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ABSTRACT

A major bottleneck in the successful cultivatiorsaffron Crocus
sativusL.) in Kashmir has been the wide spread occurr@f@®rm rot.
The incidence and intensity of the disease rangad #.00 to 40.00 per
cent and 0.80 to 16.93 per cent, respectively 8018nd, 4.66 to 42.00
and 1.33 to 17.46 per cent in 2000 in surveyed@affjrowing fields.
Collectively the corm rot severity was more in d@tPulwama than in
Budgam and Anantnag districts. Maximum corm roestétion during
both the years was observed in the corms collemtehigging state. The
disease in the field is characterized by wiltingl alrooping of saffron
plants, having yellow dull foliage and tip burn ggtams. On digging out
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the infected corms showed dark brown sunken, itegglesions,
frequently on buds which generally coalesce. Thhect#d plants had less
number and undersized daughter corms and flowesigld®e reduction in
the flowering period. ThreEusariumspp. viz.F. solani, F. moniliforme
andF. oxysporumhave been found associated with the disease a&md th
pathogenicity was also established. HowevEr, solani was most
prevalent and destructive and was regarded as rtheigal pathogen.
This was the only species isolated from the infkaerms collected at
digging and harvesting stages. While other two igsecsolated only
from infected corms collected at storage stagetmre tooF. solaniwas
the most predominant. Association of nematodes wHilsarium
propagules was invariably encountered in the cdmnaopheres in all the
saffron growing fields. The saffron fields of Pulwa district had higher
population count of both nematodes dubkariumspp. as compared to
Budgam and Anantnag districts. Simultaneous rhizespinoculation of
nematodes ané. solaniproduced the maximum corm rot infestation and
significantly reduced the saffron yield as compatedun-inoculated

check or inoculation of either nematode or fungahpgen.

Three non-chemical disease management approacraging the
use of bioagents, organic amendments and soil izal@n were
investigated in polyethylene bag. All resident lgjeats viz.Trichoderma
viride, Trichoderma harzianum, Gliocladium virengand Asperigillus
niger in in vitro ,inhibited the growth of pathogen to varying degréut
T. viride exhibited highest antagonistic affect and showsahg volatile
and non-volatile inhibition activity as compared ¢ther bioagents.

However,T. viride and G. virenswere equally effective in reducing the
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corm rot to appreciable levels when tested astmmtment. Among the
various organic amendments, decomposed FYM, pouliapure and
mushroom compost suppressed corm rot and enhameed/i¢ld of

saffron. These organic amendments in general eelasoil fungal
population and reduced the population of pathogeiuiogi with

maximum effect due to FYM and poultry manure (4/&vywamendments.
Amendments in general, exhibited stronger protactiohigher level (4:1

w/w) then at lower dosages (5:1 w/w).

Soil solarization for 6 weeks during mid June tty Jncreased the
soil temperature in sick soil at 5 cm depth by & 8.8C during 2000
and 2001, respectively. While as for 4 weeks, ise m temperature
during corresponding period was 6.5 and®.4The corm rot intensity in
such plots was significantly suppressed during btia years of
experimentation. Among the solarized treatmentgghdst disease
reduction was achieved with 6 weeks solarizatiaeraifrigation and
amending the soil with FYM in the ratio of 4:1 w(soil: FYM).
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CHAPTER-I

INTRODUCTION

Saffron Crocus sativud..), a golden condiment and a legendary
crop belongs to family Iridaceae. It is extensivghpwn in upland and
karewa areas of Kashmir valley and parts of Kishtwa Jammu
Division. Initially saffron has been a prime crop BPampore and
adjoining areas but now its cultivation is beingemded to many other

suitable areas of district Anantnag and Budgam.{figeExperimental



33

cultivation of saffron has also been undertakehlimachal Pradesh and
Uttaranchal but Jammu & Kashmir remains a leadtatesas for as area
and production of saffron in India is concernede Btate of Jammu &
Kashmir has near monopoly in this crop.

Saffron is also cultivated in China,, England, |rdaly and Spain.
Geographically, its cultivation is confined t6-80° longitude and 3545
N latitude and it is believed to have originatedsreece, Asia minor and
Persia from where it is believed to have spreacatdes Kashmir valley
and China (Warburg, 1957).

Saffron is a perennial field crop, the corms of abhiperenate
underground for six to seven years in the field prodjress geometrically
in terms of corm number and flower production. Thether corm once
planted multiplies every year by producing daughterms and each
corm produces one flower. The crop warrants replgnihen the space
between the two mother plantings gets occupieddmgidter corms. The
planting in fresh area is done in the month of Astgand the crop
initially gives out flowers followed by foliar grav during autumn and

winter and the foliage dries down during summeat@]l).
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The medicinal and other uses of dry saffron of cemua are very
well known and documented. The saffron of comm&a& lot of utility
in confectionary, pharmaceutical industry and tfoeee the crop is
considered “a high value low volume” produce.

In Jammu & Kashmir State, an area of 5361 hectarestimated
to be under this crop with a production of 173.8ihtpls worth 43 crores
annually (Anonymous, 1997). The productivity pectaee at present has
been estimated to range from 2.79 to 3.24 kg lyigtld ranging from 6-8
kg/ha area is reported from countries like Iraalyltand Spain (Zargar,
2002).

The average productivity in Jammu & Kashmir Statesported to
be declining year after year. As against produsstiaf 3.7 kg hd in
1977, the production has declined to 2.70 kg ima2002. The decline in
production continues though the newer areas areightounder its
cultivation.

Several factors have been identified to be theeafiglecline in
productivity. Frequent drought or drought like ations during active
period of corm multiplication, inadequate afterecaf the crop, lack of

balanced nutrition and above all the incidence ahynbiotic factors are
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the major constraints in harvesting the maximumvép yields. Among
the biotic factors, damage caused by rats, rodamisother hibernating
animals in saffron field can not be ignored. Howevee major problem
encountered is in the form of rotting of corms whao not permit their
further multiplication and thus leads to reductianper unit area corm
number and the yield.

Rotting of corms is evident when the saffron fields visited as
considerable areas in such fields are barren. Wiearea in question is
dug out, raminants of rotten dead corms are cleasdiple. Partially
rotten corms are also observed when seed cormssaedly dug out for
fresh planting in newer areas. This unique proldkas attracted attention
of saffron growers and the Government agenciesdégshe concerned
disciplines of Sher-e-Kashmir University of Agritwial Sciences &
Technology of Kashmir, Shalimar.

At times the problem gets reflected in many imparta
development and administrative forums. Sher-e-Kastuniversity of
Agricultural Sciences & Technology of Kashmir, Shedr initiated a
research project “Improving Productivity and Posirtest Handling and

Develop Quality Standards of Saffron” as a leadtreennder NATP
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Project, Govt. of India, New Delhi. The problenoisvery serious nature
and any amount of research work put in saffron haeelead to any
substantial breakthrough. Therefore, further swidiere taken up to
investigate the problem in detail and systematicnmea so as to
understand the causes and methods of overcomirgpathage, to help in
increasing the productivity with the objectives aiv below and the
findings arrived at, comprise the body of this thes

» To know the present status of the disease in theyva

» To identify the causal pathogen(s) associated thidisease.

» To make detailed studies in management of the sksea
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CHAPTERK-II

REVIEW OF LITERATURE

Saffron Crocus sativud..) is a prize crop, wonder of nature and
gift to mankind. The crop though grown in limitegka of a few countries
of world, is not spared by disease causing orgasarld over. Since
literature available on corm rot of saffron is vesgarce, hence studies
carried out on related diseases of other crops aeebeen reviewed for

the purpose of present investigations.
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2.1 Occurrence

Bilgrami et al. (1981) compiled and updated the list of fungatdlo
available in India, were not able to record theunence of any fungus
from India on saffron corms, foliage or saffronadfmmerce. According
to Zadoks (1981) Duttamel in 1728 gave the firgtezimental evidence
of corm diseases in his published paper “The seatin the violet root
rot of Crocus. However, survey of literature revealed that dog of
corm was first noticed in Kyota district of JapanAbe (1933) and since
then its occurrence has been made from many sajfi@ning countries
of the world. Prevalence of this disease has beported from USA,
Canada, UK, Holland, Germany and New Zealand ([@rayt1934),
Spain and France (Madat al., 1967), Japan (Yamamott al., 1956),
Spain (Alarcon and Sanchez, 1968), Italy (Cattal.,1982, Cappellet
al., 1991, Cappelli, 1994) and China, (Xu and Ge, 198@)m India this
disease was first reported by Shah and Srivasi®&4] from Chabautia,
Almora (UP) and later on by Thakat al. (1992) from Kishtwar in

Jammu region and Dhar (1992) from Pampore in Kashmi
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2.2 Status of disease

According to Abe (1933), the dry rot disease inalapias mostly
noticed during May and June, when the digging & #affron corms
attempted. Alarcon and Sanchez (1968) noticed segmp losses in
Spain due to saffron corm rot. Zadoks (1981) regmbthat the saffron
cultivation has to be abandoned in France and Bdgbartly because of
frequent outbreaks of this disease. Severe dan@adbket crop due to
disease in Italy has also been reported by Cap{i€l®4). In the most
severely affected areas of Italy, Cappelli al. (1991) found 40-50%
corms infected with dry rot disease. From Indiaalur et al. (1992)
recorded disease incidence in the range of 30-40%ishtwar Jammu
division. Dhar (1992) reported that none of thdreafgrowing areas in
Kashmir valley were found free from the disease subrded disease
incidence in the range of 6.7 to 15.2%. Howevegkti (1997) reported
the corm rot incidence to the magnitude of 70-8@8mfsaffron growing
fields of Kashmir. Cappelli and Minco (1999) coresied the disease as

the major limiting factor of stigma yield of saffran Italy.
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2.3 Causal organism

Literature reveals conflicting reports about the usa
pathogen/pathogens associated with the corm rad. flihgal nature of
the disease was first reported by Abe (1933) amditified the causal
fungus asFusarium bulbigenunvar blasticola but Francesconi (1974)
has foundPencillium cyclopiumnvolved in the corm rot disease in Italy.
Recently Guzheet al. (1997) from China described the causal fungus as
Penicillium corymbiferumHowever, Cappelli (1994) from Italy, and
Shah and Srivastava (1984) from India identifiedsed fungus as$-.
oxysporium f.sp. gladioli. Dhar (1992) foundF. moniliforme var.
intermediumand an unsporulating basidiomycetous fungi assataith
the disease. But Cappelli and Donato (1994) isdlakeisarium
oxysporium and Penicillium corymbiferurfrom the severely damaged
corms. However, Sudt al. (1999) has reporteB. solanias the causal
agent of saffron corm rot from the Himachal Pradd2&acording the
disease and pest status of saffron in the SpairFeatce, Madanet al.
(1967) found Rhizoctonia crocorum(Helicobasidium crocoruin and
Phoma crocophilaesponsible for causing the rot diseases of cdouts

earlier Zadoks (1981) foundRhizoctonia crocorumas the only
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pathogenic fungus associated with the disease ens#ifron belts of
France. However, earlier Alarcon and Sanchez (196&)orted
Sclerotinia bulborunbesidesR. crocorumas the causal agents of the rot

disease in saffron fields of Spain.

Carta et al.(1982) from Sarvonia (Italy) and Thakut al. (1992)
from Jammu (India) isolateMacrophomina phaseolinfom the rotted
corms. Similarly, Miret al. (1989) from Kashmir isolate@richoderma
polysporumfrom the infested corms. However, Thakur (199oréd
that many fungal pathogens lilythiumspp, Rhizoctoniaspp.,Phoma

spp.,M. phaseolinandF. solaniare associated with the corm dry rot.

The bacterial nature of saffron corm rot has beggonted by Xu
and Ge (1990) from China and identified the strainPseudomonas
gladioli as the cause of disease. However, earlier Mizu§e®23) had

iIdentified the causal bacterial specieBasillus crocifrom Japan.

Besides dry rot of corms, many other fungal diseds®/e been
reported on saffron notably leaf spots du&éptoria gladioli(Drayton,
1928), Sporotrichum narcissigTochinai and Shimada, 1930), white
mould due toSclerotinia gladioli (Drayton, 1934), root rot due to

Pythium ultimum(Tomilinson, 1952), bulb rot due tBotrytis tulipae
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(Weber, 1924), blue mould due Renicillium crocicola(Yamamotoet

al., (1956), smut disease dueloocystis gladiolicolaBoerema and Van
Kestern, 1961), charcoal rot dueNtacrophomina phaseolinéCarta et

al., 1982 and lonitaet al.,1995). All these diseases have been reported
to inflict heavy crop losses either singly or is@siation with the dry rot

diseases.
2.4  Symptomatology

While studying the infection, Madast al. (1967) noted that the
pathogenic fungi responsible for corm rot usuattaeks the corms after
penetrating through protective sheaths and tramsfdahe flesh of corms
from white to yellow and ultimately to black resof death and
destruction of the invaded corms. Besides abovepsyms Shah and
Srivastava (1984) even observed chloritic lesiamshe leaves of saffron
plants affected with corm rot fungus. Cappetlial. (1991) reported that
the disease is characterized by poor growth antthgibf saffron plants
besides damping off, basal stem rot, drooping aiftthg of shoots. Dhar
(1992) while observing the corm rot symptoms, notieat symptoms
were exhibited in the form of brown to dark sunkeegular patches at

any point of infection below the corm scales, Iasiosually 1mm deep,
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have raised margins and mostly located in root #ed bud regions,
affected corms showed yellow foliage after bloond agot detached
easily. Detailed disease symptoms has also beewrteepby Thakur
(1997) and according to him the rotting is dry dnere is no symptoms
of corm softening and dry depressed, brownish &kblcoloured spots
appears at advanced stage of infection. Detailechpgyms and
environmental relationship of fungal corm rot halso been presented

by Cartaet al. (1982) and that of bacterial dry rot by Xu and(G@90).
2.5 Predisposition

Poor soil aeration due to water stagnation, infurdgue to
transplanting and hailstorm has been reported forédisposing the host
to fungal infection (Anonymous, 1988). Excessivd smisture during
hot summer months have been found favourable todévelopment and
spread of the corm rot disease in Kashmir espgcialien untimely
showers are received by the crop in the field (Amoous, 1988).
Francesconi (1974) observed damaged corms as nest®ible to the
disease and found warm temperatures and damp msdifiavourable
for disease development. Earlier, Weber (1924)repdrted that over 70

per cent humidity helps in disease development.|&Vkiudying the
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infection, Abe (1933) noted that incidence and sgvef infection in
saffron corm was much higher in arid than in huswds and reached to
maximum at soil temperature of %@ but at below & the symptoms
were negligible. He recorded optimum temperaturenigcelial growth

as 28C and pH ranging from 3.5 to 5.6.
2.6 Management
2.6.1 Organic soil amendments

Several workers have described the addition of rocga
amendments as one of the effective methods of nesinegt of soil borne

diseases.

The effect of decomposing crop residues and othgamnc
additions on fungal pathogens are stimulating anfobitory depending

upon the source and age of residues (Meir, 195%gnderet al.,1959).

While working on effects of oil cakes on generapplation of
Fusarium sp., in soil, Bhalla (1966) observed the pathogdnmgal
population decreased with the use of organic sogradments especially

at higher temperatures.

Jordaret al. (1972) observed significant decrease in the nuraber

viable propagules dferticillium dahliein the soil and in disease severity
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of strawberry when organic soil amendments weread.uiehas been
observed that Hardwood bark compost suppresBégtophthora
cinnamoniroot rot pathogen (Hoitinlket al., 1976). While studying the
effect of oil cake amendments on the pigeon pea pathogen, Singh
and Singh (1982) noticed that the inhibitory effegfainst pathogen
increased with the gradual decomposition of oil esakKhalis and
Manoharachary (1985) studied the changes induced oibycake
amendments in mycoflora of coriander soil and réedrincrease in the
population of antagonistic fungi and complete dmgyance oF. solani
Sunet al. (1989) observed that the use of S-H mixture asgaroc soil
amendments reduced thlusarium diseases of watermelons, melons,
peas and radisheBhytophthorablight of cucumber and bacterial wilt of
tomatoes. Singhet al. (1990) reported that soil amendments with
inorganic and organic sources of nitrogenous manpreved beneficial

in the management of root rot in sesame crop.

Lukade (1992) evaluated the effect of different amig soll
amendments on root rot of safflower and got en@ingaresults with
decomposed FYM and straws of wheat and paddy te@tétiper cent.

Lazarovits (2001) reported that the organic amemisnecontaining
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higher nitrogen, such as poultry manure, meat atke bmeal and soy
meal significantly reduced populations of wide $peu of soil borne
plant pathogens. Karthikeyan (1996) reported thhe torganic
amendments (FYM, sheep manure and poultry manuggjfisantly
reduced seed and collar rot of groundnut. Riredeal. (1997) reported
well rotten organic manures like poultry, dairy dmfse dung composts
suppressed damping off causing Bythiumspp. andRhizoctoniaspp.
Rajan and Sharma (2000) reported organic soil aments proved

effective against foot rot of pepper.

Sharma and Sharma (2002) in their studies on tfextedf oil
cakes and on the soil microbial population in felatto Dematophora
necatrix causing root rot of apple recorded increased @bl of
antagonistic fungiAspergillus, Penicilliumand Trichodermaspp.) with

concomitant decrease in white root rot in the aredrsbils.
2.6.2 Biological control

Biological methods of plant disease management lgnanvolve
the usage of micro-organisms to check the harmfaiarorganisms that
cause plant diseases without disturbing the eccdbdbalance. Such

effects were made during 1920-1930, but the suogassimited. Many
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seminars and symposiums were held to understangbitbromena of
biocontrol (Mukhopadhyay, 1994). The first book iged “Biological

Control of Plant Pathogens” was authored by Bakel @ook (1974).
This was followed many other books written by otlaerthors. In the
recent past dramatic increase in research effortsalogical control of

plant diseases in India was observed.

Roy (1977) reported the parasitic activity Bf viride on sheath
blight fungus of rice. Upadhyay and Mukhopadhya983) reported the
inhibitory effect of T. harzianumon the growth ofSclerotium rolfsii.
Similarly, Mukhopadhyay and Kaur (1990) too recardbe inhibitory
effect of T. harzianumon Rhizoctonia solanibesidesF. oxysporum.
Sawant and Mukhopadhyay (1990) recommended theyratien of
metalaxyl withT. harzianunfor control ofPythiumdamping off in sugar
beet. Beale and Pitt (1990) from their studies be biological and
integrated control oFusariumbasal rot ofNarcissusconcluded that the
disease could be managed by treating the bulbs Mithimedusa
polysporaandStreptomycesp. or withM. polysporaandThiobendizole.
Use of biological control agents along with solatian have been

reported to provide synergistic effect in reduamgidence of many plant
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diseases (Mohapatra and Dash, 1990; Rao and Kappaa 1995 and,
Ristainoet al.,1996). Application off . hamatunreduced the Aubergene
wilt to 38 per cent followed byl. viride compared to 74 per cent
observed in untreated check (Shee al., 1995). Thakur (1997)
observed combined treatment of saffron corms bekowing with
selected fungicides and antagonistic micro-orgasisfirichoderma
viride; T. harzianumand Gliocladium virensand threeBacillus spp.)
much more effective and economical in the corm wbsease
management. Anitlet al. (2000) reported that the integration of soil
solarization and biological control agents produpeditive effect on the
management of bacterial wilt of ginger. Dubey andteP (2001)
evaluated successfully the fungal antagonistsTikeiride; T. harzianum
andGliocladium roseunmagainstR. solanicausing web blight of urd and

mung bean.
2.6.3 Soil solarization

Soil solarization has been investigated by a nurob&rorkers for

controlling soil borne plant pathogens, insect pasid weeds.

Katan (1980) described soil solarization managenmethod a

safe and non-chemical, does not produce phytotorsidues, is
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relatively inexpensive and simple to use. Kagaral. (1983) studied the
effect of soil solarization and reported that theatment resulted in
reducing the fungal population in soil, decreasedt wcidence,
depressedrusariumwilt and increased crop yields for as long as three
years after treatment. Population of soil born f&lngnd bacterial
pathogens remained significantly depressed in igeldrsoil after 6-12
months (Stapleton and Devay, 1982). Dwivedi and d€yul§1987)
observed that maximum temperature in polyethyldmseted soil with
full sunlight at a depth of 1 cm reduced the inaoulof Macrophomina

phaseolina.

Chauhanret al. (1988) reported the effects of soil solarization i
Fusarium wilts of pigeon-pea and chickpea. They observeat #oil
solarization increased mineralization of soil rigrdbut decreased the
population ofFusariumspp. and plant parasitic nematodes. Incidence of
wilt of chickpea caused byusarium oxysporunf. sp. Ciceri was
reduced by soil solarization as compared with ¢garops grown in non-
solarized soils (Arora and Pandey, 1989). Satisd bhadha (1989)
observed that solar heating reduced the populadsfoMacrophomina

phaseolinain arid soils. They recorded reduction of 57-81 pent and
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21-64 per cent at 15 cm and 30 cm soil depths otispé/ due to
Increase in soil temperature by using soil soléiopa Aroraet al. 1989)
reported that solarization of soil resulted intorkea reduction of

propagules oFusarium solanand weeds in their field experiments.

According to Lozarovitet al. (1991) solarization is an effective
soil dis-infestation procedure for the top 10 cmsofl. The population
level of the tomato pathogéfusarium oxysporurhsp.lycopersiciin soil
progressively declined after 10, 20 and 30 dayssaf solarization
treatment (Dwivedi, 1991). Lodha, 1995 concludedt tBolarization
together with amendment of soil with neem cake nganic matter

reduced diseases caused by soil borne fungi andtodss.
2.6.4 Chemical control

Madanet al. 1967) reported that the corm rot disease could be
avoided by choosing good healthy corms for planéingd by peeling off
the outer most protective sheaths besides givinglets a bath in 5 per
cent solution of copper sulphate. Alarcon and Sen¢h968) suggested
the use of pentachloronitrobenzene (PCNB) @ 300 ward off the
damage inflicted to crop by corm rot fungR.( crocorumand S.

bulborun). Shah and Srivastava (1984) controlled the deseas
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successfully with difolatan, bavistin or benomydch at 0.2 per cent, by
dipping the corms for 20 minutes before plantingSeptember. Dhar
(1992) achieved best results withiophenate methyle,adbendazim
(0.1%), captafolnd copper oxychloride 0.3%). Removal of outer gigea
of the corm and dipping in the 5 per cent Gusalution before planting
have widely been recommended for disease managg@eahymous,
1988). Cappelli (1994) achieved disease preventipnusing healthy
reproductive material and recommended use of bedarules in some

cases.
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CHAPTER-III

MATERIALS AND METHODS

For achieving the objectives of the study, expentmewere
conducted in grower’s field in saffron growing asea Kashmir and at
the Division of Plant Pathology, Sher-e-Kashmir \dmsity of
Agricultural Sciences & Technology of Kashmir, Sher, Srinagar

from 1999-2002.
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3.1 Status of the corm rot

The status of corm rot in saffron fields was quadi by taking
two parameters namely incidence and intensity @toount and the

procedures adopted are described as under:
3.1.1 Selection of sites

Twelve locations, four each in the districts of Waina, Budgam
and Anantnag were identified for recording the datahree stages of
crop management namely corm digging (last weekilyf) Jcorm storage,
fifteen days after digging (Mid August) and saffroarvesting (Ist week
of November). In each location, three differentd#gsites were marked
randomly. In all, thirty six different fields wersurveyed for recording

the data at periodical intervals during 1999 an@020

For recording the rot incidence and intensity atncaligging and
storage stages, three hundred corms were picketbmdp from three
corm heaps at each selection site (one hundred/e@plarly at saffron
harvesting stage, a unit area of one square metee & three different
places in a saffron beid situ was selected in each site at random and

from each belt one hundred corm dug out randomiydoording the rot
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incidence and severity. The data collected on gme and intensity was

pooled at the end of season for each selectionigriag both years.
3.1.1.1 Incidence

The corm rot incidence was calculated by the faltgformula:

No. of diseased corms

Percent corm rot 100
incidence

Total no. of corms observed

3.1.1.2 Intensity
The disease intensity was calculated by categagyittie corms on

the basis of their rot status/symptoms as under:

Category| Numerical value Description
I 0 Healthy
Il 1 1-20% rot
[l 2 21-40% rot
IV 3 41-60% rot
V 4 61-80% rot
VI 5 81-100% rot

The disease intensity was calculated by the forngneen by

Horsfall and Heuberger (1942) with certain moditficas.
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Percent disease intensity (PDI) oo x | 100

Where

> nV is the sum of the product of n (number) cormghwating V,

N is the total number of corms assessed and ®isximum rating.
3.2 Symptomatology

Symptoms exhibited by saffron plants affected bgncoot were
observed throughout the growing season in selestdfton beds of
Pampore. The beds were marked in the month of @ctalnd the
symptoms recorded right from emergence of inilialver till digging of
mature corms in the month of July next. The stusvese carried out
during consecutive season of 1999 and 2000 in Iheakind

diseased beds as:

« flower count/n of cropped area of apparently healthy beds and

diseased beds:

* observations on the emerging foliage with respectdlour,

spotting and overall vigour;

» time taken from initial flowering to end of floweag and initial

foliage emergence to foliage drying;
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* number of corms per unit area of healthy and dextasds;

* the corms showing rot symptoms and healthy wereedavut
and corm rot symptoms studied for the corm sizenawolour,
rot colour, status of outer tunic and root symptoiise typical

symptoms were also photographed and described.
3.3 Isolation of the fungal flora

The corms showing rot/disease symptoms were brought
laboratory in perforated polyethylene bags andestibg to identification

of fungi accompanying by adopting routine laboratmethods.
3.3.1 Direct observations

Scrapings from naturally infected corms were codldcupon dry
glass slides with the help of a teasing needle nrap of water and
examined under low power. Hyaline fungal structdrem the scrapings
were examined by placing a drop of cotton blue antdphenol. The
slides thus examined provided a clue of the accomipg fungi as per
conidial and mycelial characters. Accordingly theohable fungi

involved were identified.
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3.3.2 Examination of tissue culture fungi

The bits of rotten saffron corms were removed witd help of
sharp blade at the point of junction between dmgaand healthy
portions and collected in sterile petriplates hgwsterile distilled water
under aseptic conditions of Laminar clean air flde bits were treated
with 0.1 per cent mercuric chloride for ¥2 minutel aerially transferred
in three washings of sterile distilled water angkdirupon sterile blotting
paper. The bits were transferred aseptically udoA i petriplates of 9
cm diameter, 5 in each at equidistant spaces. TEtespwere incubated at
25 + 2C for seven days and the emergence of fungal aedoolserved.
The colony count was recorded and the dominatingifabserved, were
bought to pure culture by routine laboratory tegaes like single spore
isolation and mycelial tip methods. The pure c@swwere maintained on

PDA and kept for observation and identification.
3.3.3 lIdentification of the fungi

The fungal bits along with the agar from activetpwging cultures
were aseptically removed and placed upon a Pettemontaining PDA
and allowed to grow in an incubator at 25°%€ Zor seven days and the

colony characters in the form of dimensions weuelisd and colour on
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the back of plate were recorded. The morphologatedracters in the
form of mycelial and conidial dimensions and otls#ructures were
studied under high power microscope by placinghite upon a drop of
water or cotton blue in lactophenol. The conidiaesand colouration
were determined observing over 500 conidia in ezase and average
dimensions worked out. The characters and the diioes observed
were compared with standard texts published in @gaaphs and journals
and identity established. Cultures were sent fanfiomation of the

identification to Indian Type Culture Collection,iMion of Plant

Pathology, IARI, New Delhi.
3.3.4 Preparation of mass culture

Mass multiplication of important pathogenic fungssociated was
attempted in sand maize meal medium in conicak$lathe composition

of the medium was as under:
* crushed maize 136 (Q);
* sand 275 (9);
« water 92 (ml).

The requisite quantity of maize meal, sand and watere

thoroughly mixed to accommodate 50 flasks at a whigged with non-
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absorbent cotton and autoclaved for one hour abd%si. The flasks
were thoroughly shaken after autoclaving and cgolifhe flasks were
inoculated with fungal cultures from petriplates iformly and

maintained at 25 +°2 for 15 days, shaking the flask at regular intksrva

The culture thus multiplied was used for furtherdsts.
3.3.5 Pathogenicity test

Apparently vigorous and healthy corms were selected
conducting the pathogenicity tests. The outer fsnales of each corm
were removed and the corms washed with tap watédaed in shade.
The corms were surface sterilized with ethanol (P58taced upon
absorbent cotton. Half of the selected corms wgteed with the help of
sterile needles just 1-2 mm deep around the migdi&on giving 10
pricks in each corm. The injured and un-injuredtsets were immersed
for one minute in spore + mycelial suspension olei@i from fresh
cultures raised in culture tubes after thoroughimgiwith sterile water.
Un-inoculated, both injured and un-injured cormsseserved as check
and were dipped in sterile distilled water. Botlodnlated and un-
inoculated corms were covered with moist sterilizetton swab, held in

place with adhesive tap, were incubated separataiyimid chamber at
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25 + 2C for disease development and after three weekssymptoms
were observed. Cotton swab was removed just &fteappearance of the
symptoms. The rotten portions were again removedn fthe corms
inoculated atrtificially and the fungi isolated amdmpared with the
inoculated fungi to prove Koch’'s postulates of pagnicity. The
fungus/fungi that showed the symptoms was rateghaaogenic and

which did not show symptoms was considered as @aimegenic.
3.4 Cultural studies

Three species dfusariumfound associated with the saffron corms
that produced rot symptoms and which proved pathogender artificial
inoculation conditions, were further studied foeittgrowth on Richard’s
agar medium at periodical intervals. The three iggewere inoculated in
the middle of petriplate and incubated at 25°&.2.inear growth of the
growing colonies was measured after 24 hours, fpersod of six days

and the average colony dimensions worked out.

3.5 Association of nematodes anBusarium propagules in saffron
rhizosphere

To get estimate of nematodes and fungal populatiofeld of
saffron crop, the random soil samples were colteétem the saffron

growing fields of three districts of Kashmir. A abtof 12 locations were
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selected, three in each district. The soil sample® taken up to a depth
of 10 cms in a randomized fashion from differeratgals of rhizosphere of
saffron corms during 2000. From each location, dlseil samples of 1
kg were taken in polythene bags to avoid the |dsswaisture, securly

tied and labeled and brought to the laboratoryHerstudies.
3.5.1 Population count of nematodes

The procedure for assessing the nematode populatas as
under:

The collected soil samples from each location wé@oughly
mixed together to make a composite or bulked saniple sub samples
(250 ml) drawn from bulked sample were thoroughiggended in water.
The mixture was filtered through 20, 60 and 300 hmsigves and the
sieved retention was thoroughly washed with cleatew and kept on a
modified Baermann funnel over a tissue paper. Téreatodes from the
filtrate were counted by aliquot dilution method den binocular
stereozoom microscope.

3.5.2 Population count ofFusarium species

One gram of composite soil sample collected frowheacation

was dissolved in 9 ml of distilled water by vigoshu shaking in a
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culture tube. The supernatant liquid was decantatetl transferred to
graduated tubes of the centrifuge. Liquid was dceigied at 2500 r.p.m
for 5 minutes and the supernatant liquid drops veeneerely diluted by
dilution plate technique of Barron (1971) and papioh of Fusarium

spp. were isolated by using fusarium specific mediof Nash and

Synder (1962).

3.5.3 Studies on the frequency of occurrence of tbe Fusarium
species at three stages of corm collection.

The studies were carried out on the infected coampdes
collected from saffron fields of Regional Reseai$tation Konibal,
district Pulwama, at the three stages i.e. corngidg storage and
saffron harvest. The procedure adopted for asged$ie species of
Fusariumwas the same as described in 3.3.2 and the pefregnency

of occurrence was worked out.

3.5.4 Interaction of Fusarium solani and nematodes on the
development of corm rot and yield of saffron

Effect of Fusarium solani, the dominating pathogen, and
nematodes on the development of corm rot was asbégsadopting the

following procedure:
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To study the interaction between parasitic nemat@ahel corm rot
fungus, an experiment was laid during August — Naver, 2000.
Surface sterilized 8 cm diam, corms were sown ihisgpolyethylene
bags of 21 x 14" size containing 4 kg steam sterilized soil and
decomposed farmyard manure mixture (4:1). Six comme maintained
in each bag. There were four treatments, viz. ¢gntl (sand, maize
meal and water only in soil) (ii) inoculation wittematode only (1000
larvae/kg soil) (iii) inoculation with fungus (50igoculum, prepared in
sand, maize meal medium kg/soil) and (iv) inocolativith nematode +
fungus. The inoculum was added 30 days after commng by removing
some soil from the vicinity of the root zone andsveagain covered with
the soil previously removed. The bags were arrange@€ompletely
Randomized Design with five replications in eactatment. After crop
harvest, yield of saffron/ 10 plants was recorded were dug out and
examined for the affect upon corm colour, besidesessed for disease

incidence and intensity.

3.6 Management of corm rot
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Three non-chemical and non-hazardous managememnbagbhes
were investigated for their role in checking thencaot in saffron. The

approaches identified were:
a. use of organic amendments;
b. use of fungal bioagents;
c. use of soil solarization.
3.6.1 Role of different organic amendments in disea management

3.6.1.1 Effect on the soil population ofF usarium solani and total
fungi

The five organic amendments namely decomposed &dny
manure (FYM), decomposed poultry manure, mushroompost (wheat
straw based), spent mushroom compost and decompss&ddust
(willow + popular) were used for the present stadiRequired quantities
of organic amendments in the ratios of 4:1 and $oil,amendment (w/w
basis) in each case were thoroughly mixed withssodllected from
saffron fields of Pampore, having known historycofm rot infestation,
and inoculated with vigorously growing culture (3eks old) ofF.
solani multiplied on sand maize meal medium, in the raiio1:4

(inoculum: soil w/w). Soil + amendment mixture battfested and un-
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infested were filled in polyethylene bags of 4 lepacity. The test bags
were watered frequently with rose-can and kept penofields for a
period of 45 days for proper decomposition of thegamal incorporated
with soil. Suitable controls were maintained formgarison that is
without any amendment. Population count of testg&linspecies/.
solani and total fungi was assessed separately upto ¥ ata30 days
interval from each treatment usifgsariumspecific of Nash and Snyder
(1962) and Steiner and Watson (1965) agar medspentively by
dilution plate technique of Barron (1971). The datas subjected to

statistical analysis for drawing the inferences.

3.6.1.2 Effect of amendments on corm rot developmerand
yield of saffron

To study the effect of organic amendments on cartnseverity
and yield of saffron, thirty corms (5/poly bag) qmmsing each unit of a
treatment (organic amendment) were planted in ployyene bags filled
with amended inoculated soil (as mentioned in 31¢.And the corms
assessed for the incidence, intensity and vyieldarpaters. Those
parameters were assessed as per the procedurébeeésor3.1.1.1 and
3.1.1.2. The experiment was laid in Completely Ranided Design with

six treatments including check and five replicasigrer treatment. The
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observations on all the parameters in each tredtnene also taken
during subsequent year i.e. 2001. Un-amended wulated served as

check.

3.7 Antagonistic effect of bioagents oRusarium solani
3.7.1 Dual culture technique

In vitro the antagonistic effect of four bioagents namely,
Trichoderma viride, Trichoderma harzianum, Gliodlamh virensand
Asperigillus nigemwas studied againgt solaniby dual culture technique
using PDA medium. Discs (5mm) of the antagonistwadl as the
pathogen were cut with the help of sterilized doveer from the edge of
the 3 days old culture and then placed apart iifed PDA medium.
Treatments were replicated five times and the plateubated at 25 +
2°C in darkness for seven days. Inhibition of mydekmowth of
pathogen by each antagonist was recorded on the dfasadial growth
in dual culture and in control (having only pathopevith the help of

following formula:

e ||
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o = R — X 100

C
Where
1 = | Inhibition per cent
C = | Radial growth in control
T = | Radial growth in treatment

3.7.2 Volatile mechanism of bioagents againBtusarium solani
The volatile mechanism of the bioagents was studedger the

following procedure:

Five mm mycelial disc of actively growing culturesf the
bioagents (3 days old) were placed in the centygetiplates containing
PDA. The top of each petriplate of same size wataced with bottom
of the PDA plate centrally with mycelial disc &f solani Plates with
PDA medium without antagonists at the lower lid gutates inoculated
with mycelial disc of the pathogen on the upperviere maintained as
controls. The pairs of each plates were sealedhegevith cellophane
tape. The plates were incubated for 7 days at 2%C+n darkness. The
inhibition in the growth ofF. solani in comparison to check was

attributed to the volatile action of the bioagent.

3.7.3 Non-volatile mechanism of bioagents againBtusarium solani
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The non-volatile mechanism of the bioagents wadistuas per

the following procedure:

100 ml of sterile potato dextrose broth was plare@50 ml of
conical flask. The broth was inoculated with meaduguantities of
bioagents. The flasks were incubated for 15 daySat 2C*. The broth
was vigorously shaken and passed through three ndémafilter paper
No.42 put on each other and the filtrate was ctdkkin a sterile flasks
and added to molten PDA so as to have final conagorm of 10 per cent
(viv). The medium was poured into petriplates andculated after
solidification with 5 mm discs of. solani Suitable controls were
maintained without amending the culture filtrated aadial growth was
recorded after 15 days and per cent inhibition udated as per the

formula given in 3.7.1.

3.7.4 Effect of bioagents on disease intensity odfffon corm rot in
poly bags

In vivo effect of bioagents on corm rot intensity was &ddoy
adopting the following procedure. Apparently hegaltborms of 8
centimeter diameter were selected and cleanedpinvéder and dried in
shade. The corms were dipped in homogenized préga@dF. solani

after giving 10 pricks in each corm. The corms tedawere dried in
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shade and kept for two weeks. The soil collectethfsaffron fields was
sterilized in gunny bags placed in an autoclaves $terilized soil was
separately inoculated with spore suspensions oferdration of 4 x 10

spores per ml of each bioagent using 100 ml pesflspil. The soil was
thoroughly mixed and placed in polyethylene bag4 kf capacity. Each
bag was planted with 6 corms which were alreadyutaied withF.

solani two weeks earlier. The corms were allowed to geowl disease
allowed to develop under natural conditions. Theedse intensity was

assessed after harvesting the saffron flower.

3.8 Effect of soil solarization on the development ofarm rot in
saffron

Experiment was carried out at saffron field of Panepin poly
bags during 2000 and 2001 and the procedure ad@pésdunder:
The experiment was laid in Randomized Block Design.
Solarization was carried out for 4 and 6 weeks Witreatments viz:
a. soil solarization alone, covering the polyethylen@gs with
transparent polyethylene sheets (100 gauge thick);
b. solarization after irrigation, covering the polygdne bags with

transparent polyethylene sheets after irrigatidintiie soil is

fully saturated,;
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c. application of FYM alone to polyethylene bags ie tiatio of

4:1 (4 parts of soil + one part of FYM);

d. soil solarization after the application of FYM amdgation,
covering the polyethylene bags with polyethyleneett after
application of FYM in the ratio of 4.1 and irrigati till the soil

Is fully saturated;
e. control, no solarization for each period of solatian

Five replications were maintained in each treatm8otarization
was carried out by mulching the perforated polykthg bags with
polyethylene sheets of 100 gauges. Each polyetbydag was filled with
soil collected from the sick saffron fields havikigown history of corm
rot and subsequently inoculated with the mass ulbvéi the pathogen @
200 g/bag prior to solarization treatment. Soil penature was recorded
before and after solarization at 5 and 10 cm detieach period of
solarization. The solarization was done during ofidune to end of July

in both the years.

After solarization, the polyethylene bags were reeabto shade

and six apparently healthy corms were sown in déach Each treatment
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was replicated five times. The data on diseasedlemde and intensity

and, changes in soil temperature were recordedafip harvest.
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CHAPTER-IV

EXPERIMENTAL RESULTS

4.1 Status of corm rot
4.1.1 Corm rot incidence

The data on the percentage incidence of corm oot 2 locations
of Kashmir valley recorded during 1999 and 200presented in Table-1

and Fig.2.



Table: 1

Incidence of corm rot of saffron at different locations in Kashmir

Average disease Incidence (%)

1999 2000 Mean
Location  Stage L;S;Y L;Y L;S;Y LY L; S
Digging 35.33 36.66 35.99
(36.46) (37.26) (36.86)
Storage 18.00 20.66 19.33
(25.10) (27.03) (26.28)
Zaffron colony (Pulwama) 22.88 24.32 23.60
(28.20) (29.20) (28.70)
Harvesting 15.33 15.66 15.49
(23.05) (23.31) (23.18)
Digging 34.00 35.33 34.66
(35.66) (36.46) (36.86)
Storage 18.66 20.00 19.33
(25.59) (26.55) (26.08)
Lethpora (Pulwama) 23.99 24.66 24.32
(29.11) (29.53) (29.32)
Harvesting 19.33 18.66 18.99
(26.08) (25.59) (25.84)
Digging 32.66 34.00 33.33
(34.85) (35.66) (35.26)
Storage 8.00 5.53 6.76
(16.42) (13.60) (15.01)
Wattan (Pulwama) 15.99 16.06 16.02
(22.32) (22.12) (22.22)
Harvesting 7.33 8.66 7.99
(15.70) (17.11) (76.40)
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Digging 40.66 42.00 41.33
(39.61) (40.39) (40.00)
Storage 23.33 18.00 20.66
(28.88) (25.10) (26.99)
Pampore (Pulwama) 28.88 29.88 29.38
(32.30) (32.82) (32.56)
Harvesting 22.66 29.66 26.16
(28.42) (32.99) (30.76)
Mean 22.94 23.73
(27.98) (28.41)
Digging 16.66 18.66 17.66
(24.08) (25.59) (24.93)
Storage 10.00 13.33 11.66
(18.43) (21.41) (19.92)
Gowharpora (Budgam) 12.88 14.21 13.54
(20.92) (22.01) (21.47)
Harvesting 12.00 10.66 11.33
(20.26) (19.05) (19.66)
Digging 13.33 18.00 15.66
(21.41) (25.10) (23.26)
Storage 6.33 8.00 7.16
(14.57) (16.42) (25.20)
Kultreh (Budgam) 9.44 11.11 10.27
(17.69) (19.07) (18.39)
Harvesting 8.66 7.33 7.99
(17.11) (15.70) (16.41)
Digging 18.66 24.00 21.33
(25.59) (29.33) (27.46)
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Storage 11.33 10.00 10.66
(19.66) (18.43) (19.04)
Qazipora (Budgam) 11.77 13.55 12.66
(19.53) (20.90) (20.21)
Harvesting 5.33 6.66 5.99
(13.34) (14.95 (14.15)
Digging 12.66 22.00 17.33
(20.84) (27.97) (24.41)
Storage 12.00 7.33 9.66
(20.26) (15.70) (17.98)
Wadipora (Budgam) 9.55 11.33 10.44
(17.56) (18.71) (18.13)
Harvesting 4.00 4.66 4.33
(11.59) (12.46) (12.02)
Mean 10.91 12.55
(18.92) (20.17)
Digging 9.33 13.33 11.33
(17.78) (21.41) (19.60)
Storage 8.33 10.00 9.16
(16.77) (18.43) (17.6)
Sirhama (Anantnag) 7.88 10.66 9.27
(16.24) (18.98) (17.61)
Harvesting 6.00 8.66 7.33
(14.17) (17.11) (15.64)
Digging 13.33 16.66 14.99
(21.41) (24.08) (22.74)
Storage 9.33 11.00 10.17
(17.78) (19.48) (18.63)




44

Khiram (Anantnag) 9.88 12.10 10.99
(18.18) (20.22) (19.19)
Harvesting 7.00 8.66 7.83
(15.34) (17.11) (16.22)
Digging 6.66 10.66 8.66
(14.95) (19.05)
Storage 4.00 4.66 4.33
(11. 53) (12.46)
Marhama Wadur (Anantnag) 4.88 7.33 6.1
(12.69) (15.49) (14.08)
Harvesting 4.00 6.66 5.33
(11.59) (14.95)
Digging 10.00 16.00 13.00
(18.43) (23.57) (21.00)
Storage 6.33 7.00 6.66
(14.57) (15.34) (14.96)
Sirigopora (Anantnag) 1.77 10.22 8.99
(16.11) (18.32) (17.22)
Harvesting 7.00 7.66 7.33
(15.34) (16.06) (15.70)
Mean 7.6 10.07
(16.12) (18.43)
13.82 15.45 14.64
Mean of the year (21.24) (22.21) (21.66)
Digging 20.27 23.94 22.11
(25.92) (28.82) (27.37)
Mean Stages Storage 11.30 11.29 11.30
(19.13) (19.16) (19.15)
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Harvesting 9.89 11.13 10.51
(17.67) (18.86) (18.27)
SEy CD at 5%
Location 1.03 2.04
Stage 0.51 1.02
Year 0.42 0.83
Location x Stage 1.79 3.54
Location x Year 1.46 2.89
Stage x Year 0.73 1.44
Location x Stage X Year 2.53 4.99

Figures in parenthesis are angular transformadkegal

*Incidence CV: 14.45
Sign: Y : Year
L : Location
S . Stage
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The data indicate that corm rot was prevalentlithal locations of
the three districts and at all the three stagesgunoth the years of
study. Both incidence and intensity varied sigmifity with location and
stages. The corm rot incidence ranged from 4.000t66 per cent with
an average of 13.82 per cent during 1999 and 4.8 100 per cent with
an average of 15.45 per cent during 2000. Averageelt incidence of
22.11 per cent was found at digging stage and loatelsarvesting stage
(10.51 per cent) however, mean disease incidens@a@és of harvesting
and storage were statistically identical. Similadynongst the surveyed
locations, maximum mean disease incidence (29.38 ceamt) was

recorded at Pampore (Pulwama) followed by Lethp(24.32 per cent)

and Zaffron colony (23.6 per cent) but comparagivainimum (6.1 per
cent) at Marhama-Wudur (Anantnag). The data whehjested to
interaction analysis revealed that location x stdgeation x year and
location x year x stage were significant. The digestatus during 1999
and 2000 was statistically similar. However, thera¥l disease level was

slightly higher during 2000 but distribution pattevas almost identical.
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4.2 Corm rot intensity

The data on the corm rot intensity measured aewdfft locations

in Kashmir valley is presented in Table-2 and Big.

From the data it is clear that the difference im gent intensity
between different locations, stages and the yeare significant. Corm
rot intensity ranged from 0.80 to 16.93 per certhvein average of 4.25
per cent during 1999 and 1.33 to 17.46 per cerit @it average of 5.5
per cent during 2000. Among the locations, meaerasis intensity was
maximum in Lethpora-Pulwama (10.08 per cent) anageme (9.49 per
cent) equally followed by Zaffron colony where dise intensity of 8.48
per cent was recorded and least was observed ihavte-Wudur (1.45

per cent).

The average mean disease intensity between ditfstages also
varied significantly. It was highest at digging g#a(8.64 per cent)
followed by 3.32 per cent at storage stage and igag4 per cent) at
harvesting stage. The interaction values were afsgnificant.
Comparatively mean disease intensity was signifigamore (5.5 per

cent) during 2000 and less (4.25 per cent) dur2p1



Table: 2

Disease intensity of corm rot of saffron at different locations in Kashmir
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Average disease intensity(%)

1999
Mean
L;S; Y L;Y L;S; Y L;Y L; S L
Locatio | Stage
n
Digging 14.80 17.46 16.13
(22.62) (24.69) (23.67)
Storage 4.53 7.20 5.86
(12.28) (15.56) (13.92)
Zaffron colony (Pulwampa 7.68 9.28 8.48
(15.34) (16.85) (16.09)
Harvesting 3.73 3.20 3.46
(11.13) (10.30) (10.71)
Digging 16.00 16.93 16.46
(23.57) (24.29) ((23.93)
Storage 5.33 10.53 7.93
(13.34) (18.93) (16.13)
Lethpora (Pulwama) 9.64 10.53 10.08
(17.63) (18.31) (17.97)
Harvesting 7.60 4.13 5.86
(16.00) (11.72) (43.86)
Digging 12.93 14.40 13.67
(19.55) (21.30) (20.92)
Storage 1.66 3.86 2.76
(7.40) (11.33) (9.36)
Wattan (Pulwama) 6.01 6.75 6.09
(12.89) (15.11) (13.40)
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Harvesting 3.46 2.80 2.73
(11.72) (8.13) (9.92)
Digging 16.93 17.01 16.97
(24.29) (24.35) (24.32)
Storage 5.35 6.66 6.06
(13.51) (14.95) (14.23)
Pampore (Pulwama) 9.41 9.84 9.49
(17.26) (17.77) (17.52)
Harvesting 5.86 5.86 5.86
(14.00) (14.00) (14.00)
Mean 8.08 9.10
(15.78) (17.01)
Digging 6.13 8.13 7.13
(14.33) (16.56) (15.45)
Storage 2.80 4.93 3.86
(9.63) (12.83) (11.23)
Gowharpora (Budgam) 4.17 6.24 5.20
(11.63) (14.38) (13.00)
Harvesting 3.60 5.66 4.63
(10.93) (13.76) (12.34)
Digging 4.00 9.06 6.53
(11.53) (17.51) (14.52)
Storage 1.33 2.93 2.13
(6.62) (9.85) (8.23)
Kultreh (Budgam) 2.48 4.70 3.59
(8.84) (11.91) (10.38)
Harvesting 2.13 2.13 2.13
(8.39) (8.39) (8.39)
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Digging 7.20 12.40 9.80
(15.56) (20.61) (18.08)
Storage 2.25 2.66 2.46
(8.64) (9.38) (9.01)
Qazipora (Budgam) 3.59 5.46 4.52
(10.27) (12.20) (11.23)
Harvesting 1.33 1.33 1.33
(6.62) (6.62) (6.62)
Digging 3.73 11.86 7.79
(11.13) (20.14) (15.63)
Storage 2.13 2.26 2.19
(8.39) (8.64) (8.52)
Wadipora (Budgam) 2.22 5.19 3.70
(8.21) (11.90) (10.06)
Harvesting 0.8 1.46 1.13
(5.13) (6.94) (6.03)
Mean 3.11 5.40
(9.73) (12.60)
Digging 1.86 2.47 2.16
(7.83) (9.04) (8.44)
Storage 1.66 2.30 1.98
(7.40) (8.72) (8.06)
Sirhama (Anantnag) 1.57 2.05 1.81
(7.17) (8.18) (7.68)
Harvesting 1.2 1.4 1.3
(6.28) (6.79) (6.54)
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Digging 1.73 3.3 2.51
(7.55) (10.46) (9.01)
Storage 1.87 2.2 2.03
(7.85) (8.52) (8.19)
Khiram (Anantnag) 1.66 241 2.04
(7.40) (8.84) (8.12)
Harvesting 1.4 1.73 1.56
(6.79) (7.55) (7.17)
Digging 1.75 2.13 1.94
(7.60) (8.39) (8.00)
Storage 1.33 0.86 1.09
(6.62) (5.32) (5.97)
Marhama Wadur (Anantnag) 1.40 1.50 1.45
(6.79) (6.94) (6.87)
Harvesting 1.13 1.53 1.33
(6.16) (7.10) (6.63)
Digging 2.00 3.13 2.56
(8.13) (10.07) (9.1)
Storage 1.52 1.4 1.46
(7.08) (6.79) (6.94)
Sirigopora Anantnag) 1.65 2.06 1.86
(7.36) (7.69)
Harvesting 1.43 1.66 1.54
(6.86) (7.40) (7.09)
Mean 1.57 2.00
(7.18) (8.13)
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4.25 55 4.9
Mean of the year (11.01) (12.44) (11.61)
Digging 7.42 9.86 8.64
(14.47) (17.37) (15.92)
Mean of the Stages Storage 2.66 3.98 3.32
(9.06) (10.90) (9.98)
Harvesting 2.67 2.81 2.74
(9.05) (9.05) (9.15)
SEy (%) CD (P =0.05)
Location 0.57 1.13
Stage 0.28 0.56
Year 0.23 0.46
Location x Stage 0.98 1.95
Location x Year 0.80 1.60
Stage x Year 0.40 0.10
Location x Stage x Year 1.39 2.76

Figures in parenthesis are angular transformecdegalu

*Intensity CV: 14.45
Sign: Y : Year

L : Location

S : Stage
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The data clearly point out that the corm rot isyveerious at digging
stage of the crop that is after over summerindnefdorms. Pooled data of corm
rot incidence and intensity that occurred in th&rdits of Pulwama, Budgam
and Anantnag during the two years of study is preskin Table-3 and Fig.4.
Mean per cent incidence between three districtsxguwo years ranged from
8.84 to 23.33 per cent, observed highest in distPiglwama followed by
Budgam. Similarly mean per cent intensity betwderd districts ranged from
1.79 to 8.54 recorded highest at Pulwama distfibese figures clearly show
that district Pulwama which is traditionally saffrgrowing has the highest
corm rot status followed by Budgam and Anantnagridis where saffron

cultivation has been extended in recent past.
4.3 Symptomatology

The above ground field symptoms of corm rot diseases observed
throughout the year in comparison to healthy. Tla¢adare presented in

Table-4.

From the data it is clear that in case of healthgpcthe flower

count viz-a-viz number of corms extracted swalmost equal, indicating



Table: 3 Overall status of Saffron corm rot in three didfiof
Kashmir valley
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Per cent Incidence

Per cent Intensity

District
1999 2000 Mean 1999 2000 Mean
Pulwama 22.94 23.73 23.33 8.08 9.10 8.54
Budgam 10.91 12.55 11.73 3.11 5.40 4.26
Anantnag 7.60 10.07 8.84 1.57 2.00 1.79
Mean 13.82 15.45 - 4.25 5.50 -
Table 4 | Above ground symptoms of the corm rot diseasemesl on
saffron plants in the field*.
Saffron Flower Foliage | Flowering Corm condition Corm
crop count | symptoms| period size
(per nf) Healthy | Diseased
Healthy 500 Lush 7 weeks 495 5 3.5 1
green, 6.5cm
spotless,
shiny,
erect
Diseased 350 Yellowish 5 weeks 200 150 2-2.%
dull, tip cm
burn,
drooping

*Date based on 2 years of study.
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that every healthy corm gives out a single flowidre foliage were lush green
with no pathological spots, shinning, erect andokogis leaves spreading
magnificently around the basal corms. The flowenragiod lasted for seven
weeks, beginning first week of October and the adpctive phase lasted for

four months. The number of diseased corms wasgiblgi(Plate 2a).

In case of diseased corm beds, the flower countjus350, the foliage
was yellow dull, drooping with tip burn symptomsheéke symptoms did not
show any fungal or bacterial infection. The flowngriperiod lasted just for 5
weeks and the flower emergence was erratic. Th®deptive phase was short
by one month and the dormancy phase was prolorigeslnumber of healthy
corms was just 200 and the remaining partly oyfrokten (dry). The tunic was

loose and the corm diameter in diseased was uzddiRiate 2b).

Initially the rot lesions on the corms appearedeadn the outer tunic in
the form of brown to dark brown, sunken, irregutetches at any side but
frequently on buds. The lesions were usually 1-2 wheep having raised
margins. As rot advanced, saffron plants manifesi@thping off, basal stem
rot, root rot, drooping and wilting of plants. Th#ected corm plants generally
showed discoloured foliage and foliage got detadesily, the outer tunic was

observed free of any rot symptoms (Plate 3).
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4.4 Isolation of the fungal flora

In all, five fungi were isolated from corm rot regiof saffron. The fungi

isolated were:

Funai Remarks
Fusarium solan{Mart.) Sacc. Cultures deposited at ITCC, IARI,

New Delhi under 5146.02; 5147.02
Fusarium oxysporurSchlecht. and 5148.02

Fusarium moniliformesheld.

Alternaria alternata(Er.) Kessler

Penicilliumsp. Link.
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The morphological and cultural characters of thhedtpathogenic species

Isolated are described as under: (Plate 4)

Fusarium solani Fusarium Fusarium
oxysporum moniliforme
Growth rate Fast Fast Fast
Colony Green to bluish White with purple White granulated to
character brown, little aerial tinge aerial purple, reverse of
mycelium mycelium, culture colourless to
pigmented purple purple.
to blue.
Microconidia Abundant, 0-1Generally Rare, 5-12 x 2.5-3.4

Macroconidia

Conidiophores

septate, 8.5 — 16 xabundant, round pm, non-septate,
2.50-3.60 um, oval6-10 x 2.0-3.5 formed in chains.
with thicker wall, um, non-septate,

hyaline. ellipsoidal and

straight.
Moderately curvedFusiform, Clavate —non-septate
with short blunt moderately with flattened base,
apical cell and curved, pointed at4.5-11 x 2.3 um.

pedicellate basal both ends, basaFormed in chains
cell, 3 septate, 29- cell pedicellate, basal cell bearing 2-3
42 X 4-6 p m. 22-25 x 3-4 u m. apical phialids.

Distinct, simple, Sparsely Branched.
elongated, narrow branched, simple
slightly towards  terminal, hyaline
apex, later sparselysmooth, 6-12 pm.
shorter branched
vertically forming
sporodochium.

ChlamydosporesProduced singly or Sparse, hyaline, Absent.

in pairs in terminal, smooth walled
lateral or inter both inter calary
colony position,  and terminal, 7.75
hyaline, smooth  x 7.31 u m.
6.5-10 um.
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45 Cultural studies

The data on the linear growth of three specieBusfariumat 24
hours interval for a period of seven days at 25°& B presented in

Table-5 and Fig.5.

From the data it is clear that the growth had admincrease with
the passage of time with respect to all the spedigs rate of growth
however, varied from species to species. After @4r$, theF. solanihad
an average colony diameter of 12.50 nifn,oxysporuml13.25 andF.
moniliforme 14.20 mm. After 144 hours it was 60 mm, 56.25 mmd a
57.20 mm, respectively. The data indicate thatRheolanigrew at a
consistent speed compared to other two specieswibiad faster at the
initial stages but slow at the final stages in glowmdicating the serious

potential of inoculum build up witk. solani.
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Table: 5 Average growth of different species on Richard’arag
medium at 25+%C

Period Average dia; of colony (mm)
(hours)
Fusarium Fusarium _ N
solani oxysporum Fusarium moniliforme

24 12.50 13.25 14.20

48 20.00 19.25 20.00

72 30.50 28.70 27.00

96 40.75 36.45 37.00

120 50.00 51.00 52.00

144 60.00 56.25 57.20

Average of three replications.
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4.6 Pathogenicity

The data on the reaction of corms towards the fisajated from

corms is presented in Table-6 and Plate 5.

Table 6. | Response of healthy Saffron corms to fungi isslatindel
artificial inoculations

Fungus Response
Fusarium solani +a
Fusarium oxysporum +
Fusarium moniliforme +

Alternaria alternate -

Penicilliumsp. -

+ = Pathogenic - = Non-pathogenic a = Virulent

The data indicate that all the three specieSusiariumtested were
pathogenic buE. solaniwas more vigorous than other two species while
Alternaria alternata and Penicillium sp. failed to induce any rot
symptoms. The symptoms produced by the pathogangat isolatesK.
solanij in inoculated corms of saffron were found mordesss similar to
those recorded in naturally infected corms. Obgama on the

appearance of symptoms in inoculated injured andnjumed corms
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revealed that injury to corms helped in initiatiohquick infection and
subsequent rot development, as symptoms in thesascappeared
generally 10 days after inoculation. While as isecaf un-injured corms,
the symptoms appeared after 20 days of inoculaBasides, pathogen
was found to be more aggressive in wounded cormsmpared to those
In un-injured corms. Koch’s pastulates were cordigniby reisolating the
pathogen from the inoculated corms and by compawit original

isolate.

4.7 Association of nematodes andFusarium propagules in
rhizosphere of saffron corm

Data on the population density of nematodes per afnsoil and
propagules ofFusarium species from twelve locations of Kashmir is

presented in Table-7 and Fig.6.

The data indicate that nematodes were invarialdp@ated with
Fusariumspecies in all the locations of the samples frbimasphere, but
nematode population density and spore count vanea location to
location. TheFusariumcount ranged from 3.00 to 54.34 x*1§" soils
with an average of 22.07 x 4@* soils while nematode population
varied from 100 to 1300 with an average of 619/286soil. All the

locations of Pulwama district had a higmamatodeFusarium spp.
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Table 7:

Population density of nematodes (per 250 cc saiijl

Fusarium sp. (-x 16g* soil) in saffron rhizosphere
different districts of Kashmir

District Location Fusarium Mean population
species density of
nematodes
1. Zaffron colony 42.00 840
2. Lathpora 40.00 992
Pulwama
3. Wattan 29.00 585
4. Pampore 54.00 1300
1. Gowharpora 20.00 1041
2. Kultreh 10.75 456
Budgam
3. Wadipora 15.00 630
4. Qazipora 19.50 818
1. Sirhama 10.50 192
2. Khiram 11.25 333
Anantnag
3. Murhama wudur 3.00 100
4. Srigufwara 9.50 141
Average 22.07 619

n
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population count as compared to the other locatwihn®udgam and
Anantnag districts. On the other hand, Anantnag ddalwerFusarium
spp. count and nematode population than PulwamaBamgam. The
observations further indicate that among all theatimns, theFusarium
species and nematodes were more dominant in the ciected from
Pampore (Pulwama), the traditional saffron growinact, than other

areas.

4.7.1 Frequency of occurrence ofusarium species at various stages
of crop development

The data on the frequency of occurrence of threeciep of
Fusariumwith corms collected at digging, storage and hstimg stages

of Pulwama district is presented in Table-8 (P&te.

The data indicate that. solaniwas the only species available at
corm digging and harvesting stages, while other tspecies were
isolated only from the infected corms collectedtatage stage, there too

F. solaniwas the most predominant.

These studies clearly establish tRatsolaniis the most dominant
pathogen of corm rot and the remaining two speahsw their

appearance only in corm storage.
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Table 8

Per cent frequency é¢fusarium species associated with co
rot of Saffron at different stages of corm collentiin
Pulwama during 1998

Fungi Digging Storage Harvesting
Fusarium solani 100.00 39.50 100.00
Fusarium oxysporum 0.00 26.50 0.00
Fusarium moniliforme 0.00 23.00 0.00

Average of 5 replications.
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4.7.2 Interaction effects ofFusarium solani and nematodes on corm
rot and yield of saffron

The data is present in Table-9. From the date earcthat the
inoculation with nematodes and pathogenic fungtiseeiseparately or
simultaneously significantly affected the diseasevalopment and
saffron vyield. However, simultaneous inoculationsthwboth the
pathogens produced the highest diseased corms.@® %@r cent with
14.66 per cent intensity compared to nematode alameh recorded
least corm rot incidence of 26.66 per cent of 5088 cent intensity
equally followed by fungus alone which produced 0BO.per cent
diseased corms with 8.00 per cent intensity. Tlierdinces in yield in
the treatments were significant when compared &xklun-inoculated).
Inoculation of nematode along with fungus recordgghificantly the
least saffron yield (150 mg / 10 plants) as comghdoeother treatments.
The colour of corm rot also differed between threatments. It was pale
yellow with nematode infestation, dark brown witm§us colonization
and black where the combined inoculation of fungnd nematode was

given.
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Table 9: Interaction effect oFusarium solanand nematodes on the development of corm rot ehd y

of saffron
Treatment Colour of rot Percent Disease Percent Disease Yield (mg)/10
Incidence Intensity plants

Nematode alone (N) Pale yellow 26.66 5.33 176
(31.08) (13.35)

Fungus alone (F) Dark brown 30.00 8.00 170
(33.21) (16.43)

Combined inoculation (N+F) Black 50.00 14.66 150
(45.00) (22.51)

Un-inoculated check 0.00 0.00 200
(0.00) (0.00)

(Figures in parenthesis are angular transformeakegal

CD (P=0.05) (6.08) (5.46) 18.50
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4.8 Management studies
4.8.1 Management through organic amendments

4.8.1.1 Effect of organic amendments on total fung@opulation
of soil

The data on the effect of five organic amendmentshe fungal
population recorded at 30 days interval for a mkrad 90 days is

presented in Table-10.

Perusal of the data indicate that the mean populatount of
fungal propagules increased significantly with tressage of time with
respect to all the organic amendments tried. Glpetfae increase in
fungal population was slow but steady after 30 dayall the treatments.
Among the amendments, FYM with a population codr8®08 x 10g™
soil was most effective in supporting the maximwmdal population at
dosage ratio of 4:1 (soil: amendment). This wasoveéd by poultry
manure (4:1 w/w), FYM (5:1 w/w) and mushroom conipsl w/w)
recording fungal population of 33.17, 32.92 and732x 1dg"’ soil,
respectively. All these treatments exhibited namnsicant difference
among themselves. The other organic amendmenirieaés like poultry
manure and mushroom compost each at the doze fr&d av/w also

significantly promoted the total fungal pofdida over non-amended
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Table 10:  Effect of different organic amendments on totalgalnpopulation in saffron soils during 2000

Amendment Ratio (S:A) Number of propagules (10 g soil) at days after treatment
30 60 90 Mean
1) 2) 3 (4) ©) (6)

FYM 4:1 30.00 36.50 38.75 35.08
(3.43) (3.62) (3.69) (3.58)
5:1 27.75 33.50 37.50 32.92
(3.36) (3.54) (3.65) (3.52)
Poultry manure 4:1 28.50 35.00 36.00 33.17
(3.39) 3.58) (3.60) (3.53)
5:1 27.50 33.25 35.25 32.00
(3.35) (3.54) (3.59) (3.49)
Mushroom compost 4:1 27.75 34.75 35.75 32.75
(3.36) (3.58) (3.61) (3.52)
5:1 26.50 34.00 34.75 31.75
(3.32) (3.55) (3.58) (3.48)
Saw dust 4:1 16.00 18.75 19.50 18.08
(2.83) (2.93) (3.02) (2.92)
5:1 15.75 17.50 18.00 17.08
(2.80) (2.90) (2.94) (2.88)
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1) (2) (3) (4) (5) (6)
Spent Mushroom 4:1 16.25 18.00 19.25 17.83
(2.85) 2.94) (2.99) (2.94)
5:1 16.00 17.25 18.75 17.33
(2.83) (2.90) (2.93) (2.89)
Control 16.00 18.50 20.25 18.25
(no amendment) (2.83) (2.96) (3.05) (2.94
Overall Mean 21.99 26.29 27.76 25.23
(3.10) (3.259 (3.39) (3.24)
Figures in parenthesis are logarithmic transfornvaddes for propagules.
CD (P=0.05) Amendment (A) = (0.03) Intervals (1§G=04) Ax1=(0.02)

S = Saoil A = Amendment

*Mean of five replications; initial inoculum 15 0ig™ soil.
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soil. Saw dust and spent mushroom compost ameralksdas both the
tested concentrations recorded the least fungallpbpn as compared to

all other treatments of organic amendments. Theadlvenean count in
these treatments was 17.08 to 18.08 and 17.33 .88 ¥ 10%g" soil,
respectively, whereas fungal population recovenmennfnon-amended
soil was 18.25 x 1 soil. These observations suggest that no propagule
count increased over check in all the combinatmfisoil + saw dust and
soil + spent mushroom compost. However, the intemacbetween
amendments and intervals collectively and indivijuavas observed
statistically significant. Decomposition of composfor 90 days

significantly increased the fungal population.

4.8.1.2 Effect of amendments on soil population dfusarium
solani

The data on the population count of pathogenic @isn§. solan)
in the soil that received different organic amendtadas presented in

Table-11.

The data indicate th&usarium solanicount per unit of soil with
respect to all the organic amendments decreasédhdtpassage of time
when compared to non-amended check. All the amentdmmeduced the

Fusarium solani population in the soil significantly, theeduction
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Table 11: Effect of different organic amendments in soil @pplation ofFusarium solanduring 2000

Amendment / _ Number of propagules (x 10g™ soil) at days after amendments
Treatment Ratio 30 days Reduc. 60 days Reduc. 90 days Reduc. Mean
(S:A) over over over
control control control
1) (2) 3) (4) (5) (6) () (8) (9)
FYM 4:1 24.50 41.31 27.75 40.95 30.00 46.66 27.42
(3.24) (3.36) (3.43) (3.34)
5:1 28.50 31.73 32.00 31.91 33.50 40.44 31.33
(3.38) (3.50) (3.54) (3.47)
Poultry manure 4:1 25.25 39.52 29.75 36.70 30.50 45.77 28.50
(3.27) (3.42) (3.45) (3.38)
5:1 28.25 32.33 34.25 27.12 36.50 35.11 33.00
(3.38) (3.56) (3.62) (3.52)
Mushroom 4:1 30.00 28.14 34.75 26.00 36.50 35.11 33.75
compost (3.43) (3.58) (3.62) (3.54)
5:1 33.50 19.76 36.50 22.34 39.50 29.77 36.50
(3.54) (3.62) (3.70) (3.62)
Saw dust 4:1 35.50 14.87 38.25 18.61 39.75 29.33 37.83
(3.60) (3.67) 3.71) 3.66)
5:1 38.00 8.98 39.00 17.02 40.50 28.00 39.17

(3.68) (3.70) (3.73) (3.70)
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1) (2) (3) (4) (5) (6) (7) (8) (9)
Spent Compost 4:1 35.75 14.37 38.75 17.65 40.00 28.88 38.17
Mushroom (3.61) (3.68) (3.71) (3.67)
5:1 38.50 7.78 40.00 14.89 41.75 25.77 40.09
(3.68) (3.71) (3.75) (3.71)
Control 41.75 - 47.00 - 56.25 - 48.33
(3.75) (3.87) (4.06) (3.89)
Overall Mean 33.43 37.12 40.08 36.87
(3.52) (3.65) (3.71) (3.62)
Figures in parenthesis are logarithmic transfornvaddes for propagules
CD(P=0.05) Amendment (A3 (0.03) Intervals ( I¥ (0.03) A x £ (0.05)

*Mean of three replications; initial inoculum 4 g*1g™ soil.
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ranging between 17.0 and 43.3 per cent over conthohong the

amendments, FYM was found most effective in redy¢he inoculum load
of test fungus to a level of 27.42 x°30 from 48.33 x 18y™ in un-amended
check, thereby registering a reduction of 43.3qeet at 4:1 w/w dosage.
At this dosage level i.e. 4:1 w/w, poultry manureyed to be next best
amendment in reducing the inoculum to a level 062@0g™ from 48.33 x

10%g™ soil in control thereby recording a reduction df.G4 per cent over
control. FYM at 5:1 dosages ranked third in theeordf efficacy by

registering a reduction of about 35.2 per cent @astrol in the inoculum
load of test pathogen. Poultry manure (5:1 ratimj anushroom compost
(4:1 ratio) were statistically at par with regaadtheir efficacy in reducing
the population of corm rot pathogen. Saw dust apénts mushroom
amendments were found to be least effective blitcstused appreciable
reduction in pathogen propagules, reduction randiagyveen 17.00 and
21.72 per cent, over non-amended check. These \aheers clearly

indicate the superiority of FYM and poultry manuoger rest of the
amendments tried. Results also suggest that decigmoof amendments

in soil for longer periods (90 days) was more appete for bringing down
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the viable propagules of the pathogen in the doilgeneral suppression

effect increased with the amount of organic amemdradded to the soil.

4.8.1.3 Effect of organic amendments on corm rot ah saffron
yield during 2000

Five organic amendments were evaluated each atlbsage levels
to determine their effect on corm rot developmeamd gaffron yield. The
data reveals (Table-12) that in general all orgamendments considerably
reduced the incidence and intensity of corm rohwitconcomitant increase
in saffron yield. Amendments brought down the ratidence from 50.00
per cent in the non-amended check to 23.33 — 46e0@ent in treated ones.
Similarly, disease intensity was reduced from 290&8 cent in control
treatment to 8.00 - 26.00 per cent in amendedne@is and the saffron
yield was enhanced by 10.00-75.00 per cent in agesdils over control
achieved maximum in FYM amendment at higher dogdgke w/w) and
least in saw dust amended soils at low dosage {Bul). Among the
amendments, comparatively least corm rot incideanag intensity (23.33
and 8.00 per cent, respectively) and highest gaffrgield
(350 mg/10 plants) was recorded in treatments astendith FYM
(4:1 w/w). This was followed by poultry manure armerent,

atthe same dosage, recording diseaseadeimce of 26.66 per cent,
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Table: 12  Effect of different organic amendments on the ieock and intensity of corm rot and fresh
stigma yield of saffron during 2000

Amendment Corm rd incidence, Corm rot intensity, Yield/10 plants of fresh

soil: amendment ratio (w/w) soil: amendment ratio (w/w) stigmas (mg),
soil: amendment ratio (w/w)
4:1 5:1 Mean 4:1 5:1 Mean 4:1 5:1 Mean

Decomposed FYM 23.33 30.00 26.67 8.00 9.33 8.67 350 310 330
(28.88) (33.21) (31.05) (16.42) (17.79) (17.11)

Poultry manure 26.66 30.00 28.33 10.00 13.33 11.67 330 300 315
(31.08) (33.21) (32.15) (18.43) (21.41) (19.92)

Mushroom compost  30.00 36.66  33.33 14.00 14.66 14.33 325 290 307.5
(33.21) (37.27) (35.24) (21.97) (22.51) (22.24)

Spent mushroom 33.66 40.00 36.83 20.33 23.66 22.00 275 260 267.5

compost (35.26) (39.23) (37.25) (26.80) (29.10) (27.95)

Saw dust 36.66 40.00 38.33 2266 26.00 24.33 224 220 222
(37.27) (39.23) (38.25) (28.42) (30.66) (29.54)

Control check 50.00 50.00 50.00 29.33 29.33 29.33 200 200 200
(45.00) (45.00) (45.00) (32.37) (32.37) (32.37)

Mean 33.39 37.78 17.28  19.38 284 263.33

(35.11) (37.85) (24.06) (25.80)

Figures in parenthesis are angular transformecdegalu

CD (P =0.05) Incidence Intensity Yield

Amendment (A) (1.11) (1.42) 19.17

Ratio (R) (0.90) (1.35) 11.38

Interaction A X R

(2.25) (2.41) 27.88
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intensity of 10.00 per cent and saffron yield of03®g/10 plants as
against 50.00 and 29.33 per cent and 200 mg/1Qspleaspectively, in

non-amended check.

Corm rot development was also best contained byhrmom
compost amendment as compared to saw dust and speitroom
compost. The various amendments, depending on #féicacy in
reducing per cent disease incidence and intenssgidbs enhancing
saffron yield can be placed in the following desteg order, FYM
poultry manure, mushroom compost, spent mushroampost and saw
dust. Highest dosages of all organic amendmentdbiéxth better disease
controlling potentially resulting in higher cropeyd. When all the
dosages of different organic amendments are vidogether, the mean
reduction in disease incidence and intensity accease in saffron yield
was maximum (46.66, 70.43 and 65 per cent, resmdg)iin FYM
amendment and minimum in saw dust (23.34, 17.0414n00 per cent,
respectively) followed by spent mushroom composthwsignificant

differences among themselves.
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4.8.1.4 Effect of organic amendments on corm rot ahsaffron yield
during 2001

The observations with regard to the corm rot intgnand saffron
yield as influenced by amending the soil with oigaamendments were
recorded in succeeding year i.e. 2001. The datargtad is presented in the
Table-13. The results reveal that the amendmermt® shore or less similar
trend as in previous year (2000) with regard tar thetential in reducing the
corm rot disease thereby enhancing the vyield toremmble levels as
compared to un-amended check. The data clearlycatel that organic
amendments exhibited higher disease controllingemi@! resulting in
appreciable higher saffron yield, during 2001 asgared to 2000. This can
be viewed from this fact that all the organic ammaedts reduced the
disease incidence by 26.32 - 55.26 per cent arehsksseverity by 24.17 —
74.18 per cent over control during 2001. While &g torresponding
decrease during 2000 was 23.34 — 46.66 per cemtldm4 — 70.43
per cent, respectively. Average yield enhancemerdr acheck due to
incorporation of amendments was also much higrarg@d between 17.00
to 79.00 per cent) during 2001 as compared to 20t€re it ranged between
11.00 to 65.00 per cent. Again during 2001, amorg ttested

amendments maximum disease reduction Bmwdeased saffron yield



Table: 13  Effect of different organic amendments on the iaock and intensity of corm rot and fresh
stigma yield of saffron during 2001

Amendment Corm rot incidence Corm rot intensity Yield/10 plants of fresh

soil: amendment ration (w/w) soil: amendment ration (w/w) stigmas (mg)
soil: amendment ration (w/w)
4:1 5:1 Mean 4:1 5:1 Mean 4:1 5:1 Mean

Decomposed FYM 26.66 30.00 28.33 9.33 11.38 10.33 380 375 377.5
(31.08) (33.21) (32.15) (17.79) (19.66) (18.72)

Poultry manure 30.00 33.33 3166 11.33 13.33 12.33 372 365 368.5
(33.21) (33.83) (35.52) (19.66) (21.41) (20.54)

Mushroom compost 36.66 40.00 38.33 1566 17.66 16.66 340 330 335
(37.26) (39.23) (38.25) (23.35) (24.84) (24.08)

Spent mushroom 43.33 46.66 45.00 2266 24.00 23.33 310 305 307.5

compost (41.16) (43.08) (42.10) (28.42) (29.33) (28.88)

Saw dust 46.66 46.66 46.66 26.00 31.00 30.33 260 255 257.5
(43.08) (43.08) (43.08) (30.66) (34.83) (33.41)

Control check 63.33 63.33 63.33 40.00 40.00 40.00 210 210 210
(53.73) (53.73) (53.73) (39.23) (39.23) (39.23)

Mean 41.10 43.33 20.83 22.88 312.00 306.66
(39.92) (41.02) (26.51) (28.22)

Figures in parenthesis are angular transformedesgalu

CD (P =0.05) Incidence Intensity Yield

Amendment (A) (1.11) (1.25) 20.75

Ratio (R) (0.80) (1.10) 11.98

Interaction A x R (2.47) (2.87) 29.34
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were recorded with FYM amendment followed by pgultmanure and
mushroom compost amendments. Spent mushroom corapdssaw dust

found comparatively less effective.
4.9 Biological control of corm rot
4.9.1 Antagonistic effect of bioagents againgtusarium solani

The data recorded on the mycelial growth inhibitioh Fusarium

solaniby four antagonists is shown Table-14.

From the data it is clear that all the four bioagemere successful in
inhibiting the growth ofFusarium solanito a considerable extent. All the
bioagents differed significantly with regard to ithgotentiality in inhibiting
the growth ofF. solani. The inhibition was significantly highest (55.87rpe
cent) with Trichoderma viridefollowed by Gliocladium virens(46.30 per
cent) andTrichoderma harzianunf42.38 per cent).The least inhibition was

with Aspergillus nige 32.20 per cent)

4.9.2 Inhibition of Fusarium solani by bioagents on the basis of volatility

Inhibition of mycelial growth by bioagents as aule®f their volatile
and non-volatile activity was carried through twdfetent laboratory

experiments and the results are presented in Tidble-
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Table: 14 In vitro assay of fungal antagonists agalgsarium solani

Fungal antagonists Mycelial growth (mm) Growth mhon over control (%)

Trichoderma viride 39.72 55.87
(39.06)

Trichoderma harzianum 51.86 42.38
(46.06)

Gliocladium virens 48.34 46.30
(44.04)

Aspergillus niger 61.00 32.20
(51.35)

Control 90.00 -
(71.56)

Figures in parenthesis are angular transformecdegalu

C.D (P = 0.05): (2.23)



Table: 15 Inhibition of mycelial growth ofusarium solanby volatile and non-volatile inhibitors

by different antagonists

Average mycelial growth inhibition

Fungal antagonists

Volatile inhibitors**

Non-volatile inhibitors***

Trichoderma viride 42.30 30.00
(40.57) (33.21)

Trichoderma harzianum 29.40 25.40
(32.83) (30.26)

Gliocladium virens 27.50 22.60
(31.62) (28.38)

Aspergillus niger 23.70 20.20
(29.12) (26.7)

Figures in parenthesis are angular transformedesalu

CD (P =0.05) (1.24) (1.28)

** By six day old culture of antagonists.
*** By 10 days old culture filtrate of antagonists.
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The data with respect to mycelial growth inhibition account of
volatile activity indicate that all the bioagent® gbossess the volatile
mechanism. The growth inhibition of pathogen sigaifitly varied with the
tested antagonist, recorded highest inhibition Witlviride (42.30 per cent)
followed by Trichoderma harzianunwhich caused inhibition of 29.4 per

cent.

The inhibition due to non-volatile activity was @alexhibited by all the
four bioagents. The differences in growth inhibitiof the pathogen were
significant with the bioagents tested. Highesthition of 30.00 per cent was
with Trichoderma viridetreatment followed byTrichoderma harzianum
(25.40 per cent) and leastAspergillus nigetreatment (20.20 per cent). The
data indicate that bioagents employ both volatild aon-volatile inhibitory

process against test fungal pathogen.
4.9.3 Evaluation of antagonists against corm rot serity in polybags

The data on the effect of few antagonists on deseseverity is
presented in Table-16 (Plate 7). The data inditzaé the disease intensity
was also considerably reduced by the incorporagidmoagents. Among the
bioagents, Trichoderma viride treatment recorded the least disease

severity of 13.33 per cent followed b&liocladium virens which



Table 16: In vivo efficacy of different antagonists against cormabsaffron

Treatments Disease intensity (%)
Trichoderma viride 13.33
(21.41)
Trichoderma harzianum 20.00
(26.39)
Gliocladium virens 15.33
(23.05)
Aspergillus niger 22.00
(27.97)
Control 27.33
(31.51)
Figures in parenthesis are angular transformed
CD (P=0.05) 2.69

83



84

recorded 15.33 per cent disease severity as ag@uastontrol treatment
where it was 27.33 per cent. The data establisheditility of bioagents in

managing the corm rot severity dueFasarium solani.
4.10 Role of soil solarization in managing saffrosorm rot
4.10.1 Effect of solarization on soil temperature

Effect of soil solarization on soil temperaturevarious depths and
durations is presented in Table-17. Average of woiiperature at 5 and 10
cm depths over different periods of solarizatiodicated variation. Soil
solarization for 6 weeks during mid June to Julcréased the soill
temperature at 5 cm depth by 8.4 and°®.Qluring 2000 and 2001,
respectively. The maximum soil temperature recoraefi cm depth during
the two years was 42.5 and 4£&8after 6 weeks solarization and 34.1 and
34.9C during the corresponding period in non-solaritedtments. While
after 4 weeks of solarization, the maximum tempegeatecorded during two
years was 39.3 and 48® and during the corresponding period a
temperature of 32.8 and 3%% was recorded in noselarized
soil thereby showing increase in the temperature the extent
of 6.5 and 6.2C. The rise in temperature during both the years wa

more at 5 cm depth as compared to 10demth. These observations



Table: 17 Effect of soil solarization on soil temperatureidgr2000 and 2001
Treatment Duration (weeks) Depth. (cm) Average soil temperaturéQ)
2000 2001
Solarized 6 5 42.5 43.8
10 35.1 36.2
4 5 39.3 40.00
10 34.1 36.4
Non-solarized 6 5 34.1 34.9
10 29.0 29.5
4 5 32.8 33.6

10 27.2 26.7
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clearly indicate that soil solarization helps imshag the soil temperature at
five centimeter depth which harbours large numlbenioro-organisms in the
rhizosphere of saffron and provides detrimental ddmns for their

multiplication and survival and thus is possiblyiable method of disease

management.
4.10.2 Effect of solarization on disease incidenairing 2000 and
2001

Effect of soil solarization in combination with FYMnd irrigation
separately as well as jointly on disease incidesfceorm rot of saffron is

shown in the Table-18.

Data indicate that solarization considerably sugged the corm rot
disease during both the years of experimentatiotar@ation after 4 and 6
weeks resulted in significant reduction of corminmidence by 47.9 per cent
and 52.2 per cent during 2000 and 34.7 per cendantl per cent in 2001,
respectively over non-solarized check. Among thérsed treatments,
highest reduction in disease was recorded in 6 sv@éksolarization after
amending the soil with FYM and irrigation. Diseas&idence in this
treatment was 10.00 per cent and 20.00 per centtha two
successive years compared to 40.0 and 60.0 per @entnon-

solarized treatment. This was followed ®yweeks solarization after
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Table: 18 Effect of soil solarization on the incidence offsah corm rot

Treatment 2000 2001
Disease incidence (%) Mean Disease incidence (%) Mean
Weeks of solarization Weeks of solarization
4 6 4 6
Solarization alone 33.66 30.00 33.33 50.00 46.66 48.33
(37.26) (33.21) (35.24) (45.00) (43.08) (44.04)
Solarization after 23.33 23.00 21.66 46.66 43.33 45.00
irrigation (28.88) (26.56) (27.22) (43.08) (41.16) (42.12)
Solarization after 13.33 13.33 13.33 33.33 30.66 31.99
application of FYM (21.41) (21.41) (21.41) (35.26) (31.62) (34.44)
Solarization after 13.33 10.00 11.66 26.66 20.00 23.33
application of FYM & (21.41) (18.43) (19.92) (31.08) (26.56) (28.82)
irrigation
Control (no solarization) 40.00 40.00 40.00 60.00 60.00 60.00
(39.23) (39.23) (39.23) (50.76) (50.26) (50.76)
Mean 25.33 22.66 43.33 40.13
(29.64) (27.77) (41.03) (39.03)
Figures in parenthesis are angular transformedesalu
CD (P =0.05)
Weeks (1.22) (1.20)
Treatments (1.24) (1.86)

Treatments x weeks (2.38) (2.79)
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application of FYM which recorded incidence of 133r cent during 2000
and 30.66 per cent in 2001. Appreciable diseasectiuh of 42.5 per cent
and 27.78 per cent in successive years, respegtiosier control, was
recorded in solarization after application of iatign to plots. Solarization
without any amendments proved comparatively ledectve but still

checked the infestation over check to the exterfSoper cent during 2000
and 22.2 per cent during 2001. The data is indieatihat 6 weeks

solarization is more effective than 4 weeks soéditm.

4.10.3 Effect of solarization in disease intensitduring 2000 and
2001

Effect of soil solarization in combination with FYMnNd irrigation

separately as well as jointly on corm rot intengstpresented in Table-19.

From the data it is evident that soil solarizatiaiso considerably
reduced the severity of corm rot when comparedoto-solarized treatment.
The pattern of disease suppression in solarizeatntients was more or
less similar as observed with regard to diseaseidence. In
general, a progressive but significant decrease disease severity

was evident with the increase in duration of spédion in all the treatments



Table: 19 Effect of soil solarization on the intensity of fsah corm rot

Treatment 2000 2001
Disease intensity (%) Mean Disease intensity (%) Mean
Weeks of solarization Weeks of solarization
4 6 4 6
Solarization alone 21.33 20.00 20.66 25.00 24.33 24.67
(27.50) (26.56) (27.03) (30.00) (29.55) (29.78)
Solarization after 18.66 16.00 17.33 22.66 21.00 21.83
irrigation (25.59) (23.57) (24.58) (28.42) (27.27) (27.85)
Solarization after 9.66 8.33 9.00 16.66 14.00 15.33
application of FYM (18.10) (16.77) (17.44) (24.08) (21.97) (23.03)
Solarization after 6.00 5.33 5.67 12.66 11.00 11.83
application of FYM & (14.17) (13.34) (13.76) (20.84) (19.37) (20.11)
irrigation
Control (no solarization) 27.33 27.33 27.33 35.33 35.33 35.33
(31.51) (31.50) (31.51) (36.46) (36.46) (36.46)
Mean 16.60 15.40 22.46 21.13
(23.37) (22.35) (27.96) (26.70)
Figures in parenthesis are angular transformedesalu
CD (P =0.05)
Weeks (1.38) (1.36)
Treatments (1.86) (1.41)
Treatments x weeks (2.62) (2.40)
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during both the years. In other words, the reduciio disease severity was
maximum (ranging between 26.8 and 80.5 per cenhg®000 and 31.2 and
68.9 per cent during 2001) with 6 weeks solarizatis compared to 4 weeks
solarization which gave disease reduction to thgmtade of 21.9 to 78.1 per
cent and 29.3 to 64.2 per cent during two succesgears, respectively, in
various solarized treatments. 6 weeks solarizaiter application of FYM and
irrigation treatment was found most effective asedse intensity in this
treatment was 5.33 and 11.00 per cent in two ssoaegears compared to 27.33
and 35.33 per cent, respectively in non-solarizedtinents. The other treatments
l.e. solarized irrigated and solarized amended vAtYM also resulted in
significant suppression of the corm rot diseasesisgvby exhibiting disease
reduction, over control of 41.45 and 69.52 per ackning 2000, and 40.56 and

60.37 per cent during 2001, respectively.

In general, the difference between various treatsnemd duration of
solarization including their interaction were siggant. The observations further
reveal that soil solarization alone is not enoughmanaging the corm rot in
saffron but application of FYM and irrigation in robination with soll

solarization is more beneficial.
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CHAPTER-V

DISCUSSION

Among the most important problems of saffron, cootnhas been causing
a lot of concern both to the saffron growers arsib dhe administration for the
last three decades now. The single problem has bbhahlenging the very
existence of saffron which the State has name antf The industry has an

overall turn over of forty three crores annuallydaa sizeable population is
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directly or indirectly involved in this trade. Sadh is the identity of Pampore
area and which has been mentioned in most of odiemintexts and history
books. The annual yield has been falling year afear even if the area under
saffron is being extended to newer areas througiheukarewa areas of Kashmir
valley. Knowledge about the cause and managemenobrof rot is at present
scanty. A few references in the literature havenbseanned that indicate the
isolation of some fungi from saffron corms (Dhaf92; Sud,et al., 1999,

Thakur,et al.,1992).

The occurrence of fungi from corm rot by above vewskis inconsistent,
however, the involvement éfusariumspp. has been indicated (Dhar, 1992; Sud,
et al., 1999). The work done so far by some workers froashnir has been
scanty in their approach. The details about thelence and intensity, time of
appearance, causal organisms involved and methotoéagement has not been

adequately reported.

During present investigations three important patans were identified
and various experiments conducted so as to proardsver to the prevalent

problem.



93

First of all it was thought proper to know the gg&abf corm rot in the
saffron fields of Kashmir valley in terms of incitee and intensity. The studies
were conducted during 1999 and 2000. Thirty sikd§drom twelve locations of
all the three important districts of Kashmir valleyere surveyed for
understanding the corm rot status at three imposeges of crop growth. The
corm rot incidence ranged from 4 to 42 per centinguboth the years. The
disease incidence varied from place to place aagesio stage. It was highest at
digging stage (22.11 per cent) and lowest at héangestage (10.51 per cent).
Dhar (1992) had conducted similar surveys in Pam@oea and the incidence
recorded was 6.70 to 15.20 per cent during 1988inDpresent studies, it was
22.94 per cent in the year 1999 and 23.73 per ice000 in Pampore belt.
These two surveys clearly establish that corm mosaffron is increasing year
after year. Present data confirms the occurrenceoom rot and its severe
incidence in Kashmir valley. Present studies ardewbased and provide the
confirmation about the disease status in all theoitant saffron growing areas

of Kashmir valley.

Measurement of disease intensity within the aftécierms was attempted

during present studies. The intensity ranged fro8® @o 16.93 per cent during
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1999 and 1.33 to 17.46 per cent during 2000. Thensity figures point out
towards the total loss of corms due to rot, theratgicating the loss of
propagating material and yield. The pooled datatfary years about incidence
and intensity also point out the same phenomendaiSoo report about the rot
intensity measurements of corms is available frdimtree important saffron
growing areas. These observations therefore, peoaidound base for planning

the future management strategy at divisional level.

The disease syndrome in field under natural camubtihas been studied
and described in comparison to healthy crop. Theiass revealed that the flower
count per unit area along with the corm size arghtgets lowered in affected
crop when compared to healthy. The foliage of tdécorms in the field is seen
as dull, yellowish, drooping with tips burning atie flower period lasts for five
weeks as against seven weeks in case of healtley.rdgroductive phase was
short by one month and dormancy phase prolongenhfatted corms. The
affected foliage did not yield any fungus. Thesesasbations have been
documented for the first time and there is no otreport available in the
literature for any comparison. The symptoms on cifie@ corms have been

described in detail and are in agreement with tieevations of Thakur (1997).
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The infected corms vyielded five fungi nameRusarium solani Fusarium
oxysporum, Fusarium moniliforme, Alternaria altetmaand Penicillium spp.
The fungi were brought to pure culture, identityt gonfirmed and the cultures
deposited with I.T.C.C., IARI, New Delhi. These flirwere studied for their
pathological and morphological characters on th&isbaf which their identity
was established. Thrdaisariumspecies identified as pathogenic were studied
for their growth in Richard’s agar medium at 25°€2The three species varied
for their growth.Fusarium solanigrew at consistent speed compared to other
two species and after 144 hours gave maximum groWw@® mm indicating the
serious potential of the inoculum build up when paned to other species. Such
studies had also been earlier conducted with oflidaites of the same fungi on
same crop or in different crops and media (CappEd94; Dhar, 1992; Cartat

al., 1982; Agarwal and Sarbhoy, 1978; Dharamvesr al., 2002). The

observations recorded are in accordance with theeatvorkers.

The pathogenicity tests with the fungi isolated eveonducted adopting
Koch’s postulates. All thd-usarium spp. were pathogenic in response under
artificial inoculation while Alternaria alternataandPenicillium spp. were non-

pathogenic. Amongst the thréaisarium species Fusarium solaniwas found
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most virulent. Pathogenicity tests further indicatdat the pathogen proved
highly virulent on injured corms compared to nojuied onesFusarium solani
has also earlier been reported to be the causeorof cot of saffron from
Himachal Pradesh. (Suet al.,, 1999) and the present investigations are in
conformity. However, Thakur,et all1992 has reportedMacrophomina
phaseolinafrom Kishtwar (J&K) but this pathogen was not &eld from the
corms collected from Kashmir. It is possible thHa¢ torm rot that prevails in

Kishtwar is different than the corm rot of Kashvilley.

Three species oFusarium were isolated from rotten corms collected
during corm digging, storage and saffron harvestifitge outcome of isolations
revealed thaFusarium solanwas found associated with rotten corms collected
at digging, harvesting and storage stages and dtherspecies such as.
oxysporumand F. moniliforme were observed only in corms collected from
storage. This phenomenon clearly establishes thmindgmt prevalence of

Fusarium solanand appears to be the major cause.

Association of nematodes akdisariumpropagules in the rhizosphere of
saffron corms was invariably encountered from &k ttest locations. The

Fusariumcount ranged from 3.00 - 54.33 x°¢0 soil and nematode population
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from 100 - 1300. The pathogen count varied frontridisto district recorded
maximum in Pulwama district. Occurrence Bfisarium spp. and nematodes
jointly in the rhizosphere indicates the complinaptnature of the eco-system.
This type of association between nematodes and frsgffron rhizosphere has
been studied for the first time. However, other keos under NATP project on
saffron have also made similar observations (Zapgasonal communication).
The variations in population levels of nematoded Ensariumspp. appears to
be due to cumulative effects of various ecolog@atl environmental factors
influencing the interaction effects, their survivaahd multiplication (Rao and
Krishnapa, 1996). Further studies with respectamatode species involved and
their potential in causing injury to corm epidernaiad disease development

would be beneficial.

Role of Fusariumsolani and nematodes on the development of corm rot
and yield was studied. The data established tHatctebf joint invasion of
nematode and fungi was more pronounced than indwicpplications, as
simultaneous inoculation ¢fusarium solanend nematode gave highest number
of rotten corms with a high disease severity amddywas the lowest compared

to other treatments. The difference between trastn@mbinations was
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significant. These studies have been attemptethéofirst time on this crop and
there is no published data available in this aspdh corm rot severity in

combined infections may be due to synergistic i@lahip between the two
pathogens. According to Zaki and Mantoo (20013 passible that nematodes in
the corm rhizosphere proved beneficial for the tgyeent and colonization of
Fusariumspp. by causing injury in the corm epidermis ftating their entry

into the corms, thus predisposing corms for theettgpment of rot disease by

fungal pathogens.

The management of saffron corm rot was attemptechdypting three
approaches which are non-hazardous and eco-frieritffigct of commonly
available organic amendments (FYM, poultry manareshroom compost, spent
mushroom compost and saw dust) on total fungal latipua in the rhizosphere,
studied for three months at 30 days interval ineédathat the total fungal
propagules increased with the period of decommositspecially of FYM,
poultry manure and mushroom compost. The amendnheted in building up
the inoculum potential of competitive micro-organssin the rhizosphere which
in turn had deleterious effect on pathogdfisaria. Such phenomenon with the

addition of organic amendments in soil are of commabservation (Sharma and
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Sharma, 2002; Singh and Singh, 1982; Jordein,al., 1972) and these
observations are in confirmation with the above keos as far as saffron
rhizosphere is concerned. The propagules couRusérium solanfrom the soil
that received organic amendments reveal that FYWWUltyy manure and
mushroom compost (4:1 ratio) application considigraileduced the viable
propagules oFusarium solaniThe decrease was maximum after 90 days. These
observations establish the antagonistic affect hnfosphere microflora upon
Fusarium solaniwhen amended with organic source. These studia#dar a
viable clue for effective management of saffron ncorot. The organic
amendments besides increasing the antagonistic olomatr count in the
rhizosphere shall also provide enough nutritiothtddeveloping corms and also
improve the soil texture and would naturally help ¢orm development,
multiplication and yield. Present observations §ather support from the
findings of several workers who worked on othetaszs ofFusariuminfecting
other crops. Raj and Kapoor (1997) was of the vibat antagonists which
compete for the nutrients with soil borne pathogaight affect multiplication of
these pathogens adversely resulting low build uppathogens in compost
amended soils Gilbert,et al. (1968) opined that rise in population of soil

microflora ultimately suppresses growth of pathogdarms. The incidence of
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corm rot and yield after the addition of organicemmiiments was studied. It was
found that decomposed FYM is most efficient follagy poultry manure and
mushroom compost at 4:1 ratio. The disease inceland severity was reduced
to significant levels and the yield proportionalhgreased in these amendments.
These studies clearly establish the utility of hesganic amendments in disease
management. Such studies on this crop have not beeducted or reported
elsewhere. However, the organic amendments hawessfally been used for
the field control of fusarial diseases of tomatoaj(Rand Kapoor, 1997)
muskmelon (Chakraborti and Sen, 1991). In Taiwaamyrplant diseases caused
by Fusariumspp. were effectively controlled by using compostsl mineral

mixture (Sun and Huang, 1985).

All the isolates of antagonists in dual cultureilnted the mycelial growth
of the pathogen butrichoderma virideinhibited maximum mycelial growth
followed by theGliocladium virensandT. harzianum. Aspergillus nigshowed
the moderate antagonism. The mechanism of inhrbitnay be competition for
food and space, production of antibiotics and mgcagitism (Roy, 1977).
Mukherjee and Tripathi, (2000), Pandey and UpadhZé&®0), and Kumar and

Dubey (2001) also observed high degree potentidhe$e antagonists against
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pathogenicFusarium spp. associated with other crop plants, unitewitro

conditions.

Mechanism of inhibition by antagonists in termswofatility and non-
volatility was also studied. The antagonists inteithithe growth of the pathogen
by the production of volatile and non-volatile &migal substances and among
the bioagents maximum growth inhibition of the paf@n was shown by.
viride followed by T. harzianumandG. virens.Differences in inhibition per cent
may be due to differences in quantity and qualityhe inhibitory volatile and
non-volatile substances produced by the antagoifisthoderma spp. an
antagonistic to a range of fungi reported to balpoing volatile and non-volatile
antibiotics (Dennis and Webster, 1971(a), 1971 Kkhopadhyay and Kaur,

1998).

These observations establish that in rhizosphetle these phenomenon
must be operating that results in the decreaseatifogenicFusarium solani
thereby reducing the corm rot development. As wthese bioagents testéau
vitro (in polybags), all the bioagents reduced the crotrseverity significantly

as compared to checK. viride was found to be the best with lowest severity
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(13.37%) followed byG. virens (15.32%). Thakur (1997) also reported the

potential of these bio-control agents in the manaage of corm rot of saffron.

Soil solarization having come up as a latest tephmiin managing soll
borne diseases in many crops. This concept wasedpijolr managing the corm
rot of saffron during the present studies. The istudlearly establish that
solarization effectively increased the temperattrall depths but the rise was
more at 5 cm depth as compared to 10 cm depth gibsoth the years.
Solarization for 6 weeks duration recorded the mmaxn rise in temperature
during both the years at 5 cm depth {8.4nd 8.8C, respectively). Kumar and
Sood (2001) recorded the temperature profiles #Herdnt depth and found
maximum increase of temperature at 5 cm depth &fterl0 weeks. Solarization
temperature rises under polythene cover have asa becorded by many other
workers (Chellemigt al., 1994; Raj.et al., 1997). The corm rot incidence and
intensity was assessed with solarization as arnvithekl treatment besides,
solarization in combination with FYM and irrigatiorit was found that
solarization coupled with application of FYM andigation suppressed the
development of corm rot to significant levels comgohto soil solarization alone
and non-solarized treatment. The differences betvdséerent treatments were

generally significant. The study clearly establskigat six weeks of solarization



103

when supplemented with FYM and irrigation reduce ttorm rot severity to
appreciable levels as compared to check. The aihbinations i.e. solarized
irrigated and solarized amended with FYM also resukignificant suppression
of the disease. Soil solarization has been foufecfe in checking the soil
borne diseases in different crops economically,(&aal., 1997, Raj & Kapoor,
1993 and Chattopadhyay and Sastry, 2001). The iex@etal findings confirm
the utility of soil solarization in corm rot. Maryiological processes including
antagonist pathogen interaction which contribute pmthogen control are
stimulated besides chemical and physical processles place during soil
solarization (Katanet al1983). However, according to Patel (2001) the most
pronounced effect of soil solarization in diseasatol is physical one i.e. an
increase in soil temperature for several hours/dhiling the solarization period.
Earlier also soil solarization with transparentyploéne mulch has been found to
kill the propagules oFusariuminfecting watermelon (Mortyn and Hirtz, 1986)
and tomato (Raj & Kapoor, 1993). Present studie® l[shown that amending the
soil with FYM and application of irrigation in conmation with soil solarization
can be helpful in reducing the corm rot of saffr®ajet al. (1995) suggested
that in order to get better results soil shouldkbpt moist during mulching to

increase thermal sensitivity of resting structuaed improve heat condition.
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CHAPTER-VI

SUMMARY AND CONCLUSION

Corm rot of saffron has been observed to be onleeo$erious problems of
saffron in Kashmir valley. It has mainly contribdtefor the decline in
productivity per unit area year after year. Corrhisoa soil borne problem and

leads to rotting of corms above root region which only stops flower bearing
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but also decreases the potential of corm multipboaduring vegetative phase of

the crop.

Present studies clearly established the serioussfedse problem in all
saffron growing areas both in terms of the incideand intensity. It has been of
higher order in traditional Pampore area and coatpealy of low order in other
newer areas. The symptoms produced by the disease ldeen described and
causal organisms identified. Rhizosphere studiasitivolve association of fungi
and nematodes provided useful information as fahasetiology is concerned.
Pathogenicity of fungi belonging to gendfasariumnamelyFusarium solani,
Fusarium oxysporunmand Fusarium moniliforme has been worked out and

amongst thenfFusarium solaniwas most predominant and virulent.

Management of the disease has been attempted Iptiregldhree non-
chemical, non-hazardous approaches. All the threse hgiven positive

indications.

Soil amendments FYM, poultry manure, mushroom cash@mnd spent
mushroom compost in the ratio of 4:1 and 5:1 wesrelicial but FYM and

poultry manure in the ratio of 4.1 were most useful
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Bioagents likeTrichoderma viride, Trichoderma harzianum, Gliodlaah
roseumand Aspergillus nigerwere also studied in order to have antagonistic
effect onFusarium solaniAll the bioagents exhibited the antagonistic effmat

Trichoderma viridenvas the most successful bioagent.

Soil solarization, a novel concept for managing borne pathogens was
investigated. Soil solarization in combination wiBYM and irrigation had

positive effect in checking corm rot.
It can be concluded as under:

» Corm rot incidence ranged from 4.00 — 40.00 pet oefh999 and 4.66

— 42.00 per cent in 2000.

* The corm rot intensity ranged from 0.8 — 16.93 @amt in 1999 and

1.33 - 17.43 per cent during 2000.

* Incidence and intensity was highest in Pamporedraltlowest in other

areas in Budgam and Anantnag.

* Symptoms produced by corm rot disease on foliagens and other

plant parts together with affect in crop stagesdascribed.

* Five fungi were isolated and identified from rottearms of which

three species ofFusarium namely Fusarium solani, Fusarium
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oxysporumand Fusarium moniliformewere pathogenicFusarium

solaniwas most dominant and virulent.

» Association ofFusarium solaniand nematodes in the rhizosphere was
established. Association of nematodes dnadsarium solani gave

highest number of diseased corms compared to ohavinoculation.

The occurrence oFusarium species varied from stage to stage of crop
developmentFusarium solaniwas mainly observed at digging and harvesting

stages while other two species were in storagestag

Among the organic amendments FYM (4:1 ratio) wasntbto be the
most useful followed by poultry manure. The amendiisiealso helped in

increasing the yield.

Trichoderma viridehas the superior antagonistic effectfusarium solani
compared to other bioagentsrichoderma viridehad both volatile and non-

volatile activity of inhibition.

Soil solarization for a period of six weeks coupledh application of
FYM and irrigation was most beneficial in increagithe soil competitive

mycoflora, increasing the yield and decreasingctiven rot incidence.



Fig. 2 Status of Saffron corm rot in selected locains of Kashmir (Incidence)
AR E ;
7
40 -
i , /
. A
iEy 5 7
30+ % N ?
RN N z
i f F! 2
i A 7
‘ 2 " 2
L s 2
i Y o] %
7 ( : Z
| 2 ; R )
i ¢ 4
20+ i %
1 Z : Z
BReR o o
H ; 7 o 4 4 x
154 Z ot : B; 7 BB N 7 . "i
s " FR AU e Moo x
T RAZe 2NN SLE R "
e " e X7 hnd [l .
10 | 1 Ewi ( TR o] A i@ A =3 s
B ! BAssZ Y 1 l : ol 1% i
b % i 7 & 141 1w U LI H
o g bAnEE Mo A i
5itl B : % RS il SR B i
: ; pALEE2 R 3 Bllele Rase 5
3 [ . ; i . , { o fin B i
? ;g: T L fEu: :
D 5;:‘\ Tl .:If:‘r: FalEs ZN s AT EC'F 4 : Baate 1. A: 1
Zaffran colony  Lethpura Wattan Pampore Gowherpura | Kultreh Qazipura Wadipura Sithama | Khiram Marhama Snigufwara i
! ! | Wudar 4
| ! | | | | |
31 2 ] 3 | 4 5 6 7 8 9 | 10 | 1" 12 =L |
i Pulwama ‘ Budgam Anantnag Percent Meani
i (Stages)
| ;
S R R e e o o T n R LR L Y -
. OPercent Disease Incidence 1999 Digging ) Percent Disease Incidence 1999 Storage & Percent Disease Incidence 1999 Harvesting
& Percent Disease Incidence 2000 Digging i Percent Disease Incidence 2000 Harvesting

B Percent Disease Incidence 2000 Storage
—

\@Percent Mean Incidence Digging OPercent Mean Incidence Storage

O Percent Mean Incidence Harvesting

108



109

Fig. 3 Status of Saffron corm rot in selected locans of Kashmir (Intensity)
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‘ Fig. 4 ‘ Overall status of Saffron corm rot in threeDistricts of Kashmir valley
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| Fig. 5 ‘ Average growth of differentFusarium species on Richard’s agar medium at 25£¢ ‘
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| Plate 1: | Healthy Saffron Flower |




Plate 2:

(a) View of Saffron Field (Healthy)

(b) Saffron bed showing the corm rot diseases
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| Plate 3: | Saffron corm and symptoms of corm rot
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Plate 4(a):

Fusarium solani

(a) Macro-conidia with mycelium

(b) Macro-conidia




Plate 4(b):

Fusarium spp.

1. Fusarium solani

2.Fusarium moniliforme

3. Fusarium oxysporum
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Plate 5: Pathogenicity responseHusarium solani)
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Plate 6: Corm rot symptoms at different stages ofrop development
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Plate 7:

1.Trichoderma viride

2. Trichoderma harzianum

3. Gliocladium virens

4. Aspergillus niger
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