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Method of determining the maximum leaf area index of spring maize and

its application

MA Xueyan', ZHOU Guangsheng'* "
1 Chinese Academy of Meteorological Sciences ,Beijing 100081 , China

2 State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093 , China

Abstract: Maize photosynthate basically stops its allocation to nutrition organs when the leafl area index reaches its
maximum , which is a sign of maize entering the reproductive stage. Based on the field experiment data of spring maize with
different maize varieties from Jinzhou Agricultural Ecosystem Research Station during 2005—2011, this paper found that
spring maize maximum leaf area index appeared around 2 weeks after the silking stage, and put forward an indicator for
determining the maximum leaf area index of spring maize, that is, = 10°C effective accumulated temperature from the
seeding to the maximum leaf area index is 1085.3 C + d and (or) 1010.4 °C - d from the emergence to the maximum leaf
area index. Thus,a universal dynamic model of spring maize relative leaf area index was developed on the basis of modified
logistic equation. The results would provide reference for accurate simulation of leaf growth and photosynthate allocation of

spring maize.
Key Words: spring maize ; maximum leaf area index; leaf area index dynamics; =10°C effective accumulated temperature
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ER, EATTR K A7 A B e T B S Rl i AL B84, B RS I HL B sh R R e oK AR
PRSP TR R AR 7 2 e B ERAIE , T HE R oK B RN ok A PR R T 1, TR R AR
Yy I B RS D B R T R AR RSB E Y B 7 B B IR, B Rk A T R R
5 BT E— 2 4 i K= D AR R RO AR e A AR

T KT Yy A R AR K EC A R AR 3 B B AR TR B B T K T TR B AT R [ B v
O, R B P o BB AR TR] B3 LAAR Z R F ok o 78 5 A K B B B DA | RZEFF
s B SERERR ZU A SR A S AR AR I B B R SR A AT b A K R DR RO A
BEAB B RO AR, BOMEZ A IR R B IR A K B S SR A K S A A KRB BEY
SR A TN T R B 1 A2 B A K B BEAE T ANME— | Ak ik 22 A R R AE K SR TR
SECEVERARAL, AR TR AR F BT, R TR B4Rk At R A 542
AR A AR DG A R AT ) S i A A A AR HR AR T S X 6 A Tk S R A S
B, “FEARARTF AR AR, 2 /DA T 5 I SRR B0, A AL 2 ot A ot 5 AT A6 K R ERORY | AR R I ik 22 B, s
— RAAR I Y Ja— 7 i R IR, A L E S AL RO B RMEAE 3205 10, nT 0 FOKE A AT A K B B
B T T AR B LAT) J2: S WA E P i i BV AR 1 EE B8 A, SRR A 2RI R W s SR 5
FOEEESE " R, mT LA AR ik ) i KA A A 0 5 et A AR B K B B AR 3

A5 28 P 1) FH B A FH 2R 25 2R SR /MU 3 2005—2011 4E (14 22 5 A 75 5 K BF AN UL 268 43 BT 5%
B BN TR B A B B OKER R HTRR S 55 R B A% e R A RSB AR, B8 1 ) A R K 1T AR
FEEGR B KRBTSR , LANE FoRA K = M E B R S 5
1 HRMESWHEHE
1.1 WIS

T b S T4 N AR T A= 25 R G P AL 36 (41°9'N, 121°12'E, V64K 17.0m) 1% X & BE iR 2= K<,
5, ZAEF SR 9. 1°C, B FE /K i 568. 8mm, - TCFRIIZY 180d, 22 4F = 10°C il s B2 3700C - d, +IE
Sy LIRS pH (HZ 0 6.3, B ML 6.41—9.43 g/kg, 2R 0.69g/kg' ™ | FHAEY B E K,
1.2 K544k

R 5T R BR800k BT H AR T AR 25 R G BF AU 3l B /NS A I 2R 46, A0 4% H 249 L K A
Y [EDORITAE R
1.3 MR TEEL

2005—2011 4F FRAF HAN , 725 N A A= 25 R G0 P A O sty 6 KA Bl AT 1 B 3 AN BBORE A, B BORE
JHPEEL 3 AN Imx Im BEJTIIE FR BB [A) A PR 1—2 Ak R bR bk, F) ] LR U — BR bR v bk K 4l
B A, R (1) PR3 E R T AR S (LA .

m

n
Lij X Wl.j
=1

LAI = 0.75p =14 - (1)

A ,0.75 J2 TR AR IE REL, p o8 FORMIARE B, m SWIEERRELC, L, 70 W, 2050 5§ BREORAYER j )
A AR MR R B
1.4 MRS SEH

RIMEIE Logistic J7 FEHEA 175 K I AR B 8h S0

a
= 2
Y 1 +exp(b+ext+dxrt) (2)

Aoy A AR E AR RE a, b, ¢, d YIRS,
1.5 BHRAHE 5500y
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1.6.1 =HfRE
FIFHbRUEZE o AR SE RE(CV) SOBREICHE (9 B BIORE B o 25 A8 S 2R B50BR C , hd B BRI 3 vl B ik

Kz, W)
_ Z (xi _M>2
A 2(n-1) (3)
CV=—— (4)
[l
AP, w AHE,

1.6.2  HHIRUER
FIHBEE 2B R?) M IR 2 (RMSE) I 4Bl & 5 RR OB RIRE R, o e R0 ( R ) R UL LA 5
X S i B v | AP S TR B 5 1 5 MR 2% ( RMSE ) /)N | RSP 5 S (e T | AR5 SR e

Z(x -x) (y, =)
(5)
JZ@ ) JZ(y - 7)
RMSE:«/;Z(% -y,)°7 (6)

A, w, SR y, NHUE s n AREARE & F1 y 43510 SO0 S5 A 40 ) P 244
2 GRS
2.1 F E R KM H AR B SR B
F 1T 2005—2011 AEA ] G AR BRI AR TS BB A Y Logistic [M1H 75 #2 S 40U 38 1+ 5K 545 2 19
I T RS 50 B 5 K s TE]

F1 FEERMERIBHELH Logistic FRRSH KRR X LAI 9 H IR 15

Table 1 Parameters of logistic equations for spring maize LAI and the appearance time of LAI,

o Ji B4 Equation parameters wor (HBURFTE] LAImax HBUH  LAL, fH
Year Appedldnbc App@tdn(e Value of R?
" b ¢ d time of LAI date of LAL LAIL,

2005 6.388 6.525 -0. 160 0.00083 9 08-17 4.89 0.9953 **
2006 3.680 10.900 -0.456 0. 00290 79 08-10 3.68 0.9918 **
2007 5.127 6.257 -0.169 0. 00093 91 08-08 4.13 0.9858 **
2008 4.907 7.460 -0.188 0.00103 91 08-11 3.70 0.9914 **
2009 5.704 12.811 -0.411 0. 00283 73 07-21 5.07 0.9217**
2010 5.878 7.648 -0.228 0.00138 83 08-07 5.02 0.9954 **
2011 15.727 6.185 -0.138 0.00086 80 08-02 5.40 0.9889 **

# & FoNTE 0. 01 AKF A

LA 2005—2011 44 S Fh BRI 2R F 5 47 FORMH S SR KA M B H IR A (% 2) ,
I T RS B AR BT TR 225 2 JA A Ay, S 22 45 I g 45 SR o — 3
2.3 HOKMEAUR B A E R bR

P T I 0 AR X337 e P O, LR M 2 I T R 5 380 i BT A7 00 Sy ot 7 2 4 8 )
I THT R H50GA B B KR R .

I AT AR R B i T AR U R B B B R G R ) BB R (£ 3) , AR R
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o 2 I T R B80S B 5 IS ) = 10°C 75 AR H 14 28 i T AR 28008 3 e K ) = 10°C A SRR IR R A X
2005—2011 4FF%Fh 2 M- RSB0 R (LAT, ) IFAY = 10°C A SO IESE 8 1085.3°C - d, i & AT I}
1Y =10°C A AR T-BIE S 1010.4°C - d, 35 WUARIEZE 7358 47.51 F1 66. 77,722 55 2051 51 4. 38% Fil
6.61% , 2 IY I B/ RAW AT EAE 10% LA (F 1), HASH LA 5 2 =R S A5 0 - 1o AR 2500k 3] e
I SEEAE 0. 7d F10.6d, P, AREHERIZE LAL 9 =10°C AR N 1085.3°C - d FI(E) &=

LAL, B =10CAH AR R 1010.4°C - d 1E R H0 8 BN 35 B K i T AR 48 508 2 B R F54r

x2 HRAEFEREMRERETH

Table 2 Varieties and their main growing periods of spring maize

A0y Hi el i il TrE 24 FLRA A
Year Varieties Seeding Emergence Tasseling flowering Silking Milk mature Mature
2005 B 05-01 05-14 07-18 07-23 07-26 08-23 09-26
2006 THEE 206 05-07 05-24 07-23 07-27 08-01 08-29 10-04
2007 Bfta 5 05-03 05-10 07-16 07-20 07-23 08-15 09-24
2008 BirEk10 5 04-27 05-13 07-21 07-25 07-25 08-17 09-25
2009 TRk 10 5 04-27 05-10 07-16 07-18 07-20 08-14 09-22
2010 % F 268 05-02 05-17 07-19 07-21 07-25 08-18 09-28
2011 FHE 42 05-03 05-15 07-19 07-21 07-22 08-18 09-26

x3 MEEFFXBEW/HEZE LA, HEESKEZHRTUSE

Table 3 Accumulated characteristics of primary meteorological elements each year from spring maize seeding/emergence to LAI .

TRER W L ERRN
Meteorological 2005 2006 2007 2008 2009 2010 2011
cloments Average T CV/%
FEFP B K LAT AR B 8156 6672 6512 7874 4910 6978 6081 6740  1094.38  5.63
Seeding to LAL,, . P&sKH: 422.1 117.6  211.8  258.5 188 106.6  261.1  223.7 106.73 47.72
TR 2259.9  2044.7 2094.6 2146.3 1895.6 2011.3  2004.0 2065.2 116.32 16.24
=10°CAHRR  1170.2  1084.7 1114.6  1076.3  1035.6  1031.3  1084.0 1085.3  47.51  4.38
=10°CIHEEI AR 2240.3  2044.7  2094.6  2146.3  1895.6 2011.3  2004.0 2062.4 110.95  5.38
T 2 5K LAL AHXR 7425 5811 6340 6947 4262 5979 5550 6044.8 1023.67 16.93
Emergence to LAL .~ [&/Kf: 406. 1 113.9  211.8  247.6  165.8 94.75 241.4  211.6 104.33  49.30
R B 2093.5 1760.3  1960.7  1920.9  1654.0 1811.7 1802.1 1857.6 145.15  7.81
=10°CAHMBUR 2004 970.3  1050.7 1010.9  924.0  981.7 1002.1 1010.4 66.77  6.61

=10°CIHEIAUR 2093.5  1760.3  1960.7  1920.9  1654.0  1811.

~

1802.1  1857.6 145.15 7.81

2.3 AHXT TR B A
T K S A BRI IR R A [R) , AS R4 003 B T B R B8 SRS O T S A b T A 1 B
AR AL RLAE | SR AR I RS ORI AR I B R sh e
LAL -
LAL
A RLAL g R4 0 R AOAIXS I A8, LAL M B R4 ¢ KA ARS8, LA A = (2)
MDA 3] 1) 2445 F ORI R T R AR L
A 25 TR P s 1] i B At i ook A AR i oK S R — R B B BT TR R E R — Y,
=10°C A 5B AE S AR I R AF TR A KA B BER B AN AU B oK A9 A B A AR g A 6 56
20 W, R = 10CAMBUR R R TRET .,
DA TH R B B 5 IR AT A0 7 K I 2 A A LR B IR 53 S AN BB, 43 A B B =
10°C 1A BB T A — (LA 2 A5 B hR AL i A= B 0 .

RLAI =
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. 0 & L ATmax AR
2 AT, _ o §HFFiEIATmaxif ARk
=1 T < °\; 10} ‘4
) 2
; AT, g R
DS; = ) (8) < 0 ) 2
J % A
z ATL. ;\E o
0= Jmax+1 . W -10
L+ =7 > Jou oo
> AT,
0= Jimax+1 -20 L . . . . . ,
2004 2005 2006 2007 2008 2009 2010 2011
b, DS, Jy a5 j RIAREIL AL B, S — BBy A4y Year

DS, JLFEN 0—1, 25 B Bty DS, 35 1—25 J,. N 1 FEEEXER/ HEE LAL, HH>10CHHRRET
M AR BGA B S R I YRS J, AR EL AT, B9

> 2y > > 2 ig. = i
jﬂ =10C ﬁ % 5( I J—‘i_g: ,Ti“%: /A.\:Titﬂn_F[ 1] . Fig. 1 Anomalous percentage of =10°C effective accumulated
temperature each year from spring maize seeding/emergence
T. - 107, = 10 P Y pring &/ emerg
AT,

= (9) toLAL,,
"o T.<10

Ko, T HBRE . BN X H B R D T 30°C, T RA S R TR E IR T IE

4 2005—2011 4 IH—Ab S5 B R K (2) #17HLE BRI LG BT .

RLAI= 0.999 (10)
1+exp(5. 216-13. 831 xDSx+5. 648xDS*)

FH L 2 AT UL I S5 8 A S %) B2 AR B R RAIG, PT IR e — T R ik, RS RISCR AR # 47, 1
T iR22 (RMSE) 4 9. 74% , w] LU RE A oK i T R B0 A0 93. 6% ., & K I A48 B0 A8 1k 2 3
AN B BRI P K] R K R0 R, S B A RS 4 R AR — B BRI R B IE
Logistic J7 REA4 # i 56 FArifE Ak A= 5 010 7 T KA I TR B sh A AR REAS M 1 2 il R oK I T B 8 4R
ALHEAE

12 — 1.0

1.0 |-

o
%
T

0.8 —

I
o
T

AHXS v AR L
Relative leaf area index
=)

N
I
HEAA Simulated value
S
~
T

04—
02 0.2 ¢
R*>=0.936
0 1 0 I I I I 1
0 1 2 0 0.2 0.4 0.6 0.8 1.0
T A B SCME Observed value

Standard period of development

B2 2005—2011 & EARBNHERIEHELL

Fig.2 Dynamic changes of relative leaf area index of spring maize during 2005—2011
2.4 ERM EFRFEECH 2 R bR B
CAIDRREESR /S 5 F N WITRAC i=4 4 GBIV Sk =7 AL 12 DO LN 2C =84 €7 Y X 1V R 7T N DR = E2 B <3 v N U L) ISR FAC (=5
FASEIEHAL, DL 2005—2011 4F4% Fh 2 = 10°C A BB A O 1085.3°C « d 9 HA# S R ok i T LA 2
BH RHZ(9) f1(10) AT F WIbR L, A (2) BTG A5R I 3 (a) o JET AR A9 J7 3% ol LLAG 2]
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FIHH 2 LAL, B =10CHBBIRHR 1010.4°C - d HFIE F BRI EAFE £ B H LA 2553, I
B 3(b) ., ATLLE I, A R8RS B0 75 TR I AR 5l LA SO YR # 4, ¥ 7 iR 122 (RMSE ) 43
W14 9.30% F19.03% , H o] LU R TOK M T ARFE ECLPRAB A6 94% LAt AESEBrn i H, HARE 1 b
AT AR AR, S AT AR AR I 9 3 AR S HEAR BIE H T AR R BEh A

12 ¢ y=1002/(1+exp(5.197-13.590x+5.517x2) . 3 = 1.004/(1+exp(5.228-13.626x+5.528x2))
a  R2=0.941,P<0.01, RMSE = 9.30% <[ b  R=0945 P<0.01 RMSE=9.03%

% @

1.0 }
1.0 v

0.8 0.8

06 06 f

0.4 04 F

AR AR R
Relative Leaf Area Index

02 02F

" J 0 1 J
0 1 2 0 1 2
PR A 7

Standard period of development

3 ETARREEGHEERENHERBLSEDER

Fig.3 Simulation results of relative leaf area index dynamic of spring maize based on the effective temperature indicators

3 g

I T AR Ak 3 e AR T R AR B A KRR, B KO A P W o BB X B e B o, BT Y 2k
P X ASHESE R AR A T 2R 25 2R 58 BF AW 336 2005—2011 4R 1% oK K IR I BR E 1T 1 4 F oK 1
RSB AL 15 EEE5 BT .

(1) =10°CHSBUR T DAE R TR L T A E TR,

(2) R ZE LAL W9 = 10°C A R M 1085.3°C - d FI () i & LAL . BB =10°C A 2R N
1010.4°C - d o RAE A0 M AR K i RS B0GA B e K 48 s

(3) FETH F ORI T RS ECH E T8 45 nT LA R 5 oK e A - 1o AR 2500 s SRS [, 28 ) o oK
I T A B h 25 AR A 3 i T RS Al S ER AL R AR K RO A T A BB A TR
4 itig

BEV S oeeWiat /s L1ve ¢ 0 N i o= N 51 == S I N < S T £ A £ 0 - W e T G A = 1 Sl i o U 1
Ik AR AR B B, AR G — 4518, WA E TR AR S50 E T Y40 e B MER BT, 458 7 25 I &
B, 2 oK ARG — A A R AR T ORMEAE ARSI, AT T oK o R A K AR B A K T AR AR T
I TET RS 50 (LAT) 2 S WA B 0 o T B AR Ak () F B2 s, B L, AR 98 4 11 LAT 3k B e R oKtk A B 5
A=K Y B bR 3kt T R R LR A 0 D KR AR B AR K B BT S B IR 2

AHIFGE LA T K A (51, 1) P B ) 4 I 24 265 22 G S 4 NI s K J09 7 A 00300 o 453 T 1 =10°C A 3%
FREFE 7R J K TR R B0GA B e K, R I 0 8 T R A AR AR KB B ik, WIFAE AR TR ok i AR
FEHOR B e K WA RLIEAR , A58 5 5K AR 210 % 8 X T R AU I 45 SR e o — 3 (Hh iy & i vl ARG 4
BRI =10CHMBYEN 1046°C - d) , Z5HHSBURTEIR , A7 R M IE ) Logistic Jy FEFEE T 5 KA
Xof P T RRUHR B A5 A A AR B0 T DR K S b 35 i 30 B o 2 BBV 1 A TR) 5 B0 oo i LR A 2
S, DT i E A e S W oK b T B e A B I N A AR R, 25 A B R B R T B B30 i A
A K I T RS B o 25 TE AR AR T DU A A R ORI R T AR PR A0 B H O S RS B A R R
FoRBI A AR SO TR B TR

1 T KA I T RS BCRF A UL B e s 2 AR 9 (0 25 9 AR A M — A~ AT T 38IE , (H AR5
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