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Table 1. Some physical and chemical properties of tested soil.
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Trait Parameter
e 3 S
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Table 2. Analysis of variance for the effects of Sinorhizobium isolates, Phosphorous and their intraction on
growth parameters and number of nodule in fenugreek.

Sla e Sl
Mean square @slsT 4y RS
adyy S O 6,8 sluas olesls i O3 DF Source of variations
Root dry weight Number of nodule Shoot dry weight
alde
0.08** 392362%* 2.54%* 4 .
Isolate
0.06** 127486** 5.19** 3 -
Phosphorus
god la=
0.007" 17571%* 0.20%* 12 SR
Isolate x Phosphorus
Lo
0.004 4108 0.03 40
Error
et s 2
15.9 24.8 13.5 -
CVi.
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** Significant at 1% level of probability and ns: no Significant.
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Figure 1. Effect of isolates on root dry weight in fenugreek.
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The means with a same letter are not significantly different (P<0.05) by Duncen test.
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Figure 2. Effect of phosphorus levels on root dry weight in fenugreek.
sl o 5SSl B g4 des ys o) Ch"‘ 53 isbame WS WL S 2ie iV O S Bl (6408 s Kl
The means with a same letter are not significantly different (P<0.05) by Duncen test.
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Table 3. Mean comparison for effects of Sinorhizobium and phosphorus levels on growth parameters in fenugreek.

5 olels S 035 Sk A3
(numlg(e);i Eleer pot) ShOO(tg:,rdrl)?)]t})lv)e1ght Bacterium P(hrgsgplilg ?)15

70" 0.25" Ctrl 0
234%¢ 0.55°" SR, 0
1120 0.50° SR 0
291" 0.56°" SRy, 0
116" 0.59° SRy 0
108! 0.60° Ctrl 29
373 1.10%° SRy 29
172%" 1.73% SR 20
415° 1.70% SRy, 20
258" 1.90% SR6 20
180" 0.80° Ctrl 40
425° 1.93%° SR, 40
199" 2.02%° SR 40
575° 1.70% SR, 40
319> 1.90%° SR6 40
200°" 0.67° Ctrl 60
570° 2.25° SR, 60
215" 2.12% SRs 60
607" 1.42¢ SR, 60
3350 2.19% SRy 60
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The means with a same letter are not significantly different (P<0.05) by Duncen test.
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Table 4. Analysis of variance for the effects of Sinorhizobium isolates, Phosphorous and their intraction on

nutrients uptake by fenugreek.

Slay o 5SSk

Mean square sl e S b
DF Source of variations
Zn Cu Mn Fe N
[RES
2849%** 171%* 33633** 6312%** 5.72%* 6396** 4 e
Isolate
2175%* 323%* 85529%*  32736%* 13.2%* 9558** 3 St
Phosphorus
A X gl
209™ 18.4" 3638** 1377** 0.85%* 817%* 12
Isolate x Phosphorus
U
126 13.06 657 388 0.09 91 40
Error
o 25 (o gl
26 25 14.9 18 17.7 19 - S
CV%
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** Significant at 1% level of probability and ns: no Significant.
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Figure 3. Effect of isolates on shoot Cu uptake in fenugreek.
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Table 5. Mean comparison for effects of Sinorhizobium and phosphorus levels on nutrients uptake by fenugreek.

Mn Fe P N s St
Bacterium Phosphorus
(ngpot™) (mg pot™") (mg kg

0.032 0.02' 0.28" 6.95" Ctrl 0

0.06" 0.04" 0.36" 14.1° SRy 0

0.06" 0.05" 0.38" 14.5° SR 0

0.07" 0.05" 0.50" 14.5° SR, 0

0.07" 0.05" 0.40" 15.4F SR6 0

0.09°" 0.06%" 0.82" 14.3F Ctrl 20
0.26™ 0.16° 2.45%F 63.5°° SR, 20
0.21° 0.14°4 2.26°% 57.5% SR 20
0.20° 0.12°F 2.07" 56.6% SRy, 20
0.21° 0.11%f 2.20°% 101° SRy6 20
0.12% 0.10°f 0.84" 19 Ctrl 40
0.27* 0.16° 2.88"4 77.1° SR, 40
0.25™ 0.14"4 2.89% 58.9%e SR 40
0.21° 0.13° 2.40%f 63.4>° SRy, 40
0.24% 0.14°4 2.74%f 77.7° SRy 40
0.12% 0.13"¢ 0.48" 16.3F Ctrl 60
0.28% 0.19° 3.54° 100° SR, 60
0.24% 0.15™ 3.02%° 73bed SR 60
0.16 0.09" 1.728 50.7° SRy, 60
0.30° 0.15™ 3.09% 108° SRy 60

LS e S gy 4 o T g 3 Jlalas Ml L S 2l oY G K Pl s e Sle

The means with a same letter are not significantly different (P<0.05) by Duncen test.
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Abstract

Background and Objectives: Nitrogen is one of the most important nutrients in plants which
its shortage in soil is the main factor limiting plant growth. Molecular nitrogen comprises about
80% of the atmospheric gases whereas it is not directly absorbable in plants. Biological nitrogen
fixation (BNF) through symbiosis with leguminous plants is one of the most important ways of
entrance of inorganic nitrogen into soils. Inoculation of legumes with rhizobia is also an
important process to maximize biological N, fixation capacity in these crops. Moreover,
phosphorus is an essential element to convert atmospheric N (N,) into ammonium (NHy) in
nitrogen fixation process. Hence in this study, the effects of simultaneous application of
Sinorhizobium and phosphorus on the growth, nitrogen fixation and nutrients uptake of
Fenugreek were evaluated.

Material and Methods: To evaluate the effect of combined application of Sinorhizobium and
phosphorus levels on growth, nitrogen content and other nutrients uptake of Fenugreek, five
isolates of Sinorhizobium were selected from bacterial bank of soil science department,
University of Rafsanjan and used in a greenhouse experiment. These bacteria were isolated from
Fenugreek root nodules and had the highest symbiotic effectiveness. The greenhouse
experiment was conducted in factorial based on completely randomized design with three
replications including two factors 1) five levels of bacteria (inoculation with four Sinorhizobium
isolates (SR4, SRS, SR12, SR16) and non-inoculated as control) ii) four levels of phosphorous
(0, 20, 40 and 60 mg kg™ soil).

Results: Results showed that simultaneous application of Sinorhizobium and phosphorus levels
significantly increased the number of nodule and shoot dry weight. Also combined application of
Sinorhizobium and phosphorus levels significantly enhanced amounts of nitrogen, phosphorus,
iron and magnesium in shoot of Fenugreek. Interaction of the isolates and phosphorus levels
didn’t have any significant effect (P<0.05) on root dry weight and uptake of zinc and copper,
while root dry weight and amounts of zinc and copper in the Fenugreek were significantly
increased by application of Sinorhizobium isolates and phosphorus levels each one alone.
Conclusion: This study revealed that simultaneous application of isolate SR4 and 60
mg phosphorus per kg soil was the most efficient treatment in improving growth nitrogen
content and other nutrients uptake of Fenugreek. In comparison with control, this treatment
enhanced shoot dry weight from 0.25 to 2.25 g pot”, nodule number from 70 to 570, nitrogen
and phosphorus contents from 6.95 and 0.28 to 100 and 2.54 mg pot” and also iron and
manganese uptake from 0.02 and 0.03 to 0.19 and 0.28 pg pot™ respectively.

Keywords: Nitrogen fixation, Growth, Sinorhizobium, Fenugreek, Phosphorus
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