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Abstract 
The heavy post-harvest losses and quality deterioration caused by storage 

pests are a major problem facing agriculture in developing countries such 

as Nigeria (Adedire and Ajayi, 1996; Parwada 2018). Sitophilus zeamais 

(maize weevil) is a field and storage pest of maize of economic importance 

in several parts of Africa. Controlling of the pest by use of synthetic 

pesticides is raising serious concern on the environmental safety and 

consumer health hazards. A laboratory experiment was done to assess the 

insecticidal effects of and leaf powders then their combination in 

controlling the S. zeamais. A Completely Randomised Design (CRD) with 

three application rates (5.0g/200 g grain, 10.0g/200g grain and 15.0g/200g 

maize grain) of the botanicals (stem bark and leaf powders and combination 

of stem bark and leaf powders) replicated three times was used in the 

assessment. A synthetic chemical (Malathion dust at 0.1g) was used as a 

check pesticide to compare the efficacy of the botanicals on the maize 

weevil. The results showed higher weevil mortality and lower grain loss in 

the Malathion than in the botanicals (P≤0.05). However, there was no 

significant difference between Malathion and G. arborea stem bark powder 

at concentration 15.0g which recorded highest mortalities of 90% on day 

three. This was followed by leaf powder and combination 76.67% and 
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60.0%) respectively. The G. arborea stem bark powder at 15.0g/200g grain 

showed pesticide potentials in controlling the S. zeamais and therefore can 

be used to protect maize grain damage from the weevil during storage.  

 

Keywords: Gmelina, Insecticidal effect, Weevil, Maize, Malathion 

 

Introduction 
Maize (Zea mays. L) is one of most 

versatile emerging crop having wider 

adoptability under varied agro 

climatic conditions. Maize crop area 

and production may increase if seed is 

not constraint (Padmasri et al., 2018). 

The crop is a large cereal grain plant 

domesticated by indigenous people in 

Meso-America in prehistoric times 

(Abdulrahaman and Kolawole, 2006). 

It is an annual crop of about 3-4 

months lifespan. The leafy stalk 

produced contained the grain, which 

are seeds called kernels there are six 

different types of maize viz: Dent, 

Flint, Pod, Pupcorn, Floor and Sweet 

corn (Abdulrahaman and Kolawole, 

2006). Maize is a staple crop for more 

than 1.2 billion people in many 

African countries and Latin America 

(Rukuni et al., 2006; IITA, 2014). All 

parts of the crop can be used for food 

and non-food products. In 

industrialized Countries, maize is 

largely used as livestock feed and raw 

material for industrial products. Maize 

account for 30 – 50% of low-income 

household expenditures in Eastern and 

Southern Africa. However, heavy 

reliance on maize in the diet can lead 

to malnutrition and vitamin deficiency 

disease such as night blindness and 

kwashiorkor (IITA, 2014). 

Many smallholder maize producing 

farmers in developing countries live in 

remote and inaccessible areas 

characterized by poor road networks 

making it difficult to dispose their 

produce to the market. The farmers 

therefore require to store their grain 

for long, up to 6-8 months after 

harvest. The heavy post-harvest losses 

and quality deterioration caused by 

storage pests are a major problem 

facing agriculture in developing 

countries such as Nigeria (Adedire 

and Ajayi, 1996; Parwada 2018). The 

hybrids and varieties are reported to be 

highly susceptible to insect pest 

attacks both in the field and storage 

(Gimma et al., 2008). Hence, farmers 

are not as such beneficiaries of this 

increased production and productivity 

potential of new varieties and hybrids.  

Maize weevil (Sitophilus zeamais), is 

a serious pest of stored grain in Africa 
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(Tefera 2012). In maize or sorghum, attack may start in the mature crop when 

the moisture content of the grain has fallen to 18-20% and this is carried to the 

store (Ogunsina et al., 2011; Radha, 2014). The pest damage result to direct 

food loss and may also reduce future maize production for farmers who retain 

grain as seed. Apart from weight loss, the S. zeamais also reduce the aesthetic 

and market value, germinability and nutritive value of grain (Pingali and 

Pandey, 2001). It is about 3mm to 4mm long, reddish brown to black snout 

weevil. The larvae damage maize grains by developing within an individual 

grain, eating it from inside out until it matures. The reproducing adult emerge, 

mated and lay more eggs which release more damaging-larvae (Granary and 

Sandra, 2005). Synthetic insecticides such as organophosphates are important, 

effective tools in modern crop management. However, they pose serious threats 

to the environment and to people. Humans come in contact with dangerous 

pesticides on food, in water and in the air near farms. This "pesticide drift" 

occurs when pesticide dust and spray travel by wind to places unexposed to 

pesticides. Almost 98 percent of sprayed pesticides do not reach their targets. 

They penetrate to groundwater, pollute streams and harm wildlife, including 

natural predators of the targeted pests (Kalia, 2011). Natural methods of plant 

protection are assuming new importance as an alternative to commercial 

synthetic products, which are expensive, unavailable at critical periods and may 

pose health hazards to man and livestock (Opareake, 2005).  

Many African plants are potential sources of pesticide and have been shown to 

contain either anti- feedant, repellent or insecticidal compound that enable the 

crude plant material or an extracted active compound to protect stored product 

by killing or repel the insects. For example, the Douglas fir has a special sap 

that wards off beetles if it is attacked. Neem trees produce oil that alters the 

hormones of bugs so that they cannot fly, breed or eat (Kubo and Nakanish, 

2001). Researches on plants with repelling effect on pests are being done in 

some parts of Africa, but have not yet gained much publicity (Stoll, 2000). 

Therefore the objective of this study was to determine the insecticidal effect of 

stem bark and leaf of G. arborea on maize weevil mortality and the extent of 

maize grain weight loss. 

  

MATERIAL AND METHODS 

Study site. 

This study was carried out in Entomological Laboratory of Federal College of 

Forestry Jos. The College lies around latitude 90 57’N and longitude 80 54’E in 

the Northern Guinea Savannah zone of Nigeria with a height of about 1200m 
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above the sea level. The mean annual rainfall for the location ranges between 

12000cm and 1250m and the mean temperature of 230C – 250C as obtained 

from University of Jos Metrological station. 

 

Collection and Preparation of plant materials 

Clean maize was obtained from a local farmer within Jos North LGA. Gmelina 

stem was gotten by using cutlass to peel the bark of the plant while the leaf was 

plucked and picked by hand from Federal College of Forestry Jos, Plateau State 

and was identify in the Herbarium unit of the College. The samples were washed 

with water to removed dust and rinsed with distilled water. These was dried 

under shade in a well-ventilated area in the Entomological Laboratory of the 

College for two weeks. The samples was pulverized into powder form using 

sterile mortar and pestle, then sieved into fine powder using 2 mm sieve as 

described by Mukhtar and Tukur (1999). 

The powder sample was bagged in a black polythene bag and stored in air tight 

container for further work. 

 

Determination of Phytochemical Constituents 

The freshly prepared extracts were subjected to standard chemical test for 

detection constituents such as tannins, steroids, alkaloids, flavonoids, 

anthraquinones, glycosides, saponins and phenols using the method as 

described by Jigna et al., (2006). 

 

Insect Culture 

About 1kg infested maize grains were purchase from new market in Jos North 

L.G.A. and the infested seeds containing the eggs and larvae were separated and 

keep inside a plastic bowl at room temperature to enhance their development. 

A muslin cloth was used to cover the container to ensure adequate aeration and 

to prevent the insects from flying out. The newly emerged weevil of about 24 

hours were used in the experiment (Alley, 2004). 

 

Application Procedure 

The effect of Gmelina stem bark and leaf powder on maize weevil adult was 

tested in bottle (20 cm diameter) containing 200 g of maize grains with dose of 

0.5g, 1.0g, and 1.5g and 0.0g (control) The powders was thoroughly mixed with 

the aid of a glass rod and agitated for 5 to 10 min to ensure uniform coating. 

Five pairs of newly emerged adult weevils (male and female, in ratio 1:1) were 

introduced into each treatment for both stem bark and leaf powders. These was 

covered with a muslin cloth of about 0.02mm and held in place with robber 

bands, these was replicated three times. The standard check, Malathion 5% dust, 
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was used at the dose of 0.1%. The experiment was arranged in a completely 

randomized design (CRD) on a laboratory bench. Activities and mortality of the 

adult weevil was observed at regular intervals of 24, 48, 72, and 96 hours 

respectively after application. Adult mortality was observed daily when no 

response was observed after probing them with forceps/brush (Ileke and Oni, 

2011). 

 

Parameter assessed 

Adult weevil mortalities data were collected from each treatment at 24, 48, 72, 

and 96 after application. At each observation, dead weevils were removed and 

counted.  

 

Data Analysis 

Data collected were transformed in to percentages and ANOVA was used to 

determine the significant difference between the treatments and Fishers’ exact 

test (FET) was used to compare the treatments variables. The means that are 

significantly different was separated using Fisher’s Least Significant Different 

(LSD). 

 

RESULTS AND DISCUSSIONS 

Phytochemical contents  

Table 1 shows that phytochemical screening of G. arborea  plant revealed that 

the stem bark and leaf contained phytochemicals like phenols, tannin, saponins, 

flavonoids, alkaloids and anthraquinones. 

 

Table 1. Phytochemical profile of stem bark extract of Mangifera indica 

Phytochemical                       

Composition  

Tannins                 ++ 

Anthraquinones               + 

Steroids                + 

Terpenes     - 

Saponins     ++ 

Flavonoids     ++ 

Alkaloids       - 

Phenol Glycosides   + 

Cardiac Glycosides    + 

Phlobatannins   - 

Anthracene                           - 

Key: (+) Present, (-) Absent 
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The efficacy of the botanicals on the S. zeamais were significantly (P≤0.05) 

different. As the concentrations of the treatments increased with extended time, 

the mortality rate of the S. zeamais was also increased.  Highest and lowest 

mortalities were recorded on stem bark and combined powders respectively 

(Table 2). The synthetic chemical recorded 100% mortalities at 24hour after 

weevil introduction and the untreated bottles had lowest mortality rates of 

3.33%. The weevil mortality rates increased from 24hours and attained 

maximum at 72 or 96 hours after weevil introduction and thereafter stabilized 

(Table 2).  At these hour (72 and 96hours), analysis of variance revealed that 

there was no significant different between chemical check and stem bark 

powder at 15g concentration but significant with all other treatments. The 

weevil mortality in the untreated grain might be due to disturbances or genetic 

weaknesses. This findings is in agreement with Pretheep-Kumar and Mohan 

(2004) who reported mixed milled rice with pea flour extract at 1% 

concentration had toxic effect on S. oryzea, and also the mortality of insects 

increase with increase in concentration and numbers of days.  The untreated 

grain offers free environment where weevils suffer no developmental 

limitations hence the highest feeding rates (Dolob, 2002). Conventional 

chemical control was more effective than traditional methods at 5.0g, 10.0g, 

15.0g levels of the botanicals used. However, greatest effectiveness of the stem 

bark, leaf and the combine powders of G. arborea was observed at 15.0g (table 

2). 

The effects of different plant materials on insects may depend several factors 

such as chemical composition and species susceptibility (Aktar, 2004). It is an 

established fact that natural insecticide works in four ways: by ingestion, 

through contact, as a deterrent, and by disrupting developmental processes. 

Ingestion is when the insect consume the pesticide and are poisoned. Contact 

poisoning is when the solution kills the insect through their skin or other tissue. 

A deterrent is when the insecticide prevents the insect from feeding, and they 

starve. Finally, certain pesticides disrupt the hormones that control molting and 

other processes (Kalia, 2011).In the present study, adult mortality of S. zeamais 

varied with the dosage of the plant species. The findings of this study showed 

that in all the treatments an increase in the powder concentration results in a 

reduction in the incidence of weevil attack. The highest adult weevil mortality 

(90%) was recorded in stem bark powder (15.0g) at 72hours after the treatment. 

While Leaf powder had its highest (76.67%) at 96 hours and combine treatment 

had its highest (60.0%) at 96 hours after introduction of the weevils (table 2). 

This could probably due to the presence of tannin, cardiac glycosides that 

repelled and deterred the weevils from attacking maize grains hence, they starve 

to death [Dawit and Bekelle, (2010); Kalia, (2011)]. Also, Hammuel et al., 

(2011) reported that the plant has anti-microbial, anti-feedant and repellent 
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activities. The powders also have a tendency of blocking the spiracles of the 

insect thus impairing respiration leading to their death (Parwad et al., 2018).  

  

Table 2: Mean (%) effect of stem bark, leaf and combined powders on adult 

weevil mortality (hours after treatment) 

Powders Dosage(g) Duration (hours)  
 24 48 72 96 

Leaf 5.0g   9.99c 39.99c 43.32c 43.43c 

 10.0g 30.00b 49.98b 49.98c 53.33c 

 15.0g 39.99b 49.98b 60.00b 76.67b 

control 0.0g   3.33c   3.33d   3.33d   3.33d 

Malathrion 0.1g   100a    100a    100a    100a 

 

 

Stem bark 

 

 

5.0g 

 

 

39.99c 

 

 

49.98c 

 

 

49.98c 

 

 

49.98c 

 10.0g 49.98c 69.99b 69.99b 76.67b 

 15.0g 69.99b 69.99b 90.00a 90.00a 

Control 0.0g   3.33d   3.33d   3.33d   3.33d 

Malathrion  0.1g    100a    100a    100a    100a 

 

Stem 

bark+Leaf 

                               

 

 

5.0g 

 

 

 

  9.99d 

 

 

 

19.98d 

 

 

 

30.00c 

 

 

 

30.00d 

 10.0g 19.98c 30.00c 30.00c 43.32c 

 15.0g 30.00b 49.98b 53.33b 60.00b 

control 0.0g   3.33d   3.33e   3.33d   3.33e 

Malathion 0.1g    100a    100a    100a    100a 

Means in the same column having the same letters are not significantly different 

(p≤0.05).   Source: Field work  

 

There were significant variations (p≤0.05) in grain weight loss among the 

treatments (table 3). The loss was influenced by the dosage of botanicals. All 

the dosage were significantly different from each other (p≤0.05). 

Notwithstanding, all treatment with 15g concentration is not significantly 

different from the check (Malathion dust). Untreated maize had the highest 

weight loss and is significantly different from all other treatments (table 3). This 

was due to weevil damage on grains compared to all the other treatments. This 

is line with the finding of Duke (2001), that weevils are capable of causing 80-

100% weight loss if grain is left untreated for long period. Conventional 

chemical control had insignificant weight loss, because synthetic insecticides 

offer no tolerance to weevil damage (Dolob, 2002). The dusts inhibits egg 
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laying and larval development of the weevils. In the absence of synthetic 

pesticides, G. arborea powder (concentration 15/200g) can be used to control 

the S. zeamais, as the plant has high repellent effects due to a strong aroma 

produced by the plant. Weevils cause qualitative and quantitative loss of stored 

grain (Dolob, 2002). They are capable of building up to very large numbers if 

left uncontrolled. This was shown by the build-up of weevils in the untreated 

grain. The environment in the untreated grain offered free movement of the 

weevils as wells as high chances of mating leading to increased populations. 

Weevil can also cause secondary effects such as fungal infection leading to 

further weight loss (Dolob, 2002). However, the synthetic chemical and G. 

arborea stem bark powder had the lowest weight loss (table 3) due to the fact 

that there was continual death of the weevils thereby reducing their damage 

threats  

 

Table 3: Effect of G. arborea parts and chemical application on grain weight 

loss (%). 

Dosage Stem bark  Leaf Powder  Comb powders  

P-value 

5.0g 2.0b 2.25b 2.5b                                    

0.04* 

10.0g 1.0c 1.0c 1.0c 

15.0g 0.5cd 0.7cd 0.75cd 

0.0g 5.0a 5.0a 5.0a 

Malathion Pow. 0.0d 0.0d 0.0d 

Means in the same column having the same letters are not significantly different 

(p≤0.05). Source: Field work Fisher’s exact test p value: * = significant 

(p≤0.05) 

 

Therefore, the effects of G. arborea parts showed that the stem back had the 

highest effect on weevil mortality when compared with leaf and combination of 

stem bark and leaf powders. This research confirmed insecticidal properties of 

G. arborea owing to the presence of Tannin, and cardiac & phenol glycoside 

(Ahmad et al., 2001). The plant has also been reported to have oil which have 

been used in the protection of timber from termites which are more gregarious 

(Kareu et al., 2010). 

 

CONCLUSION AND RECOMMENDATION: 

The finding from this research showed in the absence of synthetic chemicals, 

small holder farmers can use G.arborea stem bark powder at 15g per 200g 

maize grain can effectively lowered the weevil damage S. zeamais just as 

conventional chemical would do. The powders also have a tendency of blocking 
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the spiracles of the insect thus impairing respiration leading to their death. 

Therefore, to solve the present food crisis it is recommended that: Effort should 

be geared toward not only producing, but saving yield from pest damaged 

through the use of this botanical. However, further research is recommended to 

determine their efficacy on a wide range of other common insect pest of stored 

products. 
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