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Table 1- Physical and chemical characteristics of the experimental soil
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Table 2- Significant levels of analysis of variance to test the effects of the content of some elements in wheat

element content in root

element content in seed

Mn_ zn  Fe K P N Mn Zn Fe K P N 50V e gl
ns * *a ns * * * ns w# * ok ns replication S
s s e ns ns e e e e s # e AZ;)ns(p X)ﬂlu posbs yes|
s s #* o £33 e e e ETS # s Mycorrhiza z )6
M)
ok ns # ns # s # ns # w* 1 # Cultivar (C) w5y
ns * ns ns ok * ok ns # ok *k ns MxA ©ySLixg,8
ns ns ns ns ns * ns ns ns * ns ns AxC 8% S
ns ns ns ns ns ns ns ns ns * * ns BxC by Xz,
sk * * * skek ek ek * * sk sk * AXBXC Xd)jb XOLB
)
0.21 024 028 0.069 0.034 0.029 0.18 036 042 0.042 0.019 0.014 Error s
1273  9.82 1093 8.96 11.16 8.43 9.56 7.11 8.43 8.96 8.26 6.32 CV (%) (/;MTD
. h_J)ﬁ.\—!J

A b ixe i 15 5 4Y 90 Jlois] paw )3 Iy s ca 3 4FF X

** % and: significant at the 1%, 5% probability levels.
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Table 3- Comparison of the effects of Azospirillum, Mycorrhiza fungi and cultivars on content of some elements
in the grain

element content in grain

(pm)Mn  (ppm)Zn (ppm)Fe (K ()P ()N Treatment
Azospirillum
33.39b 25.81b 33.6b 0.74b 0.37b 1.77b  No inoculation
35.76a 29.44a 43.56a 0.85a 0.4a 2.02a Inoculation
Mycorrhiza
35.38b 24.16¢ 35.38¢ 0.75¢  0.39¢ 1.87¢c No use
35.11b 27.83b 38.48b 0.8b 0.41b 1.93b G.intraradices
38.24a 3091a 41.88a 0.84a 0.44a 1.98a G. mosseae
Cultivar
32.00b 27.75a 37.05b 0.75¢  0.39¢ 1.87c¢ Chamran
34.12a 27.99a 39.49a  0.81b 0.42b 1.93a Behrang
35.61a 27.44a 37.85a 0.84a 0.44a 1.94a Dena

{015 oy905] bl 1) ol 3. Silio s > (gime BMB] 395 ot Ui ltie CBgyn ygiw yb 3

Means followed by the same letters in each column are not significantly different (Duncan’s multiple range test 5%).
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Table 4- Comparison of the effects of Azospirillum, Mycorrhiza fungi and cultivars on content of some elements in

the grain
element content in root
(pPm)Mn  (ppm)zn  (ppm)Fe (K ()P ()N Treamment
Azospirillum
19.19b 15.01b 20.48b 0.48a 0.2la 09b No inoculation
20.35a 17.12a 2345a 0.5a 0.22a 1.03a  Inoculation
Mycorrhiza
17.5¢ 14.04c  21.16bb 0.41b 0.20c 0.93c No use
20.09b 16.18b 21.52b  0.44a 0.23b 0.96b G.intraradices
21.71a 17.97a 23.23a 0.44a 0.25a 1.0la G. mosseae
Cultivar
18.43¢ 16.55a 20.94b 0.43a 0.21b 0.9c Chamran
19.53b 16.10a 22.56a 0.44a 0.22a 0.98b Behrang
21.35a 16.54a 2241la 044a 0.22a 1.02a Dena

(oSSl O}o)"l ool ) Caola (1Sbo cy 5 (xe S dg oind i aliie By ot b 53
Means followed by the same letters in each column are not significantly different (Duncan’s multiple range test 5%).
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Figure 1- Interaction between Azospirillum and Mycorrhiza on some yield properties of wheat Cultivars
I : Spike Density, II: HI, IIl: Grean Yield, IV: Biological Yield

CH: CV.Chamran B: CV. Behrang D: CV. Dena, Al: Non-Inoculated A2: Inoculated M1: Non-use M2: G. intraradices M3: G.
mossaae.
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Table 5- Interaction effects of Azospirillum, Mycorrhiza fungi and cultivars on content of some elements in the grain and

root
Element content in root Element content in grain T
reatment
Mn Zn Fe K P Mn Zn Fe K P
(Ppm) (%6) (ppm) (%6)

Azospirillum

xMycorrhiza

xcultivars

14.03m 13.66j 20.44gh 0.33¢g 0.16g  23.32n 22.77k 28.46j 0.621  0.33; ClxMIxAl
17.45kl 13.09k 21.94d 0.34¢g 0.22d 30.48im 2252k  29.42j 0.72ij 0.351 C2xMIxAl
18.25jk 13.63j 21.88d 0.36fg 0.23cd  31.89k 22.44k 29.41j 0.73i 0.36h C3xMIxAl
18.14jk 15.67 18.62j 0.37efg 0.2e 31.69k  23.25hi 32531 0.69k 0351 ClxM2xAl
20.22¢g 15.19gh 21.06fg 0.38efg 0.2e  3533gh 26.13gh 34.54hi 0.77h 04g C2xM2xAl
20.84gh 15.49¢ 20.8efg 0.42de 0.2e 36.42f 26.66g 33.56h 08g 0.41f C3xM2xAl
19.38hi  17.28cde 19.461 0.4def 0.17g  33.851 29.00de 37.66g 0.71j 036h Clx M3xAl
21.99bcd  16.86de 20.22hi 0.42de 0.2¢  3842cd 29.00de 39.61g 0.81fg 0.41f C2xM3xAl
22.39bc  17.2cde 20.05hi 0.44cd 0.2e  39.11bc  29.58cde 37.21f 0.83de 0.42¢ C3xM3xAl
17.7k 15.42¢ 21.57def 0.48bc 0.19f  30.931 25.81hi  40.66e 08g 041f CIxMIxA2
17.11 14.92hi 23.25¢ 0.48bc 0.2¢  29.87m  25.67hi 42.68de 0.83de 0.43d C2x MIxA2
20.5fg 15.53¢g 23.0bc 0.5ab 0.22d  35.81fg  25.72hi 41.66cd 0.84d 0.46c C3x M1xA2
20.06gh  17.13cde  21.68de 0.48bc 0.2e 35.05h  29.78¢d  43.51bc  0.81fg 0.42e Clx M2xA2
18.8ij 17.32cd 23.37bc 0.5ab 0.22d  32.84;j 29.78cd  44.42cd  0.82ef 0.43d  C2x M2xA2
22.5b 17.67¢ 23.11bc 0.52ab 0.25b  3931b 29.89cd 4234b 091b 048 C3x M2xA2
21.28def  18.56b 23.89b 0.5ab 0.23cd 37.17e 32.51b 4428b 0.86c 0.46.c CIxM3xA2
21.6lcde  19.22a 25.75a 0.53ab 0.27a 37.67de  33.06a 46.74a 091b 0.48b C2xM3 xA2
23.63a 19.7a 25.5a 0.54a 0.27a  43.11a 33.88a 4576a 093a  0.5a  C3xM3 xA2

(0SS cyg05] ol 12) Connln y,Silo cy S ime OS] 395 oaimd )lis aliio gy ygiur i 3
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L3 :C3 (S0 1C2 ¢l yor C1
Means followed by the same letters in each column are not significantly different (Duncan’s multiple range test 5%).

Al: Non-Inoculated A2: Inoculated M1: Non-use M2: G. intraradices M3: G. mosseae C1: Chamran C2: Behrang C3: Dena
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Introduction: Providing the nutritional requirements of agricultural crops by non-chemical resources is a
new approach in the organic farming that has attracted the attention of both the researchers and the consumers in
recent years. Therefore, it is highly important to find new fertilizer resources that are both economically able to
provide the nutritional needs of the crop plants and have no adverse effects on the consumers and the
environment.

Materials and Methods: With this approach, an experiment was conducted in the research station of Shahid
Chamran University of Ahvaz, Iran in 2012-13. The experimental design was factorial based on randomized
complete blocks design with three replications. The treatments including Mycorrhizal fungi in three levels (i.e.
no use of strain; use of Glomus intraradices strain; and use of Glomus mosseae strain), bacteria Azospirillum
lipoferum in two-levels (i.e. non-inoculated and inoculated) and wheat cultivars in three levels (i.e. Chamran;
Dena; and Behrang). The measured parameters include the concentration of macronutrients (i.e. nitrogen,
phosphorus and potassium) and some micronutrients (i.e. zinc, iron and manganese) in two part seed and the root
of wheat.

Results and Discussion: Surveying the elements content in the root and the grain indicated a significant and
positive effect of the use the Azospirillum and Mycorrhiza to improve the concentration of the elements in wheat
cultivars. However, the simultaneous use of these microorganisms led to an increase of the effects of their

application on their assessed traits.Finally the highest concentration of N (2.21 present), P (0.50 present) and Fe
(33.88 mg.kg") were observed in the grain; the highest concentration of K (0.93 present and 0.54 present) and
Mn (43.11 and 23.63 mgkg') were observed in the grain and root, respectively. Moreover, the highest
concentration of Zn in the root (19.70 mgkg') was obtained from inoculation of C.V Dena seeds with
Azospirillum and the use of G. mosseae. Also, in the general case of Mycorrhiza fungi use (between 6 to 20
present) and seed inoculation with Azospirillum lipoferum (between 8 to 25 present), the improved nutrient
content in the seeds as well as greatest impact of Mycorrhiza use is in increasing the content of the grain Zn (20
present) and the lowest effect of Mycorrhiza using is in increasing the nitrogen content in seed (6 percent).
Considering the elements content in the grain, the use of bacteria also showed that the greatest impact on
increasing the use of bacteria Azospirillum lipoferum is in increasing the iron content in seeds (25 present) and
the least impact of the use of Azospirillum lipoferum is in increasing the seed’s manganese (8 present).
Moreover, the use of Mycorrhiza fungi (between 7 and 23 present) and seed inoculation with Azospirillum
lipoferum (4 to 16 present) improved the contents of nutrients in wheat roots compared with the control group.
Here, too, the greatest impact for Mycorrhiza application was in increasing the content of the Zn in the root (23
present) and the lowest effect of Mycorrhiza application was in increasing the potassium content in the root (7
percent). Moreover, considering the elements content in the roots in the case of being treated with Azospirillum
lipoferum, the results showed that upon increasing the use of bacteria, the greatest impact of Azospirillum
lipoferum in increasing elements content in the roots was an increased iron content in the root (16 present) and
the minimum effect of the bactericidal application was in increasing the potassium root (4 present). Comparing
the two species of Mycorrhizal fungi that have been used in the experiment, although application Glomus
intraradices showed satisfactory results, the use of the species Glomus mosseae to increase the content of the
element in seeds and roots has had a greater role. Moreover, the combined effects of these microorganisms have
not only had an antagonistic effect of reducing the amount of content, they have also been more effective than
being applied separately (between 7 and 12 present).

Conclusion: Generally associated with most of the measured elements, the treatment of seed inoculation
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with Azospirillum lipoferum and usage of Glomus mosseae in Dena cultivar that was a durum wheat, showed the
highest concentration of the mentioned elements in the roots and seeds. Probably this has been due to the smaller
grains in Dena than the other cultivars, which led to an increase in the ratio of the elements in the grain.
Therefore, it seems that the use of the biofertilizers can be the perfect solution to eliminate the nutritional
requirements of wheat. Moreover, it has the very important effect of the enrichment of this crucial product in the
people’s dietary patterns in this country with the required elements.

Keywords: Azospirillum, Nutrition, Wheat, Root, Elements concentration, Mycorrhiza



