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Abstract 
Fusarium oxysporum f. sp. melonis (Fom) is causal agent of the Fusarium wilt of melon, with a reported loss of 
100% on melon (Cucumis melo L.). This research was conducted to study the effect of nitrozist bio-fertilizer 
(containing Enterobacter sp.) on melon resistant to wilt disease caused by Fom. This experiment was carried out 
as seed treatment with nitrozist bio-fertilizer under greenhouse conditions. Furthermore, the expression of 
peroxidase (POX), polyphenol oxidase (PPO), phenylalanine ammonia-lyase (PAL) and lipoxygenase 2 (LOX2) 
genes was evaluated using Real-Time PCR (qRT-PCR) technique. Treated plants with nitrozist bio-fertilizer had 
a significant difference with regard to the severity of the disease. The percentage of disease reduction of nitrozist 
bio-fertilizer was 41%. The level of expression of POX, PPO, PAL and LOX2 genes was significantly increased 
by nitrozist bio-fertilizer. Therefore, the use of a nitrozist bio-fertilizer containing Enterobacter sp. is efficient in 
induction of resistance in melon plants against to Fom. 
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Introduction 

Fusarium oxysporum f. sp. melonos (Fom) is 
causal agent of Fusarium wilt of melon melon 
(Cucumis melo L.), which has been reported in 
America (Chupp, 1930), Europe and Asia (Sherf and 
MacNab, 1986). This pathogen attacks the melon 
plant at all stages, and the loss to melon has been 
reported to be 100% (Sherf and MacNab, 1986). The 
disease was first reported in Iran in 1347 from 
Mashhad (Banihashemi, 1968). The intensive use of 
chemical fungicides creates problems such as 
fungicide resistance, soil contamination and high 
toxicity for microbial communities (Yacine et al., 
2014). 

Enterobacter cloacae is a nitrogen-fixing 
bacterium (Ladha et al., 1983). E. cloacae has 
reduced seed rot and pre-emergence damping-off  
caused by Pythium spp. (Nelson, 1988), rot of peach 
caused by Rhizopus stolonifer (Wilson et al., 1987) 
and has inhibited chlamydospore germination of F. 
oxysporum f.sp. cucumerinum (Sneh et al., 1984).   

Studies have shown that peroxidase (POX), 
phenylalanine ammonia-lyase (PAL) and 
lipoxygenase 2 (LOX2) genes play an important role 
in induced resistance  in plants against pathogens and 
increase their expression during treatment with 
antagonistic agents (García-Gutiérrez et al., 2013; 
Chandrasekaran et al., 2017). Therefore, the aim of 
this research was to investigate the effect of nitrogen 
bio-fertilizer on melon resistance to Fusarium wilt 
caused by Fom and understand the resistance 
pathways induced by this bio-fertilizer. 

 

Materials and Methods 
 
Pathogen and bio-fertilizers 

F. oxysporum f.sp. melonis was isolated from 
melon plants and its pathogenicity was confirmed. In 
this research, we used nitrozist bio-fertilizer 
containing Enterobacter sp. with a concentration of 
1.5 × 108 (Keshtkar Gostar Nojan Company). 

  
Effect of bio-fertilizers on melon resistant to 
Fusarium wilt disease in greenhouse conditions 

Melon seeds were soaked in nitrozist solution 
for 2 h (Burgess and Hepworth, 1996). Seeds of 
control plants were soaked in distilled water. 
Seedlings were grown in sterilized soil in greenhouse 
conditions for 7 days. The roots of 7-day-old 
seedlings were removed from soil and were dipped 
in the conidial suspension (2 × 106 mL-1) and 
transplanted into pots, in a greenhouse at 20–25 °C 
(Banihashemi, 2010).  

Disease severity was scored on a 1–5 scale as 
described by Perchepied and Pitrat (2004). Plants 
were examined at 3- to 4-day intervals for 3 weeks 
after appearance of symptoms (Perchepied and Pitrat 
2004). The disease severity was calculated using the 
formula described by Lak et al. (2018). Disease 
severity = [Σ(numerical value of each category × 
number of plants in each category) / (the highest 
number in the scale × total number of plants)] × 100. 
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Reduction in disease severity was calculated as 
(Chandrasekaran et al., 2017):  

Disease reduction (%) = [(disease severity 
control – disease severity treatment)/disease severity 
control] × 100. 

 The optimal conditions were provided so that 
no non-specific product was produced during the 
reaction, which was confirmed using a melting curve 
(observing a single melt peak) (Fig. 2).  

 
Effect of nitrozist bio-fertilizer on expression of 
melon defense- related genes 

The leaves were sampled for 3 consecutive 
days with one day interval. Total RNA was extracted 
from leaves using the Top Plant and Fungi RNA 
purification kit (Topaz Gene Research, Iran) based 
on the method described in the kit's manufacturer's 
instructions. The first strand of cDNA was 
synthesized using the RevertAid H Minus First 
Strand cDNA Synthesis Kit (Fermentas, Waltham, 
Massachusetts, USA). Expression of genes was 
evaluated by using real-time PCR (qRT-PCR) 
technique with Eva Green fluorescent dye and their 
specific primers. The qRT-PCR was performed with 
a Rotor-Gene 3000 (Corbett Robotics, Australia). 
The process was performed with 20 μL of reaction 
mixture consisting of 1 × HOT 
FIREPol® EvaGreen® qPCR Mix Plus (Solis 
BioDyne, Riia, Estonia), 1 μL cDNA, and 10 μM of 
each forward and reverse primer (Mehraban et al., 
2018). The following protocol was applied: initial 
polymerase activation: 15 min at 95 °C; 40 cycles of 
20 s at 95 °C, 20 s at 58 °C and 30 s at 72 °C. The 
characteristics of the primers used for qRT-PCR are 
listed in Table 1. The relative changes in the 
expression of target genes were normalized to the 
ADP ribosylation factor (ADP) housekeeping gene 
(Kong et al., 2014). Analysis of relative gene 
expression data were carried out using the Relative 
Expression Software Tool (REST) 2009 software 
version 2.0.13 (Qiagen, Hilden, Germany) (Pfaffl et 
al. 2002). 
 
Statistical analysis 

In this experiment, three replicates were 
considered for each treatment and the means of 
disase severity were compared with t-test and other 
means were compared with least significant 
difference (LSD) using MSTAT-C (v.1.42). The 
differences with P <0.05 were considered 
significant. 

 

Results  
Effect of nitrozist bio-fertilizer on Fusarium wilt 
of melon  

Effect of nitrozist bio-fertilizer on disease 
severity Fusarium wilt of melon is shown in Fig. 1. 
Treated plants had significantly lower disease 
severity than the untreated control. The percentages 
of disease reduction in nitrozist bio-fertilizer was 
41%.  
 
Effect of nitrozist bio-fertilizer on expression of 
melon defense- related genes 

 Results of determination of expression of POX 
gene in nitrozist-treated and non-treated (control) 
melon plants after inoculation with Fom is shown in 
Fig. 3. The results showed significant differences 
between the expression of POX gene in infected 
nitrozist-treated and control melon plants at 24, 48 
and 72 h after inoculation. Treatment with nitrozist 
bio-fertilizer increased the level of POX gene 
expression at 24, 48 and 72 h after inoculation, and 
maximum expression of POX gene was 24 h after 
inoculation. Results of determination of expression 
of PPO gene in nitrozist-treated and non-treated 
(control) melon plants after inoculation with Fom is 
shown in Fig. 3. The results showed significant 
differences between the expression of PPO gene in 
infected nitrozist-treated and non-treated (control) 
melon plants at 24, 48 and 72 h after inoculation. 
Treatment with nitrozist bio-fertilizer increased the 
level of PPO gene expression at 24 and 48 h after 
inoculation, and maximum expression of PPO gene 
was 24 h after inoculation. Results of determination 
of expression of PAL gene in nitrozist-treated and 
non-treated (control) melon plants after inoculation 
with Fom is shown in Fig. 3. The results showed 
significant differences between the expression of 
PAL gene in infected nitrozist-treated and non-
treated (control) melon plants at 24, 48 and 72 h after 
inoculation. Treatment with nitrozist bio-fertilizer 
increased the level of PAL gene expression at 24, 48 
and 72 h after inoculation, and maximum expression 
of PAL gene was 24 h after inoculation. Results of 
determination of expression of LOX2 gene in 
nitrozist-treated and non-treated (control) melon 
plants after inoculation with Fom are shown in Fig. 
3. The results showed significant differences 
between the expression of LOX2 gene in infected 
nitrozist-treated and non-treated (control) melon 
plants at 24, 48 and 72 h after inoculation. Treatment 
with nitrozist bio-fertilizer increased the level of 
LOX2 gene expression at 24 and 48 h after 
inoculation, and maximum expression of LOX2 gene 
was 24 h after inoculation.  
 

Discussion 
In this research, the effect of nitrozist bio-

fertilizer was investigated on melon resistance 
against Fusarium wilt caused by Fom and expression 
of defense genes of POX, PPO, PAL and LOX2. 
According to several reports, E. cloacae has induced 
resistance in plants against pathogens. Nelson (1988) 
evaluated E. cloacae as biological seed treatment on 
cotton. All strains reduced the incidence of Pythium 
seed rot and preemergence damping-off in naturally 
infested soil. Wilson et al. (1987) reported that E. 
cloacae reduced the development of rot in artificially 
wounded peaches inoculated with R. stolonifer.    

Mycopath (2018) 16(1): 1-5 



 Biocontrol of Fusarium oxysporum f. sp. melonis 3 

  Mycopath (2018) 16(1): 1-5 

In this study, the nitrozist bio-fertilizer increased 
expression of POX, PPO, PAL and LOX2 genes. 
Expression of PAL gene in tomato plants were 
upregulated after treatment with Bacillus subtilis 
against Xanthomonas campestris pv. vesicatoria 
(Chandrasekaran et al., 2017) and Erwinia 
carotovora subsp. carotovora (Chandrasekaran and 
Chun, 2016). García-Gutiérrez et al. (2013) reported 
that expression of the LOX2 and especially PR-1 and 
PR-9 (POX) genes increased in melon plants treated 
with B. subtilis UMAF6639 and inoculated with 
Podosphaera fusca. 

Conclusion 
The results of this study conclude that the 

nitrozist bio-fertilizer reduces the severity of 
Fusarium wilt caused by Fom and increased the 
expression of POX, PPO, PAL and LOX2 genes in 
melon plants and this reduction of the disease 
severity by nitrozist bio-fertilizer treatment was 
probably due to induction of melon defense- related 
genes, therefore, it is recommended that bio-fertilizer 
be used to minimize the use of chemical fertilizers, 
along with increasing yield, and the resistance of 
melons to the Fusarium wilt caused by Fom increase. 

  
Table 1:  Nucleotide sequences of primers used in this study. 
 
 

Reverse primer 5-3 Forward primer 5-3 Gene Accession number
CGAGGGCAGGTTTGATCGTA ATTCAAAAATGGCCTCCGCC POX   XM_008451553.2

XM_008444052.2CGTCAAGTTCGATCTTTAAGCC TGCGGGCAGTTTTGTGAATG PPO      
CCCAGTTGAGTGGATCCTG CCCATCTTTTCGTTCAACTCTG PAL   XM_008455916.2

XM_008451532.2AAATGGGAGATGAAAGACACACA GAATAGGCATGGAGCTGGTG LOX2 

 
TGCCCGTAAACAAGGGATAAA ATATTGCCAACAAGGCGTAGA ADP    

 
 
 
 
 
 
 
 
 
 
 
Fig. 1: The effect of nitrozist (Entrobacter sp.) bio-fertilizer on disease severity of infected melon with 
Fusarium oxysporum f.sp. melonis.  

 
Fig. 2: Analysis of the melting curve for peroxidase (A), polyphenol oxidase (B), phenylalanine ammonia-lyase 
(C) and lipoxygenase 2 (D) genes. Each peak represents the melting temperature of a PCR product. 
 
 
 

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1035406025
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Fig. 3: Level of mRNA expression of peroxidase (POX), polyphenol oxidase (PPO), phenylalanine ammonia-
lyase (PAL) and lipoxygenase 2 (LOX 2) in nitrozist-treated and non-treated (control) melon plants after 
inoculation with Fusarium oxysporum f.sp. melonis. Each sample is normalized for the amount of the template 
to the levels of ADP ribosylation factor 1. Means with different letters are significantly different according to 
the least significant difference (LSD) test (P < 0.05). 
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