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Abstract

Insect pests of agricultural crops have remained a major cause of reduced yields worldwide. The strain used in the current study 
was obtained from isolates collected from across Nigerian geographical zones and cultured in the Ecology laboratory of the Depart-
ment of Biological Sciences, Abubakar Tafawa Balewa University, Bauchi, Nigeria. The fungus was initially grown on Potato Dextrose 
Agar medium and the conidia from the Petri dishes harvested and suspended in Tween 80 which was held in sterile distilled water. 
The conidia was subsequently mass produced using pre-cooked rice and rice husks. Field application was achieved by suspending 
the conidia in distilled water and using conventional back pack spray equipment. Rice grain had significantly higher spore counts 
than the rice husk. Even though significantly higher mortalities > 70% were recorded for both the substrates at both 7 and 10 days 
post treatment. The rice grain recorded higher percentage mortality against all the insect pests tested. This research showed the 
potentials of indigenous Metarhizium anisopliae as an effective insecticides of whiteflies, aphids, weevils and thrips that infest and 
destroy vegetables crops.
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Introduction

Insect pests have remained a major limiting factor in the production of crops, vegetables and other agricultural produce worldwide 
[26]. Farmers in Nigeria rely heavily on synthetic chemical pesticides for the control of these pests on their farm. Chemical pesticides 
have been reported to have negative impact on man, animals and the environment leading to different forms of neurological ailments, 
cancer, environmental pollution and residual effect on crop produce among others [3,24]. These and other factors such as pest increased 
resistance to pesticides or their dose have necessitated the search for and use of safe, reliable and environmentally friendly alternatives 
such as biopesticides. 

Entomopathogenic fungi have gained widespread recognition for use as biological control agents against a number of insect species 
globally. They are ecofriendly [1,13,27] and have high virulence and broad host range [14,21]. A number of mycoinsecticides based on 
Beauveria bassiana (Balsamo), Paecilomyces fumosoroseus (Wize) Brown and Smith and Verticillium lecanii (Zimm.) Viegas. have been 
exploited to control a number of insect pests of crops [5,6,20,31]. As well, Metarhizium anisopliae has also been exploited widely in the 
control of several insect pests worldwide [7]. However, Production of adequate quantities of good quality inoculums has been a challenge 
in the mass production of these fungi. Metarhizium anisopliae has this advantage of being produced en mass because of the nature of its 
conidia. Mass production of conidia of entomopathogenic fungi in large quantities may be achieved through several methods depending 
on the quantity that is desired [4]. It could be for laboratory experimentation and field-testing during which relatively small quantities 
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of the inoculums are required and for commercial purpose, where a labour-intensive approach is usually adopted. Fungal entomopatho-
gens have been produced in large quantities sufficient enough for niche markets in China, America and elsewhere [4,12,24]. For better 
efficiency, it is advised to isolate and use indigenous isolates of fungal entomopathogens due to the fact that they are better adapted to 
local environmental conditions [13,15]. 

Development of simple and reliable production system follows the basic multiplication procedure which has been proven reliable. It 
is the most viable technique for mass production and involves the use of a diphasic strategy where the fungal inoculum is produced in 
liquid culture, and subsequently used for inoculating the solid substrate for the production of conidia. The liquid fermentation is used to 
produce blastospore [18,25] and mycelium forms [17] and the solid phase is carried out in a solid substrate, which has a large surface 
area for aeration and physically supports the fungus to produce conidia, and it is also used as a source of nutrients [17]. The commonly 
used solid substrate is parboiled rice but this is expensive [17] and influences the price of the end product. Conidial production using rice 
as a substrate is approximately about 1 x 109 conidia g-1. An added advantage would be the mass production of entomopathogenic fungal 
spores to be produced at low cost with high yield of the spores, that must be viable, virulent and with persistent propagules [24].

Aim of the Study

The aim of the current study therefore, was to evaluate comparative mass production of conidia of Metarhizium anisopliae using rice 
grain (pre-cooked) and rice husks as well as to test the pathogenicity of spores produced against some insect pest of vegetables on the 
field.

Materials and Methods

Selection of strain

Metarhizium anisopliae was obtained from fungi stock culture collection of Ecology laboratory, ATBU Bauchi. The spore suspension 
was prepared based on the method adopted by Erper., et al. 2016. The isolate was cultured on PDA potato dextrose agar plates and in-
cubated at 25oC for 14 days until sporulation of the fungus occurred. The spores were harvested and placed in 10 ml of distilled water 
containing Tween 80 (0.1%). The suspension was filtered through a Whatman number 1filter paper to remove the mycelia and other as-
sociated debris, it was then mixed by vortex to obtain the inoculums culture. The spores were counted using a Neubauer Hemocytometer 
at 400 x magnification.

Liquid state fermentation

Liquid medium was prepared by suspending 130g dehydrated PDB Potato dextrose broth in 2000 ml of distilled water and heated to 
dissolve it completely. The medium was autoclaved at 15 lbs pressure (121oC) for 15 minutes. It was allowed to cool down and the luke-
warm medium was poured into four conical flasks. The media were inoculated with 1 ml of Metarhizium anisopliae spore suspension each. 
The flasks were incubated at 25oC for 3 days. The spore suspension was subjected to spore counting as above.

Solid state fermentation

Rice husks were collected from rice mill in Bauchi while rice grains were bought from the market in Bauchi. Rice husk was soaked with 
distilled water and drained, 500g each was weighed and subsequently placed in each autoclavable bag and autoclaved. The rice grains 
were washed with clean water and pre-cooked. Subsequently 500g of the pre-cooked rice was weighed and placed into each autoclavable 
bag for autoclaving. The bags were allowed to cool and taken to the laminar flow chamber where they were each inoculated with 1 ml of 
spore suspension produced from the liquid phase. Bags were then plugged with ventilated caps to reduce contamination and incubated at 
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25oC for 12 days. At the end of the conidia production process, the bags were removed from the incubators and separately emptied onto 
trays and were placed in the drying room. And in order to determine the level of production, 1g each of the rice husk and pre-cooked rice 
(rice grain) with conidia was taken and a mixture of 100 ml sterile distilled water and Tween 80 (0.05% v/v) was prepared. The conidia 
obtained from the suspension were counted. And to obtain the spores as powder, the media were dried with the fungus so that the spores 
may separate from the substrate. The spores harvested from this procedure was preserved [18]. 

Enumeration of spores

To enumerate the spores, 1g block each of the rice husks and pre-cooked rice was cut aseptically and placed in to a conical flask con-
taining 0.1% Tween 80 solution. A drop of conidial suspension of the fungus was placed on the Neubauer hemocytometer for spore count. 
A cover glass was put over the grid carefully so as to eliminate air bubbles from entering between cover glass and slide. The conidia were 
counted using a high-resolution research microscope in the middle square of the hemocytometer which contains 25 groups of 16 small 
squares and each about 0.2 mm square.

Field trial

Four important pests of vegetables namely Whiteflies, Aphids, weevils and thrips was sprayed with the fungal spores. Field trial was 
laid out in a completely randomized block design with four replications and mortality of the pests was observed after 7 days and 10 days 
post exposure to fungal spores. The whole experiment was repeated on another day. All the agronomic practices with recommended 
doses of fertilizers were maintained to make sure the plants were in good condition. The isolate was applied at the dose of 100 g/l for 
rice grain (pre-cooked) and that obtained from rice husk respectively. Application was done after planting at 3 days interval during pest 
incidence. Plant infestation with whiteflies, aphids, weevils and thrips were recorded after 7 days and 10 days post application of the 
Metarhizium anisopliae and the reduction in plant infestation was observed and recorded.

Statistical analysis

Data obtained from the study were transformed where necessary using x=log (x) for ease of analysis. The conidial production of en-
tomopathogenic fungi from different media as well as pest reduction produced by the action of the spores were subjected to statistical 
analysis using SPSS and GraphPad Prism Version 8. The means were separated using Brown-Forsythe test at P < 0.05 level of significance. 

Results

Potato dextrose broth was successfully used to produce high quality inoculums in the liquid phase fermentation with an average spore 
production of 15.26 x 106 spores/ml and this was subsequently used as inoculum for mass production of the Metarhizium anisopliae on 
the solid media namely rice grain (pre-cooked) and rice husk that were evaluated in this study.

Results in figure 1 show that rice grain (pre-cooked) produced the highest number of mean spores count of 1 x 1012 compared to rice 
husk with mean spores count of 5.02 x 1011.

Figure 1: Comparative spore counts of conidia of Metarhizium anisopliae cultured on rice grain (pre-cooked) and rice husk.
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Virulence of Metarhizium anisopliae on insect pests

There was generally very high mortality on all the insect pests treated with the conidia obtained from the two substrates on which the 
Metarhizium anisopliae was grown and harvested from. Virulence of the isolate was assessed based on reduction of insect pests infesting 
plants on the fields 7 days and 10 days post treatment with fungal conidia.

Conidia cultured on rice grain (pre-cooked) produced its highest activity against whiteflies with a mortality of 93.50% followed closely 
by thrips with a mortality of 92.29%, it produced a mortality of 90.80 in weevils and 89.41% in aphids at 7 days post exposure to the 
fungal conidia.

Subsequently, an increase in mortality of the pests was also observed 10 days post exposure of the pests to the fungal conidia as the 
mortality of whiteflies increased to 97.98%, mortality of thrips increased to 95.98% while those of aphids increased to 95.67% and wee-
vils 90.80%.

At 7 days post exposure of pests to fungal conidia produced on rice husk, the highest virulence was recorded for thrips with a mortal-
ity of 98.13%, followed closely by aphids with a mortality of 88.90%, this was followed by weevils with a mortality of 78.00% and finally 
whiteflies with a mortality of 73%.

At 10 days post exposure of the pests to the fungal conidia, mortality of thrips and weevils remained at 98.13% and 78% respectively 
while those of whiteflies and aphids increased to 80.4% and 97.73% respectively.

Post treatment with Conidia on rice grain Post treatment with Conidia on rice husk
Pretreatment

Incidence of 
pests

Mortality 
after 7 days

%

mortality

Mortal-
ity after 10 

days

%

mortality

Mortality 
after 7 days

%

mortality

Mortal-
ity after 10 

days

%

Mortality

Whitefly (50) 46.75 93.50 48.5 97.00 36.5 73.00 40.20 80.40
Aphids (150) 134.12 89.41 143.5 95.67 132.6 88.90 146.6 97.73
Weevils (15) 13.62 90.80 13.62 90.80 11.70 78.00 11.70 78.00
Thrips (112) 103.37 92.29 107.5 95.98 109.90 98.13 109.90 98.13

Table 1: Mortality of pests of Capsicum spp. treated with conidia of Metarhizium anisopliae 
 produced on rice grain (pre-cooked) and rice husk.

Discussion

Environmentally friendly insect pest management practices demand that indigenous organisms that have potential biological control 
activity be isolated from the local environment and exploited accordingly as reported by Zaki and Jacques (2020). Production of biomass 
of Metarhizium anisopliae on solid media showed significant variation at P < 0.05 level of significance with conidia produced on rice grain 
(pre-cooked) having the highest number of spores compared to those produced on rice husk. Higher spore production on precooked rice 
was also reported by Sahayaraj., et al. (2008) who also recorded higher fungal spores on rice grain after evaluating several agricultural 
products and byproducts. It is also important to note that the spores produced on both substrates in the current study differ significantly 
in their quantity and virulence. The higher virulence for example of spores cultured on rice grains recorded substantial reduction in the 
population of whiteflies and aphids. This could be attributed to higher carbohydrate contents of the rice grain than that of the rice husk. 
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Similar report on aphids and whiteflies was observed by Sigh and Kaur (2020); Vu., et al. (2007). On the contrary, Ansari., et al. (2008) 
reported that media of growth had no effect on the role of virulence of Metarhizium anisopliae against thrips. 

Quality of conidia which depends on nutrients from its food source could affect efficacy as is observed in the case of conidia produced 
on rice husk [9,11,24].

Over all, both products produced promising results on the field in terms of percentage mortality of insects treated. The use of indig-
enously isolated Metarhizium anisopliae in this study, has shown the need to further determine the potentials of other indigenous culture 
that are adapted to the natural environment with possibly higher virulence than their exotic counterpart. Different fungi have different 
pathogenic potential in their ability to infect and kill insects as a result of metabolic and genetic differences inherent to each isolate due to 
their adaptation to their original environment [11]. This observation further buttresses the fact that indigenous isolates are better suited 
for the control of local pest populations. 

Since using rice grain (pre-cooked) is expensive compared to using rice husks, rice husk can be used as an alternative to rice grain 
(pre-cooked) for large scale spore production in Metarhizium anisopliae for field application against important insect pests of crops since 
efficiency of spores produced is within the acceptable limits. Conidia produced on rice grain produced efficiency of between 90.8% to 
97% after 10 days post exposure while that produced on rice husk produced mortality of 78% to 98.13%. this result is in agreement with 
that observed by [2] who observed that Metarhizium anisopliae produced a mortality of 85-96% in thrips 11 days post exposure to the 
fungal spores. [27] also made similar observations. [8] successfully controlled and managed thrips using Metarhizium anisopliae in both 
laboratory bioassay as well as on the field. There were significant differences in the reduction of insect pests infesting chili after exposure 
to fungal conidia. It is also important to note that the isolate is effective against weevils and as such it could be used in the management 
and control of these important pests as also observed by [16].

Conclusion

The use of Metarhizium anisopliae in the biological control of insect pests in a part of northern Nigeria provided promising results 
and is good news to Nigerian agriculture. The biomass production potential of the isolate was established successfully on rice grain (pre-
cooked) and rice husk with conidia cultured on rice grain showing higher efficacy compared to that cultured on rice husk. This study 
therefore provided a positive outcome that the isolate was effective against whiteflies, aphids, weevils and thrips and hence it has the 
potential to be developed into a mycopesticide for its use in integrated pest management and control programs.
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