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Abstract

Insecticidal control of Brinjal shoot and fruit borer
(Leucinodes orbonalis Guenn.) has become a cause of
concern as this highly damaging pest of brinjal is wide spread
and known to attack other crops and therefore is a reason
for heavy insecticide use in brinjal crop leading to
contamination of food chain and increased pesticide related
health risk. To protect this popular crop a combination of
intercrop with coriander and fennel and different spray
schedules of crude and commercial neem formulation on
main crop of brinjal was tested to evaluate the level of percent
shoot damage and fruit damage (both by number) and per
cent fruit damage (by weight). Minimum loss on all the three
parameters (21.57%, 19.79% and 23.33 %, respectively) were
found in brinjal + coriander with NSKE 5% spray followed
by brinjal + fennel and 0.03% spray of commercial
azadirachtin formulation (24.17%, 21.79% and 22.59%,
respectively) whereas the maximum shoot damage (50.60%),
fruit damage (61.67 %)and fruit weight loss (64.84 %) were
observed in sole Brinjal + Water Spray followed by Brinjal +
NSKE 5 % which recorded 35.60 % shoot damage and 47.50
% weight loss. Almost all the treatments were significantly
superior to control i.e. sole crop of brinjal sprayed with water)
though some of them were not significantly different to the
other. In most cases, combinations of intercrop
supplemented the need of application of neem formulations
as combinations of intercrop or application of neem
formulations on lone brinjal crop were found to be at par
regarding difference in shoot damage, fruit damage and fruit
weight loss.
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Introduction

Brinjal or Eggplant, Solanum melongena L. is a popular
solanaceous vegetable crop grown throughout the world.
Brinjal is attacked by 142 species of insects, 4 species
of mites and 3 species of nematodes in different countries
of the world (Sohi, 1966). Among the array of insect
pests infesting brinjal, shoot and fruit borer (BSFB) is
the most destructive pest. The yield loss due to the attack
of this pest varies from 37% to 63% in various states of
India (Dhankar, 1988, Rai et al., 2014 (a) (b)). In India
including Eastern Uttar Pradesh, the damage caused by
brinjal shoot and fruit borer (BSFB), Leucinodes
orbonalis is the most important bottleneck in brinjal
cultivation. Its infestation persists for a very long period
which tempts growers to opt for multiple application of
insecticides leading to contamination of food chain. The
impact of intercropping on population build up of crop
pests is influenced by the changes in crop canopy,
changed micro-climate and adverse olfactory regime.
Such ecological maneuvering has considerably delayed
the appearance and lowered the pest population on crops
(Singh and Singh, 1978). Changes in the micro-climate
of an intercrop also influence the behaviour of insect
pests. Usually temperature and humidity in the intercrop
will differ from those of sole crop, thereby affecting
pest colonization (Mehto et al., 1988). Therefore, it was
prioritized to find out alternate pest management methods
based on brinjal intercropped with coriander and fennel
that can cause repellent action for BSFB management.

Materials and Methods

The experiments conducted at Agricultural Research
Farm of Banaras Hindu University, Varanasi, Uttar
Pradesh during Kharif season. The experiment was laid
out in randomized block design with three replications.
The plot size was 3.75 x 3.0 m* and 3.75 x 3.6 m?
respectively. The fennel and coriander crops have been
taken as intercrop along with two NSKE (5%) and Achook
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neem products in the following combinations e.g. Brinjal
+ Fennel and one spray of NSKE (5%) (T),), Brinjal +
Fennel and one spray of achook (T,) Brinjal + Fennel
(T,), Brinjal + Coriander and one spray of NSKE (5%)
(T,), Brinjal coriander + and one spray of Achook (T,),
Brinjal + Coriander (T,), Brinjal and one spray of NSKE
5% (T.), Brinjal and one spray of Achook (T,) and Brinjal
sole crop (Cotrol) (T,). Five plants were randomly
selected from the plots for recording the healthy and
damaged shoots and fruits at weekly intervals as soon
as the infestation started. Freshly infested terminal shoots
and the fruit having entry hole of brinjal shoot and fruit
borer larvae were treated as damage. The observations
on fruit borer were recorded with its 1% appearance on
the crop and thereafter at 7 days interval till final harvest
of the fruits. The healthy and damage fruits were
harvested separately plot wise to record the percentage
of avoidable loss in fruit yield due to brinjal shoot and
fruit borer. On the basis of shoot and fruit damage per
cent shoot and fruit infestation were worked out.
Healthy and damage fruits were counted and weighed
separately for each treatment plot from which fruit
damage per cent on number and weight basis were
calculated by using the following formula:
Number of infested shoots

Shoot damaged by number % = x 100
Total number of shoots

Fruit damaged by number % = Number of infested fI‘.ultS x 100
Total number of fruits

Weight of infested fruits
Total weight of fruits

Fruit damaged by weight % = x 100

The total and marketable yield of each treatment was
determined cumulatively from all the harvests and
expressed as quintal per ha. The shoot and fruit damage
per cent in each observation and mean of all observations
were transformed through Arc-sine transformation as
suggested by Gomez and Gomez (1976) and statistically
analyzed by analysis of variance applicable for
Randomized Block Design.

Treatments Crop combination Bio-pesticides
T, (F+B) Fennel + Brinjal NSKE (5%)
T, (F+B) Fennel + Brinjal Azadirachtin
T; (F+B) Fennel + Brinjal Control

T4 (C+B) Coriander + Brinjal NSKE (5%)
Ts (C+B) Coriander + Brinjal Achook

Ts (C+B) Coriander + Brinjal Control
T,(B) Brinjal NSKE (5%)
Ts(B) Brinjal Achook

Ty (B) Brinjal Control

Result and Discussion

The minimum shoot damage (21.57 %), fruit damage
(19.79 %) and fruit weight loss (23.33 %) was observed

with T, (Brinjal + Coriander and spray of Azadirachtin
0.03 % @ 2.5 ml/l) (Table-1, 2 and 3 ) followed by T,
(Brinjal + Fennel and spray of Azadirachtin 0.03 % @
2.5 ml/l) with 24.17%, 21.79% and 22.59% shoot
damage, fruit damage and weight loss, respectively.
Almost all the treatments had significant difference over
control (T,, Brinjal as sole crop + water spray) while T,
(Brinjal + Fennel with NSKE 5 % @ 7 ml/l) and T,
(Brinjal + Coriander + NSKE 5 % @ 7 ml/l) were at par.
Though T, and T, had non-significant difference among
themselves regarding shoot damage and fruit weight
loss, they differed significantly from remaining
treatments, this was true also for T, and T, regarding
fruit damage. T, (Fennel + Brinjal + Water Spray), T,
(Coriander + Brinjal + Water Spray), T, (Brinjal + NSKE
5% @ 7ml/1) and T, (Brinjal + Azadirachtin 0.03 % @
2.5 ml/l) were at par regarding shoot damage like T,
(Fennel + Brinjal conjugation with Control (Water
Spray), T, (Brinjal + NSKE 5 % @ 7 ml/) T, (Brinjal +
Azadirachtin 0.03 % @ 2.5 ml/l) for fruit damage and
T, (Fennel + Brinjal with Water Spray), T, (Coriander +
Brinjal conjugation with Control (Water Spray), T,
(Brinjal + NSKE 5 % @ 7 ml/l) and T, (Brinjal +
Azadirachtin 0.03 % @ 2.5 ml/l) for fruit weight loss.
The maximum shoot damage (50.60%) and fruit weight
loss (64.84 %) were observed in T, (Brinjal + Water
Spray) followed by T, (Brinjal + NSKE 5 % @ 7 ml/l)
which recorded 35.60 % shoot damage and 47.50 %
weight loss (Table -1 and -3 ) whereas, maximum fruit
damage (61.67 %) was observed in T, (Brinjal + Control
(Water Spray) followed by T, (44.92 % )(Coriander +
Brinjal conjugation with Control (Water Spray) (Table -
2).

The intercrop of coriander and the botanical insecticide
NSKE crudely made from neem seed kernel are two
cheap and easy options for the management of insect
pests of many crops. The crude extract of neem seed
kernel contains a host of insecticidally active molecules
other than the highly exploited tri-terpenoid Azadirachtin.
Azadirachtin with its numerous isomers and other
limonoids work as an ideal antifeedant in the first hand.
On the other hand they work as hormone mimics in
long run. Commercial formulations works as well with
their added advantage of adjuvants making them more
efficient in penetrating the physic-chemical hurdles on
the plant surface. However, the cheap and easy to
prepare NSKE is always more cost effective. Coriander
and other nectar-pollen rich plants are important addition
to otherwise monotonous stretch of mono-cropping.
They are important energy food source of predators
and both pro-ovigenic and synovigenic parasitoids as
all of them requires energy food like nectar and protein
nutrition from pollen grain for active search and
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Table 1: Effect of intercropping and bio-pesticides on the shoot damage (%) of brinjal shoot and fruit borer, Leucinodes
orbonalis Guen. during Kharif, 2003 and 2004 (Pooled)

Intercrop Treatments Shoot Damaged (%)
24" Oct. 31" Oct. 7" Nov. 14™ Nov. 21* Nov. 28" Nov. Mean
T, 35.36 29.70 29.26 30.97 25.24 11.79 27.05
(01 spray of NSKE) (36.42) (32.76) (32.74) (33.81) (30.03) (20.06) (31.34)
Brinjal + T, 31.43 28.83 25.48 29.11 20.09 10.07 24.17
Fennel (01 spray of Achook) (34.10) (32.40) (30.30) (32.65) (26.56) (18.44) (29.08)
T 45.98 31.98 32.23 34.89 38.72 13.15 32.83
3 (42.68) (34.39) (34.51) (36.20) (38.47) (21.24) (34.95)
Ty 39.30 22.51 28.18 36.70 29.89 11.60 28.03
(01 spray of NSKE) (38.80) (28.31) (31.98) (37.27) (33.11) (19.90) (31.56)
Brinjal + Ts 29.80 20.57 25.85 24.60 21.10 7.51 21.57
Coriander (01 spray of Achook) (33.07) (26.97) (30.53) (29.66) (27.17) (15.89) (27.67)
- 43.33 37.70 28.39 37.00 36.33 14.65 32.90
6 (41.15) (37.85) (31.87) (37.43) (37.06) (22.49) (35.00)
T, 46.91 36.03 34.18 37.94 44.14 14.38 35.60
(01 spray of NSKE) (43.22) (36.83) (35.73) (38.01) (41.53) (22.28) (36.63)
Brinjal Ts 43.15 28.78 33.20 37.20 37.67 31.46 35.24
(01 spray of Achook) (41.06) (32.39) (35.12) (37.57) (37.78) (33.25) (36.20)
- 54.47 59.04 51.02 50.00 60.59 28.46 50.60
? (47.65) (50.29) (45.58) (45.01) (51.14) (32.19) (45.31)
Mean 41.08 32.79 31.98 35.38 34.86 15.90
(39.79) (34.69) (34.26) (36.40) (35.87) (22.86)

Difference between the treatments
Difference between the periods of observations
Difference between the treatments x periods of observation

C.D.(P=0.05)= 2.20
C.D.(P =0.05) = 2.70
C.D.(P=0.05)= 6.61

Figures in parentheses are arc-sine transformed values

Table 2: Effect of intercropping and bio-pesticides on the fruit damage (%) of brinjal shoot and fruit borer (Leucinodes
orbonalis Guen.) during Kharif, 2003 and 2004 (Pooled)

Intercrop Treatments Fruit Damaged (%)

24" Oct. 31" Oct. 7" Nov. 14" Nov. 21% Nov. 28" Nov. Mean

T, 29.31 33.70 46.67 50.69 13.79 8.18 30.39
(01 spray of NSKE) (32.77) (35.47) (43.08) (45.40) (21.80) (16.46) (33.45)

Brinjal + T, 23.89 24.64 32.23 29.11 13.34 7.52 21.79
Fennel (01 spray of Achook) (29.24) (29.73) (34.50) (32.60) (21.40) (15.84) (27.22)
T 30.49 4579 56.04 50.30 19.76 14.41 36.13
3 (33.45) (42.53) (48.50) (45.18) (26.32) (22.26) (36.95)
Ty 26.68 53.56 41.38 35.88 17.01 5.09 29.93
(01 spray of NSKE) (31.03) (47.10) (40.00) (36.77) (24.29) (12.96) (33.17)
Brinjal + Ts 16.58 27.20 33.34 25.63 11.75 422 19.79
Coriander (01 spray of Achook) (23.87) (31.43) (35.10) (30.41) (20.03) (11.67) (26.41)
T 31.08 54.10 59.58 53.25 21.67 11.72 44.92
6 (33.85) (47.37) (50.53) (46.88) (27.74) (19.90) (42.09)
T, 46.21 65.62 66.52 57.52 15.95 17.71 39.66
(01 spray of NSKE) (42.79) (54.30) (54.83) (49.34) (23.42) (24.78) (39.09)
Brinjal Ts 40.36 63.86 62.39 47.00 11.87 12.47 40.92
(01 spray of Achook) (39.29) (53.13) (52.25) (43.27) (20.10) (20.64) (38.89)
T 67.98 74.55 77.32 76.34 38.79 35.03 61.67
? (55.60) (60.27) (62.42) (61.11) (38.48) (36.21) (52.35)
Mean 34.73 4922 52.83 4730 18.21 12.93
(35.77) (44.59) (46.80) (43.44) (24.84 (20.08)

Difference between the treatments C.D.(P=0.05)=2.57

Difference between the periods of observation
Difference between the treatments x periods of observation

C.D.(P =0.05) = 3.07
C.D.(P=0.05)=7.53

Figures in parentheses are arc-sine transformed values

sustenance. The synomonal effect of plant volatiles
emanated from feeding site of insects attracts natural
enemies visiting nectar bearing flowers of intercrops.
The tritrophic interaction thus benefits the growers.

In this experiment the flowering spice crops as

intercrops and application of crude and commercial
formulation of neem limonoids modified the oriented
movements of insect population and perhaps encouraged
the activity of natural enemies that was manifested in
lower fruit and shoot borer attack in crops accompanied
with coriander and protected by 0.03 % Azadirachtin
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Table 3: Effect of intercropping and bio-pesticides on the weight loss (%) of brinjal shoot and fruit borer, Leucinodes

orbonalis Guen. during Kharif, 2003 and 2004 (Pooled)

Intercrop Treatments Weight Loss (%)
24" Oct. 31" Oct. 7™ Nov. 14™ Nov. 21* Nov. 28" Nov.  Mean
T, 27.86 36.86 36.62 36.20 20.22 11.25 28.17
(01 spray of NSKE) (31.83) (37.36) (37.08) (36.92) (26.64) (19.58) (31.57)
Brinjal + T, 21.68 29.26 31.30 29.50 12.98 10.85 22.59
Fennel (01 spray of Achook) (27.73) (32.71) (33.20) (32.83) (21.07) (19.23) (27.79)
T 36.36 48.01 41.99 39.55 25.34 17.88 34.86
} (37.03) (43.85) (40.02) (38.91) (30.21) (24.96) (35.83)
Ty 23.20 43.54 40.89 37.97 16.08 12.02 28.95
(01 spray of NSKE) (28.79) (41.25) (39.69) (38.02) (23.57) (20.25) (31.93)
Brinjal + Ts 19.89 30.69 34.71 32.50 11.43 10.76 23.33
Coriander (01 spray of Achook) (26.42) (33.51) (35.98) (34.72) 19.71) (19.09) (28.24)
T 38.71 48.82 58.13 52.06 39.77 24.80 43.71
6 (38.29) (44.32) (49.69) (46.20) (39.03) (29.82) (41.23)
T, 39.04 65.34 68.37 63.92 41.33 18.60 46.75
(01 spray of NSKE) (38.66) (54.14) (56.07) (53.25) (40.00) (25.50) (42.94)
Brinjal Ts 45.03 64.02 64.28 50.56 29.29 15.71 47.50
(01 spray of Achook) (42.14) (53.38) (53.40) (45.32) (32.71) (23.25) (43.36)
T 71.22 81.01 77.00 76.97 52.24 30.58 64.84
’ (57.73) (64.87) (62.32) (61.54) (46.29) (33.51) (54.38)
Mean 35.89 49.73 50.37 46.58 27.63 16.94
(36.51) (45.04) (45.27) (43.08) (31.03) (23.91)
Difference between the treatments C.D.(P=0.05)= 2.72
Difference between the periods of observation C.D.(P=0.05)= 3.33
Difference between the treatments x periods of observation C.D.(P=0.05)= 8.17
Figures in parentheses are arc-sine transformed values
spray @ 2.5 ml L. The treatments varied in their AIRTIT

effectiveness in reducing the percent fruit and shoot
damage and fruit weight loss, yet they were significantly
superior to control plot i.e. sole crop of brinjal with
water spray, obviously without any reason for the insect
pest to avoid it. The use of intercrops, sometimes
mentioned to be ‘contaminant’ crop works according
to the ‘resource concentration hypothesis’, and it dilutes
the food and shelter resource of the pest. Moreover, it
also works as physical barrier and sometimes as ‘decoy’
plants which hampers the host searching ability of the
insect pests. Enhanced searching exposes them more
to the biotic and abiotic population limiting factors than
those inside closely placed host plants. The kairomonal
effect of insects presence must have been well utilized
by the foraging natural enemies. Application of neem
formulation in intercropped plants might have forced
the young and adults to search for suitable spot for
host utilization which in turn might have made them
more vulnerable to natural enemies. The positive effect
of intercrop has been reported by Amin et. al. (2005)
and Prasad, (2001) and among them Amin et. al. (2005)
reported the species richness of intercropped field which
is very much essential for sustenance of natural enemies
in time of paucity of preferred prey, however, inter crop
of coriander was superior to the brinjal and fennel
intercrop. It can be corroborated from the findings of
Ali et. al. (1996), Khorseduzzaman et al. (1997), David
et. al. (2001).

T BT I Td Tl dUd DI BT GBI ST B HHA H
Sa1eT BraT § e yewerd & forg siftre 1 aiftre dre-reres
AT BT YANT BT & S A B @RI W GG ST
BT 21 59 Y91 A S99 & oy 39 MY Hrdshd H 9 b
IS & ATI—FT 3fdad] Bl U Td |Ie b Be
B FE & AT A ISR F WART UG SRR HedidhH
forar T | R 9T & AR R I8 oW T B TH 6
T UG Wt al afa (e ud ufrerddn) Wi wEIg @ |
3O 99 HH <@ T fH 59 S 9 gt & 9 o
TE. B, 3. 5 U9 &1 fBsard w9 W 21.57 gfaera erf
T, 19.79 U BT H @R 23.33 ufdwd B b o |
rIT AT ST JIfOhdH iy ST 99 9 Wi b A1 0.03
gfererd 9 STe (ToNSREEH) &7 fedta ova W= uran
T R 2417 ufoed 997 # 2179 ufowd wa # &R
22.59 YT Bl & g H &fa enidl T S B ST
qrel vers H I8 &I Wey SATeT 50.60 Ui o H, 61.67
UfIerd Bl § UG 64.84 TfATd Bl @ doi A HH <! TR |
9P SURI ST Hadl T, TG, $. 3 5 URI9d &1 osa™
I ¥ far T @ I% afy 35.60 URIeT 9T H T4 47.50
yforerd & wet H urft Y | S B S S Sl aret
U # B arell afd | HH o | 39 UHR 39 WA H <@
TI7 fh 3R B9 9 + afar Y eraadl Wl b e U,
TE. . 5. B 5 Ufawd e o) aF 9 o 97 Ud B
B DI BT UHT HH BN U4 AR WReF R Plg NI
UG T8l IS |
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