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Garlic (Allium sativum var. sativum) is one of the 
oldest vegetables cultivated in the world for over 6000 
years [Fiume 2005, Winiarczyk et al. 2014]. The world’s 
largest producer of garlic is China [FAOSTAT 2016], 
although the countries of the Mediterranean region are 
also important Allium producers [Katis et al. 2012].

Garlic is an indigenous crop in Croatia and it is 
widely cultivated mostly at small family farms and 
households. In 2016, Croatia had 245 ha under garlic 
production with 1443 t of total production [FAOSTAT 
2016, Croatian Bureau of Statistics 2017]. Each region 
or even village has its own garlic ecotype and there is a 
substantial genetic variability present in a small region. 
Viruses persisted in garlic population and by vegetative 

propagation by cloves or bulbils from year to year, gar-
lic crops are constantly infected [Katis et al. 2012].

Garlic viruses induce different symptoms like chlo-
rotic streaking, mottling, twisted and curled leaves, 
diminution in vigor and formation of little bulbs and 
cloves which may lead to very important reduction in 
crop quantity (up to 60%) and quality [Dewan et al. 
1995, Lot et al. 1998, Takaichi et al. 2001, Conci et 
al. 2003, Ramírez-Malagón et al. 2006, Lunello et al. 
2007, Conci et al. 2010, Katis et al. 2012]. The main 
viruses in Allium crops are two economically import-
ant and the most common potyviruses, Onion yellow 
dwarf virus (OYDV) and Leek yellow stripe virus 
(LYSV), two latent carlaviruses, Shallot latent virus 
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abstract

In a survey on the sanitary status of garlic collection performed in 2016 at the Institute of Agriculture and 
Tourism in Poreč (Croatia), 24 ecotypes and cultivars were tested by DAS-ELISA test for the presence of four 
main garlic viruses: Garlic common latent virus (GCLV), Shallot latent virus (SLV), Leek yellow stripe virus 
(LYSV) and Onion yellow dwarf virus (OYDV). The least frequent virus was SLV, whereas the most frequent 
was LYSV. In most ecotypes the infection of cloves was lower than infection of bulbils, while for SLV we 
found higher infection in cloves. Total virus infection of Istrian ecotypes was lower than infection of Dalma-
tian ones. Total incidence of viruses in Croatian garlic material ranged from 40.6% to 100.0%, depending on 
ecotype. In imported cultivar ‘Rose de Lautrec’ we found no infection with SLV. A high percentage of mixed 
infections in garlic cloves was also found and for double infections it ranged from 69% to 88%. Infection 
with all tested viruses was observed in 78% cloves. The most infected combination was double infections 
with potyviruses LYSV+OYDV. To the best of our knowledge, this is the first report of SLV infection in garlic  
in Croatia.
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(SLV) and Garlic common latent virus (GCLV) and 
eight species of allexiviruses, which have a worldwide 
distribution [Katis et al. 2012]. Natural and artificial 
infections also play an important role in yield, because 
plants originating from cloves of infected plants suf-
fered greater yield losses than plants originating from 
healthy cloves that were mechanically inoculated [Lot 
et al. 1998]. 

Local ecotypes of garlic are maintained in gene 
banks as a part of national program for preserving 
agricultural biodiversity (Croatian Plant Genetic 
Resources). Garlic is vegetatively propagated each 
year and there are concerns about presence of virus 
infection, but also constraints for future program 

due to possibility for spreading infections among 
ecotypes. 

Therefore, the aim of this work was to analyze the 
sanitary status of cloves and bulbils of garlic collect-
ed from various production regions in Croatia for the 
presence of four main garlic viruses using serologi-
cal diagnostic method double-antibody sandwich en-
zyme-linked immunosorbent assay (DAS-ELISA).

MaterIal and MetHods

plant material
Garlic accessions tested in this study originate 

from the area across Adriatic cost of Croatia and one 

fig. 1 The geographical origin of tested Croatian garlic ecotypes
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accession (IPT205, Srijemski) is from inland (Fig. 1). 
They are maintained as a part of Allium program in 
Croatian Gene Bank (CGB) at Institute of Agriculture 
and Tourism in Poreč (IPT) from 2014 and at Insti-
tute for Adriatic Crops and Karst Reclamation in Split 
(IJK) from 2012. The introduced garlic cultivars are 
maintained in CGB in Poreč from 2014 (Chinese; ac-
cession No. IPT207) and 2015 (French; ‘Rose de Lau-
trec’; IPT206). 

Garlic cloves supplied from these collections were 
planted in the experimental fields in Poreč on Decem-
ber 17th, 2015 and in Split on October 28th, 2015 and 
were grown using standard growing practice for garlic 
production [Lešić et al. 2002, Dumičić et al. 2013].
The number of planted cloves was at least 82 to more 
than 500 (IPT accessions) and from 24 to 60 (IJK ac-
cessions). The plants were harvested on July 14th (210 
days after planting) in Poreč and on July 7th in Split 
(254 days after planting). 

sampling 
Symptomatic and asymptomatic garlic plants have 

been randomly collected in the fields of both locations. 
In total, 24 accessions have been tested (Tab. 1). For 
each ecotype five to eight plants were sampled for vi-
rus detection. For IPT accessions, cloves and bulbils 
were collected and for IJK accessions only cloves 
were sampled. 

das-elIsa test
In total, 227 randomly chosen samples of garlic (154 

cloves and 73 bulbils – i.e. vegetative topset of the inflo-
rescences) were tested for the presence of viruses. Plant 
tissue derived from cloves (one clove removed from 
each bulb) and bulbils was tested on the presence of four 
main garlic viruses Onion yellow dwarf virus (OYDV), 
Leek yellow stripe virus (LYSV), Shallot latent virus 
(SLV) and Garlic common latent virus (GCLV). 

For virus detection, DAS-ELISA was performed 
according to Clark and Adams [1977] using commer-
cial kits with commercial positive and negative con-
trols (Catalogue no. 1202-24, 1204-24, 1199-24 and 
1222-24 Neogen, Scotland) and following manufac-
turer’s instructions. Two replicates were used for each 
sample. Volume used was 100 µL/well. Reactions 
were read after one and after two hours of incubation 
with absorbance microplate reader (SunriseTM Tecan, 

Switzerland) at wavelenght λ = 405 nm and absor-
bance was analyzed with MagellanTM software. Sam-
ples were consider positive if the average OD value 
from each of the duplicate sample wells is ≥ 2 × OD 
of that in the negative control of healthy plant extract 
according to OEPP/EPPO [2015]. 

results

At harvest in collection fields, 40 representative 
garlic cloves of each ecotype were sampled and height, 
weight and diameter of each clove were measured. 
Weight of garlic bulbs ranged from 17.7 g (IJK12) to 
90.8 g (IJK22) – Table 1. Of the tested accessions, 15 
had weight lower than 40 g/bulb and 9 weighed more 
than 40 g/bulb. The height of the bulbs ranged from 
26.3 mm (IPT015) to 56.6 mm (IJK22), with majority 
of bulbs higher than 30 mm (16 accessions). 

Symptoms of yellow stripes on garlic leaves were 
observed in the field in Poreč from the end of May. The 
presence of viruses in cloves of Croatian material was 
generally higher in IJK (Dalmatian) accession com-
pared to IPT (Istrian) accessions (Tab. 2). In cloves 
and bulbils of IPT collection viruses ranged from 0.0% 
(0/8) to 100.0% (8/8), while in cloves of IJK collec-
tion viruses ranged from 20.0% (1/5) to 100.0% (5/5). 
Croatian garlic material was totally infected only with 
LYSV. In both plant samples (cloves and bulbils), in 
imported material viruses ranged from 0.0% (0/4) to 
100.0% (4/4). Tested imported garlic materials were 
totally infected (e.g. 5/5 and 8/8, respectively) with 
both potyviruses LYSV and OYDV.

Overall, the least frequent virus in all tested garlic 
samples was carlavirus SLV, which was not detect-
ed neither in bulbils nor in cloves of ecotype IPT206 
(from France), whereas the most frequent virus was 
LYSV. In both cloves and bulbils, the virus incidence 
for GCLV, SLV and OYDV ranged between 12.5%  
(1/8 tested samples) to 100.0%, (8/8), while incidence of 
LYSV was 100.0% (8/8 tested samples). The carlavirus 
GCLV was detected in all ecotypes except for IPT016 
and IPT020; SLV was detected in all accessions except 
for IPT019 and IPT206; while LYSV and OYDV were 
detected in all accessions. For accessions were cloves 
and bulbils were tested we found lower cloves infection 
for GCLV and OYDV, but SLV showed lower infection 
rate of bulbils compared to cloves infection (Tab. 2).
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 table 1. Accession number, ecotype name and main bulb characteristics of tested garlic  

Bulb 

Accession No. Ecotype/cultivar 
weight  

(g bulb–1 ±SD) 
height 

(mm bulb–1 ±SD) 
diameter  

(mm bulb–1 ±SD) 

Croatian material  

IPT010a Pazin – crveni 26.5 ±0.5c 28.0 ±0.5 39.0 ±1.7 

IPT011 Kaštelir 1 27.4 ±1.9 27.3 ±0.8 39.9 ±1.3 

IPT012 Kaštelir 2 31.3 ±2.7 28.0 ±0.7 41.9 ±1.7 

IPT013 Pazin red 26.0 ±0.8 26.4 ±0.2 39.0 ±0.5 

IPT014 Tinjan 31.9 ±2.2 31.5 ±1.8 40.6 ±0.9 

IPT015 Pazin – bijeli 21.0 ±2.3 26.3 ±1.3 35.3 ±1.6 

IPT016 Katun lindarski 1 23.0 ±0.9 26.4 ±0.7 38.3 ±0.6 

IPT017 Katun lindarski 2 26.4 ±1.7 28.1 ±0.8 38.6 ±0.9 

IPT019 Veliki brgud 25.2 ±2.4 27.1 ±0.5 40.6 ±1.2 

IPT020 Brseč 30.4 ±3.1 28.1 ±0.7 41.5 ±1.6 

IPT205 Srijemski 44.6 ±3.5 33.2 ±0.6 48.7 ±1.3 

IJK3b Zmijavci 31.7 ±3.6 29.0 ±1.3 40.3 ±2.0 

IJK7 Tinjan 38.0 ±3.7 40.6 ±1.5 47.4 ±1.7 

IJK8 Kurtovići 22.4 ±2.0 31.2 ±1.2 33.0 ±1.4 

IJK9 Obrovac Sinjski 40.5 ±1.3 32.8 ±1.8 43.8 ±1.2 

IJK12 Konavle 17.7 ±1.4 31.4 ±1.5 34.4 ±1.1 

IJK13 Primorski dolac 56.3 ±2.6 43.7 ±0.7 59.1 ±0.9 

IJK14 Trnbusi 1 36.9 ±1.7 39.4 ±1.2 45.2 ±0.9 

IJK20 Trnbusi 2 44.2 ±2.4 34.8 ±0.9 48.1 ±0.9 

IJK22 Vinjani donji 90.8 ±0.7 56.6 ±1.1 74.0 ±1.5 

IJK23 Kijevo 47.3 ±2.6 38.3 ±2.1 51.1 ±0.9 

IJK26 Ljubitovica 58.0 ±4.6 39.0 ±0.9 53.8 ±1.0 

Introduced material        

IPT206 ‘Rose de Lautrec’ 42.6 ±5.7 33.6 ±0.6 48.9 ±1.5 

IPT207 Chinese 45.3 ±4.4 30.4 ±0.5 51.7 ±1.2 

a accessions maintained at Institute of Agriculture and Tourism in Poreč in Istria region (IPT);  
b accessions maintained at Institute for Adriatic Crops and Karst Reclamation in Split in Dalmatia region (IJK);  
c mean value ±SD, n = 40 
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  table 2. Infection – number of infected samples/ number of tested samples of Croatian and imported garlic material in 
cloves (C) and bulbils (B) and total infection of both (cloves and bulbils) as revealed by DAS-ELISA test for carlaviruses 
(GCLV and SLV) and potyviruses (LYSV and OYDV) 

GCLV SLV LYSV OYDV Ecotype/ 
region 

C B C B C B C B 

Infection 
of C 

n = 154 

Infection 
of B 

n = 73 

Croatian material 

IPT010a  8/8 6/8 7/8 6/8 8/8 8/8 4/8 6/8 27/32 26/32 

IPT011  7/8 7/8 7/8 8/8 8/8 8/8 5/8 8/8 27/32 31/32 

IPT012  8/8 8/8 7/8 8/8 8/8 8/8 7/8 8/8 30/32 32/32 

IPT013  6/8 8/8 8/8 8/8 8/8 8/8 5/8 8/8 27/32 32/32 

IPT014  8/8 n.t.c 7/8 n.t. 8/8 n.t. 5/8 n.t. 28/32 n.t. 

IPT015  5/8 n.t. 7/8 n.t. 8/8 n.t. 2/8 n.t. 21/32 n.t. 

IPT016  0/8 7/8 3/8 8/8 8/8 8/8 2/8 8/8 13/32 31/32 

IPT017 1/8 6/6 3/8 5/6 8/8 6/6 2/8 5/6 14/32 22/24 

IPT019  1/8 7/8 4/8 0/8 8/8 8/8 1/8 8/8 14/32 23/32 

IPT020 0/8 8/8 5/8 1/8 8/8 8/8 4/8 8/8 17/32 25/32 

IPT205  1/8 n.t. 6/8 n.t. 8/8 n.t. 2/8 n.t. 17/32 n.t. 

IJK3b  5/5 n.t. 1/5 n.t. 5/5 n.t. 5/5 n.t. 16/20 n.t. 

IJK7  5/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 20/20 n.t. 

IJK8  5/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 20/20 n.t. 

IJK9  5/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 20/20 n.t. 

IJK12  4/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 19/20 n.t. 

IJK13  5/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 20/20 n.t. 

IJK14  5/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 20/20 n.t. 

IJK20 3/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 18/20 n.t. 

IJK22  5/5 n.t. 5/5 n.t. 5/5 n.t. 4/5 n.t. 19/20 n.t. 

IJK23  5/5 n.t. 5/5 n.t. 5/5 n.t. 5/5 n.t. 20/20 n.t. 

IJK26  4/4 n.t. 4/4 n.t. 4/4 n.t. 4/4 n.t. 16/16 n.t. 

Imported material 

IPT206b  4/4 2/4 0/4 0/4 4/4 4/4 4/4 4/4 12/16 10/16 

IPT207a  7/8 4/6 4/8 1/6 8/8 6/6 8/8 6/6 27/32 17/24 

a n = 8 (IPT ecotypes), b n = 5 (IJK ecotypes), c n.t. – not tested 
 

 

table 3. Percentage of multiple infections in cloves and bulbils as revealed by DAS-ELISA test 
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In this survey multiple infections of garlic cloves 
ranged from 69% (GCLV + OYDV) to 88% (SLV + 
LYSV) – Table 3. The presence of three viruses was 
found in 71% to 82% tested cloves, while multiple 
infections with all four tested viruses was observed 
in 78% of the tested cloves. Similar situation was 
observed for tested bulbils and at least 75% bulbils 
had double infection, at least 82% were infected with 
three viruses and 87% was infected with four virus-
es. The combination with the highest frequency of  
bulbils infection was combination of potyviruses  
LYSV + OYDV (Tab. 3).

dIscussIon

The presence of viruses is a serious problem in gar-
lic production since they could substantially c yield 
and quality. In this study, we have tested cloves of local 
ecotypes of garlic primarily from the Croatian coastal 
area, and bulbils when they were avilable. General-
ly, in both collections we found a high incidence of 
infected cloves and the most widespread virus was 
LYSV. Only in ecotype IPT206 (‘Rose de Lautrec’) 
the incidence of SLV was 0.0% for both cloves and 

bulbils. Compared to other Croatian ecotypes it seems 
that IPT019 (Veliki brgud) has lower rate of infection 
for majority of tested viruses (Tab. 2). 

In addition to a single virus presence in garlic, we 
have observed a high rate of mixed infections in cloves 
and bulbils. More than 69% of the tested cloves were 
infected with more than one virus, and 75% to 98% 
of the bulbils had mixed infections. The phenomenon 
of mixed infections is very common in garlic [Keller 
and Senula 2001, Katis et al. 2012] and mixed infec-
tion at 86% for OYDV, 57% for LYSV, and 29% for 
GCLV were reported previously [Parrano et al. 2012]. 
In our study, mixed infection by potyviruses (LYSV 
and OYDV) was observed at high rate, which, in oth-
er study resulted in severe symptoms in plants, with  
a yield loss from 33% [Takaichi et al. 2001] to 91% 
[Lot et al. 1998]. 

Latent carlaviruses were widely more prevalent 
in Germany, Czech Republic and Poland [Keller and 
Senula 2001, Klukáčková et al. 2007, Smékalová et 
al. 2010, Winiarczyk et al. 2014], but in our work eco-
nomically important potyviruses were more frequent, 
as reported in Italy [Dovas and Volvas 2003]; Israel 
[Koch et al. 1995]; Argentina [Conci et al. 2002, Conci 

 table 3. Percentage of multiple infections in cloves and bulbils as revealed by DAS-ELISA test 

Various multiple infection of cloves 
and bulbils 

Infection of cloves 
(percentage) 

Infection of bulbils 
(percentage) 

GCLV + SLV 73 75 

GCLV + LYSV 85 94 

GCLV + OYDV 69 92 

SLV + LYSV 88 82 

SLV + OYDV 72 79 

LYSV + OYDV 84 98 

GCLV + SLV + LYSV 82 84 

GCLV + SLV + OYDV 71 82 

LYSV + OYDV + GCLV 79 95 

SLV + LYSV + OYDV 81 86 

GCLV + SLV + LYSV + OYDV 78 87 
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et al. 2003, Lunello et al. 2007, Perotto et al. 2014]; Ja-
pan [Takaichi et al. 2001] and Mexico [Velásquez-Val-
le et al. 2012]. 

In this study, incidence of viruses in cloves of 11 
ecotypes from southern parts of Dalmatia (IJK3-IJK26) 
was very high, whereas Vončina et al. [2016] in north-
ern Dalmatia found much lower incidence of GCLV in 
leaves (94.5% vs. 11.6%) and LYSV (100% vs. 7.4%). 
The incidence of virus infection in ten ecotypes from 
Istria (IPT010-IPT020, without IPT205) was lower for 
GCLV, SLV, and OYDV compared to the south of the 
country (Tab. 2). A high incidence of viruses has been 
found in imported bulbs from China (IPT207) and inci-
dence was extremely high for potyviruses. Similar was 
also observed in the Czech Republic in the analyzed 
samples from China [Klukáčková et al. 2007]. 

The time of sampling is also very important for 
subsequent results in diagnosis. Our samples were 210 
to 254 days old when tested, which is the optimum 
time to detect virus according to previous studies to 
ensure virus detection [Conci et al. 2010]. The con-
centration of LYSV differs according to the sampling 
time, cultivar and region, which is probably due to the 
physiological state of the crop, virus-cultivar relation 
and the ambient temperature [Conci et al. 2002]. Also, 
potyviruses and carlaviruses are transmitted by vari-
ous migratory species of aphids (Myzus ascallonicus, 
Aphis fabae complex and the genus Macrosiphum) in 
the non-persistent manner [OEPP/EPPO 1995, Brunt 
et al. 1996, Katis et al. 2012, Perotto et al. 2014, Win-
iarczyk et al. 2014], therefore, virus infection can be 
spread very fast in new crop particularly if they are 
present in propagation material. Total aphid catch is 
also very important and it is a better predictor of virus 
spread than catches of any single species or a combi-
nation of a few key species [Perotto et al. 2014]. 

On some garlic ecotypes in this work, yellow 
stripes on leaves were observed by the end of May till 
July when garlic was harvested. A single infections 
with either OYDV or OYDV in combination with oth-
er viruses like LYSV [Lot et al. 1998, Klukáčková et 
al. 2007] always cause bright yellow-green stripes on 
garlic leaves; however, symptoms may be different de-
pending on whether garlic was propagated by cloves 
or bulbils [Parrano et al. 2012]. Although, it was pro-
posed that potyviruses reduces bulb and clove sizes 
[Lot et al. 1998, Takaichi et al. 2001, Lunello et al. 

2007] we couldn’t directly relate bulb characteristics 
to frequency of infection or specific virus. Takaichi et 
al. [2001] stated that the disease symptoms were ob-
served in proportion to the infection rate of LYSV, but 
the apparent reduction in bulb weight was not directly 
related to the infection of LYSV.

In our survey, for accessions where bulbils and 
cloves were tested, the incidence of viruses in bul-
bils was higher than in cloves for OYDV, similarly to 
Koch et al. [1995] who reported that aerial bulblets 
were generally more infected than cloves. However, 
the frequency of SLV was higher in cloves than in 
bulbils in four ecotypes. According to Winiarczyk et 
al. [2014], viruses are most frequently identified in 
the underground bulbs than in the inflorescence and 
leaves, especially for potyviruses OYDV and LYSV. 
Other authors stated that virus status of garlic bulbils is 
not different from that of cloves [Parrano et al. 2012]. 
Accumulation of virus in different plant and in different 
part of the plant is probably influenced by developmen-
tal stage of plant [Conci et al. 2010]. Potyviruses are 
not uniformly distributed and an irregular distribution 
of positive and negative cloves within a single bulb was 
also observed [Ramírez-Malagón et al. 2006]. Howev-
er, Koch et al. [1995] and Conci et al. [2010] proposed 
that testing of few bulbs per clove could be sufficient 
for determination of health status of plant. Regarding 
leaves, no one type or position of leaf is preferable for 
detecting virus presence [Conci et al. 2010]. 

According to our results, it seems that different 
garlic tissues, such as cloves and bulbils, are suitable 
for virus detection, as previously reported by some au-
thors [Koch et al. 1995, Conci et al. 2002, 2010, Win-
iarczyk et al. 2014]. Aerial bulbils are suitable test ma-
terial because they contain the highest concentration 
of OYDV and can be used instead of valuable planting 
material [Koch et al. 1995]. 

To the best of our knowledge, this is the first report 
of SLV in garlic in Croatia. Viruses OYDV, LYSV and 
GCLV were previously detected from garlic leaves 
in Croatia [Vončina et al. 2016]. In this survey these 
three viruses were detected in cloves and bulbils.
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