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Table 1- Physical and chemical properties of the soil in two experiment locations (0-30 cm depth)

Lime K Total N 0 cdl Location

SAR P 0C (% H EC(dS. ‘ oea
@) (pm) P @PM OCEO - TP e
Noyshab
495 1773 217 34 0742 007 793 0899 R
9 Bl e
loam Mashhad

823 1375 145 35 0362 003  7.74 234 .

Sete g nliad )0 2ok szl Jre (2l Cusdae 5 wbillse Dlosas Y Jgua
Table 2 - Meteorological and geographical characteristics of Neyshabour and Mashhad

Altitude A ] .
Longitud: Latitud: verage annua Average Max Min
Location oni}: ¢ atttude ?E\?;e(fﬁ? rainfall (mm)  temperature  temperature  temperature
Corbgo o e &b oSk (°C) (°C) (°C)
) Ll aldlay T lel) . e N ;
A P e el . H5Y0lw Ceileo sloo Lo ySTas Lo Jlos
S
Neyshab
PN S89S0E 36°10N 1250 240 14.7 225 6.8
9l
Mashhad
. 59°35'E 36°20'N 950 222.3 16.5 23 9.4
VY

sl 5 dgde 13 (5355 5 G lnleS (gl e alizes oo oI9S alise Blio (8 pe 42w Y Jsax
Table 3- Compound analysis of various quinoa traits under deficit irrigation and fertilizers in

Mashhad and Neishbour
S @ilio “"’"_ 1000-seed weight  Panicle length ~ Panicle diameter ~ Seed yield LAI
S.0.V I aigs Jobo igs pye ool Sy g a5l
Location (L) cus3ge 1 0.06™ 365.75™ 53.33™ 189210.21™ 272.28"
Rep (L) 55 4 0.02 78.92 11.73 35545.08 16.25
sl oS 4 0.68" 57.63" 10.04™ 152903.93" 391"
Deficit irrigation (D)

DxL 4 0.07" 9.05™ 2.59" 20796.38" 2.82"
Errora  aglas 16 0.1 9.06 1.53 10972.53 0.91
Fertilizer (F) 3¢5 3 037" 32.1" 273" 67648.28™ 6.88"

Dx F 12 0.11" 5.67" 0.27" 10650.94" 0.34"™

Fx L 3 0.01™ 8.37™ 1.26™ 22080.36™" 8.43™
LxD«xF 12 0.12" 7.41" 0.61" 9037.06" 0.48™

Error b b glls 60 0.05 3.61 0.23 4470.06 0.47
i g b C.V.(%) 10.14 8.22 11.48 21.03 9.07

oy0 ) 50 Jloil grlas o Jls sae g lo sime et cod ga ¥R 5 ¥ s
ns, * and ** are non- significant and significant in probabilitie levels of 5 and 1 %, respectively.
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Table 4- Mean comparisons for interaction between locations, deficit irrigation and fertilizer
treatments on some traits of quinoa

1000-seed weight(g) Panicle length (cm) Panicle diameter (cm) Seed yield (g.m™)
4510 Veoo (439 adgs Job Adigs> P e als o ,Shos
Neyshbour ~ Mashhad ~ Neyshbour Mashhad Neyshbour  Mashhad  Neyshbour  Mashhad
asls Control 2.00% 2.13% 25.33¢¢ 22.33¢! 5.67¢ 433t 227 240.3"*
“Zh“““ ) °’1’ 1.93" 227" 29.33%® 22.338™ 6.33° 43¢ 281.3¢9 373.3%¢
emica;
I . .
’ M ‘5"“1‘0’: ! 237 2.02" 30.33° 24.33% 6.33 4.07" 340% 384.7°¢
anure .ha
@255 g pge 247 25.67° 23.33" 7.67" 4 510.7° 394"
Manure 20 t.ha”
aals Control 1.97" 1.85% 20.33" 19.67™° 3.67™ 3 169<™ 152.3%m
“Zh“““ ) °’1’ 2.07% 1.871 21 18.33° 4.33%¢ 3 204" g™
emica;
I . . .
' oS 1.83' 2.03" 27.67* 18.67" 5o 3.33" 244.3% 97™
Manurel0t.ha
oo 1.83 230 25" 19.67™ 5.33% 3.33" 39830 637"
Manure 20 t.ha”
aals Control 2.2¢ 2,035 25.33%¢ 21.33" 4 3 298.7 217.7%
e 2277 23w 247 21677 4 367 435 305.7¢
emica;
L .
oS 227 2470 26.33" 22" 433 3675 3843 387"t
Manure10t.ha
T Y 263" 27.33+¢ 2" 5o 3.67¢ 474" 355¢
Manure 20 t.ha”
aals Control 2.23% 2.4 20, 20.33" 4 3.3M 348.3% 211.7%
Leouns . )
‘a = °’15 2.47%° 2.3 22.33¢ 215 4t 3.33M 3800 338
emicaj
I | ) ) )
@25 sy 2.03" 21677 2233 4,67 3.67¢ 372" 30139
Manurel0t.ha®
I L 2.17% 265" 20 3.67¢ 3.33" 4203 385"
Manure 20 t.ha”
asls Control 2.3 2.1% 22.338™ 20.67%° 4.33°¢ 30 413> 256.3"*
ot , .
‘-E’h i °’15 2.37°¢ 2.2 23.67°F 21.67™ 5o¢ 3.33M 410°° 416.3*°
emicaj
L |
! @loss s 2.43% 26 2233 467" 433t 41337 3557
Manurel0 t.ha”
ol 258 1 245 2.43% 25t 21.33% 5.67 3.33" 428.7* 248"
Manure 20 t.ha”

5505 (gl e BN o0 O Jleti| s 50 SIS (ygeT Guluol s caslive Bg > b slapeSilee (ygias o 40
In each column the means with similar letters base on Duncan test are not significantly different at the 5% level.
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Figure 1 - Mean comparisons for interaction between A) location and deficit irrigation and B)
treatments on leaf area index location and fertilizer

2 ® 10
* 11
X 12
= 1.5 A I3
= "
% Poly. (10)
S Poly. (I1)
E ------- Poly. (12)
----- Poly. (I13)
e Poly. (14)
0 =
0 1 2 3 4 5 6 Mashhad
I y=0.034x% - 0.56x +2.13 R2=0.99
L y=0.04x>-0.54x + 1.74 R2=0.98
L y =0.034x% - 0.64x + 2.49 2=0.97
I; y=0.029x* - 0.53x + 1.96 R2=0.98
I y=0.023x* - 0.50x + 1.98 R2=0.99
25 e 10
¢+ Il
2 X 12
A I3
‘% 1.5 MY
3 Poly. (10)
ED Ll TEREENG. e Poly. (11)
I Poly. (12)
% 05 ——Poly. (13)
------------- Poly. (14)
0
6 Neyshabour
-0.5
I, y=0.055x"-0.83x +2.7708 R2=0.97
I, y=0014x*-0.51x+2.15 R2=0.98
L, y=0.0152x%-0.5879x + 2.502 R2=10.94
I,  y=0.0077x*-0.5287x +2.393 R2=0.95
I, y=0.0452x%-0.794x + 2.7843 R2=10.94

i 5 a5 (6,LuleS Cilitie poliw b cow (RGR) (oo 0l asls =¥ Y
Figure 2 — Relative growth rate (RGR) under deficit irrigation levels in Mashhad and Neyshabour
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[
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3
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X + @
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w
.

1 5 6
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033x% - 0.69x + 2.5379 R2=0.95
0.116x% - 1.36x + 3.83 R2=0.98
0.021x> - 0.69x + 2.89 R2=10.95
0.

Control =0.
=0.017x> - 0.64x + 2.74 R2=0.94

Figure 3 — Relative growth rate (RGR) under fertilizer treatments in Mashhad and

30

CGR (g/m2/day)
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Figure 4 — Crop growth rate (CGR) under deficit irrigation levels in Mashhad and Neyshabour
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0 1 2 3 4 5 G
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y=-3. 09x +19.66x - 12.57 R2=0.89
y=-4.57x>+28.99x - 21.42 R2=0.99
y=-3.238x2 +18.21x-9.2 R2=0.95
y=-1.638x2+9.115x - 5.0 R>=10.88
y=-3.286x2 + 19.28x - 12.35 R2=0.98
y=-3.126x2 + 17.86x - 10.88 R>=10.88
y =-3.664x2 +21.26x - 15.05 R2=0.90
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Figure 5 — Crop growth rate (CGR) under fertilizer treatments in Mashhad and Neyshabour
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Abstract

The availability of organic matter in deficit irrigation conditions can be a practical
solution to compensate the negative effects of drought stress. In order to investigate the
effect of deficit irrigation and chemical fertilizers on yield and some physiological
traits of quinoa an experiment was conducted in 2019 as split plot based on a
randomized complete block design in two locations (Mashhad and Neishabour).
Irrigation levels included, Ip: full irrigation, I;: irrigation at emergence stage, Iy:
irrigation at stem elongation stage, [5: irrigation at flowering stage, l4: irrigation at seed
setting stage. Fertilizer treatments included control (no fertilizer application); chemical
fertilizer application according to local practices; manure application of 10 tons; and
manure application of 20 tons per hectare. Seed yield and yield components, leaf area
index, crop growth rate and relative growth rate were measured. The highest 1000-seed
weight was obtained in 20 tons of manure and I, treatment in Neishabour. The lowest
1000-seed weight was obtained in 10 and 20 tons of manure and I; in Neishabour. The
lowest grain yield in I; treatment was observed in Neishabour and the highest grain
yield in Iy treatment with 20 tha! manure was observed in Mashhad. Fertilizer
treatments increased crop growth rate in both experimental sites, but the effect of
manure on increasing crop growth rate was greater than the effect of chemical
fertilizer. However, due to the high fat content of quinoa, the use of 20 tons of manure
per hectare is recommended if it is purely economic. In general, I, treatment along
with the application of manure in both places had high grain yield and dry matter
production.
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