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Table 1- Values and coefficients of treatments based on Central Composite Design

"o pr3lie o
Treatment values Coefficients
Runs - . -
ey &b Oj9s Sk
Nitrogen Irrigation Nitrogen Irrigation

(kg.ha?) (m®.ha?) (X1) (X2)
1 0 2500 -1 -1
2 0 5000 -1 +1
3 400 2500 +1 -1
4 400 5000 +1 +1
5 200 2500 0 -1
6 200 5000 0 +1
7 0 3750 -1 0
8 400 3750 +1 0
9 200 3750 0 0
10 200 3750 0 0
11 200 3750 0 0
12 200 3750 0 0
13 200 3750 0 0

3 e o5 1y 15516 50 Sk 5 0ol VU g iy 4 051
+1, -1: and 0 indicate up, down and mean level of each factor, respectively.
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Table 2- Physical and chemical properties of experimental field soil before planting

Texture EC N P K o
grade pH dSm? (%) (mg.kg™?) (mg.kg™) S (%)
) Y 7.34 1.3 0.02 16.9 167.5 0.08

Loam-silt
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1- Agronomic nitrogen use efficiency
2 -Water use efficiency

3 -Lack of Fit

4- Response surface methodology
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1- RMSE: Root mean square error
2- Full quadratic regression
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Table 3- Analysis of variance of the full quadratic regression model

3,5dos 3 Slos

i le @33l @ s Soig S pae =y 2 o5k Ly
Sources of Degree of —=.97 9 <l 590 Nitrogen
variation freedom Seed Biological WUE NUE losses
yield yield
<ol Hhde ns ns *k sk *
Constant
s )s_, 5 453401 4348408** 0.100851** 339.3** 1796.71*
Regression
.“B 2 94389™ 595164* 0.014803** 144.258** 47.42*
Linear
‘?5”:*'3 1 48008" 532689* 0.016058** 288.514** 61.12*
Nitrogen
SS’L"".I 1 118831™ 508237** 0.017263** 4,394** 45.46*
Irrigation
24, 2 134892™ 1137770** 0.003691* 159.824** 54.72*
Square
.")5”:*'3 x")?“”:*"' 1 79460" 1172981** 0.005916* 290.63** 21.41™
Nitrogen*Nitrogen
kXl 1 87604" 311657™ 0.004188* 2.292% 47.78*
Irrigationx Irrigation
plize ! 1 63046 752383* 0.000388 "™ 2.124* 125.44%
Interaction
oAl pae 3 2834™ 54853"™ 0.024™ 0.385 "™ 10.27 ™
Lack of fit
oAl s 4 11835 118572 0.000842 0.151 6.56
Pure error

Ao L |y )b e gl dgmg pae NS 9 o3 D g aoyn 1w 3 (g b me cudga * g

*%*

“, ™ and ns: represent significant at 5% level, significant at 1% level and non-significant, respectively.

Voo tak tak + el a5 + a5 5" dolae ooy, cul g -4 Joun
Table 4- Regression coefficients of the equation of ¥ = &y + 2, %, + a.%; + X, "+ 0,0  + a5, X °

Coefficient values

Y a a a3 ay as R?

ab ) 1008.08 2.154 1.011 -0.004 -0.0001 0.001 95.88
Seed yield

Tg"j’]’_"" P 2363.72 7.174 2.092 -0.016 -0.0001 0.002 95.11

Biological yield

WUE 1.94 0.001246 -0.00039 -0.000001 0.0000001 -0.0000001 95.80

NUE 24.23 -0.167 0.0062 0.0003 -0.000001 -0.000001 97.40

B 40.27 -0.0198 0.0768 40.2747 0.000001 0.000001 98.92

Nitrogen losses

s ()l g (1505 395 e yuite (a4 2Xp 9 Xy

Xy and X,: indicates independent variables of nitrogen fertilizer and irrigation, respectively.
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Fig. 1- Comparison of the regression line with 1:1 line and RMSE (%0) for observed and predicted values of the wheat yield
based on full quadratic regression model

4500
4000

3500

Seed yield (kg/ha)

3000

bl g (359 5 (23395 iliSee gl 4y S S 4313 3 Slos fewly g =2 JSWS

Fig. 2- Response surface for seed yield in different nitrogen fertilization and irrigation levels
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Fig. 3- Graph and equation of the regression line and the value of RMSE for observed and predicted values of the wheat
biological yield based on full quadratic regression model
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use efficiency based on full quadratic regression model
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Fig. 9- Graph and equation of the regression line and the value of RMSE for observed and predicted values of the nitrogen
losses based on full quadratic regression model
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Introduction

Cereals are the most important crops all around the world and among them, wheat has the first rank in terms
of production and the cultivation area. This plant is one of the main agricultural products in Iran and provides
45% of calories and 70% of the protein consumed by the Iranian people. Irrigation and soil nutrient availability
are considered as main factors affecting the wheat yield. Nowadays, intensive application of these inputs in the
conventional agricultural systems is considered to achieve maximum yield, whereas surplus use of them does not
only have any significant positive influence on the yield but also has been led to environmental problems for
example by leaching the nitrogen losses to underground water and imposes extra costs to the agricultural
ecosystems. Therefore, the present study was conducted to optimize the application amount of nitrogen fertilizer
and irrigation in wheat by using central composite design technique.

Materials and methods

In order to determine the optimal application rates of nitrogen and water in wheat cultivation, a field
experiment was conducted based on central composite design in the research field of Ferdowsi University of
Mashhad during the 2011 growing season. The treatments were designed based on low and high levels of
nitrogen (0 and 400 kg urea.ha™) and irrigation (2500 and 5000 m®). Central point in each treatment repeated five
times and the number of treatments were calculated based on 2% + 2k + r, in which k is the number of evaluating
factors (nitrogen and irrigation) and r is the replication number of the central point. Therefore, 13 combination
treatments were designed. Several features including seed yield, biological yield, nitrogen losses, nitrogen use
efficiency and water use efficiency were measured as dependent variables and response surface of these
variables under each combination treatment was calculated by regression model. Finally, the optimum values of
water and nitrogen consumption were determined according to three scenarios including economic,
environmental and economic-environmental scenarios.

Results and discussion

The results indicated a positive effect of increasing nitrogen fertilization and irrigation on seed yield,
biological yield and water use efficiency. Whereas, increasing irrigation level led to decreasing nitrogen use
efficiency and increasing nitrogen losses. Finally, the optimum levels of nitrogen and irrigation were estimated
based on three scenarios including economic, environmental and economic- environmental. In economic
scenario, the optimum levels of fertilizer and irrigation were estimated 274 kg urea.ha™ and 3964 m*ha™,
respectively to obtain 4045 kg.ha™ seed yield and 9908 kg.ha™ biological yield. In environmental scenario, the
optimum levels of the treatments to obtain the minimum nitrogen losses amounts were 64.65 kg urea.ha™ and
2651 m’ha®, respectively. In economic-ecological scenario, both seed yield and nitrogen losses were
considered, so the estimated input rates were 153 kg urea.ha™ and 3030 m’.ha! irrigation. Simultaneous
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consideration of the economic aspects and environmental issues to the production in economic-ecological
scenario shows the excellence of this scenario than other the two scenarios.

Conclusion

In order to achieve sustainable production of crops, one of the basic principles is to improve resource
efficiency and prevent agricultural input losses. Based on our results, it seems that the optimization values of
nitrogen fertilization and irrigation calculated in the economic-environmental scenario which simultaneously
considered both economic and environmental aspects of wheat production can be suggested as the most
appropriate levels of these two factors according to the study conditions.
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