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ABSTRACT 

Seasonal study on seed borne mycof lora 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 genf!ra were isolated from both the var·ieties. Agar- platt? mcllw<.l dJ1Ll 

blotter method harboured more number of fungal species thaJ'l.. the 

dilution plate method. The number of fungal species was gradmslly 

de<..:re.:tsed in w i 11t.er mo11 t hs compctred to wet. summer and autumn months. 

The field fungi wer-e replaced by the storage fungi during colder 

months during storage of the seeds. The variation in fungal species 

on two vctr i ct ·j es Wd:; ,iJ so ol)f·:(w ved. Loc:ri J ye 11 ow vtn i f:t.y y :i el ded 

maximum number of fungi (33) than local white variety (22). Species 

of Aspergillus, Fusariun. and Penicilliun. were dominant in both the 

varieties during the whole period of investigation. The percentage 

frequency of occurrence of Alternaria spp .• Chaetomiun. spp .. Clados­

poriurr. spp., Drechlera spp., Helminthosporium S.acchari. Nucor spp .• 

Rhi zopus spp. • Tri choderma spp. and Vert i c i 11 i urn a 1 bo-a trurr. decreased 

along with the progress of storage time and were gradually replaced 

by the species of Aspergillus, Fusariurr. and Penicilliwr.. 

Two types of storage conditions (shaded and smoked) comnonly 

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 
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Fusariwz spp. was observed in both the storage conditions. 

Under shaded star-age condition. Fusll.rium moni 1 iforme was recorded 

with highest frequency (13.3%) and Aspergillus niger and 

Penicilliumrubrwr;with least frequency (0.8%) of seeds on local white 

variety by agar plate method. Under smoked storage condition. 

Fusarium solll.ni was recorded at the highest frequency and Rhizopus sp. 

and Penicillium rubrwr; with lowest frequency. Seeds of local yellow 

variety also harboured Fusariwz sp. with highest frequency under 

shaded condition of storage. whereas the lowest frequency was by 

Penici 11 ium brefeldianwr; and Trichoderma harzianwr; as isolated by 

agar plate method. Similarly. in smoked condition. Fusariurr. sp. was 

recorded to have a high frequency of occurrence of 22.1% and 20% and 

the minimum frequency was recorded by Penici 11 ium brefeldianurr. C 1. 2%) 

and Cladosporium herbarurr. (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 sunmer and autumn seasons and minimum (40%) during 

winter season. However. trend of chi tin 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 higher chitin contents (328.2 µg/g in local white variety and 

440.4 µg/g in local yellow variety) than wet summer season (246 µg/g 

in local white variety and 250.9 µg/g in local yellow variety). 
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Lowest chitin content (126 µg/g in local white variety and 128.5 µg/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 Aspergillus flavus, A. ochraceous, Fusarium 

monil iforme and Penici 11 ium citrinWTi 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 af latoxin was 

detected in the seed samples of both the varieties under natural 

conditions. Other mycotoxins 1 ike ochratoxins, zeara.lenone and 

citrinin were also detected. Af latoxin B1 was the most corrmon 

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 B1, Ba and G1, whereas 

local yellow variety had aflatoxin Ga in addition to these aflatoxins. 

In local white variety. out of 30 isolates of A. f Javus, 6 

isolates were toxigenic and yielded af latoxin B1 and G1 during winter 

season. In wet swmner season, out of 46 isolates. 22 were toxigenic 

and yielded af latoxin B1 and G1 whereas in autumn season only 16 

isolates out of 50 yielded af latoxin B1 and B:a. Maximum concentration 

of mycotoxins was obtained during wet swmner season followed by autumn 

and winter season. Under storage conditions, aflatoxin B1 was 

detected in higher quantity in shaded storage conditions than in 
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smoked conditions. 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. f lavus on seeds of two 

maize varieties. Maximum production of af latoxin was observed at 3o•c 

and at a relative humidity of 95 to 100%. A. f Javus did not invade 

any samples of corn stored below 15% moisture contents of seeds. 

Significant variations in af latoxins 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 Penicilliurn citriwr. 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. f lavus 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 
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invasion. 

Effects of af latoxin B1 on spore germination and mycelial growth 

of A. flavus. F. moniliforme and P. citrinurr. was studied at different 

temperatures and at different time interval of incubation period. The 

various concentrations of af latoxins 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 B1 varied with specific fungal species. 

Aflatoxin B1 was stimulatory to the growth of A. flavus. whereas 

growth of F. moniliforme and P. -citrinurr. was inhibited by aflatoxin 

Bi. The maximum inhibition was observed at 1 ppm concentration of 

aflatoxins B1. 

Af latoxin B2 has also caused inhibition in the seed genu.ino.tion 

of both the maize varieties. Maximum inhib~tion 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 al 1 the treated 

samples compared with untreated ones. Maximum inhibition of seedling 

growth was observed at 1 ppm concentrated af latoxin B1 treatment 

whereas the minimum was observed at 0 .1 ppm concentration. The 

pattern of inhibition of seedling growth due to zeara.lenone and 
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citrinin was also similar. 

Significant variation in the reduction of weight of animals was 

observed between pure af latoxin B1 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 af latoxin B1 contaminated 

feeding. In take of 60 ppb afla.toxin B1 by some of the mice of 3 

weeks old was lethal. 

It was observed that extracts of different plant parts of 

Centel la asiatica inhibited the growth of A. f lavus by 51.16% and 

af latoxin B1 and A. sativwr. were also inhibitory to the growth of A. 

f lavus and af latoxin B1 production. The least inhibitory effect was 

observed with the extracts of 77Juja orientalis. The inhibition of 

fungal biomass and aflatoxin B1 production followed a specific trend. 

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



GENERAL INTRODUCTION 

Maize (Zea mays L.) is one o-f the most important cereal crops o-f 

the world. It is qrown -From a latitude 50°N which marks the northern 

limit o-f the growing areas in Europe and Asia to about 40°5 in South 

America. It can widely -Fit in different conditions o-f temperature, 

moisture, length o-f -frost--Free season, and other environmental 

conditions. With its world average yield o-f 27-28 q/ha, maize ranks 

-first among cereals and is -followed by rice, wheat and millets. 

India's position is -fi-fth in terms o-f total cultivated area and 

eleventh with regards to the production (Leonard and Martin, 1963). 

The name maize is derived -from the South American Indian Arawak 

name "mahiz". Maize is also known by the name "Indian Corn" and in 

America simply as "corn". In India, maize was introduced -from America 

at the beginning o-f 17th century. 

India is a majo~ producer o-f maize in Asia and its greater part 

o-f geographical area is suitable -for growing the crop. It is an 

important cereal which occupies the second place a-fter paddy 

cultivation. 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 o-f maize in India have steadily increased 

durinq the past three decades. Durinq 1985-1986, maize cultivation 

was done in 5.8 million hectares, with a production o-f 6.85 million 

tonnes. But in comparison to the world average yield, India's average 



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

About 90'l. qlobal food crops are propagated through seeds 

(Neerqaard, 1977). Therefore, it is amply clear that the success of 

qlobal food requirement for the increasing population greatly depends 

on the qood quality of seed of hiqh yielding and disease resistance 

varieties. 

The increase in maize production in the country was the result 

of various factors, one of the most important beinq the creatinq and 

development of an orqanised seed industry to support agricultural 

development. Since then the seed industry has developed rapidly. In 

spite of this, only about 20'l. of the required seeds ror 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 sowinq. 

Aqricultural production can be improved if small and marginal -farmers 

get quality seeds of qood varieties and other vital input. 

Seeds carry a wide range of microorganisms externally or 

internally which become active at the advent of favourable 

conditions and cause extensive damage to the seeds and seedlings. 

Amonqst these microorqanisms, funqi play a significant role in 

determining the quality and longevity of the seeds (Christensen and 

Lopez, 1963). Therefore, in order to improve the agricultural 

products, seed health testing and use of healthy seeds are of great 

importance. 



The di-f-ferent types o-f maize diseases recorded in India are : 

seed-rot and seedlinq blight. -foliar diseases, downy mildews, stalk 

rots and wilts, rusts, smuts and cob and ear rots. Other than these, 

moulds cause extensive damage to maize seeds durinq storage. The 

association o-f myco-flora with seeds in natural conditions is a common 

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

and transit. Some o-f the important -field -fungi that invade the corn 

seeds belong to hyphomycetes, (Bi lgrami et al., 1980). Certain 

species o-f Asperqillus and Penicillium also in-feet the seeds during 

storage (Mislivec and Tuite, 1970). More than 150 species o-f -fungi 

have been reported -from cereal grains (Christensen and Kaufman, 1969), 

most o-f which have been isolated -from surface sterilized seeds. A 

wide range o-f them are associated with corn kernels (Tuite, 1961; 

Dhanraj and Mathur, 1965; Hesseltine et al., 1976; Siradhana et al., 

1978). 

Payak et al. (1978) reported the seed rot and seedling diseases 

o-f corn caused by the species o-f Fusarium, Rhizoctonia, Aspergillus, 

Pythium and Cephalosporium. Fungal infected seeds showed meagre 

germination, pre-emergence seed rot, post emergence wilting and 

ultimately seedling collapse. 

extensive damage to the crop. 

Ear rot due to Fusarium sp. causes 

The invasion o-f the various -fungi to the seeds greatly depend on 

environmental -factors like temperature, moisture content, relative 

humidity, pH o-f the substrate and damage o-f seeds by insects, birds, 



rats and transit 

Christensen, 1958; 

breakaqe (Bilqrami et al., 1980; Qasem 

Lutey and Christensen, 1963; Nautiyal 

and 

and 

Chatterjee, 1981; Singh, 1980). Besides, factors like harvesting and 

handlinq of equipments also have great influence on the qrowth 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 qets deteriorated during 

storaqe, 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, 1977; Bethlenfalvay et al., 1981). 

Moulds produce several biologically active chemical compounds, 

ma_iority of which are channelized to human and animal systems throuqh 

various types of foods. Some of these contaminants are highly toxic 

(Anon., 1976; Moreau, 1969). The product ion of toxins in food 

commodities by moulds has been known since biblical times but their 

role in inciting disease syndrome was realized only when "ergotism" 

was caused by the consumption of barley and rye infected with 

Claviceps purpurea (Barger, 1931). 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). "Of the innumerable diseases that affect man and domestic 
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animals, the mycotoxicoses are perhaps the most unfamiliar and least 

investigated." The dictum, "The Neglected Disease" was born but the 

situation chanqed drastically in 1960, 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 

aflatoxins as the causative agents. 

The capability of fungi to produce mycotoxin is restricted to few 

species. Most of these are the members of Asperqillus group. A. 

Flavus 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 carcinoqen in the list of mycotoxins causinq a hiqh 

incidence of hepatomas in the Bantus of South Africa. 

Ochratoxins have been isolated from A. ochraceous which invaded 

stored wheat (Christensen, 1962) and red and black pepper (Christensen 

et al., 1967). The fungus has also been isolated from cereals and 

lequme products (Scott, 1965). Van Walbeek et al. (1969) have shown 

that ochratoxins can also be produced by Penicillium viridicatum. 

The mycotoxin, patulin produced by P. urticae reduced seed 

qermination and seedlinq qrowth of wheat (Norstadt and McCalla, 1969). 

It has also been demonstrated to be a carcinogen (Dickens and Jones, 

1965). 

Yellow colored rice imported by Japan from Thailand in 1951 was 
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contaminated with P. citrinum which produced citrinin. Subsequent 

studies revealed that the -funqus 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 o-f America, and Red 

China (Tsunoda, 1953a, b; Hirayama, 1954). 

Zearalenone, or F-2 toxin is produced by Fusarium graminearum. 

The estrogenic lactone was assayed -from naturally in-fected corn ears 

in Indiana. It caused estrogenic syndrome in swine (Caldwel 1 and 

Tuite, 1974). 

Studies on seed myco-flora have revealed that the myc:otoxicoses 

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 may be contaminated with myc:otoxins. 

However, probably no edible substances can be regarded as absolutely 

safe from possible mycotoxin contamination. Most of the cereal and 

other -food stuf-fs contains moulds, which may appear harmless but some 

of them can be pathogenic: or toxiqenic: and may be the causal aqent o-f 

severe diseases. 

Myc:otoxin production can occur in the -field (Bilgrami et al., 

1981), durinq pre and post harvests, storage and shipment. Factors 

qoverning mould qrowth and production o-f various mycotoxins are not 

completely understood althouqh moisture, temperature and humidity 

probably play an important role (Lillehoj et al., 1973), but C02, 02, 

seed quality and -fungal community can also lead to myc:otoxin 
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contamination in -foods and -feeds (Hesseltine, 1976). 

Bilgrami et al., (1980) recorded changes in the qualitative 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; 

Vijayalakshmi and Rao, 1985; Maheshwari and Mathur, 1985; Dube et al., 

1988). 

A number o-f -funqal species especially with re-Ference to seed 

borne -fungi were -found to secrete exotoxins causinq reduction in seed 

Qermination (Dwivedi and Sinqh, 1973; Tripathi, 1974). The culture 

-filtrates o-f di-f-ferent seed -fungi were known to produce either 

stimulatory or inhibitory e-f-fect on seed germination (Vidhyasekaran 

et al., 1970; Mridha and Anwar, 1980; Singh and Gupta, 1984). 

Reduction in seed germination due to seed borne -fungi had been 

attributed to the secretion o-f phytotoxins (Anwar and Mridha, 1987). 

Mycotoxicoses continue to be a major heal th hazard to animals due 

to -funqal contaminated -foodstu-f-fs. Pathological changes have been 

noted in the kidney, heart and liver in birds by the consumption o-f 

A. Flavus mixed -foodstu-f-f (Baruah et al., 1980; Bilgrami et al., 

1986). 

The problem associated with mycotoxins is complex and requires 

to develop a sensitive method -for screeninq -foodstu-f-fs -for toxins. 

Some work on the control or mycotoxins in cereals has been carried out 
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in laboratory condition (Hesseltine, 1973:; Bilgrami et al., 1980; 

Sharma et al., 1981) but detailed studies are lacking in -Field 

condition. 

The agroclimatic conditions o-F the north eastern region are 

suitable -For maize cultivation and about 94.2 thousand hectares o-F 

land is under maize cultivation. The sowing and harvesting periods 

o-F maize (April-August) coincides with rainy season. The region beinq 

a hilly one, three types o-F aqricultural systems, i.e. shi-Fting 

aqriculture (jhum), valley land and terrace land are practiced -For 

maize cultivation. Shi-Fting agriculture is extensively used by the 

tribal people o-F the reqion. 

In Meqhalaya, maize is grown on hill slopes at higher altitude 

(Plate-1.A) and valleys at lower altitude (Plate-1.B). Two local 

varieties o-F maize, the white and yellow varieties (Plate-3.~ are 

mainly grown by the tribals in this state -For human and animal 

consumption. Primitive practices -For storage o-F corn seeds are 

prevailed in this region. The socio-economic conditions o-F the 

inhabitants o-F the reqion do not allow them to store their seeds in 

modern storage conditions. A-Fter harvesting, the maize cobs are 

either stored with husk or without husk in open (Verandah) (Plate ~.ry 

or in smoked conditions (Top o-F chimney place} (Plate.;<..~. The stored 

seeds are consumed by human beinqs, domesticated animals and are sown 

-For the next cultivation season. Tribal people are not aware o-F any 

seed in-Fection and toxin contamination. They consume both in-Fected 
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PLATE 
PLATE 

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

2.A. Maize seeds in shaded storage condition. 
2.&. Maize seeds in smoked storage condition. 
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and uninfected seeds by themselves and also feed the same to their 

domestic animals. Therefore, systematic survey of seed borne -fungi 

and mycotoxins production o-f maize and their consequent effects on 

seed health and animal consumption under different ecological 

conditions with special reference to Meqhalaya is o-f urgent necessity. 

The present investigation was, there-fore, aimed to study the 

mycotoxin production in maize seeds by seed borne -fungi takinq the 

-following experimental aspects : 

Population o-f -fungi and their biomass on the seeds under storaqe 

and in -field conditions. 

Elaboration of mycotoxins by toxigenic strains o-f seed 

borne -fungi under storage and -field conditions. 

Effect o-f certain physical factors (temperature, moisture 

and humidity) on the qrowth and production of mycotoxin 

viz. aflatoxin in seed borne fungi. 

Effect o-f seed borne runqi on quality of maize seeds (in 

terms of dry weight, sugar and protein). 

Effect o-f aflatoxin B1 on qrowth o-f seed borne fungi, corn 

seed germination and seedlinq qrowth. 

E-f-fect o-f aflatoxin B1 on test animal (Albino mice). 

Control o-f mycotoxin ( Aflatoxin B1) product ion by plant 

extracts. 
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REVIEW OF LITERATURE 

Prior to the understanding o-f the seed borne diseases, the 

agriculturists were unaware o-f the causal agents, mode o-f in-fection 

and the magnitude o-f loss o-f seeds by the microorganisms. Later on 

with the advent o-f scienti-fic knowledge and the invention o-f modern 

equipments to study the plant diseases, this -field o-f seed biology has 

attracted the attention o-f mycologists and plant pathologists. 

Micheli (1729) was the -first to collect spores o-f -fungi and 

described many new genera and illustrated their reproductive 

structures. Kuhn (1858) published the -first authenticative work on 

diseases o-f cultivated crops. 

The importance o-f seeds in meeting the world food supply cannot 

be ignored. About 901. of -food crops are mainly propagated by seeds. 

Seed health is necessary -for assuring the better seed germination and 

growth o-f healthy seedlings. Seeds are also important carrier o-f 

certain -fungal pathogens producing mycotoxins which adversely a-f-fect 

the health OT those who consume them. In recent past, much emphasis 

has been laid down on the 

associated 

conditions. 

with various 

control OT 

seeds under 

mycotoxin producing -fungi 

di-f-ferent environmental 

Seeds also play an important role in carrying many important 

pathogens -from one country to another. An account o-f 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 (Khare and Sinha, 1983). 

Seed borne rungi may arrect the grains either as saprophytic or 

as parasitic ones. Their association determines the seed viability, 

nutritional value and colouration and production or mycotoxins toxic 

to man and animals (Christensen and Kernhemp, 1936; Bottomley, 1950; 

Tsunoda, 1952; Semeniuk, 1954; Jorre, 1960). 

Christensen and Kaurmann( 1965) reported common saprophytic rield 

rungi, IHternaria tenuis, Cladosporium herbarum, Curvularia spp., 

Epicoccum purpurescens, Fusarium spp. and pathogenic ones as F. 

moni 1 i Forme and Vert i c i 11 um albo-atrum (Malone and Muskett, 1964) • 

The pathogenic -fungi were round to reduce seed germination and caused 

diseases or the seedlings (Noble and Richardson, 1968). 

It was observed that most or the storage rungi usually do not 

attac~~ the seed berore harvest (Christensen, 1971). They may be 

present on the seed in low percentage and thus provide the inoculum 

ror storage rungi (IJasem and Christensen, 1958). 

The water content or the seed plays an important role on the 

qrowth or rungi during storage condition. Christensen and Lopez 

(1963) had determined the low limits o-f moisture content which 

permitted the growth or -fungi on stored cereals such as wheat, barley 

and maize. 
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Clarke et al. (1967, 1969) had recognised various phases in 

succession o-f myco-flora in stored seeds. In the -first phase, the 

predominant -fungi were Alternaria, Cladasparium 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 o-f the grain, 

the growth o-f the -fungi o-f the -first phase is promoted such as Absidia 

spp., /'1ucar spp •• Certain temperatures like 30°C - 35°C -favoured the 

growth o-f Aspergillus -Fumigatus and 40°C was -favourable -for Humicala 

lenuginosa (Mulinge and Chesters, 1970). 

Humidity and temperature o-f the storage practice also have great 

in-fluence on the invasion o-f -fungi on seeds (Lopez and Christensen, 

1967; Mehan and Chohan, 1974). 

Ecology o-f Seed myco-flora: 

The invasion o-f seeds by -fungi is mainly by spore producing 

structures like sclerotia, acervuli, pycnidia, perithecia and mycelia 

outside or inside the seed. The amount o-f inoculum needed to cause 

damage on the seed varies with the kind o-f crop and the pathogen 

involved (Suryanarayana, 1978). The association o-f -fungi with the 

seeds may be divided into 3 categories . . ( 1 ) In-fested 

pathogens are on the sur-face o-f the seeds; (2) In-fected 

when the 

when the 

pathogens lie within the seed tissues and (3) Concomitant 

contamination - when seed material is mixed with bits o-f in-fected crop 

tissues. There-fore, practical 1 y all parts o-f seeds are -found to 
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contain various types o-f microorganisms. Seeds which ever look 

healthy may contain ric:h -fungal -flora (Padmanabhan, 1949). 

The association o-f -fungi with various seeds has been reported by 

many workers -from all over the world (Christensen and Gordon, 1948; 

Christensen, 1951; Ibrahim and Farag, 1965; Fause and Christensen, 

1966; Flanigan, 1969, 1970; EL Sha-fie and Webster, 1981; Gill et al., 

1983; Ahmad et al., 1985; Mazen et al., 1990). 

Noble and Richardson (1968) have given a comprehensive list o-f 

-Fungi associated with di -f-ferent seeds. Much o-f the work o-f seed 

myco-flora has been made on the cereals and more than 150 -fungal 

species have been listed -from them (Christensen and Kau-fmann, 1969). 

Reports on seed myco-flora o-f various crops in India have also been 

made (Kadian and Suryanarayan, 1971; Khare et al., 1972; Singh and 

Chohan, 1973, 1974; Sarma et al., 1980; Joshi and Gupta, 1980; 

Srivastava and Gupta, 1981, 1987; Bhale and Khare, 1982; 

Kanapathipillai, 1982; Prasad et al., 1984, 1987; Singh and Singh, 

1985; Kunwar, 1989; Jayaweera et al., 1988; Singh, 1991). 

The occurrence o-f -fungi on seeds depends on survivorship o-f 

-fungal propagules under extreme dry conditions and on the carriers. 

Ecologically, two distinct groups o-f -fungi, i.e. hydrophillic and 

xerophyllic ones have been recognised. Neergaard (1975) has compiled 

a list o-f hosts and pathogens under International comparative Seed 

Health Testing Schemes and presented it in 14th International Workshop 

on Seed pathology. 



Seed mycoflora of maize 

Podhradszky (1950) reported heavy losses of maize seeds due to 

Fusarium moniliForme. Certain species of Penicillium have been found 

to be associated with both freshly harvested and stored corn kernels 

(Mislivec and Tuite, 1970). 

Di·f-ferent methods were used to study the mycoflora of maize 

grains during different storage practices (Cahagnier and Poison, 

1974). They found that none 

development of microorganisms. 

of the storage methods prevented the 

It all depends on the type of storage 

chosen that can determine the composition of mycoflora. Aulakh et al. 

(1976) reported that Aspergillus Flavus, A. niger, F. moniliForme and 

Penicillium spp. were responsible for causing seed-rot and seedling 

infections on maize. Certain species of Alternaria , Aspergi 1 lus, 

Drechlera, Fusarium, Nigrospora, Penicillium, 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 

Aspergi l lus and Penici 11 ium were the most dominant genera of seed 

fungi. 

Seed borne fungi have been classified by Pelhate (1981) as field 

fungi (Fusarium spp. and Epicoccum purpurescens), intermediate fungi 

(Cl adospor i um spp. f"/ucor spp. and Tri choderma spp.) and storage fungi 

(Penicillium spp.) which has been confirmed by various reports on seed 

mycoflora of maize from other parts of the world (!lag, 1973; Kanauja, 
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1974; Singh and Ji, 1980; Christensen 1980; Kim et al., 1984). 

A. Flavus group has commonly been isolated -from maize seeds (Zad 

and Ale-Agha, 1985). Bedi and Jhooty (1986) -found di-f-ferent degree 

o-f resistance by di-f-ferent cultivars o-f maize to A. Flavus grown in 

Punjab. Mclean and Ber jak ( 1987) indicated that the distinl!tion 

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 o-f 

-fungal species during storage o-f seed was dependent on the primary 

colonizing propagules at the time o-f harvesting. Inter and intra 

speci-fic interaction and competition, in addition to seed moisture 

content was a signi-ficant -factor in determining the progressive 

succession o-f myco-flora (Lillehoj and Zuber, 1988). 

Wicklow ( 1988) studied patterns o-F -Fungal association within 

maize kernels and isolated 11 -fungi -from sur-face-disin-fected maize 

grains. F. moniliForme was dominant -fungi -followed by A Flavus and 

A niger. Succession o-f micro-flora on maize grain has also been 

investigated by Banerjee et al. (1988). They -found that bacteria and 

yeast were dominant during the early stages o-f grain development while 

-filamentous -fungi such as Cladosparium spp., Aspergillus spp., F. 

moniliForme, Penicillium spp., and Trichothecium raseum dominated the 

matured grain. 

Fungal Biomass in Seed tissue: 

Chitin is a constituent o-F the cell walls o-F the -fungi and can 

be used as a measure o-f their growth. Measurement o-f chitin is an aid 



in plant tissue, where other techniques give poor in-formation on the 

growth o-f -fungi. Golubchuk et al. (1960) have correlated the chitin 

content in 5 varieties o-f wheat with varying degrees o-f -fungus 

invasion to the deterioration o-f wheat during storage conditions. 

However, they concluded that the analytical procedure needed 

improvement. Arima and Uozumi (1967) success-fully used chitin 

analysis as a measure o-f mycelial weight in koji using the method o-f 

Ride and Drysdale ( 1971, 1972). They have suggested that the alkaline 

method o-f hydrolysis was better than ac:id ones resulting in the 

-formation o-f chitosan. Donald and Mirocha ( 1977) have shown that 

chitin analysis was relatively a rapid method to measure -fungus 

invasion o-f seed. 

Carbal las and Acea ( 1988) have also con-elated the microbial 

population signi-ficantly with biomass as determined by -fumigation 

method. They attributed the metabolic activity o-f the biomass to 

quality and quantity o-f organic matter which, nevertheless, controlled 

microbial population size. However, studies on the measurement o-f 

-fungal biomass in seed tissue has not yet gained the momentum. 

There-fore, it is required to modi-fy the method available to measure 

the quantitative changes in -fungi, which could latter be related to 

their metabolic activity. 

Mycotoxins in seeds : 

Mycotoxins, the toxic metabolites o-f -fungal origin, have been in 

existence since the earliest of times. An outbreak o-f "Turkey X" 
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disease occurred in England in 1960, due to an a-flatoxin contaminated 

peanut meal used in the -feed. This resulted in the loss o+ millions 

o-f young turkey poults (Asplin and Carnaghan, 1961). 

Cereal qrains are the most important -feed and -food source that 

occasional 1 y are contaminated with mycotoxins (Hesseltine, 1974). 

They are produced on cereals both in the -field and in storage 

conditions. Mycotoxins include a-flatoxins B1, B2, G1 and 62 as well 

as a-flatoxins M1 and M2, ochratoxins A and B, pen ic i 11 ic acid, 

patulin, ergot, zearalenone, citrinin, T-2, tenuazonic acid, kojic 

acid and st er igmatocyst in. 0-f these mycotoxins, a-flatoxins, patul in, 

penicillic acid and sterigmatocystin are carcinogens. 

Some studies on the production o-f mycotoxins in grains in India 

have been carried out (Gangopadhyay and Chakroborti, 1981; Devi and 

Polasa, 1982; Bilgrami et al., 1981). Reddy (1983) reported that the 

occurrence o-f mycotoxin in maize was ( 63. 33%) -fol lowed by Sorghum 

(60.00'X.), broken rice (56.25/.), ragi (40.54/.) and parboiled rice 

(33.33%}. A-flatoxin B1 was reported -from all the commodities tested 

e>~cept the parboiled rice. T-2 toxin and ochrato>~in-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 

a-flatoxins, cyclopiazonic acid and sterigmatocystin and A. parasiticus 

only a+latoxins (Pandey et al., 1989). 
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Singh (1984) was o-f the opinion that dry -fruits and spices were 

good sources o-f mycotoxin development. A-flatoxins, ochratoxin, 

citrinin and zearalenone were elaborated on various dry -fruits. 

Zearalenone and a.-flatoxins have been detected in maize seeds 

damaged by Heliothis sp. of insects and later on infected by the fungi 

(Blaney et al"' 1986). In-fected ears of corn have been -found to 

contain mycotoxins which were identi-fied as zearalenone, 

deoxynivalenol (Vomitoxin) and 15-acetyldeoxynivalenol (Abbas et al., 

1988). 

Sargeant et al., (1961) -for the -first time reported aflatoxin 

production by A. -Flavus grown on sterile peanuts and in Czapek's 

solutions. Mycotoxins are chemically unrelated -fungal metabolites 

characterised by their ability to induce a variety o-f toxic responses 

in man and animals when -food or -feed containing them is consumed. 0-f 

these mycotoxins, only a-flatoxins have attracted great attention all 

over the world (Wogan, 1965). 

Hesseltine et al., (1966) have reported that the agricultural 

commodities; sorghum, peanuts, corn, wheat and rice not only supported 

growth o-f A. -Flavus strains, but also produced a-flatoxin. They 

discovered that a-flatoxin was produced in these commodities a-fter 

their long period o-f stor-age, under conditions conducive to mold 

growth. Very little o-f the toxin was isolated in soybeans because 

they are poor substrate, even though they support the growth of A. 

Fl avus. Later, Hesseltine (1967) discovered that the source o-f the 
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toxin in the peanut meal was the -fungus, .4. -Flavus Link ex Fries and 

he named this toxin as a-flatoxin. The toxin is now known to be 

composed o-f several closely related compounds. The genus Aspergillus 

is divided into a number o-f sections, composed o-f closely related 

species and .4spergillus -Flavus - oryzae section constitutes one o-f 

these. Its members are characterised by a greenish yellow spore color 

and -fail to produce ascospores. 

A-fter the coining o-f the term a-flatoxin, various workers have 

reported a-flato>dn production by various isolates o-f .4. -Flavus (Diener 

and Davis, 1969; Maggon et al., 1969; Detroy et al., 1971; Mehan and 

Chohan, 1973; Lillehoj et al., 1973; Shotwell, 1977). 

Ears o-f yellow and white dent corn inoculated with .4. -Flavus and 

.4. parasiticus were -found to contain a-flatoxin (Rambo et al., 1974). 

Product ion o-f a-flatoxin 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 o-f .4. 

-Flavus was closely paralleled with the a-flato>dn contents in the corn 

seeds. Presence o-f a-flatoxins was also con-firmed by the presence o-f 

tri-fluoroacetic acid (Stack and Pohland, 1975). 

Rambo et al. (1975) observed bright greenish yellow (BGYF) and 

blue white {BWF) -fluorescences in corn seeds in-fected with .4. -Flavus 

and .4. parasiticus. The incidence o-f these -fluorescences varied with 

each isolate in relation to storage conditions. It was noticed that 

the damage o-f corn ear caused by insects like corn borers, earworms 
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and mites, stimulated the growth o-f A. Flavus (Fennell et al., 1975; 

Lillehoj et al., 1976a , b). 

Prakash and Sit-adhana ( 1978) have reported the production o-f 

a-flatoxin B1 by A. Flavus on grains o-f Ganga - 5 maize hybrid. 

Bi lgrami et al., ( 1980) reported a-flatoxin product ion by -few 

isolates o-f A .. Flavus in standing maize crops. They grouped them into 

three categories, viz., high, moderate and low toxin producers. 

A survey car-r ied out in Tamil Nadu on the product ion o-f 

a-flatoxins in -feed has revealed that most of -foods and feeds harboured 

the mycotoxin producinq -fungi (Neelakantan et al., 1981) .. 

Screening o-f di-fferent varieties of maize -for the production of 

a-flato>dns by A. parasiticus has been done (Bilgrami et al., 1982; 

Misra and Sinha, 1982). Aflatoxins B1 was detected in -four varieties 

o-f sorghum during the khari-f season (Bhadraiah and Ramarao, 1984). 

The to>dn has also been repor-ted in coconut products -from Andhra 

Pradesh (Kumari et al., 1984). Mall and Chauhan (1984); Mehan and 

McDonald (1984) have also analysed a-flatoxins -from the kernels of 

groundnut infected by A. flavus. 

Singh and Bedi (1985) studied the toxin producing potential o-f 

the most commonly qrown varieties o-f bread wheat and duram wheat. 

They concluded that none o-f these varieties were immune to a-flatoxin 

production. Similar reports on the elaboration of a-flatoxin in a wide 

range of -food commodities are available (Shotwell and Hesseltine, 

1983; Lillehoj et al., 1983; Jeswal, 1986; Wallin, 1986). 



Castor et al., (1987) -found that harvest of= maize in January 

appeared to yield more arlatoxin--free qrains than those harvested in 

July or October. Production o-f a-flatoxin was also reported rrom the 

cotton seeds in Arizona (Lee et al., 1987). They observed that carpel 

walls of= qreen balls a-fter -flowerinq were punctured to stimulate 

damage or suck inq insects and A. Fl avus was dusted on wound sites 

durinq insect in-festation process. They suggested that control or 

insects can lower the arlatoxin potential. Reduction or arlatoxin 

contamination in some crops has been observed in the plants resistant 

to the insect reeding (McMillian et al., 1987). 

Arlatoxin B1 was detected in 7 out or 17 isolates qrowing on 

stored paddy seeds in three di-f-ferent storehouses in Tami 1 Nadu 

(Sundaram et al., 1988). A-flato>dn contamination would be limited by 

harvestinq maize as early as possible and any comparison o-f lines ror 

resistance of= arlatoxin accumulation should be done during the linear 

phase of= accumulation (Payne et al ., 1988). 

Production of= a-flato>dns on maize in Brazi 1 has also been 

reported (Sabino et al., 1989). Arlato:idn B1 was detected -from 10-900 

ug/kq. Presence of= mycotoxins in selected staple -foods and -feeds in 

India has been studied (Ramakrishna et al •• 1990). Arlatoxins were 

observed in 45 samples o-f corn, 4 samples of= sorqhum and 12 samples 

or mixed animal reeds with their varying concentrations. 

Dwivedi et al., (1990) have also obser-ved the elaboration or 

a-flatoxin in millets by di-f-ferent -fungi during storage o-f the seeds. 
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Mycotoxin production on di-F-Ferent cultivars and lines o-f broad bean 

(Vicia Faba L.} seeds has been studied (El-Kady et al. 1991). 

A-flatoxin contamination in oil cakes has been reported (Kolhe et al., 

1993). 

Cole et al. ( 1973). isolated a toxin, monili-formin -from F. 

moni 1 iForme -ft-om southern lea.f blight-damaged corn seed. F. 

moniliForme var. subglutinans and F. graminearum are also known to 

produce monili-formin (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. equiseti (F. 

roseum 'qibbosum') produced zear-alenol in a diaster-eomer-ic mixtur-e o-f 

alpha and beta isomers (Bottalico et al., 1984). Vinas et al. (1985) 

-found that pr-eduction o-F zearalenone was rare in nature. Production 

o-f zearalenone and trichothecene by some Fusarium species associated 

with Canadian grains has been reported (Neish et al., 1982). Other 

mycotoxins like deoxynivalenol and 15-acetyldeoxynivalenol produced 

by this -funqus have also been reported (Miller et al., 1983; Neish et 

al., 1983). 

Drysidale (1984) isolated lycomarasmin, -Fusaric acid, :zeara-

lenone, enniatins and naphthazarins -From the cultures o-f di-F-Ferent 

species o-F Fusarium. The -fusarial toxins were -found associated with 

maize stalk r-ot (Logrieco and Bottalico, 1986) which were translocated 

-from stalks to cobs, but not to kernels o~ unin~ected ears. 



Deoxynivalenol, diacetoxyscirpenol, HT-2 and T-2 toxin have been 

reported -from wheat in-fected with Fusarium species (Abramson et al., 

1987). A number o-f mycotoxins produced by Fusarium species have been 

reported (Blaney and Dedman, 1988; Mirocha et al., 1989; Hussein et 

al., 1989). 

Chemotaxonomic -features have been used to identi-fy di-f-ferent 

species of- the genus Ft.1sariwn. Isolates o-f Liseola section produced 

moni 1 i-formin while Discolor section produced zearalenones ( Zearalenone 

and Zearalenols) and trichothecenes type A. The chemotaxonomy was 

al so use-ful -for morphotaxonomic interpretation (Altomare et al., 

1989). 

Baath et al., (1990) studied the Fusarium in-festation o-f silage 

maize plants. The growth o-f -fusar ial mycel i um was better between 

pericarp and aleurone layers and on the scutellum. It also colonized 

plumule and radicle o-f endosperm and embryo (Chelkowski et al., 1990). 

Perkowski et al., (1990) reported deoxynivalenol and 3-

acetyldeoxynivalenol mycotoxins in cereal grains. 

Yellowish colored rice imported by Japan -from Thailand in 1951 

was contaminated with Penicillium citrinum. Subsequent studies 

revealed that this -funqus was widely occurrinq in paddy producing 

areas o-f Burma, Italy, Egypt, the United States, and in Red China 

(Tsunoda, 1953a, b~ Hirayama, 1954). The -fungus usual 1 y grew in 

stored rice, especially in polished ones and caused a yellowish color 

on its sur~ace. The colored portions produced ~luorescence under UV 



radiation (Tsunoda, 1954). 

Clinical tests show that citrinin increases urinary output when 

given orally to rats. Inulin and p-aminohippuric 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, 1952). Forgacs et al., 

( 1954) demonstrated that A. c 1 a vat us and A. chevalier i were 

responsible for an outbreak oF chronic toxicity in calves in USA who 

consumed the contaminated feed. Moreau and Moreau ( 1960a, b) reported 

another outbreak in dairy cattle when farmers in France fed their cows 

with A. clavatus contaminated forage seedlings. 

The phytoto>~ici tv of patul in has been demonstrated by Norstadt 

and McCal la ( 1969). It was shown that stubble mulching of fields 

supported extensive qrowth 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 McCalla, 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. 
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Penicillic acid was -first reported -from cultures o-f P. puberulum 

(Alsberq and Black, 1913). It has since been -found to be a metabolite 

o-f a variety o-f Penicillium and Aspergillus species. Penicillic acid 

is 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 itt. large 

quantities by certain species o-f Penicillium, viz., P. puberulum, P. 

martensii and P. cyclopium. Corn blight or blue eye disease o-f corn 

caused by these species is quite common when corn seeds are stored at 

low temperature (Ciegler and Kurtzman, 1970a). The rate o-f production 

o-f penicillic acid depended upon the strain, substrate and incubation 

temperature (Ciegler and Kurtzman. 1970b). 

Thorpe and Johnson (1974) screened the maize samples in USA and 

observed that penicillic acid was pt-oduced by 7 samples out o-f 20 

ranginq -from 5 to 231 mg/kg. They also reported that the range o-f 

penicillic acid in dried bean samples varied -from 11 to 179 mg/kg. 

Sterigmatacystin has been characterised as a metabolite o-f A. 

versicolor. This toxin has structural similarities with a-flatoxins 

(Bullock et al., 1962). It was also extracted -from the strains o-f A. 

nidulans growing on peanut and -fodder plants. Because o-f the 

widespread occurrence o-f these moulds and the large amount o-f the 

compounds elaborated, sterigmatocystin might be as disconcerting as 

a-flatoxins in -food, despite its lower toxicity and carcinogenicity 

(Holzap-fel et al., 1966). 



Van der Watt and Purchase (1970) have included sterigmatocystin 

as a carcinogen in the list o-f mycotoxins causing a high incidence or 

hepatomas in the Bantus or South A-frica. Engelbrecht ( 1971) has 

studied the toxic e·Ffects o-f sterigmatocystin on a primary cell 

culture. These include proqressive cell degeneration, inhibition o-f 

mitosis and micellar -fraqmentation. 

Rabie et al. (1976) have reported production o-f sterigmatocystin 

by A. versicolor and Bipolaris sarokiniana in semi-synthetic liquid 

and solid media. Also other new species o-f Aspergillus were -found to 

produce sterigmatocystin (Rabie et al., 1977}. 

The amount o-f sterigmatocystin in the milled rice or rice bran 

varies -from 3.8 to 4.3 ppm. A. versicolor usually occurred around 

qerm 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 o-f bloody diarrhoea and death in dairy 

cattle in the United States (Vesonder and Horn, 1985). 

Ochratoxins have been isolated -from A. ochraceous which has been 

-found to invade and multiply in stored wheat (Christensen, 1962). The 

toxigenic -funqi have also been isolated -from other cereals and legume 

products (Scott, 1965), red and black pepper (Christensen et al., 

1967). 

Purchase et al. (1967) have apprehended that the high incidence 

o-f hepatic: cancer among the Bantus o-f South Africa may be the result 
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o-f the toxic metabolites o-f these moulds. Van Walbeek et al., (1969) 

have shown that ochratoxins can also be produced by P. viridicatum. 

They occur in a variety o-f agricultural commodities and have been 

demonstrated to be toxigenic to ducklings and rats (Patterson and 

Allcro-ft, 1970). 

Choudry et al. (1971) have studied ochratoxin's to>dcity in hens. 

They -found that the presence o-f ochratoxin at 1 ppm in the diet o-f 

white leghorn pullets resulted in delayed sexual maturity and lowered 

rate o-f egg production. Damage o-f liver and kidney due to this toxin 

was similar to the a-flatoxin injury. Hesseltine et al. (1972) have 

reported the Aspergi 11 i as ochratoxin producers. The ochratoxin 

content in sclerotia collected -from qrains in-fected with A. ochraceous 

was signi-ficantly hiqher 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). 

E-f-fect o-f physical -factors on seed -fungi and mycotoxin production: 

Fungi are major cause o-f deterioration o-f corn seeds in 

commercial storage conditions. Warm and humid weather -favours the 

growth o-f moulds and mycoto>dn product ion (Koehler, 1938; Semenuik and 

G i 1 man, 1944) • 

Milner and Geddes (1946) studied the relation between moisture 

contents, mould growth and respiration o-f grain during storage 

conditions. Chemical deterioration o-f seeds at di-f-ferent temperatures 

has also been investigated (Milner et al., 1947). 



The influence or temperature, humidity and oxygen concentration 

on mould qrowth and biochemical changes in stored yellow corn have 

been reported (Bottomley et al., 1950). They (1952) further studied 

that rat acidity, non-reducing sugars and mould flora or stored yellow 

corn were greatly influenced by aeration, time and seed moisture 

content. IHternaria, Helminthosporium and Fusarium invaded the 

kernels before harvest and required a relatively high moisture content 

for their Qrowth 

Christensen, 1955). 

(Delprado and Christensen, 1952; Tuite and 

The invasion or seed during storage by the fungi caused high 

r'eduction in wheat seed germination (Papvizas and Christensen, 1957). 

Qasem and Christensen (1958) observed moderate to heavy infection by 

storaqe fungi in 159 samples or corn stored for 6-9 months in 

commercial bins. Degree of invasion by fungi was proportional to the 

decrease in percentage seed germination and increase in percentage or 

discolored or damaged germ tubes or germs. Low temperature during 

seed storage condition was an effective preventing measure to the 

fungi tested. 

Storage or seeds at low moisture content (144) and low 

temperature (20°C) for 24 weeks resulted in the death of field fungi 

Ii ke Helminthospor ium, Fusar iLtm and Al ternaria (Lutey and Christensen, 

1963). Christensen (1964) 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 o-f 

13.4-13.8% 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 o-f 35 .. C, besides A. ochraceous 

and A. candidus. 

Temperature played an important role on the production o-f 

a-Fla.toxin by A. -Flavus (Schindler et al., 1967; Sorenson et al., 

1967). The optimum temperature range -for both a-flatoxin B1 and 61 

was 25-30°C, althouqh A. Flavus was capable o-f growing over a wide 

range o-f 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 o-f storage 

(Christensen, 1970). 

Boller and Schroeder (1974) studied the in-fluence or relative 

humidity on production o-f a-flatoxin in rice by A. parasiticus. They 

observed that invasion and colonisation or rice by A.parasiticus 

increased with increase in humidity at 30°C. 

Freshly harvested high moist corn was -found to have bright 

qreenish-yellow -fluorescence o-f a-flatoxins in insect damaged parts 

(Lillehoj et al.. 1975) .Hesseltine (1976) was o-f the opinion that 

physical -factors were major source o-f the mycotoxin production in 

-foods and -feeds. Invasion o-f toxigenic moulds was a-f-fected by the 

amount o-f spore inoculum in the -field, stresses on the plant. 
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invertebrate in-fections, damage by other -fungi, plant resistance, 

mechanical damage, mineral nutrition o-f plant and temperature. During 

harvest o-f the crop, the grains were exposed to mechanical damage and 

mould inoculum. A-fter harvest, growth o-f moulds depends on moisture 

level o-f the grain, temperature and humidity, rapidity o-f drying, 

aeration, microbial inoculum, insects, mixing o-f grains, cha-f-f and 

dirt, chemical treatment, internal in-fection and accidental rewetting 

o-f the grain. 

Factors like incubation period, temperature, humidity and light 

a-f-fected the -formation o-f a-flatoxin B1 by A. Flavus on maize hybrid 

(Prakash and Siradhana, 1978). 

In-fection and production, o-f a-flatoxin B1 by A. Flavus were 

measured in a short season, mid season and -full season cultivars at 

three qeoqraphically diverse locations in North Carolina (Jones et 

al., 1981}. They observed signi-ficant reduction in a-flatoxin with 

early planting and harvestinq o-f the crop. 

Nandi et al. (1982) studied deterioration o-f some oil seeds at 

di-f-ferent temperatures and relative humidities in storage conditions. 

A. glaucus, A. candidus, Penicillium sp. and A. Flavus were dominant 

at 15.5, 16.5, 18.5 and 19X seed moisture o-f paddy during storage 

condition respectively (Jayaraman and Kalyanasundaram, 1989; Mian and 

Fakir, 1989). 



Biochemical chanQes in seed a-fter -fungal in-fection : 

The association o-f -fungi with seed under poor storage conditions 

results in the deterioration o-f the seed. They bring about certain 

changes leading to the reduction on their Quality and quantity. The 

role o-f -fungi in seed deterioration has been studied by a number o-f 

workers (Christensen. 1957; Qasem and Christensen, 1960; Fields and 

King, 1962; Gilmann, 1969; Lalithakumari et al., 1971; Bilgrami et 

al •• 1976; Pathak. 1985; Sinha, 1985; Betts et al •• 1988). 

A-flatoxin producinq strain o-f 14. para5iticus was reported to 

cause loss in caloric value o-f maize seeds (Bilgrami et al., 1979). 

Biochemical chanqes have also been observed in -fruits inoculated or 

contaminated with species o-f a-flatoxin producinq asperqilli (Singh and 

Sinha,1982, 1983; Sinha and Sinqh, 1984, 1987). Similar observations 

have also been reported in dry -fruits like coconut, almond, cashewnut, 

walnut and makhana (Bilqrami et al., 1983). 

Physioloqical and biochemical changes in mould in-fected maize 

seeds and.seedlings have been observed (Arinze and Sokirko, 1986). 

(I) Chanqes in protein : 

Protein constitute a complex nitrogen source -for -fungal 

nutrition. The ability to utilize the organic source o-f nitrogen 

depends upon the -funqus to convert proteins into simpler amino acids. 

Chanqes in protein contents due to -funqal in-fection have been studied 

durinq pathoqenesis (Kitani et al., 1970; Vidhyasekaran and Durairaj, 

1971; Vidhyasekaran et al., 1973; Cherry et al., 1972, 1974, 1975; 



Sharma and Wahab, 1975; Prasad et al •• 1976; Jamaluddin et al., 1977). 

Decline in the total nitroqen has been observed (Bilgrami et al., 

1980). 

Bilgrami et al. (1981) have reported signi-ficant changes in the 

quantity and quality o-f amino acids in maize seeds due to mould 

in-festation. 

Reports have demonstrated that the continuous dee 1 ine in protein 

and soluble nitrogen occurs durinq pathogenesis (Roy and Choubey, 

1984; Maheshwari and Mathur, 1985; Maheshwari et al., 1985; Sinha, 

1985; Pathak, 1985). 

Increase in the production o-f toxins by the species o-f 

Asperqillus and Penicillium was correlated to the level o-f protein in 

barley (Haggblom and Ghosh, 1985). 

Lalrawna (1987) revealed a continuous -fall in the protein 

contents o-f the paddy seeds due to -funqal infestations. The rate o-f 

protein disappearance depended upon the species o-f -fungi and the 

variety o-f paddy. 

(I I') Chanqes in Suqars: 

An increase in suqar contents due to -Fungal invasion in seeds has 

been reported (Grewitz and Durbin, 1960; Swamy, 1964). However. 

Strech and Capellini (1965) and Dayal and Joshi (1968) noticed a 

decline in reducinq and non-reducinq sugars in in-fested plant tissues. 

Vidhyasekaran (1968) reported an increase in reducing sugar contents 

o-f paddy seeds in-fected with various -fungi. 



Quantitative chanqes in suqars have been observed in orange 

-fruits (Sincih and Tandon, 1970), mosambi -fruits (Srivastava and 

Tandon, 197C>),groundnut -foliage (Narain & Addy, 1970), groundnut seeds 

(Sinqh et al., 1974), mung seeds (Prasad et al., 1976; Bilgrami et 

al., 1978), arhar seeds (Sinha and Prasad, 1977), apple -fruits (Thind 

et al., 1977) and Khesari seeds (Sinha and Prasad, 1978) a-fter -fungal 

in-fection. 

Prasad ( 1983) reported that root, stem and lea-f o-f diseased plant 

contain less amount o-f 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 

reducinci suqars and a decrease in non-reducinq sugars (Maheshwari and 

Mathur, 1985; Maheshwari et al., 1985). 

Lalrawna (1987) showed that -fungal infestation resulted in the 

-fall o-f total sugar contents while slight increase in the reducing 

sugars and a simultaneous -fall in the non-reducinq sugars was noted 

in all the paddy varieties. There was no consistency with regard to 

the extent o-f reduction and period o-f maximum activity during storaqe 

period o-f the cirains. 

A-flatoxins and seed germination 

Seed borne -fungi produce metabolites which may be hazardous -for 

the health o-f seed as well as -for consumers. Metabolites o-f -fungal 

origin reduce seed germination and sprouting (Papavizas and 



Christensen, 1960; Fields and l<ing, 1962; Humphrey-Jones and Waid, 

1963; Christensen and Kau-fmann, 1965; Lalithakumari et al., 1972; 

Dwivedi and Singh 1973; Dublish and Pande, 1976; Rai and Singh, 1977; 

Pandey et al., 1982). 

Crisan (1973) reported the er-feet o-f a-flatoxin on germination and 

growth o-f lettuce. Rati and Ramalinqam (1974) recorded -four types o-f 

in-feet ion on seeds, i.e., seed rot, non-emergence o-f cotyledons, 

cotyledonary in-fection and plumule in-fection. 

Brodnik ( 1975) reported that the toxic products o-f F. graminearum 

and F. moniliForme have in-fluence 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 (1971) reported the er-feet o-f exudates o-f 

A. niger, A. Flavus, P. humicola and F. oxysporum on the radicle 

q rowth o-f wheat and bar 1 ey. They noticed that radicle growth was 

retarded by varying concentrations o-f all -fungal exudates. Er-feet of 

a-flatoxin on the delay o-f seed germination and seedling emergence in 

various crops has been reported (Bhale et al., 1982). 

Llewellyn et al. (1984) observed the adverse in-fluence o-f 

a-flatoxins on germination, root elongation and uptake o-f zinc by 

Glycine max. Jeswal (1987) reported that a-flatoxin B1 was inhibitory 

to maize seed germination, however, its low concentration enhanced the 
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shoot lenqth. Similar effects of aflatoxin B1 on amylase of maize 

seed have also been reported (Chatterjee, 1988). 

A number of seed borne fungi have toxic effects on seed 

qermination and seedlinq qrowth (Prasad and Hiremath, 1983; Singh and 

Gupta, 1984; Ghewande et al., 1984; Singh et al., 1985). 

Penicillic acid produced by P. cyclopium and P. canescens showed 

phytotoxicity durinq corn seed germination (Keromnes and Thouvenot, 

1985). Bedi and Chohan ( 1986) screened weed seeds for aflato>dns and 

their role in the seed qermination of different crop plants. They 

observed the chlorosis and albinism of the primary leaves in aflatoxin 

B1 treated seeds. 

Mycotoxins produced by Fusarium sporotrichiel la ( Zearalenone) and 

Dendrodochium toxicum (rorridine A and verrucarine A) e:i<erted toxic 

effect on wheat and maize root eel ls. To:idn concentration of 10 JJg/ml 

caused depolarization of maize root hair membranes (Pavlovkin et al., 

1986). 

Seed qermination of Viqna munqo L., Lens culnaris, Corehorus 

capsularis L. and Brassica rapa responded differently to the culture 

filtrates of A. niger, A. t=lavus, F. semitectum, F. monilit=orme and 

Curvularia lunata (Anwar and Mridha, 1987). 

Kunwar and Mehrotra (1988) also observed the inhibitory effects 

of culture filtrates of seed storage fungi on the germination and 

sproutinq of wheat qrains. 



E-f-fect o-f a-flatoxins on the animals : 

Growth o-f moulds on cereals and -foodstu-f-fs o-ften appears quite 

harmless but they may sometimes be pathogenic or to>~igenic. In 1961, 

Qroundnut meal contaminated with a-flatoxin was responsible -for the 

large scale death o-f turkey poults and ducklings (Allcro-ft et al., 

1961). The incidence highlighted the implications o-f mycotoxins 

contaminated -food in -foodstu-f-fs, particularly o-f a-flatoxin which was 

also -found to a-f-fect other species (Allcro-ft et al., 1962). 

A-flatoxins mainly a-f-fect the -functioninq and physioloqy or liver, 

kidney, spleen, colon, lunq and skin o-f various animals and human 

beings (Newberne et al., 1964; Butler, 1974; Wogan, 1974; 

Krishnamachary et al., 1975, b, c; Singh and Chauhan, 1983; Ranjan, 

1985~ Bilqrami et al •• 1986). 

Linder-felser et al •• (1976) observed that male and -female mice 

-fed with a-flatoxin contaminated corn accumulated high level o-f lipid 

in the liver. 

In case o-f poultry. serious pathological changes were noted in 

the kidney. heart and liver when ct-ude toxin preparations -from ~. 

Flavus mixed with -foodstu-f-f was given (Baruah et al., 1980). The 

liver showed necrosis and pittinqs. Histological study o-f liver 

showed haemorrhaqe, in-filtration o-f lymphocytes, pyknosis and 

degeneration o-f hepatocytes. Kidney sections revealed swelling o-f 

tubules, haemorrhaqe, degeneration o-f basement membrane and alomeruli 

and in-filtration o-f lymphocytes (Singh, 1984). 



Control of mycotoxins: 

Prevent ion o-f mycotoxins -fr· om qett ing into -food and feeds 

involves several distinct lines o-f de-feet: (i) prevention o-f mould 

arowth, (ii) detection methods, (iii) removal of the toxin i-f present 

and (iv) identification of new possible mycotoxin threats (Hesseltine, 

1973). Accordinq to him, the -first study involved the effects o-f 

insecticide treatment of sterile and unsterile wheat on the formation 

of aflato>dn and ochratoxin. The second study was surveyed on 

incidence of ochratoxin, a-flatoxin and zearalenone in white and yellow 

corn. The third one was on the numbet· o-f species o-f Aspergillus and 

Penicillium that produced ochratoxin and penicillic acid respectively. 

The -fourth one dea 1 t with the e-f-fec:t of ammonia treatment on the 

internal mould flora of corn. 

The extracts o-f Al 1 ium sativum inhibited the growth o-f -fungi 

(Tansey and Appleton; 1975). The root, bulb and leaf of A. cepa and 

A. sativum were all inhibitory to fungal qrowth (Agrawal, 1978; Singh 

et al., 1979). The qrowth of aflato>~in producing fungi like A. t=lavus 

and A. parasiticus was inhibited by e>~tract o-f A. cepa (Sharma et al., 

1979). 

Inhibition of aflatoxin production has also been reported by some 

other plant extracts (Bilqrami et al.~ 1979). They observed that the 

aqueous extracts of Arnebia nobal is, Nicotiana plumbaginit=ol ia, 

Ricinus communis and Cocculus hirsutus inhibited the aflatoxin 

production to varyinq deqrees. Root and stem extracts of N. 



plumbaginiFolia and T. communis inhibited the a-flato>dn production 

by 34.62 and 45.46% in maize and rice respectively. 

Misra et al. (1980) had screened 14 homeopathic drugs inhibitory 

to a-Flatoxin product ion and qrowth o-f A. parasi ti cus. Some wild 

medicinal plant extracts were also -found to inhibit the a-flatoxin 

production and growth o-f A. Flavus in vitro condition (Bilgrami et 

a 1 • , 1 980 ) • Toxin production was prevented by 0-Vanillin in some 

cereals and oil seeds (Bilgrami et al., 1982). 

Daniels ( 1983) reported that Fusarium moni 1 iForme can be 

eliminated -from corn, i-f they were pretreated in distilled water -For 

4 h at 18-22°C and subsequently incubated at 60°c -For 5 minutes. 

Liqht and heat -Factors were also observed to inhibit the 

production o-F a-flatoxins in dry -Fruits and spices (Bilgrami et al., 

1984). The extracts o-f certain tree barks (Sinha and Singh, 1984) 

and some chlorophyllous plants were also -found to check the qrowth o-f 

seed -Funqi and mycotmdn pt-eduction (Sinha, 1985). Product ion o-f 

a-flatoxin on wheat Qrains and groundnut seeds was inhibited by the 

extracts o-f t-hizome o-f Adiantum and lea-f o-f Thu_ia oriental is (Sinqh 

and Sinha, 1985). 

Some pesticides have been reported to control the growth o-f 

Fusarium spp. and production o-f zearalenone (Draughon and Churchville, 

1985). 

The control o-F a-Flatoxin by chemicals other than pesticides has 

also been reported (Buchanan et al., 1986). Thioglycerol inhibited the 



qrowth o-f A.parasiticus and a-flatoxin production while thioral 

stimulated A.Flavus (Umechuruba, 1986). 

Reduction in qrowth o-f A.Flavus by solar heating during sun 

drying (Hussein et al., 1986) and production o-f a-flato>dn in corn by 

irrigation and tillage (Payne et al., 1986} has been observed. 

Girisham and Reddy ( 1987) observed toxic e-f-fect o-f di-f-ferent 

volatile substances on the seed myco-flora o-f pearl millet (Pennisetum 

typhaides). Chemicals like dimedone and potassium metabisul-fite 

suppressed the a-flatoxin biogenesis (Sharma et al., 1988). 

Sudheer et al. (1989) observed signi-ficant inhibitory e-f-fect on 

Trichocaniella padwickii in paddy by certain plant extracts. 



Materials 
and 

Methods 



MATERIALS AND METHODS 

Selection o-f sites : 

Selection o-f study sites was done a-fter collecting the 

in-Formation on areas undet- intensive maize (Zea mays L.) cultivation 

(Government o-F Meghalaya). Fout- sites selected -for the present study 

were situated in Nongkrem, Upper Shillong, Mylliem and Laitjem, Khasi 

Hills, Meghalaya. They were situated at an altitude o~ a range o-F 50 

- 1950 m, longitude 89°45' and 92G45' E and latitude 25° and 26°10'N 

(Fig. 1.A) respectively. Two local varieties o-F maize (Zea mays L.) 

viz. Local white and Local yellow were mainly grown in all the study 

sites during summer/rainy season, while the seeds were stored in the 

wintet- season. 

Climate o-F the study sites: 

Based on the meteorological conditions o-f the region, the year 

may be broadly classified in summer/rainy (wet summer), autumn and 

winter-- seasons(~~~. l. t9· 
(1) Summer/Rainy (wet summer) season - It starts -From June and 

ends in September. The average rain-Fall, maximum and minimum 

temperature o-F the season was recorded as 493.25 mm, 21.35°C and 15.8~ 

C t-espect i ve 1 y. 

(2) Autumn season - It starts -From September and lasts upto 

November. 

r-ain-Fal 1. 

This period is characterised by low temperature and less 

The average rain-Fall and maximum and minimum temperature 

was recorded as 230.3mm, 20.13~c and 9.67°C respectively. 
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Figure 1.A. Mao showinq the study sites (1-Nongkrem; 2-Uoper 
Shillong; 3-Mylliem= 4-Laitjem) in the East Khasi 
Hills of Meqhalaya (India). 
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Figure l.B. Meteorological data of study sites for maximum (-o-) 
and minimLtm (-o-) temperatur-es ~c) and rainf<all (m.m) 
for the period of investigation (January 1988 to 
December 1989) . 
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( 3) Winter season - It extends from November to February. It 

is characterised with low temperature and less rain~all. The average 

rainfall, maximum and minimum temperature was recorded as 18.15 mm, 

l6.02~c and 2.07°C respectively. 

Brie~ background o~ maize cultivation in the State: 

The maize is grown on the slope of hills of Meghalaya during wet 

summer season when tempet-at:1re and humidity are high. The sowing 

period varies ~rom March to May and the cobs are harvested ~rom the 

month of July to September. Unlike other places of India, tribal 

inhabitants of this area consume only raw, roasted and boiled seeds. 

The cobs are stored either~shaded place or in interior warm places 

i.e. above chimney place (Plates .(.A&~.~ The inhabitants in inter-ior 

locality never use any specific stot-age 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 stor-e them -For germination or -For consumption. There-Fore, 

the climatic condition and storage practices of maize in the state 

makes interesting to investigate ~ungal infection and mycotoxin 

production. 

Study materials 

Two vat-ieties o-F locc:i.lly cultivated maize seeds, viz.~ local 

white and local yellow~ hereupon designated as LW and LY respectively 

were collected ~ram di-F-Ferent 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, there-fore, they were selected -for the 

present study. They vary in their nutritive constituents, taste, size 

and colour o-f seeds. 

Sampling o-f materials 

Maize cobs wer-e 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 

t-espect i vel y. A composite sampling o-f each single variety was 

procured -from same locality and the same -farmers and -fields throughout 

the study period. 

Collect ion o-f corn seeds was done -from the bulk storage -fol lowing 

the procedures o-f International Rules -for Seed Testing (!STA, 1966, 

1976). Several individual samples were randomly collected -from 

di-f-ferent parts o-f the bulk (top, middle, bottom and sides). The 

primary samples drawn ~rom di-f+erent parts o+ the bulk were therr mixed 

to make a composite sample which was reduced to the desired quantity. 

The -final sample, technically called the sub-sample was 

transferred into a sterilized polythene bag and sealed. 

Similar procedure was followed to collect the samples of corn 

seeds from the fields as was done in case o-f the storage conditions. 

Care was taken to avoid external contamination by cleaning the hands 

and other instruments with 90% ethyl alcohol. 

4
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Samples o+ di-F-Ferent maize varieties were brought to the 

labot·atm·y. Selection o-F seeds -fm· piating purpose and determination 

o+ their moisture contents was done. The seed lots were kept in oven 

at 60"C -For 48 h. Subsequently, the samples were stored at room 

temperature till the extraction o-F mycotoxin was completed. The time 

lapse between sample collection and toxin extr-action was kept as 

minimum as possible. Care was taken to avoid -Fungal contamination, 

invasion my mites and rats be-Fore extraction. 

Survey o-F mycotoxin producing seed borne -Fungi was done -For two 

years -From storage and -Field conditions. For each year sampling was 

done in three seasons, i.e. winter, wet summer and autumn when the 

crop was in storage, -Field and harvest conditions respectively. 

Determination a+ moisture content o+ the grains : 

Moisture contents o-F maize grains was determined by "Oven dried 

method" (Agrawal, 1986). 

5 g o+ the seed sample was dried in an oven at 80°C -For 24 h and 

reweighed. The process i,.1as t·epeated ti 11 a constant weight was 

obtained. Three replicates were maintained for each sample. The loss 

in weight was calculated. The percentage moisture content of the seed 

was calculated by using the -Following -Formula: 

W1-i.>J2 
Moisture content (%) = ------- x 100 

t.ih 
Where W1 = Initial weight of fresh seeds 

W2 = Weight o+ oven dried seeds. 
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1. Isolation o-f seed borne Fungi 

Isolation o-f seed borne -fungi -from both varieties o-f maize was 

carTied 0L1t -for two years (1988 and 1989) in three seasons (wet 

summer, winter, and autumn) each year. The data o-f each season was 

expressed as an average value o-f tht-ee months. Working samples -fot­

periodical screening were drawn aseptically -from the stock samples in 

the laboratory. 

The -following methods were -followed -for the isolation o-f -fungi 

-from maize seeds throughout the period o-f investigation. 

( i ) Standard blotter method Standat-d blottet- method o-f 

International Seed Testing Association (ISTA, 1966) as modi-fied by 

Limonat-d ( 1966) was -fol lowed to isolate the seed -Fungi. Three 

sterilized Petri dish (9.5 cm diameter} layered wLth.. sterilized 

cotton and -filter paper were moistened with sterile distilled water, 

so that 1 i tt le surplus o-f watet- was le-ft on the sur-face o-f the paper. 

One hundred seeds were randomly selected -from each o+ the variety and 

10 o-f them were plated equidistantly in each Petri dish. Plating o~ 

seeds was done in a Laminar Flow Chamber. Petri dishes were incubated 

at 20±1°C -for three days. Therea-fter, they were trans-ferred -for 12h 

to another incubator at 10°C and subsequently incubated at 25±1°C -for 

another 7 days with 12 h photoperiod. The plates were observed under 

stereobinocular microscope. 

In-fected seeds were counted and the per-centage -frequency o-f 

occurrence of di-f-ferent -fungi was calculated using the -formula : 
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Frequency of fungal 
species(%) 

Total no. of colonies of individual species 
= --------------------------------------------- x 100 

Total no. of colonies of all species 

(ii) Agar plate method - The International Rule -for Seed Testing 

(!STA, 1966} was -followed to isolate the seed on nutrient agar medium. 

Potato dextrose agar medium was sterilized, poured aseptically into 

plates and allowed to cool. One hundred seeds or maize were randomly 

selected -from each vat-iety and 10 or them wet-e spaced out in a petri 

dish containing PDA medium, using a sterilized ~creep. Pouring and 

plating o-f medium were carried out in Laminar Flow Chamber. 

Therea~ter, plates were incubated at 25±1°C with 12 h photoperiod -for 

7 days in a incubator. Fungal colonies on in-fected seeds were counted 

and the percentage relative abundance o~ each -fungus was determined. 

(iii) Dilution plate method - One g o-f seed sample was added to 

99 ml o-f sterile distilled water and shaken -for 30 minutes on an 

electrical shaker. Ten mililitre solution -from this dilution was 

aseptically trans~erred to 90 ml o~ sterile distilled water to get a 

dilution o~ 1 : 1000. One mililitre suspension ~rom the ~inal dilution 

(1:1000) was inoculated on Potato Dextrose Agar (PDA) and Nutrient 

Agar medium in Petri plate. Petri dishes were rotated gently in a 

swirling motion to dispense the inoculum uni~ormly over the sur~ace 

o~ the medium. Five replicates were maintained ~or each sample. The 

whole process o~ inoculation was carried out in Laminar Flow Chamber. 

The plates were incubated at 25±1~c ~or 5 d in an incubator. 
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1.2 Identification and pure culture of fungal isolates: 

Fungi isolated from the seeds were identified following the keys 

of Gilman (1956), Subramanian (1971), Barnett and Hunter (1972). 

Pure cultures of fungi isolated -from maize seeds by different 

techniques were done by single spore technique. The cultures were 

maintained on Czapek's Dox Agar and Potato Dextrose Agar CPDA) media 

at 4 .. C. 

1.3 Interpretation of results : 

The percentage frequency of occurrence of individual fungi was 

calculated using the formula -

Total no. of individual species of fungus 
= ----------------------------------------- x 100 

Total no. of all the species of fungi 

1.4. Fungal Biomass in maize seeds: 

Chitin digestion method was used to determine the fungal biomass 

in maize seeds (Ride and Drysdale, 1972). 

100 g infected seeds used for isolation of seed mycoflora were 

dried at 80"C fm- 72 h and stored at"room tempet-ature in tightly capped 

glass bottles until used. The extraction and analysis of chitin was 

carried out as ~ollows : 

Sample prepat-ation fol' hydrolysis o-f chitin to chitosan : 

( i ) 50 g of seed sample was ground in an electric grinder for 

1.5 mins. 

( ii ) 0.2 g o-f the finely ground flour was placed into a 30 ml 

plastic autoclavable centri~uge tube. 
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( i i i ) 

(iv) 

(v) 

{vi} 

(vii) 

(viii} 

(ix) 

(x) 

(xi) 

(xii) 

(xiii) 

5 ml o~ KOH (120 g KOH in 100 ml H20) was added to it. 

The test-tube and contents were sterilized at 15 psi in 

autoclaved ~or 15 mins and then cooled to o~c. 

Ice cold 70% ethanol (8 ml) was added to each tube and 

subsequently layered with 1 ml celite (1 g/20 ml 70% 

ethanol); this Facilitated the precipitation o~ chitosan. 

The tubes were then centriFuged (12,000 rpm) For 10 mins 

at o~c and the supernatent was decanted. 

The pellet was resuspended by adding 8 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 2.0±0.2. 

Step (vi) was repeated. 

Colorimetric assay For chitosan: 

1 and 1.5 ml oF KHS04 (5/. W/V) and 1.5 ml NaN02 were added 

to each tube and the total volume was brought to 4.5 ml 

with distilled water. The precipitate was stirred into 

solution. 

A 1.5 ml aliquot was withdrawn From each tube and placed 

into separate test tube containing 0.5 ml NH4SO~NH2 (12% 

W/V). The tubes were thoroughly shaken. 

1.5 ml 3-methyl-2-benzothiozolone hydrazone (MBTH; 0.5% 

W/V) was added and mixed. 
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(xiv) 

(xv) 

(xvi) 

(xvii} 

A known concentration series o+ glucosamine-HCL (Sigma) in 

the range o~ 10,20,30,40,50,100 and 150 µg per tube (total 

volume equals 3 ml) was prepared. 

for glucosamine-HCL in the blank. 

Water was substituted 

The tubes containing the experimental samples and the 

standard solution were heated in a hot water bath (90°C) 

for 4 mins., removed and cooled in an ice bath. 

1.5 ml FeCL3 (0.5% W/V) was added to each tube and allowed 

to stand for 30 mins. at room temperature; alternatively, 

the mixture was filtered. 

The absorbance of the solution was read at 650 nm in a 

Beckman spectrophotometer (USA). The chitin content was 

estimated from the standard curve of glucosamine HCL and 

represented as µg/g dry weight of seed. 

2. Production of mycotoxins in maize seeds : 

2.1 Seeds Samples 

Samples of 500 g each of maize seeds representing the two local 

varieties of maize, viz. local white and local yellow were screened 

for mycotoxins. 

2.2 Observation o~ maize seeds under ultra violet light for Toxin: 

Bright greenish yellow ~lucrescence (BGYF) was considered as a 

tentative test for distinguishing the a~latoxin contaminated seeds 

~ram the healthy ones (Fennel et al., 1973). Based 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. 

Extrartion of mycotoxins from maize grains 

Seeds giving BGYF fluorescence were selected for chemical 

extraction of mycotoxins (Thomas et al., 1975). 50 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 ml of the filtrate was taken into a separating funnel (500 ml). 

To it, 30 ml of saturated NaCl and 50 ml of n-hexane were added. The 

funnel was shaken vigorous I y and the lower methanol ic layer was 

collected while upper hexane layer was discarded. 40 ml of chloroform 

was added to the funnel and shaken again. The layers were allowed to 

separate. The lowest chloroform layet- was obtained into a flask 

contained 5 g of cupric carbonate and agitated. Cupric carbonate was 

allowed to settle down and chloroform was decanted through Whatmann 

No. 42 -filter paper passing through the bed o-f anhydrous Na2S04. The 

chloro~orm extract was evaporated to dryness and residue was dissolved 

in 1 ml of chloroform and reserved -For Thin Layer Chromatography (TLC) 

analysis. 

2.4 Screening of fungal isolates ~or their mycotoxin producing 

ability : 

Aflatoxin elaborating potential o-f di ·Fferent isolates o~ 

Aspergillus was tested in the Rice-~low- liquid medium (Misra and 

Sinha, 1979}. Production o-f zearalenone by the isolates o-F F"usarium 
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monili-f'orme, citt-inin by Penicillium citrinum and ochratoxin by A. 

ochraceous were tested on Czapek's Dax liquid medium (Rapet- and Thom, 

1949). 

2.5 Extraction o-F mycotoxins -from culture -Filtrates: 

The method o-F Jones (1972} was -Followed to extract the mycotoxins 

-from the culture -filtrates o-f di-f-ferent -fungi. 25 ml o-f the liquid 

medium (fhce -flour -For a-flato>~in and Czapek 's Do>~ -Fm- the other 

mycotoxins) was taken in a 250 ml Erlenmayer -Flask and was sterilized 

at 15 psi -For 15 min. The medium was allowed to cool)0.5 ml spore 

suspension o-f the test -Fungi was inoculated in the medium and 

incubated in BOD incubator at 25±1~c -For 7 d. During the incubation 

period, cul tut-es were shaken at an intet-val o-f 24 h. 10 ml o-f 

methanol was added in the -flask in order to kill the spores inside the 

-Flask. The liquid culture was -filtered through Whatmann No. 1 -Filter 

papet- and the amount o-F -Filtrate was trans-fen-ed to a 500 ml 

separating -funnel. Be-fore -Filtration, pinch o-F anhydrous Na2S04 was 

put on the -Fi 1 ter paper to absm-b the extra moisture. 10 ml o-f 

chloroform was added two times to the -filtrate in the separating 

-funnel. The lower layer o-f 10 ml chloro-Form was collected in a test 

tube. The chloroform extract was evaporated to dryness and residue 

was dissolved in 1 ml o-f chlot-o-form and reserved -For Thin Layer 

Chromatographic (TLC) analysis. 

5(; 



2.6 Qualitative analysis of mycotoxins: 

Qualitative analysis of mycotoxin was done by thin layer 

chromatography (TLC) method. To prepare the TLC plates, uni-form clean 

glass plates (20 cm x 20 cm) were used. 36 g of silica gel G was 

mixed with 72 ml distilled water to form a slurry which was immediate­

ly used for coating of 6 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 

use.50 µl of chloroform extract of various mycotoxins was spotted on 

TLC plate along with mycotoxin standard. 

For detection of aflatoxin solvent system comprising toluene : 

isoamyl alcohol : methanol (90:32:2 V/V/V) was used which gave better 

resolution of different aflatoxins (Reddy et al.~ 1970). 

For detection o-f other mycotmdns, two solvent systems i.e., 

toluene : ethyl acetate : -formic acid, 6:3:1 V/V/V (TEF) and benzene 

: methanol : acetic acid, 24 : 2 : 1 V/V/V (BMA) were used (Scott et 

al., 1970). 

The plates wet-e developed in a chromatography chamber. TLC 

plates were air dried and examined under long (360 nm) and short (260 

nm) wavelength UV lamp in the UV chamber. The spots giving 

-fluorescence were marked and noted ~or their colour. 

2.7 Quantitative estimation of mycotoxins: 

Quantitative estimation o-f mycotoxins was 

spectrophotometric method (Nabney and Nesbitt, 1965). 
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mycoto}~ins on TLC plates wen:! scrapped and e:<tracted in 5 ml cold 

methanol separately. They were then centrifuged at 3000 rpm for 15 

min. The ultra violet absorption spectrum of the methanolic solution 

was recot·ded in Beckman spectt·ophotometet· and the amount of mycoto:~<ins 

in the sample was calculated by the following formula 

D >~ M >~ 106 

The amount of mycotoxin (µg/ml) = -----------------­
£ >:: L :< 1000 

Where D = Optical density 

M = Molecular weight 

E = Molar extinction coefficient 

L = Path 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 

A-flato>~ins 

Citrin in 

Zearalenone 

Wavelength 
(nm) 

360 
362 
360 
362 

'"':?"r")'"") 
--'"'-Ji:-

236 

274 

316 

Moleculat· 
weight (M) 

312 
314 
328 
33(> 

259 

318 

318 

318 

52 

Molat· extinction 
coe-fficient (E) 

22,000 
23,400 
18' 700 
21,000 

16,100 

29,700 

13,909 

6,020 



2.8 Chemical con~irmation oF mycotoxins: 

Chemical confirmation of aflatoxin B1 was done by Trifluoroacetic 

acid (TFA) as suggested by Stack and Pohland (1975). After reaction 

with TFA, aflatoxin 81 appeared as a blue fluorescence spot at Rf 

about 1/4th to that of aflatoxin B1 on TLC plate. In some cases where 

the amount of aflatoxin 81 was very low, the spot was sprayed with 25% 

sulphuric acid, which changed the colour of fluorescence from blue to 

yellow. 

Presence of ochratoxin on TLC plate was confirmed by treating the 

spot with ammonia fumes which changed blue green fluorescence to deep 

blue colour (Davis et al., 1969). 

Citrinin was confirmed by spraying TLC plate with freshly 

prepared mixture of 0.5 ml p-anisaldehyde in 85 ml of methanol 

containing 10 ml of glacial acetic acid and 5 ml of concentrated 

sulphuric acid and then by heating TLC plate at 130°C for 10 min. 

This changed yellow streak of citrinin to yellowish-green under long 

wave UV light (Scott et al.~ 1970). 

Zearalenone was con~irmed by spraying TLC plate with acidic p-

anisaldehyde solution (Scott et al., 1970) by which greenish - blue 

~luorescence turned into faint brown (in visible light) and ~aint 

yellow ( in long wave UV - light). 

3. Experiment on the e~~ect of physical ~actors like seed moisture, 

air temperature and air humidity on the production o~ mycotoxins by 

the seed borne ~ungi was carried out in vivo. 



3.1 Seed moisture - Eight moisture levels i.e.~ 15, 20, 25, 30, 35, 

40/. wet wt of= -fresh 1 y harvested maize seeds were maintained as 

suggested by Harris and Lindbald (1978). 

Ten replicates of 500 g seeds -from each moisture level were taken 

in sterilized polythylene bags and sealed air tight. Ten samples -from 

each moisture level were stored at 25±1°C. Assessment of mycotoxins 

was done after 10,20 and 30iof moisture content maintenance. 

3.2 Air temperature - 500 g seeds with 25% moisture level were stored 

in polythylene bag at 15, 30, 35 and 40°C. Qualitative and 

quantitative estimation of mycotoxin production was carried out at 30~ 

interval as described earlier. 

3.3 Air humidity Ten replicates of 500 g seeds were kept at room 

temperature (15°C 25°C) in dessicators at 75, 80, 85, 90, 95 and 

100/. relative humidity (RH) using different salt solution (Boller and 

Schroeder, 1974). The seeds were taken in wide mouth containers 

covering with wiremesh to facilitate easy aeration. The mycoto>dn 

production was estimated at 10, 20, and 30th day of storage. 

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

4.1 Seed samples - Seed of two varieties o-f maize, viz. local white 

and local yellow were used as the seed samples. 

4.2 Fungal species - Three dominant seed borne toxin producing -fungi 

isolated eat-liet- -from maize seeds, viz. IL FlavL1s, F. monili-Forme and 

P. citrinwr; were used as the test -fungi. 
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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 

old cultures o-F the test -Fungi were prepared. The concentration of 

the spores was adjusted to approximately 4 x 104 spores/ml with the 

help o-F haemocytometer. 

150 g seeds were taken -for each tr-eatment. The seeds wet-e 

surface sterilized in 0.11. mer-curie chloride solution -For 3 mins. 

followed by several washings in sterile wat~r. Extra water from the 

seeds was removed by sterilized blotting papers and transferred to 

oven at 6o~c for 24 h. 

Thereafter, they were transferred to a 100 ml Erlenmeyer flask 

and inoculated with 5 ml of the spore suspension of each test -Fungus 

separately. The flasks were shaken vigorously to get a homogenised 

spore load over seeds. All the three -Fungi were tested separately on 

both the varieties o~ maize seeds. 

Each inoculated sample was trans~erred to a cloth bag and stored 

in a dessicator at 96% relative humidity maintained by a solution o~ 

sulphuric acid (CMI, 1974). 

Another set o~ surface st er i 1 i zed seeds was stored under a 

similar conditions without any fungal inoculation and was treated as 

contr-ol. Both sets were stored at room temperature for a period o~ 

six months at the intervals o~ 60 days. 



At the end o-F each storage pet- iod, the in-Fested seeds were 

thoroughly washed under running tap water to remove -fungal mycelium 

+ram the seed sur-faces. Subsequently the seeds were dried at 60°C -for 

48 h and powdered -For -further studies. 

Periodical analysis o-f t-educ:ing and non-t-educing sugars, pt-oteins 

and dry weight o-f seeds was done in -Fungal treated and untt-eated 

seeds. 

4.3 Determination on dry weight o+ seeds : 

100 seeds were randomly selected and dried in hot air oven at 

100°c -for 24 h and then placed in a dessic:ator charged with calcium 

chloride -For about 30 min and weighed. The dry weight o-F the control 

seeds was compared with that o-f the test -fungus treated ones at a 

regular intervals o~ 60 days and it was expressed as the percentage 

change over the control using the -Formula 

Loss o-f dry weight (%) = 
W1-W2 
------- }( 100 

W1 

Where W1 = Dry weight o-f the control seeds 

W2 = Dry weight o-f the treated seeds 

Three replicates were maintained ~or each sample. 

4.4 Estimation o-f total sugars : 

Total sugar contents a-f maize seeds were estimated by the method 

oF Bilgrami et al. (1979). To 0.2 g dried and powdered seed sample, 

25 ml o-f 80/. ethanol was added and stirred thorough 1 y. A-fter 5 

minutes, it was centri-fuged and the supernatent was collected. 
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Extraction was repeated by adding 30 ml o~ hot 80% ethanol to the 

residue and centri+uged at 2000 rpm. The extracts were combined and 

ethanol was evaporated in an evaporating disc. The residue le+t at 

the bottom was dissolved in 5 ml distilled water and used +or the 

determination o+ the total sugar. 

To 2 ml o+ the solution 0.14 ml o+ BOX aqueous phenol was added 

~allowed by the rapid addition o+ 5 ml cone. H2S04. A~ter thorough 

mixing, the solution was allowed to stand ~or 30 min. The optical 

density o~ the yellow solution was measured at 490 nm in a 

Spectrophotometer (Hitachi). Standard curve o~ glucose was prepared 

by the same procedure. Four replicates were used +or each treatment 

and sugar contents were determined ~rom the standard known 

concentrations expressed as mg/g o+ the sample. 

4.5 Estimation o+ reducing and non-reducing sugars 

Reducing sugar content o+ maize seeds was estimated as described 

by Peach and Tracey (1955). 0.3 go~ the seeds was ground to powder 

and blended with 1.5 ml glass distilled water in a glass homogenizer. 

To this 0.2 ml o~ 0.3 N barium hydroxide solution was added ~allowed 

by 0.2 ml of 5% zinc sulphate solution and thoroughly mixed. The 

entire content was centrifuged. To 1 ml of the supernatent, 1 ml o~ 

alkaline copper reagent (prepared by dissolving 4 g of CuS04. 5H20 1 

24 g anhydrous Na2CQ3, 16 g Na-K-tartrate in 1 litre water) was added. 

The mixture was heated on boiling water bath for 15 min and cooled. 

To this 1 ml o+ arsenomolybdate reagent (prepared by dissolving 25 g 
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ammonium molybdate in 450 ml o-f distilled watet- and adding 3 g o-f 

Na2HS04. 7H20) dissolved in 25 ml o-f water, mixed and placed in an 

incubator at 37"C -for 24 h) was added and le-Ft to stand -For -Few 

minutes till the e-F-Fervescence 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/g o-F the 

sample. 

Non-reducing sugar was calculated by subtracting the value o-F 

reducing sugar -From the total sugar contents o-F seeds. 

4.6 Estimation o-f proteins: 

Protein was estimated by -Following the method o-f Lowry et al. 

(1951). Powdered seed samples were suspended in 1 ml o-f 1 N NaOH at 

100°c -for 4.5 min 5 ml o+ reagent C (Alkaline Copper t-eagent 

pt-epared by mi~<ing 50 ml o-f t-eagent A (Alkaline sodium carbonate 

solution 

sulphate 

2% Na2CQ3 in 0.1 N NaOH) and 1 ml of reagent B (Copper 

sodium potassium tartrate solution prepared by 0.5;~ 

CUSD4.5H20 in 1% sodium potassium tartrate; freshly prepared) was 

added to it and the mixture was allowed to stand at room temperature 

for 10 min. 0.5 ml of Folin-Ciocalteau reagent (prepared by taking a 

mi>~ture containing 100 g o-F sodium tungstate, 25 g of disodium 

molybdate, 700 ml o-f water, 50 ml of 85% H3P04 and 100 ml of cone HCL 

in a 1 litre flask. The mixture was refluxed gently for 10 h. 150g 

of lithium sulphate, 50 ml of H20 and a few drops of bromine water 
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were added. The mixture was boiled -for 15 min. without condenser to 

remove the excess of bromine. It was then cooled, 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 tube immediately. 

After 30 min., the absorbance of the solution was measured at 750 nm. 

Standard curve -for protein was prepared by the same procedure. Three 

rep 1 icates were used. The amount o-f pt-otein in the samples was 

calculated with a standard curve prepared using bovine serum albumin 

[prepared by dissolving 25 mg o-f bovine serum albumin in distilled 

water and was made up to 100 ml in a standard -flask. 1.0 ml of this 

solution contained 25 ug o-f albumin (10 mg/100 ml of .5 N NaOH)]. The 

results were expressed as mg/g of the sample. 

c:; ...., . Ef~ect of a~latoxin 81 on the growth of certain seed borne fung~> 

seed germination and seedling growth: 

5.1 Seed samples - Seeds of the two vat-ieties o-f maize wet-e used fot-

the experiment. 

5.2 Fungal species The fungi isol~ted -from maize seeds, i.e. A. 

-Flavus, F. manili-Farme and P. citrinwn were used as the test -fungi. 

5.3 Toxin tested - A-flatoxin 81 was used. 

5.4.1 Fungal spot-e get-mination E-f-fect of a-flato>dn B1 on the 

germination o-f spot-es o-f test -fungus was studied by hanging drop 

method. Single spore cultures o-f the test -fungus were grown on PDA 

medium. Spores were collected -from 10 days old -fungal cultures and 

suspended in various concentrations o-f a-flatoxin B1 viz. 0.1 ppm, 0.5 
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ppm t.. 1 ppm were prepared. Number o-f spores was adjusted to about 20-

25 spores per microscopic -field under 150 x magni-fication. A drop o-f 

the spot-e suspension was placed on clean micro-cover glass and 

subsequently placed on a cavity slide in an invet-ted position, so that 

the spores are hanging in the cavity. Grease was applied on the edge 

o-f the cavity to prevent the displacement or the micro-cover glass and 

humidity in cavity. Three replicates were maintained For each sample. 

The slides were then kept in a sterile Petri dish containing 10 ml 

o-f sterile water to maintain the humidity o-f the chamber. The whole 

set was incubated at 5, 15, 20, 25 and 30°C. Control sets were also 

maintained -for each -fungus using sterile distilled water as control. 

Observation -for the germination o-f spores was made at 2 h, 5 h, 

10 h and 24 h o-f incubation. Number o-f germinated spores was counted 

-Ft-om ten mict-oscopic -Fields and the pet-centage o-f get-mination was 

calculated. The percentage inhibition/ stimulation o~ spores 

germination was calculated. 

6:1. (%) = 
G1-G2 

------------- x 100 
G1 

Where G:1. = Inhibition/Stimulation of spore germination (%) 

61 =Spore germination in distiled water (control) 

62 = Spore germination in aflatoxin 

5.4.2 Effect of aflatoxinz B1 on mycelial growth 

The effect of aflatoxin B1 on the mycelial growth of different 

test fungi was tested at different concentrations, by poisoned food 
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technique. Single spore culture of the test fungus was maintained on 

Potato Dextrose Agar (PDA). Ten days old cultures were grown on PDA 

medium. 

To prepare a~latoxin B1-100 ml of sterilized potato dextrose 

agar medium was cooled to 45°C in sterile conical flask and mixed with 

different concentrations of the aflatoxin (0.1 ppm, 0.5 ppm and 1 

ppm}. Therea-fter~ these wet-e poured into stet-ile Pett-i dishes, 

allowed to cool and solidify. Three replicates were used for each 

concentration of the mycotoxin. Control set comprised only PDA medium 

without any aflatoxin for each fungus. 

Fungal discs (5 mm) were punched with steilized cork border from 

7 d old pure cultures of the test fungi. One disc in three replicates 

of each fungus was inoculated separately on to a nutrient agar medium 

with different concentrations of aflatoxin B1 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:-Mt 
M:t. = ------------- x 100 

Mc: 

Where M:t. = Inhibition of mycelial growth 

Mc: = Colony diameter on control medium 

Mt = Colony diameter on aflatoxin treated medium 

5.4.3 Seed germination and seedling growth : 

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

White (LW) and Local Yellow (LY) wer-e sur-face sterilised withC·l/. 
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mercuric chlm-ide solution -fm- 10 minutes and thoroughly w~d with 

sterilised distilled water. Therea-fter, they were soaked in 10 ml of 

0.1, 0.5, ppm and 1 ppm tm<in concentrations -Fm- 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 o-f incubation. The inhibition of germination of 

seeds treated with mycotoxin was calculated as -follows : 

Sc:-St 
sj, = ------------- A 100 

Sc: 

Where Sj, = Seed germination ('l.) 

Sc: = Germination of seeds in control set 

St = Germination of seeds in aflatoxin treated sets 

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. 5 ml o-f d i-f-fet-ent concentrations o-f mycoto;-::ins 

mentioned above was app 1 ied on alternate day in tht-ee replicates 

separately and the seedlings (root and shoot} 

periodically from 5 d to 15 d. Inhibition/promotion o-f seedling 

gt-owth was detet-mined by comparing the data with distilled watet-

treated seedlings (control). 
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6. Ef~ect o-f a-flatoxin on animal 

6.1 Test animal - Healthy albino mice was used as test animal. They 

were obtained from the Department of Genetics, Veterinary college, 

Khanapara, Gauhati, Assam. 

6.2 
<JJO.S 

Test a-flatoxin Bi-Pure aflatoxin Bi obtained .from Sigma Chemical 
" 

Company, U.S.A. Crude aflatm<in Bi e>::tracted ft-om A. Flavus on local 

varieties of maize. 

8.3 Feeding effects - The albino mice of different age groups, i.e. 

3, 6 and 9 weeks old were selected. Half of each age group was male 

and another half -female. The animals were divided according to age 

and sex into groups o~ 10. These were kept in separate cages at a 

constant temperature (25°C) and humidity (60%) under hygienic 

conditions. In -first set o-f treatment, mice weighing 10-15 g were fed 

with pw-e a.flatm~in Bi with O. 25 ml of 60 ppb of the solution by 

incubating an hour before -feeding the regular meal. Similarly, in 

second set of treatment, the same number o-f mice having the same age 

and weights were -fed with crude a-flatmdn B1 isolated -from A. -Flavus. 

In third set o-f treatment, mice were -fed with sterilized maize seeds 

without any mycotoxins which served as control. Standard sterilized 

maize seeds were mixed with the toxin and supplied to all the tt-eated 

mice regularly at meal time. 

Observationsof the change in weight o-f mice were recorded for 6 

months. Other parameters like e-f-fect on l i vet-, skin and rate o-f 

morlal i ty of mice were al so t-ecorded. 
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A-fter 7 months, the mice were sacrificed and postmortem 

examinationswere 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: 

Control - Treatment 
Mm-tality (I.) = ------------------- A 100 

Control 

7. Control of mycotoxin (aflatoxin) by plant extracts: 

Dominant plant species used for medicinal purpose by the tribals 

were selected for the present investigation. 

Plant e>::tracts tested - Bulb e~<tt-acts o-f All ium cepa L. and A. 

sat i vum L.; lea+: e:<tracts of Thu_ja oriental is L. and Cent el 1 a asiat i ca 

(Linn) Urban were tested for the control of mycotoxins as suggested 

by Bilgrami et al. (1980). 

Aqueous extracts (2:10 W/V) of dif-ferent plant parts were 

prepared in glass homogenizer. The homogenized liquid was filtered 

and cent t- i-fuged at 3000 t-pm. The supernatent was used as test 

1 ml o-f the test extract was mixed with 24 ml o-f the liquid 

rice-.flour medium (Misra and Sinha, 1979) in a 250 ml Et·lenmeyer 

-flask. • L ml a-f distiiled water was mh::ed with 24 ml 

medium and each was run in triplicate. The -flasks were sterilized and 

inoculated with 0.5 ml spore suspension o-f A. -Flavus. The -flasks were 

incubated at 28±1°C +or 10 days and manually shaken twice a day. 
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On the 11th day o-f incubation, the -fungal mass was -fi 1 tered 

through Whatman No.1 -filter paper. Mycelial mat was dried at 60°C -for 

two successive days and average mycelial dry weight was determined -for 

the growth o-f the -fungus. Percentage inhibition was calculated by the 

-following -formula : 

Contt-ol-Treated 
Percentage inhibition = --------------- x 100 

Control 

The -filtrate was used -fot- the e~<tt-action and estimation o-f 

a:Flato~-::in BJ. 
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Appendix - I 

List o+ the media and their constituents used +or the 
Isolation of seed fungi 

1.3 Following nutrient media were used during the period o+ 

investigation. 

(1) Potato Dextrose Agar Medium (Lucy and Bridgmon, 1962). 

Potato 200 g 

Dextrose 20 g 

Agar 20 g 

Water 1000 ml 

Potatoes 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 so+t. It was then filtered through muslin 

cloth, the potato pieces were mashed and squeezed. Agar was added to 

the +iltrate and dissolved, dextrose was added and stirred to 

dissolve. Total volume a+ the mixture was made upto 1 lit. by adding 

distilled water and sterilized at 15 psi in autoclave. 

(2) Water Agar Medium 

Agar 15 g 

Water 1000 ml 

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

autoclave at 15 psi for 15 minutes. 
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(3) Czapek's Dax Agar Medium (Raper and Thom, 1949). 

NaNO::s 3.C> g 

l<H2P04 1.0 g 

MgS04.7H20 C>c 5 g 

KCL o. 5 g 

FeS04.7H20 0. 01 g 

Sure rose 30.0 g 

Ag at- 20.0 g 

Distilled water- 1000 ml 

Sucrose was added prior to ~inal sterilization. Czapek-Dox 

contains 3.0 g o~ NaN03 per liter. 2 g yeast extract per liter may be 

added. 

(4) Peptone-Dextrose-Rose Bengal Agar Medium (Martin, 1950) 

Agar 20.0 g 

1. (l g 

o. 5 g 

Pep tone 5.0 g 

Dextrose 10. (l g 

< ""!" ml ._. & ·-· 
F-:ose Benga 1 ( /.} 

Distilled water 1000 ml 

Streptomycin 30.0 mg (a~ter autoclaving) 
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(5) Yeast extract Agar Medium (YES medium)~ Davis et al.~ 1972. 

Yeast extract 4.0 g 

Malt extract 10.0 g 

Dextrose 4 n .v g 

Agar 15.0 g 

Distilled water 1000 ml 

Tetracycline 30 µg/mi. 

Tetracylcine was added ater sterilization o~ medium~ when it was 

cooled to 4o~c. 

(6) Rice-~lour liquid Medium (Misra and Sinha, 1979). 

Rice-~lour (Basmati 370) 40 g 

Sucrose 30 g 

Yeast ext rat 1 g 

Distilled water 1000 ml 

Rice ~lour was boiled in 500 ml distilled water ~or 15 minutes 

and ~iltered through ~ine muslin cloth. Sucrose and yeast extract 

were added to it and the constituents were thoroughly dissolved. The 

volume was subsequently raised to 1 litre with distilled water. 

(7) SMKY Liquid Medium (Diener and Davis, 1966) 

Sucrose 200. g 

0.5 g 

Yeast Extract 7 g 

Distilled water 1000 ml 
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8. Czapek"s Dox Liquid Medium (Raper & Thom, 1949) 

NaN03 

KH2PO .. 

MgS04.7H20 

KCL 

FeS04.7H20 

Sucrose 

Distilled water 

3. 0 g 

1 • (l g 

(l. 5 g 

0.5 g 

0.01 g 

30.0 g 

1000 ml 

Statistical analysis has been done wherever necessary -follein'ing 

the method of Misra and Misra (1983). 
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Results 



~- Eco1oqy o~ seed borne ~unq~ 

1. Survey o+ seed borne +unoi: 

Table 1.1 and Fiqure 1.1 depicted the incidence o-f -Funqal species 

on maize seeds in t.hree di·Fferent seasons, viz. winter, wet summer and 

autumn, using three methods o-F isolation. A total o-f 37 -funqal species 

were isolated in all the seasons. 28 +unqal species were isolated in 

winter. 29 species in summer season and 32 -Funqal species in autumn. 

~or wet summer and autumn seasons the maize crop was in -Field and the 

dominant seed borne -funqi recorded were Alternaria spp •• Asperqillus 

. 
spp •• C.:ladosporium spp., Curvularia lunata, Drec:hlera maydis, Fusaru.un 

spp •• Helminthosporium sac:chari. Hur.or spp., 1-'enicillium spp., 

Rhi zopus spp. • rr i chaderma spp. • Vert i c .i 11.i um al bo-atrum. etc:. Most 

o-F the -Field -Funqi were replaced by the storaqe -Fungi in the winter 

~.eason like Asperqi 1 lus c:andidus. A. Flavusfl A. niqer!I A. oc:hrac:eous,, 

A. parasiticus,, A. terreus. A. versicolor, Fusariu.m moniliForme, F. 

oxysporum,, F. !;olani, Penic:ill.ium spp •• etc:. (Plate-4.A) Some funqal 

species 1 ike Asperai 1 lus spp •• 1-usari.um spp., /1uc:or spp., Pemi c:i 11 ium 

spp., (.lertic:ill.ium albo-atrum were common in all the three seasons, 

though their percentaqe o-F occurrence varied considerably. 

lhe total l")umber o-f -funoal species was more in local yellow 

variety than in local white ones (Fiq 1.1). Fio 1.1 also showed that 

+unoal species were maximum during wet summer season -fol lowed by 

autumn and winter on local yellow variety whereas, their number was 

maximum in autumn Tollowed by wet summer and winter on local white 
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variety. 

2. Di-f+erent methods or isolation: 

Table 1.2, 1.3 and Fiqure 1.2 depicted the occurrence or runqal 

!t=>pecies durinn di-f+erent. seasons by three methods, viz. aqar plate 

method. blotter method and dilution plate method. A total number or 

3/ specie~ o+ seed borne +unoi belonQinQ to 14 qenera was isolated 

rrom two varieties or maize in dirrerent seasons. 

Loc:n.l white variety harboured l.9 species belonQinQ to 8 Qenera 

as isol~ted by aqar plate method, 18 runqi belonqinq to 8 genera by 

hlot.ter method and 1.2 species belonQinq to 5 qenera by dilution plate 

method durinQ winter season. In wet summer season. 20 runqi belonqinq 

to l.1 cienera were isolated by agar plate method, 19 species belonqinQ 

to 12 aenera by blotter method and 15 species belonginq to 8 qenera 

hy dilution plate method. VurinQ autumn sea.son 19 -funqal species 

belonqing to 10 Qenera were isolated by aqar plate method, 20 species 

belonqinq to 9 qenera were isolated by blot.ter method and 15 +unqal 

species belonqinq to 7 qenera by dilution plate method. Local yellow 

variety o-f maize harboured 18 +unqal species belonqinq to 7 genera as 

isolated by aqar plate method, 22 species belonqinq to 9 qenera by 

blotter method and 13 species belonqinq to 5 genera by dilution plate 

method durinq winter season. In wet summer season, 25 runqal species 

belonQinQ to 12 Qenera by ac:iar plate method, 27 species belonqinc:i to 

13 genera by blotter method and 16 species belonqinq to 7 qenera 

appeared in the ciilution plate method. Durinc:i autumn season, 24 ~ungal 
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species belonqinq to 11 qenera were isolated by agar plate method. 21 

~:pecies be.lonqinQ to 9 QP.nPra by blotter method and 14 species 

belonqin'l to 'l qenera by dilution plate technique. 

/-}~;perQi) lu!::> r..::ndidus,, /). +·1avus.. A. ni(Jer!ll A. versicolor!ll 

Fusari..l.4m moni 1 i-Forme,, 1--. oxysporum,, F. solani,, F. sp •• Hel-

minthosporium sacchari, l'fucor sp.. Penici 11 ium brel-eldianum!ll P. 

niqricans. ~. ruhrum, F. sp •• F::hizoptff• niqricans,, f<. sp •• 1richoderma 

harzianum, T. vi ride, r. ~:.p.. Vertici l l ium albo-atrum and sterile 

myceli~ were isolated by all the three techniques. Alternaria 

alternata, A. tenuis, Asperqillus parasiticus, ChaetomU;,,m qlobosum, 

Cladosporium herbarum!ll Cladosporium sp. • Curvularia lunata, Drechlera 

maydis,, l'fucor hiemalis,, Penicillium chrysoqenum were detected only by 

aqar plate and blotter methods whereas Asperqillus ochraceous, A. 

terreus and Chaetomium sp. were isolated only by blotter method. 

Penicillium citrinum and 1richoderma koninqii were detected by aqar 

plate and dilution plate methods but could not be detected on the 

blotter mPthod durinQ the whole period o~ investiqation. 

From the Tables 1.2. 1.3 and Figure 1.2, it was evident that agar 

plate and blotter method~ were more suitable to isolate the seed borne 

-funqi then dilution plate method. The blotter method al lowed more 

f-uno.i to Qrc:;w and reproduce compared to the other two methods. 

Dilution plate method mostly -favoured the seed sur-face myco-flora which 

were saprophytic in nature like Asperqillus ~p •• Fusarium sp •• Hucor 

7
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sp •• 1-'enicillium sp •• Rhizapus sp •• Trichoderma sp. and Verticillium 

sp •• 

Maximum -funoi werP Clbserved in wet summer season, f-ol lowed by 

autumn and winter in both the varieties. The number o-f -Funqal species 

wa~ more in local yellow variety than in white one (Fiq 1.2). 

3. Variation o-f -fungal species between the two varieties o-f maize: 

lhe incidence of- -funqal species on the two varieties o-f maize 

seeds, viz. local white and local yellow varieties was shown in Table 

1.2. 1.3 and Fiqure 1.2 . .Between the two varieties, local yellow 

yielded ma>dmum number o-f -funqal species than local white variety. 

Thirty three seed +:unqi belonqinq to 14 genera were isolated .from the 

local yellow variety o-f maize whereas 22 species belonqinq to 12 

QP.nera appeared on local wh_it.e variety. Fusari.um spp., l"/ucor sp. • 

Penicillium spp ... Rhizopus spp. • Trichoderma spp. and Verticillium 

albo-atrum were dominant on both the maize varieties. Chaetomium sp •• 

Cladosporc.i.tm sp., Drechlera maydis. Helminthosporium sacchari and 

sterile mycel ia were less -frequent on both the varieties. Funqal 

species, viz. Alternaria tenuis and l"/ucor hiemalis were isolated only 

-from local white variety. The -funqal species which rarely occurred in 

local yellow only were IHternaria alternata,, Asperqillus achraceous,, 

A. parasiticus, A. terreus, A. versicolar, Chaetomi..u..m qlobosum, 

Cladasporium herbarum, Curvulara lunata,, Penicillium citrinumJ P. 

niqricans, Rhizapus niqricans. Stachybotrys atra, Trichaderma koninqii 

and T. viride. 
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4. Quantitative assessment of funqal species: 

From local white maize variety, aqar plate method yielded 19. 20 

and 19 funqal species durinq winter, wet summer and autumn 

respectively. blotter method harboured 18. 19 and 20 species 

respectively and dilution plate method supported 12, 15 and 15 -funqi 

respectively (Table 1.4). In case of- the loc:al yellow variety, agar 

plate method yielded 18. 25 and 24 -funqal species durinq winter, wet 

summer and i\utumn respect. i vel y. b lot.ter method yielded 22. 27 and 21 

species respectively and 13. 16 and 14 species by dilution plate 

rnethod re~pec:tively (Table 1.~). 

Thirty seven -fungal species were isolated -from both the 

var i et i es. Asperq i 11 us !'~PP • • Fusarf..U.;m spp • • Pen i c i 11 i um spp • • 

Trichoderma harzianum and Verl:icillUlm albo-atrum occurred in all the 
. 

seasons. The percentaqe -frequency of F·usarUi.m spp. was maximum 

-followed by Asperqillus spp. and Penicillium spp. (FiQ 1.3). 

Curvularia sp. and !:;tachybotrys atra occurred with least -frequency and 

were restricted to local yellow variety. 

The chanqes in f-unqal population of two local varieties o-f maize 

seeds durinq di-f-ferent seasons (winter. wet summer and autumn) is 

presented in -iable 1.6. from the table it is c:lear that Asperqillus 

spp. • Fusari.Um spp. • Penicillium spp. • Rhizopus sp. dominated the 

sur-face -funqal -flora o-f maize seeds. 
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5. Comparative studies between two di~~erent storaqe practices in 

respect to the incidence of funqi on two local varieties o-f 

mai ze ~-~eeds: 

lable 1.6 depicted the incidence oi= seed -funqi on two local 

varieties stored in two storaqe conditions as isolated by aqar plate, 

blotter and dilution plate methods durinq winter season. 

In both the maize varieties, a total number of 26 -funqal species 

bP.lonqinq to 10 qenera was isolated (Fiq. 1.4). Dominant +:uncial qenera 

were Asperqillus. Pur;,.u-ium and Penicilli.um. Jn lor:al white variety, 

(Plate-3.~a total number o-f 17 funqal species was isolated from both 

shr.ded and smoked storaqe conditions. They were Aspergillus candidus, 

A. Flavus, A. niqer, Fusaru..i.m moniliFarme, F. oxysporum, F. solani, 

F-. sp., 11ucor hiemalis, Nucor sp., Penicillium bret=eldianum, P. 

chrysoqenum, P. rubrum, P. sp., Rhizopus sp., Trichoderma harzianum, 

T. sp., and sterile mycelia, whereas in local yellow variety, (Plate-

3.9 a total number of 20 and 19 -funqal species were isolated -from 

shaded and smoked storaqe conditions respectively. They were 

Asperqillus candidus, A. Flavus, A. niqer, A. ochraceous, A. 

parasiticus, A. terreus, A. versicolor, Chaetomul.m qlobosum, 

Cladospori.um herbarum, FusarUtm moniliForme, F. oxysporum, F. solani, 

F. sp., Nucor sp., Penicillium bret=eldianum, P. chrysaqenum, P. 

citrinum, P. niqric:ans., P. sp., Rhizapus sp. ~ Stachybotrys atra, 

Trichoderma harzianum, and sterile mycelia. 
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As a result. local yellow variety was +ound to have more number 

o-f -funqal species than the local white variety. 

The percentaQe +reque-nc:y oc:c:urrence o-f di-f-ferent f-unqi on maize 

seeds o-f di-f-ferent storaqe 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 o-f two di-f-ferent storaQe conditions were 

'freQuPnt 1 y associated with a Qooc:! number o-f -fungi • AmonQst which 

Asperqillus spp., FusarLJ.l,m spp. and Penicillium spp. were the most 

dominant -funqi. 

Jn !:.haded condition. local whitP variety rec:orded Fusaruim 

man i li -Forme to have the hi Qhest +:requenc:y o-f l. 3. 37. and the 1 owest o-f 

0.81. in AspP.rqillus niqer anrl PPnicillium rubrum as isolated by aqar 

plate methort. Blotter method and dilution plate method recorded 

Fusaruim ~;p. to have the maximum -fre-quenc:v of- 10.97. and 25%, minimum 

by Asperqillus niqer anr:I Rhizopus sp. o-f 0.87. and 1.2% respectively. 

Smoked condition o-f storaQe recorded rLtsaru.J..m solani as to have the 

hiQhest -frequency o-f 12.97.. 13.,87. and 187. while the lowest was 

observed j, n Rh i zapus sp. ( 2/.) • Pen i c i 11 i um rub rum ( 2. 37.) and Rh i zopus 

sp. (1.4Z} as isolated by agar plate. blotter and dilution plate 

methods respectively. 

Local yellow variety recorded in shaded condition o-f storage, 

Fusaruim 5p. to have the highest +requency o-f 19.9% whereas the lowest 

were shared by Penicillium breFeldianum (20%} and Trichoderma 

harzianum (2.07.) as isolat.ed by aQar plate met.hod. Blotter method also 

16 



recorded Fusartum sp. as havinq the hiqhest frequency (19.0X) while 

. 
F. moniliForme, the lowest of 0.1%. FusarLU,,m solani was recorded to 

have the maximum frequency of 207. and Rhizopus sp., the lowest (3.4%) 

as isolated by dilution plate method. 

Similarly, in smoked condition~ Fusarium sp. was recorded to have 

a hiqh frequency of occurrence of 22.1/. and 20% and the minimum 

-frpquency was recorcted by Penicillium breFeldianum (1.2'1.) and 

Cladospori.Ltm herbarum (0.::.\%) by aqar plate and blotter methods 

respectively. Dilution plate method recorded FusarUi.m solani, the 

hiqhest frequency of occurrence (11.2'Y.) and lowest, Asperqillus niqer 

(3.47.). 

lt can also be ohservpd t-rom Table 1. 7 that in both storaqe 

conditions, FusarUtm spp. has the hiqhest frequency of occurrence 

other than t.he other funqal species occurred on maize seeds. 

Figure 1.4 shows that there was not much differences in the total 

no. o~ runQal species isolated by the methods between the two storage 

conditions. Both show almost equal number of fungal species even 

thnuQh their +rP.quenr:v rif occurrence may vary. 

6. Seasonal variation in seed infection and chitLn contents in 

two lo~al maize varieties: 

Table 1.B depicted the percentaqe of seed infection and the 

amount nr chit.in content nn t.he t.wo local varieties of maize seeds. 

Funqal infection was maximum ( 100'1.) durinQ wet summer and autumn 

seasons and minimum (40%) durinq winter season. However, trend of 

{'/ 
l ·' 



. 
chitsn contents in maize seeds durinQ wet summer and autumn seasons 

dif--fered -from each other, even thmtQh they had the same perc:entaqe o-f 

seed in-fection. Autumn season revealed much hiQher (328.2 uQ/Q in 

local white variety and 440.4 uq/q in local yellow variety) amount 

than wet summer season (246 uQ/g in local white variety and 250.9 uq/q 

in local yellow variety). Lowest chitin content (126 ug/q in local 

white variety and 128.5 uQ/Q in local yellow variety) in seeds was 

observed durinq winter season in both the maize varieties. 

Fiqure 1.5 showed that the percentaqe o-f seed in-fection and 

chitin contents were observed to be hiqher in local yellow variety 

than the local white variety in all seasons. 

Durino t1inter season. the perc:entaqe o-f seed in-fection as well 

as amount o-f chitin content was -found to be much less than other 

!:>easons. Se>f~rl in-fPrt.ion.s ('l.) in wet summer and autumn were observed to 

be equal but amount o-f chitin content was observed to be more in 

autumn than cr1et. summPr • 

78 



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

FLtng i 

Alternaria alternata (Fries) Keissler 

A. tent.ii s Nees 

Aspergillus candidus Link ex Fries 

.4 • .Pla'\,.LIS Link e>{ Fries 

.4. niger Van Tieghem 

A. oc:hrac:eous Wilhelm 

A. parasiticus Speare 

A. terret.1s Thom 

A. 'V'e>rsicolor (VLtillemin) Tit·aboschi 

Chaetomi1.1m globosum Kunze 

Chaetomium sp. 

Cladosporium herbarum Link e>~ Fries 

C 1adospori1.1m sp. 

Ct.!r'V't.11 aria lt.mata { Wakker) Boed i jn 

Drechlera maydis (Nisikado) Subram ~ Jain 

F1.1sar i 1.1m moni l i .Porme Shel don 

F. oxvsporum Sch 1. e>:: Fri es 

F. solani (Mart.) Sacc 

F. sp . 

Helminthosporium sacchari Butler 

Nucor hiemalis Wehmer 

Nucor Sp. 

Seasons 

Winter Wet Summer Autumn 

( - ) 

( - ) 
+ 

( +) 

+ 
( +) 

+ 
( +) 

( +) 

( +) 

( +) 

( +) 

( +) 

{-) 

( +) 

( - ) 

(-) 

( - ) 
+ 

( +) 

+ 
( +) 

+ 
( +) 

+ 
( +) 

( - ) 

+ 
( - ) 
+ 

( +) 

( +) 

+ 
( - ) 

+ 
( +) 

+ 
{ +) 

(-) 

( +) 

( +) 

( -) 

( +) 

( - ) 

+ 
{ +) 

( +) 

+ 
( +) 

( +) 

+ 
( +) 

+ 
( +) 

+ 
( +) 

+ 
( +) 

+ 
( +) 

+ 
( +) 

(-) 

+ 
( +) 

( +) 

+ 
( - ) 
+ 

( +) 

+ 
( +) 

+ 
( +) 

( +) 

( +) 

( -) 

( +) 

( +) 

+ 
( - ) 

( +) 

+ 
( - ) 

(-) 

( - ) 
+ 

( +) 

+ 
( +) 

+ 
( +) 
+ 

( +) 

+ 
( +) 

+ 
( - ) 
+ 

( +) 

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

Contd. 



Table 1.1 

------------------------------------------·---------------------------
F1.mg i 

Penicilliwn brereldiam.1m Dodge 

P.. chr)''sogem.1m Thom 

P. citrin1.1m Thom 

P. nigricans Bain. ex Thom 

P.. n.1bn.1m Sto 11 

P. sp. 

Rhizop1.1s nigricans Ehrenberg 

R. sp. 

Stachybotr-.,.·s atra Corda 

Trichc..~derma harziam.1m Rifai 

'T. koningii Dud 

r .. viride Pers ex Fries 

r .. sp. 

Verticilli1..1m albo-atn.1m Rienke I!( Berth 

Mycelial sterilia 

Seasons 

Winter Wet Summer Autumn 

+ 
( +) 

+ 
( +) 

( +) 

( +) 

+ 
( - ) 

+ 
( +) 

(-) 

( +) 

( +) 

+ 
( +) 

( - ) 

( - ) 
+ 

( - ) 

( - ) 
+ 

( +) 

+ 
( +) 
+ 

( +) 

( - ) 

( +) 

+ 
( +) 

+ 
( +) 

( +) 

( +) 

( -) 
+ 

( +) 

( - ) 

( +) 

+ 
( -) 
+ 

( +) 

+ 
( +) 

+ 
( +) 

+ 
( +) 

( +) 

( +) 

+ 
( +) 

+ 
( +) 

( +) 

( +) 

( - ) 
+ 

( +) 

( +) 

( - ) 

+ 
( - ) 
+ 

( +) 

+ 
( +) 

--------------------------------------------------------------------
+ = Present Signs in parentheses represent Local yellow variety and in 

open Local white variety. 

- = Absent 



Table 1.2 : Incidence of seed fungi on local white variety (LW) of 
maize during different seasons. 

Winter Wet summer AL1tumn 
F'Llng i 

A B D A B D A B D 
---------------------------------------------------------------------
Alternaria tenuis + + + 

.4sperqi 111..15 candid1..1s + + + + + + + + + 

.4. .P 1 av•1..1s + + + + + + + + + 

.4. niqer + + + + + + 

Chaetomi1..1m sp. + + 

Cl adospor i 1.1m sp. + + + 

Drechlera mar·dis + + 

F1..1sar1..tim mc:mi 1 irorme + + + + + + + + + 

F. oxy•spor1..1m + + + + + + 

F. solani + + + + + + + + + 

F, sp. + + + + + + + + + 

Hel mi ntho!Spor i 1..1m sac cha/'· i + + + + + 

1"11.1cor hi emal is + + + + 

N1.1cor sp. + + + + + + + + 

PenicjJJi1..1m bref.'eldii:tn1.1m + + + + + + + 

+ + + + + 

P, r1..1br1..1m + + + + + + + + + 

P. sp. + + + + + + + + + 

Rhi zop1.1s sp. + + + + + + + + + 

Trichoderma har.rian1.1m + + + + + + + + 

r. sp. + + + + + + 

Vert i c:: i 11 i 1..1m a 1 bo-a t n1m + + + + + + 

Mycelial sterilia + + + + + + + + + 

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

+ = present 
- = absent 



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

Winter Wet summer Aut1..1mn 
Fungi 

A B D A B D A B D 

;~J terniar i a alternata + + + 

Asperf;p' 1 lr..ts cancli cl1.1s + + + + + + + + + 

A. -f 1 avr..ts + + + + + + + + + 

A. niper + + + + + + 

A. ochraceo1..1s + + + 

A. parasi ti er.is + + + + 

A,, terre1..1s + 

A,, 'l>'ersicolor + + + + + + + 

Chaetomi 1..1m globos1..1m + + + 

Chaetomi 1..1m sp. + 

Claclospori1..1m herbar1..1m + + + + 

C 1aclospori1..1m sp,, + + 

C1..1rv1..tl aria J1..1nata + + 

Drechlera mayclis + + 

F1..1sar i Lim moni 1 i .Porme + + + + + + + + + 

F,, oxvspor1..1m + + + + + + + 

F. solani + + + + + + + + + 

F. sp • + + + + + + + + + 

Hel mi nthospor i 1..1m sacchari + + + + 

N1..1cor sp. + + + + + + + 

Penicilli1..1m bref!elcli an1..1m + + + + + 

P. chrysogem1..1m + + + + 

p,, ci trin1..1m + + 

P. nigricans + + + + + + + + + 

---------------------------------------------------------------------
Contd. 



Table 1.3 

Winter Wet SLtmmer Autumn 
Fungi 

A B D A B D A B D 

P. r1.1brL1m + + + + + 

F'. sp. + + + + + + + + + 

Rh.i ZOPLl5 n.igr.ican!f!. + + + + + 

R: • sp. + + + + + + + 

Stachr·botrvs atra + 

Tri ch oder ma harzianL1m + + + + + + + 

r. kon.ingi.i + + 

r. vi ride + + + 

Vert i c i 11 i Lim albo-atrL1m + + + + + + 

Myc:elial sterilia + + + + + + + + + 

---------------------------------------------------------------------
A = Aqar· plate method + = present 
B = Blotter method = absent 
D = DilLttion plate method 



T1bl1 1.4 : Seasonal variation in the frequency of occurrence Ill of seed fungi on 
local white variety of 1aize. 

------------------------------------------------------------------------------------
Winter Net 1u11er Autu1n 

Fungi --------------------------------------------------
A B I) A B I) A B I) 

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

Alternaria tenuis 4.7 7.7 - 4.9 

Aspergillus candidu1 3.5 4.2 14.9 3.3 3.5 16.2 5.2 10.0 10.2 

A. fllYUI 6.2 5.9 6.9 2.5 4.7 8.1 10.0 15.2 7.5 

A. niger 1.2 2.3 1.a - 4.2 5.7 9.6 

Ch11to1iu1 sp. 2.1 4.2 

CJado1poriu1 sp. 1.9 1.2 - 2.5 

DrechJera 1aydis 1.5 5.2 

Fu1ariu1 1onilifor11 9.5 10.3 16.7 14.5 6.9 14.2 8.2 a.1 12.2 
f, DKYIPDf 111 10.5 6.9 2.5 5.1 8.1 2.1 
f, 10J1ni 11.5 10.9 17 .9 11.2 7.9 13.1 10.2 10.0 9.3 
f, sp, 9.0 10.7 19.a 7.5 a.a 15.3 9.3 a.2 a.9 
H1J1intho1pori111 11cchari 4.9 9.2 0.1 5.7 2.2 

lfucor hi111Ji1 5.2 4.7 - 5.2 2.9 
/fucor sp. 2.1 5.9 6.1 4.5 0.7 4.7 4.2 7.8 
PeniciJ J iu1 br1f1Jdianu1 5.3 6.9 4.4 4.1 - 3.3 0.2 6.9 
P. chry1og1nu1 6.7 6.1 9.1 5.9 1.3 
P. r11bru1 1.2 2.1 3.7 0.5 6.8 2.7 5.2 5.4 5.3 
p, sp. 6.7 7.3 2. 1 2.1 7.9 3.2 4.1 3.0 7.3 
Hhizopus sp. 3.3 3.5 1.3 2.9 4.5 0.8 3.0 2.1 6.0 
Trichod1r11 har1i1nu1 3.9 2.2 6.8 1. 2 1.3 2.9 2.1 5.4 
T. sp, 4.1 5.8 5.7 0.7 0.4 o.8 
'1erticiJJiu1 1Jbo-1tru1 6. 1 4.1 5.9 4.3 6.7 1.3 
"ycelial sterilia 4.3 1. 7 0.8 2.5 3.9 4.4 5.5 5.6 0.2 

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

A = Agar plate 1ethod - = absent 
B = Blotter 1ethod 
D = Dilution plate 1ethod 



T1blt 1.5 : Seasonal changes in frequency of occurrence !Xl of seed fungi on local 

yellow variety of 1aize. 
------------------------------------------------------------------------------------

Minter Net su11er Autu1n 
Fungi --------------------------------------------------

A B D A 8 D A 8 D 

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

AJtern1ri1 1Jtern1t1 2.J 5.0 - 2.0 

Aspergi/Jus e1ndid11s 8.0 5.4 9.9 J.1 2.J 10.J 4.0 4.6 14.7 

A. fJm11 4.0 8.1 8.7 2.J 3.4 9.5 9.6 10.5 8.9 

A. niger 4.0 2.0 6.8 - 2.4 4.0 5.6 

A. DCltflCIDUS J.4 2.4 J,0 

A. p1r11iticu1 12.0 5.3 1.2 4.0 

A. t1rr1us 8.0 

A. vtrsicoJor 4.0 5,5 6.9 1.5 2.1 - s.o 4.0 

Ch11ta.iu1 gJo/Jo1u1 2.7 - 4.0 2.0 

Ch11to1iu1 sp, 1.1 

CJ1dosporiu1 h1r/J1ru1 0.4 2.7 3.5 2.0 

CJ1do1poriu1 sp. 0.4 0.4 

CurvuJ1ri1 Jun1t1 0.6 3.4 

DrechJ1r1 11ydis 1.1 4.7 

Fu11riu11oniJifor11 e.o 0.6 9.8 4.1 5.7 13.3 6.0 6.0 9.7 

F. oxy1poru1 10.0 0.8 2.2 4.4 7.7 6.0 1.0 

F. soJ1ni 4.0 10.0 15.6 6.5 8.6 10.5 5.6 16.0 8.9 
F. sp, 21.0 17.0 12.4 8.3 7.7 10.8 8.0 5.0 11.7 

HIJ1inthosporiu1 s1cch1ri 4.3 5.7 - 4.4 5.4 

lfucor sp. 1.1 9.5 3.7 2.7 4.0 6.0 6.8 

P1niciJJiu1 /Jr1ft!Jdi1nu1 1.6 2.0 3.3 2.7 6.5 

P. chrysog1nu1 J.4 2.0 0,3 4.0 

P. citrinu1 5.3 - 2.1 

P. nigrie1ns 4.0 3.0 7.6 4.2 2.2 4.5 1.3 4.4 5.3 
P. ru/Jru1 2.2 5.2 5.3 3.5 4.9 
P. sp, s.o 2.7 6.7 1.4 6.2 6.9 3.3 6.0 7.9 

-----------------------------------------------------------------------------------------
Contd. 



T1bl1 1.5 
-------------------------------------------------~----------------------------------

Ninttr Net SUlll!r Autu1n 
Fungi 

A B D A B D A B D 

Hhizopus nigriuns 6.6 3.1 4.7 4.0 2.4 

H. sp. 3.4 3.3 1.2 5.7 2.3 1.3 5.7 

St1chybotrys 1tr1 3,0 

Trichod1r11 h1rzi1nu1 2.0 2.7 7.5 0.1 2.2 3.3 1.4 

r. koningii - 3.5 4.2 

r. riridl 6.8 0.3 3.4 -
Y1rticiJJiu1 1Jbo-1tru1 5,9 5.6 1. 7 6.0 3.7 4.1 

"ycelial sterilia 2.0 5.0 3.8 8.9 4.5 0.5 4.1 2.1 1.9 
------------------------------------------------------------------------------------A • Ag1r pl1te 1ethod - • absent 
B = Blotter 11thod 
D = Dilution pl1te 11thod 



T1bl1 l.6 1 Nu1ber of fungal species (xt03/g} on 1aize seeds in different seasons. 
------------------------------------------------------------------------------------

Local White variety (LW) Local Yello• Variety (LY) 
--------·-------------------------------------------------

Fungi Seasons 
----------------------------------------------------------
llinter Wet Su11er Autuan Winter Wet Su11er Autuan 

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

A1per9iJJu1 '4ndidus 0.9 0.2 0.2 0.9 0.3 0.1 

A. f}IYUI 0.9 0.1 0.5 0.7 0.5 0.9 

A. nigtr o.e 0.6 o.e 0.6 

A. v1r1ic0Jor 0.9 

Fu11r i u1 1onil ifor11 0.7 0.2 0.2 0.8 0.3 0.7 

F. oxy1poru1 0.1 0.7 

F. 10J1ni 0.9 0.1 0,3 0.6 0.5 0.9 

F. sp. 0.8 0.3 0,9 0.4 o.s 0.7 

H1/1inthosporiu1 11cch1ri 0.1 

lfucor sp. 0.7 o.e 0.7 0.8 
P1niciJJiu1 br1f1Jdi1nu1 0.4 0.9 

P. citrinu1 0,3 

P. nigri'4ns 0.6 0.5 0.3 
P. fUDfUI 0.7 0.7 0.3 0.3 0.9 

P. sp. 0.1 0.2 0.3 0.7 0.9 0.9 
Hhizopus nigri'4ns 0.7 
R. sp. 0.3 o.s 0.1 0.4 0.7 0.1 
Trichod1r11 h1r1i1nu1 0.3 0.4 0.2 
r. koningii 0.2 
r. virid1 0.4 
r. sp. 0.7 o.s 
V1rticiJJiu11Jbo-1tru1 0.5 0.9 0.3 0.1 0.7 0.1 
Mvcelial sterilia o.s 0.4 0.2 o.s 0.5 0.9 

------------------------------------------------------------------------------------
- = absent 



llbll 1.6 : Incidence of seed fungi on two varieties of 1aize under different storage conditions. 

---------------------------------------------------------------------------------------------------
Local White variety (LN) Local Yellow Variety (LY) 

---------------------------------- ----------------------------------
Fungi Shaded condition S1oked condition Shaded condition S1oked condition 

A B D A B D A B D A B D 

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

Aspergillus e1ndidus + + + + + + + + + + + + 

A. f }lYl/S + + + + + + + + + + + + 

A. niger + + + + + + + + + + + + 

A, DChflCIDUI + + 

A. p1r1siticus + + + 

A. t1rr1us + 

A. versicolor + + + + + + 
Ch1etD1iu1 qlobo1u1 + + 
CJ1do1poriu1 herb1ru1 + + 
FUllf i UI ion i Ji fDflt + + + + + + + + + + + + 
f, oxy1poru1 + + + + + + + + 
f, 10J1ni + + + + + + + + + + + + 
F. sp. + + + + + + + + + + + + 
/fucor hie11Ji1 + + + + 

lfucor sp. + + + + + 
Penicilliu1 bref1Jdi1nu1 + + + + + + + + + + 
P. chry1og11111n + + + + + + + + 
P. citrinu1 + + 
P, nigric1n1 + + + 
P, fUDfUI + + + + + + 

P. sp. + + + + + + + + + + + + 
Nhizopus sp. + + + + + + + 

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



T1bl1 1.6 

Local Nhite variety (LN) Local Yellow Variety (LY) 

Fungi Shaded condition S1oked condition Shaded condition S1oked condition 
AB DAB D AB DAB D 

St1chybotrys 1tr1 + 

Trichodtfll h1rzi1nu1 + + + + + + + 

T. sp. + + 

/fye1Ji1J st1rili1 + + + + + + + + + + + + 

---------------------------------------------------------------------------------------------------
A = Agar plate 1ethod 
B = Blotter 1ethod 
D = Dilution plate 1ethod 

+ = present 
- = absent 



T1bl1 1.7 : Frequency of seed fungi on two varieties of 1aize under different storage conditions. 

---------------------------------------------------------------------------------------------------
Local White variety (LN) Local Yellow Variety (LY) 

---------------------------------- ----------------------------------
Fungi Shaded condition S1oked condition Shadid condition Stoked condition 

AB DA 8 D AB DAB D 

Asp1r9iJJu1 e1ndidus 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. fllYUI 3.4 4.3 8.6 9.0 7,5 5.2 2.7 8.2 7.4 5.3 8.o 10.0 

A. ni91r 0.8 0.8 8.0 1.6 3.8 7.6 3.3 2.1 10.0 4.7 1.9 3.4 

A. orh!lrlDUI 1. 7 - - 1. 7 

A. p1r11itiru1 9.9 - 14.1 5.3 

A. t1rr1us - 8.0 -
A. v1r1irolor 3.5 6.2 3.8 4.5 4.8 10.0 

Ch11to1iu1 9Jobosu1 - 2.9 - - 2.5 
CJ1dosporiu1 h1rb1ru1 - 0.5 - - 0.3 
fu11riu11onilifor11 13.3 10.0 16.9 5.7 10.6 16.5 9.1 0.1 11.0 6.9 1.1 8.6 
f, oxysporu1 10.7 9.8 - 10.3 4.0 - 10.0 0.9 - 10.0 0.7 
f, sol1ni 10.1 8.7 17.8 12.9 13.8 18.0 6.7 18.8 20.0 1. 3 16.2 11.2 
f, sp. 13.3 10.9 25.0 4.7 10.5 14.6 19.9 19.0 16.0 22.1 20.0 8.8 
/furor hi111Jis 4.8 4.9 - 6.2 4,5 -
/furor sp. 0.9 6.2 - 3.2 5,6 - 1.1 

Peniril 1 iu1 br1f1Jdianu1 4.1 7.9 4.6 6.3 5.9 4.2 2.0 1.4 - 1.2 2.6 
P. chry1091nun 6.2 5.9 - 6.5 6.3 - 4.0 1.9 - 2.8 2.1 
P. ritrinu1 - 6.0 4.6 
P. nigrieans 4.0 3.0 7.6 
P. ru/Jru1 0.8 1.9 4.0 1.6 2.3 3.4 
P. sp. 6.5 8.2 2.2 6.2 6.4 2.0 6.7 2.8 6.4 3.3 2.6 7.0 
fihizopus sp. 2.0 4.0 1.2 4.6 3.0 1.4 - 3.4 

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



T1bl1 1.7 
---------------------------------------------------------------------------------------------------

Local White variety (LW) Local Yellow Variety !LY) 

Fungi Shaded condition Stoked condition Shaded condition Stoked condition 
AB DAB D AB DAB D 

St1chybotrys 1tr1 3.0 

Trichod1r•1 h1rzi1nu• 4.5 1.8 3.3 2.6 2.0 2.9 - 2.5 

r. sp. 3.8 4.4 

"ycelial shrilia 4.2 1.7 0.9 4.4 1. 7 0.7 2.0 5.0 3.9 2.0 5.0 3.7 
--------------------------------------------------------------------------------------------------
A = Agar plate tethod 
B = Blotter tethod 
D = Dilution plate 1ethod 

+ = present 
- = absent 



T1bl1 1.8 : Seasonal variation in fungal populatiuon (x103 per gl on 1aize seeds under different 
storage conditions. 

Local Nhite variety (LNl Local VelloN Variety (LVI 
Fungi 

Shaded condition S1oked condition Shaded condition Stoked condition 

A B D A B D A B D A B D 

Asp1rgillus c1ndidus 0.4 0.4 0.8 0.1 

A. rl1rus 0.6 0.2 0.4 0.1 

A. ni91r 0.8 0.6 0.1 0.4 

A. rer1icolor 0.8 0.1 

fuslfiUI IDnilHDfll 0.9 o.s 0.1 0.6 

F. sol1ni 0.8 0.8 0.2 0.2 

f, sp, o.s 0.6 0.6 0.8 

P1niciliiu1 orereldi1nu1 0.6 0.2 

P, citrinu1 0.6 0.6 

P, ni9rie1ns 0.6 

P. fUDfUI 0.4 0.4 

p, sp. 0.2 0.2 0.4 0.7 

V1rticilliu1 1lbo-1tru1 o.s 0.5 o.s 0.2 

Kycelial sterilia 0,9 0,7 0.9 0.7 
--------------------------------------------------------------------------------------------------

- = absent 
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Figure 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 (%) of seed 
borne fungi on local white (LW) and local yellow (LY) 
varieties of maize. 
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Figure 1.4. Population of seed borne fungi on local white (LW) 
and Local yellow (LY) maize varieties under two storage 
conditions, i.e. shaded (cc) and smoked (smc) conditions. 
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Figure 1.5. Seasonal variation in fungal seed infection and 
chitin contents on local white (LW) and local Yellow 
(LY) varieties of maize. 
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PLATE 
PLATE 

PLATE 

~~ 
3A- Local white and localAvarieties of maize seeds. 
3.B. Infected maize cobs after storage is local white 

variety. 
3.C. Infected maize cobs after storage in local yellow 

variety. 
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II- Screening o~ maize seeds ~or 
mycotoxins 

Two varieties of maize seeds, viz. Local white and Local yellow 

varieties were tested -for the toxigenic strains o-f Aspergi l lus Flavus, 

A. ochraceous, Fusari.um moniliForme, Penicillium citrinum and 

detection o-f aflatoxin, ochratoxin, ·zearalenone and citrinin 

elaboration respectively in their natural as well as in the laboratory 

conditions. 

The percentaqe moisture contents o-f the seeds at different 

seasons (winter, wet summer and autumn) was recorded to be in the 

range of 5-157. durinQ winter,. 15-257. in wet summer and 25-407. in 

autumn season. 

On bright greenish-ye! low fluorescence (BGYF) test, al 1 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 durinq wet summer season and the least was durinq winter. 

Production of zearalenone, citrinin and ochratoxin was maximum during 

autumn and minimum in winter season (Fig 2.1.B,C,D). Local yellow 

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 (5) variations were observed between the mycotoxins 
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PLATE 

PLATE 

4.A. Some -Fungi associated with maize seeds during 
storage. 

4-.8. A ta>dgenic str·ain o-F Aspergillus .Plavt1s pt"oducing 
a-Flat0>dn B1 • 
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CP>0.001) as shown in Table 2.9. 

Table 2.1 depicted the percentage occurrence o-f A. Flavus in both 

local varieties of maize seeds in di-fferent seasons. It was highest 

during autumn, -followed by wet summer and winter. Local yellow 

variety supported higher percentage occurrence of A. Flavus than the 

local white variety. Table 2.2. depicted the seasonal variation in 

a-flatoxins and has revealed that maximum amount o-f a-flatoxin Bs(0.27 

ppm) and aflatoxin 61(0.05 ppm) was in winter months in local white 

variety. In wet summer months, only a-flatoxin Bs(0.9 ppm) was 

detected, whereas in autumn, a-flatoxin B1(0.4 ppm) and B:z(0.1 ppm) 

were detected. In local yellow variety, aflatoxin Bs(l.4 ppm) was 

detected durinq winter. In wet summer season, aflatoxins B1, B2, 61 

and 62 were detected with an amount o-f 1.3 ppm, 0.2 ppm, 0.4 ppm and 

0.2 ppm respectively. In autumn season, only aflatoxin B1 and 61 were 

isolated with a concentration of 1.0 ppm and 0.02 ppm respectively. 

A-f latox:in B1 (Plate-4.S) was -found to be the most common one 

amongst all the a-flatoxins, even though its concentration varies from 

variety to variety and -from season to season. The maximum production 
je.lloul 

of a-flatoxin B1 (1.44 ppm) was detected in winter in local~variety and 

lowest (0.27 ppm) was analysed in winter in local white variety. 

A-Fla.toxin B:z and 61 were detected in both the varieties whereas 

aflatoxin G:z was produced only in local yellow variety during wet 

summer season. 
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The results have indicated that local white variety contained 

only a-flatoxin B1. B2 and G1, whereas local yellow variety have all 

the four types of aflatoxins, viz. aflatoxin B1, B2, G1 and G2. 

The percentage occurrence of Fusarli.im monilirorme and production 

o-f zearelenone in maize seeds in di-fferent 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 durinq autumn 

season -followed by wet summer and winter in both the maize varieties. 

Similar 1 y, occurrence o-f Peni c i 11 i um c i tr inum and Aspergi 11 us 

ochraceous. production o-f citrinin and ochratoxin on maize seeds in 

different seasons as shown in Table 2.4 and 2.5 were found to have the 

maximum occurrence o-f P. citrinum and A. ochraceous as well as the 

production o-f citrinin and ochratoxin durinq autumn season followed 

by wet summer and winter seasons in both varieties respectively. 

It is clear from Table 2.6 that 30 isolates of A. flavus were 

isolated from di-fferent samples of local white maize seeds o-f which 

6 isolates were found to be toxigenic and yielded aflatoxin 81 and G1 

(0.32 ppm and 0.11 ppm) respectively during winter season. During wet 

summer season, 46 isolates were obtained out o-f which 22 were 

toxiqenic and yielded a-flatoxin B1 and G1 ( 1.1 ppm and 0.6 ppm) 

respectively whereas in autumn season only 16 isolates out of 50 

isolates were found to be toxigenic yieldinq aflatoxin 81 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 o-f maize. Out o-f 52 isolates oi= F. monili~orme 

screened, only 21 isolates were -found to be toxigenic with a 

concentration o-f 0.2 ppm during winter season, -followed by wet summer 

season whereby 10 isolates were toxiqenic out o-f 35 isolates isolated 

and havino a an amount o-f 1.4 ppm. The least number o-f isolates which 

were toxigenic had been detected during autumn season where only 2 

isolates out o-f 26 isolates were ~ound to be toxigenic producing 0.9 

ppm mycotoxin. 

The total amount o-f all the mycoto>dns detected in di-f-ferent 

seasons in local white variety was presented in Figure 2.2. It has 

been clear -from the -figure that maximum concentration o-f mycotoxins 

was obtained during wet summer season -followed by autumn and winter 

seasons. 

Similarly, Table 2.7 has shown that 32 isolates o-f A. Flavus were 

isolated -from local yellow variety out o-f which 10 isolates were 

toxigenic and yielded only a-flatoxin B1 with a concentration o-f 1.52 

ppm durinq winter season. The other mycotoxins detected during winter 

season were ochratoxin (0.4 ppm), zearalenone (1.5 ppm) and citrinin 

(0.1 ppm). In wet summer season, a-flatoxin B1 and G1 were detected at 

concentration oi= 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 durinq this period. 



Fig.2.3 showed the maximum amount o-f mycotoxins during wet summer 

season -followed by autumn and winter seasons. 

Statistical analysis (two way analysis o-f variance) showed 

siqni'ficant variations between seasons in local white variety CP>0.05) 

and local yellow variety CP>0.01) and also between -fungal species in 

both varieties (P>0.01) as shown in Table 2.9. 

It is clear -from Table 2.8 that a-flatoxins were produced more in 

shaded condition than in smoked storage condition. A-flatoxin B1 was 

more (1.74 ppm) in local yellow variety than in local white variety 

(0.52 ppm) under shaded storage condition. A-flatoxin 61 was rarely 

detected under shaded condition (0.24 ppm). Under smoked condition, 

the concentration o-f a-flatoxin B1 was 0.35 ppm in local yellow variety 

and 0.14 ppm in local white variety. 

Statistical analysis (two way analysis o-f variance) showed 

significant variations between storage conditions between varieties 

(P:>0.05) as shown in Table 2.10. 
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Table 2.1 : Occ:w·rence ('.%) o-f ~. -Fla\.'LIS. on local white (LW) and 
local yellow (LY) varieties o-f maize seeds in di-frerent seasons. 

Maize varieties Winter Wet SLtmmer AL1tL1mn 

LW 16 25 :32 

LY 20 28 4(1 
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Table 2.3 

Maize 

Varieties 

LW 

L. \I 

Oc:c:Lwrenc:e and pr-odL1c::t ion of zearalenone by FL1Sal'"i Lim 
monilirorme on maize seeds in different sea.sons. 

Oc:c:ur renc:e (I.) Amount of Zearalenone (ppm) 

Winter Wet Summer Autumn Winter Wet Summer Autumn 

18 ":?°''? ·-•..:.. 34 o. '7 1.2 1.36 

24 36 42 1.94 2.75 



Table 2.4 

Maize 

Var· iet ies 

LW 

LY 

Oc:c:L1rrenc:e and prodl.lc:tion of c:itrinin by Penicilli1..1m 

citrinum on maize seeds in different seasons. 

Oc:c:urrenc:e (~I.) 

Winter Wet Summer Autumn 

1 (l 16 22 

14 18 24 

Amount of citrinin (ppm) 

Winter Wet Summer Autumn 

0.29 (l.53 

1 
,.., . ...:. 

0.68 

1.25 



Table 2.5 : Occurrence and production of ochratoxin by Aspergillus 
ochraceous on maize seeds in different seasons. 

----------------------------------------------------------------------
Occurrence (1.) 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 OT aTlatoxins by seed Tungi in shaded and 
smoked storage conditions. 

Type and amount OT aTlatoxins (ppm) 
Maize 

varieties Shaded condition Smoked condition 

LW 0.52 0.24 0.14 

LY 1.74 o.o 0.35 



Table 2.9 Analysis of variance between production of mycotoxins 
and different seasons using 'F' test in both maize 
varieties. 

-----------------------------------------------------------------
Vti\riations 

Due to season 

Due to mycotoxins 

'F' Value 

Local white 

16.3486 

8.848312*** 

*** = Significant at 0.001 level 

Local yellow 

32.61 

18. 1248 

Tabla 2.10 : Analysis of variance between production of mycotox­
ins fungal species and different seasons using 'F' 
test in both the maize varieties. 

'F' Value 
Variations 

Local white 

D1.1e to season 

Due to fungal speceis 

** = Significant at 0.01 level 
* = Significant at 0.05 level 

3.540354* 

6.190444** 

Local yellow 

6.798604** 

4.808384** 

Table 2.11: Analysis of variance in production of aflatoxins 
between different storage practises in both local 
varieties using 'F' test. 

Variations 

D1.1e to storage 
condition 

Due to mycotoxins 

* = Significant at 0.05 level 

'F' Value 

1.044563* 

1.841234* 



Figure 2.1. Seasonal variation in mycotoxins concentration (ppm) 
on seeds of local white (LW) ~nd local yellow (LY) 
varieties of maize. 
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Figure 2.2. Seasonal production of mycotoxins by different 
isolates o~ 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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III- E~~ect o+ physica1 ~actors on the 
production o~ a+1atoxins 

1. Effect o-f moisture content: 

The e-f-fect of seed moisture contents on the production o-f 

a-flatoxins is depicted in Figure 3.1. It was clear -from the -figure 

that in local white variety, the highest production o-f a-flatoxins was 

at 35'X. seed moisture content on the 20th day o-f incubation period 

while the lowest was at 40% seed moisture content on the 10th and 30th 

day o-f incubation, while it was maximum at 257. seed moisture contents 

on the 20th day o-f incubation. Production o-f a-flatoxin was minimum at 

15% seed moisture content on the 30th day o-f incubation. 

In general, the production o-f a-flatoxins increased upto 20th day 

of incubation, thereafter it declined at all the moisture levels. 

2. Effect o-f temperature: 

Production of a-flatoxins at different temperatures is depicted 

in Figure 3.2. It was evident that maximum production o-f 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 o-f incubation. 

Production o-f 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 o-f a-flatoxin production was almost similar in both 

maize varieties (Fig.3.2). The most suitable tempc;;rature 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. 
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Production o-f a-flatoxin increased steadily upto 20th day o-f 

incubation and declined therea-fter at all the temperatures. 

3. E-f-fect o-f relative humidity: 

The variation in a-flatoxin due to relative humidity was observed 

(Fig.3.3). In local white variety, the maximum a-flatoxin was produced 

at highest humidity (1007.) on the 20th day o-f incubation while the 

minimum was observed at 757. relative humidity on the 10th day of 

incubation. The trend o-f a-flatoxin production was also similar in 

local yellow variety (Fig.3.3). 

Fig.3.3 also shows similar results on the e-f-fect o-f incubation 

period on the production o-f a-flatoxin, where the production in maize 

seeds by seed -fungi increased upto 20th day o-f incubation which 

decreased thereafter at all the relative humidities tested. 

4. Statistical analysis: 

Analysis o-f variance showed that there was non-significant 

variation in local white variety but signi-ficant variation (P>0.001) 

in local yellow variety between incubation periods. Between moisture 

contents, temperatures and relative humidities, signi-ficant variations 

were observed in both varieties. Table 3.1 showed that in local white 

variety, signi-ficant variation between moisture contents and 

temperatures CP>0.05), relative humidities (P>0.01) and in local 

yellow variety signi-fic:ant variations between moisture contents, 

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

----------------------------------------------------------------
'F' Value 

Variations 
Loc:c:\l White Local Yellow 

Due to incubation 12.86337 8.861668*** 

period 

Due to moisture 3.43014* 5.600821** 

content 

Due to temperature 3.709693* 4.97565** 

Due to relative s.02eso2** 4.990427** 

humidity 

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

*** = Significant at 0.001 level 

** = Significant at 0.01 level 

* = Significant at 0.05 level 



Figure 3.1. Effect of moisture contents(%) of seeds on the 
production of aflatoxins on seeds of local white (LW) 
and local yellow (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 
yellow (LY) varieties of maize. 
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Figure 3.3. Effect of different relative humidities (%) on the 
production of aflatoxin& on local white (LW) and 
local yellow (LY) varieties of maize. 
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IV- E~~ect o~ toxigenic ~ungi on 
nutritive va1ue o~ maize seeds 

1. Loss in dry weight : 

The change in seed dry weight of infected and uninfected seeds 

was taken at an interval of 60 days -for a period of 180 days is 

presented in Table 4.1. Results have shown that there was a gradual 

-fall or 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 Penicillium citrinum in local white 

variety has reduced ma>dmum seed dry weight (3.037.) -followed by 

FusarLJ.im moni 1 it=orme (2.16'Y.) and Aspergi 1 lus t=lavus ( 1.92'Y.) on the 

60th day o-f incubation period whereas F. monilit=orme was recorded to 

have the highest inhibition on the seeds with 4.257. followed by P. 

citrinum with 37. and then A. t=lavus with 2.877. on the 120th day 

incubation period. On the 180th day o-f incubation, F. monilit=orme was 

found to have the maximum inhibition on the seeds with 4.67'Y. -followed 

by A. t=lavus with 4.047. and P. citrinum with 3.4'Y. while in local 

yellow variety A. t=lavus caused maximum reduction (0.71'Y.) on the 60th 

day, on the 120th day (2.87'Y.) and on the 180th day (4.04F.) o-f 

incubation. F. monilit=arme and P. citrinum caused less loss. 

Statistical analysis (two way analysis o-f variance) in dry weight 

o.f seeds showed that there wet-e non-signi-ficant (NS) variations 

between the incubation period -for both varieties whereas significant 
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(S) variations were observed between the fungal species CP>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 0 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 

efrective 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 rungal infestation 

showed that there was significant variations CP>0.001) between the 

incubation periods for both varieties and between the Tungal species 

CP>0.001 and P> 0.05 for local white and local yellow respectively) 

as shown in Table 4.6. 

Stimulatory erfect of fungal infections on the reducing sugar of 

seeds and inhibitory efTect on the non-reducing ones was noticed 

(Fig.4.2). 
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Statistical analysis (ANOVA) o-f the data on reducing sugar 

contents o-f maize seeds due to -fungal in-festation showed a signi-ficant 

variation due to incubation period CP>0.001) -for both the varieties 

and between the fungal species (P>0.01) for both the varieties. 

Similarly, reduction in non-reducing sugar contents o-f maize 

seeds was signi-ficant 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. 

3. Changes in the protein contents : 

Changes in the protein contents o-f both the local varieties o-f 

maize seeds due to -fungal infestation at di-fferent periods o-f 

incubation is depicted in Table 4.4 and Fig.4.3 

An initial protein content o-f 3.24 mg/g and 3.68 mg/g was 

recorded in local white and· local yellow varieties respectively. In 

case o-f healthy seeds, the protein value showed slight change at the 

end o-f incubation periods whereas the in-fested seeds exhibited a 

gradual decrease with an increase in period o-f incubation. The 

inhibition of protein content due to various -fungal species after 60 

days o-f incubation ranged -from 1.23% to 2.77% in local white variety 

and 1.35/. to 2.44/. in local yellow ones. Arter 120 days o-f incubation 

it was 1.85/. to 3.4/. in local white variety and 2.187. to 3.827. in 

local yellow ones. Finally, a-fter 180 days of incubation, the 

inhibition (7.) in protein content was 1.567. to 3.44% in local white 

variety and 2.49/. to 3.327. in local yellow variety. 

88 



No speciricity has been observed, all the rungal species tested 

equally affected the protein content or the seeds in both varieties 

(Fig.4.3). 

Analysis or data CANOVA) exhibited that variation in protein 

content or maize seeds due to fungal infestation was insigniricant 

between the incubation periods and signiricant between the rungal 

species CP>0.001 and P>0.01 ror local white and local yellow 

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

Dry Weight of seeds (g) 
To>d gen i c fl.mg i 

O day 60th d~y 120th day 180th day 

16.24 15. 9:3 15.54 15.20 

( 18. :,;:.5) (18.12) (17.90) ( 1'7.60) 

F1..1sar i 1..1m mcmi 1 i .PormE? 16.24 H.5.79 15.32 15. 10 

(18.35) (18.20) (18.00) (17.90) 

Pcm i c i 11 i 1..1m c: i tr i rn1m 16.24 15.65 1 ~~· a=."'·' \;J • ;:.t..:.. 15. ~~o 

( 18. :.::.=i) (18.21) (18.10) (18.04) 

Control 16. ~~4 16. 14 16 • (H) 15.84 

( 18. ::$5) ( 1 E.l. 25) (18.15) (18.10) 

Open figures = LW= In parentheses = LY. 



Table 4.2 Effect of toxigenic fungi on total sugar contents of 

maize seeds. 

Sugar content (mg/g of seed) 

Tox i gen i c fLlng i 

0 d.:ily 60th day 120th day 180th day 

Aspergi 11L1s f'J a"'LIS 2.84 2.46 2.21 2. 10 

(2.92) (2.85) (2.79) (2.75) 

F1.1.sar i 1..1m mon i 1 i .Porme> 2.84 2.53 2.34 2 .. 25 

(2.92) (2.89) (2.83) (2.81) 

Pen i c :i 11 :i Ltm c: i tr i n1..1m 2.84 2.72 2.52 2.44 

(2.92) (2.82) (2.76) (2.75) 

Control 2.84 2.83 2.83 2.82 

(2.92) (2.90) (2.91) ( 2. 9<)) 

Open figures = LW; In parentheses = LY. 



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

uize seeds. 

Sugar content (1g/g of seed) 

0 day 60th day 120th Day 180th day 
Toxigenic fungi --------------------------------------------------------------

R NR R NR R NR R NR 

Aspergillus fl1vus 1.52 1.32 1.56 0.90 1.59 0.62 1.64 0.46 

( 1. 73) ( 1.19) ( 1.82) ( 1.03) (1.85) (0.94) ( 1.96) (0.79) 

Fus1r iu• •onil ifor•e 1.52 1.32 1.58 0.95 1.61 0.73 1.67 0.58 

(1.73) ( 1.19) ( 1. 76) ( 1.13) ( 1. 79) ( 1.04) ( 1.82) (0.99) 

Penicilliu• citrinu• 1.52 1.32 1.60 1.12 1.62 0.90 1.64 0.80 

( 1. 73) ( 1.19) ( 1. 79) ( 1.03) ( 1.82) (0.94) ( 1.86) (0.89) 

Control 1.52 1.32 1.53 1.30 1.53 1.30 1.54 1.28 

( 1. 73) ( 1.19) ( 1. 74) ( 1.16) ( 1. 74) ( 1.17) ( 1. 75) ( 1.15) 

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

Open figures - LW; In parentheses - LY. 

R = Reducing sugar; NR = Non-reducing sugar. 



Table 4.4 Effect of toxigenic fungi on protein content of maize 

seeds. 

Protein content (mg/g) of seed 
Toldgenic f1.mgi 

0 day 60th day 120th day 180th day 

Asperqillus Flavus :~:;. 24 3. 15 3. 12 ~~. 08 

(3.68) ('.3. 6::.q ( :::;. • 56) (:3:.51 ) 

FLISi.."lr i Lim moni 1 i Forme 3.24 :3;. 2(> :3. 17 3. 14 

(3.68) ( :.::. • 59) (3.52) (3.49) 

Pen i c i 1 Ji Lim cit r i nL1m 3. :;;~4 :~~ . 16 . ... . .:: .. 12 3.(l9 

(3.68) c:r.. 61 ) (3.58) (3.52) 

Control 3.24 3.24 ::::. • 2:3 ~5. 19 

C:L68) (3.68) (3.66) (3.61 ) 

Open figures = LW; In parentheses = LY. 



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. 

'F' Val1.1e 
Variations 

Loc:al white 

Due to incubation 

period 

Due to fungal infection 

* = Significant at 0.05 level 
** = Signi~icant at 0.01 level 

22.45338 

6.270097* 

Local yellow 

15.7193 

4.017544** 

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. 

'F' Value 
Variations 

Loc:al white Loc::al yellow 

Due to incubation 

period 7.675327*** 9.279475*** 

Due to fungal infection 7.094234*** 6.117904** 

*** = Significant at 0.001 level 

** = Significant at 0.01 level 



Tible 4.7: Analysis of variance in reducing and non-reducing sugar content of seeds by fungal 
species and different incubation periods in both 1aize varieties using 'F' test. 

'F' Value 
Variations 

Local white 

Due to incubation 
period 

Due to fungal 
infection 

Reducing 

1 l.16279 ... 

5.751938*' 

ttt • Significant at 0.001 level 

** = Significant at 0.01 level 

Non-reducing 

8.738828*** 

Locll yellow 

Reducing Non-reducing 

1.121442*** 9,795959••• 

5.293169** 5.790233** 



Table 4.8 Analysis of variance in protein content of seeds by 
fungal species at different incubation period in beth 
maize varieties using 'F' test. 

'F' Value 
Variations 

Local white Local yellow 

Due to incubation 

period 15.61517 21.1816 

Due to fungal infection 8.578651*** 7.298206** 

*** = Significant at 0.001 level 

** = Significant at 0.01 level 



Figure 4.1.B. Reduction (%) o+ total sugar contents o+ local 
white (LW) and local yellow (LY) maize varieties by 
toxigenic +ungi. 



Figure 4.1.A. Reduction (%) of dry weight of seeds of local white 
(LW) and local yellow (LY) varieties o~ maize by 
toxigenic ~ungi. 
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Figure 4.2. Stimulation (%) o+ reducing (R) and inhibition (%) 
o+ non-reducing (NR) sugar contents o+ local white 
(LW) and local yellow (LY) maize varieties by 
toxigenic +ungi on 60th day (A), 120th day (8) and 
180th day (C). 



Fig. 4.2. 
- 40 0 

§ A. flovus ;;.... 
A ...__ 

CJ) ~ F. moni\iforme 
0 30 D P. citrinum UJ 
UJ 
(/) 

20 
LL 
0 

10 
(/) 

I-
z .. 

0 
.. 

UJ 

I-

z -10 0 
u 60 

8 
er 50 
<( 

~ 40 
:::::> 
(/) 30 

LL 20 
0 .. 

10 
z 
0 0 

... 

I-
-10 <( 

_J 80 
:::::> c 
:L 

60 
I-
(/) 

......... 40 
z 
0 

20 ·.· . 
I-

. . -: .. 

m 0 .. ·. 
I 
z -20 

LW LY LW LY 

MAIZE VARIETIES 

R 
' 

NR 



Figure 4.3. Reduction (%) o+ protein contents o+ local white 
(LW) and local yellow (LY) maize varieties by 
toxigenic +ungi. 
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V. Effect of aflatoxin B1 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 B1 were tested against three seed borne fungi, viz. 

Aspergi 1 lus Flavus, Fusarium mani 1 iFarme and Penici 11 ium citrinum at 

different temperatures ( 15°C, 20°c, 25°C and 30°C) and length of 

incubation (2h, 5h, 10h and 24h) for fungal spore germination (Table 

5.1 and Figures 5.1, 5.2 and 5.3). 

Aflatoxin B1 exhibited a stimulatory effect on spore germination of 

A. Flavus at the different temperatures (Fig.5.1) and an inhibitory 

effect on F. moniliFarme and P. 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 CANOVA) of the variation in spore germination 

of toxigenic fungi due to aflatoxin B1 showed that there was 

significant variations between temperatures CP>0.01, P>0.05, P>O.O~ 

for A. Flavus, F. moniliFarme and P. citrinum respectively and 

between concentrations (P>o.o!) for A. Flavus and (p>0.05) for F. 

moniliForme and P. citrinum as shown in Table 5.5. 

Table 5.6 showed the significant variations between temperatures 

(P>0.05) in all concentrations of aflatoxin B1. Between fungal species 

significant variations CP>0.05 and P>O.O~ for 0.1 ppm and 0.5 ppm 
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respectively whereas non-significant 

concentration has been noted (Table 5.6). 

2. Colony growth : 

variation at 1.0 ppm 

The test -fungi were grown on PDA nutrient medium incorporated 

with di-f-ferent amount o-f the a-flatoxin B1 to get a series o-f 

concentrations. The control sets were maintained on pure PDA medium. 

The di-f-ference o-f the colony diameter between the control set and the 

treated was taken as the e-f-fect o-f a-flatoxin B1 on the mycelial growth 

o-f the -fungus. 

Table 5.2 depicted that the di-f-ferent concentrations (0.1 ppm, 

0.5 ppm and 1.0 ppm) o-f a-flatoxin B1 increased the colony growth o-f 

A. Fle1vus except at 144h o-f incubation where the growth in control and 

treated LS equal. Similar results were observed with 0.1 ppm 

concentration o-f a-flatoxin B1 on the colony growth a-fter 24h, 72h and 

120h o-f incubation periods. 

Table 5.2 also depicted that all the di-f-ferent concentrations 

(0.1 ppm, 0.5 ppm and 1.0 ppm) o-f a-flataxin B1 caused reduction on the 

colony growth o-f F. moni 1 iForme and P. citrinum. It has been observed 

that even at 144h o-f incubation period the colony growth o-f F. 

monilit=orme and P. citrinum were much reduced when compared to that 

o-f the respective controls. 

Fig.5.4.A depicted that 0.1 ppm, 0.5 ppm and 1 ppm concentrations 

o-f a-flatoxin B1 stimulatory e-f-fect on growth o-f !!._.. -flavus except at 

144h o-f incubation where no stimulatory/inhibitory e-f-fect was 
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observed. Similar results were observed with 0.1 ppm concentration 

a-fter 24h, 72h and 120h o-f incubation periods. Maximum stimulation was 

observed a-fter 48h o-f incubation at 1.0 ppm a-flatoxin added nutrient 

medium. 

All the concentrations (0.1 ppm, 0.5 ppm and 1.0 ppm) o-f 

a-flatoxin B1 were inhibitory on the colony growth o-f F. monili-forme 

(Fig.5.4.B) and P. citrinum (Fig.5.4.C). Maximum inhibition was 

observed at 1.0 ppm a-flatoxin B1 in both the -fungi. It was also 

observed that the lower concentration o-f a-flatoxins were less 

inhibitory. 

Signi-ficant variation on growth o-f toxigenic -fungal species by 

a-flatoxin B1 has been noted (Table 5.7). Between incubation period 

(P>0.001, P>0.01 and P>0.05) -for A. Flavus, F. monili-Forme and P. 

citrinum respectively). Similarly between concentration, signi-ficant 

variation CP>0.001) -for all species has been noted. 

Table 5.8 showed the analysis o-f data o-f the di-f-ferent 

concentrations o-f a-flatoxin B1 on growth o-f toxigenic -fungi. Between 

incubation period in-signi-ficant variation at 0.1 ppm has been noted 

but signi-ficant variations CP>0.001) at 0.5 ppm and 1.0 ppm has been 

noted. Between -fungal species~ there was no signi-ficant variation. 

3. Seed germination and seedling growth : 

Response o-f two maize varieties to di-f-ferent mycotoxins, i.e. 

a-flatoxin B1, 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 o-f a-flatoxin B1 in both 

the maize varieties. The seeds o-f local white variety were more 

a-f-fected than local yellow variety (Fig.5.5.A). Similar trend on 

inhibition of seed germination was observed with zearalenone 

(Fig.5.5.B). However, in case o-f citrinin maximum inhibition on seed 

germination was exhibited by local yellow variety than local white 

one. 

Reduction o-f seedling growth was observed in al 1 the treated 

samples compared with untreated ones (Table 5.3). The table showed 

that on the 5th day OT incubation, the maximum shoot growth (1.68 cm) 

was observed with 0.1 ppm OT citrinin and root growth (5.36 cm) with 

0.1 ppm OT aTlatoxin B1; minimum shoot growth ( 1.15 cm) and root 

growth (3.82 cm) were with 1.0 ppm o-f 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 o-f 

a-flatoxin B1 and minimum on 1 ppm o-f citrinin on shoot growth and 

zearalenone OT root growth. 

Fig.5.6.A depicted the inhibition (%) on seedling growth OT maize 

in local white variety by aTlatoxin B1. Maximum inhibition o-f seedling 

growth was observed with a-flatoxin B1 (1 ppm) whereas the minimum was 

observed with 0.1 ppm concentration. The pattern OT zearalenone and 

citrinin was also similar (Fig.5.6.B and C). 
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Table 5.4 depicted the e-f-fect o-f di-f-ferent concentrations (0.1 

ppm, 0.5 ppm and 1.0 ppm) or mycotoxins, viz. a-flatoxin B1, 

Zearalenone and citrinin on seedling growth o-f local yellow variety 

o-f maize. Reduction on seedling growth was observed in all the treated 

samples when compared with the control. On the 5th day o-f incubation, 

the maximum shoot length (1.59 cm) and root length (4.98 cm) were 

observed with 0.1 ppm o-f citrinin and zearelenone respectively, 

whereas minimum shoot length (3.56 cm) and root length (2.43 cm) were 

observed with 1.0 ppm o-f zearalenone. On the 10th day o-f incubation, 

the maximum shoot length (5.02 cm) and root length (11.09 cm) was 

observed with 0.1 ppm o-f citrinin and a-flatoxin B:1. respectively. 

Minimum shoot length (2.43 cm ) and root length (5.24 cm) were 

observed with 1.0 ppm o-f zearalenone. On the 15th day o-f incubation, 

maximum shoot length (6.49 cm) and root length ( 13.56 cm) were 

observed with 0.1 ppm o-f citrinin and zearalenone respectively where 

minimum shoot length (2.85 cm) and root length (7.99 cm) were observed 

with 1 ppm o-f citrinin and zearalenone respectively. 

Fig.5.7.A depicted the inhibition ('l.) on seedling growth o-f maize 

by a-flatoxin B:1.. Amongst all the concentrations o-f a-flato>dn B1 

tested, 1 ppm was observed to have the maximum er-feet and 0.1 ppm to 

have the minimum e-f-fect on the seedling growth. 

Fig.5.7.B showed the inhibition ('l.) on seedling growth o-f maize 

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.5.7.C depicted the e-f-fect o-f citrinin on seedling growth o-f 

maize. Maximum inhibition was observed with 1 ppm concentration and 

minimum with 0.1 ppm. 

Statistical analysis CANOVA) exhibited insigni-ficant 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 ci trinin on shoot length and zearalenone on root 

length exhibited signi-ficant variations CP>0.001). Between 

concentration signiricant variation has been noted as shown in Table 

5.9. 

Table 5.10 exhibited insigni-ficant variation between incubation 

period except in local yellow variety with 1.0 ppm on shoot length 

where signi-ficant variation has been noted CP>0.001). Between 

mycotoxins signi-ficant variation has been noted at dir-ferent levels. 
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T1bl1 5,1 : Effect of aflatoxin B1 on spore germination of toxigenic fungi at different te1peratures. 

Spore ge1ination (i) 
Concentration of 

Toxigenic Fungi aflatoxin B1 (pp1) 2o•c 25•c WC 

2h 5h !Oh 24h 2h Sh !Oh 24h 2h 5h !Oh 24h 

0.1 12 lb 25 52 B 13 32 62 10 22 34 70 

AJPlfl/illus fll'IUJ 0.5 13 17 2b 75 9 15 47 65 12 25 50 BO 

LO 15 18 35 80 10 16 54 90 14 30 56 90 

Control o.o 10 15 24 50 6 12 30 60 8 20 30 80 

0.1 - 35 44 47 - 42 b2 70 

Fus1riu11onilifor11 0.5 - 22 20 25 - 40 60 64 

1.0 - 00 00 00 - 00 00 00 

Control o.o - 40 60 70 - 56 75 100 

0.1 8 10 45 - 20 26 40 

P1nicil/iu1 citrinu1 0 .5 4 5 20 - 00 00 26 

1.0 - 00 00 00 

Control o.o 10 12 50 - 28 42 100 

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

- = No observation 



Table 5.2 1 Effect of aflatoxin 81 on the groNth of toxigenic fungi. 

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

Hean radial expansion iin 11) 
Toxigenic fungi Concentration of -----------------------------------------

aflatoidn 81 (pp1) Z4h 48h 7Zh 96h lZOh l44h 

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

Aspergi JJus f J1vus 0.1 0.8 1.1 2.5 2.8 4.3 4.5 

0.5 0.9 1.5 2.7 3.0 4.5 4.5 

1.0 1.0 1.6 3.0 3.2 4.5 4.5 

Control o.o 0.8 1.0 2.5 2.7 4.3 4.5 

Fu11riu11onilifor11 0.1 0.5 0.7 1.5 1.9 2.5 3.0 

0.5 0.3 0.7 1.4 1.6 2.0 2.4 

1.0 o.o o.o o.o o.o o.o 0.5 

Control o.o 0.7 0.9 1.8 2.2 3.0 4.0 

P1niciJJiu1 citrinu1 0.1 0.6 1.0 1.9 2.5 3.5 4.0 

0.5 0.5 0.6 1.2 1.9 2.2 2.4 

1.0 o.o o.o o.o o.o o.o o.o 

Control o.o 0.8 1.2 2.2 2.8 3.9 4.3 

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



Table 5.3 : Effect of 1vcotoxins on seedling growth of local white variety of 1aize. 

Concentration of 1ycotoxins 
(pp1) 

Aflitoxin a1 

0.1 

0.5 

1.0 

leirilenone 

0.1 

0.5 

1.0 

Citrinin 

0.1 

0.5 

1.0 

Control o.o 

5th day 

Shoot Root 

1.58±0.04 5.36±0.17 

1. 34±0.02 4 .60±0.11 

1.24±0.02 4.47±0.05 

1.60±0.04 5.16±0.11 

1.33±0.02 5.04±0.05 

1.15±0.02 3.82±0.07 

1.68±0.04 5.16±0.12 

1.35±0.02 4.74±0.09 

1.27±0.03 4.69±0.07 

1. 75±0.03 6.46±0.10 

Seedling growth (c1) 

10th day 15th day 

Shoot Root Shoot Root 

5.08±0.15 12.17±0.12 6.76±0.19 14.48±0.11 

4.48±0.08 10.14±0.16 5.44±0.09 12.64±0.16 

3.96±0.11 8.7S±0.09 4.17±0.06 11.65±0.09 

4.58±0.08 11.19±0.15 6.21±0.10 13. 77±0.15 

2.85±0.06 7.91±0.09 4.45±0.09 9.71±0.06 

2.84±0.05 7.11±0.10 4.15±0.07 0.11±0.10 

5.62±0.10 9.67±0.12 6.65±0.17 13.48±0.11 

4.04±0.08 9.24±0.15 5.37±0.09 11.64±0.16 

2.84±0.09 6.65±0.09 3.11±0.03 10.65±0.09 

6,75±0.16 14.08±0.34 9.60±0.23 15.72±0.07 



Table S.4 : Effect of 1ycotoxins on seedling growth on local yellow variety of 1aize. 

Seedling growth (c1) 
Concentration of 1ycotoxins ------------------------------------------------------------------

(pp1) 5th day 10th day 15th day 
-------------------- -------------------- ---------------------

Shoot Root Shoot Root Shoot Root 

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

AfJ11toxin 81 

0.1 1.45±0.05 5.12±0.07 4.96±0.12 11.09±0.09 6.54±0.17 14.02±0.13 

0.5 1.21±0.02 4.34±0.10 3.95±0.23 9.83±0.14 5.02±0.07 12.25±0.08 

1.0 1.19±0.01 4.21±0.03 3.86±0.15 8.35±0.07 3.96±0.02 10.95±0.04 

le11r11Jenone 

0.1 1.55±0.04 4.98±0.09 3.83±0.09 11.02±0.09 6.04±0.12 13.56±0.14 

0.5 1.47±0.03 4.73±0.03 2.54±0I12 6,82±0.05 3.95±0.14 9.47±0.10 

1.0 1.39±0.02 3.56±0.05 2.43±0.10 5.24±0.15 3.48±0.03 7.99±0.08 

Citrinin 

o. 1 1.59±0.03 4.95±0.12 5.02±0.14 9.08±0.03 6.49±0.15 12.84±0.17 

0.5 1.28±0.04 4.68±0.07 3.92±0.09 8.75±0.16 4.98±0.08 11.52±0.09 

1.0 1.09±0.02 4.43±0.04 2.63±0.02 6.24±0.07 2.85±0.01 9.25±0.03 

Control o.o 1.62±0.02 6.30±0.04 6.42±0.12 13.96±0.25 8.54±0.32 15.55±0.14 



Table 5.5 :Analysis of variance between spore germination of 
toxigenic fungi due to aflatoxin B1 at different tem­
pera tures using 'F' test 

Vari.at ions 

Due to Temperature 

Due to 
Concentrations 

Aspergi J l 1.1s 

.P 1 a v1.1 s 

9.020** 

9.23617** 

** = Significant at 0.01 level 
* = Significant at 0.05 level 

'F' Value 

F1.1sar j 1.1m 
monili-forme 

3.48043* 

2.661771* 

Penicillit.tm 
citrium 

8 ".')".')1 ** . "" 

4.477582* 

Tabla 5.6 Analysis of variance between spore germination due to 
fungal species at different temperatures using 'F' 
test. 

Variations 
0.1 ppm 

Due to temperature 1.785685* 

Due to fungal species 1.64102* 

** = Significant at 0.01 level * = significant at 0.05 level 

'F' Value 

0.5 ppm 1. O ppm 

1. 109506* 0.9999* 

6.593483** 676.0016 



Table 5.7 : Analysis of variance on growth of toxigenic fungi by 
aflatoxin B 1 due to incubation period using 'F' test. 

Variations 

Due to incubation 

AspergjJJ1.1s 
rlift\ll.IS 

period 4.699343*** 

Due to 
concentrations 5.627521*** 

*** = Significant at 0.001 level 
** = Significant at 0.01 level 
* = Significant at 0.05 level 

'F · Val1..1e 

F1.1sar j 1.1m 
mcmj 1 j rorme 

4.001** 

5.251924*** 

PenjcjJJj1.1m 
cj tri1.1m 

1.041089* 

4.993311*** 

Table 5.8 : Analysis of Variance on aflatoxin B1 due to fungal 
species and due to incubation period using 'F' test 

Vu· i at ions 

Due to incubation 
period 

D1..1e to fungal 
species 

O. 1 ppm 

9.984443 

17.86785 

*** = Significant at 0.001 level 

'F' Value 

0.5 ppm 1. O ppm 

4.610482*** 4.661273*** 

2C>. 66411 20.08961 
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Figure S.1. Stimulation (%) of spore germination of Rspergillus 
Flavus by aflatoxin B1 at different temperatures. 
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Figure 5.2. Inhibition (/.) of spore germination of FL1sariL1m 
monili-Forme by aflatoidn r-< 1 at different 
temperatures. 
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Figure 5.3. Inhibition(%) o-f spore ger-minat.ion o-f Penicillium 
citrinum by a-flato>::in B 1 at di-f-fen-ent temper-atur-es. 



-~ .e...;. 120 
z 
0 100 .._ 
<( 

z 80 

L 
60 0::: 

UJ 
<!) 40 

UJ 20 
0::: 
0 0 
Q. 

(f) 

120 

LL 
100 0 

z 80 
0 

60 .._ 

(I) 4.0 

:I: 20 
z. 

0 

Fig. 5.3. 

El 0·1 ppm 
~ 0·5 ppm 
0 1·0 ppm 

2 4 

·.·. . . . . . . . 

INCUBATION 

... 

. . 

8 24 

PERIOO{h) 

20°C 

. . 
.. . . 
.. 
.. 

25°C 



Figure 5.4. Stimlllation (I.) o-f gr·owth o-f A5-perqi11us rlavL1s (A) 
and inhibition (/.) o-f growth of Fusarium monili-Forme 
( B) and Pen i c i 11 i um c i tr i num ( C) • 
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Figure 5.5. Inhibition (%) o+ seed germination o+ local white 
(LW) and local yellow (LY) varieties o+ maize by 
a~latoxin B1 (A), zearelenone (B) and citrinin (C). 
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Figure 5.6. E~~ect o~ mycotoxins on seedling growth o~ local 
white variety o~ maize by a~latoxin B1 (A) 
zearalenone (B) and citrint~ (C). 
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Figure 5.7. Effect of mycotoxins on seedling growth of local 
yellow variety of maize by aflatoxin B1 (A)~ 

zearalenone (B) and citrini~ (C). 



-
~ • .......... 

:r: 
...... 
~ 
0 
a::: 
<.=> 

<.=> 
z 

_J 

0 
w 
w 
en 

u.. 
0 

z 
0 

...... 

CD 

I 

z 

Fig. 5.7. 

60 
§ Shoot 

40 D Root 

20 

0 

20 . · .. : 

40 

60 
80 
60 

40 
20 

0 
20 
40 

60 
80 
80 

60 

40 

20 

0 

20 . · ,•. 

40 
60 

5 10 15 5 
INCUBATION 

0 0·1 

,· .. 

.. .. 
.. 
. .. 

·.· . . . -: . 

. · .. · . 

A 

... ·.·. 
· .. ·.· 
. .... 

8 

... . ·.· ... 

. ·. . . 

. . 
·.·:.· . 
.·.··. 

.·.· .. 

... 
.. ·. 

. :-· . 
. . . · .' 

10 15 5 10 15 
PERIOD (DAYS) 

0·5 1·0 

C 0 N C E N T R AT I 0 N 0 F MY C 0 T 0 X I N S (ppm) 



VI- ETTect OT aT1atoxin B1 on a1bino mice 

1. Effect on the weight : 

The mice fed with pure aflatoxin B1 lost more weight than those 

fed with crude one. Mice o+ all the age groups were sensitive to 

a+latoxin feeding and showed negative growth. The young mice have 

shown the sign of recovery from the a+latoxin contaminated feeding and 

the older mice were worst a+fected. The response o+ male and female 

mice was different to di++erent +eedings o+ a+latoxin contaminated 

food. Female mice were a++ected more than the male ones (Table 6). 

2. Effect on the liver : 

No liver tumors were observed in any test animal, but some of the 

mice treated with pure and crude a+latoxin B1 showed abnormally light 

in color of liver in all three age groups o+ both the sexes. This 

abnormal light in color o+ liver was more pronounced in those mice 

treated with pure a+latoxin B1 than crude one. 

3. E++ect on the skin : 

Loss of hairs, particularly on the posterior dorsal surface of 

the body was observed in some o+ the animals treated with pure and 

crude aflatoxin B1, but not in control ones. The loss of hairs from 

skin was more pronounced in the animals treated with pure aflatoxin 

B1 than the crude form of aflatoxin B1. Vertical sections o+ the skin 

showed patches of non-differentiated, deeply stained cell masses in 

the dermis o+ mice treated with pure and crude aflatoxin B1. 
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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 

B1 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 9 weeks 

old survived till the time of sacrifice, that is, after 7 months 

feeding period. 
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Table b : Effect of feeding mice with aflatoxin B1 on their weignt. 

Pure aflatoKi~ B1 

Crude afiatot.in B1 
' 

Cont ml 

initial 
age 

(week) 

.::. 

6 

9 

3 

6 

9 

3 

6 

9 

Sex 

M 

F 
M 

F 
M 

F 

M 
F 

M 
F 
M 
F 

M 
F 
M 
f 
M 
c 
I 

Average 
initial wL 

rn gr ams 

14.84 
13.30 
14. 9(i 
i3.8(1 
15.00 
!4 .(i(i 

14. 90 
13.62 
15.00 
14.50 
14. 9!) 
13.50 

15.02 
13.90 
14. 9(i 

14 ,I/I 
14.50 
14.Ci! 

16.59 
14.80 
15.2(1 
14.52 
15.32 
!4.52 

16.35 
14.52 
16.02 
15.47 
j <; C.'/ ,,,;J, ~.4 

14 iri .. ; ~ ·.·"" 

17.09 
15.00 
i6.71 
16.60 
15.40 
!5.00 

Average final weight post feeding 

Months 

2 4 5 

19 .iJ(I 'j·j 7") 
J.J.1.'J. 26.40 28.8(1 

18.32 22.50 23.64 27 .80 
16.53 16.24 17 .42 lB.24 
15.81 17 .51 18.92 20.22 
i6.02 16.85 17 .49 18.02 
14.82 15.22 i6.02 16.88 

19.88 24.04 27.90 30182 
18.43 23.02 25. 90 28.70 
17.62 i 9 .02 20.82 21. 50 
16.74 18.82 20.24 21.50 
16.62 17 .42 18.02 18.92 
15.20 16.42 i 7 'j7 

J.! 1i..· • .' 18.41 

20.90 25.02 29.82 33.90 
19.90 24.52 26.80 30.98 
18.71 20.11 21.01 '17 '11 ..:.,,_J. ;..,. 

iB.10 19.30 20.10 22.60 
i6.82 17.90 18.51 19. 70 
i6.30 17.50 18i30 19. 20 

30.50 
31I70 
20. J(l 
20. 9(i 

18.75 
17 .42 

-:r-:r C:"'J 
· .. ' _\' i..'L 

30.95 
22.15 
22.92 
19.54 
18.92 

36.34 
33.68 
'j.C' ...... 
L~ • .fl 

24.20 
20.6(1 
20.02 

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



Figure 6. Effect of aflatoxin B1 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 a-flatoxin production . . 
Aqueous extracts o-f plants tested had decreasl.·R3 effect on the 

production o-f fungal biomass compared to the untreated fungi (Table 

7). Maximum reduction in -fungal biomass was observed with the extracts 

of Centella asiatica and least was recorded with Thuja orieDtalis. 

Allium cepa and A. sativum also decreased the growth of A. Flavus. 

The growth o-F fungi coincided with the production of aflatoxin 

B1. Production o-f 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 o-F inhibition of -fungal biomass and aflatoxin was C. 

asiatica > A. cepa > A. sativum > T. orientalis. 

98 



Table 7 

Funqal biomass Amount of 
(mq/flask) a+lato~1n B1 

Lu.lb ··=!····',Ii;;:) 
·-'.4..'.. . .' 

bu 1!:3 

Cs~tella asiatica 

i.. /I;;;:: 
'-····-r· .... • 1 "()E: 



Figure 7. Inhibition (/.) on growth o-f AspergillLIS Fla\.'Lls and 
a-flato>=:in prodLtction by AlliL1m cepa~ A. sativ'Llm~ 

c·entella asiatica and 7'hLlja oriEmtalis. 
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Amongst the various techniques used +or the isolation or seed 

borne rungi, blotter method was -found to be the most suitable one than 

agar plate method and dilution plate methods. In terms o+ number o+ 

rungi isolated, blotter method was +allowed by agar plate method and 

dilution plate method (de Tempe, 1962; Agarwal et al., 1972; Singh et 

al., 1973; Lima et al., 1982; Jorgensen, 1982 and Paiva et al., 1984). 

In the agar plate method certain rast growing +ungi, e.g. Aspergillus 

spp., Fusarium spp., Penicillium spp., Rhizopus spp. and some sterile 

mycelia dominated the plates suppressing the growth or slow growing 

-fungi as suggested by Aulakh et al. (1976). There+ore, agar plate 

method may not give correct picture or species composition. However, 

Gi 11 et al. ( 1983) have observed that PDA method was better than 

blotter method which was in accordance with some o+ our +indings 

(Fig.1.2. & Fig.1.4). 

Neergaard and Saad (1962) concluded that the blotter method and 

the agar plate method are both valuable and supplementary to each 

other. Further these methods have been selected as standard procedures 

as per International rules ror Seed Testing (!STA, 1966) by 

International Seed Testing Association a+ter 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 isolation or seed myco+lora. The dilution 

plate method was +ound to be use+ul -for the detection o-f sur-face 

myco-flora which are saprophytic species o-f Alternaria, Aspergillus, 
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Helminthosporium., l"/ucor, Fusarium., Penicillium., Rhizopus., Trichoderma 

and Verticillium. These were mostly -field -fungi whose -frequency o-f 

occurrence gradually decreased along with storage time. 

Distinct seasonal variations o-f seed myco-flora was observed 

during wet summer, autumn and winter seasons o-f the year. There was 

a gradual -fall in the number o-f -fungal species on the seeds during 

storage period which increased -from wet summer to autumn seasons. 

Dec 1 ine in the number o-f -Fungi during storage has ear 1 ier been 

observed (Reddy and Reddy, 1983; Larcher et al., 1984; Shree, 1984; 

Vijayalakshmi and Rao, 1985). It is evident -from the Table 1.1 that 

there was a reduction in the incidence o-f -field -Fungi and an increase 

in the storage -fungi during the winter season. The storage -fungi were 

mainly Aspergillus spp., Fusarium spp. and Penicillium spp •• The 

reduction o-f -field -fungi and increase o-f storage -Fungi during storage 

has also been reported (Schroeder and Sorensen, 1961; Christensen, 

1969 and Nandi et al., 1982). The reduction in the incidence o-f -field 

-fungi during storage might be due to the inactivation o-f inoculum by 

ageing as suggested by Neergaard (1977). The results o-f the present 

investigation have shown that some o-f the -fungal species were encoun­

tered in all the seasons (Table 1.1). These -fungi have indicated their 

broad ecological amplitude adopting themselves to di-f-ferent nutrients 

available during storage'period and varying environmental conditions. 

Those which were restricted to a particular season re-fleeted greater 

sensitivity to the storage condition and can be categorised as with 
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narrow ecological amplitude. Fungi of= rare occurrence re-fleeted their 

more demanding nature -for speci-fic 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 o-f -fungi may be due to unravourable storage conditions 

or lack of competitive ability (Gilman and Semeniuk, 1948; Campbell, 

1962). 

Qualitative variation of fungal species was observed in both the 

local varieties of= maize during di·f-rerent seasons. Altogether 37 

-fungal species belonging to 14 genera were isolated -from the two 

varieties of= maize seeds, of= which a maximum o-f 33 fungal species were 

isolated -from the seeds or 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 di-frerent types of seeds is well 

advocated. The species composition of= -fungi di-f-fered due to physico­

chemical nature of= the seeds, agricultural operations, storage 

conditions, climatological conditions or the locality during 

harvesting and sampling (Neergaard, 1970). Vaidehi and Ramarao (1978) 

-found that the -fungi vary -from sample to sample. 0-f the 20 species 

isolated, species belonging to Aspergillus and Penicillium were the 

most dominant which substantiated the present -findings. 

Qualitative assessment o-f -fungal species on maize seeds revealed 

that species o-f Aspergillus, Fusarium, and Rhizopus were dominant in 

both the varieties or maize. IHternaria spp., Chaetomuim spp.' 
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Cladasparium spp., Drechlera spp., Helminthasporium sacchariff /'1ucor 

spp .. , Trichoderma spp .. , Verticillium albo-atrum mycelial sterilia were 

also recorded from both the varieties though with a less frequency 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 species composition on 

difTerent 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, 1977; 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 

o-f the fungal population. Higher percentage of moisture content o-F 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 o-F fungi. Amongst which Aspergillus spp., Fusarium spp. 

and Penicillium spp. were the most dominant fungi. There was not much 

di-Fference in the total number of fungal species isolated from the 

storage conditions (Fig. 1.5) though their frequency of occurrence 
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di-f-fered. 

The chitin content and -fungal populations o-f maize seeds showed 

a positive correlation. A method o-f measuring the degree o-f -fungal 

invasion o-f stored maize seeds was developed using the analysis o-f 

chitin, measured as glucosamine, as a criterion. The decline in chitin 

contents during winter months was related to low moisture contents or 

the seeds and temperature o-f storage conditions. Whereas, in the other 

seasons, where the moisture and temperature were higher, the seed 

in-fection as well as the chitin contents were also highet-. This 

revealed that chitin content may alternatively be used as a reliable 

method to study the -fungal invasion o-f seeds (Donald and Mirocha, 

1977; Carballas and Acea, 1988). 

Mycotoxin contamination o-f -food stu-f-fs is posing a grave threat 

to public health due to their potent toxic nature and -fairly common 

occurrence. The range o-f agricultural and industrial commodities 

potentially a-f-fected by mycotoxic -fungi is extremely wide and possibly 

no edible substance can be regarded as absolutely sa-fe -from the 

mycotoxin contamination. Presence o-f toxigen ic strain o-f the concerned 

mould, availability o-f suitable substrates and congenial climatic 

conditions are the three major -factors which contribute to mycotoxin 

production under natural conditions. The problem o-f mycotoxin 

contamination o-f -foods and -feeds is world wide but it is more -frequent 

in those areas o-f the world where climatic and agricultural conditions 

are most suitable to mould growth. 



Indian climatic conditions coupled with socio-economic 

backwardness or-fer excellent conditions -for mycotoxin production. Hot 

and humid climate, which is ideal -for mould growth, is prevalent in 

most parts or India, part i cu 1ar1 y during the monsoon season. The 

consumption o-f mycotoxin contaminated -food often becomes indispensable 

due to acute -food shortage and poverty. 

Maize (Zea mays L.) is an excellent substrate -for mould growth 

and mycotoxin production. Maize is one o-f the cereal crop o-f Meghalaya 

and is used as a stable -food in many regions o-f this state. The maize 

seeds are sown in the spring season, i.e., month o-f March and 

harvested in the autumn season, i.e., August-September. 

In the present investigation, it has been observed that 

mycotoxins, viz. arlatoxin, zearalenone, ochratoxin and citrinin were 

commonly associated with maize seeds. The seeds which were 

contaminated with a-flatoxin showed positive response to BGYF test. 

While screening the seeds -for mycotoxins elaboration in nature, it was 

-found that al 1 the seed samples had the presence o-f mycotoxins 

(Fig.2.1). 

In local white variety, a-flatoxin B1, B2 and G1 were detected 

whereas local yellow variety has all the -four types o-f arlatoxins, 

viz; a-flatoxin B1, B2, G1 and 62 at dir-ferent seasons. It was clear 

-from Table 2.2 that local yellow variety contained more amount o-f 

a-flatoxins than the local white variety. This was due to the substrate 

and external seed morphology o-f 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, 1969). The present investigation was 

also supported by Devi and Polasa ( 1982) who e>=:amined the maize 

samples used as poultry feed for mold isolation and toxin production. 

They found that 2B'l. of the maize samples were contaminated with three 

mycotoxins and among these the aflatoxin B1, B2 and 61 were found to 

be above 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 et al., 1982; Sabino et al., 1989; 

Kolhe et al., 1993). 

Natural contamination of aflatoxin is known to be greatly 

influenced by the environmental -factors (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. 1971). 

The other mycotoxin detected was zearalenone produced by F1..1saruim 

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 importar.t 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 et al., 1985). The fusarial toxins were mostly associated with 



maize stalk rot (Logrieco and Bottalico, 1986) and a number o-f 

mycotoxins producing Fusaruim species have been reported (Blaney and 

Dodman, 1988; Mirocha et al., 1989; Hussein et al., 1989). 

Citrinin produced by Penicillium citrinum was isolated -from 

in-fected maize seeds when temperature was low. This mycotoxin was 

known to occur naturally in cereals (Hesseltine, 1974). 

Ochratoxin produced by Aspergi l lus achraceaus on maize seeds was 

isolated and has been -found to invade and multiply during storage 

conditions (Christensen, 1962). It was detected in both the maize 

varieties (Fig.2.1). The toxigenic -fungi besides maize seeds have also 

been isolated -from other cereals and legume products (Scott, 1965), 

red and black pepper (Christensen et al., 1967), Aspergilli as 

ochratoxin producers have also been reported (Hesseltine et al., 

1972). 

At lower altitude, certain mycotoxigenic -fungi, viz. Aspergillus 

flavus group producing a-flato>dns, A. achraceaus producing ochratoxin­

A and Penicillium 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 Prasad, 1994). 

While studying the mycotoxin producing potentiality o-f A. Flavus, 

F. moniliForme and P. citrinum in vitro conditions, it was observed 

that some o-f the isolates screened at di-f-ferent seasons were -found to 

contain a-flatoxin B1, B2 and 61 but not a-flatoxin G2 in local white 

variety (Table 2.6) whereas in local yellow variety, only a-flatoxin 
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Bi and Gi were detected, a-flatoxin B2 and G2 were not found (Table 

2. 7). A-flatoxin Bi was invariably produced by al 1 the to>dgen ic 

isolates o-f A. Flavus, however, frequency o-f production of aflatoxins 

other than Bi was comparatively lower. Variation in the potentiality 

o-f isolates of A. Flavus in producing aflatoxins was probably due to 

the variations in their genome (Singh, 1988). 

Though al 1 types of -foods can harbour toxigenic strains of 

Aspergi 1 lus which can produce af latoxins under suitable conditions but 

surface area of the substrate and availability of oxygen to a great 

extent affect aflatoxin production {Diener and Davis, 1969). The 

degree of toxin concentration also depends upon the substrate on which 

the -fungus grows. In the present investigation, a-flatoxin Bi and Gi 

were detected in both maize varieties. A-flatoxin Bi 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 o-f 

these isolates was done. It seems that potentiality to produce the 

type of a-flatoxin and their quantity is genetically determined as was 

obset-ved by Roy et al ( 1988) that out o-f 50 isolates of A. Fla.,,·us, 12 
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produced a-flatoxin B1, 7 produced a-flatoxin B1 and B2 and 2 produced 

a-flatoxin B1 and 61. The a-flato>::in producing abi 1 i ty o-f d i-f-ferent 

isolates ranged -from 1.118 ppm to 4.85 ppm. The variation in the 

a-flatoxin production by di-f-ferent isolates o-f A. Flavus may also be 

due to the variation in the toxin producing potentiality o-f di-f-ferent 

strains. 

Zearalenone was detected -from the isolates in local white 

variety. Out o-f 52 isolates screened, 21 isolates were toxigenic and 

produced 0.2 ppm dut-ing winter season, -followed by wet summer season 

whereby 10 isolates were toxigenic out o-f 35 isolates isolated and 

produced an amount o-f 1.4 ppm. Autumn season has the least number o-f 

isolates which were toxigenic, only 2 isolates out o-f 26 isolates 

producing 0.9 ppm. The variation in amount and toxigenic isolates in 

di-f-ferent seasons was related to their occurrence and climatic 

conditions. However, all the strains o-f Fusaruim moniliForme were not 

equally toxigenic (Bilgrami et al., 1980). 

Other mycotoxins isolated -from di-f-ferent isolates o-f seed borne 

fungi were ochratoxin and citrinin which were detected only in local 

yellow variety which was more suitable -for their growth than local 

white variety. Varietal variation in the mycotoxin producing ability 

o-f -fungi has been correlated to their physico-chemical properties o-f 

seeds (Gangopadhyay and Chakraborti, 1981; Devi and Polasa, 1982; 

Anjana, 1984; Blaney et al., 1986; Abbas et al., 1988). 

Variation in the production o-f a-flatoxins between two storage 
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conditions was recorded. Seeds stored under shaded condition were 

having much higher concentration than those under smoked condition. 

ATlatoxin B1 was detected in both storage conditions whereas aTlatoxin 

61 was detected only in shaded ones. This was due to the corresponding 

changes in the percentage moisture content OT the seeds with changes 

OT relative humidity in the surrounding atmosphere. These Tactors were 

reported as the primary Tactors determining the production o-f 

arlatoxins in stored paddy (Sundaram et al., 1988). 

Maize seeds contained a wide range o-f nutritive substances 

including carbohydrates, lipids, proteins, minerals and trace elements 

and, thereTore, served as an excellent substrate Tor the growth OT A. 

Flavus and production or aTlatoxin. The growth or TUngi and a-flatoxin 

elaboration, however, depended to a great extent on environmental 

conditions. Moisture, temperature and relative humidity were the most 

important -factors, which exerted a decisive in-fluence on toxin 

elaboration by the moulds on maize seeds (Davis and Diener, 1970; 

Boller and Schroeder, 1974). 

The result have indicated that arlatoxins and others mycotoxins 

can be produced at wide range o-f 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 o-f 

aTlato:idns at warm temperature (30" C) and in more humid ( 100%) 

conditions as was suggested by Hesseltine (1976). 
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It was observed that when optimum conditions o-f moisture, 

temperature and relative humidity were available, the a-flatoxin 

elaboration was also determined -for a longer period (Abbas et al, 

1988). In the present study, a-flatoxin production by A. Flavus in two 

local varieties o-f maize seeds was also estimated at di-f-ferent 

incubation periods under similar moisture level, temperature and 

relative humidity {Figs 3.1, 3.2 & 3.3). The concentration o-f toxins 

continued to rise with the increase o-f incubation periods in both 

maize varieties till it reached the maximum by the 20th day. In the 

later phases o-f incubation (30th day) there was a decline in the 

a-flatoxin concentration. This decline may be due to the age o-f -fungal 

spores, older spores required a longer period to germinate and 

consequently to develop mycelium and to -form toxin. Over long periods 

o-f grain storage under conditions that inhibit mold growth, viable 

microbial inoculum will gradually decrease because o-f the death o-f 

spores. Even in optimum conditions, some time is required -for 

germination o-f spore o-f mycelium, penetration o-f the substrate and 

toxin production {Christensen and Kau-fmann, 1972). Similar results on 

the e-f-fect o-f incubation period on mycotoxin production have earlier 

been reported by Bilgrami et al. (1980). 

Signi-ficant variations in a-flatoxins were observed 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 c 1 imate but certain 1 y required optimum set o-F moisture, 

tempet-ature or relative humidity to elaborate ma>~imum amount o-f 

aflatoxin (Hesseltine, 1976). 

Fungi are major cause of spoilage o-F stored grains and probably 

rank second only to the insects ( Christensen and Kau-fmann, 1969). In 

the present investigation, it has been observed that there was a 

continuous and signi-ficantly gradual decline in the dry weight o-f 

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 

e-f-fect of -fungal organisms as evidenced by starch depletion as 

suggested by Vidhyasekaran and Govindaswamy (1968), Vidhyasekaran et 

al. ( 1973) and Bi lgrami 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 o-f 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 (1985) 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 o~ Vidhyasekaran (1968), Nema (1983), Prasad (1983) 
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and Balakrishnan and Nair ( 1983) had also supported the present 

-findings. The -fall in sugar content has also been noticed by Reddy et 

al., ( 1983); Singh and Sinha ( 1983), however our results are in 

contradiction with the -findings o-f Grewitz and Durbin(1960), 

Swamy(1964) and Prasad et al, (1976) who recorded on increase in sugar 

contents due to -fungal in-festation, which may be attributed to the 

variation in -fungal species,colonizing the seeds. 

A review o-f Table 4.4 and Figure 4.3 revealed that there was a 

continuous -fall in the protein contents o-f the seeds due to -fungal 

in-festation; the rate o-f -fall in the protein level varied with the 

maize varieties and with the -fungal organisms. The variation in the 

rate o~ utilization o-f seed nitrogen by diTTerent Tungi due to their 

ability to assimilate the growth rate ( Prasad et al., 1976; 

Jamaluddin et al., 1977; 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 re-fleeted the low -fungal activity in the beginning 

o-f their growth as suggested by Jamaluddin et al. (1977). Sharma 

(1981) has reported maximum loss in protein contents at later stage 

o-f -fungal invasion o-f 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 enzymes ( Roy and Choubey, 1984). 

The breakdown o+ the host protein by +ungi to simpler components 

-for the synthesis o+ their own proteins may also be related to their 

1.12 



growth rate (Chang and Willets, 1973; Singh et al., 1974b) which may 

ultimately results in an increase in the soluble nitrogen. 

A-flatoxin B1 has gt-eat e-f-fect on spore germination and mycelial 

growth o-f seed borne -Fungi. It is amply clear -From the tabulated 

results that the di-F-ferent concentrations o-f a-Flatoxin 

B1 used in the present investigation exhibited a stimulatory in-Fluence 

on spore germination and mycel ial growth o-F Aspergi 1 lus -Flavus 

(Figures 5.1 & 5.4. A respectively). This stimulatory e-f-Fect may be 

due to exudation o-F toxin -Favouring -Fungal species and inhibiting the 

other species. 

Inhibitory e-F-fect o-f a-flatoxin B1 on spore germination and 

mycelial growth o-F F. monili-Forme (Figure 5.2 & 5.4 B) and P. 

citrium ( Figure 5.3 g< 5.4. C) respectively at di-F-Ferent temperatures 

has also been observed, which may be due to the competitive 

interaction between the exudates exudated by the -Fungal species tested 

with the a-Flatoxin B1. 

Spore germination occurred at 20°c-30°c in case o-F H. Flavus and 

20°c-25°c in case o-f F. monili-Forme and P.citrinum (Table 5.1). A 

temperature o-f 15°c was -Found to be low and 30°c more than optimum -for 

spore germination o-F F. moni 1 i-Forme and P. citrinum except _e_. -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 1 ies between 25"C to 30°C which supported our 

-findings. 



Seed borne -fungi produce metabolites which may be hazardous ~or 

the health or seed as well as -for consumers. Metabolites o-f -fungal 

origin reduce seed germination and sprouting (Christensen and 

Kauofmann, 1965; Lalithakumari et al., 1972; Pandey et al., 1982). 

These metabolites may also sometimes appear as to>dc products and 

inofluence seed germination and embryo growth in maize (Brodnik, 1975). 

It is evident -from the results (Figure 5.5) that the mycotoxins, 

viz. a-flato>dn B1, zeat-alenone and citrinin isolated earlier had 

adverse e-frect on seed germination o-f maize and inhibited the seedling 

growth o-f both maize varieties (Figures 5.6 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 Kaurmann (1965) and Tripathi 

(1974) have reported that various -fungi secrete exotoxins causing 

reduced seed germination and plant growth. 

All the three mycotoxins tested has similar inhibitory eof-fects 

on the seed germination and seedling growth oof both the maize 

varieties indicating the similarity in their mode oof action. 

Inhibition due to a-flatoxin B1 on maize seed germination due to the 

inhibition enzyme synthesis during respiration is known (Chatterjee, 

(1988). Statistical analysis o-f signioficant variations between 

mycotoxins on inhibiting the seedling growth may be correlated to 

their amounts. 
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Signi-ficant e-f-fects on the reduction o-f weight o+ animals was 

observed with pure a-flatoxin B1 +eeding than those o+ the animals -fed 

with crude toxin. This has indicated that production o-f a-flatoxins 

in natural conditions may be less and less e-f-fective than the pure 

tmdn ( Austwick and Ayert, 1963). Singh and Chauhan ( 1983) have 

observed the biochemical al ter-ations in albino rats -fed with 

AspergillL1s in-fested maize diets, however metabolic pathway o'f toxic 

action is not worked out. No liver tumor was observed in any test 

animals though some o-f the mice treated with pure and crude a-flatoxin 

B1 showed abnormal light colour o-f liver. These -findings agreed with 

Linden-felser et al. (1976) and Daradhiyar (1980) who -failed to 

demonstrate any tumor in white mice. This may be due to the 

congestion o-f blood vessels in the epithelial cells o-f the liver 

(Baruah et al., 1980). Variation in toxicity by di-f-ferent types o-f 

a-Fla.toxins may be accounted to their molecular structure and amount 

in in-fected maize seed which may cause mild disease symptoms in mice 

and i-f continued, can lead to serious pathological disorders o-f 

kidney, liver, lungs and even carcinoma (Baruah et al., 1980). 

Loss o+ hairs -from skin o-f mice was observed due to a+latoxin B1 

contaminated -feedings. This was due to the presence o-f thick-walled 

capsular structures, which were -fully keratinised epidermal cells, 

-forming "Horn-pearl". These wet-e noted at d i-f-ferent stages o-f 

development in both epidermis and dermi~ (Bilgrami et al. 1986). 

The part o-f the skin which was very badly a-f-fected showed patches 
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o+ non-di+Terentiated, deeply stained cell masses in the dermis OT 

mice (Newberne et al., Bilgrami et al., 1986). This may be due to 

the atrophic changes in the sebaceous and sweat glands OT the skin o+ 

mice (Bilgrami et al., 1986). 

In the present investigation, 0.25 ml o+ 60 ppb o+ aTlatoxin Bi 

was Tound to be lethal only to some o+ the mice o+ 3 weeks old, 

mortality at the end OT 6-7 months a+ter treatment. The 

susceptibility OT aTlatoxins also depends on the sex, age and health 

OT the animal. Young animals are gener-ally more sensitive to 

aTlatoxins (Hesseltine, 1967). 

Toxin inhibiting property OT the plant extracts do not seem to 

be directly related to the growth OT the Tungus, which was luxuriant 

in many cases, although the plant extracts were inhibitory to toxin 

production (Tabl~ 7 and Figure 7). On the other hand, Singh et al. 

(1979) and Sharma et al. (1979) reported that extracts o+ Allium cepa 

and A. sat i vum inhibited growth o+ certain +ung i which produced 

a+latoxin. Inhibition o+ a+latoxin production has also been supported 

by Bi lgrami et al ( 1979). Some wild medicinal extracts were also 

+ound to inhibit the aTlatoxin production and growth o+ A. Flavus in 

vitro condition (Bilgrami et al., 1980). Leaves o+ Centella asiatica 

and Thuja orientalis, inhibited production o+ a+latoxins 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 OT +ungal inTections has been shown to depend 
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on the presence o-f -fungi toxic chemicals in the plant tissue (Fawcett 

and Spencer, 1970). Some recent studies have also shown that sap of 

a vide range o-f angiosperms have antimicrobial property (Tripathi and 

Dixit, 1977; Misra and Dixit, 1978). In the present study, although 

the active principle of plant extracts have not been specifically 

identi-fied, it is likely that more than one chemical may be 

responsible -for the inhibition of a-flatoxin synthesis. 

Certain antibiotics have been reported to influence the 

pr-eduction o-f a+:latoxins by ~spergi l lus -Flavus isolates (Kumar and 

Singh, 1991). 
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Summary 



Seasonal study on seed bot-ne myco-Flot-a o-F two local maize 

varieties, i.e. local white and local yellow was carried out using 

three techniques o-F isolations, viz. blotter method, agar plate method 

and dilution plate method. A total o-F 37 -fungal species belonging to 

14 genera were isolated -From both the varieties. Agar plate method and 

blotter method harbour-ed mot-e numbet- o-f -fungal species thatl..- the 

dilution plate method. The numbet- o-f -fungal species was gradually 

decreased in winter months compared to wet summer and autumn months. 

The -field -fungi were t-eplaced by the stm-age -Fungi during colder 

months during storage o-f the seeds. The variation in -fungal species 

on two varieties was also observed. Local yellow variety yielded 

maximum number o-F ~ungi (33) than local white variety (22). Species 

o-F Aspergillus, Fusarium and Penicillium wet-e dominant in both the 

varieties during the whole period o-f investigation. The pet-centage 

-Frequency o-f occLn-rence o-F Al ternar i a spp. , Chaetomi um spp. , Cl adas­

por i um spp., Drechlera spp., Helminthosporium sacchari, Nucor spp., 

,t;_'hizapus spp., Trichoderma spp. and Verticillium albo-atrum decreased 

along with the progress o-F storage time and were gradually replaced 

by the species· o-f Aspergillus, Fusarium and Penicilliwn. 

Two types o-F storage conditions (shaded and smoked) commonly 

practiced by the tribal people o-F this region were selected to study 

the ~ungal -Flora o+ maize seeds. None o~ the storage practices were 

completely sa~e -From ~ungal contamination. The invasion on seeds by 

Fusarium spp. was obset-ved in both the storage conditions. 
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Undet- shaded storage condition, Fusarium monili-forme was recorded 

with highest -Frequency and Asperg i 11 Lts n i qer and 

Penicillium rubrum with least -FreqLtency (0.8/.) o-f seeds on local white 

vat-iety by agat- plate method. Under smoked storage condition, 

Fusar i um sol ani was n?cot-ded at the highest -frequency and Rhi zopus sp. 

and Penicillium rubrum with lowest ·Ft-equency. Seeds o-F local yellow 

variety also harboured Fusarium sp. with highest -Frequency under 

shaded condition o-f stor-age, whereas the lowest -frequency was by 

Penici 11 ium bre-Feldianum 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 rec0t-ded by Penicillium bre-feldianum (1.2'l.) 

and Cladosporium herbarum (0.3/.) by agat- plate and blotter methods 

respectively. 

Positive correlation was observed between the chitin content and 

the -fungal population. Fungal in-fection o-f maize seeds was maximum 

(100%) during wet summer and autumn seasons and minimum (40%) during 

wintet- season. Howevet-, tt-end o-F 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 higher chitin contents (328.2 µg/g in local white variety and 

440.4 µg/g in local yellow variety) then wet summet- season (246 µg/g 

in local white var-iety and 250.9 .ug/g in local yellow variety). 

Lowest chitin content (126 µg/g in local white variety and 128.5 µg/g 
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in local yellow variety) in seeds was observed during winter season 

in both the maize varieties. 

The percentage o-f seed in-fection and chitin contents were higher 

in local yellow variety than the local white variety in all seasons. 

Tm<igenic stt-ains o+ Aspergi 1 lus -Flavus!!I A. ochraceous!!I Fusarium 

monili-Forme and Penicillium citrinum were isolated -from both the 

varieties o-F maize which contaminated the seeds at varying degree. 

All the seed samples were positive to BGYF test and a-flatoxin was 

detected in the seed samples o-F both the varieties under natural 

conditions. Other mycotoxins like ochratoxins, zearalenone and 

citrinin wet-e also detected. A-Flatoxin B1 was the most common 

mycoto>dn pr-educed by A. -Fl avus. Its ma>dmum product ion was 1. 40 ppm 

in local yellow variety o-f maize during winter season. Local white 

variety o-F maize seeds contained a-flatoxin B1, B2 and G1, whereas 

local yellow variety had a-Flatoxin G2 in addition to these a-flatoxins. 

In local white vcu-iety, out o-f 30 isolates o+ A. -Flavus, 6 

isolates were toxigenic and yielded a-flatoxin 81 and 61 during winter 

season. In wet summer season, out o-f 46 isolates, 22 were toxigenic 

and yielded a-flato>=:in Bi and G1 whereas in autumn season only 16 

isolates out o-f 50 yielded a-flatoxin B1 and B2. Maximum concentration 

o-f mycotoxins was obtained during wet summer season -followed by autumn 

and winter season. Under stat-age conditions, a-flato>dn B1 was 

detected in higher quantity in shaded stor-age conditions than in 

smoked conditions. The qualitative and quantitative variation between 
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di-fferent mycotoxins on two varieties of maize seeds was observed in 

different seasons. 

It was obser-ved that tempet-ature and moisture were the most 

important factors governing the growth of A. Fla~~ 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. FlavLts did not invade 

any samples of corn stored below 15% moisture contents of seeds. 

Signi~icant 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 bat-ne fungi., ;viz. AspergillLts FlavLts, Fusarium 

monilit=orme 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 

t-ecorded in local white variety while A. Flavus caused ma>::imum loss 

in the seed dt-y weight in local yellow variety a-fter 180 days of 

in-feet ion. Fungal in-fested seeds e>::hibi ted a depletion in total 

sugars and non-reducing sugars with corresponding increase in reducing 

sugars. A continuous and gradual depletion o-f protein contents of the 

seeds due to -fungal in-festation was noticed a-fter 180 days of -fungal 

invasion. 
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E-F-Fects o-F a-Flatoxin B1 on spore germination and mycel ial growth 

o-F A. Flavus, F. moniliForme and P. citrinum was studied at di-F-Ferent 

temperatures and at di-f-Ferent time interval of incubation period. The 

various con~entrations o-F a-Flatoxins used in the present study were 

either stimulatory or inhibitory to spore germination and mycelial 

growth o-F di-F-Ferent -Fungi. However, the stimulatory/inhibitory 

capability o-f a-Flatoxin B1 vat-ied with speci-Fic -Fungal species. 

A-Flato>=:in B1 was stimulatory to the growth o-F A. Flavus, whereas 

gt-owth o-f F. monilit=orme and P. citrinum was inhibited by a-flatoxin 

B1. The maximum inhibition was observed at 1 ppm concentration o-F 

a-Flato>=:ins B1. 

A-flatoxin B1 has also caused inhibition in the seed germination 

o-F both the maize varieties. Maximum inhibition was recorded at lppm 

concentration. The seeds o-F local white vat- iety were mot-e a-f-Fected 

than local yellow vat- iety. Similar trend on inhibition of seed 

germination was observed with zearalenone. However, in case o-f 

citrinin, maximum inhibition o-f seed germination was e>=:hibited by 

local white variety than local white one. 

Reduction o-F seedling growth was observed in all the treated 

samples compared with untreated ones. Ma;<imum inhibition o-f seedling 

growth was observed at 1 ppm concentrated a-flato>~in B1 treatment 

whereas the minimum was observed at 0.1 ppm concentt-ation. The 

pattet-n o-f 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 

observed between pure aflatoxin B1 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 a-flato>dn B1 contaminated 

-feeding. In take of 60 ppb aflatoxin B1 by some of the mice of 3 

weeks old was lethal. 

It was observed that e>~tracts of different plant parts of 

Centella asiatica inhibited the gt-owth of A. Flavus by 51.16% and 

a-flato!<in B1 and A. sat i vum were al so inh.ib i tory to the growth of A. 

Flavus and aflatoxin B1 pt-oduction. The least inhibitory effect was 

obset-ved with the extt-acts of Thuja oriental is. The inhibition of 

fungal biomass and aflatoxin 81 production followed a specific trend~ 

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