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ABSTRACT 

Maize is one of the most important cereal crops grown in Africa by commercial and small-scale 

farmers. It serves as a staple food for millions of people in Africa. Maize production is, however, 

constrained by many biotic factors including lepidopteran stem borers such as Eldana sac-

charina, which feed inside stem and rob the maize plant of water and nutrients. Many of the 

currently existing methods of controlling stem borers are either too expensive or inefficient.  

There is therefore, a need to find alternative control methods including the use of biological 

agents such as fungal pathogens. Dead Eldana saccharina larvae were collected from harvested 

maize farms around Kumasi in the Ashanti Region of Ghana. They were taken through a proc-

ess to isolate and identify fungal pathogens with which pathogenicity tests were performed on 

healthy E. saccharina larvae. The median lethal time (LT50) was determined for the fungal spe-

cies that were pathogenic to E. saccharina. The isolated fungal species were Aspergillus flavus, 

Verticillium albo-atrum, Trichothecium spp., Fusariunm oxysporum and Alternaria brassici-

cola. Out of the five, A. flavus had the largest corrected percentage mortality of 66.3 % at a con-

centration of 1x107c.fu./ml. A. flavus, and V. albo-atrum., were pathogenic to E. saccharina. 

Trichothecium spp. was moderately pathogenic while F. oxysporum and A. brassicicola were not 

pathogenic to E. saccharina. A. flavus and V. albo-atrum could, therefore, be incorporated into 

an integrated approach to control E. saccharina. 

INTRODUCTION 

Cereals, especially maize and sorghum, are the 

most important field crops grown in Africa by 

commercial and resource-poor small-scale 

farmers (Kfir, 1998; Seshu Reddy, 1998). Sev-

eral African countries have focused attention on 

increasing maize production in the small holder 

agricultural sector, but such efforts have been 

ineffective particularly because of heavy pre- 

and post-harvest losses due to pests (Khan et 

al., 1997). 

Among the important biotic constraints to 

maize production are lepidopteran stem and cob 

borers, which feed inside stems and cobs and 

thereby rob the maize plants and grains of nu-

trients. Included in the pests are Sesamia cala-

mistis (Hampson), Busseola fusca (Fuller) 

(Lepidoptera: Noctuidae), Eldana saccharina 

(Walker) and Mussidia nigrivenella (Ragonot) 

(Lepidoptera: Pyralidae) (Bosque-Perez and 

Schulthess, 1994). Yield losses due to attack by 

these pests range between 20% and 100% in 
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different agro-ecological zones (Girling, 1980; 

Bosque-Perez and Mareck, 1991). Among the 

insect pests attacking maize in Africa, the lepi-

dopteran stem borers are by far the most injuri-

ous (Youdeowi, 1989). They seriously limit 

potentially attainable maize yields by infesting 

the crop throughout its growth; from seedling 

stage to maturity (Youdeowi, 1989).  

The most widely used method of controlling 

maize stem borers is by the application of 

chemical insecticides. These have immediate 

effect on insects with which they come into 

contact or may kill the damaging stage when 

they consume the treated plant tissue (Dent, 

1991). The effects of these chemicals may be 

immediate, but they often kill non-target ani-

mals. The control of stem borers with chemical 

insecticides by the small- scale resource-poor 

African farmer is not sustainable. Due to the 

harmful effects of chemical insecticides, efforts 

are being made to find other methods of control 

which are more environmentally friendly 

(Baidoo and Botchey, 2006). Microbial insecti-

cides or entomopathogens are possible alterna-

tives since they have an added advantage  of 

being host specific, and thereby kill only the 

target pest whilst leaving the beneficial ones 

unharmed (Dent, 1991). 

Several pathogens have been isolated from S. 

calamistis and E. saccharina in Nigeria 

(Bosque-Perez and Dabrowski, 1989) and some 

of these appear to be important field mortality 

factors (IITA, 1986). Fungi are potentially the 

most versatile entomopathogens. Some produce 

toxins with the potential for causing mortality 

in insects, but they are slow in their action 

(Fuxa, 1987). Transmission of fungal toxins is 

by environmental contamination and this often 

causes natural epizootics that devastate natural 

populations (Burges and Hussey, 1971). Fungi 

have some advantages over other entomopatho-

gens; they are able to infect the host through 

the host’s integument, thus rendering ingestion 

unnecessary. Thus, infection is not limited to 

chewing insects but extends to sucking insects 

as well. One major disadvantage of the use of 

fungi as insect control agent is the dependence 

of most terrestrial species on high relative hu-

midity at several points in their life cycle 

(Ferron, 1978). This will make their use as con-

trol agents difficult in the dry season.  Fungal 

pathogens currently being used as insect control 

agents are Beauveria bassiana, Hirsutella 

thompsonii and Metarrhizium anisopliae (Fuxa, 

1987). The study, therefore, assessed the poten-

tial of local fungal isolates in the control of 

maize stem borers. 

 

MATERIALS AND METHODS 

This study was conducted in the Kumasi Me-

tropolis where five communities were selected, 

each representing a sampling site. Ten har-

vested and abandoned maize farms were visited 

within each community for larvae collection at 

the end of the minor maize growing season, 

between February and March 2008.   
 

Sample collection and preliminary screening 
Maize stems were carefully split to expose both 

dead and live larvae of E. saccharina which 

were collected, kept separately in sterilized 

glass bottles with tight covers and incubated at 

28 oC. Larval specimens with viable fungal 

sporulations  were examined under the micro-

scope in lacto phenol mounts, and cultured by 

plating onto Potato Dextrose Agar (PDA) 

( Merck Ltd, Darmstardt, Germany) containing 

the antibiotic chloramphenicol at 0.05 g/l. After 

3 days of incubation at 28 oC, single colonies 

were re-isolated onto PDA slants, incubated 

until sporulation, and then refrigerated at 4 oC.  
 

Identification of fungal isolates 
Isolated fungal species were identified based on 

colony morphology as well as hyphal and spore 

shapes, following the procedure developed by 

Lomer and Lomer (1996). Morphological fea-

tures used include colour, shape and diameter 

of colonies. Lacto phenol mounts of the iso-

lated fungi were also observed under the micro-

scope at x400 magnification. 
 

Spore production and bioassay of isolated 

pathogens 

Fungal species that were isolated from E. sac-

charina were used in a pathogenicity test on 

Journal of Ghana Science Association, Vol. 12 No. 1 . June, 2010 2 



Pathogenicity of five fungal species... Ackuaku and Baidoo 

live larvae of the pest which were reared in the 

insectary. The fungi were cultured in 25 ml 

universal bottles on PDA until sporulation.  

 

Preparation of spore suspensions 

Groundnut oil without added antioxidants was 

added to the fungal spores in 25ml universal 

bottles and a spatula used to scrape off the 

spores on the media into the oil. The suspen-

sion was then transferred into another universal 

bottle and an electronic shaker used to separate 

spores from one another. Spore counting was 

done using an Improved Neubea Haemacy-

tometer (Lomer and Lomer, 1996) and a light 

microscope under x 400 magnification.  
 

Pathogenicity test and Median Lethal Time 

LT50  

Twenty second instar E. saccharina larvae 

were used for the pathogenicity test and deter-

mination of median lethal time (LT50) for each 

of the five fungal species. Larvae were sprayed 

with 50 µl of groundnut oil suspension contain-

ing 1x107c.f.u ml-1 of fungal spores. Each larva 

was kept in a separate bottle and fed with steril-

ized maize stem which was changed every 48 

hrs. At the time of changing the diet, dead lar-

vae were counted and their numbers recorded. 

The set-up was kept in the laboratory at room 

temperature averaging 29 oC. The experiment 

was replicated 3 times. Dead larvae were incu-

bated under humid conditions to facilitate 

sporulation and re-isolation of the fungus. A 

control treatment was also set up and each of 

the 20 larvae sprayed with 50 µl of groundnut 

oil only. Larvae that survived fungal infection 

were fed until pupation. The numbers of adults 

that emerged from the pupae were noted. Me-

dian lethal time was determined for fungal spe-

cies that recorded mortality greater than 50% in 

the pathogenicity test. This was done by plot-

ting cumulative mortality against days after 

infection. 

Percentage mortality as a result of fungal infec-

tion was recorded for each species and cor-

rected using Abbott’s (1925) formula. Adult 

emergence of larvae that survived infection and 

thus pupated was noted for each fungal species. 

Data analysis 

Data were analyzed, using SPSS (version 14) 

and mean mortality values were compared, 

using one-way ANOVA. Where the difference 

was significant, LSD was used to separate the 

means. 

RESULTS 

Out of a total of 60 E. saccharina specimens 

that were screened a total of 38 fungal isolates 

were obtained from all the sites. Out of these, 5 

different fungal species were identified (Table 

1). At least one fungal species was isolated on 

larvae from each sampling site. Aspergillus 

flavus was isolated from three of the five sam-

pling sites and was thus the commonest species 

recorded. The colour of fungal colonies and 

arrangement of the heads of conidiophores indi-

cates that it belongs to the A. flavus group 

(Raper and Fennell, 1965).  

 

Mortality of E. saccharina larvae 

Percentage mortality ranged from 22.5 % for 

Alternaria brassicicola to 80% for Aspergillus 

flavus. However, when these were corrected 

using Abbott’s (1925) formula, A. brassicicola 

recorded no mortality, the same as the control, 

whilst A. flavus recorded 66.3% mortality 

(Table 2). There was a significant difference 

between the percentage mortalities of the fun-

gal species (P= 0.008). When mortality by A. 

flavus was compared with that of the other iso-

lates using the LSD, it was found to be signifi-

cantly different from those caused by Tricho-

thecium spp., and F. oxysporum (P= 0.016). 

There was, however, no significant difference 

between mortalities caused by A. flavus and V. 

albo-atrum (P= 0.283). 

Median Lethal Time (LT50) and Adult Emer-

gence  

Aspergillus flavus 

A mean of 16 larvae died whilst a mean of 4 

survived infection and successfully pupated 

from which an average of 3.5 adults emerged 

(Table 2), representing 87.5 % of adult emer-

gence. Using cumulative daily mortality, the 

LT50 value was 6.00 days (Fig 1).  
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Sampling site Number of larvae screened       Identified fungi No. of isolates 

KNUST Campus 12  Aspergillus flavus  6 

Atonsu 14 
Verticillium albo-atrum  

 A.  flavus 

 5 

 4 

Kentinkrono 10 
Trichothecium spp. 

A.  flavus 

 6 

 3 

Fumesua 14 Fusarium oxysporum  5 

Ahinsan 10 
 Alternaria brassicicola 

F. oxysporum 

 6 

 3 

Table 1:  Fungal species isolated from five different sites 

Isolate 
Mean no. of 

dead  larvae 

Mean no. that  

pupated 

Mean no. 

of adults 

 % larval 

mortality 

Corrected % 

mortality 

A. flavus 16.0   4.0   3.5 80.0a 66.3 a 

V. albo-atrum 13.5   6.5   6.5 67.5ab 56.7 ab 

Trichothecium.spp. 11.5   8.5   7.5 57.5b 43.3 b 

F. oxysporum   8.0 12.0 12.0 40.0c 20.0 c 

A. brassicicola   4.5 14.5 14.5 22.5c   0.0 

Control 5.0 15.0 15.0 25.0c   0.0 

Table 2:  Effects of fungal isolates on mortality and adult emergence of E. saccharina 

Within same column means followed by the same letter are not significantly different (P > 0.05) 

Fig. 1: Cumulative mortality of E. saccharina larvae caused by A. flavus 
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Fig. 2:  Cumulative mortality of E. saccharina larvae caused by V. albo-atrum 

Fig. 3:  Cumulative mortality of E. saccharina larvae caused byTrichothecium sp. 

Verticillium albo-atrum 

A mean of 13.5 dead larvae was recorded 

whilst a mean of 6.5 larvae successfully pu-

pated, all of which emerged as adults (Table 2).  

Using cumulative daily mortality, the LT50 

value obtained was 7.20 days (Fig. 2). 

Trichothecium spp. 

A mean of 11.5 dead larvae was recorded rep-

resenting 57.5% larval mortality which was 

corrected to43.3%. A mean of 8.5 larvae thus 

pupated out of which 7.5 emerged as adults 

(Table 2). This represents 88.2% adult emer-

gence. Using cumulative daily mortality, the 

LT50 obtained was 9.80 days (Fig. 3). 
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Fusarium oxysporum 

An average of 8 dead larvae was recorded rep-

resenting 40% mortality which when corrected 

gave a 20% mortality. An average of 12 pupae 

was produced all of which emerged as adults 

(Table 2). Median lethal time (LT50) was how-

ever not determined because mortality was be-

low 50%. 

  

Alternaria brassicicola 
An average of 4.5 dead larvae was recorded 

representing 22.5% mortality which was cor-

rected to 0.0% using Abbott’s (1925) formula. 

An average of 15.5 pupae was recorded and all 

of them emerged as adults. LT50 was not deter-

mined because mortality was below 50%. 

DISCUSSION  
The results of the study show that A. flavus was 

more common on E. saccharina than the other 

four species. It had the largest number of iso-

lates (13) and was also isolated from three of 

the five sampling sites. Out of the five fungal 

species isolated, A. flavus produced the largest 

corrected larval mortalities averaging 66.3% 

and also had the fastest Median Lethal Time of 

6.0 days. Mortality was significant when com-

pared to the control. When dead larvae were 

cultured, there was growth of A. flavus which 

confirmed that this fungus was responsible for 

the death of the larvae. This observation agrees 

with the work of Roberts and Yendol, (1971) in 

which Aspergillus sp. was found to be one of 

the most commonly encountered entomogenous 

fungi in nature which are pathogenic to almost 

all groups of insects. The A. flavus group con-

tains species of economic importance through-

out the world; several species cause food spoil-

age, others are used in oriental food fermenta-

tions; some strains can be insect pathogens and 

many produce potent mycotoxins (Klich and 

Pitt, 1988). 

The high mortality produced by A. flavus and 

the early LT50 was due to its mode of infection 

which involves the production of lypolytic en-

zymes. According to Leopold et al. (1973), the 

lipolytic enzymes are able to attack and hydro-

lyze the protein-chitin complex of the integu-

ment of insects and this action precedes chitin 

breakdown to give the fungus easy access to the 

haemolymph of the insect. 

Mortality produced by V.  albo-atrum was 

56.7% . This was significant when compared to 

the control and demonstrates the pathogenicity 

of this fungus to E. saccharina. Larvae became 

stiff just after death but showed no external 

growth of fungus. When dead larvae were cul-

tured under humid conditions, there was growth 

of the fungus on the larvae, a confirmation  that 

mortality of the larvae was caused by that fun-

gus.  

Mortality by Trichothecium spp. was 43.3% 

and this was not significantly different from 

that caused by V. albo-atrum (Table 2). Tricho-

thecium spp. could be said to be moderately 

pathogenic to E. saccharina and cannot bring 

about significant mortality. This may be due to 

the inability of the fungus to overcome the cel-

lular defence reactions of some E. saccharina 

larvae. F. oxysporum caused 20% larval mortal-

ity. This fungus can be said to be non- patho-

genic to E. saccharina since mortality was well 

below the 50% threshold. This indicates that 

death was a result of natural causes rather than 

fungal infection and the fungus might be sapro-

phytic rather than pathogenic. Pristavko et al. 

(1975), however, showed that the codling moth, 

Cydia pomonella, is attacked by different ento-

mogenous fungi which include A. flavus, Verti-

cillium lecanii and F. oxysporum. The inability 

of F .oxysporum to cause death of the larvae 

could also be due to unfavorable growth condi-

tions such as temperature or relative humidity 

or both. F. oxysporum is a common laboratory 

contaminant and also naturally occurring and 

could be a saprophyte rather than a pathogen 

(Lomer and Lomer, 1996). 

A. brassicicola also caused larval mortalities 

averaging 22.5% which when corrected gave 

0.0% mortality. This fungus was, therefore, non 

pathogenic to E. saccharina.  Alternaria sp. is 

cosmopolitan and ubiquitous in nature and is a 

common laboratory contaminant (Pritchard and 

Muir, 1987). Cherry et al. (1999), in a similar 

work done in Benin isolated Beauveria spp. and 
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Metarrhizium spp. on E. saccharina as ento-

mogenous fungi. In their work, isolates of M. 

anisopliae, B. bassiana and Hirsutella spp. 

were found infecting E. saccharina and pre-

liminary bioassays with M. anisopliae and B. 

bassiana indicated a high degree of virulence 

towards E. saccharina. According to Cloyd, 

(1999) some entomogenous fungi can be used 

as biological control agents of stem borers. 

Maniania (1993) reported that following appli-

cation of B. bassiana isolate ICIPE 35 on maize 

in Kenya, there was a reduction in Chilo partel-

lus damage to the crop. 

 

CONCLUSION 

Out of the five fungal species isolated from E. 

saccharina, only A. flavus and V. albo-atrum 

produced mortalities that were significant 

enough for them to be considered pathogenic to 

E. saccharina. These two fungal species can, 

therefore, be used for biological control of the 

stem borer E. saccharina. Trichothecium spp. 

was moderately pathogenic whilst F. ox-

ysporum and A. brassicicola were not patho-

genic to the borer and could be considered as 

saprophytes which invaded the larvae after 

death. 
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