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INTRODUCTION

Among the spice corops, for which the Malabar coast
is famous all over the world from very anoient times, Ginger
oocupies a notable position, The produce from the orop,
aynonymously termed as ‘Ginger' is the green or dried rhizome
of thes herbaceous perennial plant Zingiber officinale Rosc.
belonging to the family Zingiberageas.

India is the foremost omﬁu-y in the produoction of
ginger, its ocontribution being roughly 50 per cent of the
world produstion (George and Velappan, 1980). The annual
producotion of ginger in this oountry is estimsted to be 70,000
tonneg from about 36,000 heotares, of which, neurly 50 per cent
is the ocontridbution of Ysrala State (ILakshmanacaar, 1330).

In terms of export earnings, it stands only nexi to Pepper
and Cardamom, the figure veing 130 million rupses wortn of

foreign exchange during 1978-79,

Due to ite abllity to adapt under a brozd gpceotrua
of agroslimatio oconditiona, ginger is grown in almost all
the States of India to a leaser or greaier exteanl, 7Ta all
these tracts, discages attaoking the crop is lae oajor problem,
hampering production and ocausing heavy losmses io aultivators,
A number of pathogens are reported to infaot ginger, causing

a large number of diszemses., Well jmown amon; ihew zZwrs the



soft rot diseass (Pythium spp.), baoterial wilt (Pseudomonas
golanacearum), yellows disease (Fusarjum spp.) and leafspot

(Phyllostiots gingiberi). Minor diseases csused by fun;al

pathogsns such as Helminthogporium, Cercospora, Pirjoularia,
Rhigootonia, Glomerella, Coniothyrium, Septoria, eto, and a

virus disease too has been reported from different parts of

India,

Among the diseases, the eoft rot caused by Pythium
spp. of fungi is the most serious threat to gingsr cultiva~
tion due to its widespread and devastating naturs, Apart
from the orop damage in the field, the stored rhizomes teo
are affected by these pathogens, Several species of Pythiym
are raported to cause soft rot of gingsr resulting in the
death of the plant in the field and shrinkage and rot of
stored raisomes, Among them, Pythium sphanidermutum (Edson)
Fitz. (Mitra and Subraoanisn, 1928) and P. myrictyiun
Drechsler (Uppal, 1940; Park, 19413 Dertus, 1942} are
known to be most common and potent pathogens. Other speocles
of Pythium oasusing eoft rct of ginger are P, butleri Subrem,
(Thomas, 1538), P. gcomplectans Braun, (Park, 1934}, 2.deliense
Meurs., (Haware 2nd Joahi, i974), P. graoile (3e Bary) Sshrenk,
(Butler, 1907), P, graminicolum Subram. (Park, 1375) and
P, yvexans de Dary., (‘amskrishnan, 194%). Zurler und Bisby
(1931) oconsidered . kutlery and P. gragile to be identioal



vith P, aphanidermatum, Pythium species is an important
group of soil-borns fungi, causing several disesses suoh
as rhizoms rot, foot rot, pre emergence a&nd poat emargsnoe

damping off of various cultivated orop plantas,

Mainly, two souroes of infection are identified vis,,
infeotcd seed materials and over wintering ocospores or
hibernating myoelium in the soil., The disease inoidence is
greater when infected seed materials are used for planting,
resulting in pre emsrgence rotting. 30 also, severity of
the diacase is more when there is heavy rainfall resulting
in post emergance rotting., '

Tsaally, the disease is not amonable Lo conmon
fungioidea, aystemic or conizot, It 1a not therefore sarprising
that efforts to control the dissase has not, so far, wetl with

complate suovesd,

In the preeent study, an astempt has hsen wade to
f£ind out the pathogen responsible for causing soft rot of
ginger in the 2c1d lateritio soils of Vellanikkara, Effeet
of intersity of rainfall on the severity of ths dicesse 18
algso atudisd, The widzly aoccepied ocontrol moasgurs, tacugh
not fully oflestliwe, is soil dranching with fungisidas. In
the present investiguiion, the efficaoy of diffsrani fungl~-
cideu in controlling the disasss were coumpared, when applied



at different stages of orop growth and in different
sequential combinations, Two popular varieties of
ginger viz, 'io-de~jansiro’ andi ‘Maran’ were subjeoted
to the stulies.
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REVIEW OF LITERATURE

The most serious disesge of ginger is the soft
rot caused by Pythium apeoies., Butler (1907) first
raported the prevalence of this disease from Surat
(Gujarat) in India caused by a speoies of Pythjum whioh
was identified as P. gracile Sehrenk, Later 3utler (19518)
stated that the aspecies isolated from ginger differed from
P. gracile degoribed by Sehrenk and suggested that this
might be & new species, Subramaniam (1919) studied the
disease from Pusa and he was in full agreement with
Jutler's (1907, 1918) desoription about the pathogen and
renamed it as P. butleri Subram, Later Mitra and
Subremsnian (1928) from their cross inooulation studies,
came to the conolusion that P, butleri is a strain of |
Pythium sphenidermatum (Eds), Fits, Butler and Bisby (1931)
found P, gracile and P, butleri to be identiocal with
P, sphanidermatum, Sen (1930) reported this pathégen from
Assam osusing soft rot of ginger,

Park (1941) observed that Surat ginger imported
from India and planted in the central and south western
divisions of Ceylon developed & soft rot disease and
isolated P, myriotylum from the affected part which on
inooulation in the laboratory showed to be un active parasite



on all varieties of ginger, though it was not found on

any gingsr except that imported from India, He further
stated that the local apeoles reasponsible for ths disease

in Ceylon was probadbly P, gomplectans and that more than
one species Rmay be responsible for the diseage in India,
Uppal (1940) reported that the soft rot of ginger was

also caused by P, myriotylum in Bombay State, Bertus

(1942) reported from Caylon that an experimental consign-
ment of Surat ginger from Hong Kong was found to be severely

infeoted with P, myriotylum,

Ramakrishnan (1949) isolated P, aphanidermatum,
P. myriotylum and P, vexang (= P, complectans) from
digeased rhizomes in Wynad ms.. He found that the symptoms
prodused by P, vexans was akin to those ocsused by
P, sphanidermatum and P, myriotylus on ginger, He further
obgerved that the distribution of P, vexans wag restricted
to areas of high altitude wvhereas in the other regions it
was P, aphanidermatum or P. myriotylux, DBeasides the damage
in the field, these pathogens caused 50 - 90 per oent
damage to stored seed rhizmomss, Shahare and Asthana (1962)
studied rhizome rot of ginger and stated that, of the four
Pythium app. isoclated from diseased material, only

P, aphanidermatum and P, myriotylum proved pathogenie,



Haware and Joshi (1974) reported that in addition to

P, aphanidermatus and P, yexans, which cause soft rot

of gingen P, deljiense oould also cause seed rhizome rot
and pre emergence damping off of the seedlings, They zlw%o
reported that when the rhizomes were planted in infested
soil, the vigour of the seedling was poor and the plants

wvers spaoocumbsd to the disease in =dult stage,

~
There are reports of other organisme involved in

rhizome rot of gingsr from outside India, Pordesimo and
Raymando (1963) reported the baoterial rot of ginger from
Phillippines, osenberg (1963) reported the ginger rhizome
rot osused by Pugarium solani from Hawail, He found that
other unidentified Pusarium spp, were carried over from
oné planting season to another in the infeoted sced pieces
and soil. Trujillo (1963) studied the Fusarium yellows
and rhigoms rot of ginger in Hawail, He reported that
Fusarjum gxysporum wdas consistently associated with the
wilted ginger plania in several loocalities in Hawaii, The
inooculated rhizomes developed symptoms in three weeks and
were complately rotted in six weeks, The isolate was
deasignated ag Fusarium oxygporum f, sp. gingiberl. Fusarium
rhizome rot of ginger in Qm?;land wag reported by Teakle
(1965).

P, _aphanidermatum besides being pathogenic to ginger



is pathogenio to an array of other cultivated crops,
cauging such disesses as damping off, cottony leak,
watery root rot, blask rot eto., :doson (1915) found the
fungus to ocause damping off of sugerbdeet and raddish
seadlings? Subrameniam (1919) obssrved it on tobaoco,
papaya and ohillies in India, Vaughar (1924) and Cardner
(1925) reported a black rot of raddish in Indiana due to
P. aphanidermatum, Drechsler (1925) desoribed a sottony
lenk of ocucumbera and egg plant in United States by

P, aphanidermatum, Mitra and Subramanian (1928) found
the fungus to oasuse fruit rot disease on Luffs agtutanula,

irichogantihes anguins, Cuguymis gativug., 3. melo, and
Mimordioa oparantias, ‘right (1930) reported the root rot

of Jolooagia antiguorum to be oaused by this fungus., A
watery root rot caused by P, aphanidermatum on watermelon,
Buskmelons, honeydew melon and squash in Arigzona was

reported by Gottieb and 3utler (1939), Chiu et al. (1945)
doacribed the ocourrence of the fungus in Xlangsu province

of Thina on Demingaga higpida, watermelon, cuoumber, vege-
tative marrow, squash, Lagenaria leuoanthe, Luffa agtutangula,
L. gylindrica, Mimordica charantia, cotton, tobacoo, egg
plant, aweeti potato, ohinese cabbage, Paghyrrhigus tuberosus,
Inomoen reptans, Lmaranthus triooler and Alesurites fordii.

Pythium spp. have been found to survive in soil for



parioda of 2 -~ 12 years (Hoppe, 1966) but the survival
stirustures in different species have not been adejuately
demonstrated, Lookwood (1960) showed that mycelium of
P, aphanidermatun vas completely destroyed when four day
old cultures on agar media were ocovered with field soil
for ons or two weeks, Tha role of moosporas in survival
i8 not clsar, Luna and Hine (1964) demonstirated that
goospores of P, aphanidermatum enoyst repidly on being
introduced into soil not oontaining 2 natural population
of the fungus. The organism was reoovered seven days
after seeding with goospores, This indlcates that
gooapores can survive as resistant astructures for a short
span of time (Irujillo and Hine, 1965). Some .worxers have
reported that in sphasrogporangiats group of Zythium
gporangia oan aot as a survival struoture in soil,
Stanghellini and Nigh (1972) reported that the oospores
of Eythium spp, survive for a long pariod of time aund
germinote when stimulated, They were abls ito record

the oospore of P, aphanidermatum after 16 months from
infested oat roots, burried st 5 om and 20 om dspth in
fallow field soil. Miorosoopic examination revesled
that colonies of the fungus originated froa cospores
within the infested root tissues., No lobulate gporangia
or mycelia was observed in the roots. Thomas (1938)
reported that oospores of the fungus were found on the
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soales of preserved rhisomes of ginger whioh under certain
conditinns damaged the estored rhisomss,

Trujillo and Marolay (1966) observed that coapores
of 2. aphanidermatum were &bls 10 withstand extrome condi-
tions and survive in 4dry solil at frsczing temperature for
several months. Peethambaran (1975) reportad that vegetative

hyphaa of P, aphanidermatuz and P, graminioolum survived for
less than 10 days in sir dry or wet so0il st 25°C or at room

temparature. Sporangis of P, aphanidarmatym survived for
6 weeks in air dry soil and for 4 weeks in wet soil at 25°0

and room temparature while sporangia of P. graminicolum
survived for 4 and 2 weeks, reapectively, under similar
zonditions of inoubation, Oospores of these 2 apecies
survived for more than 48 weeks under different conditions
nf inocubation. But a fixed temperature of 2%°C wag more
favourable than flustuating temperature for prolonging
viability of cospores in soil and the dry soil was more
favourabls than wet soil for retaining viability of oospores,

Indrasenan and Pajly (1974) reported that among the
21 varieties tagted, Maran was the most resistant variety
against ©, aphanidermatum infeotion while 3alagopal gt al.
(1975) found Madiys and Narasapattam were moderately resis-
tant to this diseass out of 22 varisties teated by then,
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Using Polson food techaique Fawoett et al., (1957)
aagocsod the activitly of a wide range of fungioides on
P, ultjmum. Soumini Rajagopalan (1961) found that, out
of 6 fungicides trisd only ceresan wet at 1000 and 2000
ppn wag found fungioidal to Z. aphanidermatuym. Crover
and Dutt (1972) reported tiat ooresan wet at low conosntra-
tions in vitro was the moat inhibitory to myoelial growth
and the formation of sporangium and oospors. Indra Malhan
et al, (1975) observed that P, aphanidermatus «nd ~.batleri
were least ssnaitive to benomyl. S3eema Yanab and “harma
(1976) found that ceresan TOO ppm was suffioient to
inhibit the zrowth of P, aphanidermatum completely. They
also reported that thiram ranked first out of five Nungl-
oldes tried, Uivun 8t a). (1973) reported tnat 2000 ppm
of saptan, 500 ppm of aretan, 1000 ppm of thiram and
dexon each gave 1.0 per cent inhibition of P, dzbaryanum,
Sharma and Jouhi (1979) reported that out of five fungl-
oides tested against 2, myriotylum,in vitro, only four
fungisides namaly bavigtin, 44ithane M-45, cceresan and
kitazin gave good control, Bewlate was noti effective.

Jeveral studies aimed at the contrnl of .oft rot
in the field were oconducted by differsnt workerc. Mo'ae
(1311) suggesied ocolleotion and burning of diseased plants,

orop rotation, use of disease free secd and opreaventing
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vater logging as possible control messures. Similar

recommendations vere alse given by Subramanism (1919),

Park (197%5) observed that imoersing seed ginger
in 0.1 per oent marcuric ochloride for two nours éither
Just after harvesting or Just bafore sowing yielded meny
more plants than untrested sesd, Thomas (1941) reportsd
that seed treatment just before planting with wettable
oceresan (0,25 per oent, 30 aminutes) was an effective
me thod of ahecking rhisome rot ocaused by Pyihium spp. in
the 'ﬁ.ald vhile the best msthod for preserving seed ginger
in pivs was by 90 minutes immersion in 0,1 per oent mer-
ouris chloride, Acocording to Mundkur (1949) sxternal
application of fungioides alone might not be quite effective
ag the mycelium and fruiting bodies are looated inside the
rhizome., Anonymous (1955) reported that effeotive control
of rhizome rot of ginger dus to Pythium app. in the storage
pits on the west coast of Madrasg by treating ginger rhigzomes
with 0,1 per oent mercuric chloride or 0,25 per centl ceresang
while field wiit was best controlled by soll application
of chesihunt compound and colloidal copper. It was alao found
that bordeaux sixture and merouwric ahloride depressed both
germination and yield of ginger,

Bhagwat (1960) reported that soft rot of ginger
caused by P. myriotylum ocould be satisfactorily controlled
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by dipping the rhisomss in 2 ¢ 2 : 50 bordesux mixture

and by application of the fungicide to the soil eight

days before sowing. He also reported good ocontrol of

the diseass Sy soil drenching with cheshunt compound at

the rate of 1 ounoe/2 gallon of water, Shahare and
Agthana (1962) reported that seed treatment of gingsr by
different ochemicals was not effective, but s0il treatment
with boardeaux mixture (4 § 4 s 50)3 0.35 per cent perenox
and (rather less sucoessfully) 0,15 per cent of dithane

2«78 suppressed the digease,

Kothari (1966) obscrved that treatment with
mercurio chloride gave the highest germination of ginger,
No germination took place in the plois even after 2 months
whioh were drenohed with bordeaux mixture, Plots treated
with thiram 0.2 per cent (=msoil 4drench) showed poor deve-
lopment of ginger rhisomes. S3harms and Dohroo (1980)
reported that seed 4ip in 0,2 per cent solution of dithane
M=-45 or daconil was highly effective in oontrolling the
soft rot diseage as well as in inoreasing yield in the
field, They also reported that seed dip before storing
in 0.1 per ocent emisan-6, 0.3 per cent dlitox 50, 0.1 per
gent merourio chloride, 0,2 per ocent dithane M«45 or
dasoonil again were highly effective in controlling the
disease in pits,
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Control of soft rot in other crops were also
reported by various workers. Gattani and Eaul (1951)
reported that dusting tomato seads with ouprous oxide,
copper sulphate, both at 1+ os/1lb seed or veresan 0,2
oz/1b seed or soaking in 1.0 per cent copper sulphate
solution reduced the ineidence of damping off by 10, 11,
13 and 29 per cent reapectively. 3oswell et al. (1952)
reported that pepper seedling damping off caused by
fnimootonia solani and Pythium spp. was reduced by seed
treatment with arasan, thiram 50 and phygon, Ramakrishnan
and Soumini (1954) reported that rhisome and root rot
of turmeric have not oocurrcd in inooulated soil drenched
with cheshunt compound or 0,1 per cent ceresan solution
at one gal, per sq. yards while 70 per oent of the plants
in untreated plots werse affeoted, i humilenko (1964) found
that ;0il fungl such as Pythius and Ihizoatonia could be
effectively ocontrolled by 50 per cent thiram at 50 g/l2
and 0.4 per cent thiram suspensions at 4 1/n2.

Grover and Dutt (1972) reported that touato‘ seeds
germinated best when the soil was ireated with ceresan
wat or copper oxychloride, Post emergence damping off wes
significantly reduced when untreated seeds were sown in
infested soil drenched with ocopper oxychloride, oarboxin,
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oaptan, agrosan 0N, oxyoarboxin, dithane M-45 or
brassicol. All except the last three greatly reduced

seed germination, Ramekrishnan et al. (1973) reported
that drenching the s0il with 0,025 per cent dexon reduced
pre and post emargence damping off in tomato and egg

plant, whereas similar treatment with 0,1 per oent thirams
reduced only pre emergence damping off., Riohardeon (1973)
found that mixtures of chloroned and thiram (1 3 1 ratio
2.5 g mixture/kg seed) applied to pea seeds gave more
effeotive control of seed rot and damping off (P.,yltimum)
than by applying them separately. Venkata Rao and Kannajiyan
(1974) reported that seed treatment with captan, thiram,
oeresan (2 gms/kg of aeed) controlled the Pythium root rot
of rice, Harper (1968) and Crosier et al. (1970) reported
that seed dressings of both benomyl and thiabendasole
fungioides were ineffeotive against the phyoomycste fungi
oausing pre emergence losses in peas, Jharia et 81.(1977)
reported that out of nime fungicides tested, seed treataemt
with thiram plus oaptan (1 3 1) 0.3 per cent by weight was
highly effective in chescking the pre and poat emergenoe
losses and mortality at adult stage in chillies., The treat-
ment also resulted in higher yields.

Pungioides which are applied in s0il, to control
201l mioroorganisms are in turn degraded and made non toxie
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by several microorganisms., PFurther, several fungi become
reaistant to the fungioides applied, and thus the fungi:ide
becomes ineffeotive . The degradation and loss of fungloides
osours in soil dus to several physioal and chemioal faotors
auch as leaching of water soluble fungicides, decomposition
of the ohsmicals used as fungloides,eto,

Munnaoks (1961) found that persistence of water
soluble oompounds, such as navam and MMDD were greatly
affected by leaching, The less soludle materials such as
thiram, oaptan, ferbam and PONB were less easily leached,
but their movement was affected to a greater degree than
is explainable solely on the bdasis of water solubility,
Munneoke and Mickail (1967) reported that the ocontrol of
pea damping off dus to P,ultimum was direotly related to
the oonoantration of thiram in the s0il which in turm
depended on the initial ooncentration. Ihe rate of de-
composition inareased with an inorease in conocentration
and was oarried out by soil organisms inoluding P, ultimum
as well aa by chemical and physical means., Tontrol of
damping off by thiram was neithsr sradicative nor oaused
by stimulation of antagonistic organism. ‘n inorease in
the use of soil fungicide is likely to lead to inoreased
development of organism resistant to these oompounds,
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Nesheim and Linn (1968) reported that thiram vap
released more readily from the soil with the lowest oclay
content, “oodoook (1971) reported that the degradation
of two unidentified divalent sulphur degradation products
of thiram also oocurrsd more rapidly in nonsterile soil
than the sterile wsoil. Raghu et al. (1974) reported that
thiram degradation oocurred more rapidly in nonsterils
than in sterile soil,

Booer (1944) demonstrated that all mercury compounds
when applied to tne soil, were decomposed into metallic
meroury. +hen the chloride ion was involved, the govern-
ing fagctor was the rate of decomposition of mercurous
ohloride, With other inorganioc compounds of meroury direot
reduction to the metal ok place, The decomposition of
ethyl maroury or phenyl mercury group was acaompanied by
the loss of half the mercury, whereas no meroury appeared
to have been lost when msthoxy ethyl merecury group de-~
composed, Takechi and Ide (1958) aassayed four organie
mercury compounds against Ophiobolus (Coohliobolus) gativug
as soil fungiocide mixturaes and the soil and filtrate were
agsayed after washing. They suggested that methyl meroury
lodide ocombined with soil without losing fungicidal aotivity.
bthyl meroury phosphate was fairly fungicidal initially but
lost its aostivity after washing., Methoxy ethyl mercury
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chloride and phenyl meroury acetate wers both poorly
fungioeidal throughout, though the filtrate of the former
retalned some aotivity.

Josrua and Jain (1966) reported that those oopper
fun ioides forming a suspension remained on the soil
surfuoe wioen appiled uas a drench and copper ions were
adsorbed by soil colloids, thus making the fungioides
ineffective, 3oluble organomsrourials wers effective
against Pythium sp. 2-3 inoh below the soil surfaoce,
Sordeaux mixture was effective if used dry at 4000 ppa
coppersulphate but this dose was uneconomic and phytotoxie,
Puethambaran (1977) tried 12 fungioides in soil to find
out the longivity of fungicldeas., 3ignifiocant redustion
in the ?, apnanidermatum population was noticed in ocaptan,
duter, dithane M-45, copper sulphate and vitavax treated
soils for 20 days.

Riohardson (1954) reported a msans for determining
the thiram oontent of treated soil, by applying ths paper
disk bio assay technijue with Glomerella oingulats as the
test organism, Thiram persisted in sandy soil for over
two months but disappeared from compost soil within one
week, Thiram treatment changed the miorobial balance in
the so0il, the number of baoteria being inoreased and the
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fungi deoreased for somstims, Thiram wag shown to be
seleotive in its action against fungi. Peniojllium and
Irichoderma being resistant, their populaiion was inoreased
after treaiment, Thiram treatment rendzred the soil more
diffioult to infeat artifioially with P, ultimum and also
prevented a natural inoreass in ths populations of damping -
off organisms resulting from repeated oropping. This
proteotion of seedlings persisted much longer by ths combined
aotion of the seleotive toxicity of the fungicide on the
damping~off organism and inorease in population of the
benefioial organism,

The possinility of soil fungi to develop resistance
to fungioides is high, simge in solil, fungi are 30 intimately
agaceiated with fungicides, This, comdbined with the establi-
shed fasts that fungi may be trained to adopt to fungloides
in vitro (Parry and wWood 1958, 19593 Brook and Chesters,
173 Grover and Moore 19613 clsaid and LSinolair, 1904)
made the probability almost a certainity, Domson (1359,
1960 a, b) did not find any great differences in the susoepti-
bility of baoteria, streptomyoes or s0oil fungi to six fungi-
cides namely nadanm, vapam, oaptan, TMID, allylalohohol and

an arsenical oompound,



20

Munnecks (1967) stated that natural s0il contains
a2 multitude of organiems in continuously ochangzing equlibria,
that will funotion as & biologieal buffer asystem, TIhis
biologiocal buffer system reduces the plant patnogenlo
miorodbial population, vhen this buffer aystem iz modified
by fungicidal applioation, the buffer capacity is greatly
reduced and fungioide treatment may completely fail by
subsequent reintroduction of the pathogen.
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MATERIALS AND Ms RODS

The experiment was condusted from May, 1978 to
January 1979 at the Instruotional Parm, attached to the
Collage of Hortioulture, Vellanikkara,

3 Jlimate So

The farm is situated at 32,1°N latitude and 16,76°E
longitude at an altitude of 22,25 m. The area has a typical
humid tropioal olimate, The soil of the experimental ares
waa deep, well drained, lateritic and moderatcly aocid
(pH 5). The s0il containsd 1,544 per ocent organio oarbdon,
0,198 per cent total nitrogen, 0.0025 per cent avallable
phosphorus and 0,0%25 per oent avalilable potassium, It
contained 24 per ocent coarse sand, 21,2 per cent fine sand,
22,65 per cent silt and 30,15 per oent clay,

and identifioa £ the pa n

The organisa osusing the soft rot disease wase
isolated from the infested rhisomes and collar regzion of
diseased ginger plants by ueing standard isolation methods
(Riker and Riker, 1936). The oculture of the fungus was
maintained in oatmeal agar medium. For atudying the morpho-
logical characters, actively growing culture disos of the
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fungus were kept in sterilised distilled water for 24
hours and it was obeerved under the mioroscope,

The miorosoopis dravings and measurements of the
pathogen wers ocarried out by using Olympus ressarch mioro-
soope with maximum possible magnification, Ths morphologlioal
charasters l1liks colour and thiokness of myocelium, size and
shape of aporangia, sporangial goermination, sise and shape
of acogonium and antheridium and their attachment were
studied,

Pathogenjoity tegt

The pathogonicity tests were carried out both in
4in yitro and in vive. Por artifioial inoculstion, the
detached ginger rhisomss were olearly washed in running
water to remove the soll particles and it was then surface
steriliszed with absolute alsohol. ©3Small holes were made
‘on surface of rhisomes with steriliszed oorkborer and
inoculum was placed in it, under ageptioc oondition, The
inooculated rhisomes were kepit in aseptioc moist chambers and
inoubated at room temperature (24 to 30°C) till ocomplete
rotting of the rhizomes took plascs,

One month old potted plants were used for proving

pathogenicity test. The mycelial mat of P, aphanidermatum
grovn on oatmeal agar was mixed with top five om, soil and
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wet ootton wool was placed over the inoculated soil surface
for 48 hours. The development of symptoms from the initial
stage onvards were observed regularly,.

3 ;O o

A bio assay study with different fungioides were
oarried out using poison food technique (Zentmayer,1955)

to find out the most effeotive fungicide against P.aphanidersatunm.
The nams, active ingredient and concentrations (in ppm) of
the different fungicides tried are given bYelow,

1. Dithane Z+78 75 per ocent ethylene
bis dithiooarbdanate 100, 250, 500

2. Dithane M~-45 75 per oent oc-rdination
produot of sinc ion and
manganous ethylens bis-
dithio ocarbamate -do=

3. Ziride 80 per oent zinc
dime thyl dithioocardamate -do~-

4., Bayer 5072 P=Dimethyl amino-benzene
diago sodium sulfonats -do=

5S¢ ©ifolatan ¥=1, 1, 2, 2 = Tetrachloro
ethyl thioois - 4 ~
oyolohexsne - 1, 2 -

dicarboximide -30=~
6. Antracgol Zino-propylene-bin-

dithooarbamate =do=~
7. B3rassiool 75 per cent pentachloro

nitrobensens ~do~
8. Benlate Methyl=1-butyl oarbamoyl =do=-
9, Bavistin 2 = (Methoxy - carbamoyl)

- bensimidasole 1
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10, Cheshunt 2 partis ocopper sulphate 100, 250, 500
compound plus 11 parts ammonium
oarbonate ‘
11. Agallol 3 3 per osnt meroury as
methoxy ethyl meroury
chloride -do=
12, Thiride 75 WP 75 per oent tetramethyl
thiuram &iosulphide -do=

A separate atudy was conducted with cheshunt compound,
agallol and thiride in different oconcentrations to fix minimum
effeotive dose required for 100 per ocent inhibition of the
fungus. In order to find out the synergistio affeot of
cheshunt compound, agallol nd thiride, these fungioides
wers mixed together in all possible combinations in different
concentrations (10, 50, 100, 250 and 500 ppm) and was tested

againet P. aphanidermatum, using poison food tachniqus.

In all the blo assay studies radial growth and
cultural characters of the fungus grown on poisoned ocatmcal
agar ware observed for a period of one week., The per oent
inhibition of the growth of P, aphanidermatum in treatments
was osloulated by the equation,

1.1004 -1 (Vinoent, 1927)
Where

I =« inhibition of fungal growvth

C = growth in cheok

T = growth in trsatment
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Pileld at

The experiment -sas laid out in randomised blook
design. The lani was ploughed well and raised beds of
3 x 1 metre with 25 om height were formed with 30 om wide
channels around each plot. Forty-eight seed rhisomes with
uniform sise having one or two sprouted buds were sown in
saoch plot., iwo varisties of ginger namely °‘'Rio-de-janeiro’
and 'Maran' obtained from Hortioultural Researah 5tation,
Ambalavayal vere used in this experiment. These rhizomes
were preserved earlier by soaking them in 0,25 per oent
agallol 3 solution for 30 minutes, Cultural operations
vere oarried out as per the Package of practioce recommenda~«

tions (Anonymous, 19783).

7heshunt compound, agallol and thiride at 2000 ppms,
500 ppm and 2000 ppm oconcentrations respectively were used
for drenohing the soil in the field experiment, Ivery
square metre of the plot received 2,5 litres of the fungi-
oidal solution, In the control plot, water was drenohed
at the same rate, The number and sequences of application
of the different fungicidsas are given below,



Sequencs of application of different fungicides againat the
anft rot disease of ginger, ,

1 month 3 months 4 months

Treatment Before after after after
TR Ran ® Phuner®  Thgases  [epremser)
1 Ch x x x
2 x ¢h x x
3 x x ch x
4 x x x Ch
5 Ch Ch x x
6 Ch Ch Ch x
7 Ch Ch S “h
8 Ag x x x
9 X Ag X x
10 x x Ag x
1 p 4 X x Ag
12 Ag Ag b 4 x
13 Ag Ag Ag x
14 Ag Ag Ag Ag
15 Th x x x
16 x Th x x
17 x x Th x
18 x x x Th
19 Th Th x x
20 Th Th Th x
21 Th Th Th Th
22 Ch Ag x x
23 Ch Th x x
24 Ag Th x x
25 Ag Ch x x
26 Th Oh x x



27 Th Ag x x
28 Ch Ag Th x
29 Ch Ia Ag x
30 Ag Th Ch x
31 Ag Ch Th x
32 Th Ch Ag x
33 in Ag Th x
34 o Ag Th >h
35 Ch Th Ag 3
36 Ag Th Ch Ag
37 Ag Ch Th Ag
38 Th | Ch Ag Th
39 Th Ag Ch Th
4 0 * * * *

Ch = Cheshunt ocompound
Ag = Agallol

Th = Thiride

Yo drenching

* = Drenching with water

"
]

Germination ocount wae reoorded 30 days after sowing,
The ungerminated rhizomes were earthed up and examined for

the pre emsrgenoe rotting. Disease inoidence (post emergence
rotting) was recorded at 15 day interval till the orop was
harvested, Harvesting waas done on the 245th day after plant-
ing whan the aerial parts of the plant were dried completely,
The final stand of the orop was recorded at the time of



harveat, The frsah weight of rhicomes were recorded
separately for each plot., The disease inoidence (poat
emergenoe rotting) was ocorrelated with rainfall during

the cropping season,

Pot_culture studies

Commeroially made oiroular pots of size 30 onm
diameter and 30 om height were used for conducting pot
culture experiment, Eash pot was filled with 10 kg of soil,
Por filling up of pots, the s0il was brought from the field
wvhere the ginger waa growvn earlisr, Three rhizome bits
having uniform size with onse or two sprouted buds were sown
in ecaoh pot., Zultural operations were ocarried out as per
the Package of practice resommendations (Anonymous, 1378),
All the treatments in the field experiment was repeated
in the pot oculturs experiment also, 3Zaoh pot was drenched
with 300 ml of fungiocide. Prs emargence rotiing was recorded
30 days after sowing and post ewergence rotting was recorded
once in a fortnight till the orop was harvested. Final

stand of the orop was recorded at the time of harvest,

Statistioal analysis

All the data obtained were analysed siaitistioally,
Students 't' was used vwhan the mamber of treataents were



ten and below. When the treatment numbers exoeeded ten,
Tukey's mathod was followed for analysis. Only the baat
10 treatments werc ocompared with 2D in the case of fortiy
treatment analysis,

29
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R&SULIS

Qausal jam

The pathogen causin; soft rot of ginger was isolated
and it was brought into pure culture for detailed morpnolo-
gioal studiss. The morphologiocal oharasters of the organism

waere as foliows.

Myoelium hyaline, coenoeytic witin & widih of 5,8 u.
The growth of the fungus was rapid on catmeal agar nediium
with cottony white in soclour and ocovered 9 om petridish
within 48 hours. Jporangia were very rare in solid aedia,
but abundant in the liquid oatmeal medium, Large runber of
sporangia were obasrved wiihin 24 houras when a culture iisc
froxz solid mudia was transferred to merated water, porangia
ware filamentous in the initial gtages later sweliled «nd
produced lobulate inflated branches, cut off by a oross wall
from the vegetative hyphae,

The size, shape and number of lobes of sporangia
varied widely (¥igs., 1 to 3b). It measured 23.3 to 76.9 x
7.8 to 73 J and the number of lobes varied from one to twelve.
A long emission tube ending in a vesiole wis formed from the
sporangium prior %o zoospore formation., Yumber of zooapores

in a vesicle varisd from 15 to 40 depending on the size of
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sporangia, The gzoospores were motile and the enoysted
soosporss measured 5,6 to 10.2 A in diameter. The

oogonia vere terminal, amcoth, spherioal and the size varied
from 20,3 to 28,5 1 in dlamster (Pig. 4). Antheridia were
stalked, hypogynal or diclinous, mostly terminal, rarely
interoalary, barrel shaped or Wroadly clavate, 12,5 to

34,2 x 4.6 t0o 12,2 P in aises (Pig. 4). Oospores were
spherical, smooth and measured 12,5 to 28,2 P in diameter
(Pige. 5 and 6).

The sporangia germinated in the temperature range
of 20 - 32°C, the maximum at 28°C 2nd no zoospores were
prodused above 28°C, Sporangia germinated direotly by put-
ting forward germ tube above 28°C, lhe motiliiy of soospore
wvas vigorous for the first 20 minutes after liberation from
the vesiocle und decrsased thereafter and encysted ia about
1 to 2 hours in aterile distilled water, 32ged on the udove
oharasters the organiasm was found to be the same of tanat

desoribed by Pitzpatriok (1923) and identified as Pythium
aphanidermatun (£dson) Fitspatrick.

Pathogenioity test

The pathogeniolity of 2, aphanfdermatum isolated from
infeoted rhizom:s, which was used for the present studies,
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was proved on ‘iio-de~jansiro' and 'Maran' varieties of
gingsr, When the fungus was inooculated on rhigome bits,
complete rotting of the rhizomes was observed vwithin eight
days after inooculation. In potted plants, the first symptom
obaerved was the appearanse of a light yellow colour at the
tip of the leavea., This yellowing apread very fast and the
entire leaf blade and leaf sheath turned yellow within a
period of 12 days. Moanvhile, the basal portion of the plant
at the point of attachment with the rhizome and soil surface
showed pale translucent rown area wvhioh becams water soaked
in pmture dues to the destrustion of host tis:ues, 7he shoot
at this stage could be casily pulled out from the s0il, The
rafzome of the infected plants becams smooth and siarted
rotting within this period. The symptom development was
hastened with high rainfall and delayed with low rainfull
and high temperature,

Bio assay of fungioides

In order to find out the moat efiective fungicide
against P, aphanidermatym & bio sssay with different fungi-
oides was carried out using poison food technigue (Zentmayer,
1955). The results are given in tables 1 and 2, The
results indicated that among the twelve fungioides tried in
three different concentrations, 100 per cent inhibition was



Table 2, Per ocent inhibition of growth of P, aphanidermatum on media
incorporated with different fungicides after 7 days inocubation,

_ L 100 250 N 500

1 Dithane Z~78 0 0 0
2 Dithane M=45 0 0 0
3 Ziride 0 0 0
4 Bayer 5072 0 0 0
5 Difolatan 0 o 61.11
6 Antracol 0 0 0
7 3rassiool 0 0 0
8 Benlate 0 0 o
9 Baviatin 0 0 0

10 Cheshunt compound 0 0 0

1 Agallol o 68.89 100

12 Thiride 0 77.80 91,11

Ve



ootained only with agallol at 500 ppm. Thiride and difolatan
at 500 ppm gave 91,11 and 61,11 per cent inhibition respectively.
All other fungioides were not effeotive in ocontrolling the
myocelial growth of the fungus at the concentrations tried,

To find out the minimum conocentration of cheshunt compound,
agallol and thiride required for the oomplete inhibition of
the fungus, an experiment was conducted using different
oconoentrations of the fungiocides, Complste inhibition of the
fungus in yitro was noticed vwhen 2000 ppm of cheshunt compound
or thiride or 500 ppm of agallol wes used, Agallol and
thiride below 250 ppa conoentration and ohsshunt compound
below 2000 ppm was ineffeotive in inhibiting the growth of

the fungus (Tables 3 and 4).

The results of the aynergistic effect of cheshunt
compound, agallol and thiride on P, aphanidermatum are
presented in tables 5 and 6, It revealed that 100 ppm of
agallol plus 100 ppm of thiride vas the most efifeotive among
the different combinations tried, in inhibiting the myoelial
growth of the fungus completely. Cheshunt compound plas
agallol; and oheshunt compound plus agallol and thiride
showed 100 per cent inhidbition at 250 ppm concentration,
However, oheshunt compound plus thiride combination exhidbited
ocomplete inhibition only 15 500 ppm oconoentration.



Table 4. Per ocent inhibition of growth of 2. derma on media
incorporated with three fungleides in erent ooncentrations
after 7 days inoubation,

Serisal Per ocoant inhibition

Nusber gloldes Concentrations in ppm
10 25 50 100 250 500 1000 2000 3000

———

1 Cheshunt sompound O O O O 0 0 0 100 100
2 Agallol 0O 0 0 O 68,8 100 100 100 100
3 Thiride 0O 0 0 0 T7.80 91.11 94.4 100 100
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Table 6. Per gent imhidition of growth of P.aphenidermatum on media

incorporated with different combinations of three fungicides
after 7 days incubation.

o B I S 3 R D D RN D T S W g O SR R SRR R PR T <2 SR D D TR ST SR TSR OR TN

serial 1481 Per oent inhibition
oeris Fungieida -
Jumber combdinations Congentrations in pps - éach
10 50 100 250 500

W - -

1 Cheshunt compound

plus thiride 4] 0 0 1¢] 100
2 Cheshunt compound

plus agallol 0 o 0 100 100
% Agallol plus thiride 0 0 100 100 100

4 Agallol plus
chesbunt compound
plus thiride 0 0 0 100 100
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Field stulles

On the basis of bio assay studies, ochesbunt compound,
agallol and thiride wers used for the field studies, They
were trisd in the fiseld as per the detailas desoribed under
Materials and Methods,

Effect of seed treatiment on pre smergence rotting

S3eed treatment with 0,25 per cent agallol solution
wag not effective in reduoing the pre emsrgence rat.uzig of
ginger, The pre emargence rotting in the control plot was
41,46 peroentage for °‘Rio-de~janeiro' and 38,02 peroentage
for 'Maran' (Tables 7 and 9).

£ffeot of fungloidal applioation on pre emergsnce rotiing

The effeot of fungicidal application on pre cmsrgence
rotting of ginger varieties 'Rio~de-janairo' and 'Maran’ is
glven in Tables 7, 8, 9 and 10, All the fungicidal applioca~-
tions reduoed the pre emsrgence rotting, bul thsre was no
significant difference between the treatments,

Effeot of cheghunt compound, its time and sequence of applica-
Ljon on goft rot of ginger

emer e rotting: Applioation of cheshunt
compound was found effeotive in reducing the pre emergence



Table 7. &fiect of cidal application on pre emergence rotting of
variety 'Ri Jenairo*

MMM*M

Number of Percentage

Treatanent rhizomes Pre of pre Angular
Treatments tren afo rmed
numsbers planted in :
20 replicat- ‘ot mtm values
ions
R oeer 960 191 19.90 23.55
2 Agsllol 960 162 16.88 22,21
3 Thiride 960 217 22,60 26,88
& Control %0 398 41 a% 40,00
F 11.01%0
Con(00h *

6.98

A s H B P e Ry M A R DDA S T D A e BT A E SR SO e I st

Each replication contains 48 plants,
** Significent at 1 per cent level,



Table 8. BLEffect of fungicidal am.:u.ccti .n on pre emergence rotting of
varisty t*iio-de=janeiro

Analysis of varience table

Source SeSe dfe Variance Fe
Tm 13061.,91 79
Treatnents L0094k 3 133648 11.0¢
Error 6921,93 57 121 .04b

TR S e S SR A R s S e S s el et R SRS as iR D et S Stntietiontine
Ranking 211 13 T4
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Table 9. &ffect of fungicidal application on pre emergence rotting of
variety *Marant

R T S e I SR s SR ED s s U S Sl e i S en e e E et o SR S A A ool Sl

Treatoent Humber of Pre emergence Percentage of Angular
numbers =~ Lreatwents ... nes rotting Preaergence trasformed

in rotting valuza

20 replicat-

ions
% Cheshunt 960 97 10.10 Yoo b7
coapound

2 Agallol 960 133 13.85 19.54
3 Thiride 960 136 14,17 18,46
4 Control 960 365 38,02 37.83
Colr {0405) 6.93

WM
Each replication contains 48 plants
*» Significant at 1 per cent level
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Table 10, Effect of fungicidal application on pre emergence
rotting of variety *'Maren®

Analysis of variance table

bt el - i o s S WS iR s S i bty Sk ool s S s oA D e

Source Se5.e at. Yariance Fe
Total 15407 T4 79

Blogikk 209526 19 110.28 <1
Treataaita 6430414 3 - 2163438 18407
Error 6822.,34 74 119469

oo e o e Eim it e S et onttontastthusiiies S Sustitonien S

Renking TM_T3 T2 Th

vy



45

rotting of ginger, The percentage of pre emergence rotting
in the cheshunt compound treated plots were 19,90 and 10,10
reapectively for 'Rio~de~jensiro' and 'Maran' varieties,
compared to 41,46 and 38,02 in ocontrol (Tables 7 and 9),

Post emergonce rotting:s A single application of
cheshunt compound after germination of ginger was not effeotive,

irreapesotive of the tims of application and the infeotion rate
ranged from 27.68 to 46,02 peroentage, Howsver, there is &
signifioant reduntion in the disease incidence, when atleast
two applications of cheshunt compound were given after the
germination, 3ut there was no appreciable diseage reduction
in the plots where two or three applications of cheshunt
compound was given after germination of ginger., The post
emergence roiting in thess treated plots were 6.,41 and 10,13
percentages respectively (Tables 11 and 12),

Pre_plus post emergence rotting: The effeot of
cheshunt compound on the oontrol of soft rot of ginger 1is

shown in Tables 11 and 13, Lowest disease incidence of

23,96 paroentage was recorded in the treatment number 6 ie.
Ch=Cn~Ch-x followed by treatment numbers 7 and 5 ie, Ch-Oh~-Ch-Ch
and Ch-Ch-x-x respectively. Theae two treatments viz, 7 and

5 were aleo on par wvith treatment number 1 fe Chex-x-x.

Highest disease inoidence of 69,79 percentage waa notioed in
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the oontrol followed by 68,23 percentags in the treatment
number 4 ie, x-x-x~Ch. It is seen from the tadbles 11, 12
and 13 that ocheshunt compound before planting as well as

two or thres times applioation, after germination of ginger,
ware necessary for effeotively oontrolling ths soft rot of

ginger,

Effeot of l, its time and se of application on
goft rot of uinger
Pre emergence rotiing: Application of agallol was

found effeotive in redusing the pre emcrgence rotting of
ginger, The percentage of pre emergence rotting in the
agallol treated plots were 16.88 and 13,85 for ‘Rio~de~
janeiro' and ‘Maran’ varieties respectively ocompared to
41,46 and 38,02 for control (Tables 7 and 9).

Post emergence rotting; Single applioation of
agallol after germination of gingsr was not as effeotive as

two or three times application 91’ agallol after germination
of ginger in reduocing the post emergence rotting. The lowest
disease inoidence of 14.46 peroentage was notioed wvhen three
applications of agallol was given after germination of ginger,
while the highest inocidence of 58,77 percentage was noticed
in treatment number 3 ie, when agallol was applied only once



Table 11, Lfieot of oheshunt compound, its tims and sequence of application on soft rot

of giner
E L B L L R St B L LT T e Ty B T D Do B B D B R St Dot S Sd B Do Sog ad B B B B B e e Rt d
Number
Ire:t- of rni- ¥umber Pre- Po Paroen; fotal P
men - ZOomes ! - st tage o 32 ercen~
numb- L reatments {:énbad of rhi~ omer- emer- post Angular number tage of Angular
ers 4 zomes genoce gence emerge~ trans- of in- total trans-
replica~ germi~ rot- rot- noe rot- formed feocted infec- formed
tions nated ting ting ting values plants tion values
1 O x x x 192 155 37 58 37.42 37.70 95 49.48 44,71
2 x Ch x x 192 117 75 48 41,20 39.81 12% 63,02 53.04
3 x xCh x 192 118 74 40 33,90  37.77 114 59,38 51.11
4 x x x©Ch 192 113 T3 52 46 .02 43,22 131 68,23 56,18
Choh x x 192 177 15 49 27.68 31.41 64 33.34 35.24
6 ChChCh x 192 156 36 10 6.41 14.83 46 23,96 27.%
7T Ch Ch Ch Oh 192 158 34 16 10.13 18.43 50 26,04 29,76
8 Control 192 115 17 57 49,57 46,63 134 69.79 STTT
P ratio 4.48%¢ 5.06%*
009- (0.05) 15095 1“99

a.s-'.-‘-..*"“"..‘.q‘-”.-..-...‘..u—'-aq.‘...--‘”qq”’. -l WYy B R 3 R bk R B e R 4

Laoch replioation ocontains 48 plants,
**3ignificant at 1 per cent level,

e
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Table 12. Effect of cheshunt compound, its time and sequence of
application on post emergence rotiing alone

Analysis of variance table

AR SR R S S s S S A S Kl At S S GBS S s it B i natilnior

Source Sede arg, Variance Fe
Total 657847 ' p |

Block N9.27 3 139.76 1.19
Treatuents 3689.23 7 52703 L8
Error 2469,97 21 117,62

TSI S s B I s S A S S s e S s P i A B St st e S uo Siua et e 3 oAis we

Renking  ©6 T7 T5 T1 T3 T2 D& 18
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Table 13, iEffect of cheshunt compound, its time and sequenoe of
application on soft rot of ginger

Analysis of variance table

Source SeSe daf. V.riance Fe
Total 7352,68 b3

Block 106077 3 5359 341
Treatmants H111.81 7 387.40 5466
Error 2180410 21 103,81

Hanking ¥ T7 T T T3 T2 4 18

¥



three months after planting (Tsbles 14 sad 15),

Pre plus poyt emergendce rottings Maximum reduotion
in the incidence of soft rot (26,04 percentage) was notioed,

when four appliocations of agrllol was given., The plote
which received three or two applications of agallol ranked
second and third with an infeotion peroentages of 30,21

and 47.40 raspeoiiwly. Treatassnts vhere only ons applioca-
tion of agallol at different periods of time was given did
not differ signifioantly from ons another and from that of
cheok (Tables 14 and 16).

Efgect of thiride, its time and sequence of application on
goft rot of ginger

Pre emergence rotting: Application of thirlde was
found effective in reducing the pre emurgence rotting of

‘Rio~de~janeiro' and Maran' varietiss of gingsr. The
peroentage of pre emcrgenoce roiting in thiride treated plots
wore 22,60 and 14,17 respactively for ‘Rio~de-janeiro' and
‘Maran' varieties, ocompared to 41,46 and 358.02 for ocontrol
(Tables 7 and 9).

Pogt eme e ting:s Thiride was not effeotive
in controlling the post emergesnoe rotting of ginger, There
was no significant difference bes tween the control and the



Table 14, Cffect of agallol, its time and sequence of appliocation on soft rot of ginger.

Number

of rhl-
Treat-~ LOMe s

Peroen-
Number Pre Post tage of

Total Peroen-

mant Treatments planted of rhi- emer- emer- post Angular number tage of Angular
numb- in 4 |VWeS genoce gence emerge-~ trans~ of in- total trane-
ers replica- germi- rot- rot- noe rot- formed feoted infeo- formed
tions nated ting ting ing valuss plants tion values
1 Ag x x x 192 160 32 74 46,25 43.94 106 55,21 48,23
2 x Ag x x 192 115 77 5% 44.35 43,62 128 66,67  55.56
4 x x xAg 192 118 T4 54 45,76 42,12 128 66.67 S4.T7
5 AgAg x x 192 151 41 50 33411 35.24 91 47.40 43.53
6 AgAgAg x 192 160 32 26 16.25 23.95 58 30,21 32,91
8 Control 192 115 77 57 49.57 46 .63 134 69.79 5777

F ratio 4.43%" S5TT**
Jt»o (0.05) 14.% 13.98

NS 51 gy gy wagy we gy wag eey e N UL R wSLE Sl I TR LY SN oL I S g Y S SR WS [ WL SSIR NI RN W) YR I} WYY CSTR I3 WY NIy SRTE Wi TR WD aeGE iy weTl SR g

Eaoch repliocation contains48 plants,
**5ignificant at 1 per cent level,

GR
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Table 15. Effect of asgallol, its time and sequence of application
on post emergence rotting alone

Analysis of variance table

“.m-maaﬂ—a-hnmhmma-m—mw“mu.-a—m

Source S.5. af. Variance F.
Total 5413455 31

Block 317012 3 105071 1 »08
Treatment 3038,02 7 434,00 4,43
Error 205841 21 98.02

Ranking ™9 T T T4 T2 T4 T8 T3

cS



Table 16, Effect of agallol, its time and sequence of application
on soft rot of ginger

Analysis of variance table

Source S.S. df. Variance F.
Total 5942,34 31

Block 393,75 3 131.25 145
Treatments 3651 03’“ 7 521 .62 5 .77
Error 1897.25 21 9035

anXBew Diee TNantlior EBew Zien e 23 en Elan Taw P on 3w IR an Tl e Xlas Lo e 530 IS e e

TS enEl un i valiben e Sen s

Ranking ™7 T6 T5 T1 T4 T2 T8 T3

1Y
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various treatments, Howsver, the treatments 7, 6 and 5
showed a tendency for better ocontrol of the post emargence
rotting ocompared to cheok (Tables 17 and 18),

) t eme 1.2 30ft rot inaidence
was high in the contrel and the treatments 2, 7 and 4 vhere
pre emergsnce application of thiride waa not given. The
treatments 1, S, 6 and 7 wers not significantly different
from one another (Tables 17 and 19),

Bffeot of pre and one post smergence fungioidal appliocation
ia ) t rot o

Post emergence rottings Exoept the treatment number 3,
vhere thiride was applied after a basal application of agallol,
all other treatments exhibited better control of the post
smsrgence rotting than that of untreated check when the
fungiocides were applied ons after the other in rotation
(Tables 20 and 21),

Pre plup post emergence rottings All fungloidal
sejusnoes gave batter overall control of the soft rot of

ginger than the unireated cheok exoept the Ag~Ch-x-x sequencds,
whioh was on par with control (Tables 20 and 22),



Table 17. £ffeot of thiride, its time and sequence of application on soft rot of gingr,

WD S WD g Wy VR T ey e gy Wy YL SR g S SR R g SR SR ORI S TR VR T T SR SR R I TR W TR W T I R S I

Rumber Pearcen—
Treat~- of rai~ Number Pre Post Percen- Angular Total tage of
mnt Treatments 2We8 of rhi~ emer- emer- tage of trans- number total
oy planted zomes gence gence post formed of in- infeo- Angular
bers in 4 germi- rot- rot- emerge~ values feoted tion trans-
replioa=- nated ting ting noe rot- plants formed
tions values
1 Th x x x 192 158 34 62 39.24 39.48 96 50,00 44,91
4 x x xTh 192 112 80 50 44 .64 41.91 130 67.TV  55.75
5 Thh x x 192 152 40 36 23,68 23,73 76 39,58 38,90
6 ThTh Th x 192 160 32 41 25,63 29.98 73 38,02 38,04
7 T™h Th Th Th 192 159 33 34 21,38 27.39 67 34,89 40.00
8 Control 192 115 71 57 49.57 46,63 134 63.79 57.77
F ratio 1.98 3.95%*
c..d. (0.05) aoso 12’72

Ll L T R D B L Lo D L L D D R o Bl b Bl L e D o o B D o Dr Bt B B e B B B B Dot B B D b S Dot Do Ba Ao ]

pach replioation oontains 48 plants.

*#3ianificant at 1 per cent level,

cs



Table 18, iffect of thiride, Ltstmandnwntwpumzm
postmrgcmerotﬁnaalm

Analysis of v.riance table

WMWM

Sourcs SeSe ats Yariance Fs

ﬂ‘--‘--"“"'-‘-C““ﬂ‘ﬁ-““‘--ﬂﬂ

Total 3425.15 31

Rlock 101,49 3 33483 <1
Treatments 1322.21 7 186,89 1.98
Error 2001445 21 95431

WM“

Ranking NeSe



Table 19, Liffect of thiride, its time and seaquence of ap lication
on soft rot of zinger

Analysis of veriance table

e B et s ten s Sl At et et DeiBon Slus i ifias Blas il ilue Slantibors: snilan el tRus e SiuBRas i SRns Cou SR S

Souroce SeSe af. variance Fe

- A NS G W N TR A AR S G AR W W OGP AD W AR G SR SR W A W S WD R W Y TR W S AR W

‘Total 3865.09 N

Block 221.89 3 7396 <1
Treatmants 2071.68 7 295495 3495
srror 15T 52 21 74483

Sl ST el i aniiSant it il el lration Al elifas@ibusRonitnmiionaRastRuntien ot ontiion e Slianiben i i S

Ranking ™6 _T5 T7 T T2 T3 T4 T8
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Table 20, Effeot of pre and ons poat emsrgence fungiocidal application (in rotation) on

soft rot of ginger.

Lot Taat et St At o B B Bt Bt Lo B B B Do Lo Boc Do B B Do B Do Do B o B B Boe Bod Do Bl ST B T Ror DLy L B Tt s L L ]

Number Tumber Percen- Angu- Total Percen- Angular
Treat- of rhi~- of rhi- Pre Poat tage of lar number tage of transg-
nent Treatments 30828 gomes eamer- emer- post trans- of in- total formed
Num~ planted germina- gence genoe emerge- formed fected infect~- values
bers in 4 re~ ted rot- rot- noe rot- values plants ion
....... -Riigationy ting ting  t4ng —————
2 OChThzxx 192 166 26 48 28.92 32.30 74 38.54 38,14
3 AgThzxx 192 153 39 56 36,60 41,44 95 49.48 44.76
4 AgChzxx 192 177 15 42 23.73 31,22 57 29,69 32,57
5 Thonzxx 192 153 39 43 28,10 30.96 82  42.71 40,76
6 ThAgxx 192 151 41 40 26,49 30,73 a1 42.61 40,07
7 Control 192 115 T7 57 49.57 46.63 134 63.79 57.77
P ratio Ze23n* 319>
Ceie (0.05) 10.83 13.43

Sach replication containa 48 plants.
**3ianificant at 1 per oent level,

8S



Table 21. Effect of pre and one post emergence fumgicidal application
(in rotation) on post emergence rotting alone

Analysis of variance table

SRR S e ea IS i e SR S i s e S B e S i o e T e s St e S oniiaiien
Source Se8. af. variasnce Fe

L A A U GL U W W WD G D U WD W WS s WS O W G U AR O AR SE B P W W WS AR D W A W

Total 257335 27

Blook 586,93 3 195464 3.68
Treatnents 1050413 6 171.68 Je23
Error 936033 18 53Q13

B

-

Ranking M T6 T5 Th 2 13 7




Table 22, &ffect of pre and one post amergence funilcidal aplication
(in rotation) on soft rot of ginger

Analysis of variance table

Ratienflenibun ARt estiun SR MlaetRaniiiastBen Bl sl il dias iAot en iRl Slwsiifan il asiius SReslBus S eatilontiDumilioe:

30Urce Sede ate variage Fe
Total 3469409 27

Block 431415 3 W3.,72 176
sZrrop 1471.76 18 81.76

Ranking T T1 T2 T6 15 T5 7
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rotation) o £ of y

Post emergence roitings Effeot of pre and two post

emergenoe fungioidal application (in rotation) on post
emargenoce rotting is shown in tables 23 and 24, The lowest
diecass inoidence of 10,74 perosntags was observed with
Ag-Ch-x sequence, However, this treatment was not statisti-
cally different from other fungioeidal asesquences tried, All
the fungioidal sequences tried were statistioally signifioant
than untreated cheok (Tables 23 and 24).

Pre plus pogt emergence rotting: In all the fungioidal
sequences, the overall diseass inoidence wag less than 50 per

oent when comparsd to oontrol, However, there was no signi~
fieant difference between the fungiocidal sequences tried
(Tables 23 and 25).

Pogt emergence rotting: Eventhough all the fungloidal
sequances tried were signifiomntly better than the cheok,

they were on par among themselves. The lowest post emargence
rotting 8,28 percentage was noticed in Ag-Th-Ch sequence
after germination (Tables 26 and 27),



Table 23, Effect of pre and two post emergence fungicidal application (in rotation) on soft
rot of ginger

AP T8 e K BB 000 £33 seen T ain S 000 T3 mer EBeun 3w E3 qus S e ER ome 22 00e 323 owe TS anm 5w T3 53 T e L e Il B e T2 e T s 2 e 22 v S e STeate e S et 0 e 2 TE o S 3ot S SH e ST e ST e 5 on 534BT eSS an 2k e D Silen 55 e S

Ireat- g;mbﬁi Percen
r - -
:ﬁ:g_ Treatments zomes  Number Pre Post tage of Angular Total Percen- Angular
ers planted of rhi- emer- emer- post trans— rumber tage of trange
in 4 zomes gence gence emer- formed of in- total formed
replica~ germi- rot- rot- ence values fect= infec- values
tions nated ting ting rotting ed tion
plants
1 ChAgThx 192 174 18 34 19.54 26.31 52 27 .08 30.81
2 Ch Th Ag x 192 161 3 24 14,91 22.69 55 28,65 32.36
4 AgChTh x 192 165 27 32 19.39 26,23 59 30.73
5 ThCh Ag x 192 162 30 29 17.90 25.18 59 30.73 KR
6 ThAgChx 192 149 43 16 10.74 19.24 59 30.73 32.97
7 Control 192 115 77 57 49,57 46,63 134 69.79 5777
5.48%% Je92%
F ratio 11,27 14.23
C.D.(OCOS)

Each replication contains 48 plants

#% gignificant at 1 per cent level,
* gignificant at 5 per cent level.
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Table 24, iffcect of pre and two post emergence fungicl dal spplication
: (in rotation) on post emergence rotting alone

Analysis of variance table

ot e “‘“““‘m.

Source SeSe ar, variance F,
Total ' 2998,97 44

Block 7217 3 24406 <1
Treatnonts 1891.20 6 315,20 5.“3
Error '1035,60 18 57453

A AN BB Sl R S as i owiliSiiten M S Sun it ABve iion i filudibaniur D esihesBb e unlilibufiie

Ranking ™ T2 T3 TS T4 T T7
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Table 25, ELffect of pre and two posat emergence fungicidal ap.lication
(in rotation) on soft rot of ginger

Analysis of veriance tahle

e SR SR oS i S e S e SN A iR e v R TS o il s S it entituntiiandibantititon:
Source 545 dt. variance Fe

Total 3955435 27

Block 148,66 3 49455 <1
Treatments 2156,20 6 35937 3,92
Error 650,49 18 9169

PRRTIREERIEE YR IR SRR SRR S SR S TR T RS L
Renking ™M T2 6 T5 Th T3 1I7
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Table 26, Effect of pre and threc post emergense fungicidal application (in rotation) on saft

rot of ginger.
AR i BN M S as i iB el en il antiB e SR AN e IS s usiB aniine il oulib wtipuslibeiiion S SRen Sl astiBun i ias il eiunt s St ifan et AlastlasSibaniRasiiesiibaaiinnaian @i
Rumber
Percen~
Treate of rhi=
P tage of Total Percen~ Anguler
ment  Treatuents A tad m_ Pre ost st Angular mamber tage of transe
mmmh— » mm ry 208 mm" gmm— E trans- of in- total formed
replice~ germi- ot Irote gence formed fect= infeo~- values
tions  nated ting ting ‘otviie Velues ol H®
1 Chag Th Ch 192 157 3 13 8428 16,30 48 35,00 28,62
2 ChTh Ag Ch 192 65 27 18 10.91 19.41 & Db 8.3
3 AgTh Ch Ag 192 163 29 17 10,43 18,65 46 23496 2836
& AgCh Th Ag 192 156 36 25 16,03 22,80 61 NTT FhaT
5 ThCh Ag Th 192 160 32 21 1313 21,00 53 27.60 30,30
6 ThaAg Ch Th 192 163 29 16 9.82 18,20 45 2344 28477
7 Control 192 115 77 57 494,57 49.63 34 69.79 57.77
F ratio.
CQﬁo (0-05) 7009** “'1“'.
1172 1577

PRRPCSUIPSIIP SNSRI S SNPS NS SERPS S I——— S A SRR R SR R S R e R

Each replication contains 48 plants.

*» gignificant at 1 per cent lavel.
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Table 27. Effact of pre and three post emergence fungicidal application
(in rotaticg) on post emerganss rotting alone.

Analysis of variance table

*;:tm Se3e daf, Varianoe Fe

- e e e e e e e A W e W e W
Total 3972.70 27
Blook 205,73 3 68,57 1.10
Treataants 2647.09 6 &1.18 7.09
Error 1119.88 18 62,22

Ranking T 6 T3 T2 TS5 THh 17

99
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Ere plup post emergenge rottings All the fungieidal

sequences tried vere significantly different from that of
check, however, they wers not significantly aifferent froa
ons another in redusing the disease incidence of ginger
(Tables 26 and 28)., Ch-Th-Ag-Ch and Th-Ag-Oh-Th sequences
showed the lowvest diseasge inoidence of 23,44 psroentage,

Post emergence rotting: when two applications of the
same fungicide one after the other, was compared with two

applications of the fungicides in rotation for the control
of post emergence rotting of ginger, the resulte wvere not
signifioantly different from ons sanother (Tables 29 and 3%0),

e Dl t s The soft rot inoi-

dence was controlled significantly by applying the fungioides

two timss, But there was no signifiocant difference between
the treatments; whethor the sams fungioides were used two
times or the different fungicides were used in rotation.
The lowest inoidence (57 out of 192) was moticed in
Ag-Oh-x~x sequence and the highest inoidence (95 out of 192)
in Ag-Th-x-x sequenoe (Tables 29 and 31),



Table 28, iffect of pre and three post emergence fungicidal ap.lication
(inmwtation) on soft rot of ginger,

Analys.8 of variance tauvie
et IS uniniiBon it Sl iReeilastiBeniBes 3o ilan b i ttios il tBenttadiissSluslibentiBasiiDusGilontbavtibeniiSaetilen@iButiian e il
Source _ Seile at. variance Fe

WP G M GR W AR N W A W SR G AN W WS AN W R SR G W G D A A Ak G AP A A S O WU A O W W

Total 5104470 27

Blook 276496 3 92.22 <1
Treatnents 2798.50 6 h664%2 beth
Error 2029.24 18 112.74

Ranking T2 T3, T1 76 9 THh 17




Table 29, Effect of pre and one post emsrgence fungiocidal applic:tion (same sequence

and in rotation) on soft rot of ginger,

&

Numbex
Treat- of rhi- Parcen-
mnt oW Rumber Pre Poat tage of Angu- Total Peroen~
numb- Treatments planted of rhi~ emer- emer- post lar nuamber tage of Angula
ers in 4 re~ gcnes gence genoe emerge~ tranas- of in- total trans-
piicat~- germina- rot- rot- noe rot- formed feoted infeot- formed
jons ted ting ing ting values plantas ion values
1 ¢hCh x x 192 717 15 493 27.68 31.41 64 3334 35.24
2 AgiAg x x 192 151 41 50 33«11 35,24 91 47 .40 43,52
3 ThTh x x 192 152 40 36  23.68 28,73 76  33.58 38,90
4 Chig x x 192 161 31 b 24,22 30,00 70 36 .46 36.73
S SaTh x x 192 166 26 48 28,92 32,28 T4 38.54 38.14
& As T™h x x 192 153 39 56 %060 57027 95 435.48 44.76
7 AgCh x x 192 177 15 42 23,73 29,32 57 29.69 32,57
8 ThCh x x 192 153 39 43 28.10 31,84 82 42.71 40,76
9 Thig x x 192 151 41 40 26,49 30,73 81 42,61 40,07
10 Control 192 115 T7 57 49.57 46,63 134 69.79 57.T7
P ratio ‘¢64 2.‘8‘
Cebe (0.05) N.S. 12.83

(T gy Wy gy Y Wy WSy WA WA Mgy W WD WSS SRC) Ny SSUEUBLE Mg SADP S WS ARDS MeIE WD L MNP SIS WROT WSIE SRIY WRIR WIS VIR MRIZ T WRID GRGE AR WRgp W L) WRD WeIp we ) ARy eey

Zach replication containas 48 plants.
*3ignificant at 5 per cent level,



Table 30, iffeot of pre and one post emergence fungicidal apylication

glam sequence and in rotation) on post emergence rotting
one.

Analysis of variance table

'"‘“mmmm

Source Gele ac. variance Fe
Total 2992,40 39

Blook 68,72 3 22491 <1
Treatmonts 1033.07 9 114.79 1.64
Lrror 189C,.561 27 70402

mmm“‘“mwm
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Table 31. Jffect of pre and one post emergence fungicidal application
(same sequence and in rotation) on soft rot of ginger

Analysis of variance table

AN SR e S0 XOWESue SRR B Bl Xl RS SunBBes Rt N veilinetiber o Son tun tE unian@iu il ANastBumt Sl on iRl diine:

Source Sede af. variance Fe
T e e e W e e e e e W M e e W e W

Total 4061,69 39

Block 198,07 3 65402 <1

Treatments 1743.,64 9 194440 2.48

Error 2113.98 27 78.30

Renking T7 TV T4 T5 T3 _T9 T2 6 TIO




Pogt emergence rotting: The lowest poat emergence
rotting of 6.41 percentage was observed when two applications

of oheshunt compound afisr germination of ginger were given,
while the highest inoidence of 25,63 percentage wes noticed
where two applications of thiride aftér geruination were given,
Howsver, the post emergence rotting in two times thiride
treated plots after germination was significantly lowsr than
in cheok (49,57 peroentags) (Tables 32 and 33),

Pre plus post emergence rottings All the plois whioch
received three fungiocidal applications was found to be superior

to the untrcated plots as far as overall disease inoidence
was oonoarned, Eventhough all the treatments were on par and
significantly different from that of control, appliocstion of
cheshunt compound three times had shown the lowest discuse
inoidenos of 23,96 peroentage and ths highest inoidence of
35,02 peroentage wis observed where thiride was applied three
times (Tables 32 and 34),

Effeot of pre and three poet emergence fungijcidal application
Ju8snce d rosatio £t rot of ~inyer

Pogt emergenocs rotting: vhen the fungicides were applied
three times either in same saquence or in rotation after



Tadble 32. Effect of pre and two post emergence fungiocidal application (same sequence
and in rotation) on soft rot of ginger
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. Number
T“:t- onenlT Numbe P Po Pamm‘f' Angu- Total P
uen zomeg ! r re st tage o - To ereoan-
nump- Irestments planted of rhi- emer- emer- post lar  number taaa of Angular
ers in 4 re- zomes genoe gence emerge- irans- of in- to transg-
plica- germina- rot- rot-~ noe rot- formed feoted 1ntact- formed
tions ted ting ting ting values pldants ion values
1 CaChh % 192 156 36 10 6.41 14,80 46 23.96 27.30
2 AgAgAg x 192 160 32 26 16.25 23,95 58 30421 32490
3 Th Th Th x 192 160 32 41 25,63 29,98 T3 38,02 38.04
4 ChAgTh x 192 174 18 34 19,54 26,31 52 27.08 30.81
5 Ch Th Ag x 192 161 31 24 14.91 22,69 55 = 28,65 32.3%
6 AgTh Ch x 192 157 35 28 17.83 24.82 63 32.81 34 .84
7 AgCh Th x 192 165 27 32 19,39 26.23 59 3073 3%e21
8 ™ Ch Ag x 192 162 30 29 17.30 25,18 59 3073 33«13
9 Th4gClh x 192 149 43 16 10,74 13,24 59 3073 32479
10 Control 1932 115 7 57 49,57 46.63 134 69.79 5777
F ratio 5.3§*~ 3.25%%
Sebe (0.05) 9.60 13.41
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Baoch replication contains 48 plants,
ss5ignificant at 1 per ocent level.
* 3ignifioant at 5 per ocent level.
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Table 33. :ffect of pre and two post emergence fungicidal application
glm sequence and in rotation) on post emergence rotting
one.

Analysis of veriance table
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Total 3763416 »

Block - 60413 3 20,08 | <1

Treatments 2520,55 9 280406 6439
J— 1182,48 z7 43480
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Table 34, iffect of pre and two post emcrgence fungicidal ap.l.cation
({same sequence and in rotation) on scft rot of ginger,

Analysis of varlauce wuble
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Source Sebe df. Variance Fe
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Total 521513 -

Block 353.68 3 117.89 1.38
Treatments 2501.36 9 27795 S5
Error : 2306409 27 85441
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germination of ginger, they were significantly better in
controlling the post emergencs rotting than the untreatsd
cheok, Among the trestments, three timss thiride aepplication
after germination with a disease incidence of 21,38 percentage
wag found to be least effeotive., All other treatmsnts were
not significantly different from ons another (Tables 3> and
36).

Pre pl gt smer o t  All the fungicidal
treatments were statistically significant from the untreated
chaok in controlling the soft rot of ginger (Tables 35 and 37).
The treatmant number 1 (four times cheshunt compound applica=-
tion) was found superior followed by the treatment number 2
(four times agallol application), Maximum infeotion (34,89
peroentage) was noticed in the treatment number 7 (four
times thiride application),

Effeot of pre and post emergenoe fungjoidal appliocation in

re ) n 80ft rot of pingor

Posy emergence rotting: The effeot of fungioidal
applioation in different sequences and intervals on post

emergence rotting is given in Tables 38 and 33, The lowesad
peroentage of rotting (8.28) was seen in treatment nunber 13
(Ag-Th~Ch sequence after germination). But it waz on par



Table 35. sffect of pre and tnree post emergence fungicidal application (same seguenoce
and in rotation) on soft rot of ginger,
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Number
Treat~ of rhi- Perocen~- '
ment Zomos Yumber Pre Post tage of Angu~ Total Peroen-
numb-~ Treataments lanted of rhi- emer- emer~ post lar nusber tage of Angular
ars 4 re~ zomes gence gence semcrge- trans—- of in- total trans~
plicat~ germina~- rot~- rot- noce rot~ formed fected infeot- formed
ions ted ting ting ting valuss plants ion values
1 Ch Ch Ch Ch 192 158 34 16 10.13 18.43 50 26,04 18.43
2 Ag Ag Ag Ag 192 166 26 24 14,46 22,11 S0 26.04 22.11
3 TaTh Th Th 192 159 33 34 21,38  27.39 67 34.89 35499
4 Ch Ag Th Ch 192 157 35 13 8,28 15,80 48 25,00 28,62
S Ch Th Ag Ch 192 165 27 18 10,91 19.41 45 23.44 28,23
6 Ag Th Ch Ag 192 163 29 17 10,43 18.65 46 23496 28.3%
7 Ag Ch Ih Ag 192 156 36 25 16,03 22,80 61 3177 34.17
8 Th Ch Ag Th 192 160 32 21 13.13 21,00 53 27.60 30.30
F ratio 6033" 5.55%%
Coie (0.05) 10.24 13.07
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Each replication oontains 48 plants,
*e5igniticant at 1 per cent level.
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Table 36. sffect of pre and three t enerzence fungicidel application
(same sequence and in rotation) on post emargence rotting alone,

Analysis of varicnge table

Source SeSe df e Variance Fe
Total 4358,85 39

Block 170,80 3 56493 1.1%
Treatunonts 2840,92 9 315465 6.33
Error 1347416 27 49,89 |
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Table 37. &ffect of pre and three post emergeonce fungicidal ap.lication
(same sequence and in rotatiom) on soft rot of ginger,

Analysis of variance table
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Source Saede dfe Variance Fe

Total 6629422 39

Block 383,43 3 127.81 137
Treatments 405k .08 9 450445 555
Error 2991.T 27 8117
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Table 38, Effect of pre and post emergsnoce fungicidal application in different
sequences and intervals on soft rot of ginger.

1 SOYR gy S ESEEESg) T WG WY Vg WSy AR ADYE ARERE Sy TS APl SRR SNy EE 4 PO @ JPERYL NS PESIE WS QTN A RAVER SRR . > LU TS SR W PN SPRE WRRE WL SHIE TRIE RIS VIR N
Yumber
Treatnent of rhi~- Peroen-

nusbers Ireatments zomes Number Prs Post tage of Angu~ Total Peroen~
lanted of rhi- emer- emer~ post lar number tages of Angular
4 re- gzomes gence genoe emerge- trans~ of in- total trans~

plica~ germina- rot- rot- noe rot~formed feoted infect- formed
tions ted ting ting ting values plants ion values
1 Chig x x 192 161 31 39 24,22 30.00 70 36.46 36.T3
2 ¢CaTh x x 152 166 26 48 28,92 32.28 74 38.54 38.14
3 Aﬁ i x X 192 153 39 56 56060 37027 95 ‘90‘8 “076
4 AgCu x x 192 177 15 42 23.73  29.32 57 29.69 32..5’1
S ThCh x x 192 153 39 43 28,10 31.84 82 42,7t 40,76
6 Thig ™ x 192 151 41 40 26,49 30,73 81 42,61 40,07
7 ChAgth x 192 174 18 34 19.54 26,31 52 27.08  30.81
8 ChThAg x 192 161 31 24 14,91 22,69 55 28,65  32.%
9 AgThCh x 192 157 35 28 17.83 24,82 63 32,81 34,84
10 AgCh Th x 192 165 27 32 19,39 26.23 59 30,73 33.21
11 TaCh Ag x 192 162 30 29 17.90 25.18 59 30.73 33,13
12 ThAg™h x 192 149 43 16 10,74 19.24 59 30,73 32,97
13 Ch Ag Th ©On 192 -157 35 13 8.28 15,80 48 28,00 28,62
14 Onh Th Ag Ch 192 165 7 18 10,91 19.41 45 23.44 28,23
15 Ch Th Ag Ch 192 163 29 17 10.43 18.65 46 23,96 28,36
16 Ag Ch Th Ag 192 156 % 25 16,03 22,80 61 31,77 34,17
18 Th Ag Ch Th 192 163 29 16 9,82 18.20 45 23.44 28,77
19 Control 192 115 77 57 49,57 46.63 134  63.79 57.TT
F ratio 5e50%# 2.30*
Cube (0.05) 14,33 . 20.9%
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Zaoch replioation contains 48 plents,
ss;ignificant at 1 per ocent level,
* 3ignificant at 5 per cent level. g



Table 39, iffect of pre and post emergence fungicidal application
in different sequances and intervuls on post emargence
rotiing alone.

Analysis of variance table
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Source SeSe at. Varionce Fe
Total 6468,78 75

Block 94 .63 3 3154 1
Treataents 4126,82 18 229.16 5450
Error 2249,33 54 41,65
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with other treatments except the treatment number 3
(Th~x=x se-uesnoe after germination) and control,

Pre plus post emergence rotting The treatment

number 14 (Ch~Th-Ag~Ch sequence) was found superior in
controlling the soft rot of ginger than ocontrol. fut this
treatment vas on par with all other fungioidal treatmenta,
The plots receiving two times funglioidal application exoept
the treatment numvbera 1 eand 4 (Ch~Ag=x-x and Ag~"h=x-x
sequences respeotively) wers on par with control (Tables
38 and 40).

Effect of fungieidal application on sofi rot and yield of
£inger

Post emergence rottings All the fungioidal treatments
ware atatisfioally afgnifioant than the uatreated casokx in

sonirolling the post emorgence rotting of ginger., The leaast
post emergenoe rotting (6.41 per-sentaye) was seen in treat-
ment number 6 whioh received two times applicatinn of cheshunt
compound after germination, But it was on par with all the
treatments wihere three timas fungiocidal applioation (in
rotation) after germination was given exoept the treatment
number 37(Ch-Th-Ag sequence after germination), Three times
application of oheshunt compound (treatment number 7), agrllol



Table 40, uffect of pre and post emergence fungicidal application
in different sequences and intervals on soft rot of ginger,

Analysis of variance tahle
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g i g g
Total 8581.04 (]
Block 105,88 | 3 35429 <4
Treatments 3675.45 18 204,19 230
Error 4800.51 S5h 85490
———
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(treatment number 14) and TheAg-x ssquence (treatment
number 29) after garamination of ginger were also on par
with the treatment number 6 (Tables 41 and 42).

Ire plug post emergence rotiing All the fungioidal
treatments were found statistioally signifjoant than the

untreated check in ocontrolling the owerall disease incidenoce
of ginger., Among the treatments, thres times cheshunt com=
pound sapplication was found to be supsrior. But it wvas on
par with four times fungioidal applioation (in rotation)
exoept the treatment number 37 (Ag-Ch-Th-Ag sequence). Pour
times application of cheshunt compound, agallol, Ch-Ag-Th=x
sequence and Ch-Th~Ag-x sequence were also on par with
treatmsnt number 6 (Tables 41 and 43),

Yield of gingsrs All the fungicidal treatments
inoreased the yield of gingsr ocomparsd to ihe control
(Tables 41 and 44). The treatment number 6 (Threoe tines
applioation of cheshunt sompound) gave the maximum yield
(5.780 kg) followed by three times sapplioation of agallol
(5.640 kg)., But they were on par with treatment numbers
34, 35, 36, 38, 39, 25 end 28, |



Table 42, <ffect of fungicidal application on post emergence
rotting alone,

Analysis of veriance table
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Source SeSe daf, Variance Fe
Total 20984,16 159 ,

Block 191.28 1 191428 - %
Treatoants 13824473 39 35he48 6.01
Varieties 22,20 1 22420 <1
Interaction 2287.29 3% 58465 <1
wrrar 4658,66 79 58497
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Table 43, :ffect of {mgicidal ap.lication on soft rot of ginger.

Analysis of variance table
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Source SeSa df. Varianse Fe
Total 26350469 159

Block 21.84 1 21,84 <1
Treatments 15057 +21 39 386.06 413
Varieties 233,32 1 233432 2,50
Interaction 3641.85 39 95.38 100
Error 737643 79 9337
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Table 44, =zffect of fungicidal application on yield of ginger.
Analysis of variance table
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Source SeSe at, Variance Fe
Total 440441 159

Block 0«72 1 Oe72 <4
Treatments 21714 39 5657 3459
Varieties 5910 1 59+%0 38,13
Interastion 41,26 39 106 21
irror 122,19 79 1.55
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The incidenoce of soft rot of ginger at msonthly inter~
vals and rainfall recceived during that period is given in
Table 45, It is olear from the table and the graph (Fig. 7)
that the disease gtarted appearing from July onwards and
maximum infeotion was observed during August, There was &
direot correlation between the rainfall and the disease
inoidence, PFrom July to August there was a continmious
inereass in the disease incidense, This was followed by a
gradual reduotion and no fresh infeotion was notioced afier
Ootober, Tne variety °'Rio-de~jansiro’ was mor:a susoceptible
than ‘Maran’.

Pot ture studie

The disease incidence, both pro emsrgence and post
emergence rotting was very meagre, in the pot oultura
experizment henoe it was not posaidble to arrive at any oon=-
clusion (Table 46), There was no significant difference in
the yield of ginger in the fungicids treated und in ocontrol

Pots (Tables 46 and 47).



Table 45. Incidence of soft rot of ginger st monthly intervals and
rainfall received during the poriod Hay = December 1978.

Mont! nainfall in Fer centuge ol disesse [ .o
nio~de=janeiyr Marsn iucidence
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Hay 2575 - - -—
June 848e5 - - -
July 7904 702 351 1053
August 679.5 158 1754 49412
Seplenier 6E,3 1579 10:53 26¢32
October 1141 8477 520 14403
Noevewber 28h,2 — - -
Decenber 4349 —m - —
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Table 47. f:r“t of fungicidal ap;lication on yield of ginger
pots.

Analysis of variance table

-‘“n—mmmmm
Source SeSe at. Variance Fe

Total 568259.&6 1’9

Treatunents 124521405 35 2102.85 101
Varieties 115831 A1 1 118631.41 36465
Interaction 7507484 39 1925400 <%
Brror 2526862,50 80 3160,78
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DISCUSSION

Pythium species have been reported to cause ssveral
diseases suoch as rhizome rot, foot rot, pre emergence and
post emergence damping off of wvarious oultivated plants,

Soft rot of ginger is osused by different species of Pythius.

In the present investigation Pythium sp. isolatsd from
infeoted rhisomes of ginger wvas ‘ton_nd to cause typiocal soft
rot symptoms on artifiocial inoculation both in in yitrg and
40 yivo. The oharacters of this apsoies agreed with the
desoriptions of P, aphanidermatum given by Pitspatrick (1923).
The ability of P. aphanidermatus to bring adout pathogenssis
on ginger was reported by several worksrs (Butler, 1907;
Subramaniam, 19193 Sen, 19303 Park, 1937; Thomas, 19384
Uppal, 19403 Bertus, 1942 and Indrasenan, 1972). Apart
from P, aphanidermatum, four other aspecies of Pythium vis,

P. nyrjotylum (Uppal, 1940; Park, 1941 and Bertus, 1942),
P. graminicolys (Park, 1935), P. deljense (Haware and Joshi,
1974) and P, yexsus (Ramakrishnan, 1949) were also reported
to oause soft rot of gingsr. However, these apecies of
Pythium were not found assocliated with the soft rot of ginger
in the acid lateritio soils of Vellanikikara,

In the present investigation 12 commonly availabdle
fungioides were teated using bio assay mmd and the fungicides



94

waich were found to be the best were further tested in
the fleld.

Several methods are employed to study the fungioidal
ability of a chemiocal in vitrg. Among the different ms thods,
bio agsay 1s oonsidered to de & simple and comparatively
effeotive method., The bio assay studies oarried out vith
different fungicides using P, W as the test
organisma showed that the fungal growth oould be inhibited
by agallol, thiride and difolatan (Tables 1 and 2), Out of
the five fungioides teated jin vitrp sagainst P. myriotylum,
Sharma and Joshi (1979) got good control of ths fungus
grovih using dithane M-45, bavistin, ceresan and kitazin,
while benlate was not effective, In ths present investiga-
tion also bdenlate was found ineffective in ochecking the
growth of the fungus. Similar results wers obtained by
Indra Malhan ot al. (1975) working with P, butleri. This
was mainly beocause of the absence of a proper site for the
action of benlate on Pythium and other Phyoomyeetes fungi.
But ocontradiotory to the findings of Sharma and Joshi (1979),
in the present investigation dithane M-45 and bavistin were
found ineffeotive against P, sphanidermatum, However, our
finding is in full agreement with the findings of Seema Wahad
and Sharms (1976). The fungioide Bayer 5072 (dexon) was not



effective upto 500 ppm concentration. It may be dus to
photodecomposition that Bayer 5072 beocams insffeotive
againat P, aphanidermatum in the present studies. Munnscke
(1967) reported that dexon deocomposes quiockly when exposed
to sunlight,

The fungicide brasaicol (PONB) was ineffeotive in
ochecking the growth of the fungus. This is in agreement
with the findings of Gibson et al. (1361) and Sivan gt al.
(1978), Kreutser (1963) had shown that brassicol (PCNB)
vas not effeotive against mamders of Pythium, Fuparium,
Colletotrichum, Vertioillium, Iyphuls and Iilletis,

The bio assay studies indiocated that agallol, thiride
and difolatan at 500 ppm were effective in oheocking the
grovih of the fungus at varying degreecs, However, only the
fungioides whioch gave more than 90 per oent inhibition vis,
agallol and thiride were selected for further studies,
Cheshunt oompound, a fungioide vhich is being widsly used
by the farmers against soft rot of gingsr, was also ineluded
t0 compare its efficaoy with agallol and thiride,

The results of the present investigation showed that
cheshunt compound was not effective even upto 1000 ppm
conosntration. This might be dus to the low copper content

35
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of cheshunt oompound which may not be enough to kill the
fungus. Complete inhibition of P. aphanidermatum was
possible vhen S00 ppm of agallol was inoorporated in the
medium, Soumini Rajagopalan (1961) got complete oontrol
of P, sphanidermatum only when 1000 ppm of oeresan was used,
swhile Seema Wahab and Sharma (1976) observed complete
control of the fungus even at a congsentration of 700 ppm
of ceresan, Sivan et al. (1978) found that 500 ppm of
aretan gave 100 per oent control of P, debaryanum. This
difference, in the oconcentration of fungicides required to
kill the fungus completely, observed by these workers is
due to the difference in the amount of meroury present in
the fungicide used, Complete inhibition of the fungus was
obtainad only with 2000 ppm of thiride wag inoorporated in
the medium, However, Sivan g% a}, (1978) obtained 100 per
oent inhibition of P, debaryanums with 1000 ppm of thiram,

when two or more fungiocides are mixed and applied
against a pathogen, the fungitoxicity may bde inoreased or
decreased. In the present inveatigation, s study was oarried
out to find out the synsrgistis/antagonistio effesot of
cheshunt compound, agallol and thiride at different conoentra-

tions against P, aphanidermstum in vitro. The study revealed
that (Tables 5 and 6) ocomplete inhibition of the fungus was
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possible when 100 ppm of agallol and 100 ppm of thiride
were mixed togethar, while it required 500 ppm of agallol
or 2000 ppm of thiride to get 100 per cent inhibition of
the fungus when they were used separately. This is & clear
indioation of eynergistioc aotion of these fungioides., Simi-
larly cheshunt oompound plus agallol at 250 ppm eachj
cheshunt compound plus agallol and plus thiride at 250 ppm
each ocould also cheok the fungal growth coupletely. The
observation that ocheshunt compound plus agallol and plus
thiride required 250 ppm each of the fungioide to effeot

a 100 per oent inhibition of the fungus was contradictory
to the finding that agallol plus thiride at 100 ppm each
oould cheok the fungal growth oomplataly. This indirectly
indicates that, in & mixture of cheshunt compound, agallol
and thiride; ohashunt compound is playing some role, whioh
reduced the fungioidal efficsoy of other two chemiocala,
This observation is reached from the finding that cheshunt
compound plus agallol at 250 ppm each could control the
fungus completely while it required the some conoentration
eventhough cheshunt ocompound, agallol and thiride were
applied together., The reason for redused fungioidal nature
of cheshunt compound plus agallel and thiride mixture may
be due to incompatidbility and produstion of some unfawvourable
compounds. Nene (1971) reported that thiride was not
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compatible with copper fungioides, Richardson (1973)
demonstrated that mixtures of chloroneb and thiram (1 3 1
ratio 2,5 g mixture/kg seed) applied to pea seeds gave
more effective control of seed rot and damping off

(P. yltimam) than when individual fungioldes wers applied
separately,

Onos the fungiocide has proved effeotive in in vitre,
its ability to oheok the disease must be proved under field
conditions, With that aim a field experiment was oconduoted
to find out efficacy of fungisides in controlling soft rot
of ginger, Several workers (Park, 1935; Thomes, 1941;
Bhagwat, 19603 Shahare and Agthana, 1962; Kothari, 1966
and Haware and Joshi, 1974) had undsrtaken similar studies,
but their results are not in full agreement with eaoh other
dus to the faot that the differences in soil and agroolimatio
faotors. The present study is mainly an attemtp to find
out a good fungiocide whioh is suitable for acid lateritio
801l receiving high rainfall, Three fungioides nanely
cheshunt compound, m thoxy ethyl msroury ohloride (agallol)
and tetra methyl thiuram disulphide (thiride) were used as
soil fungicides, These funglioides were selecsted because
they wers found highly effeotive in checking the growth of
P. aphanidermatym, the osusal agent of soft rot of ginger,
under in vitre studies, Thess fungioides were applied in



different intervals and different sequences.

Soft rot of ginger is comprised of two types of rot-
ting namely pre emergence md post emergends rotting. In
pre aemargence rotting, the sprouted rhizomea decayed even
before it emsrges out of the soil and perished. This might
be dues to presence of the pethogen in the sprouted rhizomes
or it might have been attanked by the acotive pathogen
available in the zoil., In post emergences rotting, the
rhizomea get infeated by the pathogen available in the soil
oasusing death of the plant, Eventhough post emargence rot-
ting 18 more during the early stages of the growth of ginger
it ocan infect even fully matured plants when the conditions

are favourabls,

The first serial symptom notioced in ths post emrgence
rotting vas the yellowing of the leaves, The yellowing was
first appeared at ths tip of the leaves whioh later on
apread to other parts of the leaf, and leafsheath., Mean-~
whils the collar region of the affested plant bucame watery
and destruction of host tissues took plaoce followed by top-
pling of the plant at this point, Later on, the rhiszome
also got deoayed and formed a wetery mass of putrefying
tissues. The entire plant was killed within a period of
ons week when the olimatio conditions are fawourable,
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All the seed rhisomes used for the field studies
were treated with 0.25 per cent agallol solution prior to
storags to prevent ithe damege during storags. Por planting,
only germinatad rhizome were used, The pre emorgence rot-
ting in the control plots, vhers no fungloides were drenched
was very gsevers and it was 41,46 and 38,02 percentage
respectively for °‘Rio-de-jeneiro' and 'Marsn' varieties
(Tables 7 and 9). PFrom the study it is clear that seed
treatment alone is not effective in checking the rhizome
not of ginger in ths field., This finding is in full agree-
ment with Shahare and Asthena (1962). They also obeerved
that seed treatment alons was not effective to oconirol the
rhizome rot in the field, A similar result was obtuined
by Anonymous (1953). They reported that treatment of
rhizomes with 0.1 per cent merourio ohloride was effeotive
in preventing storage rot, but not on the incidenos of
disease in the field, Purther, Mund"Xxur (1949) reported
that external appliocation of fungiocides alone might not be
quite effeotive in killing the plthogen as the mycelium
and fruiting bodies were looated inside the rhizomes,
Therefore it oan bs reasonabdly presumed that seed treatment
helped to cheok the rotiing oaly during storage, 3ut there
are reports that the seed treatment alone ocould oheok the
soft rot of ginger (Park, 19353 Thomas, 1939, 1941;
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Anonymous, 1953; Bhgwat, 1960; Kothari, 1966 and Sharme
and Dohroo 1980),

The present study hag alearly shouyn that ths aseed
treatment at the time of storage 4id not have any influence
in checking the disease inocidenoe in the field, This may
be dus to various reassons vig. the rhizomes might have
ocarried some hibernating propagule very deap in the host
tissues whioh might not have been dastroysd by the seed
treatment or the filald might have ocontained sufficient
potential imoculum for iafeoting the growing plant,

Pre emergence rotting was reduced oonsiderably when
the plots were drenched vith the different fungioides before
planting. But there was no difference between the fungiocides,
This shows that single soil drenching before planting with
any one of the three fungicides tried oan oheck the pre
emergence rotting to a great extent, There are reportis
about the reduction in the pre emergence rotiing by the
applioation of oopper fungicides (Bhagwat, 1960) and meroury
fungioides (Soumini Rajagopalan, 1361). However, there are
no reports about the usefulness of thiram in reducing the
pre cmergence rotting of ginger., The ability of thiram %o
reduoe pre emergenocs damping off of tomato mgbgg plant vas
reported by Ramakrishnan et s}, (1973). Therefore presowing
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drenching of the soil with any one of the above mentioned
fungioides is highly essential to get a good cheok of the
discase.

Applioation of fungicides at different intervals
after germination gave varying degrees of ocontrol., A asingle
application of cheshunt compound, agallol or thirids vas
not effective in cheoking the disease throughout ths orop
growth compared to two or three applications afier germina~-
tion, Exoept for agallol other two fungioides gave & bestter
oontrol than the chsok when a single application of fungi-
c¢ide wag given one month after planting (Table 41),

Similarly a single fungicidal application ihree
months after planting did not reduce tha disease inolidence
whan compared to two or three applications ufter smurgence
of plants, The inoidence of disense in sgallol {reaied
plot was even higher than the cheok (Table 41) and the
single treatmsnt of agallol was ineffeotive, Munnecke (1961)
reported that organo merourisl fungicides were lost by
leaching at a fagster rate comparsd to thiram, Dluring the
pregent investigation, there was a continmwus rainfall from
May to August (Table 45). During this period, the fungiocide
agallol which was applied might have leached away from the
soil thus reducing the fungioidal conscemration to sush &
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lov level wvhioh might not have been effective in killing
ths pathogen,

A aingle application of any one of the three fungi-
cides four months after planting (ie, September) did not
oonsiderably reduce the poat emergence rotting compared to
ocontrol (Table 41)., In the abssnos of a fungioidal applioca-
tion in the soil, the inooulum of the pathogen might have
built up during May to August and ocaused severe infeotion
during this period, Henoe, Just & single applioation of
fungicide during September cannot in no way check the
diseage during the most susoeptibls period of the orop
growth viz, July to September, Shahare and Asthana (1962)
reported that once the disesss has established in the field,
it is very difficult to chesk the spread even by fungioidal
application, Henoe a aingle application of fungioides, four
months after planting is not helpful in ocheoking the spread
of the disease., The inocidenoce of the disesse after ssuth-
weat monsoon was very limited sinoce the climatio and aoil
oconditions were not favourable for the infeotion and spread
of the pathogen, Purther, with the maturity of the orop,
it also developed some resistance against the pathogen,

The loweat diseass inclidence and highest yield of
ginger was obtained when three applieaiions of oheshunt
compound was given (Tables 11 to 13, 32 to 34, 41 to 44).
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Effeot of cheshunt compound for the control of soft rot

of ginger was reported by several workers. Bhagwat (1960)
8ot good control of the diseage by drenching oheshunt
compound eight days before planting and three fortnightly
applioations after germination. Similarly Anonymous (1953)
also obtained good control of the disease and highest yleld
of ginger by drenching cheshunt compound, The usefulness
of oheshunt compound in ocontrolling Pythium damping off of
various orops was reported by several workers viz, Buddin
and Wakefisld (1924) on pelargonium, Shephered (1934) on
tea, Chesters and Hiokmarm (1939) on viola and pansy, Hopkins
(1939) and Orian (1953) on tobscoco, Rafay et a}. (1942) on
sugarcans, Wallace (1944) on papaw, Singh and Singh (1953)
on ocuourbits, Singh and Srivagtava (1953) on tomato and
Remakrishnan and Soumini (1954) on turmerio. The results
of the present investigation clearly indioate that among
the thres fungioides tried, cheshunt oompound is the dest
fungicide to control soft rot of ginger in the asid lateritie
soils receiving high rainfall, Thus, to get a gnod control
of the disease in the field, soil drenching with oheshunt
compound before planting and two post emergence Arenchings
are highly essential,

Applioation of agallol two or thres times after
geraination redused the inoidence of rotting considerably
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(Tables 14, 15, 16), Three times application of agallol
was the next dest to cheshunt compound when the yield of
ginger was talen into aococount (Tables 41 and 44), Though

a single drenching of agallol after a preplanting drenching
was found to be superior than the untreated ocheock in reduo-
ing the soft rot incidencs, it was inferior to two or three
times application of agallol after the emergence of the
plant (Tables 14, 15 and 16),

3ingle application of ?gnhl was not effeotive
beocause the fungicide might have been leached away under
heavy rainfall conditions (Munneeks 1961) or it might have
been degraded due to fungal sction (Spanis et al. 1962).
As a result of leaching a gradual reduotion in the mercury
level in the soil took: place and this reduced level might
have been insffeotive to destroy ths pathogen available in
the soil. The behaviour of meroury fungicides in the soil
was reported by gseveral workers, Gibson (1956) reported
that low dosages of ethyl meroury fungioides resulted in an
inoreased inoidence of damping off of pine seedlings dus to
Pythium and Rhigootonis spp. Kimura and Miller (1964)
observed that a large part of orgsnic meroury applied o
504l remeained in the same foram for a period of 30 to 50 days,
later there was a gradual decomposition of the compound., In
the present study two, three and four times application of
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agallol was found effective mainly because the gap between
tw sucocessive applications was less than 60 days., Thus
the level of fungloidal property of agallol was maintained
to suoh a oonoentration whioh wvas toxio to the fungus,

The ability of organo meroury fungicides in controlling
the damping off was reported by Phillips et al, (1959) and
Grover and Dutt (1972), However, Bhagwat (1960) reported
that ceresan was not effective agninst soft rot of ginger,

When one, two or three application of thiride was
given after pre pianting drenching, a reduotion in the
incidence of the disease was notioced ocompared to oontrol
(Tables 17 and 19). However, these treatments 4id not
differ significantly from one amother, Though thiride
treatment was better than the oontrol, it was inferior to
cheshunt compound and agallel in redusing the disease (Tables
32 t0 37). This finding is in full agreemsnt with Neme(1971)
who reported that thiram does not compete well with organie
merourials in oontrolling soil borne diseases, Ramakrishnen
et 81.(1973) found that drenching the soil with 0,2 per ocent
thiram reduced only pre emsrgence dsmping off of tomato and
egg plant, Several other workers also reported the
ineffectivensss of thiram (MoKeen, 1950 and Cesaroni, 1954),
However, Shumilenko (1964) got good control of Pythius by
using thiram, because he used & very high ooncentration of
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ths fungioeide (500 kg/ha). The poor performance of thiride
against Pythium may be due to several faotors. Pythium
itself could degrade thiram (Munneoke, 1967). Thiram de~- -
graded at a faster rate in nonsterile soil (Wood coak,

1971 and Raghu gt &l. 1974) and in soil containing less of
olay (Nesheim and Linn 1968) m more of organic matter
(Riohardson, 1954), The soil in which gingr was oultivated
in the present study contained less of olay and more of
organic matter and this might have enhanoed the decomposition
of the fungicide., Temperature, also influsnced the decompo~
sition of thiride, Raju and Chatrath (1978) found that
thiride degraded faster wvhen third treated wheat seeds were
stored at 20 -~ 25°C, The temperature, during the early
stages of the cultivation of ginger in the present study

wag from 21,6°C to 30.9°C. Thus vhen ocompared to cheshunt
compound and agallel, thiride is not a good fungicide to
control the soft rot of ginger in the a0id lateritic soile
reosiving heavy rainfall,

The ability of soil fungi to develop resistance
against fungioides is high, since in soil, fungi are se
intimately associated with fungioides (Brook and Chesters,
19573 Parry and Wood, 1958, 19593 Orover and Moore, 1961
and Eleaid and Sinolair, 1964). An experiment wes condusted
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to find out whether P, aphanidermstum developed resistance
againast fungicides due to contiinuous &pplication of the game
fungiocide to control soft roft of ginger., Pungloides were
applied in different rotations and they were compared with
the treatments receiving the same nmgioidz again and again,
The plots receiving two applications of fungicides either
in the same sequence or in rotation 4id not differ signifi-
cantly from each other (Tables 29 and 31), The same trend
wvas noticed in plots receiving three and four times fungi-
oidal applioation also (Tables 32 to 36). However, the treat~
ments with Ag~Ch, Ch~Ch, Ch~Ag in two timss application;
Ch=Ch~0h, Ch-Ag-Th, Ch~Th~Ag in three times =z2ppliocation and
Ch=Ch=Ch=Ch, Ag~Ag-Ag-Ag and Ch-Th-Ag~Ch in four times
application showed & better disease reduction compared to
other treatments, |

These findings clearly indicate that the fungus
P.aphanidermatum did not develop any resistance against the
fungicides, even when they are applisd oontinuously. The
results also indicated that inserporation of thiride in the
rotation containing oheshunt compound and agallol is not
very effeotive, This was expected sinoe the findings showed
that thiride when applied to soil decomposes at a faster rate
compared to agallol and cheshunt compound., In tha bio assay
studies it wvas found that agallol plus thiride and agallol
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plus oheshunt compound imhibited the fungal growth better,
vhen these compounds were mixed together, rather than when
they were used separately. These uoibmstiom were effaot-
ive even at a very lov oconcentration. This enhanged anti-
fungal action of agallol plus thiride and agallol plus
oheshunt compound was not notioed in the field studies,

This may be due to the faot that these fungioldes eventhough
applied one after the othar, was not applied together. With
the result, by the time when the second fungiocide was applied,
the first applied fungioide might have been degraded in the
o04il. The usefulness of the sppliocation of fungicides in
definite intervals and rotations to oontrol soft rot of
ginger was not experimented upon by any of the previous
workers. Prom this study it is clearly shown that applica-
tion of same fungloides again and again at different intervals
was found superior in controlling the disease than by applying
them in rotation.

Applioation of fungioides was shown to reduce growth
of the plant and yield in gingsr (Anonywous, 1953 and
Eothari, 1966). When the aversge yield of individual plants
- in fungioide treated and untreated plots were observed
(Table 41) it wvas found that there was no signifiocant varia-
tion in the yield between the treated and untreated piants,
This shows that the fungicides oheshunt compound, agallel
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and thiride 4id not reduce the yield of ginger when it vas
drenched in the soil,

The environmental oonditions play an important role
in the development of soft rot disease of ginger, In the
present study, the post emergence rot started appearing from
July. The peak infection vas notioced in August followed by
a sharp declins in the diseass ineidenoce and no fresh infeot-~
ion was notioced after Ootober, This variation in the disease
incidence can be direoctly correlated with the rainfall and
maturity of the plant, The moat susceptible period of the
orop wes its early stages of growth (July to September).
Purther, contimuous rainfall during south-west monsoon
helped the multiplication and spread of the pathogen by
oreating a waterlogged oondition for a prolonged period in
the cultivated land, Under this slightly anasrobio condi~
tion, the ability of the plant to resist the infeotion was
reduced and the plante got infscted easily. There was no
continuous showars during the north-east monsoon, Even=-
though there was heavy rainfall aduring November, fresh
infection was not noticed, that may be due to the faot that
the 20il was not soaked completsly for a prolonged period
and s0, no anserobilc ocondition prevailed at that time and
also the ginger plants were in adwvanosd stages of maturity,
The same trend was noticed in ‘Rio-de-janeiro’ and 'Maran’



varietics of ginger, Ihe influence of rainfall on soft
rot wvas observed by Me Ree (1911), Bhagwat (1960) and
Shahare and Asthana (1962), The present study strengthens
the observations already stated by these above-mentioned

workers,

The inoidence of soft rot in pot culture experiment
was very low, Henoce the efficiensy of fungioides could
not be studied, Eventhough the pots were filled with the
siok soil, colleocted from thse field vhere ginger was oculti-
vated earlier, ths disease was very low., This may be due
to various fastors such ag compaotness of soil, good
drainsage eto. Of this, the good drainage available in the
pots resulting good aeration might have been adversely
affeoted the growth of the pathogen and inoreased the
resistanoce of the plants against the disease,
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SUMMARY

‘Studies on the oontrol of soft rot of gingsr' wes
sonduoted at the Inatructional Farm, attached to the
Collsge of Hortioulture, Vellanikkara, Triolur,

‘Rio~de~jansiro’ and ‘Maran' varieties of ginger were
used for the prosent investigation,

The osusal organiem of the disease (soft rot) was found

to be Pythius aphanidermatum (Edson) Fitspatriok.
Eooh's postulates were established,

Out of the 12 fungloides tested in vitro, agallol,
thiride snd difolatan were found to be batter than
the other fungiocides in cheoking the grovth of

2. spahanldermatus.

Hundred per oent inhibition of the fungus in vitro
was notioced with 2000 ppm, 500 ppm and 2000 ppm of
sheshunt oompound, agellol and thiride respeotively.

Among the different combinations of oheshunt oompound,
agallol and thiride, 100 ppm of agallol plus 100 ppm
of thiride was ihe Wost effsotive combination in
inhibiting the mycelial growth of the fungus in yitro.
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Seed treatment alone was not effeotive in checking
the soft rot disease in the field,

Soil drenching before planting with any one of the
three fungioides checked the pr- emergence rotiing
of ginger to a great extent,

Single soil applioation of any one of the three fungl-~
0ides one month after planting reduced the disease
inoidence to soms exient, But single applioation either
three months or four months Wr planting was not
effeotive in oontrolling the disease,

Appliocation of cheshunt ocompound before planting and
two post emergence application were found very effeotive
in oontrolling the diesase,

Among the 4different treatments, cheshunt compound
application three times ie, one pre emergence and two
post emergence applications gave the best yield,

One application of agallol before planting and at least
tvo post emergence applications were nsoessary for
getting a satisfactory ocontrol of the disesase,

One applioation of thiride btefore planting and two post
emergence applications reduced the disease incidence to
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sone extent, OCompared to cheshunt ocompound and agsllol,
tairide was not that muoh effective in oontrolling the

diseass,

Pungicidsl drenching before planting as well as three
post emergence irenohings at different intervals, whether
in same ssquenos or in rotation, showed the nighest
percentags of disease ocontrol. However, nsoll drenching
before planting and two post emsrgsnoe applications
within three months after emergence of plante gave
suffioient control of the 4disease in the fleld,

Application of same fungioldes again and again at
different intervals was found to be superior in control-
ling the diseage than by applying them in rotation,

P, aphanidermatum did not develop any resistanoce against
the fungiocides when thsy wers applied continuously.

Adverse affeot on the development of ginger rhlzomes
was not notioced when the fungioides were applied against
soft rot of ginger,

The soft rot disease started appearing even before the
emergence of the plants in ths field and the post
emergence rotting started appearing only in July., The
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peak period of disease inoidence was noticed in
August, le, immediately after the continuous heavy
rain, followed by a sharp deocline and no fresh
infection was noticed after Ootober,

19, ‘Rio-de~janeiro' was more gusceptible to the disesse
than "Maraan’.

20, There was a direot correlation between the diseass
inoidenos and continuous rainfall,



/ez/eren ces




REPSRENCES

Anonymous. 1953. Detalled reports of the Subordinate O0ffioers
of Department of Agrisulture, Madras, for 1943-44,
194445, 1948-49, 1949-50, 1950'51. 521 pp.

Anonymous . 1978.“’;_%% §1

oultural University, Kerals, 143 ppe.

BWN. . Davi, .8.’ Wg G. and Wu”n. %
19‘}5. m-um reactions of ginger (
ginal ) towards soft rot

(Edoon) Pits, Agrie. ﬁ!l- Jour.

S " zyio .

Bertus, L.D, 1942, Rczort of the work of the Plant Pathology
Division, __go ano 2&0 m.. 3‘]103; 1941,

Bhagwat, V.Y, 1960, Control of soft rot of ginger,
" Agrio. oll. Mag., 533 47-49. Fveme

Booer, J.,R, 1944, The behaviour of mercury compounds in scil.
Ann. Appl. Biol., 2]» 540-359.

Brook, M. and Chestsrs, C.G.C. 1957. The growth of mgm.
P.ri.. (m.) 800+, and
wm promo. of tetrschloro
bensgens Appl. Biol., 43t 498-505.

BO'“n; VDR.' DOOlitth. S.P, and P‘t“g LM, 1952, Pe r
prodnotmx disease and inseot control, m.ph..
U.S. mp. @".ﬂoo ” ”0

Buddin, W, and Wakefield, EM, 1924, ‘'Blackleg' of Pelargonium
outtings. Oard. Chron., gg¢ 25.

Butler, E.J. 1907, An aascount of genmus im and some

gh];gidm.... mmo : (Bot, Ser.),

Boier, .3; 110 ey 4 Pl g Fiawa: s
e -3t Bty 0.0,19%;, R, SN Tl S

nt, Publ,, 153 PP



*Cesaroni, P, 1954, Pungicidal soil treatments and seed
dresa in the anti-parasitic defence of

best, o majatt, Plante, 28: pp 64-73.

Chesters, 0.G,0, and Hiokman, 0.,J, 1939, Preliminary report
on stem and rooti rot of Vinla and Pansy. Reprint

from Nat. Viols and Pangy So4d., 1938 8,

*Chiu, W.F., Cheng, !'.T. md Wu, 7,7, 1945, Studies on
hanidermatus (Edson) Pitsz. in China,

Crosier, W,P,, Nash, G,T. and Oroucr. DeCe 1970. Differential

roaouon of P sp, and five isolates of
to fungioides on pea seeds,
" 3‘9.

*Domsch, K.,H., 1959. Dis wirkung von Boden fungiciden I1I,
Quantitative Veranderungen dsr Boden flora,
Pflensongohuts, §f¢ 17-26. Z.Pfiansenkrankl,

*Domsoh, X.H, 1960 a, Die wirkung wvon Boden fungiociden.IV,
Veranderungsn im spektum der Bodenpilse,

2. Pflansenkrankl, Pflansensohutsz, §7: 129-150.

*Domgoh, K.H, 1960 b, Die wir Von Boden mngiomen v.
Enpfindlichkeit Von Bo m
2. Pflangenicrankl, Wo ﬁ 1 16.

Drechsler, C, 1925, P infeotion of cabbage heads,
st 482-485,

Edson, H.A. 1915, mgg_ru_rm. a new
genus and epecles of parasite on 3ugar Beet
and Raddishes. m- m&. m-; ‘% 279,

Elsaid, H.M, and Sinclair, J.8., 1964. Adsputod tohr-nu t0

Fawostt, C,H,3 3Spencer, D M, and ¥ain, R, L. 1957. Investiga-
tions on fungioides, II. Aryloxy and arylthio~-
alkanecarboxylio asids and mn- aotivity

Ldu and agnuuo fungioides. &L
B o 43¢ 158~



Pitspatrick, H.,M. 1923, Gensrioc oconoepts in the Py 88
and Blastooladiscese, Myoologia, ]5: 106.

*Gardnsr, M.¥., 1925, Indiana Plant Diseases, 1923, Prge.
Indiana Acad, Soi., 24+ 297,

Gattani, M.L, and Xaul, T.¥, 1951, Damping off of tomato
seedlings - its ocsuse and control, Indian
Phytopath., 4: 156-161. _,

Production and

Georgs, C,K, and Vellappan, E, 1980,
Develo t of Gingsr and Turmerio in India,

%m%umwmum.
PPe

An anomalous effeot of soil treatment

Gibeons T.Ae0s 192&}1 phosphate ineia £
th e neroury aphate on the enoe o
off in pine seedlings. FPhytopathology,

damp

‘63 %gf"l&?.
Givson, I.A,S,, Ledger, M, snd Boehm, £, 1961, An anomalous

effect of penta chiore nitrobenyens on the
inoidence of damping-off ocaused by a Pythium spp.

Phytopathology, 5} ¢ 531-533.

Gottieb,, M, and Butler, K, D, 19%9, A P root-rot
Phytopatiodogy, g9t 624-628.

of ousurbits,
Seed and soil treatirnents

Grover, R.K, and Dutt, 3. 1972,
with fungitoxicants for control of daemping off of
tomatoes caused by W. %
Jdournal of Myoology nt Pa . o1 .
Adsptation of Sglerotvinia

mm. R.K. and HQOPQQ J.Dg 1%1'

Lruotigela and 15zs to higher
conscentrations of fungleoldes. Fhytopathology,
51y 399-401.,

Hayper, F,R, 1968, Control of root rot in garden peas with
& soil fungioide, Elo Q_&- m.. 233 776.

Haware, M.P. and Joshi, L.X., 1974, Studies on soft rot of
r from Madhys Pradesh. Indiamn Phytopath.,

%1?8:58’1 61 L



Hopkine, J.i;r. 1939, chort of the Branch of Plant Patho~

for the year 1938, Rhod. Agrig J., 36t
$89-597.

Hoppe, P.E, 1966, Pythium species still viadle after twelve
years in air dricd mck soil. Phytopathology,
26t 141,

Indra Malhany Tyagi, P.,D, and Grover, R,X., 1975. Laboratory
' mlnatj.on of Benomyl against sona plent pathogenie

fungi. Indian w.. 1t 76,

Indrasenan, G, 1972, inge
'(zznsim o%ﬁs w%. g ol
b 31 (Edaon) Pitz, $q

sl of peiises

Indrasenan, G, and Paily, PV, 1974, Studies on ihs soft
rot of ginger (Zingive Rosc,) caused

n) Pitzs., Agrie.

g L ]

Jharisa, H.,X.,, Khare, M,X, and Amar Chand, 1977. Effiesey of
fungioides in the oontrol of fungal dlseases of

ohillies. MM" x‘ 5"”3430

Kimura, Y, and Miller, Y.L, 1964, The degradation of organo~
253‘25; fungicides in soil, m. ?Ogg M.’ 12!

Kothari, X,L., 1966, Effect of fungicides on the germination

:gd;‘srowth of ginger plants. Soi, Cult., jJg:
9.

Kreutzer, W,A, 1963, Seleotive toxioity of chemiocals to

soil mioroorgenisme. Am. Rev. Phytopathole,
13 101-126,

Lakshmanachar, M,3, 1980, Marketing of gingsr and turmerio

in India, N
HQ? s pﬁmmme

lookwood, J.L. 1360, Lyais of wuum of plant pathogenio
fungi by natural soil mmgamhsy. 501787“789.



lLuna, L,V, and Hine, R,B, 1964, Feotors influenc sapro-
paytio grovth ofi?% soil.

Mo Keen, 8.,D, 1950, Arasan as s sesd and soil treatament for
the oontrol of daping-off in oertain vegetadles,

__Lo AfX oy :gl 261

Mo Rae, W, 1911, Soft rot of r in the Runfggr distriot,
Eastern Bengal , A e 3o Indis, &3 -146,

Mitra, M, and Subramanian, L.S, 1928, Pruit-rot disease of
cultivated ouou?mo;: om;:d by %
a8 t8. ‘.
m. : 79-84. indly

Mundkur, B.B., 1949, and Plant Diseage. Mo Millan and
co. Ltd.. n ﬂo

Manneoks, D.E. 1961, Movement of nonvolatile, diffusadble
fungioides through ocolumns of soil., Phytopathology,
21 593-599.

Mannecks, D.E. 1967, !‘ungta.th- in the soil environment.
- Ag sdvengeq trestige, Vol.L D.C.Torgeson

ol PPe

Munnecks, D.E, and Miokail, K.Y, 1967. Thiram persistence
in soil and oontrol of damping off csused by Pythium-

ultimus, Phytopsthodogy, 5Js 969-971.

Nene, Y.L, 1971. disease oontrol. Oxford
' BKEE§EE%%ﬁi§§‘8S.. PP

Neaheim, O.¥, and Linn, M,B, 1968, The fungitoxiocity of
thimn. captan and chemagro 2635 in relation to
ic matter and o h{ ocontent of soil., Irana.

. St. Acad. Soi.s §4s 26-30.
Orian, G, 1953, Botanioeal Division, SD s . Aglo Mauritius
"7 13524 37-40. fep. Dep ’ '

Park, M, 1934, Report of the work of the Mycologiocal division,
Ceylon Administration Reports. o Dir. Agris.,
Caeylon, 1933, 126-133, :



Park, M. 1935, BReport on the work of the Myoologiocal Divi-
alon, Ad_!_' Rep. m. MOQ c"hn. 1934,124~-131,

Park, M, 1937, The aseed treatment of ginger. Irop. Agrie,
Ceylon, }28 37,

Park, M. 1341, Report of the Division of Plant Pathology.
Adm, Rep. Div. Agrig., Zeylon, 1939, 20-22,

Parry, K.i, and Wood, R,K,8. 1958, The adaption of fungi to
old.u tation to oopper and

Mo ’ ﬁl 446-456,

Parry, K.,E, and Wood, R.K,3, 1959, The adaptation of
to fungicides: Adaptation to oaptan; adaptat
to thirams, ural, !crhll. nabam,and gined,

Ann. Appl. Biol., 4]s 1-16,

Puoman. 0.K, 1975. %W%
Yy » G

&1 vers y of m m and Technology. 227 pp.

Peethambaran, 2,%, 1977. Popuhuou dynamics of P
ap (doon) Fite. in eou R T

ron ides Agric, « Joyr. Kerala,
151 80=82. *

Pnillipe, G.F., Dixon, B.E, and Lidsey, R.G. 1959. The
volauuty of orgammy oompounds, J. Joi.

M __Eo. 193 610,

*Pordesimo, AN, and Raymando, 8S,A, 1963, Rhisoms rot of
ginger and its oontrol. m' M’ J_.. 23 240.

Rafay, J.A.‘ Padmanabhan, 3,Y, and Khanna, K.L. 1942, Control
f sugaroans audung dissase and nematode injury,

Proc. Indisn. Soi. Oongres g4t 218,

Raghu, K.,3 Muarthy, N.B.K, and Kamarssamy, <. 1974. .
A 48 Energy Symp. Use of Plant =
] .

Raju, T.N, and Chatrath, N,S5, 1978, Persistence of thiraa
on stored wheat seed., Indian Phytopath., Jls323.



Rasakrighnan, T.5. 1949. The ooocurremse of P 2%
de Bary in South India, Indjan M.. 127-%0.
Ramakrishnan, T.5. and Sowmini, C.K. 1954, Rhisome and
root rot of Turmeric csused by P M:
golum, Subd, Indian Phytopath., [t 159.

Ramakrishnan, L.,; Thasburaj, 3.; Hanalanathan, 5. and
Krishnamurthy, 0.8, 1973. Studies on the coatrol
of dsmping off (P a derma (Ede,) Pits,)
disenge in oer 20 us vegeta orops.

m AE&Q. g;. 693 537.538.

Riohardson, L.T. 1954, The persistence of thiram in soil
and its relationship to the miorobdbiological
balance and damping-off ocontrol. (Can. J. Botany,
388 335-346.

Richardson, L,T. 1973, Synergism between chloroneb and
thiram applied to peas to controcl sead rot and

demping-off by Pythium ultimum, P1. Dig. Repir.,

528 Do
Riker, A.J., and iilker, R,3. 19% rodustio
' %@ plant Alseases.  JonniBeitt St 2 Foafpret
o8go .

‘Rﬂaewg. MM, ‘963. R > o Ha .
R
o Hono niv., .

Seema wshadb and Sharma, B.B. 1976. Evasluation of fungioides
againat oottony leak of ocuowrbit fruits due to
%_{g_%% aphanidermatums, Indjen Phytopath., g3t

Sen, T.N. 1930, Appendix IV Myoology. Ann. Hept. Dept. of
! Agrio. Assaa, 1929-303 57-59, —

Shahare, X,0, and Asthana, R,P, 1962, T~hizome rot of
and its control, JIndien Phytopath., 15: T7-78.

Sharma, S.L, and Dohroo, N.P, 1980, =2fficaoy of chemioals
in controlling rhisome rot of ginger, g&g@
Seminar on Ginger and Iurmerio, 1980: 65.



Sharma, 0,P, and Jain, A,0, 1966, Assay of Sordesux mixture
as soil fungioide. Indisn Phytopath., ]9t 246-249.

Sharma, W¥.,D, and Joshi, L.K., 1979, ‘yitro evaluation of
certain fungioides against eleven seed horne fungl
and oontrol of rhizoms rot of ginger during
storags. Pestioides, ]2t 37-29.

*Shepherd, B.P.S, 1934, Botanioal and Myocologioal 4ivision,
Ann. Rept., Msuritius. Dept. of Agriec.., 1933:21-23,

*Shumilenko, E,P, 1964, Pathogenic mycoflora of ornamentals
in the oentral Urals, ?. Sverdiov. Otd. Yper,
bot. Obsohoh, 3+ 167-173.

Singh, B. and § s K. 1953, Fruit rot of cucurbits. 3ai.
and Cult., 1§| 489-491.,

Singh, B8.and Srivastava, H,0, 1953, Damping-off of tomato
" 7" asedlings. J. Indiem. Mot. S0d., 3g: 1-16.

Sivan, D,; Xumaran, 3, and Subramsanian, D, 1978, :iffeot of
osrtain fungioides on the 3,% z;_.ig growth of
) (Seed an

P de (He d Seedl t
sFRioe) Rerl. Dige, 4 46 e
Soumini Rajagopalan. 1961, *}ﬁmm g ﬂp% m
mm % ) .
w0, { g%' 8y 9 r'wr. Yo indiG, PP

SMS. %:I.G.; mﬂmh’ D.5, and Solh.rg. HeAy 1962, Blolo-
gloal breakdown of two o‘:gm merourial fungioides,

Phytopathology, 523 455-402.

Stanghellini, M.E, and Nigh, E,L, 1972, Oocurrence and
survival of % under arid soil
oconditions in 'Y . ™ _ﬂmco iﬁ‘ 507‘5‘00

Subramanism, L,3, 1919, A Pythium disease of ginger, tobasoco
and qﬂvﬂm Mes, Dep. Agric. Indja (Bot. Ser.),
JQs 181~194,

*Takeuchi, H. and lde, H, 1958, Studies on the 30il fungicides
I. Pungloidal aotion of the organic maercury oompounds

in the soil. Ann.Paytepath. Soo.Japan, 228 197-200,



*Teakle, D,3. 1965, Pusarium rhisome rot of zinger in
dasensland, %. J. m m.. ggt 262"’272.

Thomas, K.M., 1938, Adm, Rep. Covt. Mycologist, Madras
' 1937-38, 21 pp. ’ !

Thomas, Z.M. 1933, Detailled Administration Report of the
Government ﬂyoologht. Madras for ths yesar

Thomas, X.M, 1941, Detailed Administration report of the
Government Hynologut for the year 1940-41,

Bep. Dept. Agric., Madrag, 1940-41, 5374,

Trujillo, E.2. 1963, Pusarium Yellows and rnizome rot of
ginger, Phytopathology, 34: 1970-1371.

Trujillo, E.8, and Hine, R.,B, 1965, The role of papaya
residues in papaya root rot caused by _Hom;gg

o g i

Trujillo, Z.E, and “Marclay, M, 1966, LEffect of soil tempera-
ture and soll moisture on survival of 0

m%i_g_a_. and P aphanidermatum.
pathology, 203 9.

Uppal, 3.Y. 1940, Appendix K. - Summary of the work done
under the Plant Pathologist to the Government
ggﬂg:‘bsyp Poona, 1938"19390 Mo _D_gnt A_E b 1. P9
; Ve

Vaughan, R.t. 1924, Diseass of field and vegetables orops
of United States in 1923, Plant Dis, Reptr.,
24 149-243,

Vankata Rao, A, and Kannalyan, 3, 1974. Pythium rocot rot
of rice, M MO' 1' 3

Vinoent, J.M, 1927, Distortion of fungsl h.yghae in the
presence of oertain inhibitors, Ratyre, 1393 850.

*Wallace, G.3, 1944, Diseases of Papaws., 3. Afr. agric. dJ.
g 175-i76, =



Wood 00“. Do 1971. k

« Sajins
337 PPe ’

Wright, J. 1930, Root-rot of oolo-yam, Gold Coast Dept. of
Agrioc. Year Book, 184~197,

Zentmayer, G,A, 1955, ' A hborltory pethod for testing some

fungioidses w:l.th Phytophthora g%g as test
organism, hytopatholog

*Originals not seen.



STUDIES ON THE CONTROL
OF

SOFT ROT OF GINGER

BY
V. KURUCHEVE

ABSTRACT OF A THESIS
Submitted in partial fulfilment of the
Requirements for the degree of
MASTER OF SCIENCE IN AGRICULTURE
Faculty of Agriculture

Kerala Agricultural University

Department of Plant Pathology
College of Horticulture
VELLANIKKARA : TRICHUR

1980



ABSTRAQT

The present investigation ‘Studies on the control of
soft rot of ginger' was conduoted at the Instrustioma) Parm,
attached to College of Hortisculture, Vellanikkara, Trichur
during the year 1978-79, Two varieties of gingpr vis,
‘Rio~de=janeiro’' and ‘Marsn‘' were used for the investigation,

The objeotives of the investigations wers 1) to find
out the oausal organisms of goft rot of ginger in the acid
lateritio soils of Vellsanikkara 2) to find out suitable
control mesasures against the disesees 3) to know whether
the fungus could develop resistance against continuous
applisation of fungioides and 4) to find out any adverse
effect on the development of ginger rhizomes when the fungi-
cidea vere applied for ocontrolling the disense,

The pathogen responsible for the disease was found to
be Pythium sphanidermatus (Edson) FPitspatrick, More than
90 per oant inhibition of the fungus was obssrved by agalloel,
thiride and difolatsn. at 500 ppm concentration in yitre.
Hundred per cent inhibition of the fungus was poasible only
wvith 2000 ppm of chesshunt compound or thiride and with 500 ppm
of agallol ip yitro. Among the different combinations of
chsshunt ocompound, agallol and thiride, 100 ppm of agallol
plus 100 ppm of thiride was the most effeotive combination
in inhibiting the mycelisal growth of the fungus.



Seed treatment with 0,25 per oent agallol solution
alons wvas not effective in reducing the disease inoidence
in the field. The fungioides which were proved very effective
in in vitre studiss, were again tested under field oonditions.
They were oheshunt compound, agallol and thiride, Soil
drenoching before planting with the above mentionsd fungiocides
reduced the pre emergence rotting oonsiderably. Single
applioation of fungioides either in ons, three or fHur months
after planting was not adequate in ocontrolling the disease,

A minimum of two post emergence applioations ie., one
month and three monthe after planting either with cheshunt
asompound or agallol, in addition to pre planting soil drenoh-
ing were neocessary for controlling the disease as vell as
for getting good yield., P. aphanidermstus 414 not develop
any resistance against ithe fungioides when tley were applied
continuously in the field, Adverse sffect on the dsvelopment
of ginger rhisomes was not notioced when the fungioides wvere
applisd for ocontrolling the soft rot of ginger,

The present investigation showed that extent of oontrol
varied with the sequence and number of fungioidal applications,
Treatnents agallol - cheshunt compound, cheshunt sompound -~
cheshunt compound and cheshunt compound - agallol in two timss
applioation; oheshunt compound - cheshunt compound - cheshunt



compound ; cheshunt compound - agallol - thiride and cheshunt
oompound -~ thiride -~ agallol in three timse application and
cheghunt compound ~ cheshunt compound - cheshunt compound -
cheshunt compound; agallol -~ agallol ~ agallol - agallol and
cheshunt ocompound - thiride - agallol -~ cheshunt compound in
four timeas applioation showed & better disease rcduction
compared to other treatments,

The post emergsnoe rotiing started appearing from
July and peak infeotion wes noticed during August, Tne
variety 'Maran' was more resistant to ths disease, There
vas a direot correlation bdetween the disesse inocidence and
continuous rainfall,
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