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ABSTRACT

In order to evaluate the effect of planting date and plant density on grain yield and quality of four quinoa
cultivars (Chenopodium quinoa willd.), an experiment was conducted as a randomized complete block
design arranged in a split factorial was used with four replications in two years (2018 &2019) at the
Agricultural Research Station located, Jupar region, Kerman, Iran. . Experimental treatments consisted of
planting dates (24 July, 8 August and 23 August) as main plots and cultivars (Gizal,Titicaca, Q12 and
Q18) and plant density (16.6 and 33.3 plant m) as sub plots. The highest grain yield was produced at
August, 8, compared to the other dates. The average grain yield of Gizal, Titicaca, Q12 and Q18 cultivars
were 2484, 2239, 2547, and 2881 kg ha, respectively. Lodging was observed in cultivar Q18 in all
planting dates. Gizal cultivar with the average of 18.23% crude protein and 94.12 mg kgt iron had better
grain quality than other cultivars. The highest and lowest harvest index (0.35 and 0.26) belonged to Q12
and Titicaca cultivars, respectively. Gizal and Q12 cultivars were the earliest and latest cultivars with 82
and 99 days of the growing season respectively. Based on the results, Q12 cultivation on August 8 and
Gizal on August 23 with plant density of 33.3 plant m is recommended for Jupar region of Kerman.
Keywords: Planting arrangement, quinoa, seed quality, temperature, yield.
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Figure 1. Day and night temperature changes from May 22 to December 5 in two years (2018 & 2019)
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Table 1. Physiochemical properties of the experimental site soil (0-30 cm depth)

Year  Soil texture F.C(%) P.W.P (%) B.D 0.C(%) N P K EC pH
(gcm?) (%) (mgkg?) (mgkg?) (dSm)

2018 S.L 19.7 7.9 1.43 0.52 0.052 10 212 14 7.8

2019 S.L 19.5 7.8 1.46 0.54 0.054 9.6 221 13 7.8

9 s SL ‘L_,,_” 50 0C ¢ gozm> JB> BD (wls (5005 alais PWP ac 50 o8 )b FC (SO oSl colan EC
EC: Electrical Conductivity, FC: Field Capacity, PWP: Permanent Wilting Point, BD: Bulk Density, OC: Organic Carbon, SL:

Sandy loam
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Figure 2. Interaction effect of planting density and cultivar on average of plant height of quinoa. Bars

represent standard error of the means. Averages with the same letter(s) are not significantly different
according to Duncan's multiple range test at 5% of probability level.
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Table 2. Combined analysis of variance of quinoa agronomic traits affected by planting date, cultivar and planting density
D.F  Plant height Stem Number of Day to Grain yield 1000 grain Harvest Straw Grain yield Grain grain iron
S.0.vV diameter branches maturity per plant weight index per hectare protein
per plant
Year (y) 1 645.33333  0.6075** 961.23** 18.750000 123.1201172  0.00013333 0.13992** 690915.63  75543857.3* 21.816** 121.9*
Replication(Y) 6 853.68056  0.10607639 455293056  132.468750 112.6773082  0.07547500 0.00099828 652846.88  3241245.36 0.61365304 30.921875
Planting date (P) 2 4919.26* 0.2363* 49.135%* 305.08** 424.0729** 1.4037* 0.02836** 2739028.53  19949386.2* 14.3132** 25.161458
Y*P 2 148531771  0.11359375  26.1089062  0.812500 266.0393* 0.54094* 0.00058012 514052.86 439969.70 9.9306** 0.328125
Error 1 12 47207639  0.04211806  8.4842535 29.093750 71.7296134 0.09405156 0.00208117 959990.73  1488520.25 1.10938204 32.140625
Cultivar (G) 3 4277.91*%*  0.466%** 8.2147* 2648.743** 40.0230047 0.8806** 0.009658** 4007803.7*  3361453.7** 8.9757** 1414 477**
PxG 6 44.78646 0.03727431  3.4696701 59.826389 98.2436** 0.29111**  0.006726** 3667109.4**  2240564.7** 2.94574** 399.967**
YxG 3 15.11111 0.05093750  21.3563** 4.305556 26.2418644 0.72945**  0.00216456 1049650.50  1475756.34 4.4176%* 95.81076*
YxPxG 6 100.86632  0.03692708  9.7488** 10.847222 92.2659** 0.15577240  0.00083933 1196488.60  1009444.39 6.7841** 35.467014
Planting density (D) 1 140.08333  3.44005** 433.2008**  72.520833 13.2037630 0.06163333  0.00048348 4834.56 154590.41 0.75877552 591.505**
Y*D 1 300.00000  0.06380208  9.9625 6.750000 50.4197505 0.13867500  0.00063297 27278.44  1140324.64 3.10846302 64.171875
P*D 2 346.97396  0.01567708  0.2266146 36.020833 8.6603943 0.06848802  0.00024424 8867401.09** 282259.91 0.44677640 88.8177*
G*D 3 486.305* 0.00973958  0.6438889 95.687500 53.5899047 0.06824306  0.00142850 1682785.68 411558.48 1.17088203 296.56**
P*G*D 6 104.67535  0.01348958  1.6040451 112.8* 5.2706214 0.08884566  0.00107309 5088462.97** 427896.55 0.85494945 204.03**
Y*P*D 2 173.29688  0.00786458  1.4807812 1.937500 25.7297693 0.01296719  0.00064504 1390300.53  1287371.37 0.45937406 16.796875
Y*G*D 3 268.83333  0.01946181 15161111 7.583333 8.5359589 0.05059028  0.002459* 287042.65 53780.12 0.05086467 18.144097
Y*P*G*D 6 247.44271  0.01998264  4.2366840 10.125000 17.0708339 0.03263038  0.00093187 367584.65 613379.31 1.55232141 12.852431
Error 2 126 200.68254  0.03443948  3.340541 48.25843 22.657598 0.08707684  0.00086396 1398134.8 627423.6 1.0276627 28.00422
CV(%) 12.5 14.6 19.52 7.61 20.6 12.1 9.2 19.6 24.2 5.7 6.1

*and **: Significant at 5% and 1% of probability levels, respectively.
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Table 3. Average of plant height, stem diameter, number of branches per plant and days to physiological
maturity of quinoa affected by planting date, cultivar and plant density

Experimental factors Plant height ~ Stem diameter ~ Number of branches  Days to physiological

(cm) (cm) per plant maturity
Planting date
24 July 103.5+2.24b  1.24+0.03b 13.68+0.49%a 90.84+1.1b
8 Agust 120.5+2.2a 1.36+0.03a 13.55+0.51a 89.28+1.15b
23 Agust 115.8+2.19a  1.32+0.04ab 12.1+0.54b 93.59+1.3a
Cultivar
Gizal 101.8+2.47d 1.185+0.03c 12.93+0.57ab 82.08+1.06d
Titicaca 116.8+2.66b  1.308+0.04b 13.61+0.67a 94.79+1.2b
Q12 124.08+2.46a 1.426+0.03a 13.26+0.66ab 99.20+1a
Q18 110.45+2.4c 1.321+0.04b 12.65+0.54b 88.87+0.85¢
Plant density (plant m)
333 112.4+2a 1.17+0.03b 11.6+0.42b 91.85+1a
16.6 114.16£1.9a 1.44+0.03a 14.61+0.44a 90.62+0.94a
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Values are shown as mean + standard error of mean. Averages with the same letters in the same column are not significantly

different according to Duncan's multiple range test at 5% of probability level
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Table 4. Interaction effect of planting date and cultivar on average of number of branches and grain
yield per plant.

2018 2019 2018 2019
Planting date  Cultivar  Number of branches  Number of branches  Grain yield per plant  Grain yield per plant
per plant per plant (9) (9)
Gizal 16.06+1.6abc 11.43+1.2ab 15.12+1.8bcd 10.1+1.6de
24 July Titicaca  16.12+1.3abc 12.87+1.15a 11.45+1.6de 11.68+1.4cd
Q12 15.06+1.4bcd 11.62+0.9ab 12.1+1.75de 22.41+3.3a
Q18 13.5+1.35d 12.81+1.5a 9.84+1.27e 15.05+2.97bc
Gizal 14.75+1.24bcd 10.81+1.2bc 14.76+2.12bcd 15.4+1.58bc
8 Agust Titicaca  16.75+1.8ab 11.21+1.5bc 18.8+1.7ab 15.91+1.3bc
Q12 17.25+1.16a 11.1+1.7bc 18.93+1.6ab 17.6+1.7ab
Q18 14.86+1.24bcd 11+1.7bc 20.25+1.8a 15.5+1.6bc
Gizal 14.75+0.8bcd 9.8+1.2c 15.93+1.24abcd 11+1cd
23 Agust Titicaca  14.37+1.22cd 10.56+1.3bc 13.33+2cde 8.5+0.9de
Q12 16.75+0.85ab 7.87+1d 13.66+2.11cde 5.26+1.45¢e
Q18 13+1d 9.75+0.95¢ 16.78+1.47abc 13.11+0.85bcd
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Values are shown as mean + standard error of mean. Averages with the same letter(s) in the same column are not significantly

different according to Duncan's multiple range test at 5% of probability level.
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Planting date  Cultivar Plant density (plant m?)  Days to physiological ~ Straw

maturity (kg ha't)
Gizal 33.3 80.37+1.81ijk 3758.47+332¢g
Gizal 16.6 84+1.76hij 5952.19+267ab
Titicaca 333 99+2.1ab 5336.19+169abcd
24 July Titicaca 16.6 89.62+1.89efgh 4303.01+301defg
Q12 33.3 100.5+1.4ab 5794.7+165abc
Q12 16.6 97.75+2bc 5142.73+267bcde
Q18 333 89.25+2.3efgh 3673.8+169g
Q18 16.6 86.25+1.75ghi 4979.8+323b-f
Gizal 33.3 78+1jk 4218.2+118defg
Gizal 333 77.12+0.8k 4168.41+196defg
Titicaca 16.6 90.12+1.5d-h 4036.74+131efg
8 Agust Titicaca 333 94.37+2.1b-f 5200.9+96bcde
Q12 333 98+1.7b 4809.33+287b-g
Q12 16.6 98.12+1.4b 4817.2+326b-g
Q18 333 90.87+2.2defg 4520.3+142defg
Q18 333 87.62+1.6fgh 4938.07+182b-f
Gizal 16.6 84+1.9jhi 4708.9+152c-g
Gizal 33.3 89+2.4efgh 3840.4+97fg
Titicaca 333 98.75+3.3ab 6414.41+402a
23 Agust Titicaca 16.6 96.87+3.1bcd 5163.58+401bcde
Q12 33.3 105.25+0.9a 4818.2+235b-g
Q12 16.6 95.62+2.1bcde 4664.34+419c-g
Q18 333 88.12+1.3fgh 5767+206abc
Q18 16.6 91.12+1.23c-g 4565+193defg

Table 5. Interaction effect of planting date, cultivar and plant density on average of days to physiological
maturityand straw.
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Values are shown as mean + standard error of mean. Averages with the same letter(s) in the same column are not significantly
different according to Duncan's multiple range test at 5% of probability level.
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Figure 3. Average of 1000- seed weight of quinoa in each year. Bars represent standard error of the

mean. Averages with the same Letter(s) in each year, are not significantly different according to Duncan's
multiple range test at 5% of probability level.
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Table 6. Interaction effect of planting date and cultivar on average of grain yield and yield components of

quinoa.
Planting date  Cultivar ~ Grain yield per plant 1000 grain weight  Harvest index Grain yield
(9) (kg hat)
(9)

Gizal 12.61+1.34cde 2.18+0.08f 0.339+0.02ab  2241.9+239de
Titicaca 11.57+1.09de 2.1+0.05f 0.314+0.01cd  1831.8+170e

24 July Q12 17.28+2.6ab 2.24+0.03def 0.332+0.01bc  2444+263cd
Q18 12.45+1.7cde 2.47+0.09bcd 0.33+£0.02abc ~ 2281.4+231cde
Gizal 15.08+1.28abc 2.52+0.06bc 0.32+£0.02bcd  2699.89+300bcd
Titicaca 17.35%1.1ab 2.5%0.06bc 0.336+0.02a 3034.4+233ab

8 Agust Q12 18+ 1.13a 2.45+0.07cd 0.353+0.02a 3454.78+297a
Q18 17.92+1.3ab 2.66+0.08ab 0.31+0.01d 3540.8+292a
Gizal 13.51+1cd 2.66+0.09ab 0.335+£0.01ab  2511.75+199hcd
Titicaca  10.92+1.2de 2.240.1ef 0.26+0.02e 1851.05+242¢

23 Agust Q12 9.46+1.8e 2.41+0.08cde 0.27+0.01e 1743.3+310e
Q18 14.95+1bc 2.75+0.1a 0.3+0.01d 2821.49+246hc
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Values are shown as mean * standard error of mean. Averages with the same letter(s) in the same column are not significantly
different according to Duncan's multiple range test at 5% of probability level.
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Figure 4. Interaction effect of cultivar and plant density on average of quinoa harvest index in each year.

Bars represent standard error of the mean. Averages with the same Letter(s) in each year are not
significantly different according to Duncan's multiple range test at 5% of probability level.
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Table 7. Interaction effect of planting date and cultivar on average of grain protein in each year

2018 2019
Planting date Cultivar Grain protein Grain protein
(%) (%)
Gizal 17.48+0.41abcd 18.12+0.37abc
24 July Titicaca 16.36+0.43e 17.76+0.21bc
Q12 16.28+0.81e 17.51+0.35¢c
Q18 16.95+0.23de 17.49+0.12¢
Gizal 17.53+0.23abcd 18.78+0.1a
8 Agust Titicaca 17.32+0.24bcde 18.46+0.23a
Q12 18.06+0.36abc 15.05+0.43d
Q18 18.38+0.33ab 18.14+0.11abc
Gizal 18.55+0.13a 19.1+0.1a
23 Agust Titicaca 17.35+0.26bcde 18.8+0.34a
Q12 17.29+0.27cde 18.8+0.37a
Q18 17+0.21cde 18.6+0.43ab
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Values are shown as mean + standard error of mean. Averages with the same letters in each column according to Duncan's multiple
range test at the level of 5% probability are not significant.
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Figure 5. Average of grain iron in quinoa cultivars in each year. Bars represent standard error of the
mean. Averages with the same letter(s) in each year are not significantly different according to Duncan's
multiple range test at 5% of probability level.
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Figure 6. Interaction effects of planting date, cultivar and plant density on average of quinoa grain iron.

Bars represent standard error of the mean. Averages with the same letter(s) in each year are not
significantly different according to Duncan's multiple range test at 5% of probability level.
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