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Abstract

Introduction: Soil and water salinization is a worldwide problem in agriculture, especially in
irrigated areas, causing decrease in crop yield and the continuous loss of arable fields. Halophytes
are the natural genetic source of salt tolerance traits and can be used for revegetation and
remediation of salt-affected lands, and also as an alternative crop or biofuel. Due to the limited
quality of water resources in the country and considering that the major regions of Iran's area are
considered to be arid and semi-arid, it is important to cultivate plants with high tolerance to
environmental stresses such as drought and salinity. The quinoa (Chenopodium quinoa Willd.)
plant is important because of its ability to be cultivated in saline areas and irrigated with saline
water. According to previous research, quinoa is an optional halophyte, and its irrigation is
possible up to sea level salinity. Quinoa is one of the plants that has outstanding economic and
agronomic advantages among the crops; it is particularly important in terms of forage production.
There is no reliable and accurate information about the amount of water consumption by this
plant in Iran. Considering the climatic characteristics and water shortages in the country, as well
as the development plan for the cultivation. This plant due to its high nutritional value, attention
to its water requirement becomes more important. The importance of precise irrigation design
and planning is needed in order to improve the performance of irrigation water usage in this
region. The effects of different levels of moisture and salinity on the yield, some morphological
traits, and some yield components of the quinoa (Chenopodium quinoa Willd.)

Materials and Methods: This research was conducted was aimed in field conditions during two
growing seasons (2020-2022) in Yazd, Iran. The experiments were carried out in a factorial
experiment in a randomized complete block design, which included two irrigation water salinity
levels of 5 and 12 dS/m and four irrigation levels of 60, 80, 100, and 120% to provide the amount
of allowable moisture depletion (MAD equal to 50%) in the root zone, in three replications.
Experimental plots were designed with dimensions of 5x7 meters. Applying the amount of
irrigation was done according to the determination of the field capacity levels and the permanent
wilting point moisture measured (using a pressure plate device) before the start of the
experiments. The amount of soil moisture in each of the plots was measured at the root zone, and
based on the treatments, the amount of water required was calculated, and irrigation was applied.
Irrigation was carried out in the form of flooding, and the volume of irrigation water for each
treatment was controlled by the volume contour and applied separately at each interval. At the
end of the experiment, quinoa was harvested in a one-square-meter grid, and then plant height,
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panicle length and width, and stem diameter were measured. After the plant's air drying, the
weight of the seeds and the weight of the whole shoot were measured in different treatments.
Results and Discussion: The results showed that the different levels of salinity and soil moisture
cause significant changes in biomass yield, seed yield, and harvest index. Also, the results
indicated that changes in salinity levels and moisture levels caused significant differences in plant
height, stem diameter and panicle length, panicle width, and 1000-seed weight (P<0.01), but their
interaction was not significant. For two levels of salinity, the maximum biomass (9.28 tons/ha)
was observed by supplying 100% of the depleted soil moisture based on MAD = 50%. According
to the yield-water use function, the maximum seed yield for 5 and 12 dS/m irrigation water
salinity was observed in treatments that supplied 115% and more than 120% of depleted soil
moisture based on MAD = 50%, respectively. With the increase in salinity stress from 5 to 12
dS/m, biomass weight decreased by 23% and seed yield decreased by 17%. Based on the results,
the average volume of applied water in fall cultivated quinoa under the 5 dS/m irrigation water
salinity was 4900 m3/ha during the growth season (90 days).

Conclusion: In the autumn planting of the Titicaca variety of quinoa, with a planting period of
about 90 days in arid and semi-arid regions like Yazd (Iran), water consumption is about 450 to
550 mm. But in conditions of moisture deficiency, it is possible to grow this plant. Because it has
a lower yield reduction slope than other plants under drought and salt stress conditions.
Furthermore, the results indicated that the salinity of the soil profile increased in deficit irrigation
conditions (60% and 80% of depleted soil moisture based on MAD = 50%) due to the lack of
leaching requirements.
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Table (1) Some physical and chemical properties of the studied soil at the beginning of the

experiment
value i Unit a1, properties £, 5
61.4 % Sand
19.6 % Silt et
19 % Clay .-,
Sandy loam s - Soil texture class ¢S’ =il 8
14.16 dsm* EC.
7.60 - pH
0.32 % Organic carbon T ., 8
0.03 % Total nitrogen s <!
117.9 mg kg™ Potassium .z
17.6 mg kg™ Phosphorus .
31 % (vol.) Field capacity moisture (glas ;o < b o gb,
9 % (vol.) Permanent wilting point moisture sis $s o3, b & sb,

3T S sles GHkT OT (lewd Dlogas (¥) Jour
Table (2) Some chemical properties of irrigation water of experimental treatments

Y oles V oles ) S
T2 T1 Unit Properties
12.00 5.00 dsm™ EC
8.34 8.29 - pH
11.35 4.85 meq I ca®
24.77 10.59 meq I"* Mg?*
1.03 0.43 meq I" co>
2.98 1.28 meq I HCO;,
102.43 43.78 meq I Na*
0.76 0.33 meq I"* K*
122.52 52.39 meq I"* cr
12.77 5.41 meq I SO>

24.10 15.76 (meq )03 SAR
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Table (3) Monthly average of some meteorological parameters measured at the synoptic
meteorological station of the study area during the growing season

Relative humidity . c.sb,

(°C) Temperature L

Sk %)
Precipitation S Lo i o e S Lo _ i Lo g dl jleble
mm) b
Average Average Average Mean Average
minimum maximum minimum maximum
Aug-Sep 44 -
0.0 12.2 26.1 19.9 27.8 33.7 o8P Aonnt
2020
Sep-Oct a4
0.0 12.1 27.3 13.6 21.4 27.6 P s
2020
Oct- Nov 44 ouT
0.0 22.0 45.0 8.9 15.6 22.1 ’
2020
AUg- \F ) i
0.0 8.6 19.7 19.8 26.3 313 g o
Sep 22
Sep-Oct yf-
0.0 9.8 22.0 17.0 23.0 28.0 P s
2022
Oct-Nov v+ oLT
12 29.8 56.8 10.2 15.2 19.1 ’
2022
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Table (4) Analysis of variance for effect of salinity and moisture levels on the some morphological of quinoa

ctls s anls s S 03§l wla 5l 055 JsSl e JSal Jsb Bl ki <5 i
S N . . df Source of variation =i . st
Harvest index Seed vield Biological 1000-seed Panicle Panicle Stem Plant <
y yield weight width Length diameter height
0.0003™ 0.01"™ 0.0001 ™ 0.04™ 0.005 " 2.17™ 0.75™ 6.2" 1 Year Ju.
0.0008 " 0.0007 " 0.24"™ 0.01"™ 7.91%* 0.63™ 3.16* 3.56™ 2 Block sy,
0.01* 3.16** 59.32%* 20.24%** 12.50** 37.45%* 0.08™ 1017.52** 1 Salinity 55
0.002"™ 0.93** 5.63** 0.72** 2.66** 37.78** 5.56** 426.46** 3 Moisture Level b xbaw
0.0007 ™ 0.02* 0.71%* 0.000003 ™ 012" 0.59"™ 0.32"™ 1424 3 e
Salinityx Moisture Level
0.0002 ™ 0.0001 "™ 0.09" 0.0009 ™ 0.42™ 147" 0.02™ 0.18™ 1 Salinityx Year Ju.x s
Jlx s
0.0001 ™ 0.00003 ™ 0.04" 0.0001 "™ 0.26" 0.07" 0.04" 0.18" 3 S
Moisture Level x Year
Jux = X i
0.00004 ™ 0.00002 ™ 0.05"™ 0.000002 ™ 0.09"™ 0.08" 0.11"™ 024™ 3 S g X 05
Salinityx Moisture Level xYear
0.003 0.02 0.94 0.01 2.07 0.60 0.79 7.34 28 Error L=
14.74 5.23 11.35 5.03 11.97 5.05 14.92 4.20 (HCV

oY 50 /00 Jla| cb.»Jb Sols gmn o 5 4y ek Gk g (G4l g pe ns
ns: no significant, * and ** statistical significance at the levels of p<0.05 and p<0.01, respectively.
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Figure (1) Effect of different moisture levels on the plant height , stem diameter, panicle length, panicle

width, 1000-seed weight of quinoa (Duncan’s multiple range test at P < 0.05) (Treatments 1 to 4 are 60, 80,
100 and 120 percent of the allowed moisture discharge, respectively)
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Figure (2) Effect of different moisture levels on the biological yield, seed yield and harvest index of quinoa

(Duncan’s multiple range test at P < 0.05) (Treatments 1 to 4 are 60, 80, 100 and 120 percent of the allowed
moisture discharge, respectively)
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Figure (3) Effect of salinity levels on the plant height , stem diameter, panicle length, panicle width, 1000-

seed weight of quinoa (Duncan’s multiple range test at P < 0.05) (Treatments 1 to 4 are 60, 80, 100 and 120
percent of the allowed moisture discharge, respectively)
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Figure (4) Effect of salinity levels on the Biological yield, Seed yield and harvest index of quinoa (Duncan’s
multiple range test at P < 0.05) (Treatments 1 to 4 are 60, 80, 100 and 120 percent of the allowed moisture
discharge, respectively)
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