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Table 1- Meteorology parameter long coincided experiment in two years 2018 and 2019

Slod (ke Sy T 39y 40 SS9, Joes;

Months ol Mean temperature(°C) GDD Rainfall (mm) Evaporation (mm)
2018 2019 2018 2019 2018 2019 2018 2019

Oct " 28.3 20.2 666 639 378 625 1949  169.2
Nov oul 19.4 18.9 357 372 37.8 37.0 74.7 83.1
Dec ).ST 15.3 14.4 222 249 20.5 119.2 44.7 46.0
Jan &° 14.2 13.4 192 216 45.1 31.0 49.5 63.2
Feb "y 15.5 15.7 261 255 138 215 719 854

W 5V laglo o pialesl Jome S oland 5 (K58 slo Shs 5l (S0 - Joo

Table 2- Some physical and chemical properties of the test site soil in 2018 and 2019

G Gy FTonS olars hed by ey G b Sl
Years Depth Salinit?/ ) H C N P Clay  Silt  Sand Soil

(em) (dSm™) P %)  (mgkg) (mgke) (mgkeh) (%) (%) (%) texture
2018 0-30 5.4 9.7 0.58 0.058 10.5 22 30 48 lomy
2019  30-60 4.4 8 0.53 0.053 11.2 24 30 46 lomy
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Table 3- Combined analysis of variance growth index, yield and yield component of quinoa under
the influence of planting date, method and genotype in 2018 - 2019

Source of Variation i chw 25 L3 i oolo Sy a8 s R ON 39 :I:w"
. 157 K4 [Cranad ) Pl AE G
i @ilio @l » DMT,, Jypaze RGR., <
df LA max CGR ax e Flowering
JLw Year(Y) 1 44.79™ 544.39" 380.19" 0.00001™ 46.027
(Jw) Sobs Y (R) 6 236 71.52 39.94 0.00099 1.05
cbls 4,6 Data planting(D) 3 41.69 740393"™ 359.94" 0.00072" 1968.3"
YxD 3 1.54" 687911 43.14™ 0.00017™ 0.26™
sbol slas DXR(Y) 18 1.61 28.29 28.90 0.00080 3.15
bl b, planting method (S) 1 4.40™ 903723" 103.64™ 0.00002" 2685.0"
YxS 1 6.16™ 13.28™ 7.96™ 0.00029™ 1.33™
DxS 3 19.26™ 102005™ 79.32" 0.00102" 55.56"
YxDxS 3 0.20™ 67985" 14.07™ 0.00011™ 0.76™
=53 slas SXR(YD) 24 1.58 61.89 31.90 0.00046 3.22
o3, Cultivar (C) 2 14.817 6540.22" 25.88" 0.00067" 502.3"
YxC 2 0.31™ 11.70™ 0.46™ 0.00018™ 3.08™
DxC 6 6.56" 1647 32.93™ 0.00153" 11.83
SxC 2 3.90° 31474 18.64™ 0.00154" 40.08"
YxDxC 6 0.98"™ 3941 18.87™ 0.00024™ 0.99™
YxSxC 2 0.04™ 0.22™ 4.12m 0.00005™ 0.40™
DxSxC 6 2.90™ 3662" 7.40™ 0.00072™ 20.04"
YxDxSxC 6 1.01™ 1909™ 18.30™ 0.00016™ 0.70™
owilo 8L slas Error 2 96 1.39 63.71 12.70 0.00081 3.41
Ol s g b C.V. (%) 17.84 1.27 19.91 24.73 2.87

# NS

oy ) 50 Jlaiml mhas 1o ls g g o sine il pogRe 4 Gl PRI
ns, * and ** mean non-significant and significant at 5% and 1% probability levels, respectively

=Y Jgue aolof
Table 3- Continued

Josly olasy ails sluxy 438 N s
(S5} )S'L“‘
Source of Variation it Wgr yo Jossib 5o Sl s Wls il
3 2l ! Number Number o )h‘ . >
e & df anicle rain per 1000 grain Grain Harvest
P gram p weight yield index
per plant panicle
Jt Year(Y) 1 0.08™ 0.70™ 0.0001™ 130860™ 114.15™
() Sobs Y (R) 6 3.26 4.89 0.003 30679 420
cils gu,b Data planting(D) 3 229.61" 73.88" 8.949"™ 27098063" 2391.36™
YxD 3 1.81™ 2.99™ 3.757" 2450949 609.73"
ol glas DXR(Y) 18 4.93 12.62 0.010 5753 0.83
bl b, planting method (S) 1 341.33™ 240.89™ 0.237" 1033007™ 214.80™
YxS 1 4.08™ 7.43™ 3.013" 1974248" 181.35™
DxS 3 3.72m 23.94" 3.600™ 2507576™ 820.38"
YxDxS 3 1.47" 4.99" 2.465" 2351352™ 26.32"
= 5 slbs SXR(YD) 24 1.96 5.65 0.016 8977 1.23
o3, Cultivar (C) 2 185.77™ 67.41™ 27577 5708246 820.06™
YxC 2 11.40° 2837 0.001™ 5260™ 0.38™
DxC 6 24.72" 37.05" 0.024™ 233601" 17.58™
SxC 2 27.52" 4.97™ 0.002" 100307 2.02™
Y*DxC 6 2.62™ 7.08™ 0.011™ 12407™ 18.79"
YxSxC 2 0.40™ 9.42™ 0.033™ 51494 11.53"
DxSxC 6 6.74™ 5.98™ 0.013™ 73464™ 19.26"
Y*DxSxC 6 2.45™ 6.77™ 0.013™ 24530™ 3.06™
ouilo b slas Error 2 9 278 7.15 0.013 14594 1.69
Ol s g b C.V. (%) 20.41 13.8 5.08 8.0 6.00

# NS

oy ) 50 Jlaiml mhas 10 ls g g o sine f pogRe 4 G PRI
ns, * and ** mean non-significant and significant at 5% and 1% probability levels, respectivel
g g p Y P y
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Figure 1- Trend LAT and RGR of quinoa under GDD influenced by data and method planting
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Figure 2 - Trend LAI and RGR quinoa under time after planting influenced by data planting x
cultivar.
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Figure 3 — Trend dry matter quinoa under time after planting influenced by data xmethod
planting, Xcultivar
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D1; 22 Oct, D2; 1 Nov, D3; 11 Nov. and D4; 21 Nov., a - d: Gizal, b - e: Q26, ¢ - f: Titicaca cultivar and right
plots are Transplanting and left plots are seed planting.
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Table 4 - Comparison of mean growth index, yield and yield component of quinoa under the
influence of year, planting date, method and genotype

e
" - JoSuil olaws alsolasi o3 oles  asls
> oobo o y 39 Sy . . . . -
o ; D o J 23) - gy 4o Jsl yo  4ils )I}f ml.? ol
Treatment Level 5 DMT ? IS b Number  Number 1000grain Grain Harvest
> ( mfﬁj‘”‘ CGRypay Flowering  panicle  grainper weight yield index
LALpe (& 2(%m per plant  panicle (2) (kgh™) (%)
.day)
Jo 2018 497" 6292 1931° 64.84° - - - - 22.5°
Year 2019 429" 625.8°  16.49° 63.86° - - - - 20.9°
AT 5.23" - - 71.52° 11.33* 426.9° - 2585.2° -
i 22.0ct
& AT Y
culs o2 5.16* - - 66.88° 7.88° 397.7° - 1445.3° -
Data 1 I\_Iov
a ST Y. -
N S} b _ _ c d d _ d _
planting S Nov. 4.08 62.54 6.50 315.8 934.3
S 4.06° ; ; 56.48° 6.96° 378.2° . 1060.4° -
21 Nov.
bl by, s - 5589 - 60.61° - - - - -
Planting Transplanting
method % Seed - 696.1° - 68.09* - - - i, R
Gizal 478" 6283  17.32° 65.53 ) ) 4.45° 1487.7°  21.71°
Ws) a a a a a
; 26 487" 6372 18.58 66.38 4.81 . .
Cultivar Q - - 1813.8"  25.26
Titicaca 425> 617.0° 1779 61.16° } B 3.98° 12173°  18.10°
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The different letters in each column indicate a significant difference by Duncan's test at the 5% level.
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Table 5- Results of comparison of the mean of LA, and RGR . influenced by planting date x
method and wiehgt 1000 grain, grain yiled and harvest index influenced by planting date
xcultivar xyear

sl PHER E IS PO PYY cubls Lo
o Sals 5oy e I¥® 009 P
bl g, ;T t'w” caw ’ RGR) . 1000 grain Grain yield Harvest index
Planting date anting 5 2 weight (g) (kg.h") (%)
method » (g.g”.day)
LA 2018 2019 2018 2019 2018 2019
e Vo sl . 5.21° 0.064 1706 2.15° 2700.6° 1618.1° 30.22°  17.48%
22 Oct Transplanting
e s Seed 5.65" 0.074* 2.19°  3.00° 3148.7°  2873.2° 40.53* 3472
LT Y. sl . 4.80% 0.067™ 3.03  1.85% 967.3¢  1214.8° 21.51°  19.28™
o= Transplanting
1.Oct 4% Seed 5.11% 0.069® 327" 3.19° 1532.2°  2066.7° 29.30°  21.21°
AT Yo ey 4.22° 0.067* 2.11° 2.12° 895.4¢  926.2° 10.97°  18.80"
o= Transplanting
11 Nov. 4% Seed 4.10 0.066" 1.90¢  2.01¢ 867.3¢  924.7° 11.98°  16.88¢
ol ¥ L o 0.058¢ 1.78% 165" 11286 1199.0° 19.99° 21.00°
2 N Transplanting
ov. »% Seed  4.39% 0.044° 1.68°  1.69"  1019.0° 1018.8% 17.17* 19.01™
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The different letters in each column indicate a significant difference by Duncan's test at the 5% level.
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Table 6- Results of comparison of the mean of LAT,,,,, RGRy.x, yield component, grain

yield influenced by planting date x method and harvest index influenced by planting date
xcultivarx year

JoSuily slasi ailsolawi 5 Slae  Cebloy ali

sl o5 B 2l . Spp JoSsls  al Harvest
: P I :
Planting date Cultivar > RGR Number Number Grain (%)
LATax (g dn ) panicle  grainper ~ Yield
£242Y)  Lorplant  panicle  (kgh!) 2018 2019
J Gizal 4.83" 0.068" 113" 4359 ps53g.500 26.4% 348
22.0ct Q26 5.88" 0.073* 13.88° 499.8°  3058.6* 30.5° 38.8
Titicaca 4.97° 0.063 9.00" 4549 51583 21.4% 32,6
AN Gizal 4.39¢ 0.071® 6.50% 3757 45574 20.2% 26.8™
1. Nov Q26 4.93 0.077* 8.75" 4253 1762.9° 23.7° 30.8°
Titicaca 4.76™ 0.071% 5.63% 333.6%  q1172% 16.8% 18.6°
LT Gizal 3.96 0.057°% 6.25% 3179 gp33ef  17.0¢ 10.8°
11 Nov. Q26 4.39% 0.068" 8.38" 3483%  [109.g¥ 20.6™ 12.2°
Titicaca 3.87" 0.063 4.88° 281.1"  g6909f  143% 85°
obT ¥ Gizal 3.81° 0.050% 7.63% 326.1% 103359 19.9 17.7
21 Nov. Q26 4.27% 0.053% 10.13% 455.7° 130389 23.6° 22.0%
Titicaca 4.08°" 0.049° 5.88¢% 3302%  gog1f 16.6% 16.0%
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The different letters in each column indicate a significant difference by Duncan's test at the 5% level.
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Table 7- Results of comparison of the mean of LAI,,, RGRy.x, and number panicle per
plan influenced by planting method x cultivar and grain yield influenced by planting
method xcultivarx year

cudls b, 5, Tho PELE gy a2 s Jf:b’ Z‘M (;J:;I:I);L;Z
planting Cultivar N RG.Illmax Nu:ﬂ;er (kg.h)
method LAILnax (g.g" .day) panicle per plant 2018 2019

s Gizal 531° 0.061° 6.88% 1441.4%  1342.0%
Transplanting Q26 5.61° 0.066° 7.88% 1776.3®  1587.2%
Titicaca 4.56° 0.057° 5.75¢ 1138.8°  1143.7¢
Jre Gizal 5.47% 0.063° 10.00 1480.1°  1687.5°
Seed Q26 5.66 0.072* 11.56* 1818.0°  2073.6"
Titicaca 5.15° 0.062° 6.94% 1226.5°  1360.3%

il oo doyo O o 55 SOl (yge] o o e B soins (ylis (g b 0 Dglite g,
The different letters in each column indicate a significant difference by Duncan's test at the 5% level.
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Table 8- Results of comparison of the mean of yield and some yield component under the
influence of three effects, planting date x method xcultivar and dry matter (DMT,,,x) under
the influence of the four-way interactions of planting date x method x cultivar x year

S oolo

39y Slowy - a c1a
cells &, clbls gy P38 DMT a5 (g.m %) » LS I;;‘:\‘;);t{l;;
planting date Planting method Cultivar <* . o
2018 2019 Flowering (%)
. Gizal 695.28 853.0° 65.7" 22.80°
Lis b d cd
) Q26 702.6¢ 898.1 67.7 27.41
oo Yo Transplanting Titicaca 784.9° 812.3¢ 65.2% 21.34%h
22 Oct N Gizal 924.2° 924.7° 77.6° 38.43°
= Q26 937.0° 933.0° 79.8° 41.80°
Seed Titicaca 854.0¢ 906.4° 72.8° 32.64°
" Gizal 593.7" 591.08 65.0 20.34°"
£ h h de
) Q26 604.2 599.38 64.0¢ 24.03
ol Transplanting Titicaca 578.31 575.8" 60.5 16.821%
1. Nov 5 Gizal 902.6° 692.0° 72.7° 26.70%
= Q26 910.9° 783.2° 72.0° 30.46*
Seed Titicaca 816.6° 700.3" 67.0% 18.608
" Gizal 533.8 524.5' 61.8% 15.06™
= Q26 538.3 5327 62.7" 18.08%*
ouf v Transplanting Titicaca 515.2 512.0 53.8™ 12.51
11 Nov. 5 Gizal 4437 431.4° 52.7mn 14.74'
= Q26 488.0™  486.2 55.7' 16.744
Seed Titicaca  434.3"  439.6% 51.8" 12.31"
e Gizal 485.6™ 48459 62.5" 17.54%
) Q26 498.3! 492.8% 60.6" 21.88°
R Transplanting Titicaca ~ 460.8"  456.2" 55.6' 14.85"
21 Nov. " Gizal 4702  468.2™ 64.08" 20.08"
= Q26 480.0™  476.4™ 66.2'% 23.68%f
Seed Titicaca ~ 449.1°0  446.7° 62.21 17.741%
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The different letters in each column indicate a significant difference by Duncan's test at the 5% level
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Abstract

The most important component compatible with climatic diversity in agriculture is
the planting date, which has the greatest impact on the phenological characteristics of
the plant. Planting date is determined based on cultivar and climate of each region. In
order this study was conducted to investigate the effect of seed and transplanting
method on vield and yield components of quinoa cultivars in different planting dates in
Ahvaz climatic conditions. The experiment as a split split plot in a randomized
complete block design with four replications in crop years 2018-2019 and 2019-2020.
Planting date was taken as the main factor in four levels (22 October, 1 November, 11
November and 21 November) and sub factor including planting method (transplanting
and seed planting) and sub-sub factor also Quinoa cultivars (Gizal, Q26 and Titicaca).
The results showed that delay in planting date reduced growth index (22. 39 and 26%
LAIL DM and CGR recpectively), days to flowering (21%) and grain yield components
(number of panicles per plant (42%), number grain per panicle (26%) and 1000-grain
weight (21%)), grain vyield (63%) and harvest index (54%) in quinoa. The highest value
of these traits was related to the date of first sowing (October 22) and it was also found
that transplanting in early sowing date is weaker than seed sowing but in late sowing
date is better than seed sowing and reduces the negative effects of late sowing. Among
the studied cultivars, Q26 cultivar was more acceptable in terms of growth rate (LAI
(4.87), DMT (637.3 2. m™), CGR (18.58 g. m™.day) and vield components (number of
panicles per plant (9.72) and 1000-grain weight (4.81 g)) and grain vield (1813 kg. h™)
than the other two cultivars. The highest grain vield (3058 kg.ha') belonged to Q26
cultivar on 30 October planting and 22 October planting and seed sowing (3148 kg.ha™)
and the lowest grain vield (769 kg.ha™l) belonged to Titicaca cultivar on 11 and 21
November planting. In general, it was observed that the sowing date in early autumn
was suitable for planting different cultivars of quinoa in Khuzestan province due to the
longer growing season and Transplantation at this date of sowing did not have much
advantage in terms of yield compared to seed sowing, but in the date of delayed sowing
reduces the negative effects.

Key words: Delayed sowing, Grain yield, 1000-seed weight, Transplantation,
Quinoa.
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