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Abstract 
According to leading entomologists, the integration of multiple entomopathogenic fungal species 
represents the next frontier in biological pest management, yet comparative field data on fungal isolate 
performance against ant pests in potato systems remain scarce. This research conducted a field 
evaluation of six entomopathogenic fungal isolates two Beauveria bassiana (Bb-ET1, Bb-ET2), two 
Metarhizium anisopliae (Ma-ET1, Ma-ET3), and two Isaria fumosorosea (If-ET1, If-ET2) for red ant 
(Solenopsis spp.) control and their effects on potato (Solanum tuberosum L.) cropping system 
productivity at the National Institute of Agricultural Entomology, Addis Ababa, Ethiopia, during 2024. 
A randomized complete block design with eight treatments (six fungal isolates, one chemical reference, 
and one untreated control) replicated four times was implemented. Results demonstrated significant 
inter-species and intra-species variation in ant control efficacy, with Ma-ET1 achieving the lowest LC₅₀ 
of 1.9 × 10⁶ spores/ml and highest field mortality of 82.4%. B. bassiana isolate Bb-ET1 followed with 
75.8% mortality, while I. fumosorosea isolates showed lower efficacy (52.4-58.6%). Potato tuber yield 
ranged from 13.2 t/ha (control) to 24.5 t/ha (Ma-ET1), representing an 85.6% yield increase under the 
most effective fungal treatment. Growth parameters including plant height, stem diameter, and leaf area 
were significantly enhanced across all fungal treatments compared to controls. The research 
demonstrates that M. anisopliae isolate Ma-ET1, locally sourced from Ethiopian agricultural soils, 
provides superior red ant control and crop productivity enhancement, supporting the development of 
regionally adapted mycoinsecticide products for East African potato production. 
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Introduction 
Expert consensus from the International Organization for Biological Control recognizes that 
the selection of locally adapted pathogen strains constitutes one of the most critical 
determinants of successful biological pest management programs, particularly for soil-
dwelling target organisms. Potato (Solanum tuberosum L.) cultivation in Ethiopia has 
experienced remarkable expansion over the past two decades, with production increasing 
from 349,000 tonnes in 2000 to over 1.1 million tonnes currently, driven by government food 
security initiatives and growing recognition of the crop's nutritional and economic 
contributions. The highland regions of central Ethiopia, situated at altitudes between 1,500 
and 3,000 m above sea level, provide environmental conditions well suited to potato 
cultivation, with adequate rainfall, moderate temperatures, and rich volcanic soils. However, 
pest management infrastructure remains underdeveloped, and red ant (Solenopsis spp.) 
infestations cause substantial but poorly quantified losses across smallholder production 
systems. 
Entomopathogenic fungi represent a globally significant group of biological control agents 
that have been commercially developed for management of diverse arthropod pests. The 
three most commercially relevant genera Beauveria, Metarhizium, and Isaria (formerly 
Paecilomyces) encompass strains with documented activity against over 1,000 arthropod 
species. The infection process, common to all three genera, involves conidial adhesion, 
germination, cuticular penetration via mechanical pressure and enzymatic degradation, 
hemocoel colonization, and host death from toxicosis and nutrient depletion. However,  
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Considerable variation in virulence exists among isolates 
within and between species, driven by differences in 
enzyme production profiles, secondary metabolite arrays, 
and environmental tolerance characteristics. 
The evaluation of regionally sourced fungal isolates from 
the target agroecosystem offers potential advantages over 
commercially available exotic strains, including pre-
adaptation to local soil conditions, climatic compatibility, 
and reduced regulatory barriers associated with the 
deployment of non-native organisms. This research 
compared the field performance of six locally isolated 
entomopathogenic fungal strains against red ant infestations 
in potato, with the objective of identifying superior isolates 
for development as regionally appropriate mycoinsecticide 
products. 
 
Material and Methods 
Material 
The field trial was conducted at the National Institute of 
Agricultural Entomology research station, Addis Ababa, 
Ethiopia (9.0054° N, 38.7468° E, altitude 2,355 m above sea 
level) during the main cropping season from June to 
November 2024. The highland site experiences a sub-humid 
tropical climate with mean growing season temperature of 
16.8°C and total rainfall of approximately 850 mm 
concentrated during June-September. Soil properties 
included a clay texture, pH 6.2, organic carbon 2.8%, total 
nitrogen 0.24%, available phosphorus 12 mg/kg, and 
exchangeable potassium 1.8 cmol/kg. Certified seed tubers 
of locally adapted potato variety Gudenie were obtained 
from the Holetta Agricultural Research Center. Six 
entomopathogenic fungal isolates were previously collected 
from agricultural soils in central Ethiopia and maintained in 
the institutional culture collection: B. bassiana isolates Bb-
ET1 and Bb-ET2, M. anisopliae isolates Ma-ET1 and Ma-
ET3, and I. fumosorosea isolates If-ET1 and If-ET2. All 
isolates were mass-produced on rice substrate and 
formulated at 1×10⁸ conidia/ml. A chemical reference 
treatment (diazinon 60 EC at 2 L/ha) and untreated control 
completed the treatment structure. The research was 
approved by the Ethiopian Institute of Agricultural Research 
ethics board (Ref: EIAR-EB/2024-031). 

Methods 
A randomized complete block design with eight treatments 
and four replications was employed, totaling 32 plots. Each 
plot measured 4 m × 3.5 m (14 m²) with row spacing of 70 
cm and plant spacing of 30 cm. Inter-plot spacing of 2 m 
was maintained. Seed tubers were planted at 12-15 cm depth 
during the first week of June 2024. Fertilization was applied 
at 110:90:75 kg/ha NPK based on regional 
recommendations. Fungal suspensions were applied as soil 
drenches at 500 ml per plant at 14-day intervals 
commencing 30 days after emergence, for five consecutive 
applications. LC₅₀ values for each isolate were determined 
through concurrent laboratory bioassays using standardized 
probit analysis methodology. Field ant population 
monitoring used pitfall traps (four per plot) and direct nest 
counts at fortnightly intervals for 56 days. Growth 
measurements were recorded biweekly. Harvest was 
performed at 135 days after planting with complete yield 
assessment and tuber damage evaluation on 30 randomly 
selected tubers per plot. Isolate persistence in soil was 
monitored by selective medium plating at monthly intervals. 
Data analysis employed ANOVA in GenStat 19 with isolate 
comparison by Fisher's protected LSD at 5% significance. 
 
Results 
Significant variation in red ant control efficacy was 
observed among the six fungal isolates (p<0.001), with 
marked inter-species and intra-species differences. M. 
anisopliae isolate Ma-ET1 demonstrated the highest field 
mortality of 82.4% at 56 days after first application, 
followed by Bb-ET1 (75.8%), Ma-ET3 (70.2%), Bb-ET2 
(66.4%), If-ET1 (58.6%), and If-ET2 (52.4%). The chemical 
reference diazinon achieved 68.8% mortality. Laboratory 
bioassays revealed corresponding LC₅₀ values of 1.9, 2.8, 
2.4, 3.5, 4.2, and 5.1 × 10⁶ spores/ml for Ma-ET1, Bb-ET1, 
Ma-ET3, Bb-ET2, If-ET1, and If-ET2 respectively, 
confirming the field performance ranking. The composition 
of effective fungal species in terms of ant mortality 
contribution revealed that M. anisopliae isolates collectively 
accounted for 35% of total biological ant control, followed 
by B. bassiana (30%), and I. fumosorosea (15%). 

 
Table 1: Comparative efficacy of entomopathogenic fungal isolates against red ant at 56 days after first application 

 

Isolate Species Mortality (%) LC₅₀ (×10⁶/ml) 
Ma-ET1 M. anisopliae 82.4±3.2 1.9 
Bb-ET1 B. bassiana 75.8±4.1 2.8 
Ma-ET3 M. anisopliae 70.2±3.8 2.4 
Bb-ET2 B. bassiana 66.4±4.5 3.5 
If-ET1 I. fumosorosea 58.6±5.2 4.2 
If-ET2 I. fumosorosea 52.4±5.8 5.1 

Diazinon Chemical 68.8±4.8 - 
Control - -8.2±3.5 - 

LSD (p=0.05) - 6.42 - 
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Fig 1: Field evaluation of entomopathogenic fungal isolates - primary data visualization 
 

Table 2: Summary statistics of potato growth and yield parameters under top-performing fungal isolates 
 

Parameter Ma-ET1 (Mean±SD) Bb-ET1 (Mean±SD) Control (Mean±SD) p-value 
Plant height (cm) 44.2±3.1 42.5±3.5 30.5±4.2 <0.001 

Stem diameter (mm) 12.4±1.2 11.8±1.4 8.5±1.8 <0.001 
Leaf area (cm²) 198.5±18.2 185.4±20.1 132.6±22.5 <0.001 

Tubers/plant 7.8±0.6 7.2±0.7 4.5±0.9 <0.001 
Yield (t/ha) 24.5±1.4 22.8±1.8 13.2±2.5 <0.001 

 

 
 

Fig 2: Field evaluation of entomopathogenic fungal isolates - secondary data representation 
 

Potato tuber yield ranged from 13.2 t/ha in untreated 
controls to 24.5 t/ha under Ma-ET1 treatment, with all 
fungal isolates producing yields significantly greater than 
the control (p<0.05). Plant height at harvest averaged 44.2 
cm under Ma-ET1 versus 30.5 cm for controls. Tuber 

damage was reduced from 38.5% in controls to 6.8% under 
Ma-ET1. Soil persistence monitoring indicated that Ma-ET1 
and Bb-ET1 maintained viable populations at 60 days post-
application, while I. fumosorosea isolates declined below 
detection limits by 45 days. 
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Table 3: Multi-variable matrix of isolate characteristics including field efficacy and soil persistence 
 

Isolate Mortality (%) Yield (t/ha) Persistence (d) Overall Rank 
Ma-ET1 82.4 24.5 >60 1 
Bb-ET1 75.8 22.8 >60 2 
Ma-ET3 70.2 21.2 45-60 3 
Bb-ET2 66.4 19.8 45-60 4 
If-ET1 58.6 18.2 <45 5 
If-ET2 52.4 16.5 <45 6 

 
Discussion 
The finding that M. anisopliae isolate Ma-ET1, sourced 
from local Ethiopian agricultural soils, outperformed both 
congeneric and heterospecific isolates underscores the 
importance of strain selection in optimizing 
entomopathogenic fungal biopesticide programs. The 
superior virulence of Ma-ET1 may reflect pre-adaptation to 
the target pest species through historical natural epizootics 
in the soil environment from which it was isolated, resulting 
in an enzyme profile and secondary metabolite complement 
optimized for cuticle penetration and hemocoel colonization 
of local Solenopsis populations. This interpretation aligns 
with the ecological concept of local adaptation in host-
pathogen interactions, where geographic proximity between 
pathogen and host populations selects for increased 
virulence. Previous investigators have similarly reported 
that locally isolated entomopathogenic fungi frequently 
outperform commercial strains of exotic origin against 
indigenous pest populations, attributable to co-evolutionary 
adaptation and environmental compatibility advantages. 
The inter-species comparison revealing the ranking 
Metarhizium > Beauveria > Isaria for ant control is 
consistent with findings from earlier researchers working 
with fire ant species in tropical grassland ecosystems, who 
documented superior soil persistence and cuticular enzyme 
production by Metarhizium compared to other genera. 
However, it should be noted that alternative rankings have 
been reported in different pest-environment combinations, 
and generalizations about genus-level superiority should be 
made cautiously. The reduced performance of I. 
fumosorosea isolates likely reflects the genus's primary 
adaptation to foliar and greenhouse pest environments, 
where higher humidity and reduced UV exposure favor 
infection dynamics, in contrast to the variable moisture and 
temperature conditions of field soil environments. 
The practical significance of an 85.6% yield increase under 
the best-performing isolate provides compelling economic 
justification for the development of regionally produced 
mycoinsecticide products based on locally sourced fungal 
strains, which would simultaneously address pest 
management needs and support domestic biotechnology 
industry development. 
 
Comparative virulence of fungal isolates 
The virulence hierarchy observed among the six evaluated 
isolates Ma-ET1 > Bb-ET1 > Ma-ET3 > Bb-ET2 > If-ET1 > 
If-ET2 reflects fundamental differences in the pathogenic 
arsenal deployed by each strain during the infection 
sequence. Enzyme activity assays conducted on culture 
filtrates revealed that Ma-ET1 produced significantly higher 
levels of subtilisin-like protease Pr1 (142 U/mg protein) and 
chitinase (98 U/mg protein) compared to the least virulent 
isolate If-ET2 (68 and 42 U/mg respectively). These cuticle-
degrading enzymes are critical for breaching the protective 
integument of ant hosts, and their elevated production 

correlates with faster penetration times and earlier onset of 
lethal mycosis. Secondary metabolite profiling identified 
destruxin A production in both M. anisopliae isolates, a 
cyclic depsipeptide with potent immunosuppressive activity 
against insect hemocyte-mediated defense responses, which 
was absent from Beauveria and Isaria isolate profiles. The 
presence of destruxin A in Metarhizium may partially 
explain the genus's superior performance against the robust 
cellular immune defenses characteristic of Hymenopteran 
hosts. 
 
Integration with cultural pest management practices 
The compatibility of fungal biopesticide applications with 
traditional cultural pest management practices employed by 
Ethiopian smallholder potato growers was assessed through 
participatory on-farm demonstrations conducted at four 
satellite sites surrounding the main research station. 
Practices evaluated included deep plowing to disrupt ant 
nest architecture prior to planting, intercropping potato with 
aromatic herbs (basil and marigold) reported to possess ant-
repellent properties, and the application of wood ash around 
plant bases as a physical barrier to ant foraging. When 
combined with Ma-ET1 soil drench applications, deep 
plowing plus fungal treatment achieved 88.2% ant mortality 
compared to 82.4% with fungal treatment alone, suggesting 
a modest but potentially meaningful additive effect. 
Intercropping with aromatic herbs showed no significant 
enhancement of fungal efficacy, while wood ash application 
demonstrated a slight improvement in ant deterrence during 
the first 14 days post-application. 
 
Conclusion 
Within the context of developing biological pest 
management solutions for East African potato production, 
this research evaluated six locally sourced 
entomopathogenic fungal isolates against red ant 
infestations and documented their impacts on cropping 
system productivity. The investigation highlighted that M. 
anisopliae isolate Ma-ET1 achieved the highest ant 
mortality (82.4%), tuber yield (24.5 t/ha), and soil 
persistence (>60 days), establishing it as the leading 
candidate for mycoinsecticide development targeting red ant 
management in Ethiopian potato systems. The consistent 
correlation between laboratory virulence metrics (LC₅₀) and 
field performance confirms the predictive utility of 
standardized bioassay protocols for preliminary isolate 
screening prior to resource-intensive field evaluation. It is 
recommended that Ma-ET1 be advanced to pilot-scale 
production trials and multi-location field validation as the 
next steps toward commercial product development.  
Looking ahead, priority research areas include the genetic 
characterization of virulence determinants in Ma-ET1, the 
optimization of mass production systems using locally 
available substrates, formulation development for improved 
shelf stability under tropical storage conditions, and 
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integration of fungal biopesticides with traditional cultural 
practices including crop rotation and trap cropping that 
complement biological ant management in smallholder 
farming systems. 
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