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ABSTRACT

To study the efficiency of salt-tolerant plant growth-promoting rhizobacteria on salt resistance of wheat
plant (Triticum aestivum L) at vegetative growth stage, some isolated strains from the rhizosphere of
halophyte plant which were collected from the deserts of four provinces (Isfahan, Yazd, Golestan and
Hormozgan) of Iran. All strains were screened on their ability as salt tolerant, phosphate solubility,
Auxin, siderophore and hydrogen cyanide (HCN) production. 10 isolates from a total of 50 isolates were
salt tolerant to 5-20 percent salinity and have plant growth promoting (8 isolates were able to solubilize
insoluble phosphate and 6 isolates produced Indole-3-acetic acid (IAA). Only two isolates produced
siderophore and none of the isolates had the ability to produce cyanide hydrogen. Effects of 10 salt
tolerant bacteria and two salt treatments (zero and 100 mM NaCl) on the initial phase of vegetative
growth stage of wheat seedlings under 100 mM NaCl was investigated. The effect of PGPR on root and
shoot dry weight, total dry weight, the amount of ethylene on Ghods wheat in saline conditions showed
that the inoculation with selected bacteria in modulating the negative effects of salinity on growth period
of wheat has been effective. Total dry weight (261%), shoot (390%) and root dry weight (270%)
increased compared with control treatment and decreased levels of ethylene (24%) in salinity.
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Table 1. Some of chemical properties of the soil sample which were collected from the rhizosphere of the halophyte plants from saline
deserts of Iran.

EC * 103

Region s/em pH cos C (%) SAR ESP(%)  MglCa Na* Iﬁgﬁﬂze
Golestan 30 7.9 13 0.84 32 37 98 36.5
30°15'N 50°45'E
Isfahan 110 8.1 15 0.98 45 42 102 48.2
32°50'N 51°50'E
Means 70 8 14 0.89 375 39.5 100 42.35
gl GlocuS 5 g et luse o6.Y Jgo
Media Compounds (g/1)
NA Nutrient Brouth: 8, Agar: 15
TSA Tryptone: 15, Soytone: 5, Sodioum Chloride: 5, Agar: 15
LBA LB: 25, Agar: 15
GYA Glycerol: 5, Yeast Extract: 2, Dipotassium phosphate: 1, Agar: 15
A NaCl: 174, MgS0,.7H,0: 0.1, (NH4),SO4: 2, K,HPO,: 3.12, NH,CL: 2, Glucose: 10

Table 2 Media name and their compounds
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Table 3. Some of Plant growth-promoting traits isolates ..

Isolte nember Sidrophore %

Phosphate solubility (ug/ml) Auxin (ug/ml)

5 N/A 1399 £ 5.4 121.7 £ 2.3*

10 N/A N/A 13.440.22

16 11+0.71 N/A 30+1.2

22 N/A N/A 4.1+0.03

26 N/A N/A 48 +053

32 14+ 0.75 N/A 18+0.44

37 N/A N/A 6.5+0.05

M N/A 1008 + 6.2 N/A

47 N/A 1667 + 1.4 N/A

57 N/A +3.62012 N/A

65 N/A 219+ 46 N/A

69 N/A 1377+ 838 N/A

76 N/A 388+29 N/A

83 N/A 1797 +5.6 N/A

88 N/A 1480 6.8 N/A

100 N/A 188 +3.1 78+ 1.03
(5%) LSD 05 21.1 3.2
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Table 4: Molecular identification of best isolates in this study.

16 S rRNA fragment
Isolates

Similarity Percent

. Closest relatives and
Accession Number

length (bp) NCBI accession number
42 1366 99 KU374974 Enterobacter aerogenes
88 1370 99.9 KU374977 Bacillus amyloliquefaciens
100 1127 99 KU374973 Bacillus atrophaeus
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Table 5. Analysis of variance for effect of salt and bacteria on shoot, root, and whole wheat plant dry mass
Sov df Shoot dry mass Root dry mass  Total dry mass
Salt 1 0.009* 0.039** 0.0877*
Bacteria 9 0.008™ 0.01*" 0.0349™
Salt x Bacteria 9 0.004** 0.004** 0.0143*
Error 39 0.0015 0.0026 0.005
CcV 21/8 29/6 20/3
C.V., coefficient of variation; ** Significant at P <0.01
Ve (e Voo y9d G lulyd 50 puiS sla Sy (B r 2 6198 4 polie B S e Bl 00 ;567 Jeu
Table 6. The effect of 10 PGPRs isolates on some wheat growth traits under salt stress (100 mM).
plant height Total dry mass Root dry mass shoot dry mass |
(cm) © © Isolate
100 (mM) 0 (mM) 100 (mM) 0 (mM) 100 (mM) 0 (mM) 100 (mM) 0 (mM)
253%11 269+12 0.137+0.018 +0.018-0.154 0.067+ 0.012 0.085 £ 0.011 0.05 % 0.008 0.069 + 0.005* control
335+23 35.2+ 255 0.322+ 0.028 0.386 £ 0.039 0.139 £ 0.014 0.177 £0.021 0.183 £ 0.017 +0.019-0.209 5
343+24 35225 0.293 £ 0.029 0.35+0.033 0.145 £ 0.013 0.182 £ 0.022 0.148 £ 0.013 0.168 £ 0.014 10
348 £26 35227 0.288 £ 0.029 0.31+0.047 0.117+0.008 0.107 + 0.009 0.17 £ 0.016 0.203 £ 0.019 16
34£23 35.7+26 0.236 £ 0.022 0.298 £ 0.031 0.1+0.009 0.144 £ 0.012 0.136 £ 0.012 0.154 £ 0.014 22
303+18 3522 0.295 £ 0.022 0.369 £ 0.031 0.148 £ 0.016 0.184 +0.019 0.147 £ 0.014 0.185 + 0.017 26
325 £17 4136 0.24 % 0.029 0.339 £ 0.048 0.113 £ 0.012 0.16 £ 0.016 0.127 £ 0.011 0.179 £ 0.016 32
307£17 36.7+26 0.322 £ 0.033 0.394 £ 0.037 0.161 £ 0.016 0.198 +0.028 0.161 + 0.009 0.196 +0.018 4
34+24 34.9+25 0.409 +0.052 0.325 £ 0.034 0.225 £ 0.023 0.167 +0.017 0.234 % 0.016 0.158 +0.015 47
331£27 371 £3.00 0.495 + 0.058 0.462 £ 0.053 0.25+0.024 0.256 +0.023 0.245 £ 0.018 0.207 +0.019 88
316 £15 34.3£22 0.407 £ 0.075 0.386 % 0.045 0.253 £ 0.024 0.197 £ 0.02 0.194 £ 0.014 0.189 +0.018 100
LSD
8.2 0.12 0.04 0.02 (5%)
* S5 e pSile ppolie ks il (glas

Values: means of three replicates + standard error
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Table 7. Effect of incubation times of isolates on ethylene biosynthesis in wheat under salt stress

Ethylene emission (nmol ethylene g FW™ h?)

4 h incubation 24 h incubation Time point
200 mM 0 mM 200 mM 0mM NaCl concentration
11.56 £2.16 8.03+£2.20 72.23+4.62* N/A Not inoculated
8.25 £1.46 8.24 £2.24 72.05 £5.85 N/A 5
891 +1.2 7.63 +£0.36 64.05 +3.46 N/A 10
752 £0.6 6.97 £2.16 61.78 + 1.75 N/A 16
9.83+1.73 8.22+2.21 72.22 £9.37 N/A 22
953+22 7.46 +5.36 70.22 + 2.00 N/A 26
8.61 +£0.92 7.34 £5.15 68.34 +8.30 N/A 32
7.12 £2.00 6.88 +3.64 62.34 £ 3.17 N/A 42
9.34 £2.27 7.71+£1.69 70.33 £4.47 N/A a7
8.68+1.8 6.92 £ 1.49 60.88 +5.58 N/A 88
8.89+29 7.81+£3.30 69.15 + 3.35 N/A 100

2.5

12.5

LSD (5%)

st glas £ 1S5 4w poSiles 1 polie
means of three replicates + standard error:Values
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