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Abstract An experiment was carried out under field
condition of Dun valley of Uttarakhand to evaluate the
bio-efficacy of botanicals, microbial and synthetic
insecticides either alone and in combinations on the larval
population of H. armigera during rabi seasons of
2006-07 and 2007-08. The results revealed that,
Bt (1g/l) + endosulfan (1ml/l) was recorded lowest fruit
damage (8.50% and 7.98% in w/w and n/n, respectively)
and recorded higher yield (231.03qha-1) followed by,
endosulfan 35 EC (2ml/l) was found 8.83% and 8.13%
in w/w and n/n ,respectively with mean yield 229.24
qha-1 while, Bacillus thurigiensis var kurstaki (Btk) was
recorded 10.37 and 9.10 per cent fruit damage with
224.25 qha-1 mean marketable yield as compared to T8,
Control with 31.09 and 31.03 per cent damage w/w and
n/n with 196.97 qha-1 mean marketable yield of 2006-07
and 2007-08. All the botanical, microbial with endosulfan
either alone or in combinations showed significantly
superior over untreated check.

Introduction

Uttarakhand is endowed with soil and climatic conditions
favourable for vegetable cultivation including tomato,
an off-season, highly remunerative crop in mid hills and
tarai bhavar region of the state. District Dehradun is a

major belt of tomato production occuping 999 ha area
with 16226 metric tonnes production (Anonymous,
2008) as compared to 5 thousand ha areas and 61.40
thousand tonnes production in state (Hedau et al. 2008).
Tomato fruit borer, H. armigera (Hub.) is the key insect
imflicting fruit damage of 33.5-55.5 per cent in the
country (Singh and Chahal, 1978). Application of
conventional synthetic pesticides has several ill effects
on the environment. Considering this, several alternative
and safe insecticides of botanical and microbial origin
are there, which have records of their success against
insect pests of crops. Not only they are effective against
insects and safe to be used, but also they are easily
biodegradable causing least harm to the ecosystem and
natural enemies and some of them can be prepared by
the farmers themselves and can even be applied in crude
form that saves huge sum of money to purchase costly
formulations available in market.

Materials and Methods

The experiment was carried out under field condition of
Dun valley of Uttarakhand to evaluate the bio-efficacy
of botanicals, microbial and synthetic insecticides either
alone and in combinations on the larval population of H.
armigera during 2006-07 and 2007-08. There were eight
treatments comprises as T1, NSKE 5% (a crude extract
of neem seed kernels); T2, Gronim 0.03% (a neem based
formulation) @ 5 ml/l; T3, Bacillus thurigiensis var
kurstaki (a microbial insecticide) @ 2 g/l; and three
combinations (a physical mixture) of bio-rationals with
endosulfan i.e. T4, Bt (1g/l) + endosulfan (1ml/l); T5,
Gronim (2.5ml/l) + endosulfan 35 EC (1ml/l); T6, NSKE
2.5% + endosulfan 35 EC (1ml/l); T7, endosulfan 35 EC
(2ml/l) and T8, Control (no protection measures). The
seedlings of tomato were transplanted in well prepared
field during first week of November in both the years.
Plot size was kept 3.60m x 3.00m. Row to row and
plant to plant distance was maintained 60cm x 50cm.
The experiment was laid out in randomized block design
with three replicating. Two sprays of different treatments
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were given at 15 days intervals, when larval population
of fruit borer reached above economic threshold level
(ETL) i.e. 1-1.5 larvae plant-1. The crop was protected
from diseases through need based sprays of
carbendazim (0.01%) and streptocycline (1g/10 L). The
data on larval population were recorded 3, 7 and 14
days after each spraying from 5 tagged plants/plot. Data
were recorded  on marketable yield (q/ha).

Results and Discussion

Effect on fruit damage on weight basis: Minimum per
cent fruit damage of tomato on weight basis was
recorded in following application of Bt + endosulfan
(1gm/l + 1ml/g) (8.35) which appeared best treatment
followed by endosulfan 2ml/l (8.67) and Bt 2gm/l
(10.67), which was found at with each other. It was
followed by NSKE 5% (17.75) and Gronim (18.92)
found with at effect. The combinations of both neem
based pesticides with endosulfan were found statistically
at par with each other, recording 20.31 and 20.99 % in
Gronim + endosulfan and NSKE 5% + endosulfan
,respectively. All the treatments were found significantly
superior over untreated control. During 2007-08
minimum per cent damage of tomato fruit was observed
in Bt + endosulfan (8.66) followed by endosulfan (8.90)
and Bt (9.40) which were found at par with each other.
Among neem products the NSKE 5% showed superior
over Gronim while in combinations NSKE + endosulfan

also found comparatively effective. The pooled mean
of per cent fruit damage (w/w) for the year 2006-2007
and 2007-08. The sub lethal doses of Bt + endosulfan
showed best result (8.50) followed by endosulfan (8.83)
and Bt (10.37) was found statistically at par with each
other. As a neem based product NSKE 5% was recorded
17.26 per cent damage as compared to Gronim (18.09)
while its combinations with endosulfan NSKE +
endosulfan (19.53) also showed superiority over the
combination of Gronim + endosulfan (20.24).

Table 2: Effect of botanical, microbial and chemical
insecticides and their combinations on per cent fruit damage
caused by H. armigera on number basis

Table 1: Effect of botanical, microbial and chemical
insecticides and their combinations on per cent fruit damage
caused by H. armigera on weight basis

Figures in parentheses are angular transformed value.

Per cent fruit damage 
(W/W) 

Treatments Doses 

2006-07 2007-08 Pooled 
NSKE 5% 5% 17.75 

(24.91) 
16.77 
(23.81) 

17.26 
(24.15) 

Gronim 0.03% 5ml/l 18.92 
(25.77) 

17.27 
(24.58) 

18.09 
(24.55) 

Bt 2gm/l 10.67 
(19.06) 

9.40 
(17.55) 

10.37 
(17.85) 

Bt + Endosulfan 1gm + 1 
ml/l 

8.35 
(16.79) 

8.66 
(16.52) 

8.50 
(17.11) 

Gronim + 
Endosulfan 

2.5 ml + 1 
ml/l 

20.99 
(27.24) 

19.49 
(26.24) 

20.24 
(26.19) 

NSKE + 
Endosulfan 

2.5 % + 1 
ml/l 

20.31 
(26.77) 

18.76 
(5.45) 

19.53 
(25.65) 

Endosulfan 2 ml/l 8.76 
(17.22) 

8.90 
(16.69) 

8.83 
(17.35) 

Control - 31.29 
(34.00) 

30.89 
(33.48) 

31.09 
(33.76) 

F value  Sig Sig Sig 
SEM±  0.50 0.33 0.46 
CD 5%  1.58 1.01 1.40 
 

Figures in parentheses are angular transformed value.

Fruit damage per 
cent(N/N) 

Treatments Doses 

2006-07 2007-08 Pooled 
NSKE 5% 5% 16.32 

(23.55) 
15.98 
(24.53) 

16.63 
(24.06) 

Gronim 0.03% 5ml/l 17.31 
(24.10) 

16.68 
(25.16) 

17.10 
(24.42) 

Bt 2g/l 9.11 
(17.27) 

8.81 
(18.77) 

9.10 
(17.55) 

Bt + Endosulfan 1g /l + 1 ml/l 8.09 
(15.97) 

7.50 
(16.95) 

7.98 
(16.40) 

Gronim + 
Endosulfan 

2.5 ml/l  + 1 
ml/l 

19.56 
(24.97) 

17.83 
(26.73) 

18.43 
(25.42) 

NSKE + 
Endosulfan 

2.5 %  + 1 
ml/l 

18.47 
(24.32) 

16.98 
(26.22) 

17.33 
(24.59) 

Endosulfan 2 ml/l 8.23 
(16.37) 

7.95 
(17.28) 

8.13 
(16.56) 

Control - 30.44 
(33.40) 

30.32 
(33.88) 

31.03 
(33.85) 

F value  Sig Sig Sig 
SEM±  0.39 0.35 0.31 
CD 5%  1.19 1.06 0.96 
 

Table 3: Effect of botanical, microbial and chemical
insecticides and their combinations on marketable yield of
tomato fruits

Mean yield of tomato 
fruits(q/ha) 

Treatments Doses 

2006-07 2007-08 Pooled 
NSKE 5% 5% 218.93 216.33 217.78 
Gronim 0.03% 5ml/l 216.60 217.54 217.07 
Bt 2gm/l 223.40 225.10 224.25 
Bt + Endosulfan 1gm  + 1 

ml/l 
232.19 229.85 231.02 

Gronim + 
Endosulfan 

2.5 ml + 1 
ml/l 

209.22 216.85 213.03 

NSKE + 
Endosulfan 

2.5 % + 1 
ml/l 

212.65 218.73 215.69 

Endosulfan 2 ml/l 229.58 228.89 229.24 
Control - 195.94 198.00 196.97 
F value - Sig Sig Sig 
SEM± - 1.56 1.26 1.17 
CD 5% - 4.73 3.84 3.56 
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Effect on per cent damage of fruits number basis : The
results on per cent fruit damage on number basis
contained in Table 1 indicates that the efficacy of sub
lethal doses of Bt + endosulfan showed highest reduction
in fruit damage (8.09) followed by endosulfan (8.23)
and Bt (9.11). These treatments were found statistically
at par with each other. While NSKE, Gronim, NSKE +
endosulfan, Gronim + endosulfan was recorded
significantly higher fruit damage as compared with Bt
+ endosulfan, endosulfan and Bt. Both neem based
insecticides either alone and in combinations with
endosulfan were found statistically at par with each
other. All the treatments were performed significantly
superior over control. While during successive season
of cropping Bt + endosulfan, endosulfan and Bt were
again exhibited significantly effectiveness (7.50), (7.95)
and (8.81), respectively over control (30.32) as well as
remaining treatments. Almost similar results were also
found during this season. However, pooled mean of per
cent fruit damage for both the years, 2006-07 and 2007-
08, indicated that combination of Bt + endosulfan
recorded 7.98% damage. Followed by endosulfan (8.13)
and Bt (9.10) alone. The treatment NSKE and Gronim
was equally effective resulting 16.63 and 17.10%
damage and was equally at par with each other while in
combinations it again showed their effectiveness with
at par.

The findings of present study coincide with the results
of Tomar (1998) reported that the combinations of Bt +
endosulfan was found very effective in reducing per
cent fruit infestation by weight in and more effective
than use singly. Beside there, they are also compatible
with each other Similar findings were also reported by
Kumar and Sharma 2004, Sharma et al., 2007 and
Prasad, et al., 2003.

Effect on mean yield of tomato: The maximum yield
(231.02 q/ha) was obtained by the following treatment
Bt + endosulfan followed by (229.24 q/ha) in
endosulfan. The next highest yield was obtained in the
plot treated with Bt (224.25) found significant with
endosulfan.  Remaining treatments were also obtained
significantly higher fruit yield which were equally
effective and statistically at par with each other.

Earlier Mehta et al., 2004 and Sharma, et al, 2007 also
reported similar observation in maximizing higher yield
of healthy fruits of Tomato.

Lkkjka'k

orZeku iz;ksx ds ifj.kkeksa ls ;g izkIr gqvk fd cSlhyl Fkqfjftaafll
¼1 xzk-@yh-½ $ b.MkslYQku ¼1 feyh-@yh-½  dh vk/kh ek=k okys
mipkj esa lcls de Qyksa dh {kfr rFkk lcls vf/kd mRiknu izkIr
gqvkA blds ckn b.MkslYQku 35 bZ-lh- ¼2 feyh-@yh-½ dh iwjh
ek=k okys mipkj rFkk cSlhyl Fkqfjftaafll ¼2xzk-@yh-½ uked
mipkj esas fcuk mipkj okys Qly dh vis{kkd̀r Qyksa dh de
{kfr rFkk vf/kd mRiknu izkIr fd;s x;sA lexz:i ls leLr
mipkj fcuk mipkj okys Qly dh vis{kk de Qyksa dk uqdlku
rFkk vf/kd mRiknu izkIr fd;s x;sA
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