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ABSTRACT

Introduction: Quinoa (Chenopodium quinoa Willd) as a members of the Amaranthaceae family is a dicotyledon pseudocereal. Quinoa is a plant
that is very resistant to nonfavorable environmental conditions and shows high resistance to biotic and abiotic stresses. Quinoa seeds have a
higher nutritional value than many cereal grains and contain higher quality protein and large amounts of carbohydrates, fat, vitamins and
minerals, which are used both in human food and for feeding animals. The high adaptability of this product to different weather conditions has
increased the yield of its various types in countries outside of South America. The existence of nutritious compounds of quinoa seeds, including
the combination of amino acids, minerals and vitamins, has led to more research on the properties of this plant.

Materials and methods: The field experiment was conducted to study the relationship between agronomic traits (including plant height, panicle
length, number of seeds per plant, plant yield, thousand seed weight, seed yield, biological yield and harvest index) and mineral elements of
quinoa seeds (including Zn, Fe, Mn, Na, Ca, K, and P). The experiment was conducted in 2018-2019 growing season at the faculty of agriculture,
Razi University, Kermanshah with a randomized complete blocks design as a split-plot factorial with three replications. The experimental
treatments were included three planting dates (March 15, April 15 and May 15) as the main factor and the combination of planting densities (40
and 60 plants/m?) with genotypes (Q29, Titicaca and Red Carina) as subplot factor.

Results: The results of the experiment showed that the seed yield (2297.5 kg/ha) in sowing date of April was significantly higher than March and
May (1484.5 and 2137.7 kg/ha) sowing dates respectively. The effect of the studied treatments on the mineral elements of quinoa seed was
insignificant. The mean comparison for plant density showed that the density 60 plants/m? had higher seed yield than the density 40 plants/m?.
The results of canonical correlation analysis showed that Wilk's lambda statistic was significant at 5% probability level in the case of the first
function, indicating the existence of a significant correlation between the two groups of the studied traits.

Conclusion: The results of this evaluation showed that zinc (Zn) and phosphorus (P) had the highest correlation with the corresponding focal
function among the mineral elements. Among the agronomical traits, the highest correlation was between the traits of 1000 seed weight and
panicle length with the first focal function. Therefore, the plants with higher values of 1000 seeds weight and panicle length, can be used to select
seeds with higher amount of zinc (Zn) and phosphorus (P).
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Figure 1. Mean rainfall (mm), maximum and minimum temperatures (°C) of the study area in

2018-2019 cropping year.
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Figure 2. Means comparison of planting date x plant density x genotype

effect on quinoa panicle length.
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Table 2. Analysis of variance of quinoa agronomic traits influenced by planting date and plant density.
Mean Squares Sl e (. SKko

ua>L.u P . = 25 "
s Sos0em o, Slee ails o Slos als e o5 Wgr o &l e gy ,o dild dlass s> Jobo W glas )| ol P é""‘ _
e Biological Seed 1000 seed Seed weight per No. of seeds per Panicle Plant of Source of variation
I—!agvest yield yield weight plant plant length height
index
<
3.77m8 37775 6643 0.01ns 0.25Ms 3845 0.53ns 16.44"s 2 ok
Block
culs &b
104" 17049641 2145437 470" 9.24™ 1145550™ 71.4™ 1866~ 2 i o
Planting date (P)
7.75 102623 4431 0.04 0.02 13896 0.42 122 4 e
Error 1
o o o x o ox ox 5 15
39.6 1519060 81511 0.42 28.04 3555346 0.07ms 403 1 s 'J_),
Plant density (D)
4.5m 4828"s 2553 0.005"™ 031" 1272208 0.23™ 17.8m 2 e ‘1; g “;“ &b
X
78" 2282871 93402 1.03" 0.89™ 364253 251 4435™ 2 SEe
Genotype (G)
17 41282" 13831** 0.03™ 0.05™ 1595 0.15m 116 4 ““’”P ““(;U &b
X
el x de oST 5
1.2m 2666 " 933™ 0.001"ms 0.004 s 6026" 0.17m 8.6™ 2 i y)D “g iels
X
x g oS5 x cudls )b
2.4m 11580™ 9221 0.003"m 0.002 s 1597 ns 0.27" 5.15M 4 RN
PxDxG
Y s
1.45 14356 2025 0.013 0.01 16899 0.09 8.76 30
Error 2
CV (%) &, o,
2.72 2.72 2.34 5.20 2.56 7.11 2.23 3.12 ) S ey

Coefficient of variation

10 S0 sl NS g .o )3 B g sy ) Jlosio| Zokw jo I Sro o a F
** * Significant at 1 and 5% probability levels respectively. ns: no significant.
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Table 3. Means comparison of some quinoa agronomic traits influenced by planting date, plant

density, and genotype.

(p,5) als 52 )39 G o als olaas (o silw) a5 glas )| Joloe
1000 seed weight (g) Number of seeds per plant Plant height (cm) Factors
Planting date <.uls & 6
L]
1.71 1853.16 83.32 ——
March 6t
2.19 2068.61 102.47 2092 18
April 4t
2.73 1565.77 98.9 i) 10
May 5%
0.19 109.08 10.25 LSD (0.05)
Planting density a5 o515
2.30 2085.77 92.17 & e 2 G ¥
40 plant/m?
212 1572.59 97.63 & fe 2 S P
60 plant/m?
0.063 72.248 1.645 LSD (0.05)
Genotype g3
100.11 100.11 100.11 Q29
94.36 94.36 94.36 Titicaca
90.23 90.23 90.23 Red Carina
0.07 88.48 2.01 LSD (0.05)

Redcarina g 4 by e (LSe ;0 0,5l VFAT/O)
aS Sy oo iy (T Jga) 09y wianwl VO cllS &b 50
(0299, VO clls AU e awls o Slee ilidl Lo
Pl oy Sl a5 Sl ole (23598 53 A sled
spbn yibar s oSlas 5 s SlalS u, ol

b emyp ! mblo (Mirzaie et al., 2020)
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i A bgs e (LS o 0,55l YYAV/D) ails o ,Sles

O Hlade oy ieS g (28,9,8 V0 cilS &Ll o Titicaca



Van Minh ) céb ol;sl ails o ,Slee coles 4o g st
5 e |y oialeyl ol lie mls et al., 2020
03,5 5,55 jae ,4aS5 ,o (Eisaetal., 2018) .l Sea
33 g VPV oo 4 OFe e 5l W o1 il b oS
o a8l 18l 0oy YEIV (e 4 ails o Slee LS
oo (Wang et al., 2020) ) SKen g Kilg a5 Jb> 50
g T gy Verer slaig oS5 mlidlas s ,S
ez 9S50 1giS ails o Sles ol 4 e LS

g olas o Gialojl enl glaasily b aS 9,0 5

caslbe (Lavini et al., 2014) WLl w0 cingh
Sods o 1gS wlo o Slae e 0,5 5,155 a5 el
als 3 Slas a5 5 ysbas 2,5 )5 cals @b b cow
VO g (o8 VO sleg b e Titicaca _uigs
LLiyl jo 0 )LSe j0 (5 VO o ¥V b ia Cuiguo)l
45 ol i eSilie Aulia sl Ty 5 i o1 L
P a5 P oSk alie )0 mye yie 0 we ¥ oSTS
oRlPl o syt n S Al o Sdee Sl e e
S oyt Jedoar GYL wis (ST 50 alls 5 Shee

5 090 £y Olho (B g ple p cudgif g A oS bl b bl ST Sl A lio —F Jgu

JgaS 5o

Table 4. Means comparison of the interaction effect of planting date, plant density and genotype on
the average of some studied agronomic traits in quinoa.

S8l g o ,Slos als o Sles &g o,Slas sl fo
(do,0) il yy aslis Sa B lSa _ . P T Planti
Harvestindex (%) 0520 #7505 (S 52 ¢35 (&rere 52 5 Genotype anting
Biologic yield (kg/ha) Seed yield (kg/ha) Plant yield (g/m?) date
50.01 3041.67 1517.83 3.14 Q29
42.69 3734.17 1590.50 3.30 Titicaca il 10
March 6t
48.37 3085.00 1484.50 3.08 Red Carina
42.75 4847.50 2070.00 4.29 Q29
4178 5498.33 2297.50 4.75 Titicaca 012598\
April 4
44.26 4908.33 2171.67 4.50 Red Carina
43.06 4752.00 2044.17 4.24 Q29 \o
41.01 5203.33 2131.67 4.42 Titicaca “iges)|
44.20 4540.83 2004.17 4.16 Red Carina ~ May 5"
1.42 141.262 53.055 0.12 LSD (0.05)
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Table 5. Analysis variance of the seed mineral composition of quinoa influenced by planting date

and plant density

oy 5eSis ) ,
Mean squares 3] 4y S
®) ot () gy €C) podlS  (N&) i (M) 358 (Fe) ool @n) s, df Source of variation
. . ks b
0.029 0.037™ 0.031™ 0.00009 ™ 374.61™ 2785150.73™ 6053.66 2 ] c
Planting date (P)
0.001™ 0.067™ 0.020™ 0.00012™ 60.32™ 407358.42™ 176.41™ 1 s WS_‘)S
Plant density (D)
S0 8155 % SIS
0.004™ 0.002™ 0.071™ 0.00012™ 360.60 ™ 573015.19™ 248.22™ 2 “9 ps)l; b <
X
0.0008 "™ 0.004 " 0.021"™ 0.00003 "™ 425..02"™ 205495.18 ™ 157.26 "™ 2 5
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0.004 ™ 0.028 "™ 0.018™ 0.00005"™ 258.85™ 364288.23 ™ 159.94 " 4 wf); uglf &b
X
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0.0009 0.051 0.018 0.00007 122.42 742166.03 173.30 4 g X Sy 515 X LAl g

PxDxG

Fd sy ol ke

E 2
2 50

b}

% 40

" 30

a

N

‘:j: 20

3 10

Sodsl VO SRohe,d 10 Cigan,| VO
-, PERE

0.4

0.3

0.2

0.1

S e paé g a0V Jlaisl i 0 jls e ol gay ™ g

(duo,0) yiud laie

dghas 4l )0 yhud 9 59y polie p CllS )b FI (uSilee A lio - ¥ S
Figure 3. Means comparison of the effect of planting date on zinc and
phosphorus elements in quinoa seeds.

*and ": Significant at 1 % probability level and no significant, respectively.
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Table 6. Correlation coefficients between agrronomical traits and mineral elements of quinoa seed.
lea o ails olass
s Sl ofke OB Gy Jsb gl
. e, N asls -2 -1
(P) ,aud el T e Foe ool S$9, sl So5edse als 1000  Number adgs &y olio
(9] Ca) (Na) (Mn) (Fe) (Zn)  Harvest Biological  Seed eq Ofseeds Panicle  Plant Traits
index yield yield . per length  height
weight
plant
0.43 -0.50" 0.07 -0.21 0.11 033 070"  -0.62" 0.83" 0.84™ 0.0 -0.06 0.84™ © iuf"
Plant height
0.64™  -0.37 0.26 -0.26 0.12 041 085"  -0.76™ 0.98" 0917  0.69™  -0.01 1 s> sk
Panicle length
Qg 4o dilo olass
-0.28 0.32 0.20 0.48" 0.44 0.41 -0.19 0.38 -0.11 -0.10 -0.29 1 Number of
seeds per plant
als 1 (5
081~ -026 -062" -0.30 -025 008 065"  -057" 0.68" 0.67 1 1000 seed
weight
ils o Slos
061 -035 -025 -022 012 040 084"  -0.73" 098" 1 Naea
Seed yield
S390ge 0 Lo
0.65™  -0.44 -0.28 -0.35 0.05 032 086"  -0.84" 1 Biological
yield
el L
-0.65™  0.56" 037  0.65™ 008 -010 -0.77" 1 S
Harvest index
072"  -0.44 -0.33 -0.30 0.09 050 1 @n) s,
0.27 -0.13 0.13 0.31 0.48" 1 GO
-0.31 0.22 0.23 0.18 1 (Mn) 55
-0.36 0.41 0.16 1 (Na) qyo
-0.49"  0.00 1 (Ca) pals
-0.37 1 (K) sl
1 (P) ,aud

*and ™: Significant at 1 % and 5 % probability levels, respectively.
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Table 7. Canonical correlations and the probability level of their significance.

P Jlezs elaws F oyl e o) Sk STNRER & e A s
Prob. level Approx. F Wilk’s Lambda Eigen value Canonl(_:al Canqnlcal
correlation Variable
0.047 2.048 0.050 4.332 0.901 1
0.256 1.391 0.269 1.379 0.761 2
0.408 1.122 0.641 0.561 0.600 3

JguS dilo Juame polic g £ly) Olao o Sigls M ol -A Jous
Table 8. Canonical correlation coefficients between agronomical traits and mineral elements of
guinoa seed.

P8 s, oads o il Sgls culyps

Slao
Canonical coefficients Standardized Canonical correlation . .
Traits Variable
3 2 1 3 2 1
5o &lo olass
A
-0.860 -0.304 -0.410 -1.032 -0.080 -0.214 Number of
seeds per
plant =l olao
als e 59 Agronomic
-0.216 0.333 0.918 -0.661 1.191 0.502 1000 seed traits
weight
abg> Jobo
-0.147 -0.452 0.880 0.208 -1.281 0.514 Panicle
length
-0.086 -0.406 0.895 0.599 -0.881 0.696 n) s,
-0.663 -0.610 0.184 -0.603 -0.233 0.430 (Fe) Qﬂ
-0.437 -0.644 -0.175 -0.361 -0.147 0.147 Mn) . e polic
-0.591 -0.071 -0.434 -0.336 0.070 0.123 (Na) oo ails
Seed
N - - - Ca
0.259 0.567 0.546 0.392 0.481 0.035 (Ca) puels minerals
-0.402 0.186 -0.435 -0.212 0.015 -0.061 (K) poamliy

-0.188 0.206 9.887 -0.577 0.654 0.553 (P) yaud
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