them, malathion and DDVP are synthetic ones widely recommended for I 
combating pests of tomato considering its shorter persistency and lower 

mammalian toxicity to avoid toxic hazard from the fruits plucked at frequent 

interval. Rest of the pesticides were of biological origin and safer to health 

and environment. Among them, azadirachtin, a botanical pesticide, Bacillus 

thuringiensis var. k-urstaki, a bacterium, pathogenic to insects, Beauveria 

bassiana an entomofungus and avermectin a microbial toxin produced by a 

soil borne actinomycetes (Streptomyces avermitilis). A critical analysis of the 

overall performance of the pesticides revealed that avermectin and DDVP 

were found superior over others with regard to suppression of pest complex 

which was reflected in yield of tomato too. 

Malathion : Malathion, a stomach and contact poison insecticide, provided 

good control at 3 days after spraying against leaf miner (42.33%) and tingid 

bug (7 5. 91 %) . After 8 days of treatment, the level of suppression was 
although reduced but it provided moderate control of leaf miner (32.49%) 

and tingid bug (64.43%). Pawar et al. (1996) reported that malathion @ 

0.05% suppressed 57.79% mined leaf of tomato after 8 days of spraying in 

Rahuri, which contradicts the findings from the present investigation. After 

14 days of spraying it was not much effective, against tomato fruit borer, 

due to its peculiar feeding behaviour. Till it suppressed to an extent of 

3 5. 79% of fruit boring. Singh and Chahal ( 1978) found best results by 

alternative sprays with malathion and carbaryl at 10 days interval starting 

from leaf perforation against H. armigera. However, malathion was recorded 

more harmful to spiders, since, it killed spider fauna resulted in suppression 

on spider population to a level of 45.12% which was at par with Ghosh 
( 1999) where the suppression level was 46.08% in Brinjal. 
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DDVP : DDVP is also a synthetic organic insecticide having stomach and 

contact action but it is relatively safer to health and environment because of 

its low persistency. DDVP@ 0.05% provided good control in different days 

after treatment over all other pesticides evaluated. It was found that DDVP 

lowered down the pest population of different species particularly the leaf 

miner and tingid bug significantly after 3 days of spraying. DDVP in present 

investigation suppressed 51.58%, 44.63% and 36.96% leaf miner attack at 

3, 8 and 14 days after spraying respectively and 87.56%, 73.53% and 

61.94% tingid bug population at 3, 8 and 14 days after spraying 

respectively. Pawar et al. ( 1996) reported that DDVP @ 0.076% resulted 

54.04% suppression against leaf miner infestation after 8 days of treatment 

which is not in conformity with present findings and might be due to 

variation in regional climatic condition and concentration level used. DDVP 

was not much effective against fruit borer, since it remain concealed inside 

the fruit. Till it suppressed to a level of 46.81% of fruit in number and 

49.64% of fruit in weight. DDVP has adverse effect on spider fauna. It is 

found that it significantly suppressed spider population to a level of 45.12%. 

In present investigation DDVP was found to be most effective against all the 

pests found during the course of investigation which was at par with 

Srivastava ( 1993) where DDVP was found most efficacious against sucking 

pests, miners and borers. However, it was reported comparatively more 

effective than malathion and other insecticides studied in the experiment 

except avermectin and NPV against the fruit borer. This might be due to its 

added fumigation action. 

Azadirachtin : Azadirachtin is a well-known botanical pesticide, obtained 

from Azadirachta indica) which is a safer pesticide. It provided better control 

at 3 days after spraying and suppressed the infestation of different pest to 

an extent of 27.85% leaf miner, 72.70% of tingid bug. After 8 days of 

spraying it provided moderate to low control of these two pests. It was rather 

not effective after 14 days after spraying. However, azadirachtin suppressed 

31.89% and 31.85% fruit borer in number and weight. The level of 

suppression of pest infestation were significantly lower among the pesticides 

studied. In present studies azadirachtin @ 1500 ppm i.e. @ 2.5 ml/1 was 

least effective against leaf miner. Pawar et al. ( 1996) and J agannatha ( 1994), 

used neem seed kernel extract 5% and 4% and obtained effective results 

against Liriomyza trifolii in Rahuri and Bangalore respectively. This might 

be due to difference in source and concentration level that influenced 

efficiency of azadirachtin against the same pest. However, it gives clear 

indication that better result could be achieved at higher concentration level. 
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Therefore, the usual recommended concentration that has been followed 

against different pests in present investigation was too low to achieve better 

results. Mustafee { 1997} reported that lepidopteran larvae were particularly 

sensitive to neem derivatives as it disrupted growth and acted as antifeedant 

agents. The present results showed that azadirachtin was least effective 

against fruit borer larvae, as the larvae feed inside the fruit and, therefore, 

escape contamination of neem products resulting lower efficacy against fruit 

borer larvae. Sharma and Patel ( 1994) and Lal and Lal ( 1996) also observed 

that neem oils were found least effective against the larvae of Helicoverpa 

armigera. Azadirachtin was also found moderate to highly harmful to spider 

fauna. 

In order to overcome the undesirable and adverse effect of the wide 

spread, broad spectrum synthetic insecticides, now-a-days a large number 

of microorganisms comprising of bacteria, fungi, protozoa, viruses, 

nematodes etc. are used as disease causing organisms of crop pest for their 

suppression with least disruption of human health and environment (Dutky, 

1959). 

Bacillus thuri.ngiensis : Among the different micro-organisms or bio

insecticides used against crop pests Bacillus thuringiensis (Bt.) derived from 

the common soil bacterium Bacillus are increasingly important for pest 

management. Insecticidal crystal proteins (also known as 8-endotoxins) from 

Bt are extremely toxic to certain pests yet cause little or no harm to human, 

to most beneficial insects, and to other non-target organisms (Croft, 1990 

and Flexner et al.1986). After proteolytic activation in the insect midgut, Bt. 

toxins bind to the brush border membrane of the mid gut epithelium and 

create pores that cause cells to swell and lyse (Gill et aZ.1992). Technical 

innovations including expression of Bt. toxin genes in transgenic crop plants 

and transgenic bacteria should increase the usefulness of Bt. (Boulter et 

al.1990; Brunke and Meeusen, 1991; Feitelson et aZ.1992; Gasser and 

Fraley, 1989; Meeusen and Warren, 1989; Peferoen, 1992; Lambert and 

Peferoen, 1992 and Lereclus et al.l992). At the same time, mounting 

concerns about environmental hazards and widespread resistance in pest 

population are reducing the value of conventional synthetic insecticides. 

Bacillus thuringiensis var kurstaki (Bt.) in present investigation, was 

found moderate to highly effective to all the pest on tomato after 3 days of 

spraying. It was found more effective against tingid bug, suppressed the pest 

to an extent of 72.19% at 3 days after spraying than leaf miner (32.66%). 

The effectiveness was decreased gradually as observed at 8 and 14 days 

after spraying. Bt was effectively suppressed fruit boring percentage (48.21% 
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and 48.85% in number and weight respectively). The finding is in conformity 

with that of Gupta et al.( 1997), where the sprays with Dipel 8L a 

commercially available formulation of Bt. (2mljl of water) reduced fruit borer 

larvae upto 47.2% in Udaypur. Tanada (1956) and Hemipel (1967) reported 

that it is widely used against lepidopteran pest of various crops, such as, 

Pieris and Trichoplusia on cruciferous, Manduca on tomato and tobacco, 

Heliothis on cotton and tomato, which is also supported of present 

investigation. Bt was found less harmful to spider fauna. The unique feature 

of Bt. is that it has no harmful effect on birds and mice (Smirnoff and 

Macleod, 1961) on honeybee colonies (Wilson, 1962); on birds, animals and 

useful insects (Nedkova et a/.1980); on earthworm (Benz and Altwegg, 1975). 

It can therefore be said that lepidopteran pests are highly susceptible to Bt. 

having widest spectrum of activity. 

Beauveria bas.siana : The entomogenous fungus Beauveria bassiana 

although was not much effective against pest complex of tomato in present 

investigation, but suppressed significantly more pest population after 3 days 

of treatment than 8 and 14 days. It was found moderately effective against 

fruit borer and its population could be suppressed to an extent of 43.44% 

and 45.34% bored fruit in number and weight respectively. Although B. 

bassiana has been reported to suppress a wide variety of caterpillars, 

however, in present studies its effectiveness was observed lower, which 

might be due to internal feeding habit of both the dipteran and lepidopteran 

pests of tomato, namely leaf miner and fruit borer. Therefore, level of 

suppression of important pests of tomato was not satisfactory. On surface 

feeding caterpillars, Srivastava and Tan don ( 1980) observed that B. 

bassiana caused 100% mortality in 4 days when the larvae of the mango 

pest, Orthaga euadrusalis (Walk.), were allowed to crawl over the fungus and 

in six days when they were sprayed. It can, therefore, be said that B. 

bassiana is much effective against the surface feeding caterpillars than 

internal feeder. Till its effect on internal feeder of tomato can not be ignored. 

Nuclear Polyhedrosis Virus : Rabindra et al. ( 1989) found NPV most 

effective against H. armigera among the several entomopathogen tested. 

Nuclear Polyhedrosis Virus (NPV), an entomopathogenic virus used against 

lepidopteran pests at larval stage again effectively suppressed the pest of 

tomato within 3 days of spraying under present investigation, however, its 

effectivity was decreased thereafter. It suppressed the fruit boring 

percentage in number and weight significantly (49.39% and 50.99% 

respectively). Gupta et al. ( 1997) reported that in Rajasthan NPV 100 LE 

gave 38.9% reduction in larval population of Helicovepa armigera under 
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field conditions on tomato which is almost in conformity with the findings 

under present investigation. However, the results under present 

investigation is not in conformity with Mistry et al.( 1984) who found 80% 
mortality of larvae of H. armigera and 75% suppression of borer infestation 

at 3 days after spraying. This might be due to more frequent use of NPV (5-6 

times) in field. Although NPV is primarily a lepidopteran disease, but 

occurring also on diptera and hymenoptera (Srivastava, 1993). This again 

supports the present findings that NPV gave 36.60% suppression of leaf 

mining caused by a dipteran leaf miner (L. trifolil} as compared to avermectin 

(44.18%) and DDVP (44.39%). Moreover, it was quite safer to natural 

enemies of the pest complex of tomato. 

Avermectin : The avermectins are a group of closely related 16 membered 

macrocyclic lactones with potent acaricidal, insecticidal and nematicidal 

activities. They are natural products of fermentation by a soil actinomycetes 

micro-organism (Streptomyces avermitilis). Abamectin is reported highly 

toxic to various species of leafminer (Lasota and Dybas, 1991) and borer of 

Helicoverpa species (Dybas, 1989). The selectivity of abamectin toxicity 

between target and non target arthropods appears to be favourable, as 

relatively low toxicity has been reported for many non target arthropods 

(Lasota and Dybas, 1991). Among the seven insecticides, avermectin in the 

present investigation showed excellent performance against the pest 

complex of tomato and gave significantly highest control against all the pests 

at 3,8 and 14 days after spraying over other pesticides. It is also observed 

that avermectin was much active at 3 DAS than 8 and 14 DAS. Like other 

internal borer species of Heliothis and Helicoverpa (Dybas, 1989) and leaf 

miner (Lasota and Dybas, 1991) avermectin was also much effective against 

Helicoverpa armigera involved in fruit boring on tomato and suppressed to 

an extent of 49.95% and 52.03% fruit boring in number and weight 

respectively, which was also significantly superior over all other pesticides 

studied under present investigation. Moreover, abamectin neither persists 

nor accumulates in the environment. It rapidly degrade both in water and 

on soil and does not bioaccumulate. Because it is used in much small 

concentration, the use of avermectin in tomato is not likely to have an 

adverse impact on human health, non target biota and environment. 

Therefore, considering their natural biological origin, safer to health and 

environment as well as most effectiveness amongst the available pesticides, 

avermectin can be safely used in tomato. 

In the present investigation, two groups of pesticides based on their 

origin were evaluated against pest complex of tomato considering health and I 
I 

I 

I 
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environment. It is observed that none of the pesticides can fully control the 

pest complex nor any major pest. Most interesting feature of the present 

investigation is that all the biologically originated pesticides showed 

effectiveness equally and even better than synthetic insecticides. It is 

evidenced from the foregoing discussion that avermectin and HaNPV were 

the most effective ones against the pest complex of tomato in this region. 

Higher level of pest suppression by these aforementioned pesticides also led 

into elevated yield of tomato. Considering overall performances of pest 

suppression and its impact on health and environment avermectin and 

HaNPV can be accepted for management of key pests of tomato. Since these 

pesticides are biologically originated and safer to health and environment 

they will be compatible to other components of pest management under IPM 

programme. Therefore, recommendation so far made by malathion and 

DDVP because of their shorter persistently and low mammalian toxicity but 

harmful to the activity of natural enemies of crop pests needs to be reviewed 

and modified. It is worthwhile to mention here that pest management 

strategy once developed can not be everlasting. With rapid advancement of 

Science and technology and constantly changing dynamic nature of 

agriculture pest management strategy is go on changing from time to time. 

Under present investigation it has been observed that none of the 

pesticides could provide full control of the key pests. It was only avermectin 

from among the pesticides tried, which suppressed about 50% of fruit 

boring. Therefore, IPM is the only way to combat insect-pests problem of 

tomato in better manner. Under this IPM strategy, avermectin and HaNPV 

are the most compatible and best-suited pesticides because of their non

persistency, rapid degradability and non-bioaccumulation characteristics. 

Thus use of avermectin in tomato is not likely to have an adverse impact on 

health, non-target organism and environment and may, therefore, be 
recommended for tomato. 





SUMMARY 

Tomato (Lycopersicon esculentum Mill.), a principal vegetable crop is 

grown well in terai region of West Bengal because of its unique soil

characteristic, agro-ecological situation and socio-economic background. 

Wide spread expansion in tomato cultivation and a considerable earning of 

the farmers of this economically backward region have been witnessed 

following a breakthrough in production technology after introduction of 

hybrids having higher yield potential with better keeping quality over a 

decade. Like other agricultural crops, tomato also suffers from damages by 

various insect and non-insect pests of which aphid (Aphis gossypii Glover), 

white fly (Bemisia tabaci Genn.), leaf miner (Liriomyza trifolii Burgess) and 

fruit borer (Helicoverpa armigera ·Hubner) can be considered as major ones 

in the region. Through out the span of tomato crop, from early seedling to 

harvesting, the plants are attacked either by one pest or others, resulting in 

remarkable loss of crop. Since the fruits of tomato are plucked frequently, at 

a close interval and are consumed after little cooking or uncooked salad, it is 

therefore, very difficult to control the pests through the use of conventional 

toxic, board spectrum synthetic pesticides. Because there is every possibility 

of retaining toxic residues in the fruits. All these pose a serious problem in 

pest management of tomato. The farmers, because of having poor scientific 

knowledge, non-availability of befitting, plant protection technology and lack 

of awareness on pesticides related health and environmental hazard 

alternative pest-management strategy of tomato crop for the region is 

required to be evolved. With this background attempts were made to explore: 

• Study of fluctuation of pest population and interaction with biotic 

and abiotic environmental factors and crop-phenology with a view to 

identify favourable weather parameters, peak period of pest 

infestation and vulnerable stages of crop growth with an ultimate 

objective to manipulate them through asynchronization of peak 

period of pest activity and vulnerable stage of crop growth. 

• Study of bio-ecology of the important pest species with an objective 

to assess the pest structure at different environmental conditions 

and its relation with field level fluctuation of population. 
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• Assessment of crop loss caused by the pest complex with an 

objective to take decision appropriately for protection measure. 

• Evaluation of varieties/hybrids commonly grown in the region with 

respect to pest interaction and effect on yield of crop for selecting 

varieties I hybrids tolerant to prevailing pest complex. 

• Evaluation of pesticides under field conditions (synthetic and of 

biological origin) with a view to identify the pesticides more 

efficacious to pests and safer to health as well as environment. 

The investigation was carried out in the instructional farm and 

laboratory, Department of Agricultural Entomology, Bidhan Chandra Krishi 

Viswavidyalaya, North Bengal Campus, Pundibari, Coach Behar, West 

Bengal, India, during the period from 1996-1999 . 

1. Seasonal incidence of insect-pests and their natural 

enemies of tomato and their interaction with crop

phenology 

The causative relationship between weather parameters and pest

population as well as between crop phenology and pest-population build up 

was worked out with a view to asynchronise the vulnerable stage of tomato 

crop from peak period of incidence of pest species through adjustment of 

planting time. The initial attack of the two sucking pests, aphid and white 

fly was initiated on crops after two weeks of transplanting and the 

population was always at a low level on the first crop planted on November, 

24 and the last one planted on February, 24. The highest level of attack 

occurred on the second and third crops planted on December, 24 and 

January 24, and at about the time of mid March. These pests were more 

active during early period of crop growth i.e. during the establishment stage 

(before fruiting) of crop growth. Population of both the pest species were 

found negatively correlated with temperature, r.h. and rainfall but showed 

positive correlation with daily sunshine hour. The level of infestation of the 

two internal feeders namely, leaf miner and fruit borer, increased gradually 

with the progress of crop growing season and became the highest on the last 

crop planted on February, 24. The leaf miner fed within the leaf. With the 

advancement of crop age leaf became thicker, provided better food and 

shelter for the larvae, hence favoured higher incidence of leaf miner in later 
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stage of crop growth. Thus, a higher level of infestation was maintained from 

late March to late May. Since fruit borer occurs in the fruits, irrespective of 

planting time its incidence was always restricted to later stage of crop 

growth. However, it was most active from middle of February to May. 

Significant variation was observed in the levels of infestation of the crops 

planted at different times due to differences in weather conditions. Both the 

internal feeders showed positive correlation with temperature, r.h. and total · 

rainfall. The two other minor pests attacking tomato plants namely tingid 

bug and hadda beetle, were more active on the fourth crop. The prevailing 

weather conditions during the period of this crop-growing season favoured 

these two pests. However, they had no specificity in preference for crop 

growth stage. 

Interaction between important weather parameters and pest 

population as well as between crop phenology and insect population showed 

that low temperature and moderate humidity coupled with early growth 

stage providing succulent plants as prevailed during normal crop growing 

season (first crop), favoured incidence of aphid and white fly. With the 

advancement of season vis-a-vis crop growth, temperature and r.h. became 

higher, leaves became mature and thick and appearance of fruits 

synchronised with the peak incidence of leaf miner and fruit borer, resulting 

in non-replenishable loss of crop. 

Among the natural enemies Menochilus sexmaculata, Coccinella 

septempunctata and different species of spider were the most prominent. 

The natural enemy population was not only dependent on the climatic 

conditions but also with the level of pest population. Menochilus and spider 

population were found through out the growing period of all the crops, but 

the Coccinella population was restricted only to the later part of the crop

growing period, onward from the first week of February to the third week of 

March. 

2. Biology of important insect-pests of tomato. 

The studies on bio-ecology of three major insect-pests namely, white 

fly, leaf miner and fruit borer under laboratory conditions showed that 

duration of different life stages of these three pests varied significantly with 

different times of crop growing period. White fly was found biologically more 

active during October-November. Span of all the developmental sta1ws w"'~~ 
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prolonged during December-January and shorter during October-November. 

Duration of life cycle was longer (40 days) in December-January while 

shorter during October-November (19.57 days). Duration of life cycle of leaf 

miner was longer (22.22 days) during February-March and shorter (15.68 

days) during relatively warmer part (April) of the crop growing period. 

Duration of different developmental stages and hence the life cycle of fruit 

borer, was the shortest (31.43 days) during April-May and longest (43.36 

days) during February-March and average being 38.52 days on tomato fruits 

covering the entire crop growing period. 

Duration of different life stages as well as life cycle of the above 

mentioned pests had significantly negative correlation with temperature and 

r.h. indicating that the pests were biologically more active during the 

warmer part of the crop growing season which corroborated the higher level 

of infestation during the period in the fields. 

3. Assessment of crop loss of tomato caused by important 

insect-pests 

The studies on extent of damage caused by the important pests and 

estimation of loss in yield of tomato was undertaken on the first and the 

fourth crops and on two representative tomato varieties-one open 

pollinated (Pusa Ruby) and another hybrid (Abinash-II). The composition of 

the important pest species was almost the same on the two varieties but 

differed in the level of population in two crops, the varieties and in case of 

four different treatments such as untreated control, plants treated with a 

fungicide (Dithane M-45) alone, an insecticide (malathion) alone and the two 

in combination. A relatively low level of population of all the pest species was 

observed on the first crop compared to that on the fourth, and also on 

insecticide alone and combined insecticidal and fungicidal treated plants 

than on the untreated control. The open pollinated variety always witnessed 

less pest attack than the hybrid. However, loss in yield of tomato can be 

avoided from protective use of insecticides to an extent of 10.63% and 

11.09% in winter and 23.69% and 26.66% in spring-summer crop for the 

open pollinated (Pusa Ruby) and hybrid (Abinash-II) respectively. Lower 

extent of loss from winter crop appeared to be due to low temperature and 

r.h., which restrict normal activities of pest species. 
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4. Evaluation of tomato varieties against insect-pests, 

natural enemies and yield 

The varieties evaluated, were neither resistant to any pest species nor 

multiple tolerant/less susceptible to the pest complex. One variety while 

found more susceptible to any pest species observed less susceptible to 

another. In general, among the seven varieties and hybrids tried against 

insect-pests and considered for yield, revealed that the six hybrids were 

more susceptible to pest complex than the high yielding open pollinated 

variety. Pusa Ruby was relatively more susceptible to the sucking pests viz. 

aphid (0.29/leaD and white fly (0.54/plant) while it was less susceptible to 

the internal feeders viz. leaf miner ( 1.51 %) and fruit borer (7 .00% and 5.61% 

in number and weight). Among the hybrids Abinash-II suffered from the 

highest leaf miner infestation (4.80%) but tolerant to white fly (0.24/plant). 

The hybrid Rasika was more susceptible to internal feeders than the sucking 

ones. The hybrid Arjuna and I-(upali were found moderately tolerant to all 

pests as a whole. Pusa Ruby was indeterminate type having longer fruiting 

period, but due to smaller size and weight to fruit (38.19gm) and yield was 

the lowest (45.23 tjha) among all the varieties tested. Considering the 

overall performance, with respect to yield and pest-reaction, Arjuna (84.34 

tjha) was found better among the commonly grown varieties in terai region 

because of moderate pest incidence and higher yield potentiality. 

5. Management of insect-pest complex of tomato through 

pesticides 

Pesticides is an important tool in present day pest management 

programme. Seven pesticides of different origin (synthetic and biological) 

were evaluated in the field against the key pest of tomato viz. leaf miner and 

fruit borer attacked the last planted crop. The pesticides trialled were 

malathion and DDVP (synthetic) and Azadirachtin, Bacillus thuringiensis, 

Beauveria bassicma, NPV, Avermectin (of biological origin). Avermectin @ 

0.01% and HaNPV@ 250 LE/ha were found equally or even more effective 

than synthetic pesticides. Although better suppression of leaf miner 

infestation (44.39%) and yield of tomato (60.26 tjha) were obtained from 

DDVP @ 0.05%, however, avermectin and HaNPV performed better against I 
fruit borer (49.95% and 52.03% bored fruit in number and weight for 

avermectin and 49.39% and 50.99% bored fruit in number and weight for I 
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HaNPV respectively). It therefore, confirms that avermectin and HaNPV were 

equally effective against the key pests as compared to usually recommended 

synthetic pesticides DDVP. Considering the performance of all the seven 

pesticides pest management and their impact on health and environment, 

the use of the two recommended insecticides (malathion and DDVP) needs to 

be reviewed. Malathion and DDVP are harmful to the activities of natural 

enemies of crop pest. While avermectin, a microbial toxin and HaNPV, a viral 

pathogen were not only more effective against the pest complex of tomato 

and produced relatively higher yield but also have no adverse effect on 

health, environment and natural enemies of crop pests and thereby 

compatible with IPM of tomato as a curative measure. 

From the critical analysis of the results under present investigation it 

can be concluded that insect-pests are one of the important limiting factors 

of tomato cultivation in terai region of West Bengal. Crop loss due to pests is 

more during spring-summer season during winter. Hybrids suffer more than 

the open pollinated varieties. None of the varieties found resistant or 

multiple tolerant to the pest complex of tomato. However, Arjuna among the 

commonly grown varieties, was found better because of moderate pest 

incidence and higher yield potentiality. None of the pesticides evaluated 

could control the pest complex satisfactorily. However, among the 

biologically originated pesticides avermectin and HaNPV were found equally 

or even more efficacious than the two recommended synthetic pesticides. An 

early harvest of mature fruits minimizes borer attack during peak period of 

incidence coupled with raising of tolerant variety like Arjuna along with need 

based application of avermectin and HaNPV can be recommended for IPM 

programme for the tomato crop in terai region. 
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HIGHLIGHTS 

The programme has been carried out in a holistic approach 

comprising nature of pest constraints of tomato and different aspects for 

their management through the generation of basic information on pests and 

their application at field level in perspective of rapid, constantly changing 

dynamic agriculture with an ultimate objective to formulate future IPM 

models befitting tomato crop in terai region of west Bengal. The highlight of 

the present work is enumerated below : 

• In terai region of West Bengal, among the different insect-pests 

attacking tomato, aphid (Aphis gossypii Glover), white fly (Bemisia 

tabaci Gennadius), leaf miner (Liriomyza trifolii Burgess), fruit borer 

(Helicoverpa annigera Hubner), hadda beetle (Henoscepilachna 

vigintioctopunctata Fabr.) and tingid bug ( Urentius hystricellus 

Richter) have been recorded as regular insect-pests of tomato. 

• Among the pests of regular occurrence, aphid, white fly, leaf miner 

and fruit borer are predominant and cause considerable damage to 

the crop. Of the four species, aphid and white fly are more harmful 

during earlier part of the crop growth stage i.e. during the early 

establishment stage of crop growth. While the magnitude of damage 

of the two internal feeders, namely, leaf miner and fruit borer 

increases gradually with the advancement of crop-growing season as 

well as crop-growth stage. 

• The, white fly, leaf miner and fruit borer were biologically more 

active (shorter life· cycle) during warmer part of the crop growing 

season. This phenomenon has been reflected at field level as larger 

size of pest-population during warmer part of the seasons. 

• Early crop (winter) suffered less than late crop (spring-summer) and 

loss in yield due to pest-complex also followed the similar trend. 

Loss in yield was observed more on hybrids than on open-pollinated 

variety. Open-pollinated variety suffered more due to sucking pests 

(aphid and white fly) while internal feeders (leaf miner and fruit 

borer) attacked more the hybrids. 



200 

• Hybrids, in general, were out-yielder than open-pollinated variety. 

Considering overall performance with respect to yield and pest

reaction, the hybrid 'Arjuna' performed consistently better among 

the commonly grown varieties in this region because of moderate 

tolerance to the pest complex and as a consequence giving relatively 

higher yield of tomato. 

• Pesticides of biological origin, particularly the HaNPV and 

avermectin are also safer to health, environment and natural 

enemies of the pests as well as compatible with IPM. These were 

equal or even more effective than the malathion and DDVP. Out of 

which avermectin and HaNPV were found more effective against the 

key pests of tomato. 

After appreciation of pest-problem of tomato and critical analysis of 

the results of different components of pest management it is suggestive that 

growing of moderately tolerant varieties/hybrids, timely planting for 

asynchronising peak period of activity of pests at vulnerable stages of crop 

growth, early harvesting of mature fruits and use of safer pesticides have 

practical significance in formulating future IPM programme of tomato crops 

in terai region of West Bengal. Such approach and strategy may also be 

applicable in areas having identical problem. 
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