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Table 1. Physical and chemical properties of the experimental soil.

S Gas o o e Sons A e LG o
Soil depth (em) gy (o5 Clay (%) Silt (%) 0.C (%) ECe (dS m™ (pH)
0-15 38.12 17.18 44 0.977 1.092 7.42
15-30 38.16 17.26 44 0.970 1.090 7.54
S Gas 0335 A b Al e 75
Soil depth (cm) N (%) P (mgkg") K (mg kg™ Fe (mgkg") Zn (mg kg™ Mn (mg kg ™)
0-15 0.084 54 320 5.104 0.564 14.8
15-30 0.084 58 300 7.30 0.540 14.8
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Table 2. Analysis of variance of measured traits in barley.

Dlagye S0k
Mean squares
)l ch
2 Sdas 3 S R 835 b sl ol i o i S.0.V.
il 03 85 s i\ sy, 5 -
ol S 55 s ) ol wls)yl s S & g df
Grain Biomass Grain 1000-grain Spike no.m> Plant
yield yield protein weight p ’ height
57.527™ 340.02"  0.0236™ 4.39™ 1501.86™  22.89™ 2 NS Replication (R)
71121117 1906.77™  0.0595™ 0.111™ 16040025 11.67™ 1 o Cultivar (C)
23120444 6290.64"  4.62317 26.49" 2994.22" 36.31™ 5 555 Fertilizer (F)
732.3117 194.04™  0.2032™ 2.38™ 17945.54"  41.66" 5 %o S CxF
77.861 399.48 0.1160 1.092 902.64 16.34 22 ol slas Error
2.00 8.17 3.76 3.45 721 6.64 - () O i oy CV%

ARRYA: JL.,;,ACL); B gme Gl pmn e LS S 5

™ * and ** non-significant and significant at 5 and 1% probability levels, respectively
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Table 3. Interaction effect of cultivarx fertilizer on plant height, spikes no. m™ and grain yield.

<l 5 Slas e sl ks gl
555 55
(grrse e B3 (o fl) i -
5 Fertilizer Cultivar
Grain yield (g.mz) Spikes no. m" Plant height (cm)
£ £ a el
378 322 64.33
Control
SL o)
384.33f 323 64.33° AL
Azotobacter
, N
41433 34133 52.50¢ f’L*’f'f’ _
Azospirillum Sas
7 " Zehak
e+ SL
482.66" 340°' 62" el S
Azospirillum+ Azotobacter
ossl p SelS Van , 37 SL g5l
529.33" 34633 64.50° DA AN sk sl S
Azotobacter+Azospirillum+ 100kg Urea
ol Y Yoo
542° 381.67° 61® 2l
200 kg Urea
f c abc el
378 461 58.16
Control
SL o)
372.66 529% 60.50% AL
Azotobacter
, N
399.66° 453.33° 62.50% s
Azospirillum Lo
PEE 4
0 . Nimrooz
e+ SU
438.66° 428.33% 55.83" phml e S
Azospirillum+ Azotobacter
oysl p SelS Ve , 3T+ SU gl
458.66" 544° 63.83" D AN sk sl S
Azotobacter+Azospirillum+ 100kg Urea
ol Y Yoo
487.33 483.67™ 61® 2l

200 kg Urea

Al (gl gae DM Ay 0 Ju»lcla,w);LSD J).aﬂu,«bljoj:.w,a)a Quﬂdjf-héug'ﬂi;l?ﬂ

Means with similar letters in each column had not significant differences based on LSD test at 5% of probability level.
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Figure 1. Effect of nitrogen source on 1000-grain weight of barley. (Means with similar letters in each column
had not significant difference based on LSD test at 1% probability level). C: Control, Azt: Azotobacter,
Azs: Azospirillum, Azt+ Azs: Azotobacter+Azospirillum, Azt+Azs+100 U: Azotobacter+Azospirillum+100 kg

urea, 200 U: 200 kg urea.
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Figure 2. Effect of nitrogen source on grain protein of barley. (Means with similar letters in each column
had not significant difference based on LSD test at 1% probability level). C: Control, Azt: Azotobacter,
Azs: Azospirillum, Azt+ Azs: Azotobacter+Azospirillum, Azt+Azs+100 U: Azotobacter+Azospirillum+100 kg

urea, 200 U: 200 kg urea.
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Figure 3. Effect of nitrogen source on biomass yield of barley. (Means with similar letters in each column had

not significant difference based on LSD test at 1% probability level. C: Control,

Azt: Azotobacter,

Azs: Azospirillum, Azt+Azs: Azotobacter+Azospirillum, Azt+Azs+100 U: Azotobacter+Azospirillum+100 kg

urea, 200 U: 200 kg urea.
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Table 4. Analysis of variance of measured nutrients in barley.
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Figure 4. Effect of nitrogen source on nitrogen content of barley grain. (Means with similar letters in
each column had not significant difference based on LSD test at 1% probability level). C: Control,
Azt: Azotobacter, Azs: Azospirillum, Azt+ Azs: Azotobacter+Azospirillum, Azt+Azs+100 U: Azotobacter+

Azospirillum+100 kg urea, 200 U: 200 kg urea.
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Table 5. Interaction effect of cultivarx fertilizer on grain phosphorus and potassium percent.

() &y oty 2o 5 (1) &ls jaud Ao ys

| ’ )
Grain Potassium Percent gr Grain Phosphorus Percent gr Fertilizer .
Cultivar
(%) (%)
1.456% 0.146" Control
1.646% 0.140" Azotobacter
2.080° 0.160° Azospirillum Sos
1.483% 0.140" Azotobacter +Azospirillum Zehak
1.620% 0.146™ Azotobacter +Azospirillum+100kg Urea
1.743° 0.120™ 200kg Urea
1.490° 0.120" Control
1.426° 0.143%° Azotobacter
1.606% 0.116° Azospirillum o
BB a4
2.410" 0.156" Azotobacter +Azospirillum Nimrooz
1.626% 0.140™° Azotobacter +Azospirillum +100kg Urea
1.750¢ 0.153* 200kg Urea
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Means with similar letters in each column had not significant difference based on LSD test at 5% probability level
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Abstract

Background and Objectives: How to manage nitrogen consumption as one of the most important
nutrients and challenges of its application in farms has been noticed by researchers. Due to low soil
nitrogen content in the arid and semi-arid regions, as well as the adverse environmental effects of
excessive use of nitrogen fertilizers, the role of nitrogen fixing-bacteria is very important. Some research
has been done about how to use nitrogen fixing-bacteria and their effects on increasing the yield of
various plants. The goal of this study was to investigate the role of nitrogen fixing-bacteria (Azotobacter
and Azospirillum) on the yield and concentration of some macro-nutrients in barley cultivars.

Materials and Methods: The experiment was conducted as factorial experiment in a completely
randomized block design with three replications in research field of Agriculture College and Natural
Resources of Darab, Shiraz University during 2017-2018 growing season. Experimental treatments
included two barley cultivars (Zehak and Nimroz) and nitrogen source at six levels including control
(no fertilizer applied), Azotobacter (Azotobacter chroococcum) seed inoculation alone, Azospirillum
(Azospirillum lipoferum) seed inoculation alone, combination of Azotobacter with Azospirillum,
combination of Azotobacter with Azospirillum with 100 kg/ha urea nitrogen source, and use of 200
kg urea nitrogen source alone. After harvesting manually, yield and yield components and the
amount of nitrogen, phosphorus and potassium nutrients of seed were measured in the laboratory and
data analyzed by SAS software.

Results: The results showed that in Nimroz cultivar inoculation of seeds with each of Azotobacter
and Azospirillum along with 100 kg urea application increased plant height and spike number per
square meter by 9.74 and 18 % compared to control, respectively. Also, application of Azotobacter
and Azospirillum with 100 kg urea 1000-kernel weight increased 18%. Increasing of 27.27% in
biomass was observed in application of two bacteria together. The combination of Azotobacter and
Azospirillum with 100 kg urea increased 40% and 21.33% grain yield of Zehak and Nimroz cultivars
compared to control, respectively. Combined Azotobacter and Azospirillum with 100 kg urea
treatment resulted in 21.6% increase in grain nitrogen content of barley. Seed inoculation of Zehak
with Azospirillum and seed inoculation of Nimrooz with Azotobacter and Azospirillum together
increased 9.58% and 30% of seed phosphorus compared to control, respectively. Finally, seed
inoculation of Zehak with Azospirillum and seed inoculation of Nimrooz with Azotobacter and
Azospirillum increased 42.58% and 61.74% of seed potassium.

Conclusion: The results of the present study showed that the use of nitrogen-fixing bacteria,
Azotobacter and Azospirillum, with 100 kg urea decreased nitrogen fertilizer demand up to 50% and
increased 1000- grain weight, nitrogen content and yield of barley.

Keywords: Azospirillum, Azotobacter, Nimroz, Seed nitrogen, Zehak
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