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1\BST RACT 

Seven Aspergillus species, A . clavatus, A . flavus, 
A.fumigatus, A. niger, A . ochraceus, A. sulpl1ureus and A. ustus 
have been used to i nvestigate the role of three Coleopteran insect 
pests, namely, Callosobrocl1us maculatus, sitopl1ilus zeamais and 
Tribolium castaneum in the persistance and spread of contaminant 
fungi among grains of maize (Zea mays) and rice (oryza sativa) and 
seeds of bambara groundnut (vigna subterranea) and cowpea (Vigna 
unguiculata) . The Aspergillus species were among fungi isolated 
from the grains and seeds. 

Bambara groundnut seeds o n sa Ie at Kan eshi e , La, Madina, 
Makola and Mallam Atta markets in Accra district contained species 
of Absidia, Aspergillus, Cladosporium, Fusarium, Neurospora, 
Paecilomyces, Penicillium and PIll lularia. The dominant genera were 
Aspergillus and Penicillium represented by five and [our species, 
respectively, and the dominant species were Aspergillus flavus and 
Aspergillus niger . 

The predominant apecles of rowpea seeds from the same markets 
were Aspergillus £lnvus <lnu l'ner:Jlomyces puntonii among 19 species, 
and, the dominant genera were Aspergillus, Paecilomyces and 
Penicillium . The rest of the genera were Cladosporium, Drecl1s1era, 
Epicoccum, Fusarium, Mucor, Neocosmospora, Neurospora, Phoma, 
pullularia, Rl1izopus and verticillium. 

Aspergillus flavus and Penicillium citrinum were the 
predominant spec i es on maize grains from the five markets among 16 
contaminant fungal species belonging to the genera Aspergillus, 
Fusarium, Mucor, Neocosmospora, Neurospora, Penicillium, Pullularia 
and Rl1izopus. 

Rice grains had the shortest list of genera. The fungi 
belonged to only four genera, Aspergillus, Cladosporium, Mucor and 
Penici llium and there were 14 species in all. The most frequently 
occurring species >Jere Aspergillus oryzae, Cladosporium herbarum, 
Penicillium cl1rysogenum and Penicillium expansum. 

Although all the . seven As pergillus species could grow on 
insect body leachate agar prepared >J i th leacha te of the three 
insect pests, the conidia of some of them could germinate in the 
leacha te of only some of the insects. only A. flavus and A. 
ocl1raceus condidia germinated in all the three leachates. 
Germination of the conidia of all the species occurred , anY>Jay, in 
leachates containing extracts of various tissues of seeds (axis of 
the embryo , cotyledon and testa) and extracts of grains. Conidia 
of all the species germinated in solution of dissolved faec al 
pellets of Callosobrochus maculatus, while conidia of 11.. clavatus, 
A. ocl1raceus and A . sulplJureus only germinated in the solution of 
dissolved faecal pellets of Sitophilus zeamais and conidia of also 
three species, 11. . clavatus, A . flavus and A. ochraceus germinated 
in the solution of faecal pellets of Tribolium castaneum. 
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Aspergillus flavus conidia adhering to the bodies of 
sitoplJilus zeamais and Tribolium castaneum were transported through 
maize grains packed in wide glass tubes. The amount of the conidia 
detached as the insects moved depended on the size of the spaces 
among the grains and the frequency of contact between the insects 
and the grains. s. zeamais lost 87.8, 8~.7 and 76.7 percent of the 
original load of conidia as the insects travelled over 100cm 
through grains measuring 5.3-8.3 x 4.04-7.3mm, 8.1-10.2 x 6.0-8.2mm 
and 9.5-12 . 2 x 7.5-9.5mm, respectively. The corresponding figures 
for conidia on T. castaneulll 'vere, 88.5, 87.9 and 82.8 per cent 
respectively. 

Dead insect bodies were invaded by many fungi despite the 
presence of large populations of sur face bacter ia. The colony­
forming-units of bacteria recorded for C. lIlaculatus, S. zeamais and 
T. castaneum per ml of suspending medium immediately after death 
were 27 . 5 x 10', 281 x 10' and 104.5 x 10' respectively i and six days 
later they were 37.8 x 1~, 5.0 x 1~ and zero, respectively. On 
the sixth day, Aspergillus flavus was isolated from the bodies of 
all the three insect pests. In addition, Aspergillus niger, Mucor 
sp., Rhizopus sp. and Trichoderma Viride were isolatC2.cI ·: c_,: from 
C. lIlaculatus . , Aspergillus niger and Curvularia sp. from S. zeam~ 
is and Clasdosporiulll sp. from T. castaneulll. 

The mycelium growing in the bodies after death might have 
arisen from inoculum either on the surface of the body or in the 
gut . For, the gut of the insects had extensive mycoflora. 
Fourteen, thirteen and sixteen fungal species were isolated from 
the gut of C. maculatus, S. aeolllois and T. castaneum, respectively. 
The predominant genera were Aspergillus and Penicillium and five 
species, namely Aspergillus £lavus, Aspergillus fumigatus, 
Cladosporium herbarum, PellicilliJ.J.m citinum and Penicillium 
purpurogenum were isolated from the guts of all the three insect 
pests. 

Three Aspergillus species red experimentally to the insects 
persisted for different lengths of time in the guts. A. flavus was 
isolated 6,8, and 5 days respectively, after feeding the insects, 
from the guts of C. maculatus, s. zeamais and T. castaneum. The 
corresponding survival periods for A . fumigatus were 4,6 and 5 days 
respecti vely, and for A. oC/lraceus, 6,4 and 3 days respectively. 

It was concluded that products and dead bodies of the insects 
would contribute to the persistence of the contaminant fungi and 
living insects would be responsible for both persistence and 
dispersal of the fungi in stored grains and seeds. Persistence and 
dispersal of the fungi could be reduced by measures which control 
the insect pest popUlation, by periodic removal of dead insect 
bodies especially in comparatively smaller stocks kept i.n the 
markets and by exposure of the products to light to drive the 
insects to the dark base and discourage the frequent migration. 

~ ---. ... 
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I. INTRODUCTI ON AND LITERATURE REVI EW 

I nsects des t roy stored produce in tropical and sub-tropical 

count r ies a nd the con trol of i nsect infestation is a major part of 

storage ma nagement. Th ey attac k both p l ant a nd anima l products. 

Insects have become adapted to widely diverse habitats and diets 

and the breeding ra t e is so pro l ific t hat within a few months, 

sufficient progeny ca n deve l op from a single mating pair to infest 

several tonnes of produce . Th e i r i nter-relationship with other 

agents of deterioration of products i n storage adds another 

dimension to their economic importance. 

Fungi a re responsible for more plant diseases and breakdown of 

dry plant products (eg. grains, paper, seeds, timber, twines, etc.) 

than any other group of micro-orga nisms. The great diversity in 

their moqlhology, physiology and life cycle makes them a very 

versatile group of plant pathogens. Their spores, which constitute 

t he principa l i n fectio n units, are varied in form and are adapted 

to ma ny different meth ods of dispersal. 

The seemingly limitless profligacy of fungi in the production 

of spores is impressive. Of much more interest than the ability of 

fungi to produce spores in abundance is the development of 

mech an i s ms or devices that serve to provide maximum distribution of 

t hese s pore s . survival of given species may in large part be 

conditioned by d i s persal into habitats where food is available. In 

most species of f ungi special mechanisms are lacking, and hence 

dis t r i bution appears to b~ largely fortuitous. This might appear 

to b e t h e case i n the d i spersal of fungi which grow on products in 
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storage by storage insect pests. Lea c h (1935) ha s expressed the 

opinion t hat "insects are not merely disseminators of inoculum, but 

the insect-fungi re la~ionship is highly organized and has broad 

biologica l and evolutionary significance". This was one of the 

main reasons for carrying out t h is investigation on fungal 

contamination of grai ns o f maize (Zea mays L.) and rice (Oryzae 

sativa L.) a nd seeds of bambara groundnut (Vigna subterranean (L.) 

Verdc) and cowpea (Vigna unguiculata(L) Walp) i n storage. 

Bambara groundnut is a widely c Ultivated tropical leguminous 

crop of Madagascar origin (Hutchinson, 1964). It has also been 

found in South Asia, on the banks of the Nile from Khartoum to 

Gondokora and in. Bra zil (Candolle, 19 59). Kay (1979) also reported 

that the crop is now grown in Northern Australia and North America. 

Bambara groundnut grows at a temperature of 20nC to 2SoC and a 

rainfall of 900-1200mm per annum. It grows at elevations of up to 

1600 metres. Bunch types normally mature in 90-120 days and the 

spreading types in 120-150 days (Kay, 1979). 

The pods are usually sundried for several days before being 

stored in the shell in baskets or sealed pots, or shelled and then 

stored in sacks or plastic bags. The shelled seeds are usurilly 

s usceptible to insect infestation and are sometimes fumigated with 

Phosphine, carbon tetrachloride or carbon disulphide. Seeds stored 

in ju.te sacks i n Burkina Faso have been found to be severely 

attacked by insects up to about 39 per cent infestation. 

Pre liminary tests show~d that, those stored in plastic bags were 

relative l y free from attack (Kay, 1979). 
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Seed yield of Bambara ground nut 30 years ago was between 300 

and 800 kg/ha (FAa, 1 961 ) . It ranks next to cowpea as t h e wide ly 

grow n gra in legume in Africa, south of the Sahara (Okigbo, 197t)· 
( 

Stems a nd leaves are fed to catt l e, while t h e seeds are boiled or 

made into soup (Bakhareva, 1 975 ). 

Total production in Africa has bee n estimated to be about 

330,000 tonnes per a nnum a nd i n t h e descending order of production, 

the important producers in Africa are, Niger i a, Burkina Faso, 

Niger, Ghana, Togo a nd Cote Ivoire (Kay, 1979). 

Most o f the production is cons umed domestically and bambara 

groundnuts do not usually e nter international trade, a lthough there 

have been several unsuccessful attempts to develop exports to 

Europe for use as a nimal feed. 

Cowpea is also a . leguminous p lan t belonging to the family 

Papilionaceae. It is an ancient crop whose centre of origin is 

uncertain having bee n reported as possibly Asia - Hindestan and 

from Nigeria a nd Ethiopia a nd even South America. It is now widely 

distributed throughout the .tropics and sub-tropics and is an 

importa nt food legume crop i n Africa, South of the Sahara, 

particularly, in the West African Savanna Zone. Africa, in fact 

produces about 95% of the world crop, with Nigeria, Burkina Faso 

and Uganda as the dominant produc~h~ countries in that order. 

Outside Africa, cowpea is grown in 'Asia, especially India, in 

lowland a nd coasta l areas of south and central America (Kay, 1979; 

Simmonds, 1976). 
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cowpea grows at a temperatu re of between 20 ctnci 35°C , but can 

to lerate temperatures as low as 15°C. It grows in regions with 

rainfall between 60 0 a nd 1500mm per a nnum . In East Africa, t h e 

cowpea is normally grown at elevations up to 1500 metres. 
I 

bepending upon t h e cultivar a nd e nviro nm ent , cowpeas may t ake from 

60 to betwee n 210 and 240 days to produce mature seeds (Kay, 1979) . 

The green pods are ed i b l e a nd are harvested when they are 

still immature and tender and before the seeds are fully developed. 

For l ong storage , pods are harvested wh e n they are fully mature. 

The seeds range from 5mm to 12 mm in l ength and can be globular or 

r!!-niform in shape. The testa may be smooth , rough or wrinkled, and 

ca n vary in colour from white , through var i ous shades of buff, 

green, brown, red and purp l e to b l ack, sometimes mottled, blotched 

or spec kled patterns. The hilum is white approximatelY 3mm in 

length and , in the b l ack-eyed types is surrounded by a dark ring. 

The s eed weight averages .f,· o'rr· 5g to 30g/100 seeds. After 

t hres hing the seeds are thoroughl y dried to a moisture conte nt of 

about 14 percent before being stored. 

The world major producing countries in descending order of 

magnitude of production are Nigeria, Burkina Faso, Uganda and 

U.S.A. In Africa, a l though t~e highest yield in Nigeria may exceed 
I , 

J, OOOkg/ha, the averag e yie l d of dry seeds for the continent 
I 

normal ly averages between 1 0~ a nd 300kg/ha. World production for 

1970-7 4 averaged 1,100,000 tonnes per a nnum , (Kay, 1979). With the 

cont inual expansion o f cultivation, current production must be well 

beyond this l eve l. 
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Botanically maize and rice belong to the family Gramineae and 

both are annuals._ In mai ze , the grain makes up about 42 percent of 

the dry weight of the tall (about 2.5 metres) plant. It is, after 

wheat and rice , the most important cereal grain in the world 

providing grains for human food, and grains and herbage for a nima l 

feed (F.A.O., 199 2). 

Maize cUltivation probably originated in Central America, 

particularly in Mexico . De Candol le (IBBO) considered maize to 

have originated in the New World, in "New Canada", Vavilov (1931) 

presented criteria for establishing the centres o( origin of mai ze 

to Mexican-central American region and flourey maize to Peru, 

Ecuad.or and Bolivia. 

The chief maize producing regions include the united states of 

America (U.S.A.) (especially the corn belt region of north central 

states) which produces almost half of the world's total, south­

eastern Europe (especially the former U.S.S.R., Hungary, Romania 

and Yugoslavia) and Argentina, Brazil, China, India, Indonesia, 

Italy, Mexico and South Africa. On l y about 5 percent of the U.S.A. 

crop is exported, but that is over half of the world's total 

exports (Simmonds, 19 76). 

From the agrobotanical studies of variability as indicated in 

reviews by Brandolini , (1970) and Mangelsdorf (1974), it appears 

that Mexico and/or l owland central America is the centre of 

variabili~y for the commercially important dent types. These forms 

have spread around the tropics since AD 1,500. Derivatives of the 

Mexican dents apparently spread into the Southern united states of 
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America s hort ly before or after colonization of t hat regio n . Th e 

Mex i can a nd Lowland Central American dents appear to have been 

associ ated with t h e Mayan civilization, while t h e conical corns 

from h i gher e l evation s in cen tral Mexico appear to h ave been 

associated wi t h t h e Aztecs and t h eir predecessors. 

Ma i ze grows from l atitude 58"N in Can ada a nd the former Union 

of soviet socia l ist Republics to latitude 40"S at both high 

al t itudes and l owlying regions (F.A.O., 1992). 

As i n most economies at ear ly stages of development, 

starchy food-stuffs account for someth ing like 70~90 percent of the 

ca l ories produced and consumed in tropical Africa. Of the major 

starchy staple food crops, maize is the most widely grown and has 

been very closely linked with economic development than any other 

starchy staple. In fact it is present in every sizeable area where 

food crops can be raised and in a number of reg ions - most: of 

Kenya , t1alawi and Zimbabwe as we l l as considerable sections of 

Angola , Ben i n , Cameroon, Ghana , Mozambique, Tanzania, Togo and 

Zambia, i t is the leading starchy staple by a large margin. 

Maize production in Ghana between 1990 and 1993 fluctuated and 

the figures in metric tonnes were 553,000, 932,000, 731,000 and 

750,000 for 1990, 1991, 1992 and 1993, respectively (F . A.O., 1994). 

In recent years, laudable breeding programme carried out by 

t he Crops Research I nstitute (Council for Scientific and Industrial 

Research ), Kumasi; in collaboration with the Canadian International 

Development Age ncy (CrDA) has yielded many high-yielding and high 

protein var ieties. The most important ones being extensively 
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c ultivated are: Abeel e hi, Abrotia, Dob idi, Obaata npa a nd Okomasa. 

Rice, o n the other ha nd, has bee n cu ltivated for s u c h 

countless ages 

conjectu re, Ting 

that its origi n must 

(1949) suggested that 

a l ways be a matter for 

in view of the number of 

wild races found in South ern China, rice 

started in this region a nd spread northwards. 

cU l tivation probably 

Ch a ng (1975), o n the 

oth e r hand , believed that r i ce was first domesticated i n the area 

between Northern India a nd Pacific coast adjoini ng vietna m a nd 

China. 

The genus oryzae comprises 25 species d~stributed through 

t ropica l a nd sub-tropical reg ions of Asia, 

South America and Austra li a. There are 

Africa , Centra l and 

on l y two cu ltivated 

species, Oryzae glaberr im? Stead and Oryzae sa ti va Linn. O. 

glaberrima is confined to Wes t l\frica where it is an upland crop 

but is almost now replaced by O. sativa (Grist, 1986) . Th e a nnual 

rice production in Gha na in 1990, 1991 and 1992 was 81 , 000, 151,000 

and 100,000 metric tonnes respectively (F.A.O. Quarterly Bulletin 

of Stat istics, 1994 ) . 

Call osobrochus sUbinnotatus pic. is a serious pest of bambara 

groundnut seeds, with a total life span of 6-7 weeks (Prevett, ' 

1966) . Although B~ vicinus var sUbinnotatus occurs less 

frequently than C. sUbinnotatus its mode of attack leads to total 

loss of the invaded seed. For, 3-5 weevi l s usually burrow into one 

seed (Zac her, 19 21). These two species of weevi l s occurred at very 

low freqeuncies in the stored seeds and were therefore, excluded 

from this investigation . 
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Cowpeas are extremely susceptible to insect infestation during 

storage. Insects covering t he main ph ytophagous taxa attack the 

cowpea plant in the field a nd the seeds after harvest. Several 

spec ies of Callo5~rochus cause damage to cowpea seeds in storage. 

The two most important ones are Callosobrochus maculatus Fabricius 

a nd Callosobrochus chill e nsis Linnaeus. 

J In Africa, insect pests may be responsible for 100 percent 

losses of cowpea yields (Raheja, 1976; singh and Allen, 1980) a nd 

if not controlled, may virtually limit yields to less than 300 

kg/ha (IITA,1985). Infestation occurs in the field when the pods 

are nearly mature. Eggs are either laid on the pods or on the 

seeds by insects which enter the pods through holes made by other 

pests. On-farm storage for six months is accompanied by about 30% 

loss in weight with Gp to 70% of the seeds being infested (Singh 

and Allen, 1980). 

The adult life span is only 5-7 days. The female lays 50 -80 

e.9gs which hatch in about 3 -5 days. The entire life cycle is 

completed in about 30 day~. 

feeding inside the seed . 

The damage is done by the larvae 

Other pests of cowpea of lesser importance include aphids, 

beanfly, leaf hoppers, thrips, podborers, pod sucking bugs, cowpea 

curculio and the storage bettle (singh and Allen, 1980). 

Investigations in Senega l ha ve shown that cowpeas may be 

stored satisfactorily for up to one year in plastic sacks using 

soft capsules of carbon tetrachloride as a fumigant. Seeds treated 

with palm, groundnut or coconut oils are reported to be protected 
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aga inst i nsect i n festation for periods up to six months but they 

tend to lose viC!l> i lity. The hermetic storage of cowpeas i n small 

granaries, silos a nd pits h as been deve l oped in Nigeria, where a 

very encouraging development has been t h e use of plastic liners in 

traditional dried-earth granaries (Kay, 1979). 

Two most importa n t insect pests of maize grains in storage are 

si tophilus zeamais and Tr ibo lium castaneum. T. cas taneum shows 

preference for the embryo of grains and it is also a major pest : of 

the mi lled product . 

Up to 400 eggs are laid by the female over a period of about 

18 months. The eggs are laid at random in the foodstuff, and hatc h 

in 8-12 days into slender cy lindrical 4.8mm long larvae. The 

larvae pupate in the food in 11-16 days on wheat bran. The pupal 

stage takes about 4-8 days and the adult may live for as long as 18 

months (F.A.D., 1983). 

si tophilus zeamais attac ks ma ize, rice, wheat and sorghum 

grains causing hollowing out of the grains. Adults may live for up 

to five month s . Under optimum conditions, 100-150 eggs are laid by 

t h e f emale over a period of about five months, but most eggs are 

laid by the younger adults. Each egg is laid in a minute hole 

c h isel l ed i n th e grain by ~ e female and the mouth of the hole is 

sea l ed by a secretion. Th~ larva remains in the grain where it 
I 

feeds a nd eventually pupat,s. The adult on emerging eats its way 

out of the grain. (F.A.D., ,1983). 

Th e ma j o r pests of rice is the rice weevil, Sitophilus oryzae. 

Th e a dult weevi l l ives from 4 to 5 months, each female laying 
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between 300 a nd 400 eggs in its life time . The eggs are deposited 

in small h o les dug in the grain by the female. The larva on 

hatching, remains inside the kernel until it pupates. The young 

adult that emerges from the pupa bores its way out of the grain . 

Development from the egg stage to an adul t takes about 24 d~Ys. 

(Cotton, 19 66) . 

six major types of defec ts caused by fungi growing in stored 

grains have been identified. (Christensen and Kaufmann, 1969; 

F.A.O. Tech . Report, 1981) . These are: (1) decrease in 

germinability, (2) discolO ·r-ation of parts or all of the seed or 

kernel, (3) heati ng a nd mustiness, (4) var ious biological changes , 

(5) production of mycotoxins, and (6) loss in weight. The causal 

fungi fall into two categor i es, namely, field fungi a nd storage 

fungi (Christensen and Kaufmann, 1965; 1969). 

Field fungi are those that invade the developing seeds on the 

plants in the field. They may be pathogens or saprophytes. Common 

examples are Alternaria tenuis , Cladosporium herbarum, Curvularia 

species, Epicoccum purpurascel1s, Fusarium species, and verticillium 

alboatrum (Ma l one and Muskett, 1964). These require high moisture 

levels and their activities are therefore c urtailed i n stored 

grains and seeds whose moisture content is usually kept at low 

l evels. 

storage fungi are those that grow on the stored products. 

Most of t hem are able to grow without free water and can withstand 

high osmotic pressures . Most of the stordSa..~ flora are xerophilic 

species of Aspergillus a nd Penicillium which are active at relative 
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humidities rang i ng from 70 to 90 percent. I n the view of 

Christensen a nd Kauffmann (1969), Ch ristensen (1 971) a nd, Warnock 

and Preeece (1971), a very low frequency of storage fungi of about 

less than 1.0 percent may be present as dormant mycelium within t h e 

tissues of pericarp and seed coats before harvest. 

It is well known t hat mo s t crops are hygroscopic , that is , 

they have the propensity of exchanging moisture with the storage 

atmosphere until an equilibrium is reached. The moisture content 

of crops especially, grains, pulses , oi l seeds etc. is required to 

be reduced to a minimum level known as 'safe level' before such 

crops can be successfully stored. Therefore, both the moisture 

con tent of the prouuce and t he "moisture content " of the storage 

atmosphere are critical physical factors in crop storage. 

Mois ture content and tempera ture a re the pr imary factors 

determining the development of storage fungi in seeds and grains. 

f ungi grow at moisture contents in equi librium with 

relative humidities ranging from 65-70 to 85-90 percent. The 

minimum air relative humidity for fungal growth varies among 

different species but growth of most fungi wi ll be prevented if the 

relative humidity is l ess than 65 percent (F.A.O . , 1985). Relative 

humidities that permit grr wth of some prevailing storage fungi are 

65% for Aspergillus halop~ilicus: 70-73% for Aspergillus restrictus 

and As pergillus repens ( 80% for Aspergillus candidus and 

Aspergillus ochraceu~ 85% for Aspergillu; flavus and 85-95% for 

various species of Penicillium (Christensen, 1973). 
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There may be considerable variation of the moisture level 

within a bulk and, therefore, any pockets of high moisture may form 

a locus for invasion by storage fungi. Th e problem of unequal 

distribution of moisture in the stored mass is common in bins where 

no forced aeration system is available (Neergaard, 1983). 

Fungi which have been isolated from stored bambara groundnut 

seeds are comparatively few. Danquah (1973) isolated Aspergillus 

flavus" Aspergillus niger , Curvularia lunata, Fusarium sp; 

Macropl;omina plJaseolina, Penicillium sp; Rhizopus sp. and 

Tricothecium roseum from the seeds in Ghana. 

The lists of fungi of cowpea seeds and maize and rice grains in 

storage in Ghana are much longer. Arthur (1994) gave a list of 14 

contaminant fungal species and Danquah (1973) isolated 24 species 

from cowpea seeds. The two lists are compared in Table 1 
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TABLE 1: FUNGAL SPECIES ISOLATED FROM COWPEA SEEDS IN 
STORAGE IN GRANA 

LIST OF ARTHU R (1 994 ) 

Aspergillus candidus 
Aspergi l lus flavus 
Aspergillus fumigatu s 
Aspergillus niger 
Aspergillus ochraceus 
Aspergillus oryzae 
Aspergillus tamarii 
Cladosporium herbarum 
Epicoccum nigrum 
Fusarium moniliforme 
Ne urospora sitophila 
Penicillium species 
Rhizoctonia sol ani 
stemph y lium lanuginosum 

LIST OF DANOUAH ( 1973) 

Aspergi llu s f l avus 
Aspergillus nige r 
Botryodiplodia t heobromae 
Cercospora sp . 
Cladospori um oxys porum 
Col leto tri c hum capsici 
Colleto trichum gramini col a 
Col leto tri c hum lindemuthianum 
corynespora sp. 
Curvularia lunata 
Curvularia pal l escens 
Curvularia pallexens 
Curvularia trifolii 
Fusarium equis~ti 
Fusarium moniliforme 
Fusarium poae 
Fusarium semi tectum 
Fusarium solani 
Ma crophomina phaseolina 
Myrothecium verrucaria 
Nigrospora oryzae 
Pestalotia sp. 
PiJ oma oryzicola 
Trichothecium roseum 

Simiar l y numerous fungal species con taminated maize and rice 

grains in storage in Gha na. Th e species isolated from maize grains 

by Danquah (1973) and Odamtten (1986), and from rice grains by 

Addison (1971) a nd Danquah (1973) are shown in Tables 2 and 3, 

respective l y. 
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TABLE 2: FUNGAL SPECIES ISOLATED FROM MAIZE GRAINS 
IN STORAGE I N GHANA 

LI ST OF DANQUAH (1 973 ) 

Aspergillus sp . 
Botryodiplodia theobromae 
Cephalosporium acremonium 
Curvulari a eragrostides 
Diplodia macrospora 
Drechslera maydis 
Fusarium moniliforme 
Macrophomina sp. 
Nigrospora sp. 
Penicillium species 
Pestalotia sp. 

LIST OF ODAMTTEN (1 986 ) 

Aspergi l l us candidus 
Aspergi ll us f l avus 
Aspergi llus f umigatus 
Aspergill us niger 
Aspergil l us ochraceus 
Aspergill us res t r i ctus 
Aspergi llu s tamarii 
Aspergillus ustus 
Aspergill us wentii 
Cepha l osporium acremon ium 
Cladospori um herbarum 
Curvularia lunata 
Drechslera maydis 

Fusarium moni l iforme 
Neurospora sitophila 
Paecilomyces variotii 
Penicilli um expans um 
Penicillium verrucosum 
Phoma glomerata 
Rhizoctonia solani 
Rh izopus oryzae 

1 4 
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TABLE 3 : F UN GAL SPECIES ISOLATED FROM RICE GRA INS I N 
STORAGE IN GHl\NA 

LIST OF ADDISON ( 197 1) 

Al ternaria l ongi ssima 
Cercospora oryzae 
Chaetomium spp. 
Curvularia cymbopogonis 
Currularia geniculata 
Curvularia inaequal is 
Curvularia lunata 
Curvul aria maculans 
Curvularia oryzae 
Curvul aria pallescens 
Curvularia trifolii 
Drechslera hawaiiensis 
Drechslera oryzae 
Drechslera rostrata 
Fusarium equiseti 
Fusarium moniliforme 
Fusarium semi tectum 
Fusarium s ol ani 
Helminthosporium sativum 
Nigr ospora oryzae 
Pyricularia oryzae 
Trichoconis padwickii 

LIST OF DANOUAH ( 1973 ) 

III terJlaria longissima 
Alternaria padwi ckii 
Colletotri c hum gramini cola 
Curvu l ari a cymbopogonis 
c urvul aria eragros tidi s 
Curvularia geniculata 
Curvularia inaequalis 
Curvularia intermedia 
Curvu l aria lunata 
Curv ularia oryzae 
Curvu laria pallescens 
Curvularia trifolii 
Drech s lera hawaiine nsi s 
Drechslera l on grirostrata 
Drechslera oryzae 
Drechslera rostrata 
Drech s lera tetramera 
Fusarium avenaceum 
Fusarium dimerum 
Fusarium equiseti 
Fusarium moniliforme 
Fusarium semi tee tum 
Ni grospora oryzae 
Pllaeotri c hoconi s sp. 
Phoma glomerata 
Pyricul aria oryzae 
s t empll y lium sp. 
Ulocladictum sp. 
verticillium sp. 

15 

The cardina l temperature fo r the growth of most storage 

fungi a r e 0-5°, 30-33° and 50-55°C . Some species of Aspergill us such 

as Aspergillus flavus a nd Aspergillus candidus have a high optimum 

t emperature ranging from 35 to 40°C. At 12-150C most storage fungi 

grow very slowly in cereals with moisture con tent of 15-16 percent, 

and at 5-SoC they may cease growing (Christensen a nd Kauffmann, 

1965 ; Christensen, 197 4). At temperatures of 5- 100C sound wh eat and 

maize with a moisture content of 15-16 percent or even higher did 
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not deteriorate wh en §tored for a year (Papavizas a nd Christensen , 

1958 ; Qasem and Christensen, 1958) and maize kept for two years at 

5°C sti ll germinated a nd was e ntirely free of storage fu ngi (Qasem 

and Christensen , 1958). It appears from t h is t hat low temperature, 

in spite of high moisture con tent can preserve stored grains. It 

must, however be born e in mind that, if grains are already i nvaded 

prior to storage, even moderate l y, by storage fungi, these can 

still grow at very low temperatures even down to freezing point or 

below, provided the relative humidity is h igh . This ho l ds true for 

some spec i es of Pe~icillium common in seeds (Christensen, 1973). 

Unfortunately, very low temperatures do not exist in loca l 

warehouses, and the exis~, nce of high tempera tures that encourage 

high respiration rates of the stored products, rapid popu l ation 

growth of i nsect pests and fungi contributes to the deterioration 

of the products. Respiration by the stored products, insect pests 

and fungi together raises t h e temperature further, while metabolic 

water produced by the insects is absorbed by the seeds and grains 

raising their moisture content . The condition that is congenial to 

growth of both the fungal and insect population facilitates the 

association between the two groups of organisms . 

Leach (1940) stated that by the specific association with 

certain species of plants and with particular organs of these 

plants, insects do not only disperse funga l infection units but 

als.o very effectively inoculate the plants. They transport the 

inocu l um to the most favourable place for infection with little 

loss of materia l . 
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In on e group of t h e larger fu ngi , t h e Pha lla l es , stru c ture is 

obviou s l y related to insect dispersa l . In t hese fu ngi fo r examp le, 

Phallus impudiclls, the minute spores embedded in a sugary slime 

with a strong a nd an unpleasant s me ll are displayed at maturity , 

usua lly on t op of a co ns picuous stipe . The spore di s persion 

depends upon sarcophag id and muscid flies. Th e penetrating odour 

is attractive to the flies and in consequ e nce t h ey carry the s p ore 

externally and also vo id them i n tact in t heir excreta. Ithyph a lili s 

coralloides which causes root rot of s ugar cane is so attractive to 

flies t h a t they can be driven away from fructificatio ns on l y with 

difficulty. Various ants and beet l es are a l so attracted to thi s 

species and no doubt carry the spores u nderground to situations 

favourable for germination and development (Wolf a nd Wolf, 1947). 

Various flies are also attracted to the sacchari ne exudate 

contai n ing conidia of the sphacelial (conidial) stage of Claviceps, 

espec i a lly Claviceps purpurea and Claviceps paspali (Ainsworth a nd 

Sussman, 1966). Similarly the pycniospores of Puccinia graminis 

a nd Pliccinia helioJlthi are transferred by flies and other insects 

attracted to the sugary exudate of the pycnium of rusts (Craigie, 

1931) . 

Hendree (1933) isolated from the faecal pe llets of termites 

and from - the frass and wood enc l osing their burrows 33 genera of 

fungi, among them Trichoderma and PenicilliullI. In her opinion 

these fungi are a common dietary elements of the termites 

Reticulitermes h esperus, zootermopsis angusticollis a nd Kalotermes 

minor. 
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The only conclus ion warranted from the foregoi ng account, 

which is representative of a large volume of reports of insects as 

disseminating agents, is t hat, many species of insects are 

1,~vol, .. cL Furthermore , many fu ngi, both pathogenic a nd 

saprophytic, are insect-borne, it remains to be determi ned whether 

virulence i n fungi is modifi ed by passage through t h e a lime n tary 

tract. Al so nothing is known about the effects of d igestive 

enzymes of insects on germination . I n addi tibn to al l these, host 

injuries by insects aid inocul.ation and infection. Sugarcane 

injured by the sugarcane borer, SphelJophorus. obscurus is more 

subject t o attack by ColletotriciJUm Ial catum. Moreover, onions 

infested with thrips are predisposed to i nf ection by Peronospora 

destruct~r (Wolf and Wolf, 1947). Weevi l s bore holes in seeds and 

grains during feeding by both the larvae and adults a nd fung i enter 

the seeds and grains by these holes. 

Insect dispersal is more highly deve l oped in symbiotic 

re l ationships where t h e insect act! vely inoculates a vegetable 

substrate and prov ides food for itself. Wood wasps have sacs 

opening to the ov ipositor, containing oidia of stereum 

sanguinoleutum, which are extruded on the eggs as they are laid, 

thus the fungus is introduced i nto sou nd wood during OViposition 

and the Mycophagous l arvae feed on the fungi (Parkin, 1942). 

The dispersal of fungi in stored seeds and grains has been 

stud ied and the relevant literature contains reports of these 

studies. Neeta Ponde, Jyoti and Mehrotra (1989), for example found 

out t hat some i nsects transmit 
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internally a nd tha t t h e f un g i o n the s ur fa ce and within the 

alimentary canal of insects were the same as isolated from the 

grain samples in whi c h t hey were present . Th ey conc luded that it 

mIght be due more to the movement of spores o n the bodies o f the 

insects in the grain l ot, rather t ha n dispersal by passage through 

the alimentary ca naLs . 

Their study was co nducted o n thr e e spec i es of insects , 

si topililus oryzae, Rilizopertha dominica a nd s i t opililu s z eamais. It 

was observed that R . dominica carried t h e least percentage of spore 

load externally as well as internally probably because they are 

smal l in size and less active and a l so not mycoph agous . S. oryzae 

usua l ly carried the heaviest spore load possibly ascribable to its 

feeding habi t and body structure. A. flavus was the most frequent 

fungus associated with the three species of insects. They pointed 

out that earlier authors ha d found an appreciab l e amount of spores 

of A. flavus in t h e a limentary ca na l of S . oryzae. The degree of 

infestation within the alimentary canal of insects was directly 

re lated to the level of infestation of grain samp les. 

A very important relevant factor which should not be over­

looked is the possible contribution of the dead bodies of insect 

pests and droppings of the insects as substrates for the growth of 

contaminating fungi and as sources of inoculum for invasion of the 

products. 

Saprophytes growing on dead bodies of i nsect pests may face 

some of the problems encountered by fungal parasites of i nsects at 

the pre-penetration phase. The destructive effects of fungal 
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proteases o n cuticles ca n be attributed, at least i n part , to the 

structural importance a nd e n zymatic accessibility of prote in 

polymers in the cuti cle. c h iti n fi bres a l so con tribute to cuti c l e 

structure as a mechanical barr i er to p e netrat i o n and as a 

stabilizer of the cuticular protein matr i x. 

c uticula r barriers h ave yet to be comp l ete ly c haracterised for 

a sirtgle insect species, but available data suggest that mos t, if 

not all, barriers can be part of a typica l response acti ng in 

sequence or simu ltaneously (st. Leger, 199 1) (Fig.1) . 

spec i fica lly, establishment by saprophytes may be prevented by low 

humi d ity, an inability to utilize available nutrients on t h e 

cutic l e surface or incidence of antibiosis caused by bacteria which 

are able to establis h on t h e insect bodies under the normal 

atmospheric conditions. 

This investigation was carried out to extend knowledge on the 

dispersa l o f fungi in stored grains and seeds , and the thesis 

contains results of studies on the possible ro l e of three 

Co leopteran insects in the persistence and dispersal of the 

Aspergillus species; A. clavatus, A. flavus, A. fumigatus, A. 

niger, A . ochraceus, A. sulplJureus and A. ustus, among the 

contaminat i ng fungi of seeds of bambara groundnut and cowpea and 

grains of maize and rice. The major phases of t h e i nvest i gation 

are: 

( i ) Identi ty and frequency of fung i i n seeds of bambara 
groundnut a nd cowpea a nd grains of maize and rice in 
s torage in Accra. 
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(ii) 

( iii) 
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Effects of leachates of the coleopteran species 
callosobrochus maculatus fab., sitophilus zeamais Linn. 
and Tribolium castaneum Duval. on germination of conidi a 
of Aspergillus species among t he fungi isolated from 
seeds and grains: A. c lavatus, A. flavus, A. f umi gatus, 
A. niger, A. ochraceus, A. sulpiJureus and A. ustus. 

Effects of leachates o f C. maculatus, S . zeamais and T. 
castaneum on growth of t he Aspergillus species. 

(iv) BacteriaT flora of dead bodies of C. maculatus, S. 
zeamais and T. castaneum t hat may influence the 
establishment of fungi on the dead insect bodies. 

(v) Transport of hyphae of the Aspergillus species through 
the gut of C. maculatus, S. zeamais and T. castaneum and 
the survival of ingested ~un9\ ' • 

(vi) Dispersal of conidia of the Aspergi,llus species carried 
externally by the insects. 
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II. MATERIALS AND GENERAL 
1 . H.ATERI ALS 

(a) GRAINS AND SEEDS 

Th e fungal species present in seeds of b ambara groundnut 

(vigna s ubterranea L. Verdc) a nd cowpea (Vigna unguiculata L . Walp) 

and in gra i ns of maize (Zea mays L. ) a nd rice (oryzae sativum 

L.) on sale in Accra were studied. Samples of each were purchased 

from five different markets wide ly scattered in the c ity, namely, 

Kanesh ie, La , Madi na, Makola a nd Mallam Atta Markets. They were 

conveyed to the Department of Botany in po lyt~~~~bags and kept at 

room temperature to keep the i nsect pests alive in the laboratory 

until needed for specific experiments. 

(b ) COLEOPTERAN SPECIES 

Coleopteran species which are k nown storage pests were used in 

var i ous experiments. For some studies, t h e insects were collected 

from the stored grains and seeds. For other experiments , 

Sitophilus zeamais a nd Tribolium castaneum were reared i n the 

labor atory on maize grains and Callosobrochus ma c ulatus on cowpea 

seeds. 

(c) FUNGUS SPECIES 

Isolates of Aspergillus clavatus Desm., Aspergillus flavus 

Link, Aspergillus fumigatu s Fresenixs, Aspergil lu s niger Van 

Tieghem , Aspergillus oC}Jraceus Wilhelm, Aspergillus sUlphureus 

Fres. and Aspergillus ustus Bain used in tests on insect dispersal 

of fungi were obtained from the stored seeds of bambara groundnut 

and cowpea a nd grains of maize and rice . The cu l tures were 

maintained on Potato Dextrose Agar (PDA) s l ants in Mccartney tubes 
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at JOC. They were sub-cul tured every fort n ig h t. For t he production 

of conidia for some of the experime n ts, c u ltures were grown o n PDA 

Petri plates. 

(d) CULTURE MEDIA 

Where an Agar Medium was used, 20ml of t h e medium was put in 

a gem-diameter Petri dish. The composition of Agar med i a used were 

as follows: 

Potato Dextrose Agar (PDAl Medium: (Ainsworth a nd Bisby, 1945). 

Potato tuber chips 200g 

Dextrose 109 

Agar l~g 

Distilled water 1000ml 

Potato chips were boiled in 500ml of distil l ed water until they 

started to break up . The extract was strained with Il~slin and made 

up to 1000ml with distilled water. To this was added the De~trose 

and Ag~r. The mixture was heated in a water bath to melt the Agar 

before it was autoclaved. 

Bambara ground nut Extract Agar Medium 

Bambara groundnut seeds 

Agar 

Distilled water 

64g 

15g 

1000ml 

The . bambara groundnut seeds were soaked overnight and ground to a 

paste and used. 
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cowpea Extract Agar Medium 

Prepared as Bambara groundnut Extract Agar but with cowpea 

se~ds. 

Maize Meal Agar (Ainsworth and Bisby, 1945) 

Maize grain f l our 

Agar 

Distilled water 

Rice Meal/Boiled Rice (Clerk, 1963) 

Each Petri dish contained: 

Short grain rice 

Distilled water 

Ca llosobrochus Maculatus Leachate Agar Medium 
(Prepared with freshly caught live i nsects) 

Insect l eachate 

Agar 

200g 

15g 

100ml 

5g 

.25ml 

200ml 

3g 

In all preparations requir ing leacha te of insects (compounds of 

insect bodies dissolved in distilled water) the leachate was 

obtained by placing 1,000 insects in 200ml sterile distilled water 

aE 4°C for 24 hours. 

Sitophilus Zeamais Leachate Agar Medium 
(Prepared with freshly caught live insects) 

Insect leachate 

Agar 

Tribo l ium castaneum Leachate Agar Medium 
(Prepared with freshly caught live insects) 

Insect l eachate 

Agar 

200ml 

3g. 

200ml 

3g. 
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~e) CH E~lICALS 

Ch emica l s used came from a number of ma nufacturers: Oxoid 

Limited, London, England; British Drug House (BDH ) Ch e micals 

Limited, Poole, England and Ac cra Chemist Limi ted, Accra . 

2 . GENERAL METHODS 

A. IS OLATI ON OF FUNGI F ROM GRA I NS AND SEEDS 

Following the procedure of Lacey, Hil l and Edwards, (1980 ) , 

109 of either the grain or seed being studied was grou nd in a 

sterile grinder (Moulinex; made in Francel and 5g of the result ing 

powder were suspended in 45ml of aqueous 0.1% agar in a 100ml 

Erlenmeyer f l ask and shaken for 2 minutes and allowed to stand for 

30 minutes. A decimal dilution series was prepared in 0.1% Agar. 

Aliquots (lml) of appropriate dilutions were poured into four Petri 

dishes 2 x 250~1 + 1 x 500~1 and 20ml of cool Potato Dextrose Agar 

(PDA) containing 250/-1g Chloramphenicol mI" was poured int o each 

Petri dish. The plates were incubated at 30°C and colonies which 

developed were counted after 5 days and the species iden tified 

after 7 days using standard text books; An introduction to 

industrial Mycology, (George Smith , 11960); Illustrated Genera of 

imperfect fungi, 3rd edition,(Barnett and Hunter, 1972); Manual of 

Aspergillus, (Thorn and Raper, 1945); Manual and Atlas of the 

penicillia;(carlos Ramirez , "1982) and Practical Myco l ogy, Manual for 

. Identif i cation of fungi, (Sigured Funder, 1953), and with the help 

of my Supervisorv The percentage frequency of each of the species 

which were identified was calculated. 

University of Ghana http://ugspace.ug.edu.gh



B. LEACHATE OF THE IN SECTS 

One hundred freshly caug h t insects of each of t h e t hree 

different coleopteran species used in t h is research (Ca l losobroclJ us 

maculatus, SitoplJilus zeamais and Tribol i ulil castaneum) were put i n 

20ml distilled water in a McCar tney tube a nd kept in a refriger~tor 

(4°C) for 24 hours. This was regarded as the standard solution with 

which dilution series of 1/2, 1/4, l/B, a nd 1/16 was prepared. 

These were put in individual McCartney tubes a nd autoclaved at 

1.lkg/cm2 pressure for 15 minutes at 121°C . 

C. INSECT LEACHATES AS CONIDIUM GERMI NATION MEDIUM 

The insect leachates were used as conidium germination media. 

They were either amended with extracts of seeds of bambara 

groundnut and cowpea and extracts o f grains of maize and rice or 

used without adding any other ingredient. 

Ten grams of the grains of either maize or rice were ground in 

a sterile grinder (Moulinex) and 5g of the resulting powder was 

suspended in lOOml of distilled water a nd the mi x ture strained with 

muslin cloth. A 1:1 mi~ture of this extract and insect leachate 

was prepared and autoclaved in a McCartney tube at 1.lkg/cm2 

pressure for 15 minutes at 121°C. 

In the case of the seeds of bambara groundnut and cowpea, 

separate extracts were prepared with the testa , cotyledon : and 

embryo axis of each. The 1: 1 mi xture of extract and insect 

leachate was then made for each type of extract. 
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D. SPORE GERMINATI ON T ES TS: THE SLIDE METHOD 

Spore suspension of each of t h e Aspergil l us species used in 

this investigation (A. clavatus, A flavus, A. fumigatus. A. niger, 

A. ochraceus, A. sUlphureus a nd A. ust us ) was prepared with 

conidia from 5- day old cultures and dilution series of t h e i nsect 

leachates in McCartney tubes were prepared. Th e con idia were 

transferred into the leachates by gen tly touching t h e sporulat i ng 

mycelia with a sterile inoc ulating l oop without touch ing the 

supporting Agar medium and stirr ing the solution with t he loop. 

The spore suspensions were s h aken by h and for 10 mi nutes to give 

uniform spore dispersion . The number of spores i n suspension for 

every germination test was strictly standardized to 500,000 per 

mil lilitre of suspending medium with the aid of a haemacytometer o r 

its equivalent of 30-35 spores per high power (x40 objective) 

microscope field. 

Each of sterile Petri dishes, serving as the germination 

chamber, contained a sterile slide (7.5 x 2.5cm) supported on a V­

shaped short g l ass rod over a small quantity of sterile water. using 

a sterile dropping pipette, three individual drops of spore 

suspension (about 0.1ml in volume) were placed in a row well 

separated from each other on each slide. The lid of the dish was 

rep l aced and the suspension drops incubated at 30"e for t h e desired 

period. Extent of germination was assessed after incubation. All 

the six drops of suspension (ie. three separate drops on each of 

two slides fo r each treatment) were observed for the assessment . 

At l east three ra ndom fields were observed from each drop resulting 
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in a mi n imum of eightee n field counts for each treatment. 

E. ASSESSMENT OF CONIDIAL GERMINATION AND GERM TUBE GROWTH 

At the e nd of the desired incubation period t h e incubated 

spores were examined directly under the microscope a nd the 

germinated and ungerminated spores of each microscope f i e ld of the 

drops were counted . If observation could not be made immed i ately, 

a drop of 0.1ml formaldehyde was added to each suspension drop to 

stop further development. The percentage germination was 

calculated by the following formula. 

100X number of germi nated s pores 

Total number of spores (germinated a nd ungerminated) observed. 

During the count any spore with a discernible germ tube was 

considered as having germinated. 

The lengths of 20 germ tubes were also measured, using an eye­

piece gratic~l~ and the mean ca l cu l ated. Where germ tube branched 

or where a spore produced more than one germ tube, the length was 

taken as the sum of the iengths of the main axis and the branches 

or the sum of the individual germ tubes. 

F. MEASUREMENT OF GROWTH OF FUNGAL CULTURES 

The Aspergillus species were grown on Agar medium plates. 

After inoculation of the petri plates, the dishes were incubated in 

an inverted position. Two diameters were drawn at right angles to 

each other which intersec ted each other at t h e centre where the 
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plate was i noculated. The diameters of t he growing co l o n ies were 

measured along these two diameters every other day . Each p l ate i n 

every test was inoculated with a 2mm culture disc removed with a 

sterile No.2 cork borer from the growing edges of a S-day o l d 

culture raised on PDA. 

G. INGESTION OF HYPHAE OF ASPERGILLUS SPECIES BY THE 
COLEOPTERAN SPECIES AND SURVIVAL OF INGESTED F UNGI 

Newly emerged adults of Call osobrochus ma c ulatus , 

si tophilus zeamais and Tribolium castaneum being reared i n t h e 

laboratory were collected and introduced separately into co ntainers 

wi th seeds and grains of cowpea and maize, respectively, previously 

inocu l ated with three Aspergillus species - A flavus, A. fumigatus 

and A. ochraceus. 

To obtain pure cu l tures on the grains and seeds, the grains 

and seeds were first sterilized in an autoclave at 1.1kg/cm2 

pressure for 15 minutes at 121°C, before being inoculated with the 

selected fungus. An amount of 20m l disti lled water was added to 

500g of each of the grains and seeds before autoclaving, thereby 

making them sufficiently moistened before inoculation. Inoculation 

was done by sprinkling approximately the same amount of conidia of 

the test fungus on an inoculating loop onto either the grains or 

seeds. The inoculated grains and seeds were incubated for 7 days 

at 30°C during which the fungi grew and sporulated heavily. 

Although time-consuming and laborious, each grain or seed was 

picked with a sterile pair of forceps and the crops of sporulating 

36 
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hyphae on the surface wiped c l ean with s t er ile tissue paper before 

the insec ts were int roduced .1his 11\I1. tho t! Wq $ devised when the insec ts 

were found to avoid grains a nd seeds covered with the fur of 

my c elium . Becaus e conditio ns of incubation were dry no further 

external growth occurred . The i nsects in t he cours e of feedi ng on 

the grains a nd seeds ingested as well the myce lium con tained in the 

tissue . 

The insects were l eft on the f ungus-in vaded grains and seeds 

f or 7 days. The insects were withdrawn and placed in sterilized 

glass containers a nd washed in 10 percent Milton solution and 

rinsed thoroughly i n several c h a nges of steril i zed water to remove 

any conidia adhe r ing to the body. They were t hen dissected 

aseptically under dissecting mi croscope using the dissection kit 

shown in plate 1. Five a l imentary canals of dissected insects of 

each species were plated on a potato Dextrose Agar and inc ubated at 

30°C for 7 days. Each alimentary ca na l was first placed in a 

sterile Petri dish and macerated with a sterile glass rod. An 

amount of 20m l of the Potato Dextrose Agar and a few drops of 

streptomyc in were then added. The colonies which appeared on the 

plates were counted after 4 days and identified after 7 days . 

3 1 
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PLATES: l 

32. 

Photograph showing the instruments f.~ the 
dissection of the coleopteran insects . FROM 
LEFT: mounting pin, pair of forceps. 
Entomological scissors and dissection pins (x 
1 /2) 
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." II. MYCOFLORA OF ALIMENTARY CANAL OF INSECTS OF STORED GRAINS 
AND SEEDS 

Live i nsects were picked' tr om stored maize grains a nd cowpe a 

seeds and the fu ngus f lora of their guts studied. They were 

surface - sterilized as was done i n t h e preceding exper ime n t by 

washing with 10 percen t Mi l ton so l ut i o n a nd ri ns ing with ster ile 

d i stilled water. Th ey were d i ssected , t heir g u ts removed a nd 

macerated and plated usi ng Potato Dextrose Agar. Th e p l a t es were 

incubated at 30°C, and t h e co l onies wh ich appeared were coun ted on 

the 4th d ay a nd the f ung u s species i d e n t if ied after 7 d ays, The 

percentage frequencies of the differen t fu ngus species were a l so 

determined. 

I. PREPARATION OF AQUEOUS EXTRACT OF FAECAL 
PELLETS OF THE INSECT PESTS 

Aqueous extract of faeca l pel l ets of e a c h of t h e t h ree 

coleopt eran insect pests was prepared and used as medium for 

germination of the conidia of t he seven Aspergi l lus species . .ach 

extract of the faeca l pellets was prepared as fol l ows: 

One t ho usand l ive individuals were put in a steri l e 400ml 

beaker. The mouth of the beaker was covered with a nylon netting 

held in position with a rubber ba nd . 

Th e set up was left on the laboratory be nch for 4 days during 

wh ich masses of tiny wh i tish fae c al pellets were deposited at the 

bottom of the beaker . 

Th e i n sects were transferred back i n to t h e i r respective 

breed ing vesse l s a nd 10mi of steri l e disti lled water was added to 

33 . 

University of Ghana http://ugspace.ug.edu.gh



the pellets. The mixture was stirred until t h e pellets were 

completely disso l ved. 

Th e solution was regarded as t h e standard so l ution from wh ich 

a 1/2 dilution so l ution was prepared. Conidial germi nation tests 

with the different fungi were t h e n carried out , using t h e slide 

method and the standard and 1/2 dilution faecal pe l let extracts. 

J . ESTIMATI ON OF BACTERIAL FLORA OF THE BODIES OF THE INSECT PES TS 

The bacterial flora of t h e d ead bodies of the t hree 

coleopteran insect pests wh ich could i n flue nce co l on isation of t h e 

dead bodies by fungi was studied using t h e viab l .e count method. 

The bacterial flora was determined from t he day of death to the 6th 

day after death. 

One hundred insec ts were put in 10m 1 of steri l e distilled 

water in a McCartney tube and shaken for about 10 mi nutes. The 

solution served as the standard so l ution from which di l ution series 

of 1:10, 1:100, 1:1000 and 1: 10000 were prepared. 

One mil l iliter each of the various dilutions was put in a 

steri l e Petri dish and 20ml of sterile cool (45°C) Nutrient Agar 

(Prepared by adding J1g of the powder to 1000ml of distilled water 

and autoclaved at 1.1kg/cm2 pressure for 15 minutes at 121°C) was 

added. Four replicate p l ates of each dilution were prepared and 

incubated at J70C for 48 hours . Bacterial colonies which appeared 

on t h e p l ates were counted after the incubation period and the mean 

of the four plates of each dilution calculated. 

3¥ 
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K. GRAM STAINING METHOD 

Th e uni versa l gram staining method (eg As stated by Krueger 

and Johansson (1 964 ) in a book entit l ed Princip l es of Mi c robiology) 

to determine Gram-pos i t i ve and Gram- negat i ve c ells of bac teria on 

dead bod i es of the in~ect pests was used. 

(a) A fi lm of bacteria was made on a s lide a nd fixed over a flame . 

(b) The film was stained with a n a l coh o lic solution of c rysta l 

violet for 1 minute. 

(c) The stain was briefly ri nsed with Lugo l 's iodine. 

(d) Th e film was next flooded wi t h Lugol's i od ine for 1 minute -

A dye- iodine complex was then formed inside t he ce lls . 

(e) Th e film or smear was discol ell rised by running 95% ethanol 

over the surface of the smear whil e the slide was held in a 

ti~ted position . 

(f) Th e film was rinsed immediately under running tap. At this 

stage Gram-positive cells stained violet because the ethanol 

cannot extract the dye-iodine complex, while Gram-negative 

cel l s were unstained because the dye-iodine complex h as been 

completely washed out. 

(g) Th e film was then counter-sta i ned with dilute carbo l-Fuchsin 

for 1 minute. 

(h) This was briefly rinsed under the tap a nd b lo tted dry and 

observed under the microscope under oil-immersion. Gram­

posit i ve cells stai ned violet and Gram-negative cells stained 

pink. 
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L. DETERMINATION OF FUNGAL FLORA OF DEAD BODIES OF INSECT PESTS 

The fungus f l ora of the dead bodies of t h e i nsect pests used 

in t h e preceding test was determined after the dead insects had 

been kept for 6 days. Sample bodies were ra ndomly selected in each 

case ,nd plated on PDA containing streptomyci n which suppressed 

bacterial growth . 

Ten bodies were evenly placed on each Petri medium and the 

preparation incubated at JO"C for 5 days. The fungus species were 

identif ied and the percentage frequency of occurrence of each 

species was calculated . 

M. 11EASUREHENT OF pH OF NEOlA 

The pH of the media wd9 measured with pH meter HM60s by TOA 

Electronics Limited, Japan. An extra medium in excess of the 

number of replicates required for a treatment was used for 

measuring the pH after autoclaving. 

N. STERILIZATI ON 

Media, distilled wa ter, McCartney tubes, dissection kits, 

beakers and tissue papen;-were sterilized by autoclaving at 1.1kg/ cm2 

pressure for 15 minute s at 121°C . The empty glassware ~nd tissue 

paper were wrapped in either cellophane or aluminium foil, and the 

lnon-absorbent cotton wool plugs of Medicinal flats and flasks were 

:also covered with either aluminium foil or cel lophane to prevent the 

entry of condensed water vapour. 
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pipettes and Petri dishes (9cm diameter) were packed into 

their respective canis ters and steri li zed in an ove n at 160°C for 

12 h ours. 

Slides and cover s lips were thoroughly washed with detergent, 

rinsed under r unning ta p a nd i n severa l c hang e s of distilled water 

and stored in 90% ethanol a nd fl a med-sterilized just before use . 

Inoculating need l es a nd loops were f l a med to red- hea t and 

coo l ed immediately before use. 

O. MEASUREMENT OF DISTANCES TRAVELLED BY CONIDIA ADHERING 
TO INSECT BODIES 

Experiments were carried out to determine the proportion of 

conidia attached to the bodies of Sitophilus zeamais a nd Tribol ium 

castaneum that were tra nsported to variou s distances through sets 

of packed maize grains of different sizes. 

Transparent glass tubes measuring 29 , 54, 79 a nd 104cm l ong 

and 4cm in diameter were packed with sound a nd c lean mai z e grains , 

leaving 2cm of each end free of the grains. The tubes were held in 

horizontal position wi t h a clamp, and a 2 x 2cm h eavily sporulating 

A. fla vus agar cu lture was placed at the floor at one end of the 

tube . The other end was plugged with a cork. 

In each test, 20 active adults of either S.zeamais or T . 

castaneum wer e placed on the A. flavus culture wh ile the tube was 

covered with a brown paper tube . As t h e brown paper was pulled 

fr om the other end, the insects crawled i nto the s hade of the brown 

paper as they b ecome exposed to the sunlight wh ich was a ugmented by 
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a 100 watt electric bUlb. The insects havi ng moved acrosS the 

fungus culture, naturally picked conidia which became attached to 

their bodies. They followed the s hade as the brown paper tUbe 

receeded until they reached the cork plug. The f irst five insects 

that arrived at the other end of the tube were col l ected and all 

put in a 5ml sterile distilled water in a Mccartney tube. A drop 

of Tween 80 was added and the McCartney tube was vigorously shaken 

for 10 minutes to dislodge and disperse the spores . The number of 

spores per milliliter of this suspension was then determined in all 

the tests, with the aid of a heamacytometer. 

suspension drops were made in each treatment. 

Counts of 10 

Before the insects which had crawled over the A. flavus 
i 
culture could all enter the packed grains, five of them were taken 

and the spore load on their bodies was assessed as has been 

descr ibed above. From the two values, the percentage of spores 

which was carried over the distance was calculated. 

P. PHOTOGRAPHY 

Photographs were taken to illustrate some aspects of the 

investigation with OLYMPUS OM-4Ti camera using KODAK film. 

Q. STATISTICAL ANALYSIS 

Experimental results were statistically analysed where 

necessary. Conf idence 1 imi ts at 95% levels h ave been quoted. 

Confidence Ilm~t was calculated from the formula 

Confidence l'I'l\i t Mean ± 1.96 x standard Error (KerShaw, ; 1~13) 
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R. EXPERIMENTAL PRECAUTIONS 

1. Except when tak:l~readings, the experiments on culture growth 

were not disturbed, to avoid inadvertent scattering of conidia 

over the agar plates. 

2. S~ores of the same age were used in all experiments involvi~g 

germination tests. 

J. The chamber in ~hich the dissection was done and the 

dissection microscope were all sterilized by spraying with 5.0 

percent dethol. 

4. The life histories of the insects were studied, so that It 

became possible to use young and energetic adult insects for 

all the experiments . 

5. Glassware was kept scrupulously c l ean. Glassware which had 

been already cleaned with detergents and tap water was rinsed 

several times with distilled water and al l owed to drain dry 

before being sterilized. 

6. Petri dishes and glass slides which had come in contact with 

formalin were washed with detergents on three consecutive days 

to ensure that all traces of the formalin have been completely 

removed. 

University of Ghana http://ugspace.ug.edu.gh



III. EXPERIMENTAL DETAILS 

A. ISOLATION OF FUNGI FROM .THE SEEDS OF BAMBARA 
GROUNDNUT AND COWPEA AND GRAINS OF MAIZE 
AND RICE ON SALE IN VARIOUS MARKETS IN ACCRA 

This investigation was carried out for two purposes. First, 

it was considered desirable to extend k nowledge o n contaminatihg 

fungi of these seeds and grain s in Gh a na. Secondl y, some of the 

Aspergillus species to be encountered would be used in some of t h e 

subsequent experiments. 

Suff i cient quantities of maize and rice grains, and , bambata 

groundnut and cowpea seeds were purchased i n Marc h , i994 from each 

of the five markets at different localities in Accra Municipality, 

namel~, Kaneshie, La, Madina, Makola a nd Mallam Atta. I noculation 

material of each sample, prepared as descri bed u nder 'Materials and 

General Methods' with surface sterilized grains or seeds was used 

to inoCUlate PDA containing streptomyci n . There were fiVe 

replicate p l ates for each sample. The total number of fung~l 

co l onies wh ich occurred after 5 days' inc ubation at 3 aOc was 

recorded . Th e fungal specie s were identified and their .percentage 

frequency calculated. The results obtained are shown in Tables 4 

to 7 and part of the data illustrated in Fig.2 . 

No 
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B. GERHINATION OF CONIDIA OF SEVEN ASPEJ1.GILLUS 
SPECIES IN AOUEOUS BODY LEACHATE OF CALLOSOBROCHUS 
HACULATUS, SITOPHILUS ZEAl·l1IIS l\ND 'l'RIBOLIUH Cl\STII.NEUM 

The ability of conidia of seven species of As p ergillus 

selected from the isolates of t h e previous experiment. A. c lavatus, 

A. flavus, A. fumigatus, A. nj.ger, A . ochraceus A. sUlph ureus a nd 

A. ustus - to germinate in aqueous body l eachate of the three 

coleopteran species was next investigated. 

Drops of spore suspension prepared wi t h ster ile body leac ha te 

wer e placed on sterile g l ass slides, using the ' s lide meth od ' and 

incubat e d at 30°C fo r 24 hours . Each trea tment consisted of two 

sl ides with six suspens i o n drops. For tests with each fungus, 

fi ve concentrations of the leachate of each insect s pecies were 

used. These were, the standard so lut ion a nd 1/2, 1/4, 1 /8 a nd 1 /16 

dilutions . 

The results ind i cating percentage germi nation of the various 

tests and the mean lengths of the germ tubes are present e d in 

Tables 8, 9 and 10 . . 

C. INDUCING CONIDIAL GERHI NATION IN INS ECT 
BODY LEACHl\TE WITH EXUDATES OF THE GRAINS AND SEEDS 

In experiment B the conidi a of some of t h e Aspergillus species 

d id not germinate in the insect body leac hates. Conidi a of A. 

fumrigatus did not germinate in the body leac hate of Cal l osobrochus 

maculatus and Tribolium castaneum. A. clavatus conidia did not 

germinate in the leachate of Sitophilu s zeamais. A. ustus conidia 

did not germinate in the leachate of CallosobrocllUs moculatus and 
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conidia of A. niger a nd ll. sUlphure us did not germinate in the 

leacha tes of both si tophil us zeamais and Tr ibolium castaneum. Th is 

could be due to two possible causes. Either the leachate lacked 

adequate nutrients or it contai ne d inhibitory compounds. In this 

experiment nutrients were added to leachate to raise the level in 

case the leac hate lacked adequate nutrients or ,to overcome the 

effects of the inhibi tory compou nds. Exuda tes of the seeds of 

bambara groundnut and cowpea and of the grains of maize and rice 

were added individually to the l eachates of standard concentration 

in a series of conidial germination tests. In each test, the 

percentage germination and mean germ tube length were determined 

after incubati on at 30"e for 12 hours. The d a t a obtained are 

presented in Tables 12 to 19. 

D. GROWTH OF THE SEVEN FUNGUS ASPERGILLUS 
SPECIES ON INSECT BODY - LEACHATE AGAR MEDIA 

Because conidial germination and hypha 1 growth involve quite 

different physiological processes , growth of the mycelium of each 

of the Aspergillus species on agar medium prepared with standard 

concentration of leachate of each of the three insect species was 

next investigated . 

Each test consisted of five replicate Petri plates. Each 

plate was inoculated with a 3mm-diameter culture disc a nd incubated 

at 30°C. The mean colony diameters of the various treatments 

recorded daily for a tota I period of 10 days are tabulated in 

Tables 20 to 26, and displayed graphically in Figs J. 
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E. MYCOFLORA OF GUT OF CALLOSOBROCHUS 
MACULATUS, SITOPHILU S ZEMlAIS AND TRIBOLIUM Cl\STANEUl1 

Fungi of stored products also interac t with t h e i nterna l 

environment of the insect pests. con taminating fungi i ngested with 

tissues of the grains and seeds may survive f or vary ing l e ngths o f 

time in the gut of the insects dep e ndi ng on the fungal species . 

The compo ne nt s of t h e g.ut mycoflora would, anyway, d e pend, on the 

chance occurrence of the various species o£ t h e contaminants on the 

particu l ar grains attacked by the i nsect pests. 

A general view of the mycof l o r a of the g ut s of t h e t hree 

insec ts pests was obtained by plating t h e gut contents of the 

insects o n PDA p l ates containing streptomycin to suppress growth of 

bacteria. For each test, five individua l s of the insect species 

were dissected and their gu t conte n ts suspend e d i n sterile 

d istilled water and used to inoculate the PDA plates as described 

in 'Materials and General Methods'. Th e guts of C. ma c ulatus 

picked fr om cowpea seeds and t hose of S . zeamais a nd T. cas taneum 

from stored maize grains co ntai ned t he fu ng a l species listed in 

Tables 27 t o 29 . 

University of Ghana http://ugspace.ug.edu.gh



F. SURVIVAL OF ASPERGILLUS SPECIES IN THE GUT OF 
CALLOSOBROCHUS HACULATUS, SITOPIIILUS ZEAill\IB 
AND TRIBOLIUH CASTANEUH 

Th e results of the previous investigations reflect, first , the 

fu ngal species wh ich h ad bee n il lgested a nd , second ly, the species 

which were still viable when the gut contents were extracted . The 

l ongli.vity of fungi in the guts of t h e t h ree insect species was n~xt 

investigated. Different batches of cowpea seeds a nd maize grains 

invaded with mycelium of either Aspergillus flavus or Aspergillu s 

fumigatus or Aspergillus ochraceus in the manner described under 

'Hateria l s and General Methods', were fed to t h e three insect 

pests. Inoculated cowpea seeds were fed to c. maculatus a nd 

inoculated maize grains fed to S. zeamais a nd T . cas taneum. 

Each batch of insects which had fed for seven days on material 

containing a particular fungus species, was transferred to a dry 

clean Petri dish. Five were taken each day for 10 consecutive days 

and dissected and the gut coni:;!~ts of each insect plated on a PDA 

p late containing streptomycin. The mean number of colonies of that 

~ungus wh ich appeared o n the plates after incubation at JODC for 

five days was then calculated. The results of all the tests appear 

in Tables 30 to 32, and values of percentage survival of each 

fungus in each insect pest are shown graphically in Fig 4. 

if·//-
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G. GERM I NATION OF CON ; IDIA OF ASPERGILL US SPECIES IN 
EXTRl\CTS OF FAECAL PELLE'l'S OF THE INSECTS 

The possibility of th e faecal pellets serving as medium f or 

germination o f the conidia o f t h e diff erent Aspergillus species was 

next investigated. Th e extra c t of the faecal pellets of each of 

the three insects was used in a conidi a l germination test using the 

slide method. Two concentrations of standard (faeca l pellets of 

one thousand insects di sso l ved in 10ml di stilled water) and 1/ 2 

dilution of the extract were used. The conidi a were . inc ubated at 

30°C for 2 4 h ours after wh ich the percentage germinationn was 

determined and random samples of the germ tubes of t h e g erminated 

conidi a measured and the mean germ tube l e ngth ca l c ula ted. The 

results are prese nted in Tables 33 to 35. 

11 . DISPERSAL OF CONIDIA OF ASPERGILLUS FLAVUS 
ATTACHED TO THE BODIES OF SITOPHILUS ZE1UtAIS 
AND TRIBOLIUM CASTANEUM 

Apart from the dispersal of v i ab le fun g i i n the faecal 

pellets as was suggested by long surviva l of t h e fung i in the gut 

of the insects in the preceding experiment, dispersa l o f t he fungi 

by the insects externally is also possible. The success of 

e xternal dispersal would depend on the <2ase by which conidia 

attached to the insect bodies could be dislodged. It was 

hypothesized that the smaller U,e spaces among t he packed grains or 

seed s the more frequent the insects would brush a g a inst the grains 

or seeds and the f aster the rate of removal of the conidia on the 

bodies of the insects. This hypothes i s was ve rified in this 

experiment. 
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Maize grai ns of three different sizes of small, medium and 

large were pa c ked into 4mm diameter tubes of different lengths of 

25, 50, 75 a nd lOOcm . oy t he h a bi t of these insects to move f rom 

light to shade, s . zeamais and T. castaneum were induced to mov e from 

o ne end of the tubes to the other. I nsec ts rea c hing t h e e nds of 

the tubes were submerged in distilled water with Tween 80 to wash 

off the conidia. 

Tables J6 to 41 contain assessments made by spore counts with 

haemacytometer of proportion of conidi a stil l attached to the 

insect bodies after moving through the co lumn s of mai ze grains of 

d ifferen t sizes while some aspects of the results are illustrated 

graphically in Figs 5 and 6. 

I. BACTERIAL FLORA OF DE~D BODIES OF THE THREE INSECT SPECIES 

The dead insect bodies among the maize grains in t he store 

wou ld most probably be substra tes for both fungi a nd bacteria. 

They could , therefore, serve as launching pads for fungi that cou l d 

infect the grains . Perhaps, t he metabol i tes of some of t h e 

bacteria which would be established o n the insect bodies coul d 

depress fungal growth, especially, if the bacteria l f l ora is very 

large. This investigati o n was carried out to obtain a n idea of the 

e xtent of coloni zation of the i nsect bodies by bacteria. 

Samples of the dead insects, freshly killed with ether and 

kept at J~e were taken each day and used to prepare insect body 

washings as described under 'Materials a nd General Methods'. 

Nutrient Agar plates inoculated with the washing were incubated at 

JaDe and the bacterial colonies whi c h deve l oped after 48 hours were 
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coun ted. Th ere were five replicate p l ates per each treatme n t . 

Ten co l o n ies of different growth forms , a nd h e nce o f di ffe r ent 

spec i es, wer e se l ected at random for each treatme n t a nd sta ine d 

u s ing t h e Gram staining Method. A record was made o f t h e 

mo r ph o l ogy a nd t h e Gram stain react i o n o f t h e ce lls of each co l o ny. 

Th e results obt ai ned are give n in Tables 4 2 to 44 a nd il l ustrated 

in Fig.7. 

J . FUNGUS FLORA OF DEAD BODIES OF THE THREE INSECT SPECIES 

In t h e previous i nvestigation , t i ny hypha l growths we r e 

o bser ved on some of the dead insect bodies o n t h e 4th d ay afte r t h e 

insect s had been killed. Twenty insects of each insect s pec i es 

with v i s i b l e growth were plated o n Potato Dextrose Aga r contain ing 

s trept omyci n on t he 6th day of the investigation. The p l ates were 

inc u bated at 300e for 5 days and t h e funga l species whi c h deve l oped 

were i denti f ied and the percentage freq ue ncy ca l c ul ated. The 

results are presented in Table 45. 

4-1 
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IV . RE SULTS 

1\. ISOLATION OF F UN GI FROM THE SEED S OF BIIMBARA GROUNDNUT 
AND COWPEA AN D GRAI NS OF MAI ZE AND RIC E ON BALE IN 

VARI OUS MARK ETS IN ACCRA 

The s amples of seeds of bambara groundnut and cowpea a nd 

gr a i ns o f mai ze a nd rice _from the variou s ma rkets in Accra prov ided 

many f ungal species f r om whi c h a se l ectio n was made f o r s ubsequ e n t 

s tudies . Ac cor d ing to t h e ve ndors t he d ifferent stock s ha d bee n in 

the market f or dif f erent length s o f time. Th e fu ng a l p opulations 

obtained could not t herefore be rela t e d t o spec ific period of 

stora ge. The s p ec i es wh ich g rew out o f the macer a t e d ma teri a ls 

p l a t ed o n Po t a t o Dext rose Agar plates are p r e s ented i n Tables 4, 5 ,6 

and 7 . 

Cons i d e r ing a 11 t he five marke t s , t he l arg es t number of 

co l on ies was p roduced by the maize gra ins , fo llowed, in d escend i ng 

order, by the co l onies from c owpea seeds , bamba r a g r ou ndnut seeds 

a nd rice grains. Furthermore, t h e p roducts a t Ma l lam Att a Market 

produced t h e h ighest number of colonies a nd produc t s of Madina a nd 

Ka nesh ie Ma rkets produced th e s mallest number of co l onies. 

Th e lists o f fungi in the tab l es of resu l t s s h owed tha t the 

number o f spe cies on t he same crop var i ed f r om mar ket to market. 

Th e n umber s of iso l a t e d fungal spec i es f r om t h e same gra in or seed 

from t h e diff erent ma r kets c ould be summarised as fo llows : 
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Total number o f fungal species o n 

Bambara cowpea mai ze rice 
Marke·t Groundnut seeds seeds grains grains 

Ka neshie 9 11 6 5 

La 5 7 7 6 

Madina 9 9 1 2 5 

Makola 8 14 9 6 

Mallam Atta 9 9 8 7 

Th e genera of fungi wh ich were observed on the different 

produc ts were also not the same. Bambara groundnut seeds contained 

the genera Aspergillus, Cladosporium, Fusarium, Neurospora, 

Paecilomyces, penicillium, Pullularia and Rilizopus . Cowpea seeds 

contained, Aspergillus, Cladosporium, Drecil s l era, Epicoccum, 

Fusarium, Mucor, Neocosmospora, Neurospora, Paeci l omyces, 

Penici l lium, Piloma, Rilizopus and verticillium. Maize grai ns 

contain ed, Aspergillus, Fusarium, Mucor, Neocosmospora, Neurospora, 

Penicillium, Pullularia and Rilizopus, and rice grains were attacked 

by the genera Aspergillus, Cladosporium, Fusarium, Mu cor a nd 

Peni c illium. The total number of colonies of the fo ur d ominant 

genera o n the agar plates inoculated with the macerated seeds and 

grains are illustrated in Fig. 2. 

The dominant species on all the products put together were 

Aspergillus fla vus, Aspergillus niger, Paeci l omyces puntonii, 

Penicillium expan sum and Penicillium ci trinum . The mean percentage 

occurrence in e a c h product from the five markets were: 
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Percentaqe occurre nce of : 

Pr oduct A . flavus A. niger P. puntonii P. expansum P. c i trl num 

Bambara 

groundnut 
seeds 20 22 14 12 3 

Cowpea 

Seeds 15 6 36 6 0 

t1aize 

grains 27 1 0 19 37 

Rice 
g r a i ns 18 6 0 19 4 

Cladosporium herbarum and Pen i ci llium chrysogenum wou ld be 

cons i dered to form an intermediate group, wh ile the r~st, 

cons i s t ing the third group occurred at very low percen tage 

frequenc i es, or occurred only occasiona l ly even t h ough someti~~s , 

in l a rge numbers, such as, Aspergillus oryzae (47 percent : Table 7) 

Aspergill us ustus (14 percent: Table 7) Dreschslera species ( 14 and 

43 percent : (Table 5) Fusarium moniliforme (11 percent: Table 6) 

a nd Neocosmospora vasinfecta (14 percent: Table 5). 

It was intended from the onset to restrict the subsequent 

studies on dispersal cF the contam inant fungi by insect pestd to 

Aspergil l us species. As a conseguence seven species , namely, A. 

c l avat us, A. flavu s, A. fumigatus, 1\. niger, A. ochraceus, A. 

:,ul phur eus a nd A . ustus were selected for Experiments B to J. 
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TABLE 

Fungus species isolated from Bambara groundnut seed o n sa l e 
~t ctif[er011t mn rket~ in AccrA 

Total No. of 

Colonies o n 

Market 5 Plates 

Kaneshie 14 

La 17 

Madina 37 

Fungus spec i es % Freque ncy 

(Total No. in (to t h e nearest-

parenthesis) whole n umber) 

Aspergillus flavus ( 2) 15 

Aspergillus £umigatus ( 2 ) 1 5 

Aspergillus niger ( 1) 7 

Cladosporium herbarum ( 1) 7 

Neurospora sitophila (2 ) 14 

Penicil .1ium c1Jrysogenum ( 1) 7 

Penicillium citrinum (2 ) 14 

Penicillium expansum ( 2 ) 14 

Penicillium sp . ( 1) 7 

Aspergillus fumigatus ( 1) 6 

Aspergillus niger ( 1) 6 

Cladosporium herbarum (1) 6 

Paecilomyces Puntonii (9) 53 

Penicillium expansum (5) 29 

Aspergillus flavus (10) 27 

Aspergillus fumigatus (1) 3 

Aspergillus niger (17 ) 45 

AspergillUS ustus ( 1) 3 

Fusarium monilitorme ( 2 ) 5 

Neurospora sitophila ( 1) 3 

Paecilomyces carneus (1) 3 

Paeci.lomyces puntonii (1) 3 

Penicillium chrysogenum (3 ) 8 

University of Ghana http://ugspace.ug.edu.gh



52 

TABLE 4 CONT 'D 

Fungus s p ec i es i so l ated from Bambara g round nut s eed o n sale 

at d i ffe r e n t ma r kets i n Accra 

!1a r ket 

!1ako l a 

!1a lla m At ta 

Total No. of 

Co l o ni es o n 

Fungus spec i es % Frequen c y 

(To t a I No. i n (to t h e nearest-

5 P l ates 

72 

32 

parenth esis ) who le number) 

Aspergill us flav us ( 1 8 ) 

Aspergillus n i ger ( 30 ) 

Aspergillus ocllrace u s ( 6 ) 

Neurospora sitoph ila ( 3 ) 

Paecilomyces Puntonii (4 ) 

Penicillium cilrysogen um 

Penicillium sp . ( 4 ) 

Rhizopus oryzae ( 3 ) 

Abs.idia corymbifera (2) 

Asperg.illus ifavus ( 1 0) 

Aspergillus niger ( 3) 

( 4 

25 

41 

8 

4 

6 

6 

6 

4 

6 

3 1 

10 

Aspergillus oryzae ( 2 ) 6 

Cladosporium herbarum ( 2) 6 

Paecilomyces puntonii (3) 1 0 

Penicillium chrysogenum (4) 1 2 

Penicillium expansum (5 ) 1 6 

Pollularia pullulans (1 ) 3 
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Kaneshie 

La 

Hadi na 

53 

TABLE 5 

Fungus species isolated from cowpea seeds on sale 
a t different markets in Accra 

Total No. of 

Coloni es on 

5 Plates 

95 

102 

126 

Fungus spec i es % Frequency 

(Total No. in (to the nearest-

parenthesis ) wh o l e number) 

Aspergillus flavus (10) 11 

Aspergillus niger ( 6 ) 

Aspergillus s Ulphureus (1) 

6 

1 

Drechslera spec i es (1 3 ) 14 

Fusarium moniliforme (1) 1 

Neocosmospora ves infecta (1 3 ) 14 

Paecilomyces puntonii ( 33 ) 35 

Penicillium chrysogenum (5) 5 

Penicillium sp. ( 2 ) 

Penicillium expan sum ( 2 ) 

Penicillium sp . (1) 

Pullulari a pullulans (10) 

Aspergillus flavus (30) 

14 

2 

1 

11 

29 

Aspergillus niger (9) 9 

Mucor species (5) 5 

Paecilomyces fu ntonii (42) 41 

Penicillium chrysogen um (3) 3 

Penicillium expan s um (10) 10 

Verticillium species (3) 3 

Aspergillus flavus (13) 

Aspergillus niger (3) 

Aspergillus ochraceus (5) 

Drechslera species (54) 

Fusarium moniliforme (9) 

Paecilomyces carneus ( 2 ) 

10 

2 

4 

43 

7 

2 

Paecilomyces puntonii ( 37 ) 29 

PiJoma species ( 2 ) 
1\I"",ol'uS .sl-o l o" ,r~Y \\\ 

2 
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TABLE 5 CONT'D 

Fungus s pec ies i so late d from cowpea seeds o n sa l e 
at different market s i n Accra 

At ta 

To tal No. of 

Co l onies on 

Fungus species % Frequ e n cy 

(To ta l No. i n (to t he near est -

5 Plates paren t hesis ) wh o l e number ) 

53 

Aspergillus flavus ( 2 ) 4 

Aspergillus fUllligatus ( 2) 4 

Aspergillus niger (4 ) 8 

Aspergillus oryzae ( 1) 2 

Cladosporiwl1 h erbarulll (1) 2 

Drecilslera species ( 5 ) 9 

Epicoccum nigrum ( 1) 2 

Mucor species ( 1) 2 

Neurospora sitophila (1) 2 

Paecilomyces carneus (5) 9 

Paecilomyces puntonii (22) 4 1 

Penicill ium expansum ( 1) 2 

Pellicillium sp. (3 ) 5 

Rhizopus oryzae (4 ) 8 

103 Aspergillus f/avus ( 22 ) 21 

Aspergillus niger (7 ) 7 

Cladosporium herbarum (3) 3 

Mucor species (2) 2 

Paecilomyces puntonii (34) 33 

Penicillj.u m chrysogenum (14 ) 14 

Penicillium expansum (1 9 ) 18 

Piloma species (1 ) 1 

verticilliulll s pecies (1) 1 
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TABLE 6 

Fung us species i solated fr om ma i ze g ra ins 
at different ma r kets in Accr a 

~ . o n s a l e 

Ma r k e t 

Ka ne s hi e 

La 

l1adina 

To t al No. of 

Co l o n ies o n 

5 Pl a t es 

378 

1027 

323 

Fungus s p ec i es % Fr e que nc y 

(To t a l No. i n (to t he near es t -

parenth es i s ) wh o l e numbe r ) 

Aspergillus fl avu s (1 6 ) 12 

Aspergi l lus niger ( 3 ) 1 

Fusarium moniliforme (1 2 ) 

Penicillium citrin um ( 69 ) 

Penicillium expans um (2 4 6 ) 

Penicillium sp. ( 2 ) 

Aspergillus flavus ( 96 ) 

Aspergillus niger ( 17 ) 

3 

1 8 

6 5 

1 

9 

1 

Fusarium moniliforme (1 11) 11 

Mucor species (3) 1 

Penicillium chrysogen um ( 177 ) 17 

Penicillium citrinum (622 ) 60 

Rhizopus oryzae ( 1 ) 

Aspergillus flavus (4 ) 

Aspergillus niger (8) 

Aspergillus sulphureus ( 2 ) 

Fusarium lIIoniliforme ( 10 ) 

PenicilliulII citrinulII ( 265 ) 

Penicillium expansulII (6 ) 

PenicilliulII funiculosu lII ( 5 ) 

PenicilliulII italiculII ( 3 ) 

PenicilliUIII sp. (14) 

1 

1 

2 

1 

3 

8 1 

2 

2 

1 

4 

Neocosmospora vesinfec t a ( 2 ) 1 

Neurospora s i toplJ ila ( 2 ) 1 

Rhizopus oryzae (2 ) 1 
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'l'ABLE 6 CO N' '1' 

Fungu s spec i es i sola t e d f rom ma ize gra ins 
at di ffe r e n t markets i n Acc r a 

. o n sa l e 

To t al No. of 

Co l o n i es o n 

5 Pl ates 

657 

Fungus spec ies % Frequ e nc y 

(Tot a l No . in (to t h e nearest-

paren thes i s ) wh o l e number ) 

Aspergi l lus fla v u s ( 5 8 1) 87 
Aspergillus n i ger (1 3 ) 2 
As pergill us oryzae ( 6 ) 1 

Fusarium moniliforme ( 8 ) 

Mucor species ( 2 ) 

Neurospora sitopllil a ( 2 ) 

Penicillium citrinum ( 27 ) 

Peni c il l ium expansullJ ( 5 ) 

Penicillium sp. ( 13 ) 

1 

1 

1 

4 

1 

2 

Ma ll a m Atta 1348 Aspergil l us f l avu s ( 366 ) 

Aspergil l us ocllra ceus ( 2 ) 

Aspergil l us oryzae ( 14) 

Peni c ill i um chrysogenum( 98 ) 

Peni c illum citrinum ( 308 ) 

Peni c illium expansum (400) 

Pullularia f ullulans ( 68 ) 

Penicillium sp. ( 92 ) 

27 

1 

1 

7 

23 

2 9 

5 

7 

University of Ghana http://ugspace.ug.edu.gh



Market 

Ka n e s h i e 

La 

Madin a 

Moko l a 

57 

TABL E 7 

Fun gus s pec i es i so l ated f rom r i ce gra ins o n sa l e 
a t d i f fere n t mark e t s in Accr a 

Tota l No . of FU l1 g u s s pec i es % Frequ e nc y 

Co l on i es all (Tota l No. in (to t h e nearest-

5 Pla t es pare n t lles i s) wh o l e number ) 

7 Aspergillus ustu s ( 1 ) 14 

Cladosporiu m herb a rum ( 1 ) 1 ~ 

Penicillium c hrysogenum (1) 14 

Penicillium expan s um ( 2 ) 29 

Penicillium oxali cum ( 2 ) 29 

22 Aspergillus niger ( 4 ) 19 

Aspergillus us t us ( 3 ) 13 

Aspergillus wenti i (5 ) 23 

Cladosporium herb arum ( 3 ) 13 

Mucor species ( 2 ) 9 

Penicillium expansum ( 5 ) 23 

8 Aspergillus flavus ( 1 ) 1 3 

Aspergillus flavus - oryzae (l) 13 

Cladosporium herbarum ( 3 ) 3 7 

Penicillium chrysogenum ( 2 ) 2 4 

Penj.cillium expans um ( 1 ) 13 

9 Aspergillus flavus ( 2 ) 23 

Aspergillus fu miga t us (1) 11 

Aspergillus niger (1) 11 

Cladosporium h erb a nJI'Il ' (1) 11 

Penicillium citri num ( 2 ) 22 

Penicillium expa n s um ( 2 ) 22 
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TABLE 7 CONT'D 

Fungus spec i es iso l ated from rice gra ins o n s ale 
a t di ff erent marke t s i n Accra 

Total No. of 

Co lon ies o n 

5 P l ates 

Fungus spe c i es % Fre quen c y 

(Tota l No . in (to the nearest-

parenthes i s ) whole number) 

Hallam Atta 30 Aspergill us clavatu s ( 1 ) 
Aspergill us f lavus ( 3 ) 
Aspergillus oryzae ( 14 ) 
Cladosporium h erbar um (4) 
Fusaium moniliforme (1 ) 
Penicillium chrysogenum( 5 ) 
Penicilliulll expan s um ( 2 ) 

3 
10 
47 
13 

3 
17 

7 
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GERHINATI ON OF CONI DIn 
SPECIES IN n OUEOUS 
CALLOSOBROCHU S I1ACULnTU S , 
TRIBOLIUM c n S'rAN EUM 

~v;~" 

o~
> 

i * 
OF SEVEN nSPERGILLUS } c 

BODY LEAc nnTE OR " > 
SI'rOPHILUS ZEJ\Ml\IS AND''''O''---:'~''''~ 

~ 

The s u r f ace of t h e bodies of i nsect pes t s i n s t ored grains 

a nd s eeds would be a most l ikely site for lodg ing of t h e conidia 

and g e rminati o n o f t h e co n idia. I n t he f i rst ex per ime nt on 

germi nation o f c on i di a o f t he seven Aspergill u s spec i es , A . 

c la v atus, A . fl avus, A. fumigatus, A. niger, A . ochraceus , A . 

sU l phureus a nd A. ustus , t he conidia were inc uba ted in 

germi na tion media o f a qu eou s l eacha t e o f Call osobrochus 

maculatus, si t ophilus zea ma i s a nd Triboli uJn castsn e um. Tables 

8,9 a nd 10 show th e levels of ger mi nation i n t h e dif f e rent 

c o ncen tr a tions o f the i nsect leachates af t er 24 hours' inc ubatio n 

at J ooc. 

The c onidi a of t h e di fferent Aspergill u s spec i es r espo nded 

qu ite d iffer ently in the g erm i na t ion media. They were aff e cted 

both by the t ype a nd concen tration of t he leachate. Ge nera l ly, 

where there wa s germi nation in a particular leachate by con i d ia 

of a pa r ticular fun ga l s pecies, t h e s t andard concentrat i o n of t h e 

leachate supporte d t he hi g hest percentage germ i nat i on, and the 

· pe r centage germinat i o n decli ned with decreas ing l eachate 

c o ncentrati o n . Th e mea n germ tube l ength s corres ponded t o t he 

per centage germinat i o n . 

The conidia o f some species germi nated In pract i ca lly all 

t he c o ncen trati ons o f some o f t he l eachates. Th is re l ations h ip 

was o bserv ed ",ith A . s ulphureus conid i a in C. maculatus leachate; 

conidia o f A. f la v us, A. fumiga t us, a nd A . ochraceus in s. 

zeamais l eac hate and co n idia of A . flavus a nd A. ochraceus in 
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l eachate of T. castaJleum. considering t h e standard concen tration 

of t h e l eachates a l one, A. flavlIs conidia gave t h e h ig hest 

germinat i o n in C. maculatus leachate compared to con i di a o f th e 

other species, in S. zeamais leachate conidia of A. flavus a nd 

A. ochraceus germinated best and in T. castaJleum leachate , A . 

ochraceus con idia germinated best. 

The Id .st trend observed was that although conidia of some 

spec ies did not germinate at all in certai n leachates, t h ere was 

no species wh ich failed to show germi nation in all concentrat i o ns 

of a l l t h e t h ree leachates . The various trends summarised above 

have been presented together in Table 11, for cla ity, i ndicating 

t h e percentage germination. 
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TABLE 8 

Germination of conidia of Aspergillus species in aqueous solution 
of fa eca l pellets of Callosobrochus ma c ulatus incubated at 30°C for 
24 hours . 
(Percentage germination out o f total of 500-600 conidia ) 

Mean Germ 
Aspergillus Co ncentration of Pecentage tube length 
species leachate germination (1m) 

Undiluted 50.2 109.9 
A. c l ava tus Dilution: 

1/2 0.0 

1/4 0.0 

1/8 0.0 

1/16 0.0 

Undiluted 70.4 125 . 9 

A. flavus Dilution: 

1/2 0.0 

1/4 0 . 0 

1/8 0.0 

1/16 0.0 

Undiluted 0. 0 

A. fumigatu s Dilution: 

1/2 0.0 

1/4 0.0 

1/8 0.0 

1/16 0.0 

A. niger Undiluted 44.0 123.4 

Di lution: 

1/ 2 45.5 11B.O 

1/4 0.0 

l/B 0.0 

1/16 0 . 0 
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TlIBLE 8 CO NT'D. 

Germination of conidia of Aspergillu s spec ies in aqueous solution 
of fae ca l pellets o f Ca ll osobroclJu s ma cula tu s inc ubated at 30nC for 
24 hours. 

(Percentage germina tion out of tota l of 50 0-60 0 conidia) 

Aspergillus 
species 

A. ocilraceus 

A. sulpiJureus 

A. ustus 

concentra tion of 
l each a te 

Undiluted 

Dilution: 

1 /2 

1 /4 

1 /8 

1/16 

Undiluted 

Dilution : 

1 /2 

1 /4 

1/8 

1/16 

Undiluted 

Dilution: 

1/ 2 

1/4 

1/ 8 

1/16 

Percentage 
g ermination 

49.6 

0.0 

0.0 

0 . 0 

0.0 

31.3 

11. 4 

6.4 

6.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Mean Germ 
tube l ength 

(/.Lm) 

80.3 

149.0 

11 6. 4 

98.7 

84. 1 
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TABLE 9 

Germination of conidia of As pergillu s species in body 

leachate of s ito philus zeama is incubated at JO·C for 24 hours 

(Percentage germination out o f total of 500 -600 conidia l 

Aspergillus Concentrat i o n Percen tage Mea n germ tube 

species length (Mm) of leac hate germination 

Undiluted 

A. clavatus Dilution: 

1/2 

1/4 

1 /8 

1/16 

A. flavus Undiluted 

Dilution : 

1/ 2 

1/4 

1/8 

1/16 

A . fumigatus Undiluted 

Dilution : 

1/2 

1/4 

1/8 

1/16 

A. niger Undilu ted 

Dilution: 

1/2 

1/4 

1/8 

1/16 

0 . 0 

0.0 

0 . 0 

0.0 

0.0 

76.2 

58.6 

45.6 

19.J 

20.9 

45.2 

46.5 

J6 .4 

26.8 

0.0 

0 . 0 

0.0 

0 . 0 

0.0 

0 .0 

166.0 

lJ4 .9 

122.2 

88.9 

66.9 

91.4 

53.8 

32 .8 

38.5 
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TI\BLE 9 CO NT 'D 

Germination of con idia of Aspergillus species in body 

leac hate of sitophilus zeamais incubated at 30nC f or 2 4 h ours 

(Percen tage germina t i on 

Aspergillus Co ncentration 

species of l each ate 

Undiluted 

A . ochraceus Dilution : 

1/2 

1 /4 

l/B 

1/16 

Undi lu ted 

A. Sulphureus Dilution: 

1/2 

1/4 

l /B 

1/16 

Undi l uted 

A. ustus Dilution : 

1/ 2 

1 /4 

l /B 

1/16 

out of total 

Percen tage 

germi nation 

66.3 

4B.1 

27.5 

29.5 

16.4 

0.0 

0.0 

0.0 

0.0 

0.0 

53.B 

31.1 

0.0 

0.0 

0.0 

of 500 6 00 conidia) 

Mean germ tube 

l e ng t h (/tm) 

10B.4 

102.9 

99.2 

67.9 

59.3 

56.3 

31.6 
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TABLE 10 

Germination of conidia of Aspergillus species in b ody 

l eachate of Tribolium castan e um incubated at 30"C for 24 h ours 

(Perc entage germination out of total of 500-600 conidial 

Aspergill us Concentration Percen tage Mea n germ tube 

species of leachate 

Undiluted 

A. c la vatus Dilut i on: 

1/ 2 

1 /4 

1 /8 

1/1 6 

A . flavus Undi l uted 

Dilution : 

1/2 

1 /4 

1/8 

1/16 

A. fumigatus Undilute d 

Dilution: 

1/ 2 

1/4 

1/8 

1/16 

A . niger Undiluted 

Dilution : 

1 /2 

1/4 

1/8 

1/16 

germi nation 

39.2 

0.0 

0.0 

0.0 

0.0 

52.2 

40.2 

37 . 9 

26.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0 

0.0 

0.0 

l e ngth (!tm) 

121. 2 

131. 5 

99.1 

95. 1 

87. 1 
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TABLE 10 CO NT'D 

Germination of conidia o f Aspergi llus s p ec ies in body 

leac hate of Tribolium castane um inc ubate d at 30nC for 24 hours 

(Percentage germination 

Aspergillus Co ncentration 

species of l eachate 

Undiluted 

A. ochraceus Dilution: 

1 /2 

1 /4 

1 /8 

1 / 1 6 

Undil u t ed 

A. Sulphureus Dilution: 

1/ 2 

1 /4 

1/8 

1 / 1 6 

Undiluted 

A. us tus Dilut ion : 

1/2 

1/4 

1/ 8 

1 / 1 6 

out of total 

Percentage 

germin a tion 

69.5 

59.3 

48.9 

37 . 5 

28.1 

0.0 

0 . 0 

0.0 

0.0 

0.0 

46.1 

36.7 

0.0 

0.0 

0.0 

of 500-600 conidia) 

Mea n germ tube 

l e ngth (J.Lm) 

132.4 

110.9 

88.1 

78.1 

66.4 

1 1 9.0 

1 07 .2 
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TABLE 1 1 

Percentage germination of conidia of Aspergillus species in aqueous body leachate of 

Callosobrochus maculatu s , Sitophilus zeamais and Tribolium castaneum i n 24 hours at 30°C 

Concentra- Aspergillus species 
Body tratio n of A A A A A A A 

leacha t e leach a te cl avatus flavus fumigatus niger och "''Ice lJS. sulphi;r<2 \l!.· ustus 

Undiluted 50.2 7 0. 4 44 . 0 49.6 31. 3 
Di lution: 

Calloso -
brochu s 
maculatus 1/2 45.5 11 . 4 

1/4 6 . 4 

l/S 6 . 4 

1/16 

Undiluted 76. 2 45.2 66.3 53.S 

Di lution: 
sito -
philu s 

48.1 3 1. 1 
zeamais 1 /2 5S. 6 46.5 

1 /4 45 . 6 36.4 27.5 

1 /8 19. 3 26.8 29.5 

1/ 16 20. 9 16.4 

Undi luted 52. 2 69.5 I ~ 6.1 
39. 

Dilut i o n: 
Triboliu.- 59.3 :36.7 
castaneuJj; 1 /2 4 0. 2 

1/4 37 . 9 48.9 

1/8 26 . 2 37.5 
28.1 

1/16 
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c. INDUCING CONIDIAL GERMINATION IN INSECT 
BODY LEACHATE WITH EXTRACTS OF GRAINS AND 

Potato Dextrose Broth and extracts of t h e seeds of bambara 

groundnut and cowpea and of the grains of maize and rice were abl e 

to induce germi nation of conidia of Aspergillus species which 

failed to germinate in the insect body leachates i n the previous 

experiment. Th e resu lts of t h e experiment are s h ow n in Tables 1 2 

to 19 . In almost all cases, conidial germination was observed 

first after 9 hours' incubation. Th e extent of germi nation 

depend ed o n t h e type of l eachate_amendment combination. 

Only Potato Dextrose Broth, a nd extracts of cotyledons of 

bambara groundnut a nd cowpea e ncouraged very high percentage 

germif\t\ t i on of 81 . 5 - 84.9 percent in 12 hours of conid ia of A . 

f umigatu s in Ca l l~)~rochus maculatus leachate (Table 1 2 ). 

The highly effective a mendme n ts for the other Aspergillus 

species, stimulati ng more t han 75 percent germinations i n 12 hours 

were: 

A. ustus: Extracts of co t yledons and embryo axis of bambara 

groundnut in C . macula tus leachate (77.2 and 83.6 percent) (Table 

1~) . 

A . clavatus: Potato Dextose Broth, extracts of embryo axis of 

bambara groundnut, cowpea cotyledon, cowpea testa 

and ma ize grains in s. zeamais leachate (76 . 5 -

90.6 percen t ) (Table 14). 

A. niger: Potato Dextrose Broth in s. zeamais leachate (78 .1 

percent ) (Table 15) and in T. castaneum leachate (78.7 

percent) (Table 18). 
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A. f umi ga t us i n T. castaneum l eachate (Tab l e 17 ) a nd A . s uph ureus 

in leach a t es o f s. zeamais (Tab l e 16 ) a nd T. castan e um (Ta bl e 19 ) 

were no t s o hig h ly stimulated as in t h e other tests. 
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TABLE 12 

Gemlinatioll of conidia of Aspergillusfu17ligatus at 3rfC ill body leachate of Callosobrochus maculatus amended with extracts of seeds of bam bar a groulldllut 
and cowpea and grains of maize alld rice. 

% Genllination afjer indicated hOllrs Meall Geml Tube Length affer indicated hours{{JJ!/) 
Medium 3 6 9 12 3 6 9 12 

Stalldard C. maculatus leachate 0.0 0.0 0.0 0.0 
Potato Dextrose Broth 0.0 0.0 53 .7 82. 7 19.9 53.3 
Standard C. maculatus leachate + 
Extract of ax is of bambara 
groundnut seed 0.0 0.0 9.8 39.3 13. 7 42.3 
Standard C. maculatus leachate + 
Extract of cotyledon of bambara 
groundnut 0.0 0.0 64.3 81.5 44.8 76.1 

Standilrd C. l71aculatus leachate + 
Extract of testa of bambara 

16.9 35.9 groundnut 0.0 0.0 5.7 25.0 
Standard C. maculatus leachate + 
Extract of axis of cowpea 0.0 0.0 29. 1 51.7 28.9 57.9 

Standilrd C. maculatus leachate + 
33.6 62.6 

Extract of cotyledon of cowpea 0.0 0.0 57.1 84.9 
Standard C. maculatus leachate + 

13.2 
Extract of testa of cowpea 0.0 0.0 0.0 13.3 
Standard C. maculatus leachate 

22.3 48.8 
Extract of Maize grain 0.0 0.0 7.2 37.8 
Standilrd C. maculatus leachate + 13.6 30.9 
Extract of rice grain 0.0 0.0 4.9 24.9 
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TABLE 14 
Gemzination of conidia of Aspergillus clal'atus at 3r!C in body leachate of Sitophilus zea17lais amended with extracts 0/ seeds of bambara groulldllut alld 
cowpea and grailZs· of maize and rice. ! : . 

% Genninatloll aii;;indicated hours Mean Gem! Tube Length afii..illdicated hours (PIA) 
Medium 3 6 9 12 3 6 9 12 

Standard S. zeamais leachate 0.0 0.0 0.0 0.0 
Potato Dextrose Broth 0.0 65.8 84.3 85.9 26.3 56.9 81.6 

Standard S. zeamais leachate + 
Extract of axis of bambara 
groundnut seed ...:...:;.j ,;.~ 0.0 45.9 65-.8 78.9 18.8 31.3 57.6 

Standard S. zeamais leachateo,·+ 
Extract of cotyledon of bambara 

82.8 groundnut :::!..:; .:::. 51.2 57.2 68.9 70.5 17.8 36.9 57.1 

Standard S. zeamais leachate~+_ 
Extract of testa of bambara -

12. 7 30.9 41.3 
groundnut ~ 0.0 16.4 23.4 29.6 
Standard S. zeamais leachate + 

49.1 56.8 
Extract of axis of cowpea 0.0 74.4 80.5 82. 9 16.3 

Standard S. zeamais leachate + 
16.8 40.6 63.9 

Extract of cotyledon of cowpea 
, 

0.0 76.7 81,0 81.4 
Standard S. zeamais leachate + 

29.8 54.3 77. 9 
Extract of testa of cowpea 0.0 81.5 85,6 90.6 
Standard S. zeamais leachate + . 

24,5 34.1 58.3 88.1 
Extract of maize grain 51.1 64.3 70.1 76.5 
Standard S. zeamais leachate + 

14.9 40.8 89.7 94.1 
Extract of rice grain 31.3 43 .7 58,7 67. 8 

University of Ghana http://ugspace.ug.edu.gh



7/f 

TABLE 15 
Gem/illatioll of cOllidia of A.spergillus niger at 3rfC ill body leachate of SitOf)hilus zeamais amended with extracts of seeds of bem/bara groundnut and cowpea 
and grains of maize. and rice. 

Medium 

Standard S. zeamais Leachate 
Potato Dextrose Broth 
Standard S. zeamais leachate + 
Extract of axis of bambara 
groundnut seed 
Standard S. zeamais Leachate + 
Extract of cotyLedon of bambara 
groundnut 
Standard S. zeal71ais leachate + 
Extract of testa of ba17lbara 
groundnut 
Standard S. zea17lais Leachate + 
Extract of axis of cowpea 
Standard S. zeal71ais Leachate + 
Extract of cotyledon of cowpea 
Standard S. zeamais Leachate + 
Extract of testa of cowpea 
Standard S. zeamais Leachate + 
Extract of maize grain 
Standard S. zeamais Leachate + 
Extract of rice grain 

% Gem/ination after indicated hours 
3 6 9 12 

0.0 0.0 0.0 0.0 
0.0 62.0 71.0 78.1 

0.0 0.0 7.01 15.6 

0.0 14.3 30.5 44.4 

0.0 0.0 6.6 19.7 

0.0 0.0 17.7 22.9 

0.0 22.7 34.4 57.4 

0.0 0.0 61.3 67.8 

0.0 9.1 28.2 55.3 

0.0 4.5 32.4 57.7 

Mean Genn Tube L~ol1rs (PAil 
3 - 6 9 12 

21.1 58.9 84.9 

10.3 31.8 

40.8 57.4 75.3 

9.92 17.1 

16.2 32.6 

19.1 45.5 73.9 

29.5 52.9 

19.8 29.2 38.9 

14.5 20.9 31.3 

-----------------------------------------
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TABLE 16 
Genllillatioll of conidia of Aspergillus sulphureus at 3(f~ ill body leachate of Sitophilus zeamais amended with extracts 0/ seeds of bambara groundlluf alld 
cowpea and graills of maize alld rice. 

% Gennillatiim aUer indicated hours Mean Genn Tube Length aUer indicated hou;~ U;M) 
Medium 3 6 

, 
12 9 3 6 9 12 

Standard S. zea11lais leachate 0.0 O.Or---o.O 0.0 
Potato Dextrose Broth 0.0 31.6 40.5 50.7 14.8 38.6 65.9 

Standard S. zea11lais leachate + 
Extract of axis of bambara 
groulldnut seed 0.0 0.0 0.0 8.9 15.8 

Standard S. zeal71ais leachate + 
Extract of cotyledon of bambara 
groundnut 0.0 6.3 1 16.9 38.6 25.3 48.8 67.6 

Standard S. zea11lais leachate + 
Extract of testa of bambara 
groundnut 0.0 0.0 0.0 7.1 12.8 

Standard S. zeamais leachate + 
Extract of axis of cowpea 0.0 0.0 5.8 20.0 11.8 25.6 

Standard S. zeamais leachate + 
Extract of cotyledon of cowpea 0.0 8.2 15.2 30.2 12.7 34.8 56.3 

Standard S. zeamais leachate + 38.6 
Extract of testa of cowpea 0.0 0.0 19.9 32.1 

20.9 

Standard S. zeamais leachate + 15.2 29.6 
Extract of maize grain 0.0 0.0 7.9 17.6 

Standard S. zeamais leachate + 16.5 
Extract of rice grain 0.0 0.0 0.0 16.6 
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TABLE 17 
Gennillatioll of conidia of A.spergillus [1I111igatli s at 3(JiC ill body /t!achate of Tribo/ium castaneul1l amended with extracts of seeds of bambura groUln/nut 
alld COwpea alld grains of maize alld rice. , 

Medium 

Standard T. castaneum leachate 
Potato Dextrose Broth 
Standard T. castaneum leachate + 
Extract of axis of banzbara 
groundnul seed 
Standard T. castaneum Leachate + 
Extract of cotyledon of banzbara 
groundnut 
Standard T. castaneunz Leachate + 
Extract of testa of bambara 
groundnut 
Standard T.castaneum Leachate + 
Extract of axis of cowpea 
Standard T. castaneum Leachate + 
Extract of cotyledon of cowpea 
Standard T. castaneUln Leachate + 
Extract of testa of cowpea 
Standard T. castaneUln leachate + 
Extract of maize grain 
Standard T. castaneunz leachate + 
Extract of rice grain 

% Gennination aft;;:T;;iicated hours Mean Genn Tube Length after indicated hours UJM) 
3 - 6 ~ 12 3 6 9 /2 

0.0 0.0 0.0 0.0 
0.0 I S. 7 31.5 42.4 27.6 38. 6 57.8 

0.0 O( 13.3 3-1 .6 17.3 43.6 

0.0 0.\0 5.6 14.4 13. B 34.8 

0.0 O.p 0.0 5.2 12.2 

0.0 0.0 15.9 33 .6 24.1 40.6 

0.0 0.0 5.6 13.7 U.S 30.9 

0.0 0.0 0.0 7.1 12.2 

0.0 
O' l 

0.0 lB.1 40.1 

I 
0.0 0. 0 10.5 

_ 34.5 
0.0 '-------------
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TABLE 18 
Gemlillatioll of conidia of Aspergillus niger at 3rJC ill body leachate of Tribolium castal1eUI/I amended with extracts of seeds of bambara grOl//1dl1ut alld 
cowpea alld grains of maize and rice . 

% Gemzination a(fe r indicated hours Mea n Genn Tube Length a(fer illdicated hou.rs (;JM) 
-

Medium 3 6 9 12 3 6 9 12 

Standard T. casta Ileum leachate . 0.0 0.0 0.0 0.0 
Potato Dextrose Broth 0.0 69.1 93 .2 98.7 18.6 68.8 96.7 

Standard T. castaneUl7l leachate + 
Extract of axis of bambara 
groUlzdnut seed 0.0 0.0 32. 1 64.4· 12.5 Ii 42. 5 

Standard T. castaneul7l leachate + 
Extract of cotyledon of bambara 
groundnut 0.0 0.0 9.8 26.6 16.9 32.5 

Standard T. castaneUlIl leachate + 
Extract of testa of bambara 

11.8 
groundnut 0.0 0.0 0.0 7.5 
Standard T.castaneum leachate + 
Extract of axis of cowpea 0.0 36.8 53. 1 66.9 20.5 36.5 54.8 

Standard T.castaneum leachate + 
Extract of cotyledon of cowpea 0.0 6.72 17.1 46.9 30.1 4111 Ii 39.5 

Standard T.castaneum leachate + 10.9 30.0 
Extract of testa of cowpea 0.0 0.0 9. 4 32.0 
Standard T. castaneum leachate + 29.5 84.1 
Extract of maize grain 0.0 0.0 16.1 40.6 
Standard T. castaneum leachate + , 

56.6 
Extract of rice grain 0.0 0.0 0. 0 12.9 
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TABLE /9 
Gennination of conidia of Aspergillus sulphureus at 3ife ill body leachate of Triboliulll casta Ileum amended with e.vtracts of seeds of bal1lbara grollndnut 
and cowpea alld grains of maize alld rice. 

% Gemlillation a(jer indicated hours Mean Genn Tube Ld gth a(jer indica~ed hours (,LIIIJ) 
/v/ediuJ71 3 6 9 12 3 6 9 II 12 

Standard T. castaneUJ71 leachate 0.0 0.0 0.0 0.0 
Potato Dextrose Broth 0.0 0.0 16.7 32.7 18.4' 46. 1 

Standard T. castaneum leachate + 
Extract of axis of bambara 
groulldllut seed 0.0 0.0 5.1 9.4 13.3 

Standard T. castanwl1l leachate + 
Extract of cotyledon of bal1lbara 

12.:1 22.1 groUlldnut 0.0 0.0 0.0 12.1 
Standard T. castaneul1l leachate + 
Extract of testa of bambara 

16.2 
groUlldnut 0.0 0.0 6.7 8.2 
Standard T. castaneum leachate + 

17. ~ 42.6 
Extract of a.xis of cowpea 0.0 0.0 5.4 22.8 
Standard T. castaneul1l leachate + 15. ~ 31.3 
Extract of cotyledon of cowpea 0.0 0.0 0.0 25.1 
Standard T.castaneum leachate + 

~9.l 16.2 
Extract of testa of cowpea 0.0 0. 0 0.0 7. 0 46.1 
Extract of maize grain 0.0 0.0 8. 9 34.5 
Standard T. castaneum leachate + - • 13.9 
Extract of rice grain 0.0 0.0 0.0 5.6 
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D. GROWTH OF SEVEN ASPERGILLUS SPECIES ON INSECT BODY LEACHATE 

AGAR 11EDIA 

The results in Tables 20 to ~~6 showed that the l eacha tes of 

Callosobrochus maculatus, sitophilus zeamai s and Tribolium 

castaneul11 supported myc.§lial growth of a ll t he seven Aspergillus 

species. By their response the Aspergillus species could be 

separated into three categories. 

i. A . ustus alone grew to the same exten t on all the three media. 

ii. A . pumigatus, A . niger and A. ochraceus grew better a nd to 

almost the same extent all the Sitophilus zemais and Tribolium 

castaneum media than on the CallosobrocllUs maculatus medium. 

(Table s 22,23,24 respectively) 

iii. A. clavatus, A . f lavus and A . sulphureus grew better on the 

cal 1 osobroch urs macula tus and si tophilus Lelfmais and to 

practically the same extent than on the Tribol ium cas taneum 

medium. (Tables 20,21,25 respectively) 

Apart from A. ustus which grew very well and to the same 

extent on all the media (Table 26 ) growth o f the othe r s was 

generally better on the other media (Bambara groundnut Extract 

Agar, Cowpea Extract Agar. Maize meal Agar, Potato Dextrose Agar, 

and rice Meal) than on the insect leachate Agar Media. Plates 2 to 

5 show some of the colonies Oll the various media on the 7th day of 

incubation. Maize meal Agar consistently supported very good 

growth and the mean colony diame t e rs of all t he species on this 

medium and on the insect Leachate Aga r Media have been compared in 

the histograms in Fig. 3. 
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TABLE 20 
Growth of Aspergillu s clal'atus on in sect leachate Agar media alld other natural media crt 30'C 

Mean diG/ll eler of colony (1I I1n) afrer indicared incubation days 

Medium 2 ./ 6 8 10 

Callosobrochlis mawlatli s 

leachate Agar 8.4 + 0.2 2I .6±0.7 37.7 ± 0.8 53.0 ± 1.0 68.0.± 0.6 D 

Sitophilus zeamais 

leach;ate Agar 10.6 + 0.5 24.9 ± 1.0 38.8 ± 0.4 51 .5 ± 0. 8 64.2 ± 1.2 C 

Triboliul1l castaneul71 

leachate Agar 11.3 ± 0.3 21.3 ± 0.4 32.6 ± 0.5 41.6±0.7 53 .8 ± 2.5 B 

Bambara groundnut :E.:xtrg.c.t A'3ci.v 13.1 + 0.1 24.8 ± 0.2 37.6 ± 0.5 50.3 ± 0.4 65.} .t 0.3 C 

Cowpea Extract Agar 9.4 + 0.2 24.0 ± 0.3 38 .2+0.7 53 .3 ± 0.6 67,,; ± 1.2CD 

Maize Meal Agar 12.8 ± 0.5 37.:; ± 1.1 54 .0 ± 0.9 76.S .t 2.2 89.5 ± 0.5 F 

Potato Dextrose Agar 9.6 ± 0.3 20.3 ± 0.6 .JO.O ± 0.8 40.3 ± 1.0 50.92.0. 9 A 

Rice meal 11.3 + 0.4 33.3 ± 1.4 49.S ± 0.4 68.0 ± 0.7 82.2 ± 1.0 E 

Means with th e same letter are not sigllificantly differelll. CO llfidenc e lilllits calculated at 95%. 

University of Ghana http://ugspace.ug.edu.gh



81 

TABLE 21 

Growth of Aspergiflus Oal'US Oil insect leachate AgGltnedia alld other lIatural media ~i; 30Ge. 

Mean dial7l lrer of colollY (17/111) after indicated incubation days 

Medium 2 4 6 8 10 

Callosobrochus 17laculatus 

leachate Agar 15.0 ± 0.3 1 29.9 ± 0.2 44.1-± 0.5 54.3 ± 1.6 68.8 ± 1.3 B 

Sirophilus zeal7lais 

leach-:,ate Agar 14.8 ± 0.3 1 33.4 ± 0.4 50.2 ± 0.4 66.0 ± 0.5 76.5 ± 0.6 C 

Tribolium castaneW7l 

leachate Agar 16.8 + 0.3 28.9 ± 0.5 42.3 ± 0.6 52.9 ± 1.0 66.5 ± 0.8 AB 

Ba17lbara groundnut i;;xtrClct AjGr 20.1 + 0.1 39.9 ± 0.3 61.6 ± 0. 7 80.0 ± 0.4 90.0 ± 0.0 F 

Cowpea Extract Agar 10.8 + 0.2 32.1 ± 0.2 50.5 ± 0.5 71.0 ± 0.4 80.3 ± 0.3 E 

Maize Meal Agar 11.4 ± 0.6 44.2 ± 1.6 61.3 ± 2.4 82.5 ± 1.0 90.0 ± 0.0 F 

Potato Dextrose Agar 13.3 + 0.3 29.4 ± 0.3 41.6 ± 0.5 54.1 ± 0.4 65. 1 ± 0.8 A 

Rice meal 12.9 + 0.6 35.9 ± 1.9 50.3 ± 1.0 64. 7 ± 0.3 78.8 ± 0. 7 D 

Means with the same letter are not significantly differeht. Confidence limits calculated at 95 %. 
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TABLE 22 

Growth of Aspergillus fUl1Iiga tus on insect leachate Agar media and other natura! media at ~ Occ 

Mean diameter of colony (nun) after indicated incubation days 

Medium 2 4 6 8 10 

Callosobrochus mawlatus 

leachate Agar 8.6 + 0.7 28.0 ± 0.6 41.8 ± 0.7 59.8 ± 0.4 71.8 ± 0.8AB 

Sitophilus zeal11ais 

leaclCate Agar 9.8 + 0.2 31.8 ± 0.5 52.8 ± 0.9 74.5 ± 0.9 86.8 ± 0.8E 

Tribolium castaneu17l 

leachate Agar 10.4 ± 0.2 24.8 ± 0.7 44.4 ± 0.6 62.5 ± 0.6 81 .4 ±0.8CD 

Bambara groundr.ut f;)(i..Ya c.t '\5)\)"- 13.6 ± 0.8 31.8 ± 0.7 53.9±0.7 77.4 ± 0.8 90.0 ± 0. 8 F 

Cowpea Extract Agar 4.0 ± 0.0 24.3 ± 0.2 45.8 ± 0.6 69.3 ± 0.5 79,8 ± 0.3 C 

Maize Meal Agar 6.9 ± 0.3 40.9 ± 0,7 64.8 ± 2.8 87.8 ± 1.3 90.0 ± 0.0 F 

Potato Dextrose Agar 5.9 ± 0.4 29. 0 ± 0.4 45.8 ± 0.4 58.8 ± 0.9 70.0 ± 0.9 A 

Rice meal 7.3 + 0.4 27.5 ± 0.8 41 .5 ± 0.4 66.3 ± 2.7 82.2 ± 1.1 D 

Means with th e same letter are /lot significantly differel/ t , Confidence limits calClllated at 95%, 

... 
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TABLE 23 

Growth of Aspergillus niger 011 insect leachate Agar media and oth er natura! media .at 30'( 

Mean diameter of colollY (171111) after indicated incubation day-s 

Medium 2 4 6 8 - 10 

Caflosobrochus mawlatus 

leachate Agar 7.5 ± 0.3 21.3.± 0.4 36.5 ± 0.5 50. 8 .± 0.9 68.3 .± 0.4A 

Sitophilus zeamais 

leach:; ate Agar 14.0 ± 2.1 37.7.± 0.8 53.2 ± 2.4 59. 3 .± 0.8 83.2 .± 0.8CD 

Triboliul7l castaneWIl 

leachate Agar 5.3 ± 0.2 26.1.± 0.4 45.3 + 0.3 66.8 .± 0.4 81.5 .± 0. 5C 

Bambara groundl)l-ft EXty'{}{.,t A,9C\Y 16.4 ± 0.4 31.5.± 0. 7 46.4 ± 0.3 66.8 .± 0.4 82.8 .± 0.3CD 

Cowpea Extract Agar 10.8 ± 0.3 31.1.± 0.2 52.0 ± 0.4 77.8 .± 0.3 83. 3 ± 0.3D 

Maize Meal Agar 8.8 ± 0.4 46.5.± 1.3 76.3 + 1. 5 86.7 .±1.1 90.0 ± 0.0 E 

Potato Dextrose Agar 15.8 ± 0.3 33.3.± 0.4 44.0 ± 1.5 60.3 .± 0.3 69. 0 ± 0.7AB 

Rice meal 8.5 ± 0.7 31. 9.± 1.1 49.5 ± 1.1 72. 3.±I.7 84. 8 + 0.8CD 

Means with th e same letter are /lot significantly different. Confidence limits calculated at 95 %. 
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TABLE 24 

Growth of Aspergillus ochraceus on insect leachate Agar media and other natural media crt .3 O"c.. 

Mean diameter of colol1-" (111171) after indicated !/1cubatioll days 

Medium 2 4 6 8 10 

Callosobrochus maculatlls 

leachate Agar 7.5.± 0.2 14.6 ± 0.3 21.4 .± 0.5 27.6 ± 0.8 31.8 ± 1.5A 

Sitophilus zeal7lais 

leaclCate Agar 11.0.± 0.4 19.5 ± 0.8 28.0±0.7 35.5 ± 0.7 41.2 ± 0.7B 

Triboliul7l castaneLll7l 

leachate Agar 7.6.± oj 16.0 ± 0.4 25.1 ± 0.3 33.3 ± 0.5 41.5 ± 1.0B 

Bambara groul1dtl:>J.t 5)1.tYQct (\jc,,,,, 
\ 41 .9 ± 0.2 52.5 ± 0.3 65.9 ± 0.3G 

10.4 + 0.2 1 25.5 ± 0.3 

Cowpea Extract Agar 6.6 ± 0.) 20.6 ± 0.4 34.2 ± 0.4 45.2 ± 0.1 57.8 ± 0.3D 

Maize Meal Agar 10.5 ± 0.4 25 .0 ± 0.9 38.5 ± 0.6 52.8 ± 0.5 60.0 ± 0.8 E 

Potato Dextrose Agar 7.9 ± 0.41 24.1 ± 0.4 35.5 ± 0.3 43.8 ± 0.6 50.9 ± 0.5C 

Rice Meal 5.3 ± 0.3\ 17. 0 ± 0.8 33.2 ± 0.6 47.8 ± 1.0 63 .7 ± O.4F 

Means with the sa.me letter are not significantly differ~llt. COl1fidence limits ca.lculated at 95 %. 
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TABLE 25 

Growth of Aspergillus sulphureus on insect leachate Agar media and other natural media at 3(/C 

Mea n diameter of colony (17l11l) after indicated incubation days 

Medium 2 4 6 8 10 

Callosobroch us maculatus 

leachate Agar 7.0.± 0.2 15.3 .± 0.3 24.2.± 0.6 30.2.± 0.8 38.7 ± 1.2B 

Sitoplzilus zeamais 

leaclDate Agar 9.8 + 0.3 18.4.± 0.6 24.0 ± 0.8 33.1 ± 1.2 43. 7 ± 0.6C 

Triboliwn castaneUI71 

leachate Agar 7.6 .± 0.5 15.6.± 1.1 19.9± 0.3 22.0 ± 0.7 29.4 ± 0.3A 

Bambara groundnut ' 8Xt.V:Qd AS4\" 11.1 + 0.4 24.8.± 0.5 40.4 ± 0.8 . 59.8 ± 0.4 74.5 ± 0.3F 

Cowpea Extract Agar 7.3 + 0.3 23.5.± 0.5 39.6 ± 0.4 55.5 ± 0.3 59.0 ± 0.4E 

Maize Meal Agar 10.0 ± 0.4 41.8 + 0.8 56.8.± 0.8 68.8 ± 0.8 84.8 ± 0.5G 

Potato Dextrose Agar 10.5 + 0.2 24.4 + 0.4 36.9.± 0.9 54.5 ± 0.3 69.6 ± O.3E 

Rice meal 5.5.± 0.3 18.4 ± 0.6 34.1 ± 1.3 45.0.± 1.3 64.0 ± l.3D 

", 

Mean~ with the same letter are not significantly different. Confidence limits calculated at 95%. 
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TABLE 26 

Growth of Aspergillus ustus on illsect leachate Agar media alld other natural media at 3{f/C 

MeGlz diameter of colony (m17l) after indicated incubation days 

Medium 2 4 6 8 10 

Callosobrochus maculatus 

leachate Agar 14.1 .± 0.2 33.5 ± 0.8 61.8 + 1.2 78.8 + 1.2 89.0 ± 1.0B 

Sitophilus !,eamais 

leaclCate Agar 12.9.± 0.4 37. 1 ± 0.7 62.3 + 1.0 85.3 ± 0.3 90.0 ± O.OB 

Tribolium casta Ileum 

leachate Agar 14.6.± 0.3 32.1 ± 0.4 59.3 + 0.5 73.4 ± 0.5 90.0 ± O.OB 

Bambara groUlu!rrutf;X.tro,c"-!:·hjQY 15.9 + 0.4 32.3 ± 0.5 54.9 + 0.4 80.0 + 0.0 . 90.0 ± O.OB 

Cowpea Extract Agar 5.0 + 0. 2 26.4 ± 0.2 50.3 + ,0.3 74.8 ± 0.3 90.0 ± O.OB 

Maize Meal Agar 7,4 + 0.3 40.0 ± 1.8 60.8 + 0.5 79.3 ± 0.9 90.0 ± O.OB 

Potato Dextrose Agar 11.1 .± 0.3 34.6 ± 0.3 60.3 ± 0.3 81.8 .± 0.6 90.0 ± O.OB 

Rice meal 7.4 + 0.8 28.0 ± 0.9 40.7 ± 0.7 61.3 + 0.7 79.0 ± 0.7A 

"" 
Means with the same letter are not significantly different. Confidence limits calculated at 95%. 
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prepared with Callosobro chus moculctus ('2) , 

Si tophilus z:eomois (3), Tribolium castaneum (4 ) 

on the 10 th day of incubotiqn at 30·C . 
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88. 

PLATES 2: Photograph of 7-day old cultures of A. flavus (TOP) 
and A. sulphureus (BOTTOM) grown on three different 
media at 30'c. FROM LEFT: Maize Meal Agar, C. 
maculatus Leachate Agar and Rice Meal. (x 1/3) . 
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PLATE 3: Photograph of 7 - day old cultures of A. ochraceus 
(TOP) and A. niger (BOTTOM) grown on three 
different media at 30'C 
FROM LEFT: Maize Meal Agar, C. maculatus leachate 
Agar and Rice Meal (x 1/3) 

A J 
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PLATES 4: Photograph of 7-day old cultures of A. flavus(TOP) 
and A. clavatus (BOTTOM) grown on three different 
media at 30°c. FROM LEFT: Maize Meal Agar, S. 
zeamais Leac hate Agar and Cowpea Extract Agar. (x 
1 / 3) . 
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PLATE 5: Photograph of 7-day old cultures of Ji. ochraceus 
(TOP) and A . suf.p("'U,,<Z-l1b (BOTTOM) grown on three 
different media at 30°C 
FROM LEFT: Potato Dextrose Agar, T. castaneum Agar 
and cowpea Extract Agar (x 1/3) 
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E. MYCOFLORA OF GUT OF CALLOSOBROCIlUS MACOLATUS, BITOPHILUS 

ZEAMAIS AND TRIBOLIUM COSTANEUM 

The data in Tables 27 to 29 show t hat samp l es of the three 

i nsect pests C . maculatus, S . zeamais a nd T. costan eum taken 

randomly from t h e stored cowpea seeds and mai ze grains h ad live 

propagules of many furlgi In t heir guts. The flora which grW on 

Potato Dextrose Agar plated with the gut con tents of C . macul~tus 

fr om the s t ored cowp ea seeds cons i sted o f 14 species. The mos t 

impor t a nt genera were Aspergillus and Penicillium whose members 

made 34 .4 and 39.2 percent, respectively, of t ile to tal number of 

colonies (Table 27) . 

Aspergillus a nd Penicillium were a l so tile dominant genera in 

the guts of s itophilus zeamais and T . cdstaneum . The respect i ve 

percentage occurrence of members of Aspergillus a nd Penici llium was 

45.2 and 40.B percent in sitophilus zeamais (Tab l e 2B ) a nd 22.6 and 

50 . 9 percent in Tribolium castaneum (Table 29 ) . with a ll three 

insects Aspergillus flavus was domina n t Aspergillus species and 

Peni c illi um ci trilJum was the predominant penici Ilium species. 

Plates 6 to B are photographs of fungi which grew on samples of the 

po tato Dextrose Agar plates inoculated with t h e gut contents of C. 

ma c ulatus , S. zeamais and T. castaneum respectively. 
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TABLE 27 

Fu ngi i so l ated from t h e gut of Callosobrochus macul at us collected 
from nat ura ll y i n fested stored maize grai ns (Co l o n ies o n i nacu{~ie~ 
PDA after 7 days' i ncubation at 30°C) 

percen tage 
Fungi isolated No of colonies occurrence 

Absidia species 4 5.8 

Aspergillus flavus 11 1 5.9 

Aspergillus fumigatus 5.8 

Aspergillus niger 2 2.9 

Aspergil l us ochraceus 4 6.8 

Aspergi ll us terreus 2 2.9 

Cepha l osporium species 1 1.4 

Cladosporium herbarum 4 5.8 

Penicillium cj. trinum 19 27.6 

Penicillium expansum 2 2.9 

Penicillium purpurogenum 6 8.7 

Pullularia pullulans 2 2.9 

Rhizopus specJes 1 1.4 

Syncephalastrum racemlJ5um 3 4.3 

sterilia myceJ.ia 5.8 
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TABLE 28 

Fung i iso l ated from t h e gut of s i toph i l us l.raamais co llected fr om 
na t ural l y i n fested stored maize gra ins (Co l o ni es o n i nOC141 l2l ted PDA 
af t er 7 days' i ncubation at JQOC 

Percenta g e 
Fungi isolated No of co l o ni es o ccu rrence 

Aspergi l l us clavatus 1 2.4 

Aspergillus flavus 1 1 26.2 

Aspergillus fumigatus 4 9.4 

Aspergillus sulphureus 1 2.4 

Aspergillus I'en tii 2 4 . 8 

Cl adosporium herbarum 2 4.8 

Curvul aria species 1 2.4 

Fusarium moniliforme 2 4.8 

Penicillium citrinum 12 28.6 

Pe nicillium chrysogenum J 7.4 

Penici l lium purpurogenum 1 2.4 

Penici l lium spinulosum 1 2.4 

Rhizopus species 1 2.4 
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TABLE 29 

Fungi isolated from the gut of Tribolium castaneum co l lected from 
natura l ly infested stored maize grains (Colonies o n i nocu ld-ted PDA 
after 7 days' incubation at 30·e 

Percen tage 
Fungi isolated No of colonies occurrence 

Aspergillus c l.avatus 1 0.6 

Aspergillus e[[usus 3 1.9 

Aspergillus fJ.avus 18 11.2 

Aspergillus fUlnigatus 5 3 . 2 

Aspergillus nJger 1.9 

Aspergillus ochraceus 5 3.2 

Aspergillus tamarii 1 0 .6 

Botrytis species 2 1.3 

Cephalosporium species 26 16 . 4 

Cladosporium herbarum 4 2.5 

Fusarium monil 'forme 1 0.6 

Mucor plumbens 1 0.6 

Penicillium citrinum 68 42.7 

Penicillium chrysogenum 5 3.2 

Penicillium purpurogenum 8 5.0 

Pullularia pullulans 2 1.3 

Sterilia mycelia 
~ 

6 3.8 
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PLATE {, : 

96. 

Photograph of PDA Plates inoculated wi th gut 
contents of Callosobrochus maculatus show i ng funga l 
colonies aft;:er incubation at 30'C for 7-days (x 1/3) 
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PLATES /: Photograph of PDA plates inoculated with gut 
contents of Sitophilus zeamais showing developing 
fungal col onies after incubation at 30°C for 7 days 
(x 1 / 3) 
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PLATES 8: Photograph of PDA pI t es inoculated with gut 
contents of Tribolium castaneum showing developing 
fungal colonies after incubation at 30 ' C for 7 days 
(x 1 / 3) 
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F. SURVIVAL OF ASPERGILLUS SPEC I ES IN 'TIlE GUTS OF 

COLLOSOBROCIi US MlICULA1'US , SITOPII/LUS ZEAMlIIS AND TRIBOLIUH 

CASTANEUM 

Th e results'of t h e experiment con tai n important informat ion'CJI1 

h ow long ingested A. flavus, A. fumigatus a nd A ocllrace us would 

remai n viable in the guts of C. ma cu latus, S. zeamais a nd T . 

castaneum. Pla tes 9 to 11 are photographs of 7 day old pure 

cultures whi c h developed on PDA plates inocu l ated with gut 

contents taken two days after feedi ng of t h e insec ts . 

The results in Tables 30 to 32 showed two notable aspects 

of survival. First, A. flavus consist~ntly survived l ongest in 

the guts of the three insect species. Secondly, with each fungus 

species, l ongevity in the guts of the three insect pests var ied. 

The latter has been illustrated in Fig 4 which was constructed 

with percentage viability ca l c ulated from the data in Tab l es 30 

to 32. 

A. flavus survived l ongest (8 days) (Table 31 ) in t h e gut 

o f s. zalnais and shortest (5 days) (Table 32) in t h e gut of T. 

castaneum. 

A. fumigatus survived longest (6 days) (Table 31) in the gut 

of S. zeamais and shortest (4 days) (Table 30) in the gut of C . 

maculatus. 

A. ocllraceus survived longest ( 6 days) (Table 30) in t he gut 

of C . macul atus and s hor ,test (3 days) (Table 32) in t he gut of 

T . castaneum. 
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TABLE 30 

Survival of Aspergillus species In t he gut of Collosobrochu s 

maculatus fed on inocul ated cowpea seeds wi t h t h e species 

(contents of gut plated on PDA and i ncubated at 30ne f or 7 da y. ) 

Time 

after feeding 

(Days) 

~) no. of colonies Pe r Petr i Pla t e o f 

A. flavus A. tumigatus A. ochraceus 

29 32 B7 

2 21 37 2B 

J 23 J 14 

4 15 1 13 

5 14 0 7 

6 4 2 

7 0 0 

B -* 

9 

* Readings dicontinued 
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TABLE J1 

survival of Aspergillus species In the gut of 8i t ophil us 

zeamais fed o n inoculated maize grai ns with the s pecies 

(Contents of gut plated o n PDA and inc ubated at JOoC for 7 days) 

Time 

after feeding 

(Days) 

[)I\'\;Ck-1\ no. of co loni es Per Petri Plate of 

A. flavus 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Reading discontiued. 

J8 

98 

20 

6 

7 

14 

1 

1 

0 

A. fumigatus A. ochraceus 

41 5 

42 33 

16 5 

25 2 

12 0 

2 -* 

0 
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TIIBLE J2 

survival of Aspergillus species In t h e gut of Triboli um 

casaneum fed o n i noculated maize grain s with the species 

(contents of gut p l ated o n POll a nd inc ubated at Jaoc for 7 days ) 

Time 

after feeding 

(Days) 

jYI "'~,,) no. o f colonies Per Petri Plate of 

2 

5 

6 

7 

8 

9 

A. flavus 

22 

15 

6 

13 

J 

a 

-* 

Reading discontinued. 

A. fumigatus A. ochraceus 

JJ 87 

18 1 

9 7 

J a 

4 

0 

.. 
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PLATES 9: Photograph of PDA Plates showing pure cultures otl),. 
f.l.il.Y.!.lJl after inoculation with gut contents of S. 
zeamais taken 2 days after the insect had been fed 
with fungus. Plates incubated at 30°c. for 7 days 
(x 1 / 2) . 
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PLATES 1 0: 

105. 

Photograph of PDA Plates showing pure cultures 
of A. fumigatus after inoculation with gut 
contents of C. maculatus taken 2 days a ft er 
the insect had been fedwl-!i.1\,t. fungus. Plat es 
incubated at 30'c. for 7 days Ix 1/2) . 
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PLATES 11: 

106. 

Photograph of PDA Plates showing pure cultures 
of A. ochraceus after inoculation with out 
contents of T. castaneum taken 2 days after 
the insect had been fed Wl"-J"" fungus. Plates 
incubated at 30'c. for 7 days Ix 1/2) . 
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~. GERMINATION OF CONIDIA OF ASPERGILLUS SPECIES IN EXTRACTS OF 

FAECAL PELLETS OF TilE INSECTS 

The resu l ts of t h is experimen t tabulated in Tab l e s 33 to 35 

showed that t h e faeca l pel l ets of t h e insect pests could serve as 

a medium for germination of the con idia of some of the Aspergillus 

species. The extracts of the faecal pel l ets of C. macul a tus 

supported germination of conidia of all t he seven Aspergillus 

species to varying degrees at the standard concentration (faecal 

pellets of 1,000 individua l s dissolved in 10 ml of ster ile 

distilled water) used (Tab l e 33) . 

Extract of the faecal pellets of S. zeamais at t h e standard 

concentra tion supported very low percentage germination of con i d ia 

of A. clavatus, A. ochraceus alJd A. sUlphureus only (Table 34 ) 

while the only species Ivhich showed germination in standard extract 

of the faecal pellets of T. castalJeum were A. clavatus, A. flavus 

'Inri A. ochraceus (Table 35) . 

The result also showed that some of the conidia became 

swollen, and thus initiated the germination processes, but wete 

unable to produce germ tubes during the incubation period of 24 

hours. 

There was neither conidi~ swelling nor germ tube development 

~Ihen the extracts were diluted to half the concentration of the 

standard. 
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TABLE 33 

Ge rm i na t ion of conidia of Aspergi l lu s species i n a que o us solution 
o f f aeca l pel l ecs of CalJosobrocilUs macul atu s i nc u ba t e d at 3 0°C for 
24 ho u rs . 

( Each va l u e of Percen tage Germi nation based on a tota l of 500-6 00 
o bser ved con idia ) 

Asper g i l lus 
spec i es 

A. c l avatus 

A . f l avus 

A. f umi gatus 

A. niger 

A . ochraceus 

Concen tr1:\tion of 
aqueous faeca l 
Pe llet solution 

standard 

1/2 Dilution 

standard 

1/2 Dulution 

standard 

1/2 Dilution 

standard 

1/2 Dilution 

standard 

1/2 Di l ution 

A. s Ul phureus standard 

1/2 Dilution 

A. ustu s standard 

1 /2 Dilution 

Percentage Mean Germ 
of conidia Percentage tube length 

swollen germ i nation (M~) 

22.8 6.9 96. 9 

0.0 0.0 

29.7 6.9 10 4 .6 

0.0 0.0 

19.1 8.6 115.2 

0.0 0.0 

12.5~ 10.0 108.6 

0.0 0.0 

18.2 7.1 85.9 

0.0 0.0 

16.2 8 .3 84.6 

0.0 0.0 0.0 

12.7 6.0 71. 6 

0.0 0.0 
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Tl\BLE 3 ~ 

Germination of conidia of Aspergi llu s species in aqueous so lution 
of faeca l pellets of sitophi lus zeamais inc ubate d at 3 0DC for 24 
hours. 
(Each va lue of Percentage Germination based on a total of 500-600 
observed conidia) 

concenl:tt\tion of Percentage Mea n Germ 
l\spergi llus aqueous faecal of conidia Percentage t ube length 
species Pellet solution swollen germi nation (~") 

A. clavatus standard 34.8 1.0 93.2 

1/2 Dilution 0.0 0.0 

JI. flavus Standard 29.7 0.0 

1/2 Dulution 0.0 0.0 

A. fumigatus Standard 38.8 0 . 0 

1/2 Dilution 0.0 0.0 

A. niger Standard 17.8 0.0 

1/2 Dilution 0.0 0.0 

JI. ochraceus Standard 25.5 0.7 183.14 

1/2 Dilution 0.0 0.0 

A. sUlphureus Standard 13.9 0.7 111. 6 

1/2 Dilution 0.0 0.0 

A. ustus Standard 6.5 0.0 

1/2 Dilution 0.0 0.0 
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TIlBLE 35 

Germination of conidia of Aspergillus species i n aqueou s s o lu t i on 
of faecal pe llets of Tribolium c a staneum incubated at 30°C for 24 
hours . 

(Each value o f Percentage Germi nation based on a total of 500-600 
o bserved conidia) 

Co ncenl::ibtTOil of Percentage Mean Germ 
IIspergillus aqueous faecal of conidia Percentage tube l e ngth 
spec ies Pellet solution swollen g e rmination (/.ll!!) 

A. clavatus standard 15.1 21. 5 110.6 

1 /2 Di l u tion 0.0 0.0 

A. flavus standard 12.0 13 . 7 112.2 

1/2 Dulution 0.0 0.0 

A. fumigatus Standard 14.3 0.0 

1/2 Dilution 0.0 0.0 

A. niger Standard 11.7 0.0 

1/2 Dilution 0 . 0 0.0 

A. ochraceus Standard 11. 1 5 . 4 75.9 

1/2 Dilution 0.0 0 . 0 

A. sulplJureus Standard 0 . 0 0 . 0 

1/2 Dilution 0.0 0.0 

A. ustus standard 0 . 0 0.0 

1 /2 Dilution 0.0 0 . 0 
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II. DISPERSAL OF CON I DIA OF l1SPERGILLUS FLAVUS ATTACHED TO THE 

BODIES OF SI2'OPHILUS ZEllMllIS lIND TRIBOLIUM Cl1STANEUM 

The conidi a of the sporulating contaminant fungi wollld 

definite l y adhere to the body of insects whi c h would brush agai nst 

the conidial apparatus. The results of t hi s experiment have shown 

how much of the initial load of conidia 'lOuld be lost as the 

insects migrated among the heaps of grai ns a nd seeds. The resul~ 

of this investigati on in which the insects were made to pick up 

conidia and then move along a column of maize grains in glass tubes 

are presented in Tables 36 to 41 and in Figs. 5 and 6. Plate 12 is 

a photograph of the set up. 

The results could be summarized as follows: 

(a) The percentage of conidia removed depended on the pore size 

among the maize grains irrespective of the insect species. 

For the two insect pests, the respective percen tages of 

conidia still adhering to insects Which had travelled over 

lOOcm through the small-sized, medium-sized and large-sized 

maIze grains were: 

.Sitophilus zeamais: 12.2, 15.3 and 23.3 percent (Tables 36-38, 

fig. 5). 

Tribolium castaneum: 11.5, 12.1 and 17.2 percent (Ta bles 39-

41, Fig. 6). 

(b) The conidia were generally more easily removed from the bodies 

of Tribolium castaneum than those of Sitophilus zeamais. The 

values r ... om the experiment carried out with the large-sized 
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mai ze grai n s s h owed marked differences. The percen tage of 

conidi a remaining o n the bodies of s itophilus zeamais after 

trav elling over 25 , 50, 75 a nd 100c m was 27.5 , 19.6, 18.0 a nd 

23 . 3 p ercent , r es p ec ti ve ly, (Ta ble 38 ) . The correspondi ng 

figures f o r 7'r iboliulll castaneum '",ere 19. 5 , 1 7.2 , 13.8 and 17.2 

percen t respectively (,rable 41). 
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Tl\BLE 36 

proportion of Aspergillus flavus con i dia st ill adheri ng to the b ody 

of sitoplJilus zeamais after trave lling t h rough s mall-sized maize 

grains (5. 3-8 . 5 x 4.04 -7.30 mm) over different dis t a nces 

Length of co lumn 

o f packed grains 

I (cm) 

25 

50 

75 

10 0 

Mea n No. of conidi a Percentage of 

per insec t mI·' origi na l load of 

(x100) 76x100ml·! 

24.8C 32.8C 

1 2 .4B 16 . 4B 

9 . 21\ 12.21\ 

Means with the same lette r are not significantly different. 

Confidence limits ca l cu lated at 95% . 
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TABLE 37 

Proport i o n of Aspergillus flavus conidia still adhering to the body 

of Sitophilus zeamais after tra ve lling through Medi um-s i zed maize 

grains (B. I -I0.2 x 6.00-B.21 mm) over different distances 

Length of co l umn 

of packed grai ns 

(cm) 

25 

50 

75 

100 

Mean No. of conidi a Percentage of 

per in sec t mI·' original load of 

( x l OO) 76xl00ml· ' 

15.6C 20.6C 

12.BBC 16.9BC 

9.6A 1 2 .7A 

11.6B 15 . 3B 

Mea ns wi t h the same l e tter are not signifi cantly different. 

Conf i dence limits ca l cu lated at 95%. 
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TABLE 38 

Proporti o n of Aspergillus flavus con idia still a dhering to t h e bod y 

of sitophilus zeamais after travelli ng throug h Large-s i zed maize 

grai ns (size range of 9.5-12.2 x 7.5-9.5mm) over di f fere n t 

distances. 

Length of column 

of packed grains 

(cm) 

25 

50 

75 

100 

Mea n No. of conidia Percentage o f 

per insect ml " original load of 

(x lOO) 76x100m l -1 

20 .80 27.50 

14.8AB 19.6AB 

13.6A 18.0A 

17.6C 23.6C 

Mea ns wi th the same letter are not significantly different. 

Conf i dence limits calculated 

a t 95%. 

University of Ghana http://ugspace.ug.edu.gh



116 

TIIBLE 39 

Proportion of Aspergillus £lavus conidi a sti ll adhering to t h e body 

of Tribolium castaneum after travelling through small-sized maize 

grains (5.3-8 .5 x 4.0~- 7.30 mn) over different distances 

Length of column 

of packed grains 

(cm) 

25 

50 

75 

100 

Mean No. of conidia Percentage of 

per insect ml' origina l load of 

(xlOO) 70x100m l " 

12 .4B 17 . 88 

9.211B 13.2AB 

8.0/\ 11 . 5/\ 

Means with the same letter are not significantly different. 

Confide nce limits calculated at 95%. 
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TlIBLE 40 

proportion of Aspergillus Clavus conidia stil l adhering to t h e body 

of Tribolium castaneuJil after travelling through Medium-sized maize 

grains (8.1-10. 2 x 6.00-8.21 mm) over different distances 

Length of column T"1ean No. o f conidia Percentage of 

of packed grains per insect mI" origina l load of 

(cm) (x100) 70x100ml" 

25 15.6C 22.4C 

50 10.0B 14.4B 

75 9.611B 13.8AB 

100 8.4A 12.1A 

Means with the same letter are not significantly different. 

confidence limits calculated at 95%. 
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TA BL E ~1 

proporti o n of As pergi l l us f lavus conidi a s t i ll a d hering t o t h e body 

of Tribo lium cas t a neum a fter trave ll i ng t h rough La rge-s i zed maize 

gra ins (s i ze r a ng e of 9 . 5- 12.2 x 7 . 5-9 . 5mm) over differen t 

dis t ances . 

Length of column 

o f pa c ked gra in s 

(c m) 

25 

50 

75 

100 

Mea n No. of con id i a Pe rcenta ge of 

pe r i nsect ml' or i g inal load o f 

( x100 ) 70x 100ml~ 

13.6B 19 . 5B 

12 . 0B 17 . 28 

9.6A 13 .8 A 

12.0B 17.2 B 

Mea ns with the same l etter are not significantly d i ffer e nt . 

Conf idence limits calculated at 95%. 
1 
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Fig . 5 Three- dimensional graph showing percentage of the 
original load of conidia still adhering to the bodies of 

S . ze amais after travelling through small-, medium ­

and large- sized maize groins over a total distance 
of 100 em . 
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Fig . 6 Three-dimensional graph showing percentage of the 
original load of conidia still adhering to the bodies 
of 1. castaneum after travelling through small, medium 
and large- sized maize groins over a total distance 

of 100 cm . 
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PLATES 1 2: 

121. 

Photograph of apparatus designed to measure 
loss of conidia adhering to bodies of S. 
zeamais and T. castaneum moving through a 
column of maize grains (M) . Insects 
introduced through the opening at the left 
(arrowed) crawled over a culture disc at the 
entrance and were induced to travel along the 
column as the brown paper shield (S) was 
gradually pulled back (x 1.5). 
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I. BACTERIAL FLORA OF DEAD BODIES OF THE THREE INSECT SPECIES 

The resu lts o f this investigat i o n are p r esented in Tables 42 

to 44 a nd Fig 7. Insects whi c h ha d been bred for this experiment 

as s hown in plates 13 a and b a nd then ki ll ed with ether had even 

at the time o f killing,a bacteria l flora which was not affected by 

th e ether. PIa te 14 s hows 4 B hours- old bacteria l colonies on 

Nutrient Agar inoculated with different di l utions o f Tribolium 

cas tan e um body washings prepared immediately after etherizi ng the 

insec t s . The initial bacterial l oad varied wi th the insect 

spec ies . sitopililus zeamais had the highest colony forming units 

of 2B l x 10' per ml of suspension (Table 42) and C. maculatus had the 

leas t of only 27xl~ per ml of suspension (Table 42). 

As ca n be clearly observed in the graphs o f fig 7 the 

population fluctuation on the three insect species then followed 

different patterns. The popUlation on T. castaneum fell sharply 

within 24 h ours to 12.Bxl~ per ml and disappeared totally by the 

4th day (Table 44). 

There were, however, bacteria on the bodies of the other t wo 

species on the 6th day. There was a low population of 5.0xl~ per 

ml of s uspension o n s. zeamais on the 6th day (Table 43) whi le the 

C. maculatus insects had a population of 37. BxlO' per mi of 

sus pension o n that day (Table 42). The bacteri~ popUlation on C. 

ma c ulatu s showed a significant increase to a peak of 201.3xl~ per 

ml of suspen~ion on the second day after deat~ before declining 

gradually to 37.Bxl~ per ml of suspension on the 6th day. Hore 

varied bacterial f orms occurred on the bodies of S. zeamais (Table 
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43 ) tha n o n t hose of the other two spec i es . Gene rally , the 

majorit y of the bacteria l species were baci lli a nd cocci, a nd t hey 

were a mixture of Gram-posit i ve and Gr am- negat i ve as s h own in t h e 

tables of results. There were more Gra m-posi ti ve tha n Gram­

negative co l o ni es. 
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r 
Tf',.BLE 42 

Viable count of bacterial flora on dead bodi e9 of Call1!lS'Obrochus maculatus kept at 30°C {or 6 days 

Morphology of c ells 6 f 
-. 

10 Reaction of cells of the 10 colonies to 
Time after Mean No. of randoml y selected difjferent Gram staining 

inse cts colony forming c olo ny t ypes (spec i es) 
were units per ml of Reaction of bacilli Reaction of cocci 

ethe r ized suspens ion 
(Days) (x 104

) Bacilli Cocci Vibro Filamen- No.of No . of No. o f No. of 
tous Colonies Colonies Colonies Colonies 

+ve - ve +ve - ve 

0 27.5 10 0 0 0 10 8 2 0 0 0 

1 108.8 3 7 0 0 4 2 2 6 4 2 

2 201.3 7 3 0 0 7 6 1 3 2 1 

3 141. 8 3 7 0 0 3 2 1 7 4 3 

4 76.3 6 4 0 0 6 6 0 4 1 3 

5 72.3 5 5 0 0 5 3 2 5 2 3 

6 37.8 6 4 d 0 6 4 2 4 2 2 
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l TABLE 43 
Viab l e count of bacterial flora on dead bod(es of Sitophilus zeamais kept at 30 D c01 6 days 

Morpho l ogy of cel l s of 10 Reaction of cells of .the 10 colonies to 
T i me after Mean No. of randomly se lected ~ifferent Gram st"aiAing 

insect s colony forming colony types (sHecies) 
were units per ml of Reaction of bacilli Reaction of cocci 

ether i zed suspension 
(Days) (x 10' ) Bacilli Cocci Vibro Filamen- No.of No . of No. of No. of 

tous Colonies Colonies Colonies Colonies 

+ve - ve +ve - ve 

0 28 1.0 3 5 2 0 2 0 2 6 4 2 

1 4.3 5 5 o I 0 5 5 0 5 5 0 

2 1 2.0 4 6 0 0 4 3 1 6 4 2 

3 13.3 6 4 0 0 6 5 1 4 3 1 

4 33 . 0 3 5 0 2 3 3 0 5 3 2 

5 25.0 3 4 3 0 3 3 0 4 0 4 

0 8 4 4 2 0 2 
6 5.0 8 2 0 
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TABLE 44 

Viable count of bacterial flora on dead bodi¢s of Tribolium castaneum kept at 3o°c0~ 6 days 

Time after 
insects 

were 
etherized 

(Days) 

0 

1 

2 

3 

4 

5 

6 

Mean No. of 
colony forming 
units per ml of 

suspension 
(x 10') 

104.5 

12.8 

2.5 

4.3 

0.0 

0 . 0 

0.0 

Morphology of ~ells of 10 
r a ndomly selected different 

co lony types (species ) 

Bacilli 

8 

]0 

5 

0 

Cocci Vibro l Fil amen­
tous 

2 0 0 

0 0 0 

5 0 

1 '1 

0 
I 

10 0 I 0 

Reaction of cells of the 10 colonies to 
Gram staining 

Reaction of bacilli 

No.of 
Colonies 

8 

10 

0 

10 

No. of 
Colonies 

+ve - ve 

6 2 

3 7 

0 0 

10 0 

Reactiom of cocci 

No . of 
Colonies 

2 

0 

10 

0 

No. of 
Colonies 

+ve - ve 

2 0 

0 0 

10 0 

0 0 
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Fig .7 Num ber of bacterial colonies on Nutrient Aga 'r plates 
inoculated with washings of dead bodies of three Cole opteran 
sp ecies and incubated at 37°C for 48 hours, 

University of Ghana http://ugspace.ug.edu.gh



PLATE S 13: 

128. 

Photograph of insect-breeding chambers (x 1/3 
- a: closed chambers 
- b: open chambers showing S. zeamais ( l eft) 
and T. castaneum (right) 
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PLATE 14 : Photograph showing 48 hour-old bacterial colonies 
on Nutrient Agar inoculated with d ifferent 
dilutions of T. castauem body washings prepared 
immediately after ~therizing the insects. 
FROM LEFT: standard solution and 10", 10'2, 10.3 and 
10" dilutions (x 1/4) 
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J. FUNGUS FLORA OF DEAD BODIES OF THE THREE INSECT SPECIES 

Despite the bac teria l growth o n the eth er i zed insect bodies, 

fungi could also co l o ni ze the dead bodies. The result s in Table 45 

showed tha t all the 20 bodies of eith er c. maculatus or S . zeamais 

randomly selected o n the ~ th day were coloni zed . There was a l ower 

level of invas ion of T. castaneu m bodies (70 p er cent) . 

T. castaneum bodies had the s ma llest number of fu ng a l species 

of two, S. zeamai s had three fun ga l species a nd five fungal species 

were i solated from bodies of C. maculatus. Aspergillus f l avus was 

by far the predominant species present be.1 n.9 ~O, 70 a nd 65 per cent on 

the bodies of S. zeamais, C. macula tus and T. c as t aneum, 

respectively. 
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TIIDLE 45 

Fungi isolated from dead bodies of the three coleopteran insect 
species, six days after they had been killed with ether and kept at 
JODC. 

Percentage of Fungal species and 

Bodies showing Percentage of 

fungal gr.owth bodies contaminated 

(out of total in parenthesis 

Insect species of 20) 

Callosobrochus 

maculatus 100 Aspergillus flavus (10) 

Aspergillus niger ( 10) 

Mucor sp. (10) 

Rhizopus sp. 5) 

Tr iciJo\ci~Y'VIq vir ide 5) 

SitopiJilus zeamais 100 Aspergillus flavus (90) 

Aspergillus niger 5) 

Curvularia sp. 5) 

Tribo lium castaneum 70 Aspergillus flavus (65) 

Cladosporium sp. ( 5) 
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v. DISCUSSION 

The role of pests of stored grains and seeds in the 

persistence and spread of c ontaminant fungi has been the major 

subject of the investigation reported in this thesis. The 

dispersal of fungi has been of interest and subject of many 

investigators from many different points of view. The insects 

as a group are prominent agents of di s persal . 

One aspect of general biological interest is the CUltivation 

of fungi by ants, beetles and termites. Approximately 100 

species of tropical and SUb-tropical Myrmicine ants have the 

remarkable habit of CUltivating fungi on which they feed. These 

ants cut out bits of leaves and carry them into their underground 

nests which are used in building spongy masses that serve as a 

fungal culture medium. 

and mycelium of a 

The medium is then inoculated with spores 

parti c ular species with which the ant 

associates. The inoculum i s us ually carried by the queen in her 

infrabuccal pouch (Wolf and Wolf 1947). Specific fungi are 

therefore found in the ga r dens of particular ants. For example, 

Cladosporium myrmec ophilum is cultivated by Lasius fuliginosus, 

Hormiscium pithyophilum is CUltivated by Lasius umbratus and 

Lentinus alticolus is cultivated by Atta c ephal o tes (Weber 1938). 

Similarly termites raise fungi in their termitaria 

essentially for feeding the nymphs. Among the species of these 

fungal gardens are Agaricus termitigina, Pluteus 

Tricholoma subgambosum and Xylaria Iligripes (Wolf 

1947) . Members of the genus Termi tomyces are of 

interest. They proceed to produce basidiocarps 

termitus, 

and Wolf, 

particular 

when the 

termitarium is abandoned by the termites, and they are freed from 
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gra zi ng . The fruiting bodies are l ong-stiped large edible 

basidiocarps ,"h ich emerge above the surface of the mound. Some 

of the c her ished species in t he tropica 1 reg ions are Termi tomyces 

fUliginosus a nd TerJllitomyces Ie Testui . In the western Region 

in Ghana, farmers e nc o'lrage termites to extend their fungus 

gardens and plant more Termitomyces Le Testui by piling leaves 

of o il palm (Elaei s guineensis Jacq.) in the immediate vicinity 

of termitaria and, thereby , place abund a nt vegetable matter at 

the door of the termites for t heir use (Clerk, G.C., personal 

communi cation) . 

Another story of d i spersal of fungi whi c h are food for the 

insects is the associations between the stinkhorns (P~ 

species) and flies a nd bet'leen rusts and members of Hymenomy­

cetes a nd mites. The sti nkh ornS produce a gelatilt'3eJ glebal mass 

which is attractive to carrion f lies because of its putrid odour . 

The basidiospor~embedded in the glebal mass are i ngested with 

the slime and are later voided after passing unh armed through the 

alimentary canal. 

Oidia of members of the Hymenomycetes and pycniospores of 

rusts are embedded in a sugary mu c ilage. Mites attrac ted by the 

mucilage carry oid i a and pycniospores whi c h ha ve adhered to their 

bodies to the genetically complementary monokaryotic hyphae of 

the Hyme nomycetes a nd the receptive hyphae of the rusts, 

respectively, to bri ng about diploidization whi c h initiates the 

formation of the dikaryotic seconda ry phase o f these fungi 

(Alexopoulos and Mims, 19 79; Webster, 1910). 

Many other fungi are dispersed by insects not because part 

of the thallus is food [or the insec ts, but because of the 
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association between the fungi and food of the insects. Palm 

wine, the common tropical drink made of the fluid from the phloem 

of oil palm (Ela eis guilleensis) and raffia palm (Raphia sp.) is 

inoculated naturally with yeast introduced by bees and fruitflies 

seeking the sugary palm wi.ne. The insects had picked up the 

yeast cells from a previous feeding source. 

Crowe (1963) reported that the uredospores of the rust 

Puccinia graminis parasitizing maize and rice are transported to 

remote plantations by hymenopherous parasites (Leptacis sp. and 

Synopeas sp.) which burrow into the uredor i in search ot 

mycophagous cecidiomyid larvae. 

This association is similar to that between some pollinating 

insects and some smut fungi. The dispersal of the chlamy­

dospores of the smut is accomplished quite fortuitously. Th. 

insects visit flowers in search of nectar and pollen. Becaus. 

the chlamydospores ef smut are formed in the ovaries of the 

flowers, chlamydospores from ruptured ovar ies are placed directly 

in the path of the foraging insects to be carried away on the 

insect bodies. The smut fungus ustilago violacea of campionj 

(Melandrium sp.) is dispersed in this way (Ingold, 1965). 

Naturally if tissues of plants which are food source to 

insects are diseased, the pests wou ld ingest both the plant and 

the fungus it is harbouring. If the fungus is unharmed in the 

insect gut, viable and effective, inoculum ./ill be voided and 

deposited on another host plant. septaria lycopersici, the cause 

of leaf spot of tomato, is among the many fungi dispersed thi. 

way by insects . 
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Finally, an insect which happens to be the host of a fungus 

parasite will have the chance of dispersing the fungus before it 

succumbs. Among the better-known species of the parasitic 

En tomophthoras may be mentioned Entomophthora muscae on 

h ouseflies, Entomophthora grylJi on crickets and Elltomophthora 

sphaerosperma o n caterpillars of cabbage butterflies. In each 

of these cases, the diseased insec t dies far away from the source 

of infection. 

What occurs in the 'Seventeen-year locusts', Tibicina 

septendecem, when it is infected by Ma ssos pora cJcadina is more 

spectacular and remarkable than events in hosts of Entomophthora 

species. The fungus grows within the insect's body and causes 

the posterior segments to drop off while the insect is still 

alive. The conidia are then dispersed as the insect crawls or 

flies (Speare, 1921) 

The fungal con\:<.lD,inants of the maize and rice grains and of 

bambara groundnut and cowpea seeds studied during this work wer~ 

so many that the three coleopteran insect pests, Callosobrochu~ 

maculatus, Sitophilus zeamais and Tribolium castaneum among the 

stored products might find suitable associate fungi for any form 

of dispersal they are capab l e of. The four products were all 

infected while on sale at five different markets at Kaneshie, La, 

Madina, Makola and Mallam Atta in the Accra district. 

Thirty-one species were isolated from the four products 

representing 15 ge nera, - Absidia, Aspergillus, Cladosporium, 

Drechslera, EpicoccuJn, PllsariuJI1, Mucor, Neocosmospora, 

Neurospora, Paecilomyces, 

Rhizopus and verticillium. 

Penicillium, Phoma, Pullularia, 

All except three were represented by 
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olle species only. Of the three exceptions, there were two 

Paecilomyces species, P. carlleus and P. pun tonii., six fully 

identified Penicillium species, P. chrysogenum , P. citrinum, PL 

expansum, P. funiculosum, P. italicum and P. oxalicum and one 

species which proved difficult to be fully identified, and a~ 

many as ten Aspergillus species, A. c l avatus, A. flavus, A. 

flavus-oryzae, A. fumigatus, A. niger, A. ochraceus, A. oryzae) 

A. sulphureus, A. ustus and 71. Iventii (see Tables 4-7). 

Based on their number (see Fig.2) the Aspergillus specie6 

would, first, attract the greatest attention as they would 

together produce abundant dispersal y~IIJ(l,J abu ndant inoculum, 

Secondly, they would cause t il e greatest deterioration of the 

grains and seeds, and thirdly, the type of species which wer~ 
i 

identified warned of the danger of mycotoxicosis if large 

quantities of the products were consumed. 

The mycotoxin producers among the contaminant Aspergillud 

species were A. clavatus, A. flavus, A. fumigatus, A. niger, A; 

ochraceus and A. ustus. A. clavatus produces Ascladiol and 

Cytochalasin E which affects cell division resulting in 

formation of mUltinucleate or anucleate cells. The most widelY 

studied mycotox ins are 7It la toxins produced by A. f lavus. The 

most potent among them is Atlatoxim B, which is hepato~ 

carcinogenic. A. niger, A. ochraceus and A. ustus produce 

Malformin AI, ochratoxin A and Austdiol respectively. Malformin 
I 

71, is toxic to Mammals, Ochratoxin A causes nephrotrophy and 

Austdiol is a gastro-intestinal toxin (Moss, 1977). A. fumigatu~ 

produces fumigatin a nd fumigacin both of which have been found 

to be toxic to experimental animals (Thom and Raper, 1945). 
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A. flavus is most important as it constituted 17.6 percent 

of th e e n t i re populG1tion, in comparison A. niger constituted 7.9 

pe r cent a nd A. fumigatus constituted a mere 2 . 0 percen t. Maize 

gra ins we r e most susceptible to A. flavus attack and rice grain~ 

we r e th e l east susceptib l e . The percentage frequency of A. 

f la vus o n maize grains, ri c e grains, bambara groundnut seed and 

cowpea seed s were 27.2, 9.2 , 19.6 and 15.0 percent, respectively. 

I t is, however, reassuring that A. flavus had not been 

consi s t e nt ly the domina n t contaminant species of grains and seeds 

accor ding to reports of earlier workers such as, Addis/H\. (1971), 

Da nqua h ( 1973) and Odamtten (1986). Danquah a nd Odamtteh 

isolated 11 a nd 21 contaminants, respectively, from maize. 

Odamtten did not identify any particular genus, including 

As pergillus, as dominating the mycoflora. Also Addison (1971 ) 

and Da nqu a h (1973) listed 22 and 29 contaminant fungi from ric. 

' grain s with ~urvularia emerging as the dominant genus. 8e as i~ 

may, the importance of the Aspergillus species should not be 

ignored as thei r presence in t hese reports was noteworthy if not 

overly s pec t acular. 

Furth e r more, the quality and quantity of the contaminants 

might dif fer depend i ng on the crop variety, region of 

cultivatio n, extent of drying of the products, length of storage 

period, th e region of storage with its peculiar airspora and 

climatic c o nd i t i o ns, and, the nature of chemical c hanges brought 

about by th e first colon izers, Each product in storage . 

therefore , needs to be studied to determine its level of 

wholesomeness. 

Notwithstand i ng, specific prodcuts would be associated with 
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a certain physiological group of fungi. Thus, oil seeds such as 

groundnut and castor oil seed would be attacked generally by 

fungi with the capacity to produce adequate levels of lipases. 

Seeds with high levels of protein parti cu larly legume seeds would 

be prone to attack by fungi ab le to synthesize proteolytic 

enzymes while fungi able to produce copious amounts of amylases 

are more associated with the grains (Cochrane, 1958; Hawker, 

1950) . But within each group differences may exist in the 

quality and quantity of the constituent compounds. That might 

explain the richer growth of fungi in cowpea seeds than bambara 

groundnut seeds (see Tables 4 and 5). 1~e higher contamination 

of maize than rice grains in this work (see Tables 6 and 7) could 

be explained. The proteinaceous aleurone layer of the maize 

grains was intact making them a richer substrate than the 

polished rice grains which had lost the aleurone layer in the 

process. Both Addison (1971) and Danquah (1973) studied 

contamination of unpolished rice grains in their husks . The 

comparatively higher vaiues of 22 and 29 species, respectively, 

they recorded were, therefore, in accord with the expected higher 

nutrient levels of unpolished grains. 

The most obvious and first symptoms of fungal contamination 

are the discoloration and wrinkling of the seeds and grains. It 

is when the moisture content of the product rises beyond a 

certain threshold that a visible fungal growth on the surface 

becomes obvious. Insect pests would, therefore, primarily 

disperse contaminant fungi internally after they have consumed 

i n fected grains and seeds. 

The results in Tables 27 to 29 showed that the lists of 
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fungi of the mycoflora of the guts of Call osobrocllus maculatus, 

sitophilus zeamais and Tribolium castaneum are fairly long. The 

respective list contained 14, 13 and 16 fungal species. Tlie 

mycoflora composition ref l ected the quality of the flora of the 

grains and seeds, showing a domination of Aspergillus and 

Penicillium species. 

The members of the gut mycoflor a would apparently remain 

viable for reasonable lengths of time, thereby allowing the pests 

to release viable inoculum of an ingested fungus over a numb~r 

of days. The d ata in Tables JO to J2 indeed, demonstrated that 

after a single feeding, viable A. flavus was present in the gut 

of C. maculatus, s. zeamais and T. castaneum for 6,8 and 5 days, 

respectively. The corresponding days for A. fumigatus were 4,6 

and 5 days, respectively, and 6,J and J days, respectively, for 

A. ochraceus (see Fig.4). 

But feeding is a continuous event, and it is, therefore, 

reasonable to suggest that throughout the lives of these insect 

pests, they would carry viable fungi in their guts and disperse 

them with their faecal pellets. Later investigations should find 

out whether the mycoflora of the gut has any effect on the life 

span and activities, both physiological and reproductive, of the 

insects. 

The acquision of viable fungi during feeding is quite a 

common phenomenon. The results of the present studies have sho~n 

that there was an indiscriminate acquision of the fungi by C. 

maculatus, s. zeamais and T. cas(;aneu11l. The idea that some 

animals are selective is very interesting, and the external 

mycoflora and the gut mycoflora could be quite different 
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qualitative l y. pitts and Cowley (1973) observed t hat t h e 

percentage frequency of the yeast, ru,odotorula mucilaginosa, in 

the surface S I''''Q " ,,~J "", the burrow was 65.0 and 20.0 percent 

respe c ti ve ly while a higher percentage frequency of 94.0 occurred 

in the midgut of the fidd l er crabs l{ca p ugilator. with the 

excepti o n of the yeast Rhodotorula lfIucilaginosa, t here appeared 

to be no evidence of selection of specific fungi in the feeding 

of the fiddler crab. 

When the moisture content of the grains and seeds rish, 

surface fung a l growth would appear and internal dispersal would 

be accompanied by ex terna l dispersal by the insect pests. This 

could be important if abundant spores are produced by the fungi. 

In an experiment using only SitopiJilus zeamais and Tribolium 

castaneum which are not active f l iers, a lot of the conidia 

adhering t o the bodies of these insects was easily removed a~ the 

insects brushed against the maize grains among which t hei were 

travelling. The insects were induced to migrate over a distance 

of 100cm. Over a distance of onl y 25cm, 67.2 percent of the 

conidia attached to the body of S. zeamais travelling through 

small-si zed grains was removed; 79.4 percent of the conidia bn 

S. zeamais t(qvelling t h rough medium- sized grai ns was removed, aj1d 

in tests using large-sized grains 72.5 .percent of t he conidia was 

removed. Over a distance of 100cm the percentages of conidia 

removed were 87.8, 84.7 and 76.7, respectively (see Tables 36 ~o 

38) . A similar trend was observed wi th experiments with T. 

castaneum (see Tables 39 to 41). 
, 

Th ere was , thus, a direct 

relationship between the size of the pores a mong the grains, and, 

therefore, the frequency of col lisi o n of the insects with the 
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grains. 

Whether the spores were dispersed internally or externall~ 

the faecal pellets could become a substrate for the germinatioh 

of spores and growth of mycelia. Germination in condensed water 

droplets on the insect bodies would, however, concern conidia anr 

hyphal frangments carried on the insect body only. The body 

leachates, equivalent to condensed water droplets on the bodies, 

of C. maculatus, S. zeamais and T. castaneum had different 

effects on the conidia (see Tables 8-11). Considering the 

undiluted leachates only, leachate of C. maculatus supported 

germination of conidia of A. clavatus (50.2 percent) A. flavup 

(70.4 percent) A niger (44.0 percent), A. ochraceus (49.6 

percent), and A. sUlphureus Pl.3 percent). The leachate of S. 

zeamais supported germination of conidia of A. flavus (76.2 

percent), A fumigatus (~5.2 percent), A. ochraceus (66.3 percent) 

and A. ustus (53.8 percent) (see Table 9) and the leachate of T ,. 

castaneum supported germination of conidia of A. clavatus (39.2 

percent), A. flavus (52.~ percent) A. ochraceus (69.5 percent) 

and A. ustus (46.1 percent) (see Table 10). It is worrying tha): 

A. flavus and A. ochraceus which produce such potent mycotoxins 

could germinate so well in all the l~achates, while the conidi~ 

of the rest were induced to germinate by adding extracts of the 

axes of the embryo, cotyledons and testa of the seeds of bambara 

groundnut and cowpea and extracts of maize and rice grains to the 

leachates (see Tables 12 to 19). That is likely to occur in 

nature when condensed water droplets on the insect body mixes 

with washings of surfaces of wounds on the products. 

Because conidia of Aspergillus species did not germinate ih 
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germi nate i n th e leachates was d ue to l ack o f nu tr i e nt s or 

prese nc e of inhibi tory factors. 
In h ibitor y factors could b~ 

over come by reaso nab l e h i~ l concentrations of nu tr ients a nd thh 

t f t l t · i ex trac SOle I Ssu es of t he grains a nd seed s cou l d have pl ayed 

th a t ro l e . 
It i s a commo n practice to offse t th e inhib itory 

effe c ts of s o i l fungistasis by adding nutrient s (Cl erk, 196 9 ) . 

If the atmospheric humidity of the storage r ooms were kep~ 
! 

l ow , it wou l d p l ay ma ny roles. It will restrict t he act i v i ty o f 

t he fungi in t h e grains, it would prevent surface myce l ia~ 

growt h , c ond e nsed water droplets would not form a nd t h e f aecal 

pe l lets would remain dry. Avoiding t he forma t ion of condense~ 

water drop l e ts wou l d remove the danger of conidial germinatioh 

of Some spec i es a nd t he growth of hyphal fra gments of all t h h 

species used i n t he test. For , the leachates of c. maculatus! 

·S . zeama i s and T. castaneum individually supported growth of th~ 

s eve n As pergill us species (see Tables 20 to 26). 

Dry faeca l pe l lets are unsuitable sUbstratum for conidia~ 

germination a nd hyphal growth. However, once they are moistened 
, 

some of t h e seven Aspergillus species would find a congenia l 

med i um f o r conidia l germination. Conidia of all t h e seveh 

As pergil l us species germinated in aqueous solution of faecal 

pel l ets of Call osobrochus ma culatus, even if the percentagE. 
! 

germi nat i on was l ow in each case, ranging from - 6.0 to 10.6 

percen t (see Tab l e 33). Conidia of only t hree species, A~ 

Clavatus ( 21 .5 percent), A. flavus (13.7 percent) and A. 

oChraceus (5. 4 percentT could germinate in solution of faecai 

Pellets of Tri bo l ium castaneum, (see Table 35) and again con idia 
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of only three species name l y A. clavatus, A. ocilrace us a nd A. 

sulphureus germinated feebl.y (0.7-1. 0 percent) i n the solution 

of faecal p e llets of A . s ul phureus. The pellets were externa lly 
I 

tiny a nd would eas ily pass t h roug h jute sacks. I t is likely tha~ 

because of the l ow germination level t hey supported, t heir 

contribution to the persistence a nd dispersal of the seven 

Aspergillu s species in stored grains and seeds wou ld be 

insignificant. 

In con trast, t he bodies of the insects were l arge and o~ 

death would contribute a SUbsta ntial amount of substrate for 

fungal growth i r r espective of the ambient relative humidity 

i because there exists already fluids in the gut and haemocoel . ' 
, 
. All dead bodies of Callosobrocilus m8culatus a nd si tophilus 

zeamais pic ked rand om l y from maize grains kept at med i an 

a tmospher ic humidi ties were invaded by fung 1. A. flavus, A .! 

niger , mucor sp., Rili zopus sp. and Trichoderma viride were, 
I 

isolated from t h e bodies of C . maculatus. The presence of Mucoz; 

sp. and Rhi zopus sp. suppbrted t h e suggestion that there was 

adequate water conte nt in the bodies of C. maculatus, S. zeamais 

was invaded by A. flavus, A. niger and Curvularia sp. and T. ' 

castaneum dead bodies had A. flavus and Cladosporium sp. which 

were isolated from 70 percent of the bodies plated (see Table 

45) . Wolf and Wolf (1 947) noted t hat the genera Alternaria ,! 

Aspergi l lus, Cladosporium a nd Penicillium appear on insect bodies' 

only after death, a nd not on the li ving insects . Th.:3, at least" 
I 

is no more applicable to Aspergillus species, and the l iving and 

dead insect bodies may both support Aspergi llus growth and serve 

as sources of inoc ulum . A wide ra nge of insects have been s hown 

University of Ghana http://ugspace.ug.edu.gh



1 4 4 

i n t he l as t three decades to be susceptible to infec tions by 

Aspergillu s s pec i es. Locusts are prey t o t he se s pec i e s: for 

exa mp l e , Sc ll istocerca gregaria i n Tu rkey (Ma d e l i n , 1966 ) a hd 

Pak i s t a n (Abas , Hasa n , lI ag and Hashi r, 1959 ) t o A. flav us, a hd 

Locustana parda li na i n Sou t h Af r ica t o A. parasi ticus (Pr i nsloo, 
, 

1960) . New hosts fou nd to be susceptible to A. f la v us i n the 

l aborato r y inc l ude t h e bedbug, Cimex lectul ari us (Cockba in a nd 

Hastie, 196 1) , a nd the termite, Reticulitermes virgin icu s ( Be~ l 

and Kais, 1962), while insect parasitism has been demons t ra t ed 

for the fir s t t i me in Aspergillus ustus wh i c h was fo und a ttack i hg 

l arv ae o f He l iozela staneela (Prota, 1962). It is poss ible th~t 

A . f l avu s , wh ich is such a ~uisance in stored grains a nd seeds 

may d o a good tur n by attacking the pest s. 

Furth ermore, some Aspergillus species have been shown by 

Kodaira (1 961) to produce toxins active against si l kworm~. 

Aspergillus f l avus, A. japonicus, A. ochraceus and A. oryzae on 

va r ious cul ture media produced materials which were toxic when 

ingested by si l kworms. The toxins formed by A. ochraceus wet e 

two dip e pt ides , -L-prolyl - L-Ieucine anhydride and L-pro l y l-L-

va l i ne a nhydr i de. It remains to be found out whether the two 

common s pecies A . flavus and A. ochraceus will find the grains 

a nd seeds sui table substratQ.Q for the production of these toxic 

mater i als f or a welcome biological control. 

I t was noteworthy that the large bacterial populatins on the 

dead insec t bodies did not inhibit the growth of the funga l 

s p ec i es. However, the lists for each was short, and t he low 

popu l.Qt i o n coul d be due to a n ti b ios i s agai nst some fungal species 

by th e bacteria or to the absence of essentia l compounds 
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I

required by some fun ga l s pec i es. 

Th e hypo thes i s of prese nce o f a ntibios i s i s reasonable" 
I 

because o f th e l eve l s o f th e bac t er i a l populati o ns whi c h were 

initially high o n th e bodi es of S. zeamai s ( 28 1 . 0 x 1~ p e r ml of 

suspension) (see Ta bl e 43) a nd T . c ast aneum (104 . 5x 10' per ml of 

suspensi o n) (see Tab l e 44 a nd P l ate 14 ). Eve n t ho ugh the level' 

was quite l ow init ia ll y o n c. macula t us bod ies i t incre a sed to 

108 . 8 and 2 01. 3 x 1 ~ per rol of suspe ns i on, respectivel~ o n the 
I 

sec ond and t h i r d d ays, res pectively (see Ta bl e 42 ) . The bac teria 

included ma ny Gram - posi t ive bacil li whi c h a re no t ed f o r the 

produc tion o f an t ib i otics. As decomp os iti o n progressed the, 

bacterial popu l~tion natura lly dec line d in the f ace o~ 

diminishing l evels of nutrients (see Fig.7 ). 

There a r e many records of bacteria l fl ora o f insects .! 
, 

Cocoons o f n ew l y e merged p i ne sawf lies, Di p r ions sinili~, eac h 
i 

contain a r esi n filled sac- l ike s t omod aen a ttac h e d to the cast 
I 

skin of t h e prepupa l mou l t. Investi ga ti ons by Phillipse n an~ 

Coppel (1 975 ) r evea l ed t hat the stomodaea l sacs ha rboured severall 
i 

species o f bacter ia . Both Gram- posi ti ve a nd Gr am- negative forms 

were obs erved among the iso l a t es. Represen t ati ves of ~he 

families Enterobact e r aceae, Micro cocca c eae, Pseudomonadaceae and 

Lactobaci ll aceae vlere recovered. Numbers of Ps eudomonadaceae and 

Enterobactereaceae were e ncou nte r ed mos t f r e quently. The present 

studies e mph as i sed t ha t f u nga l f l ora a nd th e ba c terial i s olates 
I 

were no t ide n ti f ied by name. Thi s c ould be a major subject o~ 

future ·In vestigat i o ns . Ha r d ly are a ll insec t pests removed from 

products us e d in f ood pr e pa ra ti o n. There could be serious 

consequences if me mbe r s o f th e Enterobacteraceae are comm o n and 
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a~e consumed along with the p~oducts, unless they are destroyed 

by cooking during the preparation of the food. 

It i s c l ear that the t hree insect pests, C.maculatus, S. 

zeamais and T.castaneum would contribute to the persistence and 

dispersal of contaminant fungi of stored grains and seeds in 

dif ferent sorts of ways. By cont rolli ng the insect pests, 

dispersal of the fungi would be considerably curtailed. 
I 

heaps of stored grains and seeds could also be exposed Ito 

conti nuous light so that the pests, which are negativ'ly 

phototactic, would drift to the bottom and wou ld be confined 

there and discouraged from migration. Lastly, the products co~ld 

be sieved occasionally with sieves with appropriate pore size to 

get rid of the dead bodies of pests. 

The present observations were based o n xenos pores which are 

readily dispersed because they are minute and usually germina~e , 

readiy in suitable conditions. The menospores were not 

considered. They are large, often very durable a nd thick-walled. 

Above all they need a resting period or only germinate after 

apply ing some speci f ic stimulus, s h ock or nutr ient or after 

removing an inhibitor (Gregor~ 1966). If menospores are formed 

in sufficient quantities the full picture of fungal persistence 

and dispersal in stored grains a nd seeds could on ly emerge when 

investigations are extended to them also. 
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SU MHARY 

l(a) Bambara grou nd nut seeds from t he Kaneshie, La, Madina, Ma~ola 
a nd Mallam Atta markets contained 9,5,,9,8 a nd 9 fUrigal 

species, respectively. 

(b) Th e fungal species isolated from t h e bambara ground nut s~eds 
from t h e Ka n eshie, La , Madina, Makola and Mallam Atta markets 

belonged to 4,4,5,5 a nd 6 genera respectively. 

( c ) The predominant genera were Aspergillus a nd Penici llium which 

occurred in products from each market. ! 

(d) Aspergillus niger was present in al l the five seed samp l es 

followed by Aspergillus f lavus, Paecilomyces puntonii, and 

Penicillium chrysogenum i solated from four of the five 

samples. 

(e) The total number o f colonies Which appeared o n five agar 

plates inoculated with material from Kaneshie, La, Madi'na, 

Mokol a and Mallam Atta was 14,17,J7,72 and J2, respectively. 

2(a) Cowpea seeds from the Kaneshie, La, Madina , Mako l a a nd Mallam 

Atta Markets cont~ined 11,7,9,14 and 9 fungal specie~ 
respectively. 

(b) Th e fungal species isolated from the cowpea seeds from the 

Ka n es h ie, La, Madi na, Makola a nd Mallam Atta markets belonged 

to 7, 5 , 6 , 9, a nd 7 gener~respectively. 

( c ) The predominant genera were Aspergillus a nd Paecilomyces whi c h 

occurred in products fro m all the five ma rkets. 

( d ) Aspergillus flavus, 
Aspergillus niger a nd Paecilomyces 

puntonii were present in all the five seed samples, follo~ed 
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by Penicillium expan s um i so l a t ed fr om four of the f i ve 

samp l es. 

(e ) The t ota l number of co l o n ies whi c h appeared o n five · agar 

plates inocu l ated with material f rom Kaneshie, La , Madina, 

Makola and Ma ll am l\tta markets was 95, 102,126,53 a nd 103, 

respectively. 

3(a) Mai ze grains from the Kaneshie, La, Mad ina, Makola and Mallam 

Atta markets contained 6,7,12,9 a nd 8 funga l species, 

respec ti ve l y. 

(b) The fungal species iso l ated from the maize grains from the 

Kaneshi e, La, Madina, Makola and Mallam Atta markets belonged 

to 3,5,6,5 and 3 genera, respectively. 

(c ) The predominant genera were Aspergillus and Penici llium which 

occurred in products from a ll th e five markets. 

(d ) As pergil lus flavus was present in a ll t he five grain samples 

followed by Fusarium moniliforme and Penicil l ium expansum 

isolated fr om f ou r of the five samples. 

( e ) Th e total number of co l o nie s which appeared o n five agar 

plates inoculated with materia l f rom Kaneshie, La, Madina, 

Ma kola and Mallam Atta markets was 378, 1027,323,657 a nd 1348, 

r espec tively. 

4( a ) Rice grains fr om th e Kaneshie, La, Madina, Mako1a and Ma l1am 

Atta markets contained 5,6,5,6 and 7 fungal species, 

respective ly . 

(b ) Th e fungal species isolated from rice grains from Kaneshie, 

La, Madina , Makola a nd Mal1am Atta marke ts belonged to 
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3,4,3,3, and 4 ge nera, respectively. 

(c ) The predomi nant ge nera were Aspergillus, Cladospori um a nd 

Penici ll ium \~ h ich occurred in products from al l the five 

markets. 

(d ) Cl adosporium herbarum and Penicillium expansum were present in 

a ll t h e five samp l es, followed by Aspergillus flavus and 

Penicillium chrysogenum isolated from t hree of the five 

samp l es. 

(e) Th e total number of colonies which appeared on five agar 

p la t es i noculated with material from Kaneshie, La, Madina, 

Mak o l a and Mallam Atta markets was 7,22,8,9 and 301 

respectively. 

The highest concen tration of insect body leachate (100 bodi~s 

in 20 ml distilled water) of t hree insect pests, Callosobrochus 

maculat us, Sitophilus zeamais and Tribolium castaneum 

suppo r t ed t h e followi ng germi nation of conidia of seven 

Asperg il lus species after 24 hours. 

(a ) Pe r c entage germination of 50 . 2, 70.4, 0.0, 44.0,49.6, 31.3 ard 

0.0 percent of conidia of A. clavatus, A. flavus, A . 

(b ) 

f umiga tus, A. niger, A. ochVQc..Q..li~, A. sulphUi'"Q;LlSand A. ust u ~, 

r e spec t ive l y, in C. maculatus body leachate. 

Pe rcen tage germi nation of 0.0, 76.2, 45.2, 0.0, 66.3, 0.0 and 
i 

5 3 .8 percent of conid i a of A. clavatus, A. f l avus, A. 

fl1miga tl1 s, A. n i ger, A. ochracel1s, A. s l1 lphl1rel1s and A. I1stl1S, 

r e spect i vely, in S. zeamais, body l eacha t e. 
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(c ) Percentage germinati o n of 39.2, 52.2, 0 . 0, 0.0, 69.5, 0.0 a nd 

46 . 1 percent of conidi a o f A. clavatus, A. flavu s, A . 

fumigatus , A. niger, A. ocll raceus, A. su lpllure us a nd A. ustus, 

respec t ively, in T . castaneum body l eacha t e. 

6. Extracts o f the seeds of bambara ground nut a nd cowpea and 

grains of mai ze a nd rice were able to induce germination of 

conidi a of Aspergillus species whi c h failed to germinate in 

the insect body leachates. 

7. After 12 h ours' inc ubation , Callosobrochu s maculatus body 

leachate with extracts of t he differen t tissues indicated 

below supported the f o llow ing percentage germination of 

coni diG- of Aspergillus furnigatus 

(a) axis of bambara grou ndnut seed : 39.3 percent 

(b) cotyledon o f bambara grou nd nut seed: 81. 5 percent 

(c) testa of bambara groundnut seed: 25. 0 percent 

(d) axis of cowpea seed: 51.7 percent 

(e) cotyledo n of cowpea seed: 84.9 percent 

(f) tes ta of cowpea seed: 13.3 percent 

(g) maize gra in : 37.8 percent 

(h) rice grain : 24 .9 percent 

8. After 12 hours' of incubation, Call osobrochu s ma c ulatus body 

leachate with extracts of different tissues i ndicated below 

supported the followi ng percentage germination of conidia of 

Aspergillus ustus: 
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(a) axis of bambara grdundnut seed: 41.6 percen t 

(b) co t y ledo n of bambara ground nut seed : 83.6 percent 

(c) testa of bambara groundllut seed: 36 . 9 percent 

(d) axis of cowpea seed 77.2 percent 

(e) coty l edon of cowpea seed 64.8 percent 

( f) testa of cowpea seed 6.1 percent 

(g) mai ze grain 69.9 percent 

(h) rice grain 35.0 percent 

9 . After 12 hours' incubation, s ito philus zea mais body leach ~ te 

with extracts of t he different tissues indicated below suppor~ed 

the fo llowing percentage germ ination of conidia of Aspergillus 

c~~: 

(a) axis of ' bambara groundnut seed 78.9 percent 

(b) cotyledon of bambara ground nut s seed 70.5 percent 

(c) testa of bambara groundnut seed 29.6 percent 

~d) . axis of cowpea seed 82.9 percent 

( e ) cotyledon of cowpea seed 81. 4 percent 

(f) testa of cowpea seed 90.6 percent ' 

(g) maize grain 76.5 percent 

(h) rice grain 67 .8 percent ' 

10. After 12 hours'i ncubation, s itophilus zea mais body leachate 

with extracts of the differen t t iss ues i ndimated below supported 

the following per(,Q,otage germi nation of coniaia of Aspergillus 

niger: 
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(a) axis of bambara ground nut s eed 15 . 6 per cent 

(b) cotyledon of bambara grounc1nut seed 44.4 per cent 

( c) testa of bambara gr<WJnd nut seed 19.2 per cent 

(d) axis of cowpea seed 22.9 per cent 

(e) coty l edon of coY/pea seed 57.4 per cen t 

(f) testa of cowpea seed 67.6 per cent 

(g) maize grain 55.3 per ceht 

(h) rice grain 57.7 per cent 

11. After 12 hours' incubation, s .itophilus zeamais body leachate 

with extracts of the different tissues ind i cated below supported 

the following percentage germination of conidia of Aspergillus 

sulphureus : 

(a) axis of bambara grounc1nut seed 5.9 per cent 

(b) cotyledon of bambara grounc1nut seed 36.6 per cent 

(c ) testa of bambara groundnut seed 7. 1 per cent 

(c1 ) axis of coY/pea seed 20 .0 per cent 

(e) cotyledon of cowpea seed 30.2 per cent 

( f) testa of cowpea seed 32.1 per cent 

(g) Maize grai.n 17.6 per cent 

(h) Ri ce grain 16.6 per cent 

12. After 12 hours' i ncubation , Tribolium castaneum body leac~ate 

with extracts of the different tissues indicated below suppo~ted 

the f ol l owing percentage germ inatio n of conidia of Aspergillus 

fumigatus: 
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(a) axis of bambara groundllut seed 34.6 per cent 

(b) cotyledon of bambara ground nut seed 14.4 per cent 

(c ) testa of bambara groundnut seed 5.2 per cent 

(d ) axis of cowpea seed 33.6 per cent 

(e) cotyledon of cO\-Jpea seed 13 .7 per cent 

( f) testa of co"pea seed 7.1 per oent 

(g) maize grain 1B.1 per cent 

(h) rice grain 10.5 per cent 

13 . After 12 hours' incubation, Tribolium castaneum body leachate 

"ith extracts of the differe nt tissues indicated below supported 

the following percentage germintion of conidia of Aspergillus 

niger: 

(a) axis of bambara ground nut seed 64.4 per cent 

(b) cotyledon of bambara groundllut seed 26.6 per cent 

(c) testa of bambara groulldllut seed 7.5 per cent 

(d) axis of cowpea seed 66.9 per cen t 

(e) cotyledon of cOl"pea seed 46.9 per cent 

( f) testa of cOlo/pea seed 32.0 per cent 

(g) maize grain 40.6 per cent 

(h ) rice grain 12.9 per cent 

1'1. After 1 2 hours' incubati.on Tribolium castaneum body leach ate 

with extracts of tile different tissues indicated below supported 

the following percentage germination of conidia of Aspergill us 

sulphureus: 

(a) axis of bambara groundnut seed · 9 . 4 per cent 
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(b) cotyledon of bambara ground nut seed 12.1 per cent 

(c) testa of bambara groundnut seed B.2 per cent 

(d) axis of cowpea seed 22.B per cent 

(e) cotyledon of cowpea seed 25.1 per cent 

( f) testa of cowpea seed 7.6 per cent 

(g) maize grajn 34.5 per cent 

(h) rice grain 5.6 per cent 

15. Growth rates of each of the Aspergillus species on insect body 

leachate-agar prepared with l eachate of the three insects were 

quite close. 

(a) Mean culture diameters of Aspergillus clavatus by the 10th day 

were 53. B, 64.2 and 6B. Omm, with the best growth on the 

CallosobroclJus maculatus leachate agar. 

(b) Mean culture diameters of Aspe. rgillus flavus by the 10th day 

were 66.5, 6B.B and 76.5mm, with the best growth on the 

sitoplJilus zeamais leachate agar. 

(c) Mean culture diameters of Aspergillus fumigatus by the 10th 

day were 71.B, Bl.4 and B6.Bmm with the best growth on the 

sitoplJilus zeamais leachate agar. 

(d) Mean culture diameters of Aspergillus niger by the 10th day 

were 6B.3, B1.5 and B3.2mm with the best growth on the 

sitoplJilus zeamais leachate agar. 

(e) Mean culture diameters of Aspergillus oclJraceus by the 10th 

day were 31. B, 41. 2 and 41.5mm with practica lly the same 

growth (41.2 a nd 41.3mm) on the SitoplJilus zeamais and 

University of Ghana http://ugspace.ug.edu.gh



155 

Triboium castaneum leachate agar. 

(f) Mean culture diameters of Aspergillus sulphureus by the 10th 

day were 29.4, 38.7 and 43.7 with the best growth on the 

Sitophilus zeamais leachate agar. 

(g) Mean culture diameters of Aspergillus ustus by the 10th day 

were 89.0, 90.0 and 90.0mm. The growth rates were virtually 

identical. 

16. The gut of Callosobrochus maculatus had a mycoflora made up of 

14 species. The dominant species and their percentage 

occurrence were Penicillium citrinum (27.6 per cent). 

Aspergillus flavus (15.9 per cent) and Penicillium 

purpurogenum (8.7 per cent). 

17. The gut of si tophilus zeamais had 13 fungal species. The 
j 

dominant species and their percentage occurrence were 

Penicillium citrinum (28.6 per cent), Aspergillus flavus (26.2 

percent) and Aspergillus fumigatus (9.4 percent). 

18. The gut of Tr ibol ium castaneum had 16 funga 1 species. The 

dominant species and their percentage occurrence were 

Penicillium citrinum (42.7 percent),(<l.,;AalOsporium sp. (16.4 

per cent) and Aspergillus flavus (11.2 percent). 

19. The genus Aspergillus was represented by the largest number of 

species in each mycoflora, followed by the genus Penicillium. 

20. Aspergillus tlavus, A. fumigatus and A. ochraceus 

experimentally fed to the insects survived for differ'ent 

lengths of periods in the guts of the insects: 

(a) A. flavus was recovered after 5,6, and 8 days from the guts of 
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'I'ribolium castaneUIII, Callosobrochus lIIaculatus a nd sitophllus 

zeamais, respectively . 

(b) A. fumigatus was recovered after 4 , 5 and 6 days from the guts 

of Cal'"StJ/Jrochus m!3.culatus, 'I'riboliuIn castaneuIn a nd sltophllus 

zeaInai~ respectively . 

(c) A. ochraceus was recovered after 3,4 and 6 days from he guts 

of 'I'riboliuIn castaneuIII, S itophilus zeamais and Call osobroclJus 

maculatu~ respectively. 

21. Germination of the conidia of the Aspergillus species in 

extracts of faecal pellets of the insects was rather low, 

(a) In the standard extracts of the faecal pellets of 

Callosobrochus maculatus, 6.9,6.9,8.6,10.0,7. 1, 8.3 and 6.0 

percent of the conidia of A. clavatus, A. flavus, A. 

fumigatu s, A. niger, A. ochraceus, A. sulplwreus and A. ustus, 

respectively germinated in 24 hours . 

(b) In the standard extract of the faecal pellets of sitoplJilus 

zeamais, there was poor germination of 1.0, 0.7 and 0.7 

percent by conidia of A. clavatus, A. oclJraceus and A. 

sulplJureus, respecively. The conidi a of A. flavus, A . 

fumigatus, A. niger and A. ustus did no t germi nate . 

(c) In the extract of faecal pellets of 'I'ribolium castaneum 21.5, 

1 3.7 and 5.4 percent of 1\. clavatus, A. fumigatus and A. 

oclJraceu~ respectively, germ inated. Conidia of the four 

remaining spec i es did not germi nate. 

22. Conidi a ad hering to the bodies of the insect pests were 
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detac hed as t hey brushed agai nst maize grai ns among which 

they were craWl ing. The rate of loss of the spore load 

depended on the size of the maize grains a nd , therefore, the 

size of spaces amo ng t il e grai ns. Th e conidi a were r ubbed 'off 
, 

fastest a mo ng maize grains measur ing 5.3-8.3 x 4.04-7.3mm, ' and 

slowest among maize grai ns measuring 9.5 -1 2 . 2 x 7.5-9.5mm. 

The medium sized grai ns givi ng a n intermediate rate measu r ed 

8.1-10 . 2 x 6.0-8 . 2mm . 

23. The respective percentages of conidia still adheri ng to , 
insects wh i c h had travelled over 100 cm through the smdll-

sized, medium-sized a nd large-s ized maize grains were: 

Sitopllilus zeamais, 12 .2, 15.3 and 23.3 percent 7'ribolium 

castaneum 11.5, 12. 1 and 17.2 percent. 

24. The three insect pests h ad surface bacterial flora. The 

density of colony forming units of Callosobrocllus maculatus, 

si t ophilus zeamais a nd 7'r ibolium castaneum was 27.5 x ,10', 

28 1.0 x 104 and 104 x 10' per ml o f suspending medium, 

respectively. 

25. The popU l at i on of bac t er ia on 7' . castaneum decreased quickly 

afte r death of the insect a nd no bacterium was isolated from 

the bodies on the 4th day after death. Bacteria were still 

present on the bodies of C. maculatus and S. zeamais after si x 

days . The respective popula tion densities recorded were j7.8 

x 10' and 5.0 x 10' per ml of s usp e nding medium . 

26. The bacter ia on C. ma cu latu s cons isted of baci lli and cocci; 

those on S. zeamai s were bacilli , cocci, vibro 
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forms and the flora of T. castaneum consisted of baci ll i a nd 

cocc i . 

27. Both Gram-positive and Gram-negative bacteria were p r esent on 

all t h e three insect pests. 

28. Despite the presence of the large bacterial flora, fu ngi cou l d 

also grow on the dead insect bodies. Th e f ungi were i so l ated 

from insects which had been killed Vlith ether and kept for 6 

days. 

(a) Species iso l ated from Callosobroehus maeulatus in decendi ng 

order of percentage frequency were, Aspergillus flavus , 

Aspergillus niger, Mu c or sp., Rhizopus sp. and Trichoderma 

vivide. 

(b) Species isolated from Sitophilus zeamais in descend i ng orde r 

of percentage frequency were Aspergillus flavus, Aspergi ll us 

niger and Cur):'ularia sp. 

(c) Only two species Vlere isolated from Tribolium eastaneum, 

n amely, Aspergillus and Cladosporium sp. 

29. Aspergillus flavus consistently occurred in large numbers 

giving percentage frequency of 70,90 and 65 percen t on c. 

maeu l atus, S. zeamais and T. castaneum, respectively. 

30. All the bodies of C. maculatus and S. zeamais randomly 

se l ected for the tests contained fungi Vlhile fungi were 

isolated from only 70 percent of the T. eastaneum bodies. 
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1\PPENDIX 1\ 

Survival of Aspergillus species from the gut of Callosobrochus 

maculatus fed on cowpea seeds inoculated with the species (Based on 

data in Table 30). 

Time after 

Feeding (Days) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Percentage of total Population of indicated 

species occurring in the gut on different days 

II. flavus J\. fumigatus J\. ocllraceus 

27.4 43.8 57.6 

19.8 50.7 18.5 

21.7 4 . 1 9.4 

14.1 1.4 8.6 

13.2 a 4.6 

3.8 1.3 

a a 

a 
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APPENDI X B 

Survival of Aspergillus species from the gut of sitophilus zeamais 

fed on maize grains inoculated with the species (Based on data i in 

Table 31). 

Time after 

Feeding (Days) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Percentage of total Popul ation of indicated l 

species occurring in the gut o n different days 

A. flavus A. fumigatus A. ochraceus 

20.6 29 . 7 11. 1 

53.0 30.4 73.4 

10.8 11.6 11. 1 

3.2 18.26 4.4 

3.8 8 . 7 0 

7 . 6 1.4 

0 . 5 0 

0.5 

0 
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APPENDIX C 
Survival of Aspergillus species from the gut of TriboliuJII 
castaneu JII fed on maiz e grains i noculated with t h e species (Bas~d on 
data in Table 32). 

Time after 
Feeding (Days) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Percentage of total Population of indicat~d 
species occurring in the gut on different days 

A. flavus A. fUJlligatus A. ocilraceus 

37.3 49.3 91.5 

25.4 26.9 1.1 

10.2 13.4 7.4 

22 .0 4.5 0 

5.1 5.9 

0 0 
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