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Abstract 
Toxicity of leaf powders and extracts of Euphorbia balsamifera, Lawsonia inermis, Mitracarpus hirtus 

and Senna obtusifolia against Sitophilus zeamais was evaluated. The study was conducted in 

Postgraduate laboratory of the Department of Biology, Umaru Musa Yar’adua University, Katsina 

(Nigeria). Five pairs of 7 day old S. zeamais were released in 20 g of disinfested sorghum variety, Farar 

Kaura (FK) treated with powders, methanolic, ethanolic and aqueous extracts of the botanicals in plastic 

bottles, separately, at different concentrations of 2.5, 5.0 and 10.0 x 104 ppm. Botanical powders caused 

67.50 ± 2.50 to 100.00 ± 0.00% adult morality of S. zeamais within 12 days after treatment (DAT). Both 

methanolic and ethanolic extracts applied at the three concentrations led to total adult mortality within 5 

DAT. The highest (75.00 ± 2.89%) mortality recorded in aqueous extracts treatments was at 10.0 x 104 

ppm of E. balsamifera, while the least (30.00 ± 4.08%) was in 2.5 x 104 ppm of S. obtusifolia within 28 

DAT. E. balsamifera was the most effective botanical with its LC50 values ranging from 0.049 ± 0.739 to 

1.410 ± 0.874 x 104 ppm. The botanicals were found to be highly effective in killing adult S. zeamais and 

therefore could be utilized to reduce the weevils’ infestations in stored sorghum. However, further 

investigations on their toxicity on mammals and other insect pests are hereby recommended.  
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1. Introduction 
The main stay of Nigerian economy is agriculture, which involves subsistence farmers 

scattered over a wide expense of land area [1]. The major cereals in Nigeria include rice, maize, 

sorghum, wheat, and millet, with sorghum accounting for 50% of the total cereal production 

and occupying about 45% of the total land area devoted to cereal production in Nigeria [2]. 

Sorghum belongs to the grass family Gramineae and one of the most important cereal crops 

grown in the tropics and sub-tropics of the world [3]. It is the second cereal crop and the fifth 

among all crops in terms of production in Africa, and in Nigerian sorghum production 

represented 25% of the total cereal production of the year 2012 [4]. The crop has the ability to 

withstand harsh conditions such as drought and water logging, and is used for food, animal 

feed, fodder and bio-ethanol [3]. 

In Nigeria where many farmers are rural dwellers and illiterate, government intervention in 

crop protection is low and insect infestations have been a major threat to food production [5]. 

Post-harvest insect pests attacking stored sorghum are the major biotic constraints that cause 

considerable economic losses in the storage sector [3, 6]. The cosmopolitan S. zeamais is one of 

the most destructive field-to-store pests and was reported to have caused 53.30 to 65.50% 

grain damage of stored sorghum [7, 8]. Further, grain damage of 27.88% was reported in maize 

infested by S. zeamais [6].  

Synthetic insecticides have been commonly used for controlling pests in stored products. This 

has resulted in problems such as pest resurgence and increase in costs of application, arising 

from the development of resistance to insecticides [9]. The hazardous nature of chemical 

insecticides necessitated a search for alternative, eco-friendly methods of controlling insect 

pests of storage such as the use of botanicals [10, 11, 12].  

Some researchers reported insecticidal effects of different plant materials against S. zeamais in 

stored grains and recorded high mortality of the weevils [5, 6, 7, 13, 14]. Medicinal plants such as 

O. subscorpioidea, A. melegueta and Z. officinale caused adult mortality of S. zeamais ranging  
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from 18.35 to 88.35% after 72 hours of exposure [5]. Toxicity 

effects of seed powder of A. indica against S. zeamais were 

studied and 23.00 to 28.67% adult mortality was recorded 

after 45 days of treatment [15]. It is advanced that A. 

auriculiformis and A. goddsefiana powders were found to 

show insecticidal toxicity against S. oryzae where they caused 

adult mortality ranging from 20.00 to 100.00% [16]. 

There is inadequate literature on the use of powder and/or 

extracts of E. balsamifera, L. inermis, M. hirtus and S. 

obtusifolia in the control of S. zeamais on sorghum and/or any 

cereal during storage [17-19]. However, leaf powder of L. 

inermis was reported to have resulted in 100% mortality of T. 

granarium in stored wheat at 1, 2, 4 and 6% w/w after 14 

days of post treatment period [17]. Application of L. inermis 

powders at 2% concentration on stored wheat was found to 

have resulted in 77.40% adult mortality of R. dominica [18]. 

Similarly, leaf powders of L. inermis applied at 2.5 g/ 20 g 

cowpea seeds were reported to have resulted in 81.14% adult 

mortality of C. maculatus after 120 hours of post treatment 
[19].  

This study was therefore, aimed at investigating the toxicity 

of leaf powders and extracts of E. balsamifera, L. inermis, M. 

hirtus and S. obtusifolia against adult S. zeamais on sorghum 

grains. 

 

2. Materials and Methods  

2.1 Rearing of S. zeamais for the experiments 

Fifty pairs of S. zeamais were obtained from infested grain 

stores at Katsina Central Market, Nigeria, and then introduced 

into six rearing bottles containing 250 g of the disinfested 

sorghum grains of a local variety called Farar Kaura (FK), 

serving as a parent stock. The bottles were covered with 

pieces of muslin cloth and kept in an incubator (Model: NYC-

40) for oviposition at 30 ± 20C and 70 ± 5% R.H. for 14 days, 

after which the parents were removed [20]. The rearing bottles 

were maintained in the incubator under the same condition for 

adult emergence. Emerging weevils were sieved daily, placed 

in another set of labeled bottles containing sorghum grains 

and kept in the incubator. When the emerged progeny reached 

7 days old, they were sieved and used for the experiments.  

 

2.2 Preparation of the botanicals for the study  

Fresh leaves of E. balsamifera, L. inermis, M. hirtus and S. 

obtusifolia were collected from uncultivated lands around 

Umaru Musa Yar’adua University, Katsina (UMYUK) in 

Nigeria. These were rinsed with distilled water to remove any 

dust and unwanted particles. Later they were shade-dried at 

room temperature for 14 days. The dried leaves were ground 

into powder using a laboratory blender (Model 8010ES) and 

sieved using a laboratory sieve with a mesh aperture size of 

80 µ. The powders of each botanical were separately kept in 

black polythene bags at room temperature [21]. 

One hundred gram of each of the plant powders was dissolved 

in 400 ml of methanol, ethanol and distilled water, separately, 

in conical flasks in which the mouths were properly corked 

and kept in the laboratory at room temperature for 48 hours. 

The extract was separated using muslin cloth and filtered with 

Whatman No.1 filter papers using vacuum pump (Dymax 14) 
[22]. The filtrate was concentrated by evaporating excess 

solvents using rotary evaporator at a speed of 3 to 6 rpm for 8 

hours. When the contents were about to completely evaporate, 

the aliquot was poured into evaporating dishes and placed in 

water bath to evaporate the remaining excess solvents. The 

resulting extracts were air-dried to remove traces of the 

solvent and stored in refrigerator at 40C [23] prior to use. 

2.3 Assessment of adult mortality in botanical powders  

In order to assess the number of dead weevils from the 

powder treatments, 4 replicates of 2.5 (2.5% w/w), 5.0 (5.0% 

w/w) and 10.0 x 104 ppm (10.0% w/w) of each leaf powder of 

E. balsamifera, L. inermis, M. hirtus and S. obtusifolia, and 

0.056 x 104 ppm (0.056% w/w) of permethrin powder were 

admixed separately with 20 g of disinfested FK in 250 ml 

plastic bottles. The concentrations of the botanicals and 

permethrin powder were chosen based on recommendations 

by some researchers [24, 25]. The control contained only 

sorghum grains without any powder [26]. Five pairs of 7 day 

old adult weevils obtained in the rearing phase were 

introduced to each of the bottles, which was covered with 

muslin cloth, tied with rubber bands and placed in the 

incubator at 30 ± 2 0C and 70 ± 5% R.H. Dead weevils were 

recognized when they could not respond to probe with a sharp 

object. Data obtained from mortality of the adult S. zeamais 

were organized, analyzed and presented as mortalities within 

4, 6, 8, 10 and 12 DAT. All treatments were arranged in a 

completely randomized design (CRD).  

 

2.4 Assessment of adult mortality in botanical extracts  

Adult mortality was assessed in leaf extracts treatments by 

adding 2 ml of methanolic, ethanolic and aqueous leaf 

extracts of the above plants diluted at different concentrations 

(2.5, 5.0 and 10.0 x 104 ppm) to 20 g of FK and mixed 

thoroughly in plastic bottles (250 ml). Two ml of methanol, 

ethanol and distilled water were used as controls of their 

respective treatments separately and air-dried [27].  

For treatments with methanolic and ethanolic extracts, data 

were recorded, organized and analyzed within five days 

(when total mortality was obtained in all the treatments). 

Weevils in untreated containers were allowed to remain in the 

grains until they reached 14 days for oviposition before they 

were removed. In aqueous extract treatments, adult mortality 

was observed up to 28 days, after which all remaining live 

weevils were removed, leaving the grains only. 

Adult mortality in both powdered and extracts treatments was 

assessed as: 

 

 
 

2.5 Statistical analysis 

Data generated from adult mortality tests were subjected to 

analysis of variance at 5% level of significance. Significantly 

different means were separated by the Bonferroni’s multiple 

comparisons test using Graph Pad Prism version 7.03. 

Regression analysis was employed to calculate the LD50 of the 

powders and LC50 of the extracts using probit analysis at 

p<0.05.  

 

3. Results 

3.1 Adult mortality of S. zeamais in sorghum grains 

treated with botanical powders 

Adult mortality of S. zeamais caused by E. balsamifera 2.5 x 

104 ppm were 10.00 ± 0.00, 12.50 ± 2.50, 70.00 ± 5.77 and 

100.00 ± 0.00% within 4, 6, 8 and 10 DAT as shown in Table 

1.The mortality in grains treated with 5.0 x 104 ppm of the 

botanical ranged from 12.50 ± 2.50 to 100.00 ± 0.00% after 

10 days of treatment, while at 10.0 x 104 ppm it varied 

between 20.00 ± 0.00 and 100.00 ± 0.00% within 8 DAT. 

No weevils died in grains treated with leaf powder of L. 

inermis at the application rate of 2.5 x 104 ppm within 6 DAT. 

However, the adult mortality was 65.00 ± 2.89 and 100.00 ± 

0.00% at 8 and 10 DAT. Both 5.0 and 10.0 x 104 ppm of L. 
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inermis caused 100.00 ± 0.00% mortality of the weevil within 

10 DAT. 

Table 1 shows the effect of M. hirtus in causing varying 

mortalities within 4, 6, 8, 10 and 12 DAT. The adult mortality 

varied between 2.50 ± 2.50 and 100.00 ± 0.00% when 2.5 x 

104 ppm of the botanical was applied after 4 to 12 days. There 

was 7.50 ± 2.50 to 100.00 ± 0.00% mean mortality of S. 

zeamais in grains treated with 5.0 x 104 ppm of the botanical 

within 10 DAT. At 10.0 x 104 ppm, the mortalities were 7.50 

± 2.50% at 4 DAT, 37.50 ± 2.50% at 6 DAT, 87.50 ± 4.79% 

at 8 DAT and 100.00 ± 0.00% at 10 DAT. 

The use of S. obtusifolia at the same concentrations, 2.5, 5.0 

and 10.0 x 104 ppm did not cause any adult mortality of S. 

zeamais within 6 DAT, but 12 days after, the resultant 

mortalities were 67.50 ± 2.50, 85.00 ± 2.89 and 100.00 ± 

0.00% at 2.5, 5.0 and 10.0 x 104 ppm, respectively (Table 1). 

Application of permethrin powder at 0.056 x 104 ppm caused 

total mortality of the weevils within 4 DAT. Up to 12 DAT, 

no mortality was recorded in the control. 

Two-way ANOVA indicated that the difference in adult 

mortalities of S. zeamais among the botanicals at the three 

concentrations within 12 DAT was not significant (p > 0.05).  

 

3.2 Adult mortality of S. zeamais in sorghum grains 

treated with methanolic leaf extracts 
Table 2 shows that application of E. balsamifera at 2.5, 5.0 

and 10.0 x 104 ppm to the sorghum grains resulted in adult 

mortality of S. zeamais which varied between 50.00 ± 4.08 

and 100.00 ± 0.00% at 2.5 x 104 ppm within 1, 2, 3 and 4 

DAT. Treatments with 5.0 x 104 ppm of the botanical caused 

70.00 ± 4.08, 90.00 ± 5.77 and 100.00 ± 0.00% adult 

mortality after 1, 2 and 3 days, respectively. Application of 10 

x 104 ppm of the powder resulted in 80.00 ± 4.08, 97.50 ± 

2.50 and 100.00 ± 0.00% of the weevils died within the same 

periods. 

When the grains were treated with L. inermis at 2.5 x 104 

ppm, the percent adult mortalities of the weevils were 45.00 ± 

2.89, 67.50 ± 4.79, 82.50 ± 2.50 and 100.00 ± 0.00% within 1, 

2, 3 and 4 DAT. The mortalities recorded at 5.0 x 104 ppm of 

the botanical ranged from 60.00 ± 4.08 to 100.00 ± 0.00% 

after 4 days. Increase in concentration to 10.0 x 104 ppm 

resulted in 70.00 ± 4.08 to 100.00 ± 0.00% mortality. 

The use of M. hirtus led to substantial killing of adult S. 

zeamais within 5 DAT. The adult mortality varied between 

22.50 ± 4.79 and 100.00 ± 0.00% in grains treated with 2.5 x 

104 ppm of the botanical within 5 DAT (Table 2). Adult 

mortalities recorded at 5.0 x 104 ppm were 37.50 ± 4.79, 

60.00 ± 4.08, 80.00 ± 4.08 and 100.00 ± 0.00% within 1, 2, 3 

and 4 DAT. When the concentration was raised to 10.0 x 104 

ppm, the mortalities were 50.00 ± 4.08, 70.00 ± 2.89 and 

100.00 ± 0.00% within 1, 2 and 3 DAT. 

The highest mortality of the weevils in S. obtusifolia 

treatments at the application rate of 2.5 x 104 ppm was 100.00 

± 0.00% and the least was 25.00 ± 2.89% within 5 DAT. At 

5.0 x 104 ppm, the botanical resulted in mortality which 

ranged from 27.50 ± 2.50% to 100.00 ± 0.00% after 5 days. 

The mortalities were recorded as 32.50 ± 2.50, 50.00 ± 4.08, 

67.50 ± 2.50, 90.00 ± 5.77 and 100.00 ± 0.00% at 10.0 x 104 

ppm within 1, 2, 3, 4 and 5 DAT (Table 2). 
No adult mortality was observed in untreated grains for 5 days 

after introduction. 

Analysis of variance showed that the adult mortalities of S. 

zeamais were not significantly different (p > 0.05) among the 

botanical treatments at the concentrations, 2.5, 5.0 and 10.0 x 

104 ppm application concentrations within 5 DAT.  

3.3 Adult mortality of S. zeamais in sorghum grains 

treated with ethanolic leaf extracts 
Table 3 shows that the adult mortality of the weevils in grains 

treated with E. balsamifera resulted in adult mortality ranging 

from 65.00 ± 2.89 to 100.00 ± 0.00% at 2.5 x 104 ppm within 

3 DAT. The mortality in 5.0 104 ppm of the botanical was 

75.00 ± 2.89, 95.00 ± 2.89 and 100.00 ± 0.00% after 1, 2 and 

3 days, respectively. At 10.0 x 104 ppm, the mortality ranged 

from 85.00 ± 2.89 to 100.00 ± 0.00% at the end of 3 days of 

treatment. 

L. inermis at 2.5 x 104 ppm resulted in adult mortality which 

varied between 55.00 ± 2.89 and 100.00 ± 0.00% at 1 to 5 

DAT (Table 3). Application rate of 5.0 x 104 ppm of the 

botanical caused 72.50 ± 2.50, 92.50 ± 2.50 and 100.00 ± 

0.00% at 1, 2 and 3 DAT. The mortalities recorded in 10.0 x 

104 ppm concentration, within 1, 2 and 3 DAT were 77.50 ± 

2.50, 95.00 ± 2.89 and 100.00 ± 0.00%, respectively. 

The adult mortality of S. zeamais in grains treated with M. 

hirtus varied. The least mortality caused by the botanical 

treatments was 67.50 ± 4.89% within one day at 2.5 x 104 

ppm, which increased to total mortality within 4 DAT (Table 

3). The botanical led to the death of 70.00 ± 4.08% of the 

weevils in grains with 5.0 x 104 ppm treatments after one day 

which increased to 92.50 ± 4.89 and 100.00 ± 0.00% within 2 

and 3 DAT. The mortality ranged from 75.00 ± 2.89 to 100.00 

± 0.00% at 10.0 x 104 ppm within 3 DAT. 

Adult mortality of S. zeamais in grains treated with 2.5 x 104 

ppm of S. obtusifolia was 55.00 ± 2.89, 72.50 ± 2.50, 82.50 ± 

2.50, 92.50 ± 2.50 and 100.00 ± 0.00% within 1, 2, 3, 4 and 5 

DAT, respectively. At 5.0 x 104 ppm, the percent mortality 

ranged from 67.50 ± 4.79 to 100.00 ± 0.00% within 4 DAT. 

The highest (100.00 ± 0.00%) mortality was recorded within 

3 DAT when 10.0 x 104 ppm of the botanical was applied, and 

the least (70.00 ± 4.08%) was obtained after one day of 

treatment. 

No weevil was recorded dead in the control within the same 

period. 

Analysis of variance indicated that the adult mortalities of S. 

zeamais in sorghum grains treated with ethanolic extracts at 

2.5, 5.0 and 10.0 x 104 ppm were not significantly different, p 

> 0.05, among the treatments within 5 DAT.  

 

3.4 Adult mortality of S. zeamais in sorghum grains 

treated with aqueous leaf extracts 
E. balsamifera at the concentration of 2.5 x 104 ppm resulted 

in adult mortalities as 10.00 ± 4.08, 32.50 ± 2.50, 40.00 ± 

4.08 and 45.00 ± 2.89% within 7, 14, 21 and 28 DAT (Table 

4). Treatments with 5.0 x 104 ppm of the botanical caused 

20.00 ± 4.08, 42.50 ± 4.79, 50.00 ± 2.89 and 62.50 ± 2.50% 

within 7, 14, 21 and 28 DAT, respectively. Similar trend was 

recorded in grains treated with 10.0 x 104 ppm where the 

mortality ranged from 30.00 ± 0.00 to 75.00 ± 2.89%. 

The adult mortalities of S. zeamais grains treated with 2.5 x 

104 ppm of L. inermis were 5.00 ± 2.89, 20.00 ± 4.08, 37.50 ± 

2.50 and 42.50 ± 2.50% within 7, 14, 21 and 28 DAT. The 

mortality in treatments with 5.0 x 104 ppm varied between 

17.50 ± 2.50 and 60.00 ± 4.08% within 28 DAT. Using 10.0 x 

104 ppm of L. inermis resulted in 25.00 ± 2.89, 42.50 ± 2.50, 

55.00 ± 2.89 and 70.00 ± 4.08% mortalities within 7, 14, 21 

and 28 DAT. 

Application of M. hirtus at 2.5 x 104 ppm resulted in 5.00 ± 

2.89 to 32.50 ± 2.50% mortality of the weevil at the end of 28 

days of exposure. At of 5.0 and 10.0 x 104 ppm, the adult 

mortality ranged from 22.50 ± 2.50 to 65.00 ± 2.89% within 

28 DAT (Table 4). 
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Application of S. obtusifolia at similar concentrations to the 

above caused 7.50 ± 2.50, 15.00 ± 5.00, 22.50 ± 2.50 and 

30.00 ± 4.08% when 2.5 x 104 ppm of the botanical was 

applied within 7, 14, 21 and 28 DAT. When the concentration 

was raised to 5.0 x 104 ppm, the mortality varied between 

20.00 ± 5.77% after 7 days of treatment and 45.00 ± 2.89% 

within 28 DAT. This pattern was maintained at 10.0 x 104 

ppm where the recorded mortality varied between 22.50 ± 

4.79% and 55.00 ± 2.89%. 

Table 4 shows that there was 5.00 ± 2.89% only of adult 

mortality of S. zeamais in untreated grains within 28 DAT.  

The adult mortality of S. zeamais caused by the botanicals at 

the different concentrations within 28 DAT increased in the 

following order: S. obtusifolia < M. hirtus < L. inermis < E. 

balsamifera. 

There was a high significant difference, F (4, 12) = 160.80, p 

< 0.0001, in adult mortality of S. zeamais among the 

treatments at 28 DAT.  

Bonferroni’s multiple comparisons test showed that the 

percentage mean mortality of 10.0 x 104 ppm of E. 

balsamifera was higher than those in grains treated with L. 

inermis, M. hirtus and S. obtusifolia at the same concentration 

within 28 DAT. Those of 5.0 x 104 ppm in E. balsamifera, 

inermis and M. hirtus were the same but greater than S. 

obtusifolia. Also, adult mortalities caused by 2.5 x 104 ppm 

were lower than 5.0 and 10.0 x 104 ppm and statistically the 

same among themselves within 28 DAT (Table 4). 

 

3.5 LD50 and LC50 of the botanicals against S. zeamais  
Lethal dose (LD50) of the botanical powders of against S. 

zeamais after 7 days of treatment is presented in Table 5. The 

LD50 values differed between treatments which are 0.674 ± 

0.248, 0.818 ± 0.245, 1.145 ± 0.235 and 1.293 ± 0.250 x 104 

ppm for E. balsamifera, L. inermis, M. hirtus and S. 

obtusifolia, respectively. The LD50 of the botanical powders 

was in the order of increasing toxicity level as follows: S. 

obtusifolia < M. hirtus < L. inermis < E. balsamifera. 

The highest LC50 value of methanolic extracts against S. 

zeamais at 1 DAT was in S. obtusifolia as 2.261 ± 0.743 

followed by M. hirtus with 0.985 ± 0.743, L. inermis with 

0.498 ± 0.700 and E. balsamifera had the least, 0.376 ± 0.714 

x 104 ppm. 

For ethanolic extracts, L. inermis had the highest LC50 value 

as 0.236 ± 0.712 x 104 ppm, while E. balsamifera had the 

least, 0.049 ± 0.739 x 104 ppm within 1 DAT. M. hirtus and S. 

obtusifolia had their LC50 values as 0.154 ± 0.723 and 0.150 ± 

0.701 x 104 ppm, respectively. 

Among the aqueous leaf extracts, S. obtusifolia had the 

highest LC50 value as 1.651 ± 0.912 x 104 ppm and E. 

balsamifera had the least as 1.410 ± 0.874 x 104 ppm within 7 

DAT. L. inermis and M. hirtus had 1.414 ± 0.989 and 1.512 ± 

1.036 x 104 ppm, respectively. 

The LD50/LC50 values of various botanical formulations were 

in the order of decreasing toxicity: ethanolic extracts > 

methanolic extracts > powders > aqueous extracts, while for 

the botanical type, the order was E. balsamifera > L. inermis 

> M. hirtus > S. obtusifolia in all formulations except in 

ethanolic extracts where the trend was E. balsamifera > S. 

obtusifolia > M. hirtus > L. inermis.  

 

Table 1: Percent Mortality of adult S. zeamais exposed to 2.5, 5.0 and 10.0 x 104 ppm of botanical powders within 12 days after treatment 
 

Treatments 
Conc. 

(x 104 ppm) 

Mean Adult Mortality (% ± S. E.) 

Days after Treatment (DAT) 

4 6 8 10 12 

E. balsamifera 

2.5 10.00 ± 0.00c 12.50 ± 2.50fg 70.00 ± 5.77b 100.00 ± 0.00a 100.00 ± 0.00a 

5.0 12.50 ± 2.50c 17.50 ± 2.50f 97.50 ± 2.50a 100.00 ± 0.00a 100.00 ± 0.00a 

10.0 20.00 ± 0.00b 52.50 ± 2.50b 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

L. inermis 

2.5 0.00 ± 0.00d 0.00 ± 0.00h 65.00 ± 2.89b 100.00 ± 0.00a 100.00 ± 0.00a 

5.0 0.00 ± 0.00d 15.00 ± 2.89f 92.50 ± 4.79a 100.00 ± 0.00a 100.00 ± 0.00a 

10.0 10.00 ± 0.00c 45.00 ± 2.89c 97.50 ± 2.50a 100.00 ± 0.00a 100.00 ± 0.00a 

M. hirtus 

2.5 2.50 ± 2.50d 7.50 ± 2.50g 52.50 ± 4.79bc 92.50 ± 4.79ab 100.00 ± 0.00a 

5.0 7.50 ± 2.50c 26.00 ± 2.89e 70.00 ± 5.77b 100.00 ± 0.00a 100.00 ± 0.00a 

10.0 7.50 ± 2.50c 37.50 ± 2.50d 87.50 ± 4.79a 100.00 ± 0.00a 100.00 ± 0.00a 

S. obtusifolia 

2.5 0.00 ± 0.00d 0.00 ± 0.00h 42.50 ± 2.50c 67.50 ± 2.50c 100.00 ± 0.00a 

5.0 0.00 ± 0.00d 0.00 ± 0.00h 52.50 ± 4.79bc 85.00 ± 2.89b 100.00 ± 0.00a 

10.0 0.00 ± 0.00d 0.00 ± 0.00h 60.00 ± 4.08b 100.00 ± 0.00a 100.00 ± 0.00a 

Permethrin 0.056 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

Control 0.0 0.00 ± 0.00d 0.00 ± 0.00h 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00b 

Conc. = Concentration. 

Means in the same column followed by different letter superscript are significantly different at p<0.05 by the Bonferroni’s Multiple 

Comparisons Test. 
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Table 2: Percent Mortality of adult S. zeamais exposed to 2.5, 5.0 and 10.0 x 104 ppm of methanolic botanical extracts within five days after 

treatment 
 

Treatments 
Conc. 

(x 104 ppm) 

Mean Adult Mortality (% ± S. E.) 

Days After Treatment (DAT) 

1 2 3 4 5 

E. balsamifera 2.5 50.00 ± 4.08b 72.50 ± 2.50b 87.50 ± 4.79a 100.00 ± 0.00a 100.00 ± 0.00a 

 5.0 70.00 ± 4.08a 90.00 ± 5.77ab 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

 10.0 80.00 ± 4.08a 97.50 ± 2.50a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

L. inermis 2.5 45.00 ± 2.89b 67.50 ± 4.79b 82.50 ± 2.50b 100.00 ± 0.00a 100.00 ± 0.00a 

 5.0 60.00 ± 4.08ab 80.00 ± 5.77b 97.50 ± 2.50a 100.00 ± 0.00a 100.00 ± 0.00a 

 10.0 70.00 ± 4.08a 92.50 ± 2.50ab 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

M. hirtus 2.5 22.50 ± 4.79c 42.50 ± 2.50c 62.50 ± 4.79cd 80.00 ± 4.08b 100.00 ± 0.00a 

 5.0 37.50 ± 4.79bc 60.00 ± 4.08bc 80.00 ± 4.08b 100.00 ± 0.00a 100.00 ± 0.00a 

 10.0 50.00 ± 4.08b 70.00 ± 2.89b 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

S. obtusifolia 2.5 25.00 ± 2.89c 37.50 ± 4.79c 50.00 ± 4.08d 60.00 ± 5.77c 100.00 ± 0.00a 

 5.0 27.50 ± 2.50c 45.50 ± 2.89c 60.00 ± 4.08cd 77.50 ± 2.50b 100.00 ± 0.00a 

 10.0 32.50 ± 2.50bc 50.00 ± 4.08c 67.50 ± 2.50c 90.00 ± 5.77ab 100.00 ± 0.00a 

Control 0.0 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00e 0.00 ± 0.00d 0.00 ± 0.00b 

Conc. = Concentration. 

Means in the same column followed by different letter superscript are significantly different at p<0.05 by the Bonferroni’s Multiple 

Comparisons Test. 
 

Table 3: Mortality of adult S. zeamais exposed to 2.5, 5.0 and 10.0 x 104 ppm of ethanolic botanical extracts within five days after treatment 
 

Treatments 
Conc. 

(x 104 ppm) 

Mean Adult Mortality (% ± S. E.) 

Days After Treatment (DAT) 

1 2 3 4 5 

E. balsamifera 

2.5 65.00 ± 2.89bc 90.00 ± 4.08ab 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

5.0 75.00 ± 2.89ab 95.00 ± 2.89a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

10.0 85.00 ± 2.89a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

L. inermis 

2.5 55.00 ± 2.89c 77.50 ± 4.79b 97.50 ± 2.50a 100.00 ± 0.00a 100.00 ± 0.00a 

5.0 72.50 ± 2.50b 92.50 ± 2.50ab 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

10.0 77.50 ± 2.50ab 95.00 ± 2.89a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

M. hirtus 

2.5 67.50 ± 4.89bc 80.00 ± 4.08ab 95.00 ± 2.89a 100.00 ± 0.00a 100.00 ± 0.00a 

5.0 70.00 ± 4.08bc 92.50 ± 4.89ab 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

10.0 75.00 ± 2.89ab 95.00 ± 2.89a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

S. obtusifolia 

2.5 55.00 ± 2.89c 72.50 ± 2.50b 82.50 ± 2.50b 92.50 ± 2.50b 100.00 ± 0.00a 

5.0 67.50 ± 4.79bc 85.00 ± 2.89ab 95.00 ± 2.89a 100.00 ± 0.00a 100.00 ± 0.00a 

10.0 70.00 ± 4.08bc 90.00 ± 4.08ab 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

Control 0.0 0.00 ± 0.00d 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00b 

Conc. = Concentration 

Means in the same column followed by different letter superscript are significantly different at p<0.05 by the Bonferroni’s Multiple 

Comparisons Test. 
 

Table 4: Mortality of adult S. zeamais exposed to 2.5, 5.0 and 10.0 x 104 ppm of aqueous botanical extracts within 28 days after treatment 
 

Treatments Conc. (x 104 ppm) 

Mean Adult Mortality (% ± S. E.) 

Days After Treatment (DAT) 

7 14 21 28 

E. balsamifera 

2.5 10.00 ± 4.08b 32.50 ± 2.50bc 40.00 ± 4.08b 45.00 ± 2.89b 

5.0 20.00 ± 4.08b 42.50 ± 4.79ab 50.00 ± 2.89ab 62.50 ± 2.50ab 

10.0 30.00 ± 0.00a 52.50 ± 4.79a 65.00 ± 2.89a 75.00 ± 2.89a 

L. inermis 

2.5 5.00 ± 2.89b 20.00 ± 4.08b 37.50 ± 2.50b 42.50 ± 2.50b 

5.0 17.50 ± 2.50ab 35.00 ± 2.89b 45.00 ± 2.89b 60.00 ± 4.08ab 

10.0 25.00 ± 2.89ab 42.50 ± 2.50ab 55.00 ± 2.89ab 70.00 ± 4.08ab 

M. hirtus 

2.5 5.00 ± 2.89b 15.00 ± 2.89c 27.50 ± 2.50bc 32.50 ± 2.50b 

5.0 12.50 ± 4.79ab 30.00 ± 4.08bc 40.00 ± 0.00b 50.00 ± 4.08ab 

10.0 22.50 ± 2.50ab 42.50 ± 4.79ab 52.50 ± 2.50ab 65.00 ± 2.89ab 

S. obtusifolia 

2.5 7.50 ± 2.50b 15.00 ± 5.00c 22.50 ± 2.50c 30.00 ± 4.08b 

5.0 20.00 ± 5.77ab 27.50 ± 2.50c 37.50 ± 2.50b 45.00 ± 2.89b 

10.0 22.50 ± 4.79ab 35.00 ± 2.89ab 45.00 ± 2.89b 55.00 ± 2.89ab 

Control 0.0 0.00 ± 0.00c 0.00 ± 0.00d 0.00 ± 0.00d 5.00 ± 2.89c 

Conc. = Concentration 

Means in the same column followed by different letter superscript are significantly different at p<0.05 by the Bonferroni’s Multiple 

Comparisons Test. 
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Table 5: LD50 and LC50 (x 104 ppm) of some botanical powders and extracts against adult S. zeamais in sorghum 
 

Botanicals 

Powders Methanolic Extracts Ethanolic Extracts Aqueous Extracts 

LD50 ± S.E. LC50 ± S.E. LC50 ± S.E. LC50 ± S.E. 

DAT 

7 1 1 7 

E. balsamifera 0.674 ± 0.248 0.376 ± 0.714 0.049 ± 0.739 1.410 ± 0.874 

L. inermis 0.818 ± 0.245 0.498 ± 0.700 0.236 ± 0.712 1.414 ± 0.989 

M. hirtus 1.145 ± 0.235 0.985 ± 0.743 0.154 ± 0.723 1.512 ± 1.036 

S. obtusifolia 1.293 ± 0.250 2.261 ± 0.743 0.150 ± 0.701 1.651 ± 0.912 

DAT = Days after treatment 

 

4. Discussion  

4.1 Mortality effects of the botanicals against adult S. 

zeamais 

Findings of this study have revealed that leaves of E. 

balsamifera, L. inermis, M. hirtus and S. obtusifolia were 

significantly toxic against adult S. zeamais. The plant species 

resulted in total adult mortality of S. zeamais within 12 days 

after treatment even at lower concentration. This is supported 

by a report that a high (90.00%) adult mortality of C. 

maculatus was recorded in cowpea seeds treated with leaf 

powder of E. balsamifera at 1.0/ 20 g (w/w) within 96 hours 

of exposure [28]. The total mortality of S. zeamais caused by L. 

inermis leaf powder confirms the previous report that 100% 

mortality of T. granarium exposed to 1, 2, 4 and 6% of the 

leaf powder was achieved at 14 DAT [17]. Similarly, 77.40% 

mortality of adult S. oryzae was observed after 180 days of 

treatments with L. inermis at 2% concentration in stored 

wheat [29]. Leaf powder of L. inermis was also reported to 

have caused 33.33% adult mortality of T. castaneum in stored 

groundnuts when applied at 20/ 250 g (w/w) at 14 DAT [30].  

Although total mortality was obtained, increase in 

concentration of powders increased the rate of mortality 

within the exposure periods. High mortalities of insects 

exposed to plant powders have the tendency by blocking 

spiracles of the insect’s body, thus impairing respiration 

leading to the death [31]. Similarly, it was stated that the 

mortality effects of powders of O. subscorpioidea, A. 

melegueta and Z. officinale against S. zeamais increased with 

increase in concentration [5]. The mode of action of botanicals 

is partially attributed to interference in normal respiration that 

results in suffocation [32]. Other botanical powders such as A. 

melegueta, M. fragrans, P. guineense and P. nitida, resulted 

in total mortality of S. zeamais in maize grains [13, 32]. 

However, botanical powders from some plant species such as 

A. indica, D. regia, P. glandulosus and Z. officinale caused 

adult mortalities of S. zeamais ranging from less than 10.0 to 

88.00% at different concentration [5, 7, 15].  

Powders of E. balsamifera, L. inermis, M. hirtus and S. 

obtusifolia used at the concentrations, 2.5, 5.0 and 104 ppm, 

showed similar toxicity to permethrin powder against adult S. 

zeamais, even though the weevils responded faster in 

permethrin than the botanical powders. Permethrin has been 

described as a synthetic pyrethroid that acts by interfering 

with the electrical signal passing down the axon of insect’s 

nerve cells leading to loss of coordination and ultimate death 
[33].  

The small particle size of leaf powders of E. balsamifera, L. 

inermis, M. hirtus and S. obtusifolia might have contributed to 

their efficacy against S. zeamais as they could be well coated 

to the grain surface leading to desiccation, agreeing with a 

previous report that smaller particle size of P. glandulosus 

could be effective against the weevils through parchedness 
[34]. Better efficacy of smaller particles of P. guineense 

powder against S. zeamais compared to the larger particles 

was reported elsewhere [35].  

In addition to the particle size, shade drying of the botanicals 

could also have an impact on their mortality effects against 

the weevils. This was possible because the botanicals might 

contain all the active ingredients as there might not be photo- 

and thermo-degradation due to exposure to sunlight [36].  

Application of methanolic and ethanolic leaf extracts of all 

the treatments offered a highly significant effect on adult 

mortality of S. zeamais in stored sorghum by causing total 

mortality of the weevils within 5 DAT. Total mortality of 

adult S. zeamais in 20 g maize grains treated with 2.0% 

methanolic extracts of M. fragrans and A. melegueta at 96 

hours after treatment [32]. 

Ethanolic extracts of E. balsamifera, L. inermis, M. hirtus and 

S. obtusifolia were found to be highly effective by resulting in 

total mortality of adults of S. zeamais in sorghum grains at all 

concentrations. The efficacy of the test botanicals is in line 

with earlier findings that ethanolic extracts of some plant 

species caused adult mortality of the weevils. Ethanolic 

extract of D. regia seeds applied at 2.0 mg/g maize grains was 

reported to result in 12.50% adult mortality of S. zeamais after 

five days of exposure [7]. Similarly, application of ethanolic 

leaf extract of C. odorata at 10 ml/50g maize was found to 

cause 14.00% adult mortality of S. zeamais at 7 DAT [37]. The 

observed increase in mortality of S. zeamais caused by 

ethanolic extracts with increase in post-treatment period in 

this study agrees with previous findings [7, 37]. 

Aqueous leaf extracts of the test botanicals exhibited 

considerable mortality effects against S. zeamais with E. 

balsamifera showing the highest upshot. Findings of this 

work have confirmed the earlier results that aqueous extracts 

of some plant species resulted in the death of adult S. zeamais 
[38]. The mortality effects of aqueous leaf extracts of M. 

azedarach, P. dodecandra, X. strumarium, S. molle, and M. 

piperita against S. zeamais increased with increase in 

concentration as well as extension of exposure period from 24 

to 72 hrs [38]. Aqueous leaf extracts of all the tested plants 

were less effective than the powders and the other two 

extracts. This could be due to the fact that some of the 

bioactive compounds were not soluble in water and therefore 

remained in the residue, thus reducing effectiveness of the 

extract.  

All the selected botanicals in different formulations were 

effective against the weevil even at lower concentration. This 

was possible because plants contain secondary metabolites 

which are vast repository of compounds such as the steroids, 

phenolic compounds and tannins with wide range of 

biological activity which were reported to have great impact 

on insecticidal activities [39]. Other bioactive compounds such 

as terpenoids, flavonoids, alkaloids, saponins and glycosides 

were found in the leaf extracts of E. balsamifera, L. inermis, 

and S. obtusifolia and are believed to be pesticidal in nature 
[40-42]. Presence of alkaloids, flavonoids, saponins and tannins, 

in the powders and methanolic extracts of M. fragrans and A. 

melegueta was concluded to be of insecticidal effects against 

S. zeamais [32]. The characteristic smell of E. balsamifera, L. 
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inermis, M. hirtus and S. obtusifolia might have contributed 

greatly in their insecticidal activity by repelling the insect 

away from the grains [32]. 

 

4.2 LD50 and LC50 of the test botanicals against S. zeamais  
The LD50 and LC50 of the plants showed that leaf powders, 

methanolic and aqueous extracts of E. balsamifera, L. 

inermis, M. hirtus and S. obtusifolia had great efficacy by 

causing 50% adult mortality of S. zeamais in stored sorghum 

even at concentration below the lowest amount used. Findings 

of this study have shown that E. balsamifera was more 

effective than the other botanicals followed by L. inermis. The 

effectiveness of the selected botanicals in killing adult weevils 

at lower concentration within short period of time is in 

conformity with a previous finding that L. inermis was highly 

effective against T. castaneum [39]. Good toxicity of 

methanolic extracts of the botanicals concurs with a report 

that among methanolic extracts of some plants tested, 

Momordica charantia L. was the most effective with LC50 of 

2.82 mg/20 g maize grains [43]. It was found that the 

concentration of ethanolic extracts of E. balsamifera needed 

to kill 50% S. zeamais was lower than that of permethrin 

powder. This means that the methanolic extracts of the 

botanicals are at par to permethrin. 

 

5. Conclusion 

Leaf powders and extracts of E. balsamifera, L. inermis, M. 

hirtus and S. obtusifolia are toxic against adult S. zeamais. All 

the botanical powders applied at varying concentrations of 

2.5, 5.0 and 10.0 x 104 ppm were as effective as permethrin 

powder when the exposure period was prolonged to 12 days. 

It was also found that methanolic and ethanolic extracts 

resulted in total mortality after five days of treatment. The 

aqueous extracts caused a relatively lower mortality than 

powders and methanolic extracts, though a promising result 

was obtained when the exposure period was extended to 28 

DAT.  

The lethal dose (LD50) and lethal concentration (LC50) of the 

botanicals were found to be either lower than or within the 

range of recommended dose/concentration (1-5%) of 

botanical powers in stored commodity. It is established that 

application of E. balsamifera, L. inermis, M. hirtus and S. 

obtusifolia at the lowest concentration of 2.5 x 104 ppm could 

cause the death of 50% S. zeamais within one to seven days. 

This study has also found that E. balsamifera was the most 

effective botanical, while S. obtusifolia was the least. Further 

research on the toxicity of the botanicals against other insect 

pests and mammals is recommended. Studies on isolation and 

identification of active ingredients of the botanicals should 

also be carried out.  
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