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Figure 1. Location of sampling.

1- Yeast mannitol agar
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1- Polyethylene glycol
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2- Carboxymethyl cellulose
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Table 1. Evaluation the effectiveness of different rhizobial isolates on soybean plants.

(LIS 3 p 5 o) (2lsm plil Si 035 (=) Jbb 8 0ds /(+) Jlad cae o S sluws PPRNTS
Shoot dry weight (mg/pot) Active nodule (+) Inactive nodule (-)  The number of nodules  Isolates
1130 + 42 2
1035 + 25 5
912 + 3 6
1230 + 39 10
1335 + 20 12
950 + 10 14
1080 + 57 15
1060 + 49 16
1650 + 66 18
1550 + 45 20
2170 + 69 21
890 0 0 -N
1100 0 0 +N

S oled By el p ASCile Cilise glacdals s ol WL Coe gladwlas s, -Y Jgas

Table 2. Growth of selected bacterial isolates in different concentrations of herbicides based on colony forming
count method.

aa o>
(/) o Al ¢ s (/o Al (A e 1* :
solates
(%)5 (3% (%1 blank (%)5 (%)3 ) blank
- - - 3#10° - - - 3*108 2
3#10° 3#10° 3#10° 3*10° 1.3*10% 2*10% 3#10° 3#10° 5
1.5%10% 1.6%10% 3#10° 3#10° 5.6%10° 1.2%10% 3#10° 3#10° 6
- - 3#10° 3*10° - - 3#10° 3#10° 10
3#10° 3#10° 3#10° 3*10° 4%10’ 8*10’ 3*108 3*108 12
3#10° 3#10° 3#10° 3*10° 1.5%10° 1.85*10% 2%108 3*108 14
3#10° 3#10° 3#10° 3*10° - - - 3#10° 15
3#10° 3#10° 3#10° 3#10° - - - 3#10° 16
- - 1.810%  3*10® - - - 3#10° 18
2%108 3#10° 3#10° 3#10° 0.8%10° 3#10° 3#10° 3#10° 20
3#10° 3#10° 3#10° 3#10° 2.2%10’ 5.9%107 1.4%108 3*108 21

oy
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Table 3. Effect of drought stress imposed by PEG-6000 on the rhizobia growth as measured by

spectrophotometric method.
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Isolates
288 144 0
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Table 4. Salinity tolerance of bacterial isolates derived from soybean root nodules.

Sos
7 6 5 4 3 2 1 0.5 0.1 salinity
[EYeNeS
Isolates
- - + +++ ++++ ++++ ++++ ++++ ++++ 2
+ ++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ 5
+ ++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ 6
B B + +++ ++++ ++++ ++++ ++++ ++++ 10
+ ++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ 12
+ ++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ 14
- + + +++ ++++ ++++ ++++ ++++ ++++ 15
- - - + ++++ ++++ ++++ ++++ ++++ 16
- - + ++ ++++ ++++ ++++ ++++ ++++ 18
++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ 20
- - + + +++ ++++ ++++ ++++ ++++ 21
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- Lack of growth, + weak growth, ++ moderate growth, +++ good growth, ++++ very good growth.
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Table 5. The qualitative growth of bacteria at different temperatures.

Les
4 40 35 28 Temperature
[EYeNeS
Isolates
+ +++ +++ +++ 2
+++ +++ +++ +++ 5
+++ +++ +++ +++ 6
+++ +++ +++ +++ 10
+++ +++ +++ +++ 12
+++ +++ +++ +++ 14
+++ +++ +++ +++ 15
++ +++ +++ +++ 16
+++ +++ +++ +++ 18
+++ +++ +++ +++ 20
+++ +++ +++ +++ 21

;,f-‘;l,;- L)+t (gt A gt L+ (Caas Ly + phe -

- Lack of growth, + weak growth, ++ moderate growth, +++ good growth, ++++ very good growth.
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Table 6. Antibiotic resistance capability of the isolates on YMA.

o o) o o3k la_id)

Inhibition zone diameter (mm)

el 0 Sl 5 e sy il Sl Js
Erythromycin  Tetracycline  Streptomycin  Chloramphenicol ol
Isolates

7 12 - 1

14 16 - 2
- 9 - 3

- 17 - 4
6 10 - 5

5 15 - 6
- 12 - 7
- 10 - 8
- 15 - 9
- 12 - 10
- 16 - 11
- 19 - 12
- 20 - 13
- 20 - 14
6 12 - 15
- 19 - 16
- 10 - 17
- 12 - 18
- 12 - 19
- 10 - 20
- 13 - 21
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Table 7. The ability to produce hydrolytic enzymes by different isolates.

Nk a5 QU1 s g Ul Pl -0 A5 U5 bl
The ability to produce cellulase The ability to produce protease The ability to produce a- amylase Isolates
- + - 1
+ - - 2
_ - - 3
+ ++ - 4
. - - 5
_ - - 6
- ++ + 7
_ - - 8
_ - - 9
++ + - 10
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Continue Table 7.

Nk a5 QU1 s g Ul Pl -0 A5 U5 bl
The ability to produce cellulase The ability to produce protease The ability to produce a- amylase Isolates

- ++ ++ 11

+++ ++ - 12

- - - 13

+ - - 14

) - - 15

- + - 16

- - ++ 17

+++ + - 18

- ++ - 19

++ + - 20

+ - - 21

Aibge e e Vsl 5t S dls b3t KUY oy S a4 dla kit YUYy oS a dls b+ s A phe -
- Without clear zone, + halo to colonies 1 - 2, ++ halo to colonies 2 - 3, +++ halo to colony more than 3 mm.
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Abstract

Background and Objectives: Nitrogen fixation is a biological process, which provides atmospheric
nitrogen in usable form for plants, and satisfies the plants N requirement and can replace chemical
nitrogen fertilizers in high proportion. On the other hand, calcareous and soils with high pH have
usually small amounts of nutrients in available forms and use of plant growth promoting rhizobacteria
can increase the availability of nutrients. Soybean nodulating rhizobia and establishment of their
symbiosis is affected by different factors in soil. The objective of this research was to isolate and
screen the root nodule rhizobia of soybean and evaluation of their resistance to some stresses and
capability production of some growth promotion metabolites and biocontrol agents in selected bacteria.
Materials and Methods: Soybean root nodules have been collected from 21 different fields in
various zones of Golestan province, Iran. Root nodules surface sterilization was performed by
immersing intact nodules for 30 seconds in 95% alcohol and immediately transferred into 2.5%
sodium hypochlorite for 2-3 minutes and finally were rinsed seven times by sterile distilled water.
The sterilized nodules were crushed using 1 ml of sterile water in test tube and the slurry
was streaked on Yeast Extract Mannitol Agar (YMA) containing Congo red. The inoculated petri
plates were incubated at 28 °C for 3-6 days. Plant nodulation test was done with 21 rhizobial
isolates under sand condition in pot experiment. The different rhizobial isolates were screened
for stresses tolerance (salinity, drought, temperature), herbicide and antibiotics resistance, production
of hydrolytic enzymes, siderophore and hydrogen cyanid (HCN).

Results: Nodulation assay showed only 11 of 21 isolated strains formed nodule on soybean roots.
Only three of the isolates produced siderophore and none of them showed HCN production
capability. The results showed that all the strains tolerated up to 5% NaCl. Evaluation of tolerance to
temperatures showed that only isolates No. 2 and 16 were sensitive to 42 °C and the other strains
grew well at high temperature. All the isolates were sensitive to tetracycline antibiotic while no
inhibitory effect of the chloramphenicol and streptomycin was observed on growth of rhizobial
isolates. Between two herbicides Trifluralin showed more inhibitory effect on rhizobial growth than
Gallant super. Drought stress imposed by polyethylene glycol affect negatively the rhizobial growth
and the severity effect depends on rhzobial isolates and drought levels. Capability of hydrolytic
enzymes secretion showed that 14.2, 42.8 and 47.6% of the isolstes produced a-amlyase, cellulose
and protease, respectively.

Conclusion: Plant growth promotion characteristics of bacterial isolates, in this research, showed
that some of the isolates had the potential to be used as PGPB. Those isolates capable to produce
siderophore and protease, amylase and cellulase secretion as well as have the ability to grow under
various stresses conditions, could be used as potential isolates in inoculum production to evaluate
their nitrogen fixation in soybean—rhizobium symbiosis under pot and field culture.

Keywords: Siderophore, Hydrogen cyanid, Antibiotic, Herbicide, Cellulose

* Corresponding Authors; Email: rgnasr@yahoo.com

¢



