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Abstract: A greenhouse pot experiment was conducted at the Experimental Farm of the Faculty of Agriculture, Suez 
Canal University, Ismailia, Egypt. The effectiveness of a mixture of two plant growth promoting rhizobacteria, PGPR, 
(i.e. B. subtilis EF1 and P. fluorescens KW1) and four compost application rates (0.00, 0.50, 0.75 and 1.0% W/W) 
under three irrigation water quantities (1.0, 0.8 and 0.6 from crop evapotranspiration, ETc) was studied in a sandy soil 
cultivated with wheat plant (Triticum aestivum L.). The results showed that, the shoot of 90-day old plants and straw 
and grain yields of 120-day old plants wheat were increased with increasing the added amount of both irrigation water 
and compost. The highest grain and straw yields were obtained under the treatment 1.0 ETc + 1.0% compost with the 
biofertilizer where the increases over the corresponding control were 87.1 and 34.4%, respectively. No significant 
difference was observed in water productivity between 1.0 and 0.8 ETc. Relative water content and electrolyte leakage 
of the 90-day old plants were found to be enhanced by raising the amounts of the studied factors. The current study 
suggested that, 20% of irrigation water used for wheat might be saved by applying 1.0% compost and the biofertilizer 
without any significant reduction in wheat yield. 
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INTRODUCTION 

Present day crop production is highly dependent 
on intensive use of mineral fertilizers and irrigation 
water. The ultimate objective of any fertilization and 
irrigation treatments for any crop is to enhance the 
overall growth and consequently increasing yield 
production and improving water use efficiency by 
reducing applied irrigation water (Noreldin et al., 2015). 
But the extensive use of mineral fertilizers in 
developing countries in the recent past let to 
exacerbated environmental degradation, including 
reduction in water quality, eutrophication of marine 
ecosystems, development of photochemical smog and 
increasing concentration of the greenhouse gas nitrous 
oxide (Adesemoye et al., 2009). Also, intensive use of 
irrigation water caused lowering soil organic carbon 
content, increasing soil salinity, lowering soil quality 
and decreasing water and nutrient use efficiencies. 
Additionally, the production of mineral fertilizers 
consumes fossil fuel, which is unsustainable. Moreover, 
Egypt has been suffering from water scarcity in recent 
years. Abdelhaleem and Helal (2015) reported that, the 
Grand Ethiopian Renaissance Dam could significantly 
affect Egyptian water supply from the River Nile. They 
predicted losses of agricultural soils in the Upper Egypt 
between 12.7 to 46.24%. So, reducing irrigation water 
amounts and improving water productivity is 
imperative. However, the reduction of mineral 
fertilizers and irrigation water quantities cause 
drastically decreasing food production. At the same 
time, the harmful environmental side-effects of 
agrochemicals cannot go unabated. Hence, there is an 
urgent need for integrated water-nutrient management 
that promotes low agrochemical input but improves 
nutrient-use efficiency by combining natural and 
manmade sources in an efficient and environmentally 
prudent manner (Adesemoye and Egamberdieva, 2013). 
Plant growth promoting rhizobacteria (PGPR) are one 
of the main alternatives for crop production, those were 

thought to improve plant uptake of nutrients and thereby 
increase the use efficiency of applied mineral fertilizers 
(Parray et al., 2016). 

The main objective of this research was 
introducing an integrated water-nutrient management 
strategy which based on reducing irrigation water 
quantity and the negative effect of agrochemicals by 
using combinations of compost and PGPR. 

 

MATERIALS AND METHODS 

Isolation, identification and characterization of PGPR 

Two rhizobacterial strains (i.e. B. subtilis EF1 and 
P. fluorescens KW1) were obtained after Ghanem 
(2017) who assessed their phenotypic characters 
according to the scheme of identification of Mac Faddin 
(1976), Bergey’s Manual of Systematic Bacteriology 
(volume 1, 2) (Krieg and Holt, 1984; Sneath et al., 
1986) and Bergey’s Manual of Determinative 
Bacteriology (Holt et al., 1994). Identification of the 
two bacterial strains was confirmed by 16S rRNA gene 
partial sequences by using the bacterial-specific 
primers, 27F (5' AGAGTTTGATCMTGGCTCAG 3') 
and 1492R (5' TACGGYTACCTTGTTACGACTT 3') 
(Ventosa et al., 2004). PCR product was sequenced 
using commercial service of MACROGEN Seoul, 
Korea (http://macrogen.com/eng/). The obtained 16S 
rRNA sequences were analyzed using the BLASTn 
software in the GenBank at NCBI (http:// 
www.ncbi.n1m.nih.gov/blast). Ghanem (2017) also 
assessed the production of auxins like indole acetic acid 
(IAA) by the rhizobacterial strains using the qualitative 
and quantitative methods developed by Bric et al. 
(1991) and Sarwar et al. (1992), respectively. Insoluble 
inorganic phosphate solubilization potential by 
rhizobacterial strains was assayed according to Nautiyal 
(1999). Siderophore production by rhizobacterial 
isolates was detected as described by Schwyn and 
Neilands (1987) (Table 1).  
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Table (1): Some plant growth promoting traits of the plant growth promoting rhizobacteria (PGPR) (after Ghanem, 2017) 

PGPR strains 
IAA production, mg l-1 P-solubilization 

Siderophore† 
Production Without 

L-TRP 
With 

L-TRP 
On solid† 
medium 

pH mg l-1 
On solid† 
medium 

P.  fluorescens KW1 5.56 12.8 + 5.76 101 + + 

B.  subtilis  EF1 4.07 10.4 + 5.49 111 + + 

Abbreviations: IAA: Indole acetic acid, L-TRP: L-tryptophan, +: indicates that the strains possess the plant growth properties, pH: pH 
of the cultures after 10-day incubation period, †: qualitative methods 

 
Preparation of inoculants and seed inoculation 

PGPR strains were cultured in 100 ml flasks 
containing 50 ml of sterilized tryptic soy broth (TSB) 
medium (Starr et al., 1981). Inoculant of each isolate was 
prepared by taking loopful from its stock culture and 
incubated at 28 ºC for 72 h. At this time, the viable cell 
count ranged from 107 to 108 CFU ml-1 in the cell 
suspensions. For inoculation, 20 g of wheat seeds 
(Triticum aestivum cv. Misr 1) were surface sterilized by 
ethanol 95% for 5 min and then washed thoroughly with 
sterilized water. The sterilized seeds were soaked in 100 
ml of cell suspension of the two strains mixture for 1h 
before cultivation. For uninoculated treatments, sterilized 
seeds were soaked in 100 ml of sterilized TSB medium.  

Greenhouse pot experiment 

A pot experiment was conducted in a greenhouse 
at the Experimental Farm of the Faculty of Agriculture, 
Suez Canal University, Ismailia, Egypt from December 
4, 2017 to April 2, 2018. The recorded climatic 
parameters for the experimental site indicate that it was 
a warm winter (Table 2). Generally, the climate of 
Ismailia Gov. is classified as hot dessert (BWh) 
according to Köppen-Geiger system (Peel et al., 2007). 
The effectiveness of a mixture of two rhizobacterial 
strains (i.e. B. subtilis EF1 and P. fluorescens KW1) 
was evaluated with four levels of compost as an organic 
matter (0.00, 0.50, 0.75 and 1.00% W/W) under three 
irrigation water quantities (1.0, 0.8 and 0.6 ETc). The 
soil samples and compost were air-dried, crushed, 
sieved through a 2 mm sieve and analyzed for some 
selected properties according to Gee and Bauder (1986) 
and Sparks (1996) as shown in Table (3). The soil used 
is classified as Typic Torripesamments (Soil Survey 
Staff, 2014). The Soil samples were uniformly packed 
in plastic pots each of 30 cm height and 24.5 cm mean 
diameter at a rate of 15.0 kg pot-1 (ρb= 1.63 Mg m-3). A 
drainage hole of about 1 cm in diameter was made in 
the bottom of each pot and covered with filter paper. 
Compost was mixed with the upper 10 Kg of the soil in 
each pot according to the treatments. The experiment 

was laid out in a randomized complete block (factorial) 
with six replications. Eight wheat seeds were sown in 
each pot and irrigated to almost soil field capacity with 
Ismailia canal water (0.40 dSm-1). Ordinary 
superphosphate (15.5% P2O5) was mixed with the soil 
in each pot before sowing at a rate of 31 mg P2O5 Kg-1 
soil (almost equivalent to 31 Kg P2O5 fed-1). Potassium 
sulfate (50% K2O) was applied to all pots at a rate of 50 
mg K2O Kg-1 soil (almost equivalent to 50 Kg K2O fed-

1) at two equal doses after 45 and 70 days from sowing. 
Ammonium sulfate (20.5% N) was applied to all pots at 
a rate of 100 mg N Kg-1 soil (almost equivalent to 100 
Kg N fed-1) at three doses (20, 30 and 50% of the total 
amounts) after 21, 45 and 70 days from sowing, 
respectively. The seedlings were thinned to five uniform 
plants pot-1 after two weeks from cultivation. 

Irrigation scheduling 

Penman-Monteith equation (Allen et al., 1998) 
was used to calculate local potential evapotranspiration 
ETo. The climatic data were provided by CLIMWAT 
(ver. 2.0) software and integrated in CROPWAT (ver. 
8.0) to calculate crop water requirements ETc for wheat 
plants grown in Ismailia, Egypt (Clarke et al., 1998; 
Munoz and Grieser, 2006).Three irrigation water 
quantities were used. Full irrigation (1.0 ETc) and two 
levels of deficit irrigation namely: 80 and 60% of full 
irrigation donated as 0.8 and 0.6 ETc, respectively. 

The quantities of water per pot for each irrigation 
were calculated using this simple formula: 

 

Where θfc and θin = field capacity and the initial (before 
irrigation) volumetric soil moisture contents (%), 
respectively. θin values were estimated from the loss of 
pot weight, and CF is a conversion factor. The time 
periods between each two successive irrigations were 
monitored with caution not to exceeds the maximum 
allowable soil moisture depletion of wheat plants of 
0.55 from field capacity (Allen et al., 1998).  

 
Table (2): Some climatic parameters for the experimental site during the growing season 

Month DEC 2017 JAN 2018 FEB 2018 MAR 2018 APR 2018 

Minimum Temperature °C 12.25 9.30 11.28 12.93 14.90 

Maximum Temperature °C 21.49 18.94 22.49 27.50 28.86 

Relative Humidity (%) 64.92 68.27 59.46 47.75 50.70 

Precipitation (mm day -1) 4.81 1.05 0.23 0.04 0.49 

Wind Speed (m.s-1) 2.46 3.28 2.28 2.68 2.76 

Surface Pressure (kPa) 101.4 101.4 101 100.8 100.7 

Radiation (MJ.m-2.day-1) 11.19 12.72 16.11 20.94 24.61 
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Table (3): Properties of the soil and compost used in 

the current research 

Properties Soil Compost 

Particle size distribution (%)   

Sand 92.6 - 

Silt 2.55 - 

Clay 4.85 - 

Textural class Sand - 

Bulk density (Mg m-3) 1.63 - 

Field Capacity (%) 14.8 - 

pH  8.16† 7.33‡ 

ECe (dS m-1) § 1.72 10.1 

Soluble cations (meq l-1) §   

Ca2+ 7.92 24.6 

Mg2+ 5.43 10.2 

Na+ 3.07 30.1 

K+ 0.78 36.1 

Soluble anions (meq l-1) §   

CO3
2- 0.00 0.00 

HCO3
- 4.84 30.3 

Cl- 6.48 57.4 

SO4
2- 5.88 13.3 

Organic C (g kg-1) 1.21 191 

Total N (g kg-1) 0.131 17.6 

Available N (mg kg-1) 5.61 183 

Available P (mg Kg-1) 8.90 156 
† In soil-water suspension (1:2.5) 
‡ In compost-water suspension (1:5) 
§ In compost and soil saturated paste extracts 

Samples collection and determinations 

Plant samples were taken after 90 days (anthesis 
stage) and 120 days (ripeness stage) from sowing, dried 
at 65°C and the dry weights were recorded. After 90 
days from cultivation and immediately before irrigation, 
one flag leaf was cut from each pot for leaf relative 
water content (RWC) and membrane permeability 
determination. RWC was determined by the method 
described by (Sade et al., 2015). Membrane 
permeability was determined using 1 cm leaf segments 
as sated by Lutts et al. (1996), and its results were 
expressed as Electrolyte Leakage EL percent. Soil 
samples were collected after 90 and 120 days and 
analyzed for EC, pH, available phosphorus according to 
Gee and Bauder (1986) and Sparks (1996) and 
phosphomonoesterase activities was assayed according 
to Tabatabai (1994). 

Water productivity for each treatment was 
calculated after Van Halsema and Vincent (2012) using 
the following equation: 

 

 
 

Where: WP = water productivity in g grains L-1 

All obtained data were subjected to analysis of 
variance (ANOVA) using Costat statistical software 
(1990), Version 6.311 (Cohort Program). The least 
significant difference test (LSD) was applied to make 
comparison between the means (P<0.05). 

RESULTS AND DISCUSSION 

Soil properties 

Soil pH and available P 

Respecting the main effects of irrigation water 
quantities and compost application rates, results indicate 
that, the soil pH values were significantly reduced by 
increasing the two factors levels at both growth stages. 
As for PGPR inoculant, results also reveal that, the 
values of pH in all soil samples were found to be 
significantly reduced due to seed inoculation with the 
mixture of the two PGPR strains used when compared 
to uninoculated control (Table 4).  

Concerning the effect of the interaction between 
irrigation water quantities, compost application rates 
and the PGPR inoculant on soil pH values, Table (5) 
indicates that the pH values reached their lowest of 7.51 
and 7.52 after 90 days and 7.57 and 7.59 after 120 days 
from wheat sowing, under the treatments 1.00 ETc + 
1.00% compost + PGPR and 1.00 ETc + 0.75% 
compost + PGPR respectively.  Decreasing values of pH 
in soil cultivated with wheat due to the inoculation with 
the PGPR strains was reported several times (Vessey, 
2003; Altomare and Tringovska, 2011; Ghanem et al., 
2013; Ghanem, 2017). These significant decreases in 
soil pH might be attributed to (i) the ability of the PGPR 
strains to produce organic acids (Perez-Montano et al., 
2014) (ii) nitrification of the NH4

+-N, and / or (iii) 
possible increase in partial pressure of CO2 of the soil 
atmosphere due to the increased activity of 
microorganisms (Ghanem, 2017). 

Respecting the main effects of irrigation water 
quantities, compost application rates and the PGPR 
inoculant on available P concentrations in the soil 
samples after 90 and 120 days from wheat sowing, the 
soil available P increased significantly due to raising 
any of the abovementioned factor levels at both growth 
stages when compared to the control (Table 4).  

Regarding the impact of the interaction between 
the abovementioned factors on the P availability in the 
soil, Table (5) shows that the highest levels of available 
P in the soil at 90 and 130 days were observed under the 
treatments 1.00 ETc + 1.00% compost + PGPR and 1.00 
ETc+0.75% compost + PGPR. The significant increases 
in the availability of P in the soil due to the interaction 
between irrigation water quantities, compost application 
rates and PGPR could be partially interpreted by the 
ability of the used microorganisms to solubilize 
inorganic phosphate (Table 1), and/or the crucial role of 
the rhizobacteria in increasing the activity of soil 
phosphatases and production of organic acids which led 
to significant reductions in soil pH values.  

Enzyme activities in the soil 

Soil enzymes play a crucial role in organic matter 
decomposition and can be used as index of changes 
occurring in the microbial functioning in a soil. Among 
extracellular enzymes, phosphatases are more abundant 
in the rhizosphere. Soil phosphatases include 
phosphomonoesterases which involve acid and alkaline 
phosphatases.
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Table (4): The main effects of irrigation water quantities, compost application rates and the PGPR inoculant on pH, 

Available P (mg kg-1) and alkaline and acid phosphatase activities (µg ρNP g-1 soil h-1) in the soil after 90 
and 120 days from wheat sowing 

Treatments 
pH† 

Available P  
(mg kg-1) 

Alkaline phosphatase 
(µg ρNP g-1 soil h-1) 

Acid phosphatase 
(µg ρNP g-1 soil h-1) 

90 
days 

120 
days 

90  
days 

120 
days 

90  
days 

120 
 days 

90 
 days 

120 
 days 

ETc         

1.00 7.68 7.74 21.99 19.10 147 114 121 92.0 

0.80 7.81 7.87 19.58 16.70 130 97.1 104 75.3 

0.60 7.99 8.05 15.14 12.25 97.1 64.1 71.2 43.0 

L.S.D.0.05 0.040 0.038 0.219 0.235 6.82 5.54 6.79 5.66 

Compost rates %         

0.00 7.93 7.99 16.58 13.68 106 74.2 81.5 53.0 

0.50 7.87 7.93 18.52 15.64 121 88.0 95.1 66.1 

0.75 7.78 7.84 19.92 17.04 133 101 108 78.9 

1.00 7.75 7.81 20.59 17.71 138 104 111 82.4 

L.S.D.0.05 0.020 0.015 0.351 0.301 3.47 3.25 3.20 3.31 

PGPR inoculation         

Noninoculated 7.88 7.94 17.99 15.11 117 83.6 90.8 62.0 

EF1 + KW1 7.78 7.84 19.82 16.93 132 100 107 78.3 

L.S.D.0.05 0.017 0.017 0.215 0.140 2.44 2.15 2.34 3.81 

 
Table (5): Effect of the interaction between irrigation water quantities, compost application rates and the PGPR 

inoculant on pH, Available P (mg kg-1) and alkaline and acid phosphatase activities (µg ρNP g-1 soil h-1) in 
the soil after 90 and 120 days from wheat sowing 

Treatments pH† 
Available P 

(mg kg-1) 

Alkaline 
phosphatase 

(µg ρNP g-1 soil h-1) 

Acid phosphatase 
(µg ρNP g-1 soil h-1) 

Water 
requirement 

Compost 
level 

(%W/W) 
Biofertilizer 

90 
days 

120 
days 

90 
days 

120 
days 

90  
days 

120 
days 

90  
days 

120 
days 

1.0 ETc 0.00 Noninoculated 7.87 7.93 18.8 15.9 121 88.1 95.9 65.9 

  EF1 + KW1 7.77 7.84 20.1 17.1 135 108 116 85.7 
 0.50 Noninoculated 7.77 7.83 20.8 17.9 137 101 108 77.6 
  EF1 + KW1 7.67 7.73 22.9 20.0 148 116 123 94.1 
 0.75 Noninoculated 7.69 7.76 22.3 19.4 144 110 118 87.6 

  EF1 + KW1 7.52 7.59 23.8 21.0 165 133 139 112 
 1.00 Noninoculated 7.66 7.72 23.2 20.3 152 119 126 97.8 
  EF1 + KW1 7.51 7.57 24.1 21.2 171 138 145 116 
0.8 ETc 0.00 Noninoculated 7.96 8.01 15.5 12.6 104 71.7 78.8 49.6 

  EF1 + KW1 7.85 7.90 18.3 15.5 120 89.6 96.7 68.0 
 0.50 Noninoculated 7.86 7.92 18.7 15.8 120 85.9 93.0 63.5 
  EF1 + KW1 7.82 7.87 20.1 17.2 135 103 110 81.3 
 0.75 Noninoculated 7.86 7.92 19.1 16.2 130 96.9 104 74.9 

  EF1 + KW1 7.69 7.75 21.9 19.0 143 112 119 90.8 
 1.00 Noninoculated 7.75 7.81 20.7 17.8 139 104 111 81.9 
  EF1 + KW1 7.70 7.76 22.3 19.5 147 114 121 92.3 
0.6 ETc 0.00 Noninoculated 8.12 8.17 12.8 9.90 73.4 40.4 47.5 22.1 

  EF1 + KW1 8.04 8.08 13.9 11.1 80.1 47.1 54.2 26.3 
 0.50 Noninoculated 8.08 8.14 13.8 11.0 86.2 53.3 60.3 32.7 
  EF1 + KW1 8.04 8.10 14.8 11.9 103 69.7 76.8 47.6 
 0.75 Noninoculated 7.90 7.96 14.6 11.7 101 67.7 74.8 45.9 

  EF1 + KW1 7.89 7.95 17.9 15.0 117 84.0 91.1 62.2 
 1.00 Noninoculated 8.02 8.08 15.6 12.7 98.5 65.4 72.8 43.6 
  EF1 + KW1 7.88 7.92 17.7 14.8 118 85.0 92.1 63.3 

LSD 0.05   0.056 0.052 0.748 0.576 8.75 8.00 8.85 9.86 

† In soil-water suspension (1:2.5)
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Tables (4 and 5) present the fluctuations of 
alkaline and acid phosphatase activities in the soil at the 
two growth stages. It indicates that overall activity of 
acid and alkaline phosphatases reached their highest 
levels at 90 days and then decreased up at 120 days. 

This result was in concomitant with Kunze et al. 
(2011) and Akmal et al. (2012) who reported that, soil 
enzymes reached their maximum activities at the 
anthesis stage and decreased up at crop ripening time. 
This observation could be attributed to numerous soil 
microorganisms which are considered the main source 
of most soil enzymes and were reported to behave the 
same trend (Gianfreda, 2015).  

Tables (4 and 5) also indicate that the alkaline 
phosphatase was always more active than acid 
phosphatase in all soil samples. This could be attributed 
to the alkaline soil reaction (Table 3) which supports 
alkaline phosphatase predominance. In this respect, 
Tabatabai (1994) and Nannipieri et al. (2011) reported 
that soils with acidic nature would be expected to 
contain primarily acid phosphatase activity while in 
neutral to alkaline ones, both acid and alkaline 
phosphatases are active with predominance of the latter. 

Concerning the main effects of irrigation water 
quantities, compost application rates and biofertilizer on 
the phosphomonoesterase activities in the soil, Table (4) 
shows that the activities of both acid and alkaline 
phosphatases were found to be significantly enhanced 
due to raising of irrigation water and compost levels and 
inoculation with the biofertilizer relative to the control. 

Regarding the interaction between the three 
studied factors on the activity of the abovementioned 
enzymes in the soil, Table (5) shows that acid and 
alkaline phosphatases reached their highest levels under 
the treatment 1.0 ETc + 1.00% compost + biofertilizer 
which was not differed significantly with the treatment 
1.0 ETc + 0.75% compost + biofertilizer. Table (5) also 
indicates that no significant difference was observed 
between 1.00 and 0.75 of compost application rates 
when the latter was combined with the biofertilizer 
under the same irrigation level. Similarly, acid and 
alkaline phosphatase activities were not significantly 
differed under 1.0 or 0.8 ETc when the latter irrigation 
level was combined with the biofertilizer under the 
same compost application rate. Thus, the use of the 
microbial inoculant with only 0.75% of compost and 0.8 
ETc was as effective as the 1.00% of compost and 1.0 
ETc without microbial inoculation.  

Wheat growth and yield 

Wheat response to the irrigation water quantities 
(1.0, 0.8, 0.6 ETc), compost application rates, (0.00, 
0.50, 0.75, 1.00% W/W) and  the PGPR inoculant was 
evaluated by measuring shoot dry weights of 90-day old 
plants and grain and straw yields of 120-day old plants. 
Concerning the main effects of irrigation water 
quantities, compost application rates and biofertilizer 
application on wheat yield parameters Table (6) reveals 
that, the higher the irrigation water level, the greater 
was the shoot, grain and straw yield production. 
Similarly, the raising of compost application rate 
resulted in a significant increase in all measured 
parameters of wheat response. Results presented in 

Table (6) also show that, all inoculated wheat plants 
gave significant increases in shoot dry weights of 90-
day old plants and grain and straw yields of 120-day old 
plants when compared with the noninoculated plants. 
These results agreed with those reported by Adesemoye 
et al. (2009) and Rosas et al. (2009). 

Regarding the effect of interaction between the 
three studied factors on wheat growth and yield, Table 
(7) shows that shoot dry weight and grain and straw 
yields reached their maxima under the treatment 1.0 
ETc with 1.00% of compost and the PGPR inoculant. 
The results in Table (7) also show that under 1.0 ETc, 
shoot dry weight of 90-day old plants and grain and 
biological yields of 120-day old plants were 
significantly higher under the treatment 0.75% compost 
+ PGPR than those under 1.00 of compost without 
inoculation indicating that the applied quantity of 
compost could be reduced by 25% in the presence of 
microbes.  

These results were in concomitant with those 
reported by Ghanem (2017) who recommended these 
PGPR strains as promising inoculants for wheat grown 
in a sandy soil after proving them to possess several 
mechanisms for promoting wheat growth and yield 
(Abd El-Azeem et al., 2007; Yazdani et al., 2009; 
Ghanem et al., 2013). At the same context, Table (7) 
shows that at 0.8 ETc, application of compost at all 
abovementioned level with the biofertilizer or compost 
at the rates 0.75 and 1.0% without the biofertilizer 
caused significant increases in shoot dry weight of 90-
day old plants and grain and biological yields of 120-
day old plants compared to 1.0 ETc without any 
additions. These results prove the importance of organic 
matter and biofertilizer in sandy soils and irrigation 
water quantity required for wheat in the sandy soil used 
could be saved by 20% through application of 
abovementioned levels of compost and PGPR. In this 
respect, Wang et al. (2017) reported that using organic 
matter could increase water use efficiency. 

Some plant-water relationship parameters 

Leaf relative water content 

Plant-water status is highly reflected by leaves 
RWC, because it provides a good indicator of stress and 
water deficit under unfavorable conditions (Torres et 
al., 2019). Wanjiku et al. (2019) concluded that, RWC 
could be used effectively to manage water stress and 
monitor biological water activity in plant tissue. 
Respecting the main effect of irrigation water quantities 
on leaf RWC Table (8) reveals that, three irrigation 
quantities were significant differed, as 1.0 ETc gave the 
highest RWC followed by 0.8 ETc and 0.6 ETc. The 
obtained values were 75.99, 70.92 and 64.09% for the 
three water quantities, respectively. Regarding the 
levels of compost application, it also provides 
significant effects on RWC. The obtained values were 
73.46, 71.57, 69.52 and 66.7% for 1.0, 0.75, 0.50 and 
0.00% compost applications, respectively. PGPR 
inoculation also gave significant difference compared to 
the noninoculated treatments. The RWC values were 
71.02 and 69.64% for the inoculated and non-inoculated 
treatments, respectively (Table 8).  
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Table (9) showed the effect of the interactions 
between irrigation water quantities, organic manure 
application rates and inoculation with PGPR. The 
highest value of RWC of 81.5% was recorded for the 

treatment (1.0ETc - 1.0% compost - biofertilizer), while 
the lowest value of 55.1% was recorded for (0.6ETc – 
0.0% compost - Without biofertilizer) treatment.

Table (6): The main effects of irrigation water quantities, compost application rates and the PGPR inoculant on some 
growth and yield parameters (g pot-1) of wheat plants sampled at 90 and 120 days from wheat sowing 

Treatments 
Shoot yield  

at 90 day (g pot-1) 
Grain yield  

(g pot-1) 
Straw yield  

(g pot-1) 
Grain: straw 

ratio 
Biological yield 

 (g pot-1) 

ETc      

1.00 15.81 15.11 18.01 0.831 33.12 

0.80 13.55 12.11 15.69 0.768 27.79 

0.60 10.83 8.09 11.43 0.708 19.52 

L.S.D.0.05 0.243 0.288 0.421 0.035 0.311 

Compost rates %      

0.00 11.49 9.21 12.99 0.708 22.20 

0.50 12.82 11.11 14.63 0.749 25.73 

0.75 14.17 12.94 15.59 0.816 28.52 

1.00 15.10 13.82 16.97 0.802 30.79 

L.S.D.0.05 0.340 0.198 0.175 0.019 0.249 

PGPR inoculation      

Noninoculated 12.68 10.89 14.42 0.743 25.30 
EF1 + KW1 14.11 12.66 15.66 0.795 28.32 

L.S.D.0.05 0.142 0.175 0.134 0.016 0.172 

 
Table (7): Effect of the interaction between irrigation water quantities, compost application rates and the PGPR 

inoculant on some growth and yield parameters (g pot-1) of wheat plants sampled at 90 and 120 days from 
wheat sowing 

Treatments Shoot yield 
at 90 day 
(g pot-1) 

Grain 
yield 

(g pot-1) 

Straw 
yield 

(g pot-1) 

Grain: 
straw ratio 

Biological 
yield 

(g pot-1) 
Water 

requirement 
Compost level 

(%W/W) 
Biofertilizer 

1.0 ETc 0.00 noninoculated 12.1 10.1 15.1 0.673 25.2 

  EF1 + KW1 13.1 12.5 16.4 0.763 28.9 

 0.50 noninoculated 13.7 12.8 17.1 0.751 29.9 

  EF1 + KW1 16.3 15.3 18.0 0.853 33.3 

 0.75 noninoculated 16.2 15.1 17.8 0.851 32.9 

  EF1 + KW1 18.8 18.7 19.9 0.942 38.6 

 1.00 noninoculated 17.0 17.3 19.5 0.887 36.9 

  EF1 + KW1 19.3 18.9 20.3 0.929 39.2 

0.8 ETc 0.00 noninoculated 11.4 8.70 12.8 0.680 21.5 

  EF1 + KW1 12.2 10.2 14.4 0.713 24.6 

 0.50 noninoculated 12.5 10.7 14.4 0.744 25.1 

  EF1 + KW1 13.3 12.4 15.6 0.794 27.9 

 0.75 noninoculated 13.1 12.5 15.5 0.804 28.0 

  EF1 + KW1 14.4 14.4 17.0 0.844 31.4 

 1.00 noninoculated 15.0 13.2 17.5 0.751 30.7 

  EF1 + KW1 16.5 14.9 18.3 0.812 33.1 

0.6 ETc 0.00 noninoculated 9.72 6.08 8.87 0.686 15.0 

  EF1 + KW1 10.4 7.59 10.4 0.731 18.0 

 0.50 noninoculated 10.0 7.01 10.9 0.640 18.0 

  EF1 + KW1 11.2 8.40 11.8 0.713 20.2 

 0.75 noninoculated 10.7 8.29 10.9 0.763 19.2 

  EF1 + KW1 11.8 8.64 12.4 0.695 21.1 

 1.00 noninoculated 10.7 8.70 12.7 0.687 21.4 

  EF1 + KW1 12.1 10.0 13.5 0.745 23.5 

LSD 0.05 0.625 0.544 0.487 0.052 0.589 
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Table (8): The main effects of irrigation water quantities, compost application rates and the PGPR inoculant on Leaf 

RWC and Leaf EL (%) in 90-day-old plants and Relative yield (%) and Water Productivity (g grains. L-1) 
after wheat harvest 

 
Table (9): Effect of the interaction between irrigation water quantities, compost application rates and the PGPR 

inoculant on leaf RWC and leaf EL (%) in 90-day-old plants and relative yield (%) and water productivity (g 
grains  L-1) after wheat harvest 

Treatments 
Leaf RWC  

at 90 day (%) 
Leaf EL  

at 90 day (%) 
(Ya/Ym) % 

Relative yield 

Water 
Productivity  
(g grains L-1) 

Water 
requirement 

Compost level 
(%W/W) 

Biofertilizer 

1.0 ETc 0.00 noninoculated 73.1 28.0 58.5 0.741 

EF1 + KW1 73.4 27.7 72.2 0.915 

0.50 noninoculated 73.6 27.2 74.1 0.938 
EF1 + KW1 74.5 26.1 88.4 1.120 

0.75 noninoculated 76.2 23.5 87.4 1.107 

EF1 + KW1 77.4 22.9 108.1 1.369 

1.00 noninoculated 78.1 21.5 100.0 1.266 

EF1 + KW1 81.5 17.9 108.9 1.379 

0.8 ETc 0.0 noninoculated 69.0 35.9 50.2 0.788 

EF1 + KW1 69.6 35.2 59.1 0.928 

0.50 noninoculated 69.9 34.3 61.8 0.970 

EF1 + KW1 70.8 31.4 71.4 1.121 

0.75 noninoculated 71.3 30.7 71.9 1.130 

EF1 + KW1 71.9 30.0 82.8 1.301 

1.00 noninoculated 72.1 29.6 75.9 1.192 

EF1 + KW1 72.8 29.3 85.7 1.346 

0.6 ETc 0.00 noninoculated 55.1 80.1 35.1 0.729 

EF1 + KW1 60.5 64.6 43.8 0.909 

0.50 noninoculated 63.5 57.3 40.4 0.839 

EF1 + KW1 64.8 53.9 48.4 1.006 

0.75 noninoculated 65.9 48.1 47.8 0.993 

EF1 + KW1 66.6 44.5 49.9 1.035 

1.00 noninoculated 67.7 40.8 50.2 1.042 

EF1 + KW1 68.5 37.8 57.9 1.201 

LSD 0.05 2.27 2.87 3.15 0.052 

- RWC: leaf relative water content   
- EL: Electrolyte leakage 

Treatments 
Leaf RWC  

at 90 day (%) 
Leaf EL  

at 90 day (%) 
(Ya/Ym) % 

Relative yield 
Water Productivity 

(g grains L-1)  

ETc     

1.00 75.99 24.35 0.872 1.104 

0.80 70.92 32.06 0.699 1.097 

0.60 64.09 53.40 0.466 0.969 

L.S.D.0.05 1.185 2.505 0.017 0.025 

Compost rates %     

0.00 66.77 45.25 0.532 0.835 

0.50 69.52 38.40 0.640 0.999 

0.75 71.57 33.29 0.747 1.156 

1.00 73.46 29.48 0.798 1.238 

L.S.D.0.05 1.027 0.993 0.012 0.021 

PGPR inoculation     

Noninoculated 69.64 35.11 0.628 0.978 

EF1 + KW1 71.02 38.10 0.731 1.136 

L.S.D.0.05 0.631 0.802 0.010 0.016 
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The effects of organic manure application on corn 
leaves RWC were reported by Khadem et al. (2010) 
who found that, the increase in leaves RWC was 
associated with a decrease in drought intensity that 
improved by manure application. Torres et al. (2019) 
proposed an irrigation decision support system based on 
leaf RWC rapidly measured by infrared spectroscopy.  

Cell membrane permeability 

 The membrane permeability results were expressed 
as electrolyte leakage percent (EL %). Deficit irrigation 
caused very clear changes in cell membrane structure. 
Water stress changes lipid in cell membrane from 
liquid-crystalline phase to gel phase, which leads to 
increase in cell membrane permeability (Leprince et al., 
2000). Considering the main effect of irrigation water 
quantities on EL %, significant differences were found 
between the three irrigation levels (Table 8). The 
obtained values for EL% were 53.4, 32.06 and 24.35% 
for the treatments 0.6, 0.8 and 1.0ETc, respectively. The 
percent of compost applications also resulted in 
significant differences in EL%. Its values were 45.25, 
38.43, 3.30 and 29.48% for 0.0, 0.5, 0.75 and 1.0% 
compost application rates, respectively. Inoculation with 
PGPR gave EL% of 38.10 and 35.11% for the 
noninoculated and inoculated treatments, respectively. 
These results revealed that, membrane stability was 
improved by both manuring and PGPR inoculation. 
Similar results were found by Khadem et al. (2010). 

The effect of the interaction between irrigation 
water quantities, Compost application rats and 
inoculation with PGPR on wheat leaves EL% at 90 days 
from cultivation are showed in Table 9. The highest cell 
membrane injury was reported under the treatment (0.6 
ETc – 0.0% Compost – Without biofertilizer), where its 
EL value was 80.1%, while the lowest cell membrane 
injury was found under the treatment (1.0ETc - 1.0% 
Compost – Biofertilizer) with EL value of 17.9%. 

Relative Yield (RY) 

Relative yield was used to quantify the effect of 
each treatment in the obtained grain yield (Steduto et 
al., 2012). It was calculated by: 

 

Where: Ya= actual grain yield for the selected 
treatment, in gram per pot, 

Ym= maximum grain yield, in gram per pot. 

The value of Ym here was taken for wheat 
production under common agricultural practices which 
was (1.0 ETc - 1.0% compost – without biofertilizer) 
treatment. 

Respecting the obtained results are showed in 
Table (9), only two treatments gave RY higher than 
100%. They were (1.0ETc - 1.0% Compost- 
Biofertilizer) and (1.0 ETc - 0.75 Compost - 
Biofertilizer) with RY values of 108.9 and 108.1%, 
respectively, without a significant difference between 
these two treatments. This result indicates that, the 
higher yield could be obtained under full irrigation 
practices and reducing organic matter application by 
25% and inoculation with PGPR without a significant 
reduction in the wheat yield. The lowest RY was found 
under the treatment (0.6 ETc - 0.0% Compost - Without 
biofertilizer), with a value of 35.1%.  

Water productivity 

To quantify the relationship between the applied 
irrigation water and crop production, water productivity 
function was used (Van Halsema and Vincent, 
2012).The main effect of applied irrigation water 
quantities on WP showed that, there is no significant 
differences in WP values between 1.0 ETc and 0.8 ETc, 
which were 1.104 and 1.097, respectively (Table 8). 
These results supported by Tari (2016) who reported 
that WP could be improved by practicing deficit 
irrigation. While 0.6 ETc gave the lowest WP value of 
0.969 g grains per litter. WP values were significantly 
affected by organic matter application. The obtained 
values were 1.238, 1.156, 0.999 and 0.835 g grains per 
litter for 1.0, 0.75, 0.5 and 0.0% compost application 
rates, respectively (Table 8). The increase in WP with 
organic matter application may resulted from elevated 
photosynthesis and decreased transpiration and stomal 
conductance, which enable wheat plants to utilize water 
more efficiently under deficit irrigation (Wang et al., 
2017). The inoculation with PGPR resulted in 
significant increase in WP, its obtained values were 
0.978 and 1.136 g grains per litter for the non-
inoculated and inoculated treatments, respectively 
(Table 8). 

Table (9) also shows the effect of the interactions 
between irrigation water quantities, organic matter 
application rates and PGPR inoculation on water 
productivity of wheat plants. The data revealed that, 
there are no significant differences between three 
treatments namely: (1.0 ETc - 1.0% Compost - 
Biofertilizer), (1.0 ETc - 0.75% Compost - Biofertilizer) 
and (0.8 ETc - 1.0% Compost – Biofertilizer), which 
they gave the highest values of WP of 1.379, 1.369 and 
1.346 g grains per litter, respectively. While the lowest 
values of WP were recorded for the two treatments (1.0 
ETc - 0.0% Compost – Without biofertilizer) and (0.6 
ETc - 0.0% Compost – Without biofertilizer) without a 
significant difference between them. Their values were 
0.741 and 0.729 g grains per litter, respectively. 
Noreldin et al. (2015) reported WP values ranged from 
1.49 to 0.91 g grains per litter for wheat plants grown in 
sandy soils under Egyptian conditions. They also 
recommended the use of 90% of irrigation water 
requirement to increase WP and save irrigation water. 

 
CONCLUSION 

The current research showed obvious increase in 
plant yield due to seed inoculation. Thus, the use of the 
microbial inoculant with only 0.75 % (W/W) of 
compost was more effective than 1.00 % (W/W) of 
compost without microbial inoculation in most cases. 
No significant difference was observed in water 
productivity between 1.0 and 0.8 ETc. Relative water 
content and electrolyte leakage of the 90-day old plants 
were found to be enhanced by raising the amounts of 
the studied factors. Based on the present results, these 
increments could be attributed to the increase in soil 
enzyme activities which could promote the availability 
of soil nutrients. Additionally, the significant reductions 
in soil pH due to utilization of microbial inoculants 
could enhance the nutrient status in the soil and 
therefore provide the plants with nutrients in adequate 
amounts. Finally, based on all the above consequent 
results, the Egyptian farmers could be recommended to 
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use this promising inoculant as a suitable biofertilizer 
for wheat grown in sandy soil to reduce the current 
irrigation water quantities by ca. 20% or reduce the 
common application rate of compost by ca. 25% 
without significant reduction in crop production and 
water productivity. However, this study needs to be 
evaluated under field conditions. 
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تحسین نمو ومحصول القمح بإضافة الكمبوست وبكتریا الجذور المنشطة لنمو النبات تحت استرتیجیة الري 
  المتناقص في الأراضي الرملیة

 أحمد عبدالعلیم الخربوطلي و أسامة محمد غانم
 مصر –الاسماعیلیة  -جامعة قناة السویس  -كلیة الزراعة  -قسم الأراضي والمیاه 

 

 ٤باستخدام تربة رملیة في مزرعة كلیة الزراعة بجامعة قناة السویس فى الفترة من  ) 1 صنف مصر(علي نبات القمح تجربة أصص  أجریت
وكانت تھدف إلي دراسة تأثیر لقاح بكتیري مكون من خلیط من سلالتین من بكتریا الجذور المنشطة لنمو النبات وھما  ٢٠١٨ أبریل ٢وحتي  ٢٠١٧دیسمبر 

 : B. subtilis EF1 و P. fluorescens KW1   وذلك ) وزن/وزن% ( 1.00، 0.75،  0.50،  0.00عدة مستویات من الكمبوست وھي إضافة وتأثیر
نباتات القمح في عمر الوزن الجاف لأشارت النتائج إلي أن . الاحتیاج المائي المحصوليمن 0.6 و 0.8 و1.0:  تحت تأثیر كمیات مختلفة من میاه الري وھي

كانت أفضل . معنویاً مع زیادة كمیات میاه الري وكذلك مع زیادة مستویات الإضافة من الكمبوست االحبوب والقش قد زاد يذلك محصولالتزھیر وك
ومع اللقاح  %1.0وأضیف الكمبوست بمعدل  من الاحتیاج المائي 1.0الحبوب والقش عندما تم اضافة كمیة میاه الري بمعدل  يالمعاملات من حیث محصول

كذلك لم یلاحظ وجود . علي الترتیب بالمقارنة بالكنترول المقابل% ٣٤.٤و  ٨٧.١كانت نسب الزیادة في محصولي الحبوب والقش تبلغ و .تیري المستخدمالبك
 للأوراق اء النسبيكما لوحظ وجود زیادة معنویة في محتوي الم .الاحتیاج المائيمن 0.8 و1.0بین كمیتي میاه الري  إنتاجیة وحدة المیاهفروق معنویة في 

% ٢٠توفیر إلي ھذه الدراسة  تشیر نتائج. یوم وذلك مع زیادة العوامل التي تم دراستھا ٩٠في نباتات القمح عند عمر والتسرب الالیكترولیتي لخلایا الورقة 
المكون من خلیط من استخدام اللقاح البكتیري ومع % ١من كمیة میاه الري اللازمة لنبات القمح في الأراضي الرملیة عن طریق استخدام الكمبوست بمعدل 

 . إنتاج محصول القمح على معنویاً  یؤثر لمعلماً بأن خفض میاه الري في ظل ھذه الظروف  P. fluorescens KW1 و  B. subtilis EF1السلالتین 


