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This study examined the effects of different levels of deficit irrigation on
the performance and plant parameters of quinoa in the research greenhouse
of the College of Agriculture and Natural Resources, Razi University, over
two cropping years (2018 and 2019). The experiment was conducted using
a randomized complete block design with five replications. The treatments
included irrigation levels of 40%, 60%, 80%, and 100% (control) of the
calculated water requirement based on Class A evaporation pan. The
results showed that deficit irrigation had a significant effect (at a 1%
probability level) on plant height, biological yield, thousand-seed weight,
peduncle length, number of lateral branches, root dry weight, and harvest
index. Additionally, the results indicated that as the deficit irrigation
percentage increased, grain yield and biological yield decreased. For the
irrigation levels of 100%, 80%, 60%, and 40%, the two-year average
biological yields were 7445.5, 7316, 6410, and 5333 kg/ha, respectively,
while the grain yields were 2068.14, 2026.56, 1987.47, and 1874.45 kg/ha,
respectively. Moreover, water use efficiency based on biological yield for
the mentioned irrigation levels was 0.55, 0.67, 0.88, and 1.23 kg/m?,
respectively, and based on grain yield, it was 1.98, 2.43, 2.83, and 3.53
kag/msd, respectively. The overall results of this study suggest that applying
deficit irrigation at 80% of the water requirement can achieve significant
improvements in water use efficiency without noticeable reductions in
grain and biological yields, making quinoa a suitable crop for cultivation
in arid and semi-arid regions.
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Figure 1. Geographical location of the study area: a) Kermanshah city, b) Agricultural and Natural Resources
College of Razi University, and c) Location of the research greenhouse

Table 1. Physical and chemical properties of the soil of the study area

Soil depth  Clay Silt Sand  Texture Bulk dnsity  pH Electrical conductivity P K Organic carbon
(cm) (%) (%) (%) Q) (gcm?) () (ds m™) (ppm)  (ppm) (%)
0-100 519 442 37 Silty clay 1.3 7.3 1.2 26 440 1.38

Table 2. Chemical characteristics of water in the studied area

Electrical conductivity (m;D“St.l) ;z_l;l COs* HCOy cr S0,% ca®* + Mg? Na* ( (mns]grf_l)o_s)
(@s m (meq I
0.99 631 6.9 0.01 6.20 1.8 1.15 8.18 1.09 0.54

Table 3. Meteorological information of the region during the experiment (inside the greenhouse)

Year Month Max relative humidity (%) Min relative humidity (%) Max temperature (°C)  Min temperature (°C)
April 74.52 40.6 25.28 9.93
May 86.13 36.81 24.68 16.63
2018 June 56.64 20.04 35.21 23.79
July 41.24 14.42 40.46 26.54
August 42.13 15.55 43.10 28.77
April 91.52 24.40 22.45 8.33
May 77.13 18.81 27.88 14.03
2019 June 53.64 15.04 37.51 24.29
July 43.24 14.42 39.56 25.34

August

42.13

17.55

42.10

28.37
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Table 4. The results of the analysis of variance (mean square) of the effect of irrigation on the studied traits in different years

Source of variation df Pl_ant Biol_ogical G_rain lOOO_grain Peduncle _Number of Graip Root dry Harvest
height yield yield weight length  side branches protein  weight index

Year 1 76067  171966.5™  80.26™ 0.02™ 0.002" 0.4 0.14" 416"  0.001™
Repeat 4 153.28 701339.1 10390.23 0.05 0.78 13 0.44 4.01 0.002

Irrigation 3 341.87" 9547582.81" 917957 = 0.28" 21.79" 25.3" 16.08™ 40.52"  0.013"

Repeat x Year 4 7412 339053.96"  6585.68™ 0.24™ 1.75" 433" 1.31™  2265"  0.002™

Year x Irrigation 3 59.89™  360229.8°  2959.41"  0.001™ 0.05" 0.4™ 055"  0.13™  0.001™

Error 24 534 114948.17 4998.41 0.001 0.14 0.18 1.07 0.81 0.0008
Coefficient of variation (%) - 5.85 5.11 3.56 1.18 3.52 4,73 6.18 12.38 9.71

Notes: ns: non-significant. ~ Significant at the 5% of probability level (P < 0.05). ~ Significant at the 1% of probability level (P < 0.01).
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Figure 2. Mean comparison of the interaction effect of year x irrigation on quinoa plant height
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Figure 3. Mean comparison of the interaction effect of year x irrigation on biological yeild of quinoa plant
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Table 5. Mean comparison of the effect of year on the studied traits of quinoa plant

Year Grainyield 1000 grain weight Peduncle length Number of side branches Grain protein Root dry weight Harvest index

(kgah) Q (cm) Q (%) (gr plant”) (%)
2018 1980.90a 2.67a 10.61a 9.05a 16.82a 6.92a 031a
2019 198382a 2.72a 10.63a 9.25a 16.70a 7.57a 0.29a

Notes: The dissimilar letters in each column represent a significant difference between the treatments at the 5% probability level using LSD Test.

Table 6. Mean comparison (two-year) of the effect of irrigation on the studied traits of quinoa plant

Percentage of Grain 1000 grain Peduncle Number of Grain Root dry Harvest
water requirement yield weight length side branches protein weight index
(%) (kg ah™) @ (cm) () (%) (gr plant™) (%)
100 2068.14° 2.875° 12.05% 10.50% 15.48° 9.64% 357
80 2026.56™ 2.791° 11.57° 10.20° 16.25" 7.83° 31°
60 1987.47° 2.655° 10.05° 8.90° 16.85° 6.66° 27°
40 1847.45° 2.491° 8.81¢ 7.00° 18.47° 4.85° 27°

Notes: The dissimilar letters in each column represent a significant difference between the treatments at the 5% probability level using LSD Test.
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Table 7. The results of the analysis of variance (mean square) of the effect of different irrigation levels on water use efficiency
based on grain yield and biological yield

Year Source of variation df WUEgy WUEgy

Repeat 4 0.003 0.23

2018 Irrigation 3 0.447 1.68"
Error 12 0.002 0.09

Coefficient of variation - 5.72 10.94

Repeat 4 0.002 0.04

2019 Irrigation 3 0437 2,747
Error 12 0.002 0.02

Coefficient of variation 5.26 6.04

Notes: ns: non-significant. * Significant at the 5% of probability level (P < 0.05). ** Significant at the 1% of probability level (P < 0.01).

Table 8. The results of mean comparison of the effect of irrigation on water use efficiency based on grain yield and biological yield

Year Percentage of v(\gt;r requirement Biol((la(gi%al };ield G(rl?inhyiale)ld Total wate(r co?sumption WUE?; V;IUEBY
b g ha g ha’ mm gm

100 7545% 2085.08° 361.89 2.07° 0.57°

2018 80 7354% 2033.29" 290.32 2.53° 0.70°
60 6340° 1980.97° 217.74 2.91° 0.91°
40 5003° 1824.62c 145.16 3.44° 1.25°
100 7345% 2051.20° 391.91 1.87° 0.52¢

2019 80 7278 2019.83° 31353 2.32° 0.64°
60 6481° 1993.96° 235.15 2.75° 0.84°
40 5663° 1870.29° 156.76 3.61° 1.19°

Notes: The dissimilar letters in each column and year represent a significant difference between the treatments at the 5% probability level using LSD Test.
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