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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 

=--- p3 =--- o2l 3.31 1.21 () 67 0.20 0.05 0.01 

p4 0.36 0.19 0.11 0.05 0.01 

PI 0.43 0.49 0.49 0.36 0.38 0.21 0.15 0.13 0.05 0.02 
~ pl - 0.95 1.15 2.95 5.76 4.96 2.34 0.79 0.38 0.11 0.01 ~ c; 
;; ~ p3 4.21 5.16 1.89 0 93 0_35 0.19 0.02 "' ;.-. 

. :l 

I~ 
p4 [ __ 

0.30 0.17 0.10 0.03 0.01 
---- ·- - - - --- -·-- --·-··-----------

.:>
<.n 



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. 
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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 

,--~---

1 

I '1 
I I 

I 
6 I 

I 
I 

5 I 
I 

~ 4 I\.. 
i'i :c 
~ 3 

12() 

!f)(J 

20 

StanU"'rd week 
~·,,rJrlrl,l 

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 
Year 

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~ 

r-
0\ p3 0\ 1.07 1.32 1.20 0.98 0.76 0.33 {) 16 0.05 0.02 -

p4 0 18 0.08 0.01 ()(Jl 0.00 0.00 0.01 0.01 

/Pt i 0 23 0.38 0.33 0.2X ().50 0.27 0.17 0 05 0.09 0.28 0.12 0.05 0 ()j i 
I 

0\ Pz j 0.25 0.09 0.22 1.83 0.84 1.22 I.06 0.88 0.52 0.20 0.11 0.02 

I 
0\ 

I 
00 
0\ p3 ! C\ 0.33 106 0 72 0.84 0.50 0.11 0.02 0.01 -

0.021 p4 0.22 0.10 0.05 0.01 0.00 0.00 0.09 0.11 

pl 0.16 0.31 0.34 0.43 0.44 0.27 0.19 0.10 0.13 0.24 0.12 0.03 0.01 
0 

.E p2 0.23 0.35 0.61 1.68 1.34 1.27 102 0.82 0.50 0.16 0.07 0.01 c.,. i: 
c 0:: i = ~ p3 I 
0:: ...... 0.70 1.19 096 0.91 0.63 0.22 0.09 0.03 0.01 0.00 0.00 I 
0) 

0.01 I 
~ 

p4 0.20 0.09 0.03 0.01 0.00 0.00 0.05 0.06 
-· --- --· -- ·- -- -· --· -------------

U1 
0 
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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 

20 - 1st 

(
·---

Slrtndard week 

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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--Temp 
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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 

,, . 

.;· I 
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popuJntion was tnaintained at -TEW'EEAil'RE 

-HllMI[JfrY 

;1 111 ocl ('!'ell C level U pt {) :) tJJ """'""lw<<k -SPNSIIINE 
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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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"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 

~ 
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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 

~ 
Standard week 

" 

~9 :;:( 51 52 I 2 3 4 5 6 7 k 9 l (! !I 12 13 14 15 16 17 

PI 
I 
I (j(j(: (;(Jl 125 () 76 ()(J() () 00 (J 00 (J (I() CJ.OO 2.21 ~.23 7_G'7 !0 ~~ 15 22 20.67 

Pz - -~ 1.3-t 7.34 6.6-:- l ;._ -·- ·.· c -+~.60 60.92 -..... ,-, ~ x:.3o 88 51 -· ..... Ul 

p3 I 2.22 15.23 45.GS 46.51 48.37 50.36 71.68 75.21 81.67 85.24 88.23 
I 

p_. l" .<3 28.82 47.33 5X.G7 6~.20 71.98 76.37 84.23 

PI 0.00 ()h) 0.27 I) 00 (J 00 0.00 0 [)() () 00 0.00 1.33 4.55 9.49 1 '.40 16.19 28.00 

Pz 0.00 1.00 7.19 10.86 30.39 38.85 66.70 88.22 89.67 90.00 95.33 

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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Fig: -l.1.3a lncidcncc and tluctuation ofleafminer (Liriomyza c__ __ _ 

trifolii Um-gL·~s) infestation (average) at different tinu.· uf planting 

on tomato i 
I 

---------------------------------------~ 

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). 

20 
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Fi~ -l.l . .lh Sl'liSOJWI lucitlcm:c uf I ,caf miner· (LiriomyzatrifuLii 
Bur·gcss) in l"l'spcct of mined lcni'Vo (average) on tomato 

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. 



64 

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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~~rh 

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 

20 
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~ 15 ... c 
.5 ... ... 
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:; 10 
~ 
0 ., 

100 

20 - - -BOREDFRTJIT 

_..,....___HJJ\i'I•:I-AT''f.l 

-j[liMllJfl"{ 

Standard Week 

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 
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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. 
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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 
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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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(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 



I 

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). 
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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 

HI --

- -
_ ......... 

100 

80 

~ 
60 -E 

ci. 
40 ~ 

.... 

20 

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 
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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 ---
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Fig 4.2.1. 7 Life cycle period of fruit borer 

(H e/icoverpa armigera) 
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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 

-~-·-·-~-~-----------
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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 
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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). 
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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 
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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 
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• 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 
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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. 
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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 
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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 

--

_... 
_... 
():) 
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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 



~ 

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 
(!) 
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Insecticidal control 

Fungicidal control 

Insecticide and 

Fungicidal control 
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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 



Photograph showiiiJ( diffen·nt tomato l'ultivars 



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 



136 

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 
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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. 4.4.9 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 

i 

i 
3: 
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Fig. 4.4.1 0 Average fruit weight (gm) of different varieties 
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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. 
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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 

0.. 

~ 
0 

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 
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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. 
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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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