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Effect of Salinity on Root Rot of Cucumis melo L. Caused by

Phytophthora melonis
M. Mirtalebi', and Z. Banihashemi'*

ABSTRACT

Cultivars of Cucumis melo L. are important economic crops planted in both saline and
non-saline soils in Iran. Root rot on C. melo caused by Phytophthora melonis is one of the
most devastating soil-borne diseases causing great loss. C. melo crops cultivated in saline
soil adjacent to Maharloo Lake (salt lake) in Fars Province have been associated with
diseases caused by Phytophthora species for many years. In this study, effect of salinity on
Phytophthora root rot on C. melo under hydroponic system was investigated: Four-week-
old plants of three -cultivars, namely, Shahde-Shiraz, Dastanbo-Khorasan, and
Kharbozeh-Mashhad grown in Nukaya solution were subjected to salinity stress for one
week. A week later, all plants were inoculated with zoospore suspension of P. melonios.
After 48 hours, inoculated solution was replaced by fresh nutrient solution and post-
inoculation salt-stressed treatment was applied to some plants. Based on shoot dry weight
and concentration of Na*, K*, and CI', cultivars Shahde-Shiraz and Dastanbo-Khorasan
were sensitive and resistant to salinity and also with the highest and lowest colonization of
roots by P. melonis, respectively. Interaction of salinity and infection by P. melonis
reduced shoot dry weight in the salt-tolerant cultivar more than salt-sensitive plants.
Salinity increased root colonization by P. melonis compared to non-saline condition. The
increase in root colonization due to salinity was not significantly different in Shahde-
Shiraz and Kharbozeh-Mashhad cultivars. In Dastanbo-Khorasan, due to its higher
resistance to P. melonis, salinity resulted in significant increase in root colonization,

indicating reduction of root resistance due to salinity stress.
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INTRODUCTION

Cucumis melo L. is one of the major crops in
arid and semiarid regions worldwide, many
of which have an indigenous salinity
problems (Meiri et al.,, 1981). In these
regions, accumulation of salt at root zone is
one of the major environmental threats to
plant growth (Weicht and MacDonald,
1992) and several root diseases are
aggravated under saline soil conditions
(Blaker and MacDonald, 1986; Rasmussen
and Stanghellini, 1988). Annual production
of cantaloupe and other melons in Iran has
been estimated around 1,615,642 tons
cultivated in more than 82,000 bha

(FAOSTAT, 2016). Climatic conditions of
Iran are mostly typical of arid and semi-arid
regions. Salinity of soil and water resources
is a serious threat in many parts of the
country. In these area, poor water
management and  irrigation  system,
inadequate  soil  drainage, geological
conditions, climatic factors (evaporation,
rain fall, and wind), and salt transport by
water often result in the accumulation of salt
(Siadat et al., 1997). Depending on severity
and duration, salinity stress can change
various  physiological and  metabolic
processes, and ultimately inhibit crop
production (Rozema and Flowers, 2008;
James et al., 2011). Initially, soil salinity
represses plant growth as a result of osmotic
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stress and ion toxicity (Rahnama et al.,
2010; James et al., 2011). The growth and
fruit yield of “Verna” lemon trees was
decreased by increasing salinity in the root
zone (Cerda et al., 1990). Osmotic stress in
the initial stage of salinity stress causes
various physiological changes, such as
interruption  of membranes,  nutrient
imbalance, and decreased photosynthetic
activity (Munns and Tester, 2008; Rahnama
et al., 2010). Accumulation of Na* and CI
ions in tissues of plants exposed to soils with
high NaCl concentrations is the other effect
of salinity stress. NaCl salinity raised the
concentration of Na* and CI” in young and
old leaves of cucumber and suppressed the
K* concentration (Trajkova and
Papadantonakis, 2006). Entry of both Na®
and CI" into the cells causes severe ion
imbalance and excess uptake might cause
significant physiological disorders. High
Na* concentration inhibits uptake of K* ions,
which is an essential element for growth and
development, resulting in lower productivity
and even probable death (James et al.,
2011).

In Iran, melons are infected by several
soil-borne and air-borne oomycetes and
fungi such as Pythium aphanidermatum,
Podosphaera fusca, Fusarium oxysporum f.
sp. melonis, Monosporascus cannonballus,
Macrophomina phaseolina (Banihashemi,
1968; Rahimian and Banihashemi, 1979;
Banihashemi, 1982; Banihashemi and
Zakeri, 1989; Sarpeleh and Banihashemi,
2000; Sarpeleh, 2008; Roustaee et al., 2011;
Mirtalebi et al., 2013). Among soil-borne
diseases, root and crown rot caused by P.
melonis Katsura is considered as an
important disease of melons (Ershad, 1971;
Banihashemi and Fatehi, 1989; Khosrowfar
and Banihashemi, 2003). The status of P.
melonis as a species is problematic because
it is morphologically similar to P. drechsleri
which is suggested to be conspecific (Ho,
1986). However, based on isozyme and
mitochondrial DNA analysis, P. melonis was
maintained as a distinct species (Mills et al.,
1991). Phylogenetic reconstruction of the
Internal Transcribed Spacer (ITS) region of
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rDNA revealed that P. melonis isolates from
cucurbit and non-cucurbit plants were highly
uniform, thus P. melonis was placed in
distinct clade comprised of P. sinensis
(Mostofizadeh- Ghalamfarsa, 2005).
Mostofizadeh-Ghalamfarsa (2005)
considered P. melonis and P. sinensis to be
conspecific but not in the same clade with P.
drechsleri. The species is hereby re-
described to facilitate accurate identification
of P. melonis (Ho et al., 2007). Recent
studies by  Mostofizadeh-Ghalamfarsa
(2015), on a worldwide collection of
Phytophthora species isolated from cucurbit
and non-cucurbit hosts, found that all of the
cucurbit isolates previously identified in Iran
as P. drechsleri (Ershad, 1971) were
distinct, which was regarded as P. melonis
and placed it in a different clade from P.
drechsleri.

Salinity stress has been shown to increase
the susceptibility of several crops such as
citrus, chrysanthemum, chilli pepper, and
tomato to Phytophthora root rots
(MacDonald, 1984, Blaker and MacDonald,
1986; Swiecki and MacDonald, 1988;
Swiecki and MacDonald, 1991; Sanogo,
2004). In addition, extensive use of fertilizer
salts increased damping-off disease of
tomato seedlings caused by Rhizoctonia
solani or Fusarium oxysporum f. sp.
lycopersici (Beach, 1949). In pistachio, salt
stress significantly increased shoot and root
colonization by  Verticillium dahliae
(Mohammadi et al., 2007; Saadatmand et
al., 2008), whereas salt stress had only a
minor effect on root rot caused by P.
citrophthora in salt-sensitive pistachio
rootstock and had no effect on salt-tolerant
root stock (Banihashemi and Tabatabaee,
2004).

Most melons in Iran are grown in areas
where salinity of soil is a problem, such as
soils adjacent to Maharloo Lake in Fars
Province (Matinfar and Zandieh, 2016).
However, limited information is available on
salinity effect on Phytophthora root rot of
melons, therefore, the present study was
conducted to assess the effects of NaCl
levels on susceptibility of salt-stressed and
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non-stressed melons roots to colonization by
P. melonis.

MATERIALS AND METHODS

Preliminary Experiment on Salinity
Effect on Some Iranian C. melo Cultivars

Seeds of local long melon (Kharbozeh-
Mashhad) and cantaloupe (Shahde-Shiraz,
Majidi-Abarkoh, Dastanbo-Khorasan and
Semsori-Maharloo) were surfaced-
disinfested with 1% sodium hypochlorite for
5 min, rinsed twice using sterile distilled
water, sown in pots containing 2,000 g oven
dry weight virgin sandy loam soil (pH= 7.9,
Organic matter= 2.2%, and Electrical
conductivity= 0.83 dS m™) and irrigated
with distilled water to field capacity. Pots
were kept in greenhouse (25-30°C, 14 hours
photoperiod). Four levels of salinity (0, 750,
2,250, and 3,000 mg NaCl kg™ soil) were
used six weeks after planting. The
experiment was arranged in a completely
randomized design having four replicates.

Effect of Salinity Stress on Development
of P. melonis Root Rot in C. melo
Cultivars.

Growing Seedlings

Seeds of selected C. melo cultivars (Shahde-
Shiraz, Kharbozeh-Mashhad and Dastanbo-
Khorasan) were surface-disinfested as
described above and planted in plastic trays
filled with autoclaved vermiculite. Seedlings
were grown in vermiculite at room
temperature (25-30°C).

Plants Grown in Nutrient Solution

Ten days after germination, seedlings were
removed and their roots were washed with
tap water to remove excess vermiculite and
grown hydroponically in the greenhouse.
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Ten-day-old seedlings were transplanted
into black plastic pots containing Nukaya
solution (Nukaya et al.,, 1983). Sponge
stoppers at the lower stem were used to
support the plants in a hole in the pot lids.
Using air pump and air tubing, nutrient
solutions were aerated by constant bubbling
of air into each plastic pot, and solutions
were then replaced with fresh solutions
weekly. Experiments were conducted under
greenhouse conditions (25-30°C, 14 hours
photoperiod).

Preparation of Zoospore Suspensions

A muskmelon isolate of P. melonis obtained
from Darab area (Fars Province, Iran), was
used in this study. The isolate was identified
based on sequencing of ITS region
(GenBank accssion number: AY659664)
(Mostofizadeh-Ghalamfarsa, 2005), and
deposited in culture collection of Plant
Protection Department (Shiraz University,
Shiraz, Iran). To induce zoospore formation,
hyphal tip culture of P. melonis was grown
on Difco Lima Bean Agar (LBA). After
three days, mycelial blocks from the actively
growing colony margins were transferred
into petri dishes containing distilled water
and incubated for 24 hours under fluorescent
illumination at 25°C (1,200 lux). After
sporangia had formed, petri dishes were
chilled for 1 hour at 5°C and returned to
room temperature for 1 hour in order to
stimulate zoospore release (Banihashemi
and Tabatabaee, 2004). Mobile zoospores
were encysted by shaking on a vortex mixer
and then counted using haemocytometer.

Salt-Stress and Inoculation Treatments

The plants were maintained in Nukaya
solution in the greenhouse for 4 weeks.
Then, they were assigned at random to one
of four treatments: control (non-stressed,
non-inoculated), salt-stressed only,
inoculated only, or salt-stressed and
inoculated (preinoculation salt-stressed or
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post-inoculation salt-stressed) (Banihashemi
and Tabatabaee, 2004). Four levels of
salinity (0, 1,300, 2,600, and 4,000 mg NaCl
L") was used. For each salinity level,
concentrated NaCl solution (100 mg mL™)
was added to each pot during one week
before and after inoculation to reach the
desired concentration of NaCl. Plants were
allowed to adjust to salt stress for one week
before  inoculation by P. melonis.
Afterwards, in pre-inoculation salt-stressed
treatments, solution was replaced by fresh
nutrient solution. Plants from the stressed
and non-stressed treatments were inoculated
with zoospore suspension of P. melonis
(5,000 zoospore 800 mL™ solution). After 48
hours, inoculated solutions were replaced by
fresh nutrient solution and post-inoculation
salt-stressed treatments were treated with
NaCl levels as previously described.
Solution of all pots was replaced by fresh
Nukaya solution and all plants were
harvested after 24 hours.

Data Collection

At harvest, shoots of plants were cut and dried
at 70 °C for 48 h, weighted and ground. Shoots
were dry-washed and sodium (Na’) and
potassium  (K")  concentrations  were
determined by flame photometry (Rich, 1965).
The chloride (CI) concentration in plant
shoots was determined following the method
of Chapman and Pratt (1961). The interactions
among salinity and infection by P. melonis
were evaluated by assessing the percentage of
root segments colonized. Inoculated roots
were washed under tap water and blotted dry
using filter paper. Roots were cut into 2-3 mm
segments, thirty sections were randomly
chosen from plants in each pot and plated on
cornmeal agar amended with 10 pg mL™*
pimarcin, 200 ug mL™ ampicillin, 10 ug mL?,
rifampin, 25 ug mL™
PentaChloroNitroBenzene (PCNB) (Jeffers
and Martin, 1986). The growing colonies from
all segments were identified by boiled
hempseed method reported earlier
(Banihashemi, 1983).
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Statistical Analysis

The experiment was a factorial combination
arranged in a completely randomized design
with four replications. Analysis of variance for
the effects of salinity levels, disease infection,
and their interactions for the three cultivars
was done using SAS v 9.1.3 software.
Duncan’s test was used to compare treatment
means with the control.

RESULTS

Reaction of Melon Cultivars to NaCl in
Soil System.

The preliminary experiment on the influence
of salinity on some local cultivars of C. melo
showed that, based on foliar symptoms,
cultivars  Shahde-Shiraz and  Dastanbo-
Khorasan were, respectively, sensitive and
moderately resistant to relatively high salinity,
and Kharbozeh-Mashhad  cultivar ~ was
intermediate between the other two cultivars.
Salt-injury symptoms, such as chlorosis,
scorch and necrosis (Figure 1) were noticed in

control salt-stressed melon

i = g - =
Figure 1. Salt-injury symptoms, such as
chlorosis, scorch, and necrosis in salt-stressed
treatment (3,000 mg NaCl kg™ soil) of
Shahde-Shiraz.
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Shahde-Shiraz at 2,250 and 3,000 mg NaCl
kg" soil but no symptoms appeared in
Dastanbo-Khorasan at any salinity levels. Mild
chlorosis and burning of leaf margin
developed in Kharbozeh-Mashhad in 3,000
mg NaCl kg™ soil. Analysis of variance for the
main effects of cultivars, salinity, and
pathogen presence and their interactions on
growth (shoot dry weight), ion concentrations,
and root colonization(%) of melon cultivars
are shown in Table 1.

Reaction of C. melo Cultivars to P.
melonis in Hydroponic System

In solution culture experiments, P. melonis
caused significantly (P= 0.01) greater
percentage of root colonization (Table 2) in
both  Shahde-Shiraz and Kharbozeh-
Mashhad than Dastanbo Khorasan.

Effect of Soil Salinity on C. melo Cultivars
Growth and lons Concentration

Shoot dry weight (g) of three cultivars
showed a non-significant slight increment
(only significant at salinity level 4,000 mg
L in Shahde-Shiraz as compared with the
control) when salinity rose from 0 to 4,000
mg L, but more and less reduction of shoot
dry weights were observed in Shahde-Shiraz
and Dastanbo-Khorasan, respectively (Table
2). As compared with the controls, salt
treatments significantly increased Na® and
CI" concentrations in the shoot in three
cultivars. However, at all treatments, Na*
concentrations of Shahde-Shiraz  and
Kharbozeh-Mashhad increased more than
that of Dastanbo-Khorasan. K*
concentrations of each cultivar slightly
(non-significant) diminished (Table 3).

Interactive Effects of Soil Salinity and P.
melonis

Although statistically insignificant in some
treatments, interaction of salinity and

213

infection by P. melonis reduced shoot dry
weight more compared to Phytophthora- or
salt-treated treatments (Table 2). At any
salinity level, the greatest and smallest shoot
dry weights were observed in salt-stressed
and pre-inoculation salt-stressed treatments,
respectively, and post-inoculation salt-
stressed was intermediate. In salinity-
Phytophthora treatments, shoot dry weights
of Dastanbo-Khorasan were suppressed
more than Shahde-Shiraz and Kharbozeh-
Mashhad (Table 2). Salt-stressed and post-
inoculation-treated accumulated greatest and
smallest of Na® and CI" ions and pre-
inoculation salt-stressed treatments were
intermediate (Table 3).

Although statistically insignificant in some
treatments, the percentage of root segments
colonized by P. melonis was higher in pre-
inoculation salt-stressed-treated compared to
post-inoculation salt-stressed treatments at
each salinity level and for each cultivar
(Table 2). The increase in root colonization
due to salinity was not significantly (P=
0.01) different in Shahde-Shiraz and
Kharbozeh-Mashhad, but significant (P=
0.01) increment in Dastanboo-Khorasan root
colonization was noted as NaCl increased in
each pre-inoculation salt stressed and
salinity of 4,200 mg NaCl L™ in post-
inoculation salt-stressed compared to non-
stressed inoculated treatments (Table 2).

DISCUSSION

Visual symptoms, e.g. chlorosis and leaf
scorch, are among the methods that have
been used to screen plants for salt tolerance
(Jones et al., 1989, Mohammadi et al.,
2007). Munns et al. (1982) reported
increased ion toxicity and nutritional
imbalances leading to leaf chlorosis and
necrosis in plants exposed to high salinity.
Based on foliar symptoms of melon in the
preliminary experiment in soil system,
cultivars  Shahde-Shiraz and Dastanbo-
Khorasan were, respectively, sensitive and
moderately resistant to high salinity.
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Table 1. Analysis of variance for growth responses, ion concentration, and colonization by Phytophthora melonis
of three Cucumis melo cultivars under three inoculation treatments and three salinity levels.

Mean square

Source f Shoot dry Na* K* cr Colonization
weight

Cultivar (C) 2 0.959** 0.603ns 2.533* 3.449** 2440.442**
Inoculation (1) 2 1.208** 12.525** 13.112** 42.025** 72889.06**
Salinity (S) 2 0.852** 20.104** 6.222** 22.251** 917.97*
Cxl 4 0.032ns 1.392* 0.279ns 0.635ns 1084.47*
CxS 4 0.028ns 0.092ns 0.252ns 0.325ns 191.08ns
IxS 4 0.042ns 1.091ns 0.292ns 2.663* 315.35ns
CxIxS 8 0.028ns 0.248ns 0.359ns 0.168ns 105.95ns
Error 54 0.133 0.654 0.868 0.893 230.4

* Significant at P= 0.05; ** Significant at P=0.01, ns: Not significant at P=0.05.

Table 2. Effect of salinity and its interaction with Phytophthora melonis on shoot dry weight and root
colonization of Cucumis melo cultivars, Shahde-Shiraz, Kharbozeh-Mashhad, and Dastanbo-Khorasan.?

Shahde-Shiraz Kharbozeh-Mashhad Dastanbo-Khorasan

T NaCl Shootdry  Colonization Shootdry Colonization  Shootdry  Colonization
reatment level . 0 ah o “aht o
(mg L) weight (%) weight (%) weig (%)
(9 (9 9
Salt-stressed 0 144 a Oe 1.32ab Oe 1.06 abc Oe
only 1300 1.46 ab Oe 1.34 ab Oe 1.10 abc Oe
2600 1.23 abc Oe 1.13 abc Oe 0.93 abc Oe
4000 0.85 bcd Oe 1.02 abc Oe 0.91 abc Oe
Inoculated only 0 1.2 abc 88 ab 1.15abc 86 ab 0.99 abc 45 cd
Pre-inoculation 1300 1.1 abc 92 ab 0.9 abc 90 ab 0.75 cde 84 ab
salt-stressed 2600 1 abc 94 ab 0.86 bcd 92 ab 0.7 de 92 ab
4000 0.81 bcd 100 a 0.79 cde 95 ab 05e 100 a
Post- 1300 1.15 abc 89 ab 1.17 abc 89 ab 0.95 abc 48 cd
inoculation salt- 2600 1.13 abc 92 ab 1.01 abc 90 ab 0.83 bcd 64 bcd
stressed 4000 0.9 abc 94 ab 0.9 abc 93 ab 0.7 de 83 ab

& Means in the same column followed by the same letter are not significantly different (Duncan, P= 0.01).

Franco et al. (1993) and Shannon and
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In hydroponic culture, increasing salinity
levels reduced dry shoot weight in all tested
cultivars, although statistically insignificant
in some treatments. The reduction of plant
growth in saline conditions is due to high
osmotic pressure caused by the presence of
ions, which eventually lead to a reduction in
water use for the plants. This effect can be
explained by the high sensitivity of the
growing tissue to the moisture deficit
resulting from salinity stress (Greenway and
Munns, 1980). Reductions in vegetative
growth of C. melo seedlings with increased
salinity were similar to those reported by
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Francois (1978). As compared with the
control, by increasing salinity, Na* and CI
in C. melo crops rose markedly and K* fell
slightly. ~ However, increasing  ions
concentrations was more noticed in Shahde-
Shiraz and Kharbozeh-Mashhad than
Dastanboo-Khorasan. Elemental analysis of
the shoot tissue of some cucurbits cultivars
revealed that increases in salinity resulted in
increased tissue concentrations of Na® and
reduced concentration of K to enable
osmotic adjustment (Jones et al., 1989;
Franco, et al., 1993). Sensitivity of some
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plants such as citrus and pistachio varieties
is associated with the accumulation of
excessive  concentration of CI° and
sometimes Na® in leaves (Sepaskhah and
Maftoun, 1988; Mohammadi et al., 2007).
The tendency of Shahde-Shiraz to
accumulate CI" more than Dastanbo-
Khorasan might partly explain the greater
salt sensitivity of the former cultivar.
According to the above considerations on
the foliar symptoms, concentration of
mineral elements, and shoot dry weight,
Shahde-Shiraz is moderately sensitive to

salinity, Dastanbo-Khorasan moderately
tolerant, and Kharbozeh-Mashhad falls
midway between  Shahde-Shiraz  and

Dastanbo-Khorasan in salt tolerance.
Interaction of salinity and infection by P.
melonis reduced shoot dry weight more
compared to Phytophthora- or salt-treated
treatments. This reduction was more
pronounced in Dastanbo-Khorasan cultivar.
Reduction in growth may be caused by the
alteration of physiological processes in
plants  (Bernstein,  1975).  Although
statistically insignificant in some treatments,
salt-stressed treatments showed higher
concentration of Na® and K" compared to
pre and post-inoculation salt-stressed. This
difference may be attributed to the longer
period that salt-stressed plants were exposed
to NaCl. In the present experiment,
Dastanbo-Khorasan showed lower
colonization of the roots by P. melonis than
Shahde-Shiraz and Kharbozeh-Mashhad in
pathogen-treated. Furthermore, the results
demonstrate that salinity increased root
colonization by P. melonis compared to non-
saline condition. The increase in root
colonization due to salinity was not
significantly different in Shahde-Shiraz and
Kharbozeh-Mashhad, but a significant
increase in colonization of root with
increasing salinity was observed in
Dastanbo-Khorasan as compared with non-
stressed inoculated plants. This study
confirmed previous works (MacDonald,
1982, 1984), showing that salinity stress can
predispose chrysanthemum roots to infection
by P. cryptogea. Severity of plant disease
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could be induced by high salinity in several
ways. Salt stress of plant roots delayed the
cytological defense responses and enhanced
colonization by pathogen. The reduced
resistance might have been associated with a
reduction in phytoalexin production which
might reduce plant resistance to pathogens
(Murch and Paxton, 1980; Sulistyowati and
Keane, 1992).

In the present study, in plants treated with
NaCl before inculcation, the fungi was not
exposed to NaCl and the effect of increased
salinity levels on disease development was
apparently on the host. In agreement with
our results, Bouchibi et al. (1990) observed
an increase in Phytophthora root rot of
tomato when salt stress was applied to
tomato seedling before inoculation with P.
parasitica. Excess Na* can impair selective
permeability of plant membranes (Cramer et
al., 1985; Lynch et al., 1987), thereby
increasing leakage of ions and organic
carbon compounds from salt-stressed roots.
This physiological effect probably was
responsible for the increased attachment of
encysted zoospores of pathogen
(MacDonold, 1982) and may have been
responsible for the increased root rot by P.
melonis in pre-inoculation salt-stressed
treatment in our study.

Salinity levels used in the study have been
shown to increase mycelial growth but
inhibit zoospore production of P. melonis
(Mirtalebi and Banihashemi, 2004). Our
results with P. melonis were consistent with
the known salinity resistance and sensitivity
of mycelium and zoospore, respectively, in
other oomycetes (Blaker and MacDonald,
1985; Rasmussen and Stanghellini, 1988). In
post-inoculation  salt-stressed treatments,
pathogen was exposed to NaCl and,
consequently, the disease progressed by
means of vegetative growth of the pathogen
or growth reduction in the host. However,
the effects of salinity on the percentage
colonization in roots was more noticed in
pre-inoculation than post-inoculation salt
stressed due to longer period that host was
exposed to NaCl.
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In conclusion, salinity increased root
colonization by P. melonis compared to non-
saline condition. As a result, using salt-
tolerant melons can be one of the most
important  strategies to manage the
Phytophthora root rot in region with salinity
problem such as soils adjacent to Maharloo
Lake, which is one of the salty lakes located
on the southeast of Fars Province, Iran.
Presence of salt domes has a significant role
in the lake’s salinity. Sodium chloride,
magnesium-sodium chloride, and sodium
sulfate are the dominant salts of the lake.
Due to the drying of the lake, widespread
lands in the surrounding area are exposed to
salinity (Matinfar and Zandieh, 2016).

The increase in colonization of root with
increasing salinity was significant in the
cultivar more resistant to P. melonis
(Dastanbo-Khorasan), indicating reduction
of root resistance due to salinity stress. This
suggests studying the cultivars colonized by
the pathogen for longer periods to examine
in detail the response of salt stressed and
non-stressed  cultivar to invasion by
pathogen, As a result, the time required to
study the role of salinity on plant disease
development is provided.

REFERENCES

1. Banihashemi, Z. 1968. The Existence of
Fusarium Wilt of Melon in Iran. Proc. First
Nat. Cong. Plant Med., Iran, PP. 47-48.

2. Banihashemi, Z. 1982. A New Physiological
Race of Fusarium oxysporum f. sp. melonis
in Iran. Iran. J. Plant Pathol., 18: 1-6.

3. Banihashemi, Z. 1983. Detection and
Isolation of Phytophthora spp. in Citrus
Soils and Its Distribution in Citrus Growing
Areas of Southern Iran. Proc. 7". Plant.
Prot. Cong., Iran, 91.

4, Banihashemi, Z. and Fatehi, J. 1989.
Reaction of Cucurbit Cultivars to
Phytophthora drechsleri and P. capsici in
Greenhouse. Proc. 9". Plant. Prot. Cong.,
Iran, 91.

5. Banihashemi, Z. and Tabatabaee, S. A. R.
2004. Interaction between Salinity and
Phytophthora citrophthora in Pistachio
Seedlings under Hydroponic System. Iran.

217

10.

11.

12.

13.

14.

15.

16.

17.

18.

J. Plant Pathol., 40: 159- 178 (English
Summary).

Banihashemi, Z. and Zakeri, A. 1989.
Identification of Cucurbit Powdery Mildew
in Fars by Its Asexual Stage. Proc. 9"
Plant. Prot. Cong., Iran, 86.

Beach, W. S. 1949. The Effects of Excess
Solutes, Temperature and Moisture upon
Damping-off. Pa. Agric. Exp. Stn. Bull.,
509: 22.

Bernstein, L. 1975. Effects of Salinity and
Sodicity on Plant Growth. Annu. Rev.
Phytopathol., 13: 295-312.

Blaker, N. S. and MacDonald, J. D. 1985.
Effect of Soil Salinity on the Formation of
Sporangia and Zoospores by Three Isolates
of Phytophthora. Phytopathology, 75: 270-
274,

Blaker, N. S. and MacDonald, J. D. 1986.
The Role of Salinity in the Development of
Phytophthora Root Rot of Citrus.
Phytopathology, 76: 970-975.

Bouchibi, N., van Bruggen, A. M. C. and
MacDonald, J. D. 1990. Effect of lon
Concentration and Sodium: Calcium Ratio
of a Nutrient Solution on Phytophthora Root
Rot of Tomato and Zoospore Motility and
Viability of Phytophthora parasitica.
Phytopathology, 80: 1323-1329.

Cerda, A., Nieves, M. and Guillen, M. G.
1990. Salt Tolerance of Lemon Trees as
Affected by Rootstock. Irri. Sci., 11: 245-9
Chapman, H. D. and Pratt, D. F. 1961.
Method of Analysis for Soil, Plant and
Water. Univ. Calif. Div. Agric. Sci., 60-62.
Cramer, G. R., Lauchli, A. and Polito, V. S.
1985. Displacement of Ca*® by Na* from the
Plasmalemma of Root Cells. Plant Physiol.,
79: 207-211.

Ershad, D. 1971. Beitrag Zur Kenntnis der
Phytophthora Arten im Iran und ihrer
phytopathologischen Bedeutung. Mitt Biol.
Bundesant Land Forstw, 140: 84.
FAOSTAT. 2016. FAO Statistics Division
2016.
Online:http://www.fao.org/faostat/en/#data/
QC.

Franco, J. A., Esteban, C. and Rodriguez, C.
1993. Effect of Salinity on Various Growth
Stages of Muskmelon cv. Revigal. J. Hor.
Sci., 68: 899-904.

Greenway, H. and Munns, R. 1980.
Mechanisms of Salt Tolerance in
Nonhalophytes. Annu. Rev. Plant Physiol.,
31: 149-190.


https://dorl.net/dor/20.1001.1.16807073.2019.21.1.10.9
https://jast.modares.ac.ir/article-23-15220-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807073.2019.21.1.10.9]

Mirtalebi and Banihashemi

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Ho, H. H. 1986. Phytophthora melonis and
P. sinensis Synonymous with P. drechsleri.
Mycologia, 78: 907-912.

Ho, H. H. Gallegly, M. E. and Hong, C. X.
2007. Redescription of Phytophthora
melonis. Mycotaxon, 102: 339-345.

James, R. A., Blake, C., Byrt, C. S. and
Munns, R. 2011. Major Genes for Na+
Exclusion, Nax1 and Nax2 (WheatHKT1;4
and HKT1;5), Decrease Na+ Accumulation
in Bread Wheat Leaves under Saline and
Waterlogged Conditions. J. Exp. Bot., 62(8):
2939-2947.

Jeffers, S. N. and Martin, S. B. 1986.
Comparison of Two Media Selective for
Phythophthora and Pythium spp. Plant Dis.,
70: 1038-1034

Jones, R. W., Pike, L. M. and Yourman, L.
F. 1989. Salinity Influences Cucumber
Growth and Yield. J. Amer. Soc. Hort. Sci.,
114: 547-551.

Khosrowfar, F. and Banihashemi, Z. 2003.
Role of Alternate Hosts on the Survival of
Phytophthora drechsleri the Cause of
Cucurbit Root and Crown Rot in Fars
Province. Iran. J. Plant Pathol., 40: 105-
126. (English Summary)

Lynch, L., Cramer, G. R. and Lauchli, A.
1987.  Salinity  Reduces = Membrane-
Associated  Calcium in  Corn  Root
Protoplasts. Plant Physiol., 83: 390-394.
MacDonald, J. D. 1982. Effect of Salinity
Stress on the Development of Phytophthora
Root Rot of Chrysanthemum.
Phytopathology, 2: 214-219.

MacDonald, J. D. 1984. Salinity Effect on
the Susceptibility of Chrysanthemum Roots
to Phytophthora cryptogea. Phytopathology,
74: 621-624.

Matinfar, H. R. and Zandieh, V. 2016.
Efficiency of Spectral Indices Derived from
Landsat-8 Images of Maharloo Lake and Its
Surrounding Rangelands. J. Rang. Sci., 6(4):
334-342.

Meiri, A., Plaut, Z. and Pincas, L. 1981. Salt
Tolerance  of  Glass House-Grown
Muskmelon. Soil Sci., 131: 189-193.

Mills, S. D., Forster, H. and Coffey, M. D.
1991. Taxonomic Structure of Phytophthora
cryptogea and P. drechsleri Based on
Isozyme and Mitochondrial DNA Analysis.
Mycol. Res., 95: 31-48.

Mirtalebi, M. and Banihashemi, Z. 2004.
Effect of Salinity on Vegetative Growth,
Sporangium Formation and Release of

218

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Zoospore of Phytophthora drechsleri and
Phytophthora capsici. Proc. 16". Plant.
Prot. Cong., Iran, 275.

Mirtalebi, M., Banihashemi, Z. and Linde,
C. C. 2013. Phylogenetic Relationships of
Fusarium oxysporum f. sp. melonis in Iran.
Europ. J. Plant Pathol., 136(4): 749-762.
Mohammadi, A.H., Banihashemi, Z. and
Maftoun M. 2007. Interaction between
Salinity Stress and Verticillium  Wilt
Disease in Three Pistachio Rootstocks in a
Calcareous Soil. J. Plant Nutr., 30: 241-252.
Mostofizadeh-Ghalamfarsa R. 2005.
Phylogeny, Taxonomy and  Genetic
Diversity of Phytophthora cryptogea and P.
drechsleri. PhD Thesis, Shiraz University,
Shiraz, Iran, 172 PP.
Mostofizadeh-Ghalamfarsa R. and
Banihashemi, Z. 2015. A Revision of
Iranian Phytophthora drechsleri Isolates
from Cucurbits Based on Multiple Gene
Genealogy Analysis. J. Agr. Sci. Tech., 17:
1347-1363

Munns, R. and Tester, M. 2008.
Mechanisms of Salinity Tolerance. Annu.
Rev. Plant Biol., 59: 651681,

Munns, R., Greenway, H., Delane, R. and
Gibbs, R. 1982. lon Concentration and
Carbohydrate Status of the Elongating Leaf
Tissue of Hordeum vulgare Growing at
High External NaCl. 1lI. Causes of the
Growth Reduction. J. Exp. Bot., 33: 574-
583.

Murch, R. S. and Paxton, J. D. 1980.
Rhizosphere  Salinity and Phytoalexin
Accumulation in Soybean. Plant Soil, 54:
163-167.

Nukaya, A., Masui, M. and Ishidi, A. 1983.
Salt Tolerance of Muskmelon as Affected
by Various Salinities in Nutrient Solution
Culture. J. Jpn. Soc. Hortic. Sci., 52: 167-
173.

Rahimian, H. and Banihashemi, Z. 1979.
Biology of Pythium aphanidermatum, the
incitant of Cucurbit Root Rot and Damping-
off in the Fars Province. Iran. J. Agric. Res.,
7(1): 1-10.

Rahnama, A., James, R. A., Poustini, K. and
Munns, R. 2010. Stomatal Conductance as a
Screen for Osmotic Stress Tolerance in
Durum Wheat Growing in Saline Soil.
Funct. Plant Biol., 37(3): 255-263.
Rasmussen, S. L. and Stanghellini, M. E.
1988. Effect of Salinity Stress on


https://dorl.net/dor/20.1001.1.16807073.2019.21.1.10.9
https://jast.modares.ac.ir/article-23-15220-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807073.2019.21.1.10.9]

Effect of Salinity on Root Rot

43.

44,

45,

46.

47.

48.

49.

JAST

Development of Pythium Blight in Agrostis
palustris. Phytopathology, 78: 1495-1497.
Rich, C. I. 1965. Elemental Analysis by
Flame Photometry. In: “Methods of Soil
Analysis”, (Eds.): Black, C. A., Evans, D.
D., White, J. L., Ensminger, L. E. and Clark,
F. E. Ameri. Soc. of Agron.,, Madi.,
Wisconsin, PP. 933-951.

Roustaee, A., Karimpour, M. and Jafari, M.
2011. Study of Interaction between Salinity
and Charcoal Rot Diseases of Melon
(Macrophomina phaseolina) in Semnan and
Garmsar. Dessert, 16(2): 175-180.

Rozema, J. and Flowers, T. 2008. Ecology:
Crops for a Salinized World. Science,
322(5907): 1478-1480.

Saadatmand, A. Z., Banihashemi, Z.,
Sepaskhah, A. R. and Maftoun, M. 2008.
Soil Salinity and Water Stress and Their
Effect on Susceptibility to Verticillium Wilt
Disease, lon Composition and Growth of
Pistachio. J. Phytopathol., 156: 287-292.
Sanogo S, 2004. Response of Chile Pepper
to Phytophthora capsici in Relation to Soil
Salinity. Plant Dis., 88, 205-9.

Sarpeleh, A. 2008. The Role of
Monosporascus cannonballus in  Melon
Collapse in Iran. Aust. Plant Dis. Not., 3:
162-164.

Sarpeleh, A., and Banihashemi, Z. 2000.
Vegetative Compatibility Groups within
Races of Fusarium oxysporum f. sp. melonis
in Iran and Fusarium oxysporum from
Weeds in Maharloo Region of Fars Province
of Iran. Iran. J. Plant Pathol., 36: 31-45.

50.

51.

52.

53.

54.

55.

56.

57.

Sepaskhah, A. R. and Mafton M. 1988.
Relative Salt Tolerance of Pistachio
Cultivars. J. Hort. Sci., 63: 163-169.
Shannon, M. C. and Francois, L. E. 1978.
Salt Tolerance of Three Muskmelon
Cultivars. J. Amer. Soc. Hort. Sci., 103: 127-
130.

Siadat, H., Bybordi, M. and Malakouti, M.
J. 1977. Salt Affected Soils of Iran: A
Country Report. International Symposium
on Sustainable Management of Salt Affected
Soils in the Arid Acosystem, Ain Shams
University, Cario, Egypt, PP. 102-110.
Sulistyowati, L. and Keane, P. J. 1992.
Effect of Soil Salinity and Water Content on
Stem Rot Caused by Phytophthora
citrophthora and  Accumulation  of
Phytoalexin in  Citrus Root Stocks.
Phytopathology, 82:771-777.

Swiecki T. J. and MacDonald J. D. 1991.
Soil Salinity Enhances Phytophthora Root
Rot of Tomato but Hinders Asexual
Reproduction by Phytophthora parasitica. J.
Am. Soc. Hortic. Sci., 116, 471-7.

Swiecki, T. J. and MacDonald, J. D. 1988.
Histology of Chrysanthemun Roots Exposed
to Salinity Stress and Phytophthora
cryptogea. Can. J. Bot., 66: 280-288.
Trajkova, F. and Papadantonakis, N. 2006.
Comparative Effects of NaCl and CaCl,
Salinity on Cucumber Grown in a Closed
Hydroponic System. HortSci., 41(2): 437-
441.

Weicht, T. R. and MacDonald, J. D. 1992.
Effect of Phytophthora Root Rot on Na*
Uptake and Accumulation by Safflower.
Phytopathology, 82: 520-526.

31 b Cucumis melo L. 4l y Fowwg Ol » (Sg S pid T
Phytophthota melonis

R 2 9 A e p

5 h g o ST ph b g s AU Sl el kit GbLa 5o (b 5o 2 Cales 061 0151 5o
SIS slacssles o iees 5 PhYtOphthora las 8 51 st ¢l 0WLE ety ssbew


https://dorl.net/dor/20.1001.1.16807073.2019.21.1.10.9
https://jast.modares.ac.ir/article-23-15220-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807073.2019.21.1.10.9]

2 Dol A3le 528 (I8 e bl S S S e sloml 1y (3L 5 Sl & el OWLS ()
- adlan ol 53 el s T s (ke (6ol 5 o é\j),;ziw Gbla 55 sl ol
S adllan sy50 (GESOT ot 53 QLS ol glaaty, (So )T 53 s 5 s 4Ken
o 33 DLl 5 gilws 5 (shgins sy 5 lirditgd b o35 4w (slaia slgr slaamalS 5 28 8
(,?&.a Foor 5800 O 0) gsd glasles o ,me ssNUKAYE Jgloes (6 g 288KCT
P sl s i3 Ly LS (samn day azin &5 .23 57 515 wia o6 Suke 4 (2 55 ket S
Joe Sl FA 1ty s Gjale (CiSOT mle 2d s Ave 33 sy sy 000 0) melonis
3 oam St 3l 5l oy S35 Slasbe 5 A o S5l NUKYA 056 Jhous b ba g 55 (551
et 5 IS 5 el ot slal sy ShIE 5 olps ol 6K 0y 4 4 5 LS Jlasl DlalS
3 ol G5 a8 a3 Ll s 5 jlaiied (b caty, (ST Ao
Poowwn, (ST s oniombs ooV hls pmen 5 558 & ol o8y (2 ipslin
#5555 1) gl bl S 035 P melonis L $s47 5 )58 [2Ken L5, Melonis
Pooba, ST (nll Seb s sl a5 (5d & el o3, 51 2 5558 4 pslis
3 50h Aeh 085 55 53 (5558 155 Solew DS BIBI A 55 8 Ll b L anlie 5> Melonis
Soss P melonisywouf};\@%s),um}ww9.3}7;,‘;6;&‘6%@3;’
Ul 03 Ol Canslie 2alST (e 53 055 pl (sade ) ST sl gae Sl l Esl

Ay sl

220

Mirtalebi and Banihashemi


https://dorl.net/dor/20.1001.1.16807073.2019.21.1.10.9
https://jast.modares.ac.ir/article-23-15220-en.html
http://www.tcpdf.org

