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ABSTRACT
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fast growth in Am-13 and least in Am-5. Isolatepregnated media with
colour ranging between grey to brown. Morphologistaidies of isolates
revealed variations in their colour, size, shapd septations of hyphae,
conidiophore and conidia. Significant variations r&veobserved in
conidiophore and conidial septations. Average dahidize varied from
21.36-31.74 pm x 8.34-14.48 um. Isolates when defte their virulence
revealed variation in incubation period and numdued size of the lesions
produced. Isolate Am-1 was categorized as mostevituThe dendrogram
analysis based on cultural, morphological and mgth@ studies revealed
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cluster Il. However dendrogram on molecular (RAHRisis revealed 5
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CHAPTER -1

INTRODUCTION

The apple Malus domestica Borkh.) is the most ubiquitous of
temperate fruits cultivated in Europe and Asia framiquity. It was known
to the Greeks and Romans and mentioned by Thedpkras the 3
century B.C. Since then the apple has been dis&bimto almost all parts
of the world. It is a premier table fruit, rich warbohydrates, proteins,
minerals like calcium, phosphorus, iron, potassitimmine and vitamin

Be.

Leading apple producing countries in the world &t@na, USA,
Poland, Iran and Turkey with present world producitciose to 60 million
tons (FAO, 2009). The apple ranks fourth in fruib after citrus, grapes
and banana worldwide. India rankd" 7n the apple with an annual
production of 19,85,000 MT (FAO, 2009). The mostdely grown
cultivars are ‘Golden Delicious’, ‘Delicious’ andsired sports. In India
apple was introduced by British in Kullu Valley Hfimachal Pradesh (H.P)
back in 1865, and is predominantly grown in Himalaptates like Jammu
and Kashmir (J&K), H.P. and Uttaranchal which actdor about 90% of

the total production of country. The productivigditouched 12 m tons per



hectare which however is low as compared to sormer ateveloped

countries (Anonymous, 2002).

Apple being major fruit crop of J & K has attaindee status of an
industry. It is grown on an area of 1,20,541 hedan the state with an
annual production of 13,15,197 metric tonnes tloaisttutes about 94 and
86 per cent of the fresh and total fruit productadrthe State respectively

(Anonymous, 2009).

Like other horticultural crops apple is attackedseyeral pathogens
which impair the quality and quantity of the fruitowever, huge losses of
the crop are incurred mostly by fungal diseases. Mhjor fungal diseases
include scab, Alternaria leaf blotch, powdery mildecollar rot, root rot,
sooty blotch and fly speck etc. Amongst these,rAlea leaf blotch caused
by Alternaria mali is prevalent in all the apple growing areas of ld/@and
is one of the economically important apple diseasd$ernaria mali was
first described in 1924 in the United States byl. Roberts and has
become a problem in the southeastern United Stalesdisease assumed
an alarming threat to the crop because of prematafeliation in North
Carolina and has potential of becoming importamoughout the apple
producing regions wherever susceptible cultivarairs$ of Delicious are

grown (Filajdic and Sutton, 1991). An outbreaklut tlisease was recorded



in Japan as early as in 1956 and its occurrenaesmrnded to increased
cultivation of highly susceptible cultivar ‘StarkjrDelicious’, a red-sport of
Delicious. Alternaria blotch has already attainkee status of economically
important disease in Japan and other Asian cosnt8awamura, 1990). In
India, Alternaria leaf blotch of apple was firstpogted by Gupta and
Agarwala (1968) from H.P. In J&K, the occurrencalideaseA. mali) was

reported by Shahzadt al. (2002). In the state the disease previously
considered to be of minor significance has nowirsgththe status of major
disease (Anonymous, 2000) and is prevalent in alratbsapple growing

orchards of Kashmir valley with a potential threat existing apple

plantation.

Alternaria leaf blotch fungus chiefly affects tlwidge and manifests
as greyish-brown lesions and in severe case le@detmature defoliation.
Initial symptoms of the disease appear on the kavéate spring to early
summer as small circular, light brown to brown dackish spots which
gradually enlarge in diameter. Periodic change @siohs lead to
characteristic silvery grey lesions impregnatechviatackish tiny mass of
spore. Secondary expansions of the spots lead desmng of lesions,
resulting in the formation of large irregular ndaqatches. Leaves with

infected petioles turn yellow and defoliate premeilty



One of the significant aspects of the biology ofamganism is the
morphological and physiological characters of adividual within a
species which are not fixed. This holds true withdi also, although is not
frequent in asexually produced individuals of thesgeny. Variability
studies are important to document the changes egun the population
and individuals with variability in morphologicahd physiological traits
indicate existence of different pathotypes. Thaallity is a well known
phenomenon in genwternaria and such variability may be seen in spore
shape and size, growth and sporulation, pathodgnietc. Diversity
appears even in single spore isolates. Filajdic Sation (1992) reported
variability in virulence among isolates éfternaria mali. Shahzad (2003)
while recording the disease status reported Altanaaf blotch of apple
prevalent in all the districts of Kashmir with vedli degree of incidence and
intensity and even recorded the variation in susodéip/ among different
apple cultivars. This variation may be attributedrtany factors including
variability in pathogen. Understanding pathogenypaion structure and
mechanisms by which variation arises within a papoh is of paramount
importance for devising a successful disease manageprogramme. Thus
requires continuous monitoring of development @& pathogen variability
more so for the breeding programmes aimed at dpwejoresistant

genotypes to the given set of pathogenic racestqPa&s al., 1998;



Sartorato, 2002). Variation in pathogen populatiare generally be
detected with methods like morphological, culturgathogenic and
molecular specificity. DNA markers have become wexdul tool to study
taxonomy and molecular genetics of a variety ofaorgms. The random
amplified polymorphic DNA (RAPD) allows quick asse®ent of genetic
variability, and has been used to study inter artcaspecific variability

among isolates of several fungal species.

Cultivation of resistant varieties is most favalrapproach to
reduce the cost of cultivation, risk of developmeoit resistance in
pathogen, risk to human health and environmentdlugmm, therefore
cultivation of apple varieties resistant to Altemaablotch is the most
effective and favourable method of controlling tdesease. As such
development of disease-resistant cultivars hagla piiority in most apple
breeding programmes throughout the world (Kellesreatd Furrer, 1994;
Lespinasset al. 2000). There is tremendous pressure on applesindsiin
most developed countries to produce high qualint fivith minimum use
of agricultural chemicals. However, development resistant varieties
requires the collection of information on resis@rand/or susceptibility
level of cultivated cultivars. Such informationalkso key to development of

strategy for integrated control of the disease.



Among the various disease management strategiedaldea
chemical application still dominates our approacivolving frequent
fungitoxicant interventions throughout the worldatnet al., 1983; Koller
et al., 2004). Kashmir valley with temperate environna¢mronditions is a
favourable place for the development of fungal as&s and to combat
these diseases a need-based spray schedule cogpéis8 sprays of
fungitoxicants is in vogue. However, the developmaf fungicide
resistance in pathogenic populations is one ofntleet serious constraints
because substantial changes in the populationsee¢ral major plant
pathogens in their sensitivity to fungicides hawer observed, leading
frequently to significant crop damage and forcintfex discontinuation or
modification in the use of important chemicals. Tregjuent and successive
use of fungitoxicants, particularly systemic, isely to develop resistance
among the pathogen and as such threaten the suafcegsay programme
(Lelancetteet al., 1987; Kolleret al., 2004) due to the occurrence of
resistance in the pathogen (Koller and Wilcox, )9%ome isolates of
Alternaria mali have developed tolerance to fungicides like ipvodi
mancozeb and captan (Lee and Kim, 1986; Osanali, 1987; Asari and
Takahashi, 1988). To counter the problem, eco-fitie@pproaches to the
disease management are the need of hour. Use tdnsgsacquired

resistance (SAR) activators is reported to be enwrentally benign



compared to current pesticides (Vallad and Goodn004). Unlike
traditional pesticides, SAR activators do not exhany direct antimicrobial
activity, and they provide a way to control diseasthout asserting direct
selective pressure on pathogen population. SARssd on multiple natural
defense mechanisms, and this makes it less likedy & pathogen can
readily develop resistance to this control meas@gstemic acquired
resistance is broad spectrum plant defense respbasecan be induced
biologically by challenging a plant with a weakeras of a specific
pathogen or exposing a plant to natural and/or h&i@t chemical
compounds. In SAR number of defenses like, oxidatmrst, defensive
molecules (peroxidase, PR-proteins), lignificatioosll wall cross linking
etc. are activated locally and are also inducedesysally against further

infection by the pathogen.

Since the crop and disease are of paramount ianeetto the state
(J&K) and no studies on pathogen variability andvelgpoment of
management strategy through eco-friendly approa@tkesSAR activators)
have been conducted in the State, therefore tleeprstudy was conducted

with the following objectives:
» To asses disease status in Kashmir valley

» To ascertain prevalence of variabilityAaomali in Kashmir valley



» To screen commercially important apple cultivaraiagt the most

virulent isolate of the pathogen

» To evaluate the efficacy of Systemic Acquired Resise (SAR)

activators for management of the Alternaria leatdi disease
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CHAPTER -2

REVIEW OF LITERATURE

In this chapter, attempt has been made to revissvrésearch
conducted in India and abroad on the aspects pengato the problem
under investigation. For the sake of convenienue,téxt of the literature

has been reviewed under the following heads:
2.1  Status of the disease

Alternaria blotch caused Mdternaria mali Roberts, is one of the
most important diseases of apple worldwide espgcial Japan, South
Korea, China, Zimbabwe, Yugoslavia and other Asianntries (Jones and
Aldwinkle, 1990) and reportedly has great potentdl becoming an
alarming disease in other apple producing regiogkiding United States
(Filajdic and Sutton, 1992; Bulajiet al., 1996). The disease has recently
been reported from Turkey (Ozgonen and Karaca, 2@06nali was first
identified in United States in 1924 (Roberts, 192Me disease received
attention after its outbreak in Japan in 1956 (Sawa, 1972). Hoshino
and Sawamura (1970) and Sawamura (1972) proposedathe Alternaria

blotch to the disease caused by a pathogenic stf@inmali.

In India, the disease was first reported from Hinadradesh in 1968



(Gupta and Agarwala, 1968), whereas the occurrehteaf blight disease
on apple byA. tenuissima dates back as early as 1987 (Puttoo, 1987).
Shahzadet al. (2002) reported the occurrence of Alternaria |bhdtch

caused byA. mali in apple in Jammu and Kashmir.

Yoon et al. (1989a) reported outbreak of leaf blotch of appigating
in late May in Daeugu area of Korea, with rapidré@ase in disease
intensity in late July to reach the highest leveltate August. They further
reported yearly fluctuations in disease intensawéver, with no change in
order of disease in the cultivars. Filajdic andt@ut(1991) reported 0 to 95
per cent disease incidence in 60 apple orchard¥esitern North Carolina
(USA) during 1989 and 1990, with 23.33 to 30.00 gamt orchards having
at least 10 per cent disease incidence. They obdethe strains of
Delicious (Classic Red, Red Delicious, Silver SpOregon Il and Red
Chief) to be more susceptible to disease. Bukijia. (1996) recorded 50
per cent defoliation in “Red Delicious” apple cu#tr due toA. mali in
some of the orchards of Yugoslavia. In Kashmir agerdisease incidence
and intensity of 41.32 and 20.47 per cent has beeorded with highest
disease incidence and intensity of 43.50 and 2&§gectively, observed in

district Anantnag (Shahzad, 2003).



2.2 Pathogenicity

Various methods have been employed by many wotkeestablish
the pathogenicity of the fungus on apple. Tweedyd &owell (1962)
sprayed 240 fruits and 31 leaves of six succulenathan apple shoots with
a spore suspension Af mali and observed the lesions development after 5
to 10 days on 20 leaves of four shoots and 217sfrimjuring detached
leaves with a bundle of needles soaked in a spEension oA. mali was
the most effective method of inoculating adult @&pkes, and seedlings
with 4-7 leaves were best inoculated by sprayiniip Whe spore suspension
(Saito et al., 1975). Ozgonen and Karaca (2006) also proved the
pathogenicity ofA. mali by inoculating wounded detached, apple leaves
with a conidial suspension (A€onidia / ml). Johnsost al. (2000) however
tested different isolates of. alternata including apple pathotype for

pathogenicity using a leaf necrosis bioassay.
2.3 Variability

Two types ofA. mali with distinct morphology have been reported
by Roberts (1924) with type ‘A’ having sparse aemaycelium with
abundant olivacious conidial production in a daakpet-like mycelial mass

on the surface of the medium and type ‘B’ havingiradant gray aerial

mycelium with sparse conidial production. Furthegriation was also



observed in conidial measurement with average @izgpe ‘A’ conidium
being 26 x 9 um and that of type ‘B’ conidium beid§ x 9 um.
Identification of someAlternaria species especially those which produce
host-specific toxins is extremely difficult due tbeir high degree of
variability which extends even to non-pathogenmates (Johnsost al.,
2000). Perusal of literature reveals variable cpldmaracteristics oA. mali
cultured on similar media. For instance,/amali isolate from Yugoslavia
produced dark mycelial mat on PDA (Bulagtcal., 1996), whereaé. mali
isolated from Kashmir produced initially velvettyhike and later turning
dark olive gray and finally black colonies on PD8h@hzadkt al., 2002).
However, Ozgonen and Karaca (2006) reported davk circular velvety
colonies ofA. mali on PDA. Filajdic and Sutton (1991) reported thisie
isolates ofA. mali in Western North Carolina (USA) significantly vedi in
terms of conidial length. Eight isolates Af mali from Western North
Carolina (USA) were reported to be pathogenic oticioeis seedlings of
apple with varied virulence (Filajdic and Sutto®92). Previous research
has provided evidence for the existence of vaiigtalmong theAlternaria
isolates. Preliminary reports on variability Afternaria species were made
from Holland (Van Schreven, 1953) and UK (Mridh883). According to
Mridha (1983), thirteen isolates &t brassicae tested on selected cultivars

of winter oilseed rape differed in their virulendgiversity in morpho-



cultural and physiological characteristics amondfedent isolates of
Alternaria spp. infecting potato, tomato, Bt-cotton and sesdave been
reported by several workers (Kaul and Sexena, 1P88¢z and Mortinez,

1996; Naiket al., 2006; Ramegowda and Naik, 2008).

Isolates ofA. brassicae showed distinct variability in their growth
and colony characters, size and shape of conidrddiophore, sporulation
and formation of chlamydospores (Pastial., 2005). Michereffet al.
(2003) reported a high variability among 38 isolates Aof brassicicola
associated with crucifers in Pernambuco, Brazilrallhet al. (2005)
reported substantial variation in growth ratesfhobrassicicola isolates, as
well as in pathogen populations and noticed strdiféerences in the
average size of lesions formed by individual pa#rogsolates. Similarly,
Kolte et al. (1989, 1991) and Awasthi and Kolte (1989) alsported
variability in A. brassicae. Koul and Saksena (1989) found that the spore
dimensions were extremely variable and not onlyilatéd variability
between the cultures of the different strains lted &etween the cultures of
the same strain. Kumat al. (2003) reported variability among isolates of
Alternaria brassicae in terms of conidial length, breadth and number of
septation. The average conidial length varied fid®.62 to 194.52 um and

breadth from 14 to 23 pum. However, horizontal aredtival septation



varied from 3 to 12 and 0 to 6 respectively. Meéital. (2003) reported
variability in isolates ofAlternaria brassicae regarding conidial length,
breadth and septation. Further, the incubationodedn detached leaves

varied from 3-13 days.

The races have been defined on the basis of theltural
characteristics, dimensions of spores and viruleriBende, 1929;
Neergaard, 1945). Even pathogenic differences Wwened among isolates
originating from different germ tube tips from tkame conidium (Stall,
1958). Rotem (1966) found great variation in cwtucharacteristics
(colour, growth and sporulation) among variousasesd ofA. solani, thus
giving rise to the claims of the existence of radde reported a wide

variability in spore dimensions of forty two isaatofA. solani.

Bond (1929) demonstrated large variatioiternaria isolates from
potato tubers, with respect to colony morphologyralation capacity, and
growth rate on artificial media as well as in pa#woicity. Henning and
Alexander (1959) obtained preliminary evidence fphysiological
differences inAlternaria solani isolates. Kaul and Saxena (1988) reported
four cultural groups oAlternaria solani which differed from each other in
cultural and physiological characters. Similarly rkar et al. (2008)

reported significant variation in cultural charaste pigmentation and



growth rate ofA. solani, four isolates were having circular margin with
smooth surfaced colony and six isolates were witbgular margin. The
pigmentation varied from yellow, brown, black, bmsh to greenish black
on potato dextrose agar medium. Varabal. (2006) found variability in
conidial morphology (size of conidia and numbersepta) among isolates
of Alternaria solani, the causal agent of early blight of tomato. Therage
size of conidia varied from 150-224.9 pu x 12.4-1j4.2The number of
horizontal (4-14), vertical (0-3) and beak (0-8ptsealso varied among the
isolates. Babuet al. (2000) recorded variability amongternaria solani

isolates with regard to virulence, radial growtb. et

Tetarwal et al. (2008) observed -cultural, morphological and
pathogenic variability in different isolates 8f alternata infecting senna
plants. Slavowet al. (2004) reported diversity in colour of colonies a

single spore isolates élternaria alternata tobacco pathotype.

Out of 80 isolates oflternaria burnsii, Pipliya and Jadeja (2008)
found 32 isolates dark brown to black, 19 isolaygscal black, 20 isolates

olive green and 9 isolates with dirty white colanie

Kumar (2004) recorded considerable variability iathmgenicity
among the isolates @lternaria triticina. He found significant difference in

size of conidia, colour and growth pattern of teelates. Das and Narain



(1990) found variability in virulence among the lates of Alternaria
triticina without any morphological differences between th&wmar and
Rao (1980) found difference in pathogenicity amaihg isolates of
Alternaria triticina and Alternaria tenuis and proposed that it may be the

result of differences in metabolism and biochempraberties.

Zimanet al. (1998) observed colour variation of differentl&es of
Slerotinia sclerotiorum which varied from white to brown. Price and
Colhoun (1975), Basha and Chatterjee (2007) ands@iaoand Shivpuri
(2007) also observed variation in isolates ®fsclerotiorum to cause

infection in various hosts.

Cultural variation has also been observed in ottiegal pathogens
viz., Macrophomina phaseolina (Gaur et al., 2004) and inPhomopsis
vexans (Suman and Sugha, 2004). Sharehal. (2004) reported marked
variation in cultural characters dfacrophomina phaseolina isolated from
pearl millet, sesame, horsegram and mothbean cEyen various isolates
of Macrophomina phaseolina obtained from different tissues of the same
host species vary in their cultural, morphologicahd pathological
characteristics (Kulkarni and Patil, 1966; Khateal., 1973; Byadgi and
Hedge, 1988). Shekhat al. (2006) found seven isolates Mfacrophomina

phaseolina varied in their cultural characteristics and patag behaviour.



On the basis of colony colour, they divided thdats into four groups i.e.
grayish white, blackish gray, dark black in centriégh cremish periphery
and cottony white colour. They observed Hyderalmulate to be most
virulent while Coimbatore isolate was least virdleKumar and Sugha
(2004) found that 37 isolates #homopsis vexans vary in their colony
colour, type, and time taken for formation of pyliaj sporulation density
and ability to cause pre- and post-emergence sggdlidamping-off,
although morphological and cultural variations solates ofPhomopsis

vexans have long been recognized (Panwar and Chand, 1¥6G8atanola

et al., 1985; Islam and Pan, 1990).

Lal and Kandhari (2009) studied variability in 2Solates of
Rhizoctonia solani causing sheath blight of rice and found variation
colony colour, colony diameter and hyphal width,ile/lon the basis of
growth pattern they categorized the isolates ihted groups and found 8
isolates with abundant growth, 4 isolates modegateé 13 isolates with
slight growth. Sunderet al. (2003) reported that colony colour of
Rhizoctonia solani ranged from brown, light brown, dark brown and

yellowish brown.

Lima et al. (1998) tested three isolatesladsiodiplodia theobromae

and found variation in lesion development on susbkep cultivar.



Similarly, Jadeja (1991) also reported that ther fasplates of L.

theobromae were infective but differed in virulence. Bhatt adddeja
(2008) found that 23 isolates df. theobromae varied in the colony
characters viz, colony colour, type, growth halnitl gigmentation as well
in the ability to incite fruit rot in mango. Thegpdnd 19 isolates with dark

brown colour and 4 with typical black colonies.

Cardoscet al. (2007) reported variability amorignicillium isolates

with regard to colony morphology and conidia colmna

Fifteen isolates oNeovossia indica significantly differed in morphological
traits like size, shape and colour of mycelia apdriglia (Selvamani and

Singh, 2009).
2.4  Molecular variability

The random amplified polymorphic DNA (RAPD) analysis
extremely powerful method that allows quick assesgmof genetic
variability in various taxa, and has been usedttmlys inter- and intra-
specific variability among isolates of several fahgpecies (Tigano-Milani
et al., 1995; Gherbawy, 1999, 2001; Ingks al., 2001; Gherbawy and
Abdelzaher, 2002). It provides comprehensive infrom regarding the
genetic variability among the pathogen populatiassit is based on the

entire genome of an organism (Achenbatlal., 1997). RAPD markers



have been used to study intra- and inter-specificdations in genus

Alternaria (Cookeet al., 1998; Weiret al., 1998; Robertst al., 2000).

Genetic variability inA. solani isolated from different parts of plants and
different locations has been studied using RAPDi(\teal., 1998; Morris
et al., 2000; Wang and Zhang 2003). Peeetral. (2002) found no
correlation between RAPD clustering for the testesblates and
pathogenicity. Further, their cluster analysis &H® revealed significant
differentiation between USA, Colombia, Turkey, Soutfrica, Israel and
Australian isolates oA. alternata. Tiganoet al. (2003) observed genetic
variability among the isolates collected from tlaeng geographical region
and similarity between the isolates from the ddférgeographical regions.
Gherbawy (2005) concluded that strains of a singfeecies may
significantly vary in their RAPD patterns and naretation exists between
RAPD groups and pathogenicity against tomato. Vaehah. (2006) found
high genetic variability among the isolates/fsolani by RAPD profiles
but no evidence for geographical clustering ofased with high level of
genetic similarity was reported suggesting thalaises were widely spread
across India. Based on preliminary screening ofs8@lom primers Kumar
et al. (2008) selected four random primers to study gemkversity within

11 isolates of A. solani, because of their reproducible results of



polymorphism. They found no effect of location sbliation; rather two
isolates from two different provinces were closereach other. Further,
cluster analysis resulted in two main clusters @t @&rcent similarity
coefficient. However, the groupings based on RARidadcould not be

correlated to the ones based on morphology anagatticity.

Adachi et al. (1993) demonstrated considerable variability imith
ribosomal RNA genes of just one pathotype Aofalternata from pear
orchards in Japan and classified 271 isolate®\.oflternata into eight
different types. Inconsistency in the level of ahility within this species
was confirmed by Kusaba and Tsuge (1994). High Isewd# genetic
variability have been found in apparently asexuapybations of F.
oxysporum (Gordon and Marlyn, 1997). Wezt al. (1998) and Morrigt al.
(2000) reported high level of genetic diversity amgahe isolates of tomato
black mould pathogerA( solani) by RAPD analysis. Morrigt al. (2000)
reported high level of variation among isolateslemied from a single
species by RAPD analysis. Tigaaial. (2003) reported RAPD analysis as
an efficient method for detection of genetic vaitigbin A. cassiae andA.
alternata isolates occurring irfenna obtusifolia (sicklepod), and also for
distinguishing Alternaria species. Gherbawy (2005) used four different

RAPD primers to study genetic diversity of nindternaria species



represented by 27 isolates and reported genetitasiy between isolates
of A. alternata species-group ranging from 14.8 to 100 per cehtreas it
ranged between 14.81 to 96.30 per cent among sfiemies evaluated in
the study. He found. alternata from beans clustered together however, the
level of genetic diversity fluctuated between 5@ 86.55 per cent. Further,
RAPDs were found useful for fungal diagnostic psgm as they produce
usually distinct fingerprints for each isolate doadeach species. Shahal.
(2010) found isolates dBotryodiplodia theobromae quite variable at the

genetic level by RAPD analysis.

RAPD analysis by Robertt al. (2000) revealed that the isolates of
A. alternata andA. tenuissima separate into different groups during cluster
analysis, whereas they did not separate in theystwl Pryor and
Michailides (2002). Based on 18s RNA sequencing,dat alternata, A.
brassicae andA. raphani formed a strong clade of very closely relatecesist
taxa (Jasalavichet al., 1995). Cookeet al. (1998) studied 13
phytopathogeni@dlternaria species by using RAPD patterns, each species
producing a distinct pattern of DNA fragments, utthg a high degree of
similarity among isolates of thalternata species-group, but he reported
that A. raphani did not group withA. brassicae in his phylogenetic tree.

RAPD results of Gherbawy (2005) showed tAabrassicae, A. dauci, A.



raphani and A. solani clustered together in one clade, though previous
phylogenetic analysis using sequence data (Prydr Gitbertson, 2000;
Chou and Wu, 2002; Pryor and Michailides, 2002)rthd relateA. raphani

to A. dauci.
2.5 Screening of cultivars

Field evaluation of plant material is helpful irertifying the sources
of resistance however it is a cumbersome process subject to
uncontrollable environmental conditions (Locke 19&8oladet al. 2000;
Pandeyet al. 2003). Glasshouse evaluation of seedlings usipigys
inoculation of a conidial suspension is widely usedcreen plant materials
(Barksdale, 1969). However, disadvantage of spnagulation method is
that the inoculum may not be uniformly distributexh the leaves.
Furthermore, the method is not sensitive enoughsitcriminate moderately
resistant from susceptible plants (Gardner, 199G).alternative method to
obtain more precise and reliable disease data techkied leaf technique
(Locke, 1948) in which individual droplets of fungaoculum suspension
are inoculated on leaflets. Detached leaflets arg fnoculated with
mycelial suspension dAlternaria solani in a laboratory assay and disease
reaction evaluated using a graded series of lediagrams with known

diameters (Locke, 1948; 1949). Henning and Alexan(f59) used



‘droplet method’ to determine the existence Af solani races by
inoculating leaflets still attached to plants. Nasld Gardner (1988) applied
point inoculation method on a whole plant assay medsured early blight

lesion diameter.

On the basis of lesion development on immaturddydiweedy and
Powell (1962) rated Jonathan and Golden Deliciopples as highly
susceptible cultivars té\. mali as the lesions appeared after 5 days of
inoculation and enlarged up to 9 mm diameter étedays. The cultivar
Grimes Golden was rated moderately susceptiblgraptoms appeared 11
days after inoculation and lesions attained a mawminof 2 mm diameter
after 30 days, whereas cultivars Stayman WinesapneR Beauty and
Winesap were completely resistant. Filajdic andt®u(1992) evaluated
Red Delicious and other few lines agaimst mali under greenhouse
conditions and reported variation in the degreesustceptibility. Shahzad
(2003) evaluated 22 apple cultivars agaimst mali under natural
epiphytotic and found all the cultivars susceptilbde the disease with
significant variations in disease intensities amdoadingly rated White
Dotted Red as tolerant, Red Delicious and Earlytdria as highly
susceptible. Out of the ten cultivars of apple Begd screened for

susceptibility toA. mali in Himachal Pradesh ‘Vance Delicious’ was highly



susceptible (> 60% disease severity), followed ggdn Spur and Top
Red, while Red Fuji was the least susceptible with% disease severity
(Khosla and Sharma, 2005). Shanal. (1986) screened 60 apple cultivars
on the basis of natural infection and inoculatigaiastA. mali and rated
Gala, Honey Gold, Magnolia Gold, Mollies Delicioas highly resistant.
Yingzi et al. (2000) reported Starking Crimson, Hokuto, Gald &uji as

most susceptible to Alternaria blotch.
2.6  Systemic acquired resistance (SAR) activators

The role of some external morphological featunashsas leaf hair
density, number of trichomes, number and sizearhata and of some pre-
existing and induced chemicals in apple leavesterthining the resistance
or susceptibility against Alternaria blotch haveebereported by many
workers. It is well established that the treatmehtplants with various
agents (virulent or avirulent pathogen, non-pathsgeell wall fragments,
plant extracts, synthetic chemicals, etc.) can léadhe induction of
resistance to subsequent pathogen attack, bothlyleamad systemically.
Over the last 30 years a number of compounds (SARa@ors) have been
shown to be instrumental in enhancing disease taggis or at least
decreasing the disease symptoms in plants. SARa#wts stimulate plant

genes to activate its own defense system to redissmse infection and



thus increase crop yield (Bishnoi and Payyavul@320

SAR was first described by Ross (1961) using miitdin of tobacco
mosaic virus (TMV) to induce systemic resistanceatfacco not only to
TMV, but also to other viruses. SAR has since bdescribed in many
plant-pathogen interactions of economic importam&uding tobacco,
cucurbits, potato, soybean, tomato, millet, alfatiee, wheat, barley (Kuc,
1982; Kessmanet al., 1994) and cacao (Okey and Sreenivasan, 1996) as
well as in Arabidopsis (Uknest al., 1992). A number of signaling
molecules, including salicylic acid (SA), ethylem&d jasmonic acid (JA),
have been shown to amplify and regulate defeng®nsgs in plants during
initial activation events, such as oxidative bumstshe expression of PR
genes (Schenét al., 2003; Lee and Hwang, 2005). SAR developed lgcall
or systemically in response to pathogenic infectiptreatment with certain
chemicals is effective against a wide range of gggins and is mediated by

a salicylic acid (SA) dependent process (Walétes., 2005).

Various plant activators have been discovered #uhtat various
points in their defense activating networks and mmiall or parts of the
biological activation of resistance (Ratal., 2005). Greenhouse and field
experiments have paved the way to the present @mapsion of induced

resistance as a tool in plant protection (Schonleeek, 1993; Kessmast



al., 1994; Schneideet al., 1996; Van Looret al., 1998; Benhamou and
Picard, 1999; Tallyet al., 1999; Cohen, 2001; Kuc, 2001; Bokshial.,
2003; Gozzo, 2003; Soylet al., 2003). Chemically-induced SAR have
been found effective against various pathogens sashPeronospora
tabacina, Cercospora nicotianae, Phytophthora parasitica var. nicotianae,
Pseudomonas syringae pv. tabaci and TMV (Lyonet al.,1995; Strobel and
Kuc, 1995; Schneidest al., 1996; Kuc, 2001). Plant activators have been
successfully used in fields for the control of dgwmildew of leafy
vegetables, rice blast, tomato spotted wilt vinggjous diseases of tobacco
and different bacterial diseases (Loustsl., 2001; Jones, 2001). Percival
et al. (2009) assessed the efficacy of three commeyaaihilable systemic
acquired resistance (SAR) products, Messenger Farpin protein),
Phoenix (a.i. Potassium phosphite) and Rigel Galicylic acid derivative)
applied at four different growth stages of tree elegment (bud break,
green cluster, 90% petal fall, early fruitlet) agsithe foliar pathogens
Venturia inaequalis and Venturia pirina and suggested application of at
least three sprays during bud break to early ufbrmation with the SAR
agent which may provide a useful addition to ergstnethods of apple and

pear scab management under field conditions.

In apple, phosphites were reported active agakistophthora



cactorum (Guest et al., 1995), Dematophora necatrix and Venturia
inaequalis (Heaton and Dullahide, 1990). Yoehal. (1989) reported that
calcium content of apple leaves showing resistdanc& mali was much
higher than the leaves susceptible to the disdasgher, foliar spray of
calcium compounds (CaO, Ca(QHInd CaCQ@) inhibited the infection by
Alternaria alternata f.sp.mali in apple. Dibasic and tribasic phosphate salts
reportedly induced systemic protection against racthose in cucumber
caused byColletotrichum lagenarium (Gottstein and Kuc, 1989) and later
work demonstrated that broad spectrum disease adomfas achieved in
cucumber using phosphates (Mucharromah and Kucl)19%e spray of
K,HPGO, to rice reduced neck blast caused by the fuiynicularia oryzae
between 29 and 42 per cent, with 12 to 32 per iceméase in grain yield

(Mandahaet al., 1998).

The non-protein amino acigtaminobutyric acid (BABA) has been
shown to induce broad spectrum resistance in vadge of crops (Jakadd
al., 2001). In field trials, BABA reduced downy mildeof grapevine
(Plasmopara viticola) by 57 per cent on cv. Chardonny and by 98 pet cen
on cv. Cabernet Sauvignon (Reuvenal., 2001). In two-leaf sunflower 50
and O pustules per leaf developed in water and BABfated plants,

respectively (Amzalek and Cohen, 2007). Reuwral. (2003) reported



that DL-aminobutyric acids (BABA) and potassium phosphitave
capability to control moldy-core in apple fruitsder laboratory and field
conditions. They observed 40-58 and 100 per cehtbition in the
wounded fruit decay caused Wy alternata by 50 and 500ug/ml of
potassium phosphite, respectively. BABA (50@/ml) inhibited decay
formation by 82 to 90 per cent. Moreover, potasspirasphite and BABA
inhibited decay formation even when applied 6 toMBost inoculation.
Post infection activity of BABA has also been rdpdrin grape against
Plasmopara viticola (Cohenet al., 1999), in tobacco again&eronospora
tabacina (Cohen, 1994), in tomato agairitytophthora infestans (Cohen,

1994a) and other pathosystems (Cohen, 2002).

MacLennanet al. (1963) evaluated various butyric acid derivatives
against apple scab and found 2-aminobutyric adileaagainst the disease.
Functional analogs of salicylic acid (SA), such2a$-dichloroisonicotinic
acid (INA) and benzothiadiazole S-methyl ester (BTHave been
developed which activate the resistance mechandmasstream of SA
(Kessmannet al., 1994; Friedrichet al., 1996). ASM (Acibenzolar-S-
methyl) has proven effective for the control of il diseases caused by
virulent pathogens in the number of plants, inalgdbacterial spot in

pepper and tomato (Louves al., 2001; Romercet al., 2001). Brocket al.



(1994) applied 2,6-dichloroisonicotinic acid to thatyledons of cotton and
found next emerging leaves less susceptible toctiofe by Alternaria
macrospora than those in control plants. Further, the treatnapplied to
cotyledons had no visible effect on the developnoérthe plants and had
no direct effect on the fungus vitro, suggesting that resistance was
induced systemically in cotton plants. Benzo-();2hBadiazole-7-
carbothioic-S-methyl-ester (BTH=Acibenzolar-S-méthy capable of
inducing SAR, has been tested against several gatiso(Kessmanet al.,
1994a; Ruesst al., 1995; Oostendorgt al., 1996). BTH ensured 90 per
cent disease reduction on™day after its application as against only 46 per
cent in case of metalaxyl. It is an effective ineluof resistance in tobacco
not only against fungal pathogens, but also agarsses and bacteria
(Tally et al., 1999). Brissett al. (2000) reported that Acibenzolar-S-methyl
protected Golden Delicious seedlings, scions agestivhen applied before
inoculation ofErwinia amylovora. The protection of apple seedlings was
similar to the protection obtained with the stawld&or fire blight control
(plantomycin) applied immediately before inoculatidhe mean levels of
control in scions in greenhouse and in trees ihands were approximately
69 and 50 per cent, respectively. Resistance indueiffects of BTH
product (BION®) have been demonstrated in plantaireg Erysiphe

graminis, Septoria spp., Pyricularia oryzae, Peronospora tabacina,



Phytophthora spp., Didymella bryonia, (Ruesset al., 1995; Kessmanet
al., 1996; Gorlaclet al., 1996) CMV-Y (cucumber mosaic virus) (Anfoka,
2000) and againsErwinia amylovora (Brissetet al., 2000; Zeller and
Zeller, 1998). Bishnoi and Payyavula (2003) testexl effect of two plant
activators, Messend®ra.i. Harpin protein) and Actigard™ (a.i. BTH) on
three tomato(Lycopersicon esculentum Mill) cultivars (Mountain Pride,
Floralina and Florida-47) and two canolBrgssica napus L.) cultivars,
(Flint and 188-20B) and showed that in tomato, Megef and
Actigard™ decreased early leaf bligfiternaria solani) severity from 8-
12% and increased tomato yield from 10-13 per éentomparison to
control, while in canola, the effect of both actw@ on crop maturity and
severity of black legl{eptosphaeria maculans) disease infection was non-
significant. Similar results have been reportedilyar et al. (1997) and
Pervaizet al. (2002) who found that application of Actigard™su#ed in

significantly lower disease severity.
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MATERIALS AND METHODS

The present study was conducted during 2007-08-®e Division
of Plant Pathology, SKUAST-K, Shalimar. The matsriand methods
relating to the objectives of the study are desdilbinder the following

heads:
3.1 Status of the disease

The survey for the disease status was carriethaéven districts of
Kashmir valley, namely, Bandipora, Baramulla, BudgaGanderbal,
Kulgam, Pulwama and Shopian during late AugustKpesaiod of disease)
in the 2007 and 2008. Random selection of threéeamghards from three
sites per district was done for the purpose. Freed selected randomly
from these orchards were surveyed each year foordew disease
incidence as well as intensity. The disease incdewas recorded by
counting the number of diseased leaves among taernamber of leaves
on randomly selected four branches in four direxiof each tree, using the

following formula:

Disease incidence (%) No. of infected leaves x 100

Total No. of leaves assessed




The disease intensity was recorded by visual obsierv using 0-5
scale (Filajdic and Sutton, 1991). Six categoriesenmade on the basis of

per cent leaf area diseased (Plate 1) as per libeviiog key:

Category Numerical value Criteria

I 0 No symptoms

I 1 0 - 3% leaf area covered with lesions

[l 2 4 - 6% leaf area covered with lesions

v 3 7 - 12% leaf area covered with lesions

V 4 13 - 25% leaf area covered with
lesions

VI 5 26 - 50% leaf area covered with
lesions or chlorotic leaf with petiole
infection

Per cent disease intensity (PDI) was calculatqueashe formula:

. . : _ Sum of all the numerical ratings
Per cent disease intensity —= - - - x 100
Number of leaves examined x maximum disease rating

Diseased apple leaves collected from surveyed suere studied

under stereobinocular microscope to record the ifff@onychus ulmi)

population.

3.2  Variability study
Variability studies were carried out under thedaling headings:
3.2.1 Collection of samples

During survey for disease assessment apple Idemassusceptible

cultivar Red Delicious exhibiting typical symptomwisAlternaria leaf blotch



Plate 1: Scale (0-5) for assessment of Alternariadf blotch intensity



were collected from twenty one apple orchards acses/en districts of
Kashmir valley,viz., Bandipora, Baramulla, Budgam, Ganderbal, Kulgam,

Pulwama and Shopian.
3.2.2 Isolation and purification of Alternaria mali isolates

For isolation of fungal pathogen, the diseased d&a@a along with
some healthy portion was cut into small bits witsharp sterilized blade.
These bits were surface sterilized in 0.1 per osgricuric chloride (HgG)
for about 30 second followed by three washing erilized distilled water
to remove the last traces of mercuric chloride (3tdn and Booth, 1983).
After blotting dry with sterilized filter paperdheése bits were transferred to
sterilized potato dextrose agar medium (PDA) inrilted petriplates.
Three such bits were placed in each petriplatesiacubated for seven

days at 24+3C.

The isolates were purified through single spomdatson technique
(Johnston and Booth, 1983) by transferring gernmgatconidia to
petriplates containing sterilized potato dextrogaraPDA) medium. The
pure cultures were maintained on PDA slants andedtat 4C in a

refrigerator.
3.2.3 Pathogenicity

Pathogenicity of the isolates was carried out aeun



3.2.3.1 Preparation of inoculum

The isolates ofA. mali, were multiplied on potato dextrose agar
medium for 10 days at 24%T in BOD incubator. After 10 days of
incubation, spore suspension was prepared by fhgodulture plate with
sterilized distilled water, scraping with a sted razor blade, straining
through a double layer of sterile cheesecloth iatd50 ml flask, and
adjusting the spore concentration with haemocytemeet 4 x 18 conidia
per millilitre. The prepared conidial suspensionserev used for

pathogenicity.
3.2.3.2 Pathogenicity

Pathogenicity of fungus was carried out through tddbked leaf
technique” (Melouk and Banks, 1978) with slight nimadtions on Red
Delicious cultivar. Healthy leaves were collectedshed thoroughly under
running water, followed by three washings in sisedl water. After mild
rinsing of leaf surface with sterilized water, tleaves were dried with a
laboratory towel and placed in petriplates. Eadhiglate was lined with a
wet blotter paper on the bottom for maintaininghhigumidity. A set of
three leaves, injured, uninjured and control wascgdl in each petriplate.
The leaves were inoculated (outside the petriplategh a conidial

suspension (4 x £8pores/ml) with an atomizer to the whole surfacéhef



injured and uninjured leaves, while as control wagwayed with the
sterilized water. Leaves in the petriplates weneilrated at 24C in BOD

incubator with 12 hour dark and 12 hour light atiuent and monitored for
symptom development. Re-isolations of the pathogere carried out and

compared with original inoculum to satisfy Kochsspulates.
3.2.4 Maintenance ofAlternaria mali isolates

Maintenance of the pathogenic isolates was caoigdoy repeated

sub culturing.
3.2.5 Cultural variability

Study for cultural variability among the twenty eomsolates was

made on the basis of:
3.2.5.1 Type and colour of colony

5 mm mycelial discs of 7 days old culture were gfarred to the
centre of PDA plates and incubated at Z€t1Three replications were
maintained for each isolate. Colony charaetertype, colour and margins
were recorded after 10 days of growth. Reverse sfdeultural plate of

each fungal isolate was observed to record colowrnalerside of the plate.
3.2.5.2 Growth rate of fungus

To provide a uniform assessment of pathogen groats, isolates



were cultured on PDA in 90 mm Petri plates. A twepsinoculation
method was performedlternaria mali isolates from the stored collection
were initially inoculated onto PDA and followingitable growth of each
isolate, 5 mm fungal discs from the periphery afags old fungal isolates
were transferred to the centre of PDA Petri plafBise isolates were
incubated at 24+C. The colony diameter was recorded 6 2", 6", 8"
and 10" day after incubation by taking two perpendiculagasurements
and their average calculated. The experiment wdsitaCRD with three

replications.
3.2.6 Morphological variability

Ten days old cultures of all the twenty one issdagirown on PDA
were studied for any morphological variations. Tenapy mounts were

studied under compound microscope with respeailiowing characters:

Hyphae : Colour, width
Conidiophore : Septation, colourgsiz
Conidia ; Septation, colairze, shape

Measurements were taken with the help of softwasgmis Pro. MLX
Series, New Delhi, India. Fifty recordings per regiion were made for the

purpose.



3.2.7 Pathogenic variability

Pathogenic variability among the isolates wasiedrout through
“Detached leaf technique” on susceptible Red Dalisi cultivar. The
experiment was carried out by employing the tedmmigimilar to that
adopted for determining the pathogenicity test.ubation period was
recorded on the appearance of the first symptomilewds number of
lesions and size of lesions were recorded 10 diégrsiaoculation. The size
of lesion was recorded by taking two perpendicolaasurements and their
average was calculated. The experiment was lailCRD with three

replications.

3.2.8 Data analysis of similarity of isolates on # basis of cultural,
morphological and pathogenic characters

All the data in the Tables (Table 4-12) of cultunadorphological
and pathogenic variability was digitalized into \@motdiscrete-character-
matrix (O and 1 for absence and presence of acpéti character,
respectively). The binary data of the table 4, 8 4h was generated on the
basis of presence or absence of a particular cleardde binary data of the
Table 5, 7, 8, 9, 10 and 12 was generated on tkis bacritical difference
(CD). The data of all the characters was combi@#rdracters that could be
scored univocally for presence and absence wereded in analysis.

Binary matrices were analyzed by NTYSYS-PC 2.1 d&idhilarity



coefficient was used to construct dendrogram usBt$AN clustered
programme, selecting the unweighted paired groughodeof arithmetic

average (UPGMA) in NTYSYS-PC V 1.8 (Rohlf, 1993).
3.2.9 Molecular characterization

The genetic diversity ofAlternaria mali isolates associated with
Alternaria leaf blotch of apple was studied by emgpig random amplified

polymorphic DNA (RAPD) technique (Williamet al., 1990).
3.2.9.1 Extraction of genomic DNA

Fungal mycelia were grown in conical flasks camtag 100 ml
potato dextrose broth. For this potato dextroséhbnas inoculated with 2
plugs of 7 days old culture and incubated at 2@+fbr 6-7 days. Mycelia
were harvested by filtration through a double lagesterilized filter paper.
The agar plugs were removed and resultant myceled doetween two
layers of filter paper in a laminar air flow cabirend stored at —8C for
further use. Total genomic DNA of each isolate wasacted using CTAB
method (Murray and Thompsph980) with minor modifications. The dried
mycelium was first ground to fine power in liquidrogen using pre-chilled
pestle and mortar. The powder was immediately teared to 1.5 ml
micro-centrifuge tube containing 7Q0 of extraction buffer (100 mM Tris

HCI pH 8.0, 1.4 M NaCl, 20 mM EDTA pH 8.0, 2% CTAB% PVP and



0.5% B-mercaptoethanol) and incubated for 1 hr in a sitakrater bath at
65°C. To each tube, equal volume (709 of chilled chloroform: isoamyl
alcohol (24:1) was added. The contents were mikedotghly and tubes
spun at 10,000 rpm for 15 min in cooling centrifu@g@gma Laboratory
Centrifuges, Sartorius) af@. Aqueous phase was then transferred to new
tube and equal volume of pre-chilled isopropanaleadand kept at -2G
overnight. The tubes were then centrifuged at XD,@n for 10 minutes
and supernatant decanted. The DNA pellets wereadatrice with 70 per
cent ethanol, dried and dissolved in 20@f TE buffer (10 mM Tris HCI
pH 8.0 and 1 mM EDTA, pH 8.0). RNase was added @ud/@énl (MBI
Fermentas Life Sciences) and emulsion was inculfate? hours at 3C.

DNA was stored at -8C (Deep Freezer Co. Pvt. Ltd.) for further use.
3.2.9.2 Primer selection

Thirty 10 mer and twelve 20-mer oligonucleotidenmrs (Operon
Technologies Inc., Alameda, CA, Sigma Genosys) veereened with 2
randomly selected isolates for polymorphism. Themers showing
consistency in polymorphism among the isolates veetected for RAPD
profiling of all the 21 Alternaria mali isolates. The base sequences of

primers used for screening are listed in Table 14.



3.2.9.3 PCR conditions for RAPD

The PCR was carried out in 0.2 ml PCR tube withuP%eaction
volume containing 1x buffer (20 mM Tris-HCI pH 8.80 mM KCI), 1.5
mM MgCl,, 2.0yl ANTP mix (0.2 mM), 1 U offTag DNA polymerase (5
U/ul), (Fermentas Life Sciences),.2 of DNA tempelate (20 ng), 5 pmols

of primer and 17.3ul of sterilized distilled water.

Reaction mixture was vortexed and centrifuged imme&rofuge
(Thermo Scientific, Thermo electron Corporation)m@ifications were
performed using thermal cycler (Whatman Biometra, Gradient,
Goettingen, Germany) programmed for initial deration at 94C for 5
minutes followed by 40 cycles at @ for 1 minute, 37/55C (37°C for
decamer and 5& for twenty-mer) for 1 minute, 72 for 2 minute and a
final extension at 7Z for 5 minutes using fastest ramp time between

transitions.
3.2.9.4 Gel electrophoresis

The amplified PCR products were resolved by ebgpttoresis using
1.2 per cent (w/v) agarose gel in 1X Tris borateTBbuffer (0.5 M Tris,
0.05 M boric acid, 1 mM EDTA, pH 8.0). The gels westained with

ethidium bromide (0.5ug/ml). DNA ladders of 100 bp and Lambda



DNA/EcoR1+Hind Il double digested marker (Fermentas Life Sciences)
were used as markers. The gels were run at 80 Vrferand a half hour

using Consort Power Pack system (Consort EV 215).
3.2.9.5 Gel Images

The gel images were captured using a combinatiotJlgbicam
Digital Imaging (A 650 Canon Camera) and ElectronidV
Transilluminator  (Ultra.Lum.Inc, 1480 N, ClaremonBoulevard,

Claremont, CA).
3.2.9.6 Data analysis

Four most polymorphic and reproducible primeiz P13, U2, U3
and U9 were used for RAPD profiling. The band pattebtained from
agarose gel electrophoresis was digitalized tonarigimatrix (O and 1 for
absence and presence of RAPD-bands, respectivéhg. data of all
primers were combined. Bands that could be sconaaoally for presence
and absence were included in analysis. Binary oesrivere analyzed by
NTYSYS-PC 1.8 and Dice coefficient was used to troics dendrogram
using SHAN clustered programme, selecting the ugkted paired group
method of arithmetic average (UPGMA) in NTYSYS-PCI\8 (Rohlf,
1993). The dendrogram with best fit to similarityatmx based on

cophenetic value (COPH) and matrix comparison (MXG® was chosen.



3.3  Screening of cultivars

Potted plants of the commercially important cuats of the apple
viz. Akbar, American Apirouge, Firdous, Golden Deliesp Gulshan, Lal
Ambri, Red Delicious, Red Gold, Shireen, Spartaar £€rimson, Sunheri,
and White Dotted Red were assessed for diseasasityteluring the year
2008 and 2009. Most virulent isolate (Am-1) recaraiuring the earlier
experiment of pathogenic variability was used ftmesning these cultivars.
Single spore isolate of Am-1 was allowed to grow Todays on PDA at
24+1°C. Spore suspension of 4 x*Ibnidia / ml was prepared adopting the
method as discussed earlier in ‘preparation ofuhon’ and two to three
drops of tween 20 were added to the suspension.yBaoold plants were
inoculated by spraying the spore suspension on leathsurfaces to the
drip point with an atomizer. Before inoculationite(0.5%) was applied to
the leaves of the plants with the help of a brustoculation of plants was
carried out under polyhouse conditions for mainteeaof humidity. Forty
eight hours after inoculation plants were movedofen under natural
conditions. The experiment was laid in randomizkxsth design with five
replications for each cultivar. Plants were kepdem observation for
symptom expression and 10 days after the first sgmpdevelopment,

disease intensity was assessed by adopting scatks@asssed earlier in



‘status of the disease’ chapter 3. The cultivaraleated were arbitrarily
categorized into five different reaction groupsdBrad, 2003) on the basis

of percent disease index (PDI) with some modifaadias under:

Reaction category Percent disease index
(PDI)
Highly resistant 0.1-1.0
Resistant 1.1-5.0
Moderately resistant 5.1-10.0
Susceptible 10.1-20.0
Highly susceptible > 20.0

3.4  Efficacy of systemic acquired resistance (SARctivators for the
management of disease

Seven SAR inducing compounglizz. 2, 6-dichloroisonicotinic acid
(INA), benzothiadiazole S-methyl ester (BTHRB-aminobutyric acid
(BABA), K,HPQ, K3PO, Ca(OH) andCaCQ were evaluated against the
most virulent isolate (Am-1) of the pathogen ontgadtplants cv. Red
Delicious under controlled conditions (Plate 1b¢siplants were divided
in two sets each for chemical sprays 48 hrs befpoge inoculation and 48
hrs after spore inoculation. Inoculum was providedthe test plants by

spraying with spore suspension of seven days dtdreu Spore inoculation



was made in the same manner as in the case ofnsweef cultivars.
Before inoculation celite (0.5%) was applied to lbaves of the plants with
the help of a brush. INA and BTH were tested at Bl) and 200 ppm
concentration, BABA at 500, 1000 and 2000 ppmHRO, K3PO,
Ca(OH) andCaCQ at 25, 50 and 100 mM. Penconazole at 300, 400 and
500 ppm concentration served as standard check eatewater was
sprayed on check plants. Three replications weréentaiaed for each
treatment. All the chemicals were sprayed to theoffuwith an atomizer.
Data on disease intensity was recorded 15 days gftge inoculation as
discussed earlier in ‘status of the disease’ chaptd he experiment was

laid in CRD with three replications.
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CHAPTER -4
EXPERIMENTAL FINDINGS

The experimental findings of the research workm@esented under

following heads:
4.1  Status of the disease

The disease survey was conducted in seven dsstoctKashmir
valley, namely, Bandipora, Baramulla, Budgam, Gabnale Kulgam,
Pulwama and Shopian during late August in 2007 20@8 and disease

incidence and intensity was recorded.
4.1.1 Disease incidence

The overall mean disease incidence recorded @7 2¢as 39.05 per
cent as compared to 45.18 per cent in 2008 (Tgblalternaria leaf blotch
disease was prevalent in all the seven distriatgeyed with highest disease
incidence of 51.94 percent in district Pulwamadakd by 47.99 percent in
district Ganderbal. In Budgam, Kulgam, Baramulla &andipora districts
the disease incidence was 45.13, 44.32, 43.30 &h@53per cent,
respectively. The lowest disease incidence of 2petScent, irrespective of
years was recorded in district Shopian. During 2@b& disease incidence

varied from 22.85 per cent in district Shopian 838 per cent in district



Pulwama and during 2008 it varied from 28.14 pert @@ Shopian to 55.51

per cent in Pulwama.

The site-wise pooled data revealed the highesiades incidence of
68.74 per cent in Batwina of district Ganderbal f€éal). This was
followed by 55.48 per cent in Pinglena of distittlwama, 52.88 per cent
in Sehpora of district Kulgam and 51.56 per centBabber of district
Pulwama. The least disease incidence of 19.33 @er was recorded in
Kachdoora (Distt. Shopian) followed by 22.18 pentcen Imam sahib
(Shopian) and 32.32 per cent in Lar (Ganderbal® disease incidence of
sites ranged from 17.38 to 65.22 per cent in 200¥ 21.28 to 72.26 per
cent in 2008. During both the years lowest diseaselence was recorded
in Kachdoora (Shopian) and highest disease inceleilc Batwina
(Ganderbal). In district Bandipora, Aloosa recordbd highest disease
incidence of 37.63 per cent while Bagh recordedltineest of 34.97 per
cent. In district Baramulla highest disease inct#eaof 46.11 per cent was
recorded in Tarzoo and lowest of 40.63 per cenPattan. In district
Budgam, Zaloosa recorded the highest disease muadef 47.31 per cent
while Chrawni recorded the lowest of 43.30 per céndistrict Ganderbal
highest disease incidence of 68.74 per cent wawded in Batwina and

lowest of 32.32 per cent in Lar. In didsicof Kulgam, Pulwama and



Table 1:

Disease incidence of Alternaria leaf blott of apple cv.
Red Delicious in Kashmir valley

Disease incidence (%)
District Site Pooled
2007 2008 Mean
Bandipora | Bagh 31.94 38.01 34.97
Aloosa 34.86 40.41 37.63
Asham 35.21 39.48 37.34
Mean 34.00 39.3 36.65
Baramulla Pattan 36.34 44.92 40.63
Tarzoo 43.57 48.65 46.11
Sopore 41.08 45.27 43.17
Mean 40.33 46.28 43.30
Budgam Chrawni 38.34 48.27 43.30
Zaloosa 42.71 51.91 47.31
Chadoora 43.14 46.44 44.79
Mean 41.39 48.87 45.13
Ganderbal | Lar 30.29 34.36 32.32
Batwina 65.22 72.26 68.74
Gulab Bagh 40.36 45.50 42.93
Mean 45.29 50.70 47.99
Kulgam Vokia 39.20 45.17 42.18
Amnoo 33.98 41.83 37.90
Sehpora 50.29 55.47 52.88
Mean 41.15 47.49 44,32
Pulwama Tral 45.97 51.61 48.79
Babber 47.62 55.51 51.56
Pinglena 51.56 59.41 55.48
Mean 48.38 55.51 51.94
Shopian Memender 31.25 38.73 34.99
Kachdoora 17.38 21.28 19.33
Imam Sahib 19.94 24.43 22.18
Mean 22.85 28.14 25.49
Overall Mean 39.05 45.18 42.11




Shopian highest disease incidence was recordedehpda (52.88%),
Pinglena (55.48%) and Memender (31.25%), while @se$t disease
incidence was recorded in Amnoo (37.90%), Tral {98) and Kachdoora

(19.33%) respectively.
4.1.2 Disease intensity

The data presented in Table 2 revealed that dwdisgase intensity
of 24.38 per cent recorded in 2008 was higher a0 per cent recorded
in 2007. The pooled data showed that highest desedsnsity of 26.34 per
cent was recorded in Pulwama followed by 25.48 qaart in Ganderbal.
The lowest disease intensity of 12.52 per cengspective of years was
recorded in district Shopian. The disease intensit23.58, 23.23, 21.68
and 19.00 per cent was recorded in Budgam, Kulg@aramulla and
Bandipora, respectively. The disease intensityistridts ranged from 11.36

to 22.30 per cent in 2007 and 13.69 to 30.36 petrioe2008.

Disease intensity in different sites varied frorB3to 30.32 per cent
in 2007 and 10.10 to 36.91 per cent in 2008 (T&hleThe pooled data
revealed that the disease intensity varied froml ®233.62 per cent with
the highest in Batwina (Ganderbal) followed by &7p&r cent in Pinglena
(Pulwama), 26.90 per cent in Tarzoo (Baramulla)826er cent in Babber

(Pulwama), 26.11 per cent in Zaloosa (Budgam) ab@4 per cent in



Gulab bagh (Ganderbal). The lowest disease inten§i®.21 per cent was
recorded in Kachdoora (Shopian) while as it wa®7d2er cent in Imam
sahib (Shopian), 15.40 per cent in Memender (Sind@ad 16.36 per cent
in Aloosa (Bandipora). In Bandipora highest diseasensity of 22.31 per
cent was recorded in Asham followed by 18.32 pet ce Bagh and 16.36
per cent in Aloosa. In Baramulla, Tarzoo recordweel disease intensity of
26.90 per cent followed by 20.50 per cent in Pagtad 17.63 per cent in
Sopore. Out of the three sites surveyed in Budgéeigosa recorded the
highest disease intensity of 26.11 per cent, wdslé€Chadoora and Chrawni
recorded 22.56 and 22.09 per cent, respectivelyGaémderbal highest
disease intensity of 33.62 per cent was recorddghtwina and the lowest
of 16.98 per cent in Lar. Gulab bagh recorded thease intensity of 25.84
per cent. In Kulgam, Amnoo recorded the highestale intensity of 24.31
per cent followed by 22.89 per cent in Vokai and4®2oer cent in Sehpora.
In Pulwama highest disease intensity was recordeeinglena (27.65%),
followed by Babber (26.81%) and Tral (24.54%). lhofian highest
disease intensity of 15.40 per cent was recordéddemender followed by
12.97 per cent in Imam sahib and 9.21 per cent iachidoora.
Comparatively higher miteP@nonychus ulmi) population was observed at

sties with higher disease intensities.



Table 2: Disease intensity of Alternaria leaf blotb of apple cv. Red
Delicious in Kashmir valley

Disease intensity (%)
District Site Pooled
2007 2008 Mean
Bandipora | Bagh 15.72 20.93 18.32
Aloosa 13.35 19.37 16.36
Asham 19.98 24.65 22.31
Mean 16.35 21.65 19.00
Baramulla Pattan 18.36 22.65 20.50
Tarzoo 23.69 30.12 26.90
Sopore 15.28 19.98 17.63
Mean 19.11 24.25 21.68
Budgam Chrawni 18.29 25.89 22.09
Zaloosa 22.80 29.42 26.11
Chadoora 20.62 24.50 22.56
Mean 20.57 26.60 23.58
Ganderbal | Lar 15.17 18.79 16.98
Batwina 30.32 36.91 33.62
Gulab Bagh 20.51 31.18 25.84
Mean 22.00 28.96 25.48
Kulgam Vokia 20.59 25.19 22.89
Amnoo 24.62 24.01 24.31
Sehpora 18.87 26.12 22.49
Mean 21.36 25.10 23.23
Pulwama Tral 21.53 27.55 24.54
Babber 24.52 29.11 26.81
Pinglena 20.87 34.44 27.65
Mean 22.30 30.36 26.34
Shopian Memender 14.49 16.32 15.40
Kachdoora 8.33 10.10 9.21
Imam Sahib 11.27 14.67 12.97
Mean 11.36 13.69 12.52
Overall Mean 19.00 24.38 21.68




4.2  Variability study

Variability amongst the pathogenic isolates wasoréded with

respect to cultural, morphological, pathogenic anudecular characters.
4.2.1 Isolation and purification of Alternaria mali isolates

A total number of 21 isolates éfternaria mali were obtained from
21 different sites of the seven districts surveysdlations were made from
diseased leaf tissue of apple cultivar “Red Delisio After 48 hours
incubation of diseased leaf tissue on PDA mediur@4atl°’C, hyaline to
light olivacious mycelial growth was observed. Thailtural and
morphological characters of the isolated fungusellp resembled to those

described by Roberts (1924).
4.2.2 Pathogenicity and maintenance dflternaria mali isolates

Pathogenicity tests of isolated fungi on injuredd auninjured
detached leaves of Red Delicious apple cultivaeaéd the development
of typical disease symptoms on injured leaves witl2-7 days of
inoculation. However, no such symptoms developeduoimjured leaves
even after 15 days of inoculation. Reisolation frimse infected leaves
yielded the fungi similar to inoculated ones thusfilfing the Kochs

postulates.



The pathogenic cultures were maintained by subwing at
monthly intervals and stored in a refrigerator farther studies. Thus
twenty one isolates dlternaria mali obtained from different sites satisfied

Kochs postulates and were named Am-1 to Am-21 (Table 3)
4.2.3 Cultural variability

Isolates ofAlternaria mali differed with respect to their cultural
characteristics. The characters. type and color of colony, growth rate of

fungus and pigmentation were recorded.
4.2.3.1 Type and color of colony

The A. mali isolates grown on PDA showed variation in theiroog
characteristics (Table 4). Colony colour variedhirlight to dark olivacious
with greenish or brownish tinge. Mostly the colaniead velvety or cottony
mycelial growth with regular to irregular marginlgfe 2-3). Colonies
developed were either cottony or velvety with dighariations. The
velvetty growth was observed in thirteen isolatess Am-1, Am-2, Am-4,
Am-5, Am-8, Am-11, Am-12, Am-14, Am-15, Am-16, Am#l1 Am-18,
Am-20 and cottony type of growth in eight isolatés Am-3, Am-6, Am-
7, Am-9, Am-10, Am-13, Am-19, Am-21. Among the vety type of
colonies variations recorded were as follows: Appeel growth was

observed in Am-5, Am-11, Am-12, Am-14, Am-15, A6, Am-17, Am-



Origin and naming of Alternaria mali isolates

Isolate name Location District
Am-1 Bagh Bandipora
Am-2 Aloosa
Am-3 Asham
Am-4 Pattan Baramulla
Am-5 Tarzoo
Am-6 Sopore
Am-7 Chrawni Budgam
Am-8 Zaloosa
Am-9 Chadoora
Am-10 Lar Ganderbal
Am-11 Batwina
Am-12 Gulab Bagh
Am-13 Vokia Kulgam

Am-14 Amnoo

Am-15 Sehpora

Am-16 Tral Pulwama
Am-17 Babber

Am-18 Pinglena

Am-19 Memender Shopian
Am-20 Kachdoora

Am-21 Imam Sahib




Table 4:

Cultural variability in Alternaria mali isolates

Colony
Isolate -
Type Colour Margin
Am-1 | Velvety, appressed, sparse | Dark olivaceous green Irregular, light Olivaceous
cottony centre green with white rim
Am-2 | Velvety, cottony central Olivaceous Slightly irregular, Olivaceoy
growth green
Am-3 | Cottony, slightly furrowed | Dark olivaceous, with dark | Regular, cottony brownish
with appressed centre centre margin with whitish rim
Am-4 | Velvety, with cottony centrall Olivaceous green Slightly irregular, Olivaceo
growth green
Am-5 | Velvety, Appressed Light olivaceous green egHlar, light brownish
margin with white rim
Am-6 [ Cottony, with slighty Olivaceous green with Regular, brownish with white
appressed margins grayish surface rim
Am-7 | Cottony, appressed centre Light olivaceaesq Regular, cottony with white
rim
Am-8 [ Velvety,slightly furrowed Olivaceous with brownish | Irregular, appressed,
with appressed centre centre and grayish surface | Olivaceous green
Am-9 [ Cottony Olivaceous green with Regular, brownish with whitg
grayish surface at centre rim
Am-10 | Cottony Light olivaceous green Regulatfvdgoncentric ring
of white and green, rim whitd
Am-11 | Velvety, appressed Olivaceous green wititavh| Regular, green with grayish
cottony patches rim
Am-12 | Velvety, Appressed Olivaceous Irregulapressed,
Olivaceous with white rim
Am-13 | Cottony, sub-aerial Dark green with greyish | Regular, dirty white margin
surface
Am-14 | Velvety, appressed Olivaceous green Siighiegular, light green
with grayish rim
Am-15 | Velvety, appressed Olivaceous Slightlggular, brownish
with dirty white rim
Am-16 | Velvety, appressed Dark olivaceous green rregular, light Olivaceous
with grayish rim
Am-17 | Velvety, appressed Dark olivaceous green ligh®y irregular, light
Olivaceous with grayish rim
Am-18 | Velvety, appressed Olivaceous green Siighiegular, light green
with grayish rim
Am-19 | Cottony, slightly furrowed Olivaceous Ré&gu cottony olivaceous
with greyish rim
Am-20 | Velvety, appressed Olivaceous green Regular, appressed,
Olivaceous green
Am-21 | Cottony, sub-aerial Greenish with grayishface | Regular, appressed green w

ith

white rim




Plate 2: Cultural variability in Alternaria mali isolates



Plate 3: A close view of Cultural variability in Alternaria mali isolates



18 and Am-20. Am-1 also with appressed growth dmed sparse cottony
centre. Am-2 and Am-4 though velvety had cottonytiad growth. In Am-
8 furrows and central appressed growth was recomlethng the cottony
type of colonies furrows developed in Am-3 and Afy-appressed centre
was recorded in Am-3 and Am-7 and sub-aerial mgteliowth in Am-13

and Am-21. The colony of Am-6 was with slightly apgsed margins.

Isolates studied also varied in colony coloursai@l2-3, Table 4).
Dark olivacious green colonies were observed iedhsolatesiz. Am-1,
Am-16 and Am-17. Four isolatesz. Am-2, Am-12, Am-15, Am-19 were
olivacious, one isolate Am-3 was dark olivacious With dark centre, four
isolatesviz. Am-4, Am-14, Am-18, Am-20 were olivacious greardahree
isolatesviz. Am-5, Am-7, Am-10 were light olive green. Six oaoles
depicted some additional colour variations. Greyssiperficial mycelial
growth was observed on olivacious green colony of-& dark green
colony of Am-13 and greenish colony of Am-21. Gstyipatches were
observed on olivacious green colony of Am-11 wiageAm-9 had grayish
growth only in the centre of olivacious green cgloAm-8 was olivacious

with grayish surface and brownish centre.

The colony margins varied from regular to irreguRlate 2, Table

4). Regular margins were observed in eleven iselate. Am-3, Am-5,



Am-6, Am-7, Am-9, Am-10, Am-11, Am-13, Am-19, Am-28m-21. Four

isolates (Am-1, Am-8, Am-12, Am-16) had irregularamins and
remaining six (Am-2, Am-4, Am-14, Am-15, Am-17, Afk8) were with

slightly irregular margins. Margins were light aisious in Am-16 and Am-
17, olivacious in Am-12 and Am-19, light olive gremn Am-1, olive green
in Am-2, Am-4, Am-8 and Am-20, light green in Am-a%d Am-18, green
in Am-11 and Am-21. Am-5 developed light brown masgand brown was
observed in Am-3, Am-6, Am-9 and Am-15. Dirty whiteargins were
observed in Am-7 and Am-13 and margins with coreemings of white

and green in Am-10. In some cases margins werewelll by white or grey

rim.
4.2.3.2 Growth rate of fungus

All the isolates tested depicted variation in thgeowth rate
(growth/day) (Table 5). Am-13 with mean growth rae8.21 mm was
fastest but statistically at par with Am-4 (8.08 jimamd Am-6 (8.05 mm).
These were followed by Am-9, Am-10 and Am-21 witlean growth rate
of 7.99, 7.83 and 7.82 mm, respectively. Least ¢ghaate of 5.86 mm was

recorded in Am-5 which was statistically at parhw6t04 mm in Am-8.

Isolates also depicted periodic change in theswgn rates. After 2,

4, 6 and 8 days of inoculation highest growth cdtg.25, 10.75, 13.00 and



Table 5:

Variability in the growth rate of Alternaria mali isolates

Isolate Growth (mm/day) at different intervals

v Daysd 1-2 3-4 5-6 7-8 9-10 | Mean
Am-1 2.25 6.91 9.91 1341 | 4.66 7.42
Am-2 3.50 7.75 10.08 | 13.66 | 0.66 7.13
Am-3 5.25 8.65 11.75 | 12.40 | 0.75 7.76
Am-4 3.25 9.33 10.16 | 16.41 | 1.25 8.08
Am-5 2.66 5.58 8.66 9.75 2.66 5.86
Am-6 3.00 6.30 10.75 | 16.70 | 3.50 8.05
Am-7 1.25 8.50 13.00 | 14.30 | 0.83 7.57
Am-8 2.16 6.10 7.40 10.50 | 4.08 6.04
Am-9 2.75 7.75 10.90 | 13.00 | 5.58 7.99
Am-10 4.00 8.50 9.75 11.66 | 5.25 7.83
Am-11 1.16 8.91 10.58 | 14.25 | 0.16 7.01
Am-12 4.16 8.66 10.83 | 1291 | 1.33 7.57
Am-13 1.75 10.75 | 12.66 | 13.58 | 2.33 8.21
Am-14 4.58 5.50 6.50 18.35 | 2.50 7.48
Am-15 3.66 6.25 10.25 | 12.33 | 2.75 7.04
Am-16 3.75 5.00 9.25 14.30 | 1.58 6.77
Am-17 2.25 7.58 10.33 | 1341 | 341 7.39
Am-18 1.08 5.95 9.50 13.65 | 2.16 6.46
Am-19 3.33 4.16 8.75 10.75 | 5.66 6.53
Am-20 291 6.66 12.25 | 14.75 | 2.16 7.74
Am-21 2.66 9.33 1091 | 1291 | 3.33 7.82
Mean 2.92 7.33 10.19 | 13.47 | 2.69 7.32

CD(p=0.05)

Days : 0.10; Isolate : 0.21; Isolate x Dags48




18.35 mm were recorded in Am-3, Am-13, Am-7 and A#nrespectively.
However after 10 days of inoculation highest growdte of 5.58 mm was
recorded in Am-9. The least growth rate recorded, &, 6, 8 and 10 days
after inoculation was 1.08 mm in Am-18, 4.16 mnmAim-19, 6.50 mm in
Am-14, 9.75 mm in Am-5 and 0.16 mm in Am-11, respety. The
maximum growth rate recorded in Am-3 two days afterculation was
significantly higher than all other isolates. Thenimum growth rate of
1.08 mm recorded after two days of inoculation im-A8 was statistically
at par with 1.16 mm in Am-11 and 1.25 mm in Am-@wever significantly
lower than all other isolates. After 4 days of inlation the highest growth
rate of 10.75 mm (Am-13) and lowest of 4.16 mm (Af)- were
significantly different from all other isolates. @highest growth rate of
13.00 mm recorded six days after inoculation in Amas statistically at
par with 12.66 mm in Am-13, but was significantlgltmer than all other
isolates, while as the growth rate of 6.50 mm reedrin Am-14 was
significantly lowest of all the isolates. The highand lowest growth rate
of 18.35 and 9.75 mm recorded eight days afterulaion in Am-14 and
Am-5, respectively were significantly different fnoall other isolates. After
10 days of inoculation highest growth rate of 558 in Am-9 was
statistically at par with 5.66 mm in Am-19 and 5.8%m in Am-10,

however significantly higher than other isolatebe Towest growth rate of



0.16 mm ten days after inoculation recorded in Almwlas significantly

lower than other isolates.

The overall growth rate was lowest (2.92 mm) aftedays of
inoculation and highest (13.47 mm) after 8 daysnotulation however,
there was an increasing trend of growth rate uftad® but decreased

afterwards (Fig. 1).
4.2.3.3 Colour on underside of the plate

All the isolatesmpregnated the media with a colour mostly grey to
brown with some variations which were clearly visilirom the underside
of plates (Plate 4, Table 6). Three isolates (Am-1, Am-4 and Am-8)
imparted dark grey colour with light grey margihyee isolates (Am-2,
Am-11 and Am-15) were brown with light grey margind two (Am-3 and
Am-10) were smoky grey to dark grey. Am-5, Am-9, A and Am-20
produced smoky grey colour and bluish brown wighiigrey margin was
observed in Am-7 and Am-13. Two isolates (Am-12 ama-14) were light
grey with brown centre and two (Am-18 and Am-21yevikght grey with
dark grey centre. One isolate (Am-6) produced gvely light grey margin
and Am-17 was light brown with light grey margindadark brown centre,
while the colour produced by Am-19 was greyish witht grey margin

and brown centre.



Table 6:

Media impregmentation by various isolateof Alternaria

mali
Isolate colour on underside of the plate
Am-1 Dark grey with light grey margin
Am-2 Brown with light grey margin
Am-3 Smoky grey to dark grey
Am-4 Dark grey with light grey margin
Am-5 Smoky grey
Am-6 Grey with light grey margin
Am-7 Bluish brown with light grey margin
Am-8 Dark grey with light grey margin
Am-9 Smoky grey
Am-10 Smoky grey to dark grey
Am-11 Brown with light grey margin
Am-12 Light grey with brown centre
Am-13 Bluish brown with light grey margin
Am-14 Light grey with brown centre
Am-15 Brown with light grey margin
Am-16 Smoky grey
Am-17 Light brown with light grey margin and darkolwn centre
Am-18 Light grey with dark grey centre
Am-19 Greyish with light grey margin and brown aent
Am-20 Smoky grey
Am-21 Light grey with dark grey centre
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Fig. 1: Variability in the growth rate of Alternaria mali isolates



Plate 4: Variability of Alternaria mali isolates in colour development on
underside of the plate



4.2.4 Morphological variability

Variations were observed amongst the isolates watbpect to
morphological characters like hyphal width and coJoconidiophore

septation, colour and size, and conidial septatiolgur, size and shape.
4.2.4.1 Hyphal width

All the isolates had hyphal strands of varied disiens with mean
hyphal width ranging from 3.28 to 4.28 um (Table Maximum hyphal
width was in Am-4 and minimum in Am-21. However, AMnwas at par
with Am-3 (4.24 pm), Am-1 (4.21 um), Am-5 (4.20 pndm-11 (4.19
um), Am-2 (4.14 ym), Am-9 (4.14 pum), Am-18 (4.12 }irAm-10 (4.09
um), Am-16 (4.09 um), Am-15 (4.02 pm), Am-7 (3.98)1 Am-17 (3.99
um), Am-6 (3.93 um) and Am-8 (3.89 um). Similarlyn®21 was at par
with Am-19 (3.35 pm), Am-20 (3.47 um), Am-14 (3.4i), Am-12 (3.54
um) and Am-13 (3.58 um). Range data revealed @& leyphal width of

2.19 pym in Am-21 and a maximum of 5.37 um in Am-16.

4.2.4.2 Conidiophore variability

Morphological studies of conidiophores revealed variations in the

size and septation amongst the isolates (TableC8hidiophore length
ranged from 33.01 to 62.58 pm with maximum in Amddich was at par

with Am-10 (60.75 pum) but significantly highdrain all the other isolates.



Table 7: Variability in the hyphal width of Alternaria mali isolates

Isolate Hyphal width (um) :

Range Mean
Am-1 3.75-5.20 4.21
Am-2 2.94-4.74 4.14
Am-3 3.81-5.25 4.24
Am-4 3.80-5.32 4.28
Am-5 3.92-4.95 4.20
Am-6 3.25-4.15 3.93
Am-7 3.45-4.20 3.99
Am-8 2.55-4.86 3.89
Am-9 3.65-4.51 4.14
Am-10 3.35-4.16 4.09
Am-11 3.71-4.99 4.19
Am-12 2.74-4.15 3.54
Am-13 2.94-4.12 3.58
Am-14 3.31-3.90 3.51
Am-15 2.78-5.06 4.02
Am-16 3.31-5.37 4.09
Am-17 3.45-4.23 3.99
Am-18 3.55-4.28 4,12
Am-19 2.91-3.87 3.35
Am-20 2.83-4.08 3.47
Am-21 2.19-4.14 3.28

CDp-=0.05) 0.58

* Average of 150 observations
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Table 8 : Variability in the conidiophore of Alternaria mali isolates
Conidiophore
Isolate Length (um) Breadth (um) Septation (No.)
Range Mean Range | Mean | Range | Mean
Am-1 33.54-55.38 47.26 3.48-5.09| 4.65 0-7 4.44
Am-2 42.35-59.69 55.66| 3.85-5.474.40 1-5 3.08
Am-3 32.44-49.35 42,91 3.35-5.534.70 1-6 4.43
Am-4 36.57-54.61 47.76 3.47 -5.404.60 1-9 4.54
Am-5 40.28-56.29 50.59| 3.36-4.954.62 0-8 5.90
Am-6 41.32-58.65 53.72| 4.06 - 5.624.57 1-5 4.06
Am-7 48.25-61.25 57.13 3.81-5.474.67 1-6 4.35
Am-8 34.55-50.43 43.61| 4.27-5.054.60 1-7 4.78
Am-9 49.27-68.18 62.58| 3.38-5.154.42 0-5 3.46
Am-10 | 47.49-65.41 60.75 3.67 -5.24 4.45 1-4 3.69
Am-11 | 47.31-61.47 55.81| 3.36-4.954.38 1-6 4.74
Am-12 | 33.29-53.68 42.59| 3.49-5.08 4.54 1-7 5.14
Am-13 | 36.29-55.22 45.59| 3.65-5.24 4.57 1-6 5.23
Am-14 | 27.28-44.95 33.01| 4.20-5.34 4.46 0-4 3.28
Am-15 | 30.25-50.26 38.18| 3.68-5.064.39 2-9 5.64
Am-16 | 28.01-49.88 37.50| 3.36-4.78 4.03 1-4 3.09
Am-17 | 26.99-52.91 41.06| 2.19-4.70 3.86 2-6 4.27
Am-18 | 28.71-44.21 34.03 3.21-4.68 4.00 1-5 4.19
Am-19 | 31.32-48.76 39.21| 2.55-4.633.38 0-6 4.21
Am-20 | 28.21-48.58 36.92| 2.79-4.41 3.30 1-8 3.94
Am-21 | 28.15-55.45 39.89| 2.35-3.59 3.45 0-6 4.32
CD¢ - 0.05) 4.44 0.59 0.77

* Average of 150 observations



Minimum conidiophore length (33.01 um) was recordedm-14 which
was at par with Am-18 (34.03 um) and Am-20 (36.92) |but significantly
lower than all the other isolates. Range data ef ¢bnidiophore length
revealed the maximum of 68.18 pm in Am-9 and theimim of 26.99 um

in Am-17.

Similarly mean conidiophore breadth varied fror803to 4.70 um
amongst the isolates (Table 8). The least was in2@mvhich was at par
with Am-19 (3.38 um), Am-21 (3.45 pum) and Am-178@.um). The
maximum was in Am-3 which was at par with fourtexther isolatesiz
Am-7 (4.67 um), Am-1 (4.65 pm), Am-5 (4.62 um), Ahand Am-8 (4.60
um), Am-6 and Am-13 (4.57 um), Am-12 (4.54 um), Ad<(4.46 um),
Am-10 (4.45 pm), Am-9 (4.42 pm), Am-2 (4.40 pm), Arb (4.39 pm)
and Am-11(4.38 pum). Range data of the conidiophHmeadth showed
maximum breadth (5.62 pm) in Am-6 and the minim@1.9 pum) in Am-

17.

Studies on conidiophore septation revealed thatbAmad maximum
mean septation (5.90) which was at par with Am-A%4), Am-13 (5.23)
and Am-12 (5.14). The least mean septation wasnir2A(3.08) but was at
par with Am-16 (3.09), Am-14 (3.28), Am-9 (3.46) calm-10 (3.69).

Conidiophore septation among the isolates rangech f0 to 9 (Plate 5).



Plate 5: Conidiophore septation ofAlternaria mali



Aseptate conidiophores were observed in Am-1, ArA+§;9, Am-14, Am-

19 and Am-21. The highest number of septa (9) wesrded in Am-4.
4.2.4.3 Conidial septation

Isolates varied significantly in their transversedalongitudinal
septation (Table 9) with transverse septation rapgrom 1 to 7 and
longitudinal from O to 4 (Plate 6). The highest meammber of transverse
septa (2.95) was observed in Am-6 which was atwidr Am13 (2.92),
Am-18 (2.78), Am-21 (2.77) and Am-5 (2.75). The &stmean number of
transverse septa (1.76) was in Am-8 but was awihr2.00 in Am-15. The
highest mean number of longitudinal septa (1.123 imaAm-1 and was at
par with 1.04 in Am-6, while the lowest (0.22) wasAm-14 which was at
par with 0.33 in Am-8. Conidia with one transvessptum were observed
in all the isolates, while the maximum of 7 wasAim-18. Conidia with no
longitudinal septa were observed in all the isalatehile the maximum of

4 was in Am-3, Am-5, Am-9 and Am-12.
4.2.4.4 Conidial size

Average conidial size of isolates varied from 2133674 pm x 8.34-
14.48 pm (Table 10). The average maximum conidiagth (31.74 um)
observed in Am-13 was significantly higher than esthsolates, while

minimum conidial length (21.36 um) in Am-16asvat par with Am-15



Table 9: Variability in the conidial septation of Alternaria mali

isolates
isolate Transverse septa (N?') Longitudinal septa (No.)
Range Mean Range Mean*
Am-1 1-4 2.26 0-3 1.12
Am-2 1-4 2.09 0-3 0.36
Am-3 1-4 2.42 0-4 1.00
Am-4 1-5 2.45 0-3 1.00
Am-5 1-6 2.75 0-4 0.91
Am-6 1-5 2.95 0-3 1.04
Am-7 1-4 2.30 0-3 0.45
Am-8 1-4 1.76 0-3 0.33
Am-9 1-5 2.20 0-4 0.76
Am-10 1-4 2.19 0-3 0.42
Am-11 1-6 2.55 0-3 0.92
Am-12 1-5 2.61 0-4 0.92
Am-13 1-5 2.92 0-3 0.89
Am-14 1-4 2.61 0-3 0.22
Am-15 1-4 2.00 0-3 0.64
Am-16 1-5 2.30 0-3 0.46
Am-17 1-4 2.18 0-3 0.76
Am-18 1-7 2.78 0-3 0.89
Am-19 1-4 2.29 0-3 0.54
Am-20 1-4 2.33 0-3 0.51
Am-21 1-5 2.77 0-3 0.70
CDp-=0.05 0.24 0.11

* Average of 150 observations
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Table 10 :

Variability in the conidial size ofAlternaria mali isolates

Length (um)

Breadth (um)

Isolate
Range Mean* Range Mean*

Am-1 11.32 - 28.17 26.73 8.23-16.01 12.01
Am-2 10.01 - 25.71 23.32 6.22 - 15.82 10.67
Am-3 11.57 - 31.17 27.17 8.12 - 16.07 11.04
Am-4 14.16 - 39.06 26.71 6.63 - 13.40 9.97
Am-5 11.08 - 26.73 23.92 7.66 - 12.24 10.14
Am-6 10.57 - 24.78 22.74 6.87 - 13.42 9.89

Am-7 11.10 - 25.22 22.99 6.23 - 14.42 9.41

Am-8 9.79 - 22.85 22.26 5.57 - 14.28 9.63

Am-9 18.73 - 34.84 26.66 9.03 - 20.02 14.44
Am-10 12.35 - 26.89 23.57 7.68 - 13.53 10.42
Am-11 12.58 - 35.41 26.92 8.04 - 14.49 10.8¢
Am-12 9.72 - 32.23 26.49 6.04 - 15.35 11.02
Am-13 19.10-49.12 31.74 7.68 - 14.15 11.66
Am-14 11.04 - 29.27 24.91 6.93 - 13.97 9.83
Am-15 10.52 - 24.41 21.91 6.21 - 15.05 10.1%
Am-16 10.46 - 28.38 21.36 6.58 - 12.26 8.34
Am-17 15.72 - 31.46 28.13 8.57 -17.39 13.0¢
Am-18 9.95 - 27.23 22.44 7.73-16.01 11.4(
Am-19 11.06 - 31.00 25.64 7.78 - 15.21 11.03
Am-20 17.19 - 31.03 26.33 9.19 - 14.497 11.81
Am-21 12.13 - 35.89 28.05 8.12 - 16.25 12.1%
CDp-=0.05 2.52 2.03

* Average of 150 observations



(21.91 pm), Am-8 (22.26 pm), Am-18 (22.44 um), An@@@.74 pm), Am-
7 (22.99 um), Am-2 (23.32 um) and Am-10 (23.57 prAkerage
maximum conidial breadth of 14.48 um was obsermedAm-9 which was
at par with 13.08 um in Am-17 but significantly hay than other isolates,
while the minimum conidial breadth of 8.34 um obserin Am-16 was at
par with 9.41 pm in Am-7, 9.63 um in Am-8, 9.83 imAm-14, 9.89 um
in Am-6, 9.97 um in Am-4, 10.14 pm in Am-5 and ®m in Am-15.
Least conidial length (9.72 um) and breadth (5.6Y) was in Am-12 and
Am-8, respectively while highest length and bread#s in Am-13 (49.12

pm) and Am-9 (20.02 pum), respectively.
4.2.4.5 Colour morphology

The colour of hyphae, conidiophore and conidiasolates varied
around olive colour (Table 11). Hyphae of sevetaigsviz.,, Am-1, Am-2,
Am-6, Am-9, Am-10, Am-11 and Am-15 were nearly hgal and five
isolates (Am-3, Am-4, Am-17, Am-18 and Am-21) wedark olive.
Hyphae of four isolates (Am-5, Am-7, Am-12 and A®)ivere olive green
and five isolates (Am-8, Am-13, Am-14, Am-19 and A®) had light
olive green hyphae. Nearly hyaline conidiophoresewabserved in Am-1,
Am-2, Am-6, Am-7, Am-10, Am-16, Am-20 and Am-21 addrk olive in

Am-4, Am-5, Am-13, Am-15 and Am-19. Conidiophonrgsre olive green



Table 11 :

Alternaria mali isolates

Variability in colour morphology and condial shape of

Color morphology of Alternaria mali

Isolate Conidial shape
Hyphae |Conidiophore| Conidia

Am-1 NH NH LOG | Muriform, obclavate, ovate to round

Am-2 NH NH OG | Muriform, obclavate, oval to
ellipsoidal

Am-3 DO LOG oG Muriform, obclavate, ovate to roung

Am-4 DO DO DO | Muriform, obclavate, oval to
ellipsoidal

Am-5 oG DO DOG | Muriform, obclavate, ovate to round

Am-6 NH NH LOG | Muriform, obclavate, oval to
ellipsoidal

Am-7 oG NH DOG | Muriform, obclavate, ovate to round

Am-8 LOG LOG LOG | Muriform, obclavate, pyriform

Am-9 NH oG oG Muriform, obclavate, ovate to round

Am-10 NH NH LOG Muriform, obclavate, ovate to raln

Am-11 NH oG DOG | Muriform, obclavate, ovate to rdun

Am-12 oG LOG DO | Muriform, obclavate, oval to
ellipsoidal

Am-13 LOG DO DO [Muriform, obclavate, oval to
ellipsoidal

Am-14 LOG LOG DOG | Muriform, obclavate, pyriform

Am-15 NH DO DOG | Muriform, obclavate, pyriform

Am-16 oG NH oG Muriform, obclavate, pyriform

Am-17 DO LOG DO Muriform, obclavate, ovate to roun

Am-18 DO LOG oG Muriform, obclavate, ovate to rdun

Am-19 LOG DO OG |Muriform, obclavate, oval to
ellipsoidal

Am-20 LOG NH DO Muriform, obclavate, pyriform

Am-21 DO NH DO Muriform, obclavate, pyriform

Dark olive: DO; Dark olive green: DOG; Nearly hyai NH; Olive green: OG; Light olive green: LOG



in Am-9 and Am-11 and light olive green in Am-3, ASnAm-12, Am-14,
Am-17 and Am-18. Conidia of four isolates (Am-1, AnAm-8 and Am-
10) were light olive green, six isolates (Am-2, AnAm-9, Am-16, Am-18
and Am-19) olive green, six isolates (Am-4, Am-Bn-13, Am-17, Am-
20 and Am-21) dark olive and five isolates (Am-5nA, Am-11, Am-14

and Am-15) dark olive green.
4.2.4.6 Conidial shape

All the isolates had muriform and obclavate typeahidia and were
ovate to round, oval to ellipsoidal and pyriformshape (Table 11). Nine
isolates viz. Am-1, Am-3, Am-5, Am-7, Am-9, Am-18m-11, Am-17 and
Am-18 had ovate to round, six isolates (Am-2, AmAd-6, Am-12, Am-
13 and Am-19) had oval to ellipsoidal and six (AmA8n-14, Am-15, Am-

16, Am-20 and Am-21) had pyriform shaped conidia.
4.2.5 Pathogenic variability

A considerable pathogenic variability in incubatiperiod, number
of lesions and size of lesions among the isolates @bserved (Table 12).
The incubation period varied from 2.0 to 6.3 daythvwhe minimum in
Am-9, Am-13 and Am-15 which was at par with 2.3 slayAm-4 and Am-
8 and 2.6 days in Am-1. The maximum incubationqeef 6.3 days was

observed in Am-17 which was at par with Am-5 and-8m



Table 12:

Pathogenic variability inAlternaria mali isolates

Pathogenic variability

Isolate | |ncubation period .| Size of lesions (mm)?
(days) No. of lesions Mean (Range)

Am-1 2.6 12.0 10.2 (7-12)
Am-2 3.6 6.3 9.1 (5-11)
Am-3 4.6 10.0 4.6 (3-6)
Am-4 23 10.0 8.5 (4-9)
Am-5 6.0 8.3 6.1 (4-8)
Am-6 5.6 11.0 3.4(2-5)
Am-7 3.0 9.6 5.6 (3-7)
Am-8 23 116 6.2 (3-8)
Am-9 2.0 116 5.8 (3-7)
Am-10 4.0 6.6 6.4 (2-7)
Am-11 3.3 12.3 8.3 (4-10)
Am-12 5.3 9.0 4.5 (2-5)
Am-13 2.0 13.0 5.7 (4-7)
Am-14 3.3 12.0 6.2 (2-7)
Am-15 2.0 12.3 3.1 (2-4)
Am-16 5.0 14.3 4.3 (3-6)
Am-17 6.3 6.0 2.9 (2-4)
Am-18 3.3 8.6 5.6 (4-7)
Am-19 3.0 8.3 5.1 (3-6)
Am-20 4.3 113 3.3 (3-5)
Am-21 5.0 12.0 4.6 (2-6)
CDep- 005, 0.68 2.41 0.74

*After 10 days of inoculation



The number of lesions varied from 6.3 to 14.3 Wit least in Am-2
and highest in Am-16. Am-2 was at par with Am-106(&sions), Am-5,
Am-19 (8.3 lesions) and Am-18 (8.6 lesions). SinylaAm-16 was at par
with Am-13 (13 lesions), Am-11, Am-15 (12.3 lesipmasmd Am-1, Am-14,

Am-21 (12 lesions).

The mean size of lesions produced by isolateeddrom 2.9 to
10.2 mm. The minimum lesion size was recorded in-®&which was at
par with Am-15 (3.1 mm), Am-20 (3.3 mm) and Am-6.43nm). The
maximum lesion size of 10.2 mm observed in Am-1 wagmificantly
different from all the isolates. Overall, the lasigize varied from 2-12 mm
with maximum in Am-1 and least in Am-6, Am-10, Ar@2;1Am-14, Am-
15, Am-17 and Am-21. Am-1 was highly virulent asrgmared to other
isolates with the incubation period of 2.6 daysmber of lesions 12 and

maximum size of lesions (10.2 mm).

4.2.6 Similarity of isolates on the basis of cult@al, morphological and
pathogenic characters

The similarity percentage of isolates ranged frofr650 82.1 with
the minimum between Am-10 and Am-21, and maximurwben Am-2
and Am-10 and between Am-4 and Am-11 (Table 13) dendrogram
analysis of 21 isolates revealed diversity witAirmali population (Fig. 2).

At 66 per cent similarity coefficient, all éhisolates formed one single



Table 13. Percentages of cultural, morphological ahpathogenic similarities between differentAlternaria mali

isolates
Am-1 Am-2 Am-3 Am-4 Am-5 Am-6 Am-7 Am-8 Am-9 Am-10 Am-11 Am-12 Am-13 Am-14 Am-15 Am-16 Am-17 Am-18 Am-19 Am-20 Am-21
Am-1 -
Am-2 67.5 -
Am-3 741 629 -
Am-4 75.4 68.2 735 -
Am-5 64.2 72.8 67.5 72.8 -
Am-6 63.5 66.8 65.5 64.2 67.5 -
Am-7 66.2 69.5 66.8 64.2 68.8 735 -
Am-8 695 66.2 675 701 655 728 675 -
Am-9 695 688 649 649 642 675 675 695 -
Am-10 642 821 635 582 708 675 754 642 76.1 -
Am-11 735 75.4 72.8 82.1 70.8 67.5 62.2 68.2 72.1 65.5 -
Am-12 66.8 67.5 715 72.8 68.2 62.2 58.2 68.2 61.5 615747 -
Am-13 65.5 64.9 64.9 67.5 69.5 67.5 64.9 74.8 69.5 65.50.87 76.1 -
Am-14 65.5 70.1 62.2 70.1 70.8 66.2 64.9 70.8 70.8 64.2487 74.8 70.8 -
Am-15 64.9 76.1 58.9 69.5 67.5 70.8 61.5 70.1 68.8 67.54.17 728 715 70.1 -
Am-16 682 715 622 66.2 655 635 715 655 695 708686 682 642 655 728 -
Am-17 741 64.2 65.5 65.5 59.6 64.2 65.5 67.5 71.5 60.96.26 64.9 63.5 64.9 73.5 74.1 -
Am-18 629 768 701 688 735 715 715 655 642 695087 668 668 695 688 682 675 -
Am-19 668 688 741 675 695 635 688 602 642 655686 682 629 629 635 629 662 708 -
Am-20 735 60.9 72.8 66.2 62.9 64.9 68.8 60.2 70.8 68.28.26 615 65.5 68.2 62.2 66.8 70.1 64.2 76.1 -
Am-21 721 59.6 72.8 66.2 62.9 66.2 62.2 64.2 66.8 57.60.87 70.8 66.8 66.8 64.9 65.5 76.8 66.8 72.1 76.1
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Fig. 2: Dendrogram of 21 isolates oAlternaria mali generated by UPGMA (Unweighted pair group method
arithmetic mean) analysis of cultural, morphologicd and pathogenic characters. Scale at the bottom
depicts the similarity values obtained using similaty coefficient



group. At 67 per cent similarity coefficient, dilet isolates were categorized
into 2 clusters (I and Il). Cluster | contained i&@lates, while as cluster Il
accommodated 9 isolates. Cluster | was further isidetl into la and Ib
accommodating 7 and 5 isolates, respectively. Snyil cluster 1l was also
subdivided into lla and Ilb accommodating 6 andd@ates, respectively.
The tendency to group isolates in relation to tleaation was not obtained,
as the two major clusters (I and Il) and their siusters (la, Ib and lla, lib)

contained isolates from diverse regions.
4.2.7 Molecular variability

Thirty RAPD 10-mer and twelve 20-mer primers (Tabh#® were
screened by amplifying two randomly selected fungalates with a view
to select those which yield maximum consistencyatymorphism. Among
the 42 primers, one 10-mer [OPA-13 (5° CAG CAC CCA3’)] and three
20-mers [U2 (5 CCC AGC AAC TGA TCG CAC AC 3), U’ GTG
TGC GAT CAG TTG CTG GG 3') and U9 (5’ AAT GTG TGGAA GCT
GGT GG 3’)] produced consistent polymorphic banad were selected for
fingerprinting of 21 isolates oA. mali (Plate 7). The number of scorable
and polymorphic bands ranged from 7 to 14 andBlaespectively (Table
15). Highest scored bands were 14 in U3 showing p@d cent

polymorphism. The least scorable bands werel2imvith 6 polymorphic



A

Table 14 : Nucleotide sequences of primers used RAPD
Primer Sequence Primer name Sequence
name (5 to 3) (5 to 3)
OPA-01 | CAGGCCCTTQG OPC-06 GAA CGG ACT G
OPA-02 | TGC CGA GCT G OPC-07 GTC CCG ACG A
OPA-03 | ATGCAGCCAC OPC-08 TGG ACC GGT G
OPA-04 | AAT CGG GCT G OPC-09 CTCACCGTCC
OPA-05 | AGGGGTCTT G OPC-11 AAA GCT GCG G
OPA-06 | GGT CCCTGAC OPC-12 TGT CAT CCC (C
OPA-07 | GAAACG GGT G OPC-13 AAG CCTCGTC
OPA-08 | GTGACG TAG G OPC-14 TGC GTG CTT G
OPA-09 | GGG TAACGC(Q OPC-15 GACGGATCAG
OPA-10 | GTGATC GCG T Ul ATC CAA GGT CCG
AGA CAA CC
OPA-11 | CAATCGCCG T U2 CCC AGC AAC TGA
TCG CAC AC
OPA-12 | TCG GCG ATA G U3 GTG TGC GAT CAG
TTG CTG GG
OPA-13 | CAGCACCCAC U4 AGG ACT CGA TAA
CAG GCT CC
OPA-14 | TCTGTG CTG G U5 GGC AAG CTG GTG
GGA GGT AC
OPA-15 | TTCCGAACCC U6 ATG TGT GCG ATC
AGT TGC TG
OPA-16 | AGC CAG CGA A u7 GGT GAA CAG TGA
GAT GAA CC
OPA-17 | GACCGCTTG T, us TAC ATC GCA AGT
GAC ACA GG
OPC-01 | TTC GAG CCAG U9 AAT GTG TGG CAA
GCT GGT GG
OPC-03 | GGG GGTCTTT ui10 GATGTG TTCTTG
GAG CCT GT
OPC-04 | CCGCATCTAC U1l GGA CAA GAA
GAG GAT GTG GA
OPC-05 | GAT GAC CGCC Uiz GGT TGT AGG CCG

ATATTG TC




Table 15: Number of scorable and polymorphic RAPD hands
generated by PCR amplification
Primer Scored bands PO'%?&;EMC Polyr?(;)r)phism
OPA-13 10 10 100
U2 7 6 85.71
U3 14 14 100
U9 11 11 100
Total 42 41 97.61
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I\V. RAPD profile of 21 A. mali isolates with U-9 primer

Plate 7:

Gel eletrophoresis of the RAPD amplified productsrbm
A. mali obtained with different primers. Column M1 and
M2 shows the band pattern for the fragment size
markers (100 bp and Lambda DNAEcoR1+Hind I11)



bands. All the primers showed 100 per cent polyiigrp, except U2 with
85.71 per cent polymorphism. In total 42 bands wsar@red of which 41

were polymorphic thereby showing 97.61 per cenympolrphism.

Cluster analysis of RAPD bands of all the primgenerated a
dendrogram, which showed genetic diversity witAinmali isolates (Fig.
3). At 57.5 per cent Dice similarity coefficient #ie isolates form a single
clade, thus showing 42.5 per cent dissimilarity agithe isolates. Using 64
per cent Dice similarity coefficient as a cutoffipp all the isolates formed
two RAPD fingerprint groups. Cluster A contained ®lates, while
cluster B accommodated two isolates only, Am-5 and Am-19. At 68 per
cent Dice similarity coefficient, all the isolategere categorized into 5
clusters (I to V). Cluster | was further subdividedo la and Ib groups
accommodating 9 (Am-1, Am-21, Am-4, Am-2, Am-9, A3nAm-10, Am-
8 and Am-16) and 2 (Am-11 and Am-15) isolates, eefipely. The
tendency to group isolates in relation to theiraloan was not obtained, as
the two major clusters (A and B) as well as thdusters (I to V) and sub-
clusters (la and Ib) contained isolates from digersgions. Similarity
percentage of the isolates ranged from 38.0 to 94ith minimum
similarity between Am-5 and Am-7 and maximum betwéen-1 and Am-

21 (Table 16). The maximum similarity of 91.2 pentwas followed by



Table 16 : Percentages of genetic similarities beaen different Alternaria mali isolates

Am-1 Am-2 Am-3 Am-4 Am-5 Am-6 Am-7 Am-8 Am-9 Am-10 Am-11 Am-12 Am-13 Am-14 Am-15 Am-16 Am-17 Am-18 Am-19 Am-20 Am-21

Am-1 -

Am-2 82.7 -

Am-3 77.1 77.1 -

Am-4 90.9 87.2 74.0 -

Am-5 50.9 43.1 60.0 41.6 -

Am-6 73.0 76.9 74.5 73.4 44.4 -

Am-7 65.3 77.5 62.5 73.9 38.0 69.7 -

Am-8 83.6 76.3 66.6 80.7 50.0 61.2 69.5 -

Am-9 82.1 85.7 83.6 86.7 53.0 76.0 72.3 71.6 -

Am-10 80.0 83.6 74.0 76.9 50.0 69.3 69.5 73.0 75.4 -

Am-11  76.0 76.0 69.3 80.8 41.8 63.6 68.2 72.3 75.0 59.5 -

Am-12  67.7 711 75.8 60.7 61.5 52.8 48.0 64.2 66.6 60.7 8.8 5 -

Am-13  74.0 70.3 64.1 70.5 55.3 79.1 66.6 66.6 69.2 705086 545 -

Am-14  66.6 70.3 67.9 66.6 55.3 54.1 57.7 66.6 69.2 58.8 956 69.0 56.0 -

Am-15  73.9 69.5 66.6 74.4 41.0 50.0 54.0 69.7 72.7 60.4 897 595 47.6 66.6 -

Am-16  76.6 76.6 74.5 77.1 49.0 62.9 70.5 77.1 75.8 73.6 536 68.8 67.8 67.8 54.1 -

Am-17  69.3 65.3 62.5 65.2 47.6 60.4 50.0 65.2 68.0 60.8 855 68.0 57.7 75.5 70.2 54.9 -

Am-18 66.6 62.7 64.0 62.5 50.0 71.1 61.9 58.3 69.3 625585 615 68.0 63.8 51.2 64.1 76.1 -

Am-19 711 67.7 62.0 64.2 69.2 64.1 64.0 714 66.6 67.8 095 66.6 72.7 69.0 46.8 72.1 68.0 65.3 -
Am-20 69.0 80.0 74.0 69.2 50.0 65.3 60.8 65.3 75.4 73.0806 75.0 62.7 82.3 65.1 63.1 78.2 66.6 67.8 -

Am-21 912 84.2 85.7 88.8 52.0 70.5 66.6 7.7 87.2 777 757 689 67.9 67.9 75.5 74.5 66.6 60.0 68.9 74.0
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Fig. 3: Dendrogram of 21 isolates oAlternaria mali generated by UPGMA (Unweighted pair group method
arithmetic mean) analysis of RAPD bands obtained wh four random primers. Scale at the bottom
depicts the similarity values obtained using Dice imilarity coefficient



90.9 per cent between Am-1 and Am-4. All the issdatvere 50 per cent or
more genetically similar to each other except Arartl Am-5 (41.6%),
Am-5 and Am-6 (44.4%), Am-5 and Am-7 (38.0%), AmflaAm-11
(41.8%), Am-5 and Am-15 (41.0%), Am-5 and Am-16.0(%%), Am-5 and
Am-17 (47.6%), Am-7 and Am-12 (48.0%), Am-13 and A& (47.6%)

and Am-15 and Am-19 (46.8%).
4.3  Screening of cultivars

Screening of 13 apple cultivars agaiAstmali revealed that all the
cultivars succumbed to the disease with varied mhad@ of intensity
(Table 17). In 2008 mean disease intensity (13.55¢a3 significantly
higher than recorded in 2009 (10.88%). Amongstivans, Red Delicious
had significantly highest disease intensity of 30per cent in 2008 and
26.24 per cent in 2009, while White Dotted Red shuwhe least disease
intensity of 0.88 and 0.45 per cent during the saegod. However, the
disease intensity of both the cultivars was sigaifitly different from all
other cultivars. Two years pooled data revealediykest disease intensity
of 28.36 per cent in Red Delicious followed by 22der cent in Red Gold,
16.75 per cent in Gulshan and 14.81 per cent inAmabri. All the above
cultivars differed significantly from each othehi$ was followed by 13.47

per cent in Golden Delicious and 13.29 per cei@unheri both statistically



Table 17. Evaluation of apple -cultivars for their response to
Alternaria mali infection
Cultivar Disease intensity (%)
2008 2009 Pooled
Akbar 12.77 10.45 11.61
(20.92) (18.84) (19.88)
American Apirouge 4.68 3.17 3.92
(12.48) (10.22) (11.35)
Firdous 7.41 6.34 6.87
(15.79) (14.55) (15.17)
Golden Delicious 14.29 12.65 13.47
(22.21) (20.81) (21.51)
Gulshan 19.41 14.09 16.75
(26.14) (22.03) (24.08)
Lal Ambri 16.38 13.25 14.81
(23.86) (21.32) (22.59)
Red Delicious 30.49 26.24 28.36
(33.51) (30.80) (32.15)
Red Gold 23.33 20.76 22.04
(28.88) (27.09) (27.99)
Shireen 8.28 7.19 7.73
(16.71) (15.53) (16.12)
Spartan 9.33 5.38 7.35
(17.74) (13.37) (15.55)
Star Crimson 13.51 10.42 11.96
(21.56) (18.81) (20.18)
Sunheri 15.47 11.12 13.29
(23.16) (19.46) (21.31)
White Dotted Red 0.88 0.45 0.66
(5.34) (3.66) (4.50)
Mean 13.55 10.88
(20.64) (18.19) -
CD(P:O.OS)

Cultivar : 0.82; Year.3Q; Cultivar x Year:1.17

Values in parenthesis are arcsine transformed




at par. Cultivar Star Crimson and Akbar with dseatensity of 11.96 and
11.61 per cent were at par with each other butifsigntly different from
other cultivars. Disease intensities of 7.73 ar®b fer cent recorded in
Shireen and Spartan were at par with each othesigmificantly less than
recorded in Star Crimson and Akbar however, Spawas at par with
Firdous (6.87%). This was followed by 3.92 per damimerican Apirouge

and 0.66 per cent in White Dotted Red which wastlefected cultivar.

Evaluated cultivars were arbitrarily categorizetbifive groups on
the basis of disease intensities recorded durifi 2t0hd 2009 (Table 18).
White Dotted Red was highly resistant with the Ridrcent disease index)
between 0.1-1.0. American Apirouge with the PDI-3.0 was rated as
resistant, while the three cultivars (Firdous, &&ir and Sparten) with the
PDI in the range of 5.1-10.0 were rated as moderatesistant. Six
cultivars (Akbar, Golden Delicious, Gulshan, Lal Bim Star Crimson and
Sunheri) with the PDI between 10.1 and 20.0 wetedras susceptible and
the two cultivars Red Delicious and Red Gold wite PDI more than 20.0

were rated as highly susceptible.



Table 18 :  Grouping of various apple cultivars intodifferent reaction
categories on the basis of their response to Alteania leaf

blotch
Reaction category | Percent disease Cultivar
index
(PDI)
Highly resistant 0.1-1.0 White Dotted Red
Resistant 1.1-5.0 American Apirouge
Moderately resistant 5.1-10.0 Firdous, Shir&gpgrtan
Susceptible 10.1-20.0 Akbar, Golden Delicious,
Gulshan, Lal Ambri, Star
Crimson, Sunheri
Highly susceptible > 20.0 Red Delicious, Red Gold




4.4  Efficacy of SAR activators for the managementfalisease

Evaluation of SAR activators along with fungicidenéonazole as
standard check at three different concentratiorisreeand after pathogen
inoculation indicated that all the treatments digantly lowered disease
intensity as compared to check (water spray) (Tal®® The disease
intensity ranged from 5.88 to 17.34 per cent inngical (SAR activators)
treatments in comparison to 35.35 per cent in chiedicating that all the
SAR chemicals were significantly effective in lowsy the disease
intensity. The least disease intensity of 5.88 pent was recorded in
BABA (B-aminobutyric acid) which was at par with penconezZetandard)
having a disease intensity of 5.56 per cent. Howbwéh were significantly
lower than other chemicals. These were followed KyPO, BTH
(benzothiadiazole S-methyl esteiNA (2,6-dichloroisonicotinic acid),
Ca(OH) K,HPO, and CaCQwith disease intensity of 7.12, 11.02, 12.38,

14.07, 15.14 and 17.34 per cent, respectively.

The application of SAR activators before pathogeaculation
showed significantly lower disease intensity (12669n comparison to
SAR application after pathogen inoculation (14.83%dwever INA and
penconazole (standard check) were statisticalpaatin both cases of SAR

application. All the three concentrations afcle chemical significantly



Table 19 : Efficacy of various SAR activators agaist Alternaria leaf
blotch of apple cv.Red Delicious

Conc. Disease intensit
Treatment (ppm)/ Before After Mean
* mM inoculation inoculation
INA (2,6-dichloroisonicotinic acid) 50 14.42 16.56 15.49
100 11.50 12.30 11.90
200 9.28 10.22 9.75
Mean 11.73 13.02 12.38
BTH (benzothiadiazole S-methyl ester) 50 11.40 14.75 13.07
100 9.77 12.83 11.30
200 7.99 9.42 8.70
Mean 9.72 12.33 11.02
BABA (B-aminobutyric acid) 500 9.00 9.93 9.46
1000 4.65 6.23 5.44
2000 1.47 4.03 2.75
Mean 5.04 6.73 5.88
*K L HPO, 25 16.39 19.37 17.88
50 15.04 16.24 15.64
100 10.82 12.97 11.90
Mean 14.08 16.19 15.14
*K 3POy 25 6.90 10.86 8.88
50 6.21 8.89 7.55
100 4.39 5.48 4.93
Mean 5.83 8.41 7.12
*Ca(OH), 25 15.34 21.27 18.31
50 10.72 16.51 13.61
100 10.03 10.54 10.29
Mean 12.03 16.11 14.07
*CaCO;, 25 18.46 24.13 21.29
50 14.68 21.33 18.00
100 11.65 13.82 12.73
Mean 14.93 19.76 17.34
Penconazole (Standard) 300 8.49 7.90 8.19
400 5.25 4.79 5.02
500 3.29 3.68 3.48
Mean 5.67 5.45 5.56
Water Check) - 35.62 35.98 35.80
- 34.70 35.02 34.86
- 35.41 35.40 35.40
- 35.24 35.47 35.35
Mean 12.69 14.83
CD¢p = 0.05)
Chemical 0.61 B/A 0.28
Chemical x Concentration 1.06 Chemical x B/A 0.86
Chemical x Concentration x B/A 1.50

Values were arcsine transformed before analys&; Béfore and after inoculation




differed from each other with the least diseasenisity observed in highest
concentration of each chemical. All the three cotradions before
inoculation recorded significantly lower diseas&ensity as compared to

respective concentrations after inoculation.

Amongst the various treatments, BABA at 2000 ppuas vinighly
effective with least disease intensity of 1.47 pent when applied before
pathogen inoculation. The next best treatments weneonazole applied at
the rate of 500 ppm before and after inoculatiod BABA at 2000 ppm
after inoculation with disease intensity of 3.296&8 and 4.03 per cent,
respectively. These were followed by 100 mMPK), applied before
inoculation, 1000 ppm BABA before inoculation arf@b4opm penconazole
after inoculation with disease intensity of 4.39%1 and 4.79 per cent,
respectively. The above treatments were statistiedlpar with each other
and significantly inferior to BABA at 2000 ppm beéoinoculation, but

superior to other treatments.
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Apple (Malus domestica Borkh.) is a predominant fruit crop of
Jammu and Kashmir which has attained the statusnoindustry in the
state. Like other horticultural crops, apple isekted by several pathogens
of fungal, bacterial and viral etiology which imp#ne quality and quantity
of the fruit. However, huge crop losses are inairnsostly by fungal
diseases. Among these, Alternaria leaf blotch resuraed an alarming
threat because of the prevalence of the diseasal ithe major apple
growing areas of Kashmir valley. Shahzad (2003pneed Alternaria leaf
blotch with varied magnitude of disease incidenod @tensity in four
districts of Kashmiwniz. Anantnag, Baramulla, Budgam and Pulwama and
also observed variation in degree of susceptibdityong different apple
cultivars. This variation may be attributed to mdagtors including the
pathogen variability. Control oflternaria mali can be achieved through
use the of fungicides but some isolates have reglyrdeveloped tolerance
to some fungicides such as iprodione, mancozeltapthn (Lee and Kim,
1986; Osana#t al., 1987; Asari and Takahashi, 1988). Presently dséa
managed by 6-8 foliar fungicidal sprays posing aesi environmental

concerns and selection pressure on pathogen pmpulathe use of



resistant cultivars is an alternative to minimibe tdisease. However, in
apple it is difficult to develop resistant cultigabecause of long juvenile
phase and self incompatibility. Hence, use of sygteacquired resistance
(SAR) activators in the disease management seemr®ementally safe as
compared to current pesticides (Vallad and Goodn#(04). Unlike

traditional pesticides, SAR activators do not ektaby direct antimicrobial

activity but prime the plants for resistance thusvging a safe way to
control disease without asserting direct selecfiwassure on pathogen

populations.

Survey conducted during the year 20G¥ 2008 in seven districts of
Kashmir valley confirms the prevalence of diseasall the apple growing
areas of the valley with an overall mean diseasgl@mce and intensity of
42.11 and 21.68 per cent, respectively. The diseasesevere during 2008
with overall mean disease incidence and intendit45018 and 24.38 per
cent in comparison to 39.05 and 19.00 per cenpexately, in 2007. This
higher disease severity could be attributed to dnghoculum build up
because of more favourable climatic conditions @& (RH, 73.2%; RF,
81.5 mm) than in 2007(RH 68.1%, RF 67.5 mm), eggaiuring May to

August, the period conducive for the disease dgveémt (Appendix-1).



Such conducive environment favouring the diseaseldpment has been

reported by many researchers (Yabal., 1989a; Shahzad, 2003).

The disease incidence and intensity in surveyedsawvaried from
25.49 to 51.94 and 12.52 to 26.34, respectivelyth wiighest disease
incidence and intensity recorded in Pulwama, aneet in Shopian. The
site selection varied from site selection earligr $hahzad in 2003. In
addition three more districts were covered undervesu programme.
Shahzad (2003) reported that the Alternaria leaftchl incidence and
intensity among the four districts of the valleyried from 31.37 to 43.50
and 12.34 to 22.57, respectively, with lowest indgam and highest in
Anantnag. Of the sites surveyed, the highest désgmsdence of 68.74 per
cent was recorded in Batwina (Ganderbal) followeg Binglena
(Pulwama), Sehpora (Kulgam) and Babber (Pulwama}h wlisease
incidence of 55.48, 52.88 and 51.56 per cent, ms@dy. The highest
disease intensity of 33.62 per cent was also recbrch Batwina
(Ganderbal) followed by 27.65 per cent in PingléRalwama), 26.90 per
cent in Tarzoo (Baramulla) and 26.81 per cent irblga (Pulwama).
Higher disease incidence and intensity in varioustridts and sites
surveyed could be attributed to higher plant dgnbiesides non-disposal of

the fallen diseased leaves and heavy infestatiorEwbpean red mite



(Panonychus ulmi) which facilitates the penetration 8f mali. Filajdic et
al. (1995) observed more disease severity with irsg@anite population.
Occasional or rather neglected spray programmeviell in these areas
seem to have contributed in building mite populatiensity threshold. The
least disease incidence (19.33%) and intensityl{@)2wvas recorded in the
Kachdoora of district Shopian. The less disease@mce and intensity
could be attributed to lesser plant density andebeirchard management.
Overall, variation in disease severity may be bseaof the variation in
various factors like, altitude, climate, plant syl management practices.
The variation in incidence and intensity of Altemiadeaf blotch disease in
various locations have previously been reportedybgn et al. (1989a),
Filajdic and Sutton (1991), Bulajiet al. (1996) and Shahzad (2003).
Filajdic and Sutton (1991) reported 0 to 95 pert@dternaria leaf blotch

incidence in 60 apple orchards in western Nortrollza.

The causal pathogeilternaria mali (Roberts), was isolated from
diseased leaves of apple cv. Red Delicious andr tpathogenicity
established on detached leavildernaria mali being the weak pathogen is
unable to force its entry and hence require woutasfacilitate its
penetration into the leaf. Penetration of host fslahrough wounds has

been shown to be a significant component of thectndn process for a



number of Alternaria species (Rotem, 1994). Thus the method was
followed to collect twenty one isolates from diet sites. Ozgonen and
Karaca (2006) also confirmed pathogenicity Af mali isolates by
inoculation with a conidial suspension on detactvednded apple leaves.
Similar technique was adopted by Soleimani and Hzaweh (2007) while
confirming pathogenicity of the isolates Af mali on detached wounded
apple leaves in Iran. Slavatr al. (2004) reported the wounds or stomata as

entry points of less virulent speciesAdternaria.

Successful execution of a disease management gmnoge, in
addition to other factors, depends on the undedsignof pathogen
population structure and mechanism by which vammatarises within
populations. Variations in pathogen population daa detected with
cultural, morphological, pathogenic and moleculeold. During present
work efforts were made to ascertain the prevaleioceariation in isolates
of A. mali from different locations of the valley. Twenty omsolates
collected from 21 locations of the valley varied their cultural,
morphological, pathogenic and molecular charadtesisSeveral workers
have also reported cultural, morphological, patimdgeand molecular

variability among isolates ohlternaria spp. (Saharan and Kadian, 1983;



Khanet al, 1992; Vishwanath and Kolte, 1997; Pandey and Wadtarma,

1999; Singtlet al, 2003; Kumaet al., 2008 and Tetarwat al., 2008).

Isolates ofAlternaria mali varied in their cultural characteristics.
colony type, colour, margin, pigmentation and gtowdte. Colonies were
velvety or cottony and mostly appressed with col@nging from light to
dark olivacious. Present results are in agreemétht tve observations of
Pusz (2009) who found that colonies @iternaria alternata from
Amaranthus retroflexus varied from light grey to dark grey. Similarly, Ra
and Kumari (2009) observed loose, cottony, compaxct dense type of
colonies with light to dark black colour iAlternaria alternata infecting
Periwinkle. Quayyumet al. (2005) reported among the six isolates of
Alternaria panax on American ginseng, four isolates produced dense,
velvety, dark brown colonies, while colonies of twsolates were
appressed, shiny and dark grey to dark greenigtolour. Margins of the
colonies were regular to irregular. Colour of masgalso varied among the
isolates. Ramegowda and Naik (2008) reported coloiurisolates of
Alternaria macrospora colony margin varied from creamy white to brown
with irregular to smooth texture. Pryor and Micldek (2002) reported

variability in the colony colour, type and margarsongAlternaria isolates



associated with late blight of pistachio. In thegant study colonies were
slow growing with varied growth rate (growth/day3olate Am-13 grew
fast among all the isolates with mean growth r&t8.21 mm while isolate
Am-5 grew slowly with mean growth rate of 5.86 mMortensen and
Bergman (1983) reported colony diameter of 35 teslaof Alternaria
carthami in the range of 32 to 81 mm in 8 days old cultdselates in the
present study depicted periodic changes in theawtr rates. All the
isolates showed an increasing trend of growthfrate 2 days to 8 days but
decreased afterwards. Thradt al. (2005) also observed considerable
variation in the growth rate oflternaria brassicicola isolates. Almost
similar observations were recorded by Pusz (2009 ternaria alternata
with colony diameter ranging from 4.8 to 6.8 cm agp@6 isolates after 7
days of inoculation. Among the 10 isolatesAdfernaria alternata colony
diameter after 7 days of incubation varied fron8560 32.35 mm (Rai and
Kumari, 2009). Isolates were found to impregnate tiedia with a colour
pigment mostly grey to brown with some variatior avere clearly visible
from under side of the plates. Our observations ammparable to the
findings of Hubballi et al. (2011) who reported variation in the
pigmentation of 1%Alternaria alternata isolates producing black, brownish

black, greenish black, brown and yellow pigmentatio



Isolates were studied for morphological variationtheir hyphae,
conidiophore and conidia. Isolates varied in thgphal dimensions. Mean
hyphal width ranged from 3.28 to 4.28 pm with maximin Am-4 and
minimum in Am-21. In conformity to the present riksstRamegowda and
Naik (2008) observed the hyphal width of 9 isolatls Alternaria
macrospora varying from 2.87 to 6.95 um. Variation in hypheldth has
also been reported in other fungi (Sundeal., 2003). In the present study,
great variation in conidiophore size was observdd maximum length of
68.18 um in Am-9 while minimum length of 26.99 pnasvobserved in
Am-17 and mean length varied from 33.01 to 62.58. |[8milarly,
conidiophore breadth varied from 3.30-4.70 um amthgy isolates with
least breadth in Am-20 and the maximum in Am-3.sBrg results are
comparable with those of Tetarwat al. (2008) who found that the
conidiophore length and breadth among six isolafeMternaria alternata
varying from 18.90-27.40 and 4.23-5.75 pm. Studies conidiophore
septation revealed the presence of aseptate tatseqnidiophore. Septate
as well as aseptate conidiophores were observedmisl, Am-5, Am-9,
Am-14, Am-19 and Am-21, while in remaining 15 idels only septate
conidiophores were observed. The overall highegtaten of 9 was
recorded in Am-4. Maximum mean septation (5.90) rea®rded in Am-5,

while the least mean septation was in Am-2 (3.08f conidial septation



both transverse and longitudinal varied signifibar@mong the isolates.
Transverse septation varied from 1-7 and longitiditom 0-4. The
highest mean number of transverse septa (2.95) re@wded in Am-6
while the lowest (1.76) was in Am-8. The highestamenumber of
longitudinal septa (1.12) was recorded in Am-1 wltile lowest (0.22) was
in Am-14. Conidia with no longitudinal septa werbserved in all the
isolates tested. In the present study, significartation in conidial size
was noticed among the 21 isolates. The averagealiebsize varied from
21.36-31.74 x 8.34-14.48 um. The average maximuin7{3 um) and
minimum (21.36 pm) conidial length were recordedAm-13 and Am-16,
respectively, while average maximum (14.48 um) mwaimum (8.34 pum)
conidial breadth were recorded in Am-9 and Am-E&pectively. Similar
observations were also made by Rotem (1966) whod@uwide range of
variability in the spore dimensions of forty twoliates ofA. solani. Varma
et al. (2006) reported that the average conidial sizéAltdrnaria solani
varied from 150.0-224.9 x 12.4-17.2 um, they alsported that the
horizontal septation varied from 4-14 and verticam 0-3. Similarly Rai
and Kumari (2009) reported variation in conidiahdgéh and breadth in
isolates ofAlternaria alternata with length varying between 25.80 and
48.22 um and breadth between 8.13 and 23.24 uny. dike found number

of horizontal and vertical septa varying betweeno38 and 2 to 5



respectively. Quayyumet al. (2005) reported significant variation in
conidial length ofAlternaria panax isolates from American ginseng, but

found non-significant variation in their width.

Isolates of A. mali varied little in their colour of hyphae,
conidiophore and conidia as well, which was moatiyund olive. Colours
of the hyphae and conidiophore were nearly hyaligbt olive green, olive
green or dark olive. Conidial colour of four is@atwas light olive green,
six isolates olive green, six isolates dark olivel dive isolates dark olive
green. In similar studies little variation in coiaild colour of Alternaria
panax was observed by Quayyuet al. (2005). Shape of conidia was
another criterion studied for variation among tkelates. All the isolates
had muriform and obclavate conidia, with slightfeliénces in their shape.
Nine isolates had ovate to round, six isolatesda to ellipsoidal and six
had pyriform shaped conidia. Similar observationgrev made by
Mortensen and Bergman (1983) who found slight difees in
morphology of conidia among 35 isolatesAdter naria carthami. Quayyum
et al. (2005) also observed little variation in conid&dape ofAlternaria

panax.

The present study indicated the prevalence oh tpgthogenic

variability among the isolates. All theolates were successful in producing



the disease lesions with variation in their incubatperiod, number of
lesions and size of lesions. The incubation peoiodolates varied from 2.0
to 6.3 days with minimum of 2.0 days for Am-9, Ar8-4nd Am-15, and a
maximum of 6.3 days in Am-17. The number of lesipnsduced by the
isolates varied from 6.3 to 14.3 with the leastdmeed by Am-2 and
maximum by Am-16. The mean minimum lesion size & Bhm was
recorded in Am-17 while the maximum of 10.2 mm whaserved in Am-1.
Our findings are in agreement with Thradt al. (2005) who found
significant differences in the lesion size produdey the Alternaria
brassicicola isolates on Cakile maritima, when plants were wound
inoculated. Kumar (2004) also reported variatiorieision size and lesion
number produced by the isolates Alternaria triticina. Among the two
isolates ofAlternaria carthami one produced more severe leaf spots than
other when inoculated on safflower cultivars (RaidaKumari, 2009).
However 5the observations are contradictory tdfitidings of Quayyunet

al. (2005) who did not find any significant variationthe lesions produced
by the isolates oflternaria panax on detached leaflets of ginseng. The
isolate Am-1 was highly virulent as compared toeotisolates with the
incubation period of 2.6 days, producing 12 lesionsl0.2 mm average
size. Filajdic and Sutton (1992) tested eight iwsdaof A. mali from

Western north Carolina for pathogenicity and vinge, and found all the



isolates pathogenic on delicious seedlings withedavirulence. Varmaet
al. (2006) reported variability in virulence among &els of Alternaria
solani. In contrast Van der Waads al. (2004) found a moderate degree of

variation in virulence among different isolatesAttiernaria solani.

The dendrogram analysis of the isolates on thes bafscultural,
morphological and pathogenic studies revealed Mifersity within A.
mali population. Several workers have reported cultumalrphological and
pathogenic variability among isolates éfternaria spp. (Saharan and
Kadian, 1983; Khamt al., 1992; Vishwanath and Kolte, 1997; Pandey and
Vishwakarma, 1999; Singdt al., 2003; Slavo\et al., 2004 and Tetarwak
al., 2008). At 67 per cent similarity matrix, all tremlates were categorized
into 2 (I and Il) clusters. Cluster | contained E?lates, and cluster |l
accommodated 9 isolates. Cluster | was further isidetl into la and Ib
groups accommodating 7 and 5 isolates, respecti&iyilarly, cluster Il
was also subdivided into lla and llb accommodatth@gnd 3 isolates,
respectively. The similarity among the isolateggethfrom 57.6 to 82.1 per
cent with the minimum between Am-10 and Am-21 ahd maximum
between Am-2 and Am-10 and Am-4 and Am-11. It canabgued that
variation in the isolates may be inherent sincéates were collected from

different sites. Phenotypic characters are infleendy environmental



conditions so may be responsible for such diversditgreover isolates in
these sites may have adapted for many years whighlbm responsible for
this diversity. Many of the phenotypic markers lgegontrolled by many
genes most of which have additive effect cannatubed out. The tendency
to group isolates in relation to their geographloahtion was not obtained,
as the two major clusters (I and Il) as well asghle-clusters (la, Ib and lla,
IIb) contained isolates from different districtsridley (1920) suggested
that variation in fungi imperfecti may be due totation, or by splitting of

an originally impure genetic constitution or of gatin or somatic

segregation from heterozygotes. Variants, considase due to mutation,

were found in single spore culturesffmali (Roberts, 1924).

DNA based molecular markers that are selectivelytnaé and
randomly distributed in a genome can be important to study genetic
diversity of pathogen populations (Dini-Andreateal., 2009). In absence
of defined differential set availability, moleculamarkers offer an
appropriate alternative to detect and charactegeeetic variability in
Alternaria mali. RAPD analysis is extremely robust and can separat
individuals having intra- and inter-specific vaiidl. It gives more
comprehensive information regarding the genetidabdity among the

pathogen populations as is based on the entirengeraf an organism



(Achenbacket al., 1997). For molecular characterizationAdernaria mali
isolates with RAPD markers, one 10-mer (OPA-13) #mae 20-mers
primersviz. U2, U3 and U9 producing consistent polymorphicdsawere
selected for fingerprinting. Kumaet al. (2008) selected four random
primers to study the genetic diversity within igeRofA. solani because of
their reproducible results of polymorphism betwaadividuals. In the
present study, highest number of scored bands was U3 and all the
bands were polymorphic thus showing 100 per cehtnparphism, while
as lowest number of scorable bands (7) were obdemth U2 of which 6
bands were polymorphic. In total 42 bands wereestaf which 41 were
polymorphic thereby showing 97.61 per cent polyrhaam. The
dendrogram analysis of 21 isolates revealed a ¢dgtetic diversity within
A. mali population in Kashmir valley. At 57.5 per cent Bisimilarity
coefficient all the isolates form a single cladeyg showing 42.50 per cent
dissimilarity among the isolates. The results pres® are in agreement
with the observation of Guet al. (2004), who found high genetic variation
within A. alternata isolates originating fromPinus tabulaeformis and
reported thai\. alternata appears to have the potential for relatively quick
evolution, which may lead to significant divers#tmn. The results
presented do not agree with observation of Pus@92@ho reported low

genetic variability among the isolates Alternaria alternata originating



from Amaranthus however, he stated that the low genetic variati@y tme
the result of high adaptive ability of the funguslaof the close proximity
between collection sites and host-plams. 68 per cent Dice similarity
coefficient, all the isolates were categorized itdusters (I to V). Cluster

| was further subdivided into la and Ib groups awowdating 9 and 2
isolates, respectively. The tendency to group tsslan relation to their
location proximity was not obtained, as the 5 d@uwst(l to V) and sub-
clusters (la and Ib) contained isolates from ddferdistricts. This is in
agreement with Varmaet al. (2006) who reported no evidence for
geographical clustering oflternaria solani isolates with high level of
genetic similarity suggesting that isolates werdely spread across India.
Kumar et al. (2008) also found no effect of origin of isolatjaather two
isolates ofAlternaria solani from two different locations were closer to
each other. Van der Waads al. (2004) has shown high genetic diversity
amongA. solani isolates from South Africa and found no clusterioig
isolates according to geographical origin. Dice iirity percentage of the
isolates ranged from 38.0-91.2 with the minimumisen Am-5 and Am-7
and maximum between Am-1 and Am-21. The RAPD datzgnted here
and other molecular studies (Adaehial., 1993; Weiret al., 1998; Morris
et al., 2000; Robertgt al., 2000; Bocket al., 2002; Tigancet al., 2003)

confirm high level of variation among isolates ofsagle species of
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Alternaria. A possible explanation for the high level of gemaliversity
found among isolates of. mali could be natural chance mutations,
combined with the fact that the fungus can prodaizendant numbers of
spores in a relatively short period of time as reggbin Alternaria alternata
(Petrunak and Christ, 1992; Leuegal. 1993). However, high levels of
genetic variations are usually due to recombinatwmch occurs sexually
through mating or asexually through the parasegyeale. It is not known if
the parasexual cycle occurs regularly in the geltsnaria, and there is
no known sexual cycle foh. mali (Simmons, 1986; Petrunak and Christ,
1992; Cookeet al. 1998). Morriset al. (2000) suggested an unknown
sexual stage as a possible explanation for thigrsity asAlternaria
anamorphs of severélewia spp. have already been described (Simmons,
1986). The high diversity in Kashmir valley may Ibecause of the mixed
cultivars in our orchard eco-system, diversityitesand selection pressure
due to indiscriminate use of fungicides. Slawbwal. (2004) has argued the
opportunities for genetic change through mutatimnglear migration and
anastomoses whereby any mycelium may become hatguailc is more
likely in Alternaria. Obviously the conidia produced from such mycelium
will be genetically different. RAPD analysis provad efficient method for
detecting genetic variability ofA. mali isolates occurring in apple.

However, additional work is needed to be carrietimé. mali populations
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which includes evaluation of larger sample sized molates from more

diverse locations.

There was no congruence between the RAPD patteincaltural,
morphological and pathogenic characters. Isolatsntical for one
spectrum were most often dissimilar for other spewt The findings are
supported by Kumaet al. (2008), who reported that groupings based on
RAPD data could not be correlated to the ones basedcultural,
morphology and pathogenicity. Peewtral. (2002) also did not find any
correlation between RAPD clustering of thdternaria isolates and

pathogenicity.

The present variability study based on culturabrphological,
pathogenic and molecular characters revealed nopgrg of isolates
having proximity of the locations. These resultdicate the presence of
mixed sub-populations, which may be due to theribdigion of vegetative
material over the entire valley (across districtd &cations), as the disease
is prevalent in apple seedlings as well. Anothessmle cause for even
distribution of genetic variation iA. mali may be the dissemination of
spores by biotic and abiotic factors. The distiifruiof genetic variation of
A. mali gives an indication of the fitness of the pathogerircumvent the

effects of natural or artificial stresses on theuydation, and thus counteract
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control measures such as fungicide applicationsDdhald et al., 1989;
Adachi et al., 1993; McDonald and Linde, 2002). McDonald and leind
(2002) have suggested that in such cases breedifaytse should
concentrate on quantitative resistance or on theldpment of cultivar
mixtures that can be used in combination with otbentrol strategies.
Understanding the diversity & mali on apple in Kashmir will thus aid in

disease management strategies of Alternaria leathol

Variation in cultural, morphological, pathogenicda molecular
characters of isolates observed indicated theexnastof different strains of
pathogen. Similar characters have formed the bé&sisdefining the
existence of different strains among species offtingi imperfecti (Shear
and Wood, 1913; Crabill, 1915; Brierley, 1920; Bamgl921; Boner, 1922;
Stevens, 1922). Various other authors have indictite existence of races
of A. solani based on morphological, physiological, and virugenc
differences (Bonde, 1929; Henning and Alexandeb91®eergaard, 1945).
As Stackmaret al. (1981) pointed out biological forms as threat isecaf
stem rust of wheat, similarly biological forms Alfternaria mali may pose

a problem to breeding for resistance to Alternke#d blotch of apple.

Exploiting the inherent resistance of crop plakds pathogenic

infection is an economical, eco-friendly and eassease management
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venture. All the 13 apple cultivars screened agammsst virulent isolate of
A. mali succumbed to the leaf blotch with varied inteesitiPooled data
revealed highest disease intensity of 28.36 pet aenRed Delicious

followed by 22.04 per cent in Red Gold. In AmericApirouge disease
intensity of 3.92 per cent was recorded while Wibtgted Red was least
effected with disease intensity of 0.66 per certtepts to identify the

apple cultivars showing resistance Ao mali under natural conditions
indicated only White Dotted Red to be highly remimdf while American

Apirouge showed resistant reaction. Three cultivaézs Firdous, Shireen
and Sparten were moderately resistant and twoveustviz., Red Delicious

and Red Gold were highly susceptible. These fingliage in agreement
with Bhat (2002) who reported various bio-chemicahstituents such as
low sugar, high phenol, low phenol oxidase and lpgtoxidase activity as
contributing factor towards the resistance of Whitdted Red to Alternaria
leaf blotch. Filajdic and Sutton (1991) also repdrtultivars of Delicious

more susceptible tlternaria mali. Shahzad (2003) reported White Dotted
Red as tolerant and Red Delicious as highly sugieptShahzad (2003)
screened 22 cultivars under natural conditions eviml present study 13
cultivars were screened against the most virulsolate Am-1. It is

expected that Alternaria leaf blotch will increage future because

susceptible cultivars of Delicious are commonlyvgnan Kashmir valley.
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The use of SAR (systemic acquired resistancejyvadots for disease
control is safe application because SAR activatmither have any toxic
effect on pathogens, plants and animals, nor showirahibitory effect on
plant growth, development and yield. Besides SARvaiors show broad
spectrum of defense, require low loading amoant] provide long
lasting protection to plants (Kessmenal., 1994; Tallyet al., 1999; Kuc,
2001). SAR chemicals in present study significantbyvered disease
intensity as compared to check. The disease irtjeremged from 5.88 to
17.34 per cent in SAR treatments in comparisorbt83 per cent in check.
The least disease intensity of 5.88 per cent waerobd in BABA §-
aminobutyric acid) which was at par with fungicidenconazole treatment
showing disease intensity of 5.56 per cent. Both tfeatments were
however, significantly superior to other chemicadsaluated. These
findings are in agreement with Agostiai al. (2003) and Percival and
Haynes (2008) who reported SAR activators to beegily less effective
than standard synthetic fungicides in the contrbl @liar pathogens.
Percivalet al. (2009) reported penconazole superior over Messefager
Harpin protein), Phoenix (a.i. Potassium phosplate) Rigel (a.i. Salicylic
acid derivative) in controlling apple and peaalscHowever, Tallyet al.
(1999) found BTH more efficient with 90 per cedisease reduction on the

17" day after its application as against only 46 et dor metalaxyl.
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They also reported BTH as an effective induceresistance in tobacco
against fungal pathogens, viruses and bacteriaoffter SAR chemicals in
decreasing order of their efficacy wereRK,, BTH, INA, Ca(OH),
K,HPO, and CaCQ, Gottstein and Kuc (1989) suggests phosphate
application for disease control because of thectffeness of systemic
resistance induced by phosphates, their low cast, &nimal toxicity,
nutrient value and comparative safety for the emnment. Present results
regarding INA are in agreement with the findingkessmanret al. (1994)
who reported that the foliar spray of INA reduceck fblight Erwinia
carotovora) by 45 per cent compared to non inoculated conalcium
based chemicals used in our study were effectivambating the disease.
Our results are in agreement with the findings obiYet al. (1989) who
reported effectiveness of application of Ca(@lnd CaCQ@ against
Alternaria mali and also found higher calcium content in applevdsa
responsible for imparting resistanceAidernaria mali than in the leaves of
susceptible ones. Application of SAR activators vp significantly
superior when used before pathogen applicatiorgamst post inoculation
application. Our observations are in accordancen wite findings of
numerous workers (Schonbeclt al., 1993; Kessmanet al., 1994;
Schneideget al., 1996; Van Looret al., 1998; Benhamou and Picard, 1999;

Tally et al., 1999; Cohen, 2001; Kuc, 2001; Bokshial., 2003; Gozzo,
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2003; Soyluet al., 2003). Yooret al. (1989) reported that the application of
calcium compounds to apple leaves prior to inoautabf Alternaria mali

Is more effective than after inoculation. In preasstudy application of
BABA before and after inoculation of thdternaria mali proved superior
to all other SAR chemicals tested. Similar obseovnst have been recorded
by Amzalek and Cohen (2007) who found foliar apmdien of BABA
provided significant protection against sunflowestr while BTH and INA
were less protective. The post infection inhibit@éfyect of BABA better
than BTH is because the BABA operates quite rapidlgtop growth of
mycelia in the mesophyll as reported by Amzalek &when (2007).
Reuveniet al. (2003) reported control of moldy-core in apple Di-f-
aminobutyric acids (BABA) and potassium phosphit¢hie laboratory and
in the field. They showed that three foliar appimas of BABA or
potassium phosphite, starting from the initial mloto petal fall, reduced
the number of fruits infected with moldy-core by d@d 60%, respectively,
in comparison to untreated control. Chemically-icell SAR has also been
reported effective againdleronospora tabacina, Cercospora nicotianae,
Phytophthora parasitica var. nicotianae, Pseudomonas syringae pv. tabaci
and TMV (Lyonet al.,1995; Strobel and Kuc, 1995; Schneideeal., 1996;

Kuc, 2001).
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CHAPTER -6

SUMMARY AND CONCLUSION

The investigations on Alternaria leaf blotch of Epjn Kashmir
valley were carried out during the year 2007 to200he results of the

study are summarized as under:

The survey of apple orchards in seven districtsaghmir valleywiz.
Bandipora, Baramulla, Budgam, Ganderbal, Kulgamw&ma and
Shopian, revealed the prevalence of the diseaa# the seven districts of
Kashmir valley with an overall incidence and integnef 42.11 and 21.68
per cent, respectively. The highest disease incel¢bl.94%) and intensity
(26.34%) was observed in district Pulwama and l@astistrict Shopian
(25.49 and 12.52% respectively). Among the locatisarveyed, Batwina
in district Ganderbal exhibited highest diseasedewce (68.74%) and
intensity (33.62%) while least disease incidenca iatensity of 19.33 and

9.21 per cent was recorded in Kachdoora of disBixipian.

The causal organism involved for leaf blot&it¢rnaria mali) was
isolated from diseased leaves of apple cv. Redcdek and subsequently
maintained for further studies. The pathogenicitytwenty one isolates

from various locations was established followingcks postulates.
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Variations in pathogen population were studiedhmnbasis of their
cultural, morphological and pathogenic behaviourlsoA molecular
technique was adopted to record any genetic vaniaimong the isolates.
Cultural characteristics studied were colony typsglour, margin,
pigmentation and growth rate. Colonies grew slo@shibiting velvety or
cottony growth and were mostly appressed. The gobatour ranged from
light olivacious to dark olivacious with regularitoegular margins. Isolates
varied in their growth rates however; all the ise¢adepicted an overall
increasing trend in growth rate from 2nd day toheiday and decreased
afterwards. Am-13 with mean growth rate of 8.21 mwwas fastest while
Am-5 with mean growth rate of 5.86 mm was slowdstlates also
depicted periodic changes in their growth ratese?, 4, 6, 8 and 10 days
of inoculation highest growth rate of 5.25, 10.Z3,00, 18.35 and 5.58 mm
were recorded in Am-3, Am-13, Am-7, Am-14 and Amr&spectively and
least in Am-18 (1.08 mm), Am-19 (4.16 mm), Am-145B mm), Am-5
(9.7 mm) and Am-11 (0.16 mm), respectively. Ahet isolates
impregnated the media with a colour pigment mogtlgy to brown and

were clearly visible from under side of the plates.

Morphologically isolates varied in size, coloshape and septation

of their hyphae, conidiophore and conidia. Meanhaypvidth ranged from
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3.28 to 4.28 pm with maximum in Am-4 and minimum Am-21.
Significant variation was observed in the lengthd abreadth of
conidiophore with maximum length (68.18 mm) in Anas®d the minimum
(26.99 mm) in Am-17. Conidiophore breadth varieohir3.30 to 4.70 um
with least in Am-20 and maximum in Am-3. Conidiopé® were septate as
well as aseptate and maximum mean septation ofva@0recorded in Am-
5 and least of 3.08 in Am-2. Aseptate conidiophavese observed in Am-
1, Am-5, Am-9, Am-14, Am-19 and Am-21 and highesptation of 9 in
Am-4. Conidial septation, both transverse and lwagnal, showed
significant variation among the isolates. Transeessptation varied from 1-
7 and longitudinal from 0-4. The highest mean nundidransverse septa
(2.95) was in Am-6 while lowest (1.76) in Am-8. Slanly highest mean
number of longitudinal septa (1.12) was in Am-1 ieHpwest (0.22) in
Am-14. Minimum of one transverse septum was iritedlisolates while the
maximum of seven was in Am-18. Conidia without lbdadinal septa were
observed in all the isolates tested while the uppage was 3 to 4. The
average conidial size of isolates varied from 28334 um x 8.34-14.48
um with maximum (31.74 um) and minimum (21.36 ponidial length in
Am-13 and Am-16, respectively. The average maximamd minimum
conidial breadth of 14.48 um and 8.34 um was in drand Am-16,

respectively.
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Isolates ofA. mali varied in the colour of hyphae, conidiophore and
conidia. Hyphal and conidiophore colour varied fragarly hyaline, light
olive green to dark olive. While as conidia of fasolates were light olive
green, six were olive green, six dark olives ane fisolates dark olive
green. All the isolates had muriform and obclavadaidia and variations
were in their being either ovate to round, ovaktiipsoidal or pyriform.
Nine isolates were ovate to round, six oval topstidal and six with

pyriform shaped conidia.

Studies indicated the prevalence of high pathagerariability
among the isolates. All thisolates successfully produced disease lesions
however, varied in their incubation period and neménd size of lesions.
Incubation period varied from 2.0 to 6.3 days witimimum in Am-9, Am-

13 and Am-15 and maximum in Am-17. The number sfdies produced
by isolates varied from 6.3 to 14.3. Least numkbdesions was produced
by Am-2 and maximum by Am-16. The mean minimumdassize of 2.9
mm was recorded in Am-17 while the maximum of 1@u2 was observed
in Am-1. The isolate Am-1 was highly virulent wigim average lesion size

of 10.2 mm.

Data generated from the cultural, morphological grathogenic

studies was used to construct a dendrogram tondeterdistance/similarity
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between isolates. The dendrogram analysis revdatgd diversity within
A. mali population. All the isolates were within singleogp at 66 per cent
similarity coefficient, while as at 67 per cent darty coefficient the
isolates were categorized into 2 clusters (I ahddluster | had 12 isolates,
while as cluster [l accommodated 9 isolates. Thmeilaiity among the
isolates ranged from 57.6 to 82.1 per cent withimirm between Am-10
and Am-21 and the maximum between Am-2 and Am-1@elsas Am-4

and Am-11.

For molecular characterization, RAPD markers [oQenter (OPA-
13) and three 20-mersiz, U2, U3 and U9] producing consistent
polymorphic bands were selected for fingerprintofgsolates. In present
study 42 bands were scored of which 41 were polpimorthus showing
97.61 per cent polymorphism. The dendrogram amalyavealed a high
genetic diversity withinA. mali population in Kashmir valley. At 68 per
cent Dice similarity coefficient, all the isolategere categorized into 5
clusters (I to V) however, above 91.2 per cent Biceilarity coefficient all
the isolates were totally dissimilar. Tendency itougp isolates in relation to
their location proximity was not obtained. Dice darity percentage of
isolates ranged from 38.0 to 91.2 with minimum hlew Am-5 and Am-7

and maximum between Am-1 and Am-21. There was nogruEnce
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between RAPD pattern and cultural, morphologicad amathogenic
characters. Isolates that were identical for onecigspm were most often

dissimilar for other spectrum.

Of the thirteen apple cultivars screened for tasse to Alternaria
leaf blotch, only one cultivar ‘White Dotted Redimved highly resistant
reaction followed by ‘American Apirouge’. Three twvars Firdous,
Shireen and Sparten were moderately resistant whdveo cultivars, Red

Delicious and Red Gold were highly susceptible.

Seven SAR (systemic acquired resistance) activatere evaluated
against Alternaria leaf blotch disease. The diseasmnsity ranged from
5.88 to 17.34 per cent in chemical (SAR activator®atments in
comparison to 35.35 per cent in check indicatirag &#ll the SAR chemicals
were significantly effective in lowering the diseastensity. Chemical
application before pathogenic inoculation provegdesior to the chemical
application after pathogenic inoculation. BABA @02 ppm was highly
effective before as well as after pathogenic inatoih with least disease
intensity of 1.47 and 4.03 per cent, respectivahd was the only chemical
at par with penconazole (standard), though otheR S¥tivators were
statistically inferior to penconazole at 400 and $pm. The other SAR

chemicals in decreasing order of their efficacy ev&gPO,, BTH, INA,
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Ca(OH), K,HPO,andCaCQ,

From the present study, it is concluded that:

Alternaria leaf blotch of apple is prevalent in abh all apple
growing areas of Kashmir valley in moderate to seerm so is a
potential threat to existing apple plantatiditernaria mali isolates
exhibited considerable variability in their morpbgical, cultural,
pathogenic and genetic characters. The groupingdoas RAPD
data could not be correlated with grouping basednorphological,
cultural and pathogenic characters. The wide Jvanabf isolates
indicated the possible existence of different sgaf pathogen and
indicates that the fungus has a high potentialdapato resistant
cultivars or fungicides. The evidence of strainseemce and random
distribution of variability in pathogen populationave practical
implications for breeding programs as well as i thanagement of
Alternaria leaf blotch. Natural resistance of vagyidegree was
observed in available apple germplasm which maX@oited in
future. SAR compounds, especially BABA were effeetiin
managing the disease. This induced resistance igrglanatural
defense machinery of plants could be proposed aaltamative,

non-conventional and eco-friendly approach for pfaotection.
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APPENDIX —|

Monthly meteorological data of Kashmir Valley for the year 2007 and
2008

Relative humidity (%) Rainfall (mm)
Month

2007 2008 2007 2008
May 64.7 70.1 70.7 89.3
June 65.7 73.0 67.0 88.8
July 70.8 74.0 68.8 66.0
August 71.2 75.9 63.7 81.8
Mean 68.1 73.2 67.5 81.5

Source:Indian Meteorological Department, Meteorologicaén@e, Rambagh, Srinagar-
190015.
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