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Table 1- Some climate parameters in location of the field experiment during 2014-2015
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_“’S"\S’L' 72.0 45.5 63.0 32.0 68.0 31.0 95.5 14.0 2.5
Rainfall (mm)
| Sl 25 15 9 8 9 1 22 26 29
Maximum temperature (°C)
Bl o
s 2 1 13 8 8 3 4 9
Minimum temperature (°C)
dlale o> oSile 14.6 5.8 3.6 0.5 2.7 2.7 8.0 13.9 19.6

Average temperature (°C)
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Table 2 - Physical and chemical properties of the soil field experiment (0-30 cm depth)

cél oY) S o oy s O s S oS
Texture Clay Silt Sand Potassium Phosphorus Nitrogen Organic carbon
%) () (%) (mg-kg™) (mg-kg™) (%) (%)
) P9 34 33 33 350 10 0.087 0.87

Clay-loam
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Table 3- Analysis of variance (mean of squares) for the effect of Azotobacter and nitrogen fertilizers on yield and yield
components of barley

e Sls 380es yadld g dlaad &l 039

Sl il o3l eIy &> Cuildy  mhawasly 3 ddw y &l )l
S. 0.V df Bio_logical Grain H_arvest Spike2 Grair_1 per 1000_-grain

yield yield index per m spike weight

Ssby Block 2 6083™  1579™  0.37™ 16.0" 40.0" 0.06"™
S5l s/ Azotobacter (A) 2 146776 84973 617 5676" 204 2.07
39 Nitrogen (N) 4 2525317 88963 23" 5258™ 175~ 2.07
OG5 X8l 3! AxN 8 28853  7012” 12" 744” 15.0” 0.45"
s Error 28 3085 906 6.0 43 2.0 0.03

(22 y) a5 g o> CV (%) - 13.27 1400  15.83 11.17 12.85 10.71

20y 1 95 Jlsl aw )3 )b dxe g b dxepé cud py % g % NS
ns, * and ** non significant and significant at 5 and 1%, respectively
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Table 4- Mean comparisons of Azotobacter and nitrogen fertilizers interaction on yield and yield components of barley

Lo n s . s
Treatments 3 Slos :,%1& ‘)Abl.«v EIRSWII KPS aild . 039
Syl 3 8345 Cumsd Aly Cold 9 Koy 4> dliw 4> &l I
Azotobacter Nitrogen Biological Grain yield Harvest Spikes Grains 1000- grain
(g.ha™) (kg.ha?) yield (g.m?) (g.m?) Index (%) per m* per spike weight (g)
0 1408%+29.8* 509+12.4 36°+0.6 5007+1.2 397+0.33 24710.37
50 1313"+17.3 541°+4.7 41"+0.1 516°+1.7 41"+0.57 25°+0.03
0 100 1558°+8.3 673%+2.3 43°+0.2 526°+1.2 49°+0.99 26*+0.06
150 1830°+8.2 793%+2.3 43°+0.1 577°+1.5 51%+0.57 26*+0.05
200 1812°°+9.7 824°+1.9 45°+0.1 577°+0.3 53%+0.66 26%+0.05
0 1462'+8.3 616%+2.6 42°40.1 543°+7.3 46"+1.33 26%+0.02
50 1690%+8.5 717°°+3.1 42°40.7 550°°+6.4 54%+1.17 26%+0.08
100 100 1820°+9.2 834%°+8.3 45™+0.4 587%+2.9 54%+0.88 26%+0.01
150 1833%°+8.5 831%°+3.9 45%+0.2 582%+1.8 54%+0.57 26%+0.08
200 1849%°+8.3 849%°+1.9 45*+0.3 586%+4.0 56%+1.2 27°+0.31
0 1517°45.7 725%+3.5 47°+1.0 535°+1.9 48°+0.99 26%+0.15
50 1757°46.0 777°+2.8 44%+0.3 584%+2.9 52%+1 .45 26%+0.12
200 100 1848%°+5.7 848%°+3.3 45*+0.3 582%+2 4 54%+0.66 27°+0.02
150 1856%°+5.4 855%°+4 4 46%+0.2 585%+1.9 56°+1.52 27°+0.06
200 1883%+8.4 871°+2.9 46%+0.3 592°+3.7 58°+1.85 27°+0.05
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*Same letters in each column represent no significant difference at 5 percent probability level (Duncan’s Multiple Range test); +,
Standard error
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Table 5- Analysis of variance (mean of squares) for the effect of Azotobacter and nitrogen on morphological traits in barley
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&33! Sy Sy aslw Al Sl giSa &ild
gy 0
Tiller Leaf Leaf Stem Spike . .
S.O.V. df per area dry dry dry I—\|/(\a/cetiolr|]:r C;g?e'ir:]
plant index wight wight wight 9 p
Sob Block 2 1579™ 012 317" 2202" 2.0 0.03"  0.000002"
S5 Lsij) AZOt?K?Cter 2 84973 353" 1430" 1731™ 527" 0.02 412"
59k Nitrogen (N) 4 889637 4.69” 8055 11393 464™ 0.11" 10.41
X pShgi sl " " - . - . "
"f; 'f" ’ AxN 8 70127 0.35 394 9759 67 0.04 0.35
)13
s Error 28 906 0.03 97.0 4616 3.0 0.01 0.001
[iud) JUVE Y ESTR:
e CV (%) - 1400 1311 13.94 12.92 11.18 10.29 5.28
(22,3)

2031 95 sl o )3 )b dxe g )b dxopmé oy i g 3 NS
ns, * and **: non significant and significant at 5 and 1%, respectively
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Table 6- Mean comparisons for the effect of Azotobacter and nitrogen fertilizers interaction on the morphological traits of

barley
Jelge Sl sl 039 039 039 » s
Eactors s cb.w ik s s [S3) oo
Slasi R ,‘ : _ _ . Sl S aly
Ay QI dgs ,d Sy Sy adluw EIWw)

Azotobacter Nitrogen Tillers Leaf Lea_f dry Ster_n dry Spike dry Hec_tolltr Gralp
(g.ha™) (kg.ha) er plant area wight wight wight (g.m™?) weight protein
g ¢ pere index (gm?)  (gm?) e (kg) (%)

0 1.7°40.02*  4.12%+0.04 1929+4.6 401°+7.2 150°+0.66 45.8°+0.34 9.43°+0.1
50 1.8°+0.01  4.81°0.02 215%+6.6 556%+7.8 155°+0.33 46.5°+0.66 9.94%+0.01
0 100 2.0°#0.03  5.48°+0.01 25415 472°+4.8 158%°+0.99 46.3°+0.57  10.63°+0.01
150 2.0°+0.03  6.37%+0.31 267°+2.9 596°+2.2 173+0.88 46.1%+0.33  11.54°+0.01
200 2.0°+0.03  6.46%+0.05 268°+2.4 546%+1.8 173+1.33 46.2°+0.28  12.39%°+0.01
0 2.0°40.02  5.34°+0.32 196%+4.7 486°+5.8 163°+2.33 46.0°+0.34 9.94°+0.1
50 2.0°+0.02  6.37%°+0.05 264°+15 543%+8.8 165%°+2.10 46.1%+0.34  10.90°°+0.01
100 100 2.0°+0.03  6.46%+0.02 268%+2.2 540%°+4.4 176°+1.76 46.3°+0.23  12.34%+0.01
150 2.2°40.03  6.67°+0.03 271%+15 555%+8.0 175%+1.99 46.3°+0.56  12.44%+0.01
200 2.2%40.10  6.67°+0.02 271°+1.9 553%+1.2 176°+1.73 46.3°+0.33  12.50*+0.02
0 2.1%+0.05  5.05"+0.01 211°45.2 421°+4.6 161%°+1.85 46.1%+0.66  10.45°+0.03
50 2.2°40.09  6.35™+0.01 266°+1.5 538%+3.5 175+1.79 46.3°+0.57  10.95"+0.03
200 100 2.2°40.09  6.67%+0.02 271°+1.9 553%+5.2 174°+1.33 46.3*+0.88  12.37%+0.03
150 2.2°40.10  6.67°+0.02 271%+25 555423 175+1.02 46.3°+0.76  12.45%+0.02
200 2.2°40.12  6.67°+0.02 272°+2.7 562°+5.9 177°+1.20 46.3°+0.83  12.54°+0.03

5 skl (gllad F (SOl (glatalsain y905]) b oo 2o y3 B Jlais! prdaw 3 I3 me BB pite skimd s (gt yo ) Ao g™

*Same letters in each column represent no significant difference at 5 percent probability level (Duncan’s Multiple Range test); +,

Standard error
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Table 7- Analysis of variance (mean of squares) of Aztobacter and nitrogen on the amount of remobilization from stem and
spike to grain of barley

Ol gl NEHEES ISy Coonlly oS oo 2l s
S.O.V. df Peduncle Penaltimate Other internodes Spike
Sobs Block 2 7" 77 43" 117
FSlgij! Azotobacter (A) 2 2410 2414™ 520™ 5™
o395 Nitrogen (N) 4 1476™ 1039™ 125" 49"
O35 X 583 5! AxN 52" 152" 265™ 17"
Uas Error 28 8 17 13 2
(M2 y3) S pas gy CV (%) - 3.34 6.22 7.73 5.18

203195 sl paw )3 )b dxe g )b dxopmé oy s g 3 NS
ns, * and **: non significant and significant at 5 and 1%, respectively
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Table 8- Mean comparisons of the remobilization of materials of barley affected as the use of Azotobacter fertilizer and
nitrogen fertilizer

Wl .
b
Treatments JSSlay Caondly 0o oo Al
AUyl 0395 2 ok
Azotobacter Nitrogen Peduncle Penaltimate Other internodes Spike
(g-ha™) (kg.ha™) (mg) (mg) (mg) (mg)
0 65+13.33* 61%+9.80 52%+9.8 29°+9.24
50 51"+16.66 32"+3.60 53%+6.88 32°+3.60
0 100 70°+3.33 50'+1.20 40°+2.33 30°+2.96
150 80%+2.66 59°+1.45 30%+2.64 29°+2.64
200 90°+2.33 59°+1.73 50°+2.96 30°+2.33
0 80%+1.66 59°+1.20 40°+3.28 33%+2.02
50 80%+1.33 59°+0.88 59%+3.38 33%+1.73
100 100 100°°+9.99 82%+6.88 59%+5.23 31°+1.45
150 101°+0 80°+0.99 50°+1.20 31°+1.20
200 110*+0 90%+1.20 50°+0.66 32°+3.21
0 80%+0 70°+1.73 40°+4.33 29°+6.88
50 80%+0 59°+1.45 59+1.76 41°+3.78
200 100 99%+0 80°+2.02 50°+3.78 30°+4.35
150 100°+0 80°+0.88 2.30+50° 29°+2.88
200 103°+6.66 84%+10.20 6.80+54% 31°+4.05

5 bl (gllad F (SOl (glatalsain y905]) b oo 2o y> B Jlaisl prdaw 3 I3 me BB pite okimd s (gt yo ) Ao g™
*Same letters in each column represent no significant difference at 5 percent probability level (Duncan’s Multiple Range test); +,
Standard error
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Table 9- Analysis of variance (mean of squares) of Azotobacter and nitrogen on the efficiency of re-transferring material from
stems and spikes to grain of barley

O st @alie @il aays Sy Cuponlly oS ol e oo
S.0.V. df Peduncle Penaltimate Other internodes Spike
Sobs Block 2 5.02" 59.79" 3217 25.31"
ASlgij! Azotobacter (A) 2 89.35" 213.02" 92.33" 9.75™
59 Nitrogen (N) 4 85.17" 189.69" 85.13" 145.14™
i X S lgi ) AxN 8 20.85™ 56.65" 121.06™ 34317
s Error 28 4.75 11.67 10.90 9.74
(22 y) %5 g poio CV (%) - 14.01 16.58 17.08 16.57

20y 1 95 Jlnl aw )3 )b dxe g b dxopé cud p % g % NS
ns, * and ** non significant and significant at 5 and 1%, respectively
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Table 10 — Mean comparisons of remobilization efficiency of barley affected as Azotobacter fertilizer and nitrogen fertilizer

Lo
Treatments JSSlay Cuodly s ,5 oyl plw Al
S5yl 09
Azotobacter Nitrogen Peduncle Penaltimate Other internods Spike
(g-ha) (kg.ha™) (%) (%) (%) (%)
0 56.47%+2.08* 60.43°+1.76 56.27°+2.08 48.23"+2.08
50 42.93°+1.45 36.63°+1.52 39.83°41.20 51.53°+0.99
0 100 49.90°°+1.73 45.50°£0.99 44.27°+0.88 46.87°°+1.20
150 53.20°+1.33 49.33°+2.02 33.20°+0.99 41.06°+1.52
200 56.03%°+2.02 45.63°£1.45 45,33°+1.20 45.06°+1.45
0 56.96*°+0.88 53.76°+1.73 44.27°+1.73 51.60°+1.66
50 53.10°+2.33 49.06°+2.08 53.47°°+0.88 50.80°+1.20
100 100 55.70*°+1.45 54.53°+0.66 56.80°+1.15 47.47°+1.73
150 55.80%°+1.73 53.20°+0.88 45.33°+1.76 46.26"°+2.02
200 61.00°+£2.90 60.45°+2.40 45,33°+1.20 45.70°+1.76
0 53.20°+2.30 58.16%°+1.76 44.27°+2.02 44.47°+0.88
50 53.20°+1.76 49.06°+2.60 53.47°°+0.88 60.00°+1.45
200 100 54.90%°+1.52 53.20°+1.74 45.33°+1.45 45.20°+1.52
150 55.60*°+1.66 53.20°+2.33 45.33°+0.57 41.40°2.02
200 57.33°+2.02 56.27%°+2.90 49.53°+1.20 42.80°+0.88

5 skl (gllad F (SOl (glatalsain y905]) b oo 2o y3 B Jlaisl prdaw 3 I3 me BB pite oty s (gt yo ) Ao g™
*Same letters in each column represent no significant difference at 5 percent probability level (Duncan’s Multiple Range test); +,
Standard error
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Table 11- Analysis of variance (mean of squares) of Azotobacter and nitrogen on the contribution of remobilization from
stems and spikes to grain of barley

Oy lbe NEHEES ISy Caondly oS lee 2l b

S.O.V. df Peduncle Penaltimate Other internodes Spike

Soby Block 2 0.01"™ 0.27" 0.14™ 0.03"

SSlgij! Azotobacter (A) 2 541" 6.24” 068™ 0.21”

39 Nitrogen (N) 4 1.95” 2,977 1.29” 1.217

595w X 8 bgi ) (AxN) 8 0.38" 1.28™ 1.96" 0.19™
(198 Error 28 0.14 0.18 0.10 0.02

(M2 y3) S pa5 g o> CV (%) - 16.0 11.58 12.92 16.51

2031 95 Jlnl aw )3 )b dxe g 5 dxopé cud py % g % NS
ns, * and ** non significant and significant at 5 and 1%, respectively
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Table 12— Mean comparison of remobilization portion of barley affected as Azotobacter fertilizer and nitrogen fertilizer

B, low
Treatments JSSly Coondly o5 o plw A
Abjl Gias

Azotobacter Nitrogen Peduncle Penaltimate Other internodes Spike
(g.ha®)  (kg.ha?) (mg) (mg) (mg) (mg)

0 6.47°+1.45%  6.04°+152 5.19%+1.15 2.92°+0.57

50 4.93°+1.20 3.12"+0.88 3.05°+1.52 3.02*+0.33

0 100 5.47°£1.15 3.91'+1.20 3.12+2.08 2.34°+1.52

150 5.81°+1.73  4.29°+0.66 2.18°+0.88 2.10°+1.20

200 6.30°£2.02  4.13°+0.33 3.50+1.20 2.10°+0.33

0 7.05%+1.15  5.20°41.73 3.52°+0.99 2.91°+0.88

50 6.14°+0.88  4.52°#2.02 4.52°+0.88 2.53"+0.57

100 100 7.07%£230  6.13%+1.52 5.20°+0.57 2.18°+1.20

150 7.08%+2.60  5.60°+1.85 3.50°+1.20 2.17°+1.34

200 7.59%+2.40 6.21°+1.20 3.45°+0.33 2.20°+0.99

0 5.99°+1.40 5.25°%1.45 3.00°+0.66 2.16°++0.88

50 6.01°+0.57 4.43°£1.15 4.43"+0.57 3.08°+1.20

200 100 6.79°+1.45  5.49°°+0.88 3.43°+0.88 2.06°+1.73

150 6.84°+1.70  5.47°°+173 3.42+1.15 2.11°+1.52

200 7.02%°+2.33  552"+1.33 3.71°+1.45 2.10°+0.57

5 skl (gllad F (SOl (glatalsain y905]) b oo 2o y3 B Jlaisl prdaw 3 I3 me BB pite oty s (gt yo ) Ao g™
*Same letters in each column represent no significant difference at 5 percent probability level (Duncan’s Multiple Range test); %,
Standard error
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Introduction

Nitrogen is a vital and important element for the plant and is available by chemical or biological process. The
contribution of nitrogen fertilizer to performance improvement in various studies has been reported to be
between 30-50%. Koocheki et al. (2017) reported that the levels of nitrogen fertlllzers used in experiments for
wheat in the range of 20-250 kg.ha™ increased wheat yield by 2477 kg.ha™ compared to control treatment.
Biodegradable fertilizers (especially Azotobacter) has been reported positive because they have great potential to
improve the nutrition of plants and replace chemical fertilizers, and can minimize or completely eliminate the
use of chemical fertilizers and reduce environmental hazards, improve soil structure in cereal, dissolve phosphate
and increase growth via absorption of mineral elements. Azotobacter, one of the most reputed free-living bacteria
that stabilizes nitrogen in the air, which by using different mechanisms, increases the production of auxin
hormone and the development of the plant's root system (increasing root area with more growth), and ultlmately
helps increase the yield of crops and orchards. The amount of nltrogen consolidated by 20 to 40 kg.ha™ per year
is estimated for cereals such as wheat, corn, sorghum, millet and rice, with a yield increase of 7-12% and a
maximum of 39% in these plants.

Materials and Methods

This experiment was conducted on irrigated barley (Hordeum vulgar v. Bahman) in a farm in the Songhor
town, Kermanshah Province, as factorial based on completely randomized block design (CRBD) with three
replications during 2014-2015. Factors including Azotobacter chroococcum (0, 100 and 200 g.ha™) and nitrogen
fertilizer from urea source (0, 50, 100, 150 and 200 kg.ha™). In this test were studied LAI, number of tillers,
shoot dry weight, hectoliter weight, protein content, biological yield, grain yield, harvest index, number of
spikes.m, number of seeds per plant and thousand-seed weight traits. Sowing date was 19 November, 2014.
Azotobacters used as inoculate with seed treatment and urea fertilizer at planting time just one-third and two-
thirds were stem elongation.

Results and Discussion

Analysis of variance showed that the effects of azotobacter and nitrogen as well as interactions between them
were significant on all traits. The maximum amount LAI, tillers, shoot dry weight, hectoliter weight, protein
content (12.5%), biological yield, harvest index, number of spikes, number of grains per spike, thousand seed
weight and grain yield (871 g m’ %) were obtained in treated with 200 g.ha™ Azotobacter and 200 kg.ha™ N With
the increase the amount of inputs also increased attribute values Considering the cost of the inputs and amount
of grain yield and protein, the consumption of 100 g. ha™ Azotobacter and 100 kg.ha™ N about 834 g.m? and
26%, respectively, had the most economic output and did not significantly different with maximum consumption
of them. Generally, the results showed that the effect of industrial nitrogen on all traits was more than
Azotobacter, but optimal use of biological and chemical fertilizers combined treatment with low doses (100 g
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inoculated with 100 kg.ha™ N), also had the significant and positive effect on morphological traits and yield. So
it may be partly replaced urea fertilizer consumption with Azotobacter.

Conclusion

The results of this experiment showed that the highest grain yield (871 g.m?) was obtained from the
combined application of 200 g.ha™ biomass with 200 kg.ha™ N. In general, with increasing amount of nitrogen
from type of urea, the grain yield was between 20 and 71% and the grain protein content was between 20 and
32%, but with the increase of azotobacter (alone), the grain yield increased between 17 and 42%, and the grain

protein was between 5 and 10 Percentage.
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