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ABSTRACT 

 
This study was conducted by collecting sam-

ples of garlic (Allium sativum L.) and studying its 
morphological characteristics to determine which vi-
ral diseases are causing an economic loss of yield in 
cultivation areas in Northern Cyprus. Considering 
their morphological characteristics, 87 garlic geno-
types were collected from 6 different locations in 
Northern Cyprus, 83 of which were infected with 
one or more viruses. The isolates obtained were 
tested against Garlic common latent virus (Gar-
CLV), Leek yellow strip virus (LYSV), Shallot la-
tent virus (SLV), Cucumber mosaic virus (CMV), 
Tobacco mosaic virus (TMV), and Onion yellow 
dwarf virus (OYDV). For diagnoses, both double an-
tibody sandwich enzyme-linked immunosorbent as-
say and reverse transcription polymerase chain reac-
tion techniques were used. Eighty-seven garlic-leaf 
samples and 87 garlic clove samples were tested. 
The results from these samples were similar. Among 
the 87 plants tested, 38 (44%) were positive for Gar-
CLV, 25 (29%) for LYSV, 15 (17%) for SLV, and 5 
(5.7%) for OYDV. GarCLV was found to be the 
most common virus in the isolates. 
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INTRODUCTION 

 
Garlic (Allium sativum L.) has been known 

since ancient times to be a miraculous vegetable 
throughout world and is among the oldest known 
horticultural plants. This plant was known as “gar-
lic” in ancient times, especially in Egyptian and In-
dian cultures, and there was evidence that it was used 
by the Babylonians 4,500 years ago and by the Chi-
nese 2,000 years ago [1]. Garlic is an indispensable 
part of the pharmaceutical, food, and spice industries 
as a result of its many health benefits, flavor, and 

therapeutic properties [2,3]. Garlic is a herb contain-
ing a very high amount of antimicrobial compounds, 
comprising 61 g per 100 g water, and is rich in chem-
ical compounds, such as sulfur, essential oils, su-
crose, and various vitamins [4,3]. 

Plants are an essential constituent of our diets 
and can shape the future of agriculture in terms of 
their importance in human nutrition and genetic 
codes. These indispensable agricultural commodities 
have adapted to areas where they have been grown 
for many years. After surviving several environmen-
tal and climatic storms, their genetic structure, which 
continues to survive, is described as “plant genetic 
resources”. 

The significance of plant genetic resources con-
tinues to increase. Together with increased con-
sciousness about such resources, countries focus 
mainly on the collection and preservation of their lo-
cal plant materials and generally have the support of 
international organizations. Old and valuable local 
cultivars and populations are highly adapted to local 
climatic and soil conditions, are quite resistant to 
pests and diseases, and have various other qualities. 
By using such materials, genotype resistant and/or 
tolerance to pests, diseases, abiotic stress factors, sa-
linity, drought, and various other environmental phe-
nomena could be developed. These materials may 
also constitute a valuable resource for presently un-
known but prospective needs [5]. 

In Northern Cyprus, studies on plant genetic re-
sources and the assessment of their resistance/toler-
ance to diseases are quite limited. Those studies con-
ducted comprise mainly efforts with a limited num-
ber of plant species; however, except for those on a 
few species, there is no study on the collection of 
samples and viral diseases of plants already culti-
vated. Some genotypes, with their yields and posi-
tive responses to storage, are not able to compete 
with today’s modern cultivars; thus, they face extinc-
tion. Because Northern Cyprus is located along a sig-
nificant migration route, it has been host to several 
civilizations; therefore, it has become an area hous-
ing many genetically diverse plants species. North-
ern Cyprus is also located along the migration route 
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of wild birds, which have had significant contribu-
tions to that genetic diversity by spreading plants 
seeds. 

Allium species belong to a large family of 
plants and are considered throughout the world to 
have significant health benefits. The worldwide pro-
duction of garlic is 28.164.055 T, with China being 
the biggest producer with 22.160.465 T, followed by 
India with ~1.693.000 T [6]. According to 2017 data 
from the Turkish Republic of Northern Cyprus 
(TRNC), Northern Cyprus produces 123 T of garlic. 
The Morphou region produces 62 T, and Famagusta 
produces 60 T [7]. 

Garlic plants are affected by many abiotic and 
biotic factors. Biotic stress factors include viruses, 
bacteria, and fungal diseases. The main symptoms of 
disease in plants are mosaic line patterns, yellowing, 
and leaf deformations. Worldwide, most viruses are 
known to infect garlic as a natural host. Potyvirus, 
Allexivirus, and Carlavirus are among the most com-
mon that cause diseases among Allium species. Po-
tyviruses include the Onion yellow dwarf virus 
(OYDV) and Leek yellow stripe virus (LYSV) [8] 
and are the most common diseases found in garlic as 
one of its host plants [9,10]. Carlavirus species, such 
as the Garlic common latent virus (GarCLV) and 
Shallot latent virus (SLV), are also found but are less 
common [11]. 

Potyvirus molecules have ssRNA ~9.7 -12 kb 
long and range from 680 to 900 nm and 11–13 nm in 
diameter. Only a few species of this virus can be 
transmitted by seed [10,12]. 

OYDV can be transmitted nonpersistent and 
mechanically by aphids (Aphidoidea). This viral dis-
ease, which affects onions, garlic, and leeks, causes 
serious losses in the plants from stunting their 
growth, yellowing and curling the leaves, causing ir-
regular lines on the leaves, deteriorating the structure 
of the flower, and preventing seeding. 

LYSV is also carried by aphid vectors but is not 
transmitted by seed [13]. Transmission through veg-
etative materials is considered the primary contami-
nation route. Although the host range of LYSV is 
considerably wide, among Allium species, common 
garlic, leeks (A. ampeloprasum var. ampeloprasum), 
onions (especially, A. ampeloprasum var. sectivum), 
and some ornamental and wild plants can be listed as 
the most common hosts to be infected [14].  

Other viruses observed on garlic are Carlavirus 
of the Betaflexiviridae family and Allexivirus be-
longing to the Alphaflexiviridae family. Potyvirus 
species usually cause yellow necrotic-chlorotic spot-
ting on the leaves and stunted growth in plants; how-
ever, Carlavirus and Allexivirus species cause latent 
growth in plants and generally do not exhibit signif-
icant symptoms. Of the 43 Carlavirus species, Gar-
CLV and SLV are the most common, with GarCLV 
considered the most common virus worldwide [10].  

There are eight Allexivirus species in the Al-
phaflexiviridae family [10]. The hosts are Allium 
species and the viruses are transmitted by mites 
(Eriophyidae) [10]. Light-green strip formation on 
the leaves of the garlic plant can indicate the pres-
ence of Allexivirus species [15]. Garlic virus-A 
(GarV-A) and GarV-C are more commonly found in 
the garlic plant, but it has been reported that they can 
also reduce the total weight of A. sativum by 96% 
[16,17]. 

Garlic is a vegetatively propagated plant using 
the cloves from the flower structure. Cloves are used 
both as seed and production material [18]; therefore, 
viral infections are the most critical pathogens in 
these plants. Viral infections reduce clove size, 
weight, and diameter and are transmitted to future 
generations through the cloves [19,17]. The seed 
production protocol is critical because garlic is only 
vegetatively propagated. Virus-induced yield and 
quality losses are evident everywhere Allium species 
are grown. It has been indicated that Carla-, Allexi-, 
and Potyvirus species cause quality and quantity 
losses in these plants [20]. The infections of these 
viruses either alone or combined has caused losses in 
yield of 30–78% [21]. Few studies have been con-
ducted in Northern Cyprus on these viruses in garlic; 
however, it has been reported that viral diseases are 
common in Allium species, and that these diseases 
significantly influence yield and quality; reduce size, 
weight, and diameter of the cloves; cause light lines 
or mosaics; and cause recessed growth and develop-
ment [22]. 

These plant diseases limit the production of 
garlic in Northern Cyprus and affect the agricultural 
economy in the area. Complaints from the farmers 
about these diseases have prompted the initiation of 
this study. Widespread viral diseases that cause eco-
nomic yield losses were assessed by collecting plant 
samples, determining morphological characteristics, 
and identifying the viral diseases. 
 
 
MATERIALS AND METHODS 

 
This study was conducted in two stages. First, 

87 plant samples were collected from 6 different lo-
cations in Cyprus (Morphou, Lefka, Trikomo/ 
Karpas, Famagusta, Nicosia, and Kyrenia). The mor-
phology was characterized were according to the In-
ternational Union for the Protection of New Varie-
ties of Plants (UPOV) criteria in 10 local garlic sam-
ples, which were different from the 87 genotypes 
collected. Ten different garlic materials collected 
were sown in vials containing 1:1 peat–perlite. Ger-
mination was not achieved from Sar-01, Sar-02, Sar-
03, Sar-04, Sar-05, or Sar-10 genotypes. Seedlings 
of the four germinated genotypes were planted into 
experimental plots in 1-m rows and 25 cm apart. 
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TABLE 1 
Specific primers used in virus testing. 

Virus Primer Name Primer set Length Size (bp) 

LYSV LYSV(F) CGCATATGCAGGGATGTTTCGGTT 24 316 (Fidan 
2010) [1] LYSV(R) ATCAGCATTCAGGCTGCTTATACAC 25 

SLV SLV(F) TATGGCTAACGAAGAAGAAGAACTC 25 204 (Fidan 
2010) SLV(R) CGTTCACGCTAGACAATTCAGACAT 25 

OYDV OYDV(F) CACCNTAYATAGCRGARACAGCTCT 25 602 (Fidan 
2010) OYDV(R) ACTGAAATGCGCCATTATYTGYCTA 25 

GarCLV GARCLV(F) GCACCAGTGGTTGCGAATGA 20 481 (Fidan 
2010) 

Notes: GarCLV, Garlic common latent virus; LYSV, Leek yellow strip virus; SLV, Shallot latent virus; and OYDV, Onion 
yellow dwarf virus. 
 
The morphologies were characterized until the flow-
ering stage following UPOV criteria, and the mor-
phological differences were identified among these 
four genotypes. Second, studies to screen the viruses 
were conducted on all collected 87 samples. 

Tests were conducted using the double anti-
body sandwich enzyme linked immunosorbent assay 
(DAS-ELISA) method following the manufacturer’s 
recommendations (Agdia Inc and Bioreba AG). Two 
samples of each positive DAS-ELISA result and a 
clear sample were verified with reverse-transcription 
polymerase chain reaction (RT-PCR) using the 
Dellaporta method of total nucleic acid extraction 
[23], running agarose gel electrophoresis with spe-
cific primers (Table 1), and imaging after staining 
with ethidium bromide. The Thermo Scientific 
Verso 1-Step RT-PCR ReddyMix Kit (#AB-
1454/LD/A) was used for RT-PCR testing. The PCR 
cycles were arranged as for annealing with primers 
designed by multiplex RT-PCR (Lee et al. 2005) for 
37 cycles at 55°C; cDNA synthesis (for reverse tran-
scription) for 1 cycle at 50°C for 15 min; Verso in-
activation for 1 cycle at 95°C for 2 min; separation 
at 95°C for 20 s; binding at 55°C for 30 s; extension 
at 72°C for 1 min; and final extension for 1 cycle at 
72°C for 5 min. 
 
 
 
 
 
 

RESULTS 
 
The study was conducted by collecting 87 Al-

lium samples from 6 different regions of Northern 
Cyprus (Morphou, Lefka, Trikomo/Karpas, Fama-
gusta, Nicosia, and Kyrenia). The samples were 
tested serologically and molecularly using virus sus-
pect samples with both the DAS-ELISA methods 
and RT-PCR techniques.  

Among the germinated Sar-06, Sar-07, Sar-08, 
and Sar-09 genotypes, Sar-06 had a smaller clove 
and the skin’s binding to the clove was weaker than 
that in the other genotypes. Thus, this genotype was 
separated from the others. Differences were not ob-
served among the three remaining genotypes (Sar-
07, Sar-08, and Sar-09). Of these, Sar-07 was pre-
served. 

Virus symptoms were studied in garlic planted 
for testing and observation. The most common 
symptoms of viral infections in garlic are growth re-
tardation, mosaic lines, yellowing lines, irregular 
line-shaped color opening in the leaves, small and 
amorphous clove formation, and small stem diame-
ter between the middle veins of the leaf (Figure 1). 
In addition to the friability and inward curl of the 
leaves, narrowing of the angle between the leaf and 
stem was observed. 

There were 87 samples with symptoms of a vi-
ral infection (stunting, yellowing, lines over the 
leaves, small cloves, and lighter color) that were col-
lected from 6 different locations of garlic fields  

TABLE 2 
Test Results of the Distribution of Virus Species. 

Regions Samples LYSV OYDV GarCLV SLV CMV TMV 
Morphou 19 6 2 8 2 -a - 

Lefka 13 4 - 6 2 - - 
Trikomo/Karpas 21 7 2 7 3 - - 

Famagusta 12 5 - 4 4 - - 
Nicosia 8 1 - 4 1 - - 
Kyrenia 14 2 1 9 3 - - 
Total 87 25 5 38 15 - - 

Notes: LYSV, Leek yellow strip virus; OYDV, Onion yellow dwarf virus; GarCLV, Garlic common latent virus; SLV, Shallot 
latent virus; CMV, Cucumber mosaic virus; and TMV, Tobacco mosaic virus. 
a– no virus detected 
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FIGURE 1 

Symptoms of viral infections in garlic leaf, stem and clove. a) Line-shaped mosaics parallel to the central 
vein of the leaf, b) small and amorphous head and teeth formation, c) shortened between-node distance, d) 

general mosaic, and f) roughened leaves. 
 
and home gardens in Northern Cyprus. Green herb-
age and cloves of the collected samples were as-
sessed as separate samples. In the DAS-ELISA test, 
87 leaf and 87 clove samples were tested. 

In the DAS-ELISA tests, the same results were 
obtained from the cloves and leaves. In 83 of the col-
lected 87 samples, at least 1 viral infection was iden-
tified. The viruses studied were not observed in the 
remaining four samples. Tests revealed that GarCLV 
(44%) was the most common virus in 38 of the 87 
samples, followed by LYSV (29%) in 25, SLV 
(17%) in 15, and OYDV (5.7%) in 5 samples. Mixed 
infection of LYSV+GarCLV was observed in eight 
samples and SLV+LYSV were observed in five sam-
ples. Cucumber mosaic virus (CMV) and tobacco 
mosaic virus (TMV), which were previously identi-
fied, were not observed in any of the samples (Table 
2). 

According to the DAS-ELISA test, sympto-
matology works well in garlic plants. Certified seeds 
are not used in planting; the cloves are used as seeds. 
Four viruses with positive results from the DAS-
ELISA test, two samples with mixed infections, and 
two samples with no viruses were subjected to RT-

PCR, which revealed the product that proved the 
DAS-ELSA results. 

SLV was identified in samples by their re-
cessed development, irregular shapes, or small 
cloves, but generally, these samples had no symp-
toms (Figure 1). LYSV was identified in samples 
with irregular lightened lines over the leaves, mosaic 
lines, recessed development, small and irregular 
cloves, and narrow spaces between internodes (Fig-
ure 1). 
 
 
DISCUSSION 

 
There is limited information about viral infec-

tions in garlic plants grown in Northern Cyprus. This 
study identified the viruses that affect the production 
and yield of garlic in that area using both molecular 
and serological diagnostic methods, as well as data 
on the symptomological studies of these viruses. 
Phenotypes were observed from the information ob-
tained within the scope of the study and serological 
and molecular analyses supported these data. The 
studies were conducted taking into consideration the 
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criteria of many researchers [24], which are the mo-
saic lines, irregular chlorotic or yellow lines on the 
leaves, irregular discoloration, deformations, irregu-
lar lines parallel to the central vein, stunting, general 
yellowing, growth retardation, small and amorphous 
head formation, narrowing trunk diameter, and plant 
deformity, all of which can be classified as suspi-
cious in the samples. Field observations of the 87 
collected samples were conducted using a commer-
cial antisera by DAS-ELISA test. Symptomological 
characteristics of the collected garlic plants were 
taken into consideration and, during testing, it was 
decided to determine the presence of common vi-
ruses in these plants. The green parts and bulbs of the 
collected samples were determined to be the most 
suitable tissues for testing and were tested sepa-
rately. Mixed infections were detected in 83 of the 
87 samples collected from 6 different regions of 
Northern Cyprus. Two negatives (0.102 and 0.091) 
and two positives (0.522–0.749) controls were used 
for the DAS-ELISA test. Values near and above one-
half of the value of the samples selected as positive 
according to the test were considered positive. 
ELISA readings of the samples obtained from the 
study were considered to be approximately six times 
higher (3.163-3.196-1.076). The reasons for this are 
believed to be that garlic viruses generally exist in 
plants but produce no symptoms and are not diag-
nosed. It is believed that garlic is not a seed-binding 
plant and the use of its clove as production material 
causes replication of the virus during each produc-
tion period, leading to an increase in the viral titer. 
Notably, when Allexivirus and Carlavirus species 
produce a single infection in garlic, their symptoms 
remain hidden and difficult to diagnose, but if these 
viruses cause a mixed infection in plants, the ex-
pected yield from the plants is significantly reduced 
[25]. Serological data obtained from DAS-ELISA 
were supported by RT-PCR analyses.  The presence 
of mix infections was detected in 83 of the 87 sam-
ples. 

As a result of the analyses, 10 garlic genotypes 
tested were planted in pots for phenotypic observa-
tions and 6 of these genotypes did not germinate. The 
symptomatic characteristics of the viruses were to be 
interpreted through these samples. As a result of the 
observations, the most common virus symptoms in 
garlic were growth retardation with mosaic lines, 
yellowing, irregular lines and discoloration in the 
leaves, small and amorphous clove formation, 
shrinkage of plant stem diameter, and reduced spaces 
between the nodules (Figure 1). In addition, the fria-
bility of the leaves and inward curl and narrow an-
gles between the leaf and stem were observed. Many 
researchers have emphasized that mixed infections 
are the most important factor that affects garlic plant 
yield. In mixed infections especially, growth retarda-
tion and line mosaics have been observed (Figure 1). 

Line mosaics have been observed in Allium 
species, especially in the leaves and cloves of the 

garlic plants for an extended period of time, but be-
cause of insufficient identification, these symptoms 
are believed to be caused by unknown etiological 
factors [26]. As technological advances progressed, 
the diagnosis of viral diseases was facilitated using 
diagnostic-specific antibodies and primers, and iden-
tification of these diseases helped to identify the 
plants carrying this virus symptom and clarify the 
causes of these symptoms. 

According to researchers, the most common 
factors that affect garlic yield are mixed infections. 
Allexivirus and Carlavirus species alone do not af-
fect garlic production because they are usually latent 
in the plant; however, the presence of the Potyvirus 
family can cause both symptoms and a decrease in 
yields. Among the 87 plants tested, 38 (44%) sam-
ples had GarCLV, 25 (29%) had LYSV, 15 (17%) 
had SLV, and 5 (5.7%) had OYDV. GarCLV was the 
most common virus in the isolates with mixed infec-
tions. LYSV+SLV and LYSV+GarCLV, were the 
mixed infections; therefore, to prevent yield losses 
from viral diseases in garlic production areas, one of 
the most effective methods is to make cultural con-
trol to avoid mixed infections. 

Although GarCLV and SLV are more common 
according to the research, it is indicated that Po-
tyvirus species are an essential factor affecting garlic 
yield, especially in mixed infections [24,27]. In the 
studies conducted in Iran for GarCLV, despite re-
gional differences, the intensity of the virus within 
the country varied between 60 and 86.2% [28]. In the 
Mediterranean area, Fidan and Baloğlu [29] have de-
tected the first instance of viral disease in areas of 
garlic production in Turkey. Turkey’s rate of becom-
ing infected with isolates collected from different ar-
eas of regional garlic production changes. In Italy, 
differences in the geographical distribution of Gar-
CLV infection at production sites has been reported, 
particularly in the southern areas, where the infection 
rate is 23% compared to that in the northern regions 
at 98% [30]. In addition, there are regional differ-
ences in GarCLV infection in Greece, and it has been 
reported that the rate of infection is significantly 
higher in the southern part of the country compared 
to that in the northern regions [31]. Pramesh and 
Baranwal’s [32] study on GarCLV and its coat pro-
tein has indicated that there are several variations in 
the N-terminal region of this virus. In future studies, 
these directional variations in the coat protein of 
GarCLV, which is the most commonly detected vi-
rus in the garlic isolates from the Northern Cyprus 
region, can be detected on a genomic basis, and phy-
logenetic relationships with world isolates can be de-
termined. 

In the current study, garlic cloves were planted 
and observed in the different garlic genotypes to de-
termine the symptoms of these viruses. The plants 
were tested to determine single and mix infections 
and their behavior in the plants. Although GarCLV 
has been reported in many garlic-producing areas 
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worldwide, there is little information on the molecu-
lar level of these isolates, such as the genetic diver-
sity, phylogenetic relationship, or intra- or interspe-
cies relationships; therefore, we believe that it is im-
portant to focus on these issues in future studies. 

SLV is a viral disease carried by aphids that 
also carry GarCLV, and in this study conducted in 
Northern Cyprus, 17% of the samples collected were 
infected with this disease. SLV does not exhibit sig-
nificant symptoms of infection, such as with Gar-
CLV alone, but in some symptomological observa-
tions made by researchers, it has been stated that nar-
rowing space between nodules causes shrinkage in 
the diameter and height of the garlic heads in direct 
proportion to growth retardation [22]. 

LYSV, a Potyvirus, was found at a rate of 29% 
in the isolates in the study. LYSV is also transmitted 
by aphids and is an economically important virus be-
cause it exhibits more significant symptoms than 
other viruses observed in garlic [9]. 

In our study, samples with virus-like symp-
toms, such as irregular color expansions parallel to 
the leaf veins, were collected and serologically and 
molecularly tested. The results showed that these 
samples were infected with LYSV, which could have 
been a single infection with LYSV or a mixed infec-
tion with GarCLV or SLV, and aphids are the con-
tamination vector. In addition, Fidan et al. [33] have 
observed symptoms of LYSV in Urginea maritime, 
a herbaceous plant located near the garlic production 
sites and have confirmed using serological diagnosis 
that this plant was infected with LYSV. These weeds 
within the vicinity of the production areas are a ma-
jor problem because they help to spread the viral dis-
eases to the plants each period. Combining the infor-
mation obtained from studies and potting trials, SLV 
is detected as a symptom in single infections, but 
growth retardation is detected in amorphous or small 
clove forming parts. LYSV was detected in samples 
showing signs of contraction. 

In this study, 5.7% of the 87 samples collected 
from Northern Cyprus were infected with OYDV. 
Arya et al. [34] have reported that OYDV is one of 
the major viruses that cause diseases in onions and 
garlic. Because of the variations in the N-terminal 
region of the sheath protein in the OYDV genome, 
ELISA failed to diagnose the disease. An alternative 
method of diagnosis was attempted using fast and re-
liable RT-PCR. In these studies, both serological and 
molecular identifications of viruses were made. 
While studies in the Czech Republic showed a low 
rate of OYDV [9], those in Greece and Ireland have 
reported a high rate of the virus [30]. In Iran [27] and 
Italy [29], OYDV infections were reported to be 91.5 
and 98% in garlic plants, respectively; however, 
OYDV is rarely detected in garlic grown in Brazil. 
The presence of OYDV at regionally different con-
centrations may be related to the presence of aphids, 

the vector, that carry the virus to the plants. In addi-
tion, in Brazil [35], the use of virus-free bee material 
has been reported to cause lower levels of infection. 

In our study, RT-PCR and DAS-ELISA were 
used to determine whether the isolates showed mo-
saic symptoms and whether they were infected with 
CMV and TMV. Viruses such as CMV and TMV 
have an extensive host range, and inconsistent trans-
mittal of CMV by aphids can cause infections in 
many plants. The results of our study suggest that 
these samples were not infected with CMV and 
TMV. There are few reports of CMV in Allium 
plants, which suggests that either the garlic plants 
may be infected with CMV or that tests against this 
virus on garlic are less common. Previous studies 
have confirmed that garlic plants are the hosts for 
CMV isolates [36]. In addition, in this study, the 
presence of viruses, such as CMV and TMV, in the 
garlic production areas in Northern Cyprus was not 
detected, but it is possible to encounter this virus us-
ing autumn surveys. Low temperatures are believed 
to aid the development of CMV infections. 

Thermotherapy is the most effective method by 
which to prevent infections caused by viruses in gar-
lic species. Studies on this factor confirmed this en-
vironmental stimulus. Fajardo et al. [11] have re-
ported that the second elimination of the virus in the 
reproduction material during the second growing pe-
riod belong to this virus. 

Concive et al. [37], in their study on garlic in-
fection by Potyvirus, Carlavirus, and Allexivirus 
species, have found that viral infections are usually 
manifested in the form of mixed infections, which 
results in ~78% loss in yield; therefore, to obtain the 
production material free of viruses, thermotherapy 
and meristem culture methods must be used. 

The most significant factor for certified seed is 
virus-free garlic produced from plants without single 
or mixed viral infections. If we use disease-free gar-
lic cloves for seed and consumption material, we 
could control these viral infections. Using diseased 
garlic cloves may increase the infection rates. In ad-
dition, virus vectors such as aphids, thrips, and mites, 
are also an effective method by which viral diseases 
are distributed in Northern Cyprus. Farmers are 
aware of the vector damage; however, there are no 
registered pesticides against these pests. 

In garlic plants with mixed infections, signifi-
cant visible damage to clove structure can be ob-
served. Remarkably, these infected plants are differ-
entiated from others in the garlic fields. Entire virus 
symptoms, such as dwarfism, mosaic patterns, 
lighter line colors, and yellowing can be observed on 
a single plant. 
 
 
CONCLUSION 

 
First, garlic-growing areas should begin to pro-

duce certified virus-free garlic seed, and this virus-
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free plant material should be available to producers. 
Second, studies should be conducted with vector in-
sects and their proper control methods in garlic-
planting areas. Suitable pesticides, known for effec-
tive control, should be licensed for these vectors and 
appropriate training techniques should be organized 
for farmers. The present quarantine of plants propa-
gated only by the clove and the quarantine regula-
tions should be amended to test against detected vi-
ruses. New varieties should be developed and re-
sistance in these varieties against viral diseases and 
vector pests should be determined. 
 
 
ACKNOWLEDGEMENTS  

 
This study was financially supported by The 

Scientific and Technological Research Council of 
Turkey (TUBITAK). Project number: 110-O-117. 
The authors thank to TUBITAK for the financial 
support.  

 
Compliance with ethical standards The re-

search does not involve any human participants 
and/or animals.  

 
Informed consent All authors reviewed the 

manuscript and approved its submission to Fresenius 
Environmental Bulletin 

 
Conflicts of Interest: The authors declare no 

conflict of interest 
 
 
REFERENCES  

 
[1] Medina, J.D.L.C. and García, H.S. (2007). Gar-

lic: Postharvest Operations. 
(http://www.fao.org/fileadmin/user_up-
load/inpho/docs/Post_Harvest_Compendium_-
_Garlic.pdf). 

[2] Panthee, D.R., KC., R.B, Regmi, H.N., Subedi, 
P.P., Bhattarai, S. and Dhakal, J. (2006). Diver-
sity analysis of garlic (Allium sativum L.) 
germplasms available in Nepal based on mor-
phological characters. Genet. Resour. Crop Ev. 
53: 205–212.  

[3] Akan, S. (2014). Human health benefits of gar-
lic (Allium sativum L.) consumption. Akademik 
Gıda. 12, 95-100. (in Turkish) 

[4] Ayaz, O. and Alpsoy, C.H. 2007. Garlic (Allium 
sativum) and traditional medicine. Türkiye 
Parazitoloji Dergisi. 31, 145-149. 

[5] Yılmaz, N., Alas, T., and Abak, K. (2012). Col-
lection of Local Vegetables Genotypes with 
Their Wild Relatives in North Cyprus. Acta 
Hortic. 960, 135-138. 

[6] FAO (2019) Statistical database. http://fao-
stat.fao.org. Accessed date: 21. July 2019. 

[7] İPŞ (2019). Agricultural Structures and Produc-
tion Statistical database. Accessed 21. July. 
2019. (in Turkish) 

[8] Chen, J., Zheng, H.Y., Antoniw, J.F., Adams, 
M.J., Chen, J.P. and Lin, L. (2004). Detection 
and classification of Allexiviruses from garlic in 
China. Arch. Virol. 149, 435–445. 

[9] Klukáþková, J., Navrátil, M. and Duchoslav, M. 
(2007). Natural infection of garlic (Allium 
sativum L.) by viruses in the Czech Republic. J 
Plant Dis. Protect. 114, 97–100. 

[10] King, A.M.Q., Adams, M.J., Carstens, E.B. and 
Lefkowitz E.J. 2011. Ninth report of the inter-
national committee on taxonomy of viruses. 
Elsevier Academic Press, San Diego, USA 

[11] Fajardo, T.V.M., Nishijima, M., Buso, J.A., 
Torres, A.C., Ávila A.C. and Resende, R.O. 
(2001). Garlic viral complex: Identification of 
Potyviruses and Carlavirus in central Brazil. 
Brasileiro de Fitopatologia. 26, 619–626. 

[12] Nigam, D., La Tourrette, K., Souza, P.F.N. and 
Garcia-Ruiz, H. (2019). Genome-wide variation 
in potyviruses. Front. Plant Sci. 10, 1-28. Article 
ID: 1439.  

[13] Brunt, A.A., Crabtree, K., Dallwitz, M.J., 
Gibbs, A.J., Watson, L. and Zurcher, E.J. 
(1996). Plant viruses online: descriptions and 
lists from the VIDE database. Version: 20th Au-
gust. http://pvo.biomirror.cn/descr538.htm. 

[14] Diekmann, M. (1997). FAO/IPGRI Technical 
guidelines for the safe movement of germplasm, 
No.18. Allium spp. Food and Agriculture Or-
ganization of the United Nations, Rome/Interna-
tional Plant Genetic Resources Institute, Rome. 

[15] Daniels, J. (1999). Occurrence of viruses in gar-
lic in the state of Rio Grande de Sul, Brazil. Bra-
sileiro de Fitopatologia. 24, 91–96. 

[16] Perotto, M.C., Cafrune, E.E. and Conci, V.C. 
(2010). The effect of additional viral infections 
on garlic plants initially infected with Allexivi-
ruses. Eur. J. Plant Pathol. 126, 489–495 

[17] Dąbrowska, E., Lewandowski, M., Koczkodaj, 
S. and Paduch-Cichal, E. (2020). Transmission 
of garlic virus B, garlic virus C, garlic virus D 
and garlic virus X by Aceria tulipae (Keifer) in 
leek. Eur. J. Plant Pathol. 157, 215–222.  

[18] Maggioni, L., Keller, J. and Astley, D. (2001). 
European collections of vegetatively propagated 
Allium report of a Workshop 21-22 May 2001, 
Gatersleben Germany. 102 pp. 

[19] Wylie, S.J., Li, H. and Jones, M.G.K. (2012). 
Phylogenetic analysis of Allexi viruses identi-
fied on garlic from Australia. Australas Plant 
Dis Notes. 7, 23–27 

[20] Van Dijk, P. (1994). Virus diseases of Alium 
species and prospectsfor their control. Acta 
Hortic. 358, 299-305. 

 
 

http://www.fao.org/fileadmin/user_upload/inpho/docs/Post_Harvest_Compendium_-_Garlic.pdf
http://www.fao.org/fileadmin/user_upload/inpho/docs/Post_Harvest_Compendium_-_Garlic.pdf
http://www.fao.org/fileadmin/user_upload/inpho/docs/Post_Harvest_Compendium_-_Garlic.pdf
http://faostat.fao.org/
http://faostat.fao.org/
http://pvo.biomirror.cn/descr538.htm


© by PSP  Volume 30– No. 01/2021 pages 569-576                                      Fresenius Environmental Bulletin 

576 

 

[21] Celli, M.G., Perotto, M.C., Luciani, C.E., Pozzi, 
E.A. and Conci, V.C. (2019). Molecular charac-
terization of the garlic virus B genome and evi-
dence of allexivirus recombination. Eur. J. Plant 
Pathol. 153, 301–310.  

[22] Fidan, H. (2010). Detection of main virus 
diseases on garlic, onion and leek plants and 
determination of reaction of Taşköprü 56 garlic 
types against to common virus diseases in 
Turkey. PhD Thesis, Çukurova University. 163 
pp. 

[23] Presting, G.G., Smith, O.P. and Brown, C.R. 
(1995). Resistance to potato leafroll virus in po-
tato plants transformed with the coat protein 
gene or with vector control constructs. Phyto-
pathology. 85, 436-442 

[24] Hellier, B.C. and Dugan, F.M. (2005). First re-
port of onion yellow dwarf virus, Leek yellow 
stripe virus, and Garlic common latent virus in 
Garlic in Washington State. Plant Diseases. 89, 
205-205. 

[25] Cafrune, E.E. Perotto, M.C. and Conci, V.C. 
(2006). Effect of two Allexivirus isolates on 
garlic yield. Plant Dis. 90, 898-904.  

[26] Van Dijk, P. (1993). Carlavirus isolates S-om 
cultivated Allium species represent three 
viruses. Neth. J. Plant Pathol. 99, 233-257  

[27] Fidan, H. and Koç, G. (2019). Occurrence of ar-
tichoke latent potyvirus (ARLV) and tomato 
spotted wilt virus (TSWV) as mixed infection in 
artichoke production areas. Appl. Ecol. Environ. 
Res. 17, 7679-7691 

[28] Shahraeen, N., Lesemann, D. E. and Ghotbi, T. 
(2008). Survey for viruses infecting onion, 
garlic and leek crops in Iran. EPPO Bulletin. 38, 
131–135.  

[29] Fidan, H. and Baloğlu, S. (2009). First report of 
garlic common latent virus in garlic in Turkey. 
J. Plant Pathol. 91, 97-112. 

[30] Dovas, C.I. and Vovlas, C. (2003). Viruses in-
fecting Allium spp. in southern Italy. J. Plant 
Pathol. 85, 135-135. 

[31] Dovas, C.I., Hatziloukas, E., Salomon, R., Barg, 
E., Shiboleth, Y. and Katis N.I. (2001). Inci-
dence of viruses infecting Allium spp. in 
Greece. J. Phytopathol. 107, 677–684. 

[32] Pramesh, D. and Baranwal, V.K. (2013). Molec-
ular characterization of coat protein gene of 
Garlic common latent virus isolates from India: 
an evidence for distinct phylogeny and recom-
bination. Virus Genes. 47, 189–193.  

[33] Fidan, H., Caglar, B.K., Baloglu, S. and Yilmaz, 
M.A. (2012). "Urginea maritima (L.) is a new 
host of Allexivirus group on onion and garlic 
plants in Turkey", 11th International Sympo-
sium on Flower Bulbs and Herbaceous Perenni-
als, Antalya, Turkey, 28 March - 1 April, 2012. 
l.(1002), 309-312 

 

[34] Arya, M., Baranwal, V.K., Ahlawat, Y.S. and 
Singh, L. (2006). RT-PCR detection and molec-
ular characterization of onion yellow dwarf vi-
rus associated with garlic and onion. Curr. Sci. 
91, 1230-1234. 

[35] Fayad-André, M. de S., Dusi, A.N. and 
Resende, R.O. (2011). Spread of viruses in 
garlic fields cultivated under different 
agricultural production systems in Brazil. Trop 
Plant Pathol. 36, 341–349. 

[36] Delecolle, B. and Lot, H. (1979). Virus disease 
of garlic: evolution of research and further pro-
spects. Abstr. 3rd Conf. ISHS-Working group 
on vegetable viruses, Bari. 83-84. 

[37] Concive, V.C., Perotto, M.C. and Cafrune, E.P. 
(2006). Lunello program for intensive produc-
tion of virus-free garlic plants. ISHS Acta Horti. 
688: IV International Symposium on Edible Al-
liaceae. 

 
 
 
 
 
Received: 12.09.2020 
Accepted: 18.10.2020 
 
 
CORRESPONDING AUTHOR 
 
Nihat Yilmaz  
Department of Crop and Animal Production,  
Safiye Cikrikcioglu Vocational College,  
Kayseri University,  
Kayseri – Turkey  
 
e-mail:  nhyl01@gmail.com  

nihatyilmaz@kayseri.edu.tr 

mailto:nhyl01@gmail.com
mailto:nihatyilmaz@kayseri.edu.tr

