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ABSTRACT

Introduction: Quinoa is a semi-cereal native to the Andes region of South America. Quinoa can be cultivated in many parts of the world as
a new alternative crop due to its high nutritional properties and compatibility to the environment. Choosing the appropriate planting date is
known as one of the most important agricultural programs to achieve optimal yield in crops. In the temperate regions of Iran, after the
harvest of winter cereals such as wheat and barley, crops are usually not cultivated in the arable land until autumn. Therefore, selecting
plants as a second crop can increase the farmer's income. In Iran, not much research has been done about the proper planting date of quinoa
as a second crop. The purpose of this experiment was to determine the suitable sowing date for quinoa as a second crop in the climatic
conditions of Kermanshah.

Materials and methods: The experiment was conducted as a randomized complete blocks design with three replications in the research
farm of the Campus of Agriculture and Natural Resources, Razi University, Kermanshah Iran, in 2018. The experimental treatments (sowing
date) included 9th, 16th, 23rd, and 30th of July. In this research, some agronomic and physiological traits were recorded. Analysis of
variance was done with SAS software and means were compared with the least significant difference (LSD) test.

Results: The results of the analysis of variance showed that the effect of planting date on plant height, number of secondary branches,
number of panicles, number of seeds per panicle, panicle length, number of days to flowering, 1000 grains weight, grain and biological
yields, harvest index, soluble carbohydrates, proline content, chlorophyll a, and chlorophyll b concentrations were significant. The mean
comparison test showed that the delay in the planting caused a significant decrease in the investigated traits of the quinoa plant. The highest
and lowest amounts of these traits (except for soluble carbohydrates and chlorophyll b concentration) were obtained on the planting dates of
the 9th and 30th of July, respectively. For example, the highest grain yield (2260.40 kg ha-1) was related to the planting date of 9th July,
which, compared to the lowest grain yield (1331.40 kg ha-1) obtained on the planting date of 30th of July, increased by about 70%.
According to the results of the correlation analysis, plant height, number of lateral branches and biological yield had the highest positive
correlation with grain yield, respectively. In addition, path analysis showed that the number of panicles per plant and the number of grains
per panicle had the highest direct effect, and the number of lateral branches had the highest indirect effect on quinoa grain yield.
Conclusion: In general, the results of this study showed that different sowing dates significantly affected the grain yield and yield
components of quinoa. All investigated traits decreased significantly with the reduction of the growth period length. The grain yield of the
quinoa can be improved by choosing the appropriate sowing date due to the proper use of environmental resources (light, temperature, etc.).
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Table 1. Meteorological information of the region during the experiment.

bl e sle el 5 Moo e e ol 3
Weather parameters Juan July August  September  October November
(oshe) St
0 0 0 29 125 104
Rainfall (mm)

(A‘Ji:ﬂl.w 4= 3) Les Lo g

30.6 313 27.1 211 12.3 7.4
Mean temperature (c°)
(M)é) &;-fjb) .E..-:}I.ﬁ
16 17 17 32 62 71
Mean humidity (%)
Bl okl
362.4 333.6 3139 207.3 148.4 98.8

Sunny hours
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Table 2. Physical and chemical analysis of the soil where the experiment was carried out.
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18 0.48 45 14 360 18 009 0.9 7.8 28 e
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Table 3- Analysis of variance for the investigated traits of quinoa under the influence of
different planting dates (mean squares).
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1000 Panicle Plant Sources of
grain No. of No. of days to length branches height variation
h panicles per grains per o erin df
weight plant panicle g
Sk
0.03" 3.25™ 10335.58" 1.33m 3.99™ 3.08™ 169.12" 2
Block
clls Ll
0.48™ 14.00™ 38712.97™ 171.63™ 7.92" 12.52™ 477.95™ .
Sowing
date
Uas
0.005 0.25 4705.80 5.22 0.47 0.19 48.68 6
Error
%) &l pss oy
3.03 6.25 18.33 3.74 6.40 5.57 10.31

CV (%)
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ns: no significant **, * Significant at 1 and 5% probability levels, respectively.
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Table 4- Mean comparison of the effect of different planting dates on the studied traits of

quinoa.
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weight (g)  panicles per panicle flowering length (cm) branches eight
plant (cm)
S5 VA
2.912 10.332 516.002 69.332 12.742 10.002 82.262
July 9t
S Y0
2.792 9.00° 403.33% 65.002 11.05P 9.00° 72.44%
July 16™
ols e
2.39° 7.33¢ 323.67% 57.66° 10.29° 7.33¢ 63.07%
July 23
ols e A
2.03¢ 5.33¢ 249.33°¢ 52.33¢ 8.84°¢ 5.334 52.80°¢
July 30t
0.15 0.99 137.05 4.56 1.37 0.88 13.94 LSD (%)

(LSD<0.5) Al oo bylows (50 e pas saias Hlis et oy alie By >

Similar letters in each column indicate non-significance between treatments (LSD < 0.5).
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Table 5- Analysis of variance for the investigated traits of quinoa under the influence of
planting dates (mean squares).

Slyasmg S
& 3 4> ,0 .
ctlsp Lasls Soiedon o Slee Wl s S J-"bvls a by IS s Jolowe '|)~| S gle
. . L)
Harvest index Biological Grain yield Chla Prolin Soluble Sources of
yield Chlb carbohydr df variation
ates
Ssb
11.42m 260216.49" 63965.34" 0.008m 1.78™ 0.24™ 1.61™ 2
Block
s g
53.12™ 886640.91™ 452096.75™ 0.06" 0.43" 0.13™ 0.30* 3 .
sowing
date
Uas
4.33 33552.68 15462.96 0.009 0.07 0.004 0.06 6
Error
(%) Ol o o
5.76 3.71 6.92 9.42 11.01 6.96 9.15

Cv (%)

Aibee do 0 0 5 ) ol a0 (5)l0 pre 5 (gl gme pae wliS o5 5 A %

ns: no significant **, * Significant at 1 and 5% probability levels respectively
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Table 6- Mean comparison of the effect of planting dates on the studied traits of quinoa

plants
) Slydeng S
S oSlos  wbasle s FS
b
_ . Biological Grain a Prolin Soluble csls &b
(do,0) bl p L R . "
) Cad yield yield Chib  chra e carbohydr
Harvest index (%) ates Date of
sowing
OLsSe 3 p,55kS) (SrFoses »eSs
(kg ha't) (mg g leaf fresh weight)
5 VA
40.012 5649.902 2260.402 0.92° 2.992 1.242 2.445
July 9t
S Y0
37.978 5005.50° 1898.40° 0.95° 2.50% 1.04P 2.47°
July 16™
ols e )
36.172 4687.01°¢ 1695.60° 1.12% 2.41° 0.83¢ 2.67%
July 23t
ols e A
30.24° 4378.90° 1331.40° 1.232 2.20b 0.79¢ 3.132
July 30t
4.16 365.96 248.44 0.19 0.55 1.18 0.49 LSD (%)

(LSD <0.5) Al oo bjlend (6 )I0 gime pas oais lis st o 0 alie By,

Similar letters in each column indicate non-significance between treatments (LSD < 0.5).
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Table 7. Correlation coefficients between agronomic and biochemical traits of quinoa plant
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yield yield -ofp -orgr weight ~ height : flowerin carbohydrates
per plant per panicle length g
als o,Sles 1
Grain yield
&):.
gl 25 0.947" 1
Biological yield
Sy s 0.921" 0751 1
Harvest index
. L slos
S JShoS g g g19™ 0.946™ 1
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Table 8. Investigation the direct and indirect effect of important traits on quinoa seed yield.
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