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ABSTRACT
During storage, stored commodities are severely attacked by various insect pests. Tribolium 
castaneum (Herbst), commonly known as Red Flour Beetleis one of them and found everywhere 
in the universe. Current study was planned at Entomological Research Institute, AARI, 
Faisalabad, Pakistan during the year 2017 to investigate the response of different insecticides 
i.e., spinosad and IGRs (pyriproxifen, lufenuron and buprofezin) against T. castaneum. Results 
revealed that highest percent reduction in fecundity of T. castaneum was observed in application 
of buprofezin (77.61%) followed by spinosad (72.25%), pyriproxyfen (69.83%), and lufenuron 
(67.49%). Highest reduction in larval emergence of T. castaneum was observed in application 
of spinosad (72.22%) followed by pyriproxyfen (62.47%), lufenuron (59.71%) and buprofezin 
(58.82%). Highest reduction in pupation of was observed in application of spinosad (63.24%) 
followed by lufenuron (54.22%), pyriproxyfen (50.06%) and buprofezin (40.38%). Similarly, the 
highest reduction in adult emergence was noted in application of spinosad (55.40%) followed by 
lufenuron (41.97%), pyriproxyfen (36.14%) and buprofezin (32.15%). It is concluded that these 
reduced risk insecticides could be a better alternative for stored grain pest’s management.
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INTRODUCTION
The insect pests are detrimental to our economy by 
causing losses of about 10-40% annually (MATHEWS, 
1993). Among these insect pests Tribolium castaneum 
(Herbst) (Red flour beetle) is a cosmopolitan pest of 
stored product that cause serious damage to stored 
grain cereals, food processing plants, warehouses, 
food stores and home stores (Rajendran, 1992; Rees, 
2004). The infested food products contain life stages, an 
insect body fragment, casted skins and benzoquinones, 
which results in pungent smell and gives yellowish 
colour to the infested product (Baur, 1984). Customary 
protectants of grain, for example organophosphorous 
(OPs) and pyrethroid compounds have been used 
widely for both grain and structural treatments. (Arthur, 
2004). Non-judicious use of conventional insecticides 
and fumigants caused increased insecticidal resistance 
in stored product insect pests and negative reaction 
of people shown to their use (Bell, 2000; Rajendran, 
1992; Zettler et al., 1990). It is also observed that the 
use of conventional control strategies against stored 
grain insect pest results in persistency of their residues 
in food products (Smet et al., 1990).
Due to these problems, scientists focused on the 
development of relatively effective, (smet et al., 1990) 
and eco-friendly insecticides (Steal, 1975; Zurfleuh, 

1976). So, the effective alternatives to OPs, new 
chemistry insecticides, spinosad and insect growth 
regulators (IGRs) can be used. The use of grain 
protectants instead of fumigants is advantageous 
because these can provide protection for a longer 
period of time relative to fumigants even when used 
at low dosages. Insect growth regulators have low 
persistence in environment and are degraded rapidly 
(Staal, 1975; Zurfleuh, 1976). The insect strains that 
show resistance to conventional insecticides can 
be controlled  effectively  by  using  these   grain 
protectants.  
Insect growth regulators can be used in combination 
with biological control due to having high biological 
activity (Amos et al., 1974, Silhacek et al., 1976) and can 
also be integrated with other insect pest control tactics 
(Wright and Spades, 1972). These are considered as 
‘‘reduced-risk insecticides’’ having target specific mode 
of action and low mammalian toxicity (Oberlander et 
al., 1997). Spinosad is known as a noval insecticide 
product. It is highly effective both as a contact and 
stomach poison against numerous pest of orders 
Diptera, Orthoptera, Hymenoptera, Thysanoptera, 
Coleoptera and Lepidoptera (Oberlander et al., 1997, 
Racke 2007). Spinosad is environmentally sound and 
exhibit low mammalian toxicity (10, 16).
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The present study was carried out to probe the 
effectiveness of different insecticides spinosad 
pyriproxifen, lufenuron and buprofezin against T. 
castaneum under laboratory conditions. This series of 
experiments will help understand better stored grains 
management strategies.

MATERIALS AND METHODS
This study was conducted at Entomological Research 
Instiute AARI, Faisalabad, Pakistan during the year 
2017.

Insect culture
Population of red flour beetle was collected from grain 
market and godowns. The population of T. castaneum 
was reared under controlled conditions on wheat flour 
at 65±5% relative humidity and 30±2ºC  temperature. 
The wheat flour, which is used as diet was sanitized 
at 70ºC for 15 minutes and then put in the glass jars 
of 250g capacity. Fifty adults were released in each 
jar. The mouth of the plastic jars was covered with 
muslin cloth using rubber band. After 72 hours, these 
beetles were sifted out from culture. The wheat flour 
having freshly laid eggs was put into same jars and 
kept in cooled incubator at optimum growth conditions 
(30±2ºC temperature and 65±5% relative humidity) 
to get homogenous population which was used in 
different bioassays.

Insecticides
A microbial insecticide (spinosad) and three insect 
growth regulators (pyriproxifen, lufenuron and 
buprofezin) were used in bioassays studies at 
concentrations of 3, 6 and 9 ppm.

Diet treatment
Untreated wheat flour (Triticum aestivum) having 
13.5% moisture was used in the tests. A microbial 
insecticide (spinosad) and three insect growth 
regulators (pyriproxifen, lufenuron and buprofezin) 
were used in bioassays studies at concentrations of 
3, 6 and 9 ppm. Masses of 1.5 kg of wheat flour were 
sprayed with spinosad and IGRs at the dose rate of 
3, 6 and 9 ppm. Further, one treatment was kept as 
control. After treatment application the jars containing 
insecticide treated diet were allowed to dry for 30 min 
in order to evaporate the solvent.

Bioassays

Fecundity of Tribolium castaneum: All these 
bioassays are performed under controlled condition 
of temperatures (28 ± 2ºC ) and RH (65±5%) in an 

incubator. Each treatment was replicated thrice. Each 
experimental unit have 20g of treated wheat flour 
in which ten pairs of adult test insect was released. 
Relative humidity was maintained by saturated solution 
of NaCl in the incubator. Data regarding fecundity was 
observed after 2, 4 and 6 days of treatment application. 
Then after 6th day the number of eggs laid by T. 
castaneum was counted.

Larval Emergence of Tribolium castaneum:
Twenty eggs of test insect were placed into each 
vial. Larval emergence of exposed individuals was 
assessed after 4, 8 and 12 days. After 12th day, number 
of hatched eggs of T. castaneum was counted and the 
vials were returned at the same conditions.

Pupation (%) and adult emergence (%) of Tribolium 
castaneum: Twenty larvae of test insect were placed 
into each vial. Percent pupation of exposed individuals 
was assessed after 14, 28 and 42 days. After 60 days, 
adult emergence was observed for T. castaneum.

Statistical analysis
Data regarding fecundity, larval emergence, pupation 
and adult emergence were calculated after 2, 4, 6, 
days, 4, 8, 12 days, 14, 28, 42 days and 60 days, 
respectively. Thus, the collected data were analyzed 
using appropriate statistical software at 5% level of 
significance.

RESULTS AND DISCUSSION

Effect of three insect growth regulators and 
spinosad on the fecundity of Tribolium castaneum
Highest percent reduction in fecundity of T. castaneum  
was observed in application of buprofezin (77.61%) 
followed by spinosad (72.25%), pyriproxyfen (69.83%), 
and lufenuron (67.49%) (Fig. 1). Drop in fecundity was 
highest (67.44%) at 9 ppm concentration and reduction 
was minimum (48.27%) at 3 ppm concentration (Fig. 
2). Regarding the effect of time period the fecundity 
was highest (67.44%) after 6 days exposure and was 
minimum (48.27%) after 2 days exposure (Fig. 3). 
Significant decrease in fecundity of red flour beetle 
was observed at 9 ppm concentration after 6 days 
exposure to IGRs and spinosad, while fecundity 
was reduced minimum at 3 ppm concentration after 
2 days exposure to IGRs and spinosad (Table 1). 
A great decrease in fecundity was noted after 6 
days of exposure to spinosad and reduction was 
minimum after 6 days exposure to lufenuron (Table 2). 



J. Agric. Res. 2019, 57(3)

                     Effect of reduced risk insecticides on developmental stages of herbst  

161

Effect of three insect growth regulators and 
spinosad on the larval emergence of Tribolium 
castaneum
Maximum percent reduction in larval emergence of T. 
castaneum was observed by application of spinosad 
(72.22%), followed in pyriproxyfen (62.47%), lufenuron 
(59.71%) and buprofezin (58.82%) (Fig. 4). Highest 
reduction 80.74% in larval emergence of T. castaneum 
was observed at 9 ppm concentration and reduction 
in larval emergence was minimum  (47.26%) at 3 ppm 
concentration  (Fig. 5). Results regarding the effect 
of exposure period showed that highest reduction 

(68.19%) in larval emergence was observed after 12 
days exposure while larval emergence reduction was 
minimum (58.38%) 4 days exposure period (Table 
3). At 9 ppm concentration the decrease in larval 
emergence was highest after 12 days of exposure to 
IGRs and spinosad and reduction was minimum at 
3 ppm concentration after 4 days exposure to IGRs 
and spinosad (Table 4). Significant reduction in larval 
emergence was noted after 12 days of spinosad 
application and lowest decrease in larval emergence 
was observed after 12 days of buprofezin treatment 
application (Fig. 6).

Table 1. Percent reduction in fecundity of Tribolium castaneum at different time
intervals and at different concentrations

Time Interval
(days)

Concentrations (ppm)
Mean±S.E3 6 9

2 25.45±5.36g     33.39±5.52f    48.43±4.77ed   35.75±3.35 C
4 55.30±2.85d 66.62±1.79c   75.12±1.54b  65.68±1.82 B
6 64.06±2.83c 72.56±1.53ab  78.78±1.31a  71.80±1.42 A

Mean±S.E 48.27±3.50 C 57.52±3.50 B 67.44±2.84 A

Table 2. Percent in fecundity of Tribolium castaneum at different time intervals using different insecticides                      

Time Interval (days)
Insecticides

Mean±S.E
Buprofezin Pyriproxyfen Lufenuron Spinosad

2 27.883± 4.67c 26.202± 3.58c 25.140± 3.55c 63.790±4.14b 35.75±3.35 C
4 63.469± 3.26b 68.241±3.07ab 66.399±3.55b 64.616± 4.88b 65.68±1.82 B
6 77.613±1.75 a 69.832±2.25ab 67.495±3.07ab 72.255±3.24ab 71.80±1.42 A

Mean±S.E 56.32±4.53   B 54.76±4.3   B 53.01±4.30   B 66.89±2.42A
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Table 3. Percent decrease in larval emergence of T. castaneum at different exposure periods and concentrations 

Time Interval  (days)
Concentrations (ppm)

Mean±S.E3 6 9
4 39.24 ±3.59g 47.55±4.35f 54.98±4.57de 58.38±3.63B
8 55.99 ± 4.56d 61.61±3.64c 68.14± 4.10b 63.34±3.2AB
12 79.90  ±4.03a 80.86± 4.00a 81.45± 4.40a 68.19±3.05A
Mean±S.E 47.26±2.59C 61.92±2.45B 80.74±2.33A

Table 4. Percent decrease in larval emergence of T. castaneum at different exposure periods and insecticides

Insecticides Time Interval (days) Mean±S.E4 8 12
Buprofezin 62.96±7.60e 57.94±7.40f 55.56±7.18 58.82±4.15   B
Pyriproxyfen 52.59±7.24gh 62.59±5.82e 72.22±5.85c 62.47±3.85 AB
Lufenuron 53.33±9.05g 58.77±7.20e 67.02±4.50d 59.71±4.13   B
Spinosad 64.62±4.88de 74.07±4.49ab 77.96±4.79a 72.22± 2.84 A
Mean±S.E 58.38±3.63   B 63.34±3.22  AB 68.19±3.05  A

Effect of three insect growth regulators and 
spinosad on the pupation (%) of Tribolium 
castaneum
Maximum percent reduction in pupation of T. castaneum 
was observed in application of spinosad (55.82%) 
followed by lufenuron (49.38%), pyriproxyfen (45.30%), 

and buprofezin (41.39%) (Fig. 7). Maximum percent 
reduction in pupation of T. castaneum was observed 
at 9 ppm concentration (64.97%) and minimum 3 ppm 
concentration (29.45%) (Fig. 8). Highest  reduction 
in pupation of T. castaneum was observed after 42 
days exposure (50.97%) and minimum in after 14 
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days exposure (48.90%) (Table 5). Maximum percent 
reduction in pupation of T. castaneum was observed at 
9 ppm concentration after 42 days exposure to IGRs 
and spinosad and minimum was observed at 3 ppm 
concentration after 14 days exposure to IGRs and 
spinosad (Table 6).

Effect of three insect growth regulators and 
spinosad on the adult emergence of Tribolium 
castaneum
Maximum percent reduction in adult emergence of 
Tribolium castaneum was observed in application of 

spinosad (55.40%) followed by lufenuron (41.97%), 
pyriproxyfen (36.14%), and buprofezin (32.15%) (Fig. 
9). Highest decrease (50.29%) in adult emergence 
was noted at 9 ppm concentration and it was minimum 
(29.71%) at 3 ppm concentration (Fig. 10). Interaction 
effect showed that adult emergence decrease was 
highest at 9 ppm concentration after 60 days exposure 
to IGRs and spinosad which was minimum at 3 ppm 
concentration after 60 days exposure to IGRs and 
spinosad (Table 7).

Table 5. Data regarding % reduction in pupation of T. castaneum at different time intervals and concentrations

Time Interval (days) Concentrations (ppm) Mean±S.E
3 6 9

14 30. ±2.69g 50.90±2.44de 65.24±2.23ab 48.90± 2.76A
28 27.01±1.87h 43.79±2.63f 61.38±2.66c 44.06±2.73B
42 30.78± 1.62g 53.84 ±1.92d 68.29±1.99a 50.97± 2.81A

Mean±S.E 29.45± 1.20   49.51±1.50B 64.97±1.38A

Table 6. Percent reduction in pupation of T. castaneum by using different insecticides

Insecticides Time Interval (days) Mean±S.E14 28 42
Buprofezin 42.81±6.74h 35.73±4.57i 45.64±4.57fg 41.39±3.10C
Pyriproxyfen 46.74± 5.40def 41.28±5.32 47.89±5.14de 45.30± 2.99C
Lufenuron 48.35±4.96d 47.26±6.01de 52.54±7.05bc 49.38± 3.40B
Spinosad 57.70±4.40a 51.96±5.13b 57.81±5.51a 55.82± 2.84A
Mean±S.E 48.90±2.76A 44.06±2.73B 50.97±2.81A
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Table 7. Percent reduction in adult emergence of T. castaneum at different concentrations  
              of insecticides 

Insecticides Concentrations (ppm) Mean±S.E
3 6 9 

Buprofezin 23.33±1.03 i 33.62±2.37 fgh 39.51±1.03 def 32.15 ±2.50 D
Pyriproxyfen 29.11±1.33 hi 37.48±2.74 efg 41.84±1.39 cde 36.14 ±2.10 C
Lufenuron 30.89±1.38 ghi 45.76±0.67 cd 49.28±1.13  c 41.98 ±2.87 B
Spinosad 35.51±0.87 efgh 60.16±1.14   b 70.53±2.22 a 55.40 ±5.25 A
Mean±S.E 29.71±1.4C 44.26±3.18 B 50.29±3.74 A

The results revealed that different concentrations 
of buprofezin, pyriproxyfen, lufenuron and spinosad 
against T. castaneum varied     greatly    with   regard   
to reduction  in  insect   fecundity   and    larval   
emergence.
Comparative efficacy of these four insecticides revealed 
that buprofezin showed (77.61%) highest decrease 
fecundity among the four insecticides. Highest drop 
in fecundity was noted at 9 ppm concentration and 
minimum at 3 ppm concentration. Fecundity was 
decreased significantly after 6 days exposure period 
and was minimum after 2 days exposure period. 
Among the four insecticides, spinosad showed (72.22 
%), highest decrease in larval emergence. Highest 
drop was observed at 9 ppm (80.74%) concentration 
and minimum percent reduction in larval emergence 
was observed at 3 ppm (47.26%) concentration. 
Highest reduction in larval emergence of T. castaneum 
was observed after 12 days (68.19 %) exposure period 
and minimum percent reduction in larval emergence 
was observed after 4 days (58.38 %) exposure period. 
The results of present study coincide with those of 
Mohandass et al. (2006) and Ahire et al. (2008). 
Among the four insecticides, spinosad again showed 
(72.22 %) highest reduction in percent pupation of 
T. castaneum. Highest reduction in percent pupation 
of Tribolium castaneum was observed at 9 ppm 
concentration and minimum at 3 ppm concentration. 
Highest reduction in percent pupation of T. castaneum 
was observed after 42 days exposure period and 
minimum percent reduction was observed after 14 
days exposure period. The results of present study 
coincide with those of Salokhe et al. (2003) and Ahmad 
and Zaidi (2014).
Among the four insecticides, spinosad also showed 
(55.40%) maximum mean reduction in adult emergence 
of T. castaneum. Maximum decrease in adult 
emergence was observed at 9 ppm concentration and 
it was minimum at 3 ppm concentration. The results 
of present study coincide with those of Kostyukovsky 
and Trostanetsky (2006), Chanbang et al.  (2008) and 
Arthur (1998).
It is concluded that these reduced risk insecticides 
could be a better alternative for stored grain pest’s 
management.
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