The Effect of Phosphate-Solubilizing Bacteria in Availability of Phosphorus from Rock
Phosphate and Improving Pistachio Seedlings Growth at Different Levels of Irrigation
Water Salinity

Introduction

Phosphorus (P) is one of the most important nutritional elements of plants and it is necessary for the development
of plant roots. Due to the high cost of chemical fertilizers, it is important to use cheap sources such as rock
phosphate (RP) to supply P needed by plants. The efficiency of RP is low and its use alone cannot supply the P
required by the plant. One of the ways to increase the efficiency of RP is to use phosghate solubilizing bacteria
(PSB). Considering the salinity of soil and irrigation water in many pistachio-growing areas“of Iran, the use of salt-
resistant PSB can increase their resistance to salt stress in addition to supplying the P required by\pistachios.
Materials and Methods

In order to investigate the role of PSB in supplying the required P of pistachio seedlings un
factorial experiment was conducted in the form of a completely randomized design with 3 rep
conditions. The factors included PSB at three levels [control (PSBy), PseUfdomonas sp. 1NRSB,
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ic acid and dissolve
tricalcium phosphate in vitro. For inoculation, inoculum containing eac i i ulation of 108 cells/ml
was prepared in the nutrient broth medium and each pistachio seed (P. v

characteristics such as shoot and root dry weig ids, proline, soluble sugars, RWC, MSI and
phosphorus as well as sodium concentrations we
SAS software and the means were compared using the LSD a probability level of P<0.05.

oot, chlorophyll a, chlorophyll b,
carotenoids, relative water contept (RWC) and membrane ity ind8¥)(MSI) Of leaf and p concentration of shoot
and root of pistachio seedlings. i can directly increase cell division and growth or
indirectly increase ACC-deaminase ion. hand, proline, soluble sugars and sodium were
accumulated in the leaves'@f seedlings Wi nity. According to the results, although the use of

RP alone did not show Si‘E rs, its simultaneous use with PSB had the greatest
role in improving the Ghowth ofygi i ly in saline conditions. The highest amount of dry
weight of shoot (1.89 g/plant), chlorophyll b (1.30 mg/g fresh weight), carotenoids (1.35

mg/g fres

application of
reducing of soil p
Bacteria, in addi
by affecting root mo
and together with rock p
Conclusion

Unlike pistachio trees, t

y PSBy) in non-saline conditions. The PSB increase soil P availability by
otons and organic acids and mineralization by production of acid phosphatases.

and its development in soil. On the other hand, inoculation with PSB (both separately
phate) reduced sodium accumulation in the aerial parts and roots of pistachio seedlings.

tolerance of pistachio seedlings to salt stress is low. According to the results, the
salinity symptoms were visiBle in the pistachio seedling leaves at the water salinity level of 10 dS/m, which caused
the drying of the lower s and the burning of the edges of the young leaves. On the other hand, although the
application of RP alone did not have significant effect on increasing the tolerance of plants to salt stress, the
simultaneous use of RP with PSB increased growth, the accumulation of proline and soluble sugars, the
concentration of chlorophyll and carotenoids, the amount of RWC and MSI and P concentration of pistachio
seedlings, especially in saline conditions. Therefore, the use of PSB can help the growth and establishment of
pistachio seedlings under salinity stress conditions and increase the efficiency of RP and supply P needed by the
seedlings.
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Figure 1- The effect of rock phosphate and salinity interaction (A), and PSB and salinity interaction (B) on the leaf
chlorophyll a content of pistachio seedlings (LSD, p<0.05).
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phate and PSB on the shoot and root dry weight, and chlorophyll b and carotenoids contents of
istachio seedlings irrigated by different levels of water salinity

Sl Sl Sogd g
Bacter‘ia Rock Salinity (dS/m) Salinity (dS/m)
phosphate 0 5 10 0 5 10
e phil S 5 ady) SS9
Shoot dry weight (g plant™) Root dry weight (g plant™)
PSB, RPo 0.96 fg 0.82 hi 0.61k 0.87 ef 0.72¢ 0.36i
RP; 1.01f 0.98 fg 0.67 jk 1.10d 0.759 0.40i
PSEd RPo 1.32cd 115e 0.751j 1.21c 0.81fg 0.44i
RP; 1.53b 1.26d 0.92 gh 1.45b 1.09d 0.74 g
PSB, RPo 1.49b 1l14e 0.741j 1.36b 0.86 ef 0.58 h
RP1 1.89a 1.34c 1.02f 1.59a 091e 0.62 h
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Chlorophyll b (mg g FW) Carotenoids (mg g FW)
PSB, RPo 0.92e 0.71¢g 0.45k 1.08 ef 0.89i 0.58m
RP1 091e 0.73¢g 0.43 kI 1.12 de 0.94h 0.60 m
PSB; RPo 113¢c 0.84f 0.49 jk 1.29b 1019 0.71k
RP1 1.15¢c 0.90e 0.531j 1.35a 1.14d 0.79j
PSB, RPo 1.30a 0.93 de 0.56i 1.20c 0.94h 0.66 |
RP1 1.24b 0.97d 0.62 h 123c 1.05 fg 0.88i
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Values followed by different letters were significant difference according to LSD test at p<0.05.
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Table 4- The effect of rock phosphate and PSB on the soluble sugars, proline, RWC and MSI content of pistachio seedlings leaf
irrigated by different levels of water salinity

Sy glid gyl g

s xS i S S Eoph
Bactefia Rock Salinity (dS/m) Salinity (dS/m)
phosphate 0 5 10 0 5 10
Sy Jsle (slanis S oo
Leaf soluble sugars (mg g* FW) Leaf proline (mg g* FW)
PSBo RPo 14.6 k 23.1ij 31.5 efg 5.22h 9.73 efg 17.5d
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RP. 175k 27.5 ghi 33.1ef 5.89h 11.6ef 215¢

PSB, RPo 18.9 jk 245 hi 28.9 fgh 7.36 gh 12.3¢ 241c
RP1 24.4 hi 35.0de 47.2b 10.0 efg 16.6d 31.0b
PSB, RPo 26.3 hi 28.7 fgh 35.6 de 9.13fg 16.5d 34.0a
RP1 33.0 ef 41.7¢c 59.1a 15.9d 22.0c 36.7 a
Syl o e Lis g)luly padls
RWC (%) MSI (%)
PSB, RPo 68.0 ef 61.19g 46.5i 50.1f 45.6 gh 33.9k
RP1 71.0de 66.2 f 47.9i 63.3¢ 49.2 fg 35.0 jk
PSB, RPo 73.5cd 68.0 ef 56.1h 73.2b 59.2d 41.8 hi
RP1 77.3¢ 71.5de 60.3 gh 84.0a 5¢C 51.7f
PSB, RPo 84.2b 73.4cd 61.3g 64.0c 539 ef 38.0j
RP; 91.0a 72.7d 70.6 de 70.9b 55.8 de 45.3 gh
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Table 4- The effect of rock phosphate and PSB on the shoot and root phosphorus c&ntration of pis
different levels of water salinity

ings irrigated by

s Elnd K Sogs
B“ o Rock Salinity (dS/m) y (dS/m)
actenia phosphate 0 5 10 5 10
lom Pl jid clale adyy yhod L
Shoot P concentration (%) Root P concentration (%)

RPo 0.12 gh o’f 0,071 0.19 fg 0.14] 0.091
PSBo RPy 0.10 hi 0. g ' 0.18 gh 0.15ij 0.12k
pSB RPo 0.16 f 0.20 0.22e 0.17 gh 0.14 j
! RP: 0.25 cd 0.31b cd 0.20 ef 0.16 hi
pSB RPo 0.23 de 0.28 bc b 0.25d 0.18 gh
2 RP: 0.39a 0.41a W Ubsm, 0.27 be 0.22¢

ANEFEN - VR
ifference according to LSD test at p<0.05.
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concentration of pistachio seedlings (LSD, p<0.05).
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