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Response of different quinoa (Chenopodiumquinoa) genotypes to planting date in
terms of morphological traits, yield and yield components in Garmsar region
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ABSTRACT

In order to investigate the possibility of quinoa producing in Garmsar, Iran, a factorial experiment
conducted in randomized complete block design with three replications in 2018-2019 growing season at
Garmsar Agricultural Research Station. The factors were planting date at three levels (March 6%, April 1
and April 6™) and the three genotypes of quinoa (Q26, Q29 and Titicaca). Results showed that the effect
of planting date was significant for all studied traits except the harvest index. Also, all studied traits were
significantly different in all genotypes. Titicaca planted on March 6™ had the highest yield (2276 kg.ha"
1. The grain yield and yield components decreased with the delaying the planting date. Compared to early
plantings, Latest date, April 6™ led to reduction of all traits, especially grain yield (about 50%). The
results of simple phenotypic correlation between the studied traits showed that grain yield per hectare had
the highest correlation with plant yield (0.877) and then with leaf area index (0.832), panicle weight
(0.815) and number of branches per plant (0.745) that was significant at the 1% probability level.

Keywords: Harvest index, planting date, quinoa, seed yield, spring planting.

* Corresponding author E-mail: gakbari@ut.ac.ir


mailto:gakbari@ut.ac.ir

e Slae a5l canls g )b 4y 19S alitee slacas ol wly 1)) Sen g (5,251 $Y

(FAO, 2013) el ous
S gl ol i g sl i8S 30 TaiS
ol (SLas) o 05, ciaslogs Sl 4y Mo
SoodS (a3LE o5 o5 S 4 ol JelS s
Ol Wlg e g WS (o0 5T ¥ gg Subs
Olee 095 (Fubs 313l I8 w5 53 Joere DU
doys YA B AYAY s oS ol ails psig
goculsial J5 o5 cul olS L 5wl
Jolss (FAO, 2011) &S o i 1, 0y (55,
ol g 5 52 @S 5l i T9S slaarlsi]
Olie Cwl 4w Kol 9 E pualing 5l L 19S

@ ol Goane Slse 5 een 5 Fomb Of mee
Lol cpl wls ol &3 g 92 pasS 51 YL ol
slae (Sdgdannl 4 ub] stz JB e oils
W e eBen WHlal g Wl Sl efign
e eSS el (2lS mlie I, 0es
3,08 35S ooyl cpl Ll 5l edlé psigp
L Sy slia o a5 cpl Lo a g o)l
aolis e dxwgl lgie 4 (D)3 j0g L e
sblie 5 (b wadeSun adg o WS o Jes
l9eS 589y Olime Ogd oo colaiul oa Sogly8
(o0 Hlgz—aw) &y 51 YL (e, /0 B V/A)
FY L OO ¢ gladlpe douS eg, aoyo Ve Lol
Gl Sl Sl 9 Setdgid s Kl ] a0

.(Vega-G-lvez,et al., 2010)
W & LS g e 20 e sln 25
dainS elin S ol Canl olS ol o 0 Sles
Sl 5 08, 5 welil Jole 50 (sl (Ko
@lizee glogy )b 0 19SS aS wes oo ylid Oladod
@by o (n Gl (Jg w0edioe G S
Fu,b el Sladl 0o 5 als> o S A )by g S
Sgd pedaid (5,9b Wbl 3blie jo oS culs
VO-YO g slos 1 Sibos o SLidl 08 )F al> 6 y0 oS

A0

heme Slpnss (Sl dm 0 5 23 Glaass o
g el oden) Sl gl 4 gble (Sp 0
SYgame oS g (o5 3 Sles sln o G
Coroz Gl e Byb ) 09 oo Sy (55,5L5
Loy ielian Jlid Giche 3 & 5l s
35ly o= GlaptuwsS] § ol mlie Logas wiuy
ol Coge laldS slaslE molidl wiS e
adyle slazel lacaiils 5 el ool S b S
Jsb lsp 5 ol Slyesd carge (Vg ol &5
Sdg g vedee AL Nl g sad (Jaad
2 edee 3 b et ) Sopliul DY game
Syrge Lulys b )5k Sl (n e el
R 4 pslie o 2T 5l b GlalS Byme )b |
RUVW IRRCD W L] LA OO P P L | ISP R W
Ly oless cde @ o0j5,0l &5 SbLS 51 (S
o IS olS el a5 3 axgi 9590 S92
lgS  .(Salehi & Dehghani, 2018) aub
sl g0 olS (Chenopodium  quinoa)
dw cmg> gl 0ol 5l (2n=4x=36) assh! 5yl
4 09)S gz &5 Sl Sl Sudglle g an S
(Adolf, et al., 2012) s¢i oo gy atwd D
O obS onl (S5 050 Jsb Bl 5 08, 4y 4t
Sl eSS oYL gen il g, YFe LY.
Sl 00D ge (SbS g (§Hpd S 4 Ceglie
@l lyll 4 oy )55l ol ol A
ls.S" .(Bhargava, et al., 2007) ol aiils oo L3l
USRIV PERSE SNERNNTRIN Y
Sl Qoys VY LY ol je Sladles )5 5
.(Gomez & Pando, 2015)

oy S Wil adlaie o Jlo O v+ sga> g
) g (i ¢ Martinez, et al., 2015) el
St QS e Ve e) Gods po oS nl ciS
Cowl biSed Soop g jsiS osx o
oS S yleie 4 oS ol (Garcia, et al., 2015)
e Lo SIS el gyl asle calize bla jo o
CuiS Copdge b win g Sl oz (ST Ly B



\al Vo Gl oF 5,Lels DY 5,90 oyl pl ol)5 (LS pole

5 Nad ool ackid cwle o) slads
sy o8lee g (Sum; £95 Sl (izen
5 0 e 5 it B 5 o Slighond A
T B oy JoyySl oyson Gilel cnl ol
i 5 S5 aw b ol LS slaSsl,
Ol b Gl Sl gt 65)0leS Dlados
J e Ade gl 5 e die VYO 4Vl Swl
b ol K52y 8 il sl 5 s o
il 1) s b i e Lol ol 535
des o0 55515 5 (VWAA 10,558 10 5 5 TRV
31 Gt 09 (Titicaca ¢ Q29 Q26) 1S Cuigi
S gyngilo Vo U jao glesl 5l iolesl alo!
@tlerd 9 (Supd Slosgas 5 b ()l paiged
hlo ac te S i e JBaslesl o S
oS ol 5 AID aaed b og) il
Jyese Slles 5l 390y p (eienj (oo VIY
5 Sewd eFd Jd l ciS gile bl (sl
S b el ey (80 355 Sldes (390
3% 9 Fratle B0 ad,y Aol by (Jwd &0
K5y 5 o o 3 o o ol 4285 oo 50
0 59y o g alolagdlil gladip S5 (08
) Lkl JSaie &5 e al Jleile Cule
iy K455 33 o Syt e i gy S
1 e S ol Lol alolh g LIS IS

EAPLER NP

Fobe b 5eS Syge po bl oS ile ax e
CTINIC N TPV DRSNS I
b o els RS s9ba
Comlus a5 Jl>,o Salehi & Dehghani, 2018)
Y pbélpe s ol cwbe slocs)
oS b 5y Jsb 4 (0,0l 5 (obs)l slay5aS)
S5 5 Wl Skl gla)gas jo lenS il
ol S S peba el S o)l Ojpen
VOV 59,y sk deieS (Saw, oloj yo bl
Razzaghi, 2011, Bazile ef al., 2013, ) ol celus
slocaigly mwly o Al (Lavini et al., 2014
ot Sl gl 4 TS edlps 40 292 ge
Sl 0 el (o) g ly (el e bl
5 ol Gl Lyls cod 155, o Slas da eS|
Sl 009y Wglaie «llS Zo )b 4 axgi b g olse
GQ,JEI g9 JJo 4 (Awadalla & Morsy, 2017)
Sl )l Sl oy az s BB 3190 51 (S el
oIBl s 6Bl 5 Fee Jele tn Seke lyea
L ol adlhe (bl ool 132 olS s Shee
2195 Gl Gudsis 5 S b s Bo
Glogasli w)pn o JWs 4 g e S liw 0

W8S Dygo 9,Sles 5 0

l&bg’;’ag) 9 é‘}s
Bz olS gl aw glaydy el alS olse

Slaglesl jo 5 wag ey995 &5 (1 Jguz) IsiS

oinleyl jo danlllas 0,50 slacusgsy wledlbl =) Jgo

Tablel. Information of the studied Genotypes in the experiment

Genotype name Origin Year of entry / production Source
TITICACA Denmark 2016 Final Report Quinoa TCP
CHILE 2011-FAO (Q26) FAO 2013 Final Report Quinoa TCP
CHILE 2011-FAO (Q29) FAO 2013 Final Report Quinoa TCP
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Table 2. Soil test results

P = S N
EE E EE B g £ o =
Z2 4 £ & 2 = =5 5 £ 3
e < & £ 8 g5 ¥ £ = =
= ~ O 38 ©»n =
Q S =2 8 o = w0 O
mAa 3 O N =
=
8
5 =T & &8 8 B
5 e g2 g 2 B B8 3T B
E E€E &8 & E & g E&
8%00009989
2 2 &£ £ & &£ £ 5 £ £
£ g < << < 3% 2 3 2
2 < — £ =T T
wn
™ © . ¥ E - 9 n
— o
= S -~ Z 4 8 o0 ¥ o

K(ava) p.p.m

Flame
photometer

327.4

B
2= o 0F
Z © .
§ - O = Type of analysis
s 8 Z
> o O [
& B
=
-~ 8
Q o=
= 2 £ 8
55 5 £ 3
2 =2 2 s g Test Method
o £ = s 2
~ Q = =
g E
=
o~ 2 =
~ 52 o 9 Numbers read
(=) Q& o~

Oee (¥ J592) 05 )3 Sne (o 2 9,50 Do
dsb 320 (omyp Syge Dlae (sled p odg) 36
Flie ol il (Sl aslio o4 )los;.u Ale>
Slae ¢l ks ((F Jgo2) cudgiy x cls &b
5o il o Slae wig o aly o Sles dg> (9
B9 3P Gy 0 Ses 5 LS

3

Shalejl 050 Slacdisy amlis l Jol> mbs
3Gl ;9 Q29 5 Q26 oSy g0 aS ol las
g Syl 59 @Sl sl g (59 alex I Slao
5o Ll aaals o goe BN wigy (o ails o, Sles

ol dessls (5yslaex 5 )lopaanlool 51
MINITAB |l38le 5 5l oolazwl Llaools jog Jlo
Ry b esliul b e g D (o)
oobel ool S «(Version 20) SPSS
slaosls (l)ly 4525 (ol 9 G ulrs
L ‘SLo‘ slrools u.‘.ixt.c PR 9 oA JLQ)J
chw 0 b gme oyl JBlas gyl 5l eslaxul

A pll as o iy Jleis

&@5@&
oled lp clls Al 8b as ob i mls



o

Vo Gl oF 5,Lels DY 5,90 oyl pl ol)5 (LS pole

(O Jgaz) ols lid 6,5 Q29 gy 4

o,Sles olS gl )| Sy mhaw jarls wibe Slas
S Q26 udgif o S o Slos g ,LSe o ails

lgS ol 50 ouls (603l Slaw p cudgiy 5 <8 2o, 51 il lg 450 -V Joux
Table 3. Variance analysis of the effect of planting date and genotype on the measured traits of quinoa

MS
S.0.V df . Panicle Panicle Branch 100.0 Plant Yield per Biological
LAL Height length weight per graim yield hectare yield HI
plant weight
Block 2 0.002" 88.25™ 0.33™ 14.77 " 1.148™ 0.001™ 0.101 ™ 1377.7™ 40695.4 "™ 4.05™
Planting date 2 154 297337 290.11™ 6341.7"  20.59™ 43™ 71987 2625544 13657 493
Genotype 2 *0.46 *1300.48 3.44 ™ 2592.4™ 2.71° 0.099™  38.98™ 48454.4™ 1097585 322.24™
Planting 4 0008™ 11.03™ 2227 112.55°  0259™ 0.014™ 562  39005.5" 158073 6.12"
datexgenotype
Error 16  0.007 17.46 0.958 31.361 0.606 0.005 0.261 3894.44 48380.2 9.027
CV - 10.8 6.3 11.5 7.5 21.3 11.3 9.2 34.5 22.5 12.8

Ei]

ns, * and **: non significant and significantly different at 5% and 1% of probability levels, respectively.
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Table 4. Mean comparison of the interaction effects of planting datexGenotype for the studied traits in the

quinoa plant

Planting Genotype Pgnicle Yield per Yield per Bi‘ological
date weight(gr) plant(gr) hectar(kg) yield(kg)
£ Titicaca 156.67 a 14.16 a 2276 a 4460.3 ab
'§ Q26 121.6 be 8.58 ¢ 1850 ¢ 4706 a
§ Q29 11c 833 ¢ 1606 d 4236.6 be
= Titicaca 129.33 b 11.23b 2000 b 3973 ¢
= Q26 100d 7.24d 1590d 4073 be
< Q29 96.67 d 7.1d 1200 e 3005.3d
g Titicaca 90 d 55e 1050 £ 2260.6 ¢
= Q26 57.67¢ 4.6 f 843 ¢ 21393 ¢
< Q29 69 e 43 f 683 h 1760.7 f

il oo o sme BN (gl oo, o Jloil mhan 50 9 5SSl ge3T (sl cilive pué g sl (sl i SSlin ¢ygins )0
In each column, means with non similar letters have significant difference based on the Duncan test at p<0.01.
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Table 5. Mean comparison of the simple effects of genotype for the studied traits in quinoa

Plant Panicle Number 1g?glon' Yield Vield Biolouical
: oht : per ield per iologica
Genotype LAl (cmjheight (V:/elﬁl t branches  weight plant  hectar(kg)  Yield(kg)
&P per plant (gn (gr)
Titicaca 3.;38 91.67 c 12533 a 1533 a 2.6a 103 a 1775 a 3564 a
Q26 3'51 114.89 a 99.11b 14.44 b 2.02b 6.8b 1427 b 3639 a
Q29 3'(15 108.67 b 93.56b 1433 Db 1.99Db 6.59b 1163 ¢ 3000 b

il e o s B gl oo, S Jloiml mhan 50 5 5SSl a0l (slie p diliie pud g sl (gl Silie ¢yt )0
In each column, means with non similar letters have significant difference based on the Duncan test at p<0.01.
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Table 6. Simple phenotypic correlation coefficient between the studied traits in the quinoa plant

Number of  Weight of a

characteristics LAI pl.a nt Panicle Parpcle branches thousand Yield per  Yield per Blolgglcal HI
height length weight plant hector Yield
per plant seeds
LAI 1 0.435 0.739™ 0.825™ 0.751™ 0.828" 0.819™ 0.832" 0.834" 0.527"
Height plant 1 0.775" 0.403™ 0.563" 0.719" 0.320" 0.505" 0.765™ -0.401"
Panicle length 1 0.728" 0.518" 0.734™ 0.650™ 0.605™ 0.781" 0.099"
Panicle weight 1 0.732" 0.873" 0.860" 0.815™ 0.726" 0.575™
Number of branches 1 0661 0792 0745 0812™ 0.335m
per plant
Weight of a 1 0.834" 0823 0.818" 0.243™
thousand seeds
Yield per plant 1 0.877" 0.766™ 0.618"
Yield per hector 1 0.814™ 0.504™
Biological Yield 1 0.128™
HI 1

By S g i (5bel alaus 40 Mo e oSy s g .Cbly a3l HI 65y mhaw asls LAI
LAL Leaf Area Index, HI: Harvest Index. *and **: significant at 5% and 1%, of probability levels, respectively.
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Table 7. Mean comparison of the simple effect of planting date on the studied traits in quinoa

Number
Planting LAI Plant Panicle Panicle of 1000-grain  Yield per Yield per Biological
date height(cm) length(cm) weight(gr) branches weight(gr) plant(gr) hector(kg) Yield(kg)
per plant
March 6th 3.90a 120.67a 26a 131.11a 15.8a 2.63a 10.36a 1911a 4467a
April 1st 3.8a 109.44b 25a 108.67b 15.2a 2.32b 8.52b 1596b 3684b
April 6th 3.1b 85.11c 17b 78.22¢ 13b 1.3¢ 4.81c 858¢ 2053¢

il e o sme BN gl oo, S Jloil mhans 50 5 5SSy a0l (slie s cdiliie e By sl gl Silie gty )0
In each column, means with non similar letters have significant difference based on the Duncan test at p<0.01.
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