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LIZT CF TARILES

Grosth off Rhizoctonic soland on different (solid)
culiure mcdig,

Effect of different fungicides on the growth of
Rhizoctonia solani in Czapek's ager medium

(Poisoned Food Technigue).
Lffect of immersing cultiure dises in -fungicidel
solutions on the viability of Rhizoctonia solsni

A+ 24 hours incubation on Czepck's agar medium
after treatment with fungicidep.

Effect of immersfng culture discs in fungicidal
solutions on the viabllity of Rhizoetonie soland
B. 48 hours incubation on Czgpek's ogar medium
after treatment with fungicides.

Effeet of imaeréihg culture dises in fungicidal
solutions on the viability ¢f Rhizogtoniz sgleni.
C. 72 hours incubation on Czapek®s agar medium
after treatment with fungicides.

Effect of soil drenching fungicides on the viability
of Rhizoctonia solani. A. sterilized soil in test
tatesa

Effect of drenching fungicides on the vigbility
of Rhizootonia solani. h
B. Unsterilized soll in test tulbes.
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Table 8. Bffect of drenching fungicides on the viability of
Rhizoctonle woland in soil.
A. 2.0 t0 2.5 cm depthe

Patle 9. IErffect of drenching fungicides on the viability o
Rhizoctonia golani in seil.

Bs 7.0 to T«h cm dep‘i'.ho
Pable 10. Effect of drenching fungicldes on %he viability of

Rhizoctonie solani in soil.
C. 14.5 to 15.C cm,.

fable 11. Residual toxicity of fungicides zgaingt
Rhizoctonia solani in soil.

Tatle 12. Bffect of fungicides on the dampirg off of Cardamom
Beedlings in primary nuvsery beds.
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INTRODUCTION

Cardsmom, popularly kncwn as the " Queen of Spices "
is an important spice crop of our country. India accounts
fom cbout 70 per cent of the world production of cardemon,
with on annual yileld ranging from 2400 to 3800 metric
tonnes. ©Of this, Kerala produces nearly 65 per cent of

the total cardamom in our country.

Over 60 diseases have been reporied on cardemom end
its allied genera occurring all over the world. Im India,
nearly 20 diseeses have been reparted on ‘thig crcp. Among
the pursery digeases, damping off cauged by'thhigm spp
ip commonly noticed in the cardsmom growing tracts of our
counbry. A damping off dipease of cardamom caused by the

fungus Rhizoctonia wes noticed at the Cardamom Research

Station, Pampadumpara in the Idikki district of Kerala

State (wWilson, 1976 unpublished). Zventhough,

Rhizoctonla solani hes been feported to cause rhizoms rot of
cardanom in South India (Subba Rao, 1957), there is no
eathentic report of this fungus causing damege to the

Beedlings.

Since the fungus Rhigzoctionia is known to be ubiquitous

in distribution amd plurivorus in its host range, it was



felt that the presence of this pathogen in the high range
soils will be a potential threat 4o the succesaful raising
of cardamom nurseries. Investigations were, therefare,
undortalen to study the eymptomatology of the disease,
mezphology, pathogenicity, hogt range and identity of the
causal, orgenism, survival of the pathogen in the high range
Soii and fungicidel control of the. diseasel

The results obtalned are presentsed in thias dissertation.
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REVIEW OF LITERATURE

Diseases caused by species of Rhizocitonia are of world wide
distrivution. Rhizoctonia discases of a large number of plonis
have heen reported from our country.

Sundararaman (1927) reported a disease of Ginchona from the
Anamalels caused by Rhizoctonia solani. Mitra (1931) recorded

a disease of Clcer arietinum caused by R.solend.

Galloway (1935) recorded the fungus on Raphenus gativus.
A Rhizoetonia disease of sweet potato was noted by Mundkur (1936)
from Karwar, Bombay. Park (1956) reportod a collar end rhizome
disease of cardamom caused by Rhizoctonia (Coprticium) golani
from Ceylon. Subba Rao (1937) reported a rhizome rot oX

Cardemonm agsociated with R.(Corticivm) solani amnd eel worm,

from South Indla. The digeaped plants showed a demping oif
effeet with mogt of the asrial growth collepsing at ground level.

Dey (1946) recorded a wilt and collar rot of Chrysonthemum sp.

from New Delhi, caused by Fugerium and R.soleni. Jain (1950)
recorded a collar and root rot of Coriandrum sativum caused by
R.golani from Nagour. dJain and Mehmud (1950) reported R.golond
on Qeimum ganctum and derocoggie asiatica from Nogpur.

Sharma and Mahmud (1950) recorded damping off of Antirrhinum

Dgjus caused by R.golani. Diseases caused by R.solani have



been repdz:ted on Crotelaria juncea, Piper betle, Gossypium sp and
Nicotiang sp. (Anon., 1950). Noma and Mahmud (1950) noted

a damping off of Solanum melongena seedlings cauged by

goﬂﬂlanio

Singh and Gupta (1951) reported a disease of Spinacin
oleracea caused by R.soleni. Srivastava (1951) recorded
Rhizoctonia damping off of Hollyhock. Jain and Mehmud (1952)
noted a collar rot of Murraya koenigii ceused by R.golsni,
singh (1953) reported R.solani on Vigna ginensis and

‘Cyzmopsig tetragonoloba. Srivastava and Singh (1954)
recorded a seedling disease of Citens paradesii cauged by

. Regolani. Gupta end Sharma (1955) reported a wilt disense
of Xochip indica caused by R.gsolani. Venkataremeni and

Venkata Rem (1959) recorded a coller rot of tea eaused
by R.golani.

Paracer ond Singh (1963) noted a sheath blight of rice
censed by R.soleni. Also, they reported a disease of
Cobbage seedlings cauged by same fungug. Janardhen and
cangali (1963) xccorded a disease of Digitalis purpurce

cauged by Rhizoctonia spe Rathore (1964) recorded 2

digcase of betel caused by R.soleni. Sirdhana ot 2li(1964)
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notsed a foot rot of Balsam caused by R.golani.
Srivastava (1968) reported a dry root and bottor rot of
mistard caused by R.golani. Roy (1968) noted R.solani on

rootg of Brassica carpestris ver. torie and Immailens

balsaming from Assam. Agarval and Gupta (1968) recordsd
Rhizoctonia on Malug sylvestris. Chandwani gt al.(1969) -

reported linseed wilt coused by Rbizoctonia sp. Sinba
end Jawenda (1969) recported a foot rot of grope vire

caused by R.poienij Fuserium sp and Alttermaria 8p.

Sharma ond Kulkermi (1971) reported a leaf blight
of Iibiscus gsculontus coused by Resoleni, Subramenyem
et 81.(1975) recorded pre-emergence and posimemergence
damping. off of Melampodium and Cosmog caused by R.goleni,
Roy (1975) recorded damping off of the seedlings of
' Coxchorus capgsularis and Lageneria leucantha. He further

repoi'ted collar rot of Dianthus barbatus, Echiun

plantagoneum, ZEschscholzia galifornica and Vinea roses

and collar rot and root rot of Phyllanthus ureparie,

caused by same fungus., Also he noted root rot of

Centrella asiatica dnum ueﬁ:{;atissimum, HMegembryanthomun

criniflorum and Phaleris arumdsnacee var pictz end root




canlker on Pongolozia indica caused by B_.soléni. ile
recorded a loaf rot of Amarnathus caused by R.gcolani .

from Assom.

HMorphological characters of R.solani,

Kiibn (1858) recorded Rhizoctonia on discesed potato
tubers and named the fungus as_Rhizoctonia galend.
Duggar (1915) reporded that the young hyphal branches of

R.goleni are inclified in the direction of grovth and ore
"invariably somevhat congtricted atb tha‘point of union with
the main hyphae. He gave the size of aclerotia as
scarcely visible to 1 t0 2 cm in dlaneters

Palo (1926) measursd the hyphae of R.golani on 8
different media and roported thet substrate has profound
influence on cell dimensions. hile working with

Rhizoctonia isolates of rice, he noted thet in come cases

the young branches arise at right angles to the mein
hyphae, but they later tend towards the direction of the
growth of the main filamenta.

vel (1934) gave the range . in diemeter of hyphao of
Repolani as 4=6 /J on PDA and 6=13 f.l on Hopkin's synthetic



agare Froderikeen _ej, als (1938) stated that sclerotia on
potate 'bubei's range from about 1 mm dlameter to crusis ov
scales over the entire surfaco of the tuber. '

Tovnsend and Willets (1954) while deaczé.@bing types of
sclerotial develapment :Eeferred R.golani as the loose type
and stated that in the formation of solerotidl initisls
there is no definite pattern of orgenisation of tho
hyphae and the resulting sclerotla are very loogely
constructed. Flentje (1956) stated that there werc sepia in
the main hyphas immediately on either side of the tranch,
Flentje et a1.(1964) reported that in mature hyphae of ‘
R.soleni, branches arise at right angles or at acute angles,
ie,, noar 45° to the main branch. |

Parmeter (Jr.) and whitney (1970) reported the dimgmostic
colour of Regolani as brown aud that of mature sclerotia
88 NUKerous shades of brown. They further reported ithat the
sclerotia: of R.goleni ranged fram the size ofl a pin hoed
40 5-6 mm in dismeter but through the confluence of several
sclerotia = crust of several centimeters might bte formed.
The following characters have been recognized for R.colani
by the above lnves tigat:bﬁé : |



1. Multinucleate cells in young vegetative hyphac,

2. Prominent septal pore spparatug.

3¢ Branching near the aigtal septurz of cells in young
.vegetative hyphae, '

4. Constriction of the brench and formation of a septum
in the bronch near the point of origin.

5, Some shade of brown.

Purther they noted that characters like the presence
of monilioid cells,sclerotia wli thout differentiated rind
and medulla,_l hyphae greater thaﬁ 5 /D. in dinme‘"!:er s Tapid
groath rate and pathogenicity are usually associated with
R.solani, but occasionally one or more of these characiers

might be lacking in individual isclates.

Growth and survival of Re.golani.

Elmer (1942) reported that R.golani did not survive
in the absence of a susceptible host when fempersiures
during the growing season verc oo high for mycellial
geowth and sclerotial production. Sanford (1952) reported
- that susceptible hogt plants were more importont for suevival
in soil than wvere dead or living roots of non=susceptible

hosts. He stated that R.polani dipoppearsd from heavily



infested soils in less than four months in the'absenca

of susceptible crop, but survivel upto eight months was
to

noticed under soll planted susceptible crop.

Bocsalié and Sacharen (1959) by dj.fect microscopic
observation of R.soléni pathogenio to sugar best seedlings
found that 1t peraisted in the form of sclerotia on the
surface of plant debris particles and ?:; thick walled
hyphae within such particles. McCarter and Halpin (1962)
reported that R.solani caused moderate to severe damegpe to
clover plants over a temperature range of 50°F to 80°F,
but, the damage was generally more at higher tomperatures.
Ven Adrichem and Bosher (1962) reported that siray bterry
root rot symptoms were predominent at 35-65°F and ¢rowun
infection at 60=20°FR,

Pitt (1964) observed a limited survival in naturally
infected cereal straws buried in soil. He reported thot
saprophytic survival of R.golani clones from whoat siecm vas
not a major factor in tho persistence and survival of the

sharp eye apot discase.

Studies conducted by Xarthe and Nema (1969) on the
- effect of host nutrition on the incidence and severity of
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Rhizoctonia disease of Phaseolus gurcsug indlcated that
difference in nutrition had- a marked effect on the virulence
of ths pathogen. Tu (1969) reported that most of the |
sgprophytic activity of R.golanl occured tetween the soil
suﬁface and 30 cm depth and the hyphae were more pathogenic
than sclerotia on Kenaf (libiscug epp.) seeds snd seedlings.

Mulea gt 21.(1971) reported that 20=26°C was the
favourable temperaturs for infeetion of Flax seedlings by
Rhizoctonia. Also, he stated that the growth of R.soland

was beet on Potato glucose agar with malt or Czapek's medium
at 18=28°C. Glucose and levulose were found as best carbon
sources and arginine as the test nitrogen socurce.

Mildenhell and Williams (1973) reported that carro%
geown in soil at temperatures of 20, 24 and 28% C developed
severe crown rot and cavity spot whon inoculated with R.golani
but 1little infection occurred at 16°C. Azen and Khen (1973)
roported that growth end sclerotial formation of the
canliflower isolate of R.gpolani after 24 hours were best on
Potato dexitrose agar followed by Bean pod agar, Ieaf extract
agar, Czapek's agar, Lima bean agar, Corn moal agar end Mol
extract agar in the descending order, After 48 hours,
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highest grosth was obtained on Czapek's agar, ILime bean
ager and Potato dextrose agar and lowest in:Pmme agary
Corn meal agaf and Sabouraud's dextrose agar.- Afder T2
hours, size of the colonies in all excep’t Pruns agar wes
more or less equal. The sclerotial formation wes abundant
in Potato dextrose agar end high in Czapek's ager. IO
sclerotial formation was obiained in Corn mead agar oven
atter 6 days of incubation. Hahendra Prabhat gt gl.(1974)
reported that the sclerotia of Corticiun sasakil remained
viable in soil for 200220 Gays while thoge pleced o

the surface of the soil lost vigbility aftor 160 days.

Inagaki and Makino (1975) noted that R.oryzse grew
poorly on inedia consisting of inorgasnic compounds =ond
glucoge, dbut grow well with the addition of rico decoction.
Studies on tho field survival of R.golani conducted by
Herr (1976) revealed that in all except one instance
low levels of R.golani survived the winter in artificisglly
and naturally infested f£lcld solls. Survival in diseesed
beet placed on soil surface wvas greater than in those
buried in soil. The major reduction in survival in buried

beet occured during the 6 week intervel from April o June,.
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 Lewis and Papavizas (1977) reported that high
temperatures (26-32"0), h:.gh moisture holding capaci’i;g
(70 per eent) and a soil reaction of more than pH 6.0 '
favoured '!she ﬂisease cauged by R.aolani on soybeans in

green hougee.
Bvaluation of fungicideg

Lioboratory evaluation

Zenﬁﬁl&er (1955) employed poisoncd food itechnigue for the
1aboratory evaluation of fungicides against Phytophthora
cinnomomi and also deseribed a latoratory method for
testing soil fungleides s soll drench egeingt. thig funpus.
Laboratory tests conducted by Vaartaja (1960) indicated
that PCIB was a relatively weak toxicant to R.solani.
Sinclair (1960) reported that isolates of R.golant differed
in their sensitivity do PCNB,; Capten and Dichlone under
laboratory condi tionsg.

In laboratory evaluetion of fungicides against
Sclerotium rolfeil and R.bataticola by using agar platle
method, =0il plug method, end soll vial (drcneh) mcthod,
Das and Sen Gupta (1963) noted that in agar plate mothod,
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Mylone was funglcidal to both fungi even at 160 PP

Vapum was fungicidal to S.rolfsii et that dllutlon tu% weo
only fungistatic -to g.ﬁataticcla. Fytolan wag z.zo*u at ail
effective. In soil plug method, inhibition. zones wére
produced by Vapum, Mylons and Herucling. In soil vial
method, Mylone wes funglicidal to both fungl at 10 ppm.
Vapum killed S.rolfsil at the above dilution while
R.bataticols was killed at 100 pow, Fytolan was not at
all effective.

From the results of laboratory and grcen house teats,
zachop e¥ al.(1963) reported that Terrachlor 75 vw.P.(754 gf
1000 sq.m scil) geve best control againgt damping off of
cotton when partly spplicd as sced disinfectant and resd
added to the soil. Ruizoetol (12 g/kg seed) wez algo
reported ags a promising secd disinfectant. ‘

szhal (1962) employed a method for laboratwy evaluaition
of funglcides sgaingt Mzocroohomina phoseoli by dipping

fungal dises in fungieidal sclutlons for different neziodag

and then transforring to potato dexiroge agar medium, -
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Follin end Diaello (1971) by sereening 8 funglcides
againgt Colletotrichum gossypii, Re.solani and Pythium

gohanidermatum reported that Demesan, Vitavax end Denlate

were most effective agoinst R.golani, For widening the
effcets of 3 systemies Agrosan or Difolatan in combingd

treatments was recommended.

Kateria and Grover (1975) rcported that R.golani
was most sensitive to PCHB followed by Benomyl, Chloroneb,
and Thiophanate~mothyl in vitro and that these fungitoxicants
viers i‘ungi.sfafic. Formation of infection cushions on
cotton threads soaked in four fungltoxicants waes inhibited
best by Benomyl, while higher coneentrations vere rcouired
for the rest. When the roots of 5 day old Phaseolus seedlings
were dipped in these fungitoxicanis ab 250 a1 for 30
minutes and then subjected 0 invesion to R.soleni,
Benomyl, and Thiophante methyl prevented formation of
infection cushions while similar inhibition was obiained
with PCIB end Chloromeb at higher concentrations only.

Among 4 systemics andé 16 nonesystemics tested by using
poisoned food iechnigue, Sen and Kapoor (1975) found thot
Bavistin, Dithane MN-45, BAS.3050 F, Benlate, Captan and

RH.893 were effective against R.soloni ceven at 100 ppn.



Kataria and Grover (1976) meported that the mycelial
growth of R.solani was sitrongly inhibited by Bencmyl,

Chloroneb and Quinitozenee.

Among 42 fungicides tested in the laboratory, Ketavia
and Grover (1977) noted that Copper carbonate, Copper
sulphate, Mercuric chloride, Agrosen G.N., Quintozene,
Kesumin, Carboxin, Pyracarbolid, Baviestin, Chloronch,
S.7258, RH.893 and Terrazole were most inhibitory to the
myceliel growth of R.goleni on Czapek's agar plates.

Copper oxychloride, Zineb, Ziram, P.319 and Anilazine
were much less toxic,

Among 6 fungicides tesited agailnst R.solani, in viiro,
Hiremath gt 'g_]_._. (1978) rceorded that Ceresan wet inhibited
the growth of the fungug even at 0.1 per cemt concentration
whereas, Blitox, Bregsicol, and Brestan were incfiective
even at 0.% per cent concentration.

Field evaluation

The results of tests conducted with seventecn comoundg
againgt R.golani and Pythium debaryonum on suger beots
by Foeppel amd Gerhold (1954) proved that Manzate was mogt
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gffcetive against these fungl and vhen used at the rate
of 8.0 02/100 1b seeds 1ts protectlve effcct persioted for

a period of one yecar.

Studies on the effcctiveness cof seed treatment againgd
damping off of Red pine caused bLY R.solani and Pythium
irregulare, conducted by Cockerill) (1955) revealed that
with 12 oz of Thiram/1001b seeds the percentage of
mortality was 16.1, with 8 o3 22.6, and with 4 oz 31.3
as compared with 74.4 in the untresied.

Gibson {1956) reporicd that Granosan indirceily
assisted the pine (Pinug patual and P.rediata) seodling denping
off pathogens (R.solemi end Pythium uliimum) through
the soil by 1lis geleciive ection on the antegonistic

picroflora, competition with which is thereby reduced,
Couch g% 21.(1962) reported that zmong the 22 fungiciw

dol formulations tested agelnst R.sclani, Terran O.., Criho

1aw{n and turf fungicides, California chemical 498, Dyrene,

Ditﬁane V=22, Actidione=Thiram and Thimer were good for

the control of the fungus‘. Soll treatments with 100 ppm

. of Ceptan and PCNB againgt six distinct biotypes of

R.golani from Pinto bean revealed that three races were
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partially resistant to PCFB on cotton and beems (Fhoman,1962).
Shatla end Sinclair (1963) reported that strains of

R.golani varied from highly tolerant to sensitive to

PCNB.

From the results of exporliment conducted with five
chemicals for controlling damping off of cotton mainly
caused by _I'g_.g_o__lg_g; ,S0lel and Minz (1964) reported that PCIB
and Zineb were good in controlling_'the disease, PCHD teing
superior to Zinet.:.‘

Studies conducted by Grewal and Singh (1965) on ‘the
’ eftactiveness of seed troatment and scil drenching againgt
damping off of cabtage caused by Pythi tum aphonidermatum,

R.golani and R.bataticola wreveeled that seed iroatment
with Captan and Arapan were good. Soil drenching with six
funglcides ‘viz, Parzate dry, Panogen, Captan, Eytolaxi, |
Aragan and Rhizoctol revealed that Permate dry and Ceptan

(0.2% water suspension) were good,

- In a fleld test conducted by Bird gt al.(1966) it wes
found that secedling stand for four funglcidal treaitmonts
viz., Captan + Foelpet, PCNB + 02424 (Ethoxy %richloro
methyl thiadiozole), PCNB + Thirem and PONB + Lamstan
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(Chloro-nitropropane) was greater thanm the eontrol of which
PCNB + Lensten wes the best. Dongo and French (1967)
reporied -that six of the 47 chemieal mixtures tried gave
good control against the Fusarium-Rhizoctonia complex,

the Best being the mixture Thiram + PCHB,

Sinha et al.(1969) reported that grapevine foot roi

czused by R.solani, Fugarium sp. and Albternaria spp. cculd

‘be controlled by Brassicol (75 W.P). Studies conducted by
Agerwal and Singh (1969) on the effoctiveness of seed
dressing and soil drenching against foot ro% of whealb .
causcd by Sclerotium rolfsil, revealed that seed dressing
with Arasan was the best in controlling the diseass, |
folloved by Captan,Thiram and Bis~dithane. For soil
drenching, Rﬁizoctol wes the test followed by Arasan,
Captan, and Bip-dl thane.

Rizk et 21.(1970) reported thet four seed dressing

ckemicals and four soil disinfectants were highly effechive

againgt R.solani and Fusarium oxysporum, of which besh

resulds were obizined by seed dressing with Rhiszoctol.
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Jhéoty and Grover (1971) reporited that Rhizoctonia
rpot rot of cucurbits was eff@ctively conirolied by seoed
treatment with Vitavax and Brassiccl. Sharma and
Kulkarni (1971) stated that leaf blight of bhindi caused by
R.golend was effectively controlled by PCNB and Coppesan,
Based on comparative trials conducted, Davis gt al.(1971)
reported that soll treaiment with PCHB and seed dressing
with Benomyl controlied the potato stem and stolan
infection by R.soland.

Ko and 0da {1972) stated that beet seeds 2id nod
accumtilate cufficient Quintozene (PCIB) from soil in 12
hourg to protect them Lrom R.goloni and the treatment
h=ad no effcet on the paxhogenicity or population of R.golant
in soile The control sppeared to result from grouwth
sﬁppression rather than destructicn of the pathogen.
Studles corducted by sSchnieder and Potter (1974) on supgam
beat indicated that pre-plant applications of PCHB (8 ond
16 1v ai/acre) and crown spray applications of chlorothae
Lonil {15 1b), PCND (2 and 4 1b) 2and iwriphenyliin hydrogide
(0.3 1b) sipgnificantly reduced incidence and severity-af

root rot caused by R.solani.
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Shelvin and Katan (1975) reported that Rbizoetionie
disease of carrot see dliﬁgs could be coritrdlléd, with
varying degrees of success, by PCHB. The results of #he
experiments .conducted by r{uimcpadhyay and Tewari (19755
proved that epplication of Quintozene (PCNB) at ths rate
of 12 kg/ha as ridge soil drench 3 months after planiing
significantly coftrolled the zoot rot of suger beet consed
by Selerotium rolfsii. Dry epplication of fungicides proved
inferior to the ridge soll drenching,

The resui‘ts of experiment conducied by Roy (1975)
revealed thet Benomyl and Chloronebd as soil treatmeng
gave good control of R.golani on cowpsea upto 30 days ocnd
on radish upto 15 days (moderately good upto 30 days)e
On bhint}i, Benooyl was moderately effsctivg upto 15 Cays
and Chloroneb upto 30 days, PCHB was good upto 30 deve
on thindi and moderately good upte 15 days on radich.

Ag soll drench, Benomyl and Chloroneb were cffective on
coupea and were ineffective on bthindi. PCHB gave
moderately good results on bhindi. The residual action o
Benomyl. and Chloroneb remained in so0il for 55 days and
pcééibly longer but that of PCNE for 2 brief periocd.

Field studies conducted by Tripathl et al.(1977)
revealed that Ceptafol was the best.to control chercoal
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rot of secsanum caused by R.bataiicola, followed by
Cavbeudezin eand Thiram + Captan. Coel and Mehroira (19977)
found that root and collar rot of okra was effeciively

controlled by Ceresan followed bty Thiram and Bragsicol,

tnong six fungicides tested for their comparaiive
efficacy agoinst R.soland in vivo by seed dressing, soil
mix end soll drench methods, Hivemath et 21.(19¥8) noted
+hat Captan was effective in conireliing collar rot of
fenugreslk, both as soll mix anhd soil drench while

Bransicol wan superior ap sced QresseT.

Broum (1947) reportod that chlorinated nitrobenzenes
a:!."e tnovm to affeot plan‘t growth., Cetag {1960) recorded
phytotoxic effect of PCHB against Spinach sesdlings when
ueed at 7.5 1b ai/acre. The oxperiments on the control of
Rhisoctonia infection on potatoes conducted by
Livingston gt al.(1962) indicated that even though the
disease control and yield incroase were direetly related
40 increasing doses of PCRB,; phyiotoxicldty also increased
ot hisher doses of PCHB, Schnelder mnd Poiter (1374) found
that a significant reduction in ssedling emerg-nce wag
essccitted with 8 and 16 1b PCID applied in soil as pre
plant epplication againgt Re.golani, caﬁsing root rot of

sugertao G
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MATERIALS AND FETIODS

Symp tomatology of the disense

Sympiomatology of the dimease was studied from naturally
infected cavdsmom seedlings at the Cardemom Research Station,

Pampadumparas

Igolation of the causal organism

The cousal organism was isolated from infected cardamom
seedlings, The diseased plant parts were cut inte small bits,
purface sterilized with 0.1 per cent mercuric chloride solution
end weshed three times in storile water. The bits were then
asfeptically placed in sterile petridishes previously poured
with Czanck's agar medium. After two to three days, the fungal
grouth was transferred into Czapek's agaer alents in test tubes,
by meaup of a sierilized inoculation needle. Pure cultures
vere maindtained on Czapelk's agar slants at room tomperature

(28=30°C)«

Morphology of the fungug
The morphology of the fungus was studied by growing culiures

on Czepek'e agar medium in petridishes.



Cormogition of the media used

1. Czapck'!s ager
Sucroge

Sodium nitrate

'Dipo‘bassium hydrogen phogphate
agnesium sulphate

Potagsium chloride

Ferrous sulphate

Apar ogax

Distilled water

2. Corn_meal agar
Corn meal

Paptone
Dextrose

Ager agex
Distilled water

50,00 g
2.00 g
"1.00 g
0.50 g
0,50 ¢
0.01 g
20,00 g
1000.C0 ml

20,00 g
20,00 g
20,00 g
20,00 g
1000.00 ml
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3+ Qoon's agar
sucrose

Dextoge

HMagnesium sulphate

" Potassium acid phogphate
Potapanium nitrate

Ager eger

Distilled water

4. Qat meal agar

Oat meai

Peptone

Dextrose

Agar agay

Distilled water

5. Rotato dextrose agsr
Totato

Dextrose

Agar agep

Digtilied vater
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7.20 g
3.60 g
1.23 g
2.72 g
2.62 g
20,00 g
1000,00 ml

40.06 &
10.00 g
10,00 g
20,00 g
1000.00 ml

200.00 g
20,00 g
20.00 g

1000.00 ml



6+ Rgwo moel ager
Borbay rava
Dextroge

Peptone

Agor agaw
Digtillied water

T.Richardls ogaor

Sucrosy

Potassium nitrate. |
Potagsium dihﬁdrogpn phosphate
Magnesiun suiphame

Ferzic chloride

Agar apgor

Digtililed water

B8 Soil oxtract agar
Soil extract

Doxtrose

Peptone

Apoy agor

9. CSobouraud’s agar

Glucose
Peplbone

Ager ager
Disgtilled water

AD.00 g
10,00 g
10.00 ¢
20,00 g
1000.00 ml

50,00 g
10,00 g
5.00 g
2:50 g
0.02 g
20,00 g
100,00 ml.

1000,00 ml
10.00 g
10.00 14
20-00 e

40,00 g
10,00 g
20,00 g
1000.00 ml



26

Tive mm diameter discs were out out from a peiridish
culture of the fungws grown on Czapek's agar medium and
‘wanaferred to the cenire of petridishes containing the
different media. Three petridishes were used for each
medium, Grosth was recorded when the mycoliwm in any one
of the medium completely covered the peitridish. The
sticrotial formatdon ves weccrded 15 days after inocculation
on the medig.

Peihogenicity of the organism

The pathogenicity was teated by inoculaiing cardamom
geedlingg with the fungus grovm on Rawe ‘meaii. send medium,
The s0il in earthen pots vas mixed with the culturc of the
fungue at the rate of 2.5 per cent by weight (épproximately)
teforec gowing the seeds. ILarger seedlings were inoculated
by placing the culiture at the collar region and covering
wiih moist cotton. The pathogen was reisolated from
eriificlally infected seedlings.

Host ranpge of the fungug |

The following species of plants were used for hogt

range studies. Inoculations were done as mentioned above.

1 Az0lla - Azolla pinnata Lem.
2« Bongel gram Cicer arietinum Limn.
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9
10,
t1.
12
135,
14.
15.
16.
17.
18.
19
20.
21
22.
23
24e
25.

Balsem
Bitter gouﬁd
Betelvine
Lrinjeal,
Bhingd

Cow pea
gucunber
Ciugter beans
Comaclina
Green gram
Rataladl
Kichanelli
fnaterd

¥ut grass (Muthanga)
Hithya vazhuthsng
(nion

Jorppum
Potavo
Hapier grans
Bcpper
Peringelom
Snale gourd

Sword boan
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Impaticns balsamina L.

Momordica ghareéntia Iig

Pipexr betile Linn.

Solanum malongzsna D

Abelmoschus esculentus lMosnche

Vigna sinensip (L.) Savi.

Cucumip gativug L.

Cyemopsig tetragonoloba (L.) Taub.
Comnelina ben@algnsis 5.

2hageolus aurensg ROXba

Achyranthug aspera L.

Phyllanthug niruri L.
Béaasioa ;juncéa Cosa.

Cyperus rotundus L.

Calonyction ruricatum Don,
Allium cepa Linn.
Atutilon indicum L.

Solanum tuberosui Linn.
Pennigetun purpuveum Schum.
Piper nigrum L.

cierodendron infortunatum I.
Lrichesenthes gnguina L.
Canayalia gladiata e,




26. Tomato
27. Venappacha

Cogbsi‘cion of Rawa meal sand medium

Bombay rava
Dry sand

Water
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Lycopersicon esculentum Mill.

Heliotropium indicum L,

/

1000,00 g
100.00 ml

Eveluation of fungicides for the control of the funms

The following fungicides were used for laboratory and

field experiments:

Fungicide
1. Bavigtin
,2. Daconil

+3, Difolatan

4. Dithane M"45
P

5.Fytolan

6. Mildothane
e

/1. BCNB (Bragsicol)
8. Thiride

-

Active ingredient -

2 (methoxy = cargamoyl) benzimidazole,
Tetra chloro isophthalonitrile.

cis N~ [(1,2, 2=tetrachloro ethyl) thig)
4=cyclohexene=1, 2-dicard Oxymide;

Zine¢ ion and Manganese e_thelene bis

di thiocarbamate.

Copper oxychloride

Thiophanate~me thyl (.1 92=bis 3 methoxy
carbonyl-2- thioureide) benzerie.
Pentachloro nitrobenzene.

Tetra methyl thiuram disulphide,
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L&baratarx evaluation of fungicides
Gie Poisoned Food Technigue

he effect of different fungicides on the growth of the
fungus was studied by the poisoned food technique
(Zentmyer, 1955). Three concentrations were used for each
fungicide. The required quantity of fungicide:: was added to
50 ml gterlilized molten Czapek's agar medium, mixed well and
poured into storilized petridishes at the rate of 15 ml in
each. One 5 mm mycelial disc cut cut from an actively
growing petwridigh culture of the fungus was placed in the
centre of each petridish containing the poisoned medium. The
petridiches were then incubated at laberatory temperature.
Observatlions on the radial grosth were taken on the third
day aftor incubation. The per cent inhibiton of growth
vas caelculated by the following formula:

~ Per cent inhibition of growth = ¢=2 x100
C

where C =, radial growth in control

T = radial growth in treatment

b. Immgrsing mycelial dises in fungicidal selution
The mothod followed by Sahal (1969) wes adopted for

thig experiment. The highest concentration of the fungicides
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used in the above experiment was employed in this etudy.

éhe fungiclidal solutlions were prepared in 50 ml sterile,
distilled wator. Dises of 5 mn diemeter were cut out

from actively growing culture of the fungus grown on
Czenolkl's ager medium and then immersed in the fungicidal
soluilons, After intervels of 10 minutes, 30 minutes, 1 hour,
% hours and 24 hours, the dis¢s were removed fron the -
fungicidal solutiona, rinsed in sterile water and placed

on Czapek's agab medium in petridishes. These were

then incubated at room temperature. Threo replicam;ona were
malntained for cach treatment. Growth of the fungus wes

recored et 24, 48 and 72 hours =fier incubation.

¢. So0il drcnching of fungicides in glogs tubes
1, Using ewlture dlsos of tho fungus

This was studied according to the method described by
zentmycr (1955). The soil was ailr dried, sieved through 20 mesh
sieve and antoclaved Lor 45 minutes each at 15 1b pressure
on t70 dayds The sterilized s0il was taken in 2.5 ¢m
dlemetor storile glass specimen iubes upto a height of 2.5 cm,
The fuﬁgal growth from 3 days 0l1ld culture was cut out into
S mn diometer discs and one disc was placed over the soll in
each ibe. Another 2,5 em colum of sterilized soil was then
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placed over the inoculum. TFive ml of the fungicidal solution
weg poured genitly over the soil surface, the Wtube plugged
with sterilized cotton -wool and incubated at .- room temperature.
After 24 houvrs, the tubes were empiied, the culiture dise
separaicd, washed thoroughly in sterile watex and wes
asceptically placed on Czapek's agar in petridishes. The
pletes were then incubated at room temperature =nd observed
for grouth of the fungus upto 72 hours. For the control
tubosy five nml of sierile distilled water was poured

insteed of the fungicldal solutions. Three replications wers
meintained for each treatment,

2. Uping Rava meal sand culture of the fungus

Fowr hundred and £1£ty grams of dry,sieved (through 20
mesh sieve) soil was taken in 1000 ml flask, plugged and
autocloved at 15 1b pressure for one hour. After cooling,
50 g of o tcn day old culiure of the fungug grown on Rawa
mead, gand medium was added into the flagk and mixed well
with the poil. This soil - fungus pixiure was then
digpensed into sterile 18 mm diameter test tubes unto a
height of ¢ cm in each and 7 ml of ecach of the fungicidal

solutiong prepared in sterile water was carefully edded
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into each test tubs. TFor the control tubes, only seoven

ml of é'herile water was added. After 24 hours, the iubes wexe
emplicd and 1 g sample of the so0il was placed (uniformly
gpread) on selective medium (given below) in pe‘bridishés.
Three replications were maintained for each fungleide,
Observations were taken 72 hours after incubation.

In another set, unsterilized solil was uged for the

experinent.

Componltion of selective medi@ ( Xo end Frances, 1971)

K2H 0 4 2,00 g
Mg SO 4 |7HaO Ge50g
(s 0.50 g
Te 80471120 0.01 g
He 1‘%02 0.20 g
Gellic acid 0.40 g
Dexon (Sodium p Qe
methyl amino) 0.09 g
tonzene diazo sulph-
onate.

Chloromphenicol 0.05 g
Streptomycin 0.05 g
Agar agar - 20.00 g
Yater 1000,00 ml.
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(411 mineral salts were added before autoclaving and
gellic acid, dexon, chloramphenicol and strepiomycin were
0dded Just before pouring). ‘

Po% culiure gtudies

ae BEfect of fungicides at different depths of soll

Rava mepl sand culiure of the fungus was nixed with
uneterilized soll 4o glve 2.5 per cent inocculun level and
the nixture was filled in 30 cm diameter earthen potsn:{fzere
kept in an . open place. After three days, the required
concen‘bratioﬁ of the funglicidal solution was poursd at
the rote of 2 1itres per pot. At intervals of 1, 5,15
and 30 days after +troatment with the fungicides, soil
sauples were collected from depths bvetween 2.0 cm to
2.5 cay 7.0 cm %0 7.5 cm and 14.5 an 0 15.0 em by moang
0f 2 2.5 cm diameter ivon pipe and one gran samples
of tho eome were then pleced on selective medium as
mentioned earlier. For the control p}\ota, 2 litres of water
vas poureds Three replicatlons were maintained for each
trcatmente

b. Besidual toxicity of fungicides in soil:

Thirty ce diameter earthen pots were filled with soil
and the required concentration of fungiecidal solution
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vea pou..v'ét"l at the rate of, 2 li'h'és per pot. At intervals
0f 1y 54 15 and 30 days after treatment with the funglcides,
%ho soil in ‘thé pots upfo a dep'&h of 2.5 cm wap mized with
25 g of Raya meal sand culture of the fungus end 500 ml of
water wog then poured into each pots Twenty four hours

aftor mizing the fungus, soii samples were tgken from the
pota and placed on the selective medium as mentioned

-carliers Thres replications wera maintaiﬁed for eesch
treatmont, '

Field evaluation of funplcides

The comparative efficacy of fungleides for the control
of Rhizoctonia damping off of cardamom ssedlings was . tested
by drenching the. fungicides in primary nurgery beds, at the

Cardemon Research Station, Pampadumpara.

The concentration of fungicides used for the cyperiment
is as followes Bavistin (0.155), Daconil (0.3%), Difoletan
(0.353), Dithene M=45 (043%), Fytolan (0.2, Mildothane (0.2%),
PCIB (Brassicol)(0.3%) and Thiride (0.37%).

The fungicides were epplied at twe time intervals.
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Set I:= Two days before sowing socds (4=11=1977)
Set I1: One month after sowing (S=12-1977).

Primary nursery beds of 2 x 1 M x 0.03 ¥ size vere
prepared and the top soll was made into a fine tilth by
removing pebbles and other materials. Five hundred grams
of the Rawa mesal sand culture of the fungus was first
mized with 1.5 kg of sand and was evenly digtribuied on
cach bed and mixed well with the soil upto a dopth of
gpproximately 7.5 cm. After levelling, a thin layer of sand
was. evenly spread over the beds. After two days, beds in
set I were drenched with the different fungicides at the
rate of 3 litres per bed. Two days after gpplication of
fungicides, seeds vere sown in all the beds including that
of Set II, at the rate of 1000 geeds per bed. The heds were
then covered with a layer of potha gress (Granotia siriota).

One month after sowing the secds, the beds in Set II were
drenched with the fungicides a3 mentloned gbove, after
removing the grass mulch., The mulch was replaced after
drenching with the fungicides. Suitable controls of seed
beds wlih and without the addition of the fungus were also .

maintained. Three  replicationswere mainteined for each |
treatment. The beds were watered daily from the time of

80ving. i \
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Potha grags nulch was removed when the seeds started
germinating, Observations on the numbér hof heal thy
secdlings were taken during the ﬁ.fth ahd eighth month
(Aprdl and July, 1978) after sowing.

Survivel of the fungug in soil
The period upto which the fungus will be able to

gurvive in the soll was studled at the Cardamom Research
Station, Pamnadumpara. The poil of nursery beds was

mixed with the funpus and seeds sown as described for the
field cvaluation of fungicides. Samples of the top 7.5 cm
layer of soil were collected during the 5th and 8th month
efter sowing, from four dlfferent places of each bed. These
wero mixed and the presence of viable propagules of the _
fungus wes tested by plecing on selective medium as

deseribed in the pot culture experiment. K
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RESULTS

Symp tomatology

'

Syoptomg of the disease sppeared aftor the emergence
-0f seedlings. The collar reglon of infected seedlings
e:éhibitea light brown diccolouration in the ecarly ctages.
Ag the infeotion advanced, the colour at the collar region
became davk 'brmm and the seedlings collapsed and decayed.
In the cose of older seedlinge, a3 the collar region became
"br@n.; the lower leaves apreared wator-soaked am later on
bocgne diwty white to yellowish brown in colour and
pamhmen#-u&e. Infeoted seedlings eventuelly collepsed at
the collar reglon, shrivelled and died in patches. When
the infectaé seedlings were uprooted, the basal regions
inCcluding the young developing rhigomes were seen dirty
broym coloured and decayed. Discolourgtion and decaying
of the roots were also notlced. Seedlings in the primary
nurscry were found susceptivle to infection by the fungus
upto acbout six months,

Icolation and Pathogericity of the fungus
The fungus was isolated, brought into pure culture and

meinteined on Czapek's agor medium in test tubes. Artificiel
inoculations proved the fungus to be highly pathogenic
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to0 young cardemon seedlings upto about six monthg. Syoptoms
identical to those oecurring in nature were produced on

the artificially inoculai:ed seedlings. When the rhizomes

of older planits were inoculated with the fungus, thoze
became soft and brown in colour. When such rhizomes were
split open, rotiting of internal tissues was noticed. Young

shoote arising from infected rhizomes wilted and dried.

Horphology of the fungus

The Iyoung hyphae apveared hyaline and sprecding. These
later became brown in colour. The hyphal branches ugually
developed at right angles. But branching at 45 degrees
was also noticed often. The branches were invariably seen
some yhat constricted near the point of origin and
o septum could be noticed in ths branch near the consiriction.
Young hyphae ranged £rom 3.2/& to 6.4/&1 in dlamgter.
. Phe length of individual cells ranged from 128 /u to 252 fx.
In older cultureg, the hyphal cells becamr shorter and
more or less barrél chaped. These meagured 28,8 /u to
58'4F in length and 6.4/1- to 9.6/.1 in diemeter. Moniliold
cells meaguring 19.2/u to 28.8f1 in length and 11.2/11 to
12.8 P in diameter were 2lso noticed in o0ld cultures.
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Sclerotial inltiels were white and loose textured. HMature
sclerotia:. gppeared brown in colour. The size of selerotia
ranged from B86.4 e to 374.4 /u Confluence of a number of
sclerotia forming cruat like patehes on the sides of

petridishes was noticed in culbure.
Groyth on different media

The fungus grew on all the medla tested. On the third
day after inoculation, «very good mycelial growth was obtained

on Coon's agar,0at meal ager, Potato dextrose agar,

Czepek's agar and Richerd’s ager., Corn meal agar was found

t0 bo a poor medium for the growth of the fungus (&‘abie 1),
Statisticel enalysis revesled that Coon's ager, Oat meal
oger, Potato dextrose agar, Cazspekls agar and Richard's

ager were superior to the other media tested. The differences

gmong the sbove five medla were not significants

Sclerctial formation started on the fifth day of inoe-
culation and was found to belabundant on Czapek's agar,
Richordts agar, Potato dex%roae agar and Sabouraudts agar.
No sclerotial formation .was noticed on Rawa meal agar,-

$0il extract agar snd Corn meal agar, even upto 15 days.



Table 1

Growth of Rhigoctonia solbni on different (s01id)
culiure media

Ho. - Medium Mean colony diameter Colony characters
. in on.
1. Coon's agar 9.00 Brown mycelium, Sclerotial formation
moderate.
2. Corn meal agar 533 Light, yellowish btrown asrial mycelium,
: Sclerotial formaticn nil.
3. Czapek's agar 9.00 Mycelium brown in colour, sclerotial
_ formation atundont.
be Qat wmeal agar 9.00 Mycelium brown in colour, sclerotial
‘ formation moderate.
5 ~ Potato dextrose agar 9.00 Hyecelium broun in colour, sclerotial
. , formation good.
6. Rava meal agar 6.70 Tight yellowish brown woolly aerial
nycelium, sclerotial formation nil.
Te Richard's agar 9.00 Mycelium browm in colour, sclerotial
forpation good.
8. Sabouraud's agar 7.25 ‘ - Brown mycelium,sclorotial formation
abundant.
9. 5011 extract agar 5.67 Light yellowish broun woolly acrial

mycelium, sclerotial formation nil.

4

C.D. for comparing ixrecatment combination at 5 per cent level 0.0384

0b
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Host range of the fungug

The fungus was found to infect the following plants on

artificial inoculation:
1. Azolla

A Bight trown pateh was notlced initially. As the
infcetion advanced, the entire culture of the ferm became
derk brovm, decayed and settled at the bottom of the trough,

2. Bengal gram

Light browvn discolouration was Lirgy noticed g the
¢ollar reglon of the seedlings. This later turned dark brown
end thz seedlings collapsed within three dayse:

30 Dalsam

The infected seedlings developed a brown discolouration

at the collar regicn and collapped within tuc to three days.

4o Bittor gourd

A light brown digeolouration developed at the collar
reglon of the seedlings. Such seedlings fell off as the

infecetion advanced.
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Foot and collar rot symptons were noticed in the ino-
culabed rooteci cutlings. The collar region developed light
browvn discolouration which soon turned into dark brown. The
underground parts of such rooted catiings deceyed, causing
death of the plant within 20 days. '

6. Brinjal

- Light brown discolouration could be noticed at the
collar region., Later, this turned into dark brown and
evenitually the seedlings toppled downe

7. Dhindi

Collar rot symptoms developed on the inocculated

seadlings, Thig later caused damping off of the seedlings.
8e OOl pEB

The collar region of infected secdlings developed broWn
discolou:catién and the geedlings toppled down and decayed.
Some of the older infe¢ied seedlings appeared apparently
healthy, but showed dark brown lesion at the collar region
and gtunted growthe.
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9. Cucumbern

Damping off symptoms were noticed. At the collar wegion,
brovaish, water-soaked lesion developed and the peedlings

collopacd.

10. Qlugter boang
The fungus caused damping off of the seedlings. The

coller region btecome infected, cauping death of seedlings.
1. Commgling

A% the collar rogion, waler~soaked lesione were formed
initially. These scon onlarged and ultimately caused death
of the plant. Plants of all ages were found gusceptidle to
infectlon,

12. Groen gram

The infected seedlings developed a light brown dlige
colouration at the collar rogion. hater, this was turned
into dark brown and within three days the seedlings toppled
dovn and decayed.

1 5 . Kataladi

The fungus cansed damping off of seedlings. At the
initdal stages of infection, a light brown discolouration
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couldl be noticed at ths colleayr region. Ag the infection
alvanced, the colour turned into derk trown and the

seedlinlps toppled -aown.

14, Eighonolld

Seedlings exhibited damping off symptoms. A brosn
dincolouration wog noticed at the collar region of the

infected ceedling, which moon collepged and died.
15, Muatavd

The fungus cauged damping off of seedlings. A light
brom digcolouration was developed mt the coller repgion
and this later turned into derk brown. Within three days
the poedlings toppled downe

1C. Hut gress

Collar and root rot symptoms were noticed. A brown
dincolovration déveloped at the collar region and this soon
cxtended W the leaves cauaing death of theleaves.
Infected plants when uprooted showed browvn coloured rotted

PootS.

17. {izhyavazhuthang

Scedlings exhibited demping off symptoms. Coller
region of the seedlings developed light brown discolouration.
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Thio soon became dark coloursd and within +two days the
secdlings ebllapaed.

18. Cnion

Gollar rot symptoms were noticed. At the initial

| stages, the -'coller region developed a light brown disco=
louration. As +the diseage advanced, the colour turned into
darlz brown end the c¢ollar region got shrivelled. yithin
throe days the serial parts collapsed. ‘

19+ Cornpum
Infected secdlings evhibited collar rot symptoms. AL

the initial stages, the collar region became vrown. Ieter

the colour darkened and the seedlings collapsed.
200 ?Eota'LO

A light brown discolowration was formed at the collar
region of the young shoots. As the disease advanced, -the
colour turned into dark brown ané the collar region got

shrivelled. Within two to three days the infected shoots

toppled downe
21 liagiez: £rags !

The fungus produced damping off of seedlings. A light

brovn discolouration was developed at the collar reglon
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end thig soon turned into dark brown. Within three days
the seedlings fell down.

22, Pepper

The rooted cutiings developed collar rot symptoms. The
colligr region became brown initially and this discolcuration
‘oxtended downwards. Bventually, all the underground perts
including roots rotied, causing death of the plemts.

2%, Peringalan

The geedlings exlﬁbifed collar rot symptoms. A light
brown discolouration was seen at the collayr region and the

secdlings collapsed as the infection advanced.
24. Snale gourd

The fungus caunsed damping off of seedlings. A watere
soaked lesion was formed at the collar region, Later this .
becamo devk brown in colour and such seedlings toppled \

dovni, ' X

25, Sword bean \

Secdlings exhibited collar rot. Around the collar vegi\gx,
dark broon discolouration vas formed. AB the disease

advenced, conptriction at the collar region occurred dus
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to docaying of the tissues. Infectsd seedlings when

uwprooted showed brownish, rotted roots.
26. Tomato

The fungus cauged demping off of seedlings. At the
initinl steges, brown discolourntion developed at the
collar megion. ‘l‘hila later turned into dark brown ond the
infecied eedlings.collapsed within twe days.

27. Venapnacha

A light brown discolouration was formed at the collar
reglon of geedlings during the initial stages. Tho lesion
endlrged yapidly and became dark brown, cansiqg domping
o£f of soedlings.

Taboratory evaluation of fungicides

a. Poigoned food tochnique

Complete inhibition of growth of the fungus was obtsd.ngd
with 250 ppn of Bavistin, 500 ppm of Mildothene, 1000 ppm of
POIB (Brossicol) and 1000 ppm of Thiride in the medium,
]:-‘yfclan was found to be the least gfi’ecti.ve anong the A
fungicidos tested. Bven at 3000 ppm, this fungicide could
cffoct only 87.44 per cent inhibltion of the growih of the
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fungus. Dithane M-45 eauged 92 per cent inhibition at

3000 pim concentration while, Daconil and Difclatan caused
89.78 and 85.52 per cent inhibition at the same concsntration
(Pable 2). Statigtical aenalysis of the data revesled that
Bavisting Mildothane, PCNB and Thiride were superior o

the other fungicides tested, while there was no significant

difference between them,

b. Imcersing oulture dises in fungicidal solution

The results indicated that Bavistin end Thiride could
cauge complete inhibition of the growih of the fungus when
culture disecs were immersed £or 10 minutes, and obtservae
tiong taken upto 72 hours after incubé‘bion. Difolatan
effeoted complote inhibition of growth when culture discs
weré immorged for 30 minutes. Daconil effected complete
ﬂ:?.nhibi'lﬁ.on of growth when culbture discs were immersed for
5 hours except when observetion was talken 72 hours aftor
incubation. Dithene M=45 caused complete inhibition of
grcyith when culture disces were ilmmersed for a pericd of
24 hours., Eventhough Fytolan also cauged complete inhibition
vhen dises vere lmmerged for 24 hours, thisg inhibitory

offect was noticed only when observations were teken 24



Table 2

Effect of different fungicides on the growth of Rhizoctonia solani
in Czgpek’s agar medium

(Polscned Food Technique)

Tungicido Concentration Mean colony, dis= Per cont inhinition

in ppm.. ncter in cm. cver control

Barigtin 250 0.00 10000
‘ 500 0,00 100.00
1000 0,00, 100,00

Baconil 4000 2.02 T3.33
2000 1.80 80400

3000 0e92 £9.78

Difolatan 1000 2.40 533
2000 2.15 76.11

. 3000 1.33 £85.52

Dithone =45 1000 1.10 85,78
2000 0.80 91.11

3000 0.72 92.C0

Fytolan 1000 6.28 504,22
2000 6G.10 32.22

3000 1.13 07.44

Mildothane 500 C.00 1G0.00
1000 0.00 e 100.00

2000 0,00 100.00

PaB (Brascicol) 1000 0,00 100.00
2000 0.00 100.00

3000 0.00 100.00

Thiride 1000 0.00 100.00
_ 2000 0.00 100.00
Cantrol 5000 3:88 10?:00

E——

o

C.De for comparing treatment combinations. 0.0921
C.D. for comparing conceniratiocng

0.0532

3
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hours after incubation. A similar {trend was notlced in the
case of PCIB also. HMildothare could not effect inhibvition
of grosth even after 24 hours imnersion (Tables 3, 4, 5).

c. Soil dvonching of fungicides in glags tubes

1. Using culture discs of the funegug

when the culture dises were transferred o Cgapek's agar
medium, 24 hours after treatment with funglcides, it was
noticed that in all treatments the fungus could grow into
the medium. Thip indicated that nong of the fungicides
could kill the fungus when tested by this method.

2. Uoing Rawa meal aengd culiure

when the effect of fungieides as so0il drench in glags
tubes wes tested using culture of the fungus grown on Rawa
meal gand medlum, it was notleced that Bavistin, Daconil,
Difolatan, Dithane M—45Tidhiride were able to kill the
fungus both in sterilized and unsterilized soil, when
cxposed for 24 hours. In the case of Fytolan, Mildothane,
ond PCHB, the fungus was able to gros whan incubated on
the polective medium. PCHB was found to be the lcast effective
vhen tested by this method (Tables 6, 7). Statigtical
analyscis also cc;nfirmed the gbove f£indings.



Table 3

Pffect of immersing culture disesin fungicidal solutions on the viability of
Rhizoctonia solani

A. twenty four hours incutation in czapek'~ agar medium after treabnent with

fungicldes.
: Period of immersion in the fungicidal solution
Fungleide 10 30 1 3 24
minutes oinutes  hour hourg hours
Davistin 1000 ppm ‘0 0 0 0 0
Dagonil 3000 ppm +4 ++ ++ 0 0
Difolatan 3000 ppm + 0 0 ¢ ¢
Dithane M=-45 3000 ppm +++ e 4 + O
Tyiolen 3000 ppm 44 4t +++ Pt 0
Lildothane 2000 ppm _ 44 ++4 +++ ++4 +4
PUB (Bragsicol) 3000 ppm +4- 4 4 ++ 0
Thivide 3000 ppm o 0 0 0 0
0 - o growth
+ = 2=3% hyphae protruding out upvto 1 ca dizamter
b - Hyphaipgrddth upto 1=2 cm diemeter
+++ = Ilyphal growih between 2-4 cm diamaier.

IS



Table 4

Effeet of immersing cultures discs in fungicidal solutions on the
vigbility of Rhizoctonia solani

Be. TFocurty cight hours incubation on Czemelr.'s agar medium after
treatment with fungicides.. .

- Period of immersion in the fungicidal solution

Fungicide 10 30 1 3 24
ninudas minutes ‘hour hours hours -
Bavistin 1C00 ppm 0 0 0 0 0
Daconil 3000 ppm b o ++ 0 0
Difclatan 3000 ppm sl 0 0 0 0
Dithane M~45 3000 ppm Sttt P4+d bt +¥ 0
Fytolan 3000 ppnm +4++4 R s N o o S EWPEN
Mildothane 2000 prm R 22 4t et b 4t R
PCONB (Brassicol) 3000 ppm 4+ : +4t Tt it ++
Thiride 3000 ppm 0 . 0 . B 0 0
0 « HNo grouth
+ = 2«3 phpphec protruding out upto 1 cm diameter.
++ « liyphal growth upto 1=2 c¢m diameter.
+4+ = Hyphal grosth between 2«~4 cm diamoter.
+++4 = Growth between 4=6 cm
+++4+ = Growth betusen &-8 ¢m

éS



Table 5

Effect of immersing culture dises in fungicidal solutions on the

viabilityof Rhizoctonia golant.

C. Sevenity two hourz incubation on cuapeh's ager nediun after
treatrent with fungicides.

Period of immersion in the fungicidel solution

Fungicido
10 30 ~ 1 3 24
minutes ninutes hour hours  hours
Bavigtin 7000 ppm 0 0 0 0 o -
Daconll 3000 ppm + 4t + 444t et ¥ o
bifolatan 3000 ppm + bt 0 0 0 0
Dithane =45 3000 ppm ++dd bbb 4+ttt s 0
Fytolan 3000 ppm +Ht+ 44 ++++++ Sa 2 o b R o A 2 52
Kildothano 2000 ppm bt et ¥ttt hdhrbdd  bbdred
PCHB (Dragoicol) 3000 ppm 4t d b S s ++4
Thiride 3000 ppm 0 0 0 0 0
0 = Ho grosth o
+ = 2=3 hyphae protruding out upto 1 cm diameler
++ = Hyphal grosih upto 1-2 cm diameter
+++ = Hyphal growth between 2-4 cm diameter
++++ = Growth tetween 4-6 cm
++++4+ = Growth tetween -8 cm
+er+t+ = Fall growth ( 9 cn )

€8



'Iféble 6

Zffect of goil drenching fungicides on the
vigbility of Rhizcctonia solani

A. Sterilized soll in tesot tubes

Average No.of
Tungield colonies froo
glelde 1 gn of soil¥

Por cont

- inhibition

over conirol.

Bavistin 1000 ppm
Paconil 3000 ppm
Difolatan 3000 ppm
Dithane M«45 3000 ppm
Fytolan 3000 ppm
Mildothane 2000 ppm

PCNB (Brassicaol) 3000 ppm
Thiride 3000 ppm Yo
Control 60

VWO O0OO0O0

100.00
100.00
100.0C0
100,00
S0.00
95.00
85,00
400,00

* Rounded to the nearest vhole nunber.
C.D. for comparing treatment combinations = 0.2402.

$S




Teble 7

Effect of drenching funglcldes on the viability of

Rhizoetoniz solani

;3. Unsterillized so0il in test tubes

. L Average Ho.of
Fungiclide colonies from

Per cent inhil-

bition over

1 gm of sofl.” control
Bavistin 4000 ppm 0 100,00
Daconil 3000 ppm 0 100.00
bifolaten 3000 ppm 0 100,00
Dithane M=45 3000ppm 0 100.00
Fytolan 3000 ppm 5 92.08
Hildothane 2000 ppm 1 98441
PCSB (Brassicol) 3000 ppm 15 76.19
“hiride 3000 ppm 0 100.00

Condrol 63

# Rounded o the nearest vhole numter.
C.l. for comparing treatment combinations = 0,7608.

ce



Pot culturs gtudies

1. BEfcet of fungicldes at different depths of soil

tthen soll samples at a depth of 2.0 t0 2.5 em were tested
Tor ‘the viability of the fungns on selective medium, after
d;enching with the different fungleides, it was noticed
that Dithane M=45 and Thiride caused complete inhibition .
of fungel growih at all the periods tried. In the case
of soll twxeated with Bavigstin, no colony of the fungus
developed on the medium when tested upto five days after
twealtmend with the fungicide. In soil drenched with
bifolatany no colony developed one day =fter the tweatment,
vhereas a few colonies were noticed during th: laeter
obgervations. Only one colony of the fungus developed inr
the cage of coll drenched with Daconil upto five days, but
on the fifteenth and thirtieth day, a numter of colonies
developed in this treatment. Mildothane also ghowed a
more or less similar trend. Fytolan and PCHB showed very
littls detrimental effect on the viabllity of the fungus
(Teble 8). |

At a depth of 7.0 cm %o 7.5 em also,no colony of the
Zunmme developed on the selective medium upto 30 daym



Table 8

Effect of droenching fungicides on the viability of
Rhizoctonia solani

A. 2.0 to 2.5 cm depth.

T — L")
B Average number of colonies from cne gram
TUNELCLLE of soll after *

1day S days 15 days 30 days

Bovistin 1000 ppm 0 0 23 38
Daconil 3000 pnm 1 1 8 14
Difolatan 3000 ppm 0 1 2 3
Dlthane Me45 3000 ppm 0 0 0 0
Fytolan 3000 ppm 7 2 40 50
Mildothane 2000 ppm 2 1 S 35
PCNEB (Brassicol) 3000 ppm 17 16 38 5%
Thiride 3000 ppm : C 0 0 0
Control ' 56 56 55 S0

— wtlag e

# Rounded t0 the hearest whole numter

C.D. for treatment combinations 0.4984
C.De for perioda 0.1439
C.D. for depths 0.1661
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ofter treatoent with Dithane Me45 and Thiride. With
rogard to the other fungicides, the effect was found %o
be almost similar to that obtained at 2.0 cm to 2.5 em
depth (Table 9).

vhon the viablility of the fungus was tested at 14.5 om
to 1540 ¢m depth, it wap noticed thaty on the thirtieth
day, one colony developed from the soil treated with (
Dithane M=45 and 5 colonies developed from Thirlde treated
goil, ﬂc; colony was developed from the soll treated with
these two fungicides when dtested on the Pirst, £ifth,
and fifteconth day after {treatment. In the case of soil
treated with Bavietin, eventhough no colony developed on
the first and fifth day after treaiment, considerable
number of colonies were notleed whon tested on the
Tifteenth and thirtieth day after treatment. Daconil,
Difolaten and Mildothanz did not exhibit any appreciable
variation from that of the other %wo depths observed.
Fytokan and PCNB vwere not fjound effective, as observed
for the olther %vo depths (Table 10).

Statiptical analysip of the combined data rovealed
that Dithane M=-45 and Thirlide were superlor to the other
six fungicides tested. There was no significant differcnce



- e

Table .©

Rffect of drenching fungicides on the viability of
Rhigzoctonia Bolani in 90:1.1

B.. 7.0 to 7 5 om dep th.

Average numbsr of colcn:z.es from one
gram of poil after ¥

Iungicide
, 1 day 5 days 15 days 30 doys
Bavigtin {000 ppm 0 0 20 arg
Daconil 3000 ppm i 1 10 10
Difolatan 3000 ppm 1 3 5 7
Dithane He=45 3000 ppm 0 0 0 0
Fytolan 3000 ppm 20 5 39 43
Mildothane 2000 ppm 5 6 15 18
POIB (Brasgicol) 3000 ppm 19 17 47 52
Thiride 3000 ppm 0 0 0 0
Control 63 61 59 98
# Rounded to the nearest whole number.
C.D. for treatment combinationg 0.4984
C.D. for periods 0.1439
C.D. for depths 0.1661

€9
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Table 10

Effect of drenching fungicides on the viabillty of
Rhizoctenia golant in goil

C. 14.5 t0 15.0 cm éepih.

W T GEy R i Bl W S

iverage numbsr of colonies from one

Pungledide gren 0f soil afier *
1 day 5 days 15 days 30 days
Bavigtin 1600 ppm .0 0 29 43
Daconil 3G00 ppm 1 1 14 17
Difoluten %000 ppm 1 3 11 7
Rithene M=45 3000 ppm , 0 0 1
Fytolen 3000 ppnm 21 3 . 35 58
1ildo%hone 2000 ppm 2 6 10 24
LB (Bragaicol) 3000 ppm 44 16 38 59
Thiride 3000 ppm 0 O 0 5
Centrdl 56 56 56 93

T RN O B0 T F2 Bl Sk X g Sk o B

* notndaed o bl pearest whole numper

C.D. for frecatment combinations - 0.4984
. CQDO fOI’ O’]thﬂ b O|1661
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betreecn Dithane M=45 and Thiride. Difolatan was superior to
Buovisitin, Daconil,Fytolan, Mildothane and PCHB. Tu the
cese of time intervals, fifth day was found superior

40 the rest of the periods tested. With regard to depth of
soil, the funglcidal effcet was found to be maximum at 2.0 cm
t0 2.5 cm depth followed by 7.0 to 7.5 cm amd 14.5 cm to
15.0 £m regpectively and ihe differcnces among them were

ptatigtically significant,.

2. Residual toxicity of fungloides in goil

Rosults of this experiment indicated that Dithane Me45
and Thiride hed the maximum residuel toxicity against the
fungus. HNo colony of the fungus developed in the solective
medium upto 15 days. When observations were taken 30 days
after trcatment, two colonies developed f£rom the soil
trcated with Dithane M=45 and six colonies from Thiride
trcated soil. In the case of soil treated with Bevistin,
no colony developed on the medium upto five days after
treatnent, while a number of colonies developed after 15 and
36 daye of treaiment. In the case of Difolatan, no colony
develcped after onc day, one colony after 5 days, 6
colonles after 15 days end scven colonies after 30 days.
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Daconil, Fytolen, Mildothane and PCNB were not effective

-

at 2ll the periods tested (Table 11). statistical analysis

revealed that Dithane M=45 and Thiride were significantly
superior to ‘the other funglcides tested. The dlfference
‘betreen these two fungicldes was not significant. In the
cage of time intervals after gpplication of fungicides,

maximum toxieity was exhibited five days after treatment omd

this perlod vwas stetigtically slgnificant over the other
periods¥tried,

Ficld evaluation of fungicideg

then obgervations were taken during the f£ifth month

after sowing, 1t was noticed that in Set I, the beds
troated (before sowing) with Dithans Me45 had the maximum
mm‘bér of seedlings. This was followed by Bavistin and
bifolatan. 1In set II (fungicide applied one month after
sowing) also Dithane M=45 was found to be the best, based
on the numter of seedlings. on ths beds treated with this
fungicldes Thiride was found Vo be second and Difolatan
vas third in rank,

In the observaiions teken during the eighth month
after soving, the seedling stand was found to be best in
the beds trcated with Dithane M=45 before sowing (Set I),



Table 11

Residual toxiecity of fungicides agalnst
Rhizoctonj.g_, golani in soil

. Avpmne pumber of colonics fr—c;z—n—
Tunglecide one gram of solil after *

1 day 5 dayg 15 days 3O days

v

Bevistin 1000 ppm 0 0 22 50
Daconil 3000 ppm 9 2 9 18
Difolatan 3000 ppm 0 1 6 7
Dithane M=-45 3000 ppm 0 0 0 e
Fytolen 3000 pom 29 31 Z6 4

Mildothane 2000 ppm 12 6 12 46
PCND (Brassicol) 3000pnm 39 39 42 71
Thiride 3000 pprm 0 0 0 6
Control 46 48 50 80

* Rounded %0 the nearest whole numbkeX.
C.D. for treaitment combinations = 0.8159
C.D. for fungicides = G.4079
Celle for periods - 0.2720

£9
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follouod by that in Bavistin end Difolatan. In set II
hosover, Thiride proved to be the best, closely followed
Ly Difclatan and ILithane M=45. Seedling stand in control I
.e.ud iT wves pdor.' It was noticed that, there were only very
fovt see@lings -in the beds treated with PCNB during the
Lirsh observation and there was no seedling in these beds
vhen ovservations were taken 8ieht months after scving.
This indicated that freatment with this fungicide had

pome deleterious offect on the seods Zor seedlings of

cardcmon (Table 12).

- Statlstical analysls, of :the resulte (Set I and IL
togother) of the observations taken during the Sth month
efter sowing revealed that Dithane Me45 was significantly
sunerior to 'tﬁe othenr fungicides an wel]l. ag 'con'brols. This
w23 £0llowed by Bavistin, Difolatan, Thiride and
t-ﬁldoﬁmne‘in the descending order. The differentes among
these funglcides were not significant. Analysis of thé
data (Sotas I and II together) of the observations taken
auring the' olghth month afiter sowing indicated that,
drenching Dithane 1'4-45 ves the most effective, followed -
by Difclatan, Bavistin apnd Thiride. The cdiffercnce



Table 12 Bffect of drenching funglecldes on the dampling
off of Cardamom secdlings in primary nursery beds

Seedling stand during

Fungicide Pifth month Eight month

after sowing after soving

% Baviptin 188 205
% Daconil 96 111
E Difolatan 174 176
0 Dithane Me=45 207 228
S¢ g Fytolan 86 66
g Mildothane 82 90
g PCHB (Brassicol) 1 4]
§ Thiride 90 110
§ Control=I 73 T
i- Contwol=II 114 94
 Bavigtin 101 120
t? Daconil 7 5
E‘R Difolaten 143 169
'%f Dithane H=45 211 162
- g’é Fytolan 83 99
g‘ Mildothane 106 118
% PCHB (Bragsicol) 0 0
e Thiride 158 176
Y Control=1 88 78
3 Gontrol-II 63 66
Seedling stand during 5th month af'l:e:r: sowing
C.D, for combinations 4.52
C.D. for treatment 3420
Seedling stand during 8th month after sowlng
C.D. for combinationg 2645

" C.De for treatment 0.86
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betiueon Dithane M-45 and Difolafan vas not found to te
ignificant. Dithanc Me45 was significantly superior to
Bavistin and Thiride, while the differences among Difolatan,
' Baviptin end Thiride were not significant. Uith regerd %o
time of application, it was notlced that there was no
gienificant differcnece between the ireatments, drsnching
fungieidea before sowing and fungicidel epplication one
ponth aftor sowing.
Survival of the fungus in soil

It was noticed that the fungus was sble to survive for
over eight months (Novermber to July) in the primary nursery
tads under the conditions prevalent at Pémpaﬁumgara. The
tomperature and rainfall recorded during this period kgnove

glvon telowi=

" Honth ] Pemperaturs Rainfall
Novenber 14°C to 29°C 121.5 om
(4=11=1977 to 30+11=1977)

Decomber, 1977 13°C to 28°C Nil
January, 1978 13°C to 26°C 5 m
Fobruery, 1978 15°C to 29°C 6.3 mn
March, 1978 15°C to 31°C 26,8 mm
April, 1978 16°C to 32°C 76.8 mm
Hay, 1978 17°C %o 31°C 130.5 mn
Jung, 1978 16°C to 26°C 374.8 nm
July, 1978 16°C to 24°C A40.5 mnm

(1=7=1978 to 4-~7-1978)

) 1 e ]
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The asbove data revealed that the fungus could survive
in high range soils, under varying conditions of temperaturc
end rainfall, Ilowever, it may be pointed out that the

observations in this regard were limited only to the
period of raising primary nurseries.
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DISCUSSION

The role of Rhizoctonia in causing damping off of

Cardamom in the primary nursery was cstabliched during the

preoent investigation. Rhizoctonia solanl has been

reponted to cause rhigome rot of Cardemom in South India
(Subba Rao, 19373 Subraomoniam, 1962). Sahadevan (1965)

nadc a mention of Rhizoctonia sp as one of tho fungl

ceusing damping off of Cardamom seedlings; but without
authority. Wilson (1976 unpublished) recorded Rhizoctonia
demping off of Cardemom at Pampadumpara in the Idikki
district of Kerala State,

Brown discolouration and rotting at the collar reglon,
yollowing of lecves and death of seecdlings were found to be
the important field symptoms of the discese. The seedlings
vero found sugceptible to. infection by the fungus upto
about ocix months. Artificial inoculationg proved that
tho fungus could cause rotting of well developed rhizomes,
in additlon Yo inciting damping off of secdlings.

Morphologlecal characters of the pathogesn include,
bronching mostly at right angle or at 45° angle,
congtriction of the branch near the point of origin,

segtum near the constriction and presence of short barrel
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shaped cells, a5 well as monilioid cells in older cultures.
These characiers agree with those described for
Rhizoctonia solani (Duggar, 1915; Peltier, 1916;

rlentje ot al. 1963; Townsend and willetia, 19553

Porneter (Jr.) and whitney, 1970).

The fungus was found to grow well on Coon's agar

Czanek's agar, Poiato dextrosc agar and Richard's agar medla.
Sclerotial formation was abundant on Czapek's agar, Potato
dextrose'agar, Richard's agar and Sabouraud's agar. Thess
obgervations are in agrecment with those of Hulea gt al (1971)
and Azam and Khan (1973).

In host range studies, it was noticed that the fungué
was eble to infect 27 plant species including
Achyranthes aspera, Commelina bonghalensis, Phyllanthus -

nirurl, Galonxej:ion muricatum, Cyperus rotundug,

Abutilon indicum, Heliotropium indicum and the fern

Azolla pinnata. These plants have bteen found to te new ﬁos‘i:
rocords for Rhizoctonia spp in our country. The above plants,
except Celonyction muricatum and Azella pinnate ere camon. -
vecds in Cardamom plantations. It is possible that these
plonts might act as collateral hosts of the pathogen in

naturos.
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Based on its morphology, pathogenicity and host range,
the fungus causing damping off of Cardemom in the high
panges of Kerala was identified as Rhizoctonia golani Kuhn,

Dr. J.B.Ms Mordue of the Commonwealth Myeological Institiute,
TLondon hag cénfirmed the identity of the fungus. The culture
has becn deposited in the above instltute (THI No. 227934).

Laboratory evaluatior of fungicides using polsoned
focd technique (Zentmyer, 1955) revealed that Bavistin at
250 ppm, Mildothane 500 ppm and PCNB and Thiride at 1000 ppm
completely inhibited the growth of the fungus in Czapek's
epar medium. The other fungicides could not cause complete
inhibition of growth at the concentrationa tested. Fytolen
vas found$ to be the least effective among the funglcides
testad. Bavistin, Dithane M=~45 and PCUD have been rcported
%o be effective in checking the growth of the fungus in
nutrient media (Za\ehos et al 19633 Sen and Kepoor, 19753
Kataria and Grover, 1977) while, copper oxychlorides have
been found to be ineffective (Tas and Sen Gupta, 1963}
Ratarla and Grover, 1977; Hiremath el 2l 1978).

when the efficacy of fungieldes was tested by immersing
culiare discs in fungicidal solutions, as degscribed by
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Schal (1969), it was noticed that the fungus was killed

when the discs wers immersed for 10 nminutes in 1000 ppm
Bavintin, and 3000 ppm Thiride. Difolaton (5000 ppm) was
able to kill the fungus when dises were immersed for 30
ninutes, while Daconil (3000 ppm) snd Dithane M=45 (3000 pom)
required 24 hours for killing the fungus. Tytolan,
Mildothane and PCHB were not found to bte effective. The
chove method has not been employed earlier for testing

the offect of fungicides againgt Rhizootonlea spp.

‘The variations noticed in the effeets of fungleides
when tepted by bthe poisonsd food technique (Zentmyer, 1955)
and ¥ culture disc immersion® method (Sshai, 1969) are
believed 10 be duc %o the presonce of nutrienits in the
poiacned medium and the differxcnces in the ability of
fungicides 10 permeate into the culture dises, in the
imersion method.

Results of the experiment on drenching fungicides in
coecimgn tubes, as per the method deseribed by
Zentnyer (1955) indicated that this method is not suitable
for evaluating funglicides apgainst Rhizoctonia.

Results of soil drenching of fungleides in test tutes,

using Rawa meal sand culture of the fungus revealed that,
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Bavietin, Daconil, Difolatan, Dithene M-45 and Thiride
could kill the fungus, both in sterilized and unsterilized
soil..when exposed for 24 hours. These results are in
agrecement with those obtained in the culture disc¢ imnersion
method. Testing the efficacy of fungicides by this method
hen not becn described earlier., It is folt that, ’the above
method might prove useful for evaluating fungi.cidés

ageinst other soil fungl also.

When the efficacy of funglcides was tested in pots
by drenching the soil, it was noticed that Dithane H-45 and
Thizride were the most effcetive ones, at all the deptha
and porliods tried. Thig was followed by Difolatan,
Daconil, Mildothane, Bavistin, Fytolan and PCNB in the
depcending order. The fungicidal effect was fpund o be
" mexioum at 2.0 t0 2.5 cm depth and at 5 days aftor treatment.
Studies on the e:l’fect of fungicides on R.goleni at different

depths of soll have not been made by earlier inveotigators.

In the experiment to study the residual toxicity of
funglicides in soil, it was obmerved that Dithane M-45 amd
Thiride possessed the meximum residual agction against the
fungus. Roy (1975) reported that Benomyl and Chloroneb
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exbihited residual effect upto 55 days while, PCNB retained

it9 residugl action for a short period only.

YYhen the efficacy of fungicldes for controlling damping
off 0.{" Cardemonm secdlings was tosted in the field,
Dithane H=45 yiclded the best results, as evi&encedl'by the
nunter t-')f healthy seecdlings obtained on the primary nursery
beds drenched with this fungicide. In vegard to the time of
epplication of fungicides, no significant differcnce vas
noticed between drenching before sowing and drenching one
nonth after sowing. |

The results of pob culture as well as those of ficld
trials indicated that, Dithane M=45 was the most cffective
fungleide againsgt the pathogen causing demping off of
deamo_n;. Eventhough‘; Thiride ;appeared to ko very effective
in pot cultuve otiiies, this funglcide did not prove to be
officient in checlking the disease in the primary nursery
beds. It is possible tha%, Thiride was not able o check
the infectivity of the pathogen in the nursery beds, as
much ag it was able to check the viabilisy of the organigm
in the potited soil,

Eventhoughy PCEB has been reporied o bte effecilve

ageingt R.golani by number of investigatoars (Solel and
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Ming, 19643 Sinha et al 19697 Jhooty and Grover, 19713
Sharma and Kalkarni, 19713 Davis gt al 1971; Hiremath

et al, 1278) certain straing of the fungus have been found
$0 Bo tolerant or partially resistant to thio funglcide
(Thomas, 19625 Shatla and Sinclair, 1963; Ko and Oda, 1972).

PCNB, which is known to be a good soil fungicide was .
not found effective against the isolate of R.solani from
Cardemom, More over, this funglcide exhibited phytotoxic
cffect on tho seeds/secdlings of Cordamom. Phytotoxicity of
FCHB to certain plan’ species has been reported by Brown
(1947), Livingston et al (1962) and schneider and
Fotter (1974). The ﬁmgua was found to survive in high
rango soil for over eight months, in the presence of hoot
naterial. Survival of fungl 1ike R.goland end Gorticium «
pogokiti, for long pe:}idds in soil, has been rcportsd by
Park and Bertus (1952), Sanford (1952) ond Mohendra
Prebhat ot a1 (1974). |

The sclective medium aeséribed by Ko and Praonces (1971)
wves found convenient :Eor es‘timating the viable propogules
of Rsgolani 1n goila 'treated wvith di.£forent fung:.cides.
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Rawa meal sand medium employed during the preaen‘g
inveétigation, wag found o be a suitable substrate for
the large scale culﬁuring of Re.golani. The fungus produced
profusé mycelial growth, with abundant number of sclerotia,
when cultured on this medium. Rawa_(loca;ly known as
Bombay réwa) ié readily available ail over the country
and is very much cheaper than processed oats, which is
penerally used for the preparation of culture medlia. Malze
(corn), anothor metedial used for the preparation of
culture modia, is not very easily avallable in this regiocn.

Based on the results obtalned during the present
investigation, application of 0.3 per cent Di:zhane He-45 can
be recommended for the control of damping off Cardamom,

caugsed by Rhigoctonia goleni, The nursery beds cen be

drcnched with the fungieide either before sowing or ong
nonith a.f.‘ier sowing the. seeds,



SUMMARY
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SEIIARY

The role of Rhizoctonia in causing damping off of
Cerdsmom in the primary nursery was esgtablished and the
oymptons of the disease have beéen described. The fungus

infected Cardamom secdlings upto about six months.

| Good growth of the Pfungus was obbained on Coon's ager,
Czanek's agar, Potato dextroge agar and Richard's égar
modia, Selerotial formation was abunden® o Czapek's
agavr. Potato dextrose agar, Richard's agar and Sabouraud's
f2aT.

The morphological charascters of the pathogen have been

deseritod.

The fungus was able to infect 27 plant species
including Achyranthes aspera, Commelina benghalensig,

Phyllenthus nirurl, Colonyction muricatum, Cyperus rotundus,
Abutilon indicum, Hellotropium indicum and Azolla pinnata,

which are new host records in our country. The posgibilidy
of some of these plants aeting as collateral hogts of the
pathogen 1s indicated.

Based on its morphology, pathogenicity and host range,
the fungus causing damping off of Cardamom in the high
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ianges of Kerala was identified as Rhizoctonia goleni Kuhn.

Thers iz no snthentic repart of this fungus causing damping

off of Cardemom in our country.

Laboratory eveluation of fungicides, using poisoned
food tochnique, revealed that Bavistin at 250 PPy
ildothane 500 ppm and PCNB and Thiride at 9000 ppm
complotoly inhibited the growth of the fangus in Czopek's
aoar, | when the efficacy of fungleides wes tes‘éed by the
e eulture dise immersion® mothod, 1%t was notlced that the
fungus could be killed by immersion for 10 minutes in
1000 ppm Bavistin and 3000 ppm Thiride, 30 minutes in
3000 ppm, Difolatan and 24 hours in 3000 ppm Daconil and
3000 ppm-Dithane M=45. Resulis of drenching fungicides
in 5oil in test tubes, with Rewa meel send culture of the
fungus, revealed that Bavistin, Daconil, Difolatan,
Dithene M=45 and Thiride could kill the fungus, both in
storilized and unsterilized soil, when exposed for 24 hours.
This method of testing funglcides has not boen described
carlier. Rawa meal sand medium employed dnlzring this gtudy
was found to be a suitable substrate for the large scale
culturing of R.golani. |
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when the efficacy of fungicides was tested in potted
c0il, Bithane M=45 and Thiride proved to te the most
cffcctive ones, at all the depthe and periods tried.
Tnese two fungicides were found to possess the maximum

residual toxicity against Re.golani in soil.

Results of the experiment to study the efficacy of .
fungicides for controlling damping off of Cardamom in the
ﬁrimary nursery beds revealed that Dithane Me45 was superlor
to all the other fungicides tested. There wes no difference
tetieen drenching fungliecides tefore sowing and one month

aftor sowing.

The pathogen was found to survive in high range soil

for over 8 months, in .the presence of hoat material,
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Appendix I

Summary of the analysig of variance table for the -

geowth of the fungus on difforent media, Effect of

soll drenching fungicides in tect tubes.
(Sterilized and non-steriliszed)

{

Mcan squares

Souresz ar .
Growth of Effect of soil @ffect.of soil
fungus on drenching fungl- drenching fungie-
different cldes in test cides in test
media. tubes tukes

(sterilized) (non=sterilized)
. .
vpeatment 8  0.2145 14,8848 16,6430
nrros 18 0.0005 0.0196 0.1967

* Significant at 1% levels



Appendix II

Summary of the analysis of variance
table for the laboratory evaluation
of fungicides (polid media)

gourcs af£ ‘ Mean
SAURTEB
Treatment 26 .60
Fuangleldes 8 3.14ﬁ%
Coneentration 2 1.30°%
Fungicide x | e
concentration 16 C.29

Error 54 0.01

¥*% gienificant at 1% level.



Appendix IIX

Summary of the analysis of varience table for
the effect of drenching funglcides on the
vicbility of Rhigoctonie soloni on different

days 2 grent depohgd.
Source - - | - at Hea:n 7
squares
Troatment 07 2t
Funglcldes g 154,8300
Periods 3 .' 9.0919" "
Fanglcides x periods 24 9.0180”
Depth 2 5.6074""
Fung!._cides x Gepth 16 0.4288
Periods x dopth | 6 0.5173
Fungiclides x pericds x depth 48 6.1213" "

Prror 5 216 0.0970

A - il

## S4gnificant at 1% level.



Appendix IV '

Summary of the analysis of vapiance table
for the effect of residusl toxicity of .
fungicides in soil ageinst Rhizoctonia solani.

‘Source - af Mean
square
Treatment - - 35 20,7898
Funglcides 8 66.7654" "
Periods 3 44,4087
Fungicides x periods 24 3,.0791°
Erroy 72 0.2344

¥ gigniflcant at 5% level
#% Significant et 1% level




Appendix VI

Sumnary of the analysis of .variance table
for the offect of funglcides on the damping
off of Cardaomom seedlings

Hean squares

source - 4 - e
_ Seedlings stand of Cardgmonm
during
Fifth month Bighth month
aftor souing after gowing
Block 2 3.5153 133548
»a "
Treatment 19 154.2485 191.5108
Fungicids 7 358,675 457.8603
\Perlcd 1 16.1936 5.3235
Fungicide x perfod T 54,0233 68,0734
Control I ve Trcatment 2 2:4930 10,5045
Control IIve Treatment 2 0.1670 5.5440
ErTOY 38 T.T7124 22577

* Slenificant at 1% level



PLATES



¥igs1. Cardamom seedlings shoving
damping off caused by
Bhizoctonia poland
Iefld - Healtly seed;l.ings
Right% = Digeased seediings.







Flg. 2. Symptons of damping off of

Flge3e

Cardamom seedlings.

Cardemom seedlings showing-
decaying of rhizoms and
roots.

Teft - Diseesed sscdling
Right - Hoalihy seedling






FLge A« Effeot of fungleides in Crapek's
eger msdium on the growth of
Rhizootonia solani,

1. Bavistin

2. Daconil

3+ Difolatan

4o Dithans M=45

S5« Fytolan

6, NMildothens

7. POHB (Brassicol)
8. Thivide .
9« Caontrol

A - Bavistin 250 ppm, FMildothens
500 pom and obthar fungleides
100G pome.

B « Baviotin 500 ppm, Hiidothane
4000 ppm and oibex funglcides
2000 ppm

B « Bavistin 1000 ppm,; HMildothans
2000 pnm and other -
fungicides 3000 ppim.
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ABSTRACT

The role of Rhigoctonia in causing Gamping off of
Carﬁqm‘o:ﬁ in the pripary nursery was 'establiahéﬂ end the
symptamé o the ‘disease have been described. The fungus
grew well on a number of solid medie. fThe morphologlcal
characters of the fungus wore studied. 1t was able to
infeoct 27 plant species including Achyranthes aspera,

Compelina benghalensig, Phyllanthug nirupd, Colonyction -
mueicatum, Cyperusg rotundug, Abutilon indicunm, Heliotropium =

indicum snd Azolla pinnata on artifleisl inoculstion.
These plants have been foundé to be new hosts of the fungus
in our country. The pathogen was identified as

Rhizoctonia solani Kuhn.

Among the 8 fungicides tesied, Bavistin, Daconll,
Difolatan, Dithene M=45 and Thivide were found effectlve
egainat the fungus in laboratory evaluation,

In potted s0il, Dithane M=45 and Thiride proved to be
the most effective fungleides, at all depﬁs and periods
tricd, These two funglcides possessed maximum residual
'bo,n.city agalnst the fungus.

. Rewe meal sand medium employed during this study was
Zound to bo a suitable substrate £cor The large scale
culiuring of R.golani,



Drenching the primary nurgery beds with 0.5 per cent
Dithene Me=45 was found to be the mest effective treatment
for controlling 'daxﬁping off of Cardamom,

R.soleni was found to survive in high range soll for

over & months, in ths presence of host material.,



