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Microbial communities on the leaf surface of three 

varieti(;s of paddy differing in resistance to the leA.f spot 

pRthogen, Helminthospori~ oryzae, viz., Khonorullo (disease 

resist:mt), Ngoba (moderately susceptible) and MirikrA.k 

(diseA.se susceptible) were studied in detail using five 

different techniques of isolation (direct observation, moist 

ch~ber, leaf impression, washed leaves plating and dilution 

plate methods). The microflora of the phylloplane of the paddy 

plants is mainly influenced by varietal characters an4 also by 

the pathogen, g. oryzae. In addition, distribution of fungi 

on leaf surface was also dependent on leaf maturity and 

weather changes. Analysis of phylloplane mycoflora showed 

that in the resistant variety there was a significantly higher 

population of fungi as compared to the susceptible one. 

Further, the total number of fungal colonies was observed to 

increase significantly with the age of the plant and was 

independent of plant variety. Among the fungi isolated 

Clg,C\,o.sporium spp., Penicillium spp., Alternaria spp. F.Uld 

Aa]2er1Q,JJ-us spp. dominated the leaf surface of both resistant 

and susceptible cu!tivars. Species diversity among fungal 

members fl.s calculated by Sorenson' s index was found to vary 

with pl::mt age. A naturA.l :mtagonism was found on the 

resistn.nt varieties between Tricqod.erma viride and the leaf 

spot pathogen,.g. oryzae. 

From a study on the airspora of the three experimental 

plots where the paddy varieties were grown it was fm.m.d 

that the ·fungal spores present in the air exerted a greRt 



impHct on the leaf surfA.ce of paddy. Most of the spores of 

air were also trapped on the leaf surface. Some of the forms 

however, maintained their specificity in the two environments 

viz., air and phylloplane. The spores of the pathogen were 

found j_n the air of all the three paddy varieties very early 

in the crop season but the visible symptom of the disease 

was observed later only on the leaf spot susceptible variety. 

!• x.,~~' a possible antagonist of the pathogen was foillld 

only on the leaf surface of the resistant variety although it 

occurred in the air of all the paddy varieties. 

Pathogenicity test was conducted by using Koch1 s 

postulates both J.u vitX:C?.. a.nd ill ~ and it was co:nfirmed 

that the causal organism for the disease occurring on the 

susceptible varieties was definitely·Helmtothospo&!um ory~e 

Breda. de Haan which caused brown spot disease of paddy. This 

pathogen was also isolB.ted in pure culture. The susceptibi­

lity to the pathogen increased with age which was clear from 

the pathogenicity studies done in vivo and in vitro. The --=- - ..... 

pathogen spores from 15 day old cultures with a concentration 

of 2 x 105 spores/ml suspended in 0.01 M phosphate buffer at 

pH 6 if incubated at 35°C showed maximum spore germination 

and germ tube length. 

From interaction studies done in vitro and in vivo 
- --~~!:111 

between certain epiphytic fungi and the pathogen, it was 

observed that !ll vitro some selected fungal antagonists such 
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as Trichoderma viride m:::~y be used as a biological control 
r.--.4:. .. 

~gent forb~wn spot disease of paddy although it was only 

p~tially successful in pot experiments. The exact mechanism 

of action of 1',. viride,_ against the pathogen, !!· orY~E! could 

not be clearly understood. It can inhibit the pathogen either 

by hjperparasitism or by producing some antibiotics. 

To see the competitive ability of some selected 

phylloplane fungi on the leaf surface of paddy varieties, 

spores of these fungi were germinated in leaf leachates, leaf 

extracts and on detached leaves of paddy and their growth 

performance was studied. The sampling for the experimentation 

has been done at young, mature and senescent stages of paddy 

varieties. The effect of the different treatments on the 

germination and growth performance of the fungi varied in the 

different experiments. Generally, the germination and growth 

performance of these fungi were enhanced in the leaf leachates, 

leaf extracts and on the surface of leaves independent of 

variety. But most of the antagonistic fungi of the pathogen 

such as !· ~ri~ were more stimulated in the leaf leachates, 

extracts 8nd 'Jn the le8.f surface of resistant varieties than 

on the susceptible one while the susceptible variety leachates, 

extracts and leaf surface stimulated the spo£e. germination of 

the pathogen. 

The results of the biochemical analysis of the leaf 

leachates indicate that eighteen amino acids, sixteen sugars, 



twelve organic acids and nine phenols were recorded in leaf 

leachate.s of the three paddy varieties. The number of amino­

acids~ SL'gar8, org71nic acids, and phenols increased A.s the 

plants grew older and more amino acids, sugars, organic acids 

::~.nd phenols were detected in the exudate of the resistant 

variety. The quantitative study of leaf extracts also indicate 

tha.t more quantity of sugars, amino acids and phenols were 

detected in the resistant variety than in the susceptible one 

and the amount increased with plant age. The results of the 

biochemical analysis of the leaf leachates and extracts 

clearly confirm the fact that the colonization of fungi on the 

leaf surface is directly controlled by nutrient level of the 

leaf surface which changes with the release of substances from 

the leaf. In addition to high nutrient level in the resistant 

variety which enable this habitat to attract more saprophytic 

fungal colonization thereby forming a microbial barrier to 

. foliar infection, some phenolic compounds may also provide 

resistance to the plant to brown spot disease of paddy. 

Another factor which favours the development of 

saprophytes on older leaves during crop growth was found to be 

pollen. The presence of pollen on surfaces of leaves had 

·marked influence on phylloplane fungal population. The total 

fungal population was highly stimulated on leaves with pollen 

especially on mature leaves and the effect was much pronounced 

on the leaves of resistant variety. In addition to change in 



s~prophytic flora the p~thogen population also incre~sed in 

the presence of pollen on the leaves of susceptible variety. 

This study suggests a possible role of pollen in pathogenesis 

a.nd disease development. 
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GENERAL INTRODUCTION 



Ever since the introduction of the term "phyllosphere" 

independentiy by Last ( 19,5a,b) and Ruinen ( 1961) and 

subsequently by Dickinson ( 1965) using the term "phylloplane11 

for phyllosphere of Last, the study of leaf surface microflora 

has attracted the attention of different workers (Lamb and 

Brown, 1970; Sinha, 1971; Dickinson, 1971, 1976; Mishra and 

Srivastava, 1971b, 1974; Mishra and Tewari, 1976b; Shanna and 

Mukerj1, 1976; Gupta and Mukerj1, 1982; Gupta and Dixit, 1983). 

Leaf surface holds a fascination especially for 

microbial ecologists because of its complex nutrient spectrum 

which supports a rich microflora. The study of the qualitative 

and quantitative composition of the epiphytic micro-organisms 

on leaf surface as well as the investigation of their act:L vi ties 

constitutes an important problem concerning the inter-relations 

between plants and micro-organisms. 

Considerable interest has developed recently (Narula .. 

and Mehrotra, 1981 ; Khara and Singh, 1981 : Rao and 

Manohara.chary, 1981; Pennycook and Newhook, 1981; Ahuja and 

Payak, 1981; Kumar and Singh, 1981; Miller and Roy, 1982, Gupta 

and Mukerj1, 1982) in investigating the various types of 

micro-organisms which occur on leaf surface at various stages 

of plant growth and also during the changing environments. 

An understanding of the nature, periodic! ty and density 

of the fungal propagul.es in the air is moon helpful in making a 
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forecast regarding the occurrence of fungal diseases and the 

quantum of viable pathogenic propagules likely to cause 

infection. Very little work has been done on this aspect in 

IndiA. (r1ishra and Srivastava, 1970b, 1971a, 1972; Misbra, 

1972; Mishra and Tewari, 1976a; Kumar and Gupta, 1976, 1980; 

Dixit and Gupta, 1980). The effect of air fungal population 

over different fields in relation to the leaf surface fUngi 

ha.s not been studied in detail excepting a few \\()rkers (Mishra 

and Tewari, 1976a; Kunar and Gupta, 1980). By understanding a 

survey of the aero-myconora of different regions, some 

knowledge about the various human pathogens which are respon­

sible for allergenic diseases may be obtained since 80% of 

them are caused by fungal spores (Agarwal et ~·, 1968). 

Leaf surface 1 s well known to harbour a definite 

microbial community by virtue of the presence of leachates 

(Godfrey, 1976; Irvine~~·, 1978). The different microbial 

populations in such a community interact w1. th one another by 

competing for space and nutrients. by production of secondary 

metabolites and also the antibiotics (Fokkema, 1973; Hudson, 

1978). Earlier workers (Last, 1955a; Ruinen, 1956, 1961; 

Dickinson, 1965, 1967} studied the microflora of different 

plant species without laying much emphasis on the mutual 

interaction of the micro-organisms associated with leaf 

surfaces. Studies relating to mutual antagonism of the 

micro-organisms and the possibilities of biological control of 
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some pathogens opened a new field of investigation to the 

pathologists (Fokkema, 1973, 1978; Mishra and Tewari, 1976c; 

Sharma. and Gupta, 1978, 1980; Rao ~ .1!•, 1978; Tsuneda and 

Skoropad, 1980; Ra1 and Singh, 1980; Purkayastha and 

Bhattacharya, 1982; Papavizas et al., 1982). Thus the role 

of phylloplane saprophytic .fungi in biological control in 

certain epidemic diseases may be important and if properly 

exploited it may offer an alternative to the synthetic 

fungicides (Srivastava et jJ.., 1981; Purkayastha and 

Bhattacharya, 1982; Gupta and Dix1 t, 1982; Trutman ~ .il•, 

1982; AbdEl,moi ty ~ ~., 1982; Elad ~ oil•, 1983). 

In addition, a large nunber of nitrogen fixi.ng 

organisms are present on the leaves of plants growing on 

ni t.rogen deficient soil (Pilla! and Sen, 1966). Supplied 

with moisture from the atmosphere and nutrients in the form 

of leaf exudates, such organisms may fix considerable amount 

of nitrogen. Recently, considerable interest has developed 

on this aspect and many workers are trying out different 

micro-organisms which might play a role in the growth and 

nitrogen :rl.utrition of hos'tplants and in turn may increase 

the yield of plants (Kvasnikov ~ ,il., 1974; Blasco and 

Jordan, 1976; Remacle, 1977; Capone and Taylor, 1977; 

Banerjee and Chandra, 1978; Sadykov and Umarov, 1980a, b; 

Nandi and Sen, 1981, 1982; Sadykov, 1981; Sengupta ,2! ~., 

1981; Nandi et ~., 1982a, b). 
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Further, the studies on leaf surface mycoflora. are 

also helpful in screening out the decomposers which are 

responsible for active turnover of minerals from leaf litter 

(Gupta, 1982). The potential! ties ot organic plant residues 

as fertilizers is well recognized (Whitehead, 1963; 

Chatterjee~~., 1979). However, the suitability of the 

organic material as fertilizer depends to a great extent on 

1 ts rapidity of minerillzation and quick liberation of the 

nutrients (Goluke ~ ~., 1954). Mteh -work has already been 

done on this aspect (G-.rrett, 1963, 1980; Harley, 1971; 

Kalekar ~ ~., 1976; Wani and Shinde, 1980; Bhardwaj, 1980). 

The excretion of nutrients by leaves has now been an 

established fact (Sinha, 1965; Godfrey, 1976; Irv.i.ne ~ ~.,, 

1978). The leaf leachates or exudates greatly influence the 

qua.li ty and quantity of micro-organisms occurring on the leaf 

sur.faces ( Tukey, 1971; Tyagi and l!hauhan, 1982).. Very little 

work has been done to study the biochemistry of the leaf 

leachates at various stages of growth of the plants ( Tewa.t'i, 

1973; Mishra and Tewari, 1976b, 1978; Tyagi and Chauhan, 

1982). For explaining the population dynamics of the 

phylloplane mycoflora physico-chemical characteristics o.f 

the leaf surface environment should be properly tmderstood 

{Mishra and Tewat\ 1976b). 

Further, stimulatory effect of leaf surface nutrients 

on the microflora has been reported by Brown ( 1922) and Mishra 
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and Srivastava t1970a), whereas Purkayastha and Deverall 

( 1965) found that growth of Botrvtis cinerea was inhibited 

by substances arising from the leaf cells. Detailed study 

on the overall effect of the leaf and leaf surface nutrients 

on the phylloplane fungi is, however, not available for most 

of the plants excepting a few reports in the literature 

(Mishra and Tewari, 1978; Tyagi and Chauhan, 1982). Thus an 

investigation of the spectrun of chemical compounds 

(aminoa.cids, sugars, organic acids and phenols) available on 

the leaves of different plants in relation to their effect on 

the spore germination of phylloplane fungi is warranted 

( Tyagi and Chauhan, 1982). 

Also, the effect of pollen on the saprophytic myco­

flora. of the phyllop~ane has not been studied in detail. It 

has been observed by some workers (Ogawa and English, 1960; 

Bachelder and Orton, 1963; Chu-chou and Preece, 1968; Chu-ohou, 

1970; Fokkema. 1968, 1971; Warren, 1972, 1976; Garg and 

Sharma, 1982) that presence of pollen grail'J..3 affects the 

establishment and infection of leaf-pathogens by changing the 
I 

saprophytic mycoflora of the phylloplane. Any factor which 

might alter the balance between phylloplane micro-organisms 

and pathogens on leaf surface may be of significance in the 

understanding of disease-development ( Garg and Shanna, 1982). 

Relatively U ttle v.ork has been done to understand the 

ecology and role of naturally occurring microbes on the leaf 
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surface. Considering the significant role played by the 

phylloplane fungi in controlling diseases on crop plants, the 

present investigation was undertaken to study the various 

ecological aspects of the phylloplane fungi. The work was 

undert8lcen to find out the extent of host influence on building 

up of microbial couununi ties under similar climatic conditions. 

In North-Eastern part of India where rice is the 

staple food for the people, paddy constitutes one of the most 

important crop. Many epidemic diseases are reported on paddy 

from this region. Considerable loss in yield was noted during 

the great famine of Bengal, in 1942-1943 caused by brown spot 

disease of rice. There was almost failure of the paddy crop 

and the losses in yield upto 90% in Bengal (Ghose ~ .fW.., 1960) 

and in weight of grains ranging from 4.6 to 29% in Punjab 

(Bedi and Gill, 1960) were recorded due to infection by 

The present study was undertaken on three varieties of 

paddy which are commonly grown in North-Eastern region of India. 

The three varieties exhibit different degree of response in 

relation to Helm!ntb.osporJ.un oryzae: Khonorullo is a disease 

resistant variety; Ngoba, a local variety is moderately 

resistant and Mirikrak, is a disease susceptib],e variety. 

Therefore, work was taken up to screen different 

saprophytic fungi which may be exploited .for the biological 

control of the pathogen !:!• OfYZii which causes brown spot 
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disease of rice. The present study was designed to follow the 

pattern of fungal colonization on paddy leaves from initial 

expansion stage through maturity and upto senescence. 

It is now well recognised that studies on ecology of 

micro-organisms depend on the careful selection and application 

of proper techniques of isolation (Dickinson, 1971) ., For proper 

studies of phylloplane, simultaneous use of several techniques 

have been strongly recommended for getting a complete apectrum 

of the fungal flora (Sharma~ ~., 1974; Dickinson and Wallace, 

1976; Gupta, 1982). Therefore, several complementary 

techniques, viz., direct observation (Edward and Ha.rbnan, 1952; 

Masurovsky and Jordon, 1960), moist chamber (Keyworth, 1951), 

leaf impression plate (Potter, 1910), dJ:lution plate (Dickinson, 

1971) and wasned leaves plating (Macauley and Thrower, 1966) 

were used simultaneously. Further, nutrient medium used also 

influences the isolation of different fungi (Tsao, 1970). Hence 

several media viz. 1 Czapek' s Dox agar, Potato dextrose agar and 

cellulose agar were tried to find out best combination of media 

on whicn maximun nunber of fungi could be isolated. 

Most of the earlier studies on biological control have 

been done in vitro, adopting dual culture method by observing 

the imhibi tion potential! ty of the pathogen by different test 

fungi. These studies often ended w1 th doubts about their 

success in controlling the pathogens in vivo as a result, there 

is a lot of discrepancy between laboratory and field studies 
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(Heuvel, 1970; Roy, 1977; Ra1 and Singh, 1980; Purkayastha and 

Bhattacharyya, 1982). Thus in the present studies, after 

screening the potential antagonists of the pathogen, g. orxme 

in vitro their success in controlling the brown spot disease of 

p~ddy in pot experiments were also tried. 

There is still ample scope for further research on this 

important field of microbial ecology which may open up many 

une:x;plored vistas which will in turn help in solving the various 

ecological problems. 

The studies during the present investigation has been 

classified into following 7 chapters and each aspect will be 

discussed separately. 

I. Assessment of the fungal flora from the phylloplane 

regions at different developmental stages of the plant. 

II. Survey of air fungi of the s1 te where the three varie­

ties of paddy were growing and the evaluation of their 

impact on the leaf surface mycoflora. 

III. Screening and isolation of the pathogen from the leaf 

surface and the studies on the role of different factors 

wlli1ch control the occurrence of the pathogen (!:_I. or;G§~). 

IV. Interaction studies in vitro and in Vivo between certain 

epiphytic fungi and the pathogen obtained from the 

phylloplane of paddy plants and also the e:x;ploi tation of 

the effective epiphytes in the biological control of the 

pathogen. 
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v. Competitive ability of the phylloplane fungi on the 

leaf surface and their germination in leachates obtained 

.from different ages of the three varieties of paddy 

plants. 

VI. Biochemical analysis of the leaf leachates and leaf 

extracts and their role on the colonization of the 

phylloplane fungi. 

VII. Effect of pollen on the saprophytic and pathogenic myco­

flora of the phylloplane. 



REVIEW OF LITERATURE 
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The presence of fungi on the surface of plants has been 

recognized as early as in 1866 by Debary. He described 

Dematium pullulans as a fungils commonly occurring under such 

situation. It has ~ong been known that not only pathogenic 

micro-organisms but also populations of non-pathogenic micro­

organisms may develop on the surface of living leaves and 

other aerial parts of plants. 

The tenn 1Phyllosphere1 was p.coposed by Last ( 1955) and 

Ruinen ( 1956) to describe the mileu on leaf surfaces. Later, 

Dickinson (1965) and Last and Deighton (1965) preferred to 

restrict the term to the zone near leaves and to use 

1Phylloplane' when referring to actual leaf surfaces. 

Extensive reviews of investigations on the epiphytic 

microflora of living leaves are given by Ruinen ( 1961), Last 

and DeLghton (1965), Leben (1965), Sinha (1965), Mangenot 

(1966) and Sharma and Mukerji (1974). 

Since the mid 1950 1 s the study of micro-organisns on 

leaf surfaces has become a recognised field of investigation~ 

By 1970 it was felt to hold an international symposi1n on the 

subject and the proceedings were published in 1971 (Preece and 

Dickinson, 1971). Five years later a second symposium was 

held (Dickinson and Preece, 1976) which reflects the increasing 

a!Ilount of research being carried out in the area. Subsequently, 
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in 1980 a third international symposium on the microbio~ogy of 

leaf surfaces was held (Blakeman, 1981). As such during the 

last few years considerable progress has been made with many 

investigations since the existence of n definite phylloplane 

microflora was first described by Last (1955), Ruinen (1956) 

and Kerling (1958). 

Leaf Surface Microflora 

By critical examination of the ll terature it is found 

that much in:fb rmation is available on the leaf surface of plants 

R!ld the organisms which U ve there especially the phylloplane 

fungi. • 
The leaf surface forms a tmique habitat since 1 t 

supports a definite microbial community by providing a. complex 

of niches to various organisms viz., bacteria, actinomycete a, 

yeasts and fungi. 

Burri ( 1903) and Dugeli ( 1904a, b) reported distinct 

bacterial flora on plants which differed from air and soil. 

Potter (1910) recorded bacteria and fungi from leaf impression 

cultures and Derx (1930) reported the association of 

Sporobolomyces and Telletiopsis with wheat leaves. Keener 

(1951) observed that the leaf soon after it unfolds from the 

bud is relatively a clear sheet which later becomes the seat 

of various microbial a.cti vi ties. 
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Last (1955a) studied seasonal incidence of 

Sporobolomyces on leaves of three crops viz., 'Winter and spring 

sown wheat and spring sown barley. 

Ruinen ( 1961) while studyi:qg the microbiology of 

phyllosphere of the humid tropic vegetation, observed divergent 

microflora including algae, fungi and bacteria, and recorded 

maximum population on senescent foliage. She noticed 

oligoni trophillc and n1 trogen fixing bacteria as first coloni­

zers of the leaf surface. Kerling ( 1964) studied leaf surface 

fungi on rye ad -strawberry and observed that the population of 

Botrytis cinerea increased rapidly as the leaves of strawberry 

approached to senescence. 

According to Hudson ( 1962) the micro-organisms which 

are present on the leaf surface in active state are known as 

colonizers and he classified the latter into two types: 

(i) common primary saprophytes which are also present in the 

air so refered as .fl. eld fungi, Viz., Asper4llU§ sp. 1 

Penicillium spp. (i) Restricted primary saprophytes which are 

specific to the bost plant. 

Last and Deighton ( 1965) pointed out that bacteria and 

yeast like fungi were more abundant on the leaves than the 

hyphomycetes. Members of Sporobolomycetaceae dominated the 

surface of disea.sed leaves infected by fungi, nematodes ani 

mites. 
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Dickinson ( 1965) distinguished three groups of leaf 

surface fungi, viz., the transient fungi present on the leaf 

surface including yeasts and other fUngal propagules which are 

capable of sporulating on leaf surface but are not isolated 

from wa,shed discs.- The second group of fungi dominated by 

Cladosporiqa, nerbarum were recorded from both leaf surface 

washings and washed discs. The third consisted of the forms 

growing vegetatively on leaf surface but pycnidia were formed 

only on moribund leaves. 

According to Leben ( 1965) among the epiphytic leaf 

micro-organisms 'casuals' and 'residents' may be distinguished, 

the fonner remaining inactive or developing only on organic 

debris fallen on to the leaf from elsewhere, the latter growing 

actively on the leaf surface and using nutrients excreted by 

the leaf. There may also exist intermediate type of micro-

organisms. 

Hogg and Hudson (1966) also recognised three distinct 

-patterns of fungal distribution on the leaves of b~r~·ch. They 

reported Cladosporium herb~ to be the primary colonizer. 

Pady ~ ~· (1969) observed that many dead leaves of wheat due 

to rust infection (Puccinia regond,iAA) favoured the growth of 

CladO§POr.i~ which sporulated heavily on dead leaves. 

Holoman ( 1967) investigated leaf surface mycoflora of 

three potato varieties where [lureobasidiun pullulans ani 
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C.J:.f.!;d;osporiqn nerbaM were the usual inhabitants. He placed 

the 1aelates obtained from washing technique in one of the four 

groups 1. e,, (i) Aureoba§idiun pullulans (ii) Cladogporiun 

&r.R,a,r:um (iii) Alternaria tenuis, Botrytis cinerea and Fusarium 

spp., {iv) Miscellaneous. 

Dickinson ( 1967) pointed out that forms like 

C,l,afl.otmoriun, Stemphylil.IQ. and Alternaria were of .frequent 

occurrence on the leaves of Pi sum sat1vun. Dickinson ( 1967) 

further 'WOrked on fnngal colonization of Pisum leaves and founi 

that not all the fungi recorded by moist chamber technique were 

phylloplane saprophytes as several species viz., Pen.icilliqn 

spp,· and Asperdllus fumj,gatus constitute_ a group o=E casual 

inha.bi tants of the phylloplane and their presence may merely 

reflect the relative abundance of their spores in the 

atmosphere. 

Later on, Lamb and Brown ( 1970) also confirmed that the 

micro flora present on leaf surfaces may be divided into two 

groups (i) the residents which are the actively growing 

saprophytic fonns (11) the transient species which are the 

inactive forms and are deposited on the surfaces of the leaves 

as wind-borne propagules, The residents are the epiphytic 

organisms which grow and reproduce as ~aprophytes on the leaf 

surface whereas transient organisms are present merely by 

cha.Doe on the leaf surface and active growth and reproduction 

in such .fo.rms do not occur. 
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Fiishra and Srivast::\V::\. ( 1971b), however, differentiated 

the phyllo:sphere and phylloplR.ne and retained both the te.nns to 

denote two different regions of leaf surface as rhizosphere FUld 

rhizoplane regions of root. 

Although in recent years workers use either of the 

terms and they consider them more or less synonym (Dickinson, 

1976). 

The colonization of leaf surfaces by fungi presents an 

interesting study with regard to substrate relationships (Pugh 

and Buckley, 1971). The fungal colonizers on leaf surface come 

either from the air or from soil. The occurrence of many fungi 

on aerial surfaces may be directly related to inoculations from 

the atmoSI'~' which in tarn are related. U. the. prod\Jct.ton of 

the -deciduous propa.gules elsewhere (Dickinson, 1976). Sometimes 

seed mAY also act as a source for the epiphytic microflora. 

Factors. affecting the micrq_.'b.:\_al colonization on leaf syrface 

The factors may broadly be classified as under: 

1) Abiotic .factors, 

2) Biotic factors. 

The above two major groups may .further be sub-di 

into the following: 



Factors 
I 
I 
I f""''&-------------------. 

' I Abiotic 
I 
I 

r~·..,.. , ,.. .... 
I , 

' Microenvironment 

Abiqtic factors 

1 
I 

' Macroenvironment 
I 

' ' Biotic 

' Interaction 
between 
micro-eo.'.-_ ··-­
ni'ganisms 

1) Microenvironment or the leaf surface: 
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I 
I 

Interaction 
between host 
and micro"!'. 
organisms 

The rniorofloral colonization on leaf surface is directly 

dependent on the host speaies. These factors determine the 

periodicity and affect the trapping of spores on leaf surfaces 

(Gregory, 1950, 1961; Hirst and Stedman, 1963). 

The microbial pattern of the phyllosphere is characteris­

tic of a pa.rticular plant species (Pillai ?Ild Sen, 1966; Garg ~:~ 

.w_., 1978). From the ~rk of Kerling ( 1964) and Singh and Sinha 

( 1962) host specific! ty is very important and it is controlled by 

the physica.l and chemical nature of the leaf. 

Factors a.f.f~,.!ring microbial §.Ctiyity: 

1) Physical factors, 

2) Chemical factors. 

1) PhYsical .factors 

i) Morphological nature of the leaf 

ii) Plant maturity or Plant age 



iii) Plant height 

iv) Leaf surface temperature and moisture 

v) pH of the leaf 

vi) Area of the leaf. 

2. ~hemical factors 

i) Silica, waxes 

i1) Leaf leachates. 

~h;ta;l;cal factors 

1) Morphological nature of the leaf: 
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The leaf surface traps different spores present in the 

air through various devices, viz., hairs, sticky surfaces etc. 

The host species themselves play a very important role in 

microbial colonization by providing different ecological niches 

to the micro-organisms (Dickinson, 1981). The ecological 

ha.bi tat of the plant surface i.s of different nature. Cuticle, 

epidermis etc. of different plants vary. Cuticle may be thick 

or thin, may be associated with different types of hair, 

openings on the leaf surface may also vary depending on the 

plant species. The leaves of different species of plants 

support a distinctive microbial population (Lamb and Brown, 

1970). Host specificity is known to be controlled both by the 

physical nature of the leaf surfaces and also the chemical 

nature of exudates. 
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2) Maturity of the leaf: 

This factor is found to be another major parameter 

influencing the composition of micro-organisns (Sinha, 1971). 

Invariably the numbers of micro-organisms increase with advancing 

age of leaf (Narshall and Walkley, 1951; Ruinen, 1956; Pugh, 

1958; Kerling, 1958, 1964; Hudson, 1962; Sinha, 1971; Bakshi, 

1981; Narula and Mehrotra, 1981; Kumar and Singh, 1981). 

The gradual increase in number of fungi may reflect the 

continuous deposition of propagules of the air spore- during 

prolonged exposure or it may also be due to multiplication of 

micro-organisms on the phylloplane of old leaves (Marshall and 

Walkely, 1951; Last, 1955; Ruinen, 1956; Kerling, 1958; Tukey, 

1958, 1965; Stout, 1960; Orellana and Thomas, 1962; Chand, 1963; 

Mishra and Tewari, 1976a, b). As larger amounts of nutrients 

are leached from ageing leaves than the young ones (Kerling, 

1964) the exudates of the former favour increased colonization 

of saprophytic microTorganisms (Last, 1970; Pati and Chandra, 

1980; Sharma~ al., 1980). 

3) Plant height: 

Plant height is an important factor for microbial 

colonization on phylloplane (Mishra and Tewari, 1969, 1976a; 

Dwivedi and Kumar, 1981). The mycopopulation usually increases 

from top to the bottom of the plants, i.e. leaves at lower nodes 

near the soil have larger microbial population as compared to 
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those at higher nodes of the plants (Mishra and Tewari, 1969; 

Lamb and Brown, 1970; Gupta and Mukerji, 1982). The maximun 

population at lower height both in quality and quantity may be 

accounted primarily due to its closeness to soil since soil 

contributes a number of fungi to the leaves through air current 

or rain splashes. The soil further helps in maintaining more 

favourable micro-environment by regulating the moisture and 

temperature regimes at lower region {Mishra and Tewa.i.\ 1976a) •' 

Plants develop a short canopy at the different levels and lower 

regions near the ground are more favourable for the growth of 

too various microbes on the leaf surface. Thus a possible 

inter-relationship may, therefore, be expected between soil and 

phyllosphere-myco.flora particularly at lower height of the 

plants and this explains the bigh fungal counts from leaf 

surface at lower heights (Lamb and Brown, 1970 and Mishra and 

Tewari, 19 76a) • 

4) Leaf surface temperature and moisture: 

Sutton ( 1953} and Burrage ( 1971) observed that each 

leaf is surronnded by so called a boundary layer in which the 

leaf temperature, moisture and 'Wind speed is influenced by the 

leaf. According to Mishra and Tewari ( 1976b} the microenv:Lron­

ment of the botmdary layer may not be sui table for all the 

microorganisms trapped on the leaf surface and most of the fonns 

casually present on the surface do not thrive well. Moisture 

content and temperature differ on different leaves and even on 
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the same leaf variation is possible which affects the microbial 

colonization on the leaf. 

5) pH of the leaf surface: 

Besides temperature and moisture, pH of leaf surface 

also varies (Barlocher ~ ~·, 19'78). Different plants may 

have different pH and only those leaf surfaces with favourable 

pH for germination and growth of a part4.cular .fungus or a group 

of related species will encourage the colonization (Blakeman, 

1971; Kumar and Gupta, 1976; Barlocher ~ ~., 1978). 

6) Area of the leaf: 

According to Pugh and Buckley ( 1971) when leaves are 

placed in moist chambers fungi which appear first are seen near 

the veins. It has been seen that more fungi are isolated at 

the leaf tips because dew drops get collected at the tips which 

provide nutrition to the fungi occurring there. Thus the 

microflora may vary on different regions of the same leaf. There 

may be more microorganisms near the veins or the petioles. This 

may be because even on the same leaf, temperature, moisture 

content, leaf exudation may vary at different s1 tes (Mishra and 

Tewari, 1976b; Andrews~~., 1980). 

Chemical factors 

1) Silica, waxes: 

The presence and nature of the waxy coatings on leaves 



21 

a.re important factors in microbial colonization (Holloway, 1970, 

1971; Hallam and Juniper, 1971; Forester, 1977; Merrall, 1981). 

The ler-~.f surfaces of higher plants are covered by non-cellular 

cuticles which are heterogenous in chemical composition. The 

major chemical components are lipids, waxes and cutin. The wax 

and silica deposition is different on different leaves of the 

plant species and they greatly influence the microbial 

coloniz~tion and penetration (Holloway, 1971). 

2) Le~f ~eachates 

Mann and Wallace ( 1925) for the first time used the 

term 1 leaching' to describe the removal of mineral nutrients 

from leaves soaked in water. 

Colodny (1932) pointed out that wheat and barley were 

more susceptible to leaching than rye. 

Inorganic nutrients like K, Ca, Mg, and Mn usually are 

leached in greater amount (Arens, 1934). He also reported 

greater loss of nutrients in the light than in the dark. Tukey 

~ ~.(1957) reported that loss of carbohydrates from leaves 

was directly controlled. by light intensity. Phillis and Mason 

( 1942) and Sharpe ( 1955) reported an abundance of K and traces .-. 

of Ca in dew on the surface of cotton leaves. Thus dew plays 

an important role as a leaching agent. 

Fujiwara and Iida ( 1956) recorded a decrease in the K 

content of rice leaves after a heavy rain. 
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Schoch ( 1955) reported that differences in quantity And 

quality of the leached substances were not only among species 

but also among individual leaves of the same crop and even for 

the same plant depending upon the physiological age of the 

leaf. Young leaves are hydrophobic and are wetted w1 th 

difficulty (Linskens, 1952; Holloway, 1971) and this in turn 

retA.rds the leaching. Thus young leaves are less slJSCeptible 

to leaching whereas leaves approaching senescence are more 

(Sinha, 1971). 

Leaves injured by biological, physiological or by 

mechanical sources are more susceptible to leaching than the 

healthy ones {Helder, 1956; Tukey Jr. and Morgan, 1963; Tukey 

Jr., 1971). 

Ruinen ( 1961) pointed out that leaf surface has its own 

environment and nutrient available to the microbes on leaves are 

mostly through the secretion/excretion of leaves. The 

composition of the nutrients varies in case of different plants. 

Temperature also effects the loss of metabolites by 

leaching. Mitchell ( 1968) reported leaching of some carbohy­

drates at higi:Er temperature. 

According to Tmey Jr. ( 1971) leaching is removal of 

substances from the plants due to the action of aqueous solution, 

rain, dew, mist and fog. 
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Leaf leachates or exudates greatly influence the qua..li ty 

·::~nd qUlillti ty of microorganisms occurring on the lea..f surfHces 

(Godfrey, 1976). 

Substances leAched from leaves include a. grea.t variety 

of m:"'terials including both inorganic and organic substances 

(I'lorg:m and Tukey, 1964). 

Inorganic nutrients leached include all the essential 

minerals and some other elements found in plants including both 

the macro- and micro-elements. Organic substances which include 

free sugars, pectic substances, alcohols, amino acids, organic 

acids are detected from leaf leachates ( Tukey, 1971). Kozel And 

Tukey ( 1968) have shown that growth regulating chemicals such as 

the gibberelline as well as vitamins (Wasicky, 1958), Rlkaloids 

(Bode, 1958) and phenolic substances (Del Moral and t-1uller, 

1964; Kozel and Tukey, 1968) are leached from plants. 

No authentic information is available regarding the 

qwmti ty of amino F.J.cids And growth regulators leached from the 

leR.f surface ( Tewari, 1973). 

Thus the phyllosphere population seems to be directly 

governed by leaf exuda.tion (Mi shra and Tewari, 1976). 
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1) Metel'oJ.os.toal fa.ctors: 

Many workers (Gregory, 1950, 1961; Last, 1955~; Hirst 

,qnd Stedman, 1963; J.Vlishra., 1968; Heuvel, 1970; Sinh.'=l, 1971; 

Ahuj::1 and Payak, 1981; Kumar m1d Singh, 1981; Pennycook and 

Newhook, 1981) have fol.llld that meterological factors such as 

R.tmospheric temperature, humdi ty, wind, light and r;::U.n are 

important factors influencing the micro-organisms on the le.::~.f 

surf::~.ce. The total number of micro-organisms and also the 

s~ecific composition of the microflora were affected by the 

weAther conditions some being present throughout the growing 

period whereas others were exclusively associated with ::::~. 

pArticular set of clim:::~tic factors (Mishra and Sri va.sta.va, 

1970a; Sinha, 1971; Sharma and Mukerji, 1976; Garg ~~ ~~·• 

1978; Khara and Singh, 1981; Hayes, 1982). 

2) Leaf surface microorganisms in relation to air spora: 

There is a close correlation between the air spra of a 

locality and the leaf surface fungi of plants growing in the 

R.reR. (Mishra and Tewari, 1976a). 

The investigation in the aerobiology of IndiA. dAtes 

bR.ck to the researches of Cunningham ( 1873) who reported 

ch."'l.nges in atmospheric spore content of Calcutta prison. 

Grainger ( 1954) recorded higher concentration of 

Jie~~thosporium avena~ in air at lower level of infected oat 

crop. 
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Last ( 1955b) studied the air spora within and above the 

mildew infected cereal crops and recorded higher popul::~.tion neAr 

the ground. Gregory (1950, 1957, 1961) also observed a direct 

correlR.tion between air sp0·rA. and the microflora of leaf surfa.ce. 

Rishbeth ( 1959) estimated the spore trapping capac! ty of 

conifers. The number decreases only by death and washing off 

in rains but 1 s continuously renewed by arrival of fresh spores. 

Pa.dy ~Ell ~. ( 1967) suggested that many of the air borne fungal 

hyphAe are conidiospores which were probably released by the 

wind current from dead leA.ves of crops. According to Pa.dy ( 1971) 

the leFlf is thus an admirable site for both saprophytic and 

paraSitic fungi and under fa.VG1Urable conditions spores are 

produced in tremendous number and are released into the air. 

Spores of various foliar obligate pathogens such as 

rusts, smuts were found to be usually present in maximum number 

in the air and they exhibit a characteristic release-pFtttern 

with VR.rying peak hours (Gregory, 1961). Gregory ( 1971) 

suggested three main ways for arrivals of spores: 1) dry wind 

borne route, 2) in rain drop and 3) in rain splash droplets. 

An understanding of the nature, periodic! ty and dens! ty 

of the fungal propagules in the air is much helpful in making a 

foreo:=tst regarding the occurrence of fungal diseases A.nd the 

quAntum of viable pathogenic propagules likely to cause 

infection (Mishra and Tewa.ri, 1976a). 



26 

The leaf surf8ce releases fungal spores which lA.rgely 

contribute to the Air spora of the locality. Mishr~ and 

Srivastava (1971a) reported that a sort of cyclic phenomenon 

exists between fungal spores of air, soil and pl1=1nt surface and 

some of the fonns, maintain their specific! ty in the speciHlized 

environment. Recently, many workers (Lamb and Brown, 1970; 

Mishra and Srivastava, 1970a,b, 1971a, 1972; SinhA, 1971; 

Burrage, 1976; Mishra and Tewari, 1976a; Bovalluis ~ ~., 1978; 

Kumar and Gupta, 1980; Di.xi t and Gupta, 1980) have contributed 
I 

to the comparative studies between phylloplane and air spora of 

different fields. They observed that number of spores deposited 

on the leaf surface is nearly proportional to the number of 

spores in the air. There Are, however, few species which are 

either specific to Bir or to phylloplane (Lamb and Brown, 1970; 

Sinha, 1971; Mishra. and Tewari, 1976a). 

3) Influence of pollen on leaf surface microflora 
r: - wa. ·..,:. ..... # &--;WI_...., a - ..,._.....,..__. . . I ~ 

The development of s~ •rophytic fungi on rye leaves shows 

R. sudden increase shortly after flowering due to the presence of 

pollen thAt has fallen on leaves {Kerling, 1964). Fokkema (1968, 

1971) demonstrated that addition of pollen to inoculum of 

£~dosporium herbA~ enhanced the colonization of the fungus on 

leaves. Warren (1972) also observed that main colonizers reached 

higher numbers on leAves with pollen deposit. WArren (1976) 

observed an increase in number of yeasts, Aureoba§iLd.i,;;m Rullul9 

And Cladosporium spp. in presence of pollen on leaves of lime and 
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bR.rch. Recently, Garg and Sharma ( 1982) have observed thr-:~.t the 

presence of pollen on surfaces of flag leaves of ~~£?).~ h::\d 

mR.rked influence on popul:::~.tions of phylloplane microfungi. 

TotFll fungal popul~tion wa.s exceedingly higher on leaves with 

pollen, the effect being much pronounced on mature leaves. It 

hns been demonstrated by different workers (Ogawa and English, 

1960; Bnchelder and Orton, 1963; Chu-chou and Preece, 1968; 

Cho~chou, 1970; FokkemF~, 1971; Warren, 1972, 1976; Garg ~d 

Sh::l.rmA., 1982) that presence of pollen affected infection of 

leRves by parasites. Thus ~y factor which might alter the 

bal:mce between sporophytes and pathogens on leaf surfF~ce should 

be of significance in dise8.se development. Recently, Olivier 

(19'18;· .. t983) .b.as.also worked on some phyllosphere fungi which 

capture wind borne pollen grains. 

4) .Efa:te.ct of atmosphez:!.c._p_<?,.lj.y:y.o...E: on-~ surface I~.C.PM~r.s 

Pollution can be defined as the significant al terRtion 

of A.n environment by the introduction of an alien body or 

compound. The alien factor is almost assumed to be a toxic 

chemicFll compound (Saunders, 1971). Most industrial and 

domestic effluents although they are usually apparently hann­

less may cause damage to pl:=~.nts and leaf surface mycoflorR. at 

high concentrations and under specific conditions. The effects 

of pollutants upon the leA.f surface and its environment are 

similAr in some respects to the effects of fungicides and 

pesticides. Information on the effects of pollution upon 
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microorganisms especiAlly upon the microflora. of the leaf 

surface is very scAnty (Vas and Ingram, 1949; Couey and Uot::t, 

1961; Saunders, 1971; Smith, 1976, 1977). 

The atmospheric pollutants consist of soot, smoke, 

dust, carbon monoxide, sul.[6hur dioxide, sulphuric acid droplets, 

flourine gas, H2s gas, flourides, chlorine, chlorides, iodides, 

bromine, herbicides, fungicides, fertilizers and various 

photochemical compounds in the smoke viz., smog, ozone, pero­

xyacatyl nitrate, oxides of nitrogen, al hyde~petroleum gases 

etc. A few instanqes of inhibition or stimulation of elements 

of the microflora of leA.f surface by pollutants ::~re known 

(SAunders, 1971), most of them in relation to sulphur dioxide. 

The selective sterilisation of the leaf surface by so2 is 

similar to th~t caused by some fungicides and insecticides 

becAuse it alters the composition of the microflorA by el~ 

nAting the sensitive members of the community and by providing 

R.ddi tional living spR.ce for the resistant members. 

5) .E.ffeq,:t .. QJ __ tQ_l.i~RP. sorJ,Z_inj; Q..t_ fun..,KiCides 1 gpj;,i.]JJ..o..tJ.p.s_, 

.IU:Ltri ents and_q:t:_~e.r: .~J?:.~~aJ-§._01!. .lweaf surfa.c~e& JP.YPP.fl.~-t~= 

Hislop and Cox ( 1969) reported 90% decre::~.se in fungA.l 

population after spr:=tying of Cap tan. Stott ( 1971) used CApt:m 

::~nd fungex and observed thAt two days after first spraying, 

fung.ql population WA.s decreased to about 60% but the 

differences diasppeAred two weeks after the first spraying, 
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Tewari ( 1973) also studied the effect of foliar 

spraying of two fungicides viz., captan and zirRm Rnd two 

~ntibiotics viz., Streptomycin and Penicillin on the 

phylloplane fungal population of two plants and observed that 

the fungicides and ~tibiotics spraying reduced the quAntity 

of the fungal flora significantly. The effect, however, WBS 

not long lasting find gradually diminished with increased 

interval of sprayings. Recently, there are mAny reports 

regarding the effect of fungicides and pesticides applic~tion 

on phylloplane mycoflora (Bainbridge and Dickinson, 1972; 

Dickinson, 1973; Hislop, 1976; Mishra and Tew::'l.ri, 1979; 

Andrews, 1981; Mehan and Chohan, 1981; Fitzell, 1981). Most 

fungicides are to some extent nonspecific in rel~tion to the 

variety of organisms affected and they may alter the microbial 

balBnce with usually unknown consequences. The disease may be 

cured or prevented but in eliminating some harmless saprophytes, 

other micro-organisms with which they were in competl tion may 

become dominant and pathogenic (Hislop, 1976). 

Foliar application of sugars reduced their susceptibi­

lity to downy mildew in sugar beet (Russell, 1968). Cobalt 

chloride sprayed on leaf surface to certain extent stimulated 

the mycoflora, higher concentration, however, proved detrime~ 

tal to fungi (Mishra and Kanaujia, 1971), whereas, magnesium 
. 

ohloritle foliar spraying always favoured fungal. colonization 

on phylloplane in botb heal thy and diseased plants of tomato 
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(I·!fishra and KA.naujia., 1974). When bean leaflets were 

pretreated with decenylsuccinic acid, numbers of lesions c::~.used 

by ?.~~Xtis ~bae incre~sed (Sol, 1968; 1969). It hAs been 

further observed by Sol ( 1966, 1967, 1968, 1969) thHt foliar 

R.pplication of certain substances effect the germin::~.tion :md 

infection of leaf p::~thogens. 

Biotic factors 

1) InterA.ction between leaf surface microorganisms: 

.Antagonism commonly means a relation between org::~ni sms 

in which one organism, the antagonist creates adverse condition 

for the other. 

Several_ papers have appeared mentioning effects of 

non-pathogenic microorganisms on infection of aerial parts of 

pl::mts by ftmgal or bacterial pathogens. Several reViews hBve 

come out in recent years (Leben,. 1965; Sinha, 1965; Heuvel, 

1970, 1971; Crosse, 1971; McBride, 1971; Fokkema, 1976; -

Skidmore, 1976; Blakeman and Brodie, 1976; Mishra and Tewa.ri, 

1976c, Reinecke, 1981; Spurr, 1981a, b; Dubos and Bulit, 1981; 

Kr::~nz, 1981) on the interactions between microorganisms Md R 

posibili ty of biological control of some plant pathogens. 

The microorganisms interact and the intera.ction le::1ds 

to the suppression or stimulation of one or the other, bringing 
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in antA.gonistie or associative effects {Sinha, 1965). This 

complex problem of the phylloplane has a profound influence on 

the course of events in the infection of hosts and is . 

intimAtely related to the formulation of methods o.f disease 

control. 

One of the earliest references to interaction between 

microorg:misms in phyllosphere is by Last ( 1955a) who reported 

occurrence of SporobolO~-Y9Jt~ on cereal leaves where the 

colonies were greatly decre~sed by Tilletiopsis sp. 

Newhook {1957) used f.lados2orium herbarum and 

E_e.P.}..c_!.l) . .i.,t!J!, sp. antagonistic to Botrytis cinerea to the tomA.to 

petals. Simard ,!ll .:a!,. ( 1958) showed antagonism between some 

microorg:-misms isolated from the surface of dead apple leaves 

and the apple scab fungus, Xenturia inequalis. Morton ~d 

Peterson ( 1960) reported thA.t early infection of 

lL~J1~~~§Eorium sativum inhibited the development of ~e~~~ 

~eF-~n.i-A in leaf sheath. Wibe and Morton ( 1962) demonstra­

ted th8t cell free extrAct of certain fungi particularly that 

of g. ~~~"9-.. ~ was inhibitory to .§. 12a§§erin.U• Voznyakovskaya 

and Shirokov ( 1961) isolated many epiphytic micDeorganism on 

strawberry out of which 13 isolates were antagonistic to 

~~.S. pj.nerea. Bier and Howat ( 1962a, b) found tb.at two 

common saprophytes were inhibitory to HypoiYlon prina~, 

causal organism of canker disease. Bhatt and Vaughan ( 1963) 

treated strawberry plants at the late bloom stage with spore 
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suspension of Cladospor~~ herbarum, Aspergillus sp. and 

~'J)..P .. iJJ4..Ym. sp. isolated from their fruits and recorded some 

control of §... cinerea. Leben ( 1964) observed that some 

bActerial isolates decreAsed the occurrence of cucumber 

Allthracnose. 

Das and Pal ( 1968) reported that Rhizopus W,.gj.~ 

decrea.sed the lesions caused by Alternaria solani on potAto 

le~ves and in~bited spore germination and mycelial growth of 

the p~1thogen ~vitro. Ak:U and Kuramato ( 1968) observed 

9-~.9A sp. to be responsible for decreasing leaf spot CFl.Used 

by £9.9Jtlobolus miYabHPU~ on rice leaves but failed to inhibit 

the spore germination or mycelial growth of pathogen .!n, ~· 

KA.pooria and Sinh.a ( 1969) reported parallel results both JA. 

vivo And vitro when there was reduction of Puccinia ~.WL~ 
• on le8.Ves of pearl millet by several phyllospheric fungi viz., 

QJ~ .. ~e..!ol!kf.J!!!. globosun, A§P~.rpllus japonic':!§ and Fu§ar,!.~ 

~~-~o~. Heuvel (1969, 1971) sho~ed that some isolAtes of 

~~~~~~ai4tum pullulans disfavoured the development of leaf 

lesions formed by Alterna~ia zinnae • ......... ._.. 

e 
There are many forts of biological control of leaf 

pathogens in vitro but only very few reports are av:U la.ble -
sho~dng their success in Vivo (Heuvel, 1969; Mitchell, 1973; --
MishrA. and Tewari, 1976c; Rao ~ §!., 1978; Purkayastha and 

Bhatta.charyya, 1982; Sha.rma ancLGU;Pta; ~) .au. and. S!lagb; 

1980; Sharma ~ ~·, 1981; Ch.et ,!1 f!l·, 1979, 1981; Adams· And 
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Ayers, 1982; Howell, 1982; Gupta and Dixit, 1982; Trutma.n A.~ 

~l:.·, 1982). 

Biological control is an area currently of widespread 

interest, and the field is represented by many recent papers on 

hyperpArasites, filamentous fungi and bacteria as biocontrol 

;:lgents (Endo ~ !].. , 1973Jl Roy, 1977; Snarma and Gupta, 1978, 

1980; Dumitras and Sesan, 1979; Pineau, 1979; Fokkema. ~~ ~., 

1979; Peresse and LePicard, 1980; Lundborg and Unestam, 1980; 

Staub Rnd Kuc, 1980; Tsuneda and Skoropad, 1980; Upadhyay and 

R.Ai, 1980; Sive.sithampA.ram and Parker, 1980; Chet and Baker, 

1981; Dickinson~ sl•• 1981; Srivastava~~., 1981; Schulz, 

1981; Sharma and Heather, 1981; Papavizas ~ ~·, 1982; 

Willoughby, 198'; Bhattacharyya and Purkayastha, 1982; Trutman 

§."ti ~., 1982; Gupta and Dixit, 1982). 

1} Inhibitory substances released from leaf surface: 

Bernard ( 1909) for the first time put forth the idea. 

of the production of inbibi tory substances by host due to the 

inf2ctipn of saprophytes which inhibited the parasitic invasion. 

Muller a.nd Borger ( 1940) used the term phytoalexin and defined 

it F~.s :=m 'ianti biotic which is produced as a result of the 

interaction of two metabolic systems, the host and the parasite 

and which-inhibits the growth of microorganisms pathogenic to 

the host." He observed that the interaction between potato and 
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factor v'lhich inhibited the growth of a virulent str8.in of the 

pathogen. Several other workers (Uritani and Akazawa, 1955; 

Cruickshank Rnd Perrin, 1961, 1963, 1965) hBve also reported 

the occurrence of such phenomenon. Topps and Wain (1957) noted 

that the concentrated leaf washings from a range of "WWodland 

trees caused limitation of germ tube growth in Botry;tis ciner~q. 

Phenols are most commonly responsible for inhibition (Kirkham, 

1954; Topps and Wain, 1957; Shepherd and Mandryk, 1963; 

Brillova, 1971; Van Lelyveld, 1974; Edreva, 1976; Carrasco ~ 

~., 1978; Van Lelyveld ~ ~., 1981; Alfenas ~ ~., 1982). 

Recently many workers (Mahadevan, 1967; Bailey,· .19'71; Mace and 

Beech, 1973; Dix, 1974; Irvine~~., 1978; Iwata~~., 1980) 

have reported that the resistance to diseases is obtained by 

production of inhibitory sub~tances by the leaves. 

Sinha (1965) also reported that host tissues are known 

to exude phytonocides which are inhibitory to the invading 

fungi and bacteria and some of the leaf surface microorganisms 

may cause the production of phytoalexins in the host and bring 

about changes in the reaction of the host to parasites, 

Afifi ( 1975); Mishra and Tewari ( 19'78) J Singh and Ra1 

( 1981); Sinha and Prasad ( 1981); Vishunavat and Shukla ( 1981) 

and Rathore s1 !i!• ( 1982) have studied the e:f.fect of leaf 

exudates and extracts of different plants on growth behaviour 

of some microfungi occurring on phylloplane and they observed 

that some pathogens are inhibited in the leaf exudates and leaf 



extracts becAuse of inhibitory substances present in them. 

2) Biologically active substances produced by the 

microorganisms in the presence of the host: 
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Epiphytic microorganisms being in close contact with 

the plant during the whole vegetative period, in the process of 

their vi tal a.cti vi ty secrete a number of met::t.bolic products. 

Some of the substances like group B vitamins, indole auxins, 

gibberellin-like substances are biologically active and they 

penetrate into plfmt tissues and although present in negligible 

concentrations m~q have ~ considerable effect upon the metabo­

lism of the pVmt which in turn will influence the leaf surface 

mycoflora (Klincare ~ ~., 1971). 

3) Biologioal state of the plant: 

Many reports are there in the literature where workers 

have studied the microflora of both healthy and infected leaves 

of different plants (Last, 1970; Sadasivan and Prasad, 1973; 

Sharma and Tewari, 1981). The total microbial population was 

found higher on healthy leaves than the diseased ones (Sharma 

and Tewari, ·J981) although maximum filamentous fungi are found 

on diseased leAves (Last, 1970; Sadasivan and Pr::~sad, 1973; 

Sharma and GRrg, 1979; Garg and Sharma, 1980; Pal, 1981, 1982). 

It may be noted that more nutrients are leached through the 

breakage of the leaf tissue during infection which is the 

reason for the increase in fnngal population both qualitatively 
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n.nd quantitatively on infected le;::~ves (Last, 1970). 

4) Nitrogen fixers in phylloplane: 

There are mr-my reports of microorganisms especiA.lly 

b8oteria which 8re present on the phylloplane and they help 

i:n nitrogen-fixation (Kvasnikov ~ ~., 1974; Blasco and 

Jordan, 1976; Renia.cle, 1977; Capone and Taylor, 1977; 

Banerjee and Chandra, 1978; Sa.dykov and Umarov, 1980A., b; 

Sengupta~~., 1981; Sadykov, 1981; Nandi and Sen, 1981, 

1982; Nandi ~ s!·• 1982a, b). 

Thus the study of phylloplane is a complex problem 

where many factors Ftre involved and great phytopA.thologicA.l 

possibilities are bound to unfold as work proceeds (Sinha, 

1965). There is ample sc.ope for biological control-of.--.pa.thogen; 

by studying various interactions between plant pathogens :md 

epiphytic mmcroorganisms on the aerial parts of pl:mts 

(Dickinson and Preece, 1976; Blakeman, 1981). 

Thus the present review provides evidences for the 

fact that leaf surfa.ce of plants is a nutrient rich hA.bi tat. 

This habitat provides A. complex of niches which Mrbours a 

v:=~riety of microorganisms. Further, the community structure 

is affected by several physical, chemical and biological 

factors viz., the environment, the substrate and the 

interactions between microorganisms respectively. 
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'rhe present study was carried out at Shillong, the 

ca.pi tal of lVlegha.laya, which is located at 24° 34' N latitude 

and 91 ° 56 r E longitude ( Fig. 1) • For the general field study, 

a plot in the Botanical garden in the University campus which 

is loc.01ted A.t an altitude of 1540 m was selected. Physiogra.­

phicRlly the area is hilly covered w1 th pine forest (PinH§ 

~e.~.,;y;.~) • 

The soil is red laterite under red loam or brown loAm 

soil type. The sand content of the soil is upto 90% at some 

places Rnd it is usually acidic in reaction. The soil is rich 

in nitrogen content. However, the amount of phosphorus is 

relatively low ranging between 20 kg/acre to 50 kg/acre. The 

soils nre poor in available muriate of potash (Zimba, 1978). 

The climate of Shillong is very much controlled by the 

seRsonA 1 \vinds as in the other parts of the country. The 

seBson;::l vvinds are the South-west monsoons and the North-east 

winter vlind. 

Hence the year may be divided into four seasons:-

1. Spring season - March and April. 

2.- Summer (rainy) season - May to September. 

3. Autumn season - October And November. 

4. Winter season - December to February. 



Fig. 1: Map of MeghalayA showing the location of 

Shillong. 
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Fig. 1.1: Meteorological data for minimum, maximum 

temperature (in °C) t relative humid! ty 

(in percentage) and rainfall (in mm) of 

two years ( t981 and 1982) of Shillong. 
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During March and April, the atmosphere gradually warms 

up. From the middle of April to the middle of May, the 

temperF.tture reaches the maximum. The maximum temperature 

recorded A.t Shillong during the period was 26°C. The averR.ge 

minimum temperature was 12. 77°C. The rain usually starts by 

the third week of Apl'il and continues upto the end of September 

and sometimes even upto the middle of October after which 1 t 

The AVer:::~.ge rainfall is as high as 271.·57 nnn., 

SimilHrly, the average humidity is also very high ranging 

between 71.38 to 84.21 in a diurnal cycle. October and 

November are two months when the climate is cool and temperate. 

As the month of November appro:=~.ches the temperature slowly 

comes dovm and the climate gradually changes from cool to A. 

cold one. After November, w.inter season sets in, which 

continues upto the end of February. During these months, the 

climRte is very cold and the temperature falls down to 4-5°C. 

The low temperature of the 'Winter results into frost which mR.y 

be seen sometime early in tha morning during December and 

JanuFtry. 

The data of the temperature, both minimum and mA.Ximun, 

percent:::~ge humidity and rainfall during the two crops seasons 

(1981 and 1982) in the present investigation has been presented 

in Fig. 1.1. 



CHAPTER I 

ASSESSMENT OF THE FUNGAL FLORA FROM THE 
PHYLLOPLANE REGION 
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J:.J~'"T.-R_OD .... U._C_,T.I .... O_N 

Leaf surface which harbours a definite microbiP~.l 

community of various p;~thogens and saprophytes has been tenned 

AS nhylloplBne analogous to rhizopllane of roots (Kerling, 

1964) ~ It was noted B.s early as in 19001 s (Burri, 1903; 

Dugeli, 1904a,b; Potter, 1910) that aerial parts of pl~ts hRve 

their characteristic flora which ·differs from that of ;Ur and 

soil. 

Leben ( 1965) clA.ssified the phylloplane fungi RS 

residents and casuals. The residents usually colonise and 

multiply on the leaf surface while the casuals reA.Ch the plant 

body ACCidentAlly and cAn only grow preferably on dead plA.nt 

pHrts. Later on, Lam.bfmd Brown ( 1970) used transients for 

CASUAlS. 

The studies on phylloplane mycoflora are importRnt 

re CAuse of their role in biolgica.l control of certain epidemic 

diseA.ses, active decomposition and enh:mcement of ACtivity of 

phylloplane nitrogen fixers (Singh and Sinha., 1962). 

Considerable interest lies in investigating the types 

of microorganisms which occur on leaf surfaces during the 

chAnging meteorologicAl environments at various periods of 

plA.nt growth (Sinha, 1971). The various factors such as host 

species, leaf maturity And weather changes may play important 
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role in determining the distribution of fungi on leA.f surfFt.ce 

both quantitatively 8!ld qualitatively ( Rao and ManohA.rt'3.c hA.ry, 

1981). 

Recently, much work has been done on the ecology of 

phylloplane fungi of different plants especially in relation to 

nature of the leaf, ::~ge of the plant, changing environmenta.l 

f::~.ctors and also the lel=l.f leachates (Dickinson, 1971, NA.ruL~. Md 

Mehrotra, 1981). However, only few workers (SharmA. :=md SinhFI., 

1972; Balagopal and Oblisami, 1973; Kumar and GuptA., 1974; PFtOe 

R.nd Campbell, 1974; KumA.r and Balasubramanian, 1981; Tyagi and 

Chauhan, 1982) ha.ve studied the changes in the microflora of 

phylloplane of crop plants influenced by varietal ch."lracters and 

::~.lso by the plant pathogens. 

The microflora present on the phylloplane is recognised 

AS the foUrth dimension (Last, 1971) and dictates the 

development of a diseA.se in addition to the virulent and 

Ft.ggressive pathogen, susceptible host and favourable environmen­

tal conditions. 

Relatively little work has been done to understand the 

ecology and role of M.turally occurring microbes in the 

communi ties formed by the phylloplane fungi. Thus the work was 

tRken up to find out the extent of hostinfluence on building up 

of fungal communi ties out of the same source of inoculum under 

chAnging meterologicA.l environments. The present study was 
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taken up on leaves of three varieties of paddy differing in 

their resistance to brown spot disease. 

Three varieties of paddy ( Oryza ;ativa Linn.) viz., 

Khonorullo (Disease resistant), Ngoba (Moderately susceptible) 

:=:md Mirikrak (Disease susceptible) were chosen a.s experimental 

plants. Seeds of these plants obtained from ICAR research 

complex, Shillong, were sown in the experimentAl plots of the 

Botany Department of the University on 26th April each of 1981 

:md 1982. 

Paddy is the most important crop of the north eA.stern 

region of India and is grown in 8,45,000 hectR.res in va.rious 

states of the region which represents 70.4 percent of the tot::t.l 

cultivated area. It is the staple food of the populntion and 

is grown from valleys to hill tops. The paddy crop is a sumner 

season crop and is grown from last week of April to last week 

of October in Megh::~laya. HHrvesting starts in the beginning of 

October. 

The plants during the present investigation were sown 

on dry terraces with no water stagnation. Fertilizer in the 

fonn of NPK was applied at sowing time. The crops were grown 

under rainfed conditions as paddy is usually grown in this 



PLATE 1.1 

1. A plA.nt o£ Khonorullo variety o£ paddy 

2. A plnnt o! Ngoba variety o£ paddy 

3. A pl;=mt of Mirikrak variety o£ pAddy. 
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PLATE 1.2 

1. A leP.f of Ngob.q variety of pA.ddy showing leaf spot 

diseA.se symptoms. 

2. Ler-lves of Mirikrak variety of paddy showing distinct 

lel".f spot disease symptoms. 

3. Infected ear of NgobA. variety of paddy 

4. Infected ear of MirikrAk VAriety of paddy 

5. An enlP.rged infected eA.r of Mirikrak variety of paddy 

shovving distinct brown spot disease symptoms on the 

gri:lins. 



PLATE -1·2 

j 
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.region during the rAiny season; 

The three varieties of paddy, viz., Khonorullo, Ngoba 

and Mirikrak which were used as the plant material throughout 

the course of the present investigation differed mainly in 

disease resistance towards the pathogen, He~n~ho;p~~~~ 

9.rYzae Breda de Ha.an. In addition, in Khonorullo va.ri ety the 

plants were tall with large leaves mediun to bold grains, 

medium to long p:micle length, mediun to high nunber of leaves 

on main culm and with low tillering (Plate 1.1;1). Whereas, 

in Ngoba variety, the plants were dwarf with medium leaf 

length, medium grain size, mediun number of leAves on main 

culm and high tillering (Plate 1.1;2) and inMirikrak VA.riety, 

on the other hand, the plants were of mediun height with small 

to medium leaf length, small to mediun grain size, medium 

p:micle length, Efllall to mediun number of grains per panicle, 

medium leaf number on main culm and exhibited medi urn tillering 

(Plate 1.1;3). 

pollection of ~~l~§ 

The collection of leaf samples was done regularly at 

fortnightly intervRls from the time the lea.f bud unfolded 

till the senescent st8ge as shown in Table 1.1. Leaves were 

collected at random in such a way that each collection hA.d 

young as well as old leaves of each plant. Such leaves were 

collected in sterilized polythene bags with the help of 

sterilized scissors ~d forceps. 



The leRf surface was examined for mycoflor~ by 

different techniques. 

43 

The following techniques were employed for the study 

of mycoflora on the le8f surface on the three varieties of 

paddy at different growth stages ot the plant. 

1. Direct observation: 

i) Cellota.pe impression technique (Edw::u-d and 

Hartman, 1952) was employed in which strips of cellotape was 

pressed gently against the leaf surfaces and the cellotape 

strips with the impression of the mycoflora were stained in 

cotton blue - lactophenol and the total number of spores and 

mycelia were recorded in five different fields of microscope 

and average values were calculated. 

ii) Nail polish impression (Masurovsky and Jordan, 

1960) technique was employed in which nail polish of a light 

colour was coated smoothly on the leaf surface and when this 

layer dried it was peeled off and mounted in lactophenol with 

0.10% acid fuschin. Such peels containing the impressions of 

leR..f surface myco.flora were observed under a microfJ.}ope and 

the total nunber of spores and mycelial were recorded under 

five different fields of microscope and their average values 

were calculated. 
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2. Noist chamber (Keyworth, 1951): 

Ten leaves were kept in moist chambers prep~ed by 

moisting 3-4 filter p::Ipers kept in petri plates with sterile 

distilled water. These were incubated at 25i1°C and 

observations taken a.t intervals of 5 days till one month. 

3. Impression plate (Potter, 1910): 

In this technique leaves were gently pressed against 

nutrient agar in petri plates with the help of a. sterilized 

forceps. The leA.f was subsequently removed leaving its 

impression on the nutrient agar (Czapek' s Dox agar Rnd cellulose 

agar medium) contained in a petri plate. The surface of the 

le::Ives of different varieties were pressed separRtely in 

different petri plA.tes containing the nutrient agAr. Five 

relicates were maintRined for each variety. These petri plates 

were incubated at 25+1°C for 6 days and observations were taken ., 

by counting the number of colonies of different fungi occmlng 

on the plates. 

4. Dilution plate (Dickinson, 1971): 

This method was employed for quanti tat.i ve estimA.tion o;f 

fungi (Dickinson, 1971; Sharma .sll ~·, 1974). The colonies were 

counted irrespective of their origin from a spore or mycellum. 

1 g}1l of leaves were weighed and they were cut into small 

segments with the help of a sterilized scissor and the leaf 

segments were put in 250 ml conical flask containing 99 ml of 
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sterilized distilled water ~d th~ kept on a mechanical 

shaker for 30 mins. to get a uni.form shaking. 1 ml of this 

washing wr.t.s taken and diluted 10 times by adding sterilized 

distilled -vu1ter. The plating of 10- ~ dilution wa.s found to 

be appropriRte for colony counting. 1 ml o.f this aliquot was 

pipetted on nutrient agar (Czapek 1 s Dox agar and Cellulose 

A.g.<'lr mediums). Five replicates were maintained .for each 

variety. Pl~tes were incubated at 25+1°C for 6 days and the -
.fungal colonies were counted. 

5. Washed leaves plating: 

The leaf segments which were washed as given in the 

dilution pl~te technique were taken out and trans.ferred into 

another 250 ml .flask containing sterilized distilled water and 

again were given thorough 20 washings of sterilized distilled 

water. These leaf pieces were teased into smaller .fragments 

with the help o.f sterilized forceps and needle and dried on 

sterilized blotting paper. Five such pieces were inoculated 

in each petri plRte containing nutrient agar (Czapek' s Dox 

agar and Cellulose agar medi uns). Five replicates were 

maintAined for e8.ch variety. The petri plates were incubated 

nt 25.;!:. 1 oc .for 6 days and the lea.f segments were examined for 

.fungal colonies accurring on them ~d the observations were 

taken till no new forms appeared. 
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Several media were employed during the present investi­

g~tion such as potato dextrose agar, Czapek's Dox agar, 

cellulose agar to achieve isolation of maximum number of fungi. 

Potato peeled and sliced - 200 gm, D-Gluco~e - 20 gm, 

Agar - 15 gm, Tap water - 1 litre. 

Peeled sliced potAtoes were boiled for 1 hr in one 

litre of water. This was filtered through cheese cloth and­

Glucose w::ts added to it and the medium was sterilized at 15 lb 

for 15 mins. 

2. Cza.pek' s Dox agar {Raper and Thorn, 1949): 

Agar - 15 gm, Sucrose,·- 30 gm, NaN03 - 3 gm, K2HPo4 -

1 gm, Mgso4 ?H20 - 0.5 gm, Kcl - 0.5 gm, Feso4 7H20 - 10 mg, 

Distilled water - 1 litre, Streptomycin- 30 mg. 

3. Cellulose Agar (Eggins and Pugh, 1962): 

Agar - 20 gm, Cellulose (powdered) - 10 gm, (NH4) 2so4 -

0.5 gm, L-Asparagine - 0.5 gm, KH2Po
4 

- 1 gm, Kcl - 0.5 g}ll, 

MgS047H20- 0.2 gm, CaC12 - 0.1 gm, Distilled water- 1 litre, 

Streptomycin - 30 mg. 

The plates were exAmined regularly and slow growing 

forms were transferred to fresh nutrient pla.tes to avoid over 
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running of fast growing ones. Efforts were made to get pure 

cultures of VBrious fungi occurring in moist ch~bers, impres­

sion plates, dilution plates and washed ~eaves plA.ting 

techniques and these were raised on tube slants containing 

Czapek' s Dox agar, cellulose agar and potato dextrose agA.r 

media. The fungi were identified from pure cultures maintained. 

fjlYsical analX~.A .Q,f_. ... the leaVefi! 

1. pH: 
pH of the leaves was determined by electric pH meter. 

10 gm of fresh leaves were crushed in 25 ml of double distilled 

water and filtered. The filtrate was then used for determining 

pH. 

2. Moisture content: 

Moisture content of the leaves in terms of percentage 

dry weight was determined by drying 10~gm of fresh le~ves in 

hot air oven at 105°C for 24 hours, eooled at room temperature 

and then weighed to get the dry weight of leaves. The process 

was repeated till the constant weight was obtained. 

~pternretation o~ .:~ae~ data 

The results have been expressed as an average of 

isolations done during two growing seasons (1981 and 1982). 

1 • Qualitative estimation: 

i) The quAlitative estimations were expressed as 

percentage frequency of occurrence. The latter "Was a~lculated 
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for moist chamber, impression plate and washed leaves plating 

techniques. 

The percentAge frequency of occurrence WR.S cA.lcul."l.ted 

for each fungus based on the formula given by Tresner ~~ .~. 

(1954). 

Perdentage frequency of occurrence 

Number of samples of occurrence 
X 100 = .... --------------.... ······-..we.-~ 

Total No. of samples 

ii) The qualitative differences in mycoflora were 

correlated with plRnt age and variety. The communities formed 

by the three varieties of paddy were compared with respect to 

the similar! ty of their species compos! tion with Age of the 

plants using Sorensonr s similar! ty index ( S) as given by 

Sorenson (1948). 

s = 
2 x number of species common to both communi ties A 8 ·B ______ __._,_ __ . ______ , ______ ..... -=-_, . .....,.--=-:~-.-.. .... --

Total number of species '.~ 
in community A 

Total number of species 
+ in community B 

where A and B are two commurd ties (two varieties) compared 

together. 

2. Quantitative estimation: 

For quanti tR.tive estimations the number of fungal 

propagules was expressed as fungal populat!on/gm fresh weight 

of leaves. It was calculated as: 
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Average No. of colonies per petri plates x dilution of the 
aliquot ( 1 o3) 
' ,. ......... ......,... -- -~:-4-·'";f.. ~ . .....,. .... -..... ....-.·~:~ 

Fresh weight of leaves (1 gm). 

The fungal population was·~calculated in case of 

dilution plate technique where colony nunbers could be counted 

eRsily. 

The data collected during the present investigation by 

dilution plate technique was statistically analysed by using 

student's 't' test and analysis of variance done by 1F1 test. 

Further, pH and moisture content of the leRves were 

correlated with the myoopopulation at different growth stages 

of the plant by using Pearson's product moment correlation 

ooefficient (r). 

RESULTS 

A total of 88 species belonging to 53 genera. of fungi 

were isolated from the phylloplane of three varieties of paddy 

viz., Khonorullo, NgobR and Mirikrak by using five different 

techniques of isolation namely Direct observation, impression 

pl~.te, moist chamber, dilution plate and washed lea.ves plating 

techniques at different growth-stages of the plant during two 

crops seasons, i.e. 1981 and 1982 (Table 1.2). Table 1.2 

shows a comparison of the five different techniques for 



Table 1.1: Showing developmental stages of paddy plant at 

different ages of the plant at different sampling 

dates: Sowing date - 26th April 1981/1982. 

,__.,.,.._.--=----~ ... ...,...._ ...... '-~ ... ._ i -a...:.=~-.o~-..r.- - ............ ~~~,.,.. 
I Age of the Developmental stage o.f the Sampling dates I 
1 plant pliint I 

_. ___ ~·.a·-.-:.-:. . ..--""*" -*-'-•·""•·..a"'· I 
~~-- ..,._.~-~----~----=:.a---.~ 

11th May 1981/1982 15 days Seedling stage 

26th May 1981/1982 30 days Very young stage 

10th Jnne 1981/1982 45 days Young (beginning of tilling) 

25th Jnne 1981/1982 60 days Tilling 

10th July 1981/1982 75 days Tilling 

25th July 1981/1982 90 days Pre-.flowering stage 
begins to swell) 

(Head 

9th Aug. 1981/1982 105 days Flowering begins 

24th Aug. 1981/1982 120 days Flowering stage 

8th Sep. 1981/1982 135 days Post- flowering (Milky stage) 

23rd Sep. 1981/1982 15C days Post-flowering (Kernel .formed) 

8th Oct. 1981/1982 16!5 days Before harvest (drying stage) 

23rd Oct. 1981/1982 180 days Ripe harvesting stage 

&"",~--=-=-~ 



Table 1.2: Showing the comparison of the five techniques used 
for isolation of mycoflora. 

·Fungi D.O I.P W.L M.C D.P 

PHYCOMYCETES 
MUCORALES 

Absid.ia gl.auca + 
Absidia sp. + 
Cunnin~ham~lla ec hinul5~;1f.i + 
Mucor alternans + + 
M. basiliforme s + + -M. hiemilis + + -
Rhizgpu§ n.igricans + + + + 

OOMYCETE8 · 
PythiUffi sp. + + + 

ASCOMYCETES 
A§COCh~fi!; sp. + 
Cnaetomium bostrychodes + + + + 

c. funi.culosyn + -c. - fusiforme + 

c. - globosum + + + 
c. sU.Ccineum + -Cochliobolus mivabeanus + 
Colletotrichum capsicum + 
Coniothyrium ind,icum + + + 

Gelasinospora tetraspora + 
Masoniella griseum + 
Melanospora zamae + + + + 
Pyrenochaeta decipiens + 
Sordaria, humana + 
s. macrospora + + + -
TrianmJ..a.ria obliqua + 

HYPHOMYCETES 
~H.AERDP SID.ALES 

Phoma g~m~r1t1 + + + + 



Fungi n.o I.P w.L M.C D.P 

P. hibernica + + + -
Macrophomina ph8;eol1na + + 
Rhizoctonia @Qlani + + 
MONILIALES 
AcremoniHm indicum + 
A. per~c:j.num + -
Alternarig alternati + + + + 
A. solani · + + + -ArthriniUJil sp. + + + + 
Aspegillij~ cancUdus + 
A. - clavatus + 

A. flavus + + + + -A. - fumigatu~ + 
A. nidulM§ + - + + + 
A. niger + + + + + -A. - ocQracegus + + 
A. §Ydowi + + + -
A- terre'ii + 

A. - versicolor + 

AureobasiAAHlP Ru1lulans + + + 

Botrytis cinerea + + + 

c a.ndJ;da · aJ.bicans + + 
C hryso sporium pruino sum + + + + 
Cladosporium cladg§pQrO.\de; + + + + 
c. herbcuvm + + + + + - g{;e~~ermum Q.. + 
Curvulafia lunata + + + + + 
g.. pullescens .... 

Dreschlera gramipea + + + ·'· - . 

!2· rostrata + 

?oicoccum nigrum + + + + + 

~· PWPY.tJisoens + 

Fusar.i.um pxysporum + 

E• moni:Y,fo,nne + + + + 

Gliocladivm pepeilleides + + + + 
Didymo stil;be e);~ a~ + 



Fungi n.o I.P W.L M.C D.P 

Harphogrgphium fasciculatum 
HelminthosJJorium oryzae 
Humicola :gr_i sea 
Memnoniella echinata 

~-

Monilia ~itophylla 
Neurospora sp. 

Nigrospora oryzae 
li· sphaerica 
Oedocephglum glomerulosum 
Papulospora sp. 

Paecilomyce§ veruta 
Penicillium funiculo4um 
E· chrysogenum 
~. glaucwn · 
~. §tipitatum 
StachybokJs ~ 
Starkegmyces koorcnalomoides 
Stemphylliqn botryosum 
Torula herbaruJn 
Trichoderma viride 
Trichotnec±ym rpseym 
VerticilliUffi albo-atrum 

MELANCON! ALES 
Pestalotia monor;ynca 
White sterile mycelia 
Brown sterile mycelia 
Orange sterile mycelia 
Yellow sterile mycelia 
Black sterile mycelia 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

D.O = Direct observation technique; I.P = Impression plate 
technique; W.L = Washed leaves plating technique; M.C = Moist 
chamber technique; D.P • Dilution plate tecl:mique. 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 



Table 1.3: Sho\v.ing presence of different fungi on three varieties of paddy leaves by using direct 
observation technique (both nail-polish impression and cellotape impression techniques) 
(average of two years observations) at different growth stages of the plant. 

=---..,.----~---·--... · ... --------~""--z;..:;.-· .--·------------------· 
I 
I AGE OF THE PLANT ·IN DAYS 
I I -- ·--,---~ ,---· -- ,-- T---- -.---·- T ----.--- ---~ 

: 15 : ?fJ t 45 : 60 : 75 : go I 105 I 120 : 135 : 150 : 165 :- 1ao 
IKNMfKNMfKNMIKNMtKNMIKNMIKNMlKNMIKNMIKNMIKNMtKNM 

Fungi 

~-~~·· . ~~--..._ ________ _,_ ___ ..._ ______ ..._ ___ .._ ______ .... ,. ___ '"'-'--..... ---....... ---
ASCOl"'YCETES 

Asc hoc hYta sp. 
HYPHOMYCETES 

MONILIALES 
.Alternaria sp. 

AsPergillus .uJ-4~--~ 

fkadosporium ~rbarym 
Curvularia lunata --=--· ........ 

EJ2j,.yoccum nig~~ 
Fusarium oxYsp~~ 
Helmintho~~~~~J 2£vzae 
lli,_grospora ory~~ 
I?enicilliUIU sp. 
Trichod~__s ~~r,.,~<t~ 

'lhite sterile mycelia 
)lack sterile mycelia 

+ + + + 

+ + 

+ 

+ + 

+ + 

+ + + + 

+ 
+ + + + + 
+ + + 

+ + + 

+ 

+ + 

+ 

+ 

+ 

+ 
+ + 

+ 
+ 

+ + 

+ 

+ + 
+ + 

+ + + + 

+ + 

~----~~------~~~~m$~~~~~~--------------~~~&~~~----------------------~~ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

K = Khonorullo variety; N = Ngoba variety; M = Mirikrak variety. 
Total ~ecies isolated = 13. 

+ + + + + + + 

+ + + + + + + 
+ + + + + 

+ + + + + + 
+ + + + + + + + 

+ + + + + 
+ + + + + + + 

+ 

+ , 

+ + + 



Table 1.4: Showing the presence of fungi of three varieties of paddy isolated by impression plat€ 
technique (average of 2 years observations) at different growth stages of the plant. 

Fungi 

PHYCOMYCETES 
MOCORALES 

Mucor . alte£nans 
Rhizopus nigricans 

OOMYCETES 
Pythium sp. 

ASCOMYCETES 

I AGE ~F .... THE PL~ IN n::n 
15 i 30 i 45· i 60 i ·75 : 90 i 1o51 120 1 135 ! 150 i 165 ! 180 

I K N M • K N M • K N M I K N M • K N M • K N M • K N M I K N M I K N M I K N M I K 11.- M I K N M t I I t I I I I I I I 1' t 
I I I I I t I t I I I I 
• - ______I__ I • - __ _j 

+ + + 
+ 

+ + + + + 

+ + + 

+ + 

+ + + ... + + 

+ + + + + 

+ + 

+ 

+ 

Chaetomium bostrychodes 
g,. globo§91l 
Conigthyrium indicuw. 

+ 

+ + 

+ 

+ + 

+ + + + 

Melanospora zamae 
HYPHOMYCETES 

SPAHAEROPSIDALES 
Phoma glomerata 

E.• ip.bernica 
Rhizpctonia solw 

MONILI.ALES 

sp. 

+ 

+ 

+ 

+ + 

+ 
+ 

+ + + + 
+ ... + + 

+ + + + + 

+ 

+ + + + + 

+ + + + + + 

+ 

+ + + + + + + + + + + + + 
+ + + + + + + 

+ 

+ 
+ + + + 

+ + 

+ + + + + + + + + + + + + + + + + + + + + 



----- ---- --- - --- --- - - ---. 
I AGE OF THE PLANT IN DAYS 
I 

Fungi I 15 ; J5 : 45 ; 60 I 75 ; 90 ; 165 ,' 120 t 135 ; 156 : 16$ t 180 
I I I I I I I I I t 1 
:K N M :K N M :K N M fK N M fK N M IK N M :K N M IK N M IK N M IK IlM IK N M lK N M 

Aspergillus nidulans + + + + + + + + + + + + + + + + + + + + + t + + + + + + 

A- niger + + + + + + + + + + + + + + + + + + + + 

!::.- navus + + + + + + + + + + + + + + + + + + + + + + 

A- sydowi + 

Botry"tJ.s cinerea + + 
Cluxso sporium pruino sun + 

Cladosoorium cladD~o-
rO de§ • + + + + + + + + + 

~ b.erbarum + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

Curvularia lunata + + + + + + + + + + + + + 

Dreschlera g£gmineg + + + 

Aureobasidium pullul.ans + 

Epicoccum nigrum + + + 
Fusarium moniliforme + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

Gliocladium pencilloides + + + + 
Hel.minthosporium orxzae + + + + + + + + + + + + + + .. + + + 

Humicola pri§ea + + 
Memnoniella echinata + + + + + + + + + + + + + + + + 

Nigro §DOra oryzae + + + + + + • + 

Neurospora sp. + 
Penicillium funiculosum + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 



Fungi 
I 15 ' 30 : 45 ; (£) : 75 I 90 I 105 i 12J i 135 ' 150 t 165 I 100 
JKNM!KNMJKNMIKNMJKNMJKNMIKNM KNM KNMIKNM)KNM:KNM 

• 

f.· chrxsogen\8 + + + + + + + + + + + + 

StacS-"Ibotrl§ .m& + + + + + 
Starkeomypeskoorchatomeides + + + + + + + + + + 
Torula herbcvvm + 
Tr.icbodel'D1(2. virtd~ + + + + + + • _+ + + + + 
TS;cbQ;!iheci.um ro §Sum + + + + + + + + + + + + + 
Ve£tic1ll1um ~~atrum + + + + + + + + + + + + + + + 
Mm.ANCONI.ALES 

P estaJ.otia monortlypcij. + + + + + + + 
Wbi te sterile mycelia + + + + + + + + + + + + + + + + + + + + + + + + 
Brown sterile mycelia + + + + + + + + + + + + + + + + + 
Orange sterile mycelia + + + + + + + + + + + + + + + 
Yellow sterile myc_elia + + + + + + + + + 

+ = presence of .fungi; K = Khonorullo variety; N • Ngoba variety; M = Mirikrak variety. 



Table 1.5: Showing the presence of fungi on phylloplane of thrie varieties of paddy at different 
growth stages isolated by washed leaves plating metnod {average of two years 
observations). 

~------~---~--~-------
: AGE OF THE PLAN~ IN DAYS 
•~- . 

Fungi .-------...---.......----..---------y-~ -----y------ ------,-----...,.---------.~----..----.....---

: 15 : 30 : 45 : 60 : 75 : 9C : 105 : 120 : 135 : 150 : 165 : 180 
: K N M f K N M I K N M : K N :M : K N M I K N M I K N H I K N M I K N M : K N M : K N M I K N M 
I l I _ ___ _ __f_ __t______ _ ~ _t t 

PHYCOMYCETES 

MUCORALES 
Mucor hiemalis 
M. basiliformis -
Rhizopus nigricgns 

OOMYCETES 

Px;thium sp. 

M:COMYCETES 

+ 

Chaetomium bostrychodes 
Coniothyrium indicum 
Melanospora zamae 
Sordaria macro spora 

HYPHOMYCETES 
SPHAEROPSIDALES 
Phoma sp. 

MONILIALES 

Alternaria ~l9fli 
Arthr~nium sp. 

A~ers!~~U§ flaVU§ 
~ nidulan_s 

+ 

+ + + 

•'' 

+ + + + + 

+ + 

+ + 

+ + + + 

+ + + + + + 

+ + + + + 

+ + 

+ + + + + + + 

+ 

+ + + + + 
+ 

+ + + + + 

+ + 

+ 
+ + + 

+ :1-

+ + + + + + + + + 

+ + + 

+ + + + + + + + 

+ + + + + + + + + 

+ 

+ + + 

+ + + + + + + + 

+ 

+ + + 

.. + + + + + + + + + 
+ + + + + + + '? + + + + 

+ + + + + + + + + + 

+ + + + + + + + + 

+ 

+ 

+ 

+ + + 
+ + .. 
+ + + 

+ + + 



·J 

• : I AGE OF THE PLANT IN DAYS : 
Fungi ! 15 ; j) : :· .. s : BS : '75 ; . 90 I 105 t 120 ; 135 ; 150 ; *165 : ua 180 

' • • • ' ' I I • • ' ,, • 

------------.a.I_K_N_M....,I_K_N_K....,J_K_, i M! K N M j K N M i K N M! K N M ~ K N M i K N M j K N M i ~~-~N M i \ N M 

!• niger + + + + + + + r- + + + + + + + 

Botrx~= cinerea 
Aureobasidi um pulllij.ans 
Candida albicans · + 

Cbrysosporium pruinosuzn 
I 

+ + 

Cladp sporium clado sooroi.des + + + + 

+ 
+ 

++ +++ +-

+ 
+ + + ...+ 

+ + 
+ + 
+ 

+ + + 

+ 
+ 

+ + .. 

+ 

·- + 

+ + 

+ 

£• herbarum 
Curvular.ia lrmata 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + ·+·+ + + + + + + + + + + + 

.~· pu1lescens 
--.Dreschlera graminee. -·- --·· §Bicoccum nigrum 

Fut:H$ium monili:forme 
Didymostilbe elli§k& 
Cl*o~ladium pencilloides 
H~] mintho sporium oryzae 
Humi99la prisea 
Monilia sitophylla 

· Nigrospora oryzae 

+ 

+ + + + 
+ + + + + + + + + + + + ? + + + 

+ 
+ + + + 

+ 
+ + + 

+ 
+ + 

+ 
+ 

+ + 

+ 

+ + 

+ 

+ + 

+ 

+ + 
+ + + + + + + + 

+ + 

+ + 

+ + 
+ + + + 1+ + 

+ + + +-+ 

+ + + + + + + 

Pen;c11~4um funiculosum + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +·+ + 
~--------------,-

~· cluw;;&genum 
Star§egmyces koorc~o-

. mo des + + 
...... ~ ..... 

+ 

+ + + + 

+ + + + 

"' 



~ ~ ~~---,-

I AGE OF THE PLANT IN DAYS ' 
Fim.gi t 

i f ·. ~ 15 30 45 t 60 I 75 t 90 t 
t I I ' ' I 
' I ' , I I .N M : K N M I K N M t K N M t K N M I K N M • K N M I K N M I K N M I K N M l K N M I K N M 

Trichoderma viride + + + + + + + + + + + + + 

Trichothecium ro§eum + + + + + + + + + + + + + + + + + + + 
Verticillium ~bo-oatrum + + + .... + + + + + + + + + + + + + 

MELANCON! .ALES 

P egtalotia monorh;ynoa + + + + + + 

White sterile mycelia + + + + +. + + + + + + + + + + + + + 
Yellow sterile mycelia + + + + + + + + + + + 
Brow.n sterile mycelia 

.. + + + + + + + + + + + + + 

+ = presence of a fungus; K • Kbonorullo variety; N • Ngoba variety;. M • Mirikrak variety. 
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Table 1.8: PA.ired comparisons of average fungal population/gram fresh weight of leaves using student 

•t• test. 

a::e::....-.~-=-.., . ..2"-·lt.--._-:'l'.-.:..~-...:f-'£::~.a---~ a:.s::::s-..::r-.·'t' A. 'T ,_~...,..-.ocy . ._.;;:~ ··'*-~:$·C-;:t-.:..~-~-lr ....,.:.:;~~:;--~-a--=--o.-· ------

~ Observed 1 t' with different pairs of plant age in days 
Variety ! 15-30 30T45 45-60 fJJ-75 75-90 90-105 105-120 120-135 135-150 150-165 165-180 
....................... _...4:.:=:&:::~~-~--t--..- '*-"'""··'·-~ -~.-:a.··-·-··- ~-.-~"*~.,-.;~-~:e--... ·::111 .JS;:."';:"~~-~,.,._. __ .., __ -----

K 2. 21-i~* 5.01** .68+ 1.62* o.43+ 1.51* o.41+ 1.11* o.o6+ 0.92* 0.69* 

N 1. 45-l~ 3. 63** .87* 2.08** o.67+ o.61+ 1.25* 1.32* 0.19+ 1.44** 1.21* 

M 0.42+ 2.60** .49+ 1.49* 0.33+ 1.21* 0.58+ 0.84-IE- 0.41+ 2.52** 1.19* 

---------~~~~<"'I'"'<"#"Tt.!-..-- ~--:&:'4-":r."-'*'-• ..... _. • .,._,.,. '-~~:. .... -:~~r:·~--=-~--:a.: .• ~ ................. ,. ..... ------------

K = Kh0norullu va.riety; N = Ngoba variety; M = Mirikrak variety; * Significant at 95% probability 

*i~ Significant at 99% probability; + Insignificant. 



Table 1.9: Statistical analysis of change in fungal counts at 
"tiQtee growth stages of plants using student t t 1 test. 

I I Young - Mature ; 
V a.riety ~ stage : 

I ( 15 - 90 days) : 
t 't' value : 
I I 

I 

Mature - Senescent : 
stage ; 
( 90 - 180 days) : 

t t' value ; 
I 

Young - Senescent 
stage 
( 15 - 180 da,ys) 

• t 1 value 
-~-~~---...J.--.-- .. ---------·~-A"..Z.-: ______ _._ ______ .~,-~-------

K 3.02** 3.32** 2.89** 

N 3.16** 2.6** 2.4** 

M 1.68* 2.31** 1.23* 
~~--........ _ __...,_,. .. ________________________ ~--=---·!--~ 

~c- Significant at 95% probability 

** Significant at 99% probability 
K = Khonorullo variety; N = Ngoba variety; M = Mirikrak 

variety. 



Table 1.10: Analysis of v,q.riations in fungal population within 

three varieties of paddY using the 'F' test (one 

way classification) at different growth ·Stages of 

plant. 

Growth stages Observed F 
~~-~~.-. ..... ..---------,_-~ .. =-:~.4'-....&.-------------·._.,......_ ____ _ 
Young stage ( 15 days) 

IJiature stage ( 90 days) 

Senescent stage ( 160 days) 

22.02** 

+ Insignificant; ** Significant at 99% probaility. 



TF.l.ble 1.11: Analysis o:f vF.~.riance using the 1 F' test (two wa,y 

classification) among two variables; host 

variety and growth stage of plant. 

~..-:..-...... ~.-..----------,._.,----------...--------~~ ... ~ 
I 

Variables I Observed 'F' Degrees o:f Freedom r-----" _______ _.,_,1,. ______ ...._ _____ _ 

Plant variety 

Growth stage o:f plant 

3.20+ 

** 41.27 

(2,4) 

(2,4) 

~------··-·-=-.,~-----------------·----~- ....... ..-:··--.,..---
+ insignificant; ** signi:ficant at 99% probability. 



Table 1.12: Relationship (r values) between fungal population 

of three varieties of paddy viz. 1 Khonorullo (K), 

Ngoba (N) and Mirikrak (M) and pH, moisture 

Variety 

content of leaves at various growth stages of the 

plant. 

pH Moi s.tUI!e ·:.content 
.-.-::'" ....... -..---------~----~---------------·-------

K 

N 

M 

.968** 

.958** 

.959** 

- .833** 

- .92** 

- .908** 
~-._._:a-:: ________ ._ ____________ _._....:..M::: .. ...., .• ,.....wo:a 

** Significant at 99% probability. 



Fig. 1. 2: A comparison of five different techniques 

used viz., Direct observation, moist 

chamber, impression plate, washed leaves 

plating and dilution plate techniques for 

isolation of maximum number of fungal 

species. 
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isol~tion of phylloplane fungi. From Fig. 1.2 and Table 1.2 

it is clf~A.r th.qt maximum fungal apecies were recorded in moist 

chamber followed by dilution plAte, impression plate, washed 

leaves plAting ::ind least by using direct observation method. 

M:1.ximum number of Ascomycetes were isolated by using 

moist chRmber method, whereas, many species of fungi belonging 

to Hyphomycetes were isolated by dilution plate, impression 

plate Fmd washed leaves plating techniques (Table 1. 2). 

Interestingly, the use of cellulose agar medium in di'lution 

plate, impression plate and washed leaves plating techniques as 

nutrient medium facili ta.ted the isolation of some of the Asco~ 

r:1ycet~c like Chaetomi>m spp., §S>rdaria sp., Melanospora ~~ 

(PlAte 1.4; 31 4) which were otherwise restricted to moist 

chamber tec~e only. Direct observation technique yielded 

only those forms which were dominant species on the phylloplAne 

viz., ~~c!-c:> .. ~orium herbarum, P.ent.~llium sp., Alternaria sp. 

excepting ~A9 .. o._chyta sp. which were exclusive to this method. 

Fung~-£.,ol.W.zJ3.tiOn on leaf s\l]'._{rlp~ 

BA.sed on the observation from the five metb.ods of 

isolation of .fungi (Table 1.3-1.7) the fungal colonizers on 

leaf surfA.ce of paddy varieties belong to 3 main groups viz., 

Mucorales, Ascomycetes and Hypb.omycetes and out of which 

maximum number of species belonged to Moniliales under th.e 

class Hyphomyce:tes. 



Fig. 1.3: Total number of fungi Lsolated from leaf 

surface of Khonorullo variety of paddy 

during different ages of the plant using 

different techniques of isolation viz., 

Direct observation, washed leaves 

plating, moist chamber, impression plate 

and dilution plate techniques. 
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Fig. 1.4: Total number of fungi isolated from leaf 

surface of Ngoba variety of paddy during 

different ages of the plant using diffe­

rent techniques of isolation viz., Direct 

observation, washed leaves plating, moist 

chamber, impression plate and dilution 

plate techniques. 
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Fig. 1.5: Total number of fungi isolated from leaf 

sur.face of Mirikrak variety of paddy 

during di.f.ferent ages of the plant using 

different techniques of isolation viz., 

Direct observation, washed leaves plating, 

moist chamber, impression plate and dilu­

tion plate techniques. 
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Quali ta.ti ve ~§.e..§lill .. eht 

Tables 1. 3-1.5 depict the appearance of VA.rious fung::~.l 

species during different stages of plant growth ::~.s observed by 

direct observAtion, impression plate and wa.shed ·leaves plating 

techniques. The qualitative composition of phyllopl:=ma fungA.l 

communi ties was studied during different stA.ges of pl:=mt 

growth. To isolate maximum number of plant species several 

techniques were used simultaneously. 

The change in total number of fungi occurring on the 

three varieties of paddy viz., Khonorullo, Ngob::~. ::md f/IirikrAk 

are depicted in Figs. 1.3-1.5 isolated by five different 

techniques. The total number of fungi showed A. grB.duA.l increase 

with plant age 'Wi. th sudden peak at the age of 90 &ws And later 

on as the leaves started drying and the plant reR.ched the 

senescent stage at the age of 180 days the total number of 

fungi decreased gradually. Further, from Figs. 1.6-1.8 also 

it is quite clear that there is an increase in total number of 

fungi with plant R.ge. Howev.er, the average percentage 

frequency of occurrence of fungi showed a gradual increase 

throughout the growth stages as depicted in Figs. 1.6-1.8 for 

all the three VArieties. 

By impression plate method (Table 1.4) only those fungi 

which were occurring superficially on the leaf surface such as 

Penicillium spp., Asoergill1, Alternari~ ~~Jl~~~ A;~hrini.~ 

sp., 9.~a.dosporium spp. and Fusarium moniliforme were commonly 

isol::~.ted. Other fungi like Mucorales, Ascomycetes and some 

Hyphomycetes like Aureqg9-~dium pullulans, GlioclW.~ 



Fig. 1.6: Total number of fungi (o----o) and average 

percentage frequency of occurrence (o----o) 

on leaf surface of Khonorullo variety of 

paddy with increasing plant age. 
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Fig. 1.7: Total number of fungi (o,----~) and average 

percentage frequency of occurrence (o-----o) 

on leaf surface of Ngoba variety of paddy 

with increasing plant age. 
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Fig. 1.8: Total number of fungi (o--"'()o) and average 

percentage frequency of occurrence (o·-.--.... Q') 

on leaf surface of Mirikrak variety of pad,dy 

with increasing plant age. 
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~~ncilloides, Humicola prisea, Nigrospora oryz~, ~esta~ti;a 

monorhynca and St~cntPotrys at~ occurred infrequently. 
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By plating washed leaves some idea about the actual activity 

of fungi which had penetrated could be obtained. From T~ble 1.5 

it is clear that fungi like Alternaria solani, Arthrini. . .lJil sp., 

g,ladosporium herba..r,~ Fusarium morukorme, Helminthospori~ 

Q£yzae, Trichoderma viride and Verticillium albo-at~ were the 

common colonizers in addition to fungi like Aspergilli and 

Penicillia which occurred mostly as contaminants. Moreover, some 

fungi like Candida .§J.bicans, Chrysosporium oruinosum, Gliocladium 

~encilloides, Monili~ ~itophylla, Nigrospora oryzae and Tricho­

l~ecium roseum also colonized the washed leaves infrequently. 

Ascomycetes like ~~~tornium bostrychodes, Coniothyrium ~dicum, 

Melanospora zamae, Sordaria macrospora and some Hyphomycetes like 
c:::w \ 

pidymostilbe ellisii, Pestalo~ia monorh~and Starkeomyces 
0 

koorchalomoides were also isolated by plating washed leaves on -:;,;;;.;;;,o,;;;;;;;.;;;.--,;;;;;,o;;; ....... 

cellulose agar medium. 

From moist chamber technique it is quite clear that on young 

leaves Aspergilli and Mucorales and very few Hyphomycetes . 

colonized and on mature leaves dematiaceous Hyphomycetes and · 

Ascomycetes were more dominant and later on as the leaves started 

senescing very few Ascomycetes like r~aetomium spp., and more 

Hyphomycetes like Alternaria alternata, Aspergilli, £wladosporium 

sla~dosooroides, ~~aria lunata, Fusarium moniliforme, 
'-' 

tllemnoniella echinata, Penicillium spp., Stachybotrxs ~tra, 

§..t._arkeomyce~ koorchalomoides ( =Myrothecium verrticaria), Torula 

herbarum, Trichoderma viride and Verticillium filbo-a"t!_~ were 

the common colonizers with high percentage frequency of 

occurrence. 



Further, as depicted in Fig. 1.10 on the basis of 

moist ch:::J.mber, impression plate And washed leaves plating 

techniques the primary s;1prophytes comprised mainly of 

A~eF.~~~~ ~lternata, Cl~dospg£ium ~ladosooroides, 
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Alkt~~~~~s,.t.g).um pullulans and 9 .. tJ.aetomium bostrychode§ which showed 

:1. high percentage .frequency of occurrence even at the senescent 

stage excepting !· pullulrut~· Other .fungi like Epico~~~ 

,11l.g_r:~, ? ... U~ spp., MaC£,9J2.h;.~rg,_i,Jl~ phaseoli~, Dreschlera sp., 

and ~~qpj~ sp. also occurred frequently on leaf sur.f~ces of 

different ages. Some fungi such as Mucorales, Ascomycetes like 

~~J~qnq~~r.~ zamae, Cochli9R~~q~ ffihX~~anus, Colle;otric~um 

9 .. ~9}-p,.qTI;, 9 .. onioth;t£rium ~_c-~ (Plate 1.4; 2), Gelasi~J?S.~-~ 

~~t~~~P~~~' Sordaria spp., !X:~~gular~ obligua and 

Hyphomycetes like Acremo¢l!B. ind.icum, Aspergilli, Hum.i_c_.,<?Ji1 

.12£~s.efl r-md Trichothecium r.,£.s.eJJI!l showed very low percent::~.ge 

frequency of occurrence at different growth stages of the plant. 

Some sterile mycelia were also isolated by the -~five 

different techniques and some of them like the white myce]J.a 

and orangish coloured mycelia occurred almost at all the grov~h 

st8.ges of the plant but they did not show any sporulation even 

when cultured on different media. 

QuantitAtive assessment 
r· . .a:.,. • • .,. $-4 .a. • • . ..,.,,___---...__--.:;;;;a.,;;, 

Qu:mti tative estimations as done through dilution plate 

technique accounts for the fungal propagules present on the 

leaf surface only and ignores the actual activity of .fungi which 

had penetrated the leaves. 



Fig. 1.9: Total fungal population x 103 gm fresh 

weight of leaves of three varieties of 

paddy viz., Khonorullo, Ngoba and 

Mirikrak with increasing plant age. 
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It is clea.r from Table 1. 7 and Fig. 1.9 tha.t total 

fungal population expressed as number of fungal colonies x 103 

per gm fresh weight of leaves increased with plAnt age through­

out all the three varieties of paddy studied. 

Table 1. 7 gives the complete sequential change in 

fungal populations during different stages of plant growth as 

observed by dilution plate technique. From this ta.ble it is 

clear that the dominant fungi were Alternaria _£~__, N:tb£iffi~ 

sp., Aspergillus ni,d.~lans, Aureobast.41um pullulm,~, g_~q_o_~ori'!!! 

h_epbarum, Curvularia }.unata, Fusarium monilifo.n:!l,.~1 . '"' - ~--~ ~,. ·-.; 

fl.~~.nthosporiun 2f.:L~ (only in Mirikrak variety) 1 ~~Jli.'im 

~cu1osum. TrichqJlerma viride,(only in Knonorullo varie.ty), 

Verticillium albo-atrum. It is depicted in Figs. 1r 11-1.,15 ..... "':.. ... ..,.,... 
that fungi like ~nicillium .funiculosum, CladOSRO£:\.."!n. ~ .... l?.,C\J\Uill• 

fyjariun monillfO.t'ri\~ Arthrinium sp., TrichogaJ:.lll~ yj.,.~SE! (in 

Khonorullo) and He~.nthosporiUQ oryz.ae (only in Mirikrak) 

dominated the entire phylloplane habitat of the three communi­

ties formed by the three varieties of paddy at different growth 

stages of the plant. 

Further, Table 1.8 presents statistical significance 

of the paired mean comparisons of microfloral counts present at 

fortnightly intervals of plant growth as estimA.ted by the 

student •t• ~est. A significant inc~ease of mycoflora was 

observed in 30 days old plants only in Khonorullo and Ngoba 

varieties, while a similar increase was observed at 45 days and 



Fig. 1.10: Percentage frequency of occurrence of primR.ry 

saprophytes viz., Alternaria alternata, 

Cladosporium pladosporoides, AureobasiqiHm 

pullulans and Chaetomium bostrychodes with 

increasing plant age. 
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Fig. 1.11: Penicillium funiculosum populatio;n (x 103/e'TY\ 

fresh wt.) occurring on the leaf surface t.:Yf 

the three varieties of paddy viz., KhonoYuffe 

Ngoba and Mirikrak at dif.ferent age.c; of *=he. 

plant. 
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Fig. 1.12: £ladosporium herbarum population (x 103/gm 

fresh wt.) occurring on the 1eaf surface 

of the three varieties of paddy viz., 

Khonorullo, Ngoba and Mirikrak at diffe­

rent ages of the plant. 
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Fig. 1.13: Fusarium moniliforme population (x 103/gm 

~resh wt.) occurring on the leaf surf~ce 

of the three varieties of paddy viz., 

Khonorullo, Ngoba and Mirikrak at different 

ages of the plant. 
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Fig. 1.14: A£thrinium sp. population.(x 103/gm fresh 

wt.) occurring on the leaf surface of the 

three varieties of paddy, viz., Khonorullo, 

Ngoba and Mirikrak at different ages of the 

plant. 
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75 days irrespective of the VAriety. Another significant 

increase was also observed at 165 and 180 days in ~11 the 

VA.rieties studied. Such a ·change was insignific:mt in :;~_ll 

the varieties at 90 days. 

Moreover, 8. significAnt change in fung::l.l population 

was observed at three main growth stages of the plAnt viz., 

young stage (15 days), mature stage (gO days) and senescent 

stage ((J'{S:G) days) :;~ s given in Table 1. 9 independent of the 

plant variety. 

Tables 1.10 and 1.11 give details of Analysis of 

variance by using the 'F' test. The 'F' test (one way 

classification) W'-\5 used to find out the variation in mycopop'\.low 

lRtion among three va.rieties at different growth bta.ges. A 

significant variation in fungal population amcng the va.rieties 

was :found at maturity while it was insignificant R.t tne young 

H.nd senescent sta.ges (Table 1.10). The 'F' test (two way 

classification) wa.s also done to :find out the extent of the 

influence of two variables i.e., host variety and growth stages 

of the plant in chAnging myco:floral counts. A highly signifi­

cant variation in fung~l population was found with growth. stage 

of the plant while it was insignificant in relation to 

VA.rieties. 
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Classif~c~pn of mycoflora ~a§ed on their occurrence in di{~rent 

month§ 

The fungi isolated by all the five techniques of isolation 

from the leaf surface of the three varieties were categorised into 

three groups based on their occurrence in different months during 

the growth stages of the plant, 

Group I : Fungi found uniformly in all the months, 

Group II: Fungi occurred sporadically and not restricted to one 

,season, 

GroupDI: Fungi restricted to one particular season, 

Group I : To this group belong .fungi like Alternaria spp,, 

Penicillium funiculosum, Aspergillus flayus, A· niger, Cl§do§J22rilJII! 

her'Qarum, Fusarium moniliforme, Arthrinium sp, (Plate 1.3; 5), 

Chaeto~um alobosum and Trichoderma viride, 

Group II: To this group belong most of the fungi like Mucorales, 

Ascomycetes excepting Chaetomiun glgbosum (Table 1,6), Hyphomycetes 

like Aspergillus nidu1ans, AyreobasJ.dium pullulans, Botrytis 

ciaerep,, ClJ.rysosporium pruJ.noe, Cu.rvularia lunata• Gliocladiun 

PGncillo.i~§• Memnoniella ecfl*Wi• Na,wspora oryzae, Penj,cilli!..Jll 

chrysogenun, Trichotb.ecium rgse'4Ul. and Verticilliun albo-atrum. 

Group III: To this group belong fungi which occur rarely such as 

Papulospora sp., which occurred at the age of 105 days only on 

Ngoba variety, Candida albicans only in June and July months 

in both the crop seasons (1981 and 1982) in the present studies 

(Table 1,7), Helm1nthosporiym oryzae also occurred from June 
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Hnd ,July months till senescence of the plants by V8rious 

methods of isolation when the temperature was high :::md there 

WAs high atmospheric humidity due to high rainfHll R.nd it 

occurred only in case of Ngoba and Mirikrak varieties. 

~~lf_c;1p.~porium cl~dQ.I?.£.9.-r.o.:i;,des also occurred from July, till 

October and was more predominant at the later stages of plant 

growth. Macrophomina pJla.seolina appeared from July ... September, 

!J1. .. <1YJ.qoetilbe ellisii which is a ra.t'e frmgus occurring on leaf 

surfA-ce, was isolated on cellulose agar medium by washed leaves 

plH.ting only once in 1981 in the month of September (TA.ble 1.5). 

Similarly, TriangularJL~ obligua, a very interesting 

ascomycete (Plate 1.3; 1,2)was isolated only once in 1982 in 

the month of July by moist chamber technique (Table 1.6). 

9.o .. cJ\llobolus m1Yabe~....1lfi was also observed only in 1982 on moist 

ch~ber plates from August-October months (Plate 1.3; 3.4). 

?X~~chaeta deciRi~~ (Plate 1.4; 1) and ColletotrJ._c...,~qu 

9-~gum also occured only onoe in August 1982 and July and 

August 1982 respectively only by moist chamber technique. Some 

species of ChaetomilJli1 viz., £. funiculosum, £. ~.f&IJa,.e,., 

£. succineurn occurred rarely in moil11tls of July-August (Table 

1.6). Some species of ;ASPergillus such as A· claVAt\l~ 

}:• .candidus, A· fumign,.i~, ~. ochraceous, A· s@\ti!t ,f:. te-t,-t~§, 

A· ~ersicolor were also ra~e and isolated only by dilution 

plA.te technique (Table 1.7) in summer months. ~~~~~~-Ym 

~~~~~ was also observed only once in August 1981 and 

f!!Efl.P.h.yllium botryo__~ appeared once in July 1981 only. 



Fig. 1.15: Comparison of the occurrence of two fungi 

viz., Trichoderma viride and Helminthqsp~­
' £1Ym orvzae in terms of their population 

(x 103/gm fresh wt. of leaves) on the leaf 

surface of the three varieties of paddy 

viz., Khonorullo, Ngoba and Mirikrak. 
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Fig. 1.16: Intercommunity similarities in species 

composition of three varieties of paddy 

viz., K-Khonorullo, N-Ngoba and 

M.Mirikr:llt with increasing plant age. 
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Fig. 1.17: Comparison of two factors viz., pH and 

moisture content (in percentage) of 

leaves of the three paddy varieties 

viz., Khonorullo, Ngoba and Mirikrak 

at different ages of the plant. 
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!,'l .. e .. ~p.}3J?.PF .. R; sp. also occurred only once in the present investi­

gAtion in June 1981 (Table 1.4). 

~ .. o£t.~l.~._t.i.o.n; .b~tween pH,_1!!9J.~"S'4F-e... ... conten't.Q% leave~. and ft¥.1~7..:1: 

p_o,.P .. 'a~~~i,.o n 

As seen from Table 1.12 by using pearson product moment 

correl;=-1tion, physical fActors of leaf namely pH and moisture 

content, shows positive and negAtive correlation to the fungal 

popul::~tions at various growth stages of the plant for all the 

three v::~rieties (Significant at P = o. 01). 

The change in pH and mo1sture content of leaves 'With 

plant nge is also depicted 1n Fig. 1.17 which shows that mo1e­

ture content of leaves decreases with age w~eas pH increases 

in all the three varieties of pR.ddy. This shows that moisture · 

content of leaves apparently does not have much effect on the 

fungAl population. 

The variations in species diversity during the different 

growth stR.ges of the plant and the degree of similar! ty between 

the three types of plant VArieties is illustrated in Fig. 1.16. 

From Fig. 1.16 it is clear that there was a distinct 

change 1n the similarity index with plant age in all the three 
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pairs of fungal communi ties. At 30 daYs of plant: iJge an 

increase in similarity was observed among all the communities 

and then there was a decline in similar! ty a.t 45 da.ys of plant 

age. Later on, from 45-150 days of plant age there was not 

much difference between the three communi ties. At 150 days of 

plant age, a sudden decline in similarity was observed between 

Khonorullo vs. NgobR. varieties but after 150 days of plant ~e 

a distinct increa.se in similarity was observed. 

Moreover, from the Fig. 1.16 it is also ole~ that 

fungal communities formed by Khonorullo and Ngoba varieties 

have the highest similar! ty index till 45 days of plant age 

~d later on it decreased till 75 days. 

The similar! ty index remained more or less low through­

out the growth s"b.:l.ges of the plant be-tween Khonorullo a.nd 
' 

Mirikrak varieties. Whereas, between Ngoba and Mirikrak 

1=11 though initially it had a low similt=tri ty index but 1 t became 

quite high from 45-90 daYs and later on at the B.ge of 105 da.ys 

there was a sudden decline but again it increased from 120-150 

days. Moreover, at 180 days of plant age an increase in 

similarity was observed among all the communities excepting 

the communities between Khonorullo vs Ngoba. 

Further, from Tables 1.3-1.7 it is cle1=1r that in 

general, the highest fungal population {Both in tot~l number 

of species and total. fungal colonies isolated) was observed on 



60 

Khonorullo variety (disease resistAnt) followed by Ngob::t. 

(moder::1tely susceptible) r-tnd was found to be least on the - . 

leAves of the susceptible VA.riety, Mirikrak on which the le::tf 

spot disease was quite common. 

lYloreover, it is quite clear from different tables 1.·3-

1. 7 which gives the mycoflorR. isolated by the different 

techniques thA.t Helminth.oqps>£~..1!!! Qrlzae occurred from June to 

October in susceptible VR.riety (Mirikrak) and also sometimes in 

moderately susceptible variety (Ngoba). Tricho~rma Y:1£.1:..~ 

popula.tion was higher on Khonorullo variety as compared to 

NgobA. and Mirikrak and from Fig. 1.15 it is quite clear tha,t 

!• ~~-~~ population showed sudden increase at the age of ?.5 

days old plant only on Khonorullo variety whereas, in Mirikrak 

Vl3.riety the population exhibited a sudden decline and was. 

Ftbsent R.fter 105 days when g. oryzae, the pa'thogen becomes 

dominAnt And the disease becomes quite conspicuous. Wherea.s, 

in Ngoba. variety although a.t the age of 105 days the populA.tion 

of !· Y.i.F..i.9&. goes down and becomes zero but at 135 days it 

shows r-t sharp increase and remains on the phylloplane till 

senescence. 

In addition to differences in .!:!• or;y:zae and I• ~~ 
populA.tion, other fungi like Cladosporium herbarum, 

!?JirP.-.c~..:l ... l,i.'-!!1 ,funioulo sl.ml, .&W~ .sp. Fusarium moni~QJlll~, 

.11~-to .. ~ .. ~ts oryzae, Tricqo.tl!,e,.q!ym ro§eum, Verticillitiil : .:.~ ... ~·-.. · 

~l;.'Q.o:At~ and Aspergillus r:Q.avus also showed higher populA.tion 



PLATE 1.3 

1. Cleistothecium of Triangularia obligua x 100 

2. Ascospores of Triangulli£ia o.bligua x 400 

3. Cleistothecium of Cochl~bolus miyabeanus x 100 

4. Asci of Cochliobolus ~a.beanus x 400 

5. Conidiophores of Arthri~ sp. x 400 
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PLATE 1•4 

1· Cleistothecium of Pyr~~chaeta decipiens x 100 

2. Cleistothecia of Coniothyrium indic'&B x 100 

3. Perithecium of Melanospo.J:',g zamae x 100 

4. Perithecium enlarged showing ascospores x 400 
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in phylloplane of Khonorullo than on Ngoba and I"lirikrak. The 

perfect st.gge .of !:!• .Q£.l,~~~' £~obolu§ mix_abeanu§ was also 

isol::~.ted only from MirikrA.k variety, the disease susceptible 

VArie-ty from 120 days onwA.rds only by moist chamber technique. 

JIISCUSSION 

Methodology: 

The results obtained from different techniques clearly 

suggest that the study of the leaf surface population needs a 

combi!lfltion of various methods for assessing the complete 

picture of the phylloplane fungal flora.. This is in accordance 

with the view of previous -workers (Dickinson, 1971; Shrl.rma ~~ 

al., 1974) that several techniques of isolation should be used 

simultaneously to have maximum information about the qualitative 

rtnd quantitative composition of the communities of the 

phylloplane fungi, as isol::~tion of fungi largely depends upon 

the methodology used. 

Direct observation techniques (Edward and Hartman, 1952; 

Masurovsky and Jordan, 1960) were not found to be very useful 

since very few species were isolAted by this method as given in 

Table 1. 3 and also it is quite time consuning. Although this 

method hB.s been recognised to be useful in t"giving clues to the 

activity of fungal flora (Hering, 1965; Hogg and Hudson, 1966~ 
~ 

Y::~dav, 1966; Ruscoe, 1971) the practical difficulty, how~sr, 
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encountered while deAling with this method was the classifica­

tion of the active mycelium and various spores observed· on the 

impressions made this technique not much useful 

present studies. 

in thE? 

Moist chamber technique (Table 1.6 and Fig. 1.2) was 

found to be the most suitable for isolation o:f maximum number 

of both sPfrophytic and paraAitic fungi present on leaves which 

ma.y be responsible for future decomposition o:f senescing 

leaves. This technique is also reported to be the best for 

isolation of decomposers (Sharma~ ~·, 1974) from living 

and senescent leAves before leaf :fall. 

Cultural isolation techniques gives .infOrmation about 

highly sporulating :fungi and those which are exelusively 

surface colonizers. In such cases the nutri~nt medium used 

plays an important role in isolation of fungal species ( Tsao, 

1970). Earlier V'.Qrkers hAve used media rich in easily 

Assimilable carbohydrates viz., Czapek 1 s Dox agar, potAto 

dextrose agar and oatmeal agar (Saito, 1956; Hogg and Hudson, 

1966; Mehrotra and Aneja, 1979; Singh and Rai, 1980). Such 

media make the technique inefficient in isolating slow growing 

fungi which is evident from absence of Ascomycetes and 

prevalence of fast growing Mucorales in records o:f these 

workers. Eicker {1976) has also reported that dilution plate 

technique was less e:ffective and yielded only nine species 

due to overgrowth o:f :fast ... growing fungi e.-g., tl,~o;: sp. 
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However, realising this limitation, during the present studies 

in addition to Czapek' s Dox agar, cellulose agar mediun tEggins 

8nd Pugh, 1962) was also used which was found to be the best for 

isolr:1ting slow grov-rl.ng Ascomycetes which could not compete with 

fast growing fungi on G.zapek' s Dox agar mediun. This is evident 

from the observation that except one isolation of Mel9A9spora 

~amae no other Ascomycete could be isolated on Czapek's Dox agar 

when 5pecies of ~etomium and Sordaria were isolated on 

cellulose agar medium. Cellulose agar not only restricted the 

growth of fast growing Zygomycetes and HYPhomycetes but also 

shortened the fruiting time of Ascomycetes. 

In genera.l, loosely attached forms with hea.vily 

sporulating· capacity dominate the nutrient plates (Tables 1.4-

1. 7). As far a.s dilution plate and impression plate techniques 

are concerned, both fail to distinguish a do.rmant spore from an 

active mycelium (Dickinson, 1971). 

After washing the leaf segments, most of the forms 

~dhering to the leaf surface are detached although few species 

like Penicilliun spp. and Aspergillus spp. occur as 

contaminant~ and only few forms which are closely attached to 

the leaf· surface or inside the tissues are isolated by plating 

washed leaves on nutrient plates. Those fungi which are active 

in decompostion were obtained through this method and moreover, 

this technique facilitates isolation of slow growing mycelia 

present on leaves (Rai, 1976). This technique vd th dilution 
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plate method helps in distinguishing surface inhabitants from 

internal colonizers. 

The information obtained from all these methods 

although gives some picture about the colonization of 
I 

different fungi but they may entice misleading specula.tions 

:3.bout successional patterns. As till today, there is no 

single method which can selectively remove the mycelium 

directly from the leaf surface for culture purpose, but the 

information gained from all the different techniques used 

simultaneously was taken as a measure of fungal activity in -
g~_lonization of fungi_.Qn leaf surface 

Majority of the forms isolated from the leaf surface 

of the three varieties of paddy belonged to Deuteromycetes 

wtUch accounted for approximately 80 percent of the total 

mycoflora. This is also in accord with the results of other 

studies (Tewari 1973) • 

. ~litative asse§§ffient 

The percentage occurrence of Ascomycetes was higher 

than Phycomycetes and mycelia steriUa. This is because of 

use of cellule se agar medium in addition to Czapek1 s Dox agar 

medium in various techniques of isolation. 
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A~P.r_gj,_l.j.i, Alternaria spp., Arthrinium sp., 

91.9 .. <¥>.,.sporium spp. and Eenicillium spp. contributed to nearly 75 
; 

percent of the total fungal population. Alternarie ~rn?~tq, 

!;,.. §Olani, Arthrinium sp., Cladosporium herbarum, 

f.• ,c_!adosporoides, Penicillium funiculosum, Chaetomium ~'2.£0§um 

and Q. bo strychodes were present with varying percenta.ge of 

frequency of occurrence almost throughout the course of the 

present investigation (Table 1.4-1.7). 

The study on fungal flora reveals that saprophytic 

flora changes rapidly at senescence. The senescent leaves were 

found to be colonized by Asperigilli, species of ,9ury;uJ,9afAa, 

9J .. ~<!.O§POrium cladosoors~. stachxbotrys ~. Ci:lc-?,.~~lBJ-.1!! spp. 

tl~niella echina.ta, Trichoderma viride, Fusarium moni.llforme a 

anc~cillium albo-atrum. 

Aspergillus f_la.vus, Epicoccum ni.grum and white sterile 

mycelia were also frequently occurring species with less 

·percentage frequency of occurrence, other forms though 

considerably high in number were less frequent and were 

cultured occassionally (Tables 1.4-1.7). 

Following the terminology of Leben (1961) 

9J..a..,<1osporium ~rbarum, .@.t~rnaria spp., Epicoc~,m pi.goo, 

Asger;Gllus flavus and white sterile forms may be categorized 

under residents and other species such as Alp<)bas;&diyn P~ml§• 

Am?.ElrffJ.llus !Q.fiu~r, Drega\l).era sp., Phoma sp., Macrophoffii.m. 
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E.lls,s.epJJ~~ and other infrequently occurring forms may be treated 

RS t CR.suals' or I transients' (Lamb and Brown, 1970). 

Mishra and Srivastava (1970a) reported that Alternaria 
.. :!'if!T ..... -=-=-~,·~·....,.,.. 

.Ri.ol"t.Ewpp_ta_, Aspergillus spp., CladO§pO~ cladosQ0£.9.~<;\e .. s., 

~~~~~ sp.,Phoma sp. and ~richoderma v1r1de were found to be 

domi:ru:mt on senescent leaves. Similar observations were aliso 

obtained during the present studies (Table 1.4-1. 7). 

The dominance of ~~~qosporium sp. on the leaf surface 

hR.s been reported by many previous workers (Kerling, 1958; 

Dickinson, 1965; Hislop and Cox, 1969; Sinha, 1971; Mishra. and 

SrivAstava, 19'70a, 1971b, DiMenna, 1971). The fungus is of wide 

occurrence in colder regions as observed in the present studies 

and it is a major constituent of the mycoflora of plant surface 

(MishrH and Srivastava, 1970a), 

In addition, Alternaria spp. and Penicillium spp. also 
~w•w 

appe::1red to be dominant colonizers in different . sere of 

succession on leaf surface at different stages of the crop. 

fJ.adosporium her~~~Yffi, Alternaria alternata, 

?~~~P~~l)~~ sp., EpicoccBm ~grum and other resident forms 

mentioned earlier are fast growing, heavily sporulating and some 

of them produce deeply pigmented survival structures like 

o,ql.Qmydospores, pigmented c6h J.dia or pigmented mycelia which 

account for their successful survival in adverse cirvumstances 
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( Tewari, 1973). Hudson ( 1971) also observed that most of the 

forms mentioned above fol.S residents were more adapted to adverse 

conditions and reported them to be the prima.ry colonizer of the 

senescent leaves. 

The dominance of Fusarium sp., !i~~9..t..9.~~ ~ 

Trichoderma Yi~ide and Ver~~cillium albo~~~~ and other fungi 

in later stAges of the plant growth indicates their preparatory 

role for the ensuing_ senescent stage. 

Surprisingly, the percentage occurrence of 9~~~~~ 

sp. increased during the later stages of plant growth possibly 

due to prevalence of low. temperature during October when it 

proved favourable for the fungus (Fig. 1.12). 

It is clear from the present studie& that with minor 

exceptions the dominant member of different successional seres 

are almost the same in all the three communities. Alte~~ig 

alternata, 91..~4.o ... soor1um spp., Mucorales And ?Jl-91!.~ spp. were 

found to be the first colonizers of leaves irrespective of 
I 

plant variety and most of them remained throughout the various 

growth stages of the plant which is in accordance "With the 

findings of Hogg and Hudson ( 1966), Pugh A.nd. Mulder ( 1971), 

Lindsey and Pugh (1976) and Tsuneda and Skoropod (19?8). In 

addition, c~_qa albica~, an important phylloplane yeast 

(Sharma and Mukerji, 1974) was also isol~ted from paddy leaves 

in the present studies. 
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In the second sere, the dominant members were 

~vularia lunata, Arthrinium sp., Penicillium and the third 

sere was found to be formed mainly by Fusarium sp., ~choderm~ 

~i~~~ and Verticillium glbo-atrum. All these fungal species 

ha.ve been reported to colonize senescing plant parts (L:=unb and 

Bro,m, 1970; Bainbridge and Dickinson, 1972; Ericker, 1976).. 

In general, the maturity of the leaf was found to be 

an important factor influencing the composition of microorgan­

isms, Invariably, the numbers of fungi increased with 

increasing leaf age (Figs. 1.3-1.5). This is in agreement with 

previous reports and is a common finding of the researchers 

working with other plant species (Hudson, 1962; Last and 

Deighton, 1965; Dickinson, 1967; Lamb and Brown, 1970). The 

increase in fungi could be related to change. in the nutritional 

status of leaves with age because there is often an increase in 

nutrient containing leachates from aerial plant parts (Webster 

and D~x, 1960; Tukey, 1971; Sinha, 1971). When leaves senesce 

there are numerous changes in their morphology, physiology and 

biochemistry which may account for the upsurge of fungB.l 

populations (Narula and Mehrotra, 1981). In addition, 

increasing trend of total fungal population may be due to 

weathering of surface waxes (Forester, 1977), decreased 

production of phytoalexins (Bailey, 1971) and finally the 

expanding leaves may provide more ·surface areas to be occupied 

by the micro-organisms. 
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Thus the fungal communities are largely formed by wide 

spread saprophytes such as Alternaria al ternata, Aureoba§:hAAum 

J.2Ullulan,fit Cladosporium claq.gm:>,oroides, Curvularia lunaa, 
Dre.§.c .. t11.,.ej~ ,g,r§ffiinea, Fus8.£11..1D; moniliforme, Pel11oJ,lij.yp 

1.~-~..J?..\!Ilr Trichoderma viriQA, Verticilllum. albo-atrum and 

some restricted fungi like Phoma spp. and Pestcalo-y.a 

monorhY!lpa, It has been known earlier also (Diem., 1971) that 

hyaline fungi because of their fragill ty are able to grow and 

s~~e to a lesser extent than the dematiaceous forms. The 

fungi occurring in moist chambers viz., Chaetomium spp., 

Sta~i(s ~~ Memngniella echinata, Starkeomxces ·. ·-··.. t~ 

koorch.a.lomoides ( = Mxrothecium verrucaria), Torula nerbarum 

and !fi.&-to ... §E.ora oryzae which occurred in higher number on 

senescent leaves may play an active role in decomposition ... -.:~.· . .;.~ 

because they are well known active colonizers of decaying plant 

parts (S~rma and Mukerji, 1972; Ericker, 1976). Aspergilli 

and f e.~i.l:~.a although occurred at significant levehs on green 

leaves reflecting their relative abundance in the atmosphere, 

there is however, a sudden fall in the population of these fungi 

at senescence and lower percentage frequency of occurrence in 

moist chambers suggest that they play negligible role in 

decompostion process (Dickinson, 1976). Moreover, Mucorales too 

play A.n unimportant role in the above ground phase of decomposi­

tion of paddy leaves as they were quite infrequent in leaf 

washings and moist chambers. 
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The results of the present studies reveal that the 

distribution of fungi m~y greatly depend on weather changes. 

Iv1ete<rrological factors such as atmospheric temperature, 

humidity and rain were important factors (Fig.1~) influencing 

the fungi on the leaf surfaces and this is in agreement with 

the data of Gregory ( 1950, 1961), Hirst and Stedman ( 1963), 

SinhA (1971), and Hayes (1982) who found that such factors 

determine the periodicity and affect the trapping of spores on 

le~f surface. The tot~l number of fungi and also the specific 

composition of the fungA.l flora was affected by the weather 

conditions especially during rainy season (Narula and Mehrotra, 

1981). The locality where the present studies ha~e been 

conducted has very high rainfall which in turn may result in 

high atmospheric moisture and thus the mycoflora is also the 

highest as compared to the other places where previous similar 

investigation on phylloplane has been done. 

Some speciss of fungi were present throughout the 

growitlg period·:( Group I as given in the results), whereFts others 

were exclusively associated with a particular set of climatic 

f~ctors (Group III). But some of the fungi like Pestalotio 

Ql9..U.<?_rh;ynca. and Phomfl. spp. did not appear at any definite time 

during the course of present studies. This may be beoA.use of 

their colonization behaviour wbtch depends more on the ~bitat 

th;:m the inoculum av::dl;::~bili ty. 
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Quantitative estima.tions done by dilution plate 

technique reveal that the fungal population in the beginning 

when the plants were in seedling and young stages was low, 

increasing gradually with the age of the plants and reaching 

its pe~k at senescence in all the three varieties studied 

(Fig. 1.9). The population is affected by nutrient level of 

leaf surface which increases with the release of the substances 

from the leaf. 

The change in total fungal population was statistically 

significant with increasing plant age with a remarkable 

inc.rea.se at maturity and senescence of the plant and was 

independent of host variety (Table 1.8 and 1.9). The marked 

increa.se at maturity might be due to the availability of the 

maximum surface area, maximum atmosph.eric moisture (Fig. 1.1) 

and an increase at senescence can be explained on th.e basis of 

increased dead tissue which provides niches to saproh.ytes which 

multiply th.ere. 

Results of the ·1 F1 test show a significant variation 

in totA.l fungal population among the three varieties at 

maturity. The broader lea.ves of Khonorullo as compared to 

Ngoba and Mirikrak might be responsible for a significant . 
variation at this stage. Leaf surface morphology is very 

important as it determines the trapping efficiency of the leaf, 
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and the suitability of the environment for the germination and 

persistence of the microflora (Bainbridge and Dickinson, 1972; 

Baker ~ !!!.•, 1979). 

In addition, it was also found through the 1 F1 test 

(two way classifica.tion) that the growth stages of the plant 

had a highly significant effect on total fungal population 

while the influence of host variety was insigpificant which is 

in agreement with findings of Bainbridge and Dickinson (1972); 

ShArma and Mukerji ( 1972); McBride and Hayes ( 1977); Gupta and 

Muk.erji (1982). 

From Fig. 1.17 it is clear that moisture content of 

leaves does not exert much effect on the inc~ease in fungal 

population. On the other hand, pH showed acidic nature at 

seedling stage which turned neutral at flowering and post­

flowering stages till leaves were green. However, with 

yellowing of leaves, their pH increased showing their alkaline 

nAture (Fig. 1.17). This is in accordance to previous 

observations by Tewar1 (1972) who also got similar results in 

case of wheat and barley. pH may have some affect on the 

fungal population in the later stages of plant growth. 

By using pearson product moment correl~tion ~ 

(Table 1.12) also it was clear that pH and moisture content of 

leaves were found to be significantly positively and negatively 
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correl~ted (at P = 0.01) respectively to fungal population at 

different growth stages Of the plant irrespective of the 

variety. Many workers have also reported that pH of the leaves 

may pl;:~.y ::~.n important role in the distribution of fungi both 

qu~ti ta.tively and qualitatively (Last and Deighton, 1965; 

Dickinson, 1967; Rao and Manoharachary, 1981). 

Iut~r~~~!]J. community relat;l. .. ca.nship s between the three V,.¥ietie§ 

of pa.dd,Y, 

Based upon the observations from Fig. 1.16 dealing with 

the species diversity of fungi among different communities at 

various s~cessional stages the following generalizations can 

be made: 

1. Species compos! tion changes with plant ae;e within each 

community, which is a clear indication of succession. The 

habitat changes which lead to succession are not only lrought 

about by previous colonizers through their secondary 

metabolites (Fokkema, 1973) but a major change is controlled 

by the growth stage of the plant which includes a change in the 

physiology of the leaf with increasing plant age (Bainbridge 

and Dickinson, 1972; Gupta and Mukerji, 1982). 

2. Initially the disease resitant (Khonorullo) and moderately 

susceptible (Ngoba) varieties baa very high similar! ty index 
~~ 

1 5 1 values but it decreases with plant age and becomes dist11lct 
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with the least 'S' value at the age of 150 dqys. On the other 

hA.nd, in Khonorullo (disease resistant) and Mirikrak (disease 

susceptible) varieties the 'S' value remains relatively low 

throughout the growth stages. This indic::ttes that the communi­

ty fonned by the disease reistant (Khonorullo} variety resembles 

more the moderately susceptible variety (Ngoba) than the 

susceptible variety (Mirikr8.k) which is quite. distinct at eArly 

( 30 days) and late ( 150 dF.tys) stages of the plant growth. 

3. At senescence excepting Khonorullo and Ngoba community 

rel::1.tionships the other two relationships between NgobA. and 

Mirikrak, Khonorullo and Mirikrak show increase in simil::tri ties 

which reflects the role of the habitat characteristics in 

deternuning the species compostion of fungal communities. 

Further, as observed from the results of the present 

investigation (Tables 1.3-1.7), the leaf spot disease resistant 

variety (Khonorullo) supported a significantly higher p·~pula­

_tion of fungi than the moderately susceptible (Ngoba.) and 

susceptible (Mirikrak) varieties. This higher population could 

?lay a significant role in imparting resistance to foliar 

~ction by forming a microbial barrier or buffer {Kumar and 

Balasubramanian, 1981). Fungi may extensively c9lonize a 

substrate to the exclusion of other fungi which arrive later 

(Bruehl and Lai, 1966). Similar results have also been 

observed by various workers {Balagopal and Oblisami, 19.73l.,f·· · . 

Kumar and Balasubramanian, 1981). However, some workers 
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(ShArma ::md Sinha,. 1972; KuinAr and Gupta, 1974; Pace and 

Campbell, 1974; Tyagi, 1980) have observed higher fungal 

populR.tion in susceptible varieties ·than resistant ones. The 

decre<:1.se in the fungal populr:'l.tion observed on the leaf spot 

susceptible variety in the present studies could be due to the 

dominHtion of the fungal p~=~.thogen resulting in the reduction of 

nutrients available on the diseased leaf surface or by eliciting 

antifungA.l compounds (Dickinson, 1976). The higher populR.tion 

may also result in the production of phytoalexin like compounds 

which mR.y contribute to the resistance in resistant cultiva.r. 

The presence or attempted penetration of plant surface by 

orgR.nisms normally non-pathogenic on that plR.nt or resident 

saprophytes is said to promote the production of phytoalexins 

(B::~iley, 1971). 

A naturally occurring biological control may be present 

in the three varieties of paddy, where (Fig. 1.15) it is clear 

that as !_rj.choderma viride population increased at the ::t.ge of 

75 Mys in Khonorullo variety (disease resistant) but in 

Mirikrak variety (disease susceptible) the population of 

!• x.:!J.:' .. i.<!.t;l declined and Helmiqthosporium oryzae the leaf spot 

pathogen became dominant and the disease became quite 

conspiouous. Whereas, in Ngoba variety (moderately susceptible) 

!• :~trJ...cl.£! although at 105 d:::~.ys of plant age it decreased but at 

later st.'=l.ges (at 135 days) it showed a sharp increase and 

remained till senescence and here y. oryzae population decreased 
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and the inoculum of !!• orxe,e although present initially but 

the disease was not so dominant as compared to the Mirikrak 

variety. Similar natural biological control was also observed 

by Fokkema et al. {1975) while studying the buffering capacity --
of the microflora of rye leaves to artificial infection by 

Cochl1QWltU.! sativus. Ak.ai ::J.nd Kuramato { 1968) tried to 

control the leaf spot disease of rice biologically. They 

observed Candida albicans to be antagonistic to Cochliobp.lys 

miyabeanll§. {perfect stage of l!• oryzae). In the present 

investigation also Cochliobolus miyabeanus, the perfect stage 

of g. 2£YH~e was found only in Mirikrak va~iety, the disease 

susceptible one. Sinha and Trivedi {1969) also found fewer 

spots of £ochliobolus mi;xabeanus { =!!· oryzae) on rice leaves 

which had previously .been inoculated with an avirulent strain 

of the same pathogen. Th~ir results point to the action of 

fungi toxic substances formed by the leaves. 

Thus from the present studies it is clear that host 

specific! ty is another factor known already from the work of 

Singh and Sinha { 1962), Kerling { 1964), Sinha { 1971), Kumar and 

BalA.subramanian { 1981) and this is also established by the 

present studies. 

Thus it can be concluded from the present studies that 

the distribution of the fungi on leaf surface was dependent 

mainly on host species, leaf maturity and weather changes. 

Moreover, in the present studies since the source of inoculum 
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~nd climatic conditions were similar for all the three 

varieties (since they were g~ow.n together at the same place) 

the differences observed in quantitative and qualitative 

compostion of these communities are mainly as a result of 

hRbit~t characteristics i.e., leaf morphology and physiology. 

However, the gro~~h stage of the plant was found to hRve a 

major control over the community composition as compared to 

host variety. 



CHAPTER II 

SURVEY OF AIR FUNGI AND THEIR IMPACT 
ON THE LEAF SURFACE MYCOFLORA 
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INTRODUCTION 

It is a well known fact that air borne propa.gules act 

as initial source of inocula for the aerial plant parts (Dixit 

and Gupta, 1980). '·: j' 
i . -.\' 

The investigation in the aerobiology of India dates 

back to the researches of Cunningham ( 1873) who reported 

changes in atmospheric spore content of Calcutta prison. From 

that period onwards, the work on aeromycoflora of different 

localities gained momentum with the researches of many workers 

(~1ishra and Srivastava, 1970, 1971a, 1972; Mishra and K:.=tmal, 

1971; Mishra and Tewari, 1976a; Kumar and Gupta, 1976; 1980; 

Dixit and Gupta, 1980). 

The air fungal taxa includes both saprophytes and 

pnrasi tic fungi and the pathogenic forms of microorganisms 

Among the settlers of airspora are responsible for disease 

incidence on the leaf surface. Thus an understanding of the 

nature, periodicity and density of the fungal propagules in 

the Air is much helpful in making a forecast regarding the 

occurrence of fungal diseases and the quantum of viable 

pathogenic propagules likely to cause infection. 

Under favourable conditions, spores of various fungi 

produced in tremendous numbers on the leaf surface are released 

into the air and thus there may exist a close correlation 
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between the airspora of a locality a.nd the lea.f surface fungi 

of plants gro~ng in the area (Mishra and Tewari, 1976a). 

Further, Mishra and Srivastava (1971b) also reported that a 

sort of cyclic phenomenon exists between fungal spores of air, 

soil and plant surface. Some of the forms, however, maintain 

their specificity in the specialized environment. 

Moreover, the seasonal and diurnal periodicities of 

microbes existing in the air of a localityis mainly dependent 

on climatic conditions especially temperature, relative 

humidity, rain and wind speed. 

Many 1NOrkers (Hudson, 1971; Mishra and Tewari, 1976a; 

Dixit and Gupta, 1980) have thus suggested that the spores 

present in the air have a great impact on tr.e leaf surface 

mycoflora and the leaf surface acts as a landing site for the 

various microbes present in the air (Pugh and Buckley, 1971; 

Gregory, 1971; Pa.dy, 1971). 

Relatively little 1NOrk has been done to understand tbe 

effect of a!r fungal population over different fields in 

relation to the leaf surface fungi (Sinha, 1971; Mishra. and 

Tewari, 1976a; Kumar and Gupta, 1976, 1980; Dixit and Gupta, 

1980). Out of several :forms of microbes found in the air some 

may be pathogenic to the plants growing in the locality and 

thus a comparative study of aeromycoflora and phylloplane fungi. 

may be of suggestive value in the spray schedules a.gainst the 

pathogen (Kuma.r and Gupta, 1980). 
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The present work was undertaken to survey the aero­

mycoflora of the three sites where the three varieties of paddy 

viz., Khonorullo, disease resistant; Ngoba, moderately 

susceptible; and Mirikrak, the disease susceptible varieties 

were grown. Simult~neously the phylloplane studies were also 

done and the impact of airborne fungi on phyllopla.ne mycoflora 

was assessed. 

MATERIALS AND METHODS 

Study area 

The aeromycoflora was studied from the sites where the 

three varieties of paddy were grown. Sampling was done at 

different growth-stages of the plants during the two crop 

seasons (1981 and 1982). The plants of paddy were grown in 

the experimental plots of the Botany Department of the , _ .. 

Uni ver si ty. 

Sampling 

The sampling of the air fungi was done fortnightly on 

the same sampling d~tes on which the phylloplane mycofloral 

studies were rna.de. This was done by exposing nutrient plates 

containing Czapek*s Dox agar medium horizontally in the fields 

of the three varieties of paddy for 5 minutes ~t a height of 

one meter. Ten replicates of each site were maintained._ 'The 
-

h;. 
4· 

plates were then incubated for 6 days at 25z1°C and the fungi 
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appearing in them were identified. The plates were further examined 

for 20 days for slow growing fungi. The sampling was done from 15 

days of plant age till 180 days. 

}:nter_I?_r..e,._tation of the data 

The percentage frequency of occurrence was calculated for 

each fungus based on the formula given by Tresner !1 ~· (1954). 

Percentage frequency of Number of samples of occurrence 
occurrence =- ----------------- x 100 

~ 
Total number of samples 

The results have been exp~essed as an average of isolations done 

during two growing seasons of the paddy crop (1981 and 1982). 

Further, the fungal population (both total number of f'l.1ngfU 

species and average number of colonies/plate) isolated from phyl­

loplane of the three varieties of paddy were correlated with f~ 

population isolated from air of the three varieties at different 

growth stages of the plant by using Pearson's product moment 

correlation coefficient (r). 

RESULTS 

Survey of aerpmycoflora from the fields of the three var~etl~ 

padqY 

As evident from Tables 2.1 and 2.2 a total of 57 species 

belonging to 36 genera of fungi were isolated from the air of the 

three varieties of paddy fields viz., Khonorullo, Ngoba and 

Mirikrak by using culture plate method (Rajan ~ ~., 1951) at 

different growth stages of the paddy plant. Based on the 

observations from Table 2.2 the airspora in the fields of the 

three varieties of paddy belonged to 3 main groups of fungi viz., · 

Mucorales, Ascomycetes and Hyphomycetes out of which maximum 

number of species belonged to Hyphomy:~etes. 
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f_ladosporium spp. (particularly f. herbarum), 

~~~~~~ spp. and Alternaria spp. dominated the airspora. 

As evident from Table 2.3, ~adosporium spp. shared 33.12, 

30.59 m'ld 25.89 whereas Penicillium spp. shared 26.09, 25.91 
-:;,iiooiiii;;,;;;;,;;;;;iiiiioii-

8nd 29.43 while Alternari~ spp. contributed 10.22, 10.96 and 

11.15 to the average fungal population in the air of three 

varieties of paddy viz., Khonorullo, Ngoba and Mirikrak 

respectively. Aspergillus spp. especially !· flavys and 

~. ~~ were also quite dominant in the air and were represe~ 

ted by 12.07, 13.02 and 9.58 in the three fields of paddy 

varieties respectively. Atthfinium spp. followed next which 

contributed 5.66, 4.84, 5.54 to the average fungal population 

in the air of the three paddy fields. Trichoderma virid,e and 

He~r.~;t,hpsporium orYzae also contributed 1-3% to the average 

fungal population. P hycomyoe..tous, Ascomycetous and sterile 

mycelial forms were poorly represented in the air. In general, 

Deuteromycetes contributed to about 90 percent of the total 

fungal population in the air of the paddy crop. 

Further, as observed from Fig. 2.3, Cladosporium 

herbarum occurred almost throughout the growth stages of the 

paddy crop and its population in terms o:f average percentage 

frequency of occurrence varied at different growth stages o:f 

the plant being maximum at the later stages of the crop in the 

air of all the three paddy fields. On the other hand, in case 

of ~enicillium funiculosum the maximum percentage frequency of 
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occurrence was at the early stages of the crop (Fig. 2.5) and 

showed a slight decrease at the later stages when ~l5d0§P~~ 

h..EL~barum became domina.nt species in the air of the paddy crop. 

Fusarium moniliforme was also quite frequent in the air and 

the percentage frequency of occurrence was maximum at 120-135 

days of plant growth. In addition, Alternaria al ternata and 

!f..thrinium sp. were also quite frequent in the air and their 

B.Verage percentage frequency of occurrence varied remarkably 

at different sampling dates (Fig. 2.6 and 2.7). 

The pathogen, Helminthosporium oryzae which causes 

brown spot disease of paddy was also isolated in the air of 

all the three varieties fre~ently {as early as in the air of 

15 days old plant in the case of Ngoba and Mirikrak var~eties 

and 30 days in the air of Khonorullo variety). The population, 

however, decreased at 60 days of plant age and later registered 

a. continuous rise from 75 days onwards in the air of the 

disease susceptible varieties {Ngoba and Mirikrak). In the 

air of moderately susceptible variety (Ngoba) there was a sharp 

decline of the pathogen population at 150 days, however, in 

the air of disease susceptible variety (Mirikrak) the pathogen 

population reg! stered a continuous rise from 75 days onwards 

and touched its peak at 105 and 120 days of plant growth and 

it exhibited high percentage frequency of occurrence throughout. 

On the other hand, in the air of disease resistant v~iety, 

the pathogen although present initially, it decreased later on 

and disappeared from 135 days onwards (Fig. 2.8). 
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The population of Trichoderma viride also varied 

rema.rkably at the different sampling dates in all the three 

paddy f1 elds, however, in the air of Khonorullo variety, the 

percentR.ge frequency of occurrence was quite high as compared 

to the o·cher two. varieties. 

As evident from Fig. 2.1 the fungal population in the 

air incre~sed when the crop matured but the total number of 

fungal species fluctuated remakably at different sampling dates 

and showed a decline at 75-90 days of plant age and increased 

later at 135 days and subsequently decreased with plant age. 

~~~~tion of the ae~yc~flora based on their occurpence 

in di~:£¥:,ent mo;.,.tb.s 

All the fungi isolated from the air of the three 

varieties of paddy at different growth stages of the plant were 

categorised into three groups based on their occurrence in 

different months during the orop seasoru 

Group I : Fungi found uniformly in all the months. 

Group II : Fungi occurred sporadically and not restricted 
to one season. 

Group III : Fungi restricted to one particular season. 

Group I . . To this group belonged fungi like Alternaria 

al te~!l8.t3, Aspergillus flavu~, A· niger, Cladosporium ">.ez:ba.rym, · 

f~~~ ~oniliforme, Penicilllium funiculosum. 
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Group II : Most of the fungi such as Mucorales, one Oomycete 

p:r;t,b.t...~ sp., Ascomycetes like Chaetomium bostrychoqe§ and many 

Hyphomycetes like Acremoni~ indicum, Alternaria sol~ 

~tlu"ini11!!!. sp., Chrysosporium pruinosum, Cladosporiug 

cl~dosJloroides, Curvul8ri~ lunata, Dreschlera tetramera, 

Ep~9ccum nis;rum, Fusarium pxysporum, Nigro spora Or;{ZAA1 

~~~~hoderma viride, Tric~othecium roseum, Verticillium albo­

~t~, Pestalotia monorhynea, Sterile mycelia etc. belonged 

to this group. 

Group III • • Chaetomiun globosum, Melanospora zamae, §s>rdaria 

mac_-tespora, Phoma spp., rllncrophomina phA.seolina, Aseergillua 

.£,_lav~tU§, !... ochraceous, A· sxdoJll, A· terreus, Aureo.Jlasid.il.Jn. 

pullylan§, Botryotri~~~ ~ •• r.yrvularia QUllescens, DreftRRl~ra 

g,tam.i.uaa, Epicoccum purp~ascens, Gliocladium penci~l_o_ides, 

~ospora sp., PaecilomYCe§ veruta etc. could be placed in this 

category. Some fungi like g. orxzae showed higher population 

in the air when the temperature and atmospheric moisture was 

higher as compared to other months. The fungus was more eVident 

in the air of moderately susceptible and susceptible paddy 

fielCis. 

Cladosporium herbarum although present throughout in 

the ~ir but showed a high population in the later stages when 

the temperature was low. During the rainy season (June-July) 

most of the fungal forms were washed out and there was a 

~se in fungal population excepting few species sUch as 
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Penicillia and Asper~illi which were quite common throughout 

the sampling period. 

£oFrelation between ~~mycoflora and phyllopl~iL~mjLcoflora 

As evident from Table 2.1 and Fig. 2.2 most of the 

fungal species isolated were of common occurrence in the two 

environments viz., Phylloplane and in the air of the three 

VArieties of paddy and only 3 a~ 34 species appe~red 

exclusively from the air and the phylloplane region 

respectively. Further, most of the dominant ibrms in both the 

environments belonged to the first category. In the air only 

three infrequently isolated species viz., Botryot~~h~ sp., 
Qt~schlera tetramera and Penicillium minutum were of specific 

occurrence. 

The general distribution pattern of phylloplane fungal 

flora at different gro"V.Jth- stages of the plant of the three 

varieties of pa.ddy was very much similar to that of air fungi. 

Similarity was also noted in the dominant species and in the 

average frequency of occurrence of the forms in the two 

environments i.e., air and phylloplane (Table 2.3). 

Further, a perusal of the Table 2.4 indicates that a 

positive correlation existed between the fungal population of 

the two environments viz., air and phylloplane which was 

highly significant (P = 0.01) for Khonorullo variety (in both 
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totR.l number of fungal species and average number of :fungal 

colonies/plate) and also for Ngoba variety (only in total 

number of species) but was significant at 95% probability :for 

Ngoba. and Mirikrak varieties. 

Moreover, :from the table 2.3 it is clear that the 

pathogen Helminthospori~ prYzae although common in the air 

of Khonorull~ was absent in the phylloplane. The population 

of the pathogen, however, was highest in the air and phyllo­

plane of l\1irikrak variety and was :followed by Ngoba. From 

Fig. 2.8 it is also apparent that the pathogen, g. grxzae 

though appeared quite ea.rly in the air of three paddy 

varieties, it could be isolated :from the phylloplane as a 

dominant fungi only at the later stages of the crop. 

As far as Trichoqerma viride was concemed, although 

it wa.s present uniformly in the air of all the three varieties 

of paddy (Fig. 2.9), the population was highest in the 

phylloplane of the disease reistant variety (Khonorullo) 

:followed by the moderately susceptible variety {Ngoba) and the 

least on susceptible variety (Mirikrak). 

In general, from Table 2.2 it is clear that all the 

fungi were present almost uniformly in the air of all the 

three varieties of paddy, the phylloplane fungal population 

of the three varieties VR.ried being the highest on Khonorullo, 

the disease resi~tant one than the other two varieties viz., 



Fig. 2.1: Total number of fungi and fungal popul~tion 

in the air of the three paddy fields viz., 

Khonorullo, Ngoba and Mirikrak. 
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Fig. 2.2: Total number of fungal species common 

to phylloplane and air, only on phyllo­

plane and only in the air of paddy. 
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Fig• 2. 3~ Average percentage frequency of occurrence of 

Cladsma.o.riyn A.EWWV in the air of tb.e tnree 
~ 

paddy fields viz., Kh.onorullo, Ngoba and 

Mirikrak at different ages of the plFtnt. 
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Fig. 2.4: Average percentage frequency of occurrence of 

Fusarium monillforme in the air of the three 

paddy fields viz., Knonorullo, Ngoba and 

Mirikrak at different ages of the plant. 
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Fig. 2.5: Average percentage frequency of occurrence 

of Penicillium funiculosum in the air of 

the three paddy fields, viz., Khonorullo, 

Ngoba and MirikrA.k at different ages of the 

plant. 



III 
.., 
~ 
0 

z -
t-: 
~ 
...J 

0 
0.. 

ell UJ 

+ 
~ 

1:.1.. 
0 

UJ 
C> 

0 .: 
.0 

0 0 0 0 0 0 
~~ 0 ~ ~ ~ ~ -

3H.L Nl' :3':>N3~~n:>:>O .:10 A:>N3n03~.:1 3~V.LN3:>~3d 3gV~31\V 



Fig. 2.6: Average percentage frequency of occurrence of 

Alternaria al terMt.a in the air of the three 

paddy fields viz., Khonorullo, Ngoba and 

Mirikrak at different ages of the plant. 
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Fig. 2.7: Average percentnge frequency of occurrence 

of Arthrinium sp. in the ::Ur of the three 

paddy fields viz., Khonorullo, Ngoba and 

Mirikrak at different ages of the plant. 
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Fig. 2.8: Average percentage frequency of occurrence 

of Helrninthosporium orvzae in the air of 

the three paddy fields viz., Khonorullo, 

Ngoba and Mirikrak at different ages of the 

plant. 
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Fig. 2. 9: Average peroent.qge frequency of occurrence 

of Trioh9derm_a viride in the air of the 

three paddy fields viz., Khonorullo, NgobA. 

and Mirikrak 11.t different ages of the 

plant. 
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Table 2. 1: Record of fungi in phylloplane and air of paddy 

crop. 

Fungi P hyllopl8lle Air 
-----·~-~-~,-... _.,.._.·.a=---~.-----------.. -~ .. -... : s--..-.-:e.-. ..... ~ .. -.":;~_-...,_,,__,..,._ 

PHYCOMYCETES 
MUCORALES 

Absidia glaUC.£, 

Cunninghamel~- .~hinulata 

Mucor alte.I'IlFlns 
=----.:-~~ .... 

M. basiliformes - ... ~ 
tl• hiemalis 
Rhizopu~ nig~~:i;.c __ ?!l~ 

OOMYCETES 
Pythium sp. 

AS00MYCETES 
Asoochrt~ sp. 

Chaetomium BJP22~~ 
g_. bostrycho~s, 

g_. funiculosurn 

C. fusiforme -g,. succineum 

Cochliobolus ro}..X.f\l2<im!U:Z 
Colletotrich~ sapsicum 

Cc;>rtio t hyri_Y!!l i-.n<Y-..9..l!Il 
Gelasinospor~ ~ftj£aspor~ 
Masoniella &riseum 

Melanospora zama~ 

Pyrenochaetg deckoiens • 
Sordaria ~~ 

2· macro spor2 .. 
Triangularia 2l?..h~gua 

HYPHOMYCETES 
SPHAEROPSIDALES 
Phoma glomer~ 
P. hi bernica -
JYlacropQpmi:ga. nhaseolina 
Rhizoctonia ~~ 
!!fE~::,_i ... diiiiiiiiiia sp .. 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
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l;..~--- .. --- ... ~--------_,._ ... ..._...._ ... ~_..,.. _____________ ,~_.,-# ..... -.. .,- .......... ~t~-&'"7.-. 

Fungi 

MONILIALES 
Acremoni urn indicum 
r....c::..a. . .-~·...--•~ 

~· ~~cinum 
h.J:,J;£,r.naria al ternata 
A. solani - ~-~ 

Arthrini urn sp. ........ L:&-·...,------
~~«?Fg,illus candidus 

A• pl_~vJ3tus 

t:.,. ,;t~yus 

A· ~gatus 
A·~splans 

b.· ~ger 
A. och.raceous - ......... 
A• ~~dowi 
A. terreus 
~ ~--=---. .... -

A· ze~~ r;;;..Sl.~· c-.o-.l;;;.o--.r 
~2¥'..e..9..1?.A. sidi urn pullula.p.§. 
~~~trichum sp. 
~):tis cinerea 
Candida albicans ---
~~~flPOrium pruinos~ 

9J.A-4P--~ri urn c lado sporg_:l,Q..~ 
Q.. ~er~b.a ... r.::um=-
£ •. ~~ero§permum 
9-w:"~bBria .-luna.-;:;.:;;;;.t..-...a 
g_. p__t.tJ:._lescens 
J2!:e~Jllera graminea 
D. rostrata -
£• ~~-r-.am~e•r-a 
E..2~.2~ nigrum 
§. l?.,_U£purascens 
.E,q,s,d_i um 2XYsporum 

E.• E?-~liforme 
Qh~pladium pencilloide~ 

.~i~stilbe ellisii 
I 

flr.nillPJ§raohium fasciculatum 

Phylloplane 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

-
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+ 
+ 

+ 

+ 
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+ 
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+ 
+ 
+ 

+ 

Air 

+ 

+ 

+ 

-
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+ 
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-
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-
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TB.ble 2.3: Average frequency occurrence of fungal forms in the 

air of three varieties of paddy ( e.xpre ssed in 

percentage). 

~-~ .......... -~-~..-:~-=-~ ---~:.r.-~.-~~.-. K N I M \ ' 
Fungi t-----='-*". . ~~,...---- ~ ............... -,..~--

t A Ph A Ptt I A . Ph I 
~..,..,.:ar;·.t. -:o:r---~------~ ~-----~~-'"*--..-: .... ~-=--

Phycomycetous forms o.so 1.00 0.60 0.90 1.05 0.75 

Ascomycetous forms 0.42 3.18 0.16 2.92 0.56 2.09 

!eP.~r_aiJlus spp. 12.07 13.12 13.02 12.59 9.58 12.61 

Arthrinium sp. 5.66 6.15 4.84 4.95 5.54 5.'11 
~--~=-~ 

Al terna.ria spp. 10'.22 9.80 10.96 8.93 11.15 8.·31 

Cladosporium spp. 33.12 31.08 ~.59 27.86 25.89 26.90 

He~hosporium oryzae 0.77 1. 2.5 8.18 2.51 16.97 

Trichoderma viride 3.07 9.18 3.01 5.13 2.90 0.81 

~.nJ.:.y_;i_.lli urn spp. 26.09 20.01 25.91 20.31' 29.43 20.·34 
Other Deuteromycetes 7.18 7.6 9.54 8.10 10.50 6.05 

Mycelia sterilia o.60 0.05 0.12 0.07 0.89 o.o6 

------· ------------------ ------------------------~~---------
K = Khonorullo variety; N = Ngoba variety; M = Mirikrak variety; 

A = Air; Ph = Phylloplane. 



Table 2.4: Relationship (r values) between fungal population 

(both total No. of fungal species and average No. 

of fungal colonies/plate) isolated from the air 

and from leaf surface of the. tbree varieties of 

paddy at different growth stages of the plant • 

.. _......,... -~------~--....,-----._..,_..,_,. ......_ ..... ..,.,.----...--------.:;:~~ ...... ,.,.~-=-----

Variety Total No. of species Average No. of fungal 
colonies/plate .. ~.-~ .... - .. _, ___ _... ____ _ 

K 

N 

+ .8487(-~--

6** + • 78 
7'f 

+ • 701 

_ ____________ .._.._ .... ~ .......... ~-........ ~-

•LV 

+ • 796 .... ..,~ 

i~ 
+ .671 

* + .606 

~HE- Significant at 99% probability; * Significant at 95% 
probability; K = Khonorullo variety; N = Ngoba variety; 

M = Mirikrak variety. 
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Ngoba and Mirikrak. Moreover, the fungal population in terms 

of fungal colonies/plate was comparatively higher (number in 

thousands) on leaf surface environment in all the three 

varieties of paddy than in the corresponding air (number in 

hundreds). 

DIOOUSSION 

&~~£Y of -~~o~v92fNq£a of the three paddy fields: 

As evident from 'Tahtes ? • 1 ;:lnd 2. 2 the major! ty of the 

forms isolated from the air belonged to Deuteromycetes which 

accounted for approximately 90 percent of the total mycoflora. 

This is also in accordance with the studies of previous workers 

(Mishra and Tewari, 1976a; Dixit and Gupta, 1980). 

Cladosporium spp. and Alternaria spp. were the dominant 

forms in the air of all the three varieties although Pentcillia 

and Aspergilli also occurred frequently at all the stR.ges of the 

plAnt growth. It has been a well known fact that C,la.dD§Por,i;um 

spp. are of wide occurrence in the air of different localities 

(Pa.dy, 1971; Mishra and Tewari, 1976a). This fungus is known 

to be a major constituent of the mycoflora of plant surface 

(Mishra and Srivastava, 1970b) and also of air (Mishra and 

KA.II1al, 19 71 ) • 

Other fungi such as Phycomycetes, ·Ascomycetes and 

sterile mycelial forms were poorly represented in the air 
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probably because of poor survival ability in the air. 

Some species belonging to Aspergilli such as ~· ~ger 

and A• ~lavus occurred quite frequently from the air of the 

three paddy fields. Penicillium spp. were also quite dominant 

and were found in the air of all the three varieties of paddy. 

~spergil~ and ~.enicillia are known to be of quite frequent 

occurrence in the air of different localities (Dickinson, 1967). 

Arthr.-1.-p,ilm sp. which was found commonly occurring in the nutrient 

plates was isolated frequently a~ost at all the sampling dates 
' of the aerosporal studies. Thj.s fungus could be occurring in 

the air because of the availability of suitable condition for 

its growth. 

The pathogen, !!• orxzae was isolated from air from a 

quite early stage of the crop. The population, however, 

increased only at the later stages of the growth in Mirikr~ 

variety (disease susceptible) because of release of spores from 

the leR.f surface of the plants to the air. On the other hand, 

in the disease resistant variety although the inoculum was found 

in the air its population decreased with age and disappeared 

completely at the later stages. 

As far as the population of !• viride was concerned, 

although it was present in the air of the three varieties of 

paddy, the population increased at later stages only in 

Khonorullo variety, the disease resistant one where the spores 



were produced in large number on the leaf surface and they 

might have got released into the air. 

90 

In general, the total air fungal popula.tion increased 

with advancing age of the plants, the total number of species 

fluctuated at different sampling dates. This is in agreement 

with the results of previous workers {Mishfa and Srivastava, 

1971a; Mishra and Tewari, 1976a; Kumar and Gupta, 1980). The 

fungal spores produced in large numbers on the leaf surface 

might be getting released into the air which accounted to the 

rich airspore of the locality. Most of the air fungal 

propagules are washed down subsequently because of heavy rains 

during rainy season (June-July) and only some fungi like 

Aspergilli and Penicillia occurred throughout the crop season. 

Later on, after the rains when the atmospheric moisture was 

high, the fungal population in the air increased. This may be 

because of the release of spores from the leaf surfaces which 

were then not subjected to rain wash (Fig. 2. 1). 

~lassification ~~e aeromycoflora based on ~~-~~renee 

~F ditferent month§ 

The results from the present investigation revealed 

that the distribution of the fungi in the air depends on 

weather changes. Meterological factors such as atmospheric 

temperature, humidity, rain and wind speed were some of the 

important factors controlling the occurrence of fungal Spores 

in the air and this is in agreement with the data of Mishra 
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and Tewari ( 1976a) and Kumar and Gupta ( 1980) who also found 

thFI.t the seasonal and diurnal periodicities of air fungal spores 

is mainly on account of climatic conditions. The total number 

of species and also the specific composition of the mycoflora 

wa.s A.lso affeeted by the weather conditions especially during 

rainy season (Dickinson, 1967) • 

Fungi belonging to Group I as show.n in the results were 

mostly those which were dominant forms in the air viz., 

QJ .. adpspor,i.um spp., Penicillium sp., Alternaria sp. and 

A.sJ2.e.~.\.llus spp. 

Most of the fungi which belonged to Group II (a.s given 

in the results) did not appear at any definite time and were of 

sporadic occurrence. This may be because of th.e effect of rain 

on their occurrence. 

The fungi belonging to Group III may be associated with. 

a particular set of climatic factors. Some of the fungi of this 

group occurred on one particular sampling date because of the 

presence of the inoculum at that time only. Some of these 

spores present in the air were carried from great distR.nce due 

to the action of wind and such spores were infrequent forms 

found in the air. 

Further, from the present studies it is also clear 

(Fig. 2.3) th~t Cladospor~ herbarum showed the maximum 
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popul::1.tion at the end of rainy season from September onwards 

when the winter season sets in and the temperature falls to suit 

its performance in the air. On the other hand, in summer 

season, Alternaria sp., A§Pergi,llus spp. and Penf;eillme spp. 

were the most commonly occurring fungi. It is commonly known 

th::1.t f.ladosporium sp. is of wide occurrence in winter months and 

it is usually replaced by Alternaria subsequently during warmer 

days (Sinha, 1971; Dickinson, 1967, 1981). 

Further, the maximum incidence of the pathogen 

li• 9£~ in the air of the paddy plants was during the summer 

months when both the temperature and atmospheric moisture were 

high (especially after the rains). 

22fLEthaSJ.,.9n between aerom;zy_oflora and phYlloplane m;zco_t~l~~ 

The distribution pa.ttern of fungal flora throughout 

the S8mpling periods on the leaf surface was very much similar 

to thrtt of air fungi. 

As evident from the present investigation (Table 2.·4) 

a close correlation exists between the airspora of the locality 

and t;he leaf surface fungi. The leaf surface release fungal 

spores which largely contribute to the airspora of the locality, 

Most of the spores of air were also trapped on the leaf surface 

(Table 2.1). Mishra and Srivastava (1971b), Mishra and Tewari 

(1976a) reported that a sort of cyclic phenomenon exists between 
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fungal spores of air, soil and plant surface. Some of the .ro..cr:~: ? 

forms~ however, maintained their speeificity in the specialized 

environment. , As evident from the present investigation (Table 

2.1 and Fig. 2.2) 71% species were common in the two enviro~ 

ments viz •• air and phylloplane and only 26% species ~ppeared 

exclusively from phyllep1ane and 3% species were of specific 

occurrence in air~ The specificity of forms was due to change 

in nutritional statust micro-ecology and the other unknown 

conditions of the different environments. This accounted for 

the restricted occurrence of certain forms in the phylloplane 

and air of paddy plants. Similar results have 8.1SO been 

obtained by Mishra and Tewari ( 1976a). Sinha ( 1971) observed 

that 12 and 4 fungal speeies appeared exclusively from the 

phylloplane and air flora respeetively. Further, Lamb and 

Brown ( 1970) alse reported that AUreobasidJ:um pulltQ.g, 

Penicillium spinul..tp and Oidodendrum sp. isolated from leaves 

were not detected from the air. Gregory (1950 and 1961), on the 

dther hand, remarkea that number of sporea deposited on leaf 

surface was nearly prdpdrtiortal to the number of spdres in the 

Rir spora. The results of the present investigation are in 

~ocord with the observation of Gregory in that the frequency of 

percentage of the dominant fungi in the air viz., Cl.asJesporitJn, 

Alternaria, Aspergilli, Penicillia varied almost on the same 

p~ttern as on the leaf surface of the corresponding sampling 

dates (Table 2.3). The results, however, also agree with the 

findings of Lamb and Brown ( 1970}, Sinha ( 1971) a.nd Misllra and 



Tewari ( 1976a). 

The dominant forms associated w1 th the leaf surface of 

the three VB.t'ieties of paddy at different developmental stages 

were trapped concurrently with considerably high percentage of 

occurrence from their air also (Table 2. 3). Hudson ( 1971) 

suggested that the spores present in the air were impacted on 

the leaf surf~ce. Pugh and Buckley (1971); Gregory (1971) ~ 

Pady ( 1971) also recorded that leaf acts as a landing site :for 

various microbes present in the air. Once trapped on the leaf 

surface the microorganisms derive benefit :from the substrate 

and they grow and multiply thereupon in presence of the various 

nutrients. Sutton (1953) observed that each leaf is surrounded 

by so called a boundary layer in which the temperature, moisture 

and wind speed are influenced by the le~f. As evident from the 

present investigation (Table 2.3) the micro-environment of the 

boundary layer mA.y not be sui table for all the microorganisms 

trapped on the leaf surface and most of the forms casually 

present on the surfB.ce do not thrive well. Hudson ( 1971) also 

observed th~t among the various species impacted on the leaf 

surface relAtively few succeed in colonizing leaf surface. 

Further, by using Pearson's product moment correlation 

coefficient (Table 2.4) it is clear that there does exist A. 

positive correlation between the fungB.l population of the two 

environments viz., air and phylloplane. This correlation was 

found to be highly signific~t .for Khonorullo variety (disease 
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resistant) and R.lso for Ngoba variety (moderA.tely susceptible). 

In this CR.se it WRS observed that 'when the two environments 

viz., air and phyllopV=tne were compared together there Wf.tS 

higher fungHl populA.tion on the leaf surface of the two 

VA.rieties (Khonorullo and Ngoba.) than in the disease susceptible 

VR.riety (Mirikrak) R.lthough the fungal population: was R.lmost 

similar in the air of all the p!=!ddy VHrieties studied. This is 

because the micro-environment of the plant surfR.ce of Mirikrak 

VR.riety probably did not prove conducive for their successfUl 

colonization becA.use of the domination of the p::~.thogen !!• orYzA.~ 

on the leR-f surface, In R-ddi tion, fungal populR.tion w:=ts more 

on leaf surface of the three varieties than in the air, This 

is because the leaf surfR.ce provides nutrients in the form of 

leaf leRcb.ates and the habitAt is thus more suitable for the 

growth of the fungA.l forms than in the air where the fungi 

having high saprophytic ability can survive successfully. 

Moreover, as evident from Fig. 2,8 and TA.ble 2,3 it is 

cle~ that the pathogen, g. oryzae although present in the air 

of Khonorullo variety, is conspicuously absent from the leaf 

surface probably because of its disease resistant nature. On 

the other hand, .!• viride although present in almost the same 

proportions in the air of all the three paddy varieties (Fig. 

2,9), was dominant on leaf surface only in disease resistant 

variety (Khonorullo) and subdominant on the moderately suscepti­

ble (Ngoba) variety. This could be an example of the existence 
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of natural biological control in the Ngoba variety where due 

to domination of !• viride at the later stages, the infection 

of the pathogen is eliminated. 

Further, it is also clear from Fig. 2.8 that though 

tiE spores of !!• orx;z§e occur at an early stage of the crop 

growth in the air of all the three varieties of paddy, the 

visible symptom of the brown spot disease were seen only from 

July-August when the optimum conditions like temperature and 

moisture were available. The disease developed rapidly and 

was discernible to its maximum level in the disease susceptible 

variety (Mirikrak) particularly on old and mature leaves when 

th.e plants were mature. The spores of the pathogen wbic h 

increased tremendously on the leaf surface of the susceptible 

variety, were also released into the air and thus there was an 

increase in the population level in the air which is evident 

from Fig. 2.8. The maximum population of the pathogen in the 

air was thus registered in the susceptible variety only at 

later stages of the plant growth which coincided w1 th the 

maximum disease intensity in the field. 

Thus from the present studies it is quite clear that 

the fungal spores present in the air showed a great impact on 

the leaf surface of the three varieties of paddy since tlhere 

was a direct correlation between them. Further, it may also 

be concluded that the occurrence of the pathogen, !!• .Q..ryzae 

in the air at an early stage of the crop growth may be help.fu.l 
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in making a forecast regarding the occurrence of the brown spot 

disease of paddy which is quite prevalent in the locality where 

the present ~vestigation was carried out. Moreover, such 

a.erobiological and phylloplane studies thus may be of suggestive 

value in the control measures of the pathogen. 



CHAPTER III 

ISOLATION OF THE PATHOGEN AND THE ROLE 
OF DIFFERENT FACTORS CONTROLLING 

ITS OCCURRENCE 



98 

INTRODUCTION 

The surface colonizers are responsible for manifold 

activities on the plant parts. Some of them may be simply 

accidental settlers while others play an important role in leaf 

infection as well as in the disease syndrome( Sharma and Gupta, 

1980). 

The fungi are the most important group of plant 

pathogens because of the number of diseases they cause and 

financial losses incurred thereby. 

Usually, any investigation in pathological studies 

begins with a search of the pathogen which causes a. particular 

plant disease. In order to establish the disease caused by a. 

particular pathogen, it is necessary to satisfy Koch's 

postulates which require experimental reproduction of the 

disease by inoculation with a pure culture of the suspected 

pathogen. Many arganisms have been decisively recognised to 

be the causal agents of pla.nt diseases by use of Koch's 

postulates. 

An important step in pathogenicity studies is the 

isolation of the suspected pathogen from the diseased plant in 

order to establish the organism in pure culture. Disease 

tissues may often contain more than one organism, In most 

instances, the primary pathogen enters the host tissue first 
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and lA.ter, secondary organism usually nonpathogens Illfl.Y enter 

and colonize the tissue previously penetrated by the prima.ry 

pathogen. Other nonpathogens contaminating the diseased 

tissue may be removed by surface sterilization and the 

pa.thogen can thus be isolRted by inoculating the surface 

sterilized tissue on a nutrient medium. 

The rice plant is a warm climate annual which is 

grown without irrigation in upland areas and with irrigation 

in lowland. Many diseases are common on paddy. Leaf · spqt, 

blast a.nd culm rot maladies are of major importance. 

The leaf spot diseqse of rice is a widespread disease 

in almost all the rice growing areas of the \\Orld. In India 

the disease is prevalent in ~11 the rice growing areas, 

especially in heavy monsoon areas in West Bengal, Eastern 

pBrt of U.P., Assam, Meghalaya, Tamil Nadu and parts of Kerala. 

The disease is seed borne and is of great importance in 

sever~=~.l countries and has been reported to cause enormous 

losses in the leaf spotting phase when it can assume 

epiphytotic proportions. Aeroscope studies by Padmanabhan et -
~. (1953) revealed that conidia of the fungus are present 

over rice fields in the months of April-July, i.e. during the 

sowing season and sometimes even earlier. The air-borne 

inoculum from some external source appears to cause the 

primary infection in a locality. These external sources must 

be perennial grass hosts :=t.nd early sown or winter paddy crop. 
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Two major epidemics have been recorded in India, the 

most recent being in Bengal in 1942 when loss in yield upto 90% 

was recorded (Gho.se et al., 1960). About t'WO million people --
died o:f starvation mainly because of this disease and according 

to Pa.dm::~nabhan ( 1973) nothing as devastating as the Bengal 

epiphytotic of 1942 has been recorded in plant patboglogical 

literature. In 1942, there was excessive rainfall in September, 

uniformly favourable temper::~.tures of 20-30°C continuously for 

two months, unusually cloudy weather and rains in November, all 

contributed to the rapid spread of the disease leading to an 

epidemic. According to KawA.da ~ ,S!. ( 1954) annual losses in 

yield due to this disease are regA.rded to be 22,000 - 281 000 

tons. 

Like brown spot, blast and culm rot are also serious 

diseases occurring, in the humid rice producing areas of the 

world. 

Much emphasis ~~s been placed on different 

environmental f::Jctors affecting overall development of the 

brown spot disease cau~ed by Helminthosporium orYz§e Breda de 

Haan (P&:lmana.bhan, 1973). It was not until recently however, 

thAt the= infection process of !!• orYzae was considered to be 

of multicomponent nature (Roy and Sen, 1970). For quantitative 

studies of host parasite interactions the parasite popula1*on 

should be synchronized (Yada.v, 1983) for which, sync~ 
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the spore germination is prerequisite. The physiology and 

pB.thogenici ty of ,tl.i. oryzae has been studied by a number of 

workers (Ganguly and Padmanabhan, 1962; Shishiyam::~. ~ .sl•• 

1969; Chattopadhyay ~ ~., 1970) but the influence of various 

factors on spore germination of H· orxzae has been studied 

fragmentarily (Ni~bikado, 1923; Ocfemia, 1924, Roy and Sen, 

1970; Purkayastha and Mukhopadhyay, 1974). 

The present investigation was aimed to isolate the 

pathogen, g. orvzae from the diseased leaves of paddy varieties 

and establish the organism in pure culture and then do 

pa.thogenicity test to find out whether H· orvzae was the causal 

organism. Further, the effects of spore concentration, 

incubation temperature, culture age, buffer molarity and pH on 

germination and growth of the fungus were also studied to find 

out the different factors affecting colonization of paddy 

leaves by g. orvzae. 

MATERIALS AND METHODS 
Research materials: 

The disease susceptible variety Mirikrak and 

moderately susceptible variety Ngoba were used as the plant 

ma.terial from which the pathogen was isolated. 

Isolation of the pathogen: 

Tne pathogen ~s isolated by washing the disea~ed 

leaves of Ngoba and Mirikrak varieties first by sterilized 

distilled water 5 - 6 times and then by 0.1% Hgcl2 for 1 or 2 
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mins and subsequently w~shing again with sterilized distilled 

\'later 5-10 times. LAter on, the leaves were dried on sterilized 

.filter papers, teased into small fragments with the help of 

sterilized .forceps and then plated on nutrient ag~r media 

(Potato dextrose agar). The fungus which was growing out o.f 

the tissue and sporulating was transferred on to fresh mediB. 

a.nd pure cultures o.f· the fungus was maintained on slants of 

potato dextrose agar and Czapek's Dox agar media. 

~qogenicity test 

IE vitro: Spore suspension of the concentration of 

approximately 2 x 1aS spores/ml of the pathogen wa.s made and 

sprayed on to leaves (with no initial disease symptoms) which 

were placed in moist chambers. The spraying was repeated 2-3 

times. The leaves were then observed for symptoms of the 

diseA.se after 3 - 5 days. The disease symptoms occurring on 

the leaves which were kept in moist chambers were compared with 

tha disease occ.urrt.ng-.in tne .nature then from the infected 

leaves kept in mclst chambers the pathogen was reisolated by 

following the same method as described before. The pathogen 

which was isolated from the leaves kept in moist chambers was 

compared with the one initially tsolated from the diseased 

leA.ves occurring in Ilfl.ture. 

In vivo: Spore suspension ( 2 x 1a5 spores/ml --
concentration')of the pathogen was sprayed on inteact leaves of 
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paddy plants of both the varieties (Ngoba and t'Iirikrak) which 

had no initial symptoms of the disease. These plants were 

grown in pots and were kept in net house. These plants which 

were sprayed with the spore suspension of the p:=t.thogen were 

oovered with moist polythene bags for 2 - 3 days till visible 

symptoms of the disease occurred on the leaves. The same 

procedure was followed for isolating the pathogen as given 

for vitro • 

.E,..t_fect of differenL~ctors on spore germinat~Q}l.9L~ 

pathogen 

I) Effect of Molar concentrations of phosphate buffer on 

spore ge.mi.nation and germtube growth of the pathogen. 

The spore suspension of the pathogen was made by 

flooding the culture plates with sterilized distilled water 

and the concentration of 2 x 105 spores/ml was adjusted with 

the help of a haemocytometer. Different molar concentrations 

of phosphate buffer viz., 1, 0.1, 0.01, 0.001 molars were 

prepared and the spores of the pathogen were germinated in the 

various molar concentrations by hanging drop method in ca.vi ty 

slides. After 24 hours of incubation at 20-25°C the germina­

tion rate and germtube length were measured. A control was 

also maintained where the $pores were germinated in 

sterilized distilled water. 
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II) Effect of pH on germination and germtube growth of the 

pathogen spore. 

Different ranges of pH from 5-8 of phosphate buffer 

0.01 l.\l were prepared by serial dilutions. The spores of the 

pRthogen were germinated in different pH by hanging drop 

method in CF.l.Vi ty slides. The spore germination rate and germ 

tube length was measured after 24 hrs of incubation at 

20-25°C. A control was also maintained. 

III) Effect of spore concentration on germination and germ 

tube length of the pathogen. 

Different spore concentrations of the pathogen 
4" 4 . 

(1 x 10 - 24 x 10 spores/ml) were prepared by diluting the 

spore susPension with sterilized distilled water. The spore 

concentr:=ttion of the pathogen was adjusted by haemocytometer 

counts. The spores were germinated in cavity slides by 

hanging drop method. After 24 hours of incubation the 

germin:=ttion rate and germ tube length was measured. 

IV) Effect of age of culture on germination and germtube 

growth of the pathogen. 

The cultures of the pathogen were incubated for 

different period ( 5-120 days) and their spore germinati.on and 

germ tube length were measured by hanging drop method in 



Table 3. 1 ~ Effect of spr.3ying of spore suspension of the 

pathogen on leHves kept in moist chamber 

-~ .... -~..-·· ·-:!~ ...... ---------~-__.., ... ,_._., •• ._ _____________ _ 

' 
...... 

Days after 
inoculation 

Length of lesion on 1 Length of lesion on 

4 

10 

15 

2!J 

Ngoba varietr 1 Mirikrak varie:tY* 
(in mm ; (in mm) 

6 8 

13.9 

15.1 

---· 

-------------'""-____ .,.. __ , ___________ -----
* Average of 10 leaves. 



Table 3. 2: Effect of sprP.,ying of spore suspension of the 

pathogen on intact leaves of the plant • 

....,...,.. ,._._ ..... .,.,_..... ... ________ ~,._ .... ._ ..•. _______________ ,__,.,._.__ --~--

Days after 
inocul::~tion 

5 

10 

15 

20 

I 

Length of lesion on : 
Ngoba v~ietY* ; 

(in mm) I 

6.5 

11.2 

14.9 

18.9 

Length of lesion on 
Mirikrak varietY* 

{in mm) 

6.8 

11.1 

15.2 

18.6 

* Average of 10 leaves. 



Table 3.3: Effect of Molar concentrations of phosphate buffer 
on. spore germin:=~.tion and germtube growth of 
g. orvzae. 

~~-~~-e-=----.=.-•~--------"C-··•·._.-.-._._ ___________ _._. __ _ 

Cone. (M) Germination* 
after 24 h 

(%) 

Germtube ** length 
<pn> 

~~-":.-.-r«~--------~· --,-::s._ ... lll:'::: ___________ ....., 

1.0 1:-1 

0.1 M 

0.01 M 

0.001 M 

Control (distilled 
water) 

_, 
54.59 + 6. 29 . -
69.21 + 11.89 -
98.03 + 3.56 -
92.31 + 10.91 -
98.39 .:!:. 3.07 

85 

101 

256 

208 

289 __ _.. __ . _________ ...,...,. __ .. ,....,..._. ----------------
* 500-800 spores counted 
** Average length of germ tubes based on 100 spores. 
+ S.D. Temperature 20-25°C. 



Table 3.4: Effect of pH on germination and germtube growth. 

............. -.~ -~--- ~:. ... -....... c.~---~ ..... ., .... ~~ 
pH ( .01 M phosphate Germination* Germ tube""'* 
buffer) after 24 h length after 

(%) 24 h (~)+ 
................. ....,.~ . ,. ........... - --..C::.:'lt- lL -:r .... ·.-.-:::a.·---~ ~--

5 72.12+4.28+ - 108 

5.6 79. 26.:!;.3 .. 16 110 

5.8 82.12.:t,2. 18 102 

6.0 86.40+1.57 - 105 

6.6 89.28+2.45 - 108 

6.8 91.82+1.68 - 112 

7.0 92.18+2.43 - 110 

7.6 90.18+1.86 - 103 

7.8 82. 22+1.67 - 102 

8.0 80.16+4.32 - 106 

Control (sterilized 
distilled water) 

95.26+0.12 - 110 

.................... "'-- ....,..._'"& .... ~ --
->E- 50o-BOO spores counted; ** Average length of germtube based 

on 100 spores; + S.E. Temperature 20-25°C. 



Table 3.5: Effect of spore concentration on germination and 

germtube growth. 

---....~-..&..,_ ~-----· ..... _._.. .,..-_ . ..,.. ..... re..._.,. ~~--~---....._... 

' . Germtube~~* Spore concentration ' Germination* ' (per ml. of water) ' after 24 h length after I 

' (%) 24 h <pm> . t .......... -.. .,_~--
I 

1 X 10L.j. + 98. 26:!:,1.02 450 

2 X 10
4 

97.08+2.32 420 -
4 X 10

4 
95.18+1.44 397 -

8 X 104 
81 • 28:!:,2. 39 199 

12 X 10
4 

68.02.:!;,1.68 105 

16 X 104 
31.22:!:,2.00 30 

20 X 10
4 

12.10:!:,1.12 15 

2~ X 104 
2.23.:!;.1.22 Germ pore bulging 

in some spores 
but no germination 

* 500-800 spores counted; ** Average length of germ tubes based 
on 100 spores; + S.E. Temperature 20-25°C. 



Table 3.6: Effect of age of culture on germihation and germ­
tube growth • 

... ::l't.,.., .+,;.,.,_.;.:a-.,_-......, .. ~ ------~-s:-·a.~-~-----------..-.....-~-.--. ..,, ... :s..--..·~-
Age of culture 

(dRys) 
Germination after 
24 hrs (%)* 

Germtube length 
after 24 tws. 

(pm).~ 
·-~~*-=---;.~.-------;.T"Za-.,...~--------·------...... ~!""!""--

5 
10 

15 

25 

35 

45 
55 
65 

75 
90 

120 

72.12 + 1.23+ -
85.18 + 2.08 -
93.22 + o.Eb -
94.10 + 1.02 -
95.21 + 2.16 -
95.80 .:t. 1.11 

81.82 .:t. 2.62 

70.22 .:t. 3.12 
51.10 + 1.26 -
33.62 .:!:. 2.58 

0 + o.oo -

86 

98 

101 

104 

103 

98 

58 

26 

15 
Germ spores 
slightly bulging 
and germ tubes 
very small 

0 

·---~-------.~~.~-:»>-~.-.... --
* 500-800 spores counted 

~~ Average length of germ tubes based on 100 spores. 
+ S.E. Temperature 20-25°C. 



Table 3~7: Effect of temperature on germination and germtube 

growth~ 

r.:a=:s.·=a:~---._.. -=--..,_...._-

Temperature 
( oc) 

... ~...-:--.......... ~--~- .... 

10 

20 

25 

30 

35 

45 

fi) 

~~-~ ... 

-------------T-----------~--------
Germination* 
after 24 h 

{%) 

' ' ' t 
I 
t 
t 

Germtube le:J;lgth** 
after 24 h ( ) _pn ________ ...._ ______ ~--------

42.26 + - 1•26+ 

85,62 .t 2,01 

90.71 + 1•05 -
92.16 + - 1.07 

96.26 + - 1.32 

82,,21 + 1.04 -
0 + o.oo -

52 

72 

79 

96 

148 

23 

0 

..,.,_ ...... -----------------------------* 500-800 spores counted; ** Average length of germtubes based 
on 100 spores; + S.E. TemperAture 10-60°C. 
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cavity slides. 

V) Effect of incubation temperature on spore germination and 

germ tube growth of the pathogen. 

Cultures of the pathogen were kept at different 

incubation temperatures ranging from 10-60°C for 6 days. The 

spores were taken out from these cultures maintained at 

different temperatures and by hanging drop method in cavity 

slides the spores were germinated. After 24 hrs. the 

percentage germination and germ tube length were measured. 

RESULTS 

I) Isolation and identification of the pat~ogen 

The pathogen was isolated from the leaves of Ngoba and 

Mirikrak varieties after surface sterilizing the leaves and 

plating on potato dextrose agar medium. Tb.e pure cultures of 

tb.e pathogen were maintained on Czapek 1 s Dox agar and potato 

dextrose agar media. 

The fungus grew intra and inter-cellularly w1 thin the 

tissues. Conidiophores arose as lateral branches from the 

hyphae usually in tufts, and were short, erect, branched only 

at bases, segmented dark brow.n to olivaceous at the base and 

somewhat paler a.t the growing tip. Conidia were olivaceous 

brown, slightly curved, tapering towards the rounded ends and 

varied greatly in shape and septation. 
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II) ~athogenicity test 

I) .±,n vitro~ When the spore suspension of the pathogen 

was s9rayed on to leaves kept in moist chamber after 3-4 days, 

minute brown coloured leaf spots occurred on the leaves. After 

10 days of incubation in the moist chambers, the leaf spots 

spread and coalesced together and became ellipsoidal or oval 

shape with a reddish brown margin. Table 3.1 clearly shows 

that with increase in days of incubation the lesion length 

also increased both on Ngoba and Mirikrak varieties. Further, 

on t'lirikrak variety the lesion length was slightly more than 

on IJgoba variety. 

The lesions occurring on the leaves kept in moist 

chamber were compared with those occurring on the plants 

growing in the field. It was clear that the symptoms were 

almost similar in both the cases. 

Further, the pathogen was reisolated from the diseased 

leaves kept in moist chambers and the pure cultures were 

compared with the culture obtained from the field samples. It 

wa.s seen that the cultures obtained from the two sources 

resembled each other. 

II) In vivo: When spore suspension of pathogen was --
sprayed on intact leaves of paddy plants, it was observed that 

after 5 days of inoculation the lesions occurred on the leaves 
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as minute brown spots which with increase in days of inocula­

tion also increased in length. These brown spots R.lso 

occurred on the coleoptile, leaf blades, leaf sheaths and 

sometimes even on the culm. They were found scattered ~11 

over the leaf surface. After 20 days of inoculation the spots 

on leaves coalesced with each other thus becoming irregulA.r in 

shape and later on the entire leaf became brown and started 

drying. This ·was quite distinct on leaves of Mirikrak 

variety where the spots measured as much as 18-19 x 1-3 mm 

(Table 3.2). 

The pathogen wAs reisolated from the leaves sprayed 

with the spore suspension and it was found that it was similar 

to the pathogen isolated initially from the diseased leaves 

occurring in nature. 

III) Effect of dif~~~~"t factorun spore germiz~:~i..9ll . .Q..LW 

l?~thogen 

I) Effect of molar concentrations of the phospl:'l.f.l.te buffer 

on spore germination and germ tube growth of the pathogen. 

From Table 3. 3 it is clear that when different molar 

concentrations (1, 0.1, 0.01, 0.001) of phosphate buffer 

solutions were tested a.t pH 6, almost normal germiMtion and 

slight stimulation in germ tube length occurred at 0.01 M, 

but 1 M, 0.1.M, 0.001 M markedly inhibited elongation of germ 

tubes and also the germination. As the percentage germination 
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did not vary significantly between the control and 0.01 M, and 

the average germ tube length was nearest to that of control, 

the concentration of 0.01 M was chosen for the pH experiment. 

II) Effect of pH on germination and germ tube growth of 

pR.thogen spores. 

Table 3.4 indicates that the spores germinated at a pH 

range of 5-8. Germ tube length was maximum at pH 6.8 which was 

slightly higher than the control. Maximum germination occurred 

a.t pH 7 .o which was nearest to the control. The optimum pH 

Wfl.s thus around 6.8-7 .o. 
III) Effect of spore concentration on germination and germ 

tube growth of the pathogen. 

Inhibition of germination and germ tube growth were 

observed in the concentrated spore suspension. Of the eight 

concentrations used, the most significant inhLbition was at 

24 x 104 spores/ml (Table 3.5) where the percentage germination 

was as low as 296 only, germ pores bulged and no visible germ 

tube could be observed. 

IV) Effect of age of culture on germination and germ tube 

growth of the pathogen spores. 

The aver~ge germ tube length and germination rate of 

spores collected from 10-45 days old cultures were similar· but 

it was slightly lower in 5 day old culture under identical 
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conditions (Table 3.6). Spores collected after 45 days old 

cultures showed decrease in germination rate and germ tube 

length was also shorter. Spores from 90 day old cultures 

showed shrunken, thinner, shorter and contorted germ tubes 

R.nd sometimes only the germ pores bulged and the germ tubes 

were not clear. Spores from 120 da.y old cultures showed no 

germination at all. 

V) Effect of temper:=tture on germination rate and germtube 

length of pathogen spore. 

Table 3.7 clearly shows that the spores germinated in 

a wide range of temperature, the optimum temperature for 

germination and germ tube growth of the pathogen was at 35°C. 

Complete inhibition of germination was observed at 60°C. 

DISCUSSION 

The pathogen responsible for the brown spot disease of 

p:=tddy wa.s found to be !ielminthosporium orxzae Brede de Haan 

( = Cochliobolus mi;(abeanuu Ito and Kuribay Drechsler ex Da.stur). 

This pathogen was isolated from the infected leaves of paddy 

VR.rieties, viz., Ngoba and Mirikra.k occurring in the field. 

The fungus was cultured on potato dextrose agar medium and pure 

cultures were maintained on potato dextrose agar and Czapek 1 s 

Dox agar slants. 
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The fungus was tested !or pathogenicity using Koch's 

po stulA.tes both ,!!! vitro and it;± ~· In vitro, the pathogens -
caused distinct brown spo~s on leaves kept in moist chF.llllbers. 

With increase in days of inoculation, the rilinute brown spots 

increased in length and they occurred as large spots with pR.le 

yellow colour in the middle and reddish brown margins. 

Sometimes, the small spots coalesced and formed large irregular 

shaped ma.rkings on the leaves. This was similar to previous 

observations by other workers (Subramanian, 1971; Padmanabhan, 

1973; 1974; Singh, 1973; Mehrotra, 1980; Baruah ~ ~., 1980). 

The lesion length was more on disease susceptible variety 

(Mirikrak) than the moderately susceptible one (Ngoba). It 

ma.y be bec:=mse the leaves of the susceptible variety provides 

conducive environment for the pathogen with no resistance from 

1 t tha.n the moderately susceptible variety. 

f..u ~' the bro'W!l. spots of the pathogen occurred on 

the lea.f sheaths, leaf blades, coleoptiles and even on the 

culms. The spots increased in length after days o:f inoculation 

and the spots sometimes coalesced on the leaves and formed 

irregular shapes. On leaves o! Mirikrak variety, the entire 

lea.f becAme brown and dried. The length of the lesions was 

more on the intact leaves than on the leaves placed in !IlCiist 

chamber. This may be because the intact leaves provide 

nutrients and moisture for the pathogen, whereas, the leaves 

kept in moist chamber have only li-ttle nutrients· and the leaves 
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itself start drying after 10-15 days of incubation. 

The most destructive phase of the infection is the 

leaf spot phase which causes the greatest damage. The 

infection of the leaf result in reduction of effective leaf 

surface which in turn causes a marked weakening of the plants 

especially during seedling stage (Singh, 1973). 

The pathogen could be reisolated from the infected 

leaves (both from vivo and vitro) and when pure cultures were 

made they were found to be same as the initial inoculum 

proving thereby that Helf41inthosporium orYzae was definitely 

the causal organism of the brown spot disease of paddy. 

When the effect of molar concentration of phosphate 

buffer was studied on germination and germ tube growth of the 

fungus, almost similar percentage germination and average germ 

tube length at 0.01 molarity and the control indicated 

unimpatred germination (Table 3. 3). Same molarity has been 

reported as optimum for li• oryzae by Purkayastha and 

Mukhopadhyay (1974). Thus the concentration of 0.01 M was 

chosen for the pH experiment. 

Results in Table 3.4 indicate that the spores germina­

ted at a wide pH range between 5-8 w1 th optimum at 6.8.· 

Previous w::>rkers (Purkayastha and Mukhopadhyay, 1974) have 

also reported the optimun pH for the growth of the fungus tD · 
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be FJ.bout 6.5. 

Inhibition of germination and germ tube growth were 

observed in the concentrated spore suspensions (Table 3.5) 

which was quite distinct at 24 x 104 spores/ml where the 

spores showed very low germination rate and sometimes only 

the germ pore_s bulged and very minute germ tubes could be 

seen. The comparatively low percentage of spore ge~tion 

in concentrated spore suspension may be ascribed to the 

limitation of nutrients and oxygen due to the overcrowding 

of spores (Pukayastha ani Mukhopadhyay, 1974). 

Poor germination and short germ tubes in too young 

(5 days) or too old (55-120 days) spores (Table 3.6) could be 

due to immaturity of spores in young cultures (Gottlieb, 1950; 

PurkayA.stha and Mukhopadhyay, 1974; Yadav, 1983) and loss in 

vigour of old spores because aP respiration causing depletion 

of endogenous substrates (Shirashi ~ ~., 19'70; Yadav, 1983). 

Although the spores germinated at a wide range of 

temperatures (Table 3. 7) the optimum for both germination and 

growth of the test strain was at 35°C. Optimum zone for 

g. 9FXzA.e is thus transitional to broad and sharp types 

described by Cochrane ( 1960). But complete inhibition was 

however, noted at fiJ°C. At higher temperature ( 60°C) tt\e 
• 

fungus might have got killed which is indicated by~lete 
; ·,• 

inhibition in germination. 
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From the present studies it is clear that the causal 

orgHnism for' the disease occurring on Ngoba and Mirikrak 

VFt.rieties of p:=tddy wAs !fe.lminthosporium oryzae which caused 

brown spot disease on pnddy. Further, from the studies it is 

clar-J.r thRt the optimum temperature for its growth was around 

25-35°C. Padmanabhan ( 1973) in his analysis of the great 

Bengal famine h:=ts hypothesized that the disease had assumed 

such epiphytotic proportions in 1942 primarily because of the 

existence of optimum weA.ther conditions during the period. Best 

development of the diseR.se occurs when there is high tempera­

illre (around 35°C) and high moisture along with a cloudy 

weR.ther which is similar to the results of the present 

investigation. 

The susceptibility to the pathogen, g. orYzae increased 

with age which is clear from the pathogenicity studies 

conducted in vitro :=tnd in vivo. 

In addition, for studies involving host-paras! te 

interA.ction, if the paras! te population has to be taken, then 

in the case of g. orYzae• spores from 15 day old cultures with 

a concentration of 2 x 1cY spores/ml suspended in 0.01 M 

phosphftte buffer ::~.t pH 6 if incubated at 35°C may give good 

results. 



CHAPTER IV 

INTERACTION STUDIES IN VITRO AND IN VIVO 
BETWEEN CERTAIN EPIPHYTIC FU.NGI AND 

THE PATHOGEN 
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INTRODUCTION 

The phylloplane is usually inhabited by a variety of 

saprophytic and parasitic microorganisms which interact ·among 

themselves and also wi ttl the living host plant. The effect of 

nonpathogenic microorganisms on infection of aerial parts of 

plants by pathogens has attracted much attention lately. The. 

obvious attraction of this type of study is interaction 

phenomenon related to these saprophytic microorganisms which 

may provide a form of defense against infection and disease 

deYelopment oT the biologica.l control of plant pathogens• This 

is basically the phenomenon of antagonism. Fokkema ( 1976) 

defined antagonism as a relation between organisms in which one 

organism the antagonist, creates adverse circumstances for the' 

other. 

There is an extensive literature on antagonistic 

interactions between saprophytes and plant pathogens in 

relation to development of possible biological control methods 

(Rainecka, 1981). The subject is reviewed by Baker and Cook 

( 1974) who defined biological control from· the plant 

pathologist' s· standpoint as follows: "Biological control is the 

reduction of inoculum density or disease producing activities· 

. of a pathogen or parasite in its active or dormant state, by 

one or more organisms, accomplished naturally or through 

manipulation of the environment, host or antagonist, or by mass .. . .· 

introduction of one or more antagonists". 
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Recent in-depth explorations of foliar m.ioroflara and 

its impact on disease incidence have stimulated an interest in 

m~aging rnicroflora and microorganisms for disease control 

(Cook~ 1971). Successful strategies for biological control of 

certain insect and weed pests ::md economic considerations of 

disease control costs also encourage · the use of microorganisms 

to control foliar diseases. 

To visualise biologial control of foliar diseaseB, it 

is useful to identify two genera.l steps in the research 

progression, firstly, fungi and bacteria, the predomir.ant 

microorganisms in th.e phylloplane, wh.ich are antagonistic to th.e 

pathogenic fungi must be isolated and secondly the 

microorganisms must be applied to plants in time to antagonise 

pathogen thereby preventing infection. This may be achieved by 

establishing the fungi or bacteria as residents of the 

phylloplane at an early stage of plant growth or by timely 

application of the microbes by some physical method such. as 

spraying (Spurr, 1981). The main purpose of the biological 

control of a plant disease is to suppress the inoculum load of 

th.e target pathogen to below the level that potentially causes 

an economically significant outbreak of the disease. Its 

suppressive effect is often not Pl.s spectacular as chemical means, 

but unlike most of the chemicals it does not cause pollution of 

the environment and attacks only limited target pathogens 

(Tsuneda and Hiratsuka, 1981). 
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In recent ye~rs the incre~sing use of potentially 

hA.zA.rdous fungicides in agriculture has been the subject of 

growing concern of both environmentalists and public health 

authorities. The control of plant diseases by chemicals can 

be spectacular but this is relatively a short term measure and 

moreover, the accumulation of harmful chemical residues 

sometimes causes serious problems. Biological methods, on the 

other hand can be economical self perpetuating and usually 

free from residu~l side effects (Baker and Cook, 1974; Snyder 

~ ~., 1976; Wilson and Huffaker, 1976). 

A serious problem in implementing biological control 

measures, however, has been the discrepancy between the results 

obt:llned in the laboratory and those achieved in the field. A 

certain biological system may operate admirably in the 

laboratory, but it often is completely inoperative or its. 

suppressive effect fluctuates considerably under field 

conditions. This is due to the fact that these measures make 

use of living organisms :md they are effective only within a 

relatively narrow range of environmental factors. This appears 

to be quite reasonable because in the field it is a complex 

microbial ecosystem. Interactions among the vast and complex 

sphere of miroorganisms are impossible to duplicate in the 

laboratory. Further, use of mycopa.~asites may be difficult for 

controlling plant diseases because physical cont~ct is 

necessary for mycoparasites to kill plant pathogens and it is 

often difficult to ensure delivery of mycoparasites to target 
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organisms. Also, mycoparasites need time to react with the 

target organisms, and their action may be too slow for diseR.ses 

of annual crops. Further, as a result of the envirorunental 

restrictions such as temperature, pH, moisture content which 

limit the use of biological control measures, scientists have 

proposed for a concept of integrated control which combines 

severA_l techniques of control including the biological ones 

(Karve, 1982). 

The possibility of controlling plant pathogenic fungi 

by antagonistic microorganisms added either as a substitute or 

as 811 Hdditive to fungicides has been the subject of extensive 

reseR.rch and recently many common leaf saprophytes have been 

explored as a possible biological control agent of different 

pathogens (Heuvel, 1969, 1970, 1971; Mishra and Tewari, 1976c; 

Rai and Singh, 1980; Sri va.stava ~ ~., 1981; Spurr, 1981; 

Reinecke, 1981; Fokkema, 1981; Chet and Baker, 1981; Gupta. and 

Dixit, 1982; Purkayastha_ and Bhattacharyya, 1982; Elad ~ .§J:.., 

1983). 

Among the many potentially antagonistic plant surface 

inhrlbi t:=mts, members of the genus Trichoderma have gained 

considerable success (Dennis and Webster, 1971). This is 

primarily bec:=~use members of the genus are active both as 

hyperparasi tes and as antibiotic producers. (HaclAr ~ ~. 1979). 

Brown spot, which is caused by the pathogen, 

Helminthosporium oryzae Breda de Haan, is an economically 
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important disease occurring on paddy all over the world. In 

India., it is one of the most destructive fungal disease o:f rice 

which may cause almost total destruction of the crop (Pans, 

1970) as in the case of the Bengal famine in 1942-1943 causing 

losses in the yield upto 90%. The control of this disease can 

be only achieved by spraying .fungicides such as Bordeaux 

mixture at regular intervals. But even with fungicides the 

a.ir-borne spread of the disease cannot be controlled. Only few 

examples of biological control is available in literature. Akai 

and Kuramota ( 1968) found that a Candida sp. reduced the number 

of lesions on leaves. They, however, observed that none of the 

microorganisms isolated from rice leaves inhibited mycelial 

growth of !!· oryzae on A.gar. Initial experiment (Chapter I) 

during isolation of phylloplane fungal studies showed that 

possibly a natural biological control could be occurring on 

phylloplane of paddy varieties viz., Khonorullo and Ngoba 

between Trichoderma viride and li• oryzae. It seemed probable, 

therefore, that an interaction on the leaf surface between 

!· yiride and !!• oryzge could prevent or reduce brown spot 

disease. Thus, laboratory and field experiments were under­

trucen to do a survey of different probable antagonists of the 

pathogen. Different epiphytic fungi msolated from leaf surface 

of the three varieties of paddy viz., Khonorullo, Ngoba. and 

Mirikrak were used for interaction studies in relation to 

ll• &ryzae ig vitro. The most efficient antagonists !G vitro 

studies were used !a Y1.:!;Q. for biological control of the brown 
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spot pathogen of paddy. 

MATERIALS AND METHODS 

Rese:::1.rch Materials: 

The three variet.:tes of paddy viz., Khonorullo (disease 

resistant),·Ngoba (moderately susceptible) and Mirikrak 

(susceptible) ~.-:~were used as the experimental plants. 

Fungi: 

The following fungi were isolated from leaf surface of 

paddy and maintained in pure culture for the interaction 

studies: 

~rnaria alt~rnata, Aseer&!llus clavatus, !· flayus, 

!• ~dulans, !,. I)iger, Acremonium per§ji.cinum, ArthrizlJ;qn sp., 
Aur.§l.Q,Qa§idium pullulans, Botrytis cinerea, Ch.rYsosporium 

~~~Yffi, Cladosporium herbarum, Candida albicans, C~aria 

l.~·t .. ~; Chaetomium globosl,Y!!, £. bostrychodes, Epicocc'R!l nigrtp_, 

Fus~.;:~ moniliforme, Gliocladium penciloides, HugB.coie. pd.sea, 

!i.l!l.JY10.$?0ra zamae, Memnoniella echinata. Mucor hiemall~b 

[i..,&r£> .. ?POra oryzae, Penicillium funiculoSum, f.• chryso,&~utl\• 

S:.,~t_e.lotia monorhyca, Phoma glomerata, Rhizoctoni.a sola.n;t, 

~~opus nigricans, §tacpybotrys atra, Starkeomyces 

~9J.:~halomides, Toryta herbarum, Trichqderma viride, 

!f.~h9thecium roseum and Verticillium albo-atrum. The 

pathogen, Helm4nth9sporiym ory~ae was also isolated from 
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infected leaves and pure cultures maintained on Czapek' s Dox 

agar medium at 25 ;!: 1°C. All the test fungi and the pathogen 

used were 7-day old which were maintained on Czapek' s Dox aga.r 

IIBdium at 25 + 1°C. -
Interaction studie§ in vitro 

I) Effects on spore germination: 

i) All test fungi were cultured for 7 days at 25 ,:t 1°C in 

Petri dishes (9 em in diameter) containing 12.5 ml Czapek' s Dox 

agar. Agar discs, 8 mm in diameter, punched from periphery of 

the colonies with the help of a cork borer, were inverted, 

placed in small empty petri dishes and seeded with a. drop of 

washed g. oryzae spores, with a concentration of about 2 x 104 

spores/ml. Six discs were punched from a group of 3 colonies of 

e8 ch isolate. As a control, agar discs from uninoculated plates, 

also kept at 25;!: 1°C for 7 days, were seeded w.ith g. oryzae 

spores in the same way. After incubation for 5 h at 25±1°C, the 

germination of 100 g. oryzae spores chosen a.t random from each 

series of 6 discs, was determined. By comparing germination 

percentages on discs w1 th and discs without the test fungi, 

percentage of inhibition of spore germination was calculated 

using the following formula: 

Gi = -------------
Gc 

X 100 
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where Gi = inhibition of spore germination ( %) 

Gc = spore germination on control discs (%) 

Gt = spore germination on discs with test fungi (%). 

ii) Spores were harvested fDom 8-day old cultures of 

test fungi and the pathogen by flooding Petri dishes with 

sterile distilled water. They were washed twice w2th sterile 

distilled water and centrifuged at low speed (800 rpm) before 

tmir germination rate was tested. S;>ore suspension of 50 - 60 

spores/0.01 ml was prepared for each fungal strain. 

a) . The spore suspension of the test fungi (s, sapro­

phytes) and pathogen (P) were mixed in different proportion 

S:P 3:1, 3:2, 2:3, 1:3 and placed in a cavity slide and percen­

tage germination of the pathogen was determined after 24 hrs. 

Control was maintained by germinating the pathogen spores in 

sterile distilled water. 

b) Equal volumes of the spore suspension of pathogen 

and one of the test fungi was mixed and placed in a cavity slide 

to assess the percentage of spore germination and rate of germ 

tube extension of the pathogen at different incubRtion times. 

Control data were recorded germinating pathogen spores in sterile 

distilled water. The same procedure was used for different test 

fungi. 
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II) Effects on mycelial growth: 

Agar discs 5 nun in diameter were punched from the colonies 

of test fungi and the pathogen by using cork borer. The discs 

were inverted and placed on newly prepared plates of Czapek's 

Dox agar. On each plate one disc each of the test fungus and 

!!• orvzae was plF.J.ced 30 mm apart, each being 15 mm from the 

c·entre of the plR.te. 5 replicates of each test fungus were 

maintained. 

After incubation for 7 days at 2.5 .:!:. 1 °C, the radial growth 

of the pathogen colonies was measured along two axes from colony 

centre to the perimeter remote from and adjoining colonies of 

the test fungi. The former representing 'normal' and the latter 

'influenced' growth. Inhibition of the 8ycelial growth of 

g. orvzae was expressed in percentages, calculated from the 

formula given by Heuvel (1970). 

M Mt N"' -- __ c ____ _ 
..., - X 100 

where N. 
~ = inhibition of mycelial growth (%) 

I11 = 'normal' mycelial growth (mm) and c 

JVlt = 'influenced' mycelial growth (mm). 

Nc and Mt were calculated from the average of five replicates. 
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The assessment of the in·ceraction was ;i:~~.:le according 

to a model presented by Skidmore and Dickinson (1976) for 

colony interaction which was based on the observation of Porter 

( 1924). 

III) Effect of antibiotic activity: 

i) The antagonists were grown from an inoculum disc 

over the surface of a cellophane membrane laid on Czapek Dox's 

agA.r medium and the metaboli~ were allowed to diffuse through 

the cellophane into the agar. A single sterile sheet of 

cellophane 50 iJID thick was placed aseptically over the a.gar in 

each dish and the dishes were left overnight to allow excess 

moisture to evaporate. Discs 6 mm in diameter were cut from 

the margin of a 7 day ol~ culture of antagonists isolates and 

ea.ch of the prepared plates was inoculated in a central 

position. The plates were incubated under a bank of light at 

25 ~ 1°C for 2 days. After this the cellophane and the 

adhering fungi were removed. A 6 mm disc of the pathogen was 

then placed on the me<li.um in tne plate at the central position 

previously occupied by the antagonist. Three replicates were 

mr-lintained. In control, sterilized cellophane sheet was kept 

11Ji th.out any test fungi for 2 days and the inoculated by the 

pathogen after removing the cellophane sheet. 

ii) The test fungi which had high antagonistic 

activity towards the pathogen were cultured on Czapek' s Dox 
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liquid medium for 30 days. Mycelial mats were separated from 

the culture and cell free culture filtrate of different test 

fungi was obtained by filtering through microfilters. The 

culture filtrate was used to determine the antibiotic action 

by germinating spores of the pathogen, tl• oryzae in one drop 

of the filtrate~ of various test fungi in cavity slide using 

hanging drop method. The percentage germination and germ tube 

length of the pathogen spores was measured in culture filtrates 

of the different test fungi. Two controls were maintained of 

which in one case the pathogen spores were germinated in 

uninoculated Czapek 1 s liquid medium (kept for :fJ days) fl.nd in 

the other case, the pathogen spores were germinated in 

sterilized distilled water. 

iii) The test fungi were cultured in Czapek 1 s Dox 

liquid medium for 6, 8, 15, 20, 25 and 30 days :md cell free 

culture filtrate was obtained by filtering through microfilter. 

One part of the culture filtrate of each test fungi was 

autoclAved and the other portion was used as such 

unautoclaved). The spores of the pathogen were germinated in 

the different culture filtrate collected at different time 

intervals in both a.utoclaved and nonautoolaved ones. After 24 

hrs. the percentage germination was determined. Two controls 

were maintained one in which spores of the pathogen were 

germinated in uninoculated Czapek' s liquid medium kept at 

different time intervals and in the other case, germinated in 

sterilized distilled water. 
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iv) The test fungi which show~d high antagonistic 

activity towards the pathogen, were cultured on Czapek 1 s li'*.uid 

medium for 15 and 30 days. Culture filtrate was obtained by 

filteri~g through microfilters and a part of the filtrate was 

8.utoclaved while the remaining was used as such ( un8.utoclaved.). 

The Czapek 1 s Dox a.ga.r medium was prepared and poured into 

Petri plates and g. 9£yza~, the pathogen was allowen to grow 

for two days near the periphery of the plate. Four folds of 

filter paper discs 8 mm diameter tied together and soaked in 

culture filtrates of various test fungi (both autoclaved and 

unautoclaved) were placed near the other side of the periphery 

of the petriplate. The observations were taken after 7 - 10 

days. In control, the filter paper discs soaked in uninocula­

ted Czapek' s liquid medium were kept. The percentage _:::_";-:-;_:....,:.,. 

inhibition in radial growth of the pathogen was calculated by 

comparing the Petri plates containing filter paper discs soaked 

in culture filtrates of the antagonist with the control. 

v) Different concentrations (5, 25, 50, 75, 100%) 

of the autoclaved and unautoclaved culture filtrates colleoted 

after 15 and 30 days of incubation were made by mixing the 

required quantity of the autoclaved or unautoclaved Czapek's 

Dox agar medium and adequately cooled. The incorporated media 

po~ed in Petri plates were inoculated with the pathogen. In 

control uninoculated liquid media were mixed with the Czapek's 

Dox agar medium. Inhibition in radial growth of the pathogen 

was measured by comparing the control with the culture filtrate 

• 
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mixed ones and thus the effect of concentration of the culture 

filtrB.te of the antagonist was observed on the inhibition in 

ra.diB.l growth of the pathogen. 

vi) Growth of the pathogen in the presence of concen­

trHte of the antagonist in culture. 

The antagonist was grown in liquid Czapek' s Dox medit.ml 

for 30 days. Culture filtrates from replicate flasks were 

pooled to give 500 ml of filtrate. This was concentra.ted to 

about 100 ml and further dried on a rotary vacuum evaporator at 

room temper~ture. The dried extracts were tested for antibiotic 

a.ctivity by placing a small amount of the extract in the centre 

of a plate containing Czapek' s Dox agar medium and then the 

pathogen was inoculated near it. 

In control the growth of the pathogen without the ·.dried 

extr:=tct was seen. Percentage inhibition in radial growth of the • 
pathogen was calculated by comparing the control and the one in 

which the dried extract of the antagonist was kept. 

I) Interacti..9Jl---.OJ.rectl;x on the leaf surfaq,g: 

Pot experiments were conducted in which Khonorullo and 

Mirikrak varieties were grown in earthen pots, 15 em diameter 

containing unsterilized soil. Two months later, leaves were 

inoculated with £!• orx~<l~ grown on Czapek' s Dox agar. The 
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inoculum of the pathogen (mycelium + spore mat) was placed a.t 

the junction of leaf sheath and stem and covered with cotton 

swab which was watered from time to time. Different treatments 

of Trichoderma viride, the antagonist was done to see its effect 

on lesion-development of g. oryzae. The different treatments 

are Fl.s follows: 

i) After one day of the inoculation of the pathogen 

the SWc'tbs were removed and sprayed with a spore suspension of 

!.• Y.:b.t:~ (grown on potato dextrose broth for 8 days) containing 

4,80 x 107 conidia per ml and then the swabs were replaced. The 

spore suspension was again sprayed one day later but without 

removing the swabs, i.e., cpraying of!· viride was done twice. 

ii) Same procedure was followeJ as given above but 

after another two days swabs were removed and the plants of the 

second treatment were sprayed again with!· viride twice i.e., 

spr:=tying was done four times. 

iii) In this case similar procedure was followed as 

given in (i) but the plants were sprayed with!· viride one day 

before the inoculation of tl• oryzae. Spraying of I· viriQe was 

done twice. 

iv) Same as given in ( 3) but cpraying was done .four 

times. 
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v) In this treatment instead of spraying the spore 

suspen~.on of !· viride, mycelial mat containing spores was 

inoculated together with the pathogen on the same day and they 

were put ·cogether on the same swab so that contact between them 

persisted throughout. 

vi) In this treatment after inoculation w.ith the 

pathogen the swabs were removed and 30 day old cell free 

culture filtrate of T. viride was sprayed and the swabs were -
kept back. 

vii) In this case, before inoculation with g. grx~M 
the swabs were dipped in 30 day old culture filtrate of 

!· viri~ and then the pathogen was inoculated next day. 

viii) In this treatment, after inoculation w.i th 

li• &£l~~~ benomyl fungicide (50 ppm) was sprayed. 

ix) In this treatment, \l'\. .qddi tion to the spray of 

benomyl fungicide~ !· viride spore suspension was also sprayed 

after inocul8ting the plants with the pathogen. 

Six pots were kept for each of the treatments and 

observations were taken after 15 days of inoc.ulation and 

continued at 15 days interval till senescent stage (180 days 

old plant). 
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Control was maintained only with the pathogen without 

!• yiride or the fungicide spr~y. 

Inhibition of lesio~development was calculated using 

the formula: 

Inhibition ( %) 

lesion size on lesion size on 
leaves inocula·~ leaves inocula-
ted with ted with patho-
pathogen gen + !· viride 
~~~~--------~~-=~====~x 100 

lesion size on leaves inoculated with 
pathogen 

II) Interaction in soil 

Both !· viride and li• oryzae were grown in 4% maize 

me~l sand medium for 15 days and were mixed with sterilized 

soil in plastic pots, 11.5 em diameter, each containing 800 gm 

of soil and inoculum mixture as shown in table 4.9a. 

The pots, after mixing, were kept in the lA.boratory for 

one month during which light watering was done twice. Five one 

month old seedlings of Khonorullo, Ngoba and MirikrAk VR.rieties 

grown in sterilized soil were planted out in each pot and 3 

such pots were used for e~ch of the treatments. The number of 

:"'ffected plants was recorded after ore month of transplanting 

and that of leaf sheA.ths after another one month. 



PLATE 4.1 

1. Inhibition in rAdial growth of the pathogen, 

g. orYzae by !· viride when they were grow.n 

side by side: 

C - Control; H - Helmi~thosporium orvzae, the 

pathogen; T - Trichoderma viride, the antagonist; 

arrows indicated the pa.rasi tic activity of 

!• ~ride on tl• orvzae. 

2. Enl;::~.rged view of the same showing the mycoparasi tic 

growth of :£,. viride on the pathogen, !!· oryzae. 

C - Control; ! - !· viride; H - g. orvzae; arrow 

indicFl.ted the parasitic activity of l• viride on 

ll,:e: o,rxzf!e. 
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PLATE 4.2 

1. . Interaction of Art,hrinium sp. and Helminthosoor!1!!! 

oryzae on agar by dual culture method. 

Ar - Arthrini um sp. , H - tl• orYzfie. 

2. Interaction of A§P~rgillus pidulans and 

Helminthosporium o.ryzae on agar by dual culture 

method. An - A. nidulans; H - H. oryzae. - -
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/ 



PI..ATE 4.3 

1. Inter::~.ction of. Penicillium j'uniculosum and 

~~~t~SRorium oryzae on agar by dual culture 

method. Pf- ~· funicul~~; .H- g. oryzae. 

2. InterAction of Penicill-!:..ld!!! chrvsogenum and 

~-~~~hosporium oryzae on agar by dual culture 

method. Po - E· chrYsog~~; H - g. oryzae. 
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1, NormP.l germination of the pathogen, tl• oryzae spores 

in distilled water. 

2. Norma.l germination of the pathogen. !!• orvzae spores 

showing normal germ pore. 

3. Abnormal behaviour of the pathogen. !!• oryzae spores 

when tney were grown in 30 day old culture filtrate 

of I• J.iricl!• Arrow showing bulbous outgrowth• 

4. Abnormal bebaviour cf th.e pathogen, !!• orxzae spores 

when they were grown in ;!:) day old culture filtrate 

of !• viride. Arrow showing disintegration of the 

germpore .. 
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Table 4.1: Percentage germination+ of pathogen (!;!. oryzae) spores 

when mixed with the spores of different fungi in 

different proportions after 24 hrs. 
' ~--------~~- .:w-.:.::e-·-.-.............. -------~-· ·--...,.----------....... -~-so~ 

t;oncentrationft .. _ ... ____ ,. 
Test Fungi I II III IV 
-~---=-==---~--a-.... ·:a:.·.a.-.a,~-- -------~---- _.,.....__..,.:r: __ ""'---------·~-·..... • 1 

Al ternariB. a.l t8rnata 
~~~~-·-...-n~~ ~'*' 

AS£ergil]l~ Bldulans 
A. clavatus - ... ._ ....... 
A• n;j,ge~ 
Acremonium ~~sicinum 

Arthri~.,1!11 sp. 

Botrx1,~ 9.~Jl~rea 

C hryso§Po.FJ-.1!!!. pruino sum 
ClaQ.o spor,im p.erbarum 

Curvularia. lunata 

A~~~si~ Rullulans 
Candida R.lbicans 

----=-=--=-:os::.~ 

Epicocc~ ~~~ 

Fusarium moniliforme -
Gliocladi~ pencilloides 

Memnon1~~~ ~chinata 

Mucor ~m~~ 
Nigro§por~ Qrvzae 

Penicill~u,m j~culosum 

f.• 6 hryso.§~1:ll!!. 
Pestalotia rupporhvnca 

P ho1D-s il.l..P.ID.-~-t9-t.1=! 

22.6 29.2 31.5 38.6 
38.5 41.9 63.6 88.9 
44.3 45.4 61.5 89.4 
22.8 31.2 52.3 76.9 . 
43.1 46.5 69.2 91.1 
21.0 28.5 34.2 41.5 
39.1 42.4 58.9 81.0 
41.2 43.9 65.5 90.4 
14.6 18.1 19.3 25.4 
41.9 46.5 68.1 91.2 
39.0 45.6 65.4 90.8 
32.1 44.1 65.6 80.4 
43.2 48.1 69.1 91•4 
31.5 42.9 58.7 86.4 
28.5 30.1 34.6 40.5. 
42.0 48.5 67.5 91,2 . 
41.5 51.1 76.7. 93.6 
20.9 ~.o 41.1 43.:5 
13.5 18.3 18.4 26.3 
15.2 20.5 

31.2 40.5 
29.5 34.2 

24.4 30.1 
64.6 ·go.2 
67.5 91.6 

Rbizocto~ §918ni 20.5 29.9 42.1 ·s9.5 
Rhi ZOP~ ~Ca.1J.S 41. 2 52. 1 72. 3 94.4 
~q_~botr». atra 42.1 44.0 68.5 90.0 
Star~~.J:~~.J~oorchalomoidag 38. 2 42.4 65. 6 91.7 
Torula ~p~ 40.5 45.6 62.3 90.6 
Trich.Q_<Le~a viride 0 0 11.2 13.·1 
TrichotQ.eC~l.J!! roseum 20.1 28.2 35.6 41.2 

Vertic;il.~ ·albo-ai(rum 
3
20
6 

•• 0
9 

25 •• 6 38 •• 5 4
8

3.•44 ~:r~~~l5L~e:=~=vu::::::!s:._ _______ .3~ -~--------4-64--68--6---~--
+ Germination based on 500-800 spores counted; 

Contro1. - Cermination oi p;:~.t'n.ogen spcres 9€,. "'% 
I S:P • II S:P • III S:P • IV S:P • S = Saprophytes· 

3:1' 3:2' 2:3' 1:3, p 

P = Pathogen. 



Table 4. 2: Spore germination, germ tube extension .of pathogen (fi. ru:':tzfiaq} spores mixed· with 
different test fungi in equal propo~tions at different incubation periods. 

C-~-*-"'~~--k~..,s_~=~--.:...-• ..,:11-7t"_.,.-.,..-., ·• ~~,.--s . .-.::a· ~:-.a:·::s:·:a.~...-•-~~-=---':~o::a::=--=---~_,......r.o:&~-t"--:$"~'*'--· ----

1 
I Incubation period in hours 

Test fungi t··-----~3~h _________ .,_: 6 h : ~~-ri·-s.,...-=--- .. --:~------=24---h'~ 
I +% Germn. Germtube* l % GP.rmn. Germtube ; 76 Germn. Germtube ~% Germn. Germtube 
l length l length : length : length 

~:;;;a.·~ z ~-~~-&---~_,.,...,_ .... -• ..:.a-~:...: .• :e:..,.~_. ... _._.. __ • ~ -- • ._~·~-s:..-..:-..,_.....,._..........,_"t_-s-:-~'*'"-~~..-.--~-~--::a:.·~--·~----

Control germination 12.9 24 41.3 98 75.4 219 94.5 356 
of pathogen spores 
Alternaria alternata 
~~·'"&:.:a.=-- ~~:·.-=--...:$--UI 

8 10 28.6 36 32.5 129 49.5 291 
~£tb£ini UII! sp. 9.4 12 22.9 44 33.9 175 52.1 ~0 

C la.<i.Q..sporiJJ!U ~£}?..~ 6 0 22 28 39.5 115 48.1 261 
A.~G.rsilluq P.J.:A~-F. 6.5 15 28.5 50 34.5 163 53.2 296 
Candida albicans 
~~~~:::$~ 

4.1 12 25.4 45 39.8 152 50.2 265 
Gliocladium .,...::& ,.r-. .-...... 

5.6 26.4 42 J2_~cillq_i<;l.~~ 15 36.0 171 49.1 286 
!'Ji£.--t<?.sPOr~ 9-!'JL~~~ 10.8 21 26.1 72 38.5 174 45.9 296 
Penicillium funiculosum 6 
~-'~-=*--..:11 c: • .-=.-:a:-~- ......... ,._. "-~-*-~ 

0 20.9 31 38.1 120 46.4 . 254 

~· ~,h£Ysog~~'!U 4.8 14 ~2.1 42 31.2 161 45.6 265 
Rhizoctonia so lani 15.1 31 24.2 68 
.. ~......,...._,- ... _- • c--~~-~ 

35.4 177 56.4 ~1 

Trichoderma viride 2 0 20.1 
~~--=--,_. 

~ 31.1 109 43.6 191 
Trichothecium roseum -=- ......... ........... ...~--~---.-~ 

5.1 13 28.1 45 35 167 49.2 280 
Vertioillium albo-a.trum 3.2 -- ~~=.....-~~ 

11 20.5 41 32.6 158 48.0 269 

---~ ... ........... --=--~--~c#~-- ~--....._~ -~~~-~=s:--a···~-----~---=-

+ Germination in percentage based on 500-800 spores counted; 
on 100 spores. 

* Average germtube length in pm bas~d 



Table 4.3: Showing the percentage inhibition of the pathogen 

( !i• oryzae) when the different test fungi were 

grown on cellophane sheet before inoculating ~th 

the pathogen • 

...._.,..-..... ~.....--·c:.s-·------_..,-·~--~-~---------------. .-.~.:.~~-~ 
Test fungi 

Trichoderma viride 
.--:~ .• -.......we 

Cl8.9g§Porium herbarum 

~~kti~~llium albo-atrym 

~~J?2~~~~um pencilloides 

!i+A-t9.$J?.O .. ~ oryzae 

P effip...;_l_.~ funiculo sum 

Rhi~.a:to;;,;::. .....ni;;;;;,;;;;;a so lani 

~d~ albicans 

--------------· 

% inhibition of the pathogen 

60 

8 

18 

10 

12 

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



Table 4.4: Germination and germ tube length of the pathogen 
(g. oryzae) spores in cell free culture filtrate 
of different fungi (filtrate collected at 30 days 
of incubation) 

,.-~--.:::a---.- -·-~·...----------:;ot-.·--~"'--------------t-='--~--~---~----------:... ...... 
t 
: Germtube Fungi ! % germination+ 

I : lengthi~"( Jliil) 
r . .-:;a~..._,~ ... -~------~--=='"W··--'"'--------...... ---s-._·.~-~~ I 

&.tW:W-~ sp. 
AW.EL9A-~¥dium pullulans 
~...§. ?inerea 
9_an...9}.~ albicans 
Clado~£fium herbarum 
C urvtl)._a.r,M lunata 
.Fu~s~ar;J~ moniliforme 
Gliqpl.~CJJ..m pencilloi~es 

H~~9-~~ prisea 
Me~~ora za.mae 
Memno~e.lla echinata 
Nigrosp~r~ orvzae 
P epi,cJ:.J,_J.\.1Jm c hryso genum 
f.. ~ .. Q.ulosum 
Rhizootonia sp. 
f'JlOPJ.~ ,gl~merata 

Stacl:l,;W_o_~ ~ 

Trichoderma viride 
~-~---~--.......- .,;,;;;o,;--..;~ 

Lr~qp,thecium roseum 
Control ( uninoculated Czap.ek1 s 
liquid.medium). 
Contro~ (sterilized distilled 
water) 

32. 22 .:t. 1.82 
58.22 .:t. 2.68 
46.22 + 2;12 -
49.25 + 2.07 -
21.14 ! 1.95 
86.08 + 2.22 -
52.50 + 2.95 -
18.26 + 2.86 -
49.26 + 1.95 -
89.26 + 2.10 -
35.6 + 2.49 -
25.62 + 2.16 -
16.28 + 2.98 -
20.12 + 1.02 -
59.68 + 1.22 -
98.20 ! 1.09 
39.68 .:!:. 1.44 
12.13:!:. 1.28 
82.50 .:!:. 2.92 
98.68 + a.o5 -
90.16 + 1.22 -

~ 

56 
42 
31 
28 

390 
47 
19 
45 

398 
32 
22 

15 
18 

55 
420 

41 
12 

396 
428 

426 

---------------"'*"··~-~ ....... -
+ Germination based on 500-600 spores; 
* Average germtube length based on 100 spores. 



Table 4.5: Germination percentage of pathogen (tl. oryzae) spores in cell free culture 
filtrates (both autoclaved and unautoclaved) of different fungi (filtrate 
collected at different time intervals) • 

.,..,---·.a:.::;=-:: .. ~.·.s,.c,._. ·•·' t .......... -... ""*"--s·-• .s ... .a..·.~:- ~~--= ""#' ''*'"-•·'·~-~,~-!8".---.._....,._~,.-~.a<c:r"~~----------

• : ~ .... , Days of filtrate co\le..C..Y.,&~·-%----,..-----------'T------
Fung~ ' 6 ' 8 ' 15 r 2.0 I 2.5 ' I I I I t t 

: A UA l A UA l A UA I A UA : A UA : A 
30 

UA 
-~..:~.-c·:..,.;:-a-:-.J&.-:a ~-- •--t...~ .. T....:..~ -~.-.- I _._, ... --:-.....:.---,. =--.,,..,_,_..,...,..__,._,.,':S'-':·~...._ ........ I ,._.,...,~~~~--------
Arthrini um. sp. --
Cladosrorium h~barum 
Gliocl~J!n ~~illoides 

}"ligro ~ora QD_Zf}£ 

P enici l].j.,.ym 9J1l:'XSO genum. 
P. funiculo sum - --..... ~......-.,.- ~ 

Trichoderma viride ,;;;,;;;.;....,.....-=;;,.;;,;;;,oo;;;;,;;;o ... ;$ , .... ---=-~ 

§j:iac hY,b..P t~q g1f-.f! 
M....,_emno ..... _,ru.;;;;:_;..:;e;.;;l..,l,.,.a ·~_lli:.,na ta 
Control ( uninoculated 
C zap ek' s liquid med.i um.) 

67.5 68.9 65.4 65.1 
45.6 46.1 42.1 4D.3 
-54.2 50.6 48.5 40.9 
69.5 60.2 59.9 52.1 
61.1 58.4 55.2 50.9 
65.2 60.1 58.1 58.2 
56.5 34.9 35.6 23.7 
89.5 87.1 80.2 '78.5 
86.2 86.3 85.5 80.1 
98.68 98.65 96.86 96.8 

53.5 54.2 
40.6 35.6 
41.2 38.6 
46.4 43.2 
40.18 35.2 
45.5 42.1 
32.5 22.1 
75.9 70.1 
54.8 48.1 
95.5 95.0 

43.!2 44.·6 41.9 41.88 32.1 35.5 
~.1 29.·7 26.0 25.4 21.5 21.4 
32.6 ~.1 23.4 22.8 20.1 18.26 
40.1 38.1 35.4 30.1 28.1 25.62 
31.26 28.54 25.6 20.4 20.9 16.28 
34.2 35.1 30.1 30 24.2 20.12 
29.1 18 .. 4 20 16.2 20.5 12.13 
61.2 61.4 52.3 49.1 41.5 39.68 
45.2 45.1 40,2 38.9 36.6 35.6 
90.5 90 90 90.1 89.9 8.9 

Cqntrol (sterilized 
clistilleO. W8.ter) 90. 6 90. 6 90. 6 90 .. 6 90. 6 90. 6 90. 6 90.6 90. 6 90. 6 90. 6 ~. 6 

·-----· -t--=--~2&-.&~ _,_-~ -~· .:.#·--=-::::w= ::::=-: ....... ":.'lt.: .. &- ... ~ .. ~ ~~ C:.:..o&•·•· ,_._., ............... _.,,.,_ ~--=-- ................ ~-,.,-=- -:..-~;-... -----------

A = au toe laved; UA = unautoclaved. 



Table 4. 6: Showing the percentage of inhibition of the pa.thogen 

(!;!. oryzae) when filter paper discs soaked in 

culture filtrates of !• viride was kept near it. 

Filter paper discs soaked in culture 
fil trR.tes of test fungi 

% inhibition in radial 
growth of the pathogen 

... ~ ... ---,-.---. --------~· -------------------------·~~~~~ 
1) 15 day old unautoclaved. culture 

filtrate of Trichoderm~ yiride 

2) 15 day old autoclaved culture 
filtrate of T. viride -

3) 30 da.y old unautocla.ved culture 
filtrate of T. viride -

4) 30 day old autoclaved culture 
filtrate of T. viride -

45 

10 

25 



Tal:!le 4. 7; . Eft~t o! different treatments o! !• ~.on tile occurrextee o! tbe patllogan (!!·~~Loa I'U.riltrak n.riety •t: p~-, 

: D A I S 0 F I B 0 C U L A f I 0 H. 

frea..taent· ! A!tt!r·. 60 days .ltter 75 d.ays After 105 daYs Mter 135 daY• After.· 180 days 
• i No.· of· · Rc •.. o! Lengtb llo •. ot· No. of Length No. of No. of Length· Ko. o! No. o! Lengtaa llo ... of. ··No.· o! Veigll.t · 
: leaves spots/ of leaves .spots/ of leaves spots/ of leaves spots/ o! Nr/ fertile or 100 
: infee- leaves lesion !Afee- leaves lesJ.on 1.nfec- leaves lesion in!ee- leaves lesJ.oil noretr.seed.s seed.~& ... 
1 ted (u) ted (11111) ted <-> ted (IIIII) <..n 

1. Control (only l!> Z 4 29 , .3 5 . 35 4 8 ~.8 

.I 

2. After inoculation 
'11 tb. Jj, sprayed 
!· Vi.rl.de twice 

.5. After 1noculat1DJl 
'1111. tb. 1i. sprayedt 
r •.. ~ !our 
't.iaies 

< 4. ae!ore inoculation 
wi til H. sprayed 
!· vj.'rise t1111ce 

, 5. s.tore 1noeul.at1oa 
.t til .!!· &prayed 
J:! _ viride !our 
=mes 

6. Spore + aycell.- of 
!!-and!·~ 
put tog-etb.er on tbe 

z 

2 

2 

2 

-·day 1 
· 7. After inoculati.on 

'1111. tb ,!!. ~rayed 
~ days old cul. ture 
filtrate o.! -
I•. !J.ride 1 

8. Before inoculation 
'11 tb· !i. spra}'«l 
~ days old cul. ture 
filtrate o! 
I· Ti.ride 

' 9. After inoculation 
'1111. tb. .!!· . sprayed 
benomyl fungicide 

10 • .\tter inoculation 
w.1 tb H. sprayed 
botb benomyl and 
I· Viride 

2 

2 

' 24.8 .. 

z- .,.'2. 
1 19.9 

1 19.~ 

2 12.3 

2 9.S 

3. 10.5 

2 28 

2. 2JII. 

2 , 
2 2 .• 

2 ' 
2 z 

2 ·3 

2 3 

2 4 

3 5 

, ,. 

25 

28.4 

22.1 

19.8 

13.2 

u.s 

13.9 

'"~' .. -· 
~.· 

' 6 40 

' 5 35.1. 

' 4 l't .. 2 

3 4 32.8 

·3 ' 25.9 

' s 25.6 

3 5 26.2 

' 6 40 • .5 

' 6 :59.1 

s 12 6o.4. 1 . 2.~ 

4 10 " 2. • 
••• ' 51 2 5 

4 ' ,. z .5 

.. T JJ.a 2 6 

4 • ...,~, 2. ' 
4 ' -...~.----. z::. 44 

4 ' 28.2 2 4 

4 10 ·~ .. 1 2 

4 , .56 .... 2: 4·~ 

""!!""' ·-· - -·· ~-. -----

• -~·t"' pots each ccmta11Wt& 2 ~~ 

.s 

••• 

•• 

' 
1.2 

•• 

.9. 

1 

.T 

·' _.:Mi 



' Table 4.,8; E!feet o! different treatments o:i.I. ~on tbe oc:cW'l'eDCe o! tbe broWl'l ~t 41.-- ~by j.. ~.•• ~n&llo Ylan.et:r 0~ 
paddy 

.... -~- ~'--- _____ .__ -----~------~-~ -------------------·- __ ._---.:.._ -~ ·-. - .. , ·- -·! . -·-- ·~ ~~ 0 F --- . I N 0 C U L A T I 0 R 

Treatment 

1. Control (only 
Hellllintnnpor+w> 

2. A!ter inoculation 
ld th l!• sp:o.ayed 
I·~ twice 

3. After inoculation. 
lid til l!· sprayed 
l· ~tour 
tillles 

4. Before iDOculation 
with l!· S?r•yed 
l• ~twice 

5. Before ino<.:ulation 
w1 t.ll l!· sprayed 
T. n.tU! tour 
times 

6. Sporef-111ycelium o! 
!!·~d.!-~ 
put togetner on 
tbe sue daY 

7 • Arter inoculation 
w1 til l!· sprayed 
30 days ol<i 
culture i1ltrate 
or·.!·~ 

8. Before inocUlation 
w1 til l!· sprayed 
30 clays old 
culture filtrate 
of,!.~ 

g. After inoculat.ion 
witb. .!!· sprayed 
beDD»Yl fungicide 

1Q. After inoculation 
wi til .!!· sprayed 
botll benomyl 
~cide and 
!• Viri!ie 

I 

After 60 days After 75 days After 105 days Uter 135 d.ays Arter 180 •4ilya 

*No. o! No. o! Length No .. of No. o! Length No. of No. o! Length No. of No. o! Length No. o! NO. o:t: .lt'eittrt 
leaves spots/ of leaves spots./ of leaves spots/ o! leaves spots/ of ear/ fertile of 100 
in.feo- leaves le:d.o:n 1n!ec• leaves leaiOa infeo- leaves lea.l.on · iniec- l'E!aves lea.l.on no ret seed• seecls 
te<l (•) ted (..) ted (11!111) ted (111111) . (p) 

2 3 '15.8 ' 5 29.2 4 8 41.6 5 10 sa.~ 2 2 .e 

2 3 11.1 3 4 2.5.'3 3 6 "·' 4 8 !;1..2 2 5 '·" 
2 2 10.3 2 3 •. , 3 5 34.4 4 8 53.~ 2 ' 1.1 

2 2 10.1 2 2 .. , 3 4 )4.2 4 8 41e1 2 .. .9 

2 2 8.6 2 2 17.2. 3 4 30.5 4 1 36.3 2 5 t.1 

1 2 8.1 2 3 n.1 3 5 26.1 4 7 29.6 ' 6 1.4 

1 2 7.'5 2 2 10.4 3 5 25.9 4 1 .. ., 2 .. .. 
1 3 1.3 2 ' 11.5 3 5 21t.1 4 ' 2'1.6 2 5 1.!52 

2 3· 14.6 3 5 .. , 4 6 41.3 .. ' 57.5 2 ' 1.1 

2 3 W.2 3 4 18.'5 3 7 ,..5 4 8 52.1 2 4 ·' 
• .Wel'a&e o:r 6 pe'ts -.en coatat D~lll 2 plaa'Uo 



Table 4.9a: Showing a chart in which the inoculun of I· vir~.slg, 

the antagonist and the pathogen, !:!.. orvzae was 
mixed in different proportions with sterilized soil 
in pots • 

......_.._,__ ____ ............... ~ .......... '-"'!"-------·~~,~.----~,-------.=~---= .. ,_ .. -... -........... ...,... 
Treatment No: 

I Amount of : Amount of : 
Concentration l !• viride : ~· orvzae : 

: inoculun : ~noculum : 

Amount 
of 
soil - ·-··----'-------~·.!:-----...... ----------

1 

2 

3 

4 

5 

6 

Control 

Only !· viride 

Only !!• oryzae 

T. viride: 
fi. oryz'e in 
the ratJ.o of 
2: 1 

T. viride: 
H. orqae in 
the ra io of 
1:2 

T. viride: 
g. oryz'e in 
the rat~o of 
1: 1 

70gm 

100 gm 

25grn 

25grn 

70gm 

50 gm 

50 grn 

25grn 

800 gm 

800 gm 

800 grn 

800 grn 

800 grn 

800 gm 

-----....... ..-...:-.-....------------*"---------------,~~~ 



Table 4.9b: Showing the occurrence of brown spot of rice grown 

on sterilized soil inoculated with g. ~~ and 

T. vir ide in different proportions (average of 3 - I:C~---~ 

pots each containing 5 plants) 

-~~.:: .... ,.-.-..... ,-. ,.. .,..,.-~-=-:a~.at"·.::e:= 

Number of plants Number of leaf sheaths 
Treatment No. infected infected 

K N M K N M 
~.#'~-,-.-=:...-··-... .,~~,.._,_.._,~----~--~ 

1 0 0 0 0 0 0 

2 0 0 C) 0 0 0 

3 13 13 15 3.6 3.7 3.8 

4 8 10 11 3.1 3.2 3.2 

5 9 10 12 3.2 3.2 3.3 

6 11 12 12 3.2 3.3 3.3 

------~-----------------~.-~~--~~---------
K = Khonorullo Variety; N = Ngoba 'f'ariety; M = Mirikrak 

variety. 
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RESULTS 

Inter.s.ction studies in vitro ~....---:-...-..=-...-~-~~ ... ...,..., ________ ;,-=..-. 

1) Effects on spore germination: 

I) 9-~e.,xm.i.nti'~~Qp of pathoge:rc.§ll9YM.es with spores of test 

;t'ungi qnae;ar: The results of the spore germination tests FU'e 

summarized in histogr~s (Fig. 4.1) showing the percentage 

inhibition of spore germination of li• oryzae on agar due to the 

effect of different test fungi. 32 test fungi isolated from 

leaf surfRce of paddy were used for this experiment. 

The inhibitions exerted by the 32 test fungi belonging 

to various genera are depicted in Fig. 4.1. The degrees of 

inhibition of germination of !:!• oryzae spores, exerted by the 

32 test fungi ranged from 0 to 90%. Most of them, however, 

either did not inhibit spore germination at all or the effect 

was not significant. A few, however, proved strongly 

inhibitory. Trichod.e.rm __ a viride showed the highest inhibition 

(90%) of the pathogen followed by Penicillium funiculosum, 

ClFt.dosporium herbR~, Alternaria al terna.ta, Candida albicans, 

Ve~~cilliu,m ~lbo-n~, Arthrinium sp., Aureobasidium 

1?.'!JJ-ul:=ms, ~i:Q._cJ.:~lml pencilloides, Higrospora oryaa.e and 

.R~~~octoniA go];,_~~· Other fungi such Rs Chaetorniurn globosum, 

~. ~strychod~sr ~lanosoora z~ae, Pes~lotia monorhynca and 

Stt='t.r\,eomyc~ koorchr\.lomoides showed no inhibition at all. On 

the other hand, fungi such as Aspergi~~us spp., Acremonium 
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Er~~i~, Botrytis cinerea, Chrysosporium pruinosum, 

Q.,.W',..Y.ll+.,a;:',_i~ lunata, Epicoccum nigrum, Fu§arium moniliform~ .• 

£Iumi...s..o_l~ prisea, Memnoniella echin8.ta, Mucor hiemalis, Phoma 

g._lora~.rflt.<?.• Rhizopus nigrioans1 Stachybotrys ~. Torul.;s 

herba:r~ and Trichothecium _Foseum inhibited the pathogen to 

lesser extent. 

Some peculiar effect on spore germination was 

observed microscppically. Some of the fungi like !• virid~ 
caused lysis of germ tubes of the pathogen and sometimes short 

and irregularly shaped germ tubes with swellings and globul~=~.r 

structures were observed. 

II) Germinat_~rt__9f pathogen spores with the §pores 

.Qj __ t~.~t_fJIDgi on slides: 

a) Spores of thirty one saprophytic (Table 4.1) fungi were 

used in different proportions (S:P- 3:1, 3:2, 2:3, 1:3) to 

study their effect on germination of pathogen-spores. 

Inhibition in spore germina.tion was observed with all the fungi 

studied when the saprophytic and the pathogenic spores were 

mixed in 3:1 ratio. The inhibition percentage, however, in most 

of the C8.ses decreased when the quantity of the pathogen in 

mixture was increased. The percentage germination of the 

pA.thogen was lowest when mixed with !· viride spores and was 

even zero when S:P ratio . was 3: 1 and 3:2. However, as the 

proportion of the pathogen increased in the mixture of the two, 

the percentage germination of the pathogen also increased and 
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became 11.2 and 13.1 when S:P ratios were 2:3 and 1:3. Other 

fungi such as Alternaria alt~nata, Cladosporium herbarma and 

~~21-~hi~~~ funiculosum also inhibited the germination of the 

pathogen spores even when the proportion of the pathogen was 

more th;:m the saprophyte. 

On the other hand, in all other cases the percentage 

germinB-cion of the pathogen was almost near to the control 

especially when S:P ratio was 1:3. 3:1 ratio of saprophytic 

and pathogen spores proved most effective where the maximum 

inhibition was recorded in almost all the fungi and maximum 

inhioition was observed with !• viride. 

b) \lhen equal volumes of the pathogen and saprophyte i.e., 

S:P = 1:1 was mixed together, Trichoderm~ viride was found to 

be the most effective causing more than 50% inhibition of spore 

germination and 45% of germ tube extension of g. oryzae 

(Table 4.2). From Table 4.2 it is also clear that with 

increase in incubation period there was an increase in the 

spore germination and germ tube extension rate. Other fungi 

such as ~cillium funiculo§~ and Cladosporium herbarum also 

showed distinct inhibition of the pathogen spores. 

III) Effects on mycelial growth 

The antagonistic effects of the leaf surface fungi on 

li• QEIZ~e differed according to the species. The nature of 

colony interactions between g. oryzae and each of 32 test fUngi 
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on CzApek'sDox agar medium and the percentage inhibition of 

rA.dir-11 grovvth of the pR.thogen by each test fungi are depicted 

by histograms in Fig. 4.3. 

According to Porter (1924) and Skidmore and Dickinson 

(1976) the different types of colony interaction are as 

depicted in Fig. 4.2. There are four types of inhibition. 

1) A - mutua.l intermingling 

2) B - overgrowth by antagonist 

3) c - mutual slight inhibition 

4) D- growth around 

5) E - inhibition at a distance. 

Most of the test fungi belonged to C type where there 

was mutual slight inhibition of both the colonies but approached 

eR.ch other until almost in contact when growth ceases. In these 

cases, the percentage inhibition of the pathogen by the test 

fungi were low. 

Trichoderma viride showed the highest inhibition of the 

pathogen being as high as 75% (Plate 4.1, 1,2). Other fUngi 

like fladosporium herbarum, Verticillium albo-a1:rum, QJ...!S? .. ~~~a.sii~ 

~-~S~loides, Nigrospora pryzae, Penicillium funicu]l9~~ 

(Plate 4. 3, 1) and Rhizoctonia solani, followed next. All these -
fungi showed 'B' type of interaction where the test fungi 

overgrew on the pathogen. !· viride parasitized g. PF~~ 
mycelia and thus inhibited the growth of the pathogen 
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( p l::1.te 4. 1 , 2) • Alternaria alternata also showed high inhibi-
=..;;.;;;;~=-- =-=~;;;;;;,;;;-

tion And it showed 'D' type of interaction which showed growth 

around the pathogen. Candida albicans showed 'E' type of 

int2.1.":'ction where it inhibited the pathogen from a distance but 

later on the pathogen overgrew. Other fungi belonged to 'A' 

type where there was mutUA.l intermingling and no definite type 

of interaction was observed. 

In addition to the mere stoppage of the growth of the 

hyphae, as a result of the inhibitory activity exerted by the 

test fungi some other effects on the development of g. orYz9§ 

could also be observed by rnicrocopic examination. Some fungi 

like !• viride parasitised the mycelia of tl• oryzae and others 

caused lysis of the hyphae of tl• oryzae on contact. 

~~c~_l_l_i_um_ funiculosum showed inhibition of the pathogen from 

a dist::1.nce but later overgrew on the pathogen. At the margin 

of the colony numerous spores of the pathogen were formed. 

Further, Fig. 4.4 gives a comparison of the degree of inhibi­

tion of spore germination with that of mycelial growth exerted 

by 32 test fungi. This gives a more complete picture of their 

inhibitory capacities on agar. The percentage inhibition of 

mycelial growth exerted by each test fungus was plotted against 

the pertinent percentage inhibition of spore germination 

exerted by each fungus and is given in point diagrams. From 

this figure ( 4.4) it is also clear that !• viride showed 

maximum inhibition both for spore germination and mycelial 

growth of the pathogen. Amongst other fungi although some 



showed high percentage inhibition ~f spore germination but 

mycelial growth was not inhibited much. 

IV) Antibiotic a.ctivi ty: 

135 

i) When the antagonist was grown from an inoculum disc 

over the surface of a cellophane membrane laid on agar, 

!· viride inhibited the pathogen upto 60%. Other fungi which 

inhibited the pathogen were Gliocladium peQ~lE~~g, 

Penicillium ~culosum, Rhizoctonia solani Hnd 9_a,ndida 

albicans. 

ii) The data on germination and germtube length of the 

pathogen, tl• oryzae spores when grown in 30 day old cell free 

culture filtrate of different test fungi are tA.bulated in 

Table 4.4. From this table, it is clea.:c that in Trichoderma 

vi ride culture filtrate, the percentage germination and germ 

tube length was the lowest showing more than 75% inhibition. 

Under microscopic field, the spores of the pathogen showed 

certain deformRtions such as lysis of germ tubes and sometimes 

short and irregular shaped germ tubes with swelling and 

globular structures were observed (Plate 41~ 3,4). Culture 

filtrates of fungi such as Penicillium spp., glA.dosporium 

herbarum, Nigrospora orvzae and Arthrinium sp. also showed 

higher inhibition rate as compared to other fungi. Some fungi 

like Phoma glome~ culture filtrate showed almost similar 

germination rate as the control. 
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iii) When the pathogen spores were grown in different 

culture filtrates collected R.t different time intervals of 

incubation (6, 8, 15, 25, 30) (both autoclaved and unautoclaved) 

the germination rate was the lowest in . ~unautoclaved 30 days 

old culture filtrate of !• viride (Table 4.5). Autoclaved 

culture filtrate of !· viride showed a slightly lesser inhibi­

tion ra.te of the pathogen spores than the unautoclaved one. 

Six days old culture filtrate showed a higher perce~ 

tage germina.tion than.8 day and the lowest was for 30 day old 

culture filtrate in all the cases studied. Other fungal 

culture filtrates such as those of Penicillium spp., 

Gli_qp_J.:=t~ pencilloides, Ql.adosoorium herbarum and Nigrospom 

p~z~~ also showed quite high inhibition. 

iv) When filter paper discs soaked in 15 day old and 

30 day old ( autoclaved and unautoclaved) culture fil terate of 

!• .Y!_ridE?,. were placed near the periphery of the petriplate and 

the pr1thogen was inoculated, highest inhibition ( 60%) in 

ra.dial growth of the pathogen was observed in 30 day old 

unautoclB.ved culture filtrate (Table 4.6). Whereas, in auto­

claved culture filtrate of T. viride there was a decrease in -· 
percentage inhibition of radial growth of the pathogen. 

v) From Fig. 4.5 it is clear that the highest 

percentage of inhibition ( 72ofoJ in radial growth of the pathogen 

was obtained when 100% of 30 day old unautoclaved culture 
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filtr~te of T. viride was incorporated into the medium. Whereas, -
with the same concentration of the autoclaved culture filtrate 

there was decrease\·. in percentage inhibition. 

vi) When concentr~te dried extract of !· viride was kept 

in the centre of a petriplate containing medium and when pathogen 

was inoculated near it, there was 85% inhibition in radial growth 

of the pathogen. 

Interac.~tion studies in vivo 

1) Experiments in pot tests with Trichoderma vir ide showed that 

(Fig. 4.6 and 4.7) the percentage inhibition of lesion development 

of the pathogen was highest in the treatment where the 30 day old 

culture filtrate was directly sprayed on the leaves before inoc~ 

lation with the pathogen. It was followed by the treatment where 

the culture filtrate was sp~ayed after inoculation of the pathogen. 

Then it was followed by the treatment where the spores and mycelium 

of both !• viride and the pathogen were put t:ogether. Spraying with 

the spore suspension of 1· viride four times before inoculation of 

!:!.· ory~~ was also quite significant for inhibiting the lesion 

development. There was hardly any inhibition in lesion 

development when benomyl fungicides was sprayed after 

inoculating with the pathogen which was almost close to the 

control. Even when .. both benomyl fungicide and !· viride spore 

suspension were sprayed there was no synergistic effect and it 

shm;>~ed effect similar to the treatment where only !• viride 

spore fiUSPension was sprayed twice after the inoculation of the 
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pathogen. These results were obtained on Khonorullo variety. 

Whereas in J.VIirikrak variety the best treatment for inhibition 

of the pathogen was ~hen 30 ~y old culture filtrate was 

sprayed after inoculation with the pathogen followed by the 

tre~tment when both the inocula were kept together. 

Further, as seen from Figs. 4.6 and 4.7 and Tables 4.7 

and 4.8 it is clear that the percentage inhibition of the 

pathogen decreased with days of inoculation in all the treat­

ments a.nd at 180 days of plant growth (Senescent stage) the 

pathogen more or less could not be inhibited at all. Due to 

severe effect of the disease, ears formed were all distorted 

and very few grains were produced. Only 2-5 seeds/plant were 

fertile and the .rest of the seeds were all sterile and the 

weight of the seeds was very low ranging from 0.3 - 1.4 gms/ 

100 seeds. Thus the treatments with T. viride were not -
effective at later stages of the growth of the plant in both 

the cases (Mirikrak and Khonorullo varieties). Usually it was 

observed that the minute brown spots which were seen initially 

coalesced together to form irregular brown markings on the 

leaves with age of the plant and the leaves dried completely. 

The development of the lesion of the pathogen, li• orxzae could 

be controlled to some extent ( 70% inhibition) only at the 

ini tia.l st8.ges of the plant growth and later on the effect was 

reduced. 



Fig. 4.1: Percentage inhibition of the germination of 

pathogen (He~nthosporium orxzae) spores on 

agar as exerted by 32 ... test fungi viz., 

1) Alternaria ~lternata, 2) Aspergillus 

nidulans, 3) ~. plavatus, 4) Acremonium 

persicinum, 5) Arthrinium sp., 6) Aureobasidium 

pullulans, 7) Botrytis cinerea, 8) Chrysospo.£.-il.!ll 

prutnosum, 9) Cladosporium herbarum, 

10) Candida albicans, ·11) Curvularia luna~, 

12) Chaetornium globosum, 13) £. bostrychode~, 

14) Epicoccum nigrum, 15) Fusarium moniliforme, 

16) Gliocladium pencilloid~s, 17) Humicola ~i,sl 

18) Melanosoor5 zamae, 19) Memnoniella echinatf,l, 

20) Mucor hiemalis, 21) Nigrospora oryzae, 

22) Penicillium funiculosum, 23) Pestalotia 

monorhyca, 24) Phomil slomerata, 25) Rhizoctonia 

solani, 26) Rbizopus nigricans, 2?) Stach~botrys 

atra, 28) Starkegmyce§ koorchalomoides, 

29) Torula herbarum, 30) Trichoderma virid,e, 

31) Trichothecium ro§eum and 32) Verticillium 

albo-atrum. 
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Fig. 4.,2: Types of inhibition: A, mutually interming­

ling, B, Overgrowth by antagonist, c, mutual 

slight inhibition, D, growth around and 

E, irhibition at a distance. 
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Fig. 4,3: 

f 

Percentage inhibition of the mycelial growth of 

the pathogen (Helminthosporium orxzae) on agar, 

as exerted by 32 test fungi, viz,, 

1) Alternaria ~ternata, 2) Aspergillus nidulanq, 

3) h.· clavatus, 4) Acremonium persicinum, 

5) Arthrinium sp,, 6) Aureobasidiun pullulans, 

7)· Botr¥tis cinerea, 8) ChrYsosoorium pruinosum, 

9) Cladospori~ herbarum, 10) Candida albiygns, 

1~) Curvularia lunata, 12) Chaetomium globosum, 

13) £. bostr:'{2hodes, 14) Epicoccum nigrum, 

15) Fusarium !!l'>..DJ. .. liforme, 16) Gliocladium 

pgQcilloides, 17) Humicola prisea, 18) Melgnospor~ 

zamae, 19) Memnoniella echinata, 20) Mucor 

hiemalis, 21) Nigrospora oryzae, 22) Penicillium 

funiculosum, 23) Pestalotia monorhynca, 24) ~~ 

glomer1ta, 25) Rhizoctonia solani, 26) Rhizgpu§ 

nigricans, 27) StacnYbotrys atra, 28) Starkeomyces 

koorchalomoide§, 29) Torula nerbarum, 

30) Trichoderma Viride, 31) Tricnothecium ro:aeuro, 

32) Verticillium ilbo-atrum, 

A = mutual interminglii"I_g, B = overgrowth by 

antagonist, C = mutual slight inhibition, 

D = growth around, B = inhibition at a distance, 
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Fig, 4,4: Relation between percentages of inhibition of 

mycelial growth and those of spore germination 

of Helminthomaorium orvzae on agar, as exerted 

by 32 test fungi viz., 1) Alternaria alternat~~ 

2) A§pergill;q§ nidulans, 3) A· clavatus, 

4) Acremonium per§icinum, 5) Artbrinium sp, 
I 

6) Aureobasidiurq pullulans, 7) Botrvtis 

cinerea, 8) Chry§9sporium pruinosum, 

9) Cladosporium herbarum, 10) Candida albic904, 

11) Curvularia lunata, 12) Chaetomium globo§um, 

13) £. bostrychodes, 14) Eoicoccum nigrum,-

15) Fusarium monilifo.FJile, ·16) Gliocladiun 

pencilloides, 17) Humicola prisea, '"'' l·k' 

18) Melanogpor~ zwnae, 19) Memnoniella ecQJ.paifJ!, 

29) Mucor hiemRlis, 21) Nigrospora oryzae, 

22) Penicilliyrn funiculosum, 23) Pestalotia 

monorhvnca, 24) Phoma glomerata, 25) Rhizoo;to.,D;t,Jl 

solani, 26) Rhizopus nigricans, 27) Staohybottxa. 

atra, 28) StA.rkeqmyces koorchalomoides, . , 

29) Torula herbarum, 30) Trichpderma viri~. 

31) Trichothecium roseum and 32) Ver~icillium 

albo-atrum, 
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Fig. 4.5: Effect of different concentrations of autoclaved 

and unautoclaved 15 day old and 30 day old 

culture filtrates of Trichoderma vi ride on the 

percentage inhibition of radial growth of the 

pathogen, Helminthosporium orYzae. 
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Fig. 4. 6: Effect of different treatments of .-T-..r..,ic.-.-ho-.d..,s£.[~' 

~ride viz., 1) afte~ inoculation with pathogen 

sprayed spore suspension of !• yirid~ twice, 

2) after inoculation with pathogen sprayed 

spore suspension of I· viride four times, 

3) Before inoculation with the pathogen sprayed 

~· viride spore suspension twice, 4) Before 

inoculation with the pathogen sprayed I· viridq 

spore suspension ·tour times, 5) Mycelial mat 

containing spores of !• viride inoculated 

togetner with the p~thogen, 6) After inoculation 

with the pathogen "5) days old cell free culture 

filtrate of !• ~de sprayed, 7) Before 

inoculation wlth the pathogen sprayed 30 days 

old cell free culture filtrate of !· viride, 

8) After inoculation with the pathogen sprayed 

benomyl fungicide•: 9) After inoculation with 

the patl:logen sprayed both benomyl fungicide and 

percentrage inhibition of lesion development on 

leaves of Khonorullo variety of paddy at 

different days of inoculation. 
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Fig. 4.7: Effect of different treatments of Trichoderma 

viride viz., 1) after inoculation with 

pathogen sprayed spore suspension of !· viride 

twice, 2) after inoculation with pathogen 

sprayed spore suspension of !• viride four 

times, 3) Before inoculation with the pathogen 

sprayed !· viride spore suspension twice, 

4) Before inoculation with pathogen sprayed 

!· viride spore suspension four times, 

5) Mycelial mat containing $POres of !• viride 

inoculated·together with the patbOgen, 6) 

After inoculation with the pathogen· .30 ·.days 

old cell-free culture filtrate of !• viride 

sprayed, 7) Before inoculation with the 

pathogen sprayed 30 days old cell-free culture 

filtrate of !• viride, 8) After inoculation 

with the pathogen sprayed benomyl fungicide, 

9) After inoculation with the pathogen sprayed 

both benomyl fungicide and the spore suspension 

of !• viride, on the percentage inhibition of 

lesion development on leaves of Mirikrak 

variety of paddy at different days of inocula-

tion. 
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Further, the lesion-lengtll was more on Mirikrak 

variety than on Khonorullo and the percentage inhibition of 

the lesion development of the pathogen by I· viri~e. treaun0nts 

\vAs more pronounced on Mirikrak variety than Khonorullo. 

II) When inocula of 1• viride and li• oryzae were mixed with 

soil in different porportions, lesser number of plants a.s well 

as le::1.ves was infected by the pathogen in the presence of 

!• yJ:..r.J..~ (Table 4. 9a and b). However, there was no signifi­

cant difference between the high and low dose of !• ~;~id~. 
. . . 

Further, in case of Khonorullo, !. viride was more effective 

a.t 2: 1 ratio (!. viride:!;!. prxzae) than in the other two 

varieties. !• viride alone did not have .any effect on the 

plants. 

DISCUSSION 

Every method to determine the inhibitory capacities of 

microorganisms may have its limitations (Heuvel, 1970). 

The i~verted aga.r discs punched from 7 day old 

colonies of epiphytes were suitable to study effects on 

gerraination of li· oryzae spores. The spores were exposed to 

a substrate which might have obtained an unfavourable pH or 

which might contain antifungal substances such as antibiotics. 

La.bile or volatile compounds might still be in production and 

also exert their influence. 



The inhibition percentage was calculated from countings 

after an incubation period of 5 hours, it remains unknovn! 

whether inhibition was due to sporostatic or fungicidal action, 

allowing only a certain percentage of spores to germinate or 

resulting into a delay of the germination. The results from 

these .studies indicate thR.t the most effective antagonist was 

T. viride which showed the highest inhibition. 
~ --~-, ........... 

When spores of both the test fungi and the pathogen were 

were mixed in different proportions the most effective inhibi­

tion WRs with spores of 1',. vi ride when its population was 

higher than the pathogen. Other fungi such as Alter~ia 

l1.:J.t~.ry.~t~, Cladosporium .~~~:t~~ and Penicillium funicul,.~ 

also showed significant inhibition of the pathogen. 

When spores of both the saprophyte and the pathogen 

were mixed in equal numbers, then also !• viride was the most 

effective in inhibiting the pathogen spores followed by fungi 

like ~nicillium funiculosum and Cladosporium herbarum. 

UpRdhyay ( 1980) had observed that when genninating spores of 

phylloplane microfungi and ~estalotiopsis funerea, a leaf spot 

pathogen of Eucalrntus were studied in vitro by mixing them in 

equal porportions, Asper,&il,_lus flavus, Fusarium oxyspo~ and 

~~~~~t~ .ox_.a_l~.·c-um~ were found to be most effective in causing 

more than 60% inhibition of spore germination of the pathogen. 



To see the effect on mycelial growth, dual culture 

method v1as followed as used by previous \'Klrkers (Porter, 192.4; 

Heuvel, 1970; Skidmore, 1976; Rai and Singh, 1980). In this 

case nlso ....,T-.r.i.-c.-h-.o.ad .. e.-rm=a vir~~ was the most potent antagonist 

since it showed a highly significant inhibition of the ra.dis.l 

grovvth of the pathogen on agar. Other fungi such as Een:.t.cillium 

sp., fJadosporium herbarum, Verticillium sp., and Glio,.9_J._~4f:.tm sp. 

a.lso inhibited the radial growth of the pathogen to some extent. 

~~4.-~~ _v.i-.r.-i.-d.-e ma,y be H mycopar::tsi te because it was observed 

to be overgrowing the pathogen colonies (Plate 4.1, 1,2.) but no 

distinct hyperparasitism could be observed under the microscope. 

The use of Trichoderma spp. as a biocontrol agent of soil borne 

and foliR.r pathogenic fungi has been known for qc:ite a long time 

(Bnker and Cook, 1974). The result of the present studies is in 

agreement with the studies of previous workers (Mitchell, 1973; 

Roy, 1977; Tsuneda and Sk.oropad, 1980; Upadhyay and R:U, 1980; 

Dutta, 1981) in that Trichoderma viride could suppress the 

grovvth of different pathogen by dual culture method. 

When tested for nntibiotic activity by different 

exp2riments it was found that !• viride produced some ~tibiotic 

subst;:mce( s) which could inhibit the growth of the pathogen 

which was clear from experiments with cell free culture filtrate 

of tnc fungus. When spores of pathogen were grown in culture 

fil trR.t2 of !· viride they showed some deformF.ttions (PlHte 4. ~ 

3, 4). T. viride is known to secrete some antibiotic substances -



142 

(Allen ~nd Haenster, 1935; DoceB ~ ~., 1974; Volovik ~~ ~., 

1975). The autoclBved culture filtrate of I· viride slightly 

reduced germination of the p~thogen spores and also the 

percentPge inhibition in radial growth. It appears thAt the 

r~.ctive principle is partially thermolabile. In the present 

study, however, no effort was made to isolate the active 

principle because it is q:~.known fact that !· viride produce 

antibiotics such as trichoderrnin and viridin which inhibit the 

gro\~h of the microorganisms (Dennis and Webster, 1971). 

Interaction studies !!! vitro suggest that some of the 

fungi like Trichoderma~~. Gliocladium sp., Penici~ium app. 

and Ql.~gpsporium sp. may be important antagonists of the brown 

spot pathogen. 

1· viride was not so. effective in inhibiting lesion 

development 1ll ~ although it showed significant inhibition 

during the early stages. It is also clear from the present 

studies that .!· viride may be producing some antibiotic 

subst~noes which inhibited the brown apot pathogen in pot tests 

which was clear when culture .filtrate of this fungus was 

sprayed instead of the epore suspension. However, when the 

inocula of both !• viride and li· oryzae were put together, 

then also a si¢.ficant inhibition, in the early stages, was 

observed. This may be because !· viride may check the growth 

of the pathogen by hyperparasitism. The mechanism of action 

o.f !· viride was not clear, i.e. whether it inhibited the 
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pR.thogen by hyperparasitism or by production of antibiotic so 

Although the antagonistic effect may not be due to competition 

for nutrition alone, since the culture filtrate can also reduce 

disease incidence on the leaf surface to a significant extenth 

SirnilRr results have been obtained by previous \oi!Orkers with 

other pB.thogens (Roy, 1977; Elad ,tl §.!.., 1980). The decrease 

in the effectiveness of !• viride in the later stages in 

inhibiting the pathogen may be because of the reduced popula­

tion of !· viride which have got washed out after some time or 

there may not be continuous physical contact with the pathogen 

or the less favourable environmental conditions. In the 

Khonorullo variety the lesion length was lesser than Mirikrak 

VR.riety because the host itself may be providing some 

resistance to the entry of the pathogen in the resistant 

variety. 

Further, !· viride could check g. oryzae to some 

extent when incorporated into soil although the effect was not 

very significant. Physical and chemical properties of soil 

may play a dominant role in parasitism by 1'.· viric;!i (Darpoux, 

1960) and these may a.ccotmt for its partial effectiveness in 

the present test. These observations were similar to that 

obtained by Roy (1977) who also observed some inhibition of 

sheath blight fungus of rice by !• viride when incorporated 

into soil. 
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The antagonistic .role of Trichoderma viride, a common 

leaf surf.g.ce fungus has been recognized by several workers 

( Ale-AghR. ~ ~·, 1974; Roy, 1977; Chet ~ §].., 1979; Hadar 

~~ ~., 1979). Differences in antagonistic behaviour of leaf 

suffR.ce microfungi in vivo and in vitro has been reported by -- -
many YIOrkers (Bhatt and Vaughan, 1963; Akai and Kuramoto, 

1968; Heuvel, 1969; Pace and Campbell, 1974; Rai and Singh, 

1980). Akai and Kuramoto ( 1968) has reported that a Caljdi_qa 

sp. a.l though was effective in controlling brown spot disease 
. 

of rice j..J1 ~ but no inhibition could be observed ill ..:;.v.,;::;i,;:;t;;.r.-o 

studies. 

The failure of Trichoderma sp. to exhibit germiM.tion 

on the leaf surface was probably due to the absorption of the 

toxic substances by the host, to evaporation of volatile 

substances or to neutralization of toxins by leaf surface 

chemicRls (Mishra and Tewa.ri, 1976c). ~his may also be due to 

::ibsence of physical contact between the two organisms viz., 

the a.nb=tgonist and the pathogen. The present results fail to 

explAin the mechanism of operation and this aspect needs 

further study. 

11oreover, in the present study, when a fungicide 

benomyl was used it was not effective for controlling the 

brovv.n spot disease and when the fungicide and !· virid~ were 

combined then also there WR.s no synergistic effect such as 

occurred when ,!. harzianurn wa.s combined with PCNB ( Chet ~ ,SJJ.. 
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1979; Hadar~ s!·, 1979). Probably, Benlate may not be 

effective against the pathogen, li· orxzae although it is ~ 

broad spectrum fungicide and it is also known to control bl~st 

and sheath blight disea.ses of paddy. 

From the present studies it can be concluded that under 

ideal conditions (as !n vitro) selected fungal antagonists such 

a.s ~~~choderma viride can be used as a biological control a.gent 

for brown spot disease of paddy although it is onlv partially 

successful in pot experiments. This may be because of gap in 

knowledge which relates the impact of natural environment, 

antagonistic selection and application technology (Spurr, 1981). 

Further studies are needed to test the effectiveness of 

1J. yiride against the brown spot pathogen of paddy in field 

R.nd thus the biologic~l control of leaf pathogens on a field 

scale offers a great challenge for future investigation. 



CHAPTER V 

COMPETITIVE ABILITY OF THE PHYLLOPLANE 
FUNGI 
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INTRODUCTION 

An important aspect of phylloplane is the production 

of self inhibitory and self stimulatory compounds as leaf 

le8Ch8tes or by the microorganisms present on the leaf surface 

( Tyagi and Chauhan, 1982). 

There is now a wealth of evidence which shows that 

leaf surfaces exude substances in the form of leaf leachates 

which may have a direct effect on growth and colonization of 

microorganisms. When the effect is stimulatory to spore 

germination it is usually regarded as nutritional and is 

attributed largely to the carbohydrates and amino acids present 

in the environment (Godfrey, 1976). The host tissues are also 

known to exude the phytoncides which are inhibitory/stimulatory 

to the invading fungi. 

The influence of leachates on plant surface microbial 

populations is very complex. Composition of leachates varies 

from plant to plant and also with the age of the plants. 

Blakeman ( 1972) found higher quanti ties of a.minoR.cids in 

leachates of old beetroot leaves than the young ones. Micro­

organisms themselves respond in different ways to leachates 

from different plants (Chet ~ ~., 1973). Furthermore, 

Purnell (1971) provided evidence to suggest that lea.chates may 

contain some components which stimulate growth and at the same 

time others which are inhibitory. Pero and Howard ( 1970) found 
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that leaf washings from Juniperus. virginiai¥! susoeptibt• to 

attack by Phomopsi§ juniperovora, stimulated the germination 

of E· juniperovo-G conidia, whereas, leach.B.tes from 

l· chinensis, a no~susceptible species did not stimulate 

germination of ~· juniperovora. 

Evidence exists to show that exudates contain specific 

substances active against certain microorganisms. Brillova 

( 1971) showed thFtt germination of Cercospora beti~ conidia 

was inhibited by 3-hydroxytyramine present in sugF.J.r beet leaf 

washings and suggested that resistant strains produced more 

of the inhibitor than susceptible strains. Schneider and 

Sinclair (1975) also showed that leachates from leaves of 

resistant varieties inhibited germination of pathogen spores. 

Irvine and Dix ( 1978) and Godfrey and Clements ( 1978) detected 

several water soluble inhibitory substances in leaf washings. 

Among the inhibitory substances produced by plants are the 

phyto-alexins whose production may be stimulated by the active 

growth of phylloplane fungi on senescent leaves. 

The effect of a leachate on one microorganism may be 

modified by the interactions between it and other members of 

the microbial population (Blakeman, 1973). Leaf leachates 

sometimes may also modify the efficF.J.cy of f'lmgicides (Dunn ~~ 

~.' 1971). 
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There is no doubt that aqueous leachates from aeri~l 

pl:::mt surfaces are important in relation to microorganisms 

resident there. Le::Jchr:~.tes may encourage growth by virtue of 

the nutrients they contA.in but they may, at the same time, 

include substances which inhibit microbial growth. Although 

some information abouc the composition of leaf leachates from 

some plants are availa.ble, the overall effect of the lea.f A.nd 

le11f surface nutrients on their phylloplane fungi is not 

studied in detail and there are still gaps in our knowledge. 

Only few workers (Mishra and Tewari, 1978) have worked on this 

aspect. Furthermore, most of the work reported has involved 

only leaf leachates and it would be of interest to know A.bout 

the effect of lea.f extrA.cts on the leaf surface microorganisms. 

This stimulated to undertake the present investigation to see 

the effects o.f leaf leachate and extract of the three varieties 

of paddy (Khonorullo-disease resistant, Ngoba-moderately 

susceptible, Mirikrak-disease susceptible) on the spore germi­

nR.tion and growth per.formance of certain fungi which were 

frequently isolated from the leaf surface of paddy. 

MATERIALS AND METHODS 

I) Germination ~lJil .. V:i.9slK.wQ.,{_~gal spores in tQ& _l~q.~ 

.l,.~_achates and extr~~§.,J?.J paddY plants. 

Collection of leaf le8.chate: 

Potted plants of paddy varieties were heavily sprayed 

with sterile distilled water and kept covered w.ith moist 
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polythene bags ~or 24 hours. The lea~ sur~~ce o~ these 

pl~ts W8S then sprayed with sterilized distilled water ~d 

the w~shings were collected in sterilized containers. The 

wr-tshings were sei tz ~iltered ".and concentrated to 1/4 o~ their 

volume. 

Collection o~ lea~ extract: 

The lea~ extract wa.s obtained by crusbi.ng the le~ves 

of the plants in mortar And filtered through whatman filter 

paper No, 1. The extract w~s again filtered be~ore use. 

The collection of le~chates And extracts was done at 

dif~erent developmental st~ges i.e., seedling (15 days old), 

mature ( 90 days) and senescent ( 180 d~ys) • 

The spore germin~=~.tion o~ di~~erent fungal species 

viz., !'1~co.r hiemalis, Rhi;opus nigricans, A§Pergillus 

W-..St:kL .. ~ll§., !:,. ~lavus, !::,. nig¥, Alternaria alternata, 

fJ¥'.2..9.91?.1?..9-rium pruinosum, C}.aqosporium herbarum, Curvulc?,riA. 

~~~~~~ Epicocc~ nigrum, Fusarium L~nilifor.me, Gliocla~um 

Peil.cJ:.h~ides, Memnoniella echinata, Helminthosporium g_rywe, 

NigroJmora oryzae, Penicillium ~uniculosum,.E. chrysqge~~, 

~~ glomeratag Stachybot~ atra, Starkeomyces koorchalomoi­

des, ~~ herbarum1 Trichoderma viride, Trichotheci~ ~seHffi 

and Verticillium albo-atrum was studied in the lea~ leachates 

and extract of all the three varieties o~ paddy. The 



150 

germination of fresh spores obtained from 10 days old culture (on 

Czapek 1 s Dox agar) medium was stud1ed by hanging drop method 

using cavity slides. The slides with spores were incub~ted at 

room temperature ( approx, 20°C) for 10 hours and the germination 

of spores was counted, Three replicates were maintained for each 

trea.tment, In control set the spore germination of the fungi was 

tested in sterilized distilled water, 

2) ~Jle growth performanc.e of fungal species in Czapek1 s Dox 

;LJ. .. Q1bic.l_l!!,.edium containing l&.,~f leachates and extracts: 

The leachates and extracts were collected as described 

before and were kept in freezer and were mixed separately for 

each variety in equal quantity to get separate composite sample 

of lea.cb.ates and extracts, 5 ml of leachate and extract was added 

to each flask containing 20 ml of liquid Czapek' s Dox medium, To 

each flask were added 3 discs (4 mm diameter) of fungal inoculum 

obtained from 8 days old culture on Czapek's Dox agar medium, The 

fungi which were used in the previous experiment were used for 

this also, The flasks were incubated at 25:!:Y~C for 10 days and 

the mycelial mat harvested, The mycelial felt was filtered 

through Whatman filter paper No.1, dried at 60°C for 3 days, 

cooled at room temperature and weighed. 

3) Q~_.fl!lination of fungal spores on detached leaf: surfa¥_2 

The spore germination of 16 fungal species viz., Mucor 

biemalis, Rhizopus nigricans, Aspeqqllus nidulans, !,. flay;ys,. 
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A· pj..ge.£, Alternaria al ter,nata, C lado spori um herb arum., 

g~~aria lunata, Fusar~~ moniliforme, Gliocladium ~encil~jc 

q_e __ ~, ~lminthosporium ory~~' Nigrospora orvzae, PeniciJJ.1.1-m 

!-~-~~osum, Trichoderma. viride, Trichothecium rose~ and 

Verticillium albo-atrum wa.s tested on the surface of detached 
~--~ ........ --- .;;;;-.;;;;~.-...;;;;;,;o-

le~ves of the three paddy varieties. Fresh leaves were 

collected at random at different developmental stages of the 

plants. The leaves were cut into pieces of 2 em lengtn ~d 

kept in sterilized moist chambers. The spore suspension (5 x 

104 spores/ml) of the fungi was pipetted on the leaf pieces and 

the plates were incubated for 10 hours at 25 !. 1 oc. Thereafter, 

the spore germination was studied by collecting the drops of 

the spore suspension from the leaf surface with the help of 

micropipettes and mounting on the slide. Separate sterilized 

micropipettes were used for each fungi. In control set, the 

spore germination was studied in sterilized distilled water in 

cavity slides. 

RESULTS 

1) ~~~nation of fung~~-~~es in leaf leachates ~~~racts 

Germination percentage of fungal spores in leaf 

leR.oha.te and leaf extract of paddy varieties collected at 

different ages varied significantly (P = 0.01) (Table 5.4). 

From Table 5.1 it is clear that in case of Mucor 

W.em...@..l_J...§., Rhizopus nigri_c::ms., A§Perigillus nidulans, A· flavus, 
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t;,. niger, Al ternA;-~ al ternata, Stachxbotys atra.,. Starkeomxces 

koorchalomoides, Torula herbarum, _T_r_ic_.ho_t_h_e_c~La·um •.• ~~~e~ and 

Verticillium ~~~' the germination percentage was low in 

the beginning when the leaf leachate was used from young plants. 

The germination, however, increased gradually and maximum was 

generally in the end, in the leachates of senescent stage. In 

Qladosporium herb!'£_~, Curvularia lunata, Fusari~ mom:lifOSJe, 

~emnoniella echi~~ Penicillium funiculosum, E· ~hrYsogenum 

and Trichoderma v~~~ also a gradual increase was recorded but 

due to considerably higher germination percentage even in the 

earlier stages tha. increasing tendency was not so well marked 

as in the above cases. In case of ChrYsO§POriqu E}",.W.nosum, 

Epicoccum nigrum, Gliocladium pencilloides, ~.\,g._.r_:.o§Pors oryzv. 

and Phoma glomerata there was a decreasing tendency in leachates 

of later stages. In all those fungal species excepting Phoma 

glomerate the spore germination decreased in leaf leachates 

collected from mature stage and increased at the senescent stage 

or sometimes vice versa. In the case of the pathogen, 

[elminthosporium oryzae, however, the percentage germination 

increased gradually and the maximum was obtained in the exudate 

from the senescent stage which was more apparent in the 

susceptible variety than in the resistant one. 

In general, the percentage spore germination of most of 

the antagonistic fungi like Trichoderma viride, ~lado§POrium 

herbarum, Nigro§Po.ra orvzae and Penicillium ~__9uJ&__s__1J!!! against 
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the p::~.thogen, !i· oryzae, was, higher in leaf leac hates of the 

resistent variety (Khonorullo) than in the susceptible ones 

( NgobA. and lVIirikrak). In Addition, most of the fungi had high 

germinBtion rate in the resistant variety. The percentA.ge spore 

gerrnim=ttion of the pathogen (,tl. oryzae) was maximum in leaf 

leachr1te fof the susceptible variety. (Iv:Iirikrak) and minimum in 

case of the resistant variety (Khonorullo) while the moderately 

susceptible variety (Ngoba) occupied an intermediate position. 

Germination behaviour of the spores of the above fungi 

differed significantly in the leaf extract of different 

developmental stages (Ta.ble 5.4). In most of the cases, as in 

the leA.f leachates, the percentage germination increased 

gradually and the maximum was generally obtained in the extract 

of the later stages. In some cases, however, ther~ was a 

gradual decrease in the spore germination in the later stages. 

It is clear from Table 5.1 that the percentage germina­

tion of various fungi was a.l ways higher in the leaf extract 

than in the leaf leacha.tes. 

The pathogen showed maximum germination in the extract 

of the disease susceptible variety and on the other hand, most 

of the other fungi had higher germination rate in the leaf 

extrA.ct of disease resistant variety than in the susceptible 

one. 
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Germination of the spores in control was considerably 

high in most cases and sometimes it was higher in the 

corresponding exudate of extracttreated sets. 

2) 9._rpJf.ih performance Q..:f .. ~rtain fungi in Czapek • s lig~q 

me~~~-~optaining leaf leachates and extract. 

Growth behaviour of certain leaf surface fUngi when 

studied in liquid Czapek' s Dox medium containing a composite 

sample of leaf leachates A.nd extracts of different ages 

separately revealed a characteristic pattern (Table 5. 2) • The 

dry '!,"Ieight of mycelial mRt was always higher in the set 

containing leaf extract. In Mucor hiemalis, Rhizopus ni&t,i,Cfltl__Q, 

~~~-~adium pencilloides,~grospora orxzae, Phoma glomera]§ 

and Starkeomxces koorchalomo~des, the degree of variation in 

the amount of dry mycelial felt in the treated and control sets 

was not much appreciable. The differences between the two 

corresponding treated sets was also not so high as compared to 

respective control. Higher mycelial felt in treated sets was 

obtained in most of the other fungi, viz., Aspergillus .DJ..W.ans, 

!• !bavus, !• niger, Alternaria alternata, Chrysospori~ 

p ruino.~.1~t1, Clado spori urn ~rbarum, Curvularia lunata, Ejz,i.9...0 .... ~\!,!! 

~~~ Fusarium moniJ.igorme, Gliocladium penc;Uloides, · ',. 

!'Jj.._A~s~ora oryzae, Memnollt.e];,l~ echinata, Penicillium £W.culosum, 

Cladospo~ium herbarum, Trichothecium roseum, VerticilLlqm 

albo-~trum showed highest mycelial mat in the treated sets of 

the resistant variety. 
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Variation in the amount of mycelial felt harvested from 

exudate set and extract sets for different fungi WPts 

statistically significant at 5% probability for all the three 

VA.rieties but it was significant at 1% probability A.lso only in 

Khonorullo variety for both in exudate and extract sets. 

3) Germination of ft_eJ.gal spores on detached lea{ __ ~:f!%c.~ 

Germination behflviour of 16 fungi viz., ~cor hiemalis, 

lil1J..zopus nigricans, Aspergillus nidulans, /J;. fla~ A· piger, 

c&ternaria alternata, Cladosporium herbarum, Curvular:.L,a lynata, 

~.§%rium moniliforme, Gliocladium pencilloides, 

H~lmithosporium oryzae, Nigrospora oryzae, Penicil~ funicu­

~osum, Trichoderma viride, Trichothecium roseum and 

V~rticillium albo-atrum when tested separately on the leaf 

surface of the three paddy varieties exhib±ted varying pattern 

(Table 5.3), The spore germination in majority of the fungi, 

viz., Mucor hiemalis, Rhizopus nigricans, Aspergillu~ nidu~ans, 

t;.. p.avus, /J;. niger, Alternaria al ternata, Curvulari~ 1...'llll§i(a, 

~usarium moniXiforme, Gliocladium pencilloide§, N~&rospora 

oryzae, Penicillium :funi.culosum, Trichottleci~ ro§eum and 

Verticillium albo-atrum on leaf surface of paddy varieties was 

low in the beginning, increased continuously to the stage of 

ma.turi ty of the plants and decreased later on. In case of 

9ladosporium herbarum the germination percentage was not 

affected to a remarkable degree on the leaf surface of the 

three varieties varying in age although it increased slightly 

at the stage of maturity but it decreased at the stage of 



Table 5.1: Percentage spore germination of cert&in fungi in leaf' leacbates and lea! eJct;racts ·at .d.1.1.'1:erent stages o! plant growth collected fnlll 

the tbree varieties of paddy (Mean of 3 replicates) 

------------------------------r---------r------------------------------------~~--------------------------------~~ 

Fungi 

Mucor hiemalis 
Rbizopus nigricans 
Aspergillus nidulans 

A· navus 

.!· .EU!!: 
Al ternarta al ternata 
Cbrvsospori UID pQ.\1pp$!,D 

Cladosporium herbarum 
Curvularia 11.!!lata 

EPi~ nigrum 
FusariY! mor~li!orme 
Gliocladium cencilloides 
Memr~niella echinate 

Helminthosporium ~ 
Nigrospora oryzae 
Penicillium funiculosye 
f.· chrysogenum 
Ptpma glomerata 

Stachybotns ,ll!:! 
Starkeomyces koorchalomoidei 
Torula herbari.IID 
Trichoderma vir:!,de 

Trichothecium roseum 
Vertic1111um albo-atr\8· 

I t t I 
1 I' Young stage ( 15 days) ; •Mature stage (90 days) : Senescent atage ( 180 days) 
I c t l I ' f I I ; on ro ; Leaf' leachate : Leaf extract ; Leaf leachate : Leaf extract : Leaf leachate: Leaf extract 
I I I I I 1 t 
' • • I I • 1 I ; 1 B M I K J M l K H K , 1 B M l 1 J M 1 
I I I I I I t 

Jl Jl 
• -~-~......____ ----- ~---·---- .L._ •---

89.,• 32.1 ;JO.s 31.9 46.3 42.5 40.1 11.2 70.5 70.0 78.6 TT., 76.4 60.3 61.1 se.6 86.3 86.a a-..z. 
90.'5 34.5 32.•1 J6.3 48.o 49.2 41.o 68.o 69.1 65.o 76.1 75.9 76.o ·89.3 90.1 89.4 90.2 go.. Q . ea.,. 
88.5 53.2 50.9 52.6 52.5 52.1 55.8 66.4 65.8 63.2 72..4 73.6 71.0 78.9 15.0 73.5 86.5 82..1 &lt.S 
89.6 64.2 65.1 60.0 65.2 66.1 ~ 64.9 75.5 81.3 79.0 81.2 82.0 83.6 79.6 76.1 75.4 86.9 &4-.. 5 85.2 
92.3 3.5.4 J6.0 32.4 3e.6 37.5 38.1 62.3 65.1 6}.4 71.2 ~-9 72..6 75.3 76.9 72.8 91.2. 86.9 90.8 
96.3 IJ0.9 34.8 36.~ 71.5 73.1 70.9 72.9 73.3 71.3 86.'5 89.2 83.4 89.8 85.1 80.3 91t.3 90.7 et.S 
82.5 54.5 .50•2 56.1 62.'t 611..2 61.9 48.5 41.6 40.2 "·'' '15.1 76.2 52.3 51+.6 51.2 79.1 76 .. 9 18" • .6. 
92.3 42.'\ 40.6 38.5 46.9 43 • .5 40.9 71.3 62.5 60.0 82.-1 71.2 67.5 90.5 82.3 71.5 91.3 83.2. 73.8 
89.6 52.4 53.2 56.8 58.1 "'·" 57.8 78.6 80.1 71.2 81.8 81.6 80.5 71.2 73.~ "10.5 80.6·· 81 •. 7· 81.2 
91.1 31.9 32.3 30.6 42.1 43.6 42.8 58.6 56.5 58.1 62.4 63.8 61.2 42.3 41.8 42.4 59.4 61.2 60.5 
91.5 71.4 68.5 82.1 78.6 71.2 15.4 83.2 90.5 91.0 86.8 91.0 91.2 90.2 89.5 90.9 91.2 90~8 91., 
96.2 32.5 35.0 38.1 43.1 40.9 )9.7 42.1 43.5 44.6 44.6 43.8 43.9 ~.o 35.2 30.o ,.,., :57.5 32.4 
95.0 35.8 36.1 35.4 42.8 41.9 lt0.6· 41.5 42.1 40.0 43.1 43.0 42.6 48.6 42.0 43.9 53.5 51., 50.9 
98•1 17.6 21.;3 37.5 38.6 38.8 41.7 41.1 63.2 65.0 45 • .5 65.6 68.1 50.9 89.4 93.4 51.2 90.1 97.8 
97.0 65.1 56•3 50.9 71.2 57.5 s2.o 58.6 so.2 47.5 61.2 5.5.4 48.6 61.9 60.o 48.3 76.5 63.9 59.6 
93.8 43.1 39.5 _36;1 56.5 53.0 .50.9 79.5 6}.1 62.0 84-.6 79.3 62.9 93.6 82.0 71.5 93.7 83.5 78.9 
96.4. 45.6 42.1 51.2 56.9 51.3 48.6 85.2 76.2 75.0 87.1 81.2 79.3 95.2 90.0 76.6 96.1 92.0 84.5 
62.1 52.1 53.4 59.0 61.7 58.6 60.4 43.4 42.1 49.3 116.6 43.8 52.1 36-S ~.3 31.1 38.5 37.9 37.6 
96.3 38.5 41.0 40.9 40.6· 42.1 41.3 69.1 75.2 78.4 '16.2 'Jii.8 e1.2 85.3 es.o 83.2 93.2 91t.o 92~s 
94.1 21.1 18.'5 26.5 31.9 26., 32.4 45.e 47.6 48.5 52.} 51.9 53.4 51.2 48..3 48.2 81.2 eo.t ao.o 
go.8 18.5 21.·2 26.6 25.3 22.9 32.4 48.6 50.5 52., 54.6 56.' 55.9 63.6 61.s 63.5 82.4 83.2 81.6 
96.-a 53.4 so.,, 48., 56.6 53.2 49.6 68.6 52.4 43.o 19~e 56.5 lt!.z. 95.1 se.o 52.4 96.3 12.1 53.9 
93.6 36.2 37.5 35.4 38.2 41.3 39.2 48.5 62.1 54.5 52.3 65.0 56.1 86.5 87.2 86.1 9.0.2 9().5 90.0 
94."7 19.1 32.'1 12.6 25.9 33.1 24.6 56.2 53.1 1ta.2 71S" 67•2 65.4- 9'1.5 &3.2 78.8 93.8 89.1 79.0 

1 • ltboDCirullo variety; I • Bgoba variety; M • Mirt~U'* Yal'let;r 

+ • Percentage ger&i.llatioD baaed on 100 spores. 



Table 5.2: Growth performance of certain fungi on Czapek 1 s Uquid 

medium incorporated with leaf leachates and leaf 

extracts of paddy varieties. 

..... ~ --.: . ..a.:....:s--....~ ... _...,...~ .. --.:-- ,":A . ..:&.·--- . 
; Cortro1 I Cz + LL Cz + LE Fungi ' ' ~ ...... • & I 

' N M I I K N M ~ I I 
~=-"'----~....--...-:-~---~----- . "'------

Mucor hiemalis .. ~~ ....... ":....,. .... ~ ........ 0.54 0.51+ o.49 0.50 0.52 0.51 0.51 

Rhizgpus .!1\~z:-i.cans o.61 o.58 0.59 0.56 0.60 o.61 0.59 

Asp er_g__~li,~~ p}.dulans 0.34 0.36 0.38 0.37 0.41 o.43 o.42 

A. - flavus 
W .... Ui 

0.28 0.32 o.?D 0.31 0.36 0.37 0.35 

A. - ni-ger 0.31 0.39 0.38 0.40 0.42 0.40 o.42 

AlternariA. a.lternata 
.~-a-~-...... r-.-. ·••·· ~ 0.29 0.32 0.31 0,36 0.46 0.42 0.38 

C hrYso spo£i .. \Ya n,ruino sum o .. ::o 0.38 0.39 0.35 0.48 o.49 0.52 

Cladoseo~~ herbarum 0.32 o.45 0.41 0.37 0.52 0.48 0.45 

CurvulariA lunata 
.. II:;.~;,._. 0.38 0.41 0.44 0.46 0.48 0.49 0.52 

Epicoccum, ~ 0.31 0.33 0.32 0.31 0.41 o.43 0.42 
Fusarium moniliforme 0.36 o.46 o.42 0.43 0.52 0.54 0.53 ~~.:.~-·-

Q.li.9.,S?..la ct.t.·~:¥11 ,12.e.nci llo ides 0.39 o.41 0.38 0.42 0.48 0.45 o.43 

He lmiJ;lli!lo_s~9£i um orYzae 0.58 0.59 o.62 0.65 0.60 o.64 0.69 
Memnoniella. echinata 

.......,.... c:-· o.42 0.43 0.46 0.41 0.52 o.48 0.45 
Nig-t,o S.£.0.£.? .. ppyzae 0.51 o.48 0.50 0.51 0.53 0.52 0.52 
P eni__gJ.ll..-i.l!ll ;f.1gliculo sum 0,28 o,42 0.41 0.38 0.51 o.49 0.43 
P. - g_hrys~Ae.llwrl 0.24 o·.43 o.40 0.42 0.48 0.43 0.45 
f.homa A~Ql!l..Et.r.~ 0.18 0.19 0.18 0.19 0.21 0.19 0.20 
Stach~bo.,Y£¥.§. atra 0.34 0.36 0.37 0.32 o.41 0.39 o.40 
Starkeomyces koorchalo-

• molde§ 0.19 0.21 0.18 o.aJ 0.23 0.20 o.,24 
Torula herba.rum .......... ._ .... ~ 0.29 0.31 0.30 0.30 0.37 0.35 0.38 
Trichoderma viride 

~:-- --- 0.48 0.59 0.57 o.49 0.62 0.59 0.51 
Tric,hot~atm poseum 0.51 0.54 0.53 0.51 0.61 0.59 0.59 
V er~cJ:.JJJ.."!U !4lbo-atrtam o.42 o.45 0.42 o.41 0.58 0.46 0.45 

....... w:o-~-----:-.:; -- ... K = Khonorullo yariety; N = Ngoba variety; M = Mirikrak variety + expressed in ove:u dry weight of mycelial felt in gms. 



Table 5. 3: Percentage spore germination of certain fungi on detached leaf surface of the 
three varieties of paddy at three dev.el.opmeutal f!tages • 

....,_,. ---- t--- ~-- .u·-~-n • ~--· ~-· , r-· Young stage : Mature stasie ____ Tsene5c ent~ stage--
! Contro 1 j · ( 15 days) i ( 90 days) ! ( 180 days) Fungi 

~~~--~-~---~-=--:~-.... --..,-,,..,.::--a--#-~----

Mucor hi.emalis 
~~~~~~ 

Rhi~~ !}.igriq,an§ 

~~p g_i ll,Jl~ !:Y-.. <ildf.aF.lPA 
A. flavus 
- E;:_.:&-:.-~ 

A· :rJJ..ger 
Alternaria al terna.tR. 
.. -~-"'*" ~ ... -.-.-··c. .. $.-$.""' 

~d ... osporium h~£_)}f1£::Ell 
Curvularia. lunaw . 
._~-~-::$..-- e:r~-.__,...,. 

Fusarium moniliforme 
oJ-=r·--=---=---~ ~~ :2C.~ -4 ·"* , .. -~~-

~ t=-- ";:S• --~-~ ~~.,.-~ .. '":'*:~"=*-'";a; r-
: :K N M: K N Ml K N M 
I J, "*'"*-'*-~::.a- ::&-'2.__.,....-:~_...-=-.__.. . .--, __ _,_,~~-+ . 

90.2 72.1 72.6 52.4 90.3 85.1 82.6 68.2 65.1 62.5 
91.6 81.2 83.6 72.4 90.8 86.5 88.5 48.3 32.5 51.9 
90.5 42.3 35.5 52.1 78.6 81.2 72.9 30.5 18.6 19.0 
86.2 71.5 75.4 83.5 82.4 83.6 85.6 62.1 52.6 60.9 
68.2 68.4 43.6 71.9 61.2 38.7 62.1 29.4 21.5 18.1 
95.3 35.4 38.4 32.6 79.5 72.4 61.5 39.9 37.0 37.·2 
92.5 86.9 80.2 76.4 90.5 81.2 76.1 71.2 62.4 57.5 
90.8 42.7 40 .s 41.8 60.4 58.1 58.3 40.6 42.·7 38.2 
91.1 61.3 50.9 60.3 "82.1 72.9 61.8 31.2 35.0 30.5 

ill-Jgpladi~ P....C?.n.i.P.i.lJ£>ides 95.5 38.6 40,2 35.0 85.2 67.5 52.5 35.0 30.2 18.6 
~lmJ-n.t.h.q,~Q.~~~.Y£1~ ::>F.Y..~ 
[ig~_,g spo£""'q PSJL'f.B:.e. 
Penicillium funi.culosurn 
~~-~ ~ ~~'~~"-'-":~- -.: . ._ .a. a ! --=-

TrichodermA. viride 
&...::11.~~-.;,·.~ 

Trichothecium roseum 
~---• ·~""C::<.S.~~ ,:: "*--c·· a:-·a~..a.J'A 

Verticillium albo-atrum 
~ ........ '-*"...-.--.~~ ~·~~-.: .......... ~ 

98.1 16.0 18.0 21.2 16.7 49.3 66.1 11.2 52,4 86,0 
95c.O 52.1 53.6 50.9 63,1 56.3 61.2 28.5 20,0 19.5 
9535 42.9 36.5 25.3 96.4 75.2 61.5 32.1 28.6 17.2 
96.8 52.3 51.9 ~5.0 89.5 56.5 54.2 75.0 53.1 28.5 
93.0 38.5 36.1 37.5 83.2 81.5 89.9 28.5 16,2 23.4 
95.0 29.6 35.2 12.5 48.5 53.2 41.9 31.2 29.5 30.8 

... ~~-- ....... ~_._._ •. ,..._. ~..., . ~- .:a-~*--·'*"~--~.... •coa..-.:;-.~-..=.=a-:::;~~ 

K = Kbonorullo VA.riety; N = Ngoba variety; M = Mirikrak variety; + Average germination 
based on 100 spores and mean of 3 replicates. 



Table 5.4: Analysis of variance fo~ the spore germination of certain fungi in leaf leachate 
and leaf extract of paddy varieties at different growth stages of plant using 
'F' test. 

c...::"¥7JI"-.-..;:&~~~~ .. :.:;s:":a-·-~ ~=-=-~:::-.-~--~ .. -- ....... ,.,.cs. ..... ,.:. .s:. ~-~.::&--.;a.$~ - -~--c::..:-.-.,.,. ....... --.-... -.. ~.-.--:c:·:c:::..- ...... c.=--;;~---------

: Growth stages 
1•4:""'4--$:.:&:~··-..=.·.r. "-4-~~--~ ,.~ -:::L·-.-------~---.:::-.:.,-~:::tf::"~-~-~--~-- ..... ....,:::-. .......... .,.. -----

Factors l Young stage I Mature stage I Senescent stage 
t I I 

: K N M l K N M I K N M 
r~ ..... -.-.::a.-.--.~,-;a....-..-.-..-..-.~--~--::'111·.• *-A'-"$-~ :=w::;ot':.-r."&-s...:a..:.~- 1 

- ·•-•--~-~..J..-,..:~-•··z.~-.~a::.w: e:=e 

Leaf leachate 2.76~k 3.33** 3.23~Ht- 2.94** 3.26** 2. 79~-* 4. 25** 4. 21'l* 3. 2** 

Leaf extract 4.07*~E- 5. 78** 4.23~~?1- 3.25** 3.61** 3.42{~* 5.16** 5.10*"~ 3. 6** 
.. ~.-~ t::.·,. ·---=--l ............ .:$:-"' .... ~~:...~-. ~-::.....-.·..:$'" ... ., ... _ ...... -.-:-. -~::~. l.- ;;;f..... • •• __..,.~ ---~ ......... -- ,.... ____ --~--- --...--... ··---__._~.--......... ......,.. ____ _ 

** Significant both at 1% and 5% probability l.evels; K = Khonorullo variety; N = Ngoba variety 
M = Mirikrak variety. 



T;:].ble 5.5: An?-lYsis of variance for growth performance 
of certain fungal species in culture medium 
containing leaf leachate and extract of the 
three varieties of paddy. 

K = Khonorullo variety; N = Ngoba variety; 
M = Mirikrak variety; * Significant at 5% 
probability; ** Significant at both 1% and 
5% probability. 



Table 5.6: Analysis of variance for spore germination of certain 
fungal species on leaf surface of paddy varieties at 
three growth stages (observed 'F' values). 

~oo:s:.~-=-=-··---..-----~..-:~'-------..--------.,------- ... .,..... 
Variety 

K 

N 

M 

Young stage 
( 15 days) 

8.9** 

13.1** 

18.3** 

' ' ' ' I t 
' 

Mature stare 
(90 days 

32.9** 

13.5** 

3.61** _ _... ________ .. ,,. .. _______________ _ 

I 
I Senescent t 
I stage (180 I 
I days) I 
----:...-.:~--..~~ 

2.·59* 

12.8** 

10.1** 

~~.,.....~:er=r--.... 

K = K~norullo variety; N = Ngoba variety; M = Mirikrak variety; 

i~ Significant at 5% probability; ** Significant at both 1% and 
5% probability levels. 
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senescence. 

The pathogen, g. orYZ:8.E%t however, showed an increc:~.sing 

trend only on the leaves of disease susceptible variety 

(l\1irikrR.k) and the moderately susceptible variety (Ngoba). On 

the leAves of the resistant v::~.riety (Khonorullo) although it 

increased slightly at maturity but decreased at the senescence 

stAge. On the other hand, ~choderma viride an important 

R.nta.gonist of the pathogen, showed maximum percentage germina­

tion on the leaves of reSistant variety. It increased 

considerably at maturity but decreased slightly at senescent 

stage. In the other two cases (Ngoba and Mirikrak) although 

it incre::~.sed considerably on leaves from maturity stage but 

decreased considerably on the leaves of senescent stage. 

The variation in percentage of spore germination 

generF.J.lly was statistically significant (at P = 0.01 and 

P = 0.05) at different stages of the plant growth in all the 

three v:=~.rj.eties of paddy (Table 5.6). 

DISCUSSION 

Significant variation was marked in the germination 

percentA.ge of the fungal species in the leaf leachate and 

extract of paddy varieties. A perusal of Table 5.1 indicates 

that germination behaviour of the fungi differed in the leaf 

leachAte .qnd extract of the plants of same developmental stages. 
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Similar results were also obtained by Mishra dand Tawari ( 1978) 

working with wheat and barley. 

Increase in spore germination of certain !Ungi (Table 

5.1) in the leaf leach.a.te and leaf extract of senescent plants 

mAy be accounted to the presence of higher amount of nutrients 

such as sugars, amino-A.cids and organic acids in the exudates 

A.nd extracts of older leaves (Godfrey, 1976; Mishra. and Tewa.ri, 

1978). Release of lea.chates in higher amount from older leaves 

hns been reported by various workers ( Colodny, 1932; Arens, 

1934; Tukey et al., 1958), Increase in permeability of the --
cell membrane of older cells (Kerling, 1964) coupled with loose 

arrangement of the cell during this stage possibly accounted 

for the higher amount of leaching from the leaf surface. 

The results also show that the percentage germination 

of the pathogen, li• oryzae was higher in leaf leachates and 

leaf extracts of the susceptible (Mirikrak) variety t~ in the 

le:=.tchates and extracts of the resistant variety (Khonorullo). 

These might be attributed to the presence of more phenolic 

substances o.r other fungi toxic compounds in leaf leachates of 

resistant cultivars, which have inhibitory effect on pathogenic 

fungi. Similar results were also obtained by Tya.gi and Chaunan 

(1982) working with the pathogen, Alternaria §Olani in the leaf 

exudate of chilli varieties and also by Topps and Wain (1957), 

Dix (1974), Schneider and Sinclair (1975), Carrasco~~. 

( 1978) and Godfrey and Clements ( 1978) working with different 
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pathogens. 

The percentage germination of most of the c:mtR.gonistic 

fungi, viz., ~~hoderma viride, Penicillium Luniculo~~ and 

Cladosporium herbarurn was highest in the leaf leachates and 
(' 

extracts of the resistant variety and less in the susceptible 

one. This is in accordance with the results of previous worlcers 

( Tyagi and Chauhan, 1982). The increase in percentage germina-

tion of some fungi in resistant variety may be because of 

availability of optimum nutrients in the exudates and extracts. 

Variation in the spore germination in the leR.chate and 

extract may be explained in the light of difference in the 

chemicals presen·t in them (Table 5.2). 

In most of the cases, addition of samples of leaf 

leachates and extracts of all the varieties separately to the 

Czapek's Dox liquid medium containing different fungal species 

favoured the growth of the fun~ (Table 5.2). The leaf 

extract, however, resulted in higher mycelial felt for most of 

the fungi treated. This may be because there may be higher 

amount of nutrients in the extract than in the leachate which 

stimulated the growth of the fungi in a greater degree in the 

former case. Similar observations were also obtained by Mishra 

and Tewari (1978). 

The pathogen, li• oryzae showed maxiillum gro~~h in the 
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treated set of extract and leachate of the susceptible 

variety. This may be because of the presence of some toxins 

in the leachates and extracts of resistant variety which 

probably inhibited the growth of the pathogen. 

Germination pattern of spores on the leaf surface of 

the three varieties varied significantly (Table 6. 6). In most 

of the cases germination pereentage inc~eased upto the mature 

stage and decreased subseq~ently, Increment in the leaf 

leachates of the ageing plants accounted for higher germina·. 

tion on the leaves of advanced ages. At the senescent stage, 

however, the germination percentage decreased possibly due to 

the release of toxic substances ·:m the leaf surface which 

overrides the nutrient level of the lec:f surface. Deverall 

( 1967) and Mishra. and Tewari ( 1978) were also of the same 

opinion and suggested that inhibition level overtops nutrient 

level in its controlling effect on fungal development. 

The pathogen, li· orvzae, however, showed highest 

germination on the leaves of susceptible variety and less on 

the resistant variety. This may be because the leaves of 

resistant variety may be providing some resitance to the 

growth of the pathogen. On the other hand, an important 

antagonist of the pathogen, ti· oryzae, viz., r~ viride 

showed highest germination rate on the leaves of the 

resistant variety. 



From the results of the present investig8tion it is 

very clear that the germination and growth performance of 

certain selected fungi from the phylloplane of paddy va.rieties 

were enhanced in the leaf leachates, leaf extracts and on the 

surface of leaves. Further, the pathogen showed highest 

germination and growth performance in the leaf lea.chates, 

leaf extracts and on the surface of leaves of the susceptible 

variety (Mirikrak) and on the other hand, antagonistic fungi 

like !· viride showed maximum growth in the leaf leachates, 

extracts and on leaf surface of resistant variety (Khonorullo). 



CHAPTER VI 

BIOCHEMICAL ANALYSIS OF THE LEAF 
LEACHATES AND EXTRACTS 
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INTRODUCTION 

There is now a wealth of evidence which shows thnt a 

plant's susceptibility or resistHnce ·to a disease may, in pA.rt, 

be determined by conditions prevniling on the surface of the 

leAf prior to attempted infection (Blakeman, 1971). 

Substances, both organic and inorganic accumulate in 

water which is in contact with pl2.nt surfaces. Some of these 

materials orginate outside the plant as deposits from the 

atmosphere, greater proportions, however, have their origin 

within the plant and pass through the outer tissues into water 

in contact with the surface layers. This process is usually 

referred to ::~.s leaching. Since leachates contain components 

which can be utilized as nutrients by microorganisms and may 

also contain substances which inhibit their germination and 

growth, they are of considerable importance to the microbial 

populations of plant surfaces (Ruinen, 1961; Last and Deighton, 

1965; Blakeman, 1971; Godfrey, 1976). 

Substances leached from plants include a great diversi­

ty of materials (Morgan and Tukey, 1964). Inorganic nutrients 

leached include all the essential minerals and some other 

elements co~~only found in plants, including both the macro-and 

micro-elements. In addition, large amounts of organic 

substances have been noted including free sugars, pectic 

substances and sugar alcohols. All of the amino acids found 

in plants and many of the organic acids have been detected in 
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lea.chates. Nany growth regulating chemicals, vi tarnins, 

alkaloids and phenolic substances are also reported to be 

leached from plants ( Tukey, 1971). Despite the large quanti­

ties of inorganic nutrients which can be leached, organic 

substances, principally carbohydrates, account for the m:::~.jor 

quantity of leached materials. 

In addition, substrates utilized by pathogenic fUngi 

may have undergone conversion from the forms in which they were 

originally present by microbial epiphytes. Sucrose is believed 

to be the major carbohydrate exuded from leaves, however, in 

analysis of foliar exudates, glucose, fructose and m:=tny other 

sug:::~.rs have been shown to be present in almost equal 

quantities. This may be due to conversion by bacteria 

(Blakeman, 1971). 

Leaching may induce diseases in some plants. Mann and 

Wallace ( 1925) observed a. spotting disease in apples during 

rain vv'hen there was more leaching of potassium. Similarly 

Dalbro (1958) also observed a positive correlation between high 

leaching during rains with the spotting disease of apples. Thus 

nutrient compostion of the host may also affect susceptibility 

to disease. On the other hand, increased leaching of substances 

on leaves may also enable the epiphytic flora which includes 

s:::~.prophytes to increase and in turn may play a significant role 

in imparting resi tance to foliar infection by forming a. 

micro bia.l barrier or buffer (Kumar and Balasubramanian, 1981) • 



The ca.pa.ci ty of plant organs to release leaohates 

increases with age (Stenlid, 1958). As the leaf begins to age, 

the amounts of nutrients on the leaf surface also increase 

(Tukey, 1971). Mishra and Tewari (1976b) showed that the 

R.mount of sugars and 81IJ.inoacids leached from the leaf surface 

increased with age of the plants. Higher amounts of sugars 

and aminoacids were usually present in the leaf exudate and 

extrFtct of the older plants. Thus the phylloplane microbial 

population is affected directly by nutrient level of the leaf 

surface which changes with the release of the substances from 

the leaf. 

Many workers (Chet ~ ~., 1973; Mishra and Tewari, 

1978; Bakshi, 1981) have done quantitative analysis of leaf 

le~chates at different growth stages of the plants. Tewari 

(1973) has reported that total soluble sugars in wheat and 

b::1.rley ranged from 148-196 mg/gm of dry weight of leaves and 

the sugar content increased continuously with age of the 

plants. But the quantity of total nitrogen and proteins 

decreased in post-flowering stages. The amount of amino acids, 

ho\vever, incre~sed with maturity of the leaves (Mishra and 

Tewari, 1976b). 

Although leaching is important and it has direct 

effect on the pathogens Ftnd other microbes present on the leaf 

sur face, the influence of leachates on plant surface micro­

organisms is complex in the sense that it may be modified by 
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interactions between them. The microbes also respond to 

leR.cha.tes of different plA.nts in different ways ( Tukey, 1971). 

Godfrey ( 1976) has thus stated that leaf lea.chates 

h.'l.ve an important role in shaping the environment available on 

the host leaf surface. Though there is a lot of information 

available on biochemical differences in leaf exudates of 

healthy and diseased host; but very little is known about the 

biochemical differences in resistant and susceptible varieties 

at different stages of plant growth during disease development. 

Thus there has been no effort to correlate the population 

dynamics with the physico-chemical characteristics of the leaf 

surface environment. This lacunae warranted a detail~d 

investigation of the problem and with this aim in mind the 

present study was undertaken and biochemical changes in leaf 

lea.cha.tes and leaf extr:=tcts of the three varieties of paddy 

differing in resistance towards the pathogen, tl· orx~~ at 

different growth stages of plant were studied and a.n attempt 

was made to correlate the chemical characteristics of the leaf 

surfa.ce environment with the population dynamics of the 

phylloplane microflora.. 

MATERIALS AND METHODS 

Experimental plant: The three varieties of paddy 

viz., Khonorullo (disea.se resistant), Ngoba (moderately 

susceptible) and Mirikrak (disease susceptible) were used as 
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the experimental plant. 

Collection of leaf leachates: Potted plants of the 

different varieties of paddy were heavily sprayed with sterile 

distilled water and covered with a moist polythene bag for 24 

hours. Then leaf surface of these plants was sprayed again 

with sterile distilled w~ter and the washings which appear as 

droplets at the leaf tips and margins were collected in 

sterilized containers by means of sterilized micropipette. 

The leachates of different plant varieties collected at 

different stages of plant growth, were stored in freezer and 

.further used .for chemical analysis o.f sugars, aminoacids, 

organic acids and phenols. 

Collection of leaf extract: Leaves were collected 

.from paddy varieties at different stages of plant growth. 

Fresh leaves were steam killed for 15 minutes and were dried 

at 60°C in hot air oven for 24 hours. These dried leaves were 

used to determine their total sugars, total aminoacids and 

total nitrogen. 

For analysis of total phenols .fresh leaves were used 

directly. 

1) ~~li tat!,_ve analyg+_&-, .. 9..f leaf leachates for amtll9-~ 

.~'Llgars, organic w~~i._9,.§. and phenols by paper ChrOJn~ra:g~ 

(I) Aminoacid analysis: Aminoacids of leaf leachates 

of different growth stages of the plant were determined by 
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undirectional chrom8.tographic method (Smith, 1958). Solvent 

used was a mixture of n-butanol, glacial acetic a.cid and 

distilled water in the ratio of 4: 1: 1 v/v respectively. 

Ninhydrin (0.3% in e.cetone) was used as a spraying reagent for 

the appearance of the spots. The chromatograms were air dried 

at room temperature and finally at 100 - 110°C for 5 - 8 

minutes. Identification of amino acids was done by running the 

known aminoacids as markers. 

(II) Sugar analysis: The evaluation of quality of 

sugar was carried out by unidirectional paper chromRtogrA.phy 

using n-butan6l, ethanol, water as solvents in the ratio of 

5: 1:4 v/v and ammo.rU.-al silver nitrate reagent as the spray 

reagent (Maha.devan and Sridhar, 1982). This reagent was . 

pre _·.pared by adding 5 N ammonium hydroxide to 0.1 N silver 

nitrate till the solution was clear. After ~r~Ying~ the paper 

was kept at 100°C for 5 mins. Reducing sugars were deteo~ed 

by this method which exhibited brown to black colour. 

Standard chromatograms were run side by side and spots 

developing on known and unknown samples were compAred by 

calculating their Rf values (Smith, 1958). 

(III) Detection of organic acids: The evA.lUA.tion of 

quality of organic A.Cids was carr!ed out by uni'directional 

paper chromatography using Isopropanol-cone. ~onium hydroxide-

'" water as solvents in the ratio of 20:1:2 v/v ;:md bromoth~,ol 

blue as the spraying reagent (Mahadevan and Sridhar, 1982). 
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This re~gent was prep~red by dissolving 100 mg of bromothymol 

blue dye in 1 ml of 0.02 M N~OH and then r~sing the volume to 

250 ml with distilled water. The org~nic acids g~ve ~ yellow 

colour. The standard chrom~tograms were run side by side and 

the spots developing on unknown samples were identified by 

comparing the Rf values of known and unknown samples (Smith, 

1958). 

(IV) Detection of phenols: The qualitative anAlysis 

of phenols was c~rried out by unidirectional paper chromatogr~­

phy using n-Butanol-acetic ~cid-water as solvent in the ratio 

of 4:1:1 v/v and diazotised sulphanilic acid as the spr~y 

rer-~.gent. The re~gent was prepared by dissolving 50 gm of 

sulphrulilic ~cid in 250 ml of 10% KOH, cooled and added 2.00 ml 

of 10% NsN02• Then this mixture was ~dded in drops to 120 ml 

of cone. HQl (a mixture of 80 ml of cone. HCl and 40 ml of 

water). Precipitated diAzonium salt was filtered with ice 

WA.ter, WA.shed the precipi t~te with ethanol followed by ether Fmd 

r-~.nd then dried in air. The dried s~lt w~s stored at 2 .. 4°C 

r-~.nd 50 mg of the sRlt wr-~s mixed in 20 ml of 20 percent N~co3 
for sprAying. After spraying, the paper was dried at room 

temperature, phenols appeared as deep yellow, light red and 

other pG.tterns. 

2) ~~tative analys!s_o*~ leaf extract for tot~l nitrog~ 

~§· aminoacids and pqep.ols 

(1) Estimation of total nitrogen and protein: Total 
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nitrogen was estimated by microkjeldahl method as given by 

Jackson ( 1967). 0.2 gm of plant material was taken in Kjeldahl 

digestion flask to this 0.4 gm of mixed catalyst (CuS04 :K2S04 : 

Selenium dioxide in the ratio of 1:8:1) and 3 ml of concentra­

ted H2so4 was added. The mixture was then heated until dark 

brown colour of the solution changed to green. It was then 

allowed to cool and the digested sample was taken in the 

funnel of distillation apparatus. In a flask, 15 ml of boric 

acid and two drops of mixed indicator (0.5 gm Bromocresol and 

0.1 gm methyl red dissolved in 100 ml 95% alcohol) were taken 

and placed under the delivery tube of the condenser, so that 

the tip was below the liquid surface. Then 80% NaOH was added 

to the funnel of distillation apparatus by slowly rotating the 

stopper. NaOH was allowed to fall drop wise so that it got 

mixed with the digested sample in the distillation apparatus. 

When the colour of the indicator changes and all the 

distillate was collected it was titrated against~ HCl until 

greenish colour of the solution turned red after neutralization. 

Percentage total nitrogen was calculated from the 

following formula, 
1.4 

% total N2 • volume of HCl used x Normality of acid x Weight 
of sample. 

Percentage total protein was calculated from the 

formula, 

Protein % = %Nitrogen x 6.25 which is based on the assumption 



169 

that plant proteins contain 16 percentage of nitrogen. 

Estimations were done in triplicate and avera.ge readings 

taken. 

(II) Estimation of total sugars and amino acids: The 

totA.l sugars and amino acids were determined by the method 

given by Peach and Tracey (1955). 100 mg of powdered dried 

leRves were crushed in a. mortar and pestle in 80% ethanol and 

filtered through Whatman filter paper No. 1. A slightly yellow 

coloured filtrate was obtained. The filtrate was treated with 

activated charcoal and centrifuged at 6000 rpm to get a clear 

supernatant. Ethanol was boiled off from the clear filtrate in 

a hot vJater bath and the volume wu made upto 5 ml with the 

addition of double distilled water. 3 ml of this solution was 

taken in a test tube and 6 ml of anthrone reagent (0.4% in H2so4 
w/v) was added gently to the test tube from the side while the 

test tube was kept in a cold water bath. Then the test tube was 

gently shaken and warmed on a cold water bath for 3 mins. A • 

green colour was obtained. The transmittance of this coloured 

solution was observed in gpectrophotmeter at 610 m~. Standard 

curve \"las obtained from transmittance of varying concentrations 

of glucose solution treated with anthrone reagent. From the 

standard curve the values of the total sugar of the samples 

were expressed in pg/100 mg dry weight of the samples. 

For total a.q1ino a.cid estimation, to the rest of the 2 

ml extract (which was left after estimating total sugars) 2.5 ml 
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of acetate buffer (40 g NaOH dissolved in distilled wa.ter, 100 

ml of glacial acetic acid was added to it and the volume wqs 

mHde upto 1000 ml with d1 stilled water) and 2.5 ml of ninhydrin 

solution ( 1% in isopropyl alcohol) were added simultaneously. 

The test tube containing the solution was placed in hot water 

bath for half an hour, a light purplle colour was obtained. The 

transmittance of this colGured solution was observed in spectro­

photometer at 540 nm. Standard curve was obtained from the 

tr::msmi ttance of the varying concentration of a mixture of 

amino acids ( 1 mg o.f each alanine, aspartic acid, Tryptophan, 
and 

ProlineLlysine to make 5 mg of composite mixture of aminoacids 

which were dissolved in 0.1 HCl) treated with acetate buffer 

and ninhydrin solution. From the standard curve the values of 

the total amino acids of the samples were expressed in ~/100 

mg dry weight of the samples. The estimations in case of sugars 

and amino acids were done in triplicate and average readings 

tR.ken. 

(III) Estimation of total phenols: For estimation of 

totRl phenols (Bray and Thorpe, 1954) 100 mg of fresh leaves 

were crus~ed in a mortar and pestle in 60% ethanol and filtered 

through a whatman filter paper No. 1. 1 ml of the extract was 

ta.ken in a test tube and 1 ml of Folin reagent and 2 ml of 

Na2co3 solution were Rdded. The tube was shaken and kept in 

boiling water bath for 1 minute. The tube was eooled .in 
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running tap water and the volume was II18.de up to 25 ml with 

distilled water •. Tne tr~nsmittance of this solution was 

observed at 650 run in H spectrophotometer. Standard curve was 

prep~red from the transmittance of varying concentration of 

c~techol. 

RESULTS 

1) .._~i tati ve analy~{_leaf leac hates for amino~..Q&, 

gygRrs, organic ac~d~ ~d phenols 

{I) Aminoacid analysis: A perusal of qualitative 

analysis of aminoacids indicate thBt a total of eighteen 

aminoFl.Cids was detected at different stages of plant growth 

from all the paddy varieties {Table 6.1). Threonine, 

tryptophan and leucine were detected almost throughout the 

growth stages of the plant. Methionine was detected only in 

the susceptible variety (Mirikrak). Gdutamic acid, valine, 

aspartic acid, proline and hydroxyproline were detected only 

in the resistant {Khonorullo) and moderately susceptible (Ngoba) 

VArieties. Nor-leucine was detected only in the moderately 

susceptible (Ngoba) variety. The remaining amino acids Viz., 

Tyrosine, threonine, phenylalanine, leucine, serine, Rmino-n­

butyric acid, tryptoph:=m, arginine, cystine, iso-leucine A.nd 

glycine were detected in all the three varieties of pBddy at 

different stages of plant growth. 
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From Fig. 6.1 it is clear that the number of amino­

acids varied with a.ge of the plants. Further, it is also clear 

that higher number of aminoacids was detected in the leHf 

leachates of resistant variety (Khonorullo) than in the other 

two varieties (Ngoba. and Mirikrak). 

(II) Sugar analysis: A perusal of the qualitative 

analysis of sugars of leaf leachates collected at various growth 

stages of the plant indicates that a total of 16 sugars was 

detected (Table 6.2). Lactose and xylose were detected 

throughout the study period in all the three varieties. f.ilo st 

of the sugars viz., lactose, xylose, glucose, rhamnose, sucrose, 

mannose, melibiose, cellobiose, galactose, trehalose and 

aratdnos~ were detected in all the paddy varieties studied. 

Fructose, ribose, raffinose and sorbose were detected only in 

resistant (Khonorullo) and moderately susceptible (Ngoba) 

varieties. Maltose was detected only in Khonorullo, the disease 

resistant variety. No sugar was observed to be exclusive to 

the susceptible variety. 

From Fig. 6.1 it is clear that the number of sugars 

increased with plant-age and the mAximum was detected at 180 

days in Khonorullo variety. Further, it is also clear that the 

leachates of disease resistant had more sugars than in the 

susceptible varieties (Ngoba and Mirikrak) and the least number 

of sugars was present in the leaf leachates of the disease 

susceptible variety. 
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(III) Organic aoid analysis: Table 6.3 shows that 12 

organic acids were detected in leaf leachates of the three 

varieties of paddy at different stages of plant growth. Nost 

of the organic acids viz., palmi tic acid, caprylic acid, m::'t.lio 

acid, oxalic acid, capric acid, myristic acid, tartaric acid 

and succinic acid were detected in all the three varieties of 

paddy. Stearic acid and lactic acid were detected only in the 

dise:=~.se resistant (Khonorullo) and the moderately susceptible 

(Ngoba.) varieties. Citric acid and maleic acid were detected 

only in the susceptible variety (Mirikrak). No organic acid 

was exclusively isolated from the resistant variety. 

From Fig, 6.1 it is clear that number of orga.nic acids 

varied with plant-age and more number of organic acids was 

detected in the resistant (Khonorullo) variety than in the 

other two varieties {Ngoba and Mirikrak). 

(IV) Analysis of phenols: Table 6.4 shows that 9 

phenols were detected in leaf leachates of the three pa.ddy 

varieties. Among the phenols detected, chlorogenic acid, 

phloroglocinol and catechol v1ere commonly found in all the 

three varieties, wl'Erea.s, caffeic acid, isochlorogenic acid 

and resorcinol were detected only in the resistant (Khonorullo) 

variety and in the moderately susceptible (Ngoba) varieties. 

Protoca.techuic acid was detected only in the disease resistant 

(Khonorullo) variety and dinitrophenol was detected only in the 

susceptible varieties (Ngoba an:i Mirikrak). 
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From Fig. 6.1 it is clear that number of phenols 

increased with age of the plants in all the varieties of paddy. 

Noreover, there were more phenols in the disease resistant 

(Khonorullo) variety than in the other two varieties (Ngoba 

and Mirikrak). The least number of phenols was detected in 

the disease susceptible variety (Mirikrak). 

2) Quantitative au~xsJ-s of lea~-~etracts for ~~~~~~~oggg, 

sugars, amino ac~~~ and phenols 

(I) Total nitrogen and protein: The quantity of 

total nitrogen and protein was initially almost the same in all 

the three varieties of paddy but with increase of age of the 

plants it declined and became quite low at senescence, The 

nitrogen and protein content although initially was lower in 

the disease resistant (Khonorullo) variety than in the other 

two varieties (Ngoba and Mirikrak) but at later stages it was 

higher than in the later case (Fig. 6, 2) • 

(II) TotA.l sugars and amino acids: The amount of 

total sugars and amino acids increased with age of the plants 

and maximum was in Khonorullo. the disease resistant variety 

a.nd less in the other two varieties (Ngoba and Mirikra.k) 

(Fig, 6. 2). 

(III) Total phenols: The phenolic content was 

higher in the disease resistant variety (Khonorullo) than in 



Fig. 6.1: Histograms depicting a comparison of number 

of amino acids, cnumber of sugars, number of 

organic acids 8nd number of phenols in the 

leaf leachates of different VA.rieties of 

paddy viz., Khonorullo, Ngoba and Mirikrak 

at different ages of the plant. 
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Fig. 6.2: Histograms depicting a comparison of 

percentage total nitrogen, percentage 

total protein, total sugars (in ~g/ 

100 mg), total amino acids (in pg/ml) 

and total phenols (mg/gm) in the leaf 

extracts of pA.ddy varieties viz., 

Khonorullo, Ngoba and Mirikr8k at 

different ages of the plant. 
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Table 6.1: Showing the amino acid composition of leaf leachates of three paddy varieties at 
differentic;?/~he plant. 

T--

~ AGE OF THE PLANT IN DAYS 
I 

Amino-acids I 15 i 30 : 45 : oo:-7s;~-9o_l_1o5- -l-120-: 135: 15o : 165 : 100 

I I I I I I I I· I I I I 
KNMlKNM:KNMJKNMJKNMtKNMJKNMJKNMJKNMJKNMJKNMJKNM 

I I --~--- I ___ I __ ___. _ ___I 

Tyrosine + + + + + + + + + + + + + + + + + + + 
Methionine + + + + + + + + + 
Threonine + + + + + + + + + + + + + + + + + + + + + + + + 
Phenylalanine + + + + + + + + + 
Leucine + + + + + + + + + + + + + + + + + 
Serine + + + + + 

Proline + + + + + + + + + + + + 
Amino-:n-bwtric + + + + + + + + + 
acid 

Tryptophan + + + + + + + + + + + + + + + + + + 
Arginine + + + + + + + + + + + 
Glutamic acid + + + + + ~ + + 
Cystine + + + + + + 
I so-leucine + + + + + 
Hydroxy pro line + + + 

Valine + + + + 

Aspartic acid + + + + + + 
Nor-leucine + + + 

Glycine + + + + + + + 

K = Khonorullo variety; N = Ngoba variety; M = Mirikrak variety. 

--



Sugars 

Lactose 

Xylose 

Glucose 
·Rhamnose 

Sucrose 

Mannose 
Melibiose 

Fructose 
Cellobiose 

Galactose 

rv:ral tose 

Trehalo:se 
Ribose 

Arabinose 

Ra:f:finose 

Sorbose 

Table 6. 2: Showing the sugar composition o:f l~a:f leachates o:f three varieties 
o:f paddy at di:f:ferent plant age. 

T 

' '-
' 

AGE OF THE PLANT IN DAYS 
,------, -
: 15 ; ~ : 45 ; ED : 75 : 90 ; 105 I 120 ; 135 : 150 ; 165 : 18) 
;K N M :K N M ;K N M ;K N M IK N M ;K N M IK ~ M IK N M IK N M tK N M IK N M !K f. M 
• 

+ + + + + + + + + + + + + + + + + + ++ +++ +++ +++ +~+ 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + .. 

+ + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + 

+ + + + + 

+ + 
;- + + + 
;-

+ + 

+ 

-:-

+ + + + + + + + + 

+ 

+ + + + + 
+ 

+ + + + 

+ + 

+ + 
+ + + 

+ + + 

+ + + + + + + + + + + + + 

+ + + 

+ + 
+ + + + + + + + + + + + + + + 

+ + + 

+ + 

+ 

+ 

+ + + 

+ 

+" 

+ + 
+ + 

+ 

+ 

+ 

+ 

+ + 

K = Khonorullo variety; N = Ngoba variety; M = Mirikrak variety. 

+ 

+ 

+ + 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ ~ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 



Table 6. 3: Showing the organic acid compos! tion of leaf leachates of paddy 

varieties at different ages of the plant. 

--=--~ : AGE OF THE PLANT IN DAYS -
I 

·~----.--- ~- ~-~ ~-------.--~ ~-~ ~~ ----- 1---
0reanic acid I 15 : 30 : 45 : 60 ; 75 ; 90 ; 105 I 120 : 135 :· 150 ; 165 ; 180 

I I I I t I I I I I I I :K N M :K N M IK N M :K N M :K N M :K N M :K N M IK N M :K N M lK N M IK N M IK N M 
I I f I I I I I I I I t ---··---,-- ___..__ _ ___._ ___ ......~.._ ______ ....._ ___ __. ___ .... ___ .._. __ ..... ___ ...._ __ _ 

Palmi tic acid + + + + + + + + + + + + + + + + + + + + 

Capry tic acid + + + + + + + + + + + + + + 

Stearic acid + + + + + + + + + + + + + 

Malic acid + + + + + + + + + + + + + + + + + + + + + + + + + + 

Oxalic acid + + + + + + + + + + + + + + + + + + + + + + + + + + + 

Capric acid + + + + + + 
Myristic acid + + + + + + + + + + + 
Lactic acid + + + + + + + + + + + + + + + 

Citric acid + + + + + 

Tartaric acid + + + + + + + + + + + + + + + + + + + + + + + + + 

Succimc acid + + + + + + + + + + + + + + + + + 

Maleic acid + + + + + 

------~~~~-~ -~~nE---------------------------------------------=-=~~--~--~--~~~---=-=*=--~-----=-~------------------.. ~ 
K = Khonorullo variety; N = Ngoba variety; 
M = Mirikrak variety 



Table 6.4: Showing the phenol composition of leaf leachate of three paddy varieties at 
different ages of the plant. 

-----~----y -----
; AGE OF THE PLANT IN DAYS 

Phenols i 15 : ~ : 45 : fJJ ; 75 I 90 ; 105 ; 120 : 135 : 150 I 165 I 180 
I I I I I I I I I I f f 
;KNM;KNMJKNM;KNMIKNMJKNMJKNMIKNMJKNMJKNMfKNMIKNM 
L _ ______ I _IL ~-- .. L ____ --~--~-----__1_ ___ ___1__ ___ _I_ _ ~~ l. _ • ~-

C hloro genic acid + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

Catechol + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + . 
Caffeic acid + + + + + + + + + + + + + + + + + + + + + + + + 

Protocatechuic acid + + + + + + + + + 

Isochlorogenic acid + + + + + + + +. + + + + + + + + + + 

Dinitrophenol + + + + + + + + + + + + + + + + + + + + + + 

P hloroglocinol + + + + + + + + + + + + + + + + + + + + + + + + 

Resorcinol + + + + + + + + + + + + + 

Metacresol + + + + + + + + + + + + 

K = Khonorullo variety; N = Ngoba variety; M = Mirikrak variety. 
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the other two varieties (Ngob8. and Mirikrak) and the least was 

recorded in the disease susceptible variety (Mirikrak) • The 

phenolic content increased with a.ge till 150 days and later 

decre:::tsed. 

DISCUSSION 

Results of biochemical analysis of leaf leachates 

indicate that eighteen aminoR.cids, sixteen sugars, twelve 

organic .3cids and nine phenols were recorded in leaf leachates 

from the three paddy varieties. The chemical spectra of these 

V::t.rieties were different. These results are in accordance with 

those of Mace and Beech ( 1973) and Tyagi and Chauhan ( 1982) who 

showed that the chemical spectra of leaf exudates depend upon 

the host cultivars. 

There is a change in the aminoacid spectrum of the 

leaf leachates of paddy varieties at different stages of plant 

growth. The maximum number of aminoacids was obtained at the 

later stages of plant growth (Fig. 6.1). This could be due to 

degradFttion of some of the aminoacids by microorganisms and 

synthesis of new aminoacids by the host as the plants mature 

(Bakshi, 1981). The sugars also followed the same trend as the 

aminoacids ::t.nd the maximum number of sugars was detected at the 

senescence stage in Khonorullo variety (Fig. 6.1). Ttle 

occurrence of more aminoacids and sugars in the resistant 
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variety may be because these chemicals play a part in 

impArting resistance to the plant providing nutrition to the 

gro1.v'ch of saprophytes which forms a microbial barrier or 

buffer to foliar infection by pathogens. Similar results hRve 

Rlso been observed by Kumar and Balasubramanian (1981). 

Changes in aminoacids, sugars, organic acids and phenols have 

already been reported in diseased plantsof paddy because of 

infection by g. oryzae ( Dasgupta Bnd Chattopadhyay, 1975) • The 

decreRse in the amount of a.minoacids and sugars in the suscep­

tible v:=triety may be beca.use the pathogen may be utilizing 
I 

l'n 
some of the aminoacids, causing a reductio9(its number. 

On the other hand, qua.li tative study of organic acids 

reveals that the organic acids were not exuded in large numbers 

and their number decreased with age of the plant. This may be 

due to their low concentrAtion, too dilute to be detected by 

c.hromRtographic technique or they are bound up in some form 

which is not eBsily exuded, however, differences were observed 

::1.t different stages of plant growth indicating changes in host 

physiology as organic acids are important sources in 

respiratory cycle (Bakshi, 1981). 

Moreover, the presence of more phenols in resistant or 

moderately susceptible variety is attributed to their role in 

conferring resistance to the plant from brown spot disease 

which supports the work of Tyagi and Chauhan ( 1982). Edreva. 

(1976) showed two main aspects of the functions of phenols in 
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resist~nce, the first is due to the toxic effect on the 

pathogenic fungi and the second with the reaction of hypersen­

sitivity. Isochlorogenic B.cid and caffeic acid were uniformly 

recorded in the resistant variety. Kuc et al. (1956) and --
TyA.gi R.nd Chauhan ( 1982) also demonstrated the presence of 

isochlorogenic acid in potato and chilli cultivars and showed 

thHt it played a definite role in disease resistance. 

The quantitative study of sugars and aminoacids also 

revePt.l thAt their amount increased with age of the plants. 

Higher Amount was mostly obtained in the extract of older plants 

(Fig. 6.2). The quantitative differences in sugar content at 

different stages of plant growth could be correlated with 

microbial activity on leaf surface as· sugars are most easily 

utilized as a source of energy (Tukey, 1971). 

On the other hand, the quantity of total nitrogen and 

proteind!creased with age And became very low at senescence 

stage. Similar results were also obtained by Mishra and Tewari 

( 1976b) working with leaf extracts of wheat and barley. 

The quantitative Analysis of phenols of paddy varieties 

indic~.te that their amount increases with age of the plant till 

150 days but later on decreases. The maximum phenol content 

was obtn.ined from resistant variety. 
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From the studies of fungal population of phyllopl:me 

of the three varieties of paddy {Chapter I) it ~s cle~ that 

the fungal popul~tion in the beginning when the plants were 

young was low, increA.sed gradually with the age of the plnnts 

nnd maximum was at the senescence stage. Moreover, the :fungal 

population both in total number of species isolated and total 

fungal colonies was higher in the resistant (KhonorullQ) 

variety than in the other two varieties and the least fung~l 

population was on the leaf surface of susceptible variety 

(Mir±kra~.From biochemical studies of leaf leachates and leaf 

extracts of paddy VR.rieties for aminoacids· and sugArs, reveal 

thr-:~.t they also followed the same trend as the fungR.l population 

with maximum amount R.t later stages. The phylloplane popula­

tion thus seems to.be directly governed by the leaf exudation 

and nutrient content of the leaves. Similar results were also 

obtained by previous workers (Mishra and Tewari, 1976b). 

Increase in permeability of the cell membrane of older cells 

(Kerling, 1964) coupled with loose arrangement of the cells 

during this stage accounted for the higher amount of leaching 

from the leaf surface. 

In the resistant variety (Khonorullo) high nutr.:Le11t 

content facili ta.tes the development of higher fungal popu,J,ation 

which provides as n sui table microbial barrier ~gainst inVA-sion 

by pathogens. On the other hand, in the susceptible variety 

because of domination by pA-thogen on the leaf surface, it was 

not conducive for the growth of other fungi due to decline in 
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nutrient content. 

Moreover, the qURntitative study of phenols reve~ls 

that the m~ximum phenolic content was obtained from the 

resistant variety (Khonorullo) which supports the work of 

SAthiyanathan and Vidyasekaran (1981) who demonstrated the 

presence of more phenoli~in the leaves of resistant rice 

cultivars and their considerable increase in the resistant 

v~iety suggests a positive role of phenolics in the resis~ 

tance of rice to brown spot disease caused by li• gr~~e. 

Further, Akai and Uayam~ (1955) also observed incre~se in 

catalase in rice leaves inocul~ted with g. oryz~. 

The results of the present investigation clearly 

i:ndicA.te that the colonization of ·fungi on the leaf surface 

is directly controlled by nutrient level of the leaf surface 

which changes with the release of substances from the leaf. 

Moreover, some phenolic compounds may also provide 

resistance to the plant to brown spot disease of paddy. 



CHAPTER VII 

EFFECT OF POLLEN ON THE SAPROPHYTIC 
AND PATHOGENIC MY CO FLORA OF THE 

, PHYLLOPLANE 
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INTRODUCTION 

It has been known from earlier studies (FokkemR., 1971 ~ 

SAinger ~ ll•, 1978; G.qrg and ShArma, 1982) thR.t pollens might 

bring ::tbout qualitAtive as well as qwmtitative HlterR.tions in 

the phylloplane microflora. Artificial inoculRtion of pollen 

grHins on to leaf surfaces is shown to enhance the growth of 

folico1ous .. pathogens, thus enhancing the infection rate to 

considerable extent (Fokkema, 1968; 1971). Moreover, the 

presence of pollen on surfaces of flag leaves in triticale had 

marked influence on populations of phylloplane microfungi (Garg 

Fl.nd Sharma, 1982). 

Further, Kerling (1964) also observed a. sudden increase 

in the development of spa.rophytic fungi shortly af·ter flowering 

which may be due to the presence of pollen that has fallen on 

leaves after flowering. Fokkema (1968) also reported increased 

develcpment of Cladosporium herbarum in the presence of pollen 

on rye leaves. He co~ld also show later (Fokkema, 1971) that 

£. herbarum and many other fungal spp. occurred in higher 

number on rye leaves with pollen. The stimulatory influence of 

pollen on phylloplane microflora has been stressed by several 

workers (Warren, 1972, 1976, Fokkema ~ ll•, 1979). 

It is known ::1.lready from earlier studies (Fokkema, 

1976, 1978; Skidmore, 1976; Blakeman and Brodie, 1976) that the 

nonparasitic microorganisms in the phylloplane control the 
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incidence and development of leaf diseases through antagonism. 

Since pollen is an important factor which favours the develop­

ment of saprophytes especially on older leaves during crop 

grov.rth (Kumar and Balasubramian, 1981) it might be of 

significance in disease development. 

Considering the significant role played by pollen on 

pF.lthogenic and saprophytic flora of phylloplane, the present 

investigation was undertaken to see the effect of paddy pollen 

on its mycoflora. 

MATERIALS AND JYIETHODS 

Research plant: The three varieties of paddy 

viz., Khonorullo (disease resistant), Ngoba (moderatilY 

susceptible) and Mirikrak (disease susceptible) were used as 
. 

the experimental plant. 

At 105 days of plant age when the flowering just 

begins, ears of some plants of the three varieties of paddy 

were tightly wrapped with clean polythene bags to check the 

presence of their own pollen on leaves. The rest of the plants 

of the three paddy varieties were not wrapped with polythene 

bags to allow pollen deposit on their leaves under :nB.tural 

conditions. Occassionally mature ears of plants in untreated 

lot were also gently agitated over surfaces of leaves to 

ensure a heavy pollen deposit. 
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After 15 days when the plants were at 120 days of 

plant Fl.ge, the samples of flag l~aves were taken from plants 

of both from treated and untreated sets for studying the 

phyllopl8ne mycoflora. Phylloplane fungi was isolated by 

dilu-tion plate technique .as described in Chapter 1. Petri­

dishes were incubated at 25 ~ 1 °C for 7 days and colonies were 

examined chiefly for those fungi recorded as dominant as seen 

from the studies of phylloplane mycoflora (Chapter 1). The 

srunplings were done again at 150 days and 180 days of plant 

age. Results for each fungus were expressed as fungal popula­

tion x 103 per gm fresh weight of leaves. 

RESULTS 

From Table 7.1 it is clear that presence of pollen 

strongly increased the population of each member in the 

phylloplane in the three paddy varieties and leaves with pollen 

possessed more fungal population than leaves without pollen. 

The pollen effect was more pronounced on mature leaves at 180 

days of plant age. 

The presence of pollen also increased the total fungal 

populntion in all the three varieties (Fig. 7.1). It is more 

pronounced at 180 days of plant age. 

l"loreover, the fungal population was always more on 

Khonorullo variety ( diseA.se resistant) than in the other two 



Fig. 7. 1: Comparison of tot::\1 fung::1.l population ( x 103 

per gm fresh wt. of leaves) of phylloplane 

.fungi on leaves with and without pollen 

deposit of different varieties of paddy vi,~. 1 

Khonorullo, NgobA Rnd Mirikrak at three 

growth stages of the plant. 
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table 7. '\: Showing the population of co.-on ptlylloplue fUa&1 en leaf surtace vi.ttl (+) and ld.tbout (-) poll• dlip:eal~· a,n.r n•wr1q. 
PopulaUon is expressed as averap nuaber of coloDiea x 10~ per p .freab weigbt of leaYea. 

T- ----~--- -- - -y-- ----------~--~~-

1 I 1 

Frmgi ~ 120 daYa j 150 claya i 180 claya , 
: K- K+ Jt N+ M- M+ ~ K- K+ Jt N+ 1\ M+ ; K- 1.+ )1- H+ M- M+ 

·----·-- - --------- . -- -- ---~-----~-----..___ ___ _ 
Alternaria tlterneta 

=-·~ 
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varieties (Ngoba. Rnd Mirikrak). The least ;funga.l populFttion 

was obtained from leRves of the susceptible variety (Mirikrak). 

Further, some of the most d.om.:i,nant fungi in the 

phylloplane viz., £,ladosporium spp.~ Alternaria spp., ,&rt~~ium 

sp., Aspergillus spp. Hnd Penicill~um sp. also showed an 

increase in their population in the presence o! p~llen (TAble 

7.1). Besides the dominant fungi some other fungi such as 

A,ureobasidium pullul8Jl:;;.., Curvularia lunata, ~1.CJ? .. '?£-.l;F.l pi_~.r:>in• 

Luaarium moniliforme, [igrospora oryzae and V~£t~~~~~~~ 

~~b~_o.-.a_t_r_um_ were also stimulated. 

In addition, the pollen also af.!ected th.e pathogen, 

g. oryzae. It was seen that in the susceptible yarj,ety, 

Mirikrak pres!3nce of pollen stimulated the pathogen populat.i.o.n 

which was more pronounced at the later stages. An. importMt 

antagonist of the pathogen, !· vir~d~ ~Lso snowed high popula~ 

tion in the presence of pollen especially on the resist~t 

VRriety, Khonorullo. 

DISCUSSION 

From the results obtained from the pres~t invest~~a­

tion (Table 7.1) it is clear that presence of pollen strop.gJ..y 

increased the populR.tion of each member of the fungA.l conununi ty 

formed on the phylloplane habitat. Moreover, the total fungal 

population (Fig. 7.1) also increased in the presence of pol~en. 
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Sirnil~r results were Also obtained by previous workers (G~rg 

and ShArma, 1982) • .This pollen effect became more pronounced 

on II1r~.ture leaves (Fig. 7.1). 

Further, the increase in the dominant fungi sue h as 

9.1.:-'ld.osporium spp., AlternA.ria spp., Arthrinium sp., Aspergillus 

spp., Penicillium sp. in the presence of pollen, supports the 

work of Fokkema ( 1968, 1971); Warren ( 1972, 1976); GP.rg and 

ShA.rma ( 1982) • Some of the less dominant fungi such as 

~~-esflasidium gullulan§, Curvularia lunata, Epicoccum. ~~ 

FusA}:i,.\Jm moniliforme, !'U-gro spora oryzae and Verticill._~ 

albo-atrum also showed increase in their population in the .... , ......... ~-----
presence of the pollen. Fokkema (1971) and Warren (1972, 1976) 

1:1.lso observed an increase in number of Aureobasidi'UI!! pullJl.~~ 

and some other yeasts in presence of pollen on leaves of rye, 

lime ~d birch. 

In Khonorullo variety, the population was maximum in 

the presence of pollen. This habitat formed by the leaf 

surface of the resistant variety was more conducive for the 

growth of fungal flora than in the other two varieties (Ngoba 

and Mirikrak). On the other hand, the pathogen li• gr~z~ 

showed higher population on the susceptible variety (MirikrRk) 

th:m in the other two varieties (Ngoba and Khonorullo). The 

pathogen, also showed an increase in their number in the 

presence of pollen. Fokkema (1971) also observed~ increase 

in infection by Helrninthq~sporium sativum with the influence 
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of pollen on rye leAves. Many other workers (Ogawa and 

English, 1960; BA.ohelder and Orton, 1963; Chu-chou ;md Preece, 

1968; Chu-chou, 1970; Warren, 1972) also demonstrated that 

presence of pollen affected infection of leaves by parAsites. 

It has been demonstrated by a. number of workers 

(Fokkema, 1976; 1978; Skidmore, 1976; Fokkema ~ ~~., 1979) 

thAt no~parasitic micro-organisms in the phylloplane control 

the incidence and development of leaf diseases through 

;mtagonism. Thus any factor such as pollen which might alter 

·too balance between sAprophytes F.J.nd pF.l.thogens on leaf surfa.ce 

may be of significance in disease development. 

Thus, pollen mF.l.y be one of the important factors 

which favours the development of saprophytes on older leaves 

(KumAr FJ.nd BalasubrAIDFJ.ni.FJ.n, 1981). Pollen which is shed and 

is cF.trried F.J.way by wind and is deposited on the leaf surfnce 

may add to the nutrient level available on the leaf surface 

and in turn mA.y hRVe A. stimulatory influence on the phylloplane 

micro flora. 

Results obtained from the present study thus cleF.J.rly 

demonstrate that pollen ma.y hAve a stimulatory effect on both 

sAprophytic and pRthogenic flora of phylloplane of paddy 

varieties. Such study may help in understanding the 

pathogenesis and development of effective means for control of 

leA.f diseases of pRddy such as brown spot. 



GENERAL DISCUSSION 
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The results obtained from the studies on phylloplane 

fungi of paddy clearly indicate many similarities with the 

phylloplanes of -:>ther angiosperms both in taxonomic composi­

tion and in pattern of development of microbial populations. 

The phylloplane mycoflora of paddy examined in the present 

study appears to be closely similar to those previously 

described on other plants by Dickinson (1967); Hislop and Cox 

(1969); McBride and Hayes (1979); Hayes (1982) and include a 

number of typical dominant fungi occurring on this habitat 

viz., Cl~dosporium spp., Penicillium spp., Aspergillus spp., 

Al te}'..D§lr • .:bB. spp., Aureoba sidiun sp. and some Ascomycetes 

belonging to Chaetomium sp., and some other common fungi such 

as F·usarium !f10niliforme, Nigrospora oryzae, Trichoderma virw.., 

Trichotheci~ poseum, Verticillium albo-atrum, etc. A total 

of 88 species belonging to 53 genera of fungi was isolated 

from the phylloplane of paddy by using different techniques of 

isolation. The results obtained from the different techniques 

clearly suggest that the study of the leaf surface population 

needs a combination of various methods for assessing the 

complete picture of the phylloplane fungal flora. This is in 

accordance \dth the view of previous workers (Dickinson, 1971; 

Sharma Sli ~., 1974; Mishra and Dickinson, 1981). Earlier 

workers have obtained more Mucorales and Hyphomycetes and very 

few Ascomycetes in their studies on phylloplane mycoflora 

(Mehrotra and Aneja, 1979; Singh and Rai, 1980). Whereas, in 

the present studies although the majority of the forms 
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isolated from the leaf surfR.ce of paddy belonged to Deuteromy­

cetes, Ascomycetes were also isolated in large number in 

R.ddi tion to phycomycetes a.nd mycelia sterilia. This may be 

because of use of cellulose agar medium in addition to Czapek 1 s 

Dox agar medium and also the use of moist chamber technique 

which enabled the isolation of decomposers (Tables 1.4- 1.7). 

Tsa.o ( 1970) was of the opinion that the nutrient medium used 

plays an important role in isolation of fungal species. 

The results of the experiments on the distribution of 

the microorganisms in relation to host species especially 

varietR.l characters, leaf m.qturi ty, weather changes and a.lso 

by the pathogen, ll• oryzae have brought out certain facts of 

importance. As with other plants, leaf age probably has an 

important role in influencing the development of the phylloplane 

microflora. (Fig. 1.4- 1.6). This may be due to increased 

leaching of nutrients from ageing plants. Various workers have 

reported the release of leach~tes in higher amount from older 

leaves (Colodny, 1932; Arens, 1934; Tukey ~ ~., 1958; Last 

and Deighton, 1965; Mishra and Tewari, 1978). Similar results 

were also obtained in the present studies (Fig. 6.2) where the 

amount of sugars and amino acids increased with the age of 

plant R.nd the maximum was obtained at the senescent stage. 

Ever since Last ( 1955) and Ruinen ( 1961) introduced the 

concept of phylloplane, many inrestigators have observed changes 
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in the microflor~ of phylloplane of crop pl~nts which is 

influenced by varietal characters and also by pla.nt pathogens 

(Kum~r and Bala.subramanian, 1981). In the present studies, 

when the leaf surface of three varieties of paddy differing 

in resist~nce to the pathogen, tl• oryzae were compared, the 

leaf spot disease resistant variety (Khonorullo) supported a. 

significantly higher population of fungi than the moderately 

susceptible (Ngoba) and susceptible (Mirikrak) varieties 

(Tabl~s 1.3- 1.7). The higher population could play a 

significant role in imparting reistance to foliar infection 

by forming a microbial barrier or buffer. The microflora 

present in the phylloplane is recognized as the fourth 

dimension (Last, 1971) and dictates the development of the 

diseases in addition to the virulent and aggressive pathogen, 

susceptible host and favourable environmental conditions. 

Certain fungi may extensively colonize a substrate to the 

exclusion of others which arrive later (Brueh 8lld L:U, 1966). 

Similar results have also been observed by various workers 

(Balagopal and Oblisa:ni, 1973; Kumar and Balasubramanian, 

1981). However, some workers (Kumar and Gupta., 1974; Tyagi, 

1980) have observed higher fungal population in susceptible 

varieties than resistant ones. The decrease in the fungal 

population observed on the leaf spot susceptible VA.riety 

(Mirikrak) in the present studies could be due to th.e 

domination of the pa.thogen, g. ory~ae resulting in the 
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reduction of available nutrients on diseased leaf surfA.ce or 

by eliciting antifungHl compounds. In addition, A. M.turally 

occurring biologicAl control may be present in the different 

vnrieties of paddy studied, It was seen 11hat in resistAnt 

vn.rieties (Ngoba and Khonorullo) when !• viride p~pulA.tion 

increased it inhibited the growth of !;!. orype to some extent. 

Similar natural biological control was also observed by 

Fokkema et al. (1975) while studying the buffering capacity of --
the microflora of rye leaves to artificial infection by 

Coqhliobolus sativus. In addition, the distribution of fungi 

mHy greatly depend on weather changes. MeterologicHl factors 

such as atmospheric temperature, humidity and rHin ~e 

important factors (Fig. 1.1) influencing the fungi on the leaf 

surfA.ces and this is in agreement with the data of Sinha (1971) 

and Hayes ( 1982) who a.lso found that such factors determine the 

periodicity and affect the trapping of spores on lea.f surfA.ce. 

The total number of microorganisms and also the specific 

composition of the mycoflora WHS affected by the weather 

conditions, some being present throughout the growing period 

whereA.s others were exclusively associated with 11. particular 

set of climA.tic factors (Tables 1.4 - 1. 7). 

From a study on the airspora of the the experiment:=tl 

plots where the three paddy varieties were grown it is quite 

clear that the fungal spores present in the air showed Fl. great 

imp::~.ct on the leaf surfHce of paddy since a significant direct 



190 

correlation existed between them (Table 2.4). Most of the ·­

spores of air were also tr~pped on the leaf surface (Table 2.1). 

However, some of the forms maintained their specificity in the 

speci~lized environment. The specificity of forms to the two 

environments, viz., air and phylloplane was due to change in 

nutritional status, micro-ecology and the other unknown condi­

tions of the different environments. This accounted £or the 

restricted occurrence of certain forms in the phylloplane and 

a.ir of paddy plants. Similar results have also been obtained 

by Sinha ( 1971) and Mishra and Tewari ( 1976a). Further, the 

pathogen, tl• orvzae was present in the air of all the three 

varieties of paddy at an early stage of the crop growth (Fig. 

2.8 and Table 2. 3) but the visible symptom of the brown spot 

disease was seen only from July-August when the optimum 

conditions for its survival were prevalent. Moreover, the 

p~thogen was conspicuously absent from the leaf surfA.ce of 

Khonorullo variety probably because of its disease resi sta.nt 

nF~.ture although it was isolated in the air. On the other hand, 

!· Yif~ an important antagonist of!!· orvzae was A.lthough 

present in almost the same proportions .Dn the air of all the 

three paddy varieties, was dominant on leaf surface only in 

disease resistant variety (Khonorullo) and subdominant on the 

moderately susceptible (Ngoba) variety. Such aerobiological 

and phylloplane studies thus may be of suggestive value in the 

control measures of the pathogen since the occurrence of the 

pa.thogen at an early stA.ge of the crop in the air may be helpful 



in making a forecFt.st regarding the occurrence of the brown 

spot disease of paddy. 

By using Koch's Postulates for doing pathogenicity 
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test it was confirmed that the causal organism for diseFt.se 

occurring on NgobA. ;md Mirikrak vRrieties of pFt.ddy WF.!.S 

~elminthosporium oryzae which caused brown spot disease on 

paddy. Further, from the studies it was also cleFil' that the 

optimum temperature for its groNth was around 25-35°C (Table 

3.4). Padmanabhan ( 1973) in his analysis of the great Bengal 

fAmine caused by the brown spot disease of paddy had 

hypothesized that the disease assumed such epiphytotic 

Proportions in 1942 prim:::~.rily bec.quse of the existence of 

optimum weather conditions such as high tempera.ture (35°C) and 

high moisture along with a cloudy weather during the period. 

Similar results were A.lso obtained in the present investiga­

tion. Further, for studies involving host-parastte 

interactions when g. p_ryzae, the pathogen populA.tion has to be 

taken then spores from 15 day old cultures with n concentration 

of 2 x 105 spores/ml suspended in 0.01 M phosphate buffer at 

pH 6 if incubated Fl.t 35°C may give good results. Similar 

results were also obtA.ined by Purkayastha and rt1ukhop8.dhyB.y 

( 1974). Moreover, the susceptibility to the pathogen, 

increased with age which is clear from the pathogenicity 

studies conducted in vitro and in vivo • 
.._._., --
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From interaction studies done in vitro and in vivo - -....--... 
betvveen certain selected epiphytic fungi and the pathogen, it 

is cleR.r that under ideRl conditions (as in vitro) selected _...;,;;;;, ....... -. 
fungnl P~ntagoni sts such Rs f'richoderma viride may be used as 

a biological control agent for brown spot disease of paddy 

:1.1 though it vias only parti:::~.lly successful in pot experiment&. 

The antF~.gonistic role of !.• viride, a common leaf surface 

fungus has been recognized by several \\Urkers (Ale-agha ~ ~·, 

1974; Roy, 1977; Chet ~ ~·, 1979; Hadar ~ ~., 1979). 

Differences in antagonistic behaviour of leaf surfRce fungi 

Yl y_i,V,E.. A.nd ,!!! ..;.v.-i.-t..,ro .... hHVe been reported by many workers (Bhatt 

and Vaughan, 1963; Akai Fl.nd Kuramoto, 1968; Heuvel, 1969; PRce 

and CR.mpbell, 1974; Rai end Singh, 1980). Ak.ai and Kur.qmo.to 

0968) tried to control this important disease of paddy 

biologicFtlly. They have reported that a Candida sp. R.lthough 

was effective in controlling brown spot disease of rice !n ~ 

failed to inhibit ill vit~. Moreover, the exact mechnnism of 

operation of ,!. viride, one of the important antagonists of the 

p8thogen is not very clenr from the present studies. It is not 

cleAr whether !· viride inhibited the pathogen by hYPerparasi­

tism or by producing antibiotics although it is a known fact 

th~t members of the genus Trichoderma are active both as 

hyperp~.rR.si tes and as antibiotic producers (Hadar ~ ~·, 1979) 

Although significant progress hFI.s already been made in the 

development of biological control of plant diseases, still there 

are some gaps in our knowledge which relRtes the impA.ct of 
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nntur.ql anvironment, FJ.ntA.gonistic selection and applicA.tion 

technology (Spurr, 1981). It is difficult to speak of biocon­

trol in the same terms FJ.S chemical control since biocontrol is 

diverse Ft.nd heterogenous Ft.nd a choice must be made of the most 

n.ppropriate means AVailable FJ.nd the disease situation in 

question (Dubos FJ.nd Bulit, 1981). 

To see the competitive R.bility of the phylloplane fungi 

on the leR.f surface of pn.ddy varieties, the spores of vr-trious 

fungi vrere germin-~.ted in lef-l.f lec=tch::~tes, leaf extrA.cts :md on 

the detA.ched leaf surf::~ce of the three varieties. It w:=t.s 

cleA.r from the results that the germination and growth perfor­

m.-=tnce of these fungi were enhanced in the leaf leachA.tes, leaf 

extr:;~.cts FJ.nd on the surfA.ce of leaves. Further, most of the 

a.nt:=t.gonistic fungi like !• viride showed maximum growth in the 

leR.f ler-1.chates, extrFJ.ct and on leaf surface of resistant 

v::~.riety (Khonorullo) A.nd on the other M.nd, the pathogen, 

g. prl-.?ii~ showed highest germiMtion And growth perform:mce in 

the case of susceptible VA.riety (Mirikrak). Moreover, most of 

the other fungi were more stimulated in the leaf leachBtes :md 

le::~.f extracts of the resistR.nt variety than in the susceptible 

ones. Similar results were Ft.lso obt:=t.ined by TyRgi ;md Chauhan 

(1982) working with the pA.thogen, Alternaria solFJ.ni in the leaf 

exud::~.tes of chilli VFJ.rieties. There was A.lso an incre::~.se in 

spore germination of cert::~in fungi (Table 5.1) in the leaf 

leach::~.tes and leaf extracts of senescent plants. This mR.y be 
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accounted to the presence of higher amount of nutrients such as 

sugars, amino acids and organic acids in the exudates and 

extracts of older leaves (Godfrey, 1976; Nishra and Tewari, 

1978) which was also confirmed from the biochemical studies of 

the leR.f leachates and leaf extracts. 

In addition, the results of the biochemical analysis of 

the le::~.f leachates and leaf extracts clearly confirms the fact 

thB.t the colonization of fungi on the leaf surface is directly 

controlled by nutrient level of the leaf surface which changes 

with the release of substances from the leaf. Moreover, some 

phenolic compormds may also provide resistance to the plant 

against brown spot disease of paddy as is seen from the present 

studies (Table 6.4 and Fig. 6.2). This is in agreement with 

the work of Sathiyanathan and Vidyasekharan ( 1981) who 

demonstrated the presence of more phenolics in the leaves of 

resistant rice cultivars ::~nd their considerable increase in the 

resista.nt cul ti vars suggest a positive role of phenolics in the 

resist::mce of brown spot disease caused by .tl• orvzae, In addi­

tion, enriched ~utrient level on the leaf surface of resistant 

variety (Khonorullo) may also attract the colonization of more 

saprophytic frmgi on this habitat (Table 1.4- 1.7) which ma.y 

provide resistance by forming a microbial barrier or buffer to 

foliar infection by the pathogen. However, in the susceptible 

variety (Mirikrak) on the other hand, because of domim.tion of 

the P""'thogen, g. orvzae IMY decrease the amormt of nutrients to 
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a. considerable degree which makes it non-conducive for the 

colonization and growth of the fungal saprophytes to a maximum 

level. Thus a low fungal population was correlated with the 

presence of low nutrient level in the susceptible variety. 

Another factor which favours the development of 

saprophytes on older leaves during crop growth is pollen. The 

stimulRtory influence of pollen on phylloplane microflora of 

paddy was clearly observed during the present studies (Fig. 

7.1 and Table 7.1). Presence of pollen, heavily increased the 

popuV'~.tion.of each member of the fungal comm\.l!lity formed on 

the phylloplane habitat. Many other \\Orkers (Garg and Sharma, 

1982) have also obtained similar results. In addition to 

change in saprophytic flora, the pathogen also showed an 

increase in its population in the presence of pollen which was 

distinct on the susceptible variety, Mirikrak. Fokkema {1971) 

also observed an increase of infection on rye leaves in the 

presence of pollen. Many other workers (Ogawa and English, 

1960; BAchelder and Orton, 1963; Chu-chou and Preece, 1968; 

Chu-chou, 1970; Warren, 1972) have also demonstrated that 

presence of pollen affected infection of leaves by parasites. 

The resitant variety, Khonorullo on the other hand, showed 

maximum stimulation of the fungal population in the presence 

of pollen. This habitat formed by the leaf surface of the 

resistant variety may be the most suitable for the growth of 

the fungal communities. 
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CONCLUSION AND SCOPE FOR FURTHER RESEARCH 

From the present investigA.tion on ecological studies of 

phyllopl~ne fungi of paddy it is clear that the distribution of 

fungi on le~f surface was mainly dependent on host species, le~f 

maturity rmd we:=tther conditions. Pollen was another factor which 

might alter the balance between the saprophytes and pathogen on 

leaf surface since it stimulates the pathogenic and saprophytic 

mycoflora ~d thus may be of significance in disease development. 

Moreover, in the present studies since the source of inocul\.nn and 

climatic conditions prevailing were similar for all the three 

varieties of paddy (since they were grown·· together in the same 

locality) the differences observed in quantitative and 

qualitative composition of these communities are mainly as a 

result of habitA.t characteristics, i.e., leaf morphology and 

physiology and :=tlso by the presence of plant pathogens. The 

leaf surface of resistant variety provided the most suitable 

habitat for the growth of maximum saprophytic fungi because 

of the presence of more nutrients such as sugars, aminoacids, 

organic acids but on the other hand, was not A.t all 

conduc~ve for the growth of the pathogen, li• oryzae 

because of the presence of more phenols and also may be 

because of the presence of microbial barrier provided by the 

presence of s:=tprophytes. Further, from the present studies it 

is clear th~t H. oryzae, the most destructive pathogen of paddy 

which causes brown spot disease was prevalent in this locality 

where the present investigation w~s conducted because of the 
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presence of optimum conditions for its growth such as tempera­

ture and moisture. lVloreover, although the spores of the 

p~thogen are present in the air very early during the crop 

season but the visjble. symptoms of the disease occur only 

l~ter and that also only on the leaf surface of the susceptible 

varieties. On the other hand, !• viride was found to be a 

potential antagonist of the pathogen, which could efficiently 

control the pathogen to some extent ill vitro studies but was 

not that successful in vivo. Thus from the present studies --
it could be concluded that some antagonists such as !• ~~~ 

could be used as a biological control agent for brown spot 

disease of paddy. 

Further studies are needed to test the effectiveness of 

!• viride against the brown spot pathogen of paddy in field and 

thus the biological control of leaf pathogens on a field scale 

offers a great challenge for future investigation. Although it 

is unlikely, however, that microbial antagonism could be ~ 

total substitute for chemotherapy, biological control is a. 

satisfactory control system whose exploitation is turning out 

to be full of promise. Current knowl~dge is too limited to 

accurately assess the different aspects of the antagonism 

phenomena which have an opposing impact on crop production. 

Further research, therefore, is urgently needed to quantify 

the role of phylloplane fungi in field situations. 



SUMMARY 
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Microbial communities on the leaf surface of three 

varieties of paddy differing in resistance to the leaf ~ot 

pAthogen, HelminthosooritlJil oryzae, viz., Khonorullo (disease 

resistant), Ngoba (moderately susceptible) and Mirikrflk 

(disease susceptible) were studied in detail using five 

different techniques of isolation (direct observation, moist 

ch~ber, leaf impression, washed leaves plating and dilution 

plate methods). The microflor~ of the phylloplane of the paddy 

plants is mainly influenced by varietal characters and also by 

the pathogen, !i· oryzae. In addition, distribution of fungi 

on leaf surface was also dependent on leaf maturity and 

weather cbanges. Analysis of phylloplane mycoflora showed 

that in the resistant variety there was a significantly higher 

population of fungi as compared to the susceptible one. 

Further, the total number of fungal colonies was observed to 

increase significantly with the age of the plant and was 

independent of plant variety. Among the fungi isolated 

Cln~sporium spp., Penicillium spp., Alternaria spp. and 

Asp?£.zillus spp. dominated the leaf surface of both resistant 

and susceptible cultivars. Species diversity among fungal 

members as calculated by Sorenson's index was found to vary 

with plant age. A natural antagonism was found on the 

resist:=mt varieties between Trichoderma viride and the leaf 

spot pathogen, !i· orxzae. 

From a study on the airspora of the three experimental 

plots where the paddy varieties were grown it was found 

that the fungal spores present in the air exerted a greR.t 
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impA.ct on the leaf surface of paddy. Most of the s'pores of 

air were also trapped on the leaf surface. Some of the forms 

however, maintained their specificity i.n t;he two environm~~nts 

viz., air and phylloplane. The spores of the pathogen were 

found in the air of all the ttu'ee paddy varieties very early 

in the crop season but the visible symptom of the disease 

was observed later only on the leaf spot susceptible variety. 

J.,. yJ.:,~'ide, a possible antagonist of the pathogen \'las found 

only on the leaf surface of the resistant variety although it 

occurred in the air of all the paddy varieties .. 

Pathogenicity test was conducted by us~ng Koeh1 s 

postulates both !.!! vix.t:?.. and !.U ~ and it was confirmed 

that the causal organism for the disease occurring on the 

susceptible varieties was defini. tely !:!_elmtnthoswmwo prX'4\f 
Breda de Haan which caused brown spot disease of paddy. This 

pathogen was also isolA.ted in pure culture. The su:?ceptibi­

lity to the pathogen increased with age which was clear ~m 

the pathogenicity studies done 1u vi".o and 4n viit~' Tb.e 

pathogen spores from 15 day old cul ture3 with a cono~ntl'a.t~on 

of 2 x 105 spores/ml suspended in 0.01 M phosphate buf!er at 

pH 6 if incubated at 35°C showed Ill,SJQ.m\llll spo.re ge,rmj.p.a.tion 

and germ tube length. 

From interaction studies done ~ X~\rp and ~ y~~~ 

between certain epiphytic fungi and the pathogen, ~t was 

observed that ill vitro some selected fungal antago~sts s~ch 
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twelve organic acids and nine phenols were recorded in leaf 

leachates of the three paddy varieties. The number of amino­

acids, sugars, organic acids, and phenols increased a.s the 

plants grew older and more amino acids, sugars, organic acids 

and phenols were detected in the exudate of the resistant 

variety. The quantitative study of leaf extracts also indicate 

that more quantity of sugars, amino acids and phenols were 

detected in the resistant variety than in the susceptible one 

and the amount increased with plant age. The results of the 

biochemical analysis of the leaf leachates an~ extracts 

clearly confirm the fact that the colonization of fungi on the 

leaf surface is directly controlled by nutrient level of the 

leaf surface which changes with the release of substances from 

the leaf. In addition to high nutrient level in the resistant 

variety which enable this habitat to attract more saprophytic 

fungal colonization thereby forming a microbial barrier to 

foliar infection, some phenolic compounds may also provide 

resistance to the plant to brown spot disease of paddy. 

Another fa.ctor which favours the development of 

saprophytes on older leaves during crop growth was found to be 

pollen. The presence of pollen on surfaces of leaves had· 

marked influence on phylloplane fungal population. The total 

fungal population was highly stimulated on leaves with pollen 

especially on mature leaves and the effect was much pronounced 

on the leaves of resistant variety. In addition to change in 
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s~rophytic flora the p~thogen population also increased in 

the presence of pollen on the leaves of su~ceptible variety. 

This study suggests a possible role of pollen in pathogenesis 

a.nd disease development. 
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