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Abstract: The residual effects of chemical pesticides on stored 

maize pose significant hazards to human health. This concern led 

to an investigation into the impact of Rice Husk Ash (RHA), a 

natural bio-waste, as a biopesticide treatment on the germinability 

of maize damaged by Sitophilus zeamais (S. zeamais). The 

research was conducted at the Laboratory of Crop, Soil, and Pest 

Management in the Department of the Federal University of 

Technology, Akure, Nigeria. Infested maize seeds were treated 

with three concentrations of RHA (1 g, 2 g, and 3 g) and 

germinated under controlled conditions. Data from the measured 

parameters for the germinability test were descriptively analysed 

using Microsoft Excel v.2013. The results showed a significant 

positive correlation between RHA concentration and the 

parameters measured for germinability. The highest mortality rate 

(83%) of S. zeamais was recorded at the 3 g RHA concentration, 

while the control treatment had the lowest mortality rate (7%). The 

highest germination percentage (98%) and rate (14%) of the 

treated maize were observed at the highest concentration of RHA 

(3 g), whereas the control recorded the lowest values of 46% and 

7% for these parameters, respectively. Analysis of variance at a p-

value ≤ 0.05 revealed that RHA treatment significantly enhanced 

the germinability of stored maize. Therefore, RHA is recommended 

for use due to its cost-effectiveness and eco-friendly properties as 

a seed treatment against S. zeamais. 
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1. INTRODUCTION 

Maize (Zea mays) is one of the essential crops in Nigeria 

and many other nations that are commonly consumed by 

every household [22, 6]. Aside from consumption, Maize 

also serves as a major raw material for agro-industries, as 

well as livestock feed [17, 5]. References [13, 3], more than 

200 million populations in sub-Saharan Africa live on this 

staple crop. It is one of the five major crops in West Africa 

and one of the two most important cereals in Nigeria. 

However, one of the major challenges of its cultivation and 

production is the post-harvest losses as observed by [14, 16, 

18, 1]. This observation was corroborated by [21] who 

discovered that Africa only contributed just 7 % to the 

global production of Maize. Reference [24] reports that 

climate is one of the reasons responsible for this low yield 

in Nigeria. Other reasons as observed by diseases [23] 

include the biological, chemical, and physical properties of 

the soil which may affect its growth and yield. Maize is 

always available during the rainy season, therefore, the 

harvested maize is stored all through the dry season for 

consumption, as raw materials for industries, for research 

purposes, and most importantly for replanting during the 

wet season. Unfortunately, [20] observed that pests and 

insects attack stored maize and destroy its nutritive value 

and germinability strength.  

Reference [7,9] discovered in their study that about 14% 

loss in stored maize is recorded annually due to insect pests, 

especially Fall Armyworm (Spodoptera frugiperda) and 

maize weevil (Sitophilus zeamais) which were so 

destructive to maize on the farm and in the store respectively. 

Sitophilus zeamais followed the harvested maize from the 

farm or field to the store and boreholes in the grains to feed 

on the starchy endosperm causing weight loss, reduced 

quality, and making it unfit for replanting [8, 25]. Different 

methods have been used to mitigate the effect of S. zeamais 

on stored maize grains. This includes excessive drying of 

grains and spraying with insecticides. As good as the 

insecticides have been in controlling this pest, [11] observed 

the danger that the residues of these insecticides on the 

maize pose on human health. [10, 9] agreed on the toxicity 

of stored maize grains treated with insecticides. Hence there 

is need to seek alternative methods of mitigating the 

emergence of S. zeamais in storage which would not be 
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hazardous to human health and will still have the nutrients 

of the stored grain intact for consumption and most 

importantly planting. This led to the investigation of Rice 

Husk Ash (RHA), a biological waste, as a potential 

biopesticide against maize weevil Sitophilus zeamais (S. 

zeamais) in stored maize. 

The following questions were asked to chart a guide for 

the research: 

a) Does Rice Husk Ash (RHA) treatment improve 

germinability by protecting stored maize from S. 

zeamais attack? 

b) What is the optimal concentration of RHA needed 

for stored maize protection against S. zeamais 

attack? 
 

The following hypotheses were formulated from the 

research questions at a p-value ≤ 0.05 significant level: 

a) RHA biopesticide will improve germinability by 

protecting stored maize from S. zeamais attack 

b) Increasing the concentration of RHA will enhance 

the germinability and S. zeamais mortality. 
    

The study aims to investigate the impact of Rice Husk 

Ash (RHA) as a biopesticide on the germinability of stored 

maize infested with Sitophilus zeamais. The specific 

objectives were to determine; 

a) the concentration level of RHA required for 

effective control of Sitophilus zeamais, and, 

b) the efficacy of RHA on Sitophilus zeamais control. 

 

2. MATERIALS AND METHODS 

The experiment was conducted in the laboratory of the 

Department of Crop, Soil, and Pest Management at the 

Federal University of Technology, Akure, Ondo State, 

Nigeria. A completely randomized design (CRD) was 

employed, wherein treatment groups were randomly 

assigned to experimental units. The study consisted of two 

groups: the experimental group, which received treatment, 

and the control group, which did not receive any treatment. 

The independent variable was rice husk ash (RHA), while 

the dependent variables were the germination of Maize 

seeds and the mortality rate of Sitophilus zeamais (S. 

zeamais). 

Rice husk (RH), clean maize, and S. zeamais-infested 

maize were sourced from a rice mill located at First Gate, 

Army Barracks, Ondo Road, Oja Oba, and Onyearugbulem 

Market, all in Akure respectively. The RH was turned into 

ash in a furnace at 550 °C and stored in a tightly sealed 

container after cooling. One kilogram of clean maize was 

infested with 50 pairs of adult S. zeamais, sieved from the 

infested maize. After 21 days of incubation in a closed jar, 

the adult weevils were removed from the grains, and the 

grains were left inside the jar for an additional 21 days to 

allow for the emergence of new S. zeamais. The newly 

emerged weevils (S. zeamais) were subsequently sieved 

from the grains after the incubation period, and these were 

the pesticides to be used for the experiment. 

Weights of 1 g, 2 g, and 3 g of RHA were added to three 

jars labelled B1, B2, and B3, respectively. Twenty seeds of 

clean maize were placed in each jar and shaken to ensure an 

even distribution of RHA over the seeds. The jars were left 

for about 1 hour to settle before ten new emergent S. 

zeamais were introduced into each. Thus, each jar contained 

20 seeds of maize, the specified grams of RHA, and 10 S. 

zeamais. The jars were covered and left for 24 days. 

Afterward, the S. zeamais were sieved out of the jars to 

count how many were alive compared to the 10 introduced 

for the mortality rate. The number of damaged grains, 

indicated by holes bored into the seeds, was also counted to 

identify damaged seeds and serve as a precursor to the 

germination test. The undamaged seeds were planted in a 

nursery, and the emerging seedlings were counted. This 

procedure was replicated for two additional sets of 

treatments, C1, C2, C3, and D1, D2, D3. Additionally, the 

control group was labelled A1, A2, and A3, which 

underwent the same procedure without adding RHA. 

The Mortality Rate (MR), Germination Percentage (GP), 

Germination Rate (GR), and Germination Index (GI) were 

determined using Equations (1), (2), (3), and (4) according 

to [2], [12], [4]. 
 

a) 𝑀𝑅 (%) =  
𝑁𝑜 𝑜𝑓 𝑑𝑒𝑎𝑑 𝐼𝑛𝑠𝑒𝑐𝑡𝑠

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑁𝑜 𝑜𝑓 𝑙𝑖𝑣𝑒 𝐼𝑛𝑠𝑒𝑐𝑡𝑠
 × 100          (1) 

 

b) 𝐺𝑃 (%) =  
𝑁𝑜 𝑜𝑓 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑆𝑒𝑒𝑑𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜 𝑜𝑓 𝑆𝑒𝑒𝑑𝑠 𝑇𝑒𝑠𝑡𝑒𝑑
 × 100          (2) 

 

c) 𝐺𝑅 (%) =  
𝑁𝑜 𝑜𝑓 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑆𝑒𝑒𝑑𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜 𝑜𝑓 𝑆𝑒𝑒𝑑𝑠 𝑡𝑒𝑠𝑡𝑒𝑑
×

1

𝑁𝑜 𝑜𝑓 𝐷𝑎𝑦𝑠 𝑡𝑜 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛
 × 100           (3) 

 

d) 𝐺𝐼 =  
∑(𝑁𝑜 𝑜𝑓 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑆𝑒𝑒𝑑𝑠)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑎𝑦𝑠 𝑡𝑜 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒
                        (4) 

 

The data were analyzed descriptively using Microsoft 

Excel (2013 version) and IBM SPSS Statistics (version 28). 

A one-way analysis of variance (ANOVA) was conducted 

to compare the means of the dependent variable (S. zeamais) 

across the different levels of the independent variable 

(RHA). 
 

3. RESULTS AND DISCUSSION 

3.1 The Mortality Rate (MR) 

It was discovered, as shown in Figure 1, that the MR of 

S. zeamais was significantly affected by the application of 

RHA as a biopesticide. This is so because the MR increases 

as the RHA content increases. For example, the MR of the 

S. zeamais was 83% when the RHA concentration was 3 g. 

It was 60% when the RHA was 2 g and just 27% when the 

RHA was 1 g. The control was 7% which is lower when 

compared to the different rates of RHA. It was discovered 

from this result that increasing the concentration of RHA 

will enhance the germinability and mortality of S. zeamais. 

The higher the concentration of the RHA, the higher the 

mortality rate of S. zeamais. This was the same observation 

as [22] in a related study. 
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Figure 1: Effect of rice husk ash on mortality rate of S. 

zeamais infested maize 

 

The correlation matrix showed a significant positive 

correlation between the concentration of RHA and MR with 

a correlation coefficient (r) of 0.995. The MR of S. zeamais 

from this study is directly linked to the germinability of 

stored maize. The higher the MR, the higher the number of 

maize seeds not damaged by the pest, and the healthier the 

seeds are for germination. This indicates that RHA 

biopesticide is effective in controlling S. zeamais population. 

 

3.2 The Germination Percentage (GP) 

The GP of maize seed was also significantly affected 

by the application of RHA biopesticide. As shown in Figure 

2, the GP increases as the RHA concentrate increases. While 

the GP of the control remained about 46%, that of the RHA 

of 1 g was around 65%, that of the 2 g RHA was about 80%, 

and 98% for the 3 g RHA. It is shown here that the GP for 

the control was the lowest (46%). As corroborated by [15] 

in their study where they observed that a higher 

concentration of bio-pesticide increases the percentage of 

seed germination. 

 
Figure 2: Effect of rice husk ash on germination 

percentage of maize infested by S. zeamais 
 

It was observed that there was a strong positive 

correlation between RHA concentration and the 

germination percentage with a correlation coefficient (r = 

0.998). This result indicates that the RHA biopesticide 

accelerates the germination process of maize seeds. 

 

3.3 The Germination Rate (GR) 

The GR of maize seeds under study was equally 

significantly affected by the application of RHA 

biopesticide. The results showed that the highest 

germination rate (14%) was recorded at 3 g of RHA 

concentration as shown in Figure 3. The control treatment 

had the lowest germination rate of about 7% when 

compared to GR of 9.34% and 11.38% for 1 g and 2 g of 

RHA concentration respectively. This shows that a higher 

concentration of RHA bio-pesticide significantly improves 

the GR of stored maize whenever they are planted. 

 
Figure 3: Effect of rice husk ash on germination rate of 

maize infested by S. zeamais 
 

The higher the concentration, the higher the germination 

rate. This finding corroborates the work of [22] showing that 

a higher concentration of biopesticides increases the 

germination rate of the crops under investigation. It is seen 

here that the RHA biopesticide accelerates the germination 

process of maize seed since the seeds are healthy for 

planting. 

 

3.4 The Germination Index (GI) 

The GI of maize seeds was calculated to assess the 

overall germination performance. The result showed that 

the GI as presented in the bar chart of Figure 4 showed that 

the GI increased significantly with increasing RHA 

concentration. This shows the level of speed and uniformity 

of the germination of the seed under investigation. 

 
Figure 4: Effect of rice husk ash on germination index of 

maize infested by S. zeamais 
 

While the GI of the control was 1.57, the highest GI (2.81) 

was obtained from 3 g of RHA. Whereas, the GI for 2 g and 

1 g of RHA were 2.52 and 2.19 respectively. A strong 
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positive correlation was observed between RHA 

concentration and the GI (r = 0.98). This result suggest that 

the RHA biopesticide has a positive effect on the 

germinability of maize seeds damaged by S. zeamais. The 

biopesticide not only controls S. zeamais populations but 

simultaneously enhances the GI. 
 

3.4 Analysis of Variance 

The result of the analysis of variance (ANOVA) at P-

value ≤ 0.05 as presented in Table 1 revealed a significant 

difference in the mortality rate (p = 0.02), germination 

percentage (p = 0.00073), germination rate (p = 0.0022), and 

the germination index (p = 0.31). 

 

Table 1: ANOVA – effect of RHA on germinability of 

maize infested with S. zeamais 

Parameters Measured F P-value 

Mortality Rate 8.871 0.025* 

Germination Percentage (%) 39.999 0.00073* 

Germination Rate (%) 26.286 0.0022* 

Germination Index 1.224 0.0331* 

*significant and **not significant at p-value ≤ 0.05 

 

The ANOVA showed that RHA biopesticide improves 

the germinability of maize seed by protecting it against S. 

zeamais. 
 

4. CONCLUSION  

Rice Husk Ash (RHA) by this research is a good bio-

pesticide against S. zeamais, without any side effect to 

human health. The findings of this study indicate that RHA 

treatment can significantly protect the emergence of S. 

zeamais and improve the germination percentage and rate of 

Zea mays respectively. It was observed that the higher the 

RHA concentration, the higher the mortality rate of S. 

zeamais, and the faster and more uniform the germination 

of Zea mays. The RHA biopesticide controls S. zeamais 

population and equally enhances the germination 

percentage, rate, and index of maize seeds. The use of RHA 

as a treatment for stored maize can be cost cost-effective 

and environmentally friendly approach to improving seed 

quality and reducing storage losses. It is recommended that 

further research should be carried out to investigate the 

optimal concentration of RHA and treatment for different 

maize varieties and storage conditions. 
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