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1- Plant Growth Promoting Rhizobacteria (PGPR)
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1- Total Dry Matter

2- Crop Growth Rate

3- Relative Growth Rate
4- Leaf Area Index
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Figure 1. Variations of total dry matter in without nitrogen spraying (a), spraying in boot stage (b), ear
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.
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Figure 2. Variations of crop growth rate in without nitrogen spraying (a), spraying in boot stage (b), ear
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.
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Figure 3. Variations of relative growth rate in without nitrogen spraying (a), spraying in boot stage (b), ear
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.

5 o3l3sds OA 5 V) WL Sl 0 AL s
GlassS 3l mslizel 38 LIS (Yo o) Ol,San
ot Gl S LGl o 5 ol 4 s
ot b ddy o5 Jsb 53 RGR & us sl

Q) Al el g 50
o 350 LS s Ol s :3ﬁcbuda.;u
s e Sl 4 jatls ol Olhe (oSS

Yy

JlS 5 Opmkins ) Gl 5 e S

e Ay Loy Oljae a5 s S 55158 (VAAY)
I8 b5 ol YU asy b Ll s ek s
St e 3 Sgob Ll e el Ol
38 dene e opde e Of e
ke el 4 Ay S e lags L
Gl 53 e Ay o S AS e U555



O)Ro g (o8 pui Sy Sgi

35

days after planting =S J e Ly

45 55 G5 75

000
0,500
Q000 + T T T T T T
25 35 45 55 B5 75 85 9!
days after planting =<E 3 2 34,
il e g g ey o o ] g dlete e v gigh _fan _gpids
P g B e p ) ' e i il e e e ey i
== e ra i g S el el e oy i
- Ny e gl e g L R P PR . T

leal area index

s 3
g 8

-

-

P [ e S

15 55 &5 75 as

days after planting  <uS 31 e 15

45 °H]

]

25 35 45 55 &5 75 895

days after planting =<8 7 sy 5y

i vl i fn e e e i e aalna plas

N N I P

LR . =R R

R il ol

e et aalte gl

st () 508 0L 3 (B4 e (@) O35 55 B pows ps Ll 3 S e Gl S s gy - S
Ay S e SUs S L L el 5 (@) 6l 045 3 0l s S slowe 5 (©) ahin 54 0L 3

Figure 4. Variations of leaf area index in without nitrogen spraying (a), spraying in boot stage (b), ear
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.
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Table 3. Mean comparison of effects of plant growth promoting rhizobacteria and spraying time of nitrogen on

yield and yield components of triticale.
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(%) . Yield per Grain 100 of erain Plant
Shoot to Biological weigh (g) er Ear length ;
root ratio Harvest yield (g.m%) area per car (cm) heigh
index ’ (g per area) (cm)
0.07’ 38.4 ¢ 10237 393 ¢ 321 25.8 8.7! 74.9° MoxBo
0.12% 39,1 1663 ™ 650 > 45°¢ 418°¢ 10.6 & 94.9%°  MyxB,
0.18 38.2¢ 1388 '8 528 < 41"t 36" 10.17 96.1® MoxB,
0.09 ! 42.3 % 1327 & 567 % 350 2821 9.6k 91.3%°  MyxB;
0.11°% 39,1 1658.3 633 41"t 38.3°¢ 10.7 ¢ 95.1%  M;xB,
0.17° 47.5° 1783 ° 846° 52° 48.8° 12.6° 94.4%  M;xB,
0.14° 40.8 > 1729 ® 702 % 5° 45.1° 12° 992° M;xB,
0.11°¢ 38.3 1608 ** 614 ¢ 48° 415°¢ 11.6°¢ 88.1 4 M;xB;
0.09 ™ 374 1238 474 " 42"t 353" 10.3 M 82,9 M,xB,
0.14° 46.4° 1584 ¢ 730° 5° 46.8° 11.7% 97.7%® M,xB;
0.12 39,1 1536 5959 45°¢ 09.7° 11.2% 943 %  M,xB,
0.1% 356% 1489 % 528 < 43¢ 40.8¢ 11 85.8 %4 M,xB;
0.08 ! 36.7 ¢ 11417 4178 388 31.7°" 9.7 95.7%  M;xB,
0.13°¢ 38.4 ¢ 1658 635 44 454° 115 91.7%  M;xB;
0.12°¢ 36.8 ¢ 1607 > 592 % 41"t 39.2% 10.7 ¢ 958  M;xB,
0.1 38.6 1461 ¢ 562 398 33.1¢ 107 98.6® M;xB;
0.004 32 63.2 39.7 0.09 1.1 0.16 5.5 LSDsy,
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Means with similar letters in each column are not significantly different.
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M, M;, M, and M; are without spraying as control, spraying in boot stage, ear emergence, grain filling period
respectively By, B;, B, and B; are without inoculation as control, seed inoculation with Azotobacter, Azospirillum,

Psedomunas.
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Table 4. Mean comparison of effects of plant growth promoting rhizobacteria and spraying time of nitrogen on

root traits and nitrogen use efficiency of triticale.
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Means with similar letters in each column are not significantly different.
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Abstract

Background and objectives: Among various nutritional requirements for production, nitrogen
is known to be an essential element for plant growth and development. Nitrogen deficiency
limits cell division, chloroplast development, enzyme activity and reduces dry matter yields.
Although nitrogen is the key element in increasing of productivity, but large rates of fertilizer N
loss to the environment could cause a serious environmental problem such as groundwater
contamination. Chemical fertilizers combined with organic manures result in increase of soil
organic matter, improvement of soil properties and increase of crop yield. Determination of the
effects of Azotobacter, Azospirillum and Psedomunas inoculation and spraying time of nitrogen
on fertilizer use efficiency and growth of triticale is very important to maximize yield and
economic profitability of triticale production in a particular environment. Moreover, it seems
that there is little investigation about the combined effects of nitrogen fertilization and bio
fertilizer on growth of Triticale. Considering the above facts, the present study was performed
to know the effects of Azotobacter, Azospirillum and Psedomunas inoculation and spraying time
of nitrogen on fertilizer use efficiency and growth of Triticale.

Materials and methods: A factorial experiment was conducted based on randomized complete
block design with three replications in research farm of the Faculty of Agriculture, University of
Mohaghegh Ardabili in 2012. Treatments were: seed inoculation with plant growth promoting
rhizobacteria in four levels containing (without inoculation as control, seed inoculation with
Azotobacter chroococcum strain 5, Azospirillum lipoferum strain OF, Psedomunas putida strain
9 and spraying nitrogen fertilizer in four levels (without spraying as control, spraying in boot
stage, ear emergence, grain filling period) from urea.

Results: Results indicated that spraying of nitrogen fertilizer x seed inoculation with PGPR had
significant effects on growth indices, yield and yield components at 0.01 probability level. The
highest values of total dry matter, crop growth rate and relative growth rate and leaf area index
were observed in inoculated plants with Azotobacter chroococcum X nitrogen spraying in boot
stage and the lowest were recorded in non seed inoculation and without spraying. Maximum of
yield and yield components, fertilizer use efficiency were obtained in seed inculation with
Azotobacter chroococcum * nitrogen spraying in boot stage.

Conclusion: It seems that in order to increase these traits, is suggested nitrogen spraying in boot
stage x seed inoculation with Azotobacter.

Keywords: Biofertilizer, Growth indices, Seed inoculation, Yield
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