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ABSTRACT
During storage of pulses especially chickpea, lentil and mung bean, Callosobruchus chinensis 
causes severe infestation. The present experiments were performed to assess the efficacy 
of Anisopteromalus calandrae, and diatomaceous earth (Silico Sec®) against C. chinensis 
population at Entomological Research Institute, Ayub Agricultural Research Instiute, Faisalabad, 
Pakistan during 2019. Three doses of diatomaceous earth (200, 400 and 600 ppm) were used 
as a top-dressing separately on three diets i.e. mung bean, chickpea & lentil), To analyze the 
parasitism efficiency, A. calandrae male and female adults (5, 10 and 15 pairs) were released. 
Data regarding mortality percentage of C. chinensis and parasitism by A. calandrae were recorded 
after regular interval of treatment application. Results revealed that highest concentration 
(600ppm) of DE application in combination with 15 pairs of A. calandrae showed highest mean 
mortality (88.64%) after 20 days on mung bean. However on chickpea and lentil it was 75.15 
and 81.81%, respectively, while at lowest concentration of 200 ppm, 5 pairs and 5 day exposure 
period   mortality was 26.9, 11.71 and 25.08  using mung bean, chickpea and lentil, respectively. 
In case of separate alone application, highest mean % mortality by DE (600ppm) after 20 day 
time interval was 77, 64 and 75% by using mung bean, chickpea and lentil, respectively. By A. 
calandrae 15 pairs and 20 days mean % mortality was 42, 26 and 47% on mung bean, chickpea 
and lentil, respectively. Results depicted that mean % of mortality effects of both were dose 
as well as time dependent. Hence, bio-control agents can be safe and potential tools for the 
effective control of stored commodities insect pests.
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INTRODUCTION
Stored pulses are susceptible to many species of beetles 
belong to family Bruchidae. The most destructive pest 
of this family is Callosobruchus chinensis L. (Prodhani 
et al.,  2008). In Sri Lanka, great losses are caused 
by cowpea beetle (C. maculate) and adzuki bean 
beetle (C. chinensis) (Wijeratne, 1994). Due to attack 
of this pest on chick pea, more than 10% damage is 
recorded in Punjab. Inside matureseed, larvae spend 
its whole stage (Credland and Wright, 1990). It causes 
both quantitative and qualitative loss like nutritive 
and germinationloss (Pokharkar and Metha, 2011; 
Srivastava and Butani, 2009). The infestation losses 
due to the attack of bruchid vary according to storage 
period, conditions and containers (Arthur, 2001). 
Mouldness occurs due to high infestation and the seed 
germination is affected significantly and causes 100% 
postharvest loss (Jackai and Daoust 1986; Akinkurolere 
et al., 2006). Physiochemical characteristics of food 
commodity are changed on which insect feed (Benezet 

et al., 1986; Liang et al., 2007). 
Management of stored insect pests is usually done by 
conventionally use insecticides i.e., residual chemical 
and fumigants but these synthetic insecticides are 
eco-toxic (Anand et al., 2008). Further, in several 
insects, insecticides resistance is increasing due to 
use of excessive chemical (Benhalima et al., 2004). 
The biological control system of natural enemies has 
highly disrupted by the repeated use of gaseous and 
liquid insecticides and play key role for development 
of resistance and human health (White and Leesch, 
1995). So, effective bio-degradable and non-toxic 
control tactics are in demand to manage the insect 
pests (Prodhani et al., 2008). The modern biological 
pest control methodologies implicates sustainable and 
environment friendly pest management strategies.
Diatomaceous Earth (DE) which is composed of mainly 
amorphous silicon dioxide (60%-90%) and calcium as 
major ingredient (Subramanyam, 1993; Quarles and 
Winn, 1996) is a basic inert dust and is based upon 
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non-toxic, ecofriendly and stable alternate synthetic 
chemical (Korunic, 1998). Silico-sec formulation of 
(DE) was used for management of S. oryzae and T. 
confusumand rates of 1 and 1.5 g per kg of wheat 
proved very effective against two species (Athanassiou 
et al., 2003). Silico formulation have been used against 
S. granarius (Brinkmann and Straube, 2002), other 
formulations of DE have also been sued for effective 
control of stored grain insect pests such as Protect-It 
against Rhyzopertha dominica (Stathers et al., 2002 
a) and O. surinamensis (L.) (Arthur, 2001), Dryacides 
and Protect. It for the management of Prostephanus 
truncates (Stathers et al., 2004 b).
Anisopteromalus calandrae, a pteromalid wasp, can 
easily be reared under laboratory conditions. Inabout 
16 days of an average development from egg to adult, 
female wasp mate and oviposit in beetle larvae and 
pupae soon after its emergence (Ngamo et al., 2007). 
Pteromalid wasp, A. calandraeis an important parasitoid 
of C. chinensis. Female wasp locates, paralyze the 
host by sting, and feed upon the heamolymph of larvae 
and pupae for the oviposition within grains (Onodera 
et al., 2002).The A. calandrae have non-toxic effect on 
humans, effective and are easy to apply. A. calandrae 
was found effective for the management of weevil and 
lower down weevil population by 98% in unpolished 
rice (Lucas and Riudavets, 2002). Other researchers 
have studied A. calandrae against R. dominica over 
wide temperature range (Menona et al., 2002; Mahal 
et al., 2005), rice weevils and cigarette beetle (Ghimire 
and Phillips, 2007), Tribolium confusum, Rhyzopertha 
dominica, Lasioderma serricorneand Sitophilus oryzae 
(Belda and Riudavets, 2010). So, keeping in view the 
above approaches, current study was carried out to 
investigate the potential of DE as a grain protectant 
and A. calandrae as a biological control alone and in 
combination against C. chinensis.

MATERIALS AND METHODS

Collection and rearing of Callosobruchus 
chinensis
Current study was conducted at Entomological 
Research Institute, AARI, Faisalabad, Pakistan during 
2019. Mixed population of Callosobruchus chinensis 
L. (Dhora beetle) for rearing was collected from grain 
market and farm storages of Faisalabad. The insect 
culture was maintained in plastic jars (1.5 kg capacity) 
separately on mung bean, lentil and chickpea. The 
jars were tightly covered with muslin cloth, with rubber 
bands to avoid the escape of insects. Rearing was 
carried out at optimum growth conditions 30 ± 2ºC and 
65 ± 5% r.h . A large number of insects were reared to 
set a homogeneous continuous supply of newly formed 

adults. The food medium was sterilized in an oven for 30 
min. at 65°C for continuous supply to the insect culture. 
In each jar, 50 adult beetles were released. After three 
days the adults were removed and pulses were put 
again into jars which were placed in incubators at 30 
± 2ºC & 65 ± 5% r.h to get homogenous population. 
Under laboratory rearing conditions, a new generation 
of insects was obtained after (30-32 days). The newly 
emerged adults of pulse beetle were used for different 
bioassay studies.

Rearing of Anisopteromalus calandrae
Parasitoid Anisopteromalus calandrae was collected 
from pulses infected with C. chinensisfrom grain 
market. The said biocontrol agent was reared 
on Callosobruchus chinensis. The field collected 
population of parasitoid A. calandrae was released in 
the jar having population of C. chinensis. The grains 
that receive this oviposition were collected and placed 
in other jar containing grubs population in order to get 
the parasitoid population. Wasps were fed with sugary 
material in plastic box for survival without host.

Evaluation of effect of diatomaceous earth as grain 
protectant against Callosobruchus chinensis
Pulses (lentils, chick pea and mungbean) were 
collected from grain market Faisalabad. 100 gm of host 
pulses (mungbean, chick pea & lentil) were added in 
plastic jars. However, 200, 400 and 600 ppm of DE 
formulation were added in glass jars respectively and 
shaken by hand for exactly 1 min to ensure uniform 
mixing of DE among the grains of pulses. Each 
treatment was replicated thrice using CRD.

Parasitic potential of A. calandrae on different 
pulse grains against Callosobruchus chinensis
100 gm of host pulses (mungbean, chickpea & lentil) 
were added in plastic jars, introduced in a plastic box 
separately. Twenty adults of C. chinensis released in 
each jar. After 7 days, 5, 10 & 15 pairs of A. calandrae 
were released. Each treatment was replicated thrice 
using CRD. Data of mortality was taken after 5, 10, 15 
and 20 days.
 
Combined effect of A. calandrae and D.E treatment 
for the control of Callosobruchus chinensis
100 gm of host pulses (mungbean, chickpea & lentil) 
were taken in plastic jars. 200, 400 and 600 ppm 
of DE formulation were added in each plastic jars 
respectively and shaken by hand for exactly 1 min 
to ensure uniform mixing of DE among the grains of 
pulses. Each treatment was replicated thrice using 
Completely Randomized Design (CRD). Twenty adults 
of C. chinensis were released in each jar. After 7 



J. Agric. Res. 2020, 58(4)

                 Efficacy of an inert dust formulation and bio-control agent against bean weevil   

241

days, 5, 10 & 15 pairs of A. calandraewere released in 
respective jars. Data of mortality was taken after 5, 10, 
15 and 20 days.

Statistical analysis
After the completion of bioassay studies, the corrected 
mortality was collected from observed mortality of 
C. chinensis. Analysis of Variance of data regarding 
percent mortality against diatomaceous earth and 
parasitoid alone and in combination was computed 
using Statistica-8.1 software. The means of significant 
treatments were separated using Tuckey HSD test at 
ɑ=5% (Steel et al., 1997).

RESULTS AND DISCUSSION
The herein reported study was conducted to evaluate 
the effectiveness of Diatomaceous Earth and 
Anisopteromalus calandrae for the management of 
Callosobruchus chinensis. The data presented in the 
Table 1 depicted the mean comparison of percent 
mortality of C. chinensis at various time interval and 
concentrations of diatomaceous earth.

 Note: Means not sharing letter in common are statistically significant

The results show that the effect of interaction of exposure 
times and concentrations is significant. Maximum 
mean % mortality 77.28 + 2.27, 75.55 + 2.02 and 64.44 
+ 2.22 was observed at highest dose and time (600 
ppm + 20days), while minimum mean % mortality (5.66 
+ 1.88) using (mung bean, lentil and chickpea) as food 
source, respectively. In case of parasitism bioassays, 
highest parasitism activity of A. calandrae 47.05 was 
recorded (Table 2) with 15 pairs of the parasitoid after 
20 days in lentil followed by 42.00 in mung bean while 
relatively lowest parasitism 26.00 + 1.99 was recorded 
after same period and equal number of pairs of the 
parasitoid in case of chick pea. However comparatively 
lower parasitism 18.87 + 1.89, 26.93 + 1.92, 32.00 + 

1.99, 16.99 + 1.89, 21.16 + 1.92, 26.00 + 1.99, 26.42 
+ 3.17, 26.93 + 1.92 and 35.29 + 3.40 was recorded 
after 15 days with 5, 10 and 15 pairs of the parasitoid. 
Lowest parasitism 5.67, 7.70, 14.00, 3.78, 7.70, 12.00, 
5.67, 9.62 and 15.69 was observed after 5 days in three 
different diets and the sex pairs of the parasitoid, used. 
By combined application highest mortality 88.64 of bio-
assayed insect pest was recorded with 15 pairs+600 
ppm after longest exposure period (20 days) (Table 3).

 
 Note: Means not sharing letter in common are statistically significant

Whilst relatively lower mortality values were observed 
at lower treatment combinations and lowest value up 
to 26.9 + 1.92, 11.71 + 2.45 and 25.08 + 1.13 were 
recorded at 5 pairs+200 ppm, after short activity 
period (5 days) of the parasitoid in mung bean and 
lentil, respectively (Table 3, 4 & 5). Findings of our 
study are close to Ngamo et al. (2007) who checked 
the parasitism activity of A. calandrae against 
Callosobruchus maculatus and noticed up to 42.00%. 
Elevated parasitism activity up to 98 % was recorded 
by Lucas and Riudavets (2002) against Sitophilus 
oryzae similar to our study 88.64%. Different in activity 
may be due to difference in insect species as well 
as diets in both studies. Our results 35.05 and 47.05 
%are close to Hany et al. (2009) who observed the 
paristoid activity of A. calendrae and recorded 31.51 
and 47.98% activity against some coleopterans. In 
case of diatomaceous earth (DE) efficacy bioassays, 
the outcomes trend of increased and low mortality 
of test insect of at highest concentrations (600 ppm) 
and lowest concentration (200 ppm) in current study 
(our) are also close to Athanassiou et al. (2003) who 
assessed the bio-efficacy of diatomaceous earth 
for the control of S. Oryzae and T. confusum but on 
different diet i.e. stored wheat compared to our study 
on different diets. Our results of increased mortality of 

Table 1. Comparison of mortality effect of different dose rate of                      
              diatomaceous formulation (Silco sec) Callosobruchus             
              chinensis using three diets

Exposure 
period 
(days)

Percent mortality + SE
Diet concentration of mung bean

200 (ppm) 400 (ppm) 600 (ppm)
5 days 11.71 ± 2.45a 19.06 ± 2.35ab 33.76 ± 2.45cd
10 days 20.82 ± 2.69abc 42.07 ± 2.65de 52.66 ± 2.65ef
15 days 28.05 ± 2.82bc 56.30 ± 2.82f 74.53 ± 1.52g
20 days 43.17 ± 2.89de 72.03 ± 2.87g 77.28 ± 2.27g

 Diet concentration of chick pea
5 days 5.66 ± 1.88a 16.98 ± 1.88cd 18.88 ± 1.88cde
10 days 6.13 ± 2.04ab 16.33 ± 2.04bc 24.50 ± 2.04cde
15 days 16.67 ± 2.08cd 27.08 ± 2.08de 24.50 ± 2.04cde
20 days 28.89 ± 2.12e 44.44 ± 2.22f 64.44 ± 2.22g

 Diet concentration of lentil
5 days 11.32 ± 1.82a 16.98 ± 1.88ab 28.30 ± 1.88cd
10 days 18.37 ± 2.04abc 34.70 ± 2.04be 42.85 ± 2.04ef
15 days 23.91 ± 2.18bc 45.66 ± 2.18f 58.69 ± 2.18g
20 days 35.56 ± 2.72def 57.78 ± 2.22g 75.55 ± 2.02h

Table 2. Evaluation  of  percent  parasitism  potential  of         
              Anisopteromalus calandrae using three diets against        
              Callosobruchus chinensis

Expo-
sure 
period 
(days)

Percent mortality + SE
Mung bean (diet)
No. of sex pair

5 (Pairs) 10 (Pairs) 15 (Pairs)
5 days 5.67 ± 1.89a 7.70 ± 3.34ab 14.00 ± 1.99abc
10 days 11.33 ± 1.89ab 15.34 ± 1.92abc 24.00 ± 1.99cde
15 days 18.87 ± 1.89bcd 26.93 ± 1.92def 32.00 ± 1.99efg
20 days 28.31 ± 1.89def 36.54 ± 3.33fg 42.00 ±1.99g

 Chick pea (diet)
5 days 3.78 ± 3.27a 7.70 ± 1.92ab 12.00± 1.99abcd
10 days 9.44 ± 1.89abc 11.54 ± 1.92abcd 20.00 ± 1.99cdef
15 days 16.99± 1.89bcde 21.16 ± 1.92def 26.00 ± 1.99efg
20 days 28.31 ± 3.33fgh 34.62 ± 1.99gh 26.00 ± 1.99efg

 Lentil (diet)
5 days 5.67 + 1.89a 9.62 + 1.92a 15.69 + 1.96ab
10 days 16.99 + 1.89ab 13.46 + 3.33a 27.45 + 1.96bcd
15 days 26.42 + 3.17bc 26.93 + 1.92bc 35.29 + 3.40cde
20 days 39.63 + 1.89de 44.23 + 1.92e 47.05 + 3.40e
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test insect with increase in concentration of DE are in 
line with findings of Wakil et al. (2005) who checked 
the insecticidal potential of silico seca commercially 
available formulation of DE for the control of rust red 
flour beetle, Tribolim castaneum (Herbst) on a different 
diet (wheat) compared to the diets in our study. 
Exposure period and level of concentration greatly 
influenced the mortality of the test insect as was in 
our study. However, our values are somewhat different  
from previous studies. Slight difference in mortality 
values may be due to different insect species and type 
of diet used in both studies.

CONCLUSION
From this study we conclude that the combined 
application of Anisopteromaluscalandrae and 

diatomaceous earth (DE) can be safe and potential 
tools for the effective control of stored commodities 
insect pests particularly Callosobruchus chinensis. 
So, the usage of such type of eco-friendly natural 
enemies and inert material in IPM programme can be 
useful in reduction of insect losses and to prevent our 
environment.

REFERENCES
Anand P., J.  Rao and V. Nandagopal. 2008. Future 

of botanical pesticides in rice, wheat, pulses and 
vegetables pest management. J. Biopesticides 
1(2):154-169.

Arthur, F.H. 2001. Impact  of food source on 
survival of red flour beetles and confused flour 
beetles (Coleptera: Tenebrionidae) exposed to 

Table 3. Combined effect  of  diatomaceous  formulation  (Silico Sec®)  and                 
              Anisopteromalus  calandrae  against  Callosobruchus  chinensis
              using  mung  bean  diet

Expo-
sure 
period 
(days)

Percent mortality + SE
Concentration

200 ppm
5 Pairs 10 Pairs 15 Pairs

5 days 26.9±1.92a 34.62±1.92abc 48.08 ± 1.92cdefh
10 days 30.00±1.99a 36.01±1.99abcd 48.02 ±1.99cdefgh
15 days 31.92±2.13ab 40.43±2.12abcde 55.32 ± 3.18efghij
20 days 40.91±2.27abcdef 47.73±1.55cdefgh 68.18 ± 2.27jkl

 400 ppm
5 Pairs 10 Pairs 15 Pairs

5 days 28.8±1.92a 40.37±1.92abcde 51.92 ± 1.92efghi
10 days 34.01±2.18abc 42.03±1.99abcdef 30.03 ± 1.99abc
15 days 40.43±2.12abcde 46.81±2.13bcdefgh 59.58 ± 2.13ghij
20 days 50.0±2.27defghi 63.6±2.27ijk 50.13 ± 2.27efghij

 600 ppm
5 Pairs 10 Pairs 15 Pairs

5 days 34.62±1.92abc 46.16±1.92bcdefg 63.4 ± 1.92ij
10 days 42.00±2.99abcdef 46.10±3.16bcdefg 40.06 ± 3.46cdef
15 days 48.94±6.38cdefghi 51.07±4.25defghi 78.7 ± 2.12klm
20 days 61.37±4.55hij 70.46±2.27jkl 88.64 ± 2.27m

Table 4. Combined effect of diatomaceous formulation (Silico Sec®)  
              and Anisopteromalus calandrae against Callosobruchus  
              chinensis using   Chick pea as a diet

Exposure 
period 
(days)

Percent mortality + SE
Concentration

200 ppm
5 Pairs 10 Pairs 20 Pairs

5 days 11.71 ± 2.45a 19.06± 2.35ab 33.76± 2.45cd
10 days 20.82 ± 2.69abc 42.07± 2.65de 52.66± 2.65ef
15 days 28.05 ± 2.82bc 56.30± 2.82f 74.53± 1.52g
20 days 43.17 ± 2.89de 72.03± 2.87g 77.28± 2.27g

400 ppm
5 Pairs 10 Pairs 20 Pairs

5 days 5.66± 1.88a 16.98± 1.88cd 18.88 ± 1.88cde
10 days 6.13 ± 2.04ab 16.33± 2.04bc 24.50 ±  2.04cde
15 days 16.67± 2.08cd 27.08± 2.08de 24.50 ±  2.04cde
20 days 28.89± 2.12e 44.44± 2.22f 64.44 ± 2.22g

600 ppm
5 Pairs 10 Pairs 20 Pairs

5 days 11.32± 1.82a 16.98± 1.88ab 28.30± 1.88cd
10 days 18.37± 2.04abc 34.70± 2.04be 42.85± 2.04ef
15 days 23.91± 2.18bc 45.66± 2.18f 58.69± 2.18g
20 days 35.56 ± 2.72def 57.78± 2.22g 75.55± 2.02h

Table 5.  Combined effect of diatomaceous formulation (Silico Sec®) and  
               Anisopteromalus calandrae against Callosobruchus chinensis using        
               lentil as a diet

Exposure 
period 
(days)

Percent mortality + SE
Concentration

200 ppm
5 Pairs 10 Pairs 20 Pairs

5 days 25.08 ± .1.13a 34.6 ± 1.92abcde 46.15 ± 1.92efghij
10 days 30.14 ± 1.20ab 36.02 ± 1.99abcdef 48.08 ± 1.20efghijk
15 days 31.92 ± 2.13abc 40.43 ± 2.12bcdefg 51.07 ± 2.12ghijk
20 days 40.91 ± 2.27bcdefg 45.45 ± 3.93cdefghi 56.82 ± 2.27ijklm

400 ppm
5 (Paris) 10 Pairs 15 Pairs

5 days 28.85 ± 1.92ab 40.39 ± 1.92bcdefg 51.92 ± 1.92ghijk
10 days 32.04 ± 1.99abcd 42.10 ± 1.99bcdefgh 56.01 ± 1.20hijkl
15 days 40.43 ± 2.13bcdefg 46.81± 2.12efghij 59.58 ± 2.12jklm
20 days 50.05 ± 2.27fghijk 56.82 ± 2.27ijklm 70.45 ± 2.27mno

600 ppm
5 Paris 10 Pairs 15 Pairs

5 days 34.62 ± 1.92abcde 46.15 ± 1.92efghij 61.5 ± 1.92klm
10 days 42.15 ± 3.99bcdegh 46.02 ± 3.46defghij 66.0 ± 1.20lmn
15 days 48.94 ± 3.68fghijk 51.06 ± 4.25ghijk 76.6 ± 2.13no
20 days 61.37 ± 4.54klm 68.18 ± 2.27lmno 81.81 ± 2.27o

Note: Means not sharing letter in common are statistically significant Note: Means not sharing letter in common are statistically significant

Note: Means not sharing letter in common are statistically significant



J. Agric. Res. 2020, 58(4)

                 Efficacy of an inert dust formulation and bio-control agent against bean weevil   

243

diatomaceous earth. J. Econ Entomol. 93(4):1347-
1356.

Athanassiou, C.G., B.J. Vayias, C.B. Dimizas, 
N.G. Kavallieratos, A.S. Papagregoriou and 
C.T. Buchelos. 2003. Insecticidal efficacy of 
diatomaceous earth against S. oryzae (Coleoptera: 
Curculioridae) and T. confusum (Duval) 
(Coleoptera:Tenebrionidae) on stored wheat : 
Influence of dose rate, temperature and exposure 
interval. J. Stored Prod. Res., 41:47-55.

Akinkurolere, R.O., C.O. Adedire and O.O. Odeyemi. 
2006. Laboratory evaluation of the toxic properties 
of forest anchomanes, Anchomanes difformis 
against pulse beetle Callosobruchus maculatus 
(Coleoptera: Bruchidae). Insect Sci. 13:25-29.

Belda, C. and J. Riudavets. 2010. Attraction of the 
Parasitoid Anisopteromalus calandrae (Howard) 
(Hymenoptera: Pteromalidae) to Odors from Grain 
and Stored Product Pests in a Y-Tube Olfactometer. 
Biological Control. 54:29-34.

Benezet H.J., M.R. Bowen, C.W. Helms and B.B. 
Huffman. 1986. Toxicity of selected insecticides to 
Lasioderma serricorne (F.) (Coleoptera: Anobiidae) 
by three methods of exposure. J. Stored Prod. 
Res. 22:93-96.

Benhalima, H., M.Q. Chaudhry, K.A. Mills and N.R. 
Price. 2004. Phosphine resistance in stored 
product insects collected from various grain 
storage facilities in Morocco. J. Stored Prod. Res., 
40(3):241-249.

Brinkmann, M.E. and B. Straube. 2002. Stored product 
protection with amorphous silica dust (Silico Sec®) 
in Germany–practical experiences and laboratory 
trials Integrated Protection of Stored Products. 
IOBC Bull. 25(3):139-157.

Credland, P.F. and A.W. Wright. 1990. Oviposition 
deterrents of Callosobruchus maculatus 
(Coleoptera: Bruchidae). Physiol Entomol. 15:285-
298.

Ghimire, M.N. and T.W. Phillips. 2007. Suitability of 
five species of stored-product insects as hosts for 
development and reproduction of the parasitoid 
Anisopteromalus calandrae (Hymenoptera: 
Pteromalidae). J. Econ. Entomol. 5:15-23.

Hany, A.S., A.E. Gawad, A. Aziz,  A.E. El-Aziz, M.M.A., 
Sayed. 2009. Effect of releasing the parasitoid 
Anisopteromalus calandrae (Hymenoptera: 
Pteromalidae) on certain coleopteran stored 
products beetles in Egypt. Egypt. Acad J Biolog 
Sci. 2:211-219.

Jackai, L.E.N. and R.A. Daoust. 1986. Insect pests of 
cowpeas. Ann Rev Entomol. 31:95-119.

Korunic, Z. 1998. Diatomaceous earths, a group of 
natural insecticides. J. Stored Prod. Res. 34:87-97.

Liang, P., J.Z. Cui, X.Q. Yang and X.W. Gao. 2007. 
Effects of host plants on insecticide susceptibility 
and carboxylesterase activity in Bemisiatabaci 
biotype B and greenhouse whitefly, Trialeurodes 
vaporariorum. Pest Manage. Sci. 63:365-371.

Lucas, E. and J. Riudavets. 2002. Biological 
and mechanical control of Sitophilus oryzae 
(Coleoptera: Curculionidae) in rice. J. Stored Prod. 
Res. 38(3):293-298.

Mahal, M., W. Islam, S. Parween and K. Mondal. 
2005. Effect of Anisopteromalus  calandrae 
(Hymenoptera: Pteromalidae) in controlling 
residual populations of Rhyzopertha dominica 
(Coleoptera: Bostrichidae) in wheat stores. J. 
Stored Prod. Res. 56:37-48.

Menona A., P.W. Flinnb and B.A. Doverc. 2002. 
Influence of temperature on the functional response 
of Anisopteromalus calandrae (Hymenoptera: 
Pteromalidae), a parasitoid of Rhyzopertha 
dominica (Coleoptera: Bostrichidae). J. Stored 
Prod. Res. 38:463-469.

Ngamo, T., S.L. Kouniki, Y.D. Ngassoum, M.B. 
Mapongmestsem and T. Hance. 2007. Potential 
of Anisopteromalus calandrae (Hymenoptera: 
Pteromalidae) as agent of Callosobruchus 
maculatus (F.) (Coleopetera: Bruchidae). Afr. J. 
Agric. Res. 2(4):168-172.

Onodera, J., S. Matsuyama, T. Suzuki and K. Fujii. 
2002. Host-recognizing kairomones for parasitic 
wasp, Anisopteromalus calandrae, from larvae of 
azuki bean weevil, Callosobruchus chinensis. J. 
Chem. Ecol. 28(6):1-12.

Prodhani, Z.H., M. Altaf, Hossaini, K. Hosna, M.K.U. 
Mollah and M.H. Rahman. 2008. Development 
of integrated  management  approaches  against  
insect  pest.  J. Soil Nature. 2(3):37-39.

Pokharkar, P.K. and D.M. Mehta. 2011. Biology of 
pulse beetle, Callosobruchus chinensis in stored 
chickpea. Proc. Agri. 11(1):34-36.

Quarles, W. and P. Winn. 1996. Diatomaceous earth 
and stored product pests. IPM Practitioner. 18:1-
10.

Stathers T.E., B.M. Mvumib and P. Golob. 2002a. Field 
assessment of the efficacy and persistence of 
diatomaceous earths in protecting stored grain on 
small-scale farms in Zimbabwe. Crop protection. 
21:1033-1048.

Stathers, T.E., M. Denniff and P. Golob. 2004b. The 
efficacy and persistence of diatomaceous earths 
admixed with commodity against four tropical 
stored product beetle pests. J. Stored Prod. Res. 
40:113-123.

Steel, R.G., J.H. Torrie, and D.A. Dickey. 1997. 
Principles and Procedures of Statistics: A biological 
approach. McGraw-Hill., 3rd Edition, New York, 
USA.



J. Agric. Res. 2020, 58(4)

M. Sagheer et al.

244

Srivastava, K.P. and D.K. Butani. 2009. “Pest 
Management in Vegetable,” Vol. I, 2nd Ed., Studium 
Press (India) Pvt. Ltd, New Delhi, India, p. 192-193.

Subramanyam, B.H. 1993. Chemical composition of 
insecto. Report of Department of Entomology, 
University of Minnesota, St. Paul: MN. p. 4-10.

Wakil, W., M. Hasan, A. Shabbir and A. Javed. 2005. 
Insecticidal Efficacy of a Diatomaceous Earth Silico 
Sec Against Red Flour Beetle Tribolim castaneum 
(Herbst) on Stored Wheat. Pak. Entomol. 27(2):49-
51.

White, N.D.G., J.G. Leesch. 1995. Chemical control. 
In: Subramanyam, B. and D.W. Hagstrum (Eds.), 
Integrated Management of Insects in Stored 
Products. Marcel Dekker, New York America. p. 
287-330.

Wijeratne, P.M. 1994. Bionomics and control of 
Bruchids. Food Legume and Coarse Grain 
Newsletter. 29:8-10.

Sr. No. Author’s name Contribution Signature

1 Muhammad Sagheer Supervised the experiment

2 Habib-ur-Rehman Analyzed the data and write up the initial draft of 
the manuscript

3 Qurban Ali Helped in planning and execution of the experiment

4 Muhammad Faheem Akhtar Helped in write up of the manuscript

5 Yasir Saeed Bajwa Conducted the experiment and collected the data

6 Hafiz Saeed-ur-Rehman Edited the manuscript

7 Muhammad Faisal Helped in data collection

CONTRIBUTION OF AUTHORS


