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INTRODUCTION

Sheath blight disease of rice caused by 
Rhizoctonia solani (Kuhn) has become prevalent in Kerala 
with the introduction of high yielding varieties of rice.
Now it is the most destructive disease of rice in the State 
and its occurrence is found endemic in the important rice 
growing areas of the State, where monoculture is practiced 
under high fertility conditions, particularly with uniform 
genetic material in the field.

No rice variety has been found to be completely 
resistant to this disease and high fertilizer responsive 
dwarf varieties are more susceptible to this pathogen. The 
loss due to this disease has been estimated and generally 
it ranges from 20 to 30 per cent. The high cost of frequent 
application of fungicides make the rice farmers reluctant to 
adopt regular spraying which has aggravated the disease 
problem.

Application of high dose of fertilizers and other 
inputs without proper protection not only benefit the crop 
but also its enemies; such as pests, disease oauslng pathogens 
and also weeds. Weeds grow very fast in the early stages 
along with rice and is a serious problem in rice production.
It has been estimated that there is about 25.5 per cent 
reduction in yield in transplanted rice due to weed menace.
In addition to removal of nutrients, weeds also harbour pests
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end diseases as they serve as their collateral hosts. The 
sheath blight pathogen can infect and survive on a number of 
weeds in and around rice fields.

Though effective, due to high cost of labour, farmers 
are not in a position to resort to hand weeding and are 
inclined towards the use of herbicides for control of weeds.
A number of herbicides are reported to be very useful in 
controlling weeds in rice crop; and a number of chemicals are 
at present marketed as herbicides and are recommended for 
application in rice fields. As with other pesticides, the 
biological activity of these herbicides are not restricted to 
target organism, but extends to non target organisms also 
(Katan and Eshel, 1973) • Hence inhibitory and stimulatory 
effects on harmful or beneficial non target organisms in the 
environment are possible and a proper understanding of the 
same is a must before making a large scale application of 
particular herbicides.

Irrespective of the method of application, the 
herbicides reach the soil, sooner or later and hence soil 
pathogens are more affected. The main mode of survival of 
E. solani; the causal organism of sheath blight disease, is 
by the soil-borne sclerotia. Some of the herbicides commonly 
recommended flor rice are reported to have inhibitory effect 
on soil—borne sclerotia of H« solani. On the other hand few 
other herbicides like 2,4-2 enhance the susceptibility of 
host plants to disease and there are many reports on the
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inhibitory effects of herbicides on disease incidence,
Houevert there is no systematic end detailed study on 

use of herbicides for disease controlf especially to test the 
indications obtained in the in vitro studies, on how far it 
can be applicable under field conditions. Hence, the present 
study has been undertaken to evaluate the side effect of the 
commonly used herbicides in rice fields, like Fluchloralin,
2,4-D, Bentazon, Benthiocarb, Pendimethalin, Nitrofen, Propanil*and 
Butachlor, on the control of sheath blight disease of rice; 
under the following lines of investigation. ,

A. In vitro studies were undertaken to study the 
effects of different concentrations of the above herbicides 
on radial growth, sporulation, number and size of sclerotia 
formed and its germination and pathogenicity.

B. A pot culture experiment was conducted
1) To study the role of sclerotia in.initiating the 

disease by artificial inoculation.
2) To study the effect of all the above mentioned 

herbicides on the incidence of sheath blight 
disease on rice and to study their effect on the 
viability, germination and pathogenicity of 
sclerotia under field conditions.

5) The effect of application of field dose of the 
above herbicides on the natural microflora were 
investigated and certain microorganisms 
antagonistic to R. solani were also isolated.



4

C • A field experiment was conducted in the wet land 
of the College of Agriculture, Vellayani with selected 
herbicides to study their effect on the control of Bheath 
blight and control of weeds* The effect of application of 
the different doses of the above herbicides on spil microflora 
under wet land conditions were also investigated.
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REVIEW OP LITERATURE

Miyake C 19*10) first reported a new disease of 
rioe under the name 'Oriental Sheath Blight and leaf spot' 
from Japan, caused by Sclerotium irregulare. Since then 
this disease has been reported from many of the rice growing 
countries of the world • Por some time this disease was 
considered to be mainly confined to the orient̂  since this 
has been recorded only from countries like Philippines 
(Reihking, 19185 Palo, 1926) Sri Lanka (Park and Bertus, 1932) 
and China (Wei, 1934). However, later on its occurrence has 
been reported from Brasil, Surinam, Venezuela and Madagascar 
(0u, 1972). This disease has been recorded from U.S.A. also 
(Byker and Gooch, 1938) and in the recent past it is known 
to occur throughout the temperate and tropical rice growing 
areas of the world according to Hashioka and Makino (1969) • 

Eventhough Butler (1918) mentioned about the 
occurrence of this disease in India, it was Paracer and 
Chahal (1963) who first described in detail the sheath blight 
disease caused by Rhizoctonia solani (Kuhn) from Punjab.
The occurrence of this disease has been subsequently reported 
from Punjab by Kohli (1967) and then from Uttar Pradesh by 
Singh and Pavgi (1969)*

This disease was noted in a severe form in Kerala 
State after the introduction of the high yielding varieties



6

of rice and was first recorded by Mahendra Prabhath (1971). 
Since then epidemic outbreak of this disease has been 
recorded from many other States of India also. In Kerala, 
sheath blight disease of rice occurs in a severe form in all 
rice growing regions all through the seasons and is at 
present the most important constraint in the production of 
rice in the State.

S.vErptomat ology

Miyake (1910) first described the symptoms of this 
disease in detail. The initial symptoms appeared as dis­
coloured, ellipsoidal spots on the sheath at or above the 
water level and also on the leaves. These spots developed 
into oblong or irregularly elongated lesions present on any 
part of the leaf sheath which often extends to the leaf blade. 
Gradually the whole leaf blade get rotten and it can be 
pulled out easily. Singh-and Paygi (1969) reported that the 
initial symptoms appeared as oval to irregular straw coloured 
lesions on the leaf sheath near the leaf base; surrounded by 
narrow reddish brown band. Lesions increased in size 
coalesced and covered the whole leaf lamina, which appeared 
as bonded patches. Sclerotia developed in the infected 
regions. In the case of severe infection the sclerotia were 
observed on the spikelets and on the partially opened lemma’, 
and palea also. Kozaka (1970) observed that the lesions 
developed on the leaf sheaths were first greenish grey and
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ellipsoidal 2 to 3 cm long or more which gradually turned 
greyish white with a hlackish brown narrow margin. Under 
conditions in Kerala the symptoms are very common on the leaf 
blades and Ou (1972) has rightly pointed out that in the 
tropics,leaves of an infected plant are often severely 
infected and killed by the fungus. "

Loss in yield

The actual, loss in grain yield often depends on the
r

stage of infection of plants and if infection takes place at 
an early stage, the damage will be serious. On the other 
hand the loss will be negligible when the crop is infected 
at a later stage of growth. According to Mizuta (1956) the 
reduction in yield due to the disease is 20 per cent if the 
disease developed upto the flag leaf stage. Tsai (1974) has 
assessed the yield loss due to rice sheath blight by arti­
ficially inoculating the plants at different stages and 
reported that it varied from 6.05 per cent to 11.73 per cent 
according to variety and time of infection. After a detailed' 
critical study, Tsai (1975) reported that the loss was 
maximum when the plants were infected at an early stage of 
growth.

In Kerala the damage due to the disease was observed 
to be very serious during the second crop season. Muneera 
(1973) reported a reduction of 22-28 per cent in grain yield 
and 22-28 per cent in straw yield due to this disease.
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Radhakrishnah (1975) estimated a loss of 29 per cent in grain 
yield end 23 per cent reduction in straw due to the disease* 
According to Mathai (1975) the loss in yield due to this* 
disease in Kerala was 25 per cent.

Causal organism

The causal organism was first described as Sclerotium 
irregulare by Miyake (1910). Sauada (1912) made a detailed 
study of the disease and reported, that the causal organism 
was identical with Hypochnus sasakii Shirai. The organism 
was variously named and Matoumoto et al. (1952) and Mat sumo to 
(1934) made a detailed study of the fungus employing a number 
of isolates. Finally Matsumoto (1934) named the organism as 
Corticium sasakii (Shirai) Mat sumo to and opinecl that it is 
the most acceptable name* Ryker and Gooch (1958) studied 
the morphological characters of ita culture of the fungus 
obtained from China and from Philippines and considered the 
rice pathogen to be the large sclerotia! strain of 
Khizootonia solani. Talbot (1970) after a detailed comparative, 
study concluded that Thanatephorous cnoumeris (Frank) Donk 
is the perfect state of R. solani and Rypochnus solani and 
Hypocbnus filamentoaus were considered synonyms of 
Thanatephorous cucumeris. He considered T* oucumeria as a 
collective species that includes T* praticola (Kotila)
Plentje, Corticium microsclerotla (Weber) and £. sasakii 
(Shirai) Matsumoto.
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Saksena (1979) distinguished two different and 
distinct strains of S. solani in Indian soils, the root 
infecting, and the shoot pathogen, which are more responsible 
for the diseases of crop plants* In India the importsnce of 
the aerial strain was realised only after the appearance 
and spread of sheath blight of rice causing severe blighting 
of the aerial parts of the plants*

Anastomosis relationship of Rhizootontn. gplnni

The grouping of R. solani on the basis of hyphai 
anastomosis between different strains has gained much 
importance in the study of this soil borne plant pathogen*
R. solani consists of a great number of isolates differing 
in various characters (Flentje et al., 1979). Capacity for 
hyphal anastomosis between different isolates provides an 
indication of relationship within groups of isolates*
Parmeter et al. (1969) reported that each anastomosis group 
has its general tendency in host range and pathogenicity* 
Richter and Schneider (1955) classified strains of R. sol**ni 
into six groups* Parmeter et al. (1969) observed that most 
of the 156 isolates of H* solani. they have isolated and 
tested, fell into four anastomosis groups*

lakohmanan et al* (1979 a) reported from Kerala* 
India, the hyphal anastomosis between strains of R. sol a™ 4 
from rice end ccrwpea. Gokulapslan (1901) found that hyphae; 
of isolates from ricey daincha and groundnut anastomose
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freely with, each other which establishes the genetic relation­
ship between these isolates; but isolate from sesamum failed to 
anastomose with any of the other three isolates indicating that 
it is genetically different from the other isolates.
Morphology of the pathogen .

Duggar (1915) observed that , the young hyphal branches 
of R. solani were inclined in the direction of growth and con­
stricted. at the point of union; with the main hyphae. In mature 
hyphae, breaches arise at right and acute angles near.45* to the 
main branch (Mata, 1921; Matsumoto, 1921; Palo, 1926), The 
hyphal measurements of most isolates were between 8-12̂ um 
(Dugger, 1915)* 6-12 îm (Plentje, 1956), Sclerotia were super­
ficial, more or less globose in shape, but flattened below, white, 
when young, turn brown at maturity (Mata, 1921; Matsumoto, 1954; 
Weber, 1965)*, .'Che size of sclerotia ranged from about 1 mm to 
several mm (Frederiksen et al., 1958),

. The perfect state of rice fungus was first recorded from 
India hy Singh ,and Pavgi (1969) from Varanasi and described the 
organism as developing as creamy white crust on the leaf sheath. 
It was also recorded from Kerala asformi ng on paddy straw after 
wetting (Dakshmanan et al., 1979 b).

Survival of the organism
Sclerotia constitute one of the most important links in 

the life history of the pathogen. Ikata and Hitomi (1950) 
stated that the sclerotia which fall on the ground before 
harvest of the crop hibernate in the soil and infect the crop 
in the following season. Endo (1951) found the fungus over
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winter as sclerotia or mycelium and lost their viability in 
dry soil after 21 months, Park and Bertus (1932) reported that 
at room temperature in dry or moist, soil sclerotia survived for 
at least 150 days and for 224 days when submerged in water, 
Nisikado and Hirata (1937) found that sclerotia remained viable 
evenafter .three years at or below 20*0, twenty six months at 
25*C, sixteen months at 30*0 and six months at 35*0, on steamed 
rice, straw, Sanford (1952) found that availability of 
susceptible host plants was more important for survival in soil 
than the dead or living roots of non-̂ susceptible hosts and it

i r ' ' ' t “  ‘ S 11

disappeared from heavily infested spil in less than four months 
in the absence of susceptible props, but survived under soil 
planted with susoeptible crops. Mahendra Prabhath et al. (1974) 
reported that sclerotia lost viability within 60-80 days when 
they were kept under submerged condition.

Weed hosts of E. solani in rice fields

Tsai (1970) observed the host range of Pellicularia 
sasakii on weeds comprise eleven families, Cyperaceae and 
Gramineae being the most important. Mahendra Prabhath 
(1971) found that sheath.blight fungus can infect various . 
hosts of different families, in which include Panicum renens L., 
Eohinoohloa colonum Link and Cyperus rotunduB L.
Gokulapalan (1981) found wild colocasia (Araceae), C.yperus 
iria L. (Cyperaceae), Pimbrist.vlis miliaoeae Tahl.
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(Cyperaceae), Apluda aristida L. (Ponicoideae), Monoohoria 
vaginalis (Burm.P) Pres#* are among the rice field weeds1 
which are host plants of sheath blight fungus.

Chemical control

Control of sheath blight by chemicals has been 
studied by different workers. Hashioka and Saito (1953) 
found that the growth of Corticium sasakii was inhibited 
by organo mercuric compounds like Ceresan, Uspulum and 
Neomercurin* Yoshimura (1954) reported that the degree of 
damage was reduced by Bordeaux mixture* Kozaka et al. 
(1957) reported that organo arsenic compound ’Urbazid* was 
highly effective. against sheath blight. Of the various 
compounds tested, 6-chloro and 6-bromo benzo-xazilone 2 
were particularly active against Bhizoctonia (Corticium) 
solani (Eckstein and Zukowski, 1958) Sinclair (1957) 
observed that PCNB plus Captan to be promising for the 
control of Bhizoctonla (Corticium) solani.

Chen and Chien (1961) reported that in Taiwan the 
disease was best controlled by tuzet plus lime or by 4*8 
Bordeaux mixture plus Gran os an applied 40-50 days after 
transplanting. According to Abeygunauardena and De Silva 
(1964) natural infection by £. sasakii can be reduced by 
organo arsenic sprays and to a lesser extent by Dodine or 
Triphenyline hydroxide. Tamura (1965) found that organotin 
fungicides controlled the fungus in pot culture and field
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tests# lakita et al. (1965) reported that sheath blight 
caused by Pellicularia (Corticium) sasakii was controlled by 
methyl arsenic compounds and ferric methyl arsenate.

Several workers have reported the effectiveness of 
Hinosan (0-ethyl S, S, diphenyl-dithiophosphate) in controlling 
the sheath blight disease of rice (Umeda, 1973; Mathai, 1975; 
Mukher;jee# 1978; Kannaiysn and Prasad, 1979) •

Studies by Chien and Hung (1971) revealed that the 
disease was best controlled by spraying with Benlate VJ.P.
Prom IHRI, Philippines, Benlate, BAS-?050 P and Hinocan were 
reported to be effective against sheath blight (Anon., 1973) • 

Pommer and Zwiek (1973) also found that the new 
systemic fungicide BAS-3050 P to be effective in controlling 
the disease.

Koaaka (1961) and his oo-workers conducted elaborate; 
field trials on the control of sheath blight by fungicides 
and they also developed techniques for testing the efficacy 
of fungicides in the lab, by detached leaf techniques.

Antibiotics have also been used for the control of 
sheath blight of rice (Yamamoto et aL., 1965). Pukunaga 
(1966) found that the antibiotic Polyoxin, was promising 
and no phytotoxio effect was reported.

Thirumalachar et al. (1969) reported the effective­
ness of Aurofungin in inhibiting the growth of Corticium 
sasakii under field conditions.
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In this laboratory many workers have also attempted 
the chemical control of the disease.

Radhakrishnan (1975) found that application of 
Aureofungin reduced the intensity of sheath blight infection 
and recorded an increase in yield of grain as compared to 
other treatments. Varma and Menon (1977) also reported that 
Aureofungin scl was effective in reducing the per cent of 
tiller infection. It was also found that Benlate was superior 
over Hinosan and Captan in reducing the intensity of disease 
and thereby increasing the yield (Muneera, 1973)* Studies 
conducted by Jagan Mohan (1977) also revealed that higher 
levels of potash and application of Benlate and Vitavax 
controlled the disease.

The effectiveness of Hinosan in controlling sheath 
blight has been observed by Mahendra Prabhath (1971); Muneera 
(1973); Mathai (1975); Radhakrishnan (1975) and Kannaiyan and 
Prasad (1979)* Hinosan was found to be superior than 
Aureofungin in checking the disease (Radhakrishnan, 1975). 
Though Hinosan was not as effective as Kitazin granules and 
Aureofungin sol in reducing the disease intensity, It was- 
significantly superior to all other fungicides tested, except 
Kitazin granules in enhancing the yield (Varma and Menon, 
1977)* Iiakshmanaa (1979) also found that Hinosan increased 
the yield even though it was not effective as Vitavax in 
controlling the disease. Lakshmanan et al. (1980) have also
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rted that Hinosan was effective in reducing the. disease 
nsity and per cent hill infection. Gokulapalan (1981) 
observed that Hinosan was effective but ranked third 
fficacy.

Vitavax which has been generally recommended against 
diomycets has been tried under Kerala conditions against 
,th blight. Mahendra Prabhath (1971) observed good 
elation between lab assay and pot culture evaluation of 
icides against C. sasakii and reported that Vitavax was 
rior over all other fungicides in controlling the 
ase and increasing the yield. Jagan Mohan (1977) found 
. the disease can be controlled by applying higher levels 
lotash followed by spraying Vitavax. This fungicide has 
. found to be effective in checking the disease in the 
ieg.uent trials also under Kerala conditions (Lakshmanan 
il*, 1980; Gokulapalan, 1981; Nair et al.. 1983).

Gokulapalan (1981) observed that application of 
cvax and Carbofuran significantly reduced the disease; 
nsity and rice root nematode infestation and increased 
d considerably.

set of herbicides . .

Several studies have indicated the effect of 
dcides on microorganisms, and those groups of microbes. - 
ih can use the herbloide applied in soil, as food> will 
irish and increase in population and those to which the
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herbicides prove to be toxic will decrease in number 
(Altman and Campbell, 1977) - Most of the herbicides applied 
to soil at recommended doses will disappear in less than 
twelve months and so no prolonged effect is expected from 
herbicides. However, in the case of organisms which 
develops special survival structures such as sclerotia or 
chlamydospores the effect may last oyer twelve months and 
if it is favourable for its survival, this period of 
survival may increase for 5 to 10 years, or if it is toxic 
to potential pathogen their capacity to induce disease may 
be reduced as pointed out by Altman and Campbell (1977). 
pwi zootonia solani being an organism which survives by 
formation of sclerotia, it is true that some of the herbi­
cides have got beneficial effects on them while others are. 
detrimental to them.

, Kurodani et al. (1959) found that the pathogenicity 
of Hypoohnus CCorticium) sasakii on rice was increased by 
spraying with 2,4-D which also increased the size and 
number of spots found on plants. _

In the in vitro tests with various herbicides by 
Altman (1969), it was found that twenty five of them were, 
energy sources for R. solani and growth was better in media 
supplemented with herbicides. Though complete inhibition 
of growth occurred at 10000 ppm with Tillam and Pyramin, 
both increased Rhizoctonia damping off in steamed and in
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field soil in.sugarbeets. The presence of competitive 
saprophytic microorganisms in the untreated' field soil 
accounted for the reduced damping off ana the greater 
glucose exudate in plants In herbicide treated soil may he 
the reason for high susceptibility to low levels of 
Hhizootonia infection.

Chandler and Santelmann (1,968) found that the 
herbicides Trifluralin and Prometryne were antagonistic to
C. solani. ..

Lai and Semenhik (1970) found that the herbioide 
constituent Pioloram at 500 ppm increased carboliydrate 
exudate from maize seedlings end may be the reason for 
increased root damage due to R.» solani in pioloram treated 
soil. . . .

It has been found that 2,4-D, MCPA, Prometryne and 
Simasine encouraged the development of aerial hyphae of 
R. solani (Tatsuyama and Jakihara, 1970) • The stand of 
cucumber seedlings was reduced by Rhizoctonia + Dlnoseb. 
Rhizootonia + Llnuron and Rhizoctonia f Pentachlorophenol 
combinations than Rhizootonia alone though the herbicide 
Dinoseb, Linuron end Pent achloro phenol inhibited the 
mycelial growth of R. solani in vitro. The herbicide might 
have affected the physiology of the host and increased the 
susceptibility of the seme to the fungal pathogen.
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Sezgin (1978) stated that growth of R. solani was 
significantly altered in the presence of Trifluralin, EPIC 
and Aretit and virulence on cotton seedlings was increased 
by herbicides and had no effect on Trichodenaa virids.

The increase in pre-emergence and post-emergence 
damping off caused by R. solani was reported by EH .Khadea. 
et al. (1979) "by treatment with Trifiuralin and DinitranjLne 
at half the recommended dose. Fluometuron at twice the 
recommended dose was highly phytotoxic and increased post­
emergence damping off.

Sumner et al. (1979) found that root rot caused by 
R. solani. gythium spp. and Busarlum spp. was increased and 
root growth and yield of leafy turnip growYU decreased in 
.soils receiving herbicide (DCPA) treatments compared with 
control.

Growth of R. solani at 35#C was stimulated at low 
rate of Bensulide and NC 8438; and Benifin increased the. 
severity of brown, patch and dollar spot by R. solani in 
turf grass (Karr et al., 1979).

Studies conducted by lakshmanan and Hair (1980) 
revealed that 2,4"D did not inhibit the growth of R. solani; 
but increased the number and size of sclerotia. However, 
their viability and pathogenicity were unaffected.

Sezgin et al. (1982) reported increased damping off 
by R. solani. by use of three herbicides and growth of fungi
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and sclerotial formation and rhizosphere fungi were affected*
Bain (19̂ 1) found that the herbicides Pentachloro- 

phenolj 4-6-dinitrobutylphenol; Isopropyl N-phenyl carbamate 
and 2-chloro-N* N diallyl acetamide inhibited the growth of 
Sclerotium rolfsiit Sclerotinia bataticola and Hhiaoctonia sp.

Pen.tachlorophen.ol used for weed control in rice fields; 
has also been found useful in controlling sheath blight as 
side effect (Qno and Iwata, 1961; Takatsu and Nlshiraura, 1962; 
Inotie and Uchino, 1963 s Bndo et al*» 1965). According to 
Millikan and Fields (1964) 2,4-D at 100 ppm reduced the 
growth of Hhiaoctonia 86 per cent and Simaaine reduced the 
growth of Rhizoctonia 95 per cent. Bbner (1965) reported 
that Diuron at 125^1g/ml and Iiinuron at 60 and 125yug/nl were 
sensitive to H. solani. Rodriguea-Kabana et al. (1966) tested! 
the effect of Atrazine* Diuron* EPTC and Paraqpat on R. solani 
and found that the total mycelial dry weight of the fungus 
was considerably less for each concentration of Atrazine 
than for check throughout the twenty days incubation period 
and the degree of inhibition of growth wa3 directly propor­
tional, to the increased herbicide concentration from 10 to 
70 ppm. Diuron. at 0.02 ppm to 2 ppm and EPTC at 0.8 to 
40 ppm had little effect on growth of R. solani after an 
initial inhibition. '

Eshel and Katan (1972) recorded the suppression of 
growth of R. solani with increasing concentration of Benefin
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~Fri fluralin, and Isopropalin.
Grainstein et al. (1976) found that Trifluralin,

Nitralin, Butralin and Binitramine, significantly increased 
the resistance of egg plant, tomato, and capsicum to R. 
solani and disease incidence */as decreased hy 50-90 per cent. 
Trifluralin increased resistance in cotton in certain cases. 
Growth of pathogen in vitro was inhibited at concentrations 
much higher than those used in soil or found in tissues.

R. solani was suppressed by treatment of Prometryne

by significantly reduced -galactosidase and phosphatases 
activities. Bow levels of either herbicides had little 
effect on this pathogen (Beam et al., 1977).

Inderawati and Heitefuss (1977) tested seven herbicides; 
against Hypochnus (Corticium) sasakii. Pyricularia oryzae Cav. 
and Xanthomonas oryzae (Bowson) Uyeda and Ishiyama in 
culture and on disease intensity. Propanil 10̂ ug/ml 
commercial formulation reduced 50 per cent growth of all 
the pathogens in agar medium and was found effective in 
reducing disease intensity when applied one day before 
inoculation. The effect of Simetryne and Nitrofen on 
disease severity was stronger than expected from the small 
direct action on the pathogen in culture, which may be due 
to their, effect on host plant rather than on the pathogen 
directly.

more distinctly by Pluometuron as shown



Manila and Bapis (1977) from Philippines reported 
that sheath blight was not affected by the treatments HCPA,
2,4-D and MonocrotophosC; while it reduced severity of bacterial 
blight.

Yama et el. (1978) in Kerala recorded that Avirosan 
50 EC, Saturn 50 EC and Machete 50 EC and Rilof H. 50 EC were 
highly inhibitory to the growth of Cortioium sasakii.

Damping off of cowpea by R. solani was decreased by 
treatment with trifluralin and this effect was attributed to 
decreased virulence of the pathogen and the direct inhibitory 
effect of the herbicide on its growth and sclerotial production 
(Huangsombut and Mercado, 1979) •

Bath and Swain (1979) studied the in vitro effect of 
Butachlor, Nitrofen end Propanil at 25, 50, 100, 250 and 500 
ppm concentrations on radial growth of R. solani and found that 
the growth of fungus was completely suppressed in all the 
concentrations of Propanil followed by Nitrofen. Butachlor 
was. effective only at higher concentrations of 250 and 500 
ppm, and concluded that Propanil and Nitrofen have potentiality 
in suppressing the growth of sheath blight pathogen.

In a field test in Kerala' a foliar application of ( 
Saturn at 2 kg ai/ha controlled sheath blight and sheath rot 
of rice (Corticium sasakii and Sarooladlum oryzae respectively) 
(Vasavan et £$1., 1980).
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Xfakshmanaa and Nair (1980) reported that Saturn was 
highly inhibitory to the growth of li. solani (Sheath blight 
fungi) followed by SIrmate, 2 ok grannies and Machete, and 
the degree of inhibition was related to the concentration 
of the herbicide, Sirmate was .most effective in preventing 
the formation of sclerotia which was closely followed by 
Tok and Saturn, Tok and Saturn at 125, 250 and 1000 ppm 
increased the sise of sclerotia significantly than other 
treatments, Sclerotia produced in all the treatments were, 
equally viable and pathogenic to rice plants,

A muitllocational trial conducted by Kerala Agricul­
tural University at Ad cor and Moneompu during 1981-82 on 
the effect of various herbicides, on the control of sheath 
blight disease, revealed that Nitrofen 1*25 kg/ha and 1,75 
kg/ha, Basagran (Bentazcm.) 1,75 kg/ha are effective in 
controlling the incidence and intensity of sheath blight 
(Anon*, 1982 a).

Biological control

Biological control of B. solani has been attempted, 
by various workers using different antagonistic micro­
organisms, There are several rexports on biological control 
of plant pathogenic organisms by antagonistic fungi . 
(Weindling, 1952; 1954; Jaarsveld, 1942; Sanford, 1952).
The earlier studies have shown that Trichoderma spp, were 
the predominant fungi which exerted significant antagonistic
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action on E. solani (Hino. 19353 Josifovie, 1967; Roy, 1977; 
Henis et al,, 1978; Hadar et al., 1979).

Endo (1935) observed that Aspergillus niger; A. 
parasiticus and A, tamarii were antagonistic to and weakened 
the pathogenicity of the sheath blight fungus Kvpochnus sasakii. 
Naim and El Esauy (1965), Shukla and Dwivedi (1979) have also 
reported the antagonistic action of Aspergillus spp. against,
R. solani.

The inhibitory effect of Bacillus sp, on R. solani 
has been reported by many woa&ers (Hino, 1935; Cordon and. 
Haenseler, 1939; Miehener and Snell, 1949; Dunleavy, 1952; 
Vasudeva and Chakravarthy, 1954; Olsen, 1965). In an experiment 
conducted at XHRI, Philippines, the antagonistic action of many 
bacterial isolates differing in colony characters obtained; 
from the irrigation water of rice fields and sclerotia of 
R. solani were studied. Many isolates especially those from 
sclerotia exhibited antagonism to the pathogen (Anon., 1978 . ).

Use of herbicides in the control of weeds in rice fields;
Weed spectrum in rice fields in Kerala

In Kerala, Echlnochloa colonum (linn) Link,
Fimbristylis miliacea (Binn) Yahl. and C.yperus spp. were t he 
predominating weedflora observed in the wet land rice fields 
of Moneompu (Pillai and Rao, 1974). According to Nair. et al. 
(1975) the most important weeds found in R.R.S. Pattambi were 
Echinochloa orus-galli (linn) P. Beauv., Brachiarla spp.,
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Cleome spp, and Flabrlstylia milloea; Echinochloa spp, Gyperus 
spp, ffimbristylis iailiacea. Ammahia multi flora (linn),
Iiudtdflia paryiflora (It inn) Roxb. and Monochoria vaginalis 
(Burm. F) Rresl. were the common weeds in rice fields of 
Vellayani, Kerala (Ravindren, 1976) . .

losses in rice production due to weeds

, Weed infestation oause considerable reduction in yield 
in rice* Pillal and Rao (1974) estimated that the yield 
reduction in rice due to weeds alone was around 15-20 per cent 
for transplanted rice. The extent of grain yield reduction 
in transplanted rice due to weeds alone compared to hand1, 
weeding amounted to 26 per cent. Many of the rice field weeds, 
axe hosts of Sheath blight fungus and they also influence the 
microclimate (Anon., 1982 c).

Manual weed control

Grist (1955) and Haynes (1955) recommended hand weeding,, 
as the best method of controlling weeds in rice fields. . 
Vaccheni et al. (1965) from Central Rice Research Institute, 
Cuttack, reported that hand weeding is as good as herbicidal 
spray. Ravindran (1976) reported hand weeding on 20th and 
40th day after transplanting rice, though increased yields, 
the net profit was lower due to increased labour charges. 
Kaushik and Mani (1978) reported that experiments at Indian 
Agricultural Research Institute, New Delhi, showed that hand
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weeding treatments, gave most effective weed control and 
increased the grain yield.

Chemical weed control

A number of herbicides are reported to be very useful 
in controlling weeds in cereal crops. Among them Bentazon 
(Basagran), Pendimethalin (Stomp), Benthiocarb (Saturn), 
Nitrofen (Tok E.25), Propanil (Stam P. 54)% Butachlor (Machete) 
are the important ones.

Bentagon
Experiments at International Bice Be search Institute, 

revealed that Bentaaon at 1.5 kg ai/ha gave the highest yield 
in low land rice (Anon., 1976 b), Weerd and Be (1977) found 
that the herbicide Basagran at 4-5 1/ha gave effective control 
of Cyperus difformis. Atwell et al. (1978) reported that in 
a total number of 55 trials carried out, Bentaaon at 0.5-1 
lb/acre gave good control of broad leaved weeds, sedges and 
rushes in rice grown under all cultural conditions*
Ramazanov (1981) found that Basagran at 2.5 kg/ha post­
emergence gave 40-90 per cent control of Sciruus species.

Pendimethalin (Penoxalin)

At International Rice Research Institute, Penoxalin 
(Pendimethalin) at the rate of 2 kg/ha applied six days after 
sowing controlled the major weeds; Echinochloa crua-galll. 
Monochoria vaginalis and Cyperus difformis (Anon*, 1974) •



Ravindran (1976) found that Penoxalin at 1.5 kg ai/ha applied 
on the sixth day after transplanting brought down, the weed 
growth and increased the yield. Moursi et al. (1978) found 
the greatest reduction in fresh and dry weight of Oyperus 
difformis and fresh weight of Echinochloa crus-galli ■ Abud 
(1980) reported the lowest yield from the plots treated with 
Pendimethalin at 1.25 kg/ha. Penoxalin (g) at the rate of
1,5 kg ai/ha on the sixth day after transplanting is recommended, 
for weed control in rice (Anon., 1982 b).

Benthiocarh

Experiments at Central Rice Research Institute, Cuttack 
revealed that Benthiocarb gave efficient control of weeds 
in rice (Anon., 1971). Sridhar et al. (1976) tried several 
herbicides in rice in which Benthiocarb treated plots.recorded 
better weed control and least phytotoxieity and maximum yield. 
Gill and Mehra (1981) reported Benthiocarb 1.5-5 kg/ha applied 
5-4 days after transplanting rice was highly effective. 
Benthiocarb has been established as a prominent herbicide for 
control of weeds in rice both upland and low land conditions. 
Benthiocarb (EC) at the rate of 2 kg ai/ha on sixth day after 
transplanting has been recommended (Anon., 1982 b).

Nitrofen
Experiments at CRRI, Cuttack showed that Nitrofen 

gave efficient weed control in rice (Anon., 1971)* Raghavalu

26
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and Moortby (1976) reported Tok E.25 at 3*5 kg/ha was less 
effective in rice. Venna et el. (1978) found pre-emergence 
application of Nitrofen at 2.5 kg/ha gave selective control 
of grasses9 sedges and broad leaved weeds. In dry sown 
crops pre-emergence spray of Nitrofen at the rate of 1.5 
kg ai/ha on the same day of seeding is recommended (Anon.# 
1982 b); but its efficiency under low land conditions is 
not yet established.

Propanil .

Post-emergence application of Propanil 3 kg ai/ha 
was recommended by Nair et al. (1974) for control of weeds 
in direct-seeded rice crop. Stem F.34» 1*6-4 kg/ha in 
direct-sown rice gave the highest yield (Singh and Singh* 
1976) and Mosha et al. (1977) found Propanil to give very 
good overall weed control, Kaushlk and Kani (1980) 
reported that Propanil at 2 kg/ha was the most efficient 
herbicide in increasing grain production of rice. Propanil 
(Stam P.34) 1.75 kg al/ha in 3 per cent fresh urea solution 
as spray 12 to 14 days after transplanting is recommended , 
for weed control (Anon.* 1982 b).
Butachlor

Baker (1975) found that Butachlor S.C, at 2 kg/ha 
was effective against grasses under direct-seeded conditions. 
Butachlor 0.5 kg/ha was found best in direct-sovm. rice 
(Zahidul Hogue et al., 1978. Ahmed and Hocpie (1931) found
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Butachlor at 2 kg ai/ha gave efficient weed control of dry 
seeded rainfed rice. Butachlor (G) 1 kg ai/ha six days 
after planting or sowing is recommended for weed control 
in rice (Anon., 1982 h).

2 . 4- 3)

According to Kannaiyan et al. (1981) 2ff4-D was 
superior in controlling weeds in dry seeded wetland rice. 
It is recommended to apply 2,4-D at 1 kg/ha in 400 1 of 
water, 25 days after transplanting to control broad leaved• i
weeds. Application of 2,4-D Sodium salt @ 1 kg/ha mixed 
with 10 kg urea/ha 20th day after sowing/transplanting is 
also recommended in level fields to save spraying charges 
(Anon., 1982 b).
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MATERIALS AND METHODS

I. Isolation and pure culture of the organism

An isolate of Rhizoctonia solani (Kuhn) causing 
sheath blight of rice was obtained from naturally infected 
rice plants of the variety Thriven! collected from the rice 
fields of idae College of Agriculture, Vellayani. For isola­
tion of the pathogen, portions of the infected sheath showing 
fresh characteristic symptoms, were cut into small bits, 
surface sterilized with 0.1 per cent mercuric chloride 
solution for two minutes and washed with three changes of 
sterile distilled water. The bits were then planted over 
potato dextrose agar (EDA) in sterile petr̂ fdishes and 
incubated under laboratory conditions (28sC). Twenty four 
hours later the fungal growth on infected tissues was trans­
ferred to PDA slants. The isolate was purified by the hyphal 
tip method and the organism was maintained on PDA by sub- 
culturing periodically.

The isolate was cultured on PDA in 9 cm sterile petri- 
dishes under laboratory conditions. The morphological 
characters, viz.# hyphal thickness, branching, formation, 
number and size of sclerotia etc. were recorded.

The pathogenicity of the isolate was proved by following 
Koch*s postulates. Rice plants of the variety Thriven! were 
raised in earthen pots of size 52 x 58 cm and were artificially
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inoculated by placing two sclerotia of the fungus from fifteen 
day old culture in between the sheaths of the rice plant and 
covering with a bit of moist cotton wool and with polythene 
bags for 48 hours.

The fungus was reisolated from the artificially 
inoculated rice plants by the method described earlier andl 
compared the hyphal and sclerotial characters with those of 
the original isolate. The fungus was purified by repeated 
hyphal tip method and pure culture was maintained on PDA 
slants for the study.

Mass culturing of R. solani

R. solani was mass cultured on sterilised sand maize
medium in 1000 ml Srlenmeyer flasks. Maize meal was thoroughly
mixed with washed white sand in the ratio of 1 % 19 taken in
the flask, moistened with water and sterilized by autoclaving

ounder 1.02 kg/cm1* for 15 to 20 minutes. Actively growing 
three day old culture bits in P M  in petridish were introduced 
as optically into the fle.sk with sterilised sand maize medium . 
euad were incubated for twenty days for production of sclerotia.

II. In vitro effects of various herbicides on R. solani

a. Radial growth in herbicide amended media
The sensitivity of R. solani to eight herbicides was 

studied by adopting the modified technique of Borum and 
Sinclair (1968).



Table 1 . Herbicides used for the study on inhibition of R. solani in vitro

SI. Common name 
No. .

B.C. Concentra­
tion

Chemical name Producers Recommended 
field dose

1. Pluchloralin

2. Bentazon

4. Propanil

5• Butachlor

Basalin 50 E.C.

Basagran 50 B.C.

3. Benthiocarb Saturn 50 E.C.
(Thiobencarb)

Stam P.34 E-c-

Machete 50 E.C,

6. Pendimethalin Stomp 30 E.C.

7. Nitrofen

8* 2»4-D Sodium salt

Tok E.25 E.C,

N-2 (2-chloroethyl)-2 ,6-dinitro* 
N-propyl-4-( trifluoromethyl) aniline
3-1 sopropy1-2-1 -3-b en z otliia- 
diazin-4-one 2,2-dioxide
S- ( 4-Chlor ob ensyl )N , IT-di etby 1- 
thiol-carbamate

N—(3,4-dichlorophenyl) propion- 
amide .
N-(butoxymethyl) -L-Chioro-2,6- 
diethylacetanilide
N-(1-etby lpropy1-2,6-dinitro- 
3,4_xylidine
2,4-dichlorophenyl 4-nitro- 
phenyl ether

Femoxone (VJ.P.) 2s4-dichlorophenoxyacetic acid
80$

BASP India Ltd. 700 g ai/ha

-do- 1.5 kg ai/ha

Kumiai Chemical 1.75 kg ai/ha 
Industry Co. , .Ltd.Tokyo, Japan 
(Marketed by '
Pesticides India,
Udaipur)
Mon Santo Chemi- 1.75 kg ai/ha 
cal Co.
Mon Santo India 2.00 kg ai/ha
Limited -
Cynemide India 1.25 kg ai/ha
Limited . .
Rohm.& Mass, 1.25 kg ai/ha
USA (Marketed 
by Indofil 
Chemicals) .
Agromore Ltd., 1.00 kg/ha in 
India. 400 lit

(2500 ppm)
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All the herbicides were first tested in amended media 
which had 125, 250, 500, 1000 and 2000 ppm active ingredient 
concentration. The highest concentration tested of each 
herbicide was below the field dose recommended for the control 
of weeds. Those herbicides which showed complete inhibition 
of radial growth of the fungus in culture at the lowest 
concentration i.e., 125 ppm were again tested at lower concen­
tration of 50 and 25 ppm.

Stock solutions of appropriate concentrations of all 
the above herbicides were prepared by adding the appropriate 
quantity of herbicides to the required quantity of sterile 
distilled water in 250 ml conical flask, serially diluted 
end immediately used.
> The required concentration of these herbicide amended

media were prepared by adding appropriate quantity of stock
solutions to 50 ml of sterilized EDA prepared in 250 ml

2conical flask by autoelaving at 1.02 kg/cm for 20 to 30 
minutes and cooled to 45*0* EDA without herbicide served 
as control. Fifteen ml of non amended (control) or amended 
PDA was poured aseptically into a 9 cm sterile petri dish.
For each treatment three replications were maintained. After 
solidification of the media a 5 mm mycelial disc out out from 
th$ee day old actively growing culture of this fungus in 
PDA was placed at the centre of each test plate and incubated 
under laboratory conditions (28+2*C), The mean diameter of 
radial growth of mycelium of all the test plates were
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recorded from 48 hours after inoculation, periodically at 
2 days, 3 days, 7 days and 14 days interval. She test plates 
were incubated for one month; the growth pattern, colour of 
mycelium in culture, mycelial texture, hyphal characters etc* 
of all the treatments were observed and recorded*

b* Effect of herbicides on the formation and viability of 
sclerotia of Bhizootonia solani«

(i) Number and size of sclerotia formed
She test plates were incubated for one month and 

observed under microscope for perfect state formation or 
sporulation of the mycelium of the various plates amended 
with the different herbicides. The formation and pattern of 
formation of sclerotia in the various treatments were recorded 
fifteen days after inoculation in the amended medium.

The number of sclerotia in those treatments, in which 
there was sclerotial formation, was counted in each test 
plates* The size of sclerotia in each treatment was estimated 
by measuring the diameter of ten sclerotia using a micrometer 
from each test plate and the average size of sclerotia worked 
out and compared with that of control*

(ii) Viability of sclerotia
The sclerotia formed in culture plates under those 

treatments were tested for their ability to germinate* Ten 
sclerotia each i*ere planted in PDA in petri cLishes and
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incubated under laboratory conditions (28+2*0). The germi­
nation was recorded from the third day of incubation and 
percentage germination worked out and recorded.

(iii) Pathogenicity of sclerotia and mycelium
The pathogenicity of the sclerotia or the mycelium of 

the respective treatments was tested by artificial inoculation 
of the sheaths of susceptible rice plant at the tillering 
stage with the sclerotia, in cage they ere formed, or with 
mycelium from treatments with no sclerotial formation, and 
surrounded with moist cotton. The lesions developed on each 
plant was scored for intensity of disease development after 
ten days.
c. Effect of exposure of sclerotia to various oonoentrations 

of herbicides on termination.

Different concentrations of all the herbicides, vis., 
1000, 2000, and 3000 ppm active ingredient were prepared by 
adding appropriate quantity of the stock solution of chemical 
to 10 ml each of sterile distilled water in sterile test tubes. 
Sclerotia x*ere cultured in PDA in petri dishes end 10 
sclerotia of uniform sise from 15 day old culture were 
transferred to each of the test tube, containing the above, 
herbicidal solutions and treated for different periods i.e.,
6, 24 and 48 hours. After treatment for the above periods, 
from each treatment solutions, the sclerotia were removed, 
washed in sterile distilled water and planted in PDA in
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petri dishes and incubated under laboratory conditions# 
Germination of sclerotia was recorded from the third day and 
the percentage of germination worked out and recorded.

III. In vivo effects of herbicides on sheath blight of rice.

A. Pot culture experiment
A pot culture experiment was laid out to study the 

role of sclerotia in initiating sheath blight disease in rice 
and to study the effect of the various herbicides in the 
control of sheath blight. The effect of the herbicides on 
the viability and pathogenicity of sclerotia in soil and 
the effect of these herbicides on soil microflora also were 
assessed.

1 • Desi@as 10 x 4 CRD Variety: Thriven!
2. Replication: 4
3. Treatment: 10

The experiment was laid out in pots of size 22 x 26 cm 
each filled with 12 kg of soil collected from the wetland 
area. The soil was puddled well and wetland condition was 
maintained in the pots as far as possible. NPK © 70:35:35 
was applied as basal dressing. On the next day the pots 
were planted with 20 day old seedlings of variety Thriveni 
at the rate of three, hills at a spacing of 15 x 15 cm. -
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Treatments
Dose per hectare 
(in kg active 
ingredient/ha)

0.7 
1.0

1.5
1.5
1.0

1.25 
1.7
1.25

Water spray 
(Wo herbicide)

Uninoculat ed and xmtreated

Inoculation of pots with solerotia of H. solanl

Uniform sized sclerotia produced in sand maize medium 
were harvested. Ten sclerotia each were loosely packed in 
inrng»ii.n. cloth packets and two packets each were placed two to 
three cm deep in the puddled soil in the same day of trans­
planting in between the transplanted hills! in all the 
pots except in the control and the positions were marked by 
pegs. This is to facilitate their subsequent removal for 
examination. In addition to the above, 1 g of sand maize 
medium containing approximately ten sclerotia were inoculated 
in each pot and mixed thoroughly with the soil in the top

SI,No. Name of herbicide

1. Pluchloralin
2 * 2,4“D. Sodium salt
5* Bentason
4. Benthiocarh
5. Pendimethalin
6. ®ek-.B.25 Nitrofen
7. Propanil
S. Butachlor
9. Control

10. Control
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5 cm. layer. Natural wet land field condition with inter­
mitt ant drying of soil was maintained throughout the experi­
mental period.

A-polication of herbicides
Spray solutions of each herbicide in field concentra­

tion as per treatment were prepared and sprayed in each pot, 
using a hand sprayer on the sixth day of transplanting.
Water in the pots were drained twelve hours before spraying 
and ftgajn irrigated twenty four hours after treatment with 
the herbicides and waterlogged condition was maintained.
The control pots were sprayed with water and identioal 
condition was maintained.

Study of role of sclerotia in soil in initiating sheath 
blight disease in rice plants.

The soil of the pots in all the treatments except those 
of the control were artificially. inoculated with sclerotia 
produoed in the sand maize media. The development of disease 
in inoculated and uninoculated pots was observed and recorded.

Assessment of viability of sclerotia

Sample of sclerotia burbled in the soil in the . 
experimental pot were recovered two weeks after treatment.
Five of them were surface sterilised in 0.1 per cent mercuric 
chloride, washed in three changes of sterile distilled water, 
planted in Peptone Dextrose Rose Bengal Streptomycin Agar 
medium; incubated under laboratory conditions, and germination
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was recorded*
Five of the sclerotia recovered from the pots as 

stated above were used for inoculation on the sheath of 
susceptible paddy plant at the tillering stage and covered 
with moist cotton and incubated under field condition* The 
development of disease was observed and recorded one week 
after inoculation. The intensity of development of disease 
was recorded by scoring the lesion developments as described 
under the field experiment, two weeks after inoculation*

Incidence of sheath blight disease at the tillering stage- 
of the orop
Percentage of infected tillers:- The percentage of infected 
tillers in each pot was estimated by counting the total 
tillers and infected tillers in each pot in all the ten 
treatments*

Intensity of sheath blight disease

Intensity of incidence of disease was also estimated 
from each pot by scoring the disease lesions as per the 
method described under the field experiment and recorded.

B* Field trials
A field trial was conducted to study the effect of 

different doses of few of the common herbicides on the control 
of sheath blight and control of weeds* The experiment was 
laid out in the wet land area of the College of Agriculture, 
Vellayani during the second crop season of 1982* The
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13. Fluchloralin
14. Hinosan at tillering and

0.7
0.600

2.9
1.2

boot leaf stage
15. Hand weeding 20t$ and 40th day of 

transplanting
16. Unweeded control

The seedling* were raised in the nursery following 
the recommendations of the Package of Practices (Anon.f ‘ 1981) •

Experimental field

Twenty five cents (1000 -m) of the experimental
area was well prepared by ploughing and digging. Farm yard 
manure at the rate of 5 t/ha was incorporated uniformly in 
the field at the time of ploughing. The experiment was laid 
out in this field in Eandomised Block Design with sixteen 
treatments and three replications as given in the layout plan 
(Fig. 1).

NFK @ 70 *35 s 35 was given in the form of urea, super­
phosphate and muriate of potash. Half the dose of H and 
full dose of P and K weighed out separately for each plot 
and was given as basal d036 at the time of final prexiaration 
of plots. Twenty day old seedlings were transplanted in 44' 
rows with 30 hills in each row.

Application of herbicides in the field

The plots were drained completely 24 hours before 
application of the herbicides. The different herbicides
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as per •treatments were applied to the respective plots on 
the sixth day of transplanting at the rate of 1 litre of 
spray liquid per plot using a knapsacic, sprayer. Quantity of 
herbicide used for mixing in 1 litre of water was as given 
earlier under the treatments.

Water was let in after twenty four hours of spraying 
of the herbicides.

Estimation of weed growth

Weed growth in each plot was estimated by taking weed 
counts from 60 x 00 cm area starting from one end of the plot, 
excluding two border rows on 20th, 40th and 60th day after 
transplanting and also before harvest. The weeds were pulled 
out and the number of plants belonging to Graminae, Cyperaceae 
and broad leaved weeds were counted separately and recorded. 
The total dry weight of weeds from each plot also recorded.
The meen weed growth in each treatment was compared with 
that of the control plot.

Hand weeding;- Hand weeding was done in one treatment (T-ĵ ) 
on 20th and 40th day of transplanting after taking the weed 
count.
Fungicidal treatment:- In one treatment, T.No. 14tie fungicide 
Hinosan (0-ethyl S,S,diphenyl-dithiophosphate) was sprayed 
at tillering time and boot leaf stage @ 600 ml/ha in 000 1 
of water using knapsack sprayer (High irolume) •
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Top dressing:- Half the doae of nitrogen wag given as. 
top dressing at the panicle initiation stage (50 days of 
age) in the form of ■urea.

An insecticidal prophylactic spray with carbary 1 50 
per cent at the rate of 2.5 kg in 500 1 of water/ha was 
given at the panicle initiation stage and at the boot leaf 
stage.

The date of flowering of the crop was recorded.

Assessment of sheath blight incidence;

Observations on incidence and intensity of sheath 
blight disease was recorded 16 days before harvest.

Disease incidence was estimated by observing twenty 
hills from the third hill on the seventh, eleventh, fifteenth 
and nineteenth row in each plot and percentage of infected; 
hills calculated, recorded and statistically analysed.

The intensity of disease was assessed by scoring pll 
the infected hills from the selected eighty hills, based 
on the standard evaluation system for rice disease (Anon., 
1976 a).

Description
Grade
1. lesions limited to lower 25 per cent of leaf sheath
3« lesions present on lower 50 per cent of the leafsheath
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5 * Lesions present on more than 50 per cent of leaf sheath
7. lesions present on more than 75 per cent of leaf

sheaths, severe infection on lower leaves and slight 
infection on upper leaves (Flag and second leaf)

9» lesions reaching top of tillers, severe infection on
all leaves.
Disease index was calculated hased on the following 

formula and statistically analysed.

  Total numerical ratings x 100________
Total number of" hills observed x Maximum score

Observations at the time of harvest

Total number of productive tillers, number of white 
ears (stem borer infestation) and sheath rot infected tillers 
were also assessed at the time of harvest from half a square 
metre area (40 hills).

Yield estimation

An area of 0.9 a x 3 i in each plot on one side was 
measured separately for observation of weed growth. Exdept 
this area the plots were harvested on 30-1-1983 (102 days 
duration) • Two rows on alJ. the other three sides were also 
left out as border effect, the net area being 5.4 m x 2.6 m; 
harvested and threshed. Grain and straw yield per hectare 
were estimated separately and the data statistically 
analysed. The average grain and straw yield of each treat­
ment was worked out and recorded.
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IV. a. (1) Estimation of soil microflora before spraying in 
m e  pot culture. ^ — --

Soil samples were collected randomly from each pot 
one day after transplanting thoroughly mixed and nine samples 
each of ten g dry weight equivalent was used for estimation 
of soil microflora. The total count of fungi, bacteria and 
actinomycetes were estimated following the procedure of 
serial dilution ̂ĵ la-te technique (Johnson nnfl Curl, 1972).

Separate media were used for estimation of fungi, 
bacteria and actinomycetes. They were, Martins Bagtonc 
Dextrose Agar wiifcfeRose bengal aa*A- streptomycin, Soil ExtractA ’
Agar Medium and Kuster's medium respectively for fungi,
bacteria and actinomycetes. Prom the soil dilutions prepared 
“310 dilutions were used for Fungi, and 10 3 dilutions for 

bacteria and actinomycetes.
One ml of the dilution was transferred to sterile 

petri dish using a sterile one ml pipette. The plate was 
rotated gently so as to get a uniform spread of the dilution 
in the plate. The medium melted and cooled to about 45*0 
and 15 ml poured into the petri dish and rotated to get on 
even spread of the inoculum in the medium. The dilutions, 
were plated in triplicate for each soil sample for each group 
of microorganism and incubated at room temperature. Counts 
of fungal colonies were taken on the fourth day and for 
bacteria and actinomycetes after seven days and fourteen days 
respectively. The number of colonies were counted per ml
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of 10 ' dilution for fungi and 10 dilution for bacteria and 
actinomycetes. Their population was expressed per one gran 
dry weight equivalent of soil.

il* Estimation of soil mlcroflora one week after spraying

Soil samples were collected randomly from each pot 
mixed well and representative samples were drawn from each 
treatment seven days after spraying and estimation of soil 
microflora was done from soil samples and expressed as number 
of colonies per gram of soil on diy weight basis. The total 
count of fungi, bacteria and actinomycetes were recorded from 
each treatment and compared with that of control. The method 
of estimation has been described elsewhere.

b. i) Estimation of soil mlcroflora before spraying of 
herbicides in •toe"field trial.

Soil samples upto a depth of 7*5 cm were collected 
randomly from each replication thoroughly mixed and repre­
sentative samples from composite soils were drawn to estimate 
the soil microflora at the rate of two samples from each 
replication. The total count of fungi, bacteria and actino­
mycetes were estimated following the procedure of serial 
dilution plate technique (Johnson and Curl, 1972). The number
of colonies *Jere counted per ml of 10 dilution for fungi 

-5and 10 dilution for bacteria and actinomycetes.
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li) Estimation of soil microflora thirty days after applica­tion of herbicideŝ  ' ■

Random samples of soil were collected from different 
parts in each, plot upto a depth, of 7,5 cm mixed thoroughly 
and representative samples taken from all the treatments from 
two replications and estimated the fungal, bacterial'. and 
actinonycetes population, data tabulated and statistically 
analysed,

V* Studies on microorganisms antagonistic to R, solanl.

- Isolation of microorganisms were made from the
sclerotia recovered from soil ana from the soil dilution 
plates used for estimation of soil microflora,

The fungi were tested for their antagonism towards 
R, solanl by the method adopted by Mathur and Sarbhoy (1973),
A single sclerotium of R. solanl was kept in the centre of 
each sterile petri dish containing 15 ml of sterilised PDA. 
Five mm mycelial discs cut from fifteen day old culture of 
the test fungus were placed at four different places in the 
petri dish. Four replications were maintained for each 
treatment, Petri plates inoculated with R, aolani alone 
served a s  control and incubated under laboratory conditions. 
Growth of R. solani was recorded five days after inoculation. 
Percentage inhibition was calculated using the formula

Inhibition = 100 x (Growth in control - Growth in treated
plates)
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The bacterial colonies obtained from the petri plate3 
inoculated with sclerotia recovered from soil were isolated 
and purified. They were tested to determine their antagonism 
to R. solani by culturing the bacteria and R. solani in a 
single pet#i dish and observing for their antagonistic 
effect (Anon., 1978).
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RESULTS

The fungus Rhisoctonia solani (Kuhn) for the study was 
isolated from the sheaths of naturally infected rice plants; 
collected from the rice fields attached to the Instructional 
Farm of the College of Agriculture* Vellayani and purified*
The pathogenicity of the isolate was confirmed following Koch’s 
postulates •

(ii) Morphology of the pathogen

The morphological characters of the pathogen was studied 
in detail. The salient features are summarised in Table 2.

Table 2, Morphological features of Rhlgoctonia solani 
isolated from rice.

I. (i). Isolation of the pathogen

SliWo. Characters Range Average

1. Hyphal thickness 6.69 to I0.83yim 8.76 yum
2. Number of sclerotia 

formed
78 to 185 131*

3. Siae of Macrosclerotia
Length 856 to 2568yam 1844.6 yum
Breadth 684*8 to 2396yam 1514.9 yam

♦Number of sclerotia formed in petri dishes of 90 mm 
diameter, 16 days after inoculation.
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The results of the in vitro studies on the effects of 
the various herbicides In different concentrations on 
Bhigoctonia solanl are given in Table 3 to 6.

The herbicides used were Pluohlorolins Bentaaon, 
Benthiocarb, Prop anil, Eutachlor, Pendimethalin, Uitrofen, ends 
2,4-D Sodium salt as listed out under Materials and Methods 
(Table No.1).

(a) Effects on radial growth

The measurements of radial growth of B. solani taken 
60 hours and 120 hours after inoculation of media containing 
different concentrations of the herbicide ore given in Table 3 • 

The results of statistical analysis of data after j’̂x+T* 
transformations for 60 and 120 hours are also presented in 
Table 4 and 5 respectively*

The different herbicides behaved differently in inhibiting 
the radial growth at 60 hours (Pig.2) and 120 hours (Big.3) 
after inoculation*

There was significant effect in arresting the radial 
growth of the fungus by the different herbicidal applications. 
Propanil was found to be the most effective in checking the 
growth. In the case of Butachlor the radial growth was 
significantly low in the initial stages, but on prolonged 
exposure the fungus could make satisfactory growth; especially 
in loiter concentrations. On the overall effect, Propanil was.

II* In vitro effects of Herbicides on Bhigoctonla aolani
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Table 3 • Effect of herbicides on radial growth of Rhisoctonia solani 60 end 120 hours after
inoculation (Mean value in mm) .

Concentration in ppm
SI
No

*

. Herbicides 25
60 120

50 
60 120

125 
60 120

250 
60 120

500
60 120

1000 
60 120

2000 
60 120

Control
60

\

1. Pluchloralin 34,6 90,0 29,6 30.0 23,6 90,0 00,0 61,0 00,0 53,0 90
2. Beotazon * 90.0 90.0 90,0 90,0 86,6 90,0 86.6 9.0.O 77,7 90,0 90
3, Benthiocarb 19,3 74,0 9,6 37,3 3,3 12,6 3,3 9,0 0,0 0,0 9°
4. Propanil 21.6 78.3 1.6 43.3 0.0 0.0 0,0 0,0 0,0 . 0,0 0,0 0,0 0,0. 0,0 90
5, Butachlor 17,3 34,3 0,0 50,3 0,0 44,3 0,0 11,6 0,0 0,0. ?°
6, Bandimethalin 22,3 90,0 18,3 90,0 14,0 76,6 0,6 16,0 0,0 0,0 90
7, Nitrofen 38,6 90,0 29,6 64,0 19,0 40,3 0,6 2,0 0,0 0,0 99
8. 2,4-D Sodium 

salt. •
■

84.3 90.0 69.6 90.0 39.3 90.0 30.3 90.0 2 3.3 90.0 90

c/io
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Sable 4, Effect of herbicides on radial growth of Bhiaoetonia solanl <60 hours) after
■ transformation (Mean value)

31.
Me. Herbicides 25

Concentration in ppm 

50 125 250 500 1000 2000 Control

Meanfor
herbi­
cide Each

1. Pluchloralin
N

- 5.960 5.537 4.966 1,000 1.000 9.539 4,668 5
2. Bentaaon - M 9.539 9.539 9.362 9.326 8.865 9.361 8

3. Benthiocarb M - 4.503 3.260 3.210 2.060 1.000 - 3,928 3

9-. Propanil 4.752 1.626 1.000 1.000 1.000 - - 3,152 2

5 * Butachlor - 4-280 1.000 1.000 1.000 1,000 - 2.962 1

6. Pendimethalin ■» - 4.825 4.390 3.654 1.276 1,000 4,147 4

7, Mitrofen - - 6.297 5.537 4.468 1.275 1 ,000 -■ 4*686 6

8. 2t4-P Sodium salt — — 9.236 8.405 6.338 5.570 4.932
" .

7.338 7

C.D. for comparison between herbicides - 0 .1 9

.. levels within herbicide = 0-33;



Table 5* Radial growth of Rhlgootonia solani (120 hours) after ̂Tx+T transformation (Mean value)

SI.
Ho. Herbicides 25 50 ’ 125 250 500 1000 2000

Mean for 
herbi­
cides Rank Control

1. Pluchloralin • < - 9.53 9.53 9,53 7.79 7,34 8,87 6 9.53
2, Bentazon - - 9.53 9.53 9,53 9,53 9.53 9.53 7 9,53
3. Benthiocarb - — 8.63 7,62 3,65 3.08 1w00 5,58 2 9.53
4. Propanil 8.42 6.52 1.00 1,00 1,00 - 4,6? 1 9.53
5 . Butachlor • - 7.43 7/16 6.73 3,54 1,00 5.89 3 9.53
6. Pendimethalin - - 9.53 9.53 8.79 3,51 1.00 7,08 5 9,53
7. Nitrofen - - 9,53 8.05 6.42 1.73 1,00 6,04 4 9,53
8. 2,4-D Sodium salt — — 9.53 9.53 9.53 9.53 9.53 9.53 8 9.53

C.B. for comparison between herbicides
levels within herbicidet *

= 0,81 
= 1.90

ui



Plate No.1

Effect of different concentrations of Pluchloralin 
on radial growth of R. soleni 60 hours after 
inoculation.

Concentrations in waa

1. 250
2, 500
3. 1000
4. 2000

C Control





Plate Ho.2

Effect of different concentrations of Bentazon radial growth of R. solani after 60 hours of 
inoculation. •

Concentrations in d m

1. 250
2. 500
5. 1000
4. 2000

C Control
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followed by Beathiocarb; Butachlor and Nitrofen on prolonged 
exposure in inhibiting the radial growth. Bant as on and 2*4*® 
Sodium salt were ineffective in inhibiting the radial growth 
of the test fungus. The growth characters of the fungus was 
significantly different in the various herbicides tested which 
are briefly summarised as follows:-

1• Fluchloralin

Initially there was complete inhibition of growth at 
1000 ppa and 2000 ppm. There was significant reduction of 
radial growth at lower concentrations compared to control. But 
the organism could overcome the inhibitory effect of the 
herbicides and grow when incubated for longer periods, in all 
the concentrations tested. After 120 hours of incubation 
except at 1000 ppm and 2000 ppm coneentratieras, the mycelial 
growth completely covered the 90 mm petri dish. There was 
aerial growth of brown discoloured mycelium reaching the lids; 
with clear concentric zonations at the lower concentrations 
of this herbicide used viz.f 125 and 250 ppm. At higher 
concentrations also increased radial growth was noticed, but 
the brown discoloured mycelium was thin and growing on the 
surface of the medium only.

2. Bentazon
Ho significant reduction of radial growth was noticed 

in any of the concentrations tested. In the higher concentra­
tions initially there was seme retardation in growth. The



Plate No. 3.

Effect of different concentrations of Benthiocarb on
radial growth of E. solani 60 hours after inoculation.

Concentrations in nm

1. 125
2. 250
3« 500
4. 1000
5- 2000

C Control





Plate 'Mo.4.

Effect of different concentrations of Propanil on '
radial growth of R» solani 60 hours after inoculations

Concentrations in " p m

1. 125
2. 250
5. 500
4. 1000
5. 2000

C Control
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fluffy aerial mycelial growth, reached the lids and covered the 
dish completely irrespective of the concentrations.

3. Benthiocoxb

This herbicide had significant inhibitory effect on the 
radial growth of the fungus even at the lowest concentration, of 
125 ppm. The increase in radial growth after prolonged period 
of incubation i.e., 120 hours was also less as compared to other 
treatments particularly in the higher concentrations. The petri 
dishes were subjected to prolonged observations and no growth 
was noticed at 2000 ppm even after one month. The mycelial 
growth observed also was scanty and white in colour.

4. Prouanil

There was complete inhibition of mycelial growth in 
nil the concentrations tested upto the lowest via., 125 ppm. 
Hence, still lower concentrations also were tested. There was 
only very slight mycelial growth at 50 ppm and there was 
reduction of radial growth at 25 ppm, compared to control 
after 60 hours of incubation. At 120 hours of incubation at 
the lower concentration used, there was radial growth, but the 
mycelial development was very scanty.

5 • Butachlor

Reduction in radial growth in all the concentrations, 
tested was noticed. Very scanty mycelial development was 
observed at 120 hours of incubation, though the radial growth 
was increased.



Plate Ho.5.

Effect of different concentrations of Butachlor on
radial growth of R. BOlanl — 60 hours after inoculatior

Concentrations in pm

1. 125
2. 250
3. 500
4. 1000
5. 2000

C Control





Plate No.6

Effect of different concentrations of Pendimethalin 
on radial growth of R. solani - 60 hours after 
inoculation.

C one en.trati one in PTxa

1. 125
2. 250
3. 500
4. 1000
5. 2000

C Control





Plate No.7

Effect of different concentrations of Nitrofen on radialgrowth of R. solanl - 60 hours after inoculation.

Concentrations in ppm

1. 125
2. 250
3. 500
4. 1000
5. 2000
c.

tControl
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6. Bendimethalin
Ag compared to control, there wag significant ixihibition 

of radial growth in all the concentrations tested. However, 
after 120 hours of incubation there was good radial growth at 
the lower concentrations tested, via,, 125 and 250 ppm. There 
was no growth at 2000 ppm even after 120 hours of incubation.

7. Mitrofen
, - i

This herbicide also showed significant inhibition o:f 
radial growth of Ehizoctonia solani in all the concentrations 
tested. After 120 hours of incubation, there was increase, in

»

radial growth except at 2000 ppm, where there was complete 
lysis of the mycelium.

8. 2.4~I> sodium salt
An initial lag growth phase was noticed in all the 

concentrations tested, with decrease in radial growth with 
increasing concentrations; as compared to control. But there; 
was a sudden increase in growth more vigorous than control 
with the formation of large number of white sclerotial 
primordia in all the concentrations tested; after three days: 
of incubation.
(b) (i) Effect of herbicides on formation and viability of 

sclerotia by Bhizoctonia solani

(a) Effect of herbicides on number of sclerotia
The effect of the various herbicides in different
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cone entrati ons in culture media on the fomnati on of sclerotia 
was estimated by counting the number of sclerotia formed in 
each treatment and presented in Table 6*

It can be seen from the table that, Benthiocarb, Butachlor 
and Nitrofen were equally effective in inhibiting the formation 
of sclerotia even at a very low concentration of 125 ppm* In 
the case of Propanil which was tested at 25 and 50 ppm there 
was poor development of sclerotia at these concentrations also. 
Bentaaon and 2,4-D Sodium salt were ineffective in inhibiting 
the formation of sclerotia. On the other hand, Bent as on 
exerted stimulatory effect and enhanced the number of sclerotia 
formed.

Even in case of herbicides which have not completely 
inhibited the cformation of sclerotia, the various concentra­
tions exerted varying influences.

1. ffluohloralin

After fifteen days of growth, in the lower ccnc out ra­
tions of 125 pm  and 250 ppm few micro sclerotia were formed on 
the aerial mycelial growth. At the higher cone entrati on of 
500 ppm, a ring of sclerotial mass in the form of black 
encrustations was noted, and no sclerotial formation was 
observed in the still higher concentrations.

2. Ben tag on
After three days of incubation, large number of white



Table 6» E^ect of herbicides on formation of sclerotia by Rhlgoctonia solani (Mean number of 
sclerotia per 90 mm petri dish) ( J~x+1 transformed values in paranthesis)

Concentration in ppm
Si.
No. Herbicide 25 50 125 250 500 1000 2000 Mean for 

herbicide Ranlc
1, Fluchloralin - - 24.6

(5.05)
22.0
(4.79)

9.0
(3.11)

0.0
(1.00)

0.0 
(1.00) 11.1

(2.993) 4
2. Bentason — 52.3

(7.29) 85.3(9.20) 96.3(9.85) 123.3
(11.14)

129-0
(11.39) 97.24(9*778) 7

3. Benthiocarb — — 0.0
d*oo)

0.0
(1.00)

0.0
(1.00)

0.0
(1.00) 0.0(1.00). 0.0

(1*00)
1

4. Propanil 14.0
(3.78)

5-0
(2.42)

0.0
(1*00)

0.0
(1*00)

0.0 
(1*00)

- - 3.8
(1.814) 3

5. Butachlor 0.0
(1*00)

0.0
(1*00)

0.0 
(1 .00)

0.0
d*oo)

0.0
(1*00)

0.0 
(1 .00)

1
6. Pendimethalin a 2.3(2*02) 0.3(1.40)

0.0
(1.00)

0.0 
(1 *00)

0.0
(1*00)

0.52 
(1.00)

2
7. Nitrofen ** - 0.0

(1.00) 0.0
(1.00)

0.0
(1.00) 0.0(1.00) 0.0(1.00) 0.0 

(1.00)
1

8. 294-B Sodium salt - - 74.0
(8.68) 76.3(8.78) 102.3(10.12) 110.0(10.52) 79.6

(8.97) 88.4 ■ (9.411) 5
9. Control <b âi-o

(9.56)
' ‘

91.0(9.56)

C.D. for comparison between herbicides = 0,71
t t  99 levels within herbicide » 1.60 C/l

. “vl



Plate No.8

Effect of different coneentratione of 2,4-D Sodium salt
on radial growth of R, solani — 60 hours after inoculation.

Concentrations in -pTan

1. 250
2. 500
3. 1000
4. 2000
C. Control

Plate TJo.9.

Effect of 2,4-B on R. solani - 15 days after 
inoculation.

Concentration in ram

1. 250
2. 500
3. 1000
4. 2000
c. Control
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sclerotial primprdia and brown sclerotia were formed* The 
number of sclerotia formed after fifteen days of incubation 
are presented in Table 6.

3. Pendimethalin

Only four scleirotia were formed per dish in the lowest 
concentrations after twenty days of incubation.

4. 2.4—D sodium salt

Three days after inoculation, large number of white 
sclerotial primordia were noticed, which soon developed into 
fully formed sclerotia. Even after fifteen days, there were

I-1
increased growth and continuous formation of white sclerotial 
primordia.

(i) (b) Effect of herbicides on size of sclerotia

The herbicides exerted influences not only on the 
number of sclerotial formation, but on the size of the same 
also. The average size of sclerotia formed in the different 
treatments are furnished in Table 7.

The differences in size of the sclerotia found in 
different treatments were significant. Sclerotia were smallest' 
in treatment with Eluchloralin which was significantly lower 
than those in the control. 2,4—D sodium salt increased the 
size of sclerotia significantly than all the other herbicides, 
tested. The different concentrations also exerted significant 
effect on the size of the sclerotia.



Inhibition of radial growth of R. solani by different
herbicides

Plate No. 10. Concentration in pm

1 2 3
A. Fluchloralin 500 750 1000
B. Benthiocarb 1 9 »» »1
C. Pendiraethalin • » • • • >
0 Control

Plate No.11.

A. Nitrofen 
B ♦ Butachlor 
D. Propsnil
C. Control

Concentration in ppm

1 2 3

500 750 1000
125 250 500
25 50 125





Table 7 • Effect of herbicides on size of sclerotia (Mean diameter in mm ( ̂ fx*T transformation 
value in paranthesis) .

SI. Hame of herbicides (Concentration in ppm)Ho. 125 250 500 1000 2000 Mean for 
herbici­
des

Rank

1 . FTuchloralin 1.033 
(1,413V

0.923
(1.385)

2.680
(1.919)

0.0 
(1,00)

-0.0
£1,00)...

0.921
(1,3437)

1

2. Bentazon 1.607(1.614)
1̂ 640
(1.658)

1.760
(1,660) 1.933 (1,712)

1.692
(1.640)

1.726 
(1,6504V 3

3. 2,4-B Sodium salt 1.722
(1.649)

1.837(1.684)
1.870
(1.693)

1.942
(1.714)

2.295
(1,815;

1.933
(1.711)

4

4. Control 1.623
(1.619)

1.623
(1.619)

2 -

C.D. for comparison between herbicides = 0,040
C.D. for comparison between levels
within herbicides *= 0.090
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(ii) liability of sclerotia -produced In the herbicide 
amended media
The viability of sclerotia formed in all the treatments; 

was tested by observing their capacity to germinates as 
detailed under Materials and Methods. The results as percen­
tage germination of sclerotia are presented in Table 8.

Table 8. Germination of sclerotia (percentage)

SI.
Ho.

Concentration in ppm
Herbicides 25 50 125 250 500 1000 2000

1. Pluchloralin - - 100 100 100 - -
2. Bentazon - - 100 100 100 100 100
3. Benthiocarb - - - - - -
4. Propanil 100 100 - - - wtm -

5. Butachlor - - - - - “ -
6. Pendimethalin - - 100 - - w

7 • Witrofen - - - - - mm

8. 2,4-3)
sodium salt - - 100 100 100 100 100

9* Control - 100 100 100 100 100 100

Results presented in Tahle 8 clearly show- that wherever, 
there is sclerotial formation tjh8y are viable. .

(iii) Pathogenicity of sclerotia or mycelium from the 
herbi eld e  Ismend ed culture media
The reaction of sheath inoculation of susceptible .



paddy plants with sclerotia (wherever they are formed) or . 
mycelium in.culture amended with 1000 ppm of the herbicides 
(where no sclerotia formed) are presented in Table 9. In the 
case of propanil the test was carried out with nvjrcelial growth 
taken, from dishes containing 50 ppm test material.

Table 9. Pathogenicity of sclerotia or mycelium from 
herbicide amended media

si.
No. Name of herbicide

C oncentrati on 
of herbicides 

(ppm)
Reaction

1. Pluchloralin 1000 +ve
2. Bentazon 1000 t t

#■*> Bentliiocarb 1000 * >
4. Propanil 50 »*
5. Butachlor 1000 »»
6. Pendimethalin 1000 »•
7. Nitrofen 1000 • >
8* 2,4-P sodium salt 1000 • •
9. Control

,

In all cases the results were positive, since the test plants 
have taken up infection.

Though the test plates were incubated for long periods; 
and observed the û yceip.um under the microscope, no perfect 
state of the fungus could be observed in the test plates.
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(o) In vitro effects of varying periods of exposure of 
sclerotia to herbicides, on germination

The germination of ten sclerotia treated with 1000 ppm, 
2000 ppm, 3000 ppm for different periods of 6 hours, 24 hours- 
and 48 hours with each of the herbicides was tested by planting 
in PDA plates and the results are furnished in Table 10.

It has been observed that the germination of the 
sclerotia exposed to 2000 and 3000 ppm of propanil, even for 
a short period of 6 hours, could be inhibited completely. The 
lower concentration of 1000 ppm were also effective when 
exposed for prolonged periods. Benthiocarb 2000 ppm and 
3000 ppm when treated, for 48 hours could also inhibit germina­
tion of sclerotia of Bhizoctonia solani .•

It has been particularly observed that the sclerotia, 
when treated with Bentazon 3000 ppm for 48 hours, found to 
germinate within the treatment medium itself. In other 
treatments of Bentazon, the sclerotia germinated well on the 
next day itself, after planting in PDA plates and thus Bentazon 
is found to enhance the germination of sclerotia.

Ill. In vivo effects of herbicides on sheath blî it of rice

A. Pot culture experiment
A pot culture experiment was conducted to study the 

in vivo effects of the herbicides on the control of sheath 
blight disease of rice, on the germination and pathogenicity 
of sclerotia, and to study their effects on soil microflora
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Table 10. In vitro effects of herb! oldal treatment on 

sclerotial germination

SI. Name and concentration of Percentage of sclerotia
Wo. herbicides (cone, in ppm) germinated from treatments,

of varying duration
6 hr 24 hr 48 hr

1. Pluchloralin 1000 80 30 20
2000 70 20 10
3000 80 20 10

2. Bentason 1000 100 100 100
2000 80 90 80
3000 100 100 100

3. Benthiooarb 1000 . 90 80 100
2000 80 50 10
3000 100 20 0

4. Propanil 1000 40 0 0
2000 0 0 0
3000 0 C 0

5. Butachlor 1000 90 80 50
2000 80 60 60
3000 70 80 80

6. Pendimethalin 1000 100 SO 100
2000 80 70 80
3000 80 80 70

7 * Nitrofen 1000 100 80 50
2000 80 80 10

. , 3000 50 80 10
8. 2,4-P 1000 70 90 80

2000 70 100 80
3000 60 70 80

9. Control 100 90 100(Untreated)



Infection of Rice Plant by R. solan!

A. Rice Plant from soil inoculated pot

B. Rice Plant from, uninoculated pot

Plate Ho.12.
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tinder wet land conditions.

(i) Infection of rice plants "by E. solani

Infection of the rice plants was noticed from the fifth 
day of transplanting i.e.* from the fifth day of inoculation 
of the fungus sclerotia in the soil in pots. Infection was 
first noticed on the lower leaves which touched the water, 
surface and the soil and later on the lower sheaths which 
covered the stem. Plants in uninoculated pots showed no 
infection.

(ii) Effect of soil application of herbicides on viability 
of sclerotia in the soil '

Sen sclerotia were recovered from soil from each treat­
ment fourteen days after spraying of the herbicide in the pots 
and germination of five of them were tested by planting in 
Peptone, Dextrose Hose Bengal Streptomycin Agar medium after 
surface sterilisation in 0.1 per cent mercuric chloride 
solution for one minute and incubation under laboratory 
condition. Germination of sclerotia was observed after 24  

hours for four days and data were statistically analysed 
after angular transformation. T h e results are presented in 
5able 11.
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Table 11. Viability of sclerotia recovered from pots 
treated with different herbicides

SI.
Ko. Name of herbicide

Mean germination 
percentage - 15 days 
after spraying

1. Pluchloralin 60.64

2. 2,4-D Sodium salt 63,80

3. Bentazon , 70.44

4. Benthiocarb 60.64

5. Pendimethalin 65.47

6. Nitrofen 52.33

7. Propanil 52.49
8. Butachlor 54.00

9. Control 80.78

C.D. for comparison of treatment means = 12.61

Nitrofen, Propanil* Butachlor, Pluchloralin, Benthiocarb

2,4—D* Pendimethalin, Bentazon, Control
There is significant difference in the percentage 

germination of sclerotia recovered from soil from different 
treatments. Among the different treatments maximum percentage 
of germination was in the control plots followed by Bentazan
and Pendimethalin.

Germination of sclerotia was least. in ttitrofen followed 
by Propanil, Butachlor, Benthiocarb and 2,4-3) which are on par.
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(iii) Pathogenicity o£ sclerotia recovered from soil 
14 daya after spraying

The sclerotia recovered from soil were inoculated on 
the sheath of susceptible paddy plants and the pathogenicity 
recorded after one week based on development of lesions and 
the results are given in the Table 12.

•i .

Table 12. Efficiency of sclerotia recovered from treated 
pots in initiating sheath blight

SI,
Ho

• Herbicide
•

Pathogenicity Intensity of lesion 
. according to 0-9 
scale

El Eli Bill EIV EL ELI Kill HIV Mean

1. Pluchloralin +ve +ve +ve -ve 3 3 5 0 2.75
2. 2,4-D Sodium 

salt
+ve +ve +ve +ve 3 3 5 3 3.50

3. Bentas on +ve +ve +ve +ve 3 1 7 3 3.50
4* Benthiocarb +ve +ve +ve +ve 3 3 3 3 3.00

Pendimethalin +ve +ve +ve +ve 3 & 3 3 4*66
6. Hitrofen +ve +ve -ve -ve 1 1 0 0 0.50
7> Propanil -ve +ve -ve -ve 0 1 0 1 0.50
8. Butachlor +ve +ve -ve +ve 1 3 0 1 1.25
9. Control +ve +ve +ve +ve 3 3 5 3 3.50

The sclerotia recovered from soil which received the 
various treatments, on artificial inoculation of rice plants; 
showed that they all retained the pathogenicity. However, 
there vrere differences noted in the intensity of attack as; 
evidenced by the differences in the disease score of each
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treatment • Sclerotia recovered from plots which received 
Nitrofsn (Pok 3*25)* Propanil and Butachlor* even though 
found to he infective, resulted only in mild symptoms on leaf 
sheath.

(iv) • Percentage of -infection

The per cent tiller infection was estimated by counting 
total number of tillers and the infected tillers, at the late 
tillering stage, i.e. at 60 days of age of the plants. The 
data were analysed after angular transformation. All the 
tillers in the treatment pots were examined for sheath blight 
incidence and the percentage of incidence and intensity were: 
scored, recorded and presented in Table 15.

Table 15. Effect of various herbicides on the .sheath blight
incidence and intensity under pot culture experiment

SI. Name of herbicide Per cent  Mean_____No. - Tiller Panic Intensity Hank
infection

1. Pluchloralin 37.74 5 17.12 4
2 * 2,4-D Sodium salt 47.42 7 58.10 9
3. Bentazon 25.25 1 6.80 2
4. Benthiocarb 59.55 6 17*90 6
5. Pendimethalin 56.75 9 57.70 8
6. Nitrofen 37.15 4 9.10 3
7. Propanil 28.86 2 6.20 1
8. Butachlor , 55*67 3 17.40 5
9* Control 54.92 8 55.10 7
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G.D. for comparison for treatment means
(for incidence) 12.30

C ,D. for comparison for treatment means
( for intensity) ‘M S

a) Per cent tiller infection Pig. 4 a
Plants in Bentazon treated pots showed the least 

per cent tiller infection followed by Propanil, Butachlor 
pyiri Nitrofen which are on par. In 2,4—P Sodium salt and 
Pendimethalin treated pots there are increase in per cent 
hill infection.
b) Disease intensity Fig. 4 b

Propanil is found mpst effective in,reducing the 
intensity of sheath blight, followed by Bentazon and Nitrofen 
which are found equally effective. Pendimethalin and 2,4-P 
Sodium salt are found to increase the intensity of sheath 
blight. However, statistically they arc on par with control.

B. Effect of herbicides on control of sheath blight disease - 
Field trial ~

The per cent hill infection and the average disease 
intensity calculated for the different treatments are 
tabulated and presented in fable 14*

The different herbicides had varying effects on sheath 
blight of rice. Maximum control was obtained by Hinosan 
spraying at tillering and boot leaf stage and it is signi­
ficantly superior to all other treatments. This is followed 
by Nitrofen 1.75 kg ai/ha end 1.5 kg ai/ha and the treatments
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Table 14. Effect of various herbicides on the control of 
sheath blight of rice

Treat- Mean per cent Mean disease
ment bill infection intensity
Mo. Treatments (kg ai/ha) after angulartransformation Hank Index Rank

1 . Tok E.25 (Mitrofen)
1.25 41.24 9 14.25 7

2* s i 1.50 32.95 3 4.57 1

3. » . 1.75 30.20 2 5.53 2

4* Bentazon 1*25 34.S8 5 9.16 4
5* *» 1.50 46,08 14 17.38 10

8* 1.75 45,74 13 11.75 6

7. Benthiocarb 1*50 34*68 4 9.85 5
S. » . 1.75 37.16 8 15.50 9
9. * * 2*00 42*58 10 18.79 11

1 0. P enciime thalin 1.00 54.40 15 21.24 14
1 1. », 1*25 36.67 7 21.90 15

12. ,» 1.50 44.24 12 19.20 12

13. Pluchloralin 0.700 36.25 6 14-53 8

14. Hinosan 600 ml/ha 21.44 1 7.03 3
15. Hand weeding 43.56 11 19.90 13
1 6. Control 60.12 16 43.20 16

C.D. for comparison of treatment means for
per cent hill infection 0.85

Ranking T£, 3, 2,7 ,4,13, iT, 8; V V ^ ,  1~2,6Y5 T 6 7 &

C.P. for comparison of treatment mean for disease index = 6.302

Ranking 5/3 ,TK A ? t \ 5.1,13.8,5,9^7*5; WHTTB'
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Benthiocarb 1.5 , kg ai/ha, Bentazon 1.25 kg ai/ha, Pluchloralln, 
Pendimethalin 1.25 kg ai/ha and Benthiocarb 1.75 kg ai/ha are' 
found equally effective. Pendimethalin (Stomp) 1.00 kg ai/ha, 
was on par with control in respect of hill infection.

With regard to the intensity of attack Nitrofen 
(Tok E.25) 1.5 kg ai/ha is found to be the most effective in 
reducing the intensity of attack followed by Nitrofen (Tok E.25) 
at the rate of 1.75 kg ai/ha; Hinosan, Bentazon 1.25 kg ai/ha 
and Benthiocarb 1,5 kg ai/ha which were on par with Nitrofen 
(Tok E.25) at 1.5 kg ai/ha. Pendimethalin 1.00 kg ai/ha and 
1.25 kg ai/ha were on par with control. .

Effect of various herbicides on grain and straw yield

The mean grain end straw yield are tabulated and 
presented in Table 15. Statistical analysis of data on grain 
yield revealed that the effects due to treatments are signi­
ficant at 1$ level. The maximum average grain yield was 
recorded by hand weeding followed by Hinosan, Pluchloralin, 
Pendimethalin and Benthiocarb 1.5 kg ai/ha which were on par. 
Grain, yield was least in Nitrofen (Tok E.25) 1.75 kg ai/ha 
and was found significantly inferior to all other treatments 
except Benthiocarb 1.5 kg ai/ha, Nitrofen (Tok E.25) 1.5 kg 
ai/ha, Control and Bentazon 1.5 kg ai/ha which were on par.

. There was no significant effect of treatments on straw 
yield. However, maximum straw yield was recorded by 
Pluchloralin followed by Benthiocarb 1.5 kg ai/ha and



Table 15• Effect of various herbicides on the grain and straw yield of rice

SI. Treatments (kg ai/ha) Ho. Average 
grain yield 
in kg/plot

Hank Grain yield 
in kg/ha

Average 
straw yield 
in kg/plot

Straw yield 
in kg/ha

1• Hitrofen 
(Tok E.25)

1.25 4.48 7 3197.93 8.97 6395.8

2. ,, . 1.50 3.97 13 2828.65 9.33 6646.9
3. ,, 1.75 3.24 16 2311*66 6.90 4918.7
4* Bentazon 1.25 4.52 6 3220.08 10.16 7236.4
3. ,, 1.50 3.76 15 2680.94 9.43 6720.8
6. ,, 1.75 4.20 11 2991.45 10.01 7134.4
7. Benthiocarb 1.50 4.62 5 3290.59 11.77 3389.9
8. ,, 1.75 3.97 12 2828.65 9.08 6469.7
9 • ,, 2.00 4.35 10 3101.94 9.64 6868.5
10. Pendimethalin 1.00 4.72 4 3367.79 8.61 6132.4
1 1. ,, 1*25 4.38 9 3124.07 10.16 7237.8
12 * , , 1.50 4.48 8 3197.93 10.50 7481.5
1 5. Pluchloralln 700 g 4.78 3 3404^72 12.99 9254*0
14* Hinosan 600 ml/ha 5 .11 2 3641.06 9.43 6720.8

15. Hand weeding 5*39 1 3839.03 9.05 6447*5
16. Control 3.94 14 2806.49 10.19 7259.9

C.D. for comparison of grain yield = 0 .76

Grain yield T* 15, 14, 13, 10, 7, 4. 1. 12. 11. 9. b. 8. 2. 45. 5, 5
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Pendimethalin 1.5 kg ai/ha. She straw yield was least in 
Nitrofen (Tok E.25) 1.75 kg ai/ha and Pendimethalin 1.00 kg 
ai/ha.

Effect on weed growth

The different species of weeds collected from the 
experimental plots were identified and grouped into grasses, 
sedges and broad leaved weeds. Among the weeds the grass. 
Braehiaria ramosa (Griseb) Stapt. was the predominating weed 
followed by Ilonochoria vaginalis (broad leaved weed) . The 
other weed species recorded were Eohinochloa oolonun. 
Echinochloa crus-galli and Panicum sp. among the grasses. 
Cyperus iria. Oyperus rotundus and Fimbristylis miliacea 
among the sedges and Ludwigia parviflora among broad leaved 
weeds.

(i) Weed counts

The data on total weed counts for four intervals at 
20th, 40th and 60th day after spraying and before harvest 
were statistically analysed after /x*T transformation end 
the analysis of variance table are presented in Appendix

Mean weed counts on 20th day after transplanting
Weed counts were least in treatments Bentazon 1 .50 kg 

ai/ha end Pendimethalin 1.25 kg ai/ha followed by Bentazon 
1.75 kg ai/ha and Pendimethalin 1.00 kg ai/ha which ŵ.i'.e. on 
par with all other hsrbicidal treatments. Hand weeding
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Table 16. Mean values of total weed population at different 
intervals from 0.5m2 after Jx+T transformation

31.
No. Treatment (kg ai/ha) 20th 40th 6oth

At harvest 
time

1. Nitrofen 
(Tok E.25)

1.25 1.47 6.68 8.79 8.25

2* »t 1*50 1.86 5*57 6.34 6.62

3.' »> 1.75 1,47 5,75 6,56 5.48

4. Bentazon 1.25 2*05 6.22 6.12 4.66

5. »* 1*50 1*13 4.05 5.31 5.99
6. * t 1,75 1,24 6.17 4.82 4.99
7. Benthiocarb 1.50 1.80 5.75 4.51 4.52
8. •* 1*75 1*51 4.92 5.28 4.34
9. *• 2,00 1.33 5 43 4.58 3.84

1 0. Pendimethalin 1*00 1.24 5.69 5.30 4.47
1 1* • t 1.25 1.13 4.63 4.53 3*59
1 2. t » 1.50 1.48 4.42 4.72 5.32

13. Fluchloralin 700 1.47 5.49 5.01 5.95
14. Hinosan 600 ml 4.48 6,42 7.11 6.99
15. Hand weeding 7.79 6.25 4.64 7.53
16. Control (Unweeded) 4.68 7.25 8.93 10.31

C.B. 0.05 1.53 1*54 2.31 2.14
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(■before weeding) recorded the maximum intensity of weed 
growth which was on par with Hinosan and control plots*
Mean weed counts 4-0 days after spraying .

The estimation of weed population, 4-0 days after 
spraying revealed that Bentazon 1 .5 kg ai/ha was the most 
effective herbicide in reducing the total weed population 
and the total weed counts in treatments Pendimethalin 1.5 kg

' r

ai/ha, Pendimethalin 1*25 . kg ai/ha; Benthiocarb 1.75 kg ai/ha, 
Benthiocarb 2.00 kg ai/ha, Fluchloralin, Nitrofen (Tok EJ>5)
1,50 kg ai/ha are on par with Bentazon 1,5 kg ai/ha. Control 
plots had the maximum intensity of weed population and the 
next higher weed population was in Nitrofen (Tok E.25), 1.25 
kg ai/ha; Hinosan and Hand weeding treatments.

Mean weed counts 60 days after spraying
Weed intensity was least in Benthiocarb 1.5 kg ai/ha 

followed by Pendimethalin 1.25 kg ai/ha and these were on par 
with all other herbicidal treatments other than Nitrofen 
(Tok E.25) 1.25 kg ai/ha. .

Mean weed counts before harvest
Treating Pendimethalin 1.25 kg ai/ha had the least 

weed intensity followed by Benthiocarb 2.00 kg ai/ha and 
Benthiocarb 1.75 kg ai/ha T.16 (Control) had the maximum 
weed growth followed by Nitrofen (Tok E.25) 1.25 kg ai/ha.

Pr.v weight of weeds.
The mean dry weight of weeds recorded on the 20th,
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40th» 60th end at harvest time are tabulated in Table 17*
2Table 17. Total mean dry weight of weeds from 0.5 n area 

at 20 days interval after spraying

SI.
No. Treatment (kg ai/ha)

20th
day

40th
•day

60th
day

At harvest 
time

1. Nitrofen 
(Tok E.25)

1.25 0.045 1.50 5.00 6.40

2. • • .1*50 0*035 1.36 5.00 4.30
5. • 9 1,75 0.003 1.25 3,90 3.10
4. Bentazon 1.25 0.220 1.33 5.70 1.70
5. # > 1*50 0.033 O.64 3.93 4.16

• * 1,75 O.O66 1.30 2.26 2,50
1 . Benthiocarb 1*50 0.110 1.50 4.93 2.60
8. $ 9 1.75 0.010 0.86 3.39 1.86
9, 9 1 2,00 0,013 1,41 2,80 1.50
10. Pend ime thalin 1.00 0.005 1.40 5.63 1.93
11* 1 9 1*25 0.033 0*30 2*60 1.70
12, »• 1.50 0.230 1.66 2,90 3.13
15, Pluchloralin 700 0,091 1,18 4.03 5.30
14, Iiinosan 600 ml/ha0,670 2,16 7.23 5.20
15, Hand weeding 0,433 1,30 4.53 3.90
16. Uhweeded control 0.617 2,56 8.86 6.53

C.D. 0.05 0.024 1.051 2.167 2.14

All doses of all the herbicides tested.were found 
effective in reducing the dry weight of weeds. Dry weight was 
least in Tok E.25, 1.75 hg ai/ha followed by Pendimethalin,
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1.00 kg ai/ha, Benthiocarb 1.75 kg ai/ha, and Benthiocarb
2.00 kg ai/ha.

When the dry weight of grasses at forty days after 
spraying were compared, it was found that Pendimethalin 1.25 
kg ai/ha recorded the least dry v/eight of weeds followed by 
Bentazon 1.50 kg ai/ha and Benthiocarb 1.75 kg ai/ha. The 
treatment No. 16 viz., control recorded the highest dry weight 
of grasses and the next higher was the treatment with Hinosan.

Data on the 60th day after spraying showed that 
Bentazon 1.75 kg ai/ha recorded the least dry weight of 
grasses followed by T.11 (Pendimethalin 1.25 kg ai/ha) and 
T.9 (Benthiocarb 2.00 kg ai/ha). Treatment Ho.16 (Control) 
recorded the maximum dry weight end the next higher one was 
Treatment with Hinosan. In hand weeded plot, the dry weight, 
was on par vdth, treatment Benthiocarb 1.50 kg ai/ha;
Nitrofen (Tok E.25), 1.5 kg ai/ha, 1.25 kg ai/ha, Pendimethalin
1.00 kg ai/ha.

The data on the total dry weight of grasses recorded 
at the harvest time showed that Benthiocarb was most effective, 
in reducing the. dry weight of weeds * This was followed by 
Pendimethalin 1.25 kg ai/ha; Bentazon 1 *25 kg ai/ha; Benthio­
carb 1*75 kg ai/ha and Pendimethalin 1.00 kg ai/ha. All 
other- treatments were found less effective in the control 
of weeds which last upto harvest stage.
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Weed control efficiency of herbicides
Weed control efficiency of different treatments over 

control was calculated on the basis of total mean dry weight 
of weeds at harvest time and presented in Table 18.

Table 18. Weed control efficiency of different herbicides 
in rice field (from 0.5 m2) (Calculated based on 
data at harvest time)

Tr.
No.

Treatments (kg ai/ha) Mean
weed
popula­
tion

Weed
control
effi­ciency

Mean
dryweight
of
weeds

Weed
control
effici­
ency

1. Nitrofen 
(Tok E.25)

1.25 69.30 34.90 6.90 -5.60

2. 11 1.50 48.00 54.84 4.30 34.15
5. «t 1.75 53-00 68.95 3.10 52.52
4. Bentazon 1.25 21.30 79.96. 1.70 73.96
5. > t 1.50 39.30 63.02 4.16 36.29
6. • • 1.75 24.60 76.85 2.50 61.71
7. Benthiocarb 1.50 20.30 80.90 2.60 60.18
8. * 9 1.75 20.60 80.62 1.86 71.51
9. 9 • 2.00 14.60 86.26 1.50 77.02
10. Pendimethalin 1.00 20.30 80.90 1 *93 70.44
11. i > 1.25 13.60 87.20 1.70 73.96
12. 9 t 1.50 27.60 74.03 3.13 52.06
13. Fluchloralin 700 35.00 67.07 5.30 18.83
14. Hinosan 600 ml/ha 50.00 52*96 5*20 20.36
15. Hand weeding 57.00 46.37 3.90 40.27
16. Unweeded

control
106.30 6.53 mm
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Maximum weed control efficiency was recorded by T.11 
(Pendime thalin 1.25 kg ai/ha) followed by T.9 (Benthiocarb
2.00 kg ai/ha) based on population of weeds and by T.
Benthiocarb 2.00 kg ai/ha followed by Pendimethalin 1.25 kg

, ■ %

ai/ha based an dry weight of weeds.

Auxiliary characters (Productive.tillers, white ear heads Cstem borery and sheath rot)
Total productive tillers, stem borer attack

(Sclrponhaga Incertulas Walker) and sheath rot by Sarocladium
oryzae Saw. were also estimated from 0.5 sq.. metre area in

/two random samples from each of the treatments. The data were 
statistically analysed and results are furnished in Table 19.

The data on productive tillers in the different 
treatments were found statistically significant at 5$ level.

Maximum productive tillers were in Fluchloralin treated 
plots followed by Bentazon 1.25 kg ai/ha, handweeding, 
Pendimethaline 1.00 kg ai/ha, Benthiocarb 1.75 kg ai/ha, 
Benthiocarb 1.50 kg, Control, Pendimethalin 1.75 kg ai/ha, 
and 1.50 kg ai/ha. Number of productive tillers were least 
in treatments Nitrofen '1.75 kg ai/ha then Bentazon 1.50 kg 
ai/ha, Bentazon 1.75 kg ai/ha, Nitrofen 1.50 kg ai/ha.

Stem borer counts were least in Hinosan treated plots, 
and maximum in Fluchloralin treated plots followed by Nitrofen 
(Tok E.25) 1.50 kg ai/ha and then in Handweeding, Unweeded . 
control and Nitrofen 1.25 kg ai/ha. Sheath rot infection was 
least in Hinosan treated plots and Benthiocarb^ treatment at-
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Table 19 • Effect of different herbicidal application on.
productive tillers, white earheads (Stem borer 
infection) and sheath rot infection (Average 
observation per 0.5 sq..m area)

Tr. Treatments (kg ai/ha) Average Average Average
No, produc- white of sheath

tive ears rot
tillers infection

1. Nitrofen 
(Tok E.25)

1.25 154 4.00 4.30

2, •» 1.50 151 5.00 6.00
5. i» 1.75 128 3.00 4,00
4. Bentason . 1.25 194 1*60 5.30
5. 9 9 1.50 150 3.30 6.30
6f 9 f 1.75 ■ 147 2.30 5,60
7. Benthiocarb 1.25 167 3.00 3.30
8. t * ' 1.50 175 1.60 3.30
9. • * 1.75 153 1.30 1.60

10. Pendimethalin 1.00 180 1.00 5*30
11. »* - 1.25 162 3.60 6.00
12. 9 9 1.50 165 1.30 4.00
13. Pluchloralin 700 . 203 6.30 6*60
14. Hinosan 600 ml/ha 155 0.33 1.60
15. Handweeding ■ 192 4*30 4*60
16. Unweeded control 166 4.39 4.30

C.P. for comparison of treatment for 
productive tillers

= 42,.86

13. 4, 15, 10, 8, 7, 16, 12, 11 14, 1, 9, 2, 6, 5, 3
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2.00 kg ai/ha. Sheath rot infection was maximum in 
Fluchloralin and Bentazon 1.50 kg ai/ha and then in 
Pendimethalin 1.25 kg ai/ha.

17. (a) Effect of herbicide treatments on soil microflora

Nine composite soil samples collected at random from 
the pots were used for estimation of fungi* bacteria and 
actinomyeetes before treatment with the herbicides. The 
population of the same in the soil before being used 
for this experiment are given in Table 20.

Table 20. Average number of microorganisms present in 
experimental soil before treatment

SI.No. ' Average. No • 
in plates Estimated population/g dry soil

1. Fungi 10.000 10000
2. Bacteria ,6.625 662000
0 * Actinomyeetes 12.160 1216000

Composite ssil samples collected from each treatment 
were used for estimation of soil microflora, maintaining 
three replications in each treatment. The total counts of 
fungi* bacteria and actinomyeetes were estimated. The data 
were statistically analysed and the mean counts for each 
treatment are given in Table 21 •
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Table 21. Effect of herbicidal treatment on population of: 
Boil microflora (Average number ,90 nun plate)

Tr.
No.

Herbicide Mean
counts
of
fungi

Mean
counts of 
bacteria

Mean counts 
of actino- 
mycetes

1. Fluchlox-alin 60 1.55 1 *13
2. 2,4-D Sodium salt 58 26.50 13.30
5. Bentazon , 89 69.00 25.66
4. Benthiocarb . 58 16,60 5.33
5. Pendimethalin . 57 9.00 166.00
6. Tok E.25 (Nitrogen) 51 3.00 3.66
7. Propanil 65 14.00 2.66
8. Butachlor 79 7.00 3.00
9. Control - 61 3.33 8.33

C.D. for fungal population = 20.87
C.D. for bacteria = 5.92
C.D. for actinonycetes = 15*057

The fungal population significantly varied in the 
various treatments. It was maximum in Bentazon treated 
plots which is significantly higher than that in all other 
treatments. This is followed by Butachlor, Propanil, Control, 
Fluchloralin and 2,4-*I> Sodium salt and Benthiocarb, which 
are found on par. Fungal population was least in Pendimethalin
treated riots followed by Tok E.25 (Nitrofen) which are on par.” 1'
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Treatment effects on bacterial population were also 
significant. Bacterial counts were least in soil treated 
with Fluchloralin, Tok E.25 followed by b'ontrol and Butachlor 
which are on par. Bacterial counts were maximum in Bentazon 
treated soil followed by 2, 4-D Sodium salt and Benthiocarb, 
which are significantly different from each other.

There is significant effect in total counts of 
actinomyeetes also, due to the treatments. Actinomyeetes 
population were least in Fluchlcralin, followed by Propanil 
and Butachlor and were maximum: in Pendimethalin treated soil 
followed by Bentazon and 2,4-D Sodium salt.

(b) Effect of herbicides on soil microflora in the wet lend 
XPield experiment ) ' ~ '
The average, number of fungi, bacteria and actinomyeetes 

of the experimental area estimated before spraying and 
presented in Table 22.

Table 22. Average number of microorganisms present in 
experimental field before treatment.

SI.
No.

Average No, 
in plate

Estimated population/ 
g dry soil

1. Pungi 20 20000
2. Bacteria 7.5 750000
3. Actinomyeetes 3.2 520000

Population of fungi, bacteria and actinomvcates
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were estimated thirty days after spraying, the data 
statistically analysed and presented in Table 23.

Table 23* Effect of herbicidal treatments on soil microflora 
in the wet lend (Average number 90 mm plate)

SI.
No.

Treatments (kg ai/ha) Mean
counts
fungi

Mean 
of counts of 

bacteria
Mean
counts of 
actinomy- 
cetes

1. Nitrofen 
(Tok E*25) 1.25 19 8*5 5.0

2. »» 1*50 16 11*0 5.0
3. M 1.75 14 9,0 5.0'
4 • Bentason 1*25 22 7*0 3.0
5. > • 1.50 31 12.0 5.0
6. » * 1.75 29 7,0 . 6;o'
7. Benthiocarb 1*50 26 14*0 3*0
8. *» 1*75 21 9*0 7*0
9. •* 2,00 28 8.5 5.0
10. Pendimethalin 1.00 20 13.5 3.0
11. • ■ 1*25 16 8*5 6*0
12. • * 1.50 25 12,0 5,0
13* Fluchloralin 700 g ai/ha 31 14.5 6*0
14. Hinosan 600 ml/ha 24 10.5 5*0
15. Hand weeding 29 9*0 3*0
16. Control (Unweeded) 12 12.0 6.0

C.Pik for comparison of treatment means for fungi = 7.21

T 5,r 13, 6, 15, 9,7, 12, 14 4, 8, 10, 1, 2, 11 3, 16
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Fungi
The effects due to treatments axe statistically 

significant in the case of fungal population estimated thirty 
days after spraying. The maximum fungal colonies were in , 
Bentazon 1.50 kg ai/ha (T.5.) i.e. 51000 numbers and least 
was in T.16 (Control) being 12000.

Bacteria
Effect due to treatments are not statistically 

significant. However, the maximum average counts were in 
Fluchloralin (T.13) being 135000o|ha and the minimum in 
Bentazon 1.75 kg (T.6) being 700000 Nos.

Actinomvcetes
Effect due to treatments were not statistically 

significant. Average maximum counts were in soil samples 
from Benthiocarb 1.75 kg ai/ha treated plots (T.8) being 
700000.
Y. Studies on microorganisms antagonistic to Bhlzoctonla 

solani
Fungi and bacteria isolated from the sclerotia of

gnlgml and also from soil were tested for their 
antagonistic activity on the test organism aid found that 
three isolates of fungus and three of the bacterial isolate*, 
were antagonistic to the pathogen.



Antagonism of microorganisms against H*

Plate ffo*15»

1. Trichoderm viridf
2. ABoerfdlltts niger 
5* Aspergillus flavus

A. 5
B. * Antagonistio bacteria
C. 5

0 Control, B* solani
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Trichodenna viridjg. Pers. ex Fr.
Aspergillus niger Von Tiegh 
Aspergillus flavus Link
were the fungal species which were found antagonistic and 
parasitising on R. solanl (Plate No. /13 ). The mycelial 
growth of R, solani were found very thin and scanty and 
there was no'sclerotial formation.

Three types of bacterial cultures (Plate N0.13J) 
were found inhibiting the growth of R. solani.

The percentage inhibition of radial growth of R. 3olani 
by the different antagonistic microorganisms are recorded 
in Table 24.

Table 24. Growth inhibition of Hhizoctonia solani 
by different antagonistic microorganisms

Name of test organism Source Radial 
growth of 
R.solani 
in mm

Percentage 
of inhi­
bition

Fungi
1 • Triohoderma viridf- Soil dilution 

plate 9 90.0

2. Aspergillus niger »• 5 94*0
3. Aspergillus flavus Solerotia 17 81.0
Bacterial isolates
A, Isolate A Sclerotia 31

CO.COL
f\

B. Isolate B 9» 12 86.6
C. Isolate C Petri plate of 

R. solani 
culture

48 46.6
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DISCUSSION

Sheath blight of rice has become the most destructive 
' : disease?- of this crop in Kerala and its occurrence is 
endemic in the important rice tracts of the State., Control 
of weeds is another important problem faced by the rice 
farmers. In the recent past* due to the high cost of labour* 
use of herbicides has become a common practice for control 
of weeds in rice fields. Most of the herbicides are known 
to have inhibitory or stimulating effects on the non-target 
soil organisms also (Katan and Eshel, 1973)* Some of the 
commonly used herbicides are reported to have inhibitory 
effect on soil borne sclerotia of Bhigoctonla solani (Kuhn)• 
On the other hand some other herbicides like 294“D are 
reported to enhance the susceptibility of host plants to 
diseases. .

Benthiocarb, Penoxalin (Pendimethalin), Propanil, 
Machete (Butachlor), 2#4-i>» lok E.25 etc, are recommended 
for the control of weeds in the rice fields in Kerala 
(Anon., 1982 b). Hence the present investigations were 
undertaken to make a critical study of the side effects of 
the application of the above herbicides in checking the 
sheath blight disease. Studies were also undertaken to 
assess the in vitro effects of these herbicides on the growth 
of the fungus mycelium; sclerotial formation and its
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viability and pathogenicity. The in vivo effects of these 
on the incidence of sheath blight, on the survival of 
sclerotia in soil etc*, were also carried out, in addition 
to the study on their effects on the control of weeds. Studies 
were also undertaken how these herbicides affect the micro­
flora in soil and also, about the antagonism of some micro­
organisms on R. solani, the causal organism of sheath blight 
of rice.

A highly virulent isolate of this pathogen was used 
for the study. The morphological characters of the same were 
studied in detail. Rfaigoctonia solani is known as a versatile* 
fungus and in the study, with four isolates of R. solani in 
Kerala, Lakohmanan (1979) showed that they differed in some 
of the morphological characters and also in pathogenicity.
An isolate from cowpea produced typical sheath blight symptoms

■fVuLton rice, but a local isolate from jack ̂produced only mild 
symptoms on inoculated rice plants. The characters of the 
present isolate was almost identical with. those of rice 
isolate reported by Lakshmanan (1979).

Out of the eight herbicides tested in vitro on their 
inhibitory effect on the growth of R, solani. the fungus 
behaved differently in its growth and sclerotial formation, 
in media amended with different herbicides.

Fluchloralin has been found to reduce mycelial growth 
significantly at higher concentrations of 1000 ppm and above 
only. Ho sclerotia formation was also noticed at higher
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concentrations. At lower concentrations also eventhough 
there was mycelial growth and scierotia formation, the growth 
was very scanty and only few scierotia which were of smaller 
size were formed. It has been pointed out by Verma et al.
(1979) that this chemical has no effect on Rhizoctonia 
hataticola Taut) & Butler, hut reduced the radial growth of 
mycelium of Fusarlum oxysuorum f .ciceri (Padwick) Suhran* and 
Sclerotium rolfsii Sacc. This chemical also considerably 
reduced the number of scierotia formed in Sclerotium rolfsii> 
and clustering of scierotia was also noted in the treatments.

According to Kataria and Singh (1981), Fluehloralih 
inhibited the growth of Pythium butleri Subran. in potato 
dextrose broth and Kotwal et al. (1982) found that mycelial 
dry weight of S, rolfsii, Helminthosuorium sativum Pam. King 
and Bakke and F. oxysnorum f.sp. cioeri was reduced at 
500̂ 1 g/ml and 1000p .g/ml of the herbicide incorporated PDS 
(broth); and Sclerotium rolfsii did not form scierotia in 
media amended with the herbicide.

The result of the present study are thus more or less 
as those reported for Sclerotium rolfsii.

It is very much interesting to note the behaviour of 
Bentazon on R. solani. It resulted only In slight retarda­
tion in growth at higher concentrations and on longer 
incubation also stimulated growth. Mycelial growth was more 
fluffy and it stimulated formation and germination of 
scierotia also*
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Basagran (Bentazon) was found to stimulate the growth 
of FusarinTTi solani f. sp. •phaseoli (Burk.) Snyder and Hansen, 
in culture (Mussa and Russell, 1977) and according to Versa 
et al. (1979), Bentazon has no effect on R. hataticola. hut 
highly toxic to S. rolfsii. Kotwal et al. (1982) also got 
the same result with thiB herbicide on S. rolfsii.

It is evident from the results that Benthiocarb is 
highly toxic to the test fungus, and the radial growth 
decreased with increasing concentration of the chemical, and 
had no growth at the highest concentration of the chemical. 
Even after prolonged incubation the chemical completely 
prevented formation of sclerotia in all the concentrations 
tested. The herbicide did not inhibit germination of 
sclerotia, except for the highest concentration for prolonged, 
period̂  in which case a little inhibition was noticed. Varma 
et al. (1978) and LakBhmanan and Nair (i960) also reported 
that satum 50 E.C. (Benthiocarb) was highly inhibitory to 
R. solani in vitro and the amended media supported only few 
sclerotia. However, in the present study complete inhibition 
of sclerotial formation was noticed irrespective of the 
various concentrations of the chemical tested. Benthiocarb 
was found to be highly inhibitory to a few other fungi like 
Rhlzoctonia bataticola, Fusarium oxysporum f .sn.ciceri and 
Sclerotium rolfsii (Verma et al., 1979); Helminthospprlum . 
sativum. F. oxvsuorium oiceri and S. rolfsii (Kotwal et al..
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1982)* In both these studies it was also found that 
Benthiocarb completely inhibited scierotia! formation in 
S. rolfsii. Hence Benthiocarb can be considered as a herbicide 
which is highly inhibitory to many of the soil borne plant 
pathogenic fungi and hence has the potential of reducing the 
inoculum of soil borne fungal pathogen including Ehizoctonia 
solani thereby reducing disease intensity* .

Of all the eight herbicides tested Propanil (Stam P.34) 
was found to be the most effective one in inhibiting mycelial 
growth of R. solani* Complete lysis of the test fungus was 
noticed even at a low concentration of 125 ppm of the chemical 
in the media. At still lower concentrations of 50 and 25 ppm, 
slight inhibition of radial growth x*as noticed* The viability 
and pathogenicity of scierotia formed in amended media were 
found to be not affected by the herbicide. However, scierotia 
treated with higher concentration of the herbicide for short 
period and lower concentration for prolonged period inhibited 
germination of the same* Inderawati and Heitefuss (1977) 
reported 50 per cent reduction of radial growth of Sortioium 
sasakl i with 10yug/ml commercial formulation of Propanil.
Dath and Swain (1979) found complete inhibition of radial 
growth of C* sasafcii, in the presence of 25 to 500 ppm of 
this chemical. According to them this herbicide was the 
most effective one to inhibit the growth of Corticium sasakil 
among the ten herbicides they have tested. The results of



91

the present study also are in conformity with these findings 
and Propanil can be considered as a herbicide î ith high 
potentiality in suppressing the growth of sheath blight 
organism. This herbicide was also found to be effective 
in vitro in suppressing the growth of Pyricularia or.vzae cav• 
and ganthomonas oryzae (Bowson) .Uyeda and Ishiyama 
(Inderawati and Heitefuss, 1977)*

In the lower concentrations tested, Butachlor was 
found to inhibit the radial growth of 3. solani. However, 
there was revival of growth even at higher concentrations. 
Significant retardation was noticed only at a concentration 
of 2000 ppm. Butachlor as Machete 50 E.G. was found to 
inhibit radial growth and sclerotial formation in R. solani 
(Tarsia et al., 1978). Bath and Swain (1979) and Lokshmanan 
and Hair (1980) reported more or less the same effect. Bat 
in the present study Butachlor in all the concentrations 
tested completely inhibited formation of sclerotia and 
mycelial development was also thin, linear growth, of other 
fungi like Rhlzoctonia bat at i cola j Pusarium oxysporum and 
Sclerotium rolfsii 'were also inhibited by this herbicide 
(Tenna et al., 1979).

Only higher concentrations of Pendimethalin (Stomp) 
were found effective in the inhibition of Rhlzoctonia solani. 
However, formation of sclerotia wa3 inhibited completely 
even with a concentrati on of 250 ppm and the other higher
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concentrations which indicate that the herbicide will not 
favour the survival of the fungus* But the pathogenicity 
and viability of the fungus were not affected by this herbi­
cide. The fungitoxicity of this herbicide was reported by 
Verma §£ aL. (1979) in like case of other soil borne plant 
pathogens and by Abdulla and Manchi (1979) in the case of 
Pvthium spp. .

Kotwal et al. (1982) also found that the chemical 
considerably reduced the mycelial dry weight of S. rolfsii 
and scierotia formation was inhibited* The fungitoxicity of 
this chemical has also been reported by Vyas and Khare (1983) 
on E. bataticola and P. oxvsuorum.

In the present study it was found that even on pro­
longed incubation, Nitrofen (Tok E.25) checked the radial 
growth of the test fungus, and formation of scierotia was 
completely inhibited in all the concentrations tested. But 
the pathogenicity and germination of scierotia were not 
inhibited considerably. Pungitoxicity of the chemical was 
reported by Inderawati and Heitefuss (1977) on Oorticium 
sas aid, i. P.vricularia or.vzae and Xenthomonas orvzae. On 
E. solani. also the fungitoxic effect of this chemical has 
been reported by Bath and Swain (1979) . and Iiakshmanan and 
Nair (1980). According to Terma et. al. (1979) the toxicity 
of this herbicide is more on £[. rolfsii. than on E. bataticola. 
and P. oxvanorum. Scierotia formation was also inhibited
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and clustering of sclerotia noted in S., rolfsii. Vyas and 
Khare (1983) also reported the high toxicity of the chemical 
on S. rolfsii than on R. bataticola and F. oxysporum. 
Fungicidal effect of the herbicide 2,4-*D Sodium salt was 
entirely different from all other herbicides tested. The 
test organism showed a lag growth phase at the early stage 
followed by an accelerated growth phase with the production ' 
of large number of white sclerotial primordia than that in 
the control. The herbicide also enhanced the sclerotial 
production, though the number of fully formed sclerotia was 
less, they were bigger in size and secondary sclerotial 
primordia were formed continuously which shows the enhancement 
of growth and survival of the fungus. The sclerotia were 
also viable and pathogenic. Kurodani et al. (1959) found 
that the linear growth rate of Hypochnus sasakii was 
stimulated by the presence of 2,4-E in the medium. The same 
effect has been reported by others like Tatsuyama and 
Jakihara (1970) and Lakshmanan and TIair (1980). However, 
according to Millikan and Fields (1964) there was only 86 
per cent inhibition of growth in 100 ppm of the chemical in. 
a nutrient solution.

The above results clearly shows that Propanil was the 
most effective in inhibiting the radial growth of the test 
organism. This is being followed by Benthiocarb, Nitrofen 
and Butachlor.



It is also evident that Bentazon and 2,4-D Sodium 
salt can enhance the growth, survival and germination of 
Rhizoctonia solani and can enhance the population of this: 
fungus in soil. Altman (1969) found that twenty five of the 
conventional herbicides recommended in the crop production 
stimulated Rhizoctonia solani in vitro and the fungus grew 
better in media supplemented with these herbicides, than in. 
unsupplemented media and stated that some fungi use herbi­
cides as an energy source; Craftr. and Robbins (1962) 
suggested that the stimulated growth of the funguB due to
2,4-D may be due to the increase in RHA synthesis resulting 
in auxin-kinetin imbalance and induced growth due to abnormal 
cell division.

The effect of herbicides on plant disease has been 
recently reviewed by Katan and Eshel 0973) and also by 
Altman and Campbell (1977). But there is very little 
information on the effect of herbicides on soil—borne plant 
pathogens in unsterilised field soil. Most studies have 
been either with sterile soil or vdth culture media. In the 
present study in the pot culture experiment sudden develop­
ment of symptoms, typically on leaf blade which touched the

In pot culture experiment, when rice plants raised in
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pots were artificially inoculated with sclerotia of the 
organism and the various herbicides were applied it was found; 
that infection was least in Bentazon treated pots and in 
minimising intensity of sheath blight Bentazon is second to 
Propanil. But in vitro Studies with Bentazon showed that it 
stimulated the growth of the rice sheath blight pathogen, 
from the results of the present study it is evident that 
stimulation of growth and reproduction within culture media 
may have little significance a3 those occurring in natural 
soils since the quantity of herbicide added to soil at the 
usual recommended dose amounts to less than 0.1 per cent of 
the organic matter constituent of soil (Katsn and Pshel, 1973)* 
Richardson (1959) has shorn that Prophsn (I.P.O.) and TCA 
reduced Fuserium wilt of tomato, but were not toxic to the 
fungus in culture end he has suggested that the change in 
metabolism of the host might have affected disease develop­
ment • .

Propanil ranks second in reducing tiller infection, 
however, it recorded maximum reduction in sheath blight .
intensity. It may be due to the high tGxicity on the pathogen, 
even in the lower concentrations as evidenced in the in vitro 
studies. Chakrabartii and Sen (1978) reported that applica­
tion of propanil can exclude Helminthosuorium oryzae Breda 
do Haan from rice plants. Butachlor and Nitrofen (Tok E.25) 
were found equally effective in reducing tiller infection, and 
Nitrofen (Tok F.25) in reducing disease intensity.
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Tok E.25 was reported to reduce disease intensity in rice 
against Corticlum sasakii, Pyricularia oryzae and Xanthomonas

i

oryzae and was found superior to Stam. P.34 (Inderawati and 
Heitefuss, 1977). In reducing tiller infection, Fluchloralin 
and Benthiocarb were also found superior than Pendimethalin 
and 2,4*1) Sodium salt and control. Pendimethalin end 2,4“D 
Sodium salt were found to increase per cent tiller infection 
and disease intensity, but were not statistically significant. 
According to Kataria and Singh (1981) Fluohloralin applied 
to soil, reduced seedling damping off by Pythium butleri at 
20-25*G and enhanced damping off at 30*0. Abdulla and Manchi
(1979) reported that the herbicide Stomp (Pendimethalin) 
reduced virulence of Pythium spp. and delayed emergence of 
tomato seedlings; when, the soil was treated with the herbicide.

Kurodani et al. (1959) reported that sheath blight 
disease of rioe was increased by spraying with 2,4-D and 
according to Manila and Lapis (1977) the disease was not 
affected by 2,4-*D.

Leontera and Voitovich (1959) reported control of 
blister smut of maize in the field by spraying 2,4-D and 
Chakrabarti and Sen (1978) reported that Helminthosnorium 
oryzae was chemically excluded by 2,4-D treatment. Hodges

j’(1980) found that soil drenching with 2,4-3) enhanced disease 
on leaves of all ages above that of control while 2,4-D
. au’Dlied as snrav had little influence on pathogenesis on
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Poa Toratensls infected by !Dreghslera soroklnlana.
Results of goil application of herbicides on viability 

of sclerotia revealed that the sclerotia recovered from soil 
treated with all the herbicides were viable and pathogenio 
on the host. At field application dose, these herbicides 
would not be toxic to the fungus; even with those which 
inhibited germination in vitro. However, thore were variation 
in the degree of viability and pathogenicity. This may be 
due to the effect of different herbicides on the survival 
structures of the pathogen or may be due to the enhancement 
of growth of other antagonistic microorganisms in the soil. 
Only mild symptoms of sheath blight were noticed when rice 
plants ijere inoculated with sclerotia recovered from soil 
treated with Nitrofen (Tok E.25), Propanil and Butachlor 
compared with control.

In the field trial with selected herbicides conducted 
in the typical wet land paddy fields the fungicide Hinosan 
applied at tillering and boot.leaf stage ranked first in 
reducing tiller infection (21.44 per cent). But in reducing 
intensity of sheath blight incidence Nitrofen (Tok E.25) 
applied at the rate of 1.5 kg ai/ha and 1.75 kg ai/ha; 
Bentazon 1.25 kg ai/ha and Benthiocarb 1.5 kg ai/ha were 
found equally effective and were on par with the application 
of the fungicide Hinosan. Except in.the case of application 
of Pendimethalin 1.00 kg ai/ha and 1.25 kg ai/ha all other
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herbicidal treatments reduced per cent tiller infection and 
reduced disease intensity.

In the pot culture trial Bentazon 1.5 kg ai was found 
most effective in reducing tiller infection and in the field 
trial Bentazon 1.25 kg ai was found as effective as Nitrofen 
(Tok E.25)» hut less effective than treatment with Ilinosan.
In both the trials Nitrofen (Tok E.25)* 1*5 kg ai/ha was 
found effective in reducing disease intensity.

In the case of grain yield hand weeded plots recorded 
maximum yield of 5859 kg/ha which was closely followed by 
Hinosan. treatment, Pluchloralin and Pendimethalin 1 kg ai/ha. 
However, it may be mentioned here :. that Pendimethalin was 
not effective in reducing disease intensity. Grain yield 
was less in treatments with Nitrofen (Tok E.25) 1.75 kg ai/ha, 
Bentazon 1.5 kg ai/ha than that of the control.

Considering the weed population at the different 
intervals, it can be sden that at . the early stages 
Bentazon 1.50 kg; Pendimethalin 1.5 kg and 1,75 kg and at 
later stage Benthiocarb 1.5 kg, Pendimethalin 1.25 kg and 
Benthiocarb 2 kg were found most effective in controlling 
the weed population.

There are many reports in literature on the efficacy 
of the above herbicides in reducing x̂reed growth in rice fields 
which are in conformity with the present results. In a 
total number of thirty five trials Bentazon 0.5-1 lb/acre 
gave good control of sedges, rushes and broad leaved weeds
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(Atwell et al., 1978). At I .R.R.I. Penoxalin (Pendimethalin)
2 kg ai/ha applied six days after spraying controlled major 
weeds like Monochoria vaginalis. Echinochioa crus-galli and 
Cyprus sp. (Anon., 1974) and 1.5 kg al of the chemical onh
the sixth day of planting was found effective by Ravindraa 
(1976). Penoxalin G 1.5 kg ai/ha on the sixth day is 
recommended for weed control in rice in Kerala (Anon., 1982 b). 
Benthiocarb has been established as a prominent herbicide 
for control of weeds in rice fields and the present result 
is in conformity with the effectiveness of the recommended 
dose of 2 kg ai/ha on sixth day of planting (Anon., 1982 b). 
Pre emergence application of Nitrofen at 2.5 kg ai/ha gave, 
selective control of grasses, sedges and, broad leaved weeds, 
(Yerma et al., 1978) and in the present study the herbicide 
reduced dry weight of weeds at the early stage only. The 
major weed population in the field in the present study 
were Bracharia ramosa and Monochoria vaginalis.

While comparing productive tillers and yield, it is 
cleer that more grain and straw yield were recorded in 
treatments where the productive tillers were more. Though 
productive tillers were not high in Hinosan treated plots, 
the stem borer infestation, sheath blight incidence and 
sheath rot infection were least in Hinosan treated plots. 
However, maximum grain yield was recorded in hand weeded 
treatments where the number of productive tillers w e r e also 
more. This is in accordance with the findings of Yacchani
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et al. (1963), Ravindran (1976)* Kausfcik and Mane;; (1978), 
When the number of tillers were high, the chances of disease 
intensity of sheath blight increases, hut were not as high 
as to cause a reduction in.' yield.

Soil home pathogens exist in the soil in active or 
in passive form and are much influenced by the dense popula­
tion of the microflora and microfauna which exist in natural 
soil* The quantity, quality and activity of microorganisms 
in the soil are important in determining the inoculum density 
of the pathogen end consequently the disease incidence and 
also the survival of the pathogen in the soil in the absence 
of proper host (Alexander, 1961; Garret, 1970).

Soil organisms v;hich are antagonistic to the pathogen 
are very common in natural soil. A herbicide reaching the 
soil might be toxic to certain pathogen and yet be beneficial 
to it in t|ae soil environment by suppressing antagonists to 
a greater extent. The disturbance in biological equilibrium 
may be by decrease in number, reduction 5n capacity to , 
produce antibiotic, reduction in ability to compete with the 
pathogen for nutrient (Ka,tan and Eshel, 1973)*

The results of in vivo studies in pot culture and ■ 
the effects of herbicides on soil microflora, shows that 
there was a general increase in number of fungal colonies 
estimated two weeks after transplanting, as shown by the 
population in the untreated control in Table No .21* This 
may be1 due to the availability of more nutrients in soil and
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may be due to the stimulation by the root exudates* But it 
is clear that the fungal population significantly varied in 
different treatments. The bacterial and actinomycetes colonies 
were less in the untreated control. But there were significant 
variation in the different treatments in both the cases.

In the soil treated with Bentazon, the fungal and 
bacterial colonies are found to be the maxi mum aid also there 
was a high population of actinomycetes. This shows that. 
Bentazon has a stimulatory effect on soil microorganisms. 
Similar results of increase in fungal, bacterial and 
actinomycetes population in soil by Trifluralln had been 
reported by Tang et al. (1970).

The present finding of an enhancement in population 
in the case of other microorganisms due.to Bentazon treat­
ment can cause a growth inhibition of R. solani in soil, due 
to competition for nutrients and due to the increase in 
antagonistic organisms. This can be a reason for decrease 
in disease though the herbicide stimulated growth of R. 
solani jin vitro. . .

Butachlor, Propanil, Fluchloralin, 2,4—3) Sodium salt, 
and Benthiocarb^ did not influence the fungal population.
But there was an increase in bacterial population due to 
these herbicide except in Fluchloralin and there was not 
much variation in actinomycetes population due to the 
effects of the above herbicides.
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In Fluchloralin treated plots soil population of 
bacteria and actinomycetes were least,

>,Mitrofen(̂ Tok E.2^ inhibited all the three groups of 
microorganisms while Pendimethalin inhibited soil fungi, but 
actinomycetes population was found to be on the increase*

In the field experiment, there was not much variation 
between the soil microflora before application of the various 
treatments and one month after spraying of herbicides*
However, least fungal population was in control plots and 
maximum in Bent as on 1.5 kg ai/ha treated soil. It has been 
suggested that normal rates of application of most herbicides, 
have no pronounced adverse effect on the soil microflora at 
least as far as total populations are concerned (Bollen,
1961; Audus, 1964).

The results of study on the effect of antagonistic 
microorganisms on R. solani revealed that the fungal and 
bacterial antagonists were found to restrict the radial 
growth of R. solani in culture media to a considerable extent* 
Among the fungi, Aspergillus niger and Triohoderma vlride 
exhibited higher degree of antagonism than A. flavus as 
indicated in table 24*

The antagonistic activity of T. viride towards R. solani 
ban been well established, by many workers (Ogora and Akai, 
1965; Naim and El Esawy, 1965; Naiki and Ui, 1972; Roy, 1977). 
Prom this laboratory itself Gokulapalan (1981) recorded the
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antagonistic activity of A. flavus and A. niger on 
R. solani.

Olsen (1965) observed the antagonistic activity of 
Bacillus subtilis Cohn, em.prasn on R. solani. In the trials 
conducted at I.R.R.I., Philippines several bacterial isolates 
from sclerotia of R. solani .were found to have strong 
antagonistic activity towards R. solani (Anon.f 1978).
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SUMMARY

Investigations on the effects of the herbicides; 
Pluchloralin, Bentazon, Benthiocarb, Psndimethalin (Stomp), 
Propanil (Stam P.34), Butachlor, Nitrofen (Tok E.25) and
2,4-D Sodium salt, in inhibiting the growth and survival of 
the causal organism of sheath blight disease of rice, 
Bhizoctonia solani Kuhn have been carried out. In vivo 
studies on the effect of these chemicals in reducing sheath 
blî it incidence also has been done in pot culture experiments 
and in trials under field conditions.

Of all the eight herbicides tested, Propanii was the 
most toxic one, which completely inhibited radial growth of 
the test organism even at a lower concentration of 125 ppm 
a.i. Inhibition of radial growth was less and formation of 
a few sclerotia were noted at lower concentration of 25 and 
50 ppm of this chemical. This herbicide prevented sclerotial 
germination at higher concentrations of 2000 and 3000 ppm 
and alsp at lower concentration when treated for prolonged
periods. .

Benthiocarb, Nitrofen and Butachlor were also found 
highly toxic to the test fungus which decreased the radial 
mycelial growth with increasing concentrations of the 
chemical. At the highest concentration of 2000 ppm used, 
growth was completely inhibited. The three chemicals
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completely prevented formation of scierotia in all the 
concentrations# Benthiocarb slightly reduced the germination 
of scierotia, when treated with higher concentration for 
prolonged period, while germination was not affected by the 
other chemicals tested. Only higher concentrations of 
Pendimethalin and Pluchloralin inhibited radial growth and 
scierotia formation. Si2e of scierotia was much reduced in 
Fluchloralin treatments and at higher concentration scierotia 
were not formed in both the herbicide treatments. Germination 
of scierotia was also not much affected.

Bentazon in all the concentrations tested showed to 
stimulate mycelial growth and also formation and germination 
of scierotia though slight inhibition of radial growth at 
the higher concentrations were noted initially. In the case 
of 2,4-D Sodium salt, the test organism though showed an 
initial lag growth phase, was followed by an accelerated 
growth phase with the production of large number of selerotial 
primordia. Size of scierotia formed was also bigger and thus 
enhanced the growth and survival of B. solani in culture.

In the pot culture trial, when soil was inoculated with 
scierotia sudden development of symptoms of sheath blight 
was noted indicating that soil borne scierotia constitute 
the major source of inoculam. Sheath blight incidence was 
least in Bentazon treated pots and in the case of minimising 
intensity Bentazon was second to Propanil. Propanil recorded
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maximum reduction in sheath blight intensity. Butachlor 
and Nitrofen were equally effective in reducing tiller 
infection, and Nitrofen reduced disease intensity. Pendi- 
methalin and 2,4-D Sodium salt increased per cent tiller 
infection and disease intensity. ^

Sclerotia recovered from soil treated with all the 
herbicides were found to he viable and pathogenic on the 
host. However, there were variation in the degree of 
viability and pathogenicity.

In the field trial conducted with selected herbicides, 
along with the fungicide Hinosan, it was observed that 
Hinosan treatment (at tillering and boot leaf stages) was 
the most effective treatment in reducing tiller infection, 
but Nitrofen (Tok S.25) applied at the rate of 1.5 kg ai/ha 
reduced intensity of sheath blight, and this wa3 on par with 
Nitrofen (Tok 13.25) at 1.75 kg ai/ha9 Bentazon 1.25 kg ai/ha 
and Benthiocarb 1.5 kg ai/ha. in reducing intensity of sheath 
blight. .

In.the case of grain yield, hand weeded plots 
recorded maximum yield of kg/ha. «
■ At the early stages of the crop Bentazon 1.50 kg,
Pendimethalin 1.5 kg and 1.75 kg, and at later stages 
Benthiocarb 1.5 kg, Pendimethalin 1.25 kg and Benthiocarb 
2 kg were found most effective in controlling weed popula­
tion in rice fields. The major weed sp. in the field were 
Bracharia ramosa and Monochoria vaginalis.
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Maximum productive tillers were in Fluchloralin 
treated plots followed by Bentazon 1 *25 leg ai/ha and in 
hand weeded treatments and least in treatment with Nitrofen 
(Tok 33.25) 1 -75 kg ai/ha.

Stem borer infestation was least in Hinosan treated 
plots and maximum in Fluchloralin treated plots*

Sheath rot infection was least in Hinosan treated 
plots and also, in treatments with Benthiocarb 2 kg ai/ha.

From the results of in vitro and in vivo studies it 
can be concluded that Propanil (Stam F.34)» Benthiocarb, 
Nitrofen and Butacblor are highly toxic to H, solani in 
culture, and Bentazon sad 2,4-D Sodium salt stimulated 
growth and survival of the test fungus in culture. Propanil, 
and Nitrofen were also found to be effective in reducing the 
sheath blight disease in pot culture experiments also* .
2,4-D Sodium salt stimulated the pathogen in culture end 
also increased sheath blight in pot culture experiments*

. There was a general increase in soil microflora 
two weeks after transplanting of rice plants* Bentazon 
stimulated total population of fungi, bacteria and actino- 
mycetes in soil* Butacblor, Propanil and 2,4“D Sodium salt 
increased the bacterial population. Fluchloralin and 
Nitrofen inhibited fungi, bacteria and actinomycetes in soil. 
Pendimethalin stimulated actinomycetes population. Wet land 
paddy soil of the field did not show much variation in soil
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microflora one month after application of the herbicides. 
However maximum fungal population was in treatment with 
Bentazon 1.5 leg ai/ha.

Aspergillus niger and Tricho&erma viride exhibited 
higher degree of antagonism, to H. solani in culture than 
Aspergillus flavas.
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LIST OP HERBICIDES AND THEIR CHEMICAL NAMES REFERRED IN THIS THESIS
APPENDIX I

6

SI.No. Common name Chemical name

*1 . Aretit 4-6-dinitro-2-Sec-butylphenyl acetate .
2. Atrazine 2-Chloro-4-ethylamino-6-lsopropylamino-1,3,5-triazine
3. Benifin N-butyl-N-ethyl-2,6-dini tro-4-trifluoromethylaniline
4. Benoulide N-( 2-C 0, O-di-isopropyldlthiophosphorul.) ethyl)benzene sulphonamide
5. Bentazon 3-i sopropyl-2,1,3* -benzothiadiazin-4-one-2,2-dioxide.
6. Benthiocarb S-( 4-Chlorobenzyl) -N, N-diethylthiolcsrbamat e
7. Butachlor N-(butoxymethyl) -o^chloro-2 , 6-dietliylacetanilide
8. Butralin N-S-butyl-4-t-butyl-2,6-dini troaniline
9. 2,4-D 2,4-M.chlorophenoxy acetic acid

10* Dinitramine N* ,N* -diethyl-2 , 6-dini tro-4-trifluoromethyl-m-phenylanediamine
1 1. Dinoseb 2-( 1-methylpropyl)-4»6-dinitrophenol
1 2. Diuron ' N * - ( 3,4-dichlorophenyl)-N, N-dimethyl urea
13. E .P .T a C . S-etbyl N, N-dipropyl (thiocarbamate)
14. Fluchloralin N—( 2-chloroethyl) -2,6-d ini tro-N-propyl-4-(trifluoromethyl)ani line
15. Pluometuron N * -( 3“trifluoromethylphanyl) -N,N-dimethyl urea
16.- Linuron N*-(3f 4-dichlorophenyl) -N-methoxy-N-methylurea
17. Machete 2-Chloro-2,6-dimethyl-N-(butoximethyl) acetanillde
18. M.C.P.A. 4,Chloro-2-methylpihenô y' acetic acid
19. Nitralin 4-(methylsulphonyl) -2-6-dini tr o-N , N-dipr opylani line

continued



2

SI.No. Common name Chemical name
20. Nitrofen 2,4-diehlorophenyl 4-nitrophenyl ether
21. Paraquat 1,4*-dimethyl-4,4'-hipyridylium
22. P.O.P. Peatachlorophenol
23* Pendimethalin N-( 1 -etbylpropyl)—2,6-dinit ro-3»4“xylidino
24* Piclorqpi 4-amino- 3 ,5,6-trichloropi colini c acid
25 * Proaetryne 4,6-bi sisopropylamino-2-methylthi o—1,3 , 5—triazine
26* Propanil N- (3,4-dichlorophenyl) propionamlde ■

*27 * Pyramin 1-phenyl-4—amino—5—chloro—pyridasone-6•
28. Simszine - 2-chloro-4, 6-bisetiiylamin.o—1,3s 5"triasine
29 i Simatryne 4 j6-bisQthylamino-2-methylthio-1,3,5,-triazine
30. Sirmate 3,4,Dichlorobenay 1 Methyl carbamate

*31- Eillam n-propyl N-ethyl-N(n-butyl)thiolcarbamate (|*EBN)
32. Trifluralin 2,6-dini t ro-N, N-aipropyl-4-trifluoro-methylanlline

Ref i Idst of common names and chemical names of Herbicides
Weed abstracts — May 1983 Vol. 32* Ho*5*

♦Weeds of the world - B i o l o g y  and Control - Laurence J .King, 1974
Wiley Eastern Private L t d N e w  Delhi*



APPENDIX II
POTATO DEXTROSE AGAR

Peeled potato - 250.0 g
Dextrose - 20.0 g
Agar - 15*0 g
Water - 1000 ml
pH - 6*0 to 6.5

APPENDIX III 
SAND MAIZE MEDIUM

Maize meal - 5 .0 g
Washed white sand - 95.0 g
Water - 35 #0 g

APPENDIX IV 
MARTINS' ROSE BENGAL STREPTOMYCIN AGAR

Dextrose
Peptone
Potassium dihydrogen 
phosphate
Rose Bengal 

Agar
Streptomycin 
Distilled water

10.0 g
5.0 g
1*0 g

1 pert in 30000 parts in 
the medium

20.0 g
30.0 g 
1000 ml



APPENDIX V
SOIL EXTRACT AGAR

Soil extract
Glucose
Dipotassium 
phosphate
Agar
Water
pH

100.0 ml
1.0 g

0.5 g
15.0 g

900.0 ml
7.0 to 7.2

APPENDIX VI 
KUSTEKS MEDIUM

Agar 
Glycerol 
Casin 
Mg S04
PeSO.4
XNO^

NaCl
k2hpo4
0aC0_5

20*0 g
10.0 g
0.3 g
0.5 S
0.1 go

.
CM g

2*0 g
0.5 g
0.2 g



APPENDIX VII
Analysis of variance table

Effect of herbicides on radial growth of R. solani 60 hours and 120 hours after
x+1 transformation

60 hours 120 hours
Source Df M.S.S., F Calculated M.S.S. F Calculated
Total 143
Between Herbicides 7 87.69 2072.48** _46.15 3 0.99**
Between levels 
within herbicides

H1 5 31.89 753*84** 3.13 2 .10

CMM1-H 5 0.20 4*84** 0 . 0 0 0 . 0 0
H3 5 26*90 635.73** 36.00 24.16**

, H4 5 35 *74 844.73** 51.47 34.55**
H5 5 36.23 856.32** 28.43 19.08**
H6 5 28*69 678*07** 40.02 26.86**
H7 5 31.28 739.20** 43.53 29.22**
H8 5 11,68 . 276.17** 0,00 0 . 0 0

Error 96 0.42 1.48
60 hours 1. C.D. for comparison between herbicides 0*15

2. C.D. for comparison between levels within = 0*33
herbicides

120 hours 1. C.D. for comparison between herbicides » 0.81
2. C.p. for comparison between levels within = 1.90

herbicides
♦♦Significant at 1$ level



APPENDIX VIII
Analysis of variance table

Effect of herbicides on. number of sclerotia after x+1
transformati on

Source Df M.S.S. F Calculated

Total 122 ■

Treatment 40
Herbicide 7 216.94 225.47**
Between levels 
within herbicide 32 3.40 3.54**
Treatment Ve 
Control 1 106.47 110.65**
Error 82 0.96

0.71

1.60

C .!<♦ for comparison between herbicides =

C.D. for comparison between levels
within herbicides -

^Significant at 1$ level



APPEKDIX XX

Analysis of variance table

Effect of herbicides on size of scierotia after x+1
transforraation

Source Pf M.S.S. E calculated

Total 47
Treatment 15 *

Betweenherbicide
2 0.582 198.39**

Treatment To Control
1 0*007 2.41

Betwee& levels 12 0,142 48.61**
Error 52 0*002

C.D. for comparison between levels == 0.09

C*D. for comparison within herbicide = 0.04

^Significant at 1$ level



APPENDIX X

Analysis of variance table

Viability of sclerotia recovered from pots treated with 
different herbicides

Source D£ M.S.S. I? Calculated

Total 35
Treatment 3 345*000 4*36*

Error £7 75 *647

C.D. for comparison between treatments » 12,619



APPENDIX XI

Analysis of variance table

Effect of various herbicides on sheath blight incidence and
intensity (Pot culture)

Source Df

Incidence (Tiller 
infection)

Intensity (Disease 
index)

M.S.S. F Calcu­
lated

S.S. F Calcu­
lated:

Total 35 -

Treatment Q 465 *96 6.4** 654.88 16.34**
Error 27 71.96 40.06

C.D. for comparison between treatments for incidence = 12.30

C.D. for comparison between treatment for intensity = 9*18



APPENDIX XII
Analysis of varianoe table

Effect of various herbiaides on the control of Sheath 
Blight (Field Experiment)

Per cent hill infection Disease Index
Source Df M.S.S. F Calcu­

lated
M.S.S. F Calcu­

lated

Total 47
Treatment 15 259.72 9.19** 153.26 9.32**
Error 30 28.25 14.29

C.D. for comparison between treatments 8 g.8G
for per cent hill infection 9 .
CiD. for comparison between treatments 9 6 #50
for disease index 9

^Significant at 1$ level



APPENDIX XIII

Analysis of variance table

Effect of various herbicides on grain and straw yield

Source Df
Grain yield Straw yield

M.5.S. 3? Calcu­
lated 1

M.S.S. P Calcu­
lated

Total 47
Treatment 15 0.758 5.575** 4.99 1.52
Error 50 0.212 5.77

C.D. for comparison of treatment means for * __ 0.767grain yield 5

^Significant at 5$ level



APPENDIX XIV .
Analysis of variance table 

Effect of various herbicides on the control of weeds (Total weed population) at different intervals

Source Df
■ 20th . 40th ‘ _̂60th . . . At harvest
M.S.So 3? Calcu­

lated
M.S.S. F Calcu­

lated
M.S.S. F Calcula­

ted
M.S.S. F Calcu­

lated

Total , 47
-

.

Treatment 15 10.07 1 1.88** 2 .178 2.52* 6.16 ■3.19## 9.76 5.92**
Error 30 0.847 0.861 1.93 1.65

C.D. for comparison between treatments (20 days) - 1*53
ft ,, (40 days) » 1.54
f, ,, (60 days) = 2.31
#f §» (At harvest) = 2.14

* Significant at 5$ level 
** Significant at 1$ level .



APPENDIX XV 
Analysis of variance table 

Effect of various herbicides on control of weeds (Total dry weight of weeds) at different intervals

Source Df
20th 40th 60th .. _ - At harvest

M.S.S. 3? Calcu­
lated

M.S.S. F Calcu­
lated

M.S.S. P Calcu­
lated

M.S.S. P Calcu­
lated

Total 47
Treatment 15 0.144 5 ,97** 1.439 3.615** 9.80 5.7** 9.78 '5 .92**
Error 30 0.241 0.398 1.69 1.65

C.D. for comparison between treatments (20 days)
(40 days) 
(60 days) 

(At harvest)

»» 

»>

»t
* *

1 9

= 0.259 
= 1*051 
= 2.167 
= 2.140

**Significont at 1# level



Effect of different herbicidal application on formation of
productive tillers

APPENDIX XVI
Analysis of variance table

Source Df M.S.S. F Calculated

Total 47

Treatment r 15 1360.00 2*05*

Error 30 660.95

C.D. for comparison of treatment means = 42.86 

^Significant at 5$ level



Effect of herbicidal treatment on population of soil microflora (Pot culture) 7 clays after spraying

APPENDIX XVII
Analysis of variance table

Fungi Bacteria Actinomycetes
Source Df M.S.S. P Calcu­

lated
M.S.S. F Calcu­

lated
M.S.S. F Calcu­

lated

Eotal 26

Ereatment 8 675.25 4-55**
5.71

1546.70 112.97** 8504.20 146.77**

Error 18 148.11 11.92 57.94

C.D, for comparison of treatment mean for fungi = 20,87
,, , * bacteria = 5*92
#r tt actinon^cetes » 15-05

^Significant at 1$ level



Effect of herbioidal treatment on population of soil microflora in wet land (Field experiment)
30 days after spraying

APPENDIX XVIII
Analysis of variance table

Source Df
Fungi Bacteria Actinomy cet e s

M.S.S. F Calcu­
lated

M.S.S. F Calcu­
lated

M.S.S. F Calctu 
lated

Total 31
Treatment 15 72.85 5.54** 174.5 1 2.498 1

Error 15 13.13 434.6 3.000

C.D. for comparison of treatment means = 7.721

**Significont at 1$ level
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ABSTRACT

Both in vitro and in vivo studies on the effect of 
few common herbicides on Rhizoctonia solani and on sheath 
blight of rice, were carried out.

The in vitro studies revealed that Propanil 
(Stam P.34) vras the most toxic herbicide to Rhizoctonia 
solani Kuhn, the rice sheath blight pathogen, which 
completely inhibited nycelial growth at a very low concentra­
tion of 125 ppm. Benthiocarb, Nitrofen (Tok E.25) and 
Butachlor also have high potentiality in decreasing radial 
growth and also in inhibiting the formation of sclerotia.

Soil borne sclerotia was found the major source of 
inoculam in initiating sheath blight diseases. Among the 
various herbicides tested, Nitrofen, Propanil and Butachlor 
reduced the degree of pathogenicity of soil borne sclerotia 
of R. solani* Propanil effected maximum reduction of sheath 
blight in pot culture experiments followed by Nitrofen* 
Butachlor and Nitrofen were equally effective in reducing 
sheath blight under pot culture, experiment. Nitrofen 
(Tok E.25) applied at 1.5 kg ai, 1.75 leg ai were equally 
effective as Hinosan in reducing sheath blight in field trial 
also.

Pluchloralin and Pendimethalin were unfavourable 
for growth and survival of R. solani in culture, but 
Pendimethalin resulted in an increase in sheath blight 
disease under pot culture experiment and also in the field



Bentazon stimulated growth, formation and germination 
of scierotia in culture, but ranked first in reducing sheath 
blight incidence under pot culture experiment. In the field 
trial Bentazon 1.25 kg ai/ha was as effective as Hinosan 
treatment in reducing sheath blight.

2,4-D Sodium salt stimulated growth and formation of 
scierotia after an initial lag growth phase in culture, and 
also increased the incidence and intensity of sheath blight 
under pot culture experiment.

At the early stage Bentazon 1.5 kg ai/ha, and 
Benthiocarb 1.5 kg ai/ha reduced weed population in the field 
trial.

Bentazon stimulated growth of fungi, bacteria and 
actinomycetes in soil, but Nitrofen (Tok E.25) and Pluchloralin 
inhibited all these three metfor soil microorganisms. Butachlor, 
Propanil and 2,4-D Sodium salt stimulated bacterial population 
and Pendimethalin stimulated actinomycetes in soil. There 
was not much variation in soil microflora after one month.

Aspergillus niger and Trichoderma viride were found 
to be highly antagonistic to Khizoctonia solani in culture.

trial*




