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. . . . Introduction
Indole acetic acid, Tri-calcium A large part of Iran, especially the provinces located in the east and center, is located in
phosphate, Environmental arid and semi-arid regions where the annual precipitation is less than 150 mm. Conse-

quently, agriculture conditions in these areas are challenging. Environmental stresses
such as soil salinity, drought, and poor soil fertility play significant roles in reducing
promoting microorganisms, agricultural production. The utilization of beneficial soil microorganisms is crucial for
managing agricultural production. The objective of this study was to assess the toler-
ance of bacteria isolated from the rhizosphere of saffron, pistachio, and barberry plants
to salinity and drought stresses, as well as their capacity to solubilize phosphorus and
produce indole acetic acid under laboratory conditions.
Material and Methods
To isolate plant growth-promoting bacteria, soil samples were collected from the rhizo-
sphere of pistachio, barberry, and saffron plants in various regions of South Khorasan
Received: Province and transported to the Soil Biology Laboratory of the Faculty of Agricul-
03 December 2024 ture. Subsequently, the bacteria were cultured on the growth medium, and thereafter,
bacterial isolates exhibiting variations in colony shape and appearance were chosen
for purification and further investigations. Following this, 10 bacterial isolates were
Revised: picked and evaluated for growth in culture media with varying salinity levels (0, 10,
13 December 2024 20, and 40 dS/m), drought conditions (0, -5, and -10 bar), as well as for the solubili-
zation of tricalcium phosphate, and the production of indole acetic acid. Finally, the
data underwent statistical analysis using SAS software, and mean comparisons were
performed utilizing the LSD test.
Accepted: Results
14 December 2024 The results indicated that bacterial growth decreased with increasing salinity and poly-
ethylene glycol concentration in the culture medium. Bacteria isolated from the rhi-
zosphere of barberry plants demonstrated a greater ability than other isolates to thrive

stresses, Plant growth-

Sodium chloride.
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in high salinity and drought conditions. As per the findings, the growth of isolates at salinity levels
of 0, 10, 20, and 40 dS/m ranged from 0.603 to 1.524, 0.501 to 1.343, 0.417 to 1.234, and 0.184 to
1.038, respectively. The highest growth at salinity levels of 0, 10, 20, and 40 dS/m was observed in
isolates S2, B3, B3, and B8, respectively, while the lowest growth was noted in isolates P6, P6, P2,
and S1 at these salinity levels. The average growth (light absorption) of bacteria isolated from the
rhizosphere of saffron, pistachio, and barberry plants at -5 bar water potential was 0.779, 0.850, and
1.059, respectively, and at -10 bar water potential was 0.756, 0.563, and 0.483, respectively. The
highest growth of isolates at -5 and -10 bar water potential levels was attributed to isolate B7, where-
as the lowest growth was associated with isolates P2 and S10 at these water potential levels. The
highest phosphorus release in the liquid medium was recorded at 629 pg/mL, attributed to isolate S4.
The solubility of phosphorus by the isolates ranged from 237 to 629 pg/ml. The average solubility
of tricalcium phosphate in bacteria isolated from the rhizosphere of saffron, pistachio, and barberry
plants was 484, 472, and 393 pg/ml, respectively. The production of indole acetic acid by the isolates
varied from 18.83 to 3.23 pg/ml, with the highest production observed in isolate S6 (18.83 pg/ml).
Conclusion

The decrease in rainfall in Iran’s agricultural regions, the increase in salinity and drought stresses in
these areas, and the low efficiency and negative effects of chemical fertilizers on human health and
the environment have made the use of beneficial microorganisms that are resistant to environmental
stresses more necessary than ever. The results of this study showed that most of the isolates studied
were able to tolerate different levels of salinity and drought in laboratory conditions up to a salinity
of 40 dS/m and drought stress of -20 bar. On the other hand, most of the bacterial isolates isolated
from the rhizosphere of saffron, pistachio, and barberry plants had the ability to dissolve tricalcium
phosphate in solid and liquid media, reduce the pH of the environment, and also produce indole
acetic acid as a plant growth-stimulating hormone. Therefore, these isolates can be tested for the
preparation of microbial inoculants to induce plant resistance and promote growth under stressful
conditions.
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0.684°de 0.832¢fe 1.446° 0.458¢" 1.011¢¢ 1.185% 1.446° S4
0.3374 0.5211 1.197¢f 0.5251 0.832f 1.0124f 1.197¢fe Ss
0.557% 0.845¢f 1.072M 0.209* 0.722¢h 0.918% 1.072M Se
0.452h 0.901¢ 1.4982® 0.3281 1.074¢ 1.283%® 1.498® S7
0.326' 0.672M 1.319¢ 0.359M 0.711M 1.177% 1.319¢ Ss
0.482¢ 0.7182 1.372¢ 0.501&" 0.993¢de 1.279% 1.372¢ So
0.301 0.686" 1.429% 0.402" 0.7308" 1.064% 1.429b¢ Sio

Pistachio

0.501¢ 0.814¢°f 0.717"mn 0.393M 0.568™ 0.677¢ 0.717"mn Py
0.314 0.512} 0.621™" 0.186" 0.417° 0.516™ 0.621™" P
0.4802" 0.722¢ 0.811' 0.435M 0.703M 0.791h 0.811! P;
0.421h 0.619' 0.748m 0.371h 0.584! 0.632m 0.748m Py
0.853° 1.041¢ 1.119& 0.389M 0.712" 0.910'% 1.119¢ Ps
0.8912 0.942¢de 0.603" 0.215* 0.443r° 0.501" 0.603" Ps
0.3251 0.671h 1.038M 0.514¢ 0.814n 0.923% 1.038M Py
0.617%f 1.012¢ 1.026M 0.402" 0.696"k 0.882h 1.026" Pg
0.515% 1.151° 0.739'm 0.219* 0.519mn 0.592!mn 0.739™™ Py
0.714¢ 1.020< 0.916* 0.546' 0.770¢" 0.835¢M 0.916* Pio

B

Barberry

0.800% 1.065¢ 1.415b 1.0042® 1.2012 1.269% 1.415b B:
0.745¢ 1.169° 1.163% 0.628¢f 0.896¢f 1.0544% 1.163f B;
0.573f 0.834¢°fe 1.389¢ 0.956° 1.2342 1.3432 1.389¢ B;
0.602¢f 0.804 1.219¢f 0.705¢ 0.928¢% 1.115¢f 1.219¢f B,
0.8922® 1.2032 1.437% 0.876 1.063¢¢ 1.2582® 1.437% Bs
0.711¢ 0.942¢de 1.046M 0.427" 0.703M 0.911% 1.046M Bs
0.955* 1.285% 1.383¢ 0.986% 1.125b¢d 1.205b 1.383¢ By
0.856%® 1.117°% 1.373¢ 1.0382 1.216* 1.3392 1.373¢ Bg
0.706¢ 1.001¢ 1.197¢f% 0.649¢ 0.874°f¢ 1.020%f 1.197¢f By
0.721¢ 1.172° 1.426% 0.837° 1.088< 1.271%® 1.426b Bio

35,105 0o )0 O s 43 (LSD (y5051) (6 lo sire (Lol OIS S e By S JBlas gl sla Kilo (ygiw 2 50
In each column, averages with the same one letter are not significantly different (LSD test) at a 5% probability level.
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Table 2. The ability of solubilization of P and production of IAA by isolates

Sd Pl wlax
Aol Sl Jganl o g P solubilization Isolate
IAA (pg.ml™) Lo pH gl Lo SOl & Alla las
Medium pH Liquid medium (ug.ml™") Halo/Colony diameter
olye;

Saffron
13.22bc 3.43j 512de 1.78bcd S
6.11klm 3.225kl 618ab 2.02a Sz
7.16 jk 3.90efg 431g 1.18j Ss
8.93¢ghi 3.51j 629a 1.96ab Sq
7.46ij 3.81gh S1lde 1.86abc Ss
3.87nop 3.93efg 534d 2.06a Se
4.611lmno 4.12ef 406ghi 1.44efg Sq
4.28mnop 4.47cde 393hi 1.76bcd Ss
3.79nop 4.55¢cd 269kl 1.23j So
18.83a 3.65hi 539cd 1.66¢d Sio

Pistachio
12.34cd 3.84hg 414gh 1.55de P
10.16efgh 3.59i 515de 1.97ab P,
14.27b 4.33de 467efg 1.19j P;
3.23pq 4.89b 348ij 1.62cde Py
4.891mn 3.27jk 587abc 1.75bcd Ps
11.06def 4.62bc 390hi 1.77bcd Ps
12.20cd 4.87b 297jk 1.54de P;
4.55Imno 3.73gh 604ab 1.89abc Ps
3.75nopq 3.19kl 623a 2.01a Py
9.94efgh 3.53hij 476ef 1.92abc P

S35

Barberry
3.85nop 4.18ef 328j 1.69cd B
14.72b 3.69gh 481ef 1.88abc B>
11.83cde 3.54hij 499¢ 2.05a B3
3.80nop 4.72b 254klm 1.81abcd B4
10.35efg 4.65bc 295jk 1.32h Bs
9.54fgh 4.56¢d 237Im 1.49¢f Bs
3.69n0pq 3.70gh 573bc 1.91abc B;
10.48efg 4.76b 278k 1.29hi Bs
8.33hij 3.78gh 509de 1.74bcd By
7.17jk 3.91efg 474ef 1.89abc Bio

- 6.43a - - Control

35,105 0o j0 O zhas ;3 (LSD (yg051) (6 lo sine (5 kel BB S yiiin By G JBlas sl)lo sl uSKiloo (ygiw 2 40
In each column, averages with the same one letter are not significantly different (LSD test) at a 5% probability level.
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Figure 1. Variations and correlation of tri-calcium phosphate solubilization and liquid medium pH
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