vty
alpl yd Clidxd g pele T
OV~ B VEY ooz ojlads /oo Jlu S

& - s + MG%')
g3y allio i

DOI: 10.22124/jms.2023.7682

g’ GLroudah) Hdu (Fiailear (looniion 9 (o5 LS R (L))
zs5 2l g ol kuylyl o sy i (Chenopodium quinoa Willd.)

T 6530 dg0mme 7 Sliuol dgrme ¥ colivia] Lo yowxo duw b (SIS Buuo

VRV ol gl VESYN Y sl G
RV

5 Dglate e byl 1 b 6,85k 5 (SU5 £955 (03¢ oYL 3;,! JJsas Chenopodium quinoa Willd. 155
Sl ety nl el 5l Bus e oo Wyl oo Sl po 2lg g Ol Ll s y0 (i ol (ol o (ot (2 T
oS sl 5l B o Jiolejl al g lnl (2lse 5 o Ll b 55l 198 i 1Y (olandbans 5 J5ailsx slo Sy
S olils (55,5L8S pole 0aSails J3s (5,5l S 9 (559M5 50 oKolejl o VE- N Jlo ;0 S5 aw b Bolas JlS
S 5 50yy5 D90 D50 D10 « Sialer 35S o Sialem Eae o ¢ Siailex doys Slao iales] pl jo o el
Sedlad asdlliss lle slyms s Jolowe (So Sl Cuolan azalS g azadle g azals) Job el g azadle g azady,
O I gine Doglis S92 oaimo Lt Wwodls il jl 4325 gl aizd S 18 sy 1 050 gl slgiome g Dol LT o 531
sy (o) VYY) Shailezr dopo Slas ;0 Q26 gy o9 asdllas 5)50 s ol § Slas pled o bicussi
5® 03831 55515 s 5o YY) ool Wl 0 5l odlad cazal S 5 (55 azalS 5 azablo 5 azady, Job o Jjeils>
sSersdlcole ( Gialer (231925 e azls Hhai jleils 5 baais) ple 4 Comd gl Glyzee 5 (i (39 255
adls |y as) VL Q12 5 Q2 slacaisl cud ey 5 48 (3l Q26 gy asillisapyglle slsizme 5 55 Jslona
gy Ol sy oo ST 0ls (Lad (Koo slacdsi b alie )0 (50 @l Q26 igis candllan 5 )50 slacadsiy o 5o
by andls Glpl @lse g o lalyd )0 CBlS Coa s bl b Wil o

S o ST 68 yallo g o i jailen Dol Tz guudS sloojly

Ol ey LS oty «(55,5LaS pale 0uSiails «bils ol 5 el 09,5 Gk (S5eI9iSS 5 pole )l cwlid IS Ggmeils -
s.gilaninia@gmail.com

smrehteshami@yahoo.com Olpl ey o DLS oBils (5 5,5LaS pole saSizils (bl #Mol g el 05,5 ¢ Lasils -
esfahani@guilan.ac.ir Ol ey (o DLS oKils o 55,9laS pole saSasls «bls FMlol g sl 05,8 coliwl -V
bagh313@yahoo.com Ol @S «859LiS s g sbsgel Dlisizd ylesle yds g Jlos dngd g Mol Sliiod dusge ¢ iy HLobwl -F

smrehteshami@yaho0.com : Jgiws oo 55*


mailto:s.gilaninia@gmail.com
mailto:smrehteshami@yahoo.com
mailto:esfahani@guilan.ac.ir
mailto:bagh313@yahoo.com
mailto:smrehteshami@yahoo.com

CV-FONE Vol olods [pns Jlo [0 ) 4y lisio 5 psle

OSen 9 L3 LS

5 Sl oS (S5 Jolre (sl 5l Sials
ol sl )0 (gagee SR 050 (nl (LIS )0 Ladbge
Sy & e fge g @ Sidler Sl sals
3y b Jomd b sl 08 g ol slaazals
Foolad et al., ) 555 00 YU &, Slos 5 oo Loyl
5 SBBL a5 el el cuas (2007
Sble yo sl ollS oS ol loauSagame Julse
Jolge 3l cot cuheS nl ki azlye o1 L il
098 (S yd LoglS (S5 gl 8 alex 5l (g ke
Soltani et al., ) 5,5 o ,1,8 ;& ol> oobld 5 sl
eSS calie gblie coddl 05 4 azg L (2002
slecwiss) Olas awe) o Jrel> Oledbl a4 Hbows
e @bl sae |y pliioe il oo (2l plalS wae
Samarah and Abu-Yahya,) sl s,b leewiss o
(2008
"9 5o 19 sla)de (S 5 (oS Dlio ;o 95
Vidueiros et al., ) cool oo 5,155 o] oglie slo
(Gonzalez et al., 2011) ) Ko § (WJl545 (2015

Jles 3loads (5,51 moz dgiS cudgiy Vo o 2V g9
Ol 59y 5 adlllae bS o S (558 ) el 8
23 Sl Dol (Lo )0 adlate 4w lHgnS i)
Miranda et al., ) ols lis sladss slaasls ples
(Miranda et al., 2012) | Ke2 4 lail e (2012
L 19eS” sloyde om0 5o 5 (5 Slio slacgles
b Ll O3 lae yo (S ae 30 51 S50
Reguera) ., SKes 51,55, Slidios gl oS jo)158
55 33 oy p 0 y50 Slao a5 ols las et al., 2018
o) ez @l ) (S ol cutS adlaie 5 o8, @
S Lase b (PUNO 4 Jessie (Titicaca Zeno) ly..s
YL cuaS oS ol las Gl )8 G o Sglate
Prager et ) el oS cpl o (S g0 5l (U L&
Olen 5 K0y, olidss mlbs .@l, 2018
Lyl,s ob; 56 (Granado-Rodriguez et al., 2021)
Ol 1) 19S Hdy CudeS p Dgliite slapd) jo (e
5L eByl o e olsieas ViKinga 4 Titicaca o)l 4 ols
CedsS 50 Oglds 5 plpl o ad (Byme ydh SodS S
Bagheri) o,5ee 5 5,3 bawgs 1525 slacadsis ,d
ol yi,l55 (Salehi, 2020) =Jls 4 (et al., 2021

Yy

doddo

LA sl e dlge adgi p ool lad ol
bz b g)lul @msy 5 Ol M g, Corex
318 3929 Cay Lazme 5 cblis 5 (65,5LeS 4 bgi e
@ o> 5l e Sy (Bhargava et al., 2008)
Y game g5 ialS 4 e Jolae o)y OYgame
L Sl Gl S copl poodle .l 0uls 150 50
oo iolidl Jdody oM g DY guazes o Slos ualS
s(Thiamet al., 2021) wiS o wogs 1) oldé coal
Sonte sl i (3l SV same Gz g, ol
Erre wioils g9dge cnl el 0ad (Sl 58 alse
b (S35 5 b ol o sla Sl Jobo o s
(i (SEE) Faipd slais Jes Ul
~a YL ey g sladss )] (ol 5 YL slales
axg5 a5 adb o HlS cpl 5l (SO 15 asles 5 s
Pulvento ) ol os,5 > 8930 o> 0 1, ol
(and Bazile, 2023

Chenopodium  _ole oL L aJ g0 ol5 looS
50 &l gadlie g aléas S (Amarahnthaceae)

ooyl 51 quinoa
slge (Angeli et al., 2020) coul oy s !
ol e Se ) ol S 5o coleST b (g SV
CobeS el 00,5 Jad plical glads ) L
Al 55 g 9 92 PS4y S Wilgi g0 1928 (559
Sy ol 195 slaails .(Angeli et al., 2020)
o s (L (B 5B A) by (gdine slge 1 2V
(Tang and Tsao0, 2017) aib oo criglo 9 oy
) @obs g5 a5 ablion GULS ol 51 (S0 I5iS
Pulvento and ) ol o585 > sg3a ol o
2 celyy @lp oYL Jewily 15os (Bazile, 2023
Slle by $ev e b a5l aslelas )| 5l g asels
) o Sl slales 5 0,5 sladarzms o )ds adgs 5 0
o sl @YU Jeily o oS wiile aLS )l
an S oyl glails byl il cod YU ()50 40 9 Lo Gi
olals » )lad juals ( lie Cutal i (sl (ornlie
RUIZ 81) wil oo g)l50 o Slas (ial38l 5 pomye 25
.(@l., 2014


https://www.frontiersin.org/people/u/1188645

AV-FDN Yl oylas foms o [0l yd Sliniss 5 psle

wesS Sl Shg 2L

GR=Yn/¥Yd

(Y d.!ag‘))

il oo palejl slag, slaws d g 31 59, 50 00j4ilg>
o 5l 00ailgx amalS Ve olaas iolesl ;51 59, 50
Olaz Bl gazaiy, Jsb s @)ls o 35k
F0is SRS jslieas G 0 S (6 T o3l
ooV 2B b Jlimms 9l 5 )z adlw g azaiy,
Ol oK o 3o ladiges oy 51 o 00,5 ool | )5
el VF ooy Sy g pogmnds ga20 VO les L
TR
Sz Db 5 pSeslas] ‘a)f ey Cdo b Jhsus

L 059 o

Ao g0 N W o) Gl Do a s
solazl GErMIN ael 5l Siaily> 319355 5 J5aile>
! Germin 4k, ,o (Soltani et al., 2002) o
Silyz S lanl da )l Giallsr (L35S ds bxs
5 ) (Coebo ez ) Gloy blis )3 1S5 50 (xS
Eor— Oloy D b (b 09y by Sl eslin—ul b
Sl ao 13 e gas v Ve aS Gy b e ,d csls
B D1g &hg—ots lople) opl ai awloee bl 5lasl
Ve pley Jolas gailem o3192SS ol ooy L Dgg
Sidlez Sl o oy0 Ve b giailex JiSTas oo
(Soltani et al., 2002) c...|
GU= Dgy — Dy (V akal )
oiws 5l (SopSI Colam g5l plowl jslateay
SN0 Hekate s ol eolatul )1,SS e 0 mwcolas
Ogitle o) CEo b Jlazms (5515 b g lax ciged o
Jd el YF 00 5 cuslooly beaiges 51 Gy 39 9
S50 @l (o YO sl slagd)l e alesT 9,5
oald 1,8 gl 4z 0 Ve glod jo 15iLeSTl jo dnis
i b 4 g oadiyyy bk @)ls bbb e 0
diges wm al> o ;o ol ools ST oe5 4y g 00938l
@id 8 18 ogendw az 0 Ve gloo jo el YT Sovedy
Tl O3 5 Jalome 51 ayds 03,5 ) 5l g s
g <8LE e Jalore (SO Sl Colan olSiiws 5l oolaal b
8 Jgeyd U3l j0 eads cllooly polae .ol cllosl
o2 39,508 >y gl o (S Sl Clae g a8 S
(Faroog et al., 2005) ais 5,155 6,5 5 e il
EC
oSl cglas =

EC -
Jsloxs sals
(g));‘% 039 ( .))

Yy

Sl o ol 6,85 5 19 slac LB 4 az g5 b

~ailg> a0 bg e slaaasly bl 5l cwas b 4 adgs
PACeS b (Brre ol Jhagh plxl 1 Bas (5
oud algi (Guedgiy V1) it slacassss 5l Jol> )

29 7S @lor g ol lulps o

gy 9 Olgo

S8 Cezy 5 S5992508 oKkylejl o taghy
Slead VY L o DLS ol isls (65,0liS pole oaSisls )4y
s ol JalS SlacSsl b B s (i)
)l 2 S)9e LSLQ)LQ.A.) uﬂ)f)‘)s —r S)yge )1)59
VW0 L0 aw 0 as (V Joao) g cadgis VY L
3 g JUd antd 9 ko | Dlidiodd a9 0 VF0Y S
YO 5 B 4o FD 54z, b0 bz Jsb bz ,S
g 5l e YWY/ glas )l b (Jlol 4830 OO a> o
Sheole (LT 31gl Jo oy Jad Lb 0 5 oo S Lo
] sy g 0ah CBls p ime ey Lo yo
J31 0 GralesT plesl yles B ec—als 51 e by
ogmkw a0 F gloo L ailbo s jo oy lacsly
o (6l

BN A NS PN S-S5 ISR VECR Ty A R KVt
A Sdedy do )0 Ve o Cu S g Jalowe b cas e
oxile Bb (10 w5l Sy (e ((FpRea S adds
(g g S Hb des JI 90 Hlaie O 5l eolaul b ¢ Jole
JERIFRW JETYIRVRPT SR VRRAW oolol e § &ly g
B 69y 2V ple lanad 6 G5k 090 o9
64,0 Y0 sloo b jeilim )5 50 59, Cabd Sowdy o Slo
&,l (ISTA, 2018) wso—is ools 1,8 wgu el
03,5 wsbye Slo Al oS (g lde 4y g ailjy, &g
Eay— oloj 3l vad 00938l (6 B,k a4y Jlade ol b
Jsb sseb Jloxe b oodjails> slo ,d slaxs iole 5]
Stlosly g J5uS 59y 0 Rehee 90 ojluil 4 azaiy,
ekl sleslai Wl b giaile> ooy 0505 )by
(ISTA, 2018) 10,5 aculxs

n

GP_N x 100 :() dJa.:‘))
03;alg> (sla,du dlaws N ¢ Sjale> wuo 0 GP 1 jo a8
Ml;so IRWIIRAY (_gl.ﬁ)..b JS slass ([N 3?] 39y 0

Al osliw] g adaly 5l Siale> e s sl
«Ellis and Roberts, 1980)



CV-FONE Yo loz o)las [om0 Sl [0yl 53 clisiss

pole

OSen 9 L3 LS

axdllan 590 IgS sacuigl Clasin g (colwl =) Jgu
Table 1. Names and characteristics of studied quinoa genotypes

@, Al b udgis Lice adgi 1095 Jl &y
No Genotype or Identifier Origin Year of entry/production type
1 Redcarina The Netherlands 2012 Cultivar
2 Titicaca Denmark 2011 Cultivar
3 Gizal Egypt 2013 Cultivar
4 Atlas The Netherlands 2016 Cultivar
5 Blanka Dejunine (Q103) Peru 2016 Cultivar
6 Q1 ICBA 2017 Accession
7 Q2 ICBA 2017 Accession
8 Q3 ICBA 2017 Accession
9 Q4 ICBA 2017 Accession
10 COLORADO USA, 2011 FAO (Q12) Chile 2013 Accession
11 CHILE 2011- FAO (Q26) Chile 2013 Accession
12 CHILE 2011- FAO (Q29) Chile 2013 Accession
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Table 2. Variance analysis of the effect of genotype on traits related to germination in 12 quinoa genotypes
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St e T Gilyz ey ")‘b"_? e ‘3)4"9?_“"%"&" Time to reach Time to reach Time to reach

Source of ol Germination  Germination Germination 10percent 50 percent 60 percent

Variation df  percentage rate uniformity germination germination _ germination

Block ,| 55 2 22.111m™ 0.00002™ 8.631™ 0.084ns 2.902m 8.462"
Genotype 555 11 104.88™ 0.003™ 65.194™ 69.535™ 69.353™ 193.391"

Error W 22 15.747 0.001 6.546 0.362 4174 8.372
(lrals 477 15.48 18.94 1055 1312 15

CV (%)

Dl gias pae g 00,0 0 5 ) Jleisl mhaw jo lo gae oS 4 NS g s e
#:,% and ns is significant at the 1 and 5 percent probability level, and non-significant respectively.
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Table 3. Means comparison of 12 quinoa genotypes effect on germination traits
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Quinoa gehotypes Germination Germination Germination
percentage (%) rate (n/day) uniformity (h)
Red Carina 87.33 0.102 9.33¢%¢
Titicaca 88.66% 0.102 11.090¢
Gizal 84ac 0.11@ 8.53¢
Atlas 780 0.044 14,540
Blanka 83.33%¢ 0.05¢d 15,720
Q1 74¢ 0.04¢ 15.14b-
Q2 780 0.08be 23.442
Q3 88.66% 0.05¢d 15.72b-d
Q4 80a¢ 0.04¢d 16.28%¢
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Q26 91.332 0.132 7.56°
Q29 88.66% 0.11@ 8.78¢¢
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* Similar letters indicate no significant difference between groups in Tukey's test at the 1% probability level.
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Table 4. Variance analysis of traits related to radicle, shoot and seedlings

Sla o uSSle
e a0 r‘ufs r’uﬂ)ﬁ ij s Au)ﬁ s 99 gi)ﬁ J9J° Jﬂ-‘o wlj J9Ja
Source)zfviriation Sl T B Seedli T azailo wL.: e el Seedling
Radicle fresh Shoot fresh fresh weight Radicledry o dry weight Seedling dry Radicle  Shoot length
weight weight weight weight length  length
Block | s 2 0.0001™ 0.00007™ 0.0004"™ 0.000002"™ 0.000002™ 0.000008™ 0.101"™ 0.588™ 0.891™
Genotype_wsg; 11 0.02" 0.058"™ 0.134™  0.00002™ 0.0002"™ 0.0003™ 6.136™ 1.87" 12.019™
Error W 22 0.004 0.0001 0.0004  0.000001 0.000001 0.000002 0.165 0.225 0.462
Dlesdt o 15 45 6 10.7 5.2 5 72 116 7

CV (%)

Sldgre pac 5 30,00 5 ) Jliol mhaw )0 s e i A NS

o3

** *and ns is significant at the 1 and 5 percent probability level, and non-significant respectively.
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Table 5. Means Comparison of the quinoa genotypes effect on the radicle, shoot and seedling length and
time required to reach 10%, 50%, and 90% germination

Slaw
D10 D50 D90 axade; Job o axale Job azals Jsbo
l5S slocss;  Timetoreach Timetoreach Timetoreach (., L) (e 5l (e 26l
Quinoa genotypes 10 percent 50 percent 90 percent  pajicle length  Shoot length  Seedling length
germination  germination  germination (cm) (cm) (cm)
Red Carina 1.87¢ 9.33¢% 11.204 5.45¢% 3.03« 8.48¢f
Titicaca 1.983¢ 9.9¢% 13.07% 6.74%¢ 4,094 10.840d
Gizal 1.71¢° 8.53¢ 10.244 4.08f 4.13d 8.22¢f
Atlas 12,912 23.27% 27.46% 5.62¢ 4,29 9.91¢¢
Blanka 5.91bc 18.10% 21.63% 6.80¢ 4.19% 10.99%¢
Q1 12.822 24422 27.96% 4.8%9 3.95bd 8.35¢f
Q2 2.59¢ 15.4¢d 26 4.47%9 4.45b 8.93¢e
Q3 4.31¢ 17.44% 20.04% 7.79% 4.14% 11.94°
Q4 7.69° 20.90%¢ 23.97® 5.43% 4.14% 9.57¢¢
Q12 13.392 23.08% 30.572 3.879 2.72¢ 6.6"
Q26 1.51¢ 7.56¢ 9.07¢ 8.19? 62 1428
Q29 1.75° 8.78¢ 10.54¢ 5.144f 4.16 9.31¢¢

Al oo oy, rn I g gl pae suas ylis alive B,
* Similar letters indicate no significant difference between groups.
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Table 6. Means Comparison of the quinoa genotypes effect on fresh and dry weight of radicle, shoot and seedling

B o . . arady, Sa gy azaile Sas 5y agmelS Sas o)
Iy slocaigsy (P75 474 S5 (p5) axaile Soss (5) ezl S0 5 o 5
i Radicle fresh ~ Shoot fresh weight Seedling fresh e PR o
Quinoa genotypes weight (g) (@) weight (g) Radicle dry weight Shoot dry weight  Seedling dry
@ (9) weight (g)
Red Carina 0.01¢ 0.01 0.03f 0.01¢f 0.01¢ 0.02¢
Titicaca 0.01¢ 0.01f 0.03f 0.01¢f 0.01°f 0.02¢
Gizal 0.01¢ 0.01f 0.03f 0.008f 0.009f 0.01¢
Atlas 0.01° 0.27¢ 0.44 0.01%¢ 0.02¢ 0.03¢
Blanka 0.18% 0.36% 0.55% 0.01%4 0.01¢ 0.024
Q1 0.26° 0.22¢ 0.49" 0.01% 0.02« 0.04
Q2 0.15¢ 0.23¢ 0.39% 0.009¢f 0.01°f 0.02¢
Q3 0.15¢ 0.39? 0.54% 0.01° 0.03? 0.051°
Q4 0.14¢ 0.28° 0.43« 0.01% 0.02« 0.04%¢
Q12 0.12¢ 0.24¢% 0.36¢ 0.01°f 0.02% 0.03%
Q26 0.23% 0.35° 0.59? 0.012%¢ 0.27%¢ 0.04%¢
Q29 0.15¢ 0.33° 0.49% 0.013%** 0.02° 0.04°

il oo oy 5 cr 0 gine Dglas pac saimsylis aslie By i
* Similar letters indicate no significant difference between groups.

2 elonlion s SHhg 2 e lacuiel 1 (wilyls 43 -V Jeu
Table 7. Variance analysis of the quinoa genotypes effect on seed biochemical characteristics

Slayye (pSilee

St gl 2 b e SpSllcalie sl ool o kel el el
Sou_rcg of &ol3! Electrical conduct_ivity of Malondialdehyde Sapohin content Alpha-amy_la_se
Variation df the seed solution content enzyme activity

Block | s 2 16.978ns 2.898x 10ns 0.336ns 0.00009ns

Genotype_ss5 11 272.509** 1.175x10712%* 2.393** 0.004**
Error s 22 17.74 2.597x10* 0.118 0.0001
B i ey 4 14.1 5 5.75

CV (%)

Sl sixe pas g o0 0 5 ) Jlaiml o (o )0 g oI S NS g s e
=%, and ns is significant at the 1 and 5 percent probability level, and non-significant respectively.
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Figure 1. Effect of the quinoa genotype on electrical conductivity of seed solution
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Figure 2. Effect of the quinoa Genotype on Malondialdehyde content
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Figure 3. Effect of the quinoa genotype on seed alpha-amylase enzyme activity
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Table 8. The correlation between investigated traits in studied quinoa genotypes

lghaS” S gif 30 (o3 0390 Sldo (gl (SKwnod gl —A Jou

Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Slaw

1 1

2 752™ 1

3 -7217 -T7217 1

4 -818™ -865™ 0.478 1

5 -.832™  -979™ 718" 927 1

6 -.885™ -923™  .864™ 852 .953™ 1

7 712 0.219 -0.304 -0.369 -0.290 -0.383 1

8 0.406 0.404 -0.213 -0.372 -0.336 -0.345 592" 1

9 669" 0.316 -0.301 -0.410 -0.340 -0.410 .948™ .818™ 1

10 -0.309  -0.390 0.341 0.444 0.489 0.435 0.189 0.468 0.320 1

11 -0.026 -0.356  0.302 0.244 0.368 0.326 0.397 0.401 0.442 .801™ 1

12 -0.139  -0.387 0.332 0.335 0.434 0.385 0.336 0.448 0.416 919™ 972" 1

13 -0.169 -.633" 0.209 0.546 620" 0.425 0.331 0.121 0.284 704" .710™ 743 1

14 0.005 -0.339 0.040 0.357 0.362 0.229 0.266 0.163 0.254 597" 738" 719™ .796™ 1

15 -0.034 -0.419 0.080 0.414 0.434 0.282 0.291 0.159 0.270 643" 758™ 7517 872  .990™ 1

16 -0.572 -0.344 0.456 0.283 0.344 0.429 -710™ -0527 -715" -0.038 -0.053 -0.050 -0.124 -0.253 -0.233 1

17 -801™ -0.574 0.509 0.571 589" 629" -733™  -593° -758™ -0.143 -0.262 -0.228 -0.126 -0.227 -0.212 0.508 1

18 0.287 0.459 -0.550 -0.230 -0.396 -0.468 0.265 0.571 0.414 -0.037 -0.306 -0.216 -0.215 -0.317 -0.306 -0.561 -0.212 1
19 -0.140 0.054 0.033 0.023 0.050 0.021 -0.005 0.417 0.161 0.438 0.260 0.343 0.071 0.091 0.090 0.145 0.019 0037 1

cazady ) S )9 IV azalS 5 39 )Y azalle J je V) azad, 5 3e) .

weight, 13: Radicle dry weight, 14: Shoot dry weght, 15: Seedling dru weght, 16: Electrical conductivity, 17: Malondialdehid content, 18: a-Amylase-activity, 19: Saponin Content.
Sl sire pas g ao,0 g ) Jleizl mhaw jo o cixe oS S NS 4

azalS Job A azadle Job ik

azdiny Job v.D90 #D50 b D10 :F ( Jjdilen £oleaky o Jidilen Cus s ¥ Gjdilgn duoyd o)
omiglw (6lgize 1A Pluol WT cadled A ST 60 el glasizmn Yy Jodome (Ko piSUl Culun 1 azols SLid (459 10 Az adlu s 39\ F
1: Germination percentage, 2: Germination rate, 3: Germination uniformity, 4: D10, 5: D50, 6: D90, 7: Radicle lenght, 8: Shoot lenght, 9: Seedling lenght, 10: Radicle lenght, 11: Shoot fresh weight, 12: Seedling fresh

S

#:,% and ns is significant at the 5 and 1 percent probability level, and non-significant respectively.
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Abstract

Quinoa, Chenopodium quinoa Willd, plays a strategic role in establishing food security under
changing climatic conditions due to its nutritional value, genetic diversity, and high adaptability under
stressful conditions and different environments. The purpose of this research was to evaluate the
germination and biochemical characteristics of 12 quinoa genotypes adapted to the climatic conditions
of Iran. This experiment was conducted in the form of the randomized complete blocks design with
three replications in the Laboratory of Seed Physiology and Biotechnology, Faculty of Agricultural
Sciences, Guilan University. In this experiment, the characteristics of germination percentage,
germination rate, germination uniformity, D10, D50, D90, radicle fresh and dry, shoot and seedling
weight, radicle, shoot, and seedling length, electrical conductivity of seed solution, malondialdehyde
content, alpha-amylase enzyme activity and saponin content were investigated. The analysis of the data's
variance demonstrated significant differences between genotypes in all studied traits. Q26 Genotype
showed high values in germination percentage (91.33%), germination rate, radicle, shoot and seedling
length, seedling fresh weight, alpha-amylase enzyme activity (0.234 micromoles released glucose per
one gram of seed weight) and saponin content. Q26 genotype had the worst, and Q2 and Q12 genotypes
had the best performance in terms of germination uniformity, electrical conductivity of seed solution
and malondialdehyde content, respectively. Among the studied genotypes, the Q26 genotype
demonstrated better results in comparison with other genotypes. It seems that this genotype may have
better conditions for planting in the climatic conditions of Iran.
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