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ABSTRACT

Fusarium wilt disease is a major biotic factor limiting watermelon production in the derived savanna agroecology 
of southeast Nigeria. The study hypothesized that variety could interact with the fungicide spraying regime to 
improve the agronomic performance of watermelon (Citrulus lanatus (Thunb) Matsum and Nakai). The objectives 
of the study were: to assess the effect of fungicide spraying regimes on disease incidence, severity, and agronomic 
performance of three watermelon varieties; and to identify and characterize the fungal causal organism of Fusarium 
wilt of watermelon in the derived savanna agroecology of southeast Nigeria. Three varieties of watermelon (Jubaly, 
red diamond, and sweet sangaria) and four fungicide spraying regimes (No spray, weekly, bi-weekly, and tri-
weekly spray) were evaluated for agronomic performance, and disease incidence and severity in a 3 × 4 factorial 
in a randomized complete block design replicated thrice. Data were collected on phenological, growth and yield 
indices, and disease incidence and severity. Analysis of variance was done using Genstat 16th edition and GraphPad 
Prism 9 was used to construct the graphs. Variety significantly affected agronomic traits as well as disease incidence 
and severity. The Jubaly variety performed better than other varieties in most of the growth and yield parameters 
measured despite recording higher disease incidence and severity scores. Weekly application of fungiforce recorded 
the lowest disease incidence (16.67, 16.67, and 50%) and severity (6.7, 6.7, and 10%) at 9, 10, and 11 weeks after 
planting, respectively. The interaction effect of the Jubaly variety and weekly spray was consistently higher in vine 
length, node number, fruit number, and fruit yield. Morphological isolation and identification of the fungal causal 
organism showed the presence of Fusarium species. Further molecular characterization by DNA extraction from the 
Fusarium isolate and sequencing using the Sanger sequencing method confirmed the presence of Fusarium equiseti. 
The basic local alignment search tool result showed 94–100% similarity with F. equiseti strain WZ-98 from the NCBI 
Gene bank. The organism was identified as F. equiseti based on the Phylogeny.

1. INTRODUCTION

Citrullus lanatus (Thunb) Matsum and Nakai, also known as 
watermelon, is a tropical fruit of the Cucurbitaceae family [1]. It is a 
monoecious warm-season crop that grows in a trailing and prostatic 
manner [2]. Watermelon fruits contain thick skin (exocarp) with varying 
pigmentation, a solid or striped look, a fleshy mesocarp, and an endocarp 
that can range in color from white to yellow [3,4]. The crop performs 
best in regions with year-round high temperatures in general [5,6].

The demand for Watermelon and its derivatives is on the rise due 
to its refreshing taste, high nutritional value, and wide culinary 

*Corresponding Author:  
Uchenna Noble Ukwu,  
Department of Crop Science, Faculty of Agriculture, University of Nigeria, 
Nsukka 410105, Nigeria.
E-mail: uchenna.ukwu @ unn.edu.ng

applications [7]. Watermelons are excellent sources of carotenoids, 
Vitamins A, B6, C, lycopene, and antioxidants [8-10]. The frequent 
inclusion of watermelon in a diet schedule can help to prevent the 
development of cancerous cells which could be implicated in the 
relative abundance of lycopene in watermelon fruits [8].

Despite the overwhelming nutritional and medicinal benefits of 
watermelons, little effort has been made to grow the crop in the 
derived savanna agroecology of southeastern Nigeria. The bulk of its 
production is concentrated in the drier savanna agroecological zones 
of Northern Nigeria, from where it is transported to other parts of 
the country [7,11-13]. This situation has led to the increased cost of 
watermelon in southern Nigeria.

Few attempts to grow the crop in the derived savanna agroecology 
of southeast Nigeria have been successful [7,14], although yield and 
quality have been significantly reduced by fungal diseases, with wilt 
disease the most predominant within the agroecology. Watermelon 
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production is often limited by biotic and abiotic factors, including fungi 
pathogens. Fungal diseases constitute one of the most limiting biotic 
factors in watermelon production globally, and could significantly 
reduce yield and quality, and eventually cause significant economic 
losses to the farmer [15-19].

To combat these fungal diseases and ensure optimal watermelon 
production, farmers commonly employ synthetic fungicides. 
Fungicides commonly act by inhibiting the growth and reproduction of 
fungi, thereby minimizing disease progression. However, the efficacy 
of a fungicide may vary depending on several factors, including fungi 
species, the stage of development, and the fungicide spraying regime. 
Different varieties could respond differently to fungal pathogens due 
to varying levels of tolerance. Some varieties may possess genes that 
confer resistance to specific fungal pathogens, thus reducing the need 
for extensive fungicide use. Understanding the interaction between 
variety selection and fungicide spraying regimes on watermelon 
performance is crucial for optimizing watermelon production and 
disease management.

Previous reports on disease management in the cucurbits and in 
particular watermelon production, had largely focused on the efficacy 
of fungicides applications and doses of fungicides application on 
the management of Podosphaera xanthii, the causative organism of 
powdery mildew [16-18,20-26]. Studies involving varietal response 
to fungicide spraying regimes are scarce in the literature. The study 
hypothesized that watermelon varieties could respond differently to 
varying fungicide spraying regimes in the management of Fusarium 
wilt. Hence, the objectives of the study were: To assess the effect of 
fungicide spraying regimes on disease incidence and severity, growth, 
and yield components of three varieties of watermelon; and to identify 
and characterize the fungal causal organism of Fusarium wilt of 
watermelon in the derived savanna agroecology of southeast Nigeria.

2. MATERIALS AND METHODS

2.1. Experimental Site
The experiment was conducted at the Teaching and Research Farm, and 
the Pathology Laboratory of the Department of Crop Science, University 
of Nigeria, Nsukka, between September and November 2022. The 
location is between latitude 6° 86ʹ North and longitude 7° 40’ East at an 
altitude of about 450 m above sea level in South-eastern Nigeria.

2.2. Experimental Design and Treatments
The experiment was laid out as a 3 × 4 factorial in a randomized complete 
block design with two factors A and B. Factor A comprised the three 
varieties of watermelon (Red Diamond, Sweet Sangaria, and Jubaly), 
while factor B was the four fungicide spraying regimes (weekly, bi-
weekly, tri-weekly and control). The three varieties of watermelon were 
sourced from the Department of Crop Science Seed Bank, University of 
Nigeria, Nsukka. Fungiforce Gold fungicide (Metalaxyl 8% + manxozeb 
64% WP) and Laraforce Gold insecticide (Lambda-cyhalothrin 5% + 
imidacloprid 15% SC) were used for fungi and insect management. 
Poultry manure was obtained from the Department of Animal Science 
Research Farm, University of Nigeria Nsukka (UNN).

2.3. Land Preparation and Planting
Land measuring 23 m by 15 m was used for the experiment. The field 
was cleared, tilled, and partitioned into three blocks separated by a 
1 m pathway. Each block consisted of 12 plots of size 6 m2. A blanket 
dose of 10 t/ha poultry manure was applied 2 weeks before planting. 

Two seeds were sown per stand at a plant spacing of 1 × 1 m, which 
was eventually thinned down to 1 at 2 weeks after planting (WAP). 
Laraforce Gold insecticide (Lambda-cyhalothrin 5% + imidacloprid 
15% SC) was sprayed to control cutworms 1 week after planting. 
Scarecrows and guard rows were made to prevent attack by guinea 
fowl or other rodents.

2.4. Spraying Regime
The spraying of Fungiforce Gold fungicide (Metalaxyl 8% + manxozeb 
64% WP) started exactly 3 WAP and was sprayed on every plot except 
the control. Hence, the weekly plots were sprayed a total of nine times, 
bi-weekly plots a total of five times, and tri-weekly plots a total of 
three times, covering a 9-week spraying schedule.

2.5. Data Collection
Data were collected weekly on days to 1st, 50, and 100% emergence 
(DTE), days to 1st, 50, and 100% flowering (DTF), number of nodes 
(NN) per plant, length of vine, and fruit weight from 3 sample plants 
per plot. Disease incidence and severity were recorded on a per-plot 
basis.

2.6. Determination of Phenology, Growth, Yield, and Disease 
Parameters
All growth and yield traits were determined according to the procedures 
used by [7]. Disease incidence for each plot was determined by 
counting the total number of plants sampled and the number of plants 
showing symptoms and calculated using the formula below:

Disease Incidence
Total number of plants showing symptoms 100

Total number of plants sampled
= ×

Scoring of disease severity was done using a 5-point scale at the onset 
of fruiting [27].

Severity Estimation (%) Scale Interpretation
0 No infection
1 Slight infection
2 Moderate infection
3 Severe infection
4 Completely infected and death.

Disease severity index
Sum of disease scores 100

Total number of plants sampled maximumscore
= ×

×

2.7. Morphological and Molecular Characterization of Fungi 
Isolates
Leaf samples were randomly selected from each treatment and properly 
cleaned in sterile water. Using flame-sterilized forceps, the diseased 
tissues were divided into small pieces of 2–5 mm squares and put into 
sterile Petri dishes containing a 0.1% mercuric chloride solution.

Potato dextrose agar medium comprising 200 g of peeled potatoes, 
20 g of dextrose, 20 g of agar, and 1000 mL of water was prepared 
and sterilized in an autoclave at 121°C for 15 min at 15 psi. The tissue 
pieces were surface sterilized using 1% sodium hypochlorite solution 
for 30–60 s before rinsing twice or three times in sterile water. Three 
tissue pieces per plate were aseptically added to Petri dishes with a 
nutritional medium (potato dextrose agar medium) that was treated 



Dauda, et al.: Journal of Applied Biology & Biotechnology 2024;12(3):214-222216

with streptomycin sulfate. The plates were incubated between 25 
and 27°C, or room temperature [28]. Based on colony and physical 
traits including color and form, isolated fungi were identified. The 
Mycological Atlas of Robert and Ellen was used to confirm and 
authenticate the morphological traits and appearance of the fungal 
isolations.

Fungal staining was prepared for slide cultures. Cover slip-sized PDA 
agar blocks were cut and set on a clean microscopic slide over a sterile 
“V-shaped” glass rod in a Petri dish. The fungus was then inoculated 
along the margins of the agar block. The agar was covered with a sterile 
coverslip, and the apparatus was then incubated at room temperature. 
After the fungus had grown, the coverslip was carefully removed, 
stained with lactophenol blue, and examined using an Olympus bright 
field microscope (Model BX43) equipped with a 10- and 40-objective 
lens.

DNA was extracted using the Zymo Research Mini Quick-DNA™ 
Fungal/Bacterial Miniprep Purification Kit, with catalog number 
D6005. DNA Amplification and Agarose gel electrophoresis. The 
isolate’s ITS region was amplified in a MiniAmp plus Thermal Cycler 
(Thermo Fisher Scientific) using the fungi universal oligonucleotide 
primers. The polymerase chain reaction (PCR) mixture contained 12.5 
µL of 1X Master mix with standard buffer, 0.5 µL (10 µM) of each 
of the forward and reverse primers, 3 µL of the extracted DNA, and 
8.5 µL of sterile nuclease-free water to make up to 25 µL of reaction 
volume. One Taq Quick load 2X Master Mix with Standard Buffer 
(New England Biolabs, MA, USA) was used for the PCR, which is 
composed of 20 mM Tris-HCl, 1.8 mM MgCl2, 22 mM NH4Cl, 22 
mM KCl, 0.2 mM DNTPS, 5% glycerol, 0.06% IGEPAL CA-630, 
0.05% Tween 20, Xylene Cyanol FF, Tartrazine, and 25 units/mL of 
Taq DNA polymerase. This was vortexed at low speed and placed in a 
thermal cycler machine [Table 1] [29].

2.8. Cycling Parameters and Primers Used
Two primers ITS-1 (TCCGTAGGTGAACCTGCGG), and ITS-4 
(TCCTCCGCTTATTGATATGC) were used. Initial denaturation was 
done at 95°C for 2 min, and then at 94°C for 30 s. Annealing was done 
at 55°C for 2 min, extended at 72°C for 1 min, and finally extended at 
72°C for 10 min. This process was repeated for 30 cycles.

The PCR products were examined on a 1.5% Agarose gel stained with 
ethidium bromide (1 g/mL), electrophoresed at 110 volts for 45 min, 
and then seen under a UV transilluminator. As a DNA molecular 

weight marker, a 100 bp DNA ladder (New England Biolabs, USA) 
was employed.

The BigDye Terminator v3.1 cycle sequencing kit was used for 
sequencing the amplified fragments on an Applied Biosystems Genetic 
Analyzer 3130 × l sequencer per the manufacturer’s instructions. FinchTv 
software was used to modify the resulting FASTA format sequences [30].

3. RESULTS

3.1. Effect of Variety and Spraying Regime on the Phenology 
of Watermelon
The effect of variety and spraying regime on the phenological attributes 
of watermelon is shown in Figure 1. The result showed that there was a 
significant difference (P < 0.05) in the varietal effect on phenological 
traits. Jubaly had the earliest days to 1% emergence (DTE-1%) at 
4 days, while sweet sangaria was earliest in DTE-50% (4.5) and DTE-
100% (6.67). In contrast, the red diamond was the latest in DTE-1% 
(5.67), DTE-50% (7.25), and DTE-100% (11.00). Jubaly variety also 
showed superiority in earliness to flowering with 28.00, 32.83, and 
35.75 DTF, which was the earliest compared to red diamond (31.59 
DTF-1%) and sweet sangaria (36.83 DTF-50%, 40.00 DTF-100%) 
which took longer days.

The spraying regime significantly affected (P < 0.05) days to 50% 
flowering but not DTF-1% and DTF-100%. Weekly (34.67) and bi-
weekly spray regimes (34.56) influenced shorter DTF-50% compared 
to tri-weekly (35.22) and control (35.67). Bi-weekly (29.44) and 
weekly (29.55) spray also showed a tendency for earliness in DTF-1% 
compared to tri-weekly (30.22) and control (30.11) spray regimes. 
However, this trend was not replicated in DTF-100, as all spraying 
regimes took an average of 40 days to 100% flowering [Figure 1].

The response of watermelon varieties to fungicide spraying regimes 
was similar (P > 0.05) in all phenological attributes studied. Varieties 
responded better to weekly and bi-weekly spraying regimes in DTF 
compared to tri-weekly and no-spray regimes, respectively. The 
interaction of Jubaly variety x weekly, bi-weekly, and tri-weekly 
spray regimes gave comparable results (28.33) in DTF-1% and was 
the earliest in contrast to the interaction of red diamond variety x tri-
weekly (32.67) spray regime, which was the latest. Jubaly variety 
showed consistency for early flowering across all spraying regimes, 
flowering earlier than red diamond and sweet sangaria. The interaction 
of Jubaly variety x weekly spraying regime was earliest in attainment 

Figure 1: Effect of variety and spraying regimes on the phenology of watermelon. E: Emergence; F: Flowering. The graph shows the mean values and standard 
deviations of 3 replicates.
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of DTF-50% (32.33), and DTF-100% (35.33) in contrast to the 
interactions of sweet sangaria variety x no-spray, and sweet sangaria 
variety x tri-weekly spraying regime, which were latest to attainment 
of DTF-50% (37.33) and DTF-100% (40.67), respectively [Figure 1].

3.2. Effect of Variety and Spraying Regimes on Growth 
Parameters of Watermelon
The effect of variety on the vine length of watermelon was significant 
(P < 0.05) across the weeks of investigation. Jubaly variety produced 
significantly longer vines (8.00) at 2 WAP, 4 WAP (34.86), 6 WAP 
(110.60), and 8 WAP (154.80) compared to the red diamond variety 
(6.59) which produced the shortest vine at 2 WAP, and sweet sangaria 

variety which consistently gave shorter vines at 4 WAP (27.43), 6 WAP 
(81.73), and 8 WAP (119.05) [Figure 2].

The spraying regime did not significantly affect (P > 0.05) the vine 
length of watermelon, as all spraying regimes gave comparable 
results. However, the bi-weekly spraying regime recorded longer 
vines at 2 WAP (7.55) and 4 WAP (30.90) compared to the tri-weekly 
spraying regime, which had the shortest vines at 2 WAP (6.8) and 4 
WAP (28.31). At the later stage of the plant development, the weekly 
spraying regime recorded longer vine lengths at 6 WAP (94.08) and 8 
WAP (151.94), while the control had the shortest vines with 91.09 and 
116.79, respectively [Figure 2].

Figure 2: Effect of variety and spraying regimes on vine length of watermelon. The graph shows the mean values and standard deviations of 3 replicates. Bars 
with different letters are significantly different at P<0.05.

Figure 3: Effect of variety and spraying regimes on number of nodes of watermelon. The graph shows the mean values and standard deviations of 3 replicates. 
Bars with different letters are significantly different at P<0.05.
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The different varieties showed similarities in their response to fungicide 
spraying regimes. Jubaly variety showed the best response to spraying 
regimes across the weeks of study. The interaction of Jubaly x weekly 
spraying regime recorded the longest vine at 2, 4, 6, and 8 WAP with 8.52, 
38.22, 120.51, and 183.44, respectively. In contrast, it was the interaction 
of red diamond x tri-weekly (6.14), red diamond x no-spray (26.70), sweet 
sangaria x weekly (74.63), and red diamond x no-spray (102.33) that 
recorded the shortest vines at 2, 4, 6, and 8 WAP respectively [Figure 2].

3.3. Effect of Variety and Spraying Regimes on Node Number 
of Watermelon
The varieties differed significantly (P < 0.05) in NN at 6 and 8 WAP 
[Figure 3]. There was no significant difference (P > 0.05) in NN at 4 
WAP. Jubaly variety had higher NN (27.22) at 6 WAP, and at 8 WAP 
(38.11) in comparison with the sweet sangaria variety consistently had 
the least NN (22.17) at 6 WAP and (33.14) at 8 WAP.

The four spraying regimes influenced comparable (P > 0.05) NN. 
However, bi-weekly (24.93) and weekly (38.52) spraying regimes 
recorded higher NN at 6 and 8 WAP, respectively, than the no-spray 
treatment, which was consistent in recording the least NN at 6 WAP 
(23.56) and 8 WAP (34.13) [Figure 3].

The interaction effect of variety and spraying regime on NN was 
comparable at 4, 6, and 8 WAP [Figure 3]. The interaction of Jubaly 
x weekly spraying regime was also consistent in affecting the highest 
NN at 6 WAP (29.22) and 8 WAP (44.89). In contrast, the interaction 
of red diamond variety x no-spray had the least NN at 6 WAP (20.89) 
and 8 WAP (32.00). The varieties showed negligible differences from 
the four spraying regimes at 4 WAP.

3.4. Effect of Variety and Spraying Regimes on Yield 
Parameters of Watermelon
The effect of variety and spraying regime on fruit yield and yield traits 
of watermelons are shown in Figure 4. There was a clear varietal effect 

(P < 0.05) on fruit number and fruit weight, but not on fruit length and 
fruit width. The Jubaly variety was superior in fruit number (9.58) and 
fruit yield (38.04 t/ha) compared to the red diamond variety, which 
was the least in fruit number (6.42) and fruit yield (26.09 t/ha). There 
was no clear-cut varietal effect on fruit length and fruit width as all 
varieties showed comparable values.

Although a significant difference was not detected among spraying 
regimes in all yield parameters, weekly spray recorded higher fruit 
number (8.56) and fruit weight (48.21 t/ha) than no-spray with 7.00 and 
35.09 t/ha mean fruit number and fruit weight, respectively. Fruit length 
and fruit width were similar in all four spraying regimes [Figure 4].

The interaction of variety and fungicide spraying regime did not 
significantly affect fruit yield and yield attributes of watermelon. 
However, the varieties followed a definite trend in their response to 
the fungicide spraying regime.

The interaction of Jubaly variety x weekly spray consistently 
recorded higher fruit number (11.00 cm), fruit width (22.37 cm), 
and fruit yield (48.11 t/ha) than the interaction of red diamond 
variety x control, which recorded the least values in fruit number 
(5.53), fruit width (19.20), and fruit yield (24.52). The interaction 
effect of red diamond variety x weekly spray produced the longest 
fruit (14.37 cm) compared to Jubaly x control, which was the least 
(9.42 cm) [Figure 4].

3.5. Effect of Variety and Fungicide Spraying Regime on 
Disease Incidence and Severity of Fusarium wilt of Watermelon
The effect of variety and fungicide spraying regime on disease 
incidence of Fusarium wilt of watermelon is shown in Figure 5. The 
varieties showed differences in their tolerance level of Fusarium 
wilt of watermelon. Red diamond showed higher tolerance to the 
disease by recording the least percentage incidence at 9 WAP (25%), 
10 WAP (18%), and 11 WAP (30%) in contrast to the Jubaly variety, 
which showed higher susceptibility, recording the highest percentage 
incidences of 25%, 32%, and 35% at 9, 10, and 11 WAP, respectively.

Weekly and bi-weekly sprays showed similar effects on the incidence of 
Fusarium wilt recording the least percentage incidence (22%) at 9 WAP. 
However, at 10 and 11 WAP, the weekly spraying regime was more effective, 
recording the least percentage incidences of 28% and 55% compared 
to control with the highest incidences of 83% and 94%, respectively. In 
general, the varieties showed a higher preference for weekly spray, than 
bi-weekly, tri-weekly, and no-spray, respectively [Figure 5].

The effect of variety and fungicide spraying regime on the severity of 
Fusarium wilt of watermelon is shown in Figure 6. Disease severity 
followed the same trend as was observed in disease incidence with the 
red diamond variety showing the least severity score compared to the 
Jubaly variety which recorded the highest severity score [Figure 6]. 
The severity score was also least in plots that received weekly spray 
compared to plots that received bi-weekly, tri-weekly, and no-spray 
respectively.

3.6. Morphological and Molecular Characterization of the 
Fungi Isolate
A pinkish coloration was observed from the mycelia growth in the petri 
dish, and when viewed under the light microscope, floccose-shaped 
colonies; smooth, cylindrical, and branched hyphae; oval-shaped 
microconidia, and curved macroconidia were observed [Plate 1]. The 
basic local alignment search tool (BLAST) result showed 100% 

Figure 4: Effect of variety and spraying regimes on fruit yield and 
yield components of watermelon. The graph shows the mean values 
and standard deviations of 3 replicates. Bars with different letters are 

significantly different at P<0.05.
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Figure 6: Effect of variety and spraying regimes on disease severity of watermelon. The graph shows the mean values and standard deviations of 3 replicates. 
Bars with different letters are significantly different at P<0.05.

Figure 5: Effect of variety and spraying regimes on disease incidence of watermelon. The graph shows the mean values and standard deviations of 3 replicates. 
Bars with different letters are significantly different at P<0.05.

identity with Fusarium equiseti strain WZ-98 on the NCBI gene 
bank. Phylogenetic analysis using molecular evolutionary genetic 
analysis (MEGA) showed a high pairwise identity of the Isolates with 
sequences obtained from Nigeria, Africa, and other parts of the world 
[Figure 7].

Pairwise sequence comparison using the sequence demarcation tool 
(SDT) showed high similarity between the UNN isolate with NCBI 
accession number ORO31853.1 with isolates from other countries 
when compared with similarity to the outgroup Neurospora crassa 
[Figure 8].

Plate 1: Morphology of Fusarium equiseti spores as viewed in the microscope.

Figure 7: Maximum likelihood tree showing the relationship between the 
UNN isolate and other Fusarium equiseti isolated from watermelon in other 

countries.
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Figure 8: Pairwise sequence comparisons of UNN isolate sequences of 
Fusarium equiseti and related sequences.

4. DISCUSSION

The findings of this study revealed significant effect of crop variety on 
various aspects of watermelon growth and development. Specifically, 
the study showed that watermelon variety had a significant influence 
on phenological characteristics, such as the time it took for the plants 
to emerge from the soil and the days until flowering occurred. Notably, 
the Jubaly variety outperformed the sweet sangaria and red diamond 
varieties in both of these critical phenological traits. Early emergence 
and flowering are highly desirable attributes for plant breeders seeking 
early-maturing varieties, as they are often indicative of early maturity in 
the crop [31]. The varietal effect was also evident in growth and yield-
related traits, including vine length, node count, fruit number, and overall 
fruit yield. Once again, the Jubaly variety consistently exhibited superior 
performance in all these growth and yield traits when compared to the 
red diamond and sweet sangaria varieties. The longer vines [Figure 2] 
associated with the Jubaly variety resulted in an increased NN [Figure 3], 
ultimately translating into higher fruit production and greater fruit yield 
[Figure 4]. The observed variations in phenology, growth, and yield 
characteristics among the different varieties suggest underlying genetic 
differences and distinct ancestry among these watermelon varieties. 
These findings align with prior research conducted on watermelon and 
related crops by earlier researchers [32-35].

The effect of fungicide spraying regimes did not record any significant 
differences in phenology, growth, or yield components. However, 
plots subjected to weekly and bi-weekly fungicide spraying recorded 
marginally higher vine lengths, node counts, fruit numbers, and fruit 
weights. This effect could be attributed to the fungicide creating 
a more favorable growth environment by inhibiting the growth and 
proliferation of pathogenic fungi. Notably, the lowest disease incidence 
and severity were observed in plots subjected to weekly fungicide 
spray, in contrast to the untreated plots, which exhibited the highest 
disease values [Figures 5 and 6].

The study also recorded significant variation in the responses of various 
watermelon varieties to Fusarium wilt disease. The sweet sangaria 
variety in combination with a weekly spraying regime exhibited the 
lowest disease incidence and severity, while the interaction of the 

Jubaly variety with no fungicide spraying recorded the highest disease 
incidence and severity values.

Synthetic chemicals have been demonstrated as highly effective in 
controlling watermelon diseases, particularly when applied consistently 
to achieve the desired level of disease control. These chemicals 
are generally safe when applied in low concentrations [36,37]. It is 
advisable to select pesticides with low residual effects, typically 
having a half-life of <16 days, as they tend to accumulate less in 
the environment due to their shorter persistence [38]. Additionally, 
regulations such as pre-harvest intervals are commonly in place to 
ensure that crops or livestock products are not harvested immediately 
after treatment, allowing time for residue concentrations to decrease 
to safe levels before harvest. Fungicide application is known to inhibit 
or suppress the activities of phytopathogenic fungi, leading to lower 
disease incidence and severity, ultimately resulting in improved crop 
performance. Although statistical significance was observed primarily 
in the timing of flowering, the fungicide-treated plots consistently 
exhibited earlier flowering stages, including 1%, 50%, and 100% 
flowering, compared to the untreated plots. Moreover, the treated fields 
demonstrated better growth and yield attributes, aligning with the 
findings of previous studies on other crops like cucumber, tomatoes, 
and the control of diseases like blossom end rot [39-41].

Despite the Jubaly variety showing higher disease incidence and severity 
values, it still outperformed the other varieties across most growth 
and yield parameters evaluated. This could be attributed to inherent 
host immunity within the genetic makeup of the Jubaly variety [42]. 
Environmental factors, including relative humidity, temperature, and 
the saprophytic nature of the organism, may also have contributed to 
these outcomes which corroborates Aba et al. [39] and Dauda et al. [43] 
who had previously reported the incidence of Phytophthora blight of 
cucumber and Fusarium wilt of green pepper and radish, respectively, in 
the neighboring fields of the experimental plots. Since most solanaceous 
plants belong to the host range of the Fusarium pathogen, one could 
safely say that the source of inoculum is from the soil and that there is a 
disease build-up of the Fusarium pathogen in the environment.

Microscopic observations of F. equiseti’s morphological characteristics 
in this study were consistent with the findings of Hami et al. [44] who 
reported prevalence of Fusarium oxysporum, Fusarium solani, and 
F. equiseti in Kashmir, Northern Himalayas, supporting the validity of 
the identification. Furthermore, molecular characterization confirmed 
the presence of Fusarium spp., specifically F. equiseti, within the 
pathogen. This information is valuable for biodiversity assessment, 
taxonomic decisions, and pest management planning. The BLAST 
analysis showed a 100% identity match with F. equiseti strain WZ-98 
in the NCBI gene bank. The Fusarium isolate from the UNN was 
submitted and deposited at the NCBI Gene Bank under the accession 
number OR031853.1.

Phylogenetic analysis was conducted to compare the UNN sequence 
with sequences isolated from watermelon in other countries. Using 
(MEGA version 11) and the SDT, high similarity was observed between 
the UNN isolates and other isolates [Figures 7 and 8]. Specifically, the 
UNN isolate formed a clade with other F. equiseti isolates. Although 
it did not fall within the same clade as the out group N. crassa, it is 
possible that the out group shares some ancestral lineage with other 
species, despite appearing more distant. This report is in tandem with 
the observations of Hami et al. [44] and Srimali et al. [45] in other 
Fusarium species. However, closely related species clustered together, 
consistent with bootstrap values. Utilizing the SDT (SDT version 1.2) 
for pairwise sequence comparison revealed a high pairwise identity of 

and

and
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approximately 94–100% between the UNN isolates and other isolates, 
in contrast to the out group N. crassa, which exhibited only a 44% 
similarity.

Recent research has also uncovered the presence of various Fusarium 
species in diverse crop species. For example, in Northeastern 
Israel, Kalman et al. [46] identified four Fusarium species among 
isolates obtained from contaminated Allium cepa samples exhibiting 
symptoms of Basal Rot. Aba Saad et al. [47] observed significant 
variability among strains of Fusarium species isolated from a wide 
array of agricultural and ornamental crops in Lebanon; they reported 
the first-ever prevalence of several Fusarium species on Lebanese 
host plants. Rabaaoui et al. [48] identified numerous Fusarium strains 
from Date Palms (Phoenix dactylifera) isolates displaying symptoms 
of Leaf wilt and sudden decline syndrome in Tunisia. In addition, in a 
comprehensive survey conducted by Torbati et al. [49], approximately 
80 Fungicolous Fusarium isolates were found to be associated with 36 
host species and 32 fungal genera. The prevalent hosts were primarily 
categorized under the sub-kingdom Mucoromycota.

5. CONCLUSION

The findings of this research provide invaluable insights into the 
response of watermelon varieties to fungicide spraying regimes 
and identified F. equiseti as the pathogen causing the wilt disease. 
However, future research should be channeled toward addressing the 
limitations and expanding on the findings to develop more effective 
and sustainable strategies for managing Fusarium wilt in watermelon 
cultivation. For instance, additional isolates should be sequenced for 
a more thorough analysis to give a complete picture of the genetic 
diversity within the pathogen population. More research is also required 
to determine how different watermelon varieties respond to Fusarium 
wilt, as identification of tolerant varieties would grossly reduce the 
need for fungicide use. Research collaborations with colleagues from 
various institutions and locations can offer a more comprehensive 
view of Fusarium wilt and its control. This is true because sharing 
information and resources can result in studies that are more thorough 
and significant.
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