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Table 1. The characteristics of the sampled soils for microbial tests

Clay Silt Sand

(0] EC

SI(; |slsteixtu ral 0 (%) (%) (%) pH 0 Samples
% dS m?
Loam 42 195 38.5 14 8 4.6 1
Silty clay loam 45 38 17 0.52 7.4 8.12 2
Clay loam 45 30 25 0.41 7.3 10.11 3
Silty clay loam 53 32 15 0.06 7.2 124 4
Clay 325 43 24.5 0.92 7.1 9.41 5
Silty clay loam 48 34.6 174 1.7 75 6.52 6
Clay loam 445 31 245 0.62 7.6 10.51 7
Clay 38 425 195 0.04 7.8 14.12 8
Silty clay loam 515 36 125 1.2 8 5.2 9
Loam 325 18.5 49 0.3 7.3 13.26 10
Silty clay 47 44.6 8.4 1.34 7.6 12.71 11
Clay loam 454 30 24.6 0.07 7.2 15.21 12
Silty loam 53.2 13.1 33.7 0.56 7.6 11 13
Clay 26.5 423 31.2 0.41 7.4 10.24 14
Silty clay loam 54.6 314 14 1.02 8.19 8.23 15

1. Acetylene reduction assay
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Table 2. Determinative tests for primary identification of Azotobacter isolates

Acid

Isolates Gram Oxidase  Catalase  production NO? Mobility Starch . Cyst
test reduction hydrolysis
of sugar
B1 - + + + + + + +
B, - + + + + + + +
Bs - + + + - - + +
B, - + + + + + - +
Bs - + + + + - + +
Bs - + + + - - - +
By - + + + + + - +
Bs - + + + - - + +
Bg - + + + + + - +
Bio - + + + + - - +
B - + + + - - - +
B2 - + + + + + - +
B1s - + + + + + + +
Bis - + + + + - + +
Bis - + + + + + + +
Bis - + + + - - +
B17 - + + + + - - +
Bis - + + + + + + +
Bio - + + + + + - +
Boo - + + + + - - +
Ba1 - + + + - - + +
Bzz - + + + + + +
823 - + + + + + + +
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Table 3. Qualitative assay of bacterial growth in different levels of salinity
salinity levels salinity levels

Isolates 0T o0 Bos 796 10% OS To 206 506 76 10%
B, - - bt -+ - Bis I - - ++
B, - - -+ - - B4 P + - -
Bs P ++ - - Bis P ++ + +
By P bt - - Bis P + + -
Bs P bt ++ + By7 PR ++ - -
Bs - - ++ + - Bis PR ++ + -
B, - ++ - - - Big PRI - + +
Bs - et -+ + - Bao P ++ + -
By ++ o+ ++ + - B o 4+ ot ++ +
B1og PR F . + - Boo FHEE R ++ + -
B et ++ + - - B3 ++ + + - -
B, PRI bt -+ +

195l A (g A gl 0D s WD+l pas -

NO growth-, Weak+, Fair++, Good+++, Very good++++

395 4w loj W 50 (ol L glaaslas (B 0l -F Jgus
Table 4. Quantitative growth of bacterial isolates within three days

salinity levels salinity levels
Isolates 0% 2% 5% 10% Isolates 0% 2% 5% 10%
B1 0.98F¢ 0.83M 0.64XWV 0.12'cH Bis 1.844 1.06E 0.89K 0.12'cH
B, 0.92" 0.8PMON — 0,62WV 0.04 LMKN Bis 1.854 1.02F 0.78PON 0,09 MM
Bs 0.924 0.5148 0.34F 0.06 WMKN Bis 0.81MON  0,64WV 0.46BC 0.13°¢H
B. 0.5242 0.43° 0.32F 0.014N Bis 0.95¢H 0.56A2Y 0.48°¢ 0.12°¢H

Bs 0.81 -MON $70.71 0.64Y 0.052 WMKN
Bs 0.78PQON Q.61 *XWV 0.57Y 0.044MN
B7 0.81LMON . 74STR 0.5148 0.05 WMKN
Bs 0.62WV 0.42° 0.156 0.06 WMK
Bo 0.83 MK 0717 0.58 XWY 0.07K

Bio 0.76 PR 0.63Y%V 0.42° 0.08%
B 0.755%R 0.62YV 0.5342 0.1¢
B, 1.28° 0.88" 0.58*%Y 0.03MN

Bi7 0.77P0R 0,63V 0.5242 0.22F
Bis 0.93™" 0.715T 0.56 2" 0.25F
Bio 1518 0.82LMN 0.71YW 0.08 MK
B2o 0.96 ¢ 0.5178 0.35F 0.15¢
Ba: 1.33¢ 0.85K 0.61 %WV 0.15¢
B22 1.26¢ 0.67Y 0.46¢P 0.16¢
B2s 1.25°¢ 0.93" 0.56A2Y 0.14¢H
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Table 5. Mean comparison results of the polysaccharide production by bacterial isolates

Sources Change df Mean square
bacteria 22 10.47
Erorr 45 0.0012
Cv - 1.27

(5 3 055 baslaz buwgi oo adgi w ) Blw b Hlado -7 Jgaar
Table 6: Amount of bacterial polysaccharide production (g I')

Isolates Polysaccharide (g I%) Isolates Polysaccharide (g I'Y)
Bl — Bl3 52b
B. 2.3 B4 3.2
Bs 0.4m Bis 3.4
B4 5.62 Bis 4,18
Bs 3.2 Bz 2.3
Bs 3.9f Bis 3.79
B7 5.2° Bio 4.6°
Bs 43¢ B2o 3.5
Bg 3.79 B21 ----
Bio === B2 ===
Bu 3.4 By —
B2 2.1

Lo adg LUl ps

Inability to produce polysaccharides.

ULMJ C.:L.’ (V Je.\}) KW )le -Y- 9 AR Cj.sz
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Table 7. The effect of drought stress imposed by PEG-6000 on growth of isolates

Water potential levels

Water potential levels

Isolates 5 5 0 20 Isolates £ 10 )
B: 1.79% Q.49 0.12¢gh Bis 1.922 0.83 0.55P 0.14¢9f
B> 1.52f 0.42% (.27 bea 0.12¢gf B1a 1.210  0.21bc@ Q.085ik  0.008™
Bs 1.85> 0.23y>  0.106i9™h 0.005™ Bis 0.95¢  0.62° (0.2 bea 0.021™
B4 1.329  0.54r9 0.31ywx  (.107idg™ Bis 1.67¢ 0.73M™ 0.34w 0.085i1kn
Bs 1.25"  0.69™  0.201Pcd  0.092iidh Bi7 0.85' 0.41sv 0.17¢cd 0.064iK
Bs 116"  0.32wx  (.12¢™ 0.008™ Bis 0.95  0.35"W  (.14¢df 0.023™
B~ 1.54F  0.72m 0.31ywx 0.12¢gfh B1o 1.74¢ 0.54M  0.36"W 0.11igth
Bs 1.62¢ 0.63" 0.45' (.27 bea B2o 1.02i 0.81 0.38vw 0.102iigfh
Bg 1.81b¢ .26y  (0.102)iefh 0,085k B2 1.24"  0.41su 0.18¢cd
B1o 1.63¢ 0.83' 0.021™ B2 1.64¢ 0.73™ 0.24bz2  (.048imKl
B1u1 1.74¢ 0.35W 0.15¢fd 0.032mK B2s 154" 0.47% 0.25bza
B2 1.73¢  0.65%" 0.42vWx (0.2 bea

4&) ksib\y pAe————

---- Inability to grow.
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Table 8. Analysis of variance results of growth and PGPR tests at different levels of salinity

Mean square

Source of variation ~ df  Release Phosphorous  IAA production  Release Potassium  Growth Bacterial
(mg I) (mg 1) (mg I)

Bacterial 22 5540.6™ 582.5™ 70.9" 0.31™

Salinity 3 179859.3" 2494.4™ 2909/2™" 10.31™

Bactria~ Salinity 66 1678.3" 721" 7.66" 0.008™

Eroor 184 1.18 0.95 1.17 0.11

Cv 1.59 1.59 10.54 10.01 4.26

ol S b oo pH jloie o b g5l walsl e
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Table 9. The effect of salinity levels on phosphorous release (mg 1) by the isolates

Release Phosphorous Release Phosphorous

Isolates (mg I) Isolates (mg IY)
0% 2% 5% 10% 0% 2% 5% 10%
B1 218.242 85.25f 75.84% 14 239nfe Bis 214.67° 92.32¢ 62.25¢ 4.63%
B> 138.56" 96.324 87.520 2.39 B4 76.21°P 55.89) 34.28; 11.21
B3 142.329 25.32° 12.32m 8.24i Bis 181.32d 98.454 56.579 5.05K
Ba 72.72° 30.32" 21.26' 8.32i Bis 183.28¢cd 61.54i 42.25" 2.05!
Bs 127.74° 97.254 31.12i 7.68 B17 137.59" 93.57¢ 64.25¢f 2.06!
Bs 78.36P 52.32k 21.12! 12.32Ni Bis 160.59f 92.258 74.659 11.21
Br 96.92" 74.32h 31.32i 15.56¢dfe Bio 158.17f 136.652 62.25f 18.32@
Bs 96.05" 37.28™ 24 .54k 16.52¢db B2o 110.25- 52.87k 42.56" 12.569h
Bg 89.46° 75.64h 41.25" 17.35¢a0 Ba1 132.981 96.524 65.89¢ 15.74cde
B1o 165.85¢ 133.26° 91.328 14 579df B2z 52.56" 45 55! 32.5619 13.549nf
Bu 121.89 08.32d 62.06f 18.652 Ba2s 104.26™ 82.369 42.89" 12.849ni
B12 184.91° 105.64°¢ 77.58°¢ 13.g79nfe
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Figure 1. The effect of different salinity levels on pH changes by the isolates
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Table 10. The effect of salinity levels on IAA production (mg I) by the isolates

IAA production IAA production
Isolates (mg I'Y Isolates (mg 1)
0% 2% 5% 10% 0% 2% 5% 10%
B1 7.861% 7.630 5.32"9 2.56¢ B12 14.68f 13.25¢  5,23hig 2.65¢
B2 28.12b 15.32°¢ 8.63¢d 5.212 Bis 61.212 47.26° 35122  3.46%®
Bs 7.09% 5.02k 2.32%  2.049edf Bi4 25.58°¢ 18.46°  7.89¢f 3 gQcadd
B4 6.46' 4,22 3.6' 0.759n Bis 2.41m 0.56™  0.012m on
Bs 23.53% 16.23°¢ 9.32¢ 2.85% Bis 6.63' 2.65' 1.52!m 0.12"
Bs 10.523 5.32ik 2.78' 2.65% B17 11.85M 6.21k 422Nk (G5
B 13.56"9° 9,259 5.62h  3,05¢® Bis 13.52hdf 8.96" 4,620  0.72¢
Bs 16.87¢ 12.25¢f 8.54¢cd 457 Bio 12.63"9"  11.62%" 456"  0.73%
Bo 12.32N 11.349f 55309 321« B2o 15.62¢f 11.63¢F  6.69°  0.28"
B1o 13.25hdf 11.219f 10.31¢  4.25¢b B2 17.26° 12.63%F  5.47hg  2.52¢d
Bu1 22.25¢ 15.21« 12.56°  2.42¢df B2z 17.25¢ 11.52%¢F  8.76%  2.64%
Bos 14.569f 12.63¢f 5.950f9  (.g5gehf
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Tablell. The effect of salinity levels on potassium solubilization (mg It) by the isolates

Release Potassium

isolates

. Release Potassium
isolates

(mg I) (mg I)

0% 2% 5% 10% 0% 2% 5% 10%
B: 29.36° 22.632 11.62° 4,25 B2 18.089"  13.95%0M 62587 1 4fh
B2 18.49f 13.669™  7.25¢0  2,024fcwdhe  Byq 33.382 23.252 14.29* 6.53?
Bs 13.91" 9.65 6.62¢fad 1 5Qfohe Bia 15.86" 12.56'9"  8.25¢d  3.56Mcudbe
B4 12.96! 7.24% 6.25  0.85%" Bis 20.65%c  16.56%  8.65%¢  3.94cdb
Bs 17.83%"  14.56%f  12.25% D 72fcdhe  Byg 20.63*  18.56° 8.65¢¢  2.54fcgdne
Bs 16.54%"  14.83¢dfc 8,369 1.259 Bur 17.68% 14.46%" 7.25¢M  Q.3"
B 17.459" 12531 6.37°fd 4 47cadb Bs 16.899"  12.3" 6.52¢fd 1 p1fohe
Bs 16.829"  12.45" 8.37¢¢  4.05¢adb Bo 16.53%  12.441" 5450 2 2gfegdne
Bo 18.65%F  14.69%fc  10.74%® 552%® B2o 19.76%c  15.44¢edfc 1254 6243
B1o 16.95%0  15.84¢dc  g24¢d 6,282 B2 20.85%c  14,75edfc g g7eed 1 ghfudne
B 18.71%f  15.32¢dc  g2ged  4,25¢db B2z 15.98" 11.49Y 7.74¢% 3,1 fegdve

B2s 21.53° 16.54% 12628  4.24cad
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Figure 2. Analysis of biological nitrogen fixation by gas chromatography (The highest activity was measured
to be 7.04 nmol ethylene h-1)
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Figure 3. Biological nitrogen fixation (nmol ethylene h') by selected bacterial isolates
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Isolation and Screening of Native Azotobacter from Salt Affected Soils
and Measurement of Their Growth Promoting Properties
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Abstract

Salinity as one of the major abiotic stresses severely affects crop productivity. Plant growth
promoting bacteria is being considered to ameliorate salinity stress. Fifteen samples of salt affected
soils from Golestan province were collected to isolate Azotobacter. Thirty- two bacterial isolates
were isolated and purified. Physiological and biochemical tests confirmed twenty-three isolates
belongs to Genus Azotobacter. The isolates were assessed for their growth in liquid medium
supplemented with 2, 5 and 10 % of salt. Exopolysaccharide production, drought stress tolerant and
some selected growth promoting properties such as nitrogen fixation, solubilization insoluble
potassium, tri-calcium phosphate solubilization, indole acetic acid and hydrogen cyanid production
capability was evaluated. Results showed that increasing salt concentration had negative effect on
bacterial growth. Exopolysaccharide production (0.4-5.6 g L) was positive by 78.2% of the isolates.
Higher levels of polyethylene glycol reduced growth of the isolates. Plant growth promoting tests
showed tri-calcium phosphate solubilization (52.5-218.1 gL}), IAA production (2.4 - 60.2 mg L),
potassium solubilization (12.9-28.3 mg L) and biological nitrogen fixation (2.9 - 5.1 nmol ethylene
hr1). Among the 23 isolates to Azotobacter, based on physiological tests of bacteria in different levels
of salt and drought and PGPR tests, isolate AZ13 was selected as the superior isolate.
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