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Simulation of Maize Dry Matter Accumulation in Normalized Logistic Model
with Different Effective Accumulated Temperatures in Field
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Abstract; Dry matter accumulation (DM) and yield assessment are the key issues of maize production
management and market of silage and deep processing. A three-year experiment (2017—2019) was
carried out in maize fields of Changchun, Jilin Province, monitoring soil temperature (20 cm and 40 cm)
in root zone, air temperature, canopy temperature and dry matter accumulation in maize growth stages.
The Logistic model and the normalized Logistic model were established based on different effective
accumulated temperatures with the observation in each year, separately. Then the validations of each
normalized Logistic model were implemented by the observations in the others two years. Results showed
that the Logistic models were varied in parameters with the data in different locations and years, based on
the four effective accumulated temperatures ( soil temperature at 20 cm and 40 cm, air temperature and
crop canopy temperature ) to simulate dry matter of single maize. However, the normalized Logistic model
made a good performance in simulating maize dry matter accumulation under the normalized method. The
statistical parameters of root mean square error, relative error, the coefficient of determination, and the
index of model agreement reached good values between the simulation and observation. Especially for the
normalized Logistic model in 2019, it was run better in the validation of 2017 and 2018. At the same
time, the simulations effect was better in effective accumulated canopy temperature of normalized Logistic
model. Thus it can be seen that the crop canopy temperature would be more available in regional
irrigation management with its scale extension. These research results could support the precision
irrigation system and management in irrigation district.
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Fig. 1  Location of research area and field monitoring systems in experimental site

— 0~60 em +HEARIE K E
——JAERH

— 0~60 em T HHEFH S KR
——JZERE

— 0~60 em+HEMAFH G K
——ERH

A0 - MR 1300 r - Wk 1300 450 - MRk 130
o &40 SOk o & 401 AokEA o r Nk
§ Q40T W TR 250 ¥ - loso 4 S40 WM ETR Do A-—250
%ﬁss- \,\ %ihs- %ﬁﬁ- hAANY
30 1200 & 42X 30} 1200 £ €12 300 1200 &
S Eost = ZFEos) £ S =
figﬁ 1150 0E] f%jg {150 I figﬁ {150 1
J;‘fﬁ%zo- = ?4%%20_ = i“-fﬁgzo- =
T =A== Syt Sy 3 Qé"t e [FRESENE = BT = Rt = 4 & [ SSE=esiEesmi=s Eemire=ies=mi=y S=r===l] &
E %:3 100 o 13 100 B 13 100
(=3 r e = S r
° @ 50 S 150 ° @ 150
o= 5t | o= 5r J o = 5t
0 P . I I I . g 0 P Y | ” e LA In. g 0 0
5 QL AN F LD D B ) QO & A D N B & NZEEEN © O N &
NQ IR N ™ N NS N N N N » S N° Dy N
06/ Qb/ Qb/q’ 6\/ 6\/’ 0%/ Q00/ Q0'/ Q%/ Q‘o/ Qb/q’ Q,\/ Q,\/q’ ch/ ch/ Q0’/ Q(')/ do/ Qb/ 6\/ Q(\/W QDO/ Qqc/ @/
H H
(a) 20174 (b) 20184F (¢) 20194F

P2 a6 DX M A 7 S0 A A T i e R K R AR A

Fig.2 Precipitations and soil water contents during maize growth period in 2017—2019
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Tab.1 Parameters in Logistic models of dry matter accumulation with different effective accumulated

temperatures in maize growth season in 2017—2019

AR - 2017 4F 2018 4F 2019 4F
E 3] a/(g-m~?) b k R? a/(g-m™?) b k R? a/(g-m~?) b k R?
H1  3279.418 47.419 0.005 0.995 3043.555 72.464 0.004 0.997 2541.829 136.093 0.006 0.996
H2  5261.18 51.774 0.004 0.979  3243.737 133.595 0.005 0.987 2224.858 43.608 0.006 0.993
ty  H3  3304.970 31.466 0.004 0.961 3748.071 88.096 0.004 0.983  2331.559 60.308 0.007 0.960
H4  2412.646 28.165 0.006 0.965 6105.314 127.457 0.004 0.989  2441.913 75.931 0.008 0.978
H5  2964.567 32.737 0.004 0.982 2109.469 75.389 0.006  0.989
HI  3114.366 37.947 0.006 0.994 2850.174 58.258 0.005 0.996 2441.613 114.440 0.007  0.996
H2  4526.308 37.650 0.004 0.977 3123.245 103.231 0.006 0.987  2163.629 37.996 0.006 0.993
ly  H3  3260.417 26.388 0.005 0.960 3533.960 64.469 0.005 0.982  2281.998 54.391 0.007 0.958
H4  2376.857 23.460 0.006 0.962 5190.196 92.448 0.004 0.989 2432.718 68.571 0.009 0.978
H5  2863.337 27.215 0.005 0.979 2065.570  62.223 0.007  0.988
Hl  3357.830 46.683 0.004 0.994 3148.125 72.954 0.004 0.996  2577.535 123.888 0.005 0.996
H2  5050.946 51.142 0.003 0.976  3310.662 138.279 0.004 0.987 2316.683 43.855 0.004 0.992
t H3  3220.443 28.227 0.004 0.958 3772.884 75.674 0.003 0.982  2343.200 59.781 0.005  0.959
H4  2432.571 27.637 0.005 0.965 6435.222 137.458 0.003 0.989 2478.967 74.588 0.006 0.978
H5 2981.899 30.609 0.004 0.981 2147.479  71.002 0.005  0.990
H1  3340.189 62.928 0.004 0.995 3137.734 86.705 0.004 0.997 2539.318 163.118 0.005 0.996
H2  3828.443 74.342 0.003 0.983 3067.305 176.320 0.004 0.988  2265.395 55.639 0.004 0.993
Lanopy H3  2821.759  30.695 0.004 0.959 3188.576 89.726 0.003 0.985  2349.708 76.845 0.005 0.961
H4  2435.569 38.734 0.004 0.967 5755.279 154.169 0.003 0.990  2471.604 100.901 0.006 0.979
H5  2944.299  40.256 0.003 0.983 2124.545 107.896 0.005  0.991
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Fig.3 Calibration of Logistic model of dry matters in 2017—2019 with effective accumulated temperature in maize canopy
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Fig.4 Normalized Logistic model with different effective accumulated temperatures in 2017
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Tab.2 Calibration results of normalized Logistic model with different effective accumulated temperatures in 2017—2019

o 2017 4F 2018 4F 2019 4F
TR A >
A B K R? A B K R? A B K R?
Ty 1.244  33.090  4.863 0.972 1.473  91.752  5.302 0.986 1.041  43.966  5.905 0.936
Ty 1.193  27.140  4.884 0.972 1.373  69.668  5.265 0. 985 1.010  38.916  6.091 0.937
T, 1.248  31.940  4.825 0.971 1.529  91.509  5.190 0. 985 1.056  46.139  5.830 0.942
T, 1.163  41.131 5. 465 0.963 1.390  109.085 5.681 0.984 1.056  58.246  6.111 0.943
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PESZNENLER
Tab.3 Validation results of normalized Logistic model of
dry matters with four effective accumulated temperatures

between simulated and observed values in 2017

R 2018 4 2019 4F

%l RMSE d R> RE/% RMSE d R> RE/%
Ty 0.094 0.984 0.978 6.8 0.168 0.942 0.937 4.7
Ty 0.093 0.984 0.979 6.8 0.168 0.942 0.939 5.0
T, 0.098 0.982 0.976 7.3 0.170 0.941 0.946 5.7
T, 0.101 0.981 0.971 7.3 0.169 0.942 0.947 6.0

anopy

&4 2018 FAREBFHNIELE Logistic |5 — L E &K
BESZNENLER
Tab.4 Validation results of normalized Logistic model of
dry matters with four effective accumulated temperatures

between simulated and observed values in 2018

AN 2017 4F 2019 4F
Jm  RMSE d R> RE/% RMSE d R> RE/%
T, 0.099 0.983 0.951 -5.4 0.114 0.974 0.907 -3.7
T, 0.098 0.983 0.952 -5.3 0.111 0.974 0.909 -3.4
T 0.104 0.981 0.948 -6.0 0.107 0.977 0.917 -3.1
T,.;,,,(,m 0.112 0.978 0.938 -6.2 0.103 0.978 0.921 -2.8
£S5 2019 EFAREHERRIRELE Logistic )5 — L 1EE
EHESZNENEER
Tab.5 Validation results of normalized Logistic model of

dry matters with four effective accumulated temperatures

between simulated and observed values in 2019

Rk 2017 4 2018 4

M RMSE 4 R> RE/% RMSE d R> RE/%
Ty 0.068 0.991 0.969 —1.3 0.096 0.994 0.963 4.8
Ty 0.069 0.991 0.968 —1.4 0.094 0.994 0.963 4.6
T,. 0.071 0.990 0.969 -2.3 0.090 0.995 0.965 4.2
T, 0.079 0.988 0.963 -2.8 0.085 0.996 0.968 3.7
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Fig.5 Regression between simulated and observed values in 2017—2018 using normalized Logistic model calibrated in 2019
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