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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 Bulkdnsity pH Electrical conductivity P K Organic carbon
(cm) (%) (%) (%) (C] (gem?) () (dS m™) (ppm) _(ppm) (%)
0-100 51.9 44.2 3.7 Silty clay 1.3 7.3 1.2 26 440 1.38

Table 2. Chemical characteristics of water in the studied area

Electrical conductivity TDS pH CO;* HCOy CI SO& Ca*+Mg? Na* SAR
(dSm™) (mg lit™") ) ((mmol 1')*5)
(meq 1)
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 Min
(%) (%) temperature temperature

(WY)] O

2018 April 74.52 40.6 25.28 9.93

May 86.13 36.81 24.68 16.63

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

2019 April 91.52 24.40 22.45 8.33

May 77.13 18.81 27.88 14.03

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

Cuis” tumo (S 3odkT Wyl ph 9 Olasuie



b bl L LaolS 11 5S olS 5 Slee s (olleS il sl T skt 4 Gl 3

B 55 lesl s eslizal GlS Jaes 3 2 Sl YO Ll 5 Grasle YA s lad) e sla £ s
A (oS 5D dos3 Vv (LTeS b 5 5SS iy b SIS S g w sl S ek - b
0305 5 gue) adbaie St 5l eslizad b OIS «oiS Jasms (g3lueslel jslane 4t |2l olS LT 5L doys §0 57\
S 3 S sl 6l el S3 e Y s S caSls e il e SO JB L (e e 53 ST Sl e
.JJMJ,%LSA{YQ)MA{LAQ‘M)VS‘JSAQMJ\{&JZAJUL»\' slaaY O o 4 OIS S IS ;s S
T o A s, OIS S s 05, S Y SO il (S Jasme s 385 5 S5 3 S Cimen
oS Ly Ve sl AA (s8N 5 AV s 3N Gl s 4 S s bt 5 oS VL (6 e Sl
Gy 0 OIS a5 s g oS15 (S 0 Dler a0 a0 Oy 51 S 4228 (5 520 Bl V/0 Gas )3 1S
osbar (S ot o a) oS il o o B asdllae 550 slasle aen (LT & il S3wpsY L2iL L

.,Li;;tﬁ\u,ugJw\wjmrwat;&ijgo\ﬁwwm

ST a0 2TH 9 ST 5L s
Ol gl 2l )l a5 o 5L Sais i, 5ok eslizad A S s St 5l elS T 5L s st @
oS ls 5m 5 o Jlie 253 4 8 B0 5 (KE) alS o p 5 (Kp) Sais s (Bpan) Seis 5l ol
1 denles (V) ol 51 A Cilises glae 55 53 (ETC)
ETc= KexKpxEpan )

ooy 5 b3l bl dle 53 Aol 53 1S (AL (ol Jawgio 1S oS T 5L Olin s 55l w0
Talebnejad and Sepaskhah, ) s« S Lo 55 0/VO 5 \/Y /8 /1 Cd 5w gl 5 Sl canw s Ay ol
S5 s e s Bl a5 ey olS AT 5L @ a5 b 55 ol L ss (2015b; Mohammadi et al., 2024
Al an S L5 s /A

> S5es (S (W (s03 5 s ) S350 2 Shos sy gl s e el 158 olS s 5l
53 S (6,8 o3l ady ;) i Oy 5 4l S dos (b laastla slaws (ST Jsb cails Sla O35 calls
b pan o i3 e (1) 5 (1) Jaulss 5 eslinad b oS58 g 5 Shas 5 ls 3 Shoe 05551 s 4 5l oy ulg
Al K5 g g 5 Ses 5 a3 S il of

GY
WUEGy= — ™)
BY
WUEBY: T (Yl>

2D WUEsy ((ae 2o p S 5kS) wils 3 Shas ulad y O G ran 018 WUEGy Lails, ool s &S
> Shas Gy 3 xS o) (olel O JS Sl o 2 0 S 5S) S35l 3 s ol T 6 e
Al o S8 53 S S e S5 se 5 Shas By 5 S 53 0 SAS e 4l
Skl 6T

0030 3l oalizad L b, Slis aslie 5 A ulows 5 40525 SAS wol 5l eslinal b i s cpl w2 3550 Slio
43,5 ¢l LSD



gy

D535 8l e 85 g gl Sl (535 S 1 a8 5ls 0L (8 Js) Laesls il 4 s
3 Shas g gl Sl 655 6)@(5 Aas sl Ao s K Jlaaml w3 1S iy, S
ol 5 ady ;) SLE O ils g5 il L sl (S Jsb cails Hlim 055 cils 5 Sas oS5 ) 5
o 0> S gl s SoleleS xdlo ilite 3l cpoman S ls fne Ao s SO Jlo| o 53 il
3 S s e Aoy e el C’M 23 S5 2 Ses Gy 2 s doss SO Jlen

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 df Plant Biological Grain 1000 Peduncle Number of Grain Rootdry Harvest
variation height yield yield grain length side protein  weight index
weight branches
Year 1 76.06™ 171966.5™  80.26™ 0.02™ 0.002" 0.4" 0.14" 4.16" 0.001"™
Repeat 4 153.28 701339.1 10390.23  0.05 0.78 1.3 0.44 4.01 0.002
Irrigation 3 341.877 9547582.81™ 91795.7"  0.28™ 21.79" 25.37 16.08™  40.52"  0.013™
Repeat*Year 4 74127 339053.96" 6585.68™ 0.24™ 1.757 4.33" 1.31"™  22.65™  0.002™
Year*Irrigation 3 59.89™  360229.8" 2959.41™  0.001™ 0.05™ 0.4 0.55™ 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 5.85 5.11 3.56 1.18 3.52 4.73 6.18 12.38 9.71

variation (%)

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

Grain 1000 grain Peduncle Number of side Grain Root dry Harvest
Year yield weight length branches protein weight index
(kg ah™) @ (cm) ) (%) (gr plant™) (%)
2018  1980.90a 2.67a 10.61a 9.05a 16.82a 6.92a 0.31a
2019  1983.82a 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 water  Grain yield 1000 grain Peduncle Number of side Grain Root dry Harvest
requirement (kg ah™) weight length branches protein weight index
(%) (8 (cm) ©) (%) (gr plant™) (%)
100 2068.14* 2.875° 12.05* 10.50* 15.48¢ 9.64* 35*
80 2026.56™ 2.791° 11.57° 10.20° 16.25" 7.83" 31t
60 1987.47° 2.655¢ 10.05¢ 8.90" 16.85" 6.66¢ 27¢
40 1847.45¢ 2.491¢ 8.811 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

Irrigation 3 0.44™ 1.68™

2018 Error 12 0.002 0.09
Coefficient of variation - 5.72 10.94

Repeat 4 0.002 0.04

Irrigation 3 0.43" 2.74™

2019 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 water requirement  Biological yield Grain yield Total water consumption WUEgy WUEgy

(%) (kg ha™) (kg ha™) (mm) (kg m?)
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°¢ 1824.62¢ 145.16 3.44* 1.25*
100 7345% 2051.20* 391.91 1.87¢ 0.52¢
2019 80 7278 2019.83* 313.53 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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Abstract

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/m3, respectively, and based on grain
yield, it was 1.98, 2.43, 2.83, and 3.53 kg/m3, 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.

Keywords: Biological yield, Grain yield, Harvest index, Kermanshah.
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