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Table 1- Amounts and coefficients for treatments based on central composite design

Lo 23l el
Treatments Coefficients
N - uns
0395 <l
: -1 3 pq-l Xz Xy
Nitrogen rate (kg.ha™) Water rate (m°.ha™)

0 2500 -1 -1 1
200 2500 +1 -1 2
0 7500 -1 +1 3
200 7500 +1 +1 4
0 5000 -1 0 5
200 5000 +1 0 6
100 2500 0 -1 7
100 7500 0 +1 8
100 5000 0 0 9
100 5000 0 0 10
100 5000 0 0 11
100 5000 0 0 12
100 5000 0 0 13

A gj 5 O3 9y zokaw JEiue (gl e 0id LS s Py X, 9 X3
X1 and X;: indicate independent variables of nitrogen and water levels, respectively.
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Table 2- Physical and chemical properties of soil

el Wl (S ST Sl S ens O S ooy
Texture pH EC (dS.m™) Organic carbon (%) N (%) P (mgkg?) K (mg.kg?
oo 9 7.92 0.58 0.62 0.058 29.2 186
Silty loam
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Irrigation

2- Nitrogen use efficiency
3- Water use efficiency
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1- Nitrogen recovery
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1- Full quadratic regression
2- Lack of-fit
3- RMSE: Root mean square error
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Table 3- Variance analysis (mean of squares) of the full quadratic regression model

> 3 ] 1,5
R AT LY 7o i L3 5
n‘st“-’o é\"/ sl R o 1;9’&| Water use N_tw”'*’ Nitrogen uptake
O.V. - iologica efficienc Itrogen use efficienc
df Seedyield yield Y efficiency Y
i 6 1055000™ 5829235™ 0.188852™ 102.664™ 1349.15™
Model:
IS 1 158559" 4rs 0.009438"™ 1.541" 0"
Replication
b 2 2386323  11690521" 0.502912 " 246.816™ 3060.57"
Linear
<! 1 2384852  13020833™ 0.852750™" 72237 535.13™
Water
0394 1 2387795 10360208 0.153074™ 421.395™ 5586.00"
Nitrogen
2y 2 699396™ 5341558"™ 0.038657"" 55.638™ 882.07"
Square
ol Xl 1 10178177  5897545™ 0.001085" 34.815™ 395.99™
Water x Water
Oiarie X 0jg s - - . . "
Nitrogenx 1 1217266 8689384 0.058917 106.763 1745.59
Nitrogen
e 3l 1 o™ 911250™ 0.040538" 9.533™ 209.63"
Interaction
g X ol 1 o 911250™ 0.040538™ 9.533" 209.63"
Water xNitrogen
s 19 48098 950801 0.002602 1.567 53.63
Error
e pae 11 60084" 1183777™ 0.003574" 2.192" 24.48"
Lack of-fit
oAt sl 8 31616 630460 0.001265 0.708 74.83
Pure error
RMSE (%) - 1.15 1.95 551 24.01 6.88
S 25
Total - B B B B

2001 95 Jlasl zolaw )3 )b bxe g (53 e pie Cu ey g NS
ns, * and **: represent non-significant and significant at 5 and 1% probability levels, respectively.

Y =ag+agXy+aXotagX+agX, +asx X, tJols 93 430 o (gl cod 9 o S ) el o -4 Joua
Table 4- Regression coefficients and R?for full quadratic model: Y=ag+a;X; +a,X+asX: +asX>+asX; X

a a a as a R* (%)
ab ) 198 2.47 0.929 0.03464  -0.000075  0.000001 83.4
Seed yield
Tg"j’]’_"" > 326 -95 2.187 0.1260  -0.000164 -0.00130 55.19
Biological yield
. 039 wb""b'_ . 27.7 -0.4689 0.01827  0.001778 -0.000001 -0.000020  85.29
Nitrogen uptake efficiency
. 019 20 L_f""_ls .78  -0.1254  0.005435 0.000440 -0.000000 0.000004 93.93
Nitrogen use efficiency
ol Spae 2 1.0409 0.000488 -0.000101 0.000010 0.000000 - 0.000000 94.5

Water use efficiency

JUVGV-N n_:" 9 OJ9y tsla.w Jw dLh)u.m Lso.h_m.)u[wu [SWNEY :X2 5X]_

X1 and X;: indicate independent variables such as nitrogen and water levels, respectively.
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Figure 1- Response surface model for seed (A) and biological yield (B) of quinoa affected of nitrogen and water levels
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Figure 2- Response- surface model for nitrogen uptake efficiency (A) , nitrogen use efficiency (B) and water use efficiency (C) of
quinoa affected of nitrogen and water levels
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Table 6- Optimizing of nitrogen and water levels of quinoa for dependent variables in economic, environmental and
Economic-environmental scenarios

gy U
gye o) Scenarios
Variable W] shasoun shasouny 5 - ol
Economic  Environmental Economic-environmental
Whofles 3522.84 2460.41 3120.76
Seed yield (kg.ha™)
Water use efficiency 0.43 0.72 0.5
iy (kg seed/ m® water)
Dependent oo <l 34 65.03 50.04
Nitrogen recovery (percent)
I9rs Spas 2
Nitrogen use efficiency 11.78 19.24 15.93
(kg N seed/kg N soil)
e 7500 3409.09 5909.48
Jitano Water rate (m>.ha™)
Independent 0395 s 160.7 18.18 88.57
Nitrogen rate (kg.ha™)
Capllas (a3 0.82 0.74 0.93
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Introduction

The optimum resource level in agro-ecosystems should be determined to decrease production costs, conserve
resources, and mitigate environmental pollutions. Optimization is an effective and sustainable management
approach to conserve resources and decline environmental pollutions. Response surface methodology (RSM) is
defined as a collection of mathematical and statistical techniques used to develop, improve, or optimize a
product. RSM is a statistical technique for optimization of multiple factors that determine optimum rates by
combining experimental designs. Quinoa (Chenopodium quinoa Willd.) is a pseudocereal, seed-producing
annual crop, and a staple food in South America in ancient times, indigenous to the Andean region of South
America, particularly Bolivia, Peru, Ecuador, and parts of Chile, which has the potential to grow with low inputs,
mostly water and tolerate a variety of biotic and abiotic stresses. Quinoa seed is gluten-free foods, good sources
of carbohydrates, good-quality proteins, lipids, vitamins, minerals, and bioactive compounds, with all the
essentials, trace elements, and many vitamins. In this work, optimization of nitrogen and water rates on quinoa
was done.

Materials and Methods

An experiment was conducted using Central Composite Design (CCD) with 13 treatments and two
replications at the Research Field of the Ferdowsi University of Mashhad during the growmg season of 2017-
2018. The treatments were aIIocated based on low and high water (2500 and 7500 m® ha™, respectively) and
nitrogen (0 and 200 kg ha, respectively) levels. Seed vyield, biological yield, N recovery, N use efficiency
(NUE), and water use ef'ficiency (WUE) were calculated as dependent variables, and changes of these variables
were evaluated by a regression model. A lack-of-fit test was used to evaluate the quality of the fitted model. The
adequacy of the model was tested by analysis of variance. The quality of the fitted models was judged using the
determination coefficient (R ). Finally, the optlmum nitrogen and water rates were computed based on economic,
environmental, and economic-environmental scenarios.

Results and Discussion

The results showed that the effect of linear and square components was significant on all studied
characteristics. The interaction effect of full quadratic was significant on NUE and WUE. Lack of fit test had no
significant effect on the studied traits. The full square model for the response variables gave insignificant lack-
of-fit, indicating that the data were satisfactorily explained. Surface-response results of the effect of irrigation
and nitrogen levels on grain yield and biological yield showed that with increasing nitrogen consumption and
irrigation, quinoa yield indices increased, but in terms of nitrogen use, with increasing nitrogen consumption
more than 100 kg ha, the grain yield increased W|th more slope. The hlghest value of seed yield was observed
for 7500 m* ha™ irrigation and 200 kg nitrogen ha™ with 3835.4 kg ha™. Optimum nitrogen and water rates were
suggested to determine the target range of dependent variables based on three scenarlos economic,
environmental, and eco-environmental. It is necessary to use 169.7 kg nitrogen ha® and 7500 m* ha™ irrigation to
obtain optimum conditions under the economic scenario. The optlmum nitrogen and |rr|gat|0n rates based on
environmental scenarios were computed from 18 18 kg nitrogen ha® and 3409 m® ha® irrigation water.
Application of 88.57 kg nitrogen ha™ and 5909 m* ha™ irrigation water was found to be the optimum conditions
for the eco-environmental scenario (NUE, N recovery, seed yield, and WUE were calculated with 15.93 kg seed
kg™ N, 50.04%, 3120.76 kg ha™, and 0.5 kg seed m™ water, respectively).
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Conclusions

Increasing nitrogen led to increased seed yield and decreased nitrogen use efficiency, whereas increasing
irrigation caused an increase in seed yield and nitrogen use efficiency. In general, it seems that resource use
based on the eco-environmental scenario may be a suitable cropping approach for the sustainable production of
quinoa as a new crop.

Keywords: Central Composite Design, Economic- environmental scenario, Lack of fit, New crop,
Sustainable production



