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DATASHEET - IRIS YELLOW SPOT tospoVIRUS

PATHOGEN IDENTITY

Name: Iris yellow spot virus (IYSV) (Cortês et al., 1998)
Strain acronyms: BR-10, IYSVBR, IYSV NL, IYSVIL
Taxonomic position: Virus; family - Bunyaviradae; genus - Tospovirus   
Common names of the disease: ‘Sapeca’ disease of onion in Brazil (Pozzer et al., 1999), ‘straw bleaching’ disease of onion in Israel (Kritzman et al., 2001) and ‘leaf necrosis’ disease of lisianthus in Israel (Kritzman et al., 2000) are caused by IYSV. Diseases of iris and leek in the Netherlands and of amaryllis in Israel have not been named. A ‘scape blight’ of onion reported in the USA (Hall et al., 1993) is also caused by IYSV (Schwartz et al., 2001; Mohan and Moyer, 2002; Schwartz et al., 2002). 
Special notes on taxonomy and nomenclature: 

IYSV was first described as a putative tospovirus in 1996 (Derks and Lemmers, 1996). Strains from different hosts and countries have been identified as described below: 

Derks and Lemmers (1996) found a putative tospovirus in iris (Iris hollandica) in the Netherlands that did not react with antisera of Impatiens necrotic spot virus (INSV) or Tomato spotted wilt virus (TSWV). The name iris yellow spot virus (IYSV) was proposed. 

Molecular and serological classification work undertaken later showed that IYSV was considered to be a new and distinct tospovirus species belonging to none of the recognised serogroups (I, II, III, IV). An analysis of the nucleoprotein of IYSV showed only 30 to 44% sequence identity with those of other tospoviruses identified so far. The highest homology was found with the Asian tospoviruses Peanut bud necrosis virus (PBNV) and Watermelon silver mottle virus (WSMV) both in serogroup IV. The presence of IYSV in glasshouse-grown leek (Allium porrum) in the Netherlands was also confirmed by ELISA (Cortês et al., 1998).

In 1996, IYSV was identified in amaryllis (Hippeastrum hybridum) in Israel using Dutch antiserum (Gera et al., 1998b; Kritzman et al., 2001). In 1997, the virus was detected in Allium cepa (onion) in Israel using the same antiserum (Gera et al., 1998a, b). IYSV has also been found in onion in India (Kumar and Rawal, 1999) and Brazil (Nagata et al., 1999). 

Comparing the nucleotide sequences of a Brazilian isolate of IYSV (BR-10) from onion with the Netherlands isolate from iris, Pozzer et al., (1999) found 90.5% homology. The authors proposed that the Brazilian isolate should be considered a strain of IYSV. The Brazilian strain was designated IYSVBR and the Netherlands strain as IYSVNL. As was found by Cortês et al. (1998), Pozzer et al. (1999) showed that IYSVBR was more closely related to PBNV and WSMV than other tospoviruses. 

A strain of IYSV found in lisianthus (Eustoma grandiflorum) in Israel in 1999 was designated IYSVIL. It was found to have 96% homology with IYSVNL and 91% homology with IYSVBR. IYSVIL was reported to have 99% homology with the Israeli onion strain (Kritzman et al., 2000; 2001). The onion and amaryllis strain of IYSV in Israel have been reported to be serologically identical (Kritzman et al., 2001).

IYSV isolated from leeks in Slovenia in 1999 differed in its reaction on test plants from the reactions of both IYSVNL and IYSVBR  (Mavric and Ravnikar, 2001).

EPPO listing: Alert list (Anon., 2000b) 
EC Annex designation: None
HOSTS

Natural hosts:   

Iris - Iris hollandica 

Leek - Allium porrum 

Onion - Allium cepa 

Amaryllis - Hippeastrum hybridum 

Lisianthus - Eustoma grandiflorum as Eustoma russellianum (sic) 
Garlic chive – Allium tuberosum
The presence of IYSV in iris has been reported in the Netherlands (Derks and Lemmers, 1996).

Its presence in leek has been reported in the Netherlands (Anon., 1998; Cortês et al., 1998), Slovenia (Mavric and Ravnikar, 2001) and the USA (Mohan and Moyer, 2002). 

The virus has been found in onion in Israel (Gera et al., 1998a, b), India (Kumar and Rawal, 1999), Brazil (Nagata et al., 1999), Slovenia (Mavric and Ravnikar, 2001) and the USA (Schwartz et al., 2001; Mohan and Moyer, 2002; Schwartz et al., 2002). 

IYSV has been detected in amaryllis (Hippeastrum hybridum ‘Orange Souvereign’) in Israel (Anon., 1998; Anon., 2000b; Verhoeven and Roenhorst, 1998; Gera et al., 1998b; Kritzman et al., 2001). 

Lisianthus has also been reported as a natural host of IYSV in Israel. This is the first report of a natural infection of IYSV in dicotyledons (Kritzman et al., 2000). 

Garlic chive is recorded as a host of IYSV in the USA (Mohan and Moyer, 2002; S.K. Mohan, USA, 2002, personal communication).

Experimental hosts: Species in 10 families have been reported to be infected in mechanical inoculation experiments. These are presented in Table 1 together with those species inoculated and found not to be hosts.

Table 1. Reaction of a range of test plants to mechanical inoculation with IYSV (from Verhoeven et al., 1996; Derks and Lemmers, 1996; Gera et al., 1998a; Cortês et al., 1998; Pozzer et al., 1999; Kritzman et al., 2000; J. Morris, CSL, 2000, personal communication;; Kritzman et al., 2001; Mavric and Ravnikar, 2001).

	TEST PLANT
	LOCAL REACTION
	SYSTEMIC REACTION

	Family Amaranthaceae
	
	

	Gomphrena globosa3
	necrotic lesions
	                      -

	Gomphrena globosa 4,5
	lesions
	                      -

	Gomphrena globosa6
	necrotic lesions
	systemic, but no details

	Gomphrena globosa8
	necrotic lesions
	                      -*

	Family Amaryllidaceae
	
	

	Allium cepa5
	                       -
	Infected, but no information on symptoms

	Allium cepa8
	                       -  
	Foliage infected, but not bulb and roots*; no symptoms

	Allium cepa9
	                       -
	No symptoms, but infected*

	Allium porrum ‘Goliath’1
	                       -
	                       -

	Allium porrum ‘d’Elbeuf’2  
	                       -
	                       -

	Allium porrum9
	                       -
	No symptoms, but infected*

	Allium sativum ‘Nira’5
	                       -
	                       -

	Allium sativum8
	                       -
	                       -*

	Hippeastrum hybridum8
	Half of plants developed chlorotic ring spots
	No infection in bulb or roots*

	Family Balsaminaceae
	
	

	Impatiens spp.4
	lesions
	                       -

	Impatiens spp. 5 
	                       -
	                       -

	Impatiens spp. 8
	                       -
	                       -*

	Impatiens walleriana ‘Impuls Rose’1
	Necrotic lesions or rings
	                       -

	Impatiens walleriana2 
	necrotic lesions
	                       -

	Family Chenopodiaceae
	
	

	Beta vulgaris 5
	                       -
	                       -

	Beta vulgaris 8
	                       -
	                       -*


Key: 1from Verhoeven et al. (1996); 2from Derks and Lemmers (1996) using iris isolate in the Netherlands; 3from Gera et al. (1998a) using onion isolate in Israel; 4from Cortês et al. (1998) using an iris isolate in the Netherlands; 5from Pozzer et al. (1999) using onion isolate BR-10 (designated IYSVBR) in Brazil; 6from Kritzman et al. (2000) using a lisianthus isolate (IYSVIL); 7reported by J. Morris (CSL, 2000, personal communication) using an isolate from the Netherlands; 8from Kritzman et al. (2001) using onion, Hippeastrum hybridum and Nicotiana benthamiana isolates in Israel; 9from Mavric and Ravnikar using a leek isolate in Slovenia; - no symptoms; *virus status confirmed by ELISA; -* indicates infection not systemic as confirmed by ELISA.

Table 1 continued from previous page

	TEST PLANT
	LOCAL REACTION
	SYSTEMIC REACTION

	Chenopodium amaranticolor4,5
	lesions
	                       -

	Chenopodium amaranticolor7,8
	necrotic lesions
	                       -*

	Chenopodium amaranticolor9
	lesions
	                       -*

	Chenopodium murale5
	                       -
	                       -

	Chenopodium murale8
	                       -
	                       -*

	Chenopodium murale9
	lesions
	                       -*

	Chenopodium quinoa 3,6
	necrotic lesions
	                       -

	Chenopodium quinoa4,5
	lesions
	                       -

	Chenopodium quinoa7
	chlorotic and necrotic lesions
	                       -*

	Chenopodium quinoa8
	necrotic lesions
	                       -*

	Chenopodium quinoa
	Lesions after 4-5 days
	Symptomless systemic infection*

	Family Compositae
	
	

	Emilia sonchifolia4
	lesions
	                       -

	Emilia sonchifolia8
	necrotic local lesions
	                       -*

	Helianthus annuus5
	                       -
	                       -

	Helianthus annuus8
	                       -
	                       -*

	Lactuca sativa ‘All Year Round’7
	                       -
	                       -*

	Senecio ‘Tourette’1
	chlorotic and necrotic lesions or rings
	                       -

	Zinnia elegans5
	                       -
	                       -

	Zinnia elegans8
	                       -
	                       -*

	Family Convolvulaceae
	
	

	Ipomoea setosa5
	                       -
	                       -

	Ipomoea setosa8
	                       -
	                       -*

	Family Cruciferae
	
	

	Brassica pekinensis1
	                       -
	                       -

	Family Cucurbitaceae
	
	

	Citrullus lanatus ‘Dulzura’ 1
	                       -
	                       -

	Citrullus lanatus5  
	                       -
	                       -

	Citrullus lanatus8
	                       -
	                       -*

	Cucumis sativus ‘Bronco’, ‘Gele Tros’ and ‘Jessica’1
	necrotic lesions or rings
	                       -

	Cucumis sativus5, 6
	                       -
	                       -

	Cucumis sativus ‘Telegraph’7 
	                       -
	                       -*

	Cucumis sativus8
	                       -
	                       -*


Key: 1from Verhoeven et al. (1996); 2from Derks and Lemmers (1996) using iris isolate in the Netherlands; 3from Gera et al. (1998a) using onion isolate in Israel; 4from Cortês et al. (1998) using an iris isolate in the Netherlands; 5from Pozzer et al. (1999) using onion isolate BR-10 (designated IYSVBR) in Brazil; 6from Kritzman et al. (2000) using a lisianthus isolate (IYSVIL); 7reported by J. Morris (CSL, 2000, personal communication) using an isolate from the Netherlands; 8from Kritzman et al. (2001) using onion, Hippeastrum hybridum and Nicotiana benthamiana isolates in Israel; - no symptoms; *virus status confirmed by ELISA, -* indicates infection not systemic as confirmed by ELISA. 

Table 1 continued from previous page

	TEST PLANT
	LOCAL REACTION
	SYSTEMIC REACTION

	Cucurbita (Cucumis?) melo5
	                       -
	                       -

	Cucurbita (Cucumis?) melo8
	                       -
	                       -*

	Cucurbita pepo5
	                       -
	                       -

	Cucurbita pepo8
	                       -
	                       -*

	Cucurbita (Cucumis?) sativus4
	lesions
	                       -

	Family Iridaceae
	
	

	Iris hollandica4
	                       -
	chlorotic spots that developed into yellow and necrotic spots

	Iris hollandica ‘Professor Blaauw’2
	                       -
	yellowing of the inner leaves sometimes accompanied with brown, necrotic or dark-green spots and stripes. Young plants often have necrotised bulbs. No symptoms were observed the next season in plants grown from bulbs from infected plants and IYSV could not be detected by inoculation to N. benthamiana

	Family Leguminosae
	
	

	Phaseolus vulgaris ‘Dubbele Witte Zonder Draad’ and ‘Pinto’1
	                       -
	                       -

	Phaseolus vulgaris4, 5
	                       -
	                        -

	Phaseolus vulgaris8
	                       -
	                        -*

	Pisum sativum4, 5
	                       -
	                        -

	Pisum sativum8
	                      -
	                       -*

	Pisum sativum ‘Onward’7
	                      -
	no symptoms, but virus detected in one plant*                        

	Vicia faba ‘Witkiem Major’1
	erratic necrotic lesions or rings
	                        -

	Vicia faba ‘Banyards Exhibition’7,8
	                       -
	                        -*

	Vigna unguiculata4
	lesions
	                        -

	Vigna unguiculata5
	                       -
	                        -

	Vigna unguiculata8
	                       -
	                        -*


Key: 2from Verhoeven et al. (1996); 2from Derks and Lemmers (1996) using iris isolate in the Netherlands; 3from Gera et al. (2998a) using onion isolate in Israel; 4from Cortês et al. (1998) using an iris isolate in the Netherlands; 5from Pozzer et al. (1999) using onion isolate BR-10 (designated IYSVBR) in Brazil; 6from Kritzman et al. (2000) using a lisianthus isolate (IYSVIL); 7reported by J. Morris (CSL, 2000, personal communication) using an isolate from the Netherlands; 8from Kritzman et al. (2002) using onion, Hippeastrum hybridum and Nicotiana benthamiana isolates in Israel; - no symptoms; *virus status confirmed by ELISA, -* indicates infection not systemic as confirmed by ELISA.

Table 1 continued from previous page

	TEST PLANT
	LOCAL REACTION
	SYSTEMIC REACTION

	Family Portulacaceae
	
	

	Portulaca oleracea5
	lesions and no infection reported in same publication
	                        -

	Portulaca oleracea8
	                      -
	                        -*

	Family Solanaceae
	
	

	Capsicum annuum ‘Blondy’ and ‘Mazurka’1
	                      -
	                        -

	Capsicum annuum ‘Yolo Wonder’7
	                      -
	                        -*

	Datura stramonium
	Erratic necrotic lesions or rings, wilting /total necrosis
	                        -

	Datura stramonium4   
	lesions
	mottle

	Datura stramonium5
	lesions
	                        -

	Datura stramonium6,8
	necrotic lesions
	                        -

	Datura stramonium7
	                       -
	                        -*

	Datura stramonium8
	necrotic lesions
	                        -*

	Datura stramonium9
	lesions
	                        -*

	Lycopersicon esculentum ‘Moneymaker’, ‘Pronto’ and ‘Trust’ 1
	                       -
	                        -

	Lycopersicon esculentum4,5,6
	                       -
	                        -

	Lycopersicon esculentum8
	                       -
	                        -*

	Lycopersicon esculentum ‘Moneymaker’7
	faint chlorosis
	                        -*

	Lycopersicon esculentum9
	                       -
	Symptomless systemic infection*

	Nicandra physaloides5
	                       -
	                        -

	Nicandra physaloides8
	                       -
	                        -*

	Nicotiana benthamiana1
	necrotic lesions or rings, wilting/total necrosis
	                        -

	Nicotiana benthamiana2
	yellow mosaic with necrotic spots
	yellow mosaic with necrotic spots

	Nicotiana benthamiana3,6
	chlorotic spots
	necrosis

	Nicotiana benthamiana4
	lesions
	chlorotic spots and deformation of younger leaves

	Nicotiana benthamiana5
	necrotic veins, leaf crinkle followed by leaf death
	systemic infection, but no information on symptoms


Key: 1from Verhoeven et al. (1996); 2from Derks and Lemmers (1996) using iris isolate in the Netherlands; 3from Gera et al. (1998a) using onion isolate in Israel; 4from Cortês et al. (1998) using an iris isolate in the Netherlands; 5from Pozzer et al. (1999) using onion isolate BR-10 (designated IYSVBR) in Brazil; 6from Kritzman et al. (2000) using a lisianthus isolate (IYSVIL); 7reported by J. Morris (CSL, 2000, personal communication) using an isolate from the Netherlands; 8from Kritzman et al. (2001) using onion, Hippeastrum hybridum and Nicotiana benthamiana isolates in Israel; - no symptoms; *virus status confirmed by ELISA, -* indicates infection not systemic as confirmed by ELISA.

Table 1 continued from previous page

	TEST PLANT
	LOCAL REACTION
	SYSTEMIC REACTION

	Nicotiana benthamiana8
	no information
	systemic infection*, but no information on symptoms

	Nicotiana benthamiana9
	Lesions after 4-5 days
	Systemic infection observed after 9-10 days, but no information on symptoms

	Nicotiana clevelandii2
	necrotic lesions
	                        -

	Nicotiana clevelandii9
	lesions
	                        -

	Nicotiana x edwardsonii2
	necrotic lesions
	                        -

	Nicotiana glutinosa1,4,5,6
	                       -
	                        -

	Nicotiana glutinosa8
	                       -
	                        -*

	Nicotiana occidentalis-P1
	necrotic lesions or rings, wilting/total necrosis
	

	Nicotiana occidentalis5
	                       -
	                        -

	Nicotiana occidentalis8
	                       -
	                        -*

	Nicotiana occidentalis9
	lesions                     
	Symptomless systemic infection*

	Nicotiana rustica1
	Erratic chlorotic and necrotic lesions or rings
	                         -

	Nicotiana rustica9
	                       -
	                         -

	Nicotiana rustica2,4,6
	                       -
	                         -

	Nicotiana rustica5
	no information on symptoms
	infected, but no information on symptoms. Percentage of plants that became infected varied. They also drastically decreased with the number of transfers made and with increasing temperatures

	Nicotiana rustica7
	some chlorosis
	                        -*

	Nicotiana rustica8
	                       -
	                        -*

	Nicotiana tabacum ‘White Burley’ and ‘Xanthi’1
	Erratic necrotic lesions or rings
	                        -

	Nicotiana tabacum6
	                       -
	                        -

	Nicotiana tabacum8
	                       -
	                        -*

	Nicotiana tabacum ‘TNN’, ‘Turkish’5
	                       -
	                        -

	Nicotiana tabacum ‘White Burley’7
	mottle
	                        -*


Key: 1from Verhoeven et al. (1996); 2from Derks and Lemmers (1996) using iris isolate in the Netherlands; 3from Gera et al. (1998a) using onion isolate in Israel; 4from Cortês et al. (1998) using an iris isolate in the Netherlands; 5from Pozzer et al. (1999) using onion isolate BR-10 (designated IYSVBR) in Brazil; 6from Kritzman et al. (2000) using a lisianthus isolate (IYSVIL); 7reported by J. Morris (CSL, 2000, personal communication) using an isolate from the Netherlands; 8from Kritzman et al. (2001) using onion, Hippeastrum hybridum and Nicotiana benthamiana isolates in Israel; - no symptoms; *virus status confirmed by ELISA, -* indicates infection not systemic as confirmed by ELISA.

Table 1 continued from previous page

	TEST PLANT
	LOCAL REACTION
	SYSTEMIC REACTION

	Petunia hybrida ‘Polo Pink’1
	                       -
	                        -

	Petunia hybrida2
	many small brown lesions
	                        -

	Petunia hybrida4
	necrotic lesions
	                        -

	Petunia hybrida5
	necrotic lesions                       
	                        -

	Petunia hybrida6
	occasional necrotic lesions
	                        -

	Petunia hybrida8
	
	                        -*

	Petunia hybrida ‘Fourfold’7
	chlorotic lesions
	                        -*

	Petunia hybrida9
	lesions
	                        -

	Physallis floridana1
	Erratic necrotic lesions or rings, wilting/total necrosis
	                        -

	Physalis floridana5
	                        -
	                        -

	Physalis floridana8
	                        -
	                        -*

	Solanum melongena ‘Bellboy’7
	faint chlorotic lesions                        
	                        -*

	Solanum villosum2
	necrotic lesions
	                        -


Key: 1from Verhoeven et al. (1996); 2from Derks and Lemmers (1996) using iris isolate in the Netherlands; 3from Gera et al. (1998a) using onion isolate in Israel; 4from Cortês et al. (1998) using an iris isolate in the Netherlands; 5from Pozzer et al. (1999) using onion isolate BR-10 (designated IYSVBR) in Brazil; 6from Kritzman et al. (2000) using a lisianthus isolate (IYSVIL); 7reported by J. Morris (CSL, 2000, personal communication) using an isolate from the Netherlands; 8from Kritzman et al. (2001) using onion, Hippeastrum hybridum and Nicotiana benthamiana isolates in Israel; - no symptoms; *virus status confirmed by ELISA, -* indicates infection not systemic as confirmed by ELISA.

GEOGRAPHICAL DISTRIBUTION

Asia: India – onion (Kumar and Rawal, 1999).

IYSV has been recorded on onion in India (Kumar and Rawal, 1999). Information from molecular characterisation studies with IYSV (Cortês et al., 1998; Pozzer et al., 1999) shows it is more closely related to Asian tospoviruses than those from elsewhere. Cortês et al. (1998) suggested that IYSV may have its most important niche in Asia.

Africa: No record.

North America: USA - onion in Arizona, California, Colorado, Idaho, Oregon, Utah and Washington States (Schwartz et al., 2001; Mohan and Moyer, 2002; Schwartz et al., 2002), leek in Idaho State (Mohan and Moyer, 2002) and garlic chive in Idaho State (Mohan and Moyer, 2002; S.K. Mohan, USA, 2002, personal communication).

Evidence indicates that IYSV has been endemic in southwestern Idaho and eastern Oregon in onion seed production fields for over 10 years. Most symptoms were observed on the scape (seed stalk) and rarely on leaves. However, in 2001, severe chlorotic and necrotic lesions were seen on leaves of both onion bulb and seed crops, which are often located close to each other (Mohan and Moyer, 2002).
Central America and the Caribbean: No record.

South America: Brazil - onion (Pozzer et al., 1999). 

IYSV is known to affect onion in the states of Bahia and Pernambuco in north-eastern Brazil (Pozzer et al., 1999).

Oceania: No record.

EU: Netherlands - iris, leek; outbreaks only, considered now to be absent (Derks and Lemmers, 1996; Cortês et al., 1998). 

IYSV has been recorded on iris (Derks and Lemmers, 1996) and leek in the Netherlands (Anon., 1998; Cortês et al., 1998). IYSV was first detected in 1992 in iris (R. Kormelink, Netherlands, 2000, personal communication) and again in 1997 in leek (Anon., 1998; Verhoeven and Roenhorst, 1998). It has not been reported in the Netherlands since 1997 (J.T.J. Verhoeven, Netherlands, 2000, personal communication).

EPPO region: Netherlands (see above), Israel (onion, lisianthus, amaryllis) (Gera et al., 1998a; Kritzman et al., 2000; Kritzman et al., 2001) and Slovenia (leek, onion) (Mavric and Ravnikar, 2001).

In 1996, amaryllis (Hippeastrum hybridum ‘Orange Souvereign’) with IYSV was found in the Jordan Valley and Besor area of Israel (Gera et al., 1998b; Kritzman et al., 2001). The plants had been exported as bulbs from the Netherlands and there was speculation that the Netherlands may have been the source of infection (Verhoeven and Roenhorst, 1998). However, the symptoms seen on amaryllis were later shown not to be systemic suggesting an origin of the virus from within Israel (J.T.J. Verhoeven, Netherlands and A. Gera, Israel, 2000, personal communications). IYSV was later identified in onion in Israel (Gera et al., 1998a, 1998b) and this was thought to be the source of inoculum for the amaryllis infections (J.T.J. Verhoeven, Netherlands and A. Gera, Israel, 2000, personal communications).

About 20-30% of lisianthus (Eustoma grandiflorum ‘Eko White’) seedlings imported into Israel from the Netherlands in 1999 and planted in the Besor area were shown to be systemically infected with IYSV (A. Gera, Israel, 2000, personal communication). As with amaryllis, infection was most likely from local sources as the IYSV strain involved was identical to one found in onion in Israel (Kritzman et al., 2000). Lisianthus in the nursery in the Netherlands supplying Israel has been inspected and some yellowing plants tested for IYSV with negative results (J.T.J. Verhoeven, Netherlands, 2000, personal communication).

In September 1999, leek plants with IYSV were found in south-western Slovenia near Nova Gorica (Mavric and Ravnikar, 2001). About 90% of plants in an onion field were also reported as infected.

BIOLOGY

Means of movement and dispersal of the pathogen

IYSV can be carried long distances in infected plants and vegetative cuttings. It is transmitted locally by Thrips tabaci (onion thrips) (Nagata et al., 1999), which is common in the EU/EPPO region, with 33 to 50% efficiency. The thrips species Frankliniella schultzei and F. occidentalis have not been shown to transmit IYSV. Like other tospoviruses, it is unlikely to be seedborne. IYSV has been shown not to be seedborne in onion (Kritzman et al., 2001).

Information concerning possible intra-plant, inter-plant and inter-crop movement of the virus is set out below. However, there is no published information concerning over-wintering and further research is required. Other aspects of the epidemiology of IYSV remain unclear. It has been suggested that because IYSV is not systemic in onion, leek and iris and amaryllis, that these plants are poor sources of inoculum. However, if all leaf tissue is infected and not just symptomatic tissue, as is indicated in onion and leek by some workers, then these plants would be as good a source of inoculum for thrips as systemically-infected plants.

Leek as a possible source of infection for iris
The first record of IYSV was from iris grown for cut flowers in the field in the Netherlands in 1992 (Derks and Lemmers, 1996; R. Kormelink, Netherlands, 2000, personal communication). However, it is unlikely that IYSV was introduced to the Netherlands on imported iris (Cortês et al., 1998). Only those iris plants close to a glasshouse containing leeks being grown for seed had IYSV symptoms. The virus may have spread from the leeks to the irises (J.T.J. Verhoeven and R. Kormelink, Netherlands, 2000, personal communications). Leeks in the glasshouse were said by the grower to have had eye-spot symptoms (J.T.J. Verhoeven, Netherlands, 2000, personal communication). Eye-spots were later shown to be a symptom of IYSV on leek. The leek plants in the glasshouse were destroyed before it could be shown that they were the source of infection (J.T.J. Verhoeven, Netherlands, 2000, personal communication). 

IYSV-infected iris plants were reported at two other locations in the Netherlands in 1992. In both these cases, leek was found growing in the vicinity. However, symptoms of virus infection were not seen on the leeks (A.F.L.M. Derks, Netherlands, 2000, personal communication). 

In the spring of 1997, IYSV was detected in the Netherlands in leeks grown in a glasshouse for seed. Onions in the same glasshouse were not infected (Anon., 1998). The leeks were destroyed. IYSV has not been found in the Netherlands since 1997 (J.T.J. Verhoeven, Netherlands, 2000, personal communication).

There is some circumstantial evidence for the spread of IYSV from leeks to iris at one of the outbreak sites the Netherlands. However, it is possible that IYSV came from another, unknown source. This could have been a systemically infected plant or viruliferous thrips (J.T.J. Verhoeven, Netherlands, 2002, personal communication).

Apparent lack of transmission from parent plant to seed and bulb progeny
In an experiment in the Netherlands, iris ‘Professor Blaauw’ was mechanically inoculated with IYSV and later developed symptoms. Bulbs from 14 diseased plants were replanted, but no symptoms were observed the next season and no IYSV could be detected by inoculation tests (Derks and Lemmers, 1996). This suggested that IYSV is not transmitted from the iris mother plant to the bulb.

Research in Israel has shown that IYSV is not transmitted to onion seedlings from infected mother plants through seed. It has also been found that plants derived from the bulbs of infected onion and amaryllis are free of IYSV. Indeed, IYSV could not be detected in the bulbs and roots of infected onion and amaryllis plants indicating that the infection was not systemic (Kritzman et al., 2001). IYSV is also believed confined to leaves of infected leek. The virus has been detected in normal green tissue as well as symptomatic leaf tissue. The virus does not seem to migrate to bulbs (A. Gera,  Israel, 2002, personal communication).

Thrips transmission
In the first outbreak of IYSV reported above, the leeks in the glasshouse were heavily infested with thrips, some species of which are known to be vectors of tospoviruses. Although the thrips species present was not identified, it was suggested that Thrips tabaci, which is known as being prolific on onion and leek, may have been the agent of transmission (Derks and Lemmers, 1996). The high incidence of IYSV-infected field onions in Israel was also associated with large populations of Thrips tabaci (Gera et al., 1998a). 

In experiments in the Netherlands, T. tabaci was shown to be a vector of IYSV. Frankliniella occidentalis could not be shown to be vector in the same tests (Cortês et al., 1998).

Thrips tabaci was confirmed by experiment as a vector of IYSV in Brazil. In the same tests, the thrips Frankliniella schultzei and F. occidentalis did not transmit IYSV.  It was concluded that T. tabaci was the most important vector of IYSV in onion in Brazil (Nagata et al., 1999).

Onion as a possible source of infection for amaryllis

In 1996, IYSV was reported in plants of amaryllis (Hippeastrum hybridum ‘Orange Souvereign’) growing in the Jordan Valley and Besor area in Israel (Gera et al., 1998b; Kritzman et al., 2001)). The original source of the planting material was the Netherlands. However, a survey of all companies in the Netherlands exporting amaryllis bulbs did not reveal any infections of IYSV (Verhoeven and Roenhorst, 1998). Later, the infection was found not to be systemic suggesting that IYSV had not been introduced in the Dutch bulbs and was most likely of local origin. Onions in Israel were later shown to be infected with IYSV and these were thought to be the source of inoculum (J.T.J. Verhoeven, Netherlands, 2000, and A. Gera, Israel, 2000, personal communications).

Onion as a possible source of infection for lisianthus 
Late in 1999, 20-30% of a consignment of lisianthus (Eustoma grandiflorum) seedlings ‘Eko White’ originating in the Netherlands was found to be infected with IYSV in the Besor area of Israel (A. Gera, Israel, 2000, personal communication). The plants were most likely infected from local sources as the strain of IYSV found in lisianthus was identical to that found in onion in Israel (Kritzman et al., 2000). However, further consignments were found with IYSV and no onions, a possible source of infection, were reputed to be growing in the vicinity of the lisianthus (A. Gera, Israel, 2000, personal communication). Lisianthus in the nursery in the Netherlands supplying the seedlings were inspected and some yellowing plants tested. However, IYSV was not detected (J.T.J. Verhoeven, Netherlands, 2000, personal communication). 

Leek as a possible source of infection for onion and vice versa
In 1999, leeks in a field in Slovenia were found with IYSV. Leeks were believed to be the source of infection for onions that were planted later in the same field. It was noted that by the time onions in the field were ready for harvest, leeks were already growing. As no IYSV was found in 18 species of common weeds growing in the field, it was thought that the source of the virus was the remnants of overlapping crops of leek and onion (Mavric and Ravnikar, 2001).

DETECTION AND IDENTIFICATION

Symptoms 

Iris 

In the Netherlands, infected iris showed yellow and sometimes necrotic spots on leaves (Derks and Lemmers, 1996). Symptoms were later reported to consist of chlorotic spots that developed into yellow and necrotic spots (Cortês et al., 1998). 

Leek
Symptoms on leek in the Netherlands have been described as elongated, oval chlorotic rings that turn yellow and eventually become necrotic. Rings could occasionally be observed overlapping each other. Originally, these symptoms were thought to be caused by a fungus (Anon., 1998; R. Kormelink, Netherlands, 2000, personal communication). In Slovenia, symptoms were said to be chlorotic spots that later became necrotic (Mavric and Ravnikar, 2001).

Onion

Onion with IYSV in Israel had straw-coloured ringspots on leaves and flower stalks (Gera et al., 1998).  In Brazil, symptoms were described as necrotic eye-like spots on leaves and flower stalks (Pozzer et al., 1999). 

The onion grown for seed in the USA with an unknown tospovirus (Hall et al., 1993) that has since been shown to be IYSV (Mohan and Moyer, 2002) had straw-coloured, dry, necrotic spindle- or diamond-shaped lesions on flower stalks. Some lesions had distinct green centres with chlorotic and necrotic borders. Other lesions appeared as concentric rings of alternating green and chlorotic/necrotic tissue. Lesions were sometimes sufficiently numerous to girdle the stem. INSV produced identical symptoms (Hall et al., 1993). In 2001, chlorotic and necrotic lesions were seen on the leaves of onion plants with IYSV that were grown for their bulbs (S.K. Mohan, USA, 2002, personal communication). 

Garlic chive

Dry, chlorotic and necrotic, oval and diamond shaped-lesions are found on garlic chive with IYSV (S.K. Mohan, USA, 2002, personal communication).

Amaryllis

Hippeastrum hybridum ‘Orange Souvereign’ infected with IYSV in Israel had chlorotic spots and rings (Gera et al., 1998b; Kritzman et al., 2001). 

Lisianthus

Lisianthus (Eustoma grandiflorum ‘Eko White’) systemically infected with IYSV was stunted, had necrotic spots and rings on leaves and stems, and developed tip necrosis and flower distortion (A. Gera, Israel, 2000, personal communication; Kritzman et al., 2000). 

Pathogen morphology

IYSV was reported to have tospovirus-like particles by Derks and Lemmers (1996). Tospovirus-like particles were also detected in infected and symptomatic onion plants in Israel (Gera et al., 1998). Spherical particles, 80-120 nm in diameter, which is characteristic for tospoviruses, were seen by Cortês et al. (1998). 

Detection and inspection methods

Iris
There are a number of virus diseases of iris with a variety of symptoms ranging from mild mosaic to leaf striping, severe mosaic, stunting, flower breaking and premature death (Van der Vlugt and Derks, 1995; Brunt et al., 1996). IYSV causes chlorotic/yellow/necrotic spots, which may not be unique. Similar symptoms, together with the yellowish discoloration of inner leaves and yellow striping, have been recorded on iris infected with Tomato spotted wilt virus (TSWV) and Impatiens necrotic spot virus (INSV) (Van der Vlugt and Derks., 1995).

When sap from IYSV-infected iris was inoculated on to N. benthamiana, symptoms developed that were similar to those caused by INSV, but they appeared about 3-4 days later. IYSV was found not to react with antisera of INSV or TSWV (Derks and Lemmers, 1996). Later, samples of IYSV-infected N. benthamiana were tested against antisera of INSV, TSWV, Groundnut ringspot virus (GRSV), Tomato chlorotic spot virus (TCSV) and Watermelon silver mottle virus (WSMV), which are representative of most members of tospovirus serogroups I to IV, using DAS-ELISA. None recognised the IYSV N protein. Also, none of these recognised tospoviruses reacted with antiserum of IYSV. These tests confirmed that IYSV from iris in the Netherlands is a new and distinct tospovirus (Cortês et al., 1998).

Onion
The straw-coloured ringspot/necrotic eye-spot symptoms on leaves and flower stalks of onion reported from Israel and Brazil respectively may be characteristic of infection with IYSV and possibly other tospoviruses. Onion yellow dwarf virus and aster yellows phytoplasma, two other pathogens of onion, cause yellow streaks or a general yellowing (Schwartz and Mohan, 1995).

Symptoms of a scape (seed stalk) blight of onion in Idaho in the USA, described as consisting of straw-coloured, dry necrotic spindle or diamond-shaped lesions, are similar to those described above for IYSV. Scape blight was found to be caused by INSV and an unknown tospovirus, which may have been IYSV (Hall et al., 1993). It now seems likely that the unknown virus was IYSV. Leaves are now reported as affected in the USA as well as seed stalks and symptoms are described as straw-coloured, dry, tan, spindle or diamond-shaped lesions (Schwartz et al., 2002).

Leek

In leek, the distinctive ringspot leaf symptoms observed in the Netherlands (Anon., 1998) may be diagnostic for infection with IYSV. Leek yellow stripe virus produces irregular yellow stripes in leaves, especially at the base, or whole leaves may become more or less yellow (Anon., 2000a). Leek white stripe virus produces white stripes on leaves that extend to the stem (Lot et al., 1996). Tomato black ring virus causes irregular longitudinal chlorotic markings and stunts plants (Calvert and Harrison, 1963).

Amaryllis

Chlorotic spots and rings were described as symptoms of IYSV infection on Hippeastrum hybridum ‘Orange Souvereign’ in Israel (Gera et al., 1998b; Kritzman et al., 2001). There are also other viruses that naturally affect amaryllis. Hippeastrum mosaic virus produces light and dark green stripes or mosaic patterns on leaves and flower stems. Cucumber mosaic virus causes large yellow ring and line patterns that can lead to complete leaf chlorosis. Plants infected with Tomato spotted wilt virus produce leaves with white or yellow streaks, which often become confluent. The edges of leaves frequently develop red necrotic flecks and severely affected leaves become completely necrotic and die. Hippeastrum latent virus has also been reported, but this is symptomless (Moore, 1979). Tobacco mosaic virus causes a mosaic (De Leeuw, 1972).

Lisianthus

Symptoms on Eustoma grandiflorum ‘Eko White’ are stunting, necrotic spots on leaves and stems, tip necrosis and flower distortion (A. Gera, Israel, 2000, personal communication; Kritzman et al., 2000). Twelve other viruses have been reported to affect lisianthus. Tomato yellow leaf curl virus (TYLCV) causes distortion of the growing tips, cup-shaped leaves and swelling of the veins on the lower leaf surface (Cohen et al., 1995). Cucumber mosaic virus induces severe stunting with mosaic, malformation and necrosis on leaves. Tobacco mosaic virus results in a systemic mosaic which persists as the leaves age. A mosaic, leaf curl and chlorotic spotting are caused by Bean yellow mosaic virus (Gera and Cohen, 1990). An Ilarvirus given the name lisianthus line pattern virus has been reported to reduce plant growth and produce necrotic line patterns on leaves (Lisa et al., 1994). Additional viruses found naturally in lisianthus are Broad bean wilt virus, Lisianthus necrosis virus, Tomato mosaic virus, Tomato spotted wilt virus, a Potyvirus serologically related to Carnation vein mottle virus and two unidentified isometric viruses (Lisa et al., 1994). One of the isometric viruses caused stunting, vein clearing, yellow mosaic and flower colour break (Mayhew and Sorrell, 1986).
Reaction of experimental hosts

Differences have been found between the reaction of experimental hosts following mechanical inoculation of strains of IYSV from Brazil, the Netherlands, Israel and Slovenia (Table 1). Differences may be related to strain specificity or environmental conditions (Pozzer et al., 1999). 

This information may be useful in distinguishing isolates. However, as the various tests were undertaken with the different isolates in different laboratories and not with the different isolates in one laboratory under uniform conditions, the above information should interpreted accordingly (J.T.T. Verhoeven, Netherlands, 2002, personal communication).

Antisera

Polyclonal antisera has been produced against IYSVNL in the Netherlands (Cortês  et al., 1998), IYSVBR in Brazil (Pozzer et al., 1999) and IYSVIL in Israel (Kritzman et al., 2000).

In Israel, IYSV in amaryllis was identified using antiserum from the Netherlands (Gera et al., 1998b). IYSV in onion in Israel was purified from mechanically inoculated N. benthamiana and found to react with antiserum of IYSV obtained from the Netherlands in immunoblot and ELISA assays (Gera et al., 1998a, b). 

In Brazil, DAS-ELISA tests were undertaken using extracts of N. benthamiana infected with various tospoviruses. Antisera produced against the BR-10 (IYSVBR) isolate from onion reacted with the virus extracts from plants with IYSV, but not against extracts from plants infected with TSWV, TCSV, GRSV and INSV. In addition, no cross reactions were observed in a dot immunoblot assay toward WSMV and two other distinct tospoviruses from Brazil (Pozzer et al., 1999).

Agdia commercially produce polyclonal antibodies for the detection of  IYSV (Anon., 2002)

PATHOGEN SIGNIFICANCE

Economic impact

Onion, leek and garlic chive are the most economically important crops affected by IYSV. 

In March 1997, 20 to 30% of field grown onion observed in Bet Shean valley in Israel had symptoms of IYSV (Gera et al., 1998a). In October that year, the incidence was reported as 20-60% (Gera et al., 1998b). Yield reductions caused by the virus have been estimated to be 20-40% (A. Gera, Israel, 2000, personal communication). Incidence of the disease is now reported to be often reaching 50-60% resulting in heavy losses of onion bulb production (Kriztman et al., 2001).

In 1999, IYSV was described as a devastating virus on onion in north-eastern Brazil (Nagata et al., 1999). The incidence of the onion disease caused by IYSV was reported as often reaching levels of 100% resulting in total loss of bulb and seed production (Pozzer et al., 1999). In the USA, heavy losses of onion bulb production have been reported (Schwartz et al., 2002)

In India, IYSV has been reported to have the potential to cause complete crop loss of onion (Kumar and Rawal, 1999).

IYSV-infected lisianthus plants growing in Israel were stunted and flowers were distorted. Although outbreaks have been reported as sporadic and limited, IYSV may have an impact on the lisianthus industry in the future (Kritzman et al., 2000).

No information is available on economic damage to leek, garlic chive, iris or amaryllis. In Slovenia, it has been suggested that onion and leek are not seriously affected by the strain of IYSV present.

Thrips tabaci, which has been identified as an important vector of IYSV (Nagata et al., 1999; Kritzman et al., 2000), is common and widespread in the UK and EU/EPPO (Anon., 2000a). It would be expected to spread IYSV should the virus become established in field-grown onions and leeks. The value of the UK onion crop (dry bulb and green) in 1998 has been estimated at £104,144,000 and the leek crop at £25,800,000 (Anon., 1999).

CONTROL

IYSV is spread locally by thrips vectors and long distances in infected plants. Control should be based on vector control and virus-free propagating material.  
Chemical: Thrips are generally difficult to control with chemicals. They are very small and hard to detect; the pre-pupal and pupal stages survive in the soil and would be difficult to treat. They have a high fecundity, which would hamper eradication in glasshouses. Resistance to the major classes of insecticides has also been reported in thrips. Resistance to insecticides is persistent (Lewis, 1997).  Control of Thrips tabaci in field onions and leeks is difficult, not 100 percent effective and may be further exacerbated should pesticides currently Approved for use be withdrawn (Parker, ADAS, personal communication).
Biological: No entirely reliable method of biological control of thrips has been identified. Predatory mites and insects and to a lesser degree pathogenic fungi have been used in glasshouses with varying degrees of success. It may be possible to use hymenopterous parasitoids and parasitic nematodes in the future (Jackson, 1997).

Cultural: Glasshouse hygiene, such as the eradication of weeds which may serve as thrips hosts, used in conjunction with chemical control measures, may reduce populations of the thrips vectors. Manipulation of the glasshouse environment to suit biological control agent predators is a future possibility. Host free periods will aid control.

Pathogen testing: Testing plants for IYSV in ELISA tests would be feasible.

Breeding for resistance: No resistant iris, lisianthus, amaryllis. onion or leek cultivars have been described in the literature.

PHYTOSANITARY RISK

Current status: IYSV is not listed as a quarantine pest, but it has been placed on the EPPO Alert List. It is not present in the UK/EU, but within the EPPO region it is established in Israel and Slovenia. The risk to the onion and leek industries is high since its known vector (T. tabaci) is present and widespread in the UK and EU (Anon., 2000a).

Work undertaken in the Netherlands and Israel seems to indicate that IYSV may not be carried in the bulbs of infected iris, onion and amaryllis plants. Also, seed from onions does not transmit the virus (Derks and Lemmers, 1996; Kritzman et al., 2001). 

Lisianthus, iris and amaryllis imported as vegetative plants from India, Israel, Brazil and the USA pose a possible risk given present information. It is doubtful if onion, leek and garlic chive are imported commercially as vegetative cuttings or plants, so the risk of introduction of IYSV by these pathways is most likely insignificant. The risk posed by ornamental Allium is undetermined.

PHYTOSANITARY MEASURES

Iris bulbs imported into an EU country and originating within the EU that are to be used for propagation require certification that they have been inspected at the place of production and found to be free of disease (plant passport scheme). This requirement is not needed for bulbs destined for retail sales (Anon., 1995). All iris bulbs coming from outside the EU, whether for propagation or retail, need health certification issued by the exporting country and freedom from soil. 

Imported onion bulbs (and presumably garlic chive bulbs, although not specifically mentioned by species name in legislation) for planting have the same general requirements. In the UK, spot checks of imports may occur anywhere in the trade chain to confirm the health status of the imports, but the health checks are chiefly a responsibility of the country of production. As IYSV has not been shown to be transmitted in iris, amaryllis and onion bulbs, extra precautions as regards the possible introduction of the virus with bulbs of these plants may be unnecessary.

IYSV could spread both locally and between countries in vegetative host plants, especially leek transplants, which also have the same general requirements as bulbs. There is also the possibility that IYSV may occur as a latent infection in some instances and in some stages of its infection cycle. If this were the case, inspections may fail to detect infected plants. 

IYSV was recently found in lisianthus ‘Eko White’ in Israel (A. Gera, Israel, 2000, personal communication; Kritzman et al., 2000; Kritzman et al., 2000). Lisianthus is imported into the UK as cut flowers and possibly as plants. Lisianthus plants from countries within the EU that are introduced for commercial propagation do not need plant passports (Anon., 1995). Plants for planting originating from outside the EU need a phytosanitary certificate. Lisianthus is also a host of TYLCV (Cohen et al., 1995), which is an EPPO A2 quarantine pest, and other viruses (Gera and Cohen, 1990, Lisa et al., 1994). It is recommended that the genus Eustoma (Lisianthus) be included in the EU plant passporting scheme and that a phytosanitary certificate be required for cut flowers of Eustoma from outside the EU.

Eradication of isolated outbreaks of IYSV could be achieved by destruction of affected hosts and of the thrips vectors. This may be possible in the glasshouse situation, but very difficult in the field if the thrips vector was active and had spread the virus to nearby fields. Host free periods will support other control strategies.
CONCLUSION

IYSV poses a significant threat to onion, leek and garlic chive crops in the UK and the rest of the EU/EPPO region. Iris, lisianthus and amaryllis are also at risk. IYSV may be introduced to new areas in crop and ornamental host plants. Isolated outbreaks of IYSV in glasshouses may be eradicated by destruction of affected hosts and any associated thrips vector. Outbreaks in the field would be more difficult to eradicate and may result in disease establishment. Further research on the epidemiology of IYSV is required.

Whilst not thought to be present in the EU, IYSV is known to be established in Slovenia and Israel in the EPPO region. Consideration needs to be given to declaring IYSV an EPPO A2 quarantine pest.

Lisianthus is a host of IYSV, Tomato yellow leaf curl virus and other viruses. Consideration should be given to including the genus Eustoma (lisanthus) in the EU plant passporting scheme and that a phytosanitary certificate be required for cut flowers from outside the EU. 
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