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The Effect of Phosphate-Solubilizing Microorganisms on Wheat Yield,
Reduction of Phosphate Fertilizer Consumption and Water Use
Efficiency in Dry Region
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Table 1. Physico-chemical properties of soil at the study site.

toSle) G - 5L
() Gor 3t ECdS.m™) pH 1OC K Fe Zn Mn Cu B
Depth (cm)  Texture
0-30 s 3 8.2 mgkg'
Sandy 0.48 100 2.84 026 486 0.58 1.1
loam
6ol ST pbed Slo past Y Jsl
Table 2. Chemical properties of irrigation water
EC pH CAITIN] | SSP SAR
(ds.m") (Sl % %
Milliequivalent per liter
i€ ﬁr’-?‘:
. s
CO¥ HCO; Na© Mg Ca¥ SOF I 5% S’J
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. of
cations .
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0652 83 0 1.6 4 1.6 21 26 6.6 6.3 61 3.5
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Table 3. Analysis of variance for yield components, grain yield and water use efficiency under experimental treatments

S e e a3 Sppw)l  absdb adbosls b e 05s 615 5 Slas ST O e S
Source of variation @alsT (el () g A?Wv (GBS s o) (e a3 ?w}wv
Degree Plant Spike Grain 1000-grain Grain yield Water use efficiency
of height length number per  weight (gr) (ton / ha) (kg / m™)
freedom (cm) (mm) spike
b—&ww. n.s ns ns n.s n.s ns
S 2 6.956 50.15 1.09 1292~ 0.011™ 0.003
Replication

A 35S 2 1654 go5™ 25.69™  95.33" 2.472% 0.102*
Phosphorus fertilizer

Dl oS S 4 27.8%  75.83%  135.94™  494.93% 1.635% 0.087"

Phosphate solubilizing bacteria

Soldnd o diS” r\_.v: Fm\...“f

X s 255 8 27.3"  43.48™  135.74™  231.56™ 0.1657 0.015™

Phosphorus fertilizer xPhosphate
solubilizing bacteria
s 12.11 7.65
Fo 28 7.37 30.67 0.046 0.001
Total error
CV(%) - 291 5.95 8.73 7.62 4.99 3.6

.g_ou&»_urwfq,?u,r\%ﬁﬁhtuhﬂcﬂﬂr{hu_uﬁtf&mk&dm FEE

ns, * and ** represent non- significance, significances at 5 % and 1% probability levels, respectively.
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Figure 1. Effect of different phosphorus fertilizer treatments on plant height (cm).
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Figure 2. Effect of different phosphate solubilizing treatments on plant height (cm).
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Figure 3. Effect of different phosphorus fertilizer treatments on 1000-grain weight (gr).
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Figure 4. Effect of different phosphate solubilizing treatments on 1000- grain weight (gr).
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Table 4. Effects of interaction of phosphorus fertilizer and phosphate solubilizing bacteria

on plant height and 1000-grain weight.
Cadle bles (al) s 5 gl (e S)als Hl3m 055
Symbol Treatments Plant height (cm) 1000-grain weight (gr)

Solawd oS Q}.L:XMA;MJA\"
T, J>- . . 99.0a 22.7h
100% phosphorus fertilizerxwithout phosphate solubilizing

PSM]X MQ;MJA\"

T, 95.7 be 51.6a
100% phosphorus fertilizerx PSM;

PSMZX M:;MJA\"

T; 98.7a 41.6cd
100% phosphorus fertilizerx PSM,

PSM3>< M:;MJA\"
T, 96.3 bc 47.4 ab
100% phosphorus fertilizerx PSM;

PSM4XJ.&.W§>;M)>\H
Ts . 95.7 be 30.5fg
100% phosphorus fertilizerx PSM,
Oland oS o gl X Laud 35S Ao )5 7O
65% phosphorus fertilizer xwithout phosphate solubilizing

PSMx i 5,5 4o y3 50

T . 87.31 44.2 be
PSM;x 65% phosphorus fertilizer

T 91.7 ef 42.1 cd

PSM,x  4ud 558 deo 5550

Tg - 923 27.1 gh
PSM,x 65% phosphorus fertilizer

PSM3x  4ué 5 S dp 5550

Ty - 953 ¢ 39.4 cd
PSM;x 65% phosphorus fertilizer

PSMyx  jaus 5 S s 55 0

Tio 88.7h 27.0 gh
PSM,x 65% phosphorus fertilizer

PSM1X Jd..ws 3; Q‘g.,b
T . . 86.7 1 41.1cd
PSM, x without phosphorus fertilizer
PSMZX }a.w.e }; Oy

T . - 94.0d 33.6ef
PSM,x without phosphorus fertilizer

PSM3X g_}f.a.aja.w&};u_gub
Tis . . 90.0¢g 39.7 cd
PSM;x without phosphorus fertilizer

PSMux jaué 558 09
PSM,x without phosphorus fertilizer

Sliud oS o gy X jaud 545 O gk
Tis without phosphate x without phosphorus fertilizer 90.7¢g 17.31

solubilizing

..w);aJu:,lclw);ﬂt;oyﬂwuﬁ)udwawuﬁ”»A}M,,o,:,ﬂ,a)wu.ag,f

Values in each column followed by the same letter(s) are not significantly different (P< 0.05) based on Duncan test.
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Figure 5. Effect of different phosphorus fertilizer treatments on grain yield (ton/ha).
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Figure 6. Effect of different phosphate solubilizing treatments on grain yield (ton/ha).
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Table 5. Effects of interaction of phosphorus fertilizer and phosphate solubilizing bacteria on grain yield.

C—M)\P \A)Lo.; ()&h)}j))&ﬁ
Symbol Treatments Yield (ton/ha)
Oolnd 0S| O 9o X pawd 54 dpys Voo
T, Jm Qs A 25 e 3.845 ef

100% phosphorus fertilizerxwithout phosphate solubilizing

PSM, x J.é.mésjf.l.,p)s\w
T, 3.712 ef
100% phosphorus fertilizerx PSM;

PSMyx  ,aud 548 dpya Vet

T; 4.598 bed
100% phosphorus fertilizerx PSM,

PSMi3x  ,4ué 548 dpjs Vet
Ty - 4.573 bed
100% phosphorus fertilizerx PSM;

PSMyx ,aué 548 doys Vot
Ts - 4.391 bede
100% phosphorus fertilizerx PSM,

Sliud oS o gy X jaud 555 Ao 53 £O

65% phosphorus fertilizerxwithout phosphate solubilizing

PSM % ,aué 555 duoy3 70
T, - 4.658 abc
PSM, x 65% phosphorus fertilizer

T 3.932 de

PSMox  jaus 5 S dp 5550
Ty - 4.569 bed
PSM,x 65% phosphorus fertilizer

PSMizx  ,aus 3 S s 570
T . 5328 a
PSM;x 65% phosphorus fertilizer

PSMiux  jaus 5 S Az )5 0
T]O . 5.061 ab
PSM,x 65% phosphorus fertilizer

PSMIX J,é.m; J; QjJU.
T ) » 3.157fF
PSM, x without phosphorus fertilizer

PSM,x ,a..,.a 3; 09
T, ) » 3.838 ef
PSM,x without phosphorus fertilizer

PSM3>< ;}J@ajuab}fuj.b
T ] - 4.135 cde
PSM;x without phosphorus fertilizer

PSMux Laué 55 &9
T ] - 4.260 cde
PSM,x without phosphorus fertilizer

Sland oS o 09k X 20 555 O 9k
Tis . &- . . 4.127 cde
without phosphate solubilizingx without phosphorus fertilizer

o530 Jlazl o 53 oSl 0505T bl 5ls fmn OBl 5 g g pe 2o 0 O s 55 wle 39

Values in each column followed by the same letter(s) are not significantly different (P< 0.05) based on Duncan test.
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Figure 5. Effect of different phosphorus fertilizer treatments on water
use efficiency (kg grain / m™ water).
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Table 6. Effects of interaction of phosphorus fertilizer and phosphate solubilizing bacteria on

water use efficiency (kg grain / m™ water)

Symbol Treatments Water use efficiency
Silind oA Jom Oas X ,aud 35S Loy Voo
T, Jm 0 A 25 e 0.648 h

100% phosphorus fertilizerxwithout phosphate solubilizing

PSM, x JLJ:;MJ:\H
T, 0.833 defg
100% phosphorus fertilizerx PSM;

PSM,x Jé.“.éz_,fw):\“
Ts 0.950 bed
100% phosphorus fertilizerx PSM,

PSM;x Jé.“.éz_,fw):\“
Ty - 1.028 ab
100% phosphorus fertilizerx PSM;

PSM4><JAMA:_,§.,\.¢)>\H
T;s - 0.927 bede
100% phosphorus fertilizerx PSM,

QM@M?Q}A{X‘,&J);M‘)395

65% phosphorus fertilizer xwithout phosphate solubilizing

PSM % ,aud 555 Ao 55 50
T, N 0.834 defg
PSM, x 65% phosphorus fertilizer

Ts 0.783 fg

PSMyx  4ud 558ty 250
Ts . 0.745 gh
PSM,x 65% phosphorus fertilizer

PSMix  jaué 5 S Ao 5270
T » 0.978 abc
PSM;x 65% phosphorus fertilizer

PSMyx  aué 555 duo 53 70
T]() . 1.022 ab
PSM,x 65% phosphorus fertilizer

PSM]X J,aM.e J; Q)v\)
T11 . . 0.809 efg
PSM, x without phosphorus fertilizer

PSM,x jams J; 0L
le . . 1.080 a
PSM,x without phosphorus fertilizer

PSM3X ;},@A}ams:;u)vb
T13 . . 1.033 ab
PSM;x without phosphorus fertilizer

PSM,x ,a....z 3; 0L
T14 . . 0.891 cdef
PSM,x without phosphorus fertilizer

Slid 0 diS o= gy X jaud 555 09k
Tis without phosphate x without phosphorus fertilizer 0.852 defg

solubilizing

o530 ezl o 53 0 SG15 0 305T bl ol e SNl 5 525 pde Wt 4 O 2 )3 wlie 35>
Values in each column followed by the same letter(s) are not significantly different (P< 0.05) based on Duncan test.
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Extended Abstract

Keykha, Gh., Pahlavan Rad, M.R., Sarhadi, A., The Effect of Phosphate-Solubilizing Microorganisms
on Wheat Yield, Reduction of Phosphate Fertilizer Consumption and Water Use Efficiency in Dry Region
Applied Research in Field Crops Vol 30, No. 4, 2017 4-6: 13-31(in Persian)

Introduction: Phosphorus (P) is the second key nutrient for plants after nitrogen
and affects plant growth. Due to the complex behavior of P in acidic and alkaline
soils, less than 20 % of the applied phosphorus fertilize can be utilized by plants
and the remainder is fixed in the soil or changes to the forms that are not available
for plant absorption (Vance et al., 2003). Phosphate-solubilizing bacteria (PSB) can
convert insoluble phosphate into available forms for plants through the processes of
acidification, exchange reactions and production of organic acids (Pereira & Castro,
2014). Many lands in Iran’s Sistan Plain contain limited available phosphorous (an
average of 6.7 mg/kg), leading to reduced crop growth and yield. On the other
hand, pH levels are high in the region (an average of 8.2), which has a significant
impact on the reduced solubility and availability of P in the soil. Also, the region
is facing an acute drought and water shortage. Hence, the research was conducted
to investigate the effects of different phosphate-solubilizing microorganisms and
various phosphorus fertilizer levels on wheat (7riticum aestivum) yield and water
use efficiency in the Sistan region.

Materials and Methods: A factorial experiment based on completely
randomized block design was conducted with three replications at Agricultural
Research Station of Zahak located in Zahak county in the Sistan region during the

Email address of the corresponding author: pahlavanrad@gmail.com
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growing season of 2012- 2013. The experimental site lies at latitude 30° 54" and
longitude 61° 41" and at 483 m above sea level and has a mean annual rainfall of
55 mm. Treatments consisted of three levels of phosphate fertilizer in the form
of triple superphosphate (application at rate of 125 kg/ha based on the soil test
result, application at 65% of the soil test recommendation (81 kg/ha) and control
without fertilizer use) and four Pseudomonas fluorescens strains (PSM1, PSM2,
PSM3 and PSM4 inoculants) along with control where no inoculation was done.
The wheat cultivar used in the study was Hamoon. P fertilizer was applied at
sowing time. For each treatment, 12 plant lines were established, measuring 4 m in
length and a spacing of 20 cm. The distance between the treatments was 1.5 m and
the replications were spaced 3.5 m apart. The effects of treatments were evaluated
on wheat yield and yield components as well as water use efficiency.

Results and Discussion: The results showed that the effect of application of
different phosphorus fertilizer rates and phosphate solubilizing microorganisms
as well as their interactions on plant height, 1000-grain weight, yield and water
use efficiency was significant (p< 0.01).The greatest wheat yield (4.71 ton/ha)
was obtained by the application of 65% of phosphate fertilizer based on the soil
test, which was, respectively, 10 and 17% higher than the yield produced under
100% phosphate fertilizer and control treatment. PSM3 inoculant exhibited the
greatest impact on plant height and was the second most effective treatment in
increasing 1000-grain weight of wheat after PSM1. All phosphate-solubilizing
bacteria treatments increased the wheat grain yield. PSM3 inoculant gave the
highest grain yield (4.72 ton/ha), which was 26.6% more than the control. This is
in agreement with the results of Babana et al., 2016 who found that PSM increased
grain yield in wheat. Phosphate-solubilizing microorganisms improved water use
efficiency and the highest water use efficiency was associated with PSM3 inoculant
that exceeded the control by 23%. An analysis of the interactive effects between
phosphorus fertilization and phosphate-solubilizing bacteria application indicated
that the highest grain yield of wheat (5.33 ton/ha) was related to the treatment T9
(65% phosphorus fertilizer x PSM3), which led to a 35% decrease in the use of
triple superphosphate fertilizer and an increase of 28 % in the wheat grain yield as
compared to the control.

Conclusion: The application of Pseudomonas fluorescens strain (PSM3
inoculant) together with 65% of phosphate fertilizer based on the soil test was
considered to be the best treatment to obtain optimum wheat grain yield, and water
use efficiency, which would result in a decrease of phosphorus fertilizer use and
consequently the reduced environmental costs for wheat production in the Sistan
region.
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