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Evaluation of potential of biological nitrogen fixation of Rhizobium strains in
legume crops in West Azerbaijan province
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Table 1. Analysis of variance for alfalfa characteristics inoculated with Rhizobium strains collected from West Azerbaijan province

MS) Slay o s

@iTarys  wp 508 sli o8 033 lsn e gl 0 iy 055 ks S 055
S.0.V ek e d.f No. of nodule  Nodule weight  Total dry matter Root weight Fixed nitrogen
City Ol ,gd 9 262.43%%* 6.33%* 257822.59** 213431.85%* 908.96**
Error 158 20 37.90 0.53 31053.33 44870.00 154.56
C.V (%) ) 10.05 11.25 7.38 9.34 7.10
ns: Not significant Sl sae 6 M8
* and **: Significant at 5% and 1% probability levels, respectively Loy5 &S 5 gy dlet gl 3 s gmn i i 4 X S

st Ol )3T Ol 5ok (55T paor s s2) Sl g b o i ami gy aUS lio (5 Silo il =Y U5l

Table 2. Mean comparison of alfalfa characteristics inoculated with Rhizobium strains collected from West Azerbaijan province

o5 055 slom el JST 055 055 ok S 055
Gy 5308 slas Nodule weight Total dry matter Root weight Fixed nitrogen
City skw,gs  No. of nodule (mg.plant™) (mg.plant™) (mg.plant™) (mg.plant™)
Urmieh 4yl 48.3e 4.4e 1930e 1787e 141c
Khoy S 53.3de 5.1de 2300cd 2230bcd 164b
Makuee S 66.3abc 7.6b 2330cd 2527abc 178b
Salmas olaka 66.6abc 7.6b 2166de 2170cd 177b
Mahabad sblee 55.6cde 6.1cd 2196de 2300bed 172b
Miandoab _TsuLe 75.3a 9.0a 2963a 2700a 212a
Tekab oS 74.3ab 7.3bc 2713ab 2613ab 182b
Sardasht  c.ss,m 63.3bcd 7.3bc 2386¢d 2193cd 174b
Shahindege jaals 52.3de 5.7de 2346cd 2293bed 172b
Piranshar  ¢ul o 57.0cde 5.2de 2556bc 2113de 177b

LI g la g (55l T sl M):ngwlchﬁjz Sl glaals dia 3 g03T alal y editd &5 e oy gsbl:‘\f&l.as&;}l:.« O 5w A 3
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Fig. 1. Cluster analysis of Rihizobium strain symbiosis with alfalfa collected from West Azerbaijan province
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Table 3. Analysis of variance for clover characteristics inoculated with Rhizobium strains collected from West Azerbaijan province

MS) Slay o KL
@iTarys  wg s sl o5 053 il sl gl 035 iy 055 okd o 0555
S.0.V o polie d.f No. of nodule Nodule weight Total dry matter ~ Root weight  Fixed nitrogen
City R 9 17428.72%** 1459.39%* 896588.51** 10815.18** 1074.18%*
Error 1 20 1114.96 129.26 81180.0 2840.00 286.96
C.V (%) o ) 13.67 18.12 13.63 15.13 18.54
ns: Not significant ns Sl s 8 MS
* and **: Significant at 5% and 1% probability levels, respectively Lo y3 & g il oo )3 lsgme 5 5w FF 5 F

st Ol by3T Ol 5ok (6557 paz pam sy (Slass g b ok el S aLS Dlio ils dlio —F I

Table 4. Mean comparison of clover characteristics inoculated with Rhizobium strains collected from West Azerbaijan province

o8 055 tlom ol JS 055 iy, 053 oks o 03955

Gy 5308 slan Nodule weight Total dry matter Root weight  Fixed nitrogen
City Ok ¢s  No. of nodule (pg.plant™) (mg.plant™) (mg.plant™) (mg.plant™)
Urmieh 4yl 196d 58.7¢c 1837bc 307bc T4cd
Khoy S 184d 70.7abc 2123b 217c 85bed
Makuee S 182d 56.3¢c 2683a 350ab 106ab
Salmas oledes 282c 18.7d 2927a 383ab 112ab
Mahabad sblge 405a 35.7d 2887a 363ab 122a
Miandoab = _Tsube 342b 86.3a 1853bc 333ab 100abc
Tekab oS 194d 84.0ab 1853bc 437a 98abc
Sardasht S 196d 64.0bc 1480c 393ab 67d
Shahindege  juawals 218d 66.7abc 1507¢c 346ab 69cd
Piranshar P 244cd 86.3a 1753bc 393ab 81bcd

J})\-ﬁé)\.\@é)bTQ}uJ M)A@kalcb);ﬁb 5!4;»\;4;3-0}»)TJL~|,,‘.\;M SS e oy 5‘)\34561&_}:?5@ Q5w A >
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Fig. 2. Cluster analysis of Rihizobium strain symbiosis with clover collected from West Azerbaijan province
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o /S sl 51 sblge (5L slaa s b ot il 0,85 055 il 33l o g 03 55 > Pseudomonas
Glaasald azsls |y o 8 slaw fla> Sl 5 i
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Table 5. Analysis of variance for chickpea characteristics inoculated with Rhizobium strains

collected from cities of West Azerbaijan province

MS) Slx o Kils
Gl Gp5508 s 5 05 (aloh o gl 03 ai5 05 o o 033 5
S.0.V 5 d.f No.ofnodule  Nodule weight Total dry matter Root weight Fixed nitrogen
City Ol g 9 8.64** 41.22%* 25222.22™ 75740.74™ 487.94™
Error s 20 2.13 3.24 25333.33 46000.00 453.40
C.V (%) Sk o 5.24 6.7 5.64 11.19 16.24
ns: Not significant s gme i MS

Kk ok

* and **: significant at 5% and 1% probability levels, respectively Loy5 &S 5 gy bzl gl 53 Jls gae S 5 4

A Ol )3T Ok Slodd (65 5T mazr p s g3y Slady 3o b 0uld el 5 30 P Dlio 5 Kike aglis =5 Sl
Table 6. Mean comparison of chickpea characteristics inoculated with Rhizobium strains collected

from cities of West Azerbaijan province

‘Gﬁ):af:l..bu' ajfoj)
City obe ¢t No.ofnodule  Nodule weight (mg.plant™)
Urmia 4yl 27.5ab 36.1a
Khoy S 27.9ab 28.9b
Makuee Sl 26.9abc 24.3cd
Salmas oleles 28.6ab 26.9bc
Mahabad sblge 27.9ab 27.8b
Miandoab T ,.ls 24.4cd 23.2d
Tekab oS 23.8d 24.2cd
Sardasht S s 29.0a 27.3bc
Shahindege ..z 27.1abc 30.2b
Piranshar gl o 26.1bcd 27.2bc

LI (65l gma g T sl M)J@JLQ;H ))OQIJ laals Lo 050 5T bl s (s S 2in (g - ‘5\)\:65_&&:@@&3@}):
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s
Multiple Range Test
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Fig. 3. Cluster analysis of Rihizobium strain symbiosis with chickpea collected from West Azerbaijan province
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Table 7. Analysis of variance for bean characteristics inoculated with Rhizobium strains collected from West Azerbaijan province

MS) s o Sk
3T 4y G508 slaxs o8 053 stlsn Slapll 05 4, 05 odd i O35 55

S.0.V R e d.f No. of nodule ~ Nodule weight  Total dry matter Root weight Fixed nitrogen
City Ol g 9 526" 53.98" 326429.63" 29144.07" 328.53"
Error o 20 0.64 7.33 76000.0 9276.66 125.63

C.V (%) Sk ey 4.61 5.36 13.02 11.51 14.77

ns: Not significant s sae b NS
* and **: Significant at 5% and 1% probability levels, respectively Lo y3 S 5 gty el = glaw 53 Jls gan o5 5 0 ¥

(st Ol y3T Ol 1o (6557 maz psmsss Sl g b o il sl ) LS Sl oS Al —A J gt

Table 8. Mean comparison of bean characteristics inoculated with Rhizobium strains collected from West Azerbaijan province

o5 855 lm el JST 05 iy 053 old S 055 5

G508 slaxs Nodule weight Total dry matter Root weight  Fixed nitrogen
City sw g5 No. of nodule (mg.plant™) (mg.plant™) (mg.plant™) (mg.plant™)
Urmia 4yl 17.5bc 60.5a 2733a 1007a 89a
Khoy S 16.6cde 51.1bc 2200bc 746¢ 71abc
Makuee S 15.5¢ 47.0cd 2033bed 810bc 66bc
Salmas ol 18.2b 49.7bcd 2466ab 740c 85ab
Mahabad sblgs 20.2a 50.1bcd 1833cd 820bc 78abc
Miandoab _T;4ke 16.8bcde 52.8b 2000bcd 943ab 73abc
Tekab oS 17.3bed 51.0bc 2300abc 950ab 90a
Sardasht s . 17.4bc 45.4d 2133bc 777bc 8lab
Shahindege jaals 18.2b 51.4bc 1866¢d 850abc 66bc
Piranshar ¢l o 15.8de 46.3cd 1600d 727¢ 59¢c

LI (513 e (55l T sl oy gy ezl el 3 (Sl (laals i 55T bl kit &5 200 (35 Slols S a5 Sobe O gt a5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Fig. 4. Cluster analysis of Rihizobium strain symbiosis with bean collected from cities of West Azerbaijan province
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Table 9. Simple correlation coefficients for plant characteristics related to nitrogen fixation in bean, clover, chickpea and alfalfa

o5 053 slsn plbl 03 ) 055
Nodule weight (mg.plant™) Total dry matter (mg.plant™) Root weight (mg.plant™)
o 355 g Lesd B 355 g Lesd S 355 iy
Plant characteristics & o Clover  Chickpea  Alfalfa Bean Clover  Chickpea  Alfalfa Bean Clover Chickpea  Alfalfa
No. of nodule G 5508 sldas -0.32 0.53 0.87%*
Total dry matter i pll JS 055 0.76** 0.26 0.55
Root weight Ay 0 0.02 0.55 0.76%* 0.45 -0.03 0.15 0.79%**
Fixed nitrogen  ods oo 055 45 0.49 0.08 0.82**  0.81**  (.88** 0.64*  0.88** 0.50 0.16 0.50 0.84**
* and **: significant at 5% and 1% probability levels, respectively RSN 7l o 53 5la e o 5 4 e g
YA


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.4.3.3
http://agrobreedjournal.ir/article-1-104-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-07-06 ]

[ DOR: 20.1001.1.15625540.1390.13.4.3.3 ]

0551 0355 S Ol Cim o G2 La3T (ol 53
5Bl I3 ime 5 Cmte Kiar ol pn sl
Ol 1 preis b Hlome S5 Ol 4 il 5 oo
Sl e g 25 03 1 JLS 4 05 2 L
oS 2 sl Ol (il Gblis (5 STk (slawy 5
3kl Lo oy bl LT ol ol s
ol ol S e g B Sl iy Sn
ST 3L 0T Jbis 4 5 ok plalid 2w
05,5 Sl g UlS Obly ST 4 g T

355 e 6T

References

..... Sty g 53 035 75 ) CuS 2Ul5 L

S 5 dom

et OLE 51 eS8 5 (o ssin5 Slad

Oll (gLl g lodkd Sl Ly ) 9 5 55 o sy
Ol et a2 s (o 8 Ol )3T
ol cdizils Ol e OLE 3 (glala>De L s,
Loyl 5 55 Wl 5 0 555 e Slady g 857 ey 0 S 4
3550 QLS il s Shae 213 g 35 slae 5o
03555 S (LS Sl 5,8 15 esli
P Cla 55 e 2Bl G b Sl Wl e
S5 SLaeS J n e Pl pomen Ol
andllan 3 g0 oS Slgz 53 AT oy (6 5L 5 OL s

odlitw! 3590 bl

Asadi Rahmani, H., M. Afshari, K. Khavazi, F. Nourgholipour and A. Otad. 2005. Effects of common bean
nodulating Rhizobia native to Iranian soils on the yield and quality of bean. Soil Water Sci. 19: 215-223. (In
Persian with English abstract).

Bremner, J. M. and R. L. Mulvaney. 1982. Nitrogen-total, in: Methods of Soil Analysis (Ed. Page, A. L.), Part
2, Agronomy Monograph, 9, American Society of Agronomy, Madison, WI, USA, Pp. 595-622.

Caetano-anoles, C. G., D. K. Crist-Estes and W. D. Bauer. 1988. Chemotaxis of Rhizobium meliloti to the
plant flavor luteolin requires functional nodulation genes. J. Bacteriol. 170: 3164-3169.

Dangaria, C. J., R. Parameshwarappa, P. M. Salimath and B. S. Annigeri. 1994. Genetic divergence for
nodulating characters in chickpea. Legume Res. 17: 32-36.

Dilworth, M. J., J. G. Howieson, W. G. Reeve, R. T. Tiwari and A. R. Glenn. 2001. Acid tolerance in legume
root nodule bacteria and selecting for it. Aust. J. Exp. Agric. 41: 453-446.

Ebadi, A., H. Heidari Sharif Abad, Z. Tahmasebi and A. Hashemi Dezfuli. 1999. Influence of water stress
on the nitrogen fixation of some lines of Medicago sativa L. Pajouhesh va Sazandegi, 45: 28-31. (In Persian
with English abstract).

Fajri, A., A. Samadi and U. Gousta. 2005. Nitrogen fixation potential of imported and native Rhizobial strains
in symbiosis with clover. Tropic. Agric. 82: 129-133.

Fesenko, A. N., N. A. Provorov, I. F. Orlova, V. P. Orlov and B. V. Simarov. 1995. Selection of Rhizobium
leguminosarum bv, Viceae strains for inoculation of Pisum sativum L. cultivars: analysis of symbiotic
efficiency and nodulation competitiveness. Plant Soil. 172: 189-198.

Fujita, K., K. G. Ofosu-Budu and S. Ogata. 1994. Biological nitrogen fixation in mixed legume-cereal

cropping system. Plant Soil. 141: 155-175.

e


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.4.3.3
http://agrobreedjournal.ir/article-1-104-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-07-06 ]

[ DOR: 20.1001.1.15625540.1390.13.4.3.3 ]

WA s oF o5lad 3 o i 0121 (215 p e alans”

Galeshi, S. 2001. Effect of salinity stress on nitrogen fixation efficiency in alfalfa. J. Sci. Tech. Agric. 15: 3-12.
(In Persian with English abstract).

Hajebi, A. H. and H. Heidari Sharifabad. 2005. Investigation of effect of drought on growth and nodulation of
three species of clover. Pajouhesh va Sazandegi, 66: 13-22. (In Persian with English abstract).

Heidari Sharifabad, H. and A. R. Iranmanesh. 1996. The effect of three Rhizobium meliloti strains on
nodulation, dry matter production and nitrogen fixation of six Medicago sativa L. cultivars. Pajouhesh va
Sazandegi, 30: 75-77. (In Persian with English abstract).

Herridge, D. F. and S. K. A. Danso. 1995. Enhancing crop legume N, fixation through selection and breeding.
Plant Soil. 174: 51-82.

Matiru, V. N. and F. D. Dakora. 2004. Potential use of Rhizobial bacteria as promoters of plant growth for
increased yield in landraces of African cereal crops. African J. Biotech. 3: 1-7.

O'Hara, G., R. Yates and J. Howieson. 2002. Selection of strains of root nodule bacteria to improve inoculants
performance and increase legume productivity in stressful environments. ACIAR Proceedings. 109: 75-80.
Parmar N. and K. R. Dadarwal. 1999. Stimulation of nitrogen fixation and induction of flavonoid like

compounds by Rhizobacteria. J. Appl. Microbiol. 86: 36-44.

Pimratch, S., S. Jogloy, N. Vorasoot and B. Toomsan. 2008. Effect of drought stress on traits related to N,
fixation in eleven peanut (Arachis hypogaea L.) genotypes differing in degrees of resistance to drought.
Asian J. Plant Sci. 8: 1-9.

Pimratch, S., S. Jogloy, N. Vorasoot, B. Toomsan, A. Patanothai and C. C. Holbrook. 2008. Relationship
between biomass production and nitrogen fixation under drought stress conditions in peanut genotypes with
different levels of drought resistance. J. Agron. Crop Sci. 194: 15-25.

Saikia, S. P. and V. Jain. 2007. Biological nitrogen fixation with non-legumes: An achievable target or a
dogma. Curr. Sci. 92: 317-322.

Sattari, M. and P. Olia. 1999. Isolation and identification of native strains of Rhizobium coexistant with pea in
Maragheh region. Pajouhesh va Sazandegi, 45: 35-37. (In Persian with English abstract).

Smith, G. 1989. Purification and partial characterization of the Rhizobium leguminosarum. J. Bacteriol. 171:
4045-4062.

Somasegaran, P. and H. J. Hoben. 1994. Handbook for Rhizobia, Methods in Legume-Rhizobium Technology,
New York, USA. Spring-Verlag. Pp. 198.

Thakuria, D., N. C. Talukdar, C. Goswami, S. Hazarika, R. C. Boro and M. R. Khan. 2004. Characterization and

screening of bacteria from rhizosphere of rice grown in acidic soils of Assam. Curr. Sci. 86: 978-985.


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.4.3.3
http://agrobreedjournal.ir/article-1-104-fa.html

[ Downloaded from agrobreedjournal .ir on 2026-07-06 ]

[ DOR: 20.1001.1.15625540.1390.13.4.3.3 ]

..... Sty g 53 035 75 ) CuS 2Ul5 L

Evaluation of potential of biological nitrogen fixation of Rhizobium strains in
legume crops in West Azerbaijan province

Eivazi, A. R.}, A. Fajri®, M. Rezazad®, M. Soleimapour®and M. Rezai°

ABSTRACT

Eivazi, A. R., A. Fajri, M. Rezazad, M. Soleimapour and M. Rezai. 2012. Evaluation of potential of biological nitrogen
fixation of Rhizobium strains in legume crops in West Azerbaijan province. Iranian Journal of Crop Sciences. 13 (4): 627-

641. (In Persian).

Biological nitrogen fixation is important for supplement of nitrogen needs of host plant. Growth chamber
experiments were conducted to test the nitrogen fixing abilities of isolate of Rhizobium strains collected from 10
cities (Urmieh, Khoy, Makuee, Salmas, Mahabad, Miandoab, Tekab, Sardasht, Shahindege and Piranshar) of
West Azerbaijan province in symbiotic relation with alfalfa, chickpea, clover and bean cultivars. Seedlings of
test plants were inoculated with proprietary Rhizobium strains. Inoculated and control seedlings of each plants
were planted in pots containing sterilized perlit. The experiment was conducted using completely randomized
design with three replications. The pots were irrigated with free nitrogen Hoagland solution. Results showed that
the highest number of nodule and the lowest nodule dry weight was for clover and bean, respectively.. Symbiotic
of Rhizobium strain of Miandoab for alfalfa, Mahabad for clover and Urmieh for bean had the highest values for
most of traits. Nitrogen fixation correlated with total dry matter, and it seems this trait may be used as an indirect
criterion of nitrogen fixation. This findings imply the possibility of replacing biologically fixed nitrogen with

chemical fertilizers.

Key words: Alfalfa, Bean, Biological nitrogen fixation, Chickpea, Clover and Symbiosis.
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