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Table 1. Analysis of variance of morphological traits of 14 studied quinoa genotypes
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Table 2. Mean comparison of quinoa genotypes in different traits

s 5o dliay
il sl Le sl Foes 0 e i
(&) e R D 2 =

28kos abjlie iy eleg 8l s X R oS 0P b e ‘
(Kg) (Kg) © (mm) o= em) T (cm) (cm) w595

Wy /o vy ¥IA® v/ AY© ¥/.9 V/¥Pel VAT va/. % titicaca
vaso/ 200 ¥/ c0 V- [a20C /200 AAPE o/y? Va/a?0cd VE/-80 f4/.20 Q12
¥ v§/yPede A5 WP A% V- /A% £/5%° Va/\2° \EI¥E0 foly o Q18
yayy/yeee ¥ oo 5500 v/ a/yPee yyPed Wie v/t YAlY % Q1
yyar/ye! v/acee £V /v W AR MY/ a/foee yajy ¢ Q22
Avrit y/acee v/ v/ace AIADSE v/l VE/APC a/A cee vajy % Q26
yray/.ef Y/xoe /A A a/yPed ¥/A° Va/a0c0 A0 Ve Q29
wro/-€f y/yeer £/-0 VIAE FIN® ¥/ Wise F/a0e YA/ Qa1
Nl ¥/ybed /2% v/ade IV A A $10° vy, Gizal

YOYY/aE0c \aad /0 ¥/.c q/yPed A Vy/ybed V- fpete yo/ve Red crina

yY-y/yae ¥/2 W/ oA WA o/-# VAIAR VYA FAY & Q101
Yoyl ¥/¥e0e VW/.8 /v e /42 s yy/ybed FAY 2 Q102
yag. A% ¥/e WY o/ AlpPed o/y? Vs/yae VAR A% Q104
Ll \AG AN /350 5154 AN /¥ VY/50 £y/¥0° Q105

C5]a.w sles JL\:-I L ladles j» Oz .(Y JS'\")
& Ny doxS opl 4 oS o8y A 4 (5)9d Al
Jole 13U cov oSSl ) i adgs Job g sl > cglis

Ll (oo Y sixe BB dgng pas odimd LS et b 5D dlde By

b Q102 Cuig ¢ ol (03I JS ) asgs sl Ciao

Jals b (gl gme BB gl dsgd VIY dliw 1 Sbeo
Gizal o8, caw opl 5 oy bowys 505 9 (Y=IV/Y)
dgr ol 3 S > adgs Sl pSle oy yieS (lyld



A

il e 5 sk il el 5,y lesb LS Shae
OB SS dilate )3 1908 ol (3935 9 5998y 90 Sluogad o)y

5 2L Jouily 4 a2 L il 5)Sles (I8 <l
o yos 0l alio £lis) dosilis ol oyl o YU mdadss
ka8 g Al drwgi ady) Al ol il )3 See Claw |
A3l olS asy clyp oolke Jolo oSSl o asls dBle
iRl Gzmed 9 olS )3 oyg E585 Cax S el ele
lacsss Olio (Staes Gl yp Jodo 0,Skes
Yl Glade e lis wdlas pl 0 awyp )96
Al (+IAATT) Bl jlaS g Gy )] (Siaren
1 45 Q102 4 Q101 Q12 Q104 (clacis; (¥ o)
4 Comd g1 5:0ke 0 5VL S 5 4 adllae ()]
b8 Cho ) (elie Cunsy LIS (rimen ilodg: iy
rlple (V Joio) 8390 05 (laceip] 4 Cuns 4Bl
Jolse Gl bcwin] plped wWlge bowyy ol
2 YL ab osles @ ph) Car ol lal
W55 8 eolawl 390 (g0l5a slacdlled

o)l el o)l als 5Slos L b ye Claw
LsliS il 4065 5 Soded 4 Cowd (Wb Sl 59
Pine g Cute 9 5| (Simod 3)l50 CIE > &5 55k
5 Cuto blyen olS £las)l Ciio g doyd S pdaw
(1Y) SIS oo Clise @ sy 2Vl Sl ine
oboser 5 (+/AR"*) Bl b (<IAY*%) 315 e
o 3 IS Jsb Clio uien s (/AT
b clio by olsdne g Cute (Sturen 55 3l JS
ie oY 5o dlo b cas il elegy 5 4l
o (+3+) olagey o 1y s (ine 5 e ol ye
il )50 blgy 4

ORI S > 4 Sl g S oy g Ui cliao
Osored 5 Boaig) om 3 Vb g8 a2y b 4 Lol
» lae piee )l olS ab 0Sles s b
56 dalllas ol > a3l o oS olS lalllas ela sy
FplS o ab sSlee G s)bne 5 Cute Ly
3 (5A") IS oo - 1A0%) (3 e o
5 BU (Y Joa) 03,5 esmlie (+/0Y*) ases sl
25 5 oolizl a8 13,5 5l celaalllas )3 (V0) oSen
sl gl (313 4 sl 5 sl ases Job L
wilises gl lSe j adgs Jgb Ll 1 pl6)) s 1) 92
Job Lews wwuily 339 7Y pdaw 5 (gl dme BB
b )ldine g Cute (Stuer il (ol 3)Slas 5 adgs
Sl oo

I3 Ojy Cute (alyen odmdplE (Stuwen Jod>
&5 5 plyen ol Lol (r=+/YA) wil oo ails 5 Slos b il
< oy il Splia (1 Jgia) cunl 0355 5l dne
s (Q104 5 Q102 Q101) wisgy Vb 5,8kes (el
Q105 cwig; &S Jb 50 Lol ilodg 50 YL wly i 50
ol 4235 1, o )3 pSolS V5T gt 3 Slas &S
A Jsi) 332 25 YIV (VU e b ablia s s
(V) oL g sde imghs I Jol> ol alie @l cxl
M zeput g e byl gy Cas g3 (pl ()] jo a8 2g
2L o sl opl simy i odel Cund 4 gl Lo

Wil pB)l om iy GB!I Sle Al (6)58
[A)

5 V5 3las elo il L Q101 5 Q102 (elaassis
Jals 08 4 Coms o dme BMS] glly o8 a5l VYV/A
shs can pl ;5 Q105 gy o MY ke b
(Y Ji2) 290 (Y=917) (o8 a3 ol (33l (35508
Cad & 2l b Bdaio ddllas pl > odel Cawd &y s
oS ol 039 dgm 53 (YY) SBL g Bgymo yimgs 5l oel
5 O oy gyl Q101 4 Q102 slacuiss; C)i 5
L Cawo cpl o1y o8 a3 ls ol oy 568 Q105 iyl
g

e 5:50ke L QLOL sy iyl (59 cabo 5
503 9 (V=YIY) sals b (gyls gae SMB] (gl)ls 5,5 /A
Mo an a5y 3 Q105 gy zmen g oy
oS sl Titicaca cuwigi g odg &b i i
oxd ploxl (cimghy )3 (¥ Joi2) 29 4l (g (Sl
S ub o i ol adlas wiler dilawl HedS jo
loquisiy 5> 5 TiliCAC i} 4 Cums Q105 uisis
by albjlia (g Logad (gw)yp 3)90 ilisee Claw )
59 0) oSan 5 be (F) Eanl 033 oien el
o8y & wlays (IS 1) Sl Siagh alie 4
oe 0y &b e g5 pwolde e 51 S Titicaca
o) Olysa & o) ol bl L ToiS sl
& 3231 ol lS Lo g 28 o 55 e sl
Slae gl &Sl o) Jo wad o duogi dalais l;olis
Vb (698 g (S 4 Jood g (w)9) gen (ol
iy asllasl Jole il oo o] ) 0351 o) bl ASlee
A8k gl elple s 2Lk «ile )l

owizzen 5 Q101 Q104 Q102 vy (slaeeiss
SboSke 9 b b ey 4 Q12 eydg) iy
LS 5 p)SshS YOPY 5 YVLY YAS. Xe¥. 5 Sl
Losals o) 4 Cumd Jbgme OMB| pyiin )b
Cao cpl Q26 Coigii Wde pSelS WY Sl
Joi2) 29 L %3 lacsis 4 Coms |y ke (328
5 0295 i WA CutS b olen oS Lilojl o (Y
wlie gl & 35 0392 (ldge )5S (seilaio iz )3 )3
5 QUOA Cigij o (b 2 il cand il aullas
P oYY 5 Y oSlee (4 Sbe b iy Q102
S0 L odwlis o ab o Sles i b S
3fdes Lld 51 Q12 gy i (V) $3g s
@ gdte S imgg )3 )95 Sac) 4 Cuns al>
(AATAY ) ol 0wy b

Slas g olS &b 5, Slas o jd 0ol (Susod ol pd
aod o by el oad odygl ¥ Jgas o I L Ldye
N i cie §l e 4 g Cute g Jl Ssen b Oliw
Dy o ze il
by oVb (Suod Gy glis)] pols adlas p3 oS wis y»
lole Wlg5 o dduen Cano ol Lol el 00l aily 5, Slae



st

S8l dgama 5 Jogle L o3k 5 ook AS sle

ol o 45 13be 5,Skee (il pS a L wls 5,Sles
las b ab sSlee  Swed Hlde op b ddlllas
IS i (IR wile b (AT) (e
0392 (+15A) 318 sk o (-IV5*%) glis,) {-/AD™)
S5 Wl e Sl gl gobel Bl ol ol
byl onl )3 4l 0Slas Candy lp (a5t (5
lio o (Stued g5 9 (i jl (25T 230 158 olS
sl & (gydb @ adbie whe Sl SIIFA ¢l
g b dales pbol guin Cegw 5 Cd Lo dlpa
dLmksw))J. dl).: wl.o.ﬁ 4».]91 ‘So.bl ui SleMb Oarod
bily) wg wwlg adle )90 Clie (Se8) yude
b gl b adlbe ol o Slis 005 sanlie | Siwsen
552 9 055w (1)) lSar 5 15l5 ey Lawgs ool s
cdllaa (1) GhlSen 5 KAl (V7) lSen 5 yoe (VF)

Gl ALl

Table 3. Correlation coefficients between the studied traits
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Figure 1. Grouping of 14 quinoa genotypes based on 9 morphological traits using Euclidean distance
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Table 5. Genetic parameters for morphological traits in quinoa genotypes
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Extended Abstract

Introduction and Objective: Due to the very high diversity among the genotypes of quinoa
(Chenopodium quinoa), it has shown a very high adaptability and stability in different climates.
Therefore, this experiment was performed to investigate the morphological and genetic diversity
of 14 quinoa genotypes and compare them with the control genotype of the region (Titicaca).
Material and Methods: This experiment was conducted using randomized complete block
design with three replications in the research farm of Gorgan Agricultural Meteorological
Research Office. The studied genotypes including 4 late genotypes and 10 early genotypes were
obtained from the Seed and Plant Improvement Institute of Karaj and were sown on August 11,
2019. Nine traits including plant height, stem diameter, number of sub-branches, panicle length,
number of panicles, panicle width, biomass, 1000-seed weight and yield per hectare were
evaluated during the growing season.

Results: Analysis of variance showed that there was a significant difference between genotypes
in all studied traits. Late genotypes Q104, Q102 and Q101 had a significant increase in most
traits, especially grain yield, compared to control and other genotypes. Comparison of
correlation coefficients between traits has shown a positive and significant relationship between
grain yield and all studied traits except 1000-grain weight. The highest correlations of grain
yield were with biomass, stem diameter, panicle width, height and panicle length, respectively.
In addition, the clustering of genotypes based on agronomic traits has divided the genotypes into
3 groups, with the highest average yield related to the second cluster including late maturity
genotypes Q104 and Q102 and the lowest related to the first cluster. In this study, the highest
genetic and phenotypic variance, heritability and genetic gain were related to plant height and
grain yield.

Conclusion: Among the studied genotypes, late genotypes Q104, Q102 and Q101 and among
early genotypes, Q12 and Q18 showed better performance than other genotypes. Therefore,
these genotypes can be suitable options for cultivation of this plant in this region.
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