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Table 1. The performed tests for identification Azotobacter bacteria.
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Azotobacter bacteria
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The performed tests
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1- Acetylene reduction assay
2- Gas chromatography
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1- LB-Tryptophan (Luria-Bertani)
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Table 2. The results of variance analysis.

le.g)d u:‘<L:‘
. PO, R - ) @Ll‘
BPCIIE S50 0558 Lo eS| ey S
Siderophore Molecular nitrogen fixation Auxin Potassium Phosphorus Squr;e
variation
cela 47 cela YY el Y celw 47 cela VY celwd? el VY cela VY celu YA el VY S el
96hour ~ 24hour 120hour 96hour 72hour 96hour 72hour 72hour 48 hour 24 hour R‘:f‘r:{c“g
S
4.3%* 9268** 1588** 1848**  1461** 135%* 134%* 22660**  24322%* 23801 ** S
Bacteria
U
0.04 0.006 0.002 0.003 0.004 0.41 0.30 0.66 0.58 1.0
Error
e
9.0 031 0.49 0.63 0.67 0.28 031 0.86 0.74 1.1 () &l et
Change
variation

Aoy \ clﬁ,_d s 6J‘=L;'M )
** Significantly at the %1 level.

el YE Oley Sode 5 el 059 45 IMEe il ¥ J g

Table 3. The average of fixed nitrogen at 24 hours.

b)Lw:l b)Lw:l b)Lw:l b)Lw:l
KR L cell Y¥ s il cell Y¥ s il cell Y¥ s il
. . 4l . 4l . 4l
Reading at 24 hour Reading at 24 hour Reading at 24 hour Reading at 24 hour
(nMC,Hy/h.vial) Isolate  (nMC,Hy/h.vial) Isolate  (nMC,Hy/h.vial) Isolate  (nMC,Hyh.vial) Isolate
number number number number
60.7" 34 169° 23 82.7¢ 12 227" 1
1371 35 104° 24 1371 13 140" 2
71.9¢ 36 153¢ 25 119" 14 276° 3
93.5Y 37 111° 26 107° 15 0 4
79.9F 38 80.9° 27 98.8" 16 0 5
852" 39 704" 28 79.3F 17 54.5M 6
66.6" 40 92.97 29 952% 18 123™ 7
98.8" 41 176¢ 30 1621 19 126" 8
68.4" 42 1094 31 186° 20 124! 9
85.54 43 66.0% 32 93.9* 21 oN 10
0 33 103" 22 115° 11

'Jbgf.” OGN 35 g r.\& ekasolis S ie by >

The same alphabet shows non-significant difference.
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Table 4. The average of phosphorus dissolution at 24, 48 and 72 hours.

BRG] el YA 3 313 BYRUKI oled BYROR colu YA 3 il 3 PR i
el VY (53 p 8 o) el VY 4l el VY (5308 o) el vF [ETHRES
Readingat ~ Readingat48 hour  Readingat  Isolate  Reading at Readingat48 hour ~ Readingat ~ Isolates

72 hour (milligram/Liter) 24 hour number 72 hour (milligram/Liter) 24 hour
180' 176™ 161.9™ 23 225° 220¢ 186' 1
36.5° 29.8" 22.1° 24 215 36.69 24149 2
219° 232° 146° 25 35.6° 213°¢ 202°¢ 3
0.41° 137 3.0% 26 47.3™ 324 22.0° 4
23.9° 26.8" 11.8" 27 12.6" 17.27 13.0" 5
14.8" 17.07 10.7™ 28 12.3" 17.57 7.9* 6
202 222°¢ 1834 29 20.7" 64.7° 7.1 7
189¢ 1931 209¢ 30 36.2° 36.69 27.0° 8
197F 204’ 1824 31 16.0" 16.47 12.7° 9
11.2% 14.5% 72" 32 477 42" 8.1 10
201°¢ 210" 225° 33 411" 38.8¢ 30.1° 11
33.7° 29.8" 12,97 34 20.7" 20.6* 14.9" 12
187" 186 176" 35 206° 224° 198° 13
20.8" 215" 8.5 36 33.6% 311" 223" 14
203¢ 206" 175" 37 206° 219¢ 213°¢ 15
202 190" 194¢ 38 2.1% 8.57 557 16
3244 33.4° 9.6 39 11.6™™ 23.1" 12.3" 17
11.0* 12.9* 11.5™ 40 175* 191.2% 199° 18
163! 173" 191" 41 1771 208¢ 194¢ 19
201°¢ 207¢ 1824 42 1771 190" 181% 20
177! 130° 84.3" 43 27.0° 32.1% 21.8" 21

33.1% 25.6" 18.8° 22

The same alphabet shows non-significant difference.
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Table 5. The average of potassium dissolution at 72 and 96 hours.

cell 48 s il 3 ol VY s ol 3 ol el 48 s il 3 ol VY s 2l 3

(53 0 S k) (53 p S ko) ol G 3 0,5 ko) (A ) el

Reading at 96 hour Reading at 72 hour Isolate Reading at 96 hour Reading at 72 hour ~ [solates

(milligram/Liter) (milligram/Liter) number (milligram/Liter) (milligram/Liter)

23.7' 473° 23 12.9" 21.5 1
28.0¢ 25.8" 24 19.4% 23.7 2
259" 28.08 25 30.2° 30.1° 3
28.0¢8 323° 26 302" 25.8" 4
259" 323° 27 28.0¢ 28.0¢ 5
28.0¢ 28.0¢ 28 324° 28.0¢ 6
21.6 15.0' 29 30.2° 323° 7
30.2° 258" 30 34.5¢ 25.8" 8
259" 23.7' 31 36.7° 28.08 9
30.2° 25.8" 32 324° 28.0¢ 10
17.2! 12.9™ 33 25.9" 28.0¢ 11
259" 30.1° 34 23.7 23.7 12
32.41° 36.6° 35 41.0° 40.9° 13
25.93" 30.1° 36 302" 23.7 14
38.89° 323° 37 151™ 15.0" 15
38.89° 323° 38 28.0¢ 21.5 16
2377 28.08 39 21.6 30.1° 17
19.45" 19.3% 40 28.0¢ 258" 18
30.25" 258" 41 28.0¢ 25/8" 19
21.61 23.7 42 23.7 25.8" 20
10.80° 10.7" 43 36.7° 28.0¢ 21
34.5¢ 34.44 22

The same alphabet shows non-significant difference.
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Table 6. The average of produced auxin at 72, 96 and 120 hours.

BrRupt celldr s il s BrRupt o les BrRGpt celldr s il s BrRGpt
el AYe () s o S k) el vy s celav () s 0 S k) celuyvy el
Reading Reading at 96 hour Reading at Isolate Reading Reading at 96 hour Reading Isolates
at 120 hour (mg/L) 72 hour number  at 120 hour (mg/L) at 72 hour

0.00” 0.29% 1.2% 23 32! 3.5 47" 1
0.42 0.92" 1.3% 24 0.65' 0.87" 4.4 2
2.0 2.5™ 42! 25 0.22% 0.51 1.7% 3
12" 1.1° 1.6" 26 1.5 1.7° 2.5° 4
2.5™ 23" 4.1m 27 4.8 45 4.8 5
4.1" 3.6" 4.5 28 1.8° 2.0° 37" 6
81.0° 97.2° 85.4° 29 22.1¢ 6.23¢ 18.3° 7
0.55" 0.18 1.5 30 0.47" 0.88" 19" 8
0.07% 0.23 127 31 0.96° 1.0 1.7% 9
1.7° 13" 1.7% 32 0.44 0.62" 19" 10
17.5° 20.0° 20.6 33 0.32% 0.51 1.5 11
7.58 5.6" 49" 34 0.32" 0.57™ 1.6™ 12
0.18 033" 1.4" 35 7.9 8.3 10.2f 13
1.5 0.88" 1.6 36 0.23 0.28% 1.6 14
95.2° 98.0° 88.7° 37 2.6™ 1.8 2.2¢ 15
93.7° 96.4° 88.9° 38 0.02% 0.25% 1.3 16
0.65' 1.0% 1.8° 39 0.10 0.18 1.3 17
0.62" 0.67" 1.43% 40 0.08% 0.23 1.4 18
0.05% 0.217 1327 41 0.23 0.57™ 1.5 19
32! 40 4.69 42 0.05% 0.28” 1.7% 20
45 5.78 7.258 43 13" 1.5 2.3° 21
52" 1.0 1.5% 22

The same alphabet shows non-significant difference.

1- High pressure Liquid Chromatography
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Table 7. The ratio of halo diameter to colony in various isolates.

b)LQ/:l b)LQ/:l b)LQ/:l
S ads lb o S adls b S adls lb o HSads o
. ald . ald= . ol ) 4l
The ratio of halo . The ratio of halo - The ratio of halo . The ratio of halo Isolates
diameter to colony Isolate  diameterto colony ~ Isolate  diameterto colony ~ Isolate  diameter to colony
number number number
* 34 * 23 Ao o> 12 *x 1
* 35 * 24 * 13 * 2
* 36 o 25 * 14 * 3
o 37 * 26 o 15 o 4
o 38 * 27 ook 16 * 5
* 39 * 28 * 17 ok 6
o 40 o 29 ook 18 * 7
worx 41 * 30 * 19 * 8
o 42 ook 31 o 20 o 9
Hokk 43 * 32 * 21 ok 10
ok 33 33 2 2 1

* The ratio of halo diameter to colony between 1 to 2.

** The ratio of halo diameter to colony between 2 to 3.

*** The ratio of halo diameter to colony more than 3.
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Abstract

Background and Objectives: In recent decades, efforts to increase the production per area unit,
unbalanced and high consumption of chemical fertilizers are consequences of environmental
degradation. Using bio-fertilizers without worrying about environmental negative effects
improve the soil physical, chemical and biological conditions by supplying a part of the plant
requirement to nutrients. Azofobacter is one of the soil microorganisms with the ability of crop
growth promoting. The bacterium affect the plant growth parameters directly and indirectly.
This study aimed to collect different strains of Azofobacter in Golestan province, study its
growth promoting properties and identify superior strains.

Materials and Methods: The growth stimulating properties were measured including
biological fixation of molecular nitrogen by use of acetylene reduction method, the quantitative
solubility of phosphorus on the Sperber medium by colorimetric method by spectrophotometer,
the quantitative solubility of mineral potassium on the Alexandrov medium by flame
photometer, producing the auxin hormone in the LB-tryptophan medium by colorimetric
method by spectrophotometer, ability of semi-quantitative producing siderophore on the CAS-
Agar medium and ability of producing hydrogen cyanide on the TSA medium. The obtained
data from each section were analyzed by SAS software using a completely randomized design
and mean comparisons were performed using LSD (P<0.05).

Results: Forthy-three Azotobacter strains were isolated from soil of Golestan province. The
results showed that the highest biological fixation of molecular nitrogen belonged to isolate
number 3 equals 276 nmol per hour in the tube, the highest power of quantitative solubility of
phosphorus to isolate number 25 equals 232 milligrams per liter, the maximum power of
quantitative solubility of mineral potassium to isolate number 23 equals 47 milligrams per liter,
the highest power of producing the auxin hormone to isolate number 37 equals 98 milligrams
per liter and the maximum ratio of halo diameter to colony about measuring ability of half
quantitative producing siderophore belonged to isolates number 4, 9, 16, 18, 31, 37, 38, 40, 41
and 43. The ability of producing hydrogen cyanide was also measured and among all isolates
only 4 isolates had this ability and the highest production of hydrogen cyanide belonged to
isolate number 43.

Conclusion: The results of this study showed the Azotobacter strains isolated from soil of
Golestan province have different capabilities in terms of growth stimulating properties and the
highest amounts of nitrogen biological fixation, phosphate and potassium dissolution, capable of
producing siderophore and auxin were obtained in different isolates. According to the obtained
results in different strains of Azotobacter, it seems that some isolates have the potential to be
used as plant growth stimulant.
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