The effects of irrigation regimes on the yield and water use efficiency of
guinoa (Case study: Rudasht, Isfahan)

ABSTRACT

This study was conducted in the Roodasht region of Isfahan, Iran, during 2019 and 2020 to investigate the effects of
irrigation regimes on quinoa grain yield and water use efficiency (WUE). The experiment was arranged in a randomized
complete block design with three treatments and three replications, comprising nine experimental plots. The irrigation
treatments (T1, T2, and T3) consisted of soil moisture depletion levels of 30%, 50%, and 70%, respectively, during the
mid-growth stage, while irrigation was triggered at 30% soil moisture depletion during the other growth stages. The results
showed that irrigation treatments had significant effects on grain yield, biomass yield, and WUE at the 1% significance
level (P <0.01), and on thousand-kernel weight at the 5% significance level (P < 0.05). Mean comparisons using Duncan’s
multiple range test at the 5% significance level indicated that T1 produced the highest mean grain yield (2,220 kg ha-1),
followed by T2 (1,440 kg ha-1) and T3 (880 kg ha-1). Across both years, soil moisture depletion levels of 50% and 70%
during the mid-growth stage reduced grain yield by 39% and 66%, respectively, compared with the control ggatment (T1).
The highest WUE values were also obtained under T1, reaching 0.82 in the first year and 0.61 in the secon
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Introduction

Quinoa has been cultivated in Peru and Bolivia¥br 700
report in 2011, 69,000 tons of quinoa see
is well adapted to arid and semi-arid regions
to 4000 m above sea level. Quinoa can be
sometimes with wheat and maize in lo es (Christiansen et al, 2010). The
development of phenological stages depends on tif quinoa variety and water stress affects
Ivento et al. (2012) reported that under
it irrigation (200-220 mm) conditions
a (Cv. T. caca) ranged from 2.3 to 2.7 t/ha; thus,
ant yield reduction due to reduced water use. In
sults were observed for quinoa (cv. T. caca) under
nditions on sandy, sandy loam, and sandy clay loam soils

nd, according to the FAO

during the growing season, the yield o
this study showed thatthere was Yo signj
another study in DenmMarkgsimilar Y
irrigated and M@ Wrigate
(Razzaghi et al., Rl

Method

This study onducted to determine the yield and water use efficiency of quinoa under
differen@ stresses at the Rudasht Research Station of the Agricultural and Natural
ResourceSyg#€search and Education Center of Isfahan Province. First, the yield, biomass, and
water use efficiency were measured in relation to water deficit conditions based on the water
deficit treatments in the middle growth period. For this purpose, the variety and planting
method of quinoa (planting density) was titikaka according to the recommendations of the
Institute of Seed and Seedling Improvement and Production. The row spacing was 40 cm
and the planting intervals were 7 cm. The planting was carried out in the second decade of
August 2019 and 2020, and the planting was completed by the third decade of August. In
this regard, 3 water treatments were implemented in the form of 70, 50 and 30% of usable
water discharge in three replications and 4 growth stages (initial stage, development, middle
and maturity) in 9 experimental plots (3 x 4 m) in a randomized complete block design in
each crop year. Treatments T1, T2 and T3 were 30, 50 and 70% of moisture depletion,
respectively. According to the irrigation treatments, moisture was measured to the root
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development depth (40 cm) with a TDR device and after the soil moisture of the treatments
reached the desired values, the plots were irrigated by bringing the soil moisture to the field's
agricultural capacity. The volume of irrigation water for each experimental plot was
calculated based on the plot area and the required water depth and was given to the treatments
by measuring. Grain yield and biomass yield of quinoa plant for different treatments were
measured at the end of the season in November. Also, considering the yield of quinoa in
low-irrigation plots, the water use efficiency of the treatments was determined and compared
with each other.

Results

was significant at the 5% probability level. Comparison of means at the 59
using Duncan's test showed that grain yield in the 30% soil moistur
(T1) was the highest with 2220 kilogram per hectare andygrain yield In

second year 1930 kg/ha for the T1 treatment, which showe 9decr
also had a similar trend to grain yield. The highegt biomass in the first year was 5380
ich showed a 20% decrease.

due to the increase in water and soil salinity in
year, evapotranspiration for the T1 treatment
treatment was 257 mm. While evapotranspiration
was 316 and 261 mm, respectively. highest w
years was 0.82 and 0.61 kg/m3 for th@T1 freatmenj@espectively. Due to the severe reduction
in grain yield due to water stress trea nd4fS effect on water use efficiency, this index
decreased for the T2 and T3 tregtmentsgn first year, thousand-kernel weight in the two
treatments T2 and T3%®d not diffégsi antly from each other. While in the second year,
the weight of oglegihousarfihgrains 1 treatments was lower than in the first year due to
higher salinity. A¥8o, t T2 treatments were in the same statistical group and did not
differ significantly fro other, but both treatments had a significant difference from the
T3 treatm Th , the weight of one thousand grains in the quinoa plant is very
sensitive and t meter will undergo significant changes with water stress and salinity
conditions.

\*,

Conclusions

The average highest grain yield in the first two years of the experiment was 2200 kg/ha for
the T1 treatment. The biomass yield also had a similar trend to the grain yield. The average
evapotranspiration of the T1 treatment was 309 mm and the evapotranspiration of the T3
treatment was 259 mm. The results also showed that the quinoa plant in the Rudasht region
of Isfahan, on average, with a consumption of 3000 cubic meters per hectare of net irrigation
water, will have a maximum water use efficiency of about 0.72 kg/m?, therefore this volume
of net irrigation requirement is recommended. Also, irrigation schedualing for this plant is
suggested based on soil moisture measurements in this region.

year of the experiment. In the first
m and evapotranspiration for the T3
these two treatments in the second year
r use efficiency in the first and second
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