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Abstract  Original Research Article 
 

The contact and gustatory effects of Spinosad on development, survivability, adult emergence and reproductive potential 

of Cryptolestes pusillus (Schon.) in two successive generations were conducted. Egg hatching, larval and pupal 

survivability, and adult emergence were lowest in wheat and rice in 1
st
 generation, whereas, totally controlled the 

hatching, larval and pupal survivability and adult emergence of C. pusillus was noticed in both the seeds in 2
nd

 

generation at 0.63 and 1.25 μg/ml concentrations. The highest PRC value of adult emergence was 97.93% found in 

wheat and 100% in rice in 2
nd

 generation. The mean developmental period of C. pusillus varied in different 

concentrations of Spinosad. The highest duration of hatching, larval and pupal periods were observed in treated 

Spinosad at 1.25μg/ml in wheat in F1 generation, whereas, total control of development was found in F2 generation in the 

same concentration.  
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INTRODUCTION 
For the protection of stored grains and other 

food commodities needs sustainable insect pest 

management of stored products, considering the safety 

of the consumers and the environment, within a 

cost-effective way. Cryptolestes pusillus (Schon.) is one 

of the serious external feeders and common major pests 

[1], occurring in all areas of the world where grain is 

produced and store [2, 3]. The damage is caused by both 

larval and adult stages of C. pusillus. Due to high 

fecundity, polyphagous nature, quick adaptation against 

insecticides, control of C. pusillus for a long time is quite 

different and rather impossible. 

 

Synthetic insecticides are the currently used 

pest control method that causes quick mortality of the 

insects but there are harmful effects of these insecticides 

on the health [4], environment [5], and on non-targeted 

organisms [6]. Stored grain insects have developed 

resistance to these insecticides [7]. As the treated grains 

are consumed by human, there is a need to use reduced 

risk insecticides as an alternate to conventional 

insecticides [8].  

 

Spinosad is an insecticide product from Dow 

AgroSciences (Indianapolis, Indiana, USA), derived via 

fermentation from a naturally-occurring soil 

actinomycete, Saccharopolyspora spinosa Mertz and 

Yao (Bacteria: Actinobacteria). It is registered in several 

countries as a grain protectant at the maximum labelled 

use rate of 1mg/Kg of grain and its Maximum Residue 

Limit (MRL) established at 1.5ppm [9]. The Spinosad 

can persist from 6-12 months on the stored commodities 

[10-14]. 

 

So far, the effect of Spinosad on C. pusillus 

have been conducted in a very few levels in Bangladesh. 

The aim of this study was to evaluate the effect of 

Spinosad on the survivability and development of 

progeny buildup in two successive generations of C. 

pusillus under laboratory conditions. 

 

MATERIALS AND METHODS 
One gram of wheat and rice were socked in 

different concentrations of Spinosad separately and then 

dried at room temperature for 24h in a 6cm glass petri 

dish. Deposited eggs 24-h old of C. pusillus were 

collected by sieving the culture food medium maintained 

in the past five years in Control Temperature (CT) room 
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and released on the treated wheat. After introduction the 

eggs, the petri-dish was covered and kept until the eggs 

began to hatch. It was checked for hatching up to 10 

days. Newly hatched larvae were collected carefully 

with fine camel hair brush after 4-5 days, and then 

transferred to wheat medium treated with different 

concentrations of Spinosad. The larvae were reared up to 

the adult emergence. After every three days the wheat 

was changed with uninfected wheat. A similar set of 

experiment was carried on wheat soaked with distilled 

water only, as a control batch. The temperature was 

maintained at 301
0
C with 75% RH in the CT room 

throughout the study periods. 

 

Egg-to-larval survival of C. pusillus was 

checked after 21 days, while egg-to-adult emergence, 

progeny production for this species recorded 42 days. 

Adults unable to move when prodded gently with a hair 

brush were considered dead. Each combination of C. 

pusillus, Spinosad concentrations, and exposure duration 

was replicated three times, and each replicate was treated 

separately in wheat and rice. Progeny production or 

egg-to-adult emergence and developmental period of life 

stages of C. pusillus was counted to untreated wheat and 

treated wheat with Spinosad concentration for two 

successive generation.  

 

Parameters observed: 
Effect of spinosad was observed on the 

following biological parameters of C. pusillus in two 

successive generations: 

 

A. Growth or Survivability of life stages of C. pusillus 

on wheat- 

i. Hatching percentage, 

ii. larval survivability up to pupation, 

iii. pupal survivability and 

iv. adult recovery or emergence 

 

B. Developmental period of life stages of C. pusillus 

on wheat. 
i. Hatching period, 

ii. larval period and 

iii. pupal period 

 

Statistical analysis: 
All data were subjected to Analysis of variance 

using SPSS-20 version. Means comparisons were 

performed by Tukey’s tests (P<0.05) using MS 

excel-2010. PRC was calculated [15]. 

 

RESULTS AND DISCUSSION 
i. Effect on hatching 

Hatching of C. pusillus in different 

concentrations of Spinosad was significantly (P<0.001) 

lower in treated wheat compared with untreated wheat in 

a dose-dependent manner in both F1 and F2 generations 

(Table 1). In higher concentrations (1.25μg/ml) 

47.613.38/d was observed but in lower concentrations 

(0.08 μg/ml) was recorded (77.153.52%). The number 

of hatched larvae was decreased with the increase of 

Spinosad concentrations in F1 generation. In F2 

generation, only (5.20 1.70% egg hatching was 

observed in higher concentrations in treated wheat. In 

treated wheat the egg hatchability was ranged from 

47.61 3.38 to 77.153.52% in F1 generation but it was 

4.201.79 to 44.782.88% in F2 generation. But it was 

88.122.02% in F1 generation and 80.764.87% in F2 

generation in control. Spinosad highly influenced the 

egg hatchability of C. pusillus in wheat in different 

concentrations (F=24.67, df+5, P<0.001) in F1 and 

(F=78.92, df=5, P<0.001) in F2 Generations.  

 

In rice treated seeds, 18.461.67% to 

44.331.12% of hatchability was recorded in F1 

generation but no hatchability was recorded in higher 

concentrations in F2 generation (Table 3). Significant 

differences were noted in F1 (F=73.22, df=5, P<0.001) 

and (F=66.95, df=5, P<0.001) in F2 generation. 

 

ii) Larval survivability: 

The different concentrations of Spinosad 

significantly influenced the larval survivability of C. 

pusillus in treated wheat and rice respectively. The 

highest larval survivability was recorded at 1.25g/ml of 

Spinosad was 47.613.35% but lowest 77.153.52% in 

wheat treated seeds in F1 generation whereas only 

2.000.80% in higher concentrations but 30.143.21% 

in lower concentration in F2 generations (Table1-2). 

Significant effect of concentration of Spinosad was 

noticed in F1 generation (F=19.21, df=5, P<0.001) and 

F=78.92, df=5, P<0.001) in F2 generation. 

 

On the other hand, 22.22V1.87% larval 

survivability was observed in higher concentration but 

76.163.03% in lower concentration in rice treated seeds 

in F1 generation but no larval survivability was recorded 

in F2 generation. Significant result was observed (Table 

3 & 4). 

 

iii) Pupal survivability: 

Spinosad treatment significantly reduced pupal 

survivability in C. pusillus in wheat treated seeds in both 

F1 and F2 generations. The range of pupal survivability 

was 50.863.08 to 82.102.88 in higher and lower 

concentrations in F1 generation in wheat treated seeds, 

but in F2 generation no pupal survivability was noticed in 

higher concentrations. Significant results were obtained 

in F1 (F=25.07, df=4, P<0.001) generation but in F2 it 

was (F=159.64, df=4, P<0.001). 

 

The range of pupal survivability was recorded 

36.264.06 to 74.253.115 in higher concentration in F1 

generation in rice treated seeds. No pupal survivability 

was recorded in F2 generation like in wheat. Significant 

pupal survivability was noticed in F2 generation. 
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iv) Adult Emergence: 

Tables (1-4) shows that the percentage of adult 

emergence in both F1 and F2 generations of wheat and 

rice treated seeds of Spinosad. It was 52.243.98 to 

90.604.22% in higher and lower concentrations in 

wheat treated seeds in F1 generation. Significant was 

obtained. But in rice, 32. 26 to 77.603.67% of adult 

recovery was resulted in F1 generation. No adult 

recovery was obtained in F2 generation of rice treated 

seeds. 

 

B. Development periods  

i) Effect on hatching period: All concentrations 

of Spinosad was influenced of hatching period 

compared with control, in a dose-dependent 

manner (Tables 3-4). Both F1 and F2 

generations, hatching period was longest 

significant in both wheat and rice seeds. Lower 

hatching was recorded in lower concentrations 

but higher in higher concentrations (1.25 

g/ml). It was 5.000.41 to 8.900.49 in F1 but 

6.160.45 to 12.800.57 in F2 generations. The 

Statistical analysis revealed that significant 

differences were present among the 

concentrations (F=26.33, df=4, P<0.001) in F1 

and (F=26.-6, df=4, P<0.001 in wheat but 

113.01, df=4, P<0.001 in rice) in F2 generations 

respectively. 

ii) Effect on larval period: Spinosad gradually 

increased in higher concentrations in both 

wheat and rice seeds. The larval duration was 

ranged from 25.2512.23 to 30.002.36 in 

wheat and 21.520,59 to 28.500.55 in rice of 

F1 generation whereas no larval duration was 

observed in higher concentrations of F2 

generations in wheat and rice. Analysis of 

variance showed significant differences was 

noticed in F2 generations in both wheat and 

rice. 

iii) Effect on pupal period: The pupal period was 

shortest in lower concentration but highest in 

higher concentrations (Table 3) both in F1 and 

F2 generations in wheat and rice respectively. 

There is no larval development occurred in 

higher concentrations in F2 generation in both 

wheat and rice. The longest pupal period 

12.080.46 and 12.120.41 in rice. Significant 

difference in pupal period were noticed.  

 

Table 1: Effect of spinosad on Growth or survivability at different stages and adult emergence of C. pusillusin F1 

generation on wheat 

Concentration g/ml  F1 Generation in wheat 

Hatching Survivality Larval Survivality Pupal Survivality Adult Survivality PRC 

Control 88.122.02a 

(88.00-90.0) 

80.242.47a 

(80.00-81.00) 

88.242.66a 

(88.00-89.00) 

92.522.50a 

(92.00-94.00) 

- 

0.08 77.153.52ab 

(77.00-80.00) 

80.242.94a 

(80.00-82.00) 

82.102.88a 

(82.00-83.00) 

90.604.22a 

(90.00-92.00) 

5.45 

0.16 80.063.00ab 

(80.00-81.00) 

78.203.04a 

(78.00-79.00) 

81.062.17a 

(81.00-82.00) 

88.802.16a 

(88.00-90.00) 

6.02 

0.32 72.003.64bc 

(72.00-74.00) 

72.103.73ab 

(72.00-74.00) 

78.023.34a 

(78.00-80.00) 

78.604.43a 

(78.00-80.00) 

13.86 

0.63 60.121.54cd 

(60.00-61.00) 

62.123.21b 

(62.00-65.00) 

63.052.59b 

(63.00-65.00) 

61.502.29b 

(61.00-63.00) 

29.31 

1.25 47.613.38d 

(47.00-50.00) 

45.423.31c 

(45.00-47.00) 

50.863.08b 

(50.00-52.00) 

52.243.98b 

(52.00-54.00) 

43.82 

 

In a column means with same letter do not significantly differ from each other within concentrations at 0.05% level 

(Tukey’s test). 

 

Table 2: Effect of spinosad on Growth or survivability at different stages and adult emergence of C. pusillusin F2 

generation on wheat 

Concentration g/ml F2 Generation on wheat 

Hatching Survivality Larval Survivality Pupal Survivality Adult Survivality PRC 

Control 80.764.87a 

(80.00-82.00) 

60.263.12a 

(60.00-61.00) 

78.422.43a 

(78.00-80.00) 

80.001.16a 

(80.00-81.00) 

- 

0.08 44.782.88b 

(44.00-45.00) 

30.143.21b 

(30.00-33.00) 

50.402.70b 

(50.00-52.00) 

44.442.38b 

(44.00-46.00) 

43.31 

0.16 28.681.30c 

(28.00-29.00) 

26.264.47b 

(26.00-28.00) 

28.062.54c 

(28.00-30.00) 

10.432.72c 

(10.00-12.00) 

68.80 

0.32 20.404.81cd 

(20.00-23.00) 

20.083.45bc 

(20.00-23.00) 

16.003.06d 

(16.00-18.00) 

4.052.98cd 

(4.00-6.00) 

79.79 

0.63 8.241.15de 

(8.00-9.00) 

7.051.51cd 

(7.00-8.00) 

6.002.08de 

(6.00-7.50) 

0.000.00d 

(00.0-00.0) 

92.89 
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1.25 4.201.70e 

(4.00-5.00) 

2.000.80d 

(2.00-2.50) 

0.000.00e 

(00.0-00.0) 

0.000.00d 

(00.0-00.0) 

97.93 

 

In a column means with same letter do not significantly differ from each other within concentrations at 0.05% 

level (Tukey’s test). 

 

Table 3: Effect of spinosad on Growth or survivability at different stages and adult emergence of C. pusillusin F1 

generation on Rice 

Concentration 

g/ml 

F1 Generation on Rice 

Hatching Survivality Larval Survivality Pupal Survivality Adult Survivality PRC 

Control 72.002.53a 

(72.00-74.00) 

70.001.08a 

(7.00-8.00) 

78.124.14a 

(78.00-80.00) 

80.122.01a 

(80.00-82.00) 

- 

0.08 44.331.12b 

(44.33-45.00) 

76.163.03a 

(76.00-78.00) 

74.253.11a 

(74.00-77.00) 

77.603.67ab 

(77.00-79.00) 

9.48 

0.16 36.263.16bc 

(36.00-37.00) 

70.083.54a 

(70.00-72.00) 

70.201.56a 

(70.00-71.00) 

60.244.50bc 

(60.00-63.00) 

21.89 

0.32 32.123.12c 

(32.00-35.00) 

64.343.93ab 

(64.00-67.00) 

66.022.51a 

(66.00-68.00) 

52.122.76cd 

(52.00-54.00) 

31.98 

0.63 20.141.21d 

(20.00-21.00) 

52.123.90b 

(52.00-55.00) 

44.054.98b 

(44.00-47.00) 

40.244.36de 

(40.00-43.00) 

48.82 

1.25 18.461.67d 

(18.00-19.00) 

22.221.87c 

(22.00-23.00) 

36.264.06b 

(36.00-39.00) 

32.265.19e 

(32.00-34.00) 

64.20 

 

In a column means with same letter do not significantly differ from each other within concentrations at 0.05% 

level (Tukey’s test). 

 
Table 4: Effect of spinosad on Growth or survivability at different stages and adult emergence of C. pusillusin F2 

generation on Rice 

Concentration 

g/ml 

F2 Generation on Rice 

Hatching Survivality Larval Survivality Pupal Survivality Adult Survivality PRC 

Control 72.123.58a 

(72.00-74.00) 

66.563.45a 

(66.00-67.00) 

70.721.30a 

(70.00-71.00) 

68.244.33a 

(68.00-70.00) 

- 

0.08 50.004.30b 

(5.00-6.00) 

44.286.81b 

(44.00-46.00) 

40.244.05b 

(40.00-42.00) 

30. 5 21.15b 

(30.00-31.00) 

47.69 

0.16 24.004.73c 

(24.00-26.00) 

20.102.50c 

(20.00-21.00) 

18.204.31c 

(18.00-20.00) 

30.205.14b 

(30.00-32.00) 

70.56 

0.32 18.004.48c 

(18.00-20.00) 

4.402.34cd 

(4.00-5.00) 

2.241.43d 

(2.00-3.00) 

0.000.00c 

(00.0-00.0) 

90.89 

0.63 0.000.00d 

(00.0-00.0) 

0.000.00d 

(00.0-00.0) 

0.000.00d 

(00.0-00.0) 

0.000.00c 

(00.0-00.0) 

100.00 

1.25 0.000.00d 

(00.0-00.0) 

0.000.00d 

(00.0-00.0) 

0.000.00d 

(00.0-00.0) 

0.000.00c 

(00.0-00.0) 

100.00 

 

In a column means with same letter do not 

significantly differ from each other within 

concentrations at 0.05% level (Tukey’s test). 

 

Results of the present experiments revealed that 

there were significant impacts of the survivability and 

developmental period of C. pusillus in different 

concentrations of Spinosad and exposure periods. It was 

noted Spinosad concentrations from 0.08 to 1/25g/ml 

were found to be highly effective against C. pusillus by 

decreasing the survivability of life stages of C. pusillus 

egg hatching duration, and length of larval and pupal 

period in F1 and F2 generation than control. It completely 

controlled the larval and pupal survivability 

(0.000.00%) and adult emergence (0.000.00%) in 

wheat and rice seeds at 0.63 and 1.25g/ml 

concentration in F2 generation. There was significant 

effect in egg hatching to adult emergence percentage and 

egg hatching period, larval and pupal period in wheat 

and rice seeds in F1 and F2 generation. Similar studies 

mentioned the pesticidal potentials of Spinosad against a 

few stored product insect pest [16, 17]. The present 

results of Spinosad are well accordance with the results 

of the mentioned reports. 

 

Spinosad at high concentration (1.25g/ml) 

able to control the adult C. pusillus. It was affected egg 

to larval survival of C. pusillus. Reduction in larval and 

pupal survival was observed in wheat and rice at all 

concentrations. Mollaie et al., [18] evaluated that 

0.1-1mg/kg of spinosad absolutely suppressed the larval 

survival of E. kuehniella and also noted that 1mg/kg of 

Spinosad suppressed larval survivability and adult 

emergence of P. interpunctella greater than 90%; and 
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this result are more or less accordance with the present 

result. 

 

Fang et al., [19], Huang et al., [20] and Huang 

and Subramanyam [21] indicated that susceptibility of P. 

interpuntella larvae to Spinosad was dose dependent. 

Larval mortality on Spinosad approached 88% at 22 C 

temperature. 

 

The present results indicate that Spinosad is an 

effective tool to control all the life stages of C. pusillus. 

The degree of toxicity of Spinosad can be rankled as 

concluded that low concentration of Spinosad would be 

potential to control C. pusillus in storage system. It is a 

very safe method for food preservation and pest control.  

 

ACKNOWLEDGEMENT 
Government of the People’s Republic of 

Bangladesh for providing deputation to pursue the higher 

education. The author thankful to the Director, Institute 

of Biological Sciences, University of Rajshahi, for Ph D 

Fellowship and laboratory facilities. 

 

REFERENCES 
1. Halstead, D. G. H. (1993). Keys for the 

identification beetles associated with stored 

products-II Laemophloeidae Passandridae and 

Silvanidae. J Stored Prod Res. 29(2), 99-197. 

2. Jia, F. Toews, M. D., Campbell, J. F. & 

Ramaswamy, S. B. (2008). Survival and 

reproduction of lesser grain borer Rhyzopertha 

dominica F. (Coleoptera: Bostrichidae) on flora 

associated with native habitats in Kansas. J Stored 

Prod Res, 44, 366-372. 

3. Edde, P. A. (2012). A review of the biology and 

control of the lesser grain borer, Rhyzopertha 

dominica. J Stored Prod Res, 48, 1-8.  

4. Arthur, F. H. (1996). Grain protectants: current 

status and prospects for the future. J Stored Prod 

Res, 32(4), 293–302. 

5. Phillips, T. W., & Throne, J. E. (2010). Biorational 

approaches to managing stored-product insects. Ann 

Rev Entomol 55, 375-397. 

6. Fields, P. G. (1992). The control of stored-product 

insects and mites with extreme temperatures. J 

Stored Prod Res, 28, 89-118. 

7. Nayak, M. K., Daglish, G. J., & Byrne, V. S. (2005). 

Effectiveness of Spinosad as a grain protectant 

against resistant beetle and psocid pests of stored 

grain in Australia. J Stored Prod Res, 41, 455-467 

8. Arthur, F. (2007). Insect pest management in stored 

products using reduced-risk insecticides. In: 

Navarro, S., Adler, C., Riudavets, J., & Stejskal, V. 

(Eds.), Proc IOBC/WPRS working group 

“integrated protection of stored products”, 

September 20-23, 2005, Institute for Biological 

Control, Darmstadt, Prague, Czech Republic, pp. 

233-241.  

9. Hertlein, M. B., Thompson, G. D., Subramanyam, 

B. H., & Athanassiou, C. G. (2011). Spinosad a new 

natural product for stored grain protection. J. Stored 

Prod. Res. 47(3), 131-146. 

10. Flinn, P. W., Subramanyam, B. H., & Arthur, F. H. 

(2004). Comparison of aeration and spinosad for 

suppressing insects in stored wheat. J Econ 

Entomol, 97, 1465-1473. 

11. Subramanyam Bh, Toews, M. D., Ileleji, K. E., 

Maier, D. E., Thompson, G. D., & Pitts, T. J. (2007). 

Evaluation of spinosad as a grain protectant on three 

Kansas farms. Crop Prot, 26, 1021-1030. 

12. Vayias, B. J., Athanassiou, C. G., Kavallieratos, N. 

G., & Tatsi, G. (2010). Insecticidal action of the 

combined use of spinosad and deltamethrin against 

three stored product pests in two stored hard wheat 

varieties. In Carvalho, O. M., Fields, P. G., Adler, C. 

S., Arthur, F. H., Athanassiou, C. G., Campbell, J. 

F., Fleurat-Lessard, F., Flinn, P. W., Hodges, R. J., 

Isikber, A. A., Navarro, S., Noyes, R. T., Riudavets, 

J., Sinha, K. K., Thorpe, G. R., Timlick, B. H., 

Trematerra, P., White, N. D. G. (eds.), Proc.10th 

Int. Work. Conf. on Stored Prod. Protect. 27 June–2 

July 2010, Estoril, Portugal, Julius-Kühn-Archiv, 

978-3-930037-65-0, Vol. 425Berlin, Germany 

(2010). pp. 921–924. 

13. Dissanayaka, D. M. S. K., Samman, A. M. P., & 

Wijayaratne, L. K. W. (2020). Residual efficacy of 

Spinosad and spinetoram on traditional and new 

improved rice varieties on the mortality of 

Rhyzopertha dominica (F.) (Coleoptera: 

Bostrichidae). J Stored Prod Res, 88, 101643. 

https://doi.org/10.1016/j.jspr.2020.101643 

14. Mian, L. S., & Mulla, M. S. (1982). Biological 

activity of IGRs against four stored product 

coleopterans. J Econ Ent, 75, 80-85. 

15. Subramanyam, B. H., Hartzer, M., & Boina, D. R. 

(2012). Performance of pre commercial release 

formulations of Spinosad against five 

stored-product insect species on four stored 

commodities. J Pest Sci, 85, 331-339. 

16. Habiba, U. (2020). Potential of Spinosad for control 

of two stored-product insect pests in wheat varieties. 

Ph D Thesis, University of Rajshahi, Bangladesh, 

262pp. 

17. Mollaie, M., Izadi, H., & Dashti, H. (2011). Efficacy 

of spinosad against three stored-product insect 

pests. Iranian J Entomol, 1, 8-12.  

18. Fang, L., Subramanyam, B. H., & Arthur, F. H. 

(2002). Effectiveness of spinosad on four classes of 

wheat against five stored-product insects. J Econ 

Entomol, 95, 640-650. 

19. Huang, F., & Subramanyam, B. H. (2007). 

Effectiveness of spinosad against seven major 

stored-grain insects on corn. Insect Sci, 14, 225–

230. 

20. Huang, F., Subramanyam, B. H., & Hou, X. (2007). 

Efficacy of spinosad against eight stored product 

insect species on hard winter wheat. Biopest Int, 3, 

117-125. 

21. Thompson, B. M., & Reddy, G. V. P. (2016). Effect 

of temperature on two bio-insecticides for the 



 

 

Jahida Begum et al., Sch Acad J Biosci, Jul, 2023; 11(7): 244-248 

© 2023 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India                                                                                       249 

 

control of confused flour beetle (Coleoptera: Tenebrionidae). Florida entomologist 99, 67-71. 

 


