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Table 1- Tolerance potential of used bacterial strains to water deficit, salinity and phosphorus solubilization from rock
phosphate and tricalcium phosphate sources
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Bacterial Bacterial strains Solubility of Solubility of rock Salinity Drought
treatments tricalcium phosphate (mg 1) tolerance tolerance

phosphate (mg 1) (YoNaCl) (bar)

Bacillus pumilus strain

B1 W72 58 37 4 -17.17

B2 B. safensis strain W72 101 69 8 -22.17

B3 Staphylococcus succinus 290 131 8 9917

strain R12N2
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Table 2- Physical, chemical and biological properties of used soil
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Table 3- ANOVA of measured traits in plant
Source B W F BxW BxF WxF  BxWxF Error

DV df 3 1 5 3 15 5 15 96

PIH 93.80™ 25262.50™ 69.70™ 60.30" 9.60" 20.60™  6.60" 13.10 6.62
FCI 8.13" 156.25™ 3.68™  0.16™ 0.48™ 0.33™ 0.35"™ 0.62 14.08
R/Sh 0.01™ 0.11™ 0.00™  0.01™ 0.00" 0.00™ 0.00m™ 0.00 13.06
TWP 79.60™  11399.50™ 32.30" 44.50™ 4.107 2.70™ 1.60m 3.50 6.95
GrN 499 151127 ** 2851 2877 276™ 202" 151" 233 1218
TGW  162.66™ 182478  0.13™ 53.97™ 0.08™ 0.14™ 0.10" 2.97 51
RPC 0.31™ 1.54™ 0.18"  0.13™ 0.01™ 0.01™ 0.01™ 0.00 3.66
SPC 0.00™ 0.01™ 0.00"  0.01™ 0.00™ 0.00" 0.00™ 0.00 3.46
GPC 0.09™ 0.44™ 0.05" 0.04™ 0.00" 0.00" 0.00™ 0.00 3.11

Pl & atyy Sizs (59 Camd (FCI) 5,k sloass (PIH) olS glis) (DV) dily (sl piie (F) (6 yand sbosgS (W) SK O i (B) (ol 8L slaylows
(GPC) &l jaud cdalé (SPC) plsn plul yaud clalé (RPC) iy yad clals (TGW) il Jlia 59 (GIN) sl slaws (TWP) oS S Kid 155 {RISH) olsn
P <0.05 g)b sxe jue gP<0.01 p<0.05 > g)b xoodizd lis iy 4 NS g ***

Bacterial treatments (B), Soil Water Content (W), Phosphorus Fertilizers (F), Dependent Variable (DV), Plant Height (PIH), Fertile
Clusters (FCI), Root dry weight /shoot dry weight ratio (R/Sh), Total Dry Weight of Plant (TWP) Grain Number (GrN), Thousand

Grain Weight (TGW), Root Phosphorus Concentration (RPC), Shoot Phosphorus Concentration (SPC), Grain Phosphorus
Concentration (GPC). *,** and " indicate significant at p < 0.05, p < 0.01 and non significant at p < 0.05, respectively.

CV%

Mean squares (MS)

P 8lS (53,5dos g wdy Olho (5 pbwd 355 ol O 1 1 1Klo dnylio -F Jous
Table 4- Mean comparison of main effects of P-fertilizers on yield and growth traits of wheat
Cd 355 sslo  oLS g5 )] Sl 4o b adigh dlaai  aLS S SUES (59 &> dlaws

P fertilizers Average of plant ~ Fertile cluster ~ Total dry weight  Grain Number
treatments height (cm pot?)  (number pot™)  of plant (g pot?) (number pot™)

0] 52.13¢ 496 ¢ 2511c 107.96 b

F1 52.81 bc 5.25 bc 25.80 bc 11529 b

F2 55.39 ab 5.67 ab 27.27 ab 129.46 a

F3 55.82 ab 5.92a 2758 a 133.38a

F4 56.10 a 5.88 ab 28.08 a 134.29 a

F5 55.53 ab 5.83 ab 2747 a 130.75 a

bl 03 (P<0.05) o gimo BT (gl gt o j3 S yiiie Bgys L dlacl
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Table 5- Mean comparison of mutual effects of soil water content and bacterial treatments on yield and growth traits of

wheat
Ay y SUlS (459 Commnd 50 &3 Slass
<! df"“ du,':wy oS £lis) oo PISISES 039 2 s g s oiy O &l 138 o339
_‘Sl’ “’ib"’; b Average of plant <lgd Total dry weight Grain Thousand
soil water  Bacterial height (cm pot?) Root dry weight of plant (g pot) Number grain
content treatments /shoot dry weight (number weight (g)
ratio pot™)
BO 41.37c 0.16 d 17.13d 90.11d 29.87 de
3 B1 4114 c 0.19c¢ 17.83 cd 92.06 cd 28.43 ¢
= B2 39.85¢ 0.20c 17.83 cd 83d 31.44d
B3 43.17c 0.22 be 19.15¢ 106 ¢ 31.08d
BO 64.27 b 0.25ab 32.25b 161.22 a 33.62¢c
L B1 67.98 ab 0.25a 36.72a 167.06 a 35.84b
= B2 68.92 a 0.25a 38.03a 157.94 ab 39.16 a
B3 70.32 a 0.25a 36.12 a 144.11b 40.68 a

Al e (P<0.05) s jxe OMBT (gl)ls i o 5> S yiitio By > L olacl
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Figure 1- Mean comparison of main effects of soil water content and bacterial treatments on fertile clusters
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Figure 2- Mean comparison of mutual effects of bacterial treatments, soil water content and P-fertilizer on phosphorus
concentration of root, shoot and grain
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Table 6- Pearson correlation among measured traits

Traits PIH FCI R/Sh TWP GrN TGW RPC SPC GPC
PIH 1™

FCl 078" 1™

R/Sh  0.68™ 056 1

TWP 0.98™ 0.76™ 068" 17

GrN  0.89™ 0.73" 0.66™ 0.89™ 1

TGW 0.83" 0.60™ 054~ 0.84™ 0.64™ 1

RPC 0.71™ 0.65™ 0.60" 0.72™ 071" 0.67™ 1™

SPC  0.68™ 0.61™ 057" 0.69™ 0.67" 0.64™ 096" 1™

GPC 0.70™ 0.64™ 0.60™ 0.7 0.70™ 067" 099™ 096~ 17

clale (TGW) &ils 5 5 (GIN) ails shis (TWP) olS IS (S 9 (RISh) olsn plul 4y ady, (Sits ()5 Cammss FCI) oyl (sloasiss (PIH) ol ¢lis)

P<0.01 1l inn (Sirod 0didd (U5 ** (GPC) &l yind clalé (SPC) o plil yiud clale (RPC) ady) yiud
Plant Height (PIH), Fertile Clusters (FCI), Root dry weight /shoot dry weight ratio (R/Sh), Total Dry Weight of Plant (TWP), Grain
Number (GrN), Thousand Grain Weight (TGW), Root Phosphorus Concentration (RPC), Shoot Phosphorus Concentration (SPC),
Grain Phosphorus Concentration (GPC). **, indicates significant correlation at p < 0.01
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Introduction: Stresses of drought, salinity and deficiency of nutrients especially phosphorus (P) are the most
important challenges for wheat production in Iran. One of the ways to achieve more wheat yield production is
increasing of this plants tolerance to stresses of water-deficit, salinity and deficiency of essential elements such as
P; and/or alleviate destructive effects of these stresses. In this respect, use of PGPR can be useful. Research has
shown that PGPR with multiple mechanisms reduces the negative effects of water-deficit and salinity stresses, and
also increases the resistance of plants to these stresses, which ultimately leads to increase of plants growth. This
study was designed and carried out to investigate the effect of three superior PGPR on qualitative and quantitative
indices of wheat under water-deficit stress in saline soil.

Materials and Methods: The soil used in this experiment was collected from longitude of 49° 26' 25" E,
latitude of 35° 52' 26" N and elevation of 1534 m (located in the Qazvin province of Iran) from depth of 0-30 cm
of soil. According to the experimental design, 3.5 kg of soil with applying P-fertilizers treatments was filled to the
pots. The factorial arrangement based on completely randomized design (CRD) was used in this study. The
treatments were replicated three times. The first factor: soil water content at two levels including 80% and 55%
FC (W80 and W55); the second factor: Bacterial inoculants at four levels including control or non-inoculated seeds
with bacterium (BO0), inoculated seeds with Bacillus pumilus strain W72 (B1), inoculated seeds with B. safensis
strain W73 (B2), inoculated seeds with Staphylococcus succinus strain R12N2 (B3); and the third factor: P-
fertilizers at six levels including control or non-treated plants with P-fertilizers (F0), and plants treated with (rock
phosphate) RP - (F1), RP + 19 mg triple superphosphate (TSP) / kg of soil (F2), RP + 38 mg TSP / kg of soil (F3),
RP + 57 mg TSP / kg of soil (F4), with 57 mg TSP / kg of soil (F5), generally there were 144 experimental units
(pots). Also, 192 mg RP (containing 13.8% P205 or 6.13% P) was mixed per kg of soil in each of RP treatments.
Statistical analysis of data was performed using SAS software and comparison of means was evaluated by using
the Tukey's test (HSD) at p < 0.05 level. There were 5 plants in each pot and irrigated up to 80% FC with distilled
water. With the beginning of stem elongation stage, water-deficit stress was applied and continued until the harvest.
During the experiment, pots were kept in greenhouse at 25/20+2°C day/night temperatures and 16 h photoperiod
with 23,000 lux light intensity. At the end of the experiment, plants height, fertile clusters, root dry weight /shoot
dry weight ratio, total dry weight of plant, grain number, thousand grain weight, also, root, shoot and grain P-
concentration were measured.

Results and Discussion: Generally, it can be said that the moisture level of W80 compared to W55 increased
all of measured traits in wheat plant. Due to the unique properties of water and its role in biological and non-
biological reactions, by reducing soil water content to near of the permanent wilting point (W55), water absorption
by the plant hardly occurs. Therefore, the plant needs to consume more energy for water absorption or grow with
less water than normal status, which these factors disturb the metabolism of cells and eventually decreases natural
activity and growth plant. Also, it seems that under water stress condition, wheat plant by formation of
“Rhizosheaths” around their own roots, enters to the defensive phase and by this strategy prevents expansion of
their own rhizosphere. With attention to the special importance of the rhizosphere in the supply of water, nutrients
and activity of microorganisms, as well as the effect of microorganisms secretion and root exudates on the
solubility and availability of nutrients. Thus, it is reasonable that qualitative and quantitative traits of plants
decrease by reduction of the rhizosphere diameter due to the water-deficit stress. There was no significant
difference between application of rock phosphate and control (FO) for most of measured traits of soil and plant;
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but, application of RP with bacterial treatments (B1 and B2 at W80 and B3 at both level of W55 and W80)
compared to the control, often increased measured traits. Moreover, each level of TSP compared to the control,
increased this trait frequently. Research indicate that RP can be used as a P-fertilizer, but its efficiency depends on
its reactivity in the soil. There is ample evidence that RP has not enough efficiency in neutral and alkaline soils;
but, it can be used as the P-fertilizer with proper efficiency in acidic soils or alkaline soil with application of PGPR.
Basically, all of three bacterial treatments (B1, B2 and B3) at level of W80 and B3 treatment at level of W55,
compared to control (without bacterial inoculation) improved qualitative and quantitative traits of plant. Research
also shows that under stressful and non-stressful conditions, PGPR can improve plant growth by different
strategies. However, this microorganism does not always improve plant growth under all conditions. It seems that
this could be due to differences in genetic and function of bacteria and with conditions change, each bacterium
may behave differently.

Conclusions: In general, for wheat cultivation that may get exposed to moisture stress at one or more stages
of its growth (such as dry-farming of wheat), the use of B3 bacterial inoculant (Staphylococcus succinus strain
R12N2) seems appropriate for crop management. Because in this study at both W80 (non-water-deficit stress) and
W55 (severe water-deficit stress) levels of soil water content, B3 treatment increased qualitative and quantitative
of wheat traits. In other words, because of the natural conditions of the dryland farming, the probability of
precipitation is different; it seems that B3 treatment can increase wheat production under these conditions.
However, the use of this bacterium as a biofertilizer for dryland wheat farming in Iran or other places of the world
requires further testing and evaluation in dryland farms of that countries.

Keywords: Phosphate solubilizing bacteria (PSB), PGPR, Water deficit stress



