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Table 1. Some physical and chemical characteristics of the field soil of the experimental sites

Year Depth EC pH TNV OC Clay Silt  Paa Znava Kav
(cm) _ (ds/m) %) (mgkg)

2016-17 0-30 053 7.46 285 057 450 40.0 105 0.78 329

2017-18 0-30 0.63 752 26.2 0.68 424 420 9.7 0.81 313

Each number is the average of three replicates.’
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Figure 1- Monthly average precipitation and temperature of the experimental area of the crop years
2016-17 and 2017-18
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Figure 2- Mycorrhizal contamination of rainfed wheat roots var. Baran under the conditions of using
Glomus mixed mycorrhizal inoculum
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Table 2- Mean square analysis of the variance of the evaluated traits during two crop years

sv df Grain Root Grain Grain P Grain Zn Grain Cu
yield colonization Protein concentration concentration concentration
Year (Y) 1 7919003 2935.0™ 336.2™ 0.011m 158.38" 4.75m
Error (Y) 4 151822 99.39 2.63 0.002 59.14 23.39
My‘iﬁ;;h'za 2 907780 132203~  6.22" 0.026™ 294.66™ 58.72™
MxY 2 143666™ 1121.9" 2737 0.001"s 14.05" 5.57"
Humic . . ns x ns ns
Acid (HA) 1 432923 344.9 0.17 0.003 4,18 0.13
YxHA 1 343428™ 11.3m 0.03ns 0.001"s 12.31m 1.06M
MxHA 2 171006™ 80.4"s 0.19ns 0.001"s 27.67m 6.33"
YxMxHA 2 28538 136.9m 0.80m 0.001m™ 1.34m 1.23™
Error 20 25259 48.5 0.37 0.001 4.39 1.63
CcVv - 8.1 12.3 497 6.66 12.90 11.29

"and ™" significant at 5 and 1% levels of probability, respectively; ": not significant.
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Figure 3- Interaction of year and Mycorrhiza inoculum on yield of the rainfed wheat
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Figure 4- Interaction of Mycorrhiza inoculum and seed treatment of humic-fulvic acid on grain yield
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Table 3. Main effects of year, mycorrhizal fungus and humic-fulvic acid on some traits of the rainfed

wheat
Grain Root Grain P Grain Zn Grain Cu
Protein Colonization Conc. Conc. Conc.
Treatment
(%) (mg kg?)
Year 2016-17 13.70a 32.24a 0.413a 15.20a 11.47 a
2017-18 11.64b 23.21b 0.431a 17.30a 1111 a
LSD (0.05) 0.75 4,61 0.021 3.56 2.24
mvcorrhizal Control 11.83b 9.89c 0.402c 14.35¢ 10.25¢
%‘un Us G.intraradices 12.13b 30.57b 0.417b 15.35b 11.17b
9 GMf 12.55a 40.71a 0.447a 19.05a 12.45a
LSD (0.05) 0.25 2.83 0.013 0.85 0.52
Humi Control 12.21a 26.18b 0.416b 16.08a 11.26 a
umic-
Fulvic Acid
Seed treatment 12.14a 29.27a 0.427a 16.42a 11.32 a
LSD (0.05) 0.20 2.31 0.01 0.85 0.52
G.etunicatum and G.intraradices, GM: Mixed of three species G.mosseae, *
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Figure 5- Interaction of year and Mycorrhiza inoculum on root colonization of the rainfed wheat
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EXTENDED ABSTRACT

Abstract

Introduction: Drought stress is one of the most important abiotic stresses limiting the growth of plants
in dry and semi-arid regions of the world. One of the ways to increase production stability in drought-
stress conditions is by using mycorrhizal symbiotic relationships. Previous studies have revealed that
mycorrhizal fungi can moderate the adverse impacts of drought stress on crops. Humic and fulvic acids
are water-soluble organic acids that occur naturally in soil organic matter. These compounds have got
very beneficial effects on the plant growth process and cell permeability and increase the absorption of
nutrients by plants. So far, there has not been any research on the symbiosis effects of Mycorrhiza and
seed treatment of dryland wheat with humic-fulvic acid compounds in Iran. Therefore, this research
aimed to investigate the interaction of the seed inoculum of Arbuscular Mycorrhizal Fungi (AMF) and
humic-fulvic acid (HFA) on the quantitative yield and some qualitative characteristics of winter wheat
under dry conditions.

Materials and Methods: This study was conducted at the Rainfed Research Station of the Agricultural
Research and Center of West Azerbaijan, Iran during the wheat growing season in 2017-19. The
experiment was conducted as a factorial randomized complete blocks design (RCBD) with three
replications. The first factor consisted of three levels of bio-fertilizer application (1- non-application or
control, 2- inoculation with Glomus intraradices (Gl), 3- the combination of fungal spices inoculation
with G.mosseae, G.intraradices, and G.etunicatum (GM)). The second factor included two levels of
HFA application including control (non-application) and seed treatment at 5% HFA/seeds.

Research finding: The results showed that root colonization was significantly affected by AMF
treatments and increased from 9.89% in control to 30.57% and 40.71% in Gl and GM, respectively.
Wheat grain yield increased by 269 and 187 kg ha* in the GM and GI treatments, respectively (P<0.05).
Application of AMF treatments increased grain protein content, phosphorus (P), zinc (Zn), and copper
(Cu) concentrations in the grain. GM treatment had higher efficiency than GI treatment in all the
mentioned traits (P<0.05). HFA seed treatment increased grain yield by 110 kg ha™, root colonization
(3.09%), and phosphorus concentration in the wheat grain (2.64 %) (P<0.05). Therefore, seed treatments
of rainfed wheat with a compound inoculum of three species of arbuscular mycorrhizal fungi and humic-
fulvic acid increase the grain yield and protein content and grain enrichment by Zn and P nutrients under
similar conditions to this experiment.

Keywords: AMF inoculant, Biological enrichment, Rainfed wheat yield, seed treatment.
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