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4- Central Composite Design
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Table 1- Amounts and coefficients for treatments based on central composite design
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Plant density (No m?)  Nitrogen (kg ha™)
7 0 -1 -1 1
10 0 -1+ 2
7 300 +1 -1 3
10 300 +1 +1 4
7 150 0 -1 5
10 150 0 +1 6
8.5 0 -1 0 7
8.5 300 +1 0 8
8.5 150 0 0 9
8.5 150 0 0 10
8.5 150 0 0 11
8.5 150 0 0 12
8.5 150 0 0 13

A G 1515 9 (5950 Jite (slopie 0L oy (X2 9 Xy
X1 and X;: indicate independent variables of nitrogen and plant density, respectively.
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Table 2- Physical and chemical properties of soil
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Texture N(@®%) P(mgkgh) K (mgkg? pH
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1- N recovery

2- N uptake efficiency

3- N utilization efficiency
4- Nitrogen use efficiency
5- Full quadratic regression
6- Lack of-fit
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Table 3- Analysis of variance of the full quadratic regression model

s 38ee s I, S90S & o g,
e 1. > . - & rae sy
i3 galie ool S WP Shes e RN e
S.Oo.v. ’ Biological Seed yield care N utilization ©29
d.f . N recovery L N use efficiency
yield efficiency
M‘(J;;el 6 177.291** 22.222%* 374.85* 2209.3** 565.63**
’].)Sj . 1 20.548** 0.683ns 61.90ns 1.5ns 77.12ns
Replication
Lliﬁ;r' 2 497.124** 65.264** 684.38** 5099.7** 1200.34**
.‘Jj”g 1 7.579ns 0.017ns 247.41ns 8.0ns 0.23ns
Nitrogen
Dggnz;ty 1 986.67** 130.51** 1121.35** 10191.3** 2400.46**
S:ZJ;;;' 2 12.483* 0.896ns 69.54ns 1527.6** 407.67%*
i9rs Xoiers
Nitrogenx 1 0.217ns 1.722ns 12.10ns 43.1ns 132.58ns
Nitrogen
‘”%I’j ki . 22.82** 0.554ns 137.93ns 2327.2%* 390.97*
Densityx density
Jlize 31
. 1 23.983** 0.33ns 517.32* Ons 100.63ns
Interaction
Oiars X w51y
Density x 1 23.983** 0.33ns 517.32* Ons 100.63ns
Nitrogen
[
19 2.274 0.489 89.40 16.8 50.05
Error
Sl poe 11 3.086ns 0.654ns 114.66ns 21.5ns 82.74%*
Lack of-fit
o s 8 1.159 0.276 54.66 10.3 5.00
Pure error
N
25 - - - - -
Total

y=ap+ayXg+apXoHagXy +aX, +asX Xa 1 JolS 93 dayd Jdo (6l cya b 9 gaw S ) el o =4 Jgaa
Table 4- Regression coefficients and R? for full quadratic model: y=ag+a;X;+a,X,+asX;* +asX +a5X1 X,

Coefficient values R?
dp a ay a3 dg a5

‘:&5’]_”5)"_ -81.3  0.0628 20.25 0.000009 -0.903 0.0077 96.10
Biological yield
&b 5 Sles

T -18.76 -0.0149 4.46  0.000025 -0.141 0.0009 93.48
Grain yield

oisrd ele 2l -101  -0.293  38.8 0.000066 -2.22  0.0357 55.13
N recovery

")5_”_:*'3‘_5””“?"_"5 864.7 -0.0443 -174.5 0.000124 9.123 0.00019 97.65

N utilization efficiency
0igr Srae 2 4005 -0.198 754 0.000218 3.74  0.0158 78.11

N use efficiency

it G 1815 9 (5950 Jite (slopie 0L oy X2 9 Xy
Xy and X,: indicate independent variables of nitrogen and plant density, respectively.
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Figure 1- Response surface for biological yield (A), grain yield (B), N recovery (C), N utilization efficiency (D) and N use
efficiency (E) of corn as affected by plant density and nitrogen fertilizer
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Table 6- Optimization of grain yield and nitrogen efficiency indices of corn based on plant density and nitrogen levels in
different scenarios
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Introduction

Response Surface Methodology (RSM) is a statistical tool for modelling and optimization of multiple factors
which determine optimum process conditions by combining experimental designs with interpolation by first- or
second degree polynomial equations in a sequential testing format. Nitrogen (N) and plant density are two
factors crucial to the successful implementation of crop management practices used in corn production systems.
Numerous studies have reported the effects of N fertilization on yield of corn. The optimum resource level in
agro-ecosystems should be determined to decrease production costs, conserve resources and reduce
environmental pollution which occurs as a result of excessive use of these resources. In this work, optimization
of nitrogen fertilizer and plant density of corn using central composite design for RSM was done.

Materials and Methods

An experiment was conducted using central composite design with 13 treatments and two replications at the
Research Field of Ferdowsi University of Mashhad during the growing season of 2015-2016. The treatments
were allocated based on low and high levels of plant den5|ty (7 and 10 plants m?, respectively) and nitrogen (0
and 300 kgN ha™, respectively). Biological yield, grain yield, N utilization eff|C|ency, N recovery and N use
efficiency were calculated as independent variables and changes of these variables were evaluated by a
regression model. Optimum levels of nitrogen and plant density were proposed to obtain the expected level of
these traits based on economic, environmental and economic-environmental scenarios.

Results and Discussion

The results showed that the effect of linear component was significant on biological and grain yield and
nitrogen efficiency indices of corn. Effect of square component was significant on all studied traits except for
biological yield and N recovery. Interaction effect of full quadratic was significant on biological yield and N
recovery. Lack of fit test had no significant effect on the studled traits except for NUE. The hlghest observed and
predlcted values of grain yield were obtalned in 7 plants.m? with 150 kg N per ha (11.71 ton ha™) and 10 plants
m? with 300 kg N per ha (12.22 ton ha Y, respectively. The maximum observed and predlcted values of N
recovery were obtained in 10 plants.m? with 300 kg N per ha (86.45%) and 10 plants.m with 300 kgN ha?
(90.14%), respectively. The optimum levels of nitrogen fertilizer and den5|ty were 8.12 plants.m™ with 225.27
kg N per ha, 7 pIants m? with 46.95 kg N per ha and 7 plants.m? with 69.42 kg N per ha for economic,
environmental economic-environmental scenarios, respectively.

Conclusions

Increasing nitrogen fertilizer led to an increase in grain yield and a decrease in nitrogen use efficiency
whereas increasing density caused an increase in grain yield and nitrogen use efficiency.

Keywords: Lack of fit, Full quadratic regression model, N use efficiency, N utilization efficiency
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