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Effects of Different Nitrogen Application Rates on Morphological
Indices of Maize Organs and Quantitative Simulation

DUAN Meng'?  ZHANG Baozhong'® WEI Zheng'® ZHANG Shuaijie*
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources
and Hydropower Research, Beijing 100038, China
2. National Center of Efficient Irrigation Engineering and Technology Research-Beijing, Beijing 100048, China
3. Key Laboratory of River Basin Digital Twinning, Ministry of Water Resources, Beijing 100038, China
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Abstract: In order to investigate the response of nitrogen on the morphological indices of various organs
in maize growth and development, and build a model that could simulate the morphological indicators of
organs in maize, a field experiment was conducted with maize, and four nitrogen fertilization treatments
were set with nitrogen content of 0 kg/hm” (N1), 225 kg/hm*(N2) , 338 kg/hm’(N3) and 450 kg/hm’
(N4), respectively. The changes of organ morphological indicators, including leaf length, leaf width,
internode length, internode diameter and leaf sheath length at different growth stages of maize under
different nitrogen application levels were investigated, and the simulation model of crop organ
morphological structure was established. The results showed that nitrogen fertilizer treatments had
significant effects on leaf length (P < 0.01), while different leaf positions had extremely significant
effects on leaf length (P <0.001). Nitrogen treatment had no significant effects on leaf width, internode
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length and stem diameter, among which, leaf sheath length had significant effects on each growth stage in

2020 (P <0.01). In addition, the effects of growth stage, nitrogen treatment and leaf position on leaf

sheath length were not significant. A simulation model of maize organ scale was constructed, and the

model parameters were calibrated and verified by using two years of experimental data. The model

simulation efficiency (EF) was above 0. 72. The root mean square error ( RMSE) of leaf length and leaf
width were 7.285 c¢cm and 1.200 cm, respectively. The RMSE of node length, internode diameter and
leaf sheath were 1.593 em, 0. 171 cm and 1. 282 c¢m, respectively. The mean absolute error (MAE) of
leaf length and leaf width were 5.817 e¢m and 0.708 cm, respectively. The MAE of node length,

internode diameter and leaf sheath were 1. 111 cm, 0. 116 cm and 0. 923 cm, respectively. The results

showed that the model had good prediction and interpretation for the simulation of the developmental

process of various organs in maize.

Key words: maize; nitrogen application rate; organ morphological characteristics; simulation model
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Tab.1 Soil nutrient background values

Ay h/em  Wyog ~/(mgokg™") Wy o/ (mg-kg™")
0 ~20 3.486 27.024
2020 20 ~40 5.251 12.247
40 ~ 60 3.813 13.382
0 ~20 2.925 11.617
2021 20 ~40 2. 808 7.843
40 ~ 60 2.370 6.072
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Fig. 1

Changes of leaf length with leaf position in different growth periods and different nitrogenous fertilizer (2020—2021)
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Tab.2 Significance test of morphological characteristics
of various organs of maize at different growth stages

under nitrogen fertilizer treatment from 2020 to 2021

Ay Jib KRS K WEER K

EERE(S) ns ns ns ns ok
AIEALFE(N) % ns ns ns ns
/4547 (L) sk ns ns ns ns

2020 SxN ns ns ns ns ns
SxL ns ns ns ns ns

NxL ns ns ns ns ns

SxNxL ns ns ns ns ns
AFHBL(S) * ns ns ns ns
RACALFE(N) ek ns ns ns ns
/457 (L) ek ns ns ns ns

2021 Sx N ns ns ns ns ns
SxL ns ns ns ns ns

NxL ns ns ns ns ns

SxNxL ns ns ns ns ns

Hens Fm FIEBM LW EWZER, « FR P<0.05 KFTHD
EHEXER, s+ RR P<0.01 JKPFTHBEEZESR, w#x RR P <
0.001 AKF-TFHBEMHEZER.
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Fig.4 Changes of internode diameter with internode position in different growth periods and different nitrogenous

fertilizer (2020—2021)

5
I3
(a) 20204F, 751 (b) 20

E5 2020— 2021@&)1{5‘&\@?}_#%5@

A 3 T K A I e R B N TR 2 0 o
AT o ARWFFE IR 28 B, K i B 8 T8 I 19 Je Kt
K B P A7 8 AN ) T AR A, L S B v e A
PR . XA F B B RN A 2R A AT = R
J5 25538, A5 R FR W] 2020 A A= F B B K 10 5
Wi 22 5 4k 35 (P < 0.01) s BRI LLAM A= 7 B B L AU
A 3R 57 X K R R ) 25 S A OR I
(%£2),

o oK 8 5 T IS R R B A 9 28 AL R E A
H

Ly = [Can® +b,n* +en+d,)Fypy + S JF(N)

(7)
A Ly— n FHER R KE, cm
Fgoy— e M B AR 280, 5 R A 56

5 10
g

(e) 20204

(h) 202

@H%k%ﬁh%”%ﬂﬁ

Fig.5 Changes rule of leaf sheath length with leaf position in different growth periods and different nitrogenous
fertilizer (2020—2021)
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Fig. 6 Comparison of simulated and measured values

of organ morphological indicators in 2020 and 2021
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Tab.3 Evaluation index of model simulation effect of

organs morphological indicators of maize in 2020—2021

LAY 2 5 LR B UE
S5 I RMSE/ MAE/ RMSE/ MAE/ EF
cm cm cm cm

N1 7.63  6.97 0.8 8.02 7.45 0.73

N2 575 3.78 0.93 9.93 7.41 0.79

T N3  5.90 4.40 0.94 811 7.10 0.76
N4  3.35 2.51 0.97 9.59 6.92 0.77

P 5.65 4.41 0.93 891 7.22 0.76

N1 0.85 0.65 0.8 1.60 0.50 0.76

N2 0.8 0.58 0.90 1.64 0.51 0.83

55 N3 0.8 0.63 0.8 1.59 1.12 0.80
N4  0.66 0.50 0.95 1.56 1.18 0.84

i 0.80 0.59 0.90 1.59 0.82 0.80

N1 1.75 1.22 0.8 1.02 0.90 0.92

N2 1.48 1.11 0.87 1.22 1.10 0.89

K N3 1.82  1.24 0.79 2.06 1.11 0.76
N4 2,01 1.25 0.72 1.38 0.95 0.86

Pifi  1.76 1.20 0.80 1.42 1.01 0.85

N1 0.13  0.10 0.92 0.21 0.17 0.84

N2 0.10 0.07 0.95 0.27 0.12 0.80

WEER N3 0.13 0.09 0.92 0.20 0.14 0.85
N4  0.09 0.06 0.96 0.20 0.14 0.87

i 0.11  0.08 0.93 0.22 0.14 0.84

N1 1.01 1.04 0.8 1.35 0.85 0.80

N2 1.17  0.99 0.8 1.68 0.89 0.76

- K N3 1.12 0.8 0.81 1.29 0.88 0.82
N4 1.19 1.01 0.8 1.45 0.90 0.78

i 1.12  0.96 0.82 1.44 0.88 0.79
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