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Table 1- Soil physicochemical properties

cdl 039 S oy S Sl Colan g ]
Texture N (%) P(mg.kg!) K (mg.kg™) EC (dS.m™) pH
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1- Response- surface methodology
2- Full quadratic regression
3- Face centered
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Table 2- Coefficients and treatments designed for one replicate in order to performance a central composite design
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1 1 -1 -1 6000 5
1 2 0 -1 10000 5
1 3 +1 -1 14000 5
1 4 -1 0 6000 7
1 5 0 0 10000 7
1 6 0 0 10000 7
1 7 0 0 10000 7
1 8 0 0 10000 7
1 9 0 0 10000 7
1 10 +1 0 14000 7
1 11 -1 +1 6000 9
1 12 0 +1 10000 9
1 13 +1 +1 14000 9
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Table 3- Analysis of variance (full quadratic regression model) for yield and WUE of maize under different treatments of
irrigation and plant density

&l 2, Ses S 590am 3,5dos ol dpas l,8
gove gy Y13 ;3 sy Grain yield Biological yield WUE
8.0.V. df P-vame  CEr O pyie  CRr oS pvane Clr oSl
Mean squares Mean squares Mean squares
05 ‘.J'M 6 0.0001 232305 0.0001 1781782 0.0001 0.069
Regression
S
1 0.337 3128 0.72 6327 0.371 0.003
Blocks
%5'145 2 0.0001 522069 0.0001 4772844 0.0001 0.079
Linear
» e 2 0.0001 158515 0.001 523295 0.0001 0.117
Square
blice f‘ 1 0.007 29537 0.182 92085 0.031 0.019
Interaction
s 19 3228 47933 0.0034
Error
Al 'P'm. 11 0.784 2529 0.33 25608 0.69 0.0029
Lack of fit
N 8 4189 78629 0.0041
Pure error

Wly G2 yuiio 53 JolS 93 djd (Fopm ) 5 Adlae (Sl Lo w0 g gam S ) o - € Jgaa
Table 4- Regression coefficients and R? of the full quadratic regression equation in dependent variables
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o @ls 5, Sl 3 Sdes Ol S pan )5
Coefficients Grain yield Biological yield WUE
P-Value Coef. (SE) P-Value Coef. (SE) P-Value Coef. (SE¥)

ao 0.0001 1176.9(x16.7) 0.0001 3887.4(x64.3) 0.0001 1.18(+0.017)

aj 0.005 52.4(+16.4) 0.0001 348.8(+£63.2) 0.031 0.04(x0.017)

a 0.0001 290.3(=16.4) 0.0001 820.9(+63.2) 0.0001 -0.11(=0.017)

a3 0.0001 -116.9(£24.2) 0.549 -56.9(=93.2) 0.0001 -0.13(%0.025)

as 0.0001 -148.8(£24.2) 0.001 -3773(+93.2) 0.001 -0.10(=0.025)

as 0.007 60.8(x20.1) 0.182 10.3(x77.4) 0.031 0.05(0.021)

R? 95.79 92.15 86.26

S5y el pd Jlme slbs ISE
SE: standard error of regression coefticient
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Fig. 1- Response- surface for grain yield of maize with different plant density and irrigation levels
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Table 5- The mean of observed and fitted values of maize yield and WUE as affected by irrigation and plant density

slosi &l 3,Sos Selm 3y es I b pan 2,5
Treatment Grain yield (g.m?) Biological yield (g.m) WUE (kg.m*)
SedlS w3 S i el o3l saalio N
Plant density Irrigation . . . LX Vg 9 [XVXE W
(plants.m?) (m’.ha™") - o o o Fitted Observed
(x1) (x2) Fitted Observed Fitted Observed
5 6000 629.3 640.2 2390.8 2425.5 1.07 1.07
5 10000 107.6 983.0 3481.8 3454.2 1.01 0.99
5 14000 1083.3 1102.0 3818.0 3811.0 0.76 0.79
7 6000 737.8 719.5 2689.2 2663.4 1.18 1.2
7 10000 1176.9 1160.4 3887.4 3986.0 1.18 1.17
7 10000 1176.9 1197.1 3887.4 3546.3 1.18 1.20
7 10000 1176.9 1143.5 3887.4 39354 1.18 1.14
7 10000 1176.9 1208.4 3887.4 3780.2 1.18 1.21
7 10000 1176.9 1217.5 3887.4 4157.5 1.18 1.22
7 14000 1318.4 1294.5 4330.9 4388.4 0.97 0.93
9 6000 612.5 620.0 2873.8 2865.0 1.05 1.03
9 10000 1112.3 1094.5 4179.3 4238.5 1.09 1.10
9 14000 1314.6 1324.9 4730.1 4679.7 0.93 0.95
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Fig. 2- Response- surface for biological yield of maize with different plant density and irrigation levels
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Introduction

Water and plant density have a complex interaction. Determination of optimum density is an effective
strategy to improve the efficiency of available resources usage and to increase the yield per unit area. Despite
extensive research on the effects of different levels of irrigation and plant density for different crops, including
corn, information on the optimization of these resources, using response-surface methodology (RSM) is scarce.
Therefore, the objective of this study was to determine the optimal level of irrigation and plant density in corn
production based on central composite design (CCD).

Materials and Methods

An experiment was conducted by using response-surface methodology with the central composite design and
two replications on corn at the Research Farm of Ferdowsi University of Mashhad, during the 2015 growing
season. The experimental treatments were the highest and lowest levels of irrigation volume (6000 and 14000 m-
3.ha!) and plant density (5 and 9 plants.m?). Grain yield (Gy), biological yield (By) and water use efficiency
(WUE) were measured as response variables in a full quadratic polynomial model. Consumption rate of
irrigation and density were optimized based on three scenarios: economic, environmental and eco-environmental.

Grain yield of corn and WUE were considered as the main factors to determine the optimum level of treatments
under the economical and environmental scenarios, respectively. In the eco-environmental scenario, the main
factor was WUE and grain yield.

Results and Discussion

The results indicated that at low level of irrigation (6000 m’.ha') plant density and grain yield correlated
with others as quadratic so that by increasing the density from 5 to 7 plants.m?,grain yield first increased and
then decreased with enhancing density to 9 plants.m?.It seems that at low levels of irrigation, reduction and
enhancement of plant density, respectively, as a result of increasing evaporation from soil surface and increasing
competition in resource uptake (light and water) has reduced grain yield. Grain yield at high levels of irrigation
showed a relatively linear relationship with incrementing plant density, and the highest grain yield with 1324.9
g.m?was obtained from treatment of 14000 m?.ha! of water and density of 9 plants.m. Nevertheless, the results
of model fitting showed that the highest grain yield with 1318.4 g.m?> was attained from the density of 7
plants.m? and 14000 m3.ha'! of water. Therefore, it seems that with the simultaneous enhancement in plant
density and irrigation, vegetative growth due to lack of light has increased, as a result of grain yield than
optimum densities (7 plants.m?) has shown a decrease.

The regression model could significantly indicate that impact of independent variables on the grain yield,
biological yield and water use efficiency (dependent variable). In economic scenario with considering 8
plants.m? and irrigation of 14000 m*.ha! the maximum of economical yield with 1345.8 g.m? was achieved in
which biological yield and water use efficiency were 4534.7 gr.m? and 0.98 kg.m™ of water, respectively. In

1- Professor, Agrotechnology Department, College of Agriculture, Ferdowsi University of Mashhad, Iran.

2- Ph.D. student in Agroecology, Agrotechnology Department, College of Agriculture, Ferdowsi University of
Mashhad, Iran.

(*- Corresponding Author Email: akooch@um.ac.ir)

Doi:10.22067/jag.v12i4.55311



1YAQ Loy Foylods Y ado (6 5)glis (ol pgr @y p25 0ay¥

environmental scenario also the choice of the density of 7 plants.m? and irrigation of 7939 m?.ha'! the highest
water use efficiency (1.21 kg.m?) was attained in which grain yield that was 988.6 g.m2 Based on eco-
environmental scenario with choice of the density of 7.5 plants.m? and irrigation of 10848.5 m’.ha'! the
maximum grain yield and water use efficiency was obtained in 1240.7 gm? and 1.16 kg.m3 of water,
respectively.

Conclusion

Due to lack of water resources and environmental problems caused by the excessive use of water, applying
appropriate management practices such as proper planting density to optimize these resources is essential. The
best way to achieve the highest economic yield and water use efficiency and, to reach sustainable agriculture is
the choice of eco-environmental scenario in which by application of the density of 7.5 plants.m? and irrigation
level of 10848.5 m*.ha'! the maximum grain yield and water use efficiency with 1240.7 g.m? and 1.16 kg.m™ of
water was obtained, respectively.

Keywords: Central composite design, Eco-environmental scenario, Economic yield, Water use efficiency



