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1. Introduction

ABSTRACT

Field studies were carried out to evaluate eco-friendly management strategies to manage the
pest complex of brinjal in Umiam, Meghalaya (India) from April to July, 2021. The treatment
combinations in nursery included seed treatment, soil treatment, seed + soil treatment with
Um-Comb while in transplanted main field were seed treatment + foliar spray with Um-
Comb, soil treatment + foliar spray with Um-Comb, seed + soil treatment + foliar spray with
Um-Comb at 21 days interval from the date of transplanting and chemical treatment
(Chlorantraniliprole and Dimethoate) when the pest population reached ETL. Um-Comb (bio-
pesticide) was prepared by combination of six compatible bio agents (7richoderma
harzianum, Beauveria bassiana Metarhizium anisopliae, Verticillium leccani and
Pseudomonas fluorescens). The results showed that Chlorantraniliprole 18.50 SC was the
most effective against brinjal shoot and fruit borer and hadda beetle while Dimethoate 30 EC
against the sucking pests (aphids and jassids). The seed and soil treatment and foliar spray
with Um-Comb resulted in increase in height of the plant, number of branches and yield.
Among the different Um-Comb combinations, seed + soil treatment + foliar sprays were
found to be the most effective treatment in managing the major pests. The highest marketable
yield was achieved from the chemically treated plots; however the Benefit Cost Ratio (BCR)

was highest (2.74:1) in seed + soil treatment + foliar spray with Um-Comb.

productivity of 14.10 M T ha'' (Anonymous, 2018).

India, a country with rich biodiversity and varied agro-
climatic regions, favours cultivation of a diverse range of
vegetables throughout the year. Apart from the nutritional
benefits, vegetables being short duration and a good source of
employment generation, constitute an important component
of agriculture. Among the various vegetables crops, Brinjal
(Solanum melongena L.), also referred to as eggplant belongs
to the family Solanaceae with 2n=24 chromosome numbers.
The fruit is a noble source of vitamins and minerals and has
less calories and fat content. West Bengal ranks first in brinjal
production in the country with a share of 23.69 % followed
by Orissa, Gujarat, Bihar, Madhya Pradesh, Chhattisgarh and
Karnataka (Anonymous, 2019). In the North-Eastern states,
the productivity of the crop is comparatively lower than the
rest of the country. In Meghalaya, it is cultivated in an area of
1.08 thousand ha with production of 15.21 thousand M T and
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Despite the popularity of the vegetable amongst the poor
farmers, growing of the crop mostly requires more inputs,
especially insecticides as the crop is ravaged by a large
number of insect pests thereby limiting the production and
productivity of the crop in spite of its high demand in the
market. Brinjal crop is damaged by many species of insect
pests from nursery to maturity stage. The important insect
pests include- brinjal fruit and shoot borer (Leucinodes
orbonalis Guen), cotton aphids (Aphis gossypii Glover),
cotton jassids (Amrasca bigutulla bigutulla Ishida), stem
borer (Euzophera perticella Ragonot), epilachna beetle
Fab.),

(Bemisia tabaci Genn.), lacewing bug (Urantitus hystricellus

(Henosepilachna  viginitoctopunctata white  fly
Dist.) and non-insect pest- red spider mite (7etranychus
macfurlanei). In South and South-East Asia, the brinjal fruit

and shoot borer (BFSB) is the most damaging one and it
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reduces the yield ranging from 37-63% in different parts of
India (Dhankar, 1988). Hadda Beetle also cause significant
loss to brinjal (Bhagat and Munshi, 2004). Moreover, various
sucking pests like aphids, jassids and whitefly persistently
cause remarkable losses both in terms of yield and quality of
fruits on a consistent basis (Karim et al, 2001).

In large scale commercial cultivation of brinjal, farmers use
hefty applications of chemicals to subdue the pest population
which besides killing the target pests causes unredeemable
harm to both human and environment as well as to the non-
target organisms like natural enemies, pollinators etc. Owing
to the unreasonable and persistent use of chemical pesticides,
the issue is further exacerbated due to ecosystem pollution,
disruption of ecological balance, pest resurgence, secondary
pest breakout, and bio-magnification of residue in brinjal
ecosystem. In view of the above facts, manifested by the
unfettered and unchecked application of chemicals in brinjal
ecosystem and the associated hazards, the present study was
undertaken with emphasis on a safer and sustainable mode of

management, that is, the use of Bio-pesticides.

2. Materials and Methods

The experiment was carried out in randomized
block design (RBD) with 4 treatments in nursery and 5
treatments in transplanted field maintaining 4 replications in
each case. The var. Pusa Purple Long (PPL) was sown on
20/03/2021 and transplanted after one month of sowing in an
area of 100 m* with spacing of 60 cm (R-R) x 50 cm (P-P).
The treatment combinations for nursery (conducted in pot
culture) were- T,- Control, T,- Seed Treatment with Um-
Comb @ 10 ml kg of seed, Ts- soil drenching with Um-
Comb @ 10 ml I"' of water, T,- Seed treatment @ 10 ml kg™
of seed+ soil drenching with Um-Comb @ 10 ml 1" of water
before sowing. The treatments for transplanted crop were-
T,- Control, T,- Seed treatment with Um-Comb @ 10 ml kg™
of seed + Foliar Spray (FS) @ 10 ml 1" thrice at 21 days
intervals, T;- Treatment of nursery by soil drenching with
Um-Comb @ 10 ml 1" of water + FS @ 10 ml 1" thrice at 21
days intervals, T,- Seed treatment @ 10 ml kg' of seed+
treatment of nursery bed by soil drenching with Um-Comb @
10 ml I"' of water before sowing + FS @ 10 ml 1"' thrice at 21
days intervals and Ts- Foliar spray with Chlorantraniprole
18.5% SC @ 40 g a.i. ha' and Dimethoate 30% EC @ 500 ml
ha' at ETL. The bio-pesticide, Um-Comb was prepared by
School of Crop Protection, CPGS-AS, Umiam (Meghalaya)
by combination of six compatible bio-control agents
(Trichoderma harzianum, Beauveria bassiana Metarhizium
leccani and  Pseudomonas

anisopliae,  Verticillium

fluorescens) accompanied by standardized additives
(adjuvants, stickers, surfactants, UV protectant). The crop
was sprayed thrice with bio-pesticides at 21 days intervals

from the date of transplanting (7.e. on 11/05/2021, 1/06/2021

and 22/06/2021) by using high volume knapsack sprayer
@400 litres of spray solution per hectare. The observations
for major insect pests were taken one day before (pre-
treatment) and 3,7 and 14 days after first, second and third
applications of bio-pesticides and insecticides on five
randomly selected plants from each plot (Z.e. replication). The
shoot and fruit borer infestation was recorded by counting the
drooped shoots and also the infested fruits. For recording
hadda beetle and sucking pests, the reduction in population in
each treatment was taken as a criterion to assess the bio-
efficiency of different treatments. The data thus collected
were subjected to statistical analysis using analysis of
variance (ANOVA) to know the significance of differences in
the population of various insect pests and Duncan Multiple
Range Test (DMRT) (Duncan, 1951) was applied to compare
different treatments for their efficacies. Plant growth
parameters like plant height, no. of branches, fruit yield and
benefit cost ratio of the different treatments of Um-Comb and
synthetic pesticides were also worked out to find the

effectiveness of the respective treatments.

3.  Results
3.1 Effect of Um-Comb and synthetic pesticide on major
insect pests of brinjal
Aphids (Aphis gossypii)
The results of various treatments on the population of aphids
(Aphis gossypii) at 3, 7 and 14 days after spraying (DAS)
shown in Table 1 revealed that the pre-treatment aphid
population was non-significant. However, at 3 DAS the
results were significant and the least aphid population was
found in T5 treatment followed by T4, T3 and T2. At 7 and
14 DAS, all the treatments were effective in controlling the
aphids and were significantly superior over control. Highest
reduction in aphid population was noted in T5 followed by
T4.

Jassids (Amrasca bigutulla bigutulla)

The efficiency of different treatments on the population of
jassids is presented in Table 2. Though the population at 1
day before spraying was non-significant, the results were
significant at 3,7 and 14 DAS, with T5 causing the lowest
jassid population followed by T4.

Hadda beetle (Henosepilachna vigintiopunctata)

The effectiveness of Um-comb and synthetic pesticides on
Hadda beetle (Henosepilachna vigintiopunctata) population at
3, 7, and 14 DAS is depicted in Table 3. Population at one
day prior to spraying was non-significant for all plots whereas
at 3, 7 and 14 DAS, T5 brought about the lowest populations.

BSFB (Leucinodes orbonalis)
Table 4 shows the efficiency of various treatments against L.
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orbonalis in shoots, as measured by average per cent shoot
damage at 3, 7, and 14 DAS. The population of shoot and
fruit borer larvae recorded one day before spraying was not
significant; however T5 treatment caused the maximum per
cent reduction of shoot infestation at 3, 7 and 14 DAS,
respectively after spraying.

Table 5 shows the data on effectiveness of Um-Comb and
pesticide against fruit infestation by BSFB. The observations
after each harvest exhibited that the least per cent infestation
of BSFB in fruits was noted in T5 treatment followed by T4,
T3 and T2 treatments. All the treatment combinations were

found notably superior when compared to control.

3.2 Effect of Um-Comb and synthetic pesticides on growth
and yield parameters of brinjal

Plant Height

The maximum plant height (60.27cm) was observed in T4
which was at par with T3 (59.88cm). The lowest plant height
(51.52cm) was recorded in T1 treatment (Table 6).

Primary branches at maturity stage

The highest number of primary branches (7.10) at maturity
stage was observed in T4 which was followed by T5 (6.90).
The lowest number of primary branches (6.15) was found in
T1 (Table 6).

Marketable Yield

The highest marketable yield was recorded in T5 (10.47t ha™)
which was followed by T4 treatment (9.80t ha') and the
lowest yield (5.75t ha') was observed in control plot (T1)
(Table 6).

Total Yield

The total yield was recorded in T5 (11.30t ha™) followed by
T4, T3 and T2 and the lowest yield (7.84t ha') was obtained
in T1 (control) (Table 6).

Table 1. Effect of Um-Comb and synthetic pesticide on aphid (Aphis gossypii) population

No. of aphids/plant
Treatments 1% Spray 2™ Spray 3" Spray
1DBS | 3DAS | 7DAS | 14DAS | 3DAS | 7DAS | 14DAS | 3 DAS | 7 DAS Il)‘tas
T1 255 | 2098 |35 425 59 7.15 7.85" 1050 | 11.42° | 1137
T2 23 185 | 1.82 1.95 345 | 402|355 | 535 5350 | 482"
3 237 195 | 172 2.05 3.32 165 [370° | 540 500° | 457
T4 217 | 168" | 1557 | 185 | 322" [355  [316 | 482 465 | 4.05°
TS 245 | 113" | 122" | 167 155 | 222" | 265 | 222 287 | 3.50°
SE(m) | - 012 | 0.13 0.14 016 | 0.11 0.16 0.20 0.12 0.13
CD (=0.05) | NS | 037 | 0.40 0.42 048 | 0.32 0.50 0.62 0.36 0.41

*Data represented by alphabet were calculated by DMRT Data followed by same alphabets are statistically at par, DBS- Day

before spraying DAS- Days after spraying

Table 2. Effect of Um-Comb and synthetic pesticide on jassid (Amrasca bigutulla bigutulla) population

No. of jassids/plant
1% Spra; 2™ Spra 3 Spra
Treatments pray pray pray
1 3 3 7 14
7DAS | 14 DAS 7 DAS | 14 DAS | 3 DAS

DBS | DAS DAS DAS | DAS
T1 305 | 325 |4.00° |3.62 515 | 6.10° 517 435 515 | 495
T2 260 | 209 |237 |197 3.07 | 3.45° 272" 250" 2567 | 232"
T3 250 | 207 |220° | 185" 3100 | 330° | 256 245 269 | 240
T4 222 | 192" | 200 | 170" 201" | 3.05° 235" 232" 2315 | 205"
T5 297 | 1155 | 150" | 1.45° 165 | 207 2.02° 117 1620 | 175

SE.(m) : 015 | 012 | 009 012 |01l 0.13 0.12 0.10 | 0.10
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CD (p=0.05) ‘NS ‘0.46 ‘0.36 ‘0.27

| 0.38 ‘ 035

‘ 0.39

‘ 035

‘ 031

‘ 0.29 ‘

*Data represented by alphabet were calculated by DMRT Data followed by same alphabets are statistically at par, DBS- Day

before spraying DAS- Days after spraying

Table 3. Effect of Um-Comb and synthetic pesticide on hadda beetle ( Henosepilachna vigintiopunctata) population

No. of hadda beetle/plant
1S g 3 g
Treatments pray pray pray
1 3 3 7 14
7DAS | 14 DAS 7 DAS | 14 DAS | 3 DAS
DBS | DAS DAS DAS | DAS
T1 090 | 092" | 1.00° 130" 1.50° | 2.07 1.92° 2.62" 257 | 2.05
T2 082 | 060 |060 |067 087 | 1.05 0.90" 145" 1277 | 093
T3 080 | 062" | 058 |065 092 | 1.02° 0.86 137" 125" | 090"
T4 075 | 056 | 055 |060 080" |092” | 082" 132" 1155 | 080"
T5 095 | 032" |038 o055 045" | 0.72° 0.75° 0.62° 072" | o071
SE.(m) ; 004 | 004 | 004 006 | 0.07 0.06 0.04 005 | 0.06
CD(P=0.05) |NS | 012 |013 |o0.13 018 | 022 0.17 0.12 015 | 0.8

*Data represented by alphabet were calculated by DMRT. Data followed by same alphabets are statistically at par, DBS- Day

before spraying DAS- Days after spraying.

Table 4. Effect of Um-Comb and synthetic pesticide on shoot infestation due to BSFB (Leucinodes orbonalis)

Percent shoot infestation

Treatments 1% Spray 2™ Spray 3 Spray

| DBS | 3 DAS | 7 DAS | 14DAS | 3 DAS | 7 DAS gtxs 13)AS 7 DAS 11)15

I1 4.6 6.17° 782" 15.07° 2039 | 1589 | 8.06 6.34 | 401" 3.12"
(1238) | (1438) | (1624) | (22.84) | (26.84) | (23.49) | (1649) | (14.58) | (11.55) | (10.17)

o 426 45" 443 | 622" |1357 | 818" |35 3.9 2120 | 138
(11.91) | (1226) | (12.15) | (14.44) | 21.61) | (16.61) | (10.78) | (11.38) | (837) | (6.74)

- 4.19 426" | 413° | 600" | 13.80° |807 |32° |405 235 | 155
(11.81) | (11.91) | (11.72) | (14.17) | (21.80) | (16:50) | (10.30) | (11.60) | (8.81) | (7.15)

- 3.84 3.92° 364|555 | 1216 | 762 |3.02° [355 209 | 135"
(1130) | (11.41) | (10.99) | (13.62) | (20.40) | (16.02) | (10.00) | (10.86) | (831) | (6.67)

Is 4.98 2.1° 2.85° 4.55° 5.54° 5.01° 2.5 2.05° 1.56 1.15°
12890 | (833) | (971) | (1231) | (13.61) | (12.93) | 9.09) | (823) | (7.17) | (6.12)

SE.(m) ; 0.18 0.26 0.39 0.57 0.47 027 0.23 0.16 0.07

CD (p=0.05) | NS 0.55 0.8 1.19 1.76 1.44 0.84 0.70 0.49 0.22

*Data represented by alphabet were calculated by DMRT Data followed by same alphabets are statistically at par, DBS- Day

before spraying DAS- Days after spraying. Data in parenthesis are angular transformed.

Table 5. Effect of Um-Comb and synthetic pesticides on fruit infestation due to BSFB

Percent fruit infestation
No. of Harvests %

tect-

Treatments pr(‘) ©

st nd rd th th lon

1 2 3 4 5 6t 78 Mean | oo
control

T1 2035 2857 33.92° 3885 | 25.84° | 2034 1821|2658 |-
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(26.81) (3231) | (3562) | (38.55) | (30.55) | (26.80) | (25.26)
- 16.40° 12,98’ 13.95' 16.26 13.31° 12.06 11.06 B
(23.88) (21.04) | (2193) | (23.78) | (21.39) | (2032) | (19.42)
b b b b be be b
- 12.62 14.39 12.20 12.87 11.90 12.28 13.78 12.86 5
(20.80) (2229) | (2044) | (21.02) | (20.17) | (20.51) | (21.79)
a a b b b b ab
T4 8.21 10.12 11.87 12.02 10.14 10.14 9.69 10.31 61
(16.65) (1854) | (20.15) | (2028) | (18.56) | (18.56) | (18.13)
6.16 943" 6.68 861" 584" 6.59" 8.15 7.35
TS5 72
(14.37) (17.88) | (1497) | (17.06) | (13.98) | (14.87) | (16.58)
SE.(m) 0.80 0.94 0.65 1.03 0.74 0.69 0.57
CD (p=0.05) | 2.46 2.89 2 3.17 2.29 2.12 1.76 2.38

*Data represented by alphabet were calculated by DMRT Data followed by same alphabets are statistically at par, DBS- Day

before spraying DAS- Days after spraying. Data in parenthesis are angular transformed.

Table 6. Effect of Um-Comb and synthetic pesticides on growth and yield parameters of brinjal

: Total Yield
Plant height (cm) Primary Pranches Marketable Yield (t 1 B:C
Treatment ) at maturity stage 1 (tha ) )
at maturity stage ha ) ratio
(no.)
T1 51.52 6.15 5.75 7.84 1.68
T2 55.78 6.30 7.73 8.96 2.26
T3 59.88 6.42 8.66 9.93 2.62
T4 60.27 7.10 9.80 10.93 2.74
T5 57.82 6.90 10.47 11.30 2.64
SE.(m) 5.75 0.62 0.58 0.63 -
CD (p=0.05) 1.86 0.20 1.79 1.98 -
Benefit Cost Ratio (BCR) ratio the population of the pest complex. This might be due to

While computing the cost and benefits of the
production of brinjal associated with the experiment, the
highest B:C ratio (2.74: 1) was observed in T4 treatment,
which was followed by T5 treatment (2.64:1). The B:C ratios
of the 5 in the
T4<T5<T3<T2<T1 (Table 6).

treatments were following order-

4. Discussion
In the present investigation, Chlorantraniliprole
18.5 SC was found to be the most effective against brinjal
shoot and fruit borer and brinjal hadda beetle whereas
Dimethoate 30 EC was most effective in controlling the
population of the sucking pests Ze. jassids and aphids. When
efficacy of bio-pesticides was considered, seed and soil

treatment with Um-Comb was the most effective in reducing

inclusion of both seed and soil inoculation with the bio-
pesticide Um-Comb in T4 treatment. Rajeshwari et al. (2019)
also recorded lower populations of aphid after two sprays of
spinosad 45 SC @ 0.2 ml/1 followed by Dimethoate 30 EC @
1.6 ml/l. Nawaz et al. (2020) reported that 7richoderma sp.
caused population reduction of the aphid to a great extent
(87%) when applied at 7 DAS at the maximum concentration,
which supports the present findings. Similarly, Kharade et al
(2018) observed that after Imidaclorprid, Dimethoate was
most effective in reducing the population of jassid in brinjal
and Devi et al. (2015) obtained the most effective control of
shoot and fruit infestation by brinjal shoot and fruit borer
with Chlorantraniliprole. Tripura et al. (2017) also found
Beauveria bassiana and Metarhizium anisoplac to be

relatively efficient bio-pesticides against BSFB.
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The maximum plant height was observed in T4 ie.
seed + soil treatment with Um-Comb which was at par with
T3. These results indicated that beneficial microbes in Um-
Comb possibly helped in solubilisation of nutrients from soil
and also produced Indole Acetic Acid (IAA) which promoted
plant growth as Patten and Glick (1996) noticed that majority
of bacteria isolated from the rhizosphere of diverse crops
(80%) could synthesize and release auxins as secondary
Windham et al (1986) reported that 7.

harzianum promoted root growth and plant development,

metabolites.

which was linked to the fungus's unknown growth-regulating
components. Highest yield was recorded in the plots treated
with chemical pesticides (T5) viz. Dimethoate for sucking
pests and Chorantraniprole for hadda beetle and BSFB,
followed by the plots treated with seed+ soil treatment (T4)
of Um-Comb. These findings are in accord with those of
Sajjan and Raffe (2015), who found that synthetic chemical
Chlorantraniliprole was the most effective against BSFB in
eggplant and produced the highest fruit yield. Tripura et al
(2017) also reported highest marketable yield in the
Chlorantraniliprole treated plots. Prithiva et al (2017)
reported that Imidachloprid and Dimethoate were most
effective in controlling sucking pests in tomato and produced
higher yield, followed by Beauveria bassiana. When
evaluating the cost benefit ratio, it was observed that T4 had
the greatest B:C ratio (2.67:1), followed by TS5 treatment
(2.64:1). These results are supported by Upamanya et al
(2020) who obtained highest B:C ratio of 3.99:1 from
treatments comprising seed + seed bed treatment in nursery
with consortia of bio control agent, root dip treatment of
seedling with consortia of bio-fertilizer, soil treatment in

main field and spraying with consortia of bio-control agent.

5. Conclusion

Chemical treatment with Chlorantraniprole 18.5 SC and
Dimethoate 30 EC was most effective in controlling major
insect pests of brinjal and producing the highest marketable
yield. However, among the different Um-Comb treatments,
seed and soil treatment was found to be the most effective in
reducing the pest population along with producing highest
BCR and increase in growth and yield parameters.
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