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6- Phosphate solubilizing micro-organisms
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Table 1- Selected chemical properties of organic matters used

Ph  EC OC SP Kua

Ca Mg Fe Zn Mn Cu

dgm % (mg/kg) (meg/L)
S (Sail) 75 097 052 46 114 35 20 116 372 050 056 0.30
os(Sand) 73 060 012 30 46 25 08 67 60 032 011 015
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1- Phosphorus acquisition efficiency
2- Phosphorus utilization efficiency
3- Phosphorus efficiency
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Table2- Analysis of variance measured parameters and calculated efficiency indicators

JREN &oljian,y  GDW PCc TP PUTE. PEg PACE;
Se)v df
Sl 2 41™  0002" 728® 0003  0.001% 0.04"
(Block)
NEy 9 772" 0.008™ 118™ 0.03*" 0.64™ 257
(Genotypes)
o 5 8171* 0.45* 7330 0.54* 0.34* 0.76*
(Treatment)
o X &)y 45 605" 0.02** 258 ** 0.009* 0.05* 0.09*"
(Genotypes x Treatment)
(IS 118 27 0.0001 0.05 0.001 0.0005 0.005
Error
s g 9.6 37 74 95 118 187
cv)
(0/POt) Coms 51 95 Bliseo o, (GDW) il 3 ,Sdas Y Joua
Table 3- Grain yield of barley genotypes (g/pot)
Lo
treatments
Pl PO RP RP+F RP+B  RP+B+F PS  (eB,/)LSD
Genotypes
Rihane-03 2.8 49 6.8 6.1 6.0 7.1 0.79
Dayton-Ranney 4.2 5.2 6.2 5.8 51 115 0.43
Y ea-168 5.0 5.6 6.8 6.2 57 11.3 0.92
Denmark 25 3.0 6.5 54 55 9.3 1.13
Obruk-86 51 5.2 7.5 6.8 57 12 1.03
Diktoo 4.3 35 6.0 5.2 59 6.8 0.64
AltalCB-98 4.2 5.0 7.0 6.3 6.0 8.9 0.92
Ll s 26 42 74 6.3 8.4 9.7 11
g 3.2 4.3 7.6 5.2 6.5 121 0.79
pRw 4.0 4.7 6.6 51 6.1 11.2 0.79
ol 38 46 6.8 58 6.1 10
average
et s 70 9.1 47 69 58
CVv

PY3] Pi,;‘ il (RPHFHB land 0018 > slo (58L b il :(RPHB «land 008 > sla B8 b gl (RPHF (s Ko B e :RP walis jlos :PO

(OIS 3 25 (o) o 2 TP (p)5 2 )5 (o) o 52 PC (Jslono jind 8100 :PS 5 (55,
PO: control, RP: phosphate rock, RP+F: RP inoculated with phosphate solubilizing fungi, RP+B: RP inoculated with phosphate
solubilizing bacteria, RP+B+F: RP inoculated with both fungi and bacteriainoculums, and PS: soluble phosphate. PC (mg/g), TP
(mg/pot)



VAL ol S 3l ooliiwl 4o g cilisio o)l (115 piand 1 (29,0 iy ;3G oy

x 15

.20
;i“s’glo
02’&
3:25 |

o

N

PO

RP RP+B RP+F RP+FB

&513 5,Shos 51 Hialosl g o Wil pSilo A lio -Y JSU5
(OIS 45 005 s yr dild SUiA (439 :GDW)
Figure 1- Comparison of effectsof treatmentson grain yield
(GDW (g/pat))
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Table 4- P concentration (mg/g) and P content (g/pot) in barley grain

 lowi
Treatments
PO RP RP+F RP+B RP+F+B PS
»e8l PC TP PC TP PC TP PC TP TP PC TP PC
Rihane 199 855 21 104 44 278 37 354 301 59 1326 265
Dayton 193 81 218 106 38 110 33 99 698 58 125 25
Yeal68 16 64 199 1026 304 1169 254 78 5978 528 1073 215
Denmark 169 428 193 975 265 1557 249 1775 573 619 1355 20
Obruk 158 1075 185 925 348 221 232 346 98 494 161 171
Diktoo 193 826 226 124 395 183 28 204 3834 577 181 304
AICB 17 719 169 573 33 214 215 1077 464 58 139 213
s 18 669 19 81 356 265 25 172 524 54 1198 202
siggo 18 61 22 934 38 289 33 238 7025 58 117 25
] 18 753 19 92 36 235 25 76 669 58 145 24
Awﬂ*" 18 74 199 949 334 2276 275 164 5012 57 1365 23
verage
LSD 002 14 0015 17 002 25 0015 112 468 002 125 0013
cv 66 112 43 106 38 68 33 42 26 38 54 32

sk P‘?" zdli (RPHFHB (lawd 008 Jo> slo S b el (RPHB ¢ land 008 o (slaa B b gl RPHFc s S 8 yno (RPealis o ;PO

(MG ) 5 (o) a2 TPLp 5 2 255 (o) oo 2 PC(Jglors 08 800 : PS
PO: control, RP: phosphate rock, RP+F: RP inoculated with phosphate solubilizing fungi, RP+B: RP inoculated with phosphate
solubilizing bacteria, RP+B+F: RP inoculated with both fungi and bacteria inoculums, and PS: soluble phosphate. PC (mg/g), TP

(mg/pot)
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Table 5- P acquisition efficiency (g GDW/mg P) of barley genotypes

B )loy
Treatments

PL! PS RP+F+B RP+F RP+B RP PO

Genotypes
Rihana-03 0.17 0.38 027 023 048 050
Dayto-Ranny ~ 0.52 0.49 040 045 041 016
Yea-168 0.19 0.46 033 039 050 062
Denmark 0.16 0.51 038 040 052 059
Obruk-86 0.20 0.58 029 043 054 054
Diktoo 0.17 0.33 025 035 044 052
AltalCB-98 0.17 0.47 030 046 059 058
Ll 0.18 0.50 028 041 052 053
e 0.17 0.40 026 030 046 053
Jow| 0.18 0.42 028 040 052 053
oSl 018 043 031 038 051 055

Average

(b)les <) LSD  0.10 0.03 005 007 005 004
cv 33.6 41 102 114 58 50
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PO: control, RP: phosphate rock, RP+F: RP inoculated with phosphate solubilizing fungi, RP+B: RP inoculated with phosphate
solubilizing bacteria, RP+B+F: RP inoculated with both fungi and bacteria inoculums, and PS: soluble phosphate
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Table 6- P efficiency (PE) of barley genotypes

) lo
Treatments

» ol PO RP RP+B RP+F RP+B+F
Rihana-03 0.84 0.97 1.15 1.13 0.98
Dayton-Ranny 0.36 0.45 0.35 0.44 0.44
Yea-168 0.35 0.46 0.17 0.57 0.44
Denmark 0.27 0.54 0.77 0.63 0.75
Obruk-86 0.78 0.61 0.64 0.61 1.0
Diktoo 0.64 0.81 1.08 1.17 09
AltalCB-98 0.53 0.43 0.63 0.82 0.83
L 0.26 0.35 0.60 0.62 0.39
g 0.37 0.44 0.72 0.77 0.61
W 0.36 0.42 0.27 0.58 0.55
oSk 0.49 055 0.65 0.74 0.6

Average
(lo,loss (,2)LSD 0.05 0.02 0.09 0.05 0.09
CVv 6.2 25 85 45 7.9
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Introduction: Phosphorus (P) is regarded as the most important soil nutrient after nitrogen (N) for plant
growth and development as it plays key roles in plant metabolism, structure and energy transformation. Also,
although soil P is often abundant in both organic and inorganic forms, it is frequently a major or even the prime
limiting factor for plant growth. Low phosphorus (P) availability is a major global global constraint to crop
production. In most soils, soil and fertilizer P are easily bound by either soil organic matter or chemicals, and
thus are unavailable to plants unless hydrolyzed to release inorganic phosphate. Phosphorus efficient plants play
amajor role in increasing crop yields due to shortage of inorganic P fertilizer resources, limited land and water
resources, and increasing environmental concerns. Therefore, the development of P-efficient crop varieties that
can grow and yield better with low P supply is a key for improving crop production. Enhancing P efficiency in
plants can be achieved through enhancing P acquisition, utilization, or both.

Materials and Methods: In order to investigate the effect of microbial inoculation on phosphorus efficiency
of different genotypes of barley, a glasshouse factorial experiment was conducted in a completely randomized
block design with 10 barley genotypes and different phosphorus (P) treatments including control (P0), phosphate
rock (RP), RP inoculated with phosphate solubilizing fungi (RP+F), RP inoculated with phosphate solubilizing
bacteria (RP+B), RP inoculated with both fungi and bacteria inoculums (RP+B+F), and soluble phosphate (PS)
in three replications. After sieving (2 mm sieve), and, air - drying of soil samples, basal nutrients mixed
thoroughly at the following soil test results. Then, soils placed in plastic pots (3 kg). The P treatments as
(KH2PO4 and Rock Phosphate) 80 mg kg-1 soil added at the depth of 5-cm of soil. After 9 weeks the plants
were harvested, grain dry weight (GDW) and grain P concentration measured and then content P (TP), P
efficiency (PE), P acquisition efficiency (PACE) and P utilization efficiency (PUTE) were calculated.

Results and Discussion: The results indicated that microbial inoculation had significant effect (P <0.01) on
grain yield, grain P concentration and Phosphorus efficiency, as on average TP increased from 9.5 g pot ™ in RP
treatment to 16.4 g pot™ in (RP+ B), to 22.8 g pot™ in (RP+ F) and to 13.6 g pot * in (RP+B+F). PE increased
from 0.49 in contral to 0.74 in (RP+F), to 0.65 in (RP+B) and to 0.69 in (RP+B+F). There was significant
difference between microbia treatments for PACE. It increased from 0.18 in control to 0.65 in (RP+F), to 0.47
in (RP+B) and to 0.40 in (RP+B+F). Compared with control treatment PACE increased by 2.5 timesin (RP+ F),
1.6 timesin (RP+ B) and 1.2 times in (RP+B+F). PUTE reduced significantly with increasing the P supply. On
the average, the highest PUTE obtained in PO treatment (0.55 g GDW/mg P) and reduced to 0.18 (g GDW/mg P)
in (PS), 10 0.31 (g GDW/mg P) in (RP +F), to 0.38 (g GDW/mg P) in (RP +B) and to 0.43 (g GDW/mg P) in (RP
+B+F). There was no significant difference between PO and RP treatments in PUTE. The barley genotypes
showed significant differences (P<0.01) in yield parameters and P efficiency indices. In control treatment (PO),
Obruk with 5.1 g pot* and Denmark with 2.5 g pot™ had the highest and the lowest GDW:; in microbial
treatments, Sahand, Obruk, Gara-arpa and Rihane-03 had the highest TP. Rihane-03 and Diktoo had the highest
PACE, Sahand and Abidar had the lowest PACE among the barley genotypes in control treatment (PO). In the
(RP+F) treatment, PACE varied from 0.27 for Denmark to 2.23 for Obruk. In PO treatment, Y ea-168, Denmark
and AltICB-98 were more efficient in P utilization and Dayton-Ranny, Obruk-68 and AltICB-98 were more
efficient in P utilization than other genotypes in microbial treatments.

Conclusions: This study provides estimates of efficiency of different genotypes of barely. According to the
results, Phosphate-solubilizing microorganisms were very effective to increasing the plant available P in soil as
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well as the growth and P efficiency of crops. Then, it was concluded that screening P-efficient varieties along
with inoculation by phosphate-solubilizing microorganisms can be reduced application of the chemical fertilizers
dueto increasing P absorption from phosphate rock and insoluble forms of Pin soil.

Keywords: Barley, Phosphorus Efficiency, Phosphate Rock, Phosphate-Solubilizing Microorganisms



