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To determine the host range of Verticillium dahliae among the cultivated and weed species in Golestan 
province, northern Iran, studies were carried out during 2000 to 2010, based on disease symptoms 
observed on 23 vegetable and forage species grown in a field naturally infected by V. dahliae, and an 
extensive survey of the most common cultivated and weed species grown under natural conditions. 
The 23 species from which V. dahliae was isolated in Golestan province belong to 11 botanical families 
and some of them are new to Iran. The fungus was most frequently recovered from cotton, olive and 
plum. Naturally, wilted cultivated and weed species were collected from several fields and V. dahliae 
from these species could be infected by their hosts of origin, cotton and aubergine during 
pathogenicity tests. Disease severity of these isolates on cotton plants was higher than that on their 
own host plants.  
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INTRODUCTION 
 
Verticillium wilt cause mainly by Verticillium dahliae Kleb. 
and Verticillium albo-atrum Reinke and Berthold, is a 
widespread disease affecting a great number of 
cultivated and weed species (Hine and McCain, 1984; 
Pegg, 1974; Sanei et al., 2011). V. dahliae is one of the 
most important vascular pathogens in most countries, 
infecting more than 400 plant species (Sanei et al., 
2010), especially in tropical and temperate zones of the 
world (Pegg, 1974). Common visible symptoms of the 
disease may include: stunting, epinasty, leaf wilting 
(following chlorosis or not) that can progress to 
desiccation, vascular tissue discoloration and leaf 
abscission (Robb et al., 1982). V. dahliae has a broad 
host range including many important weed species, some 
of which are considered as symptomless carriers of V. 
dahliae (Mesturino, 1990; Thanassoulopoulos et al., 
1981; Vargas-Machuca et al., 1987). Weeds play a very 
important role in the epidemiology and incidence of  
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verticillium wilt, since they can serve as hosts for V. 
dahliae and maintain inoculum in fallow fields, and the 
microsclerotia produced in senescent tissues (Ochiai et 
al., 2007). Infected woody fruits and achenes of several 
weeds can be responsible for spreading the fungus in 
nearby and in fields (Ligoxigakis, 2000; Ligoxigakis et al., 
2002). Isolates of V. dahliae do not generally show host 
specificity and have a wide host range. However, in a few 
cases, host-specific isolates have been reported (Isaac 
1957; Puhalla and Hummel, 1983, Chen et al., 2004). 

Several characteristics of V. dahliae make verticillium 
wilt control difficult (Bejarano-Alcázar et al., 1996; 
Hanson, 2000; Jing et al., 2009; Woodward and Weeler, 
2010). The pathogen can survive in the soil for a long 
period of time (Ebihara et al., 2010; Wilhelm, 1955), 
attack many dicotyledonous cultivated plants and weeds 
(Heale, 1988; Sanei et al., 2010; Vargas-Machuca et al., 
1987), and the use of chemical compounds to control this 
pathogen is not effective; the use of cultivars resistant to 
wilt is (as with other wilt diseases) likely to be effective 
especially for trees (Blanco-Lopez et al., 1984; , 2009; 
Hiemstra, 2009).  

The  reported  host  range  of V. dahliae continues to 
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expand, as proven by new host reports from various 
areas of the world (Ligoxigakis et al., 2002; Vargas-
Machuca et al., 1987). In Iran, the disease originally was 
noticed for cotton in 1952 and 1959 in the eastern 
(Ajarbaijan) and northen (Golestan) provinces, 
respectively, and nowadays the disease can be seen in 
many fields and orchards (Sanei et al., 2010). Although, 
the host list of V. dahliae in Iran includes 23 plant 
species; these represent a low percentage of the hosts 
reported worldwide (Sanei et al., 2008). The main 
objective of the present work is to investigate further, the 
host range and the distribution of V. dahliae on various 
cultivated species in Golestan province, which is an area 
of intense agricultural cultivation in Iran. Due to the great 
significance of various hosts in the survival, multiplication 
and dissemination of V. dahliae in soil (especially the role 
of common weeds), the host range is important for 
epidemiological study and effective control measures. 
 
 
MATERIALS AND METHODS 
 
Twenty-eight (28) vegetable and forage species were cultivated in a 
naturally infected field at Golestan province (Figure 1) during 2000 
to 2010 (Table 1). The field had been cultivated in previous years 
with several species susceptible to V. dahliae (for example, potato 
and tomato) that showed wilt symptoms, and V. dahliae was 
isolated from their vascular tissue. Samples from the most common 
plants showing wilt, which were grown in open fields (for example, 
vegetable and forage crops, home gardens and tree orchards) were 
collected. To isolate the pathogen, sections of stem and shoots 
from annual plants (for example, tomato, aubergine, cabbage, 
cauliflower, ripe and radish) and sections of thin shoots from trees 
(for example, acer and olive) showing verticillium wilt symptoms 
were collected. Petioles of most annual plants, which are the parts 
from which Verticillium spp. are more consistently isolated 
(Woolliams, 1966), were also collected. The collected material was 
superficially disinfected with 95% ethyl alcohol for 5 min and tiny 
pieces of the vascular tissue (0.5 cm) were plated on acidified 
potato dextrose agar (APDA) (pH, 4.6 to 5.1 for decreasing 
bacterial growth). Dishes were incubated at 25±1°C in dark for 7 to 
8 days and fungal colonies were recovered; those of Verticillium 
were maintained under the same conditions for one more week to 
confirm the formation of microsclerotia (Ligoxigakis and 
Vakalounakis, 1994). Isolates obtained were transferred to potato 
dextrose agar (PDA) slopes and stored at 5°C until use.  

To check the pathogenicity of the isolates, all plants were 
inoculated with V. dahliae using the stem injection method (Baht 
and Subbarao, 1999). V. dahliae was cultured in PDA (Difco) at 25± 
1°C for 3 to 4 days. The cultures were flooded with sterile distilled 
water and their surface was gently scraped with a sterile scalpel. 
The resulting suspension was filtered through cheesecloth to 
remove mycelial fragments. The concentration of conidia was 
determined by a haemocytometer and adjusted with sterile distilled 
water to 5×10

6
 spore ml

-1
. A 5 µl drop of inoculum was first applied 

with a micropipette to the stem surface on the first internode above 
the soil line and then a 22 gauge needle was used to stab through 
the drop into the stele (Sanei and Nasrollahnejad, 1995). Plants 
were inoculated twice, below the cotyledonary node and on the 
opposite side of the stem halfway between the soil and the 
cotyledonary node (Baht and Subbarao, 1999). Control plants were 
inoculated with sterile water. Pathogenicity tests were carried out 
with six replicates with two plants in each replicate. The experiment 
was conducted in a greenhouse with supplemental light provided by  

 
 
 
 
fluorescent tubes for 14 h per day. The air temperature during the 
experiment fluctuated between 18 to 27°C. Relative humidity in the 
growth chamber ranged from 50 to 90% during the light period. One 
week after visible symptoms, small pieces (0.5 cm) of the vascular 
stem tissue of 2 diseased plants of each species were plated on 
APDA to re-isolate the pathogen. Cotton and aubergine were also 
inoculated with weed isolates of V. dahliae in the same method. 
Four weeks after inoculation, plants were evaluated for disease 
severity using the following rating scale for each leaf: 100, 
defoliated; 80, both sides of the midrib of leaf showing chlorosis, 
necrosis and wilting or epinasty; 50, symptoms on only one side of 
the midrib of the leaf; 0, no visible chlorosis, necrosis or epinasty 
(Baht and Subbarao, 1999; Sanei et al., 2000). 
 
 
RESULTS AND DISCUSSION 
 
V. dahliae was the only Verticillium species isolated in 
species showing wilt symptoms, Although, V. albo-atrum 
was also isolated from cotton in Golestan province (Sanei 
and Rasaei, 1996). The 23 species from which V. dahliae 
was isolated in Golestan province were identified and 
they belong to 11 botanical families (Table 1). Of these 
23 species, 1 (belonging to 1 family) was new hosts for 
Golestan province, and 3 (belonging to 3 families) were 
new hosts for Iran (Table 2). Of the 4 new hosts, 3 were 
cultivated species belonging to 3 families and 1 was 
weeds belonging to 1 family. Of these 22 species, 12 
were cultivated and belong to 5 families, while the 
remaining four were weeds and belong to 4 families 
(Table 1). In total, 174 isolates were collected from the 22 
hosts found in Golestan province (Table 1).  

The solanaceous species tomato and aubergine are 
known as susceptible hosts (Sherf and MacNab, 1986), 
but from these 2 species, 9 isolates of V. dahliae were 
obtained (Table 1), which correspond to the 5.17% of the 
total number of isolates collected. Infected solanaceous 
plants were not usually found in open fields which were 
infected by V. dahliae, although, cotton as susceptible 
crop were cultivated there and the isolate for this crop is 
40.2%. The cucurbitaceous species cucumber and 
watermelon are known susceptible hosts of the pathogen 
(Sherf and MacNab, 1986), but the number of isolates 
obtained from cucurbitaceous species is also small 
(5.74%) as for solanaceous plants. The most susceptible 
plants with high V. dahliae isolation are olive and plum, 
which correspond to the 22.4% of the total number of 
isolates collected. The pathogen was isolated from thin 
twigs of one infected tree, which showed wilt symptoms 
and brown vascular discoloration. Grapevine (Vitis 
vinifera L.) was included as a host of Verticillium spp. in 
the list of Sanei et al. (2011) and is a known host in Iran 
(Aldaghi and Safarnejad, 2002). It has not been found 
affected by verticillium wilt in Golestan region; although, 
numerous vineyards were inspected and 23 of suspicious 
vines were examined, the pathogen was not isolated from 
diseased plants (Table 3). The other plants with natural 
wilt symptoms from which Verticillium spp. was not 
isolated in Golestan province are shown in Table 3. 
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Figure 1. Golestan province (right) in northern Iran (left) which investigate for host range and the 
distribution of V. dahliae on various cultivated species. 

 
 
 
Of the weed species concerned, pigweed (Amaranthus 
retroflexus L), cocklebur (Xanthium strumarium L.), 
shepherd's purse (Capsella bursa-pastoris (L.) Medik. 
and velvetleaf (Abutilon theophrasti Medik.) have been 
reported as hosts of V. dahliae in Iran (Sanei et al., 
2008), which correspond to the 8.05% of the total number 
of isolates collected. With the malvaceous weed A. 
theophrasti, they accounted for 6 isolates of the 
pathogen, or 42.8% of the total number of isolates 
collected from weeds (Table 1).  

Several reports indicated the presence of V. dahliae in 
the soil of this region (Sanei and Nasrollahnejad, 1995; 
Sanei et al., 2000, 2004). The high frequency can be 
attributed to the high inoculum potential in the fields due 
to their repeated cultivation with various susceptible 
species (for example, cotton, potato and tomato) without 
the application of any control measures (Sanei et al., 
2008). Cultivated or wild apiaceous species were not 
found to be infected by V. dahliae (Table 3), although, 
many attempts were made to isolate the fungus from 
plants showing wilt symptoms. The cultivated plants 
Brassica napus L. were similarly not found to be infected, 
although, the plant is a host to V. dahliae (Koike et al., 
1994) and sometimes show wilt symptoms, and are often 
cultivated in naturally infested soil. The weeds Sonchus 
asper, Stellaria media, Papaver rhoeas, Portulaca 
oleracea and Datura stramonium were also not infected, 
although, frequently found growing in naturally infested 
soil. 

Some susceptible weeds produce infected seeds and 
because common weed species are hosts of V. dahliae 

(du Toit et al., 2005), they increase the inoculum potential 
in the soil and spread the fungus in the field as well as in 
the surrounding area (Baht and Subbarao, 1999). Good 
weed control is therefore, important in the prevention of 
verticillium wilt. Further research on the susceptibility of 
other cultivated and weed species is in progress, to 
provide a better understanding of the 
biology/epidemiology of V. dahliae in Iran. Alfalfa and 
vetch are used mainly for feeding animals. Since the 
latter was found to be susceptible in artificial inoculation 
tests, the strategy of including it in green manures for 
several tree or chards (Ochiai et al., 2007) is of 
questionable utility. 

Lettuce (Lactuca sativa L.) cultivars are susceptible to 
V. dahliae, while other lettuce types exhibit differences in 
susceptibility (Vallad et al., 2005). In this study, we 
observed that the wilt of lettuce, which is commonly 
cultivated in Golestan region, is not common. A unique 
aspect of the disease on lettuce has been the association 
of an unusually high number of microsclerotia per gram of 
soil and wilt incidence. Nearly all fields that suffered 
extensive crop losses contained between 200 and 2,500 
microsclerotia g

-1
 of dry soil (Subbarao et al., 1998; 

Subbarao, 2002); in contrast to the range of 20 to 80 
microsclerotia g

-1
 of dry soil described for fields 

continuously cropped with cotton for several years in this 
region (Sanei et al., 2000); and other reports for other 
countries (Pullman and DeVay, 1982). It is surprising that 
radish (Raphanus sativus L.) and spinach (Spinacia 
oleracea L.), were found in our study to be susceptible to 
V. dahliae artificial inoculation tests, but have remained  
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Table 1. Incidence and symptoms of verticillium wilt in 23 plant species cultivated in Golestan province, northern Iran, during 2000 
to 2010. 
 

Plant families and species No. of isolates obtained/No. of plants examined Symptoms*
 

Aceraceae   

Acer (Acer platonoides L.) 2/20 Typical 

   

Amaranthaceae   

Pigweed (A. retroflexus L.) 2/27 Slight 

   

Asteraceae (syn. Compositae)   

Sunflower (Helianthus annuus L.) 7/8 Typical 

Lettuce (L. sativa L.) 2/5 Typical or slight 

Cocklebur (X. strumarium L.) 2/33 Slight 

   

Brassicaceae (syn. Cruciferae)   

Radish (R. sativus L.)  2/8 Slight 

Shepherd's purse (Capsella bursa-pastoris (L.) Medik. 2/32 Slight 

   

Chenopodiaceae   

Beet (Beta vulgaris L.) 2/12 Slight 

Spinach (S. oleracea L.) 3/20 Slight 

   

Cucurbitaceae   

Watermelon (Citrullus vulgaris Schrad.); 2/13 Typical 

Cucumber (Cucumis sativus L.) 6/3 Typical 

Bottle-gourd (Lagenaria vulgaris Ser.) 2/9 Typical 

   

Fabaceae (syn. Leguminosae)   

Alfalfa (Medicago sativa L.) 3/16 Typical 

Lentil (Lens culinaris Medicus)   4/20 Typical or slight 

Pea (Pisum sativum L.)  2/23 Typical 

Vetch (Vicia sativa L.)  3/10 Typical or slight 

   

Malvaceae   

Velvetleaf (A. theophrasti Medik.) 6/23 Typical or slight 

Cotton (Gossypium hirsutum L.) 70/73 Typical 

   

OLeaceae   

olive tree (Olea europaea L.) 27/30 Typical 

   

Rosaceae   

Peach tree (Prunus persica L.) 5/13 Typical 

Plum tree (Prunus domestica L.) 12/15 Typical 

   

Soalnaceae   

aubergine (Solanum melongena L.)  4/4 Typical 

Tomato (Lycopersicon esculentum Mill.)  5/3 Typical 
 

*Typical, Chlorosis, wilt, desiccation of leaves and brown vascular discoloration of stem-tissue; Slight, chlorosis of older leaves and vascular 
discoloration of stem. 
 
 
 

unreported as hosts in Iran for so long (Sanei et al., 
2011).  

In this study, we conducted a weed survey on different 
fields (especially cotton, potato fields and olive orchards)  
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Table 2. Symptoms observed in new hosts after artificial inoculations of potted seedlings with isolates of 
V. dahliae which originated from the same plant species (stem injection method with a suspension 
containing 5×10

6
 conidia ml

-1
) in greenhouse. 

 

Plant families, species and cultivars Symptoms*
 

New host for Iran or Golestan province 

Asteraceae (syn. Compositae)   

Lettuce (L. sativa L.), unknown cultivar Typical or slight Iran  

   

Chenopodiaceae   

Spinach (S. oleracea L.), unknown cultivar Typical Iran 

   

Cucurbitaceae   

Bottle-gourd (L. vulgaris Ser.) unknown cultivar Typical Iran 

   

Malvaceae   

Velvetleaf (A. theophrasti Medik.) Typical or slight Golestan 

   
 

*Typical, Chlorosis, wilt, desiccation of leaves and brown vascular discoloration of stem-tissue; Slight, chlorosis 
of older leaves and vascular discoloration of stem. 

 
 
 

Table 3. Plant species showing natural wilt symptoms from which Verticillium spp. was not isolated 
in Golestan province, northern Iran, during 2000 to 2010. 
 

Plant families, species Symptoms* No. of plants or plant parts collected 

Apiaceae   

Carrot (Daucus carota L.) Slight 4 

   

Brassicaceae (syn. Cruciferae)   

Cauliflower (Brassica oleracea L. var. botrytis L.) Slight 3 

Rape (B. napus L.) Typical 12 

   

Rosaceae   

Rose (Rosa sp.) Slight 5 

   

Vitaceae   

Grapevine (V. vinifera L.) Slight 23 
 

*Typical, Chlorosis, wilt, desiccation of leaves and brown vascular discoloration of stem-tissue; Slight, chlorosis of older 
leaves and vascular discoloration of stem. 

 
 
 
where verticillium wilt symptoms were observed. Based 
on their frequencies and their ability to host V. dahliae, X. 
strumarium and A. retroflexus are considered to be 
important weed species. These results highlight the 
potential contribution of weeds to inoculum buildup of V. 
dahliae in soil. These weeds were found to be host plants 
for the verticillium wilt pathogen also in other studies 
(Yildiz et al., 2009). X. strumarium and A. retroflexus 
were found infected under natural conditions, although, in 
most condition no visible external symptoms except a 
brown vascular discoloration up to the top of the plants 
was observed. Similar findings have been reported for 
some weed species (Ligoxigakis et al., 2002).  

Pathogenicity studies showed that all weed isolates of 
V. dahliae were pathogenic to cotton and aubergine 
plants (Table 4). The disease severity of these isolates 
on cotton and aubergine plants was between 36.3 to 
97.2% and 33.3 to 89.9%, respectively. The highest 
disease severity (97.2%) was observed with isolates from 
X. strumarium in cotton. Two V. dahliae isolates, AVd1 
and AVd2 from A. retroflexus, caused less disease 
severity (36.3 and 38.4%, respectively). A significant 
finding of our study is that disease severity of these 
isolates on cotton plants is higher than that on their own 
host plants (Table 4). It had been reported previously that 
isolates from weeds were pathogenic to both weeds and  
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Table 4. Pathogenicity of V. dahliae isolates from weeds on cotton, weeds, cucumber and aubergine. 
 

 

Host origin/ Isolate 

Disease severity
*
 (%) 

Cotton Aubergine A. retroflexus Solanum nigrum X. strumarium 

A. retroflexus      

AVD1 36.3c** 56.2b 18.3b 23.4a 12.2b 

AVD2 38.4b 89.4a 9.2c 27.4a 11.7b 

S. nigrum      

SVD1 87.2a 33.3c 10.6c 25.7a 10.4b 

X. strumarium      

XVD1 97.2a 89.8a 32.4a 15.3b 28.9a 

XVD2 56.1b 52.3b 19.2b 22.1a 32.2a 
 

*Disease severity was determined for each leaf and averaged over the entire plant using a scale of 
100, Defoliated; 80, both sides of the leaf midrib showing chlorosis, necrosis and wilting or epinasty; 
50, symptoms on only one side of the leaf midrib; 0, no visible chlorosis, necrosis or epinasty. 
**Within columns, values followed by a common letter do not differ significantly at P, 0.05 according 
to Fisher′s protected least significant difference test. 

 
 
 
potatoes (Vargas-Machuca et al., 1987). On the other 
hand, Ligoxigakis et al. (2002) has shown that all V. 
dahliae isolates from weeds are pathogenic to their hosts. 
However, the pathogenicity to the host of field crops is 
another important concept that has to be taken into 
consideration.  
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