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Abstract: Powders prepared from Moringa oleifera Lam. leaf and Allium sativum L. clove were tested 
for their influence on Trogoderma granarium Everts adults and larvae in stored groundnut seeds. Four 
rates (0%, 2%, 4% and 6% w/w) of the plant powders were used under laboratory conditions. Five 
days after treatment, adult mortality recorded in M. oleifera and A. sativum treated groundnut seeds at 
2%, 4% and 6% were significantly different (P<0.05) from the control which had no mortality in this 
study. The groundnut seeds treated with M. oleifera leaf powder gave a range of 26.6 – 86.6% adult 
mortality compared to 53.4 – 86.6% recorded in groundnut seeds treated with A. sativum clove powder 
at 1 DAT. A progressive increase in mortality ranging from 40.0 – 93.2% in groundnut seeds treated 
with M. oleifera leaf powder and 66.8 – 93.2% in groundnut seeds treated with A. sativum was 
recorded at 3 DAT while 100% mortality was achieved at 6% rate in groundnut seeds treated with the 
two plant powders at 5 DAT. Counts of number of emerged larvae in plant powder-treated seeds 
showed significant difference (P<0.05) compared to control. Higher rate of treatment was significantly 
different (P<0.05) in the mean number of adult population compared to control. Allium sativum clove 
powder applied at lower rates had greater significant influence in causing mortality of T. granarium 
adults, reducing adult population and larvae emergence. The plant powders coupled with other 
techniques suggest reliable management of the stored product insect if employed at small-scale storage 
of groundnut seeds.  
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                                                                INTRODUCTION 
 
 Many beetles have been implicated as pests of field crops and stored products. Notable among them are 
Khapra beetle, Trogoderma granarium Everts; pod borer, Maruca testulalis; bean beetle, Callosobruchus 
maculatus (F.); maize weevil, Sitophilus zeamais Motschulsky; larger grain borer, Prostephanus truncatus 
Horn; lesser grain borer, Rhizopertha dominica F. etc. whose larvae/adults are capable of causing damage on 
seeds either in the field or in storage. Among the stored product insect pests, T. granarium, has been considered 
a member of the 100 worst invasive species in the world. The dermestid is an important pest of stored oilseeds 
and cereals, occurring in the northern Nigeria where it is regularly intercepted. It causes damage to crops as a 
result of its tunnelling activities especially by the larvae. The adult, a poor flyer, is important for its reproductive 
ability. The adult measures 3 – 4 mm long. It is oval in shape and dark brown with lighter bands on the elytra. 
Adults and larvae have numerous fine hairs on the body surface. The larval instars have varying colours from 
whitish yellow to dark brown at the last instar. The male is distinguished by the elongate apical segment of the 
clubbate antennae (Beal, 1956). The antennal club is wider in width and shorter in females than in males (Ofuya 
and Lale, 2001). The total number of days for the development of T. granarium from egg to adult emergence 
takes 4-6 weeks. 
 In order to prevent the entry of this pest into a country where it was previously unknown, a number of 
measures including plant quarantine and legislation have been promulgated. For many years, the efforts 
appeared to be effective in keeping out the pest (De Lima, 1987). This pest had been successfully excluded from 
Eastern and Southern Africa through legislative policy (Hill and Waller, 1988). Contrary to this, Ofuya (1998) 
reported that there was the problem of implementation and enforcement of these measures in developing 
countries. This probably explained the reason for continual occurrence of the pest in Nigeria. 
 Other control measures have been developed for the insect but with certain drawbacks. The use of synthetic 
fumigants is accompanied by pest resistance, high cost, health hazards and ozone depletion. For these reasons, 
alternative chemicals (biocide) for pest control are being sourced from plants (Berger, 1994). The objective of 
this study is therefore, to determine the influence of Horse radish tree, Moringa oleifera Lam leaf and ginger, 
Allium sativum L. clove powders on the behaviour and pestiferous activities of Khapra beetle, T. granarium, in 
stored groundnut seeds. 
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                                                      MATERIALS AND METHODS 
 
Insect Culture: 
 Adults of Khapra beetle, T. granarium, were obtained from the Insectary of the Nigerian Stored Products 
Research Institute (NSPRI), Ilorin, Nigeria. The larvae were maintained on groundnut seeds in a kilner jar 
(250ml) covered with a muslin cloth material to allow ventilation and prevent insect escape. The culture was 
raised under ambient temperature and relative humidity conditions (28±30C and 70±5% respectively). This 
enhances availability of T. granarium for this experiment. 
 
Collection and Preparation of Groundnut: 
 Groundnut variety used (Kampala) was bought from a local market in Ilorin, Nigeria. The decorticated 
seeds were sorted and winnowed before they were wrapped in a polyethylene bag and placed in a freezer 
compartment of a refrigerator for 7 days to ward off any developing immature stages of insects. The seeds were 
spread on the bench for 7 days to equilibrate until a safe storage level of 7.5% moisture content was attained 
(Musa, 2006/2007). 
 
Preparation of Plant Powders: 
 Moringa oleifera leaves were obtained from the University of Ilorin plantation while Allium sativum bulb 
purchased from a market in Ilorin, Kwara State, was split to separate the cloves. The plant parts were air-dried, 
ground using a mortar and pestle and sieved to obtain fine powders. The powders were kept in air-tight jars prior 
to use.   
 
Experimental Procedure: 
 The experiment involved four treatments applied at 0.0, 2.0, 4.0 and 6.0 g of M. oleifera leaf powder and A. 
sativum clove powder to 100 g groundnut seeds (i.e. 0.0%, 2%, 4% and 6% w/w) in separate plastic containers 
(12 cm in diameter). The mixture of groundnut seeds and powder was thoroughly agitated for 3 minutes to 
enhance uniform distribution of the powder. Five freshly emerged adults (2 males and three females) of T. 
granarium were introduced into each container and then covered with muslin cloth to prevent suffocation and 
escape of the insects. The experimental set-up was arranged in completely randomized design (CRD) on a desk 
with the treatments replicated three times including the untreated control. There were a total of 21 experimental 
units.  
 
Data Collection: 
 Adult mortality readings were taken daily for 3 days after treatment (DAT). All dead and live beetles were 
removed and the experimental set up remained undisturbed for another week when counting of freshly emerged 
larvae commenced. Larvae emergence readings were recorded weekly for 3 weeks after treatment (WAT). All 
live larvae were separated from adults at this stage by sieving to allow for counting of live adults (population) 
from 5 to 7 WAT.  
 
Data Analysis: 
 Data collected were subjected to analysis of variance (ANOVA) and significantly different means were 
separated using Least Significant Difference (LSD) at 5% probability level (LSD=0.05). 
 
Results: 
Effects of M. oleifera Leaf and A. sativum Clove Powders on Adult Mortality of T. granarium: 
 Results from this study showed that all rates of M. oleifera leaf and A. sativum clove powders had 
significant effect (P<0.05) on adult mortality of T. granarium (Table 1). The mortality effect increased with the 
rates of treatment. One day after exposure of T. granarium adults to M. oleifera leaf powder-treated groundnut 
seeds, at 2, 4 and 6% (w/w), mean mortality of 1.33, 2.33 and 4.33 representing 26.6%, 46.6% and 86.6% were 
recorded respectively. No mortality was recorded on the control treatment (seeds not treated with plant powder), 
showing significant difference (P<0.05) from the mortality recorded on the treated samples except at lowest rate 
of M. oleifera leaf treatment. During the same period of exposure of T. granarium adults to A. sativum clove 
powder-treated groundnut seeds, at 2, 4 and 6% w/w, mean mortality of 2.67, 3.67 and 4.33 representing 53.4%, 
73.4% and 86.6% were recorded respectively. Mortality recorded in the groundnut seeds treated with various 
rates of A. sativum clove powder was significantly different compared to the control. However the adult 
mortality achieved at the highest rate of the two plant powders were significantly different compared to lower 
rates of treatment and the control. 
 Three days after exposure of the T. granarium adults to M. oleifera leaf powder-treated groundnut seeds, 
mean mortality of 2.00, 4.33 and 4.66 representing 40.0%, 86.6% and 93.2% were achieved at 2, 4 and 6% 
(w/w) respectively. During the same period, A. sativum clove powder applied at 2, 4 and 6% (w/w) to groundnut 
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seeds gave mean mortality of 3.34, 4.33 and 4.66 representing 66.8%, 86.8% and 93.2% respectively. Results 
showed that T. granarium adult mortality in higher rates of M. oleifera leaf and A. sativum clove powders were 
significantly different (P<0.05) from lowest rate of treatment. No mortality was recorded on the control 
treatment showing significant difference (P<0.05) from the mortality recorded on the powder-treated groundnut 
seeds.  
 Five days after exposure, mean adult mortality of 3.33 and 4.67 representing 66.6% and 93.2% were 
recorded at 2.0 g each of M. oleifera leaf and A. sativum clove powder-treated groundnut seeds respectively. 
However, mean adult mortality of 5.00 representing (100%) was recorded at both 4% and 6% rates of treatment 
of the two plant powders. Results from the control showed significant difference (P<0.05) in adult mortality 
from the results of the powder treatments. When the adult mortality of T. granarium due to M. oleifera leaf 
powder and A. sativum clove powder treatments were compared (Table 2), 100% mortality was achieved at 4% 
(w/w) by both plant powders within 5 DAT. Allium sativum clove powder treatments applied at 2% and 4% 
(w/w) of the groundnut seeds gave higher mortality of T. granarium adults compared to mortality recorded on 
M. oleifera leaf powder at 1 DAT.  Table 1 shows that all adults placed in groundnut seeds treated with M. 
oleifera leaf and A. sativum clove powders at 4.0% and 6.0% were dead after 5 days, except for samples treated 
with plant powders at 2.0%. Allium sativum clove powder caused significantly higher (P<0.05) mortality of T. 
granarium adults at all rates of treatments within 5 days while there was no mortality in the control.  
 
Effect of M. oleifera Leaf and A. sativum Clove Powders on Larval Emergence of T. granarium: 
 Table 2 presents larval emergence of T. granarium exposed to groundnut seeds treated separately with M. 
oleifera leaf powder and A. sativum clove powder. One week after treatment, 3.67, 1.67 and 0.67 gave mean 
larval emergence recorded at 2, 4 and 6% of M. oleifera leaf powder treatment respectively. During the same 
time, 2.67, 0.67 and 0.00 showed mean larval emergence of T. granarium recorded at 2, 4 and 6% of A. sativum 
clove powder treatment respectively. Results from this investigation showed that A. sativum powder applied at 
6.0% had significant effect (P<0.05) on larval emergence of T. granarium in this study. Lower rates of treatment 
were not significantly different (P>0.05) in the mean number of larval emergence compared to untreated control. 
 Two weeks after treatment, 28.7, 27.3 and 10.0 showed mean larval emergence recorded at 2, 4 and 6% of 
M. oleifera leaf powder-treated groundnut seeds respectively, while 25.0, 18.3 and 2.0 were recorded for A. 
sativum clove powder at 2, 4 and 6% respectively. Mean number of larval emergence in the control was 36.7 
which was not significantly different (P>0.05) from the two plant powder treatments except A. sativum applied 
at 6% rate of treatment. 
 On the third week after treatment, mean larval emergence of 66.7, 33.3 and 23.3 were recorded for M. 
oleifera leaf powder at 2, 4 and 6% respectively. During the same exposure period, mean larval emergence of 
34.3, 27.3 and 16.7 were recorded for A. sativum clove powder at 2, 4 and 6% respectively. A mean larval 
emergence of 183.3 was achieved in the groundnut seeds not treated with plant powder showing significant 
reduction in adult emergence at 6% rate of A. sativum clove treatment. Similarly the mean larval emergence in 
the control treatment was not significantly different (P>0.05) from the two plant powder treatments except A. 
sativum applied at 6% rate of treatment. 
 
Effect of M. oleifera Leaf and A. sativum Clove Powders on Adult Population of T. granarium: 
 Table 3 shows that all rates of M. oleifera leaf and A. sativum clove powders had effect on adult population 
of T. granarium in the treated groundnut seeds. Five weeks after treatment, 2.33, 1.33 and 1.00 gave mean adult 
population recorded at 2, 4 and 6% (w/w) of M. oleifera leaf powder treatment respectively. During the same 
time, 1.67, 0.67 and 0.67 showed mean adult population of T. granarium recorded at 2, 4 and 6% of A. sativum 
clove powder treatment respectively. The control treatment had the highest mean adult population (4.00) which 
was significantly different from groundnut seeds treated with plant powders. In this study, lower rates of 
treatment were significantly different (P<0.05) in the mean number of adult population compared to untreated 
control. 
 At 6 and 7 WAT, 2.33, 1.33 and 1.00 gave mean adult population recorded at 2, 4 and 6% of M. oleifera 
leaf powder treatment respectively. During the same time, 1.67, 0.67 and 0.67 showed mean adult population of 
T. granarium recorded at 2, 4 and 6% of A. sativum clove powder treatment respectively. Results showed that A. 
sativum powder applied at 6.0% had significant effect (P<0.05) against adult population of T. granarium. Lower 
rates of treatment and control were not significantly different (P>0.05) in the mean number of adult population. 
No significant effect was observed in M. oleifera leaf powder applied at 2% on adult mortality, larvae and adult 
population. 
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Table 1: Influence of Moringa oleifera leaf and Allium sativum clove powders on adult mortality of Trogoderma granarium in stored 
groundnut. 

Treatment  Rate (%) Adult                   1 mean                   3             mortality (DAT)   5           
M. oleifera 2.0 1.33(26.6) 2.00(40.0) 3.33(66.6) 

 
 4.0 2.33(46.6) 4.33(86.6)                  5.00(100) 
 6.0 4.33(86.6) 4.66(93.2) 5.00(100) 
A. sativum 2.0 2.67(53.4) 3.34(66.8) 4.67(93.2) 
 4.0 3.67(73.4) 4.33(86.6) 5.00(100) 
 6.0 4.33(86.6) 4.66(93.2) 5.00(100) 
Control 0.0 0.0(0.0) 0.0(0.0) 0.0(0.0) 

 SE±                                                         0.69                         0.59                         0.98                    
LSD(0.05)                                                   1.48                         1.27                        2.09 
Figures in parentheses show percentages of adult mortality of Trogoderma granarium                                         
DAT = Day(s) after treatment 
SE = Standard Error 
LSD = Least Significant Difference 

 
Table 2: Influence of Moringa oleifera leaf and Allium sativum clove powders against larval emergence of Trogoderma granarium in stored 

groundnut. 
Treatment Rate (%) T. granarium larval           (WAT) Emergence 

  1 2 3 
M. oleifera 2.0 3.67 28.7 66.7 

 4.0 1.67 27.3 33.3 
 6.0 0.67 10.0 23.3 

A. sativum 2.0 2.67 25.0 34.3 
 4.0 0.67 18.3 27.3 
 6.0 0.0 2.0 16.7 

Control 0.0 4.0 36.7 183.3 
SE±  1.56 14.85 24.12 

LSD(0.05)  3.35 31.86 51.74 
WAI = Week(s) after treatment 
SE = Standard error   
LSD = Least Significant Difference 
 
Table 3: Influence of Moringa oleifera leaf and Allium sativum clove powders against adult population of Trogoderma granarium in stored 

groundnut. 
Treatment Rate (%) T. granarium              adult           (WAT) population   
  5 6 7 
M. oleifera 2.0 2.33 4.67 4.67 
 4.0 1.33 4.33 4.33 
 6.0 1.00 3.67 3.67 
A. sativum 2.0 1.67 4.33 4.67 
 4.0 0.67 3.00 3.67 
 6.0 0.67 0.33 0.33 
Control 0.0 4.00 4.67 5.00 
SE±  0.80 0.62 0.62 
LSD(0.05)   1.71 1.80 1.32 

WAT = Week after treatment 
SE = Standard error 
LSD = Least Significant Difference 

 
Discussion: 
 Previous studies by Al-Moajel (2004) have shown insecticidal activity in A. ascalonicum L. and A. cepa L., 
close relatives of A. sativum, against T. granarium in wheat. In the present study, the powder of A. sativum clove 
applied at lower rate performed better than M. oleifera leaf powder in its influence on T. granarium adults in 
stored groundnut (93.2% mortality at 5 days after infestation). Allium sativum clove powder was more 
insecticidally active to T. granarium adults than M. oleifera leaf powder. A keen observation on the two plant 
powders studied in this present work shows that the length of exposure time of the powders resulted in increased 
mortality, indicating that adults cannot tolerate long exposure to such materials. Monoterpenes are known to be 
natural components of the essential oils of A. sativum and with its characteristic pungent odour, could have been 
responsible for the insecticidal activity achieved in this study. Babarinde et al., (2011) reported that adults of T. 
granarium were more susceptible to M. oleifera leaf powder than larvae. The powders could not show contact 
toxicity activity. Many researchers had reported the non-toxicity of most of various plant powders which they 
had tested on adult mortality (Bhusan and Ghatak, 1991; Niber, 1994; Patel and Valand, 1994; Chimbe and 
Galley, 1996). Plant powders significantly increased the rate of adult mortality of T. granarium, an effect that 
has also been observed by Musa et al., (2007a, banarium). Ashfaq et al. (2012) reported that M. oleifera leaf 
powder was effective against both the larvae and adults of T. granarium and showed repellent properties. In this 
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investigation, there was consistent increase in the number of emerged larvae in the two plant powders. Female 
adults in the treated seeds probably laid few eggs causing reduction in number of emerged larvae.  
 This study shows that stored groundnut seeds are prone to pest infestation by dermestid beetle, T. 
granarium, resulting in quality deterioration. The larva stage occurred in greater number than adults and was 
identified as the pest status of the insect. It was found that groundnut seeds treated with 4.0 - 6.0% rates each of 
M. oleifera leaf and A. sativum clove powders were less infested with T. granarium adults. The longevity of the 
larvae may be ascribed to diet suitability, storage condition and repeated moulting leading to production of 4 or 
5 instars. It was found that the pest survived and multiplied in the presence of wholesome groundnut seeds 
admixed with plant powders.   
 Poswal and Akpa (1991) suggested that the tested plant powders may have no insecticidal properties, but 
fill the spaces between grains, restricting the movement of adults for egg-laying and decreasing infestation 
levels. The study showed that the plant powders significantly afforded insecticidal action by killing adults and 
reducing emergence.  
 In conclusion, the plant powders investigated in this study could have practical application in protection of 
stored groundnut seeds against dermestid attack by incorporating them in pest management tactics. More 
researches are required on these plant species to elucidate their active ingredients identification and isolation 
which might suggest their inclusion in pest management of stored product insects.   
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