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Introduction

Due to Iran's geographical location and climatic conditions, the quantity and quality of water resources are
considered one of the limiting factors for agriculture in this country. Droughts in the last two decades, on the one
hand, and lack of attention to the optimal use and proper exploitation of water, on the other hand, have exacerbated
the water crisis in lIran. For this reason, the agricultural sector has witnessed serious developments and new
perspectives on the rational exploitation of water resources, limited irrigation shortages, the use of saline water
resources in agriculture, changing irrigation systems, and cultivating water-intensive plants over the same period.
Quinoa has been introduced as a forage crop for ensuring food security in the world, which can tolerate drought
stress conditions to some extent. However, the development of its cultivation under drought stress conditions in
Khuzestan Province should be based on determining the limits of irrigation water quantities and determining its
tolerance to salinity.

Material and Methods

The present study was conducted to investigate the effect of different amounts of irrigation water and different
levels of salinity on quantitative and qualitative parameters of quinoa. To carry out the work, quinoa was cultivated
under drip and pulsed drip irrigation. The treatments studied included irrigation water quantity (11: 60, 12: 80 and
13: 100% of field capacity), water quality (F (fresh): 0.5 and S (saline): 6 dS/m), and two irrigation managements:
continuous drip (C) and pulsed drip (P). At the end of the growing season, sampling was performed to determine
quantitative plant characteristics such as height, stem diameter, leaf area index, root length, root volume, fresh and
dry root weight, and fresh and dry forage yield. Also, to investigate the effect of treatments on quinoa forage
quality, qualitative parameters including leaf chlorophyll a and b content, leaf proline content, total digestible
nutrients (TDN), crude protein (CP), Neutral detergent fiber (hemicellulose and lignin) (NDF), and Acid detergent
fiber (hemicellulose-free cell wall) (ADF) percentage were measured. To investigate the distribution of salinity in
the soil profile during and at the end of the growing season compared to its beginning, soil samples were taken from
dug profiles in the center of all experimental plots at depths of 0-30 cm and 30-60 cm. These samples were
transferred to the laboratory and saturated extraction was prepared from them. Then, the electrical conductivity of
these samples was determined using an EC meter. All data collected from the experiment were entered into EXCEL
2019 software. After categorizing the data, SAS 9.1 software was used to analyze them. Data analysis of variance
was performed at the 5% and 1% significance levels, and then means were compared using Duncan's multiple

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jsw.2025.93595.1482



https://jsw.um.ac.ir/
mailto:h_piri2880@uoz.ac.ir
https://doi.org/10.22067/jsw.2025.93595.1482
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jsw.2025.93595.1482
https://orcid.org/0000-0003-0877-1566
https://orcid.org/0000-0003-0877-1566
https://orcid.org/0000-0003-0877-1566

VFef o370 oylods ¥R ul> (S g0l 4,5 FYY

range test.

Result

The results showed that the treatments of continuous drip irrigation with fresh water at 100% depth, and pulsed
drip irrigation at 100% depth (first, second and, third pulses of fresh water) had the highest quantitative traits.
Continuous drip irrigation with fresh water at 80% depth, and pulsed drip irrigation at 80% depth (first, second
and, third pulses of fresh water) also had high quantitative traits. The highest values of plant height, stem diameter,
leaf area index, fresh biomass, and dry biomass were 94 cm, 1.10 mm, 23.152 cm?, 25.31420, and 14.8256 tons
per hectare, respectively, which were obtained from the continuous drip irrigation treatment at 100% of the plant's
water requirement using fresh water. In these treatments, the final soil salinity was close to the initial salinity at
the time of the experiment, and the highest amounts of chlorophyll a and b and carotenoids were also observed.
The TDN and ADF values were high in two treatments: continuous drip irrigation with fresh water and 100%
depth, and pulsed drip irrigation and 100% depth (first, second and, third pulse of fresh water). However, these
treatments had low soluble sugar, proline, and protein levels. Applying saline water alone or in combination with
sweet pulses and water stress in treatments 2, 4, and 12- 30 increased the quality of the produced forage (due to
high soluble sugar, proline, and protein). The highest water use efficiency was obtained from treatment 26, which
included pulsed drip irrigation and a depth of 60% (first pulse of fresh water, second pulse of salin water, third
pulse of fresh water).

Conclusion
Therefore, considering that both water use efficiency and quality are important in forage production, it is

recommended to use this treatment under conditions of saline water and pulsed drip irrigation.

Keywords: Chlorophyll a and b, Crude protein, Total digestible nutrients, Water priductivity
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Note: In this table, S represents saline water, F represents freshwater
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Table 3- Physicochemical properties of farm soil
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meg/lit (em)
15 38 32 8.2 45 3.0 o & 0.76 Py A 0-30
9 Loam Silt

I PR R

g 5
Ghalojl Jsb 13 QS (o) g (SlSS a0 -) JSG
Figure 1- Research farm and plot inspection during the experiment
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Table 4- Results of variance analysis (mean square and degrees of freedom) of measured quantitative traits

. Wiol <o dole 3,Slas PS030 g pails O HS ~
O i 2ol Sl an it o 29008 ik Fresh _ Stem sl
Sourc;:(:‘ g;anges Degrees of Ir;'f;}hocr;i‘\'/\’i?;er forage Sy diameter Height
freedom (kg/m?) I_Dry forage weight ) Leaf area} (cm) (cm)
g yield (kg/ha) (kg/ha) index (cm?)

Y 1 32.82™ 167.75™ 453.41"™ 32.41™ 0.69™ 8.47™
R 2 17.25™ 126.14™ 357.25™ 25.43™ 0.54" 3.25™
Y*R 2 59.38™ 197.52™ 561.58™ 42.94™ 1.05™ 10.53™
1oyl Hlada) 2 25.367 486.32" 1487.54" 237.61" 2.25 456.31"
Y*I 2 62.81"™ 271.54™ 784.62™ 71.58™ 0.67™ 12.24™
S(ol 5y95) 1 16.52" 864.85" 1543.45" 614.37" 3.417 357.85"
I1*S 2 18.92" 721.54" 1682.74" 559.82" 3.76" 867.63"
S*Y 1 32.56™ 962.47™ 1854.31™ 657.42™ 7.86™ 674.52™
I*S*Y 2 51.19™ 201.38™ 1546.91™ 251.62"™ 4.27™ 276.59™

Y*I(S) 4 10.42 324.41 928.69 68.05 1.15 263.41
M(cs,bl os)) 1 13.71" 261.75" 2371.29" 613.72" 1.32" 574.15™
I*M 2 15.23" 674.62" 2483.24™ 782.25™ 2.52" 384.26"
S*M 1 26.15" 472.86" 2849.61" 638.14™ 3.16" 946.82"™
Y*M 1 15.81" 326.51™ 2345.71™ 715.36™ 5.48™ 641.25™
1*S*M 2 18.61" 845.69" 3547.21" 753.28" 414" 1034.21"
I*S*M*Y 2 19.47" 829.73™ 2684.55™ 672.84™ 6.35™ 984.42™

Y*M(I*S) 8 10.28 376.19 1425.32 88.19 0.81 69.27

() &y i 7.45 841 12.56 8.29 8.54 10.42

I ixe pae NS oy S g duoyd gty Jlain] o j5 (gl ixe™ g

*

zand **significance at the five percent and one percent probability levels, ns non-significance.
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Table 5- Results of variance analysis (mean square and degrees of freedom) of measured qualitative traits

$3ljl a3 Slaus

R

O S gale ; " i . Jedgsb Uy lsa
8 3695 g, 8 S
Sources of Degrees ) NDF  TDN v #  Chloroph  Chlorop
of Fiber Soluble  Protein Carotenoid  Proline
changes f yll b hyll a
reedom sugars leaf
Y 1 82.33™ 0.75™ 0.88™ 29.32m™ 44.51™  39.38™ 0.35™ 71.69™ 0.78™ 0.56"
R 2 76.41™ 0.45M™ 0.65™ 16.31™ 34.26™  21.14™ 0.21™ 81.26™ 0.86"™ 0.49™
Y*R 2 92.69™ 0.85™ 1.14" 35.42™ 76.85™  56.69" 0.86™ 101.25"™  1.16™ 0.89™
I (sl jlade) 2 98.25" 35.12" 58.26" 126.95" 198.41" 157.35" 25.68" 87.54" 62.18™ 63.46™
Y*I 2 34.15 9.95 9.31 13.86 18.63 16.24 3.26 23.12 8.52 5.16
S (o y99) 1 362.51" 32.61" 18.25™ 176.28" 213.12° 24159 15.24" 241.25" 14.41™ 19.04™
1*S 2 125.62" 18.46" 28.43™ 202.49* 165.57" 198.43" 9.46" 106.78" 18.33™ 12.34"
S*Y 1 285.93™ 41.57™ 25.54" 189.92™ 210.47™  231.92™ 16.84" 167.25"  12.64"™ 24.16™
1*S*Y 2 231.36™ 51.82" 23.92™ 203.61™ 271.28™  256.23™ 17.32™ 175.34"  18.82™ 36.45"™
Y*I(S) 4 30.19 10.25 7.335 28.09 41.05 36.28 5.37 22.45 5.02 1.58
M(cssbel Ssg) 1 75727  27.91° 1542  18327°  214.36" 24571 16.52" 64.42°  11.67" 19.26"
I*M 2 64.18" 38.42" 21.34" 246.52" 268.19° 281.66" 19.31" 51.34" 17.16" 21.16"
S*M 1 58.86" 41.18" 38.12" 281.43" 284.16° 314.46" 27.08" 43.21" 28.51" 32.28"
Y*M 1 72.49™ 30.29"™ 20.12™ 166.41"™ 205.55™  184.83™ 19.35™ 53.76™ 17.58™ 11.61™
1*S*M 2 69.27" 20.84" 19.62" 276.49" 321.48" 362.25 13.52" 78.69" 11.27" 15.41"
I*S*M*Y 2 82.27™ 32.83™ 18.43™ 176.51"™ 185.34™  162.32™ 26.47" 64.16"™ 26.48™ 16.56™
Y*M(1) 8 16.94 12.53 9.14 78.331 52.63 69.57 6.72 19.51 6.34 8.54
() (CV) Sl yss o - 10.26 9.21 7.45 11.63 1171 12.25 8.16 11.42 8.63 7.32

(P dze pae NS o yd S5 5 diopd gy Jlosin] o 3 gy 2™ g

*

zand **significance at the five percent and one percent probability levels, ns non-significance.
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Table 6- Comparison of the averages of measured quantitative traits

Lo adale > AL a8l ,hd
s 0 lowsd ¢ :')Lati Sl o 5590 %0 91;0?& F adgle 039 Eb“;» Stem ews)
Treatment ] Irrigation water ) Fresh forage weight » diameter Height
number Experimental productivity (kg/m®) Dry forage yield (kg/ha) Leaf aree; index (cm) (cm)
treatments (kg/ha) (cm?)
1 FCI3 5.54c 8256.14a 31420.25a 152.23a 10.1a 94a
2 CI3s 2.17f 3126.52d 12326.549 124.41d 6.4c 64d
3 PI3FFF 5.61c 8587.45a 31782.57a 156.42a 10.5a 95a
4 PI3SSS 2.21f 3179.41d 12578.269 124.55d 6.4c 65d
5 PI3FFS 3.82¢ 5532.27hc 21705.62d 133.15¢ 7.1b 72¢c
6 PI3FSF 4.69d 6890.84b 26598.62b 1336.56bc 7.6b T7bc
7 PI3SFF 3.64e 5217.63bc 20655.18d 131.87c 6.9bc 71c
8 PI3SSF 2.91ef 4325.54c 16482.25f 123.85d 6.3c 64d
9 PI3FSS 2.79f 3864.12dc 15864.53f 122.45d 6.2¢c 62d
10 PI3SFS 2.84f 4120.55¢ 16122.48f 122.36d 6.3c 63d
11 CI2F 6.61b 7781.65a 29985.45a 148.14a 9.2a 90a
12 CI2s 2.58f 3146.35d 11743.84h 123.94d 6.3c 63d
13 PI2FFF 6.64b 8016.81a 30123.18a 148.36a 9.4a 9la
14 P12SSS 2.47f 3112.57d 11226.57h 124.54d 6.3c 64d
15 PI2FFS 4.59d 5085.14bc 20849.38d 131.58¢c 6.9bc 71c
16 PI2FSF 5.61c 6347.25b 25415.37b 135.16bc 7.3b T4c
17 PI2SFF 4.37d 4957.68¢c 19842.76de 130.62c 6.8bc 70c
18 P12SSF 3.53e 4002.18¢c 16041.52f 121.85d 6.2¢c 61d
19 PI2FSS 3.25¢ 3362.58d 14760.85fg 120.69d 6.1c 58e
20 PI2SFS 3.36e 3443.24d 15247.12f 116.47de 6.1c 60d
21 CI1F 7.8% 6945.38b 26864.63b 140.74b 8.3ab 80b
22 Cl1s 3.07e 2876.51b 10467.85h 114.38e 5.8d 56e
23 PILFFF 7.91a 6941.46b 26942.75b 142.25b 8.4ab 82b
24 PI1SSS 3.15e 3002.25d 10732.64h 113.21e 5.8d 56e
25 PILFFS 5.35¢ 4275.52¢ 18231.71e 128.64c 6.7bc 68dc
26 PI1FSF 7.29% 6845.7b 24827.9c 134.45bc 7.1b 73c
27 PI1SFF 5.51c 4659.85¢c 18759.41e 130.75¢ 6.7bc 69dc
28 PILSSF 4.66d 3765.63d 15869.74f 116.19dc 6.1c 60d
29 PILFSS 3.85de 3145.63d 13127.499 119.78d 6.1c 60d
30 PILSFS 4.12d 3371.05d 14036.25fg 123.47d 6.3c 61d

505 I sine M 0 Jlein] o 3 (5SS ypeil bl ey By sl sl Silie
Means with the same letters do not differ significantly at the 5% probability level based on Duncan's test.
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Table 7- Comparison of the average of measured qualitative traits

Jewiojlad  glaleg T ITIEE Jud 5D Jedgi5a
reatment byl apF NDF DN PR S Jslomo 9555 hlorophyll  Chlorophyll
Experimental Protein  proline  sSoluble ~ Carotenoid b a
treatments leaf sugars
- - - (%) (micromol/g) (mg/g wet weight)
1 FCI3 18.65a 7.72e 38.64a 9.41e 5.21fg 29.55d 0.98a 6.34a 12.46a
2 CI3S 6.84d 9.55d 15.52f 11.56d 13.36¢ 31.42dc 0.41e 2.15d 5.73d
3 PI3FFF 18.24a 7.92e 38.22a 9.56ef 5.78fg 29.75d 0.97a 6.28a 12.11a
4 PI3SSS 6.45d 9.84d 15.84f 11.47d 13.57c 31.63dc 0.42e 3.26¢c 5.66d
5 PI3FFS 9.72c 7.38e 22.78cd 9.74ef 6.62f 29.78d 0.73b 4.37b 8.68bc
6 PI3FSF 9.96¢ 7.53e 23.16¢ 9.75¢f 6.89f 29.81d 0.79b 4.78b 8.97bc
7 PI3SFF 8.67d 7.25¢ 21.54d 9.86ef 7.08e 30.04d 0.61c 4.11b 7.76c
8 PI3SSF 8.29d 8.2% 21.32d 10.12e 7.19¢ 30.25d 0.57d 3.68¢c 7.23c
9 PI3FSS 7.54d 8.68e 20.46de 10.41e 7.54e 30.62d 0.48de 3.21c 6.54cd
10 PI3SFS 7.73d 8.55e 20.89de 10.27e 7.13e 30.31d 0.52d 3.58¢c 7.06¢c
11 CI2F 16.42b 8.4le 31.45b 10.36e 7.74e 30.49d 0.91a 5.74a 11.29a
12 CI2S 6.25de 13.18bc 14.69f 15.26bc 16.21b 35.18b 0.39f 2.74d 5.14d
13 PI2FFF 16.79b 10.72d 31.57b 12.53d 7.89% 32.74c 0.89% 5.94a 11.85a
14 P12SSS 6.47de 1.44bc 14.74f 15.54bc 16.45b 36.11b 0.38ef 2.66d 5.11d
15 PI2FFS 9.16¢ 9.51d 22.18cd 11.89d 6.33f 32.05¢ 0.68bc 4.06b 7.89¢c
16 PI2FSF 9.88¢c 9.63d 22.94cd 11.68d 6.11f 31.76dc 0.71b 4.62b 8.44bc
17 PI2SFF 8.36d 10.34d 21.65d 12.26d 6.94f 32.54c 0.57d 3.32c 7.12c
18 PI2SSF 7.35d 10.19d 20.28de 12.47d 7.85e 32.61c 0.51d 3.18¢c 6.52cd
19 PI2FSS 7.12d 11.58¢ 19.81e 13.64cd 8.27e 33.78c 0.41e 2.91dc 6.13dc
20 PI2SFS 7.26d 11.47c 20.12de 13.32cd 8.11e 33.46¢ 0.46de 3.08c 6.25dc
21 CI1F 10.14c 11.65c 24.32c 13.88cd 9.16d 34.12bc 0.87a 4.85b 9.51b
22 Cl1s 5.6% 16.14a 12.38fg 18.12a 19.25a 38.18a 0.31f 2.31d 4.67e
23 PI1FFF 10.36¢ 13.54bc 24.41c 15.42bc 9.41d 35.56b 0.86a 5.07ab 9.74b
24 P11SSS 5.61e 16.45a 12.54fg 18.61a 19.63a 39.26a 0.31f 4.19b 4.53e
25 PILFFS 7.49d 13.26bc 20.32de 15.31bc 8.47e 35.47b 0.59d 3.15¢ 6.46¢d
26 PILFSF 8.52d 12.63c 21.75d 14.78c 8.02e 34.85b 0.63bc 4.04b 5.79d
27 PI1SFF 7.13d 13.56bc 20.05de 15.54bc 9.74d 35.63b 0.51d 3.01c 6.27cd
28 PI1SSF 6.57de 14.48b 15.04f 16.36b 10.86d 36.58b 0.45de 3.46¢ 5.81d
29 PI1FSS 6.33de 14.25b 14.71fF 16.21b 10.48d 36.47b 0.35f 2.56d 4.82de
30 PI1SFS 6.49de 14.32b 14.88f 16.14b 10.25d 36.26b 0.39f 2.87d 5.31d
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Table 8- Results of variance analysis (mean square and degrees of freedom) of measured root traits

e gl @ljfaryy Ak, Kb ojy adyy S 0jy Ay ey deb
Sources of Degrees of Root dry Root fresh Root Root
changes freedom weight weight Volume length
Y 1 51.22™ 41.05™ 0.78™ 3.17™
R 2 71.35™ 32.64™ 0.65"™ 2.45™
Y*R 2 64.26™ 53.18™ 3.26™ 8.85™
syl o) 2 48.16" 84.51" 6.41" 57.96"
Y*I 2 84.55™ 47.21™ 0.58" 14.05"™
S y9d) 1 33.18" 89.26* 5.63" 84.42"
I*S 2 21.73" 42.25 6.76" 63.25"
S*Y 1 51.26™ 55.35™ 8.81™ 35.52"
I*S*Y 2 46.97™ 85.41™ 6.72" 47.23™
Y*I(S) 4 102.79 91.05 3.18 47.63
M(solel Los)) 1 112,617 72.16" 245" 84.15™
I*M 2 82.28" 100.25™ 5.73" 32.57"
S*M 1 73.13" 83.14™ 9.11" 48.67"
Y*M 1 93.26™ 59.27™ 7.17™ 75.21™
I*S*M 2 47.29" 35.61" 35.61" 91.41"
I*S*M*Y 2 27.55™ 73.16™ 8.35™ 48.52"
Y*M(1*S) 8 92.17 29.46 1.23 25.18
10.16 7.41 6.15 7.68

(%) s oy

(P dze pae NS o yd 5 5 doyd gty Jloin] s 3 (g5 ixe™™ 4*
zand **significance at the five percent and one percent probability levels, ns non-significance.
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Figure 3- Effect of studied treatments on root length
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