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ABSTRACT 

 

Two field experiments were conducted at the 

Experimental Research Farm, Faculty of Agricul-

ture, Suez Canal University, Egypt during spring 

2013 and 2014 using summer squash (Cucurbita 

pepo cv. Eskandarani) for studying the effects of 

PGPR strains. The objective of the first experiment 

was to study the efficiency of single, double and 

triple inoculations of Azospirillum brasilense (AC1), 

Bacillus subtilis (AC2) and Serratia marcescens 

(BM1) on summer squash fruit characters. Results 

showed that the double inoculations of tested 

PGPR strains in addition to single inoculation with 

Serratia marcescens produced non-significant 

higher fruit yield and average fruit weight com-

pared to triple inoculation (AC1+AC2+BM1) and 

single inoculation with Azospirillum brasilense. 

However, non-inoculated control plants and plants 

inoculated with Bacillus subtilis showed lower fruit 

yield and average fruit weight. From the previous 

results, it concluded that the double inoculation 

were better than single and triple inoculations. 

However, the aim of the second experiment was to 

evaluate the efficiency of PGPR under N and P 

fertilization levels on plant growth, yield and nutri-

ents uptake of summer squash as well as soil nu-

trient availability (available N and P). As per main 

effects, generally, plant growth, fruit yield, nutrients 

uptake and availability enhanced significantly by 

increasing N and P levels, except half dose of P 

which gave statistically equivalent values of plant 

fresh and dry weight as well as nitrogen uptake in 

shoots and fruits in addition to P in shoots com-

pared to full dose. Also, main effect of PGPR 

showed that the inoculated plants gave significant-

ly higher plant growth, fruit yield, nutrient uptake 

and availability compared to un-inoculated control 

plants. Inoculated plants with PGPR strains under 

full dose of N and P gave mostly highest plant 

growth, fruit yield, nutrients uptake and availability. 

This effect was at significant level in terms of fruit 

yield, soil nutrient availability and some nutrients 

uptake such as K in the shoots and N the fruits. 

Furthermore, PGPR significantly reduced P fertiliz-

er application without any reduction in squash 

yield, especially under no and half dose of N ferti-

lizer. Results revealed that the efficiency of PGPR 

strains increased by P increasing and decreased 

by N increasing. 

 

INTRODUCTION 

 

Squash (Cucurbita pepo L.) is one of the most 

popular vegetable crops grown in Egypt and other 

countries of the Mediterranean region. Approxi-

mately, 1.79 million ha are cultivated annually with 

squash, pumpkin and gourd worldwide with 24.62 

million tons with an average of 13.76 tons/ha. The 

cultivated area in Egypt decreased from 35.520 

thousand ha in 2011 to 30.9 thousand in 2012  

(FAO, 2012). Sustainability of agricultural system 

of use of huge amounts of chemical fertilizers are 

contradictory. Unfortunately, these continued uses 

of chemical fertilizers often results in unexpected 
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environmental impacts, including reduction in wa-

ter quality eutrophication of marine ecosystem, the 

development of photochemical smog and increas-

ing concentration of the greenhouse gas (Vitousek 

et al 1997). Therefore, integrated nutrient man-

agement (INM) systems are an urgent need to find 

alternative strategies that can partially eliminate 

the negative effects of mineral fertilizers and en-

hance nutrient-use efficiency (Adesemoye and 

Kloepper, 2009). Use of microbial inoculants or 

plant growth-promoting rhizobateria (PGPR) are 

promising constitute of such management system.     

PGPR are free-living soil bacteria that aggressively 

colonize the rhizosphere of plant roots, and en-

hance the growth, and yield of plants when applied 

to seed or plants (Kloepper and Schroth, 1978). 

PGPR can promote plant growth through direct or 

indirect mechanisms, but our knowledge about the 

mechanisms that are involved is very limited. 

PGPR can increase nutrient availability through 

asymbiotic nitrogen fixation, iron sequesterization, 

solubilization of insoluble mineral phosphate and 

other nutrients, production of 1‐aminocyclopropane 

1‐carboxylate (ACC) deaminase, and the synthesis 

of growth-promoting substances, including phyto-

hormones (Hontzeas et al 2005; Shrivastava and 

Kumar 2011; Sharma and Rai, 2015; Mehta et al 

2015; Kumar et al 2015; Goswami et al 2015). 

The indirect promotion occurs through the induc-

tion of resistance in plant hosts against pathogens 

(Yang et al 2009). PGPR have been reported to 

facilitate the growth and yield of vegetable crops 

such as squash (Abou-Aly et al 2006), bitter 

gourd (Kumar et al 2012), tomato and pepper 

(Lucas Garcia et al 2004; Tariq et al 2014), 

strawberry (Ipek et al 2014), and broccoli (Tanwar 

et al 2014) under pot and field conditions. Addi-

tionally, PGPR have been studied extensively for 

induction of resistance against pathogenic micro-

organisms in vegetable crops such as on squash 

(Zhang et al 2010; Shehata, Sawsan and El-

Borollosy, 2008). 

The application of PGPR for enhancing plant 

nutrition and partially compensating the need of 

mineral fertilizers is becoming a common strategy 

for INM system (Shaharoona et al 2008). Howev-

er, there is an excessive deal of unpredictable in-

formation on the effectiveness of PGPR on plant 

growth and yield in soil treated with different rates 

of fertilizers (Tailor and Joshi, 2014; Ahemad 

and Kibret, 2014). It is well reported that the 

PGPR are more effective in improving plant growth 

and yield under limited nutrient supply (Adese-

moye et al 2009); however, several of investiga-

tors studied the response of the individual nutrient 

such as nitrogen. In this regard, nitrogen-fixing 

bacteria were used as microbial inoculants, while 

the growth-promoting behavior of non-N2 fixing 

bacteria has not been investigated comprehensive-

ly. Specifically, there is a lack of research on the 

effectiveness of PGPR for improving growth and 

yield of vegetable crops under application of differ-

ent rates of N and P fertilizers. Squash responses 

to mineral fertilizers (N or P) alone are well exam-

ined (Mohammad, 2004; Mohammad et al 2004), 

however, to our knowledge the responses of both 

fertilizers in combination with PGPR under arid and 

semi-arid conditions are not studied. Therefore, the 

objective of the first field experiment was to evalu-

ate the effects of single, double and triple inocula-

tion with PGPR strains on squash fruit yield char-

acters. However, the objective of the second field 

experiment was to examine the effectiveness of 

the interaction among N and/or P fertilizers with 

PGPR mixture on plant growth, fruit yield charac-

ters, aerial and fruits mineral uptake and the avail-

ability of soil nutrients.   
 

MATERIALS AND METHODS 
 

1. Plant materials and growth conditions  

 

Two field experiments were conducted in con-

secutive spring growing season of 2013 and 2014 

at the Experimental Research Farm, Faculty of 

Agriculture, Suez Canal University, Ismailia, Egypt 

using summer squash (Cucurbita pepo cv. Eskan-

darani). Randomized sandy soil samples were 

collected at 0-30 cm depth, before plantation and 

homogenized together to determine some physi-

cochemical characteristics of air-dried, crushed, 

and sieved (<2 mm) soil according to Gee and 

Bauder (1986) and Sparks et al (1996) (Table 1). 

The soil of the experimental site was cleared, 

ploughed and harrowed, and then the drip irriga-

tion lines were placed. During the preparation of 

soil for cultivation, the organic matter (cattle ma-

nure) at the rate of 20 m3 fad.-1 and ordinary su-

perphosphate (15.5% P2O5) were thoroughly 

mixed with the soil.  Summer squash cv. Eskanda-

rani was direct-seeded 30 cm apart and 100 cm 

between rows. After 3 weeks from seeding, am-

monium nitrate as nitrogen source was applied 

twice a week. The experimental unit represented 

by a single line of 12 m length and 1 m width using 

drip irrigation system. Squash fruits were harvest-

ed every day for 4 weeks, beginning 40 days from 

seeding. Fruits were harvested when reached 

marketable size (over 12 cm). 
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Table 1. Properties of the soil used in the present 

study 

 

Properties Value 

Particle size distribution (%)  

Sand 94.80 

Silt 2.08 

Clay 3.12 

Textural class Sand 

CaCO3 (g kg-1) 6.2 

pH† 7.83 

ECe (dS m-1) ‡ 1.50 

Soluble cations (meq l-1)‡  

Ca2+ 7.31 

Mg2+ 1.46 

Na+ 5.04 

K+ 1.37 

Soluble anions (meq l-1) ‡  

HCO3- 3.41 

Cl- 8.77 

SO42- 2.83 

Organic C (g kg-1) 2.50 

Available N (mg kg-1) 14.35 

Olsen-P (mg Kg-1) 8.89 

 †In soil-water suspension (1:2.5), ‡In soil saturated ex-

tracts. 

 

 

2. Rhizobacterial strains and plant inoculation 

 

Three strains of PGPR, Azospirillum brasilense 

AC1, Bacillus subtilis AC2 and Serratia mar-

cescens BM1, were used in this study. The strains 

were isolated from the rhizospheric soils of clover 

and maize plants grown in El Abtal Village, Sarabi-

um and Bahr El-Baker, Port-Said, respectively, 

Ismailia, Egypt. The rhizobacterial strains were 

selected based on the prior knowledge of their 

ability to produce siderophores and indole acetic 

acid (IAA), and solubilize inorganic phosphate as 

shown in Table (2) (Abd El-Azeem et al 2007). 

The PGPR strains were grown as static batch 

cultures in a 500-ml Erlenmeyer flask containing 

200 ml sterile tryptic soy broth (TSB) medium 

(Starr et al 1981) at 28 ºC for 4 days. The cultures 

were then diluted 10 times with distilled water re-

sulting 108 colony-forming units (cfu) mL-1. After 3 

weeks from seeding, the bacterial suspensions 

were applied at the rate of 100 ml plant-1. The bac-

terial suspension was repeated once after 10 days.  

Non-inoculated (controls) received fresh TSB me-

dium diluted 10 times. For double and triple inocu-

lation, the mixtures of PGPR strains were prepared 

by combining equal proportions of each strain prior 

to application to the plant. Additionally, the individ-

ual strains in the mixture are compatible with each 

other and not inhibit the other strains. 

 
3. First experiment 

 
One-way experiment was conducted to investi-

gate the effect of inoculation with three PGPR 

strains separately or in double and triple combina-

tions (Table 2) on summer squash fruit yield char-

acters. Squash seeds were cultivated from March, 

15 to May, 21, 2013. Treatments were arranged in 

completely randomized block design with four rep-

lications. Fruit number, average fruit weight 

(g/fruit), fruit yield (g/plant) were recorded and fruit 

yield (t/fad.) was calculated.    

 
4. Second experiment 

 
From the first experiment, the maximum fruit 

yield was observed when plant inoculated with 

PGPR mixtures Bacillus subtilis AC2 plus Sarratia 

marcescens BM1 and Azospirillum brasilense AC1 

plus Sarratia marcescens BM1. However, the se-

lection of Azospirillum brasilense + Serratia mar-

cescens mixture for this experiment based on their 

highly phosphorus solubilization and high IAA pro-

duction for first and second strain (Table 2), re-

spectively. This experiment was completed to in-

vestigate the effect of interaction among nitrogen 

levels, phosphorus levels and inoculation of PGPR 

mixture strains on plant growth, fruit yield charac-

ters, macro-elements (NPK) in aerial parts and 

fruits as well as nitrogen and phosphorus availabil-

ity in cultivated soil at the end of the experiment. 

Squash seeds were cultivated from April 6 to June 

15, 2014. The experiments were laid-out in a split- 

split plot in randomized complete block design with 

three replicates. This experiment included eighteen 

treatments which were in a combination among 

three nitrogen levels (0.0, 45 and 90 kg N/fed.), 

three phosphorus levels (0.0, 22.5 and 45 kg/fad.), 

which corresponding to 0, half and full doses, and 

with or without of PGPR strain mixtures.  Nitrogen 

was subjected to main plot, phosphorus was occu-

pied sub-plot and inoculation with PGPR strains 

occupied sub-sub plot. 
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Table 2. Plant growth promoting traits and plant hosts of the rhizobacterial strains used in the present 

study 

 

Strains Species 
Plant  

Host 

Plant growth promoting traits  

IAA† production 
P‡ solubilization 

Siderophore 

production 
With l-TRP  Without l-TRP 

AC1 Azospirillum brasilense Clover 17.82 7.22 362.0 - 

AC2 Bacillus subtilis Clover 4.65 2.70 191.21 + 

BM1 Serratia marcescens Maize 25.40 9.79 102.79 - 

†IAA: Indole acetic acid production (mg l-1) in liquid culture with and without l-tryptophan (l-TRP). 
‡P: Phosphate solubilization (mg P l-1) in liquid culture after 10-day incubation period. 

 

 

 

 

At the end of the experiment, three plants were 

packed out from each replicate and divided into 

shoots and fruits, then weighted, dried at 70ºC for 

72 h and dry weights were recorded. The plant 

materials were ground and total N in shoots and 

fruits were determined by the Kjeldahl method 

(Bremner, 1996). Phosphorus and potassium con-

tents were determined after wet digestion using a 

nitric (HNO3)-sulfuric (H2SO4)-perchloric (HClO4) 

acid mixture (4:1:8 v/v). The P was measured 

spectrophotometrically using the molybdenum-blue 

method (Jackson, 1973) and the potassium was 

measured using the flame photometer (Sparks et 

al 1996). 

Soil samples were collected at the end of the 

experiment from each replicate for the availability 

of N and P analysis. Briefly, available inorganic N 

was extracted using 2.0 M potassium chloride and 

determined according to the Kjeldahl method 

(Bremner, 1996). The available inorganic P was 

determined by the spectrophotometer in 0.5 M 

NaHCO3-soil extract according to the Olsen meth-

od (Kuo, 1996). 

 

5. Statistical analysis  

 

Data were statistically analyzed by analysis of 

variance (ANOVA) using the Statistica 6 software 

(StatSoft, 2001), and the mean values were com-

pared using Duncan’s multiple-range test. Values 

of P ≤ 0.001, 0.01 and 0.05 were considered to 

indicate significance. 

 

RESULTS AND DISCUSSION 

 

First experiment: PGPR and fruit yield charac-

ters 

 

Effectiveness of PGPR strains Azospirillum 

brasilense AC1, Bacillus subtilis AC2 and Sarratia 

marcescens BM1 for improving fruit yield of squash 

is evident from the data given in Table (3). Results 

generally revealed that individual, double and triple 

inoculation of tested PGPR strains increased sig-

nificantly fruit yield of summer squash compared to 

un-inoculated plants, except the individual inocula-

tion with Bacillus subtilis AC2, which was not in-

creased significantly the fruit yield compared to 

control. The results also indicated that the double 

inoculation of Bacillus subtilis with Azospirillum 

brasilense or Sarratia marcescens increased sig-

nificantly the fruit yield compared to single inocula-

tion. However, the double inoculation of Azospiril-

lum brasilense or Sarratia marcescens non-

significantly increased the fruit yield compared to 

their single inoculations. The triple inoculation 

showed less fruit yield than all double inoculations 

and single inoculation with Sarratia marcescens. 

The indicated results showed that the highest fruit 

yield (t/fad.) and average fruit weight (g/fruit) were 

observed in squash plants inoculated with the 

double mixtures of Sarratia marcescens with 

Azospirillum brasilense or Bacillus subtilis, followed 

by individual inoculation of Sarratia marcescens. 

The increasing percentage of fruit yield was 51.6% 

and 48.1% for double  inoculation  of  both  strains, 
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Table 3. Effect of Plant growth promoting rhizobacteria (PGPR) separately or in combinations on fruit 

yield characters of summer squash cv. Esqndrani 

 

 PGPR Strain  Fruit No. Fruit weight (g/fruit) 
Fruit yield 

(t/fad.) 

Control 5.42 ab 77.56 d 5.85 c 

 Bacillus subtilis AC2 6.28 a 73.19 d 6.47 bc 

Azospirillum brasilense AC1 5.92 ab 92.16 c 7.63 ab 

Sarratia marcescens BM1 4.86 b 119.03 a 8.41 a 

B. subtilis + A. brasilense 5.28 ab 102.63 b 7.86 a 

B. subtilis + S. marcescens 5.35 ab 117.74 a 8.87 a 

A. brasilense + S. marcescens  5.32 ab 118.25 a 8.67 a 

B. subtilis + A. brasilense + S. marcescens 5.18 ab 105.98 abc 7.70 ab 

Notes. Values are the means of three replicates. Values followed by the same letter within a column are not signifi-

cantly different at the 0.05% level of probability according to Duncan’s multiple-range test 

 

respectively and 43.7% for individual inoculation of 

Sarratia marcescens compared to un-inoculated 

plants. Results revealed also, the number of 

fruits/plant did not significantly affected by PGPR 

treatments compared to control plants.   

The present study indicated that inoculation 

with PGPR strains had a positive effect on summer 

squash yield character under field conditions. The 

PGPR strains used in this study have the ability to 

produce IAA and siderophores and to enhance the 

solubilization of insoluble inorganic phosphate as 

shown in Table (2) (Abd El-Azeem et al 2007). In 

this experiment, the inoculation with PGPR strains 

increased the yield of summer squash regardless 

the type of inoculation method. These increases 

were likely due to the positive effects of the tested 

PGPR strains on plant growth by the production of 

phytohormones such as IAA, cytokinins and gib-

berellins (Persello-Cartieaux et al 2003; Somers 

et al 2005). Additionally, the plant-growth promo-

tion by some PGPRs has been observed to be 

correlated with the solubilization and increased 

uptake of iron and phosphate (Guang-Can et al 

2008). The positive effects of the tested PGPR 

strains were also attributed to ability of these 

strains to interact with plants roots and can protect 

them against pathogens (Zhang et al 2010; 

Shehata, Sawsan and El-Borollosy, 2008). In 

this regard, Mena-Violante and Olalde-Portugal 

(2007) concluded that the inoculation of tomato 

seedlings with Bacillus subtilis led to an increasing 

yield per plant and marketable grade yield when 

compared to the control treatment. The results 

showed that the double inoculation (Bacillus sub-

tilis with Azospirillum brasilense or Sarratia mar-

cescens) significantly increased the fruit yield when 

compared to single inoculation. This may be due to 

the combination of PGPR strains with different 

metabolic activity (production of IAA and inorganic 

phosphate solubilization, Table 2) can partially 

exceed the effect of single inoculation or can pro-

duce appositive effect where single inoculation are 

ineffective (Felici et al 2008). However, the double 

inoculation was not consistently a significant in-

crease of squash yield. Although, we measured 

the absence antagonism between the selected 

PGPR strains in vitro does not alleviate the possi-

bility of the tested PGPR neutralizing each other in 

the rhizosphere. The inoculated microorganisms 

compete for space and/or sources of nutrients and 

carbon within the rhizosphere, and subsequently 

the survival rates of either or both PGPR decline 

(Ogut et al 2005). The maximum fruit yield was 

observed when squash was inoculated with mix-

tures of Sarratia marcescens with Bacillus subtilis 

or Azospirillum brasilense, followed by individual 

inoculation of Sarratia marcescens. These findings 

suggest that Sarratia marcescens could increase 

plant growth by the production of IAA and Azospi-

rillum brasilense could increase squash mineral 

nutrition (Table 2).  

 

Second experiment: Interaction effects of 

PGPR strains mixture and chemical fertilizers 

(nitrogen and phosphorus)  

 

Plant growth and yield  

 

Mostly main effects of nitrogen and phosphorus 

rates as well as inoculation with mixture of PGPR 
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strains were significantly influenced the plant 

growth and fruit yield (P˂0.001) of summer squash 

(Tables 4 and 5). Plant growth, and fruit yield 

characters were significantly increased by increas-

ing nitrogen rate from 0.0 to 90 kg N fad.-1. The 

percentage of increasing was 201.24%, 146.08%, 

96.7%, 39.85%, 173.26% for foliage fresh weight, 

foliage dry weight, fruit number/plant, average fruit 

weight and fruit yield, respectively. The improve-

ment of plant growth and fruit yield of summer 

squash by increasing nitrogen rate could be at-

tributed to the increase in nitrogen uptake and also 

to its associated role in chlorophyll synthesis and 

hence the process of photosynthesis as reported 

by Jasso-Chaverria et al (2005). The results are 

supported by the results of Elwan and El-

Shatourty (2012) on the same cultivar where the 

plant growth and fruit yield increased by increasing 

nitrogen rate from 0.0 to 90 kg/fad. 

Foliage fresh and dry weight as well as fruit 

number per plant were increased by increasing 

phosphorus rate from 0.0 to 22.5 kg P2O5 fad.-1, 

then a non-significant changes was observed by 

increasing phosphorus rate from 22.5 kg P2O5 fad.-

1 to 45 kg P2O5 fad.-1. Also, a gradual increase in 

fruit yield by increasing phosphorus rate from 0.0 

to 45 kg P2O5 fad.-1, however, average fruit weight 

significantly increased only by increasing phospho-

rus rate from 22.5 kg P2O5 fad.-1 to 45 kg P2O5 fad.-

1 and non-significant difference was found between 

0.0 and 22.5 kg P2O5 fad.-1 (Table 5). This stimula-

tory effect of P on summer squash yield may be 

attributed to its vital role as ATP in enhancing met-

abolic activities of plant. Such activities may in-

clude photosynthesis, starch synthesis, glycolysis 

and protein synthesis (Shalaby and Ahmed, 

1993). 

Regarding the inoculation with mixture of 

PGPR strains, results revealed that the inoculated 

plants showed a significant increase in plant 

growth and fruit yield characters compared to un-

inoculated plants (Table 5). The positive response 

of squash yield due to inoculation with the PGPR 

mixture could be partially explained on the basis 

that these mixture include strains possess a num-

ber of plant growth promoting traits including solu-

bilization of insoluble phosphates and production 

of indole acetic acid (IAA) (Table 2). 

With respect to effectiveness of interaction 

among PGPR, nitrogen and phosphorus levels for 

improving plant growth and fruit yield of summer 

squash is apparent from the data presented in Ta-

ble (6). The results revealed that the highest foli-

age fresh and dry weight were noticed at high ni-

trogen rate (90 kg N fad.-1) when combined with 

any treatment from other two tested factors (phos-

phorus and PGPR), except the treatment without 

phosphorus and un-inoculated with PGPR which 

showed less foliage fresh and dry weight. Also, 

under half dose of nitrogen and full dose of phos-

phorus, the inoculated plants with PGPR gave the 

highest shoot dry weight. At zero nitrogen and 

phosphorus levels, the inoculated plants produced 

significant higher shoot fresh and dry weight com-

pared to un-inoculated ones. The indicated results 

at half dose of nitrogen, the inoculated plants gave 

significant higher shoot fresh weight under each 

phosphorus level compared to un-inoculated 

plants.  

The results presented here showed that PGPR 

can improve the nutrient use efficiency of fertilizers 

which led to increase plant growth and fruit yield. 

Previous reports have suggested positive impacts 

of PGPR strains on N uptake involving non-legume 

biological fixation (Adesemoye et al 2009; 

Adesemoye and Kloepper, 2009; Kim et al 2010; 

Yildirim et al 2011;  Tahir et al 2013; Saber et al 

2012; Yasin et al 2012; Abdel-Aziez, Samah et al 

2014). In the same direction, inoculation with 

PGPR strains resulted in P solubilization or en-

hanced plant uptake of fixed soil P and applied 

phosphate resulting in higher crop yield (Malboobi 

et al 2009; Ekin 2010; Zabihi et al 2011; Zafar et 

al 2011; Yousefi et al 2011; Haque and Khan, 

2012; Dinesh et al 2013; Tanwar et al 2014; 

Moinuddin et al 2014). Additionally, the inocula-

tion with PGPR can alleviate salt stress, and sub-

sequently increased the yield of vegetables crops. 

In this respect, the same authors concluded that 

the inoculation of the eggplant seedlings with 

PGPR could alleviate the negative effects of salt 

stress (Abd El-Azeem et al 2012). 

The squash plants received higher nitrogen 

and phosphorus levels (90 and 45 kg fad.-1, re-

spectively) and inoculated with mixture of PGPR 

strains gave the significant highest fruit number per 

plant and fruit yield per fadden in addition to non-

significant highest average fruit weight. The pre-

sented data showed that the plants received half 

dose of phosphorus and inoculated with mixture of 

PGPR strains gave statistically equal values of fruit 

yield of squash compared to plants received full 

dose of phosphorus and un-inoculated with PGPR 

under each nitrogen level.   

It is difficult to compromise on actual potential 

of crop productivity by increasing number of popu-

lation worldwide; therefore, all the efforts should be 

focused on maximizing the crop production along  
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Table 4. Results of analysis of variance (ANOVA) of nitrogen (N), phosphorus (P) and plant growth pro-

moting rhizobacteria (PGPR) effects and their interaction for the variables listed.  
 

S.O.V. df 
Shoot 

FW 

Shoot 

DW 

Fruit 

No. 

Average 

Fruit 

weight 

Fruit 

yield 

Shoot Fruits Soil 

N P K N P K N P 

Nitrogen 

(N) 
2 

*** *** *** *** *** *** *** *** *** *** *** *** *** 

Phosphorus 

(P) 

2 *** *** *** *** *** *** *** *** *** *** *** *** *** 

PGPR 1 *** *** * *** *** *** *** *** *** *** *** *** *** 

N*P 4 ns ** * *** ** ** *** *** ** *** *** *** *** 

N*PGPR 2 *** ** ns ns ns *** *** *** ns ** *** *** *** 

P*PGPR 2 ns ns * *** * *** ns *** * *** *** *** *** 

N*P*PGPR 4 ns ns ** *** ** *** *** *** ns ** *** *** *** 

NS, non-significant. * Significant at the 5% level. **Significant at the 1% level. ***Significant at the 0.1% level 

 

Table 5. Effects of nitrogen rate, phosphorus rate and mixture of PGPR on plant growth and fruit yield 

characters of summer squash cv. Esqndrani  
 

Main effect Levels 
Shoot fresh 

weight (g/plant) 

Shoot dry 

weight 

(g/plant) 

Fruit 

No./plant 

Fruit weight 

(g/fruit) 

Fruit yield 

(t/fad.) 

Nitrogen 

(kg N fad.-1)  

0.0 592.92 c 73.28 c 3.33 c 57.47 c 2.71 c 

45 1380.8 b 140.54 b 5.97 b 74.19 b 6.22 b 

90 1786.1 a 180.33 a 6.55 a 80.37 a 7.40 a 

Phosphorus 

(kg P2O5 fad.-1)   

0.0 1184.7 b 122.86 b 4.85 b 69.77 b 5.00 c 

22.5 1293.8 a 139.76 a 5.47 a 67.93 b 5.36 b 

45.0 1314.2 a 139.71 a 5.53 a 74.33 a 5.95 a 

PGPR strain 

mixture  

Uninoculated  1151.8 b 123.79 b 5.19 b 68.33 b 5.16 b 

Inoculated 1369.9 a 143.12 a 5.38 a 73.02 a 5.72 a 

Notes. Values are the means of three replicates. Values followed by the same letter within a column are not significantly 

different at the 0.05% level of probability according to Duncan’s multiple-range test. 

 

 

with the judicial use of chemical fertilizers. This 

situation demands the selection of the PGPR 

which could enhance crop yield over and above 

that obtainable by optimum fertilization. Hence, 

inoculation with mixture of PGPR strains (Azospiril-

lum brasilense and Serratia marcescens) that 

caused approximately 24% increases in yield over 

respective un-inoculated controls in the presence 

of full doses of N and P could be a viable supple-

mentary strategy for further increasing squash 

yield. Moreover, in some cases, the results of this 

study suggest that excessive use of chemical ferti-

lizer could be avoided by using mixture of PGPR 

strains. This is supported by the data that the yield 

of un-inoculated plants at half dose of N and P was 

statistically equals with that obtained with inocula-

tion plus half dose of recommended N fertilizer in 

the absence of P fertilizer.  

The indicated results revealed that the inocula-

tion with mixture of PGPR strains increased fruit 

yield, however, in most cases, the efficiency of 

inoculation decreased with increasing nitrogen 

levels under each phosphorus level (Table 6). 

Contradictory results regarding to phosphorus, the 

efficacy of inoculation increased with increasing 

phosphorus levels under each nitrogen level, es-
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pecially under low (0.0 kg/fad.) and high nitrogen 

levels (90 kg/fad.). The efficiency of PGPR strains 

increased by increasing of P, could be explained 

by that these mixture include strains possess a 

number of plant growth promoting traits including 

solubilization of insoluble phosphates (Table 2). 

The phosphate solubilizing microorganisms trans-

late insoluble phosphates into soluble forms 

through the process of acidification, chelation, and 

exchange reactions as reported by Rodriguez et al. 

(2004). The efficiency of PGPR decreased by ni-

trogen increased may be due to the PGPR mixture 

containing Azospirillum brasilense that have ability 

to non-symbiotic N2 fixation. The addition of nitro-

gen fertilizers can inhibit the rate of N2 fixation by 

Azospirillum brasilense (Steenhoudt and Vander-

leyden, 2000). The tested PGPR strains in this 

study also showed a responsible for IAA produc-

tion, which play an important role in division, ex-

pansion and differentiation of plant cells and tis-

sues and stimulates root elongation as reported by 

Tsavkelova et al (2006) which led to higher plant 

growth and fruit yield such as in the present study 

(Table 6). 

 

Plant nutrient uptake   

 

Main effects of nitrogen and phosphorus rates 

in addition to mixture of PGPR strains on nutrient 

(N, P and K) uptake in shoots and fruits of summer 

squash are presented in Table (7). The presented 

results in ANOVA Table indicated that the nutrient 

uptake mostly significantly influenced by applica-

tion of nitrogen, phosphorus, PGPR strains and 

their double and triple interactions (Table 4). As 

per the main effects of N and P, progressive appli-

cation of N and P enhanced the uptake of N, P and 

K in fruits as well as in shoots, except N uptake in 

shoots and fruits as well as P uptake in shoots 

which were statistically un-changed between half 

and full dose of phosphorus fertilizer. These results 

confirmed by the results of Li et al (2003) who 

found that the nitrogen and phosphorus uptake 

increased by increasing nitrogen fertilizer in maize, 

wheat and faba bean. Considering the main effects 

of mixture of PGPR strains, the maximal values of 

the N, P and K uptake in shoots and fruits were 

shown by application of mixture of PGPR strains 

compared to the control (un-inoculated), which 

always gave the minimum values (Table 7). The 

favorable effects of increasing N and P levels as 

well as inoculation with PGPR strains on mineral 

uptake in the shoots and fruits may due to increas-

ing dry weight of shoots and higher fruit yield (Ta-

ble 5), respectively. Previous reports on positive 

effect of PGPR strains on nutrient uptake in faba 

bean (El-Gizawy and Mehasen, 2009), dill (Hellal 

et al 2011), Onion (Awad et al 2011), sweet pep-

per (Zaki et al 2012), strawberry (Ipek et al 2014) 

and green gram (Kumar et al 2015) were support-

ed our results.       

Concerning the triple interaction effects, the in-

oculated plants with mixture of PGPR strains which 

fertilized with full dose (90 and 45 kg fad.-1) of ni-

trogen and phosphorus fertilizers had the highest 

nitrogen uptake in the shoots (Table 8). Compara-

ble nitrogen uptake in the shoots with the previous 

combination was observed in the inoculated plants 

with PGPR strains which treated with full dose of 

nitrogen and half dose of phosphorus or half dose 

of nitrogen and full dose of phosphorus. Because 

of calculation of nitrogen uptake per plant based 

on shoot dry weight, therefore the prior combina-

tions followed comparable trend as shoot dry 

weight (Table 6). In the same direction, Barea et 

al (2002) found that the effectiveness of PGPR 

increased in soil fertilized by phosphorus in com-

parison with un-fertilized soil, where the inoculated 

and P fertilized plants showed higher shoot dry 

weight, N and P uptake by alfalfa plants. Also, the 

results of Han et al (2006) illustrated that the N, P 

and K uptake by pepper and cucumber plants in-

creased by inoculation the plants with PGPR and 

this effect was due to increasing soil nutrients 

availability. 

It is clear that inoculation plants with PGPR 

strains significantly increased the shoots nitrogen 

uptake by 85% and 55% compared to un-

inoculated  under zero and half dose of nitrogen, 

respectively, in the absence phosphorus. These 

results confirmed that the efficiency of PGPR de-

creased by increasing nitrogen levels. Also, statis-

tically equal values of nitrogen uptake was found in 

two different combinations, the first was the inocu-

lated plants with PGPR strains and fertilized with 

half dose of nitrogen and the second was the 

plants fertilized with half dose of nitrogen and 

phosphorus. Regarding to shoots phosphorus up-

take, the inoculated plants with PGPR strains and 

fertilized with half dose of nitrogen and full dose of 

phosphorus gave non-significant highest phospho-

rus uptake in the shoots. These results are sup-

ported by the results of Adesemoye et al (2009) 

on tomato and Yasin et al (2012) on cereals who 

reported that when reduced rates of inorganic ferti-

lizer coupled with microbial inoculants will produce 

plant growth, yield, and nutrient uptake levels 

equivalent to those with full rates of the fertilizer.  
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Table 6. Effects of triple interaction among nitrogen rate, phosphorus rate and mixture of PGPR on plant 

growth and fruit yield characters of summer squash cv. Esqndrani  

 

Nitrogen 

(kg N 

fad.-1) 

Phosphorus 

(kg P2O5 

fad.-1) 

PGPR 

strain  

mixture 

Shoot fresh 

weight 

(g/plant) 

Shoot dry 

weight 

(g/plant) 

Fruit 

No./plant 

Fruit 

weight 

(g/fruit) 

Fruit 

yield 

(t/fad.) 

0.0 

0.0 
- 340.75 f 42.30 f 2.55 g 54.80 g 1,96 l 

+ 546.00 e 63.29 e 3.02 f 52.32 gh 2.25 kl 

22.5 
- 652.83 e 84.06 d 3.67 e 50.02 h 2.58 jk 

+ 673.00 e 86.44 d 3.73 e 61.55 f 3.23 hi 

45.0 
- 621.50 e 78.54 de 3.20 f 62.44 f 2.81 ij 

+ 693.50 e 85.11 d 3.80 e 63.67 f 3.39 h 

45 

0.0 
- 1174.0 cd 123.26 c 5.50 d 73.26 de 5.67 g 

+ 1413.5 e 141.74 c 5.41 d 79.22 b 6.03 fg 

22.5 
- 1183.0 cd 123.00 c 6.09 c 69.14 e 5.92 g 

+ 1620.0 b 142.26 c 6.42 bc 71.23 de 6.42 ef 

45.0 
- 1301.5 cd 131.00 c 6.29 c 74.18 cd 6.56 de 

+ 1593.0 b 182.00 a 6.13 c 78.12 bc 6.73 cde 

90 

0.0 
- 1611.0 b 160.81 b 6.14 c 81.15 b 7.01 bcd 

+ 1743.3 ab 178.11 ab 6.49 bc 77.87 bc 7.10 bc 

22.5 
- 1872.5 a 190.77 a 6.83 b 69.99 de 6.72 cde 

+ 1819.0 a 187.97 a 6.09 c 85.62 a 7.33 b 

45.0 
- 1859.0 a 180.35 a 6.44 bc 79.97 b 7.23 bc 

+ 1816.5 a 181.27 a 7.30 a 87.62 a 9.00 a 

Notes. Values are the means of three replicates. Values followed by the same letter within a column are not significantly 

different at the 0.05% level of probability according to Duncan’s multiple-range test. 

 

 

Table 7. Effects of nitrogen rate, phosphorus rate and mixture of PGPR on macro-elements (NPK) in aerial 

part and fruits of summer squash cv. Esqndrani  

 

Main effect Levels 
Shoot mineral uptake (mg/plant) Fruit  mineral uptake (mg/plant) 

N P K N P K 

Nitrogen 

(kg N fad.-1)  

0.0 1359.8 c 740.95 c 3055.7 c 452.87 c 76.69 c 621.38 c 

45 3398.2 b 1449.2 b 5931.9 b 1018.9 b 163.04 b 1154.6 b 

90 4208.2 a 1971.6 a 8006.8 a 1482.8 a 391.59 a 1300.6 a 

Phosphorus 

(kg P2O5 fad.-1)   

0.0 2618.2 b 1190.0 b 4638.0 c 840.86 b 149.76 c 872.00 c 

22.5 3154.3 a 1480.6 a 5596.2 b 1042.6 a 220.69 b 998.51 b 

45.0 3174.9 a 1493.6 a 6734.4 a 1071.1 a 260.87 a 1206.1 a 

PGPR  strain  

mixture  

Uninoculated  2816.6 b 1301.8 b 5333.0 b 930.81 b 195.86 b 941.18 b 

Inoculated 3139.4 a 1461.1 a 5950.1 a 1038.9 a 225.01 a 1109.9 a 

Notes. Values are the means of three replicates. Values followed by the same letter within a column are not significantly 

different at the 0.05% level of probability according to Duncan’s multiple-range test. 
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The significant highest shoot potassium uptake 

was found in the inoculated plants with PGPR and 

fertilized with full dose of nitrogen and phosphorus. 

In some cases, the inoculated plants with PGPR 

strains gave the significant higher values of N, P 

and K uptake in the shoots in comparison with un-

inoculated ones, especially in plants non-received 

P inorganic fertilizer at zero and half dose of nitro-

gen fertilizer. The improving values were 55%, 

31% and 24%, respectively, in the absence of ni-

trogen and 85%, 48% and 92%, respectively, at 

half dose of nitrogen for N, P and K uptake in the 

shoots (Table 8). Once more, these results sup-

ported that the efficiency of PGPR decreased by 

increasing of nitrogen fertilizer. 

The triple interaction of nitrogen and phospho-

rus fertilizers at high levels (90 and 45 kg fad.-1) as 

well as treated with PGPR strains gave the highest 

nitrogen and phosphorus uptake in the fruits, this 

effect was at significant level for nitrogen. The 

same combination treatment gave the significant 

highest fruit K uptake. The indicated results 

showed generally that the inoculated plants with 

PGPR strains significantly enhanced fruits N, P 

and K uptake compared to un-inoculated when no 

phosphorus was applied under each nitrogen level, 

except potassium uptake under high nitrogen level 

(90 kg fad.-1) which significantly unchanged (Table 

8). 

 

 

 

 

Table 8. Effects of triple interaction among nitrogen rate, phosphorus rate and mixture of PGPR macro-

elements (NPK) in aerial part and fruits of summer squash cv. Esqndrani  

 

Nitrogen 

(kg N  

fad.-1) 

Phosphorus 

(kg P2O5  

fad.-1)   

PGPR strain  

mixture 

Foliage Mineral Content (mg/plant)  Fruit  Mineral Content (mg/plant) 

N P K N P K 

 0.0 

0.0 
- 798.83 h 458.19 g 1565.1 h 290.16 h 49.22 j 441.04 i 

+ 1478.7 g 681.23 f 3005.5 g 454.35 g 73.23 i 560.79 h 

22.5 
- 1457.2 g 881.38 def 3349.2 g 465.30 g 75.92 i 607.33 h 

+ 1576.5 g 924.13 de 3476.2 g 501.09 g 84.18 i 637.68 h 

45.0 
- 1365.4 g 789.77 ef 3479.1 g 489.85 g 88.53 hi 737.89 g 

+ 1422.5 g 740.85 ef 3466.0 g 516.50 g 89.06 hi 743.56 g 

 45 

0.0 
- 2314.4 f 1031.4 d 4539.7 f 718.92 f 59.53 ij 586.42 h 

+ 3588.8 d 1357.0 c 5672.4 de 900.49 e 110.61 gh 1213.3 e 

22.5 
- 3597.4 d 1358.4 c 5355.7 e 1130.1 d 118.41 g 923.27 f 

+ 3696.6 d 1449.4 c 5969.7 d 1148.7 d 209.14 f I1230.9 e 

45.0 
- 2741.0 e 1396.5 c 5937.4 d 1054.8 d 242.8 e 1337.5 bcd 

+ 4451.3 ab 2102.7 a 8116.7 b 1160.6 d 237.73 e 1636.2 a 

90 

0.0 
- 4097.9 c 1869.5 b 6920.7 c 1270.6 c 291.43 d 1196.0 e 

+ 4000.4 c 1997.2 ab 6940.7 c 1410.7 b 314.54 c 1234.5 e 

25.5 
- 4206.9 bc 2100.7 a 8351.7 b 1483.6 b 386.65 b 1269.0 de 

+ 4391.3 ab 2169.3 a 7074.8 c 1526.9 b 449.84 a 1322.9 cd 

45.0 
- 4118.8 c 1830.3 b 8480.0 b 1474.1 b 450.26 a 1372.1 bc 

+ 4478.7 a 1898.8 b 9517.6 a 1730.8 a 456.82 a 1409.2 b 

Notes. Values are the means of three replicates. Values followed by the same letter within a column are not significantly different at the 

0.05% level of probability according to Duncan’s multiple-range test. 

 

Soil N and P availability  

 

The presented ANOVA data in the Table (4) 

showed that the main effects of nitrogen, phospho-

rus fertilizer and PGPR strains as well as their in-

teraction highly significantly (P˂ 0.001) affected the 

soil nitrogen and phosphorus availability. The indi-

cated results regarding the main effects of nitro-

gen, phosphorus and application of mixture of 

PGPR strains showed that the soil nitrogen and 

phosphorus availability increased significantly by 

increasing nitrogen rate from 0.0 to 90 kg fad.-1 
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(more than two fold) at the end of the experiment 

(Table 9). Regarding the main effect of phospho-

rus application on mineral soil availability, results 

showed that nitrogen and phosphorus availability 

in the soil increased markedly by increasing phos-

phorus rate. The presented results indicated that 

the soil inoculated with the mixture of PGPR 

strains had a significant highest mineral availability 

(N and P) compared to un-inoculated soil at the 

end of the experiment. The increasing percentage 

was 20.8% and 17.98% for nitrogen and phospho-

rus availability, respectively. One of the most 

common PGPR activities is to increase the availa-

bility of nutrients in the rhizosphere as reported by 

Gantar and Elhai (1999). From the previous re-

sults, the inoculation with PGPR led to an increase 

of available P in the soil. These increases might be 

attributed to basic fertilization with superphos-

phate, solubilization of insoluble inorganic phos-

phate by the applied rhizobacteria, and the signifi-

cant reduction in the soil pH. In this regard, Mullen 

(2005) attributed the ability of rhizobacteria to sol-

ubilize mineral phosphates and other nutrients to 

their capacity to reduce pH by the excretion of or-

ganic acids (e.g. gluconate, citrate, lactate, succin-

ate) and protons during the assimilation of NH4
+.  

 

 

Table 9. Effects of nitrogen rate, phosphorus rate 

and mixture of PGPR on soil nitrogen and phos-

phorus available in the soil cultivated with summer 

squash cv. Esqndrani at the end of experiment 

  

Main effect Levels 
Soil N 

available 
(mg/kg) 

Soil P 
available 
(mg/kg) 

Nitrogen 

(kg N fad.-1)  

0.0 19.41 c 15.36 c 

45 35.45 b 18.29 b 

90 42.39 a 21.28 a 

Phosphorus 

(kg P2O5  

fad.-1)   

0.0 24.85 c 15.06 c 

22.5 33.26 b 18.85 b 

45.0 39.14 a 21.02 a 

PGPR  strain 

mixture  

Uninoculated  29.36 b 16.80 b 

Inoculated 35.47 a 19.82 a 

Notes. Values are the means of three replicates. Values followed 
by the same letter within a column are not significantly different at 
the 0.05% level of probability according to Duncan’s multiple-
range test. 

 

Concerning the triple interaction effects on ni-

trogen and phosphorus availability in the soil at the 

end of experiment, the indicated results showed 

that the highest available nitrogen and phosphorus 

in the soil were corresponding with the combina-

tion treatment containing high nitrogen, high phos-

phorus and inoculation with PGPR strains (Table 

10). This effect was at significant level regarding to 

nitrogen availability. The inoculated plants with 

PGPR strains and fertilized with full dose of nitro-

gen and half dose of phosphorus gave the signifi-

cant highest soil phosphorus availability. General-

ly, the plants inoculated with PGPR strains gave 

the significant highest values of nitrogen and 

phosphorus availability under each level of nitro-

gen or phosphorus (Table 10). It is well reported 

that the inoculation with PGPR strains enhanced 

soil mineral availability (Richardson et al 2009; 

Basak and Biswas, 2010; Wu et al 2012). Our 

indicated results supported by the findings of Han 

et al (2006) on pepper and cucumber who found 

that the availability of P increased by inoculation 

with PGPR. 

 

 

Table 10. Triple interaction effects among nitrogen rate, 

phosphorus rate and mixture of PGPR on soil nitrogen 

and phosphorus available in the soil cultivated with sum-

mer squash cv. Esqndrani at the end of experiment.  

 

Nitrogen 

(kg N 

fad.-1) 

Phosphorus 

(kg P2O5 

fad.-1)   

PGPR 

strain 

mixture 

Soil N 

available 

(mg/kg) 

Soil P 

available 

(mg/kg) 

 0.0 

0.0 
- 14.93 l 9.39 i 

+ 19.37 j 14.36 h 

22.5 
- 17.27 k 15.30 gh 

+ 19.60 j 16.18 g 

45.0 
- 22.40 hi 18.13 f 

+ 22.87 hi 18.81 ef 

 45 

0.0 
- 21.23. i 14.75 h 

+ 24.73 g 17.77 fg 

22.5 
- 31.50 f 16.14 g 

+ 44.83 c 20.47 cd 

45.0 
- 44.00 d 19.39 e 

+ 46.40 c 21.22 c 

90 

0.0 
- 23.1 h 15.37 gh 

+ 45.73 c 18.73 ef 

22.5 
- 41.07 e 19.69 de 

+ 45.30 cd 25.34 a 

45.0 
- 48.77 b 23.05 b 

+ 50.40 a 25.50 a 

Notes. Values are the means of three replicates. Values followed 
by the same letter within a column are not significantly different at 
the 0.05% level of probability according to Duncan’s multiple-
range test. 
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CONCLUSION 

 

Results of the first experiment indicated that in-

oculation with PGPR strains improved fruit yield 

characters. The double inoculations were the best 

inoculation method than single and triple inocula-

tions. The results of the second experiment 

showed that the efficiency of N and P fertilization 

increased by inoculation with PGPR mixture 

(Azospirillum brasilense AC1 and Serratia mar-

cescens BM1). PGPR mixture significantly in-

creased the efficiency of applied chemical fertiliz-

ers by increasing nutrient availability and uptake 

for plant. Fruit yield of plants received full doses of 

N and P were significantly superior when plants 

were inoculated with PGPR strains. Under no and 

half dose of nitrogen fertilizer, it could be possible 

to substitute chemical P fertilizer by inoculation 

with mixture of PGPR strains. From the results of 

present study, it could be concluded that the inocu-

lation with PGPR can enhance plant uptake of nu-

trients and thereby increase the use efficiency of 

applied chemical fertilizers.  
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