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Figur 1- Vitro proliferation of mycorrhizal fungi (Rajali et
al., 2003)
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Tab 1- Some physico-chemical characteristics of the studied field soil

Sand Silt  Clay Zn Fe Mn Cu K P o.C T.N.V H Ec
% (mg.kg? % P (dsm™
30 46 34 031 4.2 11 0.60 312 11 0.57 45 7.83 0.79
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Tab. 2- Analysis of variance of some of the measured parameters

5,1 > A
PRI & ¥ s ;J*’-‘ R b Sl S I ods
i gl Degree of N4 Stem Plant Phosphorus Sail 9
freedoms rf"far;]tt diameter DQ& phosphorus uptake phosphorus ZL;E
eig yi uptake
Phosphorus ,a.s 3 81* 1.03** 126** 0.003* 129.2%* 8.9%* 20873**
Bacteria s 1 67** 2.66%* 37* 0.003* 0.8™ 3.99* 6472
S i
Phosphorus * 3 93** 0.09** 5" 0.002™ 15.8"™ 0.28™ 10700™
Bacteria
s 1 979** 0.14™ 128** 0.009** 03™ 14.91** 35401**
mycorrhiza
5208500 x youd
Phosphorus * 3 35%* 0.29** 52* 0.001"™ 69.1%* 3.66%* 7738"™
mycorrhiza
132055 x 55k
Bacteria* 1 27** 0.49* 2* 0.001™ 27.0™ 0.001"™ 695"™
mycorrhiza
02550 w8 3Sk x yaud
Prosphons” 3 45%%  049%* 19 0.001™ 21.4™ 0.84™ 22607+
mycorrhiza
error s 32 24 0.09 6 0.001 11.2 0.70 4721
Olyasd gy
CV%) 7.9 6.4 155 12.7 16.6 24.0 23.0

25l 10 o 13 (391 43 size o LY e )3 (35 Y5 xe )3 dme il dbgyye glb e o BT amd o i i 4 * g FFNS*

Ns, * and ** show that difference between relevant variables are non-significant, significant at 1% and significant at 5% level, respectively
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Tab 3- The main effects of phosphorus, phosphate solubilizing bacteria and mycorrhiza application on the some responses of

sorghum

W, Low g gyl aSlw b Suis 3,Shos P sl S ods JBM Sy JS wis
treatm Plgnt .Stem Dry yield Plant Phosphorus Soil Zinc uptake

ents height diameter - phosphglrus uptake_z phospho_r us ]

(cm) (mm) (g.pot™ (ug.g” (mg.pot™ (mg.kg? (ug.pot™
pS s (AL lagoly (B hud 3 )8 ol 5l
The main effects of phosphorus application on the some responses of sorghum

PO 58.5b 4.33c 11.4c 0.204b 2.37c 12.7b 274b

P1 61.8ab 4.99a 18.5a 0.221ab 4.19a 17.8a 36la

P2 64.6a 4.65b 17.3a 0.238a 4.15a 17.2a 276b

P3 63.1a 4.43bc 13.8b 0.236a 3.26b 16.9a 286b

P39 LS slaguuly oyt Oland 0aS S 58 (Lol i
The main effects of phosphate solubilizing bacteriaon the some responses of sorghum
BO 60.8a 4.83a 14.5a 0.216b 3.20b 15.1b 288a
Bl 63.2a 4.32b 16.0a 0.233a 3.78a 17.2a 31la
pS s (2L laguely (B 2 1yeSus 208 pas 9 38 ol 5l
The main effects of mycorrhiza on the some responses of sorghum
MO 57.5b 4.54a 13.6b 0.211a 2.93b 15.2b 249b
M1 66.5a 4.65a 16.9a 0.238a 4.05a 17.1a 327a

38b 03 (P<O.05) jls sxo BMR] (glls 09,5 12 5l gt yo 13 S gtdie Bgys b dlacl
Numbers followed by the same letter in each group are not significantly differentns (P<0.05)
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Tab 4- Combined effects of phosphorus and phosphate solubilizing bacteria application on the some responses of sorghum

o Gy gl Sl )5 s 5)Slas (P s A S ol =t s g kS o
treatments  Plant height Stem Dry yield Plant Phosphorus Soil Zinc uptake
diameter phosphorus uptake phosphorus
(cm) (mm) (g.pot?) (ugg?) (mg.pot™) (mg kg™) (ug.pot™)
POBO 56.3d 4.49cde 9.8c 0.192c 1.92e 11.8d 220d
POB1 60.7bcd 4.17e 13.0b 0.217bc 2.82de 13.7cd 328abc
P1BO 57.6cd 5.24a 17.6a 0.227abc 4.04abc 16.5ab 351ab
P1B1 66.1ab 4.74bc 19.4a 0.215bc 4.33ab 19.2a 372a
P2B0 66.9a 5.00ab 17.2a 0.215hc 3.76ad 16.9ab 290bcd
P2B1 62.3abc 4.30de 17.4a 0.260a 5.54a 17.3ab 262cd
P3B0 62.5abc 4.61cd 13.4b 0.233ab 3.09cd 15.2bc 294bcd
P3B1 63.7ab 4.20e 14.3b 0.240ab 3.42bcd 18.6a 293bcd

a5l o3 (P<O.05) jls xe BMR] (g1l 09,5 1 51 gt s 13 S ptdie Bgys b dlael
Numbers followed by the same letter in each group are not significantly differentns (P<0.05).
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Tab 5- Combined effects of phosphorus and mycorr hiza application on the some responses of sorghum

LSO D glas)l Sl 15 Sz 3 Slee AL Fud J5 ol =& M S kS o
trestments  Plant height Stem Dry yield Pant Phosphorus Soil Zinc uptake
diameter phosphorus uptake phosphorus
(Cm) (mm) (g.pot™) (ug.g?) (mg.pot™) (mg kg™) (ug.pot™)
POMO 56.2b 4.29cd 10.6e 0.190c 2.07c 11.4d 221c
POM1 60.8b 4.37cd 12.2de 0.218abc 2.67bc 14.0cd 327ab
P1MO 56.3b 4.74b 14.2cd 0.207bc 2.95bc 17.3ab 326ab
P1IM1 67.4a 5.24a 22.8a 0.235ab 5.42a 18.4a 397a
P2MO 58.5b 4.53bcd 15.3c 0.220abc 3.42b 16.6abc 249bc
P2M1 70.7a 4.77b 19.4b 0.255a 4.88a 17.7ab 304b
P3MO 59.0b 4.61bc 14.5cd 0.228ab 3.30b 15.4bc 294bc
P3M1 67.2a 4.24d 13.2cde 0.243ab 3.22b 18.3a 279bc

a5l 03 (P<O.05) jls ixe BMRT (g1l 05,5 1 51 cysiw yo 13 S yidio g ys b dlasl
Numbers followed by the same letter in each group are not significantly differentns (P<0.05).
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Tab 6- Combined effects of phosphate solubilizing bacteria and mycorrhiza application on the some responses of sorghum

ko g gyl aSlw ylas ’«“f"t‘ PYhed b S ol SEE e
treatments Plant .Stem S Plant Phosphorus Soil Zinc uptake
height diameter Dry yield phosphorus uptake phosphorus

(cm) (mm) (g.pot™) (ug.g™ (mg.pot™) (mg.kg™) (ug.pot™)
BOMO 55.6b 4.88a 12.7c 0.203b 14.5b 2.64c 249b
BOM1 66.1a 4.79 16.3ab 0.229ab 15.6b 3.76ab 326a
B1MO 59.4b 4.21c 14.6bc 0.219b 15.8b 3.22bc 296ab
B1M1 67.0a 4.52b 17.5a 0.247a 18.6a 4.33a 326a

38l 03 (P<O.05) jls ixo BMRT (g1l 05,5y 5l (gt yo 13 S yidio g ys b dlael
Numbers followed by the same letter in each group are not significantly differentns (P<0.05).

5, 0as o lois HeSl dus pl 48U Lol cudly (6,8 03l050 350 Ciliwo
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Tab 7- Combined effects of phosphorus, phosphate solubilizing bacteria and mycorrhiza application on the some responses of

sorghum
o o g gWi,  ABlw kb =;5~'ff P Shed SRS ole SBLAS
treatments Pl_ant _Stem S Plant Phosphorus Soil Zinc uptake
height diameter Dry yield phosphorus uptake phosphorus
(cm) (mm) (g.pot™) (ugg?) (mg.pot™) (mgkg?) (ug.pot™)
POMOBO 52.3g 4.35de 9.1f 0.73c 1.61le 161e 10.59
POMOB1 60.3dg 4.62bcd 10.6¢f 0.210bc 2.23de 279bcd 13.0efg
POM1B0O 60.1dg 4.22de 12.1def 0.207bc 2.51cd 281bcd 12.3fg
POM1B1 61.3cf 4.11e 13.8cde 0.227b 3.12cd 374ahc 15.3cf
P1IMOBO 54.1fg 5.35a 14.2cde 0.217bc 3.09cd 351abc 16.0bf
P1IMOB1 61.1cf 5.13a 20.9ab 0.237ab 4.98ab 351abc 17.0ad
P1IM1BO 58.4¢efg 4.14de 14.1cde 0.197bc 2.81cde 300bcd 18.5ahc
PIM1B1 73.8ab 5.34a 24.6a 0.233ab 5.86a 443a 19.8ab
P2MOBO 59.5dg 4.86abc 13.2de 0.200bc 2.68de 193de 17.2ad
P2M0OB1 76.4a 5.14a 21.3ab 0.230ab 4.83ab 388ab 16.7be
P2M1B0 57.5fg 4.21de 17.3bc 0.240ab 4.16cd 304bcd 16.0bf
P2M1B1 67.0ad 4.39cde 17.5b 0.280a 4.92ab 220de 18.7abc
P3MO0OBO 56.4fg 4.96ab 14.2bc 0.223hc 3.18cd 289bcd 14.5def
P3MO0B1 68.7abc 4.25de 12.6def 0.240ab 3.00cde 290bcd 15.8cf
P3M1B0O 61.7cf 4.26de 14.7cd 0.233ab 3.42cd 298bcd 16.3be
P3M1B1 65.7be 3.90de 13.9cde 0.247ab 3.43cd 267cde 20.8a
b o (PO.05) s jinn 35! glyls 09,5 12 i1 gy y> S jide gy b lacl
Numbers followed by the same letter in each group are not significantly differentns (P<0.05).
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Introduction: The most abundant of agricultural soilsin Iran, are calcareous. In calcareous soils, phosphorus
fertilizers use efficiency is low. The usage of soil microorganisms is one of the effective ways to increment the
uptake of phosphorus in calcareous soils. This microorganisms using various mechanisms, including the
production of plant hormones or the production of organic and inorganic acids to dissolve the insoluble
phosphorous compounds. Mycorrhizal symbiosis is also one of the most recognized and important symbiosis
relationship found in the world. In a mycorrhizal symbiosis,plants can be able to absorb more nutrients and
water from soil and fungus plays a protective role as a growth enhancer and make the plants more tolerable to
biotic (pathogens) and abiotic (drought, cold and salinity) stresses .This research conducted to study phosphate
solubilizing bacteria and mycorrhiza roles on sorghum growth and phosphorus availability to this plant.

Materials and methods: To achieve the desired goals, a pot experiment was conducted as a factorial in
completely randomized design with sixteen treatments in three replications. The treatments were combination of
four P levels of zero, 25, 50, and 75 mg kg™ P,Os from triple super phosphate source, the two treatments of
inoculation and without inoculation of phosphate solubilizing bacteria and the two treatments of inoculation and
no inoculation of mycorrizal fungus. Required fertilizers based on initial soil test results were supplied.

Accordingly, the same amount of nitrogen, 80 mg kg™ (30 mg kg™ before planting and 50 mg kg™ after planting
twice) as urea source, 10 mg Zn kg™ and 5 mg kg™ Cu per kg soil as the forms of Zinc sulphate (ZnS04.7H20)
and copper sulphate (CuSO4.H20) were added to each soil sample. Required Phosphorus also was calcul ated
based on treatments and added to potting soil. Each pot size was 5 kg. every sample was thoroughly mixed and
then were placed in pots. At the same time the seeds were inoculated. In harvesting time, some parameters such
as plant height and diameter, wet and dry foliage yield, and phosphorous uptake were measured and analyzed
statistically. After harvesting time al so soils phosphorous content were measured and analyzed.

Results and Discussion: The results indicated that by utilizing the phosphate solubilizing bacteria, stem
diameter, dry matter yield, phosphorous uptake, and soils phosphorous content after harvesting significantly
increased. These findings indicated that the use of phosphate solubilizing bacteria affected plant growth. Such
results have been previously reported. Ramezanian (31) reported that application of PGPR will be increase wheat
stem height and diameter. Li et a (18) and Larsen et a (16) reported that soil microorganisms, including growth
promoting bacteria through a variety of mechanisms such as ACC deaminase production or an increase in
available phosphorus can stimulate plant growth and increase height and diameter of the stem. Glick et a (13)
showed that plant growth promoting bacteria through the production of plants hormones increases plant height
and stem diameter, and ultimately improve plants yield. Increases yield of plants through the use of phosphate
solubilizing bacteria previously has been reported by other studies. Mycorrizal inoculation aso had a significant
effect (P<0.01) on increasing of stem diameter, dry matter yield, plant phosphorous concentration, plant
phosphorous and zinc uptake and soils phosphorous content after harvesting. Some earlier studies have also
shown that the use of mycorrhizal fungi, especially in soils with low fertility, lead to an increase in crop yield.
According to Carlile and Watkinson (8), due to the influence of mycorrhizal fungus mycelium in the soil, the
root uptake enhances and thus the performance of plants will be improved. They stated that the production and
secretion of organic acids, production of phosphatases and phosphorus transport from distant regions of the roots
to close spaces near the root surface are some of the fungi efficient mechanisms. Phosphorus application also
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had a significant effect on some indicators such as plants height, dry matter yield, shoot P and Zn concentration,
total uptake of phosphorus and zinc and soil phosphorous content after harvesting. Combined use effect of
phosphorus, bacteria and mycorrizal inoculation on stem diameter and dry matter yield also were significant.

Conclusion: The results showed that the combined application of phosphate solubilizing bacteria and
mycorrhizal fungi can increase the efficiency of phosphorus fertilizer and improve growing conditions and yield
of sorghum. Based on the results, the combined use of 25 mg P,O° per kg of soil, along with the use of
phosphate solubilizing bacteria and mycorrhizal fungi produced the highest values of measured traits and can be
recommended for the same conditions.

Keywords: Biofertilizers, Cal careous soils, Chemical fertilizers, Soil microorganisms



