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To assess the bioefficacy of plant oils against pulse beetle, Callosobruchus maculatus (F.) in green gram through wooden cube impregnation.

Bioefficacy of plant oils viz; clove, sweet flag, eucalyptus, orange, 
cedar wood and neem at two doses, i.e., 0.5 ml and 1.0 ml dispensed through a 
small wooden cube was assessed against the pulse beetle in green gram. The oils 
except neem are essential oils. A wooden cube impregnated with plant oil was 
placed over the grain surface and ten pairs of adult insects were released into each 
treatment. Data on oviposition, adult emergence and grain damage was recorded 
in each treatment. Insect mortality due to fumigant effect of plant oil at 0.5 ml per 
cube was also observed.

There was no oviposition by pulse beetles in clove, sweet flag, and 
eucalyptus oil treatments at 0.5 ml against the untreated control which recorded 14 
eggs/100 grains.  Consequently, no population buildup was observed in clove, 
sweet flag, eucalyptus and orange oil treatments after 120 days. A total of 2313.33 
adults emerged from the untreated green gram inflicting 46.67 percent grain 
damage. In fumigant toxicity test, hundred per cent mortality of pulse beetle adults 
was observed with orange oil in 48 hr of treatment and with eucalyptus oil in 72 hr at 
0.5 ml. The results indicated that the plant oils showed strong oviposition 
deterrence as well as insecticidal activity against the pulse beetle. Thus, 
application of essential oils through a wooden cube was found highly effective to 
keep away the pulse beetles.

Essential oils of clove, sweet flag, eucalyptus and orange when 
applied through wooden cube impregnation at a dose as low as 0.5 ml showed 
strong oviposition deterrence and insecticidal activity against pulse beetle. The 
insecticidal activity of oils can be attributed to the fumigant action and can be used 
effectively to prevent pulse beetle infestation in grain legumes.
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The plant oils showed strong oviposition deterrence as well as insecticidal activity against
the pulse beetle. The insecticidal activity of the oils is attributed to fumigant action.

Application of the essential oils of clove, sweet flag, eucalyptus and orange through
wooden cube impregnation was highly effective against pulse beetle in green gram
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µl in 24 hr after treatment. Likewise, Ranjeet et al. (2020) 
assessed the insecticidal activity of four essential oils and their 
combinations under laboratory conditions against Sitophilus 
oryzae (L.) and Rhyzopertha dominica (F.) in wheat, wherein the 
adults were exposed to oils soaked on blank mat. Aziz and 
Shadia, (2001) used foam sprayed with clove oil to place between 
grain bags and reported highest mortality of C. maculatus, while 
Abhijith et al. (2019) suggested the potential of sweet flag 
formulation for surface treatment of different package materials 
against storage insects. A plywood piece impregnated with clove 
oil placed on grain surface could offer better protection of green 
gram from pulse beetles for more than 120 days (Swamy and 
Sandeep, 2018). Thus, application technique of botanicals is 
crucial as it should keep the target insect under control with 
maximum efficiency and minimum effort as well as minimum 
contamination. With this in view, an experiment was conducted to 
investigate the efficacy of plant oils dispensed through wooden 
cube against pulse beetle in green gram.

Materials and Methods

Bioefficacy of plant oils at two different doses was 
assessed against pulse beetle C. maculatus in green gram during 
2018-19 and 2019-20 at Post Harvest Technology Centre, 
Bapatla, Guntur District, Andhra Pradesh. The test insects 
required for the experiments were cultured on fresh produce of 
green gram introducing few pairs of pulse beetles collected from 
the local store house and maintained at ambient laboratory 
conditions. Disinfested green gram var LGG 460 was used as 
host grain for culturing the test insect. Plant oils of clove 
(Syzygium aromaticum), sweet flag (Acorus calamus), 
eucalyptus (Eucalyptus globulus), orange (Citrus sinensis), cedar 
wood (Juniperus virginiana) and neem (Azadirachta indica) were 
purchased from M/s Deve Herbes, New Delhi. Except for neem oil, 
all others are essential oils. Freshly harvested green gram was sun 
dried for 3-5 days to remove field carryover and to bring down the 
moisture content to safer level. For each treatment, green gram 
(250 g) seeds were taken in plastic jars of 500 ml capacity.

A wooden plank of plywood material was cut into cubes of 
one inch size. Each wooden cube was impregnated with plant oil 
(1 ml or 0.5 ml) treatment wise and placed over the grain surface. 
Required quantity of plant oil was taken using a micropipette and 
slowly poured on the wooden cube. After complete absorption of 
oil by the wooden cube, it was placed on the grain surface. Later, 
ten pairs of adult insects were released into each treatment and 
secured with lid. An untreated control was also maintained for 
comparison. The experiment was replicated thrice in a completely 
randomized design. Data on oviposition at 10 days after release 
of insects was recorded in each treatment and the adult 
emergence was recorded at 40 days interval. After 120 days of 
insect release, total population build up was worked out and grain 
damage (%) was also recorded. In another experiment, insect 
mortality due to fumigant effect was recorded. For this, a double 
chambered container was fabricated using two polypropylene 
containers (70 ml) by making perforations in the partition (i.e., 

Introduction

Development of insecticide resistance in insects and 
hazardous residues in food and environment limit the use of 
chemical insecticides as well as fumigants in storage insect pest 
management. Hence, the search for natural pesticides that are 
readily available, environment friendly, safe to other non-target 
organisms with no adverse effect on the organoleptic and market 
quality of stored grains becomes inevitable. As plant products in 
general are readily biodegradable, less toxic to mammals and can 
be produced easily and cheaply by farmers and small-scale 
industries as crude, partially purified or purified extracts (Abdullah 
et al., 2017), they can be exploited for preserving stored grain. 
The insecticidal potential of certain plant powders, extracts and 
essential oils such as pepper, clove and sweet flag etc, has been 
established against different stored grain insect pests (Scott et al., 
2008; Swamy et al., 2015; Sarada et al., 2018; Parmar et al., 
2018; Swamy and Wesley, 2019; Sreedhar et al., 2020).

Because of the bioactivities like contact toxicity, fumigant, 
repellent, anti-feedant, oviposition inhibition and insect growth 
inhibition etc. (Perez et al., 2010; Stefanazzi et al., 2011; Ravi et 
al., 2019), plant products/ essential oils have been suggested as 
alternatives to control stored grain insects, particularly for small-
scale treatments in confined environments (Rajendran and 
Sriranjini, 2008). Yet, bioactivities of these botanicals are dose 
dependent and thorough mixing of entire quantity of grains is 
difficult, often the plant powders settle down through inter-grain 
spaces (Swamy and Sandeep, 2018). Hence, an appropriate 
method of application of botanicals which can reduce the need of 
mixing with whole grains under storage, can provide better control 
of target insects may be highly useful. Certain volatile essential 
oils that are widely used in the perfumery, cosmetic, 
pharmaceutical and food industries have shown promising 
results in the agricultural sector also. Pulse beetles, 
Callosobruchus chinensis (L.) and Callosobruchus maculatus (F.) 
with worldwide distribution pose major threat for storage of grain 
legumes as they cause enormous losses to almost all kinds of 
pulses like chickpea, lentil, black gram, cowpea, pigeon pea, 
mung bean, grass pea, garden pea, etc. both in terms of quantity 
and quality (Sharma, 1984; Shankar and Abrol, 2012). 
Development of resistance to commonly used insecticides has 
already been reported in these insects (Sarada et al., 2021).

Different methods of application of plant oils for grain 
protection from insect pests have been attempted earlier. Kumar 
et al. (2018) evaluated plant essential oils against C. chinensis by 

-1thoroughly mixing them with pea seeds at 2.5 ml kg . Similarly, 
Preetipuja et al. (2021) evaluated certain oils against C. chinensis 
on stored Flemingia macrophylla seeds by direct mixing at doses 

-1ranging from 2.5 to 20 ml kg  seeds and found 100% mortality 
with citronella oil at 72 hr at all doses tested. Recently, 
Nagalakshmi et al. (2020) reported 96.67% mortality of C. 
chinensis adults with the seed oil of Givotia moluccana when 

-1 directly applied to mung bean grains @ 40 μl 5 g and 30% 
mortality when impregnated on filter paper (9 cm diameter) @ 40 
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resulted in 11.67% grain damage whereas neem oil treatment 
recorded the total emergence of 1436.33 adults with 37.67 grain 
damage after 120 days of storage. The findings are in conformity 
with the works of earlier researchers (Aziz and Shadia, 2001; 
Park et al., 2003; Yusuf et al., 2011; Kafle and Shih, 2013; Kamal 
et al., 2019). Plant essential oils contain a group of active 
ingredients of diverse chemical nature and different modes of 
action. Strong odour of the esential oils exert oviposition 
deterrence, while some of the active principles present in 
essential oils also interfere with embyonic development resulting 
in ovicidal effects. In addition, plant essential oils are known to 
posess strong fumigant effect which can bring about mortality of 
different insect stages. Upadhyay et al. (2007) observed 
oviposition inhibition, repellent activity and insecticidal effects 
against C. chinensis with various plant essential oils. Sreedhar et 
al., (2020) assessed the efficacy of botanicals against groundnut 
bruchid based on mortality, number of eggs and pupae, adult 
emergence, weight loss and damage percent. The oviposition 
inhibition and adult emergence reduction of pulse beetle were 
maximum with citronella oil followed by lemongrass oil and 
patchouli oil in stored Flemingia macrophylla seeds (Preetipuja et 
al., 2021).

Pulse beetle adults responded variedly to the head space 
volatiles of black gram grain treated with botanicals under free 
choice condition, wherein clove, sweet flag and tobacco powders 
showed strong repellence (Swamy and Wesley, 2017). Similarly, 
Kumar et al. (2018) observed inhibition of oviposition and progeny 
development of pulse beetle in pea seeds treated with essential 

-1oils of eucalyptus and sweet flag at 2.5 ml kg  without any ill 
effects on germination and vigour up to 8 months. As in this case, 
inhibitory effects on oviposition and population development of 
pulse beetle were also recorded with mixing of clove powder (3 g 

-1 -1kg ) and sweet flag rhizome powder (10 g kg ) in green gram 
(Lalsingh et al., 2019). Fumigant toxicity of essential oils against 
pulse beetle adults was tested at 0.5 ml applied through wooden 
cube impregnation and 100 per cent mortality was noticed with 

bottom of the upper container) to allow fumes of oil into the other 
chamber where insects (20 no.s) were released. Wooden cube 
impregnated with plant oil was kept in the lower chamber, while 
insects were released in to the upper chamber and closed with a 
lid. Data on insect mortality was recorded daily for three days and 
percent mortality was calculated. Data obtained were subjected 
to ANOVA after transforming the values suitably and the means 
were tested for significance.

Results and Discussion

The perusal of data revealed significant differences among 
the treatments of plant oils when impregnated on wooden cube at 1 
ml dose in terms of oviposition by pulse beetle adults, subsequent 
population build up and grain damage. At 10 days after release of 
insects, no egg was observed in clove, sweet flag, eucalyptus and 
orange oil treatments, while there were 19 eggs per 100 grains in 
untreated green gram (Table 1). Though significantly less compared 
to the untreated control, cedar wood oil and neem oil treatments 
recorded 4.33 eggs per 100 grains. There was no population 
buildup and grain damage in clove, sweet flag, eucalyptus and 
orange oil treatments even after 120 days, while a mean total 
number of 2060 adults emerged from the untreated grain causing 
40.33 percent damage. Application of cedar wood oil and neem oil 
were at par with each other in the total adult emergence (1826.67 
and 1774.0 no.s, respectively) and grain damage (27.0 and 
31.67%, respectively) after 120 days. Similar results were obtained 
even at half dose, i.e., 0.5 ml per wooden cube. There was no 
oviposition in clove, sweet flag, and eucalyptus oil treatments 
against the untreated control which recorded 14 eggs per 100 
grains (Table 2).

As in the earlier case, there was no population buildup in 
clove, sweet flag, eucalyptus and orange oil treatments after 120 
days. A mean total of 2313.33 adults emerged from the untreated 
green gram inflicting grain damage of 46.67 percent. Cedar wood 
oil treatment recorded the total emergence of 163.67 adults that 

Table 1: Oviposition, adult emergence and grain damage of pulse beetle, C. maculatus after exposure to plant oil impregnated wooden cube

Essential oil No. of eggs per           Adult emergence Grain damage
100 grains           (number) (%)*

At 10 DAR At 40 DAR At 80 DAR At 120 DAR Total At 120 DAR

a aClove oil 1.33 (1.29) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0(0.28)
ab a a a a aSweet flag oil 1.33 (1.35) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.28)

a a a a a aEucalyptus oil 1.0 (1.18) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.28)
a a a a a aOrange oil 1.0 (1.18) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.28)

bc b b b b bCedar wood oil 4.33 (2.12) 36.0 (6.02) 922.0 (30.35) 868.67 (29.45) 1826.67 (42.74) 27.0 (31.27)
c c c b b bNeem oil 4.33 (2.20) 114.0 (10.69) 1300.33 (36.03) 359.67 (18.77) 1774.0 (42.07) 31.67 (34.22)
d d c c c cUntreated Control 19.0 (4.39) 252.33 (15.87) 1388.67 (37.24) 419.0 (20.46) 2060.0 (45.36) 40.33 (39.33)

Sem± 0.26 0.29 0.68 0.85 0.75 1.52
CD (p=0.05) 0.79 0.88 2.07 2.58 2.27 4.60

The values in parentheses are square root and *angular transformed values; DAR: Days after release of insects;  In each column values with similar 
alphabet do not vary significantly at p=0.05

a a a a
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orange oil within 48 hr of treatment followed by eucalyptus oil in 72 
hr of treatment (Fig. 1). Likewise, Aziz and Shadia (2001) reported 
highest mortality of C. maculatus when foam sprayed with clove 
oil was placed between the grain sacks. Abdullah et al. (2017) 
observed highest mortalities (98.3% at 24 hr and 100.0% at 48 hr) 
of cowpea beetle with clove oil at 0.25% concentration. Similarly, 
no infestation of S. oryzae was observed in stored wheat on 
applying of clove and sweet flag oils (Sharma and 
Meshram, 2006). However, essential oils vary in their toxicity, 
depending on the target insect and its stage as well as method of 
application (Isabel et al., 2020). The essential oils of Murraya 
koenigii, Citrus reticulata, Curcuma longa and Callistemon 
citrinus, either alone at 0.2% or their two component 
combinations at 0.1% each were highly effective against S. 
oryzae and R. dominica (Ranjeet et al., 2020).

500 ppm 

Bioactive constituents such as thymol, carvacrol, citral 
and carvone present in plant essential oils had shown the highest 
toxicity to Greater wax moth larvae; while thymol had the highest 
toxicity to wax moth adults (Mubasshir et al., 2021). The effects of 
essential oils of citrus and clove have been reported in terms of 
feeding and breeding suppression of S. oryzae, R. dominica and 
Tribolium castaneum in stored wheat (Ranjeet et al., 2019). Kim 
et al., (2003) attributed the insecticidal activity of oils to fumigant 
action as they were much more effective in closed containers than 
in open ones. Further, they emphasized the need of developing a 
carrier that produces a slow-released effect of fumigant action of 
essential oils for managing coleopterous insects in enclosed 
spaces such as storage bins or buildings. On the other hand, 
Vaishali et al. (2019) studied the toxic effects of eucalyptus oil, 
alone and in combination with phosphine gas against pulse 

Table 2: Oviposition, adult emergence and grain damage of pulse beetle, C. maculatus after exposure to plant oil (0.5 ml) impregnated wooden cube

Essential oil No. of eggs per           Adult emergence Grain damage
100 grains           (number) (%)*

At 10 DAR At 40 DAR At 80 DAR At 120 DAR Total At 120 DAR

a a aClove oil 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.28)
a a a a a aSweet flag oil 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.28)
a a a a a aEucalyptus oil 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.28)

a a a a a aOrange oil 0.33 (0.88) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.70) 0.0 (0.28)
b b b b b bCedar wood oil 1.67 (1.44) 9.67 (3.16) 52.33 (7.26) 101.67 (10.08) 163.67 (12.79) 11.67 (19.95)

c c c c c cNeem oil 12.67 (3.62) 117.33 (10.82) 623.67 (24.85) 695.33 (26.12) 1436.33 (37.66) 37.67 (37.83)
c d d d d dUntreated Control 14.0 (3.80) 227.33 (14.99) 943.67 (30.63) 1142.33 (33.51) 2313.33 (47.95) 46.67 (43.09)

Sem± 0.14 0.515 0.934 1.539 1.54 0.82
CD (p=0.05) 0.40 1.56 2.83 4.67 4.67 2.46

The values in parentheses are square root and *angular transformed values; DAR: Days after release of insects; In each column values with similar 
alphabet do not vary significantly at p=0.05

a a a
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Fig. 1: Insect mortality of pulse beetle, C. maculatus after exposure to plant oil (0.5 ml) impregnated wooden cube.
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beetle, and observed that per cent mortality increased with 
increase in concentration of volatile oil and exposure period. 
Thus, as revealed in the present study, plant essential oils can be 
applied for preserving grains against insect pests and wooden 
cubes can be used as carrier material for essential oils. Huang et 
al. (2020) screened 12 essential oils and their synergistic 
combinations against German cockroaches and observed a 
remarkable synergistic effect with combination of Ilex chinensis 
oil and Elsholtzia ciliata oil. They further suggested that prolonged 
repellent activity can be achieved through preparation of 
essential oil formulations in combination with a sustained release 
agent. Similarly, Ali et al. (2020) observed significantly enhanced 
repellent and ovicidal effects on C. maculatus with nano-
formulations of Tasmanian blue gum essential oil in which 
eucalyptol is the main constituent. Due to excessive use of 
synthetic pesticides, resurgence and development of resistance 
in insects have become regular phenomenon throughout the 
world. Plant essential oils with strong repellence and contact 
toxicity would be potential alternatives to chemical insecticides (Li 
and Tian, 2020) and suitable in sustainable integrated 
management of stored grain pests.

The results indicated strong oviposition deterrence as 
well as insecticidal activity of plant oils against pulse beetle. 
Therefore, application of essential oils of clove, sweet flag, 
eucalyptus and orange through wooden cube impregnation was 
found highly effective to keep away the pulse beetles even at lower 
doses. Small quantities of pulses can be stored safely for the 
domestic purposes with minimum expenditure and without having 
direct contact with the grains. However, thorough investigations are 
needed to establish their exact mode of action on insects and to 
know sorption effects on food materials so as to explore the means 
of their utilization in stored grain pest management.
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