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Comprehensive abstract

Introduction

Quinoa (Chenopodium quinoa Willd) is adapted to many regions and has the ability to grow in
desert and frosts conditions, and hot and dry climates. Due to the low water requirement of quinoa, the
development of its cultivation can be expanded in most provinces of the country, and in addition to
providing the food needs of the growing population, it can also help in creating jobs in these areas.
Since the economic value of a variety depends on the value of its various traits, it is necessary to know
the status of traits and the variation between genotypes in the studied population to improve and
introduce cultivars. Although early maturity quinoa cultivars have been identified and/or improved in
the native land of this plant in South America and in many European countries, so far, early maturity
cultivars with the other suitable quantitative and qualitative characteristics such as high grain yield and
quality have not been introduced. The present study was conducted to investigate the important
morphological and phenological traits related to grain yield and growth period among a number of
foreign quinoa genotypes. The objectives of this experiment were to evaluate genetic diversity
between genotypes in term of the studied traits and to identify and introduce high-yielding, early
maturity and plantable genotypes in the region.

Materials and methods

The plant materials of this research were sixty foreign quinoa genotypes with the origin of Peru,
Chile and Bolivia, obtained from the Genebank of Leibniz Institute of Plant Genetics and Crop Plant Research
(IPK), Leibniz, Germany. The studied genotypes were planted in randomized complete block design
with three replications in Koohdasht, Khorramabad province, Iran, in 2021 and were investigated in
for important quantitative traits related to yield and yield components. The studied traits included
number of days from seed sowing to growth stages of three leaves, inflorescence formation,
inflorescence coloring, pollination and physiological maturity, as well as plant height, panicle length,
number of panicles per plant, 1000-grain weight, grain yield, harvest index, grain saponin percentage
and grain protein percentage. For data analysis, in addition to analysis of variance and comparison of
means, the relationship between the studied traits was also evaluated by phenotypic and genotypic
correlation coefficients, the traits affecting grain yield were identified by stepwise regression analysis,
and direct and indirect effects of each trait on grain yield were estimated using path analysis method.
Also, factor analysis was used to identify the hidden and independent factors affecting the studied
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traits and the reasons of traits correlation, and cluster analysis was used to group the genotypes and
select the superior genotypes of this experiment. All statistical analyzes of this experiment were
performed using SAS ver. 9.2 and SPSS ver. 25 statistical softwares.

Research findings

The results obtained from the various statistical indices indicated the existence of statistically
significant differences and high diversity among the studied quinoa genotypes for most of the
evaluated traits. Calculating phenotypic and genotypic correlation coefficients showed significant
correlations between grain yield and 1000-grain weight (0.938 and 0.934), harvest index (0.964 and
0.852), panicle length (0.762 and 0.750) and number of panicles per plant (0.677 and 0.651),
respectively. The results of stepwise regression and path analyses of grain yield showed that 1000-
grain weight and main panicle length with the highest positive and significant direct effects on grain
yield, were the most important predictive variables for grain yield. Based on the results of factor
analysis, three independent factors justified 81% (40%, 32% and 9%, respectively) of total variation in
the studied population. Cluster analysis based on Ward’s minimum variance method grouped 60
quinoa genotypes into three clusters, which included 25, 19 and 16 genotypes, respectively. The
grouping resulting from the cluster analysis corresponded to the geographical distribution of the
genotypes, so that the genotypes of Bolivia, Peru and Chile were grouped in the first, second and third
clusters, respectively. A number of genotypes in the first and second groups with the higher values for
grain yield, 1000-grain weight and panicle length, as well as the lower values for grain saponin content
and phenological characteristics related to growth period, can be selected and suggested for use in the
multi-regional trials to introduce the variety programs or for use in the future breeding programs.

Conclusion

The results of the present study showed a significant and very high phenotypic diversity among the
studied quinoa genotypes. The superior genotypes identified in this research, after confirming the
results in repeating the experiment, can be directly introduced as the new varieties and/or used as the
suitable genetic resources in different quinoa breeding programs.

Keywords: Cluster analysis, Correlation coefficient, Factor analysis, Path analysis, Yield components

Received: March 12, 2022 Accepted: June 1, 2022

Cite this article:

Souri-Laki, E., Rabiei, B., Jokarfard, V., Marashi, H. and Borner, A. 2023. Evaluation of important
agronomic traits related to yield and identification of superior quinoa genotypes. Cereal Research 12 (1):
99-114.

100



Qw Q."..’ . @
QA=) VP 5L (gl o loks cu33190 0590

o] L aw’
doi: 10.22124/CR.2023.23299.1745 U/’/)C‘F)“uﬁ)

lgiaS 3y S Guiei (o lwlblh g 0 o b bl yo £ly) pieo wlio 205

By byl 9 F pike yo o F0,3, 552 g Ty UL (ST (690 el

Ol ey (S olS8ils (55,58 pole 0uSiils ( BLS S 5 Al (i 09, (5,5 i gal Siilo )
i o g %) Glnl ead) (S oKl (55)liS psle ouSLasls ((BLS S 5 S (cmiigen 09,5 ol Y
(rabiei @ guilan.ac.ir
Olnl e (IS olRails «(55,5liS pole oaSiails (LS S35 5 wdgi (cwidign 09,5 (5550 (sezmisle Y
IRl edgion (g9 3 olKails (5 y9liS 0aSiils ¢ alS (3l 5 (59)5iSTgs 09,5 ol ¥
Sl G Y ((dPK) 500Y ely; ol alS Sty lidios duwie () SSb 09,5 coliwl -0

2ol ous>

Sile |y Sis g 0,5 lapaddl g blasy (Sbly bl sy ol el 5 ol 5Ll soumie 3blne 4 1505 1anadle
S s e 5 il S 92 slaglinl St 5 Wlgion 58 SIS Wl ol oS ol S o
ol jglaiody anllas 5,90 Comax 10 LS w £55 Gl 9 Slao Cunsy 5l BT ol pls o)l ol Galises Slas
(2ol $ysiS 5l sl )0 5 5 o5z G0yl o olS cnl ol pbse o a4z ST cul (55550 Byl Bme s
2l by Glojen o5 (w395 a8 (Bre ar 3350 (595 U Lol el ous plowl IgiS” 095 pB)) 23lal b 5 lalis
Sly slacass jhgslas om0 0B 098 Jobo g ails 3 Slee b Lo o Sujeleid 5 Suisledyee poe Slao (o) p
FB g Jpazmon o)395 Glacais) walllae 8,90 Slao (ol p lbcds e £95 Olie (2Ll oo B 0l ploil IS

331 A5 39 Soedr 5 (ot g (sl Lia b 1S o)y e Be ol o ol (8L Slge U509 5 Sl
S slocSshy aly 25 B s alllan 5,50 slanisss i at lall APK) (alS S5 i anemso 5
$lizl g 0,8 lee b oo coS ppe Slao i 5l g caS VFe e elys Sl o clbangS lw gl o (1SS aw b Solas
Al Jole B Ld il 1 slagg, olaws Glaws Jold Gudon (p) o aslllas 850 Dlaw aiid )3 13 obj55l 050 o Slas
At s by Job sy 665 Sfolpzed (Fmm) 5 0 SIS b 5, IS JSS (F a
Jelow g aio0 gl diog ails il do o 5 Alld uigle do s (il e Ll wils o Slas il e ig ie yo
5 e BT Glien 5 (lolid o8 4 68 (5055 a3 5l ooliial b il o Shas  Jige Sl s § (o) (295
St Jolse oLl lp o dole 4 4325 o, 5l o 0y51 e @328 gy ulal 2 ails 0 Slee il odits
iogS polaieds SladsS wja by 5l g Dlhe G (Saned 092y Jolod g aalllas 5y90 Slio p Jge Jis

Ve




oolazwl b uf;iLe)'T ol slaesls L5)L/J o Jdos g a0 adS ol eolaswl L;».:“Lc)'] Ol S slecaigs bl g e
2 plel YO asws SPSS 4 4/Y ass SAS Lg)L‘.'I sa,l5dle 5 sl

€55 5 b re g lel slacugles vg>g samolis walite 5kl sl asls auln jl Jol> @l @ @guind glraidl
Ot s 5 e (Shaan calpd 05505 0 ek Syl Slae (el L 1 1snS slacss) o 0 azg LB
(C1AYF 5 < JAYA o pay) dls e 58 Dlas g dils o Slee (o (610 gimn Jlw g e ([ Kiaar a5 b L Slas
IPVY oS pay) digr p0 ddig olaad g (/YD. o < /VEY i jay) alss Job (/DY ¢ < IAPY (o pay) cuble p el
039 o g3 a5 ol lad jd ails o Slee Code 4300 g pB Al ygew ), Al Jole b clls 0gg (/FON
Sloyite plyiea 5 Wog ails o Slas o ine priins 5 St U Gr ke Gl ol adg sk g als e
e, A gaamme j0 Jaies 5 ol Jole a da Jole &y 4500 b bl asas Gl ails o Slae 00isS 0650y
Q355 09 doyd AYTAY s PYNAVY FAUFY (ol o b ole (pl ppew 9 50,5 azgi 1) andllas 0y90 Stz JS &l pois
\F 9 IR JALM: w).):b as ols )‘).5 05; L) )O ‘) axdlao O)s.a wy) 7 so)b U’""b)‘ﬁ J;B‘J.> u.:e) u.:L.ol > 6‘4.\»9}
05,5 lacais; a5 (5sbay wiily ciillae lacuds) oLl 555 b ladss 4y 5l Jol> (gaieg,S a0g il
30 O g0 slacaig) ol wisgs Lk [EX Sl paw 09,5 9 95 Loce Shls ped 09,5 (godg Loce shls Jsl
Sl e 5o 5 VL Glats)l shls (el ags Jsbo g alls jl5a ()59 cils o Shoe Slao Jlai 51 a8 p93 5 Jsl slaeg 5
P OB B ez s S sl s w0598 Job b b e S3eled sla Shg g 4l Gl e S

RUSAWW) uj).sm 9 uL?:..u‘ G Lgo‘):tb Lglibcbol.:): » oolaw! L.:‘ 9 WB) ‘éj).uo A.AL:).)

98" oads anlllas slocadsss crm o 1) (Vb Jlw g a2 BB 5955 98 (b () 3| Jeolo guli 16y dois

ey odle Bl oo cplalasl ST 50 bl anl Ojge 50 (B cnl 50 eud lolid iy slacaigy 5l ol la
3,5 oolawl lgS Calises (sol5as slaaslp jo canlio Sty aolin (ylgicds (od, lgicds Ll pubiinns

St il po wode a5 (Glaligs 4 e Jule 4 g o o Ses Sl i guals (sWrejly

VENLYNY ol ol VECNYIYY cdl e Al

lio ool 4 sl g

b das o ool e Slao (ol AF) ol 0T 5 g crm (a0 a9 8,8, 92 (b« ory el (ST (6 9w
A-NF (DY odMe Glidxs 1908 5 glacwis) slulis o ,Sles

VoY



VF- )Le,g /Jﬁ‘ O)Lo.:a /MQ)‘SQ 0,99 [&He ULG.».OJU

lseS 35  Glacaisl plulid 5 ()5 poe Dlao S35

=hy sl SRy wed lulid jeuS bt slaglil
5 0,8k ol wigdiso syl 125 0 Logas &5 cage
5 UK ad, oyes Jsb s gl il 5 Slas gls2!
Say g (A5 ES olS S5, iy Jlie 59 ks oS
o Ol cails Slab iy G5« Sujgls s (S,
(Rojas et al., 2003) siws als yogle e g

slasllas (Bhargava et al., 2008) .l,Sen o 1551
7y peitee OBl Gl atll Lol pslateas |,
ploul Sy abei IS g als aSeis IS wils (i Julds
Snads sl)ls ails o Shae a5 ol ol Ll guls sl
S5 JS 9 a laJdg ks cails jla3 b o gie St
Lol g2 ails 035557 9 (g b (hie (Ko 5 S
s o0 Shes Slio 5l Siged b als o)l e bL3|
Iy als Hhad Ll jo b cpl o caalice Lailass, 4
P S el oo Sl (23LE (n St e
Maliro et ) ;) Kan 5 g9,dle .250,5 lore ails o Slas
Sl calisee Lice b 15 gaiite o8, VY «(al., 2017
oS g9¥le (635 e ddlaio 90,0 0, Sles glizl 5 0, Slee
olis oyl aisls )13 ol 8,90 g5lol g o Ll g0
Sot kel luls cos a8yl alds ails o Slee a5 wisls
LB S5 o) colal fulpd coo bl g oo Lyl
Lyl cod g iSe 40 p,SelS ¥o)a o Slae baugio
30 eSS Vo0 5 Sl lawgio b oobew ails o8, o
OhlSes 5 Sl5cn el i3s3, (5 gy LSe
9 09, S v, yskeds 5 (Shirinnejad et al., 2019)
5 Sl et «Sislsd e sloarls il &b
ol Al oaw ol o8, Jlz ol deS Sleign
aS wisls las g addllas  Loo )l Gasxe oRiils jo ol
O lime odsn Slis cicie @l Llale o,
Gl Q29 3, 5 Sy corlus 5 il Hhd o5y s
o) ) Llrbe o) culpli 5 0 Slio cnl Glime 00 S
Lyls cov dlise cald gbgb o 65,8k
2535 s Jurs | asna

5 loled @ pladl(als)l 6l y5iS 5l (gl 4z 5]
@ @se e Lol wilos S 19nS yos Bl ol Ly
S 8dee Sl wgllae sla Sg SIS 095 93, (B

\.

doddo

S sl glsr s ol g5 b gy 58S
Olye 5 ol Stz slsn 5 ST syl o gblie I (6L
el (Sl bwgte powSy ol Al Lwgie (S0l
S Sy 5 8L Sl 5l eaS bl Qb slas
ol 0ezg baiis Cuvgase il i oleend 5 (S8
S Ay gy Cerex 4 axg b3S g bigdgase
CosS 5 g5 b g S Gl poje e Sl ey
Vgparme oy oty loeslatal L ocglhae
laiby a5l j5u5 DLl g Dbjygrs 5l s sles
Sl el Sliadnd ohiga 5 (55,5L8S it (NS g e
clie 5 daz GLS o) p (65pslaS Slisies il
el H5S elyy bl 4z b 213 Slse wJg sl
35 oo Sl g )5 S @ olpl lse 5 O Ol
JoS 5 9SG 5l )92 (25 G (om0 ud el
SR g 3l Spd g S Blie yo IgnS LS (VL
Olsieds 1S 51 oolanul gl s 5 caisS &8 LYo
WA Gl 65)0laS @ ) e el oS S
Jamali et al., 2016) cwsl saio s 5 cuslio

SelS Sy 5 s opdle o5 sl alS IS
ool 4y ys0 b g 03l (S Olsieds 3 o sz
eyl LS oyl .(Bhargava er al., 2006) s
lay5iS (oo oskhe I3 5 95l (o b aliars
2 kb g 90T g sy atile Wil slalass
b ole o)l Jdea S el e SIS !
B polio g aiel laswl Cslhas 5 canlis slacons
b 9ler plole ey (Gase Slge 5 lagrlng 4z g
e lp el oads anglie Stz 505 L FAO) Sl
Lo YOY o i il o aial oS ol i
Mellire Jlo plsrsay wmte Mo lojls gogoe aoze
oS pl ogiads)l (FAO, 2013) wis (s,laS b Iy
SrysiS o504 10)9dS Sl (6 a5 Caul 0ad czge
aus Skl ol gy, 1 leoys Slidss bl
oz oS ol o 1eS Ll (Bhargava er al., 2006)
il sblis o cutS gy o conlio a6yl 550 5 ol

‘5>l)))| l) w‘ m}l ‘..\.u‘ Q”‘)"L"’ J)‘OM ‘;).’.o )5.“5
5 i8S calin gcads) (2 ) @bt slacasel



VE e /sl olods [a5lss 0,58 [ cliions

Ol 5 (S (5 )5

355 JalS 158 (slaasyy 4 olSan 5 ol (Fnms; 0l
A bl (ul o o badies 5l Solhas laals g Wog

St s sy Al ) Gilie Slio (gl cusll
Cubls 5l am aanly aslol o, SLL al> e g ol lel
S ol oliale;l jo ails pugp g Cpgle oy o
GHLS sy 90 e 3,50 Slao (g, Folasl g 0l
il leied beays, soled Ll 5l aigy S g S o
lio Sl i (5 o pigai 5 0 45,5 ki
Slao o plodl oaile L sloaigs oalod 51 Solas gboay
G ok s 5l slagg, Jold Gios (ol 5o aslllas 3,90
SIS s (S ol S S (S ) Jolie
SWERVORPIFINE KRNI SN PERY
wlo o Slos ils jlia 59 ddigs Job g 10 dligs
g gl 5 (eBgn Glime 9 SuBloy (aSLS

3 eolatwl b laml cils gy e i S
oldl sl (Gerhardt) & jla )5 Jow JlalsS oKiws
(V) alaf, 5l eolaal b boaiges )0 Sszg9e (39, Sy
:(Bradford, 1976) o (5,503l
N = Ax1.4008%(Vs—V() o

w

A iged 53 39750 03955 Olime Nowalal) cnl )

w54 Vb g Vs g diged (59 Wi Brae sl adle

90 dged gaml i Slp (Bras Sopu LS sl lads
oobel &l g Ao 0 e el BBl diges ¢ LS
:(Bradford, 1976) o acwlsws (V) alal,
Protein = N X 6.25 )
Koziol, ) J:365 sy bl 2 568 s Gwimlos (liee
Sy aS Y ke oigy ol 0 S g peSeshl (1991
A8 g e VW Jsbay Salojl gl 4 SW) Sas
dg) s aslol T ay T ol Lo Ve g Jiiie s Lo VA
YL ;o b o sols (IS5 Gada a5l FO Goeas Liales!
5 ob o 4l V0 Goeds Jol> WS ogd olul WS
<l @Y 5l FH) &S elis )| oled OS5 S 51y e
039 £ A sl ogmle Olime Ll jo 0l (6 5ol
:(Koziol, 1991) o 91 (¥) alasl, 5 eolazel b als

Saponin = 0.423 x FH + 0-008/,, ™)

\.

sobieds ol iagh g0l 5l leais aly coas
b bl ddlate jo citS sl g 5 slacaSeds

09, 9 dlgo

Foo Jelis rmgh cpl o eal colaiul  olS olge
IPK dsge (35 SSL 5l ool angs lgiaS alides oo
Cug)| 20 G600 Ghegdy ! () Jgez) o Lol
Ol s 5o @Bly Slidoi ac)ie o 0 VP Lo ole
S slacSol b 8 s (pli) olind) cbings
ot ainle] glaasly Job it 12l S5 dw b ol
5yl Frolaciys, o dlols e aw o] oye (ke
Al and F I s e il Ve lacs ) (55, alold

beogtae o515 4 (obows Sz LS 9590 5 (e
Sdler doys g pesls weys il e ()5 4 Az g
h CS Cgz A dale myeyie )3 G YT eyl
VY G g FrJolsd b ola)lod )bt SteSay o]
age Te ol b Lo s s 3 ol ol
355 e i oy S 5 axis S 5 )t o
S 90y s @ axg b Giales] opl ,0 e solawul
enlsy iy 355 ESa 5 ST B it ke
eSS 00 g ey Oland pow LSe 55 0,56l T
U il alo o ;0 0,9l 055 o0 B0 09l 055 LS
Bras pAlS 5l L3 saile Bl wsye B 5 (Sp cls
A4S 2 5 54 dw ol b slaS O jgea Hdy clils ol
GO Ay ,0 aig il g Jjales 5l aw a5 ol sl
CElS ) am Aol L] sl s S S, F
255 3 02 3l 9y ¥ aloliay ey g 90 kel 5 lacssis
el oS llpd slie 12 35, O BV G g0 oL
sile ST L o) lee (gl s ool b & g0ty 5l 5
Syzodr e 5 90 el padsb slap S g and
Solom bojylee sln g 2l9p slaplail g9, (LB slxe
Jbaw ble o an cale b fegs, 57,0 5l Sasan
3o leuwiel) cublopy o colatwl jg, can alold & | SS



VF- )Le,g /Jﬁ‘ O)Lo.:a /MQ)‘SQ 0,99 [&He ULG.».OJU

lseS 35  Glacaisl plulid 5 ()5 poe Dlao S35

Gilojl ol o o0 axllas 15 slacssi Slasie =) Jsoar
Table 1. Characteristics of the studied quinoa genotypes in this experiment

No Genotype ' Code Origin Seed color No. Genotype Code  Origin Seed color
1 CHENG67 D2190 Peru Brown 31 CHEN196  D9407 Chile Yellow

2 CHENG6S D2191 Peru Golden-brown 32 CHEN199  D9%409  Peru Bright-white
3 CHEN71 D2196 Chile Light brown 33 CHEN202 D9%413  Peru White

4 CHEN&3 D2194  Bolivia Bright-white 34 CHEN301 D9789 Chile White

5 CHENg4 D2195  Bolivia White 35 CHEN204 D9415 Chile Golden

6 CHEN&9 D5078  Bolivia Bright 36 CHEN205 D9416 Chile White

7 CHEN90 D5079 Chile White 37 CHEN206  D9417 Chile Golden

8 CHEN91 D5081  Bolivia Golden 38 CHEN207 D9418 Chile Bright

9 CHEN115 D9316 Bolivia White 39 CHEN209 D9420 Chile Bright-white
10 CHEN119 D9319 Bolivia  Whitish-yellow 40 CHEN210 D9421 Chile White

11 CHENI121  D9336 Chile Yellow 41 CHEN212  D9426 Chile Golden

12 CHEN123  D9428 Peru White 42 CHEN214  D9%429  Peru White

13 CHEN126  D9339 Peru Bright 43 CHEN215 D9730  Peru Bright
14 CHEN128  D9320 Chile Whitish-yellow 44 CHEN216  D9%431  Peru White

15 CHEN133  D9361 Bolivia Yellow 45 CHEN217 D9432  Chile Bright
16 CHEN146  D9374 Bolivia Bright-white 46 CHEN218  D9434  Chile Whitish
17 CHEN151  D9382 Chile White 47 CHEN220 D9439  Peru Yellow
18 CHEN154  D9385 Peru White 48 CHEN223  D9442  Chile Bright-white
19 CHEN156  D9390 Chile Golden 49 CHEN225 D9443  Peru White
20 CHEN159 D9376 Bolivia Brown 50 CHEN255 D9502 Chile White

21 CHEN167  D9346 Chile Yellow 51 CHEN268 D9548 Chile Bright-white
22 CHEN171  D9350 Chile Bright-white 52 CHEN270 D9558 Chile Yellow
23 CHEN172  D9351 Peru White 53 CHEN297 D9786 Chile Bright-white
24 CHEN179  D9358 Chile White 54 CHEN299 D9788 Chile White
25 CHEN182  D9392 Peru White 55 CHEN328 D9803  Peru White
26 CHEN189  D9400 Peru White 56 CHEN364 D9855 Chile  Whitish-yellow
27 CHEN191  D9402 Chile Bright 57 CHEN371 D9862 Chile Yellow
28 CHEN193  D9404 Chile White 58 CHEN390 D9878  Peru Bright-white
29 CHEN194  D9405 Chile Bright 59 CHEN391 D9879 Chile White
30 CHEN195  D9406 Peru Whitish-yellow 60 CHEN392 D9880  Peru White

T All studied genotypes in this experiment were obtained from the IPK Gene Bank, Leibniz Institute of Plant Genetics and

Crop Plant Research, Leibniz, Germany.

alllas 3 50 Slio o BLSI Glime aeed jslaiedy 0
Slio alS 5P 5 PR Khed iyl
2 obe L clio Glulld Cuz e 5 aulre
oolitul o5 4y 8 (9 )55 4325 (B 5l ailo 5 Shee
BT Olee eede 528 by, 5l eolial b o Jlosa 5 0
pooad gluls Clas I S o el pf 5 e

\.

G5l 5l Jol slaosls Joloxi g a5 jslaeay

caz lal Giolesl cpl o sas adlhe calie Slao
oo lol canlllas 0,50 Copraz 5 loeiyis 5l IS hpog
s (1 Sileo drools iSlas g Plos Jolss coiogs
95 9 e Ol o po g e Byl i
dle 00l (g pSojll Sl 51 SG e sl SISE 4



VE e /sl olods [a5lss 0,58 [ cliions

Ol 5 (S (5 )5

Olyss aisls deools gSlas g Pl ol 2oy
595 9 598 Ol s calpo g jlae Byl (1SSl
Ll 0l 1Y g o 1508 aslllas o550 (glacadsss
ool e eads all caliss 6Lmo)ui polde 5l aS ol len
Al g JB (S e s osalin Jgox
GL..: Q}MJGA ol Cozo> )é o ‘Sal.a))‘ Slho 4...15
Sl pss dals g osly iSlas 5 J8las acwlxe 3 Jol>
G 59, 9 als o Slae Glaw a5 ol lis dsllas 5,90 Slaw
2 eSS VoFY laie b i e Siglnsd (S,
S8 og Lls 1) ol sy asals o YL 59, PANVE 4 LS
(doond ‘9».5 cLS 6“";;3:‘.9 9 Slaw u.s).sw.e,c 4.1.@9 )"
als gl a9 YU aly o Slee L plB)| a5 5,5k
olaidl il b sland, leicas 5 o0g aieds)l b
dnlllac 9 90 Cumaz ;0 09290 £o15 Wigd oo (Byme HYL
JEIN @)Lo‘ Bar P Ql}:.cau. &lo o, Sles iy
Blo> 5l g axgs BB s S o 351 g ely; olS
Ot Og e Se 0 6,55l FY-A L YVPP
Wb odslin 4ze BB o s ybgle e lp
Ve Plas 5l Galizes sbocadssy (o QT Ol a5 5 5bay

Dy i VIAY sSlas U

G b ele 4 ayios hg, 5l 9,50 alls o Sles
Slao p e Sl Jele ololis cox Sl )l
Bl bl gladigs 425 Sag)y 5l g 0 (6,503l
andllas 050 slacuiel Gateg)S Helateds )ly mils)lg
4)).70 s@....oy 6bo)Lo] Ml.?m 6‘); W) obLa...w‘
o2 wlpo g owie (nSSle awslie (il )l
plxl 6l 5 A ad SAS Jl38le 5 5l ooigi) 5 (it
s g bble 4 i wue 43 (g S, w4

s 03liial YO ases SPSS 58l s 5l slaigs

Cou g o
Ol & ey So gslanl bl S ool
5! Gmlfl Jdo medas olo u_i..w ol @it wlas
he Slao Sl Canex 10 35z ge (S £55 Gliee
S 9 el 4 Wl oo Slao (o Lally) 5 5 09 90
ProGgi ol o oehiie (pay S SLLE SLS R))
2 W IPK dcnge 5l oo ags 19SS Sls,ly iy
als o Slas b by Sislsde 5 ol Slao oulul
ocaisl Gm g95 Olie b)) el B ol ob)
adllas 5 90 ailate ;o cBlS LB g Jpamen sloceis)
glooylol b)) 5l Jol b igd Bme o ololis

u.“.ch)—‘ L').;“ PR RS L;’lf~})| Slew Ty ‘_gl.:bc)l.o] =Y Jgo=
Table 2. Descriptive statistics of the evaluated traits in the experiment

Standard Phenotypic Genotypic
Trait Minimum Maximum Range Mean .. coefficient of  coefficient of
deviation .. ..
variation variation
DL 10.58 16.66 6.8 14.05 1.20 8.54 8.19
DI 36.75 62.16 25.41 48.86 6.22 12.73 12.09
DC 36.5 78.66 42.16 55.98 7.64 13.64 13.52
DP 51.16 90.16 39 66.3 7.55 11.38 11.29
DM 61.41 96.25 34.85 76.78 7.23 9.41 9.29
DD 68.91 103.75 34.83 84.25 7.21 8.55 8.42
DPM 84.83 153 68.16 121.51 14.27 11.74 11.38
PH 77.34 132.16 54.82 8176 28.81 10.27 9.64
PL 16.25 28.91 12.66 25.09 1.33 5.60 5.35
NPP 13.83 20.16 6.33 17 2.60 15.29 15.07
TSW 1.63 3.2 1.57 2.49 0.38 15.26 15.04
SC 1.09 2.83 1.74 1.99 0.58 18.54 17.98
PC 17.58 24.08 6.5 21.08 0.39 1.85 1.51
GY 2166.3 4208.3 2042 3285.44 505.93 15.39 14.86
HI 16.5 32.39 15.88 25.2 3.97 15.74 15.04

T The symbol of traits are: DL, days to three leaves stage; DI, days to inflorescence formation; DC, days to inflorescence
coloring; DP, days to pollination; DM, days to milk stage; DD, days to dough stage; DPM, days to physiological
maturity; PH, plant height; PL, panicle length; NPP, number of panicles per plant; TSW, 1000-seed weight; SC, saponin
content; PC, protein content; GY, grain yield; HI, harvest index.
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Table 3. Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients among the studied traits in 60 quinoa genotypes

Trait’ DL DI DC DP DM DD DPM PH PL NPP TSW SC PC GY HI
DL 1 0.08 0.08 0.10 0.09 0.08 0.20 0.13 0.88™ 0.76" 0.69™ 0.02 0.94™ 0.69"  0.69™
DI 0.08 1 0.86" 0.85" 0.83" 0.81" 0.09 0.11 0.03 0.15 0.09 -0.18 0.09 0.09 0.09
DC 0.08 0.85" 1 0.92" 0.91™ 0.90™ 0.01 0.19 0.05 0.08 0.10 -0.05 0.08 0.09 0.10
Dp 0.10 0.83" 0.92" 1 0.92" 0.91™ 0.01 0.15 0.08 0.08 0.09 -0.58 0.10 0.09 0.09
DM 0.08 0.80" 0.90" 0.91™ 1 0.91™ 0.02 0.12 0.03 0.07 0.08 -0.06 0.09 0.08 0.08
DD 0.08 0.80" 0.89" 0.70" 0.91™ 1 0.02 0.11 0.03 0.07 0.08 -0.05 0.09 0.07 0.08

DPM 0.19 0.08 0.00 0.00 0.01 0.01 1 0.20 0.11 0.25" 0.19 -0.09 0.19 0.19 0.20
PH 0.13 0.10 0.17 0.14 0.10 0.11 0.19 1 0.13 -0.07 0.002 0.16 0.13 0.00 0.01
PL 0.93" 0.02 0.03 0.08 0.02 0.03 0.10 0.12 1 0.72" 0.70™ 0.03 0.87" 0.76"  0.67"

NPP 0.80™ 0.13 0.07 0.06 0.06 0.06 0.25" -0.07 0.70™ 1 0.70™ -0.15 0.73" 0.76"  0.70™

TSW 0.75" 0.08 0.08 0.08 0.07 0.07 0.18 0.001 0.75" 0.75" 1 -0.09 0.74™ 0.94™  0.93"
SC 0.01 0.17 -0.04 0.04 -0.04 0.05 -0.08 0.15 0.02 -0.14 -0.07 1 0.01 0.09 -0.08
PC 0.93™ 0.07 0.07 0.09 0.08 0.08 0.18 0.12 0.86™ 0.72" 0.66™ 0.00 1 0.68"  0.67"
GY 0.69™ 0.09 0.08 0.07 0.07 0.07 0.18 0.00 0.75" 0.75™ 0.93™ -0.07 0.65™ 1 0.86™

HI 0.74™ 0.08 0.07 0.08 0.06 0.06 0.17 0.00 0.67" 0.70™ 0.92"  -0.06 0.67 0.85" 1

“and *": Significant at 5% and 1% probability levels, respectively.

" The symbol of traits are: DL, days to three leaves stage; DI, days to inflorescence formation; DC, days to inflorescence coloring; DP, days to pollination; DM, days to
milk stage; DD, days to dough stage; DPM, days to physiological maturity; PH, plant height; PL, panicle length; NPP, number of panicles per plant; TSW, 1000-seed
weight; SC, saponin content; PC, protein content; GY, grain yield; HI, harvest index.
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Table 4. The phenotypic (up) and genotypic (below, bold) path coefficients and indirect effects of first- and
second-order predictor variables on quinoa grain yield

Direct and indirect effects on

Direct and indirect

Direct and indirect

Trait ¥ GY effects on TSW effects on PL
TSW PL PH DPM NPP DP
0.80 0.14
TSW @ 0.09
0.56 0.20
PL 0.63 @
-0.038 0.040
PH E 0.036
-0.007 0.200
DPM -0.007 0.190
0.718 0.002
NPP @ 0.002
0.057 0.023
DP 0.042 @
T The symbols of traits are the same as in Table 2.
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Table 5. Factor analysis for the studied traits in 60 quinoa genotypes

Factor loading

Trait First factor Second factor Third factor Communality
Day to three leaves 0.825 -0.280 0.166 0.892
Days to inflorescence formation 0.384 0.858 -0.116 0.897
Days to inflorescence coloring 0.385 0.910 0.040 0.979
Days to pollination 0.392 0.909 0.021 0.980
Days to milk stage 0.379 0.911 -0.005 0.973
Days to dough stage 0.381 0.915 -0.008 0.973
Days to physiological maturity 0.235 -0.076 -0.543 0.355
Plant height 0.094 0.144 0.742 0.580
Panicle length 0.847 -0.317 0.210 0.861
Number of panicles per plant 0.840 -0.216 -0.145 0.794
1000-seed weight 0.885 -0.283 -0.077 0.873
Saponin content -0.092 -0.064 0.620 0.398
Protein content 0.878 -0.275 0.163 0.873
Grain yield 0.888 -0.283 -0.077 0.874
Harvest index 0.890 -0.285 -0.081 0.873
Eigen value 5.940 4.826 1.409 -
Variance (%) 39.602 32.173 9.393 -
Cumulative variance (%) 39.602 71.775 81.167 -
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Table 6. mean of total clusters for performance related traits and performance components

Cluster' I\;‘:r‘:(:’:;rp Zf DL DI DC DP DM DD DPM PH
25 15.83 49.11 56.36 66.71 77.1 84.6 122.92 101
2 19 14.02 48.99 55.95 66.2 76.83 84.33 122.41 92.27
16 12.81 48.35 55.55 65.95 76.3 83.8 118.41  99.07
Total mean 14.05 48.86 55.97 66.29 76.78 84.28 12151  96.85
¥ The symbols of traits are the same as in Table 2.
Table 6. Continued dolsl -f Jgax
Cluster’ liiﬁcﬁing PH PL NPP TSW sc PC GY
25 18.12 27 2.92 1.94 0.22 3843.59 38.8
19 16.98 25.51 2.49 1.95 0.21 3293.2 29.51
16 15.76 22.21 1.96 2.11 0.19 2598.71 22.39
Total mean 14.05 17.01 25.1 2.49 1.99 0.21 328543

T The symbols of traits are the same as in Table 2.
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Figure 1. Dendrogram from cluster analysis to group 60 quinoa genotypes studied in this research using Ward’s
minimum variance method
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