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Dynamic Simulation of Leaf Development in Maize Inbred Lines
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Abstract: To develop a dynamic prediction model and its characteristic parameters of leaf age, leaf length, leaf
width, leaf area, and leaf dry matter of maize inbred lines based on effective accumulated temperature, this study
aims to provide a theoretical technical support for quantitatively simulate the leaf development dynamics. Maize in-
bred lines HO25B and K4321 were used as experimental materials, and spring and summer sowing experiment was
conducted in 2023. Linear model, Logistic model, and Exponential model were used to fit the dynamic equations of
leaf age, leaf length, leaf width, leaf area, and leaf dry matter of maize inbred lines in spring and summer sowing
based on effective accumulated temperature, the dynamic development characteristics of leaves of maize inbred
lines in spring and summer sowing were quantitatively analyzed by using fitting curves and measured values. The re-
sults showed that the Linear model, Logistic model, and Exponential model constructed based on effective accumu-
lated temperature could accurately simulate the leaf age growth process, and the coefficients of determination(R?)
were all above 0.97. The correlation analysis showed that there were a positive correlation between leaf age, leaf
length, leaf width, leaf area, and leaf dry matter of spring and summer maize inbred lines H025B and K4321 and ef-
fective accumulated temperature, with extremely significant correlation level. The overall correlation degree was as
follows: leaf age>leaf width>leaf length>leaf area>leaf dry matter.
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Fig.1 Maximum temperature, minimum temperature, and average temperature during the growth and

development period of spring and summer sowing maize inbred lines in 2023

1.4 MEMBS7AHE

A AE < AN/ INX 2 BN R 2 Ao 5E 4
T, PR A K ASEAHE B HAG — &0 Sk
FEAR , FEREIEA T 2 MR I, AR 2 AR ic AR
FErE RS il s I R, B 2 MR AR 3 d
WME 1R, B 2R 28R . A
Fyrht g el R ER R R IT .

M IS R« ORI -4 g ] B0 2 g I )
I 5, A RO 4 28 RS 22 R 8 3 Ry
I ] T AL B A T RRGR S 4 R T
IR S

AR B A A

A, LI s n i IT 4L

L O i = /N W

v-i3w

Ao, Wb R I SEEE s n R R I IR

TR AR + 2 ISR 58 R B0k H B T
B AR B 58 42 T B T AR

_1Ix
s-n;gxmxuﬁ

NP, LOJRIT IR BE s WA RTS8 1 5 n A Ji
TFH5G S AR T it it T AR A
M B E - 5 AN X PR AR K A

https://www.cnki.net

AAR A AR fE: H B A — @ R , 12 A AE
PREEFEARARIL 5 Bk, 1 R I e R H 19, B3P
10 d BORE 1, RIBUIT A I e (O 25 i) T FL PV IR
BT 1A ( DHG-9243BS- ) P 105 “CRREE 4518
T A& 30 min, P80 CHE F&AF T AL 2 H =, Il
SEM T B SRR R T B4

1.5 S|&EIEHRGERIER

FIIFH Elitech RC—4HC B 1 S A Sm 56 H (1]
e IR . S Bk TR R
FRIRL, A K H GDD(C-d)Zrn , Ht AR .

A

Tow= 2 (5= 1)

KA, Toon NABFIEC - d); T N H IR IR
(°C)3 T H BAR IR (C) 5 T WA FELE(C), £
KAEWERE F10 °C;10 CLLEIRE I T KRAETH
RORE , WREAP H IR IG5

2R BRI (Linear) A= KA (Logistic) \ Fg B Al
(Exponential) 7 FEH LU ¢

Linear &8 . y=ax+b

Kb,y W EK AL RERKIE ;o WRPRREL
b R ZR B A RO

Logistic f71; y=

1+ iefh

Kb,y BEK AL RERKIE R a AT AK
R0 A AREE R A e S HARXTBUR s koA K
B A BRI



1034

EMNAE T AR K A SR/ & E S SR 59

Exponential 5 : y =y, +ae”

K,y HEK AL RAERKIE v 0 G S
e HRXHUR ; b A K HRRE v N AR
FH

LA R (VR 5E 7 K (SSE(HR A3-F- 77 #l) . F {H . MSE
(X575 0R(5%) 2 | Pr>F (5 36 B VE T8 A RvES:
BbRife
1.6 HIEAESHH

K H SPSS Statistics 19 X I #1740 1715
J7 2253 R Origin 2021 #4784 SRR
2 SRS
21 ETHHRENEXB X RZH RS

FE 1T, #76 F 222 HO25B 4 77 Bk e
ZEUR 50992 3~0.998 1, Linear. Logistic , Expo-
nential J7 F£ 3 ik 4% B 2 7K, Logistic JT#£ R* .\ F {H
K, MSE fie/)y , HAR SR T Linear . Exponential
i, R T A R EE Y Logistic B REAEHS

HERC LR #5 £ oK B 28 & HO25B Mg A K 3l A8 i
T, FHE H3C F K4321 #5540 Linear . Exponential J5 2
R*HIE , KF Logistic T2 R*. Linear 772 F{H& K,
SSE /N, MSE £ , LA 25 /K F , AL RURCR
fIt. F Logistic . Exponential 77 #2 , 7] F T 48l H#5 H
LR KA M A R SERE. ERFALR
HO025B Exponential J5 & R* K T Linear , Logistic /7 #2
R*,MSE 5%, SSE 80N, Hik Al i 2 /K- BALLACR
HUF , Exponential 52 51 g % LD K 4k H 5¢ % HO25B
B AR B R . B HE H 58 5 K4321 Exponen-
tial 772 R K, SSE  MSE 211K, H ik # i 3 K,
It Linear. Logistic J5 & B A5 fE L 0L 2 4% A &2 &
K4321 M R K sh 25 . g 2 nl o, 24
H 28 % H025B . K4321 i i#% S {E 5 Linear ., Logis-
tic \Exponential 7 P28 A BHTC I 3 25 7, 5 F 4k
RSB S3A AU PN H 2 b2, 2]
SEMME AU BA SR G B, 3R AN W]
AR PRI S IEA T 2

F1 ETHIREMNEKRBZRZMRITELSE

o [ %71

Table 1 Dynamic simulation parameters of leaf age in maize inbred
lines based on effective accumulated temperature
% SRS GBS HBIFIR - . FE
R SSE MSE Pr>F
Sowing season  Inbred line Model type Model expression F value

i i HO25B Linear ¥=0.020 5x-0.638 9 0.992 3 557.58 0.288 8 1930.53 <0.000 1
. _ 216875

Logistic ¥ 1+ 13.380 4 " 0.998 1 2628.86 0.0765 1144831 <0.000 1

Exponential y=65.8627-67.667 0e "™ 0.9949 559.04 0.2052 1362.27 <0.000 1

K4321 Linear ¥=0.018 0x-0.151 3 0.997 0 42595 0.0864 493192 <0.000 1
. 205368

Logistic Y 1110501 T " & 09923 213997 02365 3015.90 <0.000 1

Exponential y=73.2877-74.196 1™  (0.998 3 42653  0.0506  4217.48 <0.000 1

R HO025B Linear ¥=0.018 6x-0.423 3 0.989 0 408.56 0.349 1 1170.24 <0.000 1
. _ 197997

Logistic 15 11.844 2000 0.988 0 1878.30  0.4126 1517.29 <0.000 1

Exponential y=57.729 0-59.186 6" 0.991 2 409.46 03036 67424 <0.000 1

K4321 Linear ¥=0.017 4x-0.352 2 0.9817 359.64 0.5149 698.44 <0.000 1
. _ 193261

Logistic 111,199 7o "= 09783 1665.06 0.6617 838.84 <0.000 1

Exponential y=92.9402-95.762 5¢ > (0.982 3 359.85 0.5405 33291 <0.000 1
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Fig.2 Measured values and dynamic simulation of leaf age in maize inbred lines based on effective accumulated temperature
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Table 2 Dynamic simulation parameters of leaf length in maize inbred lines based on effective accumulated temperature

% %= HAEH RALFN A RS R & B VSE F{& pig
T.
Sowing season  Inbred line Model type Model expression F value
T HO25B Linear =0.063 0x—4.303 3 09395 4168.07 20.6635  201.71 <0.000 1
¥

Logistic y= % 09737 1774830 97081  609.40  <0.000 1
Exponential y=105.5436-117.443 5" 09515 422155 17.9287  117.73 <0.000 1
K4321 Linear y=0.053 3x-3.339 3 09585 371259 11.4878  323.18 <0.000 1
Logistic y= % 09919 15841.03 24149 2186.61 <0.000 1
Exponential ¥y=95.5497-105.597 9¢ " 09706 3759.70 8.7474 21490 <0.000 1
2% H025B Linear y=0.046 9x+1.030 3 09776 193139 40205 48039 <0.000 I
Logistic y= % 0.9933 1290921 13332 3227.73 <0.000 1
Exponential y=77.5879-84.551 4¢ " 09906 1957.10 1.8523 52829 <0.000 1
K4321 Linear y=0.051 2x-3.353 6 09824 230331 37510  614.05 <0.000 1
Logistic y= % 09920 1195140 1.8710 212930 <0.000 1
Exponential y=89.6075-100.159 3" 09917 232513 19446  597.84 <0.000 1
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Fig.3 Measured values and dynamic simulation of leaf length in maize inbred lines based on effective accumulated temperature
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Table 3 Dynamic simulation parameters of leaf width in maize inbred lines based on effective accumulated temperature
% SRS RIS A FAH
R SSE MSE Pr>F
Sowing season  Inbred line Model type Model expression F value

% HO025B Linear y=0.006 2x+0.092 0 0.9580 40.10  0.1353 296.47 <0.000 1
- - 6.8207

Logistic YT 1510591 60 ™ 09755 21923  0.0854 855.93 <0.000 1

Exponential y=-397.264 8 +397.368 8" ™ 0.9579 40.09  0.1467 136.63  <0.000 1

K4321 Linear y=0.004 7x+0.262 8 0.960 2 28.54  0.084 6 337.52  <0.000 1
. _ 62452

Logistic YT 8.205 6o "= 0.979 8 169.02  0.0463 1217.36 <0.000 1

Exponential y=40.241 - 40.060 7e " 0.960 5 28.55  0.090 4 157.98  <0.000 1

"2 % HO025B Linear y=0.004 8x+0.521 6 0.983 5 20.04  0.0306 655.85 <0.000 1
- - 5.5897

Logistic YT 157,035 200> 0.996 8 168.15  0.0065 8622.05 <0.000 1

Exponential y=8.8545-9.053 1™ 0.994 0 20.25  0.0122 833.43  <0.000 1

K4321 Linear y=0.004 65+0.248 4 0.984 7 18.77  0.026 5 707.33  <0.000 1
» _ 55784

Logistic Yo 158,071 700w 0.9930 136.53  0.0134  3389.57 <0.000 1

Exponential y=-548.609 0 +548.863 3" 0.984 6 18.77  0.0293 320.06  <0.000 1

4 ETHHREBEHNEKRBRFZMELMES SRR

Fig.4 Measured values and dynamic simulation of leaf width in maize inbred lines based on effective accumulated temperature
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Ka321 it AR A KR Sh A5 # . Sl o, 7
1% H 2 2 H025B . K4321 M1 FL AL {E 5 Linear J5
2 Logistic 77 F£ . Exponential 75 2 [t 28 [0 22 57 B 3%
Linear /7 & . Exponential J7 F2 5L A 5 28 AU, if i £
SEMMEL 7 T BRI, BB AP 245 , Lo-
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Table 4 Dynamic simulation parameters of leaf area in maize inbred lines based on effective accumulated temperature

FiEs HACH AN (LIRS . SSE VSE FE P
Y L T.
Sowing season Inbred line Model type Model expression F value
T A HO025B Linear y=6.206 1x—1743.710 3 0.8973 4.05x10" 3566859244  113.58 <0.000 1
Logistic y= % 0.9966 8.49x10" 127709372 2215.12 <0.000 1
Exponential y=-2468.3639+1617.7724e"™"™ 09371 4.23x10" 236 613.728 6 89.41 <0.000 1
K4321 Linear y=4.234 5x-1209.97 0.906 8 2.34x10" 1718252828  136.25 <0.000 1
Logistic y= % 0.9939 4.99x10" 12061.0473 1378.03 <0.000 1
Exponential ~ y=-2024.488 1+1429.327 1" 0.9392 2.42x10" 120 684.4704  100.46 <0.000 1
2 % HO025B Linear '=4.173 9x—1252.094 7 0.9369 1.53x10" 93823.9275 163.25 <0.000 1
Y

Logistic y= % 0.9949  3.63x10’ 8410.0059 143735 <0.000 1
Exponential ~ y=-1455.786 3 +954.737 0e"*"* 09737 1.59x10" 43042.8471 18491 <0.000 1
K4321 Linear y=3.925 4x—1 234.69 09166 1.35x10" 112067.3122  120.89 <0.000 1
Logistic y= % 0.9929 3.07x10" 10566.2998  967.67 <0.000 1
Exponential ~ y=-955.722 6 +549.564 4" 0.9725 1.44x107 40617.1919  176.95 <0.000 1

https://www.cnki.net
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Fig.5 Measured values and dynamic simulation of leaf area in maize inbred lines based on effective accumulated temperature
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Table 5 Dynamic simulation parameters of leaf dry matter in maize inbred lines based on effective accumulated temperature

& = RN RERIFRS [LERE SN FiH
R SSE MSE Pr>F
Sowing season Inbred line Model type Model expression F value

T HO025B Linear y=0.018 3x-0.319 2 0.7989 1013.94 28.3563 3576 >0.000 1
- - 27.796 6

Logistic Y 1163313 20977 09827 512737 2.8638 596.80 <0.000 1

Exponential ~ y=32.3054 -54.327 6e """ 0.9667 127874 54992 11627 <0.000 1

K4321 Linear y=0.020 1x-2.624 3 08115 121498 31.3582 38.75  >0.000 1
. . 28.2823

Logistic y= 1+344.550 0 "> 09714 4918.65 5.3525 306.32 <0.000 1

Exponential ~ y=-27890.0814+27 887.4654¢™”*""  0.8114 1214.83 352966 17.21  >0.000 1

2% HO025B Linear y=0.017 5x-3.560 1 0.876 3 699.88 123527 56.66  <0.000 1
- _ 23.005 8

Logistic Y 247,025 600 09582 320299 47671 22396 <0.000 1

Exponential y=-11232.9456+11 229.400 951 0.876 1 699.76 14.134 8 2475  >0.000 1

K4321 Linear y=0.014 7x-1.471 1 0.763 9 495.78 19.158 4 25.80  >0.000 1
- - 20.590 1

Logistic YT 151502192 2007 09666 277829 3.0975 29898 <0.000 1

Exponential y=24.104 4-43.721 9¢ '™ 0.886 2 575.16 10.5556 27.24  >0.000 1

hE41M  https://www.cnki.net
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12 5 a0, B % B 52 & HO25B B Linear J5 12
RIE RBR e/ N, FAEEAR , MSE f5 ey SEINE 584D
(B R B R R, LR R (Pr>F) KT 0.000 1, 541
ARG Linear J7 F2 1% A SLPRAEY 7 Lo Logistic
J7 1% .Exponential J7 F2UEE ZRELR 15 0.96 LA I, ik
82K, A USRI Jr ) B K 3 2, Logistic
TR R IR MSE /N, FAE SRR, R AR A
T o Bt A ORI 1 B A A BT Logistic 7
TG 4 sh 22240, HAUA & T Exponential
TR, HHE A FE K4321 {9 Linear J7 72 . Exponential
JT UL E REUR W5 KT Logistic Jr 2, FAEBIK,
MSE X 58 o S0 5 5 40 1 8 O e A, A
BEZ(Pr>F) K T0.000 1, BAUARTS 1Y Linear J5 72 Ex-
ponential J5 T A L PR A W) 57 5 L. Logistic J7 2
PeE FBR 1K 0.97 LU MSE e fi%, F{E R K, i51%
K AT i T g K Zh A
K 1% H 22 & HO025B 1Y Exponential J7 F£ 5 E R R
/N, MSE S5 (i, FAH S AIK, 45 30 8 38 (Pr>F) KT
0.000 1, 4Ll 4R 153 Exponential J5 2 A SEPRA= )

2774 X, Linear 7 FERGIGHER (Pr>F) /N 0.000 1,
B RARXS A/ | 2 B S -5 B AU B AR S RE A,
H MSE %, FAE#/IN, Logistic 77 PR E R E R
K MSE fie/hs, FARSR R, AR AUl ) B K
SRR, % H 3 & K4321 Y Linear /72 | Expo-
nential J7 FEHPLE R AR T E KT Logistic Jr 2, FH
I AR, MSE AR 45 ey S INEL 5 A ADME B BiCRE JEE
BRI (Pr>F) KT 0.000 1, BEZRARAY Lin-
ear Ji & . Exponential J5 #2 I A7 SL PR A 9 22 5 L
Logistic J5 f2#k i€ 28 R* 34 0.96 LA I, MSE 1%, F
(B R, IA M 2K, Al A st 4 B
AN A, HE 6, & HHEH LR HO25B,
K4321 It} 4 5 52 {E 5 Linear J7 2 | Logistic /7
£ .Exponential JiREHR LR M) TR i 2 5, Linear 5
2 . Exponential J7 24U & M1 Ze AT , i R4 BT Sl
B340 T M TN, FE 2 AR A0L i 2 R 25 4201E , Lo-
gistic /7 FE 2 LS 2k, SEIAE 531 T4k
(P E SE 23 Logistic J FRALAUL £k , A+
Yy SSE S Logistic J7 R0 A B2 5

E6 ETAMREBEMEKRBXRMFTURZWESZHEEU

Fig.6 Measured values and dynamic simulation of leaf dry matter in maize inbred lines based on effective accumulated temperature
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SIS T ERE A A K321 54
SRR AR S AR FE A R R i > 5 > I T
ST, & 2% A28 A HO25B (K4321 - |+

Yoot 5 A OB R AR SRR B B 25 I T i i
Lo Y2
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Table 6  Correlation analysis between effective accumulated temperature and leaf age, leaf length, leaf width, leaf area,

and leaf dry matter of maize inbred lines based on effective accumulated temperature

&= SRR (ERIN o RS g W TR W T
Sowing season Inbred line Trait Leaf age Leaf length Leaf width Leaf area Leaf dry matter
& % H025B AR 0.996% 0.969% 0.979%% 0.947%% 0.843%%

K4321 R 0.998# 0.979% 0.980% 0.952% 0.836%*
=2 % HO025B AR 0.9947 0.989%+ 0.9927 0.9687 0.726%*
K4321 EER V@IS 0.991%%* 0.991%% 0.992%% 0.957%#% 0.874%*

T 7 RIRTE 0.01 AP AR S E A DS

Note: ** indicates a extremely significant correlation at the 0.01 level.

3 gEESiTE

TR AR IR T A SRR
Linear #7  Logistic #27! | Exponential £ 7Y 58 % 4% iff
B A K AR . B SEII{E S Linear , Logistic .
Exponential 75 2 s A0 35 22 57, 4 52 Bk A,
S AR B B A B

Logistic J7 T2 RE i B UL 4 L HE H 22 R (1
v AL R T AR A SRR, Logistic 77
FEFEAR EL“S"IEHNZE , Linear . Exponential J7 P28 {4 5
HAIE ML, SEME 53 A7 T AL, i) P 0 {H B 4250
Logistic J7 LI Lk, SEIME AN Logistic J7 B AR 40U
BAREMIEE ., F 2/ E K AR HO25B,
K4321 iy (I 58 i TR i R T S A R
FOR A2 IEAE O R MO B 7K E
#%& A 22 2 H025B . K4321 54 R 19 AH G #R i 4
T AR IR 158> i 58 > > I T RS I 7
YRR, 4 A% 38 £ HO25B  K4321 i F 4 i 5
EER G Y B T (G R U NG NN N L
T

WU SR VPN KA A TG S K R S
RS Rt 7 R ERES RIS 6 B B AR
PEFDEAAE R = A B ™, B 07 S5 5%
I TREVE R oK R R B I G N T,
TR SRR VMG, A5 RN, 5T
AR FOK F A2 R A R A K S 284
RO e R R4 5] 0.97 L) F A 4004 ROR:
. F% A28 Z HO25B Y Logistic J5 . K4321 )
Linear 77 F2 A 2 4% [ 22 H025B \K4321 [ Exponen-
tial 75 % F{H 35 K, SSE /)y, MSE 81K, I I T4 AU

https://www.cnki.net

g AR KRS R . IS S Linear , Logis-
tic \Exponential 7 P A BHTC b 3 25 7, 5 4k
B, S AU B AT F R S

UABIS AR N S RN UP ey & PO S
PREL P A e PEAE T, K SR AR B 25 A 1 =
BRI R W PeE oK A A R R S e
P2, PR TR R b AN R Y 25T
KA A B R AR RRE , 7 T A Rk
R REE AL IR, 0 FOR M R BT A
B R ST . AR BT A SRR A Y
Linear #5741 | Logistic T Exponential PRI BE NS HS B
B B AR R R LS TR o Logistic 7
FEFEAE “S"IEHIZE , Linear , Exponential J7 P28 {4 5
BHAIL MLk, SR A TASADLE Y WA H B 4 0
Logistic J7 PRI , SLME A Logistic J7 FE A 4LL{E
HA RS MPLEE, 2 Logistic 77 FE 1] LA ik
ABRR SR AT G KR B HFEE K
FI 22 £ H S, 5T A PR S i K R B 8)
AU, n] o TR Fl A 28 R RBP4
ft—FoFrigts.

LRP e 5 QU T AT vl WS 1 R IR E ] S R
TESCAH A R T 2 P PR T, SRR E KR Y
SO B AR, AR R, BT
AR EK AL RE BRI T84 K h B
IR P 280 R 3435 5] 0.95 UL L, M8 1Y Linear £
AU Logistic £ | Exponential £ 7 58 % K5 ffy 5 421
oA KB R . AT L H LAY d PR B
WA TR RES AL KRR AL R/ S A
RO Y 5 T AR O 2 L A A A8 AR AR I i ik Y
TER bR AR — AR R e A T T
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BOART HASRE H M S RIE R .
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TR T R ARE, 5 KT M KR
PP, KT AR A K R ) A1 i e
W B AKE BT K T AR Sh ARk 5 o
A S HE T RE T A SCHE . RS HESE SR B I
Logistic 481 147 F K DA Fh 2] it 1o AR 25w g )
TR TR R B AR, 32 AR R AR 2R AR bR
PUEBISCR BEAE R 94% L) b Wy TR FR T £ S B
A UG BE R R o %R 22 AR AR IR AR X E
SRy 1A R R R TR HE R Logistic B,
E R E(R) AR AER 25 (SE) 435 51 0.98..0.21, A] 5%
SF TN AR L K I T ARFE RO (R A= BRI A 1 3285
REZ.

AWFER, HE R EAK AL R T YR EEA
R B B S AR AL AT & Logistic 77 R UG Hh £k
A7, Al B T B K Sl At
Linear /5 #2 . Exponential J7 F2 L& £ AH T, i/ +
Yy SIE A5 T i Ze W, BE AR AU th Ze i 5
BEIE , Logistic J7 F2 i BRI ST M £& , S 434 F
PR A R B 00T Logistic 77 FRARAEIHh£E , FRAH
AT RS S Logistic 77 REELA BEH =127, 75 |
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