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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 phosphate 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 under saline conditions,
a factorial experiment was conducted in the form of a completely randomized design with 3 replications in greenhouse
conditions. The factors included PSB at three levels [control (PSBg), Pseudomonas sp. 1 (PSB1) and Pseudomonas sp.
2 (PSB2)], RP at two levels (0 and 30 mg P from rock RP) and irrigation water salinity at three levels (0, 5 and 10
dS/m). The bacteria used in this study were able to produce ACC-deaminase, indole acetic acid and dissolve tricalcium
phosphate in vitro. For inoculation, inoculum containing each bacterium with a population of 108 cells/ml was
prepared in the nutrient broth medium and each pistachio seed (P. vera L. cv. Badami) was inoculated with 500 pL of
bacterial inoculum. The plants were irrigated with non-saline water for four weeks and then with saline water until
harvesting based on experimental treatments. During the growth period, the soil moisture of the pots was kept at about
80% of the field capacity by weight method. Finally, shoot and root sampling was performed and various
characteristics such as shoot and root dry weight, chlorophyll, carotenoids, proline, soluble sugars, RWC, MSI and
phosphorus as well as sodium concentrations were measured. Analysis of variance of traits was performed using SAS
software and the means were compared using the LSD method with a probability level of P<0.05.

Results and Discussion

The results showed that water salinity decreased the dry weight of shoot and root, chlorophyll a, chlorophyll b,
carotenoids, relative water content (RWC) and membrane stability index (MSI) of leaf and p concentration of shoot
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and root of pistachio seedlings. Auxin produced by bacteria can directly increase cell division and growth or indirectly
increase ACC-deaminase production. On the other hand, proline, soluble sugars and sodium were accumulated in the
leaves of seedlings with increasing water salinity. According to the results, although the use of RP alone did not show
significant effect on the studied indicators, its simultaneous use with PSB had the greatest role in improving the growth
of pistachio seedlings, especially in saline conditions. The highest amount of dry weight of shoot (1.89 g.plant) and
root (1.59 g.plant), chlorophyll b (1.30 mg/g fresh weight), carotenoids (1.35 mg/g fresh weight), soluble sugars (59.1
mg/g fresh weight), proline (36.7 mg.g™* fresh weight), leaf RWC (91 %), leaf MSI (84%) and the P concentration of
shoot (0.39 %) and root (0.35 %) was obtained from the simultaneous application of RP and PSB (especially PSB,)
in non-saline conditions. The PSB increase soil P availability by reducing of soil pH by release of protons and organic
acids and mineralization by production of acid phosphatases. Bacteria, in addition to increasing soil P availability,
improve phosphorus uptake and chlorophyll content in plants by affecting root morphology and its development in
soil. On the other hand, inoculation with PSB (both separately and together with rock phosphate) reduced sodium
accumulation in the aerial parts and roots of pistachio seedlings.

Conclusion

Unlike pistachio trees, the 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 leaves 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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Salinity (S)
RP x PSB 2 0.005ns 0.044** 0.003ns 0.003ns 0.005* 73.7%* 10.5*
RP x PSB 2 0.006ns 0.020** 0.043** 0.004* 0.007** 104** 1.49ns
PSB x S 4 0.064** 0.050** 0.030** 0.016** 0.008** 6.24ns 33.6**
RPXES® 4 oo 0009* 0.002ns 0.003* 0.005** 36.2% 8.08*
EUI’QI’ZI’ 36 0.004 0.003 0.003 0.0009 0.0008 9.46 2.87
ot 5.54 6.65 3.79 3.63 2.93 8.69 9.93
CV (%)
- any i s O‘Tb yod Clale M i e Cdale e Cdale
" < < EA] 3 " H “
)‘2”06:} &3l S o d): = lgp el Root P sl ol Al
0. df RWC Wis Shoot P concentration Shoot Na Root Na
MSI concentration concentration  concentration
Slowd Sw
Rock 1 222* 642** 0.064** 0.008** 0.0006ns 0.003*
phosphate
(RP)
sk
Bacteria 2 1070%*  1181%* 0.13%* 0.063** 0.41%* 0.036*
(PSB)
d)w 2 1882** 3193** 0.059** 0.041** 0.416** 0.175**
Salinity (S)
RP x PSB 2 4.61ns 10.2 ns 0.013** 0.002** 0.0001ns 0.0002ns
RP x PSB 2 7.03ns 42.7%* 0.002* 0.0002ns 0.018** 0.004**
PSB x S 4 54.9** 40.2** 0.004** 0.0008** 0.003** 0.001*
RP : SPSB 4 19.4* 18.2* 0.002** 0.0005* 0.0008ns 0.0001ns
(k= 36 6.95 5.84 0.0004 0.0001 0.0007 0.0004
Error
Sl oy 3.89 4.45 10.2 6.33 9.03 6.28
CV (%)

o B gV Jlan ! pdaws )3 (6)b re (g )b xe pis i *

## NS
¢

ms **and *: non-significant, and significant at p<0.01 and p<0.05, respectively.
RWC: Relative Water Content, MSI: Membrane Stability Index
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Figure 1- The interaction effects of rock phosphate xsalinity (A), and PSB xsalinity (B) on the leaf chlorophyll a content of
pistachio seedlings (LSD, p<0.05)
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ORI L Sy asels) 5 e pialejl (ol b 4 sl
¥ 5 WY i o edenj o3 Ve 90 4 bl O (59
usgig,l8 il Lials g)eu pdaw led 10 dald 4 Cawd do)yd
Cooglia Il 3 g AT 50 patee B ogdle
Nyl 58 55 awlienST sla i ply alS el slapius
Oland Ko slos 3,8 45 51 8L 5l (Parida & Das, 2005)
Mg Gl cage yio s (003 B ()9 glaw 5> Lai
L gyl b lind Ko lojon 3,18 bl s el ol
4 )9 glaw (lod & Cud ()98 gobaw plos )3 1) Waadsisg)lS
by Sy cadess)5 )i o piin 01> (al381 ()l gine 5k
5 (5 0is 5 2 P25 VYD) oy Ll 55 (638 38 &,
TIDA) 2o g2 piors o3 Vo (9 b 4y bogepo o e 0y 2e8
Azarmi ) o Sen 5 oo,3 (V" Jgi2) 552 (5 0jg 25 2 p S sbe
s S | aty cla o il & 13,5 3155 (et al., 2016
sloadelo)l5 cbale o udy (Bl corge Ciwgysld wligagagu
5 Jidoyls clale (nll pomen 0)S e lulyd > Sy
Bacillus spp. (sxSUL b osds il g6 sla Jls po Waaseiss, S
(Khan et al., 2021) cuol ol 5,155

0L (69 gotams ) PSS )3 jialyly cul Mo 2 (sl tna 5T
D g yio (&y5 gk ,> g PSB1 6,5l b geadlh (b 51 ol
g ok plod 13 PSB2 (638 b il g yio p (putonjigwd
Olawd S b g 90y lojed 255 pezmen b ]38l
25 9 golaw plad > bl ol Yl Gl cage
bulyd 53 PSB2 65l gl b g S o (i iz o
(¥ Joi2) 8ol casday 5 (339 5 32 5 oo MY+ b il 5l
8155 Lo 351 b o ol sl Jgg 53 i lS ke ol
oz 5l Jidg )l sl > Jds (ol polie Qla hliEl e
Pl Gpas QLS Sl crizpn Abl K 5 oal qrjiie
h g b pb iy cp g 03l QLI el lae
LS jaud el Giol58l pogMe by g Sl aims o ialS
i3 oo il ) Jidg IS Clale 5 jaud Qo iy SGl5)90
aS" Wby las (Elhaissoufi et al., 2020) )Ken 5 (Bgunlell
Yo lind Ko b olyen lind 2155 s gl 3,8

S Giliél puiS b ga Judg IS

S SBaigiio)5 9 b Jidg IS (glgione g ady ) 9 (lp @Il SUS (39 1 Olid Kiw 9 Slid a8 U glag L Jilie 51-F Jouo

Sl O (59 oo gl ;5 dian SN

Table 3- The interaction effect of rock phosphate xPSB on the shoot and root dry weight, and chlorophyll b and carotenoids
contents of pistachio seedlings irrigated by different levels of water salinity

St N Sali 'f)?:s h Sali "ts)Z:S b
: alinity (dS.mr alinity (dS.mr
Bacteria Rock phosphate 0 5 10 0 5 10
wstlgp plail SWds 59 sy WS 09
Shoot dry weight (g.plant?) Root dry weight (g.plant?)
PSB, RPo 0.96 fg 0.82 hi 0.61 k 0.87 ef 0.72 g 0.36i
RP: 1.01f 0.98 fg 0.67 jk 1.10d 0.75¢g 0.40i
PSB; RPo 1.32 cd 1.15e 0.75 ij 121c 0.81fg 0.44i
RP: 1.53b 1.26 d 0.92 gh 1.45b 1.09d 0.74¢g
PSB, RPo 1.49b l14e 0.74 ij 1.36 b 0.86 ef 0.58 h
RP: 1.89a 1.34c 1.02 f 1.59a 091e 0.62 h
b Judg 5 Mgy,
Chlorophyll b (mg.g* FW) Carotenoids (mg.g* FW)
PSBo RPo 0.92e 0.71¢g 0.45 k 1.08 ef 0.89i 0.58 m
RP: 091e 0.73¢g 0.43 kl 1.12 de 0.94 h 0.60 m
PSB, RPo 1.13c 0.84f 0.49 jk 1.29b 1.01g 0.71 k
RP: 1.15c 0.90e 0.53 ij 1.35a 1.14d 0.79
PSB, RPo 1.30a 0.93 de 0.56i 1.20c 0.94 h 0.66 |
RP: 1.24b 0.97d 0.62 h 1.23¢c 1.05 fg 0.88i

S5 g yl3 e BMiSI LSD 905l bl 2 duoy3 & Jlosn] prdaws 1 155 S jie By S s 5 o pSibo o o ¢l
Values followed by different letters have significant difference according to LSD test at p<0.05.
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(Mayak et al., 2004) )Ken 9 Shlo b cuns job Lyl
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Table 4- The interaction effect of rock phosphate XPSB on the soluble sugars, proline, RWC and MSI content of pistachio
seedlings leaf irrigated by different levels of water salinity

St N Sali "tﬁ)gs 9) Sali ':5)2:8 h
: alinity (dS.mr alinity (dS.nmr
Bacteria Rock phosphate 0 5 10 0 5 10
S gl lanid Sy odon
Leaf soluble sugars (mg.g™* FW) Leaf proline (mg.g"* FW)
PSBo RPo 14.6 k 23.11j 31.5efg 5.22h 9.73 efg 175d
RP1 175 jk 27.5 ghi 33.1ef 5.89 h 11.6 ef 215¢c
PSB; RPo 18.9 jk 245 hi 28.9 fgh 7.36 gh 12.3e 241c
RP1 24.4 hi 35.0de 472 b 10.0 efg 16.6d 31.0b
PSB, RPo 26.3 hi 28.7 fgh 35.6 de 9.13fg 16.5d 340a
RP1 33.0 ef 417¢c 59.1a 15.9d 22.0c 36.7a
S Ol o ldle Wi (g)lly padld
RWC (%) MSI (%)
PSBo RPo 68.0 ef 6l.1g 46,51 50.1 f 45.6 gh 339k
RP1 71.0de 66.2 f 4791 63.3¢ 49.2 fg 35.0 jk
PSB, RPo 73.5¢cd 68.0 ef 56.1 h 73.2b 59.2d 41.8 hi
RP1 773¢C 71.5de 60.3 gh 84.0a 64.5¢c 51.7f
PSB, RPo 84.2b 73.4 cd 61.3¢ 64.0c 51.9 ef 38.0ij
RP1 91.0a 72.7d 70.6 de 70.9b 55.8 de 45.3 gh

B gyl sine BMETLSD (yg0j] bl s deoy3 & Jlais] grdaus 5 35,5 S e Gy Sy Jilas 45 b 5s0ke Gy sl
Values followed by different letters have significant difference according to LSD test at p<0.05.
RWC: Relative Water Content, MSI: Membrane Stability Index
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Table 5- The interaction effect of rock phosphate XPSB on the shoot and root phosphorus content of pistachio seedlings

irrigated by different levels of water salinity

o o
. T Salinity (dS.m™) Salinity (dS.m™)
$A5h Ol K 0 5 10 0 5 10

Bacteria Rock phosphate o - T . .

2led el i Ay pund

Shoot P (%) Root P (%)
PSBo RPo 0.12 gh 0.15fg 0.07i 0.19 fg 0.14j 0.091
RP1 0.10 hi 0.17f 0.10 hi 0.18 gh 0.15 ij 0.12k
PSB; RPo 0.16 f 0.20 e 0.11h 0.22¢e 0.17 gh 0.14ij
RP1 0.25cd 0.31b 0.16 f 0.26 cd 0.20 ef 0.16 hi
PSB, RPo 0.23 de 0.28 bc 0.17 f 0.29b 0.25d 0.18 gh
RP:1 0.39a 0.41a 0.23 de 0.35a 0.27 bc 0.22¢e

)85 (gl me MBI LSD 9051 (bl 2 duoyd & Jlassl gdaws 53 35,15 S yiio CBys o JBlos a5 ol ke Cduo yo (glp
Values followed by different letters have significant difference according to LSD test at p<0.05.
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Figure 2- The interaction effects of rock phosphate xsalinity (A), and PSB xsalinity (B) on the shoot Na content of pistachio
seedlings (LSD, p<0.05)
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Figure 3- The interaction effects of rock phosphate xsalinity (A), and PSB xsalinity (B) on the root Na content of pistachio
seedlings (LSD, p<0.05)
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