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Survey on the health of potato seeds and potato crops

in Northwest Syria reveals first findings of non-indigenous
potato pathogens, Geotrichum candidum (causal organism
of Rubbery Rot) and Macrophomina phaseolina (causal

organism of Charcoal Rot)
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Abstract Potato is an important food crop in Syria,
particularly during the current crisis. Healthy seed
stocks are vital in maintaining yields and quality, but
the crop health risks associated with imported and
home-multiplied seed are unknown. Between 2020—
2022 pathogens in locally multiplied seed (LMS), and
imported seed potatoes (ISP) and open fields grown
from these sources were surveyed. Seed tubers from
LMS and ISP were assessed using mass spectrometry
(MOLDI-TOF MS). There was a greater prevalence
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of pathogens in LMS, although some important
potato pathogens were also detected on ISP. On LMS
seven fungal pathogens were detected, including
Geotrichum candidum (causal organism of rubbery
rot) on 35% of the samples and Macrophomina pha-
seolina (causal organism of charcoal rot disease) on
17% of the samples. These are first reports of these
pathogens in Syria. On ISP four fungal pathogens
were detected in 2022. The incidence of the detec-
tions was lower on IPS, although disease severity was
similar to those found on LMS. Quarantine patho-
gens were not detected in either source. Field dis-
eases assessments in northwest Syria showed a high
prevalence of disease symptoms in crops grown from
LMS. In crops grown from ISP disease levels were
much lower, however results may be confounded by
the fact that crops grown from ISP were surveyed in
a spring growing season, and the crops raised from
LMS were surveyed in autumn growing seasons.
Nevertheless, the research highlights the lower health
status of LMS.

Keywords Potato - Geotrichum candidum -
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Introduction

Globally, the potato crop is the fourth most impor-
tant food crop after wheat, rice, and corn with a total
world production estimated at 470.5 million tonnes in
2021 (FAO, 2022).

Before the conflict in Syria, potato production
was 720 thousand tonnes in 2008, but it was severely
reduced to 441 thousand tonnes in 2014 (FAO, 2022).
Since then, production has increased but remains at
approximately two-thirds of pre-crisis levels (FAO,
2018- Special Report). However, the annual produc-
tion of potatoes in Syria cannot be accurately esti-
mated due to ongoing conflict in the country since
2011. Most potato cultivars are susceptible to multi-
ple fungal, viral and bacterial diseases, which affect
both the quality and quantity of potato production.
The severity of potato losses due to disease is clas-
sified as semi-intensive for both quality and quantity
(Savary et al., 2012).

Northwest Syria is considered one of the main
areas for potato production and multiplication of seed
stocks in the country. A large number of potato cul-
tivars are produced to satisfy different requirements,
such as processing and home consumption.

Globally, it has been estimated that approximately
22% of potato crops are lost annually due to viral,
bacterial, fungal, and pest attack on potato tubers and
plants, incurring an annual losses of over 65 million
tonnes (Czajkowski 2011). Bacterial potato diseases
can play a decisive role in the cultivation of this crop
(Guchi et al., 2015). The most damaging bacterial
pathogens listed as quarantine pathogens, include
bacterial ring rot Clavibacter michiganensis subsp.
sepedonicus (causal organism of bacterial ring rot),
and Ralstonia solanacearum (causal organism of bac-
terial wilt or brown rot). Both are highly destructive
and difficult to control once established in a produc-
tion system (European Union, 2022). Because they
are not present in all areas where potatoes are grown,
strict quarantine measures should be applied to pre-
vent their spread (Wilson et al., 2001). Additionally,
soft rot diseases caused by Pectobacterium caroto-
vora subsp carotovora, P. carotovora subsp. atro-
spectica and P. chrysanthemi can cause significant
damage in field and during storage (Campos & Ortiz,
2020; Rahman et al., 2012). These bacterial diseases
are considered very critical for potato production,
as they can seriously affect the yield and quality of
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the potato crops. Fungal diseases, such as dry wilt,
Fusarium wilt and Verticillium wilt (Rupp & Jacob-
sen, 2017) can also have a detrimental effect on crop
production.

In Syria, very few data have been published since
2012. The fungi Colletotrichum coccodes, the causal
pathogen of black dot disease on potato, was isolated
and identified by Matar et al. (2012), in a specific
field survey conducted in central and northern Syria.
The common scab bacterial disease (Streptomyces
scabies) was investigated by Taweel et al. (2013), and
several potato cultivars were evaluated for succepti-
bility in the IDLIB governorate. Similar work on bac-
terial soft rot was carried out by Nabhan et al. (2009).
However, there has been no comperhensive survey of
bacterial and fungal disease in over a decade.

Healthy seed stock is vital for maintaining yields
and quality, but the crop health risks associated with
imported and home-multiplied seed after the Syr-
ian crisis are now uncertain. It is possible for trained
inspectors to visually observe some seed health
attributes (e.g. disease symptoms), but the absence of
latent infections and some symptomless viruses can
only be ensured through laboratory testing. Thus, it is
difficult to have confidence in the quality and source
of seed sold in local markets. This seed is often of
unknown health and may harbour seed-borne diseases
that reduce yields (McEwan, 2021).

Due to the lack of an effective agricultural quaran-
tine system in northern Syria and ineffective Turkish/
Syrian border control since 2012, there is a consid-
erable risk that new pathogens could be brought into
Syria on non-certified or low-quality seed materi-
als. Since 2012, there has been no survey of the dis-
ease risks within this region of Syria. As many of
these diseases do not have effective chemical con-
trol measures, it is even more essential that they are
not imported into a region where the rural economy
has been weakened by years of conflict. This pro-
ject aimed to survey imported and local seed potato
sources and advise on strategies that would reduce
risks going forward.

Material and methods
This investigation of the health status of seed potato

and growing crops was conducted in eight separate
locations of the Aleppo Governorate in Northwest
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Syria (NWS), (Fig. 1) during the spring and autumn
growing seasons of 2020-2022. The ongoing security
situation in this region sometimes restricted the abil-
ity to access samples.

The survey was divided into two separate phases
(a) An assessment of the presence of fungal and bac-
terial contamination on seed potatoes: both those
imported from EU counties into the region of NWS
as certified seed, and those informally multiplied by
farmers within the region. (b) A survey of the field
health of commercially grown potato crops and inter-
views with potato growers.

Seed potato sampling

During August 2020 and again in August 2022, grow-
ers with locally multiplied seed potatoes (LMS) lots
(around one metric tonne each) which were due to be
planted during the autumn production season were
sampled. At each location 100 tubers per lot of seed
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tubers were randomly selected. Ten LMS samples
were collected during August 2020 and a further
seven samples in 2022. Imported (Elite class-EU
grade) seed potatoes (ISP) were also sampled dur-
ing January 2021 (nine samples) and again in January
2022 (eight samples) prior to planting for the spring
production season. Samples were chosen to ensure a
mix of cultivars, countries of origin, and regions of
the Aleppo Governorate. At each location the sam-
pled seed tubers were placed into new paper sacks
and placed into a cooled ice box for transportation to
the testing laboratory.

Isolation and identification bacterial and fungal
pathogens

On arrival at Hatay Mustafa Kemal University
(HMKU) plant clinic, samples were stored for a
maximum of 3 weeks at 4°C until further use. Fif-
teen asymptomatic potato tubers were subsequently
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Fig. 1 Surveyed locations in Aleppo Governorate in Northwest Syria 2020-2022
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selected from each 100 tuber sample and peeled and
cut longitudinally.

For fungal isolation, small parts of both skin and
tuber cortex were cultivated in Petri dishes on solid
Potato Dextrose Agar (PDA) and incubated at 22°C
for 3 to 5 days (Thuillier et al., 2016). For bacteria
isolation, homogenised skin and cortex tissue were
streaked onto nutrient agar (NA) media and incubated
at 27°C for 24 h (Haj Hamed, 2008).

Identification of bacterial and fungal isolates
was conducted using matrix-assisted laser desorp-
tion ionization time-of-flight mass spectrometry
(MALDI-TOF MS) fingerprinting analysis (Zie-
gler et al., 2012 and Stets et al., 2013). This device
detects and identifies microbes based on proteomic
molecular weight, based on their flight time to reach
a sensitive detection service which allows the accu-
rate identification of microbes by comparing with
global microbial databases. The amount of each
fungus or bacteria identified in each sample was
expressed on a scale from 1-6 as a quantitative cri-
terion for the amount present in the sample accord-
ing to the Plant Health Clinic protocol laboratories
of Hatay Mustafa Kemal University, where: 1 = Very
low level (less than 20% of presence of bacteria or
fungi); 2=Low (between 20 and 40%); 3 =Medium
(40-60%); 4=High (60-80%); S5=Very high
(80-90%); 6 =Extremely high (more than 90%). In
January 2021, only bacterial microbes were isolated
and identified.

Field disease survey and assessment

In both autumn (2020 & 2022) and spring produc-
tion seasons (2021 & 2022), a total of 163 fields were
inspected in eight different locations of the NWS
(Fig. 1).

At each location the crop was initially inspected
by flying a drone (DJI C5 Mini 2 from SZ DIJI Tech-
nology Co Ltd company) to observe all areas of the
crop. The flight path was controlled by the operator
and permitted real time observation of all areas of the
crop. Areas of the field where crop growth was less
vigorous were identified and these areas were subject
to further direct scrutiny. At each selected location,
pictures were taken of symptoms present on differ-
ent plant parts and a minimum of five plants were
dug, underground parts examined, and photographed
as appropriate. Photos were examined by all team
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members to provide an agreed diagnosis based on the
visual symptoms. Disease identification was based on
the guides of the United Nations (2014) and the Inter-
national Potato Center (2018).

Each field was inspected at least twice during the
growing season at different growth stages, starting
from three weeks after emergence and included; rapid
canopy formation, flowering, and pre-harvesting
stages to assess the presence of diseases.

The percentage area of each field containing
infected plants of each disease was estimated during
the drone and in person inspections, expressed as Per-
centage of Infection Area (PIA). This figure provided
an indication of disease severity.

Grower survey

Following ethical approval from Cara Ethics Commit-
tee 2020 and consent from potato farmers, they were
interviewed to provide confidential information on
their personal circumstances (age, experience, educa-
tion) and specific information relating to their potato
crops, such as fertilizer source, pesticide usage, irri-
gation applied and methodology, yield expectation,
production challenges and the availability of agri-
culture extension. Interviews were conducted face to
face with data entered directly into a Kobo toolbox
software via a smart phone.

Results

Input seed potato sanitation

(a) Isolation of bacteria and fungi from locally mul-
tiplied seed (LMS):

The results (Tables 1 and 2) showed that both
bacteria and fungi were detected in all samples with
contamination levels ranging from very low (1)
to very high (5). A wide range of different bacte-
rial species where detected in all samples of LMS,
although none are recognized as potato pathogens.
The highest levels of bacterial contamination were
found in cv. Spunta and Synergy contaminated with
Pseudomonas koreensis, and Pseudomonas kilo-
nensis respectively. The most frequently detected
bacterial species in 2020 was Erwinia herbicola (4
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Table 1 Bactt?rial. and Cultivar "Microbe Type" Microbe name Con-
fungal contamination and tamination
infection levels of locally level#*
multiplied seed (LMS) in
NW Syria in 2020 using AL bayda Fungi Alternaria alternata* 1
MOLDI-TOF . . .
Fungi Macrophomina phaseolina* 1
Bacteria Enterobacter kobei 3
Bacteria Erwinia herbicola 4
Fungi Geotrichum candidum* 4
Arizona Fungi Macrophomina phaseolina* 1
Bacteria Pseudomonas sp. 2
Bacteria Xanthomonas hortorum 2
Bacteria Erwinia herbicola 2
Bacteria Pantoea agglomerans 2
Fungi Alternaria alternata* 2
Fungi Fusarium solani* 2
Fungi Fusarium oxysporum* 3
Fungi Colletotrichum coccodes™ 5
Binella Bacteria Glutamicibacter arilaitensis 2
Fungi Fusarium sambucinum* 3
Cephora Fungi Alternaria alternata* 3
Bacteria Pseudomonas koreensis 4
Fungi Geotrichum candidum* 5
Fabula Bacteria Pseudomonas thivervalensis 2
Fungi Alternaria alternata* 2
Bacteria Pseudomonas kilonensis 3
Fungi Geotrichum candidum* 3
La Strada Bacteria Pseudomonas mediterranea 3
Bacteria Pseudomonas koreensis 3
Fungi Alternaria alternata* 3
Fungi Fusarium oxysporum* 3
Montreal Bacteria Pseudomonas syringae 2
Bacteria Pseudomonas caricapapayae 3
Fungi Geotrichum candidum* 3
Sylvana Bacteria Erwinia herbicola 2
Fungi Fusarium oxysporum* 3
Bacteria Pseudomonas gessardii 4
Fungi Geotrichum candidum* 4
(*) Potato pathogen Spunta Fungi Fusarium oxysporum®* 2
(**) a quantitative Fungi Fusarium sambucinum* 2
criterion' for the amount Bacteria Pseudomonas koreensis 5
of the microbe present . . .
in the sample; where: Synergy Fungi Fusarium acuminatum* 1
1 =Very low level (less Bacteria Acinetobacter calcoaceticus 3
than 20% of presence Bacteria Pseudomonas thivervalensis 3
of bacteria); 2=Low Fungi Geotrichum candidum* 3
(between 20 and 40%); . . .
3 = Medium(40-60%): Fungi Fusarium sambucinum* 3
4=Hight(60-80%); Bacteria Erwinia herbicola 4
5=Very high (80-90%); Fungi Fusarium oxysporum* 4
6=Extremely high (more Bacteria Pseudomonas kilonensis 5

than 90%)
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Table 2 Bacterial and

T Cultivar "Microbe Type" Microbe name Con-
fungal contamination and tamination
infection levels of locally level**
multiplied seed (LMS) in
NW Syria in 2022 using Alegira Bacteria Bacillus megaterium 3
MOLDI-TOF . . . .

Bacteria Bacillus mojavensis 2
Fungi Alternaria spp.* 3
Fungi Macrophomina phaseolina* 3
Fungi Colletotrichum coccodes™ 3
Bacteria Bacillus subtilis 3
Fungi Fusarium spp.* 3
Arizona Bacteria Bacillus simplex 2
Bacteria Pseudomonas korensis 3
Fungi Alternaria spp.* 2
Bacteria Bacillus subtilis 3
Fungi Fusarium spp. * 2
Fungi Penicillium spp. 2
La strada Bacteria Bacillus simplex 2
Bacteria Pseudomonas thivervalensis 3
Fungi Fusarium solani* 4
Monterial Bacteria Bacillus megaterium 4
(*) Potato pathogen Fungi Fusarium solani* 2
(**) a quantitative Fungi Colletotrichum coccodes* 4
criterion for the amount Safiyah Fungi Fusarium spp.* 3
of the microbe present . . .
in the sample; where: Fungi Alternaria spp.* 3
1= Very low level (less Sylvana Bacteria Bacillus megaterium 2
than 20% of presence Fungi Colletotrichum coccodes*™ 4
of bacteria); 2=Low Fungi Fusarium oxysporum* 1
(between 20 and 40%); Funed homing ph lina* )
3= Medium(40-60%); ungi Macrophomina phaseolina*
4 =Hight(60-80%); Synergy Bacteria Bacillus megaterium 2
5=Very high (80-90%); Fungi Fusarium solani* 2
6 =Extremely high (more Fungi Fusarium spp.* 3
than 90%)

samples), but this bacteria was not detected in 2022.
However, Bacillus megaterium, the most common
species (4 samples) detected in 2022, was absent
from all samples in 2020.

In contrast, with the single exception of a single
isolation of Penicillium spp, all of the fungal spe-
cies detected were species or genera of recognized
potato pathogens. Fungal pathogens were detected
in all tested samples and in several instances more
than one species was detected. Fusarium species
were found in the majority of samples (9 out of
12 samples) with 17 isolations of a range of spe-
cies (F. oxysporium, F. sambucinum, F. acumina-
tum, F. solani, and 2 samples identified to genus
level as Fusarium spp.). Fusarium species were all
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detected with contamination level of 3 or less, with
the exception of a single sample (cv. Synergy, 2020)
of F.oxysporium which reached level 4. Alternaria
alternata and other samples only identified to genus
level as Alternaria spp. were also detected fre-
quently (8 of 17 samples), with contamination level
from 1 to 3.

Less frequently the pathogen species include
Geotrichum candidum, which was detected in 6
samples, all taken during the 2020 season (Fig. 2),
and Macrophomina phaseolina was detected in 4
samples, two were during the 2020 and two in 2022.
Colletotrichum coccodes was detected on four sam-
ples at higher levels of contamination (3 to 5) over
both 2020 and 2022.
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Fig. 2 Symptoms of
Geotrichum candidum the
causal agent of rubbery rot
disease on potato during
autumn 2020 — LMS, in
Montreal (3) AL bayda (4)
and Sylvana (15) Cultivar
observed in ALBAB loca-
tion, detected for the first
time in North Syria

(b) Isolation of bacteria and fungi from imported
potato seed (ISP)

In 2021 the testing was restricted to bacterial
species (Table 3). However, in 2022 both bacte-
rial and fungal species were included in the test-
ing regime (Table 4). In 2021 across the 9 samples
tested, 16 different species of bacteria were iden-
tified. No species could be considered dominant

and none are recognized as potato pathogens. In
2022, the results are similar with a wide range of
non pathogenic bacterial species detected. In 2022,
a number of recognized fungal potato pathogens
were detected. The most frequently isolated patho-
gens were Alternaria spp.(4 samples), Colletotri-
chum coccodes (4 samples) and Fusarium spp. (3
samples). Of these most were detected at level 3 or
less with the exception of Colletotrichum coccodes
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Table 3 Microbe

o . . Cultivar Country of origin Microbe name Con-
contamination and infection tamination
levels of Imported potato level®*
seed (ISP): in NW Syria in
2021 using MOLDI-TOF Binella Netherlands Pseudomonas libanensis 2

La strada Scotland Staphylococcus succinus 3
Synergy France Pseudomonas rhodesiae 4
Pantoea agglomerans 5
Pseudomonas corrugate 3
Pseudomonas thivervalensis 2
Arizona Netherlands Erwinia herbicola 4
(*) Potato pathogen Pseudomonas poae 3
(**) a quantitative Xanthomonas hortorum 3
criterion for the amount Pseudomonas synxantha 2
of the microbe present - .
in the sample; where: Pseudomonas libanensis 3
1 = Very low level (less Sylvana Austria Stenotrophomonas rhizophila 5
than 20% of presence Paenibacillus amylolyticus 3
of bacteria); 2=Low Fabula Netherlands Erwinia herbicola 5
(between 20 and 40%);
3 = Medium(40-60%); Pantoea agglomerans 1
4=Hight(60-80%); Paenibacillus amylolyticus 4
5= Very high (80-90%); Sababa Netherlands Bacillus atrophaeus 4
6=Extremely high (more Sagitta Netherlands Staphylococcus sp. 2

than 90%)

which was consistently detected at higher levels (4
or 5).

Field diseases assessments

163 accessible potato fields in eight different loca-
tions of Northwest Syria were surveyed for the pres-
ence of diseases (Fig. 1): 67 fields in the autumn
2020, 51 in autumn 2021 and 45 in spring 2022. This
survey included 15 cultivars across the different loca-
tions of NWS. All spring produced potato fields (45)
were grown from ISP and all autumn potato fields
(118) were grown from LMS. The most commonly
cultivated cultivars were Binella (39 fields), Arizona
(35 fields), Synergy (19 fields) and La-strada (17
fields) (Table 5).

However in autumn potato feilds produced using
LMS a wider range of diseases were observed at
a higher frequency. The most frequent diseases
observed were late blight (24% of fields) and stem
canker (Rhizoctonia solani, 19% of fields). Potato
blackleg (generic symptoms so multiple possible
causal organisms including Pectobacterium spp and
P. chrysanthemi, 7%), common scab (Streptomyces
spp, 9%), early blight (2%) and potato leaf roll virus
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(7%) were also observed in crops. With the exception
of both early and late blight, these diseases were not
observed during the spring season (Table 5).

Regarding the Percentage of Infection Area
(PIA) rate in all infected surveyed fields, the results
showed that the highest (PIA) were 53%, 46%, and
38% of surveyed fields planted with LMS were
infected with common scab (Fig. 3), stem canker
and late blight respectively. Meanwhile, it was 18%
in blackleg and 16% in leaf roll disease. On the
other hand, in the field planted with ISP, it was only
23% and 20% in late blight and early blight respec-
tively (Table 6).

Grower survey

The results of surveyed potato farmers during 2020
and 2022 showed considerable diversity of the
age groups of potato growers, where the knowl-
edge of young people was mixed with the experi-
ences of the elderly. More than half (56%) of the
potato farmers were between 20-40 years, while
44% were 40-60 years. The area of potatoes being
grown ranged from 0.5 to 8.0 ha (average 2.8 ha).
All interviewed potato growers were using a range
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Table 4 Microbe

L . . Cultivar Origin country "Microbe Type"  Microbe name Con-
contamination and infection tamination
levels of Imported potato level®*
seed (ISP): in NW Syria in
2022 using MOLDI-TOF Alegira Germany Bacteria Enterobacter cloacae 5

Fungi Alternaria alternata* 3
Fungi Fusarium oxysporum* 2
Arizona Netherlands Bacteria Bacillus pumilus 3
Bacteria Pseudomonas kilonensis 3
Fungi Colletotrichum coccodes* 4
Bacteria Staphylococcus succinus 3
Fungi Alternaria alternata* 4
Lastrada  Scotland Bacteria Enterobacter cloacae 3
Bacteria Pseudomonas thivervalensis 2
Fungi Fusarium solani* 2
Fungi Penicillium sp. 3
Montreal France Bacteria Pseudomonas thivervalensis 4
(*) Potato pathogen Fungi Colletotrichum coccodes* 5
(**) a quantitative Safiyah UK Bacteria Bacillus simplex 3
CI‘ItCI‘lOI’l. for the amount Fungi Alternaria alternata* 4
of the microbe present Funei I h codes* 4
in the sample; where: ungi Colletotrichum coccodes
1 =Very low level (less Sylvana Austria Bacteria Bacillus simplex 5
than 20% of presence Bacteria Bacillus muralis 3
of bacteria); 2=Low Fungi Colletotrichum coccodes™ 5
(between 20 and 40%); S E B . Pseud . 3
3 =Medium(40-60%): ynergy rance acteria seudomonas caricapapayae
4 =Hight(60-80%); Bacteria Bacillus pumilus 2
5=Very high (80-90%); Fungi Fusarium oxysporum* 3
6=Extremely high (more Fungi Alternaria alternata* 3
than 90%)
of inorganic and organic fertilisers, sprinkler irri- Discussion

gation, and chemical pesticides to control pests
and diseases without any other alternative methods
such as biological control.

The interviews showed that the potato growers
were facing many challenges related to cultivation
of potato crop, especially for obtaining high-qual-
ity seed from a reliable source, due to their poor
purchasing power and the high prices of imported
seed potatoes. Moreover, the interviews high-
lighted, the absence of local government institu-
tions able to supervise the import of seed potatoes
and facilitate access to the seed market, and pro-
viding education and extension services presenting
further challenges to the production of a high input
cost crop. The growers indicated that there had
been a noticeable decline in potato crop cultivation
in NWS since 2011.

It is clear that the potato crop contributes signifi-
cantly to local food security in Syria. However, the
recent and ongoing political situation has adversely
affected potato production as costs have increased
and the availability of inputs such as certified seed
potatoes has been restricted (Mohamad et al., 2021).
This survey, is the first formalized study of potato
disease incidence in NWS since 2012 and has high-
lighted significant plant health issues. Previous
studies highlighted the presence of Colletotrichum
coccodes, the causal pathogen of black dot disease.
Matar et al. (2012) and Taweel et al. (2013) tested
several potato cultivars agaist the common scab dis-
ease caused by Streptomyces scabies in IDLIB gov-
ernorate, and similar work on bacterial soft rot was
reported by Nabhan et al. (2009).
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Fig. 3 Typical symptoms
of common scab disease in
autumn 2021- LMS (Binella
Cultivar observed in ARr’ee
location)

This study therefore sets out a baseline position on
the incidence and severity of potatoe diseases in the
NWS, ten years after the the crisis.

The results showed that the samples of both LMS
and ISP were contaminated by many species of bac-
teria including; Erwinia herbicola, Xanthomonas
hortorum, Pseudomonas syringae and Pantoea agglo-
merans. These are considered as opportunistic plant
pathogens of a range of crops (Werraet al., 2020).
Tsror et al. (1999) reported a similar range of bacte-
rial species on domestically produced and imported
seed potatoes in Palestine.

Syria is considered to be free from the quaran-
tine pathogenic bacteria, Clavibacter michiganensis
subsp. Sepedonicus (the causal agent of potato ring
rot) and Ralstonia solanacearum (brown rot) (Syrian
Ministry of Agriculture, 2011). Encouragingly, these
were not detected in this survey of both imported and
locally multiplied seed potatoes, although this find-
ing is caveated by the small size of the survey and the
fact that both pathogens can be hard to isolate into
visible colonies. However the MALDI-TOF MS is
able to detect them so it is probable that they were
not present in this survey. Pectobacterium spp. were

Table 6 Potato percentage of infection area (PIA) for each
disease according to the seed source and growing season

Disease name Potato seed source

ISP (Spring) LMS (Autumn)
Black leg - 18%
Common scab - 53%
Early blight 20% 30%
Late blight 23% 38%
Leaf roll - 16%
Stem canker - 46%

also not detected in any samples of seed potato tubers
pre planting. However, blackleg disease symptomes,
caused primarily by Pectobacterium atroseptica was
observed in crops produced from LMS.

The study showed that the imported potato seeds
were contaminated with Erwinia herbicola, which is
considered one of the species that infects horticultural
plants and reported to be associated with spoilage
(Umezuruike et al., 2019). This result also agreed and
overlaped with a study conducted in Bangladesh by
Rahman et al. (2012).

The most frequently isolated genera of fungal
pathogen detected were Fusarium species. F. oxyspo-
rium and F. solani and, F. sambucinum were detected
in both ISP and LMS seed. However, F. acuminatum,
was only detected in LMS seed. Both F. sambucinum
and F. acuminatum have not previously been reported
from this region. Altinawi & Faddoul (2023) identi-
fied a subspecies of F. oxysporium f. sp. Tuberosi as
present in the central and coastal areas of Syria caus-
ing vascular wilt and dry rot on tuber and plant over
two seasons, 2018 and 2019 demonstrating the poten-
tial for these pathogens to cause yield loss in the field
and during storage. Fusarium spp. are not considered
to be quarantine pests. However, import conditions
state that tubers should be inspected before impor-
tation and rejected if the disease is present (Syrian
Ministry of Agriculture, 2011).

Importantly, this study also detected the pres-
ence of both Geotrichum candidum, the causal agent
of rubbery rot and Macrophomina phaseolina, the
causal agent of charcoal rot on multiple samples
of locally multiplied seed. This is the first report of
these species on potatoes in North Syria. These are
reported as the causal agent of rubbery rot on potato
in Konya Province, Turkey (Soylu et al., 2021), and
in Michigan, USA (Willbur, 2023), and charcoal rot
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in potato in Mauritius (Takooree et al., 2021) respec-
tively. Geotrichum candidum and Macrophomina
phaseolina fungi may pose significant future chal-
lenges to potato cultivation in this region. Geotrichum
candidum, is known for causing post-harvest decay,
impacting quality and shelf life. Meanwhile, Mac-
rophomina phaseolina, a soil-borne pathogen, is the
causal agent of charcoal rot in potatoes, affecting both
yield and quality. These fungi, if widely established
may necessitate a review of disease management
strategies, including an effective quarantine system,
the development of resistant varieties, effective crop
rotation, and fungicide use. Ongoing research and
monitoring are crucial for adapting sustainable prac-
tices in potato farming, considering the economic
implications of these potencial new fungal diseases
alongside established diseases.

The field survey showed a high incidence of
some field diseases in potato crops including major
diseases such as blackleg and late blight, which
threaten yield and productivity and ultimately food
security. A higher incidence of these diseases was
observed in crops produced from locally multiplied
seed (LMS) grown in the autumn season, when the
environmental conditions are more suitable for dis-
ease development due to higher temperatures, rain-
fall and humidity. In contrast the spring season is
characterized as semidry with lower temperatures
(Jabbour et al., 2017).

Seed multiplication systems without effective qual-
ity control can be very efficient at spreading seed-
borne pathogens (Forbes et al., 2020). The Ministry
of Agriculture in Syria had started a national pro-
ject to produce local seed potatoes funded by Japan
International Cooperation Agncy (JICA) in 2001, to
cover Syrian potato farmers needs for high quality
certified seed potatoes (Japan International Coop-
eration Agncy (JICA), 2001). The ability of growers
in the region to produce high quality seeds has been
compromised by the current political and economic
crisis which led to a lack of scientifically based tech-
nical extension work (FAO, 2013). The current situ-
ation demands that growers are forced to rely more
on informally produced locally multiplied seed with
the inherent risks to crop health that follow. Indeed,
the conspicuous absence of certified seed potatoes in
most low income countries, such as Syria has been
documented, and is characterized by the use of less
than 10% formal certified seed (Thomas-Sharma
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et al., 2015). The balance is made up of informally
produced seed obtained from own stock, friends,
neighbours, relatives, or local markets (McGuire &
Sperling, 2016).

It is important to note that this survey did not
detect major quarantine pathogens either ISP and
LMS. However, the risk of an outbreak of diseases
such as these remains while the controls over produc-
tion are absent and import controls are considerably
reduced. Further work to identify the risks and pro-
vide local growers with the tools necessary to pro-
duce healthy, high yielding potato crops are required.

Acknowledgements The research team is grateful to CARA-
UK for funding this project and for guidance at workshops, to
our mentors Fiona Burnett, Professor Applied Plant Pathology,
SRUC (Scotland’s Rural College) and Dr. Philip Burgess, Lead
researcher and consultant, SRUC, Scotland’s Rural College
and thanks to the Syrian farmers who took part in the surveys.
The first author would like to thank Prof. Dr. Ralf Vogele from
the University of Hohenheim for his invaluable effort and aca-
demic support.

Author  contributions Conceptualization:  [Abdulsalam
Hajhamed; Nedal Al-achker]; Methodology: [Khalid Alhasan;
Ibrahim Yusufoglu]; Formal analysis and investigation: [Abdul-
salam Hajhamed; Adel Alkhalef]; Writing—original draft
preparation: [Abdulsalam Hajhamed, Khalid Alhasan, Ibrahim
Yusufoglu]; Writing—review and editing: [Nedal Al-achker,
Abdulsalam Hajhamed]; Funding acquisition: [Resources:
[Abdulsalam Hajhamed, Khalid Alhasan, Ibrahim Yusufoglu];
Supervision: [Philip Burgess, Fiona Burnett] All authors read
and approved the final manuscript.

Funding Open Access funding enabled and organized by
Projekt DEAL. This study was funded by CARA-UK. Publish-
ing fees supported by Funding Programme Open Access Pub-
lishing of University of Hohenheim.

Data availability The datasets generated during and/or ana-
lysed during the current study are available from the corre-
sponding author on reasonable request.

Declarations

Conflict of interest The authors have no competing interests
to declare that are relevant to the content of this article.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not



Eur J Plant Pathol (2025) 174:565-578

577

included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Altinawi, E. A., & Faddoul, F. (2023). Test the pathogenicity of
isolates from Fusarium oxysporum. f. sp. tuberosi on the
root and stem of the potato plant (Solanum tuberosum L.).
Syrian Journal of Agricultural Research, 10(2), 337-350.

Campos, H., Ortiz, O. (2020). The Potato Crop, Its Agricul-
tural, Nutritional and Social Contribution to Human-
kind. Springer. https://link.springer.com/book/10.1007%
2F978-3-030-28683-5

Czajkowski, R., Perombelon, M. C. M., van Veen, J. A., & van
der Wolf, J. M. (2011). Control of blackleg and tuber soft
rot of potato caused by Pectobacterium and Dickeya spe-
cies: A review. Plant Pathology, 60(6), 999-1013. https://
doi.org/10.1111/j.1365-3059.2011.02470.x

European Union. (2022). Commission Implementing Regula-
tion (EU) 2022/1193 of 11 July 2022 establishing meas-
ures to eradicate and prevent the spread of Ralstonia
solanacearum (Smith 1896) Yabuuchi et al., 1996 emend.
Safni et al., 2014. Official Journal of the European Union
no L 185/27, 27-46, from http://data.europa.eu/eli/reg_
impl/2022/1193/0j

FAO. (2013). Syria crisis, neighbouring countries - Top three
priorities. Retrieved by: https://reliefweb.int/report/syr-
ian-arab-republic/syria-crisis-neighbouring-countries-top-
three-priorities. UN-OCHA

FAO. (2018). Special Report - FAO/WFP crop and food secu-
rity assessment mission to the Syrian Arab Republic.
Rome. 54 pp. https://openknowledge.fao.org/server/api/
core/bitstreams/a4d90e6f-8555-46de-ba%e-d9753cca7d
b3/content

FAO. (2022). Agricultural production statistics 2000-2021.
FAOSTAT Analytical Brief 60. https://www.fao.org/3/
cc3751en/cec3751en.pdf

Forbes, G. A., Charkowski, A., Piedra, J. A., Parker, M. L.,
Geldermann, E. S. (2020). Potato seed systems. pp.
431-447, in H. Campos and O. Ortiz. The Potato Crop,
Its Agricultural, Nutritional and Social Contribution to
Humankind. Springer. 524 pp.

Guchi, E. (2015). Disease Management Practice on Potato
(Solanum tuberosum L.) in Ethiopia. World Journal of
Agricultural Research, Vol. 3, No. 1, 34-42. Available
online at http://pubs.sciepub.com/wjar/3/1/8. https://doi.
org/10.12691/wjar-3-1-8.

Haj Hamed, A. A. (2008). Pathological studies on bacterial soft
rot disease of potato. a thesis submitted in partial fulfill-
ment of the requirements for the degree of master of sci-
ence in agricultural science (Plant Pathology), Depart-
ment of Plant Pathology, Faculty of Agriculture, Ain
Shams University, Egypt.

International Potato Center. (2018). Field Guide for Identifi-
cation of Major Potato Pests and Diseases in Meghalaya,
India. Food Resilience Through Root and Tuber Crops

in Upland and Coastal Communities of the Asia-Pacific
(Food START+). International Potato Center. Laguna,
Philippines. (pp. 16).

Jabbour, M., Zoubani, A., Hariri, R., Hamoud, N., Haji A.,
Badran, W. (2017). Evaluation of some Newly Intro-
duced Potato Varieties in Spring and Autumn Seasons
in Daraa Governorate/ Syria. The Arab Center for the
Studies of Arid Zones and Dry Lands, The Arab Jour-
nal for Arid Environments10 (1 - 2). ISSN:2305-5243 ;
AIF(NSP)-316.

Japan International Cooperation Agency. (JICA) (2001).
Basic Design Study Report on The Project For Improve-
ment of Seed Multiplication Capacity In The Syrian
Arab Republic, January 2001, https://openjicareport.
jica.go.jp/pdf/11641297_01.pdf

Matar, M. (2012). Isolation and identification of Colletotri-
chum coccodes, the causal pathogen of black dot disease
on potato in Syria. Arab Journal of Plant Protection, 30,
171-179.

Matar, M., Alhameed, A. A., & Abbas, A. T. (2012). Field
survey of black dot disease on potato in the north and
central regions of Syria. Arab Journal of Plant Protec-
tion, 30, 70-79.

McEwan, M. A., Spielman, D. J., Okello, J., Hareau, G.,
Bartle, B., Mbiri, D., Atieno, E., Omondi, B. A., Wos-
sen, T., Cortada, L., Abdoulaye, T., Maredia, M. (2021).
Exploring the regulatory space for improving availabil-
ity, access and quality of vegetatively propagated crop
seed: potato in Kenya. Lima, Peru: CGIAR Research
Program on Roots, Tubers and Bananas (RTB). RTB
Working Paper.No.2021-1. www.rtb.cgiar.org

McGuire, S., & Sperling, L. (2016). Seed systems small-
holder farmers use. Food Security, 8, 179-195.

Mohamad, L., Al-Mokdad, F., Al-Khaled, E., & Darwesh,
N. (2021). Effect of Syrian crisis on potato planting in
Tartous Governorate using mathematical simulation.
International Journal of Agriculture and Environmental
Science., 8(1), 20-31.

Nabhan, S., Al-Chaabi, S., & Abu-Ghorrah, M. (2009). A
survey for prevalence of bacterial causal agents caused
soft rot disease, assessment of their pathogenicity and
investigation of susceptibility of stems of more impor-
tant potato growing cultivars in Syria. Arab Journal of
Plant Protection, 27, 26-35.

Rahman, M., Eaqub, A.M., Khan A. A., Hashim, U., Akanda,
A. M., Hakim, M.A. (2012). Characterization and iden-
tification of soft rot bacterial pathogens in Bangladeshi
Potatoes. African Journal of Microbiology Research, 6
(1).

Rupp, J., Jacobsen, B. (2017). Bacterial and fungal diseases
of potato and their management. The U.S. Department of
Agriculture (USDA), Montana State University and Mon-
tana State University Extension.

Savary, S., Ficke, A., Aubertot, J. N., & Hollier, C. (2012).
Crop losses due to diseases and their implications
for global food production losses and food security.
Food Security, 4, 519-537. https://doi.org/10.1007/
s12571-012-0200-5

Soylu, S., Kara, M., Toketti, O., Soylu, E. M., Uysal, A., &
Kurt, S. (2021). Isolation, morphological and molecu-
lar characterization of rubbery rot disease disease agent

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://link.springer.com/book/10.1007%2F978-3-030-28683-5
https://link.springer.com/book/10.1007%2F978-3-030-28683-5
https://doi.org/10.1111/j.1365-3059.2011.02470.x
https://doi.org/10.1111/j.1365-3059.2011.02470.x
http://data.europa.eu/eli/reg_impl/2022/1193/oj
http://data.europa.eu/eli/reg_impl/2022/1193/oj
https://reliefweb.int/report/syrian-arab-republic/syria-crisis-neighbouring-countries-top-three-priorities.UN-OCHA
https://reliefweb.int/report/syrian-arab-republic/syria-crisis-neighbouring-countries-top-three-priorities.UN-OCHA
https://reliefweb.int/report/syrian-arab-republic/syria-crisis-neighbouring-countries-top-three-priorities.UN-OCHA
https://openknowledge.fao.org/server/api/core/bitstreams/a4d90e6f-8555-46de-ba9e-d9753cca7db3/content
https://openknowledge.fao.org/server/api/core/bitstreams/a4d90e6f-8555-46de-ba9e-d9753cca7db3/content
https://openknowledge.fao.org/server/api/core/bitstreams/a4d90e6f-8555-46de-ba9e-d9753cca7db3/content
https://www.fao.org/3/cc3751en/cc3751en.pdf
https://www.fao.org/3/cc3751en/cc3751en.pdf
http://pubs.sciepub.com/wjar/3/1/8
https://doi.org/10.12691/wjar-3-1-8
https://doi.org/10.12691/wjar-3-1-8
https://openjicareport.jica.go.jp/pdf/11641297_01.pdf
https://openjicareport.jica.go.jp/pdf/11641297_01.pdf
http://www.rtb.cgiar.org
https://doi.org/10.1007/s12571-012-0200-5
https://doi.org/10.1007/s12571-012-0200-5

578

Eur J Plant Pathol (2025) 174:565-578

Geotrichum candidum on potato tubers grown in Konya
Province. Journal of Agriculture and Nature, 24(2), 353—
361. https://doi.org/10.18016/ksutarimdoga.vi.714056

Stets, M. I, Pinto, J. R., Huergoa, L. F., Souzaa, E. M., Gui-
mardesb, V. F., Alvesc, A. C., Steffensa, M. B. R., Mon-
teiroa, R. A., Pedrosaa, F. O., & Cruza, L. M. (2013).
Rapid identification of bacterial isolates from wheat roots
by high resolution whole cell MALDI-TOF MS analysis.
Journal of Biotechnology, 165(2013), 167-174.

Syrian Ministry of Agriculture. (2011). Resolution No. / 158 /
T, Minister of Agriculture and Agrarian Reform. The low
of provisions No. 26 of 2007 regulating plant quarantine.
The provisions of Resolution No. 23/T dated 2/18/2008.
The minutes of the meetings of the Resolution Commit-
tee No. 5534/No dated 10/18/20. The minutes of the meet-
ing of the Standing Committee for Plant Quarantine and
the Risk Analysis Committee, Date 12/27/2011 and date
1/8/2012.

Takooree, S. D., Neetoo, H., Ranghoo-Sanmukhiya, M., Waals,
J. V., Vojvodic, M., & Bulajic, A. (2021). First report of
charcoal rot caused by Macrophomina phaseolina on
potato tubers in Mauritius. Plant Disease. https://doi.org/
10.1094/PDIS-02-21-0258-PDN

Taweel, K., Taksh, Y., Murra, A., & Aathar, T. (2013). Suscep-
tibility of some potato cultivars to common scab disease
caused by Streptomyces scabies and the effect of planting
date on disease development in Syria. Arab Journal of
Plant Protection, 31(2), 177-181.

Thomas-Sharma, S., Abdurahman, A., & Ali, S. (2015). Seed
degeneration in potato: The need for an integrated seed
health strategy to mitigate the problem in developing
countries. Plant Pathology, 65, 3-16.

Thuillier, J., Sébastien, P. y. J., Gassilloud, B., Chesnot, T.,
Ioos, R. (2016). Prospective study on MALDI-TOF tech-
nology for the identification and characterization of phy-
topathogenic fungi. Euroreference 1 - June 2016.

Tsror, L., Aharon, M., & Erlich, O. (1999). Survey of bacterial
and fungal seedborne diseases in imported and domestic
potato seed tubers. Phytoparasitica, 27(3), 1-12.

@ Springer

Umezuruike, L. O., Zinash, A. B. (2019). Food Quality and
Shelf Life. https://doi.org/10.1016/C2018-0-00644-1

United Nations. (2014). UNECE Guide to Seed, Potato Dis-
eases, Pests and Defects. UNECE Standard S-1concern-
ing the marketing and commercial quality control of
seed potato. Agricultural Standards Unit; United Nations
Economic Commission for Europe. Palais des Nations
CH-1211, Geneva 10, Switzerland e-mail: agristandards @
unece.org.

Werra, D. P., Christoph, K., Martin, H., Ingo, S., Andrea, K.,
Christophe, D., Thomas, O., Denise, A., & Andreas, K.
(2020). Monitoring potato seed lots to control blackleg in
fields in Switzerland and southern Germany. Plant Pathol-
ogy, 69, 1331-1346.

Willbur, J. F., Schlachter, E. M., Satoh-Cruz, M., Ruth, S., &
Burek, C. (2023). First report of Geotrichum candidum
causing rubbery rot of potato (Solanum tuberosum) in
Michigan. Plant Disease, 107(5), 1633.

Wilson, C. R., Pemberton, B. M., & Ransom, L. M. (2001).
The effect of irrigation strategies during tuber initiation
on marketable yield and development of common scab
disease of potato in Russet Burbank in Tasmania. Potato
Research, 44, 3-243.

Ziegler, D., Mariotti A., Pfluger V., Saad M., Vogel G., Tonolla
M., Perret X. (2012). In Situ Identification of Plant-
Invasive Bacteria with MALDI-TOF Mass Spectrometry.
PLoS ONE, 7(5), €37189. www.plosone.org

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.


https://doi.org/10.18016/ksutarimdoga.vi.714056
https://doi.org/10.1094/PDIS-02-21-0258-PDN
https://doi.org/10.1094/PDIS-02-21-0258-PDN
https://doi.org/10.1016/C2018-0-00644-1
http://www.plosone.org

	Survey on the health of potato seeds and potato crops in Northwest Syria reveals first findings of non-indigenous potato pathogens, Geotrichum candidum (causal organism of Rubbery Rot) and Macrophomina phaseolina (causal organism of Charcoal Rot)
	Abstract 
	Introduction
	Material and methods
	Seed potato sampling
	Isolation and identification bacterial and fungal pathogens
	Field disease survey and assessment
	Grower survey

	Results
	Input seed potato sanitation
	Field diseases assessments
	Grower survey

	Discussion
	Acknowledgements 
	References


