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Background and objectives: A new dimension in agricultural science has
been opened up by the rapid development of computer-based information
systems. Physiological processes of plant growth and development can be
represented mathematically with a plant simulation model. Many studies
have used simulation models to quantitatively analyze the effects of
different environmental and management factors on the processes of
agricultural plants due to the capability to simulate different processes. Since
there is limited data on the ability of CERES-Maize to simulate maize under
different nitrogen management treatments in Mazandaran, On the basis of
graphical representations and statistical analyses of CERES-Maize
performance and physiological traits, the model was recalibrated in
Qaemshahr.

Material and methods: In order to simulate the physiological traits of
maize using CERES-Maize model in different nitrogen treatments, an
experiment was carried out in Qarakhil, a research farm in Mazandaran
Agricultural Research Center, during 2017 and 2018 as randomized
completely block design in four replications. The 10 treatments used in this
research included: N;: not use of nitrogen (control), Na: use of 60 kg n ha"!
before planting, N3: use of 120 kg n ha™! before planting, N4: use of 180 kg n
ha'! before planting, Ns: Use of 60 kg n ha™! in two stages (50% before
planting + 50% in stage R;), Ng: Use of 120 kg n ha™! in two stages (50%
before planting + 50% in R;), N7: use 180 kg n ha! in two stages (50%
before planting + 50% in R;), Ng: 60 kg n ha™! in 3 stages (one third before
planting + one third in stage R; + one third in stage R3), No: 120 kg n ha''in
3 stages (one third before planting + one third in stage R; + one third in
stage R3), Njo: 180 kg n ha''in 3 stages ( One third was before planting + one
third at R stage + one third at R; stage).

Results: It was shown that the model had an acceptable accuracy in
simulating the yield, biomass and nitrogen level of a shoot at harvest time. It
has also been shown that the trait model does not accurately simulate the
leaf area index as well as other traits. According to linear regression
analysis, R? coefficients for the calibration and validation data of the model
were 0.69 and 0.57, respectively,. Model validation showed a coefficient of
explanation of 0.81, while calibration showed a coefficient of explanation of
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0.79. Based on the two-year data, the simulated nitrogen value does not
differ significantly from the measured value at 0.95 probability level. The
model provided a 0.87 explanation coefficient for the difference between
simulated and measured shoot nitrogen, thus indicating its accuracy in
simulating total shoot nitrogen over the two-year period.

Conclusion: As a result of this research, the highest yield was achieved in
the years 2017 and 2018 with 120 kg n ha™! applied to the soil as 50% of the
base + 50% in R; stage. In view of the obtained results, the CERES-Maize
model can be used as a suitable simulation model to find the optimal
nitrogen fertilizer management strategy for maize. For generalizable results,
this model can also be applied to interpreting climate data in the northern
region of the country in terms of potential production, limitations, and
reduction of long-term field experiments.
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Table 1. Soil physiochemical characteristics of the tested area during the years of experiment
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Table 2. Calculated genetic coefficients for single cross hybrid corn cv. 704 in Qaemshahr region.
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Table 3. Results of data calibration and validation using the CERES-Maize model
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Figure 1. Comparison of simulated and measured grain yield in 2017 and 2018. (Continuous line represents the 1:1
line and upper and lower dashed lines represent 1:1.15 and 1:0.85 lines, respectively)
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Table 4. The results of simulated and observed yield values in 2018 and 2019

2018 2019
sl Aoy .
JL&._J oddedalin a.LJ:kSJL.-:A?J: . ol odalice a.LJ:kSJL.-:A?J: S 6&} e
. o . Relative error
Treatment  Observed  Simulated Relative Observed  Simulated %)
o
error (%)
N, 6654 6854 5 6832 6698 1
N 8910 9177 3 8150 7066 -1
N3 8211 8531 7 8199 7021 -3
Ny 9550 9836 2 6832 6698 -2
N;s 8694 8954 17 8322 8149 13
Ns 7232 7542 1 7142 8097 2
N 9654 9850 0 8970 8823 0
Ns 7920 7509 -2 8970 7213 -2
No 7264 8123 10 8843 8808 14
Nio 7921 8734 5 8298 8486 3

Na sl 51 iy 0358 p S S VY0 G pme N3 S 51 i 055,50 ¢ S kS 1 G jae N (Uald) 38 G pae e N
oo 03 Ao 3 00 5 SIS Sl i 00) W e 53 55 055 25 ¢ S S N B ae N S 51 iy 0555 p SLS VAL o s
03555 p S AS WA G pme N7 LRyl o 55 don 00 5 CodlS 5l 2 100) al e 55 55 055 25 ¢ S ST B ae No (R
53 paeSe + SIS 1 e SG) al e Y3 05550 p SAS 1 N Ry s e s do s 00 5B 1 2 00) e 53 2
pre S+ Riadl o 53 0 s G S 51 g p5mncS) o ¥ 0 0358 2 S5kS VY N (R3 al o 55 05 + RT

(R3 al> 5o 3 psmecSe + Ri o 3 p eGS0 oy pmeSQ) b 0 ¥ 03 055530 S5k VA Nio (R3 al> e 3

Ni. No use of fertilizer (control), N»>. Consumption of 60 kg of nitrogen before planting, N3. Consumption
of 120 kg of nitrogen before planting, N4. Consumption of 180 kg of nitrogen before planting, Ns.
Consumption of 60 kilograms of nitrogen in two stages (50% before planting and 50% in stage R1), Ne.
Consumption of 120 kg of nitrogen in two stages (50% before planting and 50% in stage R1), N.
Consumption of 180 kg of nitrogen in two stages (50% before planting and 50% in stage R1), Ns. 60 kg
of nitrogen in 3 stages (one third before planting + one third in stage R1 + one third in stage R3), No. 120
kg of nitrogen in 3 stages (one third before planting + one third in stage R1 + one third in stage R3), Njo.
180 kg of nitrogen in 3 stages (one third before planting + one third in stage R1 + one third in R3 stage)
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Table 5. The results of simulated and observed biomass values in 2018 and 2019.

2018 2019
e oddodalin sl g)lwand s ‘5Lh—"> BW-BT oddodalin sl g)lwand s ‘5Lh—"> BW-BT
Treatment Observed Simulated Relative error (%) Observed Simulated Relative error (%)

Ni 15830 14732 1 11433 10992 3
N, 17638 14805 -7 12916 11674 -10
N3 16423 14842 4 11433 11444 0
Na 17018 14732 -2 12000 10992 -8
N;s 17187 16377 10 12858 13826 8
Ne 19071 16429 -5 14726 13705 -7
Ny 19379 17472 -1 15114 14911 -4
Ng 19050 16356 -5 12033 13574 -10
Ny 17472 17300 -1 15102 14826 -2
Nio 19266 14996 -7 14868 12346 -5
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Figure 2. Comparison of simulated and measured biomass in harvest date in 2017 and 2018. (Continuous line
represents the 1:1 line and upper and lower dashed lines represent 1:1.15 and 1:0.85 lines, respectively)
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Figure 3. Comparison of simulated and measured shoot total nitrogen in 2017 and 2018. Continuous line represents
the 1:1 line and upper and lower dashed lines represent 1:1.15 and 1:0.85 lines, respectively.
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Table 6. The results of simulated and observed nitrogen values in 2018 and 2019

2018 2019
sles oddodalie  old(giluand o et s s oddodalice sl g luand o et Ao s
Treatment Observed Simulated Relative error (%) Observed Simulated Relative error (%)

Ni 134 127 3 142 152 4

N; 143 130 -3 146 159 3

N; 143 132 -1 143 153 5

Ny 146 133 -3 146 154 -2

Ns 180 151 -14 182 173 -18

Ne 167 158 1 182 180 -9

Ny 181 159 -8 185 181 -9

Ng 174 160 -3 185 180 -11

No 184 173 -1 181 196 3

Nio 178 183 11 189 195 9
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Table 7. The results of simulated and observed leaf area index in 2018 and 2019

2018 2019

JL&f sliodalin a.LJ:kSJL.-:A?J: Lo W 6&} sliedalin a.LJ:kSJL.-:A?J: Lo W 6&}
Treatment Observed Simulated Relatz(\);.:)error Observed Simulated Relatzzz ) error

Ni 4.12 3.7 3 4.12 3.56 2

N» 4.45 3.8 6 4.42 3.78 6

N3 4.42 3.8 5 4.34 3.91 10

Ny 421 4.1 0 4.14 4.53 -7

Ns 4.87 4 10 4.24 4.38 -3

Ne 5.12 4 10 5.01 4.35 5

N, 4.25 4.2 10 4.39 4.26 -3

Nsg 5.19 3.89 19 5.34 471 11

Ny 6.1 4.11 27 6.14 4.54 18

Nio 6.08 4.09 31 6.17 4.52 21
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Figure 4. Comparison of simulated and measured leaf area index in 2017 and 2018. Continuous line represents the
1:1 line and upper and lower dashed lines represent 1:1.15 and 1:0.85 lines, respectively.
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