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The enrichment of plant rhizosphere microorganisms as Fluorescent Pseudomonas is a strategy that 
enhances the vegetables production and control pre and post - harvest diseases. Three Pseudomonas 
spp., (P. fluorescence, P. putida, P. aeruginosa) and their combination are used as biofertilizer to 
increase the production of Cantaloupe and as biocontrol agents to control cantaloupe wilt disease 
caused by Fusarium oxysporum in field and after storage in comparing with Bravo 500 fungicide and 
blank control. All the treatments increased the plant parameters and decreased the disease incidence 
and severity% before and after storage.  P. fluorescence increased the plant height, leaves no., dry 
weight, shoots no., fruits diameter and sugars content before and after storage. It also decreased 
disease incidence% in field and after storage. P. aeruginosa increased fruits weight after storage, 
chlorophyll a and fungus inhibition. 
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INTRODUCTION 

Cucumis is the most economically important 
genera in the Cucurbitaceae family which includes 
muskmelon (Cucumis melo L.) and cucumber 
(Cucumis sativus). Muskmelon (C. melon L.) is a 
species of melon that cultivated into different 
varieties. These varieties enclose smooth-skinned 
and different achieved 
cultivars (cantaloupe, Persian melon, and Santa 
Claus). Cantaloupe is the most form of melon with 

refreshingly rich flavor and odor. It is a good 
source of vitamins C, choline, niacin (B3), β-
carotene. Also, it is rich with other bioactive 
compounds such as phenolics, flavonoids, 
minerals (mainly K) and contains low fat 
concentration. Cantaloupe is normally eaten as a 
fresh fruit, or made into jams and used in smooth 
juices or in the candied production.  The annual 
global production of the cantaloupe is around 
27×106 tones (Tamer et al. 2010). Biological 
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control of crop diseases by antagonistic 
microorganisms has the most valuable common to 
synthetic chemical pesticides (Alemayehu, 2014). 
Pseudomonas spp., belong to Plant Growth 
Promoting Rhizobacteria (PGPR). Several strains 
of P. fluorescens are recognized to enhance plant 
growth promotion and reduce severity of several 
diseases (Girija and ManojKumar. 2005). Certain 
strains of Pseudomonas spp., stimulate plant 
growth by secreting auxins, gibberellins and 
cytokinins (Hass  and Defago, 2005). Fusarium 
muskmelon wilt is very harmful disease caused by 
the fungus Fusarium oxysporum f. sp. melonis. 
The muskmelon form infects only Cucumis melo 
which includes muskmelon, cantaloupe, 
Crenshaw melon and honeydew melon. Steijl et 
al. (1999) institute that fungal infection caused 
degradation of cell walls in host cells. Also, the 
lignin component in infected wall was de-
methoxylated, oxidized and de-polymerized. 
Several reports showed that disease control can 
be enhanced by using combinations of some 
biocontrol organisms (Dekkers et al. 2000). Many 
rhizosphere colonizing bacteria such as 
Pseudomonas spp., produce some substances 
which promote plant growth or inhibit root 
pathogens (Vázquez et al. 2000). Beneficial 
microorganisms such as Pseudomonas spp., can 
increase plant health through the improvement of 
plant resistance/tolerance against the stress 
(Poroz et al. 2002). Certain strains of the P. 
fluorescens have been presented to be possible 
agents to suppress several plant diseases by 
defending the seeds and roots from the fungal 
infection. They are recognized to improve the 
plant growth and decrease severity of several 
diseases caused by fungi (Hoffland et al. 1996 
and Wei et al. 1996). Fluorescent Pseudomons 
has been successfully used as antagonist against 
Fusarium wilt of several agricultural important 
crops (Duijff et al. 1996). A number of   
Pseudomonas spp., strains showed a varying 
capacity to control Fusarium wilt in various crop 
species (Alabouvette et al. 2006). The anti-fungal 
metabolite 2, 4-diacetyl phloroglucinol plays a 
main role in the biocontrol abilities of P. 
fluorescens (Delany et al. 2000). Karunanithi et al. 
(Karunanithi et al. 2000) detected a native isolate 
of P. fluorescens produce an anti-biotic compound 
called pyrrolnitrin, caused inhibition zone of 12 
mm in the growth of Macrophomina phaseolina.  
Kamilova et al. (Kamilova et al. 2005) found that 
the strain P. flourescense WCS 365 acts by 
inducing systemic resistance in plants. Hass and 
Defago (Hass  and Defago, 2005) reviewed the 

express colonization of the rhizosphere by P. 
fluorescens that is an significant factor in disease 
control. Pseudomons spp., are non-pathogenic 
bacteria (Karthikeyan et al. 2006, Saravanan et al. 
2004). Many isolates of P. fluorescent and P. 
putida inhibited the soil borne pathogens by 
several mechanisms as rhizosphere colonization, 
antibodies and iron chelating by siderphores 
production (Karthikeyan et al. 2006). Many 
researchers found that pre-treatment with 
biological control agents lead to induced systemic 
resistance (ISR) (Erdogan  and  Benlioglu, 2010, 
Karunanithi et al. 2000, Tziros et al. 2007). Also, 
Tziros et al. (2007) observed that biological 
control of Fusarium wilt with P. chlorophis offers a 
useful tool in an integrated management program 
to control Fusarium wilt of watermelon. In plants, 
definite secondary pathways are encouraged by 
the infection with microorganisms (AbdulJaleel et 
al. 2009). As well direct interaction with plant 
pathogen, bio-agents stated to induce systemic 
resistance in plants (Srivastava et al. 2010). 
Pseudomonas spp., has expected special 
attention studies as a result of its excellent root 
colonizing ability, potential to produce a varied 
range of anti-microbial metabolites, and its 
stimulation of systemic resistance (Erdogan  and  
Benlioglu, 2010). Under in vitro conditions P. 
flourescens clearly inhibited F. oxysporum f. sp. 
cubense (Moore, 2006). Reports on stimulation of 
defense mechanisms shown that P. flourescense 
significantly stimulated peroxidase (POX), 
polyphenol oxidase (PPO) and superoxide 
dismutase (SOD) activities in root tissues. This 
bioagent can be used to stimulate germination, 
plant growth and to control F. oxysporum f, sp. 
lycopersici (Artés et al. 1993). Borowicz  (1992) 
found that the inhibition of fungal cellulase, 
pectinase and xylanase activity may be caused by 
plant growth-promoting Fluorescent 
Pseudomonas spp. 

The aim of this work is to enhance the 
Cantaloupe production, quality and shelf life 
through storage by controlling the Cantaloupe wilt 
disease in field and through storage with some 
Pseudomonas spp., as biofertilizers and 
biocontrol agents. 
  
MATERIALS AND METHODS 

Bacterial culture 
Bacterial isolates P. fluorescence, P. putida and 
P. aeruginosae were obtained from Plant 
Pathology Research Institute, Agricultural 
Research Center, Giza, Egypt. A loop of bacterial 
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isolates were inoculated into Nutrient Broth 
Medium and incubated at 30±2°C for 24 h. The 
bacterial culture was centrifuged and suspended 
into sterilized distil water, and then adjusted to 
1x107 cfu/seed. 

Seeds treatments  
Cantaloupe seeds were soaked in the following 
treatments (P. fluorescence, P. putida and P. 
aeruginosae, P. fluorescence + P. Putida + P. 
aeruginosae, Bravo 500 fungicide (0.5 mg/L), 
Control (sterilized distilled water) for 12 h before 
sown in each hill. Three seeds were sown in each 
hill, After 15 days the plantlets were thinned to 
one plant per hill. The experimental design used 
was a randomized complete block design. 

 Preparation of F. oxysporum inoculum 
 Fifty ml of Potato Dextrose Broth (PDB) was put 
in 250 Erlenmeyer flask and sterilized. A 4 mm 
diameter disc of 10 days old culture of F. 
oxysporum was aseptically transmitted to cool 
broth and incubated at 28±2°C for 7 days. The 
spores of 7 days old culture were collected and 
swung in sterilized distilled water and adapted at 
2x107 spore/ml water using haemocytometer. 

Field experiments 
Experiments were done at Etay El-Baroud Agric. 
Res. Station through successive growing 
seasons. Cantaloupe seeds were sown during 
May, 2019. The experiments divided into four 
replicates, every one consisted of three rows; 
every row was 4 m length and 1.5 m width. 
Planting spread out 50 cm a part. The method of 
watering was drip irrigation. All cultivation 
practices i.e., sowing, irrigation, fertilization was 
done as the typical methods. Each hill was 
infected by one ml of F. oxysporum (2x107 
spore/ml).  

Disease assessment 
Plants were examined periodically and disease 
measures were determined by using the devised 
scale (0-5) adopted by Horsfall and Barratt scale 
(Horsfall  and Barratt, 1945). 
Disease incidence (%) = No. of infected plants 
/Total no. of the plants assessed x 100 

Vegetative growt 
Samples of ten plants from each subplot were 
randomly taken at flowering stage (50 days after 
transplanting date) and the following vegetative 
growth characters were recorded:  

Plant length (cm) was measured starting from the 
ground level to the epical meristem of the stem, 
Number of leaves/plant, Number of 
branches/plant. Leaves and shoots fresh 
weights/plant, Leaves and shoots dry 
weights/plant was gained by drying at 70°C in a 
forced-air oven till the constant weight. 

Total yield and fruits quality 
At harvesting stage, cantaloupe fruits were picked 
weekly throughout the harvesting period. The 
weights of fruits (kg) per plot as well as fruit 
diameter average were determined before and 
after storage. 

Preparation of fruits after storage 
The health Cantaloupe fruits were harvested at 
the maturing time and selected for equality of size, 
ripeness. Before inoculation, the fruits were 
carefully washed, surface-disinfested by 1.5% 
NaOCl solution for 5 min, soaked twice with 
sterilized distilled water and allowed to dry on a 
laboratory bench. Fruits were divided into six 
groups and treated as follows: P. fluorescence, P. 
putida,  P. aeruginosae, P. fluorescence + P. 
putida + P. aeruginosae. Bravo 500 fungicide (0.5 
mg/L), Control with sterilized distilled water. The 
bacterial suspension (107cfu/fruits) was mixed 
with either the cantaloupe fruits and then dried for 
2 hrs., in a laminar air flow hood. Three replicates 
were used for each treatment. After   two hrs.,   
fruits were inoculated by the conidial suspension 
[104/ml sterilized water and 0.05% tween 20] of F. 
oxysporum (2 ml/fruit). Control fruits were 
inoculated with sterilized distilled water and 0.05% 
tween 20 as a spray treatment. The inoculated 
and control fruits were sited in wet chambers and 
then incubated in growth chambers at 5°C and 
stored for 8 months. 

Phytochemical analyses 

Ascorbic acid determination 
 Juices were extracted from fresh 
cantaloupe fruit pulp, filtered through Whatman 
no. 2 filter paper (Camlab, Cambridge, UK) and 
used for ascorbic acid analysis. Ascorbic acid was 
determined according to Suntornsuk et al. (2002) 
and Silva et al. (1999).    

Chlorophyll determination 
The plant leaves were cut into small pieces (0.25 
g).  Pigments were extricated by crushing tissues 
in acetone and filtered to remove the debris. The 
volume of acetone is re-adjusted to 25 ml. The 
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total chloroplast pigments were established by 
measuring the absorbance at 663 & 645 nm 
against the blank and computed by using the 
formula devised by Costache (2012). 
Chlorophyll a (mg/g tissue) = 12.7 x (A663) - 2.69 
x (A645) 

Sugar determination 
Quantitative analysis of total, reducing and non- 
reducing sugars was established, according to 
Tomas and Ducher (1924) by using picric acid 
method. The amount was calculated as milligrams 
glucose per gram fresh weight. 

Statistical analysis 
The reactions of the treatments were assessed by 
analysis of variance (ANOVA) (Silva et al. 
1999).Significant differences between the means 
of parameters were described using Duncan’s 
multiple range tests (P ≤0.05). All analysis was 
conveyed out with SPSS software. 
 
RESULTS  

P. fluorescence, P. putida, P. aeruginosae 
and their combination were used as biofertilizer 
and biocontrol agents to enhance the production 
of cantaloupe plant and control the cantaloupe wilt 
disease caused by F. oxysporum in the field and 
through storage in comparing with Bravo 500 
fungicide and control. 

Cantaloupe growth parameters 
Table (1) reported the effect of Pseudomonas 

spp., on the vegetative parameters of cantaloupe 
plant as plant height (cm), leaves number, shoots 
number, shoots dry weight (g), leaves number and 
leaves dry weight (g). Application of all the 
biological treatments caused improving the tested 
parameters but P. flourecsence was the best 
biological treatment for all the parameters as plant 
height (151.28 cm), shoots no. (4.69), dry weight 
(5.00 g), leaves no., (46.57), and leaves dry 
weight (20.67 g) in comparative with the control. 
As (Artés et al. 1993) characterized four of the 

produced cultivars of cantaloupe in Spain by using 
the quality factors at harvest such as weight, 
shape. Ramesh and Ramassamy (Ramesh   and 
Ramassamy, 2015) reported that P. flourecsence 
enhancement the growth parameter of banana 
plants in compared to the control, due to P. 
flourecsence  has ability to phosphorus 
solubilisation, nitrogen fixation, increasing  plant 
nutrients uptake and produce phytohormone like 
Indole-3- acetic acid (IAA) (Girija and 
ManojKumar, 2005).  Alemu and Alemu (2015) 
reported that when applied   P. fluorescens as a 
biofertelizers faba bean, the all growth parameters 
increase such as leaves number, branches 
number, height, root length and also increase faba 
bean yield 

Data in Table (2) illustrated the effect of the 
previous treatments on the fruit diameter (cm) and 
the fruit weight (g) before and after storage. P. 
flourecsence enhanced fruit diameter (9.00 cm) 
before storage, (7.10 cm) after storage and fruit 
weight (213.00 g) before storage, while P. 
aeruginosae caused the highest value of fruit 
weight after storage (198.67 g). These results are 
in agreement with Hass & Défago, (2005) and 
Girija & Manujukmar, (2005) who found that P. 
flourecsence inhanced the plant growth promotion 
attributable to secretion of auxins, gibberellines 
and cytokinins. Garcia-Seco et al (2015) proved 
that when treatments the blackberry plants root by 
P. flourecsence, the fruits yields and quality were 
improved throughout the year. P. fluorescence 
enhanced the yields in greenhouse tomato crops 
(Gagné et al. 1993). Pseudomonas spp., colonize 
and multiply rapidly in the rhizosphere of a 
number of agronomic plants (Moore, 2006) 

Phytohemicals analysis 
Table (3) showed the effect of the treatments 

on sugar content, vitamin C and chlorophyll a in 
cantaloupe plants. P. flourecsence caused the 
highest value of reducing and non-reducing 
sugars (8.11 and 1.70) respectively,  

Table 1: The effect of some bio-control agents on vegetative parameters of cantaloupe plants  
 
 

Plant 
Height (cm) 

Shoot Leaves 

Numbers (n) Dry weight (g) Numbers (n) Dry weight (g) 

P. fluorescence 151.28b ± 0.60 4.69ab ± 0.33 5.00ab ± 0.001 46.57a ± 0.52 20.67b ± 0.33 

P. putida 144.38c ± 0.55 4.19c ± 0.02 4.33bcd ± 0.33 43.10bc ± 0.41 18.67c ± 0.33 

P. aeruginosae 150.24b ± 0.61 4.28bc ± 0.15 4.67abc ± 0.33 44.54b ± 0.50 20.00b ± 0.58 

P. fluorescence +P. Putida + 
P. aeruginosae 

131.40f ± 0.31 3.60de ± 0.23 3.00fg ± 0.00 38.55e ± 0.67 16.33e ± 0.33 

Braveo 500 162.59a ± 1.54 5.03a ± 0.00 5.33a ± 0.33 47.21a ± 0.58 22.00a ± 0.58 

Control 122.45g ± 0.94 3.38e ± 0.20 2.67g ± 0.33 37.88f ± 0.91 17.00e ± 0.58 

LSD 5% 2.19 0.44 0.68 1.83 1.20 



Farfour et al.                                                                       Pseudomonas spp., promising biocontrol agents 

 

    Bioscience Research, 2021 volume 18(4): 2553-2561                                                     2557 

 

 
Table2: The effect of some bio-control agents on the fruit diameter (cm) and fruit weight (g) of 
cantaloupe plants before and after storage 
 

Treatments 
Fruit Diameter (cm) Fruit Weight (g) 

Before After Before After 

P. fluorescence 9.00b ± 0.06 7.10ab ± 0.06 213.00b ± 0.58 139.00bc ± 0.60 

P. putida 8.63c ± 0.03 6.47cd ± 0.28 207.33d ± 0.33 186.67ab ± 0.88 

P. aeruginosae 8.93b ± 0.03 7.03b ± 0.04 209.67c ± 0.33 198.67ab ± 0.33 

P. fluorescence + 
P. Putida + 

P. aeruginosae 
6.93f ± 0.12 5.37f ± 0.03 184.00h ±0.58 164.33ab ± 2.33 

Braveo 500 9.50a ± 0.06 7.49a ± 0.26 220.00a ± 0.58 199.67a ± 0.33 

Control 6.23g ± 0.09 4.47g ± 0.22 180.67i ± 0.33 100.33c ± 0.33 

LSD 5% 0.21 0.45 1.54 60.42 

 
Table 3: The effect of some biocontrol agents on sugar %, vitamin C and chlorophyll a in 

cantaloupe plants 

Treatments 
Sugar  % Chlorophyll a 

(mg g-1) 
Vitamin C 
(mg/g-1) Reducing Non-reducing 

P. fluorescence 8.11b ± 0.004 1.70b ± 0.001 4.39a ± 0.21 0.21ab ± 0.01 

P. putida 6.79d ± 0.003 1.01d ± 0.001 3.41c ± 0.03 0.12b ± 0.01 

P. aeruginosae 6.93c ± 0.003 1.53c ± 0.001 4.17b ± 0.03 0.76a ± 3.62 

P. fluorescence + 
P. Putida + 
P. aeruginosae 

5.63g ± 0.002 0.37h ± 0.0004 1.36e ± 0.00 0.08b ± 0.01 

Braveo 500 9.85a ± 0.004 3.52a ± 0.0003 4.33ab ± 0.00 0.25ab ± 0.01 

Control 3.36h ± 0.001 0.25i ± 0.0002 1.20e ± 0.01 0.07b ± 0.01 

 
while P. aeruginosae caused the best value of 
chlorophyll a (4.39 mg/g-1) and vitamin C (0.76 
mg/g-1). This result is in the same trend of 
Beaulieu and Lea (2007) who found that sucrose 
dramatically increased with the increases both 
total sugars concentration and found that there 
was a significant increasing trend in vitamin C by 
using some Flourescent Pseudomans. 

Disease assessment 
Figure (1) presented the effect of the previous 

treatments on the disease severity and disease 
incidence % of cantaloupe wilt disease caused by 
Fusarium oxysporum. The biological treatment 
with P. flourecsence and P. putida caused the 
best result for the wilt disease severity % in the 
field while P. flourecsence caused the best result 
of disease incidence % in the field in compared 
with the control. 

Data in Figure (2) showed that the biological 
treatment with P. flourecsence caused the lowest 
disease severity and incidence % of wilt disease 
after storage in compared with the control. The 

effect of the treatments on the growth rate and 
inhibition % of  F. oxysporum in vitro were 
illustrated in Figure (3). P. flourecsence caused 
the best results for the fungus growth rate 
followed by P. aeruginosae whereas the mixture 
between the all tested organisms caused the best 
result for the fungus inhibition % followed by P. 
putida in compared with the control. The previous 
results improved that there is an important role of 
Flourecsent pseudomons in controlling wilt 
disease and inhibition of F. oxysporum in field and 
after storage. These results are in agreement with 
O’Sullivan  and O’Gara (1992) who showed that 
this result caused by the production of many 
secondary metabolites as antibiotics, 
siderophores and hydrogen cyanide. Hass and 
Defago, (2005) reviewed the competitive ability of 
the fungus as the result of quick colonization of 
the rhizosphere by P. fluorescens may be an 
important factor in disease control. Suppression of 
the soil borne pathogens occur through different 
mechanisms as well as rhizosphere colonization, 
antibodies and iron chelating by siderphores 
production (Karthikeyan et al. 2006) or by Induced 
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Systemic Resistance (ISR) (Erdogan  and   
Benlioglu, 2010; Mohammadi and Kazemi, 2002; 
Thangavelu et al. 2003). Pseudomonas  spp.,   
effect  plant growth   by reticence of fungal plant 
pathogens and by their influences on the roots of 

plants (Moore, 2006). P. fluorescens, P. putida 
and P. cepacia produce antibiotics such as pyrol, 
nitrin, oomycin-A and hormone like indole acetic, 
gibberellic acid and siderophores that hinder the 
growth of pathogens (Joseph, 2017). 

 

 
 

Figure 1: The influence of some biocontrol agents on disease severity% and disease incidence% 
of cantaloupe wilt disease caused by Fusarium oxisporum in the field 

Pf: Pseudomonas fluorescence, Pp: Pseudomonas putida, Pa: Pseudomonas aeruginosae 
 

 
Figure 2 : The influence of some biocontrol agents on disease severity% and disease incidence% 
of cantaloupe wilt disease caused by Fusarium oxisporum after storage 
Pf: Pseudomonas fluorescence, Pp: Pseudomonas putida, Pa: Pseudomonas aeruginosae  
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Figure 3: The influence of some biocontrol agents on growth rate and inhibition% of cantaloupe 
wilt disease caused by Fusarium oxisporum in vitro 

Pf: Pseudomonas fluorescence, Pp: Pseudomonas putida, Pa: Pseudomonas aeruginosae 
 
 
CONCLUSION 
Flourescent Pseudomonas was used as a 
strategy to enhance the vegetables production 
and control pre and post - harvest diseases. 
Three Pseudomonas spp., (P. fluorescence, P. 
putida, P. aeruginosa) and their combination are 
used as biofertilizer to increase the production of 
Cantaloupe and as biocontrol agents to control 
cantaloupe wilt disease caused by Fusarium 
oxysporum in field and after storage in comparing 
with Bravo 500 fungicide and blank control. All the 
treatments increased the plant parameters and 
decreased the disease incidence and severity% 
before and after storage.  P. fluorescence gave 
the best results for all the plant parameters. 
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