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Table 2- Mean comparison of main effect of wheat cultivars and different seed inoculation on Plant height, No. of spike,
Harvest index, Seed yield, Seed germination, Seedling length and Length vigour index

g Slasy oW 5,5os e UA} 5
. S wals Job oy
©,led &g - " oa . FRVIPESTH PES aad
Pl : dudgs Cudld ald . g Seedli Jsb
Treatments Plant . Seed eedling
hei No. of Harvest Seed yield S length (cm)  Length
eight spike index (%) (kg.ha') germination g eng
(cm) P > g percentage \{lg(;)ur
index
C(-)x::jol 80.62" 385.61° 36.25° 5051.3° 93.79° 18.8° 18.65°
G bbb sesls 84.60°  43389°  36.18° 5360.2° 94.77° 21720 20.60°
G. intraradices
$29 55555 5Lyl
Powdery A. 82.69°  402.66° 37.13° 5172.4d° 94.23° 21.04° 19.85°
chroococcum
o 38353, 5Ly
ol psSsy 55
— Liquid A. 83.61¢  419.66° 36.85" 5265.4° 94.55° 21.45% 20.31%
’;' ;*;L chroococcum
inoculation el ogesls
S P55 . . . . i . i
G intraradices + 85.63"  448.38 37.22 5510.3 95.22 22.15 21.12
A. chroococcum
Powdery
Feadhinl ogesls
ol £35353,55 i1 ) i ] i i i i
G. intraradices + 87.71°  460.33 37.29 5656.6 95.75 22.48 2155
Liquid
A. chroococcum
piiS 515, - 83.068°  380.4° 36.35° 5244.83° 94.08° 20.79° 19.59°
Wheat Gonbad
cultivars EI_:(())_ZZ(? 85.23° 465.5° 36.32° 5564.96 95.34° 21.76% 20.77%

S5 2oy iy Jlein] g 53 (S5 (glacels w905l ol pr (o)l dxe BB (S jrie By ()b (slapySile *
* Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Table 3- Mean comparison of interaction between wheat cultivars and seed inoculation on Spike length, 1000-seed
weight, Seed yield and Biologic yield of wheat

o A B o
pike lengt -seel - 1 iologic yie
Treatments (cm) weight () Seed yield (kg.ha™) (kg.ha))
ol 7.917" 39.20% 4835.78¢ 13217.7
Control
Feedbhial ugagls 8.65 43.75" 5170.78" 14299.3%
G. intraradices
29 55555 5L 8.20 4137 4953.44) 13879.8"
Powdery A. chroococcum
) gl 5550 8.40" 42.68' 5067.78' 14165.19
AWig Liquid A. chroococcum
Gonbad Juardllyiis] ugesls
29 £55553)5 Syt 9.02f 44,749 5331.67% 14487.7¢
G. intraradices +
A. chroococcum Powdery
Foahhin] ugesls
&l p8 50,5 Lyl 9.50° 45.78f 5514.67% 14725.4%
G. intraradices + Liquid
A. chroococcum
ol 8.67° 48.77° 5266.89¢ 14653.1°
Control
Feedbhial ugagls 9.37 51.76™ 5549.56° 15270°
G. intraradices
S5 5 5 8.97" 50.12 5391.33° 14951.9
Powdery A. chroococcum
N-80-20 i @Aln f Lysjl 9.14° 50.93% 5463.11% 15164™
N-80-20 qui .C roococ/cum
Foahhin] ugesls
29 £55553)5 Syt 9.68" 52.44% 5689.00° 15416.4%
G. intraradices +
A. chroococcum Powdery
&lo Shgijh 5,55
G. intraradices + |_|qu|d 10.03* 53.36° 5798.56" 15574.9%

A. chroococcum

)15 a0y gy Jleais] prdaw 3 Sl (glaels six 90T bl (6l cime BMEB] oS yidia gy gyl sloySile *
* Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Table 4- Mean comparison of interaction between wheat cultivars and supplementary irrigation on No. of spike, No. seed per spike,
1000-seed weight, Seed yield, Biologic yield, Harvest index, Seed germination percentage, Seed germination rate and Seedling dry weight
of wheat cultivars

ey 039 09
sas P Wl e 2y5es 5,Sdos e oy Cs Suis
1, Lows aigh i 4l il Ss5lon il yh Filer i Fiale aals
Treatments No.of No.of  1000- Seed Biologic yield Harvest Seed Seed Seedling
spikes seeds seed yleld_l (kg.ha't) index germination germlnatlo_rl1 dry
per weight  (kg.ha™) (%) percentage  rate (l.day”)  weight
spike (9) (mg)
sl ogh 5 360.72°°  27.33° 41.36" 473567 13026.06° 36.33" 92.84 0.28" 16.74°
WS Gonbad
_Non N-80-20 41212°  23.05°  4850° 5117.11° 14298.94° 35.66° 93.85° 0.32° 17.21¢
irrigated N-80-20
3 bl 25 c b e c d b d d d
- 406.72° 27.21° 42.26° 513861 14106.89 36.35 94.19 0.35 17.25
] dl o Gonbad
Irrigation -80-
at booting E 888 228 48150° 22.83° 51.04° 5569.89° 15384.06° 36.15° 95.21° 0.39° 17.98°
phase e
Pk 5 37383 29.61* 45.16" 5562.78" 15254.56" 36.38" 95.39° 0.43° 18.55°
235 al> e Gonbad
Irrigation 80-20
at N -80- 44444°  2733° 54.16° 5892.22° 15832.17° 37.14° 96.87° 0.50% 19.172
flowering  N-80-20
phase

2,85 8o y> gy Jlein! o 55 5SS glatels s geil wlily (g )b dxe BB (S it gy (ol (slapSile *
* Means with the same letters are not significantly different at P< 0.05, based on Duncan’s multiple range test.
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No. seed per spike
5o}
S

Ta Tb Tc Td

Seed inoculation
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ihoc o f2 gh

loyly | Jols slatiyy 55 (23S Ao ye )3 (eSS gkl plos]
s il cge LTl 6 5SL g 1ygSee )8 b o il
4SS psbas b (eSS (6l pac) Sald &) Cas adgs ) 4l
el pSLgiil )9S b odd @iy sy I Jol> sy,

b =
de of [ c cd ® Non irrigated
¢ Irrigation at booting phase
Olrrigation at flowering phase
Te Tf

NS andoh )3 s s (59, W)k il 9 (JeeSS (g bl P LS ea 2 -1 IS
Fig. 1- Interaction of supplementary irrigation and seed inoculation on number of seed per spike of wheat
sl TE (5351 2353505 AL rsblcel pasesls Te ole 55553y 35Tl Td 5331 2553535 S5yl TC il ugosls” T caals Ta
oo 35355 Lot bz
) deoyd iy Jleis] e 3 Sl glaials i el bl (3 sine BT S jiiio gy (sl (ol Sile
Ta: Control, Tb: G. intraradices, Tc: Powdery A. chroococcum, Td: Liquid A. chroococcum, Te: G. intraradices + Powdery A.

chroococcum, Tf: G. intraradices+Liquid A. chroococcum
Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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JS2) el ey (23S A yo 53 oSS o)l g @le 5L
L odd il (slayiy 5 Jools sladsig o @b Jlia oy (2
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BesgSen L yde gl 1 5lie s 15 ()59 iz cudld (6
- il 48 08y 4 s N-80-20 03, )5 syl
Jiriaie et ) o),Son 5 (2l (3 Jg2) o ot 38 5l 65,5
ool sy gl s cLadoS 5p)lS a8 wials pMel (al., 2014
5 b o > e o 53 (5L Jsko 10° ke g e
23338 120 y0l (515 b (aloge osasls’ g s hiis] popesls
ady) drog el 1S 5 2 S5kS 80 lisets ol oolo p 5 o
i gl & WS e alyp NI pslie s (sl |y Laslyd g 0k

395 olllhs > (Tatari et al., 2012) ), Ken ¢ (5,66

oS5 Lol plool a8 wimils g g b m2d liios oK)
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9 248w dl> o 4> iwgid Hlude oS Bl ol 3 (al., 2005
Dy (Kicas S O lahe 4 (glalasMo b jgbas > S
Ol sloadS Lis (235 dloye > (oSS o)ll el
ot W 095 g0 yoxie olS )3 aib slaw il ] x5 4 g asdly
ol 51593 (a3 S dlspo )3 (oSS ()bl loss 3 &b (09
28l lim s Gl cege (eSS o)ll pole Gialegl )

oSS 5l Al e 93 ym y3 &S (5 psboas 5 Ginlajl 5,90 £
4008 oanbie puiS pB) > Wl Jlia y5e o8l aald & Cuns
bl bald con g N=-80-20 3, 5 &by Jli 59 oo 5t
o8y el Cassdy p,5 DA1E (Slo b 23 5 ds po 3 (LSS
S5 039 b AS 13, 4 Cas (65l] Ly aen > N-80-20
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Aol 50 g b b o dds o il SYsb el by s ye
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fgh 1b
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Kl e hi 8
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1000-seed weight (g)

Ta Tb Te Td

Seed inoculation

O3 dm oS a8 (Sloj 0,5 (oo Jhawgid Gialiél el 295 495
bl & 1y St gt ) ol Slge 33,5 o S35 (S
Cog g gyt Bob jl (e S5 S oo Jiike () (ot
Al ol plo 3)5 0 &byl 59 GRalEl G Jos (0]
1B paS &l S5 (59 2 ) ysSen @8 9 45Tl s S e
95 g9 3l (Idris, 2003; Singh et al., 2004) sl e,

ab a
ghefge—  of cde— g\ irrigated
Irrigation at booting phase
OlIrrigation at flowering phase
Te Tf

S 13 415 (359 (59 Byt gl g (eSS () ll ST S o 2 -2 S
Fig. 2- Interaction of supplementary irrigation and seed inoculation on number of seed per spike of wheat
sl TE (5351 2353505 Lo arsblicel pasesls Te ole 55555y 5Tl Td 5331 2555535 S5l TC il ugosls” T cials Ta
oo 35355 Lyt el
) deoyd iy Jleis] e 3 Sl glaials i el bl (3 sine BT S jiiio gy (sl (ol Sile
Ta: Control, Tb: G. intraradices, Tc: Powdery A. chroococcum, Td: Liquid A. chroococcum, Te: G. intraradices + Powdery A.

chroococcum and Tf: G. intraradices+Liquid A. chroococcum
Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Ot sladsw 090 4 2B bpssbus Jobo 15 ilél
whie yolic a4 olS o el yol oyl il o o |y S
30,5 o p&S B &by 5 Sloe iulisl el g a2 o iuliel ]y
i) slmagS 35,8 cze H3Ls (Behl et al., 2006)
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(sl il (B J58) al ity JolS (235 el 3 a5
2li 4 Cund YU &b 3 Slas b pladis Alsi Coge paiS pl3 )|
o9See Lo iy el 9 N=80-20 8 0 (1 el p)
3Sdes cp YL sals & cuns a0y 10 1381 L pole 4o5Tgis/
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(Blum, 2005) 3jlsso 3945 L y90,90
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Fig. 3- Interaction of supplementary irrigation and seed inoculation on number of seed per spike of wheat
sl TE (5351 2353505 AL arsllcel papesls Te ole 55553y 5Tl Td 5331 2553535 5Ll TC il ugosls” T wials Ta
oo 35355 Lot el
B85 deo > gy Jlein] e 53 5SS slately s g0l eluly (o) dxe IS (S it gy (il (layuSilio
Ta: Control, Tb: G. intraradices, Tc: Powdery A. chroococcum, Td: Liquid A. chroococcum, Te: G. intraradices + Powdery A.

chroococcum, Tf: G. intraradices+Liquid A. chroococcum
Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Fig. 4- Interaction of supplementary irrigation and seed inoculation on number of seed per spike of wheat
sl TE (5351 2353505 AL arsblcel pasesls Te ole 55353y 5Tl Td 5331 2555535 S5l TC il ugosls” T cials Ta
oo 35355 Lyt el
B85 deo > gy Jleis] gaw 53 5SS slately wix geil oluly (g )b dxe IS (S it gy (il (slayuSilio
Ta: Control, Tb: G. intraradices, Tc: Powdery A. chroococcum, Td: Liquid A. chroococcum, Te: G. intraradices + Powdery A.

chroococcum, Tf: G. intraradices+Liquid A. chroococcum
Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Fig. 5- Interaction of supplementary irrigation and seed inoculation on number of seed per spike of wheat
sl TE (5351 2353505 AL rsblicel pasesls Te ole 55353y 35Tl Td 5331 2553535 S5l TC il uosls” T cials Ta
oo 35355 Lyt bz
B8 deo > gy Jleis] e 53 5SS slately wix geil oluly (o) dxe IS (S it gy (il (layuSilio
Ta: Control, Tb: G. intraradices, Tc: Powdery A. chroococcum, Td: Liquid A. chroococcum, Te: G. intraradices + Powdery A.

chroococcum, Tf: G. intraradices+Liquid A. chroococcum
Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Fig. 6- Interaction of supplementary irrigation and seed inoculation on number of seed per spike of wheat
sl TE (5351 2353505 AL arsblcel pasesls Te ole 55553y 5l Td 5331 2555535 S5l TC il ugosls” T cials Ta
oo 35355 Lot el
B85 deo > gy Jlein] gaw 53 5SS slately wix geil eluly (g )b dxe IS (S it gy (il (layuSilio
Ta: Control, Tb: G. intraradices, Tc: Powdery A. chroococcum, Td: Liquid A. chroococcum, Te: G. intraradices + Powdery A.

chroococcum, Tf: G. intraradices+Liquid A. chroococcum
Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Fig. 7- Interaction of supplementary irrigation and seed inoculation on number of seed per spike of wheat
sl TE (5351 2353505 AL arsllal pasesls Te ole 55553y 5Tl Td 5331 2553535 S5l TC il ugosls” T cials Ta
oo 35355 Lyt iz
S deoyd gy Jleis] e 3 Sl glaials i el luly (3 sine OS] S jiiio gy (sl (ol Silie
Ta: Control, Tb: G. intraradices, Tc: Powdery A. chroococcum, Td: Liquid A. chroococcum, Te: G. intraradices + Powdery A.

chroococcum, Tf: G. intraradices+Liquid A. chroococcum
Means with the same letters are not significantly different at p< 0.05, based on Duncan’s multiple range test.
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Introduction

Water shortage in terminal phases of wheat growth causes low-quality seeds in wheat. Extra use of chemical fertilizer
has an adverse effect on the environment. Wheat (Triticum aestivum L.) is very important in Iran grown on 7 million ha
of the total national cultivated; irrigated wheat farms accounting for 35% of the total wheat lands. It grows mainly
during dry seasons, where irrigation is necessary because precipitation in the growing season is far less than the crop
water requirement. Within the arid and semi-arid regions, water available is a major limitation for crop production.
Wheat needs sufficient available water and nutrient to achieve optimum vyields, quality, and adequate grain-protein
content. In recent years, the water shortage has gradually increased in most of the countries mainly due to the annual
increasing irrigation and dry climate. Therefore, the present study was undertaken to evaluate the effects of azotobacter
and mycorrhiza fungus on yield and yield components of wheat varieties and quality of derived seeds under
supplementary irrigation. The present study experiment was conducted as a factorial arranged in a randomized complete
block design with three replications in the Research station of Gorgan (Iragi Mahalle).

Materials and Methods

To evaluate the effect of azotobacter and mycorrihza application on yield, yield components and seed quality of wheat
cultivars an experiment was carried out in the Research Station of Gorgan (Iragi Mahalle). Experimental factors
including two irrigated wheat varieties namely N-80-20 and Gonbad Cv., six levels of inoculations (1) non inoculated as
control, (2) application of mycorrihza (G. intraradices), (3) inoculation with powdery A.chroococcum, (4) inoculation
with liquid A.chroococcum, (5) inoculation with powdery A.chroococcum+G. intraradices, (6) inoculation with liquid
A.chroococcum+G. intraradices, and three levels of supplementary irrigation (non-irrigated, irrigation at booting and
irrigation at the full flowering stage). The studied traits were plant height, spike length, number of spikes, number of
seed per spike, 1000-seed weight, seed yield, biologic yield, harvest index, seed germination percentage, seed
germination rate, seedling length, seedling dry weight and length vigor index. For statistical analysis, analysis of
variance (ANOVA) and Duncan’s multiple range test (DMRT) were performed using SPSS and STATISTICA
software. The graphs were drawn by excel software.

Results and Discussion

Results revealed that inoculation of wheat varieties with a combination of azotobacter and mycorrihza induced seed
yield and yield components increment as well as quality improvement of derived seeds. Supplementary irrigation at full
flowering phase had more positive effects on traits of wheat varieties. Considering the investigated characteristics, N-
80-20 had a better response to seed inoculation and supplementary irrigation comparing to Gonbad cultivar. The
maximum seed yield (5987.33 kg.ha™) was achieved with the application of mycorrihza + liquid azotobacter under
supplementary irrigation at full flowering phase of wheat growth.

It seems that application of biological fertilizers and supplementary irrigation is an appropriate and low-cost method for
increasing of yield and improvement of seed quality of wheat. Seed inoculation of N-80-20 cultivar with mycorrihza +
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liquied azotobacter was increased the seed yield 10 percentage compared to control condition. Seed germination
percentage and rate of wheat cultivars under supplementary irrigation was significantly increased. The maximum seed
germination percentage (95.7%) was observed with the application of mycorrihza + liquied azotobacter. N-80-20 in
compared to Gonbad cultivar was demonstrated better response regarding studied traits.

Conclusion

According to the results, in order to increase seed yield and improving seed quality, inoculation of seeds with a joint
combination of azotobacter and mycorrihza along with supplementary irrigation at the full flowering stage of wheat
could be recommended.

Keywords: Biologic fertilizer, Seed quality, Seed yield, Supplementary irrigation, Wheat cultivars



