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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

Key_W0|_'ds: split plot in the form of a Randomized Complete Block Design in three replications. The
Antl-(_)de_ant, seeds of three genotypes T, R and Q29 were planted on six planting dates: 15 January, 15
Germlnz?mon, February, 15 March, 15 February, 15 May and 15 June in the research farm of Karaj Seedling
Malondlaldehyde, and Seed Breeding Research Institute. The harvested seeds from the treatments available in
gruoit:ég‘ the field were transferred to the laboratory in order to investigate seed germination
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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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EXTENDED ABSTRACT

Introduction

Quinoa (Chenopodium quinoa Willd) is a highly
nutritious food product with excellent protein quality,
high content of vitamins and minerals, and low gluten.
In addition, quinoa, as a drought and salinity-resistant
plant, has the ability of high yield under abiotic stress
conditions such as drought and salinity. Seed vigor is an
important characteristic of its quality that is used to
describe seed yield in the field, and it includes
acceptable and uniform seed germination, seedling
growth, the ability to emerge under adverse
environmental conditions, and the maintenance of these
characteristics after storage. One of the most important
factors affecting seed vigor is the planting date, because
environmental factors, especially temperature and
humidity, change during seed development and
maturation through planting date. Seeds with strong
vigor have a high ability to tolerate environmental
stresses and high germination percentage. They are also
able to produce stronger seedlings.

Material and Methods

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.

Results and Discussion

The interaction of two studied factors on germination
percentage, germination rate, length index of seedling
vigor, activity of alpha-amylase, catalase, peroxidase
and superoxide dismutase enzymes, soluble protein
content, malondialdehyde content and electrical
conductivity of the seed solution was significant, while
the effect of genotype on seedling dry weight and
seedling vigor index was significant. Germination

Iranian Journal of Seed Science and Technology

percentage and alpha-amylase enzyme activity were
high in Rosada and low in other two genotypes.
Obtained seeds from the months of January, March, and
April in Rosada, February and April in Q29, and
January, March, and April in Titicaca had similar
germination rates and were placed in the same statistical
group. Seedling length and seedling vigor index were
higher in the planting dates of January and February than
in March and April in Rosada.The electrical
conductivity of seed solution and malondialdehyde
content were maximum in obtained seeds from Q29 and
sowing date in January. The electrical conductivity of
seed solution in Rosada was lower than other two
genotypes at all planting dates. Titicaca recorded the
highest seed soluble protein content in all planting dates.
Catalase and peroxidase enzyme activities in Rosada
and superoxide dismutase enzyme activity in Q29 were
higher than other two genotypes.

Free radicals in cells cause damage to membrane lipids
and fatty acids and produce lipid, peroxy and
hydroperoxy radicals. These produced radicals can
accelerate lipid (fatty acid) oxidation reactions. Seeds
with lower vigor had higher MDA content, and damage
to the plasma membrane represents a loss of membrane
integrity following changes in its phospholipid
composition. These seeds also show low germination
and seedling growth. In the present research, on the first
sowing date, its delay probably caused an increase in
malondialdehyde content by reducing the activity of
antioxidant enzymes (catalase and peroxidase). These
changes have led to lower seed vigor, as a result of the
coincidence of the development and seed filling period
with unfavorable weather conditions, which has affected
the quality of produced seed. High-vigorous seeds
prevent damage to cell membranes by synthesizing
antioxidant enzymes, making cell membranes more
stable, and producing lower malondialdehyde content.

Conclusion

The success of seed germination is highly dependent on
the antioxidant mechanisms that operate during
germination. The reduction in antioxidant enzymes
activity is an explanation for the decrease in germination
percentage and rate, radicle length, and reduced vigor in
low-quality seeds. It seems two factors of temperature
and humidity, which change with sowing date, change
both the quantity and quality of produced seeds. The
occurrence of high temperatures or moisture stress,
which is often associated with delayed planting, causes
a decrease in the rate of photosynthesis and a decrease
in seed size compared to optimal temperatures, it also
affects the production of sugars, proteins, and other
metabolites in seed.
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Table 2- Genotype name, origin and identifier of the ten studied quinoa genotypes
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Year of -
Row ID . Origin Reference
entry/production
. ElenS sl Ll . .
1 Titicaca 2002 T Final Repot Quinoa TCP
Denmark-University of Copenhagen
2 CHILE 2011- FAO 2013 FAO Final Repot Quinoa TCP
(Q29)
3 Rozada 2006 Peru FAO
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Table 3- Variance analysis of genotype and planting date on seed quantitative characteristics of quinoa
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<
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csls &b - "
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Js J.eLc sl
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Sl Rl s s . - e -
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Table 4- Variance analysis of genotype and planting date on seed biochemical characteristics of quinoa

Means of Squares cla, o Sk

- - - S el
PSRN OS9p S5 PSRRI PSRRI é,ﬁ o
s i b STWT J sl SYels SST, 3T O 5lle (5 srome > J’_l’”
S0V S a-amylase Protein Catalase Peroxidase ~ Malondialdehyde ccl;:rjgfjtgtlic\flilt
df enzyme solution enzyme enzyme content of seed y
activity content activity activity solution
)'lg: ns ns ns ns -10ns ns
2 0.0005' 0.02 0.0001 0.0005 4.6x10 2318
Block
S Rl ok o o ok . *
i 5 0.007 0.4 0.002 0.012 5.4x10 1195.1
Planting date
Js Jole sl
(2 b0 S5 10 0.0009 0.01 0.0002 0.002 1.4x10%° 319.4
First Factor Error
(GenotypexPlanting date)
e 2 0.017™ 4.7 0.024™ 0.101™ 1.4x1010n 16117.2™
Genotype
S b s G ) - wox s - - "
Tm 10 0.003 1.3 0.008 0.015 1.4x10* 5054.3
GenotypexPlanting date
5 lale gl
t2 s 24 0.0007 0.014 0.0002 0.001 1.4x1010ns 456.3
Second Factor Error
3) Ol ks o B
(o2) Sl o2 175 44 205 12.6 14.2 15.8

CV%

e

)‘3‘3&‘]:.9‘5M)D@j&dla}lcbﬂ)b}‘}&#%j@ns_gg‘
, " and ™ Significant at the probability level of 1%, 5% and non-significant, respectively

*k

Iranian Journal of Seed Science and Technology Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024 VE Y Oliaols oY oyleds VY W



AV

OL&Kes 5 Syl (s i

Rosada . 555 5> b 0L G 65 opl 02 1) sole
olo a3l Joo b 55 3l (g3le b (glaammal sliw & sl Ol
ST 05,8 S0 55 503 4t 313 5 5 Ctigua )l 3593
33 Cdo ol e o 5 St TitiCACE o 55 53 b S 15
sl gl (K JSK8) s edalin g syl ol I fuo b= 5
anllas jo Calides sla i gy 5 d S (oole L sla weals
SR el g 53 s sdalin ;5 Ahmadpour et al. (2021)
L odalio (s g 03 S oy 2 5 158 G 55 03 Gl S

YL eole e Aa:Al:f slaes (Titicaca 5 Q29 i g5 95 45

S S a8 o

&3l (sla alS
Abnormal seedlings

0 : |

Rozada Q29

Gk pé Srazals
Sy mlie glaslee (308 2 5 6318 (SlaamalS sl
FpS ol 4555 b s o 0 peme 5 kST L5
2 581 oS 035 YU 5l ok 53l b sl emalS
Aoty 4o dsdor s plosl p Lip (o0 O pnmes
35 @3le e laaomalS slaws p anlllas 3550 Jolo g3 Jolize
o B (0 dse) s ,\:wwﬁgiidm,.\cb
o 083 Slrole lods Sk sy slasds oS s Ol claesls
SlaanalS 31uw Q29 L 55 3 kgl 5 2355 clida|
Lol edis 5 415 g beT 05 5 ¢ o 5 anils glie gole &

ol S sla o 508 Hlkie 3l 5 ole e b il p (slady

ab

s

B e
e

B s
RS- PNEg)]

b sls =
Tiiticac

Planting date sl &b

o5y (s3le b slaamalS sl SIS b s 8 bl 1Y S
Figure 3- Interactive effect of GenotypexPlanting date on seeds abnormal seedlings number

N ol e 1015 (or tcmmlin S o 36 il

03 Shoe 50305 28815 olE 5 2 5 ) b S S
s sggs L i 53 ppdo Sl 5 Skl S
0593 il § oo Caliiee LS 5 56 .(Cantarero et al., 2000)
) Cosby s bos dlaa l Calibes Joes Jolse b 1) 5ok 5a0
DNF L 53 403 1285 1 5oy 55805 LS 500l i
L 5 o kS YL glos 53 5 (S S ol o
a5 YL oole L8 4{5#\.:? Sl a5 g osls Jtals
u,um,j;gofwjr.u}uba)uu,wr&,w|
sy i8S G0t S s (Pasandideh et al., 2014)

Iranian Journal of Seed Science and Technology

ol 3 esls i 1y 55le oS (55 sdn sad o S s
LS ol osd G381 5 Dl Ol Sd b Jolye
.(Ceccato et al., 2011; Ceccato et al., 2015) Lz 18 3
Sy S5l CoiS 63l ol i, Ll G
SO P PR By P N oulﬁfﬁrﬁ o
esss ool e Jalse 4 5V (lameal® sy 5 Sjail s
Tl 5 Cusby s Ll d Gy sk (Dl a s der
w5 Yzl 31 ) oS azils S (s y0k ol 5 0525
WO so) s dSle (ghdy Julge Cdlad b &S o (a5 s

(Fenner, 1991) wsl

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

\Foy Ql:..m{\.? Y a)la.fi: JY J.l>



).S)Ju&w}qu‘,ua)w‘? ‘_gu;}l}fc,.;.f@ﬁjsl

A

Lbwg 1oS G uis) e Cslhne Jiale Co

8 5 ot 5s Jamali et al. (2016) 5 Seilsipoor (2021)
o3lize] L L Slaes s aS Cwlods o)l 8 .l ods
055 88 53 Ok 5 axils (6 VL am YL L e 3
W YL oSz ole b gloaalS 5 oxjaler Sp e o
iils 5 ,d o3Il ¢ & .(Andrade et al., 2019) uS" .
G s e Sl el 5ok 5 S ke M sl
el ol s 518 Ol LS Calisee gl cudg) )3 el

.(Tabakovic et al., 2020)

Q
o
)
[on

(on
T

()})/\)s)‘b\?ﬁ&fw

Germination rate (1/day)

MMM

&3419 ko
A8 ol Ol aalllas ol 55 il ol 42 J g ol
Job ok G50l L ST 0 0 G 5 il
(1 dgd) 3. 5l3 e Ao 5 &G ozl mla i )3 4550
@%;}ju‘c_wliﬁab Ol Cimo opl 55 Laosls amu o
SalS Dus s glane (500 al:f;",_.&‘f'cﬁ)\? O s
sﬁ;vf‘cﬂ‘;\fﬁﬁ'-ul{‘QZQg’,.gjsj);dsjmﬁa,w
lalie 5l B U Ylasl S Cils sl s gy s by

AF JS2) AL o 5 ol ol

DM

Rozada

Tiiticac

Planting date c.z\8” &b

03k G5l ey S b s S5 i 1P S
Figure 4- Interactive effect of GenotypexPlanting date on seeds germination rate

- Rastegar et al. (2018) .(Penfield & MacGregor, 2017)
u\f);ﬂs.l:pi)w,'(blu_s,);\.:@jalﬁ sy ol
dsb S8 53 b LS L3S 0l o3 S 1S sl ol
Gbls boys pl s Dslas 5ol ol S )l i H 0,53
355 65058 05 3 5 S GO W5 o e S
Sy asls dald Hsds 4 S 1) (5505 (il Ao ya 00 S
o3 s g ols g 55 55 S Skl SIS 5 S
aseb el il eSS s Sialer e gyl
L CaB) ) cpman 5 @3S 5w flas 50 s amalS
s Caliben Loyl 5 53 503 S Jes Cand S p glacals

Iranian Journal of Seed Science and Technology

555 534S sl DL S5al s Cs mw Slaosls )

9 Al e (5 kS Lg\.a@)l:jl ol 54 Q29
C_._:\S'c:)l:pww):éj\fl{@jﬁ\ﬁ;pj_mubﬁ
A 8515 o T 0s 8 K 3 s anils Ctigus)l g opogy b
\;.c,w“:,.:.@,i;,\,mtw@,lschosada%};j,.s
Oloss caS slagu )b s b alie 55 (55057 S50l
&3 ole 93 3l ool o (Titicaca . 555 53 45" Jl= 5 clisls
ol u&)\f(?ﬂl)wbéjr{&)m‘f@ﬂ B R
)MW‘&‘J‘JJJL‘QKU)@J}JL}f)JLAJ‘AS&_a—w“ f

MK i 1 2l G380 ey 5 n 5 03 53L

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VP Ql:..m{\.? Y a)la.fi: JY J.l>



AS

OL&Kes 5 Syl (s i

Jsb Titicaca 5 Q29 w3 g 55 45 sls ol laesls 5, Kle
JSK8) 4 S 15 (5T o5 8 e s 5 ails (6 YL amalS
2 3l 0sa3T 53 158 el S Uob s sl (0
Ll o oS Comlods 3,8 ;5 Karami et al. (2000) ax)as
GBS 55 5ok a5 Al (Fsline Sl e slalics 51 50

Y Jgds) Wlas 8 Lata 0T 51 Calisea

.(Heetal., 2018) Las e Ol 5 J‘,.E J.flé :Jﬂ‘..c

bl i 039 9 Job
q;nl:fdjbj\ﬁ:}.;je:u Slas sl Olas Wesls ow 5
53 el S i 0y p i8S Gl s 85 Blize S

ab
I |

Tiiticac Rozada

Genotype 5

oalS Ub sy sl 10 JS
Figure 5- Effect of Genotype on seedling length

10.00 A a
2 E  9s0-
\ A
Y}z % 9.00 A
.
P! |
3w 8.50
Y5 800 A
18
~ v 750 -
7.00
Q29
0.008
_ 0.007
BANC:
2 2 0.006
g
Yﬁ) $ 0005
\“, =
\33‘ S 0.004
.
(=)
Q § 0.003
=~ & 0002

0.001

Rozada

Titicaca

Genotype 55

ol (St 035 1 ST ) s 5 Bl 18 S
Figure 6- Interactive effect of GenotypexPlanting date on seedling dry weight

i opl Jlaae o YL (e obe I ool sla s Titicaca
s J» »>Ghaderifar et al. (2005) .(% |S&) Wasls olas 1
5 BTl Galds s o8 a b s sl 4 p o iS 00
o5l 3038 a8 a5 53 Calien (Slage,6 55 15 Kt

Iranian Journal of Seed Science and Technology

))J\.:Af.aboL_J:Jb?wL;f&_iﬁ-&ij;ha:b —r
jg.;:.ﬁg)l;&K@)UPJRosada%..;};jeu Sl
&S Jl-ys sl 0Ly g YL q;m\:fdi_&i;)jj colesls =

“:"::j"} )b} GLALSJ C_,_&ch‘)t; Lgl.h)ub ¢Q29 g:,:.;yj )J

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

\Fe ¥ Ql:..».\{\.? Y a)la.fi: JY J.l>



).S)Ju&w}qu‘,ua)w‘? ‘_gu;}l}fc,.;.f@ﬁjsl

25 (V=¥ Jsder) L b s sme onalS as G55 el s
e e o SV Q29 (55 oS 3l O (5 Kibe e
333 Jmol sy 4 Jlo s eols 0L | amal an Job
53 5021 0l (slelin el ay b et (K5 555
rs,t,;%;u;o,u:.(vﬁ_:)mﬁjbswwe,f&i
Cl o )| F Caliben s Loy Ol LS Caliie
Agrawal (1995) .(Avci et al., 2017; Munir et al., 2011)
oo &3S 58 5k CuiS 55 e Shs ok an
B3 g5 35 2y o 56 55 85 ) e ol
Ahmadpour et) |5.5" 5 (Okelola, 2007) 7= 5 554 4% )2
S ol oge Sps ok an . Cwleds 5, 55 (@l 2021
ALl 5T J pamen (650,42 5 by camealS il
oo 53 sy Goblannti} 5 4y 2 457 0338 b oo 31 sl Jlale
Joi 53 dpammn a5 o lanl 1o 0 VK e 2 s
delual oyl s S by a7 Jlajog ga (il dal 5 (g
Casbyoml sles O s Cand (5l o3leT e aes
Lob oS G slacae 5 DLT ( BEL L 4 1 i

.(Sawan et al., 2009)

5 800
.50 a
> _
3 o 700
{ £ 600 -
> 3
4 8 500 4
v %5 400
¥ o3
v, B 300 1
3 £ 2004
® 100 -
(0]
— o 4

Q29

&:ﬁ;ﬂju)}-&);w‘:ﬁ&gjw)wfjé‘J
5 sl caraty ) S 055 5 sk opmen 5 nalS b
43\5;1? 9 c\i_&.i\.ﬁJT L{.‘J_Ju BE) eu(;_:vbj )}:Lf 4>_=A\:f Jf
¢St 055 5 dsb a5 Wis S 518 sesls Hl 5 Sbsls e
g;.&‘.{ L;LA@JU J‘ av\.ATs;.,wJ 4.: ‘)ju.\.f B 4.3-45‘_»' 9 4?{-4_;9.)
bl plil w53 35 (6 b e Jsrf e
Sl Bl Sl T Cwsay oo ool 3l oyl g s
5255 L2 Gl )b sk 4 S G Jilsl 5005 5 2150)
Lyl 3L 08 8 Jams Ll s (Cigmsyl 5 (23)39)
L35 6 YL a5alS ay (Slls 50 595 e Juelos
c.,é\j..lﬁ:;ga&w‘))}.l{ﬁajjé&m&‘ﬁw‘f
St el sad o aes Loyl 3 o S5 gla S5 o
(Dslize 4k I3 sl s ess IS HOLLE LA 4y
was o 0L 5 5 51 5 oline glamalS A 5 354l

.(Finch-savakg et al., 2016; Sun et al., 2007)

LS 4y (J59 9 Jeb Sl
s edle S bl 4 e dgder s el

gandlas 350 Jale 93 flize 15 amalS an Job Lesl s

Tiiticac Rozada

Genotype 5

ol b el g esle -V S
Figure 7- Effect of Genotype on length index of seedling vigor

Titicaca 5 Q29 s 55 45 b laciS ;5 amalS ax
55 0 ealS 4 s Las i o Jom s s edal e
di;"):josﬁéﬁiajﬁraqwtguéjb W ,>Rozada

A JS8) s S 15 g lT ey S

Iranian Journal of Seed Science and Technology

453‘30&3}943:@\.;4.&&}]9 d.aﬁ-Lf- laesls By
Faob 031 aalS wn S35 et s o 5L Q29 i
Cf,ir—{ Rosada 5 55 45 Jb= s cosls OLii ologs S

SalS sl Oli Cligu syl S Gl oo ) e ol )l

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VP Ql:..m{\.? Y a)la.fi: JY J.l>



1)

O 5 (Sl (s e

Ol amalS sy el 5 S50l Ao 3 55 o 41y S
5 CilS s LUl U Sl Ay el sl
6 eaealS Wiy (2alS Lol s ST Ad oalive ji ol anlllas
o op) a8l (aslh s Jule 53 Ol
23k Sy Lials (Wang et al., 2020) LSa i o 4
55 Lol ST 5T CJlab 2alS Lol e (6,50 glaciS
om bl s s &8 5, 5 0led Wb o wlad s 3,18
el ol b SLI DL 55 b a5 olar S o S5
03 s 0593 humae L), % (Randhir & Shetty, 2003)
S byl o )3 4 ST ST (sla 5T b Cond s
:)|3ﬁ¢M6J3JJQUMQMWSL§\j
oS Gl 5o e oS ((Angelovici et al., 2010)
ol n il Slas Ly )53 ol CBIST s sl 5 oK
S5 ok s Rl 5 b T e el o 5008
Al o pl 53 ool (slos p 85 o Cunlodd B8 550 e
wang etal., ) &S 5lga | bae 5T b Ll 5 oo & us
s 53157 sty Cod sla,8 g5l o dlaily 4> £1.(2019
55108 55 48 Sl s b Lol (sl il amealE
35 oo ydy Gleedi 031> Cows jl 4 2 ROS o B
4 Oy S ¢ sn SIS (T 58 55 oS ol

(Bailly, 2004) 555 043 5 )5 55 55 4 &S L s

k;&};ﬁjsgigjakb)'\@Uqw\:?@yK

Rashid et al., ) ;5" «(Siddique & Wright, 2004) oks™
3 Spogs S 3353 lanlods IS 55y 5 (2017
a ialS (s s b Lol e &S Sl ol 3,18 0L
St oS as S8 s Slas 2alS Lol jon aalS
(15 5 AU sl e aS C | Jases Ll 3 s sl
543\:)}@9533u;gﬁaﬁual:fwbouﬁo)p@b
5o n G ol )3 Jgloes Sk S g hle
3 =5 Jalge cpl ods oS s oo i | badils s e wl i
a5 Salas ogdll Yo Sl Tg o Dplize oS &b
oo Ll 5 (Siddique & Wright, 2004) L_sl laasalE
Syl b 5 Sl Sy o 9358 o M5 OT po yds oS
3,15 i F1 el S50l S8 b 5 Sleeds)
2ot S el ods 318 a5 s (Kundu et al., 2016)
OAd 5 0y35 53 Falime glales b1y sle olE o gline S
dBS o i 1y 413 QAE y Sde 9 S 9 03 S agage 4ils
e 1y aalS ay et L s S5l o5 3)lse pl oS
il glos g0 s 4 48T oo, 0LLE (ol s e o
Dby Ste b 5 ol 5D OUE 5 S 53l ol s
St b sy 0 o S (o iy [y Yo il

GMJ:“Y/Vj\\/« cau;)&QMﬂQJﬁij)-\auuﬁ

5 07 A .
2 0 - - ‘..
3 0 "
s o] 7 -
32 %bc ° bc il
Y w5 0.4 - % be
i . ! — = - ESTY
. 'g 0.3 A de /—/: ce= o
g" £ gy ] de—c ede 4o de /—/: 7 s
%D | /. E : /_/: /: H ;!;)’
= 01 /_/": /—/: F/
o L= 7= 7=

Rozada

Q29

Titicaca

Genotype 55

ol a5 Ll s esle 1A S
Figure 8- Effect of Genotype on weight index of seedling vigor

Iranian Journal of Seed Science and Technology

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VF Y Olsli oY o)led Y A



).S)Ju&w}::qw‘,ua)w‘? ‘su;}l}jw@ﬁjﬂ

qy

gl 55 Q29 s 5l e el WIT ﬁ;T Colled
daw%w\u{@)uﬁRosada%ﬁ,mtm
BRNSY pf 53 03T SIS Jgag S t/00) 5 /Y00
Sl 5 3 S8 g IS e (S b o
g;_.ilfjaj:ﬁ-tQ}Mcu).lf&j-f;ﬁ:!héj\c&%:)f
Ll 5 oo el 5 e TWT f,T\,JLeM.\_M aulS

A5l o a5 Sl 1 B

O

o TWT 9 5T Cudlad
03 85 ol ool 0L ¥ dpuer s a7 ) sbOles
Lo 53 & Jlisl o 3 03T T Clb o8 I b
Cdlad a5 505 Olas bl andllas 3 Laesls gy i Sls Sne
5 o 683 S o )b 55 Q29 gﬁ:}sj,;ﬁﬂd\
23503 YUY JS8) 5 (G560 Ao s3 b gmeas i
A0S 3 F e (A JS) ws B 15 )lT ey 8 e

1 il

cd B s

;3%;)\

Tl >

MMM

I =

C{ 0.3 -
>
9 B
25 025 ;
3y, © Y,
. ©
TRE 7
= e
NS
o 3 5 0151
250y
S0 8 01
A =
IDARN i
3 & o005
3
= 0

Rozada

Q29 Tiiticac

Genotype ¢35

ITUT 5T by 3 5 3 e 14 S
Figure 9- Interactive effect of GenotypexPlanting date on a-amylase enzyme activity

ro A g 5 Al o U i 4 g otd s SIS
Ll o I amalS U, 5 G561 ansS 3 5 el b
o 51 ol 4 sl (Parera & Cantliffe, 1994)
OHLSen 5 ydax!| iy 53 158 Calibes glac 5 55
adlas 53 .coulods 5,18 55 (Ahmadpour et al., 2021)
03 3wl Titicaca 5 Q29 555 95 53 ﬁ;T e o 31 !

a5 S 5 T es 5 e s s

2 Jgkoma o 551 atrn
S e e IS e e (SO S Elis 05e5T

S1aS sls DL (glaosls )y p s S 0o a4l 9 Sl
235k Jglos (SO SI ulin y SIS Fu b s g5 oline
g lio 5 (F Jgulor) At ls gne s )3 K Jlez! el
Colda G i s b L IS sba oS sl Ol ke

«Rosada E) Q29 ;_.:3'}.:5 93 93 . a:}j'él )Ju' J}L’:ﬂ é.'.}zg‘

Iranian Journal of Seed Science and Technology

as il Lw oS jsNavya etal. (2019) zass s

\b)%c,_.:.f'@)l:);45(\5)\st6¢:1}:)};\{@4§
ler s T Lyl a5l 50 g es s YU W g ol SuiS (Gueluns
CodS Lo 5 aS ul Jo b s sedeyso b 5o el
S 655 5,18 ssRahman et al. (2013) .5 S Jug—s |
S 5 Vb as b oy W 9 o (LB 4 Ol s
Joa ) 5 S50l s cpl AS sl alhy G54l
Las oo Ol 5dy sad dsb 53 sllas olsn 5 OT Ll 2
Sl g Jsloee (sla 55 5 (6 5e L 45" (Awilla et al., 2003)
5k ol 53 iy LS a5 G5l S (oo T
035 S s pn Sl 5T 5 T WT 0 5T .l ol o
o OB s (G384 5o oS
Fomo o e O3m0 98 6 25 b Sl T ol S e !

5508l 4 (glo 5 3l g0 ¢ 5T ol Sl (2l 00 8 e

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VF Y Olsli oY o)led Y A



Ay

OL&Kes 5 Syl (s i

3 g3yl e Slaole 53 T ol lae o YL (Titicaca
Qe J‘i‘:')mjfj‘}djb-fufégijéfﬁg;;;bf‘-

250 ~
200 A
150

100

o Jsloms (S S0yl
(5 2 7o Sl inrss Sn)

on Electrical conductivity of seed solution

50

Rozada

5\345-5%:)14@3))}‘5;@15@)U5l J—r s

G5 95 el 0L (65 b o Jgloes (SO SUI T

de

E
-

Q29 Titicaca

Planting date —.:8 &b

)Jgdjx,ué;ﬁltqmﬁus@u,;gﬁ;y;&m;uv I
Figure 10- Interactive effect of GenotypexPlanting date on Electrical conductivity of seed solution

s (o34l op ot (Gul et al, 2012) O, Kan 5 JS
23 55 S50l sl 0§08 el (Al L5 LaSTYR AT s
EC il e Cil8 3 5l el Csn (5,56 &

S FpS EC g gots S8 53 55y o5 Jloy5 o s fo &l
&S ol i Hd Oy gals 4 e (il s LU s
23 26 ol LY 5 54 568 055 5 5SS o 5T

A S S EC Jhll g pd ol JralS gl ol

AT S0l (Sgixe
ol J sz AT (00l aS ol s a5 U
S 5o ot hdly o p LA 2 O ool O el dnST)
Lt Slads Ol oo )2 Sl (o2 55 Ol gt LT (630 Il
@ Ll (Ghalkhani et al., 2020) 52 o 43 8 s )3
s o—als Tl o s olize 1o il ls 4 s J g
N3 i oo 55 &G ez ela 3 50 ST (630 e (6 5o
YL S 5l Ol Waesls S0k s ie (F Jadsr) A
sRosada 5 55 55 a5 Hdo dS TG0 e (6 simen

G652 Q29 55 55 5 ole sls > ALY &b 5 Titicaca

Iranian Journal of Seed Science and Technology

030wl Hdo Sy bl sl Ll oo sk (SLiE Dl
sl oo sean T LOT glid &7 (g5 01> 1 3 0T 3358
el 5sbay o570k OT s & J o Sl goes Sl Cor o
ooz (S S g 0g03T L ey oS3 ol o
S EFeS Sl G RSN FUIE S IR SN PP
Bam et al.,, 2006; ) Ll> oS oy S C s b ol sds
4l g 34 e Oyl o LU, (Milosevic et al, 2010
(GOrzin by 53 sdo J gomn (S S Eltn b ) gy 4l S
el ok 5,1 (Muasya etal., 2002) L, ) et al., 2005)
PRI -1 HE PR W VRN I K VR 1 O PR P T
Sledd Cils 5 5ads 55 Cio opl HlAds 539 3 ggie BT s
35t 5ot Bale S b aglie s bl 3l 5 5 St
Slagesb 53 o oS Calisna (61 55 ulin s (1 JS)
S lods IS 55 0did S 515 ow ) p 590 Calibes o
e s 2SI 0 35T L~ 2ty <ot (Gul et al., 2012)
rs@jnu_;ugc.uféﬁsu;_;SJ;EC)L@J;“\J-;\}
adlas 53 .Culods 18 s Khan etal. (2010) bw g

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

\Foy Ql:..m{\.? Y a)la.fi: JY J.l>



).S)Ju&l.:a:&rg;gw‘,u’a)w‘? 6&.&5})}&@)\3}‘

qF

AmirYousefi et al. .(\)\ JS_&) 5 VU Titicaca 5 Rosada

Sl s o s WilT 0 dbe Wy 55 Ol 55 (2021)

L3S S 1S Calibes
. 0.00016 -
©
: 5 ¢ 0.00014
® 5 S 000012
s % g
ERN 0.0001
% % T 0.00008
5 5 ©
- O
13 E 0.00006
< 0.00004
=
0.00002
0

WT 630 Pl (6 gme Q29 i 535 .t Cud oo pags S
JJJQB-J>4.>1:QL15J)\¢J“§@JUM )z\JLgJJrfJ.'\g
Lg}::ucb_wu\sjﬁ-)%:)hdé)jﬁwéjuu

G5 95 Oeemed 5 G5 ol 5 sdn ST dle

e
B s
g )

0;\;J>‘

Q29 Titicaca

Genotype .55

LSAT (55 Ol (g 50mn » S )b 3 o 5 bl J1-VY S
Figure 11- Interactive effect of GenotypexPlanting date on Malondialdehyde content

Jebwo (59 1 Sgom
JJ\JQLJ.; axloe dj‘ Ju BE) J«JL}J‘) 4 S J}.&:— 6\;’;

O S yme pat i SIS by G 55 bl
(F ) s Sl e o 3 & Szl a3 50 J gloes
G55 00 Sl lag b elad 5o Jslows By 5 (6 g
Cio ol e VL g s s ) 5L Tiiticaca
2 (.qux,a YV Jslae TitiCaCE 035 5 oy S iS b 5o
FICTTSY FRUNIIUES g RPN e aML;A,;gojerf
03,5 & 53 503l Ol Hls sme sl o35 ol 53 g
OY JS8) a8 515 gobT
SF o Ioles 555 1 Ssmen VL sl o B L la sy
DB 3 A 0 0L 55 6 YL Sl o8 g arSls
o &S Cwlodd 5018 5L sw s Sheidaei et al. (2020)
Aol e Dslas (Doglize Al el 0B L sl 5
A odaldie J slows (Sladid (g g 5 Jlows (55 5 (6 e
P S L 53 S5 syl CkS S b S

8 S S m® bang Gled )5 LAS Ll ol

Iranian Journal of Seed Science and Technology

sbad @ asds ol lad sl 55 5 50 315T SIS 5,
5 oSy 5 Gl s ot i Lid O o gt
sl iS5 gl JSusl) opl S o LS5 ST s
(0 Sl it O s ST (5l STy 4y 315
S ol an b, eds (Ding etal, 2019) wide S
0815 G s 3l e glow My slis j3 T 5zl 5YL MDA
DL s e piad oS 5 55 i e |y Lie S S8
Ay 9 34l Oy el ol (Ebone etal., 2019) was .
23 U bl a5 i 0 DS 35 sy heoalS
5 VB Ol 5T sl 5T Sl 2ol L Yzt 2
e o o ge ) 45T (630 e (5 e Sl 1 Sl ST
OAS 5 gad0)93 (Glajem dondi )3 508 Hds a4 Ol ki ()
b S5 ok CakS oS 035 bl o150 5 OT sl 2 L ails
ST 3T 5 LY 4 b sdy Sl o3y 513 plasdl St
e 1038 (6,8 sl S slid 4 Ol S 0laS |
S5 pS LT 620 o (5 smn 5 0s Jsbo sLiE iy )l
(Ghalkhani et al., 2020) 4S" o A 55 54 1,

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VF Y Olsli oY o)led Y A



a0

OL&Kes 5 Syl (s i

ol o go 1y o3Il il g g G el
Aol gl ple K05 5l s da i L5y e
(Hu & Wiatrak, 2012) 5,1.&

4_
ag:;f 3.5 1 b
5 2 3 |
58
4@ 2.5 4
8 BN |
Vil 7= $
8 7= $
38 0.5—/_/E :
v ZEll B 72

Rozada

Q29

S Cashy 5 Sl ar s Jolo 53 1S L0 iS
o3k CodS a5 LoaS oa (S (o LIS 500 L
S by AL s YL Gl s Lad e X 1) g8

don ang Slos b awslan j3 ol ol o C387 55 LU L Ll

FY Y Y ¥ ¥y ryryrwyy
e e e e e e T
Bl e il e il e e e e

Tiiticac

Planting date c.al8 gt

Jsloms 555 S yme p SIS )b 53 g5 bline JI-VY IS
Figure 12- Interactive effect of GenotypexPlanting date on protein solution content

Cml disl 5 (S o Jos S8l sb 5o a8 OluST| 5T
Ol T T L;Laf_;T s 2alS (Yao et al., 2012)
drady ) dsb (Gialer Co s do)y alS Ll g s
el gl Gt ST L by o s fals

(Tilebeni & Golpaygani, 2011)

oSy 9 5T Cled
NS Y N P g P S P PRV JUPRESP
Aw > Y"le LJ'L‘ ;,.:Sw (f dj-b-) L% )‘bw .\._.,p).) A5_<._'.
33 893 G855 333 5 A Q29 (55 5s sl LS b
T s YL Xt san (Wang et al. 2019) .(VF JSa)
2 S LS 0l ses S IS s an b ST,
PR ST o 5T b 4y Caliden o)1 55 (oilS
3 =il ds a4 falsT L ﬁ;T s rals Cle das o

5415 0311 2al 5 bl glales b (S 5 Oloj 3,55 5

Iranian Journal of Seed Science and Technology

Byitl's M}’.ET Cllad
oz o5 Dls g se plad )3 45 =TS
3l (55lm sl B s S 5 )5l ¢ ALE a5l
b ST (5T b 5T o e 5 SN Ol 50
LSy RT3 (popr A 0581 5 ST @ HeO2 4 2
4 o Jade == (Kibinza et al., 2011) 5,l> 0js,4n
B Gyl 3 5 bl 1S sl 0Lt il
s gme do 3 &K Jlaz e 03 5 VB ‘.,_;T [P
Gt 5Q29 5 o (.J_;qu@;‘w{ (F i) i
22 w1 Clab o 508 oS Jl s i staliis ik | Sk
OF JS8) 4s & i | a8 56 s 5 Rosada G 5
b et Q29 i 535 55 o5 55 OLAS 53 e 535 O (02
JSKa) dsls Ol 5 VL SYBIT 5T Sl Vb S5l
oT 53 3B o 5T ol Koz o) 938 J s (WY

QY JSK8) 35 0S5 Q29 L as s 5o
G, 5l 4 Dd i b ds Sia e 5o Cadb e

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

\Fe ¥ Ql:..».\{\.? Y a)la.fi: JY J.l>


https://acsess.onlinelibrary.wiley.com/authored-by/Wiatrak/Pawel

).S)Ju&w}::qw‘,ua)w‘? ‘su;}l}jw@ﬁjﬂ

a$

ERE S PL G NS DTN RSP NI PAsS e85 7

T 025
3 S 0.2 -
2 £ b
v S
5 2 015 -
a3 ¢
% G o
Q]s o 0.1 A1
£
\%% E
% g 005
s (%]
Y oo
78
8 0

Rozada

Q29 Titicaca

Genotype s ¢35

Y 5T sy 8 36 55 (555 Dl Sl S
Figure 13- Interactive effect of GenotypexPlanting date on Catalase enzyme activity

PBW 55 g 55 ST 5T o 5Tl gl 8 2
sls oles HD 2865 5 HD 2815 (HDR-77 PBW 175 343
sCAT GR APX ¢ SOD c.Jles HDR-77 HD 2815 4«
PBW & & oy 5 sae3lS 551, 6 sV & iPOX
e-la il 3l aST sl olas HD 2865 3 PBW 175 (343
s ol Sl s U glasles s glse oWl

.(Almeselmani et al., 2006)

ok & O & 81 5L i Ol & Fan M8 ST b
S g5l o b1 oS i 203 ph 043 8 53 Vb an b
Pl a5 03 Al e atial d s 55T JKGs), Ol
G55 80 ) jomb Titicaca s g3 53 1S, v,_;T Sl
> 35 Tavakkol Afshari et al. (2019) .(\F JK—3) 35 s
Fote 50l YL an sl )l & L ST 21 1S 0
J1 0 0315 ST 5 VB (o 5T ol 2ol 31 b o on

}Mf@)uj‘w)jcrg).}MJGAQL&;G)A;‘?@)‘

1 0.5 - a,
0.45 - =
;1 2 0.4 - =

L= ' =
\_j{ § ’E 0.35 A ;’Cg be r ©>

. £ 0 0.3 A — Czz -
S FS g5 = . EE — o

3 $ QQD 0.2 A //_: :: (IR
45 'r';g g 0 1'5 _ /_/: :: B s
\v:'l. g 0.1 A /—’E EE g
,,3\‘ . 0.05 - /—/: Ei s
5); 0 = e

Q29 Titicaca

Genotype .55

ST, ﬁ;quﬁ@K@Ju);%Jﬁ;&ay;l—\vJ@
Figure 14- Interactive effect of GenotypexPlanting date on Peroxidase enzyme activity

Iranian Journal of Seed Science and Technology

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VF Y Olsli oY o)led Y A



v

O 5 (Sl (s e

Andrade, G. C. D., Coelho, C. M. M., & Padilha, M.
S. (2019). Seed reserves reduction rate and reserves
mobilization to the seedling explain the vigour of maize
seeds. Seed Science, 41(4), 488-
497. https://doi.org/10.1590/2317-1545v41n4227354

Angelovici, R., Galili, G., Fernie, A. R., & Fait, A.
(2010). Seed desiccation: A bridge between maturation
and germination. Trends in Plant Science, 15(4), 211-
218. https://doi.org/10.1016/j.tplants.2010.01.003

Avila, M. R., Braccini, A. L., Motta, I. S., Scapim, C.
A., & Braccini, M. C. L. (2003). Sowing seasons and
quality of soybean seeds. Scientia Agricola, 60(2), 245-
252. https://doi.org/10.1590/S0103-
90162003000200007

Aven, S., ileri, 0., & Demirkaya, M. (2017).
Determination of genotypic variation among sorghum
cultivars for seed vigor, salt, and drought stress. Journal
of Agricultural Science, 23(3), 335-
343. https://doi.org/10.15832/ankutbd.447645

Bailly, C., Leymarie, J., Lehner, A., Rousseau, S.,
Come, D., & Corbineau, F. (2004). Catalase activity
and expression in developing sunflower seeds as related
to drying. Journal of Experimental Botany, 55(396), 475-
483. https://doi.org/10.1093/jxb/erh050

Bam, R., Kumaga, F., Ofori, K., & Asiedu, E. (2006).
Germination, vigour, and dehydrogenase activity of
naturally aged rice (Oryza sativa L.) seeds soaked in
potassium and phosphorus salts. Asian Journal of Plant
Sciences, 5(6), 948-
955. https://doi.org/10.3923/ajps.2006.948.955

Bhargava, A., & Srivastava, S. (2013). Quinoa:
Botany, production and uses. CABI.

Cantarero, M. G., Lugue, S. F., & Rubiolo, O. J.
(2000). Effects of sowing date and plant density on grain
number and yield of a maize hybrid in the central region
of Cordoba, Argentina. Journal of Agricultural Science,
17, 3-10.

Castillo, A. G., Hampton, J. G., & Coolbear, P. (1994).
Effect of sowing date and harvest timing on seed vigour
in garden pea (Pisum sativum L.). New Zealand Journal
of Crop and Horticultural Science, 22(1), 91-
95. https://doi.org/10.1080/01140671.1994.9513810

Ceccato, D. V., Bertero, H. D., & Batlla, D. (2011).
Environmental control of dormancy of quinoa
(Chenopodium quinoa) seeds: Two potential genetic
resources for pre-harvest sprouting tolerance. Seed
Science Research, 21, 133-141.
https://doi.org/10.1017/S096025851100002X

Ceccato, D. V., Bertero, H. D., Batlla, D., & Galati, B.
(2015). Structural aspects of dormancy in quinoa
(Chenopodium quinoa): Importance and possible action
mechanisms of the seed coat. Seed Science Research, 25,
267-275. https://doi.org/10.1017/S096025851500015X

Iranian Journal of Seed Science and Technology

NG

Comnl sV et b 50 S (6l (S 5 ad 09
Loyl 53 p3le olS sad 5 iy 3155 od 4y 2alS Lo
Lod s Oys—p sl c iy B bl Jae
5o a2 dns e 53 sk Ghaler D8 (S
5 VUL as e a1 T sl 5T 5 Shas
3 al g YU Gial e e 5 o U e 3 STy
Clap—slSe 0 Sl san Laydo il 55 Cibse
s sl 5 S s G54l Jsb s 48T CillST T
SR e e 5 SlnST ST sl 5T Clb Jrals
23 4 SR g araiy ) dsb ( Sialer Ce 5 A s
)3 Jolo g3 d) o a4 A e ol S STL gl
5SS o (S o ek LS Ry LS ugby 5 Dyl
Lo Vb gles g s lias oo i ) G5 5oy CodS oo
bl 3 (ol ol jan 318 3 L BN oS by i3
Ly o oIl 2als 5 mw s Co w 2alS dgn aig sles b
s 5 Lagsp dads A5 p opmes ol b oz e
RCI I G (P PP PRI AN

Sl Rl
5 S5 Sl o&aslesT g sine Culem I e sl
IS o8l (55,58 poke 0aSiils 5y (655l T

)}.&@ U’J‘J)As}_}g.ii

Hlo ol
gs’éh‘uéjwdj?@“gvu)b@r)&d AJLE.AJ\O\?J;...UJ
LI e et b g 2,5 L ey s

Reference

Agrawal, R. L. (1995). Seed technology (2nd ed.).
Oxford and IBH Publishing.

Almeselmani, M., Deshmukh, P. S., Sairam, R. K.,
Kushwaha, S. R., & Singh, T. P. (2006). Protective role
of antioxidant enzymes under high temperature
stress. Plant Science, 171(3), 382-
388. https://doi.org/10.1016/j.plantsci.2006.04.009

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VF Y Olsli oY o)led Y A


https://doi.org/10.1016/j.plantsci.2006.04.009
https://doi.org/10.1590/2317-1545v41n4227354
https://doi.org/10.1016/j.tplants.2010.01.003
https://doi.org/10.1590/S0103-90162003000200007
https://doi.org/10.1590/S0103-90162003000200007
https://doi.org/10.15832/ankutbd.447645
https://doi.org/10.1093/jxb/erh050
https://doi.org/10.3923/ajps.2006.948.955
https://doi.org/10.1080/01140671.1994.9513810
https://doi.org/10.1017/S096025851100002X
https://doi.org/10.1017/S096025851500015X

)b)ub&l.:«:&rg;gw"d)m‘? 6\.&52},“@)\3)‘

A

Ding, Y., Bai, X,, Ye, Z, Ma, L., & Liang, L. (2019).
Toxicological responses of Fe304 nanoparticles on
Eichhornia  crassipes and  associated plant
transportation. Science of the Total Environment, 671,
558-567. https://doi.org/10.1016/j.scitotenv.2019.03.344

Fenner, M. (1991). The effects of the parent environment
on seed germinability. Seed Science Research, 1, 75-84.
https://doi.org/10.1017/S0960258500000696

Finch-Savage, W. E., & Bassel, G. W. (2016). Seed
vigour and crop establishment: Extending performance
beyond adaptation. Journal of Experimental Botany,
67(3), 567-591. https://doi.org/10.1093/jxb/erv490

Galwey, N. W. (1995). Quinoa and relatives.
In Evolution of crop plants (pp. 41-46). Longman.

Gandarillas, H. (1979). Genética y origen. In M. Tapia
(Ed.), Quinua y Kafiwa: Cultivos andinos (pp. 45-64).
CIID.

Ghalkhani, E., Hassanpour, H., & Niknam, V. (2020).
Sinusoidal vibration alleviates salt stress by induction of
antioxidative enzymes and anatomical changes in
Mentha pulegium. Acta Physiologiae Plantarum, 42(3),
39-42. https://doi.org/10.1007/s11738-020-3017-4

Gul, H., Khan, A. Z., Saeed, B., Nigar, S., Said, A., &
Khan Khalil, S. (2012). Determination of seed quality
tests of wheat varieties under the response of different
sowing dates and nitrogen fertilization. Pakistan Journal
of Nutrition, 11(2), 34-37.
https://doi.org/10.3923/pjn.2012.34.37

Gusta, L. V., Johnson, E. N., Nesbitt, N. T., &
Kirkland, K. J. (2004). Effect of seeding date on canola
seed quality and seed vigour. Canadian Journal of Plant
Science, 84(2), 463-471. https://doi.org/10.4141/P03-100

He, Y., Cheng, J., He, Y., Yang, B., Cheng, Y., Yang,
C., Zhang, H., & Wang, Z. (2018). Influence of
isopropylmalate synthase OsIPMS1 on seed vigour
associated with amino acid and energy metabolism in
rice. Plant  Biotechnology  Journal, 17, 332-
337. https://doi.org/10.1111/pbi.12979

Hirich, A., Choukr-Allah, R., & Jacobsen, S. E.
(2014). Quinoa in Morocco — Effect of sowing dates on
development and yield. Journal of Agronomy and Crop
Science, 200(5), 371-377.
https://doi.org/10.1111/jac.12071

Hu, M., & Wiatrak, P. (2012). Effect of planting date
on soybean growth, vyield, and grain quality:
Review. Agronomy Journal, 104(3), 785-
790. https://doi.org/10.2134/agronj2011.0382

Jacobsen, S. E. (2003). The worldwide potential for
quinoa (Chenopodium quinoa Willd.). Food Reviews
International, 19(1-2), 167-177.
https://doi.org/10.1081/FR1-120018883

Iranian Journal of Seed Science and Technology

Khan, A. Z., Shah, P., Mohd, F., Khan Amanullah, H.,
Parveen, S., Nigar, S., Khalil, S. K., & Zubair, M.
(2010). Vigor test used to rank seed lot quality and
predict field emergence in wheat. Pakistan Journal of
Botany, 42, 3147-3155.

Kibinza, S., Bazin, J., Bailly, C., Farrant, J. M.,
Corbineau, F., & EI-Maarouf-Bouteau, H. (2011).
Catalase is a key enzyme in seed recovery from ageing
during  priming. Plant  Science,  181(3), 309-
315. https://doi.org/10.1016/j.plantsci.2011.06.003

Koca, Y. O., & Canavar, O. (2014). The effect of
sowing date on yield and yield components and seed
quality of corn (Zea mays L.). Scientific Papers. Series
A. Agronomy, 57, 227-231.
https://doi.org/10.22034/CAJPSI.2021.02.06

Kundu, P. K., Roy, T. S., Hossain Khan, Md. S., Parvin,
K., & Khairul Mazed, H. E. M. (2016). Effect of sowing
date on vyield and seed quality of soybean. Journal of
Agricultural Ecology Research International, 9(4), 1-7.
https://doi.org/10.9734/JAERI/2016/29301

Milosevic, M., Vujakovic, M., & Karagic, D. (2010).
Vigour tests as indicators of seed viability. Genetika,
42(1), 103-
118. https://doi.org/10.2298/GENSR1001103M

Mirshekari, M., Majnounhosseini, N., Amiri, R,
Moslehi, A., & Zandvakili, O. R. (2013). Effects of
sowing date and irrigation treatment on safflower seed
quality. Journal of Agricultural Science and Technology,
15, 505-515.

Muasya, R. M., Lommen, W. J. M., & Struik, P. C.
(2002). Differences in development of common bean
(Phaseolus vulgaris L.) crops and pod fractions within a
crop: 11. Seed viability and vigour. Field Crops Research,
79(1), 79-89. https://doi.org/10.1016/S0378-

4290(02)00014-X

Munir, H., Basra, S. M. A,, Cheema, M. A., & Wabhid,
A. (2011). Phenotypic flexibility in exotic quinoa
(Chenopodium quinoa Willd.) germplasm for seedling
vigor and viability. Pakistan Journal of Agricultural
Sciences, 48(4), 255-261.

Okelola, F. S., Adebisi, M. A., Kehinde, O. B., &
Oluwole, A. M. (2007). Genotypic and phenotypic
variability for seed vigour traits and seed yield in West
African rice (Oryza sativa L.) genotypes. American
Journal of Science, 3, 34-41.

Penfield, S., & MacGregor, D. R. (2017). Effects of
environmental variation during seed production on seed
dormancy and germination. Journal of Experimental
Botany, 68(4), 819-825.
https://doi.org/10.1093/jxb/erw436

Qun, S., Wang, J. H., & Sun, B. Q. (2007). Advances
on seed vigor physiological and  genetic
mechanisms. Agricultural Sciences in China, 6(9), 1060-
1066. https://doi.org/10.1016/S1671-2927(07)60147-3

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VF Y Olsli oY o)led Y A


https://doi.org/10.1016/j.scitotenv.2019.03.344
https://doi.org/10.1017/S0960258500000696
https://doi.org/10.1093/jxb/erv490
https://doi.org/10.1007/s11738-020-3017-4
https://doi.org/10.3923/pjn.2012.34.37
https://doi.org/10.4141/P03-100
https://doi.org/10.1111/pbi.12979
https://doi.org/10.1111/jac.12071
https://doi.org/10.2134/agronj2011.0382
https://doi.org/10.1081/FRI-120018883
https://doi.org/10.1016/j.plantsci.2011.06.003
https://doi.org/10.22034/CAJPSI.2021.02.06
https://doi.org/10.9734/JAERI/2016/29301
https://doi.org/10.2298/GENSR1001103M
https://doi.org/10.1016/S0378-4290(02)00014-X
https://doi.org/10.1016/S0378-4290(02)00014-X
https://doi.org/10.1093/jxb/erw436
https://doi.org/10.1016/S1671-2927(07)60147-3

a4

O 5 (Sl (s e

Rahman, M. M., Rahman, M. M., & Hussain, M. M.
(2013). Effect of sowing date on germination and vigour
of soybean (Glycine max L.) seeds. The Agriculturist,
11(1), 67-75.

Randhir, R., & Shetty, K. (2003). Light-mediated fava
bean (Vicia faba) response to phytochemical and protein
elicitors and consequences on nutraceutical enhancement
and seed vigour. Process Biochemistry, 38(6), 945-
952, https://doi.org/10.1016/S0032-9592(02)00219-4

Rashid, M., Hampton, J. G., Trethewey, J., &
Rolston, M. P. (2017). Effect of sowing date on forage
rape seed quality. Agronomy New Zealand, 47, 55-64.

Rezzouk, F. Z., Shahid, M. A., Elouafi, S. A., Zhou,
B., Araus, J. L., & Serret, M. D. (2020). Agronomic
performance of irrigated quinoa in desert areas:
Comparing different approaches for early assessment of
salinity stress. Agricultural Water Management, 204,
106. https://doi.org/10.1016/j.agwat.2020.106205

Rosa, M., Hilal, M., Gonzélez, J. A., & Prado, F. E.
(2004). Changes in soluble carbohydrates and related
enzymes induced by low temperature during early
developmental stages of quinoa (Chenopodium quinoa)
seedlings. Journal of Plant Physiology, 161(6), 683-
689. https://doi.org/10.1078/0176-1617-01257

Sahu, B., Sahu, A. K., Chennareddy, S. R., Soni, A., &
Naithani, S. C. (2017). Insights on germinability and
desiccation tolerance in developing neem seeds
(Azadirachta indica): Role of AQS, antioxidative
enzymes, and dehydrin-like protein. Plant Physiology
and Biochemistry, 112, 64-
73. https://doi.org/10.1016/j.plaphy.2016.12.022

Sawan, Z. M., Fahmy, A. H., & Yousef, S. E. (2009).
Direct and residual effects of nitrogen fertilization, foliar
application of potassium, and plant growth retardant on
Egyptian cotton growth, seed yield, seed viability, and
seedling vigor. Acta Ecologica Sinica, 29(2), 116-
123. https://doi.org/10.1016/j.chnaes.2009.05.008

Siddique, A. B., & Wright, D. (2004). Effects of date of
sowing on seed yield, seed germination, and vigour of
peas and flax. Seed Science and Technology, 32(2), 455-
472, https://doi.org/10.15258/sst.2004.32.2.16

Iranian Journal of Seed Science and Technology

Swami, S., Yadav, S., Yadav, S. K., Dahuja, A., &
Yadava, D. K. (2016). Imbibition behaviour and
germination response in conventional and quality Indian
mustard (Brassica juncea) seeds. Indian Journal of
Agricultural Sciences, 86(12), 1625—
1629. https://doi.org/10.56093/ijas.v86i12.65652

Tabakovic, M., Simic, M., Stanisavljevic, R.,
Milivojevic, M., Secanski, M., & Postic, D. (2020).
Effects of shape and size of hybrid maize seed on
germination and vigour of different genotypes. Chilean
Journal of Agricultural Research, 80(3), 381-392.
https://doi.org/10.4067/S0718-58392020000300381

Tilebeni, H. G., & Golpayegani, A. (2011). Effect of
seed ageing on physiological and biochemical changes in
rice seed (Oryza sativa L.). International Journal of
Agricultural Sciences, 1(3), 138-143.

Wang, L., Hu, W., Zahoor, R., Yang, X., Wang, Y.,
Zhou, Z., & Meng, Y. (2019). Cool temperature caused
by late planting affects seed vigor via altering kernel
biomass and antioxidant metabolism in cotton
(Gossypium hirsutum L.). Field Crops Research, 236,
145-154. https://doi.org/10.1016/j.fcr.2019.04.002

Wang, X., Zheng, H., Tang, Q., Chen, Q., & Mo, W.
(2020). Seed filling under different temperatures
improves the seed vigor of hybrid rice (Oryza sativa L.)
via starch accumulation and structure. Scientific Reports,
10, 563. https://doi.org/10.1038/s41598-020-57518-5

Yao, Z., Liu, L., Gao, F., Rampitsch, C., Reinecke, D.
M., Ozga, J. A., & Ayele, B. T. (2012). Developmental
and seed aging mediated regulation of antioxidative
genes and differential expression of proteins during pre-
and post-germinative phases in pea. Journal of Plant
Physiology, 169, 1477-1488.
https://doi.org/10.1016/j.jplph.2012.06.001

Zhu, L. W., Cao, D. D., Hu, Q. J., Guan, Y. J., Hu, W.
M., Nawaz, A., & Hu, J. (2015). Physiological changes
and sHSPs genes relative transcription in relation to the
acquisition of seed germination during maturation of
hybrid rice seed. Journal of the Science of Food and
Agriculture, 96, 1764-1771.
https://doi.org/10.1002/jsfa.7283

Ol ) 658 5 psle 4,2

Vol.: 13, No.: 2, Summer 2024

VF Y Olsli oY o)led Y A


https://doi.org/10.1016/S0032-9592(02)00219-4
https://doi.org/10.1016/j.agwat.2020.106205
https://doi.org/10.1078/0176-1617-01257
https://doi.org/10.1016/j.plaphy.2016.12.022
https://doi.org/10.1016/j.chnaes.2009.05.008
https://doi.org/10.15258/sst.2004.32.2.16
https://doi.org/10.56093/ijas.v86i12.65652
https://doi.org/10.4067/S0718-58392020000300381
https://doi.org/10.1016/j.fcr.2019.04.002
https://doi.org/10.1038/s41598-020-57518-5
https://doi.org/10.1016/j.jplph.2012.06.001
https://doi.org/10.1002/jsfa.7283




