Water and Soil Management and Modeling %

s
&

¥ University of Mohaghegh Ardabili

&

Online ISSN: 2783 - 2546

B, e
" Managerme™

Optimizing the amount and splitting of nitrogen fertilizer in corn using
response surface modeling

Karim Neysi' @, Aslan Egdernezhad®* ®, Fariborz Abbasi®

1 M.Sc. Student, Department of Water Sciences and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran

2 Assistant professor, Department of Water Sciences and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran

3 Professor, Agricultural Engineering Research Institute (AERI), Agricultural Research, Education and Extension
Organization (AREEO), Karaj, Iran

Extended Abstract

Introduction

Corn is one of the most widely consumed cereals in the world, which is highly compatible with many climates.
For this reason, corn has been cultivated in most regions of the world since ancient times. Therefore, it is also
considered a part of people's food all over the world. The effect of nitrogen fertilizer, as an agricultural solution,
on the growth and yield of corn has caused it to be split to increase the plant's access time to this nitrogen source.
In fact, due to the leaching of nitrogen fertilizer, it is usually not applied in one step. For this reason, based on the
prevailing conditions of the field, the operators divide it into two or more divisions and perform nitrogen
fertilization during the growth period. In each division, it is necessary to determine and apply the optimal amount
of nitrogen fertilizer in order to minimize environmental pollution in addition to being economical. It requires
many field experiments, which require a lot of time and money. To solve this problem, the use of simulation and
optimization models, such as response-surface modeling, is suggested. The response-surface method is one of the
suitable optimization tools that has been considered in various sciences for many years. The statistical basis of this
method is very complex and uses a multi-objective nonlinear model for optimization and modeling. The response-
surface method first provides a suitable combination of treatments, and by considering them, a statistical model is
created that has the best fit compared to other models. Next, the most optimal value is determined for the
independent variables so that the value of the dependent variables reached their maximum or minimum.

Materials and Methods

For this purpose, the data collected from a research project, which was carried out in the 500-hectare farm of the
Seedling and Seed Research Institute in two years (2011-2012), were used. Two factors consisted of fertilizer in
three levels (N1: 100 and N2: 60% and N3: 50% of fertilizer requirement) and the time of splitting into three
methods (T1: the farmer's application with two splittings; T2: three equal divisions and T3: four equal divisions)
was considered. The response surface method was used to optimize yield and yield components. In the response-
surface method, the code of -1, 0, and +1 for nitrogen indicates 50, 60, and 100 kg/ha of nitrogen fertilizer,
respectively. The code of -1, 0, and +1 for fertilizer splitting indicates the number of 2, 3, and 4 nitrogen fertilizer
splitting during the growing season, respectively. In this method, to fit the data, multivariate regression was used
by adding linear terms, quadratic, and interaction between factors. Then, regression was evaluated based on the
analysis of variance. The statistical criteria used included root mean square error (RMSE), normalized root mean
square error (NRMSE), mean bias error (MBE), model efficiency (EF), index of agreement (d), and coefficient of
explanation (R?).

Results and Discussion

The results of ANOVA showed that the linear and quadratic regression model for seed yield and the linear
regression model for fertilizer efficiency was significant at the 5 % probability level (P-value < 0.05). For water
productivity, the splitting factor had a greater effect on the regression than the amount of fertilizer, although both
factors did not show a significant effect. The regression model had a significant effect on the 1000 seed weight,
number of seeds in a row, number of rows in a cob, cob length, and seed size. The regression of other variables
was not statistically significant. Therefore, the response-surface method can be used to predict and optimize
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variables with significant regression. The results showed that the regression model was capable of predicting
variables including 1000 seed weight, number of seeds in a row, number of rows in a cob, corn length, and seed
zinc content. But this model had an underestimation error (MBE < 0.0) for all variables. The accuracy of the
regression model for grain zinc content was in a good category (0.1 < NRMSE < 0.2) and for other variables in
the excellent category (0.0 <NRMSE< 0.1). By increasing the amount of fertilizer (changing from code -1 to + 1),
the yield initially decreased and then increased. With the increase of fertilizer splitting, corn yield decreased first
and then increased. The effect of the amount and splitting of fertilizer on changes in the 1000 seed weight was
linear and with the increase of these two factors, the 1000 seed weight also increased. This result was also observed
for the number of seeds in the cob. In terms of cob length and grain zinc percentage, the two factors of fertilizer
amount and splitting had similar effects on the increase of these two variables, but at low values of both factors,
the mentioned variables decreased slightly. Increasing the amount and distribution of fertilizer caused an increase
in the number of rows in the cob, but high amounts of these two factors had no effect on the increase in the number
of rows in the cob. Except for the number of rows, other variables increased along with increasing the amount of
fertilizer and its splitting. Providing 100% fertilizer requirement and increasing the number of divisions to 5 times,
can increase maize yield by up to 1.5 tons per hectare. This was about 28% of the average yield and 6 % of the
maximum corn yield in this study. The weight of the thousand seeds increased to 3.5 grams under optimal
conditions, which increased by 32 and 9 % compared to the average and maximum values in this study,
respectively. The variable of the row was not much of a change in the average variable (1.5 cm) and increased by
only 1 %. The optimal length increased to 3.5 cm and the optimal rate increased to 62%.

Conclusion

In general, the optimization results of all variables showed that if the fertilizer requirement is applied as N1 and in
five splittings; the amount of yield, 1000 seed weight, the number of seeds in a row, the length of the cob and the
amount of seed will increase by 6, 9, 12, 18.5, and 19.6% respectively compared to the maximum values of these
variables. Therefore, it is suggested to apply this scenario in the field to improve yield and yield criteria such as
zinc concentration in corn seeds.
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Figure 3- Checking the normality and stability of data variance for yield

s sllad sl Jgb BB (p)5 YY) &l ylim ()59 awgie &
dogi b aS gy 202 VY o +/8Y il g 35 M g sy o i
Job LB (332 V5 o YV i ) b yuxio ol dlie lawgio &
210V oxel Condsay (glbd g o o VO M Job lowgie .0g
Jae st b e ool ) lgie 1 g el
VIA &l 55y clalé i s 05 Jaidye Sowe)S)
BB (o )3 ¥A) &ils (g9, clale lrwgio duslio b aS dg duo
Sy y Jo 83 NRMSE )bl ol ol dgais
2y olis wydy o ab olas &by e 5 i sl
)5 (ke < NRMSE <)) Jle s 3 J3b Jgb 5 o
diwd Al g9y dmiim Glp Sew )Ty Jlo > b
e 8 w88 S5 («/V < NRMSE <-/¥) o

LJLAPYS Versus Fits
0.8
[ ] - [ ]
_ 04 - .
2 -
g g0 d
H
3 * a
0.4 .
[ ]
. [ ]
-0.E
g 3 10 ii iz
Fitted Value
598542 Versus Fits
0.2 -
[ ] L ]
__5 0.0
1 [ ]
H - L]
o »
-0.2
[ ]
1.0 1.2 1.4 15
Fitted Value
- Versus Fits
3% G904
1.0 -
_ 5] ®
] [ ]
-
- [ ]
200 .
] []
[
-0.5
[ ]
1.0 -
7 5 3
Fitted Value



~

o 31 03zl b 0,3 LS (s o] Lo g (5595 395" Jhae (loding

<itaylis (s

2
20

Percent
&

-5.0 -2.5

E.

L

Percent
2 & B

=
=

Normal Probability Plot

L

0.0 2.5 50
Residual

Normal Probability Plot

5 4iln 8l

Par cant
8

-1 L] 1

Rasidual

Normal Probability Plot

-0.25 0.00

Residual

Normal Probability Plot

0.25 0.50

Percent
&

Per cent
2

-0.25 0.00

Residual

0.25 0.50

Normal Probability Plot

-1.0 -0.5 0.0

Residual

0.5 1.0

ailaglis 3e Versus Fits
4
. .
— 2 [}
2 -
= 0 o
'E .
.1 -
- .
-4
200 220 240 260
Fitted Value
wiady a 4ily 8laad Versus Fits
1.0 -
- 0.5
] .
£ 00—
]
]
® -0.5 .
-1.0
L ]
36.0 37.5 3.0 40,5 42,0
Fitted Value
Ble gn iyay alaas Versus Fits
0.4
[ ]
L ]
0.2 -
g -
= 00 -
H]
o L ]
02] *
L ]
[ ]
-0.4
15.8 15.9 16.2 16.5 16.8
Fitted Value
J‘..I‘Ll L]EL Versus Hts
0.50 -
0.25 .
=
=
2 0.0 1= -
= L ]
& _pag . .
-0.50 -
14 15 is 17 18
Fitted Value
13 pyiTgps Versus Fits
1.0 .
[ ]
0.5
- . .
= 00 -
H . -
o
-0.5 .
1ol ®
2.00 9.25 9.50 9.75% 10,00
Fitted Value

3,8los Cuduo (glys odly yuilyylg (yd9r culs g Jloyi gy =Y K5 Lol
Continued Figure 3- Checking the normality and stability of data variance for yield
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Table 3- The results of regression analysis for the dependent variables of the corn
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Table 4- Complete quadratic polynomial regression coefficients for dependent variables (x;: amount of fertilizer and x,: number of
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Figure 4- Observed and predicted data of studied variables and 1:1 line comparison (continuous) with fitted regression between
observed and predicted data (dashed line)
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Table 6- The results of t-test for comparing the slope (b) and intercept (a) of the 1:1 line against the fitted linear regression between
the observed and predicted data (simulated = a + b x observed)
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Table 7- Target and simulated values of dependent variables along with optimaum value of independent variables in corn
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