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Table 1. Physico-chemical properties of soil (0-30 cm soil depth)

ST ST ST TEC SERSE AL o pata 055 o3 Aoy A et S AN gl
Ju w50 b sb s (Sopny i (oS o0 S) STos Oisi FAS 2 S ) ES e S ) Gep e ) S
Year  Soil texture oS sl F.C. (%) P. W .P (%) B.D. (g em?) 0.C.(%) N(%) P (mg kg") K (mgkg!) EC (dS m™) pH
2018 Loam-sand .2 .. 19.7 7.9 1.43 0.52 0.052 10.0 212 1.4 7.8
2019 Loam- sand & . 19.5 7.8 1.46 0.54 0.054 9.6 221 1.3 7.8

F. C.: Field capacity, P. W. P: Permanent wilting point, B. D.: Bulk density, O. C.: Organic carbon, EC: Electrical conductivity
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Table 2. Combined analysis of variance for studied traits of quinea as affected by planting date, variety and plant density

4 i [ B Ssle o5y 38kes bsle > Shes
Sl alo s & ess P 2 Kb, Forage b e AT Jsbousl b Jslousls b e K
&l3T ey Plant Stem Leaf'to total Day to Day to protein Forage iron [ETEPEEN XV PRI Fresh Dry forage
S.O.V. Ll df height diameter biomass ratio budding flowering content content NDF ADF Forage yield yield
Year (Y) du 1 645.3300 0.6100%* 0.0010 11.0200 21.3330 5.1690 2434530 1.0340 5.1483 117.4060 0.1887
Replication (Y) ) 1S5 6 853.6300 0.10607 0.00615 33120 222910 3.6708 115.8820 19.4590 6.61815 100.2802 53090
Planting date (P) L b 2 4919.2600*  0.2360* 0.0880%** 224.0000** 314.0000** 10.6500* 1480.9000**  654.5000* 13.2285 250.1700%* 44.4000%*
Y xP S b x 2 1485.3170 0.11359 0.0150%* 19.7000%** 8.7864 04830 7.9620 1.52271 2.90489 234.8960* 4.8360
Error 1 ) sl 12 4720763 0.04211 0.00118 13125 25.2960 1.8960 120.3460 16.8311 737771 19.46806 3.9646
Varitey (V) 53] 3 4277.9000%*  04700** 0.0800%** 143.0000** 764.0000%* 19.6400%* 1180.5060**  335.1000** 345.8000%* 1591.1000%** 26.5000%*
PxV 05X IS b 6 44.7840 0.03727 0.0170%** 91.2000** 98.6000%** 5.6300%* 1038.5700** 103.8000%** 53.6800** 174.80000%* 16.1000%**
Y xV X dl 3 15.1110 0.05093 0.0023 23680 10.6800 0.05462 71.8560 9.57696 1.15954 253.1000%* 2.1140
YxPxV 05X 38 g X 6 100.8660 0.03692 0.0029 8.3600%* 33.1000%** 045768 11.8520 872538 1.7942 29.0191 3.0253
Plant density (D) $50515 1 140.0830 3.4400%* 0.00333 53333 1.0200 1.59391 8.6700 254989 44.7500%* 94.5285 23056
Y xD G505 % Jlu 1 300.0000 0.0638 0.0013 14.1000%** 2.5200 0.12936 0.3675 0.05845 1.22248 0.2120 2.6885
PxD G051 X LA 2 346.9700 0.01567 0.00278 03330 48.0000%* 16.5000%* 234.6320** 119.0000** 11.9600* 327219 10.1000%*
VxD S (ST x 8, 3 486.3000*  0.00973 0.019572%* 24305 6.0900 7.4900%** 264.6870**  273.6000** 159.2000%* 89.3290* 7.27083*
PxVxD S ST 3% 2 g b 6 104.6750 0.01348 0.00753 5.5970%* 3.9809 19.3000%** 460.9500** 155.0000%* 43.4300%* 484980 2.8306
Y xPxD L (ST ) S g X 2 1732900 0.00786 0.0166* 3.0833 31.5000%** 2.15389 23.4560 0.0161 0.3061 215.0000%** 2.8703
Y xVxD L ST 08, x e 3 268.8300 0.01946 0.00132 29583 5.0902 039415 104850 4.0731 0.39258 116.8000%* 04607
YXxPxVxD ST WS 08y X L6 g 6 x e 6 2474400 0.01998 0.0089 1.8750 6.7517 1.48682 389180 3.3985 0.5835 364270 1.1304
Error 2 Yl 126 200.6800 0.03443 0.00461 1.7450 44816 1.82271 45,0020 10.0790 3.2420 32,9740 22664
C.V. (%) S o Ao 12.50 14.60 1046 420 4.500 7.50 437 8.80 841 17.60 21.30

* and **: Significant at the 5% and 1% probability levels, respectively.

NDF: Neutral detergent fiber.
ADF: Acid detergent fiber.
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Table 3. Mean comparison of forage yield and some agronomic and quality traits of quinoa as affected by planting date, cultivar and plant density

e fT
20 k) § 5l Sl s
S agle s Shee &St dbgle 5 Shas PR PRI e 5 Ao (S G W) (e Slw) G5, G s,
O 55 ) O 3 ) I lesw Forage protein Forage iron Plant Stem S s o5
Fresh forage yield ~ Dry forage yield Leaf to total content content height diameter Day to Day to
(tha!) (tha!) biomass ratio (%) (mg kgh (cm) (cm) buuding  flowering
Planting date S8
24 July sl3 0 pgs 31.24b 7.18a 0.69a 17.49b 149.5b 103.28b 1.1I0b  29.75¢ 47.29a
08 Agust S50 VY 34.90a 7.76a 0.66b 17.73b 151.6b 111.72a 122a  31.37b 44.54b
23 Agust s AS Jsl 31.60b 6.35b 0.61c 18.28a 158.71a 117.61a 1.26a  33.40a 48. 8a
Variety o5
Gizal V138 24.89¢c 6.39b 0.69a 17.42bc 156.80a 100.08d 1.05c  29.81c 42.83d
Titicaca 56 a5 33.68b 7.35a 0.64b 17.97b 156.70a 115.14b 1.1I9b  31.62b 47.18b
Q12 \Y LS 37.37a 7.62a 0.61c 18.68a 153.37b 121.75a 1.36a  33.43a 5131a
QI8 WS 34.34b 7.03ab 0.66b 17.26¢ 146.25¢ 106.50c 1.170  31.16b 45.50c
Plant density SpaSl5
33.3 plant m? Cr e SR YT 33.90a 7.25 0.65 17.74 153.07 111.24 1.20 31.76 46.66
16.6 plant m? B o2 5918 31.24b 6.95 0.65 17.92 153.50 110.50 1.18 31.26 46.75

Means, in each column and for each factor, followed by the same letter are not significantly different at the 5% probability level-Using Duncan's Multiple Range Test.
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Fig. 1. Changes in day and night temperatures from 22 May to 05 December

in 2018 and 2019
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Table 4. Mean comparison of dry forage yield, plant height and leaf ratio to total

biomass of quinoa as affected by interaction of variety x plant density

(prre s 5) 650515 IS s 48y s (e Bl) 65 gyl QLS )3 ) oSl dbsle 5 Slas
Plant density (plant m?) Leaf to total biomass ratio  Plant height (cm)  Dry forage yield (t ha'!)
Gizal
33.3 0.67bc 96.33e 5.74e
16.6 0.71a 107.41d 6.04de
Titicaca
333 0.63cd 117.29bc 7.16abc
16.6 0.64cd 116.37bc 6.88bcd
Q12
333 0.58¢ 125.62a 7.49ab
16.6 0.61de 122.54ab 7.88a
Q18
33.3 0.69ab 110.58cd 7.63ab
16.6 0.64cd 110.33cd 6.34cde
Q}Lﬂ'.?4_.;)36_;leCk_.»):;,gibdlﬂ\;nl:A;TQ}»)'TJ\M\){.L;&L.G»SJ:&»Q?é&&l.&;—&bl:n\f@ﬁf;:;@uﬁ\:ﬁ
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Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-Using Duncan's Multiple Range Test.
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Table 5. Mean comparison of forage yield and days to budding and flowering of quinoa

as affected by interaction of planting date x variety

5 gl s Shee St b yle s Shas A{gj\—_a-:-mn;
(;tﬁ;:&) ()&ﬂ)}‘-’;) quﬂ\n}:{ P G 5y, GA:J?U}})
.3 Fresh forage yield  Dry forage yield Leaf to total Day to Day to
Variety (tha!) (t ha™) biomass ratio budding flowering
24 July 313 0 p 93
Gizal 21.37¢g 5.94de 0.73a 28.37h 46.31c
Titicaca 32.7cd 7.47bc 0.64cde 29.37gh 45.81c
Q12 41.07a 8.86a 0.7ab 31.00edf 50.56b
Q18 29.06de 5.476¢ 0.69abc 30.25fg 46.50c
08 Agust sls e VY
Gizal 26.76ef 6.55¢cd 0.68abcd 31.93cde 41.38f
Titicaca 35.46bc 7.46bc 0.67abcd 30.81ef 45.25¢cd
Ql12 36.95b 8.03ab 0.60ef 32.00cd 50.50b
Q18 38.49ab 8.79a 0.67bcd 30.75¢ 43.60de
23 Agust s g5 dyl
Gizal 24.30fg 5.18¢ 0.68abcd 29.12gh 43.30e
Titicaca 29.31de 6.13de 0.59f 34.68b 50.50b
Q12 35.21bc 6.16de 0.52g 37.31a 52.80a
Q18 34.87bc 6.7cd 0.63def 32.50c 46.37¢c
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Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-Using Duncan's Multiple Range Test.
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Table 6. Mean comparison of fresh forage yield and leaf to total biomass ratio of quinoa

as affected by interaction of planting date x plant density in 2018 and 2019

<C‘;f‘f"’”:ﬁ)“"ﬁ(’5'f" b&;:&?)}ﬂé}r—:ﬂw wb}ﬁ;}f?gﬂw
Plant density (plant m?) Fresh forage yield (t ha!) Leaf to total biomass ratio
2018 2019 2018 2019
24 July s 0 p g
333 31.02a 31.78bc 0.67a 0.67b
16.6 33.90a 27.49¢ 0.66ab 0.72a
08 Agust 31> 0 VY
333 34.20a 37.61a 0.63ab 0.67b
16.6 31.10a 34.64ab 0.67a 0.64bc
23 Agust o9t )
333 30.90a 31.36bc 0.61b 0.59¢cd
16.6 26.70b 34.61ab 0.63ab 0.58d

Il o 53 5Kl gl actals iz 05 ST bl il (o 657 2e 5 o 5 il (5ol &7 05 2 3 (Sl

A s e Dol Aoy
Means, in each column, followed by at least one letter in common are not significantly
different at the 5% probability level-Using Duncan's Multiple Range Test.
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Table 7. Mean comparison of fresh forage yield of quinoa as affected by

variety x plant density interaction effect in 2018 and 2019

(pr 7o 85) 850515

5o s Shee

Plant density (plant m?) Fresh forage yield (t ha!)

2018 2019

Gizal

333
16.6

333
16.6

333
16.6

333
16.6

23.13e
23.95¢
Titicaca

24.32d
25.18d

35.53ab
33.50bcd

Q12

32.58bc
28.39cd

38.48a
35.12abc

QI8

36.02b
41.36a

31.20cd
29.88d

41.42a
34.05b
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Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-Using Duncan's Multiple Range Test.
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Table 8. Mean comparison of dry forage yield of quinoa as affected by planting

date x plant density interaction

(c,a,:a,.u:ﬁ)as,{‘.f\;
Plant density (plant m2)

333
16.6

333
16.6

333
16.6

()L‘&ajaj)&.id-qé}l&aﬁw
Dry forage yield (t ha™!)
24 July s 0 pg
6.59¢cd
7.28bc
08 Agust 313,61V
8.04a
7.37ab
23 Agust D s J
6.38de
5.70e

.JJ)I.,\} Jlb o Sol& Aoy dLo.a-\
Means followed by atc[ue

level-Using Duncan's Multiple Range Test.
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Table .9 Mean comparison of grain yield and some agronomic traits of quinon as

affected by interaction of planting date x variety xplant density

Sy VSI;
(cf):.apm'ﬁ) wgle 59, Ao @ le aT Jsloesl b doys Jsloel Lud ds s
o5 Plant density Forage protein (¢ SAS 0 8 o) ST P N PN S
Variety  (plant m?) (%) Forage iron (mg kg'!) ND (%) ADF (%)
24 July 315 e p 9>
Gizal 333 18.16cde 160.71bcd 39.94bc 20.17ghi
Gizal 16.6 16.38¢g 140.37i 35.25de 16.89j
Titicaca 333 14.8%h 152.62fg 45.14a 27.27a
Titicaca 16.6 19.06abc 159.68bcde 37.62cd 19.001
Q12 333 18.22bcde 159.87bcde 30.75f 20.00hi
Q12 16.6 18.66abcd 147.87gh 42.7ab 26.52ab
Q18 333 17.10efg 130.37j 40.4bc 19.601
Q18 16.6 17.40defg 144.75hi 45.74a 20.39ghi
08 Agust 35,8 Y
Gizal 333 16.70fg 154.25defg 35.16de 20.76fghi
Gizal 16.6 17.80cdef 153.68efg 24.70g 13.89k
Titicaca 333 18.60abcd 154.5defg 36.01de 20.73fghi
Titicaca 16.6 18.20bcde 148.18gh 39.89bc 19.95hi
Q12 333 19.16abc 143.25hi 33.54ef 23.16de
Q12 16.6 16.50fg 144.37hi 35.71de 25.35bc
Q18 333 18.30bcde 155.87def 35.19de 23.08de
Q18 16.6 16.30g 158.87bcdef 30.70f 21.46efgh
23 Agust 23065 J3l
Gizal 333 16.56fg 163.96abc 33.53ef 19.471
Gizal 16.6 18.84abc 168.03a 3091f 15.38jk
Titicaca 333 18.86abc 160.07bcde 36.39de 26.24ab
Titicaca 16.6 18.09cde 165.12ab 42.62ab 26.29ab
Q12 333 19.90a 157.37cdef 34.30e 22.46def
Q12 16.6 19.52ab 167.50a 35.72de 24.04cd
Q18 333 16.25¢ 144.06h 27.52¢g 19.58i
Q18 16.6 18.18cde 143.56hi 35.11de 21.83efg
g 53 iy Sl el 53 (U5 (51 atals i g 5T ol it (0 S 2 O OS5 it (6115 47 gt a3 6 2 la SOl

LI Gl e
Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-Using Duncan's Multiple Range Test.

NDF: Netural detergent fiber.
ADF: Acid detergent fiber.
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