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GREENHOUSE pot experiment was conducted to study the

effect of phosphate solubilizing bacteria (Azospirillum brasilense
AC1 and Bacillus subtilis AC2) in combination with different water
resources (River Nile, EI-Salam Canal and diluted sea waters, 1:10 )
and soil moisture depletion, SMD, levels (25, 50 and 75% of the soil
field capacity, FC) on some soil properties (Soil pH, EC, available P
and total bacterial counts) and barley (Hordeum vulgare var. Giza 28)
grain yield and NPK uptake. The results indicated that use of diluted
sea water for irrigation significantly reduced soil available P as
compared to El-Salam canal and Nile waters. It also significantly
increased soil pH values compared to Nile water. The results showed
also that utilization of A. brasilense strain as inoculant for barley seeds
significantly increased soil available P and decreased soil pH values
compared to B. subtilis strain. Irrigating barley plants with the
different water resources after depletion of 50% from soil FC
significantly increased available P and decreased pH value as
compared to 25 and 75% SMD levels. Soil salinity was found to be
significantly decreased by irrigating the plants after SMD of 50 and
75% compared to 25%. The highest soil available P and EC were
obtained with the treatments Nile water + A. brasilense + 50% SMD
and diluted sea water + B. subtilis + 25% SMD level, respectively. On
the other hand, the maximum pH value was recorded in the treatment
El-Salam canal water + B. subtilis + 25% SMD level. Counts of total
bacteria in the rhizospheric soil of barley increased with increasing
growth period reaching their highest after 90 days from sowing date.
After that, the counts markedly decreased reaching their lowest figures
after 120 days. However, total rhizospheric bacterial counts decreased
with increasing SMD level from 25 to 75%.

Utilization of diluted sea water for irrigating barley plants
significantly decreased grain yield and NPK uptake as compared to
the Nile water. The higher the salinity of irrigation water, the lower
were the values of grain yield and K uptake. Inoculating barley seeds
with A. brasilense AC1 significantly increased barley grain N uptake
compared to B. subtilis AC2. Grain yield and NPK uptake were found
to be significantly reduced with increasing level of SMD from 25% to
75% FC. The highest grain yield and N uptake values were obtained
with the treatment El-Salam canal water + A. brasilense AC1 + 25%
SMD level. On the other hand, the highest grain P and K uptake were
recorded under the treatments Nile water + A. brasilense AC1 + 25%



132 S.A.M. ABD EL-AZEEM AND E.M.HOKAM

SMD level and Nile water + B. subtilis AC2 + 25% SMD level,
respectively.

Keywords: Barley yield, Nutrient uptake, Phosphate solubilization,
Bacterial counts, Soil water depletion.

Water is a limiting factor for any agriculture development. Low-quality water for
irrigation is one of the main targets of agricultural policy to face the urgent needs
for increasing food production. Additionally, soil water not only could govern
the soil physical condition, but also might affect the soil chemical and biological
situations such as plant uptake of nutrients and activity of soil microorganisms.
Therefore, management of soil water status is crucial in agricultural systems
(Asgarzadeh et al., 2010). Under increasing impacts of global warming, effective
water use and using minimum amounts of water for irrigation have become the
most critical issues to be considered in irrigated agriculture. Water stress is the
most common environmental stress that directly affect soil microbial population
and activity (Sinegani and Maghsoudi, 2011). However, only few studies have
tried to assess the effects of water stress on soil microbial activity.

Increasing soil water-holding capacity can be improving water availability to
plants. This improvement leads to sustainable productivity because it encourages
phosphorus utilization and arrests yield declines (Fan et al., 2005). On the other
side, excesses irrigation water may result in loss of soluble phosphorus (P) from
soil to aquatic systems, (Shan et al., 2005, Styles et al., 2006 and Cournane et al.,
2011). Gahoonia et al. (1994) and Gutierrez-boem & Thomas (1999) reported
that the increase in P diffusion with increasing soil water content has been
suggested as a possible cause of larger barley relative response to P fertilizer
under dry condition. However, it will take into account in the current
investigation that irrigation water amounts applied for each treatment do not
exceed the limit of soil field capacity.

Phosphorus is one of the essential macronutrients for plants and is applied to
soil in the form of phosphatic fertilizers. Phosphorus and water deficits are
important limiting factors in agricultural production. Several authors observed
the interactions between phosphorus deficiency and water stress. For instance,
Gutierrez-boem and Thomas (1999) reported that phosphorus deficiency and
water stress decreased vegetative development, shoot growth, leaf area index, P
absorption and concentration, and yield. Phosphorus deficiency and/or salinity
significantly decreased whole barley growth, leaf water content (Zribi et al.,
2011). The effect of both stresses was not additive since the response of plants to
combined salinity and P deficiency was similar to that of plants grown under P
deficiency alone. In addition, salt-treated plants exposed to P deficiency showed
higher salt tolerance compared to plants grown with sufficient P supply. This
was related to plant ability to significantly increase root: shoot dry weight ratio.
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Unfortunately, a large portion of soluble inorganic phosphate applied to the
soil as chemical fertilizer is immobilized rapidly and becomes unavailable to
plants particularly in alkaline soils (Sundara and Natarajan, 1997). The
unmanaged use of phosphatic fertilizers has increased agricultural costs and
instigated a variety of environmental problems (Del Campillo et al., 1999).
Therefore, the concept of adding phosphate-solubilizing bacteria (PSB) to
fertilizers as providers of soluble phosphorus presents an economically and
environmentally promising strategy. The PSB play fundamental roles in
biogeochemical phosphorus cycling in natural and agricultural ecosystems.
These can transform the insoluble phosphorus to soluble forms (HPO,* and
H,PO,) by acidification, chelation, exchange reactions, production of acid and
alkaline phosphatases, H* protonation and polymeric substances formation
(Delvasto et al., 2006). Therefore, the use of phosphate solubilizing rhizobacteria
in agricultural practice would not only offset the high cost of manufacturing
phosphatic fertilizers but would also mobilize insoluble phosphorus in the
fertilizers and soils to which they are applied.

Barley (Hordeum vulgare L.) is an important food and fodder crop and is
widely cultivated in saline areas as one of the salt tolerant crops. However, its
growth and production is also greatly affected by salt stress. Improving the
salinity tolerance of barley and increasing its productivity has been an important
objective in many barley-breeding programs (Colmer et al., 2005). Therefore,
the objective of this study was to examine the effect of phosphate solubilizing
rhizobacterial strains (Azospirillum brasilense AC1 and Bacillus subtilis AC2) in
combination with different irrigation water resources on nutrient uptake (NPK)
as well as some soil chemical properties under water stress. The effect of
treatments on rhizospheric soil bacterial populations was also investigated.

Material and Methods

Rhizobacterial strains and seed inoculation

Two strains of phosphate solubilizing rhizobacteria, Azospirillum brasilense
AC1 and Bacillus subtilis AC2 were used in this experiment. The strains were
isolated from the rhizospheric soil of clover, Ismailia, Egypt. The strains were
selected based on a previous knowledge of their ability to solubilize inorganic
phosphate and produce siderophores and indole acetic acid (IAA) (Abd El-
Azeem et al., 2007a). Additionally, these strains have ability to promote wheat
and faba bean growth and yield under greenhouse conditions (Abd El-Azeem et al.,
2007b and 2008). In this experiment, the strains were grown in a 100 ml conical
flask containing 50 ml of nutrient broth medium at 28 °C for 4 days. The cultures
were then diluted with sterilized distilled water to a final concentration of 10°
colony forming unit (CFU) ml™. Barley seeds (Hordeum vulgare var Giza 28)
were inoculated by soaking the seeds in nutrient broth medium for 1 hr before
cultivation. 10% Arabic gum was used as an adhesive agent.
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Experimental layout and irrigation treatments

A greenhouse pot experiment was conducted in the farm of the Faculty of
Agriculture, Suez Canal University, Ismailia, Egypt using a sandy soil sample
(0-30 cm depth). The soil was air-dried, crushed and sieved through a 2 mm
sieve. The selected properties of the soil were determined according to Gee and
Bauder (1986) and Sparks et al. (1996) and presented in Table 1. Volumetric soil
field capacity was determined in laboratory using tension table apparatus (Klute,
1986). The soil was uniformly packed in plastic pots of 17 cm height and 18.6
cm mean diameter at a rate of 5.0 kg pot™. A drainage hole of about 1 cm in
diameter was made in the bottom of each pot. The experimental design was a
randomized complete block (factorial) with three replications for each treatment.
It included 18 treatments, which were the combinations of three irrigation water
resources, three soil moisture depletion (SMD) levels (25, 50 and 75% of the soil
FC) and two rhizobacterial strains (Azospirillum brasilense AC1 and Bacillus
subtilis AC2). The three irrigation waters used were El-Salam canal water (Nile
water mixed with agricultural drainage water at a ratio of almost 1:1) sea water
mixed with Nile water at a ratio of 1:10 and fresh Nile water as a control. Some
chemical properties of the irrigation waters used are presented in Table 2.

TABLE 1. Physical and chemical properties of the soil used.

Soil properties Values
Particle size distribution, %
Sand 93.4
Silt 4.2
Clay 2.4
Textural class Sand
Bulk density (py), kg m* 1630
Field capacity (6¢), % 11.2
pH ™ 7.13
EC,, dS m*™ 0.95
Soluble cations, meq I'*™
ca® 3.49
Mg?* 1.05
Na* 4.18
K* 0.78
Soluble anions, meq I"*™
HCO; 0.17
Cr 7.84
so,? 1.48
Available P, mg kg™ 10.82
Total N, g kg™ 0.11
Organic carbon, g kg™ 0.98

“In soil-water suspension (1:2.5).
In soil saturation extract.
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TABLE 2. Some chemical properties of the irrigation waters used.

Nile El-Salam canal Diluted sea
Parameters o

water water water
EC,dSm* 0.36 0.80 7.40
pH 7.95 7.27 7.67
Soluble cations, meq I
Ca”* 0.97 1.65 6.0
Mg** 0.60 2.41 9.0
Na* 1.64 3.56 57.5
K* 0.39 0.38 15
Soluble anions, meq I
cr 1.50 4.19 49.0
HCO5 1.30 0.25 34
50,2 0.80 3.56 21.6
SAR" 1.85 2.50 21.0

"SAR: Sodium adsorption ratio.
" Sea water: Nile water (1:10).

After barley seed (Hordeum vulgare var. Giza 28) inoculation with the
bacterial strains, eight seeds were immediately sown in each pot and irrigated
with the fresh Nile water at FC for 15 days to insure full seed germination. After
this period, the plants were thinned to four plants per pot. After that, the plants
were periodically irrigated with the different tested waters after SMD of 25, 50
and 75% of the soil FC based on weight loss to monitor the depletion level at
which the pots should be irrigated to bring them back to FC. The N, P and K
fertilizers were applied at levels of 65 kg N fed™, 31 kg P,Os fed™ and 25 kg
K,O fed™, respectively. The N and K fertilizers were applied in the forms of
ammonium sulfate and potassium sulfate, respectively. Because of we used two
phosphate solubilizing rhizobacterial strains in this experiment, half of the P
fertilizer was added through single superphosphate (SSP 15.5% P,0s) and the
other half through rock phosphate (RP 27.3% P,0s). After 135 days from
sowing, plants were harvested, dried at 70 °C and the dry weights of grains were
recorded.

Soil and plant analyses

The Kjeldahl method (Bremner, 1996) was used to determine the total N in
grains, whereas the P and K contents were determined after wet digestion using a
nitric-perchloric acid mixture (4:1 v/v). The P in the extraction solution was
measured spectrophotometrically using the molybdenum-blue method (Jackson ,
1973) and the K was measured using a flamephotometer. The rhizosphere soil
samples were collected from all pots at 30, 60, 90 and 120 days after sowing and
analyzed for pH, soil electrical conductivity (EC) and available P. Soil EC and
pH were measured electrometrically using calibrated glass electrode and
available P was determined by the Olsen extraction method (Jackson, 1973).
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Soil bacterial population

To evaluate the effect of the experimental treatments on soil microbial
population in the rhizosphere soil of barley, bacteria were enumerated by the
dilution plate method using tryptic soy agar (TSA) medium in all soil samples.
The inoculated bacterial plates were incubated at 30 'C for 3 d. The bacterial
population density was expressed as colony forming units (CFU) x 10" g™ oven
dried soil, where 10" was the dilution factor (Pepper and Gerba, 2009).

Statistical analysis

One-way analysis of variance (ANOVA) and least significant difference
(LSD) test were done at a 0.05 significance level using the Costat software
(version 6.311) (Steel and Torrie, 1980). Additionally, four-way analysis of
variance was conducted at a 0.05 significant level for treatments with time.

Results and Discussion

Soil chemical properties

Table 3 shows the main effects of irrigation water resources (IWRes),
phosphate solubilizing bacteria (PSB) and soil moisture deletion (SMD) levels
on rhizospheric soil pH, soil salinity (EC, dS m™) and available P along barley
growth period of 135 days. The data indicate that the soil pH values were found
to be significantly raised due to utilization of El-Salam canal and diluted sea
waters as compared to control (Nile water). Data in Table 3 also show that
irrigating barley plants with diluted sea water caused significant increases in EC
and decreases in available P compared to EI-Salam canal and Nile waters. This is
due to the higher salinity content of the diluted sea water (4736 ppm) compared
to El-Salam canal water (512 ppm) and Nile water (230 ppm). These results are
in agreement with those of Hussein et al. (2008) who found that use the diluted
sea waters (2500, 5000 ppm) for irrigating sorghum plants caused increases in
soil salinity and pH values compared to tap water.

Regarding the main effect of PSB on soil chemical properties, Table 3 also
indicates that utilization of A. brasilense AC1 as an inoculant for barley plants
significantly reduced soil pH values and increased available P as compared to B.
subtilis AC2. This result was expected whereas A. brasilense strain proved to be
more efficient in solubilizing inorganic phosphate than B. subtilis strain (Abd EI-
Azeem et al., 2007a).

Respecting the main effect of SMD levels on soil chemical properties, data
in Table 3 show that use of different water resources for irrigation at SMD level
of 50% FC significantly increased soil available P and decreased pH values as
compared to SMD levels of 25. Table 3 also indicates that use of all water
resources for irrigation at SMD levels of 50 and 75% resulted in significant
decreases in soil salinity compared to 25%. Data in Table 3 also shows that the
values of soil pH, EC and available P were significantly changed over the growth
period of barley.

Egypt. J. Soil Sci. 54, No. 2 (2014)



EFFECT OF RHIZOBACTERIA AND WATER QUALITY ON SOME SOIL ... 137

TABLE 3. The main effect of different irrigation water resources (IWRes),
phosphate solubilizing bacteria (PSB) and soil moisture depletion
(SMD) levels on rhizospheric soil pH, EC (dS m™) and available P
(mg kg?) along barley growth period.

pH? EC? Available P°
IWRes
River Nile 7.59° 0.31° 19.27°
El-Salam Canal 7.722 0.34° 20.33%
Diluted sea water® 7.64° 2143 17.92¢
L.S.Dgos 0.02 0.05 0.50
PSB
Azospirillum brasilense 7.60° 0.943 19.59°
Bacillus subtilis 7.70% 0.93° 18.76°
L.S.Dg s 0.02 0.04 0.41
SMD¢
25 7.67% 0.99° 18.67°
50 7.62° 0.89° 20.17°
75 7.65°% 0.92° 18.68°
L.S.Dg s 0.02 0.05 0.50
Sampling time, days®
30 7.52° 0.69° 19.44°
60 7.45¢ 1.052 17.62°
90 7.79° 1.03 21.80°
120 7.822 0.95° 17.84°
L.S.Dgos 0.02 0.05 0.58

%n soil-water suspension (1:2.5), "NaHCOs-soluble P, ‘sea water : Nile water (1:10), %% of soil field
capacity, © after sowing.

Concerning the effect of the interaction between IWRes, PSB and SMD levels
on soil chemical properties, Table 4 indicates that the maximum pH value (8.21)
was recorded with the treatment EI-Salam canal water + B. subtilis AC2 + 25%
SMD level. On the other hand, the highest soil salinity (2.80 dS m™) was obtained
with the treatment diluted sea water + B. subtilis AC2 + 25% SMD level (Table 5).
The highest soil available P (35.93 mg kg™) was obtained under the treatment Nile
water + A. brasilense AC1 + 50% SMD level (Table 6). These results indicate that
utilization of diluted sea water caused significant increases in soil salinity. In this
regard, Hokam (2013) reported that the salts were accumulated in all soils that
treated with IWRes and SMD levels, because of rationally applied of irrigation
waters (Limited amount of water that brings each treatment back to soil FC).
Specifically, the use of different irrigation water resources at SMD level of 25%
from soil FC caused salt accumulation in the soil when compared to 50 and 75%
levels. This finding may be resulted because the 25% depletion-treatment was
consumed water more than 50 and 75% levels. He also studied the leaching
requirements (LR) of the soil and investigated the validation of common used
Hoffman's equation for LR in comparison to Oster's equation, the comparison
based on an experimental leaching curve. The results showed that there was an
over estimation of LR obtained from Hoffman's equation compared to obtained
from Oster's equation. At the same time, the amounts of water required for LR
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obtained based on Oster's equation could be reduced to about one-third of that
calculated according Hoffman's equation, subsequently provision of large water
amounts. Additionally, this study showed a great difference among LR values
required according to the various salinity in waters used.

TABLE 4. Effect of the interaction between different irrigation water resources
(IWRes), phosphate solubilizing bacteria (PSB) and soil moisture depletion
(SMD) levels on rhizospheric soil pH along barley growth period.

Time Azospirillum brasilense Bacillus subtilis
IWRes a
(days) 259" 5096°  759%°  259%°  5096° 750"
30 7.60 7.48 7.54 7.58 7.51 7.57
River Nile 60 7.46 7.42 7.45 7.40 7.33 7.42
90 7.46 7.65 7.63 7.78 7.92 7.57
120 7.45 7.47 7.62 7.94 7.94 7.90
30 7.60 7.48 7.56 7.52 7.49 7.61
El-Salam 60 7.41 7.50 7.51 7.64 7.50 7.57
Canal 90 7.76 7.72 7.81 7.81 7.73 8.02
120 7.86 8.03 7.96 8.21 7.87 8.02
Diluted 30 7.48 7.43 7.44 7.53 7.53 7.46
sea water® 60 7.61 7.15 7.23 7.55 7.45 7.44
90 7.71 7.27 7.91 8.13 8.03 7.91
120 7.86 7.80 7.69 7.71 7.70 7.76
LSDg 5 0.11

“after sowing, "of soil field capacity, “sea water : Nile water (1:10).

TABLE 5. Effect of the interaction between different irrigation water resources
(IWRes), phosphate solubilizing bacteria (PSB) and soil moisture
depletion (SMD) levels on rhizospheric soil electrical conductivity (EC,
dS m™) along barley growth period.

Time Azospirillum brasilense Bacillus subtilis
IWRes a
(days) 25%" 50%°  759%° 250" 5006° 759"
30 0.43 0.54 0.43 0.48 0.42 0.43
River Nile 60 0.30 0.33 0.37 0.33 0.32 0.33
90 0.21 0.28 0.24 0.30 0.21 0.23
120 0.14 0.31 0.24 0.16 0.16 0.29
30 0.41 0.47 0.38 0.48 0.40 0.45
El-Salam 60 0.36 0.32 0.37 0.21 0.29 0.39
Canal 90 0.37 0.28 0.30 0.29 0.43 0.41
120 0.24 0.29 0.20 0.24 0.36 0.30
Diluted 30 1.39 1.18 0.84 1.14 0.99 1.59
ceawater® 0 2.23 2.40 2.56 2.80 2.38 2.66
90 2.27 2.27 2.16 1.97 2.01 2.38
120 2.25 2.46 2.42 2.71 2.65 2.22

L.S.Dg g5 0.22
3after sowing, °of soil field capacity, “sea water : Nile water (1:10) .
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TABLE 6. Effect of the interaction between different irrigation water resources
(IWRes), phosphate solubilizing bacteria (PSB) and soil moisture
depletion (SMD) levels on rhizospheric soil available P (mg kg™) along
barley growth period.

Time Azospirillum brasilense Bacillus subtilis
IWRes a

(days)”  2504° 509"  75%°  25%° 50%°  75%"
30 1437 3593 19.16 2042 1942  20.76
Nile River 60 17.06 12.61 18.57 18.91 14.25 14.62
90 20.93 17.57 16.39 16.81 18.41 35.55
120 24.46 22.06 15.89 15.04 13.95 19.42
El-Salam 30 1475  19.16 27.99 2286 1227 1269
Canal 60 1580  22.07 20.17 2206 2081  16.64

90 19.67 22.82 21.69 25.47 29.38 31.52
120 17.40 22.70 18.91 14.88 24.21 11.98
30 26.48 29.00 12.36 13.61 17.02 11.60
Diluted sea 60 15.38 15.64 18.91 15.63 15.38 22.57
water® 90 17.65 22.27 15.63 23.07 19.42 18.16
120 17.06 22.70 14.12 18.28 15.13 12.99
LSDg 05 2.45
2after sowing, "of soil field capacity, “sea water : Nile water (1:10) .

Rhizospheric soil bacterial populations

Table 7 shows that the bacterial counts increased as the plant growth period
increased reaching their highest values after 90 days from sowing date in all
experimental treatments. This could be explained by the presence of high
amounts of easily decomposable organic materials and enrichment of
rhizosphere zone with root exudates that encourage bacteria to proliferate.
However, the bacterial counts sharply declined after 120 days from sowing in all
tested treatments. This may be due to the stepwise exhaustion of available
organic materials, which are necessary for growth of such heterotrophic bacteria.
Table 7 also shows that the highest bacterial population (39.52 x 10° CFU g™ dry
soil) was found in soil irrigated with diluted sea water (1:10) under SMD level of
25% and inoculated with Bacillus subtilis strain. While, the lowest count (1.17 X
10° CFU g™ dry soil) was recorded in soil irrigated with Nile water at 75% SMD
level and inoculated with Azospirillum brasilense strain. Table 7 also indicates
that the bacterial counts were found to be decreased with raising SMD level from
25% to 75%. These findings may be attributed to the lowering intracellular water
potential and thus reducing hydration and activity of enzymes. In addition, water
availability affects the osmotic status of bacterial cells and can indirectly regulate
substrate availability, diffusion of gases, soil pH, and temperature. Furthermore,
moisture deficit will stress plants and may affect bacterial communities through
changes in rhizodeposition and nutrient allocation below ground. Ultimately,
periods of moisture limitation may affect bacterial communities through
starvation, induced osmotic stress, and resource competition, eliciting a strong
selective pressure on the structure and functioning of soil bacterial communities
(Arshad et al., 2006). In this respect, Chowdhury et al. (2011) found that, as
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saline soils dry, the salt in the remaining solution phase is concentrated and the
microbes are subjected to both water and osmotic stress. They found that in both
soils (sand and a sandy loam), microbial biomass decreased by 35-50% as water
potential decreased to about -2 MPa but then remained stable with further
decreases of water potential. Our results clearly indicated that the rhizosphere of
barley irrigated with diluted sea water (1:10) had enriched bacterial populations
compared to River Nile and El-Salam canal water.

TABLE 7. Effect of the interaction between different irrigation water resources
(IWRes), phosphate solubilizing bacteria (PSB) and soil moisture
depletion (SMD) levels on rhizospheric soil bacterial populations
(CFUx10° g™ dry soil) along barley growth period.

Time Azospirillum brasilense AC1 Bacillus subtilis AC2
IWRes .
(days) 2506°  500°  750%° 2506° 5006° 7506°
30 13.64 1165 1029 2402 1871 1680
River Nile 69 14.41 1224 1187 2882 2248 16.74
90 16.81 1311 1218 3122 2435 1805
120 4.19 3.92 117 251 180 144
Mean 12.26 1023 888 2164 1684  13.26
30 16.01 1448 1372 1419 1342 12.35
El-Salam 60 19.61 1750 1525 17.86 1613  14.29
Canal 90 20.01 1815 1711 1926 180  15.60
120 5.75 297 257 222 145 127
Mean 15.35 1328 1216 1338 1225 10.88
30 21.83 1412 1235 3093 2860 14.06
Diluted 60 32.75 2555  17.89 3712 2895 2027
seawater® 90 35.15 2742 1919 3952 3051 21.36
120 2.40 1.38 134 237 205  1.99
Mean 23.03 1712 1269 2749 2253 1442

“after sowing, "of soil field capacity, “sea water : Nile water (1:10).

Grain yield and NPK uptake

Barley response to combination of different IWRes, PSB inoculants and
SMD levels was evaluated by determining grain yield and NPK uptake of barley
plants harvested after 135 days from sowing date. Concerning the main effect of
IWRes on grain yield and NPK uptake, Table 8 shows that use of El-Salam canal
and diluted sea waters for irrigation significantly decreased grain yield and k
uptake as compared to the control (Nile water).

The higher the salinity of irrigation water, the lower were the values of grain
yield and K uptake (Tables 2 and 8). Likewise, values of grain N and P uptake
were significantly reduced due to irrigation with diluted sea water as compared to
the Nile or El-Salam canal water. These results could be attributed to the harmful
effects of salinity on the growth of barley plants. The harmful effects of salinity on
plant growth include decreasing soil availability of nutrients (Table 3), reducing
water absorption and metabolic activities (Mengel and Kirkby, 1982). The
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adverse effect of irrigation water salinity on growth and nutrient uptake of plants
was previously reported by many investigators. For instance, Hussein et al.
(2008) found that irrigating sorghum with diluted sea water at salinity levels of
2500 and 5000 ppm significantly decreased plant height, leaf area, number of
leaves per plant and dry weight of plant as compared to tap water. Shaaban et al.
(2008) found that the uptake of N, P and K by barley was significantly decreased
as the salinity level of irrigation water increased from 0.40 to 9.0 dS m™
Maksimovic and Lin (2012) reported that irrigation water salinity affects nutrient
availability to plants in many ways. It modifies binding, retention and
transformation of nutrients in soil and affects the uptake and/or absorption of
nutrients by the root system.

TABLE 8. Effect of different irrigation water resources (IWRes) and phosphate
solubilizing bacteria (PSB) on barley grain yield (g pot®) and NPK
uptake (mg plant™) at different soil moisture depletion (SMD) levels.

Treatments

Grain
IWRes PSB SMD, % Yield N P K

Azospirillum 25 13.5(1b 56.852 9.58;f 24.122‘:
River  Nile brasilense 50 9'23h 41'38ef 5'30f 1551 hg

water 75 5.609 21.59b : 3.43% 10.18
(Control) 25 15.30° 39.12% 9.32° 28.55°
Bacillus subtilis 50 10.33% 3559  7.76%  16.03%

75 407 17.25° 4.68°9 7.88"

Azospirillum 25 15.73° 61.65% 8.715“d 26.092“

brasilense 50 12.130 56.49% 7.11 22.83"

El-Salam 75 6.70% 34.74%9  4.15% 12.92%
canal water 25 14.43%® 42.19° 7.99%¢ 25.19%®
Bacillus subtilis 50 11.20% 43.16° 6.43%¢ 18.05%

75 6.10% 29.32¢% 4.50%9 10.77%"
- 25 7.43f 40.96™ 5.07%  12.14°0"

Azospirillum 50 5379 2938 3479 803"

. brasilense o e mdh " ooh
Diluted sea 75 4,10 22.22 2.629 7.89
water”™ 25 6.47% 30.73%%  521% 1128

Bacillus subtilis 50 473" 22.11° 3.31% 8.51"

75 213 5.35¢ 0.68" 2.05'

River Nile 11.05° 35.30° 6.68° 19.95°

IWR means El-Salam Canal 9.67° 44.59° 6.65% 17.06°
Diluted sea water 5.04° 25.12° 3.40° 8.32°

Azospirillum a 2 a a

PSB means brasilense 8.87 40.58 5.61 15.96
Bacillus subtilis 8.31° 29.42° 5.542 14.26

25% 12.14° 45.25° 7.65° 21.242

SMD means  50% 8.83° 38.02° 557° 14.83°
75% 4.78° 21.74° 351° 9.25°

*Values followed by different letters in a column were significantly different (P = 0.05) using LSD
test of soil field capacity.
™ Sea water : Nile water (1:10).
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Regarding the main effect of PSB inoculants on grain yield and nutrient
uptake, Table 8 indicates that the inoculation with A. brasilense AC1 caused
significant increases in grain yield and N uptake as compared to B. subtilis AC2.
However, no significant differences in grain P and K uptake were observed
between the two bacterial strains. The superiority of A. brasilense AC1 on grain
yield and N uptake over B. subtilis AC2 may be attributed to its higher ability to
fix N,, solubilize inorganic phosphate and produce indole acetic acid (Abd El-
Azeem et al., 2007a). In this regard, Hokam and Abd El-Azeem (2012) found
that A. brasilense AC1 increased absorption of nitrogen by plant and
subsequently increased the crop bear for salinity.

Respecting the main effect of SMD levels, data in Table 8 show that the grain
yield and NPK uptake were found to be significantly decreased with increasing
level of SMD from 25 to 75% of FC. This may be explained by limited total
nutrient uptake and their diminished tissue concentrations in crop plants under
water stress. In addition, water stress affects the acquisition of nutrients by the
root and their transport to shoots. This lowered absorption of the inorganic
nutrients can result from interference in nutrient uptake and the unloading
mechanism, and reduced transpirational flow (Garg, 2003 and McWilliams,
2003). Moreover, the depletion of soil water from the root hair zone causes a
gradient of soil water potentials between bulk and rhizospheric soil, which
principally initiates a flow of soil solution from the bulk soil directed to the root
surface or the root hair zone (mass flow).

Concerning the effect of the interaction between IWRes, PSB and SMD levels
on grain yield and NPK uptake, Table 8 indicates that the highest barley grain yield
and N uptake values were obtained when the plants were irrigated with El-Salam
canal water at 25% SMD level, and inoculated with A. brasilense. On the other
hand, the highest grain P and K uptake were recorded under the treatments Nile
water plus A. brasilense plus 25 SMD level and Nile water plus B. subtilis plus
25% level, respectively. However, the lowest grain yield and NPK uptake were
observed under the treatment diluted sea water + B. subtilis + 75% SMD level.

Conclusions

It could be concluded that from the obtained results that utilization of diluted
sea water at salinity level of 4736 ppm for irrigating barley plants at SMD levels
of 25, 50 and 75% significantly increased soil pH and soil salinity and decreased
soil available P, grain yield and NPK uptake. Furthermore, use of diluted sea
water (1:10) at the above SMD levels caused significantly reductions in barley
grain yield and NPK uptake. Therefore, it is not recommended to use diluted sea
water with the above salinity level or reach high SMD levels. In addition, our
results indicated that water stress decreased the soil bacterial populations and
these findings can be attributed by lowering intracellular water potential and thus
reducing hydration and activity of enzymes. However, further research is needed
to investigate the potential of continuous water stress in soil on soil microbial
activity and soil enzymes in long term under field conditions.
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