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ABSTRACT
Background and Objective: The increasing demand for sustainable alternatives to chemical pesticides
in grain storage has led to growing interest in biological control methods, particularly in developing
countries where access to conventional pesticides is limited. This study aimed to evaluate the effectiveness
of Beauveria bassiana as a biological control agent against Sitophilus zeamais, a major pest of stored
maize. Materials and Methods: Beauveria bassiana was isolated from soil samples collected near oil palm
trees in the Ashanti Region of Ghana. Laboratory bioassays were conducted to assess the efficacy of three
conidial concentrations (2.0×107 , 3.0×107, and 4.0×107 spores/mL) on adult S. zeamais over 7 Days under
controlled conditions (27±2°C, 70±5% RH). Mortality rates were recorded daily, and data were analyzed
using  appropriate  statistical  tests  to  determine  significance  levels  among  treatments at p<0.05.
Results: A concentration- and time-dependent response was observed. The highest conidial concentration
(4.0×107 spores/mL) caused 46% mortality of S. zeamais by Day 7. Statistical analysis confirmed significant
differences between treatments during the final phase of the experiment (p = 0.006), demonstrating the
increasing effectiveness of B. bassiana with higher dosages and exposure time. Conclusion: The study
highlights the potential of B. bassiana as an effective biological control agent against S. zeamais in stored
maize. This finding offers a promising alternative to chemical pesticides, especially in resource-limited
settings. Further research is recommended to explore its application under field and storage conditions.
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INTRODUCTION
Maize (Zea mays L.) stands as the world’s most extensively produced staple crop, with an estimated annual
production of more than 1 billion tonnes1. About 80% of Ghana’s total maize production is from the
Eastern, Ashanti, and Brong Ahafo Regions2. As a crucial staple food in Africa, maize constitutes about 38%
of Africa’s food supply and provides up to 50% of dietary protein and 80-90% of energy intake in
developing countries3,4, making its proper storage essential for year-round food supply and seed
preservation.
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However, tropical regions in Africa face significant challenges in maize storage, with potential losses of
between 20% and 55% due to post-harvest pests such as insects, fungi, and other microorganisms5-7. The
maize weevil (Sitophilus zeamais) emerges as one of the most destructive storage pests globally, capable
of causing severe grain losses8,9. Hot and humid weather promotes the growth of fungi, particularly
Aspergillus flavus, and infestations such as S. zeamais can make this worse by raising the temperature and
moisture content of grains, which in turn encourages secondary fungal attacks, producing harmful
mycotoxins10,11.

Traditional pest control methods using chemical insecticides have resulted in various problems, including
environmental damage, pest resistance, and harmful effects on non-target organisms12,13. Additionally, the
high cost of these pesticides makes them increasingly inaccessible to farmers in developing countries.
These challenges, combined with concerns over chemical residues in food, have prompted research into
alternative control methods, particularly biopesticides12-14.

Beauveria bassiana, an entomopathogenic fungus, has emerged as a promising biological control agent
due to its proven effectiveness against various insect pests, including stored grain pests15-18. The fungus
operates by infecting hosts through contact or body entry, initiating infection through spore attachment
and cuticle penetration using specialized enzymes. The fungus, when inside, then colonizes the insect’s
body and releases mycotoxins, leading to death within days19,20.

This  study  focused  on  optimizing  B.  bassiana  application  conditions  and  evaluating  its efficacy
against S. zeamais in stored maize. This approach addresses critical challenges in food security and
sustainable agriculture, particularly in Sub-Saharan Africa, where maize weevil infestation significantly
impacts food availability and nutritional quality5,6. This is important because reducing post-harvest losses
during grain storage strengthens food security in developing countries21.

The exploration of B. bassiana as a biocontrol agent offers several advantages over conventional methods,
including reduced negative impact on human health, slower development of pest resistance, minimal
environmental impact, and active pest-seeking capability of bioprotectants22. The efficiency of
biopesticides can be enhanced through combined application with other biocontrol agents.

This research is particularly relevant for developing countries, where it can help small-scale farmers
implement environmentally-friendly pest management practices while reducing reliance on harmful
chemicals. The work aims to address the pressing need for effective control of S. zeamais populations in
stored maize, particularly given the crop’s significance throughout Sub-Saharan Africa.

MATERIALS AND METHODS
Study  design  and  area:  The  research  employed  an  experimental  design  to  isolate  and evaluate
Beauveria bassiana from soil samples for biological control of Sitophilus zeamais in stored maize. The
study was conducted in two phases: A field sampling phase for fungal isolation and a laboratory phase
for bioassay experiments. Field sampling was carried out in the Ashanti Region of Ghana across three
strategic locations selected based on their ecological characteristics and proximity to the research facility
from 10-13th June, 2024. These sites included Donyina, located 8.1 km from Kwame Nkrumah University
of Science and Technology (KNUST), the KNUST Botanical Gardens, and Kotei, both situated near the
KNUST campus perimeter. The sites were chosen to represent diverse soil environments while maintaining
practical accessibility for consistent sample handling and processing. The study area experiences a tropical
climate characterized by two rainy seasons, with annual rainfall ranging between 1000 and 1500 mm, and
average temperatures between 21.5 and 30.7°C, conditions that potentially favour the natural occurrence
of entomopathogenic fungi.
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Fig. 1: Daily cumulative mortality of Sitophilus zeamais adults exposed to different concentrations of
Beauveria bassiana over 7 Days under controlled conditions

Sample distribution and collection protocol: Soil samples were distributed non-uniformly across the
three sites, with four samples collected from Donyina and two samples each from KNUST Botanical
Gardens and Kotei. This uneven distribution was strategically designed to account for Donyina’s larger
area and more diverse microhabitats, as previous studies have shown that habitat diversity can
significantly influence entomopathogenic fungal distribution23. The higher sampling intensity in Donyina
also aligned with historical records of natural pest suppression in this area, suggesting the presence of
beneficial soil microorganisms24. The sampling focused on soil around palm trees (Fig. 1), where conditions
were hypothesized to be favourable for entomopathogenic fungi25 due to their dense canopy structure,
which maintains stable soil moisture levels by reducing direct solar radiation, minimizing evaporation, and
creating a humidity-rich microclimate crucial for fungal survival26, along with the continuous addition of
organic matter from fallen fronds, which create nutrient-rich conditions, provides stable carbon and
nitrogen sources, improves soil structure, and maintains optimal pH levels that support diverse microbial
communities27, as well as the presence of various palm-associated insects that serve as natural hosts for
entomopathogenic fungi, create continuous cycles of infection and reproduction, and maintain natural
reservoirs of fungal inoculum through infected cadavers in the soil ecosystem28. At each sampling point,
standardized collection procedures were followed. The surface layer was carefully scraped away using a
sterile spatula to minimize contamination from transient surface microorganisms and debris. Samples were
then collected from a depth of 10 to 15 cm below the prepared surface, as this depth range has been
shown to harbour stable populations of soil-dwelling entomopathogenic fungi29. This specific depth was
chosen because it protects from UV radiation and extreme temperature fluctuations while maintaining
adequate moisture levels essential for fungal survival30.

Each soil sample (approximately 500 g) was immediately transferred into individual sterile zip lock bags
and sealed to prevent cross-contamination and moisture loss. The bags were labelled with masking tape
indicating the collection site, date, and sample number, following standard soil microbiological sampling
protocols31. All samples were transported to the KNUST microbiology laboratory in insulated containers
to minimize temperature fluctuations and stored at 4°C until processing for B. bassiana isolation, as this
temperature has been shown to maintain fungal viability while preventing unwanted growth of other
microorganisms32.

Isolation  and  identification  of  Beauveria  bassiana:  Laboratory  procedures  for  isolating and
identifying B. bassiana from soil samples followed standard microbiological protocols. All glassware and
materials were sterilized at appropriate temperatures (160°C for petri dishes, 120°C for test tubes and
media) before use. Two primary media were prepared: Peptone water for initial sample processing and
Potato Dextrose Agar (PDA) supplemented with chloramphenicol for fungal culture.
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The preparation of culture media followed standardized protocols to ensure reproducibility. Peptone water
was prepared by dissolving 10 g of peptone and 5 g NaCl per liter of distilled water, with pH adjusted to
7.2±0.2. The PDA was prepared using 200 g peeled and diced potato infusion, 20 g dextrose, and 15 g
agar per liter of distilled water, with final pH adjusted to 5.6±0.2. Both media were autoclaved at 121°C
for 15 min at 15 psi. Chloramphenicol (0.05 g/L) was added to PDA after cooling to approximately 45°C
to prevent bacterial contamination. For long-term storage, pure cultures of B. bassiana were maintained
on PDA slants at 4°C and sub-cultured every three months for six months. Additionally, a glycerol stock
was prepared by suspending conidia in 15% sterile glycerol solution and stored at -80°C for culture
preservation. Working cultures were maintained on PDA plates at 25°C and sub-cultured every 14 Days
to ensure viability and consistent morphological characteristics. All media preparation and culture
handling were performed under aseptic conditions in a laminar flow hood to prevent contamination. Serial
dilutions were prepared from each soil sample using the standard ten-fold dilution method to 10-3. The
1 mL from each dilution was plated on PDA and incubated at 30°C for 7 Days. Following incubation,
colonies were characterized based on morphological features. 

Bioassay of Beauveria bassiana against Sitophilus zeamais: The bioassay experiment was designed
to evaluate the efficacy of B. bassiana against S. zeamais under controlled laboratory conditions. The
methodology encompassed insect rearing, fungal preparation, and mortality assessment protocols33,34.

Adult S. zeamais specimens were obtained through controlled infestation of sterilized maize. The 5 kg of
maize were placed in a sterile transparent container covered with mesh netting and maintained in the
Faculty of Agriculture Insectary under optimal conditions (27±2°C, 70±5% relative humidity) for natural
infestation.  After  3-4  weeks  of  storage,  adult  weevils  were  collected  through  sieving  and manual
selection. 

The selected conidial concentrations (2.0×107, 3.0×107, and 4.0×107 spores/mL) were chosen based on
previous efficacy studies of entomopathogenic fungi against stored product pests35. These concentrations
fall within the range shown to be effective against various Coleoptera species while remaining
economically feasible for practical application36. Preliminary trials in our laboratory also indicated that
concentrations below 2.0×107 spores/mL showed minimal efficacy, while those above 4.0×107 spores/mL
did not yield significantly higher mortality rates to justify their increased production costs.

The experimental design incorporated several measures to control environmental variables and minimize
bias. Treatment groups were arranged in a completely randomized design on laboratory shelves, with
positions rotated daily to account for potential microclimatic variations. Environmental conditions were
monitored using calibrated data loggers (HOBO U23 Pro v2, Onset Computer Corporation, USA) placed
at  multiple  points  within  the  experimental  area.  Temperature  was  maintained  at  27±2°C using
thermostat-controlled heating/cooling systems, while relative humidity (70±5%) was regulated using a
humidifier and monitored with digital hygrometers. Light conditions were standardized to a 12:12-hrs
light: Dark cycle using automated fluorescent lighting. To minimize external contaminations, all petri
dishes were sealed with parafilm and handled using sterile techniques. Control treatments were physically
separated from fungal treatments to prevent cross-contamination while maintaining identical
environmental conditions.

For the bioassay, conidial suspensions of B. bassiana were prepared at three concentrations: 2.0×107 (C1),
3.0×107 (C2), and 4.0×107 (C3) spores/mL. The concentrations were achieved by harvesting conidia from
pure cultures using a sterile brush and suspending them in sterile distilled water. Initial spore
concentration was determined using a haemocytometer and adjusted through serial dilution to achieve
the target concentrations.
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The experimental setup consisted of five replicates per concentration, with each replicate comprising a
sterile petri dish containing filter paper treated with 1 mL of the respective conidial suspension. Control
treatments received 1 mL of sterile distilled water. After the treated papers had dried, ten adult weevils
were introduced into each petri dish and covered. Mortality was monitored at 24 hrs intervals for 7 Days
(168 hrs). Dead insects were removed daily to prevent secondary colonization. The progressive mortality
pattern observed across all treatments is shown in Fig. 1.

To confirm fungal involvement, a re-isolation technique was employed where dead weevils were incubated
on water-saturated tissue paper within a controlled environment, allowing potential fungal growth to
manifest externally37. This method critically distinguished between direct and incidental mortality. A blank
formulation control using water demonstrated the specificity of B. bassiana’s entomopathogenic action,
as weevils exposed to the control treatment showed no mortality, thereby eliminating alternative
explanations for weevil mortality38. These multiple lines of evidence morphological changes, re-isolation
technique, and controlled comparison provided a strong confirmation of B. bassiana’s direct pathogenic
impact on the target insect population.

Data analysis: Mortality data were analysed using One-way Analysis of Variance (ANOVA) to determine
significant differences between treatment concentrations at each time point. The mean number of dead
weevils per treatment was calculated daily for each concentration. Statistical analyses were performed
using SPSS version 25.0 (IBM Corp., Armonk, NY). Results are presented as Means±Standard Deviation,
with different superscript letters indicating significant differences between treatments. A post hoc multiple
comparisons were conducted using Tukey’s Honestly Significant Difference (HSD) test to separate
treatment means when ANOVA indicated significant differences (p<0.05). Treatments sharing the same
letter are not significantly different from each other.

RESULTS
Temporal effects of B. bassiana concentration on S. zeamais mortality: The pathogenicity of B.
bassiana against S. zeamais varied with both concentration and exposure time. All three concentrations
demonstrated a progressive increase in weevil mortality over the 7 Day observation period (Table 1).
Initially, no mortality was observed across all treatments during the first 24 hrs. By Day 7, the highest
concentration (C3 = 4.0×107 spores/mL) achieved maximum effectiveness with an average mortality of
4.6 weevils, while the medium concentration (C2 = 3.0×107 spores/mL) resulted in 3.4 weevil deaths, and
the  lowest  concentration  (C1  =  2.0×107  spores/mL)  caused  2.0  weevil  deaths.  The  pathogenicity
of B. bassiana against Sitophilus zeamais was assessed through multiple diagnostic indicators. The
Beauveria bassiana colonies exhibited distinctive characteristics: Cottony white appearance on the surface,
pale yellow reverse colouration, and well-defined circular edges (Fig. 2a). Pure cultures were obtained
through the streak plate technique on PDA and incubated under the same conditions (Fig. 2b).

Morphological  identification  was  confirmed  through  microscopic  examination  at  400× magnification
(Fig. 2c). The fungus displayed characteristic features, including branched hyphae with hyaline, round to
oval single cells. These morphological characteristics aligned with standard descriptions of B. bassiana,
confirming successful isolation of the target organism.

Effects of spore concentration on weevil mortality: The comparative analysis of concentration effects
revealed statistically significant differences in mortality rates over time (Table 1). During the initial phase
(Days  0-3),  mortality  differences  between  concentrations  were  minimal and statistically non-significant
(f = 0.75, p = 0.493). A transition period was observed during Days 4-5, where mortality increased
significantly (Table 1).
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Fig. 2(a-c): (a)  Colony  morphology  of  Beauveria  bassiana  showing  characteristic  white  cottony
growth with pale yellow reverse on PDA medium after 7 Days of incubation, (b) Pure culture
of  Beauveria  bassiana  obtained  through  streak  plate  technique  on  PDA  medium  and
(c) Microscopic morphology of Beauveria bassiana showing characteristic hyaline hyphae with
single-celled round to oval conidia (400× magnification)

Significant treatment effects emerged during the final experimental phase (Days 6-7). Day 6 showed
marked differences between concentrations (p = 0.006), with C3 causing the highest mortality (3.8±0.837),
followed by C2 (2.8±0.837) and C1 (1.4±1.140). This pattern intensified by Day 7 (p = 0.006), with the
highest concentration recording a mean mortality of 4.6±0.894.

DISCUSSION
The study presents compelling evidence for the efficacy of Beauveria bassiana as a biocontrol agent
against Sitophilus zeamais, demonstrating both concentration-dependent and time-dependent effects in
controlled laboratory conditions. The results merit detailed examination in the context of existing literature
and practical applications.

The concentration effects reveal a clear pattern of increasing efficacy with higher spore concentrations.
The  highest  concentration  tested  (C3  =  4.0×107  spores/mL)  achieved  the  maximum  mortality rate
of 4.6 weevils by Day 7, while lower concentrations showed proportionally reduced effectiveness. This
dose-dependent relationship aligns with previous research demonstrating that increased spore density
enhances pathogen impact by improving the likelihood of spore contact and subsequent infection39,40. The
observed pattern of effectiveness correlates with broader studies on B. bassiana’s capacity to control
stored product pests, supporting its potential as a biological control agent41,42.

The temporal progression of mortality provides crucial insights into the biocontrol mechanism. The
absence of mortality during the first 24 hrs across all treatments, followed by gradually increasing
mortality rates, reflects the systematic nature of the infection process. This pattern is consistent with the
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established understanding of B. bassiana’s infection mechanism, which involves initial spore attachment,
cuticle penetration, and subsequent host colonization19,20,43. The progressive increase in mortality rates
aligns with the documented multi-step process of fungal infection leading to host death, as observed in
previous studies44.

Infected maize weevil cadavers exhibited characteristic red colouration and rigid body posture, which are
well-documented signs of fungal infection in entomopathogenic systems45. The characteristic red
coloration and rigid posture observed in infected weevil cadavers provide strong morphological evidence
of successful B. bassiana colonization, consistent with other findings38 on fungal-induced post-mortem
changes in insect hosts. The successful re-isolation of the fungus from infected cadavers through
controlled incubation confirms Koch’s postulates and validates B. bassiana as the primary mortality agent.
This is particularly significant given that control treatments showed no mortality, eliminating alternative
explanations for weevil death. These morphological indicators, combined with the re-isolation results,
support  previous  research  demonstrating  that  successful  B.  bassiana  infection  produces  distinctive
post-mortem characteristics in infected insects. The controlled humidity conditions during re-isolation
provided optimal conditions for external fungal growth, allowing for definitive confirmation of infection,
a methodology that aligns with standard protocols for confirming entomopathogenic fungal activity38.

Statistical analysis of the results revealed a clear progression in treatment efficacy over time. The initial
phase (Days 0-3) showed non-significant differences between treatments (f = 0.75, p = 0.493), reflecting
the lag time required for infection establishment. The transition period during Days 4-5 marked the onset
of observable effects, with mortality differences approaching statistical significance. The final phase of
infection demonstrated highly significant differences between treatments (p = 0.006), confirming the
cumulative nature of the biological control effects. This pattern strongly supports recent research on the
importance of environmental competence in microbial pest control applications46.

The study’s controlled environmental conditions (27±2°C, 70±5% relative humidity) played a crucial role
in treatment efficacy. These parameters align with optimal conditions for B. bassiana pathogenicity
identified in previous research47. The importance of maintaining appropriate environmental conditions for
maximizing fungal efficacy has been well-documented in recent studies, highlighting the critical role of
temperature and humidity in successful biological control applications48.

The practical implications of these findings extend beyond immediate pest control efficacy. The results
present B. bassiana as a viable alternative to chemical pesticides, addressing longstanding concerns about
environmental damage and pest resistance development associated with chemical control methods15,16,18,49.
This biological approach aligns with broader goals of strengthening food security through reduced post-
harvest losses, particularly relevant in developing countries50.

When considering comparative efficacy, the highest concentration, achieving 46% mortality by Day 7,
warrants careful analysis. While this mortality rate may be lower than some chemical treatments, it offers
significant advantages in terms of environmental sustainability and resistance management. These benefits
include reduced environmental impact, lower risk of pest resistance development, and enhanced
compatibility with integrated pest management approaches51.

The findings are of particular significance in the context of post-harvest losses in tropical regions, where
insects and fungi can cause up to 40% reduction in stored grain quantity and quality52. The progressive
nature of B. bassiana’s effect, though slower than chemical alternatives, provides sustainable long-term
control potential, supporting previous observations about the role of fungal entomopathogens in
sustainable agriculture.
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The results suggest potential optimization strategies for practical applications, including consideration of
higher concentrations, extended exposure periods, and integration with complementary control methods.
This multi-faceted approach aligns with recent assessments of filamentous fungi’s potential in biological
control52. The effectiveness of such integrated approaches has been demonstrated in previous studies,
suggesting enhanced pest control efficiency through the combined application of multiple biocontrol
agents51.

These findings make a significant contribution to the growing evidence base supporting biological control
as a sustainable alternative to chemical pesticides in stored grain protection. The results are particularly
relevant for developing countries, where the high cost of chemical pesticides often presents a significant
barrier to effective pest management. 

CONCLUSION
This study demonstrates that Beauveria bassiana exhibits significant potential as a biological control agent
against Sitophilus zeamais in stored maize. The research confirms both concentration-dependent and
time-dependent effects, with higher concentrations achieving higher mortalities. While the observed
maximum mortality rate of 46% at the highest spore concentration may be lower than chemical
alternatives, B. bassiana offers substantial advantages in terms of environmental sustainability and
resistance management. The progressive nature of the fungal infection, evidenced by the temporal pattern
of mortality, suggests that optimizing application conditions and concentration levels could enhance spore
efficacy. These findings support the development of sustainable pest management strategies, particularly
valuable for developing countries seeking cost-effective alternatives to chemical pesticides. Future
research should focus on investigating higher concentrations, extended exposure periods, and potential
synergistic effects with other control methods to maximize the practical application of B. bassiana in
stored grain protection.

SIGNIFICANCE STATEMENT
This study identified Beauveria bassiana as an effective biocontrol agent against Sitophilus zeamais, which
could be beneficial for sustainable pest management in stored maize. The findings highlight reduced
dependency on chemical pesticides, improved post-harvest grain preservation, and enhanced food
security. This study will assist researchers in uncovering critical areas of eco-friendly pest control strategies
that have remained unexplored by many. Consequently, a new theory on fungal-based biopesticide
integration into grain storage systems may be developed.
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