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Introduction

Quinoa (Chenopodium quinoa Willd) is an annual plant of the legume family, native to Latin America. In
addition to its high nutritional value, this plant has a remarkable ability to tolerate a variety of abiotic stresses,
including drought, salinity, and cold, as well as to grow on marginal lands. Due to its relative tolerance to
drought and salinity stresses, extensive genetic diversity, and ability to adapt to different climatic conditions and
high water use efficiency, it is considered a suitable plant for the exploitation of limited water resources and
saline soils. In terms of nutritional value, quinoa seeds, the main product of this plant, contain between 14 and
20% protein and are rich sources of essential amino acids such as lysine and methionine, substances that are
found in low amounts in most cereals.

Materials and Methods

In order to investigate the effect of different plant densities and cultivars of quinoa on growth, physiology
and forage yield, a field experiment was conducted as a factorial experiment in a randomized complete block
design with four replications in the fall and winter of the 2023-2024 crop year at the research farm of
Agricultural Sciences and Natural Resources University of Khuzestan. Experimental factors included plant
density at three levels (30, 50 and 70 plants m) and quinoa cultivars (Rahmat and Sadooq). The evaluated traits
were chlorophyll a, b, carotenoid, spad number, leaf area index, forage protein percentage, forage protein yield
and forage yield.

Results and Discussion

In this study, neither planting density nor cultivar had a significant effect on chlorophyll a, chlorophyll b,
carotenoid content, or SPAD values. However, analysis of variance showed that planting density significantly
affected leaf area index, forage protein concentration, and forage protein yield, whereas cultivar significantly
affected forage protein yield and dry forage yield. In addition, the interaction between planting density and
cultivar had a significant effect on forage protein concentration and forage protein yield. The results showed that
the highest and lowest of leaf area index with an average of (3.87) and (3.11) were observed in the density
treatment of 70 and 30 plants per square meter, respectively. Also, the highest percentage of forage protein (6.35
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and 6.03 percent, respectively) was observed in the density of 30 plants per square meter and the lowest were
(4.10 and 4.88 percent, respectively) in the density of 70 plants per square meter in two varieties of Sadooq and
Rahmat. The highest forage protein yield (1163 kg ha™*) was observed at densities of 30 plants per square meter,
in Sadooq cultivar and the lowest (540 kg ha') was obtained at densities of 70 plants per square meter, in
Rahmat cultivar. Also, the highest dry forage yield with an average of 18259 kg ha* was observed in the Sadoog
cultivar and the lowest dry forage yield with an average of 10633 kg ha™* was observed in the Rahmat cultivar.
Therefore, the significant difference between the two studied cultivars were present.

Conclusion

Increasing plant density to the optimum level, without creating intense intraspecific competition, by making
optimal use of environmental resources such as light, water, and nutrients, improved leaf area index and
increased forage yield in quinoa. The results showed that choosing the right cultivar plays an important role in
forage yield, especially through its effect on maturity time and weed resistance. Significant differences in forage
yield were observed among the evaluated cultivars, with Sadooq producing the highest forage yield. These
findings indicate that selecting an appropriate cultivar in combination with an optimal planting density can be an
effective strategy for improving quinoa forage production.
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Table 4- Mean comparison of leaf area index based on main effect (plant density treatment per square meter)

oI5 Sy g s LS
Density (plant m) LAI
30 3.11b*
50 3.42b
70 3.87a
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B)I5 o b oy gy Jleis] gaws )3 S5I ge5] elsl (s cxe (s ylel NS (gt 58 13 S jnide gy b (sl uSilo
30, 50 and 70: indicate the plant density per square meter, respectively.
LAI= leaf area index
* Means with similar letters in each column are not significantly different based on Duncan test at the 5% probability level

.(Najafinezhad et al., 2021)
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Table 5- Analysis of variance of some forage traits of quinoa ASH percentage, acid detergent fiber (ADF) percentage, neutral
detergent fiber (NDF) percentage, forage protein percentage, forage protein yield (kg ha™) and forage yield (kg ha™)

Ol o (ibe
_— a3 Mean of squares
’g“oé‘\'/ Ol S asys P Jdowl i ao)d sl pdacyy  eBgn ey oagn dSles  adgle s Shes
o df ASH S D353 g S B gad adgle adgle Suis
percentage  ADF percentage NDF percentage FPP FPY (kg ha') DFY (kg ha™)
‘ .
’_’gv . 2 0.002m 0.00051" 0.00025m 0.06" 132752.42™ 45095245™
Replication
592 o515 . o
©¥ "’5_” 3.69" 0.00021" 0.00168™ 4.49 99256.21 46803
Plant density (D)
_"’9’ 0.11ms 0.00026" 0.00352" 0.03m 745741.16™ 261674319
Cultivar (C)
DxC 2 1.40m 0.00087" 0.00178" 0.54" 49185.33" 727351™
ks
10 2.93 0.00108 0.00211 0.09 9496.23 4177963
Error
et e 216 8.4 7.7 5.6 12.5 14.1
C.V (%)

Woyd K g gy Jloin] pdaw (3 )15 gixe g )3 Gxe G yidy e g % NS
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively
ADF= acid detergent fiber, NDF= neutral detergent fiber, FPP= forage protein percentage, FPY= forage protein yield, DFY= dry forage yield
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Table 6- Mean comparison of forage protein percentage and forage protein yield (kg ha™) as influenced by plant density (per
square meter) and cultivar (based on physical harvesting)
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Density (plant m™) Cultivar FPP FPY (kg ha™)
30 L 6.35a* 1163a
50 bt 5.69a 1049a
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30 s 6.03a 624a
50 g 5.49b 567b
70 Rahmat 4.88¢ 540b
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30, 50 and 70: indicate the plant density per square meter, respectively.
* Means with similar letters in each column are not significantly different based on Duncan test at the 5% probability level

Al Cwd 4G9l v 8y p ([ 50 p,SelS VAYAR Sk = oy 51U 4 0,5 9hS) SUWis adgle > Slos
2 (82 2 SelS VEYY (1 Slo L) Suis dbgle 5 Shes 008 2l (0 Jsis) 35 B mine ([LiSa 13 p,5LS) adsle 3 Slas
sl imgiy ks pelly (Y Jsis) 45 snlie Cusy b, L) i abgle 5, Slhos oy 45 31 (i (5:5ke dulio



Najafinezhad ) |,\\Kea 5 315 850 395 odalie Bgduo o3, 5o
Ll S abgle 5, Slae oyt a5 50,8 5,155 (et al., 2021
WY g8 o8y 50 ,LiSa o 45 YONY 9 YAIFA e 1:Ske
YWY 5:ho U 35 olS opl adale 5ySlos oy jieS .05 oanlio
L ol iale)l goli el cand 4 G 155 o8, 50, 55 o5

J(Saberi, 2024) 5)l> JSlod b oliize Sy sladibdl

S 0y Slos Bgdo 08) &5 3903 Hlai )bl g o0 465y
25 1 g 5y 6y <l Cony 5y Sl &y Cop
S3pme P (et (S55 ngls 80 15 o ebgle 3,Slae
sese o s 3 o8y nl 5L 2L 4 e o 4l (g
Jrily o o o0 Lglds ol dler I sl 00d 0395 Cunnj &
i oo bl 4 icalio gl 5 St oo 155 5 Y,

wbgle 3 Slos oy 45 A5 el gadge oyl 5,5 0,Lil Liales]

o8y iU Cou (L5 3 0,55LS) s ad gle 3, Shos (pSibo dmmlie -V Jguo
Table 7- Mean comparison of forage yield (kg ha™) as influenced by cultivar
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DFY= dry forage yield
* Means with similar letters in each column are not significantly different based on Duncan test at the 5% probability level
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