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1- Plant Growth Promoting Rhizobacteria (PGPR)
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Table 1. Soil physico-chemical properties at experimental field.
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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.
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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.

F7n ggYZ0 4£yAE,iE*4 4EV\AA_E= E.4 4 |AE] D'ﬂf""fvzé"ﬁ'
EE, 1+ 198EEsq.uiaret? EEL IEE?:FH A e e £2CEZL ETOREZL o b
0 1784 g g (ECC  EEL e TeTeea T84 e
Shoot to (%) Biological Yield per ?vreaighl((;()) of grain Ear length Plgnt
root ratio Harvest yield (g.m%) area per ear (cm) heigh
index (g per area) (cm)
0.071 38.4 10231 393 ¢ 32° 25.81 8.7" 749° Mo*B
0.12% 39,1 1663 ®* 650 " 454 41.8° 10.6 & 94.9%  MyxB,
0.1¢ 382 1388 & 528 f 41" 36" 10.11 96.1"  MxB,
0.09° 423 % 1327 & 567 % 35" 282" 96" 913%™ MyxBs
0.11°% 39,1 1658.3 ™ 633 41°f 383°¢ 10.7 95.1™  M;xB,
0.17° 475° 1783 ° 846 ° 52° 488° 126° 944%™  MxB,
0.14° 40.8 * 1729 ® 702 " 5° 45.1° 12° 99.2° M, B,
0.11°¢ 383 1608 ™ 6141 48° 415°¢ 11.6° 88.1  M;xBs
0.09 ™ 37.4° 1238 " 474 42" 3531 103" 829  MyxB
0.14° 46.4° 1584 < 730° 5° 46.8° 11.7" 97.7% M,xB,
0.12° 39,1 1536 595 % 459 42.7° 11.2% 943 % M,xB,
0.1"% 35.6% 1489 %f 528 f 43¢ 40.8 11 85.8 "% M,xB;
0.08° 36.7 11411 417¢ 3.8¢ 317" 9.7 957%™ M;sxB,
0.13° 38.4 1658 635 44% 454° 11.5 91.7%  M;xB,
0.12°¢ 36.8 1607 > 592 % 41°f 392 % 10.7 958 M;xB,
0.1 38.6“ 1461 < 562 % 398 331 10/ 98.6™  M;sxB;
0.004 3.2 63.2 39.7 0.09 1.1 0.16 55 LSDsy;

iE6,|E EEZGC J6A4AC' AD"Y, FI"! EEGHEPECC AHEoO
Means with similar letters in each column are not significantly different.
£q 1Ae£EC 64 H iA‘EEyﬁllliAé&@{@@@fﬁ@@ﬂ%ﬁx” GF AT 64 TEUMIACE 4ix ~©Z
HE'XZ1"T7, Zo 60le JERAZ #Z7loZ ©CFAPEALME Mt M M, /61+He «€%4E 4 F{©
i©OZ@, B, Bt Bt /61+e «€I%£“8ZEICH4T! H ETAEr!HT7"

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 $]RWREB®FRWISUULOO XP
3VHGRPXQDV
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A AEEes cZleAey EyEUR]VYS fLAESk: AE [ BEFEXP BZAle \1 €e €iMAYM ¢Z1» ATE,
A-Z°1fE€e «{ A¢gfAETIy {A7 ¥€e»

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.

FUHE"€E 41x AE-C Mk Z&S0e jas6 F7H
EE{IAEx £+ EFEAEX 64 LYEZL"GECE"C 64 EE£{
Nitrogen use efficiency Root volume Root dry weight
(kg/kg) (cm®.per plot) (g/m’)
~©Zq DIA-C Ej
3750° 112° 4 ¢ Ei.
without spraying
. . . ~BEYt
10.3° 4013* 106*
spraying in boot stage FUHE"€BD W ~©7 q
iAE! 6i1 m nitrogen spraying
8.9° 3962° 121° :
€ar emergence
1E,4 FiOf
74" 3869° 118" 224
grain filling period
74° 4100 91.5¢ >EAA" Ei,
without inoculation
£y 3 efu7 JE"XZe Z+ 6Ce >EAA"
10.8° 4170° 1817 $]RWREDF Wfl)-llaﬂlt growth promoting
rhizobacteria
BZEICHA4T|
7.8% 4110° 107¢ ¢ :

3VHGRPXQDV
iE6,|E AEYG J6AC' AD"Y, Fi"! EEGUEP-ECC AHEO

Means with similar letters in each column are not significantly different.

Ze 1ENT I1ACEDIM GAZE" X217, Zo IS cpSans
"o, 0¥, Ze 41X AE-C ~+,672x HZi{aD@ABCHH « 5847 JZ141x Z+ 6C >
c™MIC #i06 A-% DIz 64 VEe HLOM(YPIAEKRE |MeEC 64 TEUHE €
GA4ZC, ABZAy€r+£* 1i©6 [2€-TH/Z* am¥, 4ix AE-C ~+,6Zx H I
i©6 ' £ H Di-+C ;06 ' £! #AkWway©6 CELEIE"XZI Z+ 6¢+ >€AA
A4£C ~'8E “*,u%, le ESEC 6Ce >EAA“ Ej, Z¢ I¢
6Ce EAR“IBYEAEL]{ 126 FESe H F7H
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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 $]RWREBFRWMBWL ULO OXP DigoculaivhHd kpRXNQ mé of nitrogen
on fertilizer use efficiency and growth of W U L W lvér idpdrtant to maximize yield and
economic profitability of W U L \prbdadfidd h a particular environment. Moreover, it seems
that there is little investigation about the combined effects of nitrogen fertilization and bio
fertilizer on growth of 7 U L W Cénfdderidg the above facts, the present study was performed
to know the effectsof $S]|RVREDBVWRNWBLUL OO XP DigoGiladidvhiri@ pRayin@ thing
of nitrogen on fertilizer use efficiency and growthof 7ULWLFDOH

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
SIRMEDFWHU FKthRBFFR RN SR UL O O XsRaiDAFS RV HIGRAP X Q Btvain'S XW L G D
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 $]RW R E D FW H U FitidgenRsprayikd-iX Bdot
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
$]RWREDFW H U ~mKrbkBhRpFakikgknXbBot stage.

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

. H\ Z R IB®Mrtilizer, Growth indices, Seed inoculation, Yield
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