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ABSTRACT

Title of the Thesis

An extensive survey conducted during 2004 andb2@9ealed that
Didymella blightwas prevalent in all ridge gourtyffa acutangulagrowing
areas of Kashmir valley with varied levels of iremte and intensity. The
incidence and intensity on leaves ranged from 82&4.0 and 7.7 to 34.8 per
cent, respectively. The incidence on fruits was ®.818.8 per cent. The
fungus inciting the disease was identified @&idymella bryoniae
(Aureswarld) Rehm (AnamorpRhoma cucurbitacearur(Foutrey) Sacardo)
on the basis of its morphological and pathologadracteristics. Disease
infection on leaves and fruits resulted in leagbtiand fruit rot, respectively.
Disease initially appeared on lower leaves as saralllar, light brown spots
with chlorotic halo ranging in size from 0.5 to Irin. With the passage of
time spots enlarged (up to 83 mm size) , develamedentric rings at the
centre and turned dark brown with greyish whitet@enThe spots then
coalesced, causing yellowing and blighting of thnére leaf. Symptoms on
fruit appeared as dark green, irregularly circieater-soaked spots which
enlarged rapidly and caused black rot. Black ffiegtiionsi.e, pycnidia and
pseudothecia of the causal pathogen, were observedected tissue of both
leaf and fruit which imparted black colour to thadtér. The disease in the
field appeared in June and reached its maximumhbyenhd of September.



Maximum apparent infection rate of 0.1858 and 06l84it/day in the field
were observed during fifth week of July in 2004 ahwling second week of
July in 2005, respectively. Weather factoiz, temperature, RH and rainfall
were found positively correlated with the diseasgelopment in terms of
infection rate (unit/day) with 69 per cent conttibn by rainfall alone.
Single spored cultures from ascospore and pycrpdi@son potato dextrose
agar (PDA) produced pycnidia after 10 to 12 daysnotibation at 24£°C
under 12/12 hour alternate cycles of light and dask, however,
pseudothecia were altogether absent. The fungusreelgincubation period
of 4 days to cause infection in the inoculated holsints, whereas, on
detached leaf and fruit it took 2 to 3 days. Thegius was found pathogenic
to all the eight cucurbit plant species tester] Cucumis sativugcucumber),
Lagenaria siceraria(bottle gourd),Cucumis melo(muskmelon),Citrullus
lanatus (watermelon) Mamordicha charantigbitter gourd),Cucurbita pepo
(squash),Luffa cylindrica (sponge gourd) an@Qucurbita pepo(pumpkin)
besides its natural hosuffa acutangulgridge gourd) both under natural and
artificial inoculation conditions. The best growamd fructification of the
fungus was observed on potato dextrose agar amdnceal agar media with
pH 7.0 when incubated at 24 +#°@. Spore germination was also best at this
temperature and pH level. The pathogen perpetuatde: form of spores on
seeds and plant debris stored indoors under amlaieotatory conditions as
these produced viable spores through out the oasenvperiod of twelve
months. It also perpetuated as a dormant myceliplant debris left on the
soil surface in open, however, pathogen was urtaldervive on plant debris
buried 7.5 cm deep in soil. Carbendazim and chiaonil from systemic
and non-systemic fungitoxicants, respectively, a§ asAllium sativumfrom
botanicals tested undér vitro conditions exhibited maximum inhibition in
mycelial growth and spore germination of the tesigus. The treatments
found most promising unden vitro studies, when tested as seed treatment
and foliar spray, treatment combination carbendassed treatment together
with foliar sprays of carbendazim proved superiocontrolling the disease
and also increasing the fruit yield.

KEYy wWoORDS : Didymella bryoniag Didymella blight, Perpetuation,
Management, Ridge gourd
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Chapter — 1
INTRODUCTION

Ridge gourd[Luffa acutangula(L.) Roxb.], also known as angled
luffa, is an important cucurbit crop which origiaedtin sub-tropical Asian
region including India (More, 2001). From nutritedrpoint of view, ridge
gourd has low calorific value but is rich in vitamA and C, and iron than
that of most other cucurbit crops (Seshadri, 1998 edible fresh fruit of
ridge gourd per 100 g contains 0.5g protein, 3.@agbohydrate, 0.04 ¢
calcium, 0.04 g phosphorus, 1.6 mg iron, 37 mgmita A and 18 mg
vitamin C (More, 2001).

Ridge gourd although is a vegetable crop, hasnatlagreater
significance due to its industrial and medicinat.usrom its dried fruits, a
derived product “Loofah” is used in scrubber padsprmats, pillows,
mattresses and as filter in steam engines (Mor@])20Leaf juice of ridge
gourd is used in ayurvedic medicine for treatingaamge of ailments
including sores, inflamed spleen, ringworms, pileprosy, bites of insects
and snakes and as a substitute for ipecacuanalysentery (Kapoor,
2001). The oil extracted from ridge gourd seedsfisctive against skin
diseases while, the roots of the plant are usedrapsy (Aswalet al,
1984).

In India, ridge gourds cultivated over an area of 10,040 hectares
with an annual production of 1, 28,310 metric to®&lhu, 2000). The

crop has recently been introduced to Kashmir anglois cultivated on a



limited scale as a main season crop in many magetable growing areas
of the valley. However, the information on area gmdduction of ridge

gourd in Jammu and Kashmir is not documented.

Cucurbits are subjected to many fungal, bactemal viral diseases
viz., downy mildew Pseudoperonospora cubengiBerkley and Curtis)
Rostowzew]; powdery mildew  Hrysiphe cichoracearum
Decandollabphaerotheca fuliginegSchlechtendal) Pollaci]; anthracnose
[Colletotrichum lagenarium(Pass) Ellis and Halsted]; Didymella blight
[Didymella bryoniae (Auersw.) Rehm]; Fusarium wilt Fusarium
oxysporumf. sp. melonis (Leach and Currence) Synder and Hansen];
angular leaf spot Hseudomonas syringapv. lachrymans (Smith and
Bryan) Young and Wikie]; bacterial soft rdErfvinia carotovorg; mosaic
disease etc. which affect their yield potential aodsiderably limit their
profitable production (Singh, 1987). Among theseybnella blight incited
by D. bryoniae(anamorphPhoma cucurbitacearurfFoutry) Sacardo), is a
highly destructive disease of all the cucurbitaseawops worldwide,
reducing their yield as a result of defoliationwfies, fruit infection and
subsequent decay (Schenck, 1968). The disease iigagejported from
France in 1891 on a Chinease variety of cucumbeuifteguere, 1891) and
since then it has been reported from many countrésely, USA, Britain,
Germany, Japan, New Zealand, Brunei, Mexico, N&hds, Republic of
Ireland, Salvadar (Puninthalingam and Holliday, 297In India, the
disease was first reported from Mysore on leaveSasfeum edul¢Sohi
and Prakash, 1972) and then subsequenti€wumis sativugkumar and
khan, 1984)Mamordicha charantdKulwant and Shetty, 1996Benincasa
hispida (Pandey and Pandey, 2003) andc@mis melo(Sudishaet al,

2004) Yield losses due to this disease on watemmieéve been estimated



up 100 per cent in Trindad (Bala and Hosein, 1988)per cent in USA
(Kienath and Duthie, 1998), 30 per cent on muskmeahoAustralia (Mc
Grathet al, 1993) and 35 per cent on cucumber in PollangdKi.4984).

Didymella blight is characterized by the developimef symptoms
on all aerial parts. Characteristic symptoms apmeathe leaf as small
circular, light brown spots with chlorotic halo, vdoping irregular
concentric zonations at centre and enlarge rapidlyl the entire leaf is
blighted (Koike, 1997; Pandey and Pandey, 2003)stem dark spots are
produced near the crown with sunken streaks orksramccompanied by
gummy ooze (Bala and Hosein, 1986). Symptoms oitsfhegin as dark
green, water soaked spots, which enlarge to indefisize and exude
gummy material (Scheneck, 1962). Black fructifioag (pycnidia and
pseudothecia) of the causal fungus develop onrtfexted tissue of fruit,
stem and leaf (Sudisle al,, 2004).

The disease has been noticed on ridge gourd ihrfiagegularly for the
last few years inflicting heavy economic lossesehg warrants immediate action
of plant pathologists. The practice of monoculttaed prevailing disease
favorable environmental conditions seems to haveryiillip to the spread and
development of this disease in the valley. Variagpects of this disease on
cucurbitaceous crops other than ridge gourd hawen bstudied in India or
elsewhere in the world. Therefore, it was considengperative to study various
aspects of the disease in ridge gourd crop unda®tt conditions of Kashmir

with the following objectives:
Objectives
» To know the status of the disease in valley

» To study etiology of the disease and host ranghepathogen



» To establish role of meteorological factors on @ssedevelopment

» To devise the chemical management of the disease.



CHAPTER -2

REVIEW OF LITERATURE

The perusal of literature revealed that no work hasn done on
Didymella blight of ridge gourd incited bidymella bryoniaein India or
elsewhere in the world. Therefore, relevant literatavailable on the

related aspects of allied hosts has been reviewedder:
2.1  Distribution and Status of Disease

The Didymella blight is widely distributed in trgal and sub-
tropical countries and also reported frequentlyairas having temperate
climate (Sitterly, 1969). The disease affectstal tucurbitaceous crops and
reduces their yield as a result of defoliation ofes, fruit infection and
subsequent decay (Schenck, 1968). The earliestrmsgdof the occurrence
of this disease dates back to 1891 from France @hiaese variety of
cucumber (Roumeguere, 1891). Since then it has tegpemted from U.S.A,
Britain, Germany, Japan, New Zealand Brunei, Mexidtetherlands,
Pitcairn Islands, Republic of Ireland and Salva@@uninthalingam and
Holliday, 1972). In India the disease was firstaed from Mysore on the
leaves ofScheum eduléSohi and Prakash, 1972) and then subsequently on
Cucumis sativugKumar and Khan, 1984Mamordicha charantgKulwant
and Shetty, 1996)Benincasa hispidaPandey and Pandey, 2003) and
Cucumis melo(Sudishaet al, 2004). Didymella blight caused by.
bryoniae is the most destructive disease on watermelorhén southern
United States (Everts, 1999), where losses up tpet3cent of the yield
have been reported (Kienath and Duthie, 1998). evlidt al (1999)



reported fruit losses up to 68.4 per cent in caniad crop, amounting to 15
million U.S. dollar for South Texas producers. dtthe most significant
disease affecting muskmelon in all areas of ex#ensmuskmelon
production in Australia, causing annual productiosses up to 30 per cent
of early season muskmelons (Mc Grah al, 1993). Bala and Farzan
(1985) reported 30-100 per cent losses from Trirdiael to this disease in
muskmelon, whereas, Bala and Hosein (1986) estind®e100 per cent
losses in watermelon and 16-100 per cent in pumyileild. Yield losses of
about 10 per cent on cucumber in Holland (Van Stkdkirg, 1985) and 35
per cent in Poland (Leski, 1984) have been repottethdia the disease is
serious on bitter gourd, causing severe fruit boss drastically reduces the
seed setting (Kulwant and Shetty, 1996). The desegenerally causes
severe losses during the month of October and Nbeermn seedlings of
muskmelon (Sudishet al, 2004).

2.2  Casual Organism

The Didymella blight pathogen of ridge gourd wiastfdescribed by
Fautrey and Roumeguere on a Chinese variety ofnecheu in France as
Ascochyta Cucumi@Roumeguere, 1891). Later in the same year Passerin
described the fungus &dymella melonion Cucumis meld.. in northern
Italy without knowledge of its association witAscochyta Cucumis
(Saccardo, 1891). Chester (1891) described the $angris onCitrullus
vulgaris Schard. in Delaware under the namhyllostica citrullina on
account of its aseptate spores without recognitiegperfect stage. Initially
Smith (1905) named the causal fungdscochyta citrullinabut later on
after discovery of its perfect stage, he described Sphaerella citrullina
Grossenbacher (1909) designated the imperfect stdgihe fungus a

member of the genuBiplodina and referred the perfect stage to the genus



MycosphaerellaPotebina (1910) reported a fungus ©acumis meid..
under the nameé\scochyta melonisvhich was considered to be closely
associated witlbidymella melonig?ass. Further, he was of the opinion that
A. citrullina (Chester) Smith on watermelon was a form interatedi
betweerA. Cucumigrautr. and Roum. andl. melonisPoteb. As a result of
further studies on Fautrey’s collection, KeissE943) considered the three
names to be synonymous and recogni2edochyta ecumis Faut. and
Roum. as the first valid name for the imperfecygstaFerraris and Massa
(1912) published a species @Gucumis meld.. in Italy under the name of
Sphaerella melonignd claimed that the asci were non-paraphysate. Th
descriptions of Feraris’'Sphaerella melonishowed that it is the same
fungus as Passerni'®idymella melonis Chiu and Walker (1949a)
considerd the teleomorph as a specieslydosphaerelland in view of the
priority of Ascochyta cucumiBaut and Roum, named the perfect stage of
the fungus adtycospharella Cucumig~aut and Roum) Chiu and Walker.
Muller and Von Arx (1962), however, consider&ldymella melonis
synonymous withSphaerella bryonigedescribed by Auerswald, therefore
because specific epithet bryoniae had priority owelonis as it was
described earlier, they consider@dlymella bryoniag Auersw.) Rehm the

correct name for the fungus.

Chiu and Walker (1949a) studied the anamorpthoma
cucurbitacerum on various cucurbits and reported dark, globose to
irregular, 120-180 um in dia pycnidia on the lestEm and fruit lesions,
containing hyaline, cylindrical with rounded endsn or mono septate and
6.0-13.0 x 2.5-5.0 um in size pycnidiospores. Pgrated Pandey (2003)
also gave more or less similar type of descriptminthe anamorph.

Grossenbacher (1909) studied the pseudothecia diseased muskmelon



and recorded their diameter as ranging from 100tpmM65 pum. Later
Wiant (1945) observed the pseudothecia from sewer@lrbit species and
found them to vary in diameter from 71.0 um to P24m. The dark brown
to black colour and the globose shape of pseudttes/e been recorded
in all descriptions since Grossenbacher (Grossdmnat909; Wiant, 1945;
Chiu and Walker, 1949a; Puninthalingam and Holljde§72; Pandey and
Pandey, 2003). Puninthalingam and Holliday (1978 &orlettet al
(1986) described the asci as cylindrical to sulatiayv short stipitate or
sessile, 60-90 x 10-15 um, filled with 13-18 x 44 , hyaline, mono
septate, constricted at septum and rounded at ride with upper cell
usually wider than the lower one, ascospores. Gimd Walker (1949a)
found pseudoparaphysis like structures always &ssoc with the
pseudothecium but they considered them as immatuabortive asci and
not as true pseudoparaphysis. However, presenpseofdoparaphyses was
confirmed by many workers (Puninthalingam and Hali, 1972;
Skarshaug, 1981).

Keinathet al (1995) observed the colonies®f bryoniaewith olive
to dark green or black substrate mycelium, whiteyreerial mycelium and
abundant pycnidial and pseudothecial formation.il@meolony characters
were observed by Sudishat al (2004) but he did not observe
pseudothecial formation. Pandey and Pandey (208jreed white to gray
colonies which gradually became dark gray and liniallack and reported
no fructification of the fungus. Pycnidia in cukumwere described by
Corlettet al (1986) as globose to irregular, 80-380 um in @ied with
subglobose to ellipsoidal, usually aseptate, 4-83% um pycnidiospores.

Skarshaug (1981) observed erumpent to submergedigbecia in culture



which ranged in size from 375- 705 pum with 4.5 x2121m hyaline

ascospores.

2.3  Symptomatology

The manifestation oD. bryoniaeinfection on cucurbits has been
described by a number of researchers. The chasditesymptoms may be
observed on leaves, stems and fruits which may sangiderably based on
the specific cucurbit infected (Maynard and Hopkih899). Symptoms on
leaf were described by Koike (1997) and Pandey Raddey (2003) as
circular, dark brown with chlorotic halo spots wienlarge rapidly until
the entire leaf becomes blighted. They also obsertbe black
fructifications of the causal fungus arranged ircles at the centre of the
spots. According to Fletcher and Preece (1966) symg on leaves
appeared as water-soaked spots surrounded by awydlalo which
gradually enlarged, became light brow and paperthéncentre. Bala and
Hosein (1986) besides leaf, found symptoms on stemhark spots near the
crown with sunken streaks or cracks, accompanieguloymy ooze. Earlier,
Chiu and Walker (1949b) described the symptomgswitsfas water-soaked
spots which enlarge to indefinite size and exudargy material. Schenck
(1962) observed that the lesions on watermelorisfroegin as a small
circular, dark green, water-soaked spots whichrgaland develop various
shades of brown colour at its centre with a 1 mntewsoaked peripheral
band. Whereas, Van Steekelenburg (1981) descriteedytmptoms on fruit
as yellow to light brown, somewhat irregularly cil@r spots which
occurred allover the fruit and turned black duehe abundant pycnidial

and pseudothecial formation of the causal funguxofding to Kulwant



and Shetty (1996) the disease on fruits startet wmall, circular water-
soaked lesions on fruits which enlarged rapidly &mthed into blackish

spot due to black fructifications of the causalgus.

2.4  Pathogenicity

Chiu and Walker (1949b) inoculated watermelon begsl with
pycnidiospore suspension dD. bryoniae and observed circular or
irregularly shaped spots which were greyish greefirst and changed
eventually to dark brown followed by blighting diet whole leaf. They
further repeated the inoculation of watermelon Begs with separate
suspensions of ascospores and pycnidiosporBs lfyoniaeobtained from
a profusely sporulating culture secured from mosoeaporic isolation and
noticed that both types of spores produced singlanptoms on leaves.
Olsen and Slanghellini (1981) while proving the hmatenicity of D.
bryoniae observed development of water-soaked lesions awete of
cucumber, 3 days after inoculation when plants weapt in the moist
chamber whileas, pycnidia and pseudothecia devedopmas observed, 5
and 10 days after inoculation, respectively. Bald Blosein (1986) proved
the pathogenicity ofD. bryoniae on watermelon by inoculating spore
suspension (1x¥aml™") on punctured leaves of potted plants and consitler
the fungus as highly pathogenic to watermelon ay thbtained 100 per
cent infection of punctures after 48 hours of iretidn in polythene tents at
26-28C and higher relative humidity. Pandey and Pan@&93) reported
that inoculation of wax gourdBenincasa hispida with a mycelial
concentration of 542 cfu mlby leaf dip technique resulted in symptom

development only 8 days after inoculation, whenédasok 20 days when



foliar spray inoculation method was adopted. Suish al (2004)
inoculated 30 day old muskmelon plants with a spogpension (12 x 20
spores nit) of D. bryoniaeand observed symptoms on stem and leaves 7
days after incubation at 23 temperature with 90 per cent relative humidity
and 12 hour photoperiod. Sudisbaal (2006) found papery lesions and
pycnidial development on leaves of muskmelon segdiseven days after
inoculation with varied concentrations of spore pausion and found

positive correlation with the spore concentratiad aeverity of infection.
2.5 Host Range

Puninthalingam and Holliday (1972) reported no gbipgical
specialization ofD. bryoniae for any host within cucurbitaceous crops.
However, Leeet al (1984) noted that isolates of pumpkin and cucumbe
although were pathogenic to cucumber, oriental melpumpkin and
watermelon but produced more severe symptoms oe sdre hosts than
the others which suggested that physiological gfieation may occur.
Similarly, St Amand and Wehner (1995) reported g@he degree of host
preference may exist in isolates Df bryoniae after finding the least
virulence of a muskmelon isolate inoculated on culoer. Bala and Hosein
(1986), conducted a test to determine the pathodgnof watermelon
isolate of D. bryoniae on different cucurbit crops and observed that the
isolate of the fungus from watermelon proved tdiggly pathogenic on all
the cucurbits tested. He recorded 90-100 per oéattion of the punctures,
made before inoculation on cotyledons and leaves,watermelon,
muskmelon, pumpkin, cucumber, squash, christophomger gourd and
smooth gourd, whileas angled luffa and cucumber T&0 and 64.2 per

cent infected punctures, respectively.



2.6  Physiology

Different media have been tested by various warkiar their
selectivity and efficacy to support the growth afmdctification of D.
bryoniae Wiant (1945) observed best growth @f bryoniaeon oat meal
agar. However, Chiu and Walker (1949b) found coreamagar best
medium for growth and reported excellent fructifioa on oat paste
peptone dextrose agar medium. Curren (1969) fowsd fiouctification on
potato dextrose agar and peptone dextrose saltumelly constant or

intermediate illumination and least fructificationdarkness.

The growth and spore germination Bf bryoniaeis known to be
governed by temperature and pH. Optimum temperdturéne growth of
D. bryoniaeon solid media was found 24 to°80) while no growth was
observed at %€ and only slight growth recorded atC7 (Wiant, 1945;
Luepschen, 1961). Contrarily, Chiu and Walker (194@ported optimum
growth at 20C to 24C. Chenet al (1993) stated that the optimum
temperature for mycelial growth and spore germamatvas 27C and 25-

30°C, respectively, and optimum pH was 7.0.
2.7 Weather Factors

According to Chiu and Walker (1949b), tBedymella bryoniaeis
influenced greatly by environmental factors andnib2GC as optimum
temperature for infection in muskmelon and 24€%n watermelon and
cucumber. They further noted that moisture was nmaportant for disease
development than temperature and recorded peak@m®odispersal after
rains and during dew periods at night. Luepsch@&61) recorded no fruit
rot of watermelon held at°@, little decay at °C and very severe rot at
24°C after artificial inoculation of the fruit. Svedigd and. Unestam (1978)



found film of water necessary for the infectionleves by conidia obD.
bryoniaeand observed expansion of the developed spotsumdgr higher
relative humidity conditions. Uspenskayat al (1979) studied the
correlation between incidence BX. bryoniaeand the glass house micro-
climatic conditions and found positive and sigrafit correlation between
the disease incidence and relative humidity. Snhyilavan Steekeleburg
(1983), besides moisture and a minimum temperatuse1C, found high
relative humidity pre requisite for fructificatiaand subsequent dispersal of
ascospores. Later, Keinagh al (1995) reported free moisture on leaves for
at least one hour essential for infection and firgontinuous leaf wetness

as a requirement for lesion expansion.
2.8  Perpetuation of Pathogen

The perpetuation of a pathogen in a crop eco-sydsierms an
important component for recurrence of any endemiemdemic disease.
Like other pathogens of economic importance, theigal of D. bryoniae
in the crop-less off-season is likely to providpatential source of primary

inoculum for the disease to recur.
2.8.1 Perpetuation through seed

There are conflicting reports about the seed trasshility of D.
bryoniae in cucurbits. Brown and Preece (1968) reportedasion of
cucurbit seeds on artificial inoculation, but diok find any trace of natural
infection of seeds extracted from the infectedtétusimilarly, in artificially
infected watermelon seeds, Rankin (1954) found ithesion of D.
bryoniaein the epidermis and sclerenchyma layers andtesbldne fungus
from cotyledons and embryos. Leeal (1983) isolated the pathogen from

seed coat, perisperm and tissue of the cotyledoms fthe seeds of



naturally infected fruits and confirmed both extrand internal seed borne
nature of the pathogen. Chen and Bao (1990) ndtedstirvival of the
fungus both in and on the seeds of infected fryt$o 21 months, whereas
no pathogen was traced from the seeds of sympterfiigits. Sudishat al
(2004) recorded 41 per cent natural transmissiondiséase from the
infected seeds sown in the field. Sudigtaal (2006) evaluated different
components of infected seeds and indicated thatnien incidence db.
bryoniaepathogen was 31 per cent in seed coat, 11 periceatyledon

and 4 per cent in embryo.
2.8.2 Perpetuation through plant debris

Survival of D. bryoniaeon crop debris during off season has been
reported by many workers (Chiu and Walker 1949bhefick 1968;
Uspenskayat al, 1976; Van Steekelenburg, 1983; Keinath 2002heSck
(1968) observed that the pathogen persisted thr@ayerse weather as
pseudothecia on the crop debris which produce inotufor primary
infection. However, Chiu and Walker (1949b) foundpty pycnidia and
pseudothecia in the overwintered crop debris bingdvut could isolate the
fungus readily, therefore, suggested that the fanguerwintered as
dormant mycelium. Similarly, Van Steekelenburg (3P8lso observed the
survival D. bryoniaeas dormant mycelium in the dry and undecomposed
crop residues for more than one year. Uspens&agh (1976) reported the
longer survival ofD. bryoniaein the sterilized soil than in the unsterilised
soil and reported that the formation of dormantnhfdospores enabled the
fungus to survive in soil. Kienath (2002) reportdee survival of D.
bryoniaeonly for 6 to 7 months on infected watermelon siteiried at 25
cm depth and attributed the short period survivéltiee fungus to



antagonistic activity of saprophytic soil microonggms which seemed to

have eliminated the pathogen resident in watermeddomis.

2.9 Management
2.9.1 Fungicides

For the management of Didymella blight of vari@ugurbit crops,
several fungicides have been tested. Earlier Bordeaixture and copper
lime either as seed treatment or foliar spray wisesd for the control of this
disease (Webber, 1929; Walker and Webber, 1931n\W1&45). Later on,
Rankin (1954) tested the efficacy of different fiondes against the disease
but found least number of infected watermelon segslby using mercury
chloride as seed treatment. Hopkin (1973) compaeeral fungicides
against Didymella blight of watermelon and found stn&ffective the
application of carbendazim, captafol, mancozeb amaheb. However,
Sumneret al (1981) and Kienatlet al (1995) found chlorothalonil the
most effective. Van Steekelenburg (1981) reportedkl disease index by
the application of carbendazim, chlorothalonil amtheb in young
cucumber plants. Kienath (2000), besides chlorothial found the
application of mancozeb effective in reducing tleeesity of the disease.
Likewise, Sumner and Phatak (1987) observed apmabely 50 per cent
reduction in the disease severity by weekly sprafyshlorothalonil and
mancozeb when sprayed alone or in combination mighalaxyl. Vawdrey
(1994) evaluated ten fungicides against the Didiara@lght of roackmelon
and found tubuconazole followed by carbendazim, lobydganil and

chlorothalonil superior to all other fungicides meducing the disease



severity and increasing the yield..

In in vitro studies orD. bryoniag Chiu and Walker (1949b) tested
toxicity of some fungicides on germination of pyiospores and found
98.6 per cent inhibition by CuSCand 87.5 per cent by HgClVan
Steekelenburg, 1978) reported complete inhibitibmycelial growth ofD.
bryoniaeby carbendazim (100ug/ml). Later, Urbanszkal (2002) while
evaluating the efficacy of different fungicides Bn bryoniae culture on
solid nutrient medium, found fenarimol and pencai@anost effective in

inhibiting the growth.
2.9.2 Botanicals

Looking into the deleterious effects of synthqtiesticides on life
supporting systems and other associated problents @ pest resistance
and detrimental effects on non-target organisnesetiis an urgent need to
use alternative agents for pest control using theces that are harmless.
With the growing awareness of harmful effects ohthgtic pesticides
worldover, the use of plant extracts have assurmpedial significance in
the present day strategy of developing ecofriengfgducts for plant
diseases management (Singh, 1997). Recently, pkdrdcts drawn from
the various parts of certain plant species haven lseecessfully tried to
demonstrate their antifungal activities (Karade &advant, 1999; Sindhan
et al., 1999; Singh and Navi, 2000; Bowers and Locke, 2000)e
antifungal activities of different plant extractsgainst many plant
pathogenic fungi have been well documented (Dubwey Rwivedi, 1991;
Biswaset al., 1995). Floriet al. (2000) suggested that leaf extracts and
essential oils of certain plants could be usedufgpeess the growth db.

bryoniaeafter finding the crude extracts Afyeratum conyzoidesffective



in inhibiting the mycelial growth and spore gerntioa of D. bryoniae
They further noted 100 per cent inhibition of thecalial growth and
germination of spores dD. bryoniaeby essential oils ofCymbopogan
citratus A. conyzoidesndE. citriodora Favaronet al, (1993) reported
inhibition to various extents of polygalacturonagpesduced inn vitro by
D. bryoniaeby the extracts of onion and leeKaushal and Paul (1989)
evaluated plant extracts prepared fr@annabis sativaPinus lingifolia
Eupatorium sp.and Lantana indicaagainst theAscochyta phaseolorum
isolated from leaves of/igna mungo all the extracts excepf. sativa
inhibited the growth of the test fungus. Tasleetnal (1998) while
evaluating the aqueous extracts Aflium cepa Calotropsis procera
Chenopodium album Chenopodium musalaAzadirachta indica and
Cannabis sativagainst théAscochyta rabiagfound maximum reduction of
colony growth by A. cepa extracts. Crude bulb extract dEuconis
autummalis inhibited mycelial growth ofMycosphaerella pinodesthe
cause of blight in pea, as well as, prevented ilgf&iction by M. pinodes
spores when the leaves were inoculated with spbih, before and after
the treatment with the extract (Pretoraisal, 2002).



Chapter — 3
MATERIALS AND METHODS

The present study was conducted during 2003-20@%eiivision of
Plant Pathology, Sher-e-Kashmir University of Agtiaral Sciences
and Technology of Kashmir. The materials used hedriethodology
adopted in achieving the set objectives of theysaurd described as
under:

3.1 Disease survey

Survey for prevalence and severity of Didymellightl of ridge
gourd was conducted in eleven major ridge gouravgrg areas from two
districts viz. Srinagar and Budgam during last we&lugust in the year
2004 and 2005. Three fields from each area anddiaets per field were
randomly selected. From each plant four vines satecandomly were
tagged. From each vine a random sample of fiveeleavas drawn. In all
hundred leaves from each field were brought tdaberatory for recording
the incidence and intensity of disease. For reagrdiisease incidence on
fruits, all the fruits growing on the randomly sdkd five plants were
thoroughly examined. The per cent disease incidemckaves and fruits

was calculated by using the following formula:



Per cent disease incidence = Number of infected leaves or fruits % 100

Total number of leaves or fruits assessed

The disease intensity on leaves was recorded osd® (Plate-1) as per
the method of Singht al. (2003); where

Numerical Category Leaf area affected (%)
0 Nil
1 1-10
2 11-25
3 26-50
4. 51-75
5 76-100

Per cent disease intensity (PDI) was calculatgaeashe formula :

Sum of the all numerical ratings

Per cent disease intensity 100

X
Total number of leaves assessed x highest
value of rating

3.2 Symptomatology
The study on symptom development of Didymella Hlighas

undertaken on naturally infected ridge gourd plagtswn under field



conditions. These plants were not given any plant protecti@atinent

throughout the season. The plants were observédfdathe appearance of
typical disease symptoms. The date of first appeareof disease was
recorded and diseased parts tagged for furthernadisens regarding
disease progression. The symptom development w#pect to the size,
shape, colour and fructification was recorded cwdusly at weekly
interval. The disease development was also studiadificially inoculated

ridge gourd plants grown in laboratory.
3.3 Isolation of causal pathogen
3.3.1 Culture from pycnidiospore

The pure culture of fungus was obtained by sirgglere transfer
method (Johnston and Booth, 1983). For this pur@ospore suspension
was prepared in sterile distilled water from spatinlg lesions of ridge
gourd leaves. Three drops of spore suspension &wely spread on the
surface of plain agar medium in Petri plates fomgeation. The plates
were incubated at 243@C and regularly observed under compound
microscope for spore germination. The germinatipgres along with agar
disc were lifted with the help of sterilized scd|pgansferred to PDA
medium plates under aseptic conditions and incdbatt 24+2C to
maintain its growth. The pure culture so obtainedswnaintained for
further study in different experiments by subcuttgrregularly after every
30 days

3.3.2 Culture from ascospore

Single spore culture from ascospore formed in pseéetia, was
obtained following the technique adopted by Trapand Kaiser (1992).
The diseased leaves were moistened with steritizstdled water for about



half an hour and extra water removed with the leélplotting paper. The
leaves were examined under stereoscopic microsfmpthe presence of
pseudothecia. One énteaf disc containing mature pseudothecia was cut
and placed on a water agar block that was attathéae inner surface of
the cover of a Petri plate. The plate cover withaaohg tissue was placed
over the bottom plate containing two per cent waggr. Petri plates were
incubated in the dark at 20%1 for two hours for ascospore discharge onto
water agar. After 24 hours, the lids were replagaith fresh lids. These
plates were examined for the presence of ascosgmyesxamining the
inverted plates under compound microscope. Theeglawere then
incubated at 24+£C. After 48 hours of incubation the plates wereimga
examined for ascospore germination. Distantly placgerminating
ascospores were located and marked. These gemgradcospores along
with the agar disc were then transferred asepyidallpotato dextrose agar
medium and incubated at 24€1 The pure culture thus obtained was

maintained by regular sub culturing.
3.4. Pathogenicity

The pathogenicity of the causal fungus was estaddison ridge
gourd plants by confirming postulates of Koch ortgub plants as well as

on the detached leaves and fruits.
3.4.1 On potted plants

The soil was sterilized by autoclaving at 1.05 kg“cfor three
consecutive days and 2 kg of the sterilized sod wat in each pot of 18 cm
diameter. The seeds of ridge gourd, sterilized roynérsing in mercuric
chloride solution (0.1%) for 1 minute and subsedyeminsed with

sterilized distilled water, were sown in these pdise test plants so raised



were kept in humid chamber for a period of 15 daysr to inoculation to
rule out any latent infection. For plant inoculaticspore suspension was
prepared by flooding the fungal culture grown ortapm dextrose agar
medium with sterilized distilled water (Arny and miall, 1991) and
subsequently concentration of the suspension a&tjust1 x 10 spores per
milliliter by haemocytometer. The spore suspensias atomized on to the
test plants to run-off while as, an equal volumetefile distilled water was
used in case of check. After inoculation plantsenecubated under moist
chamber for 24 hours, then shifted to green houserevtemperature was
18+5°C and examined critically for expression of sympsdior a period of
30 days. After recording the typical symptoms ost fglants, the causal
pathogen was reisolated and compared with the dbiresolated and

inoculated one.
3.4.2 Detached plant parts

Pathogenicity of the fungus was also carried outetached leaf and
fruit of ridge gourd plants. Apparently healthy vea and fruits were
detached and brought to the laboratory, surfacdiztel with 0.1 per cent
HgCl, for 30 seconds and serially rinsed thrice in bted distilled water.
These plant parts were then separately placedeoifizd glass slides, kept
in sterilized Petri plates lined with blotting pap&he petioles of the leaves
and peduncles of the fruit were inserted in moadton. For preparation of
spore suspension similar method as described troee®.4.1 was adopted.
Nine drops (10 pl) of this suspension were pladatdre equidistant places
on the tested plant parts. The control set wasralatained and inoculated
with sterilized distilled water. The Petri platesne then placed in diffused
sun light on laboratory benches at a room temperaad observed daily

for the appearance of symptoms.



3.5 Morphological and cultural characteristics

Morphological and cultural characters of the cafisadus, isolated
from diseased spots, on its host as well as ipute culture were studied
for its identification.

3.5.1 In culture

Colony characters such as colour and status ofiyeelium were
studied from the medium visually. For morphology tife fungus,
mycelium from marginal portion of actively growingplonies, hundred
pycnidia and two hundred pycnidiospores from 15 d&d culture were
examined under a microscope and the observatiotis respect to shape,
size and colour as well as septation of myceliumh pycnidiospores were
recorded.

3.5.2 On host

The leaf and fruit samples exhibiting typical syomps of Didymella
blight were observed under microscope for the praseof mycelium,
pycnidia and pseudothecia. The pycnidia and pséed@ thus located
were picked up with the help of a teasing needlecqu separately in a
drop of water in cavity slides and studied for shand size. The picked
pseudothecia and pycnidia were also placed in @ drolactophenal,
pressed gently under cover slip to rupture and @xainunder microscope.
Observations for overall morphology of the fungusrevrecorded with

respect to the following characters:
Mycelium X Colour, septation and branching patter

Pycnidia : Size, shape and colour



Pycnidiospores : Size, shape, colour and septation

Pseudothecia : Size, shape and colour

Asci : Size, shape, colour

Ascospores : Size, shape, colour and septation
Pseudoparaphysis Size, shape, colour and saptati

3.6 ldentification of the pathogen

Morphological characteristics of the causal organstudied were
compared with standard description given by Pualiigam and Holliday
(1972) for identification of the pathogen. The itiecation was also
confirmed by Dr. P.N. Chowdhary, Ex-Principal S¢ist) Division of Plant
Pathology IARI, during his visit to the Division the year 2004-05.

3.7 Hostrange

Nine cucurbit plant species viz., cucuml{@ucumis sativud..),
muskmelon(Cucumis meld..), watermelon[Citrullus lanatus (Thumb.)
Stendle], bottle gour@Lagenaria siceraria(Molina) Stendle), bitter gourd
(Mamordicha charantidPoir), sponge gourflLuffa cylindricaL.), pumpkin
(Cucurbita pepdPoir), squashGucurbita maximausch) and ridge gourd
(Luffa acutangula were tested for the host range of the pathogelated
from ridge gourd under green house conditidife plants were grown in
25 cm dia pots and inoculated at 3-4 leaf stage. grbcedures adopted for
preparation of spore suspension, inoculation acdhbation of test plants
and recording the observations on symptom developmere same as
described earlier in section 3.4.1. Days takenxpress first symptoms
were recorded in each case. These plant species aleo regularly

monitored during the course of survey, whereverilabke to record



occurrence of the disease under natural conditions.
3.8 Physiological studies

To ascertain the best medium, optimum temperatacehydrogen
lon concentration for the growth and fructificatiasf causal fungus,
following studies were undertaken.

3.8.1 Effect of media on growth and fructification of pathogen

Seven different solid medaiz., corn meal agar, czapek-Dox agar,
malt extract agar, oat meal agar, potato dextrgse €PDA), ridge gourd
fruit extract agar, ridge gourd leaf extract aggpdendix-1) were evaluated
with respect to their support for growth and friicdtion of the causal
fungus. The culture discs of 5 mm dia were liftethwa sterilized cork
borer from a 10 days old culture. Each disc waptasaly transferred to a
Petri plate (90 mm dia) containing test medium amibated at 24:°C.
The experiment was laid out in a completely randeai design (CRD)
with three replications. The observations for cglodiameter and
fructification were recorded after eight and fitteelays of incubation
respectively. For recording relative fructificatidh mm disc from 15 days
old colony was taken and observed under stereasampiroscope for

number fruiting bodies. The intensity of fructifian was graded as under

Category No. of pycnidia/ 5 mm culture disc Rating
- 0 Absent
+ 1-3 Scanty

++ 4-6 Moderate



+++ 7-9 Good

++++ >15 Abundant

3.8.2 Effect of temperature on growth and fructifiation of pathogen

The Petri plates each containing a 20 ml of sgedibasal medium
(PDA) was inoculated with a 5 mm culture disc ddtteungus and then
incubated at seven different temperatures viz. 16220, 24, 28, 32 and 36
(+1°C). Three replications were maintained for eaclatiment in CRD.
Methods adopted for recording observations on goldiemeter and
fructification and the scale adopted for gradingcfification were same as

described in section 3.4.1.

To study the effect of temperature on spore geatiun, a spore
suspension of 50,000 spores per ml was prepared Ifodays old culture of test
fungus. One drop of spore suspension was keptdn eavity slide and incubated
in a moist chamber of Petri plates at each tedl lelztemperature. After 24 hour
of incubation, hundred spores were observed und@psatope and per cent spore
germination calculated by using the following forlaiu

No. of spores germinated

Per cent spore germination = x 100
Total no. of spores examined

3.8.3 Effect of pH on growth and fructification of pathogen

In order to determine the optimum pH level for betyrowth and
fructification of the test fungus, the pH of basa¢dium was adjusted at
desired levels viz., 5.0, 5.5, 6.0, 6.5, 7.0, 8.8, with the help of pH meter
using N/10 hydrochloric acid (HCI) and N/10 sodilnydroxide (NaOH).
Inoculation and observations were made in similanner as described in

section 4.3.1.



To determine the optimum hydrogen ion concentmafior spore
germination of causal fungus, spore suspension (@50vas taken from
the stock volume (section 3.8.2) and equally diste in seven sterilized
test tubes. The pH of spore suspension was adjgsigatately at each test
level with the help of pH meter using N/10 HCI &d.0 NaOH. The drops
of spore suspension were then placed in cavityeslicbntained in moist
chamber of Petri plates and incubated at 2@+1Each treatment was
replicated three times in CRD and observation om pent spore
germination recorded after 24 hours by using thenfda as given in

section 4.8.2.

3.9 Perpetuation of pathogen
3.9.1 Perpetuation in/on seed

The seeds collected at harvest from severely teéfleddge gourd plants
were stored in cotton cloth bags in laboratory asdessed for presence of the

pathogen through blotter and agar plate methodwathly intervals.
3.9.1.1 Spore viability

Twenty ridge gourd seeds were taken randomly atthipintervals from
harvest and 1 cfrhilum portion from each seed carved out and crishe pestle
and mortar in 40 ml of distilled water. The crushmedterial was strained through
a double layer of cheese cloth. Twenty millilitértioe filtrate was centrifuged at
6000 rpm for 15 minutes. After centrifugation, suq@dant was discarded and
pellet was made 5 milliliter by adding sterilizedter (Filajdic and Sutton, 1995).
Number of pycnidiospores/ ascospores were counteth whe help of
haemocytometer and the average spore load of te@ieations was estimated.
To estimate the pycnidiospore/ ascospore germimatite drop of 50 ul from
processed sample was placed on a glass slide amoaited in a moist chamber at

24+1°C. After 24 hour incubation, the slide was viewedder binocular



microscope to record spore germination index ofrespaability. The spore
viability was recorded using the formula :

Number of spores germinated

Total number of spores viewed x 100

Spore viability =

3.9.1.2.Seed infection
a) Blotter method

Random sample of sixty seeds were taken at momttdyvals from
harvest and surface sterilized by immersing in Orh&curic chloride for
one minute followed by three subsequent rinses wsi#rilized distilled
water. The seeds were placed in sterilized Peshedi on three folds of
sterilized blotter papers moistened with sterilizfistilled water. Twenty
seeds were placed aseptically in each Petri distntamang three
replications for each plate. The plates were intadbat 24+IC. The blotter
paper in Petri dishes was kept moist by carefulurmg a few drops of
sterilized distilled water in the plates as and whequired. The plates were
examined from % up to 1% day after incubation for the appearance of
fungal colonies. The number of seeds showingoryoniae growth were

recorded and per cent infected seeds estimatedibg the formula:

Per cent infected seeds = Number of seed mfected_ x 100
Total number of seeds examined

b) Agar plate method

Sixty seeds were taken from the seed lot and eiriderilized.
Twenty surface sterilized seeds were asepticallgga on 2 per cent water
agar in Petri dishes and incubated at 2&t1The plates were examined
from 4" to 10" day after incubation for recording the percentafjseeds

showingD. bryoniaegrowth.

3.9.2 Perpetuation through plant debris



The infected plant debris including fruit husk atehves were
collected at harvest from the diseased crop and &eparately in nylon
mesh bags. The bags were divided into three set2 bhgs each. One set,
each of leaves and fruit husk, was placed on thlessdface in vacated
ridge gourd fields. The other set was buried 7.5dg®p in such soil and
third set was stored under ambient laboratory d¢mrdi. Each set was
replicated three times. One month after placemetiteobags at appropriate
positions, twenty bits of 1 cmarea were randomly taken from one
randomly selected bag of each leaf and fruit hustt examined for the
presence of pycnidia/pseudothecia. These leaf amt discs were then
crushed separately in 40 ml of sterilized distiNeaterandstrained through
a double layered cheese clotiwenty milliliter of the filtrate was
centrifuged at 6000 rpm for 15 minutgfter discarding the supernatant,
sterilized distilled water was added to the peletmake 5 ml of spore
suspension in each sample and the number of pypspdres/ascospores
were counted with the help of a haemocytometereStonate the per cent
viability of pycnidiospores/ascospores in over-wiirig leaf and fruit husk
debris, spore germination method was used. Twosdodd0 pl from each
processed sample were placed on glass slides andated in a moist
chamber at 24L°C. The number of spores observed and the number tha
germinated were recorded after 24 hour incubatwncélculating the per
cent viability of pycnidiospores/ascospores.

3.9.3 Effect of meteorological factors on development oDidymella
blight of ridge gourd

The role of various meteorological factors on digeatensity and
infection rate (unit/day) of Didymella blighdf ridge gourd was assessed
during the year 2004 and 2005 at Shalimar camplus.\ileather variables



were temperature, relative humidity (RH) and preatpn. The field
experiments were conducted in randomized block gaeswvith three
replications. Three plots (3 x 3 m) of ridge goungtre maintained
unsprayed to record the disease development unakerah conditions.
Development of the disease in terms of intensitg vexorded periodically
at seven days interval starting from the first &ppace of the disease.
Disease intensity was recorded on hundred leavetonaly selected from
each replication using 0-5 rating scale as destrnibesection 3.1.1. Weekly
means of the temperature, RH, and precipitationghrevailed prior to each
disease scoring date were recorded and correlatéth wisease
development. Stepwise multiple regression analygss conducted to
determine the effect of individual as well as coneloi weather factors on
disease development. Growth of disease developmédatms of apparent
infection rate (unit/day) was calculated as per fbemula given by
Vanderplank (1963):

2.3 % (1-%1)
r = X'log x
b—1t X (1-X2)
Where;
r = apparent infection rate (unit/day)
X1 and % = disease intensity at timgdnd §, respectively

3.11 Management of the disease
3.11.1In vitro management of the disease
3.11.1.1n vitro screening of fungitoxicants

Ten fungitoxicants (Appendix-Il), both systemicdanon systemic,



at four concentrations viz., 10, 50, 100 and 200nigfor systemic and 50,
250, 500, and 1000 pg thior non systemic were evaluated against the test
fungus by poisoned food (Grower and Moore, 1962) syore germination

(Montgomery and Moore, 1938) techniques.
a) Poisoned food technique

Appropriate quantity of each fungicide was sepyatlispensed in
molten sterilized PDA medium, contained in 100 mleBmeyer flasks,
under aseptic conditions to make a desired corasgorc After thorough
mixing, 20 ml of poisoned food, thus prepared, wasired in 90 mm
diameter Petri plates. The mycelial discs of 5 may thken from 10 days
old monosporic culture of the test fungus with thedp of sterilized cork
borer, were aseptically placed in the centre ofddgmd poisoned PDA.
Three replications were maintained for each comagoh. The Petri plates
were incubated at 24%C and observation on mycelial growth of test
fungus recorded after seven days of incubation. gitwavth of the test
fungus on non-poisoned PDA served as check. Theqr inhibition in
growth due to various fungitoxicant treatments iffecent concentrations

was computed by the following formula of Vincen®4T).

Germination in check — Germination in treatment
Percent inhibition = x 100
Germination in check
b) Spore germination technique

One drop of the fungitoxicant solution with doulilee required
concentration was placed in a cavity slide to whate drop of spore
suspension (g.v. section 3.4.1) was added. In odsmontrol a drop of
sterilized distilled water was put in a cavity slighstead of fungicidal
solution. The cavity slides were incubated in mélstri plate chamber at

24 + 1°C, maintaining three replications for each treatimafter 24 hours



of incubation, one hundred spores were observeedoh replication and
the average percentage germination inhibition efdpores was calculated

by adopting the following formula of Vincent (1947)

Growth in check — Growth in treatment X
Growth in check

Percent growth inhibition = 100

3.11.1.2n vitro screening of botanicals

Efficacy of aqueous leaf extracts of five botarsc@\ppendix-Iil)
viz., Allium sativum L. (Rohan) A. cepalL. (Ganda) Artemisia annua
(Tethwan), Urtica dioica (Soi) andDatura stramoniumL. (Datur) were
evaluated at 1, 5, 10 and 15 per cent concentram@inst the test fungus

by poisoned food and spore germination method.
a) Poisoned food technique

The plant leaf extracts were prepared following tiethod given by
(Jadeja, 2003). Leaves of the plants were firsthedswith sterilized
distilled water and then shade dried. One hundredfl gach plant material
was crushed in 100 ml of sterilized distilled water crude extract
preparation. The extract was homogenized, filtened centrifuged at 5000
rpm for 15 minutes. The supernatant was filteredugh Whatman No. 1
filter paper. The clear extract so obtained, ref@no as 100 per cent stock
solution, was used for experiment. Desired conegiotrs viz., 1, 5, 10 and
15 per cent were prepared by adding appropriateuamof standard
solution of plant extracts to PDA medium. Inocwatiand observations

were made in similar manner as described earliseation 3.11.1.1.
b) Spore germination technique

One drop of double the desired concentration oaiioal extract

prepared by adding appropriate amount of sterilidistilled water to the



standard stock solution was thoroughly mixed witie adrop of spore
suspension (g.v. section 4.3.1) in a cavity sl&fger 24 hour of incubation
at 24+PC in a moist chamber of Petri plates, observationsspore
germination were taken and percent germinationbitibn calculated by

using the formula given in section 4.6.1.1.
3.11.2In vivo management of the disease

The treatments that proved most effectiveinnvitro studies were
evaluated as seed treatments and foliar spraysr diedé conditions for
their efficacy in controlling the disease. The expent was conducted at
Shalimar campus for two years during kharif 2004 2005. A factorial
experiment of seed treatments x foliar sprays va#s ih a randomized
block design’ consisting of 16 treatments in akicle replicated thrice.
Naturally infected seeds of ridge gourd were usad sbwing in three
blocks (replications). Each block consisted of atmf 48 x 3 m size
divided into 16 plots of 3 x 3 m size each. Infectiglge gourd seeds were
soaked separately in fungicidal solution viz., esdazim (0.1%),
mancozeb (0.3%) and leaf extract Allium sativum(20%). The seeds
soaked in sterilized distilled water served as khdgeated ridge gourd
seeds were sown at a spacing of 150 x 100 cm @sé&gds per hole, which
after germination were thinned out to one seedpeg hill. Three foliar
sprays with the same fungicidal solutions as usedséed treatment were
made at interval of 15 days starting from the ahitlisease appearance.
Sprays with sterilized distilled water served asath All the sprays were
conducted in late afternoon hours and care wantékeprevent drift of
chemicals from one treatment to another by erecpotythene sheets
around the individual plots while conducting therays. The crop was

maintained by following all the recommended agroimopractices except



plant protection measures. After twenty days dof $gsay, 100 leaves were
randomly selected from five randomly selected @andbm each plot for
recording observations on disease incidence aedsiiy as per the method
given in section 3.1.1. The crop was harvestedur pickings after every
15 days. The observations with respect to yield;qr@ infected fruits were
recorded at the time of each picking and were smred by the

cumulative data of all pickings.

3.12 Statistical analysis

The data of various experiments were subjected pprogriate
statistical analysis and wherever needed subjedi®d appropriate

transformation, as suggested by Panse and Sukh8i8)(



Chapter — 4
EXPERIMENTAL FINDINGS

The results of the present study on Didymella Hiligf ridge gourd in
Kashmir, carried out both in the field and laborgtof the Division of Plant
Pathology, SKUAST-K, Shalimar are as under:

4.1 Disease status

Survey of the major ridge gourd growing areas aj districts viz.,
Srinagar and Budgam of Kashmir valley, was condlichering 2004 and
2005 to assess the status of Didymella blightlymella bryoniag of ridge

gourd (uffa acutangula
4.1.1 Disease incidence on leaves

The disease on leaves was prevalent during bathy#ars (2004 and
2005). On an overall basis, the disease inciderece more (36.4%) in 2005 as
compared to that of (32.6%) in 2004 (Table 1, Fy.The disease incidence over
the years was higher in district Srinagar (38.5B@ntdistrict Budgam (30.4%).
During the crop season 2004, the Didymella bligitidence on ridge gourd
leaves ranged from 16.6 to 60.6 per cent in disBtmagar and from 23.0 to 34.0
per cent in district Budgam. During crop season520fe disease incidence
ranged from 29.0 to 67.3 per cent in district Syarawhereas it ranged from 21.0
to 39.0 per cent in district Budgam. On an ovetalhparison amongst different

locations surveyed, the highest disease incideh6d.0 per cent was recorded in



Dal followed by Habak (55.8%), Shalimar (40.1%) aNdrkura (36.5%). In

location Gangbug, 32.3 per cent disease incidenas kgcorded which was
statistically at par with that of Ganderbal (31.5%ugam (31.0%) and Brain
(29.3%). The least disease incidence of 22.00 pat was recorded in Panzan

which was statistically at par with Noorbagh.(22)8%
4.1.2 Disease intensity on leaves

During the year 2004 and 2005, the disease inteasileaves varied at all
the surveyed locations. On an overall basis, tseatie intensity on leaves was
more (18.8%) in 2005 compared to that of 14.8 mart ¢n 2004 (Table 1, Fig.
1b). During the crop season 2004, the Didymellghtlintensity on ridge gourd
leaves ranged from 10.2 to 32.2 per cent in disBrmagar and from 8.2 to 16.0
per cent in district Budgam, whereas, in 2005, disease intensity ranged from
14.5 to 37.5 per cent in district Srinagar and fro:® to 19.8 per cent in district
Budgam. The disease intensity on leaves over tlaesyeas higher in district
Srinagar (20.3%) than district Budgam (13.3%). On averall comparison
amongst different locations surveyed, the maximuseake intensity of 34.8 per
cent on leaves was recorded from Dal, followed lap#&k, Shalimar and Narkura
with 29.0, 20.9 and 17.9 per cent intensity, respely. In location Noorbagh,
15.7 per cent disease intensity was recorded whah statistically at par with
that of Ganderbal (15.2%), Brain (14.6%), Bugam4%®d and Gangbug (13.6%).

The least disease intensity of 7.7 per cent wawrded in Panzan.
4.1.3 Disease incidence on fruits

The prevalence of Didymella blight on ridge gotrdt was also recorded
during the years 2004 and 2005. On an overall pé#sés disease incidence on
fruits was more (11.2%) in 2005 as compared to (&®6) in 2004 (Table 2, Fig.
2). The incidence of Didymella blight on ridge gauruits over the years was
higher in district Srinagar (11.7%) than distriaidgjam (9.2%). During the crop
season 2004, the disease incidence on fruits rafmged7.2 to 17.8 per cent in



district Srinagar and from 7.7 to 11.7 per cerdistrict Budgam, whereas in 2005
it ranged from 8.8 to 19.8 per cent in districtn@gar and from 6.0 to 13.5 per
cent in district Budgam. On an overall basis, amdifigrent locations surveyed,
the maximum disease incidence of 18.8 per centraits fwas recorded at Dal
followed by 15.4 per cent at Habak. Disease in@denf 12.6, 11.0, 10.4 and 9.8
per cent was recorded at Narkura, Shalimar, Braith G@Gangbug, respectively,
with no significant difference among them. The tedsease incidence was
recorded at Panzan (6.8%) which was statisticallpaa with Bugam (7.5%),

Darbagh (8.0%) and Ganderbal (9.1%).

4.2  Symptomatology

The ridge gourd plants, both naturally infected artificially inoculated,
were examined from third week of June, 2004 forespance of the characteristic
symptoms of Didymella blight. After recording thiest appearance of disease,
weekly observations on symptomatology were recorded are presented in
Table. 3 and Plates 2 & 3.

The disease in the field was first noticed onltiveer most leaves of ridge
gourd plants in the third week of June 2004. Theagpms initiated as small
circular, light brown spots with chlorotic halohging from 0.5 to 1 mm in size
(Plate 2a). With the passage of time the spotggedia developed concentric rings
at the centre (Plate 2b) and turned dark brown gittyish white centre (Plate
2c). The spots enlarged up to 83 mm in diametercaatesced (Plate 2d) caused
yellowing and blighting of the whole leaf (Plate)2Black pin head fructifications
(pycnidia and pseudothecia), arranged in concerdricles, were developed
within the greyish white centre of the spots. Dgrthe first week of August, dark
green, water soaked, irregularly circular spotsen@rserved on the fruits. These
spots enlarged rapidly and caused black rot ofwthele fruit (Plate 3a). The
black colour of the affected fruit was due to theurmdant pycnidial and
pseudothecial formation of the causal fungus orsthiéace of infected tissue. The

young affected fruits were shrivelled and deforr(iéidte 3b).



4.3 Isolation of causal pathogen

Single spore cultures were obtained from pycnplioss as well as
ascospores on potato dextrose agar medium incubagtPC under 12/12 hour
alternate cycles of light and darkness. Observatiorere recorded on the

development of cultures from both the sources aegeesented as follows:
4.3.1 Isolation from pycnidiospores

Observations recorded on the development of cuftora pycnidiospores
revealed that the maximum number of pycnidiospgeesinated within 24 hours
of incubation. One to two germ tubes were produnedach spore (Plate 5d). The
colony developed faster from the germinating spares covered the whole plate
(90 mm) within 8 days. Pycnidia were the only fingt bodies observed after 10-

12 days of incubation period.
4.3.2 Isolation from ascospores

The cultures were also developed from ascosporée dscospores
germinated after 24 to 36 hours of incubation aratipced one germ tube from
upper as well as basal cell (Plate 5h). The gernmthascospores, transferred to
potato dextrose agar (PDA) medium, developed fuegéinies which covered
the whole plate within 8 to 9 days of incubationendas, pycnidia developed after
10 to 12 days of incubation.

4.4  Pathogenicity

The pathogenicity of the causal fungus was esfabil by
confirming postulates of Koch on 35 days old pottelde gourd plants as

well as on the detached leaves and fruits of thetpl
4.4.1 On potted plants

Observations regarding the pathogenicity of theftesyus on potted

ridge gourd plants revealed the initiation of tygpisymptoms of the disease



after 4 days of inoculation (Plate 4a). Pycnidilofwed by pseudothecia
were observed after 12 and 15 days after symptgression, respectively.
The fungus on reisolation from artificially inoctaa plants resembled with
initially isolated and inoculated pathogen and leepathogenicity of the

isolate was proved by satisfying postulates of K{d@84).
4.4.2 On detached leaf and fruit

The pathogenicity of the isolated fungus was alswvgd on the
detached leaf and fruit of ridge gourd plant. lsvedserved that symptoms
developed after 2 days of incubation on injured Velaereas, it took 3 days
for symptom development on uninjured one (Plate. &imnilarly, on
injured fruit, symptoms developed after 2 days mfubation (Plate 4c),
however, symptoms were not observed at all on ilabed uninjured fruits.

Pycnidia were the only fruiting bodies observedays after inoculation.
4.5 Morphological characters of the fungus

The morphological characters of the isolated furggthogen were
studied both on host as well as in its pure culture are presented in Table
4 and Plates 5 & 6.

45.1 On host

Hyphae were branched, septate, smooth and hyatieasuring 3.2-
5.3 um (Av. 4.5 pm) in width. Black pycnidia (Pl&ia) of the anamorph
(P. cucurbitacearum 120.4 -172.0 (Av. 142.7 um) um in diameter, fedn
on the surface of infected tissue of leaf and fwatre globose in shape,
subepidermal, solitary, arranged in circles andtaioed large number of
pycnidiospores (Plate 5b). These pycnidiosporeg \wgaline, ellipsoidal to
allantoid, one septate (rarely 2 septate), consttiat septa, with rounded
ends and measured 8.6-12.9 x 3.2-4.3 um (Av. 1BB xum) in size (Plate



5c). Pseudothecia of the teleomorph, observedhegetith pycnidia on the
infected tissue of both leaf and fruit, were daglgbose to subglobuse,
subepidermal, solitary and measured 146.2-206.4(Avn 186.3 um) in
diameter (Plate 5e). The asci were hyaline, biateic cylindrical to
subclavate, short stipitate or sessile, biseriaight spored and measured
55.9- 64.5 x 10.7-12.9 pm (Av. 62.2 x 11.1 pum) iaes(Plate 5f).
Ascospores were 13.9-17.2 x 4.3- 5.4 um (Av. 16.8.X um) in size,
hyaline, mono septate, constricted at the septunaltiguttulate and
rounded at ends with upper cell usually wider ttr@nlower one (Plate 5f).
Pseudoparaphyses (Plate 5g) were hyaline, bransbpthte and measured
2.1-2.6 um (Av. 2.2 um).

4.5.2 In culture
4.5.2.1Macroscopic characters

The cultural characters of the fungus (Table. lateP6a) isolated
from diseased ridge gourd leaf and fruit were €ddon potato dextrose
agar medium. The fungus produced submerged hyplithesparse aerial
mycelium. The colonies were circular with cottormpwgth, initially white
to dirty white, turned greyish and finally blackyddidia formed after 10

to12 days were solitary to confluent.
4.5.2. Microscopic characters

The pathogen in culture produced hyaline to lightwn septate
mycelium measuring 3.2 to 4.3 um (Av. 3.6 um) imdtvi(Plate 6b). The
mycelium was irregularly branched and hyphae diyghulged at septa.
Black pycnidia formed after 10 to 12 days of indidoa were globose to
irregular in shape, solitary to confluent, glabroos with mycelial
outgrowths and measured 167.7-326.8 um (Av. 236) mm diameter



(Plate 6¢). Oozed pycnidiospores (Plate 6d) froenpycnidia were variable
in shape, subglobose to ellipsoidal or allantoithvgieveral small guttules,
aseptate rarely one septate, 6.4-9.6 x 2.1-4.3Avn8(3 x 3.7 pum) in size

(Plate 6e). Pseudothecia were not observed thraghe study period.
4.6 Identification of the pathogen

On the basis of morphological and pathological abiristics as
well as comparison with authentic descriptions,fthrgus was identified as
Didymella  bryoniae (Aureswarld) Rehm  [Anamorph Phoma
cucurbitacearun(Foutrey) Sacardo]. The identification was alsafemed
through Dr. P.N. Chowdhary, Ex Principal ScientiBiyision of Plant
Pathology IARI, during his visit to the Division the year 2004-05.

4.7  Physiological studies
4.7.1 Effect of media on growth and fructification

In order to ascertain the best media for achievimg optimum
growth and fructification of the fungus, seven dofhedia were tested.
Average colony diameter and fructification (per Bnngulture disc) were
recorded in each medium after 8 and 15 days ofbiaion at 24+iC,
respectively. The results obtained are presentddlite 5; Fig.3; Plate 7a.

Perusal of Table 5 revealed that the mycelial ¢inoaf the fungus
was best achieved (90 mm) on potato dextrose agaroat meal agar
media followed by malt extract agar (86.6 mm) andhcmeal agar (81.0
mm) media. Minimum growth (66.6) was observed afgei gourd leaf
extract agar medium which was statistically atwah that of ridge gourd
fruit extract agar (69.3 mm) and Czapek-Dox ag& Q6nm) media. The
results further indicated that all the media supgbrthe pycnidial

formation, whereas, no media favoured the pseud@hdormation.



Abundant pycnidial formation was recorded on po@gatrose agar, malt
extract agar, oat meal agar and corn meal agamaérate on Czapek-dox
agar and ridge gourd fruit extract agar media. pyenidial formation on

ridge gourd leaf extract agar was scanty.

4.7.2 Effect of temperature on growth, fructification and spore
germination

The observations regarding the growth responseesdf fungus to
various temperatures after 8 days of incubationpaesented in Table 6;
Fig 4a; Plate 7b. It is evident from the data thatfungus could grow and
fructificate at a wide range of temperatures (4232 however, no growth
and as such fructifications was observed a€3@he growth (90 mm) was
significantly superior at 2€, followed by 26C (81.6 mm) and 2& (74.3
mm) with abundant pycnidia formation achieved &tleése temperatures.
The 16.3 mm and 38.0 mm growth with scanty pychitbamation was

recorded at 12 and i@, respectively.

Observations on per cent spore germination (a2#rhours of
incubation) indicated that all the temperaturesetksliffered significantly
in their effect on spore germination. Maximum spgegmination (95.6%)
was recorded at 2@ followed by 28C (75.6%). The spore germination at
20°C was 68.0 per cent and was statistically at pah what of 28C.
Minimum spore germination of 24.6 per cent was réed at 32C,

however, spores could not germinate at 12 afi@.36
4.7.3 Effect of pH on growth, fructification and spore gemination

It is obvious from the data (Table 7; Fig. 4b; Platc) that the
fungus grew and fructificated throughout the pHgeof 5.0 to 8.0 (data
recorded after 8 days of incubation at 24°G)Jl However, maximum

mycelial growth of 90 mm and abundant pycnidiahiation was recorded



at pH 7.0 which was statistically at par with pkdés of 6.5 (88.6 mm) and
6.0 (81.0 mm). Increase or decrease in optimum pPH) (resulted in
decrease of mycelial growth and fructification bé ttest fungus. The least
mycelial growth (14.6 mm) was recorded at pH 8lbfeed by that of 7.5
(35.3 mm) and 5.0 (59.3 mm) with scanty pycnid@iriation at all these

temperatures.

Per cent spore germination, after 24 hours oflbaton at 24+iC
was best achieved at pH 7.0 (95.6%) and the 18299%) at pH 8.0. Spore
germination of 85.3 per cent was recorded at pHMhiish was statistically
at par with that of pH 6.0 (84.0%).

4.8 Host range ofDidymella bryoniae

The host range studies were carried out using cuttezated plant species
belonging to family Cucurbitaceae under natural aartificial inoculation

conditions, and the results are summarized in Téble

4.8.1 Under natural conditions

Symptoms of Didymella blight under natural corwhs during
survey were noticed on all the nine plant speties cucumber Cucumis
sativusL.), muskmelon Cucumis meld..), watermelon Citrullus lanatus
(Thumb) Stendle), pumpkinClcurbita pepoPoir), squash Gucurbita
maximaDusch), bottle gourd_@genaria sicerarialMolina) stendle), bitter
gourd (Mamordicha charantiaPoir), sponge gourdL(ffa cylindricalL.)
and ridge gourdL(uffa acutangulgL.) Roxb.

4.8.2 Under artificial inoculation conditions
The atrtificial inoculation of above mentioned pgkawith Didymella

bryoniae isolated from ridge gourd.(ffa acutangul® revealed that all the



plant species tested were successfully infectedth®y pathogen. The
incubation period for symptom expression was mimmi days for ridge
gourd followed by 6 days for sponge gourd, 7 dayscucumber, bottle
gourd and bitter gourd, 9 days for muskmelon antémaelon and 10 days

for pumpkin and squash.

4.9 Perpetuation of pathogen

The possibilities of perpetuation of the pathodBn bryoniag, during
crop less months after harvest, on ridge gourdsseed diseased plant debris

were explored during the year 2004 and 2005.

4.9.1 Perpetuation in/on ridge gourd seeds
4.9.1.1 Spore viability

Random seed sample collected from heavily infected in October 2004
and drawn at monthly intervals from November 2004 Qctober 2005 for
examination of spore viability indicated 93.9 pentspore viability immediately
after one month of harvest in November 2004 (T&)leThe viability showed a
gradual decrease as the storage period advancldtsicafter eight months of
storage in June 2005, the viability was reducedhtwe than half (29.8%). The
viability of 18.6 per cent was, however, observedreafter the storage period of
twelve months in October 2005.

The samples collected in October 2005 and drawmatthly intervals
from November 2005 to October 2006 for examinatibspore viability indicated
93.7 per cent spore viability immediately after et in October 2005 (Table
10). The viability showed a gradual decrease astitrage period advanced, such
that after eight months of storage in June 2004 vihbility was reduced to 46.6
per cent. The viability was reduced to 20.3 pert @anthe storage period further
advanced to October 2006.

4.9.1.2 Seed infection



The seeds showing natural infection widh bryoniaewere examined by

using blotter and agar plate method:
a) Blotter method

The seeds, collected froM. bryoniae infected ridge gourd crop in
October 2004 and 2005, were incubated on wet blgitper at 24+C at
monthly intervals starting from November for bolie tyears and observed for

bryoniaegrowth.

The data recorded for the seeds collected in 260daled that 45.0 per
cent seeds showdal bryoniaegrowth in November 2004 (Table 9; Plate 8b). The
percentage of seeds exhibitiBg bryoniaegrowth showed a gradual decrease as
the storage period advanced, such that the pegefahese seeds was 26.6 per
cent after eight months of storage in June 20030dtober 2005, after twelve
months of storage percentage of such seeds retinosdy 16.66.

The data recorded for the seeds collected in Nbeer2005 revealed that
48.3 per cent seeds showd bryoniaegrowth in November 2005 (Table 10).
The percentage of seeds exhibitidg bryoniaegrowth again showed a gradual
decline as the storage period advanced, such libapdércentage of these seeds
was 26.6 after eight months of storage in June 2006 percentage of 18.3 of

such seeds retained even after twelve months @g#an October 2006.
b) Agar plate method

The collected seeds incubated aseptically in glatds containing 2 per
cent agar agar at 24%t and examined foD. bryoniaegrowth (Table 9; Plate
8a), revealed that 41.6 per cent seeds shdwdayoniaegrowth in November
2004. The percentage of seeds exhibifihgoryoniaegrowth showed a gradual
decrease as the storage period advanced. The tsgyeenf seeds exhibitinD.
bryoniae growth was only 21.6 after eight months of storag€une 2003. In
October 2005, after twelve months of storage, peagge of seeds depictirid.
bryoniaegrowth was only 8.3.



The data recorded for the seeds collected in @ct@D05 revealed that
45.0 per cent seeds h&d bryoniaegrowth in November 2005 (Table 10). The
percentage of seeds exhibitibg bryoniaegrowth showed a gradual decline as
the storage period advanced. The percentage of sedubitingD. bryoniae
growth was only 21.6 after eight months of storagdune 2006. However, after
twelve months of storage only 11.6 per cent sekdwedD. bryoniaegrowth in
October 2006.

4.9.2 Perpetuation through plant debris

The infected leaf and fruit husk bits, kept undidiecent conditions after
harvest were examined for the presence of fruitingodies
(pycnidia/pseudothecia), spores (pycnidiosporesfgmmes) and viability of
spores at monthly intervals starting from Novemfloerboth 2004 and 2005 crop
seasons. The monthly observations recorded fde#tfeand fruit husk bits of year
2004 and 2005 are presented in Tables 11-14.

4.9.2.1 Perpetuation through leaves

The monthly observations recorded for the leaf f year 2004,
presented in Table 11, revealed that leaf bitsedtondoors under laboratory
conditions exhibited the presence of fruiting bediad viable spores throughout
the storage period. However, the average numbdruiding bodies and spores
cm? leaf area as well as the per cent viability ofrepaeduced from 47.6, 5166
and 90.4 in November 2004 to 6.5, 416 and 8.8 aftelve months of storage in
October 2005, respectively. The number of fruitbmgies and spores ¢rleaf
area lasted only up to June 2005 (eight months stiteage) until the leaf sample
got decomposed, besides two months of January ebdi&ry (2005) when only
empty fruiting bodies were found. Although the nwmnbf fruiting bodies, spores
and per cent viability of spores @teaf bits stored on soil surface reduced from
45.6, 4100 and 92.2 in November 2004 to 19.5, 1226 78.6 in June 2005,
however, the maximum per cent spore viability (94)4vas recorded in April On



leaf bits stored at 7.5 cm deep in soil fruitingdies and thus spores were
altogether absent through out the observatioroggedlthough few empty fruiting

bodies were observed in the month of November Z004 month after harvest).

The data recorded for the leaf bits of the yedi52presented in Table 12
again revealed the presence of fruiting bodies spates on the leaf bits stored
indoors under ambient laboratory conditions thraughthe storage period.
However, the average number of fruiting bodies @pdres cii leaf area
decreased with the increase in sampling time editced from 49.8 and 4643 in
November 2005 to 8.3 and 343 after twelve monthstafage in October 2006,
respectively. The per cent viability of spores proed on the leaf bits stored
indoors under laboratory conditions also decredsed 87.6 in November 2005
to 7.2 per cent after twelve months of storage cto®er 2006. The leaf bits
placed on soil surface exhibited fruiting bodies arable spores up to June 2006
(eight months after storage), after that leaf semyds decomposed. The number
of fruiting bodies, spores and per cent viabilifyspores on leaf bits stored on soil
surface reduced from 49.8, 3956 and 90.1 in Noverbé5 to 11.6, 1640 and
73.4 in October 2006 with two months of January Bebdruary when only empty
fruiting bodies were observed. On leaf bits stamed.5 cm deep in soil fruiting
bodies and thus spores were absent through owhervation period, although
few empty fruiting bodies were observed in the rhoot November 2005 (one

month after harvest).
4.9.2.2 Perpetuation through fruit husk

Perusal of the data obtained for the year 2004emted in Table 13
revealed that the fruit husk bits kept indoors urdeoratory conditions exhibited
the presence of fruiting bodies and viable spaves icomparatively longer period
from November 2004 to October 2005, than when ke¢soil surface or buried
7.5 cm deep in soil. The fruit husk bits placedsoil surface in open exhibited
fruiting bodies and viable spores only up to JUW)2 (nine months after storage),

after that fruit husk sample got decomposed. On tiusk bits buried 7.5 cm deep



in the soil, fruiting bodies and spores were absbrdughout the observation
period, although few empty fruiting bodies were eted in the month of
November 2004 (one month after harvest). The nurobguiting bodies, number
of spores and per cent viability of sporesZfruit husk area decreased with the
increase in storage period and also varied coratielamong different storage
conditions. On fruit husk bits kept under ambieabdratory conditions, the
average number of fruiting bodies, spores and pat iable spores cfruit
husk area decreased from 78.1, 6926 and 94.2 peircdlovember 2004 to 8.2,
983 and 13.2 after twelve months of storage inofmt 2005, respectively.
However, on fruit husk kept on soil surface in opemmber of fruiting bodies,
spores and per cent viability of sporesxfruit husk area were 76.6, 6126 and
92.0 per cent in November 2004 and 13.23, 1096 &®&@ in July 2005,

respectively.

The data recorded for the fruit husk bits of tleary2005 presented in
Table 14 again revealed the presence of fruitirdjdsoand spores throughout the
storage periods on fruit husk bits kept indoorsaundboratory condition. The
fruit husk bits placed on soil surface in open bitkd fruiting bodies and viable
spores up to July 2006 (nine months after storag#)ough, absent in the months
of January and February. Thereafter the leaf sampke decomposed. However,
when the fruit husk bits were buried 7.5 cm deefhasoil, except some empty
fruiting bodies observed in November 2006, neitfraiting bodies nor spores
were observed throughout the observation. The nuwfifeuiting bodies, number
of spores and per cent viability of sporesZfruit husk area decreased with the
increase in storage period and also varied corediieamong different storage
conditions. On fruit husk bits kept under ambieabdratory conditions, the
average number of fruiting bodies, spores and pat giable spores chfruit
husk area decreased from 71.8, 6576 and 93.2 ierNber 2005 to 10.5, 780 and
11.8 per cent after twelve months of storage ino@et 2006, respectively. Fruit
husk kept on soil surface in open exhibited 71u&ifrg bodies, 4936 spores and



91.1 per cent viable spores éruit husk area in November 2005, which reduced

to 9.2, 813 and 75.1 per cent up to the last olbsiervin July 2006, respectively.
4.10 Role of Meteorological factors on Didymella lijht development

In order to ascertain the role of various metemgimlal factors on disease
development, an attempt was made to correlatedhedic disease intensity and
apparent infection rate with prevailing temperatusdative humidity (RH), and
precipitation during 2004 and 2005. Weekly dataran temperature, mean RH,
mean precipitation and per cent disease intensityedl as apparent infection rate
(unit/day) recorded are presented in Table 15 agdg-

It is evident from the data that the disease amgeduring third week of
June in 2004 and during first week of June in 2@08 became conspicuous
during the month of August (Table 15 and Fig. 3)e Hisease reached its peak at
the end of September and no disease severity veasdexl beyond September
because of leaf defoliation due to low temperatutie field. Maximum apparent
infection rate of 0.1858 (unit/day) was observedrdyfifth week of July in 2004
and 0.1826 (unit/day) during second week of Julg0065. The temperature 21.95
and 22.42°C, relative humidity 80 and 76 per cent and préafjgin 7.54 and
15.77 mm apparently favoured the maximum diseaseldement during these

periods.

The data was subjected to statistical analysisfifmiing out correlation
between various meteorological factors and infectete. The correlation matrix
(Table 16) indicated that temperature showed na@nifstant but positive
correlation with infection rate whereas, RH andcjpiation showed significant

and positive correlation.

Stepwise multiple regression analysis was alsokebout to know the
extent of correlation which is presented in Tableahd 18. Results of stepwise

multiple regression analysis revealed that weattheors accounted for 70.5 per



cent variation. Of these, 70.4 per cent variati@s \due to RH and precipitation.

Precipitation alone contributed to 69.4 per cemiat@an.

4.10 Disease management
4.10.1 In vitro management of the disease

4.10.1.1 n vitro screening of systemic fungitoxicants
a) Mycelial growth

The data onn vitro efficacy of systemic fungitoxicants tested at 10,
50, 100 and 200 pg fhlconcentration against mycelial growth Bf
bryoniaeis presented in Table 19; Fig. 6a; Plate 9. Tha davealed that
all the fungitoxicants significantly inhibited myic@ growth ofD. bryoniae
at all test concentrations. Carbendazim provedifsigntly superior to all
other fungitoxicants exhibiting 87.5 per cent miaefrowth inhibition
followed by thiophanate methyl (76.1%), myclobuta$3.0%) and
diniconazole (48.7%). Bitertanol proved least difex fungitoxicant with
mycelial growth inhibition of 41.6 per cent. On awverall basis the extent
of mycelial growth inhibition of the test fungit@dnt increased with
increase in their concentration. A minimum inhiitiof 28.3 per cent was
achieved at 10 pg miwhich increased gradually to 56.2, 78.5 and 9@15 p
cent at 50, 100 and 200 pg toncentration. A significant interaction
existed between fungitoxicant and concentrationloMiest concentration
of 10 ug mf* carbendazim showed maximum inhibition in mycefjedwth
(55.9%) followed by thiophanate methy{B4.8%) and myclobutanil
(22.5%), whereas, least inhibition of 11.1 per cems exhibited by
bitertanol. A similar, trend in inhibition of mycal growth of the test
fungus was exhibited by all the treatments, whesayesd at 50, 100 and

200 pg mi* concentrations.

b) Spore germination



Perusal of the data (Table 20, Fig.6b) further aéae that all the test
systemic fungitoxicants significantly differed imhibiting the spore
germination ofD. bryoniae Carbendazim, irrespective of concentration,
proved significantly superior to all other fungitcants exhibiting 74.6 per
cent inhibition of spore germination followed byidphanate methyl
(69.5%) and myclobutanil (59.9%) and bitertanol .884). Diniconazole
with 45.6 per cent of spore germination inhibitimas the least effective
fungitoxicant. On an overall basis the inhibitoffeet of test fungitoxicants
on per cent spore germination increased signifigamith the increase in
concentration. A minimum inhibition of 31.6 per temas achieved at 10
ng mi* and the maximum inhibition of 95.1 per cent at 20§ mi*
concentration. A significant interaction existedvieen fungitoxicant and
concentration. At lowest concentration of 10 pg'ngarbendazim showed
maximum (49.2%) inhibition in spore germination alest inhibition
(16.4%) was observed by diniconazole. A similagntt in inhibition of
spore germination was exhibited by other treatmassayed at 50, 100 and
200 pg mif concentrations.
4.10.1.2In vitro screening of non systemic fungitoxicants
a) Mycelial growth

The data on effect of non-systemic fungitoxicarttd@0, 250, 500
and 1000 pg il concentrations on the mycelial growth fBryoniaeis
presented in table 21, fig 7a, plate 10. Perusaatd revealed that all the
fungitoxicants at all the concentrations signifidannhibited the mycelial
growth of d. Bryoniae On an average, maximum inhibition in mycelial
growth (67.4%) was exhibited by chlorothalonil éled by mancozeb
(63.0%), zineb (50.5%) and captan (47.2%). A minimuahibition of 36.9

per cent in mycelial growth of the test pathogers wa&hibited by copper



oxychloride. The fungitoxicant concentrations diffieé significantly from
each other, irrespective of treatments. The pet igdribition in mycelial
growth was least (13.9%) at 100 pg/ml concentratwmch increased to
34.0, 69.9 and 94.1 per cent at 250 and 500 and @0l concentrations,
respectively. A significant interaction existedweén treatments and their
concentrations. At 100 pug/ml concentration, théorcthalonil showed
maximum (22.9%) inhibition in mycelial growth folleed by mancozeb
(19.6%) and zineb (15.1%). At 250 pg/ml concentrgtichlorothalonil
againexhibited maximum inhibition of mycelial growth (4686) followed
by mancozell45.1%) and zineb (31.4%). Similar, trend in inhdn of
mycelial growth was observed, when 500 and 100@nligbncentrations

were assayed.

the data (table 22, fig.7b) om vitro efficacy of non-systemic
fungitoxicants at above tested concentrations ersgfore germination af.
Bryoniae revealed that on an average, maximum inhibition spore
germination of the test pathogen was exhibited tgrothalonil (74.3%)
followed by mancozel§65.1%) and zinelf58.9%). A minimum inhibition
of 45.4 per cent in spore germination of the teshpgen was exhibited by
copper oxychloride. The fungitoxicant concentragiagignificantly varied
from each other, irrespective of treatments. Thecpat inhibition in spore
germination was least (22.6%) at 100 pg'mdoncentration, which
increased to 47.1, 69.1 and 98.7 at 250, 500 an@d0 10g mt*
concentrations, respectively. There also existegsigaificant interaction
between treatments and their concentrations. ApellOcent concentration,
the chlorothalonil showed maximum (42.8%) inhihbitioin spore

germination followed by mancoz€B0.8%) and zineb (22.6%). A similar,



trend in inhibition of spore germination was exteli by all the treatments
assayed at 250, 500 and 1000 pg odncentrations.

4.10.1.3In vitro screening of botanicals
a) Mycelial growth

The results on effect of agueous plant extragteteat 1, 5, 10 and
15 per cent concentration on the mycelial growthDof bryoniae are
presented in Table 23; Fig. 8a; Plate 11. The t®selealed that on an
average, maximum inhibition in mycelial growth tkettest pathogen was
exhibited byAllium sativum(53.5%) followed byAllium cepa(39.7%) and
Artemesia annu§27.6%). The least inhibition of 17.0 per cenmucelial
growth of the test pathogen was exhibitedWsyica dioica. The inhibitory
effect of extract concentrations increased withitlceease in concentration.
On an average basis, the per cent inhibition inehgcgrowth was least
(5.0%) at 1 per cent concentration, which increase#0.1, 39.0 and 60.8
at 5, 10 and 15 per cent concentrations, respégtive significant
interaction existed between treatments and theiceatrations. At 1 per
cent concentratiorA. sativumexhibited maximum (9.6%) inhibition in
mycelial growth followed byA. capa(6.3%) andA. annua(5.1%). A
similar, trend in inhibition of mycelial growth wasxhibited by all the

treatments, when assayed at 5, 10 and 15 per cecéwtrations.

b) Spore germination

The perusal of Table 24, Fig. 7b indicated theresmyacy ofA.
sativumover other plant extracts in inhibiting the spoegrgination of test
fungus. On an overall mean basi&, sativum exhibiting maximum
inhibition (47.6%) and was followed b&. cepa(41.4%t) andA. annua



(34.0 %). The extract dfl. dioica(22.4%) exhibited the least inhibition of
spore germination of the test pathogen. On an dveasis the extent of
spore germination inhibition increased with inceeasn extract
concentration. The per cent inhibition in sporengiaation was least (8.4%)
at 1 per cent concentration, which increased t@,28.1 and 59.9 per cent
at 5, 10 and 15 per cent concentrations, respégtive significant
interaction existed between treatments and theiceatrations. At 1 per
cent concentration, the aqueous plant extractAofsativum showed
maximum (14.7%) inhibition in spore germinationldeted by A. cepa
(10.1%), whereas, least inhibition (3.5%) was eitbib by U. dioica. A
similar, trend in inhibition of spore germir@tiwas exhibited by all the

treatments, when assayed at 5, 10 and 15 per aeo¢trations.

4.10.2 In vivo management of the disease

The experiments were conducted during 2004 ané 20@tudy the
effect of most promising fungicides and botanicalirfd underin vitro
studies as seed treatment and foliar sprays adaidgmella blight of ridge
gourd. The results on disease incidence, disedsasity, infected fruits
and yield of ridge gourd fruits are presented ibléa 25-32.
4.10.2.1 Disease incidence on leaves

The data on the effect of various seed treatnmemdsfoliar sprays on
incidence of Didymella blight of ridge gourd on Ves during 2004
revealed that all the seed treatments, foliar spemd their combinations
significantly reduced the disease incidence as emetpto control (Table
25). Carbendazim seed treatment plus carbendadiar f&prays proved
superior over all other treatments as it produc8d per cent disease
incidence as against 68.66 per cent observed iriradorThe above

treatment combination was statistically at par walorothalonil seed



treatment plus carbendazim foliar sprags,sativumseed treatment plus
carbendazim foliar sprays which showed 14.00 an@3Lper cent disease
incidence, respectively. The next effective treattneombinations were
seed treatment with chlorothalonil or carbendazimcombination with
chlorothalonil foliar sprays which exhibited 23.@thd 26.66 per cent
disease incidence, respectively, with no significdifference between
them. The least effective treatment combinationeeveeed treatment with
carbendazim plug\. sativumfoliar sprays (33.33%), seed treatment with
chlorothalonil plusA. sativumfoliar sprays (36.33%) and seed treatment

with A. sativunmplusA. sativurmfoliar sprays (38.33%).

The individual effect of all the seed treatmentsved significantly
superior over the control. The least average deseasdence of 30.08 per
cent was recorded in case of carbendazim followgdchlorothalonil
(32.16%) andA. sativum(35.99%).

The data on individual effect of foliar spraywveals that all the
foliar sprays tested differed significantly from eoranother and were
statistically superior over control in reducing tliisease incidence.
Carbendazim foliar sprays recorded least diseasdeince of 15.58 per
cent, followed by chlorothalonil anélllium sativumwith disease incidence
of 28.08 and 36.16 per cent, respectively.

Data pertaining to year 2005 revealed that all theatment
combinations of seed treatment and foliar spragsifstantly reduced the
disease incidence on leaves as compared to cowtnah recorded highest
disease incidence of 75.00 per cent (Table 26).d Seeatment with
carbendazimA. sativumor chlorothalonil in combination with carbendazim
foliar sprays recorded the least disease incidehde.33, 16.66 and 17.00

per cent respectively. These treatment combinatiwese followed by



carbendazim seed treatment plus chlorothalonilafoBprays (26.00%),
chlorothalonil seed treatment plus chlorothaloaiiar sprays (26.66%) and
A. sativumseed treatment plus chlorothalonil foliar spra®8.00%) with

no significant difference among all of them. Sea@atment with

carbendazim, chlorothalonil @&k. sativum when foliar sprays were given
by A. sativumwere the least effective treatment combinationdclwvh
exhibited the disease incidence of 40.00, 41.66 4Bdb6 per cent

respectively with statistically no significant difence among them.

Amongst seed treatments, all the treatments redosignificantly
lesser disease incidence as against 41.83 perotesrved in control.
Carbendazim recorded the least disease incidenc&4d0 per cent
followed by chlorothalonil (37.25%) and. sativum(37.75%) with no

significant difference between them.

The data on effect of foliar sprays revealed #ibthe foliar sprays
were significantly superior over the control, whigtorded 64.75 per cent
disease incidence on leaves. Carbendazim provediits16.33 per cent
disease incidence followed by chlorothalonil (22&8and A. sativum
(42.66%).

4.10.2.2 Disease intensity on leaves

The data on efficacy of seed treatments and felmays alone and
in combinations, against Didymella blight intensity leaves is presented
in Table 27. It indicates that all the treatmemisorded significantly lower
disease intensity compared to control. Seed tredtmeth carbendazim
(Plate 12a), chlorothalonil @k. sativumin combination with carbendazim

foliar sprays were most effective exhibiting 2.98393 and 4.06 per cent



disease intensity, respectively, as against 40é)6cpnt in control (Plate

12b), with no significant difference between all tbbm. Seed treatment
with carbendazim, chlorothalonil @k. sativum, when foliar sprays were
given with chlorothalonil recorded disease intgnsit 7.73, 8.26 and 8.60

per cent, respectively, which were all at par veieith other. Seed treatment
with A. sativumin combination withA. sativumfoliar sprays was the least
effective treatment combinations which recorded.4@4per cent disease

intensity.

The individual effect of seed treatments on theerigity of
Didymella blight on leaves indicated that all teatments significantly
reduced the disease intensity compared to contsl. an average,
carbendazim was the most effective recording 11p2B cent disease
intensity (Plate 12c), as against 17.16 per cergomirol. Seed treatment

with A. sativumwas least effective with 14.93 per cent diseasnsity.

The data on individual effect of foliar sprays ealed that all the
foliar sprays tested recorded significantly lowesedse intensity as against
31.05 per cent in control. On an average carbendas foliar sprays
proved best with 3.80 per cent disease intensitgt€P12d) followed by
chlorothalonil (8.38%) and. sativum(13.26%).

The data presented in Table 28 reveals that du20§5,
carbendazim seed treatment plus foliar sprays with same fungicide
(3.73%), chlorothalonil seed treatment plus carbemd foliar sprays
(4.00%) andA. sativumseed treatment plus carbendazim foliar sprays
(4.26%) were the most effective in reducing thedse intensity as against
the control (40.46%). These treatment combinatiwese followed by seed

treatment with carbendazind. sativumor chlorothalonil in combination



with chlorothalonil foliar sprays which recorded)8, 8.80 and 8.93 per
cent disease intensity, respectively, with no g$igant difference among
them. Seed treatment with carbendazim plus fopaays withA. sativum
seed treatment withA. sativumplus A. sativumfoliar sprays and seed
treatment with chlorothalonil plus foliar spraysthviA. sativumwere the
least effective exhibited 13.86, 14.40 and 14.46 gemt disease intensity

with no significant difference between them.

Out of seed treatments, carbendazim was the nfitesitiee which
exhibited 14.30 per cent disease intensity as agdii.28 per cent in
control followed by chlorothalonil (16.06%) aAd sativum(16.18%).

All the foliar sprays differed significantly fromach other and were
superior over the control, which recorded averagease intensity of 36.55
per cent. Carbendazim proved best foliar spray ro#cQ an average
disease intensity of 4.18 per cent, which was 8gnitly less than that of
chlorothalonil andA. sativumwhich exhibited 8.71 and 14.38 per cent

disease intensity, respectively.
4.10.2.3 Per cent Infected fruits

Data on effect of various seed treatments andarfadiprays on
Didymella blight incidence of ridge gourd fruitsrthg 2004 and 2005 is
presented in Tables 29-30.

Data pertaining to year 2004 revealed that all theatment
combinations of seed treatment and foliar sprayg®roked significantly
lesser number of infected fruits as compared tarognwhich recorded
14.50 per cent infected fruits (Table 29). Carbendaseed treatment plus
carbendazim foliar sprays recorded least numbenfetted fruits (1.41%)

and was statistically at par with chlorothaloniledetreatment plus



carbendazim foliar sprays (1.44%H4. sativum seed treatment plus
carbendazim foliar sprays (1.50%), carbendazim sw&edtment plus
chlorothalonil foliar sprays (2.76%), and chlorddral seed treatment plus
chlorothalonil foliar sprays (2.83%). Seed treatmwith carbendazim,
chlorothalonil orA. sativumin combination withA. sativumfoliar sprays
were all statistically at par and least effectiveatment combinations
recording 5.57, 6.75 and 7.28 per cent infecteitisfreespectively.

Amongst seed treatments, only carbendazim recosdgdficantly
lesser number of infected fruits (5.13%) as comgbae control which
recorded 6.92 per cent infected fruits. Chlorothald6.02%) andA.
sativum(6.47%) could not significantly reduce the numbkinfected fruits

as compared to control.

Data on individual effect of foliar sprays revehlbat all the foliar
sprays differed significantly from each other andrevsuperior over the
control, which recorded 12.98 per cent infectedt$riCarbendazim proved
best chemical for foliar sprays recording 1.60 pent infected fruits
followed by chlorothalonil (3.17%) aml. sativum(6.79%).

Data pertaining to experimental year 2005 (Talile révealed that
all the treatment combinations recorded signifigadésser number of
infected fruits as compared to control, which reear highest number of
infected fruits (18.11%). Carbendazim seed treatnpdns carbendazim
foliar sprays recorded the least number of infedtads (1.44%) and was
statistically at par with chlorothalonil ofA. sativumseed treatment in
combination with carbendazim foliar sprays whiclibked 1.46 and 1.58
per cent infected fruits, respectively. The aboreatiment combinations

were followed by carbendazim seed treatment plueratinalonil foliar



sprays (2.30%), chlorothalonil seed treatment pihkrothalonil foliar
sprays (2.95%) andA. sativumseed treatment plus chlorothalonil foliar
sprays (3.41%) with no significant difference betwethem. The least
effective treatment combination with 6.51 per cariiected fruits wasA.

sativumseed treatment plus sativuntoliar sprays.

Amongst seed treatments, all thattnents excepA. sativum
(7.08%) recorded significantly lesser number oéatéd fruits as compared
to control which recorded 8.00 per cent infectadt$r Carbendazim and
chlorothalonil were at par recording 5.29 and 569 cent infected fruits,

respectively.

All the foliar sprays tested recorded significgridsser number of
infected fruits as compared to control, which reear 14.52 per cent
infected fruits. Carbendazim proved superior to @her foliar sprays
recording 1.65 per cent infected fruits followed diyjorothalonil (3.20%)
andA. sativum(6.68%)..

4.10.2.4 Number of fruits

Data on effect of various seed treatments and rf@djarays on
number of fruits plot of ridge gourd crop during 2004 and 2005 is
presented in tables 31-32.

Perusal of data (Table 31) revealed that duriegettperimental year
2004, all the treatments combinations increasechttreber of fruits plot
significantly over the control, which recorded [ea?3.6 fruits/plot.
Carbendazim seed treatment plus carbendazim fepieays, chlorothalonil
seed treatment plus carbendazim foliar sprays Andsativum seed
treatment plus carbendazim foliar sprays were tbstraffective treatment

combinations with 69.6, 69.3 and 65.3 fruits Platespectively and were



statistically at par with one another. These treshcombinations were
followed by seed treatment either with carbendaahiprothalonil orA.
sativumin combination with chlorothalonil foliar spraystiv59.3, 58.3 and
55.0 fruits plot, respectively. Carbendazim seed treatment Alusativum
foliar sprays (39.6 fruits/ plot), chlorothalonikeed treatment plug.
sativumfoliar sprays andA. sativumseed treatment plus. sativumfoliar
sprays, with 39.6, 38.0 and 35.0 fruits Platere the least effective and

statistically at par with each other.

The data on individual effect of seed treatmeat®aled that all the
treatments exceA. sativumincreased the number of fruits ptoHighest
average number of 49.0 and 48.1 fruits Pletas obtained in case of
carbendazim and chlorothalonil, respectively, whigdre at par with each
other but superior ovek. sativumwhich recorded an average vyield of 45.2
fruits plot®. Least fruit yield of 44.1 fruits pldtwas obtained in case of

control.

All the foliar sprays differed significantly fromach other and were
superior over the control, which recorded leastraye number of fruits
(25.9 plot!). Highest average number of fruits (67.2 P)ovas recorded in
case of carbendazim followed by chlorothalonil Gplot’) andA. sativum
(36.7 ploth).

It is evident from the data (Table 32) that durthg experimental
year 2005, all the treatment combinations incredeednumber of fruits
significantly as compared to control (22.0 fruitstp).. Carbendazim seed
treatment plus carbendazim foliar sprays (68.0)lorothalonil seed
treatment plus carbendazim foliar sprays (67.3) #&ndsativum seed

treatment plus carbendazim foliar sprays (62.0yna®d highest number of



fruits plot® and were statistically at par with one anotheedSteatment
with carbendazim, chlorothalonil oA. sativum in combination with
chlorothalonil foliar sprays recorded 58.3, 56.6d ai7.3 fruits plot,
respectively, with all of these statistically atr path each otherA. sativum
seed treatment plug\. sativum foliar sprays was the least effective

treatment combination with 38.0 fruits pfot

Data on individual effect of seed treatments réacahat only
carbendazim (48.0 fruits pIbt and chlorothalonil (47.3 fruits pld} seed
treatment significantly increased the number oftdrplot® as against the
42.9 fruits in case of controlA. sativumwith 45.6 fruits plot was

statistically non significant as compared to colntro

All the foliar sprays differed significantly fromach other and were
superior over the control, which recorded leastraye number of 25.4
fruits plot*. Highest average yield of 64.7 fruits plovas recorded in case
of carbendazim followed by chlorothalonil (56.2 ifsu plot') and A.

sativum(37.5 fruits plot), respectively.
4.10.2.5 Yield

Data on effect of various seed treatments anarfaiprays on yield
of ridge gourd is presented in Tables 31-32.

Perusal of data pertaining to experimental yead42(Table 31)
revealed that all the treatment combinations ofd seeatment and foliar
sprays significantly increased fruit yield compated34.8 q hd observed
in control. Carbendazim seed treatment when felmays were given with
carbendazim produced the highest yield of 130 §dred was statistically
at par with chlorothalonil seed treatment plus eadazim foliar sprays

(129.8 g h#). Carbendazim seed treatment plus chlorothalooliarf



sprays, chlorothalonil seed treatment plus chl@iothl foliar sprays and
A. sativumseed treatment plus chlorothalonil foliar spraygevthe next
best treatments with fruit yield of 107.7, 105.1da®8.3 g hd,
respectivelyA. sativumseed treatment plus. sativumfoliar sprays proved
to be the least effective treatment combinatiomwield of 58.8 g ha

Analysis of data for individual effect of seedatments revealed that
all the seed treatments significantly increasedfiié yield as against 76.2
q ha' in case of control. Carbendazim, chlorothalonid @k sativum
recorded average vyields of 87.1, 85.6 and 79.3 'y tespectively, with no

significant difference between carbendazim androtih@lonil.

All the foliar sprays tested were highly effectiweincreasing the
fruit yield as compared to control, which recordaetrage yield of 40.8 g
ha. Highest average fruit yield of 123.7 q~hamong foliar sprays was
recorded in case of carbendazim followed by 1016 62.2 q ha in

chlorothalonil andA. sativumrespectively.

The data presented in Table 32 depicted thathall tteatments
enhanced the yield significantly over the contvahich recorded least fruit
yield of 33.3 q hd during the experimental year 2005. Seed treatméht w
carbendazim along with carbendazim foliar sprays emorothalonil seed
treatment plus carbendazim foliar sprays proved besording highest
yield of 126.3 and 121.0 q Hidollowed byA. sativumseed treatment plus
carbendazim foliar sprays (113.0 g hHa The next best treatment
combinations were carbendazim, chlorothalonil Ar sativum seed
treatment in combination with chlorothalonil foligpraysA. sativumseed
treatment plusA. sativumfoliar sprays proved least effective treatment

combination with fruit yield of 63.1 g



Further analysis of the data for individual effe€tseed treatments
revealed that highest average fruit yield of 85244 was recorded in case
of carbendazim followed by chlorothalonil (82.1 g'h and A. sativum
(78.4 q hd). The least fruit yield of 73.8 q Havas recorded in control.

All the foliar sprays differed significantly fromach other and were
superior over the control, which recorded leastaye yield of 39.9 q ha
Highest average yield of 118.1 g*hevas recorded in case of carbendazim
followed by chlorothalonil (98.8 q HaandA. sativum(62.7 g ha).



Chapter -5
DISCUSSION

Ridge gourd l(uffa acutangula (L.) Roxb.) is an important
cucurbitaceous vegetable crop. The crop is prona twmber of biotic
stresses which inflict considerable yield lossedemnnatural epiphytotic
conditions. Amongst them Didymella blight causedDaglymella bryoniae
(Auersw.) Rehm has emerged in the recent past asobnthe major
constraints in the successful cultivation of thepcm Kashmir valley and
has been responsible for causing a marked reductidoth quality and

guantity of the fruit yield.

The preliminary survey has revealed the occurresfcBidymella
blight in most of the commercial ridge gourd growiareas in Kashmir
valley which necessitated exploring various aspetthe disease to have
an effective management. Didymella blight was fopnelvalent in all the
eleven major ridge gourd growing areas in distri@rimagar and Budgam of
the valley, though in varying proportions. Occumerof this disease on
cucurbit crops has been reported from all overvibed (Puninthalingam
and Holliday, 1972) including India (Sohi and Prstkal972; Kumar and
Khan, 1984; Kulwant and Shetty, 1996; Sudishal, 2004).

In surveyed areas of the valley, the averageadesencidence of
32.6 and 36.4 per cent and intensity of 14.8 an@& p@r cent on leaves,
besides disease incidence of 9.6 and 11.2 peratefuits was recorded
during the year 2004 and 2005, respectively. Thyhdr level of disease
was observed in 2005 as compared to 2004, whichbeattributed to the

higher amount of precipitation received during 20B8sides precipitation,



higher relative humidity and congenial temperatuf@goured pathogen
growth and proliferation and thus predisposed thst o the infection.
Svedellus and Unestam (1978) found a free film afew necessary for the
dispersal and subsequent infection of leaves byémédia ofD. bryoniae
and after development of spots noted further expansf spots only in

presence of higher relative humidity.

The highest incidence and intensity of the disemsavell as fruit
infection amongst the surveyed areas was recomded Dal area followed
by Habak and Shalimar. This could be attributedtie very humid
conditions prevailing on mounds erected in swampsnofloating gardens
of water bodies. Besides this, farmers in Dal, Htabhad Shalimar follow
monoculture of cucurbits over large contiguous sreBhe impact of
monoculture (Sitterly, 1969) and humidity on thecuwtence and
subsequent development of Didymella blight has bearlier reported
(Chiu and Walker, 1949b; Svedellus ann UnestamB81%ehneret al,
2000). The least disease incidence and intensdgrded at Panzan and
Noorbagh seems possibly due to proper field sanitagasures as well as
crop rotation adopted by the farmers, however,ubse of infected seeds
seems to have favoured the disease developmenhese tlocations.
Breaking the sequence of continuous cucumber ggwias found
effective in reducing the severity of Didymelladhit (Sitterly, 1969). Lee
et al (1984) have reported the introduction of the ulom to previously
uninfected areas and subsequent development afiskase by the use of

infected seeds.

Symptoms of the disease were observed on leawkfuts of ridge
gourd. On leaves symptoms appeared as small airdigat brown with

chlorotic halo spots, which with the passage ofetiemlarged, developed



concentric rings at the centre and turned dark brevith greyish white
centre. The spots enlarged up to 83 mm, coaleswbdaused blighting and
yellowing of the whole leaf. Black pin head fruatdtions (pycnidia and
pseudothecia) arranged in circles were observekeatentre of the spots.
Symptoms on fruits appeared during second weekugfudt as dark green
water soaked spots which enlarged rapidly and chid&ck rot of the
whole fruit. Black colour of fruit was due to théumdant pycnidia and
pseudothecia of the causal fungus. The present n@igms on
symptomatology agree with those reported by Chid Walker (1949b)
and Koike (1997), however, they also observed dtdaction but in the
present studies no such symptoms were observedleffaand Pandey
(2003) gave similar account of leaf infection butheir reports there is no

mention of fruit infection.

The fungal pathogen isolated from the naturalfgaéted ridge gourd
plants, when artificially inoculated on potted mdgourd plants produced
typical disease symptoms, 4 days after inoculatWwhereas, on uninjured
and injured detached leaf, symptoms appeared 2 Z&andays after
inoculation, respectively. Similarly, symptoms ojured fruits appeared 2
days after inoculation, however, symptoms wereahserved on inoculated
uninjured fruits. Koch’'s postulates were confirmeg reisolating the
pathogen from the artificially inoculated and ittt plants and detached
parts. Van Steekelenburg (1981) obtained symptonts &8 days after
inoculation of young cucumber plants and found vebog essential for
fruit rot. A 1x10 spore suspension db. bryoniae when applied on
seedlings of different cucurbitaceous crops dewadopypical disease
symptoms in all the test plants after 48 hoursnalubation in polythene

tents at 26-2%& temperature and high relative humidity (Bala &tusein,



1986). Svedellus and Unestam (1978) observed reevere symptoms
three days after inoculation on detached injuraslde of cucumber than on

uninjured leaves.

Host range studies indicated that the pathoBemyryoniae was not
specific to ridge gourd_L{uffa acutangulbut also produced typical disease
symptoms both under natural and artificial inodolatconditions on all the
tested cucurbitaceous plant specieg., bitter gourd, bottle gourd,
cucumber, muskmelon, pumpkin, sponge gourd, sqaashwatermelon.
These findings are in agreement with the obsemataf Bala and Hosein
(1986) who found watermelon isolate [0f bryoniaehighly pathogenic to
watermelon, muskmelon, pumpkin, cucumber, squatiey lgourd, sponge
gourd and ridge gourd. Similarly, Lest al (1984) foundD. bryoniae
isolated from cucumber pathogenic to pumpkin andermaelon as well,

however, observed more severe symptoms on samethastthe others.

The morphological characters of the pathogen wardied both on
host as well as on potato dextrose agar mediumh@xt the pathogen
formed irregularly branched, septate, smooth anality mycelium
measuring 3.2-5.3 um (Av. 4.5 um) in width, however culture it
produced hyaline to light brown septate myceliuhghsly bulged at septa
which measured 3.2-4.3 um (Av. 3.6 um) in widthad¥ pycnidia of the
anamorph Phoma cucurbitacearumon the host, 120.4 -172.0 um (Av.
142.7 um) in diameter were globose in shape, glebrand contained
pycnidiospores which were hyaline, ellipsoidal taraoid, constricted at
septa, with rounded ends and 8.6-12.9 x 3.2-4.3Avm11.5 x 3.6 um) in
size, whereas, pycnidia in culture were black, ghabto irregular in shape,
solitary to confluent, glabrous or with mycelialtgrowths and measured
167.7 — 326.8 um (Av. 236.5 um) in diameter, filledh pycnidiospores



which were variable in shape, subglobose to eligadoor allantoid with
several small guttules, aseptate rarely one septaié—9.6 x 2.1-4.3 um
(Av. 8.3 x 3.7 um) in size. Chiu and Walker (1948aQ Puninthalingam
and Holliday (1972) collectively corroborate ouremfification of the
anomorph,Phoma cucurbitacearunPseudothecia of the teleomardD. (
bryoniag found together with pycnidia on infected tissuleich, however,
were not observer in culture, were dark, globosesutbglobose and
measured 146.2-206.4 pum (Av. 186.3 um) in diamel&e asci were
hyaline, bitunicate, cylindrical to subclavate, ghetipitate or sessile,
biseriate, eight spored and measured 55.9- 64®%12.9 um (Av. 62.2 x
11.1 pum) in size. Ascospores were 13.9-17.2 x3.84m (Av. 16.4 x 5.1
um), hyaline, mono-septate, constricted at theusepmultiguttulate and
rounded at ends with upper cell usually wider ththe lower one.
Pseudoparaphyses also observed were hyaline, lednsaptate and 2.1-
2.6 um (Av. 2.2 um) in width. Similar descriptiont the teleomarpib.
bryoniaehave been given by Puninthalingam and Holiday 2).9Corlettet
al. (1981), Kienatlet al (1995) and Pandey and Pandey (2003). Chiu and
Walker (1949a), however, observed pseudoparaphijsesstructures in
young fruiting bodies but they considered them ramature or abortive
asci and not as true pseudoparaphyses. HowevensHaka (1981),
Puninthalingam and Holliday (1972) and Corlett (IP&ave clearly
reported the presence of pseudoparaphyses. Ouisresudevelopment of
only pycnidia as fruiting body are supported by timelings of Arny and
Randall (1991) and Urbansz&t al (2002) who observed only pycnidia as

fruiting structure in culture.

On the basis of morphological and pathologicalrabtiristics and

comparison to the authentic description, the pahogas identified as



Didymella bryoniae(Auersw.) Rehm (anamorpPhoma cucurbitacearum
(Foutrey) Sacardo) and the identity was confirmedb. P.N. Chowdhary,
Ex Principal Scientist, Division of Plant Patholog\RI, during his visit to

the Division in the year 2004-05.

Studies on comparative growth and fructificatiam different agar
media revealed that potato dextrose agar and oatagar were best media
for both mycelial growth and fructification @f. bryoniae Present findings
on the suitability of potato dextrose agar and watal agar media for
supporting maximum growth and fructification @. bryoniae are in
conformity to the observations of Chiu and Walk&®49a) and Current
(1969) who found these media suitable for the gnoartd fructification of

D. bryoniae

The pathogerD. bryoniaewas found to grow within a wide pH
range of 5.0 to 8.0, however maximum mycelial glgwituctification and
spore germination was observed at pH 7.0. The albiomkngs are in
agreement with the findings of Chen al (1993) who also reported the

maximum growth, fructification and spore germinatat pH 7.0.

The mycelial growth, fructification and spore geration of D.
bryoniae varied significantly among different temperatutested (4-36
+1°C). Maximum growth, fructification and spore geration was
observed at 24£C, however, no growth and as such fructificationswa
observed at 36 £C. These results on effect of temperature on growth
fructification and spore germination are in confaynwith the findings of
Chiu and Walker (1949b).

The seeds were found to harbour viable spore®.obryoniae

throughout the observation period of twelve mongitgrting from one



month after harvest (in November during both trceasons of 2004 and
2005). The extent of viability constantly decreasatth the advancement of
storage period such that after 12 months of stossgels harboured 18.6
and 20.3 per cent viable conidia in 2004 and 2088pectively. Similarly
using blotter and agar plate methods, the seeds f@and infected witiD.
bryoniae and the infection was found to persist from harugs to 12
months of storage under ambient room conditiongséhfindings provide
sufficient grounds to infer that the pathodenbryoniaeperpetuates in/on
the seeds as spores and the pathogen inoculumesetted cropping fields
along with seeds. Similar observations have alsenbmade by several
workers. Rankin (1954) found the invasionDafbryoniaein the epidermis
and sclerenchyma layers and isolated the fungus fcotyledons and
embryo.Chen and Bao (1990) noted the survival efftingus both in and
on the seeds of infected fruits up to 21 monthsstarage at room
temperature. Sudislet al (2006) also reported the seed borne natui@. of
bryoniaeand noted mean incidence of 31 per cent in sead tt per cent
in cotyledons and 4 per cent in embryo while evahgathe different

components of infected seeds. Similarly,

The other possibility of the pathogen survivalidgrcropless winter
could be through infected crop debris which inchideected leaves and
infected fruit husk. The periodic examination oé timfected debris placed
indoors, on soil surface and buried under soil datid the presence of
fruiting bodies as well as viable spores throughibatobservation period of
twelve months when placed indoors under roof ptaiercand only up to
four to five months when left on soil surface abréeperished beyond this
period. However, only empty fruiting bodies werdioed during January

and February when left on the ground surface, siggethe survival oD.



bryoniaeas dormant mycelium. The survival of the patholgsted for only
four to five months when buried in soil, beyondstlueriod debris was
decomposed. The lower recovery ratef bryoniae from the infected
plant debris buried in soil or placed on soil sogf@ould be because of the
fact that the hibernating pathogen was exposeditly evinters, and had to
compete with other soil inhabiting microorganisnes food and niche, a
situation quite different than the one when thetiré stored under roof
protection. Kienath (2002) could not recouM@r bryoniae beyond 6 to 7
months of storage in buried infected watermelorridelhich he attributed
to the antagonistic activities of saprophytic saiicroorganisms that
seemed to have eliminated the pathogen residdhkimvatermelon debris.
Van Steekelenburg (1983) observed old pseudothetinascospores and
pycnidia with some pycnidiospores, even after gferaf diseased plant
debris for 18 months, whereas on debris kept ohsswoface in open only
empty fruiting bodies were observed during wintesnths when average
monthly temperature was belo®& Similarly, Chiu and Walker (1949a)
found empty pycnidia and pseudothecia in the oveewxd crop debris but
could isolate the fungus readily and suggestedteewintering of fungus

in winter as dormant mycelium.

The correlation studies of disease development migheorological
factors revealed that the period from fifth weekJody to first week of
August and second to third week of July during 2084d 2005,
respectively, favoured the maximum disease devedopnin terms of
infection rate (unit/ day) as during these perio@sximum infection rate of
0.1858 and 0.1826, respectively was observed. A¢eature of 21.95 and
22.42C, 80 and 76 per cent relative humidity and 7.5d4 46.77 mm

precipitation apparently favoured the maximum dgseadevelopment



during these periods, respectively. These studidgated the maximum
disease development during the periods of highastall and humidity of
both 2004 and 2005 cropping seasons and thus dutigeselationship
between environmental factors and disease develupmiéhe disease
development in terms of infection rate (unit/ dayas found positively
correlated with temperature, relative humidity amghfall, though non-
significantly with temperature. The step-wise npl#iregression analysis
showed that the weather factors accounted for pérscent variation of
disease development. Of these precipitation alamgributed to 69.4 per
cent variation. These observations derive supponh the findings of other
scientists who studied the effect of meteorologieaitors on Didymella
blight of various cucurbit crops. Chiu and Walk&B49b) found moisture
more important for disease development than temyreraand recorded
peak ascospore dispersal after rain and during gdeviods at night.
Similarly, Svedellus and Unestam (1978) and Kieredtlal (1995) noted
free moisture on leaves necessary for infection duadher lesion
expansion. Van Steekelenburg (1983) found minimemperature of 5 to
10°C along with moisture important for fructificatiosf D. bryoniaeand
found ascospore release dependent on high reldmiveidity. Disease
development was also found dependent on humid tonsdiby Vawdrey
(1994) and Wehner and Shetty (2000).

Studies onn vitro evaluation of five systemic and fine non-systemic
fungitoxicants as well as five botanical extradisli#ferent concentrations
against the mycelial growth and spore germinatibrDo bryoniaewere
conducted to get a preliminary idea about the fiaxggants and botanical
to be used under field conditions against the dse&he studies revealed

that among systemic fungitoxicants carbendazamrhibited maximum



inhibition of 87.5 and 74.6 per cent of the mydeb@owth and spore
germination, respectively, followed by thiophanateethyl (76.1 and
69.5%) and myclobutanil (63.0 and 59.9%), whileaagong non-systemic
fungitoxicants chlorothalonil proved most effectiexhibiting 67.4 and
74.3 per cent inhibition of mycelial growth and spogermination,
respectively, which was followed by mancozeb cagisan inhibition of
63.0 and 65.1 per cent, respectively. The presedings on the supremacy
of carbendazim and chlorothalonil among systemid aon-systemic
fungitoxicants, respectively, are in agreement wiite results reported by
Van Steekelenburg (1978), who found 100 and 554 geat mycelial
growth inhibition by carbendazim and chlorothalpméspectively, at 100
g mi* concentration. The present results on effect ofjitoxicants on
spore germination could not be compared as no syzh of studies have
earlier been carried ouf. sativumamong botanicals tested agaimst
bryoniae was found superior with 53.5 and 47.6 per centbitibn of
mycelial growth and spore germination, respectivélye effectiveness of
various botanical againgt. bryoniaehas previously been reported by Flori
et al (2000) who reported the 100 per cent inhibitidrmycelial growth
and spore germination dd. bryoniae by essential oils ofCymbopogan
citrates Ageratum conyzoidesand Eucalyptus citriodora Similarly,
Favaron et el. (1993) reported inhibitory effectooion and garlic extracts

against the polygalacturonases produecedtro by D. bryoniae

Studies were made to control Didymella blight ofge gourd under
field conditions with seed treatments and foliaragp individually and in
combinations by the most effective treatments foumttler in vitro
conditions. It was observed that all the treatmemsividually or in

combinations, restrained the disease incidencensity and percentage of



infected fruits to a level significantly lower thaiat of control and
appreciably enhanced the fruit yields in both tkpeeimental years. The
trend followed by various treatments with respectheir efficacy during
the two years was also similar. Results revealeat the treatment
combination of seed treatment with carbendazimgaloith foliar spray of
carbendazim proved best, which gave least diseasgence of 13.00 and
14.33 per cent, intensity 2.93 and 3.73 per carfigcted fruits 1.41 and
1.44 per cent as against the control which recotidgtest incidence of
68.66 and 75.00 per cent, intensity 40.06 and 4fet6cent and infected
fruits 14.50 and 18.11 per cent, during 2004 an@520espectively.
Carbendazim application as seed treatment and &piays was also found
most effective against Didymella blight of cucumlfgan Steekelenburg,
1978) and watermelon (Hopkin, 1973). Highest nundbdruits 69.66 and
68.00 as well as fruit yield of 130.0 and 126.3a} Was also recorded in
case of treatment combination, carbendazim seednsnt together with
carbendazim foliar spraysd lowest number of fruits 23.66 and 22.00 plot
Land yield of 34.8 and 33.3 q heere recorded in control during 2004 and
2005, respectively. Other treatment combination$jclv proved very
effective, were chlorothalonil ok. sativumseed treatment in combination
with carbendazim foliar sprays. Effectiveness afbeadazim in reducing
the didymella blight severity of roackmelon as wadl in increasing the

yield has been reported by Vawdrey (1994).



CHAPTER -6

SUMMARY AND CONCLUSION

Didymella blight of ridge gourd caused Bydymella bryoniaes a
serious disease and a limiting factor in successfliivation of ridge gourd
in Kashmir valley. The survey conducted in majatlge gourd growing
areas of the valley in 2004 and 2005 revealedttigatisease was prevalent
in all the locations surveyed, though in varyingpmrtions. The average
disease incidence of 32.6 and 36.4 per cent aedsity of 14.8 and 18.8
per cent on leaves, besides the disease incidérgcé and 11.2 per cent on
fruits was recorded during the year 2004 and 20&pectively. Disease in
ridge gourd fields was first noticed during thireeek of June, progressed
steadily and reached its peak by the end of Semeniline causal fungus
was found to infect leaves and fruits of the pla&&ymptoms on leaves
appeared as small circular, light brown spots wiitorotic halo. The spots
with passage of time enlarged, developed concentgs at the centre and
turned dark brown with grayish white centre. Thetspenlarged up to 83
mm, coalesced and caused blighting and yellowingvioble leaf. Black
pycnidia followed by pseudothecia, arranged inlegcwere observed at
the centre of the spots. Symptoms on fruits appledueing second week of
August as dark green circular, water soaked spbishnenlarged rapidly
and caused black rot of the whole fruit. Black colof the affected fruits
was due to the abundant pycnidial and pseudothdégratation of the

causal fungus.

The causal fungus was obtained from diseasedskaples in pure

culture and its pathogenicity proved. Pathogen latdd characteristic



symptoms within 4 days after inoculation and praupycnidia as well as

pseudothecia, 12 and 15 days after symptom expregsispectively.

Morphological studies of the causal pathogen vetueied both on
the host as well as in its pure culture. The fungusulture produced
submerged hyphae with sparse aerial mycelium. Blenies were circular
with cottony growth, initially white to dirty whiteturned greyish and
finally black. The pathogen produced septate myoeliwhich was
irregularly branched, slightly bulged at septa, limgato light brown in
culture and measured 3.2 to 4.3 um. (Av. 3.6 pngcBpycnidia formed
after 10 to 12 days of incubation were globoseregular in shape, solitary
to confluent, glabrous or with mycelial outgrowitusd measured 167.7 —
326.8 um (Av. 236.5 um) in dia. Pycnidiospores wesdable in shape,
subglobose to ellipsoidal or allantoid with sevesalall guttules, aseptate
rarely one septate, 6.4-9.6 x 2.1-4.3 um (Av. 8 3. & um) in size. On
infected tissue of leaf and fruit black pycnidia tife anamorph R.
cucurbitacearuy 120.4 -172.0 um (Av. 142.7 um) in dia, were gisd in
shape, subepidermal, solitary, arranged in cireled filled with large
number of pycnidiospores. The pycnidiospores wewdite, ellipsoidal to
allantoid, one septate rarely two septate, cortsttiat septa, with rounded
ends and 8.6-12.9 x 3.2-4.3 um (Av. 11.5 x 3.6 umgize. Pseudothecia,
found together with pycnidia on infected tissue evelark, globose to
subglobuse, subepidermal, solitary and measured2206.4 um (Av.
186.3 um) in dia. The asci were hyaline, bitunicatglindrical to
subclavate, short stipitate or sessile, biserieight spored and measured
55.9- 64.5 x 10.7-12.9 pm (Av. 62.2 x 11.1 um) iees Ascospores were
13.9-17.2 x 4.3- 5.4 um (Av. 16.4 x 5.1 um), hyalirmono septate,

constricted at the septum, multiguttulate and reandt ends with upper



cell usually wider than the lower one. Pseudopaysgh were observed

hyaline, branched, septate and 2.1-2.6 pum (Avug.

On the basis of source of isolation and morphallgcharacters of
isolate in pure culture as well as on host, thg@isninciting the disease was
identified asDidymella bryoniae(Auerswarld) Rehm [AnamorpRhoma

cucurbitacearun{Foutr.) Sacardo].

D. bryoniae isolated from ridge gourd was pathogenic to aé t
eight cucurbitaceous plant species tester] bottle gourd, bitter gourd,
cucumber, muskmelon, pumpkin, sponge gourd, sqaashwatermelon
both under natural and artificially inoculated ctioths. However, the
incubation period varied among different speciesctviwas 6 days for
sponge gourd, 7 days for bottle gourd, bitter goamd cucumber, 9 days

for muskmelon and watermelon and 10 days for pumpkid squash.

Potato dextrose agar and corn meal agar mediaifeganaximum
mycelial growth and fructification of the fungusybglial growth and spore
germination was highest at temperature of 2&+and pH of 7.0 with no

spore germination recorded at’C2and least at 32.

The correlation of various meteorological factossth disease
development in terms of infection rate (unit/ day)dicated that
temperature, humidity and rainfall were positivetyrelated with infection

rate and rainfall alone had an impact of 69.4 et on it.

The perpetuation studies of the pathogen in/oml $eéicated the
survival of pathogen through seeds as spores. Taiility of spores
however, decreased from 93.9 in November 2004 t6 8October 2005
and from 93.7 in November 2005 to 20.3 per cenDatober 2006, after
harvest in 2004 and 2005, respectively. The peagenof seeds showirig



bryoniae growth also declined with the advancement in g@rperiod. In
blotter method, 45.0 and 48.3 per cent seeds sh@wdayoniaegrowth
immediately after harvest in November 2004 and 208&oectively, which
gradually decreased to 16.6 and 18.3 per cent aftelve months of
storage in October 2005 and 2006, respectively. é¥aw in agar plate
method, 41.6 and 45.0 per cent seeds shdvdatyoniaegrowth after one
month of harvest in November 2004 and 2005, respdgt which declined
gradually to 8.3 and 11.6 per cent after twelve th®mf storage in October
2004 and 2005, respectively.

The studies on perpetuation through plant delmdscated that the
leaf and fruit husk bits, harvested in November£@ad 2005 and stored
indoors, exhibited the presence of fruiting bodisd viable spores
throughout the observation period of twelve montHswever, fruiting
bodies and viable spores were found only up to &nmkJuly on leaf and
fruit husk bits, respectively, besides two monthslanuary and February
when only empty fruiting bodies were noticed. Thaiting bodies and as
such spores were altogether absent throughout ieervation period on
leaf and fruit husk bits buried at 7.5 cm deepadih, @lthough, some empty
fruiting bodies were observed during November othbthe years of

experimentation.

The in vitro evaluation of fungitoxicants and aqueous extra¢ts o
different botanicals againsDidymella bryoniaeindicated that all the
fungitoxicants and botanical extracts significanilyhibited the spore
germination and mycelial growth of the test pathogemong the systemic
fungitoxicants, carbendazim proved most effectivthwnhibition of 87.5
and 74.6 per cent of the mycelial growth and spgermination,

respectively whereas among the non-systemic fuxigaats, chlorothalonil



proved most effective causing 67.4 and 74.3 pet iodibition of mycelial
growth and spore germination, respectively. Amorgjabical extracts
Allium sativumgave highest inhibition of 53.5 and 47.62 per ceht

mycelial growth and spore germination, respectivefythe test pathogen.

Studies were made to control Didymella blight idige gourd under
field conditions with seed treatments and foliaragp individually and in
combinations by the most promising treatments fowmdler in vitro
conditions. It was observed that all the treatmerdstrained the disease
incidence, intensity, percentage of infected friggel significantly lower
than that of control and enhanced the fruit yiedggpreciably in both the
experimental years. Carbendazim seed treatmerdmbination with three
foliar sprays of carbendazim at an interval of Hysiproved best, which
gave least disease incidence (13.00 and 14.33%&ask intensity (2.93 and
3.73%) and infected fruits (1.41 and 1.44%) anchés number of fruits
(69.66 and 68.00 per pltand yield (130 and 126.3 g ha during 2004
and 2005, respectively. The next effective treath@ymbinations were
chlorothalonil seed treatment plus carbendazimafodiprays,A. sativum
seed treatment plus carbendazim foliar sprays aatbendazim seed
treatment plus chlorothalonil foliar sprays. sativumseed treatment and
foliar sprats though least effective, managed tisease significantly and

increased the yield appreciably as compared taaont
In light of present investigations, it is deduckdit-

» Didymella blight is prevalent in all ridge gourdogring areas of the

valley in moderate to severe form.

» The disease is a potential threat to ridge gourd also to other

cucurbits grown in valley.



Symptoms appear on leaves and fruits of the planbg the month of

June and August, respectively

The causal pathogen of the disease was identifeedidymella
bryoniae (Auerswarld) Rehm [AnamorplPhoma cucurbitacearum

(Foutr.) Sacardo] and is the first report from viadley.

Temperature, relative humidity and rainfall postyw favours the

disease development.

The fungus perpetuates both on seed as well asopndebris left on
the soil surface during crop less season and pesdic primary

inoculum for the next cropping season.

Infected seed is the source of primary inoculumtli@ next cropping
season therefore; healthy seeds or seeds treatiecavbendazim @

0.1 per cent or chlorothalonil @ 0.3 per cent stidnd used.

Pathogen survives on crop debris beyond the newingotime.

Therefore, all the crop debris should be colledtedh the field and
destroyed soon after harvesting. Pathogen couldureive up to the
next cropping season on debris buried under seretbre, ploughing
the ridge gourd fields after harvesting can proseful in controlling

the disease.

After the appearance of the disease in the fiebdiarf sprays of
carbendazim @ 0.05 per cent or chlorothalonil @p&Bcent should

be given at 15 days interval.



Table 1. Incidence and intensity of Didymella btigDdidymella bryoniagof ridge gourd on leaves at various locations
of Kashmir during 2004 and 2005

Location Disease incidence (% Disease intensity (%
2004 2005 Mean 2004 2005 Mean
District Srinagar
Brain 28.6 (32.3) 30.0 (33.1) 29.3 (32.7) 11.9 (20.1) 4124.6) 14.6 (22.5)
Dal 60.6 (51.1) 67.3 (55.1) 64.0 (53.1) 32.2 (34.5) 5337.7) 34.8 (36.1)
Darbag 24.0 (29.2) 29.0 (32.7) 26.6 (31.0) 10.2 (18.5) 5)22.3) 12.4 (20.5)
Ganderbal 30.3(33.4) 32.6 (34.7) 31.5(34.1) 12.0 (20.2) 5185.4) 15.2 (22.9)
Habak 54.3 (47.4) 57.3 (49.2) 55.8 (48.3) 26.3 (31.0) 3383.9) 29.0 (32.5)
Noorbagh 16.6 (24.0) 29.0 (32.5) 22.8 (28.5) 14.2 (22.0) 2124.4) 15.7 (23.3)
Shalimar 39.3(38.8) 41.0 (39.7) 40.1 (39.3) 17.2 (24.5) 6429.7) 20.9 (27.2)
Mean 36.2 40.9 38.5 17.7 23.0 20.3
District Budgam
Bugam 27.6 (31.5) 34.3 (35.8) 31.0 (33.7) 10.9 (19.1) 8184.2) 13.9 (21.8)
Gangbug 31.3(33.9) 33.3(35.2) 32.3 (34.6) 12.9 (21.0) 4122.2) 13.6 (21.6)
Narkura 34.0 (35.6) 39.0 (38.5) 36.5 (37.1) 16.0 (23.5) 8126.4) 17.9 (25.0)
Panzan 23.0 (28.5) 21.0 (27.2) 22.0 (27.9) 8.2 (16.5) (126) 7.7 (16.1)
Mean 28.9 31.9 30.4 12.0 14.5 13.3
Overall mean 32.6 (34.8) 36.4 (37.1) 34.5 (35.9) 14.8 (22.6) 81825.6) 16.8 (24.2)
CD (P=0.05) (4.84) (4.79) (3.76) (3.45) (0.59) (2.28)

Figures in parentheses arc sine transformed values



Table 2.

Incidence of Didymella bligh2iflymella bryoniag of ridge gourd

on fruits at various locations of Kashmir during02 and 2005

Disease incidence (%)

Location
2004 2005 Mean
District Srinagar
Brain 9.9 (18.3) 10.9 (19.3) 10.4 (18.8)
Dal 17.8 (24.9) 19.8 (26.4) 18.8 (25.7)
Darbag 7.2 (15.5) 8.8 (17.2) 8.0 (16.3)
Ganderbal 8.3 (16.6) 9.9 (18.3) 9.1 (17.5)
Habak 13.5 (21.5) 17.2 (24.5) 15.4 (23.0)
Noorbagh 8.0 (16.4) 10.4 (18.7) 9.2 (17.6)
Shalimar 9.0 (17.4) 13.0 (21.2) 11.0 (19.3)
Mean 10.5 12.9 11.7
District Budgam
Bugam 6.6 (14.8) 8.4 (16.8) 7.5 (15.8)
Gangbug 9.2 (17.6) 10.4 (18.8) 9.8 (18.2)
Narkura 11.7 (19.9) 13.521.5) 12.6 (20.7)
Panzan 7.7 (16.1) 6.0 (14.1) 6.8 (15.1)
Mean 8.8 9.5 9.2
Overall mean 9.6 (18.1) 11.2 (19.6) 10.4 (18.8)
CD(P=0.05) (2.85) (2.80) (2.95)

Figures in parentheses are arc sine transformegval



Table 5. Effect of media on growth and fructificaton of Didymella bryoniae

Agar media *Colony **Fructification
diameter (mm) Pycnidial Pseudotheci
formation al formation
Corn meal 81.0 ++++ -
Czapek-Dox 69.0 ++ -
Ridge gourd leaf extract 66.6 + -
Ridge gourd fruit extract 69.3 ++ -
Malt extract 86.6 ++++ -
Oat meal 90.0 ++++ -
Potato dextrose 90.0 ++++ -
CD (P=0.05) 4.99

* Observations recorded after 8 days of incubasib4+£C

** Observations recorded after 15 days of incubafid+1C

- = Absent (absent)
+ = Scanty (1-3)
++ = Moderate (4-6)
+++ = Good (7-9)

++++ = Abundant (>9)



Table 3. Symptomatology of Didymella blight Didymella bryoniae) of ridge gourd

Date of Leaf blight Fruit rot
observation Size Shape Colour Other characters Size Shape Colour Other
(Year 2004) (mm) (mm) characters
Mont Weak
h
June ] 0.5-1.0 Circular Light brown Spots on lower most - - - -
spots leaves, chlorotic halo
IV 12.0-21.5 -do- -do- Dewveéal concentric - - - -
rings at the centre
July | 34.5-42.0 Irregularly Dark brown with  Pycnidia formed at centre - - - -
Circular greyish white in concentric rings
spots centre
I 51.5-64.5 -do- -do- Pseldstia followed - - - -
pycnidia, appearance of
fresh spots on the upper
leaves
- 74.5-83.0 - -do- Spots Esxed - - - -
v -do- - -do- Coalescing cadslight - - - -
and yellowing of affected
leaves
\% -do- - Greyish - - - - -
August | -do- - -do- - 5-10 Irregularly circular  Dark green
I -do- - -do- - Covered - Black Pycnidia
whole fruit formed
i -do- - -do- - - - Black Bsdothecia
followed
pycnidia
v -do- - -do- - - - -do- Afteed
newly formed
fruits became
shrivelled and
misshaped
September | -do- - -do- - - - -do- -







Table 4. Morphological characters ofDidymella bryoniae (Auersw.) Rehm

Structure Shape* Colour* Size (Um)* Septation*
On host
Mycelium Irregularly branched Hyaline 3.2-5.3 4.5 epBate
Pycnidium Globose, Dark 120.4- 142.7 -
subepidermal,solitary 172.0
Pycnidiospore Ellipsoidal or Hyaline 8.6-129 115x 1 septate,
allantoid, constricted X 3.2-4.3 3.6 rarely 2
at septa, rounded septate
ends
Pseudothecium Globose to Dark 146.2- 186.3 -
subglobose, 206.4
subepidermal,
solitary
Ascus Cylindrical to Hyaline 55.9-64.5 62.2x -
subclavate, short x 10.7- 111
stipitate or sessile, 12.9
biseriate
Pseudoparaphyses Branched Hyaline 2.1-26 2.2 Present
Ascospore Ellipsoidal, ends  Hyaline 13.9-17.2 16.4x 1 septate
mostly rounded, X 4.3-5.4 5.1
slightly constricted at
septum, upper cell
usually wider than
lower cell
In culture
Colony Hyphae submerged Initially - -
with sparse aerial white to
mycelium, circular, grey,
velvety or cottony  gradually
growth turns dark
grey and
finally
blackish
Mycelium Irregularly branched, Hyalineto  3.2-4.3 3.6 Present
bulged at septa  light brown
Pycnidium Globose to irregular,  Dark 167.7- 236.5 -
glabrous or with 326.8
mycelial outgrowths,
solitary to confluent
Pycnidiospore Ellipsoidal or Hyaline 6.4-9.6 x 8.3x3.7 Aseptate,
allantoid with small 2.1-4.3 rarely |
guttules septate

* Average of 100 observations



Table 8. Host range oDidymella bryoniae in nature and under artificial inoculation
conditions

Natural Avrtificial inoculation
Host tested infection Incubation
in field Reaction period (days)

Bottle gourd(Lagenaria siceraria
(Molina) Stendle) + + 7

Bitter gourd(Mamordica + + 7

charantiaPoir)

Cucumber(Cucumis sativus.) + + 7
Muskmelon(Cucumis meld..) + + 9
Pumpkin Cucurbita pepd~oir) + + 10
Ridge gourd l(uffa acutangula + + 4
(L.) Roxb.)

Sponge gourdLuffa cylindrical..) + + 6
Squash (Cucurbita maxima Dusch) + + 10
Watermelor Citrullus lanatus + + 9

(Thumb.) Stendle]

+ Infected






Table 5. Effect of media on growth and fructificaton of Didymella bryoniae

Agar media Colony Fructification
diameter* Pycnidial Pseudothecial
(mm) formation** formation

Corn meal 81.0 ++++ -
Czapek-Dox 69.0 ++ -
Ridge gourd leaf extract 66.6 + -
Ridge gourd fruit extract 69.3 ++ -
Malt extract 86.6 ++++ -
Oat meal 90.0 ++++ -
Potato dextrose 90.0 ++++ -

CD (P=0.05) 4.99

Table 6. Effect of temperature on growth, fructification and spore
germination of Didymella bryoniae

Temperature Colony Spore Pycnidial
(+1°) diameter* germination*** formation**
(mm) (%)

12 16.3 0.0 (4.0) +
16 38.0 29.0 (32.8) +
20 81.6 68.0 (55.9) ++++
24 90.0 95.6 (79.1) ++++
28 74.3 75.6 (61.1) ++++
32 45.3 24.6 (29.9) ++
36 0.0 0.0 (4.0) -

C.D (P=0.05) 6.38 (7.22)

Table 7. Effect of pH on growth, fructification and spore germination of
Didymella bryoniae

pH Colony Spore Pycnidial
diameter germination*** (%)  formation
(mm)* *%
5.0 59.3 64.3 (53.3) +
55 78.6 70.6 (57.3) ++
6.0 81.0 84.0 (66.5) ++++
6.5 88.6 85.3 (67.6) ++++
7.0 90.0 95.6 (78.0) ++++
7.5 35.3 49.3 (44.6) +
8.0 14.6 32.0 (34.4) +
C.D (P=0.05) 10.96 (6.53)

Figures in parenthesis are arc sine transforragces

* Observations recorded after 8 days of intioina

** Observations recorded after 15 days of incidrat

*** Observations recorded after 24 hours of inatibn

- = 0 (absent); + = Scanty (1-3); ++ = Moderat&j4+++ = Good (7-9);
++++ = Abundant (>9)






Table 9. Survival of Didymella bryoniae in/on ridge gourd seeds observed at
monthly intervals after harvest in 2004

Month

Spore viability

Seeds showind. bryoniae growth

(%)

Blotter Agar plate

method method
November 2004 93.9 (76.0) 45.0 (42.1) 41.6 (40.1)
December 95.4 (77.8) 41.6 (40.1) 38.3(38.2)
January 2005 81.2 (64.3) 38.3(38.2) 36.6 (37.2)
February 72.0 (58.0) 33.3(35.2) 33.3(35.1)
March 61.3 (51.5) 31.6 (34.2) 31.6(34.2)
April 55.9 (48.4) 30.0 (33.1) 28.3 (32.0)
May 32.5 (34.7) 28.3 (32.1) 25.0 (29.9)
June 29.8 (33.0) 26.6 (30.9) 21.6 (27.6)
July 28.0 (31.9) 23.3 (28.8) 20.0(26.4)
August 28.35 (32.0) 20.0 (26.4) 16.6 (24.0)
September 23.3 (28.8) 20.0 (26.5) 11.6 (19.8)
October 18.6 (25.5) 16.6 (24.0) 8.3 (16.5)

CD (P=0.05) (4.69) (4.32) (4.92)

Figures in parentheses are arc sine transformed vag¢s



Table 10. Survival of Didymella bryoniae in/on ridge gourd seeds observed
at monthly intervals after harvest in 2005

Month Spore viability Seeds showind. bryoniae growth
(%) (%)
Blotter Agar plate
method method
November 2005  93.7 (75.9) 48.3 (44.0) 45.0 (42.1)
December 92.9 (74.7) 45.0 (42.1) 43.3(41.1)
January 2006 86.9 (68.9) 41.6(40.1) 38.3(38.2)
February 80.8 (64.0) 38.3(38.2) 35.0 (36.2)
March 78.0 (62.0) 35.0 (36.2) 28.3 (32.1)
April 73.2 (58.8) 31.6 (34.2) 25.0 (29.9)
May 60.8 (51.2) 30.0 (33.1) 23.3 (28.8)
June 46.6 (43.0) 26.6 (30.9) 21.6 (27.5)
July 45.9 (42.6) 25.0 (29.9) 21.6 (27.5)
August 32.6 (34.8) 21.6 (27.5) 20.0 (26.5)
September 24.1 (29.4) 20.0 (26.4) 15.0 (22.5)
October 20.3 (26.7) 18.3 (25.2) 11.6 (19.8)
CD (P=0.05) (3.88) (4.43) (4.58)

Figures in parentheses are arc sine transformed vag¢s






Table 11.

leaves kept under different conditions after harue2004

Fructification and pycnidiospore/ agmre production and viability on infected ridgeigb

Month

*Number of pycnidia/
pseudothecia c* leaf are

*No. of pycnidiospores/
ascospores ¢ leaf area

(%)

*Pycnidiospore/ ascospore viability

Ambient Leaf burial at  Ambient Leaf burial at soil Ambient Leaf burial at soil
conditions _ soil depth (cm  conditions depth (cm condition: depth (cm
0 7.5 0 7.5 0 7.5
November 2004 47.6 45.6 17.2 5166.0 4100.0 0.0 one41) 92.2 NA
December 40.1 34.2 0.0 3646.0 3453.0 0.0 76.5 (61.0 81.2 NA
January 2005 38.0 21.2 0.0 3166.0 0.0 0.0 64.0153. NA NA
February 31.2 13.2 0.0 2643.0 0.0 0.0 48.4(44.1) NA NA
March 23.5 194 - 1833.0 1846.0 - 30.3 (33.5) 85.2 NA
April 20.6 29.6 - 1413.0 2533.0 - 23.3 (28.8) 94.4 -
May 18.5 24.5 - 1046.0 2013.0 - 20.3 (26.7) 84.8 -
June 12.1 19.5 - 1026.0 1226.0 - 20.0 (26.5) 786 -
July 10.9 - - 956.0 - - 16.4 (23.9) - -
August 12.5 - - 646.0 - - 10.4 (18.8) - -
September 8.5 - - 576.0 - - 9.6 (18.0) - -
October 6.5 - - 416.0 - - 8.8(17.2) - -
CD(P=0.05) 2.90 3.28 2.95 2.59 (2.60)

Figures in parentheses are arc sine transformed va¢s

- Material perished; NA Spores not available









Table 13. Fructification and pycnidiospore/ ascosgwoduction and viability on infected ridge godmait husk kept

under different conditions after harvest in 2004

Month *No. of pycnidia/ pseudothecia  *No. of pycnidiospores/ *Pycnidiospore/ ascospore
cm® fruit husk area ascospores cifruit husk area viability (%)

Ambient Leaf burial at soil Ambient Leaf burial at soil Ambient Leaf burial at

conditions depth (cm) conditions depth (cm) conditions  soil depth (cm)
0 7.5 0 7.5 0 7.5
November 2004 78.1 76.6 13.4 6926.0 6126.0 0.0 865) 92.05 NA
December 70.8 63.2 0.00 6200.0 4533.0 0.0 84.67(59.87.33 NA
January 2005 62.4 36.7 0.00 5036.0 0.00 0.0 7282 NA NA
February 54.4 22.2 0.00 4520.0 0.00 0.0 51.2 (45.7)NA NA
March 43.2 24.2 0.00 3865.0 2946.0 - 43.2 (41.1) .589 -
April 37.1 41.0 - 3353.0 3756.0 - 41.5(40.1) 88.05
May 30.2 25.1 - 2850.0 2253.0 - 38.4(38.2) 85.16
June 24.1 18.4 - 2630.0 1676.0 - 32.0(34.4) 80.38 -
July 20.2 13.2 - 1746.0 1240.0 - 28.4 (32.2) 78.25 -
August 14.1 - - 1573.0 - - 22.5 (28.3) - -
September 10.1 - - 1256.0 - - 18.5 (25.5) - -
October 8.2 - - 983.0 - - 13.2 (21.3) - -
CD(P=0.05) 2.27 3.25 3.20 3.64 (0.92)

Figures in parentheses are arc sine transformed vag¢s
- Material perished; NA Spores not available






Table 14.  Fructification and pycnidiospore/ ascosgwoduction and viability on infected ridge godmait husk kept under
different conditions after harvest in 2005

Year/ Month No. of pycnidia/ pseudothecia No. of pycnidiospores / ascospores Pycnidiospore/ ascospore

cm fruit husk area cm? fruit husk area viability (%)
Ambient Leaf burial at Ambient Leaf burial at soil Ambient Leaf burial at soil
conditions  soil depth (cm) conditions depth (cm) conditions depth (cm)
0 7.5 0 7.5 0 7.5
November 2005 71.8 71.8 24.6 6576.0 4936 0.0 9B3429) 91.1 NA
December 69.2 53.6 0.0 5963.0 3863.0 0.0 89.4 (71.0 88.7 NA
January 2006 65.7 30.6 0.0 5376.0 0.0 0.0 77.14p1. NA NA
February 57.8 10.5 0.0 4656.0 0.0 0.0 53.2(46.8) AN NA
March 52.1 19.4 - 4226.0 1453.0 - 45.2 (42.2 90.6
April 47.1 37.2 - 3623.0 2100.0 - 33.2(35.2) 82.4 -
May 37.2 18.2 - 3150.0 1353.0 - 29.8 (33.0) 80.2
June 31.4 12.5 - 2413.0 1000.0 - 23.4 (28.9) 75.1
July 21.5 9.2 - 1853.0 813.0 - 24.2 (29.4) - -
August 19.6 - - 1356.0 - - 21.0 (27.3) - -
September 13.5 - - 923.0 - - 16.2 (23.7) - -
October 10.5 780.0 11.8 (20.1) - -
CD(P=0.05) 2.83 3.10 3.29 2.41 (1.57)

Figures in parentheses are arc sine transformed vag¢s
- Material perished; NA Spores not available









Table 12. Fructification and pycnidiospore/ ascospgoduction and viability on infected ridge goledves kept under
different conditions after harvest in 2005

Month No. of pycr;idia/ pseudothecia No. of pycnidziospores/ ascospores  Pycnidiospore/ascospore
cm*© leaf area cm*© leaf area viability (%)

Ambient  Leaf burial at soil ~ Ambient Leaf burial at soil  Ambient Leaf burial at soil
conditions depth (cm) conditions depth (cm) conditions depth (cm)
0 7.5 0 7.5 0 7.5
November 2005 49.8 49.8 23.6 4643.0 3956.0 0.0 ®2.8) 90.1 NA
December 46.9 39.5 0.0 3916.0 3126.0 0.0 73.2(58.8) 86.9 NA.
January 2006 44.9 18.0 0.0 2926.0 0.0 0.0 58.6(#9.9 NA NA
February 39.9 10.2 0.0 2336.0 0.0 0.0 49.0(44.4) NA NA
March 33.0 20.7 - 2173.0 2100.0 - 38.4(38.3) 82.6 -
April 29.0 20.0 - 1856.0 2836.0 - 35.0(36.2) 80.2 -
May 21.3 17.4 - 1643.0 2126.0 - 32.7(34.9) 80.0
June 16.4 11.6 - 1393.0 1640.0 - 28.9(32.5) 73.4
July 15.1 - - 876.0 - - 24.2(29.4) - -
August 12.6 - - 630.0 - - 19.0(25.9) - -
September 9.5 - - 646.0 - - 13.7(21.7) - -
October 8.3 - - 343.0 - - 7.2(15.6) -
CD(P=0.05) 3.07 2.54 3.23 3.18 (3.29)

Figures in parentheses are arc sine transformed va¢s
- Material perished; NA Spores not available






Table 19. In vitro efficacy of various systemic fungitoxicants in iniiting the mycelial growth and spore germination &

Didymella bryoniae

Fungitoxicant

Per cent radial growth inhibition at
concentration (*ug/ml)

Percent spore germination inhibition at
Concentration (*pg/ml)

10 50 100 200 Mean 10 50 100 200 Mean
Carbendazim 50 WP 55.9 94.4 100.0 100.0 875 49.2 63.8 85.4 100.0 74.6
(48.3) (81.9) (89.9) (89.9) (77.5) (44.5) (53.0) (67.7) (89.9) (63.8)
Thiophanate Methyl 70 WP 34.8 69.6 100.0 100.0 76.1 38.6 55.8 83.6 100.0 69.5
(36.1) (56.5) (89.9) (89.9) (68.1) (38.3) (48.3) (66.2) (89.9) (60.7)
Myclobutanil 10 WP 22.5 52.5 77.0 100.0 63.0 31.7 43.8 66.8 97.4 59.9
(28.3) (46.4) (61.3) (89.9) (56.5) (34.2) (41.4) (54.9) (82.4) (53.2)
Diniconazole 25 WP 17.4 314 64.8 100.0 48.7 16.4 28.1 52.6 85.4 45.6
(246) (34.1) (53.6) (89.9) (44.2) (23.7) (31.9) (46.5) (67.6) (42.4)
Bitertanol 25 WP 11.1 33.3 51.1 81.4 41.6 22.3 38.0 66.1 93.0 54.8
(19.3) (35.2) (45.6) (64.5) (39.4) (28.0) (38.0) (54.5) (v4.7) (48.8)
Mean 28.3 56.2 78.5 90.5 31.6 45.9 70.9 95.1
(31.3) (50.8) (68.1) (78.3) (33.7) (42.5) (58.0) (80.9)
CD (P=0.05) Fungitoxicant (2.83) (3.27)
Concentration (2.53 (2.92)
Fungitoxicant x Concentratio (5.66) (6.55)

Figures within parentheses are arc sine trangdwvalues

** Active ingredient basis



Table 20. In vitro efficacy of various non-systemic fungitoxicants imhibiting the mycelial growth and spore germinaton of
Didymella bryoniae

Fungitoxicant Per cent radial growth inhibition at Percent spore germination inhibition at
concentration (*ug mi) concentration (*ug mr)
100 250 500 1000 Mean 100 250 500 1000 Mean
Chlorothalonil 75 WP 22.9 46.6 100.0 100.0 67.4 42.8 66.3 88.4 100.0 74.3
(28.6) (43.0) (89.9) (89.9) (62.9) (40.7) (54.5) (70.2) (89.9) (63.8)
Zineb 75 WP 15.1 314 55.5 100.0 50.5 22.6 47.7 65.2 100.0 58.9
(22.8) (34.1) (48.1) (89.9) (48.7) (28.2) (43.6) (53.8) (89.9) (53.9)
Captan 50 WP 6.6 27.0 58.8 96.3 47.2 11.1 40.2 61.4 100.0 53.2
(14.5) (31.2) (50.1) (83.4) (44.8) (19.2) (39.3) (51.7) (89.9) (50.0)
Copper oxychloride 50 WP 5.1 20.0 48.1 74.4 36.9 5.7 30.1 52.3 93.5 45.4
(12.8) (26.2) (43.9) (59.6) (35.6) (13.3) (33.2) (46.3) (75.2) (42.0)
Mancozeb 75 WP 19.6 45.1 87.4 100.0 63.0 30.8 51.4 78.3 100.0 65.1
(26.2) (42.2) (69.2) (89.9) (56.9) (33.6) (45.7) (62.2) (89.9) (57.9)
Mean 13.9 34.0 69.9 94.1 22.62 47.1 69.1 98.7
(21.0) (35.3) (60.2) (82.5) (27.06)  (43.3) (56.8) (87.0)
CD (P=0.05) Fungitoxicant (2.94) (3.13)
Concentration (2.62) (2.79)
Fungitoxicant x Concenipati (5.88) (6.26)

Figures in parentheses are arc sine transfoualees
**Active ingredient basis



Table 20.1n vitro efficacy of various botanicals in inhibiting the nycelial growth and spore germination ofDidymella bryoniae

Botanical Local Percent radial growth inhibition at Percent spore germination inhibition at
name concentration (%) concentration (%)
1 5 10 15 Mean 1 5 10 15 Mean
Urtica dioica Soi 14 7.7 22.2 36.6 17.0 3.5 17.5 27.3 41.3 22.4
(6.8) (16.0) (28.0) (37.2) (22.0) (10.8) (24.6) (31.4) (40.0) (26.7)
Artemesia annua Tethwan 5.1 19.2 34.4 51.8 27.6 10.8 27.7 39.6 57.9 34.0
(12.9) (25.9) (35.9) (46.0) (30.2) (18.9) (31.7) (38.9) (49.5) (34.8)
Datura stramonium Datur 2.5 8.5 21.8 40.7 18.4 3.1 14.3 36.1 47.7 25.3
(9.2) (16.9) (27.8) (39.6) (23.4) (9.5) (22.1) (36.9) (43.6) (28.0)
Allium cepa Rohan 6.3 24.0 53.3 75.1 39.7 10.1 30.8 50.8 73.7 41.4
(14.3) (29.3) (46.8) (60.1) (37.6) (18.4) (33.7) (45.4) (59.2) (39.2)
Allium sativum Ganda 9.6 41.1 63.3 100.0 53.5 14.7 35.0 61.7 78.9 47.6
(18.0) (39.8) (52.7) (89.9) (50.1) (22.5) (36.2) (51.7) (62.7) (43.3)
Mean 5.0 20.1 39.0 60.8 8.4 25.1 43.1 59.9
(12.2) (25.6) (38.2) (54.6) (16.0) (29.7) (40.9) (51.0)
CD (P=0.05) Botanical (2.27) (2.18)
Concentration (1.42) (1.94)
Botanical x Concentrat (2.85) (4.36)

Figures in parentheses are arc sine transforaleey






Table 25. Effect of seed treatment and foliar spyaon incidence of Didymella blight Didymella bryoniae) on leaves of ridge

gourd during 2004

Disease incidence (%)

Seed treatments

Foliar sprays

Carbendazim Chlorothalonil Allium sativum Check Mean
50 WP (.05%) 75 WP (0.3%) (20%) (Water spray)
Carbendazim 50 WP (0.1 %) 13.00 (21.05) 26.66 (30.95) 33.33(35.21) 47.33443 30.08 (32.66)
Chlorothalonil 75 WP (0.3 %) 14.00 (21.86) 23.66 (29.07) 36.33 (37.04) 54.66 (47.66) 32.16 (33.90)
Allium sativum(20 %) 17.33 (24.56) 28.66 (32.34) 38.33 (38.23) 59.66 (50.55) 35.99 (36.42)
Check (Water Spray) 18.00 (25.02) 30.00 (33.17) 39.66 (39.01) 68.6698p 39.08 (38.29)
Mean 15.58 (23.12) 28.08 (31.18) 36.16 (37.37) 57.574@p
CD (P=0.05) Seed treatment qp.2
Foliar sprays (2.26)
Seed treatmextBoliar sprays (4.52)

Figures in parentheses are arc siarsformed values



Table 26. Effect of seed treatment and foliar spragn incidence of Didymella blight Didymella bryoniae) on leaves of ridge

gourd during 2005

Seed treatments

Disease incidence (%)

Foliar sprays

Carbendazim
50 WP (.05%)

Mean

Carbendazim 50 WP (0.1%)

Chlorothalonil 75 WP (0.3%)

Allium sativum(20%)

Check (Water Spray)

Mean

14.33 (22.03)
17.00 (24.28)
16.66 (23.91)
17.33 (24.56)

16.33 (23.70)

Chlorothalonil Allium sativum Check

75 WP (0.3%) (20%) (Water Spray)
26.00 (30.57) 40.00 (39.16) 57.663@P
26.66 (31.01) 41.66 (40.16) 63.6695R
28.00 (31.84) 43.66 (41.33) 62.6635P
29.66 (32.97) 45.33 (42.29) 75.0006)D
27.58 (31.60) 42.66 (40.73) 6458.23)

34.50 (35.29)
37.25 (37.09)
37.75 (37.35)

41.83 (39.95)

CD (P=0.05) Seed treatment

Foliar sprays

Seed treatmeXtboliar sprays

1.3

(2.31)

(4.63)

Figures in parentheses are arc sine transformegval






Table 27. Effect of seed treatment and foliar sprapn intensity of Didymella blight (Didymella bryoniae) on leaves of ridge

gourd during 2004

Seed treatments

Disease intensity (%)

Foliar sprays

Carbendazim Chlorothalonil Allium sativum Check Mean
50 WP (.05%) 75 WP (0.3%) (20%) (Water Spray)
Carbendazim 50 WP (0.1% ) 2.93 (9.81) 7.73 (16.11) 11.00 (19.34) 23.26 (2B.75 11.23 (18.50)
Chlorothalonil 75 WP (0.3 %) 3.93 (11.39) 8.26 (16.70) 12.20 (20.42) 28.26 (BR.0 13.16 (20.15)
Allium sativum(20 %) 4.06 (11.62) 8.60 (17.04) 14.46 (22.34) 32.60 (34.80) 14.93 (21.45)
Check (Water Spray) 4.26 (11.88) 8.93 (17.38) 15.40 (23.09) 40.06 (3p.2 17.16 (22.90)
Mean 3.80 (11.17) 8.38 (16.80) 13.26 (21.30) 31IR72)
CD (P=0.05) Seed treatment (1.03)
Foliar sprays (1.03)
Seed treatmeKt&oliar sprays (2.06)

Figures in parentheses are arc sine transformeeval



Table 28. Effect of seed treatment and foliar spy on intensity of Didymella blight (Didymella bryoniae) on leaves of ridge

gourd during 2005

Seed treatments

Disease intensity (%)

Foliar sprays

Carbendazim 50

WP (.05%)

Chlorothalonil
75 WP (0.3%)

Allium sativum

(20 %)

Check

(Water Spray)

Mean

Carbendazim 50 WP (0.1 %)
Chlorothalonil 75 WP (0.3 %)
Allium sativum(20 %)
Check (Water Spray)

Mean

3.73 (11.03)
4.00 (11.44)

4.26 (11.78)

4.73 (12.54)

4.18 (11.70)

8.00 (16.40)
8.93 (17.38)
8.80 (17.23)

9.13 (17.57)

8.71 (17.15)

13.86 (21.84)
14.46 (22.33)
14.40 (22.28)

14.80 (22.60)

14.38 (22.26)

31.60 @p.1
36.86 (37.36)
37.26 (37.60)

40.46 (38p.4

363516)

14.30 (20.86)
16.06 (22.13)
16.18 (22.22)

17.28 (23.05)

CD (P=0.05) Seed treatment
Foliar sprays

Seed treatmeKt&oliar sprays

(0.87)
(0.87)

(1.74)

Figures in parentheses are arcsiaasformed values



Table 31. Effect of seed treatment and foliar sprapn number of fruits (plot™) and yield (q ha?) of ridge gourd during

2004
Number of fruits and yield (q ha™)
Foliar sprays
Seed treatments Carbendazim Chlorothalonil Allium sativum Check Mean
50 WP (.05%) 75 WP (0.3%) (20 %) (Water pray)

Carbendazim 50 WP (0.1 %) 69.6 (130.0) 59.3 (107.7) 39.6 (67.3) 27.6 (43.7) 49.0 (87.1)
Chlorothalonil 75 WP (0.3 %) 69.3 (129.8) 58.3 (105.1) 38.0 (64.6) 26.6 (43.0) 48.1 (85.6)
Allium sativum(20 %) 65.3 (118.7) 55.0 (98.3) 35.0 (58.8) 25.6 (41.5) 45.2 (79.3)
Check (Water Spray) 64.6 (116.4) 54.0 (95.4) 34.3 (58.2) 23.6 (34.8) 44.1 (76.2)
Mean 67.2 (123.7) 56.6 (101.6) 36.7 (62.2) 25.9 (40.8)
CD (P=0.05) Seed treatment 3.6%2.91)

Foliar sprays 3.65(2.91)

Seed treatmextBoliar sprays 7.30 (5.82)

Figures in parentheses are yield (¢)ha



Table 32. Effect of seed treatment and foliar spgaon number of fruits (plot™) and yield (q ha) of ridge gourd during

2005

Seed treatments

Number of fruits and yield (q ha™)

Foliar sprays

Carbendazim Chlorothalonil Allium sativum Check Mean
50 WP (.05 %) 75 WP (0.3%) (20 %) (Water spray)
Carbendazim 50 WP (0.1 %) 68.0 (126.3) 58.3 (107.0) 38.0 (63.8) 27.6 (43.7) 48.0 (85.2)
Chlorothalonil 75 WP (0.3 %) 67.3 (121.0) 56.6 (99.2) 38.6 (65.7) 26.6 (42.4) 47.3 (82.1)
Allium sativum(20 %) 62.0 (113.0) 57.3 (96.9) 38.0 (63.1) 25324 45.6 (78.4)
Check (Water Spray) 61.6 (111.7) 52.6 (92.2) 35.3(58.1) 22.0 (33.3) 42.9 (73.8)
Mean 64.7 (118.1) 56.2 (98.8) 37.5 (62.7) 25.4 (39.9)
CD (P=0.05) Seed treatment 413 (3.42)
Foliar sprays 413 (3.42)
Seed treatmeKt&oliar sprays 8.26  (6.85)

Figures in parentheses are yield (¢hha



Table 29. Effect of seed treatment andlfar spray on per cent infected fruits of ridge gaorrd during 2004

Infected fruits (%)

Foliar sprays

Seed treatments Carbendazim Chlorothalonil Allium sativum Check Mean
50 WP (.05 %) 75 WP (0.3%) (20%) (Water Spray)
Carbendazim 50 WP (0.1 %) 1.41 (6.82) 2.76 (9.43) 5.57 (13.57) 10.75 (19.09) 5.13 (12.24)
Chlorothalonil 75 WP (0.3 %) 1.44 (6.89) 2.83(9.53 6.75 (14.91) 13.08 (21.18) 6.02 (13.11)
Allium sativum(20 %) 1.50 (7.04) 3.51 (10.79) 7.28 (15.50) 13ZBR60) 6.47 (13.73)
Check (Water Spray) 2.06 (8.08) 3.58 (10.89) 7.56 (15.76) 14.50 (22.37)  6.92 (14.27)
Mean 1.60 (7.21) 3.17 (10.16) 6.79 (14.94) 12.9B(B) 6.13 (13.34)
CD (P=0.05) Seed treatment 1.4%)
Foliar sprays (1.41)
Seed treatmextBoliar sprays (2.73)

Figures in parentheses are arc siaesformed values



Table 30. Effect of seed treatment and foliar spragn per cent infected fruits of ridge gourd during2005

Seed treatments

Infected fruits (%)

Foliar sprays

Carbendazim Chlorothalonil Allium sativum Check Mean

50 WP (.05 %) 75 WP (0.3%) (20 %) (Water Spray)
Carbendazim 50 WP (0.1 %) 1.44 (6.89) 2.80 (9.50) 6.07 (14.05) 10.87 (19.16) 5.29 (12.40)
Chlorothalonil 75 WP (0.3 %) 1.46 (6.93) 2.95 (9.71) 6.06 (14.01) 12.29 (20.41) 5.69 (12.77)
Allium sativum(20 %) 1.58 (7.23) 3.41 (10.63) 6.51 (14.64) 16.82 (24.04) 7.08 (14.14)
Check (Water Spray) 2.14 (8.26) 3.66 (11.02) 8.10 (16.32) 18.11 (25.08) 8.00 (15.17)
Mean 1.65 (7.33) 3.20 (10.21) 6.68 (14.76) 14.52 (22.17) 6.51 (18.61
CD (P=0.05) Seed treatment 841L.

Foliar sprays 1.84)

Seed treatmeXtEoliar sprays

(3.69)

Figures in parentheses are arc siarsformed values



Table 15. Influence of weather factors on developme of leaf blight (Didymella
bryoniae) of ridge gourd during 2004 and 2005

Date of Disease Infection Mean Mean Mean rainfall*
observation intensity rate temperature* relative (mm)
(unit/day) (°c) humidity*
(%)

Year 2004
Month Week
June 1] 0.20 - 21.55 71 0.42
June v 0.33 0.0716 21.25 67 0.85
July I 0.47 0.0507 24.15 66 0.00
July Il 1.20 0.1348 21.40 72 6.42
July 1] 1.53 0.0351 20.50 67 0.51
July v 2.27 0.0574 23.65 69 0.71
July \Y 7.87 0.1858 21.95 80 7.54
August I 15.47 0.1087 23.85 70 2.14
August Il 17.47 0.0208 23.80 73 0.11
August Il 20.33 0.0267 21.00 69 1.20
August v 21.67 0.0115 20.85 64 0.00
September I 22.40 0.0061 20.85 61 0.00
September I 24.07 0.0134 22.95 69 0.00
September Il 30.00 0.0430 18.30 70 0.31
September v 32.07 0.0138 17.40 64 0.00

Year 2005
June I 0.20 - 18.50 62 1.07
June Il 0.20 0.0000 18.70 56 0.00
June I 0.27 0.0429 22.20 57 0.00
June v 0.47 0.0794 19.93 71 2.72
July I 1.67 0.1826 22.42 76 15.77
July Il 2.00 0.0262 23.35 75 0.45
July [l 3.00 0.0593 25.15 72 0.88
July \Y] 3.73 0.0321 25.10 69 0.37
July \Y, 4.60 0.0312 21.90 68 0.54
August I 5.13 0.0164 24.75 64 0.20
August Il 15.33 0.1724 22.35 66 4.62
August 11 19.13 0.0381 20.90 68 0.31
August \Y] 19.40 0.0025 24.05 65 0.00
September I 24.27 0.0408 20.70 73 0.28
September I 45.73 0.1379 18.40 68 3.00
September 1 48.46 0.0156 18.20 68 0.00
September I\ 50.13 0.0095 17.40 66 0.00

* Mean of seven days



Table 16. Coefficients of simple correlation of metorological factors
with disease intensity and infection rate

Weather factors Disease intensity Infection rate
Temperature -0.535* 0.094
Relative humidity 0.062 0.519*
Rainfall -0.201 0.833*

* Significant at 5%

Table 17. Step wise multiple regression equationsdicating the
relationship of meteorological factors with disese intensity

Stepwise prediction equations

Y =42.4—-3.77 X+ 0.810 % — 1.46 % R° = 38.6%
Y =89.4—3.46 X—0.777 %, R*=31.4%

Y =89.8-3.54 X R>=28.7%

Table 18. Step wise multiple regression equationsdicating the
relationship of meteorological factors with infetion rate

Stepwise prediction equations

Y =-0.0605+ 0.00042 % + 0.00126 % + 0.0129 %; R° = 70.5%
Y =-0.0549 + 0.00131 X+ 0.0129 %; R? = 70.4%

Y =0.0328 + 0.0139 X R* = 69.4%

X1, X2 and X3 represent temperature, relative hitpnahd rainfall, respectively



Table 19. h vitro efficacy of various systemic fungitoxicantsn inhibiting the mycelial growth of Didymella bryoniae

Fungitoxicant

Per cent mycelial growth inhibition at
concentration (*ug mr™)

10 50 100 200 Mean

Carbendazim 50 WP 55.9 (48.3) 94.4 (81.9) 100.0 (89.9) 100.0 (89.9) 87.5 (77.5)
Thiophanate Methyl 70 WP 34.8 (36.1) 69.6 (56.5) 100.0 (89.9) 100.0 (89.9) 76.1(68.1)
Myclobutanil 10 WP 22.5(28.3) 52.5(46.4) 77.0 (61.3) 100.0 (89.9) 63.0 (56.5)
Diniconazole 25 WP 17.4 (24.6) 31.4(34.1) 64.8 (53.6) 100.0 (89.9) 48.7 (44.2)
Bitertanol 25 WP 11.1(19.3) 33.3(35.2) 51.1 (45.6) 81.4 (64.5) 41.6(39.4)

Mean 28.3(31.3) 56.250.8) 78.568.1) 90.5 (78.3)
CD (P=0.05) Fungitoxicant (2.83)

Concentration (2.53)

Fungitoxicant x Concentratio

(5.66)

Figures in parentheses are arc sine transformegval

* Active ingredient basis



Table 20. h vitro efficacy of various systemic fungitoxicants i inhibiting spore germination of Didymella

bryoniae
Fungitoxicant Percent spore germination inhibition at
concentration (*ug mr™)
10 50 100 200 Mean
Carbendazim 50 WP 49.2 (44.5) 63.8 (53.0) 85.4 (67.7) 100.0 (89.9) 74.6(63.8)
Thiophanate Methyl 70 WP 38.6 (38.3) 55.8 (48.3) .6886.2) 100.0 (89.9) 69.5(60.7)
Myclobutanil 10 WP 31.7 (34.2) 43.8 (41.4) 66.8 (54.9) 97.4 (82.4) 59.9(53.2)
Diniconazole 25 WP 16.4 (23.7) 28.1 (31.9) 52.6%%46  85.4 (67.6) 45.6(42.4)
Bitertanol 25 WP 22.3 (28.0) 38.0 (38.0) 66.1 (34.5 93.0(74.7) 54.8 (48.8)
Mean 31.6 (33.7) 45.9 (42.5) 70.9 (58.0) 95.1 (80.9)
CD (P=0.05) Fungitoxicant (3.27)
Concentration (2.92)

Fungitoxicant x Concentratio (6.55)

Figures in parentheses are arc sine transfornmleds/a
* Active ingredient basis



Table 21. nlvitro efficacy of various non-systemic fungitoxicats in inhibiting the mycelial growth of

Didymella  bryoniae

Fungitoxicant Per cent mycelial growth inhibition at
concentration (*ug mrY)
100 250 500 1000 Mean
Chlorothalonil 75 WP 22.9 (28.6) 46.6 (43.0) 10(89.9) 100.0 (89.9) 67.4 (62.9)
Zineb 75 WP 15.1 (22.8) 31.4 (34.1) 55.5 (48.1) 100.0 (89.9) 50.5 (48.7)
Captan 50 WP 6.6 (14.5) 27.0 (31.2) 58.8 (50.1) 96.3 (83.4) 47.2(44.8)
Copper oxychloride 50 WP 5.1(12.8) 20.0 (26.2) 1443.9) 74.4 (59.6) 36.9 (35.6)
Mancozeb 75 WP 19.6 (26.2) 45.1 (42.2) 87.4 (69.2) 100.0 (89.9) 63.0 (56.9)
Mean 13.9 (21.0) 34.0 (35.3) 69.9 (60.2) 94.1 (82.5)

CD (P=0.05) Fungitoxicant (2.94)

Concentration (2.62)

Fungitoxicant x Concentati (5.88)

Figures in parentheses are arc sine transfornmleds/a
* Active ingredient basis



Table 22.
of Didymella bryoniae

h vitro efficacy of various non-systemic fungitoxicats in inhibiting the spore germination

Fungitoxicant

Percent spore germination inhibition at
concentration (*ug mrt)

100 250 500 1000 Mean

Chlorothalonil 75 WP 42.8 (40.7) 66.3 (54.5) 88.4(70.2)  100.0 (89.9) 74.3 (63.8)
Zineb 75 WP 22.6 (28.2) 47.7 (43.6) 65.2 (53.8)  100.0 (89.9) 58.9 (53.9)
Captan 50 WP 11.1 (19.2) 40.2 (39.3) 61.4 (51.7)  100.0 (89.9) 53.2 (50.0)
Copper oxychloride 50 WP 5.7 (13.3) 30.1(33.2) 3536.3) 93.5 (75.2) 45.4 (42.0)
Mancozeb 75 WP 30.8 (33.6) 51.4 (45.7) 78.3(62.2)  100.0 (89.9) 65.1 (57.9)
Mean 22.6 (27.0) 47.1 (43.3) 69.1 (56.8) 98.7 (87.0)

CD (P=0.05) Fungitoxicant (3.13)

Concentration (2.79)

Fungitoxicant x Concentratio (6.26)

Figures in parentheses are arc sine transfornmleds/a
* Active ingredient basis



Table 23. hvitro efficacy of various botanicals in inhibiting the mycelial growth of Didymella bryoniae

Botanical Local Per cent mycelial growth inhibition at
name concentration (%)
1 5 10 15 Mean
Urtica dioica Soi 1.4 (6.8) 7.7 (16.0) 22.2 (28.0) 36.6 (37.2) 17.0 (22.0)
Artemisia annua Tethwan 5.1 (12.9) 19.2 (25.9) 34.4 (35.9) 51.8 (46.0) 27.6 (30.2)
Datura stramonium Datur 2.5(9.2) 8.5 (16.9) 21.8 (27.8) 40.7 (39.6) 18.4 (23.4)
Allium cepa Rohan 6.3 (14.3) 24.0 (29.3) 53.3 (46.8) 75.1(60.1) 39.7 (37.6)
Allium sativum Ganda 9.6 (18.0) 41.1 (39.8) 63.3 (52.7) 100.0 (89.9)53.5 (50.1)
Mean 5.0 (12.2) 20.1 (25.6) 39.0 (38.2) 60.8 (54.6)

CD (P=0.05) Botanical (2.27)

Concentration (1.42)

Botanical x Concentration .88

Figures in parentheses are arc sine transfornmleds/a



Table 24. h vitro efficacy of various botanicals in inhibiting the spore germination ofDidymella bryoniae

Botanical Local Percent spore germination inhibition at
name concentration (%)
1 5 10 15 Mean
Urtica dioica Soi 3.5(10.8) 17.5 (24.6) 27.3 (31.4) 41.3 (40.0) 22.4 (26.7)
Artemisia annua Tethwan 10.8 (18.9) 27.7 (31.7) 39.6 (38.9) 57.9 (49.5) 34.0 (34.8)
Datura stramonium Datur 3.1(9.5) 14.3 (22.1) 36.1 (36.9) 47.7 (43.6) 25.3 (28.0)
Allium cepa Rohan 10.1 (18.4) 30.8 (33.7) 50.8 (45.4) 73.7 (59.2) 41.4 (39.2)
Allium sativum Ganda 14.7 (22.5) 35.0 (36.2) 61.7 (51.7) 78.9 (62.7) 47.6 (43.3)
Mean 8.4 (16.0) 25.1 (29.7) 43.1 (40.9) 59.9 (51.0)

CD (P=0.05) Fungitoxicant (2.18)

Concentration (1.94)

Botanical x Concentration 4.30)

Figures in parentheses are arc sine transformegval
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APPENDIX-II

Fungitoxicants and their chemical names

S.  Common name Trade Chemical name
No. name
1. Carbendazim 50 Bavistin 50 2-(methoxy-carbomyl)
WP WP benzimedazole
2. Thiophanate Topsin-M  (1,2-bis(3-methoxy-carbonyl-2-
methyl 70 WP 70 WP thioureido)-benzene
3. Myclobutanil 10 Systhane A-butyl-a(4-chlorophenyl)
WP 10 WP
4. Diniconazole 25 Sumi 25 4-dimethyl-2-(1,2,4-triazol-1-yl)-1-
WP WP pentene-3-ol
5. Bitertanol 25 WP Baycor 25 1-(1,1-Biphenyl)-1H-1,2,4-
WP Triazole-1-1 ethanol
6. Chlorothalonil 75 Kavach 75 Tetrachloroisphthalonitrile
WP WP
7. Zineb 75 WP Indofil Z- Zinc ethylene bisdithiocarbamate
78
8. Captan 50 WP Captaf 50 N-(trichloromethylthio)-4-
WP cyclohexene-1,2-dicarboximide
9. Copper Fytolon 50 Copper oxychloride
oxychloride 50 WP
WP
10. Mancozeb 75 Dithene Zinc manganese ethylene

WP M-45 bisdithiocarbamate



APPENDIX-I

Composition of various culture media used

S. Agar medium Constituents Quantity
No. used
1 Ridge gourd leaf extract  Fresh ridge gourd leaves 300 g
Agar 209
Distilled water 1000 ml
2 Ridge gourd fruit extract Fresh ridge gourd Buit 300¢
Agar 209
Distilled water 1000 ml
3 Potato dextrose Peeled potato 200 g
Dextrose 209
Agar 209
Distilled water 1000 ml
4 Corn meal Corn meal 509
Agar 209
Distilled water 1000 ml
5 Oat meal Oat meal 509
Agar 209
Distilled water 1000 ml
6 Czapek-dox Magnesium sulphate 0.50¢g
Potassium sulphate 109
Potassium chloride 0.50¢
Ferrous sulphate 0.01g
Sodium nitrate 2.00g
Sucrose 30.00 g
Agar 209
Distilled water 1000 ml
7 Malt extract Malt extract 209
Agar 209

Distilled water 1000 ml



APPENDIX-III

Botanicals and their parts used

S.No. Scientific names  Common Local name Plant part
name used
1 Urtica dioica Stinging nettle Soi Leaves
2 Artemisia annua  Worm wood Tethwan Leaves
3 Datura Thorn apple Datur Leaves
stramonium
4 Allium sativum Garlic Rohan Leaves

5 Allium cepa Onion Ganda Leaves
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