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Article Info ABSTRACT
Article type: Background and Objectives: Every year about 12 million hectares of
Full Length Research Paper  productive land has become dry and barren due to human activities and
climate. Quinoa has a very high genetic diversity and can be cultivated in a
Article history: wide range of soils, climates and latitudes. It al_so is a plant responds to
Received: 12212023 drought stress through escape, tolerance and avoidance of drought and has
Revised: 12.30.2023 an extraordinary capacity for cultivation in dry and low-water soils because
Accepted: 01.20.2024 of its capabilities such as low inherent need for water, the maintenance of
leaf surface and the ability to resume the speed of photosynthesis after
drought stress. Growth is a major component of fitness in all organisms an

Keywords: important mediator of competitive interactions in plant communities and a
Adjusted deficit irrigation,  central determinant of yield in crops. This experiment was conducted with
Inflorescence length, the purpose of investigation the changes in height and leaf greenness index,

Leaf greenness index,

Plant height changes trend quinoa final height, length of main and sub inflorescences and seed yield.

Materials and Methods: In order to evaluate the trend changes in the height
and leaf greenness index of quinoa, four separate experiments were
conducted in factorial layout based on randomized complete block design
with three replications in two regions (Birjand and Sarbisheh) and two
planting dates (March and July) in 2018-2019. The experimental factors
included five moisture levels (25, 50, 75, 100 and 125% of crop water
requirement) and three quinoa cultivars (Titicaca, Gizal and Redcarina).
Separate analysis of variance was also performed for each sampling time. At
the end of the growing season, the plant height, the length of the main and
sub inflorescences and seed yield were analyzed as a compound analysis that
the effects of time (planting date) and place were considered fixed.

Results: The results of variance analysis in four separate experiments
showed that in both regions, in March cultivation, Redcarina and in August
cultivation, Gizal reached the maximum value of leaf greenness index later
than other cultivars and decreased with a lower slope and they actually had
a higher leaf greenness index. Also, the highest plant height in March and
August cultivation was observed in Redcarina cultivars (79.56 and 93.02
cm respectively in Birjand and Sarbisheh) and Gizal (92.93 and 85.98 cm
respectively in Birjand and Sarbisheh) respectively. At the beginning of the
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growing season, the highest value of leaf greenness index was observed in
the level of 125% of water requirement, which was not significantly
different from other moisture levels. With the passage of time, the value of
leaf greenness index increased in lower moisture levels so that its value
was higher at 25% water requirement level and had a significant difference
with other levels. The highest plant height was at the level of 125% water
requirement no significant difference was observed between the levels of
125% and 100% plant's water requirement in both places and time studied.
Based on the results of composite analysis at the end of the growing
season, the highest and lowest plant height was observed in Redcarina and
Titicaca cultivars respectively and the cultivar had no significant effect on
the length of main and sub inflorescences. Planting date had no significant
effect on plant height. however, the maximum main inflorescence length
and the lowest sub inflorescence length were obtained from August
cultivation. The maximum plant height and main inflorescence length
(86.34 and 19.04 cm respectively) were observed in Sarbisheh, and the
maximum sub inflorescence length (14.17 cm) was observed in Birjand. By
reducing irrigation from the level of 125% to the levels of 100, 75, 50 and
25% of water requirement, the plant height decreased by 6.50, 15.11, 26.88
and 41.13%, respectively, the main inflorescence length decreased by 7.96,
16.52, 20.90 and 32.83%, respectively and the sub inflorescence length
decreased by 9.29, 19.38, 40.76 and 47.51% respectively. Seed yield was
also higher in August cultivation, Gizal cultivar and high humidity levels,
and there was a positive and significant correlation with growth traits,
especially height.

Conclusion: In general, Redcarina at March cultivation date, and Gizal at
July cultivation date, had the best height plant, leave greenness index,
length main and sub inflorescences and seed yield compared to other
cultivars. Applying moisture stress also caused a significant decrease in
these traits and seed yield in all four experiments.
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Table 1. The results of soil and water tests in the studied areas.

Water _f Soil s
Location bl Location ;bl.
Sarbisheh Birjand Sarbisheh  Birjand
Sandy Sandy Soil pattern L= =sl,
- loam loam
I,;} cs%'i %} g'j S b 12 4 Clay (1) ste el s iy
N7 °§° g ; E Planting date 20 28 Silt Re:ative abund)a;nfc:)fic;IJJ
68 68 Sand particles (%)
75 75 8.1 8.1 pH 7.7 8.1 pH
2.78 2.88 3.32 2.64 EC (uS/cm) 10.31 2.08 EC (uS/cm)
9.51 1.97 7.15 1.69 SAR (meq L™M)%® 23.86 0.40 SAR (meq LM%
19.67 444 2121 464 Na (meg/litr) 84.23 1.22 Na (meg/litr)
0.24 0.23 0.19 0.16 Mg (meg/litr) 10 15 Mg (meg/litr)
4.30 4.69 4.46 3.70 Ca (meq/litr) 15 3.75 Ca (meq/litr)
433 462 1278  11.90 K (meg/litr) 320 280 K available (mg/kg)
0.00 0.00 0.58 1.14 Cos* (meg/litr) 394 24 P available (mg/kg)
1.59 2.50 3.71 3.93 HCos* (meq/litr) 0.18 0.23 Organic carbon (%)
17.91 19.10  20.53 15.84 CI" (meg/litr) 0.32 0.40 Organic matter (%)
0.012 0.015 Nitrogen (meg/litr)
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Table2. Some important climate parameters of Birjand and Sarbisheh meteorological stations.

Rainfall ~ Sunshine s\g/elgg rﬁerlnaitcii\i/ti/ Maximum Minimum iarﬂa.mfters

(mm) hours (ms?) %) tem. (°C) tem. (°C) TR <

o b Cushs los iSTas Los fsla fgj k5

SEsL cela 3
o i ) s wr,2) “r,3) Date

(4t (4o2) O T O &b

0.21 7.80 3.69 30.60 18.63 229 e Mar.

3.90 6.60 4.08 58.13 19.36 7.45 ;R34 Apr

0.17 9.75 3.80 34.50 27.75 12.31 Cigeasl May =

0.00 12.54 3.99 16.11 35.18 15.74 sl Jun. 4 & "
0.00 11.88 4.82 16.02 35.83 19.46 5 Jul. 2, g
0.00 12.48 4.06 16.25 37.50 19.93 315 50 Aug. wb g
047 7.08 4.28 31.35 15.34 0.76 Lok Mar. 3 2
275 5.48 4.19 57.82 16.43 4.38 ;R34 Apr 3 g
0.14 9.35 3.99 33.74 24.85 9.17 Cigeasl May 3 E ?
0.03 11.94 4.74 17.65 31.19 14.03 sl Jun. J g

0.00 11.25 5.24 19.09 31.64 16.88 5 Jul.

0.00 11.89 5.68 22.09 32.86 17.89 315 50 Aug.

0.00 11.93 4.97 16.54 37.48 19.6 315 50 Aug.

0.54 11.35 3.79 22.47 31.09 12.48 oxAt Sep. -

0.00 10.04 3.42 18.45 26.27 5.89 A Oct. &“ ;? 5 g
0.08 9.13 2.70 29.20 21.05 2.09 oLl Nov. EU 2
0.03 6.60 279 51.60 13.80 1.13 A Dec. i s
0.00 12.15 5.40 20.07 32.08 17.12 313 5 Aug. j g
000 1125 3.58 2084 20.71 1121 st sep. 12 75
0.00 9.76 2.19 25.09 25.86 5.84 A Oct. { g

0.36 8.26 1.95 39.00 17.44 -0.40 oLl Nov.

MJLEA 3,40 (UJ‘ ol.,a,,.aa'—f’ J,.x?
Table 3. Cultivar characteristics in this study

Titicaca Redcarina Gizal ¢l /Cultivar
(V) Denmark /s Lals () Netherlands /. (v+) Egypt / jzs s /Origin
14-Dec-2009 /¥++4 julus V¢ 31-Jan-2005 /Y« r0 o 5151 - S /Registration
(L 55) sl o (55 550) Sl o (L5 55) ol o 1OY) 555 dsb 4 Jaisls
Day-Neutral Plants Day-Neutral Plants Day-Neutral Plants Photoperiodism
Gas Ver GAO) jwr3s) Gas W bW ) sl sz Gay Ver BAO) jwr3s) JOEY) Ay 093
Precocious plant Medium maturity plant Precocious plant Growth period

/(Df) Qlaslsa O3
1000 Seed weight (g)

1.53+0.29 1.59 +0.42 1.56 +0.26

Ol (65,5 9LaS slg= olsl

o )}SJJ{)JL@JCM«AW)A: J)JS)J{}JL@-'«Cﬁ)wiw}» /)}-J-{A::GJJM
7 Seed and Plant Improvement Seed and Plant Improvement Pl f seed ti
Agricultural Organization of Institute (SPI1) Institute (SPII) ace of seeds preparation

South Khorasan
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Fig. 1. SPAD value Changes of quinoa cultivars during the growing season in two location and times.
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Fig. 2. SPAD changes in different humidity levels during the growing season in two location and times.
(Vertical lines on each sampling represent FLSD value at the 5% level)

CiS e 5 Lol o3 bkl s s S
S ol L 515 s OIS (B wlesls e
SB35 6 5eS ced by ey el Ol
AW (Ko el Sl &l 5 sl
O ke sledidal LS s Ll s Jls e
dalie (g ls smn Dl U5, fuab (ke b o5
ol ekasolis sl pl (€ Jads 5 ) S A

Jle 4 g b alS glacss) S ol

\£3

155 bl s S5 K ge 2l Ol id Ly
C,,;\s-@)ujgtgﬂﬁﬁ);as;b olis @L:.l
S 0 edalie ) ol ime S8 (S s
O L e s sledand iS5y (6 ST adass ol
M-A0 slaisy w53 ada e QAN lajs,
9 OAN-0¢ LSL&)'}) O J.,a-]:.: BE el.a:‘:}ﬂ [GIRAY

)}lﬂ 4 Csls )\)5 Ne—0¢ LSLA‘)_}‘) L'),:..")J 4.«;:'.:;)»»



VLYY o)lm.f} ¥ 2,93 cuhlg‘f ..\.3)93 dl.buubgf Q)w

SO 3 YUY 5T (55 4 QQLOL (s
salin YA 5 80/0 55w Kello 55 55 0f
or b (VYY) Ola 5 08 ms ((VA) LS
S Wssad GlS 1S (3,8 S Jds S el
b b os Jds S arle o VL FL16 5
VU ais U Lasls cpl Ol 5 cdls 1) A,
S (1) csls 2alS K, O 51 a5 2l 33
AVl S W g Ol (IT4R) UL 5 ol jme
Lo edalive (W) 015158 0o 3 arld Ol
CWVE) LoylSs, w3, b gl pme DDl &S

Q29 , Q26 (’j) 33 03 sela Bl Ol 5 il

(e Ll Lol Ol 5 (S5
5 el s o OLES | slite sl el S
Ao 53 oSy s IS Glame (Y0YY) On
s S w1y (Cls 31 8 ele ) allS
d5S i85 0 53 A8 Zose « SPAD
Ols 5 Lals 513 L5l a5 b v 5 O
s Amarllia-Sacaca  slacs 55 45 L el
sae) Lo IS (glyme o 5 i Blanca-de-junin
Salcedo-INIA ; Kancolla 555 55 5 (¢V
Lsls polaztl s a1y (8 5ue) Ol 50S
e g b (T0Y)) 0K 5 SMS (1Y)
2 45 g Ol 158 G ) S (S

2 S patli Ol DA NV sV e

.wsé,u}o\sﬁp,;u,g}.«a&J,b,;fﬁ;ﬁgkﬂdas-udqg,bqﬁ—z Jgd>
Table 4. Analysis of variance of leave SPAD during the growing season in two location and times.

SPAD, SPADs SPAD; SPAD, SPAD; SPAD, SPAD, Df 5.0V P'ggﬂg”g Location
Sampling day (Day after emergence) (O s 31 e 535) (S515 545 505 555
- 92 78 64 50 36 27
- 88.04™  1225™  024™  17.16™  21.69®  517° 2 Block oL
- 1256.6”  71.71™  149.7° 5852  33.95™  27.67" 2 Cultivar 3, s,
- : 3
- 290.5 7.92™  2573™ 4119  1856™  41.86™ 4 A e =
Moisture levels é
. S
- 80.33"  150.34° 1067° 1214 2573 5094 g < TAEXed g
CxM
- 37.91 53.24 2957 19.15 10.84 57.46 28 Error Uax
3
2 :
- 21.30 14.16 8.64 7.37 6.57 18.34 A02) Dbl o 12 A
CV (%) 5
8
- 115 100 89 76 66 55 =
- 54.76"  15.38™  18.25™  3.03"  91.73® 17.16™ 2 Block < sk
- 44.84™ 9264  33.71™  14.27° 1841 3691 2 Cultivar .3,
- 19.03"  6554™ 21.94™  27.00°  10.72" 18.43° 4 k) gt 3
Moisture levels -
. S
- 955"  11.94™  4023*  1076™ 8718 1201% g  SUTEXe® s
CxM ©
- 16.10 25.89 18.75 13.30 37.35 1558 28 Error U
O ks o
- 10.31 10.29 8.39 7.54 14.66 13.30 (A02) S s 2

CV (%)

yey
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Continue Table 4.

SPAD, SPADs SPADs SPAD, SPAD; SPAD, SPAD; Df S0V P'ggt'eng Location
97 87 76 65 54 45 34
460.54" 136.07°  49.32™ 6.22" 0.011™  30.35"  11.50™ 2 Block s,k
16349 75119 44547 998"  1065° 1059  9.63® 2 Cultivar 3,
58.64™  154.067 38.43™  79.257 130.777 69.98"  12.35™ 4 k) g Py
Moisture levels j.:
. ; >
151.10"  49.86™  39.17"  10.91™  2.73"™ 9.37™ 9.27™ 8 by g o 3
CxM N
109.91 35.38 41.90 5.97 2.48 6.31 8.53 28 Error U
SRS o s L
35.72 17.60 12.87 4.19 2.50 4.89 6.07 (h232) Sl e 2 ¥
CV (%) ;
[<3}
123 108 92 81 68 54 49 g
41.95®  50.99® 5969  21.40™ 153.76° 57.25°  3.67™ 2 Block s 5k &
293.84™ 14548" 21037  60.47™  25.87™ 3.09™ 2150 2 Cultivar .3,
194677 3523  2331™  60.29"  4511™  12.31™ 2226 4 ks g i
Moisture levels -
ey
. ; S
4526™  11.25™  26.00®  6.06™ 8.04™  1456™  6.52™ g TR g
CxM ©
35.67 29.99 17.35 37.30 32.23 13.90 1759 28 Error U=
kT s
16.22 10.71 6.91 10.31 11.23 10.71 9.84 (40 2) Sedd s 2

CV (%)

S w®%F %

L;)b&aﬁst_xr—j.x.p)sgﬁ.:}@JW\CLJJLSJIJ‘;:*A%JSA.Jn} ¢
* ** and " represent significant at of 5% and 1% probability level and not significant, respectively
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Fig. 3. Plant height Changes of quinoa cultivars during the growing season in two location and times.
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Fig. 4. Plant height changes in different humidity levels during the growing season in two location and times.
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 5. Analysis of variance of plant height during the growing season in two location and times.

Height;  Heighty  Heights  Height,  Height;  Height,  Height;  Df S.ov PIZ;:Lng Location
Sampling day (Day after emergence) (0o s 51 o 535) So15 pa 505 55
- 92 78 64 50 36 27
- 70.17"° 2931  8.84™ 8.75" 4.44™ 56357 2 Block L
- 2400.3" 229537 1533.77 101447 487" 1327 2 Cultivar 3, s,
- 15427 138757 12003" 308.02" 4482"  545¢ 4 SO 2
Moisture levels >
=)
L s <
- 52,57  140.49™ 115.65"  35.37" 13.24" 2.41™ 8 R l<add s ©
CxM
- 34.21 41.73 42.35 13.31 452 6.05 28 Error >
'{%
3) Ol S -
- 7.25 8.23 9.04 9.36 959 1880 oYl A
CV (%) =
g
- 115 100 89 76 66 55 &
- 161.04™  201.05° 1351  168.25°  46.64™ 1855 2 Block L
- 645.85™ 511.29™ 538.67" 101.81™  3.50™ 1.25™ 2 Cultivar .3,
- 1002.0” 672.46™ 616.05" 158.15° 102597  3.69™ 4 P T é
Moisture levels °
5
b ; 3
- 4116 3677%  873° 3798 148"  1139% g ST p
CxM 1)
- 59.73 52.70 59.46 48.86 14.09 1199 28 Error U=
o s
- 10.60 10.62 12.70 14.81 14.29 28.65 (o) Sl 2 25

CV (%)
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Continue Table 5.

Planting

Height;  Heights  Heights  Heighty, Height;  Height, Height; Df S.0.vV date Location
97 87 76 65 54 45 34
49.95™  121.49™  9355™  52.85™  78.61™ 8.05™ 47437 2 Block L
17437 21595° 171.23" 55.17™  340.48™ 575527 49373" 2 Cultivar s,
4084.5" 394357 3899.47 3676.17 22365~ 848.207 4268”7 4 S %‘
Moisture levels 3
. >
1014%  4615%  7446™  49.40%  2212° 211.88° 1988 g U T =
CxM &
66.29 58.22 48.44 54.78 102.53 80.42 8.09 28 Error s
s ;
9.79 9.42 8.96 10.17 16.23 21.60 18.34 (h2) bl o 2 5
CV (%) -
<
123 108 92 81 68 54 49 £
2
6.40™ 57.32™  14.08™  480.17"  76.41° 1.93™ 4.28™ 2 Block 5L &
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Moisture levels -
o
- - 5+
60.69"  79.83"  50.36™  97.55™  26.23™  3.52™ 1.39™ g TR =
CxM ©
58.60 71.03 76.02 82.88 18.88 4.93 1.59 28 Error Ua
3) ol ks g
8.62 9.81 11.74 17.97 16.61 19.51 25.34 (o 2) bl e

CV (%)
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* ** and " represent significant at of 5% and 1% probability level and not significant, respectively
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Table 6. Composite analysis of the plant height.

Sl S0k @3lsl ax s S b
MS Df s.o.v
94.25™ 1 Planting date Al A
4099.82" 1 Location ol
1812.29" 1 PxL O x iS5 56
71.89 8 Block (P x L) (O x ilS g ,) Sk
1382.93" 2 Cultivar g
9586.89™ 4 Moisture levels Sesbs sk
24.24™ 8 CxM b sk x o3
1078.14™ 2 LxC % Ol
813.64™ 4 LxM sk ol x O
88.98"™ 8 LxCxM b sk x (3, x OIS
998.27" 2 PxC e N
38.82" 4 PxM sk sk x S8 &
17.84™ 8 PxCxM sk ok X oy} 28 A6
33.47™ 2 PxLxC % O x o3l b
38.74™ 4 PxLxM sk ok X Ol x 2 5 06
42.49™ 8 PxLxCxM sk ol X o8, x O x CBS Al
54.71 112 Error Uast
351.93 179 Total Js
9.068 CV (%) (Ao3) S i

Lg)b&but.a\;j.k.p)b;g.:j@JL&J}‘CE..»)JLSJ\J‘;&A%)IA.Jn B

I
‘

* ** and " represent significant at of 5% and 1% probability level and not significant, respectively
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Table 7. Mean comparison of double interaction effects on plant height (cm).

Planting Date x Cultivar .5, x =38 & )b

Planting Date x Location ol x =318 & )6

ol o K Planting Date ssls o lotad Planting Date
March July/August Cultivar March July/August Location
73.50° 78.81° Titicaca 80.69" 79.89° Birjand
84.89° 85.75° Redcarina 83.89" 88.78° Sarbisheh
Cultivar x Location 3, x oIS Moisture levels x Location b, & slaw x 0
Sarbisheh Bijand  L-ocation Corivar Sarbisheh  Birjand  -0cation e lovels
85.82% 66.49" Titicaca 109.32° 89.43° 125% 5
87.46° 83.18™ Redcarina 99.67° 86.16° 100% 4 %
85.73% 80.70° Gizal 90.58° 78.15" 75% % 3
v 2
76.36° 68.97° 50% . g
55,729 61.24" 25% g

.,L.»LJA FLSD Q}AJ J“L‘.Jf /00 ! cla..ﬂ 33 )\33‘*‘ S| f‘)"& okasOlis oJsd RO A wlin Gy shls 6\.&:&:@@:
Means in sub tables followed by the similar letters are not significantly different at the 5% probability level using FLSD
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Table 8. Analysis of variance of length of main and sub inflorescence and seed yield.

MS Silay o (o Sils

G PEdE S iocvu
Seed yield Le_ngth of the sub L_ength of main Df
inflorescence inflorescence

89693250 4195.122™ 298.092" 1 Planting date LA 56
243950.4™ 850.617" 248.252" 1 Location Ol

21447673" 1165.554" 115.236™ 1 PxL Ol x 3l 56

277669.1 32.439 21.960 8 Block (P x L) (O x oilS 7 ,6) Sk
2111077 1.643" 12.809™ 2 Cultivar o

10847158™ 363.299" 253.337" 4 Moisture levels b gk
145393.6™ 13.519™ 4.303" 8 CxM Sasbs ke x o35
189033.1™ 256.044™ 120.263™ 2 LxC o2 x O
510777.2" 64.063" 1.428™ 4 LxM Sasky ok x O
68459.8™ 13.840™ 5.933™ 8 LxCxM sk sl x oy x O
1951531.7" 40.083™ 153.582" 2 PxC (X Ll A6
3746276.1" 60.849™ 13.797™ 4 PxM Sk gk x A8 &6
145986.0™ 17.154™ 10.154"™ 8 PxCxM Ssbs e x B, x Sl &0
3133328 288.035™ 48.790™ 2 PxLxC o2 x O x i 6
134625.0™ 94.927" 29.649™ 4 PxLxM sk ok x O x L3S 56
97080.4" 13.950™ 8.823™ 8 PXxLxXxCxM ok pmshex o3, x O x o8 b

85270.1 13.975 7.883 112 Error st

1099983.9 68.077 21.297 179 Total Js

23.69 31.15 15.66 CV (%) (Ao y) i o

S ww %

‘_;)b@mrx«)w):;ii)@JL«:;—\@&»;:&J:@&»%]J@”} ¢
* ** and "™ represent significant at of 5% and 1% probability level and not significant, respectively
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Table 9. Mean comparison of triple interaction effects on length of main inflorescence (cm).

(,_ijokfwx;*.:&'@)\: J:,jlajcjla“x;\&.ax;“i&'@)u
Planting date x Location x Cultivar Planting date x Location x Moisture levels
Cultivar . Moisture levels .
Plzr;:;ng Location Plgr;lng Location
Titicaca Redcarina  Gizal 25% 50% 75% 100% 125%
" b olesls -_Z. ;: g g-’ ::m 2“ S
14.58 17.78° 19.18 N 0 Q = S e
March s S ~ @ © = =
Birjand Birjand
o 2 2 N B 38
14709 17.28¢  16.63* S 3 < 3 & i =
August 9 A 9 @ d 3K
olesls e ‘_i g gco -Eéo S 5
20.11° 20.53" 2274 7 S N © 0 S 4 5
March = S N & & S =
Sarbisheh Sarbisheh
olotiil 5 = 2 g 3 38
20.16°  17.65¢  13.05' S S ] 8 2 3 =)
August 9 9 © ~ S 3K

b o FLSD 0sa3l bl +/40 Jlaz| c]a.ﬂ 53 ola e M pe el Ol dad s 5 o alie By - Dl s Sle
Means in sub tables followed by the similar letters are not significantly different at the 5% probability level using FLSD
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Table 10. Mean comparison of triple interaction effects on length of sub- inflorescence (cm).

(.j)x;)l&ax;;:lS‘@)l: Jyjlojcjla.wx;,\&.axw&'@)u
Planting date x Location x Cultivar Planting date x Location x Moisture levels
Cultivar Planting . Moisture levels Planting _
date Location date Location
Titicaca Redcarina  Gizal 25% 50% 75% 100% 125%

olesls 5 = g & & > 5
597°  6.92%  75% U 3 S 3 3%
March o o ~ © o T =

Birjand Birjand
. 2 Q a | © = B
1764 22220 2a7e 5 8 B 8 I 43
August o 3 N & & < Z
olesls I £ £ & 2 "“\ =
6.64% 7.25% 874 s 8 3 ) S 8 48
March = © ~ © =] s =

Sarbisheh Sarbisheh
. i g 3 g 3 3 B
1702 1240 7ape &S % 3 s 8 43
August = S b g 3 3 Z

Ll FLSD Sa3l ol o/0 0 Sl g 3 slapme B pe s las 0L dad s 5 ) alie Gy~ Sl sl Sl
Means in sub tables followed by the similar letters are not significantly different at the 5% probability level using FLSD
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Table 11. Mean comparison of interaction effects on seed yield (kg/ha).
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Planting date x Location x Cultivar
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Planting date x Moisture levels

Cultivar Planting Location Moisture levels Planting
Titicaca  Redcarina  Gizal date 250  50%  75%  100%  125% date
oLes! e n & N ~ oles
2006.0°  2346.3°  2608.8° e < g % o s s
March © o IS 9 I March
Birjand
RIRE G R 2 ki A e
1423 2855 226.7" — o e b i 0 —
August N 5 8 N ~ August
olos! 5 Rt
1289.1°  1306.0°  2073.9° e Sk b
March Location x Moisture levels
Sarbisheh .
K Moisture levels )
775.5° 929.1° 800.1° Location
August 25%  50% 75%  100%  125%
= = S S %
P 2 < P : Birjand
o © ~ <t [{e]
© > 3 3 S
z : & S o
0 E 2 b © Sarbisheh
] [T S < 3

b o FLSD Osa3l olial 1 +/40 Jlazs| gl 53 ls e Ml ol s s 0L dad s 5 55 wlie s gl b Sle
Means in sub tables followed by the similar letters are not significantly different at the 5% probability level using FLSD
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Table 12. Correlation between quinoa seed yield and growth traits in two planting date and location.
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* ** and " represent significant at of 5% and 1% probability level and not significant, respectively
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