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in INTRODUCTION

Sheath blight diseasé of rice incited by Rhizoctonia
golani Xihn (Thanategﬁorus cucunceris) (Frank) Ponk is one
of the major diseases of rice, Its occurrence has been
reported from many countries, in the East, South eagt and

Scuth Asia, South and North America and aAfrica (on, 1972).

The reduction in grain yield due to the severity of
this diseage has been estimated to vary from 5.2 to 50.0

per cent (Ou, 1972; Kannaiyan and Prasad, 1976).

R. golani is a goil inhabiting pathogenic root
infecting fungus which has a wide host range. The extent
and ability of soil=borme plant pathogens to survive sapro-
phytically in the absence of their hosts depend on their
competitive saprophytic ability. Competitive saprophytic
ability of microorganisms in relation to biological control
of diseases caused by soil-borns pathogeng hag been dAlscugsed

by Garrett (1965) and Park (1965).

Management of diseases caused by scile=borne plant
pathogens is much more complex than that of diseases caused
by air-borne plant pathogens. The use of chemicals for the
control of diseases caused by soill-borne plént pathogens
Poses many practical difficulties due to their predominantly

subterranean habit. Along with the efforts to overcome



these difficulties, biological control of soil-borne plant
pathogens has recently receivéd renewed attention throughout
the world. The interest in this method of control draws
momentum from the growing public concern regarding the wide=
spread use of hazardous chemlcals for pest and disease control
(Mulder, 1979).

Biological control of phytopathogenic fungl has been
suggested ag an alternative to chemical control (Cock, 1977;
Deacon; 1976). The most commonly attempted method of achiev-
ing bioloéical contxol of plant diseages is by modification
of soll environment through organic amendments (Stover, 19623

Hubsr and Watson, 1970).

Another method of achieving bioclogical control is the
incorporation of sélected antagonists to the soil and to
establish them in the rhizosphere of crop plants. The appliw
cation of chemicals in the soil influences the activity of
many kinds of soil microorganisms. Hence a proper undere
standing of the effect of common plant protection chemicals
on the sheath blight pathogen and on the antagonistic microe
organisms is essential to meke a judiclous selection of the

chemlicals to control the pathogen.

Consldering the above facts, experiments on the follow=
iné aspects were carried out during the course of ‘the present

studies,



Determination of the ability of R. solani to colonise crop
stubbles in competition with other soil micfoérganisms and
their comparative ability to survive.

Agsessment of the effect of various ecological and agrono=

mical factors on the cGuration of survival of R. golani.

Isolation of microorganisms antagonistic to R. golani from

s0ils of different regions of Kerala.

Determination of the various conditions favourable for Ehe-

multiplication of antagonistic organisms.

Comparison of the antagonistic ability of different micro-

organisms against R. solani.

Studies on the interaction between the different antago=

nistic microorganisms in scil,

Asgsessment of the effect of goll microorganisms on the

survival of R, golani.

Correlation between the presence of antagonistic microe=

organisma end the incidence of sheath blicht of rice.

Methods to selectively stimulate the multiplication of anta=

gonistic microorganisms.

In vitro effgct of fungicides, herbicides and insecticides

againgt antagonistic microorganisms and R. goland.



of

COntro%«sheath blight disease by using antagonistic microw

organisms singly and in combination with fungicides, herbie
cldes and iInsecticides.
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2. REVIEW OF LITERATURE
2,1, Competitive saprophytic ability

Competitive saprophytic ability is the summation
of physiological characterigtics that mske for success in
competitive colonization of dead organilc substrates
{Garrett, 1950). Competitive saprophytic ability of a
fungus in soil would depend not only on growth rate, produce
tion of antibiotics, toxins or antibiotics produced by
other microorganisms, but also on other micro determinants
of soil ecosystem including number and variety of antago=

nists exploiting a gubstrate (Garrett, 1956).

Sclerotia constitute the main means of survival of
Ruizoctonia golani and they may survive for several months
(Palo, 1926). They f£all on the ground before harvest of
the crop and infect the subsequent crop, in the followilng
season (Ikata and Hitoni, 1930).

Park and Bertus (1932) from Sri Lanka tested the
gurvival of sclerotla under various conditions and reported
that at rcom temperature, on dry or moist soil the sclerotia
survived for at least 130 days and for 224 days when sub=
merged under three inches of water. They also found that
the sclerotia began to loose their viability after exposure

to direct sunlight for 183 hours during a period of 34 days



and were killed by 204 hours of exposure. The availlability
of susceptible host plant is more important for survival

in soil than that of dead or living roots of non susceﬁ-
tible hosts. R. gelanl dlsappeared froﬁ‘ﬁeavily-infested
soll in less than four months in the absence of susceptible
crops, but survived up to eigﬁt months in soils planted
with suscéptiblé crops (Sanford, 1952). ﬁaldéé (1§55)
reported thét the mycelium of R. golani remained wvisble
for mors than a month in pieces of lsaf sheath and in soil,
and sclerotia for ninre months in laboratory and six months
in the field. Papavizas and Davey (1961) found tﬁat the
saprophytic survival of R. solani decreased with prolonged
incubation, but the fungus was recoverable from the colo-

nized substrates even after 120 days in soil.

Soll témperature, moisture, organic matter, nutrient
content and type of soll microflora are gome of the factors
. which influence the survival ability of soil fungi (Menzies,
1963). Some strains of R. solani grew vigorously for some
time and cqlonized the organic particles of the soil, vhile
some isolates which formed many sclerotia in soil also soon
died out indicating that the sclerotia production is not
necessarily related to survival (Baker et al. 1967).
Papavizas (1969) studied the survival of root infecting
fungi in soil, and found that the survival of R. solani

(measured by colonization of organic substrates) and ability



to cause damping off of radish in sterilized and unsteri-
lized soils declined after the addition of maize meal sand
inoculum 0,3 pér cent than at 1.25 or 2.5 per cent, Naikil
and ‘Ui (1972) and Kannaiyvan and Prasad {1978) reportéd ihe
survival of sclerotia of R. golani in soil for more than
360 days and 390 days respectively. Freeman (1973) found
that sclerotia of an isolate of R. golani swrvived for 26
months when submerged in unsterilized lake water. Roy
(1976) observed that the sclerotia of Corticium sasakii

on non sterilized cowdung, rice straw, and soil remained
viable up to nine months .with a considerable decrease after
seven months. Lakshmanan (1979) reported the viability. of
R. solani on rice straw up to 180 days. Shokes and
McCarter (1979) found that R. solani in infested cotton
stem gections were.recéverable in decling numbers up to

96 days and as sclerotia up to 85 days from irrigation
ponds. Mustafee and Chattopadhyay (1983) reported that

gurvivability of 5clerotium rolfsll and Macrophomina

phaseolina increased with the quantity of host tissues.

Temperature i1s an important factor which influences
the viability of sclerotia and severity of infection. The
severity of infection caused by Corticium sagakil differed
even within the same temperature range, on different plants
like rice, maize, bean and broad bean (Hashioka, 1948).
Nisikado and Hirata (1937) studied the longevity of



sclerotie in stocamed rice straw undor controlled envirciee
mental conditlons, and £ound thst the sclorotia remained
visble for threa years, at or below 20°C, 26 monthe at !
25%C, 16 montha at 30°C and six months at 35°C. In stérie
lized water ths sclerotia were vieble for three yesrs at

room tesperature of 25°C, 22 months at 10°C, 12«13 months

at 30*%C and less then one month at 35°C, Songupta and |

Roy (1971) found that seprophytic activity of S (Coptidium)
rolfsidi in unsterilived scil vas maximum at 20=30°C and

2024 per cent melsture holding copacity. Mahiendra Prabhath
et sl, (1974) conductsd studios on the viability of C. sasgkid
and found that at room temperature (28e32°C) the viability

| of sclerctia was complately lost after 100 days, but at

lower temporatura of 10%°C thoy remained viable for more than
300 days, But under submerged condition the viebility lost
within 60«80 déya. Papavizas (1977) reported that 75 per cent
of iclemt&a of Mecrophonina phaseolina suxvivad for one

year in moist soila st 26°C, Colonisation of R. zolani wes
found €0 be hidher in soil maintained at dry condition than
at aumérgaa condition regaxrdless of the soil origine
{Rosalis and Mew, 1982),

Ilyss ot al. {1976) reported that under jin mm:
condition banomyl, thiram, thiogbendarole, and capten wero
effective in x;'educing the viability of sclerotia. of
M. phascolina. Anilkumar and Gowda (1984) tried eight
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fungicides to study their effect on the saprophytic sur-
vival of gclerotium rolfsii end found that bayleton, sicardl,
and Vitavax ware highly effective as a dry mix and soil
drench in reducing saprophytic activity.

2.2, Bffect of agronomical and ecological factors on the
survival of R. solani ‘

2.2.1. Effect of organic amendments

During the recent years many plant pathologists
have bestowed their attention to the ecology of soil-borne
plant pathogens, in soil incorﬁorated with organic amendw
ments, wiﬁﬁ a view to have better understanding of the
process of biological control of plant diseases caused by
them. Carrett (1956 defined biological control of plant
diseases as any condition under which or practice whereby
survival or activity of a pathogen is raeduced through the
agency of any other living organism except man himself,
with the result that there is a reduction in the incidence
of the disease caused by the pathogen. As such blological
control of soll=borne plant pathogens is mainly based on
ﬁh@ assﬁmption that guitable modification of soil with
‘organic msterials can stimulate the activity of eoil micro-
bial population which in turn can be antagonistic to a
given ﬁathogen. The role of organic amendménts in the

suppresgion of soil=borne plant pathogens has been amply
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emphasised by Stover (1962), CGriffin (1964), Huber and
watson (1970), Linderman (1970) and Babu George (1981).

Many important diseases ‘caused by soil=borne plant
pathogens like wilt of pan (Piper betle) caused by Sclerotium
rolfsii {(Chowdhury, 1946), black scurf of potato caused by
Rhizoctonlia solani (singh, 1968), sheath blight of rice
caused by Rhizoctonia solani (Kammeiyan and Prasad, 1981 a

and 1983) and root rot of soybean caused by Macrophomina

phaseolina (Narasimmalu and Bhaskaran, 1987) are reported

to be controlled by solil amendments.
2.2.1.1. Saw dust

Application of saw dust as a soll amendément has been
attempted by many workers (Wood, 1951; shetty, 1964; Kender
and Eggert, 1966), Increased yield after saw dust applicae
tion has been-reported by Salmon (1953),; and Hornsby and
Phillips (1965). Toxicity of saw dust to germination
(Newton, 1953; waddington et al., 1967) and plant growth
(Hughes, 1949; Allison, 1965) is also reported. Mitchell
and Alexander (1962) found an increase in the fungal popue-
lation after the application of saw dust. But Smith and
Ashworth (1965) observed a reduction in the populaticn of
soll saprophytes, viz., bacteria, and actinomycetes as a

resultiof amending the soil with rice hull and saw dust.
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Béi?u‘“cﬁa*mih‘éfr}" {1967) after apﬁlying rye meal, corn
ﬁeal..égt meal and wood shavings to the goil at the rate
of 20 g/kg of soil found a gradual reduction in the deve-
lopment of scab of potato caused‘by Streptomyces scabies,

but Liatham and Watgson (1967) failled to control onion root

rot caﬁsedﬂby Fugsarium, Rhizoctonia and Pzgggum'by the
application of'éaw dust in soii. A reduction in black
scurf of potatoes-ﬁg. solani) by the application of saw
dﬁst and fertilizers was reported by Singh (1968).

Khanna (1970) notlced a reduction in the population
of fungl, bacteria and actinomycetes in saw dust amended
solls, espacially during summer. According to Gautam and.
Kolte (1979), saw dust was very effective in controlling
wilt of sunflower caused by Sclerotium rolfsii. 'Krishnamoorthy
and Bhaskaran f198?) while studying the effect of Farmyard
manure, neem cake, saw dust, and fresgh tamarind leaves for
the control of damping off of tomatoes caused by Pythium
| indicum found that maximm seedling emergence was observed
in neam cake émendedﬁpiots followed by plots amended by
saw dust. Further they found maximum population oOf
Trichoderma viride and other soil microorganismé in the saw

dust treated plots.

2.2.1.2, 0l cakes -

Many attempts have been made to control plant discases
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by amending the soil with oil cakes. Singh (1968) and
singh et al. (1972) tried mustard (Brassica juncea L.},
castor (Ricinus communis L.), margosa (Azadirachta indica A.
Juss,. ), mehuva (E@assia latifolia Roxb.) and pea nut (Arachis
hypogaea L.), oll cakes as soil amendments, against

R. solani. The best control of the disease was noticed in
mustard cske amended scoil while mahuva cake enhanced the
digsease. Rajan and Menon (1975) reported that soil amended
with punna cake, eluppa cake and rubber seed cake -reduced
the intensity of sheath blight of rice caused by Corilcium
sasakii. Rajan (1980) tried oil cakes of neem, marotti,
rubber seed and punna against sheath blight disease of rice
and observed that the intensity of the disease has been
reduced in amended plots. Non edible oll cakes like mahuva
cake, marptti céke, neem cake and punna cake were found to
reduce significantly the intensity as wéll as incidence

of sheath blight-of rice caused by R. solani, punna cake,
baing the most effective (Rajan and Alexander, 1987).
Further, stimulation of total fungél and bacterial popula-
tion was also observed by them iIn rice plots amended with

punna cake.

Mustard oil cake when applied to soil hag been found
to reduce the incidence of wilt of pan (Piper betle) caused
by sclerotium rolfsii (Chowdhury, 1946). Kauraw (1970)
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obtained varying degreos of control of Helminthospordum
petiven, 8. rolfsil and Fugarjun sp, when castor, margosa
and groundnut cakes wera used,  Furthor, ho obsorved that
od) cake amendoonts Caused increass in ths populstion of
fungl and ectinomycetes, while a decreass in bacterisd
population during cerly stages of deccoposition of the

oll cakes 4n the rhiscsphers of psa and pigeon paa,

wWajidkhan ek al. (1974) obsarved that application of ammonium
sulphate and oll cokes of nsemn, groundnut and Castor increased
total mpulatiog of fungl in the rhizesphore of egy plant,
but advorsely sffectad the pathogenic fungl such as
E.me.'-s’_tm 8pes Re golani and Fuserium sp. Gautam and
Kolto (1979) obsarved that oil cekes of castor and neem
‘reducaed the root rot of sunflower caused by Sclorotiun rolfsii.
According to Narendra Singh and Singh (1983) soil smendments
enhenced the sctivity of Fuggpiun udun and meny other soil
microflora. Narasimnalu and Phaskeran (1967) while conducte
ing studies on the control of root rot of soybaan caused

by Mgorophomins phagsoling using noem loaves, saw dust,
compost, &nd neam cake, found that the diseass vas reduced
by nesm calie spplied at the rato of £ivo tonnes per hoctare,
Further, thoy observed that noam cgke treathent cauvssd more
incpreassd population of fungi than the other organic amende
mants and control.
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2.2.1}3. Crop residues

_ A‘sup§£ahtiélhqpahtity of crop residue is.annually
incorporated to the f£ield soll in normal cropping. practices.
Tha‘dhgmical natu;g and,quantity of these residues vary
according to crop rotation, and other cultural practices
gollowed, The role of crop residues in controlling diseases:
has .been explained by many workers. élair'(1943) obgerved
that in the absence of a susceptible host both wheat straw
and dried grass suppressed the growth of R. solani in
fertile soil. In such a soll rapid assimilation of nitrogen
and excessive carbon dioxilde evolution by the cellulose
decomposing microflora resulted in starvatlon and apparent
inhibition of Rhizoctonia spp. Rouatt and Lochhead (1955)
used regidues of six species of crop plants as soll amend-
ments and found not much changes in the bacterilal population.
Davey and Papavizas (1960) used dry residues of soybean,
corn and cat as amendments and found an increase in the
population of actinomycetes, A two fold increase in
actinomycetes population was observed ﬁy Papavizas (1963)
when cellulosa powder, oat straw and soybean straw enriched
with ammonium nitrate were used as goil amendments. Latham
and Watson (1967) used 25 different types of leaves as soil
amendments to control root rot of onlon, caused by Pythium sp.,

Fugarium sp. and Rhizoctonia sp. and found that in the



amended soll these pathogens did not increase in proportion
to other fungi. Loshakov and Gusev (1978) observed a slight
reduction'in the intensity of.blaék séurf of potatoes cﬁused
b& R. solani by the applicaﬁion_of gtraw alone or in come
bination with mineral fertilizers. Swardt et al, (1978)
 observed a reduction in thé saprophytic activity of
Rhizoctonia golani in plots incorporated with crop residues
of cat, wheat, lucerne;'maize, cotton and soybesan. Hakeem
and cGhaffar (1977) obtaiﬁed a reduction in the number of
sclerotia of Macrophomina phaseolina in spil amended with
‘wheat straw after a gap of 40 days.

2.2.1.4, Green manures

Gfeen manuring has been demonstrated by several
workers as a means of controlling diseases caused by soil=
borne pathogens. Lochhead and Landerkin (1949) noticed
an increased population of actinomycetes in the rhizosphere
-Of potgto grown in soil green manured with soybean, Naumann
(19260) obéerved that green manuring with rape increased
the number of soll bacteria, but the population of actinoe

mycetes remained unchanged.

Papavizas and Davey (1960) reported successful
contxol of Rhizocﬁogga disease of snap beans by gresn manu-
ring. They also reported reduced prevalencé of R. golani

in amended soila. A reduction in the incildence of
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Streptomycas geabies and R. golani in potatoes by green
manuring was observed by Loshakov and Gusev (197€6), . They
reported that in plots wherein mineral‘feftilize;s and |
green manure were ccmbined the tuber yield was 24-pér cent
more than that in plots with fertilizers alone. .They -
suggested that the reduction in the disease intéﬁéity énd
increase in yield;ﬁay ba due to the development of soil
microorganisms antaﬁonistic to S. geabieg and R. golani.
Ldkshménan-(lQ?Q} obgerved that addition'of greean ieaves
to the paddy fields has got beneficial influence In redu-
cing the viability of sclerotia of-R. geolanl. This study
revealed that among the different green manures tried,
neem leaves was more effectiva. Kannaiyan and Prased
(1981 a) studied the effect of greenh manures like glyricidia,
neem, ipomoea, sesbania, daincha, stnthemp, kolﬁnchi. and
croton on the saprophytic survival of R. solani in soil
and found that all the green manures tested have signifi-
cantly reduced the saprophytic activity of xice sheath
blight pathogen as qompéred to control. Rajan and Alexander
(1987) cbserved that the pots in which soils amended with
glyricidia leaves had least incidence and intensity of
sheath klight of rice as compared to untreated control.
They also found that in amended pots the population of soil

saprophytes viz., fungi, bacteria and actinomycetes increased.
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2.2.1.5. Rice husk and coconut pith

smith and Ashworth (1965) reported that when rice
husk and oat straw were used as émendments the bacterial
and actinomycetes population increased for 105 days and
the population of R, solani was depressed. But Gautam and
Kolte (1979) did not cbserve any consistent reduction in
Sclerotium rolfsii of sunflower as a result of amending

the soil with rice husk.

Coconut pith, incorporated alone or in combination
with NPK has been found to reduce the intensity of sheath
blight disease of rice {Rajan and Menon, 1975; Rajan, 1980).

2.2.2. Effect of fertilizers

There are encouraging réports stating that the
application of inorganic fertilizers alters the survival

of certain soil borne plant pathogens.

Miles and Thomas (1925) conducted investigations
on the effect of varying quantities of nitrogen, potash,
as well as balanced fertilizers, on the percentage of infecw
tion of potato by late blight caused by Phytophthora infestans
and other diseases cauged by R. golani and.Colletotricﬂum
tubifium and found that application of nitrogenous manure
up to 3.5 cwt had no effect on disease incidence, but an

excessg quantity over this favours disease. Further trials



18

on this line showed that increased application of potash

reduced the diseases.,

Wednhold et al. (1969) found that when R. solani

was grown on different media before being inoculated on
cotton hypocotyls a .direct relationship was observed between

the C and N concentration in the medium and survival of the
| pathogéns. RNelson (1970) studied the effect of NH4C1 and
NH,Co, on the suﬁvival of Poria Qeirii in the field as well
as in the'laboratory-and it was observad that survival was
not significantly correlated with quantitative or qualita-
tive levels of fungi ofjaerobic actinomycgtes. They found
that P. weirii survived for six months in only one of the
GO'pots with edther form of nitrogen whereas it was in 14
pots in the case of unfertilized soil, Kannaiyan and Prasad
(1973) found that the soil amended with Potassium chloride
guppressed the survival of musk melon wilt fungus. They
also suggested that the depressing effect of potassium might
be due to an increase in the number of antagonistic micro-
oréanisms. shanmugam (1975) and Alagappan (1976) reported
that soils amended with potassium chloride, potassium sule
rhate and potassium nitrate inhibited the survival of
R. bataticola. Kamnnaiyan and Prasad (1981 b) found that
K and PK have signifilcantly reduced the survival of R. solani,
and the soll treated with X reduced the survival pariod also

to a considerable period compared to control. Hubsr and
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Watson (1974) found that the population of soil pathogens
like Fusarium, Rhilzoctonla and Aphanomyces decreaged by

NOS'-N and increased by NH4+-N.

Dahlsson (1975) reported that infection by R. solani
1ls favoured by the application of heavy nitrogen. Mariappan
and Viswanathan (1986) found that higher levals of N, viz.
120 and 240 kg/ha increased the disease incidence to 54.5
per cent and 63.3 per cent as against 45 and 80 kg/ha and
higher levels of K recorded least percentage of disease
index of 26.7 compared to 67.2 at 40 kg K/ha. They also
found that sawdust applied along with NPK recorded least
disease incildence of 35,5 per cent as against 73 per cent

in untreated control.

Balakrishnan and Nailr (1985) found that application
of slow release nitrogen by utilising neem coated urea and
an enhanced rate of potash applicetion were found-to have
profound effect in reducing the severity of sheath blight

and sheath rot of rice.

Gokulapalan gt al. (1986) reported that the applica-
tion of carbofuran at 1 kg ai/ha along with fungicide
carboxin and 50 per cent more of K reduced the sevarity of

sheath blight of rice and enhanced grain yield.



2+3. Antagonism of soil microorganisms

2,3.1. Antagonism of fungi

There are several reports on the presence of microw-
organisms in soll antagonistic to plant pathogens (Weindling,
1932; 1934; Vlassova, 1940; Jaarsveld, 1942; Tisdale and
Foster, 1948; Wood, 1951; sanford, 1952). Among them there
are many references on the fungal antagonism against
R. golani. weindling (1934) reported that Aspergillus nicer,
Peﬁicillium spp?icjﬁ‘usérimn lateritum were parasitic on
R. solani, The antagonistic'éctivities of different speciles
of Aspergillus has been obsgerved by many scientists from
different parts of the world. Important among them are
Agpergillius piger, A. parasiticus, A. tamari, A. terreus,

A. flavus, A. fumigatus, A. buchensig (Endo, 1935; Vasudeva
and Sikka, 1941; Naim and El-Esawy, 1985; Roy, 1984; Gupta
et al., 1985).

Nalm and El«Esawy (1965) suggested that biological
control of R. golani might best be achieved by applying
A. terreus at a soil temperature of 35°C and at a pH of 4
or less. Neweigy gt al. (1982) gtated that two species of
Aspergillug and three species of 'I‘richoder_ma were most
effective against some pathogens attackiné the faba bean
cultivars, namely Fusarium solani, Rhizoctonia solani and

Sclerotium rolfsii. Venkatasubbaish and Safeeulla (1984)
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demonstrated that under glass house and field conditions
seed treatment with Aspergillus niger reduced the incidence

of collar rot of coffes seedlings.

Chaetomium spp. have been found to show antagonism
against R. golani, Chaetomium globosum and C. cochlioides,

C. gracile and an unidentified Chaetomium sp. were the
.speéies which showed significant antagonistic activity
(Tveit and Moore, 1954; Harman et al., 1980; Sezgin 23.9;.,
1982; Jose Joseph and Susamma Philip, 1987).

Fusarium.solan; also has been reported to have
antagonistié activities against R. solani (Yen gt al., 1957;
Lulu bag, 1986).

The role of Penicill;um spp. in inhibiting the growth

of R. golani was demonstrated by various workers. Boosalis
- (1956) reporteﬁ.pafas;tism of R. golani in unsterilized

pea field by Penicillium vermiculatum Dong and exhibited
internal parasitic ﬁycelium in hyphae of R. golani by means
of penetration pejs arisiﬁg from hyphae in contact with host

myceliun or from mycelium coiling around host hyphae.

According to Newhook (3957) Penicillium épp. gave

complete control of tomato infected with Botrvtis cinerea.

Many species of Penicillium including Penicillium clavariaforme

Bain, B. patulum, P. cyclopium Weslling, P. nigricans (Baon)



Thom and P. gxalicum Currie & Thom were dlso reported to
have antagonistic activities against R. golani. (Wood, 1951;
Chu and Wu, 1981; Chand and Logan, 1984; Gupta et al., 1985;
Iulu Das, 1986).

Arjunan gt al. (1987) found that Penicillium sp. was
antagonistic to Macrophomina phaseolina causing root rot in
rigeon pea.

Endo et al. (1973) observed the reduced incidence of
Corticium sasgkii the causal agent of sheath blight of rice

by Neurogpora gragssa Shear and Dodge.

Among the many potentially antagonistic soil micro-
organisms members of the genus Trichoderma have gained con-
siderable importance. There are many reports on the effecw
tive application of Trichoderma spp. for the control of
disease caused by R, gsolani., weindling (1932) observed that
damping off of citrus seedlings caused by R. solaqi can be
reduced by inocculating Trichoderma SPp. ﬁe suggested that
this is due to the decreased activity of R. solani caused
by the increased antagonistic activities of Trichoderma spp.
Hino and Endo (1940) observed that Trichoderma viride
Pers ex S.F. Gray can parasitise and destroy the sclerotia
and mycelia of’Corticium solani and gclerotinia sclerotiorum,

The antagonistic activity of Trichoderma lignorum on
Asperagillus niger, Macrophomina phaseoli and Corticium solani
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was reported by Vasudeva and sSikka (1941). They found that
the hyphae of the pathogen undergo lysis on caning into

contact with those of the antagonists.

Tisdale and Foster (1948) from a green house test
observed that Trichoderma sp. can reduce the pathogenicity
of R. golani. Evans and Gottlieb (1952) found that damping
off of pea caused by R. golani was controlled in sterile
and non sgterile soil containing I. viride. The antagoni=-
stic effect of T. lignorum (T. viride) has been reported
from different parts of the world (Jaarsveld, 1942;
Fedorinchick, 1951; Josifovie, 1967; Naiki and Ui, 1972;
Ferrera=-Cerrato, 1976; Rosales and Mew, 1982; Mukhopadhyay,
1987).

Dennis and webster (1971) recorded effective inhi-
bition of mycelial growth, vacuolation of hyphas of R. golani
by isolates of different sPécies of Trichoderma. Infection
of Phaseolus lunatus and pea was found to be reduced effec-
tively when T. yiride was either added to soil or inoculated
into seedlings and roots prior to inoculation with R. solani
(Mall, 1975). 1In vivp and in yitro study conducted by
Sadowski (1970) showed that T. wiride inhibited the develop-

ment of R. golani on soils rich in humus,

Roy (1977) showed that when T. viride was incorpo=
rated in sterilized soil together with C. sasakii, sheath
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blight of rice was slightly reduced. Hader et al. (1979)
reporéed'that an isolate of T. hargzianum effectitvely conw
trolled damping off of bean, tomato and egg plant caused
by R. solani, Elad gt zl. (1981) tested a wheat bran cule
ture of T. harzianum against R. golani on cardamom f£ields
infected by R, golani and a linear coxrelation was observed
betwéen the rate of application and degree of digsease cone
trol. Bell et al. (1982) compared the in vitro interaction
between seven isolates of T. harzianum and several patho-
genic fungi and noted the one‘between'z. harzianum and

R. solani to be the most evident. The antagonistic action
between I, harzianum and R. solani was also reported by

Rosales and Mew (1982) and Lulu Das (1986).

Manian and Paulsamy (1987) reported that T. gureoviride
was highly antagonistic to R. golani and found that its
culture filtrate antagonised the mycelial growth and
sclerotial initiation in R. solani. During the investiga=
tions on susceptibility of rice sheath blight pathogen
(R. solani) to mycoparasites, Manibhushanrao et al. (1987)
found that Gliocladium virens and T. Elorigibra(:hiatmn isolated

]
from paddy fields of Kerala and Tami%ﬂhdu were antagonistic

to R. golani.

2.3.2. Antagonism of bacteria

A number of species of bacteria are reported to be



antagonistic to R. golsni and many attempts have been made
to use them for the control of diseases caused by this
pathogen. Hino (1935) found that Bacterium lactis was
antagonistic to R. golani, There are many reports on the
antagonistic action of Bacillus gubtilis on R, solani
(Michener and.snell, 1949; wWood, 1951;- Dunleavy, 1952; Lily
et at,, 1952; Vasudeva and Chakravarthy, 1954). Olsen (1965)
found that B. gubtilis survived at temperature of 140°-160°F
_and even 212°F for 30 minutes and was highly inhiﬁitory to
R. gsolani in culture., The Bacillus spp. usually used for
bilological control of root pathogens increased plant growth
also (Broadbent et al., .1971; Merriman et al., 1§74).
Utkhede and Rahe (1979) studied the effect of four isolates
of B. subtiiis for the control of white rot of onion caused
by Sclerotium ceg;l.vp_::p:n Berk. and observed that an isolate
of B. subtilis provided 'significant and season long protec-
tion against white rot. Howell and Stipanovic (1979) found
that a strain of pPseudomonas fluorescens was highly anta-
gonistic to R. golani. They also reported that sclerotium
formation by R. solani was reduced by B. gubtilis, Neweigy
et al. (1981) found that out of 93 bacterial isolates from
rhizosphere of broadﬁeans infecteci by R. solani 20 were
antagenistic. B. gubtilis, B. badicus and B. cereus were
reported to significantly enhance chlamydospore formation

when sprayed on actively growing agar cultures of F. udum
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(Narendra Singh and Singh. 1983). The use of B, gubtilis
for the biological control of wilt pathogens has been
reported by Podile and Dube (1985) and Podile et al. (1985).
In a study conducted by Jharia and Khare (1986) it was
found that two isclates of Bacillus spp. and throe isolates
of B, subtilis were highly antagonistic to R. solani
in wvitro and in vivo., Mew and Rosales (1986) found that
when sclerotia of R, solani treated with suspension of
non fluorescent and flﬁorescent bacteria and allowed to
infect rice plants at tillering stage, the disease incidence
was reduced compared with plants infected with sclerotia
soaked in sterile distilled water. They also reported that
the incidence of sheath blight was lower when the geeds
were treated or the plants sprayed with bacterial sSuspern-

sion.
2.3.3. Antagonism between soil fungi

Kamoen (1960Q) reported that Chaetomium globosum
was highly antagonistic to:AsEergillus'E;gg_ and Trichoderma
viride., Chohan (1970) found that T. yiride and Streptomyces sp.
were highly antadonistic to A. niger. |

Wu (1977) showed that A. clavatus reduced the growth
of F. culmorum and R, golani., The inhibitory effect of
L. viride against other fungi was reported by many workers,

For example, Ferrera-Cerrato (1976) found that T. wviride
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parasitized on Rhizopus gtolonifer and R. solani. Dohroo
and Sharma (1984) reported its antagonism against Fusarium
equissti and Newelgy et al. (1982) and Kusum Mathur et a1. .

(1988) observed its antagonism against F. solani.

Zakhi Alli (1980) obserwved that j\s&gillus SDe .
Penicillium sp. and Trichoderma sp. were antagonistic to
E. solanl, and F, oxysporum. ILakshmi Ramekrishnan and
Jeyarajan (1987) also found that the growth of F. solani
was significantly inhibited by Agspergillus sp., Trichoderma SP.
A. sydowld and T, viride. The antagonistic activity of
Gliocladium virens; Al sﬁlghinus and A. f£lavus against

Penicillium natulm'n,. Aspergillus sp., A. terreus and

Chastomium sp. was reported by Sezgin et al. (1982), vajna

(1983) observed the mutual parasitism batween Trichoderma

hamatum and T. pseudokoningi in a dual culture.

' Raghunathan (1987) reported that the growth of

A. flavus was inhibited by aA. niger, A. sydowii and T. wviride.
2.3.4. Antagonism between soil fungi and bacteria

There are a number of reports regarding the inhibi-
tory effect of different bacteria against various fungi and
bacteria. B. gubtilis was antagonistic to Gliocladium virens
(Lily et al., 1952), B. macerans to Fusarium r"oseum (Park,

1956), B. subtilis to Penicillium sp. (Cubeta et al., 1985).



B. gubtilis to F. oxysporum f. sp. lycopersici and
Rhizopus nigricans, (Podile and Dube, 1987) and to

E. oxysporum f£f. sp. Udum and Fusarium sp, (Khot et al.,
1988).

The antagonistic action of Pseudomonas spp. against

fungl causing plant diseases was reported by Smith (1967)

and that of Pseudomonas and-Alcaligenes by Yuen et al,
{1985).

Hubard et al. (1982) found that the treatment of
squash bean with ascogpores of Chaetomium globosum suppre-

ssed the growth of Pseudomonas sp.
2.3.5. Antagonism of actinomycetes

There are a number of actinomycetes which are reported
to be antagonistic to R. solani. Among thém the most Strike
ing effects shown by Stregtorﬁxces spp. and Actinomyces
diasticus (Katz, 1953), Actinomycetes spp. (Yen et al., 1957)
and S. griseus, S. hygrocopicus var. geldanus and 8. noursci
(Rothrock and Gottlieb, 1981). Rothrock and Gottlieb {(1984)
showed that R. solani was inhibited by Geldamycin, an antie
biotic produced by S. hygrocopicus on nutrient media. Stimue
lation of Streptomycee spp. in the rhizosphere of wheat hag
been found to inhibit the growth of R. golani and S. rolfsii
(Mohammed, 1985). '
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. 'Ramakrishnan and Jeyarajan (1987) reported the
antagonistic activities of gStreptomyces spp: to R. golani,
During the studies conducted by. Arjunan et -al. (1987) on-
the effects of organic amendments on Macrophomina root rot
in pigeon pea, it was observed phat Streptomyces spp. found
in the amendment applied plots were énﬁagbnistic to the

pathogen.

2.4, Effect of fungicides, insecticides and herbicides on
R. golani and antagonistic organism

2.4.1. Effect of fungicides

The funglcidal control.of sheath blight of rice has
been attempted by different workers all over the world
(Rosen, 1924; Hashioka and Saito, 1953; Hashioka, 1952;
Kozaka, 1961). sSinclair (1960) reported that isolates of
R. solani differed in their sensitivity to captan, PCNB
and di%ione. Captan was effective.against R. golani even
at 100 ppm (sen and Kapoor, 1975). But the studies con=
ducted by Muneera.(1973) and Mathai.(1975) .showed that captan
and Dithane M-45 were most effective against R. golani.
Sinha and Khare '(1977) showed that captan and Difolatan at
3000 ppm were effective for controlling Macrophomina .

rRhaseolina and Fusarium @guiseti on cowpea. Roy (1981)
found that spraying with captafol and guazatine was less

effective in reducing the incidence of sheath blight of rice



than -other chemicals like carkendazim and edifenphos. Dash
. @nd Panda (1984) reported that captafol and.carboxin at
.200, ppm @ach were.effective against the sheath blight

pathogen in vitro.

‘Ashworth et al. (1964) found that for the comtrol
of Agpergillus niger associétéd with groundnut, captan and
thiram (6.3 per cent) were very effective. Frank (1969)
conducted laboratory and field trials and proved that three

parts of 75 per cent caﬁtan + 1 part of 75 per cent PCNB at °

3.g/kg seed gave effective control of Aspergillus and
Rﬁizogus rot of groundnut seedlings. Harper (1964) showed
that seed treatment with captan (0.2 per cent) controlled
Fugsarium sp. in peas. Wwhile studying the control of seed
microflora on vegetab;es. Nasgeﬁa (1981) found ﬁhat captan
was effective in controlling R. stolonifer, Penicillium sp.
and A. flavug followed by Difolatan and Dithane M~45 was

- effective in checking the growth of A. flavus,

Agnihotri (1971) stated that the population of
Rhizoctonia sp. and Pythium sp. was killed by the applica-
tion of captan while the growth of saprophytic species of
Penicillium, Trichoderma and Fusarium increased, Bacteria
. dncreased by the seventh day and subsequently declined to
‘normal by the 38th day. Walnwright and Sowden. (1977) found
that the proportione of fungil and bacteria were selectively
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increased by treatment with captan, benomyl and thiram,

among four systemics and sixtedn non systemics tested

by using poisoned food technique, Sen and Kapoor (1975)
reported that Bavistin, Dithane M=45, BAS 3050 F, Benlate,
captan and R.H, 893 were effective against R, solani even

at 100 ppm, Kataria and:G;-_over ,(197?) observed the inhi-
bitory effect of Bavistin on the mycelial growth of R. solani
in Czapeks agar plates, Kannalyan and Prasad (1979) stated
that B:avistin,' Kitaz.in, Hinosan, Benlate, Demosan and
thiabendazole gave significant disecase control against rice
sheath blight, Xar and Narain (1986) found that carbzndazim
(0.15 per cent) was very effective in inhibiting the growth
of A. _n_jﬁ;_:_. Sclerotium rolfsii and Fusarium sp. The inhim
bitory effect of Bavistin of 10 and 25 ppm on Fusarium sp.
'was 'also reported: by Ghosh and Singh (1981). Delen and
Yildiz (1982) found that out of the four isolates of R. solani,
only one could grow on agar m:edia containing 1.5 mg/ml
carbendazim. Complete inhibition of mycelial growth of
sheath blight pathogen in witrg by carbendazim, thiram,
edifenphos and kitazin has been reported (Dash and Panda,
1984).

L)

Borum and Sinclair (1968) while conducting studies
on the effect of vitavax against R. solani found that Vitavax

was fungitoxic to R. solani at 1 ppm in vitro. Follen and



Diallo (1971) by scréening eight fungicides against thres
fungi reported that Vitavax, Damosan and Benlate were most
effective against R. golani. The effectiveness of Vitavax
in inhibiting the growth of R, solani has been observed by
many workers {Datta and sharma. 1976; Jagan Mohan. 1977;
Lakehmanan et gl., 1980; Gokulzpalan, 1961). Khanna and
Chandra (1976) observed that Benlate was effective for the
control of A. __ggg. vidhyasekaran (1987). showed that
carboxin and benomyl (0 1l per cent) inhibited the growth

of F. oxysporum.

‘The superiority of Hinosan over other fungicides

‘in controlling sheath blight of rice cauged by R, solani

has heen observed by several workers (Mshendra Prabhath,
1971; Muneera, 1973; Yamaguchi, 1974; M-athai. 1975; Mukherjee,
.1978; Rajan et al., 1979). But Varma and Menon (1977)
reported that Hinosah was not as effective ag Kitazin
-granules and Aureofungin Sol in reducing the disease intene
gity. Lakshmanan (1979) found that Hinosan was effective

in reducing the disease intensity and per cent hill infec-
tion. Gokulapalan (1981) observed that Hinosan was effec-
tive but ranked third in efficiency in controlling the

sheath blight pathogeh. It was found that Hinosan at 100 ppm
and above was very effective in inhibiting the growth of

R. solani (Lulu Das, 1986).
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Hashicka (1952) stated that spraying the field with
Dithane Z=78 or Bordeaux mixture of Uspulun (Chlorophenyl
mercury) at 0.5 per ¢ent did not control nggchnus‘(CorticiumJ
Sasakll. According to Hashickad and Saito (1953) zineb +
Phygon was intermediate in effi¢iency while Copper dust
and Cuso4 were almost ineffective even at makimum concen=
trations tested against R, golani. Elsald and Sinclair
(1963) reported that R. solani from seedling cotton became
tolerant to PCNB, captan, dichlone, maneb and thiram after
seven gerial trahsferq. on potato sucrose agar containing
these fungicides. Tandon et al. (1976) found that treate
ment with Dithane Mw45 gave B3 per cent control of Fusarium

semitectum,
2.4.2, Effect of insecticides

There are reports on the efficacy of certain insectie

cides on diseases caused by R. sgolani.

Simkover and Shenefelt (1951) in their laboratory
tests observed that crude BHC dQust greatly inhibited mycelial
growth of R. solani on agar slants. In vitro studies cone
ducted with Sevin showed that at 125 ppm and 50 ppm it reduced
the growth of R. solani (Hacskayle and Stewart, 1962; Naguib,
1968). Yamaguchi (1974) observed that Lebaycld was effective
as dust than as granule formulation against sheath blight of
rice. Tisserat et al. (1977) reported that linear growth of



R. golani was reduced on PDA amended with aldicarb.
Lakshmanan and Nair (1980) conducted studies on the in vitro
toxicity of granular insecticides against R. solani isolated
from rice and observed that Sevidol (1000 rem and 2000 ppm)
and Thimet (2000 ppm) were highly inhibitory to the fungal
growth and sclerotial formation. Lulu Das (1986) found that
carbaryl (1000 ppn) was the most effective insecticide
followed by BHC and malathion each at 750 ppm in inhibiting
the radial growth of R, solani.,

Bollen gt al. (1954) found that BHC and DDT depressed
fungal counts in several soil types, Under laboratory con-
ditions they showed that BHC was more effective in quanti-

tative and qualitative microbizl response at 1000 ppm.

The fungitoxic properties of Thimet hég:also been
reported by Erwin and Reynolds (1958). Naumann (1960)
reﬁorted that parathion is rapidly decomposed by bacteria
in soil and stimulated the increase in various physiological
groups, Also he observed that even concentration of 0.05

rer cent.'significantly increased total bacterial count.

Swaminathan and Sullia (1969) showed that malathion
influences the bactérial and actinomycetes population of
the rhizosphere of groundnut, but ineffective on the fungal
populations, 1In general, lower dogages of carbamate and
organophosphorus insecticides enhancp the actinomycete popu
lation. Stimulatory effects on actinomycetes have been



observed with insecticides like Temik phorate, carbofuran,
disulfoton. malathion. diazinon etc. (Sethunathan and

Mac Rae, 1969; Swaminathan and Sullia. 1969; Maﬁhur et al..
1976; Kandaswamy et al.. 1975). |

Roy et 2l. (1975) stated that treatments of rice
soil with diazinon, carbofuran and endogulphan drastically
reduced bacteria and actinomycetes population vhile carbo-
furan and endosulphan alone reducedfungal population dras-
tically. According to Tu and Miles (1976) species of
Bacillus, Pseudomonas and Streptomyces were inhibited by

" several chlorinated hydrocarbons and organophospﬁorus
ingecticides, Mathur gt al. (1976) also found that applica-
tion of carbofuran resulted in about 100 to 300 per cent

increase in bacterial and actinomycetes population.

Purushothaman et al. (1976) found no inhibitory
effect on the fungal and actinomycete population of rice
field by the addition of carbofuran, diézinon. carbaryl +

Lindane, quinalphos and Dursban.

2.4.,3, Effect of herbicides

There are many reports on the effect of herbicidas
on soll«borne plant pathogens. Those groups of microbes
which can use the herPicides:applied in soil as food will
increase in population, and those microbes for which herbie
cides proved to be toxic will decrease in number (Altman and
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Campbéll. 1977). Kurodani et al. (1959) found that the
pathogenic;tf of ngoghnus (Cortiqium) sasakii'op rice was
'increasgd‘by sp;ayiﬁg with 2,4=-D which also incqeased t@e
size and number of spots fouqd on plants, 2,4«D at 1600 ppin
reduced the growth éf'gg solani by 80 per cent (Millikan
and Fields, 1964). Tatsuyama and Jikihara (1970) found that
'2,4=D, M,C.P.A. and simazine encouraged the development of
aerial hyphase of R. solani. Sridhar et al. (1976) tried

- several herbicides in rice, in which benthlocardb treated
plots recorded better weed control and least phytotoxicity
and maximum yield.: Varma et al. (1978) recorded that
Avirosan 50 EC, Saturn, 50 EC, Machete 50 EC, and Rilof H
500 EC were highly inhibitory to the growth of Corticium
gasakii. Dath and Swain (1979) studied the in vitro effect
of butachlor, nitrofen and propanil at 25, 50, 100, 250 and
500 ppm on radial growth of R. golani and found that the
growth of the fungus was completely suppressed at all cone
centrations of propanil followed by nitrofen and concluded
that propanil and nitrofen have potentiality of suppressing
the growth of sheath blight pathogen. Verma et al. (1979)
'pointed out that fluchloralin had no effect on R. bataticola
but reduced the radial growth of mycelia of Fusarium OXySporum
£. ciceri (padwick) Subran and Sclerotium rolfsii Sacc.
Lakshmanan and Nair (1980) showed that 2,4-D did not inhibit
the growth of R. solani but increased the number and size of

sclerotia. They also found that Tok and Saturn at 125 ppm
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significantly reduced the growth-of R. solani., Lakshmi

(1984) reported that only higher concentréhiqns 6f pendimethalin
(250 ppm) was effective in the inhibition of sélerotia for=
mation of R, golani, It was also observed from field studies
that grain yield in rice waé'increaséd'in trgatménts with
nitrofen 1.75 kg al/ha and bentagone 1.5 kg ai/ha than that

of  control; - Pendimeﬁhalin;'dinitrémine and butealin at

100 g/ml reduced.myceliai growth of Fusériuﬁ oxysporum £. sp,
vasinfectum, R, golani and Sclerotium rolfsii (Youssef et al.,
1985). Tripathi and Vyas (1986) showed that collar rot of
cowpea caused by Rhizoctonia bataticola vas more in the
£luchloralin amended pots as compared to that Eaused by
Sclerotium rolfsii. Lulu Das (1986) from in vitro study

found that bentazone at 1000 ppm was most effective in
inhibiting the mycelial growth of R. solani‘followed by
thiobencarb, butachlor, fluchloralin, nitrofen and 2,4-D
sodium salt each at’ 1000 ppm. Under field condition it was
found that propanil was the most effactive herbicide followed
by thiobencarb, pendimethalin and bentazone in reducing the
intensity and incidence of sheath blight.
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3. MATERTALS AND METHODS "
3,1. Isclation of the pathogen

Rhizoctonla solani Kithn causiﬂg sheath blight of
rice wag isolated from naturallf infected rice plants
collected fram the Instructional Farm, College of Agricule
ture, Vellayani. For isolation of the pathogen, portioné
of the sheath showing fresh typical symptoms were cut into
amall bits, surface sterilized with Ol.l rer cent mercuric
chloride solution for one minute and washed in three changas
of sterile distilled water. They were then plated on poi:ato
dextrosga .agar medium (PDA) in sterile petri dishes and incue
bated at room temperalture {28+2°C). oOn the second day the
fungal- growth from the infected tissue was transferred to
PDA slants., The igolate was purified by the hyphal tip -
method. 'I“ﬁe organlsm was maintained on PDA slants by subw
culturing periodically. This pure culture of the fungus
was used throughout the study. .

3.2, Estimation of competitive saprophytic ability of
R. spleni '

Colonization of R. golani on rice straw in competition
with other microorganisms in the soils of dry land and wet
land paddy fields of Vellayani was assessed to determine the
competitive saprophytic ability by the Cambridge method
(Garrett, 1950)‘.
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3.2.1. Using the culture of R, solani in maizme meal sand
‘madium as inoculum

E, solani was grown for two weeks on sterilized
maize meal sand medium. This medium was prepared in 1000 ml
conical flasks each containing 95 g sand, 5 g maize meal
and 35 ml distilled water. A serides of dilutions 100:0 (le.
90:10 (T,), 50150 (T,), 10:0 (T,) and 0:100 (T;) of the
pure culture of the fungus with unsterilized soil {both dry
and wet land) were made. Each incculum dilution was f£filled
in six 1000 ml conical £lasks. In each flask 50 sterilized
rice straw bits (2.5 cm long) were bukried. In one set of
three flasgks inoculum and soil with the straw:bits were
maintained under dry condition and in another set of three
flasks thsy were kept'under submerged condition by pouring
250 ml water in each flagk. Thié was done in the case of
both dry land and wet land soils. All the flasks were kept
under laboratory conditions at room temperature. After one
month of incubation the infected straw bits were picked out
from the conical flasks and washed with tap water to remove
the adhering soil particles. .They were then surface steri-
lized with 0.1 per cent mercuric chloride solution for one
minute and washed with tﬁree changes of gterile distilled
water, The percentage of straw bits colonized by the fungus
| was assessed by plating the surface sterilized straw bitsg

on plain agar, and examined for the growth of the organiam,
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The pathogenicity of the colonized straw bits was assessed
by inoculating them bﬂ' paddy seedlings (Variety Triveni)
at tillering stage, by placing the straw bits within the

outer leaf gheath.
3.2.2. Using sclerotia of R. golanl as inoculum

In this expe::‘i:r}ent sclgrotia of _13,. soLan.-i: were us2d |
as inoculum instead of the culture of the fungus on maize
meal sand medlium in the previous experiment. In each conical
£lask 300 g of tﬁ'e soil wes teken. Approximately unifonﬁ
g8ized sclerotia obtained from 1Seday=-0ld culture of R, golani
on PDA were used as the inoculum. Mixture of soil and diffe-
rent numbers of sclexotia (100, 75, 50, 25 and 0) were taken
in the conical flasks, Other c:ie_tails ware the same as in

the previous experiment. )

3.3, Influsnece of mbj-.sture and s0ll type on saprophytic
survival of R. golani in dry and wet land soils

3e3e1¢ In sterilized soil

Straw bits (2.5 am in length) from rice plants (Variety =
Triveni) were kept in 250 ml conical £lasks and sterilized
by autoclaving at 120°C for one hour. Each conical flask
contained 100 straw bits. These straw bits were then inocu-
lated with mycelial fragments of R. solani and incubated for

two weeks at room temperature (28+2°C),
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. Soil samples were collected from dry land and wet
land paddy fields of the Instructional Farm, College.of .
Agriculture, Vellayani, Two sets of six conical flasks
(1000 ml) each, wer; used in the experiment. In one set
366 g of dry land éaddy f£ield soil was taken in each conical
flagk and in the other set 300 g of wet land paddy £leld
soil wasg teken. These goil samples we;e:also autoclavad
at 120°C for one hour. In the soil in each conical flask
fifty inoculated straw bits were qu?ieds -The soil in one
set of three flasks cdontaining sterilized dry land paddy soil
was kept'ungar submerged condition by pouring 300 ml of
sterilized water and that in the other set was kept in dry
condition. Similarly the soil in one set of three flasks
containing,éterilized.@at land paddy soil was kept under
submergeducondition|and-that in the other set under dry con~
dition. All the flasks were kept at room temparature (28+2°C)
thréughout the per;od'of experiment. Samples of straw bits
were takén at fortnightly intervals for 16 weeks. and plated
on élain agar, for assessing the saprophytic survival, on

the basis of colonization of the straw bita by R. golani.
3.3.2. In unsterilized soil

In this experiment also sterilized straw bits inoculated
wlith mycelial fragments of R. solani and incubated for two

weeks at room temperature (2842°C) were buried in lots of 50
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in 300 g each of unsterilized soil, from wet land snd dry
land paddy fields, taken in 1000 ml conical f£laska. The
scdl in one set of three flusks for each soil type was maine
tained under submerged condition and the other under dry

condition,

Except the use of unsterilizaed soil, &ll the other
details of this axperiment were as in the previous one.

3.4, Bffect of egronomical and ecological factors on the
survival of R. golani

Jedel. Effoct of oroanic amandmonts

, A pot exporiment to £ind out the effect of organic
amendments on the soil microbial population and survival
of R. golend was laid out with the following treatments.

"= Control

~ Clyricidia lesves (Glyricidia maculata Stoud.)
= Clerodandron leavas (Clerodendron dndieum L)
Ty “ Eupatorium leaves (Efupatorium odoratum L)
Ty = Saw dust

Tg = Coconut pith {(Cocos nucifers I.)

Ty = Neem cake (Azgdirachta indica A. Jusa,)

'I'e « Groundnut cake {Arachis hypogaes Li,)

Tg = Punna cske (Callophvllum inohvllum Yj’LTT.'.)
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T2

e Pgddy husk](0£2ga sativa I, )

= Groundnut shell (Arachis hypogaesa L.)

mSign e - C‘-AR- D,
Replicationn = 3
Total treatment combinations - 36

Earthen pots of 22 cm diameter were filled with & kg
of soil collected from wet land paddy fields of Vellayani,
The amendments were thorouchly incorporated in each pot at
the rate of 19 g/pot. Green leaves were used in treatments
where leaves were used as amondments. Rice straw bitg
(2.5 cm in length) of variety Triveni inoculated by keeping
in the culture of R. golanl in maize meal sand medium were
buried in the soil at a depth of 7.5 cm at the rate of 200
numbers per pot. Two weeks after incorporation of amendments
and inoculum, 20=-day=old rice seedlings of variety 'Triveni'
were transplanted in the pots at the rate of four hills per
pot. The plants were maintained as per rackage of practice

recommendations of Kerala Agricultural University (198s6),
3.4.1.1. Variation in soil microbizl population

~ Soill samples weré collected at six stages from all
the pots starting from bafore the incorporation of amende
ments, at fortnightly intervals, corresponding to before
planting, tillering stage, maximum tillering stage, boot
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leaf stage and two weeks before harvest for the estimation
of microbial population. Martin's medium (Martin. 1950)
'(peptone dextrose agar with rose bengal and streptomycin)
soil ex;ract agar (Allen, 1957) and.Kuster and wWilliam_s ~g?
,medium (Kuster and Willians, 1964). wére used for selective
isolation of fungi. bacteria and actinomycetes from these

soll samples (Appendix I).

‘The soil dilution plating (Timonin, 1940) was done

- for the isolation, From the soil samples collected, one g
each was placed in 250 ml conical flasks containing 99 ml
of sterile distilled water and the flasks were shaken by a
mechanical shaker for 20 minutes. One ml of the suspension
was pipetted from each flask while swilrling and transferred
to 99 ml of sterile water in 250 ml conical flagks. This
dilution of 104 was used for estimating the population of
fungi. aAfter thorough shaking of the above dilution in a
mechanical shaker for 20 minutes one ml was transferred to
99 ml of sterile water blank making the dilution of the
suspension to 106 and used for estimating bacterilia and -
actinomycetes. One ml of final dilution was transferred
:into gterile petrl dish using sterile pipette. About'15 ml
of the requirad medium, melted and cobled to 45°C, was dig-
pensed into the petrxl dishes and rotated to ensure uniform
spread of the suspension in the medium. Three replications
. were kept for each group of microorganism. The plates were

then incubated at room temperature and guantitative estima~

tion of microorganisms was made. Observations on fungi,
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bacteria and actinomycetes were recorded after five, four

and ten days, respectively, after plating.
3.4.1.2. Survival of B. S?lani -

The straw bits were removed from each of the above
treatment at differént stages of growth of the crop starting
from one month after the application of amendments. These
wore washed with several changes of distilled water, surface
sterilized with 0.1 per cent mercuric chloride solution for
one minute, washed well in sterile distilled water and plated
in petri dishes containing plain agar. The development of

R. Bolani was examined and the percentage of survival recorded.
3e4.1.3. Incidence and intensity of sheath blight

The incidence and intensity of sheath blight-were
recorded at maximum tillering stage and two weeka before
harvesé. Disease incidence wag estimated by observing all
the hills in each pot and recorded as percentage. The intenw
gity (disease index) of the disease was agsessad by scoring
all the hills according to standard Evaluation System for

Rice Diseases (International Rice Research Institute, 1976)

as follows.

Gradé bescription
0 No incidence
1 Lesions limited to lower 1/4 of leaf

sheath area



3 Lesions present in lover 1{2 of leaf
gheath area

5 Lesions present on more than 1/2 of leaf
sheath area. Slight infection on lower
(3rd or 4th) leaves

7 . . Lesions present on more than 3/4 of leaf
o sheath, Sevore infectioh_on lowver leaves
and slight infection on upper leaves (flag
and 2nd leaf) o

g Lesions reaching top of tillers, severe
infection on all leaves and some plants
killed

Disease index (DI) was calculated using the follow=

ing formula

Sum of individual ratings = 100

Disease index = Mo of Tille chrorg x 9

Rice in each pot was harvested separately and tha

Yield of grains was recorded after drying.

3.5, Laboratory trial on the effect of organic amendments
on the gurvival of sclerotia of R: golani-

A laboratory study was conducted to find out the
effect of organic amendments on the survi§a1 of sclerotia

of the gheath blicght pathogen.

Design - C,R:iDy
Treatments - 12
Replicationg -~ 3



Treatments

Control

H'-!
[

N‘%
!

Glyricidia leaves (Glyricidia maculata Steud.)

=3
&
]

Clerodendron leavas (Clerodsndron indicum I.)

3
e
{

Eupatorium leaves (Eupatorium odoratum L.)

Saw dust

m*i
]

=3
a3
]

Coconut pith {Cocos nucifera L.)

\"-3

~ Neem cake (Azadirachta indica A. Juss.)

m'-]
|

Groundnut cake {(Arachis hypogaea 1L.)

Punna cake (Callophyllum inophyllum Lss:z.)
¥Fish waste

m*-E
1

3
!

0
Tyy =~ Paddy husk (Oryza gsativa L.)

miz - Groundnut shell (Arachis hypogaea L.)

Soil collected from wet land paddy fields of the
Instructional Farm, College of Agricﬁlture, Vallayani was
air dried and powdered. This soil was taken in 140 mm petri
dishes’ at the rate of 100 g per petri dish. Green manures
and oil cakes were added to the soil at the rate of 1 g for
100 g s0il (equivalent to the field dose of 25 quintals/ha).
All the other amendments were added at the rate of 4,33 a
for 100 g soil (equivalent to the £ield dose of 10 tonnes/ha).
Soil without any amendment was kept as the control. There
were three replications for each treatment. Uniform sized

sclerotia from 15-day~old PDA culture of R, solani were used



for the study at the rate of 150 sclerotia per petri dish.

The sclerotia were embedded in the soil so that they were

in complete contact with the soil. The petrl dishes were
incubated at room temperature., The moisture content of the
soil was maintained at saturation level by adding sterile
water periodically. The percentage of vliable sclerotia in
each treatment was assessed at monthly intervals for 12 months
by piating the sclerotia on PDA. Ten sclerotia were taken
from each petri dish. One month after incubation the guali-
tative and quantitative estimation of microorganisms in soil

were done as per the method described under 3.4.1.1.
3.6. Effect of NPK fertilizers on the survival of R. golani

A pot experiment was conducted to study the effect

of NPK fertilizers on the survival of R. golani, -

ms.".gn - C.RqDo
Replication = 3

Treatments - 8

Traeatments

Ty = NgPyKy (control) Ts ~ NMPK,
T, = NgPoKy Te ~ NPy
Ty = NoPi¥y o T MhR



= 1o nitrogen

}jz CF

~ 70 kg N per hectare

no phosphorus

o
o)
!

5
ok
!

35 kg P,0; per hectare
no potash

oo

- 35 kg Kzo per hectare

Pots (22 cm diameter) were filled-with gcil collected
from wet land paddy fields of Vellayani., The fertilizers
at 70235335, N:PiK kg/ha were added to the pots as per the
recommended level for short duration variety of rice (Kerala
Agricultural University, 1982). Nitrogen was applied as
ammonium sulphate (20 per cent N), phosphorus as superphose
phate (16 per cent P205) and potassium as muriate of potash
(60 per cent Kzo). A 15-day~old culture of R, golani grown
on maize meal sand medium was added to the pots at 25 per cent
(W/W) inoculum level. The soil was maintained in a semidry
condition by maintaining 50 per cent moisture level., Soil
samples were collected at 20 days interval for 400 days and
the population of R. golani was determined by soil dilution
plate method (Timonin, 1940) using selective medium for
R. golani (Ko and Hora, 1971), The colonies were counted

after four days of incubation.

3,7. Influence of goil moisture, temperature and pPH on the
survival of R. solani

The effect of soil moisture, temperature, and pH on



the survival of R. golani in the inoculum=goil mixture was

studied in the laboratory.
3.7.1. Prepération of soil=-ineoculum mixture

Cambridge method (Garrett, 1963) was followed for

the experiment. R. golani was grown for two weeks in sterie
lized maize meél sand.medium; This medium was prepared in
1000 ml conical flasks, each containing 95 g sand, 5 g maize
meal and 35 ml distilled water. A series of dilutions:
100:0 (1;), 9812 (I,), 90110 (I,), 50150 (I,), 10190 (I.),
2:98 (Is). 0:;00 (17) of the ﬁure culture of the fuingus with
field soll (w/w) (soil collected from the fields of Instruce

tional Farm, Vellayani) were used for this study.

Survival of R. goland was estimated as follows.
Each dilution was taken in a 1000 ml conical flask. Three
replications were maintained for each treatment. Thirty
straw bits (2.5 cm) in length) buried in each flask were
incubated at room temperatgra. After one month of incubation
the straw bits were picked out and washed with tap water to
remove the adhering soil particles. They were then surface
sterilized with 0.1 per cent mercuric chloride solution and
washed well in sterile distilled water. The percentage of
straw bits colonized by the fungus was asséssed by plating

the surface sterilized straw bits on plain agar.
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3. Te2« Soll moisture

Moisture of the soilwinoculum mixture at 10 (ml).
15 (mz), 25 (m3). 35 (md) and 40 (ms) per cent (oven dry
basis) was maintained by the addition of sterile distilled

water to the inoculum soil mixture,
3.7.3. Soil temperature

The temperature of the soil-inoculum mixture was
maintained at 10:2°C (t;), 15£2°C (t,), 2042°C (t,), 30+2°C (t,)
and 40+2°C (t;) by'keeping it in a BOD incubator.

3¢7.4., Soil pH

The reaction of the soileinoculum mixture was maine
tained at pH, values ofHp,), 5 (p,)s 6 (py), 7 (p,} and
9 (ps) by the addition of required volume of N/10 HCl for pH
"4 to 6 and N/10 NaOH for ﬁﬁ 7 to' 9,

3.8. Isolation of microorganisms from paddy fields of
different parts of Keérala and testing their antagonism
against R. solani.

3.8.1. Isolation of microorganisms
Igsolation of microorganisms present in the soil  samples

collected from the following paddy growing areas of Kerala

wag carried out.



(a) Instructional Farm, College of Agﬁiculture. Vellayand.
(b) Cropping Systems Research Centre, Karamana,

(c) Rice Research station, Moncompu.

(d) Rice Research statioﬁ. Mannuthy.

(e) Rice Research Station, Pattambi.

The fungi, bacteria, and actinomycetes from the
above soil samples were isolated by following the soil diluw-
tion and plate counts (Timonin, 1940) described under 3.4.1.1.

As soon as the growth appeared in the plates, the
fungal colonies were transferred to potato-dextrose agar
stants and the bacteria and actinomyceteﬁ to nutrient agar
slants. The isolates of fungi, bacteria and actinomycetes
were purified and maintained by periodical subculturing.
Identity of fungi/wés confirmed from the Common_@eal th. Myco-
logical Institute, Kew, Surrey, England and £rom Centre for

Advanced Study in Botany, Madras.

+

The bacterial and actinomycete isolates were identie
fied by the Microbiology Division, College of Vaeterinary
Sclence, Kerala Agricultural University, Mannuthy,; Trichur.

3.8.2. Antagonism of fungi to R. golani

The antagonistic reactions between R. solani and the
30 species of fungl isolated in the above experiment were
studied in witro by dual culture technique.
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The test fungi were grown individually with R._solani
on PDA in storile petri dishes. ‘Each palr of fungi was
inoculated by placing 5 mm diameter .culture discs on the
medium 3 cm apart énd five replications were kegthfor each
caombination, Colony development was obgerved and assessment
made of the interaction between the organisms when growﬁh
pattern bacame stable, Interaction typea were assigned
'accoréing to the method adopted by Purkayastha and Bhattacharya
(1982). Interaction. typés were grouped into the fcllowiné

four categories.

A « Homogeneous (free intermingling of hyphae)

B = Over growth (R. solani over grown by test
organism)

L§!

- Cessation of growth at line of contact

D = Aversion (a clear zZone of inhibition)

3.8.2.1. Interactions between fungl antagonistic to
R. golani

The interactions, if any, in all the 91 combinations
between the 14 species of fungi which showed significant
antagonistic reactions with R. golani in the abové experie

ment were algo studled as under 3.8.2.
3.8.3. Antagonism of bacteria to R. golani

The eleven bacterial isolates from soils of different
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regions were individually tested for their ability to inhibit
the growth of R. golani in witro by following the method
described by Olsen and Baker (1968),. Bacterial culture was
streaked on one edge of a 90 mm petri dish, 3 cm awvay from
the periphery and 5 mm diameter culture disc of R. golani
was placed on the opposite side of the petri dish. .The
fungus « bacteria dual culture was replicated three timesg
and incubated at room temperature. After three days of
incubation, zones of inhibition were measured (in rm) from
the edge of the-gfoﬁth of R. golani to the margln of each

bacterial colony.

3.8.3.1. Interactions batween bacteria antagonistic to
R. solani

The interactions between the eight isolates of
bacteria vhich showed antagonistic reactions with R. solani
in the above experiment were studied following the method
of Utkhede and Rshe (1983). The test organisms were streaked
on either sides of éo mm petri dishes containing nutrient
agar medium. The paired cultures were examined after incuw
bation at room tempersture for 72 h and the type of inter-

action noted.

The bacterial isolates showing antagonistic action
on R. solani in the in vitro tests were used for pot culture

and fleld experiments to study their effect on the incidence



of sheath blight and on the survival of R. golani.

3.8.4. Interactions'between fungli and bacteria antégonistic
to R. golani '

The interactions between 14 isolates of fungi and
nine isolates of bacteria antagonistic to R. solanﬁ. were
-stud’ied following the method of Olsen and Baker {1968). The
test bacteria were stresdked oﬁ either gides of the centrally
placed fungal culture disc of 5 mm diameter on PDA in 90 mm
petri dishés. The paired cultures were examiried after incuw
bation at room temperature for 72 h and the type of intere

action noted,
3.8.5. Antagonism of actinomycetes to R. solani

Five isolates of actinomycetes cbtained from soils
of different regions were individuslly tested for thelr
ability to inhibilt the growth of R. solani by following the
method described under 3,.8.3.

3.8.6. Effect of antagonistic bacteria on the survival of
R. solani

Twenty uniform sized sclerotia of R. golani were kept
in 10 mll of bacterial suspension at rocm temperature for
different periods (ten minutes, one week, two weeks, four
weeks and six weeks). Sclerotia kept in sterile distilled

water. served as control. The bacterial isolates for sclerotial
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treatment were grown on nutrient agar medium for 24 h at
room temperature, The bacterial suspension prepared were
then éiluted to a concentration of 1 x 10° colony forming
units (cfu) per ml. The percentage of survival was assessed
by plating the sclerotia recovered from bacterial suspension
on PDA after surface sterilization. The details of the

treatments are as follows,

.
O

Treatments

™
(3}

Replication

Tl' Baclllus sp;

Bacillusg subtilis
Rothia sp,.

T4. Chromobacterium sgp.
TS' Propionibacterium sp.
Ts; Pseudomonas sp.
A;caligenes SpPe.

Corynebacterium sp.
» Control

< u? _{9

3.8.6.1. Effect of antagonistic bacteria on sheath blight
of rice caused by R. golani

Soils collected from paddy f£ields of Vellayani were
sterilized and filled in 26 cm earthen pots. The fertilizers
were incorporated according to package of practices recommen

dations (Kerala Agricultural University, 1986). Rice seedlings
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(variety “Triveni®") were planted in the pots at the rate of
three hills per pot. At tillering stage the bacterial sug=
pensions (1 x 10° efu/ml) were sprayed on the rice plants

‘at the sheath region and on the leaves, Sterile distilied
water spray served as control., After this sclerotia of

R. solanl were inoculated on the sheath region. One week
after inoculation the disease incidence and intensity were

recorded. The details of the experiment were as follows.

Dgsign 3 CRD

Treatments ¢ 92

Replication ¢ 3
Tl’ Bacillus sp.
TZ' Bacillug subtilis

T3. Rothia sp.
Té.
5° Propionibacterium sp.
Pgeudomonas sp.

Chromobacterium sp.

T

T,. Alcaligenas sp.

00xynebac§érium 8P«

Control
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3.9. In wvitro effect of plant protection chemicals on
antagonistic fungi and R. solani

Eighteen plant protection chemicals were tested for

their in vitro effect on antagonistic fungi and R. solani

"3.9.1., Pungicides

Generic name Trade name Chemlcal name *Concen; Treate
tration ment
l.Captafol Difolatan 1,2,3,6 = 2000 Ti
tetrahydro~Ne
(1,1,2,2=tetrae "~ 3000 'I'2
chloro ethylthio) 4000 -
rhthalimide 3
2.Carbendazim Bavistin Methyl benzimldazol= 500 T,
2=yl carbamate 1000 TS
2000 T6
3.Carboxin Vitavax S, 6~Aihydro=2= 500 T,
IﬂethYl—l ¥ !
4=0Oxathin=3 1000 Té
carboxanilide 2000 Tg
4.Dithane M~45 Mancozeb Manganese-zinc 3000 T

ethylene bis :
(dithiocarbamate) 4000 Ty
5000 T

12

5.BEdifenphos Hinosan O=ethyl S,Se 500 Ty 3
diphenyl 1000 T

rhosphorodithiocate 14
: 2000 T.

15

6.Ziram Cuman Zinc dimethyl 3000 T 6
dithiocarbamate 1

4000 T17

5000 '1‘18

* Concentrations of the commercial product



3¢?ﬁ¢2q Insetticides

Generic nans Trade nase  Chemdcal nare Congerpe Troate

tration mont
‘ ) {ppm) L o P8
Al gy i m"‘ Ao
1.Cerbaryl Sevin - tencphthyl msthyd 3500 Ty
80 EC carbanaty -
4000 ‘1‘2
4500 Ty
2, Penthion lebsycid  0,0wdimsthyl 500 f'r4
1000 e thylthiOe - 1000 o
t.olyl plmsphm- > 5
J.Mothyl Moteotd  O,0=dfmathyl 500 T,
thospivrothioate B
| 1306 To
4 Haxachiloro e 3424348,5,0m 1506 '1‘1{3
hemana 105 D hexachloso 2000 T
oyalohseans 11
SiCerbofursn  furadsh  2,3edihydroe2,2 1000 - Tz:s
7wyl mothyl 14
carhanate 2000 Tlﬁ
GsPhorate Thimst Qs 0mathyl 2008 'ﬁrm
i0¢G © Ssathylthicssthyl 2800 o
phosphore dithioats 17
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3.9,3, Herbilcides

Ganeric name Trade name Chemical namé Concen= Treatm
. tration ment
(ppm) No.
1.Bentazone Basagran I=15opropy le 2500 Tl
_ 2,1,3-benzothia . .
diaéin—é—one 3000 Tz
. 2, 2=dioxide 3500 T,
2.Thicbencarlh Ssaturn S=4=~Chlorcbenzyl 2500 Tﬁ
diethyl thiocarba- 3000 T
mate 5
| 3500 T
3.Nitrofen Tok B25 2,4=dichlorophenyl= 2000 T,
4=nitrophenyl ether :
2500 Tg
3000 Tb
4.Pendimathalin  Stomp N(1-ethylpropyl)= 2000 g
Xylidine 11
3000 Tiz
5.Propanil Stam F34. 3',4'«dichloro 3000 Ti3
propionanilids 3500 oy
14
4000 T15
6.2,4=D Fernoxone (2,4=dichloro= 1500 Te
Sodium salt phenOXY) éogo m
acetic acid 17

2500 T.




The chemicals were tested against the following

antagonistic fungi.

1. Aspergillus Elavus
2. Aspergillus niger
3. Chaetomium globosgum
. 4. Fusarium semitectum
5. Fusarium solani
. 6. Gliocladium virens
7. Neurospora cragsa
8, Penicillium gitrinum
9. Penicillium o;élicum
. 10. Penicillium wortmenii

11. Rhizopus oryvzae
12. 3hizoctonia solani

13. Rhizopus stolcnifer
14. Trichoderma harzlanum

i5. Trichoderma viride

Poisoned food technique of . Zentmyer:' (1955) was

employed for the study.

Stock solutions of the chemicals were prepared and
the appropriate quantity of each was added separately to
50 ml of sterilized potato dextrose agar medium, so as to

get the required concentrations of the chemicals. The
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poiscned mediuvm was dispensed in 90 mm sterile petri dishes
at the rate of 15 ml per dish. Aftep solidification,mycelial
disc (5 mm diameter) 'from an actively growing culture of the
respective fungus was cut out by a sterile cork borer and
piaced'at the centre of each petri dish. Non poisoned PDA
piates inoculated with mycelial discs served as control.
‘Three replications were maintained for each treatment. The
piates were incubated at room tempefature. The colony
diameter was measured in treatments when the fungal growth
covered the plate in the control, The per cent inhibition

over contxol was Galculated by the following formulas

::.-_--‘-’:éf?-xloo

C = Radial growth in control
T = Radial growth in treatments
I = Per cent inhibition

3.10. Effect of antagonistic fungi and plant protection
chemicals on aurvival of R. golani and intensitv of
shaeath blight of rice

A pot culture experiment was laid out at the Collega
of Agriculture, Vellayeni to asgess the effect of antagoe
nistic fungl and plant protection chémicals; individually
and in combination on the intensity of gheath blight diseasa

of rice.



Dasign = Factorial CRD for factors *
A and B

Replications « 3

Treatments +« 10x 3 x 3

Fagtor A =~ Antagonistic fungl
Factor B - PFungicide, insecticide and herbicide
Factor A

Ay - Asgérgillus niger

A, = A. flavug

.8

= Fugarium semitectum

o
L$V]

F. golani

LY
-
'

- Penlcillium wortmanii

>
s (R

- B. gltrinum
-. Rhizopus stolcnifer

Trichoderma virides

g & F
g

= T. harzianum

A10 =~ Control

Factor B
Bl = Carboxin 0.05% svray
B, =~ Carbofuran 0.75 kg ai/ha
B, =~ Bentazone 1.75 kg ai/ha
B, = Control

i
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3.10.1. -Survival of R, solani

Pots of 26 cm diameter were filled with sterilized
wvat land soil. Antagonistic organisms grown in maize meal
sand medium were inqo:porated into the goil at the rate of
100 g/pot. After one wesk SO0 numbers of sheath blight
infected rice sheath bits of variety 'Triveni' were buried
'in the soil. Twenty one day=o0ld 'Triveni' seedlings were
transplanted. Fertilizers were applied according to the
Package of practice recommendations (Kerala Agricultural
University, 1982). Fungicide, insecticide and herbicide
treatments were gilven 20 days after transplanting. At
maximum tillering stage the buried sheath bits were removed
from the pots, washeﬁ)surface sterilized and plated on plain

agar to assess per cant colonization.
3.10.2. Intensity of sheath blight

The intensity of sheath blight dissase was recorded
at maximum tillering stage.

3.11. Field evaluation of plant protection chemicals and
antagonistic microorganisms on soil microflora and
sheath blight of rice

- Pield experiments were laid out during the second
crop season (Mundakan) of 1982-83 and first crop season

(Virippu) of 1983=B4 at the Cropping System Research Centre,



Karamana, Trivandrum, to study the effect of certain
fungicides, insecticides, herbicides and antagonistic
organisms on the incidence and intensity of sheath blight

disease. The details of the experiment were as follows.

1. Design - 24 Factorial experiment in RED
2. Replication | - 4

3. Plot size . - 4,0mx 4,5 m

4. Spacing « 15 cmx 10 cm

5. Number of treatments « 17 (16+1)
6., Variety -« Triveni

Factors: a1 - Carboxin
a, = Edifenphos

[\ 3]

= Bentazona

Thicbencarb

&F &
i

- Carbofuran

Hﬂ

~ Phorate

Q0
N

\dl = Trichodsrma viride

dz -~ Baeillus subtilis

Treatment combinations

Ty 35 Ts 310,04

Ty 84bed, Te 810,09,
T3 & bjcyd T, abye,dy
T, aBycd, Tg 3b,c,4,
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Ty 3049 Tia 3P0 9
T10 azbicidz qu a2b2°1d2
T11 30199, Tys 33P0
Ti2 3299, Tie 32°2%% _
Ti? aobocodo - Control

3.11:1. Nursery

The seedlings were raised in a wet nursery as per
the Package of practice recommendations (Kerala Agricule
tural University, 1982), '

3.11.2. Main field

The crop was raissd following the Package of prace
tices recommendations (Kerala Agricultural University, 1982).
The fertilizer recommendations for the high yielding short
duration rice varieties (70135135 NPK/ha) were followed.
Nitrogen was applied in two equal dosesg, first half as basal
dressing and second at active tillering stage. Full doss
cof P was applied as basal dressing at the time of £ield
preparation. Potash was applied in two aplit doses, first
half as basal dressing and second at panicle initiation
stage.

3.11.2.1. Application of fungicides

The fungilcides were sprayed at a concentration of
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0.1 per cent (commercial product) during active tilloring
atage end at boot leaf stage so as to synchronise with tho
highly suspectible steges of growth (Kozaka, 1961;
Mahendra Prabhath, 1971).

3.11.2.2. Application of insecticidas

- Carbofuran (Puradan) 0475 kg ai/ha and phorota
{Thimet) 1.25 kg ai/ha wore appliod on 15th day afiter trange
planting,

3.,11.2.3. Application of herbicides

Bantazone (Bapagran) 1.75 kg ai/ha and thicbencarb
(saturn) 1.75 kg ai/ha wera applied on 25th day aftor transe
planting,

3:11.2.4. Application of antagonistic organisms

The spore suspension of Trichode:ﬁalgggggg.(zs spores/
microscopic field) and euspension of Bagcillus subtilig
(108 cfu/ml) were sprayed on the plants at the sheath ragion
at the tillering stage.

3.11.2.5, Effect of troatments on soil microflora

Soil dilution plate count wae done for the aestimation
of sbil microflora at tillering stage {prc treatment), boot
lcaf stage and 10 days beforc harvost by the procedurc



described under 3.4.l1.1.
3.11.2.6. Incidence of sheath blicght

Obgervations on the incidence of disease were recorded
at tillering stage, boot leaf stage-and 10 days before harvest.
Tﬁe éiéease incidence was recorded by selecting three rows
at random from each plot and examining all.the hills in the
rows, leaving two hills in the border.

3.11.2.7. Disease Intensity

.Tﬁe intensity of the disease was also recorded at
tillering stage (pre treatment), boot leaf stage and 10 days
before ﬁarvest from the random squares selected. The intene
sity was scored as per the 'gtandard evaluation system for

rice diseases' (International Rice Research Institute, 1976).

Score Description
0 - No incidence of disease
1 = Lesions limited to lower 1/4th of leaf
sheath area
3 ~ = Lesions present in lower 1/2 of leaf sheath
5 - - = Iegions present on more than 1/2 of leaf

sheath area, slight infection on lower
(3rd or 4th) leaves

7 - Leslons present on more than 3/4 of leaf sheath.
Severe infection on lower leaves and slight
infection on upper leaves (flag and 2nd leaf)
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9 - ILesgions reaching top of the tillers, severs

'infection on all leaves and some plants killed

Disease index was calculated based on the following

formula,
Total numefical ratings 3 100
Total number oOF hills observed x 9
3011- 2.8. Harvegt

The crop was harvested on 110th day. The dry weights

of grain and straw were recorded,



RESULTS



4. RESULTS

4.1, ‘Estimation of competitive saprophytic ability of.
R.. golani in dry land soll

4.1.1. Using culture of R. goleni as inoculum

In the case of dry land soil kept under dry condie -
tion, the percentage of colonization was found to decrease
significantly with the decrease in the inoculum lewvel, the
values of Ty and Ty being 23,920 and 11.00, respectively.
Under submérged condition also there was a general trend
of decrease in the percentage of colonization, as.the incculum
content decreased. But, the differences between Ty (10010).
and T, (90:10) and T, (50:50) and T, (10:90) were not statiw
stically significant (table 1).

The percentage infectivity of the colonized straw
bits, when assessed by inoculating on paddy seedlings, was
also found to show a decrease with the decreage in the per=
centage of colonization (tsble 1, fig. 1). In dry land soll
at dry condition the percentage of infectivity decreased
from 92,71 (Tl) to 21.30.(?5) and at submerged condition the
values were 81.65 and 2.51, respectively. The differences
in the percentage of infectivity between all the treatments
were statistically significant.
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Table 1, Competitive saprophytic ability of R, solani in
dry land soil (using culture)
Treate Inoculums Dry Submerged
mant field soil
Percen~  Percen- Percen=- Percen=
tage of tage of  tage of tage of
coloni~ infecti~ coloni= infectiw
zation. . wvity zation vity
Ty 100:0 93,90 - 92,71 . GB,80 ., 81.65
(75.70)  (74.28) (54.78) ' (64.63)
T, 90110 82.00 80,90 60.40  71.00
(64.92) (64,10} {50.97) (57,37)
T, 50150 66,80 61.40 45,00 56.85
? (54.78)  (51.54) (42.12)  (48.86)
T4 10:20 36.60 24,60 36.60 26.00
(37.22)  (29,72) (37.22)  (30.65)
Ty 0$100 11.00 21.30 5.20, 2.51
| {20,23) (27.49) (13.16) (9.05)
CD (0,05) 5431 T 6,12 5.36 G.31

Figures in parenthesis indicate transformsed values



Fig. 1. Competitive saprophytic ability of RBe golani in dry land
soll (using culture of R, goleni as inoculum)
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4.1.2. Using sclerotila of R. golani as inoculum

In dry land soil, kept under dry condition, the
perceritage of colénization was Eouﬁé to increase signie
ficantly with increase in inoculum ie. sclerotial numbers
(table 2, fig. 2). The values of 'I‘1 and T be;ng Zaro and
76.12, respectively. In dry land.soil kept undgr submerged
condition also there was a2 general trend of increase in
percentage of colonization with an increase in inoculum'

content. The differences in the percentage of colonization
between all the treatments were statistically significant,

The percentage of infectivity was also found to
increase with increase in inoculum (sclerotial numbers)
under dry condition. But under éubmerged cdnditidn there

was no gignificant difference between T, and T

1 o The pere
centages of infectivity in all the other trsatments were

significantly different.

'4.2. Estimation of competitive saprophytic ability of
R. ‘golanl in wet land soil '

4.2.1, Using culture of R. solani as inoculum

In wet land soil also the percentage of coloniza-
tion was found to daérease with the decrease in inoculum
level under dry condition and also under submerged condie

tion. Under dry condition, no significant difference in



Table 2, Competitive saprophytic ability of R. solani in
dry land soil (using sclerotia) . :

Traat-

Submergad

Number Dry
ment of - . :
sclerotia Percen= Percen- Percen- Percenw
“ ‘tage of  tage of tage of tage of
coloni- 4infecti= coloni=- infecti-
zation vity zation vity
Ty o 0 0 0 o]
T, 25 18.31 14.30 17.30 0
(25.72)  (22.23) (24.57)
T3 50 30.53 21.7 206,05 10,00
(33.49) (27.73) (26.56) (18.38)
T4 75 ©1.85 | 25,02 24.73 12.71
(51.75)  (29.99) (29.78)  (20.85)
T5 100 76.12 31:05, 31430 15.71
'(60.68)  (33,83) (34.04)  (23.31)
CcD (0.05) 731 1.52 1.64 0.55

Figures in parenthesis indicate transformed

values



Fige 2s competitive ooprophytic sbility of R. golani in
dry land s2il (uoing sclcrotis of R. splgni as incculum)
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the percentage of colonization was observed when inoculun
and £ield goll ratio were 90310 and 503150 (T, and T,).
The decrease in the percentage of colonization was from
90,20 in T to zero in T

1 5°
'dition, the percentage of colonization in the treatments

Similarly under submerged COnNw

7, (100:0) and T, (20110) were not significantly different.
But T, (90!10)._T3 (50:50) and T, (10:90) were significantly
different. In submerged condition the decrease in the pere

‘centage 'of colonization was - -from 57.40 in Tl to zero in T5

{table 3).

The percentage of infectivity elso decreased with
the decrease in inoculum level under both dry and submerged
conditions, Under dry condition the differences between
the percentage of infectivity in all the treatments were
significantly different. The decrease in percentage of

Infectivity was from 87,40 in ‘I‘1 to zero in T Under subw

5'
merged condition there was no significant difference between

the percentages of infectivity 'in treatments 'I‘1 and’T2 and

ard T The differences between all the other treatments

2 3°
were significant. The decrease in the percentage of infectie

T

vity was from 63.30 in T, to zero in Ty (table 2, fig. 3).

4.2.2. Using sclerotia of R. golani as inoculum

In wat land soil the percentage of colonization was
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Table 3. Competitive saprophytic ability of R. solani in

wet land soil (using culture)

Treat=  Inoculum: Dry Submerged
maent field soill - -
Percen-  Percen= Percen~  Percenw
tage of tage of  tage of tage of
coloni« infecti~ coloni- infectd-
zation vity zation vity
T, 100:0 90.90 87.40 57.40 63.30
‘ (72.41)  (69.26) (50.38)  (52,68)
T, 90110  71.30 64.10 60,70 52.10
(57.64)  (53.20) (51.18)  (46.18)
T, 50550  61.90 50.70 50,70 .  46.70
. (51.95) (45,38) C4s.3g) (43.08)
T, 10190 24,60 12,60 10.90 21.70
(29.72) {20.76) (19.34) (27.78)
Tg 0:100  0.00  0.00 0.00 0.00
cD (0.05) 6.22 5,42 5.58

12,74

Figures in parenthegis indicate transformed values



Fige 3+ competitive saprophytic ability of R. golani in wet
land soil (using culture of R. golani as inoculum)
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found to increase with increase in inoculum level under
dry and submerged conditiong. Under dry conditioﬁ the
percentage colonization between different treatﬁents was
significantly diffg;ent. But under submerged condition,
no significant difference batween percentage‘of'golonizég

and 1.,

- tion was observed betwaen T2 3

The pereentage of infectivity was alSO'found to
increase with increase in inoculum both under dry and sub=-
merged conditions. But under submerged condition the pere
centage of infectivity was not significantly different
between T, and Toe The percentages of infecéivity in all
the other treatments were signif;cantly dlfferent (table 4,
fig. 4). |

4,3. Influence of moisiure and soll type on the saprophytic
gsurvival of R. solani

4.3.1. Dry land soil

In sterilized dry land scil under dry condition
there was a gradual décline in the survivél with an increase
in the incubation period. The percentages of colonization
by R. solani in straw bits in all the fortnightly obgervae
tions up to the 16th week of incubation were significantly
different. The survival was maximum in T

1
colonization after two wecks of incubation. After 16th week

with 97.40 per cent

(Ta) the survival was only 20.10 per cent. In sterilized
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Table 4. Compatitive saprophytic ability of R. solanid
in wet land goil (using sclerotia)
Treate  Number of . Dry submerged
ment selerotia . : : :
Percen-  Percon= Percen~ Percenw-
tage of tage of tage of tage of
coloni~ infecti- coloni=  infectie
zation vity zation vity
Ty 0 0.00 0,00 0.00 0.00
T, 25 37.91 16.00 4.10 2.00
(38,05) (23.58) (11.72) (8.13)
T4 50 54.00 17.71 11.30 4.03
(47.31) (24.85) . {19.66)  {11.48)
Ty 75 67.43 21.00 13.91 12.30
{55.18) (27.27) (21.94) (20.49)
Tg 100 71.92 25.321 24472 16.31
(58.08) (30,22) {29,78) (23.82)
¢D {0.05) 3.79 0.74 8.24 2,34

Figures in parenthesis indicate transformed values



Fig. 4. competitive saprophytic ability of Re solani in wet
land soil (using sclerotia of R. golani as inoculum)
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dry land soil under submerged condition also there was a
gradual decrease in the survival of R. golani from 95,40

in 'I’1 to 10,00 in Ta (table 5).

In the unsterilized dry land goil also there was a
general decline in the survival of R. aqléni with the
‘inq;ease in the incubation éeriod. In soll kept at dry
condition the percentage of colonization ranged frcm-SBQBO
to 1.60 from second week to 16th week. The differences in
the percentages of colonization between all the cbservations
from second week to 12th week were statistically signifie
cant. In the submerged conditién the percentages 0f COlo=
nization ranged from 46.00 in the second-week to zero in
the 16th week. But the dlfferences between the observa-
tions in the second and fourth week and fourth and sixth
veek were not significant, éimilarly there was no diffe-

rence between the obsarﬁationsin T4 and Ts and TG and T7.

4,3.2. Wwet land soil

" In wet land sterilized and unsterilized soils under
dry and submerged conditions also the percentage of colo=
nization of R. golani was found to decrsase with increase

in incubation period.

In sterilized wet land soll undsr both dry and sub-
merged conditions there was very high percentage of coloniw
zation during the second week. Then there was a gradual



Table 5. 1Influence of moisture and soil type on the
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saprophytic survival of R. solani in dry land soil

Traat= " Incu—
ment bation

period Percentage

Sterilized

Unsterilized

. Percentage Percentage Percentage
(weeks) :fzggig; of colo= of C0lo= of COlow
under dry nization :nization nization

condition under sub- under under sube

" merged condition merged

condition condition
T1 2 97.40 95.40 . 58.30 46.00
(80.73) (77.58) {49,99) (42.70)
T2 4 95,40 90.70 54.00 46,60
(77.58) (72.23) (47.30) (43.02)
Ty 6 88.10 70.00 48.10 40.00
(69.77) (56,79} (43.85) {39.23)
T, 8 80.70 52.00 40.00 20.70
(63.,92) (46.14) (39.23) (27.03)
Tg 10 70.00 48,70 22,60 20,70
(56.80) {44.24) (28.41) (27.03)
T 12 60.70 37,60 2.60 0.90
(51.16) {37.85) (9.27) (5.51)
T 14 53.30 32,60 1.60 0.90
(46.91) (34.86) (7.33) (5.51)
Ty 16 20,10 10.00 1.60 0.00

(26,55) . (18.38) (7.33)

CD (0.05) 2.44 2.24 2:24 4,30

Figures in parenthesis indicate transformed values
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decline in survival, with the 1ncrease in incubation period.
. Undex dry condition the decrease was f“om 95.3 per cant to
2,2 per cent and in the suhmerged condition it ranged from
54,0 per cant to 0.1 per cent.

In unsterillzed wet land soi} gn@ef—dry and sube
merged conditions there was a gradual decline in survival
‘from ééqdnd week 0 16th week of incubation. Under dry
condition it was from 63.3 per cent to 0.1 per cent and in
the submerged condition from 54.1 to C.1 étable 6). The
daecrease in the pefpentage of aolonizatioﬁ'uhder dry condie

tion in the 14th and 16th weeks was not significant.

The statistiéal relationship worked out between
percentage of colonizat;on and level of inoculum Bhowed
that the estimates of coefficient of determination of - the
fitted model were-relatively hicgh indicating the adequacy
of £itted relatioﬁship. The amount of variation expressed
by the equation rangad from 67 to 97 per cent. The corrce
lation coefficient between per cent colqnization and inoe
culum ;evel rangeé from 0,91 éo 0.96 and éere statistically
significant. The-regression coefficient which indicated the
rate of change of colpnizatioﬁ per unit change in inoculum
level varied between 0.482 in dry land soil kept under dry
condition to 0,719 in dry land soil kept under sukmerged

condition. Similarly the rate of change of percentage of
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Table 6, Influence of moisture and soll type on the
saprophytic survival of R. solani in wet land soil
Treat- Incuw Sterilized Unsterilized
ment bation
period Percentage Percentage Percentage Percentam
(weaks) of colow of colo=- of colo= of colow
nization nization nization nization
under under sub= under dry under sube
condition merged condition merged
. condition condition
Ti -2 95.30 54,10 63430 . 54,00
(77.58) (75.95) (52.73) (47.29)
T, 4 88. 60 89.30 57,30 42.70
(70.34) (70.95) {49.22) (40.78)
Ty 6 83,40 80.70 42,00 24.00
(65.96) (63.96) (40.39) {29.32)
Ty 8 74,00 60.70 26,00 16.00
' {59.34) (51.14) (30.66) (23.55)
TS 10 27.40 . 24,00 11.30 8.60
(31.82) (29.33) (19.66) (17.10)
T6 12 14.00 13.40 6,60 4.60
(21.97) (21.37) (14.93) (12.41)
T7 14 8.60 5.20 0.90 4,60
{(17.09) (13.17) (5.42) (12.41)
Tg 16 2.20 0.10 0.10 0.10
(8.47) {2.10) (2.10) (2.10)
3.58 3.79 2.87

CD (C.05)

2.69

Figures in parenthesis indicate transformed values
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colonization per unit change in inoculum level varied
betweén 0.575 in wet land soil kept under submerged condition
to 0,646 in wet land soil kept under dry condition. . The
rate of change in percengage colonization per unit change

in inoculum ldevel was more in dry condition than in subf

merged condition (table 7).

A definite sgimple.linear relationship was cbserved
between recovery percentage and incﬁbation.period, in ?ll
the conditions tesied. Sigﬁiflcant correlation was obéerved
in‘all the cases ghd average regression coéfficients wére
highly significant. The values of coafficienéﬂ%eterminaﬁ
tion ranged from 88 to 96 per cent (table 8).

1

4,4. Effect of agrbnomical and ecological factors on the
survival of R. solani

4.,4.1. Effect of organic amendments

The data on the population pf fungi, bacteria and
actinomycetes werelobtained from the pot culture axperiment
with 12 treatments. The observations were recorded six
times at fortnightly intervals starting £rom just before
the incorporation of amendments. The data showed wide
vardations and hence logarithmic transformations were applied

to analyse the data,

There was no significant difference in the microbial

population among the different treatments prior to the
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'Table 7. Relation between percentage of colonization
and level of incculum of R. solani

Si' Soil Condition Regression equaw r? r
* ' tion

+ vk

1 Dry Dry ¥ = 22,245 + 0.719X  0.93  0.96
*

2 " submerged . Y = 18.328 + 0.489X  0.82  0.91"
3 wet Dry. ¥ = 21.699 + 0,646X  0.92  0.96
4 n Submerged Y = 12,679 + 0.575X  0.85  0.92""

*% Significant at 0.01 level

¥ = Per cent colonization

X =" Inoculum ievel

rza Coefficient of determination

r = The correlation coefficient



Table 8. Relationsghip between percentage of c¢olonization and
incubation period

Sé' Soil condition Regression equation r2 r
* v

1. Dry land Y = 72,273 ~ 4.845X *  0.94 0.97
(unsterilized)

2. Dry land sube Y = 57,690 - 3,956X 0,93 0.96
mergead
(unsterilized) . _

3. Dry land dry Y = 115.880 ~ 5.025% ' 0.90 0.95
(sterilized) ' .

4. Dry land sub=- Y = 107.536 ~ 5.879% 0.96 0.98""
merged ‘ ' ' ' '
(sterilized)

5. wet land dry Y = 75,143 + 5.678X  0.96 0.98""
(unsterilized)

6. Wet land sub= Y = 57.524 =~ 4.506X 0.93 0.96
merged
(unsterilized)

7. wWet land dry Y = 117.726 = 7.613X 0.88 0.94" "
(sterilized)

8. wet land sub- Y = 116,416 = 7.736X 0.90 0.95"
merged
(sterilized)

*% Significant at 0,01 level



application of amendments whereas, significant differences

ware obtained afterwards.
4.4,1.1. Effect on fungal population

At planting stage, i.e., two weoks after the applie
cation of organic amendments, maximum populaticn of fungl,
i,ae., 31.48 millions, was observed in Ty (groundnut cake)
and the minimum of 11.61 millions in le
which was statistically on par with control (tgble 9,

{groundnut shell)

fig. 5). At tillering stage also a similar trend was

obmerved. However, effects of T, {(neem cake), Tg {grounde

nut cake) and Tll (paddy husk) were on par. All the other

- treatments were statistically different. At maximum tillere
ing stage, maximum pqpqlatiog of fungi. i.e., 54.83 millions

| T, and T

12, 17 11
par. At boot leaf stage among the treatments mesximum popu~- )

was recorded in T7 and minimum in T were on

lation of fungi i.e., 75.34 millions was recorded in T8 and

‘minimum in le. "The effect of le was not sigrificant. Two
weeks before harvest the maximum population of fungi, i.e.,
'74.47 willions was recorded in Ty (coconut pithf and minimum
Iin Ty 5 (groundnut shell). T, (coconut pith) and T, {saw dust)

were on pag.

Pooled andlysis of the data showed that in general
the treatments vere effective in enhancing the population

of soll fungi.  Among the treated plots maximum population



of fungl was recorded in Tg (groundnut czke) and minimum
in Ty o (groundnut shell) (table 92).

4,4.1.2, Effect on bacterial population .

Fish waste (Tio) was found to support maxcimum s0il
bacterial'populaéibn.at'ali ﬁhe.étaées of plant growth
(table 10). In general T, and T, did not exert conside-
rable influence on the soil bacterial population. At maxie
mum tillering stage Tg (coconut pith) recorded the‘min;mum‘

1
4

population,

Pooled analysis of thae data showed that maximum
population of bacteria was in T, and minimum in T4e The

effects of T, and T, were on par (table 10, fig. 6).
4.4,1.3. Effect on actinomycetes population

At planting stage maximum actinomycete population
i.e., 13.49 millions was recorded in Té (punné éakei anﬁ
minimum in T,. The effects of T, (coconut pith) and Tg
were on par (table 11, fig. 7). At tillering stage the
méximum population of 20.23 millions was observed in T2_
(Glyricidia leaves) and minimum in Ta (élerodendron leaves).
The effects of Te and Tg were on par., The effect of T3 vas
not significant. At maximum tillering stage highest popula=
tion of actinomycetes i.@., 24.43 millions was recorded in
T, and the minimum of 10.30 millions in Ty 9 (groundnut shell).
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Table 9. Effect of organic amendments on the population of fungi (10679 of soil) -

Treate Before Planting Tillering Mascimum Boot leaf Before Pooled

ments incorpora= stage stage tillering stage harvest analysis
tion of stage:
amendment

Ty 9,10 13,03 14.89 25.41 25,70 27.42 20,33
(0.959) (1.115) (1.173) (1.4053) (1.410) (1.438) (1.308)

T, 9,14 22.75 28.64 37.15 49.09 67.61 38.11
(0.961) - {1,357) (1.457) (1.570) (1.691) {(1.830) (1.581)

Ty 9.12 15.45 22,96 26.67 32.14 33.57 34.83
{(0.960) {(1.189) (1.361) (1.426) {1.507) (1.526) (1.542)

Ty 2,10 16,67 20,75 25,47 26,67 27.54 23,01
(0.959) (1.222) (1.317) (1.406) (1.426) (1.440) (1.352)

Ty 9,10 26.92 31.33 38.46 42,29 72,61 40.27
(0.959) {1.430) (1.496) (1.585) (1.656) (1.861) (1.605)

Tg 8.53 25.76 28,64 33.50 71.78 74.47 42,07
(0.9231) (1.411) {1.457) (1.525) {1.856) (1.872) (1.624)

T, 9,10 24.49 33.88 54,83 66,22 63.10 - 45,27
(0.959) (1.329) (1.530) (1.739) (1.821) {1.800) {1.655)

Tg 9,09 . 31.48 35,58 51.17 - 61.38 61.24 46.34
(0.958) (1.498) (1.551) (1.709) (1.788) {1.787) (1.661)
(0.959) (1.356) (1.408) (1.652) (1.877) {1.854) (1.645)

Tyo 9,12 24.66 25.35 30.69 48.31 52.24 34.43
(0.960) ° {(1.392) (1.404) {1.487) (1.684) (1.718) (1.537)

Ty, .08 24.10 34.91 53,95 46,24 51,40 40.36
{0.958) (1.382) (1.543) (1.732) (1.665) (1.711) (1.606)

Ty 5 9,12 11.61 16.00 21.18 25.94 28.64 19,63
(0.960) (1.065) (1.204) (1.326) {1.414) (1.457) (1.293)

CD{0.05) - 0.05 0.02 0.02 0.03 0.02 0.03

Figures in parenthesis indicate transformed values

4



FiBe 5¢ prgect of orgenic amendmante on the population of fungi
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Table 10. Effect of organic amendments on the population of bacteria (10§/g of soll)

Trogte Before - Planting Tillering ‘Makimum Boot leaf : Befére Poolgd
ment incorpora= ~ stage stage tillering stage harvest analysis
tion of ' stage ' ' '
amandment . . c .

T, " 10,59 13,46 '20.80 28,71 24.385 . 25.18 21.83
(1.025) (1.129) -{1.318) {1.458) (1.390) (1.401 (1.33)

T, 10.74 19.50 '27.23 79.43 40,36 34,75 35.81
(1.031) (1.290) (1.435) {1.900) {1.606) (1.541) (1.55)

T, 10.69 15.07 24.72 - 45.08 25,23 . 20.37. . 24.99
{1.029) . (1.178) (1.393) {1.682) (1.402) (1.309) ' (1.39)
. {1.025) (1.145) {1.393) (1.662) {1.323) €14¢377) {1.38)
Ty 10.59 16,18, '27.42 42,17 29,04 43,45 29,85
(1.025) (1.2092) (1.438) (1.625) (1.463) (1.638) (1.47)

T 10.54 14.69 28.05 38.82 33.04 45.81 29,99
€1.023) (1.167) (1.448) {1.589) {1.519) (1.661) (1.47)

T, 10.59 15.31 '25.00 80.35 66,99 73.45 43,25
(1.025) (1.185) {1.398) (1.905) {1.826) (1.8686) (1.63)

Tg 10.57 20.80 31.19 74.13 74.13 69.98 . 47.75
(1.024) (1.318) (1.494) {1.870) (1.870) {1.845) (1.67)

Ty 10.57 24,15 32.43 B84.72 76,21 . 51,17 47.97

, (1.024) (1.383) (1.511) (1.928) (1.882) (1.709) (1.68)
Ty0 10.59 28.38 34,04 92,90 , 85,90 290,16 57.94
(1.025) (1.453) (1.532) "  (1.968) (1.934) (1.955) (1.76)

Ty q 10.59 15.07 28,91 87.70 . 33.04 37.24 34.20
(1.025) (1.178) {(i.461) (1.943) (1.519) (1.571) (1.53)

Ty 10.54 26.30 31.99 78.89 61.94 67.76 48,80

| (1.023) (1.420) (1.505). (1.897) (1.792) (1.831) (1.68)

cDp (0.05) - 0.03 0.03 0.02 0.02 0.03 0.14

Figures in parenthesis indicate transformed wvalues



Fig. 6. pgecct of orgenic amendments on the poptilation of
bactaria
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The effects of T, (neem cake), o (£fish waste), Ty (punna
cake) and Tyq (paddg\huSk) were on par. At boot leaf stage
the maximum population,oﬁ‘actipomycetes l.e., 30.27 millions
was récorded in Tli and minimum in Tyge TWO weeks before
harvest the maximum population of 31.26 millions was recordad
in T4 (paddy husk) and minimum in T.. The ‘effects of

5

11,
T, T, and-Tél(Euﬁatorium leaves) were on par,
. :

Fl

Pooled analysis of the data showed that maximum
propulation was iplT11 ﬁpad@y'husk) and minimum in le _ ,
(groundnut shell) (table 11 and fig, 7).

4.4.1.4. Effect on the survival of R+ golani

At the tillering stage percentage of survival of
R. golani was significantly low in treated pots and in
control (Trj. it was 91.40 per cent (table 12, fig. 8).
The lowest percentage of survival was in Tg (éaw dust),
i.e., 34.00 per cent, which was on par with Tlll(paday husk).
T, (neem cake), Ty (eupatorium leaves) and Ty (clerodendron
leaves) were on par., At maximum tiliering stage also, in
all the treated pots percentage of survival ‘was less comw
‘pared to control. T5—(saw duegt) recorded the lowest percene
tage of survival of 28.70. There was no significant diffew
rence betweep Tg (grgundqug cake), ?10 Ffish waste) and T,
(neem cake). At boot leaf stage the lowest percentage of

suxvival. il.e. 25.30 was in T

vhile in control it was
11,



o -
o Table 11, Effect of organic amendments on the population of Actinomycates (106/9 of soil)

. Treatments Before Planting Tillering ‘Maximum 'Boot leaf Before ‘ Pooled
incorpora=-  stage stage tillering stage harvest analysis
tion of stage -
amendment

T, 7.53 7.99 10,23 13.65 15.78 17,58 12,63
{0.877) (0.903) {(1.010) (1.135) (1.,198) (1.245) (1.098)

T, 7.43 8.59 20,23 24.43 27.80 28.44 . 20.18
(0.871) (0.934) (1.306) (1.3868) (1.444) (1.454) (1.305)

Ty 7.46 7.88 10.09 14.32 15,10 14469 12.05
(0.873) (0.897) (1.004) (1.156) (1.179) (1.167) (1.081)

T, 7.55° 7.76 11.43 16,29 17.91 . 14.72 13.06
(0.878) (0.820) (1.058) (1.212) (1.253) (1.168) - (1.116)

Tg, 7.43 10.00 14.00 14.69 18.71 11.38 13.43
(0.871) (1 .000) (1.146) (1.167) (L.272) (1.056) (1.128)

Tg 7.43 12.50 18,97 21.93 25,23 24,49, 20,00
(0.871) (1.097) (1.278) (1.341) {1.402) (1.389) (1.301)

T, 7.44 11,09 16,07 15.81 20.28 24.72 16.98
(0.872) {(1.045) (1.2086) (1.199) (1.307) (1.393) (1.230)

Tg 7.48 10.30 16.48 18.28 26.42 21,83 17.82
(0.874) (1.013) (1.217) {(1.262) (1.422) {1.339) (1.251)
(0.877) (1.130) (1.276) {(1.318) (1.406) (1.335) {1.273)

T10 7.53 9.81 13.37 15.56 16.71 17.34 14.26
: (0.877) (0.992) (1.126) (1.192) (1.223) (1.239) (1.154)

Tyq 7.51 11.17 16.37 20.89 30.27 31.26 20.46
(0.876) (1.048) (1.214) (1.320) (1.481) (1.495) (1.311)

Ty 5 7.51 9,33 15.38 10.30 9,20 16.33 11.72
(0.876) (0.970) (1.187) (1.013) (0.964) (1.213) (1.069)

CD (0.05) - 0.334 0.04 0.03 0.03 0.05 0.31

Figures in parentheses indicate transformed values



Fig. 7v» Effoct of organic amehdmenis on the population of
actinonmycates
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92.90 per cent. Two weeks before harvest all the treatments
recorded lesser percentage of survival of R. golani than
control. The minimum survival of 25.30 per cent was recorded
in Tll (paddy husgk) and the maximum of 66.70 per cent was

in Ty (eupatorium leaves).

Pooled analysis of the data showed that Tyq (paddy
husk) recorded lowest survival percentage of 29.08. T,
{clerodendron leaves) with 63.3 per cent and T4 (eupatorium
leaves) with 61.20 per cent survival were on par and these
treatments recorded the maximum surviwval percentage among
the amendments (table 12, fig. 8).

4.4.}.5. Effect of organic amendments on incidence of
sheath blight

At maxdimum tillering stage all the treatments showed
less incidence of disease as compared to control (table 13).
The disease incidence in Tyq (paddy husk) and Ty { oroundnut
shell) ware 24.90 and 25.20 per cent regpectively and these
treatments were superior to all the other treatments, Two
weeks before harvest all the treatments, except T, (clerodendron
leaves) with 76.70 per cent and Ty {(eupatorium leaves) with
78,60 per cent incidence, were found to reduce the disease
incidence significantly. Ty (oroundnut shell) recordad the
least incidence of 27.40 per cent. There was no significant

difference among the effects of T, {neem cake), Ty {punna cake),
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Table 12. Effect of organic amendments on. the survival of R. solani
' (percentage of colonization)

Treatments ,Tillering'staga . Maximum éillerigg Boot leaf staée Before harvest
) . stage . :

Ty 91.40(72.90) 88.70(70.38) 92.90(74.53) ' 92.90(74.53)
T, 53,30(46.91) 53.30(46.91) 45,60(42.51) 45,70(42.51)
Ty 65.40(54.14) 70.00(56.80) 58.70(497991 58.70(49.99)
T, 64.00(53.13) 47.00(43,28) 66.60(54,74) 66.70(54.74)
Ty 34,00(35.65) 28.70(32,37) 31.30(34.04) 31.30(34.04)
T, 57.30(49.22) 504 70(45,38) 46.30(42.89) 46.30(42.89)
T, 63.30(52.,74) 44,60(41.93) 35.30(36.46) 35.30(36.46)
Tg 53.00(46,72) 40,60(39.62) 41.35(40,01) 41..30(40.01)
Tq . 49.70(44.81) 54,70(47,.68) 62.00(51.95) 62.00(51.95)
Ty g 44,30(41.74) . 42,70(40.78) 30.00(33;20) 30.00(33.20)

Ty 36.30(37.05) "32.60(34.84) 25.30(30.22) 25.30(30.22)
T, , 56,00{48.45) 58.70(49.99) 44,70(41.93) 44,70(41,93)
CcD (0.05) 2.57 2.64 2.70 2,70

Flgures in parenthesis indicate transformed values



Fig. 8. pffect of orgenic amendments on the survival of R. soland
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T10 (£ish waste) and Tyq (paddy husk).

4.4,1.6., Effect of organic amendments on intensity of
sheath blight

In general all the amendments reduced the disease
intensity both at maxtimum tillering stage and two weeks
before harvest; However, T3 and 'I‘4 ware on par with Ti
{(control) two weeks before harvest. Disease intensity at

maximum tillering stage was highest in T1 and i1t was on par

with T4 and T4. The disease intensity at this stage was

the least in T

11 with a disease index of 1.03 which was on

par Tgs Tgs Ty a0d'T,;. ¢ At two'wesks before harvest all

10 12

the amendments gave significantly lower disease intensity
compared to thé control. At this stage also Ty, gave the
least disease intensity of 0.96 which was significantly

superior to all other treatments (table 13).
' 4.4.1.7. Effect of organic amendments on'yield

The general trend of the effect of organic amend-
ments on the yield of rice grains was also similar to that
observed in the cagse of incidence and intensity of sheath
blight. Meximum yield, i.e., 51.65 g per pot wae €rom Ty,
{paddy husgk) and minimum of 33.88.g .was from T, {eupatorium
leaves) which was on par with Ty (control). (£ish waste)

T10
and T, (groundnut shell) ‘wera on par with Til' There was
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’

Table 13, Effect of organic amenﬂments on inciderice and intensity of sheath blight
and yield of grains
Treatment Disease incidence (% Diseaée intensity Yield/pot
' {g)
Maximum tiller-~  Before harvest Maximum Before
ing stage tillering harvest
stage

T1 79.40(63.02}) . 80.10{63.49) 5.56 6.95 34,62
'1‘2 36,20(36,99) . 57.00(49.02) 2.03 2.08 47.45
T3 71.80(57.92) 76.70(61.68) 5.19 4,99 36.09
T 4 66.60(54.70) 78.00(62,05) 5,03 4,70 33,88
T5 42,20(40,50) 49,30(44.59) 1.52 2.17 37.22
T 39.80(39.11) 47.10(43.34) 1.44 2.52 48.56
Tﬁ 28,20(32.07) 33.90(35.63) 2.11 1.89 44,19
Tg 39,80(39,10) . 41.50(40,09) " 3.14 3,18 48,10
T9 30.30{(34,43) 33.80(35.57) 2,16 1.92 46,73
Ty o 28.60(32,30) 32.70(34.89) 1.22 1.78 51.24
T11 24.90(29.91) 30.70(33.62) 1.03 0.96 51.65

le 25.20(30.22) 27.40(31.53) 1.29 1,55 50.54 .
¢p {0.05) 1.23 2.07 0.76 0.32 2.30

Figures in parenthesis indicate transformed values



no significant difference in yield from T, (glyricidia
leaves), Tg {(coconut pith), Ty (groundnut cake) and Tg

(punna’ cake) (table 13).

4.5. Laboratory trial on the effect of organic amendments
on the survival of sclerotia of R. solani

The stﬁdy was conducted in the laboratory to f£ind
out the effect of soil amendments on the survival of
selerotia. The observation recorded vas percentage of
germination of sclerotia. ' Analysis of variance was done
after angular transformation and the results are presented

{(table 14).

Pooled analysis showed that minimum survival of
sclerotia of 20.10 per cent was in Ty0 (fish waste} and
maximum of 62.41 per cent in T, (control). T, (punna cake)
with 61.30 per cent survival was on par with T (control).
There was no significant difference between tha effects of
T4 {(eupatorium leaves), T, (clerodendron leaves) and T

12
(groundnut shell).

4.5.1. Effect of organic amendments on the population of
microorganisms

Ty0 (£1sh waste) treated pots recorded mastimum number
of total microorganisms and antagonistic organisms like

' Trichoderma harzianum, Penicillium sp. and Rhizopus stolonifer
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Table -14. Effect of organic emendments on the survival of R. goleni
Period of incubation (months)

Treetmenta
1 2 3 4 5 6 7 8 9 10 11 12 Pooled
1. T, 93,10 90,00 84,70 80,00 71.70 70,40 53.30 47,30 44,00 34,80 33,80 26.60 62,41
(74.73)  (71.55) (67.01) (63.41) (57.84) (57.03) (46.89) (43.45) (41.54) (36.22) (35.61) (31.06) (52.19)
2. T2 83,00 79,80 61.00 50,00 46,00 41,00 31.10 26,30 19,70 6.50 0.00 0,00 32.20
(65.64) (63.29) (51.32) (h6.32) (42.68) (39.80) (33.85) (30.21) (26.31) (14.75) (0.00) {0.00) (34.56)
3. Ty 86.30 78,30 72,60 66.70 56,70 53,30 36.10 31,60 27,00 21.30 18,20 10,00 46.10
(68.28) (62.24) (55.44) (54,76) (48.83) (B6.90) (37,10) (34.22) (31.28) (27.48) (25.28) (18.41) (42,77)
4, T, 85,40 80.00 76,30 64,30 54,60 45,10 38,30 31,70 23,30 20,70 16,80 8.20 47,10
(68.52) (63.41) (60.87) (53.32) (h7.66) (45.17) (38.23) (34.23) (28.84)  (27.03)  (24.20).  (16.68) (43.35)
5. Tg 76,30 71,30 62,60 51.60 44,00 40,30 30,10 34,10 23,30 20,00 11,80 3.80 36,60
60.80) (57.61) (52.32) (45.88) (41.54) (39.41) (33.27) (31.71) (28.84) (26.55) (17.41) (11.47) (37.25)
6. Tg 80,00 76.30 58,60 49,00 43,60 37.30 29,20 22,60 18,00 13,30 0.83 0.00 33,00
(63.40) (60.79) (50.56) (4h.41) (41,34) (37.64) (32.70) (27.95) (25.09) (21.33) (5.83) (0.00) (35.03)
7. Ty 80,00 72,20 55.60 43,00 38,30 33.60 28.30 24,30 16,16 13,00 0.30 0,00 30,80
(63.41) (58.20) (4B.24) (41.25) (38.23) (35.45) (32.13) (29.54) (24.04) (21.14) (13.16) (0.00) (33.72)
8. Ty 78.40 75.20 57 .00 50,60 41,60 36,60 30.20 21,60 15.70 3,20 0.00 0.00 28,80
(62.47) (60.12) (49,00) (45.37) (40.18) (37.34) (33.30) (27.72) (23.30) (10.34) (0.00) (0.00) (32.44)
. T 92,00 86,70 83,40 76,60 72,70 64 .40 61,00 52,30 45,30 36,00 28,50 22,30 61.30
9 9 (74.04) (68.58) (65.93) (61,10} (58.17) (53.33) (51.33) (46,32) (42.30) (36.35) (32.32) .  (28.17) {51.55)
10, T4q 73 .60 62,00 55.00 32,30 27.60 24,70 20,30 17.00 5.68 0,00 0.00 0.00 20,10
(59.06) (51.93) (47.86) (34.63) (31.71) (29.77) (26.79) (24.32) (18,51) {0.00) (0,00} (0.00). (26.66)
", T 80,10 66.00 52,00 45,30 42,00 37.30 32,30 25,60 20.70 0,00 0.00 0,00 27.20
1 (63.52) (54.32) (86.13) (42.30) (40.38) (37.64) (34.68) (31.06) (27.02) (0.,00) (0.00) (0.00) (31.42)
12, T 86,00 81,00 71.30 64,00 60,30 54,30 43,60 37.30 37.60 27.60 19,00 6,40 48.70
12 - (68.02) (B4.71) (57.61) (53.11)  (50.18) (A7.47) (41.34) (37.84) (3B.82) (31.73) (25,83) (14,69) (bh.23)
cD {0,05) 4,89 3 5.70.; 2.65 3.16 3.07. 2,99, 4,99 3.69 3,92, 3,36 . 4.88_,  3.22..  3.63

Figures in parenthesis indicate transformed values
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followed by groundnut cake and paddy husk. In control pots
of the total and antagonigtic organisms were very less

(table 15).
4.6, Effect of NPK fertilizers on the survival of R. golani

‘The population of R, solani .éhoweci an increase uq'to
100 days of incubation and thereafter it decreased gradually
(table 16, fig. 9). In general up to 140 days maximum
- population of R. 'gsolani was recorded in nlpoko. Control
pots recorded maximum population of R. golani during most
of the observations, From 140 days. to 320 days maximum
population was recorded in nlplko‘ except at 180 days of
incubation:. At 20 and 40 days of incubation the poﬁula-'

tions in nlp,:,k0 and nlplkl were on par.

" Mindmum mpﬁlaﬂon of i:t_. sollani was observed in
noplk'-l excopt after 40, 60, 140 and 260 days of incubation, .
vhere minimum po,pu?f.ation of R. solani was observed in nopokl.
After 340 days the population of R. golani was observed
only in control plots. ’

4.7. Influence of soil moisture, temperature and pH
on the survival of R. solani

4. 7.1 Soil moisture

In general, the survival of R. golani was low at

10 per cant molsture level, But it increased consilderably



98

Table 15. 'Effect of organic amendments on the population of microorganisms

isolated

Antagonistié' orcjanisn isolated

Treatments _ Microorganisms.
Fungi 3.1 x 107 § 2Agperaillus niger
T, Control Bacteria 2.6 X ‘J.O6 B - o
Actinomycetes " S5.1 x ‘J.O6 -
Fungi 5.4 x 10% Aspergillus £lavus, Fusarium solanl
Glyricidia - Bacteria 3.8 x 106'
1leaves Actinomycetes 5.5 ::,106 .
Fungi 3.1 1 10° Agmrgilius nidulans
Clerodendron Bacteria 4.4 x,10° »
leaves "Actinomycetes 4.3 3 106
Fungi 2.8 x 10°
Eupatorium Bacteria 4.4 x 10°
leaves Actinomycetes 4.8 x 106
Fungi 6.4 x 1_04 A. niger é.' terreus Penicillium citrinum
Saw dust Bacteria 5.1 x 11.0‘5 Bacillus sp. Rothila sp.
Actinomycetaes 6,3 x 106 Streptomyces sp.
Fung. 4.1 x 10% A. £lavus
Coconut pith Bacteria 3.8 x 106 Bacillus sp.
Actinomycetes 7.1 x 10"3 Streptomyces sp.




Table 15 C-O'Ye.l'f?lucc).

op]
)
Treatments Microorganisms isoclated Antagonistic organism isolated
F 4.3 X 10% Panicillium citrinum
T, Neemeake B 3.2 166 _ Penicillium wortmanii
A 6.8x 10_6 Bacillus sp.
. F 3.2 x 10° - A. piger, A. £lavus, Penicillium sp.
Ty Groundnut ‘cake B 4.3 x 10% Bacillus sp.
' A 5.,5x 106‘ StreEtom'xc_e__ s sp.
P 3.2 x 10° A. paradosus, A. piger, A. terreus
Tg Pumna czke B 5,1 x 106- '
a 6.2x10°%" |
F- 6.2%10° A. pidulans, A. flavus, A. niger
T,, Fish vaste "B 5,2 x 10° Bacillus sp., Chromobacterium sp.’
A 6.7x 106' '
F 6.8 x lO4 ' Trichoderma harzianum,’
, _ Penicillium sp., Rhizopus stolonifer
T,, Paddy husk B 4.1 x10° Rothia. sp.
A 2.1 x 10? . Streptomyces sp.
4 .
F- 2.2%10 - Agpergiliiis niger
T, , Groundnot shell B 1.1 x 10° - '
A 1.2 x 10°
F = Fungi
B < Bacteria
. A =

Actinomycates
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Table .

16. Effect of NPK fertilizers on the survival of R, sglani

i: {Population 10L/g soil)
Periods of incubation in days
Treatments 20 o 60 80 100 120 140 160 180 200
1. ngpak, 3,73 (2.18) 3.81 (2.19) 3.9% (2.22) 3.99 (2,23)  2.85 (1,96) 2.65 (1.91) 2.55 {1.88) 2.35 (1.83) 2.28 (1,81) 2.13 (1.
2. ngpPoky 1.68 (1.65) 1.78 (1.67) 1.81 (1.68) 1.96 (1.72) 1.99 (1.73) 1.63 (1.62) 1.53 (1.59) 1.33 (1.53) 1.10 (1.45) 0.99 (1.
3. ngpqkg 2.11 (1.76) 2.21 (1.79) 2.33 (1.83) 2.48 (1,87) 2,57 (1.89) 1.88 (1.69) 1.75 (1.66) 1.53 (1.59) 1.31 (1.58) 1.28 (1.
4. mgpqky 1.62 (1.62) 1.82 (1.68) 1.78 (1.67) 1.88 (1.69) 1.77 (1.66) 1.62 (1.62) 1.57 (1.60) 1.41 (1.55) 1.3 (1.52) .22 (1.
5. nqPpky 2.31 (1.82) 2.38 (1.84) 2.4 (1.85) 3.55 (2.13) 3.78 (2.19) 3.88 (2,21) 2.38 (1.92) 2.19 (1.79) 2.20 (1.79) .71 (1.
6. nypgkq 1.75 (1.65) 1.89 (1.69) 1.99 (1.73) 2.02 (1.74) 2,10 (1.76) 2.00(1.73)  1.85 (1.68) 1.76 (1.66) 1.71 (1.65) 1.62 (1.
7. Pk, 1.75 (1.66) 1.89 (1.69) 1.99 (1.73) 2.56 (1.89) 2.68 (1.92) 2.77 (1.9%) 2.68 (1.82) 2.57 (1.89) 2.1 (1,76} 1.98 (1
8. nypqky 2.32 (1.82) 2.4 (1,85) 2.62 (1,91) 2,71 (1,93) 2.83 (1,96) 2.13 (1.77) 1.81 (1.68) 1.74 (1.66) 1.41 (1,55) 1.346 (1,
Perliods of incubation in days
Treatments .
220 240 260 280 300 320 T 340 360 380 400
1. ngPgky 1.99 (1.73) 1.87 (1,69) 1,65 (1.62) 1,63 (1.62) 1,43 (1.55) 1.15 (1.47) 0.93 (1.39) 0.63 (1.28) o0.24 (1.11) 0.1 (1,
2. ngpgky 0.99 (1.41) 9.73 (1.32) 0.3 (1.14) 0,22 (1,70) 0,08 (1,04) 0,00 (1.00) 0,00 (1,00) 0.00 (1.90) 0,00 (1.00) 0.00 (1
3. nopyky 1,15 (1.47) 0.89 (1.37) 0.76 (1,33) 0.71 (1.31) 0,64 (1.28) 0.47 (1.21) 0.4 (1,19) 0.00 (1.00) 0.00 (1.00) 0.00 (1,
4. ngpyky 0.91 (1.38) 0.79 (1.34) 0.51 (1.23) 0.21 (1.09) 0.09 (1,04) 0.00 (1.00) 0,00 (1.00) 0.00 (1.00) 0,00 (1.00) o0.00 (1.
5e n1ﬁ5ko 1.11 (1.45) 1.00 (1.42) o0.88 (1,37) 0.55 (1.24) 0.38 (1.17). 0.08 (1.04) 0,00 (1.08) 0.00 (1,00) 0.00 (1.00) 0.00 (1
6. nypgky 1,38 (1,56) 1.13 (1.46) 0.99 (1.41) 0.81 (1.35) 0.67 (1,29) 0.52.(1.23) 0.00 (1,00) . 0,00 (1.00) .0.00 (1.00) G.00 (1,
7. 4P kg 1.91 (1.70) 1.68 (1.64) 1.54 (1.59) 1.31 (1.52) 1,23 (1,k9) 0,99 (1.41) 0,00 (1.00) 0.00 (1,00} 0.00 (1.00) 0.00 (1
8. nypyky 1,47 (1.47) 1.11 (1.45) 0,94 (1,39)  0.71 (1,31)  1.14 (1.46) 1.14 (1.46) 0,66 {1.28) 0,00 (1,00} 0.00 (1.00) ©.00 (j

CD (0.05) = 0,084

Figures in parenthesis indicate transformed values



Fig.9. Effect of NPK fortilizers on the survival of R. soluni



popuLaTion (& solans CIN 10%/g. sOIL

[« TS . T & .

1 H] 3 - 5 [ T 8 9 40 N a2 3 44 L1- T T IT @ 19 RO

PERIODS (INTERVAL OF 20 Davs) -
FiG: 9




17 0%08
101

at 15 per cent moisture level and thereafter it showed a
decreasing trend (table 17). In I, (100 per cent inocculum)
100 per cent survival was recorded in all the levels of
moilsture except 45 per cent {mz), which showed 94 per cent
survival. In I, at 10 per cent moisture level the survival
was 98.4 per cent and at 15 and 25 per cent molsture level
there.was 100 per cent survival, There was a reduction

in survival corresponding to increase in moisture level
from 25 to 45 per cent. In all the moisture levels the
survival of R. golani was found to decrease corresponding

to the decrease in the inoculum in the goil mixture,
4,7.2, Soil temperature

Significant differences were observed in the survival
percentage of R. golani when various dilutions of inoculums

goil mixtures were kept at different temperatures (table 18).

, In general, there was 100 per cent survival in

I3» I5 I3 up o t,. At all temperatures as the inoculum
level decreased there was a corresponding reduction in the
parcentage of survival of R. golani. The most favourable
temperature fbr the survival of the fungus was betwean 20°C

and 30°C,
4.7.3. Soil pH

The pH also was found o have significant influence
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Table 17. Effect of moisture on survival of R, golani
Treatments . Moisture' percentage
seulums 10 15 25 35 45
Fiold soil (m, ) (my) () (m, ) (mg) Mean
I,. 100:0 160,00 100400 100.00 100.00 94,00 99.75
(90.00) (90.00) (90.00) ° (90.00) (75.82) (87.16).
I,. 98:2 98.40 100.00 100.00 96,10 87,70 98,10
(82.63) (90.00) (20.00) (78.64) (69.47) (82.15)
I,. 90:10 91.60 100,00 96.14 91.02 82.38 94.10
(73.19) (90.00) (78.64) (72.53) (65.15) (75.91)
I,. 50350 84.47 97.59 84.47 88,67 73.02 86.80
{66.77) (81.03) {66,76) {70.30) {58.,69) (68.71)
Ico 2:98 80.00 ‘91,02 80.34 71.67 64437 78420
(63.,41) (72.53) (63.65) (57.82) (53.33) (62.15) .
{62,71) {65.66) {60.19) {44.02) (44.98) (55.51)
Tope 0:100 26,63 50,33 52,67 38.32 25,00 .38,20
(31.06) {45,17) (46,51) {38.23) {29.,98) (38.19)
Mean 84.20 94,44 89,20 81,50 70.00
(67»11) (76034) (70.81) (64.50) (56_.77)_

CD (0.05) for inoculum (I) = 1,169
for moisture (m) = 0.987

Figures in parentheses indicate transformed values
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Table 18, Effect of temperature on the survival of R. golani
Treatments Inoe- . . Temperature ) _
culums: .
Field 10:2°C (tl) 15+2°C (tz) 20+2°C (t3) 30+2%C (t ) 40+2°C (ts) Mean
soil ) ‘ :
I, 100:0 100.0 100.0 100.0° 100.0 65.0 98,4
(20.00) (90,00)° {(20.00) {90.00) (53,74) (82.74)
I,. ag:2 100.0 100.0 100,0° 100.0 37.2 96.6
(20.00) {20.00}" (20.00) (50,00) (37.98) (79.59)
: I 90210 100,0° 92,7 100.0° 100.0 37.9 94,5
{90.00) {74.25)" {90.00) (20.00) (38.02) (76.47)
Tye 50350 46,0 83.5 100,00 100.0 32.0 81.8
(42.68) (50.20)" {90,.,00) {90.00) (34.43) (64,72)
Ige 10:90 25.8" 7840 100.0° 95.3 19.9 70.8
{30.55) (62.01)" (920,00) (77.48) (26,48) (57.30)
Ige 2:98 15.0 65.7 83.8" 82,0 9.9 50.2
(22.75) (53.13)" {65,31) (64.89) {(18.37) (45.0%)
I, 0:100 3.6 . 60.1 72.0° 68:0 9.9 39,2
(11.01) (50.03) (58.55)  (55,54) (18.37) (38.76)
{53,85) (69.54)" (82.04) (792.70) (32.58)
CD (o 05) Temperature (t) = 1.739
Treatments (I) = 2,087
" tx I - 4,600

Figures in parentheses indicate transformed values



on the survival of R. golani (table 19). The survival of
the fungus was found to increase with the increase in pH.
In Il' I,. I3 and L5+ 100 per cent survival was observed
at pﬁ 7 and 9 (p4 and ps). When the average effect of pH
was consldered maximum survival of 96.70 per cent was
recorded at pH 7, .which was.on par with the survival at

PH 9,

<

4.8, Isolation of micrcorganisms from paddy f£lelds of
different parts.of Kerala and testing thelr antagonism
against R. solani C

4.8.1. Isolation of microorganisms

The following microorganismswere isolated £rom five
different locations namgly,Vellayani, Karamana, Moncompu,

Mannuthy and Pattambi as mentioned under 3.8.1 (table 20).
4.8.2. Antagonism of fungi to R., golani |

Thirty_apeciag of ?ungi_isqlatad from different
locations ware tested for their antagonistic reactions
againgt R. golani and .the types of interaction were grouped
into four categories as mentioned under 3.8.2. Chaetomium
g;obosqm and Penicillium wortmanii showed 'C* (cessation of
growth at line of contact) and 'D' (a clear zone of inhibi=
tion) typés of'aﬁtagoﬁism fespectiveiy. among the remaine
ing fungi 12 species showed 'B' (over growth) type of antae-
gonism, while the other 16 specles did not exhibit any



Table 19. Effect of soil pH on the survival of R. golani

Treate

ments Tums PH 4 (py) ~'PH.5 (p,) PH'6 (pg pH 7 (p,) . pH 97(95) Mean
£3eld ‘ R
soil
I,. 10030 7 34,90 95,10 195,30 100.00 ' 100.00 92,60
© . (36,22) (77.33) (77.47) (90.00) .*{20.00) 1{74.18)
I, 9812 . 29,90 90,40 96,70 100,00 * 100,00 91.40
(33.,15) (71.92) (79.52) (20.00) . (90.00) (72.92)
I, 90310 25,80 81.40 20,40 ' 100.00 '100.00 87,60
| (30,54) (64.40) (71.92) _(90.00) .|(9o.oo) (69.38)
I,« 50:50 © 15.70 ., 78.40 90.10 100.00 100,00 85,30
(23.24) (62,25) (71.59) (50.00) "~ (90.00) (67.43)
I. 2:98 " 9,60 56,00 75.10 50,40 . 90,40 65,60
(18.04) ©.(48.42) (60.06) . (71.92) (71.92) (54.07)
Ige 10390 . 5.90 37.90 40,00 87,60 82.00 50,21,
I,. 0:100 0.0 23,90 34,00 67.10 70.10 33,50
e ' (29,27) (35.63) (54.99) (56.681). {35.34)
e Mean 14.20 . 68,60 78.30 96.70 95,70
(22.18) .(55.92) (62.20) (79.46) (79.09)
CD (O.OS)Afbf tréétments inoculum (I) = 2.652 - | |
" for pH (p) - 2,242 T
n for I = P - 5,931

Figures in parentheses indicate transformed values
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Table :.a.'. Microorganisms isolated from different locations

156

T

« Tumicatus Fres
- nidulans (Eiden) Wingate

. piger Vap Tiegh

= I I 1

. paradsorur Fennell & Raper -
Chaetomivm sp.

Fusarium secitertun Berk & Rav

Penfci1lium itelicun Yelmeyer

P. oxslicum Currie & Thom

P. mgqt_zroggn\;n 5toll
Pestalotiopsis sp. Wemt-&-Cocriinmcs

REhizopus oryzae Went & Geerlings
B. Btolonifer Ehrarb ex Fr. Lind

Trichoderssz viride Pers ex Fr.

Alcaligenes 8p.
Bacillus gp. '
Bacillus pudbtilis
Corynebacteriun sp,
Pseudomonas sp.

Rothie ap.

Location . Fungl Bacteria Actincaycetes
* . Vellaynni Aspergillus flavus link, Alcaligenes sp. Streptogyces sp,1
B A, Jsponicus Saito Bacillus sp. Streytomyces sp.2
A. pirer Van Tiegh® Bacillus subtilis Streptoryces sp.3
-A. pesradoxus Fennell & Raper Chrouobacterium sp. ’
Cheetoxium globosum Kunze & Schw ' = Propienibacterium ap,
Cle.d:;shoﬂun; cledogsporioides (Fres,) de Vries Poeudoponas sp,
Curvuleris hunata (Wakker) Boediin Rothia sp.
Diplodie Bp. - Xanthomonas sp. -
Fuserfum golent (Mart) Sacc °
Mucor hiemelie Wehreyer
Feurospore cress Shesr & Dodge
Pebulospore byssina Hoteon )
Penicillur citrinum Thom
P. itelicum Wehweyer
P. oxalicug Currie & Thomx
Pericozin sp,
Pestelotiopsis sp. )
Trichoderpe harzisnime Rifai T
T. yiride Pers ex Fr.
Karesana Aspergillus flsvus Link
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Location

Fungi

Bacteria

Actinomycetes

) JMoncomput

. Mannuthy

Aspergillus flsvug Link,
A. jJaponicus Salto

A, niger Van Tiegh -

A, terrus Thom

Diplodie sp. R
.Fusarium solani (Mart) Sacec

Glioscladium virens Miller, Giddens & Foster

Papulosspora byssina Hotson
Penicillium ap. '

" Penicillium italicum Wehmeyer

P. vortmanii Kloecker

Pestalotiopsis sp,

Pestalotlia bicolor El11, & Ev,

Scopulariopsis brevicaulis (Sacc,) Bain

Trichoderma viride Pers, ex Fr.

Aspergillus flavus Link,
A, fumigatus Fres,

A, japonicus Saito

A. nidulans (Eidam) Wingate

A. niger Van Tiegh .
Diplodia sp.

Fusarium gemitectum Berk & Rav
Peﬁicillium eitrinum Thom

P, italicum Wehmeyer

P. oxalicum Currie & Thom

Rhizopus stolonifer Ehrard ex Fr,

Trichoderma viride Pers ex Fr.

Acinetobacter ap.
Baeillus sp.

Bacillus subtilis
Propionibacterium sp,

Rothia sp,

Acaligenes sp.
Bacillus sp..'

Pseudomonas sp.

Streptomyces sp.
Streptomyces sp.
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Location Fungl

Bacteria

Actinomycetes

5. Pattambl Aspergillus flavus Link,

A. nidulans (Eidam) Wingate

4. paradoxus Femnell & Raper
LLA; §g§ggg§ Thom .

- : -
IR N Pt TR A ROWINE . ¥ |

Botryodiplodia theobromae Pat.

Chaetomium globosum Kunze & Schm
Diplodia sp.
Fusarium sp.

Fusarium solani (Mart) Sacc

F. oxysporium Schlecht,
Penicillium citrinum Thom

P. italicum Wehmeyer

P. oxalicum Currie & Thom

Pestalotiopsis sp.

Acinetobacter sp.
Alcaligenes sp.
Bacillus subtilis
Chromobacterium sp.
Paeudomonas Bp. .

Rothia sp. -
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'4.8,3, Interactions between fungi sntagonistic to R. solani

The interactions, if any, between the 14 species of
fungl antagonistic to R. golani have been noted and the
data are presented (table 22, plate 2, A=I). Aamong the
various antagonistic fungl Aspergillus niger was inhibitory
to 11 other fungi tested. oOnly with Panigillium oxalicum
and P. vortmanii, A, niger did not have any antagonistic
activity. 1In general, Trichoderma harzisnum and T, viride

were without much interaction with other antagonistic fungi.
4.,8.4. Antagonism of bacteria to R. solani

Eleven specias of bacteria isolated from different
locations were tested for their antagonistic reactions
against R. golani. All the bacterial isolates, except
Xanthomonas sp., and Acinetobacter sp., were found to exhibit

antagonism against R. golani. (table 23, plate 3. A-D)

4.8,5. Interactions between bacteria antagonistic to
R. solani

Interactlons batween the nine bacterial isolates
antagonistic to R. golani were studied and the data are

presented (table 24, plate 4 aA-C).



Table 21. Antagonism of fungi to R. solani

110

g‘];' Fungi Type of
* interac¢tion
1. Asperglllus flavus Link. B
2. A. fumigatus Fres. A
3. A. japonicus Saito. A
4. A. nidulans (Eidam) Wingate A
5. A. niger van Tiegh B
6. A. paradoxus Fennell & Raper A
7. Al terreus Thom. A
8. Chaetomium sp. A’
9. globosuh Kunze ‘& Schm C
10. Curvular:.a lunata {wWakker) Boed:.Jn A
11. Dipleodia sp. A .
12. Fusarium oxysporum Schlecht A
13, F. semitectum Berk & Rav. B
14. F. solani (Mart) Sacc B
15. Gliocladium virens Miller, Glddens and Paster B
16.° Mucor hiemalis wehmeyer A
17. Neurospora crassa’ Shear & Dodge B
18, Papulospora byssina Hotson A
19. Penicillium eitrinum Thom. B
20. P. italicum wehmeyer A
21. P. oxalicum Currie & Thom. B
22, Penicillium purpurogenum Stoll, A
23. P. wortmanii Kloecker ) D .
24, Periconia SP. — A
25. Pestalotiopsis sp. ) N . A
26. Rhizopus oryzae wWent & Geerlings B
27. Rhizopus stolonifer (Ehrarb ex Fr.) Lind B
28. Scopulariopsis brevicavlis (Sacc) Bain A
29. Trichoderma harzianum Rifai B
30. B

T. viride 'Pers, ex Fr.

o o w »

= Homogeneous (free fnterwiaglimg of hyphae)

=~ Over growinm (R, solani over grown by test organism)

~ Cegsation of growth &t line of contact

’Avaréion (A clear zone of iphibition)

1



Plate 1. 2Antagonism of fungi to Rhizoctonia solani

A

O« Agpergillus flavus

i+ Agporglllus £lavus x Rhizoctonia solani

2. Bnizoctonia soland

B.

0. ' Agpergillus niger
1. Asperaillus niger x Rhizoctonila soland

2. |Rhizoctonia solani |

C.

1, Pusarium solani ¥ Rhizoctonia zolani
2 Ij'usarimn quani

3. Ehizoctonla solani






Plate 1 continued

De

S Chastomiun globooym x Ehigoctonis goland

C. Bhizostonia solont

Le

C. phizogtenia goland

3« Zusardun somitoctun x fhizoctonis golong






Plate 1 continved

F

0. Fenicillfus gitrinum

1. BonioUliwn cierinun x Shizoctonia splond

2. Ehigootonis goland

Ge

Q. Ehiroctonia soland

1. Cendoidiivm owalicum % 2, goland

2. Penici)lliun goaliown






PLATE 1 (Continued)
H, _ , _
2. Fenjcillivwg wordranid » Hofgoctonin golent

O« Bhizocbonla solani

i
0. Trichadorma vi r:i.ge-

1¢ S viride x B, Soiant

2, Ehlzoctontn soins 2l
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Table . 82. Interactions betwesen fungl antagonistic to R. salani

1 2 3 4 6 7 8 10 11 12 13 14
1 - +
2 + -
3 + +
4 + + +
5 + + + +
6. + + + -
7 + + - + + ‘
8 - + - - - -
9 - - + + - - +
10 - - - - + - +
M + + - + - - + + +
12 + + + + - - + +
' 13 + + + - - + - - - - -
14. * + + + - + - - - -
+ Positive interaction
- No interaction
1 Aspergillug flavus 8 Penicillium citrinum
2 A, niger P, oxalicum
3. Chaetomium globosum 10 P, wortmanij
4 Fusarium semetectum 11 Rhizopug oryzae
5 F. solani 12 R, stolopifer |
6 Gliocladium virens 13 Trichoderma harzianum
.7 Neurospora crassa 14 T, viride '



Plate 2, Interaction between fungl antagonistic
.to R. golani

A,

"1, Aspergillus flavugs x Penicillium wortmandii

2. Agpergillus flavus

3. Penicillium wortmanii

B,

1. Aspergillus niger x Trichoderma harzianum

2. Trichoderma harzianum

3. Aspergillus niger

c.

l. Aspergillus niger x Penicillium oxalicum

2., Aspergillus niger

3. Penicillium oxalicum






D.

1.

2.

3.

E.

Fa

i.

2a

1. Trichoderma virids % Penicillivm wortmanii
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3.

Plate 2 continued

Aspergillug niger x Trichoderma viride
Trichoderma viride

Aspergillus n‘igér

Irichoderma viride x Penicillium citrinum

I. viride

N —

Penicillium £dtedmici"

Trichoderma viric_ie

Penicillium wortmanii



w'



Plate 2 continued

Gq
“ 1. Trichodemma yiride x Rhizopus oryzae

2, Trichoderma virlde
3, Rhizopus o ae

H,
1. Trichoderma virlde = Asge;'gillus flavus
2. Trichqdema, viride
3. Aspergillus fiavus

I.

1. T:ichodema viride x Trichodema harzianum

2. Ixichoderma viride

3. Trichoderma harzianum



|



Table 23, Antagonism of bacteria to'g; solani

Sl. No, Bacteria Reaction

1. Acinetobacter sp. -
2 Alcalilgenes sp. *
3. Bacillus sp. *
4. | Bacillus gubtilis +
5. .Chromobacterium sp. +
6. Corynebacterium sp. *
7. Propionibacterium sp. +
8. Pseudomonassp. +
9. Rothia sp. +
10. Xanthomonas sp. _ -

'+ Positive antagonism

- No.antagonism



PIATE 34 Antogonisa of bacteria to Ruizockonia soland,

A
4. Alealizenog sp. x Bpdgoctonia golent

Co R goleni

Be

1. Bacilius @p. x Bhlzoctonta solanl

C. Rhizoctonia soloni)
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Plato 3 continued

Ca

2+ Becillws gubtiiis w Rhigoctonia golend

c. Ruizockoni golam

Do

3. Prepionibacterivm sp. x fhigoctonia selend

Cs Rhizoctonia solani -
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Table 24. Interactions between bacteria antagonistic to R. golani

113

s g ©o
5 & g
o - =] .
1 ¢ 9 4 8 & 7 .
Q 2 o 'g . B o o o
4 94 4 9 9 3 3 g
3 *1 @ s 5 g
9 ¥ - 4 ¥ d gy 3
. m al 8] =" IRCIRNY 44
 Alcaligenes sp. -
Bacillus Spe +
B. subtilis - +
Chromobacterium sp. + + e
Corynebacterium sp. - - - -
Progionibacterit_im Sp. + - - + -
Pgeudomonas sp. + - - - - +
Rothia =sp. + + + - - - -

+ Positive interaction
- No interaction



Plato 4, Intcraction batwozn bactoria antagohistic

€0 B polani

Ay _
1. Bagillus spe ¥ Doodllus gubkilds

2o Bacillus gubtilis

3., Bacillus gp.

B,

1. Beeilius gubtilia x Propionibocterdum op.
2¢ Bacillug gubtilis

Ca

1. Decillus subkilts » Rothis sp.
2, Becillug gubkilds

3« Bothia ap.
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Among the antagonistic bacteria Corynebacterium sp,
did not ghow any antagonistic reaction against the other
bacterial isclates. The maximum antagonistic reaction
against other bacterial antagonists was observed in
Alcaligenes sp. Bacillus subtilis was not antagonistic
against Alcaligenes sp., Corynebacterium sp. Propionie

bacterium sp. and Pgeudomonas sp.

4.8.6. Interactions between fungl and bacteria antagonistic
to R. golani

The isolates of Bacillus were found to ba antago-
nistic to all the isolates of antagonistic fungi (table 25,
plate 5 A-D). Propionibacterium sp. was not antagonistic
to any of the fungal isolates and Chromobacterium sp. and
Rothla sp. were antagonistic only to Penicillium wortmanii

and Rhizopus stolonifer respectively.
4.8.7. Antagonism of actinomycetes to R. solani

None of the five isolates of actinomycetes showed
antagonism and R. golani was found to overgrow the actinos

mycetes and completely cover the plates.

4.8.8. Effect of antagonistic bacteria on the survival of
R. solani |

Inhibition of germination of sclerotia of R. golani

by antagonistic bacteria was recorded after keeping the



- Table 25, Interactions between fungi and bacteria antagonistic

to R. solani

Lo
-
— [
. joi
* [ m
g & & g
3 3 . 5 g -~ .
= .
8‘ , o 5 - 53 8‘
' 8 | g g al @
S & 0 B + @l 0 .
il ) ) a| 8 < & &
o 3 Q 8 B 2
e a - g R 9 g @
o 3 &t - g
8 ¢ @ 3 g § g %
o & @ 6 3] a & 2
Aspergillius niger - + + - + - - -
&. £1lavus ’ - & <+ - - - - -
‘Fusarium semitectum + + + - - - - -
GliOCJ.adi‘lm Virens L 3 - - - - -n -
Neurospora crassa . - + + - - - - -
Penicillium citrinum - + + - - - - -
P. wortmanii - + + + + - - -
Rhizopus oryzae - -+ + - - - - -
R. stolonifer - + + - - - - -
Trichoderma harzianum + + + - = - - -

4+ Positive interaction
= No interaction



Plato S, Interaction botwoon fungl and bactoria
entagonistic €0 R. goland

Y
1. Bagilive oubtilis x Chaotomium globogum

24 maatggum globostan

3a Bocillus gubtildg

B

1. Bagidius pubtilss x penicidlium wortmansl
2, Ponicilijum woptmenid

3. Bacilius gubtilis

Ce

1. Dagillug sudbtilis s Ipichodorma bapzianwnm
2. Iyichodomma harsionum

3. Bacillus aubtilis



D




Platae 5 continued

D
1. Baoillus subkdlis x Txichodorma wiride

-2+ Irxichodarma virida

3. Bagiliue gubeilds






sclerotia in bacterial suspension for ten minutes, one week,

‘tﬁo weeks, four weeks, and six waeks, .

was foﬁndito have the makimum inhibition on the sclerotia

of R. sbléni even by keeping them only for ten minutes in

‘Among the' different treatments, T, (Bacillus subtilisg)

the bacterial suspension (table 26). Ty {(Propionibacterium sp.)

showed the least antagonistic action after ten minutes of
treatment. In general, T4 (Chromobacterium sp.), Tg
(Propionibacterium sp.) and T (Pseudomonas sp.) were less
inhibitory compared to other treatments.

After two weeks T, caused complete inhibition and
after six weeks all bacterial isolates tested caused more
than 95 per cent inhibition. 1In pooled analysis also T,
was the best treatment having hicghest antagonism.

4.8.9, Effect of antagonistic bacteria on sheath blight
of rice caused by R. solani

4.8.9,1. Disease incidence

All the antagonistic bacteria were found to be effe

c-

tive in reducing the incidence of sheath blight. 2Among the

different treatments, the incidence of sheath blight in Tl
(Bacillus sp.) and T, (Bacillus gubtilis) was found to be
oh par and was lesser than that in the other treatments.

respective percentages of hill infection in T, and T, were

The



Table

26, Effect of antagonistic bacteria on the survival of 5.' soland

Period in bacterial suspension
ment . — — g .
10 minutes - 1 week 2 week 4 week 6 week Pooled mean

T, €0.01(50,76)  74.64(59.74) 95.77(768.11) 97,81(81.45) 98.72(83.48)  89.10(70.71)
T, 61.63(51.62) 8é.01(6§,72) .99.99(90.00) ~ 99.99(90.00) 99.é9(90.§0)' 95.92(78.30)
Ty 52.42(46.37)  82.28(65.08)  97.81(81.56) '.98.38(32.55) 99.93(94,33)  90.40(71.97)
T, 47,60(43.61)  71.93(57.98) . .9&.45(75.;7) 96,25(78480) 97.67(81.19)  85.50(67.59)
Tg 38.71(38.46)  67.81(55.41) 89.56(71,13) 94.67(76.63) 96.27(78.84)  80.90(64.09)
Tg 44.74(41.96)  $8.65(50.08)  87.91(69.62). ' 89.84(71.39)  95.11(77,19)  78.02(62.05)
T, 59.64(50.54)  76.11(60.71) 97.97(79.94) . 98.26(82.39)  99.99(90.00). 91,20(72.72)
Tg 56.60(43.77)  78.77(62.54)  93.66(75.29)  97.93(81.71)  99,99(90.00)" 90.12(71,68)
Tq 0,00 0.00 0,00 0,00 .00 0400

Cco (0.,05) 1.26 0.09 " 0.50 2,14

0.96

Figures in parentheses indicate transformed values

6.67
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29,90 and 31,20, Tq (Corvnebacterium sps.) with 60.00 per
cant hili infection was found to be least effective in
reducing the incidence of the disease (table 27).

4.8.9,2. Disease intensity

All the ;antégonliaté ware found to ba erfective in
reducing disease iutensity (table 27). T, T, and T, wera

on par and were more effective than the other treatmenta.

4.9, In vitro effect of plant protection chemicals on
antagonistic fungi ahd R, golani

4.9.1. Fungicides

among the six fungieidss tested at three concentrae
tions eaph. ziram yras.fnund to have lass inhibitory action
ont majority of the antagonis;:.ic' fungl (table 28)., This wasn
least iphibitory to R. M also, Hext to ziram it was
carbendazim uﬁuch-shoﬁazed- leas iﬁhibitory action on antagoe
nistic fungi and at the sama time it could effectively
inhibit the growth of R. golani. Carboxin also &id not
show inhibitory action on many entagonistic fungi and caused
considerabla inhibition of the growth of Re solani at diffe-

rent concantrationg kasted,

Edifenphos was inhibitory to many antagonistic fungi
in comparigon with other fungicides tested, But this fuhgie
cide was found to be effective in inhibiting the growth of

R. golani alsc.



. 119

Table 27. Effect of antagonistic bactoria on eheath blight

of rica
Treatmants \ " Disease Disgecase

incidence intonsity
Ty (Bacillus sp.) 29.90(33.17) 1.86{1.35)
T, (Bagcillus gubtilin) 31.20(33,92) 2.,01{1.41)
7, {(Rothia sp,) 41,10(39,.88) 2.06(1.44)
T, (Chromobacterium sp.) 50, 50(45.30) 4.20(2,05)
Ty (Bropionibacterium sp.) 41,20(39.92) 4.80(2.19)
Tg (Pseudamonas sp.) 44.00(41.54) 5.27(2.29)
T, (Alcalicenes sp.) 39.10(38,68) 2,99(1.73)
Tq (Corynebacterium sp.) 50, 00( 50'.77 ) 5.62(2437)
T, Control 98.70(83.44) 6450(2,55)

CD (0,05) 4466 0.09

Figures in parenthesaes indicate trensformed values



Table .2@. In vitro uvffect of fungicides on R. golani and Antagonistic organisms

- . {Per cant inhibition over control)
(84 : ) v — . v
L | a b c d a £ q h i ] k 1 m n o
T 8l.90 - 83.80 59,30 93,80 81,56 60.29 38,80 76,50  75.39 76,30  74.80 24,39 28.15 58,10  53.20
(64.50) (65.74) (50.34) (86,26) (66,14) (50.92) (3B8,55) (61.00) (60.24) (60,87) (59,86) (29.58) (32.03) (49.69) (45.81)
T, 77.20 81,10 60,80 86,00 83,67 73.18 38,80 84.80 80.03 88.30 84,20 28,20 36,74 71.10 56.70
(61,52) (67,29) (51.21) (68.,03) (67.79) (58,79) '(38.85) (67.08) (63.43) (66.63) (66.54) (32.06) (37.29) (57.50) {48.8§)
T, 78.00  B7.40 79.00 B7.20 85,74 80,63 67.80  BB,00 83,34, 88,00 68,00 34,41 49.02 81,10  81.50
(62.02) (69.23) (62.72) (69.03) {67.78) (63.87) (55.,44) (69,67} (65.88) (69.73) (69,73) (35.90) (44.42) (64.,26) (64.54)
T, 67.00 56.70 68.10 54,60  52.41 83,75 57.40 64,60 ‘61,26 38,60 66,70 17,18 17.64 81,60 €7.00
. (54.90} (4B.88) ({55.7B) (47.66) (52.76) (66.20) (49.27) (53.52) (51.49) (38,43) _(54,74) (24.77) (24.82) (64.56) (55,08)
Ty 75,30 67.80 76,90 B5.60  63.41 8S.94 72,40  70.00 69,32 67.00 73,00  21.B1 25.89 g4.10 .73.30
(60.22) (55.42) (61.25) {54.07) (59,24) (67,95) (58.27) (56.81) {56,34) (54.94) (58,71) (27.83) (BO.58) (66.30) (57.84)
Tg 87.60 81,20  88.30 76.10  73.87 88,37 80,40 86,60 82,51 71.90  88.00 75.18 37.38 83.40  8B.50
' (69.39) (64.31) ({69.96) (60.76) {55.39) (70.03) (€3,74) (6B.50) (65.,25) (57,96} (65,73) (60.10) (37,638) (70.06) (70.18)
T, 21.10 75,60 64.90 70.20 67.78  46.28 69.50 71.10 68,96 68,90  83.30 23,12 25,50 44,50 27,70
{27.38) (60,39) (53.68) (56.91) (60.22) (42.85) (55.89) (S57.49) (56.12) (56,10) (65.91) (25.73) (30.32) (41.80) (31.73)
Ty 37.00 81.90  72.70 77,60 75,37 §7.78 82,20 83,30  79.47 77.00  £7.80 33,83 38.56 55,60  42.50
(37.47) (64.80) (58,49) (61.75) (64,82) (49.46) (65.08) (65.91) (63.03) (61.37) (6B.65) (35.55) (3B.37) (4B.19) (40.66)
Tq 82,70 88,10 688,30 84,20 61,91 68,55 63,30 B8,30 BI.TL 83.30 88.30 87,17 42,98 67.50 75.20
‘ (65.45) (69.86) (70.00) (66.57) (51,90) (55.87) (69.96) (£9.96) (66.17) (65.91) (69.73) (68.99) (40.95) (55,21) (60.14)
Ty 29,60 70,70 60,00 28,80 77.94 60,38 41.70 66.10 67.34 66,10  B7.80 18,76 20.80 58,20 58,90
(32.96) (57,25) (50.78) (32.42} (66.34) (50.97) (40,20 (54.40) (55.,12), (54.40) (69.54) (25.66) (27.13) (49.69) {50.12)
47,00 _ 76.50 72,30 35.20 36.15 72,97 50.00  79.80 78,39 71,10 BB.S0 12,01 32,44 7.0 75,90
I' n ; '(43:30) 7 (60,99) (58,27) (36.37) (37.23) (S6.65) §45,00). (63.29) (62.27) (57.49) (70,19} [(34.93) {34.70) {57.49) (60,62)
" n.  Te0.00 85,60 TBOLE6T7T37.00° 24,647 @3.57  62.80 86,30 86,26 82,20  BB,70  45.61 49,20 81,10 88,30
12 (c0i78) (67.69) (63.74) (37.45) (29.60) (65,51) {52.42) (60.99) (68.22) (65,03) (70,33) (43.04) (44.53) (64.26) (70.00)
) 51.50 70,70  73.10 22,20 29,42 65.70  77.40 65.40 65,19 68,60 78,30  19.97 21,32 66,30 73,40
i 13 (45,85) (57.26) (58,72) (28.11) (39.07) (54,13) (61.62) (53.98) (53.82) (56,56} (62.24) (26.54) (27.49) (54.,51) (58,92)
T 71,80  82.20  B0.40 37,50 35,76  75.49 38.00  75.50 74,89 80,40 64,80 63,77  .67.23 72,50  78.20
14 (57.61) (65.00) (63.74) (37.75) (42.64) {(60.30) (69.71) (60.32) (59.90) (63.73) (67,06) (56.62) (56.06) (58.36) (62.19)
§2.60 BB.,30  B8.40 43,70  45.02 26,84 88,30 88,20 83,15 87,60 88.50 87.47 83.02 898.50  B8,30
. T1s (65.35) (70.03) (70.06) (41.38) {42.34) (70.46) (69.96) (70.03) (65.74) (69,35) (70.22) (69.24) (65,69} (7C.16) (70.03)
62,20  B1.90 45,20 22.20 37.55 24,92 31.30 58,90 59,82 £8.70 31,70 69,15 69,09 22,10 19.10
16 (52.08) (64.86) (42,24) (28,11) (37.52) (29,94) (34.00) (50,12} (50,64) (50.02) (34,27) (56,24) (56.19) (28.01) (25.,89)
75.20  83.90 65.20 37.50 37,12 57.41 56,70  72.30 T1.12 71.50 54,10 67,56 82,96 54,50 56,30
17 (60.15) (66,33) (53.87)} (37.75) (42,21} (49,29) (48.80) (58.20} (57,47) (57.73) (47.34) (69.32) (55.€0) (47.55) (48.62)
88,50  87.50 .40 44,90 45,17 17,18 70.00 75.60 73,90 44.90 60,50 88.63 88.71 78.00 61.50
T18 (10016) (69.64) (57.63) (42.04) (42.23) (61.44) (56.78) (60,42} (59,25) (42.04) [51.07) (70,66) (20.33) (61.99) (51.65)
cD 4,91 2.32 3.48 4,01 4.93 314 3,43 2.29 2.65 1.66 1.45 3.31 3.61 3,48 4,24
{0.05) Figures in parenthesis indicate transformad valuas

a = Aamrgillua‘ niger

d « Fusarium semitectum

¢ - Neurospora crasga

j = Fenioillium wortmanii
m ~ Rhizopus stolonifer

s w v er

- pgpergillua flavus
= Fusarium golani

= Penicillium citrinum

—_— e e
- Ehizootonia
Izichoderma

solani

harzianum

b
& = Chastamium globosm
f « Glioccladium virens
1 = Panicilliun oxalicum

1= Rhizopus gryzae '
o = Trichoderma viride

.
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4.9,2. Insecticides’

- In general, methyl parathion was found to.be.least
inhibitory to many antagonistic'gung;‘(table 29), This
' “insecticide was not having much iﬁhibitory-action against
R.:golani .also. Phorate was iphibitory ‘to moét of the
antagonistic fungi as well as .to R. golani. Carbaryl and
Carbqfuran_wefe inhibitory to some antagonistic fungi énd
to R. golani. The other insecticides were inhibitory to
some - antagonistic fungi and at the same time not much effece

tive against R. golani.

4

4.9:3. Herbicides :

2,4-D was found to be less inhibitory to majority of
the antagonistic fuﬂgi compared to the other herbicides
tested (table 30). Propanil was very much inhibitory to
most of the antagonistic fungi and R. golani. Bentazone
and thiobencarb were found to be inhlbitory to lesser number
of antagonistic fungi when compared with propanil. But they
were inhibjtory to R. golani.

4.10. Effect of antagonistic fungi and plant protection
chemicals on.survival of R. solani and intensity of
sheath blight of rice

4.10.1. Survival of R. golani

The results showed that among the 'antagonistic fungi
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Table .29 In vitrs Effect of Insecticides on R, solam and Antagonistic Organisms
(Par cont inhibition ever contrel)

3

T

B b o d a g h i 3 .4 1 m n o
T, £9.30 .65.90 71.90 50.00 §2.59 74,10 44.40 66,70 64,08 70,80 82,60 21.93 22,20 70.70 70.70
1 (50.34) (54.29) (57.96) (45.00) (46.47) (59.42) (41.79) (54,7d) (53.16) (58.26) (65.35) (27.92) (28.12) (57.26) (56,33)
T, 65,20 72.60 15.20 75,00 74,13 81.50 64,80 82.20 80.37 77.80 86.90' 27.69 26,70 77.80 76.30
(53.85) (58.43) (60.13) (60.00) (59.40) (64,51) (53.63) (65.07) (63.68) (61.89) (68,76} (37.74) (31.09) (51.89) (60.B7)
T, 73.00 66,70 86,680 85.20 83,61 83,30 76,00 86,30 084,12 88,30 88,10 33.66 33,60 88.60 60,80
(5B.67) (68.63) (68.73) (67.37) (65.33) (69.96) (60,65) (70.00) (66,49) (69.99) (69.86) (35.45) (35.45) (70.26) (63.98)
Ty 64,680 71.70 50,00 73,80 72,97 46.30 69,30 73,30 71.50 72,20 77.10 21,25 19.60 71.70 60.70
(53.63) (57.86) (45.00) (59.15) ({56.65) (42.86) (56.33) (58.31) (57.71) (58.19) (61.37) (27.44) (26.26) (57.84) (51,20)
Tg 73,00 79,20 57.10 B2.60 85.57 78.50 76,00 81.90 81.11 79.70 86,30 21,65 21,80 79.50 86.50
(58.67) (62.86) (49.05) (65.35) (67.65) (62,39} (€0.63) (64,79) (64.21) (63.22) (68.24) (21.71) (27.85) (63.09) (68,43)
Ty 53,30 88,10 70.40 88,40 88.41 88,60 81.90 88,30 B87.04 88.40 87.40  75.05 76,50 B7.60 88,60
. (65.91) (69.80) (57.04) (70.06) (70.07) (70.23) (64.,79) (70,03) (68.87) (70.10) (69.22) {60.01) (63.39) (69.42) (70.23)
T, 58.20 55,50 £5.60 67.10 67,30  50.00 71.60 69,30 69,26 44.40 79,60 23,29 24.80 44,50 72.20
(49.69) {46.19) (B4.06) (54.99) (55.10) (45.00) (57.74) {56.33) (56.31) (41.81) (63.18) (28.84) (29.85) (41.81) (58.19}
Ty 70.70 72,60 72.20 73,00. T71.85 83.00 80.50 77,10 74.46 67.00 83,30 35.16 15,20 67.00 82.20
(57.25) (50,43) (58.39) (58,67) ([57.94) (65.62) (63.B1) (61.37) (59.62) ({54.97) (65.90) (36.35) (36,37) (54.96) (65.08)
Ty 83,40 85.60 78,20 81,70 79.63 88,20 89,40 85,60 84.08 4,10 87.70 87,05 88.20 74.10 86,50
(€5.93) (67.67) (62.17) (64.66) (63.15) (69.96) (70.09) {67.67) (66.46) (59.42) (69.45) (60.88) (69.87) (59.42) (68.43)
To 73.00 28,90 51.10 64.50 63.73 £7.80 73.30 64,80 65.19 25.20 70.00  20.37 20.30 51.80 65.20
(58.67) (32,50) (45.64) (53.40) (52.95) (45.60) (58.91) (53.62) (53.82) A30.10}  (56.80) (26.82) (26,78) (46.06) (53.84)
T 78.50° 64,10 60.00 65.90 67.78 71.10 79,30 72.60 71.85 65.90 82,60  32.24 35.20 65.80 73.70
(62.39) (53.21) (50.78) (54.29) (55.33) (57.50) {62,91) (50.43) (57.92) (54.29) (65.35) (35.80) (36.38) (54,18} {59.16)
Ty, 88,30 76.90 77,50 75.60 74,08 88,40 86.30 86,00 62.78 75.90 B7.60  46.44 47.60 77.50 85,60
(69.95) (61.28) (61.71) (60.37) (59,37) (70.09) (70,03) (68.00) (65.45) (60.63) (65.42) (42.94) (43.30) (61.65) (67,69)
Ty4 40,70 69.80 51.90 61,90 62.97 63.00 17,40 53.00 , 52,50  70.00 59.60 21,29 19,60 70.00 43,70
© (39.66) (56.68) (46.05) (51.86) (52.49) (52.53) (61.62) (46.70) |(45.41) (56.79) (50,55) (27.47) (26.26) (56.80) (41.38)
T. 46.90 73,00 63.00 69.60 65.26 70.70 84.60 66420 62,23 73,10 75.90  71.15 ° 72,30 76.00 53.00 .
4 (44.36) (58.71) (52.54) ({56.56) (56.31) (57.26) (66.89) (55,65) (52.06) (58.72) (60.63) (57.49) (58.21) (58.72) (46.70)
T, 61.10 81.60 75.60 £3.30 87.50 87.20 86,50 78.50 | 76.12 868.50 °63,30 86.86 88,30 61.30 76.70
s (51.42) (64.56) (£0.39) (65.91) (69.50) (69.03) (68.43) (62.39) [(60.72) (70.23) (65,51} (€8,72) (70.03) (64.34) (61.11)
T e 73.40 69,70 67.00 76.40 75.90 70.70 82,20 70,40 ' 71.52 76,00 77.40 68,55 68.00 70.00 71.90
1 (58.95) (56.89) (54.96) (60.92) ((60.61) (57.26) (65.07) (57.03) (57.72) (60.65) (61.63) (55.86) (55.57) (56.80) (57,98}
Ty 77.80 81,60 73.00 82.20 82,23 71,90 87.00 85,20 81,31 77.00 86,30 €87.17 88,20 85.40 77,10
1 (61.39) (64.56) ({58.68) (&5.07) (65.04) (57,98) (68.50) (67.38) (64.36) (61.37) (68.28) (68.98) (69.96) (67.54) {61.27)
Tyg 83,30 88,50 78,90 88,30 B87.23 87,60 B8.30 88,20 ' 86.14 87,80 68,50 B88.85 88,60 88.50 83.30
(€5.51) (70.13) (62,65) (69.96) (69.03} (69.42) (69.96) (69,93) (68.15) (69,52) (70.23) (70.47) (70.29) (70.16) (65.91)
D 7,08 2. 43 .80 1.46 1.8 Z.88 2475 137 1.73 2.37 1.52 3.32 3.55 2.43 1.49
(0.05) ’

a = Asperqillus niger

Figuras in parenthegis indicate transformed valuos

b - Aspergillus flavus

d - Fusarium semitectum .

g = Neurosgpora grassa

J - Penicillium wortmanid

, M = Rhizopus stolonifer

[:

R -

Fusarium golany

Penicillium citrinum |

Rhizoctonia solani

Trichoderma harzianum

O 4 w0
]

= Chaetomium glbhosaln'\
- Sliocladium virens
Penicillium oxalicum

= Bhizopus oryzae
= Irichoderma wiride

vl



23

1

Table .o In vitro Effect of Herbicides on R. polani and Antagonistic organisms

(Per cent inhibition over control)

T T — v T

a b -] d e £ g h i J k 1 m n a
T 54.10 54.45 78.10 56,20 58,13 70.74 53.70 68,50 70.01 58.90 71.90 56.20 56.70 71.90 71.90
(47.34) (47.53) (62.13) (46.62) (49.79) (57.23) ({47.13} (55.89) (56,77} (50.12) (57.96) (48.60) (48.83) (57,96) (57.96)
'I'2 64.10 62.62 79.20 76.70 75.93 78.85° 68,50 84.40 ‘86,98 69, 60 81,60 73.78 75.20 78,50 B0.40
(53.18) (52.29) (62,51} (61.12) (60:59) (62,39) (S5.87) (66.72) (68,82) (56.56) (64,56) (59.16) (60,14) (62,39) (63.74)
Ty .70 72,15 88,20 86.90 86.32 84.55 79.50 88.20 83.52 78.50 87.50 82.99 g1.90 84,50 B5.70
(57.64) (58,77) (70.03) (68.75) (€B8.26) (66,83) (63,09) (69.93) (70,17) (62.39) (&9,28) (65.61) (64.,30) (66,79} (67.B2)
Td 74.10 73.31 63.30 66,30 65.19 47.96 65.60 61.90 64.46 64.50 65.50 65.56 §5.90 40.40 47,00
(59,40) (58.89) (52.71) (54.52) (53.,82) (43.01) (54.06) (51.88) (53.38) (53.45) (54.06) (S4.04) (54.29) (39.46) (43.30)
T, 80.00 79.13 70.40 76.30 _T4.45 62,41 T1.10 70.40 68,63 1.50 70.00 69,26 .50 53,40 59.30
.S (63.46) (62,79) (57.02) (60,87) (59.61) 1(52.17} (57,47} (57,02} (55.,81) (57,75) (56.79) ({56.11) (57.73) (46.92) (50.34)
?
Tg 87.10 87,41 86,30 86,50 B84.26 68,33 85.60 €6,30 87.41 84.10 88,80 87.85 81.10 86.30 BE, 60
(€8.98) (69,19) (60.27) (68.43) (66.60) -(70.00) (67.569) {69,99) (69.19) (66.49) (70.43) (64.76) ({64.26) (68.24) (€8.58)
1‘., 53,70 54.04 24.10 25.%0 27.75 30,44 54,50 51.90 50,35 46,70 5,20 27.82 25.90 28,59 29,6Q
(47.13) (47.30) (35.71) (30.60) (3}.78) {33,48) (47.55) (4B.06) (49.79) (43.0%) (236,37} (31.82) (30.58) (30,58) (32.96)
TB 64.50 64,23 78.10 £€6.70 67,05 78.64 63,40 74.10 72.42 57.30 77.00 70.18 70.00 66,70 79,70
(53.40) (53.24) (62.13) (54.74) (54.95) (62.45) (52.73) ({59.40) (58.30) (49.48) (61.37) (56.8B) (56.80) (54,74) (63.22)
Tg 85,40 83.91 83.70 B85.90 84.71 _ 85,38 86,70 37,00 86.12 73.90 ~868.40 75.07 '?6.60 82.20 87.00
(67.53) (66.32) (66.19) (67.97) (66.95 (67.49) (68,59) (68.90) (66.10) (59,300 {(70.19) (60.12) (60.65) (65.07) (68.90)
T‘.LD . 42,90 44,78 72,60 25,90 28,93 75,74 T5.90 44,40 48,14 ' 40,70 . 71.90 26.36 25,90 71.80 76,30
(40,95) (41.99) (58.43) (30.58) (232.15) (60.47) (60,62) (41.80) (43.92) (39.66) (57.98} ({(30.8B) (30.58) (57.96) (60.87)
1‘11 60.80 62.60 78,10 .10 MN.12 83,71  81.50 76.00 14,64 65,20 ' 717,80 74.10 76.00 81.60 84,70
(51.21) (52,27) (62,13) (57.49) (57.47) (66,17} (&4.51) (60.65) (59,87) (53.84) (61.87) (59.38) (60.65) (65.56) (66.93)
T].Z 73,00 72,20 83,00 81,20 79.81 B7.65  B8.50 81,60 75.230 76,70 83.70 81.30 81,90 86,10 B0, 50
(58.68) (58.80) (65.66) (64.28) (52.208)} (69.40) (70.23) ({64.56) {60.85) "(61.12) (66.19) (6€4.35) (54.80) (68,14) (70.13)
‘.I‘13 7,50 72,5% ¢ .10 60,80 62,05 81.8% 75.20 44,50 46,29 71.50 68,50 64.45 64,80 83.00 84,20
(57.75) (58,41) (59.42) (51.21) (51.95) (64,76} ({60.12) (41,.60) (42,86) (57.72)} (55.87) (53.38) (53.62) (65.62) (66.61)
Tld i 81.00 82,60 78,10 -TI.BD 69,26 86.20 83,40 71.90 70,38 82.20 78.50 76.30 75,60 87.40 £8.50
(65,62} (65.32) (62.13) (57.26) (56.31) (69.97) (65,94) (57.96) (57.00) (65.08) (62,39) (60.87) (60.39) (69.22) (70.186)
715 88.00 08,26 88,50 79,30 19.44 87.80 88.40 85,60 84,63 88,40 88,50 87.87 82,80 88,10 88,60
(69.96) (69.93) (70.16) (62.94) (63,01) (69,50) (70.13) (67.67) (66.89) (70,09) (70.19) (64.77) (65.48) (69.86) {70.13)
1‘15 41.10 41.96 45,50 22.60 23,13 54.23 53.10 83,C0 82,32 40.60 43.70 24.42 23,00  51.60 53.70
(39.88) (40.31) (42,44) (2B8,36) (28.86) (47.41) (47.12) (65,62) ({B5,11) (39.57) (41.38) (29.60) (28,66} (46.04) (47.13)
T1'1' 65.90 64.45 76.70 69,70 70,56 69,56 54.80 86,90 . B6,31 51.10 73.30 50.74 50.00 63,00 64,80
(54.29) (53.37) (61.12) (28.67) (57,11} (56,49} (53.62) (68.74) (68,20) (45.64) (58,90} (45.41) (45.00) (52,53) (53.63)
TIS 75.80 75.54 86.30 78,90 76,235 82,08 86.10 80.10 88,29 60,70 88,10 73.72 75,60 60,70 82.40
(60.52) (60.47) (6B.28) (62.67) (62,24) (64,50) (63,12) (69.B6) (69,97) (51.20) (69.80) (59.14) (60.38) (51.17) (&5.20)
co 5 1.61 1.69 1.64 2,20 1.06 2.05 1.98 2,61 2,49 .52 1.61 2.57 2,47 2.68 2.39
0.0 '
( Figuras in parenthesls indicate transformed values u
a = hspergillus niger b ~ Asperqgillus fl:a\ms ¢ = Chaatomium globosrﬁ
d = Pusarium semitectum Q9 ~ Pusarium solani £ = Gliocladium virens
g = Neurospora grassa +h = Penicillium citrinum 1 = Penicillium oxalicum
] = Penieillium wortmanii ¥k =~ lihizoctonia solani 1.- Rhizopus aryzae ’
m = Rhizopus satolonifar fi = Trichoderma harzianum @ = Trichoderma wirida




tried,. Irichoderma viride caused maximum reduction in the
eurvival of R solani (40.28 per cent) which was on par with
T. harzianum. Fusarium semitectum recorded 1east inhibi—
tion. Among the three chemicals tested bentazone and carboxin
were on par in reducing the survival of R. solani Carbofuran

was least effective.

Carboxin + Fugsarium golani recorded the least survival
of 26,91 per cent, which was on par with Carboxin +
E. semitectum, Carboxin + T, viride, and Carboxin +
I. harzianum (table 31). All the other Carboxin « fungi
combinations were on par with the control, where Carboxin
alene was appliled.

In combination with carbofuran. T. viride as well as
E. solani recorded the minimum survival of 38,65 per cent
vwhich was on par with the effect of carbofuran + T. harzianum
and carbofuran + P, wortmanii. All other carbofuran-fungi

comblnations were not better than carbofuran alone.

Regarding the effect of herbicide with antagonistic
organisms, it was observed that minimum survival was recorded

by bentazone + F. gsemitectum which was on par with bentazone +

L. yiride, and bentdzone + T. harzianum. All the other
bentazone~fungi treatments did not show any significant
difference with bentazone alone.



Table 31. Effect of antagonistic fungl and plant protection chemicals on the survival
of R. golani (Percentage)

Antagonistic organisms

Carboxin Carbofuran ‘Bentazone Contxol
Aspergillus niger 52.67(46.51)  53.35(46.90) 41.33(39.99) - 61.35(51.30)
Aspergillus flavus 41.32(3§.99) 47.67(43.64) 43.30(41.13)  52.34(46.32)
Fuserium semitectum 33.93(35,62)  46.99(43.25) 29.92(33.15)  65.07(53.75)
‘Pusarium solani 26.91(31.24) 38.65(38.42) 57.49(49,29)  56.04(48.45)
Penicillium wortmanii 40.98(39.79)  40.99(39.79) 44,00(41.54)  50.35(45.18)
Penicillium citrinum 50.00(44.98)  51.33(45,75) 49,65(44.78)  56.01(48.43)
Rhizopus stolonifer 47.66(43.64)  49.00(44.40) 47.30(43.45)  55.70(48.25)
Trichoderma viride 33.66(35.45)  38.65(38.42) 35.43(36.51)  40.28(39.37)
Trichoderma harzianum 35.66(36.65)  40.65(39.60) 37.47(37.73)  42.29(40.55)
Control 51.35(45,75)  54.72(47.69) 51.01(45.56)  56.70(48.83)

CD (0.05) Chemicals = 1.943
" "  Fungl x chemicals -« 6,145
" ®  Fungi - 3,072

Figures in parentheses indicate transformed values
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E. semitectum was effective in combination with
carboxin and bentazone, while its combination with carbofuran
was also better than F. gemitectum alone. F. solani was
very effective when used in combination with carboxin which
was followed by F. solani + Carbofuran, while F. solsni +

bentazone was on par with F. golani alone.

I. yiride as well as T. harzianum were effective in
reducing the survival of R. golani. However, the effect
~ of their combinations with the plant protection chemicals

were not bettef than their iﬁdividual effeats,

. When all the treatments and tﬂéir combinations were
compared with absolute control (56,70) it was found that
only I. viride and T. harzianum were effective in reducing
the survival of R. solani and the individuval effects of all
the other antagonistic fungi and Carbofuran were not better

i -

than that of conirol.
4.10.2. Intensity of sheath blicht

Among ‘the different antagonistic fungi, T. viride
was the most effective in reducing the intensity of sheath
blight, with a disease score of 2,68 (table 32). A. niger
wés the least effective (5,68) which was on rar with control
(5.91). all the plant protection chemicals were on par in
reducing the intensity of sheath blight and were significantly
better than qqntrol.‘
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Table 32. Effect of antagonistic organisms and plant protection chemicals on
intensity of sheath blight of rice

., Carboxin

Antagonistic orgapisms Carbofuran Bentazone Control
Aspergillus niger 2.34(1.53) 3.38(1.83) 7:33(2.70) 5.68(2:38)
Aspergillus £lavus 3.97(1:99) 4:31(2:07) 3.93(1.98) 4:72(2:17)
Fugarium gemitectum 3.14(1.77) 4.09(2.02) 3:21(1.79) 3:.97(1.99)
Fusarium golani. 2.99(1.73) 3.70(1.92) 3.07(1.75) 3:84(1.96)
Penicillium wortmanii 3.97(1:99) 3:83(1,95) 4.23(2.05) 4.20(2:06)
Penicillium citrinum 3.72(1.93) 4.28(2:07) 4;02(2:00) 4:60(2.14)
Rhizopus stolonifer 4.22(2:05) 4,.23(2.05) 4:45(2.09) 4%46(2.11!
Trichoderma viride 2.59(1.61) 2.79(1.67) 2.59(1:61) 2,68(1.63)
Trichoderma harzianum 2,99(1.73) 3:23(1.79) 2:96(1.72) 3,40(1:84)
Control “ 4.04(2.01) 4.46(2.11) 4:11(2.02)

5.91(2:43)

cp (0.05) for fungi = 0,182
" " for chemicals = 0,115

n "  for fungli x chemicals = 0.365

Figures in parentheses indicate transformed values
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' | Among the carboxin + fungi as well as carbofuran +
fungi combinations both the species of Trichoderma and
Fugarium and a. -g_a_i_q_e;r_ had significantly reduced the inten~
sity of sheath blicght and their effects were on Dar. -

Bentazone + g. niger with a disease score of 7.33
was the least effective among bentazone + fungi combina=
tions. Both the species of Trichoderma and Fusarium and
A. flavus were effective in combination with bentazone in
reducing the intensity of sheath blight and their effects
were on par. A. piger was effective in combination with
Carboxin and Carbofuran while its combination with bentazone;

(7.33) was on par with the effect of A. niger alone (5,68),

Both the species of Trichoderma and Fusarium were
effective in reducing the intensity of sheath blight. The
individual effects of these fungi were on par with the
effects of their combinations with the three plant protecw
tion chemicals used,

Except A. niger + bentazone (7,33), A, flavus +
Carbofuran (4.31), P. gitrinum + Carbofuran (4.28) and
R. stolonifer + bentazone (4.45) all the other treatment
combinations were sig_nificantly better than the absolute
control (5.91) in reducing the intensity of sheath blight.
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4.11, Field evaluation of plant protection chemicals and
antagonigtic microorganisms on population of soil
microflora and sheath blight of rice

4.11.1. Bffect on population of soll microorganisma

Pretreatment data dn tﬁe ﬁopuiation of microorganisms
did not show significant differences. in.different plots.

4.11.1.1. Fungi

Populatiqn of fungi was, in general, more during the
virippu season both in boot leaf stage as well as teﬂ days
before harvest (table 33). As the crop matured, there was
a decrease in the fungal population. In-Mundakan the
treatment T, (edifenphos + bentazone + carbofuran + T. wiride)
supported the maximum population, vigz., -37.35 and 35.12,
respectively, in boot leaf and ten days before harvest. A
similar trend was oﬁsefved in virippu seasoﬁ also. The
treatments T,. Té.-Tﬁ and Tll were on par with Tb in both
the stages of observation and in both the seasons of the

. exparinent.

among the treatments, barring the absolute control
(T17), the least population of fungi in Mundakan was recorded
in Tl
harvest (15.81). At boot leaf stage Ty5 Was on par with

g both at boot leaf stage (19.74) and ten days before

T+ In Virippu T, recorded the least population of fungi
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both at boot leaf stage (19.71) and ten days before harvest
(17.82) and it was on par with Tyge .‘

4_- 1l. 1‘2- Bacteria .

Population of bacteria was also, in general, more
during the Virippu season both in boot leaf stage as wall
as ten days before harvest (table 33)., Bacterial popula-
tion also showed a decreasing trend as the crop matured.
Excepting the boot leaf stage at Mundakan season, Ty o

(edifenphos + bentazone + phorate + Bacillus subtilis)

supported the maximum population of bacteria. In Mundakan
at boot leaf the maximum population was in Tge Effects of
Tlg Tz. T3-and '1‘7 were on par in both the stages of obser-

vation in both the seasons of the experiment.

Among the treatments, barring absolute control
(117), the least population of bacteria in both Mundakan
" and Virippu was in Tis (edifenphos + thiobencarb + phorate +

B. gubtilip) which was on par with T ..

4,11.1.3. Actinomycetes

Population of actinomyéetes in Virippu did not show
significant differences among the treatments in both stages
of crop growth (table 33). During Mundakan at boot leaf
5tage'~T11 {edifenphos + bentazone + phorate + T. wviride)

supported the maximum population (3.12). This was on par
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(o] Table .5 % Effect of plent protection chemicals and antagonists on population of soll microorganisas
— ) ' i ‘ Hum'iulmn ) Vl.r;ppu I '
Boot louf stage 10 days before harvast Boot laaf stage . 10 days before harvest
Treatsants Fungl 'Bacterie Actinomycotal Pungl Bacteria ActinomycuTes Fungl Bacteria Actinomyostes Fungl Bacterie  Aotinomycatens
% 19, 14 A sy Wah - odnbh 0 BR 7, 43 BR 8D 139
T2 G B & ma 2® &3 B @ &2 8 G &2
s By, WH O dsh 2% B il 20y Wik dud S ) &3
R B BH 4l o 3% &R Wk G & WH U 333
o8 U adh wes w2y &R EH BH Ao s BR &
% B B3 4l G &% BH WH 4 e B &
7 Te WA d3h e B 3D '_'(‘2233). s dan B B R
e B &% ah e a8 4h B s 28, BE B 335
% T B ash %E 3% & G TS &% WH ol 3:3%)
1o 28 B8R 4 e N LT SO PO € % ) s 4 B8 W A
™ T By God IR N - N (- o & BH (113
e B B% & 0 twes 208 W Wsh pd) 20 B &
n,  pan gl 4E BH OGH ol pae 160 Eae %Py Bl 4
o B B & azwe  wR &8 BH OBS 4R BT Bsh S
v, ome em d% W% BB 4D e ORI N (v A A K
ne Wl ds 4B BH & &8 W B &S B &% A%
: v g S 0% i E o 18 @i 33 8 a6
co (0.3 0.3 0.26 0.3% 0.33 0.34 0,46 0.35 oM D 0.1 0.33 u.s.

{Figures 1o parenthesis indicate transtornad valuss)
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with Tge and T, .. At ten days before harvest the

Tyar Tys 16
maximum actinomycete population was in Ty (edifenphos +
bentazone + phorate + B. subtilis) which was on par with

Tl' T3. T

15 and T16 (table 33).

4, 1l.2.1. Disease incidence

Incldence pf gheath blight was the lowest in T1

(carboxin + bentazone + carbofuran + T, viride) in most
of the observations during both the seasons (table 34). In
boot leaf stage of Mundskan season, incidence of .sheath
blight in T1
ments also. Tg (carboxin +. thiobencarb + carbofuran -+

was on par with the majority of other treat-

L. viride) was on par with Ty in both the observations of
Mundakan season: Ty was on par with T1 at ten days before

harvest during Virippu also.

Barring the absolute control (T17) the highest
incidence of gheath blight did not occur consistently in
any of the treatments. 0 (edifenphos + bentazone +
carbofuran + B, gubtilis) and Ty, (edifenphos + bentazone +
phorate + T. viride) showed highest incidence of sheath
blight at boot leaf stage and ten daya before harvest,'res-
pectively during Mundakan season. Tlo and 'I'11 were on par
at both the observations of the season. T, (carboxin +
thiobencarb 4 carbofuran + B, subtilis) recorded highest

incidence of the disease in both the observations of Virippu,
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Table . 54. Effect of plant protection chemicals end entegonists on incidence of sheath blight

{percentage) !
Treatments ) Murlldakan ‘ Vi:"ippu
BO?t leaf 10 i:ge::fm ' Boot leaf 10 gg:e:::tore
R (e GEan G 32:3%)
= MR 1 9¢ < (8051 41:49)
T (22:23) 5. (39:20) (4h2h)
" (35:10) a59) (@518 (41233
s @2l a3t (49:39) (39:69)
% Rafta) B & &
R a3 (o) (13:57) (39:70)
T8 @Zh - dehe) %) 5502
™ &5 4233 @3 3.7
T10 G842 @an @es AR
11 2.5 . e 1 @53
T2 S B S 2
BT @33 &3 @iiéd)
Tib 550 @eh (3639 (i5:38)
15 4 (30.67) (4ae39) (45:38)
- 116 RN s 5 a:Zly
"7 &S e Sa:78) 5:3h)
cD (0.05) 8.16 5.52 5.84 5.94

- (Figures in parenthesis indicate transformed values)



154

4,11.2.2. Disease intensity

intensity of sheath blight was the least in Tl
(carboxin + bentazone + carbofuran + T, viride) in the
experiments conducted during both the seasons and in both
thelséages of crop in which the observations were recorded
(table 35). This was on par with T10 {edifenphos +
bentazone + carbofuran + B. gubtilis). Barring absolute
control (Tl7) highest digeage intensity was recorded in
Ty6 (edifenphos + thiobencarb + phorate + B. subtilis) in
all the four obsgervations. This was on par with T15
(edifenphos + thiobencarb + ﬁhoraté + T. yiride) and Ty 4

(edifenphos + thiobencarb + carbofuran + T. viride).
4.11.2.3. Grain and straw yields

During both the seasons Tl has consistently recorded
the highest grain yileld as well as straw yield (table 36).
Barring the absolute control (T17) the lowest yields were

recorded in T g SXeept the grain yield during Virippu.

1
Straw yield in Tlo was on par with Tis as wall as in T17.
during Mundakan season. In grain yield also T, g W28 only

batter than TiG'

which was on par with T16

The grain yield in Virippu was lowest in



Table.=s, Effect of plant protection cheaicals and entagonists on intensity of sheath blight

Mundaka_n

Treatuents . Virippu
Boot leaf stage 10 days before ' Boot leaf stage 10 days before
harvest . harvest
Ty 2.90 3.00 2,52 2,7
TZ 3,20 3.99 2.87 3.22
Ty | 3.34 3.65 3.10 341
T, 3.76 3.94 3.49 3.70
Ts 3.44 3.7t 3.15 3.6
Tg 3.29 3.58 2,97 3.51
7, 3.43 ;.71 , 3.14 3.45
Tq 4,00 422 . 3.72 3.99
Ty 3.20 3.37 3.02 3.15 -
Ty 2.91 3,28 . 2.55 2,92
T49 3,80 4,09 3.57 3.85.
T4o 4,02 4,12 3.75 3.89
'.IZ‘.‘3 . 4,08 4,28 3.85 4,08
Ty 3.82 4,11 3.56 3.89 .
Ty5 4,14 4,32 3.9 4,10
Ts6 4,24 4.45 3.99 4,21 -
Ty 5.57 5.58 5.20 5.40 .
CD (0.095) 0.22 0.21 0,23

0,22
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Table 36, Effect of plant protection chemicals and antagonists on grain
and straw ylelds of rice (kg/plot)

Treatments Mundakan Virippu

Grain. Straw Grain Straw
T, 4,31 7.64 5,95 10.98
T, . 2.16 4.53 | 4.60 8.84
T, 3.00 5.76 4,76 9.13
T, 2.76 5.02 3.79 7.65
Te 3.00 6.01 5.82 10.86
Tg 2.83 5.26 5,35 10.04
T, 3,29 - 6.64 5,45 10.29
T 2.43 4,49 4,59 B.60
Tgy 2.85 5,53 5.23 10.15
T:io 1.93 3.39 4,49 8.08
Ty 2.72 5,73 5.20 9.94
T o 2,54 5.13 4442 8.72
T, 5 2.53 4,90 4,95 8.85
Ty g 3.95 7.47 4,28 7.19
Ty g 2,55 4.94 4.19 8.39
T15 0.98 1.86 3.89 7.47
T, 4 0.84 1.72 2.54 5.04

CD (0.05) 0.86 - 1le74 - 0.74 1.36
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DISCUSSION

Thé saprophytic survival of plant pathogens will
greatly depend upon their competitive saprophytic.ability.
in the present. studies it was found that the percentage
'of coloﬁiéation of Rhizoctonia solani as well as the PELm
centage of infectivity of colonized straw bits decreased
‘along with a decrease in the inoculum content in the soil,
The same trend was observed when the inoculum used was
culture bite or sclerotia of R. solani., The decrease in
the saprophytic colonization and infectivity was more
under submerged condition than under dry condition. Only
a2 few kinds of organisms are capable of growth and Iepro=
- duction under low water potential (Cook and Papendick,
1970). Thus the possibility of antagonism may be lower in
dry conditions which explains the longer survival in dry
conditions. This was observed both in dry-land as well as
wet land soils:. The competitive saprophytic abllity of a
fungus in soil would depend not only on the growth rate,
production of antibiotics or taxins, and antibiotics produced
by other.microorganisms. but also on other microdeterminants
of soll ecosystem including numyer and variety of antago-
nists exploiting a substrate (Garrett, 1956). The situae
tions in the dry land soil and wet land soil under submarged
conditions were found to be very much unfavourable for the

Saprophytic colonization and infectivity of R. golani,
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in sterilized soil, the percentage of colonization was
very nigh when compared with the unsterilized soil, The
presence of antagonistic microorganisms (Rosales and Mew,
1982) and their .activities 1n the ,unsterilized soil may
be responsible for this reduction in the percentage of

colonization in the unsterilized goil.

There was a general deéline in the survival of
R. solani with the increase in the incubation period in
ﬁhe soil. In general the saprophytic colonization of
- R. solani was more in soll kept in dry condition than in
submerged éonditibn. The decrease in the saprophytic
survival of R. golani with the duration of incubation
'(Qapavizas and Davey, 1961) and higher saprophytic coloni-
zation in soils maintained at dry conditions regardless of
the s0il orlgins (Rosales and Mew, 1982) have been noted
elsevhere also. The reduction of colonization under sub-
marged conditions may be due to a decline in soil aeration
(Blair. 1943), lysis of fungal mycelium ‘as a result of
increased bacterial activity (Kovoor. 1954) and other
unfavourable ecological factors associated with the anaerobic

conditions,

All the amendments tested were found to cause stimue=
lation of fungal population. The population of fungi showed

an increasing trend from the second week to two weeks beforeé
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harvest.. fhe pooled analysis showed that ambng the diffcw
rent treatments Tg {groundnut cake) supporﬁed the‘maximum

‘ population of fungil and le (groundnut shell) the minimum,
Mitchell and Alexaﬁder (1962) reported a decrease in the
fungal population in soil amended wﬁth chitinous materials,

In the present study even though Tlol(fish waste) contained
chitinous materials like préwn waste, there was no decrease

- in the fungal population., But it is noticed that the increase
in the fungal population in this treatment was less when
compared with most of the other treatments. This may be due
to the fact that fish waste contained many other non chiﬁinous
materials (eg. sodium chloride) also, which may have Aiffce
rent types of effect on the fungal flora. An increase in

the fungal populatilon after soil amendment with saw dust,
crop regidues and oil cakes was observed bf many workers
(Barton, 1961; Smith and Ashworth, 1965; Latham and Watcon,
1967; Huber and Watson, 1970; Babu George, 1981), A similar
trend was observed in the present study also, Wajidkhan et al.
(1974) observed that application of oil cakes of neem,
groundnut and castor increased the total population of fungi
in the rhizosphere of egg plant but adversely affected the
frequency of parasitic fungi such as Colletotrichum sp.,

Rhizoctonia golani and Fusarium Spa

In the present experiment also oil cakes were found

to cause pronounced increase in the soil fungal population,
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buring two weeks after planting and tillering stage highest
fungal population was in Ty (punna cake), and at maximum
tillering stage it was in T, (neem cake). At the boot leaf
stage Ty {(groundnut cake) showed the highest fungal popula=
tion.

All the amendments tested were found to caugse stimie
lation of bacterial population also. In all the treatments
the bacterial population was highest at the maximum tiller-
ing stage, The increased rhizosphere effect at the time of
the vigorous growth of the plants may have contributed to
this situation. But in the case of fungli and actinomycetas
the trend was by and large, a general increase in the pobu-
lation. The general trend of decrease in the bacterial
population after the makimum tillering stage may be due to
the decline in vigour of plants as well as probably due to
the antagonistic action of the increased fungal and actino-

mycetes population.

General increase in the population of bacteria in
soll due to the soil amendments has been recorded by wvarious
workers (Venkatesan, 1962; Smith and Ashworth, 1965; Reddi
and Rao, 1965; Henis gt al., 1967). But Rouatt and Lochhead
(1955) by using crop residues, Maloy and Burkholder (1959)
by using manures and saw dust, Mitchell and Alexander (1962)

by using chitin as soil amendments could not £ind much changes
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in the bacterial population. Khanna (1970) observed a
decreage in the bacterial p0pulat10n during early stages

of decomposition of oil cakes in the rhizosphere of pea and
pigeon pea. ' In the present investigatibn it was observed
that-the oil cakes amended soil recorded an increasing trend
of bacterial populgtion,during the early. stages, but after
the maximum tillering stage, there was a general raeduction
in the population in Tg (groundnut oil cske) and T (punna
oll cake) amended soils, possibly due to the antibacterial

action of the decomposition products of these oil cakes.

All the amendments tested were found to cause stimu-
lation of actinomycetes population. The ﬁooled analysis |
showed that among the different treatments Tiq (paddy husk)

supported the maximum populaticn of actinomycetes.

Increased population of actinomycates in soil'amended
with organic materigls has been recorded by many workers
from different places (Lochhead and Landerkin, 1949; Rajan
and Alexander, 1987).  The crop remaing like straw and husk
from different cr0pé have been reported to be good soil
amendments capable of increasing the population of actinoe
mycetes. Oat straw, soybean straw and rice husk are among
such crop remains (Papavizas, 1963; Smith and Ashworth, 1965;
Babu George, 1981). 1In the present investigation, it was
found that there is considerable difference in the population



of actinomycetes in soil amended with various amendments

during the later stages of crop growth.,

Survival of soil-borne plant pathogens is greatly

influenced by various organic amendments.

In general the trend of survival of the pathogen
~from tillering stage to two weeks before harvest was a

. decrease in the amended soils except in T, (eupatorium
leaves) ‘and Ty {punna cake) and in Tll(coﬁtrol) tﬁere was

& general increase in the survival, A reduced activity of
sclerotial fungi due to amegdmants has been reported
(Papavizas and Davey, 1960, 61; Akhtar, 1969; Hakeem and
Ghaffar, 1977; Kannayian and Prasad, 1981a; Babu George,
1981). Charchar and Bolkan (1980)lobserved a decrease in

. the population of R, golani in the rhizosphere of.beans by
incorporating paddy husk. In the present study also paddy
husk was found to be the most effective amendment in redu=
cing'the survival of R. solani. All the other treatments
also reduced the saprophytic survival of R. golani. Organic
amendments act in a'variety of ways to control soil-borne
plant pathogens such as stimulation of general microbial

. activity in soil with increased.gompetition for the pathogen,
changes in pH of the soil with resultant effect on the microe
bial population, toxicity of chemicals produced in the soils -
during decomposition of residues and inhibition or dapregsion



of éporulation by the pathogen. Thus 1t is indicative
that the addition of organic amendments either directly or
indirectly through microbial antégonism reduced the survival
of the pathogen (R. golani) in the soil. The survival of
R, soland in the soil during different stages of growth of
rice was found to be influenced in a varying manner by the
organic amendments. Eventhough this information is of
academic interest, its pracﬁical utility in the control of
sheath blight caused by R. solani is doubtful since it is
not possible to manipulate the inco:poration of organic
materials of the desired stages of decomposition during the
different stages of growth of the crop. Hence the effect
of organic amendments as assessed by the survival of the
ﬁaﬁhogen at the time of harvest of the ¢rop can alone be
taken as a criterion for selecting an organic amendment
suitable for controlling. the disease caused by a soil borme

pathogen.

Incidence of sheath blight was in general low when
organic amendments were incorporated in the soil., -T11 (padady
husk) and T12 {groundnut shell) were supefior to all other
treatments. T, (neem cake) and Tio (£ish waste) also recorded

less disease incidence, when compared with other treatments.

The intensity of sheath blight was found to increase

slightly from maximum tillering stage to two weeks before



harvest, in majority of the cases., But in green leaf and
oil cake amended pots there was a decreasing trend in the

intensity of the disease.,

Khare and Jﬁaﬁia (1987) discussaed in detall the role
of organic amendments in bioccontrol of plant diseases. They
suggested that organic matter added to soill modifies, physical,
chemical and biotic environment of soil, initiate succession
of events which hélp in the biocontrol of plant diseases,
by providing bstter growth conditions to the host, less
favourablé conditions to pathogens, incresase antagonistic
microflora, stimulate germiﬁation of spore forma followed
by lysis, inactivate paﬁhogens by direct action qf Chemicalsg
from amendment materials leading to lysis of germination of
hyphae, immobilize nitrogen and nutrients favouring compe- -
tition and serve as £ood base for the production of stimuw

- latory and inhibitory volatile substances.

The decreasing trend in the intensity of sheath blight
may be due to one or more of the sbove factors. Alexander
and Rajan (1987) found that the intensity as well as incidence
’of sheath blight of rice can be reduced by neem cake. 1In the
present s;ﬁdy also T, (neem cake) was found to be effective
in reducing sheath blight incidence. Rajan (1980) tried
olil cékes of neem, marottd, rubber seed and punna, coconut

pith, saw dust and rice husk against sheath blight and sheath
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rot of.rice. He obgerved that intensity of both diseases
have beén reduced in amended plots. He suggested that this
may be due to the stimulation of saproPhytes‘leading to a
reduction in the pathbgen population or better'plant tolew~
rancé bacause of increased nutrition offered by the amende

ments,

Maximum yield was recorded in Tyy (paddy husk). ~The
affect of Tlo.(fiSh waste) and le {groundnut shell) were
on par with that of Tyq {paddy hugk). It was observed that
all the amendments recorded higher yield than T, {control)
except T, (eupatorium leaves). Babu George (1981) also
observed increase in yileld of rice due to paddy husk applie-
cation. Increase in yield due to different organic amend=
ments was reported by many workers from different placeg
(Ssingh, 1968; Loshakov and Guaev, 1976 Rajan and Alexander,
1987). They suggested that the increase in yield may be due
- to the increase in the microbial population, which has
resulted in low disease incidence and intensity. In the
present study, there was a reduction in the yield by the
application of saw dust compared to other treatments, excapt
Ty (eupatorium leaves), T4 (clerodendron leaves) and T1
(control). Saw Qust is a meterial of hidh carbon/nitrogen
ratio, and is therefore known to immobilise the availlable

nitrogen in scil (Gupta, 1970).
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The viability of gclerotia is greatly influenced by
incorporation of organic amendments, In the present study
the minimum sufvival of sclerotia was noted in fish waste
amended soil, Premletha Dath (1982) found that daincha,
sunhemp and mung leaves drastically reduced the viability
of sclerotia of R. golani under laboratory conditions, and
suggested that in daincha amended soil, number of antago-
nistic organisms were more than in the other treatments,
and hence the reduction in survival may be due to the effect
of antagonistic organisms., Sunar and Chohan (1971) found
that soil amended with groundnut cake showed increasing

number of rhizosphere microflora., The results of the present
| study also showed a similar trend. 1In Tll(fish waste)} the
survival percentage was very low and total microbial popul a-
tion and antagonistic organisﬁs were more compared to other
treatmentsg, Papavizas (1970) reported that the effective-
ness of some organic amendments in controlling R. solani
digeases or in suppressing saprophytic activities may be
agsocliated with the modifications of the soil ecosystem
resulting in a severe nitrogen deficiency. Papavizas and
Davey (1960) observeé that amendments with a number of green
manure crops substantially increased the total number of
s0il and rhizosphere fungi, actinomycetes as well as total
number of soil bacteria, with the suppraession of the incidence
of R. golani disease of bean. In the present study also in

Ty (glyricidia leaves) the total microbial population and
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antagonistic organisms were considerably more than most of
the treatments. .Hence the inhibition of survival of R. solani
may ba due to the saprophytic microflora including the

antagonistic microorganisms.

'The population of R. golanl was increased by the
application of N.- It was also observed that of ﬁﬁe'tfeét-
ments K, and P,K, reduced the pppulation'of R. golani and
the control pots racorded.méxihﬁm p0pulatioﬁ of R. golani
in soil, |

Application of inorganic fertilizers are known to
reduce the survival‘of‘cartain soil borne plant pathogens
(Sadasivan, 1970 and Garrett, 1971). Kannaiyan and Prasad
(1973) found that potassium alone and in combination with
phosphorus reduced the survival of R. solani in soil. They
suggested that application of potassium in soil was found
to be unfavourable for the multiplication of the -pathogen,
in contrast to P. and N. Wensley and McKeen (1964) noticed
a reduction in the population of musk melon wilt.fungus
Fusarium oxysporum £. sp. melonis in calcium and potassium
amended soil. Kannaiyan and Prasad (1973) found that soils
amended with potassium chloride suppressed the survival of
musk melon wilt fungus, E. oxysporum £. sp. melonis. The
.findingg of the present study is in confirmity with these
reports. Kannaiyan (1977) found that actinomycete and
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bacterial populatién increased with simultaneous decrease

in thelg. sglanilpdpﬁiation due to potassium application

and repofﬁed that the deéfeséing'effect of potassium might

be due to an increase in the antagonistic microorganisms,
Potassium aﬁplicatioh vﬁs inhibitory to the multiplication

of musk melon Wilt'fungus,in.thg host plant has been reported
by Ramasamy and Prasad.{(1975).. The regulgs of the present
studles also clearly indicated that K reduced the survival

of R. sgolani and also the existence of the saproPhyﬁic patho=-
gens in soil. Daﬁlsson (1976) and Mariappan and Viswanathan
(1986) found that infection by R. golanl is favoured by tha
application of higher levels of N. A similar trend is
obgerved in the present study alsc. The application of
-Anorganic fertilizers alters the soil microflora which

in turn may influeﬁce the survival of the pathogens

(Emmimath and Rangaswamy, 1971). The possible role of soil
microfliora in the sufviVal of soil-borne plant pathogens

has been reported by several workers (Garrett, 1959;

Bhaskaran and Prasad, 1971; and Kannaiyan and Prasad, 1975).

The maximum survival of R. golani was at 15 per cent
moisture level. There was a reduction in the survival of
R. solani corresponding to an increase in moisture level
from 15 to 45 per cent. Blair (1943) and Papavizas and
Davey (1961) reported that saprophytism was sighificantly
higher when the soll moisture was maintained at 20 to 60
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per cent of the moisture holding capacity than whéﬁ it was
maintained at moisture contents higher than 60 per cent.

- They also reported that at 90 per cent moisture level.
saprophytic colonization was almost eliminated.‘ The reducw
tion in survival at high soii moistute was due to a deciine
in soil aeration with an increase in m&isturé cantént (Blair,
1943) and stimulation of bacterial activity which resulted
in the lysis of fungal mycelium (Kovoor, 1954). Satischandra
gt al. (1980) found that the growth of R. bataticola was
adversely affected at high soil moisture of 60 to 80 per cent
WHC (water holding capacity) and saprophytic activity was
mescimum at 20 per cent WHC, Similar type of behaviour of

R. soland has been reported by many earlier workers also
{Blair, 1943 and Sneh et al., 1972). The results of the
present study agresa with the above findings. This indicates
that the fungus is gensitive to “high moisture content of

soll and it cannot survive for a long period under anaercbic
conditions. It seems that the low survival of‘g. solani

under high soil moisture may be also due to the effect of

antagonistic organisms,

The most favourable temperature for the survival of
R.. solani was found to be between 20 and 30°C. Papavizas
and Davey (1561) observad that saprophytic survival of
R. golani in green house loamy sand occurred at 20°C and

they found that the survival decreased markedly at 30°C.
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Bateman and Dimock (’1959) :;.'eeorted that R, solehi vias most
active’ saprophvtically at 26 to 30°C and significantly less
active above and below this range of temperature.‘ The
results of the present etudy aleo are in confirmity with .
the above f:l.ndings. | The low survival of R. solani at this
tenmerature may be due to the effect of saprophytes which
are knowm to be antagonietic to R. eolani (Weindling. 1934;

FI Esaw
Niam .and:: RS 19%5; Upadhyay a.nd Rai, 1978: Gokulapalan and

Nalr, 1984; Lulu bas, 1986).

Saprophytic survival of R. golani was found to very
with variation in soil pH. Survival was found to be maximum
at pH 7 and 9. At low pH the survival was also found to
decrease. Blair (1943) reported that R. solani favoured
a so:l.l reaction range of pH 5.8 and 8.1. But Papavizas and
Davey (1961) found that. a neutral reaction {vas optimum for
the growth of R. golani. 1In the present study it was found
that R. golani colonizes well in neutral to alkaline condi-
tions (pH 7 to 9),

'I‘here are various reports on the presence of soil
m:l.croo'r'ganiems which are antagonistic to sheath blight ‘
pathogen, under natural soil conditions., Among the various
fungi tested for antagonism, fourteen species were found
to be antagonistic to R. golani. It was also observed that

the various organisms differ greatly in their antagonistic

»
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effect. .Certain microorganisms exhibited a higher degree

of antagonism against R. solani, compared to others, Among
the antagonistic fungl 12 species indluding Trichoderma viride
and T. harzianum were found to possess good antagonistic
ability. The antagonistic activity of T. viride against

R. solani has already been well established (Orgura and

Akai, 1965; Naim and El-Esawy, 1965; Naiki and Ui, 1972;
Ferrera-Cerrato, 1976; Lulu Das, 1986), The effectiveness

of T. harziafzum agai!}.’?‘»t R. golani was also recorded by many
workez;'s (Hadar et al., 1979; Blad et al., 1981; Rosales and
Mew, 1982; Lulu Das, 1986). Among the other antagonistic
fungi against R. golani, Aspergillus flavus (Gokulapalan

and Nair, 198%-and Lulu Das, 1986), Neurogpora crassa (Endo \
et al., 1973) and Penicillium oxalicum and Chaetomium globosum
(Lulu Das, 1986) were reported to posseéss significant anta-

gonistic properties,

In the present studies, among the different antago=-
nistic organisms A. £lavus, A. niger, Fusarium semitectum,
F. solani, Gliocladium virens, Neurospora crassa, Penicillium
citrinum, P, oxalicum, Rhizopus stolonifer, R. oryzae,
Irichoderma viride and T. harziahum showed the B type of
interaé:t.ion i.e. overgrowing of test organism on R. solani,
which is regarded as the most effective antagonistic reaction.
A perusal of literature showed that Penicillium wortmanii
and Rhizopus oryzae are first reports as antagonistic organisms

on R. golani,
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The importance of antagonistic fungi in the asoil
environment for the control of soil-borne plant pathogens
cannot be over emphasised., The presence of a numbar of
antagonistic fungil has been reported against different soil-
borne plant pathogens including R, solani by different workers
from many countries, Although many attempts have been made
to control soll-borne plant pathogens by means of antago=-
nistic mic;oorganismsg only very few have been found succegse
ful under field condi&ionsg probably due to the effect of
unfavourable soil ecological factors including the activi-
ties of other soil microorganisms:. A successful antagoniat,
apart from having the capacity to grow and multiply in the
environment in which it is introduced and ability to attack
the target organisms, should not possess hammful effects
against other potential antagonists and should not succumb
to their activities. In the present studies Aspsraillus niger
was found to have very good antagonistic activity against
R. solani, but at the same time it was highly antagonistic
to many other soi% microorganisms antagonistic to R. golani.
Therefore A. niger cannot be a desirable candidate for the
bilological control of sheath blight of rice caused by.

R. solani. 1In general, in the present study Trichoderma spp.
were without much harmful effects to other antagonists and
at the same time highly antagoniséic to R. golani.
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ﬁméng the different species of, bacteria isolated and
?esteg all gggept xanthomonas sﬁ. and Acinetobacter sp. were
a;tgggpégtic to R. solani.‘IEventhough.Cogzgebactegium SPe
é#dlAlcal;ggnes sp. did not show antagonism against other
species of bacteria antagonistic to R. golani they were not
usg@ for f£ield trials since they were not commonly observed
in the paddy solls of different tracts of Kerala, ' At the
same time, Bacillus subtilig was a comparatively more common
species of bgcterium observed in the dlfferent soil types
and it showed satisfactory antagonism against R. solani.
Moreover, among the different..antagonistic specles of bacterila
tested, B. gubtilis was found to have maximum inhibition on
the esclerotia of R. golani, This inhibitory effect was
observed even after keeping the sclerotia in bacterial sSuspens-
sion for only ten minutes, 'g..subtilisfis antagonistic to,
many fungl antagonistic to R, golani, but it was not possible
to selgct an antagonistic bacterium which is adapted to the
péd@y éoi;s of Kerala and at the game time not antagonistic

to other fungl which are antagonistic to R. solani.

'In pbt culture experiment, the antag&nisﬁié bacteria
- were found to be effective in'feducing the incidehﬁe and
intensity of sheath blight of rice. Among them B, subtilis
and Bacillus sp. were superior to almost all other antagow
nistic specles of bacteria tested. - COnsiéering ail these

points B. subtilis was selected for the field trial for the
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control of sheath bl:i.ght of r:l.ce. B. subtilis has been
’reported to be antagonist:ic to R. so].an:!. from different
places (Lily et al.. 1952, Olsen, 1965). The uge of

IB. gubtilis in the control of plant diseeses has been reported
by Utkhede and Rshe (1979) and Jharia and Khare (1986),

None of the isolates of adtinomycetes in the present
investigation showed antagonism against R, solani indicating
the commonly occurring actinomycetes in the Kerala soils
may not have the potentiality to suppress the population of

R. solani,

During recent years the use of fungicides, insecticjl.des
and herbicides 'i'n paddy fields is on the increase. Many of
these plant protection chemicals have inhibitory effects on
non target organisms also. which include many antagonistic
microorganisms which may play a very :I.mportant role in suppre-
ssing the alctivities.of the Ilaathog'enic microorgar;isms in less
disturbed ecosystems. In the in witro studies to find out
the effect of plant protection chemicals on antagonistic
fungi and R. solani it was found that eventhough Ziram was
less inhibitory to the majority of the antagonistic fungi,
it was least inhibitory to R. golani as well.' Among other
fungicides tested carbendazim, carboxin and edifehphos werea
very effective in suppressing the growth of R. golani. Cone

sidering thelr effectiveness against R. golani and other
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useful side effects, carboxin and edifenphos worae tried in
the field along waﬁg other:pesticides and antagonists for
Ehe control of sheath blight. Many workers have reported
the effectiveness of carbendazim, carboxin and edifenphos
in the control of R. golani, in vitro as well as in vivo
(Edgington‘énd Barron.’1967°'nétﬁa and éharmé. 1976; Kataria
and Grover, 1977; Gdkulapalan. 1981. Roy. 1981, Dash and
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Panda,’ 1984).

1

among the insecticides tested, phorate, carbaryl and
carhéfuran were inhibitory to R. solani and to scme antae
gonistic fungi. The inhibitory effect of phorate and other
insecticides against R. solani was reported by several
workers (Hacskayle and Stewart, 1962; Lakshmanan and Nair,
1980; Lulu Das, 1986). The antifungal properties of herbiw
cldes have been well documented, Eventhough in the present °
study 2,4-D wag found less inhibitory to majority of the
antagonistic fungl it'has already been reported (Kurodani
g;,gig%gigat gheath blight of rice got increased by the
application of 2,4-D, Bentazone and thicbencarb were found
to be inhibitory to R. solani and at the same time they were
less inhibitbry'to'many antagonistic fﬁngi. The ihhibitbfy
effects of these herbicides have already been reported by

Lulu Das (1986).

when the effects of antagonistic fuﬁgi‘and plant

protection chemicals on the survival of R. golani were compared



it was found that among antagonistic fungi, only T. viride
and T harzmanum were effective in reducing the survival

and among the chemmcals ‘carboxin and baentazone vere effective,

Among the combination of antagonistic fungi and
plant protection chemicals, Trichoderma SPD. and Fusariwa spp.
were in general eﬁfective with all the three plant protec—
tion chemicals tested. . -

n

"An almost similar trend was observed in reducing the
intensity of sheath blight, when these fungi were used in
combination with carboxin and bentazone. But carbofuran
was also effective in reducing-the intansity of sheath blight.
when used in combination with thege antagonistic fungi unlike

its effect on the survival of R. §olani The results of the
pPresent studies not only confirm the inhlbitory effects of
carboxin, carbofuran and bentazone rePorted by earlier
workers (Datta and Sharma, 1976; Gokulapalan, 19813 Lulu Dés.
1986) but also throw light to'the ponsibility of uning these

antagonists in combination with plant protection chemicals.

The carboxin 4+ bentazone + carbofuran + T. yiride
combination was the best in reducing the incidence as well
as intensity of sheath blicht. The individual effects of
all these have been well established (Lulu Das, 1986).

The results of the present studies indicate that these

plant protection chemicals and antagonists can be effectively
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applied for better control of sheath blight disease. Under
pot culture studies there were indications to show that
carbofuran is not much effective in reducing the survival
of R. solani., But the results of the field experiments
conducted dur:!.ng_two seasons show that the use of carbofuran
in combination with plaxlnt“ }:::_rotection chem;!.c:a:xlls and antago-
| nist enhances the efficacy of the treatment in controlling
gheath blight, The role of carbofuran in reducing the
incidence and intensity of sheath blight of rice was investie
gated by Gokulapalan (1981) and he found that soil applica=
.tion of carbofuran reduces the population of rice root
hematods (Hirschmanniella oryzae) the infestation of which

facilitates the infection process of R. solani.

The treatmentl ‘I‘1 (carboxin + bentazone + carbofuran +
I. viride) was consistently superior to other treatments
during both the seasons in reducing the incidence of disease
as well as in increasing érain and straw y:i.eid. On the
other hand T, (edifenphos + thicbencarb + phorate +
B. gubtilis) was the least effective among the various
treatments. These results were dn line with the earlier
findings on the individual effects of the constituent
chemicals and antagonists dn the sheath blight pathogen
(Mathre, 1968; Naiki and Ui, 1972; Mukher jee, 1978; Lulu Das,
1986).
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Eventhough there were variations in the population
of soil migroflora in different treatments in the two seasons
of the experiment, these were very much inconsistent so
that it ieg difficult to correlate between the changes in
the microflora and incidence and intensity of sheath blight.,
In the present studies estimations have been made only on
the changes in the total microflora-have beew mmde. In
order to arrive.at definite conclusions on the changes in
the incidence and/or intensity of sheath blight vis a vis,
the variations in the specific soil microorganisms brought
about by the application of different plant protection _
chemicals and antagonists, detailed investigations on the

qualitative changes in the soil microorganisms are required,
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SUMMARY

sheath blight caused by Rhizoctonla solani Kuhn is

one of the important diceases of rice,

The present investigétion was undertaken to make a
critical assessment of the nature of survival and various
factors affecting the survival of R. geolani in soil, The
Cambridge method was employed to determine the competitive
ability and survival of R. solani. The results showed that
submerged condition affected the competitive saprophytic
ability of R. solani as indicated by low percentage of
colonization and low infectivity oﬁ Triveni seedlings. The
studies also revealed that regardless of soil origin,
colonization was considerably higher in soil maintained at
dry condition than at éubmerged condition.

Various agronomical and ecological factors affected
the survival of R. golani. Among the organic amendéments,
paddy husk reduced the survival of R. golani, and increased
the yield of rice. Application of nitrogen favoured while
potash reduced the survival of R. golani. Maximum survival
of R. solani was ocbserved when the soil moisture level was

at 15 per cent, temperature between 20°C and 30°C and pH 7.

Among the microorganisms isolated.from the soils of

Kerala, 14 species of fungi, viz., Aspergilius flavus,
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A. niger, Chaetomium globosum, Fugarium semitectum,

E. golani, Gliocladium ¥irens, Neurospora grassa, Penicillium
gitrinum, P, oxalicum, P. wortmanii, Rhizopus oryzae,

R. stolonifer, Irichoderma harzianum, T. viride, and eight
species of bacteria. viz., Alcaligenes sp., Bacillus sp.,

B. subtilie, Chromobacterium BDe» Co;xgebacterium SPes

' Propionibacterium sp., Pseudomonas €D+ s and Rothia sp. were

found to be antagonistic to R. solani.

The interactions between the 14 species of fungi
antagonieticnto R. golani wefe'tested and it was observed
that A. Q&ggg was inhibitory to 11 other fungi tested, while
T. harzisnum and T. viride were without much interaction with

other antagonistic fungi.

The results of the interactions between the eight
bacterial isolates antagonistic to R. solani showed that the

maximum antagonistic reaction against other bacterizl isolates

was by Alcaligenes sp.

Studies on the interactions between fungl and bacteria
antagonistic to R. golanl indicated that the isolates of
Bacillus were antagonistic to all the isolates of antago=

nistic funqgi.

The in vitro evaluation of fungicides on R. golani

and on antagonistic organisms revealed that ziram was less



inhibitory to ma jority of the antagoniétié fungli. But it
was least inhibitory to R. golani. Carbendazim, edifenphos
and carboxin were very effectiye in suppressing the growth
of R. golani, but ghowed less inhibitory action. on antago=
nistic fungi.

amontg the insecticides t;a.sted methyl parathion was

| found to ba least ini'x.'l.bitory o many antagonistic f.uﬁgi and
also to R. solani, Carbaryl, carbofufan and phorate were
inhibitory to most of the antagonistic fungi as wall as to
R. golanl. Studies on the effect of herbicides on the

in vitro growth of various fungi showed that 2,4«D was less
inhibitory to many of the aptagonistic fungi. Bentazone
and thiobencarb were inhibitoxy to a few antagonistic fungi,

and to _R_o solani.

Pot culture experiment to study the effect of applie~
catlon of antagonistic organisms, fungiecide, insecticide,
and herbicide on the -intensity_ of sheath b.].ightl and survival
of R. golani showed Irichoderma viride and T. harzianum
were effective in reducing the _.'F.ntens:l.-ty of sheath blight
and survival of R. golani. Among the three chemicals tested
bantazone and carboxin were effective in réducing the sur-
vival of R. golanl while carbofuran was least effective.
Irichoderma harzianum, T. yiride, Fusarilum semitectum,

F. solani, Aspercgillus niger in combination with carboxin

and carbofuran reducsed intensity of sheath blight.
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Results of the field exporiment showed that the
trestment T, where carboxin + hentazone + carbofuran -+
T+ yviride were applied, recorded the least incidence and
intensity of sheath blight of rice during mundakean as well
as virlppu seasong. The highest grain and straw yleld wes
also observed in this treatment combination, ‘
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Appendix=I

Comosgition of media used

Paptone dextrosze agar with rose bengal {(Martin, 1950)

Paptone 5.0 g
Daxtrose 10.0 g
KH2P04 1.0¢qg
Mg504¢7 1{20 0.5 g
Ager ~ 7 20,049

Distilled water IOOQ ml

Rose bengal 1 part in 30,000 parts of the
‘ ' medium ‘
Streptoamycin 30,0 mg

pH 6eB

Soil axtrset agar (Allen, 1957)

| Glucosea . 1.0 g '
K2m04 0.5 g
501l extract ‘100,0 ml

Distilled water S00.0 ml
Agar 20.0 g

pH G.B = 7



“F

Kuster and Williams’ medium! (Kuster and williams, 1964)

Starch 10 g
Casein 0.3 g
KN03 2,0 g
Nacl 2.0 g
K2H904 " 2.0 g
1‘19804 . CeS g
Feso4. 7H20 0.0l g
Agar 20.0 g

Distilled water 21000 ml
PH 7.1 - 702

Selective medium for Rhizoctonia solani (¥o and Hora, 1971)

K,HPO, 1.0 g
Mgso4 7H20 : 0.5 g
Kecl 0.5 g
Feso4 7H20 10.0 mg
NaNo2 0.2 g
Gallic acid 0.4 g
Dexon 90.0 mg

Chloramphenicol 50.0 mg
Streptomycin 50.0 mé
Agar agar 20.0 g
Distilled water 1000 ml
PH 7.00
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ABSTRACT

Studies were.undertaken to make a critical assessment
of the nature of survival and various factors affecting
the survival of R, solani in soil, It was found that
submerged condition réduced the competitive saprophytic
ability of R. golani. :

Various agronomical and ecological factors influenced
the survival of R, solani. Aamong the organic amendments
paddy husk reduced the survival of R. solani and increased
yield of rice:, The survival of R. solani was maximum when
the moisture level was 15 per cent, tefnperature between

20°C and 30°C, and at pH 7.

Among the microorganisms isolated from the sails
of Kerala, 14 species of fungi, and eight species of bacteria
were antagonistic to R. golani. A. niger was inhii:itory to
11 other fungi tested, while T. harzianum and T. viride
were without much interaction with other antagonistic fungi.
Alcaligenes sp. and Bacillus spp, were the bacteria antae
gonistic to other bacterial isolates and to all isolates of

antagonistic fungli as well as to R. solani.

The in vitro evaluation of fungicides on R. solani
and on antagonistic organisms revealed that ziram was less

inhibitory to majority of antagonistic fungi. but was also

!
vl



least inhibitory to R. golani., Carbendazim, edifenphos
and carboxin were very effective in suppressing the growth
of R." solani, vhile they showed less inhibitory action on
antagonistic fungi,

ptmong the inzecticides tested methyl parathion was
found to be least inhibitory to many antagonistic fungi and
also to R. golanl. Herbicides, bentazone and thiobencarb
were inhibitory to few antagonistic fungi and to R. solani.
Results of the pot expariment showed that among the antago-
nists Irichoderma viride and T. harzianum and among the
chemicals carboxin and bentazone were effective in reducing

the survival of R. solani. Trichoderma harzianum, 2. yiride,

Fusarium semitectum, E. solani and Aspergillus niger in

cambination with carboxin and carbofuran reduced the inten-
sity of sheath blight.

!

From the field experiments, it was observed that
combination of carboxin + bentazone + carbofuran + T. viride
was the best in reducing the disease as well as in increasing

the grain and straw yield,
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