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1- Phosphate solubilizing microorganisms
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1- Enterobacter cloacae R33
2- Pseudomonas sp R9
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Table 1. Some chemical and physical properties of soil.

M (a13) ;ﬁ)
Value Properties (unit)
7.2 pH
25 Electrical conductivity
: (dSm™)
1) 058
0.09 032
Nitrogen (%)
10.7 (mgkg') Sl LG i
. Available phosphorus (mg.kg™")
7) Il esbe
0.95 B e
Organic Matter (%)
-1 - R
240 (mgkg™) Jsls L6 It
Exchangeable potassium (mg.kg™)
. S sl
Silty Clay Loamy i
Soil Texture
1 (Cmolkg") issls sls b b

Cation Exchange Capacity (Cmol.kg™)

S s e BB i 5 PH bl ST bl 458 -Y Jsis

Table 2. Analysis of Variance for the treatments on pH and available phosphorus in soil.

Slas o S
Mean square eolsl a3 D
St Gl Ji s Sl pH df Source of variation
Available phosphorus Soil pH
292%* 0.006%* 2 >
Fertilizer
SL
105%* 0.028%* 3 2
Bacteria
35S xSk
8.09%** 0.001** 6 ) »
BacteriaxFertilizer
U
0.460 0.0002 24
Error
ekl o
3.54 0.21 - T e

Coefficient of variation

.6)|>L;M€J9}-M)>°}M)>\ JL»:}leM):Lg)l:J'M s T
** % and ™ respectively significant at 1%, 5% and non-significant.
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Figure 1. Mean comparison of interaction of fertilizers and bacteria on soil pH.
P;: fertilizer level 0%, P,: fertilizer level 50% and P;: fertilizer level 100%.
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Figure 2. Mean comparison of interaction of fertilizers and bacteria on available phosphorus.
P;: fertilizer level 0%, P,: fertilizer level 50% and P;: fertilizer level 100%.
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Table 3. Variance analysis of the treatments effect on some characteristics of wheat.

Sl Sl
Mean square o2 i a
351 . <
Gls s Shae lsn plil Si 05y aky, SES 03y aip gl s s df Source of variation
Grain yield Shoots dry weight ~ Root dry weight ~ Plant height ~ Chlorophyll
0.940%** 0.570* 0.070%** 97.6%* 17.9%** 2 >
Fertilizer
SL
0.520%* 2.75%* 0.050%* 21.8%** 16.8** 3 st
Bacteria
555 x ¢ 5L
0.150™ 0.830%** 0.001™ 4.13"™ 5.43%* 6 . .
BacteriaxFertilizer
o
0.070 0.100 0.002 2.36 1.33 24
Error
I
532 6.11 7.42 1.93 3.64 - G

Coefficient of variation

.6)|>L;M€J9}-M)>°}M)>\ Ju:}!cb,‘)z&_g)bw\‘,.;f‘q"s} ‘

** % and ™ respectively significant at 1%, 5% and non-significant.
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Table 4. Mean comparison of the main effect of treatments on some characteristics of wheat.

wls 3 Shes iy i 03y gl sl
Grain yield (g.pot™) Root dry weight (g.pot™) Plant height (cm.pot™) Treatments
35
Fertilizer
4.68° 0.610° 79.8° P,
5.23 0.680° 82.1° P,
5.02 0.770 76.4° P3
s
Bacterium
4.66" 0.610° 78.0° B,
5.00™ 0.650" 78.41% B,
5.00™ 0.700° 80.1% B;
5.25° 0.800° 81.4° B,

Aoy Ve ‘5>}5C1M:P3,.Lp)> 0 L;;ﬁcb.w:Pz gwjépééﬁcld—wlp]
Sk g [)La)'(,.a 35,8 Ba 5 wlses0 40 By R33 w/}.&,f@jjd/:Bz (ool 054 By
] Loy @ JL«:;—‘ C]d—w BE d)\s&m ¢_L€« slasOlil A\.Lw.n J}f

Py: fertilizer level 0%, P;: fertilizer level 50% and Ps: fertilizer level 100%.
B;: without inoculation, By: Enterobacter cloacae R33, Bs: Pseudomonas sp. and By: bacterial consortium.

The same letter are not significantly different (P<0.05).
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Figure 3. Mean comparison of interaction of fertilizers and bacteria on Chlorophyll.
P;: fertilizer level 0%, P,: fertilizer level 50% and Pj;: fertilizer level 100%
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Figure 4. Mean comparison of interaction of fertilizers and bacteria on shoots dry weight.
P;: fertilizer level 0%, P,: fertilizer level 50% and P;: fertilizer level 100%.
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Table 5. Analysis of variance of the effect of treatments on concentration and uptake of phosphorus in wheat.

le.g)ﬂ u:isl,:n
Mean square
e
S ol Sad chle 03 b Ol b chle b oder b chle &l J G
K Source of variation
Lls s Lls s sl rlJ.}l sl (1_,\51 3 iy ey e df
P uptake in P concentration P uptake P concentration Puptakein P concentration
grain in grain in shoot in shoot root in root
s 35S
137* 2064630 15.75%* 282668** 0.520%* 615129%** 2
Fertilizer
S
97.3%% 1881319%** 78.1%%* 1345680%** 0.560%* 492775%* 3 7
Bacteria
555 % Sk
9.28%* 61586* 13.1%%* 169193** 0.060** 141605%* 6 . .
BacteriaxFertilizer
Uast
2.06 23029 0.480 6780 0.005 7715 24
Error
Dl kS o B
6.30 3.32 10.67 6.86 8.92 7.22 - T

Coefficient of variation

.6)|>L;M€J9}-M)>°}M)>\ Ju:}!cb,‘)z‘_g)b&m%]“q"

s #

B

** % and ™ respectively significant at 1%, 5% and non-significant.
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Table 6. Mean comparison of interaction of fertilizers and bacteria on concentrations and uptake of

phosphorus in wheat.

b A 2l b A 2l il A 2l
als s als s s el 5o s el 5 iy oy o sles
1? uptake P coincent.ratlon P uptake P cqncentratlon P uptake in root P cor}centratlon Treatments
in grain in grain in shoot in shoot (mg.pot™) in root
(mg.pot™) (%) (mg.pot™) (%) ’ (%)
15.81" 0.3486" 2.96¢ 0.064" 0.42" 0.079" P\B,
20.68% 0.4250% 5.2b° 0.104%% 0.7% 0.119% P:B,
20.89% 0.4480% 6.85° 0.1253° 0.5 0.0795" P.B;
19.91%f 0.4357°¢ 6.04™ 0.1223% 0.85% 0.1223% P.B,
19.47%" 0.4143% 4.7% 0.1009¢%* 0.6 0.0948° P,B,
25.61% 0.4954% 6.04™ 0.1162¢ 0.85% 0.1314% P,B,
28.36™ 0.5351% 5.93® 0.1100¢ 1.06® 0.1559° P,B;
30.84° 0.5443" 13.32° 0.2110° 1.55° 0.1987° P,B,
19.2¢ 0.4082¢ 4.15% 0.0856° 0.69% 0.1039%" P;B,
22.63% 0.4587°%" 4.72% 0.0978% 0.89% 0.1223% P;B,
23.58% 0.4755%% 5.6% 0.113%¢ 0.97% 0.1223% P;B;
26.5™ 0.4847% 12.88* 0.1896* 1.15° 0.1284% P;B,

Aoy Ve 6;,5C1M:P3,.Lp)> 0 L;;ﬁcb.w:Pz gwjépééﬁcld—wlp]
Sk s [)La)'(,.a 3,58 Ba 5 wlsas0 40 By R33 w/}.&,f@jjd/:Bz (ool 054 By
] BW-t @ JL«:;—‘ C]d—w BE d)\s&m ¢_LG slasOlid A\.Lw.n d}f

P;: fertilizer level 0%, P,: fertilizer level 50% and Ps: fertilizer level 100%.
B;: without inoculation, By: Enterobacter cloacae R33, Bs: Pseudomonas sp. and By: bacterial consortium.

The same letter are not significantly different (P<0.05).
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Abstract

Background and Objectives: Bioavailability and phosphorus mobility are lower in most soils
than other essential nutrients. Although phosphorus is abundant in soils in both organic and
inorganic forms, it is frequently a major or even the prime limiting factor for plants growth.
Phosphate solubilizing bacteria (PSB) has ability to convert insoluble form of phosphorous to an
available form. Applications of PSB as inoculants increase the phosphorus uptake by plant.
Therefore, the purpose of this study was to investigate the effect of phosphorus solubilizing
bacteria on phosphorus uptake and some characteristics of wheat.

Materials and Methods: A factorial experiment was conducted in a completely randomized
design with three replications in greenhouse conditions. Treatments consisted of four levels of
bacteria (without inoculation (control), inoculation with Enterobacter cloacae R33, inoculation
with Pseudomonas sp R9, inoculation with both Enterobacter cloacae R33 and Pseudomonas sp
R9) and three levels of CaH4(Pos),. H,O (0%, 50% and 100% of phosphorus requirement).
During the experiment, characteristics such as plant height and chlorophyll index were
measured. At the end of cultivation period, dry weight of root and aerial part and also
phosphorus concentration in root, aerial part and grain was determined using spectrophotometry
at 470 nm, the yellow method after dry digestion. The amount of phosphorus uptake in root,
aerial part and grain was also determined. Also the amount of available phosphorus in the soil
was measured after extraction with NaHCO:s.

Results: Results showed a significant effect of bacteria and fertilizer interaction on the soil pH
and exchangeable phosphorus (P<0.01). The lowest amount of pH and the highest amount of
soil exchangeable phosphorus were observed in the treatment containing consortium of bacteria
and application of 100 percent of plant phosphorus requirement. The interaction effect of
bacteria and fertilizer were significant on chlorophyll index, dry weight aerial part and
phosphorus concentration and uptake in root, aerial part and grain (P<0.01). The main effect
of bacteria were significant on plant height, dry weight root and grain yield, (P<0.01).
The highest grain yield was observed in the presence of simultaneous application of two
bacteria, Enterobacter cloacae R33 and Pseudomonas sp R9 with 12.7%, 7.30% and 7.30%,
respectively. The highest concentration of phosphorus in root and aerial part was observed in
the bacteria consortium and 50 percent of plant phosphorus requirement. Also, the maximum
phosphorus concentration and its uptake of grain were obtained in the treatment of simultaneous
application of two bacteria and 50% phosphorous fertilizer requirement with 31.4% and 58.4%,
respectively, compared to the control (50% fertilizer requirement and no-inoculation).
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Conclusion: The results showed that microbial treatments increased the bioavailability of
phosphorus in soil to absorb wheat. The highest amount of characteristics measured in the wheat
plant was observed in the bacteria consortium and 50 percent of plant phosphorus requirement.
Therefore, the use of microbial microorganisms capable of dissolving phosphorus can partially
eliminate the fertilizer requirement and reduce the amount of phosphate fertilizer.

Keywords: Biofertilizer, Chemical fertilizer, Concentration, Yield
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