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ABSTRACT 



In the modern system of soil-borne disease management, 

control with the help of soil amendments is comparatively 

a new approach. The soil amendments may reduce the disease 

severity either by inhibiting the growth of the pathogen or 

by stimulating the antagonistic soil and rhizosphere microflora. 

The fungal propagules are known to remain dormant in soil, 

which may germinate due to break of "imposed dormancy" (i.e. 

due to soil fungistasis) following soil amendments and may 

increase or decrease the disease severity. Therefore, it is 

important to develop methods, to reduce the number of propagules 

of the pathogen in soil below a dynamic damage threshold level. 

In the present investigation "Studies on the effect of organic 

and inorganic amendments on the soil and rhizosphere microflora 

in relation to the biology and control of soil-borne plant 

pathogen (Sclerotium rolfsii Sacc)", emphasis has been given 

to control the pathogen (i.e. S. rolfsii) with the help of 

some easily available green plant materials, and with some 

organic/inorganic chemicals (i.e. inorganic fertilisers, anti­

biotics and fungicides). 

The thesis is presented under following headings: 

General Introduction, Review of Literature, Environ­

mental features with General materials and methods, Experimen-

tals (eight chapters), General Discussion, Summary and Refere­

nces. Each chapter has an Introduction, Materials and Methods, 

Results and Discussion. The experimental work has been divided 
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into two parts. Part one "Soil Survival" with one chaptei 

i.e. Studies on soil fungistasis, while Part two "Plant soil 

relationship" consists of seven chapters viz., (1) Effect 

of organic, (2) inorganic amendments on the soil, rhizosphere 

microflora, disease development and yield, (3) effect of nitro-

furans, (4) antibiotics, (5) fungicides on the rhizosphere 

microflora, disease development and yield, (6) studies on 

antagonism and biological control of S. rolfsii and (7) studies 

on the effect of organic and inorganic amendments to soil 

on rhizosphere microflora and disease development in maize. 

Part - I; Soil fungistatic activity against S. rolfsii was 

studied in relation to seasonal variation, microbial population, 

available nutrients and microbial activity (i.e. dehydrogenase) 

in three different soil types (i.e. forest, garden and grass­

land soil). It has been observed that soil fungistasis is 

seasonally variable i.e. with an increase in summer months 

compared to the winter. No correlation was observed between 

the seasonal variation of the factor and of microbial population 

in the soil in general, but a direct correlation with available 

nutrients (i.e. total sugar) in soil has been observed. Among 

the physico-chemical factors, soil moisture and enzyme activity 

shows a direct relationship with the seasonal variation of 

soil fungistasis. Ethrel (2 chloro ethane phosphonic acid), 

an ethylene generator in aqueous solution, was found to induce 

fungistasis in sterilised soil which was otherwise non fungi-
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static. It inhibits the sclerotial/spore germination in soil, 

in aqueous solution and affect soil microbes even at lower 

concentration (1 ̂ il/L). The inhibition due to ethrel was reduced 

by supplementing glucose (1% and 10%) in experimental soil. 

This supports the inhibitor and stimulator theory to balance 

soil fungistasis proposed by Smith (1973). The probable pathway 

and the factors involved in soil fungistasis has been discussed. 

Part - II; Among the organic amendments, Bupatorium adenophorum 

followed by E. riparium leaf extract, inhibited the growth 

of S. rolfsii in vitro. The inhibition in sclerotial germina­

tion is positively correlated with the concentration of the 

plant extracts used. Viability of the sclerotium in soil decrea­

sed (excepting E. adenophorum) with the increase in concentra­

tion of the amendments applied and with time. Organic amendments 

did not have any adverse affect on soybean seed germination. 

Amendments significantly increases total phenolic compounds 

in the treated soybean radicles in vitro. 

All the soil amendments stimulated fungi, actinomycete 

and bacteria (excepting E. adenophorum and E. riparium) in 

soil, whereas, a significant increase in bacterial population 

was observed in soybean rhizosphere. Aspergilli, mucorales, 

Trichoderma spp. were found to be stimulated in soil and rhizos­

phere. A comparatively higher population of Aspergilli was 

observed after the application of Helianthus annuus and Pinus 
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kesiya amendment to soil and E. adenophorum (3% w/w), amendment 

in rhizosphore, Trichoderma harzianum and T. koningii were 

found to be stimulated in the soil and soybean rhizosphere 

following E. riparium soil amendment. A total of thirty eight 

and thirty two species belonging to eighteen and fourteen 

genera have been isolated from soil and rhizosphere, respectively. 

Soil amendments (i.e. P. kesiya, H. annuus, Poultry 

litter) initially increased S. rolfsii population in soil, 

which subsequently declined. While E. adenophorum amendment 

to soil reduced the population. Although, pre-emergence seed 

rot was observed, but reduction in disease severity was achieved 

with all the soil amendments. Maximum reduction in disease 

severity was observed with E. riparium amendment. 

Organic amendments to soil in general did not produce 

any adverse affect on the growth of soybean plants. Infact, 

H. annuus and Poultry litter amendment increased the growth 

significantly. All the amendments increased the dry weight 

of shoot, pod and yield in soybean plants. Comparatively higher 

yield was recorded with E. riparium (3%w/w) and Poultry litter 

(2%w/w) amendments. Under field condition higher concentra­

tion (40q/ha) of the soil amendments reduced foot rot disease 

together with increased soybean yield. 

Among the inorganic amendments, urea and zinc sulphate 

(0.25, 0.5, 1.0%w/w) suppressed the growth and sclerotial 
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germination of the pathogen in vitro. The survibality of sclero-

tium in soil decreased with time and concentration of the 

chemicals. Higher concentration of inorganic amendments dec­

reased soybean seed germination in vitro. Significant increase 

in phenolic compounds was observed in the treated soybean 

radicles. Soil fungal population increased due to rock phos­

phate and ammonium nitrate amendment to soil. But rock phos­

phate (0.1, 0.25%w/w) only increased the fungal population 

in soybean rhizosphere. A significant increase in bacterial 

population in soil and rhizosphere was recorded with all the 

inorganic amendments used. Although increased actinomycete 

population was observed in soil but the population decreased 

in the rhizosphere. Soil amendments stimulated mucorales in 

soil and mucorales and Aspergilli in the rhizosphere. Zinc 

sulphate (0.25%w/w) boosted Aspergilli in soil whereas, rock 

phosphate (0.25%w/w) and urea ~(0.5%w/w) increased the same 

in the rhizosphere. Calcium nitrate (0.25%w/w) and zinc sul­

phate (0.1%w/w) stimulated penicillia in soil and rhizosphere 

of soybean seedlings respectively. A total of twenty aeven 

and thirty one species belonging to seventeen and fifteen 

genera have been identified and isolated from the amended 

soil and rhizosphere respectively. 

Amendments initially increased the pathogen population 

resulting an increase in pre-emergence seed rot. Significant 

increase in S. rolfsii population after urea amendment is 

probably, due to the breaking of "imposed exogenous dormancy" 
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by soil fungistatic factor present in the soil. The seedlings 

which escaped rot, delayed symptom expression by two weeks 

(0.5%w/w) concentration in all the cases) compared to infected 

control. Reduction in disease severity (i.e. 30-50%) was observed 

with all the inorganic fertilisers used. 

Higher concentration (0.5% w/w) of most of the inorganic 

fertilisers were found to have toxic effect on the seedling 

growth (i.e. height) and yield excepting calcium nitrate and 

urea (0.1%w/w). Urea (0.1%w/w), calcium nitrate (0.25%w/w) 

and calcium carbonate (0.1, 0.25%w/w) increased the shoot 

weight, whereas, urea (all the concentrations) increased root 

weight. No significant increase in soybean yield due to the 

inorganic soil amendments was observed. 

Under field condition a direct correlation was observed 

between the S. rolfsii population in soil and soybean foot 

rot in case of urea (80 kg/ha) at the initial stage. Although, 

zinc sulphate (5, 10kg/ha) initially increased the population 

but it declined slightly with time. Whereas, rock phosphate 

(40kg/ha) showed a gradual increase in pathogen*"s- population. 

A significant reduction in disease severity was recorded with 

all the inorganic chemicals used, of which zinc sulphate gave 

the - best result. Urea (80kg/ha) and Zinc sulphate (10kg/ha) 

stimulated the plant growth which was reflected on the increase 

in plant height, vigour and yield as compared to infected 

control and the lower concentration of the chemicals. 
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Among the three nitrofurans tested, furazolidone 

(at all concentrations) and nitrofurantoin (higher concentra­

tion only), completely inhibited the growth of S. rolfsii 

in vitro. Decreased sclerotial germination was observed with 

the increase in concentration of the chemicals. Complete loss 

of viability after 30 days of incubation was observed due 

to furazolidone (1000 ug/L) amendment to soil. Others also 

reduced the number of viable sclerotia with the increase in 

incubation period. Significant reduction in fungal anfl bacte­

rial population in the soybean rhizosphere following the(foliar 

application of nitrofurans was observed. All the nitror\irans 

reduced the disease severity (more than 50%). Better yield 

production was achieved with furazolidone treatment only. 

Antibiotic viz. actidione and thiolutin completely 

inhibited the growth of S. rolfsii in vitro even at lower 

concentration (20 jag/L). Others showed slight inhibition. 

Loss in viability of sclerotium by 50% after 15 days and com­

plete loss after 60 days of incubation in treated soil was 

observed with higher concentration of all the antibiotics 

tested. 

The concentration^ of antibiotics used here, however, 

found to be toxic to soybean seed germination, excepting few 

cases i.e. thiolutin (upto 80 jag/L), streptomycin (20, 40 

^g/L) and penicillin (20 ug/L), whereas, streptomycin (all 

the concentrations), penicillin and chloramphenicol (20, 40 

) stimulated the radicle growth. iig/L 
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A significant decrease of fungi, bacteria and increase 

in actinomycete population was recorded in the rhizosphere 

of soybean seedlings following foliar spray with antibiotics. 

A total of twenty nine species belonging to thirteen genera 

were isolated from the rhizosphere. 

Higher concentration of all the antibiotics delayed 

the symptom expression. Actidione followed by penicillin and 

thiolutin gave better control of disease (at 100 ug/L) compared 

to others. Slight increase in yield was recorded with thio­

lutin, chloramphenicol (lower concentration), followed by 

streptomycin (all the concentrations). 

Among the seven fungicides tested, PCNB and agrosan 

produce^ highest inhibition, in growth of S. rolfsii. Viability 

of sclerotium reduced when dipped in aqueous solution of sulfex 

and agrosan, but in soil, dicloran and agallol was found to 

be the most effective. Sulfex, was found to be toxic to soybean 

seed and seeddlings while others produced slight inhibition 

in seed germination only. Soil drench with fungicides, dec­

reased the microbial population (i.e. fungi, actinomycete 

and bacteria) in the rhizosphere, A total of twenty nine fungal 

species belonging to thirteen genera have been isolated, of 

which Aspergilli and mucorales were found to be the dominant. 

A delayed disease development was achieved in soybean 

plants grown in the infested soil drenched with PCNB and agallol. 

All the fungicides used have controlled the disease severity, 
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however., the best result was obtained with PCNB and agallol. 

Increase in yield was observed with PCNB and agrosan, irres­

pective of the concentrations used, while others also increased 

the yield but only at lower concentration. On the other hand 

delan and sulfex reduced the yield considerably. 

In biological control studies, eleven dominant rhizos-

phere fungi of soybean were selected to determine their activity 

against the growth of S. rolfsii in vitro and in vivo. Trichoderma 

viride and T. koningii showed volatile, while T. viride, T. 

koningii, T. harzianum and Aspergillus flavus showed non volatile 

antibiotic activity resulting inhibition in growth of S. rolfsii. 

The inhibition rate decreased with the increase in incubation 

period. These three Trichoderma spp. also parasitized S. rolfsii 

mycelium through coiling, lysis, penetration, growth, conidia 

formation and ultimately bursting the host hyphae. A necro-

trophic mycoparasitic activity of S. rolfsii on Aspergillus 

niger was also observed. Others show mutual intermingling 

growth in vitro. T, viride and F. solani, also produced inhi­

bition zone (type C) in some cases. 

Trichoderma harzianum and T. koningii amendment to 

S. rolfsii infested soil gave the best control of soybean 

foot rot disease. Population of S. rolfsii decreased considerably 

when the antagonist cultures were (i.e. Trichoderma spp.) 

separately amended to soil, which could be correlated with 

the decrease in disease severity. Higher yield of soybean 

was recorded with Trichoderma spp. compared to others. 
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Sclerotium rolfsii isolated from infected? maize (Zea 

mays L) cobs differ morphologically from the soybean isolate. 

The isolate grew very fast producing large number of small 

brown sclerotia. E. adenophorum and E. riparium soil amendments 

reduced the S. rolfsii population, while urea had virtually 

no effect* All the soil amendments used reduced the disease 

severity in maize plant. 
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INTRODUCTION AND SCOPE OF/WORK 



Sclerotium rolfsii Sacc. is a dominant soil-borne 

pathogen of several economic crops of the tropical and sub­

tropical regions of the world. This fungus has been reported 

to attack 189 species of plants distributed among 42 dicotyle­

dons, monocotyledons and ferns (West, 1961). The fungus 

occurs widely in tropical soils and is a major (Contributing ? 

factor for poor yields in several agricultural areas. 

This fungus is also dominant in the North-Eastern 

Region of India (Meghalaya), causing diseases in many agricul­

tural crops viz. soybean, maize, etc. (Maiti, 1978) and 

naturally deserves more attention. Meghalaya represents 

areas ranging from tropical plains to temperate hills with 

high rainfall and humidity having unique climatic conditions 

for the growth of the vegetation and which also favours 

infection of the plants by a variety of plant pathogens 

(i.e. S. rolfsii) causing serious diseases. 

Much information concerning organic and inorganic 

amendments to soil with special reference to disease control 

is available (Leach and Davey, 1942; Chowdhury^ 1946b; Papavizes 

et al, 1968, 1970; Srivastava and Sinha, 1971) but the mecha­

nism of reduction of disease severity is not properly known. 

The effect of organic and inorganic amendments to pathogen 

may be either direct due to their toxic effect (Leach and 

Davey, 1935; Henis and Chet, 1958; Chaudhuri and Maiti, 1978) 

or indirect by influencing antagonistic microflora (Linderman 
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and Gilbert, 1973a,b; Dutta and Isaac, 1979a,b) or may be 

due to their effect on the interaction between the pathogen 

and microorganisms in soil and the rhizosphere. Therefore, 

an attempt was made to study the possible effect of organic 

and inorganic soil amendments, to the soil and rhizosphere 

microflora in relation to disease development in some crop 

plants (i.e. soybean and maize) grown in Sclerotium rolfsii 

infested natural soil. 

Many promising fungicides active against S. rolfsii 

in vitro, have been evaluated for their performance in green 

house and in the field. The method of application includes 

seed treatment, soil drench and rarely by foliar spray. 

Only PCNB was found to be most effective among the fungicides, 

which inhibits the pathogen, resulting in considerable reduc­

tion in the disease severity. Benodanil was also found to 

have cidal affect (Pan and Sen, 1977), but due to its high 

cost its application is limited to glass house crops only. 

In the present study, importance was given to disease control 

in soybean with special reference to rhizosphere microflora , 

following soil drench with some fungicides and foliar spray 

with other chemicals. 

The ability of soil-borne plant pathogens to infect 

plant, depends on their survival and germination of the 

spore/resting structures. In the study of survival of soil-

borne plant pathogens, antibiosis and fungistasis are two 
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important phenomena, which should also be taken into considera­

tion for the control of soil-borne plant pahogens (Dutta, 

1981). Therefore, an attempt was made to determine the inter­

action of S. rolfsii with some fungi isolated from the experi­

mental soil and soybean rhizosphere. Experiments on the 

effect of fungistasis with reference to the survival of 

the pathogen (i.e. S. rolfsii) was studied in relation to 

the soil factors i.e. Physico-chemical properties, total 

microbial population, total sugars and other possible factors 

(i.e. ethylene) involved in it. Although S. rolfsii is the 

main fungus under study^ the author has used Fusarium solani 

as a contrast to evaluate the role of ethylene in soil fungi-

stasis. 

The problem will be approached mainly under the follow­

ing headings; 

i) Effect of organic (Eupatorium adenophorum, E. 

riparium, Pinus kesiya, Helianthus annuus and 

Poultry litter) and inorganic substances/chemicals 

(i.e. urea, rocjdphosphate, zinc sulphate, calcium 

carbonate, calcium nitrate, ammonium nitrate, 

antibiotics, nitrofurans and fungicides, etc.) 

on the growth, survival and development of S. 

rolfsii in vitro. 

ii) Effect of organic and inorganic amendments on 

the soil and rhizosphere microflora of the host 

plants (qualitative and quantitative changes). 

iii)Effect of chemicals (i.e. antibiotics, nitrofurans 
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and fungicides) application (foliar/soil drench) 

on the rhizosphere microflora of soybean (qualita­

tive and quanjtative changes). 

) Effect of organic and inorganic amendments to 

soil on the growth, disease development and yield 

of the host plants (i.e. soybean and maize) grown 

in the S. rolfsii infested natural soil. 

Studies on the seasonal variation of soil fungis-

tasis in relation to physico-chemical factors, 

microbial population and nutrient in different 

soil types. 

) Studies on the microbial antagonism against the 

growKL and survival of S. ralfsii and their conse­

quent prospect for the control of foot rot disease 

in soybean. 



REVIEW OF LITERATURE 
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Sclerotium rolfsii Sacc. has caused losses to culti­

vated crops in the warmer regions of the Globe for centuries. 

The investigation of Rolfs in Florida before 1900, showed 

that the fungus, although unnamed at that time, caused serious 

blight of tomato and other plants. Saccardo (1911) named 

the fungus as S. rolfsii. Foot rot or Sclerotial wilt caused 

by S. rolfuil Sacc. (= Corticium rolfsii Sacc.) is known 

to occur in India as far back as 1915 when Shaw and Ajrekar 

(1915) reported this pathogen under the name of Rhizoctonia 

distruens from Bengal (now Bangladesh). Subsequently, it 

has been reported from Madras (Sundararaman, 1928), Bombay 

(Uppal, 1928, 1930), Madhya Pradesh (Dastur, 1935), Assam 

(Chowdhury, 1944a, 1945). 

The host plants are susceptible at any stage of their 

growth. The fungus attacks the plant at collar region and 

below the soil. No positive correlation was observed between 

pH of the soil and incidence of disease (Chowdhury, 1946a). 

The optimum temperature required for the growth and sclerotia 

formation of S. rolfsii was found to be 28 - 30°C (Chowdhury, 

1948b). 

The fungus S. rolfsii Sacc. was first observed by 

Peter Henry Rolfs (1892) in the United States and there 

after a considerable amount of literature has been accumulated 

and extensively reviewed by Aycock (1966). Since, the present 

investigation relates to the effect of amendments on soil 
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microbes with reference to S. rolfsii and its survival, 

attempt has been- made to cover the literature pertaining 

to the effect of organic and inorganic amendments on soil 

microbes in this review. 

Organic soiI amendments 

Papavizas and Davey (I960) reported a substantial 

increase in the total number of soil and rhizosphere micro­

organisms (fungi, actinomycetes and bacteria) and a suppres­

sion of the Rhizoctonia disease of bean, by the amendment 

of soil with green plant materials. 

Mitchell and Alexander (1961) observed that the addition 

of small quantity of chitin to soil resulted in a marked 

reduction in the severity of root rot of bean caused by 

Fusariuih solani, F. phaseoli. Chitin amendment was also 

found to be effective in reducing the vascular wilt of radish 

caused by F. oxysporum. On the other hand, various other 

carbon and nitrogen sources as well as chitin degradation 

products, gave little or no reduction in the root rot of 

bean. 

Crop residues stimulate the activity of Sclerotium 

rolfsii in soil, possibly through its high competitive sapro­

phytic ability (Cooper, 1961; David and Rao, 1965; Sengupta 

and Royj 1971). Oat, alfalfa and corn residues instead 

of stimulating the growth was found to inhibit S. rolfsii 
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Mixon (1965, 1967) and Mixon and Curl (1967) observed reduction 

in growth rate and severe mycelial degradation, when oat 

residues were amended in sterilised and natural soil respec­

tively, in comparison to growth rates with clover, peanut 

vetch or corn residues. This degradation or reduction is 

reported to be due to an increase in Trichodenna viride 

and bacterial population. 

Henis et al (1967) reported that chitin similar to 

other organic amendments caused an increase in the soil 

microbial population, especially actinomycete^.. 

Manuring has also been reported to reduce disease 

intensity caused by S. rolfsii. Farm manure (compost) appeared 

to reduce rot of Cyamopsis psoraloides and Cicer arietinum 

significantly (Mathur and Sinha, 1970). 

Sneh et al (1972) observed a correlation between 

the inhibition of the saprophytic activity of R. solani 

in chitin amended soil, and an increase in antifungal activity 

of n-butanol soil extract as compared to non amended soil. 

Jordon et al (1972) reported that the germination 

of conidia, microsclerotia and the mycelial growth of 

Verticillium dahliae in soil, were inhibited by the addition 

of chitin, laminarin, wheat straw and oven dried green clover 

as soil amendments. They further observed a significant 
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decrease in the number of viable propagules of the pathogen 

counted from the soil amended with chitin and laminarin 

as well as a reduction in the disease severity of straw 

berry plants. They also observed an increase in bacteria 

and actinomycete in the rhizosphere of plants grown in 

chitin amended soil compared to the rhizosphere of those 

grown iti natural soil. 

Application of oil cakes of neem, groundnut, castor 

and ammonium sulphate increased the fungal population in 

the rhizosphere of egg plant. Oil cakes also adversely affected 

the frequency of parasitic fungi such as ColletotrichQum 

atramentarium, Rhizoctonia solani and Fusarium sp. (Wajid 

Khan et al, 1974). Stem rot of sunflower caused by S. rolfsii 

was also reduced by oat straw, followed by castor and Azadirachta 

indica oil cake amendments (Gautam and Kolte, 1979). 

It was also reported that the leaves of Vinca rosea 

accumulate more antifungal substances than flower, stem 

and root, which was found to inhibit S. rolfsii and other 

genera of fungi (Narain and Satapathy, 1977). 

A complete control of Q. rolfsii was achieved through 

different plant extracts viz. Tinospora cardifolia stem 

and root (Pariya and Chakravarti, 1977), Datura, Cannabis, 

Thuja and Eucalyptus, offered control of disease in pot 

as well as in field condition whereas tobacco though found 
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effective in pot experiment did not show complete control 

under field condition (Singh et al, 1979). Singh et al (1979) 

also observed that garlic leaf extract inhibited the growth 

of Fusarium oxysporum and Sclerotium sclerotiormn and produced 

disease free gram seedlings when incorporated in soil. 

Maiti (1977) observed that incorporation of dried 

crop residues of rice, triticale, wheat and green betlevine 

stem in moist soil (50% WHC) lead to an increase in the 

activity and the population of sclerotium upto 3 folds. 

Beute and Rotfriguez-Kabana (1979a) showed that wetting of 

dried green peanut stem, leaves and other crop produced 

primarily methanol, that stimulated the germination of 

•4clerotia. They suggested that an enzymatic release of methanol 

by the action of hydrolases on pectin triggers germination 

of sclerotium (Beute and Rodriguez-Kabana, 1979b). Burying 

sclerotia with undecomposed plant tissue was reported either 

to decrease (Sonoda, 1978) or to increase (Beute and Rodriguez-

Kabana, 1981) the total number of sclerotia. They also observed 

that the volatile active fraction was found to be an essential 

oil, exhibiting fungicidal activity which remains active 

against heavy doses of inoculum even at its minimum inhibitory 

concentration (0.05%) against Helminthosporium oryzae. 

According to Fawcett and Spencer (1970) phenolics 

are essential for disease resistance. But the absence of 
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phenolics in the oil of Caesulia axillaris suggest that 

metabolites of secondary importance too have a role in the 

resistance of plant to fungal pests (Pandey et al, 1982). 

Survival 

Higgins (1922) found that the sclerotia of S. rolfsii 

transferred to fresh media from old cultures were viable 

upto two years, whereas others (Povah, 1927; Nisikado and 

Hirata, 1937; Nisikado et al, 1938) reported the viability 

of sclerotia upto 5 years• The aclerotivftfthas also been reported 

to have survived in decaying vegetable matter saturated 

with water, for several months (Harris, 1937). Chowdhury 

(1945) found that 60% of the sclerotia remain viable after 

two months at a depth of 4 inches. But in water the sclerotia 

remained viable several months without any injury. 

Deep ploughing was recommended as a control measure 

for S- rolfsii and this probably involves the germinability 

of sclerotia. It was observed that, the sclerotia* could 

germinate only in surface soil and were not able to germinate 

in deep soil due to the lack of oxygen supply (Abeygunawardena 

and Wood, 1957b). 

Smith (1972a,b,c) showed that drying and wetting 

reduced the population of viable sclerotia and thus promoted 

the biological control as a result of nutrient leakage, 

which makes the entrance for the growth of several antagonistic 



i 11 ] 

microorganisms, probably the lytic soil organisms on the 

surface of sclerotia which finally lysed them. High moisture 

level in soil (80% WHC) also found to disintegrate the sclerotia 

and all of them disappeared in 40 days (Rana and Sengupta, 

1975). They also proved the effectiveness of deep ploughing 

indirectly in the laboratory. It was however reported that 

the sclerotia produced in culture and the sclerotia produced 

in nature differ physiologically (Linderman and Gilbert, 

1973b). The sclerotia of S. rolfsii produced in natural condi­

tion do not germinate on wetting as do the culture produced 

one (Beute and Rodriguez-Kabana, 1979b). A confirming evidence 

was given by them that the low disease intensity occurs in 

peanut, when rainfall follows a dry spell. 

Survival of sclerotia in soil was also reduced by 

amending soil with alfalfa hay (Menzies and Gilbert, 1967). 

Similar results were also obtained when soil was exposed 

to the vapour of alfalfa distillate, fcinderman and Gilbert 

(1973a,b) also observed that alfalfa distillate vapour< stimu­

lated the mycelial growth from- the sclerotia, under natural 

soil. Vigour of mycelial growth from sclerotia markedly decrea­

sed in soil when the soil was exposed previously, to vapour 

from natural or synthetic mixture of alfalfa distillate. 

It was also proved that the decomposition of alfalfa residues 

produce ammonia which was found to be toxic to S. rolfsii 

{Sonoda, 1977). 
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An eruptive germination of sclerotia of S. rolfsii 

was also recorded when they were exposed to volatile compounds 

(alcohols and aldehydes) evolved from plant tissue (Linderman 

and Gilbert, 1969, 1973a,b; Beute and Rodriguez-Kabana, 1979a,b; 

Punja and Grogan, 1981a), following drying (Punja and Grogan, 

1981a). Punja et al (1984) demonstrated that isopropyl and 

butyl alcohols were more stimulatory to germination than 

the volatiles evolved from dried and remoistened alfalfa 

leaf tissue. 

Soil fungistasis 

Survival of sclerotia in soil to some extent depend 

on the environmental factors. In natural soil, fungistatic 

factors generally inhibit the germination. The phenomenon 

of soil fungistasis was initially established by Dobbs and 

Hinson (1953), The term was applied to the inhibition in 

germination of fungal propagt}les in soil under apparently 

favourable condition but germinate when they were taken out 

and put in suitable substratum (Stover, 1958). This inhibition 

is due to the presence of inhibitory factor in the soil, 

which was described as fungitoxin (Hessayon, 1953), mycostasis 

(Dobbs and Hinson, 1953) and fungistasis (Jackson, 1957). 
^ , •"'"""'"""-"'•'-3..^ 

According to ( Garret-. Nt 1970) fungistasis is an 'exogenous 

dormancy' imposed upon fungal spores lying in soil, by factor/ 

factors that is/are wide spread in most of the soil, both 

natural and cultivated. Some workers believed that loss of 

nutrient from the spore results in inhibition of germination 
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(Ko and Lockwood, 1967). While to others, it is due to anti­

biotics production by soil microorganisms (Hora and Baker, 

1972). 

Fungistasis is a seasonally variable inhibitory factor 

of biological origin as evidenced^by its absence in sterilised, 

deep subsoils and highly acidic soils (Dobbs and Hinson, 

1953; Jackson, 1958; Dobbs and Bywater, 1959; Lockwood and 

Lingappa, 1963; Dutta and Isaac, 1979; Dutta et al, 1982). 

Some worker tried to correlate this phenomenon with soil 

pH (Schuepp and Frel, 1969), temperature and moisture content 

of the soil (Mishra and Pandey, 1974; Dutta and Isaac, 1979). 

This inhibition could be annuled with the help of exogenous 

supply of nutrient and by autoclaving the soil, suggests 

the death of the microorganism responsible for the production 

of the inhibitory substances. Griffiths and Dobbs (1963) 

also showed that the autoclaved soil released a high concentra­

tion of reducing sugar into the soil possibly as a result 

of partial hydrolysis of polysaccharide substrates , normally 

present in the soil and also as a result of the death of 

soil microorganisms. 

Lockwood and Lingappa (1963) also showed that fungi­

static activity could be reintroduced in autoclaved soil 

when inoculated with actinomycetes. They reported a wide 

variety of soil microflora responsible for fungistasis and 

is apparently more prevalent among actinomycetes than bacteria 

and fungi, 
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Smith (1973) found that ethylene is the main inhibitory 

substance that evolved from soil due to microbial activity. 

Top soils produced greater amount which was found to be more 

fungistatic compared to subsoils that produce lesser amount 

of ethylene (Dutta et al5 1982). Certain soil fungi (Hag 

and Curtis, 1968) and soil bacteria (Chen et al, 1976; Primrose 

and Dilworth, 1976) produce ethylene in pure culture. It 

has been suggested that spore forming anaerobic bacteria 

(Smith and Cook, 1974) and fungus Mqcor hiemalis (Lynch, 

1975) constitute the most important groups of ethylene forming 

microbes in soil. 

The modern concept of soil fungistasis is based on 

three general hypothesis. - ''-•".!_•'-. 

The first hypothesis, preformed non volatile inhibitor, 

the evidence for this hypothesis has been given by Baisith 

and Vaartaja (1974) and Vaartaja (1967). The second hypothesis: 

preformed volatile inhibitor, (Balis and Kouyeas, 1968) show 

that inhibition due to allyl alcohol and other inhibitors 

involved in soil fungistasis are inorganic compound (Ko and 

mi 

Hora, 1971J); an unidentified substance released by elevating 

soil pH (Hora and Baker, 1972), and ethylene (Smith, 1973). 

Third hypothesis involves inhibition resulting from microbial 

utilization of propagule exudates (Bristow and Lockwood, 

1975). 

Selective treatments of soil offer an approach to 
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the identification of the kind of organism responsible for 

ethylene production. Diffusion of oxygen (Smith and Restall, 

1971; Smith and Cook, 1974) and the addition of ferrous ion 

to lower the oxidation-reduction potential of soil (Smith, 

1976) stimulated ethylene production. On the other hand, 

nitrate (Smith and Restall, 1971; Smith and Cook, 1974) and 

manganese ions (Smith, 1976) which raised the oxidation-

reduction potential, inhibit ethylene production. Many soil 

autoclaved at 121°c. no longer produced ethylene, but treat­

ment of soil with moist heat at 80°c for 30 mins., failed 

to stop ethylene production when incubated at 25°c (Smith 

and Cook, 1974) and 30°c (Sutherland and Cook, 1980). Ethylene 

in soil, most likely produced by facultative or strictly 

anaerobic bacteria which were spore former or possibly the 

bacteria that isolated from heat treated soil (Sutherland 

and Cook, 1980). 

Lewis and Papavizas (1975) stressed that energy source 

and other organic materials added to soil may reduce or comple­

tely annul fungistasis initially. After a week or more, a 

long term effect may become evident as manifested by an enhan­

cement of fungistasis. Such increased fungistatic potential 

was observed after adding alfalfa hay to soil (Adams et al, 

1968; Adams and Papavizas, 1969; Sneh et al, 1976) alfalfa 

distillate (Linderman and Gilbert, 1975), torn stover (Papavizas 
on«L 

and Adams, 1969)£oat straw (Adams et al, 1968). According 

to Smith (1976) whether the surviving sclerotia of S. rolfsii 

o2-c(? X 
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will germinate or not, depends upon the balance of nutrient 

stimulant and ethylene inhibitory action. 

In a model fungistatic system, inhibition in germination 

14 

was correlated with the increased loss of C labelled com­

pounds from spore (Sneh and Lockwood 1976; Filonow and Lockwood, 

1979, 1983) of which more than 90% of the carbohydrate was 

glucose. 

The metabolic activity of soil microbes was mainly 

determined by the estimation of dehydrogenase activity in 

soil. Several workers used 2, 3, 5 TTC reduction method to 
a 

equate the dehydrogenase activity with the biological activi­

ties of the soil (Lenhard, 1956; Stevenson, 1959). Stevenson 

(1959) found a correlation between the oxygen uptake and 

dehydrogenase activity in soil. He further observed that 

a close relationship exists between dehydrogenase activity 

and bacterial number in the decomposition studies. It was 

observed that the enzyme activity of the same soil differs 

with respect to different times (Ross and Roberts, 1970). 

Ross (1971) further suggested that dehydrogenase enzymes, 

possibly play an important role in the initial stages of 

the oxidation of soil organic matter of transferring hydrogen 

or electron from substrate to aceptor. 

Skujins (1973) observed that the dehydrogenase activity 

could not be correlated with the microbial numbers. He further 

stated that an assay of dehydrogenase activity may be used 
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to predict the proteolytic nitrifying and respiratory activi­

ties in soil. 

Inorganic Soil amendment & Chemical control 

Waksman (1922) observed that the plots receiving 

mineral fertilizers applied separately or in various combina­

tions with organic fertilizers gave higher population of 

fungi than did similar plots receiving no mineral fertilizers. 

The effect of mineral fertilizers (NPK) and soil reaction 

(pH) on the total number and types of soil fungi was determined 

in the laboratory as well as in the field by Kaufman and 

Williams (1964). They observed that nitrogen fertilization 

had the greatest effect on the composition of the soil fungus 

population of fallow laboratory soil, followed by phosphorus 

and Potassium respectively. They reported from their field 

observation that only three microorganisms viz., Myrothecium 

spp., Verticillium spp. and Penicillium purpurogenum were 

affected by the application of nitrogen fertilizer. 

Reduction in sclerotial germination with a wide array 

of nitrogenous compounds including ammonia, urea,ammonium nit­

rate, chitin, peptone, calcium nitrate and ammonium acetate at 

0.2%w/w, has been observed by Henis and Chet (1968), and is due 

to the build up of antibiotic producing organisms in the mycos-

phere of sclerotia. Sclerotium germination of S. rolfsii in 

soil was inhibited by the lower level of nitrogen (50 ppm) 

in the form of ammonium or nitrate nitrogen. While higher 
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level (2000 ppm) was found directly toxic to the sclerotia. 

The effect of nitrate was not due to the changes in soil 

reaction or nitrite accumulation (Avizohar —Hershenzen and 

Shacked, 1969). In vitro test showed an irreversible loss 

in germination above 2000 ppm of ammonium and nitrite but 

effects with nitrate was reversible. 

In pot trials 20 lb N/acre in the form of ammonium 

sulphate or urea, half before planting and remaining 15 days 

after seedling emergence, controlled wilt or collar rot of 

potato caused by S. rolfsii (Sulaiman and Rhode, 1968). Lower 

levels of, calcium nitrate has shown partial effect. Field 

application of 160 Kg N/ha as calcium ammonium nitrate or 

ammonium sulphate or 200 Kg N/ha as urea significantly reduced 

root rot. of sugar beet caused by 8. rolfsii with increased 

yield (Thakur and Mukhopadhyay, 1972). Further increase in 

doses reduced the sugar content of the beet tubers. It was 

reported that nitrogen application (100 Kg N/ha) increases 

the susceptibility of egg plant to Verticillium wilt disease 

(Sivaprakasam and Rajagopalan, 1974). 

The effect of six different combinations of inorganic 

fertilizers (calcium, ammonium nitrate, super phosphate and 

muriate of potash) and farm yard manure incorporated into 

soil, on the bacterial flora in the rhizosphere of paddy 

at the tillering, pre-flowering and the grain formation stages 

were observed by Mishra and Das (1975). They reported that 
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the bacterial population of the rhizosphere in both treated 

and untreated soil was significantly higher than that found 

in corresponding non-rhizosphere soils. 

Ammonium and nitrate form of nitrogen, which inhibited 

sclerotial germination, however were not inhibitory to mycelial 

growth of the pathogen suggests a direct toxic action of 

nitrogen on sclerotial germination at high levels (Chaudhuri 

and Maiti, 1978). While other workers suggest that inhibition 

in sclerotial germination is due to either indirect by altering 

host susceptibility or population of antagonistic soil micro­

organisms (Henis and Chet, 1968) or direct through the release 

of ammonia (Henis and Chet, 1967 j Avizohar - Hershenzon and 

Shacked, 1969; Punja and Grogan, 1982; Punja et al, 1985). 

Increased calcium levels in the tissue following appli­

cation of calcium nitrate or sulphate may provide some level 

of control under low level disease condition (Punja et al, 

1985). High calcium content in tissue may partially offset 

the action of oxalic acid and cell wall degrading enzyme 

(Punja et al, 1985). Application of hydrated lime did not 

give satisfactory control of disease in golf green (Punja 

et al, 1982). 

Varieties of chemicals i.e. fumigants, fungicides 

and herbicides have been screened in vitro and in vivo against 

S. rolfsii. The fumigant mostly used as nematicides was 
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found to control S. rolfsii successfully. Result obtained 

till 1965, showed that chloropicrin (Mc. Clellan et al, 1947) 

methyl bromide (Munnecke and Lindgren, 1954) and chloiiobro-

mopropene (Abeygunawardena and Wood, 1957a) are significantly 

effective and gave disease control. Results with vapum in 

disease control has been inconsistant (Aycock, 1966). Mc. 

Carter et al (1976), however obtained a significant reduction 

in the incidence of southern blight of tomato through its 

application. Chloropicrin and methyl bromide under plastic 

trap were moderately effective (Mc. Carter et al, 1976). 

Methyl bromide was effective against mycelial bits but less 

against sclerotia of S. rolfsii in a free flowing system 

(Munnecke et al, 1978). Sclerotia buried at 10 cm deep in 

soil were killed by methyl bromide at 500 Kg/ha but higher 

doses were required for greater depth (Hass, 1976). Rodriguez-

Kabana et al (1976) observed that the nematocide ethoprop 

reduced the southern blight of peanut effectively by increasing 

Trichoderma viride and Aspergillus spp. population in the 

soil. 

Herbicide dinoseb was found to be toxic to S. rolfsii, 

(Garren, 1959a) which was also used for elimination of weed 

hosts (Boyle, 1961). Paraquat (Rodriguez-Kabana et al, 1967a), 

atrazine compounds (Curl et al, 1968; Pitts, 1969; Bozarth 

and Tweedy, 1971 and Rodriguez-Kabana et al, 1967b, 1968), 

trifluralin (Rodriguez-Kabana et al, 1969) and EPTC (Peeples, 

1970) affect the germination and growth of S. rolfsii 
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in different degrees. Sclerotia produced in the above mentioned 

chemical treated cultures were larger in size but their rate 

of production was reduced (Curl et al, 1968; Bozarth and 

Tweedy, 1971). Some herbicides have been shown to act by 

stimulating antagonists. Atrazine has been found to be stimu­

latory to Trichodenna viride in soil (Rodriguez - Kabana et 

al, 1967b). Similar results have also been obtained with 

EPTC (Peeples et al, 1976). 

Sumithion among the nine insecticides tested in vitro^ 

showed maximum inhibition in the growth, delayed formation 

of sclerotial initials and reduced the number of sclerotia 

(Reddy and Anil Kumar, 1975). 

A large number of fungicides have been screened for 

their in vitro effect on the growth of mycelium and germina­

tion of sclerotia of S. rolfsii in culture. Many of the fungi­

cides effective in vitro were found to be less effective 

or completely ineffective in the field. Pentachloronitrobenzene 

(PCNB)jCwidely used for the control of diseases in ornamental 

and other important crops (Gould and Mclean, 1954; Gould, 

1954a,b) at 200 lb/acre. The efficacy of PCNB to control 

the disease caused by S. rolfsii has been investigated exten­

sively. Cooper (1956a) found that, PCNB was highly effective 

at 6-12 lb/acre, 

Mishra and Chand (1970) demonstrated the effectiveness 

of PCNB in controlling the root and foot rot disease of wheat 



[ 22 ] 

caused by S. rolfsii. Similar results were also obtained 

by Mukhopadhyay and Thakur (1971) and Agnihotri et al (1975) 

in controlling root rot of sugar beet infected by the same 

pathogen, Chaudhuri and Maiti (1975) recommended higher con­

centration together with the successive doses of PCNB required 

for the successful control of this pathogen. 

Other fungicides like lthizoctol (Indulkar and Grewal, 

1970; Bahadur et al, 1974; Khare et al, 1974), franogen, Agrosan 

5 W, ceresan W, as soil mixture gave considerable control 

to the diseases caused by S. rolfsii in several crops (Indulkar 

and Grewalj 1970). Captan, thyram, Copper carbonate EL 273, 

(Mishra and Chand, 1970; Khare et al, 1974) gave a conside­

rable control in pre - emergence wilt of lentil and wheat. 

However, this result was not confirmed by Agnihotri et al 

(1975) against root rot of sugar beet. Ziride, thiride I 

and II, dithane M 45^ttiltox (Chaturvedi and Agrawal, 1975; 

Bozarth and Tweedy, 1971 )<jwcL itJichloran (Diomande and Beute, 

1977) among the protectants were found to be effective against 

S. rolfsii. Higher concentration of vapam and formaldehyde 

(1000 ppm) were found highly effective in resisting growth 

of S. rolfsii and were recommended to protect the sugar beet 

against root rot caused by B. rolfsii (Mathur and S&rbhoy, 

1980). 

Systemic fungicides like benodanil (Maiti and Chdudhuri, 

1975), vitavax and chloroneb (Mukhopadhyay and Thakur, 1971; 
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Agnihotri et al, 1975; Dasgupta, 1975) were found to be highly 

effective against S. rolfsii. 

Application of benomyl controlled leaf spot of peanut 

caused by Cercospora personata and Cercosporidium personatum 

but increased stem rot considerably. Benomyl also imposed 

toxic effect on Trichoderma spp. Further, it prevented defolia­

tion leading to the development of a good crop canopy which 

permitted humid condition in soil. This was found to be condu­

cive for the stem rot development caused by S. rolfsii (Backman 

et al, 1975; Shew and Beute, 1984). 

Theknethod of applicaion included seed treatment, soil 

drench and rarely spray. Foliar spray of chemicals (fertilizers anA. 

fungicides) changed the rhizosphere microflora. It was reported 

earlier that foliar spray of urea increased bacterial popula­

tion on wheat rhizosphere, whereas^ fungal counts decreased 

(Vrany, 1963, 1965; Macura, 1971). Ammonium sulphate and 

2-4D spray significantly increased the actinomycetes and 

fungal counts in the rhizosphere of Eleusine coracana (Bagyaraj 

and Rangaswami, 1982), The sprays also encouraged the establi­

shment and multiplication of Helminthosporium nodulosum in 

the rhizosphere while aureofungin, benlate and disodium 

hydrogen phosphate sprays suppressed them. 

Biological Control 

The pathogenic root infecting fungi can survive sapro-

phytically in soil in organic matter by competing with other 
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obligate saprophytes or on the dead host tissue, invaded 

during its parasitic phase (Garret, 1975). Barnett and Binder 

(1973) described two types of mycoparasitic activity i.e. 

necrotrophic and biotrophic based on the nutritional relation­

ships. In former case, the development of the host is suppre­

ssed and the parasite can obtain its nutrients from the dead 

host, while in later case the parasite survives on the living 

host. Hyphal interference, penetration and coiling have been 

reported by several worker (Butler, 1957; Barnett and Lilly, 

1962; Ikediugwu and Webster, 1970a,b; Dennis and Webster, 

1971c and Skidmore and Dickinson, 1976) with different host 

and parasites. Several reports on the parasitic activity 

of Trichoderma spp and Fusarium spp. on other soil fungi 

are available but the nature of the parasitic activity of 

Trichoderma spp. on S. rolfsii has been worked out only in 

the recent years. T. harzianum isolated from soil, excreted 

/8(1-3) glucanase and chitinase when grown on mycelium and 

cell walls of either S. rolfsii or Rhizoctonia solani. These 

enzymes degrade mycelial cell wall followed by penetration 

of the antagonistic fungus into mycelium of S. rolfsii as 

has been observed under scanning and transmission electron 

microscopes (Elad et al, 1983a,b). 

The brown coloured sclerotia of S- rolfsii has melanized 

cell in the rind (Chet et al, 1967) which acts as an inhibitor 

of chitinase and glucanase, which are associated with the 
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biological degradation process (Willetts, 1971). Scanning 

electron microscopy of hyperparasitism of sclerotia of Corticium 

solani by Aspergillus terreus (Shigemitsu et al, 1978, 1981) 

showed that the conidiophores of the hyperparasites arose 

mostly from outer and a few from inner cortical layer of 

sclerotia. 

The mycoparasite also invade the conidiophore/sporan-

giophores as detected in case of Rhizopus nigricans, 

Cunnighamella echinulata by Fusarium udum (Rai et al, 1978; 

Upadhyay et al, 1979). A necrotrophic mycoparasitic activity 

of S. rolfsii on Aspergillus niger, mainly on the conidiophore 

and A. flavus was also observed by Arora and Dwivedi (1979). 

Many fungi produced volatile and non volatile metabolites, 

which have, been found to inhibit the growth of several test 

pathogens. The metabolites may be either gaseous or residual 

form and counter acts with the substrates resulting inhibition 

of saprophytes growing in it. Several Trichoderma spp. are 

found to produce volatile and non-volatile metabolites inhibi­

tory to the growth of other fungi. T. viride aggregates produce 

volatile inhibitor of characteristic smell, identified as 

acetaldehyde which inhibit the growth of Fomes annosus and 

Rhizoctonia solani (Dennis and Webster, 1971b). 

Biological control of the soil-borne plant pathogens 

may be achieved temporarily or permanently through either 
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direct use of microorganism or by the stimulation of the 

antagonistic microorganisms in the soil. The most successful 

antagonist which controlled S. rolfsii in vitro and in nature 

is Trichoderma harzianum. Wells et al (1972) isolated T. 

harzianum from the diseased sclerotia of S. rolfsii and obtained 

90% healthy plant in T. harzianum treated plots, compared 

to control, Backman and Rodriguez »Kabana (1975) also obtained 

a significant control of the disease by adding T. harzianum 

in the infested soil. They developed granular formulation 

of T. harzianum for easy applicability in the field without 

any residual effect. Stimulation of antagonists, germination-

lysis phenomenon or mortality through release of volatile 

have been successfully achieved by modifying moisture regimes, 

organic amendments or use of non target pesticides. 

Alternate wetting and drying as a means of biological 

control has been suggested. Such treatment leads to the release 

of nutrients from the sclerotia which enhance the growth 

of several antagonistic bacteria (Smith, 1972a,b). Nutrient 

release also results in significant loss of dry weight of 

sclerotia (Coley-Smith, 1979). Eruptive germination of scle­

rotia has also been induced by drying sclerotia (Smith, 1972a; 

Punja and Grogan, 1981a), exposing them to volatile compounds 

(alcohol and aldehyde) and to some extent sodium hypochlorite 

treatment (Linderman and Gilbert, 1973b; Beute and Rodriguez-

Kabana, 1979a,b; Punja and Grogan, 1981a). These factors 

also enhance the nutrient leakage probably through the mobili-
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zation of compartmentalized glucanases that act on stared 

glucans. 

Seed inoculation with the mycelium of T. harzianum 

was found to control the wilt of lentil (Agrawal et al, 1977). 

The effectiveness was more when applied to the seed rather 

than to. soil. Soil inoculation of the antagonist controlled 

the pathogen S. rolfsii causing diseases to different crop 

plants viz. root rot of sugar beet (Mathur and Sarbhoy, 1978), 

stem rot in lupin, tomato, ground nut, bean and egg plants 

(Chet et al, 1978; Elad et al, 1980). Dipping the cuttings 

of sugar cane in spore suspension of T. lignorum improved 

the seedling stand (Tokeshi et al, 1980). 

Reduction of disease caused by S. rolfsii with mutual 

antagonism has been demonstrated in case of S. rolfsii with 

Fusarium oxysporumfsp. lycopersici on tomato (Endo et al, 

1976a). Penicillium sp. was also found to be successful 

as antagonist to S. rolfsii in vitro as well as in glass 

house, controlling the disease severity in tomato (Lozano 

and Lopez, 1977). In pre-fumigated soil, planting bean seed 

coated with hyperparasite Penicillium sp., protected the 

crop effectively in the glass house (Polanco and Castro, 

1977). 

Basu Choudhury and Gupta (1970) tried Streptomyces 

nigrifaciens against S. rolfsii, which was found to control 



[ 28 ] 

guar root rot. Partial control of S. rolfsii causing southern 

blight of Cajanus cajan with Pseudomonas aeruginosa and 

Bacillus subtilis was attributed to the production of an 

antibiotic called Pyocyanin (Brathwaite, 1978). 



ENVIRONMENTAL FEATURE WITH 

GENERAL MATERIALS AND METHODS 



[ 29 ] 

Location of the Study Area 

The present investigation was carried out in Shillong 

(Latitude 25,34°N and Longitude 91.56°E) the capital of 

Meghalaya, a hill state situated in the North Eastern Region 

of India. The altitude of the place varies from 1080m to 

1990m with the highest peak lying in Shillong peak area. 

Most of the experiments were conducted at Indian 

Council of Agricultural Research (ICAR), Experimental farm, 

Barapani (Fig.1), about 22 Km north of Shillong located at 

25°30,30" latitude and 91"SIMS" longitude. The climatic condi­

tions are similar to that of Shillong except that it is 

slightly warmer and was found to be ideal place to conduct 

phytopathological experiments. Plate 1, showing the general 

view of ICAR farm, Barapani, with a site having soybean 

cultivation, where soil was found to be highly infested 

with the pathogen, Sclerotium rolfsii. 

Vegetation 

The vegetation of Shillong is characterised by ever­

green tree species and can be broadly divided under: 

(a) Subtropical pine forests. 

(b) The rolling grassland. 

(c) Mixed evergreen forest. 

(d) Temperate forest. 

Pinus kesiya, Royle ex Gordon, is the dominant tree 

species which occurs widely in Shillong along with other 

broad leaved angi?sperms like Schima wallichii (DC) Korth. 



Fig . 1: Map of Shillong and ICAR complex farm at Barapani show ing d i f f e r e n t 

sites of experiments. 



Shillong anc Barapani in Meghalaya 

• PLACES OF SOIL COLLECTION 
A PLACE OF PHVTOPATHOLOGICAL 

EXPERIMENTS 

MAP OF MEGHALAYA SHILLONG 

Seal*: 1:8000 

FIG. I. ICAR Research co-nplex farm at Barapani (Shillong) 



Plate 1: A portion of the site at Barapani ICAR farm showing soybean cultivation 

in Sclerotium roifsii infested soil. 
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S. khasiana Dyer., Acacia dealbata Link., Rhododendron arboreum 

Sm. , Alnus nepalensis D. Don,^ Quercus spp. etc. The common 

shrub or undershrub, species comprises of Eupatorium adenophorum 

Spreng., E. riparium Regel., Artemisia parviflora Roxb.f Lantana 

camara Linn., Duranta plumieri Jacq. etc. 

Soil types 

The soil type of Shillong and around is mostly red 

laterite or brown loam soil. The soil in general is acidic 

in nature, and rich in nitrogen, but poor in potash and phos­

phorus content, which ranges between 20 Kg/acre to 50 Kg/acre 

(Zimba, 1978). In some areas sand content of the soil is 

found to be upto 90%. 

Climate 

The climate of Shillong is very much controlled by 

seasonal winds like that of other parts of the country. The 

South West monsoons and the North East winter winds influences 

climatic condition of Shillong. 

The seasons may be divided into four groups basing 

on the data presented in Fig. 2. 

a. Spring season - March and April. 

b. Summer season - May to September 

c. Autumn season - October and November 

d. Winter season - December to February. 

The spring season is characterised by the gradual 



Fig. 2: The average monthly maximum and minimum temperature, morning 

and evening humidity and rainfall of Shillong for the period from January 

1984 to December 1985. 
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increase in temperature over the preceding winter months 

accompanied by occasional showers. Further increase in tempe­

rature gives rise to 'Summer' with heavy rainfall. A tremen­

dous increase in temperature was recorded from middle of 

April to May. The average maximum temperature recorded during 

the study period (1984-1985) was24.7°c (during April, 1984) 

and minimum temperature was 4.5°c (January, 1984). The rainfall 

starts by the third week of May and continues upto the end 

of September and some times even upto mid of October. The 

highest average rainfall has been recorded in the month 

of July (1984) in a diurnal cycle. October and November 

are the two months when the climate is cool and temperature 

heralds the advents of autumn. This is followed by winter 

season lasting from December to February. During these months 

the climate is very cold with temperature lowered down to 

4-5°c, with comparatively f\o rainfall. The lower temperature 

of winter, results into frost which can be seen sometimes 

early in the morning during December to January. Air remain 

humid mostly in the evening hours as observed from two years 

record (Fig.2). 

Isolation of the pathogen 

Infected soybean seedlings collected from the experi­

mental field (i.e. ICAR farm, Barapani) were kept inside 

BOD incubator for 24 hours for the luxuriant growth of the 

pathogen i.e. Sclerotium rolfsii. The cottony mycelium from 

the infected portion of the soybean seedling was transferred 
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to PDA medium, which was then incubated at 25±1°c in dark 

(except where otherwise stated). The fungus grew within 3/4 

days on the medium which was subsequently maintained as pure 

culture in PDA slants for further experiments. 

Pathogenicity test 

Resting structure (i.e. sclerotia) produced by the 

pathogen in culture, were thoroughly mixed with the top two 

inches of the sterile soil kept in pots (approx. 500 sclerotia/ 

pots) under glass house condition. Three weeks old test plants 

(i.e. soybean) grown in sterilised soil were gently trans­

planted to the artificially infested soil. A control was 

maintained in a similar manner without any sclerotium amendment 

to the soil. The pathogen was reisolated from the infected 

plants. 

Determination of moisture content of the soil 

Moisture content of the soil was calculated by taking 

10 gm soil sample in a previously weighed crucible, and drying 

in an oven (105°c), overnight. The crucible was cooled in 

a desicator and reweighed, the difference of the weight gave 

the moisture content of the soil. The percentage of moisture 

content of different soil types were calculated as follows: 

A - B Percentage of moisture = _-c x 100 

Where, A = Fresh weight of soil together with crucible. 

B = Dry weight of soil together with crucible. 

C = Weight of empty crucible. 
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Soil pH 

pH was determined by using soil and water suspension 

in the ratio 1:5 and was measured with an electronic digital 

pH meter. 

Determination of water holding capacity of soil 

This was done according to Piper (1944). Air dried 

soil was crushed in a porcelain mortar and sieved through 

a small sieve having pore size 0.5 mm in diameter. Whatman 

No.40 filter paper was placed on the brass box (5.6cm x 1.6cm) 

and fixed in position by means of a split brass spring. The 

weight of the box and filter paper was taken as the "weight 

of box unfilled" denoted as (A). Small portions of soil were 

then added to the box, which was gently tapped and the box 

was filled upto the top. 

The box with soil was then placed in a petridish (9cm) 

and water was added to this dish to a depth of 1/4 inch. 

The box containing saturated soil was then removed and wiped 

to dryness and then the weight was taken. This "weight of 

box + saturated soil" has been denoted as (B). After weighing 

it was placed in an oven at 105°c and was dried for 24 hours 

until a constant weight was attained. It was cooled in a 

desicator and weighed again, recording the weight as "weight 

of box + oven dry soil" has been denoted as (C). 

The amount of water absorbed by the filter paper was 
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determined as follows: 

Five filter papers were weighed and saturated with 

water and then was placed on a flat glass plate and squeezed 

by gently rolling a glass rod over them. These were weighed 

again to determine the amount of water retained, from this 

the average amount retained by one filter paper denoted as 

(D) was determined. The water holding capacity was calculated 

as a percentage of the oven dried soil from the following 

expression -

B - C - D 1AO 
C~^~A X 100' 

A, B, CF D having the value noted above. 

Fungitoxicity In vitro 

Fungal toxicity in vitro was determined by agar plate 

(poisoned food) assay. Each amendment/ chemical under test 

was calculated to give different concentrations (mentioned 

in respective chapters) were added to sterilised potato dextrose 

agar at 40+1°c, mixed thoroughly and poured in Petri dishes 

(9 cm diameter). 

Mycelial disc (4 mm diameter) of the test pathogen 

(S. rolfsii), taken from the periphery of the vigorously 

growing cultures was placed in the centre of the amended 

agar plates. Assessment of the expansion of colony diameter 

from each disc on the Petri plates was done following incubation 

in the dark for 4 days at 25±1°c. 
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a. Method of fungal growth assessment: Growth of the pathogen 

on PDA was recorded by measuring the diameter of colonies 

in two directions at right angles and taking the mean of 

3-5 replicates of each concentration of the chemicals. 

b. Effect of amendments on the germination of sclerotia: Different 

concentrations of each amendments/chemicals were mixed thoroughly 

with the sterilised PDA medium kept at 40o±1°c and subsequently 

poured in the petri plates. Freshly cultured mature sclerotia 

(approx. 20/plate) was then inoculated in each plate contain­

ing cooled amended PDA medium and incubated for 3-5 days 

at 25±1°c in dark. Three such replicates for each concentration 

was prepared. Germination of sclerotia (%) was recorded after 

the above mentioned period of incubation. 

Germination of sclerotia in the aqueous solution of 

the amendments/chemicals was observed as follows: Different 

concentrations of each amendment/chemical under test was 

prepared with ordinary tap water and was kept in three repli­

cates. Twenty mature sclerotia was added to the test tubes 

containing different concentrations of the amendments/chemicals 

and was incubated for 7 days under natural condition. The 

percentage germination of sclerotia was recorded by direct 

observation and following the method of Agnihotri et al (1975). 

r. 
Effect on soybean seed germination in vitro 

The possible phytotoxic effect of different soil amend-
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ments (organic and inorganic) and chemicals (antibiotics, 

nitrofurans and fungicides) on soybean seed germination (var. 

bragg*) was investigated by keeping the seeds in the moist 

chamber made out of double layers of filter paper (Whatman 

No.40) in sterile plastic petri dishes. The seeds were surface 

sterilised with 0.1% mercuric chloride for 1 minute, washed 

repeatedly with sterile tap water. Aqueous solution of each 

amendment (different concentrations mentioned in the respective 

chapters) were prepared with distilled water and 5ml. of 

each solution was added per dish. Distilled water was added 

to serve as control. Twenty seeds were exposed to each treat­

ment and was incubated at 25±1°c inside a BOD incubator. 

During the period of incubation, additional aqueous solution 

was added whenever necessary to avoid dryness. Germination 

percentage and radicle length of seedlings were recorded 

after 7 days of incubation. 

Determination of phytotoxicity of different amendments/chemicals 

This was done by dipping the roots of 4 weeks old soybean 

seedlings (for 48 hours) to the different concentrations of 

soil amendments/chemicals, prepared with Knop's normal solu­

tion. Visual phytotoxic symptom was recorded subsequently. 

Effect of amendments (organic and inorganic) on the soil 

and rhizosphfre microflora of soybean 

After preliminary screening of the amendments (organic 
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and inorganic) on the soil and rhizosphere microflora of 

soybean grown in the non infested garden soil (not included 

in this thesis), few organic and inorganic amendments (as 

mentioned in respective chapters), were selected and used 

for the major experimentation in the pathogen infested soil, 

carried out at ICAR farm, Barapani. 

Soil amendment Qj? different concentrations were mixed 

thoroughly with infested soil in pots and was kept for 7 

and 15 days for inorganic and organic amendments respectively, 

having 50% WHC for microbial decomposition under natural 

condition. Studies on the changes of soil microflora (quan­

titative and qualitative) due to amendments were done following 

a modified dilution plate method of Waksman (1932) and Timonin 

(1940) as described by Baruah and Dutta (1978). Peptone Dextrose 

Rose Bengal Agar (Martin, 1950), Starch Casein Agar (Kuster 

and William, 1964) and Erickson's Agar madium were used for 

fungi, actinomycetes and bacteria respectively. 

10 gm: of soil from each sample was taken in a 250ml 

conical flask containing sterile distilled water (100ml). 

This stock solution was thoroughly hand shaken for about 

10-15 minutes. An initial 1:10 dilution was prepared and 

the subsequent dilutions were prepared by transferring 10ml 

of this suspension into 90ml sterile water, until the desired 

final dilutions were obtained, i.e. 1/10,000; 1/20,000 and 

1/30,000 dilution were prepared for isolation for fungi, 

actinomycetes and bacteria respectively. Throughout the 
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investigation period same dilutions were used. 1.0 ml of 

each soil suspension (i.e. inoculum) from the above mentioned 

dilutions were transferred asceptically into petri dishes 

in triplicate and to that appropriate agar medium (cooled 

to 37°c) was added. The dishes were rotated gently by hand, 

so that the inoculum spreads uniformly. In each case seperate 

sterile pipettes were used for transferring the soil suspen­

sion. The plates were then incubated upside down at a tempe­

rature of 25±1°c in dark. The plates for fungi and actinomy-

cetes were incubated for 5-7 days where as plates for bacteria 

were incubated for 24-48 hours. Total population per gram 

dry soil was calculated as follows: 

T „. , , „. Total number of colonies X Inoculum X Dilution factor 
Total population = pr r~r-—7—r =TJ 

r v Dry weight of the soil/gram 

For estimating the percentage of relative abundance 

of the particular genera/species of fungi, all the colonies 
of same genera/species were counted and calculated following 
the formula as follows: 

Total number of colonies of a particular genus/species x . n~ 
Total number of colonies of all the genera/species 

Different species of fungi (wajy isolated and maintained 

in culture tubes containing agar slants of Czaspck-Dox agar 

medium and was preserved at 4°c. The identification of fungi 

was done with the help of the literature available (Gilman 

1956; Barnett and Hunter, 1972 and Subramanian, 1971). 

For actinomycetes and bacteria only total population 
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was considered and no attempt was made to identify upto the 

generic level. The same method of isolation of soil microflora 

was followed throughout the investigation period. 

Rhizosphere Study 

Soybean seedlings were grown from seeds in different 

amended soil and rhizosphere analysis of one month old seed­

lings were carried out following the procedures as described 

below: 

Plants grown in amended soil or foliar sprayed plants 

(in case of antibiotics and nitrofurans) were picked up gently 

without disturbing the root system. The surplus soil was 

shaken from the roots and the soil adhering to the root system, 

was used. The root system with the rhizosphere soil, was 

cut off and 5 gm of the roots with adhering soil, was taken 

and placed in a conical flask containing 100 ml. sterile 

distilled water. The dilution in the flask was treated as 

1:100 and was shaken for 5 minutes. Subsequently, different 

dilutions i.e. 1/10,000; 1/20,000 and 1/30,000 were made 

separately for fungi, actinomyccte and bacteria respectively. 

When the required dilutions were prepared the root 

systems were removed by means of forceps from the original 

flask. Water in the flask was then evaporated on a water 

bath and the soil residue was dried to a constant weight 

by taking it into a weighted crucible kept overnight in an 
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oven at 105°c. The dilution of the control soil was made 

from 10 gms of non-rhizosphere soil. The rhizosphere micro­

flora estimated thus, from the soil dilution plates is based 

on the technique used by Waksman (1932) and Timonin (1940) 

and modified by Baruah and Dutta (1978). Peptone dextrose 

rose bengal agar, Starch casein agar and Erickson's agar 

media were employed for isolation of fungi, actinomycete 

and bacteria respectively. Pure cultures of these rhizosphere 

fungi were prepared in Czapeck dox agar slants for later 

identification. 

The number of microorganisms developing on the plants 

were evaluated on the basis of oven dried rhizosphere soil. 

The ratio of microorganisms in the rhizosphere to those of 

non-rhizosphere (referred as control soil in the text and 

tables) expressed as 'rhizosphere effect1 (RS/CS) was also 

calculated. The percentage of relative abundance of rhizosphere 

fungi was also calculated. 

Survibality of ficlerotium of S. rolfsii in the amended soil 

(organic and inorganic materials/chemicals, antibiotics, 

nitrofurans and fungicides): 

Soil amendments (i.e. organic and inorganic materials, 

antibiotics, nitrofurans and fungicides) at different concen­

trations (mentioned in the respective chapters) were mixed 

thoroughly with sandy loam garden soil in the plastic pots 

and was kept under natural condition for 15 days (in case 



[ 41 ] 

of organic materials) and 7 days (for inorganic chemicals) 

at 50% moisture level. The mouth of the pots were kept covered 

with perforated polyethylene sheet to avoid excessive evapo­

ration. Four such replicates for each concentration were 

prepared. Freshly prepared mature' sclerotia of S. rolfsii 

was mixed thoroughly (30 sclerotia/pot) with the amended 

soil at a depth of 5 cm and was incubated at room temperature 

for the requisite days. Sclerotia were recovered from each 

treated soil fortnightly, keeping the replicates undisturbed. 

In case of antibiotics, nitrofurans and fungicides, 

the aqueous solution of different concentrations of these 

chemicals were added directly to the soil mixed with sclerotia. 

Percentage of germinated sclerotia (i.e. survived) 

from the recovered sclerotia was assessed following the method 

of Agnihotri et al (1975) as described below: 

Filter papers were immersed for two minutes in 1% 

glucose solution. The glucose impregnated filter papers (2 

to 3) were then placed in the unsterilised petri dishes and 

the sclerotia were arranged over them. The plates were then 

covered and incubated at 25±1°c and germinability was observed 

visually after 2-3 days. 

Estimation of test pathogen's (i.e. S. rolfsii) population 

in amended soil 

Quantitative changes of S. rolfsii population in soil 
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due to amendment was carried out monthly, using a modified 

selective medium as proposed by Backman and Rodriguez-Kabana 

(1976), The composition of the medium has been described 

in page 48. 

Assessment of disease severity 

Seedling infection was first observed at the foot 

region when the plants were five weeks old. The number of 

plants showing disease symptom over total number per week 

was recorded and accordingly the percentage of infection 

was calculated. 

Plant height 

Height of soybean plant was measured from soil level 

to the top upto the apical bud, to observe the effect of 

soil amendment/chemical spray, on the growth and development 

of the plants. 

Effect on yield 

Yield/plant was determined by calculating the total 

weight of seeds (gnr-) from the plant of each set of experiments. 

Method of cultural studies for biological control experiments 

Inoculum of S. rolfsii for the biological control 

experiment and antagonistic fungi isolated from the soybean 

rhizosphere were grown in sterilised sand wheat medium sepa­

rately. The medium was prepared as described below: The mixture 

of crushed wheat - one part and sand (thoroughly washed and 
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dried) nine part. 

This was placed in the conical flasks (150 gm/500ml) 

and distilled water was added in sufficient quantity to mois­

ten the medium. The medium was then sterilised at 17 lb 

pressure/sq.inch for 15 minutes, cooled and inoculated with 

S. rolfsii and other antagonistic fungi separately in asceptic 

condition. The flasks were then incubated at 25±1°c in dark 

for the growth of the test organisms. 

Estimation of total sugars, amino acids and phenols in treated 

soybean radicles in vitro 

Studies on the changes in total sugars, amino acids 

and phenols content in soybean radicles following organic 

and inorganic amendments were estimated using the methods 

of Peach and Tracey (1955) and Bray and Thrope (1954). 

Estimation of total sugars (Peach and Tracey, 1955) 

100 mg of powdered samples of separately treated soybean 

radicle, was crushed thoroughly in a mortAr and pastle in 

80% ethanol and was filtered through a Whatman No.1 filter 

paper. A slight milky white coloured filtrate was obtained 

in each case. This 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 water bath 

and the volume was made upto 5 ml with the addition of double 

glass distilled water. 3ml of this solution was taken in 



I 44 ] 

a test tube and 6 ml of Anthrone reagent (0.4% in H2S04 w/v) 

was added gently holding the test tube in a cold water bath. 

Then the test tube was gently shaken and warmed in a boiled 

water bath for 3 minutes. A green colour was obtained. The 

transmittance of this coloured solution was observed in a 

spectrophotometer (Spectronic 20) at 610 nm. Standard curve 

was obtained from transmittance of varying concentrations 

of glucose solution treated with anthrone reagent as described 

for the samples.. From this standard curve, the values of 

the total sugars of the samples were expressed in jug/100 

mg dry weight of the sample. 

Estimation of total amino acids (Peach and Tracey, 1955) 

To the rest of the 2ml extract from above, 2.5 ml 

of acetate buffer (40g NaoH, dissolved in distilled water 

in a 100 ml volumetric flask, 100 ml of glacial acetic acid 

was added to it and the volume was made upto 1000 ml with 

distilled water) and 2.5 ml of ninhydrin solution (1% in 

isopropyl alcohol) was added simultaneously. The test tube 

containing the solution was placed in hot water bath for 

half an hour, a light purple colour was obtained. The transmit­

tance of this coloured solution was observed in spectrophoto­

meter at 540 nm. Standard curve was obtained from the trans-

mi.ttance of varying concentration of leucine solution treated 

with acetate buffer and ninhydrin solution as described for 

the sample. From' the standard curve the value of the total 
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amino acids of the samples were expressed in _jig/100mg dry 

weight of the sample. 

Estimation of total phenols (Bray and Thrope, 1954) 

100 mg of soybean radicle tissues were crushed separately 

in a mortAr and pastle in 80% ethanol and filtered through a 

Whatman filter paper No.1. 1.0 ml of the extract was taken 

in a 25 ml graduated test tube and 1 ml of Folin ciocalteu 

reagent 1(N) and 2 ml of Na»Co~ solution was added. The tube 

was shaken and kept in a boiling water bath for 1 minute. 

The tube was cooled in a running tap water and the volume 

was made upto 25 ml with distilled water. The transmittance 

of this solution was observed in spectro photometer at 650nm. 

Standard curve was obtained from the transmittance of the 

varying concentration of Catechol, and the value was expressed 

as jag/100 mg of the sample. 

Production of sclerotia of Sclerotium ro^fsii 

For in vitro studies related to the survival of sclerotia 

in soil, the fungus was grown on a crushed wheat medium. 

The preparation of the medium was as follows: 

10gm. of crushed wheat was taken in a 250ml conical 

flask. To this enough distilled water was added to moisten 

the medium. This was then sterilised at 17 lb pressure/sq.inch 

for 15 minutes, Sclerotia of S. rolfsii was then inoculated 

when cooled and incubated at 25±1°c in dark. 
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Composition of the medium used for different experiments 

Potato Dextrose Agar (PDA) medium (Riker and Riker, 1936) 

Cut potato cubes were weighted out and boiled in water 

until soft and squeezed to get the pulp through a fine sieve 

and boiled until dissolved. The extract was used to make 

PDA according to the following formula. 

g/litre distilled water 

Potato (Peeled) 200.00 

Dextrose 20.00 

Calcium carbonate 0.20 

Magnesium sulphate 0.20 

Bacto-agar (Difco) 20.00 

Streptomycin 0.25 

Streptomycin was added when the medium was cooled 

to 45°c. 

Water Agar medium 

Bacto-agar (Difco) 15 gm 

Distilled water 1000 ml 

Czapeck Dox Agar medium (Raper and Thorn, 1949) 

g/litre distilled water 

Sodium nitrate 2.00 

Dipotassium hydrogen phosphate i.00 

Magnesium sulphate 0.50 

Potassium chloride 0.50 

Ferrous sulphate 0.01 

Sucrose 30.00 

Bacto-agar (Difco) 15.00 
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Czapeck Dox liquid medium 

The formula is as before with the exception of bacto-

agar, which is omitted. 

Peptone-Dextrose Rose Bengal Agar medium (Martin, 1950) 

g/Jitre distilled water 

Dextrose 10.00 

Peptone 5.00 

Potassium dihydrogen orthophosphate 1.00 

Magnesium sulphate 0.50 

Rose Bengal (1%) 3.00 ml 

Bacto-agar (Difco) 20.00 

Streptomycin sulphate 30.00 mg 

Streptomycin sulphate was added when the medium was 

cooled at 45°c. 

Starch Casein Agar medium (Kuster and William^ 1964) 

g/litre distilled water 

Starch 10.00 

Casein 0.30 

Potassium nitrate 2.00 

Sodium chloride 2.00 

Potassium hydrogen orthophosphate 2.00 

Magnesium sulphate 0.05 

Calcium carbonate 0.02 

Ferrous sulphate 0.01 

Bacto-agar (Difco) 10.00 



[ 48 ] 

E r i c k s o n ' s Agar medium 
g/litre distilled water 

Calcium nitrate 0.33 

Calcium sulphate 0.80 

Magnesium sulphate 0.70 

Potassium sulphate 0.025 

Dipotassium hydrogen phosphate 0.005 

Sodium bicarbonate 0.02 

Glucose 0.01 

Yeast extract 0.005 

Ferric chloride Trace 

Bacto-agar (Difco) 15.00 

All the above mentioned media were sterilised at 120°c 

at 17 lb pressure/sq.inclv for 15 minutes in conical flasks 

(Corning) having air tight cotton plugs at the mouth. 

Selective medium for isolation of Sclerotium rolfsii from 

soil (Backman and Rodriguez-Kabana, 1976) 

I. Potassium dihydrogen orthophosphate 1.0 gm 

Magnesium sulphate 0.5 gm 

Potassium nitrate 2.0 gm. 

Thiamine hydrochloride 1.0 mg 

Minor element solution 10.0 ml 

Gallic acid 160.0 mg 

Potassium oxalate 10.0 gm 

Glucose* 2.0 gm 

Distilled water 250 ml 

These were thoroughly dissolved in distilled H-O, filtered 

and sterilised, the pH was adjusted to 4.2 with HC1. 

*Glucose was added as an additional chemical for better isolation of the S. rolfsii 
from soil. 
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II. Agar 20 gm 

Distilled water 750 ml 

Steam sterilised for 15 minutes at 121 °c, coole«Lto 

60°c. 

III. I with II was combined and poured in the plates con­

taining inoculum (1 ml ) immediately. The plates were then 

incubated in dark (25±1 °c) 

Preparation of Minor element solution 

A stock solution containing the following chemicals 

was prepared. 

Ferrous sulphate 1.0 gm 

Zinc sulphate 1.0 gm 

Manganous sulphate 0.6 gm 

Distilled water 1000 ml 

Formula of Knop's normal culture solution 

g/liter distilled water 

Potassium nitrate 1.0 

Acid Potassium phosphate 1.0 

Magnesium sulphate 1.0 

Calcium nitrate 4.0 

Ferric chloride a few drops 

This is a stock solution of 0.7% strength, for water 

culture, six litres of water was added to this stock solution 

for experimental work. 



PART I SOIL SURVIVAL 



CHAPTER I 

SENSITIVITY OF SCLEROTIUM ROLFSII TO THE SEASONAL VARIATION OF 

SOIL FUNGISTASIS IN RELATION TO THE PHYSICO-CHEMICAL FACTORS, 

MICROBIAL POPULATION, AND ACTIVITY IN DIFFERENT SOIL TYPES 



INTRODUCTION 

Soil microorganisms play a very important role in root diseases 

both in forest plants and in agricultural crops. The Propagules 

such as spores, thick walled chlamydospores, sclerotium, 

resting hyphae of soil-borne plant pathogens remain dormant 

in soil due to fungistasis, a natural inhibitory factor present 

in all types of soil supporting microbial growth (Dobbs and 

Hinson, 1953; Dobbs and Bywater, 1959). This inhibitory factor 

is absent in the region of less microbial growth i.e. in 

highly acidic soil, deep subsoil 4nd in sterilised soil, 

strongly supports its biological origin (Dobbs and Hinson, 

1953; Dobbs and Bywater> 1959; Lockwood and Lingappa, 1963; 

Dutta et al, 1982). 

Microbial production of volatile unsaturated hydro­

carbons such as ethylene has been correlated to fungistasis, 

as the top soil released greater amount, which was found 

to be more fungistatic compared to subsoils producing lesser 

amount of ethylene (putta et al, 1982), Ethylene^ the main 

inhibitory substance thap produced in soils as a result of 

microbial activity (Smith and Restal|, 1971; Smith, 1973) 

6 
and tpie concentrations varying upto 75 parts /10 (in water 

logged! soil) have been reported (Smith and Dowdell, 1974) 

causing soil fungistasis, A wide range of fungi (Hag and 

curtis, 1968) and soil bacteria (Chen et al;1976; Primrose 

and Dilworth, 1976) with the ability to form ethylene in 

pure culture have been isolated and identified. It has been 
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suggested that spore forming anaerobic bacteria (Smith and 

Cook, 1974) and the fungus Wuepr ĥ eojalis (Lynch, 1975) con­

stitute the fnost important groups p£ ethylene forming micro­

organisms in soil. There could be an interaction between 

nutrient levels for microbial growth and the concentration 

of ethylene required to maintain fungistasis in soil (Smith, 

1973), 

The sclerotia of Sclerqtium delphinii and 3. rolfsii 

have been shown to be particularly affected by drying and 

wettirjg treatments (Coley-Smit-h et al, 1974) resulting in 

the leakage of endogenous nutrients, stimulating the growth 

of soil microorganisms, which colonize and invade the sclerotia 

(Gilbert and Linderman, 1971). 

Nutrient independent propagules e.g. Sclerotia of 

Sclerotium rolfsii and conidia of Fusarium spp. whose germina­

tion is suppressed partially by the nutrient stress or exuda­

tion imposed by competing sail microflora (Bristow and Lockwood, 

1975; Sneh and ^ockwood, 1976} Filonow and Lockwood, 1979). 

Soil microflora rapidly utilizes the energy yielding sub­

strates, including germination promoting nutrients (i.e. 

exudates), released̂  from the fungal propagules to e|nvironment 

due to stress has been termed as microbial 'nutrient sink' 

resulting in fungistasis (Lockwoocj, 1977, 1981). 
* 

Very little information is available on the dehydro­

genase activity which measures the net effect of numerous 
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enzymatic processes taking place in the soil. It is regarded 

as being more dependent on the general metabolic status of 

the soil microflora than the activity jay specific cell free 

enzyme activity upon certain substrates, 

kenhard (1956) for the first time used 2, 3, 5 triphenyl 

tetrazolium chloride (TTC) in the studies of microbial activity 

in soil, The method is based on the assumption that in the 

absence of oxygen, TTC acts quantitatively as the terminal 

H -aceptor for dehydrogenase system with the formation of 

red triphenyl tetrazolium formazan (TTF). 

TTC + 2H+ + 2e~ = 2TTF + Hcl. 

In the present investigation, an attempt was made 

to determine tjie sensitivity of 8. roj-fsii to the seasonal 

variation of soil fungistasis together with other soil (i.e. 

soil pH, moisture, organic matterf sugar and enzyme activity) 

and environmental (i.e. rainfallt temperature an4 humidity) 

factors. 

MATERIALS Ajp METHQpS 

Sclerotimn rqlfsii Sacc. isolated from the infected 

soybean (Glycine max L.) and Fusarium solani (Mart.)- APP. 

WR. Synder and Hensen isolated from Albizia labbek (Lina) . 

Benth.j were used as test organisms and were maintained in 

Potato dextrose agar medium. 

Three soij. types viz. fojrest* grassland and garden 
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from three different sites were collected at random from 

five different spots, for each type of soil. Samples for 

each site were mixed thoroughly, air dried and sieved (through 

2mm pore size). 40-60 grams of each soil sample; was taken 

separately in petridishes (20 cm diameter) and were brought 

to 60% water holding capacity by adding distilled water and 

different experiments were performed following the methods 

described! below: 

i) Sensitivity of $clerotimp to soil fuqgistasis 

Soil samples prepared! as described above were kept 

in two sets., Ohe set of each soil type was used as natural, 

whereas the other set was sterilised by autoclaving (at 17lb/sq, 

inch Pressure for 15 mins ). Triplicate samples were prepared 

for each set. Twenty mature sclerotia of S. rolfsii were 

inserted into large petridishes (20 cm) containing experimental 

Soil an4 was incubated for 4B-72 hours at 25+1°c. Percentage 

of germination was calculate^ after the said incubation period. 

ii) Determination of Physical Properties of the soil samples 

Moisture content: It was measured by drying known 

amount of soil samples in an oven at 105°c (as described 

in page 32 )» 

Soil pHj Soil pH was determined with the help of 

an electronic digital pH meter as described earlier (page 33 ). 

Organic matter content: This was determined by rapid 
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titration method of walkby ahd Black (1934). Two grams of 

dried and* sieved (through 0,2 mm mesh) powdered soil was 

j:aken in 500 ml conical flask containing 10 ml of 1 (N) 

K_Cr,,07 solution and was mixed thoroughly. Subsequently^ 20ml 

of concentrated H->SO. was added and shaken gently. This 

was then allowed to stand for 20 minutes. 200 ml of HJD 

and 10 ml of 85% Phosphoric acid were added to the flask. 

Few drops of dtphenylamine was used as an indicator and was 

titrated against ferrous sulphate 1(N) solution. Calculations 

were done following the formula: 

% Organic matter = 10 (1 - -|) x 1.34 

Where S = Blank titration 

T = 3ample titration, 

Water holding capacity of the soil: This is determined 

following the procedure as described earlier (page 33 ). 

iii) Estimation of total microbial fcopula^tion in soil 

Seasonal variation in microbial population was deter­

mined by a modified soil dilution plate method as described 

by Baruah and Dutta (1978) (described in page 37 ). Martin's 

Xose bengal agar (Martin, 195Q); Starch casein agar (Kuster 

and Williams, 1964) and Erickson's agar medium was employed 

for isolating fungi, actinomycete and bacteria respectively. 

The percentage of relative abundance of different fungal 

species was also calculated using the formula described earlier 

(page 38 ). 
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iv) Estimation of total sugars 

Estimation of total sugars in both natural and in 

sterilised soil samples were carried out following the method 

described by Peach and Tracey (1955)^ as detailed in page 3̂ . 

v) Enzyme assay 

The enzymatic activity (dehydrogenase) of the soil 

microbes was assayed by a modified method as described by 

Casida et al (1964). Replicated surface layer (10 cm deep) 

soil samples from different sites were collected at random 

in monthly intervals, Soil samples collected from each site 

(i.e. forest, garden, grassland) were tjien mixed separately 

to make a composite sample of each soil type* The samples 

were processed further on the same day (within 3-4 hours) 

to determine the dehydrogenase activity. 

Dehydrogenase activity of soil was determined with 

2, 3, 5 triphenyl tetrazolium Chloride (TTC) reduction technique. 

Each soil sample was weighed (5 git}:/tube) into three sterile 

screw cap ti}bes. To each tube 0,1 gm CaCO, and 1.0 ml of 

1.5% (w/v) 2, 3, 5-triphenyl tetrazolium chloride (TTC) was 

added. To this, 4 ml of distilled water was added which was 

found to be enough to saturate the soil and form a liquid 

layer on the soil samples. This ensures adequate anaerobiosis 

for TTC reduction. The content of each tube was mixed thoroughly 

and then incubated at 37°c fop 24 hours. The extraction of 

triphenyl tetrazolium formazan produced was carried out with 
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methanol. The soil suspension was subsequently passed through 

the Whatman No, 40 filter paper by shaking with methanol 

and washed̂  down into a 50 ml volumetric flask, until no more 

colour could be extracted and the volume was made upto the 

mark by adding methanol' During this extraction procedure 

it was necessary to keep the sample wet at all the time 

to avoid the air drawn through the soil. The transmittance 

of the pink coloured solution was observed in spectro calori­

meter at 485 nm, using methanol extract (without soil) for 

the control as blank, 

vi) Sporostatic effect of ethylene and its possible role 

ii» soil fungistasis 

Experimentation with ethylene (in gaseous form) 

in vitro is hazardous, as it is neither absorbed nor adsorbed 

by the soil and is difficult to handle. Therefore, a chemical 

under the trade name of Ethrel (2 chloroethane phosphonic 

acid) which is a most effective ethylene generator (40-90% 

in aqueous solution at pH4) (Warner and Leopold, 1969) has 

been used in the present work to determine the effect of 

ethylene on soil microorganisms and to determine its role 

in soil fungistasis, 

a) Sensitivity of sclerotium of 8. rqlfsii to ethylene: 

Soil collected from three different sites (as desc­

ribed earlier) were ait dtiedf sieved (through 2mm mesh sieve) 

and sterilised by aUtoclaving (at 17 lb/Sq inch pressure 

for 15 mins). Ethrel (a.i.39.2% w/w) at different concentrations 
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in aqueous solution (1,10,50,100 Jul/L ), was added directly 

to soil to saturation point. 

The promoter (i.e. nutrient) and inhibitor (i.e. 

ethylene) theory of Smith (1973) was examined by an experiment 

performed with ethrel and glucose (1 and 10%) by adding to 

soil at different concentrations. Twenty mature sclerotia 

of S. rolfsii were placed on the surface of each soil sample 

and was incubated for 48-72 hours at 2511°c. A control was 

also made usin,g sterilised soil and was incubated in the 

same manner, percentage germination of Sclerotia was recorded 

after th,e incubation period, The experiment was performed 

ih the month of December, when the fungistatic effect in 

the soil was found to be the least. 

b) Sensitivity of conidia of F. solani to ethylene: 

(i) In Boili Test pathogen FUBarium solani, was used 

in this experiment to compare its sensitivity to soil fungi-

stasis with S. rolfsii. The soil (garden soil only) was pre­

pared as described earlier and a modified agar slide method 

(Dutta and Jsaac, 1979) was used for assaying the fungistatic 

effect in soil. Spore suspension (2x10 spores/ml) was prepared 

from 8-10 days old culture of the test fungi by flooding 

the culture with sterilised distilled water. The spore suspen­

sion was then mixed with 2% molten agar kept at 40°c. Since 

agar may be a source of nutrient essential for fungal spore 

germination and thus mask the fungistatic activity (Romaine 
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and Baker, 1973),the agar was washed several times. Sterilised 

glass slides were then dipped into 2% spore seeded agar solu­

tion. Filter papers were cut into the sjze of glass slides 

and each spore seeded agar slide was covered with a piece 

of filter paper to avoid the soil particles attached on the 

agar which otherwise m4kes the microscopic observation diffi­

cult. After complete solidification of the agar^ the spore 

seeded agar slides were buried into sterile petridishes (20cm 

diameter) containing sterilised garden soil and was drenched 

with ethrel and ethrel+glucose (1 and 10%) in different con­

centrations (1,10,50,100 ^il/L). The slides so treated were 

kept for incubation at 25t1°c for 24 hours. After incubation, 

the soil from the spore seeded agar slide was rinsed away 

and the slides were examined under microscope. The percentage 

of spore germination and germ tube length (jwi) was calculated. 

A control was maintained by placing spare seeded agar slide 

in sterilised soil drenched with distilled water only. The 

percentage of inhibition was calculated according to Isaac 

and Heale (1961). 

eijjjd on. 
(ii) A study on the effect of^ spore germination and 

germ tube growth of F. solani in aqueous solution 

was also made. In this case^ a drop of spore suspension (of 

known strength) and a drop of aqueous solution of ethrel 

(known concentration) was taken on a cover slide and inverted 

over a sterilised cavity slide, in such a way that it must 

hang over the cavity. The moist atmosphere was maintained 
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using a dfop of ethrel solution (of same concentration) in 

that cavity, A control w^s prepared taking a drop of spore 

suspension and a drop of distillecj water only. The spore 

germination and germ tube length was recorded after 24 hours 

of incubation at 25±1°c and their percentage of inhibition 

was calculated according to Isaac and Heale (1961). Similar 

experiments were also made with ethrel mixed with glucose 

(1 & 10%) at different concentrations. 

vii) Effect of ethylene on soil microbes 

Different concentrations of ethrej (1,10,50,100 jul/L) 

in aqueous solution was added to the soil (garden soil) in 

sterile glass jar upto the saturation point. The lid of the 

jar was kept air tight and was incubated for 10 days under 

laboratory condition. A control set was also prepared in 

the same manner using tap water instead of aqueous solution 

of ethrel. The total microbial population (i.e. fungi, actino-

mycete and bacteria) in treated and control soil was evaluated 

following the modified soil dilution plate method as described 

by Baruah and Dutta (1978). 

viii) Soil fungistasis in Relation to organic and inorganic 

soil amendments 

Organic (i.e. green leaf of Eupatorium adenophorum, 

E. riparitfm, pimjs Kesiya, Heliantjuis afinuus and dried powdered 

poultry litter) and inorganic (i.e. calcium carbonate, calcium 
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nitrate, rock phosphate, zinc sulphate, urea and ammonium 

nitrate) amendments were added to sandy loam garden soil 

in different proportions (1, 2, 3 and 0.1, 0.25, 0.5% w/w 

for organic and inorganic respectively), and was kept for 

15 and 7 days respectively under natural condition . Moisture 

level of the soil was adjusted to 50% WflC. The organic and 

inorganic amended soil as mentioned above were then taken 

seperately and was placed in petridishes (in triplicate), 

7-8 days old sclerotia (20 numbers/plate) was placed on the 

surface soil and was incubated at 25±1°c percentage of inhibi­

tion in the germination of sclerotium was calculated following 

the incubation period. 

RESULTS 

i) Sensitivity of SClerotium to noil fungistatsis 

From Fig. 3.1, it was evident that fungistasis is 

a seasonally variable soil factor present in all the three 

types of soil tested. Inhibition in germination of sclerotium 

in soil, was higher ip the month of July in case of forest, 

April and July in case of garden and May and June in case 

grassland soil. This inhibition in germination decreased 

with the seasonal decrease of temperature (i.e. in winter). 

Highest percentage of sclerotial germination was observed 

in the month of January in case of grassland and February 

in case of forest and garden soil. The seasonal variation 

of soil fungistasis seemed to hâ ve a relationship with the 



Fig.3.1 Seasonal variation of soil fungistasis in relation to environmental condition. 
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environmental condition (i.e. temperature, humidity, rainfall). 

(Fig. 3.1) 

The inhibition in germination of sclerotia was found 

to be less in sterilised soil, compared to natural soil (non 

sterilised). In most of the cases, 100% germination of sclero-

tium was obseivod but a slight inhibition (i.e. 5-13.3%; 

3.30-20% and 1.7-13.3%) was observed in case of forest, garden 

and grassland soil respectively (Table 1.1). The mycelium 

developed from the germinated sclerotium always grew well 

in sterilised soil compared to non-sterilised soil (Table.1.1) 

ii) Physico-chemical properties of soil 

Moisture content (range varies from 15-31; 14-30 

and 15-27 in case of forest, grassland and garden soil res­

pectively) and pH (4.50-5.95; 4.84-6.54 and 4.90-6.10 in 

case of forest, grassland and garden soil) of the soil was 

found to be seasonally variable. Organic matter content (%) 

of different soil types also varied. Higher accumulation 

was observed in cane of forest (5.60-8.65) followed by garden 

(2.50-5.10) and grassland (1.10-4.87) soil (Table 1.2). 

iii) Total microbial population in soil 

It was observed that the actinomycete population 

increased from July to November with a maximum increase in 

the month of September and October in all the soil types 

tested (Fig. 3.2 B). Fig. 3.2C showed an increase in bacterial 



TABLE 1.1 : Seasonal variation in Sclerotial germination and mycelial growth of S. rolfsii in different soil types. 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Forest 
Percentage in­
hibition in 
Sclerotial ger­
mination 

A 

5.00 

10.00 

10.00 

Nil 

10.00 

13.30 

Nil 

Nil 

Nil 

6.70 

Nil 

Nil 

A. Sterilised soil 
B. Natural Soil 

B 

30.00 

26.70 

40.00 

65.00 

73.30 

80.00 

83.30 

73.30 

53.30 

46.70 

41.70 

35.00 

Soil 
Radial growth 
of mycelium of 
the ger 
Sclerot 
(Mean 

A 

27.00 
±0.95 
30.00 
±3.29 
15.50 
±2.69 
18.50 
±2.60 
20.00 
±1.44 
25.00 
±2.05 
15.00 
±1.45 
12.20 
±1.98 
21.00 
±2.10 
22.40 
±3.76 
20.00 
±1.12 
24.00 
±1.60 

minated 
:ium(mm) 
±S.E.) 

B 

24.00 
±1.19 
30.00 
±1.76 
10.00 
±1.20 
14.40 
±1.61 

5.00 
±0.86 

2.00 
±0.00 

5.00 
±0.60 
8.30 

±2.73 
14.80 
±3.05 
13.00 
±7.49 
15.00 
±1.40 
19.00 
±1.67 

Fercei 
bition 

Garden 
ntage mm-
in sclero-

tial. germination 

A 

Nil 

Nil 

Nil 

Nil 

20.00 

13.30 

Nil 

13.30 

Nil 

Nil 

3.30 

Nil 

B 

38.30 

30.00 

31.70 

70.00 

63.30 

60.00 

70.00 

63.30 

60.00 

50.00 

45.00 

46.70 

Soil 
Radial growth 
of mycelium of 
the gei 
Scleroi 

(Mean d 
A 

31.00 
±1.76 
39.00 
±1.74 
25.60 
±3.47 
46.40 
±1.60 
32.00 
±1.67 
25.30 
±2.15 
23.00 
±1.19 
13.20 
±2.34 
33.90 
±6.08 
25.00 
±3.20 
26.00 
±2.23 
30.00 
±2.03 

rminated 
:ium(mm) 
tS.E.) 

B 

28.00 
±0.68 
24.00 
±0.99 
20.00 
±1.49 
13.00 
±2.24 
20.00 
±1.25 
29.80 
±0.86 
20.00 
±1.86 
[8.00 
±0.68 
21.80 
±1.77 
18.00 
±1.84 
20.00 
±1.39 
26.00 
±1.76 

Grassland Soil 
Percentage inhi­
bition in Sclero-
tial germination 

A 

5.00 

1.70 

10.00 

Nil 

10.00 

Nil 

5.00 

13.30 

6.70 

Nil 

Nil 

Nil 

B 

35.00 

38.30 

50.00 

73.30 

80.00 

80.00 

73.30 

53.30 

53.30 

41.70 

40.00 

36.70 

Radial growth of 
mycelium of the 
germir lated Scle-
rotium(mm) 

(Mean 
A 

22.00 
±1.16 
23.00 
±1.38 
13.40 
±2.85 
35.00 
±7.30 
30.00 
±4.05 
24.00 
±3.66 
30.00 
±3.65 
14.80 
±2.49 
25.40 
±3.13 
20.80 
±5.76 
20.00 
±1.32 
23.00 
±1.23 

± S.E.) 
B 

23.00 
±1.38 
19.00 
±1.74 
15.00 
±1.92 
14.20 
±3.28 
15.00 
±1.70 

9.00 
±2.55 
25.00 
±2.99 
12.80 
±3.94 
11.00 
±2.95 
11.00 
±0.82 
16.00 
±2.10 
20.00 
±1.34 

Calculation based on 60 sclerotia in each case. 



TABLE 1*2 : Seasonal variation in Physico-chemical properties of three soil types tested. 

Soil types 

Forest Soil 

Garden soil 

Grassland soil 

*Mean of th ree r 

Parameters* 

Moisture 
Content(%) 

Organic matter 
Content(%) 

pH 

Moisture 
Content(%) 

Organic matter 
Content(%) 

PH 

Moisture 
Content(%) 

Organic matter 
Content(%) 

PH 

icates in each case. 

Jan Feb Mar 

16.00 18.00 20.00 

7.50 6.90 5.60 

5.10 4.50 5.21 

17.00 20.00 22.00 

4.00 3.20 4.50 

6.10 5.90 5.00 

14.00 19.00 20.00 

1.10 1.60 3.20 

6.10 5.90 4.85 

Apr May Jun 

22.00 25.00 31.00 

5.S5 6.20 6.45 

5.95 5.62 5.10 

18.00 20.00 27.00 

3.65 3.00 2.50 

4.90 5.19 5.26 

22.00 20.00 30.00 

1.45 1.90 2.00 

5.10 5.42 5.30 

Jul Aug Sept 

28.00 25.00 20.00 

6.90 7.38 6.00 

5.30 5.20 5.70 

25.00 15.00 19.00 

3.70 3.00 4.20 

5.30 5.69 5.96 

28.00 15.00 18.00 

2.70 2.50 2.00 

4.84 5.76 4.97 

Oct Nov Dec 

17.00 15.00 20.00 

8.00 8..52 8.65 

4.57 5.60 5.69 

15.00 15.00 20.00 

3.80 5.10 3.67 

5.94 5.17 5.80 

20.00 18.00 17.00 

4.02 4.87 3.08 

6.54 5.65 5.00 



Fig.3.2 Seasonal variation of soil microbial population (where, A=fungi; 

B=actinomycete; Obacteria) in three different soil types. 
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population during July (garden)> September (forest) and October 

(grassland)^ while higher population of fungi was recorded 

in the month of June-July (Fig. 3.2A). In general seasonal 

fluctuation of microbial population was observed in all the 

cases. 

It was evident from Fig. 3,3 that the penici Ilium 

spp. are the dominant genera present in all the soil types 

tested. Higher occurrence of penicillium (above 50%) was 

observed in the month of April, August and December in case 

of forest, whereas in garden soil, the increase was in the 

month of May* Julyr September and December, In grassland 

soil, higher penicillium spp. population; (45%) was observed 

in the mofith of September, Compared to other sail types, 

grassland was found to have poor organic matter content and 

harbour lesser microbial population. 

Other major groups of dominant fungi were Aspergi'lii;-. 

Fusarium spp,, Mucorales and Trichoderma spp. Their total 

population was 4lso found to be seasonally variable. About 

36 species belonging to 14 genera and some unidentified genera 

of soil fungi were isolated frofn three different soil types 

also show a seasonal variation in their relative abundance 

in the soil (List of fungi presented in table 1.3). 

iv) Estimation of total sugars in soil 

Sugar concentration in all the soils were found to 



Fig.3.3 Seasonal variation of some dominant genera of fungi in varied soil 

types. 
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be seasonally variable, It has beer) observed that the amount 

of sugar is always high in sterilised soil compared to the 

natural soil (Fig, 3,4). Winter months (i.e. November to 

January) showed higher accumulation af sugars, both in natural 

and sterilised soil. A comparative higher amount of sugars 

(185 and 155 ^g/1Q0mg), was observed in forest soil (steri­

lised and natural) in the month of December,whereas, its amount 

reduced considerably during the month of June (Fig. 3.4A). 

Similar results were also observed in garden and grassland 

soil, where the highest accumulation of sugar was observed 

tn êpite/wK&r #nd December respectively (Fig. 3.4B,C). 

v) Enzyme assay 

It can be seen from Fig. 3,5 that dehydrogenase activity 

was always higher in forest soil compared to grassland and 

garden soil* This activity increased gradually (January to 

June) in forest and grassland soil but there was a fluctuation 

in the activity in garden soil. 

vi) sporostatic effect of ethylene and its possible role 

in soil fungistasis 

a) Sensitivity of Sclerotium to ethylene: 

Ethrel (2 Chloro-ethane phosphonic acid) was found 

to induce fungistatic effect in sterilised soil, which was 

otherwise nonfungistatic. The percentage germination of scle­

rotium in ethrel (100 /il/L) amended forest, garden and grass­

land soil was 12.5%, 18.75% and 13,5% respectively. The inhibi-



Fig.3.* Seasonal variation of total sugars present in different soil types, viz. 

A=Forest soil, B=Garden soil, C=GrassJand soil. 

[The complete line indicates total sugars in sterilised soil, while broken 
line indicate total sugars in non sterile (natural) soil.] 
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Fig . 3.5 Seasonal variat ion of dehydrogenase act iv i ty in soi l . 
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tion in germination increased with the increase in concentra­

tion of ethrel amendments. Nutrient in different concentrations 

was found to counteract the inhibition (Plate 2). It was 

found that the glucose (1% and 10%) amendments nullified the 

inhibitory effect of ethrel in amended soil considerably. 

In case of glucose (10%) mixed with ethrel (100 jil/L), the 

percentage germination of sclerotium in forest, garden and 

grassland soil was recorded as 50%, 71.4% and 53.3% respectively, 

(Fig.3.6A,B,C) 

(b) Sensitivity of conidia of F. solani to ethylene: 

Ethrel in aqueous solution added to sterilised soil 

also inhibited the conidial germination and germ tube growth 

of P. solani. The inhibition increased with the increase 

in concentration. Highest inhibition in conidial germination 

and germ tube growth was 58,08% and 94,13% respectively (Table 

1.4). Aqueous solution also show increased inhibition in 

germination with an increased concentration of ethrel (Table 

1.4). Significant reduction in germ tube length was also 

recorded. 

Jsthrel induced inhibition and glucose (nutrient) 

stimulated conidial germination in aqueous solution and in steri­

lised soil when UBed separately. However, when they were 

mixed together in different proportions (i.e. 1% and 10% 

of glucose) the inhibition in conidial germination and germ 

tube length was found to be reduced significantly. The percentage 



Plate 2: Showing induction of fungistasis in sterilised soil by ethrel (2 chloro 

ethane phosphonic acid) and its annulement by nutrient (i.e. glucose). 

1) Natural (nonsterile) soil showing inhibition in sclerotial germination. 

2) Sterilised soil showing maximum sclerotial germination. 

3) Fungistasis reintroduced in sterilised soil by the amendment of 
ethrel. 

k & 5) Annglement of ethrel induced fungistasis by supplementing glucose 
(1% and 10% respectively). 
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Fig.3.6 Effect of Ethrel (2 chjuro ethane phosphohic acid) on the sclerotial ger­

mination of 3c4ftr0tlUni MfsH in three different soil types were A = 

Forest, B = Qardi-n and '-• - Cjra«Jand sail. 
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TABLE 1A : Effect of EthreJ on spore germination and germ tube length of Fusarium solani in sterilised 
soil and aqueous solution. 

Concentration 
(ul/L) 

Ethrel effect Inhibition 
Spore germi-r 

nation (%) 
Germ Tube 
length (um) 

Spore Germi-
nat ion (%) 

Germ Tube 
length (%) 

Sterilised (Autoclaved) Soil 

Contro l 

1 
10 
50 
100 

93.92 

60.84 
51.42 
42.69 
39.37 

140.70±10.50 

84.75±9.00 
79.95±8.10 
64.95±5.80 

8.25±1.27 

-

35.22 
45.22 
54.12 
58.08 

-

46.87 
50.28 
53.12 
94.13 

Aqueous Solution 

Contro l 

1 
10 
50 
100 

83.51 

72.50 
50.00 
16.30 
4.00 

272.24±1.49 

121.18±1.03 
71.38±0.71 
66.40±0.89 
49.80±0.52 

-

13.18 
40.12 
80.48 
95.21 

-

55.50 
73.80 
75.60 
81.70 

1) Mean of 500 spores. 
2) Mean of 25 germ tubes with ±S.E. 
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inhibition in conidia germination was recorded to be 57.2% 

and 48.4% in amended soil and 79.3% and 67.7% in aqueous 

solution respectively (Fig. 3.7 a,b) in case of ethrel (lOOul/L) 

mixed with glucose (1 and 10%). Similar results were also 

observed in case of germ tube growth, where an increase in 

length was observed compared to control (i.e. ethrel only). 

vii) Effect on soil microbes 

It has been observed that the microbial population 

decreased significantly with an increase in concentration 

of ethrel (Table 1,5). PeniciIlium spp. Aspergillus spp. 

and Fusafitun sp, are the dominant genera of fungi isolated 

from the amended soil. 

viii) Soil fungistaais in relation to organic and inorganic 

soil amendments 

All the organic and inorganic soil amendments i 

in the present experiment, increased sclerotial germination, 

although, the degree of reduction in inhibitory effect varied. 

The results indicate (Table 1.6) that the soil amend­

ments partially reduced the soil fungistatic effect or in 

other words* partially nullified the inhibitory factor present 

in the soil, resulting increased germination of the sclerotium, 

compared tononaitiended control. A slight reduction in fungistatic 

effect was observed with Eupatorium riparium and Helianthus 

annuus, while E. adenophoruin increased the fungistatic effect 



Fig. 3.7 Effect of Ethrel and Ethrel + glucose in aqueous solution amended 

in sterilised soil (a) and in aqueous solution (b) on the spore germination 

and germ tube growth of Fusarium solani. 

[Inhibition (%) in spore germination: • • , Ethrel; D D , 

Ethrel + 1% glucose; A & , Ethrel + 10% glucose. Inhibition (%) 

in germ tube growth' 0- - - *• t Ethrel; p- - - -0 , Ethrel + 1% 

glucose tt - - & i Ethrel + 10% glucose.] 
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TABLE 1.5 : Effect of Ethrel (2 chloroethane phosphonic acid) on soil microbe population. 

Concentration Fungi Actinomycete Bacteria 

^ 1 / L ) (10*) (2x10*) (3xl04) 

Control k2 

1 39 

10 30 

50 21 

100 18 

Significance (0.1%) S 

1) Number of colonies g" dry soil. 
S = Significant; NS = Not significant. 

160 

130 

110 

124 

116 

NS 

9 1 

119 

75 

60 

28 

S 



TABLE 1-6 : Effect of soil amendments on soil fungistasis. 

Amendments Concentra­
tion (%) 

1.00 
2.00 
3.00 

1.00 
2-00 
3.00 

1.00 
2-00 
3-00 

1.00 
2-00 
3-00 

1-00 
2-00 
3.00 

Inhibition in 
scierotial ger-
mination(%) 

65.00 
73.30 
78.30 

56.70 
46.70 
66.70 

73.30 
73.30 
65.00 

58.30 
66.70 
66.70 

46.70 
61.70 
66.70 

ORGANIC 

Eupatorium adenophorum 

Eupatorium riparium 

Helianthus annuus 

Pinus kesiya 

Poultry l itter 

Control (without amendment) - 100.00 

INORGANIC 

Calcium carbonate C I O 73.30 

C.25 73.30 

C.50 86.70 

Calcium nitrate O.10 80.00 
0.25 85.00 
0.50 86.70 

Rock phosphate O-10 80.00 
0.25 86.70 
0-50 86.70 

Zinc sulphate 0-10 73.30 
0-25 85.00 
0-50 93.30 

Urea 0.10 80.00 
0-25 86.70 
0.50 93.30 

Ammonium nitrate 0.10 73.30 
0-25 86.70 
0.5D 86.70 

Cont roKwnhou l amendments) - 100.00 

1) Calcu lat ion based on 60 sclerot ia in cat*" ca?- . 
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with the increase in the concentration of the leaf materials 

used as green manure. Pinus kesiya needles and poultry litter 

also partially reduced the fungistatic effect (33.3% to 53.3% 

germination) but in both the cases higher concentration promoted 

inhibition. 

Most of the inorganic amendments used in this experi­

ment, did not induce marked increase in sclerotial germination 

except in lowê : concentration (0,1% w/w), where 20 to 26.6% 

sclerotial gerfninatioh was recorded compared to unamended 

control, 

DISCUSSION 

Fungistasis is a natural and seasonally variable 

inhibitory factor present in all types of soil, which supports 

microbial growth (Dobbs and Hinson, 1953, Jackson, 1957, 

Dobbs and Eyewater, 1959; Dutta and IsaaCj1979). Higher fungi­

static effect was observed to be imposed on the sclerotium 

during summer months (i.e. May-August), This inhibitory factor 

decreased with the decrease in atmospheric/soil temperature 

(i.e. in winter). No correlation between sclerotium germina­

tion and total microbial population was observed in case 

of forest soil, but a negative correlation between sclerotium 

germination and fungal (r = -0.51, p * 0,1) and actinomycete. 

(r = -0.71} p =0.01), population was observed in case of grass­

land and garden soil, respectively. 
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All the three soil types tested in the present work 

showed higher population of Penicillium spp. throughout the 

year. This genus isknown to produce volatile and non- volatile 

antibiotics and might play a dominant role in soil fungistasis. 

Other soil fungi viz, Aspergillus spp., mucorales and Fusarium 

spp. were also found to be dominant in all the soil samples. 

Aspergillus flavus and A. niger were reported to induce fungi-

stasis in soil (Mish,ra and Fandey. 1978) which supports the 

above view. 

Moisture level of the; soil was found to have direct 

influence on the degree of fungistatic activity in the three 

soil types, whereas^ seasonal variation of organic matter 

and pH have no apparent effect, Lingappa and Lockwood (1964) 

also concluded that pH has no major role in soil fungistasis. 

It was also observed that the temperature to some extent 

has an effect on soil fungistasis, while rainfall and humidity 

apparently do not have any direct influence. 

It has been reported by several workers that soil 

fungistatic/mycostatic effect is due to the loss of endogenous 

nurients from fungal propagules essential for germination 

which is utilised by the competing soil microorganisms (Ko 

and Lockwood, 1967; Yoder and Lockwood, 1973; Lockwood, 1977). 

This concept of rapid utilisation of energy yielding substrates 

including exudates from fungal propagules by soil microflora 

has been termed by Lockwood (1977) as 'microbial nutrient 
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sink'. On the other hand, nutrient independent propagules 

(capable of germinating without exogenous nutrient) germinate 

slightly in natural soil and also showed little germination 

when incubated on a sand bed undergoing continual leaching 

with water ot salt solution (Ko and Lockwood, 1967; Hsu and 

Lockwood, 1973). This suppression in germination is due to 

nutrient depletion stress in continual leaching system, was 

related to loss o£ exudates from the spores (Bristow 3n4. 

Lockwood, 1975; Sneh and Lockwood, 1976; Filonow and Lockwood, 

1979), which then require high energy yielding nutrients 

to annule mycostasis. The present result also suggests that 

soil fungistasis is nutrient dependent (have direct relation­

ship with the; .sugar concentration in soil) as higher sclerotial 

germination (86.6% to 100%) in sterilised soil, is probably 

due to the release of sugars and other nutrients from the 

cells of dead soil microbes or may be due to the death of 

fungistatic metabolite releasing organisms. 

Nutrient may release from sclerotia incubated in 

non sterile soil which might increase the activities of soil 

microorganisms resulting inhibition in sclerotial germination. 

Sclerotia of S. rolfsii has been observed to germinate indepen­

dently without any external source of nutrient (Punja et 

al, 1984), but their prolonged exposure to non sterile soil, 

simultaneously with the loss of endogenous reserves through 

leakage, makes them to be nutrient dependent for germination 
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as observed for some other selerotia forming fungi (Filonow 

and Lockwood, 1983) also. Rainfall induces loss of nutrient 

from the upper layer of soil might have helped in the loss 

of endogenous reserves from the propagules resulting inhibi­

tion in germination. The nutrients in terms of total sugar 

has been found to be seasonally variable and higher in sterilised 

soil compared to natural, which might be contributing to 

the seasonal variation of fungistasis in natural (unsterilised) 

soil. Winter months showed higher accumulation of sugar (155jig/ 

100mg) ih forest soil (natural) which was found to have direct 

relationship (r = 0.624; p = 0.05) with the sclerotial germina­

tion in soil. It has also been observed that a direct correla­

tion exists between the sclerotium germination and the amount 

of sugar present in all sterilised sail tested (Table 1.7 

to 1.9), The unavailable nutrients can be made available 

after sterilisation which might be utilised by the sclerotium 

of S. rolfsii, as a result the given soil shows lesser or 

no fungistatic effect, 

Enzyme (dehydrogenase) activity in soil also show 

significant correlation with the sclerotial germination in 

soil. It has been observed to be directly correlated with 

the inhibition in sclerotial germination, in case of forest 

soil (Table 1,7) but no relationship in case of grassland 

(Table 1,9), It appears that the nutrient level (in terms 

of sugar) and moisture play a dominant role towards enzymatic 

activity and is significantly correlated in forest (Table 



TABLE 1.7 : Test of significance between the different variables assessed in forest soil in relation to soil fungistasis. 

Variables 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Sclerotium 
germination 

(%) 

I 

-

— 

— 

-

-

— 

— 

-

-

-

Total 

Fungi 

(10*) 
II 

NS 

~ 

~ 

-

-

— 

— 

-

-

-

microbia l population 
g~ dry soil 

Ac t i no - Bacter ia 
mycee 

(10*) (10*) 
III IV 

NS NS 

S* NS 
(0.57) 

s* * 
(0.64) 

-

-

— — 

— — 

-

-

-

Total sugar in 
soil (ug/lOOmg) 

Ster i - Non-ste-
lised 

V 

S* 
(0.56) 

NS 

NS 

NS 

-

— 

— 

-

-

-

r i l ised 

VI 

s * * 
(0.624) 

NS 

NS 

NS 

5 * * * 

(0.97) 
-

— 

-

-

-

Enzyme 
dehydro­

genase 
(mg forma-

zen g" 
dry soil) 

VII 

s* * 
(-0.58) 

NS 

s* 
(-0.56) 

NS 

S** 
(-0.60) 

s** 
(-0.59) 

— 

-

-

-

Organic 
matter 

(%) 

VIII 

NS 

s * * 
(0.66) 

NS 

NS 

NS 

(0.76) 
S** 

(-0.61) 
-

-

-

Soil 
PH 

IX 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

-

-

Soil 
moisture 

(%) 

X 

(-0.85) 
NS 

NS 

NS 

S* 
(-0.52) 

(-0.58) 
s * * 

(-0.58) 
NS 

NS 

-

Data showing astricks(*) marks are statistically significant (student T test) at different levels. 
Significant at P=0.1(*); P=0.05(**); P=0.01(***) respectively. 
Figure in the parenthesis indicates correlation co-efficient (r) value. 
NS=Not significant. 



TABLE 1*8 : Test of significance between the different variables assessed in garden soil in relation to soil fungistasis. 

Variables 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Sclerotium 
germination 

(%) 

I 

-

-

* 

-

-

-

-

-

-

-

Total 

Fungi 

(10*) 
II 

NS 

— 

— 

— 

— 

-

-

-

-

-

microbial population 
g" dry soil 

Actino-
mycete 

do") 
III 

5*** 
(-0.71) 

NS 

— 

— 

— 

-

-

-. 

-

-

Bacteria 

(10*) 
IV 

NS 

NS 

S** 
(0.69) 

-

— 

-

-

-

-

Total sugar in 
soil (j jg/100mg) 

Steri- Non-ste-
lised rilised 

V VI 

NS S* 
(0.52) 

NS NS 

S*** NS 
(0.93) 

NS NS 

5-*** 
(0.81) 

-

-

-

-

-

Enzyme 
dehydro­

genase 
(mg forma-

zen g" 
dry soil) 

VII 

S* 
(0.57) 
5*** 

(-0.73) 
NS 

NS 

NS 

NS 

-

-

-

-

Organic 
matter 

(%) 

VIII 

NS 

NS 

NS 

S** 
(0.62) 

s** 
(0.61) 

NS 

NS 

-

-

-

Soil 
PH 

IX 

NS 

NS 

s*** 
(0.83) 
s** 

(0.63) 
NS 

NS 

NS 

NS 

-

-

Soil 
moisture 

(%) 

X 

NS 

NS 

NS 

S* 
(0.56) 

NS 

NS 

NS 

NS 

NS 

-

Data showing astricks(*) marks are statistically significant (student T test) at different levels. 
Significant at P=0.1(*); P=0.05(**); P=0.01(***) respectively. 
Figure in the parenthesis indicates correlation co-efficient (r) value. 
NS=Not significant. 



TABLE J-9 : Test of signif icance between the d i f ferent variables assessed in grassland soil in relat ion to soil fungistasis. 

Variables 

I 

I I 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Sclerot ium 
germinat ion 

(%) 

I 

-

— 

— 

-

-

-

-

-

-

-

Total i 

Fungi 

(10*) 
II 

s* 
(-0.51) 

-

-

-

-

-

-

-

-

-

microbial population 
g" dry soil 

Ac t ino- Bacteria 
mycfee • 

(10*) (10*) 
III IV 

NS NS 

NS NS 

5 * * * 

(0.91) 
- -

- -

-

-

-

-

-

Total sugar in 
soil Oug/lOOmg) 

Ster i - Non-ste-
lised 

V 

s * * 
(0.68) 

NS 

NS 

NS 

-

-

-

-

-

-

r i l ised 

VI 

S* 
(0.56) 

NS 

NS 

NS 

s * * * 
(0.87) 

-

-

-

-

-

Enzyme 
dehydro­

genase 
(mg forma-

zen g" 
dry soil) 

VII 

NS 

NS 

NS 

NS 

NS 

NS 

-

-

-

-

Organic 
matter 

(%) 

VIII 

NS 

NS 

s** 
(0.62) 

(0.73) 
NS 

NS 

NS 

-

-

-

Soil 
pH 

IX 

NS 

s** 
(-0.696) 

s** 
(0.66) 

NS 

NS 

NS-

NS 

NS 

-

-

Soil 
moisture 

(%) 

X 

(-0.73) 
NS 

s** 
(-0.64) 

NS 

NS 

NS 

s* * 
(0.65) 

NS 

NS 

-

Data showing astr icks(*) marks are stat is t ical ly signif icant (student T test) at d i f fe ren t levels. 
Signi f icant at P=0.1(*); P=0.05(**); P=0.01(***) respect ively. 
Figure in the parenthesis indicates correlat ion co-ef f ic ient (r) value. 
NS=Not signi f icant. 
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1.7) and grassland soil (Table 1.9). Ross and Robert (1970) 

also found a significant correlation between dehydrogenase 

activity and soil moisture which supports the above findings. 

Ramirez-Martinez and Mc. Laren (1966) and Dalai (1975) 

showed that moisture had a positive role in the growth, deve­

lopment and activity of soil microorganisms. In the present 

investigationr a positive correlation has been obtained between 

soil moisture and bacterial population in garden soil (r 

= 0,56; p = 0.1) (Table 1.8). Tate and Terry (1980) also 

reported similar results and concluded that moisture generally 

limits the microbial activity. 

Ethrel (2-chloro ethane phosphonic acid) an ethylene 

generator (Warner and Leopold, 1969) in aqueous solution 

was found to induce fungistasis in sterilised soil which 

was otherwise noh-fungistatic. It inhibits spore/sclerptia 

germination in soil, in aqueous solution even at lower concen­

tration (1 jil/L), The inhibition increases with the increase 

in concentration of ethrel was observed with both the test 

organisms i.e. Sclerotium rolfsii and Fusarium solani in 

soil, The inhibition in spore germination was reduced by 

supplementing glucose (1% and 10%) in the experimental soil. 

As observed in the present work, ethrel affect the 

microbial population in soil adversely. PeniciIlium spp. 

Aspergillus spp. and Fusarium sp. are the dominant genera 

isolated from the ethrel amended soil. The above findings 
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support the view of Smith (1973), that ethylene definitely 

affects the microbial population in soil and is a unique 

factor for determining whether or not a given soil is fungi­

static. It has been observed earlier that there is a correla­

tion between increased production of ethylene and greater 

microbial activity in top soil in relation to the increased 

fungistatic effect (Dutta et al, 1982), Some workers also 

reported that many soil microorganisms, mostly fungi produce 

ethylene in pure culture viz. Penicillium digitatum (Young 

et al, 1951), some Penicillium spp. (Considine and Patching, 

1975); Aspergillus clavatus (Hag and curtis, 1968); Fusarium 

Oxysporum and other Fusarium spp. (Swart and Kamerbeck, 1976), 

Mucor hiemalls and some yeast (Lynch, 1972). Several facul­

tative anaerobic bacteria such as Pseudomonas spp. also have 

been found to produce ethylene $t a high rate (Primrose and 

Dilworth, 1976; Primrose, 1976). The major amount of ethylene 

production in soil is possibly fcy those organisms sensitive 

to bacterial antibiotics and tolerant of 80°c moist heat 

for 30 minutes. This further strengthen the search for spore 

forming bacteria which significantly contributes to the ethylene 

production in soil and may have a definite role in soil fungi-

stasis (Smith and Cook, 1974; Sutherland and Cook, 1980). 

The ecological advantage of fungistasis with reference 

to soil-borne pathogens is mainly due to the imposed "exogenous 

dormancy" (Sussman, 1965). It is known that by adding organic 
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and inorganic amendments to the soil, the pathogenicity of 

fungi could be decreased, which again can be correlated with 

the increased population of actinomycete and bacteria in 

the rhizosphere. Studies related to soil amendments with organic 

and inorganic substances, which helps in breaking the "exogenous 

dormancy" of fungal propagules in the soil may provide more 

information on the mechanism of plant disease control. Stimu­

lation of sclerotial germination due to soil amendments (orga­

nic and inorganic) in the present study provides evidence 

on the involvement of nutrients in the reduction/annulement 

of soil fungistaais. 

From the present observation and discussion, the 

probable pathway and the factors involved in fung^stasis and 

its annulement in soil may be hypothetically proposed as 

follows. 



THE PROBABLE PATHWAY OF SOIL FUNGISTASIS 

Activity of soil fungistasis 
inducing microbes in natural soil 

Fungistasis sensitive micropropagules 
in natural soil 

1 
Production and accumulation 
of sporostatic concentration of 

ethylene etc. 

I 
Nutrient Sink 

i, Utilisation of nutrients by 
active soil microbes 

Fungistatic soil (i.e. inhibition 
in Propagule germination.) 

Steri 

4-

t 

isation 

' 

i) 
ii) 

iii) 

Release of nutrients 
Death of competing 
soil microbes. 
Death of ethylene 
Producing microbes. 

Exogenous Nutrient 
supply (i.e. sugar). 

Propagules germinate 
(Fungistasis annuled) 

Inhibition in Propagule 
germination. 

+Exogenous 
Nutrient 

supplyG.e. 
sugars). 

Propagules germinate 
(Fungistasis annuled) 

Propagules germinate 
(Fungistasis annuled) 



PROBABLE FACTORS INVOLVED IN SOIL FUNGISTASIS AND ITS ANNULEMENT 

FUNGISTATIC SOIL 
(Factors involved) 

1 
Direct 

i) Higher microbial activity 

ii) Antagonistic microflora 

iii)Hydrocarbons produced by 
microbes(i.e. ethylene) 

iv) Anaerobic bacteria (prolific 
ethylene Producer) 

1 

I 
Fungistasis annuled/reduced by 

i) Sterilisation 

ii) Lower microbial activity 

iii) Exogenous nutrient supply 

iv) Organic soil amendments 

v) Inorganic soil amendments. 

Indirect 

i) Soil temperature 

ii) Soil moisture 
iii) Available nutrients 

iv) Organic matter 
in soil. 

Thus, it is evident from the present result that fungistasis in soil is biological in origin. 



PART II PLANT AND SOIL RELATIONSHIP 



CHAPTER II 

EFFECT OF ORGANIC AMENDMENTS ON THE SOIL AND RHLZOSPHERE MICROFLORA 

IN RELATION TO THE BIOLOGY AND CONTROL OF SCLEROTIUM ROLFSII 

CAUSING FOOT ROT OF SOYBEAN. 



INTRODUCTION 

Several reports regarding organic amendments to soil 

in relation to disease development/control is available (Leach 

and Davey, 1942; Chowdhury, 1946a; Adams and Papavizas, 1969; 

Papavizas et al, 1968, 1970; Srivastava and Sinha, 1971). 

It is an established fact that the soil amendments affect 

the pathogen due to their direct toxic effect or by the produc­

tion of toxic substances in the decomposition process (Leach 

and Davey, 1935; Henis and Chet, 1968; Chaudhuri and Maiti, 

1978) and also indirectly by stimulating the antagonistic 

soil/rhizosphere microflora (Linderman and Gilbert, 1973a,b; 

Dutta and Isaac, 1979a,b). Soil amendments may also affect 

the interaction between the soil borne pathogen and soil 

microorganisms in plant debris and in the rhizosphere, causing 

a change in disease or in the survival ability of the pathogen 

(Garret, 1970). 

Many crop residues are known to stimulate the activity 

of Sclerotium rolfsii in soil, possibly due to its high compe­

titive saprophytic ability (Cooper, 1961; David and Rao, 

1965; Sengupta and Roy, 1971). Some of the amendments such 

as compost (Mathur and Sinha, 1970), corn straw or oat (Mehrotra 

and Caludius, 1972; Gautum and Kolte, 1979) to soil decreased 

the disease incidence, through the release of ammonia (which 

is toxic to the pathogen) or by stimulating antagonistic 

microorganisms. 
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Higher plants are known to contain antifungal substances 

which have been found to be non-phytotoxic, systematic in 

nature, easily decomposed and stimulatory to host metabolism 

(Fawcett and Spencer, 1970; Beye, 1978; Tripathi et al, 1980). 

In contrast, many systematic fungicides impose harmful effect 

on the plant being phytotoxic (Fawcett and Spencer, 1970), 

due to long persistency (Beye, 1978) and cause pollutive 

effect (Dubey and Mall, 1972), Plant systems are also known 

to release chemicalst which are inhibitory to neighbouring 

plant species in soil (Rovira, 1969; Whittaker and Feeny, 

1971). Most of the phytotoxic chemicals identified from the 

soil and from the decomposing crop residues, include short 

chain aliphatic fatty acids (Stevenson, 1967). Acetic, propionic 

and butyric acid are the primary phytotoxins released from 

the fermented suspension of wheat straw (Tang and Waiss, 

1978). 

It is a well known fact that the organic manures 

improve the physical properties of the soil, contributes 

nutrients and offer substrate for the microbes (Agarwal, 

1967). During the decomposition process, organic amendment 

reduces the loss of nitrogen, caused by leaching (Pandey, 

1975), thus acting as slow release fertilizer. 

Reports are available on the plants belonging to 

Asteraceae (compositae) which produce substances (allelo-

chemics) toxic to the germination and growth of other plants. 
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Some of the examples are Helianthus annuus (Wilson and Rice, 

1968); Chrysanthemum morifolium (Kozel and Tukey, 1968); 

Parthenium hysterophorus (Sarma et al, 1976; Kanchan and 

Jaya Chandra, 1979); Artemisia herba-alba (Friedman et al, 

1977); Eupatorium riparium (Rai and Tripathi, 1984); Eupatorium 

adenophorum (Tripathi et al, 1981). 

Coniferous needles are also known to produce inhibitory 

substances mainly phenolics providing resistance to fungal 

colonization and growth (Barlocher and Oertli, 1978). 

It was reported by Dutta and Isaac (1979a, b) , Dutta 

(1981) that by influencing antagonistic genera of fungi in 

the host rhizosphere with organic and inorganic soil amend­

ments, suppressed the severity of wilt disease of antirrhinum 

caused by Verticillium dahliae. In the present investigation, 

an attempt was made to observe the effect of organic amendments 

(viz. green leaves of Eupatorium adenophorum, E. riparium, 

Pinus kesiya needlesr Helianthus annuus and poultry litter) 

on the soil and rhizosphere microflora in relation to the 

disease development/control of soybean (Glycine max L. ) 

caused by S. rolfsii Sacc. 
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MATERIALS AND METHODS 

Soybean and S. rolfsii as host and pathogen respecti­

vely were used in the present set of experiments. 

Amendments used 

The materials used in this work were easily available 

in and around Shillong (Meghalaya). These were fresh green 

leâ iesof the following plants, 

1) Eupatorium adenophorum Spreng. 

2) Eupatorium riparium Regel. 

3) Pinus kesiya Royle ex Gordon., 

4) Helianthus annuus Linn. 

Dried powdered poultry litter has also been used 

and following experiments were conducted in vitro and in vivo. 

Effect of organic amendments on the growth of S. rolfsii 

in vitro 

Fresh green leaves (25 gm approx.) of above mentioned 

plants were collected, surface sterilised with 0.1% mercuric 

chloride and after thorough washing, was crushed in a mortar 

and pastle. The leaf extract was then collected by passing 

through a clean muslene cloth and was considered as 100% 

concentration, Subsequently, different concentrations (1,2,3% 

v/v) of the extracts were prepared by adding appropriate 

amounts of the leaf extracts to the sterilised potato dextrose 

agar (PDA) medium (100 ml in each case) kept in asceptic 
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condition. 10ml of the medium having the leaf extracts were 

poured separately in the petridishes 9cm diameter) and was 

allowed to solidify, Dried and powdered poultry litter (1,2,3% 

w/v)was 'mixed with the sterilised medium similarly as mentioned 

above. A control set (i.e. without leaf extract/poultry litter) 

was also maintained. Replicates were made for all treatments 

and control. A 4mm disc of the test pathogen (S. rolfsii) 

was inoculated and radial expansion was recorded after required 

period of incubation as described before (page 34 ). 

Effect of leaf/litter extracts on sclerotium germination 

To observe the effect of leaf extracts (in aqueous 

solution) on the sclerotial germination, the extracts prepared 

as mentioned above were mixed separately with sterile distilled 

water to get the required concentration to be used (i.e. 

1,2,3% v/v). The aqueous extract of the poultry litter , was 

prepared by boiling diferent concentration (1,2,3% w/v) of 

the litter in distilled water (100 ml). To these aqueous 

solutions, sclerotium of S. rolfsii were added and kept for 

7 days at environmental temperature. Petri plates containing 

PDA medium and plant extract/poultry litter were also prepared 

as mentioned before were inoculated with sclerotia. Percentage 

of sclerotial germination was recorded following the method 

of Agnihotri et al (1975) (as described in page *1 ) after 

7 days of incubation in aqueous solution and also by direct 

observation. 
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Effect of organic amendments on the survibality of sclerotium 

in soil 

A thorough mixing of the soil and the chopped (0.5cm 

approx.) green leases of the plants (i.e. Eupatorium adenophorum, 

E. riparium, Helianthus annuus, Pinus kesiya needles) and 

powdered poultry litter in different concentrations were 

used separately for the respective experiments. The amended 

soil kept in pots (plastic glasses) were maintained at 50% 

moisture level and was left for 15 days for decomposition. 

Thirty mature sclerotia was then mixed thoroughly with soil 

and was left for incubation. Percentage of the survived sclerotia 

was calculated after the predetermined period of incubation 

(i.e. 15,30,45,60 days respectively). 

Effect on soybean seed germination 

Effect of organic amendments (i.e. leaf extracts! 

and poultry litter) ort- soybean seed germination and radicle 

growth was determined following the method as described earlier 

(page 35 ), ^^ 

Toxicity of the leaf/poultry litter extracts to soybean seedlings 

Different concentrations (v/v) of leaf extracts were 

made with Knop's normal solution. Powdered poultry litter 

was added directly to the Knop's normal solution in different 

proportions (1,2,3% w/v). Phytotoxicity was recorded after 

48 hours of root dip treatment of the one month old soybean 

seedlings. 
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Estimation of total sugars, phenols and amino acids in the 

treated soybean radicles in vitro 

Soybean seedlings were grown in the moist chamber 

treated with different concentrations of the leaf / poultry 

litter extracts separately and when they were one week old, 

total sugars, amino acids and phenols were estimated from 

the radicles following the method described by feach and 

Tracey (1955) and Bray and Thrope (1954) respectively. (Page 43-45). 

Effect of amendments on the soil microorganisms 

The effect of amendments on the test pathogen (i.e. 

S. rolfsii) and other microorganisms in the S. rolfsii infested 

soil was carried out at ICAR farm, Barapani, Shillong. 

The chopped (0.5 cm approx. size) green leaves of 

different plant materials (as described earlier) were mixed 

thoroughly at different concentrations (i.e. 1,2,3% w/w) 

separately, with the infested soil kept in pots (22cm. diameter). 

Powdered poultry litter was added directly to the soil. The 

amended soil in pots were then left for 15 days at 50% moisture 

level for decomposition. An unamended infected control was 

also maintained. Total microbial population together with 

percentage of relative abundance of particular genera/species 

of fungi was calculated following a modified soil dilution 

plate method as described earlier (page 37 ), 
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Effect of soil amendments on the rhizosphere microflora 

Soybean seeds were sown in the soil after 15 days 

of soil amendments. Non germinated seeds were detected and 

was taken out from the soil and was kept in a moist chamber 

for further laboratory observation. 

Isolation of rhizosphere' microflora of one month 

old seedlings were done following the modified method of 

Timonin (1940) as described by Baruah and Dutta (1978). The 

dilutions used for fungi, actinomycete and bacteria were, 

1/10,000; 1/20,000 and 1/30,000 respectively. The 'rhizosphere 

effect* (R.E,) was also calculated. From the total fungal 

population, percentage of relative abundance of a specific 

fungus was calculated. 

Assessment o n disease severity 

From a preliminary observation it was noted that 

the first symptom in soybean seedlings appeared when they 

were three weeks old. The infection appeared first in the 

cotyledon followed by light wilting symptom of seedlings, 

which subsequently revives, followed by the fall of the cotyle­

don. Visual record of the seedling infection was made from 

the fifth week onwards on a weekly basis. The percentage 

of disease severity/disease control was calculated on the 

basis of the number of plants showing symptoms compared to 

the total number of plants grown in each treatment. 
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Population dynamics of Sclerotium rolfsii in amended soil 

Monthly variation in the population of Sclerotium 

rolfsii in the soil amended with organic materials was deter­

mined for a complete cropping season using slightly modified 

selective medium as proposed by Backman and Rodriguez-Kabana 

(1976) for S. rolfsii, (page 42). 

Effect of amendments on plant height 

Seedling /plant height of soybean was recorded on 

a weekly basis till the plant achieved its maximum height. 

Plants dry matter accumulation and yield assessment 

Soybean plants were harvested at the time when the 

pods were matured and ripe. Total dry matter accumulation 

(i.e. dry weight of root, shoot and pod/plant) was calculated 

from the harvested plant,. 

Yield/plant was also calculated by taking the mean 

weight of seeds (gm ) from tfte plants of each treatment/ 

control. 

Application of some promising organic amendments in the experi­

mental field 

A farm site having S. rolfsii infested natural soil 

was selected for the experimentation. All the plots were 

made (5 sq.m ) in a single terrace. Organic amendments i.e. 
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green leaves of Eupatorium adenophorum and E. riparium cut 

into 0.5cm size, was amended to soil at the rate of 10, 20, 

40q/ha and was left for decomposition for two weeks. Randomised 

block design (RED) was used for this experiment. 

Eight rows were made in each plot (5 sq m ) and seeds 

(variety 'bragg') were sown at a spacing of 5-7cm, Effect 

of green manures were assessed on the following parameters: 

(a) Monthly variation in the population of S. rolfsii 

in the amended soil (method describedin page 42 ) . 

(b) Seedlings/plants height (fortnightly). 

(c) Disease severity (assessed fortnightly). 

(d) Yield (q/ha). 

RESULTS 

Among the organic amendments used only Eupatorium 

adenophorum and E. riparium leaf extract inhibited the growth 

of S. rolfsii in vitro. Highest inhibition (52.2%) in radial 

growth was observed with E. adenophorum (3% v/v) followed 

by E. riparium (47.7% in 3% v/v) (Pig. 4.1). Other amendments 

showed very little inhibitory effect. Higher concentration 

of the plant extracts also showed inhibitory effect on the 

germination of sclerotia. The maximum reduction in germination 

was observed with pine neddle extract (3% v/v) (Table 2.1). 



FigA.l Effect of organic amendments (plant/litter extract): 

A = Eupatorium adenophorum, B = Eupatorium riparium, C = Heiianthus 

annuus, D = Pinus kesiya, E = Poultry litter, on the growth of Sclerotium 

rolfsii in vitro. 
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TABLE 2.1 : Effect of Organic amendments on the survibality of Sclerotium. 

Sclerotial germination(%) 

Amendments 
Concentration 

(96) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Germination in PDA 
amended with 

plant/ l i t ter 
extract(%) 

100.00 
100.00 

80.00 

100.00 
100.00 
100.00 

100.00 
100.00 
100.00 

100.00 
100.00 

70.00 

100.00 
100.00 
100.00 

In aqueous 
solution 
after 7 
days) 

100.00 
100.00 

85.00 

100.00 
100.00 
70.00 

100.00 
100.00 

80.00 

100.00 
100.00 
61.76 

93.33 
100.00 

83.30 

(Period IP'incubationvDays)) 

15 

100.00 
100.00 
100.00 

100.00 
100.00 
100.00 

100.00 
100.00 
80.00 

100.00 
100.00 
100.00 

100.00 
100.00 

66.60 

30 

100.00 
100.00 
100.00 

100.00 
100.00 
100.00 

75.00 
60.00 
60.00 

100.00 
90.90 
90.00 

100.00 
100.00 
50.00 

45 

100.00 
100.00 ' 
100.00 

83.80 
81.30 
61.90 

57.10 
28.60 
27.20 

100.00 
80.00 
42.90 

100.00 
75.00 
27.20 

60 

100.00 
100.00 
100.00 

63.60 
68.40 
25.00 

20.00 
6.60 

63.60 
50.00 
29.40 

81.80 
73.30 

Eupatorium 
adenophorum 

Eupatorium 
riparium 

Helianthus 
annuus 

Pinus kesiya 

Poultry litter 

Control (without 
amendment) 100.00 83.30 100.00 100.00 100.00 100.00 

1) Calculation based on 60 sclerotia in each case. 
2) Calculation based on recovered sclerotia. 

(-) No germination. 



I 83 ] 

Survibality 

In the viability teat, it was observed that the soil 

amendment with E. adenophorum did not affect the viability 

of sclerotium during the experimental period (upto two months), 

while other amendments (i.e. E. riparium, Pinus kesiya, Helianthus 

annuus and Poultry litter) decreased the sclerotial viability 

in soil with the increased amount of organic amendments and 

incubation period. Highest reduction in sclerotial germination 

was observed in case of Helianthus annuus and poultry litter 

after 45 days of incubation (27.2% germination) at higher 

concentration (3% w/w). Further increase of incubation period 

resulted complete loss in viability of sclerotium (Table 2.1). 

The recovery of empty sclerotial shell from the soil in most 

of the cases suggest , their germination during the incubation 

period in the soil, whereas in control (non amended) soil, 

most of the sclerotium remained viable upto two months of 

experimentation. 

Effect on seed germination and radicle growth 

Leaf extracts and poultry litter water extract did 

not show any adverse affect on the germination of soybean 

seeds in vitro. Eupatorium adenophorum, Helianthus annuus 

and higher concentration of Pinus kesiya needle extracts (3%v/v) 

were found to be slightly inhibitory, whereas, poultry litter 

was found to stimulate the radicle growth (Table 2.2). 



TABLE 2.2 : Effect of plant extracts/poultry litter on the germination 3c radicle growth of soybean seeds. 

Plant/poultry 
l i t ter extracts 

Concentra­
tion (%) 

Effect of leaf/litter extracts in vitro Effect of soil amendments in vivo 
Seed ger­
mination 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 • 
100 

100 

Radicle growth 
with ±SrE. 

(Cm)1 

8.42±1.30 
7.19±1.64 
7.69±1.69 

11.75±1.60 
12.38±1.91 
9.83±2.85 

7.06±2.08 
10.00±2.11 
6.80±1.73 

12.75±0.96 
11.00±0.82 

7.14±1.00 

13.00±1.76 
9.86±1.17 

11.67±0.99 

9.65±2.25 

Phyto-. 
toxicity' 

Seed germina­
tion (%r 

Pre-emer-
gence rot 

(%r 
Eupatorium 
adenophorum 

Eupatorium 
riparium 

Helianthus annuus 

Pinus kesiya 

Poultry l i t ter 

Control (without 
treatment) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

81.60 
86.60 
83.30 

90.00 
76.60 
81.60 

78.30 
90.00 
75.00 

80.00 
88.30 
88.30 

93.30 
85.00 
88.30 

18.40 
13.40 
16.70 

10.00 
23.40 
18.40 

21.70 
10.00 
25.00 

20.00 
11.70 
11.70 

6.70 
15.00 
11.70 

86.66 13.40 

1) Calculation based on 20 seeds. 
2) Obserevation made from 10 exposed seedlings; (-) non toxic; 
3) Calculated from 60 seeds. 

(+) toxic. 
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Phytotoxicity 

Organic amendments did not show any toxic effect on 

the soybean seedlings, grown in Knop's normal solution amended 

with the extracts. Pinus kesiya needle extract (3% v/v) showed 

very little toxicity. Scorching of the leaves was also observed 

in this case (Table 2,2). 

Estimation of total sugars, phenols and amino acids 

Accumulation of sugars in most of the treated radicles 

decreased with the increase in concentration of the extract 

excepting Pinus kesiya and poultry litter treatment, where 

variation in sugar accumulation was recorded. Only E. riparium 

treatment increased amino acidic whereas a significant increase 

in phenolic compounds were recorded in the tissue of all the 

treated soybean radicles (Table 2.3). 

Effect of organic amendments on the soil microorganisms 

A qualitative and quantitative change in microbial 

population was observed due to organic amendments to soil. 

An increase in the microbial population (i.e. fungi, actino-

mycete and bacteria) in general was observed with a few excep-

tior&. It was further observed that the higher concentration 

of the amendments (i.e. 3% w/w) were found to have inhibitory 

effect on the fungal population compared to the lower concentra­

tion (i.e. 1% w/w). Only E. adenophorum and E. riparium anend-



TABLE 2.3 Estimation of total sugars, phenols and amino acids (ug/100 mg dry wt) in soybean radicles grown 
in the aqueous solution with plant extract/poultry litter in vitro. 

Plant extract/ 
poultry litter 

Concentra­
t i o n ^ ) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Total sugars 

280.00 
185.00 
100.00 

195.00 
140.00 
135.00 

190.00 
185.00 
160.00 

170.00 
207.50 

80.00 

120.00 
175.00 
130.00 

Total phenols 

8.00 
10.00 
10.00 

6.00 
7.00 

11.00 

4.00 
5.00 
5.00 

11.00 
9.00 
9.00 

7.00 
9.00 

10.00 

Total amino 

110.00 
140.00 
150.00 

300.00 
340.00 
290.00 

IS0.00 
156.00 
140.00 

200.00 
200.00 
130.00 

140.00 
110.00 
110.00 

Eupatorium adenophorum 

Eupatorium riparium 

Helianthus annuus 

Pinus kesiya 

Poultry litter 

Control (without 
treatment) 220.00 4.00 240.00 

1) Mean of three replicates in each case. 
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ments to soil decreased the bacterial population singificantly 

(Table 2.4), 

Effect on the particular genera of fungi in soil 

It is evident from the Table 2,5 that a considerable 

increase in the Aspergilli population occurred in the soil 

due to Helianthus annuus and Pinus kesiya needle amendments. 

Other amendments i.e. E. adenophorum (3% w/w) and poultry 

litter (2% w/w) also increased Aspergilli population. Altogether 

seven Aspergillus spp. were isolated from the soil, out of 

which A. flavup and A. niger were found to be the dominant. 

P̂oultry litter (3% w/w) greatly increased mucorales, whereas 

E. riparium boosted Penicillium spp. and Trichoderma spp. 

especially Penicillium rubrum and Trichoderma harzianum. Thirty 

eight species belonging to eighteen genera of fungi were isolated 

from the amended soil (Table 2.6). 

Effect on the rhizosphere 

Among the organic amendments used, only E. riparium 

(1% w/w) amendment increased the fungal population, while, 

rest of the amendments reduced fungi and actinomycete (excepting 

E.adenophorum, 3% w/w only) in the soybean rhizosphere. In 

general a significant increase in bacterial population was 

observed due to organic amendments to soil (Table 2.7). 



TABLE 2A; Effect of Organic amendments on the soil micro-organisms. 

Total soil microflora in 

Amendments Concentra­
tion ( : %) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Fungi 

(10*) 

26.60 
13.75 
12.50 

18.00 
24.60 

9.58 

18.30 
12.00 
8.75 

15.80 
13.75 
9.60 

11.70 
14.58 
15.00 

thousands g dry soil 
Actinomycete 

(2 x 10*) 

69.60 
81.00 
67.70 

88.95 
65.00 
57.70 

113.50 
122.50 
179.95 

81.25 
151.00 
159.15 

133.50 
139.00 
167.50 

Bacteria 

(3 x 10*) 

39.00 
40.67 
37.50 

40.60 
52.50 
36.00 

lii0.70 
71.93 
63.60 

98.97 
91.30 
93.00 

77.70 
81.40 
86.10 

Eupatorium adenophorum 

Eupatorium riparium 

Helianthus annuus 

Pinus kesiya 

Poultry litter 

Infected control 
(without amendment) 

10.40 62.50 44.20 

Significance by F test (5%) Yes Yes Yes 

1) Mean of three replicates in each case. 



TABLE 2.5 Effect of organic amendments on the percentage 
infested soil 

of relative abundance of different genera of fungi in Pathogen 

Amendments 
( lea f / l i t t e r ) 

Concen­
t ra t ion 

(%) 

Asper-
g i l l i 

Cephalos-
ponum 

spp. 

Clados-
porium 

spp. 

Fusa-
rium 
spp. 

Geo-
trich -

um spp. 

Gliocla-
dium 
spp. 

Muco-
rales 

Peni-
cilJia 

Tricho-
derma 

spp. 

Yeast Other 
genera of 
fungi i m -

per fect i 

Eupatorium 
adenophorum 

Eupatorium 
riparium 

Helianthus 
annuus 

Pinus kesiya 

Poultry l i t ter 

Control (without 
amendments) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

-

S.57 

33.38 

9.09 
11.20 
6.25 

32.34 
55.04 
42.84 

31.48 
18.18 
26.07 

14.28 
28.50 
13.90 

16.80 

11.10 
12.12 

4.54 
5.60 

4.76 

7.89 
2.30 

7.14 

-

S.57 

8.33 

4.76 

5.26 
6.06 
2.17 

3.57 

-

7.40 
6.06 

4.54 

14.70 

4.76 

6.06 
6.51 

7.14 

13.90 

-

11.10 
3.03 

-

8.82 

4.76 

13.15 

8.68 

10.71 
19.95 

19.60 

7.40 

-

-

6.06 

3.57 

5.60 

16.70 
7.40 

15.60 

5.88 
10.32 
9.52 

15.78 
15.15 
21.70 

7.14 
17.10 
22.23 

5.60 

34.20 
25.90 
12.12 

40.88 
37.33 
68.75 

11.76 
24.08 
9.52 

18.41 
12.12 
17.38 

10.71 
8.55 

27.83 

27.80 

11.40 
7.40 
9.09 

9.09 
22.20 
18.75 

5.88 
3.44 
4.76 

2.63 
12.12 
13.02 

7.14 
11.40 
13.90 

2.80 

14.28 
18.51 
18.18 

25.00 
8.33 

14.70 

4.76 

15.15 

17.85 
14.25 

14.00 

5.70 
3.70 
6.06 

6.80 
2.80 
6.25 

5.88 
6.88 
9.52 

5.26 
6.06 
6.51 

10.71 

8.33 

8.40 



TABLE 2.6 • Effect of organic amendments to soil on the percentage of relative abundance of fungi under infested condition. 

Soil Fungi 

Aspergillus candidus 
Link ex Fries. 

A. flavipes Thorn 
& Church. 

A. flavus Link 
ex Fries. 

A. niger Van. Tiegre<m. 
A. repens (corda) 

da Bary. 
A. versicolor (Vuillemin 

Tiraboschi. . 
Aspergillus sp. 
Cephalosporium 

roseogriseum Saksena-
Cladosporium herbarum 

Link ex. Fries. 
Cunninghamella sp. 
Fusarium oxysporum 
Geoirichum sp. 

Control 
(without 
amend­
ment ) 

-

8.40 

-
8.40 

-

-
-

-

-
-
-

19.60 
Gliocladium catenulaturn 

Gilman & Abbott. 
Helminthosporium sp. 
Humicola grisea Traaen 
Mucor cercinelloides 

Van Tieghem. 
M. plumbcus Bonordcn. 
Muror sp. 
IVlilillllum 

brcfcldianum Dodge. 
P. chrysogenum. Thorn. 
P. digilaium. Saccardo. 
P. granulatum Bainier. 
P. iinplicutum Biourge. 
P. oxalicum Thorn. 
P. rubrum stoll. 
P. vermiculatum 

Oangeard. 
Penicillium sp. 
Phoma sp. 
Pythium sp. 
Rhizopus stolonifer 

(Ehrenb ex Link)Lind. 
Thielaviopsis basicola 

(Berk & Br)Zopf. 
Torula sp. 
Trichoderma 

aureoviride Rifai. 
T. harzianum- Rifai. 
T. koningii oudemans. 
T. viride Pers ex. Fries. 
Trichoderma sp. 
Yeast (red) 

5.60 
-
-

-
-
2.80 

5.60 
-
-
-
-
-

11.10 

11.10 
-
-
8.40 
2.80 

1913 

-
-

-
-
2.80 
-
-

14.00 

Eupatorium 
adenophorum 

1 

-

-

8.57 
-

-

. 
-

-

8.57 
5.70 
-
-

-
-
5.70 

-
. 

11.00 

14.20 
5.70 
-
-
-
• 

14.30 

-
-
-
-
-

-
-

-
-
5.70 
5.70 
-

14.28 

2 

-

-

-
-

-

-
-

11.10 

-
-
7.40 

11.10 

7.40 
-
-

7.40 
-
-

18.50 
-
-
3.70 
-
-
-

3.70 
-
3.70 
-
-

-
-

-
-
-
7.40 
-

18.51 

3 

12.12 

-

6.06 
15.20 

-

-
-

12.12 

-
-
7.40 
3.03 

-
-
-

-
-
. 

. 
-
. 
-
-
-
9.09 

3.03 
. 
-
-
-

6.06 
- • 

. 

. 

. 
9.09 
-

18.18 

Eupatorium 
riparium 

1 

-

-

9.09 
-

-

-
-

4.54 

-
-
4.54 
-

-
-
-

-
-
. 

9.09 
6.80 
. 
-
-
9.09 
. 

15.90 
-
-
6.80 

' -

-
. 

. 
-
-
9.09 
-

25.00 

2 

-

-

5.60 
2.80 

-

-
2.80 

5.60 

8.33 
-
-
. 

-
-
5.60 

-
-
. 

-
-
. 
5.60 
-
-

23.40 

8.33 
-
-
- • 

-

2.80 
-

-
22.20 
. 
. 
-
8.33 

3 

-

. 

6.25 
-

-

-
-

-

-
-
-
-

-
6.25 
-

-
-
. 

-
12.50 
12.50 
-
6.25 
6.25 

18.75 

6.25 
6.25 
-
-
-

-
-

-
18.75 
-
. 
. 
-

Pinus 
kesiya 

1 2 

5.26 3.03 

5.26 12.12 

15.70 -
5.26 3.03 

-

-
• -

7.89 2.30 

5.26 6.06 
-

6.06 
13.15 -

6.06 
-
-

2.63 6.06 
5.26 -
. 

10.52 6.06 
7.89 -
-

' -
-
-

6.06 

-
-
-
5.26 -
7.89 9.09 

3.03 
3.03 

12.12 
-
-
. 
2.63 -

15.15 

3 

8.68 

-

13.02 
4.34 

. 

-
-

-

2.17 
-
6.50 
8.68 

-
-
8.68 

-
2.17 

8.68 
8.68 
-
-
-
-
-

-
-
-
-
8.66 

-
6.57 

-
-
8.68 
4.34 
-
-

Helianthus 
annuus 

1 

-

11.76 

14.70 
-

5.88 

. 
-

-

-
5.88 

14.70 
8.82 

-
-
-

-
-
.'.'Hi 

-
-
_ 
-
-
-
-

11.76 
-
-
-
2.94 

-
-

. 
-
-
5.88 
-

14.70 

2 

10.32 

-

6.88 
17.20 

• -

20.64 
-

-

-
-
-
-

3.44 
-

-
3.44 

(..88 
-
_ 
-
-

10.32 

6.SS 
-
-
3.44 
6.88 

-
-

-
-
-
3.44 
-
-

3 

19.04 

-

9.52 
14.28 

-

-
-

4.76 

4.76 
9.52 
4.76 
4.76 

-
, 

-
. 

!)./(, 
4.76 

-
-
-

-

-
-
* 
-
9.52 

-
-

-
4.76 
-
-
-
4.76 

1 

i 

7.14 

-

-
7.14 

-

-
-

7.14 

3.57 
7.14 
7.14 

10.71 

3.57 
-
7.14 

-
-

-
7.1 4 

-
0 7 
-

-

-
-

\Sh 
-
-

-
-

-
3.57 
3.57 
. 
-

18.85 

Poultry 
i t t e r 

2 

-

-

S.55 
11.40 

-

-
8.55 

-

-
-
-

19.95 

-
-
-

S.55 

e«r 

-
-
-

8.55 

-
-
-
-
-

-
-

-
-
S.55 
2.S5 
-

14.25 

3 

-

-

13.90 
-

-

-
-

-

-
-

13.90 
-

-
-
-

-

13.90 

UJO 
j a o 
-
>:. n 

-

-
-
-
-
8.33 

-
S.33 

-
. 
-

13.90 
. 
-

Amendments applied at a rate of 1, 2, 3% w/w. 



TABLE 2.7 : Effect of Organic soil amendments on the rhizosphere microflora of soybean grown in pathogen infested 
soil. 

Concen-
Soil amendments tration 

(%) 

Eupatorium 
adenophorum 

Eupatorium 
riparium 

Helianthus annuus 

Pinus kesiya 

Poultry l i t t e r 

Contro l rh izo­
sphere soil 
Cont ro l soil 

Signif icance 
by F test (1%) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

-

_ 

Rhizosphere micro-organisms 
in thousands g" dry soil 

Fungi 

(10*) 

14.38 
15.50 
21.60 

46.80 
35.80 
37.60 

18.00 
20.00 
29.00 

24.00 
19.00 
11.00 

25.70 
16.00 
12.00 

36.59 

20.00 

Actino­
m y c e s : 
(2x101 

383.00 
297.50 
443.00 

244.00 
235.00 
337.50 

255.00 
358.00 
394.00 

89.50 
121.00 
200.00 

243.50 
165.50 
150.00 

400.00 

335.00 

Bacteria 

(3x10*) 

466.70 
393.30 
449.60 

251.60 
320.80 
367.50 

775.00 
903.00 
628.30 

685.67 
700.30 
735.00 

484.60 
501.70 
532.70 

270.80 

228.75 

Yes Yes Yes 

Rhizosphere,effect 
(RS/CS)U; 

Fungi Actino- Bacteria 
mycete s 

0.72 
0.78 
1.0& 

2.34 
1.79 
1.88 

0.90 
1.00 
1.45 

1.20 
0.95 
0.55 

1.29 
0.80 
0.60 

1.82 

1.14 
0.89 
1.32 

0.73 
0.70 
1.00 

0.76 
1.37 
1.18 

0.27 
0.36 
0.60 

0.73 
0.49 
0.45 

1.19 

2.04 
1.72 
1.97 

1.10 
1.40 
1.61 

3.39 
3.95 
2.75 

2.99 
3.06 
3.20 

2.12 
2.19 
2.33 

1.18 

1) Mean of replicates in each case. 
2) Rhizosphere soil/control soil. 
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Effect on the particular genera of rhizosphere fungi 

E. adenophorum (2% w/w) increased Penicillium spp. 

in the rhizosphere, while9 Aspergillus spp., mucorales and 

Trichoderma spp. were found to ba stimulated by all tceatments 

(Table 2.8), A comparatively highec population of Aspergillus 

spp. was observed with E. riparium (2% w/w) and E. adenophorum 

(3% w/w) amendments. Among the Trichoderma spp., T. harzianum 

and T. koningii were found to be the dominant species In the 

soybean rhizosphere following Eupatorium riparium soil amend­

ments. Altogether thirty two species belonging to fourteen 

genera have been isolated from the rhizosphere (Table 2.9). 

Other genera i.e. Cephalosporium, Cladosporium and fungi imper­

fecta, also showed fluctuations In their population in the 

rhizosphere. Few unidentified imperfect genera fungi have 

also been isolated from the rhizosphere of soybean. 

Assessment of disease severity 

It was observed that the non germinated soybean seeds 

in the soil were infected with S. rolfsii. Superficial mycelial 

growth of S. rolfsii was observed invariably on the seeds, 

when kept in moist chamber. Sowing of seeds followed by the 

soil amendments might have been the cause of the seed rot, 

as rapid multiplication of the sclerotlum population was observed 

following soil amendments. Highest seed rot was observed with 

Eupatorium riparium (2 & 3% w/w), Helianthus annuus (1 & 3%w/w) 

and Pinus kesiya needle (1% w/w) soil amendments (Table 2.2). 



TABLE 2.8 : Effect of organic amendments on the percentage 
rhizosphere grown in infested soil. 

of relative abundance of different genera of fungi in soybean 

Amendments 
( lea f / l i t t e r ) 

Concen­
t ra t ion 

(%) 

Asper-
g i l l i 

Cephalos-
porium 

spp. 

Clados-
porium 

spp. 

Fusa-
num 
spp. 

Geo-
trich -

um spp. 

Gliocla-
dium 
spp. 

Muco-
rales 

Peni-
c i l i ia 

Tricho-
derma 

spp. 

Yeast Other 
genera of 
fungi i m -

per fec t i 

Eupatorium 
adenophorum 

Eupatorium 
riparium 

Helianthus 
annuus 

Pinus kesiya 

Poultry l i t ter 

Control 
rhizosphere soil 

Control soil 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

^ 

-

10.25 
8.10 

35.00 

7.14 
41.60 

10.00 
25.90 
22.70 

31.21 
16.10 
9.09 

5.26 
28.00 
16.60 

6.25 

10.40 

8.10 

16.70 

10.32 

5.00 
7.40 

13.62 

3.22 
-

-

_ 

-

-

4.76 

-

10.00 
-
9.08 

-

6.06 

5.26 

-

_ 

-

5.12 
13.50 
2.50 

4.76 

-

5.00 
-
-

-

-

-

-

12.50 

2.08 

10.25 

22.20 

19.32 

10.52 

7.40 

-
5.40 
-

16.66 
4.16 

27.52 

25.00 
14.80 
22.71 

15.60 
12.88 
9.09 

15.79 
12.00 
24.90 

48.66 
64.83 
45.00 

35.70 
-

20.64 

10.00 
7.40 
9.08 

24.98 
16.10 
36.36 

15.79 
16.00 
8.30 

2.56 
-

17.50 

14.28 
37.44 
24.08 

_ 
-

13.62 

_ 
6.44 
6.06 

15.79 
12.00 
8.30 

12.80 
-
-

_ 
16.64 
17.24 

25.00 
-
-

15.60 
9.66 

21.21 

_ 
12.00 
16.60 

10.25 
-

-

_ 
-

-

25.00 
14.80 
9.08 

12.48 
16.10 
12.12 

31.57 
20.00 
24.90 

20.83 

3.12 49.93 

39.73 10.40 

18.72 

16.70 

9.36 



TABLE 2.9: Effect of organic amendments to soil on the percentage of relative abundance of rhizosphere fungi under 
infested condition. 

Soil and 
rhizosphere 
fungi 

Control 
(without 

amendment) 

Control 
rhizos­
phere 

(without 
amendment) 

Eupatorium 
adenophorum 

1 2 3 

Eupatorium 
riparium 

'" 1 2 3 

Pinus 
kesiya 

1 2 3 

Helianthus 
annuus 

I Z J 

Poultry 
litter 

i i i 

Absidia sp. 
Aspergillus candidus \Jv^< ex. Fries. 
A. cH.varus Desm. 
A. flavipes Thorn If Church. 
A. flavus Link ex. Fries. 
A. fumigatus Fresemus. 
A. nidulans (Eidem) wiuj^er. 
A. niger Van. Tieghem. 
A. versicolor (VuillemVn) 

Tirabosclii. 
Cephalosporium acremanium Corda 
Cephalosporium sp. 
Ctadosporium herbarum 

Link ex. Fries. 
Fusarium oxysporium 
F. solaru 
Geotrich*um sp. 
Gliocladium catenulatucn 

Cilmar. 4: Abbott. 
Humicola gnsea Traaer. 
Mucor circinelloides \$fl Tieghem. 
M. hiemalis Wehmer. 
Penicillium brefeldianucn Dodge. 
P. chrysogenum Thorn. 
P. granulatum Bainier. 
P. oxalicum Thom. 
P. rubrum Stoll. 
P. vermiculatum Dang-;ai"3. 
Penicillium sp. 
Pythium sp. 
Rhizopus stolonifer 

(Ehren; ex. Link). Li'ocL 1913. 
Trichoderma harzianum R'tiai. 
T. koningii oucierrians. 
T. viride 9fl$. ex. Fries. 
Yeast tro4) 
Unidenittft*: 

10.00 
, -

-
-

10.40 
-
-
-
_ 

. -
-
_ 
2.18 
-

20.83 

. 
20.83 
-

18.90 
-

10.40 
-
-
-
-
-
-
_ 
-
-
-

16.70 
-

-
-
6.25 
-
-
-
-
_ 
-
-
_ 

12.50 
-
-
_ 
-
-
-
3.12 
6.25 
3.12 
-

18.72 
18.72 
-
-

3.12 
-
-
-

IS. 72 
9.36 

-
-
-
5.12 
-
5.12 
-
_ 
-
-
_ 
5.12 
-

10.25 

. 
-
-
-
-

12.80 
10.25 
-

10.25 
15.36 
-
5.12 

. 
-
2.56 
-

12.80 
5.12 

-
-
5.40 
-
-
-
2.70 

_ 
8.10 
-
. 
8.10 
$.40 
-
, 
-
-
2.70 
8.10 

10.80 
-
-

21.62 
13.50 
10.81 
-

2.70 
-
-
-
-
-

-
. 
5.00 
5.00 
-
-. 

10.00 

15.00 
-
-
_ 
2.50 
. 
-
„ 

-
-
-
-

10.00 
10.00 
5.00 

15-00 
-
5.00 
-
, 
-

10.00 
7.50 
-
-

-
-
-
7.14 
-
-
-
. 

16.66 
-

4.76 
-
4.76 
-
_ 
-

11.90 
-
9.52 
9.52 
-

14.28 
2.38 
-
-
-

4.76 
4.76 
9.52 
-
-
-

16.64 
-
-
4.16 
-
-
-

20.80 
-
-
. 
-
-
-
„ 

-
-
-
-
-
-
-
-
-
-
-

4.16 
20.80 
16.64 
-

16.64 
-

-
. 
-
-
-
. • 

-
. 

10.32 
-
_ • • 

. 
-
-
„ 

-
-

13.76 
10.32 
10.32 
-
-
. 
-

-

13.76 
13.76 
10.32 
-

17.25 
-

-
6.25 

15.60 
-
-
-
9.36 

_ 
-
-
„ 

-
-
-
„ 

-
-
-
9.36 
6.25 
6.25 
-
-
3.12 
-
-

15.60 
-
-
-

15.60 
3.12 

. 
-
9.66 
6.44 
-
-
-
. 
-
3.22 

_ 
-
-

19.32 

_ 
-
3.22 
-
-
-
-

12.88 
-
-
3.22 
6.44 

9.66 
-
6.44 
-
9.66 
9.66 

-
-
'-
3.03 
6.06 
-
-
_ 
-
-

6.06 
-
-
-
_ 
-
-
-
6.06 

12.12 
6.06 
-

12.12 
-
-
-

9.09 
-
6.06 
-

21.21 
12.12 

-
-
-

10.00 
. 
. 
-
_ 
. 
5.00 

10.00 
5.00 
-
-
_ 
-
-
. 
-

10.00 
. 
-
-
-
-
-

15.00 
-
-
-

25.00 
10.00 

11.10 
-
-
-
-
-
7.40 

7.40 
-
7.40 

_ 
-
-

22.20 

7.40 
11.10 
-
-
-
-
-
-
-
7.40 
-
7.40 

3.70 
-
-
-
-
7.40 

-
-
-
-
-

13.62 
4.54 

4.54 
9.08 
4.54 

9.08 
-
-
-
_ 
-
-
9.08 
-
9.08 
-
-
-
-
-
-

13.62 
-
-

13.62 
-
9.08 

-
-
-
5.26 
-
-
-
_ 
-
-

5.26 
.-
-

10.52 

_ 
-
-
-
-
5.26 
-
-
-

10.52 
-
-

15.79 
15.79 
-
-
-

31.57 

-
-
. 
4.00 

12.00 
. 
8.00 

4.00 
-
- • 

„ 

-
-
-
„ 

-
-
-
8.00 
4.00 
. 
-
-
4.00 
-
-

12.00 
12.00 
-
-

.12.00 
20.00 

16.60 

8.30 

24.90 

8.30 
16.60 
24.90 

Amend':"-?-:=• app:.cd >o Stf'Aat a rate of I, 2, 3% w/v 
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Disease symptom was found to appear in the cotyledons 

at the time when the seedlings were 3 weeks old. The cotyledons 

gets detached Fiom the seedlings following the infection. 

The viaua\). record of infection at the jioot region of soybean 

seedling* observed on the fifth week of age. Reduction in 

infection to plant was observed with all the amendments compared 

to non amended infected control. Highest reduction was recorded 

with E. riparium (3%w/w) amendment (12.2% infection). With the 

increase in concentration of the leaf material amendment tojsoil, 

a reduction in the disease severity was observed in most of the 

cases (Plate 3,4). Concentration of poultry litter showed a direct 

relationship to the severity of the disease, as an increase 

in disease severity was observed with the increase in the 

concentration of tfae poultry litter applied (Table 2.10). 

Some of the soil amendments* d^layud the symptom expression, 

together with the reduced Infection rate, possibly due to 

the ftotf jrê ease of the inhibitory substances of> rapid stimu­

lation of the antagonists in soil, Bupatorium riparium amend­

ment to soil, delayed the symptom expression as well as reduced 

the disease severity possibly through the stimulation of the 

antagonistic Trichoderma spp. in the soil (Fig. 4.2B). Although 

E. adenobhorum showed an increase infection rate at the initial 

stage, compared to other treatment, the rate slowed down with 

time, probably due to the slow release of inhibitory substances 

in the soil (Pig. 4.2A). Other soil amendments i.e. Pinus 

kesiya, Helianthus annuus and poultry litter, also released 



Plate 3: Showing the effect of soil amendments on the foot rot symptom/disease 

control and the growth of soybean plants compared to control (infected): 

i) Eupatorium adenophorum and (ii) Eupatorium riparium (control, 
1, 2, 3% w/w of organic amendments from left to right). 



PLATE-3 

(i) 

(ii) 



Plate * : Showing the effect of soil amendments on the foot rot symptom/disease 

control and the growth of soybean plants compared to control (infected): 

i) Helianthus annuus and (ii) Poultry l i t ter (control, 1,2,3% w/w of 
organic amendments from left to right). 



PLATE-4 

£ • ^ • • B 

(i) 

(ii) 



TABLE 2.10 : Effect of poultry litter on the disease development of soybean plant. 

. . „ . Concen- Percentage of infection/week 
Amendments t r a t k ) n — g f g ^ ^ n R n ^ 

(96) 

Poultry litter 1 7.1* 10.70 12.50 17.86 19.64 19.6* 25.00 28.57 30.36 35.70 

2 7.55 9.*3 13.21 13.21 16.98 18.87 22.6* 28.30 32.08 37.7* 

3 9.80 9.80 19.60 21.56 27.*5 31.37 31.37 33.30 39.21 *3.13 

Infected control - 15.40 25.00 30.80 32.70 32.70 36.50 38.50 *6.20 63.50 71.20 
(without amendment) 



Fig. U.2 Effect of organic amendments (i.e. A = Eupatorium adenophorum, 

B = Eupatorium riparium, C = Pinus kesiya, D = Helianthus annuus) 

on the disease development of soybean caused by Scierotium roifsii. 
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toxic/inhibitory substances into the soil, resulting in a 

decrease of the diBuase severity (Pig. 4.2C,D). In general, 

almost 50% reduction in disease severity was achieved with 

all the amendments compared to non amended infected control. 

Population dynamics of S. rolfsii in amended soil 

Gradual increase in S. rolfsii population was observed 

in the non amended pathogen infested soil, while in amended 

soil, S. rolfsii population found to increase at the initial 

stage (observed after 30 days) excepting in the soil amended 

with E. adenophorum and E. riparium but subsequently, a gradual 

reduction in population was recorded in all the cases (Fig. 

4.3). This increase in population at the initial stage is 

probably due to the breaking of imposed dormancy of resting 

structure (i.e. Sclerotia) and their saprophytic colonisation. 

Poultry litter and Helianthus annuus amendments showed higher 

increase in S. rolfsii population, which later reduced consi­

derably (Fig. 4,3E,C). In the E. adenophorum amended soil, . 

the population remained almost static (Fig. 4.3A) whereas 

in E. riparium amended soil, an abrupt increase in population 

was also recorded at the time of second sampling period (i.e. 

after 60 days) which subsequently declined sharply. (Fig.4.3B). 

Effect on plant height 

The soil amendments did not show any adverse effect 

on seedling height excepting Helianthus annuus and poultry 



Fig. 4.3: Effect of organic soil amendments (i.e. A. Eupatorium adenophorum, 

B. Eupatorium riparium, C. Heiianthus annuus, D. Pinus kesiya, E. Poultry 

litter) on the population dynamics of Sclerotium rolfsii in natural soil, 

(vertical bar represent LSD at P=0.05 level). 
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litter amendments (Table 2.11). The plants attained their 

maximum height when they were ten weeks old. Higher concentra­

tion of poultry litter (i.e. 3% w/w) was found to be slightly 

toxic as it showed yellowing of leaves. Lower concentration 

(i.e. 1% w/w) favoured the growth and development of soybean 

plants. Helianthus annuus was also found to be suitable for 

the growth of soybean plants. These two soil amendments increased 

the plant height 'Plate 4), leaf area and yield, compared 

to non amended infected control, 

Dry matter accumulation and yield 

Dry matter accumulation of soybean plants (i.e. dry 

weight of root, shoot and pod) increased due to the soil amend­

ments in all the cases compared to non amended control. Increased 

plant height resulting in an increased dry weight of the shoot^ 

plant was observed following poultry litter (9.Og/plant in 

case of 3% w/w) and H. annuus (8.5g/plant in 1% w/w) amendment. 

Poultry litter amendment also increased the dry weight of 

the root (3.1g/plant at 2% w/w). Increased pod weight was 

recorded in case of E. riparium (3% w/w) (10.Og/plant) and 

poultry litter (2% w/w) amendment (10.8g/plant) (Table 2.12). 

Soybean yield also increased in all the treatments 

compared to non amended infected control. E. riparium (3% w/w) 

and poultry litter (2% w/w) amendments to soil, increased 

yield 9.0g and 9.33g/plant, respectively (Table 2.12). Pinus 

kesiya needle amendment to soil reduced the dry matter accumulation 



^ - L-k. 

r+ fl> 
3- n o 
r r-t 

0) 

3 
(1) 
D 

r+ 
n Q . 

n 
o 
r-f 
n 

a o 
3 
0) 
3 

•"** 

O 
C I 

I 
2. I 
C 

"8 •8-=' 

3 2. 
c 
3 

Is) •— VjJ Is) i— V*> Is) •— Is) >— VjJ N ) i— 

1+ 
O V I 

1+ >— H- >— (+ •— 
O VjJ O U t O -p-

H- >— H- •— 
O •— O i— 

H-

o O VjJ O •— O -P-
H- >— H-

o o o Is) 
1+ I— 
o o o >— o 

1— 1+ 
O O NO 

0 0 U i 

o o o 
ON is) -P- ui oo vo 
00 NO U l O i— O 

ON to -P- -P- ui >— *• o w o * N) 
W O V O ^ I M O •— o ON NO is) o 

VjJ U i U i Is) ts) O 

is) -P- •— o ui o 
VjJ O VjJ U l VjJ >— 
ON O O O VjJ * 

o >— 
• • 
V I V J J 
ON U l 

1+ * - 1+ •— H- •— 
O 0 0 O V I O ON 

V I >— 0 0 
V I O NO 

VI IS) 
v j O 

O W O * O W O O N O - C - O V I 

0 0 VjJ NO Is) 00 O 
U O W O N I O 

V I 1 — ON VjJ U J U l 
NO O >— U i 0 0 O 

1+ _ 1+ H - 1+ 
o -P- o ui o IS) 

U l O ON U l VI O 
•— O 0 0 -P" i — O 

H- 1—1+ •— 1+ H -
O VjJ O VjJ O -P-

• • • • • • 
U l U l ON O U l O 
VjJ O U l O -C- U l 

1+ •— 
O U i 

H- IS) H- IS) 1+ I— 

o -p- o o o NO 
H- •— H- •— H- l— 
O U i O ON O ON 

H- I— H- >— H- i— 
O V I O V I O NO 

|+ H - H- •— 1+ >— 
O ON O NO O ON 

1+ >— H- >— 1+ K-
O U l O ON O ON 

•p - •— 
O NO 

U i VjJ NO 0 0 U l -P-
NO U i I s ) -P - U i U i 

VI ON U l ON ON VI 
U ) Is) NO ON i— O 

V*) -P- VjJ ON -P- •— 
U i VjJ V I Is) V I U i 

ON 0 0 ON ON ON U l U i O - P - O N U i l s ) 
NO NO V ] vO -P" O I — O0 .p- O ON O 

O V I 

V I 1— 
ON O 

H-

o 
U l 
NO 

v*> H-
o o 
O ON 
•P- ON 

VjJ 
IS) 

NO 
U l 

H-

o 
-p-
• — 

Is) 
IS) 
-p-
o 

H-

o 
U l 
VjJ 

^ - H-
NO O 

•P- ON 
oo ON 

0 0 

-p-
0 0 

H-

o 
U l 
•p-

NO 

ON 

1+ 
o 
O N 
U I 

Is) l+ 
>— O 

00 VjJ 
O 00 

IS) H-
IS) O 

ON -P-
ON Is) 

ts) 

o 
VJJ 
o 

1+ 
o 
•p-
V I 

IS) H- ts) H-
O O i— O 
O ON V ) V | 
O 0 0 ON O 

• — 

00 

•p-
IS) 

H- >— H-
O NO O 

NO 1— V I 
ON O >— 

•— 1+ 
oo o 
ON V I 
O VjJ 

oo 
-p-
o 

H- K ) 
>— Is) 

1+ 
IS) 

• P - H - V U H - N ) H- K ) H-
O N ) NO •— 00 >— ON O 

N ) 1+ 
VJJ O 

ts) 1+ 
U i i—• 

- p - H - V j J I + t S ) H- N ) H- ts) H-
O O O O N O •— 00 H - 00 i— 

ts) 
ON 

1+ tS) H-

o v» o 
IS) H-
Is) O 

ts) 
Is) 

V J J O 
U l V I 

•— v ) i — v l U i O 
O VjJ ON O NO O 

O O N O - P - V J I S ) i - M s l O N | > - * _ o •— O ^ - V j j 
ON ON •— O VjJ O V j J O v i O N U i V j J U I O N O C S N O ' — 

NO -P- NO V I 0 0 VjJ 
V I O V J J O -P- O 

H- N ) 
O -P-

1+ -p- 1+ 
>— 0 0 H -

-p-1+ 
U l O 

H- U ) H- IS) 1+ VjJ 
>— >— •— ON O IS) 

H-

OO 
00 

H-

-P- 1+ 

O -P-

•P- H-
ON O 

VjJ H-
0N O 

-P- NO 
O 0 0 

-p- 1+ 
ts) >— 

VJJ 
U I 

-P-
O 

-P-

1+ 

ON 

H-

VJJ H- VJJ H-
I — O •— >— 

NO ON O •— 
ON -p- O ON 

VJJ H- VJJ H-
NO >— V I •— 

V | 

NO 
VjJ 

VjJ 
ON 

1+ VJJ H- VJJ H- IS) 
O IS) O O O 00 

N D O 
U i ON 

VjJ 
' V I 

^ - 0 0 V I NO V I VjJ 
V I O 0 0 V J J NO V J J 

H - V I VJJ 0 0 O N VJJ 
U I VJJ O ON U I V J J 

H - U 1 H - U 1 H - - P - H - V J J H - V J J H - V J J 
t s ) U l •— NO ts ) U i H - V I I s ) O O U l 

NO -P- 0 0 0 0 NO 0 0 
•P- O VJJ v l -P- O 

VjJ 1+ V J J H- VJJ 
• — O N ^ - N O O U I •— ON 

V I NO 

o o 
O U l - p - t S ) t s ) O N K - O >— >— ON VJJ U l O N O N V I U l O N 
- P - O V I O 0 0 O O O O N O O N D O •— VjJ U i U l V I V I 

V I >— i — V J J •— 

VJJ o *• o o 
ON 
V I 

VjJ O NO V I I— O 
NO O V I O 0 0 O 

H- -P-

to o 

O U l 
-P- O 

H- G\ H- ON 1+ U l 
tS) 4=- VjJ 0 0 VjJ ON 

•P- 1+ VJJ 1+ -P -

k— O -P- •— O 
H- ON H-
>— IS) H -

ON H- U l 
O M V f l 

H- -P- H-
IS) VjJ H -

-P- H-
ts) •— 

H- U l H- -P- (+ -P-
•— Is) i— U i ts) O 

t s ) N O 
0 0 VI 

1+ -p-
IS) VI 

Is) 

1+ 
VJJ 

VI VI 
O IS) 

VJ H-
O >— 

0 0 VI 
v j o 

VI H-
0 0 >— 

U l 

o 

ON 
NO 

VJJ 

1+ 

U i v l 
U i v l 

-P- H-
ON tS) 

ON 0 0 
O ON 

-P- H-
VjJ l— 

VI 
U i 

-p-
VI 

ON 

1+ 
ts) 

O O 
0 0 -P-

ON H-
NO IS) 

•— ts) 
0 0 NO 

ON H-
U i ts) 

NO 
IS) 

U i 
ON 

-P- O O 0 0 ON 
VjJ NO * • O U l 

H- -P- H- * • H-
K) VI •— VI i— 

IS) 
U i 

•p-
ON 

VjJ U l O 
O ON NO 

1+ U l H-
•— VJJ •— 

O VI 
O U i 

-P- H-
NO IS) 

0 0 

-P-
VI 

O IS) NO ON 00 VJJ 
VI UI ON O 00 O 

00 O IS) Ul VJJ O 
VI NO -P- O O 00 

O •— NO •— IS) VI 
O ON vl O NO ts) 

IS) -P- VI -P- NO IS) 
00 •— NO IS) IS) VI 

ON Ul I— VjJ -P- -P-
00 Ul NO ON tN) O 

H- Ul 
ts)>— 

1+ V I H- 00 1+ V I 
IS) IS) •— VJJ VJJ 00 

H - - P - H - - P - I + U I l + V I I + V I I + O N 
IS) ON 1— NO >— l— ! ~ N O t S ) t S ) t S ) O N 

H - U l l + U l H - U l H - U l H - U l H -
O * • >— VjJ •— I N ) I — V I i— VjJ IS) 

Ui 
IS) 

VI O 
NO O 

00 vl i— ts) -P- O 
VI ON NO IS) -P- O 

VjJ ts) i— Ul NO ON 
NO IS) VI -P- O VjJ 

Ul ON VI -p- -P- tS) 
VI O -P- O Ui O 

NO VI Ui N) •— 00 
OO IS) Is) O 00 •— 

O >— O •— O ON 
NO O O O Ui vl 



TABLE 2.12 ' E f fec t of Organic soil amendments on the dry matter accumulat ion and yield of soybean plants. 

Amendments 

Eupatorium 
adenophorum 

Eupatorium 
riparium 

Helianthus 
annuus 

Pinus kesiya 

Poultry litter 

Infected control 
(without amendment) 

LSD(P=0.05) 

Concentra-
tion(%) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

-

-

Dry 
she 

weight of 
)ot/plant 
(gm) 

7.00 
7.70 
8.00 

7.62 
7.40 
7.85 

8.50 
7.00 
7.00 

7.80 
6.00 
5.50 

7.50 
8.00 
9.00 

5.00 

1.65 

Dry weight of 
Roof /P l an t 

(gm) 

2.00 
2.25 
2.50 

2.20 
2.70 
2.90 

2.50 
2.50 
2.75 

2.00 
2.30 
1.90 

3.00 
3.10 
3.00 

2.50 

0.39 

Pod weight/ 
Plant 
(gm) 

7.50 
6.18 
7.12 

7.25 
6.90 

10.00 

8.80 
8.05 
8.05 

6.00 
7.50 
6.20 

7.80 
10.80 
8.65 

5.00 

2.44 

Yield/ 
Plant 
(gm) 

6.50 
5.43 
6.83 

6.13 
5.88 
9.00 

7.00 
7.38 
6.43 

5.25 
5.50 
5.00 

6.40 
9.33 
7.13 

4.00 

2.33 

1) Mean of 30 plants in each case. 
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of root, shoot and yield compared to other amendments. 

Experiment under field condition 

Estimation of S^ rolfsii population in experimental field 

It was observed that the population of Sclerotium 

rolfsii increased immediately after soil amendments, in general. 

Mycelial mats of S. rolfsii was observed when the soil received 

first shower after the amendments. Higher concentration of 

the amendments (40q/ha)j reduced the pathogen** (i.e. S. rolfsii) 

population compared to lower concentration (i.e. 10q/ha). 

S. rolfsii population also decreased with time in the amended 

soil, considerably (Fig. 4.4). 

Disease severity 

Under field trial, infection symptom of the seedlings 

observed when they were one week old, resulting in death. 

The rate of infection/plot increased slowly compared to unamended 

infected control. Higher concentration (40q/ha) of E. adenophorum 

and E. riparium leaf amendment to soil, reduced the severity 

of the disease to a great extent (22.2% and 21.95% infection 

respectively), (Table 2.13) compared to infected non amended 

control (65.85%) (Plate 5,6). In general*a reduction in disease 

severity was observed with all the soil amendments used. 

Soybean plant height 

Little variation in plant height was recorded till 



Fig. * . * : Effect of organic soil amendments (A. Eupatorium adenophorum, B. Eupatorium 

riparium) on the population dynamics of Sclerotium rolfsii under field 

condition (vertical bar represent LSD at P=0.05 level). 
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TABLE 2.13 : E f fec t of Organic soil amendments on the height o i soybean plants under f ie ld condit ion (values 
in Parenthesis indicate percentage of infected plants ). 

Amendments 

Eupatorium 
adenophorum 

Eupatorium 
riparium 

Infected control 
(without amendment) 

Concentration 
(q/ha) 

10 

20 

40 

10 

20 

40 

-

2 

13.00±0.36 
(10.10) 

15.84±0.31 
(8.25) 

11.69±0.41 
(7.58) 

12.00±0.32 
(9.25) 

14.00±0.34 
(6.00) 

9.50±0.57 
(7.95) 

11.00±0.40 
(22.00) 

4 

23.70±0.95 
(12.12) 

24.30±0.91 
(10.60) 

19.13±0.42 
(11.43) 

23.50±0.65 
(12.33) 

23.06±0.76 
(11.45) 

19.48±0.63 
(10.50) 

18.10±1.01 
(36.58) 

Time in weeks 

6 

58.13±2.10 
(15.56) 

61.97±1.54 
(15.75) 

53.55±1.23 
(16.40) 

57.06±1.78 
(17.60) 

59.57±1.77 
(19.10) 

36.40±0.85 
(16.13) 

52.95±1.25 
(43.33) 

8 

77.99±3.28 
(30.00) 

86.25±4.42 
(17.00) 

69.30±2.45 
(19.40) 

85.20±4.95 
(26.20) 

76.75±4.67 
(23.65) 

47.40±2.79 
(17.86) 

75.06±4.34 
(54.00) 

10 

99.70+2.28 
(30.30) 

97.64±2.31 
(22.70) 

76.97+1.53 
(22.20) 

104.00±2.87 
(35.70) 

98.06±2.74 
(34.80) 

61.01±1.40 
(21.95) 

87.04±1.45 
(65.85) 



Plate 5: Photograph showing foot rot disease of soybean caused by Sclerotium 

rolfsii under field condition. 



PLATE-5 



Plate 6: Showing reduction in disease severity of soybean achieved by (i) Eupatorium 

adenophorum and (ii) Eupatorium riparium (40q/ha) amendments to 

soil. 



PLATE-6 

(i) 

(ii) 
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the plant obtained their maximum height (Table 2.13). It was 

observed that the higher concentration (40q/ha) of organic 

amendments are slightly inhibitory to the plant growth (Plate-7). 

Lower concentration of E. adenophorum (10q/ha) and E. riparium 

(10q/ha) increased the plant height to the extent of 99.7cm 

and 104cm respectively, compared to non amended infected control 

(87.04cm). 

Yield 

Soybean seed yield in the amended soil was always 

higher compared to the infected non amended control plots. 

Highest yield (12.12 q/ha) was recorded with E. adenophorum 

(40q/ha) followed by E. riparium (8.7q/ha) amendment (Fig. 

4.5). In general with the increase in concentration of the 

amendments, an increase in the yield was also observed. 

DISCUSSION 

Most of the leaf extracts suppresed the growth of S. 

rolfsii in vitro. Eupatorium adenophorum and E. riparium leaf 

extract gave maximum inhibition in growth of S. rolfsii compared 

to stem and root, (result not presented in this thesis) sugge­

sted that the inhibitory substances were accumulated more 

in the leaves. There was a negative correlation between the 

concentration of the extract used and the growth of S. rolfsii 



Plate 7: Showing slight reduction in the growth of soybean plants following higher 

amount of (i) Eupatorium adenophorum and (ii) Eupatorium riparium amend­

ments (40 q/ha) to soil, 



PLATE-7 

( i ) 

(ii) 



Fig. * .5: Effect of organic soil amendments on the yield of soybean under field 

condition. 
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as observed with the above mentioned plant materials. Pinus 

kesiya and Helianthus annuus showed slight inhibition (nearly 

20% at higher concentration). All the plant materials used 

in the present work inhibited the growth of the test pathogen, 

suggesting that the inhibitory substances present were 

mostly water soluble. Other workers (Schmidt, 1955; Seikel, 

1964; Barlocher and OertU. 1978) have reported that the water 

soluble inhibitors from plants are possibly phenolic compounds. 

Very little is known about the survival ability of 

sclerotium of S. rolfsii in natural soil, and the factors 

involved for their survival and germination. Some studies 

were conducted by Abeygunawardena and Wood (1957b), mostly 

with sterilised soil, which was found to have no relevance 

to field conditions. Williams and Western (1965) suggested 

that the sclerotia remain viable in the natural soil for two 

years although they are known to survive for five years in 

tube culture (Povah, 1927). In our present observation although 

sclerotia remained viable upto 60 days in most of the amended 

soil but the percentage of viability was found to be very 

less. In case of Helianthus annuus and poultry litter (3%w/w) 

amendments the viable sclerotia was completely eliminated 

from the soil on 60 days where empty sclerotial shell only 

were recovered. Maiti (1977) also recorded the viability of 

sclerotia under controlled temperature and humidity condition, 

for 8 months, after which a gradual fall in the survibality 
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was observed. 

The leaf extract had no apparent affect on the germina-

bility of sclerotia, when incorporated directly to the steri­

lised medium. E. adenophorum (3% v/v) and Pinus kesiya (3%v/v) 

only produce mild inhibitory effect. When the sclerotia directly 

incubated in water extract of organic materials^higher concen­

tration of the same showed inhibition in germination. The 

possible release of inhibitory substances (volatile and non 

volatile) through biological degradation of E. adenophorum 

may possibly impose dormancy to the sclerotia, as a result 
OhJL 

they remain dormant but viable and once they/ placed in the 

suitable media they showed germination. The exudation of nutrients 

from the sclerotia may increase microbial antagonism and acce­

lerate death of the organisms (Coley-Smith et al, 1974). In 

the present study, loss of viability of sclerotia in soil after 

30 days in case of E. riparium and Pinus Hesiya needle amendments, 

were possibly through microbial antagonism and higher accumu­

lation of non volatile and volatile active compounds in the 

soil. 

Although, E. adenophorum and E. riparium leaf extracts 

suppressed the seed germination and radicle growth of various 

weeds (Tripathi. et al, 1981; Rai and Tripathi, 1984) but 

it did not produce any adverse affect on soybean seed germination 

and radicle growth indicates that the plant materials could 
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be used for plant growth. 

It is known that the soil amendment changes microbial 

population in soil and rhizosphere. Some of the amendments 

in the present work have been found to be stimulatory, while 

some showed inhibitory effect i,e. E. riparium amendment increased 

the fungal population vigorously in soil and rhizosphere. 

Generally the addition of organic matter to soil increases 

the population of the soil saprophytes and thus becomes instru­

mental to suppress the disease organisms. Organic amendments 

mostly found to increase the fungal population in the soil 

but a reduction of the same have been observed in the rhizos­

phere, possibly due to changed root exudate pattern, thereby 

affecting the rhizosphere microflora in the present study. 

It was also reported earlier that E. adenophorum and E. riparium 

amendment to soil release toxins during the decaying process 

and produce detrimental affect on the soil microflora (Rai 

and Tripathi, 1984). In addition to fungal population, bacterial 

(excepting E. adenophorum and E. riparium amendment) and actino-

mycete population found to have increased in soil, suggesting 

that the disease control was achieved due to suppression of 

S. rolfsii and/or due to the biological activity of microbes 

in the soil. Kundu and Nandi (1985) reported that the soil 

amendments viz. commercial cellulose, rice stubbles or water 

hyacinth in combination with NH4N03, increased the total microbial 

population together with the organisms antagonistic to the 

test pathogen (i.e. Rhizoctonia solani). 
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Penicillium spp., Aspergillus spp. and mucorales 

found to be present in all the amended soil suggests their 

rapid growth and colonization over the leaf material which 

suppressed S. rolfsii in the soil. Stimulation of Trichoderma 

spp. i.e. T. harzianum and T, koningii and Penicillium spp. 

due to E. riparium and Penicillium spp. only due to E. adenophorum 

soil amendments, possibly reduce the inoculum potential of 

S. rolfsii in soil and subsequently a reduction in disease 

severity occurred. Penicillium spp. Aspergillus spp. and 

Trichoderma spp. were also found to be dominant in the rhizos-

phere of soybean following soil amendments. 

Seed rot due to S. rolfsii in soil following organic 

amendment was found to be more and is due to its high compe­

titive saprophytic ability (Sengupta and Roy, 1971) in the 

initial stage of biodegradation. Monthly record of S. rolfsii 

population revealed that the rapid build up of inoculum density 

due to soil amendment resulted the onset of infection of seed­

lings within one month in the field trial but to a slower 

rate in the pot experiment (i.e. symptom appeared after 5th 

week of amendments). E. adenophorum amendment suppressed the 

S. rolfsii population with a sustained effect throughout the 

cropping season (in pot experiments). 

It has been reported earlier that the dead organic 

substrate in soil provides energy for infection to the sclerotia 

of S. rolfsii (Boyle, 1961). In the present observation, energy 
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provided by soil amendments stimulated the antagonistic micro­

organisms causing infection to S. rolfsii. Other organic amend­

ments showed a rapid increase in S. rolfsii population in 

soil within 30 days after which it declined and thus reduced 

the disease intensity. Similar observation was also made by 

Mixon (1965), Linde'rman and Gilbert (1969) that the crop residue 

stimulated sclerotial germination followed by lysis of mycelium 

and increased colonization of sclerotia by soil antagonists, 

saprophytes and consequently^ reduced the inoculum density. 

Survival of sclerotia in soil was also reported to be reduced 

by amending the soil with alfalfa hay (Johnson, 1953; Menzies 

and Gilbert, 1967). Exposure of soil to vapours of alfalfa 

distillate also reduced the viable sclerotia. Stimulation 

of mycelial growth from sclerotium when exposed to alfalfa 

distillate in natural soil, was observed by Linderman and 

Gilbert (1973a,b). Soil microbial population and respiration 

studies indicated that the growth inhibition of S. rolfsii 

may be related to the increased activity of soil microbes, 

primarily bacteria, In the present study an increase in microbial 

population viz. fungi, actinomycete and bacteria (excepting 

E. adenophorum and E. riparium) could have inhibited the growth 

and multiplication of S. rolfsii in soil, through the microbial 

antagonism and possibly through the release of inhibitory 

substances during decomposition (in case of E. adenophorum 

and P. kesiya) of the organic amendments causing a reduction 

in pathogen's population and disease severity. 



[ 97 ] 

The infection rate in soybean plant was found to be 

rather slow in the amended soil compareJLto non amended infected 

control. E. riparium delayed symptom expression possibly due 

to the decrease in inoculum density of S. rolfsii by the increased 

Trichoderma spp, population in soil. Pinus kesiya and Helianthus 

annuus reduced the disease at higher concentration while lower 

concentration of poultry litter was found to be suitable for 

plant growth. Dutta and Isaac (1979 a,b) correlated the decrease 

of disease severity with the increase in the population of 

actinomycete in the rhizosphere. In the present work, reduced 

infection rate in the amended soil is probably due to the 

combined effort of antagonistic soil/rhizosphere microflora 

and the inhibitory substances released during decomposition 

process in soil. Population of rhizospheric bacteria increased 

after soil amendments resulting in reduction of disease severity 

which may be correlated with the view of Linderman and Gilbert 

(1973 a,b) who also observed an increased inhibition in sclero-

tial growth by the increased activity of soil bacteria. 

Organic amendments to soil in the present study supp­

ressed the total fungal and actinomycete population but stimu­

lated the Penicillium spp., Trichoderma spp. and bacteria, 

which might have implication in the control of foot rot of 

soybean caused by S. rolfsii. 

The dominant weed species, E. adenophorum and E. riparium 

widely known as noxious ruderal weed of Meghalaya grows luxuriantly 
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on the waste lands and road sides show a positive control 

of S. rolsfii in vitro and in vivo when applied as soil amend­

ment. Increase in dry matter accumulation and soybean yield 

after organic amendments also suggests the possibility of 

using these amendments for the control of the foot rot disease. 

Poultry litter gave better yield (at 2% w/w) and dry matter 

accumulation supports Arora and Takkar's (1981) findings, 

where they found that the poultry manure contains higher amount 

of N and Caf resulting increased uptake of all the nutrients 

and also increased the dry matter and yield of wheat. 

The green leaf manure known to liberate more nitrogen 

than that of dry under high temperature and moisture resulting 

in increased yield, probably due to increased uptake of nitrogen 

and calcium as reported by Chatterjee et al (1979). In the 

present study, E. adenophorum and E. riparium (green leaf 

only) at a rate of 40q/ha under field trial reduced disease 

severity to a great extent together with increased yield corro­

borates this view. 



CHAPTER III 

EFFECT OF INORGANIC AMENDMENTS ON THE SOIL AND RHIZOSPHERE MICRO­

FLORA IN RELATION TO THE BIOLOGY AND CONTROL OF SCLEROTIUM 

ROLFSII CAUSING FOOT ROT OF SOYBEAN 



INTRODUCTION 

Effect of inorganic amendments on the soil microbial 

population are well known. Microorganisms, breaks the complex 

inorganic substances into simpler form and makes it available 

to plants. Treatment of soil with fertilizers directly influences 

its microbial population and it was reported earlier that 

addition of N,P and K to soil at certain concentration stimulate 

dormant genara of fungi without affecting other soil inhabitants 

(Waksman, 1922). With the exception of lime and sulphur, inor­

ganic amendments are applied at a much lower rate, before 

sowing and also during the growing season of the plant. The 

effect that inorganic amendments have on plants are either 

immediate, without mediation of soil microorganisms or indirect 

during biological transformation. 

Effect of nitrogenous fertilisers on the disease caused 

by pathogen has been reported by several workers (Leach and 

Davey, 1942; Mohr and Watkins, 1959; Ranney, 1962; Lapwood 

and Dyson, 1966; Sulaiman and Rhode, 1968; Erinle and Edmunds, 

1970; Thakur and Mukhopadhyay, 1972; Punja and Grogan, 1982; 

Punja et al, 1985). In some cases, an increased disease severity 

have been reported (Walker and Foster, 1946; Dorworth and 

Tammen, 1969; Erinle and Edmunds, 1970; Huber, 1972; Sivaprakasam 

and Rajagopalan, 1974), while at the same time decreased in 

disease severity has also been observed in some cases (Leach 

and Davey, 1942; Zentmyer and Bingham, 1956; Sequeira, 1963; 
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Maurer and Baker, 1965; Sulaiman and Rhode, 1968; Thakur and 

Mukhopadhyay, 1972). Reduction in severity caused by S. rolfsii 

following applications of anhydrous ammonia (Leach and Davey, 

1935, 1942), ammonium sulphate (Leach and Davey, 1942), ammo­

nium nitrate (Mc, Clellan, 1947) and calcium nitrate (Leach 

and Davey, 1942; Sitterly, 1962) has also been reported. It 

was observed that the severity of Verticillium wilt of cotton 

was increased two folds by ammonium or nitrate nitrogen as 

compared with ammonium nitrate (Ranney, 1962). Dutta and Isaac 

(1979ia) reported that the addition of ammonium sulphate (0.25%), 

calcium nitrate (0.25%, 0.5%) and combined NPK (0.25%) to 

soil caused considerable reduction in wilt disease of anti­

rrhinum caused by Verticillium dahliae. It was further observed 

by them that the ammonium sulphate and combined NPK (0.25%) 

in soil also delayed the natural senescence in healthy plants. 

Zinc deficiency is common in most of the Indian soil 

and has been observed to be associated with the introduction 

of high yielding varieties of crops and intensive cropping 

system. The response of various crops to zinc deficiency in 

soil has been reviewed by Kanwar and Randhawa (1974). Phosphorus 

and zinc, the important macro and micronutrient, plays a domi­

nant role in yield and disease incidence. The disease incidence 

has been observed to be negatively related to zinc but positi­

vely with phosphorus applied to soil (Singh and Aggarwal, 

1979). Zinc is also reported to increase the crop yield as 
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observed by Kanwar (1964). and Takkar et al (1971), in case 

of wheat. Dutta and Bremner (1981) reported that the root 

dip application of zinc sulphate (10 ppm) gave reasonably 

good control of the wilt disease of tomato caused by Verticillium 

albo-atrum R & B. 

Liming (combination of hydrated lime and ground lime 

stone) increased the soil pH, possibly due to immobilization 

of micro nutrients (Jones and Woltz, 1967, 1969, a,b) resulting 

reduction in incidence and severity of Fusarium wilt of tomato 

(Jones and Woltz, 1970). 

Much importance has been given to ths changes in disease 

incidence or severity due to the application of inorganic 

amendments or due to adjustment of soil reaction, results 

from the effects on each of the living components that are 

involved in the disease i.e. the pathogen, host and soil micro­

organisms. The amendments may be beneficial to the pathogen 

or can increase the host susceptibility, but in most of the 

cases their application still results in the reduction in 

disease incidence or severity. While the reaction of plants 

to the addition of fertilisers has received attention, little 

information is available regarding the effect of mineral nutri­

ents to the rhizosphere microflora in relation to disease 

development. Therefore, an attempt has been made to study 

the effect of inorganic soil amendments on the rhizosphere 

microflora of soybean plants grown in Sclerotium rolfs 
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soil with special reference to disease development and control. 

MATERIALS AND METHODS 

Studies on the effect of inorganic amendments in rela­

tion to the growth of S. rolfaii in vitro and in vivo includes 

few inorganic fertilisers i.e. calcium carbonate, calcium 

nitrate, urea, ammonium nitrate, rock phosphate and zinc sul­

phate. 

Since for our convenience, we categorised all the 

green plant materials and poultry litter as organic fertilisers 

therefore, we have placed urea in inorganic amendment chapter. 

To observe the effect of amendments, the fungus was grown on 

PDA amended with different concentrations (i.e. 0.1, 0.25, 

0.5, 1.0% w/v) of the inorganic fertilisers. Sclerotial germi­

nation in PDA amended with inorganic chemicals and survibality 

of sclerotium in aqueous solution was done, following direct 

observation and also by Agnihotri et al (1975) method as des­

cribed in page 41 . 

Survibality of Sclerotium in the amended soil in vitro 

Inorganic chemicals at different concentrations (0.1, 

0.25, 0.5% w/w) were mixed thoroughly to the soil and was 

kept in plastic pots for 7 days. Subsequently. 30 sclerotia 

were mixed properly with the amended soil and was incubated 

as described earlier (page 41 ). The sclerotia recovered 
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in 15 days interval and their germinability was determined 

following the method described by Agnihotri et al (1975). 

Effect on soybean seed germination 

Effect of inorganic chemicals on soybean seed germina­

tion and radicle growth was determined according to the pro­

cedure described earlier (page 35 ). 

Phytotoxicity 

This was determined by dipping the roots of soybean 

seedlings (one month old) in different concentration? of the 

chemicals prepared in Knot's normal solution. Phytotoxicity 

was recorded after 48 hours of root dip treatment. 

Estimation of total sugars, phenols and amino acids in the 

chemically treated Boybean radicles in vitro 

Soybean seedlings were raised from seeds separately 

in moist chambers made with different concentrations of the 

inorganic chemicals. When the seedlings were one week old, 

total sugars, amino acids and phenols of the treated radicles 

were estimated following Peach and Tracey (1955) for sugar 

and amino acids and Bray and Thrope's (1954) method for phenols, 

respectively. 

Effect of inorganic amendments on soil microbes 

Weighed amount of inorganic fertilisers (0.1, 0.25, 

0.5% w/w) were mixed thoroughly with infested soil in 
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pots (22 cm diameter) and was left for seven days for natural 

decomposition. The moisture level was maintained at 50% in 

the pots containing amended soil. Total microbial population 

and percentage of relative abundance of particular genera/ 

species of fungi was calculated following the modified soil 

dilution plate method as described by Baruah and Dutta (1978). 

Effect of inorganic amendments on the rhizosphere 

Soybean seeds were sown to the soil after one week 

of amendment and rhizosphere study together with percentage 

of relative abundance of the particular genera/species of 

fungi of one month old seedlings, were done following the 

method described in page 39. 

Assessment of disease severity 

The disease severity was assessed following the method 

as described earlier (page 42). 

Population dynamics of S^ rolfsii in the amended soil 

Monthly variation of S. rolfsii population in the amended 

soil was done for a complete cropping season, using slightly 

modified selective medium as proposed by Backman and Rodriguez-

Kabana (1976) as described earlier (page 42). 

Effect on plant height 

Growth in terms of height of soybean seedlings were 

measured weekly till they achieved their maximum height. 
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Dry matter accumulation and yield 

Root, shoot, pod weight/plant was calculated and recorded 

for the seedlings grown in the amended soil. Yield/plant was 

also determined by calculating the mean weight (gm) } of seeds 

from 30 plants of each treatment/control. 

Application of Inorganic fertilizers in the experimental field 

Urea (40, 80 kg/ha), ZnS04 (5, 10 kg/ha) and rock phos­

phate (40 kg/ha) w€5«_applied to naturally infested experimental 

field soil. After seven days following the application of 

the amendments, seeds were sown at 5 cm spacing to the plots 

(5 sqm) containing eight rows, for planting. The effect of 

amendments was assessed on the following parameters. 

1) Monthly variation of Sclerotium rolfsii population 

in the amended soil. 

2) Seedlings/plants height (fortnightly). 

3) Disease severity (i.e. percentage of infected 

plants, assessed fornightly). 

4) Yields (q/ha). 

RESULTS 

Effect of amendments on in vitro growth 

Among the inorganic chemicals used in the present work, 

urea (0.25%, 0.5% 1% w/v) and ZnS04(0.5 and 1% w/v) showed 

higher inhibitory effect on the radial expansion of S.rolfsii 

in culture (plate 8). Inhibition increased with the increase 

in the concentration of the chemicals. Comparatively very 



Plate 8: Showing the effect of inorganic chemicals on the growth of Sclerotium 

rolfsii in vitro. 

(i) Control (without chemical) and Ureal A=0.25%w/v, B=0.5%w/v, 
C=1.0%w/v. 

(ii) Control (withoul chemical) and zinc sulphatej A=0.lP%w/v, B-Q2£%w/v, 
C=1.0%w/v. 



PLATE-8 
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little inhibitory effect was observed with the rock phosphate 

and calcium nitrate (Fig. 5.1). An interesting observation 

was made in case of calcium carbonate, where a reduction in 

size of the sclerotium was observed. 

Effect on the sclerotial germination 

Inhibition in sclerotial germination was also recorded 

as follows: Zinc sulphate (0.25,0.5%w/v), Urea (0.5%w/v) gave 

100% inhibition, whereas, ammonium nitrate (0.25,0.5%w/v)and 

ZnSO. (0.1%w/v) showed 50% reduction. Higher concentration 

of almost all the inorganic fertilizers, showed inhibitory 

effect on the sclerotial germination in aqueous solution(Table 3.1). 

Survibality of sclerotium in amended soil 

It was observed that the survibality of sclerotium 

decreased with the increase in concentration of the chemicals 

as well as with the period of incubation. Apparently, calcium 

nitrate, urea and ammonium nitrate, although, showed reduced 

germinability (as observed from the recovered sclerotia) but 

as a matter of fact the recovery of empty sclerotial shell 

suggests that they must have been germinated in the soil (as 

evidenced from the mycelial growth and new sclerotia forma­

tion). Therefore, if the empty shells were also taken into 

consideration, the figure of germinated sclerotia in the labo­

ratory observation will give altogether a confusing picture. 

Which means that in the initial stage these chemicals boosted 

the germination ability of the sclerotium and the germinated 

sclerotial mycelium probably gets lysed in absence of an 



Fig. 5.J: Effect of inorganic chemicals (i.e. A. Calcium carbonate, B. Calcium 

nitrate, C. Rock phosphate, D. Zinc sulphate, E. Urea, F. Ammonium 

nitrate) on the growth of Sclerotium rolfsii in vitro. 
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appropriate host. In other fertiliser amended soil due to 

their toxic effect, the sclerotia were found to loss their 

viability. Whereas in nonamended control soil 100% sclerotia 

were found to remain viable (Table 3.1). 

Effect on seed germination and radicle growth 

Most of the inorganic chemicals used showed varied 

toxic effects (excepting zinc sulphate) on the germination 

of seeds and radicle growth. Higher concentration of the chemi­

cals showed inhibitory effect. Increased inhibition in germina­

tion was observed with urea and ammonium nitrate treatments 

(0.25, 0.5% w/v). Reduced radicle growth was observed in case 

of zinc sulphate and urea treatments (Table 3.2). 

Phytotoxicity 

Visual observation on the toxic nature of the chemicals 

viz. zinc sulphate, urea and ammonium nitrate was recorded 

after 48 hours of root dip treatment. Higher concentrations 

(0.25, 0,5%w/v) of the chemicals were found to be toxic to 

the plants, showing flagging and drooping of the leaves (Table 

3.2). 

Effect on the total sugars, phenols and amino acids 

Most of the treated soybean radicles (excepting a 

few) showed a significant decrease in the total sugars and 

amino acids, whereas, phenolic content was found to be increased 

(Table 3.3). Higher concentration of urea and ammonium nitrate 



TABLE 3.2 Effect of chemicals in aqueoussolution and soil amendments on the seed germination/radicle growth and 
pre-emergence rot of soybean seeds. 

Inorganic chemical Concentra-
solution/soil amendments tion (%) 

Seed ger­
mination 

Effect of chemicals in aqueous 
solution in vitro 
Radicle growth 

with ±SfE. 
(Cm)1 

Phy to - 2 

t ox i c i t y 

Effect of soil amendments 
in vivo 

Pre-emer-
rot 

Seed germina­
tion (%) gence 

Calcium carbonate 0.10 
0.25 
0.50 

100.00 
85.00 
85.00 

13.86±1.58 
8.37±0.80 
7.13+1.12 

91.70 
83.30 
86.60 

8.30 
16.70 
13.40 

Calcium ni t ra te 0.10 
0.25 
0.50 

90.00 
85.00 
75.00 

8.78±1.55 
7.93±1.00 
6.20±0.89 

91.70 
85.00 
76.60 

8.30 
15.00 
23.40 

Rock phosphate 0.10 
0.25 
0.50 

100.00 
90.00 
80.00 

16.00±1.36 
9.00±1.23 
6.63±0.86 

96.60 
88.30 
80.00 

3.40 
11.70 
20.00 

Zinc sulphate 0.10 
0.25 
0.50 

100.00 
100.00 
100.00 

6.56±0.84 
6.57+0.87 
5.87±0.89 

88.30 
81.60 
76.60 

11.70 
18.30 
23.40 

Urea 0.10 
0.25 
0.50 

90.00 
40.00 
10.00 

5.43±0.65 
5.25±0.82 
3.00±0.00 

+ 
++ 

91.70 
65.00 
63.30 

8.30 
35.00 
36.70 

Ammonium n i t ra te 0.10 
0.25 
0.50 

85.00 
60.00 
40.00 

6.63±1.02 
7.57±1.09 
8.29+1.47 

+ 
+ 

83.30 
75.00 
70.00 

16.70 
25.00 
30.00 

Control (without 
t reatment) 100.00 9.65±1.23 86.60 13.40 

1) Calculations based on 20 seeds after 7 days Incubation; 
2) Observation based on 10 seedlings; (-) non toxic; (+) slightly toxic; (++) toxic. 
3) Calculation based on 60 seeds in each case. 



TABLE 3̂ 3 : Estimation of total sugars, phenols and amino acids (ug/100 mg dry wt) in soybean radicles grown 
in the aqueous solution with test chemicals in vitro. 

Inorganic chemical 
t rea tment 

Calcium carbonate 

Calcium ni t ra te 

Rock phosphate 

Zinc sulphate 

Urea 

Ammonium ni t ra te 

Concentra­
t i o n ^ ) 

0.10 
0.25 
0.50 

0.10 
0.25 
0.50 

0.10 
0.25 
0.50 

0.10 
0.25 
0.50 

0.10 
0.25 
0.50 

0.10 
0.25 
0.50 

Total sugars 

L&5.0X) 
190.00 
135.00 

180.00 
195.00 
190,00 

212.00 
185.00 
180.00 

190.00 
145.00 
125.00 

225.00 
190.00 
185.00 

175.00 
180.00 
l&O.OO 

Total phenols 

4.00 
2.50 
4.00 

5.00 
8.00 
5.00 

4.00 
8.00 
9.00 

9.00 
6.00 
8.00 

10.00 
8.00 

11.00 

9.00 
8.00 

12.00 

Total amino acids 

1W.00 
170.00 
130.00 

180.00 
200.00 
200.00 

160.00 
190.00 
210.00 

158.00 
130.00 

80.00 

240.00 
230.00 
236.00 

244.00 
260.00 
266.00 

Control (without 
treatment) 225.00 4.00 210.00 

1) Mean of three replicates in each case. 
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accumulated more amino acids and phenolic substances in the 

radicles compared to other treatments and control. 

Effect of inorganic amendments on the soil microorganisms 

A considerable increase in the fungal population was 

observed after the soil treated separately with the chemical 

fertilizers (i.e. rock phosphate, zinc sulphate and ammonium 

nitrate) (Table 3,4). Actinomycete and bacteria also increased 

due to amendments in the infested soil. Comparatively, higher 

population of actinomycete and bacteria was observed with 

calcium nitrate at 0.5% and 0.1% (w/w) respectively. 

Effect of amendments on particular genera of fungi in soil 

Soil amended with Zn£04 (0.25%). boosted Aspergilli,, 

whereas, Mucorales was found to be stimulated in almost all 

the treated soil (Table 3.5). Calcium nitrate (0.25%) showed 

an increase of Penicillium spp. over the control. Other genera 

like Cephalosporium, Cladosporium, Fusarium, Geotrichum and 

Gliocladium spp. were also found to be present in the treated 

soil with an increase in their population (Table 3.5). Altogether 

twenty seven species belonging to seventeen genera have been 

isolated from the soil and recorded in Ta.ble 3.6. Six species 

of Aspergillus, five species of Penicillium, Rhizopus stolonifer 

and red yeast were found to be dominant in the amended soil. 
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TABLE 3.6 : Effect of Inorganic amendments to soil on the percentage of relative abundance of fungi under infested condition. 

Soil fungi 
Control 
(without 

amendment) 

Calcium carbonate 

0.10 0.2 5 0.50 

Calcium nitrate 

0.10 0.25 0.50 

Zinc sulphate 

0.10 0.25 0.50 

Rock phosphate 

0.10 0.25 0^50 

Urea 

0.10 0.25 0.50 
Ammonium nitrate 

"0.10 0.25 _ . 0.50 

Absidia repens van Tieghem. 
Acremonium sp. 
Aspergillus candidus 

Link ex. Fries. 
A. flavipes Thorn. & Church. 
A. flavus Link ex. Fries. . 
A. niger van. Tieghem. 
A. versicolor (Vuillemin) 

Tiraboschi. 
Cephalosporium roseo-griseum 

Saksena. 
Cladosporium herbarum. 

Link ex. Fries. 
Fusarium oxyspoum 
Geotrichjjm sp. 
Gliocladium catenulatum 

Gilman & Abbott. 
Helminthosporium sp. 
Humicola sp. 
Mucor circinelloides 

Van Tieghem. 
PenicillUim brefeldianum Dodge. 
P. chrysogenum Thorn. 
P. oxalicum Thorn. 
P. rubrum Stoll. 
P. vermiculatum Dangeard. 
Rhizopus stolonifer 

(Ehrenb. ex. Link) Lind 1913. 
Torula sp. 
Trichoderma hazianum Rifai. 
T. koningii oudemans. 
T. viride Pers. ex. Fries. 
Verticillium sp. 
Yeast (red) 
Unidentified 

8.30 

8.40 

19.40 

2.S0 
5.60 

11.10 
11.10 

2.80 

2.80 

13.90 
13.90 

14.00 

8.00 
7.60 6.00 

20.00 -

3.10 

10.52 
5.10 

4.65 -

4.65 - 5.90 
8.69 - 15.15 5.90 

16.70 

3.30 
7.14 

11.40 - 3.10 - - - 26.08 -

7.00 - 6.30 - 2.56 5.26 34.09 21.73 20.09 - 11.76 21.42 

8.30 5.50 4.65 -
- - - 2.56 - - - - - 5.88 -

18.00 15.00 14.00 - 10.25 21.05 25.00 - 6.97 18.18 23.50 14.28 

5.00 4.00 
4.50 10.00 -

15.08 
9.00 11.60 

10.90 -
9.00 - 15.00 - 5.10 5.26 -

12.00 12.50 5.10 -
3.10 -

12.00 - 9.30 23.00 - 4.54 

13.04 18.18 2.90 

12.10 -

3.57 

7.14 

-c 

11.00 10.00 -

5.40 

21.90 10.25 15.80 11.40 21.73 2.30 6.00 17.64 14.30 
9.30 10.25 

12.50 
11.60 3.03 - 10.70 

-< 2.56 - - 8.69 6.97 - - 14.30 

11.00 21.00 10.90 21.90 23.07 21.05 11.36 
4.50 - 2.00 3.12 - 5.26 4.54 

25.58 27.30 26.50 
7.14 

_ 
~ 

29.04 

_ 
-
-
_ 
-
-

5.90 

-
-

-

11.80 

11.80 

-
11.80 

29.40 

-

8.00 

~ 

-

8.00 

-
16.00 

_ 
-
-
_ 
-

16.00 

12.0U 

16.0U 

-
12.00 

-

12.00 

-

-
3.57 

10.71 

_. 
17.85 

-
_ 
-
7.14 

_ 
17.85 

-

-

14.30 

-
7.14 

-

21.40 

-

-
~ 

11.10 

. 
4.40 

-

20.00 
6.70 

-
„ 

13.30 

-

-

4.40 

_ 
11.10 
6.70 

22.20 

-

-
~ 

6.70 

_ 
-

16.70 

„ 

-
-
_ 
3.30 
3.30 

-

16.60 

. 
6.70 

-

26.70 

-

-
~ 

-

21.06 

-
13.50 

_ 
-
-
_ 
-
-

c-
24.30 

_ 
2.70 
8.10 

24.30 
5.4U 

Amendments applied to soil at a rate of 0.10, 0.25, 0.50% w/w. 



[ 109 ] 

Effect on the rhizosphere microflora 

Almost all the inorganic fertilizers used, decreased 

the fungal and actinomycete population significantly in the 

rhizosphere, whereas, bacteria was found to be stimulated. 

Rock phosphate (0.1, 0.25% w/w) increased the fungal popula­

tion only, while ZnS04 and urea (0.5%) increased the bacterial 

population tremendously in the rhizosphere (Table 3.7). 

Effect of amendments on the particular genera of fungi in 

the rhizosphere 

Aspergilli and mucorales were found to be dominant 

in soybean rhizosphere^ irrespective of the amendments used. 

Rock phosphate (0.25%) and urea (0.5%) boosted Aspergilli 

while calcium nitrate (0.5%) and ammonium nitrate (0.25%) 

increased Fusarium spp. in the rhizosphere. Penicillium spp. 

were found to be present in all the treatments with comparatively 

higher population in ZnSO. (0.1%) treatment. Trichoderma spp., 

Cephalosporium sp. and Geotrichum sp. were also present in 

the rhizosphere of soybean in most of the amended soil with 

a variation in their population (Table 3.8). 

Six Aspergillus, seven Penicillium, four Trichoderma 

and three Fusarium species were among the thirtyone species 

belonging to the fifteen genera of fungi have been isolated 

from soybean rhizosphere. A white unidentified mycelium also 

been isolated. Penicillium chrysogenum, Geotrichum, Rhizopus 
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stolonifer and red yeast were found to be the dominant species 

in the soybean rhizosphere (Table 3.9). 

Assessment on d isease severity 

t. 

Nitrogenous fertiliser amendment to soil inj/Lally stimu­

lated the sclerotial germination, resulting pre-emergence 

rot of soybean seeds. Increased seed rot was observed in the 

urea (0.25, 0.5%) and ammonium nitrate (0.25, 0.5%) amended 

soil. Zinc sulphate and calcium nitrate (0.5%) amendment also 

increased the rot considerably (Table 3.2), compared to non 

amended infected control. Urea and ammonium nitrate in general 

was found to break the dormancy (i.e. imposed by soil fungi-

stasis) of the sclerotia resulting an increase in pre/post 

emergence rot of soybean seeds in soil. Higher concentration 

of these inorganic fertilizers were also found to be toxic 

to soybean seed germination and seedling growth. 

Although^ the above inorganic fertilizers increased 

pre-emergence rot but the germinated seedlings which escaped 

rot, showed delayed symptom expression (approx. by two weeks time), 

in particular with higher concentration of the amendments 

(i.e. 0.5% w/w) compared to nonamended infected control (Pig. 

5.2). Urea (0.25%) and ammonium nitrate (0.5% w/w) amendments found 

comparatively less effective in reducing the disease severity 

(Fig. 5.2 E,F), whereas, calcium carbonate, calcium nitrate 

(0.1% w/w) and rock/phosphate at higher concentration (0.5w/w) 
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TABLE 3.9 : Ef fect of inorganic amendments to soil on the percentage of re la t i ve abundance of rhizosphere fungi under infested cond i t i on . 

Soil and 
rhizosphere 
fungi 

Cont ro l 
(wi thout 

amendment) 

Cont ro l 
rh izos­
phere 
(wi thout 
amendi 
ment) 10.10 0.25 0.50 | 0.10 0.25 0 5 0 

Calc ium carbonate Calc ium n i t r a t e •line sulphate Rock phosphate 

0.10 0.25 0.50 0.10 0.25 0.50 0.10" 0.25 0.50 

Urea Ammonium n i t r a t e 

0.10 0.25 0.50 i 

Absidia sp. 
Aspergil lus candidus Link 

ex. F r ies . 
A . c lavatus 'Desm. 
A. f lavipes Thorn & Church. 

4.34 

10.86 2.60 6.89 8.69 

6.25 

5.60 -

6.70 - 10.30 - 4.54 

8.30 -

5.60 

8.57 
13.15 -

A. flavus Link ex.Fries. 
A. niger Van Tieghem. 
A. versicolor (Vuiliemin) 

Tiraboschi. 
Cephaiospor ium 

acremonium Corda. 
Cladosporium herbarum 

Link ex. Fries. 
Fusarium oxysporum 
F. solani 
Fusarium sp. 
GeotriclTum sp. 
Gliocladium catenulatum 

Giiman & Abbott. 
Humicola grisea 

Traaen. 
Mucor hiemalis 

Wehmer. 
Penicillium brefeldianum 

Dodge. 
P. chrysogenum Thom. 
P. granulatum Bainier. 
P. nigricans Bainier. 
P. oxalicum Thom. 
P. rubrum Stoll. 
P. vermiculatum 

Dangeard. 
Rhizopus stolonifer 

10.40 
-

-

-

-
2.08 
-
-

20.83 

-
SJ 

20.83 

18.90 

-
10.40 
-
-
-
-

-

(Ehrenb ex. Link)Lind 1913 -
Torula sp. 
Trichoderma 

aureoviride Rifai. 
T. harzianum Rifai. 
T. koningii oudemans. 
T. viride Pers. ex. Fries. 
Verticillium sp. 
Yeast (red) 
Unidentified 

-

-
-
-
-
-

16.70 
• -

-
-

-

-

-
12.50 
-
-
-

-

-

-

3.12 
6.24 
3.12 
-
- • 

18.72 

18.72 

3.12 
-

-
-
-
-
-

18.72 
9.37 

-
-

10.86 

-
-
. 
-
4.34 

-

-

-

15.20 
10.86 
-
-
-
-

-

10.86 
-

-
4.34 
-
-

10.86 
21.70 
-

-
-

5.30 

13.15 

-
-
-
2.63 

13.15 

-

5.30 

5.30 

7.90 
5.30 
-
-
-
. 

-

10.50 
-

7.90 
2.60 
-
-
-

18.42 
-

-
-

-

13.78 

-
-
-
-

10.30 

-

-

-

-
6.90 

10.30 
-

13.78 
- • 

13.78 

10.30 
. 

-
-
3.44 
. 
. 
6.89 
3.44 

-
-

-

-

-
8.69 
-
-
8.69 

-

-

-

-
-
-
-
-
8.69 

-

13.04 
-

8.69 
-
. 
. 
_ 

39.13 
-

-
-

2.94 

14.70 

-
5.88 
5.88 
-
-

8.22 

-

-

-
8.82 
-
-
-
-

-

11.76 
-

-
2.94 
2.94 
-
-

29.40 
5.88 

-
-

10.70 

14.28 

-
-
7.14 

' 7.14 
10.70 

3.57 

-

-

10.70 
-
-
-
-
-

-

7.14 
7.14 

-
-
_ 
3.57 
_' 

17.85 
-

-
7.14 

-

-. 

-
-
-
-
3.57 

-

-

-

-
17.90 
10.70 
7.14 

21.40 
10.70 

-

10.70 
"-

-
-
-
-
-
-

10.70 

7.14 
-

-

7.14 

-
3.57 
-
-

10.70 

-

10.70 

-

-
17.85 
17.85 
-
-
-

-

17.85 
-

. 
-
3.57 
-
3.57 
. 
-

-
-

-

3.30 

3.30 
13.40 
10.00 
6.70 

13.30 

-

-

6.70 

3.30 
10.00 
-
. 
-
3.30 

-

6.70 
_ 

-
-
-
. 
-
6.70 
6.70 

-
-

4.16 

-

-
8.30 
-
-

25.00 

-

-

. 

-
8.30 
-
-
-
_ 

-

12.50 
12.50 

-
-

12.50 
• _ 

. 
16.70 
-

17.24 
-

-

10.30 

• -

10.30 
-
-

17.24 

-

-

-

-
-
-
. 
-
. 

-

6.89 
_ 

-
. 
6.89 
_ 
. 

20.68 
-

-
8.30 

-

-

22.20 
-
. 
-
-

-

. 

_ 

-
22.20 
-
-
. 
2.80 

-

5.60 
. 

_ 
-
5.60 
_ 
. 

19.40 
-

-
-

-

-

-
9.09 
-
-

13.63 

-

-

-

-
9.09 
-
-
-
-

-

13.63 
-

-
. 
4.54 
4.54 
9.09 

27.30 
4.54 

-
15.38 

-

-

-
-
7.69 
-
-

-

-

11.53 

-
-

15.38 
-
7.69 
. 

-11.50 

11.53 
' _ 

-
-
-
. 
-

19.23 
-

11.10 
-

27.80 

-

-
-
-
-
-

. 

27.80 

-

-
16.70 
-
-
. 
-

-

11.10 
-

-
-
-

-
. 
-

-
-

-

7.89 

-
13.15 
-

— 
10.52 

-

7.89 

-

-
7.89 

13.15 
-
_ 

13.15 

-

10.52 
_ 

-
-
-
2.63 
. 
. 
-

-
-

10.70 

10.70 

-
-

17.85 
• 

28.57 

-

-

10.70 

-
14.28 
-
-
_ 
. 

_ 

3.57 
3.57 

-
-
-
-
-
-
-

" i 
. 1 

! 
~ i 

-

-
-

8.57 
-

22.85 

-

25.70 

-

5.70 
-
-

2.90 
-
-

-

5.70 
.-

-
-
-

5.70 
-

14.28 
-

Amendments applied to soil at a ra te of 0.10, 0.25, 0.50% w / w . 



Fig. 5.2: Effect of inorganic soil amendments (i.e. A. Calcium carbonate, B. Calcium 

nitrate, C. Rock phosphate, D. Zinc sulphate) on the disease development 

of soybean caused by Sclerotium roifsii. 
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Fig. 5.2: Effect of inorganic soil amendments (i.e. E. Urea and F. Ammonium nitrate) 

on the disease development of soybean caused by Sclerotium rolfsii. 
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reduced the severity of disease to a great extent fcFig. 5.2 

A,B,C) (Plate 9). But in all the cases at least 50% control 

of the disease was achieved. 

Population dynamics of Sclerotium rolfsii in the amended soil 

An. initial increase in S. rolfsii population due to 

fertilizer amendment was observed in all the cases. Maximum 

increase in population was recorded with urea (0.25, 0.5% 

w/w) and Zn£04 (0.1, 0.25% w/w) amendment to soil (Fig. 5.3E,D). 

This exponential increase in the population of S. rolfsii 

is probably due to the breaking of exogenous dormancy (due 

to fungistasis) imposed on resting structures i.e. Sclerotium, 

in the soil. The population declined gradually resulting in 

the decrease of the disease initiation/severity. In non amended 

control, the population gradually increased as observed for 

a complete cropping season. 

Effect on the plant height 

Soil amendments in most of the cases (excepting a few) 

reduced the seedling height compared to non amended control 

(Table 3.10). This reduction seemed to be due to the phyto-

toxic affect of the inorganic fertilizers used. It was further 

observed that the increased concentration of the amendments 

had an adverse affect on the seedlings/plants growth. How­

ever, some of the amendments i.e. calcium nitrate (0.1, 0.25% 

w/w), rock phosphate (0.1, 0.25% w/w) and urea (0.1 w/w) 



Plate 9: Showing the redaction in disease severity and increased plant vigour 

following inorganic soil amendments, viz. (i) calcium nitrate (ii) rock 

phosphate compared to control (infected). (Control , 0 .1 , 0.25, 0.5% w/w 

from left to right). 
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Fig.5.3: Ef fect of inorganic soil amendments ( i .e. A. Calcium carbonate, B. Calcium 

n i t ra te , C. Rock phosphate, D. Zinc sulphate, E. Urea and F. Ammonium 

n i t ra te on the population dynamics of Sclerotium rolfsii in natural soil 

(ver t ical bar in the f igure represent LSD at P=0.05 level). 
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amend««L to soil increased plant vigour compared to other 

inorganic amendments (Plate 9 & 10). 

Effect of inorganic soil amendments on dry matter accumulation 

in soybean plant. 

Shoot weight/plant increased with most of the treatments. 

Urea (0.1%w/w), calcium nitrate (0.25% w/w) and calcium carbonate 

(0.1, 0.25% w/w) increased the dry matter accumulation of 

the above ground parts of the seedlings (7.0, 6.5, and 6.18g/ 

plant respectively). Whereas, higher concentration of urea 

(0.25, 0.5% w/w) and ammonium nitrate (0.5% w/w) decreased 

the same (Table 3.11). 

Increased dry weight of root (Table 3.11) was also 

observed with urea (all the concentration) and zinc sulphate 

(0.1% w/w). But reduction in leaf area and number of leaves 

was visually observed in the plants grown in amended soil. 

Increased pod weight/plant was also observed in most 

of the cases excepting in higher concentration (i.e. 0.25, 

0.5% w/w) of urea and ammonium nitrate (Table 3.11). Higher 

pod weight was recorded affctth- rock phosphate and zinc sulphate 

(in all the concentrations used) CUfrûoLrruuiicS. 

Effect OH the soybean yield 

Yield (gm) obtained from plants grown in amended 

soil was found to be non-satisfactory (Table 3.11). Comparatively^ 



Plate 10: Showing soybean plants grown in urea amended soil 

(i) In pots: Infected control, urea amended soil i.e. 0.1, 0.25, 0.5%w/w 
(left to right)} 

(ii) Under field condition} Increased seedling rot following urea (80kg/ha) 
amendment to soil. 
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poor yield that produced by the plant, seems to be due to 

the toxic effect of the inorganic chemicals, and their concen­

trations used, which directly affected the plant height and 

yield, suggests to reduce the doses of fertilizers used. 

Result of the experiments under field condition 

(i) Assessment of S. rolfsii population in the experimental 

soil 

The population of S. rolfsii was found to have increased 

after inorganic fertilizer amendment to soil. In some cases, 

thin mycelial mats have been observed following the applica­

tion of the amendments due to the rapid • growth and multipli­

cation of sclerotium in the soil. Urea (40 and 80kg/ha ) amend­

ment, increased the population compared to ndn amended control. 

Higher concentration of urea and 2nS©4 showed an initial 

increase in the population, which subsequently reduced slightly 

with time as observed in the subsequent samplings (Fig. 5.4). 

Whereas, rock phosphate amendment (40 Kg/ha) showed a gradual 

increase in the S. rolfsii population, which is similar to 

non amended control (Fig. 5.4). Breaking up of dormancy of 

sclerotium due to inorganic amendments resulted an increase 

in the population at the initial stage (i.e. after 30 days) 

but with time it declined, probably due to the autolysis 

and/or due to the absence of sufficient nutrients required 

for multiplication and formation of resting structures. 



Fig. 5A: Effect of inorganic soil amendments on the population dynamics of Sclerotium 

rolfsii under field condition (vertical bar in the figure represent LSD at 

P=0.05 level). 
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(ii) DLiM?mu> weverity 

$ne fieodjitigs grown ill the t|rea amended soil (80 kg/ha) 

showed high Jratt of infection within 15 days after seed germi­

nation (p|ate 10). Jn case of other amendments, the rate and 

progress of disease development was found to be very slow, 

compared to non amended infectod control. Infection rate 

increased gradually and was found to reach its peak, when 

the seedlings were ten weeks old. In general, almost in all 

the cases, a reduction in disease severity was recorded (Table 

3.12). Maximum reduction in the seedlings/plants infection 

was obtained with ZnfiO* amendment to soil, 

(iii) Effect on plmk height 

Ure4 U)0 kc|/ba) and Li\&Q, (|Q .k<j/h4) amendment to soil, 

stimulated tbo ffrpwth (j,e. beitfht) and vigour of the plants 

(T4ble 3.12), increased numbef of branches and leaf area (visual 

observations), compared to the non amended infected control. 

Lower concentration °f these fertilizers found to have very 

little effect on plant height and vigour (Plate 11). 

(iv) Effect on yield 

The fertilizers used in the present work invariably 

increased soybean yield. Higher increase was observed with 

urea (80 kg/ha) followed by ZnS04 MO kg/ha). Other con­

centrations of the inorganic fertilizers used were also produced 



TABLE 3.12 s Effect of Inorganic soil amendments on the heighr oi soybean plants under field condition (values 
in Parenthesis indicate percentage of infected plants ). 

Amendments 

Urea 

Zinc sulphate 

Rock phosphate 

Infected control 
(Non-amended) 

C o r ^ % r a a ) t i o n 

40 

80 

5 

10 

40 

2 

14.90+0.27 
(^.7^) 

18.59±0.71 
(20.50) 

11.50±0.41 
(9.50) 

16.80+0.25 
(8.62) 

14.00±0.46 
(6.30) 

11.00±0.41 
(22.00) 

4 

26.00±1.06 
(17.86) 

28.40±0.93 
(22.70) 

20.40±0.42 
(15.56) 

24.60±0.59 
(12.12) 

23.42±0.65 
(19.70) 

18.10+1-01 
(36.58) 

6 

53.00±0.76 
(22.20) 

58.00±0.80 
(34.88) 

50.90±0.61 
(21.95) 

55.70+0.84 
(19.44) 

52.92±2.39 
(35.20) 

52.95±1.25 
(43.30) 

Time in weeks 
8 

72.70±1.45 
(30.30) 

90.50±1.73 
(38.20) 

68.67±1.14 
(28.50) 

87.50±4.95 
(30.90) 

73.00±4.10 
(37.90) 

75.20±4.34 
(54.00) 

10 

9G.74±1.70 
(43.93) 

104.75±1.45 
(39.13) 

82.41±1.77 
(35.70) 

101.00±1.20 
(34.00) 

86.66±4.95 
(41.30) 

87.04±1.45 
(65.85) 

1) Mean of 10 plants with +S.E. 
2) Calculations based on 100 plants (approx.)/piot (5 sq.m) in each case. 



Plate 11* Showing the reduction in disease severity in soybean plants grown in 

infested field soil, following soil amendments i.e. (i) Urea, (ii) Rock 

phosphate. 



PLATE-II 

(i) 

(H) 



i Ms i 

a comparatively Janitor y ie l4 ovur uon amended infected control 

(Pig. 5 . f ) , 

DISCUSSION 

Inorganic amendments are known to have effects on 

planta either direct* i.e. without mediation of soil micro-

organismS' or indirect* through biological transformation. 

They may change host structure, composition and metabolism 

and so affect the host as a medium for the growth and repro­

duction of the pathogen. Most of the inorganic soil amendments 

used in the present study, suppressed the mycelial growth 

and sclerotial germination of 8. rolfsii in vitro. Urea and ZnSO 

produced comparatively higher inhibition (95.5%) on the radial 

growth and sclerotial germination, suggesting their fungitoxic 

nature. Several workers suggested that the inorganic fertili­

zers (l,e, ammonium fertilizer) may directly inhibit the 

sclerotial tjefminutioh and retard the mycelial growth of 

8. roifs^i » specially if ammonia is released by them (Henis 

and Chetf 1967; Avizohar-Hershenzen and Shacked, 1969; Punja 

and Grogan, 1982; Punja et al, 1985) or by changing the host 

susceptibility or indirectly by increasing the population 

of the antagonistic soil microorganisms (Henis and Chet, 

1968). In vitro results in the present work with urea and 

ammonium nitrate, supports the view of direct inhibitory 



Fig. 5.5: Effect of inorganic soil amendments on the yield of soybean under field 

condition. 
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effect of the chemicals on the sclerotial germination and 

mycelial growth. 

Viability of the resting structures in soil, decreased 

considerably with the increase in concentration of the chemi­

cals used and with the incubation period. Urea amendment 

stimulated the sclerotial germination resulting in the recovery 

of empty sclerotial shell from the soil. This suggests that 

the effect: at urea |n soil is direct and helps in the eruptive 

germination of th<< sclerotium, which is otherwise under an 

"imposed dormancy" due to sail fungistatic effect. Other 

amendments also showed reduced sclerotial survibality, possibly 

due to their toxic effect in the soil as evidenced from 

in vitro reBultB. It is also known that the inorganic soil 

amendments may influence the disease severity through their 

effect on the germination of pathogen propagules and mycelial 

growth in soil or on the host surface. They may also affect 

the soil microorganisms other than the pathogen. The increased 

population of the octagon tuts also might be instrumental 

in causing a reduction of the H, rpi^ii population and subse­

quent reduction (.n disease neverity. Ayoock (1966)^ also repor­

ted that the nitrogenous fertilizers reduced the disease 

severity caused fry {>• rol^eij in various crop plants. 

Higher concentrations of urea and ammonium nitrate 

were found to be toxic to soybean seed germination and radicle 
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growth, which suggests that the concentration of the chemicals 

used were n o t suitable for the plant growth. Experiment in 

vivo also showed poor growth of the seedlings with above 

mentioned concentrations of the chemicals. 

In the present work, an increased population of the 

antagonistic ao.il microflora (i.e, actinomycete and penicillium 

spp.) was observed aB a result of calcium nitrate soil amend­

ments. Similar results were also reported by Dutta and Isaac 

(1979a)., where t\ redaction in disease severity caused by 

VertipiJ4iWrt d^Hae to antirrhinum, has been correlated 

to the increase population of actinomycete and Trichodenna 

spp. in the HO it following inorganic amendments (i.e. calcium 

nitrate and combined NPK) to soil. Urea was found to be inhibitory 

to the fungal population, whereas, ammonium nitrate, rock 

phosphate and BnSO. increased the same considerably. Increase 

in the fungal population in soil due to inorganic amendments 

was also reported by Waksman (1922) and Kaufman and Williams 

(1964). The present findings corroborates the above. 

Although^ Increased aotinomypete and fungal population 

was observed in the amended soil, in rhizosphere a total 

reduction in microbial papulation (excepting rock phosphate) 

was observed, which suggests that the inorganic amendments 

change th<- exudation pattern of the host plant causing a 

change in the rhizosphere population. Increased bacterial 

population following inorganic amendments have also been 

http://ao.il
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reported by Vrany et al (1962). Thoy ha,ve observed that the 

foliar application of urea increased the bacterial population 

itl wheat: dU»onphere, 

Dominance of Aspergilii, Penicillia, Mucorales in 

soil and rhizosphere suggests that the disease control achie­

ved in the present work may possibly be due to the microbial 

activity in the soybean rhizosphere. Reddy (1959) also repor­

ted that the foliar spray of urea promoted selectively the 

growth of a particular species of Penicillium y while 

Agnihotri (1964) found preferential increase of Aspergilii. 

It was also optierved by Kaufman and Williams (1964) that 

nitrogen fertisation affecta i-he particular genera of fungi 

(i.e. Penicillium Hpp,), They furine}: observed that the mineral 

fertilisation ai<jnif icantly aEfeuted soil fungus population, 

biit that, as previously staiecl, nitrogen fertilisation had 

a greater effect: an the individual soil fungi. In the present 

investigation, dominance of certain genera might have created 

an antagonistic environment surrounding the pathogen (i.e. 

S. rolfsii). resulting in decreased disease severity in soybean 

plants. 

Nitrogenous fertilizer amendment to soil increased 

S. rolfsii population in the initial stage^ thereby increasing 

pre-emergence of seed rot. Chattopadhyay and Dickson (1960) 

and Vargas (1972) also have reported that the excess nitrogen 

increased the brown spot disease of rice caused by Helminthosporiujn 
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oryzae. The increased disease severity has been reported 

by them to be' dun to the increased exudation of nitrogenous 

compounds i,e, amino acids, From host under excess nitrogen 

fertilisation which stimulated the pathogen (Chattopadhyay, 

1964), A similar conclusion was also drawn by Hobbfi and Water 

(1964) working on the susceptibility of Chrysanthemum to 

Botrytis cinerea under high concentration of nitrogen. Accord­

ing to themj an Increased concentration of nitrogen in the 

host tissue served as a better medium for the growth of the 

pathogen. It was also reported that the nitrogen fertilizer 

increased the susceptibility of egg plant (Solanum melongena) 

to Verticiliium wilt disease (Sivaprakasam and Rajagopalan, 

1974) • Lower concentration of nitrogen in the form of urea 

decreased! susceptibility with delayed symptom expression 

compared to higher concentration. In the present work, an 

increased rate; of amplication of t|fear calcium nitrate and 

aifunonium nitrate resulted an increase in 6. rolfsii population, 

immediately after the soil was amended, resulting in an increased 

pre-emergence of seed rot. The population subsequently declined 

which suggests that the nitrogenous fertilizer should be 

applied much earlier to sowing of the soybean seeds. Late 

sowing and early urea amendment will possibly reduce the 

inoculum potential in the process and subsequently a reduction 

of disease severity may occurs. 
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Calcium nitrate amendment stimulated actinomycete 

in soil and bacteria' in soybean rjiiaosphere which might have 

created an antagonistic environment for the pathogen, resulting 

a reduction in disease severity, Punja et al (1985) also 

mentioned that increased level of calcium in the carrot tissue 

following application of calcium nitrate or sulphate, may 

provide control of disease under low disease pressure. A 

reduction in disease severity with zinc sulphate amendment 

conforms with the work of Mehrotra and Claudius (1973), where 

they have observed an increased disease control of lentil 

with an increased concentration of znS04 applied as foliar 

spray. 

It is known that the phosphatic rocks can be used 

for increased crop production in acidic soil. The reserves 

of insoluble phosphates in soil generally remain unavailable 

to higher plants unless they were converted into soluble 

forms by some agents. Soil fungi like ^enicillium pinophilum 

and AspprtjilJ.ua )M«iMJ*" were found to be more efficient than 

bacteria (IMmUilS cereus and PseudotyonAs fluorescens) in 

phosphate solubilization (Venkatos Worlu et al, 1984). Rastogi 

et al (1976) observed maximum availability of phosphorus 

from Mussoarie rock phosphate. It was also reported earlier 

that Super phosphate drastically reduced the fungal population 

in antirrhinum rhizosphere and to some extent reduced the 

disease severity caused by Verticillium dahliae (Dutta and 

http://AspprtjilJ.ua
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Isaac, 1979 b), In the present work, rock phosphate increased 

the microbial population (fungi, actinomycete, bacterial) 

and decreased actinomycete in the rhizosphere. Emmimoth and 

Rangaswami (1971) also observed that a significant change 

in the number and quality of bacteria, fungi and actinomycetes 

occurs under the influence of heavy doses of fertilizers. 

Soybean need production under field condition is 

known to be influenced by different factors i.e. different 

strains of flhiaoblim japoniciuil, temperature, rainfall, supply 

of nitrate nitiogen in soil snd fljao soil fertility (de Mooy 

et al, 1973), Nitrate nitrogen is essential for the vigorous 

growth of the plant, but excess of it is found to be detrimental 

to yield, as it. directly affects the symbiotic nitrogen fixa­

tion capability (Herper, 1974), He further reported that 

the soybean generally absorbs nitrogen in the form of NH. 

during the later stage of seed development but in case where 

NH 4 was the primary source, reduction in yield occurred. 

In the present workf urea and ammonium nitrate soil amendment 

reduced the yield possibly because of the fact that these 

nitrogen forms are available at the initial stage of soybean 

plant growth only. Calcium nitrate increased the yield partially 

but higher concentrations (i.e. 0.5% w/w) appeared to be 

detrimental to soyean seed productions, probably due to inhi­

bited symbiotic nitrogen fixation. Similar results were also 

obtained by Helper (1974) and Stone et al (1985), where a 
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negative soybean yield response under higher amount of residual 

nitrate nitrogen was recorded. In the present work,no signifi­

cant increase in plant growth and yield in general over control 

was observed possibly due to the limitations of pot culture 

experiment. 

Urea (40, 80 kg/ha) and z.nS04 (10 kg/ha) gave the 

best effect on the growth of soybean plant under field condi­

tion. Rate of seedling rot in the initial stage, however, 

was higher with urea (80 kg/ha) which can be correlated with 

the increase in sclerotial population in soil. Although, 

ZnS6. showed an increase in sclerotial population in the 

soil, but this chemical possibly changed the host metabolism, 

affecting the susceptibility, resulting in the decrease of 

disease severity. It was also observed that the higher concen­

tration of ZnSO. (10 kg/ha) reduced the disease compared 

to lower concentration (5 kg/ha). Similar results were also 

obtained by Singh and Aggarwal (1979), where they observed 

a negative correlation of disease severity with the concentra­

tion of zinc applied but a positive relationship has been 

observed with the levels of phosphorus in soil in case of 

downy mildew of pearl millet. 

Soybean seed yield was however^ higher in all the 

treated plots which is contrary to the results obtained in 

the pot experiment. However, it is well known that the proper 

spacing between the seedlings in essential for better growth 
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and yield. In the pot experiment&^lack of space and competition 

for nutrients might have caused the poor growth and yield. 

In addition to this, concentration of the fertilizers also 

played a major role. The amount of fertilizers used in the 

field were much less compared to pot experiments. An inhibi­

tory effect on the plant growth possibly could be due to 

the higher amount of fertilizers, which directly reflected 

on the poor yield produced in such treatments. 



CHAPTER IV 

EFFECT OF FOLIAR APPLICATION OF NITROFURANS ON THE RHIZOSPHERE 

MICROFLORA, DISEASE DEVELOPMENT, PLANT VIGOUR AND YIELD IN 

SOYBEAN PLANTS GROWN IN SCLEROTIUM ROLFSII INFESTED SOIL 



INTRODUCTION 

In the middle of the nineteenth century it was proved 

that the plant excretes certain chemical compounds (Sachs, 

1860) through their root system into the surrounding soil, 

and this root excretions make the surroundings a very favou­

rable medium for the activity of soil micro organisms (Hiltner, 

1904). Hiltner observed greater microbial accumulation in 

the soil around the root system than elsewhere in the same 

soil, which he termed as 'rhizosphere'. It is from the rhizos­

phere that higher plants obtain necessary nutrients and it 

is into the rhizosphere that they excrete byproducts of their 

growth. Due to physiological function of the root, not only 

the physical and chemical properties of the rhizosphere soil 

changes, but the rhizosphere microflora population also altered, 

so that in some cases a beneficial microflora may result, 

whilst in other cases^ a detrimental one could be predominant, 

affecting the higher plants. 

Many antibiotics and broad spectrum antibiotic like 

chemicals are absorbed by the plant and then translocated 

systematically within the plants (Crowdy and Pramer, 1955; 

Goodman, 1962). Nitrofuran derivatives are known to have 

broad spectrum antibiotic like properties and are widely 

used as antibacterial substance in the cure of human diseases. 

Although^ antibacterial action of nitrofurans are known^ their 

antifungal action has not been studied so far with reference 
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to plant disease control. It has been reported by many workers 

that antibiotics may change the host metabolism, thereby 

affecting plant disease even if the antibiotic is not fungi­

static against the causal organism in vitro (Pramer et al, 

1956). Other factors^ which might play an important role in 

the mode of disease control are, rate of absorption and trans­

location within the host.which changes the chemical composition 

of the antibiotics after uptake and stability or persistence 

of the chemical within the plants (Dekker, 1963). 

In the present work, an attempt has been made to 

explore the possibility of using nitrofurans in the control 

of foot rot disease of soybean caused by Sclerotium rolfsii 

§acc. Particular attention was paid to examine the rhizosphere 

microflora after foliar application in relation to the disease 

development, plant vigour and yield in the soybean plants, 

grown in the S. rolfsii infested soil. 

MATERIALS AND METHODS 

Nitrofurans used 

Three nitrofuran derivatives viz. furazolidone, nitro-

furazone and nitrofurantoin obtained from commercially available 

medicine viz. furoxone, furacin and furadantin respectively 

were used. These were sparingly soluble in water and their 

solubility increased on slightly heating with acetone. 
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Chemical s t r u c t u r e of n i t rofurar ta 

J. Furazolidone! 
0 2 N ^ O ^ C H * N N 

N 

i 
2. Nitroiurazone: .O 

° 2 N ° CN=N-NH-CONH2 

CH= N - N |C=0 
3. Nitrofurantoin: 

N ~N |C= 

2 " NH 

Concentrations uaeii 

Each nitrofurans under teat was calculated to give 

concentrations of 100, 500 and lOOO^g/L, Since higher concen­

tration is insoluble, 1 ml acetone was added to dissolve 

the required amount while preparing 1000 /ig/L dilution. A 

control sot w^a also prepared with 1 ml of acetone only 

(without any nitrofuran). 

Fungitoxicity 

Subsequently, different concentrations of the chemicals 

used were made by adding the required amount to the sterilised 

PDA medium kept at 40+1°c, mixed thoroughly and was poured 

into petri dishes (9 cm diameter) in triplicate, Inoculum 

discs (4 mm) of B. rolfsii, cut from the periphery of vigorously 

growing culture* v/efe placed in the centre and incubated at 
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at 25±1°c in dark. Radial expansion was recorded after required 

period of incubation (i.e. 24, 48, 72 and 96 hours). 

Toxicity of nitrofurans on sclerotium was assessed 

by incubating them in the aqueous solution of the test chemi­

cals, for seven days. The percentage of germination was recor­

ded following the method of Agnihotri et al (1975) as desc­

ribed earlier (page 41 )• 

Survibality of Sclerotium 

Survival ability of sclerotium was assessed by incuba­

ting them in soil drenched with different dilutions of nitro­

furans (i.e. 100, 500, 1000 ug/L), separately in replicates. 

The moisture level of the soil was maintained at 50% by adding 

aqueous solution of the respective nitrofurans throughout 

the experiment.. Sclerotia were harvested periodically (i.e. 

after every 15 days) and their germinability was recorded 

following the method of Agnihotri et al (1975) as described 

in page 41• 

Soybean seed germination 

Different concentrations of nitrofurans were prepared 

in distilled water. In case of higher concentration (i.e. 

1000 ug/L) of all the chemicals, 1 ml of acetone was added 

for better solubility. Soybean seeds were placed in the moist 

chamber containing different concentrations of the nitrofurans 
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and wete. incubated. Percentage germination and radicle growth 

was calculated as described earlier (page 35 ). 

Phytotox i c i ty 

Different dilutions of the nitrofurans described earlier 

were prepared with Knop's normal solution. Visual observation 

of phytotoxicity to the one month old -Soybean seedlings wfcjjc 

recorded after 48 hours of root dip treatment. 

Pathogenicity test and mode of chemical treatment 

Pathogenicity test was carried out by growing the 

plant from seeds in S. rolfsii infested natural soil. Each 

chemical under test was dissolved in water (as described 

earlier) to give concentrations of 100, 500, 1000 Jug/L and 

the solution was sprayed separately over one month old soybean 

seedlings. While spraying, soil was covered with thick Poly-

ethelene sheet, to avoid the contact of the chemicals with 

soil. Tap water was sprayed on the seedlings which served 

as control. Fourty seedlings were used in four replicates 

for each treatment. 

Rhizosphere analysis 

After fifteen days of foliar spray, ten seedlings 

from each treatment were uprooted gently without disturbing 

the roots along with adhering soil. The rhizosphere analysis 

were made following the method as described earlier (page 39 ). 
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Total microbial population and percentage of relative abundance 

of major groups of rhizosphere fungi was also recorded. 

Assessment of disease severity 

Number of seedlings infected in each treatment/week 

was recorded and the infection percentage was calculated. 

Effect on plant height 

Plant height (cm) was measured weekly till they achieved 

their maximum height following application of nitrofurans 

to foliage. 

Effect on yield 

Yield was determined by taking the mean weight (gm) 

of seeds from plants of each treatment/control. 

RESULTS 

Fungitoxicity 

Among the nitrofurans, furazolidone at all concentra­

tions used (100, 500, 1000 ^g/L) completely inhibited the 

mycelial growth of S. rolfsii in vitro. Nitrofurantoin also 

completely inhibited the growth at higher concentration only 

(i.e. 1000 ug/L), while nitrofurazone did not show much 
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inhibitory effect (Table 4.1) (Plate 12). Germination of 

sclerotia haWa also been reduced with the increase in concen­

tration of all the nitrofurans tested. The germination was 

less in nitrofurantoin treatment compared to furazolidone 

(Table 4.1). Survibality of the sclerotium in soil decreased 

with the increase in concentration and incubation period. 

Furazolidone (1000 ^ug/L) completely eliminated the viable 

sclerotia after 30 days, while others showed comparatively 

poor germination (Table 4.1). 

Seed germination and phytotoxicity 

The effect of nitrofurans on soybean seed/seedlings 

have shown in Table 4.2. Although, seed germination was not 

inhibited (100% germination) by the nitrofurans tested, a 

gradual reduction in radicle growth with the increase in 

the concentration of the chemicals were observed. None of 

the nitrofuran derivatives tested showed any phytotoxic effect, 

excepting higher concentration of nitrofurazone (500 and 

1000jig/L), where mild chlorosis in the leaf margin was observed 

after 24 hours of exposure. 

Effect on the rhizosphere 

A drastic reduction in fungal and bacterial population 

was observed in the rhizosphere of the foliar sprayed soybean 

plants, whereas actinomycete population was found to be increased 

significantly (Table 4.2). Maximum reduction in fungal population 



TABLE ft.l : Effect of nitrofurans on the mycelial growth and sclerotial germination. 

Nitrofurans 

Furazolidone 

Nitrofurazone 

Nitrofurantoin 

Control (without 
t reatment) 

Concentration 
fog/D 

100 
500 

1000 

100 
500 

1000 

100 
500 

1000 

Radial expansion(mm) 
(Period of Incubation(Days)) 

3 5 

• 

-
-

52±3.22 
49±2,65 
50±2.65 

46±1.16 
33±2.38 

-

45±2-89 

-
-

89±0.07 
88±0.08 
86±0.06 

85±0.08 
55±0.06 

-

9Q±0.00 

In aqueous 
solution(afxer 

7 days) 

60.00 
46.70 
36.70 

100.00 
90.00 
86.70 

53-30 
33.30 
33.30 

1.00-00 

Sclerotial germination(%) 

In soil 
(Period of Incubation(Days)) 

13 30 45 60 

57.14 
30.00 
20.00 

68.40 
46.70 
33.30 

58-30 
44.40 
46.70 

100-00 

42.80 
16.70 
20.00 

41.60 
31.25 
12.50 

38.90 
28.50 
31.50 • 

100-00 

38.80 
10.00 

-

35.70 
15.30 
10.00 

25.00 
27.70 
15.00 

100.00 

29.40 
-
-

25.00 
10.00 
7.69 

20.00 
15.00 
8.33 

100-00 

1) Mean of three replicates with ±S.E.; (-) Nil (no growth/germination). 
2) Observation based on 30 sclerotia in each case. 
3) Calculation based on recovered sclerotia in each case. 



TABLE k.2 : Ef fect of ni trofurans on soybean seed germinat ion, seedling growth and on the rhizosphere micro f lo ra in Pathogen 
infested soi l . 

Nitrofurans 

Furazolidone 

Nitrofurazone 

Nitrofurantoin 

Control rhizos­
phere soil 

Control soil 

Significance by 
F tes t (1%) 

Concen­
tration 
(ug/D 

100 

500 

1000 

100 

500 

1000 

100 

500 

1000 

_ 

-

-

Seed ger-
m o t i o n 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

-

-

In vitro tes t 
Mean 

radicle 
length 

±S.E. | 
(mm) 

43±0.54 

41 ±0.96 

39±0.87 

35±0.15 

30±0.40 

23±0.04 

39±0.87 

35±0.15 

30±0.41 

82±0.05 

-

-

Phyto-
. . 2 

toxicity 

-• 

-

-

-

+ 

+ 

-

-

-

^ 

-

-

Fungi 

(10*) 

26 

14 

12 

60 

23 

12 

45 

36 

34 

37 

19 

Yes 

In vivo 
Rhizosphere 

microorganisms, 
in thousands g 

dry soil 

Actino-
mycete 
(2x101 

671.00 

538.00 

406.00 

419.00 

565.00 

400.00 

453.00 

^51.00 

505.00 

270.00 

120.00 

Yes 

Bacteria 

(3x10*) 

253.00 

206.00 

20Q.O0 

269.00 

193.00 

165.00 

265.00 

266.00 

241.00 

400.00 

400.00 

Yes 

tes t 

Fungi 

L36 

0.74 

0.63 

3.16 

1.20 

0.63 

2.36 

1.89 

1.79 

1.94 

-

Rhizosphere 
effect 

(RS/CS)* 

Actino-
mycete 

5.59 

4.48 

3.38 

3.49 

4.71 

3.33 

3.78 

3.76 

4.21 

2.25 

-

Bacteria 

0.63 

0.51 

0.50 

0.67 

0.48 

0.41 

0.66 

0.66 

0.60 

1.00 

-

1) Calculat ion based on 25 seeds in each case. 
2) (-) Non toxic; (+) Slightly tox ic . 
3) Mean of three replicates in each case. 
4) Rhizosphere soi l /control soi l . 



Plate 12: Showing the ef fect of ni l rofurans on the growth of Sclerotium rolfsii 

in vitro. 



PLATE-12 

CONTROL 500ug/i ioooug/i 
NITROFURAZONE 

100 ug/ l 500 j jg/l 
NITROFURANTOIN 

100 ug/ i 
FURAZOLIDONE 
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was recorded with furazolidone followed by nitrofurazone 

treatment, while higher concentration of nitrofurazone (1000ug/L) 

decreased the bacterial population considerably. 

Increased population of Aspergilli and mucorales 

due to nitrofuran spray was observed in the soybean rhizosphere, 

whereas penicillia was found to be decreased drastically. 

Among the four Aspergillus spp., A. candidus and A. niger 

were found to be dominant in the rhizosphere. Rhizopus stolonifer 

and Humicola sp. were also found to be present in almost 

all the chemically treated soybean rhizosphere. An increased 

percentage of relative abundance of these fungi was observed 

in the treated plants, compared to non sprayed control (Table 

4.3). Occurrence of Fusarium spp. and Trichoderma spp. in 

the rhizosphere was also observed after the foliar spray 

of nitrofurans. Other species included Cladospoxiium SP«> 

Cephalosporiun sp.f Gliocladium sp. Geotrichum. sp., Verticillium 

sp. and red yeast, whose percentage of relative abundance 

was also found to have slightly increased compared to non 

treated infected control. A total of twentyseven rhizosphere 

fungi belonging to fourteen genera and an unidentified white 

mycelium have been isolated (Table 4.4). 

Assessment on disease severity 

It was observed that in chemically treated plants 

the disease symptom appeared at a much later stage i.e. 15 days 



TABLE k.3 : Percentage of relative abundance of the predominant genera of fungi in the rhizosphere of soybean 
in Pathogen infested soil. 

Nitrofurans Concent ra­
tion £ag/L) 

Furazolidone 100 

500 

1000 

Nitrofurazone 100 

i 500 

1000 

Nitrofurantoin 100 

500 

1000 

Control rhizo­
sphere soil 

Control soil 

Asper- Fusarium Mucorales 
gilli spp. 

8.50 7.00 16.90 

10.00 4.30 18.60 

19.30 - 8.10 

3.80 - 46.70 

8.50 6.40 25.60 

27.20 - 13.60 

21.10 - 10.50 

6.30 12.50 62.40 

14.30 25.00 35.80 

6.30 - 3.12 

15.15 - 30.35 

Penicil- Trichoderma Other 
lia spp. spp. 

23.90 - 43.70 

17.20 - 49.90 

19.30 4.80 48.20 

6.00 3.00 41.10 

17.10 - 42.40 

4.50 54.50 

5.30 63.50 

18.80 

3.60 21.40 

50.00 - 40.77 

33.33 3.03 18.23 



TABLE it.4 : Effect of Nitrofuran foliar spray on the percentage of relative abundance of rhizosphere fungi under infested condition. 

. Soil & 
rhizosphere 
fungi 

Control 
(without 

treatment) 

Control 
rhizos­
phere 

(without 
treatment) 

Furazolidone 

100 500 1000 

Nitrofurazone 

100 500 1000 

Nitrofurantoin 

100 500 1000 

Absidia repens van. Tieghem.6.06 
Absidia sp. 
Aspergillus candidus 

Link ex. Fries. 6.06 
A. flavipes Thorn & Church -
A. niger van. Tieghem. 
A. versicolor (Vuillemin) 

Tiraboschi. 9.09 
Oephalosporium 

•Acremonium Corda. 
Cladosporium herbarum 

Link ex. Fries. 
Fusarium oxysporum 
F. solani 
Geotrichum sp. 
Gliocladium catenulatum 

Gilman ic Abbott. 
Humicola sp. 
Mucor hiemalis Wehmer. 
Mucor sp. 
Penicillium brefeldianum 

Dodge. 
P . chrysogenum Thom. 
P. granulatum Bainier. 
P. nigricans Bainier. 
P. oxalicum Thom. 
P. rubrum Stoll. 
P. vermiculatum 

Dangeard. 3.03 
Rhizopus stolonifer 15.20 

(Ehrenb ex. Link) Lind 1913. 
Trichoderma koningii 

oudemans. 
T. viride pers Ex. Fries. 3.03 
Verticillium sp. 3.03 
Yeast (red) 15.20 
Unidentified 

9.09 

12.12 

9.09 
9.09 

3.12 

3.12 

6.24 

6.24 

3.12 

3.12 

3.12 

24.96 

18.72 

8.40 

-

-

-
„ 

8.40 

28.20 

11.20 

5.60 
-
-
5.60 

11.20 

5.60 

4.20 

-

14.00 

7.00 
4.20 

15.40 

12.60 

11.20 
5.60 
-
-
. 

9.60 

4.80 

4.80 

9.60 

8.00 
-

14.40 

1.60 

6.40 
-
4.80 
-

8.00 

18.72 
9.36 

5.60 5.60 6.40 

4.80 
1.40 

16.80 11.20 16.00 
1.40 

16.70 8.52 

3.30 - 13.62 

8.52 13.62 

10.00 10.65 22.70 

6.30 
6.39 

26.70 21.30 31.78 

20.00 ' 12.78 

3.30 12.78 
3.30 

4.26 
10.00 4.26 13.62 

3.30 

3.30 
1.67 4.26 

4.54 

15.90 
5.30 

10.60 

5.30 

21.20 

5.30 

26.50 

6.30 

6.30 

6.30 

12.60 

12.60 
18.90 
25.20 

10.80 

3.60 

10.80 

10.80 
14.40 
10.80 

10.80 
14.40 

10.60 12.60 10.80 

3.60 

Nitrofurans applied to foliage at a rate of 100, 500. 1000 ug/L to soybean plant. 
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later than that of nontreated infected control. 

Of the three nitrofurans tested, nitrofurantoin was 

the most effective chemical in controlling the disease a s it-

caused delay in symptom expression and reduced the severity, 

considerably. Furazolidone and nitrofurazone also reduced 

the dtease by more than 50% over nontreated infected control 

(Fig. 6,1). 

Effect on plant height 

Increased plant height was observed in case of nitro­

furazone (100, 500 ûg/L) and furazolidone treatment, at all 

the concentrations used (Fig. 6.1). Higher concentration of 

nitrofurazone and nitrofurantoin (1000 ̂ g/L) was however found 

to be toxic to the plants, as they adversely affected the 

growth. 

Effect on yield 

Yield was always high in treated plants (Fig. 6.2) 

excepting nitrofurantoin (1000 jjg/L) compared to nontreated 

infected control. Furazolidone gave comparatively better yield 

at all the concentrations used (Plate 13). Higher concentra­

tion of nitrofurantoin showed poor yield, although it delayed 

the expression of disease symptom and reduced the severity. 



Fig. 6 . 1 : Ef fect of fol iar application of nitrofurans (A. Furazolidone, B. Ni t rofurazone, 

C. Ni t rofurantoin) on the growth/disease development in soybean caused 

by Sclerotium rolfsii. 
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Fig. 6.2: Effect of nitrofuran foliar sprays on the soybean yield. 
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Plate 13: Foliar spray of furazolidone induced better disease control and growth 

of soybean plants compared to infected control. 
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DISCUSSION 

Treatment of plants with antibiotic/antibiotic like 

substances are commonly employed to control plant diseases 

and to have a better crop yield. The mode of action seems 

to be due to the fact that the antibiotic/antibiotic like 

substances treatment affects the physiology of the treated 

plants, which consequently affect the rhizosphere microflora 

with a reduction in disease severity and increased yield. 

All the nitrofurans tested showed inhibitory effect 

against the growth of S. rolfsii in vitro. Furazolidone and 

higher concentration of nitrofurantoin completely inhibited 

the growth of the test pathogen, while nitrofurazone did 

not have any affect. 50% reduction in sclerotial viability 

after 15 days of treatment and complete elimination after 

30 days in case of furazolidone (1000 ug/L) suggests their 

fungitoxic nature. 

In the present study, nitrofuran treated plant showed 

reduction in disease severity. It was reported earlier that 

the antibiotics are taken up and systematically translocated 

within the plant (Crowdy and Pramer, 1955). It has been esta­

blished that antibiotics may change the host metabolism and 

affect plant diseases even if the chemical is not fungistatic 

against the causal organisms in vitro (Pramer et al, 1956). 

1 4 Slakins et al (1964) reported that the application of C 0~ 
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on the leaves of white pine, released more than 35 radioactive 

compounds in the root excretion. It is understood, therefore, 

that the chemicals applied on the leaves, enter into various 

metabolic pathways of plants and are excreted through the 

roots along with other compounds. In the present work, although 

nitrofurazone and nitrofurantoin were less effective against 

S. rolfsii in vitro, they were found to reduce disease seve­

rity, considerably. These chemicals may have changed the 

host metabolism resulting the disease control, but had an 

adverse affect on the plant growth and yield. It has also 

been reported earlier that the soil-borne plant diseases 

could be controlled by fungistatic and non fungistatic chemicals, 

which induce disease resistance and improve yield potential 

in the susceptible host plants (Dutta, 1980; Dutta and Isaac, 

1981). Similar results were also observed with furazolidone 

(fungitoxic) and nitrofurazone (non fungitoxic), both of 

which increased disease resistance to a great extent with 

an increase in yield. 

It was further observed that the fungal and bacterial 

population in the rhizosphere decreased drastically in the 

nitrofuran treated soybean plants, whereas actinomycete 

population was stimulated. Decrease in bacterial population 

in the bean rhizosphere, after foliar sprays of some fungi­

cides has also been reported by Halleck and Cochrane (1950). 

They had observed qualitative and quantitative changes after 
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the foliar spray of bordeaux mixture, malachite green and 

Lithane Z-78 in host rhizosphere. It has also been reported 

earlier that wilt of tomato caused by Verticillium albo-atrum 

was reduced by the foliar spray of organic and inorganic 

chemicals (Baruah and Dutta, 1978). Reduction of fungi and 

increase of antagonistic actinomycete population in the rhizos­

phere due to foliar spray in the present work may be correlated 

with the decrease in disease severity. It was reported earlier 

that a reduction of disease severity of antirrhinum plants 

infected with Verticillium dahliae could be correlated with 

the increase in the population of actinomycete in the rhizosphere 

(Dutta and Isaac, 1979a). 

Most of the fungal species isolated, were common 

in foliar sprayed and in the control rhizosphere. Total popu­

lation of fungi together with the total number of species 

decreased in the foliar treated plants rhizosphere. Foliar 

spray increased Aspergilli in particular, in the rhizosphere 

of the treated plants. Antagonistic Trichoderma spp. was 

found to be present in the rhizosphere of most of the nitrofuran 

treated plants, while Penicillium spp. decreased significantly. 

These changes in host rhizosphere after the foliar spray 

seems to be due to the altered host metabolism and exudation 

pattern through the root system. 

Higher concentration of nitrofurazone and nitrofurantoin 

applied to the soybean plants were found to be toxic but 
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delayed/suppressed the disease symptom expression. This indi­

cates that the concentration of the nitrofurans used should 

be considered as an important factor for its possible applica­

tion as chemotherapeutant. Nitrofurans do not have any toxicity 

to seed germination, which suggests that the seed dressing 

with the nitrofurans possibly be effective in controlling 

the foot rot diseases of soybean caused by S- rolfsii. 

Reduction in yield in case of nitrofurantoin is possibly 

due to its toxic effect to soybean seedlings causing defolia­

tion and decreased the size of newly formed leaves after spray­

ing. Ivins and Breminer (1964) suggested that the yield was 

proportional to leaf area and duration. Harrison (1968) also 

showed a close correlation between percentage reduction in 

leaf area and percentage reduction in tuber yield of potato, 

indicating that the pathogen mainly reduce yield by reducing 

leaf area and duration of leaves. But in the present work, 

a delayed/reduced infection rate together with poor yield 

suggests that, nitrofurantoin might have changed the host 

metabolism which out-weights the benefit obtained by this 

chemical. Furazolidone and nitrofurazone reduced disease seve­

rity with an increase in the yield, which support their chemo-

therapeutic activity for the control of foot rot of soybean 

caused by S. rolfsii. 



CHAPTER V 

EFFECT OF FOLIAR APPLICATION OF ANTIBIOTICS ON THE RHIZOSPHERE 

MICROFLORA, DISEASE DEVELOPMENT, PLANT VIGOUR AND YIELD IN 

SOYBEAN PLANTS GROWN IN SCLEROTIUM ROLFSII INFESTED SOIL 



INTRODUCTION 

Importance of antibiotics in plant disease control 

has been well recognised for a long time and have played a 

dominant role in the development of plant chemotherapy. Several 

attempts have been made to apply antibiotics to control the 

pathogenic fungi that cause plant diseases and are resistant 

to or slow to respond to other methods of chemotherapy. Atten­

tion was given to understand the chemical structure of the 

antifungal compounds which might lead to the development of 

valuable synthetic fungicides. 

Antagonism among the microorganisms, and their influence 

on plant disease control have been well known. Several anti­

fungal antibiotics i.e. endomycin and thiolutin, have been 

isolated from the strains of Streptomyces albus (Taner et 

al.1950; Gottlieb et al,1951). Gliotoxin was the first anti­

biotic to be used in plant disease control. Isolation and 

purification of this antibiotic was done before the disco­

very of penicillin. 

Many antibiotics are reported to be translocated syste­

matically and therefore play important role in the control 

of vascular and soil-borne plant diseases, causing a change 

in the rhizosphere environment. 

In the present work an attempt was made to study 

the effect of antibiotic foliar spray on the rhizosphere 
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microflora in relation to disease severity, plant vigour 

and yield in soybean plants grown in S. rolfsii infested 

natural soil. 

MATERIALS AND METHODS 

Five different antibiotics viz. (1) Streptomycin 

(2) Thiolutin (3) Penicillin (4) Actidione (5) Chloramphenicol 

were used. 

1. Streptomycin is a systemic antibiotic, known to be active 

against a large number of bacteria. However, it has relatively 

little effect on the anaerobic bacteria and fungi. The use 

of streptomycin as a seed disinfectant has been extensively 

explored with considerable success. 

2. Thiolutin is readily extracted from several strains of 

Streptomyces albus. It inhibits both gram negative and gram 

positive bacteria and many fungi. The brilliant yellow needle 

shaped crystals, sparingly soluble in water, are more soluble 

in organic solvements. Ultra violet absorption maxima are 

at 314 and 364 u. The compound contains carbon, hydrogen, 

nitrogen and sulphur. Thiolutin was kindly supplied by Charles 

Pfizer and Co., New York. 

3. Penicillin: This broad spectrum antibiotic isolated from 

Penicillium notatum, widely used as antibacterial medication. 
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It is also obtained from P. chrysogenum. Penicillin is active 

against gram positive bacteria and is of low toxicity to 

man. It is synthetically prepared and obtained commercially. 

4. Actidione (Cyclohexamide) is available commercially. It 

is produced simultaneously with streptomycin from Streptomyces 

griseus, and has marked antifungal properties in vitro, although 

it does not have antibacterial activity. Chemically it is 

/?-(2-(3,5 dimethyl-2-Oxycyclohexyl)-2-hydroxyethyl) gluterimide. 

5. Chloramphenicol has broad spectrum antib.acterial activity 

and has been widely tested in plant disease control. It is 

synthetically prepared and can be obtained commercially. 

It is difficult to dissolve thiolutin in water at 

higher concentration, hence the antibiotic was first dissolved 

in a small quantity of acetone (1% only) and water was added 

to give the required dilution. The same quantity of acetone 

was also added to the control solution. The concentration 

of antibiotics used in the present study were 20, 40, 80, 100^ig/L. 

Effect of antibiotics on the growth, sclerotial germina­

tion of S. rolfsii and on soybean seed germination in vitro 

were determined following the method as described earlier 

(page 34-35 ). 

Soybean seedlings were raised in the S. rolfsii infe­

sted natural soil (at ICAR farm, Barapani). To one month 
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old seedlings, different concentration (20, 40, 80, 100 jig/L) 

of antibiotics were sprayed following the procedures as desc­

ribed before (page 128). 

Rhizosphere analysis, assessment of disease severity, 

plant vigour (i.e. height) and yield were estimated following 

the methods as described earlier (page 39-42 ). 

RESULTS 

Fungitoxicity 

Among the antibiotics usedj actidione and thiolutin 

(Plate |4) completely inhibited the growth of S. rolfsii 

even at lower concentration in vitro (i.e. 20 ug/L). Others 

also showed inhibitory effect but only with higher concentra­

tions (80 and 100 Jug/L) (Table 5,1). A considerable decrease 

in germination of sclerotia in aqueous solution of antibiotic 

was observed, of which thiolutin and actidione produced highest 

inhibition (Table 5.2). 

In soil, almost all the concentrationsof the antibiotics 

used showed fungitoxic effect and approximately 50% of the 

sclerotia found to remain viable upto 15 days of incubation 

in soil. The ^viability of the sclerotia in soil decreased 

with the increase in the concentration of the chemicals and 

with the incubation period. Total loss of viable sclerotia 

after 60 days of incubation was recorded with the higher 



Plate \in Showing the effect of thiolutin (20 >ig/L) on the growth of Sclerotium 

rolfsii in vitro. 
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TABLE 5*1 : Effect of Antibiotics on the growth (Radial Expansion (mm)) of S. rolfsii in vitro. 

Antibiotics 
Concentra­
tion (yg/L) 

Period of Incubation (Hours) 

Actidione 

Chloramphenicol 

Penicillin 

Streptomycin 

Thiolutin 

Control (without 
treatment) 

20 

20 
40 
80 
100 

20 
40 
80 
100 

20 
40 
80 
100 

20 

24 48 72 

19.50+0.90 
20.25+1.47 
16.50±1.15 
18.50±1.02 

18.70±1.53 
17.30±1.89 
20.70±1.78 
16.70±0.47 

15.50±1.82 
13.75+1.29 
15.00+1.27 
16.75±1.35 

45.00+1.77 
47.50±1.25 
37.50±3.75 
37.50±2.80 

36.70±2.57 
36.00±2.50 
35.70±2.70 
35.30±2.75 

30.00±1.77 
36.70±1.01 
30.00±2.36 
35.00±3.06 

61.25+3.92 
53.50+2.38 
54,30±2~20 
54.75±4.68 

64.30+4.02 
43.30+5.00 
45.60±2.57 
43.70+3.30 

61.25±5.54 
62.50+2.79 
58.00±2.94 
60.25±1.85 

96 

78.25±3.68 
75.75 + 1.88 
68.30±3.81 
63.75+5.40 

87.30±2.59 
65.70+5.72 
65.30+2.87 
53.30±3.77 

90.00+0.00 
81.70+4.70 
81.70±3.34 
75.00+2.36 

26.00±1.46 45.00±2.06 70.25±1.85 90.00±0.00 

1) Mean of three replicates ±S.E.; (-) Nil. 
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concentration of all the antibiotics tested (Tab^e 5.2). 

Seed germinatiofl aftd phyjzofcoxicity 

Seed germination was found to be inhibited by almost 

all the antibiotics tested. Comparatively higher inhibition 

was recorded with actidione and chloramphenicol. Radicle 

growth was also reduced by all the antibiotics, irrespective 

of the concentrations used, excepting streptomycin, where 

it showed stimulatory affect. Actidione, chloramphenicol 

and thiolutin, at higher concentration (i.e. 80 and 100 jig/L) 

showed phytotoxic effect. Mild chlorosis in the margin of 

leaves in the treated plants was also observed (Table 5.3). 

Effect on the rhiaosphere 

Fungal pDpulatioh decreased significantly in the 

rhizosphere of all the antibiotics treated plants. The inhibi­

tion increased With the increase in concentration of the 

chemicals used. Higher reduction of fungi in the rhizosphere 

was observed with chloramphenicol spray, considerable reduc­

tion in bacterial population was also observed. Whereas actino-

mycete population showed an increase in all the treatments 

excepting chloramphenicol (Table 5.3). In general actinomycete 

population increased with an increase in the concentration 

of the antibiotics used. 

Aspergillus spp., Fusarium spp., Penicillium spp., 

Mucorales and Trichoderma spp. are the dominant genera of 



TABLE 5.3 Effect of antibiotics on the soybean seed, seedlings and rhizosphere grown in S. rolfsii infested soil. 

1 

Antibiotics 

Actidione 

Streptomycin 

Chloramphenicol 

Penicillin 

Thiolutin 

Control rhrzosphere 
soil 

Control soil 

Significance by 
F test (1%) 
1) Calculation based 
in each case. (4) Rh 

Concen­
tration 

W D 

20 
40 
80 
100 

20 
40 
80 
100 

20 
40 
80 
100 

20 
40 
80 
100 

20 
40 
80 
100 

_ 

-

Seed ger­
mination 

(%) 

75.00 
60.00 
60.00 
46.70 

100.00 
100.00 
86.60 
80.00 

86.60 
66.70 
60.00 
60.00 

100.00 
93.30 
93.30 
86.70 

100.00 
100.00 
100.00 

80.00 

100.00 

-

In vitro test 
Radicle 
length . 

±S.E.(cm) 

9.65±2.25 
8.78±1.34 
5.87±1.54 
3.00±0.45 

12.38+1.45 
12.75±1.13 
11.00±0.82 
12.80+0.88 

9.00±1.00 
9.86±1.17 
8.40±1.30 
7.00+1.50 

13.00±0.88 
11.65±1.28 
8.45±1.20 
8.10±0.05 

5.21±0.46 
4.90±0.85 
4.70±0.49 
4.20±0.09 

3.20±0.05 

Phyto- 2 

toxicity 

+ 
++ 

-

+ 

-

+ 

_ 

-

on 25 seeds in each case . (2) (-) Non toxic; 
izosphere soil/control soil. 

Fungi 

( 104) 

12.00 
12.08 
7.00 
6.60 

15.40 
8.75 
5.00 
4.16 

11.25 
7.90 
4.20 
3.75 

10.00 
8.33 
8.33 
5.80 

ISA0 
13.75 
12.50 
10.00 

37.00 

19.00 

Yes 
(+) slig 

In vivo 
Rhizosphere 

microorganisms, 
in thousands, g 

dry soil 
Actino- Bacteria 
mycete 
(2x101 (3x101 

230.00 286.60 
285.80 285.80 
291.60 252.50 
290.00 237.00 

294-00 2^5.2,0 
288.40 210.80 
305.00 156.70 
323.20 136.70 

240.00 250.80 
229.15 248.30 
245.00 255.80 
270.80 190.00 

237.50 290.80 
323.40 257.50 
387.50 271.70 
404.40 243.30 

302.50 301.20 
353.20 245.00 
325.80 239.16 
403.20 198.30 

270.00 400.00 

120.00 400.00 

Yes Yes 
;htly toxic; (++) toxic. 

test 
i 

Fungi 

0.63 
0.63 
0.37 
0.35 

0.81 
0.46 
0.26 
0.22 

0.59 
0.42 
0.22 
0.20 

0.53 
0.44 
0.44 
0.31 

0.95 
0.72 
0.66 
0.53 

1.95 

-

(3) Me 

Rhizosphere 
effect 

(RS/CS)^ 

Actino-
mycete 

1.92 
2.38 
2.43 
2.42 

2.45 
2.40 
2.54 
2.69 

2.00 
1.91 
2.04 
2.26 

1.98 
2.70 
3.23 
3.37 

2.52 
2.94 
2.72 
3.36 

2.25 

-

an of three 

Bacteria 

0.72 
0.71 
0.63 
0.59 

0.62 
0.53 
0.39 
0.34 

0.63 
0.62 
0.64 
0.48 

0.73 
0.64 
0.70 
0.61 

0.75 
0.61 
0.61J 
0.50 

1.00 

-

replicates 
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fungi, isolated from rhizosphere of almost all the treatments. 

Chloramphenicol, penicillin, thiolutin and actidione treatment 

showed 4n increase in Aspergillus spp, population, Mucorales 

in the rhizosphere increased tremendously while penicillium 

spp. found to be reduced following antibiotic foliar spray 

(Table 5.4), 

A total of twentynine species belonging to thirteen 

genera have been isolated from the soybean rhizosphere, of 

which Absidia repens, Aspergillus niger, Geotrichum sp., 

Penicillium chrysogenum, Rhiaopus stolonifer and yeast were 

the most frequently occuring organisms in the rhizosphere 

(Table 5.3), 

Effect qn the disease severity 

The infection rate was observed to have reduced in 

all the tijreattyehts (Table 5,6), Actidione, chloramphenicol 

and thiolutih (all the concentrations) delayed the on set 

of disease, by one week or more. In all the casesj higher 

concentration of the antibiotics (80 and 100 .^g/L) reduced 

the infection rate and delayed the symptom expression. Compared 

to other treatments, highest disease control was observed 

with actidione (20% infection), followed by penicillin and 

thiolutin (23.3 and 26.7% infection respectively) at 100 

jxg/L. 
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TABLE 5.5 s Effect of antibiotic foliar spray on the percentage of relative abundance of rhizosphere fungi under infested condition. 

Soil and 
rhizosphere 
fungi 

Control 
(without 

Control 
rhizos­
phere 

treatment) [without 
treat-
•nent) 20 

Actidione 

40 80 100 

' 

20 

Streptomycin 

40 80 100 

Chloramphenicol 

20 40 80 100 20 

Penicillin 

40 80 100 20 

Thiolutin, 

40 80 100 

Absidia repens 
van Tieghem. 

Aspergillus 
eandidus Link. 
ex. Fries. 

A. flavus Link. 
ex. Fries. 

A. niger Van 
Tieghem. 

A. sydowi Thorn 
& Church. 

A. versicolor 
(Vuillemin) 
Tiraboschi. 

OphaJosporium 
acremonium Corda. 

Cladosporium 
herbarum Link. 
ex. Fries. 

Fusarium solani 
Fusarium sp. 
Geotrichum sp. 
Humicola sp. 
Mucor hiemalis 

Wehmer. 
Mucor sp. 
Penicillium 

brefeldianum 
Dodge. 

P. chrysogenum 
Thorn. 

P. granulatum 
Bainier. 

P. nigricans 
Bainier. 

P. oxalicum 
Thorn. 

P. rubrum stoll. 
P. vermiculatum 

Dangeard. 
Penicillium sp. 
Rhizopus 

stolonifer 
(Ehrenb ex.Link) 
Lind 1913. 

Trichoderma 
aureoviride 
Rifai. 

T. harzianum 
Rifai. 

T. koningii 
oudemans. 

T. viride Pers. 
ex. Fries. 

Verticillium sp. , 
Yeast (red) 
Unidentified 

6.06 

6.06 

9.09 

9.09 

12.12 

9.09 
9.09 

3.03 

15.20 

3.03 
3.03 

15.20 

6.89 - 19.04 - 25.00 12.50 4.16 18.75 10.00 7.69 3.22 6.89 

3.12 10.34 3.45 5.90 - - - -

10.34 - - 4.76 -

3.45 3.45 - 6.25 - 2.70 -

3.12 10.34 - 11.76 
6.30 3.45 6.89 11.76 

9.09 

4.54 15.38 

6.25 7.69 6.45 

16.64 

16.64 

4.16 

4.16 

3.44 11.76 

10.00 - 9.68 10.34 10.00 

6.89 -

13.60 
33.30 - 5.00 15.38 

10.00 
6.70 

3.45 - - 12.50 15.38 
10.34 

11.76 12.50 - 37.50 -
6.30 6.89 10.34 -• - 19.04 13.50 8.30 . . . 

6.89 4.54 15.38 

16.64 

3.12 12.50 9.52 10.80 - 12.50 9.09 -
5.90 6.25 4.76 - 7.69 

16.64 -

4.16 - 10.00 - 6.45 3.44 10.00 
16.64 6.25 25.00 7.69 9.70 - 6.70 

8.33 6.25 5.00 15.38 6.45 10.34 10.00 
8.33 _ - - 7.69 - 3.44 -

9.68 -
8.33 6.25 10.00 7.69 - 10.34 -

5.88 

11.76 

11.76 

5.88 

5.88 

3.12 - 10.34 

13.79 10.34 - 18.80 9.52 21.60 - 12.50 22.70 23.00 

3.10 16.70 -

6.25 

16.64 -

.16 -

6.89 -

9.68 - 6.70 11.76 

6.45 -

10.34 - - - -
25.00 10.34 - 17.66 6.25 -

25.00 
27.00 -

16.64 
4.54 7.69 

18.80 10.34 

6.45 

3.22 

6.70 

6.70 
5.88 

18.80 
9.37 

13.79 10.34 5.90 12.50 - 10.S0 - 12.50 9.09 15.38 

6.25 

9.52 8.10 16.70 - 9.09 -

3.45 3.45 - 6.25 - - - - - -

17.66 - - - - 12.50 -

6.S9 11.76 - 23.S0 5.40 8.30 - 13.63 -

33.30 20.82 31.25 15.00 ~.69 16.13 6.89 13.30 11.76 

8.33 5.S8 

16.64 
16.64 

8.33 18.75 10.00 a«-07 6.45 31.63 13.30 11.76 

Antibiotics -.prayed IO sovbean plants a! a ra te of 20, 40, SO. 100 UR/L. 
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Plant height 

Decrease4 height in frioat of the treated plant was 

observed excepting lower concentration (20, 40 )ig/L) of strep­

tomycin and thiolutin (Pl^te 15) compared to non sprayed 

infected cofitrol. Highest reduction was observed with penici­

llin treated plants. It was also observed that higher concen­

tration of all the antibiotics were toxic to plant as it 

directly inhibited the growth (Table 5.7). 

Yield 

Increased yield was recorded with most of the antibio­

tics excepting actidione (all the concentrations tested), 

chloramphenicol (80 and 100 ug/L), penicillin and thiolutin 

(100 ug/L). Thiolutin^ chloramphenicol (lower concentration) 

followed by streptomycin gave comparatively better yield 

(Fig. 7.1). 

DISCUSSION 

The control of diseases might have occurred either 

by an inhibitory effect of the chemicals on the pathogen 

or by inducing disease resistance in the treated plants. 

All the antibiotics tested in the present study were found 

to reduce the disease severity of soybean. Most of the antibiotic 

sprayed soybean plant showed a delay in symptom expression. 

Davis and Dimond (1952) postulated that external application 



PJate 15; Effect of foliar spray of (i) Streptomycin and (ii) Thiolutin on the disease 

control and increased plant height compared to infected control. 



PLATE-15 

(i) 

(ii) 
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Fig. 7 .1 : Ef fect of ant ib iot ic fol iar spray on the yield produced by soybean plants 

grown in Sclerotium rolfsii infested soi l . 
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of some chemicals (i.e. growth regulators) increased resis­

tance to disease by inducing changes in the host metabolic 

process. Disease control by the antibiotics having less fungi-

toxic effect (e.g, chloramphenicol, streptomycin, penicillin) 

seemed to be due to a change in host metabolism, together 

with changed rhizosphere microflora, resulting in a reduction 

in the disease severity. 

Among the antibiotics tested, actidione and thiolutin 

showed toxic effect to S. rolfsii by completely inhibiting 

the growth even at lower concentration (i.e. 20 jxg/L), Reduction 

in the viability of eclerotium (50%); after 15 days of incuba­

tion in the antibiotic treated soil was observed in most 

of the cflses. Thiolutin completely reduced the viable sclerotia 

within 6Q days, in soil, suggesting its fungitoxic nature. 

Similar results with thiolutin Was also reported by Gopalkrishnan 

and Jump (1951), where they obtained complete inhibition 

in growth of Pythium debaryanum, Sclerotinia fructicola at 

10 ppm and Rhizoctonia solani and Cqlletotrichum gossypii 

at 50 ppm. Dutta and Isaac (1981) also have reported that 

thiolutin and actidione were found to be very active against 

Verticilliuin spp, in vitro. 

Antibiotic treatment drastically reduced the fungal 

and bacterial population in the soybean rhizosphere, whereas 

actinomycete found to be stimulated, Similar results were 

also repotted earlier with thiolutin (Deb and Dutta, 1984). 
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A reduction in bacterial population as a result of chloram­

phenicol treatment was also reported by Vrany et al (1962). 

It is known that chloramphenicol is active against a number 

of bacteria and interfere in the protein synthesis (Newton, 

1965), consequently a reduction in bacterial population occurred, 

Baruah and Dutta (1978) also reported that the antibiotic 

foliar spray had profound effect on the distribution of the 

microflora as well as on the percentage occurrence of certain 

soil fungi in the rhizosphere of tomato plants infected with 

Vertioillium albo-atrwn. They further observed that strepto­

mycin and actidione reduced the fungal population, while 

chloramphenicol reduced the bacterial and actinomycete popula­

tion in the tomato fhizosphere, which is similar to the results 

obtained in the present work. The absence of direct evidence 

on the effect of antibiotics on the physiology of the plants, 

it is assumed that the changed rhizosphere effect and the 

effect: on the particular genera of fungi is due to the possible 

change in the root exudate pattern aaused by the foliar spray 

of antibiotics. 

Antibiotics (i.e. 4>olyoxins) are known to interfere 

with cell wall chitin synthesis by competitive inhibition 

of the enzyme, chitin synthetase (Hori et al, 1971, 1974). 

Actidione and streptomycin inhibit protein synthesis (Whiffen, 

1948; Hahn et al, 1962) while sotne antibiqtic (i.e. griseofulvin) 

seems to interfere with mitosis (Qull and Trinci, 1974), 
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interfere with synthesis of nucleotide or replication of 

DNA (i.e. thiolutin) (Dekker, 1976). In the present experiment 

thiolutin and actidione was found to be fungitoxic in vitro 

while others were non-fungitaxic. To interpret the exact 

mechanism by which the antibiotics used in the present experi­

ment changed the pathogen/host physiology and decreased the 

disease severity, requires further experimentation. 

Toxic nature of actidione, chloramphenicol and thiolutin 

(higher cqncentration) to soybean directly affected the soybean 

yield. Streptomycin and lower concentration of thiolutin 

and chloramphenicol produced better yield, together with 

the decrease in disease severity suggests that these concen­

trations are suitable for control of the disease caused by 

S. rolfsii and can be used as chemotherapeutic agent. Results 

of the present investigation suggests that further screening 

of large number of antibiotics against S. rolfsii be needed, 

which can be utilised for the control of diseases caused 

by S. rolfsii. 



CHAPTER VI 

EFFECT OF FUNGICIDES (AS SOIL DRENCH) ON THE RHIZOSPHERE MICRO­

FLORA, DISEASE DEVELOPMENT, PLANT VIGOUR AND YIELD IN SOYBEAN 

PLANTS GROWN IN SCLEROTIUM ROLFSII fNFESTED SOIL. 



INTRODUCTION 

Before the nineteenth century the main work of the 

mycologist was naming and classifying fungi according to 

Linnaean system. This involved detailed observation of the 

organisms concerned. To some botanist the disease structure 

constantly associated with a specific symptoms, was due to 

the presence of the fungus and not merely due to host plant 

as it had been thought previously. However, at this time 

also, some confusion still existed on the true nature of 

plant diseases. Subsequently, the control of the disease 

development in host plants caused by microorganisms also 

gained momentum. Most of the early attempts of chemical control 

were based on natural products of one kind or another (i.e. 

vegetable oils). Until about 1930, the dominant chemicals 

used ware either sulphure or copper sulphate in combination 

with lime. Several organo-metallic compounds were also used 

for the control of plant diseases (Martin, 1940). Subsequently, 

treatment of soil with chemicals and the use of lime/sulphur 

mixture was introduced for the disease control. Median 

(1930) described the design of technique aimed at selecting 

the concentration for better fungicides without affecting 

the host plant and this have since formed the basis of the 

modern disease control techniques. Progress with chemical 

control of soil borne disease can only be efficiently planned 

if the biological nature of the problem is adequately understood 
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and therefore, waa given due consideration. 

Fungicides are known to kill or inhibit the growth 

and development of fungal spores and mycelium. They are either 

of protectant, systemic or eradicant in nature, on the basis 

of their uptake and mobility within the plant. 

Protectant fungicides usually applied to seeds, soil 

or on the plant surface to prevent infection by the pathogen. 

These fungicides cannot penetrate into plant tissue in effec­

tive amount. By contrast, systemic fungicides usually are 

taken up and translocated throughout the plants, thereby 

cured an established infection. 

In the present work ah observation was made to deter­

mine the efficacy of some fungicides (i.e. agallol, PCNB, 

agro'san, sulfex, ziride, dicloran, dslah) against the disease 

development in soybean plants caused by S. rolfsii. Their 

effect in relation to the change in rhizosphere microflora, 

plant vigour and yield was also taken into consideration. 

MATERIALS AND METHODS 

After the screening of several fungicides against 

the growth of S. rolfsii, in vitro, seven promising fungicides 

were selected for phytopathological experiments. The commer­

cially available wettable powder of the fungicides mentioned 

below were used in aqueous solution in the present study. 
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Common name or Trade name 
1. Agallol 

2. PCNB, Quintazone, Brassicol, 
Terraclor. 

3* Agrosan G.M. 

4, Sulfex 

5, ZJricle or zjraln 

6, Diclor^n, Botran, DCNA 

7, Delan 

Wettable powder 
3%, 6% 

75 WP 

196 

80 WP 

80 WP 

75% WP 

Chemical compound 

Methyl ethyl mercury 
chloride. 

Pentachloro nitrobenzene. 

Phenyl mercury acetate+ 
ethyl mercury chloride. 

Elemental sulphur. 

Zinc dimethyl dithiocarba-
mate. 

2,6 Dichloro-^-nitro 
aniline. 

Dithianon (2,3,dicarbani-
tri le). 

A stock suspension of each fungicides was prepared 

by extracting a known amount of wettable powder in 1ml acetone 

and then 99ml of sterile water was added. An equal amount 

of acetone was also added to the control set without any 

fungicide. The amount of acetone never exceeded 2%, which 

was found to be the amount having virtually no fungal toxicity 

or phytotoxic effect. 

Different concentrations (i.e. 20, 40, 80, 100jig/L) 

of the fungicides prepared thus, were tested against the 

growth, survibality of the sclerotium of S. rolfsii, soybean 

seed germinationf phytotoxicity and on the rhizosphere micro­

flora of soybean in relation to the disease development. 

Soybean seedlings were raised (10 plants/pot) in 
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S» rplfsii infeated natural soil (at ICAR farm, Barapani) 

and when they were one month old, fungicides at different 

concentrations were drenched thoroughly in the soil around 

the collar region. Tap water was drenched to the soil containing 

soybean plants, which serves as control. Four replicates 

were maintained for each treatment. 

After 15 days of soil drench, ten seedlings from 

each, treatment were uprooted gently without disturbing the 

root system along with adhering soil. Rhizosphere population 

and 'rhizosphere effect' were determined as described earlier 

(page 39 ), percentage of relative abundance of particular 

genera/species of fungi was also recorded. 

Disease development/severity, seedlings growth and 

yield of soybean plant was also recorded as described in 

page 42 . 

RESULTS 

Among the fungicides tested, agrosan and PCNB showed 

highest inhibition in growth of S. rolfsii in vitro. Others 

also showed varied inhibitory effect (Fig. 8.1). The inhibi­

tion increased with the increase in the concentration of 

the fungicides tested. 50-66% inhibition in the growth of 

S. rolfsii was recorded with all the fungicides tested here, 

at 80 and 100 ug/I, concentration. 



Fig. 8.1: Effect of fungicides on the radial growth of Sclerotium rolfsii in vitro. 



-• Control 
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The fungicides were foijnd to be toxic in nature, 

reducing the germination (%) of the sclerotium In aqueous 

solution as well as in soil, The active fungicides were found 

to be sulfex and agrosan. Higher concentration of these fungi­

cides reduced the germination of sclerotium as observed after 

seven days of incubation in aqueous solution. In soil, the 

number of viable sclerotia reduced after 15 days of incubation 

(i.e. at higher concentration of most of the fungicides). 

The viability decreased with the increase in incubation period 

in the soil. Dicloran and agallol were found to be the most 

effective fungicides, which reduced the survibality of sclerotia 

in the soil (Table 6.1). 

Phytotoxicity 

Soybean seed germination was not affected in vitro 

excepting at higher concentration of sulfex, dicloran .and 

PCNB. When the seeds were soaked with the aqueous solution 

of fungicides, radicle growth was found to be slightly inhi­

bited, in most of the cases, ftoot dip treatment of seedlings 

showed no toxic effect, excepting higher doses of sulfex 

(80, 1Q0 ug/L) where yellowing of leaves was observed (Table 

6.2). 

Effect on the rhizosphere 

Reduced microbial population was observed in the 

rhizosphere of the fungicide treated plants. Fungal population 
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TABLE 6.2 : Effect of fungicides on Soybean seed germination and radicle growth. 

Fungicides 
Concentra­

tion 
Seed 

germination 

(%)' 

100.00 
I0(k00 
10Q.00 
100.00 

100.00 
100.00 
100.00 
100.00 

100.00 
100.00 
93.30 
80.00 

100.00 
100-00 
100.00 
86.70 

100.00 
100.00 
100.00 
100.00 

100.00 
100.00 
93.30 
93.30 

100.00 
100.00 
100.00 
100.00 

100.00 

Radicle 
length 

(cm)2 

13.10±1.44 
12.20±0.94 
10.10±1.03 
9.40±1.12 

10.00±1.54 
8.00±1.34 
9.00±1.00 
9.28±1.06 

11.40±0.82 
11.00±1.64 
10.70±1.87 
7.16±0.79 

13.30±0.88 
13.16±1.08 
12.30±1.60 
9.00±0.71 

11.90±0.97 
l l . 0 0 t l . 0 0 
9.40±0.70 
9.30±0.59 

11.80^1.14 
11.70±1.28 
9.70±1.08 
9.70±0.99 

13.43±1.13 
11.00±1.09 
10.85±0.88 
9.38±1.00 

12.00±1.25 

Phyto-
toxicity 

-
-
-

. 
-
-
-

-
-
+ 
+ 

-
-
-
-

_ 
-
-
-

-
-
-
-

_ 
-
-
-

_ 

Agrosan 20 
40 
80 

100 

Ziride 20 
40 
80 

100 

Suifex 20 
40 
SO 

100 

Dicloran 20 
40 
80 

100 

Agallol 20 
40 
80 

100 

PCNB 20 
40 
80 

100 

Delan 20 
40 
80 

100 

Control (without 
treatment) 

1) Calculation based on 30 seeds in each case. 
2) Mean of 10 seedlings with ±S.E.; (-) Nil; (+) Slightly toxic. 

http://ll.00tl.00
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decreased to a great extent following soil drench with sulfex 

and ziride, whereas, slight increase in population was also 

observed due to agallol (at 20, 40 ug/L) treatment. Actino-

mycete and bacterial population found to reduce significantly. 

Treatment with delan however, showed a slight increase in 

the bacterial population in the soybean rhizosphere (Table 

6.3). 

In general, the application of fungicides increased 

the population of Aspergilli considerably in the rhizosphere 

of soybean, while in some cases i.e. delan (all the concentra­

tion), ziride (20, 40, jug/L) , sulfex (40, 80, 100 ̂ ug/L) this 

population found to be reduced. Mucorales population also 

increased in the rhizosphere following ziride (all the concen­

tration), sulfex (20, 80, 100 jug/L) and delan (40, 80 ug/L) 

treatment. Penicillium spp. population decreased excepting 

sulfex (40 jag/L), dicloran (40 jig/L), agalloK 80 ̂ g/L) and 

delan (lower concentration only) treatment. Some other genera 

of fungi were found to be slightly boosted. These were 

Cephalosporium spp., Cladosporium spp. and Trichoderma spp. 

Fusarium spp. also increased in rhizosphere following agrosan 

(20, 40 )xq/h), klicloran (40, 80, 100 ^g/L) and agallol (40, 

80 pg/L) treatment (Table 6.4). 

Altogether, thirty species belonging to fourteen 

genera have been isolated from the rhizosphere of soybean. 

The percentage of relative abundance of the same have been 
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presented in the table 6.5. 

Effect on the disease development 

In the initial stage, all the 5 weeks old soybean 

plant, irrespective of fungicide treatment (excepting agrosan 

and PCNB, 100 ug/L) showed varied disease symptom/severity. 

The percentage of infection was much less in the treated 

plants compared to the non treated infected control. PCNB 

was found to be the most effective among the fungicides tested 

(Fig. 8.2), Higher concentration (100 jag/L) of all the fungi­

cides used in the present study, showed approximately 50% 

reduction in disease severity compared to infected control. 

PCNB and agrosanf delayed the symptom expression by one week 

following the soil drench. 

Effect on plant height 

A considerable increase in plant height was recorded 

at the initial stage of growth but later (i.e. at the age 

of seventh week) the growth of the plants was found to be 

slower. Slight increase in plant height and improved vigour 

was observed in case of PCNB, agrosan and dicloran only (Table 

6.6). 

Effect on yield 

Highest yield of soybean was recorded in the plant 
euncL 

which received PCNB/agrosan as soil drench. Lower concentration 



Fig.8.2: Effect of fungicides soil drench on the disease development of soybean 

grown in Sclerotium rolfsii infested soil. 
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of other fungicides used also gave better yield compared 

to non treated infected control plant, but delan and sulfex 

reduced the yield considerably (Fig. 8.3). 

DISCUSSION 

In the present work fungistatic nature of some fungi­

cides to sclerotia of S. rolfsii were recorded in the initial 

stage, their activity were also found to remain in the soil 

for a longer time. The non recovery of sclerotia from soil 

seems to be due to the toxic affect of fungicides, which 

penetrated into the sclerotium, resulting distintegration 

of the stared materials. The fungistatic nature of PCNB on 

S. rolfsii has also been reported by Chaudhvori and Maiti (1975)» 

Reports are also available on the break down products of 

PCNB, which include $>enta chloro-aniline (PCA) and methyl 

thio pentachlorophenol, as a result of microbial activities 

in the soil (Chacko et al, 1966; Kaufman, 1970) and resulted 

in detoxification of PCNB. They observed for short term activity, 

and found the inhibition decreased with an increase in incuba­

tion period. In the present work, PCNB (i.e. 100 ̂ ug/L) also 

reduced sclerotial germination at the initial stage due to 

its inhibitory activity, but later due to detoxification, 

the sclerotia showed germination. Other fungicides tested 

also showed inhibitory effect on the sclerotial germination. 



Fig.8.3: Effect of fungicides soil drench on the yield produced by soybean plants 

grown in the Sclerotium rolfsii infested soil 
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The fungicides in the present experiment were found 

to be toxic against the pathogen but non-toxic to the host 

plant (except sulfex). This according to Dimond (1963) should 

be the quality of a therapeutant, and in practice he found 

this very difficult to achieve because, "the basic biochemistry 

of fungi and higher plants has much in common." 

Soil drench reduced the microbial population in the 

rhizosphere of soybean in the present study which may be due 

to the toxicants or break down products of them, which might 

have had direct toxic effect on the rhizosphere microflora. 

Some of the fungicides also translocated systematically in 

the plant, resulting in a change in the host physiology and 

root exudates pattern, affecting the rhizosphere microflora. 

The importance of the soil types exerting a distinct 

effect on the distribution of certain fungi, not only in.the 

soil but also on the rhizosphere, was stressed by Peterson 

(1958). It could be concluded from the present work that the 

nature of fungal flora in the rhizosphere and the resultant 

stimulation of 4 particular genera of fungi i.e. AspergiHi 

and Tfichodemia spp., after soil drench, seemed to be influenced 

partially by the soil types and therefore, the conclusion 

conform with those djrawn by Peterson (1958). Thus it can be 

concluded that the fungicides had a profound effect on the 

distribution of rhizosphere microflora as well as the per­

centage occurrence of certain fungi. 
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Production of better yield of soybean in some cases 

(i.e. PCNB and agrosan) compared to infected control suggests 

that the fungicides affected the host metabolism favourably . 

On the other hand, delan, sulfex and higher concentration 

of agallol and ziride produced poor yield. It has frequently 

been suggested that a chemotherapeutant may operate indirectly 

by altering the host metabolism in such a way that they produce 

more resistance to disease. Widely differing mechanism by 

which this increased resistance can be brought about have 

been suggested by Dimond (1963, 1965) and Grossman (1968). 

These include alteration to (a) the host surface, (b) nature 

of the pectic substance (Edgington et al, 1961), (c) the 

wood morphology (Beckman, 1958)t (d) carbohydrate levels 

(Horsfall and Dimond, 1957) and (e) phenolic constituents 

(Kaars Sijpesteijn and Pluijers, 1962; Holowczak et al, 1962). 

Reduction in disease severity (50%) by almost ' all 

the fungicides at higher concentration, and delaying rot 

symptom expression in case of PCNB and agrosan, in the present 

work, may be due to the fact that the fungicides affect the 

pathogen directly and might have changed the host metabolism 

through systerfiic translocation • Similar results were also 

reported by ChaudhUri and Maiti (1975) with PCNB and suggested 

that PCNB has inhibitory effect on S. rolfsii, which delayed 

the onset of the disease, but never eradicated the pathogen 

(i.e. 8. rolfsii) from the soil, Hence, a split in application 
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of this fungicide during the growing period of the crop was 

suggested by them, 



CHAPTER VII 

STUDIES ON THE ANTAGONISM OF SOME FUNGI ISOLATED FROM THE SOIL 

AND RHIZOSPHERE OF SOYBEAN PLANTS AND THE CONSEQUENT PROSPECT 

FOR THE CONTROL OF FOOT ROT DISEASE CAUSED BY SCLEROTIUM 

ROLFSII 



INTRODUCTION 

Several attempts have been made to control soil-borne 

diseases by introducing or by stimulating antogonistic micro­

organisms in soil. Weindling (1932) demonstrated that Trichodenna 

lignorum (Tode.) Harz. parasitised as well as inhibited the 

development of Sclerotium rolfsii mycelium and preliminary 

experiments indicated a degree of biological control. 

The inhibition in growth and sclerotium production 

in case of S. rolfsii by microorganisms have been reported 

by many workers i.e. bacteria (Mehrotra and Caludius, 1972; 

Agrawal et al, 1977; Brathwaite and Cunningham, 1982), actino-

mycetes (Mehrotra and Caludius, 1972; Singh and Reddy, 1979), 

mycorrhizal fungus (Krishna anc} Bagyaraj, 1983) and Trichodenna 

spp. (Mehrotra and Caludius, 1972; Agrawal et al, 1977; Arora 

and Dwivedi, 1979; Elad et al, 1980; Bell et al, 1982 and 

Henis et al, 1984) • Although some of these microorganisms 

suppressed disease under controlled experimental condition, 

few studies only have demonstrated the efficacy of these 

agents for the control of S. rolfsii under field condition. 

The antagonistic microorganism such as Aspergillus 

spp. (Shigemitsu et al, 1978) and Trichodenna spp. (Henis 

et al, 1983) are known to penetrate the melanized rind of 

sclerotia and to destroy the inner sclerotial tissues. T. 

harzianum reported to excrete /3 (1,3)-glucanase and chitinase 

when grown on mycelium and cell wall of either S. rolfsii 
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or Rhizoctonia aolani, causing degradation. This followed 

by penetration of the antagonistic fungus into the mycelium 

of the test pathogen has also been observed under scanning 

and transmission electron microscopes (Elad et al, 1983a,b). 

Elad et al (1984), further observed that T. harzianum degraded 

the walls of eclerotial cells and thus the attacked cells 

lost their cytoplasmic contents, enabling them to sporulate 

on the sclerotial surface and inside the digested cells. 

The application of antagonists by seed treatment 

or by fluid seed drilling procedure (Gray, 1981), are attractive 

methods for the introduction and establishment of bio-controlling 

agent in the infection site of the host seems interesting 

as both the treatments require smaller amount of inoculum 

than either broadcast or in furrow treatments (Harman et 

al, 1981; Klassen, 1981 and Elad et al, 1982). 

The influence of plant growth by soil microbes has 

been emphasized by different researchers (Wright, 1954; Martin 

et al, 1956; Subba-%ao et al, 1961) and which possibly affect 

through the production or exudation of toxic or growth promoting 

substances or by the competition between plants and micro­

organisms for the nutrients. The pathogenic root infecting 

fungi can survive saprophytically in soil or on organic matter 

by competing with obligate saprophytes or on dead host tissues 

invaded during the parasitic phase (Garret, 1975), determine 

the pattern of colonization by fungi and their ability to 

compete for substrates (Skidmore and Dickinson, 1976). Several 
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reports are available on the production of volatile metabolites 

by the cultures of Trichoderma viride (Dennis and Webster, 

1971b), T. harzianum (Hutchinson and Cowan, 1972), Fomes 

scutellatus, Fusarium oxysporum, Rhizopus stolonifer, Penicillium 

expansum and Geotrichum candidum (Robinson and Park, 1966; 

Robinson and Garret, 1969). The substances were detected 

as acetaldehyde, Co2, ethanol, n-propanol, propionajdehyde, 

isobutanol, ethyl acetate, isobutyl acetate, acetone etc., 

whereas non volatile metabolites visually diffuse into the 

substrate resulting inhibition in the growth of others. 

Mitchell (1973) reported that some of Trichoderma isolate 

produce non volatile antibiotic, active against a wide range 

of fungi, He further observed that the culture filtrates 

of Trichoderma reduce the spore germination of Gliocladium 

roseum. Saprophytic soil fungi have high competitive ability 

and undoubtedly play a major role in the soil. Thus the rela­

tively vigorous and competitive growth habit of saprophytic 

organisms is evidence of their physiologically advanced nature, 

a fact which may be exploited in soil-borne plant disease 

control. 

Isaac (1954) observed that Blastomyces luteus was 

antagonistic in culture to both VerticiIlium albo-atrum and 

V. dahliae. The culture filtrate of B. luteus also have inhi­

biting effect upon the growth of these two above mentioned 

species. It was observed earlier that the organic, inorganic 
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soil \ amendments and foliar sprays stimulated Trichoderma, 

PeniciIliumr Aspergillus and Fusarium spp. in the rhizosphere 

of soybean, and in vitro studies, some of these fungi were 

also found to be antagonistic to S. ralfsii. Therefore, in 

the present work, an attempt was made to determine the extent 

of interaction between these fungi and S, rolfaii, both in 

culture and in phytopathological experiments, in order to 

investigate the possibility of their uses in the control 

of foot rot diaeaBe, 

The activity of different antagonists against the 

growth of S, rolfsii was investigated through the following 

experimentationsj 

(i) volatile and non-volatile antibiotic production, 

(ii)hyphal parasitism, 

(iii)effect of culture filtrates, and 

(iv) by incorporating the antagonists into the S. 

rolfsii infested soil. 

MATERIALS AND METHODS 

Dominant rhizosphere fungi viz. Trichoderma viride, 

T. harzianum, T. koningii, Aspergillus niger, A. candidus, 

A. flavus, A, versicolor, Penicillium rubrum, P. oxalicum, 

Fusarium solan! and P. oxysporum were isolated in pure form 

and different experiments were performed following the methods 

described belowi 
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Non-volatile antibiotic production 

An agar diffusion method of Dennis and Webster (1971a) 

with slight modification was employed. Sterilised PDA medium 

(15ml) was poured into sterile plates (90mm). A deplasticised 

and sterilised (in boiled water and then in alcohol) cellophane 

disk (90mm) was placed asceptically over the medium and the 

plates were left over night for evaporation of moisture. 

Inoculum discs of the test organisms were cut and inoculated 

over the cellophane in the centre and was incubated for 120 

hours at 25±1"c, Thereafter, the cellophane along with adhering 

mycelial growth of test organisms were removed and 4 mm 

inoculum discn of the test pathogen (i.e. S. rolfsil) obtained 

from vigorously growing culture plates was placed immediately 

on the medium at the position previously occupied by an anta­

gonist (i.e, teat organism). The plates were again incubated 

and colony diameter was measured at an interval of 24, .48, 

72 and 96 hours. The control set was inoculated with only 

virgin agar discs over cellophane instead of test organism. 

Percentage inhibition was calculated according to Isaac and 

Heale (1961). 

Volatile antibiotic production 

The method of Dennis and Webster (1971b) was adopted. 

Test organisms were grown on PDA in plates for a period of 

10 days at 2lW\ac, Thereafter, the lid of each petriplate 

was replaced by the same size of bottom plate containing 
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15ml (approx) PDA medium, centrally inoculated with 4mm inoculum 

diac of test pathogen. The two dishes were tapped together 

with adhesive cellotape. The lid of the control plates which 

had not been inoculated with test organism were also replaced 

in the same mannuf. The test plate and control were set up 

in replicates and was incubated at 25+1°c. The colony diameter 

of test pathogen was measured after 24, 48, 72 and 96 hours. 

Percentage of inhibition was calculated accordingly. 

Colony interaction and hyphal interference between the test 

organism and test pathogen 

A modified method of Ikediugwu and Webster (1970a,b) 

as described by Skidmore and Dickinson (1976) was used to 

study the hyphal interference, 

A sterilised (in boiled water and then in alcohol) 

and deplasticiaed cellophane sheet (90mm) was placed over 

the plate containing PDA medium, and left overnight to evaporate 

excessive ftoiature, inoculum disc (4mm) was cut from vigorously 

growing culture of test organism and the test pathogen were 

placed 2-3 cm apart on cellophane in dual culture and was 

incubated for 4-5 days at 25i1°c in dark. When the mycelium 

of both the fungal species came in close proximity a detailed 

microscopic examination were made for hyphal interference 

and mycoparasitism. For further detailed studies, a square 

of cellophane cut from the area of intermingling growth was 
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mounted on clean microscopic slide in lectophenol and cotton 

blue and was observed carefully under micro-scope. Photomicro­

graphs of hyphal interactions were taken when required. 

i) Effect of antagonist's culture filtrate on the growth of the 

test pathogen (i.e. S. rolfsii) 

Disc (4mm) of each test organisms (i.e. antagonists) 

were inoculated in Czapeck dox's solution (100 ml per 250ml 

flask) separately, and was allowed to grow for ten days on 

a slow mechanical shaker at 25°c±1, The mycelial mats were 

then removed by passing the entire filtrate through whatman 

No.1 filter paper. 

Two seta (sterilised and non-sterilised culture fil­

trates) each j-iaving five replicates were prepared for each 

fungus, 10 nil sterilised PDA medium was poured into each 

dish, and before the agar solidifies, 3 ml of the filtrate 

of the respective antagonistic fungus was added. Control 

was prepared similarly but with Czapeck dox's solution and 

PDA medium only and was kept separately. The plates were 

then inoculated with 4 mm disc of S. rolfsii and their radial 

growth was recorded after the incubation period (i.e. 24, 

48, 72 and 96 hours respectively). 

ii) Effect of antagonists culture filtrate on the sclerotial 

germination 

Culture filtrate (5 ml in each case) was taken into 

test tubes containing 15 viable sclerotia of S. rolfsii, 

inoculated from freshly prepared cultures and was incubated 
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for 7 days at natural temperature. The percentage germinability 

of sclerotia was recorded following the method of Agnihotri 

et al (1975) as described in page 41. 

iii) Effect of antagonists culture filtrate on Soybean seed 

germination 

Surface sterilised soybean seeds (sterilised in 0.1% 

HgClo solution) were soaked in the culture filtrates of anta­

gonists, for 24 hours separately. The treated seeds of each 

set were then placed in moist: chamber (sterilised petriplates 

containing moist filter paper) and 5 such replicates were 

kept for each treatment at ;»5±1°c (inside a BOD incubator). 

Control set W(is {prepared with sterilised liquid medium and 

sterilised distilled water similarly. Percentage germination 

and radicle length of soybean seeds were recorded after 7 

days of incubation. 

Control of foot rot disease of soybean by antagonists 

Pathogen infested natural soil was collected from 

ICAR farm, Barapani, Shillong, and to this freshly cultured 

test pathogen (i.e. S. rolfaii grown in sand wheat medium) 

was mixed (1% w/w) to ensure the increase of inoculum in 

the soil. Rhizosphere fungi (i.e. antagonists grown in sand 

wheat: medium) were then ntixejd thoroughly (1% w/w of soil) 

in the experimental soil and was kept for 15 days in natural 

condition. Appropriate control i.e. without antagonists was 

kept for comparison. A minimum of three replicates were made 

for each treatment. 
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Soybean seedlings were raised in sterilised soil. Three 

weeks old seedlings were directly transferred to the anta­

gonist amended infested soil (10 seedlings/pot) without inju­

ring the root syuteifl. Control set was also prepared in similar 

manner, percentage of infected plant together with soybean 

seed yield was recorded. 

Since in the preliminary screening of the antagonists, 

Trichoderma harzianum and T. koningii gave better results 

compared to other microorganisms tested, a further detailed 

investigation with these two organisms were conducted. Different 

concentrations (i.e. 0.10, 0,25, 0.5% w/w) of the antagonists 

were mixed separately in the naturally infested soil (in 22cm 

diameter pots), in four replicates. After 15 days of natural 

incubation, soybean seedlings were raised from seeds (15 seeds/ 

pot). Percentage of infected plants (calculation based on 

40 plants), population of S. rolfsii in the antagonist amended 

soil (following slightly modified selective medium for S. 

rolfsii as proposed by Backman and Rodriguez-Kabana, 1976) 

together with soybean yield was recorded. 

RESULTS 

Volatile efid nun-volatile antjbiotia production 

Most ot* the fungi tested against the growth of S. 

rolfsii showed a wide range of variation in inhibition by 

producing volatile and non-volatile antibiotic like substances. 

Among the Trichoderma spp., T. viride and T. koningii were 
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found to be the most efficient producers of volatile anti­

biotics, whereas all the three species of Trichoderma tested 

(i.e. T. viride, T. koningii and T. harzianum) and Aspergillus 

flavus showed the highest non volatile antibiotic activity 

against the test pathogen (i.e. 80-96% inhibition in the 

growth of S. rolf sii). PeniciIlium spp, Fusarium spp. and 

other species of Aspergillus also showed inhibition but 

to a lesser extent (50-80%) (Pig. 9.1). The inhibitory effect 

caused by the volatile antibiotic or antibiotic like substances 

decreased with time (24-96 hours) excepting T. viride and 

T. koningii (Fig. 9,1). 

Colony interaction and hyphal interference 

Results on the colony interaction and hyphal inter­

ference between the selected soybean rhizosphere fungi and 

S. rolfsii were presented in the Table 7.1. Trichoderma 

koningii and T. harzianum inhibited the growth and grew 

over the colony of S. rolfsii ('B ii' type of antagonism 

according to the classification of Skidmore and Dickinson, 

1976), which subsequently covered the colony of the later 

completely (Plate 16). T. koningii shows coiling only to 

the S. rolfsii mycetlium (Plate 17), whereas penetration, 

lysis, bursting of hyphae were detected (Plate 18) in case 

of T. harzianum. Jt was also Initially observed that the 

T. harzianum conidia were attached to the hyphal wall of 

S. rolfsii, resulting absorption of nutrients, possibly 



Fig.9.1: Effect of volatile and non-volatile antibiotic producing microorganisms 

on the growth of Sclerotium rolfsii in vitro. 
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TABLE 7.1 

Organisms 

Colony interaction and hyphai interference caused by the rhizosphere fungi of soybean 
against S. rolfsii. 

Colony interaction Hyphai Interference 

Trichoderma koningii 

T.vkide 

T. harzianum 

Aspergillus niger 

A. flavus 

A. candidus 

A. versicolor 

Fusarium solani 

F. oxysporum 

Penicillium rubrtifn 

P. oxalicum 

Bii 

C 

Bii 

Bi 

Bii 

ND 

A 

C 

A 

Bi 

A 

Coiling 

Coiling, penetration, growth, lysis, 
bursting, conidium formation, absorp­
tion of nutrients by conidia. 

Penetration, lysis, absorption of 
nutrients by conidia, bursting. 

Coiling, penetration, growth, lysis. 

Not detected 

Not detected 

Absent 

Absent 

Not detected 

Absent 

Absent 

A. Mutual intermingling growth; Bi. Over growth by antagonist; Bii. Intermingling by which the fungus 
under observation has ceased' growth and is overgrown by another colony; C. Slight inhibition; ND. Not 
detected. 



Plate 16: Showing the colony interaction between the antagonists (A): (1) Trichoderma 

viride, (2) T. harzianum, (3) T. koningii, (4) Aspergillus niger, '.. 

(5) A. versicolor, (6) A. flavus and the test pathogen (P) Sclerotium 

rolfsii. 
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Plate 17: Showing the coiling of the hypha of (a) Sclerotium rolfsii by (b) Trichoderma 

koningii (X 400). 
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Plate 18: Showing the hyphal parasit ic interact ion between (a) Sclerotium rolfsii 

and (b) Trichoderma harzianum. 

Fig. (i) Showing the penetration of T. harzianum into the hypha of 
S. rolfsii (X 400). 

Fig.(i i) Absorption of nutr ient by the conidia of T. harzianum (X 400). 

Fig.( i i i ) & (iv) Lysis and bursting of the hypha of S. rolfsii by the hyphae 
of T, harzianum (X 400). 
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together with tho release of enzymes (Elad et al, 1983a,b) 

resulting disintegration of hyphal wall, followed by penetra­

tion etc. tPlate 18). 

T. viride was found to have produced clear inhibition 

zone (Type 'C') (Plate 16). Although, this zone was distinctly 

visible but in some cases a slight overgrowth by T. viride 

in the periphery of the colony was also noticed. A close 

observation on the hyphal interference revealed that T. 

viride also parasitized the hyphae of S. rolfsii through 

coiling, penetration, lysis, formation of conidium inside 

(in some cases) resulting bursting of the hyphae (Plate 

19). This parasitic behaviour of the antagonistic fungi 

have been catngorised as the necrotrophic type (Barnett 

and Binder, 1973). 

An interesting mycoparasitic activity of S. rolfsii 

on Aspergillus niger was also observed. In this case: s. 

rolfsii inhibited the growth of A. niger by the formation 

of a thick mycelial mats around the colony, and grew over 

it ("B i* type; Plate 16). Coiling, penetration and growth 

inside the conidiophore and in some cases lysis of the A. 

niger was also observed. It was observed that S. rolfsii 

attack only conidiophores of A. niger (Plate 20). 

A* flavua restricted the growth of S. rolfsii, and 

since it grow comparatively faster, it completely overgrew 



Plate 19: Showing hyphal parasitic interaction between (a) Sclerotium rolfsii 
and (b) Trichoderma viride, 

Fig.(i) Showing the overlapping and growth of T. viride around the 
S. rolfsii hypha (X 000). 

Fig.(ii) Penetration of T. viride into the hyphae of S. rolfsii (X 000). 

Fig.(iii) Absorption of nutrient by the conidia of T. viride from the 
hyphae of S. rolfsii (X 000). 

Fig.(iv) Lysis of the hyphae of S. rolfsii by T. viride (X 000). 

Fig.(v) Lysis and bursting of the hyphae of S. rolfsii by T. viride (X000). 

Fig.(vi) Formation of conidia by T. viride inside the hypha of S. rolfsii 
(X 000). 
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, Plate 20: Showing the hyphal parasitic behaviour of (a) Sclerotium rolfsii on (b) 

Aspergillus niger. 

Fig.(i) Coiling of the conidiophore of A.niger by the hypha of S.rolfsii 
(X WO), 

Fig.(ii) & (iii) Growth and branching of the hyphae of S. rolfsii within 
the conidiophore of A. niger (X 400). 
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the colony of 8, rolfsii (']} ii' type). Hyphal interference 

was not detected in this case. A, versicolor showed mutual 

intermingling of growth (Type 'A') whereas, A. candidus did 

not produce any interaction and hyphal parasitism (Table 

7.1). Among the two species of Fusarium : F. oxysporum showed 

type 'A' and l*. solani showed type 'C kind of colony inter­

action. F. solani produced metabolites which changed the 

colour of the medium and a slight inhibition zone was also 

observed at the region of contact. Hyphal parasitism was 

not detected. 

Although, Type 'A' and 'B i' colony interaction 

against S. rolfsii by Penicillium oxalicum and P. rubrum 

was observed respectively, no detection of hyphal interference 

was made (Table 7.1). Germination of sclerotia of S. rolfsii 

was also observed, when placed against the test organisms 

in vitro. The.- growth of the developed mycelium from ' the 

germinated sclerotia, was however inhibited due to the faster 

growth, as well as due to the metabolites , . released by 

the test organisms (i.e. antagonists). 

Effect of antagonists culture filtrate on the growth of 

S. rolfsii in vitro 

(i) The culture filtrate of the rhizosphere microflora 

(i.e. antagonists) showed inhibition to the growth of S. 

rolfsii in vitro. The rate of inhibition was more with the 

non sterile compared to the sterilised culture filtrate 
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in all the cases. Among the culture filtrates tested, Fusarium 

spp, was th,o piast effective, in controlling the growth of 

S, folfBli (pjg, g,2D) followed by Penicillium (Fig. 9.2C) 

and Trichoderma spp, (Fig, 9,2B). Aspergillus spp culture 

filtrate also showed inhibition but to a lesser extent compared 

to others. Selerotial germination was also reduced by culture 

filtrates (Table 7.2). 

Effect of antagonist culture filtrates on the germination 

and radicle growth of soybean seeds 

Slight effect on soybean seed germination was observed 

due to culture filtrate treatments. Trichoderma koningii 

culture filtrate infact was found to be stimulatory to the 

seed germination compared to others. Aspergillus niger, 

A. versicolor, A, candidus and Penicillium rubrum culture 

filtrate reduced the radicle growth, while filtrates of 

Fusarium spp. Found to increase the same (Table 7.2). 

Control of foot rot disease of soybean with the help of 

antagonists 

Most of the antagonists tested in the present work 

reduced the disease severity (Table 7.3). The rot symptom 

appeared after three weeks of transplantation in the antago­

nists amended infested control soil. Among the eleven rhizos-

phere fungi selected for biological control studies, Trichoderma 

harzianum and T. koningii gave the best control of disease 

(26.7% and 36,6% infection respectively). The onset of disease 



Fig.9.2 Ef fect of antagonist cul ture f i l t ra tes (steri l ised and non steril ised) on 

the growth of Sclerotium rolfsii in vitro. 
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TABLE 7.2 

Antagonists 

Effect of antagonist culture fi l trates on the scierotial germination of S. rolfsii, soybean 
seed germination and radicle growth. 

Sclerotium . 
germination (%) 

Soybean seed _ 
germination (%) 

Radicle length 
(cm) 

Trichoderma koningii 

T. viride 

T. harzianum 

Aspergillus niger 

A. flavus 

A. candidus 

A. versicolor 

Fusarium solani 

F. Qxysporum 

Penicilluim rubrum 

P. oxalicum 

Control (Czapeck dox) 

Water 

60-00 

33.30 

33.30 

53.30 

66.70 

80.00 

$0.00 

53.30 

40.00 

46.70 

40.00 

100.00 

100.00 

86.70 

73.30 

70.00 

50.00 

50,00 

50.00 

60.00 

73.30 

50.00 

60.00 

60.00 

80.00 

70.00 

7.25±0.80 

6.25±0.65 

6.80±1.07 

5.57±0.65 

8.00±1.29 

3.92±0.89 

6.00±1.06 

8.62±1.04 

8.57±1.23 

4.86±1.18 

7A4±\.kZ 

6.88±1.45 

8.25±1.32 

1) Calculations based on 15 sclerotia in each case. 

2) Mean of 30 replicates with ±S.E. 



TABLE 7.3 : Effect of soil amendments with antagonist cultures on the disease development caused by S. rolfsii 
in soybean plants. 

Antagonists Concentrar 
tion < % ) u ' 

Trichoderma koningii 1 

T. viride 1 

T. harziamrm 1 

Aspergillus niger 1 

A. flavus 1 

A. candidus 1 

A. versicolor 1 

Fusarium solani 1 

F. oxysporum 1 

Penicillium rubrum 1 

P. oxalicum 1 

Infected control 
(without antagonists) 

6 

-

10.00 

-

6.70 

13.30 

6.70 

16.70 

16.70 

20.00 

13.30 

6.70 

20.00 

Percentage 

8 

6.70 

26.70 

6.70 

16.70 

33.30 

20.00 

33.30 

26.70 

36.70 

23.30 

16.70 

33.30 

of Infect 

10 

16.70 

36.70 

13.30 

23.30 

46.70 

23.30 

43.30 

40.00 

46.70 

36.70 

26.70 

50.00 

(2) ion/week 

12 

30.00 

50.00 

23.3D 

33.30 

53.30 

40.00 

43.30 

50.00 

53.30 

46.70 

36.70 

63.30 

14 

36.60 

50.00 

26.70 

46.70 

66.70 

50.00 

50.00 

56.70 

63.30 

63.30 

46.70 

80.00 

1) Percentage calculated in terms of grams (w/w). 
2) Calculation based on 30 plants in each case. 
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in soybean plant was delayed in case of antagonist, T. harzianum 

and T. koningii amendments. Fusarium spp. amendment to soil, 

although showed an increase in infection rate of the initial 

stage, but latter a reduction of disease compared to control 

was observed. 

Subsequent experimentation with promising antagonists 

i.e. T. harzianum and T, koningii (as determined from the 

earlier experiment) in vivo ahowed 45% and 35% reduction 

in disease severity respectively. The highest control of 

the disease was obtained with T. harzianum (i.e. at 0.5% 

w/w) amended to the S. rolfsii infested soil. T. koningii 

also showed reduction in disease severity in a similar manner 

(Fig. 9.3), Reduction of disease severity with the increase 

in concentration of the antagonists inoculum was also recorded. 

No adverse affect on the growth of soybean plant was observed 

due to the antagonist amendments. Plants were much healthier, 

excepting in Fusarium solani and F. oxysporum amended soil. 

A comparative increase in plant growth (i.e. height and 

vigour) in case of T. harzianum amendment to soil was observed 

(Plate 21). 

population dynamics of Sclerotium rolfsii in antagonist 

amended soil 

The population of S. rolfsii in the antagonist amended 

soil decreased considerably comp*ired to the nonamended infested 

control, Reduction in population by 50% was recorded in 



Fig.9.3: Effect of (A) Trichoderma harzianum and (B) Trichoderma koningii amend­

ments to soil on the disease development in soybean, caused by Sclerotium 

rolfsii. 
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Plate 21: Showing the reduction in disease severity in soybean plants following 

Trichoderma harzianum amendment to soil (Infected control, 0.1, 0.25, 

0.5% w/w of antagonist, left to right). 
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most of the case (Table 7.4), Inoculum density of S. rolfsii 

increased at a slower rate, which was found to be directly 

related to the slow increase in disease severity. Reduced 

population of H* rolfsii in T. harzianum amended soil suggests 

their direct parasitic activity on the resting structures 

as well aa on the mycelium, aa evidenced from in vitro studies. 

This perhaps directly contribute towards the biological 

control of S. rolfaii in soil. 

Effect on yield 

Soybean seed yield increased due to the antagonistic 

fungi amendments to soil, in general, excepting Fusarium 

solani and F. oxysporum. Among all the species of Trichodenna, 

T. harzianum in particular, produced highest yield (7.0g/plant) 

(Fig, 9.4), In the subsequent, experiment also a similar 

increase in yield was observed due to Trichoderma harzianum 

(0,1, 0,25, 0.5% w/w) amendment to infested soil (7.5, 7.7 

and V.Og/plafit feapectively) much higher than that of infected 

control (5.5g/plant), T. koningii ih all the concentrations used 

(i.e.. 0:1, 0,25, p.5%,w/w) were • also found to increase the yield 

(Fig. 9.5). In general Trichoderma harzianum and T. koningii 

amendments gave the best control of the disease with increased 

soybean yield compared to infected control. 



4 - 1 1 
TABLE 7.4 : Population dynamics(xlO g dry soil) of S. rolfsii in antagonist amended soil. 

Antagonists Concentra­
tion (%) 

Sampling period (days) 

30 

1.70 

1.08 

1.08 

1.78 

1.61 

1.58 

2.80 

0.92 

60 

1.67 

1.10 

1.00 

1.96 

1.80 

1.75 

4.04 

1.89 

90 

2.04 

1.70 

1.38 

2.50 

2.01 

2.10 

4.54 

0.83 

120 

2.75 

2.63 

2.46 

3.20 

2.90 

2.50 

5.30 

1.79 

Trichoderma 
harzianum 

Trichoderma 
koningii 

Infected control 
(without antagonist) 

0.10 

0.25 

0.50 

0.10 

0.25 

0.50 

LSD(P=0.05) 

1) Mean of three replicates in each case. 



Fig.9.*: Yield produced by soybean plants grown in the antagonistic fungi amended 

natural soil (infested wi th S. rolfsii) compared to untreated cont ro l . 
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Fig.9.5: Effect of antagonist (i.e. Trichoderma harzianum and Trichoderma koningii) 

amendments ,on the yield of soybean plants grown in the Sclerotium rolfsii 

infested soil. 
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DISCUSSION 

Much importance on the microbial antagonism has 

been paid more recently, mainly to reduce the dependency 

on the fungicides in agriculture, which causes ecological 

hazards in the process, has been the subject of growing 

concern to both environmentalists and public health authori­

ties. Control of aoil-borne plant diseases in vitro were 

observed by several workers (Mehrotra and Caludius, 1972; 

Agrawal et al, 1977; Singh and Reddy, 1979) but under field 

conditions the success has not been very encouraging. As 

in the former case, a controlled climatic condition such 

as temperature, water regimes, humidity, could be maintained 

properly which is quite often not possible under the field 

conditions. 

Fungi present in the soil and rhizosphere mostly 

survived saprophytically and release substances which are 

either volatile and/or non volatile in nature. These substan­

ces may be either growth promoting substances, vitamins 

which induces plant growth or antibiotics which may inhibit 

the normal growth of the pathogen (Hopkins and Cole, 1903; 

Roberts and Roberts, 1939; Cook and Lockhead, 1959; Brain, 

1960 and Baker and Cook, 1974). Some of them have parasitic 

activity on other microorganisms too. In the present study, 

among the rhizosphere fungi, Trichoderma koningii and T. 

viride produced volatile antibiotics/antibiotic like substances 
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and resulted in inhibition in the growth of S. rolfsii. 

Some rhizosphere fungi also produced non-volatile antibiotic 

like substances, which might have been diffused to the medium 

resulting in inhibition in growth of the test pathogen. 

Trichoderma spp. and Aspergillus flavus was the most effective 

among the fungi tested, in controlling the growth of S. 

rolfsii in vitro. The rate of inhibition decreased following 

the increase in incubation period, suggesting that the metabo­

lites released were possibly volatile antibiotic like sub­

stances and might have gradually lost the inhibitory properties 

and possibly due to this reason most of the rhizosphere 

fungi inhibited the growth of 8. rolfsii in vitro at the 

initial stage. 

Experiment with the culture filtrates of the antago­

nistic fungi have showed that the metabolites produced by 

them in the liquid medium were inhibitory to the growth 

of the test pathogen (i.e. 8. rolfsii). Sterilised filtrates 

also reduced the growth but to a lesser extent, suggesting 

the metabolites released by them were volatile as well as 

non volatile antibiotic/antibiotic like substances. It was 

reported earlier by several workers that Trichoderma spp. 

produces volatile and non volatile substances in culture 

(Dennis and Webster, 1971 a,b; Hutchinson and Cowan, 1972). 

The antibiotic action has been reported to be important 

in controlling S. rolfsii by Pseudomonas aeruginosa associated 
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with the production of pyocianine (Brathwaite and Cunningham, 

1982). In the present investigation no detection was made 

on the nature of antibiotic/antibiotic like substances that 

were produced by the antagonists in vitro. 

Seed germination and radicle growth was not affected 

by the culture filtrate of Trichoderina spp. Increased radicle 

growth by Fusarium spp. and Trichoderina spp. proved their 

stimulatory effect. This further suggests that these rhizos-

phere fungi might play an important role in plant growth 

and therefore needs further attention. 

Most of the rhizosphere fungi isolated in the present 

investigation, survive saprophytically in nature. In culture 

medium they grew very fast and was competing with S. rolfsii, 

suggesting their high competitive ability compared to the 

test pathogen. Among the eleven rhizosphere fungi tested 

all the three Trichoderina spp. and Aspergillus niger only 

showed mycoparasitic activity in dual culture. A. versicolor, 

Fusarium oxysporum and Penicillium oxalicum showed mutual 

intermingling growth, while A. flavus inhibited the growth 

and grow over 8. rolfsii. Release of inhibitory substances 

(i.e. metabolite's) into the medium by F. solani resulted 

in direct inhibition of the growth of S. rolfsii. In most 

of the cases, slow growth rate of S. rolfsii suggests rapid 

utilization of nutrients by the antagonists in dual culture. 

Nutrient depletion, space and toxic substances (antibiotic 
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like substances/metabolites) produced by fungi are known 

to play a dominant role in antagonism and these factors 

usually are governed by the physico-chemical nature of the 

environment (Garret, 1963; Burgess and Griffin, 1967). 

A clear inhibition zone was produced by T. viride 

while others did not show any inhibition zone. Attachment 

to 8. rolfsii mycelium by the conidia of T. harzianum in 

the present study, suggests that the conidia absorbs nutrients 

from the host mycelium, as well as disintegrates the hyphal 

wall by the enzymes released by them (Elad et al, 1983a,b). 

This helps in penetration, growth, abosrption, lysis and 

bursting of host hyphae by the parasite. T. koningii mycelium 

coiled around the hypha of S. rolfsii while T. viride show 

coiling, absorption by conidia, lysis, penetration, bursting 

of hyphae etc. In some cases formation of conidia inside 

the host hyphae was also detected. This formation may be 

due to the fact that the parasitizing hyphae grew well inside 

the host hyphae as long as sufficient nutrient was available 

but at the later stages of growth due to depletion of nutrients 

inside the host, the parasite ceased its growth and started 

forming reproductive structures (i.e. conidium). The formation 

of resting structures by Fusarium udum inside the host hyphae 

of fttuttopua nigricans has also been reported by Rai et al 

(1978), Sihce the growth of the host hyphae is suppressed 

and the parasite nurishes itself from the dead host hyphae, 
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the parasitic behaviour as described above may be categorised 

as of necrotrophic type of parasitism (Barnett and Binder, 

1973), 

S. rolfsii was also found to parasitized Aspergillus 

niger. The coiling, penetration and growth of S. rolfsii 

mycelium inside the conidiophore of A. niger was observed. 

This type of parasitism i.e. necrotrophic type have also 

been observed by Arora and Dwivedi (1979). It is also an 

established, fact that the narrower hyphae, generally pene­

trates the broader one (Dennis and Webster, 1971). Penetra­

tion by S. rolfsii to A. niger conidiophores strongly supports 

this view. Similar conclusion can also be drawn for Trichoderma 

spp, 

Although S. rolfsii mycelium and resting structures 

(i.e. sclerotium) parasitized by Trichoderma spp, but their 

population in the soil was maintained probably through the 

penetration, multiplication and production of new sclerotia 

within other soil inhabitant hosts (i.e. A. niger) resulting 

in maintenance of inoculum density and perenation. in the 

soil, which subsequently results in disease developement, 

as soon as the host plants (seedVseedlings) are in the vicinity. 

Care should be taken during the application of the 

antagonists to soil, to achieve biological control of soil-

borne pathogen, as they find it difficult to establish 
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themselves in highly buffered soil microbiological system. 

This must be the reason that in most of the cases, reduction 

in disease severity has been obtained only under controlled 

condition (i.e. in green house condition), but very few 

reports are available on the success in the field condition. 

Backman and Rodriquez-Kabana (1975) developed a 

system for culturing T. harzianum by using diatomaceous 

earth granule impregnated with molasses, which successfully 

controlled southern blight of peanut caused by S. rolfsii. 

Hadar et al (1979) found an isolate of T. harzianum, which 

directly attacked the mycelium of Rt solani, when grown • 

together. This strain, when applied as wheat bran culture 

into R» solani infested soil, effectively controlled damping 

off of bean, tomato and egg plants (Elad et al, 1980). All the 

isolates used in the present study were obtained from the 

soybean rhizosphere grown in S. rolfsii infested soil. Hence, 

when these were applied after growing them in sand wheat 

grain medium to soil, they (i.e. T. harzianum, T. koningii) 

could estblish themselves easily and grew profusely in the 

soil, resulting in reduction in inoculum potential of S. 

rolfsii and consequently, a reduction in disease severity 

was achieved. 

The disease severity has been observed to have relation­

ship with the amount of introduced antagonists inoculum 

into the soil. With the increase in inoculum, better control 
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of the disease was achieved. This suggests that the Trichoderma 

spp. suppressed the growth and multiplication of S. rolfsii 

in natural soil through competition and antagonism, resulting 

in delay of symptom expression and disease severity. 

Increase in the yield of soybean plants grown in 

the antagonistic fungi amended soil (except Fusarium spp.) 

suggests the importance of these antagonists for the control 

of soybean foot rot caused by S. rolfsii and better yield 

production. Fusarium amendment may adversely affect the 

metabolic activity of the host plant due to the production 

of toxic metabolites (i.e. fusaric acid) resulting in dec­

reased yield. T. harzianum not only gave good control of 

the disease but also gave highest yield, irrespective of 

the amount of inoculum used. A comparative reduction in 

the yield was observed in the plants grown in the higher 

concentration of Trichoderma koningii amended soil. 

A conclusion may be drawn from the above discussion 

that the antagonistic fungi in particular live saprophytically 

in the soil and in rhizosphere, probably produce some antibio­

tic/antibiotic like substances which inhibit or suppress 

the growth of the pathogen due to their highly saprophytic 

colonization ability in soil, reducing the inoculum potential 

and disease severity. The parasitic nature of Trichoderma 

spp. may also have contributed in the reduction of the inoculum 
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potential of 8. rolfsii causing a reduction in the disease 

severity. Th*sa findings further atengthen the possibility of 

introducing Trichoderma harzianum and T. koningii in the 

field soil for controlling S. rolfsii causing foot rot disease 

of soybean. 



CHAPTER VIH 

STUDIES ON THE EFFECT OF ORGANIC AND INORGANIC AMENDMENTS ON 

THE SOIL AND RHIZOSPHERE MICROFLORA OF MAIZE IN RELATION 

TO THE BIOLOGY AND CONTROL OF SCLEROTIUM ROLFSII 



INTRODUCTION 

Plant tissue either living, dead or under decomposi­

tion is a major components of the soil environment. The 

chemicals liberated from the tissue mixed with soil, changes 

the soil microflora and fauna. The liberated chemicals may 

be either beneficial or detrimental to successive crops 

depending upon the environmental conditions and upon the 

length of time, the residues taken for decomposition (Mc. 

Calla and Haskins, 1964; Patrick et al, 1964; Patrick and 

Toussoun, 19 6 .'3) , 

It is known that the organic amendments affect the 

pathogen and other soil-borne fungi indirectly through their 

influence on soil microflora. Due to the presence of sapro­

phytic microflora and the absence of living host plant, 

the pathogen remain suppressed in soil. During decomposition 

process of plant materials, a considerable amount of volatile 

ammonia and other chemicals are liberated from the tissue, 

which play a major role in the root disease initiation 

as well as disease control. Immature plant tissue has been 

found to liberate more inorganic nitrogen in soil than that 

of mature plant tissue (Lewis and Papavizas, 1975). 

Inorganic amendments differ in several ways from 

that of organic amendments of plant origin. They are much 

simpler and applied at a lower rate than that of organic 

amendments. Their effect on plants are either immediate 
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without mediation through soil microorganism or indirect 

through biological transformations. 

In view of the difficulty of establishing a new 

population of antagonistic microorganism in a natural microbial 

environment, the addition of amendments (organic and inorganic) 

to soil sometime stimulate the microflora which may be either 

active or antagonistic to the pathogen, seems to be a promi­

sing approach to the biological control of soil-borne plant 

pathogen. 

Much importance has been paid to study the effect 

of amendments to soil in relation to disease control, but 

very few information is available on their effect on the 

rhizosphere. Therefore, an attempt was made to determine 

whether addition of some organic (i.e. Eupatorium adenophorum, 

E. riparium) and inorganic (i.e. Urea) amendments causes 

any change in the rhizosphere microflora in relation to 

disease development of maize (Zea mays L.) plants grown 

in Sclerotium rolfsii infested soil. 

MATERIALS AND METHODS 

Sclerotium rolfsii isolated from infected maize 

cob show faster growth and produced large number of small 

brown sclerotia. Pure culture of this isolate was made in 

PDA medium and was kept at 4±1°c for further work. 
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Amendments used 

Few selected organic and inorganic amendments viz. 

A. Organic amendments: Fresh green leaves of 

1, Eupatoriurn adenophorum apreng-

2. Eupatorium riparium Regel. 
3, Helianthus annuus Linn. 

4. Pinus kesiya Royle ex Gordon, used in different 

concentrations (I, 2, 3% v/v). 

B. Inorganic amendments: Lower concentrations (0.25, 0.5%w/v) 

of inorganic chemicals viz. 

1. Calcium carbonate-

2. Calcium nitrate. 

3. Ammonium nitrate. 

4. Rock phosphate. 

5. Zinc sulphate. 

6. Urea were used in the present study against the 

growth and sclerotial germination of S, rolfsii (maize isolate) 

in vitro. 

Effect on seed germination 

Maize seeds were surface sterilised with 0.1% mercuric 

chloride solution for 1 min and was washed several times 

to remove the traces of mercuric chloride. Fifty seeds were 

soaked in the aqueous solution of different leaf extract 

and inorganic chemicals separately for half an hour and 

was kept in moist chamber and incubated for 7 days at 25+1 °c. 

Similarly, control set was also prepared with distilled 

water only. Percentage germination and radicle growth was 
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measured after the said period of incubation. 

Pathogenicity study and the method of application of amendments 

The experiment on the effect of amendments on maize 

seedlings were carried out in S. rolfsii infested natural 

soil, at ICAR farm, Barapani (Plate 22; the area from where 

the infected maize cobs were collected). For preliminary 

observation, selected organic (i.e. Eupatorium adenophorum 

and E. riparium) and inorganic (i.e. urea only) amendments 

were applied directly to the experimental plots (12 sq.m.) 

in a single terrace. Different concentrations of the amendments 

(10, 20 q/ha lor organic and 40 kg/ha for inorganic) were 

applied to soil atleast two weeks before sowing of the seeds. 

Six rows were made in each plot (12 sq.m.) and maize 

seeds were sown at an appropriate spacing (i.e. 12 inches 

approx). 

Effect of amendments on the rhizosphere 

When the seedlings were about fifteen days old, 

ten seedlings were uprooted gently, without disturbing the 

root system along with adhering soil, Rhizosphere microflora 

and 'rhizosphere effect' was calculated following the modified 

method of Timonin (1940) given by Baruah and Dutta (1978) 

as described earlier (page 39 ), 



Plate 22: A view of maize plants at ICAR farm Barapani, from where the infected 
maize cobs were collected. 
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Population dynamics of Sclerotium rolfsii in soil 

Soil samples were collected at random from the amended 

plots, and a composite sample for each amendment was made. 

The population of S. rolfsii was estimated on a monthly 

basis for four months following slightly modified selective 

medium as proposed by Backman and Rodriguez-Kabana (1976) 

described in page 42 

Effect of amendments on plant height 

Plant height was recorded fortnightly for a period 

of two months, till the plant produced male flower. 

Effect on disease development and severity 

The disease severity/disease control was calculated 

o.n the basis of the number of plants showing symptoms out 

of the total number of plants grown in the same treatment. 

The record was made upto 45 days since no increase in infec­

tion rate was observed after that period. 

Effect on the yield 

Yield/plant was calculated on the basis of the total 

maize cobs produced in each treatment/control. 

RESULTS 

Effect of different organic amendments on the radial 

growth of 8. rolfsii in vitro revealed that, Eupatorium 
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adenophorum and E. riparium, slightly inhibited the growth 

of S. rolfsii. The percentage inhibition was recorded as 

38.88% and 38.55% respectively at higher concentration (i.e. 

3% v/v) only (Table 8.1). Pinus kesiya needles/also inhibited 

the growth but to a lesser extent (24.4%), whereas Helianthus 

annuus did not show any effect. 

Almost all the inorganic chemicals used^showed inhibi­

tion in growth of S. rolfsii in vitro. Higher inhibition 

(100%) was observed with urea (0.25% w/v) followed by zinc 

sulphate (6 1.11% at 0.5% w/v). The inhibition increased 

with the increase in concentration of the inorganic chemicals 

used (Tabic? 8.2) . 

The chemicals apparently did not show any inhibitory 

effect on the sclerotial germination of S. rolfsii, excepting 

urea and ammonium nitrate at higher concentration (0.5% 

w/v), where 50% reduction in sclerotial germination was 

observed. 

Effect on seed germination 

The amendments did not show any toxic affect on 

the maize seed germination in vitro. Radicle growth was 

found to be reduced following the application of leaf extracts. 

Among the inorganic chemicals, urea and calcium nitrate 

showed slight toxicity while, others show stimulatory effect 

(Table 8.3). 



TABLE &1 : Effect of Organic amendments on the growth (% inhibition) of 5. rolfsii (isolated from 
maize) in vitro. 

Amendments 
Concentra­

t i o n ^ ) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

24 

63.60 
68.19 
72.79 

38.86 
29.30 
35.33 

53.00 
51.40 
49.66 

-
-

Period of incubation (hours) 
48 

37.50 
41.75 
55.75 

20.75 
12.50 
25.00 

26.75 
29.25 
43.25 

-
-

72 

13.95 
25.66 
41.84 

32.63 
32.63 
38.63 

3.34 
32.63 

2.37 
9.34 

13.11 

96 

20.33 
27.77 
38.88 

28.88 
31.44 
38.55 

-
24.44 

-
-

Eupatorhim adenophorum 

Eupatorium riparium 

Pinus kesiya 

Heiianthus annuus 

1) Percentage of inhibition was calculated as compared to control. 
(-) No inhibition 



TABLE 8.2 Effect of Inorganic amendments on the growth (% inhibition) of S. rolfsii (isolated from 
maize) in vitro. 

Amendments 
Concerrtra-

tion<%) 24 
Period of incubation (hours) 

48 72 96 

Calcium carbonate 

Calcium nitrate 

Ammonium nitrate 

Rock phosphate 

Zinc sulphate 

CL25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

56.63 

68.19 

62.54 

46.99 

77.97 

63.60 

29.32 

40.98 

43.46 

82.33 

48.25 

50.00 

46.00 

37.50 

60.00 

50.75 

8.25 

23.25 

37.50 

64.25 

41.84 

43.79 

46.58 

44.63 

59.55 

55.78 

39.60 

41.00 

47.42 

67.50 

33.33 

40.78 

40.78 

42.56 

51.89 

53.67 

38.89 

46.33 

44.44 

61.11 

Urea 0.25 100 100 100 100 

1) Percentage of inhibition was calculated as comparedto control. 



TABLE 8.3 1 2 
Ef fec t of soil amendments on the maize seed germination and radicle growth in vitro. 

Amendments Concentra­
tion (%) 

1.00 
2.00 
3.00 

1.00 
2.00 
3.00 

1.00 
2.00 
3.00 

1.00 
2.00 
3.00 

-

0.25 
0.50 

0.25 
0.50 

0.25 
0.50 

0.25 
0.50 

0.25 
0.50 

_ 

Seed 
germination (%) 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 

Radicle 
growth (mm) 

32.60±1.17 
29.90±1.19 
26^0±1.07 

30.40±1.28 
36.20±1.23 
34.20±1.06 

33.40±1.36 
33.50±1.30 
37.70±1.19 

35.75±1.23 
28.38+1.40 
31.90±1.00 

49.70±1.51 

43.60±0.34 
54.10±0.36 

40.00+0.43 
30.06±0.44 

43.00±0.38 
33.00±0.28 

72.00±0.37 
57.50±0.80 

83.70±0.80 
71.13±1.12 

44.30+0.30 

ORGANIC 

Eupatonum adenophorum 

Eupatorlum riparium 

Helianthus annuus 

Pinus kesiya 

Control (wi thout amendment) 

INORGANIC 

Calcium carbonate 

Calcium n i t ra te 

Urea 

Ammonium n i t ra te 

Rock phosphate 

Control (wi thout amendment) 1) Calculations based on 30 seeds in each case. 
2) Mean of 10 repl icates w i th ±S.E. 
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Effect of soil amendments on the rhizosphere microflora 

Soil amendment changed the microbial population in 

the rhizosphere considerably. It was observed that the fungal 

and bacterial population decreased, while actinomycete found 

to have stimulated in the rhizosphere following organic amend­

ments. E. adenophorum was found to be toxic as it directly 

affected the rhizosphere microflora compared to E. riparium 

amendment. Soil amended with urea also reduced rhizosphere 

microflora (Table 8.4). 

Effect on the particular genera of fungi 

It can be seen from the table 8.5 that soil amendments 

affected the particular genera of fungi in the maize rhizos­

phere. All the amendments increased Penicillium spp. popula­

tion. E. riparium (10, 20 q/ha) increased Trichoderma harzianum 

and Aspergilli while urea increased Aspergilli mostly in, the 

rhizosphere. Altogether twenty eight species belonging to 

twenty fungal genera and some unidentified fungi imperfecti 

were isolated from the rhizosphere. 

Effect of soil amendments on disease development and severity 

The infection increased slowly upto 45 days of plant 

age after which no further increase was recorded. The percen­

tage of infection reduced considerably compared to non amended 

infected control. Eupatorium adenophorum (20 q/ha) amendment 



TABLE 8.4 : Effect of soil amendments on the rhizosphere microflora of maize. 

Amendments 
Concentra­
tion (q/ha) 

-1 Total population in thousands g dry soil 
Fungi Actinomycete Bacteria 

(2 x 104) (3 x 1CT) (10*) 

Eupatorkmn adenophorum 10.0 

20.0 

7.92 

6.70 

265.40 

308.30 

320.00 

350.80 

Eupatorium riparium 10.0 

20.0 

10.40 

7.50 

345.80 

387.08 

373.30 

320.80 

Urea 0.4 9.58 165.00 302.50 

Infected control 
(without amendments) 

11.25 263.30 425.80 



TABLE 8.5 : Effect of soil amendmenis (Organic and Inorganic) on the percentage of relative abundance of rhizosphere 
fungi. 

Rhizosphere fungi 

Absidia sp. 
Acremonium sp. 
Aspergillus candidus 

Link ex.Fries-
A. flavus Link. ex. Fries. 
A. niger van Tieghem 
A. versicolor (vuiLlemin) 

Tiraboschi. 
Bipolaris maydis 

(Nisikado) Shoemaker. 
Cephalosporium 
^toseo-griseum Saksena. 
Cladosporium sp. 
Cunnighamella sp. 
Curvularia lunata 

(Wakker) Boedijn. 
Fusarium oxysportnri 
Fusarium sp. 
Geotrich^jm sp. 
Helminthosporium sp. 
Humicola sp. 
Mucor phimbeus Bonorden. 
Penicillium chrysogenum Thorn. 
P. rubrum Stoll. 
P. vermiculatum Dangeard. 
Pythiopsis sp. 
Pythium sp. 
Rhizopus stolonif er 

(Ehrenb ex. Link) Lind 1913. 
Trichoderma harzianum Rgjfai. 
T. koningii oudemans. 
T. viride Pers. £x. Fries. 
Verticillium sp. 
Others genera of fungi imperfecta 
Yeast 
A=10 q/ha; B=20 q/ha; C=40kg/h 
genera.= 3. 

Infected 
control 
(without 

amendment) 

7.40 
-
-

' -
11.10 

3.70 

3.70 

11.10 

-
-
-

-
3.70 
7.40 
-
-

14.81 
3.70 
-
-
-
-
_ 

-
3.70 
3.70 
-
-

25.90 
a. Total nurr 

Eupatorium 
adenophorum 

(A) 

_ 
-
-

-
-

10.50 

-

10.50 

-
-

15.78 

5.30 
5.30 

10.50 
-
5.30 
5.30 
-

10.50 
-
-
-
_ 

-
-
5.20 
-
-

15.80 
iber of genera = 20; 

(B) 

_ 
-
-

-
9.52 
-

-

4.76 

-
-
-

-
9.52 
9.52 
-
-
9.52 
4.76 

14.28 
-
-
-

9.52 

4.76 
_ 
_ 
_ 
9.52 

14.28 
Total no. 

Eupatorium 

(A) 

_ 
-
-

-
-
-

-

4.00 

8.00 
4.00 
-

-
16.00 
4.00 
4.00 
-
8.00 

12.00 
-
-
4.00 
4.00 
4.00 

20.00 
_ 
_ 
_ 

4.00 
4.00 

of species=: 

riparium 
(B) 

_ 

5.00 
5.00 

-
10.00 

-

10.00 

-

5.00 
-
-

-
-
5.00 
-
5.00 

10.00 
-
-
5.00 
-
-
_ 

25.00 
-
— 
5.00 
-

10.00 
28; Total no. . 

Urea 
(C) 

4.30 
-
4.30 

8.60 
-
4.30 

-

4.30 

-
-
-

4.30 
-
-
-
-

13.00 
8.60 
4.30 
-
8.60 
-

8.60 

_ 
8.60 
_ 
— 
-

17.39 
of unidentified 
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produced higher reduction in disease severity (2.8% infection) 

followed by fi. ripariuin (4.8%). More than 50% reduction 

in infection, was observed almost in all the cases (Table 

8.6). 

Effect of soil amendments on the population dynamics of 

Sclerotium rolfsii in soil 

All the amendments used were found to increase the 

population of S, rolfsii in soil at the initial stage. The 

population gradually declined in case of E. riparium amendment. 

Although. E, adenophorum amendment to soil, gradually decreased 

the population upto three months, but subsequently the popula­

tion increaiied. No remarkable change in the population of 

S. rolfaii due to urea amendment was observed during the 

four months of investigation (Table 8.7). In non amended 

control the population was found to increase considerably. 

Effect of Boil amendments on the plant height 

The plant height was recorded for two months (upto 

flowering period) only. E. adenophorum (20 q/ha) and urea 

(40 kg/ha) reduced the height slightly^ while E. riparium 

showed an increase over non amended infected control (Table 

8.8; Plate 23, 24). 

Effect of soil amendments on yield 

Amendments did not show any effect on the yield. 

A minimum of two healthy maize cobs were found to be produced 



1 . TABLE 8.6 : Effect of soil amendments on the disease development (%) in Maize. 

Amendments Concentra­
tion (q/ha) 

Sampling period (days) 

15 

2.27 

1.19 

3.28 

2.16 

30 

3.98 

1.98 

6.10 

4.30 

k5 

5A0 

2.80 

6.60 

4.80 

Eupatorium adenophorum 

Eupatorium riparium 

10.0 

20.0 

10.0 

20.0 

Urea 0A 2.82 6.80 7.90 

Infected control 
(without amendments) 

3.30 7.22 13.90 

1) Calculation based f rom the plants grown in 12 sq.m plot . 



TABLE 8.7 : Population dynamics (xlO g~ dry soil) of S. rolfsii in amended soil. 

Amendments 
Concentra- Sampling period (months) 

ia vq/i ia/ 

10.0 

20.0 

10.0 

20.0 

1 

5.29 

3.45 

4.50 

4.90 

2 

3.70 

3.41 

3.58 

3.20 

3 

1.70 

1.58 

2.38 

2.54 

4 

4.80 

4.20 

1.90 

1.50 

Eupatorium adenophorum 

Eupatorium riparium 

Urea 0.4 4.16 4.08 4.67 4.83 

Infected control - 2.80 6.07 <' ~° >.t>/ 
(without amendments) 



TABLE 8.8 j Effect of soil amendments on the height of Maize Plant (Mean ± S.E.) . 

Amendments Concentra­
tion (q/ha) 

10.0 

20.0 

10.0 

20.0 

0A 

10.5 

9.3d 

9.2: 

9.3: 

9.5: 

8.5: 

2 

±0.21 

t0.18 

t0.17 

t0.20 

t0.24 

t0.13 

Time in 
4 

31.3±2-83 

29.1 ±0.95 

33.9±1.7 

27.7±1.30 

30.2±2.75 

22.5±2.12 

weeks 
6 

77.0+1.26 

77.0±0.25 

72.0±0.85 

76.0±0.18 

8(U±1.28 

74.0±0.78 

8 

158.0* 

140.9* 

158.4d 

173.2d 

149.1d 

157.3d 

:5.74 

:7.78 

t6.60 

t4.22 

t4.38 

t5.28 

Eupatorium adenophorum 

Eupatorium riparium 

Urea 

Infected control 
(without amendments) 

1) Calculations based on ten replicates^ 



Plate 23: Showing the maize plants grown in (i) infested soil and in the (ii) infested 

soil amended with Eupatorium riparium. 



PLATE-23 
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Plate 2kx Showing the reduced growth of maize plants following (i) Eupatorium 
adenophorum and (ii) Urea amendments to soil. 
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by each plant, 

DISCUSSION 

The maize isolate of S. rolfsii usually grow faster 

and produced large number of small brown sclerotia compared 

to the isolate from soybean, which produced less number 

of large brown sclerotia, This isolate was found to be slightly 

inhibited (38% approx,) by the leaf extracts of E. adenophorum 

and E. ripajrium, while Pinua keaiya needle show 24.4% inhibi­

tion. This auggestB that the inhibitory compounds in the 

leaves, have effect on the growth of S. rolfsii, irrespective 

of the isolates used, as evidenced from the result presented 

in the previous chapters for soybean. The growth of this 

isolate was also found to be completely inhibited by urea 

amendment, Bimilar to the result obtained for S. rolfsii isolate; 

of soybean. 

The organic amendments reduced the fungal and bacterial 

population in the rhizosphere. Increase in the population 

of Penicillium spp.^ Aspergillus spp. and Trichodenna spp. 

in the rhizosphere was also observed. It was reported earlier 

that the litter of E. adenophorum and E. riparium release 

inhibitory Bubstances during their decomposition process, 

which affects the soil microorganisms (Rai and Tripathi, 

1984). Decrease in microbial population in the rhizosphere 

due to organic soil amendments in the present study supports 
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their view. It was also mentioned earlier by the author 

that an increase in Penicillium spp. , Trichoderma spp. and 

Aspergillus spp. population in the rhizosphere following 

amendments, causing a reduction in the disease severity 

of soybean caused by S. rolfsii possibly by their antagonistic 

activities in soil/rhizosphere. Reports on the selective 

increase of Trichoderma spp. population after E. riparium 

amendment (Rai and Tripathi, 1984), Penicillium spp. (Reddy, 

1959) and Aspergillus spp. (Agnihotri, 1964) in soil due 

to urea application, conforms with the present findings. 

Urea amendment to soil reduced the rhizosphere micro­

flora. Similar result was also reported earlier (Dutta and 

Deb, 1986), where a significant reduction in the rhizosphere 

microflora of soybean following urea (0.25%) and rock phos­

phate (0.5%) amendments to soil was observed. 

The soil amendments reduced the disease severity. 

This reduction might have been caused by the individual 

or @°rokified effort of each of the living components involved 

in the disease viz, the pathogen, the host and the rhizosphere 

microflora. It is known that the amendments may affect disease 

severity through their effect on the germination of the 

pathogen's propagule or mycelial growth in soil or on the 

host surface and hence on the colonisation of the host tissue. 

In the present study, increase in S. rolfsii population 
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following organic amendments is possibly due to the break 

down of the exogenous dormancy and due to the saprophytic 

colonisation on the organic substrates that amended to the 

soil. Subsequently a decline in their population, may be 

due to the slow release of inhibitory substances to the 

soil, during the decomposition process. The increase in 

Trichoderma spp. and Penicillium spp. population in the 

soil and rhizosphere might have created an antagonistic 

environment for the pathogen in the soil, consequently^ a 

reduction in disease severity occurred. 

Urea amendment to soil, increased the S- rolfsii 

population and the population was found to be static, through­

out the sampling period, which suggests that the concentration 

of urea used (40 kg/ha) was not too toxic to S. rolfsii 

in the soil resulting a steady increase in disease severity 

compared to other organic amendments. 

Maize cob production was not affected by soil amend­

ments. Interestingly, it was found that the cobs collected 

from the plants grown in amended soil were healthy and not 

infected by S. rolfsii. Hence^ a conclusion can be made from 

the present study that although the experimental soil was 

highly infested by S. rolfsii, only a low percentage of 

seedling was found to be infected in the field. The infection 

in the cobs appear might be due to the contamination with 
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, rolf.il while stora9e. Hence, proper care 
sclerotia of 8. ^ ^ experimentation 

should be taKen durinc, .to 9 • ^ . ^ 

iB quired for a detailed study of 

from maize cob», 

http://rolf.il


GENERAL DISCUSSION 



It is known that the fungal propagules of soil-borne 

plant pathogens remain resting in soil either because of inherent 

dormancy of fungistasis^ a wide spread natural soil toxicity 

manifested as non specific inhibition of propagules germination 

(Lockwood, 1977), In the present work, it has been observed 

that the Sclerotium rolfsii is sensitive to soil fungistasis 

and the sclerotial germination varied with the season i.e. 

less in summer months and more in winter. Studies on the soil 

fungistasis revealed that the factor is seasonally variable 

i.e. more in summer months than in winter. No correlation 

was observed between the seasonal variation and of microbial 

population (excepting with fungi in grassland and with actino-

mycete in garden), but a direct relationship was observed 

with available nutrients (i.e. total sugar) in the soil. Correla­

tion also exist between the soil microbial activity (i.e. 

dehydrogenase) and soil fungistasis. Present study on soil 

fungistasis generated informations which could be utilised 

in the control of foot rot disease caused by S. rolfsii. It 

has been observed that certain organic and inorganic amendments 

stimulated the sclerotial germination process suggesting that 

if these soil amendments are applied much earlier to the sowing 

of soybean, it could break the "imposed dormancy" (i.e. due 

to soil fungistasis) of the sclerotium of S. rolfsii in soil 

and will allow a germination-lysis to the sclerotium and also 

a reduction in inoculum potential resulting in a reduction 

of disease severity to the soybean crop. 
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The application of organic (i.e. Eupatorium adenophorum, 

E. riparium, Pinus kesiya and Helianthus annuus) and inorganic 

(i.e. calcium carbonate, calcium nitrate, urea, rock phosphate, 

zinc sulphate and ammonium nitrate) amendment to soil was 

found to be potentially effective. Increase in the rhizosphere 

microflora and the increased antagonistic population in the 

rhizosphere being helpful in reducing the inoculum potential 

or even in eliminating the pathogen (i.e. S. rolfsii) from 

the root region. Since some of these amendments (i.e. E. 

adenophorum, E. riparium, urea, Zn£0.) were found to influence 

the pathogen directly in vitro, they are likely to have similar 

effect in the field. Some of them also increase the population 

of soil microflora^ thereby reducing the saprophytic competition 

by the pathogen. The mechanism of infection and control seemed 

to relate to a triangular problem involving plant, pathogen 

and rhizosphere microflora. Thus, further work is necessary 

to determine the effect of organic and inorganic chemicals 

upon the host, pathogen and other microorganisms in the rhizos­

phere. 

The application of chemicals (i.e. nitrofurans, antibiotics, 

fungicides) to the foliage/soil drench in relation to the 

control of foot rot of soybean caused by S. rolfsii was found 

to be successful. These treatments also affected the rhizosphere 

microorganisms and influenced the growth of particular genera 

of fungi. These factors may have been instrumental in causing 
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a reduction in disease severity. It seems quite logical that 

the higher level of microbial activity, due to foliar spray/ 

soil drench by chemicals, not surprisingly gave rise to anta­

gonistic and associative interactions between certain groups 

of microorganisms and the pathogen in the rhizosphere of the 

soybean plant grown in the S. rolfsii infested soil. Consequently 

there was a reduction in the inoculum potential of the pathogen 

followed by a reduction in disease severity. 

It was further observed that the application of chemicals 

by foliar spray/soil drench to some extent controlled the 

disease in the soybean plant by delaying the onset of disease, 

and reducing the percentage of infection. Experimental evidence 

indicates that there is not necessarily a direct relationship 

between fungitoxicity and chemotherapeutic potency, since, 

even when the compounds were not fungitoxic, they were active 

as chemotherapeutants. The reduction of disease severity by 

the non fungitoxic chemicals seemed to be due to an altered 

host metabolism. Thus, some of the treatments which reduced 

disease severity in the S. rolfsii infected soybean plants, 

also increased the production of a better yield compared to 

controls. Davis and Dimond (1952) also noted a direct correla­

tion between the chemotherapeutic activity of the synthetic 

organic chemicals and their capacity to alter the host metabolism. 

They observed a change in gross morphology and in the concentra­

tion of certain biochemical constituents of the host (i.e. 
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increased concentration of reducing sugar and a number of 

water soluble nitrogen fractions). Dimond (1963) suggested 

that a chemotherapeutic compound must be inside the plant 

and must have the following capacities (a) to kill the pathogen 

as it enter the host (b) to rid the host of an established 

infection or (c) to increase host resistance. Most of the 

chemicals used in the present investigation have fulfilled 

one or more of these. 

The phenomenon of antagonism between the normal soil 

microflora and root infecting pathogens has received much 

attention during recent years because of the possibility of 

finding a method giving a high degree of biological control. 

Therefore, attempts to increase antagonistic microorganisms 

in the rhizosphere by the application of organic and inorganic 

materials to soil or by foliar sprays of selective chemicals 

seemed to be a very useful approach to control soil-borne 

plant disease. In the present work, most of the antagonistic 

fungi isolated from the soybean rhizosphere did show a wide 

range of inhibiting effect on S. rolfsii in vitro. Among the 

Trichoderma spp., T. harzianum and T. koningii were found 

to be most efficient antagonists, reducing the disease severity 

of soybean when amended to the S. rolfsii infested soil. The 

highest disease control was obtained with T. harzianum amendment. 

T. koningii also showed reduction in disease severity in a 

similar manner. An increase in the reduction of disease with 

an increase in concentration of the antagonist inoculum was 
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also recorded. The population of S. rolfsii in antagonist 

amended soil decreased considerably compared to the non amended 

infested control, which can be correlated to the control of 

the disease acheived with such treatments (i.e. T. harzianum). 

An increased yield of soybean has also been recorded with 

antagonist treatment, which was found to be interesting and 

warrents further attention. 

Attempt to manipulate antagonism especially mycoparasitism, 

have been found to be successful, Mycoparasitism is largely 

unexplored and poorly understood in relation to survival of 

fungal propagules in soil. Further study on the ecology of 

mycoparasitism ia required to fully understand the biological 

control of plant diseases, which has been achieved in the 

present work. The present findings corroborates with the find­

ings of Wells et al (1972) and Hadar et al (1979) where they 

acheived significant reduction of disease caused by S. rolfsii 

and R. solani respectively. 

Understanding the ecological factors affecting the 

distribution of antagonists (i.e. Trichoderma spp.) in their 

natural habitats may lead to our understanding of the popula­

tion dynamics of the antagonist, its survival and proliferation 

in soil and in the rhizosphere of host plants may add to our 

knowledge of their action in soil ecosystem and control of 

soil-borne diseases. 



SUMMARY 



In the modern system of soil-borne disease management, 

control with the help of soil amendments is comparatively 

a new approach.7 The soil amendments may reduce the disease 

severity either by inhibiting the growth of the pathogen or 

by stimulating the antagonistic soil and rhizosphere microflora. 

The fungal propagules are known to remain dormant in soil, 

which may germinate due to break of "imposed dormancy" (i.e. 

due to soil fungistasis) following soil amendments and may 

increase or decrease the disease severity. Therefore, it is 

important to develop methods, to reduce the number of propagules 

of the pathogen in soil below a dynamic damage threshold level. 

In the present investigation /'Studies on the effect of organic 

and inorganic amendments on the soil and rhizosphere microflora 

in relation to the biology and control of soil-borne plant 

pathogen (Bclerotium rolfsii Sacc.)", emphasis has been given 

to control the pafhogen (i.e, S.« rolfsii) with the help -of 

some easily available green plant materials and with some 

organic/inorganic chemicals (i.e. inorganic fertilisers, anti-
* 

biotics and fungicides). 

The thesis is presented under following headings: 

General Introduction, Review of Literature, Environ­

mental features with General materials and methods, Experimen­

tal (eight chapters), General Discussion, Summary and Refere­

nces. Each chapter has an Introduction, Materials and Methods, 

Results and Discussion. The experimental work has been divided 
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into two parts. Part one "Soil Survival" with one chapter 

i.e. Studies on soil fungistasis, while Part two "Plant soil 

relationship" consists of seven chapters viz. (1) Effect 

of organic, (2) inorganic amendments on the soil, rhizosphere 

microflora, disease development and yield, (3) effect of nitro-

furans, (4) antibiotics, (5) fungicides on the rhizosphere 

microflora, disease development and yield, (6) studies on 

antagonism and biological control of S. rolfsii and (7) studies 

on the effect of organic and inorganic amendments to soil 

on rhizosphere microflora and disease development in maize. 

Part - I; Soil fungistatic activity against S. rolfsii was 

studied in relation to seasonal variation, microbial population, 

available nutrients and microbial activity (i.e. dehydrogenase) 

in three different soil types (i.e. forest, garden and grass­

land soil). It has been observed that soil fungistasis is 

seasonally variable i.e. with an increase in summer months 
•»-

compared to the winter. No' correlation was observed between 

the seasonal variation of the factor and of microbial population 

in the soil in general, but a direct correlation with available 

nutrients (i.e. total sugar) in soil has been observed. Among 

the physico-chemical factors, soil moisture and enzyme activity 

shows a direct relationship with the seasonal variation of 

soil fungistasis. Ethrel (2 chloro ethane phosphonic acid), 

an ethylene generator in aqueous solution, was found to induce 

fungistasis in sterilised soil which was otherwise non fungi-
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static. It inhibits the sclerotial/spore germination in soil, 

in aqueous solution and affect / soil microbes even at lower 

concentration (1 jxl/L). The inhibition due to ethrel was reduced 

by supplementing glucose (1% and 10%) in experimental soil. 

This supports the inhibitor and stimulator theory to balance 

soil fungistasis proposed by Smith (1973). The probable pathway 

and the factors involved in soil fungistasis has been discussed. 

Part - II; Among the organic amendments, Eupatorium adenophorum 

followed by E. riparium leaf extract, inhibited the growth 

of S. rolfsii in vitro. The inhibition in sclerotial germina­

tion is positively correlated with the concentration of the 

plant extracts used. Viability of the sclerotium in soil decrea­

sed (excepting E. adenophorum) with the increase in concentra­

tion of the amendments applied and with time. Organic amendments 

did not have any adverse affect on soybean seed germination. 
« 

Amendments significantly increases total phenolic compounds 

in the treated soybean radicles In vitro. 

All the soil amendments stimulated fungi, actinomycete 

and bacteria (excepting, E. adenophorum and E. riparium) in 

soil, whereas, a significant increase in bacterial population 

was observed in soybean rhizosphere. Aspergilli, mucorales, 

Trichoderma spp. were found to be stimulated.in soil and rhizos­

phere. A comparatively higher population of Aspergilli was 

observed after the application of Helianthus annuus and Pinus 
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kesiya amendment to soil and E. adenophorum (3% w/w), amendment 

in rhizosphere. Trichoderma harzianum and T. koningii were 

found to be stimulated in the soil and soybean rhizosphere 

following E. riparium soil amendment. A total of thirty eight 

and thirty two species belonging to eighteen and fourteen 

genera have been isolated from soil and rhizosphere, respectively. 

Soil amendments (i.e, P. kesiya, H. annuus, Poultry 

litter) initially increased S. rolfsii population in soil, 

which subsequently declined. While E. adenophorum amendment 

to soil reduced the population. Although, pre-emergence seed 

rot was observed, but reduction in disease severity was achieved 

with all the soil amendments. Maximum reduction in disease 

severity was observed with E. riparium amendment. 

Organic amendments to soil in general did not produce 

any adverse affect on the growth of soybean plants. Infact, 

H. annuus and Poultry litter amendment increased the growth 

significantly. All the amendments increased the dry weight 

of shoot, pod and yield in soybean plants. Comparatively higher 

yield was recorded with E. riparium (3%w/w) and Poultry litter 

(2%w/w) amendments. Under field condition^ higher concentra­

tion (40q/ha) of the soil amendments reduced foot rot disease 

together with increased soybean yield. 

Among the inorganic amendments, urea and zinc sulphate 

(0,25, 0,5, 1,0%w/w) suppressed the growth and sclerotial 
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germination of the pathogen in vitro. The survibality of sclero-

tium in soil decreased with time and concentration of the 

chemicals. Higher concentration of inorganic amendments dec­

reased soybean seed germination in vitro. Significant increase 

in phenolic compounds was observed in the treated soybean 

radicles. Soil fungal population increased due to rock phos­

phate and ammonium nitrate amendment to soil. But rock phos­

phate (0,1, 0,25%w/w) only increased the fungal population 

in soybean rhizosphere. A significant increase in bacterial 

population in soil and rhizosphere was recorded with all the 

inorganic amendments used. Although, increased actinomycete 

population was observed in soil but the population decreased 

in the rhizosphere. Soil amendments stimulated mucorales in 

soil and mucorales and Aspergilli in the rhizosphere. Zinc 

sulphate (0.25%w/w) boosted Aspergilli in soil^ whereas, rock 

phosphate (0.25%w/w) and urea (0.5%w/w) increased the same 

in the rhizosphere. Calcium nitrate (0.25%w/w) and zinc sul­

phate (0.1%w/w) stimulated penlcillia in soil and rhizosphere 

of soybean seedlings respectively. A total of twenty seven 

and thirty one species belonging to seventeen and fifteen 

genera have been identified and isolated from the amended 

soil and rhizosphere respectively. 

Amendments initially increased the pathogen population 

resulting an increase in pre-emergence seed rot. Significant 

increase in S. rolfsii population after urea amendment is 

probably, due to the breaking of "imposed exogenous dormancy" 



[ 203 ] 

by soil fungistatic factor present in the soil. The seedlings 

which escaped rot, delayed symptom expression by two weeks 

(0.5%w/w concentration in all the cases) compared to infected 

control. Reduction in disease severity (i.e. 30-50%) was observed 

with all the inorganic fertilisers used. 

Higher concentration (0.5% w/w) of most of the inorganic 

fertilisers were found to have toxic effect on the seedling 

growth (i.e. height) and yield excepting calcium nitrate and 

urea (0.1%w/w). Urea (0.1%w/w), calcium nitrate (0.25%w/w) 

and calcium carbonate (0.1, 0.25%w/w) increased the shoot 

weight, whereas, urea (all the concentrations) increased root 

weight. No significant increase in soybean yield due to the 

inorganic soil amendments was observed. 

Under field condition^a direct correlation was observed 

between the S. rolfsii population in soil and soybean foot 

rot in case of urea (80 kg/ha) at the initial stage. Although, 

zinc sulphate (5, 10kg/ha) initially increased the population 

but it declined slightly with time. Whereas, rock phosphate 
r 

(40kg/ha) showed a gradual increase in pathogen's population. 

A significant reduction in disease severity was recorded with 

all the inorganic chemicals used, of which zinc sulphate gave 

the best result. Urea (80kg/ha) and jinc sulphate (10kg/ha) 

stimulated the plant growth which was reflected on the increase 

in plant height, vigour and yield as compared to infected 

control and the lower concentration of the chemicals. 
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Among the three nitrofurans tested, furazolidone 

(at all concentrations) and nitrofurantoin (higher concentra­

tion only), completely inhibited the growth of S. rolfsii 

in vitro. Decreased sclerotial germination was observed with 

the increase in concentration of the chemicals. Complete loss 

of viability after 30 days of incubation was observed due 

to furazolidone (1000 ug/L) amendment to soil. Others also 

reduced the number of viable sclerotia with the increase in 

incubation period. Significant reduction in fungal and bacte­

rial population in the soybean rhizosphere following the foliar 

application of nitrofurans was observed. All the nitrofurans 

reduced the disease severity (more than 50%). Better yield 

production was achieved with furazolidone treatment only. 

Antibiotic viz. actidione and thiolutin completely 

inhibited the growth of S. rolfsii in vitro even at lower 

concentration (20 jag/L). Others showed slight inhibition. 

Loss in viability of sclerotium by 50% after 15 days and com­

plete loss after 60 days of incubation in treated soil was 

observed with higher concentration of all the antibiotics 

tested. 

The concentrations of antibiotics used here, however, 

found to be toxic to soybean seed germination, excepting few 

cases i.e. thiolutin (upto 80 yq/L), streptomycin (20, 40 

ûg/L) and penicillin (20 >ig/L), whereas, streptomycin (all 

the concentrations), penicillin and chloramphenicol (20, 40 

jag/L) stimulated the radicle growth. 
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A significant decrease of fungi, bacteria and increase 

in actinomycete population was recorded in the rhizosphere 

of soybean seedlings following foliar spray with antibiotics. 

A total of twenty nine species belonging to thirteen genera 

were isolated from the rhizosphere. 

Higher concentration of all the antibiotics delayed 

the symptom expression. Actidione followed by penicillin and 

thiolutin gave better control of disease (at 100 jig/L) compared 

to others. Slight increase in yield was recorded with thio­

lutin, chloramphenicol (lower concentration), followed by 

streptomycin (all the concentrations). 

Among the seven fungicides tested, PCNB and agrosan 

produce highest inhibition in growth of S. rolfsii. Viability 

of sclerotium reduced when dipped in aqueous solution of sulfex 

and agrosan, but in soil, dicloran and agallol was found to 

be the most effective. Sulfex, was found to be toxic to soybean 

seed and seed lingsj while others produced slight inhibition 

in seed germination only. Soil drench with fungicides, dec­

reased the microbial population (i.e. fungi, actinomycete 

and bacteria) in the rhizosphere. A total of twenty nine fungal 

species belonging to thirteen genera have been isolated, of 

which Aspergilli and mucorales were found to be the dominant. 

A delayed disease development was achieved in soybean 

plants grown in the infested soil drenched with PCNB and agallol. 

All the fungicides used have controlled the disease severity, 
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however, the best result was obtained with PCNB and agallol. 

Increase in yield was observed with PCNB and agrosan, irres­

pective of the concentrations used, while others also increased 

the yield but only at lower concentration. On the other hand 

delan and sulfex reduced the yield considerably. 

In biological control studies, eleven dominant rhizos-

phere fungi of soybean were selected to determine their activity 

against the growth of S. rolfsii in vitro and in vivo. Trichodenna 

viride and T. koningii showed volatile, while T. viride, T. 

koningii, T. harzianum and Aspergillus flavus showed non volatile 

antibiotic activity resulting inhibition in growth of S. rolfsii. 

The inhibition rate decreased with the increase in incubation 

period. These three Trichodenna spp. also parasitized S. rolfsii 

mycelium through coiling, lysis, penetration, growth, conidia 

formation and ultimately bursting the host hyphae. A necro-

trophic mycoparasitic activity of S. rolfsii on Aspergillus 

niger was also observed. Others show mutual intermingling 

growth in vitro. T. viride and F. solani, also produced inhi­

bition zone (type C) in some cases. 

Trichodenna harzianum and T. koningii amendment to 

S. rolfsii infested soil gave the best control of soybean 

foot rot disease. Population of S. rolfsii decreased considerably 

when the antagonist cultures were (i.e. Trichodenna spp.) 

separately amended to soil, which could be correlated with 

the decrease in disease severity. Higher yield of soybean 

was recorded with Trichodenna spp. compared to others. 
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Sclerotium rolfsii isolated from infected maize (Zea 

mays L) cobs differ morphologically from the soybean isolate. 

The isolate grew very fast producing large number of small 

brown sclerotia. E. adenophorun and E. riparium soil amendments 

reduced the S. rolfsii population, while urea had virtually 

no effect. All the soil amendments used reduced the disease 

severity in maize plant. 
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