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Abstract
Ismaeil, F., J. Mando, M. Alkhalaf and S.G. Kumari. 2023. Viruses and Phytoplasma Reported on the Most Important
Vegetable Crops in Syria: A Review. Arab Journal of Plant Protection, 41(4): 444-458.
https://doi.org/10.22268/AJPP-41.4.444458
Syria is famous for cultivation of many different vegetable crops in most governorates during both winter and summer growing seasons,
due to its Mediterranean moderate climate conditions, characterized by a mild winter and a hot dry summer. Vegetables cultivation is a very
important sector of the Syrian agriculture, as it represents an important source of income for growers and a source of hard currency through
export. The most important vegetables cultivated in Syria are solanaceous crops (potato, tomato, sweet potato, pepper and eggplant), cucurbits
(watermelon, melon, cucumber, squash and pumpkin), legumes (broad bean, green bean, green pea and cowpea), cruciferaceous (white cabbage
and white cauliflower) and other species such as: green onion, green garlic, lettuce, okra ... etc. These vegetable crops are affected by many
diseases caused by different causal agents, among them, viruses, viroids and phytoplasmas that are considered the most important pathogens
causing many serious and significant diseases. In Syria, during the past forty years, many viruses and few phytoplasmas were investigated and
most of them (especially viruses) were recorded on these vegetable crops through many field surveys carried out to evaluate their sanitary
status and to determine the economic losses and damages caused by those pathogens. Tens of studies were implemented with the aim of
identifying those causal agents on the most important vegetable crops grown in the country and finding out the appropriate approaches for their
effective control. Many available and appropriate diagnostic methods such as biological, serological and molecular techniques were used to
assess the sanitary status of these crops.
Keywords: Diseases, Vegetable crops, Viruses, Phytoplasmas, Syria.

Introduction 97,547 houses with a cultivation area of 3,902 hectares with
487,735 tons of total annual production. The eggplant
In Syria, cultivation of vegetable crops is considered a very cultivation area was around 9,456 hectares in 2020 with a
important source of income for many farmers and for the total annual production of 180,002 tons and the pepper
country national economy. The moderate Mediterranean cultivation area was estimated to be 5,237 hectares with total
climate conditions prevailing in Syria are suitable for annual production of 77,705 tons (Anonymous, 2020).
growing many vegetables in both winter and summer The other important vegetable crops cultivated in Syria
growing seasons. Vegetables are cultivated in most Syrian belong to the family Cucurbitaceae, such as cucumber
governorates, for either local consumption or export. Most of (Cucumis sativus L.), melon (C. melo L.), watermelon
the grown vegetables are used fresh or for industry. (Citrullus lanatus (Thunb.) Matsum. & Nakai), green squash
The most important vegetable crops grown in Syria or zucchini (Cucurbita pepo Mill.) and pumpkin (C. maxima
belong to the family Solanaceae and genus Solanum Duchesne). The cultivation area of cucumber in 2020 was
including potato (Solanum tuberosum L.), tomato (S. estimated to be 10,888 hectares with annual production of
lycopersicum L.), eggplant (S. melongena L.), pepper 182,415 tons. The cultivation area of watermelon is

estimated around 23,163 hectares with annual production of
328,325 tons and 8.148 hectares of melon cultivation area
with 139,074 tons of annual production. Squash cultivation
area was around 5,826 hectares with annual production of

(Capsicum annum L.) and sweet potato (Ipomoea batatas

(L.) Lam.) which belongs to the family Convulvulaceae.
According to the most recent agricultural statistics

issued by the Ministry of Agriculture and Agrarian Reform,

the cultivated area with potato was estimated to be 27,489 107,262 tons and finally the cultivation area of pumpkin was
hectares with a total annual production of 647.319 tones estimated around 2,029 hectares with annual production of
(Anonymous, 2020). Tomato cultivation area in 2020 16.856 tons (Anonymous, 2020).

reached 14,458 hectares with a total production of 780,617 Some of legumes are cultivated and used as fresh green
tons (Anonymous, 2020). Furthermore, in the coastal region vegetables which belong to the family Fabaceae, such as
(Tartous & Latakia governorates), tomato is widely faba be_an (ViciafabaL.), green be_an or dry bean (Phas_eolus
cultivated under greenhouses, especially in Tartous vulgaris L), green pea (Pisum sativum L.) and green kidney
governorate. The number of greenhouses was estimated to be or cowpea (Vigna unquiculata L.). Cultivation areas of these

legumes were estimated around 7,966, 3,877, 1,815 and
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1,238 hectares with annual production of 71,010, 36,799,
15,481 and 7,052 tons, respectively (Anonymous, 2020).

Some vegetables are cultivated in winter and belong to
the family Cruciferaceae, such as white cabbage (Brassica
oleraceae var. capitate) and white cauliflower (B. oleraceae
var. botrytis). The cultivation area of white cabbage in 2020
was around 2,760 hectares with annual production of 58,543
tons, whereas for white cauliflower, the total area was around
2,110 hectares and total production of 36,151 tons
(Anonymous, 2020).

Dry onion (Allium cepa L.) and dry garlic (A. sativum
L.), family Amaryllidaceae are also cultivated in Syria with
cultivation areas in 2020 was around 6,089 and 3,844
hectares with annual production of 76,700 and 29,961 tons,
respectively (Anonymous, 2020). Some of the production
from both crops are used as fresh green vegetable for local
consumption. In addition, many other vegetable crops are
cultivated but with less cultivation areas and less economic
importance, such as lettuce (Lactuca sativa L.), okra
(Abelmoschus esculentus L. Moench) and many other
species.

Generally, vegetable crops are affected by many biotic
disease factors such as viruses, viroids and phytoplasmas in
addition to fungi, bacteria and nematodes which can cause
serious diseases on several vegetable crops. Many viruses,
viroids and phytoplasmas were recorded during the last
century and until present on different vegetable crops
worldwide. This review article focuses on the most important
viruses and phytoplasmas previously reported as disease
causal agents on different vegetable crops grown in the
country over the past four decades.

Viruses of solanaceous crops

Nine viruses were recorded through a general field survey
conducted during 2004-2006 in six Syrian governorates on
solanaceous crops (potato, tomato, eggplant and pepper).
Cucumber mosaic virus (CMV) was the most common virus,
followed by Potato virus Y (PVY), Tobacco ring spot virus
(TRSV), Tobacco mosaic virus (TMV), Potato virus X
(PVX), Beet western yellows virus (BWYV), Tomato
spotted wilt virus (TSWV), Tomato black ring virus
(ToBRV), and Tobacco rattle virus (TRV). Virus incidence
in tested samples infected with single or mixed infections
was 22.8 and 42.8%, respectively (Haj Kassem & Refai,
2009).

Potato viruses

The first report of potato viruses in Syria was done by Haj
Kassem and his colleagues (Haj Kassem et al., 1997; Haj
Kassem & Abdullatif, 1997). They investigated some viruses
infecting this crop in Aleppo during 1993-1994 and the
following viruses were detected serologically: PVY, PVX,
Potato virus A (PVA), Potato virus S (PVS), Potato virus M
(PVM) and Potato leaf roll virus (PLRV). Later, many field
surveys were conducted to identify the presence of potato
viruses. During 2002-2004, PVY, PLRV, PVS and PVX
were investigated in Aleppo and only PVY was detected
(Chikh Ali et al., 2006). The same result obtained when four
potato cultivars were tested for the presence of six viruses.
All cultivars were infected only with PVY and its infection
rate ranged between 12.5% on Noveta cultivar and 37.5% on
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Draga cultivar. Transmission rate of the virus was high in
Draga (70.37%) and low in Lizita (44.44%) (Ismail et al.,
2004a). Another field survey was conducted in Aleppo and
Idleb during 2005-2007. Six viruses were detected: PVY
(86.5%), PVA (14%), PVS (2%), PVM (1.6%), PV X (0.8%)
and PLRV (0.44%) of tested samples (Haj Kassem et al.,
2007a). In 2008, PVY, PVS, CMV and PLRV were detected
at infection rates of 54.2, 8.4, 3.7 and 0.9%, respectively and
the overall infection rate was 72.9% (Chikh Ali et al., 2008).
An expanded field survey in six governorates was conducted
during 2003-2005. Seven viruses were detected, PVY was
the most common virus, followed by PVX, PLRV, CMV,
PVS, Alfalfa mosaic virus (AMV), and Potato aucuba
mosaic virus (PAMV). Virus infections were with only one
virus, two viruses and three viruses or more with 12.8, 23.8
and 39.2%, respectively. That was the first record of CMV,
AMV, PAMV on potato in Syria (Haj Kassem et al., 2007b;
Haj Kassem & Refai, 2009; 2011). Another survey was
carried out in southern Syria during 1996-2000. Eleven
viruses were recorded and PVY was the most common virus
at 76% of tested samples (Kawas, 2009).

Moreover, in 2013 a survey of PVY on some
solanaceous crops and their associated weeds was conducted
in Latakia. Overall PVY infection rate was 40.72% and in
tested symptomatic samples of solanaceous field crops were
52.63% and 25.09% in weeds, 21.58% in solanaceous
greenhouse crops and 27.27% in weeds (Halabi et al., 2015).
Furthermore, a field survey was done in Damascus
countryside during 2012-2013 to identify the following
viruses: PLRV, PVY, PVX, PVS, PVA and PVM. The total
infection rate was 81.6% and virus infections were high in
Zakia, Beat-Saber and Keswa (92.9%) and Saasaa had the
lowest rate (64.2%) of infection. PVY (63.3%), PVX
(34.7%) and PLRV (20.4%) were the most prevailing viruses
(Hajali et al., 2015). Finally, PVY, CMV, AMV and TSWV
were investigated in six governorates during 2008. The
overall rates of infection in tested compound samples were
6.4, 3.8, 3.6 and 0.7% for PVY, AMV, CMV and TSWV,
respectively (Al-Chaabi et al., 2016).

A study was conducted to determine the effect of the
primary infection date with a local isolate of PVY on the
yield of three potato cultivars and on PVY-tuber
transmission. The lowest PVY-tuber transmission rate was
in Burren cultivar, followed by Spunta and the highest in
Penilla (Ismail et al., 2007a; 2007b). Likewise, the
transmission of PVY through tubers of two potato cultivars
during 2009-2010 were tested. Transmission rates ranged
between 75% in the big size of Spunta and 4.7% in the
medium size of Marfona. Generally, the transmission rate
was higher in Spunta cultivar than in Marfona (Mobayed et
al., 2012).

In 2007, an antiserum against a local PVY isolate was
produced for the first time. This antiserum gave consistent
results and was highly specific with undetectable cross
reaction with plant proteins. It was very sensitive, and the
virus could be detected in highly diluted plant sap (Sankari
et al., 2007).

PVY was the most studied virus in Syria and many
studies aimed to characterize its strains. PVYN, PVY® and
PVYC®O strains were surveyed in Latakia, with 77.5% of
them reacted positively with PVY monoclonal antibodies



(MADbs). Single infection with one strain was detected at
different rates, 48.6% for PVYN and 35.1% for PVY°. Mixed
infections were also detected and no single infection with
PVYC was found (Ismail & Ra‘ai, 2004). Another field
survey of PVY strains during 2002-2007 revealed that virus
population included mainly a novel recombinant isolate
group, which was temporarily named as PVYSYR, Isolates of
PVYSYR  shared high genomic identity and close
phylogenetic relationships with PVYN™ and PVYNW Syrian
isolates. All PVYSYR isolates induced veinal necrosis on
tobacco plants but reacted with PVY® MAb, which are
typical characteristics of the previously reported PVYNW (or
PVYN:9), However, four tested isolates induced potato tuber
necrotic ringspot which is the characteristic phenotype of
PVYNTN, Shared properties of PVYSYR isolates with PVYNTN
and PVYNW suggested that they could represent a new
recombinant strain of PVYN strain group with the proposed
name of PVYNTN-NW (Chikh Ali et al., 2009).

Another detailed characterization of a number of
PVYSYR jsolates was conducted. Recombination analysis
grouped isolates of PVYSYR into three recombination
patterns: SYR-l, SYR-1l and SYR-Ill. PVYSYR isolates
shared highest genomic identity and close phylogenetic
relationships with PVYN™ and PVYNW isolates from Syria,
suggesting a common origin and local emergence of these
isolates in the country. Given the shared properties of SYR-
I and SYR-II with PVYN™ and PVYNW represented a new
recombinant strain of PVYN strain group with the proposed
name PVYNTN-NW (Chikh Ali et al., 2010). Five local isolates
of PVY were also characterized. Veinal necrosis symptoms
were produced by all tested isolates on Nicotiana tabacum
and reacted strongly with PVY polyclonal antibodies (PADs).
Reverse transcription polymerase chain reaction (RT-PCR)
showed that the isolate L1 (from Latakia) was infected with
PVYNTN-NW and PVYNTN whereas H2 (Hama) and K5 (Al-
Qaunaitara) isolates belonged to PVYNW. Meanwhile, D3
(Damascus) and A4 (Aleppo) isolates belonged to PVYNTN,
The alignments of nucleotide sequences of the tested isolates
with other isolates from GenBank showed 97-99%
nucleotide sequence homology between the Syrian isolates
and an isolate from the United State of America, and 83-98%
homology between tested isolates and isolates from USA, an
isolate from United Kingdom and an isolate from Germany
(Mobayed et al., 2014).

Hundreds of PVY isolates also were serologically
characterized. They were classified into four serogroups,
PYVO, PYVN and PYVC represented 45.8, 33.3 and 4.2% of
the isolates, respectively and 1.4% of the isolates did not
react with any of the MAbs. 15.3% of isolates reacted with
more than one MADb, 92.7% of them reacted positively with
both PVY© and PVYN MADbs. PVY®° was the most frequent
in all governorates, except for Homs, where PVYN was the
most frequent. Meanwhile PVY© was recorded only in Homs
and Hama (Al-Chaabi et al., 2016).

Finally, some PVS local isolates were characterized,
they infected Chenopodium amaranticolor only locally and
were classified as PVS®. PVS isolates classified into two
main clusters, O and A, and cluster-O was separated into two
subclusters (O1 & 02), two isolates were in O1 subcluster.
The isolate PVS3-5 shared the highest nucleotide identity
with European isolates from O1 subcluster, meanwhile,

PVS6-2 isolate was closely related to Asian isolates of the
same subcluster (Chikh Ali et al., 2008).

Sweet potato viruses

The first report of sweet potato viruses was by Ismail and his
colleagues (Ismail et al., 2004b). They conducted a survey to
investigate nine viruses infecting this crop in six regions of
Latakia governorate during 2000-2002. Sweet potato
feathery mottle virus (SPFMV) and CMV were recorded for
the first time either in single or in mixed infections at the
following rates: 3.07% for SPFMV, 40% for CMV and
47.17% as mixed infection of both viruses. SPFMV was
graft-transmissible to N. tabacum, N. benthamiana, Ipomoea
setosa, I. nil, and Chenopodium quinoa. CMV was also graft-
transmissible to N. glutinosa, N. benthamiana and N.
tabaccum, but it was not mechanically sap-transmissible. It
was possible to differentiate between virus strains by using
indicator plants (Akel et al., 2007; Ismail et al., 2004b;
2006a). Later on, a survey of eleven sweet potato viruses in
five regions of the Syrian coast was conducted during 2006-
2008. SPFMV and CMV were only recorded either singly or
in mixed infections at 56.88, 3.91 and 8.53%, respectively.
The highest rate of SPFMV infection was in Zagrin at
77.85%, and CMV in Sarsakia at 9.42% (Akel et al., 2010a).

A study was conducted to differentiate between
SPFMV isolates by grafting on indicator plants. Depending
on symptoms variations, the isolates were divided into four
groups: (i) very severe isolates with leaf malformation and
stunting; (ii) severe isolates with chlorosis; (iii) mild isolates
with mosaic and leaf curl and (iv) symptomless isolates
(Akel et al., 2008).

Finally, during 2006-2008 a survey was conducted
along the Syrian coast to investigate the natural weed hosts
of SPFMV. Nineteen species were recorded for the first time
as natural hosts of this virus (Akel et al., 2010b).

Tomato viruses and phytoplasmas

The first survey of viruses infecting tomato was conducted
in southern Syria during 1998-2003 by Kawas (2007a).
AMV, CMV, PVY, TMV, Tomato yellow leaf curl virus
(TYLCV) and TSWV were recorded. Many surveys were
conducted later, one in the central and coastal regions, where
CMV was one of the viruses recorded (Khalil, 2007).
Another expanded survey during the period 2007-2008 was
carried out to investigate the presence of TSWV in eight
governorates. The overall average infection of this virus in
tested samples was 11.1% and the highest spread of the virus
was in Al-Qunaitara (41%) followed by Dar'a, Damascus
countryside, Aleppo, and Idleb (21.8, 12.0, 2.6, 1.8%),
respectively. Virus identity was confirmed by one-step RT-
PCR, and the Syrian isolates were found very similar at the
nucleotide sequence level (97.74 to 99.84% of identity) and
amino acid sequence level (96.17 to 99.03% of identity).
Phylogenetic tree showed high similarity of Syrian isolates
with many other representative isolates from different
countries (Ismaeil et al., 2009; 2010; 2012a; 2015). In the
same survey, Tomato mosaic virus (ToMV) was also
detected, with average incidence of 18.5%. The highest
infection rate in tested samples and in the fields was recorded
in Dar'a (27.1 and 2.7%) followed by Homs, Al-Qunaitara,
Idleb, Damascus countryside, and Tartous (22.7 and 1.1, 21.3
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and 2.1, 7.2 and 0.4, 5.2 and 0.5, 2.0 and 0.1%), respectively.
Seed transmission rate of the virus in tomato seedlings was
16.7%. Virus occurrence in tomato was confirmed by one-
step RT-PCR. That was the first record of ToMV on tomato
in Syria (Ismaeil et al., 2011; 2012b; 2014).

Pepino mosaic virus (PepMV) was recorded for the
first time on tomato plants grown in greenhouses in Syria.
The isolates shared highest sequence identity with EU-
tomato strains (Fakhro et al., 2010). Another survey was
conducted along the Syrian coast during 2006-2007, with
rates of natural infection with Tomato ring spot virus
(ToRSV), TMV, PVY and TSWYV reported were: 2.58, 2.24,
1.89, and 0.86%, respectively (Akel et al., 2012). TYLCV
was investigated in field and greenhouse tomatoes in Latakia
and Tartous during 2008-2010. The overall virus incidence
was 31.4%, whereas its incidences in Latakia and Tartous
fields were 35.5 and 30.96%, respectively (Hasan et al.,
2013).

A survey of TSWV on some solanaceous crops and
associated weeds was conducted during 2013 in Latakia. The
infection rate in field crops was 8.82% on solanaceous and
62.5% on weeds, meanwhile, it was 2.11% on solanaceous
crops and 85.71% on weeds in greenhouses. That was the
first report of this virus on eggplant, and several weeds in
Syria (Halabi & Akel, 2014). In another survey, TSWV and
TYLCV infections in some important crops along the Syrian
coast were found prevalent at all locations either in single or
mixed infections (26.04 and 32.79% as single infection by
each virus, respectively, and 14.14% as mixed infection).
The highest rate of TSWV infection was 50% in Setkheres,
and 54.54% for TYLCV in Yahmour and mixed infections
rate in tomato was 25.45% (Akel et al., 2019).

In 2017, virus symptoms (mild to severe mosaic on the
apical leaves, brown necrosis on sepals, receptacle and
flowers cluster carrier, and severe brown rugose and
discoloration on fruits) were observed on tomato plants
grown in a greenhouse in Akkar plain, Tartous. In 2020, leaf
samples from symptomatic and asymptomatic plants (from
Tartous and Latakia) were collected and tested serologically
for the presence of Tomato brown rugose fruit virus
(ToBRFV), and all symptomatic samples were found
infected with the virus. Mechanical sap inoculation of a
tomato cultivar using a positive tomato isolate gave systemic
mosaic symptoms in all plants identical to those observed in
the original plants in the field after 13 days of inoculation,
and necrotic local lesions on N. tabacum after five days.
ToBRFV infection was confirmed by RT-PCR, and two
selected RdRp-specific PCR amplicons were purified and
ligated, and three clones were sequenced and deposited in
GenBank. The nucleotide sequences were 99.77 to 100%
identical and shared around 99% identity with a Turkish
isolate. That was the first report of this virus on tomato in
Syria (Ismail et al., 2020; Hasan et al., 2021).

Seven tomato cultivars were inoculated mechanically
with a local TMV isolate. Stunting of inoculated plants was
observed (56% in Evaline and 78% in Carmello—FI) with
reduction of root system, and the leaves were pale-green to
purple (Ra’ai & Ismail, 2000). Seed transmission of AMV
(1.3%) and CMV (2.4%) in tomato seeds was reported
(Raai, 2011).
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Twenty imported tomato hybrids were evaluated for
their reaction to infection with ToMV under artificial
inoculation conditions in the open field during 2009.
Likewise, 15 local genotypes were evaluated against the
same virus in a growth chamber under artificial inoculation
conditions. Seven out of 20 hybrids were not infected and the
yield loss of infected hybrids ranged between 32 and 55%.
All local tomato genotypes were susceptible to infection with
ToMV (Ismaeil et al., 2012c).

In 2012, a study was carried out to evaluate the effect
of single and mixed infections with PVY and CMV on
tomatoes grown in a greenhouse in Tartous. Mixed infections
with both viruses caused slight and weak effects and
produced 5.5 and 4.25 clusters per plant, 65.68 and 65.68%
fruit setting, 4.8 and 3.64 cm fruit diameter and 1.94 and 0.96
kg yield per plant, respectively. When the plants were first
inoculated with CMV and later with PV, the effect of CMV
was prominent, whereas, when the first inoculation was with
PVY, it suppressed the effect of the subsequent infection by
CMV (Al-Shami & Ismail, 2013; 2014).

Six Syrian isolates of ToMV were characterized by
RT-PCR and their genomic sequences were deposited at
GenBank. Tested isolates had 99.56 to 100% sequence
homology between them, whereas, homology at the amino
acids level ranged between 99.33 and 100%. Phylogenetic
tree showed high similarity between Syrian and Asian
isolates and one isolate from Australia. The sequence
homology ranged between 98 and 99% at nucleotide level
(Ismaeil et al., 2013).

TYLCYV isolates collected from the Syrian coast were
characterized, and two types TYLCV-MId and TYLCV-IL
were reported on tomato plants grown in greenhouses.
TYLCV-MId strains showed a high similarity between them
(95.6% nucleotide homology) (Hasan & Mouhanna, 2016).
Many studies were conducted to evaluate the efficiency of
some bacteria species and some plant growth promoting
rhizobacteria (PGPR) on CMV- and TYLCV-infected
tomato plants to induce systemic resistance under
greenhouse conditions. Generally, treatment with those
bacteria or PGPR caused significant reduction in disease
severity of both viral infections. Peroxidase enzyme activity
in treated plants was increased and the growth of plants was
improved and CMV symptoms were reduced. In addition,
treatments of CMV-infected tomato plants by some PGPR
increased the total phenol and photosynthesis pigments
contents (Ismail et al., 2016; 2017; Kawas et al., 2017a;
2017b; 2018; Al-Shami et al., 2017; Akel et al., 2020;
Ghanem et al., 2021).

The presence of the Spanish strain (TYLCSV-ES) was
confirmed and characterized by PCR in some TYLCV
infected tomato plants in the greenhouses at the Syrian coast.
The isolates To1l and To18 clustered in the same subgroup
in the phylogenetic tree, showing 99.1% of nucleotide
homology. This subgroup clustered in one group with
TYLCSV-ES 5a from Morocco with 97 and 97.4%
nucleotide identity, respectively. To6 clustered in the same
subgroup with TYLCSV-ES from Almeria, Spain with
99.5% nucleotide identity (Hasan & Mouhanna, 2022).

Finally, symptoms (twisting, corrugated, yellowing or
reddening of leaves, hypertrophied sepals of the flowers
fused together and created a bell-shaped sterile bud of green



or anthocyanin colour, stems were lignified with phloem
necrosis) similar to those produced by Big bud phytoplasma
disease were observed since 2013 on field tomatoes in Homs.
In 2017, a phytoplasma of clover proliferation subgroup
16SrVI-A, or ‘Candidatus phytoplasma trifolii’ was
identified and associated with such symptoms (Khalil et al.,
2019a; 2019b).

Pepper viruses

The first report on pepper viruses in Syria was by Daas et al.
(2007), who conducted a survey during the period 2004-2005
to investigate the occurrence of AMV, CMV, TSWV, PVY
and TMV on pepper crop. Infection rates ranged between 20
and 95% and the rate of single infection was 37.5% and
mixed infections with two or three viruses were 9.39 and
5.3%, respectively. TMV was the most prevailing virus at
7.34% followed by AMV (4.9%), TSWV and PVY (3.61%)
and least by TMV (2.44%).

Later on in 2006, other surveys were conducted, and
CMV, TMV, PVX, PVY and AMV in four governorates in
central and coastal regions of Syria were detected to infect
pepper. CMV was the most spread virus (50.7%), followed
by AMV (22.2%), TMV (17.8%), PVY (14.4%) and PVX
(10.8%). CMV, TMV and PVY prevailed in the coastal
region at 34.4, 23.7 and 18.3%, respectively, whereas CMV
and AMV prevailed in the central region at 55.2 and 24.9%,
respectively. CMV seed transmission (65%) was higher than
AMYV (15%) in pepper (Ismail et al., 2007c; 2008).

An expanded survey was conducted during 2007-2008
to evaluate the spread of TSWV on pepper in eight
governorates. Total infection rate was 41.2% of tested
samples, meanwhile the general virus incidence in the fields
was 3.1%. Damascus countryside had the highest virus
incidence in the field of 20%, followed by Dar'a (12.9%) and
Hama (0.8%) (Ismaeil et al., 2009; 2010; 2015). In the same
survey, ToMV was recorded on pepper for the first time in
Syria. Virus infection average was 8.8% and its incidence in
the field was the highest in Tartous (6.8%), followed by
Idleb, Aleppo and Dar'a (0.3, 0.2 and 0.1%, respectively).
The identity of TSWV was further confirmed by one-step
RT-PCR (Ismaeil et al., 2011; 2012b).

Pepper mild mottle virus (PMMV) and CMV were
surveyed in Tartous and Latakia. PMMV was found in
0.39% and CMV in 11.42% of tested samples. PMMV seed
transmission ranged between 0.7 and 0.87%, meanwhile,
CMV seed transmission was higher (2.81-7.98%) (Ismail &
Abbas, 2013).

TSWV and TYLCV were found to infect pepper in
single or mixed infections. The infection rate of TYLCV in
pepper was 51.31% (Akel et al., 2019). The two strains
TYLCV-MId and TYLCV-IL identified earlier to infect
tomato were also detected in pepper plants grown in
greenhouses along the Syrian coast by PCR (Hasan &
Mouhanna, 2016).

Many studies were implemented during the few last
years to evaluate the effect of CMV and TYLCV infections
on pepper plants and their growth parameters and to evaluate
the effect of some bacterial strains and some biological
fertilizers and salicylic acid to reduce CMV infection. CMV
and TYLCV infections affected all growth parameters and
the yield of pepper plants negatively. In addition, CMV

infection significantly increased the proline and hydrogen
peroxidase contents in the plants. Application of bacterial
strains increased the growth parameters and yield of infected
plants. The treatments with the biological fertilizers and
salicylic acid reduced CMV infection and peroxidase
enzyme activity was increased in the presence and absence
of virus infection. The treatments improved plants growth,
productivity, and stimulated systemic resistance against the
virus (Al-Ajouriyeh et al., 2016; 2021a; 2021b; 2021c; 2022;
Hamdan et al., 2021; Ibrahim et al., 2020a; 2020b; Ismail et
al., 2015; Moalla et al., 2020a; 2020b).

More recently, virus symptoms (chlorosis, mosaic and
leaf discoloration accompanied with brown stems and fruit
deformation) were observed in early 2020 on sweet pepper
plants cultivated in greenhouses in Tartous. TOBRFV was
detected serologically and reported for the first time in Syria
in all symptomatic samples and its presence was further
confirmed by RT-PCR. 99.78% similarity between Syrian
and Lebanese isolates and 99.56% nucleotide identity with a
Turkish isolate were observed (Abou Kubaa et al., 2021).
Finally, WMV was recently recorded on pepper for the first
time in the country at a relatively low incidence of 2.94%
(Mouhanna et al., 2021).

Eggplant viruses

The first survey of eggplant viruses was conducted by Haj
Kassem & Refai during 2004-2006 (Haj Kassem & Refai,
2009). Nine viruses were reported on solanaceous crops
including eggplant. Later on, another survey was carried out
during 2013 to investigate the presence of TSWV on
eggplant in Latakia, and it was found that this crop was
infected with this virus showing 31.94% of infection rate in
the tested samples. That was the first report of TSWV on
eggplant in Syria (Halabi & Akel, 2014).

Cucurbits viruses

The first report of viruses infecting cucurbit crops in Syria
was carried out by Katul and Makkouk in 1985 (Katul &
Makkouk, 1987) through a field survey conducted in
northern Syria. Zucchini yellow fleck virus (ZYFV),
Watermelon strain of Papaya ringspot virus (PRSV-W),
Watermelon mosaic virus 2 (WMV-2) and CMV were
present in 58.7, 76.1, 41.3 and 95.6% of tested samples,
respectively.

After a decade, many surveys were conducted to
investigate the presence of virus infections on cucurbits.
During 1996-2001, a survey was conducted in southern Syria
and eleven viruses were naturally reported. Zucchini yellow
mosaic virus (ZYMV) was the most common one at 62.6%
in squash. Infection rates of all tested viruses were as
following: ZYMV (57.7%), PRSV (32.8%), Squash mosaic
virus (SqMV) (23.8%), TSWV (23.2%), CMV (23.1%),
Cucurbit aphid-borne yellow virus (CABYV) (22.6%),
WMV-2 (19.7%), ZYFV (13.6%), AMV (8.5%), Melon
necrotic spot virus (MNSV) (5%) and Cucumber green
mottle mosaic virus (CGMMV) (5%). CABYV and TSWV
were recorded on cucurbits for the first time in Syria (Kawas,
2007).

Another field survey was conducted during 1999-2001
in six governorates. Eight viruses were reported, and ZYMV
was the most common virus, followed by CMV, WMV-2,
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SgMV, CGMMV and MNSV. Virus incidences in tested
samples infected with one virus, two viruses and three or
more viruses were: 16.8, 30.8 and 34.5%, respectively. That
was the first record of ZYMV, CGMMV, MNSV and SqMV
on cucurbits in Syria (Haj Kassem et al., 2005). Later on, a
survey was conducted during 2003-2004 on watermelon and
melon in four governorates. ZYMV and WMV were present
at an incidence of 18.33 and 15.1%, respectively. 9.24 and
15.84% of tested watermelon samples were infected with
ZYMV and WMV, and for melon 58.82 and 11.77%,
respectively. The highest ZYMV and WMV incidence on the
two crops was recorded in Idleb (53.01%), and the lowest
was in Daraa (16.81%) (Al-Chaabi et al., 2006).

Another survey was conducted on squash in southern
Syria during 2004-2006. Fourteen viruses were detected,
ZYMV was detected in 59.9% of the tested samples,
followed by WMV (38.3%), CMV (34.0%), PRSV (24.8%),
CGMMV (23.4%), Squash leaf curl virus (SLCV) (22.9%),
TSWV (4.5%), Lettuce mosaic virus (LMV) (3.17%),
Tomato black ring virus (ToBRV) (2.8%), SQMV (2.35%),
Arabis mosaic virus (ArMV) (0.59%), ToRSV (0.23%),
TRSV (0.23%) and AMV (0.23%). That was the first record
of LMV, ArMV, ToBRV, TRSV, ToRSV and SLCV on
squash in Syria (Al-Tamimi et al., 2009a). In the same
survey, seed transmission of squash viruses during 2006-
2007 was assessed. Eight viruses were found to be seed-
transmitted: CMV was the most common seed-transmitted
virus (2.4%), followed by ArMV (0.27%), ToRSV (0.23%),
ZYMV (0.04%), TSWV (0.12%), ToBRV (0.15%), SqMV
(0.08%), CGMMYV (0.08%). Seed transmission was lower in
imported seeds (0.25%) than local ones (0.64%). Virus
incidence in all seeds was 1.47%. That was the first record
of seed transmission of ArMV, ToRSV, TSWV and ToBRV
in squash (Al-Tamimi et al., 2009b; 2009c).

The incidence of ZYMV, WMV and CMV on
cucurbits (Squash, cucumber, melon, watermelon and
pumpkin) in five governorates was investigated during 2006-
2007. 83.9% of tested samples were infected with one or
more viruses. ZYMV was detected in 67.9% of the tested
samples followed by WMV (39.9%) and CMV (10.8%).
Infection with ZYMV squash isolate was confirmed by RT-
PCR (Mando et al., 2009; 2011a). Reaction of some local
accessions and imported hybrid cultivars of squash and
melon was evaluated by artificial inoculation with ZYMV
during 2009. Three squash hybrids were found resistant, and
two squash and one melon cultivars were found moderately
resistant. Four commercial cultivars labelled as ZYMV
resistant, were shown to be susceptible under local field
conditions (Mando et al., 2011b).

A study was conducted in Latakia during 2012-2013 to
determine the effect of salicylic acid as inducer of systemic
acquired resistance to CMV in mechanically inoculated
cucumber plants. CMV infected plants treated with salicylic
acid gave better vegetative growth and higher productivity
(Samra et al., 2015).

Two strains of TYLCV (TYLCV-MId and TYLCV-IL)
were identified on cucumber plants grown in greenhouses
along the Syrian coast by PCR (Hasan & Mouhanna, 2016).
More recently, a study aimed to identify some local isolates
of WMV on cucurbits in Latakia and Tartous was carried out.
The virus was detected in watermelon, squash, pumpkin and
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cucumber, at relative incidences of 36.95, 26.31, 29.27 and
37.70%, respectively. Virus presence was confirmed by RT-
PCR, and the local isolate (Cu4) was grouped with an Iranian
isolate at 98.9% sequence identity. Meanwhile, the isolate
Waz2 was in the same group with a Turkish isolate at 98.3%
sequence identity, and the isolates Zu6 and Cu8 represented
one sub-group at 99.3% sequence identity (Mouhanna et al.,
2021).

Legumes viruses

The first report of legumes viruses in Syria was by Makkouk
et al. (1986; 1987). In 1988, nine viruses were recorded on
faba bean through a field survey conducted in six Arab
countries, including Syria. The most widely spread virus was
Bean leaf roll virus (BLRYV), followed by Bean yellow
mosaic virus (BYMV), Broad bean mottle virus (BBMV)
and BBSV. Other viruses were recorded: Broad bean true
mosaic virus (BBTMV), Broad bean wilt virus (BBWV),
CMV, Pea enation mosaic virus (PEMV) and Pea seed-borne
mosaic virus (PSbMV). The average of seed transmission
rate was 1.2% with either BBSV, BYMV or PSbMV
(Makkouk et al., 1988; 1992a; 1992b; Makkouk & Kumari,
1992).

In 1992, suspected leaf yellowing and necrotic virus
symptoms observed on faba bean in Latakia was found
associated with virus particles with a circular single stranded
DNA (Katul et al., 1993). This virus was named Faba bean
necrotic yellows virus (FBNYV), persistently transmitted by
many aphid species. A Syrian local isolate was purified and
an antiserum against the virus was produced (Makkouk et al.,
1992c¢).

In a field survey conducted in the Syrian coast during
1991-1993 showed that FBNYV, BYMV, Beet western
yellows virus (BWYV), BBSV, Chickpea luteovirus
(CpLV), BLRV, BBMV, CMV, AMV, BBWV and PShMV
were detected in cool season legumes. FBNYV was the most
common virus followed by BYMV (Mouhanna et al., 1994).
Ten viruses (BLRV, FBNYV, AMV, CMV, BBMV,
BBWYV, PSbMV, BYMV, BBSV and BBTMV) were
detected by a new sensitive detection method named tissue
blot immunoassay (TBIA) using polyclonal (PAbs) and
monoclonal (MADbs) antibodies. The test was practical using
a nitrocellulose membrane and can be more easily used as
compared with ELISA. It can be completed in less than four
hours and it is cheaper and does not require sophisticated
facilities (Makkouk & Kumari, 1996).

Soybean dwarf virus (ShDV) was detected in faba bean
and pea in northern Syria (Nassan et al., 1997). During 1995-
1997, field surveys were conducted at EI-Ghab plain to
investigate viruses infecting legumes. FBNY'V was the most
common virus in faba bean fields (60%) (Hassan et al., 1997;
1999). Furthermore, a survey was conducted in four
countries, including Syria during 1994-1996. Three
luteoviruses were reported in Syria: BLRV, SbDV and
BWYYV in addition to FBYNYV and Chickpea chlorotic dwarf
virus (CpCDV) (Kumari et al., 1997).

A field experiment was conducted in 1997 aimed to
study the effect of the insect pesticide (Imidacloprid,
Gaucho) to reduce the incidences of BLRV and FBNYV
through controlling their aphid transmission vectors.
Treatment of faba bean seeds before planting with the



pesticide gave significant decrease in both viruses infection
rates (Makkouk & Kumari, 1997).

In 2005, a survey was conducted to identify some
viruses infecting faba bean in Syria. FBNYV was the most
common virus at 2.31% incidence, followed by BWYV,
BLRV and SBDV at 1.61, 0.57 and 0.11%, respectively
(Ismail et al., 2006b). BWYV was detected mainly on
legumes species through a survey conducted during 2006-
2007 (Asaad et al., 2009). A study was conducted to identify
virus infection of weeds spread in faba bean fields along the
Syrian coast. Five weed species were found infected with
FBNYYV and eight species infected with BYMV (Ismail &
Hasan, 2007).

Many surveys conducted in West Asia and North
Africa (WANA) countries including Syria during the past
thirty years by the International Center for Agricultural
Research in the Dry Areas (ICARDA). These surveys
showed that the major economic importance viruses of
legumes in general and especially of faba bean are: FBNYV,
BLRV, BYMV, BBMV and PSbMV. Other viruses such as
AMV, BWYV, BBWV, BBTMV, BBSV, CCDV, CMV,
Pea early browning virus (PEBV), PEMV and SbDV were
also detected (Kumari & Makkouk, 2007; Kumari et al.,
2008; Makkouk & Kumari, 2009; Makkouk et al., 2012;
2014).

A field survey was conducted to determine the spread
of BYMV on food legumes and weed species during 2004-
2007. The virus was detected in all surveyed areas with the
highest incidence on faba bean in the coastal region and was
also detected in three weed species. Furthermore, it was
found that this virus had a significant effect on the yield of a
local cultivar of faba bean under field conditions (Alkhalaf
et al., 2010).

PSbMV was detected in the seeds of cowpea in Latakia
governorate for the first time (Ismail & Darwish, 2013).
Chickpea chlorotic stunt virus (CpCSV) was surveyed and
detected in Latakia, with the highest rate of 33.33% in Ras-
Elain and the lowest was 7.69% in Elbourjan (Ismail &
Abbas, 2014).

When the effect of pre-sowing of faba bean seeds
treatment with two insecticides (Thiamethoxam &
Imidacloprid) on reduction the incidence of BLRV was
evaluated, a reduction in viral infection rate from 85 to 19%
in Thiamethoxam treatment was noticed, and such reduction
had a significant positive effect on yield. Similar results were
obtained following Imidacloprid treatment (Kumari et al.,
2007). Another experiment was conducted under artificial
infection conditions in a glasshouse during 2007 to evaluate
the movement and multiplication of BYMV in faba bean and
pea genotypes. The systemic movement and multiplication
of the virus were slower in the resistant than in the
susceptible genotypes (Alkhalaf et al., 2009). Two strains of
TYLCV (TYLCV-MId and TYLCV-IL) were identified on
bean plants in the Syrian coast by PCR (Hasan & Mouhanna,
2016).

Seed transmission of BYMV, BBMV and PSbMV was
studied in seeds of TEMA-Beans and Pea-America and Pea-
Holland cultivars. The highest seed transmission rate of
PSbMV varied as follows: 11.6 % in TEMA-Beans, 9.80 %
in Pea-Holland and 7.92 % in Pea-America. Seed
transmission of BBSV was 8.19% of tested samples and was

only in TEMA-Beans at 24.16%. Seed transmission rate of
BBMYV was highest (10 %) in TEMA-Bean seeds and was
not reported in Pea-America seeds, and 4.5 % in Pea-Holland
seeds (Abbas & Darwish, 2017).

Finally, a research was carried out during 2017-2018
in Latakia aimed to study the effect of plant density and
CMV infection on some morphological traits of faba bean
plants. Five plants/m? density was superior to 10 and 20
plants/m? in number of branches, fresh weight of leaves and
leaves area at the pods formation stage (Mohamad et al.,
2020).

Garlic viruses

The first report of garlic virus diseases in Syria was by
Kawas (2003). Garlic common latent virus (GCLV) and
Shallot latent virus (SLV) were reported in Damascus
countryside. Later on, Onion yellow dwarf virus (OYDV)
and Leek yellow stripe virus (LYSV), GCLV and SLV were
detected in a survey conducted during 2002-2003 and 2003-
2004 growing seasons in southern Syria. OYDV was the
most common virus, followed by GCLV, LYSV and least by
SLV. In the first growing season, virus incidences were:
72.7, 37.04, 38.38 and 32.84% by OYDV, GCLV, LYSV,
SLV, respectively. Meanwhile, they were 52.05, 39, 26.4 and
17.6% during the next season (Mohammad et al., 2007).

Conclusions

Until present, no field surveys were conducted to identify
virus diseases on cruciferaceous crops and no viruses, viroids
and phytoplasmas were reported so far on these crops grown
in Syria. It is strongly recommended to carry out such
surveys to evaluate the sanitary status of these crops as well
as the other vegetable crops grown in the country and trying
to identify the responsible causal agents. It is likely that these
vegetable crops are infected with viral pathogens, especially
because of suspicious viral symptoms were observed
regularly on these vegetable crops.

Furthermore, additional surveys should be carried out
to identify the causal agents of phytoplasma diseases on
different vegetable crops grown in the country. Strict
quarantine measures must be applied at the borders to limit
the spread of these diseases from the neighbouring countries
which are already reported some phytoplasmas, such as
Lebanon on solanaceous crops (Choueiri et al., 2007) and
Jordan on tomato and potato crops (Anfoka et al., 2003;
Salem et al., 2019).

From the above-mentioned reports, it could be
concluded that nearly 51 different viruses and one
phytoplasma were reported on solanaceous crops (potato,
tomato, sweet potato, pepper and eggplant), cucurbits,
legumes and garlic in Syria (Table 1). Generally, it is clear
that the sanitary status of most vegetable crop species
previously investigated is unsatisfactory and in some of them
virus incidence in the field was very high.

Urgent approaches must be followed to manage these
virus diseases and to reduce the economic losses they cause.
It is well known that there are no specific pesticides or
chemical treatments that can be applied to control plant virus
diseases in general. Adoption of integrated virus diseases
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management approaches would be the best approach to
minimize yield losses caused by them.

Thus, the first step is to accurately identify the
pathogens involved by applying the appropriate diagnostic
(biological, serological and molecular) methods. The second
important step is the exclusion, to prevent the virus from
entering the production systems. That includes using virus-
free certified seeds followed by using integrated pest
management (IPM) practices to prevent or reduce infections
in the field, especially at the transplanting stage. The other
important practice is the eradication of the reservoir hosts by

removing the initial sources of virus infections, which are the
infected weeds and volunteer crop plants in vegetable crops
fields. In addition, destruction of the old crop once harvested
is a good and effective way to dispose of virus potential
reservoirs.

Finally, one of the most effective methods to control
virus diseases in vegetable crops is planting resistant
cultivars against viruses and trying to produce regularly new
resistant cultivars and search for resistance genes in wild
species of these vegetable crops to prevent the development

of resistance breaking strains of the viruses.

Table 1. Viruses and phytoplasmas reported on vegetable crops in Syria.

Viruses & Phytoplasmas Abbreviation Genus

Family

Hosts

References

Alfalfa mosaic virus AMV Alfamovirus
Arabis mosaic virus ArMV Nepovirus
Bean leafroll virus BLRV Luteovirus
Bean yellow mosaic virus BYMV Potyvirus
Beet western yellows virus BWYV Polerovirus
Broad bean mottle virus BBMV Bromovirus
Broad bean stain virus BBSV Comovirus
Broad bean true mosaic virus BBTMV Comovirus
Broad bean wilt virus BBWV Fabavirus
Chickpea chlorotic dwarf virus CpCDV Mastervirus
Chickpea chlorotic stunt virus CpCsv Polerovirus
Cucumber green mottle mosaic virus  CGMMV Tobamovirus
Cucumber mosaic virus CMV Cucumovirus
Cucurbit aphid-borne yellow virus CABYV Polerovirus
Faba bean necrotic yellow virus FBNYV Nanovirus
Garlic common latent virus GCLV Carlavirus
Leek yellow stripe virus LYSV Potyvirus
Lettuce mosaic virus LMV Potyvirus
Melon necrotic spot virus MNSV Gammacarmovirus
Onion yellow dwarf virus oYDV Potyvirus
Papaya ringspot virus PRSV Potyvirus
Pea early browning virus PEBV Tobravirus
Pea enation mosaic virus-1 PEMV-1 Enamovirus
Pea seed-borne mosaic virus PSbMV Potyvirus
Pepper mild mottle virus PMMV Tobamovirus
Pepino mosaic virus PepMV Potexvirus
Potato aucuba mosaic virus PAMV Potexvirus
Potato leaf roll virus PLRV Polerovirus
Potato virus A PVA Potyvirus
Potato virus M PVM Carlavirus
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Bromoviridae

Secoviridae
Tombusviridae
Potyviridae
Solemoviridae

Bromoviridae
Secoviridae
Secoviridae
Secoviridae
Geminiviridae
Solemoviridae
Virgaviridae

Bromoviridae

Solemoviridae
Nanoviridae
Betaflexiviridae
Potyviridae
Potyviridae
Tombusviridae
Potyviridae
potyviridae
Virgaviridae
Solemoviridae
Potyviridae
Virgaviridae
Alphaflexiviridae
Alphaflexiviridae
Solemoviridae
Potyviridae

Betaflexiviridae

Potato, tomato,
pepper, cucurbits &
legumes

Cucurbits
Legumes
Legumes

Potato, tomato,
pepper, eggplant &
legumes

Legumes
Legumes
Legumes
Legumes
Legumes
Legumes
Cucurbits

Potato, Sweet potato,
tomato, pepper,
eggplant, cucurbits &
legumes

Cucurbits
Legumes
Garlic
Garlic
Cucurbits
Cucurbits
Garlic
Cucurbits
Legumes
Legumes
Legumes
Pepper
Tomato
Potato
Potato
Potato

Potato

Haj Kassem et al., 2007b;
Kawas, 2007a, 2007b; Daas et
al., 2007; Mouhanna et al., 1994

Al-Tamimi et al., 2009a
Makkouk et al., 1988
Makkouk et al., 1988

Haj Kassem & Refai, 2009;
Mouhanna et al., 1994

Makkouk et al., 1988
Makkouk et al., 1988
Makkouk et al., 1988
Makkouk et al., 1988
Kumari et al., 1997
Ismail & Abbas, 2014
Kawas, 2007b

Chikh Ali et al., 2008; Ismail et
al., 2004b; Kawas, 2007a,
2007b; Daas et al., 2007; Haj
Kassem & Refai, 2009;
Makkouk et al., 1988

Kawas, 2007

Makkouk et al., 1992¢
Kawas, 2003
Mohammad et al., 2007
Al-Tamimi et al., 2009a
Kawas, 2007
Mohammad et al., 2007
Katul & Makkouk, 1987
Kumari & Makkouk, 2007
Makkouk et al., 1988
Makkouk et al., 1988
Ismail & Abbas, 2013
Fakhro et al., 2010

Haj Kassem et al., 2007b
Haj Kassem et al., 1997
Haj Kassem et al., 1997
Haj Kassem et al., 1997



Viruses & Phytoplasmas Abbreviation Genus Family Hosts References

Potato virus S PVS Carlavirus Betaflexiviridae Potato Haj Kassem et al., 1997
Potato virus X PVX Potexvirus Alphaflexiviridae Potato, tomato, pepper Haj Kassem et al., 1997; Haj
& eggplant Kassem & Refai, 2009
Potato virus Y PVY Potyvirus Potyviridae Potato, tomato, pepper Haj Kassem et al., 1997; Haj
& eggplant Kassem & Refai, 2009
Shallot latent virus SLV Carlavirus Betaflexiviridae Garlic Kawas, 2003
Soybean dwarf virus SbDV Luteovirus Tombusviridae Legumes Nassan et al., 1997
Squash leaf curl virus SLCV Begomovirus Geminiviridae Cucurbits Al-Tamimi et al., 2009a
Squash mosaic virus SqMV Comovirus Secoviridae Cucurbits Kawas, 2007
Sweet potato feathery mottle virus SPFMV Potyvirus Potyviridae Sweet potato Ismail et al., 2004b
Tobacco mosaic virus T™MV Tobamovirus Virgaviridae Potato, tomato, pepper Haj Kassem & Refai, 2009
& eggplant
Tobacco rattle virus TRV Tobravirus Vergaviridae Potato, tomato, pepper Haj Kassem & Refai, 2009
& eggplant
Tobacco ring spot virus TRSV Nepovirus Secoviridae Potato, tomato, Haj Kassem & Refai, 2009; Al-
pepper, eggplant & Tamimi et al., 2009a
cucurbits
Tomato black ring virus ToBRV Nepovirus Secoviridae Potato, tomato, Haj Kassem & Refai, 2009; Al-
pepper, eggplant & Tamimi et al., 2009a
cucurbits
Tomato brown rugose fruit virus ToBRFV Tobamovirus Virgaviridae Tomato, pepper Ismail et al., 2020; Abou Kubaa
etal., 2021
Tomato ring spot virus ToRSV Nepovirus Secoviridae Tomato & Ecucurbits Akel et al., 2012; Al-Tamimi et
al., 2009a
Tomato spotted wilt virus TSWV Orthotospovirus Tospoviridae Potato, tomato, Kawas, 2007a; Daas et al., 2007;
pepper, eggplant & Haj Kassem & Refai, 2009;
cucurbits Kawas, 2007
Tomato yellow leaf curl virus TYLCV Begomovirus Geminiviridae Tomato, pepper & Kawas, 2007a; Akel et al., 2019;
cucurbits Hasan & Mouhanna, 2016
Tomato mosaic virus ToMV Tobamovirus Virgaviridae Tomato & pepper Ismaeil et al., 2012b
Watermelon mosaic virus WMV Potyvirus Potyviridae Pepper & Cucurbits ~ Mouhanna et al., 2021; Al-
Chaabi et al., 2006
Watermelon mosaic virus 2 WMV-2 Potyvirus Potyviridae Cucurbits Katul & Makkouk, 1987
Zucchini yellow fleck virus ZYFV Potyvirus Potyviridae Cucurbits Katul & Makkouk, 1987
Zucchini yellow mosaic virus ZYMV Potyvirus Potyviridae Cucurbits Kawas, 2007h
Clover proliferation CPR Phytoplasma Acholeplasmataceae Tomato Khalil et al., 2019a, 2019b

(Candidatus phytoplasma trifolii)

uadlall

1y g Clg il Jralaa pal o Alaeal) Lapdlgialilly cilug i) .2023 . (5ad lud sliuag CAIAL) taaa ¢ gaia Jlaa ¢ b ¢ Joslan)

https://doi.org/10.22268/AJPP-41.4.444458 .458-444 :(4)41 il cilil) 4By dlas .dsale dza)ye
Ledg sl clld (ghals clagelS pimally (o538l Aol cansse Pl llailadl) alaes 8 AdA) g i) Jnalae o yaall bl doyses i
Jaall Lage havae i Cam o) Ao}l cilelld aal (o g sl delyy 235 . Gila Sla Chaay Jies slify au A Altieal) Lo giall alidl
cplalals/5501 ¢ ulalay/Unlla)) lalaidlll dujp 8 degyall g pndll aal am .)f;.;n Da e donal) daall Haas 3dy WS e hiall daaly
shaid il ¢ sllgaald ¢ jumal Jsd) Cldsill ¢(Calag LasS L caladif Jaal fadas cpuan/ sanl gba) e jall ¢(Olaidly Jilhfalisls cosla alaly/Unllsy
g sl Jacalae lad i) o celaald) ¢ Gudl ¢ pumd¥) agill ¢ pmd¥) o) s Jie (ST plgly (il Jani s Gl Casile) lisdeall ¢(shpiad elungly
Go waell dampall Slssall aal e 325 lly LaDlgilally calasg il cilag il Wgtaa (e cilidg dpaye Sl g AU Gl e waally ol
Laliag) lgie paall Jad 385 LaDlgildl) e Jills lag yulll e daaal) LI ool 5 ¢dygmn (B Al s V) Play - 8l Aall syladl) ()i
Gl @l e Laalill a1y Lolaii) Ll sty maal lgalla agill cual Alia Clagua s3e DA (e gyl Jaalas e (lusg il

(2023) 4 325 4] alaa oy 2l il L5 Asa 452


https://doi.org/10.22268/AJPP-41.4.444458

g b Ao sl Slgyeadl) Jualae aal o ducmyall Cilopsal) el Cipedl s Sl cJlaall 138 5 Gigadly Slaball Sl oLl 5 G yall
aglsall/iugal) Luilidly Sisiall pasill Gl GaISH b ge el it LS L lEaiSd A Bkl L)l Bl dlass

cJualaall gl Zasall sl gl (Asjally Lungls puuad)/Aabad)
g (LaDligild cilug i (g pad Jualas (bl 1dalide alal

Al r\.t:@\ cals [P )S)A (2) Q:.‘-JJ‘H 5&14) ca:\.c\)‘}” w\ Li};.\ﬂ dalall :i.ugi\ (1) 3L§)A§ Ot cliiag 20l daaa 51‘5&(&4; c*ld::cLA...u} )JU :o_,.l:.'\;l..l.“ i glis
A,g)gl\* u\.us MLJ ‘EIAAM d@...u cd{)ﬁ &I}A..l ddasa c(\AJ\S,g\) -’ul;ﬂ é.LLm” ‘f -’«.pU)ll u)a.zﬂ ‘_A‘,J\ )S)d\ (3) ‘3.1)}\.» &uh 5@9\))“ -L.ALJ\ u,;.dl

References

Abbas, N. and Y. Darwish. 2017. Survey of some viruses
transmitted through seeds of bean and pea in Latakia
province, Syria. Tishreen University Journal for
Research and Scientific Studies, Biological Sciences
Series, 93(9):65-72.

Abou Kubaa, R., E. Choueiri, K. Heinoun, F. Cillo and
M. Saponari. 2021. First report of Tomato brown
rugose fruit virus infecting sweet pepper in Syria and
Lebanon. Journal of Plant Pathology, 104: 425.
https://doi.org/10.1007/s42161-021-00987-y

Akel, E., I. Ismail, E. Ali and W. Al-lbrahem. 2012.
Detection and distribution of some tomato viruses
inside green houses in Syrian cost. Tishreen University
Journal for Research and Scientific Studies, Biological
Sciences Series, 34(6):63-75.

Akel, E., I.D. Ismail, S. Al-Chaabi and S. Fuentes. 2010b.
New natural weed hosts of Sweet potato feathery
mottle virus in Syria. Arab Journal of Plant Protection,
28(1):96-100.

Akel, E., Q. Al-Rhayeh, N. Ali and I.D. Ismail. 2019. First
report of a mixed infection with Tomato yellow leaf
curl virus TYLCV and Tomato spotted wilt virus
TSWV in some economic crops in the Syrian coastal
region. Canadian Journal of Pesticides & Pest
Management, 1(1):37-45.
https://doi.org/10.34195/can.j.ppm.2019.12.003

Akel, E.H., LLD. Ismail and S. Al-Chaabi. 2008.
Identification of some Sweet potato feathery mottle
potyvirus isolates by using differential indicator plants.
Tishreen University Journal for Research and
Scientific Studies, Biological Sciences Series,
30(4):59-72.

Akel, E.H., 1.D. Ismail and S. Raai. 2007. First record of
sweet potato feathery mottle virus and cucumber
mosaic virus on sweet potato in Syria. In: Abstract
book of the 9" Arab congress of plant protection, 19-
23 November 2006, Damascus, Syria. Arab Journal of
Plant Protection, 25(1):68.

Akel, E.H., L.D. Ismail, S. Al-Chaabi and S. Fuentes.
2010a. Evaluation of the health status of sweet potato
in relation to infection with some viruses along the
coastal region of Syria. Arab Journal of Plant
Protection, 28(1):33-37.

Akel, E.H., Q.A. Al-Rhayeh, H.N. Kawas and I.D. Ismail.
2020. Effect of two strains of plant growth promoting
rhizobacteria on the incidence and severity of infection
with Tomato yellow leaf curl virus and on some plant
growth criteria for tomatoes grown under greenhouse

453 Arab J. Pl. Prot. Vol. 41, No. 4 (2023)

ismaeilfaiz1968@gmail.com :Jul el Calill 5 <Y

conditions. Arab Journal of Plant Protection,
38(3):241-251.
https://doi.org/10.22268/AJPP-38.3.241251

Al-Ajouriyeh, H., I. Ismail, B. Samra and F. Sahyouni.
2021a. Effect of Cucumber mosaic virus on proline and
hydrogen peroxide content in some pepper hybrids
grown in Latakia governorate, Syria. Arab Journal of
Plant Protection, 39(1):39-46.
https://doi.org/10.22268/AJPP-39.1.039046

Al-Ajouriyeh, H., 1. Ismail, B. Samra and F. Sahyouni.
2021b. Effect of infection with Cucumber mosaic virus
on some physiological indicators and productivity of
several hybrids of pepper. Tishreen University Journal
for Research and Scientific Studies, Biological
Sciences Series, 34 (6):153-1609.

Al-Ajouriyeh, H., I. Ismail, B. Samra and F. Sahyouni.
2021c. The effect of Cucumber mosaic virus infection
on the light pigments of some pepper hybrids
(Capsicum annum L.) in Latakia governorate. Syrian
Journal of Agricultural Research, 8(3):115-125.

Al-Ajouriyeh, H., 1. Ismail, B. Samra and F. Sahyouni.
2022. The effect of Cucumber mosaic virus infection
on indicators of vegetative growth of some pepper
(Capsicum annum L.) hybrids in Latakia governorate.
Syrian Journal of Agricultural Research, 9(1): 342-
351.

Al-Ajouriyeh, H.A., 1.D. Ismail and B.M. Samra. 2016.
Effect of time of inoculation with Cucumber mosaic
virus on plant height and specifications of pepper fruits
under field conditions in Latakia, Syria. Arab Journal
of Plant Protection, 34(1):23-29.

Al-Chaabi, S., A. R. Darwesh, F. Ismaeil, J. Mando and
T. Abu-Fadel. 2016. A survey for some viruses
affecting potato in Syria, and serological detection of
main strains of Potato virus Y. Arab Journal of Plant
Protection, 34(1):10-22.

Al-Chaabi, S., M. J. Mando, F. Ismaeil and W. Ghazaleh.
2006. Viruses on watermelon and melon crops in Syria:
their spread, effect of grafting by using different
rootstocks on viral infections, and ZYMV transmission
through seeds. Arab Journal of Plant Protection, 24(2):
75-83.

Alkhalaf, M., S.G. Kumari, A. Haj Kasem, K.M.
Makkouk and S. Al-Chaabi. 2009. Differentiation
between susceptible and resistant faba bean, lentil and
pea genotypes to Bean yellow mosaic virus on the basis
of virus movement and multiplication. Arab Journal of
Plant Protection, 27(2):165-173.



https://doi.org/10.1007/s42161-021-00987-y
https://doi.org/10.34195/can.j.ppm.2019.12.003
https://doi.org/10.22268/AJPP-38.3.241251
https://doi.org/10.22268/AJPP-39.1.039046

Alkhalaf, M., S.G. Kumari, A. Haj Kassem, K.M.
Makkouk and S. Al-Chaabi. 2010. Bean yellow
mosaic virus on cool-season food legumes and weeds:
distribution and its effect on faba bean yield and
control in Syria. Arab Journal of Plant Protection,
28:38-47.

Al-Shami, R.M. and 1.D. Ismail. 2013. The effect of Potato
virus Y and Cucumber mosaic virus on the growth of
tomato in greenhouses. Tishreen University Journal for
Research and Scientific Studies, Biological Sciences
Series, 35(2):157-170.

Al-Shami, R.M. and 1.D. Ismail. 2014. The effect of single
and mixed infections of Potato virus Y and Cucumber
mosaic virus on yield components of tomato plants.
Arab Journal of Plant Protection, 32(2):119-124.

Al-Shami, R.M., I.D. Ismail and Y. Hammad. 2017. Effect
of some Rhizobacteria species on phenol contents and
photosynthesis pigments in tomato plants inoculated
with Cucumber mosaic virus (CMV). Arab Journal of
Plant Protection, 35(3):139-144.
http://dx.doi.org/10.22268/AJPP-035.3.139144

Al-Tamimi, N., H.Z Kawas and A. Mansour. 2009c. Seed
transmission of some viruses affecting squash in
Southern Syria and Jordan Valley. Jordan Journal of
Agriculture Sciences, 5(4):497-506.

Al-Tamimi, N., H.Z. Kawas and A. Mansour. 2009a. Viral
diseases affecting squash (Cucurbita pepo) in southern
Syria and Jordan valley. In: Abstract book of the 10™
Arab congress of plant protection, 26-30 October 2009,
Beirut, Lebanon. Arab Journal of Plant Protection,
27(special issue): E92.

Al-Tamimi, N., H.Z. Kawas and A. Mansour. 2009b. Seed
transmission of viruses in squash seeds (Cucurbita
pepo) in Southern Syria and Jordan Valley. In: Abstract
book of the 101" Arab congress of plant protection, 26-
30 October 2009, Beirut, Lebanon. Arab Journal of
Plant Protection, 27(special issue): E93.

Anfoka, G., A.B., Khalil and I. Fattash. 2003. Detection
and molecular characterization of a phytoplasma
associated with big bud disease of tomatoes in Jordan.
Journal of Phytopathology, 151(4):223-227.
https://doi:10.1046/j.1439-0434.2003.00709.x

Anonymous. 2020. The Annual agricultural statistical set.
Division of agricultural statistics, Department of
planning and statistics, Ministry of Agriculture and
Agrarian Reform, Damascus, Syria.

Asaad, N.A., S.G. Kumari, A.A. Haj Kassem, S. Al-
Chaabi and R.S. Malhotra. 2009. Beet western
yellows virus (BWYV) in Syria. Arab Journal of Plant
Protection, 27(2):188-198.

Chikh Ali, M., K. Katayama, T. Maoka and K.T.
Natsuaki. 2006. The Occurrence of Potato virus Y on
Potato in Syria. Japanese Journal of Tropical
Agriculture, 50(1):23-28.

Chikh Ali, M., T. Maoka and K.T. Natsuaki. 2008. The
Occurrence of potato viruses in Syria and the
molecular detection and characterization of Syrian
Potato virus S isolates. European Potato Research,
51(2):151-161.
https://doi.org/10.1007/s11540-008-9099-9

Chikh Ali, M., T. Maoka, T. Natsuaki and K.T. Natsuaki.
2009. The occurrence of a novel strain of Potato virus
Y in Syria. In: Abstract book of the 10" Arab congress
of plant protection, 26-30 October 2009, Beirut,
Lebanon. Arab Journal of Plant Protection, 27(special
issue): E87-E88.

Chikh Ali, M., T. Maoka, T. Natsuaki and K.T. Natsuaki.
2010. PVYNTN-NW 3 novel recombinant strain of Potato
virus Y predominating in potato fields in Syria. Plant
Pathology, 59(1):31-41.
https://doi.org/10.1111/j.1365-3059.2009.02174.x

Choueiri, E., P. Salar, F. Jreijiri, S. EI Zammar, R.
Massaad, H. Abdul-Nour, J.M. Bové, J.L. Danet
and X. Foissac. 2007. Occurrence and distribution of
‘Candidatus Phytoplasma trifolii’ associated with
diseases of solanaceous crops in Lebanon. European
Journal of Plant Pathology, 118:411-416.
https://doi.org/10.1007/s10658-007-9142-8

Daas, K., H. Z. Kawas and S. Al-Chaabi. 2007.
Preliminary study about pepper viruses in Syria and
seed transmission possibility of some of them. In:
Abstract book of the 9" Arab congress of plant
protection, 19-23 November 2006, Damascus, Syria.
Arab Journal of Plant Protection, 25(1):73.

Fakhro, A., S. Von Bargen, M. Bandte and C. Bittner.
2010. Pepino mosaic virus, a first report of a virus
infecting tomato in  Syria.  Phytopathologia
Mediterranea, 49(1):99-101.
https://doi.org/10.14601/Phytopathol Mediterr-3097

Ghanem, H.M., E.H. Akel, Q.A. Al-Rhayeh and I.D.
Ismail. 2021. Induction of systemic resistance in
tomato plants against Tomato yellow leaf curl virus in
protected cultivation using a local bacterial isolate of
Bacillus subtilis. Arab Journal of Plant Protection,
39(4):289-295.
https://doi.org/10.22268/AJPP-039.4.289295

Haj Kassem, A. and M. Abdullatif. 1997. Field survey of
viral infections on potato in northern Syria during its
different propagation steps. Research Journal of
Aleppo University, Agricultural Sciences Series,
28:95-110.

Haj Kassem, A., A. Alsayed Omar and M. Naser. 2007a.
Field survey of the most important virus diseases
spread on potato crop in northern Syria. Aleppo
University Research Journal, Agricultural Sciences
Series, 74:31-40.

Haj Kassem, A., Alhassan, S. and R. Cheikh Amin. 1997.
Survey of the most important viruses infecting potato
in North Syria. Bassel Alassad Journal of Agricultural
Engineering Sciences, 3:91-97.

Haj Kassem, A., K. Abdulhalim, O.E.G. Refai and M.
Kassem. 2007b. New viruses infecting potato crop for
the first time in Syria. In: Abstract book of the 9" Arab
congress of plant protection, 19-23 November 2006,
Damascus, Syria. Arab Journal of Plant Protection,
25(1):67.

Haj Kassem, A.A. and O.E.G. Refai. 2009. The most
important of viral diseases affecting cultivated
Solanacious crops in Syria. In: Abstract book of the
10" Arab congress of plant protection, 26-30 October

(2023) 4 325 4] e oy 2l il 485 U 454


https://ajpp.asplantprotection.org/wp-content/uploads/2021/04/Vol35-3_139-144.pdf
https://doi:10.1046/j.1439-0434.2003.00709.x
https://bsppjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chikh+Ali%2C+M
https://bsppjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Maoka%2C+T
https://bsppjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Natsuaki%2C+T
https://bsppjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Natsuaki%2C+K+T
https://doi.org/10.1111/j.1365-3059.2009.02174.x
https://doi.org/10.1007/s10658-007-9142-8
http://dx.doi.org/10.14601/Phytopathol_Mediterr-3097

2009, Beirut, Lebanon. Arab Journal of Plant
Protection, 27(special issue): E79.

Haj Kassem, A.A. and O.E.G. Refai. 2011. Identification
of the most important viruses infecting potato in Syria.
Arab Journal of Plant Protection, 29:165-170.

Haj Kassem, A.A., K. Abdul Halim, O.E.G. Refai and W.
Warrak. 2005. The most important of viruses
affecting cucurbits in Syria. Arab Journal of Plant
Protection, 23:1-6.

Hajali, M., H.Z. Kawas and Y. Abu-Ahmad. 2015.
Detection of potato viral diseases in southern parts of
rural Damascus, Syria. Arab Journal of Arid
Environments, ACSAD, 8(1-2):64-68.

Halabi, M.H. and E. Akel. 2014. First report of Tomato
spotted wilt virus on tobacco, eggplant and some weeds
in Syria. International Research Journal of Applied and
Basic Sciences, 8(10):1626-1627.

Halabi, M.H.H., N. Abbas and E.H. Akel. 2015. Detection
and distribution of Potato virus Y on solanaceous crops
and associated weeds in Latakia Province in Syria.
Arab Journal of Plant Protection, 33(1):50-54.

Hamdan, R.S., I.D. Ismail and E. Akel. 2021. Effect of
Tomato yellow leaf curl virus infection on some
growth indicators of pepper hybrids grown under
plastic house conditions in Latakia governorate, Syria.
Arab Journal of Plant Protection, 39(4):309-316.
https://doi.org/10.22268/AJPP-39.4.309316

Hasan, A.A. and A.M. Mouhanna. 2016. Detection of
Tomato yellow leaf curl virus TYLCV in some
vegetable crops in greenhouses and identify its strains
in the Syrian Coast. International Journal of ChemTech
Research, 9(11):278-286.

Hasan, A.A. and A.M. Mouhanna. 2022. Investigation on
the spread of the Spanish strain of Tomato yellow leaf
curl virus TYLCSV-ES in greenhouses along the
Syrian coast. Arab Journal of Plant Protection, 40(1):7-
14. https://doi.org/10.22268/AJPP-40.1.007014

Hasan, Z.M., L.D. Ismail and S.M. Al-Chaabi. 2013.
Occurrence of Tomato yellow leaf curl virus in the
Syrian coastal area and serological characterization of
selected isolates. Arab Journal of Plant Protection, 31
(1):21-28.

Hasan, Z.M., N.M. Salem, I.D. Ismail, I. Akel and A.Y.
Ahmad. 2021. First Report of Tomato brown rugose
fruit virus on tomato in Syria. Plant Disease,
106(2):772.
https://doi:10.1094/PDIS-07-21-1356-PDN

Hassan, H.T., K.M. Makkouk, A.A. Haj Kassem. 1997.
Viral diseases spreading on cultivated legumes in EI-
Ghab and Al-Asharneh plains. In: Abstracts book of
the 6 Arab congress of plant protection, 27-31
October 1997, Beirut, Lebanon. Arab Journal of Plant
Protection, 15(2):102.

Hassan, H.T., K.M. Makkouk, A.A. Haj Kassem. 1999.
Viral diseases on cultivated legume crops in Al-Ghab
plain, Syria. Arab Journal of Plant Protection,
17(1):17-21.

Ibrahim, M.S., Y.A. Hammad and S. Ra‘ai. 2020a. The
role of some bio-fertilizers and salicylic acid in
phenolic content and peroxidase enzyme activity in

455 Arab J. Pl. Prot. Vol. 41, No. 4 (2023)

pepper plants infected with Cucumber mosaic virus.
Arab Journal of Plant Protection, 38 (4):327-332.
https://doi.org/10.22268/AJPP-38.4.327332

Ibrahim, M.S., Y.A. Hammad and S. Ra ai. 2020b. Effect
of (PGPR) bacteria on some morphological and
qualitative traits of pepper and (CMV) infection.
Syrian Journal of Agricultural Research, 7(6):400-412.

Ismaeil, F. AA. Haj Kassem, S. Al-Chaabi, A.
Abdulkader and M. Alkhalaf. 2015. Serological and
molecular characterization of Syrian Tomato spotted
wilt virus isolates. Phytopathologia Mediterranea,
54(1):28-34.
https://doi: 10.14601/Phytopathol_Mediterr-13874

Ismaeil, F., A.A Haj Kassem and S. Al-Chaabi. 2012a.
First report of Tomato spotted wilt virus on tomato in
Syria. Journal of Plant Pathology, 94(4, Supplement):
S4.85-54.105.

Ismaeil, F., A.A Haj Kassem and S. Al-Chaabi. 2012b.
First report of Tomato mosaic virus on tomato and
pepper in Syria. Journal of Plant Pathology, 94(4,
Supplement):S4.85-S4.105.

Ismaeil, F., A.A Haj Kassem and S. Al-Chaabi. 2012c.
Evaluation the response of some tomato imported
hybrids and local genotypes to infection with Tomato
mosaic virus and its molecular detection. Arab Journal
of Plant Protection, 30(2):223-230.

Ismaeil, F., A.A. Haj Kassem and S. Al-Chaabi. 2009.
Current status of Tomato spotted wilt virus on tomato
and pepper crops in Syria and serological
characterization of some of its isolates. In: Abstract
book of the 10" Arab congress of plant protection, 26-
30 October 2009, Beirut, Lebanon. Arab Journal of
Plant Protection, 27(special issue): E78.

Ismaeil, F., A/A. Haj Kassem and S. Al-Chaabi. 2010.
Current status of Tomato spotted wilt virus on tomato
and pepper crops in Syria and serological
characterization of some its isolates. Arab Journal of
Plant Protection, 28:120-126.

Ismaeil, F., A.A. Haj Kassem and S. Al-Chaabi. 2011.
Distribution and seed transmission of Tomato mosaic
virus on tomato and pepper crops in Syria. Arab
Journal of Plant Protection, 29:21-28.

Ismaeil, F., A.A. Haj Kassem, S. Al-Chaabi and A.
Abdulkader. 2013. Molecular characterization of
some Syrian isolates of Tomato mosaic virus. Arab
Journal of Plant Protection, 31(3):200-207.

Ismaeil, F., A./A. Haj Kassem, S. Al-Chaabi and J.
Mando. 2014. Transmission of Tomato mosaic virus
(ToMV) through tomato and pepper seeds and the
efficiency of Thrips tabaci to transmit Tomato spotted
wilt virus (TSWV). Syrian Journal of Agricultural
Research, 1(1):43-50.

Ismail, 1.D. and N. Abbas. 2013. Survey of Pepper mild
mottle virus and Cucumber mosaic virus on pepper
crop in the Syrian coast and their seed transmission in
the field. Tishreen University Journal for Research and
Scientific Studies, Biological Sciences Series, 35(8):9-
18.

Ismail, 1.D. and N. Abbas. 2014. Survey of Chickpea
chlorotic stunt virus on broad bean crop in Latakia
Province. Tishreen University Journal for Research



https://doi.org/10.22268/AJPP-38.4.327332

and Scientific Studies, Biological Sciences Series,
36(5):79-85.

Ismail, 1.D. and S. Ra’ai and E. Akel. 2004b. A survey of
sweet potato virus diseases in Syrian costal region
"Latakia" using tissue blot immunobinding assay.
Tishreen University Journal for Studies and Scientific
Research, Biological Science Series, 26(1):159-179.

Ismail, I.D. and S. Ra’ai and E. Ali. 2004a. The effect of
Potato virus Y (PVY) on seeds of some potato cultivars
used in local plantation. Tishreen University Journal
for Studies and Scientific Research, Biological Science
Series, 26(1): 177-189.

Ismail, I.D. and S. Ra’ai. 2004. Survey of Potato Virus Y
Strains in Potato Production Fields Latakia Province,
Syria. Tishreen University Journal for Studies and
Scientific Research, Biological Science Series,
26(1):149-158.

Ismail, 1.D. and Y. Darwish. 2013. Survey of natural
transmission of some viruses by cowpea seeds.
Tishreen University Journal for Research and
Scientific Studies, Biological Sciences Series,
35(5):47-55.

Ismail, I.D. and Z. Hasan. 2007. Weeds hosting Faba bean
necrotic yellows nanavirus and Bean yellow mosaic
potyvirus in faba bean fields and their surroundings in
Syrian coastal region. Tishreen University Journal for
Studies and Scientific Research, Biological Sciences
Series, 29(1):81-95.

Ismail, 1.D., A.M. Said Omar and W. Mobaid. 2007a. The
effect of time of primary infection with local isolate of
PVY on the yield of some potato varieties and on its
tuber transmission. Tishreen University Journal for
Studies and Scientific Research, Biological Sciences
Series, 29(2):113-125.

Ismail, 1.D., A.M. Said Omar and W. Mobaid. 2007b. The
effect of PVY borne in seeds of some potato varieties
on their yield and PVY-tuber transmission rate.
Tishreen University Journal for Studies and Scientific
Research, Biological Sciences Series, 29(4):177-190.

Ismail, 1.D., B. Alkai and R. Yousef. 2007c. A survey of
some pepper virus diseases in the central and coastal
regions of Syria. Tishreen University Journal for
Studies and Scientific Research, Biological Sciences
Series, 29(2):103-112.

Ismail, 1.D., B. Alkai and R. Yousef. 2008. Transmission
of Cucumber mosaic cucumovirus and Alfalfa mosaic
alfamovirus via pepper seeds. Tishreen University
Journal for Research and Scientific Studies, Biological
Sciences Series, 30(1):181-189.

Ismail, 1.D., B. Samra and H. Al-Ajouriyeh. 2015. Effect
of infection time by Cucumber mosaic virus in growth
and production pepper field agriculture in Latakia
province. Tishreen University Journal for Research
and Scientific Studies, Biological Sciences Series,
37(3):385-395.

Ismail, 1.D., E. Akel and Z. Hasan. 2020. A new virus,
Tomato brown rugose fruit virus, possibly attacks
tomatoes grown under greenhouses in Latakia.
Abstracts Presented during a workshop entitled
“Detection, spread and management of invasive and
new emerging pests in Syria and neighbouring

countries”, organized by the Arab Society for Plant
Protection and Faculty of Agriculture, Tishreen
University, held in Lattakia, Syria, during 7-8 January
2020. Arab Journal of Plant Protection, 38(1):77-78.
https://doi.org/10.22268/AJPP-38.1.064102

Ismail, 1.D., O. Hamoudi, A. Ahmad and H. Kawas. 2016.
Effect of treatment of the tomato seeds with strains of
PGPR for inducing systemic resistance against
cucumber mosaic virus in green house. Tishreen
University Journal for Research and Scientific Studies,
Biological Sciences Series, 38(5):65-80.

Ismail, 1.D., S. Ra’ai and E. Akel. 2006a. Diagnosis of
some sweet potato viruses using indicator plants and
serological tests. Tishreen University Journal for
Studies and Scientific Research, Biological Science
Series, 28(1):161-173.

Ismail, I.D., S.G. Kumari and R. Al-Jallad. 2006b. Survey
of viruses causing yellowing and stunting symptoms
for faba beans crop in Syria. Tishreen University
Journal for Studies and Scientific Research, Biological
Sciences Series, 28(3):167-176.

Ismail, I.D., Y. Hammad and R. Al-Shami. 2017. The
effect of some spices of plant Growth Promoting
Rhizobacteria (PGPR) on disease severity and
reduction of virus infection of Cucumber mosaic virus
(CMV) on tomato plant under greenhouse conditions.
Tishreen University Journal for Research and
Scientific Studies, Biological Sciences Series,
93(9):73-86.

Katul, L. and K.M. Makkouk. 1987. Occurrence and
serological relatedness of five cucurbit potyviruses in
Lebanon and Syria. Phytopathologia Mediterranean,
26:36-42.

Katul, L., H.J. Vetten, E. Maiss, K.M. Makkouk, D.E.
Lesemann and R. Casper. 1993. Characterisation and
serology of virus-like particles associated with faba
bean necrotic yellows. Annals of Applied Biology,
123:629-647.
https://doi.org/10.1111/j.1744-7348.1993.tb04933.x

Kawas, H., O. Hamoudi, A. Ahmad and 1.D. Ismail.
2017a. Evaluation of efficacy of four bacterial strains
of plant growth promoting rhizobacter to induce
systemic resistance against Cucumber mosaic virus in
tomato plants grown in the greenhouse. Arab Journal
of Plant Protection, 35(1):6-15.
https://doi.org/10.22268/AJPP-035.1.006015

Kawas, H., O. Hamoudi, A. Ahmad and 1.D. Ismail.
2017b. Evaluation of two methods to use four strains
of plant growth promoting rhizobacter to induce
systemic resistance against Cucumber mosaic virus in
tomato plants grown in the greenhouse. In: Abstract
book of the 12™ Arab congress of plant protection, 04-
10 November 2017, Hurghada, Egypt. Arab Journal of
Plant Protection, 35(special issue): A-57.

Kawas, H., O. Hamoudi, A. Ahmad and I.D. Ismail. 2018.
Effect of seed treatments of tomato variety Merel with
four PGPR bacterial strains on promoting Peroxidase
enzyme activity and growth improvement. Syrian
Journal of Agricultural Research, 5(1):114-124.

Kawas, H.Z. 2003. Primary study about virus diseases on
garlic in Damascus and its countryside. Bassel Alassad

(2023) 4 325 4] alaa oy 2l il L5 Asa 456


https://doi.org/10.22268/AJPP-38.1.064102
https://doi.org/10.1111/j.1744-7348.1993.tb04933.x
https://doi.org/10.22268/AJPP-035.1.006015

Journal of Agricultural Engineering Sciences, 18:153-
170.

Kawas, H.Z. 2007a. A study about viral diseases of tomato
in Southern Syria and evaluation the resistance of
cultivars against virus infection. In: Abstract book of
the 9™ Arab Congress of Plant Protection, 19-23
November 2006, Damascus, Syria. Arab Journal of
Plant Protection, 25(1):66.

Kawas, H.Z. 2007b. Survey of viral diseases in cucurbits in
southern Syria and screening the resistance of some
cucurbits cultivars to the natural viral infection. In:
Abstract book of the 9" Arab Congress of Plant
Protection, 19-23 November 2006, Damascus, Syria.
Arab Journal of Plant Protection, 25(1):72.

Kawas, H.Z. 2009. Viral diseases of potato in Southern
Syria. In: Abstract book of the 10" Arab congress of
plant protection, 26-30 October 2009, Beirut, Lebanon.
Arab Journal of Plant Protection, 27 (special
issue):E84.

Khalil, H. 2007. Survey of viral diseases on tomato in the
central and coastal regions of Syria. Albaath University
Journal, 29(2):231-246.

Khalil, H.A.,, R.N. Yousef, N.V. Girsova, D.Z.
Bogoutdinov, T.B. Kastalyeva and S.A. Aldenkawe.
2019b. Detection of phytoplasma causing tomato big
bud disease in Syria. Arab Journal of Plant Protection,
37(1):71-76.
https://doi.org/10.22268/AJPP-037.1.071076

Khalil, H.A., R.N., Yousef, N.V. Girsova, D.Z
Bogoutdinov, T.B. Kastalyeva and S.A. Aldenkawe.
2019a. First report of tomato “Big Bud” disease in
Syria caused by ‘Candidatus phytoplasma trifolii’-
related strain. Plant Disease, 103:578.
https://doi.org/10.1094/PDIS-06-18-1057-PDN

Kumari, S.G. and K.M. Makkouk. 2007. Virus diseases of
faba bean (Vicia faba L.) in Asia and Africa. Plant
viruses, 1(1):93-105.

Kumari, S.G., I.D. Ismail and R. Al-Jallad. 2007. The
effect of the seed treatment of faba beans with
Thiamethoxam and Imidacloprid pesticides in
reducing the incidence of Bean leaf roll luteovirus.
Tishreen University Journal for Studies and Scientific
Research, Biological Sciences Series, 29(1):181-190.

Kumari, S.G., K.M. Makkouk and B. Baya'a. 1997.
Luteoviruses affecting winter food legumes in some
Asian and Red see countries: distribution and control
procedures. In: Abstract book of the 6! Arab Congress
of Plant Protection, 27-31October 1997, Beirut,
Lebanon. Arab Journal of Plant Protection, 15(2):102.

Kumari, S.G., K.M. Makkouk, J. Khalil, N. Attar, A.
Najjar and M. Al-Maadhidi. 2008. Viruses infecting
the winter-food and forage legumes crops. Pages 309-
361. In: Virus diseases of the important agricultural
crops in the Arab area (In Arabic). K.M. Makkouk, J.1.
Fegla and S.G. Kumari (eds.). Dar-Alnahdha
Alarabiya, Beirut, Lebanon.

Makkouk, K.M. and S. Kumari. 1992. Pea seed-borne
mosaic virus: host range, purification, serological
reactions, transmission methods and its spread in west
Asia and north Africa regions. In: Abstract book of the
4™ Arab Congress of Plant Protection, 1-5 December

457 Arab J. Pl. Prot. Vol. 41, No. 4 (2023)

1992, Cairo, Egypt. Arab Journal of Plant Protection,
10:114.

Makkouk, K.M. and S. Kumari. 1996. Detection of ten
viruses by the tissue-blot immunoassay (TBIA). Arab
Journal of Plant Protection, 14(1): 3-9.

Makkouk, K.M. and S. Kumari. 1997. Reduction the
infection of two viruses infecting faba bean by
controlling aphid transmission vectors by treatment of
seeds before planting with the insect pesticide
Imidacloprid, Gaucho. In: Abstract book of the 6%
Arab Congress of Plant Protection, 27-31 October
1997, Beirut, Lebanon. Arab Journal of Plant
Protection, 15(2): 102.

Makkouk, K.M. and S. Kumari. 2009. Epidemiology and
integrated management of persistently transmitted
aphid-borne viruses of legume and cereal crops in West
Asia and North Africa. Virus Research, 141:209-218.

Makkouk, K.M., H. Pappu and S. Kumari. 2012. Virus
diseases of peas, beans, and faba bean in the
Mediterranean region. Advances in Virus Research,
84:367-402.
http://dx.doi.org/10.1016/B978-0-12-394314-9.00011-7

Makkouk, K.M., L. Bos, E. Azzam and S. Asaad. 1986.
Existence of Broad bean stain virus on broad bean and
lintel in Syria and Lebanon and its serological
detection in seeds. In: Abstract book of the 21" Arab
Congress of Plant Protection, 24-27 March, 1986,
Damascus, Syria. Arab Journal of Plant Protection,
4(1):37.

Makkouk, K.M., L. Bos, E. Azzam, S. Kumari and A.
Rizkallah. 1988. Survey of viruses affecting faba bean
in six Arab countries. Arab Journal of Plant Protection,
6:53-61.

Makkouk, K.M., L. Bos, O.l. Azzam, L. Katul and A.
Rizkalah. 1987. Broad bean stain virus, identification,
occurrence in West Asia and North Africa and possible
wild hosts. Netherland Journal of Plant Pathology,
93:97-106.

Makkouk, K.M., S. Kumari, L. Katul and R. Kasper.
1992c. Faba bean necraotic yellow virus: a new disease,
could be from viral origin affecting faba bean and lintel
in west Asia and north Africa. In: Abstract book of the
4™ Arab Congress of Plant Protection, 1-5 December
1992, Cairo, Egypt. Arab Journal of Plant Protection,
10:114.

Makkouk, K.M., S.G. Kumari, A.G. Joop van Leur and
R.A.C. Jones. 2014. Control of plant virus diseases in
cool-season grain legume crops. Advances in Virus
Research, 90:207-253.
https://doi.org/10.1016/b978-0-12-801246-8.00004-4

Makkouk, K.M., W. Radwan and A. Haj Kassem. 1992a.
Survey of seed-borne viruses in barley, lentil and faba
bean seeds in Syria. Arab Journal of Plant Protection,
10(1):3-8.

Makkouk, K.M., W. Radwan and A. Haj Kassem. 1992b.
Survey of viruses existed in barley, lentil and faba bean
seeds in Syria. In: Abstract book of the 4™ Arab
congress of plant protection, 1-5 December 1992,
Cairo, Egypt. Arab Journal of Plant Protection, 10:113-
114,



https://doi.org/10.22268/AJPP-037.1.071076
https://doi.org/10.1094/PDIS-06-18-1057-PDN
https://doi.org/10.1016/b978-0-12-801246-8.00004-4

Mando, M.J., A.A. Haj Kassem, S. Al-Chaabi and S.G.
Kumari. 2011b. Susceptibility evaluation of some
squash and melon local accessions and hybrid varieties
to infection by Zucchini yellow mosaic virus and fruits
yield loss assessment. Arab Journal of Plant Protection,
29(2):245-252.

Mando, M.J., AA. Haj Kassem, S. Al-Chaabi, S.G.
Kumari and M. Turina. 2009. Spread of Zucchini
yellow mosaic virus on cucurbits in Syria and its
molecular detection. In: Abstract book of the 10 Arab
Congress of Plant Protection, 26-30 October, 2009,
Beirut, Lebanon. Arab Journal of Plant Protection,
27(special issue): E89.

Mando, M.J., A.A. Haj Kassem, S. Al-Chaabi, S.G.
Kumari and M. Turina. 2011a. Survey of some
mosaic viruses on cucurbits in Syria and molecular
detection of Zucchini yellow mosaic virus. Arab
Journal of Plant Protection, 29(1):14-20.

Moalla, M., A. Ahmed, O. Hammoudi and I.D. Ismail.
2020a. Effect of the bacterial strain Bacillus subtilis
FZB27 in controlling Cucumber mosaic virus (CMV)
in pepper plants grown under greenhouse conditions.
Arab Journal of Plant Protection, 38(2):130-136.
https://doi.org/10.22268/AJPP-38.2.130136

Moalla, M., A. Ahmed, O. Hammoudi and 1.D. Ismail.
2020b. The effect of bacterial strain Bacillus subtillis
FZB27 FZB27 to induce systemic resistance against
Cucumber mosaic virus (CMV) in pepper plants under
greenhouse conditions. Syrian Journal of Agricultural
Research, 7(4): 433-445.

Mobayed, W., S. Ra’ai and S.G. Kumari. 2012. Tuber
transmission of Syrian isolate of Potato virus Y
through primary infection of potato. Tishreen
University Journal for Research and Scientific Studies,
Biological Sciences Series, 34(5):125-134.

Mobayed, W., S.G. Kumari, S. Ra’ai and N. Attar. 2014.
Characterization of Some Syrian isolates of Potato
virus Y. Arab Journal of Plant Protection, 32(1):79-87.

Mohamad, Y., I.D. Ismail and K.F. Al-Janad. 2020.
Influence of plant density and Cucumber mosaic virus
infection on the morphological traits of beans Vicia
faba. Syrian Journal of Agricultural Research, 7
(6):377-389.

Received: September 13, 2022; Accepted: January 19, 2023

Mohammad, G., H.Z. Kawas and B. Al-Safadi. 2007.
Survey of garlic viruses in southern Syria. Damascus
University Journal of  Agricultural  Sciences,
23(1):255-265.

Mouhanna, A.M., A.A. Ali Hasan and H.N.H. Alobaidi.
2021. Detection and molecular characterization of
Watermelon mosaic virus (WMV) spread along the
Syrian coast. Arab Journal of Plant Protection,
39(1):47-54.
https://doi.org/10.22268/AJPP-39.1.047054

Mouhanna, A.M., K.M. Makkouk and 1.D. Ismail. 1994.
Survey of virus diseases of wild and cultivated legumes
in the coastal region of Syria. Arab Journal of Plant
Protection, 12(1):12-19

Nassan, H.M., K.M. Makkouk and A.A. Haj Kassem.
1997. Detection of Soybean dwarf luteovirus (SbDV)
in some food legume crops by using different ELISA
variants. Arab Journal of Plant Protection, 15(2):74-79.

Ra’ai, S.Y. 2011. Seed transmission of Cucumber mosaic
and Alfalfa mosaic viruses in tomato seeds. Tishreen
University Journal for Research and Scientific Studies,
Biological Sciences Series, 33(3):39-52.

Ra’ai, S.Y. and I. D. Ismail. 2000. The Effect of Tobacco
mosaic virus on some tomato varieties. Arab Journal of
Plant Protection, 18(1):51-53.

Salem, N.M., R. Tahzima, A.O. Abdeen, P.A. Bianco, S.
Massart, T. Goedefroit and K. De Jonghe. 2019.
First report of ‘Candidatus Phytoplasma aurantifolia’-
related strains infecting potato (Solanum tuberosum) in
Jordan. Plant Disease, 103:1406.
https://doi.org/10.1094/PDI1S-04-18-0705-PDN

Samra, B., I. Ismail and M. Huije. 2015. Effect of Salicylic
acid as a systemic acquired resistance on growth, and
productivity of cucumber plant in plastic greenhouse.
Tishreen University Journal for Research and
Scientific Studies, Biological Sciences Series, 73(1):9-
21.

Sankari, S., M. Chikh Ali, K. Katayama, N. Miki, A.M.
Said Omar, A.B. Sawas and K.T. Natsuaki. 2007.
The first report of polyclonal antibody production of a
Syrian isolate of Potato virus Y. Journal of
Agricultural Science, Tokyo University of Agriculture,
52(2):109-114.

2023/1/19 : 45 o 4881 gal) )5 €2022/9/13 :ad5uN) g5

(2023) 4 325 4] alaa oy 2l il L5 Asa 458


https://doi.org/10.22268/AJPP-38.2.130136
https://doi.org/10.22268/AJPP-39.1.047054
https://doi.org/10.1094/PDIS-04-18-0705-PDN

