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Abstract: The unsustainable use of agrochemicals to protect the agricultural crops and increase the yield is one of the reasons for 

contamination of soil, fresh- and groundwater. As an alternative to chemical fertilizers and pesticides, biofertilization with plant growth-

promoting rhizobacteria (PGPR) can cause increasing of yield, diseases and pests resistance. The aim of the current study is to evaluate the 

potential of some bacterial isolates to stimulate plant growth of young melon plants of two commercial Bulgarian melon cultivars. Melon 

seedlings at cotyledon stage are inoculated with the bacterial isolates. 35 days after inoculation, the main growth parameters of the plants 

are measured: fresh and dry weight of shoots, number of leaves, length and thickness of the steam and total leaf area. The obtained results 

reveal that all of the tested bacterial isolates insignificantly increase the sixth plant growth indexes of Pobeditel melon plants but the best 

results are observed with B 92 treatment. Plants from Hybrid 1 genotype are positively and significantly influenced by all bacterial isolates. 

The best results are observed with B 86 treatment - up to 2.7-fold increase in total leaves area and up to 2.4-fold increase in stem length. 

Plants treated with B 86 also have 50-70% higher shoot fresh and dry weight, 24% thicker stems and 30% higher number of leaves 

compared to non-inoculated controls. Some of the tested bacterial isolates especially B92 and B97 stimulate the absorption and utilization of 

major nutrients as N and P.     
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1. Introduction 

Over the last 20 years, the European Union has directed its 

agricultural policy towards reducing dependence on pesticide use 

due to their harmful effects on the environment, food and human 

health. In recent years, the disease control in agriculture is focused 

on alternatives to chemical approaches as biological control of 

pathogens, enhancing the immunity and resistance of plants and the 

use of resistant varieties. 

Because of the potential of plant growth promoting 

microorganisms (PGPM) as an alternative to synthetic 

agrochemicals, they are subject of extensive research [2, 3, 6]. It is 

known that they can improve soil fertility, stimulate growth by 

various mechanisms, including soil structure improvement [15], 

improving resistance to abiotic stress [18, 11], fixing atmospheric 

nitrogen, degradation of organic matter, dissolving the sparingly 

soluble nutrients, synthesis and release of biologically active 

substances [1], as well as suppression of pathogenic 

microorganisms or induction of plant resistance [7, 13].  

Among several, the Bacillus spp. have been identified as the 

predominant communities [10], and some have been 

commercialized due to their survival within a diverse range of 

environments, more effective metabolite production and the 

viability of cells in commercially formulated products [8]. Although 

this potential there is some inconsistency in plant growth promotion 

by most PGPM strains under different field conditions and the 

effectiveness of PGPM is frequently reported to vary depending on 

the location in which they are applied [12, 4]. In addition to the 

environmental factors a specific variety response to inoculation may 

occur. The selection of microbial strains possessing the ability to 

promote plant growth and health under different environments is 

still a challenge. Therefore, the aim of the current study is to 

evaluate the potential of some bacterial isolates to stimulate plant 

growth of young melon plants of two commercial Bulgarian melon 

cultivars. 

2. Materials and Methods 

The experiment was conducted during April-May 2018 in a 

greenhouse at Maritsa Vegetable Crops Research Institute, Plovdiv, 

Bulgaria with two commercial melon Bulgarian cultivars – 

Pobeditel and Hybrid 1. They both are hybrid varieties, developed 

in Experimental Station for Vegetable Crops, Gorna Oryahovitsa, 

Bulgaria. Hybrid 1 is characterized by a short vegetation period 

(about 75 days). The fruits have orange color of the skin and flesh, 

and poorly netted skin surface. It is susceptible to downy mildew 

and powdery mildew. Pobeditel has longer vegetation period (85-95 

days). Fruits have poorly netted skin surface and orange color of the 

skin and flesh. It is resistant to fusarium wilt and powdery mildew. 

Six rhizobacterial isolates of plant growth-promoting 

rhizobacteria, all belonging to Bacillus spp. are selected from 

MVCRI microbial collection - No 85, 86, 92, 97, 246 and 251. 

These isolates have previously been shown to induce disease 

resistance in melon.  

Melon seeds are sown in surface sterilized plastic pots (one seed 

per pot) filled with 0.5L sterile perlite, moistened with Hoagland’s 

nutrient solution, containing 1 mM Ca(NO3)2; 1 mM KNO3; 0.4 

mM KH2PO4; 0.4 mM MgSO4; 17.9 µM FeEDTA; 4.6 µM H3BO3; 

0.9 µM MnCl2; 0.08 µM ZnCl2; 0.03 µM CuCl2. At cotyledon stage 

seedlings are inoculated with 50 mL 48h-old bacterial suspension. 

Non-inoculated plants from both genotypes served as controls. Pots 

are arranged in a complete randomized design. Plants are irrigated 

with sterile Hoagland’s nutrient solution once a week at the 

beginning and twice a week later. Throughout the growing season 

monitoring and care for the health and physiological status of the 

plants are undertaken.  

At the time of harvest i.e. 35 days after inoculation, the main 

plant growth parameters are measured – fresh and dry weight of 

shoots, number of leaves, length, and thickness of the stem, total 

leaf area [14]. Substrate and plant samples from each treatment are 

also analyzed at the time of harvest. Water soluble nutrients, pH and 

electrical conductivity (EC) are determined in aqueous extract 1:1.5 

(v/v) according to Sonneveld et al. [16]. The following are 

quantified: NO3
- – by ion-selective analysis; P – by colorimetric Mo 

blue reaction; K – by flame photometry; Ca and Mg – by 

complexometry with EDTA. N, P, K, Ca and Mg are quantified in 

dried shoots by N – Kjeldahl method; P – colorimetry, K – flame 

photometry, Ca and Mg – complexometry after dry ashing and 

subsequent extraction with 2 M HCl. Plant nutrient uptake is 

calculated by multiplying plant dry matter to the concentration of 

the certain element in plant tissues. 

Each treatment is repeated in triplicate; each replication is 

composed by 3 plants. Data are subjected to Duncan’s Multiple 

Range Test to separate means. Two-way ANOVA with melon 

genotype and bacterial isolate as fixed factors is also applied. 
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3. Results and Discussion 

Analysis of variance conducted individually on each plant 

growth index show that melon genotype influenced shoot fresh and 

dry weight, leaves number and stem diameter and contribute to 22-

26% from the total variation, while bacterial isolate influence shoot 

dry weight, leaves number, stem length and thickness and total 

leaves area, and contribute to 18-50% from the total variation 

(Table 1). Melon genotype x Bacterial isolate interaction is also 

significant only for total leaves area. Considerable contribution to 

the total variation (24-44%) has so called error, which suggests that 

factors, other than examined, influence plant growth parameters. 

 

Table 1: Analysis of variance for the effect of melon genotype and bacterial 

isolate on some plant growth indexes 

Source of 

variation 

Sum of squares 

df Shoot 
fresh 

weight, 

g 

Shoot 
dry 

weight, 

g 

Leaves 
number 

Stem 
height, 

cm 

Stem 
thickness, 

mm 

Total 
leaf area, 

cm2 

Genotype 
(A) 

1 102,5 
*** 

4,0 
*** 

10,5 
*** 

29,7 2,5 
*** 

1858,7 

Bacterial 

isolate (B) 

6 83,5 

 

5,1 
** 

10,5 
** 

2150,7 
** 

2,4 
** 

47754,4 
*** 

AxB 6 88,1 

 

1,9 3,8 1296,1 1,2 22483,0 
** 

Error 28 174,6 6,9 11,3 2713,2 3,3 23238,0 

Corrected 
total 

41 448,6 17,9 36,1 6189,6 9,4 95334,0 

*, **, *** - significance at 5%, 1% and 0.1% probability level respectively 

Plant response of the two melon genotypes to inoculation with 

different bacterial isolates are presented in Table 2. All of the tested 

bacterial isolates insignificantly increase the sixth plant growth 

indexes of Pobeditel melon plants but the best results are observed 

with B92 treatment. Plants from Hybrid 1 genotype are also 

positively influenced by all bacterial isolates and the differences 

between treatments and non-inoculated control are significant in 

most of the cases. The best results are observed with B86 treatment 

which increase significantly all tested plant growth indexes. Up to 

2.7-fold increase in total leaves area and up to 2.4-fold increase in 

stem length are observed due to bacterial inoculation. Plants treated 

with B86 also have 50-70% higher shoot fresh and dry weight, 24% 

thicker stems and 30% higher number of leaves compared to non-

inoculated controls.   

Table 2: Plant growth indexes of plants from melon two genotypes 

inoculated with bacterial isolates, 35 days after inoculation 

Melon 

geno-

type 

Bacterial 

isolate 

Shoot 

fresh  

weight 
(g) 

Shoot 

dry  

weight 
(g) 

Stem 

length 

(cm) 

Stem 

thick-

ness 
(mm) 

Num-

ber of 

leaves 

Total leaf 

area 

(cm2) 

P
o

b
ed

it
el

 

C 10,5 e 3,33 ab 30,7 b-d 3,8 de 5,2 d 159,4 d 

B 85 12,5 b-e 3,77 ab 37,6 b-d 4,1 b-e 5,5 b-d 187,0 b-d 

B 246 10,8 de 3,13 b 34,6 b-d 4,0 c-e 5,8 b-d 180,6 cd 

B 86 11,9 c-e 3,43 ab 45,3 a-c 4,3 a-d 5,5 b-d 201,2 b-d 

B 92 14,0 b-e 4,13 a 50,0 ab 4,2 b-d 6,0 b-d 239,6 ab 

B 97 12,0 c-e 3,77 ab 41,6 b-d 4,1 b-e 5,3 cd 210,8 a-d 

B 251 11,6 c-e 3,37 ab 35,7 b-d 3,5 e 5,8 b-d 198,0 b-d 

H
y

b
ri

d
 1

 

C 11,7 c-e 1,87 c 25,5 d 3,9 c-e 5,2 d 94,9 e 

B 85 11,9 c-e 3,20 ab 28,3 cd 4,1 b-e 6,2 b-d 187,6 b-d 

B 246 15,4 a-d 3,23 ab 43,9 a-d 4,9 a 7,7 a 262,4 a 

B 86 19,7 a 2,80 b 60,6 a 4,9 a 6,7 ab 260,7 a 

B 92 13,6 b-e 3,50 ab 32,3 b-d 4,5 a-c 6,5 a-c 213,4 a-d 

B 97 17,0 ab 3,03 b 31,5 b-d 4,7 ab 6,5 a-c 220,4 a-c 

B 251 15,8 a-c 2,97 b 41,7 b-d 4,5 a-c 7,5 a 230,5 a-c 

C – Control, non-inoculated 

a, b, c – Values in columns followed by different letters are significantly 

different at P<0.05, Duncan’s Multiple Range Test 

Growth promotion induced by rhizospheric bacteria is observed 

also by other authors [5, 19]. The proposed mechanisms of action 

include improved nutrition and production of biologically active 

substances [17]. As reviewed by Hashem [9] the observed growth 

promotion of plants after inoculation with Bacillus spp. is attributed 

mainly to the synthesis of phytohormones, which stimulate root 

development and thus influence nutrient uptake.   

The analyses of the potting mixtures are presented in Table 3. 

Inoculated and non-inoculated substrates have similar EC values as 

well as similar concentrations of available nutrients. This is due to 

the use of inert substrate which is extremely poor in nutrients and 

the use of the same nutrient solution in all treatments to maintain 

nutrients levels. 
 

Table 3: Characterization of the potting media 35 days after inoculation of 
two melon genotypes with rhizobacteria 

Melon 

geno-
type 

Bacte-

rial 

isolate 

pH EC 

(mS.cm-1) 

N 

(ppm) 

P 

(ppm) 

K 

(ppm) 

Ca 

(ppm) 

Mg 

(ppm) 

P
o

b
ed

it
el

 

C 7,29 cd 0,20 a-d 1,7
 b

 3,5 c 3,7 a 18,0 a 9,6 b-d 

B 85 7,22 d 0,23 a-d 1,7
 b

 6,1 a-c 8,7 a 19,0 a 9,6 b-d 

B 246 7,32 b-d 0,27 a 4,0
 b

 7,2 ab 9,5 a 17,0 ab 12,5 ab 

B 86 7,27 cd 0,19 b-d 3,0
 b

 4,7 bc 3,7 a 16,0 ab 10,2 b-d 

B 92 7,27 cd 0,22 a-d 0,7
 b

 5,9 a-c 8,3 a 16,0 ab 10,8 a-c 

B 97 7,58 a 0,23 a-d 3,0
 b

 6,3 ab 8,3 a 13,0 ab 10,8 a-c 

B 251 7,43 a-c 0,22 a-d 3,7
 b

 6,7 ab 6,2 a 13,0 ab 13,8 a 

H
y

b
ri

d
 1

 

C 7,34 b-d 0,21 a-d 8,0
 b

 7,0 ab 6,2 a 15,0 ab 10,2 b-d 

B 85 7,57 a 0,25 a-c 10,0
 b

 7,4 ab 8,3 a 17,0  ab 11,3 ab 

B 246 7,58 a 0,26 ab 8,0
 b

 8,4 a 8,3 a 19,0 a 10,2 b-d 

B 86 7,50 ab 0,21 a-d 4,0
 b

 5,7 bc 6,2 a 15,0 ab 9,6 b-d 

B 92 7,24 cd 0,17 d 6,7
 b

 5,0 bc 6,2 a 11,0 b 10,8 a-c 

B 97 7,26 cd 0,16 d 9,7
 b

 5,8 a-c 6,2 a 12,0 ab 7,8 cd 

B 251 7,18 d 0,18 d 26,7
 a

 6,6 ab 5,4 a 19,0 a 7,2 d 

C – Control, non-inoculated 

a, b, c – Values in columns followed by different letters are significantly 

different at P<0.05, Duncan’s Multiple Range Test 

The concentration of the five nutrients in shoots as percentage 

from the dry weight is similar between treated and non-treated 

plants, irrespectively from the cultivar (Table 4). Nevertheless, 

some significant differences with the controls are observed: higher 

concentration of N in B97 treatment in Hybrid 1 shoots; higher 

concentration of P in B251 treatment in Pobeditel shoots; lower 

concentration of P in B92 treatment in Hybrid 1 shoots; lower 

concentration of Ca in B85, B86, B92 and B97 treatments in Hybrid 

1 shoots.  

Table 4: Nutrient concentration in melon shoots, 35 days after inoculation 

with rhizobacteria 

Melon 

geno-
type 

Bacte-

rial 
isolate 

N 

(mg.g-1) 

P2O5 

(mg.g-1) 

K2O 

(mg.g-1) 

CaO 

(mg.g-1) 

MgO 

(mg.g-1) 

P
o

b
ed

it
el

 

C 19,2 cd 7,9 de 12,2 ns 13,1 c 11,4 a-c 

B 85 21,5 b-d 9,0 a-e 9,0 ns 14,9 a-c 7,9 bc 

B 246 21,4 b-d 9,3 a-d 6,0 ns 10,5 c 12,7 ab 

B 86 18,5 d 7,7 e 7,0 ns 11,2 c 15,3 a 

B 92 19,6 b-d 8,4 b-e 11,0 ns 11,9 c 11,1 a-c 

B 97 22,0 b-d 9,2 a-d 7,0 ns 12,7 c 10,8 a-c 

B 251 21,4 b-d 10,1 a 7,0 ns 14,5 a-c 7,7 c 

H
y

b
ri

d
 1

 

C 22,0 b-d 9,3 a-d 13,1 ns 19,8 a 10,9 a-c 

B 85 24,7 ab 9,7 a-c 13,0 ns 14,1 bc 6,9 c 

B 246 23,7 a-c 9,2 a-e 10,6 ns 15,6 a-c 9,0 bc 

B 86 21,2 b-d 8,2 c-e 11,9 ns 13,2 c 11,8 a-c 

B 92 20,4 b-d 7,7 e 6,0 ns 10,4 c 11,6 a-c 

B 97 27,1 a 10,3 a 12,9 ns 12,6 c 9,5 bc 

B 251 21,9 b-d 9,8 ab 11,5 ns 19,3 ab 12,7 ab 

C – Control, non-inoculated 

a, b, c – Values in columns followed by different letters are significantly 

different at P<0.05, Duncan’s Multiple Range Test 

Beside concentration of certain nutrients in shoot tissues their 

content in shoots is also quantified (Table 5). In both cultivars the 

increased content of both N and P is observed due to treatment with 
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B92 and B97. Inoculation with B251 has led to increased content of 

P, while B86 – to increased content of Mg. 

 

Table 5: Nutrient content in melon shoots, 35 days after inoculation with 
rhizobacteria 

Melon 
geno-

type 

Bacte-
rial 

isolate 

N 
(mg.g-1) 

P2O5 
(mg.g-1) 

K2O 
(mg.g-1) 

CaO 
(mg.g-1) 

MgO 
(mg.g-1) 

P
o

b
ed

it
el

 

C 62,9 cd 26,4 bc 44,1 ab 45,8 a-d 31,2 b-d 

B 85 80,6 a-c 33,7 ab 33,7 a-d 55,2 a 30,3 cd 

B 246 67,2 a-d 29,1 ab 18,8 d 32,6 d 40,3 a-c 

B 86 63,9 b-d 26,4 bc 23,8 b-d 38,4 b-d 52,6 a 

B 92 81,0 ab 34,6 a 45,5 a 49,2 a-c 46,0 ab 

B 97 81,3 ab 34,3 a 26,1 a-d 48,1 a-c 38,6 a-c 

B 251 72,1 a-d 34,1 a 23,5 b-d 48,7 a-c 26,2 cd 

H
y

b
ri

d
 1

 

C 40,2 e 16,9 d 24,0 b-d 36,2 b-d 19,9 d 

B 85 78,2 a-c 30,7 ab 40,4 a-c 44,6 a-d 21,6 d 

B 246 76,4 a-c 29,6 ab 33,1 a-d 50,5 ab 28,9 cd 

B 86 56,6 d 22,0 cd 29,0 a-d 32,6 d 38,8 a-c 

B 92 70,7 a-d 26,7 bc 20,9 cd 34,7 cd 39,4 a-c 

B 97 82,4 a 31,2 ab 40,5 a-c 38,7 b-d 28,9 cd 

B 251 63,4 b-d 28,8 a-c 31,9 a-d 55,5 a 37,1 bc 

C – Control, non-inoculated 

a, b, c – Values in columns followed by different letters are significantly 
different at P<0.05, Duncan’s Multiple Range Test 

The results obtained here concerning the nutrients concentration 

and content in plant shoots suggest that some of the tested bacterial 

isolates especially B92 and B97 stimulate the absorption and 

utilization of major nutrients as N and P.  

4. Conclusions 

The obtained results revealed that all of the tested bacterial 

isolates insignificantly increase the sixth plant growth indexes of 

Pobeditel melon plants but the best results are observed with B92 

treatment. Plants from Hybrid 1 genotype are positively and 

significantly influenced by all bacterial isolates. The best results are 

observed with B86 treatment – up to 2.7-fold increase in total leaves 

area and up to 2.4-fold increase in stem length. Plants treated with 

B86 also have 50-70% higher shoot fresh and dry weight, 24% 

thicker stems and 30% higher number of leaves compared to non-

inoculated controls. Some of the tested bacterial isolates especially 

B92 and B97 stimulate the absorption and utilization of major 

nutrients as N and P.   
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