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STUDIES ON THE LEVEL OF EFFICIENCY OF BIO-PRODUCTS AGAINST FALL ARMY WORM (SPODOPTERA FRUGIPERDA) AND MAIZE WEEVILS (SITOPHILUS ZEAMAIS), IN ERITREA

ABSTRACT 
A laboratory experiment was conducted at Hamelmalo Agricultural College to isolate Trichoderma spp. (Entomopathogenic Fungi – EPF) from various soil types and evaluate their bio-efficacy alongside botanical extracts (neem seed kernel, tobacco, and Lantana leaves) against Spodoptera frugiperda (Fall Armyworm-FAW) and Sitophilus zeamais (maize weevil). Soil samples from humus-rich, orchard, cultivated, and forest areas were used for fungal isolation. The study assessed mortality and repellence effects of treatments. Neem extract (NSKE) caused the highest larval mortality in FAW, followed by Tricho-1, though all treatments were statistically at par at a 5% significance level. Tobacco extract showed significant lethality to maize weevil at 5% concentration in both topical and seed dressing applications. Lantana extract demonstrated the highest repellence effect, statistically significant at 5%. All soil sources yielded Trichoderma spp., with Tricho-1 showing better persistence under sunlight than Tricho-2. The EPF isolates also exhibited lethal effects on the maize weevil at parental and 10² concentrations. The findings support the potential of EPF and botanicals as eco-friendly pest management alternatives.
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1. Introduction
Maize (Zea mays L.), known as the “queen of cereals,” contains 61% starch and is rich in essential amino acids. Its kernel comprises 13.5% moisture, 10% protein, 4.3% oil, and 70.3% carbohydrates. With high production potential, maize is used as food, animal feed, and in beverages. Its stover and grain have industrial applications in pharmaceuticals, cosmetics, and textiles. Maize contributes to food security, crop diversification, and agro-industry development, particularly with varieties like popcorn (Martin et al., 2006). The preservation of perishable agricultural produce has evolved from being solely an economic concern to a critical humanitarian issue. Insect pests, among various organisms that disrupt agricultural productivity, are the most economically damaging, affecting crops both in the field and during storage through direct feeding and transmission of viral diseases. Historically, natural populations of insect pests were regulated by pathogenic microorganisms, which are now integrated into pest management strategies worldwide. Microbial control has yielded promising results in regions such as Asia and South America (Fuxa, 1987), with increasing efforts in Africa to develop microbial-based pest control. Entomopathogenic fungi (EPF), which infect and kill insects, play a vital role in managing pest populations and are among the earliest known biological control agents. To date, over 750 fungal species pathogenic to insects and mites have been identified, representing most major fungal groups (Moorhouse et al., 1992; Hajek and Leger, 1994; Ramanujam et al., 2014). Botanical pesticides, derived from naturally occurring plant substances, represent another eco-friendly alternative to synthetic chemicals. Over 2,400 plant species have been documented for their pesticidal properties. Botanical insecticides may take the form of crude extracts, powdered plant materials, or essential oils. These substances exert their effects through various modes of action, including repellency, oviposition and feeding deterrence, physiological interference, and direct toxicity to pests.
In Eritrea, maize is the 7th most important food crop following sorghum, pearl millet, taff, barley, wheat, and finger millet during the years 2021 and 2022 (MoA, 2022). In this country, maize production remains low due to constraints such as limited water availability, insect pest infestations, disease outbreaks, and inappropriate use of synthetic pesticides. Therefore, the present study was designed to evaluate the efficacy of eco-friendly bio-pesticides as alternatives to conventional chemical control methods. Specifically, this study aimed to assess the effectiveness of Trichoderma spp. and botanical pesticides—including neem seed kernel extract (NSKE), Lantana camara leaf extract, and tobacco leaf extract—against the last larval instar of Spodoptera frugiperda (Fall Armyworm) and adult Sitophilus zeamais (Maize Weevil). Recent advancements in EPF research indicate their growing importance as core components of IPM strategies. This research aims to promote sustainable pest management by evaluating environmentally sound and locally adaptable biological alternatives. The general objective is to assess the efficiency of isolated entomopathogenic fungal (EPF) strains and selected botanical extracts against key insect pests. Specifically, the study seeks to isolate and identify EPF strains from selected soil samples, determine their efficacy against Spodoptera frugiperda (Fall Armyworm) and Sitophilus zeamais (Maize Weevil), and evaluate the lethal and repellent effects of botanical extracts on these targeted pests.
2. [bookmark: _Toc199258979]Materials and Methods
[bookmark: _Toc199258982]2.1. Area of Research and Sample Collection: The experiment was conducted in the laboratory of Plant Health, Hamelmalo Agricultural College, which is located 10km North of Keren on the side of the Keren–Nakfa road line. The altitude of the area is approximately 1,330m above mean sea level, and the average annual rainfall and temperature are 436mm and 24°C, respectively (Anonymous, 2000).  Soil samples were collected from different sites at Hamelmalo Agricultural College, such as humus-rich, orchard, cultivated field, and forest. Each soil sample was collected to a depth of 10cm in the upper surface, including the rhizosphere. 
2.2. Inoculation Methods: Each soil samples were inoculated in both Potato Dextrose Agar (PDA) and oatmeal media. Soil inoculation was maintained by the dilution technique. The dilution method was the commonly used method by which a variety of fungi are obtained, but species that sporulate profusely are most often selected, though fungi in the mycelial condition are rarely isolated (ISTA, 1996).
[bookmark: _Toc199258983]2.3. Abundance of Trichoderma spp. on a selected site: After the inoculation on media, the soil samples were incubated for 14–17 days to check the abundance of Trichoderma species. Records on the abundance of Trichoderma species were obtained through the presence of fungal mycelia/conidia on the PDA media (Aneja, 2004).
[bookmark: _Toc199258984]2.4. Fungus Culture and Conidia Harvesting: Trichoderma species isolates of EPFs were cultured on PDA (200g of pilled potato, glucose 20g, agar 20g dissolved in 1000 ml of water). Petri-dishes were autoclaved at 121°C for 15-20 minutes, then incubated at room temperature (25 ºC).  Conidia were harvested from the 14-15-day-old culture with the help of an inoculation needle and placed in water. The conidia-containing solution was stirred by shaking it for 10 seconds in order to gain for homogeneous suspension. The conidial concentration was calculated through a Hemocytometer. (Aneja, 2004; Barnet and Hunter, 1972; Ellis, 1971; Rifai, 1969; Gilman, 1957; and Nagamani et al., 2006).
[bookmark: _Toc199258985]2.5. Insect Rearing: Fall Armyworm (FAW) larvae were collected from maize fields and reared in ethanol-sterilized plastic cages. To prevent overcrowding and cannibalism, larvae were kept separately and fed daily with maize leaves and an artificial diet prepared from ground beans, ascorbic acid, yeast, agar, and oats. Pupae were placed in tissue-lined Petri dishes for adult emergence. Adults were fed with a 10% sugar solution, and eggs were collected for hatching. The culture was maintained up to seven generations, using the sixth for bioassays. Maize weevils were also collected from stored maize seeds kept in plastic cylinder jars for further experimentation (Simon et al., 2015).
[bookmark: _Toc199258986]2.6. Preparation of Botanical Pesticides:   
[bookmark: _Toc199258987]2.6.1. Lantana Leaf Extraction: Plant parts were washed and cleaned with water and exposed to the sun until fully dried. Plant leaves were ground and sieved until fine powders were acquired. The maceration process was then carried out by mixing 5g of ground Lantana leaf into 100 ml of water with the addition of 1g of detergent, forming 5% solution, then stored in a container and tightly closed, accompanied by stirring it to mix with the solvent. After soaking for 24 hours, the filtering was done using gauze. The filter results were in the form of a stored suspension for later use. A similar procedure was followed for making a 10% solution (Eweis and Amber, 2011).
[bookmark: _Toc199258988]2.6.2. Preparation of Neem Seed Extracts: Neem seed kernel extraction (NSKE) was prepared by pounding from seeds in a motor to obtain the kernels of neem after removal of the outer cover. The kernels were ground into a paste, and 5g was mixed in 100ml of water and 1g of detergent and soaked for 24 hours, forming 5% solution. Using the same procedure, 10g of ground neem seed kernel was mixed in 100ml of water for 24 hours, forming a 10% solution (Schmutterer, 1990, and Ugwu et al., 2017).
[bookmark: _Toc199258991]2.6.3. Preparation of Tobacco Leaf Extract:  Grinded and dried leaves of tobacco, about 6.2g, were boiled in 250ml of water for 20 minutes to prepare a 6.2 % solution of tobacco. The same procedure was used to prepare 12.4g of tobacco in 250 ml of water to make a 12.4% tobacco solution (Anumudu, 2019).
[bookmark: _Toc199258992]2.7. Application of Botanicals and EPF (Trichoderma spp.) on Fall armyworm:  The experiment included four treatments and a control, each with three replications. Four final instar Fall Armyworm (FAW) larvae per replication were dipped in the treatment solution for 10 seconds and placed individually in containers with food. Mortality and non-feeding behavior were recorded at 48-hour intervals to assess the effectiveness of each treatment (Aminudin et al., 2022).
2.7.1. Method of dressing and topical application of the bio-products and entomopathogenic fungus (Trichoderma spp.) on Sitophilus zeamais mortality: Maize weevils (Sitophilus zeamais) were treated with botanical pesticides and entomopathogenic fungi (EPF) using both spraying and seed dressing methods. For the spraying method, two concentrations—5% and 10%—were prepared for each botanical extract. In the case of tobacco, solutions of 6.2% and 12.4% were used. For the 5% solution, four replications were conducted, each consisting of 10 adult weevils treated by spraying. For the 10% solution, four replications were also used, with 5 adult weevils treated per replication. In the dressing method, 0.20 g of each botanical treatment was mixed with the grains, and four replications were conducted, each with 10 adult weevils. Observations were recorded at 48-hour intervals to evaluate the effects of the treatments on weevil mortality. Additionally, Trichoderma isolates were applied using topical application at parent concentrations of Tricho-1 (1.35 × 10⁸ conidia/mL) and Tricho-2 (1.15 × 10⁸ conidia/mL).
2.7.2. Repellency Test: Transparent plastic cylinders (15 cm × 2 cm) were used to assess the repellency of botanical powders against Sitophilus zeamais. One end of each cylinder was sealed with fine mesh tulle, while the opposite end contained 0.2 g of powdered leaf material from the test plants. Four adult maize weevils were introduced through the mesh end per replication, with four replications per treatment, totaling 16 cylinders. The setup was left undisturbed for 8 hours (Rejitha et al., 2014). 
After exposure, the number of weevils that moved toward the mesh and the total distance traveled were measured and recorded to assess repellency (Table 1).
Table 1. Rating the degree of repellence of each test material
	Distance(cm) from the bottom of the cylinder towards the untreated plug
	Description
	Rating

	0
	Ineffective
	1

	1-3
	Slight repellent(SR)
	3

	4-6
	Moderately repellent (MR)
	5

	7-9
	Highly repellent (HR)
	7

	10-12
	Extremely repellent (ER)
	9


2.7.3. [bookmark: _Toc199258995]Survival rate of Trichoderma sp. at one-and-a-half-hour sunlight exposure: The effect of sunlight on the Trichoderma isolates was tested for one-and-a-half-hour exposure at an average temperature of 28.75°C, while the control was kept unexposed (at room temperature). The relative survival rate was recorded by counting the colony-forming units every 24 hours (Trutmann and Keane, 1990).
[bookmark: _Toc199258998]The data collected throughout the experiment period were subjected to statistical analysis using GENSTAT software, and mean comparison was done at 5 % level of significance.
3. Results and Discussion
Based on the study of the efficiency levels of bio-products against Fall armyworm (Spodoptera frugiperda) and maize weevil (Sitophilus zeamais), data were collected and recorded, such as the mortality rate (by the different treatments used, such as neem, Lantana, tobacco, Trichoderma spp., and control), the repellency rate of the botanical pesticides, and the tolerance of the Trichoderma spp. towards sunlight effects. 
[bookmark: _Toc199258999]3.1. Mortality effect of Trichoderma sp. and botanical pesticide on Fall-Army Worm
The results illustrate the larval mortality of Fall Armyworm (FAW) (in percent) over time under the effect of different treatments: Lantana, Neem, Tobacco, Tricho-1, Tricho-2, and Control. Mortality was observed at six different time intervals: 96, 144, 192, 240, and 288 hours. It is observed that the Neem consistently shows the highest larval mortality, reaching nearly 80% at 288 hours, indicating strong insecticidal effects. Tricho-1 shows progressive mortality, second only to Neem, reaching about 50% at 288 hours, whereas Tricho-2, Tobacco, and Lantana also show increasing mortality but to a lesser extent (around 20–30% at 288 hours). Control treatment has negligible mortality across all time intervals, confirming the effect is due to the treatments. Mortality increases with time for all treatments, indicating cumulative toxic or pathogenic effects. It is stated that the Neem and Tricho-1 are the most effective treatments against FAW larvae, followed by Tricho-2 and botanical extracts like Tobacco and Lantana (Fig. 1). Lantana leaf extracts were among the least performing treatments. This is because lantana leaves contain fewer bioactive components compared to the stem and twigs (Majekodunmi et al., 2002). In addition, the result indicated that the highest rate (16.67 after 144 and 186 hours) of mycotized larvae of fall armyworm was recorded from Tricho-1.
[image: ]
Figure 1. Mortality rate of FAW at 5% of Trichoderma spp. and botanical pesticides
[bookmark: _Toc199259000]3.2. Mortality effect on maize weevil at 5% both (dressing and spraying methods) of botanical pesticides and Trichoderma sp. (1.35 × 108con/ml): The mortality rate of Sitophilus zeamais (maize weevil) following treatment with botanical pesticides at 5% concentration and Trichoderma spp. at 1.35 × 10⁸ conidia/mL showed no significant differences among treatments in the second observation. However, observations 2, 3, 4, and 5 revealed statistically significant differences among treatments. Tobacco extract demonstrated the highest mortality effect and was statistically superior to the other treatments at the 5% LSD level. In the final observation, no significant differences were observed among treatments. The results suggest that tobacco extract, particularly at a 6.2% concentration in topical applications, is the most effective in inducing mortality in maize weevils (Fig. 2). A similar trend was observed with dressing applications of botanical extracts on maize weevil mortality. Although variation existed among treatments, the differences were not statistically significant, indicating a relatively uniform effect (Fig. 3). Previous studies have reported that neem seed kernel extract (NSKE) is highly effective in controlling pests and diseases (Rajani et al., 2014).
(obs-2= 96hrs; obs-3= 144hrs; obs-4= 192hrs; obs-5= 240hrs; and obs-6=288hrs)


Figure 2. Maize weevil mortality rate spray at 5% of the Trichoderma spp. and botanical pesticides

Figure 3. Maize mortality rate dressing at 5% of the botanical pesticides(obs-2= 96hrs; obs-3= 144hrs; obs-4= 192hrs; obs-5= 240hrs; and obs-6=288hrs)


[bookmark: _Toc199259001]3.3. Mortality effect of botanicals on the maize weevil spray at 10% concentration: During the experimental study, bioassay was done on maize weevils with botanicals at 10% concentration to check the correlations between the efficacy and increment in the level of concentration from 5% to 10%. The current results statistically proved that there was no significant difference at 5% level of significance among the applied botanical treatments. However, Neem effects were found to be higher than the other treatment applications (Fig. 4).
(obs-2= 96hrs; obs-3= 144hrs; obs-4= 192hrs; obs-5= 240hrs; and obs-6=288hrs)


Figure 4. Mortality effect of botanical pesticides at 10% concentration on Sitophilus zeamais 
[bookmark: _Toc199259002]3.4. Repellency rate: Observations on repellency action of the test materials were conducted using the repellency rating of the botanicals (neem, Lantana, and tobacco). Observations at 8 hours were carried out to identify the most repellent botanical agent. Lantana showed the highest repellency rate and was rated as extremely repellent, followed by neem and tobacco. It was recorded with the highest mean and found significantly different among the applied treatments, whereas, the rest treatments were remained at par at 5% level of significance (Fig. 5). The current result agreed with the reports of Samuel et al, (2019), the effect of Lantana and neem was higher and extremely repellent with 76.3% and 83.3%, respectively. According to Fitsum et al. (2011), the use of volatile compounds has been studied and proved to possess a significant repellent effect. The use of Lantana has been found to have immense repellency against female Anopheles mosquitoes (Akumu et al., 2013).

Figure 5. Repellency rate on Sitophilus zeamais
[bookmark: _Toc199259003]3.5. Abundance of EPF (Trichoderma sp.) on media from the selected sites: The quantity (100%) of Trichoderma spp. Grown on media from the four selected sites 1.2. and 3, i.e., cultivated, orchard, humus-rich field, respectively; and the site indicated 4 is a forest site that has shown 75% abundance of Trichoderma spp. Generally, in this experiment, the calculated rate or probability of abundance of Trichoderma spp. on the selected site showed no significant difference, indicated that on that Trichoderma spp. were available in all selected sites (Fig. 6).

Figure 6. Abundance of the Entomopathogenic fungus (Trichoderma spp.) on the selected sites
[bookmark: _Toc199259004]3.6 Effect of Trichoderma isolates on maize weevil (Sitophilus zeamais) survival: The effect of spraying Trichoderma spp. as a parent solution and 102 concentration solutions was evaluated. There was great variability in the effectiveness of treatments, and statistically significant results were analyzed by comparing the control group. Both treatments (Tricho-1, Tricho-2) have similar mortality effects on maize weevil and are noted as par in all observations (Fig. 7). It is stated that Trichoderma species can antagonize plant pathogens (Howell, 2003; Benitez et al., 2004; Schuster and Schmoll, 2010).
[image: ]
Figure 7. Weevil mortality at parental and 102 concentration
3.7. [bookmark: _Toc199259005]Relative survival of Trichoderma sp. isolates (Tricho-1 &Tricho-2) growing on media for sunlight exposure: The tolerance effect of Trichoderma spp. was recorded by exposing them to the sunlight for half an hour and one hour. The isolates Tricho-1 and Tricho-2, at concentrations of 1.35 × 10⁷ and 1.15 × 10⁷ con/ml, respectively, showed no significant variation in any observation; however, Tricho-1 recorded the highest colony-forming unit counts in the third and fourth observations. Therefore, treatments showed similar persistence toward the sunlight exposure (Fig. 8). The compiled data results revealed that all the treatments of the observation have insignificant results in 1-hour exposure when comparing the probability; however, the last observation reflects significant results in which Tricho-1 scored higher colony-forming units count compared to Tricho-2 at 5% level of significance (Fig9). Trichoderma spp. fungi may be act in response to the environmental conditions, producing adverse conditions (Benitez et al., 2004).
obs-1= 24 hrs., obs-2=48hrs, obs-3=72hrs, obs-4=96hrs).

Figure 8. Relative survival rate (CFU count) at half-hour exposure (101 concentration) 
obs-1= 24 hrs., obs-2=48hrs, obs-3=72hrs, obs-4=96hrs).

[bookmark: _Toc199259007]Figure 9. Relative survival rate (CFU count) at one-hour exposure (101 concentration)
4. [bookmark: _Toc199259010]Conclusion: The study demonstrated the efficacy of botanical extracts and Trichoderma isolates against Spodoptera frugiperda (Fall Armyworm) and Sitophilus zeamais (Maize Weevil). NSKE showed the highest larval mortality against S. frugiperda, followed by the Tricho-1 isolate. Tobacco extract caused significant mortality of S. zeamais at 5% concentration via both topical and dressing applications. Lantana leaf extract exhibited the highest repellence effect, which was statistically significant at the 5% level. All sampled soils (humus-rich, cultivated, forest, and orchard) contained Trichoderma spp., from which two isolates (Tricho-1 and Tricho-2) were identified. Both isolates exhibited similar sunlight tolerance and showed no significant difference from the control. They also displayed lethal effects against S. zeamais at parent and 10² concentrations. These findings highlight the potential of botanical bio-pesticides and Trichoderma spp. as effective, eco-friendly alternatives for the integrated management of key insect pests in stored and field crops.
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Effect of botanical dressing on weevils mortality in  %




obs-1	Neem	Lantana	Tobacco	Control	65	40	35	0	obs-2	Neem	Lantana	Tobacco	Control	75	55	35	0	obs-3	Neem	Lantana	Tobacco	Control	80	60	35	0	obs-4	Neem	Lantana	Tobacco	Control	85	60	40	0	obs-5	Neem	Lantana	Tobacco	Control	90	60	40	0	obs-6	Neem	Lantana	Tobacco	Control	100	60	45	0	Treatments 


Weevil mortality at 10% concentration in % 




Repellency -8hrs

obs-1	1.012697168730887	2.0190069065976202	0	0.82798282322494798	1.012697168730887	2.0190069065976202	0	0.82798282322494798	Neem	Lantana	Tobacco	Control	1.25	6.5249999999999746	0	0.75	Treatment applications


Distance in cm



[VALUE]%

[VALUE]%

[VALUE]%

[VALUE]%


Cultivated soil	Orchard soil	Humus soil	Forest soil	100	100	100	75	

obs-1	28.28623536476902	15.719768163402129	0	28.28623536476902	15.719768163402129	0	Tricho-1	Tricho-2	Ctrl	33.66666666666648	30.333333333333279	0	obs-2	19.27289403396502	17.130220210039461	18.520259177452139	19.27289403396502	17.130220210039461	18.520259177452139	Tricho-1	Tricho-2	Ctrl	51.66666666666648	35.333333333333343	20	obs-3	27.088332871879938	22.36316415695935	14.529663145135579	27.088332871879938	22.36316415695935	14.529663145135579	Tricho-1	Tricho-2	Ctrl	109.3333333333333	40.333333333333343	73.333333333333172	obs-4	26.274195198584739	19.347695814575271	41.327956639543643	26.274195198584739	19.347695814575271	41.327956639543643	Tricho-1	Tricho-2	Ctrl	113	57	128	Treatments  

Relative survival rate (CFU count)



obs-1	5.0442486501405188	12.583057392117921	0	5.0442486501405188	12.583057392117921	0	Tricho-1	Tricho-2	Ctrl	13.66666666666667	35	0	obs-2	5.9254629448770597	11.609383178178669	18.520259177452139	5.9254629448770597	11.609383178178669	18.520259177452139	Tricho-1	Tricho-2	Ctrl	24.666666666666671	45.66666666666648	20	obs-3	16.666666666666671	6.3595946761129714	14.529663145135579	16.666666666666671	6.3595946761129714	14.529663145135579	Tricho-1	Tricho-2	Ctrl	83.333333333333172	79.333333333333172	73.333333333333172	obs-4	35.797268672965039	12.19744964235467	41.327956639543643	35.797268672965039	12.19744964235467	41.327956639543643	Tricho-1	Tricho-2	Ctrl	107.6666666666667	86.333333333333172	128	Treatment 

Relative survival rate (CFU count)
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