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Effect of planting date on germination indices and biochemical activity of seed in
different genotypes of quinoa (Chenopodium quinoa Willd)
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Abstract

In order to investigate the effect of planting date on germination characteristics and biochemical activity of seed in different quinoa
genotypes, an experiment was conducted in the Research Laboratory of Seed Physiology and Biotechnology of the Faculty of Agricultural
Sciences at University of Guilan in 2019. The experiment was performed as a split plot in the form of a Randomized Complete Block
Design in three replications. The seeds of three genotypes T, R and Q29 were planted on six planting dates: 15 January, 15 February, 15
March, 15 February, 15 May and 15 June in the research farm of Karaj Seedling and Seed Breeding Research Institute. The harvested
seeds from the treatments available in the field were transferred to the laboratory in order to investigate seed germination characteristics
and vigour, and were measured germination percentage and rate, length and weight of the seedling, length and weight index of the seed
vigour, electrical conductivity of the seed solution, and biochemical characteristics of soluble protein content, malondialdehyde content,
alpha amylase, catalase and peroxidase enzyme activity. The interaction of two factors was significant on germination percentage,
germination rate, number of abnormal seedlings, activity of alpha-amylase, catalase, peroxidase and superoxide dismutase enzymes,
soluble protein content, malondialdehyde content and electrical conductivity of seed solution. The number of abnormal seedlings was
highest in Rosada genotype in April, May and June and in Titicaca genotype was in May. The three planting dates of 15 January, 15
February, 15 March in Q29 genotype showed the highest percentage, germination rate, alpha-amylase enzyme activity and the highest
number of abnormal seedlings. Electrical conductivity of the seed solution and malondialdehyde content in Q29 genotype were higher
than the other two genotypes.
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Figure 1- Average monthly temperature and cumulative rainfall during the growing season in Karaj region
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Table 1- Soil physical and chemical properties of the location of the experiment
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Table 2- Genotype name, origin and identifier of the ten studied quinoa genotypes

sy awld 512355 o Lite &
Year of L
Row ID . Origin Reference
entry/production

. @Sl oK isls—aS Ll . .
1 Titicaca 2002 . ] Final Repot Quinoa TCP
Denmark—University of Copenhagen

CHILE 2011- FAO

2 2013 FAO Final Repot Quinoa TCP
(Q29) PotQ
3 Rozada 2006 Peru FAO
sldas =N =T 5oy 55 0334 gla )do sldas =n skl s ds e 53 5 e S yled Sleda s 5 5
b S LgLA).\.:Jf ﬁ.ﬁcMLﬁ)TM)A}@) s)ml? LSLA;;}:'J sy

Germhnation rate=Y. Gi/di (¥ sl ) 0555 dsk (Gilem So 5 Ao pd Dl 5 0
Sl 5ok as i s Jab et wmalS oS s
S sn S gla gy Sl 5 5db s S S
GHeTIT 0 5T ollad 5T (o306 e ¢ homs
ol il ys s 3515 5 S eIl ST, 5 V6L

YO sltss e ylblind g5l O g05T ploil ) glite 4 ha s

UZJLJ BYS) di 9 ‘_;éb o.:jsb"}g- LgLA)..b sliss =Gi
Seslial b 55 arolS a S35 5 Job el
blon 5 dailyy 5 SlamalS as; 5 S5ale Ao s

.(Abdual baki and Anderson, 1973) L.s 5

oealS Jb 4z jesla= (¥ adasl ) Aol 5y 55 Slow 27 (55, 5 S SS
38l A ys x (e k) “’}k\:f J b 2350V Odew ba fongm LA Sesls Hl 3 et i
Earh 3 8 3 gk 53 YO (Sles L) 5ln

4’.‘“\:5 Ls’Jﬁ“:“.u”"L‘;: (? 4.]44‘)) J}b )l:ml; aJ}A} ‘}>- LSLA)JJ NP )_9)}& &_Lﬁ)"’
S50 g o3 x (¢ B) S 05 g Bdh Calasl 5 holed e e Y iy

4o )3 ) b Oy IS e Jgloe Sl L)y G pte s

LSes 1 (S S Cnlin 0g05T plil sl ;
Jhie OTL LY B Y e 5 ol oslinal dids ¥ ke

ol sl b3 8 esliz ol 1SS Jlgr 3 ey s . o
0235 58> 63315 5 Sl sl a5l 5k 00 e {2t Bt ) O 2T S0 g3 it b
L;}ut;u_;,;u:,_uﬂ@r.zjt‘puuw.u
Yo ol 5o, 5U eSSl s b )b g OT w YO
SULE 5l g5 s A 0313 515 e g 455

33 0313 OGS YIS 5 0353 T @ 00y 55

S o3Il 0356 g apalS 03 53 bl 5 araty ) Jsb
SlaaalS den 55 bl 5 ardiys 505 g A
i (6, S o3l Jemus 333 695l 5 5 esliza | L 6334l g
gy 03 S i 1 g WOT &St 035 0T I s
w53 ¥ los s e L Y Slotr b & yos 0l ”u:““u"“"&‘jw“ﬁ’m'“”{““*’wa “fm”o"
EC gty oo b s i 303 1§ ek o s 4SS 055 5 0l atetis 553 (55515
2450 A SN e s A il s gl

. . = . N . .
A GilS skl s e Sle s eies 55 SKen e

Vdal) Sl s g Gl Cew g Giale Ao s Al
(Maguire, 1962) L 4wl Y o

GP=1 x 100 () ksl )

YA



\Fe¥ dtm-'U/YQJL@/\V&/Q‘J{'\JJJ‘_;)}U}C};Q]&;

SAS S8l equiss ol 5ol 2 5 Cigs )
b,d )l Siale Ay O FYL sl L
s Rozada s g5 5 asdlles Jglole g5 55 o Zoils
8 s ol o5 yaTiticaca s g5 Lol cdb sdal i
ool 3 $38l e A s J_;rfj o3l QL& )y gl
5o el (Y i) i Celees 53 (55
Sl 50y oS Shj e 2 e e
il penl SIS Jole 5l s &;*‘}lguc.)—w
@ﬁ)-’JAfr‘“-'mM”‘ Goasla S OV sz e :JSL.:«
S35 i )3 sed e e Jols a5 OLE
Bentsink and Koornneef, 2008; ) 45 ls & ,9ds
.(Graeber et al., 2012; Shu et al., 2013, 2016b
ol i)y Jasws Lol 5 30 (63 5uome Solalllas
Llos S g 5 1y Ay Jod 53 bapds (G54l e 0le
s o= (Wijewardan et al., 2019; Chen et al., 2020)
o= Lass glos Coeal (Chen et al., 2014) oS as
S L5 8 Ol 5 5,5 S 1y Gy skl T 53 o
54 e 0lS A a3 opl )3 g Sles
35S s gl it PR A G e
3550 03 P el A dal o 2 s 5 dy W 180
;3,3 Brassica oleracea ol8 Il Oyl Ol
oS goi o ame Lol 5 gl 1 (5 U ey o
53 (Awan et al., 2018) culods )15 55 sk
Sy il e GBS s S g ol
S BRIy O PR AP PRSP
bbb g i Jd o L pods a8
Ceulods 318 55 (Navya et al., 2022) ol ,Sas
ollas lsn 5 STL ok sadoy5 lojen 51 20 &S
2053 3555 p S Dl 55 cals 2ol ol 5 s
2> oln Jaoe Ll b 4 olS il sai 5 Bl Al
58" Sl 55 b 2)ls Bl ole oS L 0y
osT ;5 Salehi et al., (2019) anllas ;5 CiS &b %

2l 0d b 5 ay95 55 Les s S OLs o131l Lol

va

oy gl Sl 5 S5l e a8 b

.(Farooq et al., 2005)

EC Jshs—EC dals
—_— ® )
(rf)ﬂe 055 ’
b 3T 5 Jskome (155 5 (S somn Sl Cgr
& 5 Jglome Lo 500 8 0/0 51 OIS ST
33 5 0dd (S o,lae pH=F/A L (Tris-HCI) ,Y 5
G i (6515855 o ks dom 3 Ve (Glas b Jlowsey
35830 iy 3 ks i S sten (5,5 03l
sla ﬁ;T Culled s oslaz ! (Bradford, 1976)
Abeles and ) s 35,4 < 4 GYBE 5 5la ST,
ol 5 43 5 plnil (Aebi, 1984) 5 (Biles, 1991
(Unit mg'® protein) -5 pfgl:‘ 33 o pT g
L ST 630 Pl (5 gioma (6,5 051l gl s i 1S
Ao y3 Yo (TCA) el SUuS 5 S (55 5l eslinul
S oL (TBA) sl &K 5 52 5L 55 ooy + /0 (5l
Il ¢ Sojlul 1, .(Heath and Packer, 1968) s
S I g 2565) DNS J ghows 1 59 TWIT w3
9 gk 53 YO j30dd a4l e lasds 5 (U |
Liliana and Lozano, ) & 5 esliz—ul Slius L
ST Jebons 5 4 5 claoals (65T g 1 oy (2002
123 8 plowil SAS Version 9.2 1l i 5l eslizul L
el w0 5037 3 eslial b 55 5k Sl i

A el Lo 3 ety ezl a5 STl

3419 w33
53 BBz Sl puilly 4 s dgdr b ol
22 05 (G383 5 LB R b 5 g5 Jele
5 Jpde) b Jls et 3 & S| o
Sled s als 5 slayds a5 sl LS claesls ) 5
A 53Q29 i g5 55 il 5 g 055 (Sba ole
3T o5 8 e jo 5 ails gl te Siale

(Cpapole du ol s o als  gla,d Lol s S



\F""QMU/Y QJL@/\“&/Q‘}&\JJJ‘_;J}U}(}\& 4€.j“:“ Q‘)&A}é‘)‘dﬁn&

Conlods iyl 8 55 iz g odd ot Ogline SoiS S e sk o3Il g arsls (ool Caenl 1S CiS
s Sl (mls ol .(Koca and Canavar, 2014) Q29 55 aS dbodaliive 5l Zags 5.l
c—sls sla &b 2wl 4S5 WS 5 Shes L ‘Jih;gﬂ:}s;,gu.wwﬁ,ul;&w{gﬂ\ﬁ
)J&‘j@|ﬂ)‘ﬁ@@‘j&)@b(&hxa QT)JGJM\?MJJjV.f\;Q\W MKJJKU
100
a a ‘L.QJ
90 ab
& 80 '/ = e
7= »
% 3 70 —|||| ¢ bec bc  bec e N
J g 60 = = .
o Y = B poys
X g 50 /—/‘: ‘=
3 9 — o e |
~ & 40 7, —]| e o]
Yy 2 Y — o — .
g 30 /—/_ /_/_ ol &
6 20 7= 7=
10 — —
0 I E

Rozada Q29 Tiiticac
Genotype 55

Figure 2- Interactive effect of GenotypexPlanting date on seeds germination percentage
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Table 3- Variance analysis of genotype and planting date on seed quantitative characteristics of quinoa
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