
  [image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]


OEBPS/Images/335_005.jpg
Khanctal, 2016

the fourth week of June, yielding hyaline,
bicelled macroconidia Figure 2b. Beyond
the third week of July major portion of
the leaf got covered with diseased spos.
‘The petiole infection though less frequent
was first recorded in the third week of
July as brown clliptical lesions with a
reyish center. Also, microconidia were
formed within the same stromata in the
second week of August. The shape of the
Spots was irregular to circular upto third
week of June beyond which due to
coalescing of spols large _irrogular
necrotic patches were formed Figure 2c.
Chlorosis and/or inward curling of
chlorofic andlor _achlorotic _severely
infected leaves Figure 2d along the
‘margins was observed in second week of
August which ultimately leads to

initiation of  pre-mature  defoliation
Figure 2e by the fourth week of August.

Pathogenlclty test:  The pathogenic
nature of the isolated fungus was proved
on one year old potied cherry saplings
cv. Bigareau Napoleon (Double).
Observations regarding the pathogenicity
of the test fungus revealed the initiation
of typical disease symploms 10 days
after inoculation on injured leaves of the
potted plants. However, in case of un-
injured leaves, the disease symptoms
appeared 16 days afler inoculation. No
lesiondevelopment was observed on
control planis. Re-isolations  from
infected leaves yielded typical cultures of
the fungus, thus proved the Koch's
postulates.
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isolates of P. nicotianac were maintained
on Vi medium (2 g CaCO3, 200 ml Ve
juice and 15 g agar in 800 ml ditilled
water) and incubated for 5 days in the
dark, a1 2551°C. Plugs were cut from the
Vi medium with a_cork borer. Then,
zo0spores suspensions were produced by
the method of Henderson et al. (1986).
Zoospore densities were estimated with
haemocytometer and the - suspensions
were diluted in deionized water to obiain
4x10° zoospore  mL-'.  Inoculum
suspensions were plated on PARP-BH
selective medium (contaning 20 g of
com meal agar amended with 10 g
pimaricin, 200 g ampicilln, 10 g of
rfampicin, 258 of
pentachloronitrobenzene and 10 ug of
benomyl) (Jeffers and Martn, 1956),
before and afier inoculation to determing
viable zoospore densiies (Tsao, 1969)

Method of Inoculation by zoospores of
P. nicotianae: Rooistocks of citrus were
inoculated with 30 ml of the zoospores
Suspension of P. micotianae by making 5-
6 cm deep and 2 cm diameter holes in the
pot. mixiure around the root zone of
seedlings, to facilitate the diffusion of
zoospore suspension. Pots were watered
regularly to maintain the moisture for
pathogen development. For the control,
the plants have been inoculated with 30
mlof sterle distllated water.

Estimation of disease severlty: The
response of the scedlings to zoospores.
treatment was determined by recording
the occurrence of symptoms in roots of
rooistocks after 3 months of inoculation
by P. nicotianae. Infected plants were
removed from the plastic pos and were
carefully washed in running tap water
and observed. The symptoms of roo rot

rating of each rootstock was recorded
using a scale (1-5) given by Grimm and
Hutchinson (1973) as:

No visible symptoms, 2= A few roots
with symptoms (1-25 % rotted),
Majority of roots with symptoms (26-50
9% rotted), 4= All roos infected, cortex
sloughed from major rools (51-75%
rotted). 5= Majority roots, dead or
‘missing (>76% rofted).

To confim that these symptoms are
caused by P. icotianae, re- isolation
was made from the treated oot of cach
rootstock, using PARP-BH medium. The
identification of P. micotianae was
accomplished according the keys of
Envin and Ribeiro (1996).

Growth measurement: Stem _ height
(SH) was measured for each plant before
and afier three months of . nicotianae
treatments.  Then, stem growth rate
(SGR) was estimated from _these
parameters according to the following
formula:

SGR= (HE - HiyHi

‘Where, H= Height; = before inoculation;
#=affer 3 months of inoculation,

At the end of the experiment, plants were
harvested and divided into rools and
stems for biomass determination. Fresh
weigh of each part was measured,
‘whereas dry weight was determined afler
drying tissue at 60°C for three days.

Estimation of colonization of roos by
P. nicotianae: Roots from each rootstock
were collected for the evaluation of the
colonization of roots by propagules of 7.
nicotianae. Two grams of each fresh
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rools sample were added to 20 ml of
sterile water and ground for 2 min in a
blender containing 20 ml of sterile
distiled water. A sample of | ml of this
Solution of homogenate roots was spread
in a Petri dish (90 mm) containing the
PARP-BH sclective medium. Three Petri
dishes were prepared for cach sampled of
rooistock. These plates were incubated
for 4 days in darkness and at 25+1°C, and
then the colonies of P. micotianae are
counted. The analysis resulls obtained
have been expressed as the amount of
‘germs / g frsh tissue.

ysis: The experiment was carried out
in a completely randomized design with

six replications by roolstock  and
treatment. All data were subjected to
variance analysis (Anova). Significant
Anova tests were followed by multiple
comparisons of means using Fishers
Least Significant Difference procedure
(P<0.05). Data of all parameters tested of
cach rootsiock were submitted to 2
‘multivariate statistical method of cluster
‘analysis, in order to classify rootstocks in
roups of closer similariy, according to
their response to the inoculation by 7.
icotianae. Hierarchical cluster analysis
was applied by standardized means of
the evaluated variables by using the
single linkage method, and is shown on a
dendrogram. All analyses  were
performed with STATISTICA. version
12
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of P. nicotianae_and rootstocks was
observed (Table 2). However, a_ higher
statistical difference has been observed
Estimation  of disease severlty: between the five rooisiocks used fo
Symptoms of root damages were indicate a clear difference regarding the

observed in roos of different rootstocks,
planted for 3 months in a P. nicotianae-
infested soil, while no damaged has been
observed in non-inoculated planis. The

form all the treated rootstocks were
positive. Overall, citrus rootstocks were
‘more susceptible to isolate P.128 than to
isolate P.15. Nevertheless, no staistical
difference has been observed between the
two_isolates of P. nicorianae, and all
rooistocks were grouped within the same
susceptibility group. Also, no interaction

tolerance of the rootstocks o 7.
nicotianae (Figure 1). The severity
index, resulting from the inoculation of
P_ nicotianae, ranged from 1 10 3.16. The
‘maximum infection indicated by the root
damaged rating of 3.16 and 3 was

observed, respectably, in rootstocks
Citange  camizo and  Citrus
volksmeriana, indicating  the

susceptibiity of these two rooistocks to
P. nicotianae, while the minimum roots
damaged rating of | was noted when the
rooistock of reference Sour orange and
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orange was followed by the rooistock
Citrumelo Swingle-4475 (5.5 propagules
per mg of rool). The rooistock Citrange
C-35 was following the rootstock Citrus
volkameriana with 19.5 propagules mg of
the root, then the rooistock Citrange
Carizo (12.25 propagules mg of roo).
Based on symploms of damaged
observed in roots, the growth parameters
‘measured and the density of population
Of P. nicotianae found in infected roots. a
comparison was made between the five
rootstocks tested, in_order to_better
understand the response of the different
rootstocks to P, The
hicrarchical cluster analysis applied to

agaregate rootstocks with similar effects,
identified three different _clusters of
rootstocks (Figure 8). The first cluster of
rooistocks  with similar effects was
formed by the rootstock of reference
Sour orange and the rootstock Citrumelo
Swingle-4475. These two  rooistocks
were the most tolerant to P. nicotianac.
A second cluster included the rootstock
Citrange €35 who appeared moderately
tolerant rootstock. A third cluster of
similarity was formed by the rootstocks
Citrus  volkameriana and ~ Citrange
Camizo, who exhibited the slightly
tolerant reaction against . nicotiande.
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the rootstock Citrumelo Swingle-4475
were used. These roolstocks were

followed by the rootstock Citrange C-35
with a root damaged by 2.66 (Table 3)
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Effect of Inoculation with P. nicotianae
on stem growth rate (SGR): The studies
of the growth attributed to the plant
height revealed that the disease has a
significant effect on rootstocks  height

Indeed, the data showed that inoculation
with P. micotianae caused a significant
reduction in stem growth of motsiocks
used compared to the control. Also, a
highly significant difference was found
between SGR of the rootstocks in their
responses to zoospores  inoculation
(Figure 2). The highest percent of SGR
was recorded for rootstock of reference
Sour orange, while the lower one was in
rootstock Citrange C-35, following with
CitrumeloSwingle 4475, However, a
significant difference was found between
these two rooistocks and the others
rootstocks used (SRG between 25 % and
18.25 %)
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troduction

Cherries occupy unique position among
temperate fruits all over the world and
are season’s first tree fruit to reach the
‘market, maturing within 60-70 days after
full bloom and therefore, fetches
premium price. Cherries are classified
under the genus Prumus and belong to the
family Rosacea. The cultivated cherries.
are divided into two groups ie. sweet
cherries (Prunus aviam L) and sour
cherries (Prunus cerasus L) The
primary _cherry  producing  countries
contributing to world's annual production
of 2256 thousand MT are Turkey.
USA. Iran, ltaly, Chile, Uzbekistan and
China ' (Anonymous, 2014). In- India,
cherry is mainly grown in the state of
Jammu and Kashmir (J&K) and to some
extent in the North-Western Himalayan
region of Himachal Pradesh  and
Uttarakhand hills, India. Exports of
cherry from Jammu and Kashmir State
cams substantial forcign exchange up o
150.00 crore (Anonymous, 2012). The
cherry fruit is mostly consumed as fresh,
besides being used in confectionery. ice-
creams, bakery, Juice-making, syruping
and liquors. Cherry wood and fruit are
also usable in veneer industry, dying,
pharmaceutical and food  industries
(Chinnici et al, 2015). Owing o is high
content of vitamin C and other chemicals
that might act as antioxidants, cherries
are used o prevent cancer and other
cardiovascular discases besides treating
osteoarthritis and gout (Bastos cf al
2015: Pacifico et al, 2014). The
agroclimatic conditions of Kashmir
valley are quite conducive for stone fruit
crop cultivation and also the area under
cherry s increasing marginally every
‘year, but the cherry productivity per unit

area s low owing to many biotic and
abiotic factors. Among the diseases,
Blumeriell leaf spot (BLS) has assumed
an alarming proportion in the major
cherry growing countries of the world
‘and causes huge economic losses through
‘mid-summer pre-mature defoliation {0
the extent of 80-00% reported from
Pennsylvania, which ulimately results in
reduced fruit bud survival and fruit set in
the following year (Gianessi & Williams,
2011; McManus of al., 2007). Further,
the discase results in the production of
Soft and poorly coloured fruits with low
content of soluble solids  besides
increasing tree mortality during severe
winters (Jones, 1995). The disease has
been frst observed in USA by Karsten in
1884, Since then the discase has been
recorded from many other countries of
the world, but in India, particularly in
Jammu and Kashmir State, no attempt
has been done except for a report (Khan
et al., 2014) and hence the present study
was undertaken to characterize the
discase based on  morphological
characters and pathogenicity test from
three cherry growing districts of Kashmir
valley, India.

Materials and methods

discase  Incldence  and
Survey of chemry growing
areas in three districts viz,, Srinagar,
Ganderbal and Baramulla of Kashmir
valley, India was done during late
August (peak period of the discase) in
the year 2014 to record incidence and
intensity of Blumericlla leaf spot in
cherry. Random selection of cherry
orchards irrespective of cultivars. from
three villages per district, five orchards
per village and ten trees per orchard was

m
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Discussion

The results found in this investigation
showed tht citrus rootstocks response fo
P. nicotianae different from one 1o
another. None of the tested rooistocks
totally fulfilled the criteria _tested.
However, the rootstocks used could be
classed into three suscepibility groups
(low, moderate and high susceptibility)
against P nicotianae infection. The low
susceptibility group included the two,
rooistocks Sour orange and Citrumelo
Swingle-4475. The rooistack Citrange C-
35 was moderately susceptible. However,
the two rootstocks Citrange carrizo and
Citrus volkameriana were consistently
the most susceptible rootstocks. The
present findings are in agreement with
other authors. Broadbent et al. (1971)
revealed that rootstock Sour orange
exhibited tolerant _ reaction _against
Phyiophthora _species. Vanderweyen
(1973) reported that the rootstock Sour
orange were more resistant, whereas
Citrus volkameriana was least susceptible
roolstocks against 7. nicotianae. Graham
et al. (2014) reported that the rootstock
Citrumelo was resistant fo_ gummosis
Rogers et al. (1996) noted the rootstock
Citrange carrizo as susceptible whereas
the rootstock Citrus citrumelo as tolerant
against P nicotianae. The rooistocks
Citrange carrizo and Citrus volkameriana
‘may not be suitable for orchards planted
in fields where conditions are favorable
for infection by P. nicotianac. Moreover,
if rootstocks with moderate susceptibilty
stress by prolonged flooding conditions
they may, also, become more susceptible
to infection (Wilcox & Mircetich, 1985).
‘When the gummosis of citrus has been
reorganized, in the past in Tunisia, the
search for resistant rootstocks started and

scedlings were gradually replaced by the
Phytophthora tolerant  rootstock Sour
orange. This rootstock is one of the most
‘common citrus rootstocks, in the world,
especially in areas with high soil pH and
calcareous soils and it ofien supports
high densities of P. nicotianae (Graham,
1995). The consequence of this
orientation induced the suppression of
this disease in the country. Recently, the
gummosis has been appeared again in
this area. Also, the rootstock Sour orange
has been noted as susceptible fo viruses
and other diseases (Graham, 1995). This
lets suggest the existence of change or an
increase in the population of P.
nicotianae existing in the soil or a
change in the behavior of the rootstock
Sour orange against this pathogen. The
present study showed a similarity of the
response of the rootstock Sour orange
with the rootstock Citrumelo Swingle-
4475, in their susceptibilty to zoospores
infection by P. nicotianae. This result
has important implications for the proper
‘management of gummosis of citrus under
orchard conditions, because the rootstock
Citrumelo Swingle-4475 could substitute
the rootstock Sour orange. The use of the
rooistock Citrumelo Swingle-4475 may
become an integral part of gummasis of
citrus disease management in the future
in Tunisia. However, at this point, the
use of new varieties is not typically
considered by the farmers how sill used
the rootstock Sour orange. Also, it is
prudent to study the effect of scion
varieties on the susceptibilty of the
rooistock and apopulation of the
pathogen (Ippolito et al. 1997)
However, from the present study, it was
concluded that none of the citrus
rooistocks tested  were completely
resistant to P micotianae, which suggests

n
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troduction

Citrus s one of the most important free
fruits and is widespread in the word
(Cimen & Yesiloglu, 2016). In Tunisia,
citrus is now grown on over 22 000 ha,
located mainly in the Cap-bon regions of
Nabeul government (CTA, 2016). In the
last years, symptoms of gummosis have
been observed in the major citrus
producing areas of Tunisia and became a
serious_problem for citrus production.
The infection by the gummasis occurs
near the ground level of the scion and
produces lesions which extend down to
the bud union on resistant rootstocks, or
up the trunk into the major limbs of the
tree (Graham & Feichtenberger, 2015).
Ten species of Phytophthora have been
reported infecting citrus around the world
(Erwin & Ribeiro, 1996), but P.
icotianae is the most common species.
occurring in sublropical arcas of the
world (Graham & Feichtenberger, 2015).
It's also one of the most important soil-
borne pathogen of citrus which causes
‘mortality of trees (Verniere et al., 2004).
Gummosis is responsible for 10 to 30
percent of losses in citrus grown around
the world (Timmer et al, 2000). It
remains a threat and a persistent problem
wherever, citrus is grown that can result
in substantial tree loss. particularly trees
on_ susceptible rootstock _(Whiteside,
1973). The management of Phytophihora
discases of citrus fends fo be an
integrated approach that _includesthe
production and the use of Phytophthora
fre nursery stock, of resistant/ tolerant
rootstocks, an  appropriate  cultural
practices  to  miigate _discase.
development, of chemicals  as
prophylactic and/or cure of the discases
and of biological antagonists (Naqvi,

2004)  Losses attribuble  to
Phytophthora _gummosis have been
reduced through the use of the systemic
fungicides such as foselyl-Al and
metalaxyl and a single application of
cither fungicide can provide maximum
protection from colonization by 7.
citrophthora and P._ nicotianae for at
least 3 months (Matheron & Matejka,
1988). However, Phytophthora spp. are
known to develop resistance to mefalaxyl
after its repeated use (Timmer et al.,
1998). Also, they are not always
desirable due to the high cosis of
application, potential hazards to  the
environment and the development of
fungicide-esistant strains (Faldoni et al.,
2015). The use of tolerant rootstock with
desirable. horticultural characteristics is
the best management strategy of
Phytophthora diseases in order to teduce
the costly applications of fungicides
(Nagyi, 2004). Also, roostock choice is
one of the most important aspects in
orchard - management  because _ scion
cultivars respond differently to growth,
fruit quality and nutrient accumulation
when grown on diverse rootsiocks
(Dubey & Sharma, 2016). However, the
resistance of the rootstock is relative
(Benyahia et al, 2004). Thus, selection
and  breeding for resistance to
Phytophthora in citrus species becomes
necessary to control the disease (Boava
etal, 2011). As a solution, the screening
and the development of new rootstocks
became a_vital aspect in- citriculture
(Graham, 1995). A variety of methods
have been used, in the past, o determine
the susceptibility of citrus rootstocks to
Phyitophthora species (Matheron et al.,
1998). After all, the rootstock growth,
the vigor and the abiliy to proliferate
rools in infested soil have been noted as

o
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Effect of noculation with P. nicofianac
on stem and root welght: Infection by
P, nicotianae caused a  significant
reduction in all parameters considered
and a high difference was also found
between the different rootstocks in their
response to this pathogen. Compared to
their respective controls, the rooistock of
reference Sour orange and the rooistock
Citrumelo Swingle-4475 appeared the
‘most tolerance against 7. micotianac in
all parameters tested. The observation
based on the fresh weight stem revealed
that the important percent of decrease
(38.5 %) was observed for Citrange C-
35, while Sour orange (I8 %) and
Citumelo ~ Swingle-4475 (178 %)

showed susceptible response with the
lowest percent of decrease (Figure 3).
For fresh weight root the decrease of this
parameter was observed for Citrumelo
Swingle-4475 (3733 %) and Citrange
carrizo (46.7 %) (Figure 4). The dry
weight stem was revealed a higher value
for Citrange carrizo (49 %) followed,
respectively, by Citrange C-35(45.3 %

Sour omnge (283 %) Citumelo
Swingle-4475 (268 %) and Citrus
Volkameriana (25.2 %) (Figure 5). Dry
weight root values varied between 412
for rootstock Citrumelo. Swingle-4475
and 59.7 % for rootstock Citrange C-35

(Figure 6)
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that the use of resistance rootstock alone.
will not control this disease unless new.
rooistocks with complete resistance are
released. Matheron et al. (1988) noted
that the development of Phytophthora
gummosis s influenced by  several
varigbles in_addition to the innate
resistance of the citrus host. These
variables.include the age, the nurient
status, the succulence, the vigor, and the
Scion of the infected rootstock as well as
soil characteristics and soil temperature
and moisture levels (Broadbent, 1977).
However, the kind of pattern used can
influence the chemical composition and
the antioxidant activity of the fruit
(Sanchez-Rodriguez et al. 2012). The
use of resistant rootstocks together with
chemical control methods and cultural
practices such as water management s
necessary for managing Phytophthora-
induced diseases (Graham et al, 2014).
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Morphologieal  characters:  The
‘morphological characters of the pathogen
studied both on host (in vivo) as well as
from culture (i viro) are presented in
Table 1. Figure 3a-f

Identiication of the pathogen: Bascd

on the morphological  characters,
pathogenicity test and comparison with

authentic descriptions given by Karsten
(1884). Higgins (1914) and Williamson
and Bemard (I985) the fungus was
denified as Colindrosporium padi (Lib.)
P. KarstEx Sace. the anamorph of
Blumeriella_jacpii (Rehm) _ Arx.
(Stojanovie and Baric 1973; Joncs 1995).
No perfect state of the fungus was
observed during the investigation cither
on host o culture.
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done. The discase incidence was

recorded by counting the total number of
leaves and the number of diseased leaves

The discase intensity was recorded by
visual observations using 04 seale
(Schuster & Tobutt, 2004). Per cent
discase intensity (PDI) was calculated as
per the formula:

b
‘Where, n=No. of diseased leaves in cach
category, v= Numerical value of cach

category, N=No. of leaves examined, G
Maximum numerical value.

Symptomatological _studles:  Cherry
leaves of cultivar Bigarreau Napoleon
(Double) from four randomly selected
trees were used for symptomatological
studies i the orchard of Division of Fruit
Sciences, SKUASTK, Shalimar. The
trees were kept unsprayed throughout the
‘growing season to study the symptoms of

Blumericlla leaf spot under natural
cpiphylofic ~conditions. Leaves were
cxmined daily for the discase

appearance. Periodic._observations with
respect to petiole infection, leaf curling
‘and pre-mature defoliation besides size,
shape and colour of the lesions on leaves.
was recorded.

Isolation of the pathogen: Cherry leaves
exhibiting _typical _disease - symptoms,
collected_during the course of survey,
were repeatedly used for isolation of the.
pathogen. The discased leavas were first
cxamined for associated fungus by
teasing the diseased portion with the aid

on randomly selected four branches in
four directions of cach tree, using the
following formula:

of 4 teasing needle and observed under
‘microscope. For isolation of the fungus,
tissue bit technique (Joshua & Mmbaga,
2014) was used and incubated at 20:1°C
for 21 days in sterilized Polato Dextrose
Agar (PDA) media Petr plates

Isolaton,  purifcation  and
malntenance  of  the  pathoger
Isolations were made from diseased
leaves showing typical symptoms. After
72 hours of incubation at 20=1°C whitish
‘mycelial growth started cmerging from
the discased leaf tissues, inoculated on
Potato Dextrose Agar medium. The
culture was purified by single spore
isolation (Johnston & Booth, 1983). The
pure culture thus, obtained was
‘maintained by repeated subculturing at
an interval of 30 days for further studies.
The stock culture in PDA slants was
stored at 4°C in a reffigerator. To retain
the vigour of the fungus, it was isolated
repeatedly from naturally infected leaves
and purified by the method described.

Pathogenlelty test: One year old
apparently healthy, budded plants of
cultivar Bigarreau Napoleon (Double),
obtained from Division of Fuit Sciences,
SKUASTK, Shalimar were planted in
40 cm diameter plastic pols containing
sterilized soil. The potied plants were
kept in polythene chambers, especially
designed for the purpose. High humidity
inside the chamber was maintained by
timely imigation of the pois and
intermittent  spraying  with  distilled

.
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Estimation of root colonization by P. root for the rooistock of reference Sour
icotianae: Mean populations of P. orange to 24.5 propagules per mg of ool
nicotianae varied significantly for the for Citrus volkameriana which had
five rootstocks tested (Figure 7). Counts  significantly higher populations than all
ranged from 4.5 propagules per mg of other rooistocks. The rootstock Sour
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Blumeriella jaapii (Rehm) v. Arx. So
based on morphological ~characters,
pathogenicity test and comparison with
the authentic descriptions the pathogen
was identified as Cylindrosporium padi
(Lib.) P. Karst. Ex Sace. and no perfect
state of the fungus was cither developed
in culture or observed on host during the
period of study; however, the fungus has
been reportedly found to  reproduce.
sexually and the perfect state identified
s Blumeriella jaapii (Rehm) v. Arx.
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important plant defense trais that protect
against pathogens (Graham, 1995). The
‘most used roostock in Tunisia and in the
Mediterrancan region is the rootstock
Sour orange (Citrus aurantium) due to its
wide adaptabiliy 1o soil types, its better
affinity with most commercial varieties
and its good resistance to Phytophthora
gummosis _(Benyahia et al, 2004).
However, it is observed in many citrus
orchards in Tunisia that all the infected
trees of cifrus by gummosis are grafted
onto sour orange rootstock. Thus, the
‘main objectives of this investigation were
t0: (i) screen the resistance of different
rooistocks of citrus for the soil infection
of P. nicotianae. and (i) to.identfy
aggregates of rootstocks that induced
similar characteristics to P nicotianac
inoculation, using a  multivariate
clustering analysis technique.

Materials and methods

Plant matertal and growth conditions:
The experiment was caried ou, between
October and December 2015, in a plastic
tunnel st temperatures between 25°C and
30°C, at the Higher Insiie of
Agricultre of Chott Mariem (Tunisa).
In this assay, five 3 months old culvars
of citrs. rootstocks, provided by the
Technical Centre of Citrs of Tunisia
(CTA), were investgated for  their
olerance againt two. solates of P.
nicotianae. The culivars of rootstocks
used were Sour orange (Cirus auraniium
L), Citange carizo (Citrus sinensis %
Poncirus rfliaa). Citrumelo Swingle-
475 (Citru paradive x s rfliaa).
Citrange €35 (Cirrus sinensis by
blood" x Poncirus trfliata) and Citrus
volkameriana (Citrus limon Citrus

aurantium). We have  chosen the
rooistock Sour orange, wha is the most
rooistock used in Tunisia as reference to
accurately estimate the tolerance of the
other roostocks. The different roolstocks
were placed in plastic pots about 15 cm
deep and 8 cm in diameter, containing
filled with a mixture of steile sand-peal.
‘The scedlings were irigated daily.

Inoculum used: Two_isolates of P.
icotianae (P.15 and P.128), mating type
A2, obtained from citrus infected trees
by qummosis in Tunisia, have been used
in this assay. These pathogens were
isolated on PARP-BH selective medium
(CMA (Com Meal agar) amended with
Pimaricin.  Ampicilin.  Rifampicin,
Benomyl. Pentachloronitrobenzen and
Hymexazol) as described by Erwin and
Ribeiro (1996). The identity of isolates
was confirmed by their morphological
traits (Erwin & Ribeiro, 1996) and by
polymerase chain reaction (PCR) using
Species-specific (White et al., 1990)
(Table 1). These isolaes had been shown
in previous studies to be pathogenic to
citrus rees. For 2 long-term storage, a 5-
‘mm.diameter of agar plug from the edge
of cach isolate was placed onto a 25-ml
tube with ~15 m of sterik soil solution
and they were mainbined in the
collection of the laboratory  of
Phytopathology,  Department of
Biological Science and Plant Protection,
LS.A of Chot Mariem, in Tunisa. Fresh
cullures were prepared by transferring
agar disks with mycelium of each
isolates to PDA medium. The plates were
then transferred to an incubatorat

2541°C, for § days, until the mycelium
covered the agar surface.
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Discussion

Amongst the various cherry diseases,
Blumericlla leaf spot causes huge
economic losses through premature mid-
summer defoliationwhich ultimately
culminates in reduced fruit bud survival
and fruit set in the following year,
besides unevenly ripened fuit with poor
taste, and increased tree mortalty during
severe winters (McManus et al., 2007).
Highest discase incidence and intensity
could probably be attributed to. higher
plant density. mixed cropping in cherry
orchards ecosystem with maize, beans,
and fodders leading 1o high relative
humidity in the microclimate of the
orchard, besides non disposal of fallen
discased leaves which serve as source of
primary inoculum. Occasional or rather
neglecied spray programme followed in
these areas fo combat other fungal
discases of cherry seem to have favoured
i building the highest disease incidence.
‘The least disease incidence and intensity
of (1300 & 0578%) and (1850 &
08.73%) was recorded in the villages of
Reram and Druroo of district Baramulla,
which could be attributed 1o lesser plant
density and beter orchard management
practices.  Variations in_ incidence and
intensity of Blumeriella leaf spot disease
in various locations have also been
reported by Eisensmith and Jones (1981).
Ellis (2008), Wilcox (1993), Kiraly and
Szentpeteri(2006), Babadoost_(1995),
Holb (2009) and Joshua and Mmbaga
(2014). Our symptomatological findings
are more or less supporied by the
observations made by Holb (2009),
reported formation of irregular necrotic
patches with change in colour and shape
with the passage of fime. Petiole
infection though less frequent was first

observed in third week of July. Chlorosis
andlor inward curling along the margins
of chlorotic or a-chlorotic severly
infected leaves was observed in the
second week of August which resulted in
pre-mature defoliation by last week of
August. The characteristic symptoms of
the discase as observed under natural
conditions of inoculations were identical
and agreed with those observed by Khan
etal. 2014), Ellis (2008), and Taut et al.
(2010). The morphological characters of
the fungus observed on host as well as in
culture were compared with the authentic
description_given by Karsten (1884),
Higgins (1914), Williamson and Bemard
(1988) and Vov Arx (1961) with which
these characters closely corroborate; the
anamorph  was  thus _identified as
Cylindrosporium padi (Lib.) P. Karst. Ex
Sacc. The typical symploms were
produced by the pathogen 10 days afler
inoculation on injured leaves and 16 days
after arificial inoculation on un-injured
leaves. Reisolations from the diseased

leaves yielded original _ inoculant
repeatedly, thus  satisfied Koch's
postulates.  Khan et al. (2014) also

obiained symptoms within 10-15 days
after inoculating the cherry leaves with
Spore. suspension of  Calindrosporium

padi. On the basis of morphological
characters,  pathogenicity test and
comparison  with  the authentic
descriptions (Karsten, (1584), Higgins

(1914), Williamson and Bernard (1988)
the pathogen was identified as
Cylindrosporium padi (Lib.) P. Karst. Ex
Sacc. Since the perfect state of the
fungus neither developed in culture nor
was observed on host during the period
of study; however, the fungus has been
reportedly found fo reproduce sexually
and the perfect state idenified as

50
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sterilized water. The plants were sprayed
with copper oxy-chloride 50 WP @ 0.3%
to exclude any infection. Also, the plants
were constantly observed for 10 days o
nile out any latent infection. Prior 1o
inoculations, the leaves were sprayed
with distilled sterlized water. One set of
the plants was given injuries with
carborandom powder, while another set
was kept uninjured. Inoculation were
‘made by spraying spore suspension (1
10* sporesiml) from young and vigorous
culture of Cylindrasporium padi on the
abaxial surface of both injured and
uninjured leaves with the help of an
atomizer. Planis  with injured and
uninjured leaves sprayed with distiled
sterilized water served as check. The
inoculated and un-inoculated plants were
closely monitored for _symptom
development. Re-isolations of pathogen
from artificially inoculated leaves were
caried out and resultant  cultures
compared with original  inoculant 1o
prove Koch's postulates.

Morphological  and cultural
characteristics of the pathogen: The
‘morphological characters of the causal
pathogen were studied both on host (in
vivo) as well as on artificial culture in the
laboratory (in _vitro). Monoconidial
cultures were first grown on PDA
‘medium and then semi-permanent slides.
were prepared from 21 days old culture,
stained with cotton blue in lacto phenol.
The  important  morphological
characteristies studied were nature of
colony, hyphae, conidiophore, conidia
and conidiomata. The - morphological
characters of the causal organism studied
were compared  with authentic
descriptions for the identification of the
fungus.

Results

Disease Incldence and Intensity: discase
incidence and inensity recorded during
survey indicate that Blumeriella leaf spot
discase of cherry was prvalent in all the
three disticts with varied degrees Figure
1. Statistical analysis of the surveyed
data revealed that the limils for average
discase incidence and intensity fluctuated
between 2645 to 46.57 and 09.10 to
2424 per cent, respectively for Srinagar
district and 34.95 to 47.09 and 14.50 to
2274 per cent, respectively for
‘Ganderbal district and 15.18 t0 21.02 and
06.97 to 09.97 per cent respectively for
Baramulla district, indicates highest for
Ganderbal.  However, the average
statistical limits in all the three districts
at all the locations in incidence and
intensity fluctuated between 27.09 to
3665 and 1159 to 17.57 per cent,
respectively.

‘Symptomatology: During the periodic
observation of marked trees, the initial
discase symploms were noticed in the
first week of June which reached to its
peak by the last week of August. The
‘symptoms appeared in the form of small,
imegular, purple red, non sporulating
specks measuring 0.5 to 1.0 mm with an
average size of 0.8 mm Figure 2a. The
Spot progression though initially slow
showed a curvilinear behaviour with 2
‘maximum spot size of 3.80 mm recorded
i the fourth weck of June, beyond which
no further enlargement in size was
observed. The colour of the spot changed
from purple red in the first week of June
to purple-brown at the end of the month,
‘The acervular formation on abaxial leaf
surface just corresponding to spot as a
whitish felt like growth was recorded in

%
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