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Investigation of the Fusarium oxysporum-caused watermelon wilt infection 
and testing of some hybrids' susceptibility to infection
Mohammed Abd Saleh* and Dr. Jasim Mahmood Abed

Abstract: This study was conducted in the College of Agriculture, the University of Anbar, which aimed to diagnose the 
Fusarium oxysporium. The field survey results showed the spread of the disease in all areas for the seasons 2020-2021 
and 2021-2022 in the governorates of Anbar, Baghdad, Salah al-Din, and Babylon. The infection rate ranged from 20-66%. 
The infection rate ranged from 20-66%, and the results of the phenotypic and molecular diagnosis showed the presence 
of the Fusarium oxysporium in the isolated samples. The results of the hybrid sensitivity test ( Jocker, Natasha, Pasha) for 
the three most pathogenic isolates, as all the hybrids were sensitive to highly pathogenic fungi, and the isolates were All 
of them are highly pathogenic.
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Introduction
Watermelon ( Citrull lanatus), which belongs to the Cu-

curbitaceae family, is considered one of the most crucial 
summer vegetable crops from an economical and nutritional 
point of view. Its fruits are rich in carbohydrates, especially 
sugars, in addition to fiber and mineral salts potassium, iron, 
and potassium. It also contains lycopene, carotene pigments, 
and vitamins such as vitamin B6. C, A1, The cultivated area of 
the Watermelon crop in Iraq is estimated at 16,891 hectares, 
with a production of 222,595 tons2. The watermelon is infec-
ted with many pathogens, including those that affect the roots 
in the soil3. The fusarium wilt disease caused by the fungus 
Fusarium oxysporum is considered one of the most common 
diseases of the rhizome plant. It causes significant losses in 
economic terms all over the world4-6 (Hao et al., 2010). Smith 
is the first researcher to describe the Fusarium oxysporum 
and conducted studies on infection and transmission within 
the plant tissue and the formation of tyloses in plant vesse-
ls7. Fusarium sp spread in many countries such as Pakistan, 
Egypt, South Africa, Brazil, Central America, and Mexico8,9. 
The Fusarium oxysporum is the main cause of wilt diseases 
in more than a hundred species of important economic plants. 
Plants of the cucurbit family are widely infected with vascular 
wilt pathogens caused by different physiological strains of F. 
oxysporum10. Despite the occurrence of early infection of the 
plant, the symptoms of infection with the disease can only be 
seen at the stage of plant stress in the stage of flowering and 
contracting, as the growth of the plant is normal at the begin-
ning of the infection, but when the plant reaches the stage of 
fruit formation, the symptoms appear on the leaves as they 
change to the color yellow, then one of the plant branches 
withers, and then the infection develops into complete wilt 
of the plant10,11. The wilt disease caused by the fungus Fusa-
rium oxysporum is a determining factor for cultivating sodo-
my in large areas of Iraq. According to unpublished data, field 
surveys over the past ten years indicated the spread of the 

disease significantly. Several methods were used to combat 
the vascular wilt disease caused by Fusarium oxysporum, 
including Chemical pesticides and agricultural rotations in 
addition to the use of resistant varieties and solar pasteuri-
zation as well as a biological control to control vascular wilt 
disease12. The study aims to show the spread of diseases in 
areas of central Iraq in the governorates of (Anbar - Salah al-
Din - Baghdad - Babil) and to diagnose the caused (Fusarium 
oxysporum) pathogen phenotypically and by using molecular 
methods and to test the sensitivity of some Watermelon hy-
brids to infection with this disease.

Materials and methods 

Sample Collection
Samples of Watermelon plants that showed symptoms 

of fusarium wilt were collected from different fields in four 
governorates: Baghdad, Anbar, Salah al-Din, and Babil. The 
collected samples were placed in polyethylene bags, and 
the date of collection, the region's name and the governo-
rate were recorded on them. The percentage of injury was 
calculated according to the following equation:
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Isolation and identification of fungi from roots and 
stems of watermelon plants

The samples were brought to the laboratory, washed 
with tap water for 30 minutes, and thoroughly cleaned of the 
suspended soil. Parts of the roots, the bases of the stems 
and the stem were cut with scissors into small pieces 0.5 
cm in length and superficially sterilized by placing them in a 
petri dish containing a solution of sodium hypochlorite at a 
concentration of 1% free chlorine for two minutes after that. 
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Those pieces were washed with sterile water to remove the 
effect of sterilization; then they were placed on sterile filter 
paper to dry, then those pieces were transferred to Petri 
dishes with a diameter of 9 cm, where four pieces were pla-
ced for each dish using sterile forceps inside the luminizer. 
These dishes contain medium PDA (Potato dextrose agar). 
The medium was prepared by dissolving 40 g of prepared 
medium PDA per 1000 ml of water, then placed inside the 
purifier for sterilization at a temperature of 121 °C and a 
pressure of 1.5 kg / cm2 for 20 minutes. The medium was 
left to cool slightly, then the antibiotic amoxicillin (at a con-
centration of 200 mg / l) was added before it solidified. Then, 
the medium was poured into the dishes and left to solidify. 
Petri dishes were closed with parafilm tape, and the date of 
the day and the area's name was recorded. Those dishes 
were placed in the incubator at 25 ± 2 °C. The dishes were 
left for 3 days. After that, a part of the developing fungal 
colony was taken from the plant part and examined under 
a light microscope. The Fusarium oxysporum was identified 
through its phenotypic characteristics at the genus level and 
species13; these fungi were purified by taking a handful of 
sterile needles and grown on new plates to obtain pure fun-
gi. Isolates preserved at 4c.

Molecular diagnosis of Fusarium oxysporum
Three isolates that proved to be highly pathogenic were 

selected for molecular diagnosis and to confirmation of the 
phenotypic diagnosis process. The DNA extraction process for 
isolates of the fungus Fusarium oxysporum was carried out in 
the Molecular Diagnostics Laboratory belonging to Al-Musay-
yab Bridge Company (Baghdad - Iraq) using the Master Mix 
extraction tool manufactured by Bioneer Company. Korean 
according to the method recommended by the manufacturer. 
Using a pair of primers, ITS1 as a forward (F: 5′- TCCGTAG-
GTGAACCTGCGG-3′) and ITS4 as a reverse (R: 5′TCCTC-
CGCTTATTGATATGC-3′), the target region of the fusarium 
oxysporum was amplified using a polymerase chain reaction 
(PCR) polymerase chain reaction (PCR) device14.

Pathogenicity test of Fusarium oxysporum isolates
The pathogenicity was tested according to the method 

of Bolkan and Butler (1974) for 12 fungal isolates in 9 mm 
Petri dishes containing PDA culture media and with 3 repli-
cates for each isolate. The colony of Fusarium is 6 days old, 
and the dishes were left in the incubator for 3 days at 25 ± 2 
°C. Then the local radish seeds were planted in the dishes 
after being washed with tup water to remove dust. Then 
they were superficially sterilized with sodium hypochlorite 
solution (1%) free chlorine for two minutes, then placed in 
distilled water for 2 minutes. They were placed on a sterile 
filter paper two minutes later to dry. The seeds were planted 
1 cm from the edge of the fungal colony by 10 seeds per 
plate, and three dishes were left without fusarium oxyspo-
rium for comparison as control. After that, the percentage 
of germination of seeds was calculated with the treatments 
and compared with the control to determine the most severe 
and influential fungi on seed germination.

Citrull lanatus sensitivity to Fusarium oxysporum
A sensitivity test experiment for the pathogenic Fusa-

rium oxysporum isolates was carried out on seedlings of 
three hybrids: Pasha(Charleston Gray), Natasha( Crimson 
Sweet), and Joker (Charlee) in the greenhouse of the Plant 
Protection Department, College of Agriculture, University of 
Anbar, according to a complete random design (CRD).( Mix-

ture + Petmos) at a ratio of 1:1 sterilized using the sterilizer 
device at a temperature of 121 °C and a pressure of 1.5 
kg / cm2 for 60 minutes in two phases separated by one 
day. The inoculum of fusarium oxysporum was added to the 
three most pathogenic isolates at the rate of 10 g / kg of fu-
sarium oxysporum pollen grown on millet seeds after three 
days. The seeds of the three hybrids were planted in pots 
(three seeds per pot) with three replications for each isolate. 
After 10 weeks of planting, the severity of the infection was 
calculated. The experiment was carried out according to 
the CRD with three replications for each treatment, and the 
pots were irrigated regularly and with time. The plants were 
uprooted, and the severity of the disease was calculated 
according to formula15.

Results

Field survey of fusarium wilt diseases on watermelon
The results of the field survey are shown in table 1, 

where the prevalence of fusarium wilt disease in all areas 
covered by the study for the agricultural season 2020-2021 
and 2021-2022 in the governorates of Anbar - Baghdad - 
Salah al-Din - Babil, and the infection rate ranged between 
20-66%. This percentage cannot be ignored as it causes 
economic losses to plants, as well as their use of large 
amounts of organic fertilizers. The sensitivity of the cultiva-
ted varieties may have a role in the spread of the disease, 
perhaps because the cultivated varieties of sodomy may be 
resistant to some strains of the pathogen. The deterioration 
of the land and agricultural cycles With other crops reduced 
the accumulation of pathogenic fungus pollen in the cultiva-
ted lands, as well as the solar Sterilization process.

The results of isolation and diagnosis showed in Table 
(2), and the presence of the fungus F. oxysporum in all sam-
ples collected from the watermelon plants showed symp-
toms of the disease.

Molecular diagnosis of F. oxysporum using Polymerase 
Chain Reaction (PCR) technique

After DNA extraction from the conidial mycelium spo-
res, a polymerase chain reaction was carried out to amplify 
the DNA of the ITS (Internal Transcribed Spacer) using the 
primer pair (ITS1-ITS4), and the results of the electropho-
resis using ultraviolet rays showed the presence of A clear 
band. The size of the amplicon was 550 base pairs with the 
ladder of DNA on gel electrophoresis.

Pathogenicity test of isolates of the pathogenic fungus 
F. oxysporum using radish seeds

The results of the test showed that all isolates of the F. 
oxysporum induced a significant reduction in the percenta-
ge of radish seeds germination in the laboratory (Table 4), 
as the percentage of germination was 0.00-63.33%. Com-
pared to the control treatment in which the germination rate 
was 100%. Where isolate Anbar D achieved the highest 
percentage of a significant reduction, as it completely inhi-
bited the germination of radish seeds, followed by isolates 
Anbar C, Anbar A, Salah al-Din D, Anbar B, Salah al-Din 
A, Baghdad B, Babel B, Babel A, Baghdad A, Salah al-Din 
C and Salah al-Din B, where the germination rate reached 
10, 13.33, 16.66, 20, 20, 20, 23.33, 33.33, 43.33, 56.66, 
63.33%, respectively. The reason for the difference in the 
rates of inhibition may be due to the genetic variation be-
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tween members of the species, as they are isolated from di-
fferent regions, in addition to the difference in the production 
of enzymes that degrade pectin and cellulose, as well as the 
difference in the production of secondary metabolites that 
lead to rotting seeds and preventing them from germination.

Sensitivity test hybrids to F. oxysporum
This study showed that all the tested Watermelon hy-

brids were sensitive to infection with isolates (D, C, A) of 
the F. oxysporum but varying degrees between them (Table 
4). 0.362, while the highest degree of sensitivity to infection 
with F. oxysporum isolates was the Pasha hybrid, with a se-

verity of infection of 0.383, while the hybrid Natasha showed 
a moderate disease severity of 0.362 compared to the Joker 
and Pasha hybrids, and these differences in varieties may 
be attributed to infection with pathogens in general as a re-
sult of the difference in composition Plant cell walls or the 
degree to which they contain another type of incompatibility 
as mentioned in previous studies 17(Lagrimini et al., 1993). 
Al-Anbar isolates D achieved the highest infection severity 
of the tested  Watermelon hybrids. It reached 0.538. Also, 
Al-Anbar A and Al-Anbar C isolates showed infection seve-
rity of 0.464 and 0.417, respectively.

Investigation of the Fusarium oxysporum-caused watermelon wilt infection and testing of some hybrids' susceptibility to infection

Table 1. A field survey of Fusarium wilts disease on the ascendant in some governorates of Iraq for the agricultural season.

Table 2. Shows the distribution of F. oxysporum was isolates.
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Discussion
The colors of the fungal isolates grown on the PDA 

culture medium varied from white to pinkish red, where the 
thread was observed. Divided fungi and conidia of their 
three types: Microconidia, Macroconidia, and Chlamydos-

pores. These traits are identical to F. oxysporum 16. Fur-
thermore, the hybrid Natasha showed a moderate disease 
severity of 0.362 compared to the Jocker and Pasha hy-
brids, and these differences in varieties may be attributed to 
infection with pathogens in general as a result of the diffe-
rence in composition Plant cell walls or the degree to which 

Figure 1. Showing the electrophoresis on agarose gel of the products of DNA replication.

Table 4. Shows the sensitivity of Watermelon hybrids to F. oxysporum.

Table 3. Shows the pathogenicity of isolates of F. oxysporum on radish seeds.
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they contain another type of incompatibility as mentioned in 
previous studies 17. Moreover, the reason for the difference 
in this pathogenicity may be due to the different abilities of F. 
oxysporum isolates to secrete different enzymes, including 
chitin and pectinase enzyme, which cause the decompo-
sition of the plant cell and allow the hyphae Fungi to enter 
through the crust into the carrier vessels, which leads to the 
closure of those vessels as a result of the presence of the 
mycelium and its reproductive parts in them, causing water 
stress on the plants, offset by the formation of tyloses as a 
defense method from the plant, which contributes to clo-
sing these vessels to prevent the progression of pathogenic 
fungi inside the transporting vessels 18. In addition, some 
types of Fusarium secrete phytotoxins such as Fusaric acid. 
Studies have shown that Fusaric acid can cause damage to 
the membranes of host cells, in addition to increasing the 
oxygen content in mitochondria and inhibiting the produc-
tion of ATP energy, causing cell death, so the accumulation 
of pathogens In the root zone and microorganism imbalan-
ce causes wilting of foliar plants 5. The differences in the 
degree of sensitivity or resistance of hybrids to infection with 
fungi or microorganisms, in general, are due to the diffe-
rence in the composition of plant cell walls in the degree to 
which they contain active substances in stimulating plant 
defenses, such as containing different percentages of Ce-
llulose, Callose, Lignin and Subrin, which play an important 
role in preventing Or reduce the penetration of plant cells 
from microorganisms, so the sensitivity of any type of plant 
to pathogenic fungi or resistance is related to the mecha-
nism of action of the biochemical defense system to a grea-
ter degree than its structural defenses 17.

Conclusions
The results of the field survey showed the spread of 

Fusarium wilts on watermelons in all the areas covered by 
the survey. The F. oxysporum was diagnosed in all water-
melon samples that showed symptoms of fusarium wilt. The 
fungus was diagnosed microscopically, depending on the 
shape of the conidia, the conidial carrier and the structu-
res it forms. The experiment of cross-susceptibility of plants 
to F.oxysporum showed that all of them were sensitive to 
infection with the F.oxysporum The sensitivity different de-
pens on the strain of watermelon.
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