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Abstract

Quinoa is an annual plant belonging to the Amaranthaceae family with high adaptability and acceptable yield in
different environments. In order to determine the most suitable planting date and quinoa genotype, a split plot
experiment was conducted in a randomized complete block design with three replications in the research farm of
university of Jiroft in 2018-2019 season year. Sowing date in three levels August 23, September 11 and October 2 were
as main plots and quinoa genotypes in ten levels Red Carina, Titicaca, Gizal, Qi2, Q1s, Q21, Q22, Q26, Q29 and Qsz1 were
as sub plots. The results showed the highest plant height (122.9 cm), number of panicles per plant (18), number of
spikes per panicle (12.1), biomass yield (9760 kg.ha!), seed yield (4243.3 kg.ha') and protein yield (374.3 kg.ha!) was
related to Q12 variety on the first sowing date. However, Q2 and Q29 genotypes were not significantly different from
Q12 genotype in most of the investigated traits. In general, the planting date of September 1 is the best planting date and
the Q12, Q2 and Q2 genotypes are recommended for Jiroft region, due to the higher yield and better growth
characteristics, it can be recommended on the first of September under the same conditions as this research, although it
is necessary to repeat the research for more definitive results.
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Introduction

Quinoa belongs to the Taj Khorosian family, it is an annual plant, dicotyledonous, self-growing, broad-leaved, one to
two meters high, and has a deep root system (Jacobsen et al., 2003). Ecologically, quinoa is a plant resistant to acidic
soil conditions, drought, frost (Valencia-Camuro, 2004), hot and dry weather .Sowing date due to the change in
temperature, day length, temperature, and relative humidity has a significant effect on the growth and development of
the plant during the growing season and is one of the most important management factors affecting the production of
crops (Khichar and Niwas, 2006). The autumn sowing date of quinoa varies from September to late November. In
general, according to different climates and temperature during planting and harvesting, the date of planting can be
determined for each region (Bagheri, 2017). This study was conducted with the aim of investigating the history of
different cultivations in different cultivars and genotypes of quinoa in the subtropical region of Jiroft.

Material and Methods

In order to determine the most suitable planting date and quinoa genotype, a split plot experiment was conducted in a
randomized complete block design with three replications in the research farm of university of Jiroft in 2018-2019
season year. Sowing date in three levels August 23, September 11 and October 2 were as main plots and quinoa
genotypes in ten levels Red Carina, Titicaca, Gizal, Q12, Q1s, Q21, Q22, Q26, Q29 and Qs1 were as sub plots. Quinoa seeds
were cultivated manually with a distance between rows of 50 cm and a distance between plants of 5 cm (Bagheri,
2017). A drip irrigation system was used for irrigation.The origin of genotypes Q12, Q18, Q19, Q21, Q22, Q26, Q27,
Q29, Q31 is Chile, Red Carina of Egypt and Titicaca of Denmark (Bazile et al., 2016). The genotypes used in this
research were obtained from the Research and Education Center for Agriculture and Natural Resources in the south of
Kerman province, located in Jiroft city. At the end of the growing season, yield traits and yield components were
measured per unit area after removing the margin effect. Seed protein concentration was measured by modified
Bradford method (Lorin and Matolis, 2005). Data were analyzed using SAS software and means were compared using
the least significant difference (Dancan) at the 5% level.

Results and discussion

The results showed the highest plant height (122.9 cm), number of panicles per plant (18), number of spikes per panicle
(12.1), biomass yield (9760 kg.ha), seed yield (4243.3 kg.ha') and protein yield (374.3 kg.ha') was related to Q12
variety on the first sowing date. However, Q2 and Q29 genotypes were not significantly different from Q12 genotype in
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most of the investigated traits. Delay in planting date caused a significant decrease in seed yield. Comparison of the
average effect of planting date on seed yield showed that the highest seed yield was obtained from the first and second
planting dates with an average of 3,397.6 and 3,163 kg.ha, respectively, and the lowest was from the third planting
date with an average of 2,093.3 kg.ha. Parger et al. (2018) observed the highest seed yield among the studied quinoa
genotypes in the Zeno genotype with 2430 kg. Seed yield had a positive and significant correlation with plant height,
stem diameter, number of panicles per plant, number of spikelets per panicle. The results of protein yield showed that
genotype Q12 had the highest protein yield with 585.9 kg.ha* and Red Carina and Titicaca cultivars (224.1 and 193.6
kg.ha®) had the lowest protein yield. The amount of quinoa seed protein is a function of the improvement of traits such
as the number of panicles per plant, the weight of 1000 seeds, the harvest index and the biomass weight, which occurs
following suitable temperature conditions with different phenological stages of the plant.

Conclusion

In general, the planting date of September 1 is the best planting date and the Qi2, Q2 and Q29 genotypes are
recommended for Jiroft region, due to the higher yield and better growth characteristics, it can be recommended on the
first of September under the same conditions as this research, although it is necessary to repeat the research for more
definitive results.
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Table 1: The physical and chemical characteristic of the experimental site
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Table 2: Average monthly temperature, humidity and rainfall of the Jiroft region during the growing season
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Table 3: Analysis of variance of quinoa traits
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Table 4: Comparison of the mean of different levels of major and minor factors on stem diameter, weight of thousand seeds and seed protein percentage of quinoa
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Table 5: Comparison of interaction effects of sowing date x genotype on vegetative traits of quinoa

als B9 \))SLQ.C (o) wlo)) f}[m_, 6395 s | «))S‘LQ.C aslo \))S.LQ.: JBS'JL ;o al Slows Gg 4 JBS'JL olows LYY él.&{)l s csls é_,)[;
LS )3 p,59k5) Harvest index (%) (LS 48 o) (LS 55 p,55LS) Number of spikes per  Number of panicle (o s5lw) Génotype Sowing date
Grain protein yield (Kg.ha) Biomass yield (t.ha?) Grain yield (Kg.ha) panicle per plant Plant height (cm)
343,391 32.5™ 6.2 2103.3"ik 6.4m 12.2'm 87.6f Red Carina
307 32.1" 5.91K 1956.6'! 5.8m° 11.6m g2fn Titicaca
448.6%" 39.6MK 6.51 2696.6°7 6.7¢ 12,54 110.7° Gizal
800.6% 33.7m 9.76% 3743.3% 14.2% 207 122.92 Q12
509.1°F 36.6/Imn 7.56" 29966 7.9%1 13.791 98.1¢% Q18 BYSRVIVE
2616.4°% 38,4k 7.259 2953, 3" 7.4M 13.2M 107.3* Q21 August 23
447.9%h 36, 2ikimn 6.92" 2673.3¢f" 7.21 13k 94.2¢ Q22
651% 34,8 9.38° 3423.3%° 10.8° 16.7¢ 102.2¢ Q26
604.3 33.9'mn 8.72° 3306.72 10.7¢ 16.5° 122.6° Q29
558.8"¢ 34.2'™ 8.24¢ 3123.3Pcdef 9.4¢% 15.3% 94.9° Q31
223.9"° 32.5m" 4.48% 1743.31 5.1°¢ 10.9° 7411 Red Carina
187.8° 32.1" 4,199 1553.3km 4.6 10.4% 710 Titicaca
292nm 39,6ikImn 479" 2233.39n 5.6"" 11.4™p 94.6° Gizal
637.3 36.4ikimn 7.77° 3616.6% 12.3° 18.1° 95.8° Q12
371.1" 48,0 5.84% 27600 6.7¢ 12,5 85.3f" Q18 59 Ve
350.3% 48.9% 5.53' 2636.6"" 6.2 12" 93.8° Q21 September 11
312k 51.7% 5.2m 23509 6" 11.8™° 80.5" Q22
539.3%¢ 40, 79N 7.179 3443.3%¢ 8.8°f 14.6°f 85.7fn Q26
482,79 42 2¢fani 6.84" 3250200 9.64 15.4¢ 99.1% Q29
437.6°" 43, 4¢foni 6.53' 3043.3Pccef 8.3 14.17 83 n Q31
105m™ 54.8° 2.44Y 1050™ 3.9¢ 9.7¢ 58.9% Red Carina
86° 56.7% 2.16% 900" 3.4 9.3 56.3% Titicaca
148m 60.5° 2.751 1410'™n 41" 10.2" 81.29" Gizal
319.9Mk 43,8¢%fn 5.61' 2100Mik 9.9¢ 15,74 83.8f" Q12
182.1%° 48.0% 3.8 16901 5.5™ 11.4™p 72.2i Q18 e Ve
163.3< 48.9% 3.49° 1540Km 5P 10.9%" 82.3%" Q21 October 2
149.9%° 51.7% 3.17 1433.3'mn 4.8 10.6° 66.99 Q22
259.4™" 40, 79N 5.02" 20401k 7.21 13k 742 Q26
232.6" 42 2¢foni 4.68™ 194014 8.1 13.99" 86.9% Q29
2148 43 4efani 4.37™ 1723.31 7.1k 12.9% 70.21 Q31

A0l gime Dglas s )0 B Jleix ] e 10 caiiiis S i By > sl a5 Sla 1 Sl g 2 4o

Means in each column followed by similar letter (s) are not significantly different at 5% probability level
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Table 6: correlation coefficient between the studied traits in the quinoa plant

bl el 035 s § 0 Sl als o Sles Jsssl o alas slass alsylie 5 e 4 JoSily slass a8l Had Gy el
Harvest index Biomass yield Grain yield Number of spikes in panicle Weight of thousand seeds Number of panicle per plant Stem diameter Plant height
-0.336™ 0.742" 0.732" 0.666" 0.722" 0.666" 0.77" 1 St 5“_5)'
: Plant height
~0.222" 0.743" 0.802" 0.780" 0.741" 0.780" 1 48l L8
Stem diameter
0.286" 0.768™ 0.797" 1 0.681" 1 Wy 50 JoSily olaas
Number of panicle per plant
0.243™ 0.802™ 0.875™ 0.712" 1 loyl3e 03
Weight of thousand seeds
0.287" 0.768" 0.797" 1 JoRly o ot slass
Number of spikes in panicle
- e o, Sloe
0.269™ 0.738 1 oo
Grain yield
-0.676™ 1 0355y 3 3 Shos
Biomass yield

Harvest index

ao0 ) 50 Jlaml mhaw ;o o s olo Jre pas o 4y sk g % NS
ns, *and **: Not significant, significant at 5% and 1%, of probability levels, respectively
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