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ABSTRACT

The research, titled “Eco-Friendly Approaches for Controlling Sucking Pests in Chili (Capsicum annuum
L.)”, was conducted during the kharif season of 2019-20 on chili crops (Variety PKV Hirkani) at the Department
of Entomology, Dr. P.D.K.V. Akola, Maharashtra , India. The primary objectives were to evaluate the efficacy
of various botanicals and bio-pesticides against major chili pests and the incidence of leaf curl disease.
Eight treatments, including botanicals (NSE 5%, Neem oil 2%, Azadirachtin 300 ppm, Azadirachtin 1500 ppm)
and bio-pesticides (Beauveria bassiana, Metarhizium anisopliae, Verticillium lecanii at 1x10° CFU/ml),
along with an untreated control, were applied at 10-day intervals. Observations on pest populations were
recorded at 3, 7, and 10 days of post-spray, considering three leaves from the top, middle and bottom canopy
of five randomly selected plants. The results indicated specific treatments that were effective against different
pests, with Neem oil 2%, M. anisopliae, and NSE 5% showing promising results against aphids, whiteflies,
thrips, and mites. The Treatment NSE 5% emerged as the most effective in minimizing Leaf Curl Index (LCI),
followed by Neem oil 2% and Azadirachtin 1500 ppm. Neem oil 2% resulted in the highest green chili yield,
and Azadirachtin 1500 ppm also performed well. NSE 5% demonstrated the highest Incremental Cost-Benefit
Ratio (ICBR), indicating economic viability. The study underscores the significance of employing eco-
friendly approaches, particularly the use of NSE 5%, in effectively managing sucking pests and mitigating
leaf curl disease in chili crops. The notable success of Neem oil 2% and Azadirachtin 1500 ppm in enhancing
chili yields further emphasizes the practicality of bio-intensive methods. The highest Incremental Cost-
Benefit Ratio (ICBR) associated with NSE 5% not only showcases its effectiveness in pest control, but also
establishes its economic viability.
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Introduction

Chilli (Capsicum annuum L.), known as “Mirch” in
Hindi, is a tropical and subtropical crop extensively
cultivated across India and belonging to the Solanaceae
family. Beyond its traditional use in vegetables, spices,
sauces and pickles, green chillies are a rich source of
vitamins A, C and E (Mondal and Mondal, 2012). Among
the two main chilli species, Capsicum annum L. and
Capsicum frutescence, Indian chilli (C. annum) stands
out as a crucial vegetable crop, adaptable to diverse
climatic conditions. The majority of hot chili are
categorized under Capsicum annuum L., which are part

of the Capsicum annuum group are commonly utilized
in numerous cuisines as a spice to introduce heat to the
food (Abd-Elgawad, 2020). The medicinal value of chilli,
attributed to its vitamin ‘C’ and capsaicin content,
contributes to its pungency, stemming from the crystalline
volatile alkaloid “Capsaicin”, while the red colour is due
to the presence of pigment “Capsanthin” (Choudhary and
Fageria, 2009; Abd-Elgawad, 2020).

Though chilli cultivation is widespread in India, it is
concentrated mostly in southern states, including Andhra
Pradesh, Karnataka, Maharashtra and Tamil Nadu,
covering about 75% of the total area. Despite its potential
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for export and a substantial domestic market, the crop
faces productivity challenges due to significant
occurrences of diseases and insect pests (Gundannavar
etal., 2007).

The pest spectrum in chilli is intricate, involving over
293 insect and mite species affecting the crop in both
fields and storage (Dey et al., 2001). Notable pests include
aphids (Myzus persicae Sulzer, Aphis gossypii Glover),
thrips (Scirtothrips dorsalis Hood), yellow mites
(Polyphagotarsonemus latus Banks) and the fruit borer
(Helicoverpa armigera Hubner). Severe infestations
result in visible damage, such as upward leaf curling
caused by thrips and downward curling by mites
(Kandasamy et al., 1990; Kethran et al., 2014).

The study of thrips dates back to 1916, with
observations on castor and chilli. Thrips, known as “chilli
thrips”, inflicts damage known as leaf curl disease or
“Mudatha” or “Korivi” during distinct seasons. Mites,
recognized since 1890, cause “Murada” disease in chilli,
impacting flowering and fruiting stages (Aminetal., 1981
and Ayyar et al., 1935). Green peach aphid, reported in
1938, has become a serious pest on various hosts, including
chilli (Deshpande, 1938).

Whiteflies, being polyphagous pests, cause direct
damage to chillies, impacting plant nutrient absorption and
photosynthetic processes (Oliveira et al., 2001; Cruz-
Estrada et al., 2013). Despite the application of pesticides
for viral disease control, their use poses environmental
and health threats. Yield losses due to these pests are
estimated at 50% (Hosmani, 2007; Lee et al., 2018).
Chilli leaf curl complex, caused by thrips and mites, leads
to significant crop losses.

The increasing pest build-up due to chilli monoculture
necessitates frequent chemical sprays, with a minimum
of 5 to 6 applications, resulting in high cultivation costs
and risks. Pesticidal sprays threaten the chilli ecosystem,
causing pest resurgence and harm to natural enemies
(Devi et al., 2017). Pesticide residues in chillies raise
concerns for both domestic consumption and exports
(Nandahalli, 1979; Joia et al., 2001). Using hazardous
pesticides not only costs a lot but also harms the
environment, negatively affecting soil fertility and
microorganisms in the soil (Mishra et al., 2018). Using
harmful chemicals to control pests has caused a lot of
problems. The biggest issue is that these chemicals leave
behind residues and pests are becoming resistant to them.
To successfully deal with these challenges in farming,
it’s important to keep coming up with new and better
ways (Reddy and Chowdary, 2021). And the biological
method is a great option for keeping insect populations in

check without harming other organisms and helpful
entities in the ecosystem (Lv et al., 2011).

Effective non-chemical pest management strategies
against sucking pests, such as thrips, aphids, whiteflies,
mites and leaf curl disease are crucial for sustained crop
management and healthy food production. Therefore,
exploring non-chemical pest management strategies,
including organic amendments, botanical pesticides and
bio-agents, becomes imperative. Extracts of neem
(Azadirachta indica) and Entomopathogenic fungi (EPF)
like Beauveria bassiana, Verticillium lecanii,
Metarhizium anisopliae and Paecilomyces
fumosoroseus (Wize) have been recognized as potential
agents to control B. tabaci and Aphis gossypii (Saito
and Sugiyama, 2005; Ali et al., 2018; Ghongade et al.,
2021). These fungi are important tools for managing
various agricultural insect pests, such as whiteflies, mealy
bugs, aphids, thrips, psyllids, mites and weevils, in both
outdoor and greenhouse crops (Torrado-Leon et al.,
2006; Akmal et al., 2013).

Therefore, the current study focuses on botanicals
and bio-pesticides as common and popular methods for
pest management. By employing botanicals with novel
modes of action and higher bio-efficacy, the study aims
to save the environment and mammals. The efficacy of
bio-pesticides needs thorough examination for formulating
effective and economical strategies against chilli thrips.

Materials and Methods

This study, titled “Eco-Friendly Approaches for
Controlling Sucking Pests in Chili” aimed to assess the
effectiveness of various treatments using neem products
(Azadirachtin, Neemoil, NSE) and microbial preparations
(Beauveria bassiana, Metarhizium anisopliae,
Verticillium lecanii) on the yield performance of chilli
crops (Variety — PDKYV Hirkani). The field experiment
took place at the Department of Entomology, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola, during
the kharif season of 2019-20. The experimental field
followed a Randomized Block Design with eight
treatments and three replications. Each gross plot
measured 4.00 m x 3.00 m, with a distance of 1.20 m
between two replications and 0.60 m between two
treatments. The total experimental area covered 406 sg.
m. List and details of the treatments are given in the
Tables 1 and 2.

Spray Solution preparation

The preparation of spray solutions was conducted
on-site as part of the pre-application procedure. The
necessary amount of solution was measured with
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Table 1 : List of treatments used during experiment.

Treatment | Treatment Concentration

No. details ml/I

T, NSE 5% 50milfl

T, Neem oil 2% 20mi/l

T, Azadirachtin 300 ppm 5ml/l

T, Azadirachtin | 1500 ppm 3ml/l

T, Beauveria |1x10°CFU/mI 49/l

bassiana
T, Metarhizium |1x10°CFU/ml 49/l
anisopliae

T, Verticillium | 1x10°CFU/ml 49/l
lecanii

T, Untreated - -
control

Table 2 : Details of the treatments used in the experiment.

1443

solution. Once the solution was well-mixed, it was then
transferred to the spray pump, which was the apparatus
used for the actual application of the treatments.

This step-by-step approach to solution preparation
was implemented to guarantee accuracy and uniformity
in the concentration of botanicals, bio-pesticides and their
respective formulations. Consistency in the preparation
process is essential to obtaining reliable results, as any
variation in the solution’s composition could impact the
effectiveness of the treatments.

The application of sprays was carried out using a
knapsack sprayer, and meticulous care was taken to
ensure proper cleaning of the sprayer after the
administration of each treatment. A total of six sprays
were administered throughout the course of the study.
This standardized procedure was followed to maintain
consistency and prevent any potential cross-

S. no. | Common name Trade name Formulation Chemical name Source of supply
1 Neem Seed NSE 5% In crude form (Azadirachta Jay Bajrang Krushi Sewa
Extract (NSE) indica A. Juss) Kendra, Akola
2 Neem oil NeemAzal 2% Azadirachtin MIDC, Khamgaon
3 Azadirachtin MULTINEEM 300 ppm Azadirachtin Aradhana Krushi Sewa Kendra,
(0.03%) Deulgaon Raja
4. Azadirachtin | NEEMFIGHTER 1500 ppm Azadirachtin Aradhana Krushi Sewa Kendra,
(0.15%) Deulgaon Raja
5. Beauveria PDKV 1x10°CFU/ml Beauveria bassiana Deptt. of Plant Pathology PGlI,
bassiana Akola
6. Metarhizium PDKV 1x10°CFU/ml Metarhizium Deptt. of Plant Pathology PGI,
anisopliae anisopliae Akola
7. Verticillium PDKV 1x10°CFU/ml Verticillium lecanii Deptt. of Plant Pathology PGlI,
lecanii Akola

Table 3 : Scoring of Leaf Curl based on per cent infestation.

S.no. | Score | Observation

1 0 No symptom.

2 1 1t0 25% leaves/plant showing curling.

3 2 26 to 50% leaves/plant showing curling, moderately damaged.

4. 3 51 to 75% leaves/plant showing curling, heavily damaged malformation of growing points, reduction in
plant height.

5 4 > 75% leaves/plant showing curling, severe and complete destruction of growing points, drastic reduction
in plant height, defoliation and severe malformation.

precision using a plastic bucket. Subsequently, the
measured components were thoroughly mixed to achieve
a homogeneous solution. This meticulous mixing process
is crucial for ensuring that the concentration of active
ingredients remains consistent throughout the spray

contamination between different treatments. The careful
washing of the sprayer after each application aimed to
eliminate any residue that could interfere with the
accurate assessment of the treatments’ efficacy. This
meticulous approach to application and equipment
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maintenance contributes to the reliability and validity of
the study’s results, ensuring that the observed effects
can be confidently attributed to the specific botanicals,
bio-pesticides and their concentrations under investigation.

Neem seed extracts (NSE 5%) preparation

For the Neem seed extract at a 5% concentration,
took 5 kg of dried neem seeds for every 100 liters of
water needed. Crushed the seeds and soaked them
overnight in a vessel with enough water one day before
spraying. The next morning, filtered the extract through
muslin cloth, repeating the process with water washing
until complete extraction was ensured. Then adjusted the
obtained suspension by adding the remaining water. To
improve coverage on the crop, then added 0.2% soap
powder (200 g per 100 liters of water) to the extract.

Method of recording observations

To manage the major sucking pests of chili, treatments
were applied at 10-day intervals after infestation was
observed in the experimental plot, continuing until the last
picking of chili fruit. Population observations were made
at 3, 7 and 10 days after each treatment spray. Five plants
were randomly selected from each net plot, and three
leaves per plant (top, middle and bottom canopy) were
observed. Five random plants were labelled from 1 to 5
for each treatment. Thrips population was recorded on
the terminal six leaves, while other sucking pests were
assessed based on three sample leaves randomly selected
from the top, middle, and bottom leaves of the observation
plants. For aphids, thrips, whiteflies, nymphs and adults
were recorded on three leaves (top, middle and bottom
canopy) of chili plants. Mites were observed on three
sample leaves randomly selected from the top, middle,
and bottom leaves of observation plants, using a
magnifying lens in the early morning. Leaf curl symptoms
were recorded weekly from ten randomly selected and
tagged plants in each plot. Scoring was done visually
following the provided Table 3.

Scoring for leaf curl was conducted seven days after
each spraying. The Leaf Curl Index (LCI) was determined
by summing the product of the number of plants and the
corresponding category score, then dividing this sum by
the total number of scored plants, as per Niles (1980).
The leaf curl rating data were converted into a percentage
Leaf Curl Index using the formula provided by McKinney
(1923).

Sum of numerical ratings
Total number of plantobserved

Per cent Leaf Curl Index =

100
X
Maximum Disease grade in thescore table

Observation on Chilli yield parameters

The impact of organic products on chilli yield
parameters was observed at different crop stages,
specifically the number of fruits per plant at 60, 90 and
120 days after transplanting (DAT). Green chilli yield
was documented during each harvest, recorded in
kilograms per plot and then converted to quintals per
hectare. Based on the total yield achieved in each
treatment involving organic products and the untreated
control, the increase in fruit yield for each treatment over
the untreated control was calculated. Subsequently, the
Incremental Cost Benefit Ratio (ICBR) for each
treatment was determined.

Statistical analysis

The collected data were roughly transformed and
subjected to statistical analysis to assess the significance
of treatments, following the method outlined by Gomez
and Gomez (1984).

Results

Effect of different botanicals and bio-pesticides
against major sucking pests of chilli

a. Cumulative efficacy of botanicals and bio-
pesticides on the population of aphids (Aphis
gossypii) at 3, 7 and 10 DAS (Days After
Spraying)

At 3 Days After Spraying (DAS) : The results
indicate that all treatments were significantly (P <0.05)
more effective than the untreated control. The Neem oil
2% treatment exhibited the lowest aphid population at
0.84/leaf, surpassing all other treatments. Following closely
were NSE 5%, Metarhizium anisopliae, Beauveria
bassiana, Verticillium lecanii and Azadirachtin 300 ppm,
with aphid counts of 1.49, 1.49, 1.70, 1.80 and 1.87 per
leaf, respectively. However, these five treatments showed
no significant difference among themselves. The next
moderately effective treatment was Azadirachtin 1500
ppm, recording 1.98 aphids/leaf, while the untreated
control had the highest count at 2.84 aphids/leaf (Table
4).

At 7 DAS : The data from 3 reveal that all treatments
were significantly (P <0.05) more effective than the
untreated control. Neem oil 2% treatment again showed
the lowest aphid population at 0.66/leaf, followed by M.
anisopliae (1.30), NSE 5% (1.35), B. bassiana (1.55),
V. lecanii (1.67), Azadirachtin 300 ppm (1.74) and
Azadirachtin 1500 ppm (1.85) aphids/leaf. However,
these six treatments demonstrated no statistically
significant differences. The untreated control had the
highest aphid population at 2.76 aphids/leaf.
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At 10 DAS : The data presented in Table 3 show
that all treatments were significantly (P <0.05) more
effective than the untreated control. Neem oil 2%
treatment resulted in the lowest aphid population on leaves
at 0.93, followed by M. anisopliae at 1.50/leaf. These
two treatments were statistically similar. The next
effective treatments were NSE 5% (1.59), B. bassiana
(1.87), Azadirachtin 300 ppm (1.93), V. lecanii (1.94),
and Azadirachtin 1500 ppm (2.09) aphid population per
leaves, all observed to be statistically similar. The untreated
control exhibited the highest aphid population at 3.05 per
leaf.

b. Cumulative efficacy of botanicals and bio-
pesticides on the population of whitefly (Bemisia
tabaci) at 3, 7 and 10 DAS (Days After Spraying)

At 3 DAS : All treatments were significantly (P
<0.05) better than the untreated control. V. lecanii and
Neem oil 2% were the most effective treatments,
recording minimum whitefly population of 1.23 and 1.74
per leaf, respectively, at par with each other. M.
anisopliae, B. bassiana, NSE 5% and Azadirachtin 1500
ppm demonstrated statistically equal effects with
populations of 1.74, 1.75, 2.05 and 2.10 per leaf.
Azadirachtin 300 ppm recorded 2.58 whitefly/leaf, while
the untreated control had 4.01 per leaf (Table 5).

Table 4 : Cumulative efficacy of botanicals and bio-pesticides on the population of aphids (Aphis gossypii) at 3, 7 and 10 DAS

(Days After Spraying).
) Cumulative population of aphids/leaf
Tr. no. Treatment details
3DAS 7DAS 10 DAS Mean

T, |NSE5% 1.49(1.22) 1.35(1.16) 1.59(1.26) 1.48(1.21)
T, | Neemoil 2% 0.84(0.92) 0.66(0.81) 0.93(0.96) 0.81(0.89)
T, | Azadirachtin 300 ppm 1.87(1.36) 1.74(1.28) 1.93(1.38) 1.85(1.34)
T, | Azadirachtin 1500 ppm 1.98(1.40) 1.85(1.36) 2.09(1.40) 1.97(1.39)
T, | Beauveriabassiana 1x10° CFU/mlI 1.70(1.30) 1.55(1.24) 1.87(1.37) 1.71(1.30)
T, | Metarhizium anisopliae 1x10°CFU/mlI 1.49(1.22) 1.30(1.14) 150(1.22) 1.43(1.19)
T, | Verticillium lecanii 1x10° CFU/mlI 1.80(1.34) 1.67(1.29) 1.94(1.39) 1.80(1.34)
T, | Untreated control 2.84(1.68) 2.76(1.65) 3.05(1.75) 2.88(1.69)

F “test’ Sig Sig Sig Sig

SE(m)+ 0.06 0.08 0.09 0.08

CDat 5% 0.17 0.24 0.26 0.22

CV% 743 11.02 11.09 9.85

(Figures in parentheses are square root transformed values) DAS — Days After Spraying.

Table 5: Cumulative efficacy of botanicals and bio-pesticides on the population of whitefly (Bemisia tabaci) at 3, 7 and 10 DAS

(Days After Spraying)
) Cumulative population of whitefly/leaf
Tr. no. Treatment details
3DAS 7DAS 10 DAS Mean

T, |NSE5% 2.05(1.43) 1.82(1.34) 2.41(1.55) 2.09(1.44)
T, | Neemoil 2% 1.74(1.31) 151(1.22) 2.03(1.42) 1.76(1.32)
T, | Azadirachtin 300 ppm 2.58(1.61) 2.35(1.53) 2.89(1.70) 2.61(1.61)
T, | Azadirachtin 1500 ppm 2.10(1.45) 1.85(1.36) 2.46(1.57) 2.14(1.46)
T, | Beauveriabassiana 1x10° CFU/ml 1.75(1.32) 157(1.25) 2.11(1.45) 1.81(1.34)
T, | Metarhizium anisopliae 1x10°CFU/ml 1.74(1.32) 1.55(1.24) 2.18(1.47) 1.82(1.34)
T, | Verticillium lecanii 1x10° CFU/mI 123(1.11) 1.02(1.01) 157(1.25) 127(1.12)
T, | Untreated control 4.01(1.99) 4.14(2.03) 4.42(2.09) 4.19(2.04)

F “test’ Sig Sig Sig Sig

SE(m) £ 0.07 0.07 0.07 0.07

CDat 5% 0.20 0.20 021 0.20

CV% 8.04 838 7.82 8.08

(Figures in parentheses are square root transformed values) DAS — Days After Spraying.
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At 7 DAS : All treatments significantly (P <0.05)
outperformed the untreated control. V. lecanii had the
lowest whitefly population (1.02/leaf), followed by Neem
oil 2% (1.51), M. anisopliae (1.55), B. bassiana (1.57),
NSE 5% (1.82) and Azadirachtin 1500 ppm (1.85) per
leaf, with similar effects. Azadirachtin 300 ppm recorded
2.35 whitefly/leaf, while the untreated control had highest
white fly count i.e 4.14 per leaf.

At 10 DAS : All treatments were significantly (P
<0.05) better than the untreated control. V. lecanii
recorded the minimum whitefly population (1.57/leaf),
followed by Neem oil 2% (2.03) and B. bassiana (2.11),
with equal effectiveness. M. anisopliae, NSE 5% and
Azadirachtin 1500 ppm showed next effectiveness with
populations of 2.18, 2.41 and 2.46 whitefly/leaf,
respectively, statistically at par with each other.
Azadirachtin 300 ppm recorded 2.89 whitefly/leaf which
was moderately effective, while the untreated control
had the maximum population of 4.42 per leaf.

c. Cumulative efficacy of botanicals and bio-
pesticides on the population of thrips
(Scirtothrips dorsalis) at 3, 7 and 10 DAS (Days
After Spraying)

At 3 DAS : The data presented in Table 6 are
statistically significant (P <0.05). NSE 5% recorded the
least thrips population (1.95/leaf), followed by Azadirachtin
300 ppm (2.63) and M. anisopliae (2.65), significantly
superior to other treatments. Azadirachtin 1500 ppm
(2.85), B. bassiana (3.01), and V. lecanii (3.14) showed
next effectiveness, statistically at par with each other.
Neem oil 2% recorded 3.77 thrips/leaf found moderately
effective, while the untreated control had the highest
population of 5.44/leaf.

At 7 DAS : Results presented in Table 5 are
statistically significant (P <0.05). NSE 5% was the most
effective treatment, recording the lowest thrips population
(1.66/leaf), followed by M. anisopliae (2.31), statistically
at par with each other. Azadirachtin 300 ppm (2.33),
Azadirachtin 1500 ppm (2.49), B. bassiana (2.73), and
M. anisopliae (2.85) showed similar effectiveness,
statistically equal. Neem oil 2% recorded 3.51 thrips per
leaf, while the untreated control had the highest population
of 5.49 thrips/leaf.

At 10 DAS : Results in Table 5 are statistically
significant (P <0.05). NSE 5% recorded the lowest thrips
population (1.94/leaf), followed by Azadirachtin 300 ppm
(2.56) and M. anisopliae (2.73), significantly superior to
other treatments. B. bassiana (2.95), Azadirachtin 1500
ppm (3.20), V. lecanii (3.32) and Neem oil 2% (4.02)
showed similar thrips population, statistically at par with

each other. The untreated control recorded the highest
thrips population of 5.60/leaf.

d. Cumulative efficacy of botanicals and bio-
pesticides on the population of mites
(Polyphagotarsonemus latus) at 3, 7 and 10 DAS
(Days After Spraying)

Mite Population Control at 3, 7 and 10 Days After
Spraying (DAS)

At 3 DAS : Results in Table 7 show statistically
significant (P <0.05) differences in mite populations. NSE
5% demonstrated the lowest mite population (1.35/leaf),
followed by Azadirachtin 1500 ppm (1.53) and Neem oil
2% (1.81), significantly outperforming other treatments.
Azadirachtin 300 ppm, M. anisopliae, V. lecanii and B.
bassiana were next effective, recording 1.96, 2.14, 2.27
and 2.33 mites per leaf, respectively, with no statistical
difference. The untreated control had the highest mite
population at 4.72 per leaf.

At 7 DAS : Data in Table 6 are statistically significant
(P <0.05), with all treatments surpassing the untreated
control. NSE 5% recorded the lowest mite population
(1.03/leaf), followed by Azadirachtin 1500 ppm (1.32),
both significantly superior to other treatments. Neem oil
2%, Azadirachtin 300 ppm, M. anisopliae, V. lecanii
and B. bassiana recorded 1.63, 1.77, 2.01, 2.14 and 2.21
mites per leaf, respectively, statistically similar. The
untreated control had the maximum mite population at
4.91 per leaf.

At 10 DAS : Results in Table 6 are statistically
significant. NSE 5% and Azadirachtin 1500 ppm both
showed the minimum mite population (1.35/leaf),
statistically (P <0.05) similar. Neem oil 2%, Azadirachtin
300 ppm, M. anisopliae, V. lecanii and B. bassiana
recorded 1.91, 2.06, 2.30, 2.41 and 2.49 mites per leaf,
respectively, statistically at par. The untreated control had
the highest mite population at 4.90 per leaf.

Effect of different botanicals and bio-pesticides on
the incidence of leaf curl disease in chilli

Efficacy of botanicals and bio-pesticides on the
incidence of leaf curl disease index in chilli at 7 days
after first, second, third, fourth, fifth and sixth spray
illustrated in Table 8.

7 DAS (First Spray)

All treatments significantly (P <0.05) outperformed
the untreated control. NSE 5% had the lowest Leaf Curl
Index (LCI) at 3.33%, followed by Neem oil 2% and
Azadirachtin 1500 ppm with 5.83% and 7.50% LClI,
respectively. Azadirachtin 300 ppm, M. anisopliae, V.
lecanii and B. bassiana showed equal effectiveness with
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Table 6 : Cumulative efficacy of botanicals and bio-pesticides on the population of thrips (Scirtothrips dorsalis) at 3, 7 and 10
DAS (Days After Spraying).
) Cumulative population of thrips/leaf
Tr. no. Treatment details
3DAS 7DAS 10 DAS Mean
T, |NSE5% 1.95(1.40) 1.66(1.28) 1.94(1.39) 1.85(1.36)
T, | Neemoil 2% 3.77(1.94) 3.51(1.87) 4.02(2.01) 3.77(1.94)
T, | Azadirachtin 300 ppm 2.63(1.62) 2.33(1.53) 2.56(1.60) 2.51(1.58)
T, | Azadirachtin 1500 ppm 2.85(1.69) 2.49(1.58) 3.20(1.77) 2.85(1.68)
T, | Beauveriabassiana 1x10° CFU/ml 3.01(1.73) 2.73(1.64) 2.95(1.72) 2.90(1.70)
T, | Metarhizium anisopliae 1x10°CFU/mlI 2.65(1.60) 2.31(1.52) 2.73(1.64) 2.56(1.59)
T, | Verticillium lecanii 1x10° CFU/mlI 3.14(1.75) 2.85(1.69) 3.32(1.82) 3.10(1.75)
T, | Untreated control 5.44(2.33) 5.49(2.32) 5.60(2.36) 5.51(2.34)
F “test’ Sig Sig Sig Sig
SE(m) £ 0.08 0.08 0.10 0.09
CDat 5% 0.25 0.24 0.29 0.26
CV% 7.97 819 9.26 8.47

(Figures in parentheses are square root transformed values) DAS — Days After Spraying.

Table 7 : Cumulative efficacy of botanicals and bio-pesticides on the population of mites (Polyphagotarsonemus latus) at 3, 7

and 10 DAS (Days After Spraying)

) Cumulative population of mites/leaf
Tr. no. Treatment details
3DAS 7DAS 10 DAS Mean

T, |NSE5% 1.35(1.16) 1.03(1.01) 1.35(1.15) 1.24(1.11)
T, | Neemoil 2% 1.81(1.34) 1.63(1.27) 1.91(1.38) 1.78(1.33)
T, | Azadirachtin 300 ppm 1.96(1.40) 1.77(1.33) 2.06(1.43) 1.93(1.39)
T, | Azadirachtin 1500 ppm 153(1.22) 1.32(1.15) 1.62(1.27) 1.49(1.21)
T, | Beauveriabassiana 1x10° CFU/mlI 2.33(1.52) 2.21(1.46) 2.49(1.57) 2.34(1.52)
T, | Metarhizium anisopliae 1x10°CFU/mlI 2.14(1.46) 2.01(1.41) 2.30(1.52) 2.15(1.46)
T, | Verticillium lecanii 1x10° CFU/mlI 2.27(1.50) 2.14(1.46) 2.41(1.55) 2.27(1.50)
T, | Untreated control 4.72(2.17) 491(2.21) 4.90(2.21) 4.84(2.20)

F “test’ Sig Sig Sig Sig

SE(m) £ 0.07 0.07 0.07 0.07

CDat 5% 0.22 0.20 0.20 021

CV% 8.48 814 7.65 8.09

(Figures in parentheses are square root transformed values) DAS — Days After Spraying.

10.00% LCI. Untreated control had the highest LCI at
15.00%.

7 DAS (Second Spray)

All treatments were significantly (P <0.05) superior
to the untreated control. NSE 5% demonstrated the
lowest LCI at 7.50%, followed by Neem oil 2% (10.83%),
with similar effects. Azadirachtin 1500 ppm, Azadirachtin
300 ppm and M. anisopliae showed statistically similar
effects. V. lecanii, B. bassiana and untreated control
had similar LCls at 17.50%, 20.00% and 22.50%,
respectively.

7 DAS (Third Spray)

All treatments significantly (P <0.05) surpassed the
untreated control. NSE 5% had the lowest LCI at 10.83%.
Neem oil 2%, Azadirachtin 1500 ppm, Azadirachtin 300
ppm, M. anisopliae and V. lecanii showed similar
effects. B. bassiana was next effective with 18.33% LCI.
Untreated control recorded the highest LCI at 34.17%.

7 DAS (Fourth Spray)

All treatments significantly (P <0.05) outperformed
the untreated control. NSE 5% was the most effective
with 15.83% LCI, followed by Neem oil 2% and
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Table 8 : Efficacy of botanicals and bio-pesticides on the incidence of leaf curl disease index in chilli at 7 days after first,

second, third, fourth, fifth and sixth spray.

Tr Leaf curl disease index score (%)
" | Treatment details
no. 7DAS 7DAS 7DAS 7DAS 7DAS 7DAS
(1st ) (2 nd) (3rd) (4th) (5th) (6th)

T, | NSE5% 3.33(10.37) 7.50(15.75) | 10.83(19.19) | 15.83(23.35) | 9.17(17.59) 6.67(14.90)

T, | Neemoil 2% 5.83(13.63) | 10.83(19.10) | 11.67(19.95) | 18.33(25.00) | 10.00(18.34) | 10.00(18.34)

T, | Azadirachtin 300 ppm 10.00(18.11) | 14.17(22.05) | 14.17(22.09) | 23.33(28.68) | 12.50(20.64) | 13.33(21.40)

T, | Azadirachtin 1500 ppm 7.50(15.32) | 1250(20.64) | 13.33(21.40) | 21.67(27.58) | 11.67(19.95) | 11.67(19.89)

T, | Beauveria bassiana 12.50(20.49) | 20.00(26.57) | 18.33(25.31) | 28.33(32.13) | 16.67(24.08) | 19.17(25.95)
1x10°CFU/mI

T, | Metarhizium anisopliae | 10.00(18.11) | 16.67(24.05) | 15.00(22.74) | 25.83(30.51) | 13.33(21.29) | 15.83(23.35)
1x10°CFU/m

T, | Verticillium lecanii 11.67(19.80) | 17.50(24.69) | 16.67(24.08) | 27.50(31.57) | 15.00(22.74) | 16.67(24.05)
1x10°CFU/mI

T, | Untreated control 15.00(22.63) | 22.50(28.29) | 34.17(35.54) | 33.33(35.25) | 29.17(32.52) | 28.33(31L.73)
F “test’ Sig Sig Sig Sig Sig Sig
SE(m) £ 0.86 117 191 174 135 181
CDat 5% 2.62 356 5.79 5.26 4.09 547
CV% 8.64 8.98 14.22 10.27 10.55 13.92

(Figures in parentheses are arc sine transformed values) DAS — Days After Spraying.

Azadirachtin 1500 ppm. Azadirachtin 300 ppm, M.
anisopliae, V. lecanii and B. bassiana showed
statistically equal effects. Untreated control had the
highest LCI at 33.33%.

7 DAS (Fifth Spray)

All treatments were significantly (P <0.05) superior
to the untreated control. NSE 5% had the lowest LCI at
9.17%, followed by Neem oil 2%, Azadirachtin 1500 ppm,
and Azadirachtin 300 ppm. V. lecanii and B. bassiana
had similar effects. Untreated control recorded the highest
LCl at 29.17%.

7 DAS (Sixth Spray)

All treatments were significantly (P <0.05) superior
to the untreated control. NSE 5% recorded the minimum
LCl at 6.67%, followed by Neem oil 2% and Azadirachtin
1500 ppm with equal effectiveness. Azadirachtin 300 ppm,
M. anisopliae, V. lecanii and B. bassiana showed
similar effects. Untreated control had the highest LCI at
28.33% due to thrips and mites.

Note: LCI represents Leaf Curl Index, and DAS
represents Days After Spraying.

Effects of Botanicals and Bio-pesticides on Green
Chilli yield
The data depicted in Fig. 1 are statistically significant

Yield Of Chilli (q/ha)
120 111.77

100
80 74.07
60 I
T T2

75.39 80.02
59.52

| | I I 29.09
T3 T4 T5 T6 7 T8

Fig. 1 : Effects of different botanicals and bio-pesticides on
the yield of green chilli.

65.47 g3.49

&
=)

N
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(P <0.05), revealing insights into the yield of green chilli.
The highest green chilli yield was observed in the Neem
oil 2% treatment, reaching 111.77 g/ha. Azadirachtin 1500
ppm, Azadirachtin 300 ppm, and NSE 5% treatments
followed closely, with yields of 80.02 g/ha, 75.39 g/ha,
and 74.07 g/ha, respectively. These three treatments
showed no significant difference in yield. M. anisopliae
and V. lecanii treatments demonstrated yields of 65.47
g/ha and 63.49 g/ha, respectively and were statistically
similar to each other. B. bassiana treatment resulted in
a yield of 59.52 g/ha. The untreated control exhibited the
lowest yield, recording only 29.09 g/ha and the highest
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Table 9 : Incremental Cost Benefit Ratio (ICBR) of different botanicals and bio-pesticides.

« ’gg incremental cost benefit ratio (ICBR) of
é ™ |3 N o ~ L 123 (1:8.00) was obtained in the treatment of
SE NSE 5% (Table 9) and observed as the
x < slgslzls |s | i economically most viable treatment. The
0L 3ls|l8lsld | |8 s 8 next treatment in order of incremental cost
=a R A A A A A A 28 benefit ratio were, application of
) S: Azadirachtin 1500 ppm (1:6.64), Neem oil
E =& o S ols |= o o 0 . . .
SET S < % S 25 % 3 s § 2/-0 (1:6.63) anq Azadirachtin 300 ppm
238 Eo SIS N N (%8 (1:6.57), respectively.
&35 . .
-5 o T Discussion
S @5~ N < < N T L L
g gg %o % S § g IS % S 123 _The extensive investigation into the
S5 >= 3 5B |8 |8 ol efficacy of different botanicals and bio-
= E @ pesticides in the cultivation of green chilli
= ?, . Ba 2 |3 |3 |2 @ 2 = — 8 has yielded significant findings that hold
E S SES g N § % S |8 |3 ' %g__? substantial implications for pest and disease
g o°o¥ S a management practices. The study
3 %_ addressed the impact of various treatments
2% 5 E S8y s Q X E > on aphids, whiteflies, thrips, mites, leaf curl
>Z NgR8|®s 8 8 |R|ega disease and overall green chilli yield. The
R collective results offer valuable insights into
N . n . -
) 3 g ls o S the potential of sustainable and eco-friendly
S o= — A . o = - -
B 8 P < é &S IS % ] % ; S alternatives, Igylng the grouqdwork for
@ = S & enhanced agricultural practices. Such
Sloo 2w = A effectiveness of botanicals like Neem oil 2%
L D 1) . .
£ § SE2S|1831818 1818 2 2 =2 and NSE 5% against aphids has been
SlegssgfI9I991§ |§ ¥ €8 i i i
£lS8dgsc s2 reported by earlier workers like Anitha and
G € § é Nandihali (2008), Sujay etal. (2010, 2011),
8l_& ® g Naik et al. (2012), Halder et al. (2016),
© o35 & 318182 3 I1s | |£a Boda et al. (2017), Kumar et al. (2017) and
38¢ S |8 |5 |~ & (S 8@  Dehariya et al. (2018) in minimizing the
£ § Z ~ Population of aphids thus supports the
s o lo lo lo o o i% £ present findings. These studies collectively
§g % 12812 IR |8 2 P § reinforce the reliability and consistency of
g o cgEeE & |& 5:= 8 Neem oil and NSE 5% in aphid control
N 8% across different regions and conditions.
. 20 . . .
8 g’ 2le2=22 |2 |2 . f = The treatments of bio-pesticides like V.
85 B I8|188 1Y ¥ ¥ = = § lecanii, M. anisopliae and botanical Neem
8 % oil 2% have also shown good performance
= 2 gg = in registering the minimum population of
g £ © |© |© |© |© |©o o | =3 whitefly onchilli leaves. Similar observations
@ = gg were reported by Sharma et al. (2015),
e g £ 83 Halder et al. (2016), Noonari et al. (2016),
Elgls |3 |z =& & Saini et al. (2016), Sarkar et al. (2016),
sglg 2 |§ | 5 o & Kumaretal. (2017), Naiketal. (2017) and
|19 |€_|S_|2_ |[E|U=E Sharma and Summarwar (2017). These
n e lE|le |2 E |EE € |8|7Q &= . . . .
= RIE|E|sS |25 |55 |a|8.2= studies collectively affirm the effectiveness
S —O%':LL.’;‘E EU_EWCC .. . . .
£ § S|IEISE|EO [EC O g E g S of V. lecanii, M. anisopliae and Neem oil
g w EIRIBRIZE|SS|EG |E|& 52 against whitefly, endorsing the current
D Z
= Q2 g g D X X | X < N2 ,
= Z |2 M= |24 (> D SE 2 study’s outcomes.
=8 - | | |~ © ~ o |8 g 2\ The similar kind of effectiveness of
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botanicals like NSE 5%, Azadirachtin 1500 ppm and bio-
pesticide M. anisopliae against thrips on chilli leaves
has been reported by earlier workers like Hadiya et al.
(2016), Noonari et al. (2016), Saini et al. (2016), Boda et
al. (2017), Kumar et al. (2017), Meena et al. (2017) and
Samota et al. (2017). These studies collectively reinforce
the efficacy of NSE 5%, Azadirachtin 1500 ppm and M.
anisopliae in controlling thrips populations on chilli plants.

The performance of botanicals like NSE 5%,
Azadirachtin 1500 ppm and Neem oil 2% against chilli
mites is authenticated with the reports of several workers
like Sujay et al. (2011, 2015), Chinniah et al. (2016),
Halder et al. (2016) and Kumar et al. (2017). These
findings consistently support the efficacy of these
botanicals in minimizing mite populations on chilli leaves,
highlighting their potential in integrated pest management
strategies.

Such effectiveness of botanicals like NSE 5%, Neem
oil 2% and Azadirachtin 1500 ppm in minimizing the
incidence of Leaf Curl Index (LCI) on chilli leaves has
been demonstrated by several workers like Pandey et
al. (2010), Mondal and Mondal (2012), Chakraborty and
Nath (2015), Chaubey et al. (2017), Zeeshan and Kudada
(2019). These studies collectively affirm the efficacy of
NSE 5%, Neem oil 2% and Azadirachtin 1500 ppm in
reducing leaf curl disease in chilli plants, supporting, and
confirming the present findings.

The consistent alignment of the current study’s results
with established research provides robust evidence
supporting the effectiveness of Neem oil 2%, NSE 5%,
Azadirachtin 1500 ppm, M. anisopliae and V. lecanii in
pest and disease management, yield as well as ICBR in
chilli cultivation. Meena et al. (2017) reported the
maximum yield of chilli in the treatment of Neem oil when
compared amongst different botanicals and bio-pesticides,
in close agreement with the present findings. Dehariya
et al. (2018) obtained the maximum vyield of brinjal by
using Neem oil 1% and Selvam (2018) recorded the
highest yield after the treatment of neem formulation
having 0.03% of Azadirachtin over untreated control,
further confirming the positive impact of Neem-based
formulations on crop yield. The effectiveness of
botanicals, including NSE 5%, Azadirachtin 1500 ppm,
Neem oil 2% and Azadirachtin 300 ppm, has been
consistently reported by various researchers. Sujay et
al. (2011) demonstrated comparable results in terms of
Incremental Cost Benefit Ratio (ICBR) in Neem oil-
treated plots in chili crops, aligning with our present
findings. In the evaluation of bio-efficacy against sucking
pests of brinjal, Karkar et al. (2014) identified NSKE
5% and Neem oil 0.03% as the treatments with the highest

ICBR, further supporting our current results. Hadiya et
al. (2016) explored bio-pesticides, including B. bassiana,
M. anisopliae and V. lecanii, against sucking pests of
chili. Their study revealed that M. anisopliae exhibited
the highest ICBR, followed by V. lecanii and B.
bassiana, endorsing our findings. Similarly, Dehariya et
al. (2018) achieved economically superior ICBR values
with Neem oil 1%, emphasizing its effectiveness against
sucking pests of brinjal at various intervals after spraying.
These results collectively strengthen and confirm our
present findings, highlighting the economic benefits
associated with the application of these botanicals and
bio-pesticides in pest management strategies.

In summary, the present study not only contributes
valuable insights into the efficacy of botanicals and bio-
pesticides in pest and disease management but also
reinforces their positive impact on chilli yield. These
findings can inform sustainable and environmentally
friendly practices for chilli cultivation, promoting reduced
reliance on synthetic chemicals and fostering the adoption
of integrated pest management strategies by farmers.

Conclusion

In conclusion, the findings collectively underscore the
significance of integrating botanicals and bio-pesticides
into pest and disease management strategies for green
chilli cultivation. The results not only contribute to the
existing body of knowledge but also provide practical
solutions for farmers seeking sustainable alternatives. The
demonstrated efficacy of Neem oil 2%, NSE 5%, V.
lecanii, M. anisopliae and Azadirachtin formulations
positions these treatments as viable options for
environmentally conscious and economically sustainable
agricultural practices. As the agricultural landscape
evolves, adopting such integrated pest management
approaches becomes crucial for ensuring food security,
environmental sustainability and the economic well-being
of farmers. The study’s findings hold practical implications
for farmers, offering actionable strategies for sustainable
chilli cultivation. emphasizing the role of bio-based
solutions, the study contributes to the broader goal of
sustainable agriculture. Continued research in this
direction can further refine and expand the repertoire of
effective botanicals and bio-pesticides. The overall study
emphasizes the significance of eco-friendly alternatives
in securing crop health, ensuring food security, and
promoting sustainable agricultural practices.
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