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Evaluation of the effects of nitrogen and alternate furrow irrigation method
on water use efficiency in cultivation of Quinoa plant
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Abstract

To investigate the effects of furrow irrigation and nitrogen fertilizer on yield and yield components of Quinoa, an experiment was conducted as a split-
plot based on a randomized complete block design with three replications in 2018 at Ferdowsi University of Mashhad. Treatments included three
irrigation methods (furrow irrigation (FI), fixed alternate furrow irrigation (FAFI), and variable alternate furrow irrigation (VAFI)) and three-level of
nitrogen fertilizing (50, 100, and 200 Kg/ha). The yield of quinoa was increased +62.5 and +70.8 percent under the use of 100 and 200 Kg/ha nitrogen
fertilizer (compared to 50 Kg/ha using nitrogen fertilizer). The plant height was decreased -9.8 and -9.3 percent under using FAFI and VAFI,
respectively. The result showed that the lowest and the highest of grain yield with 14.3 g and 33.4 g in FAFI50 and VAFI200, respectively. Generally,
the use of variable alternative furrow irrigation + 200 Kg/ha nitrogen (VAFI200) was decreased irrigation water consumption and increasing water use
efficiency, therefore with this treatment in Mashhad climatic conditions can be produced a reliable yield.

Keywords: Irrigation method, Quinoa grain yield, Titicaca cultivar, Water productivity.
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Table 1. Physiochemical characteristics of research site soil

Depth Soil texture EC_1 pH K P N Organic carbon Organic mater
cm dSm ppm Percent
0-30 Silty loam 0.58 7.92 186 29.2 0.058 0.62 1.07

Table 2. Date of planting, seedeling and harvesting of Quinoa

Plant Date of planting Date of seedeling Date of harvesting

Quinoa (Chenopodium quinoa Willd.) 2018/07/27 2018/08/06 2018/11/01

- -
u’/l/f}u_afu://x
" * "
Vevr Susbm ¥ oo,ledm VY 6,90
VoY



155 ol 28 55 O 5,58 2 2 0be 53 S slazm s 6oLl la by 5 030 355 31 2L

S0 cm S cm

Figure 1. Schema of used furrow irrigation a) variabe alternate furrow irrigation, b) fixed alternate furrow irrigation,
and c) traditional furrow irrigation

1.5m
D
VAFI20( FI100 FAFISO FI1200 VAFI10 FI200 FAFISO FIS0 VAFI20
11.5 m
FI1100 [FAFI200 VAFIS0 [FAFI20i FIS0 [FAFI100 VAFT10i [FAFI100Q FI1200
) [FAFI100Q VAFI200 FIS0 VAFT10i FAFISO VAFIS0 [FAFI20i FI1100 VAFIS0
a

0.15m

Figure 2. a) Schema of treatments in this study, b) preparing land for farming, c) plant cultivation, and d) preparing
irrigation systems.
# F1: Furrow irrigation, VAFI: Variable alternate furrow irrigation, and FAFI: fixed alternate furrow irrigation
200: 200 Kg.ha™ Nitrogen, 100: 100 Kg.ha™ Nitrogen, 50: 50 Kg.ha® Nitrogen

Table 3. Treatments and abbreviations

Treatments Abbreviations
Traditional furrow irrigation + 50 Kg.ha™ nitrogen FI50
Traditional furrow irrigation + 100 Kg.ha™ nitrogen FI1100
Traditional furrow irrigation + 200 Kg.ha™ nitrogen FI200
Variabe alternate furrow irrigation + 50 Kg.ha™ nitrogen VAFI50

Variabe alternate furrow irrigation + 100 Kg.ha™ nitrogen VAFI100
Variabe alternate furrow irrigation + 200 Kg.ha™ nitrogen VAFI200

Fixed alternate furrow irrigation + 50 Kg.ha™ nitrogen FAFI50

Fixed alternate furrow irrigation + 100 Kg.ha™* nitrogen FAFI100

Fixed alternate furrow irrigation + 200 Kg.ha™ nitrogen FAFI200
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Table 4. Quality of used irrigation water

+ 2+ 2+ - 2- 2- -
Water quality EC_l oH Na Ca Mg cl § SO, CO; HCO;
dSm meq |
Fresh water 0.93 7.9 44 19 3.0 2.6 31 0.0 3.7
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Table 6. Analysis of variance of yield, water prodactivity and growth properties of Quinoa

mean square

Source of variation df WUE? v Gy PW SD P W IL
Replication 2 0005™ 0005™ 475™ 41.4™ 0017 4993™ 06™ 597
Irrigation Methods 2 0658™ 0011° 16177 250237 018"  362.0™ 637" 1931"
Nitrogen Levels 2 0097° 00757 20597 451087 027" 195™ 1767 1088
Irrigation Method X Nitrogen Levels 4~ 0.018"°  0.002"™ 2147 711" 0.005° 3082"™ 44" 23m™
Error A 4 0.002 0.002 0.52 0.53 1.8 25.2 0.4 38
Error 12 0.001 0.002 3.2 232 0.001 175.8 1.9 0.95
Cv 39 13.0 8.6 5.9 25 12.3 15.4 3.9

** * ns: Represent significant at 1 and 5 percent levels and non-significant, respectively.
# WUE: Water use efficiency, Y: Yield, GY: grain yield, PW: Panicle weights, SD: Stem diameter, PH: Plant height, IW: Infloresences width,

and IL: Infloresences length
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Table 7. Simple effects of irrigation method and nitrogen levels on growth properties of Quinoa

Yield Plant height Infloresences width Infloresences length
Treatment =

Kg.m cm
FAFI 0.31b 104.4b 6.5¢ 204c
VAFI 0.38a 103.8b 8.6b 246b
Fl 0.36 ab 115.1a 11.8a 29.7a
LSD (0.05) 0.06 6.6 0.8 2.6
50 Kg.haN 0.24b 108.4 a 73b 21.7¢c
100 Kg.ha™ N 0.39a 108.8 a 9.7a 286a
200 Kg.ha*N 0.41a 106.1a 98a 244b
LSD (0.05) 0.05 13.6 14 1.01

Numbers followed by the same letter are not significantly different at P<0.05
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Figure 5. Quinoa (cv.Titicaca) plant height variation in this study
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Table 8. Interaction effects of irrigation method and nitrogen levels on yield and growth properties of Quinoa

Water use efficiency

Grain yield

Panicle weights Stem diameter

Treatment 3
Kg.m gr cm

FAFI50 0.649 1439 45.0e 0.78 h
FAF1100 0.88¢e 17.0 efg 63.3d 098 f
FAFI1200 0.99d 19.9de 82.7¢c 1.07 de
VAFI50 1.16¢ 17.8 ef 68.7d 092¢g
VAFI100 1.28b 25.3b 99.0 b 1.11d
VAFI200 1.38a 334a 1223a 1.25b
FI50 0.75f 16.6 fg 60.3d 1.04¢e
F1100 0.78 f 21.0cd 90.0c 1.18¢
F1200 0.8f 24.0 bc 102.7b 144 a

Numbers followed by the same letter are not significantly different at P<0.05
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