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Abstract: Fusarium solani f. sp.cucurbitae races cause crown, fruit and root 
rots of cucurbits and economic problem for farmers. The aim of this study is 
identification of Fusarium solani f. sp. cucurbitae races which collected in 
Shahrood, Jiroft and Varamin, provinces of Iran using morphological 
characteristics and fungal-specific primers. Symptomatic cucurbit plants were 
collected from different fields in three provinces. After isolation and 
purification of the causal agents, pathogenicity test and DNA extraction were 
performed. Specific primers for TEF-1α gene were used to distinguish among 
different species of Fusarium and Fusarium solani. The isolates that showed a 
specific 658 bp amplicon on agarose gel were selected for subsequent PCR 
assay in order to detection of F. solani f. sp. cucurbitae race 1 and 2. PCR 
assays were performed with taxon-specific primers race 1 (505bp PCR 
product) and race 2 (425bp PCR product). Some samples amplified a 505bp 
amplicon which is specific for race 1 and was in accordance with 
morphological characteristics. In these isolates, 5 septate macroconidia were 
dominant that is specific to Fusarium solani f. sp.cucurbitae race 1 
macroconidia. None of the isolates were amplified by race 2 taxon-specific 
primers. Our study showed that, race 1 of F.solani is the dominant race of the 
pathogen in Shahrood, Jiroft and Varamin provinces which can help to 
implement effective disease management strategies. 
 
Keywords: Fusarium solani f.sp. cucurbitae, macroconidia, taxon-specific 
primers 

 
Introduction12 
 
Plant disease is a threat to food production in the 
world, so that approximately 15% of the food 
destroyed by plant diseases. Phytopathogenic 
fungi cause more than 70% of yield loss, a threat 
that continues to increase (Fisher et al., 2012).  

Cucurbitaceae family includes vegetable 
crops, among them the pumpkins and squash 
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(Cucurbita spp.), watermelons (Citrullus 
lanatus), melons (Cucumis melo) and cucumbers 
(Cucumis sativus) are most important crops. 
Fusarium is one of the important 
phytopathogenic genera of microfungi causing 
serious losses on cucurbit plants in Iran. 
Fusarium solani, F. oxysporum f.sp. melonis, F. 
oxysporum f.sp. niveum, F. equiseti were 
identified as causal agents of infected cucurbits 
in Shahrood, Iran (Iragi et al., 2014). Fusarium 
solani f. sp. cucurbitae race 1 (Fsc1) and race 2 
(Fsc2) cause fusarium fruit rot (FFR). This 
pathogen is a hemibiotrophic pathogen that 
behaves as both biotrophs and necrotrophs and 
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can shift together in different stages of infection 
progress depending on conditions. Biotrophic 
pathogens obtain their nutrient from live host 
cells (Glazebrook, 2005) while necrotrophic 
fungal pathogens kill plant tissues and then feed 
(Williamson et al., 2007). FFR can develop as a 
cortical rot of the crown and roots of the plant. 
Sporodochia and macroconidia are formed in 
infected plants, then infestation of the 
surrounding soil will occur (Samac and Leong, 
1989). Conidia of Fsc1 usually form 
chlamydospores, which can survive for several 
years in soil (Champaco et al., 1993). Fruit 
cortex that is in contact with wet soil is an 
appropriate place for germination of 
chlamydospores and conidia. Fruit infection 
characterized by dry rot and sporodochia 
formation. Fsc1 penetrates into fruit cortex and 
then the flesh, it progress towards the seed cavity 
and penetrates the seed. Generally F. solani f. sp. 
cucurbitae does not damage the cotyledons 
because it remains between the seed coat and the 
cotyledons therefore does not reduce seed 
viability (Tousson, 1961). Wilting of the leaves 
is the first symptoms of infected plants and 
followed by plant death within several days. 

Fsc2 race was identified by Toussoun and 
Snyder, as causal agent of Fusarium crown and 
root rot (Tousson et al., 1961). They classified 
Fsc2 as a different race because it only causes a 
fruit rot, whereas Fsc1 causes fruit, crown and 
root rot (Hawthorne et al., 1994; Hawthorne et 
al., 1992). 

Both races directly penetrate into cucurbit 
fruit, while formation of an appressorium has 
not been observed. When the cuticle has been 
removed, isolates of both races cause disease on 
all plant parts (Hawthorne et al., 1994). The 
plant cuticle is the first barrier against 
phytopathogenic fungi. Fungi such as F. solani 
must pass through this barrier before invade and 
colonize the hosts. The plant cuticle composed 
majority of cutin. Cutin can be hydrolyzed by 
the serine esterase, cutinase genes. Genes 
encoding cutinase previously have been cloned 
from several fungi including Fusarium solani f. 
sp. pisi (Soliday et al., 1989). 

Detection and identification of microbial 
strains in a region is necessary for disease 
management to achieve higher yield under 
specific ecological and environmental conditions. 
The morphological characters such as 
morphology of the macroconidia, the elongate or 
short monophialides, color of colonies on PDA 
and presence or absence of chlamydospores 
which also help distinguish between different 
forma specialis (f. sp.) of fungi.  

Easy and rapid molecular techniques can be 
employed in microbial characterization. Some 
of sequences such as 28S rDNA, internal 
transcribed spacer (ITS) rDNA and 
transcription elongation factor (TEF)-1α have 
proved that the F. solani species complex can 
be classified into 50 sub-specific lineages 
(O'Donnell, 2000). The TEF 1-α gene has been 
used for phylogenetic analysis in several studies 
(Sampietro et al., 2010; Takashima et al., 2015; 
Wu et al., 2014). This gene encodes a part of 
the protein translation machinery. The 
successful PCR assays using DNA extracted 
from field cucurbit tissues would drastically 
reduce the time and expertise required to 
identify and quantify causal agents of diseased 
plants. The aim of this study is isolation and 
identification of F. solani f. sp. cucurbitae races 
using morphological characteristics and 
molecular assay in some parts of Iran including 
Shahrood region. 
 
Materials and Methods 
 
Sample collection 
Infected cucurbit plant and fruit samples were 
collected during the whole autumn 2016 from 
field and greenhouse of three major cucurbit 
production areas of Iran, including Jiroft, 
Varamin and Shahrood. Advanced disease 
symptoms show destroyed plant tissue leaving 
only fibrous vascular strands. Observation of 
pink to white fungal mycelium is common on 
the soil surface beside the lesion. Also, 
darkened soil around the crown can be evident. 
The stem just above the crown, root and fruit of 
diseased samples were washed in running tap 
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water and cut into small segments (1.5cm) for 
pathogen isolation. 
 
Isolation and identification 
The small segments of plant were surface-
sterilized with 1% hypochlorite sodium for 3 
min, washed twice in sterile distillate water, 
placed in petri plates containing potato dextrose 
agar (PDA) medium and kept at 25 °C. Then 
the isolates were purified using single spore and 
hyphal tip methods and cultured on PDA 
medium. Isolates initially were studied by 
morphological and microscopic approaches, 
including color of colonies on PDA and 
undersurface pigments and 
macroconidial characteristics. A piece of 
purified Fusarium colonies placed on potato 
dextrose broth (PDB) medium. Mycelium was 
grown in 100 mL of PDB on a rotary shaker at 
180 rpm for 3 days at 25 °C and placed under 
the light for a week so that fungus was ready for 
DNA extraction. 
 
Molecular identification of Fusarium species  
Fungal biomass of each isolate in PDB medium 
was used for DNA extraction after vacuum 
filtration. Extraction of DNA performed as 
described by Safaie et al (2005) method. In 
order to distinguish between F. solani and F. 
oxysporum species two pair primers were 
employed in polymerase chain reaction (PCR) 
assay. First pair primers Fc-1 (5’CATACC 
ACTTGTTGCCTC 3’) and Fc-2 (5’ATTAA 
CGCGAGTCCCACC3’) previously designed 
according to F. oxysporum internal transcribed 
spacer (ITS) regions of ribosomal DNA (rDNA) 
(Zhang et al., 2012). Second pair primers TEF-
Fs4f (5′-ATCGGCCACGTCGACTCT-3′) and 
TEF-Fs4r (5′-GGCGTCTGTTGATTGTTAGC-
3′), were designed based on Fusarium solani 
transcription elongation factor (TEF-1α) gene 
by Arif et al (2012). PCR conditions for both 
were: initial denaturation at 94 °C for 5 min 
followed by 40 cycles of 94 °C for 1min, 60 °C 
for 1 min, and 72 °C for 2 min. The reaction 
was ended with a 5 min extension at 72 °C. 
PCR product was electrophoresed in a 1.2% 
agarose gel with 0.1% ethidium bromide in 1X 

TBE buffer, separated for 30 min at 100V, and 
visualized using UV gel documentation system. 
PCR reaction repeated 3 times for each 
experiment. 
 
Molecular identification of F. solani races  
Two races of F. solani have been reported 
previously. These races of the F.solani can be 
identified by taxon-specific primers. Two pair 
primers were used in PCR assay. The first 
primers Fsc1-EF1 (5’ GCTAACAATCATCT 
ACAGAC-3’) /Fsc1-EF-2 (5’-GACGGA TGA 
GAGAGCAAC-3’) are specific to race 1 and 
second pair primers Fsc2-EF1 (5′-GTTGGTGA 
CATATCTCCC-3′)/Fsc2-EF3 (5′-GAGTGAG 
AGACATGACGG-3′) are specific to race2 
(Mehl and Epstein, 2007). Reaction conditions 
were 94 °C for 10 min followed by 35 cycles of 
94 °C for 1 min, 56 °C for l min, and 72 °C for 
1 min. The reaction was ended with a 5min 
extension at 72 °C.  
 
Morpholological identification of F. solani 
races  
Microscopic characteristics were employed to 
monitor the macroconidia of the isolates. 
Distinguish between races was undertaken 
based on Matuo and Snyder (1973) method. 
They sorted nine forma specialis and two races 
of F. solani into four groups (A, B, C, D) by the 
morphological characters of macroconidia.  
 
Pathogenicity tests of the isolates 
Pathogenicity test of the isolates was performed 
by three protocols on two cultivars of Cucumis 
sativus -khasib and Negin- which are selected 
cultivars for field cultivation in Jiroft and 
Varamin regions, respectively. The First method 
of fungi inoculation was spray inoculum 
suspension over sprouted seeds (Navi and Yang, 
2005). Second method was a cut in the stem or 
root created by sterilized scalpel. 2 ml spore 
suspension of fungi prepared from 7-8 days old 
culture on PDA medium was injected in the cut 
and the inoculated portion was wrapped with 
parafilm (Rajput et al., 2008). In the third 
method; cucumber seedlings were grown in 
autoclaved soil and after two weeks inoculation 
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was done with spore suspensions (1.8×106 
spores/ml) of isolate and examined for disease 
symptoms 4 weeks later (Bourbos et al., 1997). 
The experiments were done in a growth chamber 
under the following conditions: 25/20 °C, 
60/80% relative humidity and 16/8 h day/night 
cycle (300 μE m–2 s–1) for four weeks. Each 
experiment was conducted in three replicates for 
inoculated and non-inoculated plants. 
 
Results 
 
Isolation and identification of causal agents 
50 samples of infected cucurbit plants were 
collected from Jiroft, Shahrood and Varamin 
and based on their morphological 
characteristics, these isolates were identified as 

Rhizoctonia sp. (Fig. 1a), Alternaria sp. (Fig. 
1b), Fusarium spp. (Fig. 1c, d) genus. Isolates 
were obtained from root, stem, leaf and fruit of 
symptomatic cucurbit.  

Results showed that Fusarium species were 
the most abundant genus among the isolates, so 
that approximately 46 percent of total (23 
isolates) was belonged to this genus. Two 
species, F. solani (14 isolates) and F. 
oxysporum (9 isolates) were identified among 
the Fusarium spp. isolates based on 
morphological characters such as type of 
colony, macroconidia, color of colonies on 
PDA and undersurface pigments. All isolates 
were included in the morphological studies and 
then molecular study was used for identification 
isolates of F. solani.  

 

 

 
 

Figure 1 Colonies of Rhizoctonia sp. (A), Alternatia sp. (B) and Fusarium spp. (C, D) isolated from infected 
tissues on PDA medium after 6 days.  
 
Molecular identification of Fusarium species 
In order to confirm the morphological results, 
PCR assay was employed for F.solani isolates (14 
isolates). PCR was done by TEF-Fs4f and TEF-

Fs4r primers which are specific for F. solani TEF 
gene. Nine isolates out of 14 isolates showed a 
specific 658bp amplicon on agarose gel (Fig. 2). 
These isolates tested by Fc-1 and Fc-2 primers 

A B 

C D 
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which are specific primers for F. oxysporum. No 
amplification was observed in these isolates.  
 
Molecular identification of F. solani races  
Two races of F. solani were differentiated 
using taxon-specific primers in PCR assay. 

Fsc1-EF1 and Fsc1-EF2 had an amplicon 
size of 505 bp for some isolates which is 
specific for race 1 (Fig. 3). No amplification 
products were observed using race 2 specific 
primers. PCR repeated 3 times for each 
experiment.  

 

 
 

Figure 2 Agarose gel electrophoresis of PCR products amplified with primers TEF-Fs4f and TEF-Fs4r. M, 1kb 
ladder, N, negative control, lines1-14, studied isolates.  
 

 
 

Figure 3 Agarose gel electrophoresis of PCR products amplified with Fsc1 EF1/Fsc1 EF2 primers (race 1 
specific primers). M, 1kb ladder, N, negative control, line 1 and 2 studied isolates. 
 
Morphological identification of F. solani races  
F. solani races are sorted into two groups by the 
morphologic characters of macroconidia. We 
investigated these morphologic characters in 
order to distinguish between F. solani races. 
Isolates with positive PCR results using race 1 
specific primers (Fsc1-EF1/Fsc1-EF2) were 

selected to investigate the macroconidia 
characteristics. Based on microscopic evidence 
these isolates showed 5-septate macroconidia 
which were predominant. This type of 
macroconidia is the proprietary characteristic of 
the Fusarium solani f. sp. cucurbitae race 1 
(Fig. 4). 

A B 
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Figure 4 5-septate macroconidia of F. solani f.sp. cucurbitae race 1 under optical microscope, 40X 
magnification (A) and 100X magnification (B). 
 
Pathogenicity test of the Fusarium solani 
isolates 
The results of the pathogenicity test revealed that 
among three methods of inoculation, adding 
spore suspension to soil of two weeks old plants 
was more suitable than other methods. Khasib 
and Negin cultivars are the most cultivated 
cucumber in Jiroft and Varamin, respectively. 
Khasib showes high level of resistance to downy 
mildew (Pseudo peronosporacubensis) in 
cucumber cultivars (Marx et al., 2010). Khasib 
cultivare is resistant to Fusarium oxysporum f. 
sp. radicis-cucumerinum whereas Negin 
cultivare is susceptible to this pathogen (Molavi 
et al., 2009).  

Plants roots detached and surface sterilized 4 
weeks after inoculation and then placed on PDA 
medium. The progress of the fungal colonies size 
around the roots was observed daily. Resistance to 
pathogen was determined based on comparison of 
the colonies size on PDA around the roots (Nagao 
et al., 1994). We observed that growth rate of the 
fungal colonies size around the Negin cultivar’s 
roots were significantly faster than Khasib 
cultivar, which means Khasib cultivar is more 
resistant to this pathogen. 
 
Discussion 
 
Fusarium species survive in the roots and stems 
of most plants, including cucurbits. They may 

exist on plant tissues as saprophytes. Many 
species of Fusarium recognized as 
opportunistic or weak pathogens, therefore they 
attack only plants that were weakened 
previously by some other environmental stress 
such as drought, wind and insects. These 
stresses affect the amount and disease severity 
(Palmer and Kommedahl, 1960). 

The present study considered Fusarium 
solani pathogen associated with cucurbit 
diseases in Iran, including morphology, 
pathogenicity and molecular data. Fusarium 
species have been reported from several parts of 
the world and they are known to be pathogenic 
to many plants, especially to cucurbits. So far 2 
races of F. solani have been associated with 
cucurbit crops worldwide. This includes 
Fusarium solani f. sp. cucurbitae race 1 and 
race 2 which race 1 causes crown and foot rot 
of cucurbit. Primary symptoms at the crown 
include light colored, water soaked areas that 
can become darker. 

All isolates were included in the 
morphological studies. Among them Fusarium 
spp. colonies were selected for molecular study. 
F. solani colonies growing rapidly on PDA 
medium and they often have aerial mycelium. 
Hereafter the surface covered with confluent 
sporodochia that give the appearance cream, 
blue-green, or blue surface but never orange. 
Some colonies may show a dark purple color on 
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the upper surface. The undersurface is generally 
colorless, but some colonies produce a dark 
violet pigment. The morphology of the 
macroconidia helps to distinguish it from F. 
oxysporum. The elongate monophialides 
bearing microconidia and cream, blue-green or 
blue color of colonies on PDA are characteristic 
of F. solani (Nelson et al., 1983). The 
morphology and macroconidia characteristics of 
the current study isolates were in accordance 
with those described previously (Leslie and 
Summerell, 2006). 

Identification of F. solani species based on 
morphological characteristics requires 
considerable expertise in Fusarium taxonomy. 
Therefore, development of a method as a tool to 
be rapid, trustworthy and specific diagnosis of 
Fusarium species is needed. Techniques based 
on nucleic acid including PCR are most 
important tools for molecular detection of plant 
pathogenic fungi (Vincelli and Tisserat, 2008). 
Morphological evidences were confirmed by 
PCR assay. 

DNA sequence data were effectively used 
for identification of Fusarium species in this 
study. The TEF gene has high utility for 
identification of Fusarium species because it is 
highly informative at the species level in 
Fusarium, doesn’t have any orthologous copies 
of the gene in the genus and universal primers 
have been designed. These primers can 
distinguish among species of the genus 
Fusarium (Cho et al., 1995). Therefore the TEF 
gene was used to distinguish between F. solani 
and F. oxysporum and also among F.solani 
races isolates. ITS region didn’t select for this 
purpose because there is insufficient variation 
in ITS region (Hawthorne et al., 1994). 

Using morphological characteristics to 
identify forma specialis of F. solani developed 
by Matuo et al. (1973). After molecular 
identification of Fsc1, we studied 
morphological characters of Fsc1 isolates. 
According to Matuo et al., (1973) classification, 
Fsc1 is belong to A group which 5-septate 
macroconidia is predominant in this group, 
while Fsc2 is characterized by predominant 3-
septate macroconidia, less than 5µ in width 

(Matuo and Snyder, 1973). In our study the 
isolates with positive PCR results to Fsc1 
specific primers, had 5-septate macroconidia 
(Fig. 4) which is in accordance with Fsc 1 
characteristics (Matuo and Snyder, 1973). 

After identification of F. solani species and 
its races using molecular and morphological 
approaches, pathogenicity test was done and 
confirmed pathogenicity of the isolates. 
Fsc1and Fsc2 were reported in Tunisia 
(Boughalleb et al., 2005), while Fsc1 isolated 
from diseased cucurbits in Spain (García-
Jiménez et al., 1997) and three provinces 
(Khorasan Razavi, Northern Khorasan and 
Fars) of Iran (Falahati Rastegar et al., 2009). 
We provided the first report of the Fsc1 in 
Shahrood, Varamin and Jiroft provinces. 

Fusarium solani f. sp. cucurbitae has caused 
serious crop loss of cucurbit in the greenhouse 
and field in Iran. Race 1 is the dominant race of 
the pathogen in Shahrood, Varamin and Jiroft 
region, which can help to implement effective 
disease management strategies. The results 
showed that the specific primers are rapid tools 
to distinguish species and races of fungi and 
TEF gene is a good region in order to 
identification of F. solani species and races.  
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و  یشناسختیر يهابا استفاده از روش Fusarium solani f. sp. cucurbitae ينژادها ییشناسا
 یمولکول

 
 2شیده موجرلو و *1، شاهرخ قرنجیک1صدرا رضائی

 
 .ایران شاهرود، کشاورزي، دانشگاه صنعتی شاهرود، گروه زراعت و اصالح نباتات، دانشکده -1
 .ایرانشاهرود، هرود، کشاورزي، دانشگاه صنعتی شا پزشکی، دانشکدهگروه باغبانی و گیاه -2

 gharanjik@shahroodut.ac.irمسئول مکاتبه:  نویسنده الکترونیکی * پست
 1397 اردیبهشت 10؛ پذیرش: 1396 اسفند 14دریافت: 

 
 انیکدوئ يوهیو م شهیطوقه، ر یدگیعامل پوس Fusarium solani f. sp.cucurbitae ينژادها چکیده:

 ییشناسا قیتحق نیاست. هدف ا اهانیگ نیادهندگان پرورش يبرا يمشکل اقتصاد کیکه  باشدیم
قارچ  یکیمورفولوژ هايیو بررس یاختصاص يآغازگرهابا استفاده از F. solani f. sp.cucurbitae  ينژادها

 يآورجمع ینواح نیاآلوده از مناطق مختلف  اهانیاست. گ رانیا نیورام و رفتی، جشاهرود ینواحدر 
انجام ها از آن DNAو استخراج  ییزايماریآزمون ب ،يماریعامل ب يسازو خالص يشدند. پس از جداساز

 F. solani ينژادها و ومیمختلف فوزار يهاگونه نیب زیتما يبرا TEF-1αژن  یاختصاص آغازگر. شد
 يژل آگارز نشان دادند، برا يرا بر رو يباز جفت 658 رشدهیتکث قطعه کیکه  ییهاهیاستفاده شد. جدا

آزمون شدند.  انتخاب F. solani f. sp.cucurbitae 2و  1نژاد  ییشناسا منظوربه يبعد PCRآزمون 
PCR  يجفت باز 425(با محصول  2د ا) و نژيجفت باز 505(با محصول  1نژاد  يژهیو يآغازگرهابا (

 یقطعه اختصاص نیکردند که ا ریرا تکث يجفت باز 505 يقطعه کی هاهیجدااز  يتعدادانجام شد. 
در  یقسمت 5 يهايدیمطابقت داشت. ماکروکن یشناسختیر يهایژگیبا و افتهی نیا است و 1نژاد  يبرا

آغازگر نژاد ها توسط هیاز جدا کدامچی. هکندیم دییأت را یقبل جیصورت غالب بود که نتابه هاهیجدا نیا
و  نیشاهرود، ورام يمنطقهدر  غالبنوان نژاد عبه 1که نژاد  دهدینشان م حاضر یبررس. نشدند ریتکث 2
 کمک کند. يماریب تیریمد يمؤثر برا يهاياستراتژ يبه اجرا تواندیم افتهی نیاست که ا رفتیج
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