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Abstract
Plant growth-promoting rhizobacteria (PGPR) are beneficial microorganisms to develop microbial fertilizers. Biofertilizers 
can accelerate plant growth and enhance crop yields. The current research aimed to isolate and identify rhizobacterium with 
plant growth-promoting activity in the rhizospheric region of pistachio trees in arid and salty region of Iran. In the present 
study, 26 bacterial isolates were isolated from the rhizospheric region of the pistachio trees. Plant growth-promoting char-
acteristics of isolated bacteria, including the ability to solubilize phosphate and zinc, produce hydrolyzing enzymes, and 
hydrogen cyanide (HCN), as well as synthesize indole-3-acetic acid (IAA) were evaluated through in vitro assays. Based 
on these activities, five multifunctional bacterial strains designated P1, P10, P11, P17, and P19 were then applied and their 
effect was studied on the growth and physiological properties of Pistacia vera L. seedlings by pot experiments under normal 
conditions. Finally, the most efficient strain has been identified by analysis of the 16S rRNA gene sequence. According to 
the results, all the isolated bacteria exhibited considerable plant growth-promoting properties. They could produce amylase 
(n = 26, 2 ± 0.00–13 ± 0.42 mm), lipase (n = 24, 2 ± 0.00–9 ± 0.23 mm), protease (n = 20, 1 ± 0.00–17 ± 0.0 mm), indole-
3-acetic acid (n = 26, ranging from 5.05 ± 0.08 to 11.5 ± 0.11 μg/mL) and HCN (n = 24). Six isolates showed significant 
growth at 20% w/v NaCl. Inoculation of P1, P17, and P19 increased chlorophyll, carotenoid, and phenolic content in treated 
Pistacia vera L. seedlings. P1 and P11 inoculated plants showed an enhanced level of anthocyanin and proline. These most 
effective strains were catalase and Gram-positive bacterium and showed antibiotic sensitivity. They can consider as halo-
tolerant PGPR, due to the growth in the presence of NaCl (20% w/v). Finally, P1 inoculated plants exhibited higher levels 
of sugar content. This strain showed the most similarity (99.92%–1322 bp) to Paenarthrobacter nitroguajacolicus based on 
16S rRNA gene sequence. Based on the results, Paenarthrobacter nitroguajacolicus P1 with multiple PGPR can be applied 
as a promising candidate in the soil-Pistacia vera L. system to improve their productivity and health by increasing available 
nutrient content, improving photosynthetic parameters, and producing phytohormones and HCN.

Introduction

Pistachio (Pistacia vera L.) is known as one of the most 
significant exporting nut crops in arid and semi-arid coun-
tries especially Iran [1]. The Pistacia genus belongs to the 
Anacardiaceae family [2]. It has been reported that more 

than 500,000 hectares of bearing and non-bearing pistachio 
orchards exist in Iran. Iran is the third largest producer of 
pistachios worldwide after the United States of America and 
Turkey [3].

Pistacia vera L. is among the relatively tolerant plants to 
adverse effects of environmental stresses in the ecosystems 
like drought and salinity of the soil and water [4]. However, 
salinity stress causes unfavorable growth and reduced yield 
of pistachio trees in recent years in Iran [5].

It has been reported that abiotic stresses, such as salin-
ity, low bioavailability P, K, Zn, Fe, Mn, and Cu and high 
content of CaCO3 in the soils as well as high temperature are 
responsible for the low yield of this nut crop in Iran despite 
the abundance of areas under Pistacia vera L. cultivation [6].
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Decreased level of soluble micronutrients such as P and 
Zn causes reduced photosynthetic and transpiration rates 
[7], and increased osmotic stress as well as generates free 
radicals in various tissues of plants [1, 8]. Also, overuse of 
chemical fertilizers could results in declined fertility of the 
soil, suppression of the beneficial microorganisms, and pol-
lution of the groundwater [9].

Therefore, there is an emergent need for promising alter-
native to minimize the usage of chemical fertilizers and 
improve plant growth. Applying beneficial plant-associated 
microorganisms in the form of biofertilizers is a promising 
and safe alternative approach to achieve sustainable agri-
culture with no adverse effect on the environment, human 
and animal health [9]. These bacteria can transform insolu-
ble nutrients and minerals to biologically available forms 
through biosorption, complexation by metabolites, dissolu-
tion, reduction–oxidation processes as well as the production 
of organic acids and siderophores. These microorganisms are 
known as plant growth-promoting rhizobacteria (PGPR) [9]. 
PGPR appear to promote plant growth by solubilizing and 
enhancing the bioavailability of essential nutrients, produc-
ing and modulating phytohormones, synthesizing hydrolytic 
enzymes and various compounds with inhibitory effects on 
phytopathogens, as well as ameliorating abiotic stresses [10].

In this regard, there are limited studies indicating positive 
effects of PGPR on Pistacia vera L. growth. For example, 
Kalilpour et al., reported that Pistacia vera L. seedlings 
inoculated with stress-tolerant PGPR, including Arthrobac-
ter endophyticus, Zobellella denitrificans, and Staphylococ-
cus sciuri exhibited increased shoot and root dry weight, leaf 
area, leaf number, shoot and root K+ concentration and rela-
tive water content under high levels of salinity and drought 
stresses compared to the non-inoculated seedlings[11]. Also, 
It has been demonstrated that application of Pseudomonas 
fluorescens VUPF5 and Bacillus subtilis VRU1 considerably 
increased the root length, proliferation of Pistacia vera L. 
seedlings [12], enzymatic activities and levels of phenolic 
compounds [13].

The current study aimed to isolate rhizobacteria from the 
soil of pistachio orchards in Damghan, Iran, and screen their 
growth-promoting properties, including phosphate and zinc 
solubilization, hydrolyzing enzyme, indole acetic acid and 
HCN production and their tolerance to NaCl. Subsequently, 
the Pistacia vera L. growth-promoting activities of the most 
efficient strains were evaluated through a pot experiment.

Material and Methods

Soil Sampling and Isolation of Bacterial Strains

Rhizospheric soil samples were collected in 2022 from a 
pistachio orchard, in Raziabad, a village in Ghahab Sarsar, 

Amirabad district, Damghan city, Semnan province, Iran. 
This orchard is located at latitude 36.11616585209723 N 
and longitude 54.21172885290508 E. The pistachio trees 
in the orchard were 5–7 years old. They were in good con-
dition. Autoclaved glass cans with a depth of 15 cm and a 
uniform diameter of 10 cm were used for soil collection. The 
collected soil sample was subsequently transported to the 
laboratory to isolate potential PGPR [14]. To isolate bacte-
rial strains, the soil samples (1 g) were suspended in saline 
solution (10 mL) and vortexed (10 min) to obtain a uniform 
suspension. Subsequently, serial dilutions were prepared and 
surface plated on nutrient agar (Ibresco, Iran). The inocu-
lated plates were incubated at 30 °C for 24 h. At the end of 
the incubation period, colonies with different morphologies 
were selected, and purified cultures were prepared. Isolated 
bacterial strains were stored in glycerol (20% v/v) at − 80 °C 
for further studies. All isolated strains were tested for plant 
growth-promoting attributes. [15].

Production of Hydrolyzing Enzymes

Overnight grown bacterial broth cultures were spot inocu-
lated on 1% Tween-20 Luria–Bertani (LB) agar, starch agar, 
and skim milk agar plates to qualitatively identify lipase, 
amylase, and protease synthesis, respectively. The inocu-
lated cultures were incubated at 30 °C for 3–4 days. The 
enzymatic activity was detected as halos around the colonies 
[16].

Assessment of Phosphate Solubilization Activity

All the bacterial isolates grown for 24 h were spot inoculated 
on the Pikovskaya medium containing 10 g/L of glucose, 5 
g/L of Ca3(PO4)2 [as an insoluble source of phosphorus], 
0.5 g/L of (NH4)2SO4, 0.5 g/L of yeast extract, 0.5 g/L of 
NaCl, 0.2 g/L of KCl, 0.1 g/L of MgSO4.7H2O, 0.002 g/L of 
MnSO4.H2O, 0.002 g/L of FeSO4.7H2O, and 15 g/L of agar, 
pH adjusted to 7.0 [17]. The ability to solubilize tricalcium 
phosphate was detected by the observation of a halo zone 
around colonies after incubation at 28 °C for 7 days. The 
diameter of the colony was subtracted from the total diam-
eter to calculate the halo size [18].

Evaluation of Zinc Solubilization Ability

To screen zinc solubilization activity, bacterial isolates were 
inoculated as spots on a minimal agar medium that was com-
posed of 10 g/L of glucose, 1 g/L of (NH4)2SO4, 0.2 g/L of 
KCl, 0.1 g/L of K2HPO4, 0.2 g/L of MgSO4, 1 g/L of zinc 
oxide, and 15 g/L of agar. The inoculated plates were incu-
bated at 28 °C for 7 days in the dark condition. The diam-
eter of the halo zone around the colony was measured after 
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7 days. The diameter of the colony was subtracted from the 
total diameter to calculate the halo size [19].

Measurement of Indole Acetic Acid Synthesis

IAA synthesis by bacterial isolates was estimated according 
to the method of Gordon and Weber [20]. Bacterial culture 
(50 μl, 24 h old-OD600 = 0.1) was inoculated in nutrient broth 
(5 mL) containing L-tryptophan [0.1% v/v (100 mg/L)]. The 
inoculated media were incubated at 28 ± 0.1 °C for 2 days in 
the dark condition. At the end of the incubation, the bacterial 
cultures were centrifuged at 10,000 × g for 10 min (Eppen-
dorf, Germany). An equal volume of Salkowski reagent [150 
mL of 95–98% H2SO4, 7.5 mL of 0.5 M FeCl3.6H2O, and 
250 mL distilled water] and collected supernatant was mixed 
and incubated for 30 min. The development of pink color 
indicates IAA production. Subsequently, absorbance was 
read at 530 nm by using a UV/Visible spectrophotometer 
(BioTek, USA) to quantify IAA. The IAA concentration was 
estimated based on the IAA standard curve.

Evaluation of HCN Production

The isolated bacteria were cultured on an LB agar medium 
containing glycine (4.4 g/L). A Whatman paper No. 1 was 
saturated with alkaline picrate (solution of 2% Na2CO3 in 
0.5% picric acid) and placed in the lid of each Petri plate. 
The dishes were sealed with parafilm and incubated at 28 °C 
for 4 days. The observation of a red–orange color confirms 
the synthesis of HCN [21].

Salinity Tolerance of the Isolated Bacteria

Each bacterial isolate was screened for halotolerant proper-
ties. For this purpose, they were spot inoculated on nutrient 
agar medium supplemented with various levels of NaCl (5, 
10, 20% w/v). The inoculated plates were incubated at 28 °C 
for 7 days [22].

Seed Sterilization and Inoculation

One Pistacia vera L. cultivar (cv. Akbari) was used in the 
present study. Seeds were soaked into sodium hypochlorite 
solution (5% v/v) for 10 min for disinfection. Subsequently, 
they were washed with sterile dH2O to remove disinfectant 
(Cheng et al., 1997). Bacterial suspensions were prepared 
into the nutrient broth. The inoculated media were incubated 
at 28 °C on a shaker at 120 rpm overnight. Subsequently, 
the media were centrifuged to get biomass. The biomass 
was re-suspended in dH2O. Surface-disinfected seeds were 
soaked in PGPR suspension for 2 h. Autoclaved dH2O was 

used for seeds in the control group. One milliliter microbial 
suspension (CFU = 108 cells/mL) for each seed was applied. 
The inoculated seeds were put between two water-moistened 
filter papers (Whatman No. 1) in a Petri dish to germinate 
at 28 °C for 4 days in the dark condition. Germinated seeds 
were transferred to each pot containing sterilized soil. At 
sufficient intervals, irrigation was done with sterilized water 
(pH 7). Data was recorded after 60 days to determine the 
effect of PGPR on the growth and physiological character-
istics of Pistacia vera L. seedlings [6].

Determining Protein and Sugar Content

Pistacia vera L. leaflet tissue (0.25 g fresh leaves) was 
extracted in chilled acetone (80%). Subsequently, centrifu-
gation was done at 8000 × g for 10 min at 4 °C. The super-
natant was used to measure protein content. Each sample 
(100 µL) was mixed with Bradford reagent (1.0 mL). Bovine 
serum albumin was used as the standard. The test tubes were 
incubated at 37 °C for 10–15 min, and absorbance was read 
at 595 nm [23]. To determine reducing sugars, the dry plant 
sample (1 g) was dispersed in dH2O (10 mL). The mix-
ture was boiled for 10 min and then cooled. The solution 
(1 mL), potassium ferrocyanide (0.1 mL, 15%), and zinc 
acetate (0.2 mL, 30%) were mixed. The obtained mixture 
was centrifuged at 112 × g for 5 min to recover the reducing 
sugars in the supernatant. The content of reducing sugars 
was measured using dinitrosalycilic acid (DNS). For this 
purpose, supernatant (0.1 mL) was diluted with dH2O (0.9 
mL). Then diluted samples were treated with DNS (3 mL). 
The mixture was boiled for 10 min. The absorbance was 
measured at 550 nm. A standard range of maltose was used 
to determine sugar content [24].

Determination of Chlorophyll, Carotenoids, 
and Anthocyanin Contents

The amounts of chlorophyll a, b, and total chlorophyll were 
analyzed in the fresh leaves. Briefly, the leaves (100 mg) 
were ground in acetone (80%) and the mixture was incu-
bated for 6 h in the dark condition. Subsequently, it was 
centrifuged at 10,000 × g for 10 min at 4 °C. Absorbance 
was recorded at 663 and 645 nm [25]. The concentration of 
chlorophylls was calculated as follows:

Chlorophyll b

=
[(22.9 × A645) − (4.68 × A663)] × vol of the sample (ml)

Weight of the tissues
× 100

Chlorophyll a

=
[(12.7 × A663) − (2.6 × A645)] × vol of the sample (ml)

Weight of the tissues
× 100
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Carotenoid absorbance of the extract was recorded at 480 
and 510 nm;

Anthocyanin level was calorimetrically determined. For 
this purpose, leaves have meshed with acetone (2 mL) to 
extract the green-colored pigment. Then, the filtered extract 
(0.05 mL) was added to 0.95 mL of buffered acetone (80%) 
to quantify anthocyanin via the following formulas [26].

The Determination of Total Phenolic Compounds

The total phenolic contents were determined using the 
Folin–Ciocalteau method [27]. In brief, the fresh leaves of 
Pistacia vera L. (0.5 g) were extracted by ethanol (5 mL, 
95%), and the extract was kept in the dark condition for 48 h. 
Subsequently, an equal volume of the supernatant and etha-
nol was mixed and 1.5 mL of distillation water was added to 
the mixture. Then, folin regent (50%, 0.25 mL) and carbon-
ate sodium solution (5% 0.5 mL) were added to the mixture. 
The samples were incubated for 1 h, and their absorbance 
was read at 725 nm.

Proline Measurement

The content of free proline was measured according to the 
method described by Bates et al. [28]. The fresh leaves (100 
mg) were homogenized in 5 mL sulfosalicylic acid (3%) and 
an equal volume of filtrate and ninhydrin reagent (1.25 g 
ninhydrin in 30 mL glacial acetic acid) was mixed. The mix-
ture was vortexed for a short time and heated at 100 °C via a 
water bath for 1 h. After cooling the samples in an ice bath, 
toluene (2 mL) was added to it and vortexed (15–20 s). The 
upper phase containing proline was taken and its absorb-
ance was read at 520 nm. The standard curve of the proline 
with determined concentration was used to calculate proline 
concentration.

RNA Extraction, cDNA Synthesis, Primer Design, and RT‑PCR 
Reaction

The effect of P1 and P11 strains on the enhancement of pro-
line content was also confirmed using RT-PCR. According 

TotalChlorophyll

=
[(20.2 × A645) + (8.02 × A663)] × vol of the sample (ml)

Weight of the tissues
× 100

Carotenoid

=
[(27.6 × A480) − (1.49 × A510)] × vol of the sample (ml)

Weight of the tissues
× 100

Ant = 0.08173 × A
537

− 0.00697

× A
647

− 0.002228 × A
663

to the manufacturer’s instruction and using RNX plus solu-
tion (CinaClon, Tehran, Iran), total RNA was extracted from 
leaves of Pistacia vera L. seedlings inoculated with P1 and 
P11 strains. DNase (Thermo Fisher Scientific, USA) was 
used for removing DNA. In addition, 2% agarose gel electro-
phoresis was used to show the integrity of the isolated RNA. 
RNA samples with OD 260/280 and OD 260/230 > 2 were 
used for cDNA synthesis. The strand cDNA was synthesized 
with 200 ng of total RNA, using the cDNA synthesis kit 
(CinaClon, Iran) according to the manufacturer’s protocol. 
P5CS primers for amplification with a length of 241 base 
pairs and melting temperature of 60 °C were designed for 
RT-PCR with the following sequences: P5CSF: 5′-GAC CTC 
GAG CAA GTG GTG AA-3′ and P5CSR:5′- CTC TGC ACC 
AAG CCC AAA AC-3′. JZ896672 was selected as specific 
internal control for Pistacia vera L. According to Jazi et al. 
2015, forward primer β-Tubulin, 5′-TGG GAC CCA CGT 
GAA GTC AG-3′ and reverse primer β-Tubulin 5′-GAG TGG 
TGT AAC TTG CTG CTT G-3′ produce a product with 138 
base pairs length at 60 °C melting temperature. RT-PCR was 
performed using PCR Master Mix (Amplicon), as the initial 
denaturation at 94 °C for 3 min, followed by 30 cycles of 
denaturation at 94 °C for 30 s, annealing at 57–59 °C for 30 
s, and extension at 72 °C for 50 s with a final extension at 
72 °C for 10 min [29].

Gram Staining, Catalase Activity, and Antibiotic 
Susceptibility Test

The most efficient strains (P1 and P11) were subjected to 
Gram staining and catalase test. The disk diffusion test 
was performed to evaluate the antibiotic susceptibility 
of the most efficient strains based on the Clinical and 
Laboratory Standards Institute (CLSI) guidelines [30]. 
The overnight cultures of these strains (1.5 × 108 CFU/
mL) were cultured on the Muller Hinton agar plates. 
Antibiotic discs, including erythromycin (15 µg), tetra-
cycline (30 µg), streptomycin (10 µg), chloramphenicol 
(30 µg), ampicillin (10 µg) were placed onto inoculated 
Muller Hinton agar medium. At the end of incubation (24 
h, 37 °C), the diameter of the growth inhibition zone was 
measured around discs [31, 32].

Molecular Identification of the Most Efficient Plant 
Growth‑Promoting Strain

The most efficient strain was inoculated in the nutrient broth 
medium, and incubated at 30 °C with shaking (160 rpm) for 
24 h. The biomass was precipitated by centrifugation, and 
genomic DNA was extracted by using phenol–chloroform-
isopropanol and precipitated by adding ethanol. The 16S 
rRNA gene was amplified using primers 27 F (5′-AGA GTT 
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TGA TCC TGG CTC AG-3′) and 1492R (5′-GGT TAC CTT 
GTT ACG ACT T-3′) (Galkiewicz and Kellogg, 2008). The 
PCR condition was 95 °C for 5 min, 35 cycles of 95 °C for 
30 s, 55 °C for 60 s, and 72 °C for 60 s, followed by a final 
extension at 72 °C for 10 min. The PCR product was quali-
fied by 1% agarose gel electrophoresis and then sequenced. 
The phylogenetic tree was constructed via the maximum 
likelihood method of the software package MEGA 6.0 and 
the topology of the tree was evaluated by a bootstrap test 
with 1000 replicates (Tamura et al., 2013). The 16S rRNA 
gene sequence of the most efficient strain (P1) was deposited 
in the GenBank database [33].

Statistical Analysis

All data are expressed as the mean ± the standard deviation. 
Each test was repeated three times. One Way ANOVA in 
IBM SPSS Statistics was used to determine the existence 
of the significant difference. Differences were considered 
significant at the level of P < 0.05.

Results

Physicochemical Properties of Soil Samples

The physicochemical properties of the soil samples, includ-
ing cation exchange capacity (CEC) (mEq/100 g) [27.247 
Cmolc/kg] and total organic carbon (TOC %) [0.853] were 
determined. The soil consisted of sand (50%), clay (19%), 
and silt (31%), and chemical analysis showed that the soil 
sample contained P (14.8 μg/g), K (450 μg/g), Fe (10.98 
μg/g), Zn (5.9 μg/g), Mn (8.61 μg/g), and Cu (2.4 μg/g). The 
electrical conductivity of the soil was 6.8 dSm−1 and its pH 

was 8.3. In the current study, 26 strains were isolated from 
the rhizospheric soil of pistachio trees.

Enzymatic Activities of Isolated Rhizobacteria

The ability of isolated bacteria to synthesize hydrolytic 
enzymes such as protease, lipase, and amylase was inves-
tigated using the media containing enzyme substrates. 
All bacterial strains (except isolate 26) produced at least 
two different hydrolytic enzymes. The results showed 
that bacterial strains were able to produce amylase 
(2 ± 0.0–13 ± 0.42 mm). Most of the isolates showed lipo-
lytic (84%, 2 ± 0.0–9 ± 0.23 mm) and proteolytic (76%, 
1 ± 0.0–17 ± 1.00) activities. Isolates P1, P11, and P15 
showed the best enzymatic activities among other isolates 
(Table 1).

Determination of Phosphate and Zinc Solubilization

Among the 26 strains isolated from the rhizospheric soil 
of Pistachio trees, clear zones were formed around the 
colonies of 18 bacterial strains on Pikovskaya medium 
supplemented with Ca3(PO4)2 which showed their ability 
to solubilize phosphate. Clear zones with diameters in the 
range of 1–14 mm were formed around the colonies after 
5–7 days of incubation (Table 2). Maximum phosphate-
solubilizing ability was observed with strain P1, followed 
by the strain P11 and P13. Ten out of 26 bacterial strains 
showed the ability to solubilize ZnO in agar plate assay. 
Clear zones with diameters of 13 ± 0.36 mm to 1 ± 0.0 mm 
were observed. Maximum Zn solubilization was related to 
isolate P1 which was followed by isolate P11 (11 ± 1.00). 

Table 1   Enzymatic activities 
of isolated bacteria from the 
rhizosphere of pistachio trees 
using agar plate-based enzyme 
assays

The diameter of the halo zone (mm) was determined by subtracting the colony diameter (mm) from the 
total diameter of the halo zone

Isolates Amylase Lipase Protease Isolates Amylase Lipase Protease

P1 4 ± 0.57 7 ± 0.43 11 ± 1 P14 8 ± 0.80 8 ± 0.55 0 ± 0.0
P2 6 ± 0.13 3 ± 0.41 4 ± 0.80 P15 10 ± 0.26 5 ± 0.0 6 ± 0.51
P3 5 ± 0.36 4 ± 0.60 10 ± 0.9 P16 10 ± 0.41 5 ± 0.28 0 ± 0.0
P4 6 ± 0.53 5 ± 0.31 1 ± 0.0 P17 10 ± 0.63 4 ± 0.0 0 ± 0.0
P5 4 ± 0.51 0 ± 0.0 9 ± 0.51 P18 2 ± 0.0 0 ± 0 4 ± 0.80
P6 5 ± 0.0 5 ± 0.28 1 ± 0.0 P19 13 ± 0.42 6 ± 0.80 0 ± 0.0
P7 2 ± 0.42 2 ± 0.21 7 ± 0.28 P20 7 ± 0.21 4 ± 0.80 1 ± 0.0
P8 3 ± 0.20 6 ± 0.56 1 ± 0.75 P21 7 ± 0.42 3 ± 0.28 1 ± 0.0
P9 13 ± 1.0 4 ± 0.0 1 ± 0.0 P22 5 ± 0.32 2 ± 0.26 8 ± 0.42
P10 8 ± 0.42 3 ± 0.32 1 ± 0.32 P23 3 ± 0.0 4 ± 0.28 1 ± 0.0
P11 7 ± 0.32 9 ± 0.23 17 ± 1.0 P24 6 ± 0.55 0 ± 0.0 10 ± 0.21
P12 3 ± 0.18 2 ± 0.50 6 ± 0.51 P25 2 ± 0.0 2 ± 0.0 3 ± 0.0
P13 9 ± 0.25 7 ± 0.28 0 ± 0.0 P26 3 ± 0.21 0 ± 0.0 0 ± 0.0
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Isolates P10 and P19 showed minimum solubilization zone 
(Table 2).

Evaluation of the Indole Acetic Acid 
and the Hydrogen Cyanide Production

According to the results, all isolates were able to synthesize 
IAA. The concentration of IAA produced by the rhizobac-
teria showed a variation between 5.05 ± 0.08–11.50 ± 0.11 
μg/mL (Table 3). The production of IAA was highest in 
the strain of the P17 (11.50 ± 0.11 μg/mL) followed by 
the isolates P15, (10.25 ± 0.39 μg/mL) and the isolate P4 
(9.30 ± 0.20 μg/mL). At the same time, strain P12 produced 
the lowest amount of IAA (5.05 ± 0.08 μg/mL). Twenty-
four rhizobacteria recovered from the rhizospheric region 
of the pistachio trees showed an ability to produce hydrogen 

cyanide (HCN). Among them, strong (+ + +), moderate 
(+ +), and weak ( +) HCN production were observed in five, 
nine and ten isolates, respectively (Table 3).

Halotolerance of PGPR

Most isolated bacteria (except isolate 14) showed consid-
erable growth in the presence of 5% w/v NaCl (Table 4). 
The NaCl at a concentration of 10% w/v inhibited the 
growth of isolate P14. This level of salinity significantly 
reduced the bacterial growth of 31% of the strains, includ-
ing isolates with codes of P8, P10, P15, P17, P18, P20, 
P23, and P26. The growth of P5, P6, P7, P9, P14, P18, 
P19, P21, and P22 isolates was suppressed in the pres-
ence of 20% w/v NaCl. The growth of isolates including, 
P3, P4, P8, P12, P13, P15, P17, P20, P23, P25, and P26 

Table 2   The ability of 
the isolated bacteria in 
solubilization of insoluble zinc 
and phosphate compounds

The diameter of the halo zone (mm) was determined by subtracting the colony diameter (mm) from the 
total diameter of the halo zone

Isolates Zinc solubilization Phosphate 
solubilization

Isolates Zinc solubilization Phosphate 
solubiliza-
tion

P1 13 ± 0.19 14 ± 0.50 P14 0 ± 0.0 2 ± 0.0
P2 0 ± 0.00 2 ± 0.34 P15 5 ± 0.50 3 ± 0.0
P3 0 ± 0.00 5 ± 0.26 P16 0 ± 0.0 2 ± 0.16
P4 3 ± 0.0 2 ± 0.0 P17 0 ± 0.0 4 ± 0.0
P5 0 ± 0.0 0 ± 0.0 P18 0 ± 0.0 0 ± 0.0
P6 2 ± 0.0 5 ± 0.18 P19 1 ± 0.0 0 ± 0.0
P7 2 ± 0.0 1 ± 0.0 P20 0 ± 0.0 0 ± 0.0
P8 0 ± 0.0 1 ± 0.0 P21 0 ± 0.0 3 ± 0.42
P9 0 ± 0.0 1 ± 0.0 P22 0 ± 0.0 5 ± 0.41
P10 1 ± 0.0 0 ± 0.0 P23 3 ± 0.0 0 ± 0.0
P11 11 ± 1.00 11 ± 1.00 P24 0 ± 0.0 0 ± 0.0
P12 0 ± 0.0 0 ± 0.0 P25 3 ± 0.17 1 ± 0.0
P13 0 ± 0.0 11 ± 0.50 P26 0 ± 0.0 2 ± 0.0

Table 3   Ability of isolated 
bacteria to produce HCN and 
IAA

Isolates HCN production IAA (µg/mL) Isolates HCN production IAA (µg/mL)

P1  +  +  7.30 ± 0.31 P14  +  5.45 ± 0.52
P2  +  6.40 ± 0.28 P15  +  +  +  10.25 ± 0.39
P3  +  +  5.80 ± 0.05 P16  +  +  +  5.40 ± 0.24
P4  +  9.30 ± 0.20 P17  +  +  +  11.50 ± 0.11
P5 – 5.95 ± 0.33 P18  +  +  +  5.45 ± 0.65
P6  +  +  7.10 ± 0.0 P19  +  5.10 ± 0.32
P7 – 5.95 ± 0.42 P20  +  7.50 ± 0.34
P8  +  7.00 ± 0.29 P21  +  6.80 ± 0.23
P9  +  +  5.55 ± 0.50 P22  +  +  5.15 ± 0.49
P10  +  +  8.45 ± 0.37 P23  +  7.15 ± 0.14
P11  +  5.15 ± 0.10 P24  +  +  6.90 ± 0.35
P12  +  5.05 ± 0.08 P25  +  +  8.80 ± 0.21
P13  +  +  +  7.60 ± 0.30 P26  +  +  7.35 ± 0.15
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was reduced in the presence of 20% w/v NaCl. Remained 
isolates including, P1, P2, P10, P11, P16, and P24 isolates 
grew well at this salinity level and their growth was not 
affected by salinity (Table 4).

Influence of Microbial Inoculants on Pistacia vera L. 
Growth Parameters

According to the results, isolates P1, P10, P11, P17 and 
P19 due to having different levels of ability to improve 
plant growth including, various amylolytic, lipolytic,and 
proteolytic activities, phosphate, and zinc solubilization 

activities, as well as the different ability to produce HCN 
and IAA and finally diverse tolerance to a high level of 
salinity were selected for a pot experiment. Inoculation of 
seeds with these PGPR influenced the growth character-
istics of Pistacia vera L. seedlings. The content of chlo-
rophyll a and b was enhanced (P < 0.05) by inoculation of 
strains P1 and P11 and P17 compared to untreated plants 
(control). Compared with the control, 47.42%, 57.73%, 
and 32.98% increases were observed in the total chlo-
rophyll content of seedlings treated with P1, P11, and 
P17 inoculants, respectively. It was found that the level 
of carotenoid was increased in P1, P11, and P17 treated 

Table 4   Tolerance of 
isolated bacteria to various 
concentrations of NaCl (5, 10 
and 20% w/v)

Isolates NaCl5% NaCl10% NaCl20% Isolates NaCl5% NaCl10% NaCl20%

P1  +  +  +   +  +  +   +  +  +  P14  +  – –
P2  +  +  +   +  +  +   +  +  +  P15  +  +  +   +  +   + 
P3  +  +  +   +  +  +   +  +  P16  +  +  +   +  +  +   +  +  + 
P4  +  +  +   +  +  +   +  P17  +  +  +   +  +   + 
P5  +  +  +   +  +  +  – P18  +  +  +   +  +  –
P6  +  +  +   +  +  +  – P19  +  +  +   +  +  +  –
P7  +  +  +   +  +  +  – P20  +  +  +   +   + 
P8  +  +  +   +   +  P21  +  +  +   +  +  +  –
P9  +  +   +  +  – P22  +  +  +   +  +  +  –
P10  +  +  +   +  +  +   +  +  +  P23  +  +  +   +   + 
P11  +  +  +   +  +  +   +  +  +  P24  +  +  +   +  +  +   +  +  + 
P12  +  +  +   +  +  +   +  P25  +  +  +   +  +  +   + 
P13  +  +  +   +  +  +   +  P26  +  +  +   +   + 

Fig. 1   Effects of PGPR on 
chlorophyll a (black column), 
chlorophyll b (white column), 
total chlorophyll (grey column) 
carotenoid (dotted column) (a) 
and anthocyanin (b) content of 
pistachio treated by most promi-
nent PGPR. Measurements 
were made after two months 
(n = 3). Control: no-inoculation 
with microbial inoculants, 
Treatment: inoculation with 
microbial inoculants. * and 
NS showed the presence and 
absence of significant differ-
ence [at confidence interval of 
95% (P < 0.05) between] control 
group and experimental group, 
respectively
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plants by 53.12%, 32.81 and 25%, respectively (Fig. 1a). 
The chlorophyll and carotenoid contents of treated seed-
ing with P10 and P19 have no significant different with 
untreated seedling (P > 0.05) (Fig. 1a). Also, the treated 
seedling with P1, P11, and P19 exhibited more antho-
cyanin level in comparison with untreated seedlings 
(Fig. 1b). The inoculation with PGPR strains was found 
to significantly influence (P < 0.05) on phenolic contents 
in the leaves of Pistacia vera L.. It was found that in com-
parison to the control phenolic contents of P1, P10, P11, 
P17, and P19 treated Pistacia vera L. were increased by 
66.66, 50.66, 61.33, 33.33, and 36%, respectively (Fig. 2 
a). Also, inoculation of P1 and P11 caused a significant 
effect on the enhancement of proline contents (Fig. 2b). 
Moreover, the results of RT-PCR confirmed that the gene 
expression level of 1-Pyrroline-5-Carboxylate Synthetase 
(P5CS) in Pistacia vera L. seedlings treated with P1 and 
P11 strains has increased compared to the control (Fig. 3). 
Based on obtained results microbial inoculation has no 
significant effect on the protein content of treated Pista-
cia vera L. in comparison with untreated ones (Fig. 4a). 
The P1 inoculated plants showed an enhanced level of 
sugar content (50%) compared to uninoculated seedlings 
(Fig. 4b). P1 and P11 as the most efficient strains were 
catalase and Gram-positive and showed considerable anti-
biotic susceptibility (Table 5).

Fig. 2   Effects of microbial 
inoculants on the content of 
phenolic compounds (a) and 
proline content (b) (n = 3). Con-
trol: no-inoculation with PGPR 
microbial inoculants, Treat-
ment: inoculation with PGPR 
microbial inoculants. * and 
NS showed the presence and 
absence of significant differ-
ence [at confidence interval of 
95% (P < 0.05) between] control 
group and experimental group, 
respectively

Fig. 3   RT-PCR analysis of P. vera leaves. From left to wright: 1: P1, 
2: control, P11, 4: molecular-weight-marker ladder, and 5: internal 
control
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Sequencing of 16S rRNA Gene of P1 Strain

Strain P1 was selected as the most efficient PGPR for 
Pistacia vera L. seedlings. Therefore, the sequence of its 
16S rRNA gene was submitted to NCBI GenBank using 
BLAST (basic local alignment tool), and a phylogenetic 
tree was constructed (Fig. 5). The strain P1 showed the 
most similarity to Paenarthrobacter nitroguajacoli-
cus (99.92%–1322 bp). Sequences of strains were sub-
mitted in NCBI GenBank with the accession number 
OP810958.

Discussion

The soils of pistachio orchards are extremely saline and alka-
line. These two stresses limit plant growth and development 
and decrease soil quality in the long term. Salinity adversely 
affects photosynthetic machinery. It leads to water deficit 
within the plant and ion toxicity, decreases nutrient uptake or 
their transportation to the shoot, and finally generates reac-
tive oxygen species (ROS) and ethylene. Consequently, plant 
growth is adversely affected (Egamberdieva et al., 2019). 
So, cost-effective, eco-friendly, and sustainable strategies are 
critically needed to restore saline-alkaline degraded lands to 
improve Pistacia vera L. growth.

It has been known that the PGPR can adapt themselves 
to harsh conditions and, through various mechanisms can 
encourage plant growth under stressful conditions. Thus, in 
this study, we screened the rhizospheric region of pistachio 
trees and isolated 26 multifunctional PGPR.

Fig. 4   Effects of PGPR on protein (a) and sugar (b) of Pistacia vera 
L seedling treated by most prominent PGPR. Measurements were 
made after two months (n = 3). Control: no-inoculation with PGPR 
microbial inoculants, Treatment: inoculation with PGPR microbial 
inoculants. * and NS showed the presence and absence of significant 
difference [at confidence interval of 95% (P < 0.05) between] control 
group and experimental group, respectively

Table 5   Macroscopic and microscopic properties of the two most efficient PGPR

Ca and Gr indicated catalase and Gram-staining test. E, TE, S, C, and AM showed erythromycin, tetracycline, streptomycin, chloramphenicol, 
and ampicillin antibiotic disks, respectively

PGPR strains Ca and Gr Microscopic 
morphology

Macroscopic morphology of colonies Diameter of growth inhibition 
zone (mm)

Size Shape Elevation Margin Appearance E TE S C AM

P1  +  Rod-shaped Medium Circular Crateriform Entire Opaque 18 19 26 23 20
P11  +  Rod-shaped Medium Circular Raised Entire Opaque 0 15 30 26 0

Fig. 5   Phylogenetic tree. The 
sequence of 16S rRNA gene 
was aligned via MEGA 6.0, 
and the tree was constructed 
using the Maximum Likelihood 
method
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Saline and alkaline soils in Iran have a deficiency of solu-
ble and bioavailable zinc and phosphate that limit the growth 
and yield of the pistachio trees. So, applying biofertilizers 
containing phosphate (PSM) and zinc solubilizing microbes 
(ZSM) enhances the fertility of the soil and also decreases 
the consumption of hazardous phosphate and zinc fertiliz-
ers [34].

Some of the isolated rhizobacteria in the current study 
showed an ability to solubilize tricalcium phosphate (n = 18, 
14 ± 0.5–1 ± 0.0) and zinc oxide (n = 10, 13 ± 0.19–1 ± 0.0) 
on plate assays and considered as PSM and ZSM, respec-
tively. The P1 strain showed the best phosphate and zinc 
solubilization which was followed by the P11 strain.

Also, PGPR improve the breakdown of organic com-
pounds in the soil through their hydrolytic enzymes which 
increase soil nutrient content and provide a favorable 
soil condition for the growth of plants [35]. For example, 
Nadeem et al. (2014) showed that applying fertilizers con-
taining PGPR improve the physiochemical characteristics 
of the soil by enhancing the enzymatic activities of soil like 
invertase, phosphatase, peroxidase, and urease activities, 
which finally accelerate plant growth [36]. These results 
are also consistent with the finding of the present study. 
Some of the isolated bacteria were amylolytic (n = 26, 
13 ± 0.10–2 ± 0.00), proteolytic (n = 20, 17 ± 1.00–1 ± 1.00), 
and lipolytic (n = 22, 9 ± 0.23–2 ± 0.00) strains. P11 isolate 
showed the most proteolytic and lipolytic activities. Also, 
P9 and 19 isolates showed the best amylolytic activities. 
These hydrolytic enzymes are involved the nutrient recy-
cling through organic matter decomposition. Thereby, these 
strains with enzymatic activities increase the nutrient source 
around the host plant.

Moreover, these rhizobacteria can exert their beneficial 
effect by producing IAA that positively affects the root sys-
tem which led to improved uptake of water and nutritional 
compounds. In the present study, all strains showed IAA pro-
duction ability (5.05 ± 0.08–11.5 ± 0.11 µg/mL). Continuous 
production and slow release of phytohormones produced by 
rhizobacteria make them promising candidates for promot-
ing plant growth [37]. Also, 24 bacterial isolates showed an 
ability to produce HCN.

These in vitro assays showed that isolated bacteria could 
be considered potential PGPR. Among the studied bacterial 
strains, the Pistacia vera L. growth-promoting ability of 
the P1, P10, P11, P17, and P19 strains was further screened 
in a pot experiment. It has been shown that inoculating 
PGPR can significantly improve the physiological proper-
ties of pistachio [38]. For example, Acar et al., showed 
that inoculation of Pistacia vera L. seedlings with PGPR 
including, Chlorobium limicola, C. vibrioforme, Nitroso-
monas spp., Nitrobacter spp., Pseudomonas vulgaris under 
salinity stress imposes positive effect on the development 
of Pistacia vera L. seedlings and through establishing 

symbiosis between Pistacia vera L. roots and bacteria 
protected them against salinity[39]. Also, Atajan et al., 
reported that Pseudomonas sp. inoculation with Pistacia 
vera L. seedlings improves dry weight, Mn uptake, and 
chlorophyll content of the Pistacia vera L. seedlings in 
the presence of salinity stress [40]. Inoculation of P1, P11, 
and P17 isolates remarkably increased the level of the total 
chlorophyll of Pistacia vera L. in pot experiments. There-
fore, P1, P11, and P17 had a meaningful promoting effect 
on the photosynthesis of seedlings. Chlorophyll concen-
tration is indicative of a plant’s health in the presence of 
salinity [41]. Similar results were reported by Azarmi et al. 
that showed that the chlorophyll content of Pistacia vera L. 
seedlings was more than that of the control after the treat-
ment by fluorescent pseudomonads strains (14–19%) [42]. 
In the current study, inoculated Pistacia vera L. seedlings 
with PGPR stains showed higher accumulation of phenolic 
content in relation to non-inoculated plants. Phenolic com-
pounds and anthocyanin play important roles in different 
plant processes and play important role in the defense 
mechanisms of plants against various stresses [43].

Pistacia vera L. seedlings inoculated by the P1 strain 
showed an enhanced level of sugar and proline content com-
pared to untreated seedlings. In this regard, the inoculated 
seedlings by P1 increased proline and sugar concentrations 
by 48.27% and 50%, respectively. The increase in sugars can 
presumably be due to increased photosynthesis and nutrient 
availability to the inoculated plants as a result of the appli-
cation of PGPR [44]. Also, Azarmi et al. reported that fluo-
rescent pseudomonads (pf1, pf2, and pf3) treated Pistacia 
vera L. seedlings showed enhanced concentrations of proline 
(11–21%) and sugar (20–31%) compared to control [6].

The P1, P10, and P11 strains tolerated high concentra-
tions of NaCl (20% w/v). So, it can be stated that they are 
extremely halotolerant owning to growing in the absence 
as well as in the presence of high salt concentrations [45]. 
The growth of the P17 strain was reduced in the presence 
of 20% w/v NaCl and the P19 strain have no growth at this 
salinity level.

Halotolerant rhizobacteria with plant growth-promoting 
properties are considered one of an outstanding group of 
bacteria that can improve physicochemical properties of 
rhizospheric regions in the presence of salinity stress and 
enhance yield [46, 47].

It seems that the higher efficiency of P1 and P11 isolates 
compared to other investigated isolates, including P10, P17, 
and P19 in promoting the growth of Pistacia vera L. seed-
lings is attributed to higher enzymatic activities and their 
considerable ability to solubilize zinc and phosphate.

P1 and P11 isolates were catalase-positive and Gram-
positive bacteria. It has been reported that catalase positive 
PGPR can protect plants against chemical, environmental, 
and mechanical stress [48]. The antibiotic sensitivity of 
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the P1 strain to studied antibiotics may assure that this 
strain is safe to use in the field and there is a lower proba-
bility that its application results in the spread of antibiotic 
resistance. Although further studies are needed to inves-
tigate the presence or absence of transferable antibiotic 
resistance genes.

According to the molecular identification, the P1 strain 
showed the most similarity to Paenarthrobacter nitrogua-
jacolicus. Paenarthrobacter nitroguajacolicus is a rare 
actinobacterium. Vergani et al. reported the isolation of P. 
nitroguajacolicus from the rhizosphere of Centaurea nigre-
scens in northern Italy which was mostly contaminated with 
polychlorinated biphenyls and metals. They reported that 
this strain could produce auxin and ACC deaminase under 
drought-stress conditions [49].

It has been reported that P. nitroguajacolicus 2–50 sig-
nificantly enhanced fresh weight, shoot development, shoot, 
and root length of treated tomato plants compared to the 
non-inoculated plant. This strain exhibited a considerable 
ability to improve the efficiency of water use and reduce 
plant water stress under severe irrigation deficit [50].

The current study documented the supportive role of 
Paenarthrobacter nitroguajacolicus P1 in the growth 
improvement of Pistacia vera L. that was associated with 
the elevated levels of chlorophyll, anthocyanin content, 
proline accumulation and increased level of phenolic com-
pounds. Paenarthrobacter nitroguajacolicus P1 showed 
resistance to salt stress, and enhanced sugar content in 
Pistacia vera L seedlings. It can be suggested that the 
phosphorus, and zinc solubilization, as well as IAA, HCN, 
and hydrolytic enzyme production capacities of this strain, 
might be possible mechanisms to promote the growth of 
pistachio.

Conclusions

In the current study, multipotent PGPR with the ability to 
produce IAA and HCN, amylase, lipase and protease as 
well as solubilize phosphate and zinc were isolated from 
the Pistacia vera L. rhizosphere. Paenarthrobacter nitrogua-
jacolicus P1 as the most efficient halotolerant plant growth-
promoting bacterium showed an improving effect on the 
growth of Pistacia vera L. seedling in a pot experiment. 
Therefore, it can be applied as a halotolerant bioinoculant 
in the cultivation of pistachio in stressed soil. Biofertilizer 
application is a sustainable and environmentally friendly 
approach to enhance the productivity and health of pistachio 
orchards over the time.
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