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Table 1. Soil physical and chemical properties
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Fig. 1. Trend of precipitation (mm), and maximum and minimum temperature (°C) in studied area at 2017-2018
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Table 2- Effect of planting date, irrigation, and foliar application on day number (DN) and growth degree day (GDD)

of Quinoa at different growth periods
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%0 Water 3 25.05 40 418.9 72 1387.7 115 1831.6
SA 3 25.05 40 418.9 72 1387.7 115 1831.6
09,9 60 Water 3 25.05 40 418.9 70 1350.3 113 17943
April SA 3 25.05 40 418.9 70 13503 113 17943
20 Water 3 25.05 36 378.6 66 1227.1 105 1630.8
SA 3 25.05 36 378.6 69 1293.0 108 1696.7
9 Water 3 35.46 20 275.8 85 1674.1 108 19854
SA 3 35.46 20 275.8 85 1674.1 108 19854
Sl 3 5 60 Water 3 35.46 20 275.8 83 16383 106 1949.5
May SA 3 35.46 20 275.8 83 16383 106 1949.5
30 Water 3 35.46 19 256.2 79 1556.8 101 1848.5
SA 3 35.46 19 256.2 81 1598.1 103 1889.8
% Water 3 57.54 25 484.6 65 1244.5 93 1786.6
SA 3 57.54 25 484.6 65 1244.5 93 1786.6
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Table 3. Analysis of variance (Mean square) of studied traits of Quinoa as affected by various treatments

m. M""} J# ENAE - £y EYAE -
G g plaell TESOH SEES s as
st @lo (3151 Root Root /Shoot Ay le2 plal @ [pfigrescence Inflorescence
S.0.V df length length Root DWW Root/Shoot DW height diameter
o B gaen 00003 0241 0.0002% 1.07 0.011™
Replication (R)
o PesbEE gt 00020 81617 0.021° 466.1"" 313.9"
Planting date (P)
R*P 4 112 000002  0.619 0.00004 0214 2.59
o Mo 5 658t 00177 17.827 0.005" 106.2" 5.11m
Irrigation (I)
Pl 4 1571 00005  3.18" 0.002° 11.67" 4.61m
Jhste> 15 o6 0.0002 0312 0.00009 0.255 1.08
Error 1
o ®ds g0ggm 00001 0.008™ 0.001° 16.67" 20.15%
Foliar application (F)
P*F 2 7450 0001™ 0045  0.00002" 0.960" 1.04™
I*F 2156 0.0001™  0.001™  0.0004™ 1.16" 0.290"
PHI*F 4 334 00005  0011™  0.00003" 0.671m 0.291m
T S 15 0.0006 0.386 0.0001 0351 3.03
Error 2
() Skl o pd 6.35 9.10 9.97 6.80 3.53 12.90
CV (%)
Table 3. Continued aolol .Y Jguo
sl e s w8
¥ glo @1 1000-grains A oNes SuiddemoSdes gy ofy by
S.0.V df weight Grain yield  Biological yield  Protein WUE
o ®sh 0.021m 189.3m 14240 123 0074  0.003"
Replication (R)
o Besbab 0.004 1705562 697753  47.11"  5.889"  0.122"
Planting date (P)
R*P 4 0.0009 1056.9 4848 1.06 0.003  0.025
o Detel 0.001™  21235.1° 219069 0.17%  0.152°  0.148"
Irrigation (I)
PHI 4 00002 54211 135230 0.142 0031  0.009™
Jofstes 0.011 1874.08 9955 0771 0.032  0.007
Error 1
o OGSkl 0.001™ 3091.8" 65307" 0153  0.112%  0.011™
Foliar application (F)
P*F 2 0.005" 10.68™ 6819 0.061™  0.052%  0.0001™
I*F 2 0.005™ 5856.6" 26584° 0.123%  0412°  0.0009"
PHI*F 4 0.002" 61.63™ 1148 0.08™  0.002  0.00008™
T 0.035 1056.1 4937 0719  0.098  0.006
Error 2
(B Sl o ps 9.41 7.75 11.72 7.93 8.81 9.02

CV (%)

oy ) g0 Jloisl mhaw )0 (g)ls gine g (5,0 sire pas oS5 4 FE o * s
ns, * and **: non-significant and significant in the level of 5% and 1%, Respectively.
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S5 Dgliie ClS iz slagy b o kel 5o calise
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doys Yo g CIAY) Lol Cabyls aoys 0 b )l
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Table 4. Mean comparison results of Quinoa studied traits as affected by various treatments

wadeyJeb KL

alsy Job . . 0 dd, S 53 ST US eyl (3T S yhas
B Root s2lg el R S) T . Inflorescence  Inflorescence
Slosd length Root/Shoot Root DW o pluil height diameter
Treatment (cm) length (g. plant™) Root/ Shoot DW (cm) (cm)
a5 s April 2558 0.274° 6.85° 0.192° 16.5° 14.25°
TECERE May 31810 0.267° 9.09° 0.228° 22.0° 17.25%
Planting date  j,,, 18 7]¢ 0.290° 4.83¢ 0.159° 11.83° 9
sk 90%  26.19 0.262° 7.17° 0.189° 19.33 14.24
Irrigation  60%  27.90° 0.3120 7.78° 0.211° 16.49° 13.41°
(FC) 30% 22¢ 0.256" 5.83¢ 0.178° 14.50° 12.83°
el gA 25.41° 0.278° 6.91° 0.188P 17.332 12.88°
Foliar —yy fer 25320 02750 6.94° 0.197° 1622 14.11°

application
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Table 4. Continued wlol .f Jgus
Wl e 039wl o,slas Sujelew o,Khes  &ilS pdign Syae ‘_-*’"’ls
Sl 1000-seed  Grainyield Biological yield  Grain Nt <!
Treatment weight (g) (kg ha) (kg ha) protein (%) Qil (%) WUE
cals g b April 1.98 578.7° 4765° 3.64° 10.28° 0.253°
Planting date MY 2.00° 653.92 52972 4.08° 9.30¢ 0.296°
June 1.97¢ 460.8¢ 4056°¢ 2.95¢ 12.46° 0.258°
Sole! 90% 1.992 59130 4999 3.64° 10.63 0.156¢
Irrigation (FC) g0, 1.992 576.22 4801° 3.57b8 10.62° 0.281°
30% 1.97* 525.7° 4327° 3.46° 10.792 0371
Sl dslxe SA 1.982 572.6° 4816° 3.61° 10.63° 0.272°
Foliar a a b a a a
application  Water 1.98 556.3 4596 3.51 10.73 0.266

s LSD (5031 ol 0oy iy Jloio| el 50 (5,00 sime GBS glls (g 1o 30 S e (g, ¢ )lod ,o (6l
For each treatment, column means with the same letter are not significantly different by LSD test (P< 0.05)

ToiaS oL 50 (omy 123590 Slio (5Slao 2 (65l gedaws 9 CeblS' G yU GiiSon 1 .0 Jgor
Table 5. Interaction effects of planting date and irrigation level on some studied traits of Quinoa

Treatment Sl SS (39
cllS b gl adeyJsb ady,  YMRSESON el aiss e
Planting Irrigation level Root length  Root DW lep el Inflorescence  Grain yield
date (FC: %) (cm) (g. plant?) Root / Shoot DW height (cm) (kg ha)
, 90 25.94° 7.15° 0.182° 20.12° 596.3°
N 60 28.27° 7.4 0.206 16.51° 580.5°
April 30 22.53¢ 6.00° 0.189" 13.08¢ 559.2°
. 90 31.37° 9.18" 0.161° 24.98° 702.8°
Sz 60 35.92% 10.84° 0.162° 20.49° 683.6°
May 30 28.14¢ 7.27° 0.153° 21.11° 575.2¢
o 90 21.27° 5.19* 0.224° 13.16° 474.9
> 60 19.52° 5.08° 0.266° 12.44° 465.6
June 30 15.34° 4,23 0.194° 10.10° 4428

s LSD (5031 (bl 3 s y0 gty Jloitsl mhaes 10 (5,00 e NS (glls (28 by O jgody (gt p2 40 S pideo By >
Column means with the same letter are not significantly different as slicing by LSD test (P< 0.05)

Sl L eblS slags )b ads 10 .0 Jgu) 050 (o 8l
39290l o atwlS saiol asli e 5l s kol ke
Lg)l.g" O Gyl sre S| (190,98 CBlS b o S
VPIOY) oy Fr (gl YY) woye A L
3575 s ey (el VWA IF+ 5 (el
o eaBiS SIS S Jsb ol s St
Job sl ylas ol (g )ls g B 6)1.3.37 (yio gl
Soles b (o il YFAA) 25 pae mhaw o o3l S
il gLl dl)o$)gjéockw9b}‘%6)b‘5;&o
Y)Y aad mas wls s clls Fl 0 (0 Jeuz) og
@ Cond (315 Jobo Jlo dime ol el (e cod b
Poghe s 8 Gregnle W) (25 g bl

ol 52 SIS Jsb
BB o Gy 4 @l ol asls ol
uwS_on).; 9 walem ch)LJ CslS @)b LSLQ)LM
5 don S sl mlaw o 6)LHT 5 S Fuyl
O Jliz! mlaw jo sl Sl jo Lg)Lt.g—l iiSa 5
g bl Fulb GiSen 0 Bk 1 .cd 8 18 as e
6)L:.J (Bl b wlan S Gazen g sl Sl
Jouz) aaila cas cpl p ghlo g S Lo Jsloe g
Y

as oy oylas Lg)L:.J 5 cblS fo,b bl ol Sl sy
231U sk Gl )lel ol e j3 (Sl joboas
3 it (e gl YY) Cuiguus )]l s o o5 Lol
VVIAY) ols 5 51 i N“QT 5 (o il VPID) (190,5,3
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(Shamsaddin Saied and Moradi, 2018) s ls oLS

SIS s
26 Cod Gibly e @l el p paSls o)l
So Jliml mhae jo Gab gle 5 <l ) sl les
Jlae 5o ,lol la,las K8 B,k 51.cd,5 18 ooy
bl Joone 5 8IS 6 bliza sl 5 215 0
wils o)l Alfan Sy (5L Jslme 5 kel bline Sl
Wil cde ol ol Sl SShdslre 5 skl
Y Jgoz)

Oy olosls 3 S (cslS alizee sbogy b oy
Bl 90 4 Cumd 1) Giagile 1) (65508 (p3lJS ylad
VWIVD) Coigmsy) 5 (ol VYD) 10,58 culs
g Sute dhaly @ azgi L AP o) 0g Ll Gre il
1325 o8 (50, Sloogad Ko by (SIS b o stas
2 ok ol ald; a5 oebiee 03 gedge (ol
st ool 035y ol e p31S a8 S5y b g
Selondl 31 ooliialeS oy L5 30 Jybno (slo o
A Cand (3l 5 a8 gas,0 UDO ralS 4 o ol
Gl nl sy o0 a5 4 (F o) wd O L (L3l Jslore
5 7S ol il (pl 1 0 sy Wl oo (31 S ka8
el 318 5l et 5 009 Vb slales 5 L3I (250
Al anily e udi olS o Slas g 40 995 g b

R PP PO (CONETIRY 71 2 5 WP T IRV
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Sy 25 L allie (g2 0LS 0,5 o )18 TS 25
SIS Jsb wile ol oo 5 (sins, slophtl s, J oo
Ramezan) &8l oo ooy plail ol &y iy ¢ 4l
ool b gees gob50 wl (and Abbaszadeh, 2016
Cdr g olS 0ed i 5 Oliee 4z 8 S 3855
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Wy drwgd Bro 398 (Jolu IS5 g el 5 ged 9 03,

.(Neumann, 2008) 55,5 o 213¢ olge 9 ol L 4
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o Slgime DB ol gl gl 5o Jsa2)
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Table 6. Interaction effects of irrigation level and foliar application on some studied traits of Quinoa

Treatment e SIS EW) SuileoyShes s o,Shas
kel o b gl Inflorescence height Biological yield Grain yield
Irrigation level (FC: %) Foliar application (cm) (kg ha™) (kg ha)
90 SA 19.712 503.32 592.9*
water 19.08* 496.5* 589.3%
60 SA 17.00* 484.5* 583.8°
water 15.98° 475.4 568.6*
20 SA 15.322 457.1° 549.12
water 13.59° 407.0° 510.4°

o LSD (5031 ol 0o ) i Jloiorl b 10 (5,15 sime GBSl (glls a8 by & g0y (yginm ;0 50 S e g,
Column means with the same letter are not significantly different as slicing by LSD test (P< 0.05)
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Abstract

This study was conducted as split-split-plot based on randomized complete block design with three replications at
experiment station of the Agricultural Faculty of Bardsir, Shahid Bahonar University of Kerman at 2018. The
experimental treatments were planting date (5 April, 5 May and 5 June) assigned to main plot, irrigation levels
(90, 60 and 30% of filed capacity) as subplot and foliar application (salicylic acid 1 mM and water) as sub-subplot.
The results showed that the delay in planting date shortened the Quinoa growth period. GDD and growth period
were decreased by drought stress. May planting date has significantly higher root length (31.81 cm) and dry weight
(9.09 g plant™!) than two other planting dates. The highest root length for April (28.27 cm) and May (35.92) planting
dates was assigned at 60% of FC, while for June (21.27 cm) was related to no-stress condition. Averagely, grain
yield for May (653.91 kg ha'!) planting date was significantly higher than April (578.7 kg ha!) and June (460.8
kg ha!). Decrease in consumed water to 60% of FC had no significant effect on grain yield, but the trait value in
30% of FC was significantly lower than other irrigation levels. Justly at severe drought level, grain yield was
significantly increased by foliar application of salicylic acid than water application. Relationship of grain yield
was positive with grain oil percentage (r = 0.82) and was negative with protein percentage (r = -0.78). Water use
efficiency (WUE) was significantly higher in May planting date than in April and June planting date. WUE
increased significantly with water consumption decreasing. Generally, the results illustrated that May planting date
is the most suitable planting date for Quinoa in Bardsir regions and same climates. Results showed that the plant
has a considerable tolerate in water stress condition.

Keywords: GDD, Oil, Protein, Root, WUE

*Correspondent author: Rooholla Moradi; E-Mail: r.moradi@uk.ac.ir.



