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Table 1. Some physical and chemical properties of the soil used in this experiment.
P K EC. ocC " PWP FC CaCOs Sl il
-\ -\ 2\ p . . .
(mgkg) (mgkg™) (dSm™) % ) 2 () Soil texture
e
10.8 333.27 1.47 0.63 731 9.5 20.7 5.8
(Sandy loam)
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CaCOs: Calcium carbonate, FC: Volumetric water content at field capacity, PWP: Volumetric water content at permanent wilting point, pH: Soil
reaction, OC: organic carbon, EC.: Electrical conductivity in saturated extarct, K: Available potassium, P: Available phosphorus.
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Table 2. Analysis of variance of fungal inoculation and salinity stress effects on fresh and dry weights of shoot and root, leaf water
potential, electrolyte leakage, proline and relative water content of leaf.
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** * and ns, indicate significant effect at 1% and 5% probability 1evels and non-significant, respectively.
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Fig. 1. Mean comparisons of interaction effect of salinity stress and fungus inoculation on fresh and dry weights of root; Points with
the same letters are not significantly different (LSD, P < 0.05).
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Fig. 2. Mean comparisons of the interaction effect of salinity stress and fungal inoculation on fresh and dry weights of shoot;
Columns with the same letters are not significantly different (LSD, P < 0.05).
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Fig. 3. Mean comparisons of the main effect of salinity stress on leaf proline content; Columns with the same letters are not
significantly different (LSD, P <0.05).
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Fig. 4. Mean comparisons of the interaction effect of salinity stress and fungal inoculation on leaf electrolyte leakage; Columns with
the same letters are not significantly different (LSD, P < 0.05).
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Fig. 5. Mean comparisons of the interaction effect of salinity stress and fungal inoculation on relative water content of leaf; Columns
with the same letters are not significantly different (LSD , P < 0.05).
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Fig. 6. Mean comparisons of the interaction effect of salinity stress and fungal inoculation on leaf water potential; Columns with the
same letters are not significantly different (LSD, P < 0.05).
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Fig. 7. Mean comparisons effect of salinity stress on root colonization percentage; Columns with the same letters are not
significantly different (LSD, P <0.05).
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Abstract

Quinoa (Chenopodium quinoa Willd.) is a plant with high nutritional value and growth potential, thus has a
proper production in adverse environmental conditions. However, the enhancement of plant growth in these
conditions could be achieved by different approaches. The use of endophytic microorganisms such as
Serendipita indica fungus may help plant growth, especially under salt-stressed conditions. In this research,
an experiment was performed using a factorial completely randomized design with three replications in a
sterile sandy loam soil under greenhouse conditions. Experimental factors included two levels of S. indica
(inoculation and non-inoculation) and salinity levels of 1.47 (initial electrical conductivity of soil), 5, 10, 20
and 30 dS/m which prepared by sodium chloride solution. The results showed that the interaction effect of
salinity and fungal inoculation was significant for all measured characteristics (P < 0.05) except for proline.
The inoculation of S. indica was able to increase the fresh weight of quinoa shoot by 18.5, 15.0, 39.4 and
45.4% compared to the non-inoculated treatment at salinity levels of 1.47, 5, 10 and 20 dS/m, respectively.
The inoculation caused an increase in shoot fresh weight by 18% at initial electrical conductivity (5 dS/m),
while a marked increase (~41%) was observed in inoculated plants compared to the no fungus treatment at
EC level of 20 dS/m. The fungus increased the root weight by 12.9, 20.1 and 31.5% at salinity levels of 1.47,
5 and 10 dS/m compared to the non-fungal treatment, respectively. Compared to the non-fungal plants, the
electrolyte leakage was significantly reduced in the inoculated plants at 10 dS/m. Fungal inoculation had
pronounced effect on relative water content (RWC) of leaf at 5 dS/m and increased RWC by 23%, compared
to the non-fungus treatment. Moreover, the increasing of salinity stress up to 30 dS/m reduced the percentage
of root colonization by 19.9% compared to the non-fungus control. Overall, the application of S. indica
significantly increased the biomass production of quinoa under salinity stress conditions.

Keywords: Salinity stress, Serendipita indica, Proline, Leaf water potential, Relative water content,
Electrolyte leakage.

Background and Objective: One of the most important challenges in crop production around the world is
the reduction of crop yield due to soil and water salinity. More than 7% of world's soils and about 97.5% of
the world's waters are saline (2). Human activities have exacerbated these problems and strengthened the
need for new methods to meet these challenges. One of these strategies is to grow salt-tolerant plants such as
quinoa. Quinoa (Chenopodium quinoa Willd.) is a plant with good nutritional values and higher potential for

1- Department of Soil Science, Faculty of Agriculture, University of Tabriz, Iran.
2- Department of Plant Eco-physiology, Faculty of Agriculture, University of Tabriz, Iran.
* Corresponding Author, Email: n-aliasghar@tabrizu.ac.ir

31



Aliyar et al. Effect of Salinity Stress on Growth Characteristics and ...

growth and production in adverse environmental conditions. This annual plant is known as the mother of
seeds, which has a strong root system and is resistant to drought and salinity stresses. Other solutions include
biological methods. In this regard, the beneficial endophytic fungus, S. indica is one of the most important
soil microorganism that increases the yield of host plant by improving their nutritional and physiological
status especially under drought and salinity stresses conditions (3 and 4).

Methods: This study was conducted in greenhouse conditions to investigate the effect of salinity stress on
growth characteristics and water relationships of quinoa in symbiosis with endophytic fungus S. indica in a
sterile sandy loam soil. The experimental design was a factorial completely randomized with three
replications. The experimental factors included fungal inoculation (inoculation and non-inoculation with the
fungus) and salinity (NaCl) levels of 1.47 (initial electrical conductivity of soil), 5, 10, 20 and 30 dS/m.

Results: The results showed that the interaction effect of salinity and fungal inoculation was significant for
all the measured traits (P < 0.05) except for proline. S. indica was able to increase the fresh weight of the
shoot parts by 18.5, 15.0, 39.4 and 45.4% compared to the non-inoculated treatment at salinity levels of
control, 5, 10 and 20 dS/m, respectively. The effect of S. indica on root fresh and dry weights was evaluated
positively. Compared to the control treatment, the fungus increased root weight by 12.9, 20.1 and 31.5% at
salinity levels of 1.47, 5 and 10 dS/m, respectively. The electrolyte leakage was significantly reduced in
inoculated plants at salinity level of 10 dS/m. Application of S. indica had a positive effect on quinoa
biomass production and has improved its growth under salinity stress conditions.

Conclusions: The endophytic fungus, S. indica, improved growth and water relation indices in quinoa plant
under salinity stress conditions. Overall, it can be said that S. indica fungus has increased the tolerance of
quinoa to salinity stress by increasing the water uptake, improving nutritional status and possibly hormonal
effects in host plant. Therefore, S. indica, most likely could be used as a fungal biofertilizer for quinoa plant
to alleviate salt stress and to improve its growth and yield under saline conditions. However, field trails are
also needed to confirm our findings and recommend this endophytic fungus as a biofertilizer.
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