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Water use efficiency and quantitative and qualitative response of quinoa to
different concentrations of salicylic acid application under deficit irrigation
conditions

Hamid Sadeghizadeh!, Gholamreza Khajoei-Nejad? and Jalal Ghanbari?

Abstract

The total area under quinoa (Chenopodium quinoa Willd.) cultivation and its grain consumption have
increased in recent years because of its nutritional properties and ability to grow under harsh
environmental conditions, such as drought. The main goal of this work was to evaluate growth, crop
quantitative and qualitative yield, and water use efficiency (WUE), as well as to determine the quinoa
response, variety ‘Titicaca’, to different salicylic acid concentrations (SA) (0, 0.5, 1 and 2 mM) under
different irrigation levels (100, 75, and 40% field capacity (FC)). The field experiment was conducted
in split plots in three blocks during the 2019 growing season, in the research field of Shahid Bahonar
University of Kerman, Iran. The results demonstrated that while the plants subjected to deficit
irrigation displayed significant reduction in crop growth rate, biological yield, seed yield and its
components, the high concentrated SA (2 mM) application led to improving the mentioned traits.
Under normal irrigation conditions, moderate concentrations and under severe water deficit, high
concentration of SA resulted in improved growth, WUE, and grain protein yield. The highest WUE
was achieved by deficit irrigation and high SA concentrations. Water deficit increased grain protein
content, while increased SA concentration reduced its content. In contrast, reduced grain protein yield
was observed when water deficit occurred while SA application led to improving protein yield. In
general, the results showed that considering the water resources accessibility in quinoa fields, different
salicylic acid concentrations can be used to improve the water productivity and performance in arid
and semi-arid regions.

Keywords: Chenopodium quinoa, Drought, Grain yield, Growth parameters, Protein content,
Salicylic acid, Water productivity.
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Research article

Introduction

Agricultural productivity is greatly affected by adverse environmental conditions such as drought and
water scarcity (Hinojosa et al., 2018). Quinoa (Chenopodium quinoa Willd.) is recognized as an
adapted crop because of its survival in harsh environments (Ahmadi et al., 2019). Furthermore, the
quinoa plant is a valuable food crop due to its high nutritional values and that is the reason for
attracting interests. For the reasons mentioned, the total area under quinoa cultivation and its grain
consumption have been increased in recent years. Quinoa plants have adapted physio-morphological
mechanisms to mitigate the adverse effects of water scarcity including the development of deep root
system, osmotic adjustment, the increased abscisic acid level which enhanced water use efficiency
(Ahmadi et al., 2019; Aziz et al., 2018; Gamez et al., 2019; Hinojosa et al., 2018). Furthermore,
exogenous application of salicylic acid (SA) is known as an effective adapting method to improve
water use efficiency and crop productivity (Pourghasemian et al., 2020). Therefore, the main goal of
this work was to evaluate growth, crop quantitative and qualitative yield, and water use efficiency
(WUE) of quinoa plants in different levels of the salicylic acid foliar application under water stress
conditions.

Methodology

A field experiment was conducted in split plots in three blocks during the 2019 growing season, in the
research field of Shahid Bahonar University of Kerman, Iran, with the aim of determining the quinoa
response, ‘Titicaca’ variety, to different salicylic acid concentrations (SA) (0, 0.5, 1 and 2 mM) under
different irrigation levels (100, 75, and 40% field capacity (FC)). The 24 days plants were exposed to
different irrigation levels and treated simultaneously with different SA concentrations. Once again, at
the beginning of the grain-filling period, plants were sprayed with the same SA concentrations.
Growth parameters including crop growth rate (CGR) and leaf area index (LAI) in the vegetative and
reproductive stages were determined during the growing season. Also, plant height, number of
panicles per plant, number of grains per plant, 1000-grain weight, grain yield, biological yield, harvest
index, WUE, grain protein content, and protein yield were measured by the end of the growing season.

Discussion and Conclusion

The results demonstrated that while the plants subjected to deficit irrigation displayed a significant
reduction in CGR, biological yield, grain yield, and its components, the high concentrated SA (2 mM)
application led to improving the mentioned traits. The improving effect of salicylic acid, especially in
severe limited-irrigation conditions, is related to its regulating effect against ABA accumulation (La et
al., 2019). Accumulation of ABA as a result of drought stress reduces stomatal conductance and
photosynthesis (Hinojosa et al., 2018; Gémez et al., 2019). Under normal irrigation conditions,
application of moderate concentrations, and under severe water deficit, application of high

' M.Sc. Student of Agronomy, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahid Bahonar
University of Kerman, Iran. r.sadeghizadehl1@gmail.com

2 Associate Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahid Bahonar University of
Kerman, Iran. khajoei@uk.ac.ir

3 Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahid Bahonar University of Kerman, Iran.
jalalghanbari@agr.uk.ac.ir



mailto:r.sadeghizadeh11@gmail.com
mailto:khajoei@uk.ac.ir
mailto:jalalghanbari@agr.uk.ac.ir

VFeo ke oo g o oylouds o030 Jlw

Sl s ¢ el e

concentration of SA resulted in improved growth, WUE, and grain protein yield. The highest WUE
was achieved by deficit irrigation in high concentrations of SA. It has been reported that under water-
limited conditions, quinoa has the ability to increase assimilation efficiency and produce yield close to
normal irrigation conditions and therefore, exhibiting a considerable water use efficiency (Geerts et
al., 2008). The results also showed that water deficit increased grain protein content, while increased
SA concentrations reduced its content. In contrast, reduced grain protein yield was observed when
water deficit occurred while SA application led to improved protein yield. The variation trend
observed in grain protein content showed a negative relationship with grain yield and 1000-grain
weight. It seems that decreased grain size under deficit irrigation can lead to an increase in grain
protein content. Similar relationships were also observed under SA application conditions. In contrast,
the variation in protein yield seems to be more affected by changes in grain yield than grain protein
content as confirmed by the positive and significant relationship between protein yield and grain yield
(r = 0.999**). Such results indicate the high importance of increasing grain production compared with
the grain protein content of quinoa to achieve maximum productivity in quinoa fields.

This research confirmed that quinoa plant can cope with drought-stress conditions as evidenced by its
considerable yield and WUE in drought-stress conditions. In terms of protein production, although
water limitation increased the grain protein content, protein production per unit area and thus
productivity of quinoa fields were negatively affected by limited irrigation. In such conditions, SA
application significantly mitigated the negative effects of water limitation. In general, the results
showed that considering the water resources accessibility in quinoa fields, different salicylic acid
concentrations can be used to improve the water productivity and performance in arid and semi-arid
regions.

Keywords: Chenopodium quinoa, Drought, Protein content, Salicylic acid, Water
productivity, Yield.
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