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Table 1. Traits of chickpea genotypes used in experiment

PLS uaSlpgi Hd SSbHo awlibas
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Origin and name of genotype

Institute
MCC* 80 Ganjeali et al., 2011(a) Iran, 5311-av11 (!
MCC 358 Ganjeali & Bagheri, 2010 Iran, Karaj cultivar -z 5 o3, ) »!
MCC 361 Ganjeali & Bagheri, 2010 Iran, Jam cultivar - o= 3, )| 5
MCC 392 Ganjeali et al., 2011(a) Iran, native lot of Kermanshah —olusls S e 0055 <!
MCC 427 Ganjeali et al., 2011(b) Iran, native lot of Bojnurd - 50 eg 0355 ooyl
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MCC 693 Gy Sib Jsﬁ.wj s\.\"‘\\" oyl ot O STas Iran .y
Personal negotiations (Seed Bank Manager)
MCC 696 Abrishamchi et al., 2012 Iran -1 .l
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Table 4. Mean comparisons for interactions of biological fertilizer and chickpea genotypes on chlorophyll b, protein of
plant tissues, biological yield, seed yield and harvest index

it ‘ NIV o el a5 Ls oL ol i
S 395 TP b by s (LS y0 555 LiS) s .
) genotype  Chlorophvll b Seed . . (2o,9) Protein of plant
Biological fertilizer ll) y yield Biological HI tissues
MCC) (mg g FW) (kg ha-l) yield 0 (mg g-l)
(Kg.ha) (%)
696 0.243 c-f 1134 ik 4340 ijkl 26.15 hi 7.856 c-f
358 0.256 a-f 925kl 4026 kImn 23.00 jk 6.285 ef
361 0.213 fg 876 kI 3979 Imno 22.01k 6.747 d-f
A 693 0.150 g 1370 g-j 4530 hij 30.23 f 8.950 b-f
Fo97) 950 0.228 ef 7901 4329 ijkl 25.17 hij 7.022 c-f
Rhizobium
392 0.283 a-f 1907 de 5132 ef 37.14 cd 8.835 b-f
80 0.291 a-f 1488 gh 3837 no 38.77 abc 6.743 d-f
427 0.308 a-e 1957 c-e 5330 de 36.70 cd 10.200 b-d
537 0.301 a-e 2085 b-e 5486 cde 37.99 bed 11.510 b
696 0.235 d-f 1187 h-k 4455 j 26.64 gh 8.975 b-f
A 358 0.259 a-f 1285 h-j 4429 ij 28.96 fg 7.506 c-f
fm2) 361 0.246 b-f 1185 h-k 4278 ijKIm 27.71 fgh 7.581 c-f
* 693 0.329 a 1431 g-i 4912 fg 29.10 fg 10.410 be
152 )55 950 0.228 h-j 1124 i-k 4366 ijk 25.67 hij 7.635 c-f
Rhizobium 392 0.325ab 2352 b 5823 ¢ 4039 ab 7.856 c-f
t 80 0.315ab 1615 fg 3947 mno 40.92a 6.814 d-f
Mycorrihza 427 0.301e 2226 be 6596 b 33.74¢ 14.940 a
537 0.326 b-d 2730 a 7180 a 38.02 bed 16.120 a
696 00.241 h-j 1085 j-I 4220 jkim 25.68 hij 7.169 c-f
o595 358 0.254 i-k 924 kI 3925 mno 23.62 ijk 5579 f
. 361 0.255 f-h 1094 j-I 3926 mno 27.87 fgh 6.208 ef
g 693 0.251 f 1375 g-j 4613 ghi 29.81f 8.431 b-f
&Fl:h‘leggi;w 950 0.232 f 1347 g+ 4550 hij 29.60 f 6.454 ef
+ 392 0.296 cd 1817 ef 4866 fgh 37.32 cd 7.850 c-f
Pseudo-endo 80 0.280 de 1302 h-j 3650 0 35.66 de 6.733 d-f
mycorrihza 427 0.303 a-c 2099 b-e 5359 de 39.16 abc 9.002 b-f
537 0.302 a-c 2203 b-d 5674 cd 38.82 abc 9.506 b-e
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Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 5% (for chlorophyll b) and 1% (for other
traits).
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Fig. 1. Effects of biological fertilizer on chlorophyll a of chickpea
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 2. Effect of chickpea genotypes on contents of chickpea chlorophyll
A and B are effects of chickpea genotypes on chlorophyll a and total chlorophyll, respectively.
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 3. Effect of biological fertilizer on contents of leaf carotenoids of chickpea
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 5%.
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Fig. 4. Effect of chickpea genotypes on contents of leaf carotenoids of chickpea
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 5. Effect of biological fertilizer on SPAD reading of chickpea leaf
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 6. Effect of chickpea genotypes on SPAD reading of chickpea leaf
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 7. Variations process of dry matter at different levels of biofertilizer (A) and chickpea genotypes (B)
ns, ** and *: Non-significant and significant at 1% and 5% level, respectively
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Fig. 8. Variations process of leaf erea index at different levels of biofertilizer (A) and chickpea genotypes (B)
ns, ** and *: Non-significant and significant at 1% and 5% level, respectively
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Introduction

It has been proven that microorganisms such as mycorrhiza and rhizobium can improve the nutrients
absorption in crops such as chickpea. Rhizobiums are effective to provide nitrogen by biological form in
crops and mycorrhizal fungi are involved to supply biological phosphorus to the plants. Among them, the
endo myccorihza (or Vesicular Arbuscular Mycorrhiza) that abbreviated VAM, in creation of symbiosis with
the roots of crops such as legumes have been more successful. Of course, the mycorrhizal fungi and
rhizobium bacteria before create symbiosis with host plant, directly affect in the overlay in rhizosphere
environment of host plant. Creating colonies in the roots by mycorrhizal fungi leads to conducive for
forming nodulation of rhizobium. Studies have shown that the VAMs (which are newly named AMF
(Arbuscular Mycorrhizal Fungi)) are generally belongs to Zigomaycota groups and ecto-myccorihza are
mainly to Basidiomaycota. But recently a new species of Basidiomaycota has been identified with name of
Piriformospora indica that acts as AMF and is an entophyte fungus (or pseudo endo mycorrihza). It seems
that this symbiotic relationship between plants, mycorrhizal and rhizobium can be either normal or adverse
environmental conditions, is effective in promoting the product of crop. In Iran, among pluses, chickpea has
been allocated the most area under cultivation. Meanwhile, the average yield of irrigated and dryland
chickpea is about 1000 and 500 kg ha?, respectively and Iran is located the lowest ranking among the
countries producing this product. Thus, the triplet symbiosis of chickpea, mycorrhiza and rhizobium and also
chickpea genotypes response to this symbiosis were examined in this research.

Materials and Methods

This study was conducted to investigate the inoculation of Kabuli seeds of chickpea genotypes with
arbuscular mycorrhiza and pseudo endo mycorhiza, in split plot by arrangement of two factors with a
randomized complete block design and three replications in Research Field, Faculty of Agriculture, Ferdowsi
University of Mashhad in 2014. Main plots were consisted of three levels of mycorhiza (arbuscular
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mycorhiza of Glomus mosseae, pseudo endo mycorhiza of Piriformospora indica and non-used mycorhiza)
and sub plots were consisted of nine genotypes of chickpea: MCC80, MCC358, MCC361, MCC392,
MCC427, MCC537, MCC693, MCC696 and MCC950. 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. Before the sowing, all seeds of genotypes were infected to the symbiotic
rhizobium bacteria of chickpea. During the growing season, traits of chlorophyll a and b, carotenoids, SPAD
readings and protein of plant tissues were measured and by measuring dry matter and leaf area, their process
was investigated under different treatments. Also, at the end of the growing season, seed yield of genotypes
was measured.

Results and Discussion

The results indicated that G. mosseae significantly increased seed yield and dry matter of chickpea since
mid-season upward compared to other treatments. Arbuscular mycorrhiza significantly increased chlorophyll
a and chlorophyll b, carotenoids and SPAD readings. Also the most protein of plant tissues belonged to the
factor of arbuscular mycorrhiza in two genotypes of MCC537 and MCC427. The combined application of
rhizobium and mycorrhiza increased leaf area index. Evaluation of leaf area index process at the end of the
growing season showed an increase in the lower range of leaf area index curve in rhizobium and mycorrhiza
treatments, which was not significant in the fifth sampling and was significant in the sixth sampling. Among
study genotypes, MCC537 showed the highest seed yield and higher dry matter than other genotypes during
the growing season at harvest time. The most content of carotenoids and SPAD readings were in genotypes
of MCC537, MCC427 and MCC392.

Conclusion

It seems that application of pseudo endo mycorrhiza had not significant effect on the absorption of seed
yield in chickpea. But application of G. mosseae along with rhizobium can improve the physiological traits
and seed yield of chickpea. Also, in a general conclusion, among the studied genotypes, MCC 537 and MCC
427 were better than the others.
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