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ABSTRACT

Present investigation “Studies on Powdery Mildeavy6iphe euonymi-
japonici Veinn-Bourg.) of EuonymusEuonymus japonicu$hunb.) in Kashmir
valley” revealed that the disease was prevaleallithe zones of Kashmir valley
surveyed during 2012 and 2013. The average disecisence of 75.14 and 77.60
per cent on leaves and 21.23 and 22.74 on twigs pét cent disease intensity
(PDI) of 42.60 and 45.05 on leaves and 11.79 anfl0l@n twigs was recorded
during the two years, respectively. The overalledse incidence ranged from
56.67 to 86.70 per cent on leaves and 8.19 to 3n2Awigs and PDI varied from
20.89 to 53.33 on leaves and 3.90 to 19.20 on tWige highest average disease
incidence and PDI of 78.06 and 48.01 per cent ande and 23.59 and 13.31 per
cent on twigs was recorded in south zone wherezast Idisease incidence
(73.83%) and PDI (40.02%) on leaves (73.83 and220)Cand twigs (19.16 and
10.54%) was recorded in north zone. Among the iooat Nishat exhibited
maximum disease incidence (86.70%) and PDI (53.3&%depaves as well as on
twigs (31.27 and 18.80%), whereas, Igbal Park etddbthe minimum disease
incidence (56.67%) and PDI (20.89%) on leaves amgst(8.19 and 3.62%). The
powdery mildew was noticed to be characterizedheydppearance of chlorotic
spots on upper leaf surface with whitish powderywgh on corresponding lower



surface. The disease ultimately resulted in lomfyial folding, curling and
distortion of leaves, which finally got shriveleshch withered. The pathogen
Oidium euonymi-japonic{anamorph) overwintered asexually as mycelium on
intact infected twigs which started producing camiih the 4' week of February
and continued till ending October. The pathogerseddo produce conidia from
the ' week of November to"3week of February, 2012-2013 and 2013-2014. On
intact-overwintered infected twigs, maximum conidmoduction and viability
was observed during™week of April and T week of August in both the years.
However, no conidial formation was observed ontthigs, kept 10 cm deep in
the soil. The mycelium was branched, septate aatiney Conidia were elliptical
and hyaline produced on unbranched and hyalinedmptiores. Epidemiological
studies further revealed that maximum and minimwmperature exhibited
significant positive correlation with the PDI. Theinimum relative humidity
exhibited significant negative correlation with tHeDI, whereas maximum
relative humidity and rainfall showed non-signifitaegative correlationln vivo
evaluation of different test fungicides revealedttfiusilazole 40 EC (@ 0.02%)
was significantly superior in controlling the diseaboth on leaves and twigs,
while as potassium bicarbonate (KH¢g@vas found to be least effectivie. vivo
evaluation of bioagents revealed tWahpelomyces quisqualisas significantly
superior followed byPseudomonas fluorescefisoth at 50% concentration) in
reducing the PDI whereagrichoderma virideproved to be least effective.
Pruning of twigs 6 cm below diseased area proveuifstantly superior to other
pruning levels in checking the disease. Out olilBivars screened, Silver King
and Silver Queen were found to be resistant andRaie susceptible whereas,
Emerald Gaiety, Canadale Gold and Box-leaf Euonyprmased to be moderately
resistant in their reactions to the powdery mildéMae present investigation
revealed that alternate sprays of flusilazole (@2%) andA. quisqualig@ 50%)
alongwith pruning of twigs (6 cm below diseasedaareroved to be most
effective integrated disease management stratgogxhubiting 2.33 and 0.16 PDI
on leaves and twigs compared to 56.40 and 17.1¥ded in check, respectively.
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Chapter-1
INTRODUCTION

Euonymus japonicu3hunb., also known as spindle tree, belonging to
Celastraceae family is a popular ornamental plansinative areas Japan, Korea,
China, Europe, North America and other regionshef world.E. japonicusis a
branched evergreen shrub with green and smootts thaging lightly serrated,
thick, dark green and waxy leaves (Oretaal, 2009). Euonymus is popularly
recognized for its colourful and variegated foligbat differs greatly from one
cultivar to another (Randolptet al, 1981). The genuguonymuscontains
approximately 200 species worldwide, ranging fromargreen shrubs, such Bs
japonicus to evergreen vines, such Bs fortune (Wintercreeper), to deciduous
groundcovers, such & obovata(Garbary and Deveau, 2007). All euonymus
species prefer full sun, fertile, moist and welkided soil but do not tolerate

waterlogged soil.

The euonymus is used as a decorative garden glaetjmen foundation
plant and natural or sheared hedge or screen @st¢aping (Ningert al, 2005).
Some species of euonymus (ekg.alatus)contain a glycoside kaempferol and
quercitin which reportedly reduce the risk ofeleping several diseases such as
cancer and cardiovascular diseases, and possessgidarit, anti-inflammatory,
antimicrobial, cardioprotective, neuroprotectivetialiabetic, anti-osteoporaotic,
analgesic and anti-allergic activities (Fang, 200&nget al, 2009; Montancet
al., 2011).

E. japonicushas remained a dominant landscape element inotine éf
hedges and screens in most of the public and prigatdens in Kashmir valley.
Its evergreen nature, fine texture, thick lustréeesves and ability to withstand
rigorous pruning makes it an ideal choice for usededge and screen plant in
various landscape situations. Different specieseobnymus in general and

E. japonicusin particular are grown in almost all the floritue gardens and



private lawns for aesthetic ornamental value thhowg the Kashmir valley.

Thereby, signifying its commercial importance flariculture-nursery industry.

About ten thousand plant species are known to dmshof powdery
mildews, including different ornamental plants likaonymus, azaleas, catalpa,
cherry, crab apple, privet, rose, rhododendronywaagl, honeysuckle, lilac, silver
maple and willow (Timmerman, 2010). Due to theiildemic potential and wide
occurrence, powdery mildews are of high econom&veance on important crops
(Brand, 2009).

E. japonicusis prone to various diseases but is highly suddepto
powdery mildew throughout world including Kashmialley (Koul, 1980).
Powdery mildew appears as white to grey coloniedeawes and twigs. The
disease severely downgrades the aesthetic appeavamice foliage and appears
to be the main cause for the decline of Euonymusashmir. Powdery mildew
of E. japonicuswas first reported from Italy in 1900 by Acrangiind later on in
1903, from Austria and England by Salmon (Braurl, 2002). In Kashmir, the
disease was first reported in 1980 (Koul, 1980).

The fungus causing powdery mildew was first désatiby Saccardo in
1903 asOidium euonymi-japoniciThe first report of cleistocarps was given by
Viennot-Bourgin (1965). The fungu3. euonymi-japonicoverwinters as mycelia
and spores on infected leaves and stems and tleetionf is favoured by
temperatures of 25 to 32 and relative humidity between 85 and 100 per cent
(Van, 2008). Free water on leaf surfaces reportedppressed spore germination
(Pscheidt and Ocamb, 2015).

The use of fungitoxicants still appears to be ssagy to control various
diseases of euonymus, though their use could heeedor even avoided on the
cultivars with high level of resistance to powdamjldew (Hansen, 2009).
Different chemicals have been tested for manageroérmowdery mildew of

euonymus world over which include myclobutanilatimefon, azoxystrobin,



propiconazole, hexaconazole, dinocap, sulphur (@an, 1998; Dhrujet al,
2000; Moyer and Peres, 2012; Williamson, 2013),dessfoliar application of
various polymer coatings or aquous solution of wador potassium bicarbonate

along with horticultural oil (Ziv and Hagiladi, 199

The use of chemicals raises concerns about thieoenvent and human
health hazards (Rankovic, 1997). Therefore, theomapce of biological methods
for plant protection has increased today. In mases, planting resistant varieties
or avoiding the most susceptible varieties adoptiodpwing good cultural
practices has been advocated for control of plas¢ages including powdery
mildew of E. japonicus(Olsen, 1998; Hagan and Mullen, 2000). The use of
hyperparasite fungi and other biocontrol agenteatiiely tested against the
pathogen includdmpelomyces quisquali€ladosporiunmspp, Trichotheciunspp,
Trichoderma spp, Bacillus subtilis and Penicillium chrysogenun{Hijwegen,
1988; Elad, 2000; Beckerman, 2008; Moyer and P&@%2). Amongst them,
A. quisqualishas been reportedly observed to be widely digiidbuon the
powdery mildews and considered as hyperparasitthefpathogen (Rankovic,
1997). Pruning of heavily diseased branches, ipigmt sunny area and avoiding
crowding have also been advocated as managememegses for the disease
(Williamson, 2013).

Most of the euonymus hedges in Kashmir garden® lsaxccumbed to
powdery mildew, a disease that makes the planghtigiso much so that even
old and established hedges have been uprootedeGémslers are reluctant to
create new euonymus hedges both in private andcdabdscape spaces. There is
a need to study the fungus and develop a managesimiegy to restore
euonymus as a dominant hedge plant in valley garddowever, no study has
been conducted in Kashmir on various aspects afigease so far. Therefore, the
present study on powdery mildew & japonicuswas carried out with the

following objectives:



To study the status of the disease.
To study symptomatology, perpetuation and epidesgipbf the disease.
To screen the available germlasm against the pathog

To devise strategy/strategies for the managemettisefise.



Chapter-2
REVIEW OF LITERATURE

The ability of the powdery mildew fungi to coexish their evergreen
ornamental hosts is obviously advantageous to thenew of the obligate nature
of their parasitismEuonymus japonicu$hunb., commonly known as Japanese
spindle tree or evergreen tree, is a popular, woodyamental plant often grown
in parks and gardens, especially to form hedgesemet grows wild in some
areas. The leaves are extremely dark or glossngfowdery mildew, caused by
Oidium euonymi-japonicihas been a major disease problem on euonymus.
Symptoms appear as flat white to grey powdery aosafliage, particularly on

young foliage and buds (Ellis and Ellis, 1997).
2.1 Occurrence

Powdery mildews are caused by approximately 148€cies of fungi
belonging to six closely related genera Vigrysiphe, Microsphaera, Phyllactinia,
Podosphaera, SphaerotheaadUncinula, and the genu®idiumrepresents their
imperfect state (Pataky, 1987). Nearly 700 speaigowdery mildew fungi have
been reportedly occurring on about 7600 speciesargjiosperms including

ornamentals (Brauet al, 2002).

While stating the occurrence of powdery mildewnsainy herbaceous and
woody ornamentals under greenhouses, nurseriesdsdape settings, Windham
(1996) reported that powdery mildews caused seridamage to woody
ornamentals such as euonymus, rose, flowering dodwarape myrtle, common
lilac, Persian lilac, besides herbaceous ornanmgergach as African violet,
begonia, chrysanthemum and kalanchoe and beddargspsuch as zinnia and
shapdragon.

Braunet al. (2002) studied that there were nearly 700 speadigowdery
mildews, occurring on about 7600 species of an@iosp including ornamentals.

Infection can damage tissue or whole plants, cguslefoliation, cosmetic



damage and reducing Yyields, quality, aesthetic aedorative values of
ornamentals like euonymus, dogwood and crape myrtle

2.2 Morphology

Viennot-Bourgin (1965) reported that the conidiaGo euonymi-japonici
were 21-36 x 7-13 um in size. Salmon (1905) studied the conidia of the
fungusO. euonymi-japonicivere 30-38x13-14 um in size.

Braunet al (2002) reported that despite of morphologicalatams, the
genusOidium was relatively homogenous and all state<Oalium belonged to

powdery mildews (Erysiphaceae).

Braunet al (2002) furthur reported that the primary myceliafrpowdery
mildews was hyaline, septate, thin walled with wcileate and vacuolated hyphal
cells with width varying from 10 to 20 um and tleadth between 20 and 100 pum.

The hyphae were branched and ramify at more origissangles.

Li et al. (2011) reported that the fungu&ysiphae euonymi-japonici
causing powdery mildew dE. japonicushad unbranched conidiophores with an
average length of 57.3 um and width of 8.3 um. r@yical to ellipsoid-
cylindrical conidia with an average length of 2@m and width of 10.4 um were

borne singly.
2.3 Symptomatology

While studying the symptoms of powdery mildew avefornamentals
viz., lisianthus Eustoma grandiflorui nasturtium Tropaeolum majys lily
(Zantedeschia aethiopifaimpatiens Ifnpatiens balsama) and balloon plant
(Asclepias physocarpa Reiset al (2007) reported that the typical symptoms of
the disease appeared as chlorotic areas on the lggpesurface corresponding to
a fungal colony in the lower leaf surface and theBlorotic areas eventually

turned into brown necrotic lesions.

Mameth and Chatfield (2009) reported that powdemjdews of the

[ ]



landscape ornamentals like euonymus, dogwood apkanyrtle often appeared
as a superficial white or gray powdery growth ohdus over the surface of
leaves, stems, flowers or fruits. These patcheargedl until they covered the
entire leaf on one or both sides. Young foliage simoots were most susceptible.
Leaf curling and twisting was noted and severe mowdildew infection resulted
in yellowed, dried and brown leaves with disfigustuots and flowers.

Powdery mildew disease, caused by different speaiefungi, affects a
wide range of ornamentals and is considered todsy ¢ diagnose since its
symptoms are usually quite distinctive (Severogid ®zyigit, 2012). Liet al
(2011) observed that on severely infected leavegumnymus, mycelia were
amphigenous, thick, forming irregular white patchasd effused to cover the

whole surface. Subsequently, these leaves becaomtity curled, and withered.

Severoglu and Ogzyigit (2012) reported that powderydew usually
produced a white powdery substance that grew oh batfaces of leaf and
infected leaves became twisted, distorted and avilidney reported that spores of
all powdery mildew causing species could germiraatd cause infection in the

absence of water, though humidity requirementsjpare germination varied.

Williamson (2013) reported that powdery mildew eafonymus was the
most common and the most difficult disease to abréand caused yellowing of
leaves and severe infections led to slight leapdbmt heavy leaf drop was not a

characteristic symptom of the disease. On youngtshthe leaves became curled.
2.4 Perpetuation

Salmon (1905) observed that fungu®idium euonymi-japonici
overwinters as mycelia on leaves, whereas Hor&Q)L&ported its overwintering
as mycelia and spores both on infected leaves t@mass and the airborne spores
spread to newly emerging leaves in the spring tsedresh infection. Wheeler

(1978) reported that the infection of leaves resudtthe formation of suberized



layer in which mycelium and chlamydospores hibexdaind caused infection of
new growth in the following spring.

On other crops, the powdery mildew causing fumgiortedly perpetuate
as mycelia on bud scales as well as ascosporeteistothecia as in case of
powdery mildew of grape vine (Weltzien and Weltzi#862). However, Sall and
Wrysinski (1982) reported that early infections gnapes in the spring aroused
from the mycelia in buds and ascospores were ofomimportance for the
epidemiology ofOidium. In case of powdery mildew of mango, Gupta (1989)
reported that causal funguSidium mangiferaeperpetuated in the form of
mycelium and conidia or dormant mycelium on olddected mango leaves and

intact green malformed inflorescences.

Wheeler (1978) stated that in Japan the powdelgemvionE. japonicus
was namedJncinula euonymi-japonicaby Hara in 1921 but this stands unclear
whether it was based on a collection of the perdéate as other workers failed to
find any cleistocarp. However, the first record fofmation of cleistocarps of
Microsphaera type was reported by Viennot-Bourdif66). Later on, Stephen
(2010) also reported that the fungus could forny tiMlack fruiting bodies
(cleistothecia) within the white mycelium on sewgrmfected and prematurely

fallen leaves.

In case of powdery mildew of rose, Horst (1983)oreed that the causal
fungusSphaerothica pannosaverwintered as mycelium or conidia or ascospores
produced in fallen leaves, but new shoots werectatk by air borne conidia in
spring and summer months, whereas Fosthal (1993) noticed that the main

form of overwintering was through mycelium on rasmls and flowers.

Olsen (1998) reported that powdery mildew fungvewed in low deserts
as short-lived windborne spores and as myceliunthé host plant tissue. In
colder areas where freezing temperatures are comtmmughout the winter

months, powdery mildew fungi survived as myceliumthe host tissue and by



forming a sexual stage with spores that are resdista drying and cold
temperatures. The sexual spores germinate in tiegsip start the disease cycle

over again.

Fraedrich (1999) reported that approximately ssxega of fungi caused
powdery mildew on specific ornamentals. The fumgerwintered as mycelium in

the buds or as spores on fallen leaves.

Shi and Mmbaga (2006) reported thatysiphe lagerstroemiaeand
Erysiphe australianacausing powdery mildew of crape myrtle overwintessd
mycelia on dormant buds. They also observed that tdleomorph rarely
developed in crape myrtle, and ascocarps were niewared. Some powdery
mildew fungi, such ask. cichoracearummay develop cleistothecia with

ascospores by the end of the season (Betah, 2002).

Van (2008) reported thad. euonymi-japonicsurvived from season to
season on infected tissues such as leaves and atehtke spores of the powdery

mildew fungi were often carried by wind currentssptashing water.
2.5 Host range

Salmon (1905) reported thBtilonymus europaewsnnot be infected with
conidia fromErysiphe euonymi japonici.

Wheeler (1978) reported that powdery mildew on rflatedEuonymus
europaeusappeared to be a distinct speciedvrosphaera euonyma fungus

originally described by Decandolle Bsysiphe euonymn 1815.

Johnsoret al (1984) reported that powdery mildews had morécdilt

germinating and producing infection structures on-hosts than on hosts.

Dreistadtet al (1994) studied thad. euonymi-japonicinfected the other
species of Euonymus like. albomarginatus, E. aureomarginatls aureopictus
andE. microphyllus

Khodaparast and Abbasi (2009) presented compseleeneview of the

[ ]



species, host ranges and geographical distributfopowdery mildew fungi in
Iran and reported that the powdery mildew fungiohgkd to eight teleomorphic
genera and one anamorphic gendaium (five species). The check list of the
different reviewers presented by Khodaparast arabaAi in Iran showed tha.
euonymi-japonici (Arcang.) Sacc. occurred oE. japonicus throughout the

country.

Severoglu and Ozyigit (2012) collected the disdasmmples of powdery
mildew of different plants from urban lands, espbgiin parks, public and
private gardens, road edges, medians and nurseri&$ of 39 districts of
Istanbul. They observed 43 powdery mildew fungacsgs on 73 different plant
species. Some of these fungi observed on a singlg ppecies wer&rysiphe
convolvulivar. convolvuli E. flexuosaE. lagerstroemiagE. platanj E. sparsa
E. syringae E. trina, E. viburni, Leveillula taurica, Microsplesa alni var.
vaccinii, M. alphitoides, M. berberidicola, M. difa, M. grossulariae,
M. platani, M. quercina Oidium sp., O. begonia O. euonymi-japonigi
O. lauraceum, O. lini, Peronospora erodii, Phillata guttata, Sphaerotheca
fusca, S. humuli, S. lanestris, S. macularis, 8npaavar. rosae, Uncinila aceris,
U. circinata, U. clintonii, U. geniculata, U. neaat U. Parvulaand U. salicis
Some powdery mildew fungi were cosmopolitan andvdtbparasitic features for
many different plant species. These fungi waterosphaera alni(11 plant
species), Erysiphe polygoni(9 plant specigs Erysiphe cichoracearumand
Phyllactinia corylea8 plant species).

2.6 Epidemiology

Yarwoodet al (1954) considered that among plant pathogenpdiveery
mildews had low optimum temperature range averagifg.

Van der Plank (1963) studied the rate of diseaseldpment per unit per
day and concluded that powdery mildews and rustse veempound interest

diseases, which complete many generations on i ior a season. Initially



disease starts very slowly, builds up the inoculanhogarithmic phase. Often
nearly half the amount of time needed for an epides spent in logarithmic
phase itself. From around 0.5 or 1 per cent sgveisease growth was very rapid

and multiplication is at an exponential rate.

Another factor attributing to epidemic developmeras susceptibility of
host chiefly in relation to physiological factossich as host age and susceptibility
at an early age, although microclimatic factors ttugreater density of foliage in

older crops might also be of some importance ftedtion (Palti, 1971).

Reuveni and Rotem (1973) reported that the retiow humidity of 55-
60 per cent improved sporulation®f fuligineaon squash.

Dixon (1978) reported that, the conidia ladveillula tauricagerminate
best at 28C on a dry slide with 52-75 per cent relative hutyid

Koul (1980) reported that powdery mildew Bf japonicuswas severely

destructive from early spring until early autumrKiashmir.

Gupta (1989) reported that powdery mildew of mangourred severely
at temperature 26°C and 100 per cent relative hitynitlowever, the fungus
could cause infection at 15 to 32°C and 15.5 to d€)0cent relative humidity. He
also observed that atmospheric temperature was imgsirtant factor for onset
and epidemic development of the disease under ¢etdiitions. The temperature
range of 11-14°C (minimum) and 17-31°C (maximumdngl with moderate
relative humidity (64-72%) was most congenial foe development of powdery
mildew of mango. Rainfall did not play any signiit role on appearance and

disease development, but dry weather favouredekeldpment of the disease.

Singh et al (1991) developed regression equation indicatininear

relationship between powdery mildew severity aralrgyield of mung bean.

Windham (1996) reported that powdery mildew onaaomentals like
flowering dogwood Cornus floridg, crape myrtle (agerstroemia indich

euonymus Euonymusspp.) and roseRosaspp.) produced airborne spores and



usually infected plants when temperatures were mabele(18-32C) and
temperatures above &2 inhibited growth of the fungus.

Similarly, a crop loss model in the form of Y=8.40.558 (AUDPC) with
coefficient of determination of 96 per cent was eleped to estimate yield loss

due to sunflower rust (Patil, 1996).

Olsen (1998) reported that powdery mildews ofaamantals were
favoured by moderate to high humidity and low ligitensity whereas, at higher
elevations, powdery mildew fungi appeared whenfbst plant begin to grow

new foliage in the spring and continued to infdenps until late fall.

Solanki et al (1999) used correlation analysis and multipleedin
regression and stepwise multiple regression argalgsidentify the relationship
between severity of powdery mildew of chilli andatlger parameters and they
reported that, mean temperature, number of trappmddia, crop age and

cumulative number of trapped conidia were highlyeated with the disease.

Upasana and Munshi (2002) studied the developwiepbwdery mildew
of wheat in relation to environmental conditionsiséase development was
significantly correlated with maximum and minimum@ntperature at Ludhiana
under both the field and glasshouse conditions.relaiion coefficients were

highly positive and significant between temperatamd per cent disease index.

Carroll and Wilcox (2003) reported that optimum Bér cent relative
humidity was required for the development of grapewowdery mildew. They
concluded that humidity played a significant rakegrapevine powdery mildew

epidemiology.

Sharma (2003) studied that powdery mildew futige O. euonymi-
japonici and Sphaerothica pannosaere favored by high humidity in the plant
canopy and warm temperatures @pand fungal spores could not germinate in

free water.



Sinha (2005) carried out an experiment at New telstudy the effect of
temperature and hours of high relative humidity pmwdery mildew infection
caused byidium erysiphoides jujube Ziziphus mauritiand..). Infection index
on fruits was highest (0.96) at temperature 24=26vhile lower index (0.1- 0.15)
was at temperature 10 and°G4 He also reported that Infection index increased
from 0.17 to 0.90 with the increase in hours ohtige humidity from 5 to 24 per
cent.

Jacobet al (2007) while studyin@idium neolycopersiagausing powdery
mildew of tomato found that severity of powdery daeMv was positively
correlated with the temperature range from 15 ttC2%nd relative humidity of
50 to 60 per cent. Conversely, disease was netjativerelated with the duration
of temperatures in the low and high ranges (5 tCl1and 35 to 40°C), with the
duration of relative humidity levels of 40 per ceahd below, and with 50 to 60
per cent relative humidity. High relative humidiy 90 to 100 per cent was also

negatively correlated with disease severity.

Jat and Goyal (2009) evaluated that temperatuck dignificant and
humidity had non significant correlation with peent disease intensity of
powdery mildew of ber incited b§. erysiphoided. sp. ziziphi Matrix studies

indicated that there was a significant relatiowtsstn PDI and temperature.

Xun (2009) observed that the occurrence of powdemdew on
E. japonicushad obvious seasonality with 2 peak periods ofatie from middle
of April to middle of May and from early Septemherearly October.

2.7 Chemical management

Keeping in view, the serious damage caused bypthedery mildew
pathogenE. japonicus various workers had stressed the need for chémica
treatment to the disease (Nademejad, 1966; @tved, 2009). Elemental sulphur
was one of the first fungicides to be introduceg@revent plant diseases including

powdery mildew infections (Severoglu and Ozyig,12). Sulphur products have



been used to manage powdery mildews for centutiesute reportedly effective
only when applied before the appearance of disgaslelar, 2009).

The fungitoxicants that proved effective for thamagement of powdery
mildews of other crops include dinocap or sulphar finhibiting spore
germination of the pathoge@idiopsis taurica(Telomorph +eveillula tauricg
and its disease control on chilli (Maharshi anca@ana, 1984; Saroj and Satish,
1985); carbendazim (@ 0.1%) and penconazole (@ )Ofa®snhibiting conidial
germination ofO. erysiphoidesf. sp. ziphi, infecting ber (Sataraddi,1994);
penconazole (@ 0.1%), difenconazole (@ 0.1%), callem (@ 0.1%) and
wettable sulphur (@ 0.3%) for inhibiting conidiag¢rgnination ofE. polygonj
infecting green gram (Kunkalikar, 1989; Venkatra©997); triadimefon
(@ 0.05%) on pea (Gupta and Shyam, 1998); dinacagoriander, coupled
withits early planting (Kalraet al, 2000); propiconazole, penconazole,
hexaconazole, triadimefon, tridemorph, dinocap aatphur againsteveillula
tauricaon fenugreek (Dhrugt al, 2000); sodium bicarbonate and potassium
bicarbonate for inhibiting conidial germination ammflection of tomato (Hseilet
al., 2005); in case 08. pannosan roses, dinocap or Folicur 50 WG (@ 0.1%)
sprayed twice at 14-day interval or 4 times at y-déerval (Mathuret al, 1991,
Wojdya and Jaworska, 2005) or difenconazole (@ %)0Sprayed at 8-day
interval (Kakadeet al, 2006).

Ziv and Hagiladi (1993) observed that foliar apation of various
polymer coatings or an aqueous solution of sodiunpaassium bicarbonate
along with horticultural oil to plant foliage effiaeely controlled powdery mildew

onE. japonicus

While evaluating various commercial formulation$ fongitoxicants,
Windham (1996) observed that Bayleton 25 WP, @I€2836-F, Funginex
6.5EC, Rubigan AS , Strike 25 WP and Immunex radled powdery mildew of

different ornamentals like euonymus, flowering dogas, and zinnia.



Dhruj et al (2000) reported that of the seven fungicides ,viz.
propiconazole, penconazole, hexaconazole, triadimefidemorph, dinocap and
sulphur, used to control powdery mildeweygeillula tauricg of fenugreek

significantly reduced the disease as comparedetaahtrol.

Hagan and Mullen (2000) reported that azoxystrobienarimol,
myclobutanil, propiconazole, triadimefon, thiophenamethyl, mancozeb,

chlorothalonil provided excellent control of powgenildews.

Dik et al (2003) recommended the use of bicarbonates a®oa ¢
alternative for the control of powdery mildew ofrtato Qidium lycopersicum
sweet peppel( taurica) and rose$. pannospunder glasshouse conditions.

Zhanget al (2003) evaluated the efficacy of mencozeb, traefen,
carbendazim, sulphur, tuzet and chlorothalonailiregapowdery mildew $.
pannosa on rose and showed that mancozeb and sulphur mest effective

resulting in 100 per cent control of powdery mildew

Rajapakse et al. (2006) evaluated wettable sulphur @ 5g/l, Neemari
15% @ 3ml/l, Neem seed extract @5g/l, Caster sed¢chot @ 5g/l, against
Oidium spp. causing powdery mildew of rambutan in Sri lanKhe results
showed that spraying of wettable sulphur (5g/l.)yaung foliage stage, at
flowering, just after fruit setting and 3 weekseaffruit setting on to the plants

completely controlled mildew disease of rambutan.

While evaluating various fungicides against powdwmildew pathogen of
E. japonicus, Qilil et al (2007) found that chlorthalonil inhibited spore
germination by 99.3 per cent undarvitro conditions and recorded 85 per cent
disease control in the field. Van (2008) also obserthat foliar application of
sulphur, propiconazole, triadimefon and myclobutanovided excellent disease

control in euonymus, crape myrtle and dogwood.



Hartman (2008) reported that the powdery mildewoofamentals and
valuable susceptible trees in the landscape wasatied by applications of

triadimefon, myclobutanil, propiconazole and poitassbicarbonate.

Williamson (2013) noticed that fungicides mycladmit, propiconazole,
and thiophanate-methyl protected foliage of euorg/mrem the infection of
powdery mildew by killing the mildew spores as tlygyrminate.

El-Mougy et al. (2014) while evaluating the efficacy of differepliant
resistance inducers and bio-agents against fols@ades incidence revealed that
plant spray with potassium bicarbonate + Thyme lteduin the significant
reduction in powdery mildew incidence and seveoitycantaloupe plants carried

out under commercial plastic houses conditions.
2.8 Biological control

Yarwood (1932) observed killing of clover powdamjldew fungus in
experimental plots of red clover By quisqualisThe first report ofA. quisqualis
on Oidium sp. parasitisingPhaseolus vulgarisvas made by Sydone and Butler
from Pusa, Bihar (Chona and Munjal, 1956).

Nagaraj (1966) in his work observed that @iglium sp. onStriga lutea
being parasitised b&mpelomycesp. and species of Phoma and Alternaria.

Gu and Ko (1997) reported that the most importayperparasite for
powdery mildew of E. japonicus was A. quisqualis. The mycoparasite
Ampelomyces quisqualiand Bacillus subtilis provided excellent control of
powdery mildew of melon seedlings grown under grdwuse conditions
(Romeroet al, 2007).

Ravikumar (1998) found that, different biocontaglentsviz. Trichoderma
harzianumRifai., T. viride Pers.,P. fluorescendMigula andGliocladium virens
Millar. were less effective against powdery mildefarose, both in laboratory and

field conditions compared with fungicides and plardgducts.



Biju (2000) noticed that the biocontrol agenks harzianum(0.4%),
T. viride (0.4%) andP. fluoresceng0.2%) tested against powdery mildew of peas
were less effective, both under laboratory anddfiebnditions as compared to
plant products like nimbicidin (0.4%) and ovis (&%)

Romeroet al. (2007) reported that the most effective biocon&gént of

powdery mildew in cucumber was a mycoparagiteguisqualis

Elwenees-Elkot and Hamed-Derbalah (2011) etatuaulture filtrates
of certain microbial isolates ofEpicoccum nigrum Epicoccum minitans
Epicoccumsp., T. harzianum T. viride and Bacillus pumilusalone and in
combination. The results showed that culture td#saof different microbial
isolates except fof. harzianumwere more effective against powdery mildew in
squash than the tested fungicide alone at the neeoed levels. The results also
showed that mixing different culture filtrates withenconazole improved
efficiency against powdery mildew compared to ushegfungicide alone, in both
tested seasons. The efficacy of the culture fésaif the tested microbial isolates
against powdery mildew were due to the presence ahixture of known

antifungal compounds.

Pawar (2015) evaluatedl. viride, A. quisqualis, Cladosporium
cladosporioides Fusarium pallidoroseum Aspergillus niger  Alternaria
alternatg andPestalotiopsis dissminatagainstSphaerotheca fuligine¢schlecht
ex. Fr.) causing powdery mildew of pumpk@ugcurbita maximpand identified
A. quisqualissignificantly effective tharr. pallidoroseumC. cladosporioidesin
disease control. Disease control was better inredlation spray application of

biological control agent as compared to post inaioth application.
2.9 Cultural management

Heimann (1996) reported that powdery mildew ofaonentals occurred in
severe form on young and succulent growth and iseade could be reduced by

lowering nitrogen and increasing potassium fegitiian.



Fraedrich (1999) reported that the incidence agwkrity of powdery
mildew of ornamentals like crape myrtle and euonyneould be reduced by
planting the ornamentals at least partial sun angrbning periodically to allow
proper light and air penetration. Fertilizatiortlve dormant season would prevent
excessive late summer growth, which was most stibtepto damage by
powdery mildew. Good sanitation practices throuwdhch infected leaves were
gathered and destroyed in the autumn would redibeeatmount of inoculum

available the following year.

Olsen (1998) observed that keeping plants weltegpaproperly thinned,
consistent application of water, planting suscéptiants in sunny locations and

pruning of diseased portions reduced the powdelyewiinfection of euonymus.

La-Mondia (2001) reported that propagation of aéssl cuttings or
cuttings with latent infections favoured selectifom fungicide resistance in a
particular isolate over several generations oftglan

Van (2008) reported that powdery mildew of ornataknlike euonymus
dogwood and crapemyrtle could be minimized by redycleaf wetness.
Susceptible plants grown and maintained in welksga sunny locations had a
lower incidence of powdery mildew than those growshady, humid conditions.
He further reported that the fallen leaves shoealaddmoved and destroyed during

the fall or winter since they were important sosrtm infections in the spring.

Hansen (2009) reported that cultural practices tbduce humidity, such
as pruning for improved air circulation and avoglishady locations, helped

prevent powdery mildew of ornamentals.
2.10 Screening

Dekker (1976) reported that chemicals often fattedontrol the powdery
mildews because the pathogen developed resistance.

Hagan and Mullen (2000) reported that the varedjatultivars of

euonymus E. japonicu$ were more resistant to powdery mildew than graedh



non-variegated varieties. The green cultivar Paitemsry susceptible.

Van (2008) studied that the best control for powdenildew of
ornamentals like euonymus, dogwood and crape mwds to plant resistant

varieties.

In the past, the fungus was rarely observed oregated cultivars but now
it was much more common (Pscheidt and Ocamb, 2@re)jstadtet al. (1994)
also reported that the variegated varieties of gonus like aureomarginatus,
albomarginatus, aureopictus were more resistamt tiwa-variegated types like

patens
2.11 Integrated disease management

Caseyet al (2007) launched an integrated pest managemegtgmme
with the aim to reduce the risk of pesticides amditilize the biological control
agents with cultural management practices to mattag&ey pests of floriculture

crops.

Hong (2014) developed integrated disease manadewstestegy for
ornamentals and reported that it was importanetoeave dead and diseased plant
parts as well as to keep the tools clean for thextve control of powdery mildew
of ornamentals. Removing dead plants reduced lootwuring a growing
season and removing diseased plant parts avoidietentional spreading of a
pathogen from one plant to another. Symptomatigdwieaves and flowers
should be pruned from plants and removed from #te Bterilize pruners with 70
per cent alcohol solution should be done regularie also reported that
gardening exclusively with resistant plant speeied cultivars was an option for
gardeners who want to avoid and manage diseaséepretand when chemical
control was necessary, it was critical to firstesletine the nature of a disease, and
then select the right chemical. It was best toradtee pesticides with different

modes of action.



Chapter - 3
MATERIALS AND METHODS

The present study was carried out in the DivistdnPlant Pathology,
Sher-e-Kashmir University of Agricultural Sciencasd Technology of Kashmir
(SKUAST-K), Shalimar, Srinagar. The field trials ngelaid out at Shalimar
campus and the pot trials were laid out in the §don of Plant Pathology,
SKUAST-K. Three zones of Kashmir valleyz., central, south and north were
surveyed to ascertain the status of the disease dé&tails of materials used and
the methodology followed during the course of timgestigation are explained

here under.
3.1 Disease status

Extensive surveys were carried out in central, ls@rtd north zones of
Kashmir valley during the peak period of the dise® week of June), in the
year 2012 and 2013, for recording disease incidandeper cent disease intensity
(PDI) of powdery mildew of euonymus. In each zooerflocations were selected
with three sites per location and ten plants per §ler cent disease incidence was
calculated by counting the total number of leaved ghe number of twigs

infected on randomly selected plants using the fibam

_No of diseased Ieaves/twigsx

~ Total No. of leaves/twigs 100

Per cent disease incidence

The per cent disease intensity (PDI) on leavestargbs was assessed by

using 0-5 rating scale (Plate 1&2) as given by Mirgl999). Six disease
categories were made on the basis of per centdesd infected as per the

following key:



Plate-1: Assessment scale for disease intensity mfwdery mildew on leaves ofEuonymus japonicus caused by
Oidium euonymi-japonici



i .
Plate-2: Assessment scale for disease intensity pbwdery mildew of
Euonymus japonicus caused byOidium euonymi-japonici



Category Numerical value Leaf area/extension growtinfected (%)

I 0 Disease free
[ 1 Upto 25
1 2 >25 -50
vV 3 >50-75
\% 4 >75
Vi 5 Complete leaf fall

Per cent disease intensity (PDI) was calculateddyy formula:

PDI ZI\S”X"GV) x 100
Where,
py = Summation
n = Number of leaves/twigs in each category
v = Numerical value of each category
N = Total Number of leaves/twigs examined
G = Maximum numerical value

3.2 Pathogenicity test

Healthy Euonymus japonicuultivar Patens) twigs bearing leaves were
identified and were cut with sterilized scissonface sterilized and immediately
put in sterilize polybags containing sterilizedlsden such twigs were inoculated
by rubbing the infected twigs d&. japonicuscultivar Patens and incubated in
humid chamber. Uninoculated twigs were also maneii as control.
Observations were made at regular intervals for pdgm development. The

symptoms developed on the inoculated twigs aft@ays of inoculation and these



infected twigs were then compared with the twigedutor the inoculation with
respect to morphological characteristics of thépgén.

3.3 Morphological characteristics

The morphological characteristics of the causaaoigm were studied on
the host under laboratory conditions. Semi-permtaskdes were prepared, and
were examined under microscope (40X, 100X) withpees to following

characters of the causal organism:
Mycelium . Colour, width, septation and branching
Conidiophores : Colour, shape, size and branching
Conidia . Colour, shape, size and septation

3.4 Symptomatology

Symptom development of powdery mildew was studied=o japonicus
plants tagged at Shalimar campus under naturahgjmpc conditions. The plants
were observed constantly for symptom developmehe diseased leaves were
tagged and further observations with respect te, silzape, colour, coalescing and
sporulation were recorded at weekly intervalsthi#t spots attained the maximum

possible size.
3.5 Perpetuation studies
The perpetuation of the pathogen on the intacttefiktwigs and leaves of

E. japonicuswas studied during 2013 and 2014 in an experinhdiedd of the
Division of Plant Pathology at SKUAST-K, Shalimamnaepus.

3.5.1 Survival on overwintered diseased leaves/y@

The study was carried out on the intact twigsésaand on the cut
diseased twigs kept in wire bags by placing thera dépth of 10 cm in the soil.
The diseased twigs were collected dhNlovember in the year 2012 and 2013.



The diseased twigs were kept in wire mesh bagd) éag containing equal
number of twigs and kept 10 cm in the soil. Theedg®d twigs were removed
from the wire mesh bags at weekly intervals begigriiom ' week of February
onwards and examined in the laboratory for the pectdn and viability of
conidia. The equal number of intact infected tw{@® twigs/plant) were also
tagged on ¥ November 2012 and 2013 and were observed fromtheeek of
November 2012 to*iweek of November 2013 and froni tveek of November
2013 to ' week of November 2014 respectively for the prouctind viability
of conidia.

3.5.2 Conidial production

For the estimation of conidial production on diszhseaves a method
given by Filajdec and Sutton (1995) was adaptecentyleaf discs of 1cfrdia
bearing the mildewed symptoms were randomly sedecteushed in 80 ml
distilled water in a pestle and Mortar and staittedugh a double layer of cheese
cloth. 25 ml of this suspension was centrifuge@Q@0 rpm for 15 minutes. After
centrifugation, 18 ml of the supernatant was drainfrom the pippete. The
pellet was re-suspended in 2 ml sterilized wated #re number of conidia
estimated as mean of 10 haemocytometer readingsgbcation. The number of

conidia was computed on the basis of number peranea
3.5.3 Conidial viability

Viability of conidia was studied by spore germioatitest of the
overwintered leaves. Two drops of 50 pl from eactessed sample were placed
on a glass slide and incubated in a moist chamb&5a1°C. After 24 hour
incubation, a drop of cotton blue in lactophenokwaded to each drop and semi-
permanent slides prepared by placing a 20 x 20 wwercslip over each drop.
The number of conidia in each drop and the numbat germinated were

recorded.



3.6 Host range studies

The objective of this study was to ascertain tost Ispecificity ofOidium
euonymi-japoniciother thanE. japonicus Different Euonymus species.(
japonicus,E. aureopictus, E. albomarginatus. microphyllus E. fortunii andE.
aureaomarginatus weeds Trifolium repens, Plantago major, P. minor,
Convolvulus arvensis, Raninculus a¢i@ynodon dactylonbesides surrounding
hedges/plantsRosa indicaand Ligustrum ovulifoliurh were raised in sterilized
pots containing sterilized soil under protecteddittons. These were inoculated
artificially on 1* of April by dusting the conidia collected frol. japonicus
leaves naturally infected by powdery mildew by gsimair brush. Inoculated
plants were covered with polythene bags for 24 fio@bservations were
recorded 10 days after inoculation on the develaproésymptoms on different
hosts. Isolates were collected from different hastser thanE. japonicusas
mentioned above infected by powdery mildew in ie&lf The conidia from these
hosts were inoculated onto the healthyaponicudeaves by dusting conidia with
camel hair brush. Similarly conidia from naturaihfectedE. japonicusleaves
were inoculated on to the weeds and other euonyspesies grown in pots.
Observations for infection were then recorded tovkithe cross inoculable nature

of the pathogen.
3.7 Epidemiological Studies

The epidemiological work has been studied at SKUAS Shalimar
campus during 2013 and 2014. Ten plants were ralydseiected and were
labeled for observation on the powdery mildew disedevelopment on foliage.
Observations were recorded using 0-5 scale (Mit289) at weekly interval of

standard meteorological week.
3.7.1 Inoculation and disease rating

The conidiaof Oidium euonymi-japonicivere dusted on th. japonicus

on the newly emerged leaves. The Percent disetassity (PDI) was calculated



from 2" week of April till peak period of the diseasd”(#eek of June). Rate of
disease progress was calculated using the giveak®anderplank, 1963):

23 g0 Xe
_ 10 X

2 1 1

R =

Where, r = rate of disease progress or infectoa. r
T,-Ty = Time interval

X1

Disease at time{T

X2 Disease at time,T

The PDI was correlated with meteorological datdlected from the
observatory of Agro-Meteorology, Section of the Wity SKUAST-Kashmir,
Shalimar. The effect of weather parameters on poyvdeldew of E. japonicus
was correlated using SPSS (Statistical Package afialS Sciences). The
regression and coefficient of multiple determinati¢R’) values were also
analysed to find out the effect of single as well @mbination of different

meteorological factors on disease development.
3.7.2 Correlation analysis

To determine the effect of weather variables an fglogress of disease,
the data on disease intensity during the coursepademic was analyzed by

calculating simple and multiple correlations (Goraerd Gomez, 1984).
3.7.3 Simple correlation

All simple correlations were calculated betweendgtvariables Y and
abiotic factors X, Xz, Xs.....Xs. PDI, rainfall, relative humidity maximum and
minimum, temperature maximum and minimum is represkby Y, X, Xz, Xz,
X4 and X, respectively. The test of significance for simglarrelation was
carried out using Student’s t- test (Snedecor amch€an, 1986).



3.7.4 Multiple correlation and regression analysis

To study the cumulative effect of different vated (independent
variables) in disease development (PDI), multipberelation coefficient were
carried out and linear multiple regression mode$ \@aveloped for prediction of
disease development. The coefficient of multipleedeinations was used for the
adequacy of regression equations.

3.7.6 Regression model

Linear multiple regression analysis were usedind but the effect of

various environmental factors on disease progressing prediction equation as:
Y=byg+ b X1+ bXot..o......... +hsX5
3.8 Screening

Totally 6 cultivars were screened under artifi@plphytotic conditions at
Division of Plant Pathology, SKUAST-Kashmir, Shaéim during 2013. 10
plants of each cultivar were raised polybags atiticzal inoculation was done by
rubbing the infected leaves and twigs on healthyngpleaves. All the leaves of
10 plants of each cultivar were counted for theess®ent of the disease. Same
plants were assessed each year and the averagd 8\l years was taken for the
categorization of the species. The disease wasdedaluring the peak period of
the disease (Uweek of June). The species were categorizediiffé&ent groups

in accordance with Datar (1922) as under:

Grade Reaction PDI
0 Immune (1) Disease free
1 Highly resistant (HR) Upto 10
2 Resistant (R) >10-20
3 Moderately resistant (MR) >20-40
4 Moderately susceptible (MS) >40-60
5 Susceptible (S) >60-100




3.9 Management
3.9.1 Invivo evaluation of fungicides

The field trial was conducted for two consecutyears during 2013 and
2014 at SKUAST-Kashmir Shalimar, during 2013. Thpeziment was laid out in
Randomized Block Design with three replications terdtreatments. Four sprays
of all treatments were undertaken immediately dfterappearance of the disease
at an interval of 15 days. The observations omratis intensity of powdery
mildew were recorded 15 days after the last spoayfive randomly selected
plants in each treatment. Three branches were nalydagged per plant and the
PDI of powdery mildew on all the leaves and twifishese tagged branches were
graded by adopting 0 to 5 scale as given by Mid&@09). The fungitoxicants

evaluated are as under:

S. Commercial name

No. Treatment Conc. (%)
1 Karathane Dinocap 48 EC 0.05
2 Sulfex Wettable sulphur 80 WP 0.20
3 Potassium bicarbonate = KHCO3 1.00
4 Tilt Propiconazole 25 EC 0.03
5 Bayleton Triadimefon 25 WP 0.05
6 Graple Myclobutanil 10 WP 0.03
7 Score Difenconazole 25 EC 0.03
8 Contaf Hexaconazole 5 EC 0.03
9 Governar Flusilazole 40 EC 0.02

10  Check (Water spray) - -

3.9.2 Invivo evaluation of biocontrol agents

The biocontrol agents namelyirichoderma viride Pseudomonas



fluorescensand Ampelomyces quisqualiwere procured from the Division of
Plant Pathology, SKUAST-Kashmir, Shalimar. Cultéiteates of the biocontrol
agents were obtained by growing biocontrol agdntsiridi and Pseudomonas
fluorescensn PDA broth for 15 days at 26-Z8. The PDA broth with biocontrol
agents were then centrifuged at 5, 000 rpm for ifutes, the supernatant was
filtered by filter glass (ElI-Boghdady, 1993). Thirétes were diluted at 25 and 50
v/v by sterilized water. Concentrations of 25 afidpgr cent were also prepared
from the commercial biogentA. quisqualis Culture filtrates ofT. viride andP.
fluorescensfrom concentrations 25 and 50 per cent and 25 Zhger cent
concentrations from commercial biogeht quisqualiswere used on the potted
plants grown at research fields, Division of Plddthology during the two
successive years 2013 and 2014 for their efficainst the powdery mildew.

The plants were sprayed four times fron‘l‘]ﬁ)April at 15 days interval.

Observations regarding PDI were recorded 20 dégs the last spray as

per the formula mentioned in 3.1
3.9.3 Effect of Pruning on disease

The effect of pruning on the PDI of powdery mildevas studied on
highly susceptible cultivar ‘Patens’ &. japonicus The different pruning levels

taken were:
Treatment Pruning levels
= 2 cm below diseased site
P, 4 cm below diseased site
Ps 6 cm below diseased site
Po No pruning

3.10 Integrated disease management

The most effective fungitoxicant, biocontrol agamid a pruning level at



the respective recommendations were applied on dhévar ‘Patens’ of
E. japonicusat SKUAST-Kashmir, Shalimar, Srinagar. The expent was laid
in Randomised Block Design (RBD). The chemical dmocontrol agent was
applied three times alternately at an intervalittéén days before the appearance
of symptoms on the new growth. Pruning was donéa'fhzebruary. Data on PDI

was calculated 15 days after the last spray. Tdarrents given are as under:

Treatments Treatment combinations
T1 Fungitoxicant + Biocontol agent
Ts Pruning + Fungitoxicant
T3 Pruning + Biocontol agent
Ty Pruning + Fungitoxicant+ Biocontol agent
Ts Check (water spray)

3.11 Statistical analysis

The data obtained in different experiments wea@istically analysed with
the help of computer software SPSS, Minitab, OR &td Microsoft Excel. The
data was subjected to appropriate transformatidmerever needed, as suggested

by Gomez and Gomez (1984) before analysis.



Chapter-4
EXPERIMENTAL FINDINGS

Experimental findings in the present investigagia@re elucidated under

the following sub-headings:
4.1 Survey

Survey was conducted in three zones, central, north and south Zones
of Kashmir valley to assess the status of powdealgaw of Euonymus japonicus
during 2012 and 2013. The data regarding diseaseéeince and Per cent Disease
Intensity (PDI) recorded are presented in Tablad 2

4.1.1 Disease incidence on leaves

The results obtained indicate that powdery mildgwE. japonicuswas
prevalent in all the three zones surveyed. Theadis incidence of 77.60 per cent
was recorded on leaves in 2013 compared to 75.04qd in 2012 (Table-1).
The disease incidence on leaves during the yea?2 @@k higher in south zone
(76.99%) followed by central zone (75.84%) and tleasnorth zone (72.41%).

Disease incidence followed the similar trend in201

Perusal of data revealed that average diseasgeimo® on leaves varied
from 56.67 to 86.70 per cent with Confidence In&r{95%) of 71.25-81.33.
Among the zones surveyed the highest disease mmdeas recorded in south
zone (78.06%) followed by central zone (77.00%) dedst in north zone
(73.83%). Amongst the locations surveyed, Nishatentral zone recorded the
highest average disease incidence (86.70%) wheaadslowest average disease
incidence (56.67%) was recorded at Igbal Park ef¢hme zone. In south zone
the highest average disease incidence of 79.4te#rwas recorded at Verinag
followed by Kokernag (78.35%), whereas, lowest wasorded at Achabal

(76.64%). Similarly in north zone the highest ageralisease incidence of 79.25



percent was recorded at Tangmarg followed by Balamy77.55%) whereas,

least was recorded at Manasbal (69.05%).
4.1.2 Per cent disease intensity on leaves

The overall per cent disease intensity (PDI) aD85wvas recorded in 2013
as compared to 42.60 in 2012 (Table-1). In 2018,RBI was higher in south
zone (46.68%), followed by central zone (42.60%gadt PDI (38.50%) was
recorded in north zone. PDI followed the similani in 2013.

Perusal of data revealed that the average PDe¢avret ranged from 53.33
to 20.89 with Confidence interval (95%) of 38.2648 Amongst the zones
surveyed highest average PDI (48.01%) was recaatisguth zone followed by
central zone (43.43%) and least was recorded ah rane (40.02%). Amongst
the locations surveyed highest average PDI of 5888 recorded at Nishat of
south zone, whereas lowest was recorded at Igléll (8.89%). In South zone
highest average PDI of 49.26 was recorded at Vegriolowed by Kokernag
(48.92%), whereas lowest was recorded at Achalta0%6). Similarly in north
zone the highest average PDI of 43.11 was recoatletangmarg followed by
Baramullah (41.68%) whereas, lowest was recordedaatasbal (36.80%). The
disease incidence on twigs was less as compard¢ase incidence on leaves.
The disease incidence on twigs was less in 20t»mpared in 2013. The overall
disease incidence of 22.74 per cent was record@@18 in comparison to 21.32
per cent in 2012 (Table 2). The disease incidenc20il2 was higher in south
zone (23.01%) followed by central zone (22.57%)adtedisease incidence of
18.38% was recorded north zone. A similar trenddisease incidence was

observed in 2013.



Table 1: Status of Powdery Mildew ofEuonymus japonicus on leaves in
Kashmir valley during 2012-2013

Zone Location

*Disease Incidence (%) *Disease Intensity (%)

2012 2013 Pooled 2012 2013 Pooled

Harwan 80.83 83.13 81.98 4839 50.78 49.58

Cze(;‘rt]f;" Shalimar 81.80 8350 82.65 49.10 51.73 50.41
Nishat 85.33 88.07 86.70 5204 5363 53.33

lgbal Park ~ 55.40 57.93 56.67 20.85 20.93  20.89

~ Sub-Mean 75.84 7816 T77.00 4260 44.27 43.43
- ;lg;/(’)')"'""""'ééféé?"Eé}ibl"";;,'1"7'2'"'ié.éé?"'i's;ﬂ;i's'i"'ié.'4il"
97.74 99.91 9882 6579 69.09 67.45

Achabal 76.40 7890 76.64 44.67 47.33  46.00

SZ(())LrJ]teh Kokernag 77.00 79.70 78.35  46.33 51.51 48.92

Verinag 78.67 80.27 79.47 4896 4956 49.26

Aharbal 76.93 78.62 77.77 46.79 4897  47.88

~ SubMean 76.09 79.12 78.06 4668 47.04 48.01
- ;’l'@;;/;)"'""""'%L:;féé?"'%éfi%."'"78.'1"8'?";i'e;.'é%?"'4'6]55’5"2;:;.'55?
7881 80.57 79.93 4950 52.08 50.34

Sopore 68.60 70.39 69.49 37.65 39.33 38.49

’\Z‘grgz Baramullah 75.33  79.77 7755 39.44 4393  41.68
Tangmarg  78.47 80.03 79.25 41.35 4488 43.11
Manasbal ~ 67.27 70.83 69.05 3558 38.03 36.80
 SubMean 7241 7525 7383 3850 4154  40.02
 Glesw 6388 6671 6537 3457 3618 3542
80.94 83.79 8229 4243 4690 44.61

Overall Mean 75.14 77.60 76.37 42.60 45.05 43.82




Table 2: Status of Powdery Mildew ofEuonymus japonicus on twigs in
Kashmir valley during 2012-2013
_ *Disease Incidence (%) *Disease Intensity (%)
Zone Location
2012 2013 Pooled 2012 2013  Pooled
Harwan 23.25 25.18 24.21) 13.23 14.13 13.68
Cze(;‘rt]f;" Shalimar ~ 28.66 30.66 29.66 1585 17.35 16.6
Nishat 30.35 32.20 31.27 18.40 19.20 18.80
Igbal Park 8.03 8.35 8.19 3.35 3.90 3.62
""""" Sub-Mean 2257 2410 2334 1271 1365 13.18
CIOS%) 3473 4147 40d0 2348 2450 2284
Achabal 19.90 20.72 20.31 10.67 11.50 11.08
SZ(())LrJ]teh Kokernag 21.65 22.18 21.91 11.25 12.67 11.96
Verinag 24.18 24.95 24.56 13.55 14.00 13.77
Aharbal 23.30 23.85 23.57 12.33 13.75 13.04
""""" Sub-Mean 2225 2292 2259 1195 1298  12.46
aes 5% R b s e s
Sopore 19.00 20.35 26.29 9.65 10.55 10.10
;‘grr]tg Baramullah 17.85 19.28 1857 10.13 11.25 10.69
Tangmarg 20.55 22.33 21.44 10.93 12.35 11.64
Manasbal 16.13 17.80 16.97 9.13 10.30 9.72
""""" Sub-Mean 1838 1994 1916 99 1111  10.54
CIOS%) 5135 gper 2215 1147 1267 1ige
Overall Mean 21.07 22.32 21.70 11.54 12.58 12.06

*Average of 3 sites



4.1.3 Disease incidence on twigs

The data obtained revealed that the average déiseaglence on twigs
ranged from 8.19 to 31.27 per cent with Confidehterval (95%) of 16.17-
22.15. Amongst the locations surveyed, the highestage disease incidence of
31.27 per cent was recorded at Nishat of centrakzmnd lowest at Igbal Park
(8.19%). In south zone the highest average diseaséence was recorded at
Verinag (28.57%) and lowest at Achabal (20.31%).nérth zone the highest
average disease incidence was recorded at Tang(@arg4%) and lowest at
Manasbal (16.97%). Manasbal area of North zonerdecbthe lowest disease
incidence on twigs after Igbal Park among all theations surveyed.

4.1.4 Per cent disease intensity on twigs

PDI on twigs was less in 2012 as compared to 20m8. overall PDI of
12.90 was recorded in 2013 in comparison to 1In722 (Table-2). In 2012 the
PDI on twigs was higher in central zone (12.71%l)ofeed by south zone
(12.70%). Least PDI (9.90%) was recorded in nomimez PDI followed the

similar trend in 2013.

Perusal of data revealed that the average PDivigs ranged from 18. to
3.62 per cent with Confidence Interval (95%) of®t@ 11.86. Among the zones
surveyed the highest average PDI of 13.18 was dedoat central zone followed
by south zone (13.04%) whereas, least PDI (10.5486)recorded in north zone.
Among the various locations surveyed the highedt (B.80%) was recorded at
Nishat of central zone whereas, lowest PDI wasrdszbat Igbal Park (3.62%). In
south zone highest average PDI was recorded ahaferi13.77%) followed by
Kokernag (13.04%) whereas, least was recorded hat#ad (11.08%). Similarly
in north zone highest PDI was recorded at Tangn{aig64%) followed by
Baramullah (10.69%) whereas, least was recorddthatsbal (9.72%).

4.2 Pathogenicity test

The conidia from the infected twigs &. japonicuscv. “Patens” were



inoculated on the healthy leaves by rubbing theadrdd leaves on both the
surfaces of healthy leaves. The characteristic symp appeared on the leaves
after 7 days of inoculation showing small whitigfots that gradually increased in

size and covered both the surfaces of leaves (B)ate
4.3 Morphology of Oidium euonymi-japonici Acrang.(Sacc.)

The morphological characters of the pathogen werdied in laboratory

and are presented in Table-3.
4.3.1 Microscopic characters

The mycelium ofO. euonymi-japoniciwas branched, septate, hyaline
(Plate-4-A) measuring 3.4-7.5 um (average 5.25 pimyidth. The hyphae
showed elongated and hooked appresoria (Plate-448). conidiophores were
aseptate, ubranched and hyaline (Plate-4-C) measuii5.7-91.5%5.3-9.1
(average 83.9-7.8) in size. The conidiophores wette unswollen basal cell with
conidial chain of 1-5 cells (Plate-4-D). The coaidvere hyaline and elliptical
(Plate-4-E). The average dimensions of 100 ellgbticonidia were 26.3-39.5
x8.7-12.3 um (average 33.9x10.8 um).

4.4 Symptomatology

The symptomatological studies were carried out ufigkl conditions on
cultivar “Patens”. Ten plants were tagged and kamprayed throughout the
season. The symptoms first appeared as chloratis m the upper side of leaves
in the second week of April and reached at its paafing the 1 week of July
(Table-4). During this period the disease were aleticed on twigs. The
symptomatological developments were recorded ainggrval of seven days
(Table-4). The first symptoms of the disease oleskmwere whitish powdery tiny
circular to irregular spots ranging from 2.0 to 81 with an average size of 2.9 mm



Control

Rt ; Inoculaed .

Plate-3: Pathogenicity: Symptom development of powaty mildew after 9
days of inoculation of Oidium euonymi-japonici on Euonymus
japonicuscv. “Patens”
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Table 3: Morphological characters ofOidium euonymi-japonici Acrang. (Sacc.)

Shape Size (um) Colour Septation
Mycelium Amphigeous, smooth, branched with3.4-7.5 (average 5.25) in width Hyaline Septate
hyphae having lobed appresoria
Conidiophore Unbranched, erect, unswollen badgl ce 75.7-91.5x5.3-9.1 Hyaline Aseptate
with 1-5 conidial cells
(average 83.9-7.8)
Conidia Elliptical usually in chains, vacuolated 26.3-39.5 x8.7-12.3 Hyaline Aseptate
and germinating into germ tubes wi
lobed appresoria (average 33.9x10.8)

The conidia were usually in chains, with vacuoRkie-4-F) and germinating into germ tubes witimiaal lobed appresoria (Plate-

4-G).



Plate-4: Morphology of Oidium euonymi-japonici Acrang. (Sacc.) on the&euonymus japonicus (100X)
A. Mycelium
B. Hyphae with lobed aspersoria
C. Conidiphore with conidia
D. Conidiophore with conidia borne acropetally

Plate-4 contd.......



E. Elliptical conidia
F. Vacuolated conidia
G. Germinating conidia with lobed appresoria



on the lower surface of leaves (Plate-5-A) in tleeosid week of April. The
whitish spots on the lower surface of leaves shotedyellowish chlorotic spots
on the corresponding upper surface in the thirdkwadeApril (Plate-5-B). White
sporulating areas showing abundant production ofdta. In the fourth week of
April, whitish circular to irregular spots start garing on upper leaf surface
(Plate-5-C). In the first week of May lesions stdrtoalescing from both the sides
of leaves to form bigger patches ranged from 429am with an average of
6.8mm (Plate-5-D-E). In the"2week of May leaves showed mottled yellowing
with patches of yellow and whitish growth (Platé-5s). In the third week of
May infection appeared on twigs as circular toguiar whitish growth (Plate5-
H). Witches broom appearance of severely infectedst appeared in the fourth
week of May (Plate-8-1). Leaves become narrow adefd longitudinally in the
first week of June (Plate-5-J). In the second damddtweeks of June leaves
become distorted, twisted and curled (plate-5-Kgaves withered, shriveled,

dried up and defoliate in the last week of Junat@b-L).
4.5 Host range ofOidium euonymi-japonici

The cross inoculation experiment was conducted ttmlys the cross
infectivity of powdery mildew pathogen froff. japonicuscv. Patens to other
species of euonymus and other host plants undeanesvice-versa (Table-5). In
cross inoculation study, the pathogén euonymi-japonicifrom E. japonicus
infected E. aureopictus, E. albomarginatus, E. microphyll&s, fortunii, E.
aureaomarginatusand vice-versa. Infected leaves showed the syngtom
yellowing on upper surface with whitish powdery magonsisted of
conidiophores and conidia on their correspondingelo surface. Trifolium
repens, Plantago major, P. minor, Convolvulus asen Raninculus acrjs
Cynodon dactylon Rosa indicaand Ligustrum ovulifoliumand different species
of Euonymus did not show any symptoms of powdeiidew while cross

inoculation studies (Plate-6).



Table 4: Development of symptoms of Powdery mildewn E. japonicus cv. Patens

Period of Lesion
observation Size (mm) _ Twig Other characters
Month  Week Range Average Shape Colour Sporulation infection
April Il 1.1-2.3 1.8 Circular to Whitish - - Whitish circular to irregular spots st
irregular appearing on lower surface of leaves
1 2.0-3.5 2.9 -do- -do- Chlorotic spots appeared on
corresponding upper surface
v 3.5-5.,5 4.3 -do- -do- Whitish, circular to irregular colonies
powdery growth appeared on the upper
surface
« May I 4.9-7.2 6.8 -do- -do- Lesions startezbalescing from both tl
sides of leaves
I 6.6-9.8 9.2 -do- -do- Leaves became motylellowing
1l 10.6-2.6 11.8 -do- Whitish + + Infection on twigs as small irregu
grey patches of powdery growth
v 12.5-3.8 13.0 -do- -do- Witches broon appearance of sever
infected twigs
June I 13.2-4.9 14.1 -do- -do- Leaves became narrow and longitudin
folded
I 14.7-5.7 15.0 -do- -do- Leaves become distorted , twisted
curled
1l 17.5-9.6 18.5 -do- -do- -do-
\Y 18.0-0.3 19.2 -do- -do- Leaves witheredj\stled and defoliate

+ denotes present and - denotes absent



Plate-5: Symptomarological development of powdery mildew on Ewnomiymius
Jjapanicus

Small dot like whitish powdery spots on lower surface
Chlorotic spots on corresponding upper leaf surface
Whitish lesions on upper leaf surface

Coalescing of spots on lower leaf surface

Coalescing of spots on upper leaf surface

Chlorosis and whitish circular spots on upper leaf surface

mERNEE



Plate -5 Contd..........

H. Powdery whitish growth on twig

I Witches broom appearance

J. Longimudinal folding of leaves

E. Distorted. withered and shriveled leaves
L. Drying of severely infected leaves



4.6 Perpetuation of causal pathogen

The perpetuation studies of the causal pathodgemiym euonymi-
japonici) were carried out on the intact infected twigsged) in £ week of
November as well as on the infected twigs keptCatml deep in the soil during
2012 and 2013 and examined for conidila productiod viability during 2013
and 2014.

4.6.1 Survival of Oidium euonymi-japonici on intact and overwintered
diseased twigs

Observations regarding the conidial production #melr viability were
recorded at weekly intervals on the intact and wiudered diseased twigs and are

presented in Table-5.

Perusal of data revealed that conidial producbanthe intact diseased
twigs continued for a longer period from fourth We&f February upto the™
week of October in both the years of experimentatibhe average conidial
production and viability increased from®4week of February and reached
maximum in the first week of April with productiand viability of 4.4x16cm?
of leaf area and 83.4% respectively. The averagel@ production and viability
decreased from the first week of April onwards asached minimum in the first
week of July with production and viability of 0.2¢tm™ of leaf area and 15.6%
respectively. Afterwards the favorable conditiorgaia increased the average
conidial production and viability which reached aigt3x18cm’? of leaf area and
77.5% respectively in the first week of August aswbn after it once again
decreased. No conidial production and were obseoweithe intact infected twigs
from the first week of November 2012 t§ @eek of February 2013 and from first
week of November 2013 to®week of February 2014. There was no conidial

production on the diseased twigs kept at 10cm dedpe soil.



Table-5:

Host range ofOidium euomymi-japonici Acrang. (Sacc.)

Host

**_eaf

. Incubation
S. Disease eriod
No. Scientific name Common name/ Intensity F()da s)
Local name (%) y
1 Euonymus aureopictusVariegated evergreen 13.67 9
2 E. albomarginatus Variegated evergreen 17.55 9
3 E. microphyllus Evergreen 9.70 9
4  E. fortunii Evergreen 1.28 10
5 E. aureaomarginatus Variegated evergreen 1.44 10
6  Trifolium repens Tripater No -
disease
7  Plantago major Budgul No -
disease
8 P. minor Lakutgul No -
disease
9 Convolvulus arvensis Thraer No -
disease
10 Raninculus acris Meadow buttercup No -
disease
11 Cynodon dactylon Dramun No -
disease
12 Rosandica Gulab No -
disease
13 Ligustrum ovulifolium Privet No -
disease
+ = Disease present

= Disease absent



Table 6 : Production and viability of Oidium euonymi-japonici on intact and
overwintered diseased twigs oE. japonicus cv. “Patens” during

2013 and 2014

Intact twigs
Period of observation *No. Ofaﬁggigi?/gnﬁ leaf Viability (%)
Month 2013 2014 Mean 2013 2014 Mean
February 3 week 0.0 0.0 0.0 0.0 0.0 0.0
4" week 1.3 1.1 1.2 21.8 19.0 204
March 1% week 1.6 1.3 15 250 279 265
2" week 2.2 1.6 19 565 445 505
3% week 3.8 3.2 35 608 59.6 60.2
4" week 4.2 3.2 3.7 722 695 709
April 1% week 4.8 4.0 44 858 810 834
2" week 4.1 3.8 40 835 810 823
3% week 3.5 3.2 34 688 601 645
4" week 3.2 2.6 29 656 552 604
May 1% week 2.8 2.3 26 531 50.0 516
2" week 2.0 1.8 1.9 420 40.0 41.0
3 week 1.3 1.2 1.3 3127 0. 15.6
4" week 1.9 1.0 15 384 351 36.8
June 1% week 1.2 1.1 1.2 18.0 150 165
2" week 0.8 0.5 07 150 132 141
3% week 0.7 0.4 05 145 135 140
4" week 0.5 0.3 04 142 131 137
Contd...



Table 6 contd...

Intact twigs
Period of observation L
No. ofa(?gglg|a1/dcﬁ:m2 leaf Viability (%)
Month 2013 2014 Mean 2013 2014 Mean
July 1% week 0.4 0.0 0.2 31.2 0.0 15.6

2""week 0.6 0.3 0.5 384 351 368
3%week 2.9 2.6 2.8 730 704 717
4"week 3.3 3.1 3.2 753 711 732
August 1%'week 4.2 4.4 4.3 792 758 775
2"week 3.6 3.1 3.4 450 383 417
3%week 2.1 1.9 2.0 38.1 345 36.3
4" week 1.7 1.6 1.7 439 406 423
September 1%week 1.5 1.2 1.4 24.8 20.0 22.4
2"week 1.2 1.0 1.1 21.8 176 197
3%week 0.9 0.8 0.9 195 155 175
4Mweek 0.7 0.6 0.7 250 229 240
October  1%'week 0.6 0.4 0.5 21.8 19.0 204
2"week 0.4 0.3 0.4 150 13.0 14.0
3%week 0.3 0.3 0.3 0.0 0.0 0.0

4" week 0.2 0.0 0.1 0.0 0.0 0.0

No conidial production was observed on the intaéedted twigs from the first
week of November 2013 to%week of February 2014 and from first week of
November 2013 to "3 week of February 2015. No conidial production was
observed on the twigs kept 10cm deep in the soihdboth years of study.



4.7 Epidemiological studies

The effect of weather parametewsz., temperature (maximum and
minimum), relative humidity (maximum and minimummdarainfall (mm) on the
development of powdery mildew (Per cent Diseasenisity) ofE. japonicuswas
investigated under prevailing environmental cowodisi on susceptible
cultivar “Patens”, during 2013 and 2014. The datgarding per cent
disease intensity were recorded at seven day @iterfrom 1% to 26"
standard week (April-June) during 2013 (Table igurfe-1) and from 1B to 26"
standard week during 2014 (April-June) (Table-8g.FR). The following

observations were recorded.

During 2013, the powdery mildew symptoms weret fiisserved on 1%
standard week. The PDI increased slowly and reaabdtgh as 56.93 during®6
standard week of 2013. The maximum infection rdt®.%794 was recorded in
the 17" standard week when the maximum temperature, mimirtemperature,
maximum relative humidity, minimum relative humidiand rainfall during the
previous week were 18.57C, 8.06°C, 86.57%, 63.57 per cent and 3.83mm
respectively followed by the infection rate of ©10in the 18 standard week
when the maximum temperature, minimum temperatuneximum relative
humidity, minimum relative humidity and rainfall diog the previous week were
20.71°C, 7.64°C, 85.29 per cent, 48.14 per cent and 2.86 mm c&sply. The
minimum infection rate of 0.0005 was recorded ia #6" standard week when
the maximum temperature, minimum temperature, mamnelative humidity,
minimum relative humidity and rainfall during theepious week were 31.2€,
18.11°C, 78.00 per cent. 47.14 per cent and 3.89 mm c&sply

In 2014 the maximum infection rate of 0.1398 wasorded in 19
standard week when the maximum temperature, minitemnperature, maximum
relative humidity, minimum relative humidity andinall during the previous
week were 25.2C, 9.43°C, 82.14 per cent, 51.00 per cent and 0.11 mm

respectively followed by the infection rate of 0093in the 18 standard week



when the maximum temperature, minimum temperatuneximum relative
humidity, minimum relative humidity and rainfall dog the previous week were
25.2PC, 7.56C, 79.86 per cent, 42.29 per cent and 0.00 mm cé&sply. The
minimum infection rate of 0.0015 was recorded ia 86" standard week when
the maximum temperature, minimum temperature, mamnelative humidity,
minimum relative humidity and rainfall during theepious week were 29.0C,
12.44°C, 75.71 per cent. 46.00 per cent and 1.29 mmeaotisgly.

4.7.1 Correlation analysis

The analysis was made to establish the relatipnbletween weather
factors viz, maximum and minimum temperatures, maximum andimum
relative humidity and rainfall with PDI in highlyusceptible variety ‘Patens’

through correlation and multiple linear regressapalysis.

The relationship between PDI and weather factarind 2013 (Table-9)
indicated a positive and significant correlation difease intensity with the
maximum and minimum temperatures with values ofetation coefficient (r)
0.853 and 0.863 respectively. The maximum and rmuimnrelative humidity
showed the negative though non-significant con@tatvith the PDI of powdery
mildew with values of r equal to -0.083 and -0.468pectively. The rainfall also
showed negative non significant correlation witlsedise intensity (r=-0.033).
Similarly during 2014 (Table 8) revealed that madim and minimum
temperature had significant positive correlatiorthweorrelation coefficients of
0.769 and 807 respectively. Maximum and minimunatred humidity indicated
negative non significant correlation with corretaticoefficients of -0.444 and -
0.354 respectively. The rainfall also exhibited then significant negative
correlation with the disease intensity (r=-0.418)alysis of pooled data revealed
that the maximum and minimum temperature had saamt positive correlation
with disease intensity with correlation coefficientof 0.914 and 0.911

respectively.
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Table 7: Mean weather parameters at different date®f observation and disease intensity of powdery idiew on leaves of
Euonymus japonicus cv.“Patens” during 2013

Disease Temperature Relative humidity
Standard Date of . . Infection rate (°C) (%) Rainfall
: intensity
week observation (%) (R) _ _ (mm)
Max. Min. Max. Min.

15" 13-04-13 0.96 - 20.50 5.29 65.86 58.71 1.40
16" 20-04-13 1.80 0.0897 19.29 6.16 82.57 55.00 7.14
17" 27-04-13 6.33 0.1794 18.57 8.06 86.57 63.57 3.83
18" 04-05-13 11.65 0.1091 20.71 7.64 85.29 48.14 2.86
19" 11-05-13 25.47 0.0437 22.43 8.44 83.71 50.00 0.77
20" 18-05-13 34.93 0.0243 22.36 9.63 84.43 60.14 3.06
21% 25-05-13 43.87 0.0576 30.14 10.43 69.43 35.14 0.00
22 01-06-13 48.33 0.0397 22.64 9.99 80.57 52.86 4.60
23¢ 08-06-13 53.6 0.0249 30.21 12.34 78.00 49.57 1.86
24" 15-06-13 55.67 0.0108 30.71 16.37 79.29 50.71 6.14
25" 22-06-13 56.13 0.0057 25.71 12.36 80.71 53.14 3.09
26" 29-06-13 56.93 0.0005 31.29 18.11 78.00 47.14 3.89
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Fig. 1:  Mean weather parameters at different dates of obsgation and per cent disease intensity of powdery ridiew on
leaves ofEuonymus japonicus cv. “Patens” during 2013




Table 8 : Mean weather parameters at different dags of observation and disease intensity of powdergildew on leaves of
Euonymus japonicus cv. “Patens” during 2014

o

Disease Temperature Relative humidity
Standard Date of intensit Infection rate (°C) (%) Rainfall
week observation (%) y (R) (mm)
0 Max. Min. Max. Min.

16" 20-04-14 1.04 - 14.07 6.23 82.71 76.14 7.60
17" 27-04-14 2.13 0.1023 21.07 6.70 70.43 52.29 0.74
18" 04-05-14 5.33 0.1309 25.21 7.56 79.86 42.29 0.00
19" 11-05-14 14.20 0.1398 25.21 9.43 82.14 51.00 0.11
20" 18-05-14 21.40 0.0585 18.57 9.00 86.14 64.29 6.20
21% 25-05-14 31.25 0.0540 21.21 8.86 85.00 63.29 3.53
22 01-06-14 39.66 0.0340 26.79 8.23 70.00 47.43 0.00
23¢ 08-06-14 48.2 0.0278 27.83 9.54 72.43 51.00 2.06
24" 15-06-14 50.33 0.0062 30.57 9.56 62.86 39.86 0.00
25" 22-06-14 52.80 0.0068 29.01 13.34 76.71 42.57 0.10

26" 29-06-14 53.35 0.0015 29.00 12.44 75.71 46.00 1.29
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Fig. 22 Mean weather parameters at different dates of obsgation and per cent disease intensity of powdery ridiew on
leavesEuonymus japonicus cv. “Patens” during 2014




The analysis of the pooled data also revealed mmaimum relative
humidity had significant negative correlation wittisease intensity with
correlation coefficient of -0.664 and maximum refat humidity showed the
negative non significant correlation. The rainfgllowed the negative correlation

with the disease intensity (r=-0.364).
4.7.2 Multiple linear regression analysis

The multiple linear regression of PDI of powderyidew in relation to
weather parameters, during 2013 (Table-10) indicatieat, the regression
coefficients for maximum temperature, minimum terap@e, maximum relative
humidity, minimum relative humidity and rainfall veefound to be 3.04, 2.05,
0.638, 0.228 and -1.156 respectively. Similarly 2914, the regression
coefficients for maximum temperature, minimum terapgre, maximum relative
humidity, minimum relative humidity and rainfall vee5.41, 3.76, -0.772, 1.357
and 2.911 respectively. The pooled regressionficaaits for both the years
showed regression coefficients for weather paramete maximum temperature
(4.87), minimum temperature (1.80), maximum rekatihumidity (0.083),
minimum relative humidity (1.203) and rainfall (6@6).

During 2013, the multiple linear regression equativas fitted to the data
and the equation arrived for the weather paraméselg- 122.10 + 3.04X +
2.05X% + 0.638X% + 0.228X% - 1.156%, whereas during 2014, the multiple linear
regression equation was fitted ¥s = -155.09+ 5.41 % 3.767% -0.772 %
+1.357 % + 2.911 %. The pooled multiple linear regression equation the
both the years was fitted &s = -174.60+ 4.87X+1.80 X% +0.083% + 1.203 X% -
0.086 X%. Where X; = maximum temperaturé@) X, = Minimum temperature
(°C) X3 = maximum humidity (%), X=minimum humidity (%) and X= Rainfall

(mm).

This revealed that when there was increase inumiteof maximum and

minimum temperature, maximum and minimum relativenfdity and rainfall the



PDI was increased by 4.87, 1.80, 0.083, 1.203 amtsdecreased by 0.086 units
respectively. The weather factors influence theease intensity i. japonicus

cv. ‘Patens’ to the extent of 90 per cent.
4.8 Invivo evaluation of fungicides

A fungicide evaluation trial against powdery mildemas laid out on
susceptible cultivar “Patens” at Shalimar campusJ8KT-K during 2013 and
2014. Eight systemic fungitoxicants and KH ®ere evaluated for their efficacy
against powdery mildew under natural field condiscof disease development.
The results are presented in Table-11
4.8.1 Disease intensity of powdery mildew orEuonymus japonicus cv.

“Patens”

The analysis of data revealed that all the chdnieatments significantly
reduced the disease both on leaves and twigs apatethto check during both
the years (Table-11). The PDI among the chentieatments ranged from 8.73
to 22.86 on leaves as compared to 60.26 per eentded in check and 1.44 to
6.65 on twigs as compared to 18.90 over the cHacR014, the experiment was
repeated and the results revealed that all the iclaésragain proved effective in
reducing the PDI on both leaves and twigs signifilya over check. Among
fungitoxicant treatments PDI ranged from 8.30 ta431on leaves and 1.36 to 6.03
on twigs as compared to 58.80 and 18.05 recordedheck, respectively.
Flusilazole 40 EC @ 0.02% proved significantly sigreover all the treatments
with the PDI of 8.30 and 1.36 on leaves and twigspectively followed by
triadimefon 25 WP @ 0.05% (9.76% on leaves and%.0a twigs), but the later
was statistically at par with difenconazole 25 E@@3% (10.06% on leaves and
2.21% on twigs) and propiconazole 25 EC @ 0.03%7@3% on leaves and 2.37
on twigs) KHCQ was significantly effective in reducing the diseastensity on

leaves and twigs (21.43 and 4.57%) as compareletckc



Table 9: Correlation coefficient between weather pameters and per cent
disease intensity of powdery mildew on leaves oEuonymus
japonicus cv.“Patens”

Correlation Coefficient(ra)

Nsc;. Weather parameter
2013 2014 Pooled
1 Maximum temperaturéQ) 0.853** 0.769** 0.914**
2 Minimum temperatureé’C) 0.863** 0.807** 0.911*
3 Max. relative humidity (%) -0.083 -0.444 -0.434
4 Min. relative humidity (%) .-0.463 -0.354 -0.664
5 Rainfall (mm) -0.033 -0.418 -0.364

** Correlation significant at 5% probability level

* Correlation significant at 1% probability level

Table 10: Multiple Regression model of per centidease intensity

Multiple Coefficient of
Year correlation multiple Regression model
coefficient  determination

2013 0.901 0.812 Yi= -122.10 + 3.04X+ 2.05% +
0.638X% + 0.228% - 1.156%
2014 0.970 0.940 3?2 = -155.09+ 5.41 ¥+ 3.767% -
0.772 % +1.357 % + 2.911 %
Pooled 0.950 0.902 Y = -174.60+ 4.87X +1.80 %
+0.083% + 1.203 X - 0.086 %
Y1, Y, = Disease intensity € Max. temperaturéC) %= Min. temperature®C)
X3 == Max Relative Humidity XMin Relative Humidity X = Rainfall (mm)
* Significant at 1% probability level ** Significarat 5% probability level



Table 11: In vivo effect of various fungicides on per cent diseaseténsity of
powdery mildew of Euonymus japonicus cv.“Patens” at Shalimar
during the year 2013 and 2014

* Disease intensity (%)

Treatment Cioo/:)c. Leaves Twigs
2013 2014  Pooled 2013 2014  Pooled
Dinocap 0.05 1253 1086 11.70 5.11 4.97 5.04
48 EC (22.72) (19.22) (19.97) (13.04) (12.85) (12.94)
Wettable 0.2 21.06 19.66 20.36 6.65 5.40 6.03
sulphur 80 WP (27.30) (26.29) (26.80) (14.91) (13.40) (14.16)
22.86 20.00 2143 591 3.23 4.57
KHCO; 100 28553) (26.55) (27.54) (4.02) (10.33) (12.17)
Propiconazole 0.03 11.60 9.86 10.73 2.70 2.04 2.37
25 EC (19.89) (18.29) (19.09) (9.43) (8.19) (8.81)
Triadimefon 0.05 10.33 9.20 9.76 2.03 1.97 2.00
25 WP (18.72) (17.64) (18.18) (8.17) (8.05) (8.11)
Myclobutanil 0.03 12.33 10.73 11.53 3.25 2.13 2.69
10 wp (20.53) (19.11) (19.82) (10.36) (8.37) (9.36)
Difenconazole 0.03 10.80 9.33 10.06 2.35 2.07 2.21
25 EC (19.17) (a7.77) (18.47) (8.79) (8.25) (8.52)
Hexaconazole 0.03 1293 12.26 12.60 3.55 2.97 3.26
5EC (21.05) (20.48) (20.77) (10.83) (9.90) (10.37)
Flusizole 0.02 8.73 7.86 8.30 1.44 1.28 1.36
40EC (17.13) (16.28) (16.70) (6.87) (6.47) (6.67)
Control i 60.26 57.33 58.80 1890 17.20 18.05
___________________________________ (50.90) (49.19) (50.05) (25.71) (24.45) (25.08)
: 16.71 5.19 4.33
Mean (%i.gg) (23.08) (12.21) (11.03 *7©)
C.D (p<0.05) Leaves Twigs
Treatment = 1.02 0.49
Year = 046 0.21
Treatmentxyear = N.S. 0.68

*Mean of three replication; figures within parengiseeare arc sine transformed values and twigs
respectively.



4.9  Invivo evaluation of biocontrol agents

In the present study cultural filtrates of threedantrol agents viz.,
Trichoderma viride Pseudomonas fluoresceasd Ampelomyces quisqualgere
evaluated at 25 and 50 per cent concentrationghéar comparative efficacy in
combating the disease under natural field conditioindisease development. The
cultural filtrates of biocontrol agents were spr@dyeur times at an interval of 15
days on the susceptible cultivar “Patens” durirggytbar 2013 and 2014.

4.9.1 Effect of culture filtrates on the per cent sease intensity of powdery
mildew on leaves ofE. japonicus cv.“Patens”

The analysis of data (Table-12) revealed that fal biocontrol agents

significantly reduced the disease intensity as amegbto check.

Culture filtrates from the three selected biocon&igents evaluated at two
different concentrations (25 and 50%) against tlevdery mildew of E.
japonicusrevealed that all the bioagents significantly tithe PDI of powdery
mildew of E. japonicuson leaves. During the year 2013, the PDI on leaaeged
from 35.60 to 41.17 against 59.46 in cheék. quisqualiswas significantly
effective over other biocontrol agents exhibitin@IPof 35.60 followed by
P.fluorescens(40.01%) andT. viride (41.17%). In 2014 the experiment was
repeated and the results revealed that biocong@hta again proved effective in
controlling the disease intensity significantly ottee check.

Analysis of the pooled data (Table-13) revealeat thll the biocontrol
agents were significantly effective in controllinige PDI over the checkA.
guisqualiswas significantly effective over the other biogohtagents with PDI of
34.71 followed byP. fluorescenc€39.45%) and'. viride (40.53%).

Comparison of the concentrationtz.,, 25 and 50% of each bioagent
revealed thaf. quisqualistested at two different concentrations showed &DI
24.33 and 21.63 on leaves and twigs respectivéligvied by P. fluorescensvith
PDI of 31.06 and 29.11 arid viridewith PDI of 33.43 and 30.00 at two different
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Table 12: In vivo effect of various biocontrol agents on the per céndisease intensity of powdery mildew on leaves of
Euonymus japonicus cv. “Patens” at Shalimar during the year 2013 an@014

* Disease intensity (%) * Disease intensity (%) * Disease intensity (%)
2013 2014 Pooled
Treatment Mean Mean Mean
Conc. (%) Conc. (%) Conc. (%)
0 25 50 0 25 50 0 25 50

Trichoderma 59.46 34.00 30.06 41.17 56.86 32.86 29.93 39.88 58.16 33.43 30.00 40.53
viride (50.43) (35.65) (33.23) (39.77) (48.92) (34.96) (33.15) (39.01) (49.68) (35.30) (33.19) (39.39)

Pseudomonas 59.46 31.40 29.16 40.01 56.86 30.73 29.06 38.88 58.16 31.06 29.11 39.45
fluorescens  (50.43) (34.06) (32.67) (39.05) (48.92) (33.64) (32.61) (38.39) (49.68) (33.85) (32.64) (38.72)

Ampelomyces 59.46 25.00 22.33 3560 56.86 23.66 20.93 33.82 58.16 24.33 21.63 34.71
quisqualis  (50.43) (29.98) (28.18) (36.20) (48.92) (29.09) (27.21) (35.07) (49.68) (29.54) (27.70) (35.64)

Mean 59.46 30.13 27.18 56.86 29.08 26.64 58.16 29.61 26.91
(50.43) (33.23) (31.36) (48.92) (32.56) (30.99) (49.68) (32.90) (31.18)
C-D(pso.os)
Treatment (T) 0.48 0.69 0.55
Conc. (C) 0.48 0.69 0.55
TreatmentxConc. 0.84 1.19 0.96

*Mean of four replications; figures within parensligeare arc sine transformed values
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Table 13: In vivo effect of various biocontrol agents on the intensi of powdery mildew on twigs of Euonymus japonicus
cv.“Patens’at Shalimar during the year 2013 and 204

* Disease intensity (%) * Disease intensity (%) * Disease intensity (%)
2013 2014 Pooled
Treatment Mean Mean Mean
Conc. (%) Conc. (%) Conc. (%)
0 25 50 0 25 50 0 25 50

Trichoderma 17.35 1167 955 1286 16.85 997 7.60 11.47 17.10 10.82 8.57 12.17
viride (24.59) (19.95) (17.98) (20.84) (24.21) (18.38) (15.98) (19.52) (24.40) (19.18) (17.00) (20.19)

Pseudomonas 17.35 10.67 9.20 12.41 16.85 8.9 7.20 10.98 17.10 9.79 8.2 11.70
fluorescens (24.59) (19.04) (17.63) (20.42) (24.21) (17.33) (15.54) (19.03) (24.40) (18.20) (16.62) (19.74)

Ampelomyces 17.35 7.93 510 10.13 16.85 6.13 497 932 1710 7.03 504 972
quisqualis  (24.59) (16.33) (13.03) (17.98) (24.21) (14.31) (12.86) (17.13) (24.40) (15.35) (12.94) (17.56)

Mean 17.35 10.09 7.95 16.85 8.33 6.59 17.10 9.21 7.27
(24.59) 18.44 (16.21) (24.21) (16.68) (14.80) (24.40) (17.58) (15.52)
C.D(p<0.05)
Treatment (T) 0.80 0.76 0.78
Conc. (C) 0.80 0.76 0.78
TreatmentxConc. 1.39 1.31 1.35

*Mean of four replications; figures within parensligeare arc sine transformed values



concentrations respectively. The concentratiomsveld significant differences in
reducing the PDI of all the biocontrol agents eatdd.
4.9.2 Effect of culture filtrates on the per cent sease intensity of powdery
mildew on twigs
Analysis of data (Table-13) revealed that all thiecontrol agents

significantly reduced the PDI on twigs as compagcecheck.

Culture filtrates from the three selected biocon&gents evaluated at two
different concentrations (25 and 50%) against tlevdery mildew of E.
japonicusrevealed that all the bioagents significantly tlithe PDI of powdery
mildew of E. japonicuson twigs. During the year 2013, the PDI on twigeged
from 10.86 to 12.13 against 17.35 in check. Dutimg year 2013A. quisqualis
was significantly effective in controlling the PDBh twigs over other biocontrol
agents with PDI of 10.13 per cent followed Byfluoresceng12.41%) andT.
viride (12.86%) which were statistically at par with eaatimer. In 2014 the
experiment was repeated and the results reveakddbibcontrol agents again
proved effective in controlling the disease intgnsignificantly over the check.

Analysis of the pooled data (Table 13) revealest @ll the biocontrol
agents were significantly effective in controllinige PDI over the checkA.
guisqualiswas significantly effective over the other biogomhtagents with PDI of
9.72 followed byP. f fluorescen$11.70%) and . viride (12.17%).

Comparison of the concentrationtz.,, 25 and 50% of each bioagent
revealed thaf. quisqualistested at two different concentrations showed &DI
7.03 and 5.04 on twigs respectively followed Pyluorescensvith PDI of 9.79
and 8.20 and'. viride with PDI of 10.82 and 8.57 at two different conications
respectively. The concentrations showed significfierences in reducing the

PDI of all the biocontrol agents evaluated.
4.10 Effect of pruning disease

The effect of different pruning levels on the Ridlpowdery mildew oE.



japonicuswere studied on the susceptible cultivar ‘Patelsing 2013 and 2014

for their comparative efficacy in inhibiting the sdiase under natural field

conditions of disease development. Pruning wasopedd in the month of

February 2013 and 2014.

4.10.1 Effect of punning on the per cent diseaset@msity powdery mildew on
leaves ofE. japonicus cv. “Patens” at Shalimar.

The data presented in the Table 15 reveals thairtiveng levels 2, 4 and 6
cm below the diseased region significantly redubedPDI over the check. During,
pruning level of 6cm below the diseased site wasifstantly superior over the other
pruning levels with PDI of 19.04 followed by prugitevel of 4cm with PDI of 28.85
and pruning level of 2 cm with PDI of 36.60. In 20the experiment was repeated
and the results revealed that pruning levels @adl6cm below diseased site) again

proved effective in controlling the PDI significgnover the check.

Analysis of the pooled data (Table 15) revealed #il the pruning levels
significantly reduced the PDI on leaves over theckh Pruning level of 6cm
below the diseased site proved significantly effectover check and other
pruning levels (2 and 4cm below diseased sit) imaiting the PDI by 18.79
followed by pruning 4cm below diseased site withl BD27.52 and pruning 2cm
below diseased site with PDI of 36.20.

4.10.2 Effect of punning on the disease intensityf twigs powdery mildew of

E. japonicus cv. “Patens”

It is evident from the data presented in Tablettidi during 2013 all the
pruning levels significantly reduced the PDI ofdwiover the check. The range of
PDI in pruning levels 2, 4 and 6 cm below the disdasites varied from 5.18 to
12.85. The pruning level of 6 cm below the diseastlwas significantly superior
over the other pruning levels with PDI of 5.18 daed by pruning level of 4 cm with
PDI of 9.75 and pruning level of 2 cm with PDI &.85. In 2014 the experiment was
repeated and the results revealed that prunindslé2e4 and 6 cm below diseased

site) again proved effective in controlling the Rinificantly over the check.



Table-14 : Effect of various pruning levels on theintensity of powdery
mildew of Euonymus japonicus cv.“Patens” at Shalimar

* Disease intensity% * Disease intensity%

Pruning level Leaves Twigs

2013 2014 Pooled 2013 2014 Pooled

P1 36.60 3580 36.20 1285 11.13 11.99
(2 cm below diseased site)(37.20) (36.73) (36.96) (20.97) (19.45) (20.21)

P, 28.85 26.20 2752 9.75 8.46 9.11
(4 cm below diseased site)(32.46) (30.77) (31.62) (18.16) (16.88) (17.52)

Ps 19.04 1854 18.79 5.18 4.97 5.08
(6 cm below diseased site)(25.85) (25.49) (25.67) (13.13) (12.85) (12.99)

Po 59.66 56.33 57.99 18.35 17.4 17.88

(No pruning) (50.55) (48.62) (49.59) (25.32) (24.61) (24.97)
Total Mean 31.04 33.36 11.53 10.49
(36.51) (35.40) (19.40) (18.45)
CDp<0.05) Leaves Twigs
Treatment = 0.55 0.28
Year = 0.39 0.20
TreatmentxYear = 0.78 0.39

*Mean of five replications; figures within parentig are arc sine transformed values



Analysis of the pooled data (Table 15) all thenpgmg levels significantly
reduced the PDI on twigs over the check. Prunimgllef 6cm below the diseased
site proved significantly effective over check atter pruning levels (2 and 4cm
below diseased sit) in inhabiting the PDI by 5.6Bofved by pruning 4cm below
diseased site with PDI of 9.11 and pruning 2cm Wedtseased site with PDI of
11.99. All the interaction means between the treatsm showed significant
difference with each other (Table 15)

4.11 Field reaction of different cultivars of E. japonicus cv. “Patens”
against the powdery mildew

Six cultivars ofE. japonicuswere evaluated against powdery mildew during
2013 and 2014 under artificial inoculated condgi¢hable-16). It is evident from the
data presented in table 11 that different cultieadsibited varying per cent disease
intensities. The PDI was non significant in two rngeda013 and 2015 with PDI of
17.97 and 16.91 per cent respectively. The PDI gntios cultivars ranged from 1.13
per cent in Silver Queen to 59.13 in Patens d2Di against 1.66 in Silver Queen
to 56.66 in Patens in 2014. In the year 2013 th&vau Patens was followed by
Emerald Gaiety, Canadale Gold, Box leaf euonymus Sitver King with PDI of
18.35, 15.04, 11.13 and 3.04 respectively. LeastoPD.13 per cent was observed in
Silver Queen. In 2014 the cultivars evaluated slibtlie similar pattern of disease
development with PDI of 57.66, 16.83, 12.67, 10arid 1.93 in cultivars Emerald
Gaiety, Canadale Gold, Box leaf euonymus, SilvengKiand Silver queen
respectively. The analysis of the pooled data lfer tivo years depicted that the
cultivars show different reactions to the pathodgéaximum PDI 58.40 was recorded
in cultivar Patens which was significantly differérom all the other cultivars tested.
The cultivar Patens was followed by cultivars Ertefaaiety, Canadale Gold, Box
leaf euonymus, Silver King with PDI if 17.59 ,13,8®.92 and 2.49 respectively.
Least PDI of 1.40 was recorded in cultivar Slivere®n which was significantly at
par with cultivar Silver King. The disease intelesitof Emerald Gaiety and Canadale
Gold were also statistically at par with each otinadl significantly different from all

the other cultivars tested.



Table-15: Screening oEuonymus japonicus cultivars against powdery mildew

Disease Intensity (%)

Cultivar Reaction*
2013 2014 Pooled
59.13 57.66 58.40 S
Patens
(50.30) (48.85) (49.57)
15.04 12.67 MR
Canadale Gold 13.86
(22.77) (21.65) (22.21)
) 18.35 16.83 17.59 MR
Emerald Gaiety
(25.31) (24.72) (25.01)
11.13 10.7 10.92 MR
Box-leaf euonymus
(19.44) (18.10) (18.77)
, , 3.04 1.93 2.49 R
Silver King
(10.01) (8.76) (9.39)
, 1.13 1.66 1.40 R
Silver Queen
(6.08) (7.38) (6.73)
Total 17.97 16.91
(22.32) (21.58)
CD (P=0.05)
Cultivar 2.86
Year N.S.
Cultivar x Treatment N.S.

*Categorized as I-lmmune (0% PDI), R- Resistantt¢fp% PDI), MR- Moderately Resistant
(>10-25%PDI)-moderately susceptible (>25-50% PB3Bsusceptible (>50-75% PDI) and HS-
highly susceptible (>75% PDI)

Figures in parenthesis are arc sine transformagesdbr two years data



Of the cultivars screened Emerald Gaiety, CanaGallel and Box-leaf
euonymus were found to be moderately resistanteSKing and Silver Queen as
resistant while as the cultivar Patens was founuketsusceptible in their reactions
to the powdery mildew.

4.12 Integrated disease management in controllingogvdery mildew of E.
japonicus cv. “Patens” underin vivo conditions

The most effective fungitoxicantiz., flusilazole, biocontrol agentiz.
Ampelomyces quisqualed pruning leveViz.,, 6 cm below the diseased site were
applied to the susceptible cultivar ‘Patens’ durk@i5 (Table-16). The pruning
was done in the month of February {(28The biocontrol agent and fungitoxicant
was sprayed alternatively three times at an intest/d4 days. All the treatments
significantly reduced the PDI of powdery mildewuRing 6 cm below diseased
site+ Ampelomyces quisqual@ 50%-+ flusilizole 48 EC @ 0.02% proved to be
most effective in controlling the PDI on both leavand twigs (2.33 and 0.16%)
which was significantly superior over the check.g®6and 17.15%) followed by
pruning 6 cm below diseased site + flusilazole 4L8@& 0.02% with PDI of 4.67
and 0.48 on leaves and twigs. Pruning 6 cm bel®sgadied siteAmpelomyces
quisqualis@ 50% proved to be least effective in controllihg disease showing
the PDI of 9.93 and 2.88 on leaves and twigs rdsmdg. All the treatments
differed significantly in reducing the disease gy on both leaves and twigs.



Table-16: Integrated Disease management of powdemnildew of Euonymus

japonicus cv. “Patens” during 2015

*Disease intensity

Treatment

(%)

Leaves

Twigs

Ampelomyces quisquali® 50%-+Flusizole 48 5.70
EC @ 0.02% (13.79)

Pruning 6 cm (below diseased site) + Flusizole 4.67
48 EC @ 0.02% (12.46)

Pruning 6 c¢m (below diseased site)+ 9.93
Ampelomyces quisqual@ 50% (18.34)

Pruning 6 c¢m (below diseased site)+ 2.33
Ampelomyces quisquali® 50%+ Flusizole 48  (8.76)
EC @ 0.02%

0.96
(5.61)

0.48
(3.98)

2.88
(9.75)

0.16
(2.31)

56.40  17.15 (24.44)
Check (48.67)
CD (p<0.05)
Leaves Twigs
0.45 0.88

*Mean of three replications

Figures within parenthesis are arc sine transforvadukes



Chapter-5
DISCUSSION

Euonymus japonicuss an important ornamental plant of aesthetic
importance world over and grown all over the Kagtwalley in public as well as
private gardens. It is often cultivated in parksl agyardens, especially to form
hedges. Powdery mildew is probably one of the nmmwsthmon and widely
distributed disease d&. japonicugNaseripouret al 2014). The powdery mildew
caused byOidium euonymi-japoniccauses serious damage Ho japonicusby
reducing its quality and deteriorating all its dextive and aesthetic values.
(Nademjad, 1966).

In the present study, an intensive survey for paywdmildew of E.
japonicuswas carried out in three zones of Kashmir valley, central, south and
north zones during 2012 and 2013 to generate greiciormation on the
distribution and intensity of the disease. The daasurvey revealed that the
powdery mildew incidence as well as Per cent Dséatensity (PDI) varied from
zone to zone and locality to locality, and was ns®eere during 2013 than that of
2014. The average disease incidence and PDI vaaded56.67 to 86.70 per cent
and 20.89 to 53.33 per cent on leaves and 8.12.2¥3and 3.62 to 18.60 per cent
on twigs with highest recorded in south zone (7&06 48.01 per cent on leaves
and 23.59 and13.31 per cent on twigs) followed déyt@l zone (77.00 and 43.43
per cent on leaves and 23.34 and 13.18 per cetwigs) and least in north zone
(73.83 and 40.02% on leaves and 19.16 and 10.54%wvigs). However, the
average disease incidence and PDI was recordedrmaxin Nishat location of
central zone both on leaves (86.70 and 53.33%}wigs (31.27 and 18.80%) and
minimum on both leaves (56.67 and 20.29%) andsw&)19 and 3.62%) was
recorded in the Igbal Park location of the sameezdm south zone, the average
disease incidence and PDI on both leaves (79.4748r6%) and twigs (28.57
and 17.28%) was found to be maximum at Verinag mmdmum at Achabal
(76.64 and 46.00% on leaves and 20.31 and 11.088#&igs). Similarly in north



zone the average disease incidence and PDI wasrmaxbn both leaves (79.25
and 43.11%) and twigs (16.97 and 9.72%) at Tangnaard minimum at

Manasbal (73.83 and 36.80% on leaves and 16.979af#%0 on twigs). Such
variations in powdery mildew incidence and intendiave been reported by
earlier workers (Yarwood, 1954; Palti, 1988; Shdaur2001). However, average
disease incidence and PDI on leaves was highengl@013 (76.37 and 45.05%)
compared to 2012 (75.14 and 42.60%). The diseasgeimce and PDI on twigs
followed the similar pattern. The higher incidermed intensity of powdery
mildew during 2013 might be attributed to the tenapaere and relative humidity
prevailing were favorable for disease developmedtspread.

The variation in the disease could be attributedthe variations in
environmental conditions, planting pattern, build af inoculum and variety
grown across the surveyed areas. The variatiortearextent of disease have
been attributed to similar factors and are in agesg with the findings of several
(Raghavendra, 2005 and Solaekal, 1999).

It was observed that the disease progress underahdield conditions
was more during cool and dry weather conditionsctvhioincided with the
months of April and May. Almost similar observatoohave been reported by

Yarwood (1954) in case of powdery mildew of diffiererops.

Disease symptoms started appearing in the secaek wf April as
chlorotic areas on upper leaf surface with smadlutar to irregular whitish spots
of 1.2 to 2.3 mm in size on corresponding lowerfate. As the disease
progressed, several spots coalesced to form laatphgs of powdery growth on
both the surfaces of leaves and leaves started ispomottled appearance.
Subsequently, the disease appeared on twigs ansevare cases, resulted in
witches broom appearance. Leaves curled and gotridid. Thereafter, the leaves
withered, shriveled and dried up. Almost similgmgtoms had been reported by
many workers ork. japonicus(Mameth and Chatfield, 2009; lgt al, 2011,
Williamson, 2013) and on many other ornamental tglasuch as lisianthus,



nasturtium, lily, impatiens, dogwood and crape gRaial, 2007; Mameth and
Chatfield, 2009).

In addition to survey, the status/prevalence @& plowdery mildew on
various cultivars and weeds was recorded to inyatithe importance dD.
euonymi japoniciinfection on these cultivars/plants in providingcula for one
another. The present findings through pathogentettys and cross inoculation of
O. euonymi japonicistrains indicated a positive reaction existed améng
japonicus, E. aureopictus, E. albomarginatus, Ecrophyllus, E. fortunii, E.
aureaomarginatus However, in case of weeds, the cross inoculastudy
indicated a negative reaction. Furthermore, paéerdf transmissibility ofO.
euonymi japonicifrom one Euonymus cultivar to another observethepresent
study suggest that the survival of the pathogemasious Euonymus hosts would
provide the primary as well as secondary inoculadib these cultivars. Thus
necessitates the management of the disease focutinear equally essential for

the other euonymus host cultivars

The host range study was conducted to know thigyabf O. euonymi-
japonici to survive on different hosts. This would helpdoate source of initial
inoculum of pathogen in the disease cycle and ialsteveloping suitable control
measures. The transmissibility @fidium euonymi-japonicirom one host to
another is of great practical interest in asses#iegdanger of infected weeds,
other euonymus species and other hedges causiectionfs inE. japonicus In
the present cross inoculation study, other euonyspesies, viz.E. aureopictus,
E. albomarginatus, E. microphyllus, E. fortunii, Bureaomarginatusshowed

positive reactions whereas, weeds showed negaaction.

All the available evidence points to the fact thmdpulations ofO.
euonymi-japoniciattacking its major host are not markedly spentalj they are
able to infect various other species of euonymubkiwihe Celastreace family and

vice-versa. The results are in agreement with thdirfgs of Dreistadtet al



(1994) who also reported tli& euonymi japonicinfection on variegated species
of euonymus other thda. japonicus

The morphological studies revealed that the myoeliwas branched,
septate, hyaline in colour and measuring 3.4 tofb (average 5.25 um) in
width. The pathogen was characterized by elliptazalidia measuring 26.3-39.5
x8.7-12.3 um (average 33.9x10.8 um) in length amithwrespectively and after
germination, form a germ tube with lobed aspersori®On host, the mycelium
was amphigeous, whitish and later on turned whgigly. The pathogen produced
conidia singly or in chains on erect conidiophor&milar morphological
characteristics of the pathogen were given bgtlal. (2011).

Healthy leaves OE. japonicuswere inoculated by rubbing infected twigs
on both the surfaces of healthy leaves and alstwigs without creating injury.
Symptoms appeared on inoculated leaves first oerl®urface and then on upper
surface. The lesions were first small whitish itleg spots and measured 0.6 to
1.2mm in diameter. The colour changed to grey amd Bicreased with the

passage of time.

Environmental factors decide the epidemic of pawdeildew of E.
japonicus The environmental factors like temperature, tidahumidity and
rainfall are important for disease development trede environmental factors are

being used to forecast disease intensity.

During 2013, the powdery mildew symptoms weret fiisserved on 1%
standard week when the maximum temperature, minitemnperature, maximum
relative humidity, minimum relative humidity andinall in the previous week
were 20.50°C, 5.29°C, 65.86 per cent, 5 8.71 per cent and 1.40 mmectisely.
The disease intensity increased slowly and read&e@3 per cent during 26
standard week. The maximum infection rate was oksemn the 17 standard

week when the maximum temperature, minimum tempegatmaximum relative



humidity, minimum relative humidity and rainfall ithe previous week were
18.57C, 8.06°C, 86.57 per cent, 63.57 per cent and 3.83 mm césphy.

During 2014, the powdery mildew symptoms weret fiisserved on 1%
standard week when the maximum temperature, minitemnperature, maximum
relative humidity, minimum relative humidity andintall in the previous week
was 14.07°C, 6.23 C, 82.71 per cent, 76.14 per cent and 7.60 mm céspby.
The maximum infection rate of 0.1398 was recordedd" standard week when
the maximum temperature, minimum temperature, maminelative humidity,
minimum relative humidity and rainfall were 25°21 9.43°C, 82.14 per cent,

51.00 per cent and 0.11 mm respectively.

The analysis was made to establish the relatipnbletween weather
factors and per cent disease intensity of powdeigleny in highly susceptible
variety ‘Patens’ through correlation and multipleelr regression analysis. The
relationship between powdery mildew per cent diseimdensity and weather
factors during 2013 indicated significant posite@relation between maximum
and minimum temperatures and non significant negattorrelation with
maximum relative humidity, minimum relative humidind rainfall. During
2014, same correlation matrix was obtained as 8320 he pooled correlation
analysis yielded the similar correlation coeffidciexcept the minimum relative
humidity which showed the significant negative etation with the percent
disease intensity. The results are in conformityhwiacobet al (2007) who
reported that disease intensity of powdery milddwomato caused b@idium
neolycopersiciwas positively correlated with the temperaturegeafrom 15 to
25°C. The present results also in agreement with Gu@a89q)lwho observed that
temperature range of 11 to 14°C (minimum) and 1318C (maximum) along
with moderate relative humidity (64 to 72 %) was sima@ongenial for the
development of powdery mildew of mango. Rainfad dot play any significant
role on appearance and disease development, butwdather favored the

development of the disease. Jat and Goyal (2060)exaluated that temperature



had significant and humidity had non-significantretation with disease intensity
of powdery mildew of ber incited b@idium erysiphoides$. sp. ziziphiand thus

are in conformity with our results.

The multiple linear regression equation was fittedthe data and the
equation arrived for all the weather parametersngu2013 wasY; - 122.10 +
3.04%; + 2.05% + 0.638% + 0.228% - 1.156% and for 2014 wasy,= -155.09+
5.41 X+ 3.767% -0.772 X% +1.357 % + 2.911 X%. The pooled equation of 2013
and 2014 derived was=-174.60+ 4.87X+1.80 X% +0.083X% + 1.203 X, - 0.086
Xs. Hence, the weather factors influence the PDPfiit3 to the extent of 81 per
cent and for 2014 to the extent of 94 per cent, fandhe pooled years of 2013
and 2014, to the extent of 90 per cent.

In general, comparatively low relative humiditiase associated with
warm weather, when the powdery mildew pathogensasbmost rapidly. The
ability of the powdery mildews to spread under diiynatic conditions might be
largely due to the capacity of their conidia to rgerate at lower humidities
(Yarwood, 1952). Guzmanat al. (2003) observed that, temperatur€@2and
above, very low RH and continuous exposure to higblative humidity reduced
spore germination of disease progress of powdelgemiof tomato and thus are

in agreement with our results.

The present investigation regarding the reactién6 ocultivars of E.
japonicus to O. euonymi-japonicirevealed that the cultivar screened show
different reactions against the pathogen undefiaaliinoculated conditions. The
average PDI in the test cultivars ranged from lim@ultivar Silver queen to
58.40 in cultivar Patens. On the basis of diseasetion the cultivars were
categorized as moderately resistant (Emalard Gi@pnadale Gold and Box-leaf
euonymus), resistant (Silver King and Silver Quesrg susceptible (Patens). The
study is in agreement with many workers who rembttat green cultivar Patens

is very susceptible and variegated varieties ofngos like aureomarginatus,



albomarginatus, aureopictus are more resistant tl@variegated types like
patens (Pscheidt and Ocamb 2015; Van, 2008; GL99&)

Observations regarding the perpetuation studiesate¢hat the fungus may
overwinter on the intact twigs and leaves in thenf@f dormant mycelium and
with the onset of spring the fungus produces canaiich are splashed by rains
and lodged on leaf surfaces thus causing freskctiofe Similar observations
were recorded by Salmon (1905) who observed thegusiO. euonymi-japonici
overwinters as mycelia on leaves. The results B® ia agreement with Horst
(1990) and Van (2008) who observed that the powdelgew fungiO. euonymi-
japonicisurvive from season to season on infected twigs keades ofE.

japonicus

Four sprays of fungitoxicants viz., flusilazolenacap, wettable sulphur,
KHCOg;, propiconazole, triadimefon, myclobutanil, difeneaole, hexaconazole
and flusilazole at their recommended doses andectrations were given with

the first spray immediately after the first appeaeof disease.

In the present investigation, it is evident thafumgitoxicants under study
were found to be effective in controlling the powdenildew of E. japonicus
Among these, flusilazole 40EC @0.02% was most gfedn controlling the
disease followed by triadimefon 25 WP@ 0.05%, mditmazole 25 EC @
0.03%, propiconazole 25 EC @0.03%, myclobutanil PO@0.03%, dinocap 48
EC @ hexaconazole5EC @ 0.03%, wettable sulphur B@0.2% and KHC®
These findings are in agreement with the resuli®/ilifamson (2013).

The results are also in agreement with the fingliogDhrujet al. (2000)
who reported that propiconazole, hexaconazoldgitnafon, dinocap and sulphur

gave significant control powdery mildew of fenudcee

Similar results were also obtained by Van (2008)oweported that
elemental sulfur, propiconazole, triadimefon ancclolutanil provided excellent

control powdery mildew ofE. japonicus



The results showed that KHG@as effective against the powdery mildew
of E. japonicus. The results are in agreement with Ziv and Hagi{@903) who
observed that application of aqueous solution dftsn or potassium bicarbonate
along with horticultural oil to plant foliage effiaeely controlled powdery mildew

onE. japonicus

The results are also in agreement with Hartma@&pWho reported the
control of powdery mildew of landscape ornamenthke® euonymus and
dogwood by spraying triadimefon, propiconazole, lolgatanil and potassium

bicarbonate.

The present study was designed to reduce cheminalagricultural
processes and find out the most suitable non-clammethod to protect the
Euonymus against the powdery mildew. As the powateitdew limits both the
aesthetic and ornamental importance of Euonymusgade control strategies
demand the extension of mechanical disease carttbgenomic approaches. The
principal mechanisms involved include mycoparasijtemtibiosis and induced

resistance. Biological control method of diseasgrod seems to be safe.

The culture filtrates of bioagents reduced the BDpowdery mildew of
E. japonicudess as compared to chemical fungicides. Amongtitteire filtrates
of bioagents tested. quisqualiswas most effective in reducing the disease
intensity followed byP. fluorescensand T. viride The present findings are in
agreement with Biju (2000) who reported the indff@mess of bioagents over the
fungicides in controlling powdery mildew peas.

The low effectiveness of the bioagents might lebated to unfavorable
environmental conditions prevailing in the field the establishment of bioagent
(Belangeret al, 1994). Though, Roger (1959) reported that, maeynbers of
Erysiphaceae are parasitized by hyperparasitesyotar (1957) considered that,
control of mildews using hyperparasites is unlikedybe successful because the

host fungus and the parasite are favoured by difteweather.



The results obtained are in conformity with Gu afd (1997) who
reported that the most important hyperparasite gowdery mildew of E.
japonicus is Ampelomyces quisqualis. Ravikumar (1998) also found that,
different biocontrol agent3richoderma viride P. fluorescensand Gliocladium
virenswere less effective against powdery mildew of rosth in laboratory and
field conditions compared with fungicides andnisonformity with our results.

Our findings are also in conformity with Romegbal. (2007) who found
that most explored agents for biocontrol of powdemdew in cucumber is a
mycoparasitéd. quisqualis Pawar (2015) also reported that pre inoculatfmays
of T. viride and A. quisqualisgave excellent control of powdery mildew of

pumpkin.

The efficacy of the culture filtrates of the testaicrobial isolates against
powdery mildew might be due to production of antgal substances like
gliotoxin and viridin. These substances stimulatanp resistance and also
stimulate the plants to produce the metabolites gmoavth promoters such as

indols which increased the plant resistance ag#iespowdery mildew.

Pruning the plants 6 cm below the disease sitegoiéo be most effective
in controlling the disease intensity of powderydailv ofE. japonicus The results
are in agreement with those of Fraedric (1999) ldadsen (2009) who reported
that sanitation practices like pruning the plargfph in reducing the intensity of

powdery mildew of ornamentals.

An integrated disease management practice waseatew protect the.
japonicusplants against the powdery mildew. Pruning theatsl®d m below the
disease site with alternate spraysdofjuisqualis@ 50% and flusilizole 48 EC @
0.02% proved to be most effective in controlling tlisease intensity. Future
work will concentrate on alternating effective fiurides with flusilazole would be
an important aspect to prevent the resistance dewednt by pathogen to

flusilazole when used alone and repetitively in thanagement of powdery



mildew. Further studies are required to concenwateeducing the pesticides and
adapt an eco-friendly approach for the managenteihieadisease. The results are
in conformity with LaMondia (2001) and Olson (1998)

The present findings indicate that powdery mildewpresent throughout
the Kashmir onE. japonicusand other Euonymus species though in varying
proportions. The infected species could providecut® for one another. The
results further revealed that the disease couldetiectively controlled by
employing integrated strategies comprising of pngrniecm below diseased site),
biological and chemical interventions. The biol@jiand chemical interventions
comprised of two applications o&. quisqualis(@ 50%) and flusilazole (@

0.02%) alternatively at an interval of 15 days.



Chapter-6
SUMMARY AND CONCLUSION

The present investigation entitled “Studies owowéery Mildew
(Erysiphe euonymi-japonicVeinn. Bourg.) of EuonymusE(lonymus japonicus
Thunb.) in Kashmir valley” was carried out at Digis of Plant Pathology
SKUAST-Kashmir, Shalimar campus Srinagar during2@1 2015. In addition,
survey of Euonymus growing areas of the valley alas conducted to ascertain
the status of the disease. The results obtainesuanenarized here under.

The survey of central, south and north zones afhidar revealed that
powdery mildew of euonymus was prevalent in all iéelocations with overall
disease incidence of 76.37 (56.67 to 86.70%) andi32(8.19 to 31.27%) per cent
and overall per cent disease intensity (PDI) 082320.89 to 53.33%) and 12.34
(3.62 to 18.80%) on leaves and twigs, respectivEhe highest average disease
incidence (78.06% on leaves and 23.59% on twigd)aghest PDI (48.01% on
leaves and 13.31% on twigs) was observed in soutle.z east average disease
incidence (73.83% on leaves and 19.16% on twigs) eserved in north zone.
The highest average per cent disease intensity) ((Dleaves (48.01%) and twigs
(13.31%) was observed in south zone. Least avd?@d€40.02% on leaves and
10.54% on twigs) was observed in north zone. Ambtigs locations, highest
average disease incidence and PDI on both lea®e80(&nd 53.33%) and twigs
(31.27% and 18.80%) was observed in Nishat, wisltha lowest average disease
incidence and PDI on leaves (56.67 and 20.89%\aiys (8.19 and 3.62%) was

recorded at Igbal Park of central zone.

Under natural conditions, the disease first apgmban the 2 week of
April as chlorotic spots on the upper surface o toliage, while as its
corresponding lower surface was covered with whitiscular to irregular spots
measuring about 1.8 mm. Subsequently whitish poyvdeass appeared on both
the leaf surfaces. Periodical changes in shape, aizl color of the spots were



noticed and finally whitish to whitish grey powdeamnass covered the whole leaf
surface and also symptoms appeared on twigs. Tdwedegot mottled, curled,

distorted, withered and shriveled.

On the basis of morphological characters and comgpahem with the
standard manual as well as pathogenicity testsp#terogen was identified as

Oidium euonymi-japoniciAcrang. (Sacc.)

The morphological studies of the pathogen in latwy revealed that
mycelium was septate with the average diameter .5 um and produced
elliptical conidia on long and unbranched conidio@s (91.5 x9.1 um). Conidia
were single celled, hyaline, and borne either siglin chains. The average size
of conidia was found to be 26.3-39.5%8.7-12.3.

The studies on effect of weather factors on deuaknt of disease
revealed that, 1§ 17", and 18 standard weeks (20April to 4" May) were
highly favorable for development of disease. Theaation study revealed that
maximum and minimum temperature showed signifigensitive correlation with
the disease development with correlation coeffisiefr) of 0.914 and 0.91,
respectively, whereas minimum relative humidity whewed significant negative
correlation (-0.664). The maximum relative humidilyd rainfall was negatively
correlated with the disease development with reslequal to -0.434 and -0.364,

respectively.

The multiple linear regression equation was fittedthe data and the
equation arrived for all the weather parameters{as-174.60+ 4.87X+1.80 %
+0.083X + 1.203 X - 0.086 %

Where, % = Maximum temperatur€®), X, = Minimum temperature’C), Xz =
Relative humidity (%) maximum, = Relative humidity (%) minimum andsX

Rainfall (mm).

The present study established that pathogen ovesngoh as mycelium on

twigs and leaves which started producing conidi@frweek of February. The



maximum production and viability of conidia on iotdeaves was observed to be
4.4 x 10/cn? leaf area and 83.40 per cent, respectively dutiegfirst week of
April. No conidia and mycelium was observed on lgeves and twigs buried 10

cm deep in the soil.

The perpetuation/host range study further inddtateat more or less
similar powdery mildew symptoms also occurred Baonymus aureopictus,
Euonymus albomarginatustuonymus microphyllusEuonymus fortuniiand
Euonymus aureaomarginatushe inocula from these euonymus species and
japonicus were separately cross inoculated with one ano#isexvell as cross
inoculated with weedsviz. Trifolium repens, Plantago major, P. minor,
Ranunculus acris, Convolvulus arvensis, Cynodoniytlait, Rosa indica and
Ligustrum ovulifoliumand vice versa. The findings indicated that inooulfrom
E. japonicussuccessfully infected all the Euonymus genotygs E. aureopictus,
E. albomarginatusE. microphyllus E. fortunii and E. aureaomarginatusand

vice-versa but failed to infect the weeds and otestr hosts.

During the course of present study, all the nimmgitoxicants (at
recommended concentrations) were significantly otiffe in controlling the
disease compared to check under natural field tondi Flusilazole 40 EC (@
0.02%) proved to be significantly most superior reducing the disease by
exhibiting PDI of 8.80 and 1.36 on leaves and twagsl was followed by
triadimefon 25 WP (@0.05%) and difenconazole 25 E&0.03%) which
recorded PDI of 9.76 and 10.06 on leaves and 2@d@&1 on twigs, respectively
as compared to unsprayed check (58.80% and 18.0@8&yeas potassium
bicarbonate (KHCg) proved to be least effective (21.43% and 4.57%).

Cultural filtrates of the three test biocontroleats viz., T. viride
Pseudomonas fluoresceasdA. quisqualig@25 and 50%) as foliar applications
significantly reduced the powdery mildew d. japonicus under natural
conditions of disease developmert. quisqualisproved to be significantly

superior in controlling the disease by exhibitingl®f 34.71 and 9.72 on leaves



and twigs as compared to 58.16 and 17.10 reconmdexheck, respectively.T.
viride and P. fluorescendiffered statistically from each other in reducitige
disease by exhibiting PDI of 40.53 and 39.45 owdsaintensity and on leaves
and 12.17 and 11.70 on twigs, respectively.

The various levels of pruning viz., 2, 4 and 6 below the diseased
region tested in present study, significantly cleeckhe disease compared to
unpruned check during both the years of 2013 aridt.2Bruning of twigs 6cm
below the diseased site, proved significantly sigpdo other pruning levels by
exhibiting the PDI 18.79 and 5.08 on leaves anggvas against 57.99 and 17.88
recorded in the check, respectively. It was obgkthiat 4 and 2cm pruning levels
recorded PDI of 27.52 and 36.20 on leaves and @id 11.99 on twigs,

respectively.

The integrated management of powdery mildevie ofaponicusindicated
that pruning of Euonymus 6cm below the mildewedaaang with four foliar
sprays ofA. quisqualis(@ 50%) and flusilazole 40 EC (@ 0.02%) applied
alternatively at 15 days interval proved to be neddctive in restricting the PDI
as low as 2.33 and 0.16 on leaves and twigs comptre56.40 and 17.15
recorded in the untreated check, respectively.

It was also observed that among the six cultigareened under artificial
inoculated conditions, variegated cultivars vizan@dale Gold, Emerald Gaiety
and Box leaf euonymus exhibited 13.86, 17.59 an®2LPDIl and were
categorized as moderately resistant to the disddmse cultivars Silver King and
Silver Queen exhibited PDI of 2.49 and 1.40 andeweategorizes as resistant
whereas, the cultivar Patens exhibited the PDI&#® and was categorized as

susceptible to the disease.

From the present study, it can be concluded tbatdpry mildew is an
important foliar disease @&. japonicudn the valley and reduces its aesthetic and

ornamental value. The disease was initiate@bguonymi-japonidin 2" week of



April and disease progress was recorded maximunmglihe months of April
and May. The present investigation revealed thatdeoy mildew ofE. japonicus
can be effectively managed through integrated amptraomprising of four foliar
sprays ofA. quisqualis(@ 50%) and flusilazole 40 EC (@ 0.02%) applied
alternatively at 15 days interval as well as prgrof twigs atleast 6cm below the
diseased area/portion. In addition, variegatedivart such as Canadale Gold,
Emerald Gaiety, Box leaf euonymus Silver King ant/e® Queen exhibited
13.86, 17.59, 10.92, 2.49 and 1.40 PDI proved tomwmelerately resistant to
resistant against the powdery mildew pathogen amskgss the potential for
evolving resistant genotypes through breedingdsistance.



LITERATURE CITED

Alan, S W. 1998. Powdery mildew of ornamentalpp. 1-2. Agricultural
Extension Service. University of Tennessee, USAtp:Hivww.

utextension.utk.edu/ publications/ spfiles/sp37ab.p

Beckerman, J. 2008Powdery mildew.Diseases of Landscape Plamqp. 1-3.
Purdue University Cooperative Extension Service AU&ttp:// www.

extension. purdue. edu/new.

Belanger, R. R., Labbe, C. and Jarwis, W.R. 19%m@ercial scale control of
rose powdery mildew with fungal antagonBlant Diseas&’8: 420-424.

Biju, C. N. 2000.Studies on powdery mildew of pea (Pisum satikunecaused by
Erysiphe polygoni.M.Sc. (Agri.) Thesis submitted to University of

Agricultural Sciences, Dharwad pp. 1-71.

Brand, T. 2009. Powdery mildew of succulent Eupleorgpecies.Euphorbia
World 5: 5-9.

Braun, U., Cook, R. T. A., Inman, A. J. and Shin,[IH 2002.The taxonomy of
the powdery mildew fungpp. 13-55.In: The Powdery Mildews: A
Comprehensive Treatiq&ds. R. R. Belanger, W. R. Bushnell, A. J. Dik
and T. L. W. Carver). The American Phytopatholag@ociety, USA.

Casey, C., Newman, J., Robb, K., Tjosvold, S. AcNb@nald, J. D. and Parrella,
M. P. 2007. IPM program successful in Californiaegr house cut roses.
California Agriculture61: 71-78.

Chona, B. L. and Munjal, R. L. 1956Cicinnobolus cresatiiDe Bary:
Hyperparasite of powdery mildews in Indiadian Phytopatholog®: 98-
105.

Carroll, J. E. and Wilcox, N. F. 2003. Effects afnmdity on the development of
grapevine powdery mildevRlant Diseas®3: 1137-1144.

[ 1]



Datar, V. 1992. Investigations on powdery mildew wlango caused by
Mangiferae berthetin: 4" International Mango SymposiumAbstracts
Mlamlbeach. Tropical Research and Education Ceaer International

Society for Horticulture Science, Florida, U.S.A16 July.

Dekker, J. 1976. Acquired resistance to fungicidésinual Review of
Phytopathologyl 4: 405-428.

Dhruj, I. V., Akbari, R. R. and Jadeja, K. B. 2000eld evaluation of fungicides
against powdery mildew of Fenugreelournal of Mycology and Plant
Pathology30: 98-99.

Dik, A. J., Gaag, D. J., Vander and Stolon, M. A03. Efficacy of salts against
fungal diseases in glasshouse cr@psmmunications in Agricultural and
Biological Scienceé8: 475-485.

Dixon, G. R. 1978. Vegetable and Allied Crops pp5-4%24.In: The powdery

mildews(Ed. D. M. Spencer). Academic Press, London.

Dreistadt, S. H., Clark, J. K. and Flint, M. L. ¥®%ests of landscape trees and
shrubs: An integrated pest management gui@akland, University of

California, Agriculture National Research Publiocati USA pp. 73-78.

Elad, Y. 2000. Biological control of foliar pathage by means ofrichoderma

harzianumand potential modes of actio@rop Protectionl9: 709-714.

El-Boghdady, M. M. W. 1993ntegrated post harvest management of some pome
fruits. Ph.D thesis submitted to Faculty of AgricultureAhar University
pp. 1-55.

Ellis, M. B. and Ellis J. E. 199Microfungi on land plantgpp. 16-20.In: An
identification Handbook.www.Bioinfo.org. London, UK

El-Mougy, N. S., Abdel-Kader, M. M. and Lashin, 8. 2004. Protective foliar

approaches against downy and powdery mildews ofatmarpe under

[ 1]



plastic house Conditionsinternational Journal of Engineering and
Innovative Technolog$(9): 324-329.

Elwenees-Elkot, G. A. and Hamed-Derbalah, A. S.12Qise of cultural filtrates
of certain microbial isolates for powdery mildewntml in squash.
Journal of Plant Protection Resear8h252-259.

Fang, X. K., Gao, J. and Zhu, D. 2008. Kaempferml quercetin isolated from
Euonymus alatusimprove glucose uptake of 3T3-L1 cells without
adipogenesis activity.ife Science82 615-622.

Filajdec, N. and Sutton, T. B. 1995. OverwinterofgAlternaria mali the causal

agent of Alternaria blight of applPlant Diseas 79. 695-698.

Foschi, S., Brunelli, A., Macro, S. and Di-Marco, %993. Studies of

overwintering of powdery mildew on peadulletin 16: 57-59.

Fraedrich, B. R. 199%®owdery Mildew Technical report. Bartlett tree Research
Laboratories pp. 1-2.

Garbary, D. J. and Deveau, E. 2007. The Spindle, HEaonymus europaeh.
(Celastraceae): A newly naturalized shrub in Noeati@. Canadian Field
Researcl21 85-88.

Gomez. A. K. and Gomez. A. A. 1984. Analysis of thobservation datgp.
241-272. In: Statistical Procedures for Agricultural Researchiohn
Willey and Sons, New York, USA.

Gu, Y. H. and Ko, W. H. 1997. Water agarose medfomstudying factors
affecting germination of conidia &mpelomyces quisqualis. Mycological
Researcll 01 422-424.

Gublar, 2009. Powdery mildew on ornamentals. Iraegt pest management for
home gardeners and landscape professionals. Uiywerfs California,
USA pp. 1-4.



Gupta, J. H. 1989Perpetuation and epidemiology of powdery mildewnahgo
In: Il International Symposium on MangoBanglore-India. Acta
Horticulturae pp. 231.

Gupta, S. K. and Shyam, K. R. 1998. Control of gery mildew and rust of pea
by fungicide.Indian Phytopatholog$1: 184-186.

Guzmann. A., Davis, R. M. and Marois, J. J. 2008edEs of relative humidity
and high temperature on spore germination and dpmednt of tomato
powdery mildew I eveillula tauricg. Crop Protectior22: 1157-1168.

Hagan, A. and Mullen, J. 2000. Controlling powdenjdew on ornamentals.
Alabama Cooperative Extension System, Alabama A aki
University and  Auburn  University, USA. http://www.aces.edu/
pubs/docs/A/ANR-0407/, 1 of 3.

Hansen, M. A. 2009.Powdery Mildew of Ornamental PlantsVirginia

Polytechnic Institute and State University, VirgirCooperative Extension

pp. 1-2.

Hartman, J. 2008Dogwood Powdery Mildewp. 1-4.In: Plant Pathology Fact
Sheet Cooperative Extension Service. University of Kexkty College of
Agriculture, USA.

Heimann, M. F. Stevenson, W. R. and Worf, G. L. &9owdery mildew of
ornamentalspp. 1-3 University of Wisconsin, Extension in cooperation

with the U.S. Department of Agriculture.

Hijwegen, T. 1988. Effect of seventeen fungicoldusgi on sporulation of
cucumber powdery mildewNetherland Journal of Plant Patholodd:
185-190.

Hong, C. 2014Home Ornamentalpp. 101-113. Control of ornamental diseases.

Home grounds and animals, Hampton, England.



Horst, K. R. 1983 Black spotpp. 46.In: Compendium of rose diseas&sPS
Press. American Phytopathological Society, Pressnésota.

Horst, R. K. 1990. Introduction to plant diseaddentification and management
pp. 1-48.In: Westcott's Plant Disease Handbodkd. V.N. Reinhold)
Fifth Edition. New York, USA.

Hseih, T. F., Huang, J. H. and Hsieh, L. J. 200&ntI of powdery mildew with
potassium bicarbonate and poly electrolyrR&ant Pathology Bulletiril4:
125-132.

Jacob, D., David, D. R., Sztjenberg, A. and Elad, 2007. Conditions for
development of powdery mildew of tomato caused Bydium

neolycopersiciPhytopatholog¥8: 270-281

Jat, R. J. and Goyal, S. K. 2009. Epidemiologstatlies on powdery mildew of
ber, ziziphus mauritiandLamarck. In: International Jujube Symposium

Acta Horticulturag Boading-China, 21-25, September pp. 840

Johnson, L. E. B., Bushnell, W. R. and Zeyan, R.984. Defense pattern in non-
host higher plant species against two powdery midémgi.
Monocotyledonous specigSanadian Journal of Botarn§0: 1068-1083.

Kakade, D. S., Gaurv, S. B. Singh, B. R. and NirkéalC. A. 2006. Management
of powdery mildew of rose under poly house condgioJournal of
Ornamental Horticultured: 293-295.

Kalra, A., Parameswaran, T. N., Ravindra, N. Sg,Ra M. and Sushil, K. 2000.
Effects of planting date and dinocap applications the control of
powdery mildew and vyields of seed and seed oil anander. Indian
Journal of Agricultural Sciencek35 193-197.

Khodaparast, S. A. and Abbasi, M. 2009. Speciest remge and geographical
distribution of powdery mildew fungMycotaxonl08 213-216.

_



Koul, A. K. 1980. Powdery mildew oRuonymus japonicus Kashmir.Indian
Phytopathobgy 21: 507-508.

Kunkalikar, S. 1989. Studies on powdery mildew @€an gram caused by
Erysiphe polygonDC. M.Sc. (Agri.) Thesis submitted to University o
Agricultural Science, Dharwad pp. 1-43.

La-Mondia, J. A. 2001. Resistance of the euonymaothracnose pathogen,
Colletotrichum gloeosporioidesto selected fungicidesJournal of
Environmental Horticulturel9: 47-50.

Li, C. W., Zhang, Y., Liu, Y., Kang, J. M., Ma, X. and Fu, L. L. 2011. First
report of powdery mildew caused kigrysiphe euonymi-japonicon
Euonymus japonicus Central ChinaPlant Diseas®5(5): 611

Maharshi, R. P. and Siradhana, B. S. 1984. Somehosis ofOidiopsis taurica
from Rajasthanindian Phytopatholog$3: 513.

Mameth, S. and Chatfield, J. 2009. Powdery Mildewornamental plants HYG-
047-96. pp. 1-4.

Mathur, A. K. Sobti, A. K. and Siradhana, B. S. 19%anagement of rose
powdery mildew with fungicidedndian Journal of Mycology and Plant
Pathology21: 200-202.

Mirza, F. A. 1999. Studies on powdery mildew of l@pgPodosphaera
leucotricha, Ell. and Ev.) Salmoir) Kashmir. M.Sc. Thesis submitted to
Sher-e- Kashmir University of Agricultural Sciencasd Technology of
Kashmir, Shalimar pp. 1-35.

Montano, J. M. C., Moron, E. B., Guerrero, C. Rd dazaro, L. M. 2011. A
review on the dietary flavonoid kaempferdlini-Reviews in Medicinal
Chemistryl1l: 298-344.

Moyer, C. and Peres, N. A. 201Powdery Mildew of GerberaDaisy Institute of
Food and Agricultural Sciences (IFAS), University=torida, USA pp. 1-5.



Nademejad, N. 196@&uonymus japonicus gardeninglranian Journal of Plant
Pathology3: 21-24.

Nagaraj, T. R. 1966. Fungi occurring on witch wéedhdia. Technical Bulletin,
Common Wealth Institute of Biological Contil75-79.

Naseripour, T., Tabarestani, S. M. and Rahnam,(42Fungi associated with
the powdery mildew of Buxus trees in Gorgan landectnternational
Journal of Advanced Biological and Biomedical Reske2: 966-969.

Ningen, S. S., Cole, J. C., Smith, M. W., Dunn,BD.and Conway, K. E. 2005.
Increased shade intensity and afternoon irrigatienrease anthracnose

severity on thre€uonymus fortunedultivars.Hort. SciencetO: 111-113.

Olsen, M. W. 1998Powdery Mildew Arizona Cooperative Extension, University
of Arizona, USA. pp. 1-3.

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R. aintb8s, A. 2009. Agroforestry

DatabaseA tree reference and selection guitdorld Agroforestry Centre
pp. 1-5

Palti, J. 1971. Biological characteristic, disttibn and control ofLeveillula
taurica(Lev.). Phytopathology Mediterraneat0: 137-153.

Palti, J. 1. 1988. The Leveillula MildewEhe Botanical Review4: 423-533.

Pataky, N. R. 1987Report on plant diseaseDepartment of Crop Sciences
University of lllinois at Urbana-Champaign, USA dp8.

Patil, P. V. 1996. Studies on sunflower rust causgéuccinia helianthiSchw.
Ph.D. thesis submitted to University of Agricultu@ciences, Dharwad,
pp. 1-54.

Pawar, V. P. 2015. Biological control of powderyladew diseasé&phaerotheca
fluiginea of Cucurbita maximgpumpkin) surface of leaf antagonis@&iB
Tech Journal of Microbiolog¥(1): 63-67.

Vii



Pscheidt, J. W. and Ocamb, C. M. 2015. pp. 1-2ifitawmrthwest plant disease
management handbook 846 pp. Oregon State Unive{Sepior Eds.).
pnwhandbooks.org/plantdisease/node/3152.pp 1 of 1.

Qilil, L., Zhang, J., Wang. H., Xiangjun and Baabj L. I. 2007. Control effects
of several fungicides on powdery mildew &uonymus japonicug.
Guizhou Agricultural Sciences 36-37.

Raghavendra, B. K. 2005. Epidemiology and managewofgpowdery mildew of
chilli. M.Sc. (Agri) Thesis submitted to Universitpf Agricultural
Sciences, Dharwad pp. 35-78.

Rajapakse, R. G., Edirimanna, E. R. and Kahawdtt&006. Management of
powdery mildew disease of rambutadephelium lappaceurh.) in Sri

Lanka.The Journal of Agricultural Scienc@s8-14.

Randolph, K., Laura, J. K. and George, A. Z. 1981foliage blight of euonymus
caused byPhytopyhora http:// ucce. ucdavis. edu/ files/ repositoryfiles/
ca3505p16-61754. pdi, of 2.

Rankovic, B. 1997. Hyperparasites of the genus Aampgces on powdery
mildew fungi in SerbiaMycopathologial39 157-164.

Ravikumar, B. P. 1998. Studies on powdery mildew roée caused by
Sphaerotheca pannosa var. roga@#allr.) Lev. M. Sc. Thesis submitted
to University of Agricultural Sciences, Dharwad (3p37.

Reis, A., Boiteux, L. S. and Paz-Lima, M. L. 200Fowdery mildew of
ornamental species caused ©ydiopsis haplophylliin Brazil. Summa
Phytopathologicé83(4): 405-408.

Reuveni, R. and Rotem, J. 1973. Epidemictefeillula tauricaon tomatoes and

peppers as affected by conditions of humidyytopathology6: 153-157.

Roger, D. P. 1959. On Cicinnoboliycologia51: 96-98.

viii



Romero, D., De-Vicente, A., Zeriouh, H., Cazorla M, Fernandez-Ortuno, D.,
Tores, J. A. and Perez-Garcia, A. 2007. Evaluatibbiological control
agents for managing cucurbit powdery mildew on gheese-grown
melon.Plant Pathology66: 976-986.

*Saccardo, P. A. 190F5ylloge fungorumpp. 1-25. [cf: Venturella, G. 1991. A
check list of Sicilian fungiBocconea @p. 5-221].

Sall, M. A. and Wrysinski, J. 1982. Perennatiorpofvderey mildew in buds of
grape vinePlant Diseas&6. 678-679.

*Salmon, E. S. 1905. Cultural experiments with @mium on Euonymus
japonicus Linn. Annals of Mycology3: 1-15. http://www.cybertruffle.

org.uk/cgi-bin/bibquery.pl?author=salmon.

Saroj, S. and Satish, L. 1985. Varietal reactiod amaluation of fungicides in
vitro and in vivo against powdery mildew of chilliindian Journal of
Agricultural Science$5: 85-87.

Sataraddi, A. R. 1994. Studies on powdery mildewes{Zizyphus mauritianham.)
caused byOidium erysiphoide$. sp ziziphi Yan and Wang. M.Sc. (Agri.)
Thesis submitted to University of Agricultural Swes, Dharwad pp. 1-70.

Severoglu, Z. and Ozyigit, I. L. 2012. Powderydew disease in some natural and
exotic plants of Istanbul, Turkelpakistan Journal of Botard4: 387-393.

Sharma, S. 2003. Relationship of rainfall with pewd mildew Qidium
erysiphoided. sp.ziziph) of jujube Zizuphus maorifianga Indian Journal
of Agricultural Scienceg3: 636-638.

Sharmila, A.S. 2001. Studies on powdery mildew huflic M.Sc. (Agri.) Thesis

submitted to University of Agricultural Scienceshd@wad pp. 1-72.

Shi, A. and Mmbaga, M. T. 2006. Perpetuationafgery mildew Infection and
identification of Erysiphe australianaas the crape myrtle pathogen in
Mid-TennesseePlant Diseas®0: 1098-1101.



Singh, B. P., Agarwal, B. B., Koshta, V. K. and Khg M. P. 1991. Influence of
powdery mildew on yield characters of mung beaklvattisgarh region.
Indian Phytopathology4: 247-249.

Sinha, P. 2005. Epidemiology and development addasting model for powdery
mildew Oidium erysiphoidgsin jujube Ziziphus mauritianafor Delhi.
Indian Journal of Agricultural Sciencé&&(5): 21-28

Snedecor, G. W. and Cocharn, W. P. 19%tistical method€Oxford and IBM
Publishing Company, New Dehli pp. 172-177.

Solanki, V. A., Patel, B. K. and Shekh, A. M. 19%8eteorological variables in
relation to an epiphytotic of powdery mildew disead mustardindian
Phytopathologyp2: 138-141.

Stephen, N. W. 2010. Powdery mildew on landscamntpl University of
Nebraska—Lincoliextension Publicationd.incolanpp. 1-4.

Timmerman, A. D. 2010Powdery mildew on landscape ornamentalsbGuide

University of Nebraska Lincoln, pp. 1-4.

Upasana, R. and Munshi, G. D. 2002. Developmepbefdery mildew of wheat
in relations to environmental condition®ournal of Mycology and Plant
Pathology32: 222-225.

Vander-Plank, J. E. 1963lant Diseases: Epidemics and Contrdlcademic

Press, New York pp. 349.

Van, S. 2008.Powdery Mildew of Landscape Ornamentalgriculture and
Natural Resources. United States Department ofcAititre, University of
Arkansas, USA pp. 1-2.

_



Venkatrao, 1997. Studies on powdery mildew of grgeam (Vigna radiatal.)
caused by Erysiphe polygoml.Sc. (Agri.) Thesis submitted to University
of Agricultural Sciences, Dharwad pp. 1-73.

*Viennot-Bourgin, 1965Cr. hebd. Seanc. Acad. Science, Pa6% 4222-4223.
In: The Powdery Mildews 1978Ed. D.M. Spencer). Littlehampton,
England.

Wang, M., Shi, B., Zhang, Q., Ji, Z. and Wu, W. 208 new aromatic triterpene
from Euonymus japonicus. Natural Product Rese@&617-621

Weltzien, H. C. and Weltzien, M. 1962. Cleistotleacvon Uncinula necator in
Wurttemberg Pflanzenschut69: 664-667 [cf: Plant Disease66. 678-
679].

Wheeler, B. E. J. 1978. Powdery mildew of ornamenpgp. 411-445In: The
powdery mildews(Ed. D. M. Spencer). Littlehampton, Sussex, Emdla

Williamson, J. 2013Euonymus Diseases and Insect Peblsme and Garden

Information Center. Clemenson Cooperative Extenpmml-5.

Windham. A. S. 1996Powdery Mildew of OrnamentalsThe University of
Tennessee. Agricultural Extension Service. U.S. dbepent of
Agriculture, USA pp. 1-2.

Wojdya, A.T. and Jaworska, M. A. 2005. The effeetigss of Folicur Multi 50
WG in the control of powdery mildew, rust and legfots on some

ornamental plant$rogress in Plant Protectioa5: 1200-1204.

Xun, D. 2009. Analysis on the growth and decling nd disease correlation of
powdery mildew onEuonymus japonicus Liaocheng city.Journal of
Anhui Agricultural Sciences 116,



Yarwood, C. E. 1932.Ampelomyces quisqualisn clover mildew (Abs.).
Phytopathology22: 31. In: The powdery mildew¢Ed. D. M. Spencer
1978). Littlehampton, Sussex, England.

*Yarwood, C. E. 1952. Some water relations of Hkisi polygoni conidia.
Mycologia 44: 506-522.In: The powdery mildewg§Ed. D.M. Spencer
1978). Littlehampton, Sussex, England.

Yarwood, C. E. 1954. Temperature relations of powdeildew. Hilgardia 22:
603-622. In: The powdery mildews(Ed. D.M. Spencer 1978).
Littlehampton, Sussex, England.

Yarwood, C. E. 1957. Powdery mildewhe Botanical Revie®&: 235-301.

Yarwood, C. E. 1978. History and Taxonomy, pp. 1487 The powdery mildews
(Ed. D.M. Spencer, 1978). Littlehampton, Sussegl&nd.

Zhang, X. P., Guo, Y. and Xu, X. H. 2003. Reseavohcontrolling powdery
mildew of rose.Journal of North East Forest Universil: 59-60.

Ziv, O. and Hagiladi, A. 1993. Controlling powdemildew in Euonymus with
polymer coatings and bicarbonate solutidfistt. Science8: 124-126.

*Qriginal not seen.

Xii



Sher-e-Kashmir
University of Agricultural Sciences & Technology of Kashmir
Faculty of Horticulture, Division of Plant Pathology

CERTIFICATE

Certified that all the corrections/amendments as suggested by External
Examiner Dr. Vinay Sagar. Senior Scientist, Division of Plant
Pathology, ICAR, CPRI, Shimla, during viva-voce Examination held
on 8 June 2016 have been incorporated in the manuscript “Studies
on Powdery Mildew (Erysiphe enonymi-japonici Veinn-Bourg.) of
Euvonymus (Euonymus japonicus Thunb.) in Kashmir wvalley™
submitted by Mr. Rayees Ahmad Ahanger, Ph.D. student (Regd.
No. 2011-363-D) of Plant Pathology discipline.

(Dr. Nissar Ahmad Qazi)
Chairman
Advisory Committee



