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Bengal gram (Cicer arietinum L.), a key Rabi pulse crop in India, ranks third globally in pulse production
after soybean (Glycine max L.) and pea (Pisum sativum). India is the leading producer, contributing the
majority share.During the year 2022—23, a study was carried out at the laboratory of AICRP on Nematodes
at the Directorate of Research, Kalyani and the Department of Entomology, Bidhan Chandra Krishi
Viswavidyalaya (BCKV), Mohanpur, Nadia, West Bengal, to evaluate the efficacy of different eco-friendly
management approaches against Callosobruchus chinensis L. in stored Bengal Gram. The assessment

ABSTRACT focused on parameters including the effect of seed protectants on the percentage of seed damage, on the
percentage of seed moisture content, on the percentage of seed germination, and on weight loss.Among
the treatments, neem oil @ 5 ml kg* seed was found significantly superior to the others, followed by mustard
oil @ 5 ml kg seed and citronella oil @ 5 ml kg seed, effective against pulse beetle. All the applied
treatments proved more effective than the untreated control.
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Introduction

Bengal gram (Cicer arietinum L.) is a vital legume
crop cultivated during the Rabi season in India. Globally,
it holds the third position among pulse crops in terms of
production, following soybean (Glycine max L.) and pea
(Pisum sativum). With an annual global output exceeding
11.5 million tonnes, India remains the largest producer,
accounting for the majority of this total production (Merga
and Haji, 2019).

India is the leading producer of chickpeas,
representing over 63% of the total global cultivation area
(Anonymous, 2007).Bengal gram was cultivated on 10.91
million hectares in India in 2021-2022, yielding 13.75
million tonnes of total production and a productivity rate
of 1260 kg/ha (Anonymous, 2022).West Bengal reported
a cultivation area of 36.10 thousand hectares, producing
47.42 thousand tonnes with a slightly higher productivity

of 1310 kg/ha. The districts of Murshidabad, Birbhum,
and Nadia are the primary contributors to Bengal gram
production within the state (Anonymous, 2019).

Pulse production in India is hindered by inadequate
storage facilities and high susceptibility of pulses to insect
pests due to their rich protein content. Around 200 insect
species are known to damage stored grains, with the
pulse beetle (Callosobruchus chinensis Linn.) being the
most destructive, particularly to chickpea, both in the field
and during storage (Other major pests include the Khapra
beetle (Trogoderma granarium Everts) and the Lesser
grain borer (Rhizopertha dominica Fab.) Rathore and
Sharma, 2002).

Several strategies have been explored for the
management of Callosobruchus chinensis, including the
deployment of larval parasitoids, thermal treatments, and
microwave irradiation. The efficacy of synthetic
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insecticides is limited due to the internal feeding behavior
of the pest and associated risks of chemical residues in
consumables. Although fumigation in hermetically sealed
storage is effective, its application is impractical at the
household level, where on-farm storage of pulses
predominates.

There is a need to explore alternative approaches
for controlling C. chinensis that are cost-effective,
environmentally friendly, safe for human health, and highly
effectivee (Regmi and Dhoj, 2011; Park et al., 2003; Islam
etal., 2013; Khanet al., 2013; Haile, 2015). The present
investigation was undertaken under controlled laboratory
conditions to assess the bioefficacy of eco-friendly seed
protectants against Callosobruchus chinensis (pulse
beetle) infesting Cicer arietinum L. (chickpea).

Materials and Methods

This experiment conducted in Completely
Randomized Design with twelve treatments and three
replications by using Bengal gram against pulse beetle
(Callosobruchus chinensis) during the year 2022-23 at
laboratory of AICRP on Nematodes at the Directorate
of Research, Kalyani and Department of Entomology,
Bidhan Chandra Krishi Viswavidyalaya (BCKV),
Mohanpur, Nadia, West Bengal under storage conditions.
Gunny bags of 1 kg capacity are used for pacing material.
The treatment details are as given below as T, Neem oil
@ 5 ml/ kg seed, T, Coconut oil @ 5 ml/ kg seed, T,
Castor oil @ 5 ml/ kg seed, T, Mustard oil @ 5 ml/ kg
seed, T, Citronella oil 5ml/ kg seed, T, Neem leaf powder
@ 5 g/kg seed, T, Karanj leaf powder @ 5 g/kg seed, T,
Black pepper powder @ 5 g/kg seed, T, Marigold leaf
powder@ 5 g/kg seed, T, Custard apple leaf powder @
5 g/kg seed, T,, Deltamethrin (2.8EC) 0.04ml/kg seed,
and T, untreated control etc.

Preparation of leaf and seed powder

Neem, custard apple and marigold leaves that had
been fully matured were plucked from the plant, washed,
and grind after drying in the shade. These ground leaves
were sieved through a 20-mesh filter to produce the fine
powder. The black pepper seeds were washed and
ground after being bought from local market. In order to
produce the fine powder, it was sieved using 20 mesh.

Collection of other materials

The local market was the source for other materials,
which included deltamethrin, neem oil, coconut oil, castor
oil, mustard oil and citronella oil.

Methodology

The experiment was carried out in three replications
with CRD. Bengal gram seeds of 500g for every

treatment and replication were mixed with seed
protectants. Three pairs of newly emerged pulse beetle,
C. chinensis were released in each gunnybag. The
mouths of the bags were tightened with the help of thread.
The bags were kept on wooden racks at storage conditions
in the laboratory. Percentage of seed moisture,
percentage of seed infestation, percentage of seed
germination, percentage of weight loss and meteorological
parameters were recorded after 3 and 6 months of
storage.

Method of observation

The necessary quantity of seeds was randomly
selected from the bag of each replication of each
treatment in order to record the experimental
observations.

Per cent seed damage

Using a magnifying lens (10x), 100 seeds were
carefully selected at random from every sample of every
replication to separate unhealthy and healthy seeds. They
were employed in the calculation of the damaged seed
percentage. The following formula was used to determine
the percentage of seed damaged described by Singh et
al. (2017a).

Total number of damaged seedsx

Seed damage (%) = 100

Total number of seeds
Percent seed weight loss

A random sample of one hundred seeds was collected
from each replication of a different treatment in order to
calculate the weight loss percentage. A 10x magnifying
lens was used to separate the damaged seeds. Singh et
al. (2017a) used the following calculation to determine
the percentage of weight loss.

Percent seed weight loss = x 100

Where,
I = Initial seeds weight, F = Final seeds weight
Seed germination

Per cent seed germination was computed by the prior
mentioned formula.

Seed moisture content

An electronic moisture meter was used to record
the moisture content of each replication of Bengal gram
seeds.

Statistical analysis

A completely randomized design (CRD) with three
replications under storage conditions was used for all of
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the experiments. After the required transformation,
statistical analysis was performed on the data obtained
from several experiments.

Results and Discussion

Effect of seed protectants on the percentage of seed
damage

The results obtained in respect to per cent seed
damage by pulse beetle (Table 1) after 3, 6 months of
storage after treatments under Neem oil,Coconut oil,
Castor oil, Mustard oil, Citronella oil, Neem leaf powder,
Karanj leaf powder, Black pepper powder, Marigold leaf
powder, Custard apple leaf powder, Deltamethrin (2.8EC)
(Check) etc. Grain damage and weight loss were lowest
among the seed protectants in the seed treatment with
Neem oil @ 5 ml kg seed (3.00 and 1.28%) followed by
Mustard oil @ 5 ml kg seed (4.33 and 2.22%), Citronella
oil @ 5 ml kg seed (4.67 and 2.87%), and Black pepper
powder @ 5 gkg* seed (48.00 and 10.43%). Maximum
grain damage and weight loss were found in Karanj leaf
powder @ 5 g kg* seed (89.00 and 27.83%) followed by
Neem leaf powder @ 5 g kg seed (81.00 and 24.02%),
as opposed to Deltamethrin 2.8 EC @ 0.04 ml kg* seed
(Check) with 0.33 and 0.17 per cent. The present results

were in concurrence with earlier workers of Sharma et
al. (2022) and Nishad et al. (2020) where they reported
neem oil as a superior protectant against pulse beetle up
to nine months. Similarly, Ramya et al. (2017) also found
that neem oil gave the best protection against the damage
amongst tested oils. These findings were also
corroborated by Phadtare et al. (2023), who reported
that neem oil +APSA80 was most effective in controlling
weight loss and seed damage caused by C. chinensis up
to 270 days of storage followed by neem oil sole. Kumari
et al. (2022) found neem oil and neem leaf powder were
most effective against pulse beetle on mung bean. Similar
studies against C. chinensis in pulse storage have also
been reported by Kumar et al. (2017), Khinchi et al.
(2017) and Reddy et al. (1999), Singh et al. (2017) and
Bajiya (2009), who reported that when seeds were treated
with neem kernel powder against C. chinensis, there
was a significant decrease in grain damage and weight
loss.

Effect of seed protectants on the percentage of seed
moisture content

The results showed that the most successful
preventive measure for maintaining low moisture content

Table 1 : Effect of seed protectants on percent weight loss by pulse beetle, C.chinensis in Bengal gram during 2022 and 2023.

Percent mean seed weight loss
Seed protectant Dose ATtor 3 —— ATor G rof
Treatments (Botanicall (Kg* ter 3 months of storage ter 6 months of storage
Insecticide) seeds) 2022 2023 Pooled 2022 2023 Pooled

mean mean

T, Neem oil 5ml 0.78(4.12) 1.09(5.96) 093 1.22(6.24) 1.33(6.48) 128
T, Coconut oil 5ml | 13.38(2144) | 13.76(21.77) 1357 | 18.78(25.68) | 18.93(25.79) 18.86
T, Castor oil 5ml | 963(18.00) | 10.20(18.61) 992 1463(22.43) | 15.74(23.34) 1519
T, Mustard oil 5ml 0.89(5.39) 1.11(5.98) 100 2.00(8.05) 2.44(8.98) 2.2
T, Citronella il 5ml 1.31(6.52) 207(812) 169 2.76(9.35) 2.98(9.77) 287
T, Neem leaf powder 59 | 16.93(24.27) | 18.11(25.11) 1752 | 2393(2912) | 24.11(29.25) 24.02
T, Karanjleafpowder | 59 | 21.60(27.68) | 22.87(2856) | 2223 | 27.69(31.73) | 27.98(31.92) 2783
T, Black pepper powder| 5g | 514(1291) | 5.81(13.56) 548 10.26(18.50) | 10.61(18.86) 1043
T, Marigold leaf powder| 5g | 16.78(24.13) | 16.98(24.32) 1688 | 21.33(2749) | 22.40(28.22) 2187
T, Custard apple leaf 59 | 17.39(2464) | 17.22(24.50) 1731 | 21.83(27.84) | 21.63(27.70) 2173

powder
T, Deltamethrin (2.8EC) [0.04ml| 0.07(0.85) 0.16(1.31) on 0.13(1.21) 0.20(1.48) 017
(Check)

T, Control - 26.29(30.84) | 26.60(3L.04) | 2644 | 34.49(3596) | 34.93(36.23) A7l
SEmz+ - 1.08 1.10 1.09 1.34 1.32 1.33
CDat5% - 3.16 321 3.19 3.92 3.84 3.88

*The figures given in parentheses are angular transformed values.
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during periods of storage was using environmentally
friendly seed protectants. After six months of storage,
the mean seed moisture content varied between12.08
and13.08 percent. In comparison to the untreated control
(13.08%), the treatment using neem oil and deltamethrin
2.8 EC (12.08%) had the lowest mean seed moisture
content, followed by mustard oil (12.25%) and the

Effect of seed protectants on percent weight loss by pulse beetle, C. chinensis in Bengal gram during 2022 and 2023

treatment with Karanj leaf powder (13.00%) had the
highest mean seed moisture content, followed by neem
leaf powder (12.92%) and custard apple leaf powder
(12.83%). The seed moisture content was influenced by
the type of seed protectant used and the duration of the
storage times. The results of Nishad (2020) are consistent
with our findings. He reported that the most effective
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Table 2 : Effect of seed protectants on percent seed damage by pulse beetle, C. chinensis in Bengal gram during 2022 and 2023.

Percent mean seed damage
Seed protectant | Dose After 3 months of storage After 6 months of storage
Treatments I(Esitg:‘éfgg) Sg:g:) 2022 2023 | Pooled | 2022 2023 Pooled

mean mean

T, Neem oil Eml | 000000) | 067270 | 038 | 267(927) | 333(1040) 300
T, Coconut oil 5ml | 3867(3843) | 36.00(36.87) | 3733 | 6L33(L56) | 6267 (52.35)| 6200
T, Castor oil Sml | 37.33(37.65) | 3467(36.06) | 3600 | 60.67(5L19) | 6200 (5L.98)| 6133
T, Mustard oil Sml | 067271) | 067270 | 067 | 400(1128) | 467(12.16) 433
T, Citronella oil Eml | 200813) | 2670027) | 23 | 467(1242) | 467(1242) 467
T, Neem leaf powder | 5g | 4867(4423) | 6000(50.78) | 5433 | 80.00(6351) | 82.00(6507) | 8LOO
T, Karanj leafpowder | 59 | 5867(5000) | 67.33(5516) | 6300 | 8867(7044) | 89.33(7L01) | 8900
T, | Black pepper powder| 5g | 2067(27.00) | 1667(2404) | 1867 | 4867(4423) | 47.334347) | 4800
T, |Marigold leafpowder| 5g | 56.00(4845) | 5400(47.31) | 5500 | 79.33(6304) | 80.00(6345) | 7967
T, Custardapple leaf | 5g | 56.00(4846) | 57.33(49.23) | 5667 | 80.00(6360) | 80.67(6409) | 8033

powder
T, Deltamethrin (2.8EC) | 0.04ml| 0.00(0.00) 0.00(0.00) 0.00 067(2.71) 0.00(0.00) 0.33
(Check)

T, Control | 7733(6L71)| 7800(6204) | 7767 | 9800(8344) | 9867(8458) | %33
SEm+ - 1.55 1.56 1.56 2.10 1.76 1.93

CD at5% - 4.51 4.57 4.54 6.12 5.14 5.63

*The figures given in parentheses are angu
Table 3 : Effect of seed protectants

lar transformed values.

on percent seed moisture of Bengal gram under storage condition during 2022 and 2023.

Percent mean seed moisture content
Seed protectant Dose ATtor 3 —— ATor G rof
Treatments (Botanicall (Kg* ter 3 months of storage ter 6 months of storage
Insecticide) seeds) 2022 2023 Pooled 2022 2023 Pooled

mean mean
T, Neem oil 5ml | 12.00(20.27) | 12.00(20.27) 1200 | 12.00(20.27) | 12.17(2041) 1208
T, Coconut oil 5ml | 12.67(20.85) | 12.17(20.41) 1242 | 12.67(20.85) | 12.33(20.56) 1250
T, Castor oil 5ml | 1250(20.70) | 12.67(20.85) 1258 | 12.67(20.85) | 12.67(20.85) 1267
T, Mustard oil 5ml | 12.17(2041) | 12.17(20.41) 1217 | 12.33(2056) | 12.17(2041) 1225
T, Citronella oil 5ml | 12.17(2041) | 12.17(20.41) 1217 | 12.33(2056) | 12.17(2041) 1225
T, Neem leaf powder 59 | 12.83(20.99) | 12.83(20.99) 1283 | 12.83(20.99) | 13.00(21.13) 1292
T, Karanj leaf powder 59 | 12.83(20.99) | 13.00(21.13) 1292 | 13.00(21.13) | 13.00(21.13) 13.00
T, Black pepper powder| 5¢ | 12.17(20.41) | 12.17(2041) 1217 | 12.33(2056) | 12.17(2041) 1225
T, Marigold leaf powder| 5g | 12.50(20.70) | 12.67(20.85) 1258 | 12.67(20.85) | 12.83(20.99) 1275
T, Custard apple leaf 59 | 12.67(20.85) | 12.83(20.99) 1275 | 12.67(2085) | 13.00(21.13) 1283

powder
T, Deltamethrin (28EC) |0.04ml| 12.00(20.27) | 12.00(20.27) 1200 | 12.00(20.27) | 12.17(2041) 1208
(Check)
T, Control 12.83(20.99) | 13.00(21.13) 1292 | 13.00(21.13) | 13.17(21.28) 1308
SEm+ 0.14 0.14 0.14 0.12 0.13 0.13
CD at 5% 0.340 0.40 0.40 0.34 0.37 0.36

*The figures given in parentheses are angular transformed value.
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seed protectant was Neem oil, followed by Mustard oil.
Neem oil had a high germination percentage and could
maintain the IMSCS level for up to six months of chickpea
storage, while also increasing seed moisture as the storage
period increased. Majhi (2023) also reported similar
findings during storage periods, Ubairah et al. (2014)
observed an increase in the moisture percentage of
chickpea seed. Seed moisture content and appropriate
storage may have an impact on grain quality according

to Tabatabaei (2013) and Azadi and Younesi (2013). The
impact of moisture on chickpea seed quality during storage
was examined by Basavegowda and Hosamani in 2013.
More or less similar work has also been reported by Pal
and Katiyar (2013) and Nishad et al. (2017). A
considerable difference in seed moisture content per cent
was found among seed protectants.
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Table 4 : Effect of seed protectants on percent seed germination of Bengal gram under storage condition during 2022 and 2023.

Percent mean seed germination
Seed protectant Dose
Treatments (Botanical/ (Kg* After 3 months of storage After 6 months of storage
Insecticide) seeds) 2022 2023 Pooled 2022 2023 Pooled

mean mean

T, Neem ol 5ml | 9444(7652) | 93.33(75.36) | 9389 | 90.00(71.73) | 87.78(69.58) 8389

T, Coconut oil 5ml | 31.11(3390) | 26.67(3L.06) | 2889 | 11.11(19.27) | 6.67(14.96) 889

T, Castor oil 5ml | 3222(3454) | 27.78(3L.80) | 3000 | 12.22(2042) | 7.78(16.12) 1000

T, Mustard oil 5ml | 93.33(75.36) | 92.22(75.04) | 9278 | 88.89(7057) | 84.44(66.80) 86.67

T, Citronella il 5ml | 87.78(69.58) | 87.78(69.58) | 87.78 | 83.33(65.97) | 80.00(6349) 8167

T, Neem leaf powder 59 | 23.33(2885) | 23.33(2885) | 2333 4.44(12.00) 3.33(849) 389

T, Karanjleafpowder | 59 | 17.78(24.80) | 18.89(25.69) | 1833 111(352) 111(351) i

T, Blackpepper powder | 5g | 58.89(50.22) | 56.67(4884) | 57.78 | 27.78(3L.77) | 30.00(33.19) 2889

T, Marigold leaf powder| 5g | 22.22(28.07) | 20.00(2651) | 2111 556(13.48) 3.33(849) 444

T, Custard appleleaf | 5g | 21.11(27.25) | 18.89(25.74) | 20.00 2.22(7.01) 1.11(352) 167

powder
T, Deltamethrin (2.8EC) | 0.04ml| 96.67(79.48) | 9556(7800) | 9611 | 94.44(7652) | 94.44(76.84) 9444
(Check)
T, Control - 222 222 222 0.00 0.00 0.00
(7.01) (7.01) (0.00 (0.00
SEmt - 2.10 1.64 1.87 2.14 2.54 2.34
CDat5% - 6.14 4.78 5.46 6.24 7.41 6.83
*The figures given in parentheses are angular transformed values
Effect of seed protectants on the percentage of seed Conclusion

germination

Up to six months of storage, all of the seed protectants
performed noticeably better in germination than the
control. As the storage period increased, the germination
level decreased in all treatments. At 6 months of storage,
the mean highest seed germination was observed in Neem
oil (88.89%) followed by Mustard oil (86.67%), Citronella
oil (81.67%) and Black pepper powder (28.89%),
whereas lowest germination was found in Karanj leaf
powder (1.11%) followed by Custard apple leaf powder
(1.67%) and Neem leaf powder (3.89%) as compared
to Deltamethrin 2.8 EC (Check) with 94.44%. Neem oil
was shown to be superior among all seed protectant
treatments. The current results are in analogous with
findings of Nishad et al. (2020) and Ramya et al. (2017).
Similarly, Phadtare et al. (2023) reported that the seeds
treated with neem oil+ APSA 80 maintained seed
germination percent above IMSC standard level up to 9
months storage followed by seed treatment with neem
oil. Majhi (2023), Raghvani and Kapadia (2003), Lal and
Raj (2012), Singh et al. (2014) in pigeon pea and Babu et
al. (2008) in soyabean corroborated these findings.

Among eco-friendly seed protectants, neem oil and
mustard oil at 5 ml/kg seed can be effectively used against
Callosobruchus chinensis for long-term storage (up to
6 months). These plant-based protectants not only help
maintain seed germination above IMSCS standards with
minimal insect damage and weight loss, but also offer a
sustainable, eco-friendly, and safer option for humans and
the environment—ensuring effective management of
pulse beetles (bruchids) in chickpea.
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