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Dry matter digestibility % XDry matter inteke %
1.29

Dry matter inteke, % of body weight :%
Dry matter digestibility %= 88.9 — (0.779-ADF)
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Table 1- Average temperature, precipitation, absolute minimum and quinoa growth period in
different locations and years of the forage quinoa experiment

ol o S il cdlb f”ﬂf" st ) Jlamles e Jsb
O F il 42,9 (radee) OF sl (o as,
Location Year Sowing date Harvesctilgtg Temperatur«'a\/l(s?:r)] Ra(lrr:]f;l)l Min Tempera(téjg)e Grgz\%lig%
ay
IS EASCA TR PRVIRVIVEENRY 2 170 0 2 201 L 121
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Table 2- Composite analysis of variance of measured traits of forage quinoa in 9 environments

O N TS FEIRST RS G S oole do o ag glas)
S.0.V df Fresh weight Dryweight Dry matter percent Plant height
Ja.:.’z'.c 8 33775 1779 20308** 94006**:
Enviroment
ol 18 125.7 3.94 66.5 4455
Error 1
o 15 74,50 4,95 41.5M 877.5"
Line
Jaﬁ:ba Xu.oy 120 4411 ...... 42 3196“ 1846#
Line*Env
Yelmdl o 24.9 2.36 163 137.6
Error 2
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*significant at 5% level, **significant at 1% level and ns is not significant.
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Table 3- Analysis of variance of measured traits of dry forage yield of lines separately in 11 environments

gl Az 5SS w5 wS oyl oyl Vol Tolles ol 4él e aélye
SOV ety Y —Y —Y —.Y —Y —.Y VE- VELY —Y VE.¥ VELF
CLEY SETR S 2% SR SRR 2% ST PR NNY 2% ¢ VE.Y

Gorgan Gorgan  Gonba Gonbad Sararud Sararud Khoramabad Khoramabad Zanjan Maragheh Maragheh

2023 2024 d 2023 2024 2023 2024 2023 2024 2024 2024 2025

L s 15 150028* 126% 365"  94™ 457" g3 1.56% 21" 075"  13.86" 0.5*
Treatment

s 2 1585™  9.0™ 091™ 121® 11+  0.56™ 5 23w 3.2 0.063"™ 242 g4 0.7"
Replicatio
n

NICEY 30 69.20 3.2 4.84 7.02 2.8 0.45 0.32 1.6 0.09 5.8 0.2
Error

oy 15.52 23.8 26.4 25.9 22.7 12.13 8.51 15.6 5.38 9.3 26
CVaol,ss

*significant at 5% level, **significant at 1% level and ns is not significant.
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Table 4- Comparison of average dry forage yield (tons per hectare) of quinoa forage lines in 11 environments

GBS S VeSS oyl oghe sblps Mo ol aél e aél e
.Y .Y VEey ey _.Y VY- VFeV-eY  VFev-.Y . VEeY VF-f
Ve VEe v VE- ¥ VFe VFeY

oY Gorgan Gorgan Gonbad Gonbad  Sararud Sararud  Khoramabad Khoramabad  Zanjan  Maragheh  Maragheh
Line 2023 2024 2023 2024 2023 2024 2023 2024 2024 2024 2025
1 16.1 7.5 8.35 10.1 7.87 6.53 6.1 9.2 5.5 4.58 2.09
2 181 5.1 7.37 8.8 7.79 5.93 6.6 8.1 6.5 4.83 1.44
3 138 9.2 7.37 8.9 5.73 5.40 7.7 8.0 6.7 3.30 2.07
4 18.9 7.5 9.07 10.8 7.53 6.78 5.8 6.7 5.9 2.82 2.24
5 17.4 9.2 8.90 10.6 9.35 5.56 7.3 9.1 6.0 4.18 2.01
6 138 113 9.23 11.1 5.55 5.41 78 75 55 3.01 1.75
7 13.7 7.3 9.05 11.0 7.49 5.56 6.4 8.2 6.1 4.85 1.60
8 19.6 55 8.71 10.4 6.37 6.51 6.8 8.0 5.4 3.63 2.29
9 23.8 7.2 10.55 12.6 6.33 5.15 5.9 9.3 5.3 3.23 1.94
10 20.4 4.7 8.29 10.3 8.35 5.77 7.2 78 5.3 2.68 2.21
11 25.7 4.5 7.77 9.0 9.17 4.69 7.7 7.5 5.7 3.81 1.27
12 231 6.1 7.42 8.9 7.96 4.31 6.5 9.4 5.4 3.13 1.74
13 22.3 9.7 7.52 9.0 9.31 6.61 6.5 6.9 5.8 3.67 1.84
14 22.9 9.6 7.61 9.1 6.52 5.79 5.9 8.7 5.6 3.62 2.70
15 14.7 9.7 9.92 14.9 7.16 4.37 55 85 4.6 2.20 1.16
Termeh 178 6.7 6.26 75 6.19 4.83 6.9 76 5.9 2.44 1.47
'6%? 6.3 3.0 4.4 1.12 0.95 15 0.51 1.47 0.81
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Table 5- Average measured traits of forage quinoa under rainfed conditions in 9 environments

) B Oy dkes ) SiS (39 0 Shes

oY (LS o (LS o SR PR VIR (o giil) digy glas )|
Fresh weight yield (t ~ Dry weight yield (t ha%)
Lines hat) Dry matter percentage Plant height

1 24.32 7.30 31.7 93.8a

2 25.71 6.79 28.6 88.8ab

3 24.98 6.96 28.4 89.8a

4 23.56 7.00 30.9 84.6ab

5 27.20 7.80 30.4 82.2abc

6 25.41 7.48 30.3 86.0ab

7 25.70 7.34 29.8 83.1abc

8 23.79 6.82 30.5 77.3bc

9 27.58 7.30 27.8 93.6a

10 23.18 6.73 30.6 84.9ab

11 22.81 6.66 30.8 72.2¢

12 22.35 6.58 32.2 84.1abc

13 23.64 7.22 31.0 88.7ab

14 24.73 6.94 28.8 81.9abc

15 24.83 7.44 30.5 84.2abc
Termeh 21.30 6.04 31.1 91.2a
#Sh>-Max 27.6 7.8 32.2 93.8
Jéh>Min 21.3 6.0 27.8 72.2
o=l Mean 24.4 7.0 30.2 85.4

el Sl gime BB pac saims Lid aiw 0 0 S ie By
Common letters in each column indicate no significant difference.
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Figure 1- Two-way scatter of 16 forage quinoa lines based on coefficient of variation and dry

forage yield (t ha™) (data are averages of 9 environments).
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Table 6: Parametric and nonparametric methods of stability analysis for dry forage yield (t ha-1)

for 16 quinoa lines in 9 environments

2P O Ses
oY LS W2 oy s2di b CVi 8y & KR

Lines  Yield (tha?)
1 7.30 266 027 032 088 2453 155 097 7
2 6.80 11.25 150 0.79 056 2010 147 154 21
3 6.93 10.73 143 135 0.79 2717 147 150 18
4 6.78 1095 146 152 111 3583 147 152 21
5 7.80 311 034 042 107 2759 155 1.00 4
6 7.47 1938 266 272 110 3522 139 208 17
7 7.34 198 018 027 095 2595 156 092 5
8 6.57 833 108 119 098 3269 150 134 22
9 7.30 1345 182 097 147 4097 145 168 19
10 6.73 1011 134 143 105 3443 148 146 20
11 6.66 16.01 218 207 078 3024 142 186 27
12 6.58 695 089 099 096 3165 151 125 18
13 7.23 1261 170 160 0.78 2664 146 1.63 19
14 6.94 732 094 100 089 2825 151 128 13
15 7.44 3353 468 124 191 5158 126 3.02 19
Termeh 6.04 811 105 078 070 26.35 150 133 22
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01 = mean variance component; (i) = GE variance component; Wi 2 = Wricke’s ecovalence stability index; W?
(%)=Wricke’s ecovalence stability index percent; bi = regression coefficient; Sdi 2 = deviation from regression; ci 2 =
Shukla’s stability variance; CVi = environmental coefficient of variance, KR = Kang’s rank-sum; Y = yield.

Qo 1 =W (%) <SG, wiVlgeST (6lul el =Wi2 ¢ GE il g adlge=0(i) ¢ il ,lg adlin nSilo=bi
.o)i].o.c =Y «XI8 LgLQA.,_?) Egome =KR ‘u’_la.:m &lijlg o po =CVi ‘)155....;
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Figure 2 - Two-way scatter of 16 forage quinoa lines based on regression and dry forage yield
(tons per hectare) (data are average of 9 environments).
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Figure 3 - Two-way scatter of 16 forage quinoa lines based on regression slope and regression
deviation
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Table 7 - Ranking of parametric and non-parametric methods of stability analysis for dry forage
yield (t ha®) for 16 quinoa lines in 9 environments

ovbines vy w2 o 2d, CVi KR 65 6 SR AR SD
1 5 2 2 2 2 3 2 15 565 350 316

2 0 11 11 5 1 12 11 6 138 863 287

3 9 9 9 11 6 6 9 8 162 1013 2.3

4 1 11 10 13 14 12 10 7 184 1150 1.97

5 1 3 3 3 7 1 3 14 45 281 339

6 > 15 15 16 13 5 15 2 162 1013 510

7 4 1 1 1 3 2 1 16 48 300 363

8 5 7 7 9 11 14 7 10 133 831 324

9 6 13 13 6 15 8 13 4 18 1150 350

10 2 8 8 12 12 11 8 9 130 813 245
11 13 14 14 15 9 16 14 3 178 1113 3.8
12 4 4 4 7 10 6 4 13 154 963 411
13 7 12 12 14 5 8 12 5 137 856 292
14 8 5 5 8 8 4 5 12 8 531 255
15 3 16 16 10 16 8 16 1 207 1294 504
Termeh 16 6 6 4 4 14 6 11 150 994 460

0i = mean variance component; 0(i) = GE variance component; Wi 2 = Wricke’s ecovalence stability index; bi =
regression coefficient; Sdi 2 = deviation from regression; oi 2 = Shukla’s stability variance; CVi = environmental
coefficient of varianceSR= sum ranks ; AR = average of the sum ranks; Y = yield.

o, =W2 (%) ¢SS, miVleeST (g)lul Ll =Wi2 ¢ GE il ,lg 4a)5e=0(i) ¢ il )lg addin 1 Siloo=0i
S Slas =Y (XS gloas, o =KR sg_;]a??uy o,y co po =CVi
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Table 8- Forage quality of selected quinoa lines

Quinoa Foragels:S adsle oS
S5 Chemical R
s Composition NSRCQ NSRCQ NSRCQ NSRCQ1 NSRCQ1 NSRC Terme Alfalfa
(s Lo 1 5 7 0 3 14Q Vs\,/tt:gﬁ !
1
Sz oole Dry matter 95.55 96.10 97.31 95.88 96.03 9558 9601 917 908
al> a%5g,  Crude protein 14.07 14.18 14.17 16.92 1494 1393 1689 370 165
NESgeS Crude fat 1.30 1.90 1.27 2.10 3.69 209 296 080 1.2
pls .. Crude fiber 19.11 13.52 23.52 15.78 1287 1291 1436 360 254
Joloee SLI Insoluble
osiypdh o fibersin  4g37 3263 4399 4395 378 4357 4246 720 421
s detergent
Jsloels LI Acid
. detergent
ooiygd 4 eoluble 17.56 12.93 25.03 15.46 1163 1479 1494 464 305
(&S] fibers
oS Lignin 5.56 5.7 5.76 4.95 6.07 575 526 8.4 8.3
ot Tannin 0.869 0.045 - 0.182 0327 0145 0393 380 222
SluS 5 ;
= Phenolic 2255 1961 - 2.353 2003 2028 2464 256 116
PRt compounds
PSRV 4 Non-fibrous
o carbohydrate 41.98 41.16 - 39.44 40.70 4159 4162 0.3 1.6
S =S S
LI KW-IVN Y Total
carbohydrate 61.09 54.68 - 55.22 53.57 57.50 55.98 0.07 0.27
5 s
NESICOR {E8 Raw ash 23.55 29.24 23.24 25.76 2780 2647 2414 7.2 11.1
RN Relative
il valueof 1447 2247 1468 1626 2003 1652 1693 68 144
abgle fodder
wan Sl Digestibility
5 sty OForganic 538  55.89 - 58.0 6061 5485 590 - 685
matter in dry
S oole  matter
L Dry matter 796 84.1 70.8 82.7 89.96 818 865 - 733
Sis osle digestibility
an ol Digestibility
T of organic 72.8 78.06 62.3 44.23 86.03  74.58 81.6 - -
Slesle matter
5 Slos
) s Pmte'ms_'g 103 111 104 113 108 0966 102 - -
(LSe o
(FEDNA 2010)‘
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EXTENDED ABSTRACT

Introduction: In Iran, wheat and barley account for approximately 88% of crop production in dryland areas.
Given the extensive area devoted to rainfed agriculture, diversification of cropping systems is essential.
Currently, forage and grain legumes are the main alternative crops used in rotation with dryland wheat and
barley, although safflower and canola cultivars have recently been introduced for dryland cultivation.
Considering water limitations for forage production, the introduction of suitable forage species and cultivars
for dryland regions is necessary. Quinoa (Chenopodium quinoa Willd.), a dicotyledonous plant cultivated for
both grain and forage, has attracted attention due to its promising forage quality. Therefore, its potential for
forage production under dryland conditions was evaluated.

Materials and Methods: Fifteen forage quinoa lines, along with the check cultivar ‘Terme’, were evaluated
using a randomized complete block design with three replications during the 2022-2023 and 2023-2024
growing seasons across six locations: Khorramabad, Maragheh, Sararood, Gonbad, Chalaki (Gorgan), and
Zanjan. Forage yield, plant height, and dry matter percentage were measured at the flowering stage. Forage
quality of the superior lines was assessed based on protein, fiber, phenolic compounds, and digestibility.
Statistical analyses were performed after testing variance homogeneity.

Results: Dry forage yield varied considerably across locations and growing seasons, ranging from 1.2 to 23 t
ha™'. Combined analysis revealed significant effects of environment and line x environment interaction,
whereas differences among lines were not significant. Based on various stability indices, lines 5 and 7 exhibited
desirable yield and stability, with mean dry forage yields of 8.7 and 7.3 t ha™, respectively. These lines
contained 14.2% and 14.0% crude protein and had relative forage values of 224 and 147, respectively. Line
13, with 15% crude protein and a relative forage value of 200, showed moderate stability and better adaptation
to unfavorable environments. Protein yields of lines 5, 7, and 13 were 1,106, 1,027, and 1,024 kg ha™,
respectively. Overall, these three lines are promising candidates for rainfed cultivation due to their desirable
forage yield, quality, and stability.

Keywords: Quinoa, Dryland forage, Crop diversification, Yield stability, Forage quality
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