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l\DSTRACT

Seven Aspergillus species, A. clavatus, A. flavus,
A. Lutn i qe tus, A. niger, A. ochraceus, A. sulphureus and A. ustus
have been used to investigate the role of three Coleopteran insect
pests, namely, Cal.1osobrochus macula tus, st tophiJ.us zeamais and
'rribo tium 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) a nd cowpea (Vigna
unguiculata). The Aspergi11us species were among fungi isolated
from· the grains and seeds.

Bambura qrourrdriu t; secds on sa Le at Karie sh ie , La, Madina,
Mukola and MCll Lam l\tta morket.s j_ n Accra distr ict conta ined speo i es
of Absidia, Aspergi11us, Cladosporium, Fusarium, Neurospora,
Pa ec i.l omy coe , Pe n i cilli.u m and Pu Llu l.erie , The dominant. 9(~nera were
Aspergillus and PelJicilIiu1l1 represented by fiVe and four species,
respectively, and the dominallt species were Aspergillus flavus and
Aspergillus niger.

'I'hep reclornin an t F;p('(:i('?r~ o t c:OWpC<1 seeds r rom the same markets
were ASIK:~rgi_]_.lustl.nv us: a ud I'nO(:.i..lolllYCf3S purit on i i. among 19 species,
and, t.he dominant genera were Asperg:LLlus, t-eec i Lomy cee and
Pe n i ciL'li.utu . The rest of the genera were Cl.e doe por i.um, Dreclxe Le r e ,
Ep i co ccuui, Fuser i.utn , Mucor, Neocosmospora, Nellrospo.ra, Phoma,
Pu l.Lu leri.e, Rhizopus and vex ci ci lii um ,

Asperg_i_l1.us tLev us and Pen i ci lL i.um ci t.ri.num were the
predominant species on maize grains from the five markets among 16
contaminant fungal species belonging to the genera Aspergillus,
Fusarium, Mucor, Neocosmospora, Neurospora, Penicil1.ium, Pullularia
and Rhizopus.

Rice grains had the shortest list of genera. The fungi
belonged to only four genera, Aspergillus, CladosporiuJ71, Mucor and
Penicillium and there were 14 sp~cies in all. The most frequently
occurring species were AspergiJJus oryzae, Cladosporium herbaruJ71,
Peni_c_j_1.1i_umch ry coq emim and Pen i c i.Ll i um expansum.

Although all the. seven AspergLI1us spe.cies could grow on
insect body leachate agar prepared W i t.h leacha te of the three
insect pests, the conidia of some of them could germinate in the
leachate of only some of the insects. Only A. f lavus and A.
ochraceus condidia germinated in all the three leachates.
Germination of the conidia of all the species occurred, anyway, 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 faecal
pellets of Callosobrochus macu1atus, while conidia of A. cJ.avatus,
A. ochraceus and A. su1.plJureus only germinated in the solution of
dissolved faecal pellets of sitopl1ilus zeamais and conidia of also
three species, A. clavatus, A. flavus and A. ochraceus germinated
in the solution of faecal pellets of 'I'ri.tio l Lu m c ae t.e n au m .
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Aspergillus flavus conidia adhering to the bodies of
5i tophilus zeamais and 'I'ri.bol ium castaneum were transported thr?u9h
maize grains packed in wide glass tubes. The amount of the conldla
detached as the insects moved depended on the size of the spaces
among tile grains and the frequency of contact between the insects
and the grains. s. zeamais lost 87.8, 84.7 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.Jmm, 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 were, 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 surface bacteria. 'I'he colony-
forming-units of bacteria recorded for C. maculatus, S. zeamais and
T. castaneumper ml of suspending medium immediately after death
were 27.5 x 104

, 281 x 10~ and 104.5 x 104 respectively i and six days
La bo~r they were J 7 .8 x 10'1,5.0 x 104 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 T'r ich od erme v i.ri de were isolate.d.,:'..r; from
C. maculatus. , AspergiLl us niger and Curvu.laria s p , from S. zeallla-
i.s and Cles doe por i.im: sp. from T. ce s t.erieum .

The mycelium growing in t hc bodies after death might have
arisen from inoculum eiLher onl-.he 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. me cuLn cus , S. z ernnnis: a nc] 'I'. cae t enieiim , respectively.
The predominant genera were Aspergillus and Penicilliull1 and five
speciE:~s, namely ASpt~rgi_]_ll.ls [1 avus, Asperq i I L us fumiga tus,
C.ladosporiulll herbarum, PenicilJi.Um c i.t.Lnum and Pen.icillium
purpurogenum were i s oLat.od f rom the guts of <:111 the three insectpest.s.

Three lis pe rq il L us species Ied exper imenta lly to the insects
persisted for different Jengths of time in the guts. A. flavus was
isolated 6,8, and 5 days respectively, after feeding the insects,
from the guts of C. macuJatus, S. zeamais and T. castaneulll. The
corresponding survival periods for A. fumigatus were 4,6 and 5 days
respectively, and for A. ochraceus, 6,4 and J days respectively.

It Was concluded that products and dead. bodies of the insects
would contribute to the persistence of the contaminant fungi and
Jiving insects would be responsible for both persistence and
dispersal of the fungi in stored grains and seeds. Persistence and
dispersal of tile 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 in the
markets and by exposure of the products to light to drive the
insects to the dark base and discollrage the frequent migration.,~,.,.~-......... " ..'~
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I. INTRODUCTION AND LITERATURE REVIEW
Insects destroy stored produce in tropical and sUb-tropical

countries and the control of insect infestation is a major part of

storage management. They attack both plant and animal products.
Insects have become adapted to widely diverse habitats and diets

and the breeding rate is so prolif ic that within a few months,

sufficient progeny can develop from a single mating pair to infest

several tonnes of produce. Their inter-relationship with other

agents of deterioration of products in storage adds another

dimension to their economic importance.

Fungi are responsible for more plant diseases and breakdown of

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

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

their morphology, physiology and life cycle makes them a very

versatile group of plant pathogens. Their spores, which constitute

the principal infectioll units, are varied in form and are adapted
to many different methods of dispersal.

The seemingly limitl~ss 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

mechanisms or devices that serve to provide maximum distribution of

these spores. Survi val of given species may in large part be

conditioned by dispersal into habitats where food is available. In

most species of fungi special mechanisms are lacking, and hence

distribution appears to be largely fortuitous, This might appear
to be the case in the dispersal of fungi which grow on products in
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stora~e by storage insect pests. Leach (1935) has expressed the

opinion that" insects are not merely disseminators of inoculum, but

the insect-fungi relationship is highly organized and has broad

biological and evolutionary significance". This was one of the
main reasons for carrying out this investigation on fungal

contamination of grains of maize (Zea mays L.) and rice (Oryzae

sativa L.) and seeds of bamb~ra groundnut (Vigna subterranean (L.)

Verde) and cowpea (Vigna unguiculata(L) Walp) in storage.

Bambara groundnut is a widely cultivated tropical leguminous

crop of Madagascar ori.qin (Hutch inson, 1964). It has aLs o been
found in South Asia, on the banks of the Nile from Khartoum to

Gondokora and in,Brazil (Candolle, 1959). K~y (1979) also reported

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

Bambara groundnut grows at a temperature of 20nC to 28°C 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 sundrie'd for several days before being

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

stored in sacks or plastic bags. The shelled seeds are usucilly
susceptible to insect infestation and are sometimes fumigated with

Phosphine, carbon tetrachloride or carbon disulphide. Seeds stored

in jute sacks in Burkina Faso have been found to be severely
attacked by insects up to about 39 per cent infestation.
preliminary tests showed that, those stored in plastic bags were
relatively free from attack (Kay, 1979).
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Seed yield of Bambara groundnut 30 years ago was between 300

and 800 kg/ha (FAD, 1961). It ranks next to cowpea as the widely

grown grain legume in Africa, south of the Sahara (Okigbo, 1971).
(

Stems and leaves are fed to cattle, while the seeds are boiled or
made into soup (Bakhareva, 1975).

'I'ot.aL production in Africa has been estimated to be about
330,000 tonnes per annum and in the descending order of production,
the important producers in Afr ica are, Niger ia, Burkina Faso,

Niger, Ghana, Togo and Cote Ivoire (Kay, 1979).

Most of the production is consumed domestically and bambara

groundnuts do not usually enter international trade, although there

have been several unsuccessful attempts to develop exports to
Europe for use as animal feed.

Cowpea is also a leguminous plant belonging to the family
Papilionaceae. It is an ancient crop whose centre of origin is

uncertain having been reported as possibly Asia - Hindestan and

from Nigeria and Ethiopia and even South America. It is now widely

distributed throughout the .trop Lcs and Sub-tropics and is an

important food legume crop in Africa, South of the Sahara,

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

and Uganda as
95% of the world prdp,\~i~h Nigeria, Burkina Faso

~ : "I ~ \.'. ' r, 1, '

the dominant, produc'Lnq . coun t.r ies in that order.
. ~ ;': i t~.~"

cowpea is growni~ '~~Ia, especially India, in
I

produces about

outside Africa,

lowland and coastal areas of south and,central America (Kay, 1979;

Simmonds, 1976).
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Cowpea grows at a temperature of between 20 duel 35°C, but can

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

rainfall between 600 and 1500mm per annum. In East Africa, the

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

bepending upon.the cultivar and environment, cowpeas may take from
i

~o to between 210 and 240 days to produce mature seeds (Kay, 1979).

'1'hegreen pods are edible and are harvested when they are

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

For long storage, pods are harvested when they are fully mature.
The seeds range from 5mm to 12 mm in length and can be globular or

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

can vary in colour from white Q through var ious shades of buff,
.'green, brown, red and purple to black, sometimes mottled, blotched

or speckled patterns. The hilum is white approximately 3mm in

length and, in the black-eyed types is surrounded by a dark ring.
'1'heseed weight averages ,f(otn 5g to 30g/100 seeds. After
threshing th~ seeds are thoroughly dried to a moisture content of
about 14 percent before being stored.

r

The world major producing countries in descending order of

]llagnitude of production are Nigeria, Burkina Faso, Uganda and

V.S.A. In Africa, although t~e highest yield in Nigeria may exceed
I .;, i· ."

j,OOOkg/ha, the average yield of.,diy seeds
~,'! " ,

for the continent
normally averages between lod and:306k~/ha. World production for

I ~. " • '

~970-74 averaged 1,100,000 to~nes ~et anrium, (Kay, 1979). With the

" tontinualexpansion of cultivation, current production must be well

I loeyond this level.

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



I
5

Botanically maize and rice belong to the family Gramineae and

both are annuals. In maize, 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 animal

feed (F.A.O., 1992).
Maize CUltivation probably originated in central America,

particularly in Mexico. De Candolle (1880) considered maize to

have originated in the New World, in "New Canada", Vavilov (i931)
presented criteria for establishing the centres o( origin of maize
to Hexican-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.

crop is exported, but that is

exports (Simmonds, 1976).

From the agrobotanical studies of variability as indicated in

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

that Mexico and/or lowland central America is the centre of

Only about 5 percent of the U.S.A.

over ha 1f of the war ld's tota 1

variability 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

I
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America shortly before or after colonization of that region. The

Mexican and Lowland Centxa 1 Amer ican dents appear to have heen

associated ~ith the Mayan civilization, while the conical corns

from higher elevations in Central Mexico appear to have been

associated with the Aztecs and their predecessors.
Maize grows from latitude 58"N in Canada and the former Union

of Soviet Socialist Republics to latitude 40"S at both high

altitudes and lowlying regions (F.A.O., 1992).

As in most economies at early stages of development,

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

calories 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 regions - most of

Kenya, Malawi and Zimbabwe as well as considerable sections of
Angola,

Zambia,
Benin, Cameroon, Ghana F Mozambique, Tanzania, Togo

it is the leading starchy staple by a large margin.

and

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

the Crops R~search Institute (Couhcil fOr Scientific and Industrial

Research), Ku~asi; in collaboration with the Canadian International

Dev~lopment Agency (CrDA) has yielded many high-yielding and high

protein varieties. The mos t important ones belng extens ively
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cultivated are: Abeelehi, Abrotia, Dobidi, Obaatanpa and Okomasa.

Rice, on the other hand, has been cUltivated for such

countless ages that its origin must always be a matter for

conjecture, Ting (1949) suggested that in view of the number of

wild races found in southern china, rice cUltivation probably

started in this region and spread northwards. Chang (1975), on the

oth~r hand, believed that rice was first domesticated in the area

between Northern India and Pacific coast adjoining vietnam and

China.

The genus oryzae comprises 25 species

tropical and sub-tropical regions of Asia,

South America and Australia. There are

distributed through

Africa, Central and

only two cultivated

species, oryzae glaberr i.m« Stead and Oryzae sa tiva Linn. o.

qLeiie r r i.me is conf inedto West Africa where it is an upland crop

but is almost now replaced by O. sativa (Grist, 1986). The annual

rice production in Ghana in 1990, 1991 and 1992 was 81,000, 151,000
and 100,000 metric tonnes respectively (F.A.O. Quarterly Bulletin

of Statistics, 1994).

Callosobrochus sUbinnotatus pic. is a serious pest of bambara

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

1966) . Although Bruchus v i c i.nu s var eub iruiot.e tzus occurs less

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

loss of the invaded seed. For, 3-5 ~eevils usually burrow into one
seed (Zacher, 1921). These two species of weevils 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 the main phytophagous taxa attack the
cowpea plant in the field and the seeds after harvest. Several

species of Call05~rochus cause damage to cowpea seeds in storage.

The two most important ones are Callosobrochus maculatus £~bricius

and Callosobrochus chinensis Linnaeus.
In Afr ica, insect pests may be responsible for 100 percent

losses of cowpea yields (Raheja, 1976; Singh and Allen, 1980) and
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 up 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
eggs which hatch in about 3-5 days. The entire life cycle is
completed in about 30 days.

feeding inside the seed.

other pests of cowpea of lesser importance include aphids,

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

The damage is done by the larvae

curculio and the storage bettIe (Singh and Allen, 1980).
Investigations in Senegal. have shown that cowpeas may be

stored satisfactor fly 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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against insect infestation for periods up to six months but they

tend to lose viability. The hermetic storage of cowpeas in small

granaries, silos and pits has been developed in Nigeria, where a
very encouraging development has been the use of plastic liners in

traditional dried-earth granaries (Kay, 1979).

Two most important insect pests of maize grains in storage are

si tophilus zeamais and Tribolium ce s t.erieum, T. castaneum shows

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

the milled product.

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

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

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

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

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

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

sitophilus zeamais attacks maize, rice, wheat and sorghum

grains causing hollo~ing out of the grains. Adults may live for up

to fiVe months. Under optimum conditions, 100-150 eggs are laid by
the -f ema Ie over a per lad of about five months, but most eggs are

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

chiselled in the grain f
by t1he f ema Le and the mouth of the hole is

I
I .Th~ larva remains in the grain where it
I

sealed by a secretion.

feeds and eventually pupat~s. The adult on emerging eats its way
jout of the grain. (F.A.O., ;1983).

The major pests of rice is the rice weevil, sitophilus oryzae.

The adult; weevil lives from 4 to 5 months, each female laying
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between 300 and 400 eggs in its life time. The eggs are deposited

in small holes dug in the grain by the female. The larva on

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

adult that emerges f~om the pupa bores its way out of the grain.
Development from the egg stage to an adult takes about 24 d~Ys.
(Cotton, 1966).

Six major types of defects caused by fungi growing in stored

grains have been identif ied. (Christensen and Kauf mann , 1969 ;

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

germinability, (2) d isco Lci.r ati on of parts or all of the seed or

kernel, (3) heating and mustiness, (4) various biological changes,

(5) production of mycotoxins, and (6) loss in weight. The causal
fungi fall into two categories, namely, field fungi and 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 purpurascens, Fueer i.um species, and verticillium

alboatrum (Malone and Muskett, 1964). These require high moisture
levels and their activities are therefore curtailed in stored

grains and seeds whose moisture content is usually kept at low

levels.

storage fung i are those that grow on the stored products.
l~ost of them are able to grow without free water and can withstand

l}igh osmotic pressures. Most of the st-_ord9Q...:.·flora are xerophilic

~pecies of Aspergillus and Penici l l Lum which are active at relative
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humidities ranging from 70 to 90 percent. In the view of

Christensen and Kauffmann (1969), Christensen (1971) and, 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 the
tissues of pericarp and seed coats before harvest.

It is well known that most 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, oil seeds etc. is required to

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

crops can be successfully store.d. Therefore, both the moisture

content of the produce and the "moisture content" of the storage

atmosphere are critic~l physical factors in crop storage.

Moisture corrten+ and temperature are the pr imary factors
determining the development of ~torage fUllgi in seeds and grains.

stord.~!e· fungi grow at moisture contents in equilibrium with

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

mi.ni.mum air relative hum idi ty for fungal growth var ies among

different species but growth of most fungi will be prevented if the

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

humidities that permit gr6wth of some prevailing storage fungi are
I
!

65% for Aspergillus ue loplil li cue ; 70-73% for Aspergillus restrictus

and )

Asperg i l.Lus repens;,
I

80% for Aspergi11us candidus and
Aspergillus ochraceu0 85~ for AspergiIIu; flavus and 85-95% for
various species of PenicjI1ium (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 f or invasion by storage fungi. The problem of unequal
distribution of moistu~e 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 grou~dnut

seeds are comparatively few. Oanquah (1973) isolated Aspergillus

flavus~ Aspergillus niger, Curvularia lunata, Fusarium sp;

MacropZ;'omina pb e e e o l i.n e , Penicillium sp;

Tricothecium roseum from the seeds in Ghana.

The lis~of fungi of cowpea seeds and maize and rice grains in

Rl1izopus sp. and

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

contaminant fungal spedies and Oanquah (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 GHANA

LIST OF ARTHUR (1994l LIST OF DANQUAH(1973)

Aspergillus candidus
Aspergillus flavus
Aspergi1lus fumigatus
Aspergillus niger
Aspergillus ochraceus
Aspergillus oryzae
Aspergillus tamarii
Cladosporium herbarum
Epicoccum nigrum
Fusarium moniliforme
Neurospora sitophila
Penicillium species
RlLizoctonia sol.ani
Stemphylium lanuginosum

Aspergillus flavus
Aspergillus niger
Botryodiplodia theobromae
Cercospora sp.
Cladosporium oxysporum
Colletotrichum capsici
colLe t.ot.ricbum graminicola
Colletotrichum lindemuthianum
Corynespora sp.
Curvularia lunata
Curvularia pallescens
Curvularia pallexens
Curvularia trifolii
Fusarium equis~ti
Fusarium moniliforme
Fusarium poae
Fusarium semi tectum
Fusarium solani
Macrophomina phaseolina
Myrothecium verrucaria
Nigrospora oryzae
Pestalotia sp.
Pliome oryzicola
'l'riclJotheciumroseurn

Simiarly numerous fungal species contaminated maize and rice
grains in storage in Ghana. The species isolated from maize grains
by Danquah (1973) and Odamtten (1986), and from rice grains by
Addison (1971) and Danquah (1973) are shown in Tables 2 and 3,
l:"espectively.
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TABLE 2 : FUNGAl, SPECIES ISOLATED FROM MAIZE GRAINS
IN STORAGE IN GHANA

LIST OF DANQUAH (19731 LIST OF ODAMTTEN (1986)

Aspergillus sp. .
Botryodiplodia theobromae
ceplJalospor_ium ecremon i.iun
Curvularia eragrostides
Diplodia macrospora
Drecl1slera maydis
Fusarium moniliforme
Macrophomina sp.
Nigrospora sp.
Penicillium species
Pestalotia sp.

Aspergillus candidus
Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Aspergillus ochraceus
Aspergillus restrictus
Aspergillus tamarii
Aspergillus ustus
Aspergillus wentii
CeplJalosporium acremonium
Cladosporium herbarum
Curvularia lunata
Drechslera maydis
Fusarium moniliforme

Neurospora sitophila
Paecilomyces variotii
Penicillium expansum
Penicillium verrucosum
Phoma glomerata
RlJizoctonia sol ani
Rhizopus oryzae

I
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TABLE 3: FUNGAL SPECIES ISOLATED FROM RICE GRAINS IN
STORAGE IN GHANA

LIST OF ADDISON (197_1j_
Alternaria longissima
Cercospora oryzae
Chaetomium spp.
Curvularia cymbopogonis
Currularia geniculata
Curvularia inaegualis
Curvularia lunata
Curvularia maculans
Curvularia oryzae
Curvularia pallescens
Curvularia trifolii
Drechslera hawaiiensis
Drechslera oryzae
Drechslera rostrata
Fusarium equiseti
Fusarium moniliforme
Fusarium semi tectum
Fusariulllsol ani
Helminthosporium sativum
Nigrospora oryzae
pyricularia oryzae
Trichoconis padwickii

LIST OF DANQUAH (1973)
Alternaria longissima
Alternaria padwickii
colLet.ot.ri cuum graminicola
Curvularia cymbopogonis
curvularia eragrostidis
Curvularia geniculata
Curvularia inaequalis
Curvularia intermedia
Curvularia lunata
Curvularia oryzae
Curvularia pallescens
Curvularia trifolii
Drechslera hawaiinensis
Drechslera longrirostrata
Drechslera oryzae
Drechslera rostrata
Drechslera tetramera
Fusarium avenaceum
Fusarium dimerum
Fusarium equiseti
Fusarium mon i i i torme
Fusarium semi tectum
Nigrospora oryzae
Phaeotrichoconis sp.
Phoma glomerata
Pyricularia oryzae
stemphylium sp.
Ulocladictum sp.
Verticillium sp.

The cardinal temperature for the growth of most storage

fungi are 0-5°, 30-33° and 50-55(lC. Some species of Aspergillus such

as Aspergillus flavus and Aspergillus candidus have a high optimum

temperature. ranging from 35 to 40(lC. At 12-150C most storage fungi

~row very slowly in cereals with moisture content of 15-16 percent,

i2'tndat 5-SoC they may cease growing (Christensen and Kauffmann,

1..965;Christensen, 1974). At temperatures of 5-10oC sound wheat and

~aize with a moisture content of 15-16 percent or even higher did
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not deteriorate when ~tored for a year (Papavizas and Christensen,

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

50C still germinated and was entirely free of storage fungi (Qasem

and Christensen, 1958). It appears from this that low temperature,

in spite of high moisture content can preserve stored grains. It

must, however be borne in mind that, if grains are already invaded

prior to storage, even moderately, by storage fungi, these can

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

below, provided the relative humidity is high. This holds true for

some species of Penicillium common illseeds (Christensen, 1973).

Unfortunately, very low temperatures do not exist in local

warell0uses, and the existe,nce of high temperatures that encourage

high respiration rates of t_he stored products, rapid population

growth of insect pests and fungi contributes to the deterioration
of the products. Respiration by the stored products, insect pests
and fungi together raises the temperature further, while metabolic

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

raising their moisture content, The condi Lion that is congenial to

growth of both the (ungaland 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 fungal infection units but

also very effectively inocula te the plants. They transport the

inoculum to the most favourable place for infection with little

loss of material.

I
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In one group of the larger fungi, the Phallales, structure is

obviously related to insect dispersal. In these fungi for example,

phallus impudicus, the minute spores embedded in a sugary slime

with a strong and an unpleasant smell are displayed at maturity,

usually on top of a conspicuous stipe. The spore dispersion

depends upon sarcophagid and muscid flies. The penetrating odour

is attractive to the flies and in consequence they carry the spore

externally and also void them intact in their excreta. Ithyphallus

coralloides which causes root rot of sugar cane is so attractive to
flies that they can be driven away from fruct~fications only with
difficulty. Various ants and beetles are also attracted to this

species and no doubt carry the spores underground to situations

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

Various flies are also attracted to the saccharine exudate

containing conidia of the sphacelial (Conidial) stage of Claviceps,

especially Claviceps purpurea and Claviceps paspali (Ainsworth and

Sussman, 1966). Similarly the pycniospores of Puccinia gra~inis

and Pu6cinia helio]lthi 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 pellets of termites

and from-the frass and wood enclosing their burrows 33 genera of
fungi, among them Trichoderma and Penicillium. In her opinion

these fungi are a common dietary elements of the termites
Reticulitermes hesperus, Zootermopsis angustico_llis and Ka_lotermes

minor.
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The only conclusion warranted from the foregoing account,

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

disseminat.ing agents, is that, many species of insects are

Furthermore, many fungi, both pathogenic and

saprophytic, are insect-borne, it remains to be determined whether
virulence in fungi is modified by passage through the alimentary

tract. Also nothing is known about the effects of digestive

enzymes of insects on germination. In additiOn to all these, host

injuries by insects aid inoculation and infection. Sugarcane
injured by the sugarcane borer, Sr)henophorus. obscurus is more

subject to attack by co LLe t.ot.r i ctnun falcatum. Moreover, onions
infested with thrips are predisposed to infection by Peronospora

destructor (Wolf and Wolf, 1947). Weevils bore holes in seeds and

grains during feeding by both the larvae and adults and fungi enter

the seeds and grains by these holes.

Insect dispersal 1S more highly developed in symbiotic
relationships where the insect actively Lno cuLat.es a vegetable

substrate and. prov ides food for

opening to the ovipositor,

itself. Wood wasps have sacs

containing oidia of stereum
sanguinoleutum, which are extruded on the eggs as they are laid,

thus the fungus is introduced into sound wood during OViposition

and the Mycophagous larvae feed on the fungi (Parkin, 1942).
The dispersal of fungi in stored seeds and grains has been

studied and the relevant literature contains reports of these

stud i.es , Neeta Ponde, LTyoti and Mehrotra (1989), for example found

out that some insects transmit externally and
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internally and that the fungi on the surface and within the

alimentary cana lof insects were the same as isolated from the

grain samples in which they were present. They concluded that it

fYHghi be due more to the movement of spores on the bodies of the
insects in the grain lot, rather than dispersal by passage through

the alimentary canals.
'Their study was conducted on three species of insects,

5i tophil us oryzae, Rhi zopertha domini ce and 51 t.opb i.Liie zeama1s. It

was observed that R. dom1n1ca carried the least percentage of spore
load externally as well.as internally probably because they are

small in size and less active and also not mycophagous. S. oryzae

usually carried the heaviest spore load possibly ascribable to its

feeding habit and body structure. A. flavus was the most frequent

fungus associated with the three species of insects. They pointed

out that earlier authors had found an appreciable amount of spores

of A. flavus in the alimentary canal of S. oryzae. The degree of

infestation within the alimentary canal of insects was directly

related to the level of infestation of grain samples.

A very important relevant [actor 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 [or invasion of the

products.

Saprophytes growing on dead bodies of insect pests may face
some of the problems encountered by fungal parasites of insects at

the pre-penetration phase. The destructive effects of fungal

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



20

proteases on cuticles can be attributed, at least in part, to the
structural importance and enzymatic accessibility of protein
polymers in the cuticle. chitin fibres also contribute to cuticle

structure as a mechanical barrier to penetration and as a

stabilizer of the cuticular protein matrix.
cuticular barriers have yet to be completely characteri~ed for

a single insect species, but available data suggest that most, if

not all, barriers can be part of a typical response acting in

sequence or simultaneously (st. Leger, 1991) (Fig.1).

specifically, establishment by saprophytes may be prevented by low

humidity, an inability to utilize available nutrients on the

cuticle surface or incidence of antibiosis caused by bacteria which

are able to establ ish on··the insect bodies under the normal

atmospheric conditions.

This investigation was carried out to extend knowledge on the

dispersal of fungi in stored grains and seeds, and the thesis

contains results of studies on the possible role of three

Coleopteran insects in the persistence and dispersal of the

Aspe rqi.l.Lus species; A. clava tus , A. f Lev us, A. fumigatus, A.

niger, A. ochraceus, A. sulphureus and A. llstus, among the

contaminating fungi of seeds of bambara groundnut and cowpea and

grains of maize and rice. The major phases of the investigation

are:

( i) Identi ty and frequency of fung I
groundnut and cowpea and grains
storage in Accra.

in
of

seeds of
maize and

bambara
rice in
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(ii)

(iii)

(iv)

(v)

(vi)

21 I

Effects of leachates of the coleopteran species I

celLooobr ocbu s meou Lat.u s fab., si t.ophi.Lus zeamais Linn. I

and '1'riboliuJn·castaneum Duval. on germination of conidia "
of Aspergillus species among the fungi isolated from I

seeds and grains: A. clavatus, A. flavus, A. fumigatus, I

A. niger, A. ochraceus, A. sUlphureus and A. ustus.

Effects of leachates of C. maculatus, S. zeamais and T. I

castaneu/1lon growth of the Asperg.illus species.
Bacterial flora of dead bodies of C. maculatus,
zeamais and '1'. ceet.eiieum that may inf luence
establishment of fungi on the dead insect bodies.

s.
the I

Transport of hyphae of the Aspergillus species through :
the gut of C. maculatus, S. zeamais and T. castaneum and I

the survival of ingested 'ung~· _
Dispersal of conidia of the Aspergillus species carried
externally by the insects.
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II. MATERIALS AND GENERAL

I

~I
I

1. MATERIALS

( a) GRAINS AND SEEDS
I

The fungal species present in seeds of bambara groundnut I
I

I

(Vigna subterranea L. Verdc) and cowpea (Vigna unguiculata L. Walp) I
I

and in grains of maize (Zea mays L.) and rice (Oryzae sativum

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

from five different markets widely scattered in the city, namely, I

I<aneshie, . )La, Madlna, Makola and Mallam Atta Markets. They were I

conveyed to the Departmp-nt of Botany in po ly ckona. bags and kept at I

room temperature to keep the insect pests alive in the laboratory

until needed for specific experiments.

(b) COLEOPTERAN SPECIES

Coleopteran species which are known storage pests were used in "

various experiments. For some studies, the insects were collected

from the stored grains and seeds. For other experiments,

sitophilus zeamais and 'I'ri.boLi.in» cee terieum were reared in the

laboratory on maize grains and Callosobrochus llIaculatuson cowpea

seeds.

(c) FUNGUS SPECIES

Isolates of Aspergillus clavatus Desm., Aspergillus flavus

Link, Aspergillus fumigatus Fresenixs, Aspergillus niger Van

Tieghem, Aspergj~llus oclir eceu s Wilhelm, Aspergj~llus 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 and grains of maize and rice. The cultures were
maintained on Potato Dextrose Agar (PDA) slants in McCartney tubes
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at 3°C. They were sub-cultured every fortnight. For the production

of conidia for some 6f the experiments, cultures were grown on PDA

Petri plates.

Cd) CULTURE MEDIA

Where an .Agar Medium was used, 20ml of the medium was put in
,a 9cm-diameter Petri dish. The composition of Agar media used were
as follows:

Potato Dextrose Agar (PDAL_Medium:
Potato tuber chips

Dextrose
Agar

Distilled water

(Ainsworth and Bisby, 1945).

200g

109

15g

1000ml
Potato chips were boiled in 500ml of distilled water until they

started to break up. The extract was strained with n:fUslinand made

up to lOOOml 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 groundnut Extract Agar Medium

Bambara ground nut 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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s:::owJ2eaEx:tract Agar Medium

Prepared as Bambara groundnut Extract Agar but with cowpea

seeds.

Mai<2._eMeal Agar (Ainsworth and Bisby, 1945)
Maize grain flour 200g
Agar 15g
Distilled water 100ml
Rice Meal/Boile~ Rice (Clerk, 1963)
Each Petri dish contained:

Short grain rice 5g
Distilled water ...... 25ml
callosobrochus Maculatus Leachate Agar Medium
(Prepared with freshly caught live insects)
Insect leachate 200ml
Agar ... 3g
In all preparations requiring leachate of insects (compounds of
insect bodies dissolved in distilled water) the leachate was

obtained by placing 1,000 insects in 200ml sterile distilled water
at 4nC for 24 hours.

sitophilus Zeamais Leachate Agar Medium
(Prepared with freshly caught live insects)
Insect leachate 200ml
Agar 3g.
Tribolium castaneum Leachate Agar Medium
(Prepared with freshly caught live insects)

Insect leachate 200ml
Agax 3g.

~t!" .~-.,
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(e) CHEMICALS

Chemicals used came from a number of manufacturers: oxo id

Limited, London, England; British Drug House (BDH) Chemicals
Limited, Poole, England and Accra Chemist Limited, Accra.

A. ISOLATION OF FUNGI FRO_M GRAINS AND SEEDS

Following the procedure of Lacey, Hill and Edwards, (1980),

lag of either the grain or seed being studied was ground in a

sterile grinder (Moulinex; made in Franc~ and 5g of the resultirtg

powder were suspended in 45ml of aqueous O.1% agar in a 100ml

Erlenmeyer flask 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 appropridte dilutions were poured into four Petri

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

(PDA) containing 250rg Chloramphenicol ml-I was poured into each
Petri dish. The plates were incubated at 30nC and colonies which

developed were counted after 5 days and the species identif ied

after 7 days using standard text books; An introduction to

industrial Mycology, (George Smith, (1960); Illustrated Gener~ of

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

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

penicilli_a.(carlos Ramirez,1982) and Practical Mycology, Manual for

Identification of fungi, (Sigured Funder, ,1953), and with the help
of my Supervisor~ The percentage frequency of each of the species
which were identified was calculated.
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B. LEACHATE OF THE INSECTS

One hundred freshly caught insects of each of the three

different coleopteran species used in this research (Callosobrochus

1l1aculatus, sitophilus zeamais and Tribolium castaneum) were put in

20ml distilled water in a McCartney tube and 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, 1/8, and 1/16 was prepared.

'I'hese were put in individual McCartney tubes and autoclaved at

1.1kg/cm2 pressure for 15 minutes at 121°C.

C. INSECT LEACHATES AS CONIDIUM GERMINATION 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 of grains of maize and rice or
iJ"

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 100ml of distilled water and the mixture strained with
muslin cloth. A 1:1 mixture of this extract and insect leachate
was prepared and autoclaved in a McCartney tube at 1.1kg/cm2

pressure for 15 minutes at 121oC.

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

separat.e extracts were prepared with the testa f cotyled<:>n,and
embryo axis of each. The 1:1 mixture of extract arid insect
leachate was then made for each type of extract.

17-
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D. SPORE GERMINATION TESTS: THE SLIDE METHOD

Spore suspension of each of the Aspergillus species used in

this investigation (A. clavatus, A tlavus, A. tumigatus. A. niger,

A. ochraceus, A. sulphureus and A. ustus) wdS prepared with

conidia from 5-day old cultures and dilution series of the insect
leachates in McCartney tubes were prepared. The conidia were

transferred into the leachates by gently touching the sporulating

mycelia with a sterile inoculating loop without touching the

supporting Agar medium and stirring the solution with the loop.

The spore suspensions were shaken by hand for 10 minutes to give

uniform spore dispersion. The number of spores in suspension for
every germination test was strictly standardized to 500,000 per

millilitre of suspending medium with the aid of a haemacytometer or

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

microscope field.

Each of ster ile Petr i dishes, serv ing as the germination

chamber, contained a sterile slide (7.5 x 2.5cm) supported on a V-
shaped short glass rod over a small quantity of sterile wate~using

a sterile dropping pipette, three individual drops of spore

suspension (about O.LmI in volume) were placed in a row well

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

replaced and the suspension drops incubated at 30°C for the desired

period. Extent of germination was assessed after incubation. All

the six drops of suspension (ie. three -separate drops on each of
two slides for each treat:ment) were observed for the assessment.

At least three random fields were observed from each drop resulting
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in a minimum of eighteen field counts for each treatment.

E. ASSESSMENT OF CONIDIAL GERMINATION AND GERM TUBE GROWTH

At the end of the desired incubation period the incubated
spores were examined directly under the microscope and the

germinated and ungerminated spores of each microscope field of the

drops were counted. If observation could not be made immediately,

a drop of O.lml formaldehyde was added to each suspension drop to

stop further development. The percentage germination was

calculated by the following formula.

100X number of germinated spores
----------------

Total number of spores (germinated and 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~t~ and the mean calculated. 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 intersected each other at the centre where the
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plate was inoculated. The diameters of the growing colonies were

measured alon~ these two diameters every other day. Each plate in

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

sterile No.2 cork borer from the growing edges of a 5-day old

culture raised on PDA.

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

Newly emerged adults of Callosobrochus maculatus,

Sitophilus zeamais and 'l'ribolium castaneum being reared in the

laboratory were collected and introduced separately into containers

with seeds and grains of cowpea and maize, respectively, previously

inoculated with three Aspergillus species - A flavus, A. fumigatus

and A. ochraceus.

To obtain pure cultures on the grains and seeds, the grains

and seeds were first ster ilized in an autoclave at 1.lkg/cm2

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

selected fungus. An amount of 20ml distilled 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 Jone 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
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hyphae on the surface wiped clean with sterile tissue paper before

the insects were introduced .Ihis Inetho (I lllQ$ dev ised when the insects

were found to avoid grains and seeds covered with the fur of

mycelium. Because conditions of incubation were dry no further

external growth occurred. The insects in the course of feeding on
the grains and seeds ingested as well the mycelium contained in the

tissue.

The insects were left on the fungus-invaded grains and seeds

for 7 days. The insects were withdrawn and placed in sterilized

glass containers and washed in 10 percent Milton solution and

rinsed thoroughly in several changes of sterili~ed water to remove
any conidia adher ing to the body. They were then dissected

aseptically under dissecting microscope using the dissection kit
•shown in plate 1. Five alimentary canals of dissected insects of

each species were plated on a potato Dextrose Agar and incubated at
30°C for 7 days. Each aIimentary canal was first placed in a

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

amount of 20ml of the Potato Dextrose Agar and a few drops of
streptomycin were then added. The colonie~ which appeared on the
plates were counted after 4 days and identified after 7 days.
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PLATES:l

I,

32.

Photograph showing the instruments fv'" 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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·,r H. MYCOFLORA OF ALHiENTARY CANAL OF INSECTS OF STORED GRAINS
AND SEEDS

,
Live insects were picked lrom stored maize grains and cowpea

seeds and the fungus flora of their guts studied. They were

surface - sterilized as was done in the preceding experiment by

washing with 10 percent Milton solution and rinsing with sterile
distilled water. They were dissected, their guts removed and

macerated and plated using Potato Dextrose Agar. The plates were

incubated at 30oe, and the colonies which appeared were counted on

the 4th day and the fungus species identified after 7 days. The

percentage frequencies of the different fungus species were also
determined.

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

Aqueous extract of faecal pellets of each of the three

coleopteran insect pests was prepared and used as medium for

germination of the conidia of the seven Aspergillus species. Each
extract of the faecal pellets was prepared as follows:

One t.housand live individuais were put in a sterile 400ml
beaker. The mouth of the beaker was covered with a nylon netting
held in position with a rubber band.

IThe set up was left on the laboratory bench for 4 days dUiing
which masses of tiny whitisl1 faecal pellets were deposited at the
bottom of the beaker.

The insects were transferred back into their respective
breeding vessels and ,amI of sterile distilled water was added to
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the pellets. 'The mixture was stirred until the pellets werel

I

Icompletely dissolved.
I

The solution was regarded as the standard solution from which I

a 1/2 dilution solution was prepared. Conidial germination tests:
• Iwith the different fungi were then carried out, using the sl1de,

method and the standard and 1/2 dilution faecal pellet extradts.

,J. ESTIMATION OF BACTERJ:AL_ FLORA OF THE BODIES OF THE INSECT PESTS II

I

The bacterial flora of the dead bodies of the three I

coleopteran insect pests which could influence colonisation of the

dead bodies by fungi was studied using the viabl_e count method. I

T'he bacterial flora was determined from the day of death to the 6th I

day after death.

One hundred insects were put in 10ml of sterile distilled
water in a Mccartney tube and shaken for about 10 minutes. The

solution served as the standard solution from which dilution series

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

One milliliter each of the various dilutions was put in a

sterile Petri dish and-20ml of sterile cool (4S"C) Nutrient Agar

(Prepared by adding 31g of the powder to 1000ml of distilled ~a~er

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

added. Four replicate plates of each dilution were prepared and
incubated at 37°C for 48 hours. Bacterial colonies which appeared

on the plates were counted after the inCUbation period and the mean
of the four plates of each dilution calculated.

3f
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K. GRAM STAINING METHOD
The universal gram staining method (eg As stated by Krueger

and Johansson (1964) in a book entitled Principles of Microbiology)

to determine Gram-positive and Gram-negative cells of bacteria on

dead bodies of the insect pests was used.

(a) A film of bacteria was made on a slide and fixed over a flame.

(b) The film was stained with an alcoholic solution of crysta.l
violet for 1 minute.

(c) The stain was briefly rinsed with Lugol's iodine.

(d) The film was next flooded with Lugol's iodine for 1 minute -

A dye-iodine complex was then formed inside the cells.

(e) The film or smear was d isco Les rised by running 95% ethanol

over the surface of the smear while the slide was held in a
tibted position.

( f) The 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

cells were unstained because the dye-iodine comple~ has been
completely washed out.

(g) The film was then counter-stained with dilute carbol-Fuch~in
for 1 minute.

(h) This was briefly rinsed under the tap and blotted dry and
observed under the microscope under oil-immersion. Gr~m-
positive cells stained violet and Gram-negative cells stained
pink.

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



L. D~TERMINATION OF FUNGAL F.LORA OF DEAD BODIES OF INSECT PESTS

The fungus flora of the dead bodies of the insect pests used
in the preceding test was determined after the dead insects had

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

case and plated on PDA containing streptomycin which suppressed

bacterial growth.

Ten bodies were evenly placed on each Petri medium and the

preparation incubated at JOne for 5 days. The fungus species were

identi fied and the percentage frequency of occurrence of each
species was calculated.

M. MEASUREMENT OF pH OF MEDIA

The pH of the media wdg measured with pH meter HM60s by ToA
Electron ics 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. STERILIZATION

Media, dist ilIed wa ter, McCartney tubes, dissection kits,

beakers and tissue pape rswere sterilized by autaclaving at 1.lkg/cm2

pressure for 15 minutes at 121nC. The empty glassware ~nd tissue

,paper were wrapped in either cellophane or alum inium foil, and the
!non-absorbent cotton wool plugs of Medicinal flats and flasks were
,
:also covered with either alumi~um foil or cellophan~ to prevent the
entry of condensed water vapour.
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Pipettes and Petri dishes (gem diameter) were packed into

their respective canisters and sterilized in an oven at 160°C for

12 hours.

Slides and cover slips were thoroughly washed with detergentt

rinsed under running tap and in several changes of distilled water

and stored in 90% ethanol and flamed-sterilized just before use.

Inoculating needles and loops were flamed to red-heat and
cooled immediately before use.

o. MEASUREMENT OF DISTANCES TRAVELLED BY CONIDIA ADHERING
TO INSEC'l' BODIES_

Experiments were carried out to determine the proportion of

conidia attached to the bodies of SitoplJilus zeamais and Tribolium

castaJleUm that were transported to various distances through sets
of packed maize grains of different sizes.

Transparent glass tubes measuring 29, 54, 79 and l04cm long

and 4cm in diameter were packed with sound and clean maize grains,
leaving 2cm of each end free of the grains. The tubes were held in
horizontal position with a clamp, and a 2 x 2cm heavily sporulating
A. flavus agar culture 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 were placed on the A. flavus culture while the tube was

oovered with a brown paper tube. As the brown paper was pulled
from the other end, the insects crawled into the shade of the brown

paper as they become exposed to the sunlight which was augmented by
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a 100 watt electric bulb. The insects having moved across the

fungus culture~ naturally picked conidia which became attached to

their bodies. They followed the shade as the brown paper tube

receeded until they reached the cork plug. The first five insects

that arrived at the other end of the tube were collected and all

put in a 5ml steriledistill~d 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 ~ll

the tests, with the aid of a heamacytometer. Counts of 10
suspension drops were made in each treatment.

Before the insects which had crawled over the A. flavus

culture could all enter the packed grains, five of them were taken

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

described above. From the two values, the percentage of spores

which was carried over the distance was calculated.

P. PHO'l'OGRAPHY

Photographs were taken to .illustra te some aspects of the
investigation with OLYMPUS OM-4Ti camera using KODAK film.

Q. STATISTICA~ ANALYSIS
Experimental results were statistically analysed where

95% levels have been quoted.necessary. Conf idence 1Lm it s at

Confidence lImIt was calculated from the formula

Confidence l'lmit Mean ± 1.96 x standard Error (Kershaw,:l6\'l2»
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R. ~XPERIMENTAL 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 involving
germination tests.

~. The chamber in which the dissection was done and the

dissection microscope were all sterilized by spraying with 5.0
percent dethol.

<l . 'l'helife histories of the insects were studied, so that it

became possible to use ybung and energetic adult insects for
all the experiments.

Glassware was kept scrupulously clean. Glassware which had
been already cleaned with detergents and tap water was rinsed

several times with distilled water and allowed to drain dry
before being sterilized.

:G 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.
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III. E~PERIMENTAL DETAILS

A. ISOLA1'ION OF FUNGI FROMTHFJ 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 knowledge on contaminatihg
fungi of these seeds and grains in Ghana. Secondly, some of the
Aspergillus species to be encountered would be used in some of the
subsequent experiments.

Sufficient quantities of maize and rice grains, and, bambata

groundnut and cowpea seeds Were purchased in March, 1994 from each

of the five markets at different localities in Accra Municipality,

namel~, Kaneshie, La, Madina, Makola and Mallam Atta. Inoculation

~aterial of each sample, prepared as described under 'Materials ~nd

General Methods' with surface sterilized grains or seeds was used

to inoculate PDA containing streptomycin. There were five
replicate plates for each sample. The total number of fungal
colonies which occurred after 5 days' incubation at 30°C was

~ecorded. The fungal species were identified and their percentage
~requency calculated. The results obtained are shown in Tables 4
to 7 and part of the data illustrated in Fig.2.
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B. GERMINATION OF CONIDIA OF SEVEN ASPERGILLUS
SPECIE~ IN AQUEOUS BODY LEACHATE OF CALLOSOBROCIIUS
MACULATU~_L~OPHILUS ZEMiAIS AND TRIB_OLIUl-1 CASTANEUM

The ability of conidia of seven species of Aspergillus

selected from the isolates of the previous experiment. A. clavatus,

A. flavus, A. fumigatus, A. niger, A. oclir e ceu e A. sulphureus and

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

Coleopteran species was next investigated.

Drops of spore suspension prepared with sterile body leachate

were placed on sterile glass slides, using the 'slide method' and

incubated at 30°C for 24 hours. Each treatment consisted of two

slides wi th six suspension drops. For tests wi th each fungus,

five concentrations of the leachate of each insect species were

used. These were, the standard solution and 1/2, 1/4, 1/8 and 1/16

dilutions.

The results indicating percentage germination of the various

tests and the mean lengths of the germ tubes are presented in

Tables 8, 9 and 10 ..

C. INDUCING CONIDIAL 9ERMINATION IN INSECT
.BQP_Y___l..._EACIll\'!'_~T!!'__l,:J:{_t)DA'l'E_$..OF THE GRAINS AND SEEDS
In experiment B the conidia of some of the Aspergj_llus species

did not germinate in the insect body leachates. Conidia of A.
,

[wlH',gatus did not germinate in the body leachate of Ce l Loe obr oohu e

maculatus and Tribolium castane~m. A. clavatus conidia did not

qerminate in th-e leacha te of si t.opb i I us zeamais. A. ustus conidia
did not qerm.lnat;e in the leachate of Cel Loe obr oclsu e moculatus and

'-1-1
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conidia of A. n iqe i: and A. s u t ptiu r eu s did not germinate in the

leacha tes of both si tophi] us z eenie i.« and 'I'r:ibol ium cas t.erieum, This

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

adequate nutr ient::.sor it conta ined inhibitory compounds. In this
experiment nutrients were added to leachate to raise the level in

case the leachate lacked adequate nutr ients or to overcome the

effects of the inhibitory compounds. Exuda tes of the seeds of

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

~ere added individually to the leachates of standard concentration

Ln a series of conidial germination tests. In each test, the
percentage germination and mean germ tube length were determined
~fter incubation at JOlle for 12 hours. The data obtained are
~resented in Tables 12 to 19.

l:) • GROWTH OF THE SEVEN FUNGUS A_SPERGILLUS
SPECIES ON INSE~T B_QPY-LEAClIATE AGAR MEDIA

Because conidial germination and hyphal growth involve quite
~ifferent physiological processes, growth of the mycelium of each
~f the Aspergillus species on agar medium prepared with standard

~oncentration of leachate of each of the three insect species was
l-) ext investigated.

Each test consisted of five repl icate Petr i plates. Each
I b~ate was inoculated with a Jmm-diarneter culture disc and incubated

The mean colony diameters of the var ious treatments

I l::--~cordeddaily for a t.ot.aI period of 10 days are tabulated in
II ':t'~}?les20 to 26, and displayed graphically in Figs J.

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



E. MYCOFLORA OF GUT OF CALLOSOBROCHUS
MACULATUSr SI'fOPHILUS ZEAMAIS AND TRIBOLIUM CASTANEUM

Fungi of stored product.s also interact with the internal

environment of the insect pests. contaminating fungi ingested with

tissues of the grains and seeds may survive for varying lengths of
time in the gut of the insects depending on the fungal species.

The components of the gut mycoflora would, anyway, depend, on the

.chance occurrence of the various species of the contaminants on the

particular grains attacked by the insect pests.

A general view of the mycoflora of the guts of the three

insects pests was obtained by plating the gut contents of the

insects on PDA plates containing streptomycin to suppress growth of
bacteria. For each test, five individuals of the insect species

were dissected and their gut contents suspended in sterile

distilled water and used to illoculate the PDA plates as described
in 'Materials and General f'-lethods'. The guts of C. maculatus

picked from cowpea seeds and those of S. zealllaj_s and T.castaJleum

from stored maize grains contained the fungal species listed in
Tables 27 to 29.
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I
F. SURVIVAL OF ASPERGILLUS SPECIES IN THE GUT OF

CALLOSOBROCHUS MACULATUS, SITOPHILUS ZEAMAIS
1\NlL~RIBOLIUt1 CASTANEUM
The results of tileprevious investigations reflect, first, the

fungal species which had been ingested and, secondly, the species

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

Loriqd,vity of fung i in the guts of the three insect species was next

investigated. Different batches of cowpea seeds and maize grains
invaded with mycelillm of either Aspergillus flavus or Aspergillus

fumJgatus or Aspergillus ochraceus in the manner described under

'Materials and General Methods' f were fed to the three insect

pests. Inoculated cowpea seeds were fed to C. maculatus and

inoculated maize grains fed to s. zeamais and T. castaneum.
Each batch of insects wllich had fed [or 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 con~~ts of each insect plated on a PDA

plate containing streptomycin. The mean number of colonies of that

fungus which appeared on the plates after incubation at 30DC for

five days was then calculated. The results of all the tests app~ar

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

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

iI-if
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G. GERMINATION OF CON_.IQJj\_OF AS~ERGILLUS SPECIES IN
EXTRACTS OF FAECAL PELLETS OF THE INSECTS

The possibility of the faecal pellets serving as medium for I

germination of the conidia of the different Aspergillus species was I

next investigated. The extract of the faecal pellets of each of I

the three insects was used in a conidial germination test using the :

slide method. Two concentrations of standard (faecal pellets of I

one thousand insects dissolved in 10ml distilled water) and 1/2 I

dilution of the extract were used. The conidia were incubated at I

30°C for 24 hours after which the percentage germinationn was

determined and random samples of the germ tubes of the germinated I

conidia measured and the mean germ tube length calculated. The

results are presented in Tables JJ to 35.

11. DISPERSAL OF CONIDIA OF ASPERGILLUS FLAVUS
l:\TT1\CHEDTO 'rHE BOD~ES OF SITOPHILUS ZEAMAIS
~ND TRIBOLIUM CASTANEUM

Apart from the dispersal of viable fungi in the faecal

pellets as was suggested by long survival of the fungi in the gut
of the insects in the preceding experiment, dispersal of the fungi

by the insects externa 11y is aLso pass ible. The success of

externa 1 dispersal wou l.d depend on the case by which conidia

attached to the insect bodies could be dislodged. It was
hypothesized that the smaller the spaces among the packed grains or

seeds the more frequent the insects would brush against the grains

or seeds and the faster the rate of removal of the conidia on the

bodies of the insects. This hypothesis was verified in this

experiment.
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Maize grains of three different sizes of small, medium and

large were packed into 4mm diameter tubes of different lengths of

25, 50, 75 and 100cm. By the habit of these insects to move from

light to shade, s. zeama_is and 'J'. castaneum were induced t"move from

one end of the tubes to the other. Insects reaching the ends of

the tubes were submerged 111distilled water with Tween 80 to wash

off the conidia.

Tables 36 to 41 contain assessments made by spore counts with

haemacytometer of proportion of conidia still attached to the

insect bodies after moving through the columns of maize grains of

different sizes while some aspects of the results are illustrated
graphically in Figs 5 and 6.

I. ~ACTERIAL_ELOBA OF DE~D BODIES OF THE THREE INSECT SPECIES
The dead insect bodies among the maize grains in the store

would most probably be substrat~s for both fungi and bacteria.
They could, therefore, serve as launching pads for fungi that could
infect the grains. Perhaps I the metabol ites of some of the

bacteria which would be established on the insect bodies could

depress fungal growth, especially, if tIle bacterial flora is very

large. This investigation was carried out to obtain an idea of the

extent of colonization of the insect bodies by bacteria.

Samples of the dead insects, freshly killed with ether and
kept at 30De were taken each day and used to prepare insect body

washings as described under 'Materials and General Methods'.

Nutrient Agar plates il10culated with the washing were incubated at
30De and the bacterial colonies which developed after 48 hours were
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counted. There were five replicate plates per each treatment~

Ten colonies of different growth forms, and hence of different

species, were selected at random for each treatment and stained

using the Gram staining Method. A record was made of the

morphology and the Gram stain reaction of the cells of each colony.
The results obtained are given in Tables 42 to 44 and illustrated
in Fig.7.

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

In the previous investigation, tiny hyphal growths were

observed on some of the dead insect bodies on the 4th day after the

insects had been killed. 1'wenty insects of each insect species

wifh visible growth were plated on Potato Dextrose Agar containing

streptomycin on the 6th day of the investigation. The plates were

incubated at 30ne for 5 days and the fungal species which developed

were identif ied and the percentage frequency calculated. The
results are presented in Table 45.

4-1
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IV. RESULTS

A. ISQLAYIqN OF FUNGI FROM THE SE$DS OF BAMBARA GROUNDNUT
A~D COWPEA AND GRAINS OF MAIZE AND RICE ON SALE IN

VARIOYS MARKETS IN AGCRA

The samples of seeds of bambara groundnut and cowpea and

grains of maize and rice from the various markets in Accra provided

many fungal species from wllich a selection was made for subsequent

studies. According to the vendors the different stocks had been in

the market for different lengths of time. The fungal populations

obtained could not therefore be related to specif ic period of

storage. The species which grew out of the macerated materials

plated on Potato Dextrose Agar plates are presented in Tables 4,5,6
and 7.

considering all the five markets, the largest number of

colonies was produced by the maize grains, followed, in descending

order, by the colonies from cowpea seeds, bambara groundnut seeds

and rice gralns. Furthermore, the products at Mallam Atta Market

produced the highest number of colonies and products of Madina and

l<aneshie Markets produced the smallest number of colonies.

The lists of fungi in the tables of results showed that the

Jlumber of species on the same crop var ied from market to market.

fhe numbers of isolated fungal species from the same grain or seed

from the different markets could be summarised as follows:
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Total number of fungal species on

Bambara cowpea maize rice
Mark?...:!;;, Grour:::l_~lD'1t_seec:l§_ §eeds g_rains grains
Kaneshie 9 11 6 5

La 5 7 7 6

Madina 9 9 12 5

Makola 8 14 9 6

Mallam Atta 9 9 8 7

The genera of fungi which were observed 011 t.h e different

products were also not the same. Bambara groundnut seeds contained
the genera AspergiJlus, CJadosporium, Fusarium, Neurospora,

Paecilomyces, Penicillium, PuJlularia and Rhizopus. cowpea seeds
contained, AspergiJlus, Cladosporium, Drechslera, Epicoccum,

Fusarium, Mucor, Neocosmospora, Neurospora, Paecilomyces,

Penicillium, Phoma, Rhizopus and ver t.i ci lL ium . Maize grains

conta ined, AspergilJ us, Fu eeriuni,Mucor, Neocosmospora, Neurospora,

Penicil.1iuJl1,Pu l.Lu Le ri.eand Rli i zopue I and rice grains were attacked

by the genera AspergiJlus, Cladosporium, Fusarium, Mucor and

Penicillium. The total number of colonies of the four dominant

genera on the agar plates tnoculated with the macerated seeds and

grains are illustrated in Fig. 2.

The dominant species all all the products put together were

Asperg_illus _flavus, AspergLUus niqer , Paecilomyces puntonii,

pen.ic_illiumexpansum and Penicil Li.u m ci.trinum. The mean percentage

occurrence in each product from the five markets were:

I

I·
I,

I
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£.~rcell..ta_g~_occurrenceQf:

Product. A. fJavus A. luger P. purit.on i i. P. expansum P. citrinum

Bambara
groundnut
seeds 20 22 14 12 3

Cowpea
Seeds 15 6 36 6 0

f.1aize
grains 27 1 0 19 37

Hiee
grains 18 6 0 19 4

c l acios pc r i.uui l ie x beru m and Peti i.c i Ll i.inn clir y eoc enum would be
considered to form an intermediate group, while the r~st,
consisting the third group occurred at very low percentage

frequencies, or occurred only occasionally even though someti~0s,

in large numbers, such as, AspergilJlls oryzae (47 percent: Table 7)

Aspergillus ustus (14 percent: Table 7) Dreschslera species (14 and

43 percent: (Table 5) Fus ar i.u ni mon i.Li t orme (11 percent: Table 6)
and Neocosmospora vasinfecta (14 percent: Table 5)

It was intended from the onset to res trict the subseqUent

studies on dispersal of the contaminant fungi by insect pest~ to
Aspergillus species. As a consequence seven species, namely, A.

clavatus, A. flavus, A. Luniiqet.ue, A. niger, A. oclJraceus, A.

~ulphureus and A. ustus were selected for Experiments B to J.

Ii
I !
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TABLE 4

Fungus species isolated [rom Bambara groundnut seed on sale
<It. d i.f f o r o n t; ma r k o t.n in l\cera

Market

Kaneshie

La

I i

'I'ota I. No. of
Colonies on
5 Plates

14

17

Fungus species
(Total No. in
parenthesis)

% Frequency
(to the neares t-

whole number)

As pe.J:'gi1 J us flavus ( 2 ) 15
Aspergi.Llus fumigatus ( 2 ) 15
l\s pe rci l Lus niger ( l) 7

CJ ados por i Ulll herbarum (1) 7

Neur oe po r e sitophila ( 2 ) 14
Peni c i.Lli iun chrysogenum ( 1) 7

Pen i c i.I_Ii UJIl citrinum ( 2 ) 14

Pen i ci l l Lum expansum ( 2 ) 14

Pen i ci iliuin sp. ( 1) 7

Aspergj_.l1us fumigatus (1) 6

Aspet"gi11us niger ( 1) 6

Cladosporium herbarum ( ]_ ) 6

Pee c i.1omyces Puntonii ( 9 ) 53
Pen iciLl.LlIlII expansl1J11 (5) 29
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TABLE 4 CONT'D
fungus species isolated from Bambara groundnut seed on sale

at different markets in Accra

Total No. of
Colonies on

Fungus species
(Total No. in

% Frequency
(to the nearest-

Harket 5 Plates parenthesis) whole number)
Hakola 72 Aspergillus flavus (18) 25

Aspergillus niger (30) 41

Aspergillus ochraceus (6) 8

Neu.cospora sitoplLila (3) 4

Paecilomyces Puntonii (4) 6

Peti i cil.Li u m chrysogenum (4 6

Penicillium sp. (4)

Rhizopus oryzae (3)
6

4

Mallam Atta :32 Ahs.id_iacory mbi t ere (2)

Asperg.illus ifavus (10)

Aspergillus niger (3)

~spergillus oryzae (2)

6

31
10

6

CJadosporiuJII herbarum (2) 6

Paec.ilomyces puntonii (3) 10

Penicillium chrysogenum (4) 12
Pen i c i l I i u m e x petieum (5) 16

Pollularia pullulans (1) 3
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TABLE 5
Funqu s species iso laled from cowpea seeds on sale

at different markets in Accra

Total No. of
Colonies on

Harket 5 Plates

Kaneshie 95

Fungus species
(Total No. in

% Frequency
(to the nearest-

parenthesis) whole number)

Aspergillus flavus (10) 11
Aspergillus niger (6)

Aspergillus sulphureus (1)

6

1

Drechslera species (13) 14
Fu e e r i.u m nion i Li I orme (1) 1

Neocoslllospora vesinfecta (13) 14
Paecilomyces puntonii (33) 35
Peni c i l Ii.utn ctir y eoqeuum (5) 5

Penicillium sp. ( 2 )

Penicil li um expansum (2)

Peni ci lLi.um sp. (1)

Pullularia Fullulans (10)

La 102

---------_._----
Hadina 126

Aspergillus flavus (30)

Aspergillus niger (9)

14
2

1

11

29
9

Mucor species (5) 5

Paecilomyces funtonii (42) 41
Pen i c i l.l i um chr y s oqe num (3) 3

Peti i c i I Li.u m expeneum (10) 10

Verticilliulll species (3) 3

AspergillUS flavus (13)
Aspergillus niger (3)

Aspergillus ochraceus (5)
Drechslera species (54)

Fusarium moniliforme (9)

Paecilomyces carneus (2)

Paec_IloJllyces purit.on i i (37)

Pi10ma species (2)
f\/11"Z_opus .st-of()I''IIrtv (I)

10
2

4

43
7

2

29

2
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TABLE 5 CONT'D
Fungus species isolated from cowpea seeds on sale

at different markets in Accra
--------------------

'1'0tal No. 0 f

Colonies on
Fungus species
(Tot.alNo. in
parenthesis)

% Frequency
(to the nearest-
whole number)Market 5 Plates

Makola 53

Aspergill us tIev us (2)

Aspergillus fumigatus (2)

Aspergillus niger (4)

Aspergillus oryzae (1)

Clac1osporJum herbarullI (1)

Drechslera species
EpicoccuJIl nigrulll (1)
Mucor species (1)

Neurospora sitophila (1)

( 5 )

PaecJlomyces carneus (5)
PaecJlomyces puntonii (22)

Penicillium expansum (1)
Pe n i.c ill J lim sp . ( ] )
Rhizopus oryzae (4)

Hallam Atta 103 Asperg_illus f(avus (22)

Aspergillus niger (7)

Cladosporium herbarull! (J)

Mucor species (2)

PaecJJomyces puntonii (34)

Pe n i. c i. l I i.Ulll ob r y e oq erium (14)

PenicilliullI expansum (19)

Pi10ma species (1)
verticillium species (1)

4

4

8

2

2

9

2

2

2

9

41

2

5

8

21
7

3

2

33
14
18
1

1
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TABLE 6
Fungus species isolated from maize grains

at different markets in Accra

Narket

Total No. of
Colonies on
5 Plates

Kaneshie 378

La 1027

Madina 323

__.' on sale

Fungus species % Frequency
(Total No. in (to the nearest-
parenthesis) whole number)

Aspergillus flavus (16)

Aspergillus niger (J)

Fusarium moniliforme (12)

Penicillium citrinum (69)

Penicillium expansum (246)

Penicillium sp.(2)

12
1

3

18
65

1

Aspergillus flavus (96)

Aspergillus niger (17)

Fusarium moniliforme (111)

9

1

11
Mucor species (3) 1
Pen i ci lIi.um chrysogenum(177) 17

Penicillium citrinum (622)

Rli i zopus oryzae (1)

60
1

Aspergillus flavus (4)

J\spergillus niqei: (8)

Aspergillus sUlphureus (2)

Fusarium mon iLi torme (10)

Penicillium citrinum (265)

Pe n i.c ill i.um ex pe rieum (6)

Pen i c illi uni Liin icu Loeiun (5)

Peni cil li.uni italicum (J)

Peni ci lLi.u m sp. (14)

1

2

1

3

81
2

2

1

4

Neocosmospora vesinfecta (2) 1
Neurospora sitoplJila (2) 1
Rllizopus oryzae (2) 1
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TABLE 6 CON'T
Fungus species isolated from maize gra ins ,:

at. d i f ferent markets in Accra
on sale

Colonies on
Fungus species % Frequency
(Total No. in (to the nearest-

Total No. of

Market 5 Plates parenthesis) whole number)

Makola 657 Aspergillus [lavus (581)
Aspergillus niger (13)
Aspergillus oryzae (6)

87
2
1

Fusarium moniliforme (8)

Mucor species (2)

Neurospora sitophila (2)

Pe n i c i ll i.um c i.t.r inum (27)

Peuic il l i um ex pe tieum (5)

Pe n i c i.L 1 i u III SP . ( 1J )

1

1

1

4

1

2

Mallam Atta 1318 Aspergillus f]_avus (366)

Aspergil]_us ochraceus (2)
Aspergillus oryzae (14)
Peti i c il Li um chrysogenuJlI(98)

Penicillum citrinum (308)

PeJlicillium expansuJll (400)

Pullularia fullulans (68)

Pen i.c i lLi iim sp. (92)

27

1

1

7

23
29

5

7
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TABLE 7
Fungus species isolated from rice grains on sale

at different markets in Accra

Colonies on
Fungus species
(Tot_alNo. in

% Frequency
(to the nearest-

Total No. of

Market 5 Plates parenthesis) whole number)
"7 ---jG;pe rg i_Tll:ls-irs tUs---Ci) 14

Cladosporium herbarullI (1) 14
Penic i lIi um chrysogenulll (1) 14
Pen i c il Li.uni e x peuieum (2)

Peni ciLli iim oxalicum (2)

29

29

La 22 Aspergillus n.iger (4)

Asperg.illus ustus (3)

Aspergillus wentii (5)

Cladosporium herbarum (3)

Mucor species (2)

PC-enicilliUJilex peiieuni (5)

19
13
23
13
9

23
---------------------------
Madina 8 Aspergillus flavus (1) 13

Aspergillus flavus-oryzae(l) 13
CladosporiuJII herbarum (3) 37

Penicillium ch ry soqe nu m (2) 24

Pen i.ci I liu m expansum (1) 13

Makala 9 Aspergillus flavus (2)

Aspergi_7_lus fumigatus (1)
Aspergi _ILu s n i.qer (1)

Cl.edoepa ri.um herbarvWl'. (1)

Pe n i c i lLi um ci t.r i num (2)

Pe n ici ll.Lutn expansum (2)

23
11
11
11
22
22
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TABLE "7 CONT'D
Fungus species isolated from rice grains on sale

at different markets in Accra

Total No. o[
Colonies on

Fungus species % Frequency
(Tota 1 No. in (to the nearest-

Market 5 Plates parenthesis) whole number)

Hallam Atta JO Aspergillus clavatus (1)
Aspergillus flavus (3)
Aspergillus oryzae (14)
Cladosporium herbarum (4)
Fu s e i um mon i l i Lc r me (1)
Penicillium chrysogenum(5)
Penicillium expansum (2)

3
10
47
13
3

17
7

---------------_._-------------------------_ ..----------------
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GERIUNATION OF QONID_:rA OF S_EVEN ASPERGILLUS}. c
SPECIES IN AQUEOUS BODY LEACHATE OR" ~?
CALLOSOBROCHUS HACUII~J'_1!~_L_ SI'rOI~_ll!'_~US ZEAHAIS AND\.:.YO~~?~
TRIBOLIUM CA_~'fJ)_li_~~M ~

60

The surface of the bodies of illsect pests in stored grains
and seeds would be a most likely site for lodgillg of the conidia

and germination of the conidia. In the first exper iment on

germination of conidia of the seven Aspergillus species, A.

clavatus, A. flavus, .A. fumigatus, A. n i.qe r , A. ochraceus, A.

sulphureus and A. ustus, the conidia were incubated in
germination media of aqueous leachate of Callosobrochus

mactllattls, sitoplJi_ltls zee nie i e and 'I'r i.bc Li.um castaneulll. Tables

8,9 and 10 show the levels of germination in the different

concentrations of the insect Leaohat.es after 24 hours' Lncuba t Lon

The conidia of the different Aspergillus species responded

quite differently in the germination media. They were affected

both by the type and concentration of the leachate. Generally,
where there was germination in a particular leachate by conidia

of a particular f unqaI species I the standard concentration of the

leachate supported the highest percentage germination, and the

·percentage germination declined with decreasing leachate

concentration. The mean germ tube lengths corresponded to the

percentage germination.

The conidia of some species germinated in practically all

the concentra tions of some of the leachates. 'I'h i s rela tionship

was observed with A. s u l puur eu s conidia in c. me cul.e t.us leachate;

conidia of A. flavus, A. [ulIliga tus I and 1I. och r eceu e in s.

zeama_is leachate and conidia of A. flavus and A. ochraceus in
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leachate of 'J'. aee teuieum . Cons ider ingthe standard concentration

of the leachates a lone, A. flavus conidia gave the highest

germination in C. maculatus leachate compared to conidia of the

other species, 1.n S. zeenuii oS leacllat.e con id ia of A. f lavus and

A .ochraceus germinated best and in '1'. ce et.e neum leachate, A.

ochraccus conidia germinated best.

The 14.st trend observed was that although conidia of some

species did not germinate at all in certain leachates, there was

no species which failed to show germination in all concentrations

of all the three leachates. The various trends summarised above

have been presented together in Table 11, for clarity, indicating

the percentage germination.
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TABLE 8

Germination of conidia of Aspergillus species in aqueous solution
of faecal pellets of Callosobrochus maculatus incubated at 300e for
24 hours.
(Percentage germination out of total of 500-600 conidia)

Aspergillus
species

Concentration of
leachate

Pecelltage
germination

Mean Germ
tube length

(p,m)

Undiluted
Dilution:

50.2 109.9
A. clavatus

1/2
1/4
1/8
1/16

0.0
0.0
0.0
0.0

Undiluted 70.4
A. flavtls Dilution:

1/2 0.0
1/4 0.0
1/8 0.0
1/16 0.0

.__ .__------_.
Undiluted 0.0

I,
fumigatus Dilution:A.

1/2 0.0
1/4 0.0
1/8 0.0
1/16 0.0

A. niger Undiluted 44.0
Dilution:
1/2 45.5
Ij 4 0.0
1/8 0.0
1/16 0.0

125.9

123.4

118.0
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TABLE 8 CONT/D.

Germination of conidia of Aspergillus species in aqueous solution
of faecal pellets of Callosobrochus maculatus incubated at 30"e for
24 hours.

(Percentage germination out of total of 500-600 conidia)
Mean Germ
tube length

(f.Lm)
Aspergillus
species

Concentration of
leachate

Percentage
germination

A. ochraceus Undiluted 49.6 80.3
Dilution:
1/2 0.0
1/4 0.0
1/8 0.0
1/16 0.0

A. sulplmreus Undiluted 31.3 149.0
Dilution:

1/2 11.4 116.4
1/4 6.4 98.7
1/8 6.4 84.1
1/16 0.0

A. ustus Undiluted 0.0
Dilution:
1/2 0.0
1/4 0.0
1/8 0.0
1/16 0.0
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TABLE 9
Germination of conidia of Aspergillus species in body

leachate of sitophilus zeamais incubated at 30ne for 24 hours
___ ----'Percentageqermination out of total of 500-600 conidia)

Aspergillus concentration Percentage Mean germ tube
species of leachate germination

Undiluted 0.0
Dilution:
1/2 0.0
1/4 0.0
1/8 0.0

1/16 0.0

Undiluted 76.2
Dilution:

1/2 58.6
1/4 45.6
1/8 19.3

1/16 20.9

length (11m)

A. clavatus

A. flavus 166.0

134.9
122.2
88.9
66.9

A. fumigatus Undiluted 45.2 91.4
Dilution:

1/2 46.5 53.8
1/4 36.4 32.8
1/8 26.8 38.5

1/16 0.0

A. niger Undiluted 0.0
Dilution:

1/2 0.0
1/4 0.0
1/8 0.0

1/16 0.0
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TABLE 9 CONT'D

Germination of conidia of Aspergillus species in body
leachate of SitoplJilus zeamais incubated at 30nC for 24 hours

(Percentage germination out of total of 500-600 conidia)
Aspergillus Concentration Percentage Mean germ tube
species length (~m)

108.4
A. ochraceus

102.9
99.2
67.9
59.3

Undiluted 0.0
A. SUlphureus Dilution:

1/2 0.0
1/4 0.0
1/8 0.0

1/16 0.0

Undiluted 53.B 56.3
A. tlstus Dilution:

1/2 31.1 31.6
1/4 0.0
l/B 0.0

1/16 0.0

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



66

TABLE 10
Germination of conidia of Aspergillus species in bbdy

leachate of Tribolium castaneum incubated at 30nC for 24 hours
(Percenta~ermination out of total of 500-600 conidia)

Aspergillus Concentration Percentage Mean germ tube
species of leachate germination length (Mm)

A. clavatus
Undiluted
Dilution:

39.2 121. 2

1/2
1/4
1/8

1/16

0.0
0.0
0.0
0.0

A. flavus Undiluted
Dilution:

52.2 131. 5

1/2
1/4
1/8

1/16

40.2
37.9
26.2
0.0

99.1
95.1
87.1

A. fumigatus Undiluted 0.0
Dilution:

1/2 0.0
1/4 0.0
1/8 0.0

1/16 0.0

A. niger Undiluted 0.0
Dilution:

1/2 0.0
1/4 0.0
1/8 0.0

1/16 0.0
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TABLE 10 CONT'D

Aspergillus Concentration Percentage
species of leachate germination
----

Undiluted 69.5
A. ochraceus Dilution:

1/2 59.3
1/4 48.9
1/8 37.5

1/16 28.1

Germination of conidia of Aspergillus species in body
leachate of Tribolium castaneum incubated at 30nC for 24 hours

(Percellt_Qg~____ggrmina t-.ion_gut _of total of 500-600 conidial
Mean germ tube
length (JLm)

132.4

110.9
88.1
78.1
66.4

-----~

Undiluted 0.0
A. sulplmreus Dilution:

1/2 0.0
1/4 0.0
1/8 0.0

1/16 0.0

Undiluted 46.1 119.0
A. ustlls Dilution:

1/2 36.7 107.2
1/4 0.0
1/8 0.0

1/16 0.0
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TABLl

Percentage germination of conidia of Asper9

Callosobrochus maculatus, sitophilus zeamais c

concentra- p

Body tration of A A J
leachate leachate clavatus flavus fumi9

Undiluted 50.2 70.4
Dilution:

Calloso-
brochus
maculatus 1/2

1/4
1/8

1/16

Undiluted 76.2 4'
Dilution:

sito-
philus
zeamais 1/2 58.6 4(

1/4 45.6 3(
1/8 19.3 2(

1/16 20.9

Undiluted 39.2 52.2
Ollution:

'I'r i bc I i u:
castaneu!: 1/2 40.2

1/4 37.9
1/8 26.2

1/16
----------

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



68

TABLE 11

of Aspergillus apec i es In aqueous body leachate of
5 zeama~s and Tribolium castaneum In 24 hours at 300e

ASl2ergillus specles
~ A A A A A
svu s fumigatus niger och ....~c.:et..lS- 5u1ph iH".2. (lS,' ustus

70.4 44.0 49.6 J 1. 3

45.5 11. 4
6,4
6.4

6.2 45.2 66.3 53.8

8.6 46.5 48.1
5.6 36.4 27.5
=1.3 26.8 29.5
J.9 16.4

2 • 2 69.5

),2 59.3
7.9 48.9
i.2 37.5

28.1

31. 1

t. 6 . 1

36.7
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c. INQUQIN!J~ONJJ!l!\_LG~RMIHA'tI_91LIN I~SECT
BODY LEACHATE WITH EXTRACT~ __QF GRAINS AND

Potato. Dextrose Broth and extracts of the seeds of bambara

groundnut and cowpea and of tile grains of maize and rice were able

to induce germination of conidia of Aspergillus species which

failed to germinate in the insect body leachates in the previous

experiment. The results of the experiment are shown in Tables 12

t.o 19. In almost all cases, conidial germination was obserVed

first after 9 hours' Lhou ba t Lon . The extent of germination
depended on th~ type of leachate-amendment combination.

Only Potato Dextrose Broth, and extracts of cotyledons of
bambara groundnut and cowpea encouraged very high percentage

germiR~tion of 81.5 - 84.9 percent in 12 hours of conidia of A.

fumigatus in call~S~rochus maculatus leachate (Table 12).

The highly ef fecli ve amendments for the other Aspergillus

species, stimulating more tllan 75 percent germinations in 12 hours
were:

A. ustus: Extracts of cotyledons and embryo axis of bambara

groundnut in c. maculatus leachate (77.2 and 83.6 percent) (Table

A. c_lavatus: Potato Oextose Broth, extracts of embryo axis of

bambara groundnut, cowpea cotyledon, cowpea testa

and maize grains in s. zeamais leachate (76.5 -

90.6 percent) (Table 14).

A. niger: Potato Dextrose Broth in s. zeamais leachate (78.1

percent) (Table 15) and in T. castalleum leachate (18.7
percent) (Table 18).
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A. fund_gatus in 'T. castaneum Leachat.e (Table 17) and A. suphureus

in leachates of 8. zeamais (Table 16) and T. castaneum (Table 19)
were not so highly stimutated as in the other tests.
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TA8

Germination of conidia of Aspergillus fumigatus at sec ill body leachate of {j
and cowpea and grains of maize and rice.

Medium
% GennilZation after indicated hJ
3 6 9 12

Standard C. 17laculatus leachate
Potato Dextrose Broth
Standard C. maculatlis leachate +
Extract of axis of bambara
groundnut seed
Standard C. maculatus leachate +-
Extract of cotyledon of bambara
groundnut
Standard C. maculatus leachate +
Extract of testa of bambara
groundnut
Standard C. maculatus leachate +
Extract of axis of cowpea
Standard C. maculatus leachate +
Extract of cotyledon oj cowpea
Standard ~qJus_ leachate +
Extract of testa of cowpea
Standard C. masulauu leachate
Extract of Maize grain
Standard C. maculatus leachate +
Extract of rice grain

0.0
0.0

0.0
0.0

0.0 0.0
53.7 82.7

0.0 0.0 9.8 39.3

0.0 0.0 64.3 81.5

0.0 0.0 5.7 25.0

0.0 0.0 29.1 51.7

0.0 0.0 57.1 84.9

\

0.0 0.0 0.0 13.3

0.0 0.0 7.2 37.8

0.0 0.0 4.9 24.9
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TABLE 12

eachate of Callosobrochus maculatus amended with extracts of seeds of bambara groundnut

indicated hOllrs .
12

lVtean Genu Tube Length after indicated hours{flJl1)
3 6 9 12

I 0.0
82.7 19.9 53.3

j 39.3 13.7 42.3

81.5 44.8 76.1

1 25.0 16.9 35.9

51. 7 28.9 57.9

84.9 33.6 62.6

13.3 13.2

37.8 22.3 48.8

24.9 13.6 30.9
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TAB!
Germination of conidia of Aspergillus ustus at soc ill body leachate of Call
and cowpea and grains of maize and rice.

% Gen71illqJjg}zafJer indicated ho
Medium 3 6 9 12

Standard C. maculatus leachate 0.0 0.0 0.0 0.0
Potato Dextrose Broth 0.0 0.0 33.3 63.0
Standard C. maculatus leachate +
Extract of axis of bambara
groundnut seed 0.0 0.0 18.9 41.6
Standard C. tnaculatus leachate +
Extract of cotyledon of bambara
groundnut 0.0 0.0 68.9 83.6
Standard C. maculatus leachate +
Extract of testa of bambara
groundnut 0.0 0.0 9.9 36.9
Standard C. maculatus leachate +
Extract of axis of cowpea 0.0 0.0 57.5 77.2
Standard C. maculatus leachate +
Extract of cotyledon of cowpea 0.0 0.0 38.9 64.8
Standard C. maculatus leachate +
Extract of testa of cowpea 0.0 0.0 0.0 6.1
Standard C. maculatus leachate +
Extract of maize grains 0.0 0.0 40.5 69.9
Standard C. maculatus leachate +
Extract of rice grain 0.0 0.0 6.0 35.0
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TABLE 13
~of Callosobrochus maculatus amended with extracts of seeds of bambara groundnut

---------------_ - --- .'

IHeall Gen1l Tube LelZgtlu!J!_q.illdicgted hours( jAl'fI)
3 - 6 9 12

cated hours
12

0.0
63.0 12.7 50.1

41.6 17.1 3808

83.6 29.8 68.3

36.9 12.9 29.8

77.2 25.6 44.5

64.8 17.5 56.3

6.1 12.9

69.9 25.3 60.8

35.0 19.3 49"3 -"
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TABJ "
Germination of conidia of Aspergillus clavatus at 3rfC in bOdy leachate of ~ I

cowpea and grains of maize and rice.

% Germination afk!Jlldicated ho I

I

Medium 3 6 -;:9 12

Standard S. zeamais leachate 0.0 0.0 0.0 0.0
Potato Dextrose Broth --:',;~-, 0.0 65.8 84J 85.9
Standard S. zeamais leachate +
Extract of axis of bambara
groundnut seed t~;~,.." 0.0 45.9 65.8 78.9
Standard S. zeamais leachate~~+
Extract of cotyledon of bambara
groundnut '.i _,._:zf ~ 51.2 ~7 2 68.9 70.5----'3:,;-, _- " .
Standard S. zeamais leaclz._at~~.*.--
Extract of testa of bambarg2/:;': -
groundnut .... ,;..;;.;....-1£-. _;_ 0.0 16.4 23.4 29.6. : 11;:':''''- ~.,f

Standard S. zeamais leachate' +
Extract of axis of cowpea. 0.0 74.4 80.5 82.9
Standard S. zeamais leachate .:+. .. -

Extract of cotyledon of cowpea' 0.0 76.7 81.0 81.4
Standard S. zeamais leachate +
Extract of testa of cowpea ....... ~-"':'

0.0 81.5 85.6 90.6
Standard S. zeamais leachate' +-
Extract of maize grain ._:LE. :~

51.1 64.3 70.1 76.5
Standard S. zeamais leachate +_
Extract of rice grain 31.3 43.7 58.7 67.8
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TABLE 14
chate of Sitophilus zeal7lais amended with extracts 0/ seeds of bambara groundnut and

Heated hours
12

Alean Gemz Tube Length fJ!m_illdicated hours (j-IM)
3 6 9 12

0.0
85.9 26.3 56.9 81.6

78.9 18.8 31.3· 57.6

i 70.5 17.8 36.9 57.1 82.8

129.6 12.7 30.9 41.3

182.9 16.3 49.1 56.8
1
181.4 16.8 40.6 63.9

190.6 29.8 54.3 77.9

176.5 24.5 34.1 58.3 88.1
1
167.8 14.9 40.8 89.7 94.1
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TABL
Germination of conidia ofA.spergillus niger at 3(/C ill bOdy leachate of Sitophil
and grains of maize and rice.

% Genninatio.JUJ.iJ§r indicated hou
Medium 3 6 9 12

Standard S. reamais leachate 0.0 0.0 0.0 0.0
Potato Dextrose Broth 0.0 62.0 71.0 78.1
Standard S. zeamais leachate +
Extract of axis of bambara
groundnut seed 0.0 0.0 7.01 /5.6
Standard S. zeamais leachate +
Extract of cotyledon of bambara
groundnut 0.0 14.3 30.5 44.4
Standard S. zeamais leachate +
Extract of testa of bambara
groundnut 0.0 0.0 6.6 19.7
Standard S. zeamais leachate +
Extract of axis of cowpea 0.0 0.0 17.7 22.9
Standard S. zeamais leachate +
Extract of cotyledon of cowpea 0.0 22.7 34.4 57.4
Standard S. zeamais leachate +
Extract of testa of cowpea 0.0 0.0 61.3 67.8
Standard S. zeamais leachate +
Extract of maize grain 0.0 9.1 28.2 55.3
Standard S. zeamais leachate +
Extract of rice grain 0.0 4.5 32.4 57.7
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I

i of Sitophilus zeamais amended with extracts of seeds of bambara groundnut and cowpea
TABLE 15

jl!eall Genn Tube Length a/rer illdicated hotlrs (pM.)

3 6 9 12
dicated hours

12

0.0
I 78.1 21./ 58.9 84.9

I 15.6 10.3 31.8

44.4 40.8 57.4 75.3

19.7 9.92 17.1

22.9 16.2 32.6

57.4 19.1 45.5 73.9

67.8 29.5 52.9

55.3 19.8 29.2 38.9

57.7 14.5 20.9 31.3
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TAB
Germination of conidia of Aspergillus sulphureus at 3(/C in body leachate oj
cowpea and grains of maize and rice.

% Gennillatioll afJer indicated III
Medium 3 6 9 12

Standard S. zeamais leachate 0.0 0.0 0.0 0.0
Potato Dextrose Broth 0.0 31.6 40.5 50.7
Standard S. zeamais leachate +
Extract of axis of bambara
groundnut seed 0.0 0.0 0.0 8.9
Standard S. zeamais leachate +
Extract of cotyledon of bambara
groundnut 0.0 6.3 16.9 38.6
Standard S. zeamais leachate +
Extract of testa of bambara
groundnut 0.0 0.0 0.0 7.1
Standard S. zeamais leachate +
Extract of axis of cowpea 0.0 0.0 5.8 20.0
Standard S. zeamais leachate +
Extract of cotyledon of cowpea 0.0 8.2 15.2 30.2
Standard S. zeamais leachate +
Extract of testa of cowpea 0.0 0.0 19.9 32.1
Standard S. zeamais leachate +
Extract of maize grain 0.0 0.0 7.9 17.6
Standard S. zeamais leachate +
Extract of rice grain 0.0 0.0 0.0 16.6
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I TABLE 16 '
eachate of Sitophilus zeamais amended with extracts a/seeds of bambara ground nut and
I

"
lWeall Germ Tube Length after indicated hours (j).14)

3 6 9 12
Idicated hours

12

0.0
50.7 14.8 38.6 65.9

8.9 15.8

38.6 25.3 48.8 67.6

7.1 12.8

20.0 11.8 25.6

30.2 12.7 34.8 56.3

32.1 20.9 38.6

17.6 15.2 29.6

16.6 16.5
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TAE:. I

Germinatim, of conidia of Aspergillus [umigatus at 3(/C ill body !rachate ~
I

and cowpea and grains of maize and rice. .

% Germination a{Jerindicated hI
Medium 3 - 6 9 12

Standard T. castaneum leachate 0.0 0.0 0.0 0.0
Potato Dextrose Broth 0.0 18.7 31.5 42.4
Standard T. castaneum leachate +
Extract of axis of bambara
groundnut seed 0.0 0.0 13.3 34.6
Standard T.castaneum leachate +
Extract of cotyledon of bambara
groundnut 0.0 0.0 5.6 14.4
Standard T. castaneuni leachate +
Extract of testa of bambara
groundnut 0.0 0.0 0.0 5.2
Standard Ticastaneum leachate +
Extract of axis of cowpea 0.0 0.0 15.9 33.6
Standard T. castaneum leachate +
Extract of cotyledon of cowpea 0.0 0.0 5.6 13.7
Standard T. castaneum leachate +
Extract of testa of cowpea 0.0 0.0 0.0 7.1
Standard T. castaneum leachate +
Extract of maize grain 0.0 0.0 0.0 18.1
Standard T. castaneum leachate I-;-

Extract of rice grain 0.0 0.0 0.0 ZO.S
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TABLE 17

Ifachate of TriboliUl7l castalleUI7l amended with extracts of seeds of bambara groundnut I

iHealZ Genn Tube Length after indicated hours VJ/JA ')
3 6 9 12

7ldicated hOllrs
12

0.0
42.4 27.6 38.6 57.8

34.6 17.3 43.6

14.4 13.8 34.8

5.2 12.2

33.6 24.1 40.6

13.7 14.5 30.9

7.1 12.2

18.1 40 7.1

I 10.5 34.5
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I

TAB I

Germination of conidia of A spergillus niger at 3(/C ill bod» leachate of Tril
cowpea and grains of maize and rice. . I

I

% Germination ~/u~icated hi I

Medium 3 6 9 12 I

Standard T. castaneum leachate 0.0 0.0 0.0 0.0
Potato Dextrose Broth 0.0 69.1 93.2 98.7
Standard T.castaneum leachate +
Extract of axis of bambara
groundnut seed 0.0 0.0 32.1 64.4-
Standard T. castaneutn leachate +
Extract of cotyledon of bambara
groundnut 0.0 0.0 9.8 26.6
Standard T.castaneum leachate +
Extract of testa of bambara
groundnut 0.0 0.0 0.0 7.5
Standard T. castane um leachate +
Extract of axis of cowpea 0.0 36.8 53.1 66.9
Standard T. castaneum leachate +
Extract of cotyledon of cowpea 0.0 6.72 17.1 46.9
Standard T. castaneum leachate +
Extract of testa of cowpea 0.0 0.0 9.4 32.0
Standard T. castaneum leachate +
Extract of maize grain 0.0 0.0 16.1 40.6
Standard T. castaneum leachate +
Extract of rice grain 0.0 0.0 0.0 12.9
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TABLE 18

of Tribolium castalleU11lamended with extracts of seeds of bambara groundnut and

,Wean Gen7l Tube Length after illdicated hours (jJM)
3 6 9 12

lted hours
12

0.0
f.7 18.6 68.8 96.7

%.4- 12.5 42.5

l.6 16.9 32.5

7.5 11.8

>.9 20.5 36.5 54.8

1.9 30.1 41.1 39.5

1.0 10.9 30.0

).6 29.5 84.1

.9 56.6
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Germination of conidia of Aspergillus sulphureus at sac ill body leach::e~~1
and cowpea and grains of maize and rice.

% Germination JJiJer indicated hot
Medium 3 6 9 12

I

Standard T. castaneum leachate 0.0 0.0 0.0 0.0
Potato Dextrose Broth 0.0 0.0 /6.7 32.7
Standard T. castaneum leachate +
Extract of axis of bambara
groundnut seed 0.0 0.0 5.1 9.4
Standard T. castaneum leachate +
Extract of cotyledon of bambara
groundnut 0.0 0.0 0.0 12.1
Standard T. castaneum leachate +
Extract of testa of bambara
groundnut 0.0 0.0 6.7 8.2
Standard T. castaneunz leachate +
Extract of axis of cowpea 0.0 0.0 5.4 22.8
Standard T. castaneunz leachate +
Extract of cotyledon of cowpea 0.0 0.0 0.0 25.1
Standard T. castaneum leachate +
Extract of testa of cowpea 0.0 0.0 0.0 7.0
Extract of maize grain 0.0 0.0 8.9 34.5
Standard T. castaneum leachate +
Extract of rice grain 0.0 0.0 0.0 5.6
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TABLE 19
ichate of TribofiU1l1 castanel1111 amended with extracts of seeds of bambara groundn ut

Alean Genn Tube Length after illdicat-ed hours (jJlh)
3 6 9 12

rated hours
12

0.0
32.7 18.4 46.1

9.4 13.3

12.1 12.3 22.1

8.2 16.2

22.8 17.8 42.6

25.1 15.8 31.3

7.0 16.2
34.5 19.6 46.1

5.6 13.9
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D. GROWTH OF SEVEN ASPERGILLUS SPECIES ON INSECT BODY LEACHATE
AGAR MEDIA

The results in Tdbles 2C) to )6 followed that the leachates of

Callosobrocllus macula tus I ei topiii LLlS zeamais and Tr ibo l: i um

castaneum supported my oe Li aI qr owt.h of all the Seven Aspergillus

species. By their r e spon se the AspergiIlus species could be

separated into three categories.

a . 1-1. ue t.iu: alone grew t.o t:lle s ame extent on all the three media.

ii. A. fumigatus, J1. niger Clnd iL ochraceus grew better and to

almost the s arne extent all the S.i tophi 1 LlS zemais and Triboli um

ce s t.erieiun medi a than all L.lle CalJosobrochus maculatus medium.

(Tables 22,23,24 respectively)

iii. A. clavatus, A. f'lavu,r; ;wd A. eiil phur eus; grew better on the

callosobrochurs macula tus and si t.optii Lus -ieemeie and to

practically the same extent than on the Tribolium castaneum

medium. (Tables 20,21,25 respectively)

Apart from A. ustus whicli grew very well and to the same

extent on all the media ('Table 26) growth of the others was

generally better on the ot.he r media (Bamba r a groundnut Extract

Agar, Cowpea Extract Agar. Maize meal Agar, Potato Dextrose Agar,

and rice 1/]eal) than on the .ius ec t. leachate AS:JarMedia. Plates 2 to

5 show some of t he coLori i e s OIl tile various media on the 7th day of

incubation. Maize meal Af.JCll"consistently supported very good

growth and the mean colony cJiaHlF:ters of all the species on t.his

medium and on the insect Leachate Agar Media have been compared in

the histograms ill Fig. 3.
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TABI
Growth of Aspergillus clavatus on insect Leachate Agar media and other na II

Mean diameter of colons (nun}
v -

Medium 2 4

Callosobroch us maculatus

leachate Agar

Sitophilus zea17lais

leaclCate Agar

Triboliu11l caslaneul7l

8.4 + 0.2 21.6±O.7

10.6 + 0.5 24.9 _±_ 1.0

leachate Agar

Bambara groundnut-:f/{trftct: A9dv

Cowpea Extract A.gar

Maize Meal Agar

Potato Dextrose Agar

Rice meal

11.3 + 0.3 21.3 +_ OA

13.1 + 0.1 24.8 + 0.2

9.4 + 0.2 24.0 ± 0.3

12.8 + 0.5 3~ ., ! 1.1j ._) '"Y-'

9.6 + 0.3 20.3 -L 0.6I

11.3 I 0.4 33.3 ± 1.4T

Means with the same letter are not significantly diflerem. Confidence limits
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TABLE 20
r and other natural media 'Crt 30cC

.olony (nun} after indicated incubation days

4 6 8

.6 + 0,7 J7 -r , 0 0
.)1,1 i .0 53.0 : 1.0

9 ± 1.0 38.8 _+ 0.4 51.5 _:t_ 0.8

3 +- 0.4 32.6 + 0.5 41.6 I 0.7'T

8 ,J- 0.2 37.6 _J_ 0.5 50.3 + 0.4
I I

0 + 0.3 38.2 +- 0.7 ~":{ ') _J_ 0.6j.,._) I

" .~- 1.1 54.0 I 0.9 ""6 - + 2.2I ..J T I .J

I 3 _J_ 0.6 30.0 +- 0,8 40.3 _J_ 1.0I I

3 + 1.4 A9 - +- 0.4 68.0 I 0.7I "1' .j T

I -fidence limits calculated at 95 %.

10

6 Q 0' -~r ('I « T)o. . I. I L

1 '" C',1.L

::~R·+-!:::B_}.J. \.... .:.._ ,':" .J_

65,1 _-t 0.3 C

67 : + 7 2' I~D
.,...-' ._.:._ J._" t._,

('9'- I (' .. Fo .J.2:_ u.s r

50.9 ,~±0.9 A

8? ? ...L. lor:- ._. -;_ .. .-_,
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Growth of Aspergiflus {lavus Oil insect leachate Agar media and other nat. I

I

Medium

Mean diameter of COIOllV (111m)., -
2 4

Callosobrochus maculatus

leachate Agar

Sitophilus zeamais

Ieach'[ate Agar

Tribolium castaneUl1l

leachate Agar

Bambara groulldnutEXtrad, Ajar

Cowpea Extract Agar

Maize Meal Agar

Potato Dextrose Agar

Rice meal

15.0 _± 0.3 29.9 _± 0.2

14.8 _± 0.3 33.4 ± 0.4

16.8 + 0.3 28.9 ± 0.5

20.1 + 0.1 39.9 _± 0.3

10.8 + 0.2 32.1 ± 0.2

11.4 + 0.6 44.2 ± 1.6

13.3 _± 0.3 29.4 ± 0.3

12.9 + 0.6 35.9 ± 1.9

M eans with the same letter are not significantly different. Confidence limit
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TA.BLE 21

other natural media' qt 3occ.

'_v (111m) after indicated incubation days

6 8 10

0.2 44.1_± 0.5 54.3 _± 1.6 68.8 + 1.3 B

0.4 50.2 _± 0.4 66.0 _± 0.5 76.5 + 0.6 C

0.5 42.3 _± 0.6 52.9 _± 1.0 66.5 + 0.8 AB

0.3 61.6+0.7 80.0 + 0.4 90.0 _± 0.0 F

0.2 50.5 _± 0.5 71.0 + 0.4 80.3 + 0.3 E

1.6 61.3 + 2.4 82.5 + 1.0 90.0 + 0.0 F

0.3 41.6 + 0.5 54.1 + 0.4 65.1 + 0.8 A

1.9 50.3 + 1.0 64.7 _± 0.3 78.8 + 0.7 D

ince limits calculated at 95%.
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I

TABj
I

Growth of Aspergillus [ul7ligatus Oil insect leachate Agar media and other 14

Mean diameter of colony (nun)

Medium 2 4

Callosobrochus maculatus

leachate Agar

SitophilllS zea17lais

leacleate Agar

Triboliu11l castaneUl7l

8.6 ± 0.7 28.0 + 0.6

9.8 ± 0.2 31.8 + 0.5

Maize Meal Agar

10.4 + 0.2 24.8 + 0.7

13.6 ± 0.8 31.8 + 0.7

4.0 + 0.0 24.3 ± 0.2

6.9 ± 0.3 40.9 + 0.7

5.9 ± 0.4 29.0 + 0.4

7.3 ± 0.4 27.5 + 0.8

leachate Agar

Bambara groulZd(lr~t~)(tyac.t l\c\G.."
. ..;'

Cowpea Extract Agar

Potato Dextrose Agar

Rice meal

Means with the same letter are not significantly differe'lt. Confidence limits
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TABLE 22

ther natura! media at 30 Cc

~m) after indicated incubation days

6 8 10

41.8 + 0.7 59.8 + 0.4 71.8 + 0.8AB

52.8 + 0.9 74.5 + 0.9 86.8 + 0.8E

44.4 + 0.6 62.5 + 0.6 81.4 +0.8CD

53.9 + 0.7 77.4 + 0.8 90.0 + 0.8 F

45.8 + 0.6 69.3 + 0.5 79.8 + 0.3 C

64.8 + 2.8 87.8 + 1.3 90.0 + 0.0 F

45.8 ± 0.4 58.8 + 0.9 70.0 + 0.9 A

41.5 + 0.4 66.3 + 2.7 82.2 + 1.1 D

limits calculated at 95%.
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TABL 1

1

Growth of Aspergillus niger 011 insect leachate Agar media and other natura 1

1

Mean diameter of colony (11Z17l) (J 1

Medium 2 4

Callosobrochus maculatus

leachate Agar 7.5 + 0.3 21.3 + 0.4
- 1

Sitophilus zeamais

leach=ate Agar 14.0 + 2.1 37.7+ 0.8 j I.

Tribolium castaneum

leachate Agar 5.3 ± 0.2 26.1 ± 0.4 4

Bambara groundtwc ixty-{}(.t A.9G. Y 16.4 + 0.4 31.5 ± 0.7 4

Cowpea Extract Agar 10.8 ± 0.3 31.1 ± 0.2 5

Maize Meal Agar 8.8 ± 0.4 46.5 ± 1.3 7

Potato Dextrose Agar 15.8± 0.3 33.3.± 0.4 4

Rice meal 8.5 ± 0.7 31.9.± 1.1 4

Means with the same letter are not significantly different, Confidence limits I
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TABLE 23

d other natural media .at 3ole

)/oIZY(17Zl1l) after indicated incubation days

4 6 8 - 10

3 + 0.4 36.5 + 0.5 50.S + 0.9 68.3 + O.4A

7 + 0.8 53.2 ± 2.4 59.3 + 0.8 83.2 + 0.8CD

r + 0.4 45.3 + 0.3 66.S + 0.4 81.5 ± 0.5C

i + 0.7 46.4 + 0.3 66.8 + 0.4 82.8 + O.3CD

r.± 0.2 52.0 ± 0.4 77.8 + 0.3 83.3 ± O.3D

~.± 1.3 76.3 + 1.5 86.7+1.1 90.0 + 0.0 E

~.± 0.4 44.0 + 1.5 60.3 + 0.3 69.0 ± 0.7AB

I.± 1.1 49.5 + 1.1 72.3 + 1.7 84.8 + 0.8CD

Iidence limits calculated at 95%.
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TAJ I

Growth of Aspergillus ochraceus Oil insect leachate Agar media and other I

Mean diameter of colony- (171m)

Medium 2 4

CaLIosobrochus ntaculatus

leachate Agar 7.5 + 0.2 14.6 + 0.3

Sitophilus zeamais

leach:,ate Agar 11.0 + 0.4 19.5 + 0.8

Tribolium casta ne U17l

leachate Agar 7.6 + 0.3 16.0 + 0.4

Ba mba ra ground fl;~ it:)I(tV" (j Ct (\~C. ../ 10.4 + 0.2 25.5 + 0.3

Cowpea Extract Agar 6.6 + 0.4 20.6 + 0.4

Maize Meal Agar 10.5 + 0.4 25.0 + 0.9

Potato Dextrose Agar 7.9 + 0.4 24.1 + 0.4

Rice A4eal 5.3 + 0.3 17.0 + 0.8

Means with the same letter are not significantly different. Confidence limit
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TABLE 24

ria and other natural media Crt :3 0'"'C

-olony- (111m) after indicated incubation days

4 6 8 iO

.6 + 0.3 21.4 ± 0.5 27.6 ± 0.8 31.8 + i.5A

.5 + 0.8 28.0+0.7 35.5 + 0.7 41.2 + 0.7E

1.0 + 0.4 25.1 ± 0.3 33.3 + 0.5 41.5 + 1.0B

1.5 + 0.3 41.9 ± 0.2 52.5 + 0.3 65.9 ± 0.3G

1,6 + 0.4 34.2 + 0.4 45.2 + 0.1 57.8 ± 0.3D

0+0.9 38.5 + 0.6 52.8 ± 0.5 60.0 ± 0.8 E
I

1 + 0.4 35.5 + 0.3 43.8 + 0.6 50.9 + 0.5e

10 + 0.8 33.2 + 0.6 47.8 ± 1.0 63.7 + O.4F
I

itfidence limits calculated at 95%.
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Growth of Aspergillus sulphureus all insect leachate AgQrmedia and other

Mean diameter of colony (11l11l)

Medium 2 4

Callosobrochus maculatus

leachate Agar 7.0 + 0.2 15.3 ± 0.3

Sitophilus zeamais

leaclCate Agar 9.8 ± 0.3 18.4 ± 0.6

Triboliuni castaneuni

leachate Agar 7.6 + 0.5 15.6 ± 1.1

Bambara groulldnut'£xt~~ci A94't' 11.1 + 0.4 24.8 ± 0.5

Cowpea Extract Agar 7.3 + 0.3 23.5 ± 0.5

Maize Meal Agar 10.0 + 0.4 ·41.8 + 0.8

Potato Dextrose Agar 10.5 + 0.2 24.4 ± 0.4

Rice meal 5.5 + 0.3 18.4 ± 0.6

t

Means with the same letter are not significantly differes; Confidence limit
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TABLE 25

dia and other natural media at 3(/C

.olony (11l11l) after indicated incubation days

4 6 8 10

.3 _± 0.3 24.2 _± 0.6 30.2 _± 0.8 38.7+1.2B

.4 _± 0.6 24.0 _± 0.8 33.1 + 1.2 43.7 ± 0.6C

.6 _± 1.1 19.9"_± 0.3 22.0_±0.7 29;4 + 0.3A

.8 _± 0.5 40.4 + 0.8 " 59.8 _± 0.4 74.5 + 0.3F

.5 _± 0.5 39.6 + 0.4 55.5 + 0.3 59.0 ± 0.4E

.8 + 0.8 56.8 _± 0.8 68.8 _± 0.8 84.8 ± 0.5G
-

.4 _± 0.4 36.9 + 0.9 54.5 + 0.3 69.6 ± 0.3E

.4 _± 0.6 34.1.± 1.3 45.0 + 1.3 64.0 ± 1.3D

infidence limits calculated at 95%.

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



8

Growth of Aspergillus ustus on insect leachate Agar media and other nature

Mean diameter of colony (11l11l) after ind

Medium 2 4 6

Callosobrochus maculatus

leachate Agar 14.1 + 0.2 33.5 + 0.8 61.8 ±
Sito[2_hiluszeamais

leacJCate Agar 12.9 + 0.4 37.1 + 0.7 62.3 ±
Tribolium castaneum

leachate Agar 14.6 + 0.3 32.1 + 0.4 59.3 + .
Bambara groundrrutEXt.·"(~c:-tl7ja.r15.9± 0.4 32.3 ± 0.5 54.9 +
Cowpea Extract Agar 5.0 + 0.2 26.4 ± 0.2 50.3 ±.
Maize Meal Agar 7.4 + 0.3 40.0 + 1.8 60.8 ± '
Potato Dextrose Agar 11.1 ± 0.3 34.6 + 0.3 60.3 ± I

Rice meal 7.4+ 0.8 28.0 + 0.9 40.7 + I

Means with the same letter are not significantly different. Confidence limit ..
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TABLE 26

tiler natural media at 3(/'C

after indicated incubation days

6 8 10

61.8 ± 1.2 78.8 + 1.2 89.0 + 1.0B

62.3 ± 1.0 85.3 + 0.3 90.0 + O.OB

59.3 + 0.5 73.4 + 0.5 90.0 + O.OB

54.9 ± 0.4 80.0 + 0.0 . 90.0 + O.OB

50.3 ± ,0.3 74.8 + 0.3 90.0 + O.OB

60.8 + 0.5 79.3 + 0.9 90.0 + O.OB

60.3 ± 0.3 81.8 + 0.6 90.0 + O.OB

40.7 + 0.7 61.3 + 0.7 79.0 + 0.7A

lence limits calculated at 95%.
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PLATES 2: Photograph of 7-day old cultures of A. flavus (TOP)
and A. sulphureus (BOTTOM) grown on three different
media at 30oc_ 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 30De
FROM LEFT: Maize Meal Agar, C. maculatus leachate
Agar and Rice Meal (x 1/3)
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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 Leachate Agar and Cowpea Extract Agar. (x
1/3)
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91.

Photograph of 7-day old cultures of A. ochraceus
(TOP) and A. $l,J/.pt",UI'"'tZ..'olC (BOTTOM) grown on three
different media at 30De
FROM LEFT: Potato Dextrose Agar, T. castaneum Agar
and cowpea Extract Agar (x 1/3)
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E. MYCOFLORAOF GU'f OF CALLOSOBROCIIUS MACOLATUS, SITOPHILUS

ZEAMAIS AND TRIDOLIUM COSTANEUM

The data in Tables 27 to 29 show that samples of the three

insect pests C. maculatus r So zeamais and T'; costaneum taken

randomly from the stored cowpea seeds and maize grains had live

propagules of many fungi in their guts. The flora which grClWon

Potato Dextrose Agar plated with the gut contents of C. macul~tus

from the stored cowpea seeds consisted of 14 species. The most

important genera were Aspergillus and Penicil.lium whose members

made 34.4 and 39.2 percont:, reepoccLvely, of the total. number of

colonies (Table 27)

Aspergillus and Penicillium were also the dominant genera in

the guts of sitophilus zeamais and T. cdstaneum. The respective

percentage occurrence of members of Asperg_illus and Pen.icillium was

45.2 and 40.8 percent in sitop))ilus zeamais (Table 28) and 22.6 and

5009 percent in 'I'ri bo Li.un: ce s i.erieum (Table 29). with all three

insects Aspergillus flavus was dominant Aspergillus species and

penicil_lium ci.t.ri.niun was the predominant penicillium species.

Plates 6 to 8 are photographs of fungi which grew on samples of the
petato Dextrose Agar plates inoculated with the gut contents of C.

maculatus, S. zeamais and T. castaneum respectively.
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Fung i isolated from the gut of CelLosobr oc liu s maculatus collected
from naturally infested stored maize grains (Colonies on inocu(~i~d
FDA after 7 days' incubation at JOnc)

Fungi isolated
Percentage

No of colonies occurrence

4 5.8

11 15.9

4 5.8

2 2.9

4 6.8

2 2.9

1 1.4

4 5.8

19 27.6

2 2.9

6 8.7

2 2.9

1 1.4

J 4.3

4 5.8

Absidia species

Aspergillus flavus

Aspergillus fumigatus

Aspergillus niger

Aspergillus ochraceus

Aspergillus terreus

Cepl1alospor ium spec.ies

Cladosporium herbarum

penicillium citrinum

Penicillium expansum

pen_icillium purpurogenum

pullularia pullulans

Rhizopus species

Syl1cephalas trum racemrsum

sterilia mycelia
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TABLE 28

Fungi isolated from the gut of si t.ophiL us l..aamaiscollected from
naturally infested stored maize grains (Colonies on inoCII18ted PDA
after 7 days' incubation at JODC

Aspergillus fumigatus

Percentage
No of colonies occurrence

1 2.4
11 26.2

4 9.4

1 2.4

2 4.8

2 4.8

1 2.4

2 4.8

12 28.6

3 7 .4

1 2 .4

1 2.4
1 2.4

Fungi isolated

Aspergillus clavatus

Aspergillus flavus

Aspergillus sulphureus

Aspergillus wetit.ii

Cl~dosporium herbarum

curvularia species

Fusarium moniliforme

Penicillium citrinum

Penicillium chrysogenum

Penicillium purpurogenum

Penicillium spinulosum

Rhizopus species

-------------------------------- ----------------
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Fungi isolated from the gut of Tribolium castaneum collected from
naturally infested stored maize grains (Colonies on ino-c.u(dtedPDA
after 7 days' incubation at JODC

Percentage
No of colonies occurrence

1 0.6

J 1.9

18 11. 2

5 3.2

J 1.9

5 J.2

1 0.6

2 1.3

26 16.4

4 2.5

1 0.6

1 0.6

68 42.7

5 3.2

8 5.0

2 1.3

... 6 3.8
'if

Fungi isolated

Aspergillus clavatus

Aspergillus ettusus

Aspergillus tlavus

Aspergillus tumigatus

Aspergillus niger

Asperg_illus ochraceus

Aspergillus tamarii

Botrytis species

Cephalosporium species

Cladospor.ium herbarum

Fusarium monilitorme

Mucor plumJJens

Penicillium citrinum

Peni ci.ILiUlll cnry eoqerium

pen_icill.ium purpuroqenum

pullularia pullulans

sterilia mycelia
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PLATE dJ;

96.

Photograph of PDA Plates inoculated with gut
contents of Callosobrochus maculatus showing fungal
colonies after incubation at 30°C for 7-days (x 1/3)
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PLATES 7:

97.

Photograph of PDA plates inoculated
contents of Sitophilus zeamais showing
fungal colonies after incubation at 30De
(x 1/3)

with gut
developing
for 7 days
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PLATES 8: Photograph of PDA pl ~es inoculated
contents of Triboli um castaneum showing
fungal colonies after incubation at 30De
(x 1/3)

with gut
developjng
for 7 days
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F. SURV~VAL OF A$_PERGIIJLUS SPEC, ES IN 'TilE GUTS. OF

COLLOSOBROCIfUS MACULA'l'US...I__. SITOPiIILUS ZEAMAlS AND TRIBOLIUM

CAS'l'ANEUM

The resu 1t5 of the exper iment conta in important Lnf orma t Lonen
how long ingested A. flavus, A. fumigatus and A ochraceus would
remain viable in the guts of C. maculatus, S. zeamais and T.

ce e t.erveum , Plates 9 to 11 are photographs of 7 day old pure
cultures which developed on PD1\ plates inoculated with gut
contents taken two days after feeding of the insects.

The results in Tables JO to 32 showed two notable aspects
of survival. First, A. flavus consist2ntly survived longest in
the guts of the three insect species. Secondly, with each fungus
species, longevity in the guts of the three insect pests varied.
The latter has been illustrated in Fig 4 which was constructed
with percelltage viability calculated from the data in Tables 30

to 32.
A. flavus survived longest (8 days) (Table 31) in the gut

of S. zEi'naisand shortest (5 days) (Table 32) in the gut of T.
castaneum.

A. fumigatus survived longest (6 days) (Table 31) in the gut
of S. z e eme ie and shortest (4 days) (Table 30) in the gut of C.

maculatus.

Iv , ooh r eaeu e survived longest (6 days) (Table 30) in the gut
of C. maculatus and shortest (J days) (Table 32) in the gut of
']'.cas t.erieum .
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TABLE 30

Survival of Aspergillus species \~ the gut of Collosobrochus

maculatus fed on inoculated cowpea seeds with the species
(Contents of gut plated on PDA and incubated at 30ne for 7 day~)

'rime IY\.!c(lj) no. of colonies Per Petri Plate of-_ ----_._--_._------
after feeding

(Days)

1

A. f.lavus A. fumigatus A. ochraceus

29 32 87
21 37 28

23 3 14
15 1 13

14 0 7

4 2

0 0

-ok

2

3

4

5

6

7

8

9

_-------- ------

* Readings dicontinued

I
I •
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TABLE 31

survival of Aspergillus species In the gut of si t.oph iLu s

zeamai.s fed on inoculated maize grains with the species

(contents of gut plated on rDA and incubated at 30ne for 7 days)

_-
Time

after feeding
(Days)

w~~~no. of colonies Per Petri Plate of

A. flavus lL fumigatus A. ochraceus

1 38 41 1-:J

2 98 42 33

3 20 16 5

4 6 25 2

5 7 12 0

6 14 2 -*
7 1 0

8 1

9 0

------Feading discontiued.
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TABLE J2

survival of Aspergillus species In the gut of Tribolium

casaneum fed on inoculated maize grains with the species

(contents of gut plated on PDA and incubated at 30DC for 7 days)

Time
after feeding

(Days)

j~·I(?~\__.rL11Q. of colonies Per Petri Plate of

A. flavus A. tumiqe t.as A. ochraceus

1 22 JJ 87

2 ] r:_J 18 1

J 6 9 7

<1 1J 3 o

5 J 4

6 o o

7 -*
8

9

_------------------

-I<: Reading discontinued.

I
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PLATES 9: Photograph of PDA Plates showing pure cultures of~.
flavus 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 10:

lOS.

Photograph of PDAPlates showing pure cultures
of A. fumiga tus after inoculation with gut
contents of C. me cu l e tus taken 2 days after
the insect had been fedwi!it1l\L fungus. Plates
incubated at 30°c. for 7 days (x 1/2).
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PLATES 11:

106.

Photograph of PDAPlates showing pure cultures
of A. ochraceus after inoculation with 9ut
contents of T. castaneum taken 2 days after
the insect had been fed WIt\. _~ fungus. Plates
incubat.ed at 30Dc. for 7 days (x 1/2) .
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G. GERMINATtON OF CONIDIA OF ASPERGIL~US SPECIES IN EXTRACTS OF

FAECAL PELLETS OF TIlE INSECTS

The results of this experiment tabulated in Tables 33 to 35

showed that the faecal pellets of the insect pests could serve as

a medium for germination of the conidia of some of the Aspergillus

species. The extracts of the faecal pellets of C. maculatus

supported germination of conidia of all the seven Aspergillus

species to varying degrees at the standard concentration (faec~l

pellets of 1,000 individuals dissolved in 10ml of sterile
distilled water) used (Table JJ).

Extract of the faecal pellets of S. zeamais at the standard

concentration supported very low percentage germination of conidia

of A. clavatus, A. ochraceus and A. sulplwreus only (Table 34)

while the only species which showed germination in standard extrabt

of the faecal pellets of T. castalleUI1Jwere A. clavatus, A. flavus

and A. ochraceus (Table 35).

'I'he resu It aIso showed tha t some of the can idia became

swollen; and thus initiated the germination processes, but were

unable to produce germ tubes during the incubation period of 24

hours.

There was neither conidi~ swelling nor germ tube development

when the extracts were diluted to half the concentration of the
standard.

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



I
TABLE 33

108

Germination of conidia of Aspergillus species in aqueous solution
of faecal pellets of CalJosobrocJms macuJatus incubated at 30°C for'
24 hours.

(Each value of Percentage Germination based on a total of 500-600
observed conidia)

Aspergillus
species

Concenb1:\tion of
aqueous faecal
Pellet solution

96.9A. clavatus standard
1/2 Dilution

A. flavus standard
1/2 Dulution

A. fumigatus standard
1/2 Dilution

JI. ni.qer standard
1/2 Dilution

__ .__._------
A. ochraceus standard

1/2 Dilution

A. sulphuretls standard
1/2 Dilution

, I

, i

A. ustus standard
1/2 Dilution

I

Percentage Mean Germ ,
of conidia Percentage tube length :
swollen germination (~~)

22.8 6.9
0.0 0.0

29.7 6.9
0.0 0.0

19.1 8.6
0.0 0.0

12.54 10.0
0.0 0.0

18.2 7.1
0.0 0.0

16.2 8.3

0.0 0.0

12.7 6.0
0.0 0.0

104.6

115.2

108.6

85.9

84.6
0.0

71.6
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Tl\BLE 34
Germination of conidia of Aspergillus species in aqueous solution
of faecal pellets of sitoplJilus zeamais incubated at 300e for 24
hours.
(Each value of Percentage Germirlation based on a total of 500-600
observed conidia)

l\spergillus
species

Concentmtion of
aqueous faecal
Pellet solution

A. clavatus standard
1/2 Dilution

A. flavus standard
1/2 Dulution

A. fumigatus standard
1/2 Dilution

----------------

Percentage Mean Germ
of conidia Percentage tube length
swollen germ ination (/.lbl>

34.8 1.0
0.0 0.0

29.7 0.0
0.0 0.0

38.8 0.0
0.0 0.0

17.8 0.0
0.0 0.0

25.5 0.7
0.0 0.0

13.9 0.7
0.0 0.0

6.5 0.0
0.0 0.0

93.2

A. niger standard
1/2 Dilution

A. ochraceus standard
1/2 Dilution

183.14

A. eu l pliur eiie Standard
1/2 Dilution

A. tlstus standard
1/2 Dilution

, ,
, ,
, '

111. 6
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TABLE 35

Germination of conidia of Aspergillus species in aqueous solution
of faecal pe Llet.s of 'i'ribol i utn castaneum incubated at 300e for 24 '
hours.

(Each value of Percentage Germination based on a total of 500-600
observed conidia)

Aspergillus
species

Concenbbtion of
aqueous faecal
Pellet solution

Percentage Mean Germ '
of conidia Percentage tube length
swollen germination (~m)

St.andani-----
1/2 Dilution

15.1 21. 5

0.0 0.0

12.0 13.7
0.0 0.0

14.3 0.0
0.0 0.0

11.7 0.0
0.0 0.0

11.1 5,4

0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

110.6A. clavatus

A. flavlls standard
1/2 Dulut.ion

112.2

1\. fumigatus standard
1/2 Dilut.ion

A. niger St.andard
1/2 Dilution

A. ochraceus standard 75.9
1/2 Dilution

A. sulphurells Standard
1/2 Dilut.ion

A. lIstlls standard
1/2 Dilution

I
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11. DISPERSAI..__ OF CONIDIA OF ASPERGILLUS F'LAVUS A'rTACHED _TO THE

BODI1lli_Q_LS __J1'QPJ1_.IJA-1{L_~E:l)li_l)JS_l)ND __'EBI!2QkJ__rlM CIW'l'lWEUM

The conidia of the sporulnting contaminant fungi would
definitely adhere to the body of insects which would brush against

the conidial apparntus. The results of this experiment have shown

how much of the initial load of conidia would be lost as the

insects migrated among the henps of grains and seeds. The resul~

of this investigation 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 percentnge of conidia removed depended on the pore size

among the maize grains irrespective of the insect species.

For the two insect pests, the respective percentages of

conidia still adher ing to insects which had travelled over

lOOcm through the small-sized, medium-sized and large-sized

maize grains were:

.51.t.ophi Lue zeamais: 12.2, 15.3 and 23.3 percent (Tables 36-38,

Fig. 5).

'I'ri.b o lLu m castaneum: 11.5, 12.1 and 17.2 percent (Tables 39-

41., Fig. 6).

(b) The can idia were genera lLy more eas ily removed [rom the bodies

of 't'ri.bo l Lum c ae t.eiieiun t.han those of s : t.oph i l ue zeamais. The

va lues r.,OtYl the exper iment carried out with the large-si zed
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maize grains showed marked differences. The percentage of

conidia remaining on the bodies of sitophilus zeamais after

travelling over 25, 50, 75 and 100cm was 27.5, 19.6, 18.0 and

23.3 percent, respec t ive ly , (Table J 8) . The corresponding

figures for 'I'r i.b o l i.um ce e t.e noum were 19.5,17.2,13.8 and 17.2
percent respectively (Table 41).
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TABLE 36
Proportion of Aspergillus flavus conidia still adhering to the body
of Sitophilus zeamais after travelling through small-sized maize
grains (5.3-8.5 x 4.04-7.30 mm) over different distances

Length of column
of packed grains
(cm)

Mean No. of conidia Percentage of
per insect ml-1 original load of
(x100) 76x100ml-1

25 24.8C 32.8C

50 10.4A 13.8A

75 12.48 16.48

100 9.2A 12.2A
---------------------------
Means with t.he same letter are not significantly different.
Confidence limits calculated at 95%.
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TABLE 37
Proportion of Aspergillus flavus conidia still adhering to the body
of sitopJJilus zeamais after travelling through Medium-sized maize
grains (8.1-10.2 x 6.00-8.21 mm) over different distances
-----------_._--------------_.
Length of column
of packed grains
(crn)

Mean No. of conidia
per insect mI"
(xlOO)

Percentage of
original load of

76x100ml-1

25 15.6C 20.6C

50 12.8BC 16.9BC

75 9.61\ 12.7A

100 11.6B 15.3B

Means with the same letter are not significantly different.
Confidence limits calculated at 95%.
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TABLE 38
Proportion of Aspergillus flavus conidia still adhering to the body
of st. t.opti i.Lue z eeinei e after travell ing through Large-sized maize
grains (size range of 9.5-12.2 x 7.5-9.5mm) over different
distances.

Length of column
of packed grains
(cm)

Mean No. of conidia Percentage of
per insect ml' original load of
(xl00) 76x100ml·1

25 20.8D 27.5D

50 14.8AB 19.6AB

75 IJ.6A 18.0A

100 17.6C 23.6C

Means with the same letter are not signif icantly different.
confidence limits calculated
at 95%.
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TJ\BLE 39

Proportion of .lIsperg_illus flavus conidia still adhering to the body
of TrilJoJiul1l castaneuJ7l after travelling through small-sized maize
grains (5.3-8.5 x 4.04-7.30 mm) over different distances

(cm)

Mean No. of conidia Percentage of
per insect ml' original load of
(xlOO) 70x100ml-1

Length of column
of packed grains

25 12.4B 17.88

50 8.4A 12.iA

75 9.21\8 13.2AB

100 8.0A 11.5A

Means with the same letter are not significant:ly different.
confidence limits calculated at 95%.
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TABLE 40
Proportion of Aspergillus flavus conidia still adhering to the body
of Tribolium castaneum after travelling through Medium-sized maiz~
grains (8.1-10.2 x 6.00-8.21 mm) over different distances

Length of column
of packed grains
(cm)

Mean No. of conidia Percentage of
per insect m I:' original load of
(xlOO) 70xl00ml-1

25 15.6C 22.4C

50 lO.OB 14.4B

75 9.6AB 13.BAB

100 8.4A 12.1A

Means with the same letter are not significantly differeht.
Confidence limits calculated at 95%.
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TABLE 11
Proportion of Aspergi_l_lus i Le vue conidia still adhering to the body
of Tribolium castalJeUm after travelling through Large-sized maize
grains (size range of 9.5-12.2 x 7.5-9.5mm) over different
distances.

Length of column
of packed grains
(cm)

Mean No. of conidia Percentage of
per insect ml' original load of
(x100) 70x100ml-'

25 13.6B 19.58

50 12.08 17.2B

75 9.6A lJ.8A

100 12.08 17.2 B

Mean~ with the same letter are not significantly different.
confidence limits calculated at 95%.

t
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spore load

35

Fig.S Three- dimensional graph showing percentage of the
original load of conidia still adhering to the bodies of
s. zeamais after travelling through small-, medium-
and large- sized maize grains over a toto I distance
of 100 cm.
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Fig.6 Three-dimensional graph showing percentage of the
original load of conidia still adhering to the bodies
of 1. castaneumafter travelling through srno ll j-rne diurn
and large- sized maize grains over a total distance
of 100 cm.
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121.

Photograph of apparatus designed to measure
loss of conidia adhering to bodies of S.
zeamai sand T. cas taneum 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_LI,.ORA OF DEAD BODIES OF THE THREE INSEC'f SPECIES

The results of tllis investigation are presented in Tables 42
to 1\4and fig 7. Insects which had been bred for this experiment

as shown in plates 13 a and b and then killed with ether had even

at the time of killin%a bacterial flora which was not affected by
the ether. Plate 14 shows 48 hours-old bacterial colonies on
Nutrient Agar inoculated with different dilutions of Tribolium

castaneum body washings prepared immediately after etherizing the

insects. The initia I bacler iaI load var ied wi t.h the insect

species. 8itophilus zeamais had the highest colony forming units

of 281xl01 per ml of suspension (Table 42) and c. maculatus had the

least of only 27xlO,1per mI of suspension (Table 42).

As can be clearly observed in the graphs of fig 7' the

population fluctuation an the three insect species then followed

different patterns. The population ort T. castaneum fell sharply

within 24 hours to 12.8xlO~ per ml and disappeared t.ot.allyby t.he

4th day (Table 44).

There were, however, bacteria on the bodies of t.he ot.her two

species on the 6th day. There was a low popu l.ation of 5.Oxl04 per

ml of suspension on 8. zeamais on the 6th day (Table 43) while the

C. macul atus insects had a popu Iat ion of 37.8 xLo" per ml of

suspension on that day (Table 42). The bacterial population on C.

maculatus showed a significant increase to a peak of 201.3xlO~ per

ml of suspen~ion on the second day after dea~l before declining

gradually to 37.8xl04 per ml of suspension on the 6th day. More
varied bacterial forms occurred on tile bodies of 8. zeamais (Table
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than on those of the o ther two species. Generally, the43)

majority of the bacterial species were bacilli and cocci, and they

were a mixture of Gram-positive and Gram-negative as shown in the
tables of resu 1ts .

negative colonies.
There were more Gram-pos i tive than Gram-
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TABLEII
Viable count of bacterial flora on dead bodies ofl

Time after
insects
were

etherized
(Days)

Mean No. of
colony forming
units per ml of

suspension
(x 104

)

I

Morphology of cells of HI
randomly selected differerl

colony types (Species)

Bacilli Cocci Vibro r i i .
tol

0
I

0 27.5 10 0 (I
I

1 108.8 3 7 0 (I

2 201.3 7 3 0 C

J 141.8 3 7 0 C

4 76.3 6 4 0 0

5 72.3 5 5 0 0

6 37.8 6 4 0 0

I·
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\BLE 42
of Callosobrochus maculatus kept at 300 C {or 6 days

If 10 Reaction of cells of the 10 colonies to
erent Gram staining
ss )

Reaction of bacilli Reaction of cocci
Filamen- No.of No. of No. of No. of
taus Colonies Colonies Colonies Colonies

+ve -ve +ve -ve

0 10 8 2 0 0 0

0 4 2 2 6 4 2

0 7 6 1 3 2 1

0 3 2 1 7 4 3

0 6 6 0 4 1 3

0 5 3 2 5 2 3

0 6 4 2 4 2 2
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TABLJ,
Viable count of bacterial flora on dead bodies of,

Time after
insects
were

etherized
(Days)

Mean No. of
colony forming
units per ml of

suspension
(x 104

)

I

Morphology of cells of 11
randomly selected differel

colony types (sp~cies) I

Bacilli Cocci VibrC)

0 281.0 3 5 2 ( I

1 4.3 5 5 0 C'

2 12.0 4 6 0 C

3 13.3 6 4 0 C

4 33.0 3 5 0 2

5 25.0 3 4 3 0

6 5.0 8 2 0 0
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lBLE 43
of Sitophilus zeamais kept at JO°CfOL 6 days
f 10
erent
s s )

Reaction of cells of the 10 colonies to
Gram st"aining

Reaction of bacilli Reaction of cocci

Filamen- No.of
taus Colonies

No. of
Colonies

No. of
Co Lo n i.e s

No. of
Colonies

+ve -ve +ve -ve

o 2 o 2 6 4 2

o 5 5 o 5 o

o 4 3 1 6 4 2

o 6 5 1 4 3 1

2 3 3 o 5 3 2

o 3 3 o 4 o 4

o 8 4 4 2 o 2

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



TABLE

Viable count of bacterial flora on dead bodies of----------------------------------------------------------~~-.~
Time after

insects
were

etherized
(Days)

Mean No. of
colony forming
units per ml of

suspension
(x 1 O~)

Morphology of ciellsaf 10
randomly selected differen

colony types (species)

Bacilli cocci vibro Fila
t.o:

~

0 104.5 8 2 0 0

1 12.8 10 0 0 0

2 2.5 5 5 0 0

3 4.3 0 10 0 0

4 0.0

5 0.0

6 0.0
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TABLE 44
I

~s of Tribolium castaneum kept at 30°C for 6 days
I

Iaf 10 Reaction of cells of the 10 colonies to
fferent Gram staining
~ies )
I Reaction of bacilli Reaction of cocci

Filamen- No.of
taus Colonies

No. of
Colonies

No. of
Colonies

No. of
colonies

+ve -ve +ve -ve

o 8 6 2 2 2 o

o 10 3 7 o o o

o o o o 10 10 o

o 10 10 o o o o
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• • Callosobrochus maculatus

280 o 0 Sitophilus zeamais

!:s-----£::, Tribolium castaneum
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Time after insects were etherized (Days)

Fig.7 Number of bacterial colonies on Nutrient Agar plates
inoculated with washings of dead bodies of three Coleopteran
species and incubated at 37°C for 48 hours,

I
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PLATES 13: Photograph of insect-breeding chambers (x 1/3
- a: closed chambers
- b: open chambers showing S. zeamais (left)
and T. castaneum (right)
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PLATE 14: Photograph showing 48 hour-old bacterial colonies
on Nutrient Agar inoculated with different
dilut ions of T. CAS tauem body washings prepared
immediately after etherizing the insects.
FROM LEFT: st arida rd solution and 10-1, 10-2, 10-3 and
10-4 dilutions (x 1/4)
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J. f.!LNGJJLFLORA OF DEAD BODIE~ OF THE THREE INSECT SPECIES

Despite the bacterial growth on the etherized insect bodiest
fungi could also colonize the dead bodies. The results in Table 45
showed that all the 20 bodies of either C. maculatus or S. zeamais

randomly selected on the 6th day were colonized. There was a lower

level of invasion ofT. castaneuJ1Ibodies (70 per cent).

T. castaneum bodies had t.he smallest number of fungal species

of two, S. zea11laishad three fungal species and five fungal species
were isolated from bodies of C. 11laculatus. Aspergillus flavus was

by far the predominant species present be..1o_9 rID, 70 and 65 per cent on

the. bodies of S. zeamais, C. maculatus and T. castaneu11l,

respectively.
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T1\BLE 45

Fungi isolated from dead bodies of the three Coleopteran insect I

species, six days after they had been killed with ether and kept at "
JOoC.

Insect species

Ca11osobrochus

maculatus

Sitopllilus zeamais

Tribolium castaneum

Percentage of Fungal species and

Bodies showing Percentage of

fungal growth bodies contaminated

(out of total in parenthesis

of 20)

100 Aspergj_llus flavus (10)

Ae pe r q i.L Lu e niger (10)

Mucor sp. (10)

RhizoPllS sp. 5)

Tr i cllc).:(CLVrlflq viride 5)

100 Aspergillus flavus (90)

Aspergillus niger 5)

Curvularia sp. 5)

70 Aspergi1lus f1avus (65)

C1adosporium sp. ( 5)
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v. D:rSCYSSION

The role of pests of stored grains and seeds in the

persistence and spread of contaminant fungi has been the major
subject of the investigation reported in this thesis. 'I'he

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 dispersal.

One aspect of general biological interest is the ou Lt.Lvat i.on

of fung i by ants, beetles and termites. Approximately 100

species of tropical and sub+tr op icaI Hyrmicine 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. The medium is then inoculated with spo~es

and mycelium of a particular species with which the· ant

associates. The inoculum is usually carried by the queen in her

Ln f rabuccaL pouch (Wolf and vvolf 1917). Specific fungi are

therefore fOUlld in the gardens of particular ants. For example,

Cladosporium myrmecophilum is cultivated by Lasius fuliginosus,

Hormiscium p i t.hy ophi Lum is cultivated by Lasius umbratus and

Lentinus alticolus is CUltivated by Atta cephalotes (Weber 1938) .

Similarly termites raise fungi in their termitaria

essentially for feeding the nymphs. l\mong the species of these

fungal gardens are Agaricus termitigina, Pluteus termitus,

Tr_i_cl101omaSubgambosum and Xylaria nigripes (\'1olfand Wolf,

1947). Members of the genus Termitomyces are of particular

interest. They proceed to produce basidiocarps when the

termitarium is abandoned by tiletermites I and they are freed from
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grazing.

1]3

The fruiting bodies are long-stiped large edible

basidiocarps which emerge above tIle surface of the mound. Some

of the cherished species in the tropical regions are Termitomyces

LuIi.q i.tioe ue and Termi tomyces Ie 'I'ee t.ui : In the Western Region
in Ghana, farmers encourage termites to extend their fungus

gardens and plant more Termitomyces Le Testui by piling leaves

of oil palm (El.aeis ouinee neie Jacq.) in the immediate vicinity

of termitaria and, thereby, place abundant vegetable matter at

the door of the termites for their use (Clerk, G.C., perso~al
communication) .

Another story of dispersal of fungi which are food for the

insects is the associations between the stinkhorns (Phallus

species) and flies and between rusts and members of Hymenomy-

cetes and mites. The stinkhornS produce a gelat1i1f.:;dglebal mass

which is attractive to carrion flies because of its putrid odotir.

The basidiospor~embedded in the glebal mass are ingested with

the slime and are later voided after passing unharmed through the

alimentary canal.

Oidia of members of the Hymenomycetes and pycniospores of

rusts are embedded in a sugary mucilage. Mites attracted by the

mucilage carry oidia and pycniospores which have adhered to their

bodies to the genetically complementary monokaryotic hyphae of

the Hymenomycetes and the receptive hyphae of the rusts,

respectively, to bring about diploidization which initiates the

formation of the dikaryot.ic secondary phase of these fungi

(Alexopoulos and Mims, 1979; Webster, 1970).

Many other fungi are dispersed by insects not because part

of the thallus is food for the insects, but because of the

I :
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association between the fungi and food of the insects.

134-

Palm

wine, the common tropical drink made of the fluid from the phloem
of oil palm (Elaeis guilJeensis) and raffia palm (Raphia sp.) i~
inoculated naturally with yeast introduced by bees and fruitflie~
seeking the sugary palm wine. The insects had picked up t.he

yeast cells from a previous feeding source.

Crowe (1963) reported that the uredospores of the rust

Puccinia graminis parasitizing maize and rice are transported t6

remote plantations by hymenop)lerous parasites (Leptacis sp. and
synopeas sp.) which burrow into the uredori in search of

mycophagous cecidiomyid larvae.

This associat.ion is similar to that between some pollinating

insects and some smut fungi. 'l'hedispersa I of the ch lamy-

dospores of the smut is accomplished quite fortuitously. Th~

insects visit flowers in search of nectar and pollen. Becaus~

the chlamydospores of 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 campion~

(Melandrium sp.) is dispersed in this way (Ingold, 1965).

Naturally if tissues of plants which are food source to

insects are diseased, the pests would ingest both the plant and

the fungus it is harbouring. If the fungus is unharmed in the

insect gut, viable and effective, inoculum will be voided and

deposited on another host plant. septoria lycopersici, the cause

of leaf spot of tomato, is among the many fungi dispersed this
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

Entomophthoras may be mentioned Entomophthora muscae on

houseflies, Entomophthora gry.ljJ on crickets and Entomophthora

sphaerosp~rma on caterpillars of cabbage butterflies. In each

of these cases, the diseased insect dies far away from the source

of infection.

What occurs in the 'Seventeen-year locusts', Tibicina

septendecem, when it is infected by Massospora cicadina 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 funga 1 conmn,/nants of the rnai ze.and rice gra ins and of

barnbara groundnut and cowpea seeds studied during this work wer~

so many that the three coleopteran insect pests, Callosobrochu~

macu.Latus, sJtopl1ilus zeamais and Trjboli1l11lcastaneum among the

stored products might find suitable associate fungi for any form

of dispersal they are capable 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 genera, - Absi_dia, Aeperqi lLue, Cladosporium,

Drechs_lera,

Neurospora,

Ep.icoccum,

PaecJlomyces,

Fu ee r i um , Mucor, Neocosmospora,

Peni c i ll i.uni, Phoma, Pullularia,

Fhizopus and vert.Lo i.lli.um, All except three were represented by

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



136

one species only. Of the three exceptions, there were two

Paecj_1omyces species, P. carneus and P. purit.on ii., six fully

identified PenicilLium species, P. ctiry soqenum , P. citrinum, P~

expan~um, P. funiculosum, P. italicum and P. oxalicum and on~

species which proved difficult to be fully identified, and
I

as

many as ter~ AspergiJ_lps species, A. cLev e t.u e , A. flavus, A.

flavus-oryzae, A. fumigatus, A. niger, A. ochraceus, A. oryzae;

A. euiphur eu s , A. u e t.u e and 1\. wen c i i. (see Tables 4-7).

Based on their number (see Fig.2) the Aspergi_lJus specie~

would, first, attract the greatest attention as they would
I

together produce abundant dispersal tlllrlj;(!~J abundant inoculum.

secondly, they would cause the grea test deter ioration of the

grains and seeds, and thirdly, the t.ype of species which wen~
!

identified warned of the danger of mycotoxicosis if large

quantities of the products were consumed.

The mycotoxin producers among the contaminant Aspergi]__lus

species were A. clavatus, A. flavus, A. fUlll_igatus, A. niger, A.
I

ocl1raceus and A. ustus. A. clava tus produces Ascladiol and
i

cytochalasin E which affects cell division resulting in the
i

formation of mUltinucleate or arlucleate cells. The most wide11

studied mycotoxins are Af latoxins produced by A. f 1avus. The

most potent among them is Aflatoxim B, which is hepato~

carcinogenic. A. niger, A. ochraceus and A. ustus produce

Malformin A', ochratoxin A and Austdiol respectively. Malformi~
\

A, is toxic to Mammals, Ochra toxin 1\ causes nephrotrophy and

Austdiol is a gastro-intestinal toxin (MOSS, 1977). A. fumigatus

produces fumigatin and fumigacin both of which have been found

to be toxic to experimental animals (Thorn and Raper, 1945).
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A. flavus is most important as it constituted 17.6 percent

of the en tire popu'~ tion, in compar ison A. niger const i,tuted 7.9

percent and A. fumigatus constituted a mere 2.0 percent. Maize
grairls were most susceptible to A. flavus attack and rice grains
were the least susceptible. The percentage frequency of A.

flavus on maize grains, rice grains, bambara groundnut seed and

cowpea seeds were 27.2, 9.2, 19.6 and 15.0 percent, respectively.

It is, however, reassuring that A. flavus had not beeh

consistently the dominant contaminant species of grains and seeds

accord ing to reports of ear Iier workers such as, AddistHl. (1971),

Danquah (1973) and Odamtten (1986). Danquah and odamtteh

isolated

odamtten

11

did

and 21 contaminants, respectively, from maize.

not identify any particular genus, including

Aspergillus, as dominating the mycoflora. Also Addison (1971)

and Danquall (1973) listed 22 and 29 contaminant fungi from ric~

grains with ~urvularia emerging as the dominant genus. Be as i~

may, the importance of the Aspergill_lls species should not be

ignored as their presence in these reports was noteworthy if not

overly spectacular.

Furt.hermore, the quality and quantity of the contaminants

might. differ depending on the crop variety, region of

cultivation, extent of drying of the products, length of storage

period, the region of storage with its peculiar airspora and

climatic conditions, and, the nature of chemical changes brought

about by the first colonizers. Each product in storagel
therefore, needs to be studied to determine its level of

wholesomeness.

Notwithstanding, specific prod cuts would be associated with

I

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



138

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 particularly legume seeds would

be prone to attack by fungi able to synthesize proteolytic

enzymes while fungi able to produce copious amO\lnts 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
ground nut seeds (see Tables 4 and 5). The 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 t.hem 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 values 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 contaminatibn

are the discoloration and wrinkling of the seeds and grains. It

is when the moisture content of t.he product rises beyond a

certain t.hreshold that. a visible fungal growth on t.he surface

becomes obvious. Insect pests would, therefore, primarily

disperse contaminant fungi internally aft.er t.hey have consumed

infected grains and seeds.

The results in Tables 27 t.o 29 showed that the lists of
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f unq i of the mycoflora 0.[ the guts of Ca11osobroclJUs maculatus,

si t.oph i.Lus zeamais and 'I'r: ibol i uni cas taneum are fairly long. The

respective list contained 14, 13 and 16 fungal species. 'I'he
mycof lora composi t.Lo n ref lected the qua Iity of the f lora of the

grains and seeds, showing a domination of Aspergillus and

PenJcilliulll species.

The members of the gut mycoflora 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 data in Tables ]0 to ]2 indeed, demonstrated that

after a single feeding, viable A. flavus was present in the gut
of C. maculatus, s. zeamais and 'I'. cee t erieu m for 6,8 and 5 days,

respectively. The corresponding days for A. fumigatus were 4,6

and 5 days, respectively, and 6,] and 3 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 shown

that there was an indiscriminate acquision of the fungi by C.

maculatus, S. z eeme ie and T. castaneum. 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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qualitatively. pitts and Cowley (1973) observed that the

percentage frequency of the yeast, Rhodotorul_a miici.Leq inoe e , in
the surface 511""12- (lq,i 'In the burrow was 65.0 and 20.0 percent

respectively while a higher percentage frequency of 94.0 occurred

in the midgut of t.ho fiddler crabs L(ca pugila tor. with the

exception of the yeast Rllodotorula muci l eq inoe e , t.here appeared

to be no evidence of selection of specific fungi in the feeding
of the fiddler crab.

When the moisture cont.ent of the grains and seeds r-Ls a ,

surface fungal growth would appear and internal dispersal would

be accompanied by external dispersal by the insect pests. This

could be important if abundant. spores are produced by the fungi.
In an experiment using only sitoph.ilus zeamais and Tribolium

cas taneu1l1wh 1ch are not active fliers, a lot of the conidia

adhering to the bodies of these insects was easily removed a~ the

insects brushed against the maize grains among whlch they were
travelling. The insects were induced to migrate over a distance

of lOOcm. Over a distance of only 25cm, 67.2 percent of the

conidia attached to the body of S. zeamais travelling through

small-sized gralns was removed; 79.4 percent of the conidia bn

S. zeamais t~velling through medium-sized grains was removed, al1d

in tests using large-sized grains 72.5 percent of the conidia w~s
removed. Over a 'distance of lOOcm the percentages of conidia
removed were 87.8, 84.7 and 76.7, respectively (see Tables 36 ~o

J 8) . l\ simi lar trend was observed wi t.h experiments with T.

castaneUlll (see Tables 39 to 41). There was, thus, a direct

relat.ionship between the size of the pores among the grains, and,

tllerefore, t.he frequency of collision of the insects with the
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grains.
VJhether t.he spores were dispersed internally or externally

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 an~

hypha 1 frangments carr ied on the insect body only. The body

leachates, equivalent to condensed water droplets on the bodies,

of c. maculatus, S. zeamais and 'If. castaneum had different

effects on the conidia (see Tables 8-11). Cons ider ing the

und i luted leachates only, leachate of C. mecuLe t.u s supported

germination of conidia of A. clavatus (50.2 percent) A. flavus

(70.4 percent) A ni.qer (44.0 percent) I A. ochraceus (49.6

percent), and A. sulphureus (Jl.3 percent). The leachate of S.

zeamais supported qermi nat ion of con .idia of A. flavus (76.2

percent) , A fumigatlls (15.2 percent), A. ochraceus (66. 3 percent)

and A. u s t.u« (53.8 percent) (see Table 9) and the leachate of T,.

castalJeUm supported qermination of conidia of A. clavatus (39.~

percent), A. flavus (52.~ percent) A. ochraceus (69.5 percent)

and A. llstUS (46.1 percent) (see Table 10). It is worrying tha~

A. flavus and A. ochracells which produce such potent mycotoxins

could germinate so well in all the leachates, while the conidia

of the rest were induced to germinate by adding extracts of the

axes of t.heembryo I cotyledons and testa of the seeds of bambara
ground nut and cowpea and extracts of maize and rice grains to th~

j aacha t.e s (see Tables 12 to 19). That is likely to occur in

nature when condensed water droplets 011 t.he 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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water, it was difficult to ascertain whether inabilit.y ta
germinate in the leachates was due to lack of nutrients or

presence of inhibitory factors. Inhibitory factors could be
overcome by reasonable high concentrations of nutrients and the

extracts of the tissues of the qrains and seeds could have played

that role. It is a common practice to offset the inhibitory

effects of soil fungistasis by adding nutrients (Clerk, 1969).

If the atmospheric humidity of the storage rooms were kep~

low, it would play many roles. It will restrict the activity of

the fungi in the grains, it would prevent surface myoeLi.aL

grawtll, condensed water droplets would not form and the faecai
pellets would remain dry. Avoiding the formation af condensed

water droplets would remove the danger of conidial germinatioh

of some species and tile growth of hyphal fragments of all the

species used in the test.
I

For, the leachates of C. maculatus1
I

S. zeamais and T. castaneum individually supported growth of the
seven Aspergillus species (see Tables 20 to 26).

Dry faecal pellets are unsuitable SUbstratum for conidial

germination and hyphal growth. However, once they are moistened

some of the seven Aspergil.llls species would find a congenial

n,edium for conidial germination. Conidia of all the seven

p.spergi1.1us species germinated in aqueous solution of faecal

pe j j ets of Ce l.Losiobr oohu s mecu Latus , even if the percertt.aqe

germination was low in each case, rang ing from' 6.0 to 10.b
percent (see Table 3]). Conidia of onLy three species, A~

cJ8vatus (21.5 percent), A. t Lev us (13.7 percent) and A.

ochraceus (5.4 percentT could germinate in solution of faecai

pB llets of 'I'ribo l i.um cas t.eneiu«, (see Table J 5) and aga in conidia
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of only three species namely A. clavatus, A. ochraceus and A.

sulphureus germinated feebly (0.7-1.0 percent) in the solution

of faecal pellets of A. sulphureus. The pellets were externally

tiny and would easily pass through jute sacks. It is likely that

because of the low germination level they supported, their

contribution to the persistence and dispersal of the seven

Aspergillus species in stored grains and seeds would be

insignificant.

In contrast, the bodies of the insects were large and oil

death would contribute a sub'st ant i.a I amount of substrate for

fungal growth irrespective of the ambient relative humidity

because there exists already fluids ill the gut and haemocoel.!

All dead bodies of Cal.losobroc1ws maculatus and sitophilus

zeamais picked randomly from maize grains kept at median

atmospheric humidities were invaded by fungi. A . f 1 avu s , A .:
!

niger, mucor sp., Rhizopus sp. and 'Trichoderma vi.r i.de were,
I
I

isolated from the bodies of C. maculatus. The presence of Muco~

sp . and Rhizopus sp. supported the suggestion that there was

adequate water content in the bodies of C. maculatus. S. zeamais

was invaded by A. fJavus, 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

115) • Wolf and Wolf (1947) noted that the genera Alternaria,i

Aspergillus, Cladosporium and Peni c il l i.iun appear on insect bodies'

only after death, and not on the living insects. Th~s, at least,!
I

is no more applicable to Aspergillus species, and the living and

dead insect bodies may both support Aspergillus growth and serve

as sources of inoculum. A wide range of insects have been shown
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in the last three decades to be susceptible to infections by

Aspergillus species. Locusts are prey to these species: for

example, scJListocerca qreqeri e in Turkey (Madelin, 1966) and

Pakistan (Abas, Hasan, Haq and Hashir, 1959) to A. flavus, ahd

Locustana pardalina in South Africa to A. parasiticus (prinsloo,

1960) . New ho sts found to be susceptible to A. flavus in the

laboratory include the bedbug, Cimex lectularius (cockbain and

Hastie, 1961), and the termite, Reticulitermes virginicus (Be~l

and Kais, 1962), while insect parasitism has been demonstrated
I

for the first time in Aspergillus ustus which was found attackihg

larvae of Heliozela staneela (Prota, 1962). It is possible th~t

A. flavus, which is such a nuisance in stored grains and seeds

may do a good turn by attacking the pests.
Furthermore, some Aspergillus species have been shown by

Kodaira (1961) to produce toxins active aqainst silkworm~.

Aspergillus _flavus, A. japonicus, A. ochraceus and A. oryzae on
various culture media produced materials which were toxic wh~n

ingested by silkworms. The toxins formed by A. ocllraceus were

two dipeptides,-L-prolyl-L-leucine anhydride and L-prolyl-L-

valine anhydride. It remains to be found out whether the two

common species A. flavus and A. ochraceus will find the grains

and seeds suitable substratQ.9 for the productIon of these toxic

materials for a welcome biological control.

It was noteworthy that the large bacterial populatins on the

dead insect bodies did not inhibit the growth of the fungal

species. However, the lists for each was short, and the low

population could be due to antibiosis against some fungal species

by the bacter ia or to the absence of essential compounds

I
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required by some fungal species.

The hypothesis of presence of antibiosis is reasonable,

because of the levels of the bacterial populations which were

initially high on the bodies of S. zeamais (281.0x104 per ml of

suspension) (see Table 43) andT. ce s t.eriein» (104.5x104 per ml of

suspension) (see Table 44 and Plate 14). Even though the lever

was quite low initially on C. maculatus bodies it increased to

108.8 and 201.3 x 104 per 11\1 of suspension, respectivelYI on the
I

second and third days, respectively (see Table 42). The bacteria

included many Gram - positive bacilli which are noted for the

production of antibiotics. As decompos i tion progressed the,
I

bacterial popu'~tion naturally declined in the face of'

diminishing levels of nutrients (see Fig.7).

There are many records of bacterial flora of

,,
I

insects .'

Cocoons of newly emerged pine sawflies, Diprions !?iniltf?, each
i

contain a resin filled sac-like stomodaen attached to the cas~

skin of the prepupa 1 moult. Investigations by Phillipsen anct;

I
Coppel (1975) revealed tha t the stomodaea 1 sacs harboured several:

species of bacter ia . Both Gram-positi ve and Gram·-negative forms

were observed among the isolates. Representatives of ~he

rami lies Enterobacteraceae I tHero coccaceae, Pseudomonadaceae and

Lactobacillaceae were recovered. Numbers of Pseudomonadaceae arid

Enterobactereaceae were encountered most frequently. The present

studies emphasised thotfungC11 flora and the bacterial isolates

were not idenU.fied by name. This could be a major subject o~

future ·Investigations. Hardly are all insect pests removed from

products used in food preparation. There could be serious

consequences if members of the Enterobacteraceae are common and

I
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are consumed along with the products, unless they are destroyed

by cooking during the preparation of the food.
It is clear that the three insect pests, C.maculatus, S.

zeamais and T.castaneum would contribute to tIle persistence ~nd

dispersal of contaminant fungi of stored grains and seeds in
different sorts of ways. By contro 11iI1g the insect pests,

dispersal of the fungi would be considerably curtailed. 810ftll
heaps of stored grains and seeds could also be exposed! to

continuous light so thdt the pests, which are negatively

phototactic, would drift to the bottom and would. be confined

t.here and discouraged from migration. Last Ly , the products could

be sieved occasionally with sieves with appropriate pore size to

get rid of the dead bodies of pests.

The present observations were based on xenospores 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 and thick-wall~d.

Above all they need a resting periOd or only germinate after

applying some specific stimulus, shock or nutrient or after

removing an inhibitor (Gregor~ 1966) . If menospores are formed

in sufficient quantities tile full picture of fungal persistence

dnd dispersal in stored grains and seeds could only emerge when
investigations are extended to them also.

I
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SUMMARY

l(a) Bambara groulldnut seeds from the Kaneshie, La, Madina, Makola

and Mallam Atta markets contained 9,5,,9,8 and 9 f uriqaL

species, respectively.
(b) The fungal species isolated from the bambara groundnut s~eds

from the Kanesllie, La, Hadina, Makola and Mallam Atta markets

belonged lo 4,1,5,5 and 6 genera respectively.

(c) The predominant genera were Aspergillus and Penicillium which

occurred in products from each market.

(d) Aspergillus niger was present in all the five seed samples

followed by Aspergillus f.lavus, Paecilomyces puntonii, and
Penicilliulll chrysogenum isolated [rom four of the five
samples.

(e) The total number of colonies which appeared on five agar

plates inoculated with material from Kaneshie, La, Madi'na,

Mokola and Mallam Atta was 14,17,37,72 and 32, respectively.

2(a) Cowpea seeds from the Kaneshie, La, Madina, Makola and Mallam

Atta Markets cont~ined 11,7,9,14 and 9 fungal species,

respectively.

(b) The fungal species isolated from the cowpea seeds from the

Kaneshie, La, Madina, Makola and Mallam Atta markets belonged

to '7,5,6,9, and '7 genera" respecti vely.

(c) The predominant genera were Aspergi.Uus and Paecilomyces which

occurred in products from all the five markets.

(d) Aspergj_llus f lavus, Aspergi11us n i.qe r and Paec_ilomyces

puntonii were present in all the five seed samples, followed

--I
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b P . '11' Lsolated from four of the fivey e.ILLC~_ .... 1.U1l1 e x pn ne um

samples.
(e) The total number of colonies which appeared on five· agar

plates inoculated with ma t.eriaI from I<aneshie, La, Madina,

Makola and Mal1am l\tti'lma rkets was 95, 102,126,53 and 103"

respectively.

Atta markets contained 6,7,12,9

Madina, Makola and Mallam

and 8 fungal species"
3 (a) Maize grains from the Kaneshie, La,

respect:ively.

(b) The fungal species isolated from the maize grains from the

I<aneshie, La, Madirla, Makola and Mallam Atta markets belonged

to 3,5,6,5 and 3 genera, respect.ively.

(c) The predominant genera were Aspergillus alldPenicillium which

occurred in products [rom all the five ma rket.s.
(d) Aspergillus flavus was present in all the five grain samples

followed by Fusarium nion i Ii.Lorme and Pell_icillium expansum

isolated from four of the five samples.

(e) The total number of colonies which appeared on five agar

plates inoculated with material from Kaneshie, La, Madina,

Makola and Mallam Atta markets was 378,1027,323,657 and 1348,

respectively.

4(a) Rice grains from the Kaneshie, La, Madina, Makola and Mallam

Atta markets contained 5,6,5,6 and 7 fungal species,

respectively.

(b) The fungal species isolated from rice grains from Kaneshie,

La, Madina, Makola and Mallam Atta markets belonged to

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



I
149

3,4,3,3, and 4 genera, respectively.
(c) The predominant genera were Aspergillus, Cladosporium and

Penicillium which occurred in products from all the five

markets.

(d) ~ladosporium herbarum and Penicillium expansum were present in

all the five samples, followed by Aspergillus flavus and

Penicillium chrysogenum isolated from three of the fiVe

samples.

(e) The total number of colonies which appeared on five agar
plates

Makola
inoculated with material from Kaneshie, La,

and Mallam Atta markets was 7,22,8,9

Madina,

and 3 01

respectively.

5 The highest concentration of insect body leachate (100 bodi~s

in 20ml distilled water) of three insect pests, CallosobroclJlls

macu1atus, si t.oph i Lus zeamais and 'tri.troli us» castaneum

supported the following germination of conidia of seven

Aspergillus species after 24 hours.

(a) Percentage germination of 50.2, 70.4, 0.0, 44.0,49.6, 31.3 arid

0.0 percent of conidia of A. clavatus, A. flavus, A.

fumigatus, A. niger, A. ochVC:lG\]-",ti~, A. sulphut"Q.tlS'andA. us t.us ,

respectively, in c. maculatus body leachate.

(b) Percentage germination of 0.0, 76.2, 45.2, 0.0, 66.], 0.0 and

53.8 percent of conidia of A. clavatus, A. flavus, A.

tnmi.qet.ue , A. niqe r , A. ocllraceus, A. sulphureus and A. us tus ,

respectively, in s. zeamais, body leachate.

I
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(c) Percentage germination of 39.2, 52.2, 0.0, 0.0, 69.5, 0.0 and

46.1 percent of conidia of A. clavatus, A. flavus, A.

tunii qet.u s , A. ni.qe r , A. ochr eceu s , A. eul phu r eu s and A . ustus ,

respectively, in T. castaneum body leachate.
6. Extracts of the seeds of bambara groundnut and cowpea and

grains of maize and rice were able to induce germination of

conidia of Aspergillus species which failed to germinate in

the insect body leachates.

7. After 12 hours' incubation, Cellonob rochne maculatus body

leachate with extracts of the d .ifferent tissues indicated

below supported the following percentage germinatiori of

conidiB- of AspergiJJus fumigatl1s

(a) axis of bambara groundllut seed: 39.3 percent

(b) cotyledon of bambara groulldnut seed: 81.5 percent
, ,
, I (c) testa of bambara groundnut seed: 25.0 percent
, .
"

'I (d) axis of cowpea seed: 51.7 percent'.

(e) cotyledon of cowpea seed: 84.9 percent

(f) testa of cowpea seed: 13.3 percent

(g) maize grain: 37.8 percent

(11) rice grain : 24.9 percent

B. After 12 hours' of incubation, Callosobrochus maculatus body

leachate with extracts of different tissues indicated below

supported the following percentage germination of conidia of

Aspergillus ustus:



(a) axis of bambara grdundnut seed:

(b) cotyledon of bambara groundnut seed:

(c) testa of bambara groundnut seed:

(d) axis of cowpea seed
(e) cotyledon of cowpea seed

(f) testa of cowpea seed

(g) maize grain

(h) rice grain

I
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41.6 percent

83.6 percent

36.9 percent

77.2 percent
64.8 percent

6.1 percent

69.9 percent

35.0 percent

9. nrter 12 hours' inCUbation, sitophilus zeamais body leach~te

I with extracts of the different tissues indicated below suppor~ed

the following percentage germination of conidia of Aspergillus

cJ~_\:'_~_tIl_$. :

(a) axis of 'bambara groundnut seed

(b) cotyledon of bambara groundnuts seed

(c) testa of bambara groundnut seed

(d) axis of cowpea seed

(e) 6otyledon of cowpea seed

(f) testa of cowpea seed

(g) maize grain

(h) rice grain

78.9 percent

70.5 percent

29.6 percent

82.9 percent,

81.4 percent

90.6 percent

76.5 percent

67.8 percent

10. After 12 hours'incubation, Sitophilus zeamais body leachate

with extracts of the different tissues indicated below supported

the following peq,P.fltagegermination of conidia of Aspergillus

niger:

I
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(a) axis of bambara groundnut seed 15.6 per cent

(b) cotyledon of bambara groundnut seed 44.4 per cent

( c) testa of bambara gr<1Wndnutseed 19.2 per cent

(d) axis of cowpea seed 22.9 per cent

(e) cotyledon of cowpea seed 57.4 per cent

(f) testa of cowpea seed 67.8 per cent

(g) maize grain 55.3 per cent

(h) rice grain 57.7 per cent

11. l\fter 12 hours' incubation, si t.ophi.Lus zeamais body leachate

with extracts of the different tissues indicated 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 groundnut seed 38.6 per cellt

(c) testa of bambara groundnut seed 7.1 per ceilt

(d) axis of cowpea seed 20.0 per cent

(e) cotyledon of cowpea seed 30.2 per cent

(r ) testa of cowpea seed 32.1 per cent

(g) Maize grain 17.6 per cent

(h) Rice grain 16.6 per cent

12. l\fter 12 hours' inCUbation, Tribolium castaneum body leac~ate

with extracts of the different tissues indicated below suppotted

tile following percentage germination of conidia of Aspergillus

fumigatus:
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(a) axis of bambora groundllut seed 34.6 per cent

(b) cotyledon of bambara ground nut seed 14.4 per cent

(c) testa of bambara groununut seed 5.2 per cent

(d) axis of cowpea seed 33.6 per cent

(e) c o t.y Iedo n of cowpea seed 13.7 per cent

(f) testa of cowpea seed 7.1 per oent

(g) maize grain 18.1 per cent

(h) rice grain 10.5 per cent

13. After 12 hours' incubation, 'i'ri.lso l i.um castaneum body leachate

with extracts of the different tissues indicated below supported

the following percentage germintion of conidia of Asperg.illus

niger:

(a) axis of bambara groundnut seed 64.4 per cent

(b) cotyledon of bambara groundnut seed 26.6 per cent

(c) testa of bambara groulldllutseed 7.5 per cent

(d) axis of cowpea seed 66.9 per cent

(e) cotyledon of cowpea seed 46.9 per cent

( f) testa of cowpea seed 32.0 per cent

(g) maize grain 40.6 per cent

( h) rice grain 12.9 per cent

11. After 12 hours ' incubati.on 'l'r i.txo l i.u m ce e t.erieuni body leachate

with extracts of the different tissues indicated below supported

tile fol low ing percentage germ Lna t ion of con idia of Ae pe rq iLl. us

eu Lpbu r eu e :

(a) axis of bambara grounclnut seed ·9.4 per cent
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(b) cotyledon of bambara groundnut seed 12.1 per cerlt

(c) test.a of bambara groundnut seed 8.2 per cent

(d) axis of cowpea seed 22.8 per cent

(e) cotyledon of cowpea seed 25.1 per cent

( f) testa of cowpea seed 7.6 per oe nt;

(g) maize grain 34.5 per cent

(h) rice grain 5.6 per cent

15. Growt.h rates of eacll of the Aspergillus species on insect body

leachate-agar prepared with leachate of the t.hree insects were

quite close.

(a) Mean cult.ure diameters of Aspergillus clavatus by the 10th day

Were 53.8,64.2 and 68.0mm, with the best growth on the

Callosobrochus maculatus leachate agar.

(b) Mean culture diameters of Aspe, rqi ll.ue flavus by t.he 10th day

were 66.5, 68.8 and 76.5mm, w i t h the best growth on the

SitoplJilus zeamais leachate agar.

(c) Mean culture diameters of Aspergillus tum i qe t.ue by the I ot.h

day were 71.8, 81.4 and 86.8mm with the best

si tophi1 us zeamais Lea ch a t-_eagar.

(d) Mean culture diameters of Aspergillus niger by the 10th day

growth on the

were 68.3, 81.5 and 83.2mm with the best growth on the

si t.ophiL us zeamais leacha Le agar.

(e) Mean culture diameters of Aspergillus ochraceus by the 10th

day were 31. 8 , 41. 2 and 41. 5mm wi t.h practica lly the same

growth (41.2 and 41.3rnm) on the SitoplJ.Uus zeamais and
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'I'riboiuJllcastaneum 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 diamet.ers of Aspergil ..lus 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).

Asperg.illus flavus (15.9 per cent) and Penicillium

purpurogenum (8.7 per cent).
17. The gut of si t.oph i.Lus zeenie i e had 13 fungal species. .The

dominant species and their percentage occurrence ~ere

Penicillium citrinuJll(28.6 per cent), Aspergillus flavus (26.2

percent) and Aspergillus fumigatus (9.4 percent)

18. The gut of 'I'ribolium castaneuJllhad 16 fungal species. The

dominant species and their percentage occurrence were

Peri i.ci lli.um ci t.rinum (42.7 percent),(e,;/}alosporiuJ1l sp. (16.4

per cent) and AspergiJJus fJavus (11.2 percent).

19. The genus Aspergillus was represented by the largest numbei of

species in each mycoflora, followed by the genus Penicillium.

20. Asperg.il1 us flavus, A. fumigatus and A. ochraceus

exper Iment;ally fed to the insects survived for d i fferent

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'r i iiolLu tn cas taneum, Cal l os obr ochue maculatus and s_i i.opbi Lus

zeamais, resp~ctively.

(b) A. fumigatus was recovered after 4,5 and 6 days from the guts

of Ce I '"J(}tJrochus n~cul a tus, 'l'r i.b o l. i.iun castaneuJlIand si t.opb iLus
zeamai~ respectively.

(c) A. ochraceus was recovered after 3,4 and 6 days from he guts

of 'I'r i bo Li.um ce s t.aneu ni, s ; tophilus zeamais and Callosobrochus

maculatu~ respectively.

21. Germination of the .con idia 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

CallosobroclJus me cu Le t.us, 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.

fund.gatus, A. n i.qe r , A. ochraceus, A. s uLpliu r eu e and A. ustus,

respectively germinated in 24 hours.

(b) In the standard extract of the faecal pellets of sitophilus

zeamais, there was poor germination of 1.0, 0.7 and 0.7

percent by conidia of A. clavatus, A. oclir e ceu s and A.

sulphureus, respecively. The conidia of A. flavus, A.

fumigatus, A. niger and A. ustus did not germinate.

(c) In the extract of faecal pellets of 'I'ri.b ol i.utn castaneum 21.5,

13.7 and 5.4 percent of A. clavatus, A. fumigatus and A.

ochraceus, respective ly, germinated. Conidia of the four
remaining species did not germinate.

22. Conidia adhering to the bodies of the insect pests were
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detached as they brushed against maize grains among which

they were crawling. The rate of loss of the spore load

depended on the size of the maize grains and, therefore, the

size of spaces among the grains. Tile conidia were rubbed off
I

fastest among maize grains measuring 5.3-8.3 x 4.04-7.3mm, land
slowest among maize grains measuring 9.5-12.2 x 7.5-9.5mm.

The medium sized grains giving an intermediate rate measured

8.1-10.2 x 6.0-8.2mm.
23. The respective percentages of conidia still adhering to

insects which had travelled over 100 cm through the sm~ll-
sized, medium-sized and large-sized maize grains were:

S.itopJdlus zeeme i.s, 12.2, Ei.3 and 23.3 percent 'l'riboiium

castarieum 11.5, 12.1 and 17.2 percent.

24. The three insect pests had surface bacterial flora. The

density of colony forming units of Callosohyochus maculatus,

s : t.opbi Lus zeamais and 'i'ri.lio li um ces t.erieum was 27.5 x ,10~,

281.0 x 104 and 104 x 104 per mI of suspending medium,

respectively.

25. The population of bacteria on T. castaneum decreased qui~kly

after death of the insect and no bacterium was isolated tram

the bodies on the 4th day after death. Bacteria were still

present on the bodies of C. maculatus and S. zeamais after six

days. The respective population densities recorded were j7.8

X 104 and 5.0 x 104 per ml of suspending medium.

26. The bacteria on C. maculatus consisted of bacilli and cocci;

those on S. zeamais were bacilli, cocci, vi bro
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forms and the flora ofT. castaneum consisted of bacilli and

cocci .

.27. Both Gram-positive and Gram-negative bacteria were present on

all the three insect pests.

28. Despite the presence of the large bacterial flora, fungi cbuld

also grow on the dead insect bodies. The fungi were isolated

from inse(~ts which had been killed with ether and kept for 6

days.

(a) species isolated from Celloeobrochue macu1atus in decending

order of percentage frequency were, Aspergil1us f1avus,

AspergLllus niqer, Mucor sp., Rhizopus sp . and 'I'r i clioderma

vivide.

(b) species isolated from sitophilus zeamais in descending order

of percentage frequency were Aspergillus f1avus, Aspergillus

ni.qe r and cu rv ul.eri e sp.

(c) On ly two species were isola ted from 'l'ri.boli.um castaneum,

namely, Aspergillus and Cladosporium sp.

29. Aspergillus flavus consistently occurred in large numbers

giving percentage frequency of 70,90 and 65 percent on c.

maculatus, S. zeamais and T. castaneum,respectively.

JO. All the bodies of C. maculatus and S. zeamais randomly

selected for the tests contained fungi while fungi were

isolated from only 70 percent of the '1'. castaneum bodies.
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1\PPENDIX A
Survival of As pe ro i Ll.u e species from the gut of Ce l Loe obr octiue

maculatus fed on cowpea seeds inoculated with the species (Based on
data in Table 30).

Time after
Feeding (Days)

Percentage of total Population of indicated
species occurring in the gut on different days

A. f1avus A. fumigatus A. ochraceus

1 27.4 43.8 57.6

2 19.8 50.7 18.5

3 21.7 4.1 9.4

4 14.1 1.4 8.6

5 13.2 0 4.6

6 3.8 1.3

7 0 0

8 0

9
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APPENDIX B
Survival of Aspergillus species from the gut of sitophilus zeamais

fed on maize grains illoculated with the species (Based on datai!n
Table 31).

Time after
Feeding (Days)

Percentage of total Population of indicated:
species occurring in the gut on different days

A. Elavus A. fumigatus A. ochraceus

1 20.6 29.7 11. 1

2 53.0 30.4 73.4

3 10.8 11.6 11. 1

4 3.2 18.26 4.4

5 3.8 8.7 0

6 7.6 1.4

7 0.5 0

8 0.5

9 0

I
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APPENDIX C
Survival of Aspergillus species from the gut of 7'rib61iuIII
ceet.erieum fed on maize grains inoculated with the species (Based on I

data in Table 32).

Time after
Feeding (Days)

Percentage of total population of indicat~d
species occurring in the gut on different days

A. flavus A. fumigatus A. ochraceus

1 37.3 49.3 91.5

2 25.4 26.9 1.1

3 10.2 13.4 7.4
4 22.0 4.5 0
5 5.1 5.9

6 0 0

7
8

9




