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Table 1. Traits of chickpea genotypes used in experiment
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Ganjeali et al., 2011(a) Iran, 5311 — 0¥\ ¢! MCC" 80
Ganjeali & Bagheri, 2010 Iran, Karaj cultivar — z,5 o3, )| 5! MCC 358
Ganjeali & Bagheri, 2010 Iran, Jam cultivar - x> &3, <l MCC 361
Ganjeali et al., 2011(3) Iran, native lot of - slaile S segs 0365 )l MCC 392
Kermanshah
Ganjeali et al., 2011(b) Iran, native 0t of - o5z (o3 0055 1ol MCC 427
Bojnurd
Ganieali et al., 2011(a) Iran, native ot of - sLiS' ey o355 0! MCC 537
Gonabad
0aSiRgds 4y SOl Jgtams VYA = Lus ) el ST
pote 2 J’““A Al 4 Iran - o, MCC 693
(Mo (9,8 oRisls alS
Abrishamchi et al., 2012 Iran - ! MCC 696
Mansoorifar et al., 2012 Iran, Hashem cultivar - sls o3, <yl ! MCC 950
GhalojT Jomo S wlasdus =Y Jgaz
Table 2. Traits of soil of experiment location
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pH (yinys N P K Fe Cu Zn Mn )" sand  silt  Clay
o (PPm)  (PPM)  (PPM)  (pPM)  (ppM)  (ppm)  (ppm) (O/C) (%) (%) (%)
0
(ds m?)
7.29 4.26 0.0861 38 413 7.620 1.516 1.410 17.152 087 29.13 65.34 553
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Table 3. Analysis of variance for studied traits

o > S Slos asLhbolasy RPN ailodloss BLIRST S ySlos el
P el ol ails Agy o Aigy o e o ails SS9l gw oo
3]
SOV df Seed No. of branches No. of pods No. of seeds Weight of Biological Harvest
yield per plant per plant per pod 1000 seed yield index
)‘_’Sj . 2 9236.764 0.111 0.605 0.346 409.086 45182.248 0.052
Replication
Sy 055
Biological 2 60227590 ** 0.259 ns 28.012 ** 0.160 ns 48.457 ns 28045927 % 17.582 **
fertilizer (A)
uJéL(sL)b 4 11537.389 1.037 0.309 0.346 312.790 7677.342 0.818
a
e 8 23132731 ** 33.694 ** 86.725 ** 0.160 ns 19363.03 ** 58330029**  326.88 **
Genotype (B)
W),:i B’“‘” 16 72262674 0.245 ns 8.401 ns 0.063 ns 45.221ns  3250A32%% 15135 **
< gl
E (b) 48 15762.227 1.201 7.727 0.290 382.264 23121.252 1.360
Jy 80 - - - - - - —
Total
1) Ol sy
() Sig 2 - 8.29 11.08 11.04 39.66 8.38 321 3.68
CV (%)

Sl gyl NS tao )0 S mhaw )0 Sl Joe e
**: significant in 1% level; ns: non-significant
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Fig. 1. Effects of biological fertilizer on seed yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 2. Effects of genotype on seed yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Table 4. Intractions of Biological fertilizer and chickpea genotypes on studied traits

ailos Slos R NNANCIIv L
) 995 (MCC) cui i (LS 430 5 55 (LS y3p F5LsS) (o 9) Cubld et
Biological fertilizer Genotype Seed yield Biological yield (;:)
(Kg ha) (Kg ha)
696 1134 ijk 4340 ijkl 26.15 hi
358 925kl 4026 kimn 23.00 jk
361 876 ki 3979 Imno 22.01k
£9295%) 693 1370 ghij 4530 hij 30.23f
Rhizobium 950 7901 4329 ijkl 25.17 hij
392 1907 de 5132 ef 37.14cd
80 1488 gh 3837 no 38.77 abc
427 1957 cde 5330 de 36.70 cd
537 2085 bede 5486 cde 37.99 bed
696 1187 hijk 4455 ij 26.64 gh
358 1285 hij 4429 ij 28.96 fg
+pga9 ) 361 1185 hijk 4278 ijklm 27.71 fgh
15,9550 693 1431 ghi 4912 fg 29.10 fg
Rhizobium+ 950 1124 ijk 4366 ijk 25.67 hij
Myccorihza 392 2352 b 5823 ¢ 40.39 ab
80 1615 fg 3947 mno 40.92 a
427 2226 bc 6596 b 33.74e
537 2730 a 7180 a 38.02 bed
696 1085 jki 4220 jklm 25.68 hij
Mol 3] 358 924 kI 3925 mno 23.62 ijk
Sl 5Seds 361 1094 jkl 3926 mno 27.87 fgh
EIN 693 1375 ghij 4613 ghi 29.81f
Rhizobium+ 950 1347 ghij 4550 hij 29.60 f
Like - endo 392 1817 ef 4866 fgh 37.32cd
myccorhiza 80 1302 hij 3650 o 35.66 de
427 2099 bede 5359 de 39.16 abc
537 2203 bed 5674 cd 38.82 abc

5l 505 b sy S e (6 s e BB SGls ygeT by caiis S b By S JBlas sl a5 Sla il
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 3. Effects of biological fertilizer on biological yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 4. Effects of genotype on biological yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 5. Effects of biological fertilizer on harvest index of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 6. Effects of genotype on harvest index of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 7. Effects of biological fertilizer on No. of pods in plant of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 8. Effects of genotype on No. of pods in plant of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 9. Effects of biological fertilizer on No. of seeds in pod of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 5%.
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Fig. 10. Effects of genotype on No. of seeds in pod of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 5%.
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Fig. 11. Effects of biological fertilizer on weight of 1000 seeds of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 5%.

350 4

300

250

200

150

100

weight of 1000 seeds (g)

MCC MCC
696 358 361 693 950 392

McC mMcC MCC MCC MCC MCC MCC

80 427 537

genotypes of chickpea

0950 4ild)l38 (359 2 i gil FI-IY S5
515 50085 b aio j0 G e 50 (5,10 e BB Sl ge3T elsl g cdiins S i By S JBlas (sllo a5 la i Sile

Fig. 12. 1000 seeds weight of chickpea genotypes
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 13. Effects of genotype on No. of beranches in plant of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Introduction

In Iran, among pluses, chickpea has been allocated the most area under cultivation. However, the yield
average of water and dry chickpea is 1000 and 500 kg per hectare, respectively and among the producer
countries of this product, the yield average is low. One of the factors which could be effective in increasing
yield of chickpea is its symbiosis with the mycorrhizal fungi. Mycorrhizal fungi because of stimulating the
development of the root system of plants can affect food absorption. In addition to, mycorrhizal fungi
specially provide biological phosphorus absorption for plants involved. Among them, the endo myccorihza
(or Vesicular Arbuscular Mycorrhiza) that abbreviated VAM, in creation of symbiosis with the roots of
chickpea have been more successful. The mycorrhizal fungi and rhizobium bacteria before create symbiosis
with host plant, directly affect the overlay in rhizosphere environment of host plant. Studies have shown that
the VAM; (which are newly named AMF") are generally belong to Zigomaycota groups and ecto-myccorihza
are mainly to Basidiomaycota. However recently a new species of Basidiomaycota has been identified with
name of Piriformospora indica that acts as AMF and is an entophyte fungus. That is why it is called to be
like-endo myccorihza. However, the Triplet symbiosis of chickpea, mycorrhiza and rhizobium and also
chickpea genotypes response to this symbiosis should be examined.

Materials & Methods

In order to investigate the inolulation of kabuli seeds of chickpea genotypes with arbuscular mycorrhiza
and like-endo mycorhiza, an experiment was conducted in 2014, in split plot by arrangement of two - factors
with a randomized complete block design and three replications in research field at Faculty of Agriculture,
Ferdowsi University of Mashhad. Main plots were consisted of three levels of mycorhiza (arbuscular
mycorhiza of Glomus mosseae, like-endo mycorhiza of Piriformospora indica and non - used mycorhiza)
and sub plots were consisted of nine genotypes of chickpea: MCC 80, MCC 358, MCC 361, MCC 392,
MCC 427, MCC 537, MCC 693, MCC 696 and MCC 950. (These genotypes had good yield potentials and
selection and presented in the studies on germplasm from the Institute of Plant Sciences, Ferdowsi
University of Mashhad seed bank). All seeds of genotypes were infected to the symbiotic rhizobium bacteria
of chickpea.
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Results & Discussion
The results indicated that mycorrhiza significantly increased seed and biological yield, harvest index

and number of pods per plant. The effect of mycorrhiza was not significant on number of seeds in pod and
weight of 1000 seeds. Among the genotypes in this study, the highest seed and biological yield and number
of pods per plant was dedicated to genotype MCC 537. Genotypes MCC 80, MCC 537 and MCC 392
showed highest harvest index significantly. The highest weight of 1000 seeds was assigned to the genotype
of MCC 392. There was not significant differences between genotypes due to the number of seeds per pod.
In the study the interactions effects was observed between mycorrhizal and chickpea genotypes that the
highest seed and biological yield belonged to the factor of arbuscular mycorrhiza-MCC 537 genotype and the
highest harvest index belonged to the factor of arbuscular mycorrhiza-MCC 80 genotype.

Conclusion
Application of dual inoculation of mycorrhiza and rhizobium could improve the uptake of yield and

yield components in chickpea genotypes. Application of like-endo mycorrhiza had not significant effect on
seed production and yield components on chickpea. In a general conclusion, among the studied genotypes,
MCC 537 and MCC 427 were better than the others.
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