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ABSTRACT

The studies were conducted in the year 2011 and @@Jprominent foliar
fungal diseases of cucumbeZucumis sativud.) prevalent in Kashmir valley.
The survey conducted in four major commercial grandlistrictsviz., Baramulla,
Srinagar, Bandipora and Budgam revealed downy mildenthracnose,
Alternaria leaf spot and powdery mildew as the prethant diseases. During
2011 and 2012, the mean disease incidence of dawildew, anthracnose,
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spot) andSphaerotheca fuliginegpowdery mildew). These pathogens perpetuated
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mildew, acervulli/conidia in case of anthracnosel as conidia in case of
Alternaria leaf spot and powdery mildew. The coalidproduction and their
viability in soil decreased with increasing depthptacement of infected leaves.
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Chapter — 1
INTRODUCTION

Cucumber Cucumis sativu&inn.) belongs to the familCucurbitaceae
and is one of the oldest cultivated vegetable oatgd from Southern Asia
(Wehner and Robinson, 1991; Doijode 2001; Renr@@72 The genu€ucumis
contains 52 species, of whi¢h sativusis one of the most important commercial
crops grown across the climatic regions from trapito temperate areas
(Ghebretinsaeet al, 2007). Worldwide cucumber is"4most widely cultivated
vegetable crop after tomato, cabbage and oniontt{Slamd Wehner, 2002).
Cucumber is a creeping vine that bears cylindrinsts which are mostly used
for culinary purpose. Cucumbers are of three mgpeg i.e. slicing, picklig,
and burpless. Of these, the market demand fornglidype cucumber has
increased tremendously in recent years (Whitaked Byxavis, 1962). Since
cucumber is a tender crop, therefore it is frosteptible and suffers much when
temperature falls below 15°C for a longer periosh@B, 1997). Nutritionally the
edible portion of cucumber contains 2.7 per cembaaydrates, 0.4 per cent
mineral matter and rest water (Singfhal,, 2004).

Globally cucumber production is 71.36 million t@snand is grown on
2.11 million hectare area with yield value of 33té8nes/ha (FAOSTAT, 2013).
About 80 per cent world cucumber production ocgarasia alone with China as
a leading producer (Wehner and Maynard, 2003). fhitsuincluding cucumber
share about 5.6 per cent of the total vegetabldymed in India and according to
FAO estimate cucurbit crops in India are cultivatedabout 4.29 million ha with
the productivity of 10.52 t/ha. The cucumber expatd import in Jammu and
Kashmir is 218.75 and 5.42 thousand tonnes, raspgc{Anonymous, 2014). In
Kashmir valley cucumber is grown on approximatedy) Giectare area (Masoodi,
2003). India exports about 24,096 metric tons cummeach year and shares 1.49
per cent vegetable export (FAOSTAT, 2006). Fratt®A, Spain, Netherlands

]




and Belgium are the major importers of fresh cucaemnfbom India and import
21.0, 14.0, 10.7, 8.5 and 7.0 per cent fresh cuearfrom India (Kumaret al.,
2008).

The cucumber seeds are often used in Ayurvadipapations and are
good for brain and body development (Shanmugav&f89). Cucumber is
beneficial to jaundice patients and prevents cpattin due to its cooling effect.
Cucumber has both culinary and non-food use. Sasmetic products, including
lotions, perfumes and soaps contain cucumber dgtrdbe fruits are commonly
eaten afresh as salad, pickle or cooked. Cucumdsdt sil is used in French
cuisine (Robinson and Decker-Walters, 1997). Likenyn cucurbit crops,
cucumber is prone to a number of fungal, bactemal viral diseases which cause
serious economic losses to the crop. Mostly fudggdases which include downy
mildew (Pseudoperonospora cubensis powdery mildew $phaerotheca
fuliginea; Erysiphae cichoracearun anthracnose Qolletotrichum orbiculare
syn.C. lagenariun), Cercospora leaf spo€ércospora citrulling; Alternaria leaf
spot Alternaria alternatg; damping off Pythiumspp.) Fusarium wiltKusarium
oxysporum f.sp. cucumerinumn and Phytophthora crown and root rot
(Phytophthora capsigiinflict huge economic losses worldwide (Zittet al,
1998; Saha, 2002). Of these downy mildewowdery mildew, anthracnose,
Alternaria leaf spot, scabeptoria leaf spot and ulocldium leaf spot are naode
spread and economically important destructive disgall over world (Zitteet
al., 1998).

Downy mildew in cucumber is wide spread in tropicemi-arid and
temperate regions (Palti and Cohen, 1980). It reatsfas pale green lesions on
dorsal sides of leaves giving them a mottle appeaal he spots increase in size,
turn yellow and coalesce to cover entire leaf. Véetral side of leaves is covered
with light purple mycelium which bears lemon-shapgabrangia. The disease
decreases flower set and fruit development byniglfoliage (Hashmi, 1994). The
causal pathogeR. cubensisshows highly distinct host specificity and attacks
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above-ground portions mainly the leaves. The foionabf zoospores depends on
the environmental conditions and occurs only irspnee of water but is inhibited
at high temperature. As infection progresses, thleractic lesions expand and
become necrotic (Oerkest al, 2006). Low temperatures delay symptom
development while still promoting leaf colonizatjowhereas high temperature
causes lesion chlorosis at a faster rate that ilshgathogenic growth (Cohen,
1977). With disease progression, the leaves dikinvidays following the initial
infection (Thomas, 1996). Reduced canopy leads h® d¢essation of fruit
development and more exposure of fruits to surrethecausing sun scald and
secondary rots; and adversely affects crop yieltl fauit quality (Keinathet al,

2007). Downy mildew perpetuates as oospore in dutsuincluding cucumber.

Another disease powdery mildew inflicts huge ecoiwolosses to both
field and greenhouse grown cucumber plants (Rewteal, 2000). The disease,
caused bys. fuliginea,produces white talcum-like conidia and mycelium|eaf
surface, petiole and stem. The floccose circulacrdie to coalescing powdery
spots of various sizes appear on infected leavis. Spots are mostly hypo-
phyllous but in some cases may be epiphyllous (Kéraeh Sharma, 1995). The
premature senescence of infected leaves resulfeuinsunburn or premature
ripening (Mc Grath, 1996). The perithecia formataoturs due to the interaction
of host, parasite and environment. The powdery emildungus perpetuates as
mycelium and conidia (Saenz and Taylor, 1999).

Anthracnose Qolletotrichum orbicularg is another serious disease
which infects all the aerial parts of cucumber pland manifests as angular to
roughly circular reddish brown lesions on leavesdé&l humid conditions the
lesions become dotted with pinkish masses of canid@onidia are mostly
produced singly and occasionally in chains at the af conidiophores
acrogenously (Vashishta, 1999; Saha, 2002). Treasésaffects foliage, stem and
fruit of cucumber, gourd, muskmelon and watermgloalahuat and Stevenson,

2004) but rarely occurs on pumpkin and squash (Wast al, 1993). In severe
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attack, anthracnose may reduce crop yield. Sudtkastoccur mostly in early
season when the conditions of enough precipitatod temperature <32°C
prevail (Thompson and Jenkins, 1985). The pathegewives as conidia in plant
debris and seeds (Palenckaal, 2009).

Alternaria leaf spot incited b&lternaria alternataappears first on older
leaves as small circular necrotic spots, somewtsenmsoaked or transparent,
which may be surrounded by a yellow halo. The lesiexpand to form large
brown spots in concentric ring pattern and latalesce, sometimes causing leaf
blight (Watson and Napier, 2009). As the diseasmynasses, the leaves curl,
wither and fall prematurely leading to plant deelifKucharek, 2000). Alternaria
leaf spots increase rapidly in warm humid weatherotder leaves and later
spread to younger leaves mostly toward the veis. fiines may be partly or
completely defoliated by harvest time (Babadoo889). Alternaria species are
mostly saprophytic fungi but some species may aegpathogenic capacities
causing disease over a broad host range (Thomra8).Xlternaria over-winters

as spores in a plant debris (Watt, 2004).

Scab caused b@ladosporium cucumerinuraffects all the aerial parts of
cucumber. Water-soaked spots appear on leaves whvieghtually turn grey to
white and attain 3-4 mm size. The spots ooze a gusubstance. The fungus is
seed-borne and also survives in soil on plant delfhe disease spreads by wind
under moist conditions. Cool, wet weather, inclgdmin, dew and fog, favour

disease development (Watson and Napier, 2009).

Septoria leaf spot, caused Hyeptoria cucurbitacearumunder moist
conditions appears as small, dark brown, waterewapots which measure 1-2
mm in diameter. Under dry conditions the spots beamcular or occasionally
irregular. On older lesions, small black pycnidrabedded in tissue are formed
(Watson and Napier, 2009).

Ulocladium leaf spot, incited bylocladium cucurbitaeappears as reddish
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brown spots of 1 to 2 mm diameter on lower leavearrthe crown. Under
favourable moisture and temperature, the lesiotesg® become mostly circular
to irregular and attain 6-7 mm size. The centers heige to brown but
occasionally white, surrounded by a dark brown ramgl a brown halo. No
fruiting bodies are formed. The pathogen survivesirdected debris in soil as

conidia which act as primary inoculum for infectsofZitter, 1987).

The above diseases can be managed through fai@dal applications,
but for this it is imperative to have the knowledg®mut the pathogens involved,
their etiology, perpetuation and predisposing fexctoHowever, biocidal
applications have adverse consequences on huméh hed ecosystem so there
is urgent need to assess the role of less harmfgidides as well as screen the
existing varieties/genotypes so as to formulateersahntegrated disease
management strategies. Induced systemic resistg8®R) imparted by some
biotic and abiotic inducing agents has been dematest in a number of plant-
pathogen systems (Stichet al, 1997). The major hallmark of this form of
resistance is the ability of plants to defend theles against broad spectrum
pathogens by triggering plant species-specific rhde responses without
disturbing the environment (Metraux, 2001). SAR aleals like salicylic acid
(SA), 2,6-dicholoroisonicotinic acid (INAB-amino butyric acid (BABA), benzo-
(1,2,3)-thiadiazole-7-carbothioic acid S-methyleesBTH), etc., have reportedly
been used to induce resistance in several hostsplan such approach needs
thorough investigation prior to their recommendatiéor field application
(Siegristet al, 2000; Hafezt al, 2004). Another approach to minimize diseases
with less thrust on biocidal use is to select tlamts showing disease resistance/
tolerance against most prevalent diseases amongvidiable germplasm pool
(Trigiano et al, 2004; Singh and Singh, 2005). Fungal diseases naajor
production constraint in successful cucumber prtdndn Kashmir valley and
appear frequently in field, substantially reducthg crop yield. Therefore, it was
thought imperative to conduct systematic study @jomcucumber diseases and
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explore strategies to combat multiple diseasesh $uformation under Kashmir
temperate conditions is either meager or almogingcso a comprehensive study

was undertaken with the following objectives:

» To ascertain the status of fungal foliar diseasesioumber in Kashmir;
* To study the symptomatology of diseases;

« To study the perpetuation of associated pathogens;

» To screen the available cucumber germplasm aghiestiseases; and

* To devise suitable management programme




Chapter — 2
REVIEW OF LITERATURE

Cucumber Cucumis sativpis grown worldwide but suffers from several
production constraints including frequent occureerad diseases. Mostly huge
economic losses to the crop are inflicted by furdiaéases. The present chapter
reviews the work done in India and abroad on thpoirtant fungal diseases of

cucumber:
2.1. Status of fungal diseases on cucumber

Cucumber crop is amenable to a number of fungadtdial and viral
pathogens during growth period leading to a sulisiacrop loss (Harfoush and
Salama, 1992; Reuvesnt al, 1993; El-Gamal, 2003). The major fungal diseases
which inflict heavy economic losses to the croplude downy mildew
[Pseudoperonospora cubengiBerk & Curtis)]; powdery mildew $phaerotheca
fuliginea (Schlechtend. Fr:) Pollaci anderysiphae cichoracearumDC];
anthracnose(olletotrichum orbiculareBerk & Mont. Arx (syn.C. lagenarium
(Pass. Ellis & Halst.)]; Cercospora leaf sp@efcospora citrullinaCooke;
Alternaria leaf spotAlternaria alternata(Fr.) Keissler]; damping off Bythium
spp.) and Fusarium wilt usarium oxysporum Schlechtend Fr. f.sp.
cucumerinun(J.H. Owen)], etc. (Saha, 2002).

Berkeley and Curtis first documented downy mildew cucurbits in
1868 in Cuba and named its causal pathdgEoenospora cubens({8erkeley and
Curtis, 1868). Rostovtsev in Russia on the basissmdrangial germination
described the pathogen of cucurbit downy mildew aasiew genus namely
Pseudoperonosporgskalicky, 1961). Later, downy mildew fungus waparted
from England and USA in 1889 (Walker, 1969). Altgbuthe disease has been
studied extensively for more than 100 years, #till area-specific information
about this pathogen is lacking (Lebeda, 1990, 1988pda and Schwinn, 1994).

P. cubensiss a widely distributed pathogen found in all custigrowing areas
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worldwide (Lebeda and Cohen, 2011). During the fiedf of 20" century, it was
recorded several times from several countries tpradic form (Zachat al.,
1985; Lebeda, 1986; Ackermann, 1990). The downydewl in eastern USA
resurged as a major problem on cucumbers when @& mioulent form of
pathogen caused about 40 per cent loss in cucuproeuction (Holmes and
Ojiambo, 2009; Holmes and Thomas, 2009).

In India, downy mildew on cucumber was first rdpdr from
Coimbatore (Tamil Nadu) (Ramakrishnat al, 1952). In Kashmir Langoo
(2006) described downy mildew as an important disea cucumbelP. cubensis
does not produce any systemic infection in hosntpl@ohen, 1981). The
incubation period, for the disease is reported & 412 days under field
conditions, depending upon the prevailing environtake conditions, inoculum
load and inherent resistance/ susceptibility ofitbst (Lebeda and Widrlechner,
2003). The repeated occurrence of heavy infectionsucumbers in the following
several decades indicated thHat cubensishad acquired epidemic character in
Central Europe and in many areas of the world (Hslet al, 2004). Disease
index in cucumber crops ranges from strong to \8trgng severities at harvest
time (Lebeda and Urban, 2007).

The other important cucumber disease, anthracnissezaused by
Colletotrichum lagenariunfi(Pass) Ellis & Halst]. Tode (1790) first reportdee
genusVermicularia as Colletotrichumand the name was introduced by Corda
(1831) for C. lineola on unidentified host belonging tApiaceaeand is now
known to comprise of Coelomycetéswith Glomerella as teleomorph stage
(Sutton, 1992; Shenagt al., 2007; Hydeet al, 2009). Sitterly and Keinath (1996)
reported thaC. lagenariumbelongs to familyGlomerellaceaeavithin the phylum
Ascomycota an. arbiculare(syn. C. lagenariunm is the asexual stage of
pathogen whil&Glomerella lagenariumsexual stage of pathogen, is rarely found
in nature (Arx, von 1957). Based on perceived dtienand economic
importance, the genus has recently been ranked' aso8t important group of
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phytopathogenic fungi in the world (Deah al., 2012). Stevens (1931) reported
Colletotrichum arbicularefrom USA. Watanabe and Tamura (1952) reported
Glomerella cingulatavar. arbiculare from Japan which was later reportgdm
USA by Jenkins and Winstead (1962).

C. arbiculareis widely distributed throughout the world and Heesen
reported from several countries in Asia, Africa,AJ&urope and Oceania (Faat
al., 1989; CABI, 2014). Anthracnose primarily haspioal and sub-tropical
distribution, although there are some high-proipecies which affect temperate
crops too, and fruit production is especially aféecin high-value crops (Deaat
al., 2012). Anthracnose is relatively a common diseasaimid areas but appears
sporadically in dry weather and inflicts signifitalosses under favourable
conditions (Goldberg, 2004%. arbicularein artificially inoculated water melon
caused upto 63 per cent yield losses (CABI, 20T4e disease in cucumber
plants, both in greenhouse and field conditionsnifeats as roughly circular,
brown to reddish lesions on all above-ground tissineluding leaves, stems,
petioles and fruits (Qat al.,2013). The pathogen infects plant at any growtbesta
and whenever enough moisture is present the smgmesinate and enter host
plant within three days (Ferreira and warren, 1982)arbiculareis an important
anthracnose causing pathogen in vegetable cropscielp in family
Cucurbitaceaeinfecting more than 40 species worldwide includicgcumber,
water melon, pumpkin, melon, squash, etc. (Wasievaal, 1993; Farr and
Rossman, 2013; Damet al.,2013).Colletotrichumcauses devastating disease of
coffee berries in Africa and seriously affects eésgLenne, 2002)C. orbiculare
exhibits a series of changes in fungal morpholaggiuding the formation of a
specialized infection structure called ‘appressuotjufor successful infection
(Kubo and Takano 2013).

The other important economic disease in cucumgehliernaria leaf
spot. The genuslternaria was established in 1817 with alternata(originally
A. tenuiy as a type isolate described by Nees (Groves &udk& 1944,
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Neergaard, 1945)A. alternata(Fr.) Keissler is common saprobe found on many
plants including vegetable crops (ktial, 2000; Grundert al, 2001; Mamgain
et al, 2013).A. alternatainfects almost all cucumbers worldwide and itsrepo
are transported by wind over longer distance thnowagn under warm and humid
(60-80%) conditions (Neeraj and Verma, 2010). Lgadt disease in cucumber,
incited byAlternaria alternataf. sp.cucurbitae,was recorded for the first time in
Crete (Greece) and reportedly appeared as necfleiiks, surrounded by
chlorotic halos, on middle and upper leaves of tglathe flecks enlarged and
coalesced to form larger lesions of2>cm dia. with brown fructifications of
pathogen on their surface (Vakalounakis and Madkikrl982). Later the disease
in cucumber was reported from Australia by Tesori€2004). Subramanian
(1971) and Ellis (1971, 1976) gave comprehensiveowat of distinguishing
characters of Indian speciesAiternariaincludingA. alternata Bains and Singh
(1996) reported Alternaria leaf spot causedfbyalternatain Cucumis melwar.
momordica (cv. Local) andMomordica charantigcv. Local) from Punjab.
Srivastaveet al. (1964) and Mangalat al. (2006) also reported different species
of Alternaria including A. alternataand respective symptoms on a member of
families Cucurbitaceae, Brassicaceaand Solanaceaefrom different parts of
India and found thahlternaria affects all the aerial parts of plants. Vakalougsak
and Malathrakis (1988) reported that when infectiprogresses rapidly
throughout the crop it results in severe damagkeimvd few days.

Another major disease in cucumber is powdery milaéich is incited
by Sphaerotheca fuligineaand Erysiphae cichoracearumYarwood (1978)
reviewed the taxonomy of powdery mildew and fouddgénus names applied to
powdery mildews till 18 century. Leveille (1851) published details of pemgd
mildew genera based on chasmothecial appendagessous number. Braun
(1987) summarized the concepts regarding subfasmitidbes and genera based
on morphological features and distinguished thenthenbasis whether mycelia
were external or internal to the hoBbdosphaeraynonym ofSphaerothecavas
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placed in tribeCystotheceaelhe powdery mildew specieBrf/siphale$ are well-
known obligate biotrophic pathogens of many cropd wild plant species and
are most diverse in temperate regions of northemisphere (Braun, 1987; Braun
et al, 2002; Bolay, 2005). Powdery mildew causedSphaerotheca fuliginea
syn. Podosphaera xanthiis one of the most serious foliar disease attackin
cucurbits including cucumber plants worldwide (Haish and Salama, 1992;
Mosa, 1997; Reuverat al, 1997; Verhaaet al, 1997; Paleniust al.,2006). It
caused devastation to greenhouse- and field-grawuarbits in Australia (Letham
and Priest, 1989). Khaet al. (1972) reported perithecial stage $f fuligineain
Kashmir from the leaves dfagenaria leucanthand Cucurbita maximalt has
also been reported to occur Bidens bitrenatgLour.) In Kashmir valleyMalik

et al. (1973) and Khan (1976) reported that the perithestiage ofErysiphae
cichoracearumwas confined to Coccinia cordifolia and Benincasa hispida
whereasS. fuligineadevelopedon Luffa cylindricain Bihar (Khan 1976). Sohi
and Nayar (1969) claimed that perithecial stageSoffuligineaon Cucurbita
moschata@rom Himachal Pradesh. Powdery mildew causes anbat reductions
in plant growth, premature defoliation and consedjyesignificant reductions in
cucurbit yield (McGrath, 1996; McGrath and ThomBE896). The most conducive
conditions for disease development are 1%=2femperature and > 70 per cent
relative humidity during flowering and fruit fillop stages (EI-Naggat al,, 2012).
Powdery mildew affects leaves, stem and fruitsumuenber both in green-house
and field (Morsyet al, 2009). Yield losses due to the disease are tegao be
10-20 per cent, if no appropriate measures arentgkastburn and Ribbing,
1999). A powdery mildew infection causes reductiomplant growth, premature
foliage loss and consequent yield loss. The vyiess lis proportional to the
severity of disease and the length of time the tplaninfected (Mossler and
Nesheim, 2005).

2.2 Disease symptoms

Downy mildews are primarily foliage blights thatteewk and spread
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rapidly in young tender green leaf, twig and fiigsues (Agrios, 2005). Kucharek
(2000) noticed initial symptoms on cucumber leaagsmall yellowish areas on
upper surface which later became more brillianbemd with brown colour in
centre. Downy mildew is recognized easily by chiioréesions on adaxial leaf
surface which are restricted by leaf vein so givthgm angular appearance
(Savoryet al, 2011). Leaves colonized Rseudoperonospora cubensisdergo
changes in temperature and transpiration rateshwmacy during the course of
infection (Lindenthalet al, 2005; Oerkeet al, 2006). Low temperatures delay
symptom development while still promoting coloniaatof leaf tissue. However,
higher temperatures cause fast lesion chlorosis ittrabits pathogen growth
(Cohen, 1977). A reduced canopy leads to the deasatt fruit development and
increases sun exposure so causing sun-scald aoddseg rots (Keinatlet al.,
2007). Moreover, crop yield and fruit quality getffected. Although the disease
infects foliage only, a reduction in photosynthetctivity early in plant
development results in stunted plant growth anttlyreduction in cucumber. Leaf
wetness due to dew, irrigation or rainfall leadghe formation of conspicuous
water-soaked lesions (Colucci and Holmes, 2010)erAperature between 25 to
30°C during day and 10 to 15°C during night alldeson formation at relative
humidity X0 per cent. Sporulation on lower leaf surface meyhe first sign of
disease (Rotemst al, 1978; Palti and Cohen 1980). As disease progsesbe
lesions expand and coalesce; ultimately leadintpeodeath of entire leaf within

days following the initial infection (Thomas, 1996)

Anthracnose disease symptoms include limited hutkesn necrotic
lesions on leaves, stem, flowers, etc. (Agrios,5}0@evere infection causes
deterioration in plant quality and yield. The diseananifests as brown circular
lesions which measure upto 1 cm in dia., whiledesion petiole and stem are
elliptical, sunken and circular lined with dark §ai stroma bearing masses of
pink spores (Sitterly and Keinath, 1996). The lesion cucumber leaves are less
angular than those on water-melon (Egel, 2014)thEurthe lesions are typically
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irregular and jagged in appearance and the ceotéasger older leaf lesions may
fall out which give the leaf a “shot-hole” appearan On leaves, small pale
yellow water-soaked circular lesions emerge neaw#ins which enlarge rapidly,
turn tan to dark brown and coalesce resulting ighitihg, distortion and death of
entire leaves (Delahaut and Stevenson 2004; Snmith Gartwright, 2014; Li,
2014).

The symptoms of Alternaria leaf spot appear ie Efitumn mainly on
middle and upper leaves of plant in the form ofrogc flecks (Vakalounakis and
Malathrakis, 1988). Initially small light brown cular spots surrounded by
chlorotic halo are formed. The spots enlarge aralesoe to form brown lesions
upto 1 cm in dia. which later become dark browagtidar lesions and coalesce to
form large necrotic areas ultimately leading to dnging of leaves (Watt, 2004).
Besides, severely infected leaves become yellomgssnt, curl and die while no
other plant part is affected (Seedbold, 2010).

Powdery mildew infection in cucumber is charactedi by the
appearance of spots/patches of white to grayistdpoywgrowth on young tissues
of leaves and other plant parts (Agrios, 2005; Goenal, 2012). Typical
powdery mildew symptoms depicted as white or offtevifungal growth on plant
surface consist of mycelium and conidia (Anonyma2807; Fujiwaraet al.,
2009). Bolay (2005) and Koiket al (2007) foundSphaerotheca fuligineas the
pathogen responsible for powdery mildew causinge¥oliage loss and yield
reduction. Powdery mildew fungi not only cover tbaf surface, petiole and stem
by forming white powdery colonies but also redudeldy limit photosynthetic
activity and cause plant senescence and prematuiteripening (Takamatsu,
2004).

2.3 Morphology of pathogens

The mycelium ofPseudoperonospora cubensim cucumber leaves

appears branched, hyaline and coenocytic with dealelliptical papillate
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sporangia which measure 26.05 x 184 in size and are borne on the tips of
dichotomously branched acute-angled sporangioph(®ésrmaet al., 2003).
Sporangia of similar age are present at the endsesigma (Voglmayr, 2003;
Choi et al, 2005). Sporangia germinate directly by germ sufieangeet al,
1989). The morphology of sporangiophore can varyhwemperature and
sporangia dimensions are influenced by the cucuhmst (lwata, 1941;
Waterhouse and Brothers, 1981).

The conidia formed in acervuli are the infectivérustures of
Colletotrichum arbiculare The acervuli are erumpent and appear pink-cotbure
slimy mass on infected tissue which are often sunded by heavily melanized
black sterile hair-like structures called ‘setadiatt are only visible under
microscope (Crouch and Beirn, 2009). Conidia ar& ov pill-shaped, clear and
have no cross walls (Zittezt al, 1998). Sheret al (2001) reported that the
conidia of C. arbiculare are straight to slightly curved with obtuse endsl a
measure 13.1+1.6 5.4+0.7um in size. However, Baxteat al. (1983) found the
average conidial size 16.9-2024.2-4.4 umdepending upon the substrate on
which the cultures were raised. Arx von (1957) fduhe size ofC. arbiculare
conidia as 11-1% 4-6 um while Sutton (1992) has reported the cangize as
4.5-6.0pm.

The mycelium ofAlternaria alternataon PDA is hyaline, septate and
branched with obclavate to obpyriform or ellipséidanidiophores of 3-6 um
width, bearing conidia having short conical beakl anranged in long chain in
acropetal fashion (Waghkt al, 2013). The conidia are pale brown to golden
brown, 22-32um long and 13-1&m wide at broadest point with 3 to 8 transverse
septa and 1 to 2 longitudinal septa. Ellis and ¢l (1970) and Sankat al.
(2012) reported that the fungal coloniesfofalternataare initially white but later
become olivaceous and turn brown with age. Alse, dbnidiophores are short,

simple or branched, golden brown in colourub® long and 2-um in thickness.
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Sphaerotheca fuliginehas superficial and uninucleate mycelium; erect
conidiophore, 4-7 septate, 80-146 mm long, foot @dindrical followed by 1-4
barrel-shaped cells, conidia borne in chains (4ebjate or ovoid, containing
irregular shaped fibrosin bodies, 21-37 x 15-23 /B, ratio 1.28-2.27 (range)
(Pawaret al.,2009). Shishkoff (1999) found a very useful morpigatal feature
for taxonomic purposes i8. fuligineacomplex i.e. the conidia germinate either
from their apical and basal part or from side wdile germ tubes are simple or
forked. Hirata (1955) stated that the conidial geuines ofS. fuligineahave a
shape which characterizes the species i.e. itrkefh simple and curved. Conidia
are in chains, ellipsoid to ovoid, 24-28(-38) x {{12-17(-20) um in size with
well-developed fibrosin bodies (Letham and Pri@889). Conidia are formed on
conidiophores which arise from vegetative hyphasides conidia are arranged
in basipetal order (Oictet al.,2006). Khan and Khan (1970) observed perithecia
stage ofS. fuligineaon several varieties of cucumber under glasshooisditions
in Aligarh (Uttar Pradesh). However, Grand (198Dsa@rved perithecia o$.
fuligineaonly on the underside of leaves@ficumis melpCucurbita maxima, C.
pepoand Lagenaria sicerariain North Carolina.Janke (1977) reported thkt
cichoracearumandS. fuligineawere identified by conidial characteristics and no

cleistothecia were seen.
2.4 Perpetuation of diseases

In downy mildew, oospores have been observed th temperate and
tropical regions including Japan, Austria, Rus§iajna, Italy, Isreal, Iran and
India (D’Ercole, 1975; Bainst al, 1977; Mahrisi and Siradhana, 1984; Singh and
Sokhi, 1989; Bedlan, 1989; Zaker and Ommati, 199dhenet al, 2003). The
rare occurrence of thick-walled resting structusesh as oospores limit the
survival of P. cubensign absence of a living host and currently it ikioown
whether oospores play any role in disease cyclara®gial survival during
transport is limited to a maximum of 16 days aftespersal (Cohen and Rotem,
1971) depending upon temperature, relative humidityd solar radiation
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(Thomas, 1996; Kanetest al, 2009). Because of obligate biotrophic natur® of
cubensighe survival of mycelium in dead leaves is impbies{Lebeda, 1990).
cubensissurvives the winter on protected cultures of chituplants in green-
houses (Day and Hausbeck, 2009). In areas with umwel climate for the
disease, the perennial mycelia overwinters on sother host species of genus
Cucumis,even under field conditions as proved in India aadthern USA (Palti
and Cohen, 1980; Holmex al, 2004). Fungus survives on cucumber seeds and

infected crop residues (Palencleaal, 2012).

The conidia of Colletotrichum lagenariunoverwinters in plant debris,
soil and on seed upto 2 years (Delahaut and Steme@604). The conidia o.
arbiculare survive in infected plant residues of cucumberrdedted volunteer
plants and also on seed of infected fruiis.sublineolawas capable of surviving
on crop debris for 18 months (Casela and Frederjks893) andC. graminicola
for 20 months (Naylor and Leonard, 1977). Corn kk&rnstored at 4°C may
harbourC. graminicolafor more than 3 years (Warren, 1977), wi@lesublineola
survives in sorghum seed at room temperature ugdoyBars (Mishra and
Siradhana, 1957 . falcatumis frequently spread through use of infected canes
or seed in propagation as dormant infections iragtane nodes (Singh, 2008).
Survival in soil is heavily dependent on environtaérconditions, temperature
and other soil microflora. When ample debris isspre the fungal material may
effectively overwinter for lengthy periods and seras a source of primary

inoculum for the following season (Crouch and Bei09).

The propagules ohlternaria alternatasurvive on infested crop debris
upto two years (Schwartz and Gent, 2007). Croglues infected with pathogen
produce sufficient primary inoculum in the followinseason (Murthyet al.,
2003). Lucas (1975) reported that the fungus pesigs mycelium in dead
tissues for several months and probably was thecipal source of inoculum for
subsequent lesion development. Weed hosts arethiee sources for primary
inoculum in many Alternaria-related diseases thhowghich over-seasoning
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occurs (Rotem, 1994)A. alternatasurvives better on infected crop at ground
level rather than in buried plant debris (Mur#tyal.,2003).

The means of subsistencekfcichoracearunandS. fuligineabetween
successive crops is not clear; and in many aregstaihecia are considered as the
main mode of perenation (Mehrotra, 1980). Furthes, assumed that these fungi
survive as conidia on wild hosts which are lateminl by wind to the cultivated
areas. The initial source of cucurbit powdery midafection is difficult to
determine due to the fact that conidia are readifporne and travel longer
distances. The disease spreads almost exclusivalycanidia (Maia, 2012).
Possible sources of infection include cucurbit srgpown earlier in the season,
inoculum from greenhouse-grown cucurbits, ascospstered in chasmothecia
on crop debris (McGrath, 1997) and also the alterm@sts (Takamatset al,
2009; Troisiet al, 2010; Pawar and Patil, 2011).

2.5 Germplasm screening

The cucurbit cultivars do not possess the charaofe complete
resistance and only allow for a limited level ofthmegen sporulation (Lebeda,
1999). Recent achievements in cucumber genome m@@pid sequencing has
provided new opportunities for breeding researckl aevelopment of elite
cucumber cultivars with new traits as well as tesise to diseases (Huaapal,
2009; Renet al, 2013). Wehner and Shetty (1997) examined dowiigemy
resistance in U.S. germplasm collection of cucumbgrcluding cultivars,
breeding lines and land-races. Several racésetidoperonospora cubensiave
been reported in differential test studies (Inabal, 1986; Angelowt al, 2000;
Shettyet al, 2002). Six pathotypes &. cubensishave been identified on the
basis of their compatibility with specific host gga (Cohenet al, 2003).
Angelov (1994) reported that resistance in genotipel 97088 was due to two
recessive genes and ‘Poinsett’ resistance wasadoeéd recessive gene. Staetb
al. (1989) reported 47 plant accessions having higgistance of which 23

accessions were resistant to downy mildew and anexare other cucumber
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diseases. Call and Wehner (2010) noted a changkeeimank of resistant and
moderate cultigens from screening studies befodeaditer a change in pathogen
population. Further ‘Cultigens’ highly resistant 988 and 1989 were only
moderately resistant in 2005 onwards. Recen@ycumis sativushystrix
introgression lines have been developed which éxhidsistance to downy
mildew (Zhouet al, 2008).

In cucumber yield reduction is reportedly propmmtl to the cultivar
susceptibility; and several anthracnose resistaittvars have been developed
(Sitterly, 1973). Single and oligogenic resistatwanthracnose has been reported
(Busch and Walker, 1958; Abul-Hayg al., 1978). Lindeet al (1990) reported
that at least five effective factors controlled thesistance of cucumber to
anthracnose ‘race 2’ in cross of resistance ‘ARO39with susceptible ‘Model'.
Barnes and Epps (1952) introduced four plant intetions (Pl 175111, PI
175120, PI 179676 and Pl 183445) as carrierapfgene for anthracnose
resistance. Barnes (1961) reported that genotype'Pad multigenic resistance
and was moderately resistant. The breeding line&3'@nd ‘GY14’ have been
used as anthracnose resistant checks in greenkogsming tests in which ‘GY3’
has been considered as one of the most resistantigéhs’ and ‘GY14

moderately resistant (Wyszogrodziaal., 1987).

The classification of cultivars according to degé susceptibility to a
pathogenic toxin is directly correlated to the attdegree of susceptibility to the
live pathogen in plants grown outside (Tab#taal, 1989). Saito and Takeda
(1984) reported that susceptibility to Alternarigedse is controlled by a single
dominant gene, and susceptible cultivars are heygous while resistant cultivars
are homozygous. Am vitro assay system using chemically-synthesized AM-
toxin | of A. alternatais successful in screening resistant mutants tledlegree
of resistance to disease was assayed by the nwhhecrotic lesions induced by
applying various concentrations of AM-toxin | toafediscs of I, 3¢ and %'
leaves from shoot apex of plants (Suzuki and Saaa0).
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Akram and Khan (1978) in glasshouse studies dsdengsistance to
Sphaerotheca fuliginean some cultivars of squash aiMbmordica charantia
Pitrateet al. (1988) during screening for resistance of muskmelgainst downy
mildew found breeding line ‘MR1’ resistant to dfletisolates tested, while lines
‘P1164323' and ‘Pl 414723 possessed moderate teegis. Intermediate
resistance t&. fuligineawas maintained in backcrosgwithout the aid of selfing
and reappeared in; Rfter last backcross and segregates were founaramif
highly resistant (Munger, 1988). The response otd@urbitaceouspecieso 5
Indian S. fuligineaisolates reveale®enincosa hispidaCucurbita maximavar.
maximaandC. ficifolia resistant to all the isolates (Akram and Khan, )9B6ve
and Rhodes (1991) identified two types of inhedtafor resistance d€itrullus
anthracnose in 3 resistant lines and observedtlieatesistance was controlled
largely by a single dominant gene which was moditby minor genes. Several
promising hybrids resistant to downy mildew haverbg@roduced by selection
method (Medvedeva and Medvedev, 1983). Three wedter planting of
cucumber, anthracnose or™2leaf of cucumber variety ‘Straight Eight’,
inoculated withColletrotrichum arbiculare was significantly less severe on the
plants grown in compost-amended mixes than in peat(Zhanget al, 1996).
Zhang (2005a) observed inheritance of powdery mildesistance in cultivar Q
to be controlled by a single recessive gene. Maas#t al (2003) reported that
the powdery mildew resistance in ‘Pl 197088-5’ wasause of two gene pairs, a
recessive gene and an incompletely dominant gesleat&et al. (2006) found
susceptibility to powdery mildew in ;FRIL individuals in a continuous
distribution from susceptible to resistant suggestithat powdery mildew
resistance was controlled by quantitative traii.ldte availability of molecular
genetic markers is limited, especially in thosekdih to important horticultural
traits and the linkage maps are relatively unsétdraso have constrained
cucumber improvement (Serquenal, 1997; Horejset al, 1999; Bradeest al,
2001; Fazicet al, 2003).
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2.6 Management of fungal diseases through fungitmants and SAR
chemicals

Chemical control of downy mildew has been followsithce many
decades through use of contact fungicides; copperdlations at early times and
dithiocarbamates more recently (Palti and Coher80L9The application of
appropriate control measures prior to downy mildef@ction has previously been
reported (Zhaet al, 2007; Ojiambcet al.,2009. Urban and Lebeda (2006) have
summarized the list of fully systemic, partial ®mic and non-systemic
fungicides effective againgtseudoperonospora cubensisd some oomycetous
fungi and reported that copper fungicides and ddhimates prevent zoospore
release. Portzt al. (2008) reported that 50-1,00@g/ml allicin reduced the
severity of cucumber downy mildew causedmhycubensidy approximately 50-
100 per cent. Gaikward and Karkeli (1994) repotteat the application of two
sprays of Ridomil MZ-72 (metalaxyl) reduced diseastensity of cucumber
downy mildew and sprays of folpet, Bordeaux mixtaned Aliet (fosetyl) +
mancozeb were also effective. Treatment with azoalgsn and metalaxyl
inhibited sporulation, on already existing downydew lesions, by 85 and 84 per
cent, respectively (Wong and Wilcox, 2001). Downildew in cucurbits was
successfully controlled by chlorothalonil @ 2.4/lss (Jones, 1978; Timchenko,
1979). Ridomil was most effective when applied @ Per cent 3-4 times at
fortnightly interval and the yield was enhanced 2§.4 to 79.3 per cent as
compared to untreated control (Boyadzhet\al, 1983). Yadav and Pai(j2008)
found a positive significant correlation of downyilsew incidence with
maximum temperature and morning humidity but a tiegacorrelation with

minimum temperature in all the sowing dates of coicer.

Several fungitoxic chemicals like chlorothalonipyraclostrobin,
azoxystrobin, copper, mancozeb, etc. have been wtsedontrol cucumber
anthracnose in Florida (USA) (Palenchat al., 2009). Tagat 75 WP, a
combination of captan 70 per cent (contact) andabemazole 5 per cent

(systemic), successfully controlled foliar fungasehses in various field crops,
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including cucurbits (Adinarayaret al, 2013). The most effective fungicides for
the control of anthracnose known are chlorothaJa@pper sprays, propiconazole
(protective fungicides) and thiophanate-methyl t@ysc fungicide). Proper
timing of application is critical for all fungicide(Crump, 2009). Tasiwadt al.
(2009) reported that among the various systemigitites tested, carbendazim
completely inhibited the growth dfolletotrichum gloeosporioideat all three
concentrations tested (0.05, 0.10 and 0.15%). Boopizole successfully inhibited
mycelial growth at 0.15 per cent followed by hexaazole (94.3%) at 0.15 per
cent, triadiamefon (92.1%) at 0.15 per cent (Bira@®©02). Carbendazim and
triademefon were found effective in inhibiting tgeowth of C. gloeosporioides
(Kumbhar and Chaudhary, 1979; Tomy, 1997). Carbendaand benomyl
(benzimidazole group fungicides) interfere in eepyoduction and cell wall
synthesis of pathogen (Nene and Thapliyal, 1982)eyTalso reported the
effectiveness of triazole which inhibit sterol bjothesis pathway in fungi.
Carbendazim induced nuclear instability by distagbthe mitosis and meiosis,
and of the five non-systemic fungicides tested ragjaC. gloeosporioidesponly
captan at 0.15 per cent was highly effective inhitimg its growth by 100 per
cent, which was followed by mancozeb (88.61%) dt50per cent (Davidse,
1986).

Mancozeb has been reported to be a promising didegfor controlling
Alternaria alternata,the causal pathogen of mango black spot (Mohetaal,
1985), chrysanthemum leaf blight (Kun®tral.,2011) and tomato blight (Kumar
et al, 2012). Sahet al. (2013) reported that mancozeb reduced the incalehc
A. alternatacausing early blight in tomato by 40.4 per cend arcreased fruit
yield by 40.7 per cent. Among the systemic fungisidhiophanate methyl and
among the non-systemic fungicides, iprodione andaozeb were most effective
againstA. alternataunderin vitro conditions (Prasad and Naik, 2003). Singh and
Singh (2006) evaluated seven fungicides, chlorothalonil, copper oxychloride,
azoxystrobin, propineb, copper hydroxide, mancdzesizch at 2500, 2000, 1000,
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500 and 250 ppm) and hexaconazole (at 1000, 5@),12® and 50 ppm) against
A. alternata,the causal pathogen of tomato blight. All the fungicdggnificantly
reduced radial growth of the fungus. However, herazole most effectively
caused 100 per cent inhibition. The best contraAltérnaria leaf spot disease of
bottle gourd has been achieved by spraying Indibé#5 at recommended dose of
0.2 per cent, followed by Chlorothalonil, Ridomihdofil Z-78 and Copper
oxychloride (Katiyaret al, 2001). Indofil M-45, Indofil Z-78, Vitavax and
Kavach undeiin vitro conditions effectively reduced the mycelial grovahA.
alternata, followed by bavistin, benlate and thiram (SinghdaRai, 2003).
Sidlauskienest al. (2003) found Amistar (azoxystrobin) very effectimereducing
the Alternaria leaf spot disease incidence by 8®&3cent in cucumber, cabbage
and tomato; whereas Euparen + Bion (tolylfluanidagibenzolar-S-methyl)
increased biological efficiency (Verma and Verm@l@). The effectiveness of
mancozeb in controlling early blight, caused Aljernaria spp., was reaffirmed
by Singh and Thind (2001).

Successful biological control of powdery mildewcmcumber and other
vegetable crops has been achieved under greenlaodséeld conditions using
fungal and bacterial antagonists (Kies al, 2004; Hegazi and EI-Kot, 2008;
Moyer and Peres, 2008). Due to their unigue modactibn, these antagonists
show no cross-resistance with other chemical ctasseh as strobilurins so are
excellent candidates for managing disease cause&d hiternata(Avenotet al,
2008, 2009). Undein vitro conditions, sporulation occurred at 8-24°C and
relative humidity of 91.5 per cent and mature spavere observed only after 14-
24 hour (Humpherson and Phelps, 1989). A minimun®-@B hour moisture in
the form of rain, dew or humidity is essential #r alternatainfection (Chupp
and Sherf, 1960). Further, continuous moisture @4 hours practically

guarantees infection.

The disease control in powdery mildew is generalthieved through
use of fungicides like strobilurins, benzimidazoletemethylation inhibitors
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(DMIs), b-methoxyacrylates and sulfur (Keinath dbdBose, 2004; Reuverst

al., 2006). Tripathiet al. (1995) found Karathane (dinocap), wettable sulphur
Calixin (tridemorph), Bavistin (carbendazim) and/&surf (sulphur) effective in
controlling powdery mildew disease; however, Kaaah proved superior.
Control of S. fuligineain cucumber has mainly been achieved by fungicidal
treatment; however, the fungal population has pg@keno develop tolerance
against previously used fungicides (De Waatdal, 1993). YuanYuaret al
(2008) observed that the crude extract Eafphorbia humifusaat 30 mg/ml
concentration underin vitro conditions depicted protective effect against
cucumber powdery mildew fungus to the extent ofi6per cent. The most active

compounds were in water phase, not in organic sbivleases.

The fungitoxicants though effective in combatingwaery mildew
disease, yet there is increasing concern aboutr thdverse impact on
environment, worker safety and the appearance raji¢ide resistance in target
populations (Muelleet al, 2003). This has focused the attention of re$esgiscto
find safe alternative fungicidedmpelomyces quisqualgas first described as a
hyperparasite of powdery mildew in 1870 by De Bangl in 1930 by Emmons.
Yarwood (1932) first attempted to usk. quisqualis spore suspension as
biocontrol against powdery mildew of red cloveriied by Erysiphae polygoni
Jarvis and Slingsby (1977) by usiAgquisqualissuccessfully controlled powdery
mildew, caused bys. fuliginea,in cucumber under greenhouse conditioAs.
quisqualisattacks the mycelium and spores of powdery milfiengus and also
inhibits spore germination (Schalau, 201®).quisqualisis found worldwide and
infects several genera of powdery mildew fungus do#s not usually control
powdery mildew at natural concentrations (Kiss,&8)99

Hongminet al. (2009) established bioassay method for the sangeufi
fungicides and reported that chrysophanol effettiveduced cucumber powdery
mildew. As an obligate parasit&, fuligineadoes not grow and reproduce on
synthetic medium and it is difficult to adopt higiroughput screening methods
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(Zhang, 2005b). Langet al. (1989) during screening observed that vesicular
content underwent dynamic changes during zoospoesieand contents became

finely striated as was typical of these vesicleemwhoospore were observed.

There is increasing concern about the ill consege® of synthetic
fungicide-use on human health and surrounding etesy (Schirraet al 2000;
Kirrane et al, 2005). Therefore, it is imperative to find aftatives to synthetic
fungicides. Certain chemicals like salicylic acA), 2,6-dicholoroisonicotinic
acid (INA), potassium saltg}-amino butyric acid (BABA) and benzo-(1,2,3)-
thiadiazole-7-carbothioic acid S-methyl ester (BTidportedly induce systemic
acquired resistance (SAR) in plants against somet plathogens (Reuveei al.,
2000; Oostendorpt al, 2001). The broad-spectrum activity of BTH comipads!
reportedly protect several plant species agaimsimaber of bacterial, fungal and
viral diseases suggesting indirect mode of acti@nactivation of plant defense
mechanisms (Godaet al, 1999; Buonauri@t al, 2002). The non-protein amino
acid BABA induces resistance against many diseasesious crops including.
cubensign cucumber and has no direct effect on pathogé#rer it activates host
defense (Ovadiat al, 2000; Cohen, 2002; Walz and Simon, 2008). Cuamb
seedlingsgrown in compost under greenhouse conditions shesg Idisease
severity which is attributed to SAR-associated gex@ression in plants (Zhareg
al., 1996).

Huanget al (2000) reported that pre-flowering foliar sprafy pant
activator acibenzolar-S-methyl (ASM) @ 50 mg/L aombined with a fruit dip
in guazatine @ 500 mg/L a.i. at harvest substdntidécreased anthracnose
disease in stored melons. Biotic inducers of systeasistance in cucurbit family
include locally infecting fungal pathogens (Carasw Kuc, 1979; Martiret al,
1991). Lin and Ishii (2009) reported that systeramquired resistance tG.
orbiculare was induced in young cucumber plants within 3 booir ASM use
onto the I leaves. Foliar application of phosphate salts dedu systemic
resistance in cucumber (Gottstein and Kuc, 1989scBieo et al, 1990;
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Mucharromah and Kuc, 1991). A local application dipotassium hydrogen
phosphate (KHPO,) has been found effective in inducing a high lesfedystemic
protection in cucumber plants against anthracnaagsed byC. lagenarium
(Orober, 2002).

MacLennanet al. (1963) evaluated various butyric acid derivatives
against apple scab pathogen and found 2-aminobwdgril active against disease.
Functional analogs of salicylic acid like INA andTiB activate resistance
mechanism downstream of SA (Friedrighal.,1996). ASM has proved effective
in controlling several diseases caused by virubathogens in a number of plants
(Louws et al., 2001; Romeroet al, 2001) Brock et al (1994) applied 2,6-
dichloroisonicotinic acid to the cotyledon of cott@nd found next emerging
leaves less susceptible to infection Biternaria macrosporathan those of
control. Further, the treatment applied to cotylethad neither any visible effect
on plant development nor any direct effect on tneglisin vitro suggesting that
resistance was induced systematically in cottomtplaBishnoi and Payyavula
(2003) evaluated two plant activatonz., Messenger® (a.i. harpin protein) and
Actigard™ (a.i. BTH) on 3 tomato cultivars (Mountain Prideloralina and
Florida-47) and 2 canolad(assica napud..) cultivars (Flint and 188-20B) and
found that Messenger® and Actigdfddecreased the severity of early leaf blight
in tomato (caused b4. solan) by 8 to 12 per cent and increased fruit yieldlBy
to 13 per cent in comparison to control; howevarcanola activators showed
non-significant effect on crop maturity and sewenof black leg Leptosphaeria
maculan$ disease. Similar observations have been repbstddbaret al (1998)
and Pervaizt al. (2002) who found the application of Actigdfdeffective in

lowering the disease severity.

Reuveni et al. (2000) observed that phosphate containing nutrient
solutions at 5, 20 and 40 ppm concentration, agptleough a hydroponics
system, induced systemic resistance ag&nétligineain young cucumber plants
with 53-91 per cent reduction in conidia/ infectedf area and 72.3 per cent
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reduction in fungal sporulation. An acidic perox@ddasozyme has been identified
as a molecular marker of SAR in plants (Albetrl, 1987). The spray of 2.0 per
cent baking soda and oil solution as SAR-inducersvgd most effective in
combating powdery mildew in cucumbers (Williares al, 1993). Contiet al.
(1996)observed that salicylic acid @. sativusreduced the intensity of infection
by S. fuligineaand enhanced the expression of systemic resistarmteEumber to
the pathogen. The exemption of sodium- and potasbicarbonates from residue
tolerance facilitated the development and relealseoonmercial bicarbonate
products for horticultural use (Otten and Paul, )9%AR toC. arbiculareandS.
fuligineawas induced in young cucumber plants of ASM apfiticaonto the T
leaves (Linet al., 2009). NaHC® (2%) and KHCQ (2%) were very effective
againstS. fuliginea(Ziv and Zitter, 1992)
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Plate 2: Scale (0-5) for assessment of disease msi¢y of anthracnose



Plate 3: Scale (0-5) for assessment of disease msi¢y of Alternaria leaf spot

Plate 4: Scale (0-5) for assessment of diseaseigity of powdery mildew



Chapter — 3
MATERIALS AND METHODS

The present study was conducted during the yet$ and 2012 in the
Division of Plant Pathology, Sher-e-Kashmir Univgr®f Agricultural Sciences
and Technology of Kashmir, Shalimar, Srinagar (J&Khe materials used and
the methodology adopted in achieving the set obesbf the study are described

as under:
3.1 Disease survey

A field survey for the assessment of major folleeases of cucumber was
conducted in four districts of Kashmir valleyz., Srinagar, Budgam, Bandipora
and Baramulla in the months of July and August Kgeeriods of diseases) in the
years 2011 and 2012. Five locations from each waladistrict were selected. The
sites selected in district Baramulla were: i) Sepaei) Baramulla, iii) Pattan, iv)
Janwara and v) Seelu. The sites selected in diSrinagar were: i) Kawoosa, ii)
Dal, iii) Shalimar, iv) Shadipora and v) Harwan {ehthe sites chosen in district
Bandipora were: i) Patushai, ii) Nadihal, iii) Kemav) Aloosa and v) Ongam.
The sites selected from district Budgam were: iYpBea, ii) Sheikhpora, iii)
Gangbug, iv) Kremshora and v) Narkara. From eadation three vegetable
fields were chosen and in each fields ten randoamtpland from each plant
twenty five leaves were assessed to record disgasdence and intensity.
Separate leaves were examined for each diseaseniEmsity was recorded on
the same leaves used for recording the incidenke. ratereological data with
respect to temperature, rainfall and relative hutyir the years 2011 and 2012
(from May to July) was collected from the Divisia@i Agronomy, SKUAST-

Kashmir, Shalimar.

3.1.1 Disease incidence

The disease incidence for each disease of cucumasrrecorded by
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counting the total number of leaves and the nunolbenfected leaves. The per

cent disease incidence for each disease was daldwda per formula adopted by

Kalloo et al. (1997):

. . _Number of infected leaves
Per cent disease incidence—= — x 100
Total number of leaves examined

3.1.2 Disease intensity

The per cent disease intensity for each diseaser@@rded by visual
observation using 0-5 scale adopted by Seighl. (1996). Five disease categories
were made on the basis of per cent leaf area @deasper following key:

Disease rating scale Leaf area affected (%)
0 No disease
1 1-10
2 11-25
3 26-50
4 51-75
S >76

The per cent disease intensity (PDI) was calculateper the formula:

Per cent disease intensity (PDI)% x 100

Where,
> = Summation
n = Number of leaves in each catggo
v = Numerical value of each catggor
N = Number of leaves examined, and
S = Maximum numerical value
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3.2 Symptomatological studies

Detailed symptomatological study for each diseasms conducted on
cucumber cultivar ‘Japanese Long Green’ on randoswjected plants in
experimental field in the Division of Vegetable &utes, SKUAST-Kashmir,
Shalimar. The plants were kept unsprayed througtih@ugrowing season to study
the symptoms of above diseases under natural dpiphyconditions. First
observation was taken no sooner the disease(s)awmgupe The symptom
development with respect to the size, shape anmoucdf lesion on leaves was
recorded at weekly interval for each disease; heweav case of mildews it was

recorded at three days interval.
3.3 Isolation of pathogens

Non-obligate pathogens were isolated from infedeasles by tissue
segment method, purified by single spore technioénston and Booth, 1983)
and maintained on oat meal culture medium and PD&&liom, respectively.
These pathogens were sub-cultured at regular miger@bligate pathogens were
maintained on their host.

3.4 Morphological characterization of pathogens

The morphological characteristics of causal orgiasi were studied on
host in case of obligate pathogens; while the magghcal characters of non-
obligate pathogens were studied both on host andulture. Semi-permanent
slides were prepared from the infected host tisagesvell as in culture, and
stained with cotton blue and lactophenol. Thesteslwere examined for various

morphological characters under microscope at 40x.
3.4.1 In culture

The non-obligate pathogens were grown either oA BDoatmeal agar,
at their optimum temperature for the specific pgtms (25 or 28°C). The colony
characters were studied along with the shape, saur, septation, etc. of
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mycelium and conidia after 7 days incubation. Ruarctifications the cultures

were incubated at Z& upto 21 days and fructification, if any, noted.
3.4.2 On host

Infected leaves with specific spot initials werpkin humid chambers
at room temperature (22+3°C) and observations daggufungal growth noticed
after 3 days. The swollen diseased spots andrfgugiructures on leaves were
observed under stereo-microscope and observategessding shape, colour and
size noted. The acervuli, if any, were studied wehpect to size, shape, colour
and septation of their setae and conidia. Fresleteafected with mildew were
examined under stereoscopic microscope and obgersaregarding shape,
colour and size recorded. The mycelium, sporangehcanidia were studied with
respect to septation, size, shape and colour. Bsgreation of zoospores, if any,
fresh diseased leaves from the field were takethéolaboratory early in the

morning to observe the release of zoospore frorsE@@ngium.
3.5 Perpetuation

The survival of pathogens in fallen diseased Isawé susceptible
cucumber cultivar ‘Japanese Long Green’ was studiethg the year 2011 and
2012 in Vegatable Science field at SKUAST-Kashr@halimar, Srinagar (J&K).

351 Survival in over-wintered diseased leaves

Fallen diseased leaves of almost similar size wehected during mid
week of October in both the years 2011 and 2012.|&aves were kept in mesh
nylon bags. Each bag contained equal number oéteag. twenty five leaves per
bag. The total number of bags was six. The bagse @ided into two sets. One
set of was kept on soil surface (3 bags) and theratas buried in soil at 5 cm
depth in the research field of Division of Planttiedogy. The same procedure
was followed for all diseases. These sets were rsagdarately for each disease.
The fallen diseased leaves in mesh nylon bags wereved at fortnightly
interval beginning from the *1week of March onwards till ending June and
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examined in laboratory for the presence and vighilf conidia, sporangiospores

and oospores.
3.5.2 Estimation of oospore production

The presence of oospores in fallen diseased leaass®stimated as per
the method of Ronzon-Tran and Clerjeau (1988). Tyéne leaf discs of 1 ¢
dia. bearing downy mildew symptoms were randomlgcted and powdered in a
pestle and mortar. The powder was soaked in 30teniles distilled water and
strained through a double layer cheese cloth. Tyventof this suspension was
centrifuged at 6000 rpm for 15 minutes and 15 mksnatant drawn with the help
of a pipette. The pellet was re-suspended in Stemiliged water and the number
of oospores estimated as mean of 10 haemocytomeidmgs/replication. The
presence of oospore production was computed ordkes of number/unit leaf

area.
3.5.3  Viability of oospore

The viability of oospores in overwintered diseatsalies was assessed
by oospore germination method (Panchl#taal., 1991). The sample used for the
estimation of oospore production was also usedofmserving viability. The
previous sterilized water was drained off from #@mple and oospores were
suspended in 5 ml 2.5 per cent sodium hypochl@NeOCl) solution which was
then incubated at 18°C for 24 hours. After inculratiNaOCl was drained off and
oospore re-suspended in 5 ml distilled sterilizeden Two drops of 50 pl from
each processed sample were placed on a glass asidlencubated in moist
chamber at 20+1°C for over night. After incubationg drop of lactophenol was
added to each drop and semi-permanent slides by placing a cover slip
over each drop. The number of germinated oosperesach drop, seen under

microscope at 40x, were recorded.
3.54 Estimation of conidia production

Conidia production in fallen diseased leaves watsmated as per the
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method of Murthyet al. (2003) with slight modification. The leaf sampleghaa
spotted area of 10 to 15 mm were used to estineaielial production. Twenty leaf
discs having spots were taken and powered in (s mortar. The powder was
soaked in 30 ml distilled sterile water and strditierough double layered cheese
cloth. Fifteen mililitre of this suspension was téngated at 6000 rpm for 15
minutes. After centrifugation, 10 ml sterilized ematvas drawn off with a pipette.
The pellet was re-suspended in 5 ml sterilized watel the number of conidia
estimated as mean of 10 haemocytometer readinlsdtems. The conidia
production was computed on the basis of numberfeaitarea. For viability, spore
suspension was suspended in sterilized water anduimber of germinated conidia

was estimated as mean of 10 haemocytometer reaejigsation.
3.6 Screening of germplasm for disease resistance

Twenty cucumber genotypes were evaluated agailhistha major
diseases for resistance under natural epiphytotiditons in the year 2011. The
genotypes were procured from the Division of Veblete&science, Shalimar. The
genotypes screened were Priya, Japanese Long G3e®m), Poinsette, Pusa
Sanyug, Sweet Delight, Green Express, 10/cucu dyhriSKAU-2, CH-20,
Hybrid-5, Swarna Ageta, AAUC-1, Hermophrodite, Stfcal, Marketer-76,
Khera-90, S-6(m) and SKAU-3. The genotypes weravgrm plastic pots of 30
cm diameter. Five seeds/pot were sown in tHavéek of April and only two
seedlings/ pot were maintained. One pot represepotes replication. Each
genotype was replicated three times. Five leavere vessessed for disease
severity per pot. The expriment was laid as randmnblock design. The well
sterilized loamy soil was used in pot. Plants wgmewn without any chemical
treatment throughout study period. The plants vessessed for occurrence of all
above diseases at peak period of each diseaseeXpesiment was again repeated
in the year 2012. The cultivars were arbitrarilytegmrized into five different
reaction categories on the basis of per cent desedisnsity (Singlet al., 1996).

This categorization, opted for all the four diseaseas as under:
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Disease reaction categories based on per cent diseantensity

Reaction category Leaf area affected (%)
Immune 0
Tolerant 1-10
Moderately tolerant 11-25
Moderately susceptible 26-50
Susceptible 51-75
Highly susceptible 76-100

Ranking of cultivars on the basis of their performance

Category Rank
Immune 0
Tolerant 1
Moderately tolerant 2
Moderately susceptible 3
Susceptible 4
Highly susceptible 5
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3.7 Management of diseases
3.7.1 Management through SAR chemicals

Five systemic acquired resistance (SAR) chemiease evaluated for
their efficacy under controlled conditions of disealevelopment during the year
2011 and 2012.

NSc;. Comrr:waoggrade Chemical name Source

1 Bion 2,6-dicholoroisonicotinic acid (INA)  Sigmalekich (India)
2 Actigard benzothiadazol S-methyl ester (BTH) Smtg (Canada)
3 Gamma (FH) B-aminobutyric acid (BABA) Alibaba (America)
4  Baking Soda/ Sodium bicarbonate (NaHGPD Hi-Media (India)

cooking soda

ol

Aerated salt Potassium bicarbonate (KHICO Hi-Media (India)

The evaluation of SAR chemicals was carried outwecumber cultivar
‘Japanese Long Green’ in a polyhouse at 2Z+Beeds were sown in pots of 30
cm dia. in the ¥ week of April. The concentration of each SAR cheahtested
was BTH @ 100 ppm, BABA @ 1000 ppm, INA @ 1000 pnaHCQ @ 100
ppm and KHCQ@ @ 100 ppm. A check was also maintained where phlaete
sprayed with water. The experiment was laid in mgletely randomized design
with each treatment replicated three times. A singlant represented one
replication. The plants were categorized into fguwups on the bases of spray
scheduleviz., i) SAR treatment on cotyledon stage (single spray),SAR
treatment at cotyledon stage and a single sprasawmfe chemical 15 days later
(two sprays), iii) no treatment at cotyledon stagéetwo sprays of SAR at 15 day
intervals, and iv) no treatment at cotyledon stagietwo sprays of SAR at 30 day
intervals. In each group check plants (water spfayeere also maintained. In
first group, spray of each test SAR compound wasrgat cotyledon stage (3-4

leaf stage) on each single plant followed by inaoulspray 24 hour later. The
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disease intensity was recorded after 30 days. dangegroup, the spray of each
test SAR compound was given at cotyledon stageach single plant followed
by inoculum spray 24 hour later and repeating ghraysof test SAR chemical 15
days after cotyledon treatment. The disease irtiemsthis case was recorded 15
days after each spray. In third group, the firstagpof test SAR chemical was
given to each single plant 15 days after cotyledt@ge followed by inoculum
spray 24 hour later and repeating the same chemaly 15 days after first
spray. The disease intensity in this case was dedoit5 days after each spray. In
last group, the first spray of each test SAR chaimieas given to each single
plant 30 days after cotyledon stage followed bycuiom spray 24 hour later and
repeating the same chemical spray 30 days aftetr $pray. After each spray
inoculum spray was given to test plants. Spore ensipn of each pathogen
responsible for diseases was made on the basmod sount in haemocytometer.
The spore count of fOsporangia/ml for downy mildew pathogen and® 10
conidia/ml for other pathogens was preparBuoe plants were sprayed with the
help of an automizer. The intensity of each disees® observed after 30 days of
in 1% category; while in % and & category disease intensity was observed two
times at 15 day intervals. If"4ategory the disease intensity was observed two

times but at 30 day intervalss as per the methedribed above in 3.1.2.
3.7.2  Management through fungitoxicants

The experiments on evaluation of various fungitarts (Appendix-II1)
were conducted in the experimental field of Diwsiof Vegetable Science,
Shalimar, for two years during 2011 and 2012. Sutdgle cucumber cultivar
‘Japanese Long Green’ was used. Each treatmentrcmdpof three fungicides
either all the three systemic or combination oftéysc and non-systemic and/or
biocontrol agent (either present or absent in fmeat combination). All the
fungicides and bioagent were procured from the kg Laboratory, Division
of Plant Pathology. The treatments comprized &fs) spray of mancozeb 75 WP
@ (0.3%) followed by captan 50 WP @ (0.3%) and capo48 EC @ (0.3%)), ii)
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first spray of cymoxanil 50 WP @ (0.3%) followed bhydemorph 50 WP @
(0.3%) and difenconazole 25 EC @ (0.05%) iii) fispiary of cholorothalonil 75
WP @ (0.3%) followed by metalaxyl Mz 72 @ (0.25%paebeconazole 25 EC
@ (0.05%), iv) pyraclostrobin + boscalid 38 WG @2(@) followed by captan +
hexaconazole 75 WP @ (0.3%) and metiram + pyracdloist 60 WG @ (0.2%),
v) three sprays of bioagenfinpelomyces quisqudlig® (0.01%) at 20 days
interval, vi) first spray of tridemorph 50 WP @.3%0) followed by two sprays of
bioagent @ (0.01%) at 20 days interval, and wigt fspray of dinocap 48 EC @
(0.3%), followed by tridemorph 50 WP @ (0.3%) andagent@ (0.01%). Two
seeds in each poly bag (1.75 cm dia.) were sowherg® week of March. In %
week of April the seedlings were transplanted étdfat 30 x 25 cm plant spacing.
All agronomic practices, except protective measuvesre followed as per the
package and practice of SKUAST-Kashmir. First fmgcant spray was done on
15" June and remaining sprays were carried out at & dnterval. The
fungitoxicants were evaluated as foliar sprays urfadd conditions for their
efficacy in controlling the diseases. Two plantsresented each replication. The
experiment was laid in a randomized block desigtin \Bi replications/treatment.
Check plants were sprayed with water. In caseadd®nt the spore suspension of
5x10° conidia/ml was used for spray. Disease intensity assessed as discussed
above in 3.1.2.

3.8 Statistical analysis

The data of various experiments were subjectedtdtistical analysis
using computer softwar@®P-Statdeveloped by O.P.Shoeran, CCSHAU, Hisar,
India. The data was subjected to square root tamsition and arc sine
transformation wherever required. The data wasyasdl by analysis of variance

and critical difference estimated as per Gomez@Gniahez (1984).
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Chapter — 4
EXPERIMENTAL FINDINGS

The findings of present study on the status ofafofungal diseases of
cucumber, their symptomatology, morphology, pergtdm, screening of
available germplasm and disease management thi®Agh and fungitoxicants
are presented as under:

4.1 Status of major fungal diseases of cucumber Kashmir

The survey was conducted in four districts of Kashvalley during the
years 2011 and 2012 to assess the status of noéigordiseases of cucumber. The
various foliar diseases noticed during the survegrew downy mildew,
anthracnose, Alternaria leaf spot, powdery mild8egptoria leaf spot, Ulocladium
leaf spot and scab. However, the first four disgas®re most frequently
encountered in all the surveyed districts/sites,ilevtSeptoria leaf spot,
Ulocladium leaf spot and scab were occasionallycedt So the information on
major diseases is only reported here with respethdir intensity and incidence
in the surveyed areas.

41.1 Downy mildew

The downy mildew disease incidence on cucumbearelgairrespective
of the years, varied from 16.0 to 69.3 per cenk disease incidence was higher
in the year 2012 (41.3%) than in 2011 (34.0%) [€ab]. The mean disease
incidence over the years varied from 20.6 to 626qgent. In 2011, the highest
disease incidence was noticed at Janwara (69.3%)l@mest at Kremshore
(16.0%). However, in 2012, the highest diseasalemaie was seen at Dal (67.3%)
and lowest at Sheikhpora (22.0%). Amongst the waridistricts surveyed, the
highest mean disease incidence of 51.5 per centecasded in Srinagar closely
followed by Baramulla (49.1%) (Fig 1a). Least mehsease incidence of 23.5
per cent was recorded in district Budgam. The diseatensity on cucumber
leaves, irrespective of years, varied from 8.28@23er cent with higher intensity
in 2012 (17.6%) than in 2011 (14.1%) [Table 1]. Thean disease intensity over
the years varied from 9.5 to 32.6 per cent.hl2 the highest disease intensity
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Table 1: Incidence and intensity of downy mildew Rseudoperonospora
cubensi3 on cucumber leaves at various locations of Kashmi
during the years 2011 and 2012

Disease incidence (%)  Disease intensity (%)

District Location = --mmoomremmmmoe oot
2011 2012 Mean 2011 2012 Mean
Baramulla Sopore 28.0 31.0 29.5 11.0 13.2 12.1
Baramulla 52.0 63.3 57.6 28.0 30.0 29.0
Pattan 45.3 50.0 47.6 23.6 27.9 25.7
Janwara 69.3 57.3 63.3 29.3 329 31.1
Seelu 44.0 51.3 476 22.5 26.6 25.0
"""""""" Mean 477 506 491 228 260 245
‘Srinagar  Kawoosa 380 440 410 181 176 17.8
Dal 60.0 67.3 63.6 29.0 36.2 32.6
Shalimar 54.0 64.0 59.0 23.6 28.9 26.2
Shadipora 35.3 42.0 38.6 15.6 16.5 16.0
Harwan 47.3 63.3 55.3 23.3 28.2 25.7
"""""""" Mean 469 561 515 219 254 236
‘Bandipora  Patushai 273 320 296 100 99 99
Nadihal 26.0 34.6 30.3 11.1 12.0 11.5
Kemah 18.0 23.3 20.6 8.9 10.2 9.5
Aloosa 20.0 30.0 25.0 8.8 11.4 10.1
Ongam 19.3 29.3 24.3 9.7 12.4 11.0
"""""""" Mean 221 298 259 97 111 104
‘Budgam Batpora 180 300 240 101 153 127
Sheikhpora  19.3 22.0 20.6 9.0 11.2 10.1
Gangbug 20.0 29.3 24.6 8.2 11.3 9.7
Kremshore 16.0 25.3 20.6 8.7 12.7 10.7
Narkara 23.3 32.0 27.6 13.1 18.3 15.7
"""""""" Mean 193 277 235 98 137 117
"""""" Overallmean 340 413 375 141 176 158




was observed at Janwara (29.3%) and lowest at Gan(}2%). However, in
year 2012 the highest disease intensity was a{I3®a2%) and lowest at Patushai
(9.9%). District-wise highest mean disease intgnais in Baramulla (24.5%),
closely followed by Srinagar (23.6%) [Fig. 1b]. Istanean disease intensity of

10.4 per cent was noticed in Bandipora.
4.1.2  Anthracnose

The anthracnose disease incidence on cucumbegsleavespective of
years, varied from 14.6 to 76.6 per cent with dseeacidence higher in the year
2012 (47.2%) than in 2011 (34.7%) [Table 2]. Theamdisease incidence over
the years varied from 19.6 to 63.3 per cent. In12@ie highest disease incidence
was at Pattan (62.6%) and lowest at Kremshore ¥y .6lowever, in 2012, the
highest disease incidence was recorded at Shalifa%) and lowest at Narkara
(18.6%). Amongst the various districts surveyed thighest mean disease
incidence of 57.5 per cent was observed in Srinagasely followed by
Baramulla (51.8%) [Fig. 1a]. Least mean diseas@lamce of 24.4 per cent was
observed in the district Budgam. The disease iitiere cucumber leaves,
irrespective of years, varied from 6.0 to 35.4 gant with disease intensity higher
in 2012 (20.8%) than in 2011 (16.1%) [Table 2]. Thean disease intensity over
the years varied from 8.9 to 29.1 per cent. In year 2011 highest disease
intensity was observed at Pattan (29.7%) and lovegstGangbug (6.0%).
However, in 2012, the highest disease intensity aaShalimar (35.4%) and
lowest at Narkara (8.1%). District-wise the highestan disease intensity was in
Baramulla (26.0%) closely followed by Srinagar %) (Fig 1b). Least mean

disease intensity of 11.2 per cent was record&lidgam.
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Table 2:

Incidence and

intensity  of

anthracnose Qolletotrichum
arbiculare) on cucumber leaves at various locations of Kashmir
during the years2011 and 2012

Disease incidence (%)

Disease intensity (%)

District Location  --rmoomremmmmoeooos ot
2011 2012 Mean 2011 2012 Mean
Baramulla Sopore 49.3 53.3 41.6 22.6 25.6 24.1
Baramulla 54.0 61.3 51.6 27.6 27.0 27.3

Pattan 62.6 68.0 53.6 29.7 28.0 28.8

Janwara 48.6 64.6 60.3 22.5 25.3 23.9

Seelu 49.3 58.0 52.0 22.6 29.4 26.0

"""""""" Mean 527 610 518 250 27.0 26.0
‘Srinagar  Kawoosa 453 633 545 214 290 252
Dal 46.0 67.3 56.6 21.6 27.3 24.4

Shalimar 50.0 76.6 63.3 22.8 354 29.1

Shadipora 40.0 65.3 52.6 18.8 25.8 22.3

Harwan 48.0 72.0 60.0 22.1 31.7 26.9

"""""""" Mean 458 689 575 213 298 255
‘Bandipora  Patushai 26,6 320 293 118 141 129
Nadihal 22.0 27.3 24.6 11.2 12.0 11.6

Kemah 16.0 26.6 21.3 6.1 11.8 8.9

Aloosa 18.0 31.3 24.6 8.2 13.6 10.9

Ongam 22.6 32.0 27.3 11.4 14.1 12.7

"""""""" Mean 210 298 254 97 131 114
‘Budgam Batpora 203 420 356 130 208 169
Sheikhpora  18.0 29.3 23.6 8.2 13.0 10.6

Gangbug 15.3 27.5 21.4 6.0 12.0 9.0

Kremshore 14.6 30.0 22.3 6.8 13.7 10.2

Narkara 20.6 18.6 19.6 9.8 8.1 8.9

"""""""" Mean 195 294 244 87 135 112

"""""" Overallmean 347 472 410 161 208 185




4.1.3  Alternaria leaf spot

The Alternaria disease incidence on cucumber kaweespective of
years, varied from 13.3 to 68.6 per cent with higtisease incidence in 2012
(45.6%) than in 2011 (35.5%) [Table 3]. The measedse incidence over the
years varied from 18.3 to 66.0 per cent. In the &4 1 highest disease incidence
was observed at Baramulla (64.0%) and lowest ata&e(i3.3%). However, in
2012 the highest disease incidence was at PatthB8laalimar (68.6%) and lowest
at Kemah (23.3%). Amongst the various districtsveyed the highest mean
disease incidence of 56.8 per cent was record@&timagar, closely followed by
Baramulla (56.0%) [Fig. 1a]. Least mean diseaselamce of 24.5 per cent was
recorded in district Bandipora. The data in Tablee8ealed that the disease
intensity on cucumber leaves, irrespective of wary, varied from 5.7 to 29.8 per
cent. The disease intensity was higher in 20121¢p% than in 2011 (13.3%). The
mean disease intensity over the years varied fr@1d/29.5 per cent. In 2011,
the highest disease intensity was observed at Balar(80.9%) and lowest at
Kemah (5.7%). However, in 2012 the highest diseatmsity was at Shalimar
(29.8%) and lowest at Kemah (9.0%). The highestmiaease intensity was
observed in district Srinagar (24.4%) closely foldal by district Baramulla
(23.6%) [Fig 1b]. Least mean disease intensity @# lper cent was noticed in

district Bandipora.
41.4 Powdery mildew

The powdery mildew disease incidence on cucundaefel, irrespective of
the years, varied from 10.6 to 61.3 per cent. Tieade incidence was higher in 2012
(39.7%) than in 2011 (33.0%) [Table 4]. The mearake incidence over the years
varied from 15.7 to 60.3 per cent. In 2011, thénegy disease incidence was noticed
at Janwara (59.3%) and lowest at Kemah (10.6%).edevwy in 2012 the highest
disease incidence was recorded at Janwara (6138odpwest at Kemah (21.3%).
Amongst the various districts surveyed, the highesan disease incidence of 51.8

per cent was noticed in Baramulla followed $ynagar (45.7%) [Fig. 1a]. Least
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Table 3:

Incidence and

intensity of Alternaria
alternata) on cucumber leaves at various locations of Kashmi
during the years2011 and 2012

led spot (Alternaria

Disease incidence (%)

Disease intensity (%)

District Location  --mm-omremmmmoo et
2011 2012 Mean 2011 2012 Mean
Baramulla Sopore 33.3 48.0 40.6 14.4 18.8 16.6
Baramulla 64.0 68.0 66.0 30.9 27.7 29.3
Pattan 63.3 68.6 65.9 30.5 28.6 29.5
Janwara 53.3 66.6 59.9 22.6 25.6 24.1
Seelu 44.0 51.3 476 150. 22.2 18.6
"""""""" Mean 518 605 560 226 245 236
‘Srinagar  Kawoosa 546 633 589 232 270 251
Dal 51.3 55.3 53.3 22.5 23.0 22.7
Shalimar 52.0 68.6 60.3 23.3 29.8 26.5
Shadipora 42.0 63.3 52.6 14.5 28.5 21.5
Harwan 51.3 66.6 56.8 23.4 28.8 26.1
"""""""" Mean 502 634 568 213 27.4 244
‘Bandipora  Patushai 273 346 309 120 130 125
Nadihal 22.0 30.0 26.0 8.5 12.6 10.5
Kemah 13.3 23.3 18.3 5.7 9.0 7.3
Aloosa 15.3 29.3 22.3 5.8 15.6 10.7
Ongam 20.6 29.3 24.9 6.0 16.4 11.2
"""""""" Mean 197 294 245 76 133 104
‘Budgam Batpora 280 373 326 124 146 135
Sheikhpora  22.0 31.3 26.6 11.2 13.0 12.1
Gangbug 27.3 32.6 29.9 11.8 13.6 12.7
Kremshore 19.3 31.3 25.3 8.6 13.0 10.8
Narkara 19.3 24.6 21.9 9.4 11.5 10.4
"""""""" Mean 231 314 273 106 131 119
"""""" Overallmean 355 456 404 133 161 148




Table 4:

Incidence and intensity of powdery milde (Sphaerotheca
fuliginea) Pollaci] on cucumber leaves at various locationsf
Kashmir during the years 2011 and2012

Disease incidence (%)  Disease intensity (%)

District Location = --mmoomremmmmoe oot
2011 2012 Mean 2011 2012 Mean
Baramulla Sopore 37.3 46.0 41.6 16.9 20.4 18.6
Baramulla 49.3 54.0 51.6 20.6 19.4 20.0
Pattan 50.0 57.3 53.6 21.3 21.4 21.3
Janwara 59.3 61.3 60.3 23.4 23.8 23.6
Seelu 48.0 56.0 52.0 19.6 21.2 20.4
"""""""" Mean 487 549 518 203 212 20.8
‘Srinagar  Kawoosa 493 333 413 210 138 174
Dal 47.3 58.6 52.9 204 248 22.6
Shalimar 38.6 55.3  46.9 18.2 23.0 20.6
Shadipora 39.3 43.3 41.3 18.5 18.5 18.5
Harwan 53.0 40.0 465 21.8 17.2 19.5
"""""""" Mean 455 461 457 199 194 197
‘Bandipora  Patushai 253 273 265 118 134 126
Nadihal 20.0 28.0 24.0 7.6 13.2 104
Kemah 10.6 21.3 15.7 3.8 10.0 6.9
Aloosa 18.0 31.3 24.7 1.7 15.7 11.7
Ongam 24.0 36.6 30.2 10.9 17.6 14.2
"""""""" Mean 197 289 242 83 139 111
‘Budgam Batpora 240 340 290 113 133 123
Sheikhpora 23.3 33.3 28.0 10.6 13.0 11.8
Gangbug 16.0 29.3 22.5 6.6 12.4 9.5
Kremshore 14.0 25.3 19.7 6.2 11.6 8.9
Narkara 14.6 23.3 19.0 6.4 10.6 8.5
"""""""" Mean 183 290 236 82 121 102
"""""" Overallmean 330 397 363 141 166 154
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mean disease incidence of 23.6 per cent was retordistrict Budgam. The disease
intensity on cucumber leaves, irrespective of yeased from 3.8 to 24.8 per cent.
The disease intensity was higher in 2012 (16.6%) ih 2011 (14.1%). The mean
disease intensity over the years varied from 6.236 per cent. In the year 2011
highest disease intensity was observed at Janw&d%) and least at Kemah
(3.8%). However, in 2012 the highest disease iittenas observed at Dal (24.8%)
and lowest at Kemah (10.0%). District-wise highestan disease intensity was
observed in Baramulla (20.8%), closely followedSmnagar (19.7%) [Fig 1b]. Least

mean disease intensity of 10.2 per cent was olsenBudgam.
4.2 Symptomatological studies

The symptomatology of prevalent diseases undarralatonditions of
infection in field was studied on unsprayed vinéssosceptible cucumber cv.
Japanese Long Green. The fungal foliar diseasesbitedh typical symptoms

which varied with time and the stage of crop grawth
4.2.1 Downy mildew

The initial disease symptoms of downy mildew welbserved on leaves
in the 29 week of June on adaxial leaf surface in the fofnslightly chlorotic
lesions (Table 5). The lesions were irregular amdewsoaked, and measured 0.1
to 0.4 mm in size (Plate 5A). The lesions becamagdar to angular in shape with
bright yellow colour measuring 0.4 to 0.5 mm inesturing mid June (Plate 5B).
Observations on 22 June revealed that the lesions were restrictedelnys and
measured 0.7 to 0.9 mm in size (Plate 5C). Theuwcadblesions was dark yellow.
A grayish to black growth was noticed on the ablabaaf surface. Microscopic
examination revealed the presence of sporangiophamd sporangia on abaxial
leaf surface (Plate 5D). The lesion progression sias upto the end of Bweek
of June after which it showed curvilinear growtthaeiour upto I week of July.
In last week of June, the lesions on adaxial legiase became light brown with
average size of 1.5-3.5 mm. More prominent lblaerial growth was seen on
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Table 5: Development of downy mildew Rseudoperonospora cubengis
symptoms on cucumber cv. “Japanese Long Green” athalimar
during 2011

Leaf lesion

Date of
observation

Size (mm) Shape and colour

4" June - No disease

10" June 94 Slightly chlorotic, water soaked irregular spot

16" June 0.4-0.5 Bright yellow, irregular to angulpots

22" June 0.7-0.9 Dark yellow grayish to black on thederside
(downy growth), angular spots restricted by
veins

28" June 1.5-35 Light brown prominent angular spotsl a

black aerial growth on abaxial side.

4" July >3.5 Coalescing of brownish angular spots with
dense black aerial growth on abaxial side of
leaf with irregular necrosis, death of entire leaf
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(A) Slightly chlorotic (B) Bright yellow

(C)Spots restricted by veins (D) Downy growth

Plate-5: Symptomatological development of downy mdew
(Pseudoperonospora cubenkisn cucumber leaves



Plate 5 continued...

(E)Light brown spots (F)Coalescing of spots

(G) Death of entire leaf



abaxial side (Plate 5E). The lesions attained aimax size of 7.0 to 9.4 mm in
the ' week of July. Brownish angular lesions coalesdeoling dense black
aerial growth on abaxial leaf surface with irreguteecrosis (Plate 5F). The

affected leaves showed mottled appearance andliett(Plate 5G).
4.2.2 Anthracnose

The anthracnose disease was first noticed in thevéek of June (Table 6).

The symptoms initiated as roughly circular slighghjorotic pin-head spots ranging
from 0.0t0 0.30mmin size(Plate6A). The spots turned light brown near the veind
within a week’s period measured 0.4 to 0.9 mmaze ¢$Plate 6B). With the passage
of time the lesions became irregular and jagget lggions attaining a size of 1.0
to 2.0 mm (Plate 6C). During thé tveek of July, the lesions were more extensive
and dark-reddish coloured having grayish centelng Size of lesions was 2.5 to
5.5 mm and 1 to 2 acervulli were seen in them éP&d). In 2° week of July
acervulli with dark brown setae were observed anlésions. The average lesion
size was 7.5 to 9.0 mm with 3-5 acervulli/leaf tesiThe center of lesions started
cracking (Plate 6E). During®week of July leaves became distorted. The centre
of lesion was cracked, dropped out and gave shiet dygpearance. The average
size of lesions reached upto 1.5 cm and, on arageemore than 5 acervulli were

seen on leaf lesions (Plate 6F).
4.2.3 Alternaria leaf spot

The Alternaria leaf spots appeared in tHewgek of June as small light
green flecks of 8.4 mm size (Table 7; Plate 7A). During last weékune, the
spots became grayish and circular. These spots suereunded by a yellow halo
and measured 0.4-0.9 mm in size (Plate 7B).%Iwéek of July, irregular dark
brown lesions were formed which measured 1.0 t& tm in size (Plate 7C).
Microscopic examination revealed the presence ofdia. During 2 week of

July, the lesions coalesced and formed irregularatie patches of 2.0-3.5 cm
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size (Plate 7D). During@week of July, the leaves showed blightened appeara
(Plate 7E). The chlorotic lesions measured 4.0.5oc#n in size. In last week of
July, the lesions attained a size of 5.0 to 5.3 Thme affected leaves turned

yellow, senescent and ultimately died (Plate 7F).
4.2.4 Powdery mildew

During the periodic observations of cucumber @attte initial disease
symptoms were noticed in thé' 3veek of July on abaxial leaf surface as small
chlorotic spots which measured 0.3 to 0.6 mm ire.sizhe spots covered
approximately 2-3.5 per cent leaf area (Table 8eé”8A). Three days later, small

powdery mildew patches developed and covered p&-8ent leaf area.

Microscopic observations revealed that the presesfcfungal spores
(Plate 8B). In % week, whitish, talcum-powder like growth in patsheas
noticed which covered 8-20 per cent leaf area €FR8&at). Three days later, patches
showed coalescing phenomenon, yellow lesions weoenipent and disease
covered 20-45 per cent leaf area (Plate 8D)."\nvdek of July mycelial mat and
tan coloured patches were observed, major portibreaf was covered by
powdery mildew (>50 - <75%) [Plate 8E]. There wastbring of leaves and
these blisters covered the entire leaf, the cotduesions turned brown to dark
brown, infected leaves curled and dropped with tgrethhan 75 per cent leaf area

covered (Plate 8F).
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Table 6: Development of anthracnose Qolletotrichum arbicularg
symptoms on cucumber leaves cv. “Japanese Long Greéeat
Shalimar during 2011
Leaf lesion
Date of

observation

---------------------------------------- Acervulli/cm?

Size (mm) Shape and colour

15" June 0.0-0.3 Slightly chlorotic pinhead 0
spot

22" June 0.4-0.9 Light brown spot near veins 0

29" June 1.0-2.0 Irregular lesion and jagged 0

6™ July 2.5-5.5 Lesions  prominent  witli-2, acervuli with
grayish centre and darkedark brown setae
reddish

13" July 7.5-9.0 Lesions more prominenB8-5, acervuli with
centre of the lesion startedlark brown setae
cracking

20" July 12.0-15.0 Distorted leaves, lesionsb, acervuli with

brown, center of lesiondark brown setae
cracked and dropped out,

giving the leaf shot-hole

appearance
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(A)Slightly chlorotic (B)Light brown spot

(E)Cracked centre (F)Distorted leaves

Plate-6: Symptomatological development of anthraarse Colletotricum
arbiculare) on cucumber leaves



Table 7: Development of Alternaria leaf spot Alternaria alternatg
symptoms on cucumber leaves cv. “Japanese Long Greéeat
Shalimar during 2011

Leaf lesion
Dateof Sporulation
observation P
Size Shape and colour
19" June 0.0-0.4 mm  Light green fleck 0
27" June 0.4 -0.9 mm  Grayish lesion surrounded by 0
yellow halo
4™ July 1.00-1.75 cm Irregular dark brown lesions -151
11" July 2.0-3.5cm Lesions coalesce, form irregular 16-30
necrotic patches
18" July 4.0-4.5 cm Leaves appeared blightened 31-45
25" July 5.0-5.3 cm Leaves became yellowish, >45

senescent and die
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(A) Light green fleck (B)Yellow halo

(C) Brown lesion (D) Lesions coalesce

(E) Blightened leaves (F) Yellow leaves and senescent

Plate- 7: Symptomatological development of Alternaa leaf spot
(Alternaria alternatg) on cucumber leaves



Table 8: Development of powdery mildew S$phaerotheca fuliginep
symptoms on cucumber leaves cv. “Japanese Long Greéeat
Shalimar during 2011

Date of Leaf area Lesion shape and colour Conidia/
observation covered (%) P chain
17" July 2.0-3.5 Small chlorotic spots of 0.2-0.5 0
mm size
20"July 5.0-8.0 Small powdery patches 1-5
23" July 8.0-20.0 White talcum powder-like 6-10
growth in patches
26" July 20.0-45.0 Patches coalesced, prominent >10
yellow lesions
29 July 45-75 Mycelium of fungus form mats >10
of tan colour, patches
coalesced and covered almost
entire leaf
1% August 5 Entire leaf covered, lesion turn  >10

brown to dark brown
Infected leaves curled and
dropped
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(A) Small chlorotic spots (B) Powdery spot

(E) Lesions turn light brown (F) Covers whole leaf

Plate-8: Symptomatological development of powdery ildew (Sphaerotheca
fuliginea) on cucumber leaves



4.3 Morphological characterization
43.1 Downy mildew on host

The mycelial growth was observed on the abaxialasa of infected
cucumber leaves. The mycelium was hyaline, irretjularanched and measured
4.8-6.4 pm in width (avg. 5.85 um) [Table 9; Pl&a]. Sporangiophores
observed were dichotomously branched and produceglysor in small groups
from the stomata of infected host on abaxial sefathe sporangiophores were
hyaline and measured 182.4-380.8 x 3.2-9.6 umzl &vg. 237.% 5.4) (Plate
9B). The sporangia were ovoid to ellipsoidal, tvalled with papilla at distal end
and borne singly on pointed tips of sporangiophoaésacute angles. The
sporangia were grayishish coloured and measurett3®4 x 12.8-25.6 um in
size (avg. 29.4x 18.75 um) [Plate C]. The zoospores were releasaa the
zoosporangium through perforation of sporangial | W&late 9 D,E). Some
sporangia directly produced germ tube (Plate 9Rg dermination was recorded
before 5.30 am in the morning. The germinationpafrangia was reduced after 8
am. The oospores were spherical or globose, dowhled, light brown and
measured 38.4-44.8 um in size (avg. 41.4 um). Depares germinated by single
germ tube (Plate 9G).

4.3.2 Anthracnose
4.3.2.1. On host

Acervulli were observed on the adaxial leaf swefatinfected cucumber;
however no hyphae were noticed (Table 10). Acerwéire salmon coloured,
slightly raised and saucer shaped. Hair-like 1&lblsetae protruded out from the
surface and several conidia were observed (Plate@thidia were oblong, ovate
and single celled with rounded ends. The conidieevirnyaline and measured 3.2-
6.4 x 3.2-4.8 um in size (avg. 5.1 x 4.2 um) amung®ation of conidia was seen.
Setae were 12.8-70.4 x 1.6-6.4 um (avg. 34.0 xdbin size.
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Table 9: Morphological characters ofPseudoperonospora cubenstsiusing
downy mildew of cucumber

Thallus part Physical Colour Size (um)
appearance/shape
Hyphae Irregularly branched Hyaline 48+ [width]
(avg. 5.85)

Sporangiophore Dichotomously branched, Hyaline 182.4-380.8< 3.2-9.6

Sporangia

Oospore

produced singly or in (avg. 237.3x 5.4)
small groups from

stomata of infected host

from abaxial side of leaf

Ovoid to ellipsoid, thin Grayish 22.4-38.4x 12.8-25.6
walled with papilla at (avg. 29.4x 18.7)
distal end, borne singly

on pointed tips of

sporangiophore at acute

angles
Spherical or globose Light 38.444.8
double walled brown (avg. 41.4)
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Irregularly branched 10xhyphae (B)Sporangiophore 10x
Ovoid sporangia 400x (D) Release of zoospores 400x

(E )Zoosporangia 40x (F) Germinating sporangia 40x
Plate 9: Morphological characters ofPseudoperonospora cubensis
causing downy mildew of cucumber
Plate 9 continued.....



(G) Oospored0x (H) Magnified view of oospore 100x

() Germinating oospore 100x



Table 10: Morphological characters ofColletotrichum arbiculare causing
anthracnose of cucumber

Thallus part Physical Colour Size (um)
appearance/shape
On host
Acervuli Slightly  raised, saucerSalmon 12.8-70.4x 1.6-6.4
shaped, has hair-like black (avg. 33.98< 5.56)
1-3 setae protruding out
from the surface, several
conidia seen
Conidia Oblong, ovate, singleHyaline 3.2-6.4x 3.2-4.8
celled, with rounded ends (avg. 5.1x 4.5)
In culture
Colony Radial growth White to
grayish
Hyphae Septate , branched Hyaline 3.2-
(avg. 3.77)
Acervuli Slightly raised, hair like Black 12.8-73.6x 1.6-9.6
black setae protruding from (avg.43.%5.1)
the surfacel-3 setae and
several conidia
Conidia Single celled Hyaline 3.2-9.6x 3.2-4.8
(avg. 6.%k3.6)
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e e

(B) Hyaline mycelium with conidia 10x

(D) Acervulli on media 10x

Plate 10: Cultural and morphological characters ofColletotrichum
arbiculare causing anthracnose of cucumber



4.3.2.2. In culture media

The fungus causing anthracnose in cucumber glewlyson oat meal
agar medium at 28+1°C. The purified culture onroatl agar was initially white
coloured, with sparse aerial mycelial growth. Tioébony became grayish within
20 days and showed radial growth (Plate 10A). Theatium was hyaline,
septate and branched. The hypha was 3.2-4.8 pumdih \favg. 3.77 pm). The
conidia were single celled, hyaline and measur@dd® x 3.2-4.8 um in size
(avg. 6.1 x 3.6 um) [Plate 10 B]. After three weeifsvegetative growth, the
acervulli formation initiated. These were slightiised and salmon-coloured with
1-3 black hair-like setae embedded in them (Plaig¢18etae measured 12.8-73.6
x 1.6-9.6 um (avg. 43.9 x 5.1 um) in size (Plat®)10

4.3.3 Alternaria leaf spot
4.3.3.1 On host

Hyphae observed on the adaxial surface of infectiedmber leaves were
septate, smooth and branched and measured 4.86.th width (avg. 5.1 pum)
(Table 11). Hyphae were hyaline to dark olive itoaa Conidiophores were short
straight or flexuous in appearance, pale brovelite brown in colour and measured
25.6-51.2 x 3.2-6.4 um in size (avg. 40.9 x 4.4 . @onidia were ovoid, obclavate
and ellipsoid having 1-8 transverse and severagjitadinal cross walls with
short conical cylindrical club-shaped beak. Theooolof conidia was brown to
black with size varying from 36.0-64.0 x 9.6-12.&|(avg. 59.0-10.2 um).
Germination of conidia observed was either apigalateral or both (Plate 11
E, F).

4.3.3.2 In culture

The fungus associated with Alternaria leaf spos weew fast on PDA
medium at 25+1°C and covered the entire mediumasariwithin a week. The
fungal colony was initially hyaline and turned daskve within a week (Plate
11A). The mycelium was hyaline to dark olive, séptdranched, smooth and

measured 4.8-6.4 pm in width (avg. 5.1 um) (Pl&atB)1 Conidiophores were
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short, straight or flexuous, sympodial in growtlajepbrown to olive brown and
measured 28.8-54.4 x 3.2-6.4 um in size (avg. 308.5 um) [Plate 11C].
Conidia were brown to black, ovoid, obclavate psitiid, produced in chains, with
an apical short conical or cylindrical beak. Coaidneasured 36.0-67.2 x 12.8-
16.0 um (avg. 60.% 14.0 um) in size. Conidia (4-5) were produced sirgle
chain in basipetal order (Plate 11D).

4.3.4 Powdery mildew

White to gray and fluffy to sparse mycelial growtlas observed on
adaxial leaf surface of infected cucumber (Plat&)1Z'he hyphae were thin
walled, septate and measured 2-3 pm in width (RIa®). Conidiophores were
erect, aerial and measured (36-49 x 9.6-16.0 uns)zia (avg. 42.% 12.5 um)
[Plate 12C]. Conidia were hyaline, borne in chalmssipetal, ellipsoid to ovoid,
one-celled with well-developed fibrosin bodies andasured 22.4-35.2 x 12.8-

21.0 um (avg. 25.8 20.0 um) in size (Plate 12D, E).
4.3.5 Identification of pathogen

For all the four pathogens, innoculum spray wa®mito four separate
3-4 leaf stage cucumber plants in moist chamber samde symptoms were
observed as on diseased leaf tissues. On the lbdsmorphological and
pathological characteristics and comparison to abthentic description (Tode,
1790), (Ellis, 1971), (Berkeley and Curtis 1868y &Braun, 1987)the pathogens
were identified afolletotrichum arbiculargBerk. & Mont),Alternaria alternata
(Fr.) Keissler,Pseudoperonospora cubengigerk. and Curt.)and Sphaerotheca
fuliginea Schlechtend.(Fr:) Pollacirespectively. The identity of former two
pathogens was further confirmed at Indian Type €tibn Centre under the 1.D.
No. 9282.14. A & B respectively whileas, latet@b being obligate pathogens

and was no need of further confirmation.
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Table 11: Morphological characters of Alternaria alternata causing
Alternaria leaf spot on cucumber

Thallus part  Physical appearance/shape  Colour Sizgum)
On host
Hyphae Branched, smooth, septate Hyaline 4.8-6.4 (width)
to dark (avg. 5.1)
olive
Conidiophore  Short straight or flexuous Pale 25.6-51.2x 3.2-6.4
brown to (40.9x 4.4)
olive
brown
Conidia Ovoid, obclavate, ellipsoidal brownto 26-64x 9.6-12.8
with transverse or ongitudinal  black  (avg. 59.0x 10.2)
cross walls with a short, (width at broadest
cylindrical conical beak part)
In culture
Colony Fast growing, initially Hyaline

colourless, became dark with to dark
age, aerial branches, velvety olive

growth
Hyphae Septate, branched, smooth Hyaline  4.86.4
to dark (avg. 5.1)
olive

Conidiophore  Short straight or flexuous, Pale 28.8-54.4x 3.2-6.4

sympodial growth brownto  (avg. 50.1x 5.5)
olive
brown
Conidia Ovoid, obclavate, produced inBrownto 36.0-67.2x 12.8-
chains, ellipsoidal, club- black 16.0

shaped with an apical beak

short, conical and cylindrical (avg. 60.5¢ 14.0)
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(A) Fungal colony (B)Septate mycelium 40x

(C) Conidiophore 10x (D) Conidia in chains 40x

(E& F) Germinating conidia 40x

Plate-11:  Morphological characters of Alternaria alternate causing
Alternaria leaf spot oncucumber



Table 12: Morphological characters of Sphaerotheca fuligineacausing
powdery mildew on cucumber

Thallus part Physical Colour Size (um)
appearance/shape
Hyphae Over surface of leafWhite to 2-3 (width)

fluffy to sparse, thin gray
walled and septate

Conidiophore Erect, aerial Hyaline 36-49x 9.6-16.0
(avg. 42.2¢x 12.5)

Conidia Singly or chains, Hyaline 22.4-35.2x 12.822.0
basipetal order ellipsoid (avg. 25.6x 20.0)
to ovoid well developed
fibrosin  bodies, one
celled

ER



(A) Over surface of leaf with mycelium (B) Conidia in chains over surface of leaf

(C) Erect conidiophores with chain (D) Conidia 40x
of conidia 40x

(F) Conidia with fibrosin bodies 40x

Plate- 12: Morphological characters of Sphaerotheca fuligineacausing
Powdery mildew on cucumber



4.4 Perpetuation studies

The perpetuation of pathogensz., Pseudoperonospora cubensis,
Colletotrichum arbiculare, Alternaria alternatand Sphaerotheca fuligineaas
studied in the year 2011 on fallen diseased lebygsacing them at variable soil

depths.

4.4.1 Survival of Pseudoperonospora cubensisn overwintered diseased
leaves

The observations regarding oospore productioR.igubensisand their
viability were recorded at fortnightly interval. @oospore production continued
till till 2" fortnight of May when diseased leaves placed aumd (0 cm soil
depth) [Table 13]. In March the oospore productieas (4.8 x1&oospores/ch
leaf area) which decreased with time. But whenatied leaves were buried in
soil, the oospore production was comparatively ksd noticed only upto"?
fortnight of April. The number of oospores produed leaf area in

overwintered samples kept on ground was more tinasetkept underground.

The oospore viability showed decrease with timihendiseased samples
placed on either on soil surface or at 5 cm sqotli€Table 13). Comparatively,
the oospore viability was less in the leaf samplased underground wherein the
viable spores were seen only uptd rtnight of April in comparison to"3

fortnight of May in the leaves kept on ground.

4472 Survival of Colletotrichum arbiculare on overwintered diseased
leaves

The observations regarding conidial productionCn arbiculare and
their viability were recorded at fortnightly intexi¢ and results presented in Table
14.
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Table 13: Production of downy mildew oospore in owaintered diseased
leaves of cucumber (cv. Japanese Long Green) durirthe year

2011
No. of oospores/cm? Viability (%)
: leaf area (x 10°)

Period of )

e L
Ocm 5cm Ocm 5cm
depth depth depth depth

March [ 4.8 1.1 24.6 21.3

I 3.9 0.7 29.3 25.3

April | 3.0 0.4 31.3 26.0

[l 2.3 0.3 28.0 23.3

May | 2.1 - 23.6 -

[l 15 - 20.0 -

June | . - . -

[l . - . -

July I - - - -

* Mean of three replications each comprising ol&4f discs of 1cfsurface area;
- Indicates completely decomposed leaves

« Indicates no viable oospore present
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Table 14: Production of Colletotrichum arbiculareconidia in overwintered
diseased leaves of cucumber cv. ‘Japanese Long Gneeuring
the year 2011

No. of conidia/cm? leaf

] Lo
area’ (x 10) Viability (%)
Period of e
observation Fortnight
Ocm 5cm Ocm 5cm
depth depth depth depth
March [ 0.9 0.5 22.6 20.0
I 1.1 0.7 28.0 26.0
April | 25 1.4 34.0 31.3
Il 2.7 1.0 41.0 37.3
May I 3.0 - 57.3 -
[l 2.1 - 60.0 -
June | 1.6 - 55.3 -
1 0.9 - 35.3 -

July I - - - -

* Mean of three replications each comprising o&4f discs of 1cfsurface area

- Indicates completely decomposed leaves from whichospore production was possible
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Perusal of data revealed that conidial productionover-wintered
diseased leaves continued comparatively for a lopgeod upto ¥ fortnight of
June in disease samples kept on soil surface. fAdwgtion of conidia decreased
when diseased samples were placed under ground.oVéevintered leaves
placed on soil surface yielded highest number ofidia as compared to those
buried ones. In general, conidial production insegawith time with maximum
production in i' fortnight of May (3.0 x 1Dconidia/cnf leaf area) in samples
placed on soil surface. But when placed at 5 cindeqth, the conidial production

was less and noticed only uptd Bortnight of April.

The viability of spores showed decline when disdateaves were
placed in soil at 5 cm depth. High spore viabilitgs recorded in overwintered
diseased leaves kept on soil surface (0 cm depth) ighest spore viability of
60.0 per cent observed in th¥ Brtnight of May. The viability of spores showed
progressive increase with time uptﬁj #ortnight of June in the samples on soil
surface. The samples placed on soil surface (0 nthdl showed viability only

upto 2% fortnight of April.
4.4.3 Survival ofAlternaria alternataon overwintered diseased leaves

Perusal of data in Table 15 revealed that thedtainproduction ofA.
alternatain over-wintered diseased leaves continued fomaéo period upto™
fortnight of June when kept as such on soil surfddes production of conidia
decreased when leaves were burried at 5 cm sdihd€&€pe over-wintered leaves
placed on soil surface yielded highest number aofidia as compared to those
buried in soil. In general, conidial productionreased with time with maximum
production in 3 fortnight of May (2.7x10 oospores/ctleaf area) in leaves
placed on soil surface. But when buried the conpladuction was less and

noticed only upto % fortnight of April.
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Table 15: Production of Alternaria alternata conidia on overwintered
diseased leaves of cucumber (cv. Japanese Long Greduring the

year 2011
No. of conidia/cm? leaf Lo
area’ (x 10Y Viability (%)
Period of e
observation Fortnight
Ocm 5cm Ocm 5cm
depth depth depth depth
March [ 0.8 0.7 50.6 48.0
I 0.9 0.8 56.0 55.3
April | 1.8 1.1 64.0 62.0
Il 2.1 1.6 68.0 65.3
May | 2.6 - 83.3 -
[l 2.7 - 85.6 -
June | 1.9 - 87.3 -
[l 1.6 - 92.3 -

July I - - - -

* Mean of three replications each comprising o&4f discs of 1cfsurface area

- Indicates completely decomposed leaves from wbdistidia production could not be assessed
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The spore viability exhibited decline when buriadsoil at 5 cm depth.
High spore viability was recorded in overwinteradeadsed leaves kept on soil
surface with highest spore viability of 92.3 pentcebserved in the" fortnight
of June. The viability of spores progressively @ased with time upto"2
fortnight of June in the diseased samples keptodrssrface. The samples placed

on soil surface (0 cm depth) showed viability oapto 2 fortnight of April.
4.4.4  Survival ofSphaerotheca fuliginean overwintered diseased leaves

The perusal of data presented in Table 16 revetllad the conidial
production in over-wintered diseased leaves cortinupto 2 fortnight of March
when diseased leaves were placed at as such orswstéice. In general, the
conidial production decreased with time with maximproduction in T fortnight
of March (0.3 x 16conidia/ cni leaf area) at ground level. No conidia production
was noticed in the leaves buried in soil. The ciahidability decreased with time
with highest viability of 15.0 per cent observedtire 2 fortnight of March in

leaves kept on soil surface.
4.5 Screening of germplasm for disease resistansesceptibility
45.1 Downy mildew

The evaluation of 20 cucumber cultivars againstvrdo mildew,
conducted in two years 2011 and 2012 under natpghytotic conditions,
revealed differential response of cultivars to tiieease (Table 17). The disease
intensity, irrespective of years, varied from 516764.89 per cent. The overall
mean disease intensity of 32.79 per cent was redardthe year 2012 and 30.42
per cent in 2011. The highest mean disease injfengds observed in cv.
‘Japanese Long Green’ followed by cv. Local, SKAUaBd SKAU-2 with
average intensity of 62.66, 55.11, 55.10 and 5¢ddcent, respectively. Least
disease intensity was observed in cv. ‘Pusa Sanjoltpwed by ‘Priya’ and

‘Hybrid-5" with average intensity of 6.89, 7.33,(88.22 per cent, respectively.
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Table 16: Conidial production of Sphaerotheca fuliginean overwintered
diseased leaves of cucumber cv. ‘Japanese Long Gnéduring
the year 2011

No. of conidia/cm? leaf

I Lo
area (x 109 Viability (%)
Period of e
observation Fortnight
Ocm 5cm Ocm 5cm
depth depth depth depth
March [ 0.3 0.0 15.0 0.0
I 0.25 0.0 11.5 0.0
April | . 0.0 . 0.0
Il . 0.0 . 0.0
May I . - . -
|| . - ° -
June | . - . -
[l . - . -

July I - - - -

* Mean of three replications each comprising o&4f discs of 1cfsurface area
- Indicates completely decomposed leaves from wbdastidia production could not be assessed

« Indicates no conidial production
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Table 17: Field reaction of different cucumber culivars towards downy
mildew disease under natural conditions
Disease intensity (%)*
Cultivars ~ srrrrrmre e
2011 2012 Pooled mean

Sweet Delight 19.55 (26.20) 23.11  (28.68) 21.33  (27%8)
AAUC-1 33.78 (35.51) 36.44 (37.11) 3511 (36%31)
Swarna Ageta 20.8 (26.52) 24.00 (29.29) 22.00 (2793)
Priya 6.22 (14.21) 844  (1652) 7.33  (15%5)
S-5 (m) 31.11 (33.88) 35.11 (36.31) 33.11 (3540)
Hybrid-5 755 (15.84) 8.89  (17.12) 8.22  (16.34)
Japanese Long Green 60.44 (51.02) 64.89 (53.65) 62.66 (52!32)
Poinsette 2755 (31.62) 31.11 (33.87) 29.33 (32%7)
10/cucu Hybrid-4 16.44 (23.81) 12.88 (20.87) 14.66 (2247)
S-6 (M) 31.11 (33.83) 34.22 (35.73) 32.66 (34%83)
Green Express 2755 (31.62) 31.11  (33.87) 29.33 (32%7)
Khera-90 31.33 (33.88) 34.66  (36.05) 32.89 (34%97)
CH-20 28.89 (32.49) 3155  (34.15) 30.22 (33%3)
Marketer-76 27.11 (31.33) 30.66  (33.60) 28.89 (3249)
SKAU-3 53.77 (47.15) 56.44  (48.69) 55.10 (47'1)
S-7 28.44 (32.19) 31.11 (33.85) 29.7(83.05f
Pusa Sanyug 5.77 (13.76) 8.00 (16.12) 6.89 (15.16)
SKAU-2 57.70 (49.45) 51.11  (45.61) 54.4¢47.53
Hermophrodite 39.11 (38.61) 44.88  (42.04) 42.080.37)
Local 54.22 (47.4) 56.00 (48.43) 55.1(47.91}
‘Mean 3042 (3252) 3279  (34.08) 31.5(33.35)
CDoos 611 558 . 415

*Mean of 3 replications; figures in parenthesis are sign transformed values
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The disease reaction against downy mildew basegeorcent disease
intensity revealed that out of 20 cultivars, nohéhe cultivars was either immune
or highly susceptible to the disease (Table 18)weler, 4 cultivars Japanese
Long Green, Local, SKAU-3 and SKAU-2 were found capible. Eleven
cultivars S-5 (m), Khera 90, Poinsette, Swarna Ag@reen Express, S-6(m),
Marketer-76, AAUC-1, S-7, CH-20 and Hermophroditeer&v moderately
susceptible and 3 cultivars Hybrid-5, Pusa Sanyod Rriya were tolerant.
Further, 2 cultivars 10/cucu Hybrid-4 and Sweet i@l were moderately

tolerant.
452 Anthracnose

The 20 cucumber cultivars evaluated against aotlose diseaseC(
arbiculare) in 2011 and 2012 revealed differential resporfseutiivars towards
anthracnose disease (Table 19). The disease ityt@msultivars varied from 5.77
to 64.44 per cent with overall disease intensit@4fl3 per cent recorded in 2012
and 30.00 per cent in 2011. Maximum disease irtiem&s in cv. S-7 followed
by SKAU-3, Local, SKAU-2 and Japanese Long Greeth &verage intensity of
62.44, 59.55, 59.33, 54.89 and 53.33 per cententisely. Least disease intensity
was observed in cv. Hybrid-5 followed by cv. Prigad Pusa Sanyug with
average intensity of 6.89, 7.33 and 7.33 per agespectively. The categorization
of cultivars on the basis of disease reaction fedethat out of 20 cultivars, 12
were susceptible and 8 were tolerant (Table 20hridy5, Pusa Sanyug and Priya
were tolerant (rating 1-10%). Five cultivars SwaAgeta, 10/cucu Hybrid-4, S-6
(m), Green Express and Hermophrodite were rateth@derately tolerant (11-
25%). Seven cultivargiz., Sweet Delight, AAUC-1, S-5 (m), Poinsette, Khera-90
CH-20 and Marketer-76 were moderately susceptiB®&50%). The cultivars
Japanese Long Green, SKAU-3, S-7, Local and SKAWe2e susceptible in
reaction (51-75%).

&I



Table 18: Disease reaction of various cucumber dudars towards downy
mildew (based on per cent disease intensity)

Leaf area

Reaction category reaction No. of Name of cultivar
(%) genotype

Immune 0 0 -

Tolerant 1-10 3 Hybrid-5, Pusa sanyug,
Priya

Moderately tolerant 11-25 2 10/cucu Hybrid-4, Sweet
Delight

Moderately susceptible 26-50 11 S-5(m), Khera 90,
Poinsette, Swarna Ageta,
Green Express, S-6 (m),
Marketer-76, AAUC-1, S-
7, CH-20, Hermophrodite

Susceptible 51-75 4 SKAU-2, Japanese Long
Green, SKAU-3, Local

Highly susceptible 76-100 0 -
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Table 19: Field reaction of different cucumber cuivars towards
anthracnose under natural inoculum conditions
cuivars Disease intensity (%)
2011 2012 Pooled mean
Sweet Delight 27.11 (31.36) 34.66 (36.04) 30.89 .7Bf
AAUC-1 38.66 (38.42) 28.88 (31.54) 33.78 (35%6)
Swarna Ageta 12.89 (20.96) 21.33 (27.49) 17.11 2@4.
Priya 6.22 (14.21) 8.44 (16.67) 7.33  (15%5)
S-5 (m) 29.78 (33.02) 31.11 (33.88) 30.44 (3347)
Hybrid-5 577 (13.61) 7.99 (16.30) 6.89 (15%16)
Japanese Long Green 5155 (45.87) 55.11 (47.92) 3353.(46.89%
Poinsette 43.11 (41.02) 48.00 (43.83) 45.55 (42.43)
10/cucu Hybrid-4 17.33 (24.46) 23.11 (28.66) 20.2226.65F
S-6 (M) 2755 (31.65) 30.22 (33.11) 28.89 (32'49)
Green Express 15.99 (23.43) 19.55 (26.12) 17.78 .9(4
Khera-90 36.89 (37.37) 38.66 (38.43) 37.78 (37.91)
CH-20 28.89 (32.49) 32.44 934.70) 30.66 (33'61)
Marketer-76 30.22 933.29) 3511 (36.29) 32.66 (3.8
SKAU-3 57.77 949.45) 61.33 (51.53) 59.55 (50750)
S-7 60.44 (51.01) 64.44 (53.38) 62.44 (52.19)
Pusa Sanyug 5.77 913.76) 8.88 (17.12) 7.33 (1%5.63)
SKAU-2 53.77 947.15) 56.00 (48.42) 54.89 (47°78)
Hermophrodite 13.33 (21.39) 1555 (23.16) 14.44 3PP
Local 56.89 (48.94) 61.77 (51.79) 59.33 (5036)
‘Mean 3100 (32.64) 3413 (34.82) 3256 (33.81)
CD(P=0.05) 5.79 8.12 5.30

*Mean of 3 replications; figures in parenthesis are sign transformed values
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Table 20: Disease reaction of various cucumber cudars towards
anthracnose (based on per cent disease intensity)

Leaf area No. of
Reaction category reaction X Name of cultivar
(%) genotype

Immune 0 0 -

Tolerant 1-10 3 Priya, Hybrid-5, Pusa
Sanyug

Moderately tolerant 11-25 5 Swarna Ageta, 10/cucu
Hybrid-4, S-6 (m), Green
Express, Hermophrodite

Moderately susceptible 26-50 7 Sweet Delight, AAUC
S-5 (m), Poinsette, Khera-
90, CH-20, Marketer-76

Susceptible 51-75 5 Japanese Long Green,
SKAU-3, S-7, Local,
SKAU-2

Highly susceptible 76-100 0 -

&l



4.5.3  Alternaria leaf spot

The evaluation of cucumber cultivars against Aléeia leaf spotA.
alternatg under natural epiphytotic conditions revealededédntial response to
the disease (Table 21). The disease intensityspeeive of test cultivars, varied
from 4.88 to 66.66 per cent. The overall diseasensity of 33.49 per cent was
recorded in 2012 and 29.42 per cent in 2011. Marintisease intensity was
recorded in cv. SKAU-3 followed by SKAU-2, Japanésmg Green and Local
with average intensity of 68.00, 59.78, 58.00 aBdb®B per cent, respectively.
Least disease intensity was observed in Green Exgatlowed by Marketer-76
and Pusa Sanyug with average intensity of 5.552 @Ad 8.22 per cent,
respectively.

The disease reaction categorization, based oceqrgrdisease intensity,
showed that 11 cultivars were susceptible and ®uaerant (Table 22). Four
cultivars Pusa Sanyug, Green Express and Markéterare rated as tolerant
(rating 1-10%). Six cultivars Sweet Delight, CH-Hjya, Hybrid-5, S-5 (m) and
Poinsette were moderately tolerant (11-25%). Sexdtivars 10/cucu Hybrid-4,
Swarna Ageta, AAUC-1, S-6 (m), Hermophrodite, S41d a&Khera-90 were
moderately susceptible (26-50%). Cultivars Japarieseg Green, SKAU-2,
Local and SKAU-3 were susceptible to disease (3%)75

45.4 Powdery mildew

The evaluation of cucumber cultivars against pgwdnildew (S.
fuligined conducted in 2011 and 2012 under natural epiplytotivealed
differential response to the disease (Table 23) Wisease intensity in test
cultivars, varied from 4.88 to 76.88 per cent. Towerall disease intensity of

37.86 per cent was observed in year 2012 3md1 per centin 2011.
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Table 21: Field reaction of various cucumber cultiars towards Alternaria
leaf spot under natural conditions

Disease intensity (%)*

Cultivars ~ srrrrrmre e
2011 2012 Pooled mean
Sweet Delight 13.33 (21.39) 16.89 (24.23) 15.10 .§2P
AAUC-1 31.55 (34.15) 35.55 (36.58) 33.56 (35%7)
Swarna Ageta 32.00 (34.42) 37.77 (37.88) 34.89 1{Bb.
Priya 16.00 (32.52) 19.11 (25.86) 17.55 (24°74)
S-5 (m) 16.44 (23.77) 21.33 (27.40) 18.88 (2870)
Hybrid-5 15.11 (22.83) 18.66 (25.55) 16.89 (24°22)
Japanese Long Green  56.00 (48.43) 60.00 (50.74) 0058.(49.585
Poinsette 17.33 (24.42) 20.88 (26.94) 19.11 (25.88)
10/cucu Hybrid-4 35.11 (36.30) 38.22 (38.16) 36.6637.24f
S-6 (M) 42.66 (40.76) 53.33 (46.89) 48.00 (43'83)
Green Express 4.88 (12.73) 6.33 (14.21) 555 (3%.60
Khera-90 32.44 (34.69) 4266 (40.71) 3755 (3F.73)
CH-20 15.11 (22.80) 18.67 (25.59) 16.89 (24°22)
Marketer-76 488 (12.73) 755 (15.69) 6.22 (1435)
SKAU-3 69.33 (56.42) 66.66 (54.71) 68.00 (55'53)
S-7 31.55 (34.13) 41.77 (40.23) 36.67 (37°20)
Pusa Sanyug 755 (15.84) 8.89 (17.26) 8.22  (15.64)
SKAU-2 58.67 (49.98) 60.89 (51.29) 59.78 (50%2)
Hermophrodite 32.89 (34.96) 36.89 (37.34) 34.89 .18p
Local 55.55 (48.17) 57.77  (49.46) 56.67 (48°81)
‘Mean 2942 (32.07) 3349 (34.34) 3145 (33.02)
CD(P=0.05) 5.58 7.17 4.57

*Mean of 3 replications; figures in parenthesis are sign transformed values
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Table 22: Disease reaction of various cucumber cuiNars towards
Alternaria leaf spot (based on per cent disease iensity)

Leaf area No. of
Reaction category reaction . Name of cultivar
(%) genotypes
Immune 0 0 -
Tolerant 1-10 3 Pusa Sanyug, Green Express,
Marketer- 76.
Moderately tolerant 11-25 6 Sweet Delight, CH-20y®,
Hybrid-5. S-5 (m), Poinsette.
Moderately susceptible 26-50 7 10/cucu Hybridvatha
Ageta, AAUC-1, S-6 (m), S-
7, Hermophrodite, Khera-90.
Susceptible 51- 75 4 Japanese Long Green,
SKAU-2, Local, SKAU-3
Highly susceptible 76-100 0 -
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Table 23:  Field reaction of different cucumber culivars towards powdery
mildew under natural conditions

Disease intensity (%)*

Cultivars e
2011 2012 Pooled mean
Sweet Delight 14.22 (21.96) 13.33 (21.30) 13.77 .72f
AAUC-1 52.89 (46.64) 56.00 948.43) 54.44 (47"53)
Swarna Ageta 57.66 (47.66) 59.11 (50.23) 56.89 9¢83.
Priya 488 (12.73) 6.22 (14.21) 555  (13%0)
S-5 (m) 55.55 (48.17) 56.89 (48.94) 56.22 (48'55)
Hybrid-5 711 (15.04) 7.55 (15.84) 7.33  (15%0)
Japanese Long Green 54.66 (47.66) 60.44 (51.01)5557.(49.33)
Poinsette 36.89 (37.30) 38.66 (38.36) 37.78 (37.91)
10/cucu Hybrid-4 21.33 (27.49) 23.11 (28.71) 22.228.10f
S-6 (m) 19.55 (26.05) 24.44 929.42) 22.00 (27.92)
Green Express 30.22 (33.12) 36.88 (37.35) 33.55 .3635
Khera-90 33.77 (35.46) 37.78 (37.85) 35.78 (36'71)
CH-20 31.11 (33.83) 33.78 (35.44) 32.44 93£70)
Marketer-76 8.00 (16.38) 8.88 (17.32) 8.44 (1688)
SKAU-3 57.33 (49.21) 6355 (52.85) 60.44 (51'02)
S-7 52.89 (46.63) 5555 (48.17) 54.22 947M%0)
Pusa Sanyug 12.44 (20.64) 1555 (23.20) 14.00 3Pt.9
SKAU-2 79.55 (63.12) 76.88 (61.30) 78.22  (6216)
Hermophrodite 16.00 (23.55) 19.11 (25.85) 17.55 .72h
Local 62.22 (52.07) 6355 (52.86) 62.89 (52.44)
‘Mean 3541 (35.24) 37.86 (36.93) 36.56 (36.13)
CD(P=005) 767 734 350

*Mean of 3 replications; The figures in parenthesis arc sign transformed values
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Maximum disease intensity was recorded in cultSKAU-2 followed
by Local and SKAU-3 with average disease intensity8.22, 62.89 and 60.44
per cent, respectively. Least disease intensity ebserved in cv. Priya followed
by Hybrid-5 and AAUC-1 with average intensity 065, 7.33 and 8.44 per cent,
respectively. The disease reaction categorizatlmased on per cent disease
intensity, revealed 12 cultivars to be susceptdohel 8 tolerant to the disease
(Table 24). Three cultivars Hybrid-5, Pusa Sanyumg AAUC-1 were rated
tolerant (rating 1-10%) and five cultivars Sweetligi&, 10/cucu Hybrid-4, Pusa,
Sanyug, Hermophrodite and S-6 (m) were moderatbrant (11-25%). Four
cultivars Green Express, CH-20, Poinsette and kBéravere moderately
susceptible (26-50%). Seven cultivars SKAU-3, Swarkgeta, S-7, S-(m),
Marketer-76, Local, and Japanese Long Green weseeptible (51-75%). One

cultivar SKAU-2 was highly susceptible.
455 Ranking of cultivars based on multiple disese reaction

All the cultivars were ranked based on their diseseaction in each
disease category. Cultivars Priya, Hybrid-5 andaPesnyug scored less and were
ranked as the best cultivars, followed by Sweetigbgl 10/cucu Hybrid and
Green Express which were ranked second. These tiearishowed better
resistance against these diseases than otheriesriehe cultivar SKAU-2 ranked
8" rank whereas SKAU-3, Local and Japanese Long Gneee placed on'7
rank with regard to their multiple disease reactibhe remaining cultivars were

placed in &' to 6" rank.
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Table 24: Disease reaction of various cucumber didars towards powdery
mildew, based on per cent disease intensity

Leaf area No. of
Reaction category reaction . Name of cultivars
(%) genotypes
Immune 0 0 -
Tolerant 1-10 3 Marketer-76, Hybrid-5, Priya
Moderately tolerant 11-25 5 Sweet Delight, S-6 (m),
10/cucu  Hybrid-4, Pusa
Sanyug, Hermophrodite.
Moderately susceptible 26-50 4 Green  Express, QH-2
Poinsette, Khera-90.
Susceptible 51- 75 7 SKAU-3, Swarna Ageta, S-7,
S-(m), Local, Japanese Long
Green. AAUC-1
Highly susceptible 76-100 1 SKAU-2
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Table 25:

Ranking of cultivars based on multiple cdiease reaction

Disease reaction category

Cultivars Downy . Powdery Z::);?L I;Aceoiz Rank
ey, ANthracnose  Alternaria " e

Sweet Delight 3 2 2 2 9 2.25 [l
AAUC-1 2 3 3 4 12 3.00 Vv
Swarna Ageta 2 3 3 4 12 3.00 \%
Priya 1 2 1 1 5 1.25 I
S-5(m) 3 2 3 4 12 3.00 \Y
Hybrid-5 1 2 1 1 5 1.25 I
Japanese Long Green 4 4 4 4 16 4.00 VII
Poinsette 3 2 3 3 11 2.75 \Y
10/cucu hybrid-4 2 3 2 2 9 2.25 Il
S-6 (m) 2 3 3 2 10 2.20 1]
Green Express 2 1 3 3 9 2.25 Il
Khera-90 3 3 3 3 12 4.00 \Y
CH-20 3 2 3 3 11 2.75 v
Marketer-76 3 1 3 2 11 2.75 \Y
SKAU-3 4 4 4 4 16 4.00 VI
S-7 4 3 3 4 14 350 Vi
Pusa Sanyug 1 1 2 5 1.25 I
SKAU-2 4 4 4 5 17 425 VI
Hermophrodite 2 3 3 2 10 2.50 Il
Local 4 4 4 4 16 4.00 VI

Score:lmmune = 0; Tolerant = 1; Moderately tolerant sMQyderately susceptible = 3;
Susceptible = 4; Highly susceptiblé=
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4.6 Disease management studies

4.6.1 Effect of SAR chemicals on cucumber diseases
4.6.1.1 Downy mildew

4.6.1.1.1 Effect of single spray at cotyledon stage

The perusal of Table 26 revealed that the intgregitowny mildew was
slightly higher (22.55%) in the year 2012 than @12(20.99%) [Fig 2]. The spray
of SAR chemicals at cotyledon stage significarhyéred disease intensity as
compared to water sprayed check. The disease itytaasiged from 14.99 to
23.83 per cent in SAR chemical treatments as coedp@ar27.33 per cent in check
indicating that all the SAR chemicals were effeetin reducing the disease
intensity. Least disease intensity was observe@,&dichloroisonicotinic acid
(INA), followed by sodium bicarbonate (NaHG)O These were followed by
benzothiadazol-S-methyl (BTHB-amino butyric acid (BABA) and potassium
bicarbonatd KHCOs3) with disease intensity of 21.6, 22.83 and 23.88 qent,
respectively.

4.6.1.1.2 Effect of two sprays of SAR chemicalst[aotyledon stage and 15
days later]

The study revealed that the overall disease iittewss higher (11.21%)
in the year 2012 than in 2011 (8.60%) [Table 214. B]. SAR chemical sprays
significantly lowered disease intensity (6.16-8.§6#% compared to water sprayed
check (22.5%) with least intensity observed in INprayed plants. This was
followed by BTH, KHCQ and BABA with disease intensity of 6.66, 7.66 and
8.66 per cent, respectively. All the SAR spraysengatistically at par.

4.6.1.1.3 Effect of two sprays of SAR chemicalspisyed at 15 day intervals
starting 15 days after cotyledon stage]

The effect of two sprays of SAR chemicald, spray 15 days after
cotyledon stage and"2one 15 days later, revealed that all the treatsnent
significantly lowered disease intensity as compamedheck [Table 28, Fig. 3].

The disease intensity ranged from 28.33 283 per cent in SAR chemical
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Table 26:

severity of downy mildew

Effect of single spray of SAR chemicalstacotyledon stage on

SAR chemicals

Disease severity (%)*

(ppm) 2011 2012 Pooled mean
BTH @ 100 20.66 (4.54) 21.66 (4.65) 21.16 (4.60)
BABA @ 1000 22.66 (4.76) 23.00 (4.79) 22.83 (4.77)
NaHCQ @ 100 19.66 (4.43) 21.33 (4.61) 20.50 (4.52)
INA @ 1000 14.33 (3.78) 15.66 (3.95) 14.99 (3.87)
KHCO: @ 100 23.33 (4.83) 24.33 (4.93) 23.83 (4.88)
_Control (water spray)  29.33(5.41)  30.33(5.50) _ .8395.46)
Mean (21.66) (22.71) (21.18)
CD(P=0.05) (0.73) (0.49) (0.34)

*Mean of three replication; figures within parengleeare square root transformed values

Table 27:

days later) on severity of downy mildew

Effect of two sprays of SAR chemicals (@otyledon stage and 15

_ Disease severity (%)*
SAR chemicals iy T s e e

(Ppm) 2011 2012 Mean 2011 2012 Mean
633 800 717 566 866 666
BTH @ 100 251) (2.82) (2.67) (2.37) (2.94) (2.58)
566 7.66 6.67 7.66 966  8.66
BABA @ 1000 (2.37) (2.76) (2.58) (2.76) (3.10) (2.94)
500 7.66 617 600 866 7.33
NaHCG @ 100 2.23) (2.76) (2.48) (2.44) (2.94) (2.70)
466 566 516 533 7.00 6.16
INA @ 1000 2.15) (2.37) (2.27) (2.30) (2.64) (2.48)
533 7.00 616 7.00 833 7.66
KHCO; @ 100 (2.30) (2.64) (2.48) (2.64) (2.88) (2.76)
11.00 13.33 1200 20.00 2500 22.50
Control (waterspray) 331y (365) (3.46) (4.47) (5.00) (4.74)
Mean 6.33) (821) (7.22) (8.60) (11.21)(9.82
(6.33) (8.21) (7.22) (8.60) ( )(9.82)

CD(P=0.05)  (0.65) (0.56) (0.55) (0.46) (0.20) (0.62)

*Mean of three replication; figures within parengfseeare square root transformed values
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Fig. 2: Effect of SAR chemicals at cotyledon stagm the intensity of downy mildew
on cucumber under controlled conditions
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Fig. 3: Effect of two sprays of SAR chemicals (at cotyledostage and 15
days later) on disease severity of downy mildew




treatments as compared to 35.66 per cent in chatikating that all the SAR
chemicals, except KHC{) were significantly effective in reducing the dise
intensity. Least disease intensity was observdblMtreatment which was at par
with BTH having 29.33 per cent disease intensithede were followed by
NaHCQ;, BABA and KHCQ with disease intensity of 30.33, 32.33 and 32&3 p
cent, respectively.
4.6.1.1.4 Effect of two sprays of SAR chemicalspiayed at 30 day intervals

starting 30 days after cotyledon stage]

The perusal of Table 29 revealed that all tA& $8hemicals sprayed at
30 day intervals starting from 30 days after catgle stage significantly lowered
disease intensity as compared to check (Fig. 4)SAR spray treatments the
disease intensity ranged from 30.49 to 34.66 pet as compared to 44.16 per
cent in check showing that all SAR chemicals wedfecéive in minimizing the
disease intensity. INA spray was most effectiveréucing downy mildew
intensity (30.49%), followed by BTH (32.66%) and HN2O; (33.33%)
treatments. All these sprays were at par with oreher. INA treatment proved
significantly superior over BABA (34.33%) and KHG(34.66%).

4.6.1.2 Anthracnose
4.6.1.2.1 Effect of single spray at cotyledon stage

The perusal of Table 30 indicated that anthracnes® higher (8.21%)
in the year 2012 than in 2011 (6.94%) [Fig. 5]. Hpeay of SAR chemicals at
cotyledon stage significantly lowered disease isitgnas compared to water
sprayed check. The disease intensity in SAR chéniieatments ranged from
4.16 to 8.33 per cent in comparison to 13.83 pat cecheck indicating that all
SAR chemicals were effective in lowering the diseagensity. Least disease
intensity was recorded in BABA sprayed plants. BABAs followed by INA
with disease intensity of 5.49 per cent which,umf was significantly at par with
BTH (6.00% disease intensity). These were follosgdNaHCQ and KHCOs
with the disease intensity of 7.66.83 and 8.33ceet, respectively.
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Table 28: Effect of two sprays of SAR chemicals at5 day intervals on
disease severity of downy mildew

Disease severity (%)*
SAR chemicals iz y"("?-) -----------------------

(ppm) ... Firstspray . Second spray
PP 2011 2012 Mean 2011 2012 Mean
1866 2133 2000 2800 30.66 2933
BTH @ 100 (431) (461) (447) (529) (553) (5.41)
20.67 21.00 20.83 31.00 33.66 32.33
BABA @ 1000 (454) (458) (456) (5.56) (5.80) (5.68)
18.00 21.66 19.83 2933 3133 30.33
NaHCG @ 100 (4.24) (4.65) (4.45) (5.41) (5.50) (5.50)
15.66 17.33 1650 27.00 29.66 28.33
INA @ 1000 (3.95) (4.16) (4.06) (5.19) (5.44) (5.32)
KHCO, @ 100 2133 2266 2200 30.00 31.66 30.83

(4.61) (4.76) (4.69) (5.47) (5.62) (5.55)

Control (water spray) (2591333; 2733 25.66 36.33 37.33 35.66

Mean (19.77) (21.88) (20.80) (30.27) (32.30) (3).13
CD(P=0.05) (0.35) (0.32) (0.46) (0.40) (0.27) (0.34

*Mean of three replication; figures within parenieese square root transformed values

Table 29: Effect of two sprays of SAR chemicals aBO day intervals on
disease severity of downy mildew

Disease severity (%0)*
SAR chemicals =i y—-(--E)) -----------------------

(Ppm) 2011 2012 Mean 2011 2012  Mean

20.33 2267 2150 31.00 33.66 32.66

BTH @ 100 (450) (4.76) (4.63) (5.56) (5.80) (5.71)
seroim I S5 G 55 S8 4
weogio B A 0% 3 g8 5
wotm B DS Bl mm a8 0
KHCO; @ 100 22.00 24.00 23.00 33.00 3566 34.66

(4.69) (4.89) (4.79) (5.74) (5.97) (5.88)
Control (water spray) 2433 2566 25.00 43.33 45.00 44.16
(- OMiroT (WalleT SPTaY) 4.93)  (5.06) _(5.00) (6.58) (6.70) _(6.64)

Mean (20.94) (22.83) (21.83) (33.77) (35.88) (34.93
CD(P=0.05) (0.31) (0.23) (0.35) (0.31) (0.24) (0.32

*Mean of three replication; figures within parendleeare square root transformed values
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Fig. 4: Effect of two sprays of SAR chemicals at 18ays interval on disease
severity of downy mildew
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Fig. 5: Effect of two sprays of SAR chemical compaouds at 30 days interval
on disease severity of downy mildew




4.6.1.2.2 Effect of two sprays of SAR chemicalspisyed at cotyledon stage
and 15 days later]

The study on the effect of SAR chemicals at calytestage and 15 days
later revealed that the overall disease intenséy higher (6.49%) in 2012 than in
the year 2011 (5.83). Least disease intensity.88 der cent was observed in
BABA sprayed plants. It was followed by INA, NaHgGOBTH and KHCQ
treatments with disease intensity of 4.49, 4.689%/.00 per cent, respectively
[Table 31, Fig. 6]. Except NaHGQall the chemical sprays were at p8AR
chemicals sprays significantly lowered disease nsitg (2.83-7.00%) as
compared to water sprayed check (13.0%).
4.6.1.2.3 Effect of two sprays of SAR chemicalspgisyed at 15 day interval

starting 15 days after cotyledon stage]

The effect of two spray SAR chemical§,sbray 15 days after cotyledon
stage and ? spray 15 days later, indicated that all the treatis significantly
lowered disease intensity as compared to checkl¢Tab, Fig. 8]. The disease
intensity in SAR chemical treatments ranged from3324to 19.66 per cent as
compared to 31.00 per cent in check indicating #latthe SAR chemicals
significantly reduced disease intensity. LeastaBseintensity was seen in BABA
treatment which was at par with INA having 15.00 pent disease intensity.
These were followed by BTH, NaHG@nd KHCQ with anthracnose intensity of
17.33, 18.49 and 19.66 per cent, respectively. px€eiCO;, all the sprays were
statistically at par with one another.
4.6.1.2.4 Effect of two sprays of SAR chemicals spred at 30 day intervals

starting from 30 days after cotyledon stage

The perusal of Table 33 revealed that all SAR atemsprayed at 30 day
intervals starting from 30 days after cotyledorgstaignificantly lowered disease
intensity in comparison to check (Fig. 9). In SARRay treatments the disease intensity
ranged from 14.66 to 21.33 per cent as compar8é.@d per cent in check indicating
that all SAR activators were effective in lowerithg disease intensity. BABA spray
was most effective in minimizing anthracnose intgr(44.66%) which was followed
by BTH (18.33%), INA (19.66%), NaHCGO(20.49%) and KHC® (21.33%)
treatments. BTH and INA were at par with each other
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Table 30:

disease severity of anthracnose

Effect of single spray of SAR chemicalstaotyledon stage on

SAR chemicals

Disease severity (%)*

(ppm) 2011 2012 Mean
BTH @ 100 4.66 (2.15) 7.33(2.70)  6.00(2.44)
BABA @ 1000 3.66 (1.91) 4.66 (2.15) 4.16(2.03)
NaHCQO, @ 100 7.00 (2.91) 8.33 (2.88) 7.66(2.76)
INA @ 1000 5.33 (2.30) 5.66 (2.37) 5.49(2.34)
KHCO; @ 100 7.66 (2.76) 9.00 (3.00) 8.33 (2.88)
Control (water spray) 13.33 (3.65) 14.33 (3.78) 13.83(3.71)
~ Mean 694 821 757
CD(P=0.05) (0.51) (0.48) (0.44)

*Mean of three replication; figures within parenieese square root transformed values

Table 31: Effect of two sprays of SAR chemicals (spyed at cotyledon

stage and 15 days later) on disease severity of Aracnose

Disease severity (%)*

SAR chemicals

(Ppm) 2011 2012 Mean 2011 2012 Mean
233 266 249 533 466 549
BTH @ 100 (152) (1.63) (157) (2.30) (2.15) (2.34)
133 233 183 233 333 283
BABA @ 1000 (115) (152) (1.35) (L52) (1.82) (1.68)
266 366 316 366 566  4.66
NaHCG @ 100 (1.63) (1.91) (1.77) (291) (2.37) (2.15)
200 233 216 433 466 449
INA @ 1000 (1.41) (152) (1.46) (2.08) (2.15) (2.11)
333 366 349 666 7.33  7.00
KHCO; @ 100 (1.82) (2.91) (1.86) (2.58) (2.70) (2.64)
Control (water spray) 533 466 500 1267 1333 13.0
oMo WWAIET SPY) (2.30)  (2.15)  (2.23) (3.55) (3.65) (3.60)
Mean 283 321 302 583 649 624
CD(P=0.05) 057) (0.29) (0.31) (0.80) (0.65) (0.38)

*Mean of three replication; figures within parenibese square root transformed values
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Fig. 6: Effect of single spray of SAR chemical conqunds at cotyledon stage
on disease severity of anthracnose
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Fig. 7: Effect of two sprays of SAR chemical compads (cotyledon stage and
15 days later) on disease severity of anthracnose



Table 32: Effect of two sprays of SAR chemicals [spyed at 15 day
intervals starting 15 days after cotyledon stage] ro disease
severity of anthracnose

Disease severity (%)*

SAR chemicals First spray Second spray

(ppm) 2011 2012 Mean 2011 2012 Mean

1266 14.00 13.33 16.00 18.66 17.33

BTH @ 100 (3.55) (3.74) (3.65) (4.00) (4.31) (4.16)
PABA @ 1000 B3 G4L B30 G5 @) @79
weaow DRSS B U8 S b
oo B3 G2 B b
KHCO; @ 100 15.66 17.33 16.49 19.00 20.33 19.66

(4.95) (4.16) (4.66) (4.35) (4.50) (4.43)

Control (water spray) 22.66 24.00 23.33 30.66 31.33 31.00

Mean 1471 1577 1508 18.38 20.16 19.30
CD(P=0.05) (0.46) (0.42) (0.31) (0.33) (0.35) (0.40)

*Mean of three replication; figures within parenibese square root transformed values

Table 33: Effect of two sprays of SAR chemicals spyed at 30 day
intervals on disease severity of anthracnose

Disease severity (%0)*
SAR chemicals i yoor

(opm) . Firstspray Second spray
PP 2011 2012 Mean 2011 2012  Mean
1333 1200 12.66 18.00 18.66 18.33
BTH @ 100 (3.65) (3.46) (3.55) (4.24) (4.31) (4.28)
11.00 11.66 11.33 14.00 14.66 14.66
BABA @ 1000 (331) (341) (3.36) (3.74) (3.82) (3.82)
13.66 14.33 14.00 19.66 21.33 20.49
NaHCG @ 100 (3.69) (3.78) (3.74) (4.43) (4.61) (4.52)
1333 13.66 1349 19.00 2033 19.66
INA @ 1000 (3.65) (3.69) (3.67) (4.35) (4.50) (4.43)
CHCO @ 100 1533 15.66 1549 21.00 21.60 21.33

(3.91) (4.95) (3.93) (4.58) (4.64) (4.61)

Control (water spray) 23.33 25.66 2448 38.33 39.66 39.00

Mean 14.99 1549 1524 21.66 22.70 22.24
CD(P=0.05) (0.44) (0.45) (0.22) (0.32) (0.48) (0.20)

*Mean of three replication; figures within parenibege square root transformation
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Fig. 8: Effect of two sprays of SAR chemical compads at 15 days interval
on disease severity of anthracnose
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Fig. 9: Effect of two sprays of SAR chemical compawds at 30 days
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4.6.1.3 Alternaria leaf spot
4.6.1.3.1 Effect of single spray at cotyledon stage

The perusal of Table 34 indicated that Alternde spot intensity was
higher (9.49%) in 2012 than in 2011(8.61%) [Fig]. Bpray of SAR chemicals at
cotyledon stage significantly lowered disease sitgnas compared to water
sprayed check. The disease intensity ranged fr@8 ® 8.66 per cent in SAR
chemical treatments in comparison to 15.00 per gewmheck indicating that all
SAR chemicals were effective in lowering diseagenisity. Least disease intensity
was noticed in BABA sprayed plants which was fokalvby INA (disease
intensity, 7.00%). These were followed by BTH, KH&Z@d NaHCQwith disease
intensity of 7.33, 8.16 and 8.66 per cent, respelsti

4.6.1.3.2 Effect of two sprays of SAR chemicals [[gyed at cotyledon stage
and 15 days later]

The study on the effect of SAR chemicals at calytestage and 15 days
later revealed that the overall disease intenséy higher (6.49%) in 2012 than in
2011 (5.83%) [Table 35, Fig. 11]. SAR chemical gpraignificantly lowered
disease intensity (4.50-6.33%) as compared to vepi@yed check (15.50%) with
least disease intensity in BABA sprayed plantssMaas followed by INA, BTH,
KHCO; and NaHCQ, with disease intensity of 4.66, 5.33, 5.83 ar&Ber cent,
respectively. BABA, BTH and INA sprays were at path one another.

4.6.1.3.3 Effect of two sprays of SAR chemicals [gyed at 15 day intervals
starting 15 days after cotyledon stage]

The effect of two spray SAR chemical§,sbray 15 days after cotyledon
stage and ™ spray 15 days later, indicated that all SAR treatts significantly
lowered Alternaria disease intensity as comparedhieck (Table 36, Fig. 12).
The disease intensity ranged from 23.66 to 30.00 geat in SAR chemical
treatments as compared to 39.83 per cent in cHaxdst disease intensity was
noticed in BABA treatment which was at par with INfaving 24.50 per cent
disease intensity. These were followed by BTH, KHG@d NaHCQ with
Alternaria leaf sopt intensity of 25.66, 28.33 &@d00 per cent, respectively.
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Table 34: Effect of single spray of SAR chemicalspsayed at cotyledon
stage on disease severity of Alternaria leaf spot

SAR chemicals | Disease severity (%)*
(ppm) 2011 2012 Mean
BTH @ 100 7.00 (2.64) 7.66 (2.76)  7.33 (2.70)
BABA @ 1000 6.00 (2.44) 7.66 (2.76) 6.83 (2.61)
NaHCQO, @ 100 7.66 (2.77) 9.66 (3.10) 8.66 (2.94)
INA @ 1000 6.00 (2.44) 8.00 (2.82) 7.00 (2.65)
KHCO; @ 100 7.66 (2.76) 8.66 (2.94) 8.16 (2.85)
Control (water spray) 14.66 (3.82) 15.33(3.91) 15.00 (3.87)
"""""" Mean 816 949 883
CD(P=0.05) (0.70) (0.45) (0.43)

*Mean of three replication; figures within parengleeare square root transformed values

Table 35: Effect of two sprays of SAR chemicals (atotyledon stage and
15 days later) on disease severity of Alternaria & spot

Disease severity (%)*
SAR chemicals < yoor

(Ppm) 2011 2012 Mean 2011 2012 Mean
BTH @ 100 ?i?gz) ?2.?5)8) (3i2.3935) ?2953) ?;??7) ?2'?330)
saea@ 1000 ST LR B0 G b o1
NaHCO@ 100 I 500 5 (b) (044 (251)
P A X
KHCO; @ 100 3.66 4.66 4.16 5.33 6.33 5.83

(1.91) (2.15) (2.03) (2.30) (2.51) (2.41)

Control (water spray) (52.6367) 6.33 6.00 15.33 15.66 15.50

CD(P=0.05)  (0.39) (0.38) (0.41) (0.25) (0.46) (0.28)

*Mean of three replication; figures within parendlseare square root transformed values
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Fig. 10: Effect of single spray of SAR chemical coppunds at cotyledon
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18
16
14
12
10

Disease intensity (%)

[ B L = = ) B o

2011 w2012

BABA NaHCO; IN KHCO4 Control

SAR chemicals

Fig. 11: Effect of two sprays of SAR chemicals (atotyledon stage and 15
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4.6.1.3.4 Effect of two sprays of SAR chemicals [sgyed at 30 day intervals
starting 30 days after cotyledon stage]

The perusal of Table 37 revealed that all the SABmicals sprayed at
30 day intervals starting from 30 days after catgle stage significantly lowered
Alternaria leaf spot disease intensity as comp#wectheck (Fig. 13). The disease
intensity was higher (44.05%) in 2012 than in 2d41.94%). In SAR spray
treatments the disease intensity ranged from 3.8&.33 per cent as compared
to 61.33 per cent in check indicating that all SA&ivators were effective in
lowering disease intensity. BTH spray was mostaiffe in minimizing powdery
mildew intensity (31.66%), followed by NaHG@5.00%), KHCQ (39.33%),
INA (42.66%) and BABA (47.33%), respectively.

4.6.1.4 Powdery mildew
4.6.1.4.1 Effect of single spray at cotyledon stage

The perusal of Table 38 revealed that the powdelyew intensity was
slightly higher (26.49%) in the year 2012 than 012 (24.22%) [Table 38; Fig.
14]. The spray of SAR chemicals at cotyledon stageept BABA, significantly
lowered disease intensity as compared to waterysgraheck. Powdry mildew
intensity ranged from 22.33 to 27.00 per cent inRS¢hemical treatments as
compared to 30.66 per cent in check. Least disgaeasity was seen in BTH
which was followed by NaHCOwith disease intensity of 23.33 per cent. These
were followed by KHC@ INA, and BABA with disease intensity of 23.66, 26.1

and 27.00 per cent, respectively.

4.6.1.4.2 Effect of two sprays of SAR chemicdlsprayed at cotyledon stage
and 15 days later]

The study on the effect of two sprays of SAR cloatsi sprayed at
cotyledon stage and 15 days later revealed thaiweerll powdry mildew disease
intensity was higher (25.38%) in the year 2012 timaR011 (23.49%) [Table 39,
Fig. 15]. SAR chemical sprays significantly lowerdidease intensity (20.33-
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25.16%) as compared to check (34.50%) with leastadie intensity in BTH and
NaHCG; sprayed plants. These were followed by KHCIDIA and BABA with
disease intensity of 21.33, 24.50 and 25.16 pet, cespectively. Except BABA,

all the SAR sprays were at par.

4.6.1.4.3 Effect of two sprays of SAR chemicals [sgyed at 15 day intervals
starting 15 days after cotyledon stage]

The effect of two sprays of SAR chemicalS dpray 15 days after
cotyledon stage and"®spray 15 days later, indicated that all the trestis
significantly lowered mildew intensity as compatedcheck (Table 40, Fig. 16).
In SAR spray treatments the disease intensity icifrgen 23.83 to 26.66 per cent
in comparison to 43.33 per cent in check indicatalig SAR chemicals were
effective in lowering powdry mildew intensity. BTspray was most effective in
minimizing disease intensity (23.83%), followed RgHCG; (24.00%), KHCQ
(24.66%) and INA (25.83%) treatments. Except BABH,SAR sprays were at

par with one another.

4.6.1.4.4 Effect of two sprays of SAR chemicals [sgyed at 30 day intervals
starting 30 days after cotyledon stage]

The perusal of Table 41 revealed that all the SABmicals sprayed at
30 day intervals, starting 30 days after cotyledtage, significantly lowered
disease intensity as compared to check (Table igl1,1F). The disease intensity
ranged from 44.05 to 41.94 per cent in SAR chentieagtments as compared to
39.83 per cent in check indicating that all SAR rolels effectively reduced
disease intensity. Least disease intensity waseutin BABA treatment which
was at par with INA having 24.50 per cent diseasenisity. These were followed
by BTH, KHCG; and NaHCQ with disease intensity of 25.66, 28.33 and 30.00

per cent, respectively.
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Table 36: Effect of two sprays of SAR chemicals spyed at 15 day
intervals on disease severity of Alternaria leaf spt

Disease severity (%)*
SAR chemicals iz y__(__p_) -----------------------

(opm) . Firstspray Second spray
PP 2011 2012 Mean 2011 2012 Mean
16.00 18.66 17.33 2500 26.33 2566
BTH @ 100 (4.00) (431) (4.16) (5.00) (5.13) (5.06)
16.00 17.33 16.66 23.00 2433 23.66
BABA @ 1000 (4.00) (4.16) (4.08) (4.79) (4.93) (4.86)
10.00 2033 19.66 28.66 3133 30.00
NaHCG @ 100 (435) (450) (4.43) (5.35) (559) (5.47)
1533 1533 15.83 2433 2466 24.50
INA @ 1000 (3.91) (491) (3.97) (4.93) (4.96) (4.94)
KHCO, @ 100 18.00 18.66 18.33 28.00 2866 28.33

(4.24) (4.31) (4.28) (5.29) (5.35) (5.32)

Control (water spray) 26.00 2733 26.00 39.33 40.33 39.83

CD(P=0.05) (033) (0.32) (0.632 (0.39) (0.31) (0.23)

*Mean of three replication; figures within parendfseare square root transformed values

Table 37: Effect of two sprays of SAR chemicals spyed at 30 day
intervals on disease severity of Alternaria leaf st

Disease severity (%)*
SAR chemicals i AL

(Ppm) 2011 2012 Mean 2011 2012 Mean

17,00 1833 1766 30.00 31.33 30.66

BTH @ 100 (4.12) (4.28) (4.20) (5.47) (5.59) (5.53)
BABA @ 1000 (14%%‘3 (147.-13;’? (14%%? (256?'1%? (2:.333 (257._2%
woooio S GE 08 B g0 e
womo 5 S8 03 B8 L 5
KHCO, @ 100 17.66 18.33 18.00 31.00 31.66 31.33

(4.20) (4.28) (4.24) (5.56) (5.62) (5.59)
Control (water spray) 2300 2633 2566 4800 48.66 4833
PfaY) 500) (5.13) (5.06) (6.92) (6.97) (6.95)

Mean 1855 19.66  19.10 33.27 34.3233.80
CD(P=0.05) (0.54) (0.47) (0.23) (0.36) (0.24) (0.17)

*Mean of three replication; figures within parergigeare square root transformed values

&l




45 -
w2011 w2012

40
= 35
s
= 30
=
2 25 -
2
£ 20 -
2
@ 15 -
4
2 10 -

5 -

0

BABA NaHCO; IN KHCO; Control
SAR chemicals

Fig. 12:Effect of two sprays SAR chemical compoundst 15 days interval on
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Fig. 13:Effect of two sprays SAR chemical compows at 30 days interval
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Table 38: Effect of single spray of SAR chemicalspsayed at cotyledon
stage on disease severity of powdery mildew

SAR chemicals Disease severity ()"
(ppm) 2011 2012 Mean
BTH @ 100 21.00 (4.58) 23.66 (4.86)  22.33(4.72)
BABA @ 1000 26.00 (5.09) 28.00 (5.29)  27.00(5.19)
NaHCO; @ 100 22.33 (4.75) 24.33 (4.92) 23.33(4.83)
INA @ 1000 21.99 (4.65) 24.33(4.93)  23.66(4.86)
KHCO; @ 100 25.33 (5.03) 27.00 (5.19) 26.16(5.11)
Control (water spray) 29.00 (5.38) 31.66 (5.62) 30.66(5.53)
~ Mean 2422 2649 2552
CD(P=0.05) (0.47) (0.38) (0.40)

*Mean of three replication; figures within parengfseeare square root transformed values

Table 39: Effect of two sprays of SAR chemicals [spyed at cotyledon
stage and 15 days later] on disease severity of pdevy mildew

Disease severity (%)*
SAR chemicals < yoor

(opm) Cotyledon stage After 15 days
PP 2011 2012 Mean 2011 2012 Mean
033 066 050 1933 2233 2033
BTH @ 100 (057) (0.81) (0.70) (4.39) (4.72) (4.50)
033 100 066 2433 2600 2516
BABA @ 1000 (0.57) (L.00) (0.81) (4.93) (5.09) (5.01)
033 100 066 19.00 21.66 20.33
NaHCG @ 100 (0.57) (L.00) (0.81) (4.35) (4.65) (4.50)
1.00 066 083 2333 2566 24.50
INA @ 1000 (1.00) (0.81) (0.91) (4.83) (5.06) (4.94)
KHCO, @ 100 033 066 050 2000 2266 21.33

(0.57) (0.81) (0.70) (4.47) (4.76) (4.61)

Control (water spray) (1.88) 1.66 1.33 35.00 34.00 34.50

Mean 055 094 074 2349 2538 2435
CD(P=0.05) (N.S)  (N.S) (N.S) (0.36) (0.35) 0.46

*Mean of three replication; figures within parendleeare square root transformed values

&l



35 +

30

25 -

20

15 m2011
10 - m2012
5

0

BABA NaHCO;, INA KHCO; Control

Disease intensity (%)

SAR chemicals
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Fig. 15: Effect of two sprays of SAR chemicals (atotyledon stage and 15
days later) on disease severity of powdery mildew



Table 40: Effect of two sprays SAR chemicals sprageat 15 day intervals
on disease severity of powdery mildew

Disease severity (%)*
SAR chemicals iz y__(__p_) -----------------------

(opm) . Firstspray Second spray
PP 2011 2012 Mean 2011 2012 Mean
9.66 12.00 1083 2333 2433 2383
BTH @ 100 (3.10) (3.46) (3.29) (4.83) (4.93) (4.88)
11.66 13.66 12.66 2566 27.66 26.66
BABA @ 1000 (3.41) (3.69) (355) (5.06) (5.25) (5.16)
9.66 13.00 11.33 23.66 2433 24.00
NaHCG @ 100 (3.10) (3.60) (3.36) (4.86) (4.93) (4.89)
1233 1433 1333 2533 26.33 2583
INA @ 1000 (351) (3.78) (3.65) (5.03) (5.13) (5.08)
CHCO, @ 100 10.33 1200 11.16 23.66 2566 24.66

(3.21) (3.46) (3.34) (4.86) (5.06) (4.96)

Control (water spray) 13.33 1567 1450 42.00 44.66 43.33

CD(P=0.05) (032) (0.37) (0.39) (037 (0.44) (0.26)

*Mean of three replication; figures within parendfseare square root transformed values

Table 41: Effect of two sprays of SAR chemicals spyed at 30 day
intervals on disease severity of powdery mildew

Disease severity (%)*
SAR chemicals i AL

(Ppm) 2011 2012  Mean 2011 2012  Mean

1266 13.33 13.00 31.66 33.00 31.66

BTH @ 100 (3.55) (3.65) (3.60) (5.62) (5.74) (5.62)
sanoim  B% B WS S 63 03
Gl R
wowm 5 5 i un wn e
KHCO; @ 100 11.66 13.66 12.66 38.33 40.33 39.33

(3.41) (3.69) (355 (6.19) (6.35) (6.27)

16.66 18.33 1750 59.66 63.00 61.33
Control (water spray)

Mean 13.60 15.16 1438 41.94 4405 42.88
CD(P=0.05) (0.32) (0.34) (0.35) (0.42) (0.51) (0.28)

*Mean of three replication; figures within parendleeare square root transformed values
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Fig. 16:Effect of two sprays SAR chemical compoundat 15 days interval
on disease severity of powdery mildew
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Fig. 17:Effect of two sprays SAR chemical compoundat 30 days interval on
disease severity of powdery mildew




4.6.2 Effect of fungitoxicants on cucumber diseases

Various fungitoxicant combinations including a dmatrol agent were
evaluated under field conditions at recommendedeammations. The fungitoxicants
and biocontrol agent were divided into various.s&ach set represented three sprays
of fungitoxicants done at 20 day intervals. Thetfspray was done on “15une.
After third spray disease intensity of downy mildemthracnose, Alternaria leaf spot

and powdery mildew was recorded 20 days later.

Except powdery mildew the disease intensity ofaming three diseases
was higher in the year 2012 than in 2011 [Tablead@ 43]. Except three sprays
of Amplomyces quisqualal fungitoxicant combinations reduced the diseases
cucumber as compared to check during both the \&ays 18). During the year
2011 minimum disease intensity of the four diseade&22, 7.55, 5.77 and 9.33
per cent respectively was observed in plants tdeatth pyraclostrobin + boscalid
38 WG @ 0.2 per cent followed by°xspray with captan + hexaconazole 75 WP
@ 0.3 per cent and®spray with metiram + pyraclostrobin 60 WG @ 0.2ie
42). The treatment set chlorothalonil 75 WP @ @Bqent followed by %' spray
of metalaxyl Mz 72 @ 0.25 per cent and Spray with tebaconazole 25 EC @
0.05 per cent was proved as second best treatrseriorsdowny mildew and
Alternaria leaf spot with 8.44 and 7.55 per cesedse intensity whileas treatment
set of mancozeb 75 WP @ 0.3 followed B €ray with captan 50 WP @ 0.3
per cent and'3spray with dinocap 48 EC @ 0.3 per cent was oleskas second
best treatment set for anthracnose and powderyemildith 9.55 and 10.11 per
cent disease intensity respectively. The treatraentymoxanil 50 WP @ 0.2 per
cent followed by ¥ spray with tridemorph 50 WP @ 0.3 per cent af{cspray
with difeconazole 25 EC @ 0.03 per cent depicte@2017.55, 12.44 and 14.33
per cent disease intensity in all the four diseasspectively. The treatment sets
wherein bioagents was included in spray scheduteegat comparatively less
effective than chemical fungitoxicants but all wesignificantly effective over

control.
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Table 42: Effect of fungitoxicant sprays on multipe diseases in cucumber
cv. ‘Japanese Long Green’ (year 2011)

Per cent disease intensity

Treatment )
Dpwny Anthracnose Alternaria Po_wdery
mildew leaf spot mildew

Mancozeb 75 WP fb captan 50 WP fb 14.00 9.55 17.44 10.11
dinocap 48 EC (3.86) (3.24) (4.29) (3.33)

Cymoxanil 50 WP fb tridemorph 50 WP20.33 17.55 12.44  14.33
fb difenconazole 25 EC (4.16) (4.30) (3.66) (3.91)

Chlorothalonil 75 WP fb metalaxilZ 8.44 13.11 7.55 15.88
72 fb tebaconazole 25 EC (3.03) (3.75) (2.88) (4.10)

Pyraclostrobin + boscalid 38 WG) fb
captan + hexaconazole 75 WP fb
metiram + pyraclostrobin 60 WG

6.22  7.55 577  9.33
(2.64) (2.88) (2.55) (3.20)

Amplomyces quisqualfb A. quisqualis 32.66  30.44 33.77 20.55
fb A. quisqualis (5.80) (5.60) (5.89) (4.64)

Tridemorph 50 WP fl&\. quisqualigh 23.56  26.22 23.55 20.00
A. quisqualis (4.94) (5.20) (4.94) (4.58)

Dinocap 48 EC fb tridemorph 50 WP fb21.33  24.88 22.22 1477
A. quisqualis 4.71) (5.08) (4.81) (3.96)

39.11 31.11 35.33 2444

Check (water spray) (6.33)  (5.66) (6.02) (5.03)

CD (P=0.05) 2.11 2.30 2.19 1.30

*Mean of three replications; Figures within parergis are square root transformed values; fb =
followed by
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Fig. 18:Effect of fungitoxicant sprays on multiple diseases in cucumber cv.
‘Japanese Long Green’ (year 2011)l[= mancozeb 75 WP fb captan 50 WP
fb dinocap 48 EC; Il= cymoxanil 50 WP fb tridemorph 50 WP fb
difenconazole;lll = chlorothalonil 75 WP fb metalaxyMz 72 fb
tebaconazole 25 EC;IV = pyraclostrobin+boscalid 38 WG fb
captanthexaconazole 75 WP  metiram+ pyraclostrobi60 WG;
V=Amplomyces quisqualisb A. quisqualis fo A. quisqualis VI=
tridemorph50 WP flA. quisqualigb A. quisqualisVIl = dinocap48 EC fb
tridemorph50 WP flAA. quisqualis Vil = check]fb=followed by



During the year 2012 minimum disease intensityhef four diseases of
8.00, 8.00, 6.66 and 10.22 per cent respectively al@served in plants treated
with pyraclostrobin + boscalid 38 WG @ 0.2 per defibwed by 2° spray with
captan + hexaconazole 75 WP @ 0.3 per cent &hdpBay with metiram +
pyraclostrobin 60 WG @ 0.2 (Table 43, Fig. 19 )eTieatment set chlorothalonil
75 WP @ 0.3 per cent followed b{Zpray of metalaxyl Mz 72 @ 0.25 per cent
and 3 spray with tebaconazole 25 EC @ 0.05 per centpraged as second best
treatment set for downy mildew and Alternaria lspbt with 10.22 and 8.44 per
cent disease intensity whileas treatment set ofcomab 75 WP @ 0.3 followed
by 2" spray with captan 50 WP @ 0.3 per cent afidf®ay with dinocap 48 EC
@ 0.3 per cent was observed as second best trdas@iefor anthracnose and
powdery mildew with 9.77 and 13.11 per cent diseatnsity respectively. The
treatment set cymoxanil 50 WP @ 0.2 per cent faidvoy 2° spray with
tridemorph 50 WP @ 0.3 per cent arlispray with difeconazole 25 EC @ 0.03
per cent depicted 20.77, 17.33, 12.88 and 14.66qrdrdisease intensity in all the
four diseases respectively. The treatment setsewhéioagents was included in
spray schedule proved comparatively less effedtia® chemical fungitoxicants

but all were significantly effective over control.

The minimum mean disease intensity of the foueakges of 7.11, 7.88,
6.22 and 9.77 per cent respectively was observedplamts treated with
pyraclostrobin + boscalid 38 WG @ 0.2 per centofold by 2% spray with
captan + hexaconazole 75 WP @ 0.3 per cent &hdpBay with metiram +
pyraclostrobin 60 WG @ 0.2 (Table 44). The treatinsat chlorothalonil 75 WP
@ 0.3 per cent followed by'®spray of metalaxyl Mz 72 @ 0.25 per cent affd 3
spray with tebaconazole 25 EC @ 0.05 per cent wased as second best
treatment set for downy mildew and Alternaria lspbt with 9.33 and 8.00 per
cent disease intensity whileas treatment set ofcoweb 75 WP @ 0.3 followed
by 2" spray with captan 50 WP @ 0.3 per cent afid@ay with dinocap 48 EC

@ 0.3 per cent was observed as second best trdas@iefor anthracnose and

&I




powdery mildew with 9.66 and 11.61 per cent diseatnsity respectively. The
treatment set cymoxanil 50 WP @ 0.2 per cent faidvoy 2° spray with
tridemorph 50 WP @ 0.3 per cent arfispray with difeconazole 25 EC @ 0.03
per cent depicted 20.55, 17.44, 12.66 and 14.5@qrdrdisease intensity in all the
four diseases respectively. The treatment setiobcdp @ 48 EC followed by
2" spray with tridemorph @ 50 WP and 8pray with A. quisqualisvas more
effective in controlling powdery mildew with respi¢o other three diseases.

il



Table 43: Effect of fungitoxicant sprays on multipe diseases in cucumber cv.
‘Japanese Long Green’ (year 2012)

Per cent disease intensity

Treatment .
Downy Alternaria Powdery
) Anthracnose :
mildew leaf spot mildew

Mancozeb 75 WP fb captan 50 WP fb 14.22 9.77 18.44 13.11
dinocap 48 EC (3.90) (3.28) (4.40) (3.69)

Cymoxanil 50 WP fb tridemorph 50  20.77 17.33 12.88 14.66
WP fb difenconazole 25 EC (4.66) (4.25) (3.72) (3.95)

Chlorothalonil 75 WP fb metalaxilz  10.22 13.33 8.44 18.44
72 fb tebaconazole 25 EC (3.33) (3.77) (3.03) (4.40)

Pyraclostrobin + boscalid 38 WG) fb
captan + hexaconazole 75 WP fb
metiram + pyraclostrobin 60 WG

8.00  8.00 6.66  10.22
(2.94) (2.96) (2.71) (3.33)

Amplomyces quisqualfb A. quisqualis 34.22 30.66 35.11 20.77
fb A. quisqualis (5.93) (5.62) (6.00) (4.66)

Tridemorph 50 WP flA. quisqualigsh  24.44 25.33 24.44 20.44
A. quisqualis (5.02) (5.11) (5.02) (4.63)

Dinocap 48 EC fb tridemorph 50 WP 22.66 24.44 22.44 16.88
fb A. quisqualis (4.85) (5.03) (4.85) (4.22)

40.66 32.00 36.00 24.22

Check (water spray) (6.45) (5.74) (6.08) (5.01)

CD (P=0.05) 2.38 2.61 2.47 2.48

*Mean of three replications; Figures within paregis are square root transformed values; fb =
followed by
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Fig. 19:Effect of fungitoxicant sprays on multiple diseases in cucumber cv.
‘Japanese Long Green’ (year 2012)l[= mancozeb 75 WP fb captan 50 WP
fb dinocap 48 EC; Il= cymoxanil 50 WP fb tridemorph 50 WP fb
difenconazole;lll = chlorothalonil 75 WP fb metalaxyMz 72 fb

tebaconazole 25 EC;IV = pyraclostrobin+boscalid 38 WG fb
captanthexaconazole 75 WP  metiram+ pyraclostrobi®0 WG;

V=Amplomyces quisqualisb A. quisqualis fo A. quisqualis VI=
tridemorph50 WP flA. quisqualigb A. quisqualisVIl = dinocap 48 EC fb
tridemorph50 WP flA. quisqualis Vil = checkfb=followed by



Table 44: Effect of fungitoxicant sprays on multipé diseases in cucumber
cv. ‘Japanese Long Green’ (two years mean data)

Per cent disease intensity

Treatment )
Downy Alternaria  Powdery
) Anthracnose )
mildew leaf spot mildew

Mancozeb 75 WP fb captan 50 WP fb 14.11 9.66 17.94 11.61
dinocap 48 EC (3.88) (3.26) (4.35) (3.54)

Cymoxanil 50 WP fb tridemorph 50 20.55 17.44 12.66 14.50
WP fb difenconazole 25 EC (4.64) (4.29) (3.69) (3.93)

Chlorothalonil 75 WP fb metalaxilZ 9.33 13.22 8.00 17.16
72 fb tebaconazole 25 EC (3.21) (3.77) (2.99) (4.26)

Pyraclostrobin + boscalid 38 WG) fb
captan + hexaconazole 75 WP fb
metiram + pyraclostrobin 60 WG

711 7.77 6.22  9.77
(2.84) (2.96)  (2.68) (3.28)

Amplomyces quisqualfb A. quisqualis 33.44  30.55 34.44  20.66
fb A. quisqualis (5.86) (5.61) (5.95) (4.65)

Tridemorph 50 WP flAA. quisqualighb 24.00 25.77 24.00 20.22
A. quisqualis (5.00) (5.17) (5.00) (4.60)

Dinocap 48 EC fb tridemorph 50 WP th22.00  24.66 22.33 15.83
A. quisqualis (4.79) (5.06) (4.84) (4.10)

39.88  31.55 35.66 24.33

Check (water spray) (6.39)  (5.70) (6.05) (5.03)

CD (P=0.05) 1.02 0.94 050  2.06

*Mean of three replications; Figures within paresgis are square root transformed values; fb =
followed by

il



Plate 14: Unsprayed Plants (Check plants)



Chapter — 5
DISCUSSION

Cucumber Cucumis sativus..), world-wide the # most widely grown
vegetable crop, is cultivated in Kashmir valley idgrkharif (summer) season.
The crop is prone to a number of biotic stresseglwimflict considerable yield
losses under natural epiphytotic conditions. Ameorigem, the fungal diseases
frequently posed serious threat to its successiitivation as these impose severe

reduction in cucumber fruit yield and quality.

During preliminary field survey the foliar fungdiseases observed on
cucumber were downy mildew, anthracnose, Alterndeiaf spot, powdery
mildew, ulocladium leaf spot, septoria leaf spotl @eab and of these the first
four were frequently encountered which prevailedaihthe districts surveyed.
Downy mildew was encountered most frequently inucoloer growing areas of
Kashmir valley and prevailed in all the districtangeyed but in a varying
magnitude. This disease was more severe in 2012 ith2011 which may be
ascribed to more conducive conditions for pathagegrowth viz., favourable
temperature, high relative humidity and more rdirdaring the cropping period.
A mean maximum temperature of 29.1°C, mean minirtemperature of 14.0°C,
relative humidity of 30.9 per cent and rainfall 58.7 mm was recorded during
2011 whereas in 2012 a mean maximum temperatur@7@°C, minimum
temperature of 13.7°C, relative humidity of 47.3 pent and a rainfall of 65.3
mm was recorded (Appendix ). Conducive temperatanel more relative
humidity and precipitations appears to have favdbudisease development.
Thomas (1977), Rotemt al. (1978) and Reuveni and Raviv (1997) found a mean
temperature of 15°C (range: 5-30°C) and presenceeaif moisture ideal for
inducing infection and disease spread. Downy mildesdence ranged from 16.0
to 69.3 per cent (avg. 34.0%) in 2011 and 22.0A8 @er cent (41.3%) in 2012
whereas the intensity varied from 8.2 to 20.3 @&t ¢avg.14.1%) in 2011 and 9.9
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to 36.2 per cent (17.6%) in 2012. The occurrencelamfny mildew has been

reported from all the continents of north and sotmispheres wherever
cucumber is grown (Bains and Sharma, 1986; LebE@R(); Thakur and Mathur,

2002). The disease affects the foliar part of ggmhomas, 1996). During survey
high disease incidence of 63.6 per cent and irttersfi 32.6 per cent was

observed in Dal, followed by Janwara with diseasédience and intensity of 63.3
and 31.1 per cent, respectively. High diseaseasdHhocations could be attributed
to more plant density and improper sanitation. Teast disease incidence
(20.6%) and intensity (9.5%) was recorded at Kemdlere farmers practiced

crop rotation, maintained proper plant density aetter field management. The
moist weather and faulty management were considasepre-disposing factors
for mildew disease development in cucumber (LelmdhUrban, 2004; Hansen,
2009).

Anthracnose was also found in all the major cucemgsowing areas of
surveyed districts of Srinagar, Baramulla, Bandipand Budgam, though in a
varying proportions. However, disease was morersene2012 than in 2011. The
disease incidence ranged from 14.6 to 62.6 per(esgt 34.7%) during 2011 and
18.6 to 76.6 per cent (47.2%) in 2012. However,disease intensity varied from
6.0 to 29.7 per cent (avg. 16.1%) during 2011 aridt8 35.4 per cent (avg.
20.8%) in 2012. The high disease severity durint22tbuld be attributed to high
rain fall, more number of rainy days and high rigahumidity. The observation
is in agreement with Monroet al. (1997) and Goldberg (2004). The anthracnose
disease in cucmber has been reported worldwide evbercucurbits are grown
(Palencharet al., 2009). The disease affects foliar parts of plaitslifaut and
Stevens, 2004). During survey higher anthracnosielence of 63.3 per cent and
intensity of 29.1 per cent was observed in Shalifodowed by Janwara with
disease incidence of 60.3 per cent but higheshsitie was observed in Pattan
(28.8%). High disease severity observed at variocations could be attributed to

the practice of maintaining high plant density, ftsposal of plant debris and
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use of disease susceptible varieties. High plamisite creates high relative
humidity in microclimate of plants which favourssdase development. During
survey least disease incidence (19.6%) and inter{8i9%) was recorded in
Narkara which may be ascribed to the use of hybadeties and better field
management practiced by the farmers of the areaiafitms in anthracnose
severity due to variation in environmental conditohave been reported by
Thompson and Jenkins (1985) and Zideal. (1998).

The preliminary field survey revealed Alternargafl spot as one of the
important fungal foliar diseases of cucumber inhas valley as it prevailed in
all cucumber growing areas surveyed. The diseasemae severe in 2012 than
in 2011 with disease incidence varying from 13.84d0 per cent (avg. 35.5%) in
2011 and 23.3 to 68.6 per cent (avg. 45.6%) in 20h2 disease intensity varied
from 5.7 to 30.9 per cent (avg.13.3%) during 200t &.0 to 29.8 per cent
(avg.16.1%) in 2012. The high disease severityndu?i012 may be ascribed more
conducive temperature, more precipitation, mor@yadays and high relative
humidity. Similar findings have been reported byriaand Fernandez (2006),
Garibaldiet al. (2007) and Hubballet al. (2010). Alternaria leaf spot occurs on
cucumber crop worldwide (Simmons, 1992). Of theatmms surveyed, higher
disease incidence (66.0%) and intensity (29.1%) mgasrded at Baramulla and
Pattan locations, respectively, which may be aitad to the practice of
maintaining less plant spacing, leading to highatre¢ humidity in plant
microclimate, and non-disposal of plant debris. Thast disease incidence
(18.3%) and intensity (7.3%) was recorded in Kemgdistrict Bandipora which
could be attributed to the better field managenyaictices followed by the
growers in the area. The moist weather accompanyedonducive temperature

conditions favour leaf spot disease in cucumbelajad Ahir, 2013).

Powdery mildew was prevalent in cucumber growingasa in all the
surveyed districts and disease was more sever@lf than in 2011. The high

disease severity in 2012 could be attributed toenpoecipitation and high relative
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humidity. Similar findings have been reported byjl&tzui and Belanger (1991),
Wang et al. (2009) and Zhang (2011). The disease on cucumlmgr eccurs
worldwide causing huge loss (Khan and Khan, 1992)eni and Reuveni, 2000
b). During survey high disease incidence of 6013cpat and intensity of 23.6 per
cent was noticed in Janwara, whereas least disgesgence (15.7%) and
intensity (6.9%) was observed in Kemah. Less desea¥&emah may be ascribed
to the better management practices followed andfidesease resistant varieties.
These observations are supported by Lele¢dh (2009) Del Pineet al. (2002).

The first appearance of downy mildew disease sgmptwere noticed
in the 29 week of June as slightly chlorotic, water soaked iaregular spot of 0.1
to 0.4 mm size on adaxial leaf surface, which gaflgiuncreased in size with age
and attained a maximum size of 7-9 mm in thHé wleek of July. Similar
observations have been reported by Lebeda (198#),a8Ad Cohen (1980). The
lesions became angular due to growth restrictionebys and the colour changed
from slightly chlorotic to bright yellow and finglito brown (Savoret al, 2011).
The typical angular chlorotic lesions bound by leafins on foliage with
characteristic grayish to black growth and coateg@f brownish angular spots

observed are in agreement with Rotenal. (1978).

The first appearance of anthracnose disease sympi@s observed in
2" week of June as slightly chlorotic and pinheadt .0 to 0.3 mm size on
leaf surface. Similar observations have been reddoty Li (2014). The lesions
gradually increased with age and attained a siZ2df5 mm in % week of July.
In 1% week of July acervulli were observed. Lesions becarregular jagged and
centre of the lesion cracked and dropped out te ghwot hole appearance. The
colour changed from slightly chlorotic to darkerddesh and finally brown.
However, in 8 week of June, characteristic grayish to black ghowf fungus
appeared on corresponding abaxial leaf surfacetl@mdrownish angular spots
coalesced. These characteristic symptoms obsenae matural conditions were
identical with those of Schwartz and Gent (2007).
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The first appearance of Alternaria leaf spots apgein the 8 week of
June as small light green flecks of 0.0-0.4 mm.sixering last week of June,
spots became grayish, circular surrounded by awetialo and measured 0.4-0.9
mm in size. In the Lweek of July, irregular dark brown lesions of 1.05 cm
size were formed. Microscopic examination revedlexipresence of spores. The
affected leaves turned yellow, senescent and ukinalied. Similar symptoms
were observed by Vakalounakis and Malathrakis (1888 VVakalounakis (1990).

The powdery mildew appeared in tH&Beek of July as small chlorotic
spots on adaxial side of leaves which measuredo0036 mm in size. The spots
covered approximately 2.0-3.5 per cent leaf aréaed days later, small powdery
mildew patches developed and covered 3.5-8 per leatitarea. The fungus
showed fast abrupt growth on leaf surface andshvaeek of July white talcum-
like mycelial mat and tan coloured patches develdpecover major portion of
leaf (>45-75%). Ultimately blistering of leaves,rioog and brown coloured
lesions were noticed and the disease covered >7éepé leaf area. The symtoms
observed were in line with Koiket al. (2007) and Fujiwarat al.(2009).

The pathogens responsible for downy mildew, actiose, leaf spot and
powdery mildew were identified &seudoperonospora cubengierk & Curtis)
(Berk. and Curtis, 1868)]Colletotrichum arbiculare(Berk & Mont) (Tode,
1790) Alternaria alternata(Fr.) Keissler (Ellis, 1971) an8phaerotheca fuliginea
(Schlechtend. Fr.) Pollaci (Braun, 1987), respetyivon the basis of their
morphological characterB. cubensigormed irregularly branched hyaline hyphae
which measured 4.8-(5.85)-6.4 um in width. Sporamgere 182.4-(237.3)-380.8
x 3.2-(5.4)-9.6 um in size on dichotomously bramkclsporangiophore. The
hyaline sporangiophores produced 4-5 branchesutt @ngles to the main stem
and each branch produced 2 or sometimes 3 secormanches. Ovoid to
ellipsoid thin walled sporangia with papilla at tdisend measured 22.4-(29.4)-
38.4 x 12.8-(18.75)-25.6 pum. These morphologicahratteristics are in
conformity with Palti (1975), Roterat al. (1978), Cohen (1981) and Cheti al.
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(2005). Similar to the finding of Palti and CohelB80), sporangia in present
study gave rise to zoospores which were releasédt@ end of zoosporangium
opposite to its attachment, through an opening apila. Some sporangia
germinated directly by giving rise to germ tubeeTimding is in conformity with
Cohen (1977; 1981). Similar to the observation oichdlmore (1981) and
Mahrisi and Siradhana (1984) the oospores were bghwn, spherical, globose,
double walled and measured 38.4-(41.4)-44.8 pmize. 3n present study the
oospores germinated by single germ tube terminatirey pyriform sporangium.
Popular (1981) and Zhangt al. (2006) also have reported similar fashion of

germination of oospores

Colletotrichum arbicularethe fungus responsible for anthracnose, was
studied both on host as well as in culture. Thegfisnon oat meal agar medium
grew slowly. The culture was initially white colad with sparse aerial mycelial
growth. The mycelium was hyaline, septate and Wradcwith hypha of 3.2-
(3.77)-4.8 um width. Acervulli were formed 3 weekfter vegetative growth in
culture. However, no mycelial growth was seen osth®he pathogen formed
acervulli in culture as well as on the adaxial acef of infected cucumber leaves.
Acervulli were salmon coloured, slightly raised asalicer-shaped with 1-3 hair-
like black setae which measured 12.8-(33.9) -70M46%x(5.5)-6.4 pm in size on
host and 12.8-(43.9)-73.6 x 1.6-(5.1)-9.6 um inturel Conidia were hyaline,
oblong, ovate and single celled and measured 3@-4x3.2 (5.1)-6.4 um in
size on host and 3.2-(6.1)-9.6 x 3.2-(3.63)-4.8 mnsize in culture. Similar
descriptions of acervulli and hyphae have beenngibg Canoet al. (2004),
Kumar and Hyde, (2004), Photiga al. (2004) and Agrios (2005).

The pathogen responsible for leaf spot producestat® smooth,
branched and hyaline to dark olive coloured hypdfa#.8-(5.1)-6.4 um width on
adaxial surface of infected cucumber leaves. Smndarphological characters of
pathogen were observed in culture. Conidiophoretfy bn host and culture, were

short straight or flexuous in appearance and pedevib to olive brown. These
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measured 25.6-(40.9)-51.2 x 3.2-(4.4)-6.4 um int reosd slightly bigger in

culture 28.8-(50.1)-54.4 x 3.2-(5.5)-6.4 um. Both lbost and in culture the
conidia were brown to black, ovoid, obclavate dipsbid having 1-8 transverse
and several longitudinal cross walls with shorticah cylindrical club-shaped
beak produced in chains. The size of conidia irt h@s 16.0-(59.0)-64.0 x 9.6-
(10.2)-12.8 um and in culture slightly larger i16.0-(60.5)-67.2 x 12.8-(14.0)-
16.0 um. Germination of conidia was either apicdhteral or both. Conidia (4-5)
were produced in a single chain in basipetal orilee morphological characters
of the pathogen are in line with the descriptioriebils (1971).

The powdery mildew pathoge®phaerotheca fuliginebormed white to
gray and fluffy to sparse mycelial growth on adagiaface of infected cucumber
leaves. The hyphae were thin walled, septate amnasmed 2-3 pm in width.
Conidiophores were erect, aerial and measured 3@¥49) x 9.6- (12.5)-16.0
pm. Conidia were hyaline, borne singly or in chdiasipetal, ellipsoid to ovoid,
one-celled with well developed fibrosin bodies andasured 22.4-(25.6)-35.2
x12.8-(20.0)-21 pum in size. The finding is in comhity with Braun (1987).
Similar to the observations of Braun, (1987) armiv&® et al. (2009) the
mycelium was uninucleate, erect conidiophore186-mm long, conidia borne
in chains (4-7), oblate or ovoid, containing irresgushaped fibrosin bodies and
21-37 x 15-23 mm size

The present study established that downy mildewthgugen
Pseudoperonospora cubensis Kashmir overwinters as oospores on diseased
leaves. This is in agreement with Colucci and H&f8910). The diseased leaves
on ground surface exhibited maximum oospore preoiidn June coinciding
with the susceptible phenological stage of cucunptemt. Royle and Kremheller
(1981) and Zhanget al. (2006) have reported oospore as primary source of
infection in disease initiation. The leaves burads cm depth in soil exhibited
viable oospores only uptd®@week of April as the leaves decomposed fast during

the period. This may perhaps be due to the intemseobial activity at 5 cm
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depth which favoured quick decomposition. The propo of oospores and their
viability was less in the samples at 5 cm depthaih as compared to the samples
kept at surface. Decrease in oospore viability wlitle to burial seems because of
the microbial action on nutrient coating of oosp@kéeyers and Cook, 1972;
Lafon and Bullit, 1981).

The anthracnose pathoge@plletotrichum arbiculare perpetuated as
acervulli throughout the winter season on disedsades. The diseased leaves on
ground surface exhibited abundant conidial productrom April to May while
leaves buried at 5 cm soil depth showed viableesponly upto the™ week of
April, there-after leaves decomposed and pathogetdmot be isolated. It seems
that greater aerobic respiration at 5 cm depth deaa quick decomposition of
leaves. The proportion of spores and their viabias less in buried samples
than in above ground leaf samples. These obsengtire in line with Lafon and
Bullit (1981). Buried leaves decayed more rapidhg @&xhibited decrease in the
number and viability of spores. Vizvary and Warr¢h982) and Lipps
(1983;1985) have reported that in absence of degaylant material, lysing of
the spore and mycelia @ollectotrichum graminicolaoccured rapidly due to
competition from other fungal soil inhabitants. Cfurdings are supported by
Casela and Frederiksen (1993) who reported tharesence of ample debris,
fungal material can effectively overwinter for la@rgperiods and serve as a source
of primary inoculum for the following seaso@Golletotrichumoverwinter in soll
on decaying plant residues as mycelium and acef@ifigh and Singh, 1982;
Casela and Frederiksen, 1993; Bergstrom and Nichol999; Sukncet al,
2008).

The study revealed that leaf spot pathogéiternaria alternata,
perpetuated as conidia throughout the winter seasorliseased leaves. The
diseased leaves kept at ground surface exhibiteddamt conidial production
from March to June. The leaves buried at 5 cm dbpthviable spores only upto

2" week of April as the leaves decomposed and pathogeld not be isolated.
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Greater aerobic respiration at 5 cm depth appedcedfavour the fast
decomposition of leaves. The proportion of spores their viability was less in
buried samples which is supported by Lafon and iBuflL981). Alternaria
overwinters in soil and on decaying plant residassmycelium and conidia
(Rotem, 1994; Dubey and Patel, 2000; Pradip an@yat, 2005).

In present study, the powdery mildew pathodgerfuliginea perpetuated
as conidia on diseased leaves only ugfof@tnight of March and their viability
was also confined to this month only. In comparjsive leaves buried at 5 cm
depth had no conidia present on leaves. It is pneduthat the pathogen may
survive on some collateral hosts or may be caroyedvind currents during the
growing season of the crop. Greater aerobic resmirat 5 cm depth favoured
quick leaf decomposition. Eastburn and Ribbing @9@ported thasources of
infection may be spores produced on greenhouse orm@s or on perennial or
other hosts grown in the field in frost-free areashe far south during the winter

and are believed to be blown northward during gireng and early summer.

Exploitation of inherent resistance or toleranta @lant to pathogen is
the most economic and eco-friendly disease managesnategy. Three cultivars
(Hybrid-5, Pusa Sanyug and Priya) were found tolerghereas two cultivars
(10/cucu Hybrid-4 and Sweet delight) were modeyatelerant downy mildew.
The remaining cultivars exhibited either moderatelisceptible or susceptible
reactions. These results are in agreement with &efpal. (2014) who during
screening of 22 cucumber cultivars found ‘Poinsettel ‘Cucumber Long Green’
moderately susceptible and susceptible to downglewi] respectively. Contrarily,
Vliet and Meysing (1974) reported ‘Poinsett’ asiset while Angelov (1994)

found ‘Poinsett’ moderately resistant.

Studies to identify cucumber cultivars having talee to
Colletotrichum arbiculareunder natural conditions revealed three cultivRrsy,
Hybrid-5 and Pusa Sanyug) to be tolerant whereasdultivars (Swarna Ageta,
10/cucu Hybrid-4, S-6 (m), Green Express and Hehmagtite) were moderately
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tolerant. Remaining cultivars were either modeyaseisceptible or susceptible in
reaction. Wehner and Amand 1995 reported 27 -cultikgsistant against
anthracnose under different environmental condstiomhree cultivars (Pusa
Sanyug, Green express and Marketer-76) exhibitddratace to Alternaria
alternata which is with agreement with Cavatoréh al. (2007) who reported
‘Marketer 76’ resistant to this disease. Six calts/[Sweet Delight, CH-20, Priya,
Hybrid-5, S-5 (m) and Poinsette] were moderatelieremt. The remaining
cultivars were either moderately susceptible ocepsble. Studies to identify the
cucumber cultivars showing tolerance to powderydavit pathogenS. fuliginea,
under natural conditions revealed three cultiviisrketer-76’, ‘Hybrid-5" and
‘Priya’ as tolerant cultivars, which is in agreermevith Cavatortaet al. (2007)
who reported ‘Marketer 76’ resistant to this diga3he cultivars ‘Sweet
Delight’, ‘S-6 (m)’, ‘10/cucu Hybrid-4’, ‘Pusa Sang’ and ‘Hermophrodite’ were

moderately tolerant and the ones either moderatedgeptible or susceptible.

The cultivars showing moderate tolerance to toler@action can be
used in hybridization programme to evolve cultivasssessing desirable traits,
besides resistance to pathogens. When all thevardtivere ranked based on their
on multiple disease reaction, the cultivars ‘PrjyBfybrid-5’ and ‘Pusa Sanyug’
were found tolerant to mos t of the major disedstbswed by ‘Sweet Delight’,
“10/cucu Hybrid’ and ‘Green Express’. These genetypan be recommended for

use under temperate agro-climatic conditions ofik@s

The use of SAR activators for disease control safe plant protection
method. SAR chemicals have neither any toxic effattpathogen, plant and
animals nor show any inhibitory effect on defensechanisim i.e. these do not
develop resistance and provide long lasting pratedb plants (Kessmaet al.,
1994; Kuc, 2001). SAR activators are effective aghaia wide variety of
pathogens and inhibit pathogenic growth by hypesisige response (Sticheat
al., 1997). SAR chemicals in the present study sicamtly lowered foliar disease

intensity as compared to check. Evaluation of SARnaicals at various growth
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stages indicated that downy mildew disease wasrgiydigher in 2012 than in
2011. INA and BTH significantly reduced the disease compared to check.
These finding are supported by Taky al. (1999) who reported BTH as an
effective inducer of resistance in tobacco agaifusigal pathogens. Other
chemicals testediiz., BABA, NaHCO; and KHCQ were also effective in
lowering downy mildew disease though not at pahwNA and BTH. These
results are in agreement with Cohen (2002) and Haraamaret al. (2005) who
reported BABA as effective SAR inducer. Falékal. (1996), Kareem (2007) and
Karemet al. (2013) have reported KHGCeffective against downy mildew in
cucumber. Plant activators do not act directly loe pathogen but rather activate
the defense mechanisms in plant (Glynn, 2001). WB&R is activated a
normally compatible plant-pathogen interactionasverted into an incompatible
one (Ukneset al, 1992; Mauch-Mani and Slusarenko, 1996). Potasdiom
KHCO; enters into the fungal cells and disturbs the gstem ion balance, and

causes the cell wall to collapse (Anonymous, 1998).

Evaluation of SAR chemicals at various growth etagagainst
anthracnose revealed that the disease intensitygeasrally higher in the year
2012 than in 2011. Further, BABA and INA were mefective in reducing the
disease which is in agreement with Kovatsal. (1991) who reported BABA as
an effective inducer of SAR against anthracnosecuafumber. Sticheet al.
(1997), Godareet al. (1999) and Oostendomt al. (2001) have reported BTH as
an effective inducer of resistance in plants adgaim®ad spectrum fungal
pathogens. Other SAR chemicalz., BTH, NaHCQ and KHCQ were also
effective in controlling the disease though nopat with BABA and INA. These
results are in agreement with Yamaguchi (1998)Redveni and Reuveni (1998)
who reported that various natural and syntheticnegeéncluding simple salt
solutions are useful in controlling plant diseaseder field conditions and induce
systemic resistance in several plant species dgeam®us pathogens. Gottstein
and Kuc (1989) reported that phosphate solutiomkida SAR in cucumber




againstC. lagenariumwhich supports our findings. Hofstetter and Bob93)9

also found NaHCgeffective in reducing anthracnose disease in cuicurb

SAR chemicals tested at various growth stagestgéernaria leaf spot
disease revealed BABA and INA as the most effecB®R inducers which is in
agreement with Jakadt al. (2001), Gozzo (2003), Vallad and Goodman (2004)
and Raut and Borkar (2014) who found BABA as aredaiVe inducer of
resistance against Alternaria leaf blight pathodgelipwed by INA, than other
SAR chemicals. Other chemicalz., BTH, NaHCQ andKHCOs also effectively
minimized disease but were not superior to BABA #d4. Punja and Grogan
(1982), Smilanick and Margosan (1999) and Janisizvand Peterson (2005)
have reported that sodium bicarbonate and potasbioatbonate have curative
property and effectively induce plant resistanceemvhn direct contact with
pathogen. Karabulugt al. (2003) and Smilaniclet al. (2006) reported KHC®

effective against various fungal diseases includihigrnaria pathogen.

SAR used aginst powdery mildew disease reveakdalhthe chemicals
significantly lowered disease intensity as compdocecheck (Sticheet al, 1997;
Yeet al, 1995). BTH and NaHC{proved most effective SAR chemical which is
inline with Liu et al. (2006) and Bayoumi and Hafez (2006) who found BasH
most effective SAR activator. Homne# al. (198l) found the use of NaHG@2%)
inhibitory to the conidial germination @phaerotheca fuliginean cucumber by
95 per cent. Other SAR chemicaiz., INA and KHCQ also effectively reduced
powdery mildew disease though less effectively tBai and NaHC@® Ziv and
Zitter (1992) reported that NaHGGnd KHCQ have curative properties that
cause the collapse of mycelial walls and shrinkafgeonidia and conidiophores.
KHCO; enters into the fungal cells, causes wall collagrse disrupts fungal cell
integrity (Anonymous, 1998). Our finding that saditand potassium salts are
effective SAR inducer is in conformity with Gottsteand Kuc (1989), Reuveet
al. (1998), Manandhaat al. (1998) and Reuveni and Reuveni (2000). Of the SAR

chemicals evaluated BABA was least effective whicln agreement with Vogt
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and Buchenauer (1997) and Bokshial. (2005) who opined that BABA reduced

powdery mildew to some degree in cucumber and melon

Field evaluation of various fungitoxicants showtedt all the biocides
tested at recommended concentrations significaatlyced all the major diseases
prevalent in Kashmir. The disease intensity inybar 2012 was higher than in
2011. The fungitoxicants were grouped in seven wéts each set sprayed three
times with same or different fungitoxicant combioas. The overall mean downy
mildew intensity in fungitoxicant treated plantsigad from 7.11 to 24.00 per cent
against 39.88 per cent in check. Among the fungitod sets tested, treatment
combination of pyraclostrobin + boscalid 38 WG daled by 2% spray with
captan + hexaconazole 75 WP aritl spray with metiram + pyraclostrobin 60
WG exhibited least disease intensity. However, 8psy set was at par with
chlorothalonil 75 WP followed by"2 spray metalaxyl MZ 72 and®spray with
tebaconazole 25 EC. The findings are in agreemghtWong and Wilcox (2001)
who reported the sprays of azoxystrobin, manconebnaetalaxyl most effective
in minimizing the disease caused Bk\asmopara viticolaPyraclostrobin belongs
to same group azoxystrobin. Ammermaetral. (2000), Hermset al. (2002) and
Koehle et al. (2003) found pyraclostrobin effective against adar range of
pathogens. Guptet al.(1993), Gupta and Shyam (1998) and Shaetrel. (2003)
found ridomil effective in controlling downy mildem cucumber. Chaudhrgt
al. (2009) reported that metalaxyl + chlorothaloniledfective fungicise against
downy mildew in cucumber. In present study, theagpsf other fungicidal sets
viz., mancozeb 75 WP followed by'%2spray with captan 50 WP an& 3pray
with dinocap 48 EC and cymoxanil 50 WP followed®Yspray with tridemorph
50 WP and % spray with difeconazole 25 EC also proved effecth combating
downy mildew. Gupta and Jarial (2014) found the bwmration of metalaxyl and
mancozeb effective against downy mildew while Anoioys (2004) reported
mancozeb more effective than difenconazole 25 EfSi @002) have found

strobilurins, carbamates, benzothiadiazoles, chtiatonil and mancozeb
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effective in reducing the downy mildew disease.

The mean anthracnose disease intensity in furigdok treated plants
ranged from 7.77 to 24.66 per cent as against 3ieb%ent in check. Among the
fungitoxicant sets testedz, pyraclostrobin + boscalid 38 WG followed bSf' 2
spray with captan + hexaconazole 75 WP affti spray with metiram +
pyraclostrobin 60 WG depicted least disease intgnbkiowever, this spray set
was at par with mancozeb 75 WP followed BY $pray with captan 50 WP and
3 spray with dinocap 48 EC. The next set chlorothiéies WP followed by 2
spray with metalaxyl MZ 72 and%spray with tebaconazole 25 EC was at par
with above two sets. The findings are in agreemétit Anesiadis (2003) who
found that pyraclostrobin effectively controlled tlaracnose as it possess
preventive curative and eradicant properties imouar crops. Zitter (1987) found
the combination of chlorothalonil and mancozeb affe against anthracnose on
watermelon. Sherf and Macnab (1986) and Gulkitaal. (2010) also reported
mancozeb, captan and chlorothalonil as effectivengifoxicant against
anthracnose in cucumber. The other spraywsetcymoxanil 50 WP followed by
2" spray with tridemorph 50 WP andf 3pray with difenconazole 25 EC; and
tridemorph 50 WP followed by two sprays &f quisqualisalso proved effective
in reducing anthracnose disease. However, threeysmfA. quisqualisdid not
show any significant control as compared to check.

The overall disease intensity of Alternaria leabtspn fungitoxicant
treated plants ranged from 6.22 to 24.00 per cgainat 35.66 per cent in check.
The fungitoxicant set pyraclostrobin + boscalidV8& followed by 2° spray with
captan + hexaconazole 75 WP aritl spray with metiram + pyraclostrobin 60
WG showed least disease intensity. This was at wiéin sparay set of
chlorothalonil 75 WP followed by"2 spray metalaxyl MZ 72 and®spray with
tebaconazole 25 EC. The results are in agreeméntWong and Wilcox (2002),
Michailides et al. (2005), Pascheet al. (2005), Malandrakiset al. (2006),
Bhattiprolu (2010) and Chattannavat al. (2010) who reported captan +
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hexaconazole 75 WP effective in controlling Altetaaleaf spot in cotton.
Reuveni and Sheglov (2002) observed that pyradbstreffectively controlled
the conidial germination oA. alternatain Red Delicious apple. Singh and Singh
(2006) found hexaconazole followed by mancozeb ahtbrothalonil very
effective against Alternaria. In present study gpwith mancozeb 75 WP
followed by 29 spray with captan 50 WP anf 3pray with dinocap 48 EC; and
cymoxanil 50 WP followed by" spray with tridemorph 50 WP and’ 3pray
with difeconazole 25 EC were also effective agailestf spot disease. Batta
(2000) have reported the effectiveness of difenzolegsagainsA. alternatain fig.

In present study bioagent sprays alone or in coatinin with fungitoxicants were
least effective. The leaf sopt diseases causedlteynaria spp. have effectively
been managed by fungitoxicant use (Surviliehal., 2006, Peres and Timmer,
2006; MacDonalekt al.,2007).

The overall disease intensity of powdery mildewungitoxicant treated
plants varying from 9.77 to 20.66 per cent as caoeghdo 24.33 recorded in
check. Amongst fungitoxicant combinations sets,apistrobin + boscalid 38
WG followed by 2¢ spray with captan + hexaconazole 75 WP dhd@ay with
metiram + pyraclostrobin 60 WG proved best comlidmain minimizing the
powdry mildew disease. The finding is in agreemeith Margotet al. (1998),
Hermann (1998), Reuveni (2000 a,b), Khuetial. (2002) and Koehleet al.
(2003) who reported hexaconazole as effective fomrgiant against powdery
mildew. In present study the spray set of manc@ZelvP followed by ' spray
with captan 50 WP and®spray with dinocap 48 EC; cymoxanil 50 WP followed
by 2" spray with tridemorph 50 WP andf 3pray with difenconazole 25 EC; and
dinocap 48 EC followed by"2 spray with tridemorph 50 WP anéf 3pray with
A. quisqualisproved significantly effective in suppressing thisedse. Nagaraja
and Naik (1998) have reported difenconazole asctfe fungicide against
powdery mildew of pea. Three sprays Af quisqualisalso gave significant

disease control against check which is in agreemaiht Hashioka and Nakai
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(1980), Sundheim and Krekling (1982) and Veerdiaal. (1996) who reported

thatA. quisqualiseffectively control powdery mildew disease in contaer.

In present study bioagedtmplomyces quisqualisprayed alone or in
combination with fungitoxicants, was least effeetizgainst the diseases studied
except powdery mildewA. quisqualisis host specific and affects only powdery
mildew fungi by parasitizing the fungal hyphae atlmpgen. Similar observations
have been reported by Hashioka and Nakai (1980pdig2im and Krekling
(1982), Flaket al.(1995) and Kis®t al. (2004) who observed. quisqualisto be

host specific which parasitizes only powdery mildewwgus.
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Chapter — 6
SUMMARY AND CONCLUSION

The investigations on prevalent major fungal dsesaof cucumber in
Kashmir were carried out during the year 2011 afdi22and the results are

summarized hereunder:

In Kashmir valley, downy mildew, anthracnose, Atiaria leaf spot and
powdery mildew are the most prevalent promineneags afftecting cucumber
production. Survey conducted in four districts aiskmir during 2011 and 2012
revealed higher disease incidence and intensitiyaryear 2012 than in 2011. The
overall mean disease incidence and intensity ofrgomvildew was 37.5 and 15.8
per cent, respectively, with highest incidence §%d). in district Srinagar and
highest intensity (24.5%) in Baramulla and leasidance (23.5%) in Budgam
and least intensity (10.4%) in Bandipora. The oNenaean incidence and
intensity of anthracnose was 41.0 and 18.5 per, cespectively, with highest
incidence (57.5%) in Srinagar and higher inten§2§.0%) in district Baramulla
and least disease incidence (24.4%) and intendily2%0) in Budgam. The
anthracnose disease incidence ranged from 14.8.6p@r cent during 2011 and
18.6 to 76.6 per cent in 2012 while disease intgn&iried from 6.0 to 29.7 per
cent during 2011 and 8.1 to 35.4 per cent in 201 overall mean disease
incidence and intensity of Alternaria leaf spot w&3.4 and 14.8 per cent,
respectively, with highest mean disease incidemckimtensity of 56.8 and 24.4
per cent in Srinagar and least incidence (24.5%) #tensity (10.4%) in
Bandipora. The highest disease incidence (51.8%)) iatensity (20.8%) of
powdey mildew was in Srinagar and least inciden28.6%0) and intensity
(20.2%) in Budgam.

Downy mildew disease symptoms appeared in faveek of June as
slightly chlorotic, water-soaked irregular spotsaataxial leaf surface, later turned

bright yellow and became irregular to angular ladtnicted by veins. Grayish to
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black cottony growth, developed on correspondingdbdeaf surface, indicated
the presence of sporangia and sporangiophoresctatfeleaves turned dark
brown and caused death of entire leaf. In casentifracnose, the disease was
noticed in 2% week of June as roughly circular slightly chlocopin-head spots.
The spots turned light brown near veins and witino weeks became irregular
and jagged with lesions attaining a size of 1.02t0 mm. The dark brown
acervulli with black setae in them were seen in faveek of July. Later the
center of lesions cracked and dropped out givimglélaf a shot hole appearance.
Alternaria leaf spot was noticed ifi*3veek of June as small light green flecks
which later became grayish and circular spots 4009 mm size surrounded by
yellow halo. In the ¥ week of July, the irregular dark brown lesionsldd to
1.75 cm size were formed. The affected leaves tuiysllow, senescent and
ultimately died. The powdery mildew appeared in #feweek of July as small
chlorotic spots of 0.3-0.6 mm size on adaxial |lsaffaces. The spots later
developed small powdery mildew patches. The fursiasved abrupt growth and
in the last week of July white talcum-like mycelmmht and tan coloured patches
developed to cover major portion of the leaf. Témves curled and formed brown

colour lesions which covered more than 75 per eitarea.

Downy mildew pathogerRseudoperonospora cubendisrmed hyaline,
irregularly branched hyphae measured 4.8-6.4 pmvidth. Sporangiophores
produced singly or in small groups from stomatairdécted host on abaxial
surface were dichotomously branched and hyalineyi&n sporangia borne
singly on pointed tips of sporangiophores at acatgles were ovoid to
ellipsoidal, thin walled with papilla at distal emehd measured 22.4-38.4x12.8-
25.6 um in size. Zoospores were released from npvasgium. Some sporangia
directly produced germ tube. The light brown oosgaf 38.4-44.8 um size were
spherical or globose, double walled and germindigdsingle germ tube. The
cucumber anthracnose pathog@uolletotrichum arbiculare formed acervulli on

infected leaves and no mycelia were observed on fihe mycelium on oat meal
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agar showed sparse aerial growth and was hyalem@ate, branched, initially
white and became grayish within 20 days. The hypha 3.2-4.8 um wide. The
acervulli were salmon colour slightly raised andcga shaped with hair-like 1-3
black setae. The Alternaria leaf spot pathog@lernaria alternata formed

mycelium and conidia on adaxial leaf surface. Thphlae were hyaline to dark
brown, smooth and branched. Conidiophores weret si@ight or flexuous in
appearance, pale brown to olive. Conidia were qvolatlavate and ellipsoid
having 1-8 transverse and several longitudinal snealls with short conical,
cylindrical club-shaped beak. Conidial germinatiwas either apical or lateral.
The powdery mildew pathogeS8phearotheca fuligineaas observed as white to
gray and fluffy to sparse mycelial growth on adbétéaf surface. The hyphae
were thin walled and septate Conidiophores weretened aerial. Conidia were
hyaline, borne singly or in chains, basipetal,psliid to ovoid, one-celled with

well developed fibrosin bodies.

The downy mildew pathogen perpetuated winter dterfadiseased
leaves lying on field in the form of oospores. Tdiseased leaves on ground
surface exhibited maximum oospore production (418% during the i week of
March but viability was maximum in®week of April. The anthracnose pathogen
perpetuated on over-wintered diseased leaves. T8eagkd leaves placed on
ground surface exihibited maximum spores (3.0 % it0the £' fortnight of May
but viability was maximum in " fortnight of May. The Alternaria leaf spot
pathogen perpetuated on over-wintered disease@édedhe conidial production
was maximum (2.7 xIin the 29 fortnight of May but conidial viability was
maximum (92.3%) in ¥ week of June. The powdery mildew pathogen was not
able to perpetuate throughout winter on diseasadele The diseased leaves
placed on soil surface showed maximum conidial petidn (0.3x16) in 2™
fortnight of March. The conidial viability decreaseavith time with highest
conidial viability of 15.0 per cent observed on teaves kept on ground in th&'2

fortnight of March. After March no conidial prodiam was seen.
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Of the 20 cucumber cultivars screened against gtanildew only three
cultivars ‘Hybrid-5’, ‘Pusa Sanyug’ and ‘Priya’ weetolerant while two cultivars
‘10/cucu Hybrid-4’ and ‘Sweet Delight’ were modeaigt tolerant and rest either
moderately susceptible, susceptible or highly sptdae. Cultivars ‘Hybrid-5’,
‘Pusa Sanyug’ and ‘Priya’ were tolerant to anthcsanwhile cultivars ‘Swarna
Ageta’, ‘10/cucu Hybrid-4’, ‘S-6 (m)’, ‘Green Expse and ‘Hermophrodite’ were
moderately tolerant. ‘Pusa Sanyug’, ‘Green Expressd ‘Marketer-76’ were
tolerant to Alternaria leaf spot while ‘Sweet Délig ‘CH-20’, ‘Priya’, ‘Hybrid-
5, 'S-5(m)’ and ‘Poinsette’ were moderately tolet&ultivars ‘Hybrid-5’, ‘Pusa
Sanyug’ and ‘AAUC-1’ were tolerant to powdery midevhile ‘Sweet Delight’,
‘S-6(m)’, ‘10/cucu Hybrid-4’, ‘Pusa Sanyug’ and ‘Heophrodite’ were
moderately tolerant. On overall ranking basis agfaimultiple foliar disease
reactions, the cultivars ‘Priya’, ‘Hybrid-5" anduBa Sanyug’ were found tolerant
to most of the major foliar diseases followed bywé&gt Delight’, ‘10/cucu
Hybrid-4’ and ‘Green Express’.

SAR sprays at different crop growth stages revedVA, BABA and
BTH to be the most effective SAR activators. Gelherall the test SAR
activators proved significantly effective in minimmg all the four foliar diseases.
In case of powdery mildew the most effective SARivator was NaHC®@
followed by INA in T treatment, but in", 3¢ and 4" treatment BTH was
followed by NaHCQand KHCQ respectively

Thirteen fungitoxicants and a biocontrol agent evesvaluated at
recommended doses in different combination und¢d tonditions as three spray
schedule against multiple diseases in cucumberth&litest combinations, except
Amplomyces quisqualisproved effective in minimizing most of the foliar
diseasesA. quisqualiswas effective only against powdery mildew. Amohg t
fungitoxicant sets tested pyraclostrobin + boscaBdwG followed by ¥ spray
with captan + hexaconazole 75 WP arftispray with metiram + pyraclostrobin
60 WG proved significantly superior over other ld@s in reducing all the major
diseasesviz., downy mildew, anthracnose, Alternaria leaf spot gmvdery
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mildew with 7.11, 7.77, 6.22 and 9.77 per cent aigeintensity against their
checks 39.88, 31.55, 35.66 and 24.33 per centeceisply. Chlorothalonil 75 WP
followed by 2 spray of metalaxyl MZ 72 and“3spray of tebaconazole 25 EC
was 2° best toxicant against downy mildew and Alterne&f spot with 9.33 and
8.00 per cent disease intensity. However, manc@se®/P followed by ¥ spray
with captan 50 WP and®%spray with dinocap 48 EC proved®dest treatment
combination against anthracnose and powdery mildéw 9.66 and 11.61 per
cent disease intensity. In light of the presenestigations, it is deduced that:

» Downy mildew, anthracnose, Alternaria leaf spot aoavdery mildew are
major’ foliar fungal diseases of cucumber in cuceamgrowing areas of
Kashmir valley.

» The causal pathogens for downy mildew, anthracnAiernaria leaf spot
and powdery mildew were identified a8seudoperonospora cubensis,
Colletotrichum arbiculare, Alternaria alternatand Sphaerotheca fuliginea,

repsectively.

» The downy mildew pathogen pertetuated on diseasades as oospores
whereas anthracnose perpetuated as acervulli andizoAlternaria leaf spot
pathogen as conidia. However, powdery mildew fyregpetuated as conidia
only upto 2° fortnight of March and may perpetuate on someateihl hosts.

> Natural resistance of varying degree was obsemetieé germplasm tested
under Kashmir conditions. Cultivars ‘Pusa Sanyugdybrid-5" and ‘Priya’
were tolerant to the most of these foliar diseases.

» SAR chemicals, especially BABA, INA and BTH, sigoéntly lowered all
the major foliar fungal diseases.

» The multiple foliar fungal diseases in cucumber eéfectively be managed
by three foliar sparys of pyraclostrobin + bosc@&8WG, followed 2 spray
of captan + hexaconazole 75 WP arfispary of metiram + pyraclostrobin

60 WG. The 1 spray should be done on"L5une and repeat after 20 days.
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Appendix |

Monthly meteorological data for the years 2011 an@012 during May-July

Mean temperature (°C)

Relative Total
Months humidity rainfall
Maximum Minimum (%) (mm)
2011
May 27.46 10.29 19.80 55.00
June 30.00 14.80 42.00 56.00
July 29.95 16.90 31.00 65.00
Mean 29.1 13.99 30.93 58.66
2012
May 23.25 10.00 56.00 69.00
June 28.00 12.80 35.00 63.00
July 30.61 18.21 51.00 64.00
Mean 27.28 13.67 47.33 65.33




Appendix I

4

NSO' Common Name Trade Name Chemical Name
1 | Mancazeb 75WP Dithene M-45 Zinc manganese etbyadithiocarbamate
2 | Captan 50WP Captaf 50 WP N.-(trlchIc_)ro_methylthlo)-4-cyc|ohexne-1,2-
dicarboximide
3 Dinocap 48 EC Karathene 2_—B_uten0|c acid, 2-isoodyl-4,6,2-
dinitrophenyl ester
4 | Cymoxanil 50 WP | Cymoxanil 2-cyano-N-[(ethylamino) carnonyl]-2-
methoxymino, acetamide
5 | Tridemorph 50 WP| Calixin 4-alkyl-2,6-dimethylmbigdine
1-[[2-[4-(4-chlorophenoxy)-2-chlorophenyl]-
6 | Difeconazole 25 EG Score 25 EC | 4-methyl-1,3-dioxolan-2ylJmethyl]-1H-1,2-4+
triazole
7 \(/2VhF§)Iorothann|I £ Kavach 75 WP | Tetrachloroisphthalonitrile
Ridomil Gold Methyl N-(2,6-dimethylphenyl)-N-
8 Metalaxyl MZ 72 MZ (methoxyacetyl)DL-alaninate
| . Tebeconazole | [(RS)-1-p-chlorophenyl]-4,4-dimethyl-3-(1H
9 | Tebeconazole 25E(”25 EW 1,2,4-triazol-1-ylmethyl)pentan-3-ol
[2-[[[I-(4-chlorophenyl)-IH-pyrazol- 3-
10 Pyraclostrobin + Pristine ylJoxy]lmethyl]phenyl] methoxycarbamatnd
boscalid 38 WG 2-Chloro-N-(4'-chlorobiphenyl-2-yl)
nicotinamide
Cantan N-(trichloromethylthio)-4-cyclohexne-1,2-
1 +h(§xaconazole 25 | Tagat dicarboximide and (RS )-2-(2,4-

WP q Dichlorophenyl)-I-(IH-I,2,4-triazol-I-yl)
hexan-2-ol
Trisfammine[ethylenebis(dithiocarbamato)]z

Metiram + nc(2+)] [tetrahydro-1,2,4,7-dithiadiazocine-

12 | pyraclostrobin 60 | Cabrio top 3,8-dithione] and [2-[[[I-(4-chlorophenyl)-IH-

WG pyrazol- 3-ylJoxy]methyl]phenyl]

methoxycarbamate
13 Ampelomyces AQ10 Amplomyces quisqual{&ungal parasite)

quisqualis
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