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Introduction

Wheat (Triticum aestivum L.) is a major cereal 
crop and an important constituent of human 

diet all over the world. In Pakistan, it is the main 
staple grain crop being cultivated by 80% farmers. It 
contributes about 1.7 and 8.7% to GDP and value-
added in agriculture, respectively. The area under 
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wheat cultivation in Pakistan was 8,825 thousand 
hectares and its production increased by 2.5% to 
24.95 million tonnes over the last year production 
(GOP, 2019).
 
Nevertheless, per unit area wheat production in 
Pakistan is much less than other top wheat producing 
countries (Khaliq et al., 2019). One of the reasons for 
this low production is the incidence of many insect 
pests and diseases which not only cause considerable 
damage to wheat crop in the field but also pose 
substantial qualitative and quantitative losses to 
wheat grains during storage. Most destructive insect 
pests of wheat and other cereal grains are Sitotroga 
cerealella, Tribolium castaneum, Tribolium confusum, 
Sitophilus oryzae, Ryzopertha dominica and Trogoderma 
granarium accounting for 10–40% post-harvest losses 
in Pakistan (Ahmad et al., 1992; Ashfaq et al., 2001; 
Ahmedani et al., 2011; Manzoor et al., 2020). 

Khapra beetle (T. granarium) is one the most 
destructive stored grain and quarantine pests in 
tropical and subtropical regions of the world including 
Pakistan (Ahmedani et al., 2007a; Day and White, 
2016; Athanassiou et al., 2019). Larvae of this beetle 
cause heavy losses to wheat and other stored grains 
ranging from reduction in nutritional value and weight 
to rendering produce unfit for human consumption 
(Ahmedani et al., 2007a; Honey et al., 2017). Farmers 
and state storage facilities in Pakistan region rely 
exclusively on the use of different synthetic chemicals 
such as permethrin, deltamethrin, spinosad, indoxacarb 
and fumigants such as aluminum phosphide, sulphonyl 
fluoride and methyl bromide for the control of T. 
granarium and other stored grain insect pest infestations 
(Khan, 2020; Wakil et al., 2021).

Synthetic chemicals are used for the management of 
different insect pests. These pesticides are still used in 
developing countries for the control of stored grain 
insect pests (Koureas et al., 2012; Wasala et al., 2016). 
Extensive use of synthetic insecticides such as of methyl 
bromide and phosphine has resulted in development 
of resistance in stored grain insect pests (Benhalima 
et al., 2004; Pimental et al., 2007). Indiscriminate and 
wide use of these synthetic grain protectants have 
also resulted in several residual effects and ecological 
consequences such as development of insect pest 
resistance, pest resurgence and human health hazards 
(Satya et al., 2016). For instance, populations of T. 
granarium have been reported from all over the world 

to develop resistance against phosphine and other 
extensively used grain protectants (Ahmedani et al., 
2007b; Honey et al., 2017; Riaz et al., 2018; Yadav et 
al., 2020; Wakil et al., 2021).
 
Aforementioned residual effects and problems 
manifested by the extensive use chemical grain 
protectants necessitate searching for biorational and 
safe alternatives for stored grain pest management 
such as phytoextracts and entomopathogenic 
formulations. In this context, this study was aimed 
to assess the comparative toxicity of acetonic extracts 
of some selected local plants and two promising 
microbial insecticides against 5th instar larvae of T. 
granarium under laboratory conditions.

Materials and Methods

Bioassays regarding the comparative evaluation of 
biorational insecticides comprising of four local 
plant extracts and commercial formulations of 
entomopathogenic bacterium and fungus against 
T. granarium, were conducted in Laboratory of the 
Department of Entomology, College of Agriculture, 
University of Sargodha (Punjab, Pakistan). 

Collection and rearing of T. granarium 
Mixed population of T. granarium adults and larvae 
was collected from grain market godowns of district 
Sargodha (Punjab, Pakistan) and this culture was 
taken in the laboratory for rearing in 1.0 L glass jars 
(11 × 5 cm) containing 500 g sterilized wheat grains 
and covered with fine muslin cloth. Culture was reared 
for at least 3rd generation at 30 ± 2°C temperature and 
65 ± 5% relative humidity. The newly emerged adults 
were shifted into other jars to get a homogeneous 
population.

Collection and preparation of plant extracts
Leaves of three local plant species namely datura 
(Datura stramonium L., Solanaceae), black night 
shade (Solanum nigrum L., Solanaceae) and neem 
(Azadirachta indica A. Juss., Meliaceae) and peels of 
fresh fruits of sweet orange (Citrus reticulata L. cv. 
Feutrill’s early; Rutaceae) were collected and shade-
dried for three days at room temperature (28°C), and 
then were grinded to make fine powder using heavy 
duty electric grinder. Botanical extractions were done 
using Soxhlet apparatus (DH.WHM-12393, Daihan 
Scientific, South Korea) using an already described 
protocol (Majeed et al., 2020). In brief, apparatus 



Biorational control of Khapra Beetle Trogoderma granarium

March 2022 | Volume 35 | Issue 1 | Page 156	

thimble was filled with about 50 g of powdered 
plant material and was extracted using 500 mL of 
pure acetone. Crude extracts were further purified 
using rotatory vacuum evaporator (Daihan Scientific 
Co., Ltd., South Korea) maintained at 60 °C. Final 
botanical extracts were stored in dark glass hermetic 
vials in refrigerator at 4 °C until their utilization in 
downstream experiments.

Toxicity bioassays with botanical extracts
Standard filter paper-dip method was used for assessing 
the toxicity of three different concentrations (i.e., 5, 10 
and 15%) of botanical extracts against T. granarium 5th 
instar larvae (Hanif et al., 2015). Whatman No.1 filter 
paper discs (90 mm dia) were dipped in each botanical 
concentration for 10 s and were air-dried for 5 min 
and placed in sterilized glass Petri-plates (90 mm 
dia). In control treatments, pure acetone alone was 
used. Ten 5th instar T. granarium larvae were released 
in each Petri-plate with fine tipped camel hair brush, 
and plates were covered with lid to prevent the escape 
of insects. All Petri-plates were placed in an incubator 
at 30±2ºC temperature and 65±5% relative humidity. 
Experimental design was completely randomized 
with five replications per treatment. Larval mortality 
data were calculated 24, 48 and 72 h post-exposure. 
Percent corrected mortality was calculated using 
Abbott formula (Abbott, 1925) as follows;

 

Where; Mt is the number of dead insects in the 
treatments and Mc is the number of dead insects in 
the control.

Repellency bioassay with botanical extracts
Repellency potential of botanical extracts was 
determined using standard filter paper-disc method 
(Khan et al., 2019). In this experiment, Whatman 
No. 1 filter paper discs (90 mm dia) were cut into 
two halves. Half disc was treated with different 
concertations (5, 10 and 15%) of plant extracts, while 
half was treated with pure acetone (control). Both 
were subjected to air dry for 5 min and were rejoined 
and placed in Petri-dishes (90 mm dia). Ten uniform 
sized 5th instar larvae of T. granarium were released 
in each Petri-plate. After covering with glass lids, all 
Petri-plates were placed in an incubator at controlled 
conditions as described above. Experimental design 
was completely randomized with five replications per 
treatment. Data of total number of insects present on 

treated and untreated filter paper halves were recorded 
at 24, 48 and 72 h post-exposure. Percent repellency 
(PR) was calculated as described by Asawalam et al. 
(2006) using following formula:

 

Where; Nc is the number of insects on the control 
(untreated) filter paper half and Nt is the number of 
insects on treated filter paper half.

Toxicological evaluation of selected entomopathogens 
against T. granarium larvae
Commercial formulations of B. thuringensis subsp. 
kurstaki (MCC 0089) (Lipel®; 18000 CFUs mg-1 WP) 
and Lecanicillium lecanii (MCC 0058) (Mealikil®; 1.0 
× 109 conidia g-1 SP) were procured from AgriLife™, 
Hyderabad, India. Three concentrations of Bt (i.e., 
18000, 9000 and 4500 CFUs mg-1) and L. lecanii (i.e., 
1.0 × 109, 1.0 × 108 and 1.0 × 107 conidia g-1) were 
bioassayed against 5th instar larvae of T. granarium 
using standard diet-mix (Khaliq et al., 2019) and 
topical spray (Sagheer and Sahi, 2019) bioassays, 
respectively. Double-distilled sterilized water was 
used in control treatments.

In diet-mix bioassays, 50 g of wheat grains were 
thoroughly treated with different concentrations 
of Bt formulation (Lipel®) as mentioned above and 
were exposed to 15 uniform sized 5th instar larvae of 
T. granarium in 1.0 L sterilized glass jars. Jars were 
incubated in an environment chamber at 28 ± 2°C 
temperature, 65 ± 5% relative humidity and at a 
photoperiod of 14 h light: 10h dark. Larval mortality 
data were recorded at 1, 2, 3, 4 and 5 days post-exposure 
and were corrected according to Abbot’s formula 
(Abbot, 1925) as mentioned above. In L. lecanii 
entomopathogenicity bioassay, 15 uniform larvae 
were released in sterilized glass Petri-plates (90 mm 
dia) and were treated by different concentrations of 
L. lecanii using hand atomizer spray bottle and Petri-
plates were incubated under controlled conditions 
as described above. Data regarding larval mortality 
were recorded at 1, 3, 5, 7 and 9 days of exposure to 
fungal concentrations and were corrected according 
to Abbot’s formula (Abbot, 1925) as described above. 

Statistical analysis 
Apart from graphical presentation, data regarding 
corrected percent mortality and repellency of T. 
granarium larvae were subjected to factorial analysis 
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of variance (ANOVA) and the treatment means were 
compared using Tukey’s HSD post-hoc test at 95% level 
of significance. Statistical software Statistix® Version 
8.1 was used for statistical interpretation of data.

Results and Discussion

Present study was carried out to determine 
the efficacy of acetone extracts of four selected 
indigenous plant species (D. stramonium, S. nigrum, 
A. indica and C. reticulata) and two promising 
commercial formulations of microbial insecticides 
(B. thuringiensis and L. lecanii) against 5th instar 
larvae of khapra beetle T. granarium, one of the most 
damaging primary pests of stored grains. Toxicity and 
repellency effects of botanical extracts were tested for 
3 days post-exposure, while pathogenicity potential 
of B. thuringiensis and L. lecanii were recorded for 5 
and 9 days post-exposure, respectively.

Response of T. granarium larvae to botanical extracts
Larvae of T. granarium were exposed to three 

concentrations (5, 10 and 15%) of botanical extracts 
and larval mortality was recorded at 24, 48 and 72 
h post-exposure. Mortality response of T. granarium 
was concentration and time dependent and 
increased along with the increase of these factors. 
Overall factorial analysis of variance results revealed 
significant effect (P ≤ 0.05) of botanical treatments, 
their concentrations, time intervals and their 
interactions on the mean mortality of larvae (Table 
1). Similar trend of effectiveness was observed in case 
of individual time intervals (Table 2). 

At 24 h, 15% extracts of S. nigrum and A. indica 
exhibited maximum mortality significantly higher 
from other all treatments, while at 48 h, the 
highest concentration of all four botanical extracts 
caused maximum mortality without any significant 
difference (Figure 1). However, at 72 h post-exposure, 
C. reticulata appeared as the most effective extract 
followed by S. nigrum causing up to 35–40% larval 
mortality and both were significantly higher than other

Table 1: Overall factorial analysis of variance (ANOVA) comparison regarding the mortality of 5th instar larvae of 
Trogoderma granarium bioassayed against different botanical extracts.
Source DF SS MS F-value P-value
Treatment 3 1117.2 372.41 8.13 < 0.001***
Concentration 2 6453.3 3226.67 70.40 < 0.001***
Time 2 8230.0 4115.00 89.78 < 0.001***
Treatment×Concentration 6 764.4 127.41 2.78 0.0138*
Treatment×Time 6 1441.1 240.19 5.24 0.0001***
Concentration× Time 4 936.7 234.17 5.11 0.0007***
Treatment×Concentration× Time 12 752.2 62.69 1.37 0.1879 ns

Error 144 6600.0 45.83
Total 179 26295.0
Grand mean/ CV 15.17 /44.64

Asterisk symbols *, ** and *** indicate significant at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, respectively and ns indicates non-significant effect 
(factorial ANOVA; HSD at α = 0.05).

Table 2: Analysis of variance (ANOVA) comparison regarding the mortality of 5th instar larvae of Trogoderma 
granarium bioassayed against different botanical extracts.

24 h 48 h 72 h
Source DF MS F-value P-value MS F-value P-value MS F-value P-value
Treatment 3 183.89 8.49 0.0001*** 86.11 10.33 0.003** 228.33 9.30 0.0023**
Concentration 2 3705.01 171.01 < 0.001*** 1221.67 47.29  < 0.001*** 4245.07 74.91 < 0.001***
Treatment × Concentration 6 27.22 6.26 0.0137* 26.11 6.01 0.0165* 78.33 5.38 0.0316*
Error 48 21.67 25.83 56.67
Total 59
GM / CV 14.80 / 28.13 21.83/ 23.28 46.50 / 28.41

Asterisk symbols *, ** and *** indicate significant at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, respectively (factorial ANOVA; HSD at α = 0.05).
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botanical treatments. In control treatment, larval 
mortality varied from negligible at 24 and 48 h to 4% 
at 72 h post-exposure (Figure 1).

Figure 1: Percent repellency (mean ± SE; n = 5) of 5th instar 
larvae of khapra beetle Trogoderma granarium exposed to different 
concentrations of selected botanical extracts recorded at different 
time intervals. For each time interval, different alphabets at the bar 
tops indicate significant difference among the treatments (factorial 
ANOVA; Tukey’s HSD at α = 0.05).

Repellency potential of botanical extracts against T. 
granarium larvae
Through filter paper disc-dip bioassay method, the 
repellency potential of the three concentrations (5, 10 
and 15%) of botanical extracts was determined and 
the results of this bioassay revealed that all botanical 
concentrations caused considerable repellency of T. 
granarium larvae. The interaction of both factors (time 
and concentration) had non-significant impact on 
the percent repellency of larvae (Table 3). However, 
this repellent effect seemed positively and negatively 
dependent on botanical concentration and time 
intervals, respectively (Figure 2). Results of factorial 
analysis of variance for different time intervals 
revealed a significant effect (P ≤ 0.05) of botanical 
treatments and their concentrations, and their 

interactions on the mean mortality of T. granarium 
larvae (Table 4). Highest concentration (15%) of 
C. reticulata extract exhibited maximum repellency 
(88%) of larvae, followed by D. stramonium (84%) and 
A. indica (79%) at 24 h post-exposure. However, this 
repellency decreased up to 60% for the same botanical 
concentrations at 72 h post-exposure (Figure 2).

Figure 2: Percent repellency (mean ± SE; n = 5) of 5th instar 
larvae of khapra beetle Trogoderma granarium exposed to different 
concentrations of selected botanical extracts recorded at different 
time intervals. For each time interval, different alphabets at the bar 
tops indicate significant difference among the treatments (factorial 
ANOVA; Tukey’s HSD at α = 0.05).

Efficacy of microbial insecticides against T. granarium 
larvae
Upon exposure of 5th instar larvae of T. granarium 
to different concentrations of entomopathogenic 
bacterium (B. thuringiensis subsp. kurstaki) and 
fungus (L. lecanii), morality data of these bioassays 
up to 5th day and 9th day respectively were subjected 
to analysis of variance. Results revealed that both 
concentration and time factors exerted a significant 
effect on the morality of larvae for both microbial 
treatments. However, the interaction of these factors 
was statistically significant (P ≤ 0.001) only in case 
of B. thuringiensis, while it was non-significant for 
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Table 3: Overall factorial analysis of variance (ANOVA) comparison regarding the repellency of 5th instar larvae of 
Trogoderma granarium bioassayed against different botanical extracts.
Source DF SS MS F-value P-value
Treatment 3 3574.3 1191.4 26.01 < 0.001***
Concentration 2 36740.9 18370.4 400.98 < 0.001***
Time 2 6054.6 3027.3 66.08 < 0.001***
Treatment × Concentration 6 1023.0 170.5 3.72 0.002**
Treatment × Time 6 294.9 49.2 1.07 0.3815 ns

Concentration × Time 4 985.4 246.4 5.38 0.0001***
Treatment × Concentration × Time 12 603.5 50.3 1.10 0.3665ns

Error 144 6597.2 45.8
Total 179 55873.8
Grand Mean / CV 54.11 / 12.51

Asterisk symbols *, ** and *** indicate significant at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, respectively and ns indicates non-significant effect 
(factorial ANOVA; HSD at α = 0.05). 

Table 4: Analysis of variance (ANOVA) comparison regarding the repellency of 5th instar larvae of Trogoderma 
granarium bioassayed against different botanical extracts.

24 h 48 h 72 h
Source DF MS F-value P-value MS F-value P-value MS F-value P-value
Treatment 3 380.89 6.91 0.001*** 598.40 14.78 < 0.001*** 310.44 7.41 < 0.001***
Concentration 2 6539.12 118.71 < 0.001*** 7202.72 177.95 0.004** 5121.32 122.28 < 0.001***
Treatment × Concentration 6 115.41 4.10 0.0127* 138.92 3.43 0.007** 75.76 5.40 0.005**
Error 48 55.08 40.98 41.88
Total 59
GM / CV 61.33 / 12.10 53.86 / 11.81 47.13 / 13.73

Asterisk symbols *, ** and *** indicate significant at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, respectively (factorial ANOVA; HSD at α = 0.05).

Table 5: Analysis of variance (ANOVA) comparison regarding the mortality of 5th instar larvae of Trogoderma 
granarium bioassayed against different microbial insecticides.

Bacillus thuringiensis Lecanicillium lecanii
Source DF MS F-value P-value MS F-value P-value
Concentration 3 1232.65 49.73 < 0.001*** 3392.30 7.29 < 0.001***
Time 4 32156.57 548.49 0.03* 4491.80 97.50 0.007**
Concentration × Time 12 87.99 6.01 0.0001*** 1134.30 3.32 0.0701ns

Error 68 38.29 612.81
Total 74
GM / CV 20.53 / 10.20 21.08 / 37.59

Asterisk symbols *, ** and *** indicate significant at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, respectively and ns indicates non-significant effect 
(factorial ANOVA; HSD at α = 0.05).

L. lecanii (Table 5). For both treatments, the mortality 
response of T. granarium was concentration and time 
dependent and increased along with the increase of 
these factors (Figure 3). Maximum mean mortality 
values of 42.6 and 46.1% were exhibited by the highest 
concentration of B. thuringiensis (18000 CFUs mg-1) 
and L. lecanii (1.0 × 109 conidia g-1) recorded at 5th 
and 9th day of bioassay, respectively (Figure 3). Khapra 

beetle (T. granarium) is an economical primary pest 
of stored grains in tropical and subtropical areas 
including Pakistan and has attained resistance against 
such commonly used chemicals as phosphine, methyl 
bromide and sulfuryl fluoride etc. (Ahmedani et al., 
2007b; Honey et al., 2017; Riaz et al., 2018; Wakil et 
al., 2021). Therefore, this study was aimed to evaluate 
some promising biorational insecticidal treatments 
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including four local botanical extracts and two 
entomopathogenic formulations against 5th instar 
larvae of T. granarium under laboratory conditions.
 
Results of multi-factor ANOVA revealed that the 
extracts of S. nigrum (black nightshade) and C. 
reticulata (sweet orange) were most effective against 
T. granarium larvae exhibiting maximum mortality. 
Our results are consistent with some previous studies. 
Extracts of S. nigrum and other nightshade species 
are reported to constitute different alkaloids and are 
effective against many phytophagous insect pests 
(Rawani et al., 2010; Carnot et al., 2017) and plant 
diseases (Muto et al., 2006). Spochacz et al. (2018a) 
showed the sublethal effects of glycol-alkaloids of 
S. nigrum fruits on the physiology and reproductive 
parameters of mealworm Tenebrio molitor which is 
also an important stored grain insect pest. 

Figure 3: Percent mortality (mean ± SE; n = 5) of 5th instar 
larvae of khapra beetle Trogoderma granarium exposed to different 
concentrations of commercial microbial formulations recorded at 
different time intervals. For each formulation, different alphabets 
at the bar tops indicate significant difference among the treatments 
(factorial ANOVA; Tukey’s HSD at α = 0.05).

Similarly, C. reticulata extracts constitute certain 
limonoids such as limonin, nomilin and obacunone 
(Khalil et al., 2003) capable of inhibiting insect 
moulting as demonstrated in Culex and Aedes 
mosquitoes ( Jayaprakasha et al., 1997; Bilal et al., 
2012), Asian corn borer Ostrinia furnacalis (Abrera et 
al., 2015) and other stored grain insect pests such as R. 

dominica (Abbas et al., 2012). A study by Saeidi et al. 
(2011) reported significantly higher repellent effect of 
essential oils of C. reticulata and C. aurantium against 
stored grain insect pest Callosobruchus maculatus. 
However, one study showed that the essential oil of 
C. reticulata were less toxic to T. granarium and other 
stored grain insect pests as compared to other citrus 
species (Zia et al., 2013).

A. indica (neem) is the most promising and leading 
botanical with well-known anti-insect and anti-
microbial properties (Schmutterer, 1990; Benelli et al., 
2017). The essential oils and extracts of leaves, fruits 
and seeds of this plant have been demonstrated very 
effective against a wide number of insect pest species 
including T. granarium and other stored grain insect 
pests (Williams and Mansingh, 1996; Egwurube et 
al., 2010; Kumar and Gupta, 2013; Chaudhary et al., 
2017). However, in this study, A. indica leaf extract 
showed less mortality as compared to S. nigrum and 
C. reticulata. One reason for this less relative toxicity 
of neem extract would be the wide use of neem leaves 
in the stored grains as a conventional practice to 
control insect pests (Egwurube et al., 2010; Kumar 
and Gupta, 2013). Therefore, strain or population of 
T. granarium collected and used in this study might 
be already resistant against neem bio-constitutes 
as shown Ganeshwari and Deole (2019) in spider 
populations in rice field. Similarly, the extracts of 
C. reticulata, D. stramonium and A. indica effectively 
and significantly repelled the larvae of T. granarium 
in repellency bioassay. Our results are consistent with 
the findings of many previous studies reviewed by 
Regnault-Roger (2012) and Spochacz et al. (2018b).

Our results regarding the effectiveness of B. 
thuringiensis and L. lecanii are also in line with the 
findings of many previous studies. Both of these 
entomopathogenic fungi have been demonstrated 
virulent and effective against different insect pests 
including stored grain insect pests including T. 
granarium (Ahmedani et al., 2007c; Wakil et al., 
2014; Al-Hamdani et al., 2018; Broumandnia and 
Rajabpour, 2020).

Conclusion and Recommendations

Based on overall results of the study, it is concluded 
that local botanical extracts, particularly acetone leaf 
extract of S. nigrum and peel extract of C. reticulata 
and microbial formulations of B. thuringiensis and L. 
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lecanii exhibited significant toxicity to T. granarium. 
Hence, these are recommended to the indigenous 
farmers as valuable tools for the management of 
khapra beetle and other stored grain insect pests.
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