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Extended abstract

Introduction

The increasing demand for high-quality forage, particularly in salt-affected regions facing water scarcity
due to climate change, poses a significant challenge to sustainable agricultural production. Quinoa is
well known for its tolerance to adverse environmental econditions, particularly drought and salinity. As
a dual-purpose crop, quinoa is a promising candidate for forage production under such conditions. The
primary objective of this study was to identify high-yielding quinoa forage lines and evaluate the salinity
tolerance of 16 quinoa foragelines.

Materials and methods

Materials and methods

This study was conducted at the Sadouq Salinity Research Farm, Yazd, Iran, during the 2023—2024
growing season. The experiment was conducted in a randomized complete block design with three
replications using ‘a split-plot arrangement. Fifteen superior quinoa forage lines (NSRCQF1-—
NSRCQF15) with» Termeh, cultivar, were assigned to the subplots. The main plots consisted of four
irrigation water salinity treatments: a non-saline control and three salinity levels with electrical
conductivity (EC) values of 5, 10, and 15 dS m1. Forage was harvested from a 1-m2 area in each plot.
Agronomic traits; including fresh forage yield, dry forage yield, dry matter percentage, stem diameter,
and plant height; were then measured.

Results and discussion

The results showed that the effects of salinity and line on most of the measured traits were significant at
the 1% and 5% probability levels, whereas the salinity x line interaction was not significant. Mean
comparison  analysis revealed significant reductions in plant height, stem diameter, dry matter
percentage, and dry forage yield as salinity increased. Fresh forage yield increased as salinity increased
up to 10 dS m™! but decreased at higher salinity levels. Significant differences were observed among
quinoa forage lines in plant height, dry matter percentage, and forage yield. Among the evaluated lines,
NSRCQF15 produced the highest fresh and dry forage yields, reaching 68.8 and 15.56 t hal,
respectively. The salinity tolerance threshold (CT) of the evaluated lines ranged from 5to 18 dSm~1, and
the yield reduction slope (b) was less than 1% for all lines. The evaluated quinoa forage lines maintained
approximately 80% of their forage yield at salinity levels ranging from 9 to 23 dS m™1. Based on the
evaluated indices, the NSRCQF3, NSRCQF4, and NSRCQF6 lines exhibited high stress tolerance index
(STI) values, high electrical conductivity at 50% yield reduction (EC50) values, and low yield reduction
slopes, indicating superior salinity tolerance. These lines can therefore be considered salinity-tolerant
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lines. In contrast, the NSRCQF7, NSRCQF9g, and NSRCQF12 lines were more sensitive to salinity
because of their lower EC50 values, higher yield reduction slopes, and lower CT values. Based on average
dry matter yield and the stress tolerance index (STI), the NSRCQF3, NSRCQF8, NSRCQF1o0,
NSRCQF13, and NSRCQF14 lines exhibited higher forage yield and greater stress tolerance than the
overall mean of the evaluated lines. These lines maintained favorable forage production under high
salinity conditions. Conversely, the NSRCQF7, NSRCQF9, and NSRCQF12 lines were more sensitive to
salinity and exhibited a significant reduction in forage yield under high salinity conditions.

Conclusion

The results of this study demonstrated that salinity stress significantly affected the growth and forage
yield of quinoa by affecting morphological traits. The significant variation among the evaluated lines
indicated that certain quinoa lines possessed greater salinity tolerance, suggesting,that the selection of
salt-tolerant lines could effectively improve forage production under saline conditions. Furthermore,
guinoa has considerable potential as a new forage crop for saline environments.

Keywords: Salt tolerance threshold, Salinity of 50 percent yieldreduction (EC50), Yield reduction
slope
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Table 1. Physico-chemical characteristics of soil in the experimental site

Before sowing

<l el <SS olan o i o aiogel  hd el
&swl  Electrical Conductivity SAR pH P K
dSmt --- ppm ----
el 14.16 19.1 76 176 1179
Before sowing
2 4.5 9.77
Juad Job yo (ke 5 6.16 12.58
Mean during the season 10 1213 18.19
15 19.53 25.96
Table 1. Continued aolol ) Jgoo
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Table 2. List of the 15 top forage quinoa lines and a dual-
purpose red-deeded line (Salehi, 2025)

Line Y Line ou¥T

1 NSRCQF1 9 NSRCQF9
2 NSRCQF2 10 NSRCQF10
3 NSRCQF3 11 NSRCQF11
4 NSRCQF4 12 NSRCQF12
5 NSRCQF5 13 NSRCQF13
6 NSRCQF6 14 NSRCQF14
7 NSRCQF7 15 NSRCQF15
8 NSRCQF8 16 Termeh
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Table 3. Physico- chemical characteristics of water in the experimental site
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Table 4. Sources of variation, degrees of freedom, ‘@and mean squares.of forage quinoa agronomic traits
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Table 6. Comparison of the Mean Agronomic Traits of the Quinoa Lines Under Study
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Line Plant Height Dry Matter Dry Weight Fresh Weight
cm % tht

NSRCQF1 106.83% 24,072 14.02% 59.21 bed
NSRCQF?2 95.50¢e 20.65 11.57¢f 55.77¢f
NSRCQF3 ggb-e 24% 130 55.46¢f
NSRCQF4 99.83¢ 21.15° 12.08¢f 57.59P¢
NSRCQF5 88.50° 22.302f 11.53¢f 51.77109f
NSRCQF6 94,33 22.19%f 10.53f 47.68
NSRCQF7 102.83d 23.19%d 14.36%® 62.41%¢
NSRCQF8 98,750 21.39¢ef 13.630cd 63.72%c
NSRCQF9 101.16%¢ 22.08°F 11.78 df 53.280%f
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NSRCQF11 94de 21.83¢f 13.04b¢ 59.850cd
NSRCQF12 101,661 21.11°¢f 10.95f 51.620f
NSRCQF13 101.50%¢ 23.49%c¢ 13.68 ¢ 58.450¢
NSRCQF14 101.66%¢ 22.88%¢€ 14.00 ¢ 62.07°¢
NSRCQF15 103.50%¢ 22.23f 15.562 68.802

Termeh 104.16%¢ 22.01¢f 11.34¢ 50.56¢f

LSD 5% 9.74 1.95 1.93 8.36

ol lo gae BS| pae saims lid eiw o 0 alie By >

Similar letters in each column’indicate no significant difference.

Sanchez Y, 5 szl dalllas o 08,5 18 alie
30 lgS rasgle s Slae a5 ol aseiw (et al., 2003
Jo e ey oo VY 5 7 (5558 5 Laulh
50 Oldlas 1o .l oo Gal38l ped 0l Cas o 38l
(Wilsonetal., 2002) VY (5,5 grlaw b a5 0l ascine
oeels (Hariadi et al., 2011) e piesjowo Yo g
50 Ll gl cad caaline 5 adgle o Slos o 2>y BB
aallls )5 a5 oo Ly 2l 3 Shos VL ()9 sl
a5 0 atie js (Manaaetal., 2019) o, Ko 4 Ul
balyd ;o 190S 5 ) 5 0985 IS 5o s)blae 2alS
oS Calises ald)l a5 Cowl ol astive 3,005 S92y 9
S as e olis S geh 4 Sglite sla STy

o ddgle o Kloc
S ol (0 J992) eSiles amlite Jyozr I ol gl
—ed Vet bl jo 5 adsle o Slas i oS
S5 lesd wgam ollr jo ad osalin ey eien
o3 Jlond b bl S G p0 s e ¥
S8bee lime (S 9 S35 IR S p iejowd O
L aS 09 oy uiesjomd VO (550 Hlend jo 5 adgle
S Syl yio g uierje V0 5 Y (6550 sl lers
oY 50 i adsle o Sloc oy yidion a5 ols lid s cudls
Sl (P Jgozr) ad ol 5 Y 5o ol e teS 510
Sz adgle o Slee e 50 lagnY O s)lose
ool sloog 5 15 Loy 5l s 45 (5 pabs 4y e oanline


file:///F:/ESCS/Volumes/New%20Articles/Edit/Back%20From%20Author/ESCS-2504-2362-Proof(1).docx
file:///F:/ESCS/Volumes/New%20Articles/Edit/Back%20From%20Author/ESCS-2504-2362-Proof(1).docx

wil YL ECsp lade az o ool co 2alS adgl laie
sl (g a4y Y s Jesd oasaolis
5 NSRCQF4 NSRCQF3 clo ¥ oyt o2l 50
NSRCQF6
oeols g aile (6,98 i a4 YL Jesd a5 wies 6
NSRCQF7 . Jilis ;5 el j2aS ec5y55 Lial3dl b o Slas
NSRCQF2 slacpy ol lis gyeh A (g
5 NSRCQF8 NSRCQF6 NSRCQF4
il a8 wilools Las |y o e oy a5 NSRCQF14

Olis g 0oy ECso Slade o 3YL Glle

el (555 Gl Il 50 a0 Shae 2,05 Srals
i NSRCQF12 g NSRCQF9 (Y 558 (sgm
3 SLae gy SholS Sl 45 wiloals 5l |y card e
b Jams 6] b CT el )55 Uil b agalye 4o
Otel5 o151 B b a5 el (6598 5 oaimo Lt (555
ogmme 0 Skoe Ghals w4 o1 5l g conl 52l o Slee
NSRCQF7 NSRCQF3 ossle glagp¥ “bgi
Hlis a4 eoe CT YL polie lhls NSRCQF11,4
LT o ,Shas 59 ok Gl 4y (s 51 8 R0
sy (blae o cdb saless  gob; relS
NSRCQF10 NSRCQF8 NSRCQF4
CT &l,ls NSRCQF15 s NSRCQF14 NSRCQF13

e o Gl a5 as e 5 i jees TIO0 0y
S5 Pl zolamnyd g 03,150, 50 4y (5 Colus
sladgle (LS o pacil sl o See rals 50
O g R p itesjiamws T gladsle 095 0m (5)9d LE5
Fo ioiad s VYL £ (6500 10 0 Slae ialS oy
.(Anagholiand Tabatabaee, 2019) el ooy 3,55

YIP0 sdaml o, ps5 55 (5ysd SR 4 Jood ailin]
bl 5l any o Slee Ghals o g oy uleyjgws
Noorozi et al., ) cesl sals (5,155 0o ¥ ps8 g
el o 0,18 Veo Lo £ clale (o (5,65 (2022
V) als g 5 absle s Shas o g, VY LY als
&S Jb 0 0d o0 SiS adgle o Slos ;0 (G000 YT L
YY) 4 iels ol g 0,5 Voo Lo VY- clale jo
Glp do 0 A B Y. g 5 adgle 5 Shae 4l 2oy FY
Rajabi Dehnavi ) auw, o p55 o Sis adsle o Sloc
S o9 G5 4 Lo Jood 098 g @Bl jo.(et Al 2024

S8 kes 5 035 Sdgi 5o (ralidl s 90 (i8I L e8]
oeolS o (S e as by sk plas ]y 5 oadgle
Hussain et al., 2018; Qureshi and ) el oo suslive
o Slas o Laylys po 1sS 81 51 S5 (Daba, 2020
S gind S e a5 LByl a4 Cas g ii
5 o (Tan and Temel, 2018) sciils iloass
Jezs b3, e (Salehi and Dehghani, 2024) Slaas
2 G5 AliSee ol ;51905 slacai e 6 9d A5 @
S oo eSO (55 58S wols (lad 4 e Ll
I35 092 y9d b el 5| LEBRG Cann ) W9 Blie
Sl L plals onl jo cal il dan sl ol S S
o 5 48l lBligas B osgi o s sl (lie 5590
olS o a5 e Al o el oS el
Sos GrlBl b oesg ey Rl 6ol Ceyel
Sl (gygpo iyl o Sed 5l g el iy

(Adolf et al., 2012)

S b Joxi byl
<[22V - /ABOY oogazme ;0 R2 Lol cadlllas ol jo
Sl o o3l S8 09 YU oasms lias a5 cusls I8
VA-0 G oY (5558 G5 & Jood diliwl (Y J502)
FeoS Gl S fals cad s Sl e ey g
S 50 1y o de 0 A IginS sl Y g w0 S
Aoy YO a5 Jb o anils yie ey g YY-1
3 e 4 psS e 9 axe D)0 ladele (LS wdgs
2 oo jewd MY 5 OIF YA S sldl o lac (5,90

(Ayers and Wescott, 1985) ceul oo 3,55 e
bl 5 (o OTD )98 25 @ Jooi (a3 La
Pl il 658 a4 olS Jexd bl )0 ke
A o el kbl o 0 Slee alS ulul p Vgens
(Steppuhnetal., 2005) 09 o dlxs ;9 yut Loyl
G5t & yiie Jod oo las STI lade (05 YL
NSRCQF4 5, NSRCQF6 NSRCQF3 .Y .c.l
YL oz oaimoylis a5 00g ST polae o sYL (6lylo
4 by ye STI Jlacie 0 528« Jlie 50 .Cul (555 & Loy
Y ol aes e plis a5 el (VY/AY) NSRCQFS Y
oxsa syl ECoso o)y (6,50 sy Cannd (6 iy Sl

0,0 00 s olS o Sles ] o aS sl (5,00 51 (5 polie


file:///F:/ESCS/Volumes/New%20Articles/Edit/Back%20From%20Author/ESCS-2504-2362-Proof(1).docx

Awd J,o.?u.a dous 6[.@435.19 03; B ).u 4.7::5.» (1990
ol ol ladgle 1908 )0 aS Jl> o 00 5 o0 o
Dgs Ao, SO 3l S (e Gili8l Lo Slee

Gopd &S WS go 2alS 29,0 (Sloj axisy o Shes ol
2 bl 4 g S sl ey miensiem ¥ 51 Loyl S
2o )3 VIT dga2 0 Shoe ( SLSI (5,9% oy i jswd
Maas and Hoffman, 1977; Maas, ) sl . _ials

S5 o 53 155 (Y VP (o 3 Shos Sl (2512 51 Jolo> gl .V Jgur
Table 7. Results of fitting relative yield reduction against salinity for 16 quinoa lines
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Line R? STI EC50 EC80 Slop CT
NSRCQF1 0.85 26.30 24.64 21.10 0.095 18
NSRCQF2 0.99 30.94 30.43 13.18 0.016 6
NSRCQF3 0.97 40.81 39.88 23.04 0.023 10
NSRCQF4 0.95 36.97 36.47 14.08 0.013 4.5
NSRCQF5 0.99 17.91 17.02 19.75 0.052 4.5
NSRCQF6 0.99 45.33 44.65 2210 0.015 10
NSRCQF7 0.99 20.75 19.07 14.72 0.087 12
NSRCQF8 0.98 31.62 31.17 12.86 0.014 4.5
NSRCQF9 0.99 21.56 19.45 16.44 0.108 18
NSRCQF10 0.99 29.03 28.27 14.73 0.026 4.5
NSRCQF11 0.99 21.59 19.72 15.90 0.094 15
NSRCQF12 0.99 21.15 18.98 16.19 0.113 16
NSRCQF13 0.99 27.85 27.25 12.73 0.021 4.5
NSRCQF14 0.99 31.89 31.28 14.66 0.019 4.5
NSRCQF15 0.99 22.77 20.70 16.79 0.103 4.5

Termeh 0.99 20.35 19.73 9.33 0.031 4.5
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Fig. 2. Effect of soil saturated extract electrical conductivity (Ece, dSm-
1) on the relative yield of 16 forage quinoa lines based on the modified
decline curve equation
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Table 8. Heritability of measured traits of forage quinoa
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