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ABSTRACT

Seasonal study on seed borne mycoflora of two local maize
varieties, i.e. local white and local yellow was carried out using
three techniques of isolations, viz. blotter method, agar plate method
and dilution plate method. A total of 37 fungal species belonging to
14 genera were iscolated from both the varieties. Agar plale melhod and
blotter method harboured more number of fungal species thanh the
dilution plate method. The number of fungal species was gradually
decreased 1In winter months compared to wet summer and autumn months.
The field fungi were replaced by the storage fungi during colder
monlhs during storage of the seeds. The variation in fungal species
on two varielies was also observed. Local yellow variety yielded
maximum number of fungi (33) than local white variety (22). Species
of Aspergillus, Fusarium and Penicillium were dominant in both the
varieties during the whole period of investigation. The percentage
frequency of occurrence of Alternaria spp.. Chaetomium spp.. Clados-
porium spp., Drechlera spp., Helminthosporium sacchari, Mucor spp..
Rhizopus spp., Trichoderma spp. and Verticillium albo-atrum decreased
along with the progress of storage time and were gradually replaced
by the species of Aspergillus, Fusarium and Penicillium.

Two types of storage conditions (shaded and smoked) commonly
practiced by the tribal people of this region were selected to study
the fungal flora of maize seeds. None of the storage practices were

completely safe from fungal contamination. The invasion on seeds by



Fusarium spp. was observed in both the storage conditions.

Under shaded storage condition, Fusarium moniliforme was recorded

with highest frequency (13.3%) and Aspergillus niger and
Penicillium rubruwr with least frequency (0.8%) of seeds on local white
variety by agar plate method. Under smoked storage condition,
Fusarium solani was recorded at the highest frequency and Rhizopus sp.
and Penicillium rubrum with lowest frequency. Seeds of local yellow
variety also harboured Fusarium sp. with highest frequency under
shaded condition of storage, whereas the lowest frequency was by
Penicillium brefeldianum and Trichoderma harzianum as isolated by
agar plate method. Similarly, in smoked condition, Fusarium sp. was
recorded to have a high frequency of occurrence of 22.1% and 20% and
the minimum frequency was recorded by Penicillium brefeldianum (1.2%)
and Cladosporium herbarum (0.3%) by agar plate and blotter methods
respectively.

Positive correlation was observed between the chitin content and
the fungal population. Fungal infection of maize seeds was maximum
(100%) during wet summer and autumn seasons and minimum (40%) during
winter é‘.eason. However, trend of chitin contents in maize seeds
during wet summer and autumn seasons differed from each other, even
though they had the same percentage of seed infection. Autumn season
revealed ﬁigher chitin contents (328.2 ug/g in local white variety and
440.4 ug/g in local yellow variety) than wet summer season (246 ug/g

in local white variety and 250.9 ug/g in local yellow variety).
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Lowest chitin content (126 ug/g in local white variety and 128.5 ug/g
in local yellow variety) in seeds was observed during winter season
in both the maize varieties.

The percentage of seed infection and chitin contents were higher
in local yellow variety than the local white variety in all seasons.

Toxigenic strains of .Aspergz'llus flavus, A. ochraceous, Fusarium
moniliforme and Penicillium citrinum were isolated from both the
varieties of maize which contaminated the seeds at varying degree.
All the seed samples were positive to BGYF test and aflatoxin was
detected in the seed samples of both the varieties under natural
conditions. Other mycotoxins 1like ochratoxins, 2zearealenone and
citrinin were also detected. Aflatoxin Ba was the most common
mycotoxin produced by A. flavus. I1Its maximum production was 1.40 ppm
in local yellow variety of maize during winter season. Local white
variety of maize seeds contained aflatoxin Ba, Ba and Gi, whereas
local yellow variety had aflatoxin Ga in addition to these aflatoxins.

In local white variety, out of 30 isolates of A. flavus, 6
isolates were toxigenic and yielded aflatoxin Bi and Gi during winter
season. In wet summer season, out of 46 isolates, 22 were toxigenic.
and yielded aflatoxin Bi and Gi whereas in autumn season only 16
isolates out of 50 yielded aflatoxin Ba and Ba. Maximum concentration
of mycotoxins was obtained during wet summer season followed by autumn
and winter season. Under storage conditions, aflatoxin Bi was

detected in higher gquantity in shaded storage conditions than in



smoked conditiong. The qualitative and quantitative variation between
different mycotoxins on two varieties of maize seeds was observed in
different seasons.

It was observed that temperature and moisture were the most
important factors governing the growth of A. flavus on seeds of two
maize varieties. Maximum production of aflatoxin was observed at 30°C
and at a relative humidity of 95 to 100%. A. flavus did not invade
any samples of corn stored below 15% moisture contents of seeds.

Significant variations in aflatoxins were observed between the
physical factors i.e. moisture content, temperature and relative
humidity on both the maize varieties.

The relative deterioration of seed quality after infecting by
three dominant seed borne fungi., ;viz. Aspergillus flavus, Fusarium
moniliforme and Penicillium citrium was determined in terms of the
nutritive value of maize seeds, dry weight, sugars and protein
contents. It was observed that the dry weight of the seeds was
reduced due to fungal invasion in both the varieties. Insignificant
variation in the loss of seed dry weight due to fungal infection was
recorded in local white variety while A. flavus caused maximum loss
in the seed dry weight in local yellow variety after 180 days of
infection. Fungal infested seeds exhibited a depletion in total
sugars and non-reducing sugars with corresponding increase in reducing
sugars. A continuous and gradual depletion of protein contents of the

seeds due to fungal infestation was noticed after 180 days of fungal



invasion.

Effects of aflatoxin Ba on spore germination and mycelial growth
of A. flavus, F. moniliforme and P. citrinum was studied at different
temperatures and at different time interval of incubation period. The
various concentrations of aflatoxins used in the present study were
either stimulatory or inhibitory to spore germination and mycelial
growth of different fungi. However, the stimulatory/inhibitory
capability of aflatoxin Bi varied with specific fungal species.
Aflatoxin Bi was stimulatory to the growth of A. flavus, whereas
growth of F. moniliforme and P. .citrinum was inhibited by aflatoxin
Bi. The maximum inhibition was observed at 1 ppm concentration of
aflatoxins Ba.

Aflatoxin Ba has also caused inhibition in the seed germination
of both the maize varieties. Maximum inhibition was recorded at lppm
concentration. The seeds of local white variety were more affected
than local yellow variety. Similar trend on inhibition of seed
germination was observed with zearelenone. However, in case of
citrinin, maximum inhibition of seed germination was exhibited by
local white variety than local white one.

Reduction of seedling growth was observed in all the treated
samples compared with untreated ones. Maximum inhibition of seedling
growth was observed at 1 ppm concentrated aflatoxin Bai treatment
whereas the minimum was observed at 0.1 ppm concentration. The

pattern of inhibition of seedling growth due to zearalenone and



citrinin was also similar.

Significant variation in the reduction of weight of animals was
observed between pure aflatoxin Ba fed animals and the crude extract
fed ones. No liver tumor was observed in any test animals though some
of them showed abnormally light color of liver. Loss of hairs from
the skin of mice was observed due to aflatoxin Ba contaminated
feeding. In take of 60 ppb aflatoxin Bi by some of the mice of 3
weeks old was lethal.

It was observed that extracts of different plant parts of
Centella asiatica inhibited the growth of A. flavus by 51.16% and
aflatoxin Ba and A. sativum were also inhibitory to the growth of A.
flavus and aflatoxin Ba production. The least inhibitory effect was
observed with the extracts of 7Thuja orientalis. The inhibition of
fungal biomass and aflatoxin Bi production followed a specific trend,

C. asiatica > A. cepa > A. sativum > T. orientalis.
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General Introduction



GENERAL INTRODUCTION

Maize (Zea mays l..) is one of the most important cereal crops of
the world. It is grown from a latitude 50°N which marks the northern
limit of the growing areas in Europe and Asia to about 40°S in South
America. It can widely fit in different conditions of temperature,
moisture, length of frost-free season, and other environmental
conditions. With its world average yield of 27-28 q/ha, maize ranks
first amonq cereals and is followed by rice, wheat and millets.
India‘'s position is fifth in terms of total cultivated area and
eleventh with regards to the production (Leonard and Martin, 1263).

The name maize is derived from the South American Indian Arawak
name "mahiz". Maize is alsc known by the name "Indian Corn" and in
America simply as "corn”. In India, maize was introduced from America
at the beginning of 17th century.

India is a maijor producer of maize in Asia and its greater part
of geographical area is suitable for qrowing the crop. It is an
important cereal which occupies the second place after paddy
cultivafion. Maize is used mainly as a staple human food., a feed for
livestock and as a raw material for many industrial products. Both
the area and production of maize in India have steadily increased
during the past three decades. During 1985-1986, maize cultivation
was done in 5.8 million hectares, with a production of 4.85 million

tonnes. But in comparison to the world average vield, India’s average



is too low, which is only 11.72 g/ha.

About 904 aqlobal Ffood crops are propagated throuah seeds
{Neergaard, 1977). Therefore, it is amply clear that the success of
alobal food requirement for the increasing population greatly depends
on the good quality of seed of high yielding and disease resistance
varieties.

The increase in maize production in the country was the result
of various factors, one of the most important being the creating and
development of an organised seed industry to support aqgricultural
development. Since then the seed industry has developed rapidly. In
spite of this, only about 20% of the regquired seeds for cereals and
pulses are produced and marketed through the organised public and
private seed sectors. The balance comes from traditional sources such
as the part of the produce saved by the farmers as seeds for sowing.
Agricultural production can be improved if small and marginal farmers
get quality seeds of good varieties and other vital input.

Seeds carry a wide range of microorqanisms externally or
internally which become active at the advent of favourable
conditions and cause extensive damage to the seeds and seedlings.
Amongst these microorganisms, fungli play a significant role in
determining the quality and longevity of the seeds (Christensen and
Lopez, 19263). Therefore, in order to improve the agricultural
products, seed health testing and use of healthy seeds are of great

importance.



The different types of maize diseases recorded in India are :
seed—-rot and seedling blight, foliar diseases, downy mildews, stalk
rots and wilts, rusts, smuts and cob and ear rots. 0Other than these,
moulds cause extensive damage to maize seeds during storage. The
association of mycoflora with seeds in natural conditions is a common

feature. These moulds may invade the seeds either in fields.storage

)
and transit. Some of the important field fungi that invade the corn
seeds belong to hyphomycetes, (Bilgrami et al., 1980). Certain
species of Asperqgillus and Penicillium also infect the seeds during
storage (Mislivec and Tuite, 1970). More than 150 species of fungi
have been reported from cereal grains (Christenéen and Kaufman, 196%),
most of which have been isolated from surface sterilized seeds. A
wide ranaqe of them are associated with corn kernels (Tuite, 1961;
Dhanraj and Mathur, 192465; Hesseltine et al., 1976; Siradhana et al.,
1978).

FPayak et al. (1978) reported the seed rot and seedling diseases
of corn caused by the species of Fusarium, Rhizoctonia, Aspergillus,
Pythium and Cephalosporium. Fungal infected seeds showed meagre
germination, pre-emergence seed roaot, post emergence wilting and
ultimately seedling collapse. Ear rot due to Fusarium sp. causes
extensive damage to the crop.

The invasion of the various fungi to the seeds qgreatly depend on
environmental factors like temperature, moisture content, relative

humidity, pH of the substrate and damage of seeds by insects, birds,



rats and transit breakage (Bilgrami et al., 1980; (Oasem and
Christensen, 1?258; Lutey and Christensen, 1963; Nautiyal and
Chatter jee, 198135 Singh, 1980). Besides, factors like harvesting and
handling of equipments also have great influence on the growth of seed
borne fungi (Sauer, 1986).

Seed borne fungi cause damage to the seeds in various ways. In
case of severe infections the quality of seed gets deteriorated during
storage, in field and at the time of harvest (Marsh and Payne, 1984;
Hesseltine and Bothast, 1977). The degree of fungal invasion of corn
tissue is mainly determined by analyzing the chitin as glucosamine
(Donald and Mirocha, 1977; Hepper, 1277; Bethlenfalvay et al., 1981).

Moulds produce several biologically active chemical compounds,
maiority of which are channelized to human and animal systems through
various types of foods. Some of these contaminants are highly toxic
{Anon., 197653 Moreau, 194%). The production of toxins in +food
commodities by moulds has been known since biblical times but their
role in inciting disease syndrome was realized only when "erqotism®
was caused by the consumption of barley and rye infected with
Claviceps purpurea (Barger, 19231). These contaminants/chemicals are
known as “"mycotoxicoses". The word “mycotoxin" is derived from Greek
"mykes" (fungus) and the Latin "toxicum" (poison) and is used to
designate such secondary fungal metabolites which cause pathological
abnormalities in man and warm blooded animals (Uraguchi and Yamazaki,

1978). "OFf the innumerable diseases that affect man and domestic



animals, the mycotoxicoses are perhaps the most unfamiliar and least
investigated."” The dictum, "The Neglected Disease" was born but the
situation changed drastically in 19260, when a disease of unknown
etiology, termed as "Turkey X Disease” appeared in England (Blount,
1961). Investigations into this disease resulted to the discovery of
aflataoxins as the causative agents.

The capability of fungi to produce mycotoxin is restricted to few
species. Most of these are the members of Aspergillus qroup. A.
fFlavus and A. parasiticus are the main aflatoxin producers. All the
strains of A. flavus do not produce aflatoxins.

Sterigmatocystin has been characterized as a metabolite of A.
versicolor. Van der Watt and Purchase (1970} have included ster-
igmatocystin as a carcinogen in the list of mycotoxins causing a high
incidence of hepatomas in the Rantus of South Africa.

Ochratoxins have been isolated from A. ochracecus which invaded
stored wheat (Christensen, 1962) and red and black pepper (Christensen
et al., 1967). The fungqus has also been isolated from cereals and
lequme products (Scott, 12465). Van Walbeek et al. (1969) have shown
that ochratoxins can also be produced by Penicillium viridicatum.

The mycotoxin, patulin produced by P. wrticae reduced seed
germination and seedling growth of wheat (Norstadt and McCalla, 1969).
It has also been demonstrated to be a carcinogen (Dickens and Jones,
1965).

Yellow colored rice imported by Jdapan from Thailand in 1951 was

]



contaminated with FP. citrinum which produced citrinin. Subsequent
studies revealed that the fungus was distributed over the rice
producing areas in the world, as it was detected in the rice imported
to Japan from Burma, Italy, Egypt, United States of America, and Red
China (Tsunoda, 1993a, bj; Hirayvama., 1954).

Zearalenone, or F-2 toxin is produced by Fusarium graminearum.
The estrogenic lactone was assayed from naturally infected corn ears
in Indiana. It caused estrogenic syndrome in swine (Caldwell and
Tuite, 1974).

Studies on seed mycoflora have revealed that the mycotoxicoses
are not restricted to any geographical or climatic region. Cereal
qrains, peanuts and cotton seeds appear to be the most important food
and feed substances that ﬁay be contaminated with mycotoxins.
However, probably no edible substances can be regarded as absolutely
safe from possible mycotoxin contamination. Most of the cereal and
other food stuffs contains moulds, which may appear harmless but some
of them can be pathogenic or toxigenic and may be the causal agent of
severe diseases.

Mycotoxin production can occur in the field (FRilgrami et al.,
1981), during pre and post harvests, storage and shipment. Factors
qoverning mould growth and production of various mycotoxins are not
completely understood although moisture, temperature and humidity
probably play an important role (Lillehoj et al., 1973), but CO=, 0=,

seed quality and fungal community can also 1lead to mycotoxin



contamination in foods and feeds (Hesseltine, 1976).

Bilarami et al., (1980) recorded changes in the gualitative and
quantitative pattern of amino acids, organic acids, sugars, starch,
protein. nitrogen and caloric value of maize seeds due to Aspergillus
parasiticus infestation. Recent studies also revealed the
deterioration of seeds by storage fungi (Kumari and Karan, 1981
Vi jayalakshmi and Rao, 1985; Maheshwari and Mathur, 198535 Dube et al.,
1988).

A number of fungal species especially with reference to seed
borne fungi were found to secrete exotoxins causing reduction in seed
germination (Dwivedi and Singh, 19733 Tripathi, 1974). The culture
filtrates of different seed fungi were known to produce either
stimulatory or inhibitory effect on seed germination (Vidhyasekaran
et al., 19703 Mridha and Anwar, 19803 Singh and Gupta, 1984).
Reduction in seed germination due to seed borne fungi had been
attributed to the secretion of phytotoxins {(Anwar and Mridha, 1987).

Mycotoxicoses continue to be a major health hazard to animals due
to fungal contaminated foodstuffs. Pathological changes have been
noted in the kidney, heart and liver in birds by the consumption of
A. ¥Flavus mixed Ffoodstuff (Baruah et al., 1980; Bilgrami et al.,
1984).

The problem associated with mycotoxins is complex and requires
to develop a sensitive method for screening foodstuffs for toxins.

Some work on the control of mycotoxins in cereals has been carried out



in laboratory condition (Hesseltine, 1973; Bilgrami et al., 1980;
Sharma et al., 1981) but detailed studies are lacking in field
condition.

The agroclimatic conditions of the north eastern region are
suitable for maize cultivation and about 94.2 thousand hectares of
land is under maize cultivation. The sowing and harvesting‘periods
of maize (April-August) coincides with rainy season. The region being
a hilly one, three types of agricultural systems, i.e. shifting
agriculture (jhum), valley land and terrace land are practiced for
maize cultivation. Shifting agriculture is extensively used by the
tribal people of the region.

In Meghalaya, maize is grown on hill slopes at higher altitude
(Plate—1J9 and valleys at lower altitude (Plate-1B). Two local
varieties of maize, the white and yellow varieties (Plate—Bﬂ)are
mainly grown by the tribals in this state for human and animal
consumption. Primitive practices for storage of corn seeds are
prevailed in this region. The socio—economic conditions of the
inhabitants of the reqion do not allow them to store their seeds in
modern storage conditions. After harvesting, the maize cobs are
either stored with husk or without husk in open (Verandah) (Plate 2@9
or in smoked conditions (Top of chimney place!} (Plateél@. The stored
seeds are consumed by human beings, domesticated animals and are sown
for the next cultivation season. Tribal people are not aware of any

seed infection and toxin contamination. They consume both infected



PLATE - 1.A. Maize cultivation at higher altitudes.
PLATE — 1.B. Maize cultivation at lower altitudes.






PLATE - 2.A. Maize seeds in shaded storage condition.
PLATE - 2.B. Maize seeds in smoked storage condition.






and uninfected seeds by themselves and also feed the same to their
domestic animals. Therefore, systematic survey of seed borne fungi
and mycotoxins production of maize and their consequent effects on
seed health and animal consumption under different ecological
conditions with special reference to Meghalaya is of urgent necessity.
The present investigation was, therefore, aimed to study the
mycotoxin production in maize seeds by seed borne fungi taking the
following experimental aspects :
- Population of fungi and their biomass on the seeds under storage
and in field conditions.
- Elaboration of mycotoxins by toxigenic strains of seed
borne fungi under storage and field conditions.
- Effect of certain physical factors (temperature, moisture
and humidity)}) on the growth and production of mycotoxin
viz. aflatoxin in seed borne fungi.
- Effect of seed borne fungi on quality of maize seeds (in
terms of dry weight, sugar and protein).
- Effect of aflatoxin Bi on growth of seed borne fungi,. corn
seed germination and seedling growth.
- Effect of aflatoxin Bir on test animal (Albino mice).
- Control of mycotoxin (Aflatoxin Bi) production by plant

extracts.
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REVIEW OF LITERATURE

Prior to the understanding of the seed borne diseases, the
agriculturists were unaware of the causal agents, mode of infection
and the magnitude of loss of seeds by the microorganisms. Later on
with the advent of scientific knowledge and the invention of modern
equipments to study the plant diseases, this field of seed biology has
attracted the attention of mycoleogists and plant pathologists.

Micheli (1729) was the first to collect spores of fungi and
described many new genera and illustrated their reproductive
structures. Kuhn (1858) published the first authenticative work on
disepases of cultivated crops.

The importance of seeds in meeting the world food supply cannot
be ignored. About 0% of food crops are mainly propagated by seeds.
Seed health is necessary for assuring the better seed germination and
growth of healthy seedlings. Seeds are also important carrier of
certain fungal pathogens producing mycotoxins which adversely affect
the health of those who consume them. In recent past, much emphasis
has been laid down on the control of mycotoxin producing fungi
associated with various seeds under different environmental
conditions.

Seeds also play an importanmt role in carrying many important
pathogens from one country to another. An account of the economically
important pathogens intercepted on imported seeds and seedling

materials is available (Nath and Lambat, 1971). Fungal transmission
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on seed is accomplished normally in three ways such as - pathogen
mixed with seeds, pathogens externally present on seed and pathogens
present internally in the seed (kKhare and Sinha, 1983).

Seed borne fungi may affect the grains either as saprophytic or
as parasitic ones. Their association determines the seed viability,
nutritional value and colouration and production of mycotoxins toxic
to man and animals (Christensen and kKernhemp, 19236; Bottomley, 1930;
Tsunoda, 1952; Semeniuk, 1934; Joffe, 1960).

Christensen and Kaufmann{ 19465) reported common saprophytic field
fungi, Alternaria tenuis, Cladosporium herbarum, Curvularia spp..
Epicoccum purpurescens, Fusarium spp. and pathogenic ones as F.
moniliforme and Verticillum albo—atrum (Malone and Muskett, 1964).
The pathogenic fungi were found to reduce seed germination and caused
diseases of the seedlings (Noble and Richardson, 1968).

It was observed that most of the storage fungi usually do not
attack the seed before harvest (Christensen, 1971). They may be
present on the seed in low percentage and thus provide the inoculum
for storage fungi (Dasem and Christensen, 1958).

The water content of the seed plays an important role on the
growth of fungi during storage condition. Christensen and Lopez
(1263} had determined the low limits of moisture content which
permitted the growth of fungi on stored cereals such as wheat, barley

and maize.
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Clarke et al. (1967, 196%) had recognised various phases in
succession of mycoflora in stored seeds. In the first phase, the
predominant funqi were Alternaria, Cladosporium and Fusarium. These
fungi decrease during the second phase and are replaced in the third
phase either by yeast or by Penicillium sp. In the fourth phase,
typical storage fungi occur, and by spontaneous heating of the grain,
the growth of the fungi of the first phase is promoted such as Absidia
spp., Mucor spp.. Certain temperatures like 30°C - 35°C favoured the
growth of Aspergillus fumigatus and 40°C was favourable for Humicola
lenuginosa (Mulinge and Chesters, 1970).

Humidity and temperature of the storage practice also have great
influence on the invasion of fungi on seeds (Lopez and Christensen,
19673 Mehan and Chohan, 1974}.

Ecology of Seed mycoflora:

The invasion of seeds by fungi is mainly by spore producing
structures like sclercotia, acervuli, pycnidia, perithecia and mycelia
outside or inside the seed. The amount of inoculum needed to cause
damage on the seed varies with the kind of crop and the pathogen
invalved {Suryanarayana, 1978). The association of fungi with the
seeds may be divided intoc 3 categories : (1) Infested - when the
pathogens are on the surface of the seeds; (2) Infected - when the
pathogens 1lie within the seed tissues and (3) Concomitant -
contamination — when seed material is mixed with bits of infected crop

tissues. Therefore, practically all parts of seeds are found to



contain various types of microorganisms. Seeds which ever look
healthy may contain rich fungal flora (Fadmanabhan, 194%).

The association of fungi with various seeds has been reported by
many workers from all over the world (Christensen and Gordon, 1948;
Christensen, 1951; Ibrahim and Farag, 124653 Fause and Christensen,
19246653 Flanigan, 1969, 19703 EL Shafie and Webster, 1981; Gill et al.,
1983; Ahmad et al.. 1985; Mazen et al., 1990).

Noble and Richardson (1248) have given a comprehensive list of
fungi associated with different seeds. Much of the work of seed
mycoflora has been made on the cereals and more than 150 fungal
species have been listed from them (Christensen and Kaufmann, 1969).
Reports on seed mycoflora of various crops in India have also been
made (Kadian and Suryanaravyan, 1971;'Khare et al., 19723 Singh and
Chohan, 1973, 1974:; Sarma et al., 1980; Joshi and Gupta, 1980;
Srivastava and Gupta, 1981, 1987; Bhale and kKhare, 1982;
Kanapathipillai, 1982; Frasad et al., 1284, 1987; Singh and Singh,
1985; Kunwar, 1989; Jayaweera et al., 1988; Singh, 1991).

The occurrence of fungi on seeds depends on survivorship of
fungal propagules under extreme dry conditions and on the carriers.
Ecologically, two distinct groups of fungi, 1i.e. hydrophillic and
xerophyllic ones have been recognised. Neergaard (1975) has compiled
a list of hosts and pathogens under International comparative Seed
Health Testing Schemes and presented it in 14th International Workshop

on Seed pathology.
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Seed mycoflora of maize

Fodhradszky (1950) reported heavy losses of maize seeds due to
Fusarium moniliforme. Certain species of Fenicillium have been found
to be associated with both freshly harvested and stored corn kernels
{(Mislivec and Tuite, 1970)}.

Different methods were used to study the mycoflora of maize
grains during different storage practices (Cahagnier and Poison,
1974). They +found that none of the storage methods prevented the
development of microorganisms. It all depends on the type of storage
chosen that can determine the composition of mycoflora. Aulakh et al.
(19746) reported that Aspergillius Flavus, A. niger, F. moniliforme and
Penicillium spp. were responsible for causing seed-rot and seedling
infections on maize. Certain species of Alternaria , Aspergillus,
Drechiera, Fusarium, Nigrospora, Fenicillium, Rhizopus and
Trichothecium were dominant on corn from Rajasthan (Bhat and
Krishnamachary, 1977). The occurrence of fungi varied from sample to
sample of rice seeds (Vaidehi and Rama Rao, 1978). They found that
Aspergillus and FPenicillium were the most dominant genera of seed
fungi.

Seed borne fungi have been classified by Felhate (1981) as field
fungi (Fusarium spp. and Epicoccum purpurescens), intermediate fungi
{Cladosporium spp. Mucor spp. and Trichoderma spp.) and storage fungi
(Fenicillium spp.) which has been confirmed by various reports on seed

mycoflora of maize from other parts of the world (1lag, 1973; Kanauja,
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19743 Singh and Ji, 1980; Christensen 1980; Kim et al., 1984).

A. flavus group has commonly been isclated from maize seeds (Zad
and Ale—-Agha, 17853). Bedi and Jhooty (1984) found different degree
of resistance by different cultivars of maize to A. flavus grown in
Punjab. Mclean and Berjak (1987) indicated that the distinction
between field and storage fungi may not be clear—cut, as the latter
may also gain access to the seed prior to harvest. The succession of
fungal species during storage of seed was dependent on the primary
colonizing propaqgules at the time of harvesting. Inter and intra
specific interaction and competition, in addition to seed moisture
content was a significant factor in determining the progressive
succession of mycoflora (Lillehoj and Zuber, 1988).

Wicklow (1988) studied patterns of fungal association within
maize kernels and isolated 11 fungi from surface-disinfected maize
grains. F. moniliforme was dominant fungi followed by A Flavus and
A niger. Succession of microflora on maize grain has alsoc been
investigated by Baner jee 2t al. (1988). They found that bacteria and
yveast were dominant during the sarly stages of grain develaopment while
filamentous fungi such as Cladosporium spp., Aspergillus spp., F.
maniliforme, FPenicillium spp., and Trichothecium roseum dominated the
matured grain.

Fungal Biomass in Seed tissue:

Chitin is a constituent of the cell walls of the fungi and can

be used as a measure of their growth. Measurement of chitin is an aid



in plant tissue, where other techniques give poor information on the
growth of fungi. 6olubchuk et al. (1760) have correlated the chitin
content in S5 varieties of wheat with varying degrees of fungus
invasion to the deterioration of wheat during storage conditions.
However, they concluded that the analytical procedure needed
improvement. Arima and Uozumi (19467) successfully used chitin
analysis as a measure of mycelial weight in koji using the method of
Ride and Drysdale (1971, 1972). They have suggested that the alkaline
method of hydrolysis was better than acid ones resulting in the
formation of chitosan. Donald and Mirocha (1277) have shown that
chitin analysis was relatively a rapid method to measure fungus
invasion of seed.

Carballas and Acea (1988) have also correlated the microbial
population significantly with biomass as determined by fumigation
method. They attributed the metabolic activity of the biomass to
quality and quantity of organic matter which, nevertheless, controlled
microbial population size. However, studies on the measurement of
fungal biomass in seed tissue has not yet gained the momentum.
Therefore, it i1s reqguired to modify the method available to measure
the guantitative changes in fungi, which could latter be related to
their metabolic activity.

Mycotoxins in seeds :

Mycotoxins, the toxic metabolites of fungal origin, have been in

existence since the earliest of times. An outbreak of "Turkey - X"
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disease occurred in England in 1960, due to an aflatoxin contaminated
peanut meal used in the feed. This resulted in the loss of millions
of young turkey poults (Asplin and Carnaghan, 1961).

Cereal grains are the most important feed and food source that
occasionally are contaminated with mycotoxins (Hesseltine, 1974).
They are produced on cereals both in the field and in storage
conditions. Mycotoxins include aflatoxins Bi, Bz, 61 and Gz as well
as aflatoxins Mi and M=z, ochratoxins A and B, penicillic acid,
patulin, ergot, zearalenone, citrinin, T-2, tenuazonic acid, kojic
acid and sterigmatocystin. OFf these mycotoxins, aflatoxins, patulin,
penicillic acid and sterigmatocystin are carcinogens.

Some studies on the production of mycotoxins in grains in India
have been carried out (Gangopadhyay and Chakroborti, 19813 Devi and
Polasa, 1982; Bilgrami et al., 1981). Reddy (1983} reported that the
occurrence of mycotoxin in maize was (63.33%4) followed by Sorghum
(60.004), broken rice (56.25%4), ragi (40.54%) and parboiled rice
(33.33%4). Aflatoxin B: was reported from all the commodities tested
except the parboiled rice. T-2 toxin and ochratoxin—A were noticed
in sorghum and broken rice. Citrinin could be isolated only from the
parboiled rice.

A. terreus produced patulin and terreic acid, and A. ochraceous,
produced ochratoxin (Surekha and Reddy, 1987). A. ¥Flavus produced
aflatoxins, cyclopiazonic acid and sterigmatocystin and A. parasiticus

only aflatoxins (Pandey et al., 1989).



Singh (1984) was of the opinion that dry fruits and spices were
good sources of mycotoxin development. Aflatoxins, ochratoxin,
citrinin and zearalenone were elaborated on various dry fruits.

Zearalenone and aflatoxins have been detected in maize seeds
damaged by Heliothis sp. of insects and later on infected by the fungi
(Blaney et al., 1986). Infected ears of corn have been found to
contain mycotoxins which were identified as zearalenone,
deoxynivalenol (Vomitoxin) and 15-acetyldeoxynivalenol (Abbas et al.,
1788).

Sargeant et al., (1961) for the first time reported aflatoxin
production by A. flavus grown on sterile peanuts and in Czapek’'s
solutions. Mycotaxins are chemically unrelated fungal metabolites
characterised by their ability to induce a variety of toxic responses
in man and animals when food or feed containing them is consumed. OF
these mycotoxins, only aflatoxins have attracted great attention all
over the world (Wogan, 1965).

Hesseltine et al., (19646) have reported that the agricultural
commodities; sorghum, peanuts, corn, wheat and rice not only supported
growth of A. FfFlavus strains, but alsc produced aflatoxin. They
discovered that aflatoxin was produced in these commodities after
their long period of storage, under conditions conducive to mold
growth. Very little of the toxin was isolated in soybeans because
they are poor substrate, even though they support the aqrowth of A.

flavus. Later, Hesseltine (1967) discovered that the source of the
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toxin in the peanut meal was the fungus, A. flavus Link ex Fries and
he named this toxin as aflatoxin. The toxin is now known to be
composed of several closely related compounds. The genus Aspergillus
is divided into a number of sections, composed of closely related
species and Aspergillus flavus — oryzae section constitutes one of
these. Its members are characterised by a greenish yellow spore color
and fail to produce ascospores.

After the coining of the term aflatoxin, various workers have
reported aflatoxin production by various isclates of A. flavus (Diener
and Davis, 1969; Maggon et al., 19649; Detroy et al., 1971; Mehan and
Chohan, 19733 Lillehoj et al.. 19733 Shotwell, 1977).

Ears of yellow and white dent corn inoculated with A. flavus and
A. parasiticus were found to contain aflatoxin (Rambo et al., 1974).
Production of aflatoxin by these cultures exhibited through the
conidia stored in the laboratory condition (Boller and Schroeder,
1974). Hesseltine et al (1974) have reported that the growth of A.
fFlavus was closely paralleled with the aflatoxin contents in the corn
seeds. Presence of aflatoxins was also confirmed by the presence of
trifluoroacetic acid (Stack and Pochland, 1975).

Rambo et al. (1975) observed bright greenish yellow (BGYF) and
blue white (BWF) fluorescences in corn seeds infected with A. flavus
and A. parasiticus. The incidence of these fluorescences varied with
each isolate in relation to storage conditions. It was noticed that

the damage of corn ear caused by insects like corn borers, earworms



and mites, stimulated the growth of A. flavus (Fennell et al., 1975;
Lillehoj et al., 197&6a , b).

Prakash and Siradhana (1978) have reported the production of
aflatoxin Bi by A. flavus on grains of Ganga — 5 maize hybrid.

Rilgrami et al., (1980) reported aflatoxin production by few
isolates of A. flavus in standing maize crops. They grouped them into
three categories, viz., high, moderate and low toxin producers.

A survey carried out in Tamil Nadu on the production of
aflatoxins in feed has revealed that most of foods and feeds harboured
the mycotoxin producing fungi (Neelakantan et al., 1981}.

Screening of different varieties of maize for the production of
aflatoxins by A. parasiticus has been done (Bilgrami ot al., 1982;
Misra and Sinha., 1982). Aflatoxins Bai was detected in four varieties
of sorghum during the kharif season (Bhadraiah and Ramarao, 1984).
The toxin has also been reported in coconut products from Andhra
Pradesh (Kumari et al., 1984). Mall and Chauhan (1984); Mehan and
McDonald (1984) have also analysed aflatoxins from the kernels of
groundnut infected by A. flavus.

Singh and Bedi (1985) studied the toxin producing potential of
the most commonly grown varieties of bread wheat and duram wheat.
They concluded that none of these varieties were immune to aflatoxin
production. Similar reports on the elaboration of aflatoxin in a wide
range of food commadities are available (Shotwell and Hesseltine,

1983; Lillehoj 2t al., 1983; Jeswal, 19863 Wallin, 1986).



Castor et al., (1987) found that harvest of maize in January
appeared to yield more aflatoxin—free grains than those harvested in
July or October. Production of aflatoxin was also reported from the
cotton seeds in Arizona (Lee ot al., 1987). They observed that carpel
walls of green balls after flowering were punctured to stimulate
damage of sucking insects and A. flavus was dusted on wound sites
during insect infestation process. They suggested that control of
insects can lower the aflatoxin potential. Reduction of aflatoxin
contamination in some crops has been observed in the plants resistant
to the insect feeding (McMillian et al., 1987).

Aflatoxin Bi was detected in 7 out of 17 isolates growing on
stored paddy seeds in three different storehouses in Tamil Nadu
(Sundaram et al., 1988). Aflatoxin contamination would be limited by
harvesting maize as early as possible and any comparison of lines for
resistance of aflatoxin accumulation should be done during the linear
phase of accumulation (FPayne et al ., 1988).

Production of aflatoxins on maize in Brazil has also been
reported (Sabino et al., 1989). Aflatoxin Bi was detected from 10-900
ua/kg. Presence of mycotoxins in selected staple foods and feeds in
India has been studied (Ramakrishna et al.. 1790). Aflatoxins were
observed in 45 samples of corn, 4 samples of sorghum and 12 samples
of mixed animal feeds with their varving concentrations.

Dwivedi et al., (1990} have also observed the elaboration of

aflatoxin in millets by different fungi during storage of the seeds.
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Mycotoxin production on different cultivars and lines of broad bean
(Vicia faba L.) seeds has been studied (El-Kady et al. 1991}.
Aflatoxin contamination in oil cakes has been reported (kKolhe et al.,
1993).

Cole et ai. (1973}. isolated a toxin, moniliformin from F.
moniliforme from southern leaf blight-damaged corn seed. F.
moniliforme var. subglutinans and F. graminearum are also known to
produce moniliformin (Marasas et al.. 1979).

Zearalenone produced by F. graminearum, was assayed from infected
corn seeds which caused estrogenic syndrome in swine (Caldwell and
Tuite, 1974). F. culmorum (F. roseum “culmorum’) and F. eguiseti (F.
roseum ‘qibbosum’) produced zearalenol in a diastereomeric mixture of
alpha and beta isomers (Bottalico et al., 1984). Vinas et al. (1985}
found that production of zearalenone was rare in nature. Froduction
of zearalenone and trichothecene by some Fusarium species associated
with Canadian grains has been reported (Neish eof al., 1982). Other
mycotoxins like deoxynivalenol and 15-acetyldeoxynivalenol produced
by this fungus have also been reported (Miller et al., 1983; Neish et
al., 1983).

DPrysidale (1984) isplated lycomarasmin, +fusaric acid, zeara-
lenone, enniatins and naphthazarins from the cultures of different
species of Fusarium. The fusarial toxins were found associated with
maize stalk rot (Logrieco and Bottalico, 1986) which were translocated

from staliks to cobs, but not to kerneis of uninfected ears.

I



Deoxynivalenol, diacetoxyscirpenol, HT-2 and T-2 toxin have been
reported from wheat infected with Fusarium species (Abramson et ala.a
1987). A number of mycotoxins produced by Fusarium species have been
reported (Blaney and Dodman, 1988; Mirocha et al., 1989; Hussein et
al., 1789).

Chemotaxonomic features have been used to identify different
species of the genus Fusarium. Isolates of Liseola section produced
moniliformin while Discolor section produced zearalenones {Zearalenone
and Zearalenols) and trichothecenes type A. The chemotaxonomy was
also useful ¥Ffor morphotaxonomic interpretation (Altomare et al.,
1989).

Baath et al., (1990) studied the Fusarium infestation of silage
maize plants. The growth of fusarial mycelium was better between
pericarp and aleurone layers and on the scutellum. It also colonized
plumule and radicle of endosperm and embryo (Chelkowski et al., 1990).

Perkowski et al., (1990) reported deoxynivalenol and 3-
acetyldeoxynivalenol mycotoxins in cereal grains.

Yellawish colored rice imported by Japan from Thailand in 1951
was contaminated with Penicillium citrinum. Subsequent studies
revealed that this fungus was widely occurring in paddy producing
areas of Burma, Italy, Egypt, the United States, and in Red China
{Tsunoda, 19533a, b3 Hirayama, 1954). The +fungus usually grew 1in
stored rice, especially in polished ones and caused a yellowish color

on its surface. The colored portions produced fluorescence under UV
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radiation (Tsunoda, 1954).

Clinical tests show that citrinin increases urinary output when
given orally to rats. Inulin and p—aminochippuric acid tests indicated
that renal water reabsorption was inhibited by the citrinin pigment.
Histological examination of the kidney of rats revealed turbid
swelling of the tubules (Sakai, 1955). The mycotoxin, citrinin was
known to occur naturally in cereals (Hesseltine, 1974).

Patulin, a metabolite of A. clavatus and P. patulum has been
found to be toxic to animals (Anonymous, 1932). Forgacs et al.,
(1954) demonstrated that A. clavatus and A. chevalieri were
responsible for an outbreak of chronic toxicity in calves in USA who
consumed the contaminated feed. Moreau and Moreau (19460a, b) reported
another ocutbreak in dairy cattle when farmers in France fed their cows
with A. clavatus contaminated forage seedlings.

The phytotoxicity of patulin has been demonstirated by Norstadt
and McCalla (1969). It was shown that stubble mulching of fields
supported extensive growth of P. urticae, which produced patulin,
causing reduced wheat seed germination and seedling growth. Indeed,
wheat seed and seedlings have been shown to be sensitive to as little
as 20 ppm concentration of patulin (Ellis and McBalla, 1970).
Therefore, patulin is considered as a mycotoxin of potential concern
in foods (Stott and Bullerman, 1975). Frank et al. (1977} and
Neelakantan et al. (1982) have isolated patulin from fruits, nuts and

vegetables infected with green mould.



Penicillic acid was first reported from cultures of P. puberulum
(Alsberg and Black, 1913). It has since been found to be a metabolite
of a variety of Penicillium and Aspergillus species. Penicillic acid
je toxic to mammals (Murnaghan, 1946) and has also been found to be
carcinogenic to rats by subcutaneous injection {Dickens and Jones,
1961). Penicillic acid has been found to be produced in large
quantities by certain species of Penicillium, viz., F. puberulum, P.
martensii and P. cyclopium. Corn blight or blue eye disease of corn
caused by these species is quite common when corn seeds are stored at
low temperature (Ciegler and Kurtzman, 1970a). The rate of production
of penicillic acid depended upon the strain, substrate and incubation
temperature (Ciegler and kKurtzman, 1970b).

Thorpe and Johnson (1974) screened the maize samples in USA and
observed that penicillic acid was produced by 7 samples out of 20
ranging from S to 231 mg/kg. They also reported that the range of
penicillic acid in dried bean samples varied from 11 to 179 mg/kg.

Sterigmatocystin has been characterised as a metabolite of A.
versicolor. This toxin has structural similarities with aflatoxins
{Bullock et al.. 1962). 1t was also extracted from the strains of A.
nidulans growing on peanut and fodder plants. Because of the
widespread occurrence of these moulds and the large amount of the
compounds elaborated, sterigmatocystin might be as disconcorting as
aflatoxins in food, despite its lower toxicity and carcinogenicity

{Holzapfel et al., 1966).
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Van der Watt and Purchase (1970) have included sterigmatocystin
as a carcinogen in the list of mycotoxins causing a high incidence of
hepatomas in the Bantus of South Africa. Engelbrecht (1971) has
studied the toxic effects of sterigmatocystin on a primary cell
culture. These include progressive cell degeneration, inhibition of
mitosis and micellar fragmentation.

Rabie et al. (197&) have reported production of sterigmatocystin
by A. versicolor and Ripolaris sarckiniana in semi-synthetic liquid
and solid media. Also other new species of Aspergillus were found to
produce sterigmatocystin {Rabie et al., 1977).

The amount of sterigmatocystin in the milled rice or rice bran
varies from 3.8 to 4.3 ppm. A. versicolor usually occurred around
germ tubes as a entangled mycelial mass, but it was rarely found in
the major part of the endosperm, unless the grain was cracked
({Takahashi et al., 1984). This toxin was detected in feed associated
with acute clinical symptoms of bloody diarrhoea and death in dairy
cattle in the United States (Vesonder and Horn, 19835).

Ochratoxins have been isolated from A. ochraceous which has been
found to invade and multiply in stored wheat (Christensen, 1962). The
toxigenic fungi have also been isclated from other cereals and legume
products (Scott, 19465). red and black pepper (Christensen et al.,
1967).

Purchase et al. (19247) have apprehended that the high incidence

of hepatic cancer among the BRantus of South Africa may be the result



of the toxic metabolites of these moulds. Van Walbeek et al., (196%)
have shown that ochratoxins can also be produced by F. viridicatum.
They occur in a variety of agricultural commodities and have been
demonstrated to be toxigenic to ducklings and rats (Patterson and
Allcroft, 1970).

Choudry et al. (19271) have studied ochratoxin’'s toxicity in hens.
They found that the presence of ochratoxin at 1 ppm in the diet of
white leghorn pullets resulted in delayed sexual maturity and lowered
rate of egg production. Damage of liver and kidney due to this toxin
was similar to the aflatoxin injury. Hesseltine et al. (1272} have
reported the Aspergilli as ochratoxin producers. The ochratoxin
content in sclerotia collected from arains infected with A. ochraceous
was significantly higher than that produced on synthetic medium
{Paster et al., 1986). However, toxins were detected either alone or
with citrinin as co—-contaminant (Sinha and Prasad, 1994).

Effect of physical factors on seed fungi and mycotoxin production:

Fungi are major cause of deterioration of corn seeds in
commercial storage conditions. Warm and humid weather favours the
growth of moulds and mycotoxin production (Koehler, 1938; Semenuik and
Gilman, 1944).

Milner and Geddes (1946) studied the relation between moisture
contents, mould growth and respiration of grain during storage
conditions. Chemical deterioration of seeds at different temperatures

has also been investigated (Milner et al., 1947).
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The influence of temperature, humidity and oxygen concentration
on mould growth and biochemical changes in stored yellow corn have
been reported (Bottomley et al., 1930). They (1952) further studied
that fat acidity, non—-reducing sugars and mould flora of stored yellow
corn were greatly influenced by aeration, time and seed moisture
content. Alternaria, Helminthosporium and Fusarium invaded the
kernels befaore hérvest and reqguired a relatively high moisture content
for their qrowth (Delprade and Christensen, 1952; Tuite and
Christensen, 19535).

The invasion of seed during storage by the fungi caused high
reduction in wheat seed germination (Papvizas and Christensen, 19537).
Dasem and Christensen (1958) observed moderate to heavy infection by
storage fungi 1in 159 samples of corn stored for 6-9 months in
commercial bins. Deqree of invasion by fungi was proportional to the
decrease in percentage seed germination and increase in percentage of
discolored or damaged germ tubes or germs. Low temperature during
seed storage condition was an effective preventing measure to the
fungi tested.

Storage of seeds at low moisture content (14%Z) and low
temperature (20°C) for 24 weeks resulted in the death of field fungi
like Helminthosporium, Fusarium and Alternaria (Lutey and Christensen,
1963). Christensen (192&64) reported better seed germination in corn,

wheat and barley free from storage fungi.
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Rough rice was invaded by storage fungi at moisture contents of
13.4-13.8%Z resulting in slight reduction in seed germination
(Christensen and Lopez, 1965). lopez and Christensen {1967) found
that A. flavus was able to qrow on stored corn at 18.5% and above
moisture contents and at a temperature of 33°C, besides A. ochraceols
and A. candidus.

Temperature played an important role on the production of
aflatoxin by A. flavus (Schindler et al., 19673 Sorenson et al.,
1967). The optimum temperature range for both aflatoxin Ba and EFY
was 25-30°C, although A. Fflavus was capable of qrowing over a wide
range of temperature from 6-35°C (Diener and Davis, 1969).

Invasion by storage fungi and decrease in seed germination were
directly proportional to moisture content and the time of storage
{(Christensen, 1970).

Boller and Schroeder (1974) studied the influence of relative
humidity on production of aflatoxin in rice by A. parasiticus. They
chserved that invasion and colonisation of rice by A.parasiticus
increased with increase in humidity at 30°C.

Freshly harvested high moist corn was +found to have bright
greenish-vellow fluorescence of aflatoxins in insect damaged parts
(Lillehoj et al.., 1975).Hesseltine (1976) was of the opinion that
physical factors were major source of the mycotoxin production in
foods and feeds. Invasion of toxigenic moulds was affected by the

amount of spore inoculum in the field, stresses on the plant,



invertebrate infections, damage by other fungi, plant resistance,
mechanical damage, mineral nutrition of plant and temperature. During
harvest of the crop. the grains were exposed to mechanical damage and
mould inocculum. After harvest. growth of moulds depends on moisture
level of the grain, temperature and humidity, rapidity of drying.
aeration, microbial inoculum, insects, mixing of grains, chaff and
dirt, chemical treatment, internal infection and accidental rewetting
of the grain.

Factors like incubation period, temperature, humidity and light
affected the formation of aflatoxin Ba by A. flavus on maize hybrid
{Prakash and Siradhana, 1978).

Infection and production, of aflatoxin Ba by A. Flavus were
measured in a short season. mid season and full season cultivars at
three geographically diverse locations in North Caroalina (Jones et
al., 1981)}. They observed significant reduction in aflatoxin with
early planting and harvesting of the crop.

Nandi et al. (1982) studied deterioration of some il seeds at
different tempergtures and relative humidities in storage conditions.
A. glaucus, A. candidus, Fenicillium sp. and A. flavus were dominant
at 15.95, 16.5, 18.5 and 197 seed moisture of paddy during storage
condition respectively (Jayaraman and Kalyanasundaram, 1989; Mian and

Fakir, 198%9).



Biochemical changes in seed after fungal infection !

The association of fungi with seed under poor storage conditions
results in the deterioration of the seed. They bring about certain
changes leading to the reduction on their quality and quantity. The
role of fungi in seed deterioration has been studied by a number of
workers (Christensen, 19573 Qasem and Christensen, 1960; Fields and
King, 1962: Gilmann, 196%9; Lalithakumari et al., 1971; Rilgrami et
al., 19745 Pathak. 1985; Sinha, 1985; Betts st al1., 1988).

Aflatoxin producing strain of A. parasiticus was reported to
cause loss in caloric value of maize seeds (Bilgrami et al., 1979).
Biochemical changes have also been observed in fruits inoculated or
contaminated with species of aflatoxin producing asperqilli (S5ingh and
Sinha,1982, 1983; Sinha and Singh, 1984, 1987). Similar observations
have also been reported in dry fruits like coconut, almond, cashewnut,
walnut and makhana (RBilgrami et al., 1983).

Physiological and biochemical changes in mould infected maize
seeds and. seedlings have been observed (Arinze and Sokirko, 1986).

(I} Changes in protein :

Protein constitute a complex nitrogen source for fungal
nutrition. The ahbility to utilize the organic source of nitrogen
depends upon the funqus to convert proteins into simpler amino acids.
Changes in protein contents due to fungal infection have been studied
during pathogenesis (Kitani et al., 1970; Vidhvyasekaran and Durairaj,

1971; Vidhvasekaran et al., 19723 Cherry et al., 1972, 1974, 1975;



Sharma and Wahab, 1979; Prasad et al.. 192746; Jamaluddin et al., 1977).
Decline in the total nitrogen has been observed (BRilgrami et al.,
1980).

Bilgrami et al. (198B1) have reported significant changes in the
guantity and quality of amino acids in maize seeds due to mould
infestation.

Reports have demonstrated that the continuous decline in protein
and socluble nitrogen occurs during pathogenesis (Roy and Choubey,
1984; Maheshwari and Mathur, 1985; Maheshwari et al., 19853 Sinha,
19853; Pathak, 1985).

Increase 1in the production of toxins by the species of
Aspergillus and Penicillium was correlated to the level of protein in
barley {Haggblom and Ghosh, 1983).

Lalrawna (1987) revealed a continuous +fall in the protein
contents of the paddy seeds due to fungal infestations. The rate of
protein disappearance depended upon the species of fungi and the
variety of paddy.

{I11Y Changes in Sugars

An increase in sugar contents due to fungal invasion in seeds has
been reported (Grewitz and Durbin, 1960; Swamy, 19464). However,
Strech and Capellini (19265) and Dayal and Joshi (1968) noticed a
decline in reducing and non—-reducing sugars in infested plant tissues.
Vidhyasekaran (1968) reported an increase in reducing sugar contents
of paddy seeds infected with various fungi.
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Quantitative changes in sugars have been observed in orange
fruits (Singh and Tandon, 1970), mosambi fruits (Srivastava and
Tandon, 1970))groundnut foliage (Narain & Addy, 1270), groundnut seeds
(Singh et al.. 1974}, mung seeds (Frasad et al., 19763 Bilgrami et
al., 1978), arhar seeds (S5inha and Prasad, 1977}, apple fruits (Thind
et al., 1977) and Khesari seeds (Sinha and Prasad, 1978) after fungal
infection.

Frasad (1983) reported that root, stem and leaf of diseased plant
contain less amount of sucrose, glucose and fructose than the healthy
plants. Reduction in total sugars due to fungal infestation has also
been noticed by other workers {Reddy et al., 1983; Singh and Sinha,
1983). Lobia seeds infested by A. flavus showed an increase in
reducing sugars and a decrease in non—reducing sugars (Maheshwari and
Mathur, 1985; Maheshwari et al., 19835).

Lalrawna (1987) showed that fungal infestation resulted in the
fall of total sugar contents while slight increase in the reducing
sugars and a simultaneous fall in the non—-reducing sugars was noted
in all the paddy varieties. There was no consistency with regard to
the extent of reduction and period of maximum activity during storage
period of the grains.

Aflatoxins and seed germination ;

Seed borne fungi produce metabolites which may be hazardous for
the health of seed as well as for consumers. Metabolites of fungal
oriqin reduce seed qgermination and sprouting (Papavizas and

ey
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Christensen., 1960; Fields and King, 17623 Humphrey—-Jones and Waid,
196%; Christensen and Kaufmann, 19653 Lalithakumari et al., 19723
Dwivedi and Singh 1973; Dublish and Pande, 19763 Rai and Singh, 1977;
Fandey et al., 1982).

Crisan (1973) reported the effect of aflatoxin on germination and
growth of lettuce. Rati and Ramalingam ({1974) recorded four types of
infection on seeds, i.e.. seed rot, non-emergence of cotyledons,
cotyledonary infection and plumule infection.

Brodnik (1975) reported that the toxic products of F. graminearum
and F. moniliforme have influence on the seed germination and embryo
growth in maize. Similar observations have also been made by Cebrat
et al. (1981), Katouli and Marchant (1981}, Kulik and Scheen (1982},
Naik et al. (1982), Charya and Reddy (1982), Kim et al. (1984),
Vasantha et al. (1987) and Mahalinga et al. (1988).

Srivastava and Mishra (1271) reported the effect of exudates of
A. niger, A. Fflavus, P. humicola and F. oxysporum on the radicle
growth of wheat and barley. They noticed that radicle growth was
retarded by varvying concentrations of all fungal exudates. Effect of
aflatoxin on the delay of seed germination and seedling emergence in
various crops has been reported (Bhale et al., 1982).

Llewellyn et al. (1984} observed the adverse influence of
aflatoxins on germination, root elongation and uptake of zinc by
Glycine max. Jeswal (1987) reported that aflatoxin B: was inhibitory

to maize seed germination, however, its low concentration enhanced the



shoot length. Similar effects of aflatoxin Bax on amylase of maize
seed have also been reported (Chatter jee, 1988).

A number of seed borne fungi have toxic effects on seed
germination and seedling growth (Prasad and Hiremath, 1983; Singh and
Bupta,. 1984; Ghewande et al., 19845 Singh et al., 1983).

Penicillic acid produced by F. cyclopium and P. canescens showed
phytotoxicity during corn seed germination (Keromnes and Thouvenot,
1985). Bedi and Chohan (19856) screened weed seeds for aflatoxins and
their role in the seed qermination of different crop plants. They
cbserved the chlorosis and albinism of the primary leaves in aflatoxin
Bi treated seeds.

Mycotoxins produced by Fusarium sporotrichiellas (Zearalenone)} and
Dendrodochium toxicum {rorridine A and verrucarine A) exerted toxic
effect on wheat and maize root cells. Toxin concentration of 10 yg/ml
caused depolarization of maize root hair membranes (Favlovkin et al.,
1984) .

Seed germination of Vigna mungo L.. Lens culnaris, Corehorus
capsularis L. and Brassica rapa rvesponded differently to the culture
filtrates of A. niger, A. flavus, F. semitectum, F. moniliforme and
Curvularia Iunata (Anwar and Mridha, 198B7).

Kunwar and Mehrotra (1988) also observed the inhibitory effects
of culture filtrates of seed storage fungi on the germination and

sprouting of wheat grains.

g~
e



Effect of aflatoxins on the animals !

Growth of moulds on cereals and foodstuffs often appears guite
harmless but they may sometimes be pathogenic or toxigenic. In 1961,
agroundnut meal contaminated with aflatoxin was responsible for the
large scale death of turkey poults and ducklings (Allcroft et al.,
1961). The incidence highlighted the implications of mycotoxins
contaminated food in foodstuffs, particularly of aflatoxin which was
also found to affect other species (Allcroft et al., 1962).

Aflatoxins mainly affect the functioning and physioclogy of liver,
kidney, spleen., colon, lung and skin of various animals and human
beings {Newberne et al., 1964 Butler, 1974; Wogan, 1974,
Krishnamachary et al., 1975, b, c3; Singh and Chauhan, 1983; Ranjan,
19853; Bilgrami et al., 1986).

Linderfelser et al.. (19746) ocbserved that male and female mice
fed with aflatoxin contaminated corn accumulated high level of lipid
in the liver.

In case of poultry, serious pathological changes were noted in
the kidney, heart and liver when crude toxin preparations from A.
Flavus mixed with foodstuff was given (Baruah et al., 1980). The
liver showed necrosis and pittings. Histological study of liver
showed haemorrhage, infiltration of 1lymphocytes, pyknosis and
degeneration of hepatocytes. Kidney sections revealed swelling of
tubules, haemorrhage, degeneration of basement membrane and gqlomeruli

and infiltration of lymphocvtes (Singh, 1984).
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Control of mycotoxins:

Prevention of mycotoxins from getting into food and feeds
involves several distinct lines of defect: (i) prevention of mould
arowth, (ii) detection methods, (iii) removal of the toxin if present
and {iv) identification of new possible mycotoxin threats (Hesseltine,
19273}, According to him, the first study involved the effects of
insecticide treatment of sterile and unsterile wheat on the formation
of aflatoxin and ochratoxin. The second study was surveved on
incidence of ochratoxin, aflatoxin and zearalenone in white and vellow
corn. The third one was on the number of species of Aspergillus and
Penicillium that produced ochratoxin and penicillic acid respectively.
The fourth one dealt with the effect of ammonia treatment on the
internal mould flora of corn.

The extracts of Allium sativum inhibited the qgrowth of +ungi
{Tansey and Appleton; 1975). The root, bulb and leaf of A. cepa and
A. sativum were all inhibitory to fungal growth (Agrawal, 1978; Singh
et al., 19792). The growth of aflatoxin producing fungi like A. flavus
and A. parasiticus was inhibited by extract of A. cepa (Sharma et al.,
1979).

Inhibition of aflatoxin production has also been reported by some
other plant extracts (Bilgrami et al., 1979). They observed that the
aquecus extracts of Arnebia nobalis, Nicotiana plumbaginifolia,
Ricinus communis and CLocculus hirsutus inhibited the aflatoxin

production to varving degrees. Root and stem extracts of N.



plumbaginifolia and 7. communis inhibited the aflatoxin production
by 34.462 and 45.46% in maize and rice respectively.

Misra et al. (1980} had screened 14 homeopathic drugs inhibitory
to aflatoxin production and qrowth of A. parasiticus. Some wild
medicinal plant extracts were also found to inhibit the aflatoxin
production and growth of A. flavus in vitro condition (Bilgrami et
al., 1980). Toxin production was prevented by 0-Vanillin in some
cereals and oil seeds (Bilgrami et al., 1982).

Daniels (1983} reported that Fusarium moniliforme can be
eliminated from corn, if they were pretreated in distilled water for
4 h at 18-22°C and subsequently incubated at &60°c for 5 minutes.

Light and heat factors were also observed to inhibit the
production of aflatoxins in dry fruits and spices (Rilgrami et al.,
1984}. The extracts of certain tree barks (Sinha and Singh, 1284)
and some chlorophvyllous plants were also found to check the gqrowth of
seed fungi and mycotoxin production (Sinha, 1985). Froduction of
aflatoxin on wheat grains and groundnut seeds was inhibited by the
extracts of rhizome of Adiantum and leaf of Thuja orientalis (Singh
and Sinha, 1985}).

Some pesticides have been reported to contrel the growth of
Fusarium spp. and production of zearalenone (Draughon and Churchville,
1985} .

The control of aflatoxin by chemicals other than pesticides has

also been reported {Buchanan et al., 1986). Thioglycercl inhibited the



growth of A.parasiticus and aflatoxin production while thioral
stimulated A.Fflavus (Umechuruba, 1986).

Reduction in qraowth of A.flavus by solar heating during sun
drying (Hussein et al., 1986) and production of aflatoxin in corn by
irrigation and tillage (Payne et al., 1986) has been observed.

Girisham and Reddy (1987) observed taoxic effect of different
volatile substances on the seed mycoflora of pearl millet (Penpnisetum
typhoides). Chemicals like dimedone and potassium metabisulfite
suppressed the aflatoxin biogenesis (Sharma et al., 1988).

Sudheer et al. (1989) observed significant inhibitory effect on

Trichoconiella padwickii in paddy by certain plant extracts.
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MATERIALS AND METHODS

Splection of sites ;

Selection of study sites was done after collecting the
information on areas under intensive maize (Zgea mays L.} cultivation
{Government of Meghalaya). Four sites selected for the present study
were situated in Nongkrem, Upper Shillong, Mylliem and Lait jem, Khasi
Hills, Meghalaya. They were situated at an altitude of a range of 50
- 1950 m, longitude 89°4%° and 22°45° E and latitude 23° and 26°10°H
{(Fig. 1.A) respectively. Two local varieties of maize {Zea mays L.}
viz. Local white and Local vellow were mainly grown in all the study
sites during summer/rainy season, while the seeds were stored in the
winter season.

Climate of the study sites

Bzsed on the meteoroclogical conditions of the region, the year
may be broadly classified in summer/rainy {(wet summer}, autumn and
winter seasons (Fig. L. B)

{1} Summer/Rainy (wet summer) season — It starts from June and
ends 1in Sepfember. The avsrage rainfall, maximum and minimum
temperature of the season was recorded as 423.25 am, 21.35°C and 15.8°
C respectively.

(2} Autumn season ~ It starts from September and lasts upto
Movember. This pefiad is characterised by low temperature and less
rainfall. The average rainfall and maximum and minimum temperature

was recorded as Z30.3mm, Z0.13°C and 7.&67°C respectively.
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Figure 1.B. Meteorological data of study sites for maximum (-o-)
and minimum {(-0-) temperatures {c) and rainfall (mm)
for the pericd of investigation (January 1988 to
December 1989). '
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(I} Winter season - It extends from November to February. It
ie characterised with low temperature and less rainfall. The average
rainfall, maximum and minimum temperature was recorded as 18.15 mm,

16.02°C and 2.07°C respectively.

Brief background of maize cultivation in the State!

The maize is grown on the slops of hills of Meghalaya during wet
summer season when temperature and humidity are high. The sowing
period varies from March to May and the cobs are harvested from the
month of July tc September. linlike other places of India, tribal
inhabitants of this area consume only raw, roasted and hoiled seeds.
The cobs are stored eitherushaded place or in interior warm places
i.e. abhove chimney place {PlatES.ZAailg. The inhabitants in interior
lgcality never use any specific storage container +for the cobs.
However, in villages near to urban settlement, employ gunny bags and
tins to store the cobs. Seeds are never separated from the cobs
either to store them for germination or for consumption. Therefaore,
the climatic condition and storage practices of maize in the state
makes interesting to investigate fFungal infection and mycotoxin
production.

Study materials

Two varieties of locally cultivated maize seeds, viz., local
whits and local yellow, hereupon designated as LW and LY respectively
were collected from different study sites in the Khasi hills district

of Meghalaya. These two varieties were mainly cultivated and consumed
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by the local tribal population, therefore, they were selected for the
present study. They vary in their nutritive constituents, taste, size
and coliour of seeds.

Sampling of materials :

Maize cobs were collected from the bulk stored without husk
either in shaded condition (hanged in verandah} or in smoked condition
(hanged above the fire place}, from standing crop and agricultural
fields maintained by the farmers in their respective houses and fields
respectively. 4 composite sampling of each single variety was
procured from same leocality and the same farmers and fields throughout
the study period.

Collection of corn seeds was done from the bulk storage following
the procedures of International Rules for Seed Testing (IS5TA, 1946,
1974). Several individual samples were randomly collected +rom
different parts of the bulk (top, middle, bottom and sides). The
primary samples drawn from different parts of the bulk were thenr mixed
to make a composite sample which was reduced to the desivred guantity.

The final sample, technically called +the sub—sample was
transferr=ad into a sterilized polvythene bag and sealed.

Similar procedure was followed to collect the samples of corn
seeds from the +islds as was done in case of the storage conditions.

Care was taken to avoid external contamination by cleaning the hands

and other instruments with 90% ethyl zlcohol.



Samples of different maize varieties were brought to the
laboratory. Selection of seeds for plating purpose and determination
of their moisture contents was done. The seed lots were kept in oven
at &0°C for 48 h. Subseguently, the samples were stored at room
temperature till the extraction of mycotoxin was completed. The time
lapse between sample collection and toxin extraction was kept as
minimum as possible. Care was taken to avoid fungal contamination,
invasion my mites and rats before extraction.

Survey of mycotoxin producing seed borne fungi was done for two
vears from storage and field conditions. For each vear sampling was
done in three seasons, i.e2. winter, wet summer and autumn when the
crop was in storage, field and harvest conditions respectively.

Determination of moisture content of the grains .

Molsture contents of maize grains was determined by "Oven dried
method” (Agrawal, 198&).

5 g of the seed sample was dried in an oven at BC°C for 24 h and
reweighed. The process was repeated till a constant weight was
obtained. Three replicates were maintained for sach sample. The loss
in weight was calculated. The percentage moisture content of the seed

was calculated by using the following formula:

Wi~z
Moisture content (%4} = ————— ¥ 100
P
Where W1 = Initial weight of fresh seeds

W= Weight of oven dried seeds.



1. Isolation of seed borne fungi

Isplation of seed borne fungi from both varieties of maize was
carried out Ffor two years (1988 and 1989) in three seasons (wet
summer , winter, and autumn) each year. The data of each season was
expressed as an average value of three months. Working samples for
periodical screening wers drawn aseptically from the stock samples in
the laboratory.

The following methods were followed for the isolaticon of fungi
from maize seeds throughout the period of investigation.

{i) Standard blotter method — Standard blotter method of

International Seed Testing Association {(ISTA, 196&6) as modified by
Limonard (19&6&) was Ffollpowed to isolate the seed fungi. Three
sterilized Petri dish (2.5 cm diameter) lavered with sterilized
cotton and filter paper were moistened with sterile distilled water,
sg that little surpius of water was left on the surface of the paper.
One hundred seeds were randomly selected from each of the variety and
10 of them were plated eguidistantly in each Petri dish. Plating of
seeds was done in a Laminar Flow Chamber. Fetri dishes were incubated
at 29x1°C for three days. Thereafter, they were transferred for 12h
to another incubator at 10°C and subsequently incubated at 25%1°C for
anpother 7 days with 12 h photoperiod. The plates were observed under
sterechinocular microscope.

Infected seeds were counted and the percentage frequency of

gccurrence of different fungil was calculated using the formula
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Total no. of colonies of individual species

Frequency of fungal = —————-—————————rmmo——— oo » 100
species(i} Total no. of colonies of all species

{ii) Agar plate method — The International Rule for Seed Testing

{ISTA, 1964) was followed to isclate the seed on nutrient agar medium.
Fotato dextrose agar medium was sterilized, poured aseptically into
plates and allowed to cool. One hundred seeds of maize were randomly
selected from each variety and 10 of them were spaced out in a petri
dish containing FPDA medium, using a sterilized forcep. Fouring and
plating of medium were carried out in Laminar Flow Chamber.
Thereafter, plates were incubated at 25*+1°C with 12 h photoperiod for
7 days in a incubator. Fungal colonies on infected seeds were counted
and the percentage relative abundance of sach fungus was determined.

{iii} DPilution plate method - One g of seed sample was added to

22 ml of sterile distilled water and shaken for 30 minutes on an
electrical shaker. Ten mililitre solution from this dilution was
aseptically transferred to 90 ml of sterile distilled water to get a
dilution of 1 : 1000, One mililitre suspension from the final dilution
{(1:1000) was inoculated on Potatoc Dextrose Agar (PDA) and Nutrient
Agar medium in Fetri plate. Fetri dishes were rotated gently in a
swirling motion to dispense the inocculum uniformly over the surface
of the medium. Five replicates werese maintained for each sample. The
whole procesz of inoculation was carvied out in Laminar Flow Chamber.

The plates were incubated at 25X1°0 for 5 d in an incubator.



1.2 Identification and pure culture of fungal isolates

Fungi isclated from the seeds were identified following the keys
of Gilman (19546}, Subramanian (1971}, Barnett and Hunter {(1272)}.

FPure cultures of fungi isclated from maize seeds by different
technigues were done by single spore technigque. The cultures were
maintained on Czapek’'s Dox Agar and FPotato Dextrose Agar (FDA) media
at 4°C.

1.2 Interpretation of results :

The percentage freguency of occurrence of individual fungi was
calculated using the formula -
Total no. of individual species aof fungus

Total no. of all the species of fungi

1.4. Fungal Hiomass in maize seeds :

Chitin digestion method was used to determine the fungal biomass
in maize seeds (Fide and Drysdale, 1972).

100 g infectsed seeds used for isclation of seed mycoflora were
dried at 80°C for 72 h and stored & room temperature in tightly capped
glass bottles until used. The exiraction and ansalvysis of chitin was
carried out as follows :

Sample preparation for hydrolysis of chitin to chitosan :

{1} 530 g of seed sample was ground in an electric grinder for

{11} 0.2 g of the finely ground flour was placed into a 30 ml

plastic autoclavable centrifuge tube.
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{i11)

{iv)

{v}

{viy

(vii)

(wiii}

(ix)

(]

{¥ii)

{xiii}

5 ml of KOH (120 g EOH in 100 ml H=0) was added to it.

The test—-tube and contentse were sterilized at 15 psi in
autoclaved for 1S mins and then cooled to 0O°C.

ice cold 70% ethancl (8 ml) was added to each tube and
subsequently layered with 1 ml celite (1 g/20 ml 70%
ethanol); this facilitated the precipitation of chitosan.
The tubes were then centrifuged (12,000 rpm) ¥for 10 mins
at 0°C and the supernatent was decanted.

The pellet was resuspended by adding B ml of ice cold 40%
ethanol to each tube and stirred thoroughly.

Step (vi) was repeated.

The pellet was resuspended in distilled water {8 ml) and
the pH adjusted to 2.030.2,

Step (vi) was repeated.

Colorimetric assay for chitosan:

1 and 1.3 ml of KHSOa (5% W/V) and 1.5 ml NaNO=z were added
to each tube and the total wvolume was brought to 4.5 ml
with distilled water. The precipitate was stirred into
solution.

A 1.5 ml aliguot was withdrawn from each tube and placed
into separate test tube containing 0.5 ml NHaSOsNH=z2 (123
W/Wi. The tubes were thoroughly shaken.

1.5 ml 3-methyl-Z-benzothioczolone hydrazone (METH; 0.5%

W/V) was added asnd mixed.



{3iv) A known concentration series of glucosamine—HCL {Sigma) in
the range of 10,20,30,40,50,100 and 150 pg per tube {total
volume equals I ml) was prepared. Water was substituted
for glucosamine—HCL in the blank.

{xv} The tubes containing the experimental samples and the
standard soclution were heated in a hot water bath (%0°C)
for 4 mins., removed and coocled in an ice bath.

{xvi) 1.5 ml FeCls {(0.5% W/V) was added to each tube and allowed
to stand for 30 mins. at room temperature; alternatively,
the mixture was filtered.

(x&ii} The absorbance of the solution was read at 630 nm in a
Beckman spectrophotometer (US5A). The chitin content was
ecstimated from the standard curve of glucosamine HCL and
represented as pg/g dry weight of seed.

2. Production of mycotoxins in maize seeds |

2.1 Geeds Samples .

Samples of S00 g each of maize seeds representing the two local
varietieszs of maize, viz. local white and local vellow wers screened
for mycotoxins.

L I §

2.2 0Observation of maize seeds under ultra viclet light for Toxin:

Bright greenish vellow fluorescence (BGYF) was considered as a
tentative test for distinguishing the aflatoxin contaminated seeds
from the healthy cones {Fennel et al., 1973). EBased on this principle,

all the collected seeds were observed under ultra violet light (360
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nm). Samples giving typical blue green yellow fluorescence {BGYF)
were selected for the extraction of aflatoxins.

2.2 Extraction of mycotoxins from maize grains .

Seeds giving BGYF fluorescence were selected for chemical
extraction of mycotoxins (Thomas et al., 1975). 350 g of dried seeds
were powdered and blended with 250 ml methanol: water (60: 40 V/V) for
15 min. The extract was filtered through Whatmann No. 1 filter paper.
125 m} of the filtrate was taken inte a separating funnel (3500 ml).
To it, 30 ml of saturated NaCl and 50 ml of n—hexane were added. The
funnel was shaken vigorously and the lower methanclic laver was
collected while upper hexane layver was discarded. 40 ml of chloroform
was added to the funnel and shaken again. The layers were allowed to
separate. The lowest chloroform laver was ocbhtained into a flask
contained S g of cupric carbonate and agitated. Cupric carbonate was
alipwed to settle down and chloroform was decanted through Whatmann
NMo. 42 filter paper passing through the bed of anhydrous Ma=50s. The
chloroform extract was evaporated to dryness and residue was dissolved
in 1 ml of chloroform and reserved for Thin Layer Chromatography (TLE)

analysi

n

-

(]

-4 Screening of fungal i1isoclates for their mycotoxin producing

ability
Aflatoxin elaborating potential of different isclates of
Aspergillus was tested in the Rice—flour liguid medium (Misra and

Sinha, 1279}. Production of zearalenone by the iscolates of Fusarium
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moniliforme, citrinin by Fenicillium citrinum and ochratowxin by A.
achracsous were tested on Czapek' s Dax liquid medium (Raper and Thom,
1943) .,

2.5 Extraction of mycotoxins from culture filtrates .

The method of Jones (1272) was followed to extract the mycotoxins
from the culture filtrates of different fungi. 25 ml of the liguid
madium {Rice flour Ffor aflatoxin and Czapek’'s Dox for the other
mycotoxins} was taken in a 250 ml Erlenmayer flasi and was sterilized
at 15 psi for 15 min. The medium was allowed to 500170.5 ml spare
suspensiocn of the test fungi was inoculated in the medium and
incubated in BOD incubator at 25x1°C for 7 d. During the incubation
period, cultures were shaken at an interval of 24 h. 10 ml of
methanol was added in the flask in order to kill the spares inside the
flask. The liqgquid culture was filtered through Whatmann No. 1 filter
paper and the amount of filtrate was transferred to a S00 ml
separating funnel. Before filtration, pinch of anhydrous Naz50s was
put on the Filter paper to absorb the extra moisture. 10 ml of
chloroform was added two times to the Ffiltrate in the separating
furnnel. The lower layer of 10 ml chloroform was collected in a test
tube. The chloroform extract was evaporated to dryness and residue
was dissglved in 1 @ml of chloroform and reserved +or Thin Layer

Chromatographic (TLE) analysis.

Ln
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2.6 QGualitative analysisz of mycotoxins

Qualitative analysis of mycotoxin was done by thin layer
chromatography (TLC) method. To prepare the TLC plates, uniform clean
glass plates (20 cm » 20 cm) were used. 6 g of silica gel & was
mived with 77 ml distilled water to form a slurry which was immediate-
ly used for coating of & plates (uniform size, 0.5 nm thick} with the
help of applicator. The plates were dried at room temperature and
activated in an oven at 120 °C for 1 h. The plates were cooled before
uze, 50 4yl of chloroform extract of various mycotoxins was spotted on
TLC plate along with mycotoxin standard.

For detection of aflatoxin solvent system comprising toluene :
isgamyl alcohol : methancl (P0:32:2 Y/V/V) was used which gave better
resolution of different aflatoxins {(Reddy et al., 1970)}.

Faor detection of octher mvcotoxins, tws sclvent systems i.e..
toluene : ethvl acetate : formic acid, 6:3:1 WV/V (TEF) and benzene
: methanocl @ acetic acid, 24 @ 2 : 1 V/V/V (BMA) were used {(Scott et
al., 1970).

The plates were developed in a chromatography chamber. TLE
plates were air dried and examined under long {3460 nm}) and short (260
nm} wavelength UV lamp 1in the UY chamber. The spots giving
fluorescence were marked and noted for their colour.

2.7 Buantitative estimation of mycotoxins .

Guantitative estimation of mycotoxins wWas done by

spectrophotometric method (Nabney and Nesbitt, 19465). The spots of



mycotoxins on TLC plates were scrapped and extracted

in & ml cold

methanol separately. They were then centrifuged at 300¢ rpm for 15

min. The ultra violet absorption spectrum of the methanoclic sclution

was recorded in Beckman spectrophotometer and the ambunt
in the sample was calculated by the following formula

D x M x 10®

of mycotoxins

The amount of mycotoxin (pg/ml} = ————- —_
E »x L x 1000

Where D = Optical density
M = Molecular weight
E = Molar extinction coefficient
L = Fath length (1 cm cell was used)

Table 1 : Molecular weight (M) and molar extinction coefficient
{E) of various mycotoxins at respective wave lengths

{Nabney and Nesbitt, 1965).

Mycotoxins Wavelength Molecular Molar
{nm) weight (M) coeff
Aflatoxins
Ba Z60 K
B= 2562 >14
Ga 60 228
Gz 362 3320
Citrinin 322 259
Zearalencne 234 218
274 sig
Ochratoxin E16 318

L
3

extinctiaon
icient (E}

22,000
23,400
18,700
21,000
16,100

29,700

13,909



2.8 Chemical confirmation of mycotoxins!

Chemical confirmation of aflatoxin B: was done by Trifluorecacetic
acid (TFA) as suggested by Stack and Pohland (1975). After reaction
with TFA, aflatoxin Bi appeared as a blue fluorescence spot at Fe
about 1/4th to that of aflatoxin Bax on TLC plate. In some cases where
the amount of aflatoxin B: was very low, the spot was sprayed with 254
sulphuric acid, which changed the colour of fluorescence from blue to
vellow.

Fresence of ochratoxin on TLC plate was confirmed by treating the
spot with ammonia fumes which changed blue green fluorescence to deep
biuve colour (Davis &f al., i769}.

Citrinin was confirmed by spraying TLC plate with freshly
prepared mixture of 0.5 ml p-anisaldehyde in BS ml of methanol
containing 10 ml of glacial acetic acid and S ml of concentrated
sulphuric acid and then by heating TLC plate at 130°C for 10 min.
This changed vellow stresk of citrinin to yellawish¥green under long
wave UV light (Scott et al., 1970).

Zearalenone was confirmed by spraving TLC plate with acidic p-
anisaldehyde sclution {Scott et al.,. 1970} by which greenish - blue
fluorescence turned into faint brown (in visible light} and faint
vellow { in long wave UY — light).

-

3. Experiment on the effect of physical factors like seed moisture,

air temperature and air humidity on the production of mycotoxins by

the seed borne fungi was carried out in vivo.




2.1 Seed moisture ~ Eight moisture levels i.e., 13, 20, 25, 30, 33,

40% wet wt of Ffreshly harvested maize seeds were maintained as
suggested by Harris and Lindbald (1978}).

Ten replicates of SO0 g seeds from each moisture level were taken
in sterilized polvthylene bags and sealed air tight. Ten samples from
each moisture level were stored at Z5xi1°0. Assessment of mycotoxins
was done after 10,20 and 30dof moisture content maintenance.

Z.2 Air temperature — 500 g seeds with 25% moisture level were stored

in polythylene bag at S, 135, 25, 30, 35 and 40°C. GQualitative and
guantitative estimation of mycotoxin production was carried out at 30d
interval as described earlier.

-

2.2 Alr humidity — Ten replicates of 500 g seeds were kept at room

temperature (15°C - 25°C) in dessicators at 75, 80, 85, 20, 22 and
100% relative humidity (RH) using different salt solution (Beoller and
Schroeder, 1974). The seeds wereg taken in wide mouth containers
covering with wiremezh to facilitate easy aeration. The mycotoxin
production was estimated at 10, 20, and 30th day of storage.

4. Effect of certain seed borne fungi on the gquality of seeds

4.1 5Seed samples — Seed of twa varieties of maize, viz. local white

and local yellow were used as the seed samples.

4.2 Fungal species — Three dominant seed horne toxin producing fungi

isolated earlier from maize seeds, viz. A. flavus, F. moniliforme and

FP. citrinum were used as the test fungi.



The pure cultures of the test fungi which were maintained in the
culture tube slant were transferred and multiplied in Petri dishes
containing potato dextrose agar medium. Spore suspensions of 10 days

H
H

old cultures of the test fungi were prepared. he concentration of
the spores was adjusted to approximately 4 x 10 spores/ml with the
help of haemocytometer.

130 g seeds were taken for each treatment. The seeds were
surface sterilized in 0.1% mercuric chloride solution for 3 mins.
followed by several washings in sterile water. Extra water from the
seeds was removed by sterilized blotting papers and transferred to
aven at &0°C for 24 h.

Thereafter, they were transferred to a 100 ml Erlenmeyer flask
and inoculated with S ml of the spore suspension of 2ach test fungus
separately. The Fflasks were shaken vigorously to get a homogenised
spore leoad over seeds. #All the three fungi were tested separately on
both the varieties of maize seeds.

Each inoculated sample was transferred to a cloth bag and stored
in a dessicator at 9&6% relative humidity maintained by a solution of
sulphuric acid {CMI, 1974:.

Ancother set of surface sterilized seeds was stored under a
similar conditions without any fungal inoculation and was treated as

control. Both sets were stored at room temperature for a period of

six months at the intervals of 60 days.

4]
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8t the end of each storage period, the infested seeds were
thoroughly washed under running tap water to remove fungal mycelium
from the seed surfaces. Subsequently the seeds were dried at 40°C for
43 h and powdgered for further studies.

Feriodical analysis of reducing and non-reducing sugars, proteins
and dry weight of seeds was done in fungal treated and untreated
seeds.

4.3 Determination on dry weight of seeds :

100 sepds were randomly selected and dried in heot air oven at
100°C for 24 h and then placed in a dessicator charged with calcium
chloride for about Z0 min and weighed. The dry weight of the control
seeds was compared with that of the test fungus treated ones at a
regular intervals of &0 days and it was expressed as the percentage

change over the control using the formula :

Wi
Loss of dry weight (X} =  ——————— ® 100
Wz
Where Wi = Dry weight of the control seeds

Wz

il

Dry weight of the treated seeds
Three replicates were maintainsd for each sample.

4.4 Estimation of tptal sugars

Total sugar contents of maize seeds were estimated by the method
of Rilgrami st al. (1979)Y. 7o 0.2 g dried and powdered seed sample,
25 ml of B0L ethanol was added and stirred thoroughly. After S

minutes, 1t was centrifuged and the supernatent was collected.



Extraction was repeated by adding 30 ml of hot B0¥% ethanocl to the
residue and centrifuged at Z000 rpm. The extracts were combined and
ethanol was evaporated in an evaporating disc. The residue left at
the bottom was dissolved in 5 ml distilled water and used for the
determination of the total sugar.

To 2 ml of the solution 0.14 ml of BOY aguecus phenol was added
followed by the rapid addition of 5 ml conc. H=280a. After thorough
mixing, the solution was allowed to stand for 30 min. The optical
density of the vyellow solution was measuwred at 490 nm in A
Spectrophotometer (Hitachi}. Standard curve of glucose was prepared
by the same procedure. Four replicates were used for each treatment
and sugar contents were determined from the standard known
concentrations expressed as mg/g of the sample.

4.5 Estimation of reducing and non—-reducing sugars .

Reducing sugar content of maize seeds was estimated as described
by Feach and Tracey {(19533). 0.3 g of the seeds was ground to powder
and blended with 1.5 ml glass distilled water in a glass homogenizer.
To this 0.2 ml of 0.3 M barium hydroxide solution was added followed
by 0.2 ml of 34 zinc sulphate solution and thoroughly mixed. The
entire content was centri{uged. Ta 1 ml of the supernatent, 1 ml of
alkaline copper reagent {prepared by dissolving 4 g of CuS0a. SH=0 )
24 g anhydrous Na=C0=, 146 g Ma-K-tartrate in 1 litre water) was added.
The mixture was heated on hoiling water bath for 15 min and cooled.

To this 1| ml aof arsenomclybdate reagent (prepared by dissolving 25 g



ammonium molybdate in 450 ml of distilled water and adding 3 g of
Na=HS0a. 7H=0) dissolved in 25 ml of water, mixed and placed in an
incubator at 37°C for 26 h) was added and left to stand for few
minutes till the effervescence ceased. The blue colour was diluted
with glass distilled water upto 10 ml and the optical density was read
at 510 nm. The optical density was compared with the standard glucose
solution. The reducing sugar content was expressed as mg/s/g of the
zample.

Mon—-reducing sugar was calculated by subtracting the value of
reducing sugar from the total sugar contents of seeds.

4.6 Estimation of proteins

Frotein was estimated by following the method of Lowry et al.
{1951}). FPowdered cseed samples were suspended in 1 ml of 1 N NaH at
100°C +or 4.5 min. 5 ml of reagent C (Alkaline Copper reagent -
prepared by mixing 50 ml of reagent A (Alkaline sodium carbonate
solution — 2% Na=C0s in 0.1 N NaDH) and 1 ml of reagent B (Copper
sulphate - sodium potassium tartrate solution — prepared by 0.5%
CUuS04.5H=20 in 1% socdium potassium tartrate; freshly prepared) was
added to 1t and the mixture was allowed to stand at room temperature
for 1C¢ min. 0.3 ml of Folin-Cioccalteau reagent {prepared by taking a
mixture containing 10¢ g of sodium tungstate, 25 g of disodium
molybdate, 700 ml of water, 30 ml of 8534 HzsFOa and 100 ml of conc HCL
in & ! litre flask. The mixture was refluxed gently for 10 h. 150g

of lithium sulphate, 30 ml of H=20 and a few drops of bromine water



were added. The mixture was boiled for 15 min. without condenser to
remove the excess of bromine. It was then coocled, diluted to 1 litre
and filtered. The reagent has no greenish tint, which was diluted
with equal volume of water and poured in to the tubevimmediately.
After 30 min., the absorbance of the solution was measured at 750 nm.
Standard curve for protein was prepared by the same procedure. Three
replicates were used. The amount of protein in the samples was
calculated with a standard curve prepared using bovine serum albumin
[prepared by dissolving 25 mg of bovine serum albumin in distilled
water and was made up to 100 ml in a standard flask. 1.0 ml of this
sgiution contained 25 yg of albumin {10 mg/100 mil of .5 N NaOH)1l. The
results were expressed as mg/g of the sample.

S. Effect of aflatoxin Bi on the growth of certain seed borne Fungi,

seed germination and seedling growth !

5.1 GSeed samples - Seeds of the two varielies of maize were used for

the experiment.

tn

.2 Fungal species — The fungi isclated from maize seeds, i.e. A.

flavus, F. moniliforme and F. citrinum were used as the test fungi.

-

5.% Toxin tested - Aflatoxin Bi was used.

S.-4.1 Fungal spore germination - Effect of aflatoxin Bi on the

germination of spores of test fungus was studied by hanging drop
method. Single spore cultures of the test fungus were grown on FDA
medium. Spores were collected from 10 days old fungal cultures and

suspended in various concentrations of aflatoxin Br viz. 0.1 ppm, 0.5
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ppmé 1 ppm were prepared. Number of spores was adjusted to about 20-
2% spores per microscopic field under 150 x magnification. A drop of
the spore suspensicn was placed on clean micro-—-cover glass and
subsequently placed on a cavity slide in an inverted position, so that
the spores are hanging in the cavity. Grease was applied on the edge
of the cavity to prevent the displacement of the micro-cover glass and
humidity in cavity. Three replicates were maintaiﬁeﬁ for each sample.
The slides were then kept in a sterile FPetri dish containing 10 ml
of sterile water to maintain the humidity of the chamber. The whole
set was incubated at S5, 15, 20, 25 and 30°C. Control sets were also
maintained for each fungus using sterile distilled water as control.
Obgervation for the germination of spores was made at 2 h, S h,

10 h and 24 h of incubation. Number of germinated spores was counted
from ten microscopic fields and the percentage of germination was
calculated. The percentage inhibition/ stimulation of spores

germination was calculated.

Ga—-G=
Gal%) =  ——————————— w100
Ga
Where Hia = Inhibition/Stimulation of spore germination (%}
61 = Spore germination in distiled water {control}
Gz = Spore germination in aflatoxin

S5.4.2 Effect of aflatoxinz Bi on mycelial growth

The effect of aflatoxin Bi on the mycelial growth of different

test fungi was tested at different concentrations, by poisoned food

&HO



technigue. Single spore culture of the test fungus was maintained on
fotato Dextrose Agar (FDAY. Ten days old cultures were grown on FDA
medium.

To prepare aflatoxin Ba~-100 ml of sterilired potato dextrose
agar medium was cooled to 45°C in sterile conical flask and mixed with
different concentrations of the aflatoxin (0.1 ppm, ¢.5 ppm and 1
ppm). Thereafter, these were poured into sterile Petri dishes,
allowed to cool and sclidify. Three replicates were used +for each
concentration of the myootoxin., Control set comprised only FDA medium
without any aflatoxin for each fungus.

Furngal discs (S mm) were punched with ste:lized cork border from
7 d old pure cultures of the test fungi. {ne disc in three replicates
of sach fungus was inoculated separately on te a nutrient agar medium
with different concentrations of aflatoxin B: and incubated at 25+1°C
for 7 d Colony diameter was measured at 24 h intervals. Inhibition

on mycelial growth was calculated as follows :

Mc"ht
My =  ——————————— ¥ 100
HMe
Where M1 = Inhibition of mycelial growth
Me = Colony diameter on control medium
Me = Colony diameter on aflatoxin treated medium

S5.4.3 Seed germination and seedling growth

One hundred healthy seeds of both the maize varieties viz. Local

White (LW) and Local ¥Yellow (LY) were surface sterilised with01%
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mercuric chloride solution for 10 minutes and thoroughly washed with
sterilised distilled water. Thereafter, they were soaked in 10 ml of
0.1, 0.5, ppm and ! ppm toxin concentrations for 24 h in 250 ml
conical flasks separately. The seeds were then plated at the rate of
10 seeds per Petri dish containing sterilized moist filter paper. The
sterilised distilled water served as control. Seeds were incubated
at room temperature. The percentage germination of the seeds was
recorded after 5 d of incubation. The inhibition of germination of

seeds treated with mycotoxin was calculated as follows @

i

Where S Seed germination (%)

it

Germination of seeds in control =set

Germination of seeds in aflatoxin treated sets

L1
*
1§

Another set of 100 germinated seeds with uniform shoot {1 cm) and
root (3 cm) length was selected and transferred to freshly prepared
moist chambers. S ml of different concentrations of mycotoxins
mentioned above was applied on alternate day in three replicates
separately and the seedlings (root and shoot} were measured
pericdically from S d to 1% d. Inhibition/promotion of seedling
growth was determined by comparing the data with distilled water

treated seedlings {(control).



T e

5. Effect aof aflatoxin aon animal !

&.1 Test animal - Healthy albinog mice was used as test animal. They

werse obtained From the Department of Genetics, Veterinary college,

¥hanapara, Bauhati, Assam.

wlas . .
6.2 Test aflatoxin Ba-FPure aflatoxin Bxhobtained from Sigma Chemical
Company, U.5.A. Crude aflatoxin B extracted from A. flavus on local
varieties of maize.

8.F Feeding affects — The albino mice of different age groups, i.e.

%, & and ¢ weeks old were selected. Hal¥ of each age group was male
and another half female. The animals were divided according to age
and sex into groups of 10, These were kept in separate cages at a
constant temperature (25°0) and humidity (504 under hvygienic
conditions. In first set of treatment, mice weighing 10-15 g were fed
with pure aflatoxin Bi with 0.25 ml of 60 ppb of the splution by
incubating an hour before fesding the regular meal. Similarly, in
second set of treatment, the same number of mice having the same age
and weights were fed with crude aflatoxin Bi: isolated from A. flavus.
In third st of treatment, mice were fed with sterilized maize seseds
without any mycotoxins which served as control. Standard sterilized
maize seeds were mixed with the toxin and supplied to all the treated
mice regularly at meal time.

Observationsof the change in weight of mice were recorded for &

months. Othey parameters like effect an liver, skin and rate of

morfality of mice were alsoc recorded.

o
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After 7 months, the mice were sacrificed and postmortem
axaminationswere done for the histopathological study on liver.

The infected parts of the skin were fixed in 10% formalin and 5
micron thick vertical section were cut and stained with haematoxylin

stain before microscopic examination.

The rate of mortality was determined using the following formula:

Contraol — Treatment
Mortality (X} =  ————m— - ——  x 100
Control
7. Contral of mycotoxin {(aflatoxin} by plant extracts .

Dominant plant species used for medicinal purpose by the tribals
were selected for the present investigation.

Flant extracts tested — Bulb extracts of Allium ceps L. and A.

sativum L.y leaf extracts of Thuja orientalis L. and Centelia asiatica
{Linn)} Urban were tested for the control of mycotoxins as suggested
by Bilgrami et 3l. (1980).

fAgqueous extracts (2:10 W/V) of different plant parts were
prepared in glass homogenizer. The homogenized liguid was filtered
and centrifuged at F000 rpm. The supernatent was used as test
extract. 1 mil of the test extract was mixed with 24 ml of the ligquid
rice—flour medium (Misra and Sinha, 1279} in a 250 ml Erlenmever
flask. For control 1 ml of distilled water was mixed with 24 ml
medium and each was run in triplicate. The flasks were sterilized and

inoculated with 0.5 ml spore suspension of A. fFlavus., The flasks were

incubated at 28%1°C for 10 days and manually shaken twice a davy.

&4



On the 1ith day of incubation, the fungal mass was filtered
through Whatman MNo.l filter paper. PMycelial mat was dried at 60°C for
two successive days and average mycelial dry weight was determined for
the growth of the fungus. Percentage inhibition was calculated by the
following formula :

Control-Treated

Fercentage inhibition =  --—-———rmm—r———ree—— ¥ 100

Control

The Filtrate was used Ffor the extraction and estimation of

aflatoxin H:



fAppendix — 1

{List of the media and their constituents used for the
Isplation of seed fungi

1.3 Following nutrient media were used during the period of
investigation.

{1} Fotato Dextrose Agar Medium {Lucy and Bridgmon, 1962).

Potato - 200 g
Dextrose - 20 g
Agar - 20 g
Water - 1000 mil

Fotatoes were scrubbed clean and cut into small pieces. 200 g
of sliced potato was taken and rinsed rapidly in running water, boiled
for 1 h, until it became soft. It was then filtered through muslin
cioth, the potato pieces were mashed and squeezed. Agar wacs added to
the filtrate and dissolved, dextrose was added and stirred to
dissolve. Total volume of the mixture was made upto | 1it. by adding
distilled water and sterilized at 15 psi in auteoclave.

(2} Water fAgar Medium
Agar ~ 15 g
Water — 1000 m}

Agar was dissolved in 1000 ml of tap water and sterilized in

autoclave at 15 psi for 1S sinutes.



Czapek’'s Dox Agar Medium (Raper and Thom, 1949}.

NahNO= -
KH=FOa -
MgSha.7H=20 -
KCL -
FeSla.7H=0 -
Swrocrose -
Agar -
Distillaed water—

Sucrose was added

3.0 g
1.0 g
0.5 g
.5 g
0.01 g
30.0 g
20.0 g

1000 ml

prior to final sterilization. Czapek-Daox

contains 2.0 g of NahNOs per liter. 2 g yeast extract per liter may be

added.

(4}

Feptone—-Dextrose—Rose Bengal Agar Medium (Martin, 1950)

Agar

KH=2F0Os
Mg50a.7H=20
Feptone
Dextrose

Faose Bengal (%)
Distilled water

Streptomycin

- 20.0 g

- 1.0 g

- 16,0 g
.3 ml

_ 1000 mi

- 30.0 mg {after autoclaving)

&7



{5) Yeast extract Agar Medium (YES medium), Davis et al., 197%.

Yeast extract - 4.4 g
Malt extract - 1.0 g
Dextrose - 4.0 g
Agar - 15.0 g
Distilled water - 1000 ml
Tetracycline - 36 uygrsmi.

Tetracylcine was added ater sterilization of medium, when it was
coaled to 40°C,

{&) Rice-¥flour liguid Medium {Misra and Sinha, 1977).

Rice—flour (Basmati 370} - 40 g
Sucrose - 30 g
Yeast extrat - 1l g
Distilled water - 1000 ml

Rice flour was boiled in 500 ml distilled water for 15 minutes
and filtered through fine muslin cloth. Sucrose and yeast extract
were added to it and the constituents were thoroughly dissolved. The
volume was subseguently raised to 1 litre with distilled water.

{7} SMKY Liguid Medium {(Diener and Davis, 19&6)

Sucrose - 200, g
MgS0a.7H=20 - 0.5 g
KNO= - IO g
Yeast Extract - A =
Distilled water - 1000 ml

&8



8. Czapek’'s Dax Liquid Medium (Raper & Thom, 194%9)

MaNO= - .0 g
KH=F0a - 1.0 g
MgSQ0a.7H=20 - 0.5 g
KCL - 0.5 g
Fe50a.7H=0 - 6.01 g
Sucrose - 30.0 g
Distilled water - 1000 ml

Statistical analysis has been done wherever necessary follewing

the method of Misra and Misra {(1983).
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Results



e Ecoloagy of seed borne funagi

1. Survey ot seed borne +unaqi:

Table 1.1 and Figure 1.1 depicted the incidence of fungal species
on maize seeds in three different seasons, viz. winter, wet summer and
autumn, using three methods of isolation. A total of 37 fungal species
were isolated in all the seasons. 28 funqal species were isolated in
winter, 29 species in summer seasaon and 32 fungal species in autumn.
For wet summer and autumn seasons the maize crop was in field and the
dominant seed borne funqi recorded were Alternaria spp.. Aspergillus
spP.. LCladosporium spp.,. Curvularia lunata, Drechlera maydis, Fusariulm
Spp.. Helminthosporium sacchari, Muror spp., Fenicillium Spp..
Rhizopus spp..s Irichoderma spp.. Verticillium albo—-atrum, etc. Maost
of the field fungi were replaced by the storage fungi in the winter
season like Asperqgillus candidus, A. flavus, A. niger, A. ochraceous,
A. parasiticus, A. terreus, A. versicolor, Fusarudm moniliforme, F.
oxysporum, F. solani, Fenicillium spp.. etc. (Plate—4ﬁ)8ome funqal
species like Aspergillus spp., Fusaruim SpP.. Mucor spp.. Penicillium
spp.. Verticillium albo-atrum were common in all the three seasons,
though their percentage of occurrence varied considerably.

The total number of fungal species was more in local vellow
variety than in local white ones (Fig 1.1). Fig 1.1 also showed that
+ungal species were mpaximum during wet summer season followed by
autumn and winter on local vellow variety whereas, their number was

maximum in autumn followed by wet summer and winter on local white



variety.

2

. Di¥ferent methods of isolation:

Table 1.2, 1.3 and Figqure 1.2 depicted the occurrence of fungal
species durinag different seasons by three methods, viz. agar plate
method, blotter method and dilution plate method. A total number of
37 species of seed bhorne funai belonaina to 14 genera was isolated
from two varieties of maize in different seasons.

lLocal white variety harboured 19 species belongino to 8 genera
as isolated by agar plate method, 18 fungi belonging to 8 qgenera by
blotter method and 1Z species belonging to S aenera by dilution plate
method during winter season. In wet summer season, 20 fungi belonging
to 11 oenera were isclated by agar plate method, 19 species belonaing
to 12 qgenera by blotter method and 15 species belonging to 8 genera
by dilution plate method. buring autumn season 19 funcal species
belonging to 10 qenera were isolated by agar plate method, 20 species
helonginag to 9 agenera were isolated by blotter method and 15 funqgal
species belonging to 7 genera by dilution plate method. Local yellow
variety of maize harboured 18 funagal species belonqing to 7 genera as
isolated by aqgar plate method, 22 species belonging to 9 genera by
blotter method and 13 species belonging to S5 genera by dilution plate
method during winter season. In wet summer season, 25 fungal species
helongino to 1Z genera by agar plate method, 27 species belonginqg to
13 genera by blotter method and 16 species belonging to 7 genera

appeared in the dilution plate method. During autumn season. 24 fungal



species belonging to 11 genera were isolated by agar plate method, 21
cpecies belongino to 9 qgenera hy blotter method and 14 species
belonging to 7 genera by diiution plate technique.

Aspergilius caondidus, #A. ¥fFlavus, A. niger, A. versicolor,
Fusariadm moniliforme, F. oxysporum, F. solani, F. sp.. Hel-
minthosporium sacchari, Mucor sp.. Fenicillium brefeldianum, P.
nigricans, F. rubrum, F. ep., Rhizopus nigricans, K. sp.. lrichoderma
harzianum, T. viride, T. sp.. Verticillium albo-atrum and sterile
mycelia were isolated by all the three techniques. Alternaria
alternata, A. tenuis, Aspergillus parasiticus, Chaetomidm globosum,
{*ladosporium herbarum, Cladosporium sp.. Curvularia lunata, Drechlera
mavdis, Mucor hiemalis, Penicillium chrysogenum were detected only by
agar plate and blotter methods whereas Aspergillus ochraceous, A.
terreus and Chaetomium sp. were isolated only by blotter method.
Penicillium citrinum and 7Trichoderma koningii were detected by aqgar
plate and dilution plate methods but could not be detected on the
blotter method during the whole period of investigation.

From the Tables 1.2, 1.3 and Fiqure 1.2, it was evident that agar
plate and hlotter methods were more suitable to iscolate the seed borne
fungi then dilution plate method. The blotter method allowed more
funai to orow and reprocdiuce compared to the other two methods.
Dilution plate method mostly favoured the seed surface mycoflora which

were saprophytic in nature like Aspergillus sp.. Fusaridm sp.. Mucor
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sp., Fenicillium sp.. KRhizopus sp.. Trichoderma sp. and Verticillium
SP..

Maximum fungi were obhserved in wet summer season, followed by
autumn and winter in both the varieties. The number of fungal species
was more in local vellow variety than in white one (Fig 1.2).

3. Variation of fungal species between the two varieties of maize:

The incidence of funqal species on the two varieties of maize
seeds, viz. local white and local yvellow varieties was shown in Table
1.2, 1.3 and Figure 1.Z. Hetween the two varieties, local vellow
vielded maximum number of fungal species than local white variety.
Thirty three seed fungi belonging to 14 genera were isolated from the
local yellow variety of maize whereas 22 species belonging to 12
uenera appeared on local white variety. Fusaruim sSpp.. Mucor sp.,
Penicillium spp.. Rhizopus spp.. Trichoderma spp. and Verticillium
alho—-atrum were dominant on both the maize varieties. Chaetomliim sp.,
Cladosporuim sp.. Drechlera mavdis, Helminthosporium sacchari and
sterile mycelia were less frequent on both the varieties. Fungal
species, viz. Alternaria tenuis and Mucor hiemalis were isolated only
from local white variety. The fungal species which rarely occurred in
local yellow only were Alternaria alternata, Aspergillus ochraceous,
A. parasiticus, A. terreus, A. versicolor, Chaetomuim qlobosum,
(’ladosporium herbarum, Curvulara lunata, Fenicillium citrinum, P.
nigricans, Rhizopus niqricans, Stachybotrys atra, Trichoderma koningii

and 7. viride.
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4. Quantitative assessment of fungal species:

From local white maize variety, agar plate method vielded 19, 20
and 19 fungal species during winter, wet summer and autumn
respectively., blotter method harboured 18, 19 and 20 species
respectively and dilution plate method supported 12, 15 and 15 fungi
respectively (Table 1.4). In case of the local yellow variety, agar
plate method vielded 18, 25 and 24 funqgal species during winter, wet
summer and autumn respectively., blotter method vielded 22, 27 and 21
species respectively and 13, 16 and 14 species by dilution plate
method respectively (Table 1.5).

Thirty seven fungal species were isolated Ffrom both the
varieties. Aspergillus sppP.. Fusaruim SPpP.s FPenicillium spp..
rrichoderma harzianum and Verlicillidm albo-atrum occurred in all the
seasons. The percentage frequency of FUsarﬁim spp. wWas maximum
followed by Aspergillus spp. and FPenicillium spp. (Fia 1.3).
Curvularia sp. and Stachvbotrys atra occurred with least frequency and
were restrictéd to local vellow variety.

The changes in funaqal population of two local varieties of maize
seeds during different seasons (winter, wet summer and autumn) is
presented in Table 1.6. From the table it is clear that Aspergillus
SPP.. Fusariuém Spp.. Fenicillium spp.. Rhizopus sp. dominated the

surface fungal flora of maize seeds.



9. t:omparative studies between two different storaqge practices in

respect to the incidence of fungi on two local varieties of

maize seeds:

Jable 1.& depicted the incidence of seed fungi on two local
varieties stored in two storage conditions as isolated by agar plate,
blotter and dilution plate methods during winter seasan.

In both the maize varieties, a total number of 26 fungal species
belonging to 10 genera was isolated (Fig. 1.4). Dominant fungal qenera
were Aspergillus., Fusarudm and Penicillium. ln local white variety,
(Plate—3£§a total number of 17 fungal species was isolated from both
shaded and smoked storage conditions. They were Aspergillus candidus,
A. Flavus, A. niger, Fusaruim montliforme, F. oxysporum, F. solani,
F. sp, Mucor hiemalis, Mucor spb., Fenicillium brefeldianum, FP.
chrysogenum, F. rubrum, P. sp., Rhiropus sp.. Trichoderma harzianum,
7. sp., and sterile mycelia, whereas in local yellow variety, (Plate-
5@)3 total number of 20 and 19 funqal species were isolated from
shaded and smoked storage conditions respectively. They were
Aspergillus candidus, A. flavus, A. niger, A. ochracepus, A.
parasiticus, A. terreus, #A. versicolor, Chaetomudm globosum,
Cladosporiém herbarum, FUsardim‘monjlijrme, F. oxysporum, F. solani,
F. sp.. Mucor sp., Fenicillium brefeldianum, F. chrysoqgenum, P.
citripum, F. nigricans, FP. sp.. Rhizopus sp.. Stachybotrys atra,

Trichoderma harzianum, and sterile mycelia.



As a result, local vellow variety was found to have more number
of fungal species than the local white variety.

The percentaqge frequency occurrence of different fungi on maize
seeds of different storage conditions as determined by the three
methods of isolation is presented in Table 1.8. From the table, it is
evident that the maize seeds of two different storage conditions were
freguently associated with a qood number of fungi. Amongst which
Aspergillus spp.. Fusarudm spp. and Penicillium spp. were the most
dominant fungi.

in shaded condition., local white variety recorded Fusaruim
moniliforme to have the highest frequency of 13.3%Z and the lowest of
0.8%4 in Aspergillus niger and Fenicillium rubrum as isolated by agar
plate method. Blotter method and dilution plate method recorded
Fusaruim sp. Yo have the maximum frequency of 10.9% and 25%, ainimum
by Asperqillus niger and Rhizopus sp. of 0.8% and 1.2% respectively.
Smoked condition of storage recorded Fusarudm solani as to have the
highest frequency of 12.9%Z, 13,84 and 18% while the lowest was
ohserved in Rhizopus sp. (Z4). Fenicillium rubtvrum (2.34) and Rhizopus
sp. {(1.4XZ) as isolated by agar plate., blotter and dilution plate
methods respectively.

Local yellow variety recorded in shaded condition of storage,
Fusaruim sp. to have the highest frequency of 12.9%Z whereas the lowest
were .shared by Penicillium brefeldianum (204) and Trichoderma

harzianum (2.07) as isolated by agar plate methaod. Blotter method also



recorded Fusariém sp. as having the highest frequency (12.0%4) while
F. moniliforme., the lowest of 0.1%. FUSard&m solani was recorded to
have the maximum frequency of 20% and Rhizopus sp., the lowest (3.4%)
as isolated by dilution plate method.

Similarly. in smoked condition, Fusarddm sp. was recorded to have
a high frequency of occurrence of 22.1% and 20%Z and the minimum
frequency was recorded by Penicillium brefeldianum (1.274.) and
Cladosporudm herbarum (0.3%) by agar plate and blotter methods
respectively. Dilution plate method recorded Fusarddm solani. the
highest frequency of accurrence (11.2%4) and lowest, Asperqgillus niger
{(3.4%).

1t can also be ohserved +rom Table 1.7 that in both storane
conditions, Fusaruim spp. has the highest frequency of occurrernce
other than the other fungal species occurred on maize seeds,

Fiqure 1.4 shows that there was not much differences in the total
no. of funcal species isoclated by the methods between the two storaqe
conditions. Both show almost equal number of fungal species even
thouah their +requency of occurrence may varvy.

6. Seasonal variation in seed infection and chitin contents in

twe loral maize varieties:

Table 1.8 depicted the percentage of seed infection and the
amount of chitin content on the two local varieties of maize seeds.
Fungal infection was maximum (100%) during wet summer and autumn

ceasons and minimum (40%L) during winter season. However, trend of



chiten contents in maize seeds during wet summer and autumn seasons
differed from each other, even though they had the same percentage of
seed infection. Autumn season revealed much higher (328.2 uag/q in
local white variety and 440.4 ya/o in local vellow variety) amount
than wet summer seaszon (246 yq/g in local white variety and 250.9 ug/qg
in local yellow variety). Lowest chitin content (126 jya/q in local
white variety and 128.5 pa/q in local vellow variety) in seeds was
observed during winter season in both the maize varieties.

Fiqure 1.5 showed that the percentage of seed infection and
chitin contents were observed to be higher in local yellow variety
than the local white variety in all seasons.

Durinag winter season. the percentage of seed infection as well
as amount of chitin content was found to be much less than other
weasons. Seed infections(%) in wet summer and autumn were observed to
be equal but amount of chitin content was observed to be more in

autumn than wet summer.

i
o0



Table 1.1 : Distribution of seed borne fungi in different seasons.
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Seasons

Fungi e e e e e e e e e e
Winter Wet Summer Autumn
Rlternaria alternata (Fries) Keissler - - -
(=) {+) {+)
#A. tenuis Nees - + +
(—) (=) (=)
Aspergillus candidus Link ex Fries + + +
(+) (+) (+)
A. Flavus Link ex Fries + 4+ +
{(+) (+) (+)
A. niger VYan Tieghem + - +
' (+) (—) (+)
2. ochraceous Wilhelm - - -
(+) (+) (+)
A. parasiticus Speare - - -
(+) (+) (+)
A. terreus Thom - - -
(+) (~) {~)
A. versicelor (Vuillemin) Tiraboschi - - -
(+) (+) (+)
Chaetomium globosum Kunze - - -
(+) (~) (+)
Chaetomium sp. - 4+ +
{—) {(+) {=)
Cladosporium herbarum LLink ex Fries - - -
(+) (+) {(+)
Cladosporium sp. - + +
(=) (+) (=)
Curvilaria lunates (Wakker) Boedijin - - -
(~) (+) (=)
Drechiera maydis (Nisikado) Subram & Jain - + -
(=) (+) (-
Fusarium moniliforme Sheldon + + +
(+2 (+) (+)
F. oxysporum Schl. ex Fries + + ' +
(+) (+) (+)
F. sclani (Mart.) Sacc + o+ +
(+) (+) (+)
F. 8p . + + +
(+) (+) (+)
Helminthosporium sacchari Butler - + +
(=) (+) (+)
Mucor hiemalis Wehmer + — +
(~) (= (—)
Mucor 8p. + + +
(+) (+) (+)
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Table 1.1
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Fenicillium brefeldianum Dodge
F. chryscgenum Thom

FP. citrinum Thom

F. nigricans Bain. ex Thom
F. rubrum S5toll

F. 8p.

Rhizopus nigricans Ehrenberg
R. 8p.

Stachybotrys atra Corda
Trichoderma harzianum Rifai
T. koningii Oud

F. viride Pers ex Fries

7. &p.

Verticillium albho-~atrum Rienke & Berth

Mycelial sterilia
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+ = Fresent

open Local white variety.

-~ = Absent

Signs in parentheses represent Local
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+ + +
(+) (+) (+)
+ -+ -
(+) (+) (+)
S+ (=) (+)
(+) (+) (+)
+ + +
(=) (+) (+)
+ +- +
(+) (+) (+)
(-) (+) (+)
(+) (+) (+)
(+) (=) (=)
+ + +
(+) (+) (+)
(=) (=) (+)
(=) (+) (=)
+ + +
(=) (~) (=)
-~ + +
(=) (+) (+)
+ +- +
(+) (+) (+)
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Table 1.2 : Incidence of seed fungi on local white variety (LW) of
mairze during different seasons.

Winter Wet summer Autumn
Fungi e o s o e et e e s e e e s ot e e e s e e
A B D A B D A B D

ARiternaria tenuis - e T U,
Repergillus candidus + o+ o+ + o+ o+ + + o+
A. Flavus S + o+ 4 o
. niger + o+ o+ - - - + o+ o+
Chastomium sp. - - - - o - - -
Cladosporium sp. - - - + o+ - -
Drechlera maydis - - - - A -
Fugsaruim moniliforme + o+ 4 + o+ 4 - o+
Fo OQXVYEROFLUM + o+ - - o+ -+ -
Fo. solani + o+ o+ e + 4+
F. sp. + o+ o+ + o+ o+ + o+ o+
Helminthosporium sacchari - e S .
Mucor hiemalis + 4 - O — - o -
Mucor sp. + - + o+ 4 + o+ o+
Fenicillium brefeldianum + A+ R + o+ %
F. chrysogentm + o+ - - - -
F. rubrum + o+ o+ = 4+ 4 +
F. 8p. + o+ o+ R + 4
Rhizopus sp. A + A+ + o+ o+
Trichoderma harcianum O —_ + o+ o+ o+ o+
7. sp. - - + -~ o+ + o+ o+
Verticillium albo-atrum - e - + o+ o+ + o+
Mycelial sterilia + 4+ + o+ e
A = Agar plate method « = present
E = Blotter method - = absent
D = Dilution plate methaod



Table 1.3 : Incidence of seed fungi on local yellow variety (LY) of
maize during different seasons.

Winter Wet summer Autumn
Fungi . e ot e i it e ot e o e s

A B D A B D A B D

Riternaria alternata - + - e
ARspergillius candidus + o+ + o+ o+ + o+ o+
A, Flavus + 4+ - 4+ 4 T
A. niger + o+ o+ -~ = - + 4
A. ochraceous R - A - - -
A, parasiticus + k- - 4 - - -
A, terreus L - - - - - .
A. versicolor O - O
Chaetomium gleobosum - - - - - A
Chaetomium ep. - - - - A - - -
Cladasporium herbarum . - -
Cladosporium sp., - e - E R - -
Curvularia lunata - - + - - - -
Drechiera maydis - e - - o+ - - e -
Fusarium moniliforme + o+ o+ Y + o+ o+
Foe DXYEDOFLUM + - + 4+ o+ + -
F. solani + o+ + o+ o+ + b 4
F. 8p. + 4+ o+ + + o+ + o+ o+
Helminthosporium sacchard - - - -
Mucar sp. R + 4+ o+ R
Feniclillium brefeldianum . T, - b
. chryscgenum + o+ - + - -
F. citrinum - - . - e
F. nigricans + e o O
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F. Fubirum

Fo. 8p.

Rhircpus nigricans

K. sp.

Stachybotrys atra
Trichoderma harzianum
. honingii

7. viride

Verticillium albho-atrum

Mycelial sterilia

|

Agar plate method
Blotter method

oW
L]

Dilution plate method

T Winter  Wet summer  Autumn
_; ; D A B D A B D
- + o+ o+ + -+
+ + 4+ o+ + o+ o+
- + o+ + A -
- + 4+ o+ + o+ o+
+ - - o o - -
+ + A+ + 4+ -
- - - S I
- + o+ o+ - -
- + 4+ o+ + 4+
+ + o+ o+ + 4+ o+

+ = present

~ = absent



Table 1.4 : Seasonal variation in the frequency of occurrence (1) of seed fungi on
local white variety of maize.

Winter Wet sunser Autusn
Fungi

A B b A B D & B D
Aiternaria tenuis - - - 47 17 - A8 - -
Asperqillus candidus 3.5 4,2 A9 3.3 35 162 5.2 10.0 10.2
Ae Flavus 62 59 69 25 AT 81100 152 7.5
A. niger t2 2,3 1.8 - - - 42 57 9%
Chaetomium sp., - - - - Ll - - 42 -
Cladosporium sp. - - - L% L2 - 25 - -
Drechlera maydis - - - 5 N2 - - - -
Fusarium aoniliforae 9.5 10,3 16,7 145 6.9 14,2 8.2 8.7 (2.2
F. oxysporus 10,5 &9 - 2.5 &1 81 - 2,1 -
F. solani 1. 10.9 17.9 1L.2 7.9 134 10.2 10.0 9.3
F. sp. 9.0 10.7 198 7.5 8.8 153 9.3 8.2 8.9
Helsinthosporium sacchari - - - 49 92 0.4 57 2.2 -
Nucor hiewalis .2 47 - - - = 52 29 -
Mucor sp, 2,1 89 - 41 45 0.7 47 42 1.8
Peniciiliua brefeldianus 3.3 69 44 4t - = L3 0.2 84
P, chrysogenva 6,7 &1 -~ 5t &9 - - 1,3 -
P. rubrus .2 2.1 37 0.5 48 2.7 5.2 5.4 5.3
P sp, 67 7.3 21 21 1.9 32 41 30 1.3
Rhizopus sp. 33 %8 L3 29 45 0.8 3.0 2.1 a0
Trichoderas harzianum 9 22 - 48 L2 1,3 29 21 5
T, sp. 41 - - B - 57 0.7 0.4 0.8
Verticillius aibo-atrua - - = &1 41 5.9 43 6T 13
Mycelial sterilia 43 17 0B 2.5 3.9 44 55 5.4 0.2
A = Agar plate method = = absent

B = Blotter sethod
D = Dilution plate aethod



Table 1.5 : Seasonal changes in frequency of pccurrence (%) of seed fungi on local

yellow variety of maize,

Winter et summer futuan
Fungi

A B ] A B b & B D
Alternaria alternats - - = 23 5.0 - 20 - -
Aspergillus candidus 8.0 5.4 9.9 L1 23 10,3 4.0 A6 147
A, flavus 4.0 8.1 8.7 23 34 9.5 9.4 108 8.7
A. niger 4,0 2.0 &8 - - - 24 40 5.
A. ochraceous - 34 - - 24 - - 30 -
A. parasiticus 12,0 5.3 - - L2 - - 4 -
A, terreus - B0 - - - - - - -
A, versicolor 40 55 69 1.5 20 -~ 80 40 -
Chaetomiue giobosus ~ Ll - - - - 40 20 -
Chaetoaiua sp. - - - - fLto- - - -
Cladosporium herbarua - 04 - 2,7 WL - 2.0 - -
Cladesporium sp. - - - 0.4 04 - - - -
Curvuliria lunats - - - 046 34 - - - -
Drechlera maydis - - - Lt A7 - - - -
Fusarius moniliforse 8.0 0.6 9.8 A1 5.7 133 60 60 97
F. oxysporus 0.0 0.8 - 2.2 44 7.7 &0 1.0 -
F. solani 4,0 10,0 5.6 6.5 8.6 10.5 5.6 180 8.9
. sp, 21,0 17.0 12,4 83 7,7 10,8 8.0 5.0 (1,7
Helainthosporiua sacchari - - = 43 57 - 44 5.4 -
Nucor sp. = Lbo- 88 %7 27 40 4.0 6.8
fenicilliua brefeldianun L 20 - L3 - = 47 &% -
P, chrysogenua 4 20 - 03 40 - - - -
P, citrinue - - 33 - - - Lt - -
P, nigricans 40 3.0 7.6 42 2.2 A5 13 A4 53
P, rubrua - - = 22 5.2 53 %5 - A9
P. sp, 5.0 2,7 6.7 14620933 60 7.9

Contd.



Table 1.5

Winter Vet summer futumn
Fungi

A B D A B D & B D
Rhizopus nigricans - - = b 31 AT A0 24 -
£ sp, - - 34 33 62 57 23 1.3 8.7
Stachybotrys atra 3.0 - - - - - - - -
Trichoderaa harzianua 20 27 -~ 7.5 01 2.2 33 14 -
I, koninpiy - - - - - - L3 - 42
T. viride - - - 6B 03 34 - - -
Verticillive albo-atrus - - = 39 Se L7 &0 3T 4
Mycelial sterilia 2,0 5.0 3.8 89 45 0.5 41 21 1.9
A = Agar plate sethod - = ghsent

B = Blotter sethod
D = Dilution plate method



Table 1.4 1 Nusber of fungal species (st/q) on maize seeds in gifferent seasons.

Fungi

Local White variety (LW)

Lozal Yellow Variety {LY)

Seasons

Winter et Sumser Autuan

Winter Net Summer Autusn

Aspergillus cendidus

A, flavus

4. niger

A versicolor

Fusarius aoniliforse

F. oxysporus

F. solani

F. sp.

Helainthosporium saccharr
Mucor sp.

Penicillium brefeldianus
P. citrinue

P. nigricans

P. rubrus

P. sp.

Rhizopus nigricans

R. sp.

Trichoderaa harzianum
. koningll

T. viride

I, sp.

Verticilliva albo-atrua

Mycelial sterilia

0.9
0.9
0.8

0.7

0.9

0.1

0.5
0.8

0.2
0.1

0.2
0.1
0.1
0.3
0.1
0.7

0.7
0.2

0.8
0.3

0.7
0.9
0.4

0.2
0.5
0.6

0.2

0.3
0.9

0.8
0.9

0.3
0.3

0.1
0.4

0.8
0.3
0.2

0.9
0.7
0.8
0.9
0.8

0.6
0.4

0.3
0.6

0.7

0.4

0.1
0.8

0.3
0.5

0.3
0.7
0.5
0.8

0.7

0.5
0.3
0.9
0.7
0.7
0.2

0.4

0'7
0.5

0.7
0.9
0.6
0.7

0.9
0.7

0.8

0.3

ol9

0.9

0.7

0.2

0.1
0.9

- = abgent



Table 1.6 : Incidence of seed fungi on two varieties of maize under different storage conditions.

Local White variety (LK) Local Yellow Variety {LY)
Fungi Shaded condition Smoked condition Shaded condition Smoked condition

A B D A B D A B D A B D
Aspergillus candidus LS I ) + o+ 4 L ) + ¢ +
A, flavus ¢+ 4 o+ 4 + o+ 4 + 4 +
A niger LS ) t o+ 4 + o+ ¢ + 4 +
A. ochraceous - = - - - - - ¢+ = - 4 -
A. parasiticus - - - - - - + - - + 4+ -
A. terreus - - - - - - o+ - - - -
A, versicolor - - - - - - + o+ 4 + 4 +
Chaetosiue globosus - - - - - - - o+ - - 4 -
Cladosporium herbarus - - = I -+ - - % -
Fusarius aoniliforae LI ) + o+t + o+ 4 + 4 +
F. oxysporus ¢ o+ - S P + o+ -
F., selani I L ) o+ 4 + ¢ +
F. sp. T L ) P + o+ +
Nucor hiemalis + o+ - - - - - - - -
Nucor sp. o+ - + ¢ - - 4+ - - . -
Penicillium brefeldianus LA + o+ +t o+ - + 4 -
P. chrysogenun ¢ o+ - + o+ - + 4 - + o+ -
P, citrinum - - - - - - - - 4 - . +
P, nigritans - - - - - - - - PO +
P. rubrus L R ) t o+t - - - - . -
P sp, + o+ 4 L O P +

Rhizopus sp. LI B LR I - - 4 - - -




Table 1.6

Local White variety {LW) Local Yellow Variety (LY)
Fungi Shaded condition Ssoked condition Shaded condition Smoked condition

A B D A B D A B D & B ]
Stachybotrys atra - - - - - - - - - + - -
Trichodersa harzisnus + o+ - + o+ - + o+ - - % -
T. sp. ‘ L ¢ - - - - - - - -
Nycelial sterilia + o+ ¢ + o+ 4 t o+ 4 + ¢ +
R = Agar plate sethod + = present
B = Blotter sethod - = absent

D = Dilution plate sethod



Table 1.7 : Frequency of seed fungi on two varieties of maize under different storage conditions.

Local White variety (LW) Local Yellow Variety {LY)
Fungi Shaded condition Smoked condition Shaded condition Smoked condition

R B D A B D A B D A B D
Aspergillus candidus 3.0 4,0 12,4 4.0 4.4 17.4 7.4 5,1 9.8 8.6 5.7 10,0
A, Flavus 34 43 8.6 9.0 7.5 5.2 2.7 8.2 74 53 8.0 10,0
A. niger 0.8 0.8 B.0 1.6 3.8 7.6 33 41 10,0 47 1.9 3.4
A. ochracepus - - - - - - = L1 - - L1 -

A, parasiticus - - - - - - 9.9 - - W4 53 -
A, terreus - - - - - - - B0 - - - -
#. versicolor -~ - - - - - 3.9 6.2 3.8 4.5 4,8 10,0
Chastoniun globosue - - - -~ - . - 2.9 - - 2,5 -
Cladosporiua herbarua - - - - -~ - - 05 - = 03 -
Fusarius aoniliforae 13.3 10,0 16,9 5.7 10,6 16.5 9.1 0.1 11,0 5.9 (.1 8.6
F. oxysporus 10,7 9.8 ~ 103 40 - 10.0 0.9 - 10,0 0.7 -
F. selani 10.1 8,7 17.8 12.9 13.8 18.0 6.7 18.8 20.0 1.3 16,2 1.2
F. sp. 13,3 10,9 25,0 4,7 19,5 14,6 19.9 19.0 16,0 22,1 20,0 8.8
Nucor hiemalis 48 4.9 - 6.2 43 - - - - - - -
Nucor sp. 0.9 4.2 - 3.2 5.6 - - Lt - - - -
Penicillium brefeldianus 4.1 7.9 4.6 63 5.9 4.2 2.0 1.4 - 2 2.6 -
P. chrysogenun 82 5.9 - 6,3 6.3 - 40 1.9 - 2.8 2. -
P. citrinue - - - - - - -~ - 80 AL N
P. nigricans - - - - - - - - - 4,0 3.0 7.6
P, rubrua 0.8 1.9 40 1.6 2.3 34 - - - - - -
P sp. 6,5 8.2 2.2 &2 64 2.0 6.7 2.8 64 33 2.6 7.0

Rﬂflﬂﬂﬂ! SD. 2-0 ‘10 1.2 ‘lb 300 ll“ - - 304 - - e




Table 1.7

Local White variety (LW} Local Yellow Varisty {LY)
Fungi Shaded condition Seoked condition Shaded condition Smoked condition
&4 B D A B D g B D A B b
Stachybotrys atra - - - - - - - - - 3.0 - -
Irichoderaa harzianua 5 1.8 - 3.3 2.6 - 2,0 2. -~ - 25 -
T. sp. 8 - - L4 - - - - - - - -

Mycelial sterilia

42 1.7 0.9 44 L7 0 20 5.0 3.9 2.0 5.0 3.7

A = Agar plate method
B = Blotter sethod
D = Dilution plate method

+ = present
- = absent



Table £.8 : Seasonal varistion in fungal populatiuon (xlo3 per g) on maize seeds under different
storage conditions,

Local White variety (LW) Local Yellow Variety (LY)
i Shaded condition Smoked condition Shaded condition Smoked condition
A B D A B D A B D A B D
Aspergillus candidus 0.4 0.4 0.8 0.1
4. flavus 0.6 0.2 0.4 0.1
A. niger 0.8 0.6 0.1 0.4
A, versicolor - - 0.8 0.1
Fusarium moniliforae 0.9 0,5 0.1 0.6
F. solani 0.8 0.8 0.2 0.2
F. sp, 0.8 0.6 0.6 0.8
Peniciliius brefeldianue 0.6 0.2 -
P, citrinum - - 0.6 0.6
P, nigricans - - - 0.6
P. rubrum 0.4 0.4 - -
F. sp. 0.2 0.2 0.4 0.7
Verticilliua albo-atrus 0.3 0.5 0.5 0.2
Mycelial sterilia 0.9 0.7 0.9 0.7
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Figqure 1.1. Seasonal variation of fungal species on seeds of
local white (LW) and local yellow (LY) varieties
of maize.
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Figure 1.2. Seasonal variation of fungal species on seeds of
local white (LW) and local yellow (LY) varieties of
maize using different methods.
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Figure 1.3. Seasonal changes in average frequency (4) of seed
baorne fungi on local white (LW) and local yvellow (LY)
varieties of maize.
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Figure 1.4. Fopulation of seed bormne fungi on local white (LW)
and Local vellow (LY) maize varieties under two storage
conditions, i.e. shaded (oc) and smoked (smc) conditions.
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Figure 1.3. Seasonal variation in fungal seed infection and
chitin contents on local white (LW} and local Yellow
(LY) varieties of maize.
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ellow
PLATE — 3 A. Local white and lmcalivarietieg of maize ceeds.

PLATE — 3.8. Infected maize cobs after storage is local white
variety.

PLATE - 3.C. Infected maize cobs after storage in local yellow
variety.
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IY. Screening of maize seeds FfFor
mycotoxxins

Two varieties of maize seeds, viz. Local white and Local yellow
varieties were tested for the toxigenic strains of Aspergillus flavus,
A. ochraceous, Fusaruim moniliforme, Penicillium citrinum and
detection of aflatoxin, ochratoxin, =zearalenone and citrinin
elaboration respectively in their natural as well as in the laboratory
conditions.

The percentage moisture contents of the seeds at different
seasons (winter, wet summer and autumn) was recorded to be in the
range of 5-15Z during winter, 15-257Z in wet summer and 25-407 in
autumn season.

On bright greenish-yellow fluorescence (BGYF) test, all the
samples understudy exhibited a positive fluorescence. The intensity
of fluorescence spots was rather faint in some of the samples.

Figure 2.1.A showed that the highest concentration of aflatoxin
was observed during wet summer season and the least was during winter.
Production of zearalenone, citrinin and ochratoxin was maximum during
autumn and minimum in winter season (Fig 2.1.R,C,D). Local vyellow
variety induced maximum production of mycotoxins than the local white
variety of maize in all the seasons (Fig. 2.1.A.B,C,D).

Statistical analysis (two way analysis of variance) showed that
there were non—significant (NS) variations between seasons whereas

significant (S) variations were observed between the mycotoxins
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PLATE - 4 A. Some fungi associated with maize seeds during
storage.

PLATE - 4. B.A toxigenic strain of Aspergillus flavus producing
aflatoxin By.






(P>0.001) as shown in Table 2.9.

Table 2.1 depicted the percentage occurrence of A. flavus in both
local varieties of maize seeds in different seasons. It was highest
during autumn, followed by wet summer and winter. Local vyellow
variety supported higher percentage occurrence of A. flavus than the
local white variety. Table 2.2 depicted the seasonal variation in
aflatoxins and has revealed that maximum amount of aflatoxin Bs:{0.27
ppm) and aflatoxin 61 (0.05 ppm) was in winter months in local white
variety. In wet summer months, only aflatoxin B:(0.9 ppm) was
detected, whereas in autumn, aflatoxin Bi(0.4 ppm) and B=2(0.1 ppm)
were detected. In local yellow variety, aflatoxin Bai(l1.4 ppm) was
detected during winter. In wet summer season, aflatoxins Bi, Bz, Ga
and bz were detected with an amount of 1.3 ppm, 0.2 ppm, 0.4 ppm and
0.2 ppm respectively. In autumn season, only aflatoxin Bi and Gi: were
isolated with a concentration of 1.0 ppm and 0.02 ppm respectively.

Aflatoxin Ea (Plate—4@)was found to be the most common one
amongst all the aflatoxins, even though its concentration varies from
variety to variety and from season to season. The maximum production
of aflatoxin B: {(1.44 ppm) was detected in winter in localfﬂgiiety and
lowest (0.27 ppm) was analysed in winter in 1local white variety.
Aflatoxin Bz and Gi were detected in both the varieties whereas

aflatoxin Gz was produced only in local vyellow variéty during wet

summer season.

80



The results have indicated that local white variety contained
only aflatoxin Bi. Bz and 6Ga, whereas local yellow variety have all
the four types of aflatoxins, viz. aflatoxin Bi, Bz, Ga and bG=.

The percentage occurrence of Fusaruim moniliforme and production
of zearelenone in maize seeds in different seasons has been compiled
in Table 2.3. The table showed that the occurrence of F. moniliforme
as well as the production of zearalenone were maximum during autumn
season followed by wet summer and winter in both the maize varieties.

Similarly, occurrence of FPenicillium citrinum and Aspergillus
ochraceous, production of citrinin and ochratoxin on maize seeds iﬁ
different seasons as shown in Table 2.4 and 2.5 were found to have the
maximum occurrence of P. citrinum and A. ochraceous as well as the
production of citrinin and ochratoxin during autumn season followed
by wet summer and winter seasons in both varieties respectively.

It is clear ¥from Table 2.6 that 30 isclates of A. flavus were
isolated from different samples of local white maize seeds of which
6 isolates were found to be toxigenic and yielded aflatoxin Bi and Ga
(0.32 ppm and 0.11 ppm) respectively during winter season. During wet
summer season, 46 isoclates were obtained out of which 22 were
toxigenic and vyielded aflatoxin Ba and Gi (1.1 ppm and 0.4 ppm)
respectively whereas in autumn season only 146 isolates out of S50
isolates were found to be toxigenic vielding aflatoxin Bi and Bz at

the concentrations of 0.7 ppm and 0.5 ppm respectively.
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Table 2.6 has indicated that zearalenone was also detected in
local white variety of maize. Out of 52 isolates of F. moniliforme
screened, only 21 isolates were found to be toxigenic with a
concentration of 0.2 ppm during winter season, followed by wet summer
season whereby 10 isolates were toxigenic out of 35 isolates isolated
and having a an amount of 1.4 ppm. The least number of isolates which
were toxigenic had been detected during autumn season where only 2
isplates out of 26 isolates were found to be toxigenic producing 0.9
ppm mycotoxin.

The total amount of all the mycotoxins detected in different
seasons in local white variety was presented in Figure 2.2. It has
been clear from the figure that maximum concentration of mycotoxins
was obtained during wet summer season followed by autumn and winter
seasons.

Similarly, Table 2.7 has shown that 32 isolates of A. flavus were
isolated from local yellow variety out of which 10 isolates were
toxigenic and vielded only aflatoxin B: with a concentration of 1.52
ppm during winter season. The other mycotoxins detected during winter
season were opchratoxin (0.4 ppm), zearalenone (1.5 ppm) and citrinin
(0.1 ppm}). In wet summer season, aflatoxin Bi and 61 were detected at
concentration of 2.52 ppm and 1.72 ppm respectively. ochratoxin (0.9
ppm) and zearalenone (2.8 ppm) were also produced while citrinin was

not detected during this period.



Fiq.2.3 showed the maximum amount of mycotoxins during wet summer
season followed by autumn and winter seasons.

Statistical analysis (two way analysis of variance) showed
significant variations between seasons in local white variety (P>0.03)
and local yellow variety (P>0.01) and also between funaal species in
both varieties (P>0.01) as shown in Table 2.9.

It is clear from Table Z.8 that aflatoxins were produced more in
shaded condition than in smoked storage condition. Aflatoxin Bi was
more (1.74 ppm) in local vellow variety than in local white variety
(0.52 ppm) under shaded storaqe condition. Aflatoxin BGi: was rarely
detected under shaded condition (0.24 ppm). Under smoked condition,
the concentration of aflatoxin B: was 0.35 ppm in local yellow variety
and 0.14 ppm in local white variety.

Statistical analysis (two way analysis of variance) showed
significant variations between storage conditions between varieties

(P>0.05) as shown in Table 2.10.



Table 2.1 : Uccurrence (%) of A. Flavug on local white (LW) and
local vellow (LY) varieties of maize seeds in different seasons.
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Table 2.3 : Occurrence and production of zearalenone by Fusarium
moniliforme on maize seeds in different seasons.
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Ocecurrence (%) amount of Zearalenone (ppm)
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Varieties Winter Wet Summer Autumn Winter Wet Summer Autumn
LW 16 xe 34 D7 1.2 1.26
LY 24 X6 42 ' 1.94 2.5 2.73



Table 2.4 : Qcocurrence and production of citrinin by Fenicillium

citrinum on maize seeds in different seasons.
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Occurrence (%) Amount of citrinin (ppm)
Maizre e o o o s o o e o e ot e o et e s, e e e et e s e s
Varieties Winter Wet Summer Autumn Winter Wet Summer Autumn
LW 10 16 22 0.29 Q.53 0.68
LY 14 i8 24 I Y. 1.2 1.25



Table 2.5 : Dccurrence and production of ochratoxin by Aspergillus
ochraceous on maize seeds in different seasons.
Occurrence (%) Amount of ochratoxin (ppm)
Maize
Varieties Winter Wet Summer Autumn Winter Wet Summer Autumn
LW 12 15 17 0.32 0.6 0.75
LY 14 18 20 0.35 1.35 1.9
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Table 2.8 @

Production of aflatoxins by seed fungi in shaded and
smoked storage conditions.

Type and amount of aflatoxins (ppm)

Maize
varieties Shaded condition Smoked condition
81 51 By
LW 0.52 0.24 0.14
LY 1.74 0.0 0.35




Table 2.9 : Analysis of variance between production of mycotoxins
and different seasons using ‘F’ test in both maize
varieties.
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Table 2.10 : Analysis of variance between production of mycotox-
ins furgal species and different seasons using 'F’
test in both the maize varieties.
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Table 2.11: Analysis of variance in production of aflatoxins
between different storage practises in both local
varieties using 'F’ test.
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Figure 2.1. Seasonal variation in mycotoxins concentration (ppm)
on seeds of local white (LW) and local vellow (LY)
varieties of maize.
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Figure 2.2. Seasonal production of mycotoxings by different
isolates of toxigenic fungi on seeds of local white
variety of maize.
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Figure 2.3. Seasonal production of mycotoxins by different
isolates of toxigenic fungi on seeds of local yellow
variety of maize.
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IIXI. EffFect of physical factors on the
production of aflatoxins

1. Effect of moisture content:

The effect of seed moisture contents on the production of
aflatoxins is depicted in Figure 3.1. It was clear from the figure
that in local white variety, the highest production of aflatoxins was
at 354 seed moisture content on the 20th day of incubation period
while the lowest was at 40% seed moisture content on the 10th and 30th
day of incubation, while it was maximum at 23% seed moisture contents
on the 20th day of incubation. Production of aflatoxin was minimum at
15% seed moisture content on the 30th day of incubation.

In general, the production of aflatoxins increased upto 20th day
of incubation, thereafter it declined at all the moisture levels.

2. Effect of temperature:

Production of aflatoxins at different temperatures is depicted
in Figure 3.2. It was evident that maximum production of aflatoxins
was at 30°C on the 20th day of incubation in local white variety while
the minimum was observed at 15°C on the 30th day of incubation.
Production of aflatoxin was maximum at 30°C in local yellow variety
on the 20th day of incubation and lowest on the 10th day at 15°C.

The trend of aflatoxin production was almost similar in both
maize varieties (Fig.3.2). The most suitable tempcrature €for the
production aflatoxins were 25°C and 30°C. The higher (40°C) and lower

(15°C) temperatures did not favour the production of aflatoxin.



Froduction of aflatoxin increased steadily upto 20th day of
incubation and declined thereafter at all the temperatures.

3. Effect of relative humidity:

The variation in aflatoxin due to relative humidity was observed
(Fig.3.3). In local white variety, the maximum aflatoxin was produced
at highest humidity (100%) on the 20th day of incubation while the
minimum was observed at 73% relative humidity on the 10th day of
incubation. The trend of aflatoxin production was also similar in
local yellow variety (Fig.3.3).

Fig.3.3 also shows similar results on the effect of incubation
period on the production of aflatoxin, where the production in maize
seeds by seed fungi increased upto 20th day of incubation which
decreased thereafter at all the relative humidities tested.

4, Statistical analysis:

Analysis of variance showed that there was non—-significant
variation in local white variety but significant variation (P>0.001)
in local yellow variety between incubation periods. Between moisture
contents, temperatures and relative humidities, significant variations
were observed in both varieties. Table 3.1 showed that in local white
variety, significant wvariation between moisture contents and
temperatures (FP>0.05), relative humidities (P>»0.01}) and in 1local
vellow variety significant variations between moisture contents,

temperatures and relative humidities (P>0.01) were observed.



Table 3.1 Analysis of variance on the production of aflatoxins in
both local varieties due to moisure content, tempera-
ture and relative humidity at different incubation
period using 'F’ test

e ot S o oo So00e RS Foted S00e Fared b vt WeA? 000 IO EYas YOwY Fhess SN AGY SnEd TSR 4S008 T et e Jese0 Mbod O GPlep SO40F MO0 G000 TWbes SV WO S9000 UHOLH Bemy PBeye SesM SO TOUS) ESee SRS SUSLS Ul B Fubm AR JULGR WMORH GHFYR RGO TR SeO% O Jesee WASh Thase SONSY el e

‘F' Value
Variations
t.ocal White L.ocal Yellow
Due to incubation 12.86337 8.861668%%F
period
Due to moisture 3.43014% 5, 600821 XX
content
Due to temperature 3, 7094693% 4,97565%%
Due to relative =, 02e502% K 4.,9904727%F
hMumidity

e4e hess Wene 106an Ve S0000 PUSM PRM SeS6e SONVE SOe SO UL GSOSS WOV eible WOOIY Seoi MSOMN WS MVOP) B6GGe ALFR GgRSE BHONN See0s SO Wese VSO SSede SeRPG SLIGP SOOM 40004 S00S4 FMate NSO Ietf? MG ees WOSNE s SO WOW R NG SOONE BeSst SLAOP FOOOS APOO LHSOH A RO SHRLE SRISS FONOS B FOOPC MMere IR lases Sett 1004

Xxx = Significant at 0.001 level
¥ = Qignificant at .01 level

¥ = S8ignificant at 0.095 level



Figure 3.1. Effect of moisture contents(%4) of seeds on the
production of aftlatoxins on seeds of local white (LW)
and local vellow (LY) varieties of maize.
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Figure 3.2. Effect of temperatures (*c¢) on the production of
aflatoxin on seeds of local white (LW) and local
vellow (LY} varieties of maize.
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Figure 3.3. Effect of different relative humidities (%} on the
production of aflatoxins on local white (LW) and
local vellow (LY) varieties of maize.
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IVv. Effect of toxigenic Ffungi on
nutritive value of maize seeds

1. Loss in dry weight :

The change in seed dry weight of infected and uninfected seeds
was taken at an interval of &0 days for a period of 180 days is
presented in Table 4.1. Results have shown that there was a gradual
fall of seed dry weight during the incubation period of 180 days in
both the treated and control samples. However, the loss in dry weight
in the treated samples was significantly more pronounced in comparison
to control ones.

Fig.4.1.A has indicated that Fenicillium citrinum inllocal white
variety has reduced maximum seed dry weight (3.03%) followed by
Fusaruim moniliforme (2.16%4) and Aspergillus Flavus (1.92%) on the
&0th day of incubation period whereas F. moniliforme was recorded to
have the highest inhibition on the seeds with 4.25% followed by F.
citrinum with 34 and then A. flavus with 2.87%Z on the 120th day
incubation period. On the 180th day of incubation, F. moniliforme was
found to have the maximum inhibition on the seeds with 4.467% followed
by A. Flavus with 4.04% and P. citrinum with %.4% while in local
vellow variety A. flavus caused maximum reduction (0.71%) on the 60th
day, on the 120th day (2.874) and on the 180th day (4.04%Z) of
incubation. F. moniliforme and P. citrinum caused less loss.

Statistical analysis (two way analysis of variance) in dry weight
of seeds showed that there were non—-significant (NS) variations

between the incubation period for both varieties whereas significant

g8&



{8) variations were observed between the fungal species (P>0.01) for
both varieties as shown in Table 4.5.

2. Changes in sugar content:

The infected and healthy seeds were periodically assessed for
total sugar, reducing sugar and non-reducing sugar contents. On O day
assessment, the sugar content of both healthy and diseased seeds was
same which on incubation for 180 days changed considerably in the
diseased seeds while that of the healthy seeds did not reveal much
change (Table 4.2).

Fig.4.1.B depicted the loss of sugar contents due to A. flavus,
F. moniliforme and P. citrinum was more on local white variety than
local yellow ones. The loss increased with the increase in incubation
period. Amongst the three species, A. flavus was found to be the most
effective on reducing the total sugar content of seeds in both the
local varieties.

Statistical analysis (two way analysis of variance) of the
variation in sugar contents of maize seeds due to fungal infestation
showed that there was significant wvariations (P>0.001) between the
incubation periods for both varieties and between the fungal species
(P>0.001 and P> 0.00 for local white and local yellow respectively)
as shown in Table 4.6,

Stimulatory effect of fungal infections on the reducing sugar of
seeds and inhibitory effect on the non-reducing ones was noticed

(Fig.4.2).



Statistical analysis (ANOVA) of the data on reducing sugar
contents of maize seeds due to fungal infestation showed a significant
variation due to incubation period (FP>0.001} for both the varieties
and between the fungal species (P>0.01) for both the varieties.

Similarly, reduction in non-reducing sugatr contents of maize
seeds was significant between the incubation period (P>0.001) and
between the fungal species (P>0.001 and P>0.01 for local white and
local yellow respectively)} as shown in Table 4.7.

J. Changes in the protein contents :

Changes in the protein contents of both the local varieties of
maize seeds due to fungal infestation at different periods of
incubation is depicted in Table 4.4 and Fig.4.3

An initial protein content of 3.2Z24 mg/g and 3.68 mg/g was
recorded in local white and local yellow varieties respectively. In
case of healthy seeds, the protein value showed slight change at the
end of incubation periods whereas the infested seeds exhibited a
gradual decrease with an increase in period of incubation. The
inhibition of protein content due to various fungal species after &0
days of incubation ranged from 1.23%4 to 2.77%4 in local white variety
and 1.353%Z to 2.44% in local yellow ones. After 120 days of incubation
it was 1.85%4 to 3.4%Z in local white variety and 2.184 to 3.82%4 in
local vyellow ones. Finally, after 180 days of incubation, the
inhibition (Z) in protein content was 1.56% to 3.44% in local white

variety and 2.49% to 3.32% in local yellow variety.

@
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No specificity has been observed, all the fungal species tested
equally affected the protein content of the seeds in both varieties
(Fig.4.3).

Analysis of data (ANOVA) exhibited that wvariation in protein
content of maize seeds due to fungal infestation was insignificant
between the incubation periods and significant between the fungal
species (P>0.001 and P>0.01 for 1local white and local vyellow

respectively).
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Table 4.1 : Effect of toxigenic fungi on the dry weight of maize

seeds .

B0 t0rin At OBY G00r 10040 SROH WO BMase GONIG UONe SHIW WU SRS 00 YOGS RSN FUGVS BUSED G008 FOPT FAOE FNNGO MRANN IGENA Se0ed Potes FOUEQ FHERH AGY MaG6 WAAN SMA M)y MISN POSI O WPLL LA wdee Tesnd Se0i) et) RS FTI4G PRaed PRONE RGN FESNE TOOME Besed AOROS HUS BMer MNEM MIOMS S e e MO W0000 HATS IWONE T0000

0 day

&HOth day

120th day

180th day

WS b ons Vot Wt W00t W 14NN Go0O¢ Moeis S4004 OB SO HLYN FEADR PMarh waodn Labed MHALH MFOD SV SbdeN Blake Lasid dobse mbies WALA Lebed HHALS OOMRY Pmade Inert PAST Inted Miosd Ao HAV maen Sebmd Taioe PRl Feem TIet AN AW SONe SO4AR SNY His0 Moot WM MR WAV MAFE IR SNt Mess MUt Wade MOead BOT) ast muie Pesed

Asperglllus Flavus

Fusariuwm moniliforne

Fernicillium citrinum

Control

1é6.2

(18.35)

16.24

(18.38)

16,24

(18-&'5‘3)

14,24

(18.,35)

15.83

(18.12)

15.79

(18.20)

(18.21)

14.14

(1e.25)

18.54

(17.90)

15,352

(18.00)

(18.10)

16.00

(18.18)

(17.60)

18,10

(17.90)

15,30

(18.04)

obenh botia G4l Sheeh csan sotae Soene vED fadod saded SedMH 4OD AINVR SANPS SHASK OSbm bathy Ve AN SV S4F AHRSG Meet MUAL loee BB FSCN PO SANM SHANR GOSIH SOSAL SOOMH SO0 PSS RADOL GAPOR ORIRD HOGMH UOHR S0004 OO BHEW GWIMS SO00F CONIY FOOOS G000 SPON BHOMS 30400 G4RSR IOSNE LIAAY FOSM PUOSO MAMS LANRS Gre SHUSH EHOBL O WRNY 1Y

Open figures = LWs In
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Table 4.2 : Effect of toxigenic fungi on total sugar contents of

maize seeds.

i 4208 sles Mg WS 00004 Meme B0t Seun $S04¢ DOUSH WHID R WHVOR MedbN SHMCY SHANE TOOS Cobig 6000 WD UGS WIS Nabe TOVTR Berss ISUN EBOPR MURS A MMM Mool Shess WooL Forla Mse S spead Slars SR 20600 SOuH PUBSH AL BePpe IOLLA TOISE GeLie Bese e W GO0 AARD SHIN BHOM Gebee e LevEC sedmt 00N SRS e MREVE P004T

Bugar content (mg/g of seed)

TOWIQEM AL FUIMGIL o oo oo o e ot s o et st S e e et 0 s s e
0 day GOt day 120th day 180th day
Aspergillius Flavus 2.84 2.a6 2.21 2,10
(2.92) (2.85) (2.79) (2.7%)
Fusarium moniliforme 2.84 255 2.34 2.25
(2.92) {(2.89) (2.83) (2.81)
Fenicillium citrinum .84 272 2.52 2.44
(2.92) (2.82) 2.T74) (2.7%)
Control 2.84 2.83% 2.83% 2.82
(2.92) (2.90) (2.91) (2.90)

Sre0e 4esth hest WA Seste Frose THOM VOO Shuge LHEH FINA 300 SIS SNNGS SMAwd DOOVR IBAVE PORSL TIOMK S08h0 LS HPUE AR KVMet SULVE SIMSY POIAS FROSH Fero0 GROTR Beves S4es BOEM SSGMN Lh00¢ M) GAURR LA Ghive Siem? SOSN4 OOV P00 Aeeet SINUN SOAMN TEVER SeSPR e Forse VOssh SPOH MemE SHIRY 1OVEL Bt O BHIMO TRLGH OTERE SOUBL Ve L4ORS S4e8

Open figures = LWy In parentheses = LY.



Table 4.3 : Effect of toxigenic fungi on reducing and non-reducing sugar contents of

maize seeds.

Sugar content (mg/g of seed)

0 day 50th day 120th Day 180th day

Toxigenic fungi
R NR R NR R NR R NR

Aspergillus flavus 1,32 1,32 1,56 0.90 1,539  0.62 1.64 0.4

(L73) (1.19) (1.82) (1.03) (1.B3) (0.94) (1.96) (0.79)

Fusarius aoniliforse 1.52 1,32 1,38 0,95 1.61 0.73 1.7  0.38

{(1.73) {1.49) (L76) (L13) (L.79) (1.04) (1.82) (0.99)

Penicillium citrinue 1.52 1,32 1,60  1.12 162 0.90 1.4 0.80

(1.73) (1.19) (1.79) (1.03) (1.82) (0.94) (1.86) (0.89)

Control .92 132 183 L3 L8 1,30 1,54 1,28

(,73) (1.19) (L.74) (1.18) (L.74) (1.17) (1.75) (L.19)

Open figures - LW} In parentheses - LY,

R = Reducing sugarj NR = Non-reducing sugar.



Table 4.4 : Effect of toxigenic fungi on protein content of maize

40000 uansa Seure Venee SWeet Seved Beese Gsemm meres S4eee At VeVed Besee Sommé BHNed Sasse Shdee HOH ebe sl MORE weiay fores S0 MM GSece GAING MMM Maied Somd HOTH Wree ey =S SPuls Sease PN PO felos WeTt S mest Saie $99SY Shvag 0SSP0 SO SAeke chTY SSORd Seate AN Seees s Lbepe Smene SeIRy Setet he et 1e0se Sebed et

101 10000 100 0ets Siued S000n SO S00as BeFeR BeES FAIGR MAEQ Pooia Teod Sh0ss sl UebR SHALA TREGe seded BEIL e s SeLed Shpen Se40% S0004 0SS WS HUNR YN Mmuse Beake NoRSL Mars FOISE 10004 fRed WERD TRELY MWD lesee OB W00 Mest eVt faree Webe WeaN Sere STIOE 40004 Mats IR Pute dases e el dmese UM SONO el BUE? HOON

seeds .

£ day

Hepergilius Flavus F.24
(3.68)

Fugsarium moniliforne Za24
(3.68)

Feniciliium citrinum E.24
(3.68)

Control .24
x.68)
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Open figures = LW3 In parentheses

éOth day

20th day

F.23

(2.66)

180th day



Table 4.5 : Analysis of variance in dry weight of seeds due to
fungal species at different incubation period in both
maize varieties using 'F’' test.

atot Beens bty stnas ooty WO S04kt £1900 Poamy sease A Fu FHONE GRNM Teem Sheey Fete 4 GHURD SEVas SoRee BAAMD SONS FOSIS SOROC imgod U UM BGeC SO0eS Soisn HHOM A0S W HOGH BHORC SHUmS NS OPSAL SO0SS 000 SHUM beree Sebm Seeal SO $9004 heoss Pt FRRH SVORD FEIR SMLOL seses Meese CO0Sl 000 SHNNE Sudas Beaee SOIBE AR SesRY MG tobel

F' Value
VRFL1ALLIONE e e o e e e i
Local white Local yellow
Due to incubation
period 22.45338 15.7193
Due to fungal infection 6.270097¥ 4.,017544%%
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Significant at 0.05 level
Significant at 0.01 level

E 3
Hou

Table 4.6 : Analysis of variance in total sugar content of seeds
by fungal species and different incubation period in
both maize varieties using ‘F’ test.
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F' Value
Vari@atiOns 0 e e e e e e i e e e e e
Local white Local vellow
Due to incubation
period 7.675327 %KX 9.279475¥K¥¥
Due to fungal infection 7.0942354¥X¥ 6.117904 %%
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Kk

Significant at 0.001 level

¥ X

Significant at 0.01 level



Table 4,7: Analysis of variance in reducing and non-reducing sugar content of seeds by fungal
species and different incubation periods in both maize varieties using 'F' test.

'F' Value
Variations
Local white Local yellow
Reducing Nen-reducing Reduting Non-reducing

Due to incubation

period 11162799 8.738828%** 7.1204428 g, 79595984
Due to fungal

infection 5,751938% b.90297744 5.293169%%  5,790233%*

13t = Significant at 0.001 level

11 = Significant at 0.01 level



Table 4.8 : Analysis of variance in protein content of seeds by
fungal species at different incubation period in both
maize varieties using '‘F’' test.
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‘Y Value
VAariab10ng e e e e e
Local white Local vellow
Due to incubation
period 15.61517 21.1816
Due to fungal infection 8. 578651 ¥¥¥ 7. 298206 %X
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Significant at 0.001 level
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Figure 4.1.B. Reduction (%) of total sugar contents of local
white (LW) and local vyellow (LY) maize varieties by
toxigenic fungi.



Figure 4.1.A. Reduction (4) of dry weight of seeds of local white
(LW) and local vellow (LY) varieties of maize by
toxigenic fungi.
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Figure 4.2. Stimulation (%) of reducing (R) and inhibition (%)

of non-reducing (NR) sugar contents of local white
{LW) and local yellow (LY) maize varieties by

toxigenic fungli on H60th day (A), 120th day (B) and
180th day (C).
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Figure 4.3. Reduction (%) of protein contents of local white
(LW} and local vellow (LY) maize varieties by
toxigenic fungi.
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V. Effect of aflatoxin Bl on spore germination and
mycelial growth, mycotoxins on seed germination and
seedling growth

of maize

1. Spore germination :

Different concentrations (0.1 ppm, 0.5 ppm and 1 ppm) of

aflatoxin Bi were tested against three seed borne fungi, viz.
Aspergillus flavus, Fusarium moniliforme and Fenicillium citrinum at
different temperatures (15°C, 20°C, 25°C and 30°C) and length of
incubation (2h, Sh, 10h and 2Z4h) for fungal spore germination (Table
S.1 and Figures 5.1, 5.2 and 5.3).
Aflatoxin Bi exhibited a stimulatory effect on spore germination of
A. flavus at the different temperatures (Fig.5.1)} and an inhibitory
effect on F. moniliforme and F. citrinum spore germination
respectively (Fig.5.2 and 5.3). The degrees of stimulation/inhibition,
however varied for different fungi in various treatments.

Analysis of data (ANOVA) of the variation in spore germination
of toxigenic fungi due to aflatoxin Bi: showed that there was
significant variations between temperatures (P>0.01, P>0.035, P}0.0D
for A. Flavus, F. moniliforme and F. citrinum respectively and
between concentrations (F>0.01) for A. flavus and (E>0.0§D for F.
moniliforme and FP. citrinum as shown in Table 5.5.

Table 5.6 showed the significant variations between temperatures
(P>0.05) in all concentrations of aflatoxin Bai. Between fungal species

significant wvariations (P>0.03 and P>0.09 for 0.1 ppm and 0.5 ppm

?0



respectively whereas non—-significant variation at 1.0 ppm
concentration has been noted (Table 5.4&).

2. Colony growth :

The test fungi were grown on PDA nutrient medium incorporated
with different amount of the aflatoxin Bi to get a series of
concentrations. The control sets were maintained on pure PDA medium.
The difference of the colony diameter between the control set and the
treated was taken as the effect of aflatoxin Bai on the mycelial growth
of the fungus.

Table 5.2 depicted that the different concentrations (0.1 ppm,
0.5 ppm and 1.0 ppm) of aflatoxin Bai increased the colony growth of
A. Flavus except at 144h of incubation where the growth in control and
treated s equal. Similar results were observed with 0.1 ppm
concentration of aflatoxin Bix on the colony growth after 2Z4h, 72h and
120h of incubation periods.

Table 5.2 also depicted that all the different concentrations
(0.1 ppm, 0.5 ppm and 1.0 ppm} of aflatoxin Bi caused reduction on the
colony growth of F. moniliforme and FP. citrinum. 1t has been observed
that even at 144h of incubation period the colony growth of F.
moniliforme and F. citrinum were much reduced when compared to that
of the respective controls.

Fig.5.4.A depicted that ©0.1 ppm, 0.5 ppm and 1 ppm concentrations
of aflatoxin B: stimulatory effect on growth of A. flavus except at

144h of incubation where no stimulatory/inhibitory effect was
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observed. Similar resulis were observed with 0.1 ppm concentration
after 24h, 72h and 120h of incubation periods. Maximum stimulation was
observed after 48h of incubation at 1.0 ppm aflatoxin added nutrient
medium.

All the concentrations (0.1 ppm, 0.5 ppm and 1.0 ppm) of
aflatoxin Bi were inhibitory on the colony growth of F. moniliforme
(Fig.5.4.B) and F. citrinum (Fig.5.4.C). HMaximum inhibition was
observed at 1.0 ppm aflatoxin Bi in both the fungi. It was also
observed that the Ilower concentration of aflatoxins were less
inhibitory.

Significant variation on growth of toxigenic fungal species by
aflatoxin B: has been noted (Table 5.7). Between incubation period
{P>0.001, P>0.01 and P>0.0§)For A. flavus, F. moniliforme and F.
citrinum respectively). Similarly between concentration, significant
variation (P>0.001) for all species has been noted.

Table 5.8 showed the analysis of data of the different
concentrations of aflatoxin Bi on growth of toxigenic fungi. Between
incubation period in—-significant variation at 0.1 ppm has been noted
but significant variations (F>0.001) at 0.5 ppm and 1.0 ppm has been
noted. Between fungal species, there was no significant variation.
3. Seed germination and seedling growth :

Response of two maize varieties to different mycotoxins, i.e.
aflatoxin Hi, zearalenone and citrinin on seed germination and

seedling growth was depicted in Tables (5.3 and 5.4) and Figures (5.5,
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5.6 and 5.7).

Maximum inhibition was recorded at 1 ppm of aflatoxin Bi in both
the maize varieties. The seeds of local white variety were more
affected than local vyellow variety (Fig.5.5.A). Similar frend on
inhibition of seed germination was observed with zearalenone
(Fig.5.5.B). However, in case of citrinin maximum inhibition on seed
germination was exhibited by local yellow variety than local white
one.

Reduction of seedling growth was observed in all the treated
samples compared with untreated ones (Table 5.3). The table showed
that on the 5Sth day of incubation, the maximum shoot growth (1.68 cm)
was observed with 0.1 ppm of citrinin and root growth (5.36 cm) with
0.1 ppm of aflatoxin Bi; minimum shoot growth (1.15 cm) and root
growth (3.82 cm) were with 1.0 ppm of zearalenone. On the 10th day.
the maximum shoot growth (5.62 cm) and root growth (6.65 cm) were
observed with 0.1 ppm of citrinin and minimum with 1 ppm of citrinin
while on the 15th day, their growth was maximum on 0.1 ppm of
aflatoxin Bi and minimum on 1 ppm of citrinin on shoot growth and
zearalenone of root growth.

Fig.5.6.A depicted the inhibition (%) on seedling growth of maize
in local white variety by aflatoxin Ba. Maximum inhibition of seedling
growth was observed with aflatoxin Ba (1 ppm) whereas the minimum was
observed with 0.1 ppm concentration. The pattern of zearalenone and

citrinin was also similar (Fig.5.6.B and C).
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Table 5.4 depicted the effect of different concentrations (0.1
ppmy, 0.3 ppm and 1.0 ppm) of mycotoxins, viz. aflatoxin Ba,
Zearalenone and citrinin on seedling growth of local yellow variety
of maize. Reduction on seedling growth was observed in all the treated
samples when compared with the control. On the S5th day of incubation,
the maximum shoot length (1.59 cm) and root length {(4.98 cm) were
observed with 0.1 ppm of citrinin and zearelenone respectively,
whereas minimum shoot length (3.56 cm) and root length (2.43 cm) were
observed with 1.0 ppm of zearalenone. On the 10th day of incubation,
the maximum shoot length (5.02 cm} and root length (11.09 cm) was
observed with 0.1 ppm of citrinin and aflatoxin Bi respectively.
Minimum shoot length (2.43 cm ) and root length (5.24 cm) were
pbserved with 1.0 ppm of zearalenone. On the 15th day of incubation,
maximum shoot length (6.49 cm) and root length (13.56 cm) were
observed with 0.1 ppm of citrinin and zearalenone respectively where
minimum shoot length (2.85 cm) and root length (7.99 cm) were observed
with 1 ppm of citrinin and zearalenone respectively.

Fig.5.7.A depicted the inhibition (Z) on seedling growth of maize
by aflatoxin Bai. Amongst all the concentrations of aflatoxin Ba
tested, 1 ppm was observed to have the maximum effect and 0.1 ppm to
have the minimum effect on the seedling growth.

Fig.5.7.B showed the inhibition (%) on seedling growth of mai:ze
by zearelenone, similar results were observed, where 1 ppm have the

highest inhibition whereas 0.1 ppm have the lowest inhibition.
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Fig.S5.7.C depicted the effect of citrinin on seedling growth of
maize. Maximum inhibition was observed with 1 ppm concentration and
minimum with 0.1 ppm.

Statistical analysis (ANOVA) exhibited insignificant variations
due to incubation period except in local white variety, citrinin on
shoot length, zearalenone on root length and in local yellow variety,
zearalenone and citrinin on shoot length and zearalenone on root
length exhibited significant variations (P>Q.001). Between
concentration significant variation has been noted as shown in Table
5.9.

Table 5.10 exhibited insignificant variation between incubation
period except in local vyellow variety with 1.0 ppm on shoot length
where significant variation has been noted (P>0.001). Between

mycotoxins significant variation has been noted at different levels.
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Table 5.1 : Effect of aflatoxin By on spore germination of toxigenic fungi at different temperatures,

Concentration of

Spore gemination (%)

Toxigenic Fungi  aflatoxin By (ppa) 20°C 25°C 30°C
2h 5h 10k 24k 2 5h 10h 24k 2r Sh 10h 24k
0.4 12 16 28 192 B 13 32 62 1 2 ¥ N
Aspergillus flavus 0.5 1317 2% 75 9 15 4 6 12 25 50 80
1.0 15 18 35 80 10 1& 34 % M4 N K W
Control 0.0 0 15 24 %0 6 12 30 &0 g 20 3 80
0.1 - 35 M 4 - 42 82 N - - - -
Fusarium aoniliforne 0.5 = 2 2% B = 40 80 b4 - - - -
{.0 - 00 60 00 - 00 00 00 - - - -
Control 0.0 - 4 & 70 -~ 5% 7% 00 - - - -
0.1 - 8 10 4 - 20 2 4 - - - -
Feniciliiue citrinua 0.5 - 4§ 2 = 0 00 2 - - - -
1.0 - -~ = = 00 00 00 -~ - - -
Contro) 0.0 - 10 12 50 - 28 42 100 - - - -

- = o observation



Table 5.2 : Effect of aflatoxin By on the growth of toxigenic fungi.

Toxigenic fungi

Concentration of

Mean radial expansion (in mm)

gflatoxin By (ppa) 24h  48h  7Zh  Feh 120h 144k

Aspergillus flavus 0.1 0.8 f.4 2,5 2.8 4.3 4.3
0.5 0.9 L3 2.7 3.0 4,5 A5

1.0 1,0 L 30 3.2 4,5 4.5

Control 0.0 0.8 1.0 2.5 2.7 4.3 A%
Fusarius aoniliforse 0.1 0.5 0.7 1.5 1.9 2.3 3¢
0.5 0.3 0.7 L4 1.6 2.0 2.4

1.0 0.0 0.0 0.0 0.0 0.0 0.3

Control 0.0 0.7 0.9 1B 2.2 30 40
Penicilliue citrinum 0.1 0.6 1.0 1.9 2.5 L3 4.0
0.9 0.5 0.6 12 1.9 2.2 24

1.0 0.0 0.0 0.0 0.0 0.0 0.0

Control 0.0 0.8 1.2 2.2 2.8 3.9 43




Table 5.3 : Effect of mycotoxins on seedling growth of local white variety of maize,

Concentration of aycotoxins

Seedling growth (ca)

(ppa) Sth day 10th day 15th day
Shoot Root Shoot Root Shoot Root

Aflatoxin Bl

0.1 1,58%0,04 5.3620,17 §.08%0.15 12,1720.12 &.76%0.19 14.48%0,11

0.5 1,3410,02 4,6030.11 4,4820,08 10.1420.16 §.4410,09 12.6420.14

1.0 1,2440,02 4.4710,05 3.9620.11 8.78£0.09 4,1720.06 11,65%0,09
Zearalenone

0.1 1,60£0.04 5.16%0.1% 4,5B8£0.08 11,1920.15 6.2130.10 §3.7720.15

0.5 1,3380,02 5.0420.05 2.8520.06 7.9120.09 4.45:0,09 9.7120.04

1.0 1.15%0,02 3.82%0.07 2.84%0.05 7.1120.10 4.15%0.07 8.,11%0,10
Citrinin

0.1 1.6820,04 5.1620.12 5.62%0,10 9.4720.12 &.65%0.17 {3.48%0.11

0.5 1,3540,02 4.7410.09 4,0420.08 9.2430.15 5.3710.09 11.6410.14

1.0 1,2780,03  4.69:0,07 2.8420,09 4,65%0.09 3.1120.03 10,6520.09
Control 0.0 1,7580,03 6.4620.10 6.7520.16 14.080,34 9.5010,23 15.7220.07



Table 5.4 : Effect of mycotoxins on seedling growth on local yellow variety of saize.

Concentration of aycotoxins

Seedling growth (ca)

{(ppa) 5th day 10th day 15th day
Shoot Root Shoot Root Shoot Root

Aflatoxin B!

0.1 1.4540,05 5.12%0.07 4.96%0.12 11.0920.09 4,5420.17 14,02%0,13

0.5 1,210,072 4.,3420,10 3,95%0.23 9.83:0.14 5.02£0,07 12.25%0,08

1.0 £.1940,01 4,21%0,03 3.86%0.15 B.,3520.07 3.96%0,02 10,95%0.04
Zearalenone

0.1 1,95¢0,04 4,98£0.09 3.8320.09 11.0220.09 4,0410,12 13.56%0.14

0.5 1,4740,03 4,73:0,03 2.54%0,12 6.82%0.05 3.9520.14  9.47%0.10

1.0 1,3920,02 3.5620.05 2.4320.10 5.2420.15 3.4820.03 7.99:0,08
Citrinin

0.1 1,9920.03 4.9510.12 5.02%0.14 9.08:0,03 4,4930.13 12,84%0.17

0.5 1,2880.04 4,68%0.07 3.9220.09 B8.75%0.16 4.98%0,08 11,52%9,09

1.0 1,0920,02 4,4320.04 2.6330.02 4.24%0.07 2.85%0.01 9.250.03
Control 0.0 1,62£0.02 6.30%0.04 5,4220,12 13.9630,25 8.54$0.32 15.55%0.14




Table 5.5 :Analysis of variance between spore germination of
toxigenic fungi due to aflatoxin By at different tem-
pera tures using 'F’' test

Moot $o0ut Shuee s dmdAE AUOMN MO0 SO GHWde UK OGNS v biue ieed et (MNP ISNMD DSOS ARG $OIOH D00 WS FePre MMEFD oSt SHeRs Sabed WSS 000 Weed MOS0 WA LMY eiave doive Mess Pes Teiud OO0 OO LGN MHESC ALY Wimy 1SOO) BOUSH FESOS GesEt Weed Eece OMd Lot Meet LSS U0 HMIY SHE Weds 0004 WY WA mest Meese Mese b MMM e

‘F' Value
Variations e o o o e o o e o o
Aspergillius Fusarim Fenicillium
Flavus morl l i forme citrium
Due to Temperature 9.028%K 3. 48043% g,221 %X
Due to X
Concentrations  9.23&17%¥ 2.661771 4.4775a2%
¥ = Bignificant at 0.01 level
¥ = Bignificant at 0.09% level

Table 5.6 : Analysis of variance between spore germination due to
fungal species at different temperatures using 'F°'

test.
‘F° Value
VR L AT L NG o o o o e e e e e e e o o S o e
0.1 ppm 0.5 ppm 1.0 ppm
Due to temperature 1.785685% 1.109506% 0.9999%
Due to fungal species 1.&4102% 6.593483%%  476.0016

et e e Seihe Sort SOOI BB e ABMP GSM Wt O000) PO JRNOY SOSSF T00RF OSONH SOONS BHON OB FUSE FOPON Sbemd SOmie SEoiL Gh0ed e e Teben PUOMP UOOL Slom Se0el Do) PP RS (Abdo Sepur PPON DOISP FONR MY GHOFR OSVEE SONNY 000N OOL SOV POON SPOBL AHD VUGN FeORR SURMD SO0y 400N SOt PO A MAGs SHUMR SONNR SO IS MO A40en 4O

x¥ = Significant at 0.01 level
¥ = gignificant at 0,05 level



Table 5.7 : Analysis of variance on growth of toxigenic fungi by
aflatoxin By due to incubation period using 'F’' test.

00 10000 2B0s ers VOr00 24400 20ND Noos SOt Most S4SME SO0 200 SmbCt 0003 WIME ORe MoSh Seme eOP 10ked érRY WO Jobb? AISE satet SO Joost MO Shert OO SN Sete MOV Feosh MOSE besee TN et FMO Beas S SIS ShEVD SOOE SHOTY 000 V0000 9000 ebs FIOSE hey Saetp SO RS ROVE PUISY Ao000 Noart MO ISlmt 200s0 Dobbe Mo HO0O IRND SO

‘' Value
VAP LT L OME oo o oo oo o e s s o s s e s ot s e e o s s 1 e . 3 o = 5 i 5 o o e e o e s s
Aspergillus Fugarium Fenicillium
Flavus monn i l i Forme citrium
Due to incubation
period 4,469834 3% KK 4,001 %% 1.041089¥
Due to
concentrations 5.&27521%%X 5, 251924 KKK 4,993311 ¥¥¥

10046 400N Moot 10006 Nek GHHSO TONL SISO ARG GO MO Guieh TSRS OGS SOOME UBGAS IAOOH GASGO OO0 MASY loter SHIOF S0 S00HS UMM AR SAGL (90LE SSUSE (0003 SROd Uop G4uR MAsU Fhdet UM Sere JOON FUOSI LAOOS APS SRR SAE SO FON Shodt MHOOL GRPeS WY JRAoO ISURO larel VNS Biar 4o IO Mebs PO chous SO VNN 4NOSE SAded V0se BHURG AR VOB

¥k = Significant at 0.001 level
¥%¥ = Bignificant at 0.01 level
¥ = Significant at 0.05 level

Table 5.8 : Analysis of Variance on aflatoxin Ky due to fungal
species and due to incubation period using 'F’ test

D ooete Lot 4O By 90004 ot 4008 SN 1006 VOV SRS OO e FROOF RO S0LNE USVNA M90es JSNNA dpesy 2000 Varée Soled Shase SOem SAbes Fedet EOY MERH MITS Marer GBMNS Seste IUOIS Sies OO0 e MO MGG MHeet SSISL 0000 SHEN e A WEMD JSUVE OGN (BESd RO SOME FUUSY Ipbes S Hele Bpsmé SOSIS Te HASS FRiSH JSNUA MeSh S006 Mbess TS Seber

‘F Value
VAri A IonG e o o o o o o oo s o o ot e
0.1 ppm 0.5 ppm 1.0 ppm
Due to incubation
period 9.984447 4,610482%%X 4.,661273%KFK
Due to fungal
species 17.86785 20.66411 20,08961

00000 et s 4onte supes soben Teoss S00es e GOARR TORG bodes 20004 000 U008 VAASH BLLOH Shgad alted PO Fesas WO $4OOY FORRY Sasee St Paam Biode Lot Sered S4OS SerPY VMMM DS SIOSE Sesir SO Mumd GAUAS Goiua VN MAS Geds O LU KOS Foome SOMAF MSams POGML SUSLS 100 UM el SRS LiMes SUTRS Seals PO e S4LAS GeUIN JHSON SISO Jesse SR Suros

¥¥x = Significant at 0.001 level
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Figure S5.1. Stimulation (%) of spore germination of Aspergilius
fiawvis by aflatoxin Bi at different temperatures.
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Figure 35.2. Inhibition (%) of spore germination of Fusarium
menidiforme by aflatoxin Bl at different
temperatures.
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Figure 5.3. Inhibition (4) of spore germination of Feniciliium
citrinum by aflatoxin By at different temperatures.
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Figure 5.4. Stimulation (%) of growth of dAspergililus Flavas (A)
and inhibition (%) of growth of Fusarium moniliforme
(B) and Fenicillium citrinum (C).
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Figure 35.5. Inhibition (%) of seed germination of local white
(LW) and local vellow (LY) varieties of maize by
aflatoxin By (A), zearelenone (R) and citrimn (C).
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Figure 5.6. Effect of mycotoxins on seedling growth of local
white variety of maize by aflatoxin By (A)
zearalenone (B) and citrinin (C).
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Figure 5.7. Effect of mycotoxins on seedling growth of local
yellow variety of maize by aflatoxin By (A),
rearalenone (B) and citrinin (C).
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UTl. Effect of aflatoxxin EFl on albino mice

1. Effect on the weight :

The mice fed with pure aflatoxin Ba: lost more weight than those
fed with crude one. Mice of all the age groups were sensitive to
aflatoxin feeding aﬁd showed negative growth. The young mice have
shown the sign of recovery from the aflatoxin contaminated feeding and
the older mice were worst affected. The response of male and female
mice was different to different feedings of aflatoxin contaminated
food. Female mice were affected more than the male ones (Table 6).

2. Effect on the liver :

No liver tumors were cbserved in any test animal, but some of the
mice treated with pure and crude aflatoxin Bi showed abnormally light
in color of liver in all three age groups of both the sexes. This
abnormal light in color of liver was more pronounced in those mice
treated with pure aflatoxin Bi than crude one.

3. Effect on the skin :

Loss of hairs, particularly on the posterior dorsal surface of
the body was observed in some of the animals treated with pure and
crude aflatoxin Bi, but not in control ones. The loss of hairs from
skin was more pronounced in the animals treated with pure aflatoxin
Bi than the crude form of aflatoxin Bai. Vertical sections of the skin
showed patches of non—differentiated, deeply stained cell masses in

the dermis of mice treated with pure and crude aflataoxin Bai.
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4, Effect on the rate of mortality :

In the present study, it has been observed that the rate of
mortality was affected only with the mice treated with pure aflatoxin
Bi in the 3 weeks old age group. Out of 10 mice taken, 1 male and 2
females died between 6-7 months feeding period. Mice of &6 and ? weeks
old survived till the time of sacrifice, that is, after 7 months

feeding period.
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Figure 6. Effect of aflatowin By on the changes in the
weights of albino mice.
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VIi. Effect of plant extracts on the growth of Aspergillus
flavus and aflatoxin production :

Aquepus extracts of plants tested had decreasbqleffect on the
production of fungal biomass compared to the untreated fungi (Table
7). Maximum reduction in fungal biomass was cbserved with the extracts
of Centella asiatica and least was recorded with Thuja orientalis.
Allium cepa and A. sativum also decreased the growth of A. flavus.

The growth of fungi coincided with the production of aflatoxin
Bi. Production of aflatoxin by A. flavus was inhibited by the extracts
of all the plants but maximum effect was noticed in Centella asiatica
treatment, while minimum was in Thuja orientalis (Fig.7)

Trend of inhibition of fungal biomass and aflatoxin was C.

asiatica > A. cepa > A. sativum > T. orientalis.
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Figure 7. Inhibition (%) on growth of Aspergilius flavus and
aflatoxin production by Allium cepa, . sativum,
Centella asiatica and Thujs orientalis.
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Discussion



Amongst the various techniques used for the isolation of seed
borne fungi, blotter method was found to be the most suitable one than
agar plate method and dilution plate methods. In terms of number of
fungi isolated, blotter method was followed by agar plate method and
dilution plate method (de Tempe, 1962; Agarwal et al., 19725 Singh et
al., 19735 Lima et al., 1982; Jorgensen, 1982 and Paiva et al., 1984).
In the agar plate method certain fast growing fungi, e.qg. Aspergillus
SpP.. Fusariumspp., Penicillium spp.. Rhizopus spp. and some sterile
mycelia dominated the plates suppressing the growth of slow growing
fungi as suggested by Aulakh et al. (1976). Therefore, agar plate
method may not give correct picture of species composition. However,
Gill et al. (1983) have observed that PDA method was better than
blotter method which was in accordance with some of our findings
(Fig.1.2. & Fig.1.4).

Neergaard and Saad (1762) concluded that the blotter method and
the agar plate method are both wvaluable and supplementary to each
other. Further these methods have been selected as standard procedures
as per International rules for Seed Testing (ISTA, 1%464) by
International Seed Testing Association after an extensive comparative
seed health testing schemes. In the present investigation too, it has
been revealed that both agar plate method and blotter methods were
necessary for the complete isclation of seed mycoflora. The dilution
plate method was found to be useful for the detection of surface

mycoflora which are saprophytic species of Alternaria, Aspergillus,
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Helminthosporium, Mucor, Fusarium, Penicillium, Rhizopus, Trichodermsa
and Verticillium. These were mostly field fungi whose frequency of
occurrence gradually decreased along with storage time.

Distinct seasonal variations of seed mycoflora was observed
during wet summer, autumn and winter seasons of the year. There was
a gradual fall in the number of fungal species on the seeds during
storage period which increased from wet summer to autumn seasons.
Decline in the number of +fungi during storage has earlier been
observed (Reddy and Reddy, 19833 Larcher et al., 19843 Shree, 1984;
Vi jayalakshmi and Rao, 1985). It is evident from the Table 1.1 that
there was a reduction in the incidence of field fungi and an increase
in the storage fungi during the winter season. The storage fungi were
mainly Aspergillus spp., Fusarium spp. and Penicillium sSpp.. The
reduction of field fungi and increase of storage fungi during storage
has also been reported (Schroeder and Sorensen, 12613 Christensen,
1969 and Nandi et al., 1982). The reduction in the incidence of field
Ffungi during storage might be due to the inactivation of inoculum by
ageing as suggested by Neergaard (1977). The results of the present
investigation have shown that some of the fungal species were encoun—
tered in all the seasons (Table 1.1). These fungi have indicated their
broad ecological amplitude adopting themselves to different nutrients
availébleAduring storage period and varying environmental conditions.
Those which were restricted to a particular season reflected greater

sensitivity to the storage condition and can be categorised as with
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narrow ecological amplitude. Fungi of rare occurrence reflected their
more demanding nature for specific nutrients and environmental
conditions (Bilgrami et al., 1979). The frequent occurrence of some
species in all the seasons and reduced frequency or absence of some
other species of fungi may be due to unfavourable storage conditions
or lack of competitive ability (Gilman and Semeniuk, 1948; Campbell,
1962).

Gualitative variation of fungal species was observed in both the
local varieties of maize during different seasons. Altogether 37
fungal species belonging to 14 genera were isolated from the two
varieties of maize seeds, of which a maximum of 33 fungal species were
isplated from the seeds of the local yellow variety and 22 from local
white variety (Table 1.2 and Table 1.3). The variation in the number
and type of fungi associated with different types of seeds is well
advocated. The species composition of fungi differed due to physico-
chemical nature of the seeds, agricultural operations, storage
conditions, climatological conditions of the locality during
harvesting and sampling (Neergaard, 1970). Vaidehi and Ramarao (1978)
found that the fungi vary from sample to sample. O0Ff the 20 species
isolated, species belonging to Aspergilius and FPenicillium were the
most dominant which substantiated the present findings.

Qualitative assessment of fungal species on maire seeds revealed
that species of Aspergillus, Fusarium, and Rhizsopus were dominant in

both the varieties of maize. Alternaria spp.. Chastomuim SpP .« 4
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Cladosporium spp., Drechlera spp., Helminthosporium sacchari, Mucor
spp., Trickoderma spp., Verticillium albo—atrum mycelial sterilia were
also recorded from both the varieties though with a less fregquency of
occurrence (Table 1.4 and Table 1.5). Subdaiah et al. (1982) studied
the seed mycoflora of maize of local and hybrid varieties from Mysore
{India). They also observed the variation in spécies composition on
different cultivars.

A comparative study between two types of storage conditions
(shaded and smoked) with reference to the quality of seeds and
incidence of fungi revealed the corresponding changes in the moisture
contents of the seeds with the changes of relative humidity in the
surrounding atmosphere.

Moisture contents of the seeds and temperature of the storage
conditions were the primary factors determining the development of
storage fungi (Neergaard, 19773 Nandi et al., 1982; Reddy and Reddy,
1983; Malda et al., 1985). The rise and fall of percentage moisture
contents of the seeds accompanied by the corresponding rise and fall
of the fungal population. Higher percentage of moisture content of the
seeds was noted in shaded condition than the smoked ones. The maize
seeds of both the storage conditions were frequently associated with
a good number of fungi. Amongst which Aspergillus spp., Fusarium spp.
and Penicillium spp. were the most dominant fungi. There was not much
difference in the total number of fungal species iscolated from the

storage conditions (Fig. 1.5) though their frequency of occurrence
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differed.

The chitin content and fungal populations of maize seeds showed
a positive correlation. A method of measuring the degree of fungal
invasion of stored maize seeds was developed using the analysis of
chitin, measured as glucosamine, as a criterion. The decline in chitin
contents during winter months was related to low moisture contents of
the seeds and temperature of storage conditions. Whereas, in the other
seasons, where the moisture and temperature were higher, the seed
infection as well as the chitin contents were also higher. This
revealed that chitin content may alternatively be used as a reliable
method to study the fungal invasion of seeds (Donald and Mirocha,
19775 Carballas and Acea, 1988).

Mycotoxin contamination of food stuffs is posing a grave threat
to public health due to their potent toxic nature and fairly common
occurrence. The range of agricultural and industrial commodities
potentially affected by mycotoxic fungi is extremely wide and possibly
no edible substance can be regarded as absolutely safe from the
mycotoxin contamination. Presence of toxigenic strain of the concerned
mould, availability of suitable substrates and congenial climatic
conditions are the three major factors which contribute to mycotoxin
production under natural conditions. The problem of wmycotoxin
contamination of foods and feeds is world wide but it is more frequent
in those areas of the world where climatic and agricultural conditions

are most suitable to mould growth.



Indian climatic conditions coupled with socio—economic
backwardness offer excellent conditions for mycotoxin production. Hot
and humid climate, which is ideal for mould growth, is prevalent in
most parts of India, particularly during the monsoon season. The
consumption of mycotoxin contaminated food often becomes indispensable
due to acute food shortage and poverty.

Maize (ZE? mays L.) is an excellent substrate for mould growth
and mycotoxin production. Maize is one of the cereal crop of Meghalaya
and is used as a stable food in many regions of this state. The maize
seeds are sown in the spring season, i.e., month of March and
harvested in the autumn season, i1.e., August—September.

In the present investigation, it has been observed that
mycotoxins, viz. aflatoxin, zearalenone, ochratoxin and citrinin were
commonly associated with maize seeds. The seeds which were
contaminated with aflatoxin showed positive response to BGYF test.
While screening the seeds for mycotoxins elaboration in nature, it was
found .that all the seed samples had the presence of mycotoxins
(Fig.2.1).

In local white variety, aflatoxin Bi, Bz and Gi were detected
whereas local yellow variety has all the four types of aflatoxins,
viz; aflatoxin Bi, Bz, Gi1 and Gz at different seasons. It was clear
from Table 2.2 that local yellow variety contained more amount of
aflatoxins than the local white variety. This was due to the subétrate

and external seed morphology of seed which was known to play an
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important role in determining the extend of aflatoxin elaboration in
the grains (Diener and Davis, 196?). The present investigation was
also supported by Devi and Polasa (178B2) who examined the maize
samples used as poultry feed for mold isplation and toxin production.
They found that 28% of the maize samples were contaminated with three
mycotoxins and among these the aflatoxin Bi, Bz and Gi were found to
be abave the tolerance level, i.e., 34, 40 and 105 ppb respectively.
There were other reports on mycotoxins which had also the supported
the present findings (Bilgrami &2t al., 1982; Sabino et al., 1989;
Kolhe et al., 1993).

Natural contamination of aflatoxin is known to be greatly
influenced by the environmental Ffactors (Davis and Diener, 1970;
Boller and Schroeder, 1974). Oxygen availability, temperature,
moisture content, type and nature of the fungal strains are known to
play a dominant role in determining the extend of aflatoxin
elaboration in the grains (Detroy, et al. 1771).

The other mycotoxin detected was zearalenone produced by Fusaruim
moniliforme. The moderate temperature and humid conditions supported
the growth of the mold on seeds under field as well as storage
conditions. This was supported by Hesseltine (1976) who reported that
temperature and humidity play an importani role in the production of
mycotoxins. Caldwell and Tuite (1974) have also detected zearalenone
by Fusaruim sp. from infected corn but reported to be rare in nature

{Vinas ot al., 1985). The fusarial toxins were mostly associated with
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maize stalk rot (Logriecoc and Bottalico, 1986) and a number of
mycotoxins producing Fusaruim species have been reported (Blaney and
Dodman, 1988; Mirocha et al., 19895 Hussein et al., 1989).

Citrinin produced by Fenicillium citrinum was isnolated +from
infected maize seeds when temperature was low. This mycotoxin was
known to occur naturally in cereals (Hesseltine, 1%974).

Ochratoxin produced by Aspergillus ochraceous on maize seeds was
isolated and has been found to invade and multiply during storage
conditions (Christensen, 1262). It was detected in both the maize
varieties (Fig.2.1). The toxigenic fungi besides maize seeds have also
been isclated from other cereals and legume products (Scott, 1945),
red and black pepper (Christensen et al., 1967}, Aspergilli as
ochratoxin producers have alsoc been reported (Hesseltine et al.,
1972).

At lower altitude, certain mycotoxigenic fungi, viz. Aspergillus
fFlavus group producing aflatoxins, A. ochraceous producing ochratoxin-
A and Fenicillium spp. producing citrinin are commonly reported during
monsoon season in cereal flour. However, toxins were detected either
alone or with citrinin as co-contaminant (Sinha and Frasad, 1994).

While studying the mycotoxin producing potentiality of A. flavus,
F. moniliforme and F. citrinum in vitro conditions, it was observed
that some of the isclates screened at different seasons were found to
contain aflatoxin Ri, Bz and Gi but not aflatoxin 6=z in local white

variety (Table 2.6) whereas in local yellow variety, only aflatoxin
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Ba and Gi were detected, aflatoxin Bz and 6= were not found (Table
2.7). Aflatoxin Bi was invariably produced by all the toxigenic
isolates of A. flavus, however, frequency of production of aflatoxins
other than Bi was comparatively lower. Variation in the potentiality
of isolates of A. flavus in producing aflatoxins was probably due to
the variations in their genome (Singh, 1988).

Though all types of foods can harbour toxigenic strains of
Aspergillus which can produce aflatoxins under suitable conditions but
surface area of the substrate and availability of oxygen to a great
extent affect aflatoxin production (Diener and Davis, 1264%). The
degree of toxin concentration also depends upon the substrate on which
the fungus grows. In the present investigation, aflatoxin Bi and bGs
were detected in both maize varieties. Aflatoxin Bai was produced in
the range of 0.32-2.52 ppm. The amount of aflatoxin Bi was more in
local yellow variety than on local white variety. This may be due to
‘the armoured condition of the maize grains which perhaps interferes
with the penetration of the invading fungus and subsequent production
of toxins (Jay, 1978).

Variation in ability to produce the aflatoxins was observed in
different isolates of A. flavus obtained from different drug yielding
plants, however, no physiological or genetical characterisation of
these isolates was done. It seems that potentiality to produce the
type of aflatoxin and their gquantity is genetically determined as was

observed by Roy et al (1988) that out of 50 isolates of A. fFlavus, 12
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produced aflatoxin Bi, 7 produced aflatoxin Ba and Bz and 2 produced
aflatoxin Bai and BGi. The aflatoxin producing ability of different
isolates ranged from 1.118 ppm to 4.85 ppm. The variation in the
aflatoxin production by different isolates of A. flavus may also be
due to the variation in the toxin producing potentiality of different
strains.

Zearalenone was detected from the isolates in 1local white
variety. Out of 52 isolates screened, 21 isolates were toxigenic and
produced 0.2 ppm during winter season, followed by wet summer season
whereby 10 isolates were toxigenic out of 35 isolates isolated and
produced an amount of 1.4 ppm. Autumn season has the least number of
isolates which were toxigenic, only 2 isclates out of 26 isolates
producing 0.9 ppm. The variation in amount and toxigenic isolates in
different seasons was related to their occurrence and climatic
conditions. However, all the strains of Fusaruim moniliforme were not
equally toxigenic (Bilgrami et al., 17980).

Other mycotoxins isolated from different isoiates of seed borne
fungi were ochratoxin and citrinin which were detected only in local
vellow variety which was more suitable for their growth than local
white variety. Varietal variation in the avcotoxin producing.ability
of fungi has been correlated to their physico-chemical properties of
seeds (bangopadhyay and Chakraborti, 19813 Devi and FPolasa, 1982;
Anjana, 1784; Blaney et al., 19865 Abbas et ail., 1988).

Variation in the production of aflatoxins between two storége
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conditions was recorded. Seeds stored under shaded condition were
having much higher concentration than those under smoked condition.
Aflatoxin Bi was detected in both storage conditions whereas aflatoxin
51 was detected only in shaded ones. This was due to the corresponding
changes in the percentage moisture content of the seeds with changes
of relative humidity in the surrounding atmosphere. These factors were
reported as the primary factors determining the production of
aflatoxins in stored paddy (Sundaram et al., 1988).

Maize seeds contained a wide range of nutritive substances
including carbohydrates, lipids, proteins, minerals and trace elements
and, therefore, served as an excellent substrate for the growth of A.
Flavus and production of aflatoxin. The growth of fungi and aflatoxin
elaboration, however, depended to a great extent on environmental
conditions. Maisture, temperature and relative humidity were the most
impartant factors, which exerted a decisive influence on toxin
elaboration by the moulds on maize seeds (Davis and Diener, 1970;
Boller and Schroeder, 1974).

The result have indicated that aflatoxins and others mycotoxins
can be produced at wide range of moisture levels, and relative
humidity (Figs. 3.1, 3,2 & 3.3). The maize varieties selected in the
present investigation have indicated that they favoured production of
aflatoxins at warm temperature (30° C) and in more humid (100%)

conditions as was suggested by Hesseltine (1%76).
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it was observed that when optimum conditions of moisture,
temperature and relative humidity were available, the aflatoxin
elaboration was alsc determined for a longer period (Abbas et al,
1988). In the present study, aflatoxin production by A. flavus in two
local varieties of maize seeds was also estimated at different
incubation peripods under similar moisture level, temperature and
relative humidity (Figs 3.1, 3.2 & 3.3). The concentration of toxins
continued to rise with the increase of incubation periods in both
maize varieties till it reached the maximum by the 20th day. In the
later phases of incubation (30th day) there was a decline in the
aflatoxin concentration. This decline may be due to the age of fungal
spores, older spores required a longer period to germinate and
consequently to develop mycelium and to form toxin. Over long periods
of grain storage under conditions that inhibit mold growth, viable
microbial inoculum will gradually decrease because of the death of
spores. Even in optimum conditions, some time is required for
germination of spore of mycelium, penetration of the substrate and
toxin production (Christensen and Kaufmann, 1972). Similar results on
the effect of incubation period on mycotoxin production have earlier
been reported by Bilgrami et al. (17980).

Significant variations in aflatoxins were ochserved between the
physical factors, that is, moisture content, temperature and relative
humidity with the mycotoxins on both the maize varieties (Table 3.4).

This has indicated that the toxigenic strains were adopted to wide
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range of climate but certainly required optimum set of moisture,
temperature or relative humidity to elabarate maximum amount of
aflatoxin (Hesseltine, 1976}).

Fungi are major cause of spoilage of stored grains and probably
rank second only to the insects ( Christensen and Kaufmann, 1962). In
the present investigation, it has been observed that there was a
continuous and significantly gradual decline in the dry weight of
maize seeds due to fungal infestation in storage ( Fig. 4.1 .A and
table 4.5). The loss in weight may be attributed to the hydrolyzing
effect of fungal organisms as evidenced by starch depletion as
suggested by Vidhyasekaran and Govindaswamy (1948), Vidhyasekaran et
al. (1973) and Bilgrami et al. (1979) on rice, Vidyasekaran and
Kandaswamy (1972) on mung, Sinha and Prasad (1977) on arhar, Anahosur
and Patil (1983) on sorghum.

Tables 4.2, 4.3 and Figures 4.1.B, 4.2 showed that fungal
infestation resulted in the fall of total sugar contents while slight
increase in the reducing sugars and a simultaneous fall in the non-—
reducing sugars in both the maize varieties due to their utilization
by the heterotrophs as suggested by Maheshwari and Mathur (1983) and
Maheswari et al, (1985). There was no consistency with regard to the
extent of reduction and period of maximum activity during storage
time, which indicated the variation in fungal invasion and their
‘growth as influenced by the changes under natural storage conditions.

Earlier reports of Vidhyasekaran (1968B), Nema (1983), Frasad (1983)
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and Balakrishnan and Nair (1983) had also supported the present
findings. The fall in sugar content has alsc been noticed by Reddy et
al., (1983); Singh and Sinha (1983), however our results are in
contradiction with the findings of Grewitz and Durbin(1960),
Swamy {1264} and Prasad ot a1, (1976) who recorded on increase in sugar
contents due to fungal infestation, which may be attributed to the
variation in fungal species colonizing the seeds.

A review of Table 4.4 and Figure 4.3 revealed that there was a
continuous fall in the protein contents of the seeds due to fungal
infestation; the rate of fall in the protein level varied with the
maize varieties and with the fungal organisms. The variation in the
rate of utilization of seed nitrogen by different fungi due to their
ability to assimilate thc growth rate ( Prasad et al., 19763
Jamaluddin et al., 19775 Bilgrami et al.,1979; 1985). It was evident
from the Figure 4.3 that slow reduction in the protein contents at the
initial stage has reflected the low fungal activity in the beginning
of their growth as suggested by Jamaluddin et al. (1977). Sharma
(1981) has reported maximum loss in protein contents at later stage
of fungal invasion of seeds due to Aspergillus Flavus as was observed
in the present findings. The variation in the protein reduction by
various fungi might be due to their capability to secrete protein
hydrolysing énzymes { Roy and Choubey, 1984).

The breakdown of the host protein by fungi to simpler components

for the synthesis of their own proteins may also be related to their



growth rate ( Chang and Willets, 1973; Singh et al., 1974b) which may
ultimately results in an increase in the soluble nitrogen.

Aflatoxin Ba has great effect on spore germination and mycelial
growth of seed borne fungi. It is amply clear from the tabulated
results that the different concentrations of aflatoxin
Bi used in the present investigation exhibited a stimulatory influence
on spore germination and mycelial growth of Aspergillus flavus
(Figures 5.1 &% 5.4. A respectively). This stimulatory effect may be
due to exudation of toxin favouring fungal species and inhibiting the
other species.

Inhibitory effect of aflatoxin RBi on spore germination and
mycelial growth of F. moniliforme ( Figure 5.2 & 3.4 B) and F.
citrium ( Figure 5.3 & 5.4. C) respectively at different temperatures
has alsoc been observed, which may be due to the competitive
interaction between the exudates exudated by the fungal species tested
with the aflatoxin Ba.

Spore germination occurred at 20°c—-30° in case of A. Fflavus and
20°c—-25°c in case of F. moniliforme and FP.citrinum (Table S5.1). A
temperature of 15°c was found to be low and 20°c more than optimum for
spore germination of F. moniliforme and P. citrinum except A. flavus
where spores could germinate even at 30°C. Bhargava (1970) and Kapoor
and Singh (1977) have indicated that optimum temperature for fungal
spore germination lies between 25°C to 30°C which supported our

findings.
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Seed borne fungi produce metabolites which may be hazardous for
the health of seed as well as for consumers. Metabolites of fungal
origin reduce seed germination and sprouting (Christensen and
Kaufmann, 19465; Lalithakumari et al., 1972; Pandey et al., 17982).
These metabolites may also sometimes appear as toxic products and

influence seed germination and embryo growth in maize (Brodnik, 1975}.

It is evident from the results (Figure 5.3) that the mycotoxins,
viz. aflatoxin Bi, zearalenone and citrinin isolated earlier had
adverse effect on seed germination of maize and inhibited the seedling
growth of both maize varieties (Figures 3.6 and 5.7). These findings
were supported by Jeswal (1987). The inhibition in seed germination
and seedling growth may be due to metabolites secreted by the test
fungi (Curtis, 1958}. Christensen and Kaufmann (1965) and Tripathi
(1974) have reported that wvarious fungi secrete exotoxins causing
reduced seed germination and plant growth.

All the three mycotoxins tested has similar inhibitory effects
on the seed germination and seedling growth of both the maize
varieties indicating the similarity in their mode of action.
Inhibition due to aflatoxin B: on maize seed germination due to the
inhibition enzyme synthesis during respiration is known (Chatter jee,
{1988). Gtatistical analysis of significant variations between

mycotoxins on inhibiting the seedling growth may be correlated to

their amounts.
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Significant effects on the reduction of weight of animals was
observed with pure aflatoxin Bi feeding than those of the animals fed
with crude toxin. This has indicated that production of aflatoxins
in natural conditions may be less and less effective than the pure
toxin (Austwick and Ayert, 19&63F). Singh and Chauhan (1983) have
observed the biochemical alterations in albino rats fed with
Aspergillus infested maize diets, however metabolic pathway of toxic
action is not worked out. No liver tumor was ohserved in any test
animals though some of the mice treated with pure and crude aflatoxin
B: showed abnormal light colour of liver. These findings agreed with
Lindenfelser ot al. (1976) and Daradhiyar (1980) who failed to
demonstrate any tumor in white mice. This may be due to the
congestion of blood vessels in the epithelial cells of the liver
(Baruah et =al1., 1980). Variation in toxicity by different types of
aflatoxins may be accounted to their molecular structure and amount
in infected maize seed which may cause mild disease symptoms in mice
and if continued, can lead to seripus pathological disorders of
kidney, liver, iungs and even carcinoma (Baruah et al., 1980).

iLoss of hairs from skin of mice was observed due to aflatoxin Ba
contaminated feedings. This was due to the presence of thick-walled
capsular structures, which were fully keratinised epidermal cells,
forming “Horn—pearl”. These were noted at different stages of
development in both epidermis and dermiz (Bilgrami et al. 19864).

The part of the skin which was very badly affected showed patches



pf non—differentiated, deeply stained cell masses in the dermis of
mice (Newberne et al., Rilgrami et al., 1986). This may be due to
the atrophic changes in the sebaceous and sweat glands of the skin of
mice (Rilgrami et al., 1986).

In the present investigation, 0.25 ml of 60 ppb of aflatoxin Ba
was found to be lethal only to some of the mice of 3 weeks old,
mortality at the end of 6-7 months after treatment. The
susceptibility of aflatoxins also depends on the sex, age and health
of the animal. Young animals are generally more sensitive to
aflatoxins (Hesseltine, 19&67).

Toxin inhibiting property of the plant extracts do not seem to
be directly related to the growth of the fungus, which was luxuriant
in many cases, although the plant extracts were inhibitory to toxin
production (Table 7 and Figure 7). 0On the other hand, Singh et al.
{1279) and Sharma et al. {(1977) reported that extracts of Allium cepa
and A. sativum inhibited growth of certain fungi which produced
aflatoxin. Inhibition of aflatoxin production has also been supported
by Bilgrami et al (1979). Some wild medicinal extracts were also
found to inhibit the aflatoxin production and growth of A. flavus in
vitra condition (Bilgrami et al., 1780). Leaves of Lentella asiatica
and Thuja arientalis, inhibited production of aflatoxins on wheat
grains and groundnut seeds (Sinha, 1985; Singh and Sinha, 1985). This
was due to medicinal and antimicrobial properties which has long been

known and the treatment of fungal infections has been shown to depend



on the presence of fungi toxic chemicals in the plant tissue (Fawcett
and Spencer, 19270)}. Some recent studies have also shown that sap of
a vide range of angiosperms have antimicrobial property {(Tripathi and
Dixit, 1977; Misra and Dixit, 1978). In the present study, although
the active principle of plant extracts bave not been specifically
identified, it 1is 1likely that more than one chemical may be
responsible for the inhibition of aflatoxin synthesis.

Certain antibiotics have been reported to influence the

production of aflatoxins by Aspergillus flavus isolates (Kumar and

Singh, 1991).
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Summary



Seasonal study on seed borne mycoflora of two local maize
varieties, i.e. local white and local yellow was carried out using
three techniques of isolations, viz. blotter method, agar plate method
and dilution plate method. A total of 37 {fungal species belonging to
14 genera were isclated from both the varieties. Agar plate method and
blotter method harboured more number of fungal species that the
dilution plate method. The number of fungal species was gradually
decreased in winter months compared to wet summer and autumn months.
The field fungi were replaced by the storage fungi during colder
months during storage of the seeds. The variation in fungal species
on two varieties was alsc observed. iLocal vyellow variety vyielded
maximum number of fungi {33} than local white variety (22). Species
of Aspergillus, Fusarium and Penicillium were dominant in both the
varieties during the whole period of investigation. The percentage
frequency of occurrence of Alternaria spp., Chastomium spp., Clados-—
porium spp., rechlera spp.. Helminthosporium sacchari, Mucor Sppa.
Fhizopus spp., Trichoderma spp. and Verticillium albo—-atrum decreased
along with the progress of storage time and were gradually replaced
by the species of Aspergillus, Fusarium and Fenicillium.

Two types of storage conditions (shaded and smoked) commonly
practiced by the tribal people of this region were selected to study
the fungal flora of maize seeds. None of the storage practices were
completely safe from fungal contamination. The invasion on seeds by

Fusarium spp. Was observed in both the storage conditions.
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Under shaded storage condition, Fusarium moniliforme was recorded

with highest freguency (13.3%X} and Aspergillus niger and
Penicillium rubrum with least frequency (0.8%) of seeds on local white
variety by agar plate method. Under smoked storage condition,
Fusarium scolani was recorded at the highest frequency and Rhizopus sp.
and Fenicillium rubrum with lowest frequency. Seeds of leocal yellow
variety also harboured Fusarium sp. with highest frequency under

haded condition of storage, whereas the lowest freguency was by

N

Penicillium brefeldianum and Trichoderma harzianum as iscolated by
agar plate method. Similarly, in smoked condition, Fusarium Sp. was
recorded to have a high freguency of occurvence of 22.1% and 204 and
the minimum Frequency was recorded by Fenicillium brefeldianum (1.2%}
and Cladosporium herbarum (0.3%) by agar plate and blotter methods
respectively.

FPositive correlation was observed between the chitin content and
the fungal populiation. Fungal infection of maize seeds was maximum
{100%) during wet summer and avtumn seasons and minimum (40%) during
winter season. However, trend of chitin contents in maize seeds
during wet summer and autumn seasons differed from each other, even
though they had the same percentage of seed infection. Autumn seasan
revealed higher chitin contents (328.2 uyg/q in local white variety and
440 .4 ygs/g in local yellow variety) then wet summer season (2456 ug/g
in 1ipcal white wvariety and 2Z50¢.9 pg/g in loccal yellow variety).

Lowest chitin content (126 yg/g in local white variety and 128.5 ugq/g
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in local yellow variety} in seeds was observed during winter season
in both the maize varieties.

The percentage of seed infection and chitin contents were higher
in local yellow variety than the local white variety in all seasons.

Toxigenic strains of Aspergillus flavus, A. ochraceous, Fusarium
moniliforme and Fepicillium citrinum were isolated from both the
varieties of maize which contaminated the seeds at varying degree.
All the seed samples were positive to BGYF test and aflatoxin was
detected in the seed samples of both the varieties under natura
conditions. Other mycotoxins like ochratoxins, zearelenone and
citrinin were also detected. Aflatoxin Bi: was the most common
mycotoxin produced by A. flavus. Its maximum production was 1.40 ppm
in local yellow variety of maize during winter season. Local white
variety of maize seeds contained aflatoxin Bai, B2 and Gi, whereas
local vellow variety had aflatoxin Bz in addition to these aflatoxins.

In local white variety, out of 30 isolates of A. flavus, &
isolates were toxigenic and yielded aflatoxin Bi and Bi during winter
season. In wet summer season, out of 46 isolates, 22 were toxigenic
and vyielded aflatoxin HBi: and Gi whereas in autumn season only 1é
isplates out of 30 yvielded aflatoxin Bi: and B=. Maximum concentration
of mycotoxins was obtained during wet summer season followed by auvtumn
and winter season. tUnder storage conditions, aflatoxin Bi was
detected in bhigher guantity in shaded storage conditions than in

smoked conditions. The qualitative and quantitative variation between



different mycotoxins on two varieties of maize seeds was cobserved 1in
different seasons.

It was observed that temperature and moisture were the most
important factors governing the growth of A. flavus on seeds of two
maize varieties. Maximum production of aflatoxin was observed at 30°C
and at a relative humidity of 95 toc 100%4Z. A. flavus did not invade
any samples of corn stored below 15% moisture contents of seeds.

Significant variations in aflatoxins were observed between the
physical factors 1i.e. moisture content, temperature and relative
humidity on both the maize varieties.

The relative deterigration of seed quality aftter infecting by
three dominant seed borne fungi.., jviz. Aspergillus fFlavus, Fusarium
moniliforme and FPenicillium citrium was determined in terms of the
nutritive value of maize seeds, dry weight, sugars and protein
contents. It was observed that the dry weight of the seeds was
reduced due to fungal invasion in both the varieties. Insignificant
variation in the loss of seed dry weight due to fungal infection was
recorded in local white variety while A. flavus caused maximum loss
in the seed dry weight in local vyellow variety after 1BO days of
infection. Fungal infested seeds exhibited a depletion in total
sugars and non—reducing sugars with corresponding increase in reducing
sugars. A continuous and gradual depletion of protein contents of the
seeds due to fungal infestation was noticed after 180 days of fungal

invasion.
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Effects of aflatoxin Ba on spore germination and mycelial growth
of A. flavus, F. moniliforme and F. citrinum was studied at different
temperatures and at different time interval of incubation period. The
variopus concentrations of aflatoxins used in the present study were
either stimulatory or inhibitory to spore germination and mycelial
growth of different +ungi. However, the stimulatory/inhibitory
capability of aflatoxin Bis varied with specific fungal species.
Afiatoxin Bi was stimulataory to the growth of A. flavus, whereas
growth of F. moniliforme and F. citrinum was inhibited by aflatoxin
Bi. The maximum inhibition was observed at 1 ppm concentration of
aflatoxins Bi.

Aflataoxin Ba has also caused inhibition in the seed germination

of both the maize varieties. HMaximum inhibition was recorded at lppm

concentration. The seeds of local white variety were more atfected
than local yellow variety. Similar trend on inhibition of seed
germination was cbserved with zearalenone. However, 1in case of

citrinin, maximum inhibition of seed germination was exhibited by
local white variety than local white one.

Reduction of seedling growth was observed in all the treated
samplies compared with untreated ones. Maximum inhibition of seedling
growth was observed at 1 ppm concentrated aflatoxin Bi treatment
whereas the minimum was observed at 0.1 ppm concentration. The
pattern of inhibition of seedling growth due to zearalenone and

citrinin was also similar.
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‘SigniFicant variation in the reduction of weight of animals was
cbserved between pure aflatoxin Bi fed animals and the crude extract
fed ones. No liver tumor was observed in any test animals though some
of them showed abnormally light color of liver. Lass of hairs from
the skin of mice was observed due to aflatoxin Bi contaminated
feeding. In take of 60 ppb aflatoxin Ba by some of the mice of =
weeks old was lethal.

It was observed that extracts of different plant parts of
Centella asiatica inhibited the growth of A. Fflavus by 51.16% and
aflatoxin Bi and A. sativum were also inhibitory to the growth of A.
flavus and aflatoxin Bi production. The least inhibitory effect was
ohserved with the extracts of Thuja orientalis. The 1inhibition of
fungal biomass and aflatoxin Bi production followed a specific trend,

€. asiatica * A. cepa *» A. sativum * T. orientalis.
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