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Abstract 

From 12 cultivated and mostly vegetatively propagated Allium species and varieties tested 
for carlavirus infections, 94 virus isolates were obtained which varied greatly on indicator 
hosts. Chenopodium amaranticolor, C. quinoa, Celosia argentea vat. plumosa 'Geisha', 
Nicotiana hesperis accession 67A and N. occidentalis accession P1 proved valuable for 
detection, isolation and propagation of part of the isolates. The latter three species are new 
experimental hosts for carlaviruses of Allium species. Other isolates could only be trans- 
mitted to Allium species such as crow garlic (A. vineale) leek (A. ampeloprasum var. 
porrum) and onion (A. cepa var. cepa). The isolates were grouped into three viruses by 
differential hosts and host reactions and their reaction with four antisera. 

Shallot latent virus (SLV) was found in ever-ready onion (A. cepa var. perutile), grey 
shallot (unidentified Allium species), multiplier onion (A. cepa var. aggregatum), pearl 
onion (A. ampeloprasum var. sectivum), rakkyo (A. chinense), shallot (A. cepa var. asca- 
lonicum), and Welsh onion (A. fistulosum). Virus isolates from garlic and Asian shallot, 
fully reacting with antiserum to SLV but differing in host reactions from the SLV type- 
isolate, are now described as garlic strain (SLV-G) and Asian shallot strain of the virus, 
respectively. The 'garlic latent virus' from garlic described in Japan is now considered 
identical with SLV-G. 

A carlavirus almost universal in garlic, and also found in great-headed garlic (A. ampe- 
loprasum var. holmense), in an unidentified Allium species, and occasionally in leek, did 
not react with the antisera to SLV and the Japanese 'garlic latent virus', and is now 
described as the new garlic common latent virus (GCLV). It appeared identical to a virus 
erroneously identified in Germany as garlic latent virus. 

The new Sint-Jan's-onion latent virus (SjoLV) from Utrechtse Sint-Jan's onion (un- 
identified Allium species) from the Netherlands and similar crops originating from other 
countries, did not induce reactions in test plants and could only be detected by electron 
microscope decoration tests. It reacted equally well with the antisera to SLV and GCLV. 
It was also present together with SLV in ever-ready onion, pearl onion, rakkyo, shallot, 
and Welsh onion. 'Garlic latent virus' reported in Japan from hosts other than garlic 
should be regarded as SLV, SjoLV, or a mixture of these viruses. 

The carlaviruses were not detected in wild plants of ramsons (A. ursinum), and of the 
predominantly vegetatively propagated crow garlic (A. vineate), field garlic (A. otera- 
ceum), and sand leek (A. scorodoprasum), collected in the Netherlands. 

Severe reactions in the indicator hosts incidentally revealed soil-borne viruses in shallot 
(the nepoviruses Arabis mosaic virus (ArMV) and tomato black ring virus) and crow gar- 
lic (ArMV and the tobravirus tobacco rattle virus). Tobacco necrosis virus (necrovirus) 
was detected in roots of shallot. 
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Introduction 

Crops of cultivated Allium species are commonly infected with one or more viruses, 
especially when propagated vegetatively (Bos, 1983; Walkey, 1990). During a virus 
survey at Wageningen, the Netherlands, of Allium samples from different parts of the 
world, two mite-borne potyviruses (Van Dijk et al., 1991) and four aphid-borne poty- 
viruses (Van Dijk, 1993b) have been identified. Carlavirus isolates that were also present 
in the investigated samples are the subject of the present paper. 

Confusion concerning carlaviruses in Allium species has increased with time. Shallot 
latent virus (SLV) described from shallot (A. cepa var. ascalonicum) in the Netherlands 
(Bos et al., 1978), and 'garlic latent virus' described from garlic (A. sativum) in Japan (Lee 
et al., 1979), so far are the only biologically and serologically characterized carlaviruses 
of Allium spp. Their serological relationship was reported to be distant (Bos, 1983). SLV 
was occasionally found in leek (A. ampeloprasum vat. porrum) and onion (A. cepa var. 
cepa) in the Netherlands (Bos et al., 1978). It was also found in leek in Denmark (Paludan, 
1980) and in Germany (Lesemann et al., 1991), in sand leek (A. scorodoprasum) in 
Belgium (Verhoyen and Horvat, 1981), in garlic in England (Walkey et al., 1987), and in 
multiplier onion (A. cepa var. aggregatum) in Finland (Bremer, 1990). 'Garlic latent 
virus' was also reported in an ornamental A. ampeloprasum (Inouye et al., 1981), rakkyo 
(A. chinense) (Sako, 1989; Sako et al., 1989, 1991) and Welsh onion (A. fistulosum) 
(Fukami et al., 1988) in Japan. Identification of SLV in garlic in England was by electron 
microscope decoration tests, which also revealed carlavirus particles not reacting with 
SLV antiserum (Walkey et al., 1987), as earlier observed with the same technique in 
French garlic (Delecolle and Lot, 1981). Garlic in Germany contained a carlavirus tenta- 
tively identified as 'garlic latent virus' (Graichen and Leistner, 1987; Lesemann et al., 
1992). It was reported to be generally present in European garlic samples (Abo el-Naga et 
al., 1989), and was also found in leek (Lesemann et al., 1991). The 'garlic latent virus' in 
Germany, however, proved at Wageningen to be different from the virus with that name 
earlier described in Japan (Van Dijk et al., 1991). 

The detection of narcissus latent virus in garlic was claimed in England (Walkey, 1990) 
and antiserum to carnation latent virus decorated virus particles from garlic in Argentina 
(Conci and Nome, 1991; Conci et al., 1992). In the Netherlands, another undescribed 
carlavirus was detected in shallot and Utrechtse Sint-Jan's onion (Van Dijk et al., 1991), 
a species then incorrectly identified as rakkyo (Van Dijk, 1993b). 

In this study, a large number of carlavirus isolates from various countries are compared 
biologically and by electron microscope decoration tests with the few antisera available. 

Materials and methods 

Test species and cultivars. Plants of onion 'Stuttgarter Riesen' were grown from sets, 
and those of 'Rijnsburger' selection Oporto were from seed. Plants of shallot 'Noord- 
hollandse Strogele' were from bulbs grown at IPO-DLO from seed. Bulbs or plants of 
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crow garlic (Allium vineale) were collected in the field. Plants of garlic 'Thermidr6me' 
were from certified bulbs. Broad bean (Vicia faba) 'Compacta' and 'Driemaal Wit', 
Celosia argentea var. plumosa 'Geisha', French bean (Phaseolus vulgaris) 'Bataaf', leek 
'Zwitserse Reuzen' selection Jolant, pea (Pisum sativum) 'Koroza', spinach (Spinacia 
oleracea) 'Nores', and Welsh onion (A. fistulosum) 'Kyoto Market' were all grown from 
commercial seed. Chinese chive (A. tuberosum), chive (A. schoenoprasum), and 
Formosan lily (Liliumformosanum) was raised from seed provided by the DLO Centre for 
Plant Breeding and Reproduction Research, Wageningen. Plants of Chlorophytum como- 
sum were raised from rosettes obtained from house plants. Nicotiana hesperis was acces- 
sion 67A from the Tobacco Research Laboratory, Oxford NC, USA, and N. occidentalis 
was IPO-DLO accession P1, originally obtained from Kings Park and Botanic Garden, 
West Perth, Australia. Chenopodium spp., N. benthamiana and N. tabacum 'White 
Burley' were from seed stocks regularly used at IPO-DLO. Plants of sesame (Sesamum 
indicum) were from seed supplied by the Agricultural University, Wageningen, the 
Netherlands, and those were grown in aphid-proof glasshouses at 18-20 ~ 

Virus isolates. Carlavirus isolates and additional isolates of soil-borne viruses, the 
method of their isolation or detection, and data on the Allium samples from which they 
were obtained, are specified in Table 1. Several representative isolates as indicated in the 
table have been preserved for reference and further characterization. The following two 
isolates also listed in Table 1 were used for comparison: 
- garlic common latent virus (GCLV) (this paper), erroneously identified as 'garlic latent 
virus' in Germany (Graichen and Leistner, 1987): uncoded garlic isolate (IPO-DLO code 
As224) supplied by Dr K. Graichen (Institut ftir Phytopathologie, Aschersleben, 
Germany); 
- shallot latent virus (SLV): isolate Ac3 from shallot of IPO-DLO (Bos et al., 1978), 
from which Ac3A and the new type-isolate Ac3B were sub-isolated (see under Results). 

Antisera. The antisera to carla-, nepo-, and potyviruses used are listed below (quotation 
marks indicate reidentification of the carlavirus in this paper or contamination of the poty- 
virus with carlavirus (Van Dijk, 1993b)) and with original reference and antiserum 
supplier. 
- Arabis mosaic virus (nepovirus) (Murant, 1970a); Mr D.Z. Maat (IPO-DLO); 
- carnation latent virus (CLV) (carlavirus) (Wetter, 1971); Mr D.Z. Maat (IPO-DLO); 
- garlic common latent virus (GCLV) (carlavirus) (this paper), erroneously identified as 

'garlic latent virus' in Germany (Graichen and Leistner, 1987), and earlier provision- 
ally named 'German garlic latent virus' (Van Dijk et al., 1991); Dr K. Graichen, Institut 
ftir Phytopathologie, Aschersleben, Germany; 

- 'garlic latent virus' (carlavirus) (Lee et al., 1979), earlier provisionally called 'Japanese 
garlic latent virus' (Van Dijk et al., 1991), and further described in this paper as the 
garlic strain of shallot latent virus; Dr T. Inouye, University of Osaka Prefecture, 
College of Agriculture, Osaka, Japan; 

- 'garlic yellow stripe virus' (potyvirus) (De Carvalho, 1980, 1981), consisting of a virus 
complex including garlic common latent virus (Van Dijk, 1993b); Dr T.T. Matsumoto, 
State of California, Department of Food and Agriculture, Sacramento, California, 
USA; 

- narcissus latent virus (NLV) (carlavirus) (Brunt, 1976); Mr D.Z. Maat, IPO-DLO; 
- shallot latent virus (SLV) (carlavirus) (Bos, 1982); Mr D.Z. Maat, IPO-DLO; 
- tomato black ring virus (nepovirus) (Murant, 1970b); Mr D.Z. Maat; IPO-DLO. 

Neth. J. Pl. Path. 99 (1993) 235 



0 

0 

r 

�9 

0 

r~ 

�9 

,,-..-t 

[.. 

0 

0 

e* 

0 
o 

0 

0 

0 

Z Z 

Z Z 

0 0 

0 0 

�9 �9 

~o 

~ b ~  ~ z z z  z z 

- ~ - ~  ~ 

~ E N N N N N  . ~  ~ -  

.~-~-~ ~ . ~  ~ ~ . . . .  '~'~ ~ ' ~  

~ ~ . ~ . ~  ~ . ~  ~ ~ ~ . ~  ~ ~ . 

2 3 6  Neth. J. Pl. Path. 99 (1993) 



�9 

�9 ..~ e , .~  

. . - , ~  

=.~. ~ .~ 

~ u N  

,.. = = = : ~ = <  ,-. = ~  

" ~  

~ ' ~  

~ ' ~  ~ ~ ~  

<<<<~ 

2 ; 2 : =  

. ~  ~  

0 

~D 

~ z  

z 
r 

Z 

Neth. J. Pl. Path. 99 (1993) 2 3 7  



0 

0 
r..) 

Z Z  

~D 

r 

Z Z  

. -  - ~ . ~  

z z ~  z o 4 ~ 4  a 

z z z  

4 4 ~  

�9 

z_z 

Z ~  

,....z 

.== 

v 
,.d 

238 

0 

0 ZZ 

0 

G) 

0 0 ~ 0 

. ~  . ~ . ~ . ~  " ~ ~ ' ~  ~ 

�9 ~ ~<~a 

Neth. J. Pl. Path. 99 (1993) 



[.., 

% 
z z z  g g g z  z ~= z z z z  

0 

�9 

0 

> 

�9 
~Z 

"~1~ 

,-. ,-, ~ r = = = 

z .~z  ~ ~z o = ~ =  - -  

0 

~ ' ~  = 

~ - ~  

0 

g 

,.= ~ = 

�9 ~ ' ~  

"~  ,.., 
~ ~ . ~  ~ ' ~  

, ~ . ~ . ~ ' - ~ . ~  ~ ~ ~ ~ ' ~  
~ ~  

~ . ~ . ~  .~ ~ ~  
~ ~ ' ~  ~ ~ ~ ~ ' ~ ~  ~ ~  ~ 

~ ~ ~ ' ~  

~ . ~  . ~ . ~ . ~ , ~  

~ 
. < < . < < < < < < < <  

Neth. J. Pl. Path. 99 (1993) 239 



o 

.,,-. 

0 

o 

o 

Z Z Z  
0 0 

Z 

o 

03 

" '  d:::l O3 
[--, [--, 

Z 
{D 

0 
U 
.o 
0 

�9 

Z 

Z 
0 

< 
r.,r 

�9 

0 
Z 
�9 

Z 

z3555 

O 0  

~ 6  

0 0 

240  

i-i 

0 

0 

o 

= 

0 

0 

-~ .~  ~ 

�9 - ~ . .  ~ ~ "~ 

O& z 

0 

.s .~ 
0 0 
r~ c~ 

~ 0  

~ s 

.o .o 

~  

o 

"r, g 
E ~ % =  = 

..4 " ~  ~,1 , ~  ~'~ 

Neth. J. Pl. Path. 99 (1993) 



0 

n~  
�9 
= 
= 

ca 

% 
o 

0 

0 

0 

0 
0 

0 
. .~  
Ca 
Ca 

.= 

L) 

> 

0 

.~1= ~ ~ .~-  

0 0 

Ca Ca 

Z Z 
Ca ca 

ga 

r Ca 

~ s  s ~ 

. .  , ~  

.'2. - ~ -~ .=~ ~ 

oo z ~  ; ,2 

~ . - -  " e- Ca 
o > N = o  t= 
~ o ~ ~ " ~  ca ~ - - ' -  "--~ 

~ ' ~  ~ Ca ~ o  Ca~, _ 

~ . _  0 ~ ~ , . ~  II ~ ~ ~ 

' ~ ' ~  ~ , - ~ . ~  "~ ~ ~ Z; ~ ,<  ~ "= 

-v , ~ ~ : ~  ~= ~ o  ~ Ca= 
>.'-- ~ 0  o ~ ,.- O ~ - ,  >-."u 

~ . = . H ; =  V ~ =  o ~. ~ = , n  o , E  

~ o . =  ~ ~ e ~ . ,  ~ =  ~;.~= 

~ u 0 0 ~ e~ 0 Ca ~ r~l Ca 0 

= Ca> ~ .~  ~ ~ ~ - = ~ - =  

Ca N ' ;  o ~ = = . - H ~  ca = ~ 

Neth. J. PI. Path. 99 (1993) 241 



Virus transmission by sap inoculation. Transmission in sap usually was with 0.05M 
potassium phosphate, pH 7.7, with 0.1% (w/v) cysteine hydrochloride, and with carbo- 
rundum 500 mesh as an abrasive. 

Electron microscopy. Preparations for electron microscopy were usually made by 
grinding small pieces of fresh or dried leaves in a 0.2% (w/v) solution of sodium sulphite, 
incubating the sap on a grid for c. 1 min, and floating the grid for 1 min on drops of the 
sodium-sulphite solution and of a 2% (w]v) solution of phosphotungstate acid (PTA), 
successively. Decoration was by floating the grid on antiserum (dilution 1:3 or 1:10, and 
incubation for 15 min or 5 min with antisera of low or high titre, respectively), and there- 
after on sodium-sulphite solution, prior to staining. 

Results and discussion 

Initially, a large number of plant species and selections, including 29 Nicotiana accessions 
mostly from Australia, were inoculated with sap of different garlic and shallot samples to 
investigate their value as an indicator for carlaviruses present in those samples (P. van 
Dijk, unpublished results). Part of the isolates soon appeared to induce local lesions in 
Celosia argentea, Chenopodium amaranticolor, C. murale, C. quinoa, Nicotiana hespe- 
ris, N. occidentalis, Pisum sativum (sweet pea) and Viciafaba (broad bean), or a systemic 
reaction in N. occidentalis. The genotypes Celosia argentea var. plumosa 'Geisha', N. 
hesperis accession 67A, and N. occidentalis accession P1 were selected for routine use 
because of their clear reactions, while other cultivars or accessions of these species gave 
unsatisfactory or negative results. Other carlavirus isolates did not react in any plant spe- 
cies, and could only be transmitted to Allium spp. such as crow garlic, onion, and shallot. 
Severe reactions, occasionally observed in indicator hosts, were of soil-borne viruses. 

Investigation of over 100 samples of 12 cultivated species and varieties revealed the 
presence of 94 carlavirus isolates. Samples of vegetatively propagated crops only rarely 
harboured no carlavirus, whereas only one of the samples of seed-grown crops contained 
a carlavirus. No carlaviruses were detected in any of 167 plants of crow garlic (A. vineale), 
9 of field garlic (A. oleraceum), 27 of ramsons (A. ursinum), and 9 of sand leek (A. sco- 
rodoprasum), all collected in the wild in the Netherlands. 

Carlavirus isolates, when occurring in mixed infections, were singled out by repeated 
transfer in single lesions, by passage through non-inoculated leaves of N. occidentalis, or 
by accidental single transfer in sap to test plants. Single isolates greatly varied in host 
range and symptoms. According to their decoration by four antisera these virus isolates 
were arranged into three groups, viz. SLV, the new garlic common latent virus (GCLV), 
and the new Sint-Jan's-onion latent virus (SjoLV). Two biologically deviating groups of 
SLV isolates were identified as two strains, one representing the 'Japanese garlic latent 
vi rus  '. 

Table 1 lists the isolates, together with plant species used for their isolation and data on 
their origin, and presents an overview of the viruses and strains isolated from each culti- 
vated and wild Allium species. Table 2 records host reactions and serological decoration 
of selected carlavirus isolates. Occurrence, incidence (where known), biological variabil- 
ity, and serological properties of the carlaviruses and strains are now presented for each 
virus, with reference to the literature. The soil-borne viruses are briefly described first, to 
give full account of the virus survey, and to facilitate the identification of carlaviruses by 
test plant reactions. 
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Soil-borne viruses 

Arabis mosaic virus (ArMV) and tomato black ring virus (TBRV) (nepovirus) 
Severe systemic reactions, infrequently observed in Cetosia argentea, Chenopodium 
amaranticolor, C. murale, and C. quinoa, were caused by nepovirus infection. The iso- 
lates were serologically identified as Arabis mosaic virus (ArMV) (from three plants of 
shallot 'Sant6' and one of crow garlic) and tomato black ring virus (TBRV) (from one 
shallot 'Ouddorpse Bruine') (Table 1). ArMV was earlier reported from tree onion 
(A. cepa var. viviparum) (Graichen, 1975), but not from crow garlic and shallot. TBRV 
had been found in leek and onion in Northern Ireland (Calvert and Harrison, 1963), and 
in A. flavum, chive (A. schoenoprasum), leek, shallot, and tree onion in Germany 
(Graichen, 1975). 

Tobacco rattle virus (TRV) (tobravirus) 
Plants sampled from one natural population of crow garlic in which all plants showed 
chlorotic and white necrotic stripes on the leaves (Fig. 1), though not containing 
detectable virus particles when examined in the electron microscope, proved to be 
infected with a tobravirus by the presence of rod-shaped particles in test plants inoculated 
with sap from selected plants. The isolate was recognized as tobacco rattle virus (TRV) 
(Table 1) also by its rapidly enlarging necrotic local lesions in C. quinoa, small necrotic 
local lesions in broad bean, French bean and pea, and severe necrotic symptoms in 
inoculated and non-inoculated leaves ofN. benthamiana, N. occidental&, and N. tabacum. 
TRV had earlier been reported in garlic, onion, A. moly and A. ursinum in Europe (Van 
Slogteren, 1958; Kristensen and Engsbro, 1966; Graichen, 1975; Bos, 1983), but not in 
crow garlic. Over hundred of plants of crow garlic from other populations did not reveal 

Fig. 1. Plants of crow garlic with chlorotic and 
necrotic stripes due to natural infection by the 
tobravirus tobacco rattle virus. 
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Table 2. Differentiation of representative isolates of garlic common latent virus (GCLV), shallot latent virus 
host reactions and serology. 

M e a n s  o f  c h a r a c t e r i z a t i o n  

Test plants 3 

Allium ampeloprasum var. porrum (leek) 
A. cepa var. ascalonicum (shallot) 
A. cepa var. cepa (onion) 
A. fistulosum (Welsh onion) 
A. sativum (garlic) 
A. tuberosum (Chinese chive) 
A. vineale (crow garlic) 
Sint-Jan's onion (unidentified Allium sp.) 
Celosia argentea var. plumosa 
Chenopodium amaranticolor 
C. murale 
C. quinoa 
Nicotiana benthamiana 
N. hesperis 
N. occidentalis 
Pisum sativum (pea) 
Spinacia oleracea (spinach) 
Viciafaba (broad bean) 

A n t i s e r u m  

GCLV from SLV and strains from 

garlic shallot 

Common strain 

As2241 As 123II As 199111 Ac3B Ac 16211 

Lcn -*  

Lc - *  
Lc -*  

S S 

- -  S 

S S 

S 

S S 

S S 

S 

1 ( S . )  

Lcn - *  Lcn - *  Ln - *  Ln - *  

(Lc) -*  L~ -*  L. -*  Ln -*  
Lcn - *  Lcn - *  - *  - *  

Lc. -*  Lee -*  Ln -*  L. -*  
-*  -*  1 -*  (1) - 
1 - 1 ( s )  (L~e) - 
1 She 1 Sn~ (L~) - Lc .  -*  

(Ln) -*  L, -*  

-*  -*  -*  -*  -*  -*  ( L ~ ) -  L, (So) 

Carnation latent virus (the Netherlands) 5 D+ 
Garlic common latent virus (Germany) 6 D+ D+ D+ D+ 
'Garlic latent virus' (Japan) D -  D -  D+ 
'Garlic yellow stripe virus' (USA) 7 D+ 
Narcissus latent virus (the Netherlands) D -  
Shallot latent virus (the Netherlands) D -  D -  D -  D+ D+ 

1 Isolate supplied by Dr K. Graichen (Institut fur Phytopathologie, Aschersleben, Germany), erroneously 
2 'Japanese garlic latent virus' is identical to the garlic strain of shallot latent virus (see text). 
3 For cultivars and accessions see Materials and methods. 
4 The first and second symbol denote the reaction of inoculated and non-inoculated leaves, respectively: L = 

suffix c = chlorotic or yellow symptoms; suffix e = etching; suffix n = necrotic symptoms; -*  = no symp- 
s Reactions in decoration tests as follows: D+ = strong to fair reaction; D+ = weak to very weak reaction; D -  
6 Antiserum to a virus incorrectly identified in Germany as 'garlic latent virus', and described here as the 
7 'Garlic yellow stripe virus' (potyvirus) is a virus complex including garlic common latent virus (Van Dijk, 
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(SLV),  and Sint -Jan ' s -onion latent virus  (SjoLV) and their s trains f rom different  cul t ivated Allium species  by 

Ac205  

SjoLV from 

pearl on ion  garl ic  Utrechtse  shal lot  
S . / a n ' s -  

As ian  shallot  strain Garl ic strain 2 onion  

Ac127II  A a l l 2  As199I I  As391I I I  A x l 0 1  Ac204I  

L.) -*  
Ln - *  

Lcn - *  

S 

S 

(s )  

- *  - *  - *  - *  (Lcn) - *  - *  - *  
- *  - *  (Ln) - *  L,  - *  Ln - *  - *  - *  
- *  - *  (Le) - *  (Ln) - *  - *  - *  - *  - *  
- *  - *  (L,) - *  Ln - *  (Ln) - *  - *  - *  
- *  * - *  - *  (1) - *  - *  - *  - *  - *  

Lee - *  L~e - *  1 - Lce - *  - *  - *  
(Lc,) * (L~) - *  1 (s) L ,  - *  - *  - *  

(Ln) - *  - *  

- *  * Ln - *  Ln - *  - *  - *  

S 

S 

S 

s 
S 

D•  D•  D -  
D -  D•  D•  D•  D+ D+  
D+ D+ D+  D+  

D -  D -  
D -  D -  D -  

D+ D+ D+ D+ D+ D+  D+ 

identif ied as 'gar l ic  latent v i rus ' .  

local lesions;  1 = latent local infection;  S = sys temic  symp t oms ;  s = latent sys temic  infection; - = no infection;  
toms,  but  not  tested for latent infection;  ( ) = react ion very poor  or  va r i ab le ; .  = not  tested. 
= no r eac t ion ; .  = not  tested. 
new garlic c o m m o n  latent virus (see Mater ia ls  and methods) .  
1993b). 
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virus infections when investigated with inoculation tests or in the electron microscope, 
except for a single infection with ArMV (see before). 

Tobacco necrosis virus (TNV ) (necrovirus ) 
Tobacco necrosis virus was detected after inoculation of test species with sap of shallot 
roots (Table 1). The virus was identified by its characteristic host range and symptoms 
(necrotic local lesions in Chenopodium spp., French bean, N. benthamiana, N. occiden- 
talis, N. tabacum, and additional systemic necrosis in N. benthamiana), and its isometric 
virus particles observed in the electron microscope. 

Carlaviruses 

Shallot latent virus ( SL V) 
Common strain. SLV is the first carlavims of Allium spp. described; in the Netherlands 
it generally infects shallot and occasionally leek and onion (when planted next to shallot), 
without inducing symptoms (Bos et al., 1978). The type-isolate (Ac3) had been trans- 
mitted from a naturally infected shallot plant to leek for its purification and production of 
an antiserum (Bos et al., 1978). Mixed infection cannot be excluded by this procedure, 
especially when regarding the vegetative propagation of shallot. The SLV antiserum, 
however, did not react to mite-borne viruses from shallot (Van Dijk et al., 1991), proving 
their absence in the SLV culture. Infectivity of the type-material, after 13 years of stora- 
ge over calcium chloride, appeared extremely low, since several attempts for its trans- 
mission to test plants resulted in only two local lesions in Chenopodium amaranticolor. 
Sub-isolates Ac3A and Ac3B, both fully reacting to SLV antiserum in decoration tests, 
were obtained by repeated single-lesion transfers. Chlorotic local lesions with necrotic 

Fig. 2. Desiccating chlorotic local lesions of 
neotype-isolate Ac3B of shallot latent virus in 
Chenopodium amaranticolor some two weeks 
after inoculation. 
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centre of Ac3A in C. amaranticolor and C. quinoa were low in number and very small in 
size as compared with those of Ac3B in these species (Fig. 2). C. murale and Celosia 
argentea did not react to Ac3A at all, in contrast to their developing clear chlorotic/necro- 
tic lesions with Ac3B. Ac3B could be transferred to onion, reacting with mild chlorosis, 
in local lesions of C. quinoa. Transmission of Ac3B and three other SLV isolates from 
C. amaranticolor to onion or leek failed. C. amaranticolor is known to be a poor donor 
host when no additives in the inoculum are used (Yarwood, 1972). In repeated inocula- 
tions, infectivity of Ac3A in sap of C. quinoa appeared too low for transfer of the isolate 
to onion, and it was abandoned. 

Particles of the new type-isolate Ac3B were clearly decorated by antiserum to 
'Japanese garlic latent virus', and only slightly by that to GCLV (provisionally called 
'German garlic latent virus'). Its host range and reactions were similar to those described 
for SLV (Bos et al., 1978), except the necrotic local lesions in broad bean (Viciafaba) by 
Ac3B. Additional species tested included Chenopodiumfoliosum and C. schraderianum 
(= C. foetidum), which did not react, crow garlic (Allium vineale), which appeared very 
susceptible, and Nicotiana benthamiana, N. hesperis and N. occidentalis, the inoculated 
leaves of which proved symptomlessly infected, the latter two species at high concentra- 
tion. None of nine plants of garlic 'Thermidr6me', inoculated twice with highly infectious 
inoculum from leek, became infected (Table 2). 

Carlavirus isolates resembling Ac3B in serological properties, but often considerable 
differing from it in host reactions, could be isolated from shallot plants from different 
origins (Table 1). The majority of the isolates induced only a poor reaction in 
Chenopodium spp., resembling that of Ac3A. Local lesions in C. quinoa appeared as very 
small green rings with a necrotic centre and few necrotic spots of different size. Celosia 
argentea reacted clearly to most isolates (Fig. 3) but very poorly to Ac205 and not at all 
to Ac203. Part of the isolates differed from Ac3B by causing yellow to necrotic local 

Fig. 3. Local lesions in Celosia argentea vat. 
plumosa 'Geisha' three weeks after inoculation 
by shallot latent virus, isolate Ac115. 
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lesions in N. occidentalis (Table 1, 2) - such lesions were not observed in N. benthamiana 
and N. hesperis or only very faintly in the latter - but resembled Ac3A or Ac3B in further 
hosts. 

SLV was also found in ever-ready onion (A. cepa var. perutile) (Fig. 4), grey shallot 
(unidentified Allium species), multiplier onion (A. cepa #ar:,aggregatum), pearl onion 
(A. ampeloprasum var. sectivum),.rakkyo (A. chinense), and Welsh onion (A. fistulosum). 
Leek and onion, known to occasionally harbour the virus when grown near shallot (Bos et 
al., 1978), did not contain SLV. This can be explained by the fact that the samples in this 
survey were not collected in the vicinity of shallot. Occurrence of SLV in leek in complex 
with the potyvirus leek yellow stripe virus in Denmark and Germany, and aggravating 
symptoms of the latter virus (Paludan, 1980; Lesemann et al., 1991), was not found in the 
Netherlands (Van Dijk, 1993b). 

Asian strain. Isolates from Chinese (Acl30II), Indonesian (Ac127II and Ac142), and 
Thai (Ac177II, Ac188 and Ac 26611) shallot, and from Indonesian pearl onion (Aa112) 
differed markedly from European SLV isolates by not reacting in Celosia argentea and 
Chenopodium spp., or inducing only tiny green tings with a necrotic pin-point centre in 
C. quinoa, and causing chlorotic local lesions with etching and gradual desiccation in 
N. hesperis (Fig. 5) and N. occidentalis (Table 2). The green rings of Acl30II  and Ac142 
in C. quinoa were not observed when the isolates were propagated in Nicotiana spp. 
Serological reactions resembled those of European SLV isolates (Table 2). Isolates 
Ac127II and Acl30II, of what may now be called the Asian strain of SLV, occurred in 
mixed infection with the common strain of the virus (Ac 127III and Ac 130IV). 

Fig. 4. Particle of shallot latent virus isolate Ac391II (SLV) and of Sint-Jan's-onion latent virus 
isolate Ac391III (SjoLV) in sap of ever-ready onion (Atlium cepa ,ear. perutiIe), strongly or only 
partially decorated, respectively, with antiserum to shallot latent virus. Bar represents c. 500 nm. 
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Fig. 5. Local lesions in Nicotiana hesperis 
accession 67A, 12 days after inoculation with 
the Asian strain of shallot latent virus (isolate 
Ac 127II). 

Garlic strain (SLV-G). Few isolates from garlic induced local lesions in Celosia 
argentea and Chenopodium spp. smaller in size and number and sharper and more 
necrotic in appearance than those of the carlavirus isolates usually present in garlic (see 
below under GCLV). Such isolates also differed from GCLV by causing local lesions in 
Viciafaba and not reacting systemically in N. occidentalis, and reacting only weakly with 
antibodies to GCLV (Table 2). Host reactions, especially necrotic local lesions in C. 
amaranticolor and C. quinoa, and full decoration by the 'Japanese garlic latent virus' anti- 
serum identify the isolates as the 'garlic latent virus' described by Lee et al. (1979) in 
Japan. Reactions obtained in my tests differing from those in Japan are infection of onion 
and C. murale, and necrotic local lesions (Fig. 6) instead of systemic necrotic spots in 
Vicia faba. Full decoration by SLV antiserum and failure of SLV to infect garlic (see 
before), however, further identify 'Japanese garlic latent virus' from garlic as a garlic 
strain of SLV (SLV-G). This result conflicts with the only distant serological relationship 
between 'Japanese garlic latent virus' and SLV reported earlier at Wageningen (Bos, 
1983), but is agreed upon in Japan (Dr T. Inouye, personal communication, 1993). 

Most data were obtained with As199II, separated from GCLV (As199III) by several 
single-lesion transfers in C. amaranticolor and Celosia argentea, and subsequent trans- 
mission to leek and onion via the highly susceptible crow garlic to raise infectivity of the 
inoculum. A host-range variant of SLV-G isolated from garlic 'Lumbu Hijau' in Indo- 
nesia (Van Dijk and Sutarya, 1992) resembled variants of SLV from shallot in inducing 
cblorotic/necrotic local lesions in N. hesperis and N. occidentalis (As3911II, Table l, 2; 
Fig. 7). 

SLV had been detected in 3 out of 12 European garlic samples by its decoration by SLV 
antiserum in England (Walkey et al., 1987). Practically the same incidence (6 out of 23) 
was found in my tests with garlic from different parts of the world (Table 1). Conci et al. 
(1992) did not detect 'Japanese garlic latent virus' or SLV in the three most commonly 
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Fig. 6. Small necrotic rings in inoculated leaves of broad bean (Viciafaba) 'Driemaal Wit' 18 days 
after inoculation with isolate As199II of the garlic strain of shallot latent virus. 

Fig. 7. Local lesions induced by the garlic strain of shallot latent virus (isolate As391III) in 
Nicotiana hesperis-67A (left) and N. occidentalis-P 1 (right). 
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grown garlic cultivars in Argentina. In contrast, garlic in Japan was found almost uni- 
versally infected with 'Japanese garlic latent virus' (Lee et al., 1979), and the only 
Japanese sample tested also contained the virus (As328/II; Table 1). 

'Garlic latent virus' in Japan, after its description from garlic, was also reported from 
ornamental leek (Inouye et al., 1981), rakkyo (Sako, 1989; Sako et al., 1989, 1991) and 
Welsh onion (Fukami et al., 1988). The 'Japanese garlic latent virus' originally described 
in garlic did not infect onion and Welsh onion (Lee et al., 1979), whereas isolates from 
rakkyo infect these species (Sako et al., 1991). The virus reported from Japan should be 
called SLV because SLV (Bos et al., 1978) was described before the 'Japanese garlic 
latent virus' (Lee et al., 1979). Serological detection methods for SLV in Japan, however, 
may not discriminate between SLV and SjoLV, which is usually also present (see below). 

Garlic common latent virus (GCL V) 
Decoration tests in France showed the general presence in French garlic of a carlavirus not 
reacting to SLV antiserum, for which the name 'garlic latent virus' was proposed without 
reference to the Japanese virus of that name (Delecolle and Lot, 1981). These results were 
confirmed in England and the almost universal presence in European garlic culfivars of 
carlavirus particles serologically unrelated to SLV was shown (Walkey et al., 1987). 

Likewise in my inoculation tests, an apparently undescribed carlavirus could readily be 
isolated from almost any garlic sample investigated. Chlorotic local lesions or green rings 
with necrotic etching in C. quinoa (Fig. 8) showed up after c. 12 days, and gradually 
became necrotic. Such lesions in C. murale greatly resembled those of the garlic strain of 
onion mite-borne latent virus (OMbLV-G), and green rings in C. amaranticolor appeared 
late and were faint. Celosia argentea also reacted with chlorotic/necrotic local lesions, 
which were distinct but with some isolates non-necrotic and faint. N. occidentalis reacted 

Fig. 8. Local lesions of garlic common latent virus (isolate As121) in Chenopodium quinoa: green 
rings in young leaves (left), and dry rings in old leaves of the same plant (right). 
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to part of the isolates (Table 1) with systemic vein necrosis of varying severity (Fig. 9) 
without developing local lesions (Table 2). Onion became infected with only two of the 
isolates (As182IIl and As199III) in mixed infection with SLV-G. Multiplication and 
maintenance of uncontaminated virus cultures, obtained by transfers through N. occiden- 
talis or via single lesions of other species, was also possible in leek. The isolate As224 of 
'German garlic latent virus', kindly supplied by Dr K. Graichen in Germany, induced 
similar reactions (Table 1, 2). 

The test plant reactions observed obviously differed from the predominantly necrotic 
reactions in inoculated leaves, also in broad bean, of SLV-G ('Japanese garlic latent 
vires') (see before). Particles of selected isolates (As 123II, As188II, As 199III and As224) 
were not decorated by the antisera to SLV-G (from Japan) and SLV, in contrast to their 
full decoration by the antiserum of Dr K. Graichen and fair decoration by the antiserum to 
the 'garlic yellow stripe virus' complex (Table 2). Graichen's antiserum was already 
reported to contain antibodies to OMbLV-G in addition to those to the carlavirus (Van 
Dijk et al., 1991). Carlavims particles in garlic imported from Argentina (As336IV) were 
decorated to a higher degree and were more rigid than those of OMbLV-G also present 
(Van Dijk et al., 1991). The present biological and serological observations make it clear 
that the tentative identification by Graichen and Leistner (1987) in Germany of the carla- 
virus commonly present in garlic as the 'Japanese garlic latent virus' of Lee et al. (1979) 
cannot be maintained. The same virus is indicated by the name 'garlic latent virus' used 
by Abo el-Naga et al. (1989) and Lesemann et al. (1992), although the latter virologists 
took the name from the French (Delecolle and Lot, 1981; Dr D.-E. Lesemann, personal 

Fig. 9. Vein necrosis and etching induced in non-inoculated leaves of Nicotiana occidentalis by 
garlic common latent virus. Note the more severe necrosis and malformation caused by isolate 
As 199III (middle right and extreme right; 11 days after inoculation) as compared with symptoms of 
isolate As123II (extreme left and middle left; 23 days after inoculation). 
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communication, 1993). Rather, it appears that this is a new carlavirus for which the name 
garlic common latent virus (GCLV) is proposed. This name seems appropriate because 
the virus does not induce clear symptoms in garlic, if at all, and it is widely present in 
garlic samples from several parts of the world in contrast with the true 'Japanese garlic 
latent virus' (SLV-G) (Table 1). Noteworthy in this respect is the absence of GCLV or any 
other carlavirus in a sample (As 120) of Iranian garlic. 

GCLV was also isolated from an unidentified Allium species resembling garlic but 
forming true seed (Axl lIII) (Van Dijk, 1993b) and from great-headed garlic (A. ampelo- 
prasum var. holmense) (Table 1). Great-headed garlic isolates Aa128III and Aa129 from 
Israel and Japan fully resembled garlic GCLV isolates, but Aa127II and Aa127III from 
former Yugoslavia deviated by their decoration by SLV antiserum. Aa127III also 
deviated from GCLV by its inducing necrotic local lesions in Celosia argentea and 
Chenopodium quinoa resembling those of SLV. Aa127II and Aa127III were tentatively 
identified as GCLV instead of as SjoLV (see below) because their decoration by GCLV 
antiserum was stronger than that with SLV antiserum. 

GCLV was also occasionally found in leek grown next to garlic (Table 1). The virus 
had also been found in leek in Germany in complex infection with the potyvirus leek 
yellow stripe virus (Graichen et al., 1987; Lesemann et al., 1991). 

Sint-Jan's-onion latent virus (SjoLV) 
Carlavirus particles in symptomless plants of Sint-Jan's onion or Utrechtse Sint-Jan's 
onion (unidentified Allium species, earlier incorrectly identified as rakkyo), grown in 
Utrecht, the Netherlands (Axl01 and Axl03), and resembling crops originating from 
Hongkong (Ax112 and Ax113) (Table 1), all became partially or fairly decorated in the 
electron microscope by both the GCLV and SLV antiserum (Fig. 4). These reactions con- 
trasted with the strong decoration of particles of GCLV and SLV by their homologous 
antiserum (Fig. 4) and the slight decoration, if at all, by the heterologous antiserum (see 
above and Table 2). Antibodies to GCLV in the antiserum to 'garlic yellow stripe virus' 
did not decorate particles of Axl01 (Table 2), but the homologous reaction also was less 
strong than usual. 

When a large number of plants of shallot 'Santr' were tested onto Celosia argentea, 
Chenopodium spp. and Nicotiana spp., a few 'Santr' plants were found not to contain 
SLV or OMbLV, as concluded from absence of reaction in these indicators. Electron 
microscope decoration tests with antisera to SLV and GCLV confirmed the absence of 
these viruses, and further showed the presence of the same new carlavirus (Ac204I and 
Ac206I) as that in Utrechtse Sint-Jan's onion, in mixed infection with shallot mite-borne 
latent virus (SMbLV). The new carlavirus isolates from 'Santr' and those from Utrechtse 
Sint-Jan's onion greatly resembled SMbLV in host range and symptoms (Van Dijk et al., 
1991). Ac204I was separated from SMbLV by chance when inoculated via onion onto 
crow garlic. Its fair reaction with 'Japanese garlic latent virus' (SLV-G) antiserum 
(Table 2) makes it unlikely that the reaction of the new virus with SLV antiserum is due 
to contamination of the SLV culture used for antiserum production. 

All isolates failed to induce symptoms in indicator hosts. They could be transmitted to 
crow garlic and onion, and some but not all of them also to leek and Welsh onion 
(Table 2). No infection was obtained in Chinese chives, chives, Chlorophytum comosum, 
Formosan lily, and garlic. 

Further decoration studies with SLV and GCLV antisera revealed serologically 
similarly reacting virus particles in combination with SLV particles in ever-ready onion 
(Fig. 4), Papago l'Itoi (a crop resembling Utrechtse Sint-Jan's onion), pearl onion, rakkyo, 
shallot 'Noordhollandse Strogele', and Welsh onion (Table 1). The rakkyo samples also 
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contained non-decorating and highly fiexible particles of mite-borne viruses (Van Dijk, 
1993a). Earlier use of SLV antiserum at Wageningen had already shown mixtures of fully 
and partially decorated carlavirus particles in shallot 'Noordhollandse Strogele' (Dr L. 
Bos, IPO-DLO, pers. comm.). The late discovery that the virus essentially differs from 
SLV explains why relatively few isolates of the new virus are listed in Table 1. 

The only carlavirus thus far reported in rakkyo and Welsh onion is 'Japanese garlic 
latent virus' in Japan (Fukami et al., 1988; Sako, 1989; Sako et al., 1989, 1991), now 
regarded as SLV. The virus in Sint-Jan's onion and the serologically similar isolates from 
other hosts differ from SLV (including 'Japanese garlic latent virus') and GCLV in their 
fairly close serological relationships to both viruses and in test plant reactions, and hence 
are identified as a new virus. The virus was provisionally named 'Welsh-onion latent 
virus' as it was generally detected in Welsh-onion crops in Indonesia (Van Dijk and 
Sutarya, 1992). The name Sint-Jan's-onion latent virus (SjoLV) seems more appropriate, 
however, because SjoLV is the only carlavirus present in Sint-Jan's onion. 

Transmissibility of carlavirus isolates by aphids 

Carlaviruses like potyviruses are known to be transmitted in a non-persistent mode by 
aphid species. Transmission experiments of SLV have been successful with Myzus asca- 
lonicus, but negative or doubtful with Aphisfabae and M. persicae (Bos et al., 1978). 

In attempts to free potyviruses from their association with a carlavirus by transmission 
with large numbers of aphids (Van Dijk, 1993b), only two out of seven potyvirus isolates 
remained in complex with the carlavirus: onion yellow dwarf virus isolate Ac132I with 
SLV isolate Ac 13211, and Welsh-onion yellow stripe virus (WoYSV) isolate Af12I with 
SLV isolate Af12II (Table 1). Aphid transmission does not seem to be a good way to 
single out carlavirus isolates, since no carlavirus isolate was freed from the potyvirus in 
these experiments. The stability of the Afl2I]Afl2lI-complex transmitted to two plants of 
crow garlic sharply contrasts with that of WoYSV isolate Afl9I and the SLV and SjoLV 
isolates (Afl9II and Af19III) also present in the Welsh onion source plants, from which 
only the potyvirus was transmitted to ten plants of crow garlic. It is unknown whether 
these differences in relative transmissibility of the viruses when in complex are deter- 
mined by the carlavirus isolates or the potyvirus isolates. 

General discussion 

The present study of carlaviruses infecting cultivated Allium spp. is based on selective 
isolation and differentiation in susceptible and sensitive indicator hosts. For this, Celosia 
argentea var. plumosa 'Geisha', Nicotiana hesperis accession 67A and N. occidentalis 
accession P 1 have now proved very useful besides the commonly used Chenopodium spp. 
and broad bean. The two Nicotiana accessions originate from the arid parts of West 
Australia, known to be a source of virus-sensitive Nicotiana genotypes (Van Dijk et al., 
1987). No indicator plant was found for the new carlavirus SjoLV, which could only be 
detected and identified by electron microscope decoration tests. 

The serological identification of biologically different carlavirus isolates is to be re- 
garded tentative because it was based on four antisera to isolates of unknown purity. 
Further identification therefore requires the preparation of antisera to isolates obtained in 
pure culture. Some isolates of GCLV and of SLV, including the garlic and Asian shallot 
strains of SLV, easily infect Nicotiana accession 67A and/or accession P1, which will 
facilitate their separation and subsequent multiplication for purification and antiserum 
production. 
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Carlaviruses may show serological cross reactivity (Koenig, 1982). This implies that 
their serological identification requires comparitive tests with different antisera. For 
example, the reactions of a carlavirus in garlic in Argentina to carnation latent virus 
(CLV) antisera (Conci and Nome, 1991; Conci et al., 1992) might be-explained by the 
cross reactivity of GCLV present in Argentinean garlic (As336IV, Table 1) and CLV. In 
my tests no reaction was found of any of the carlaviruses reported here with narcissus 
latent virus (NLV) antiserum (Table 2), but SLV earlier reacted to one out of two NLV 
antisera (Bos et al., 1978). The NLV detected in garlic in England (Walkey, 1990) there- 
fore needs comparison with SLV-G. Likewise, reactions of carlavirus in garlic in China 
with antisera to potato viruses S and M (Rongchang et al., 1992) needs re-examination. A 
number of Allium species other than garlic known to be infected with SLV (Bos, 1982) or 
'Japanese garlic latent virus' (Inouye et al., 1981; Fukami et al., 1988; Sako, 1989; Sako 
et at., 1989, 1991) now appear to be generally infected with mixtures of SjoLV and SLV 
(Table 1). The serological tests developed in Japan for rapid detection of 'Japanese garlic 
latent virus' (SLV) infections in rakkyo and Welsh onion (Fukami et al., 1988; Sako, 
1989) have limited value because they probably do not discriminate between SLV and the 
cross-reacting SjoLV. 

An epidemiologically interesting question is whether wild plants are a virus source for 
cultivated Allium species or not. None of over 200 plants of four wild Allium species from 
the Netherlands tested here contained carlaviruses. These species, except ramsons, 
propagate mainly vegetatively, and the majority of the samples were from crow garlic 
collected in the shallot-growing area around Ouddorp, a centre of shallot cultivation. Wild 
species that were already shown to be no virus source of mite-borne viruses (Van Dijk et 
al., 1991) or potyviruses (Van Dijk, 1993b) in the Netherlands, appear not to be an infec- 
tion source of carlaviruses either. Natural transmission of SLV and GCLV from crops of 
shallot and garlic, respectively, to leek crops (Bos et al., 1978; Paludan, 1980; Graichen 
et al., 1987; Lesemann et al., 1991; this paper), indicate that carlaviruses are less host- 
specialized than the mite-borne and aphid-borne potyviruses of Allium spp. (Van Dijk et 
al., 1991; Van Dijk, 1993b). Failure to transmit SLV from shallot to garlic (Table 2), and 
to transmit 'Japanese garlic latent vials' (SLV-G) from garlic to onion or Welsh onion 
(Lee et al., 1979), suggests that some host specialization exists. 

Three nematode-borne viruses, i.e. ArMV, TBRV, and TRV, have been reported in wild 
or cultivated Allium spp., and these were also found during my survey. Their extremely 
low incidence in these Allium species which are primarily vegetatively propagated is dif- 
ficult to explain. 
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