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Estimation of leaf area index of secondary Betula platyphylla forest in Xiaoxing’

an Mountains

LIU Zhili, JIN Guangze "
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Leaf area index ( LAI) , defined as the total one-sided leaf area per unit ground surface area (m*m™) , is among
the most frequently used parameters for analysis of plant canopy structure. Most ecosystem process models that simulate
carbon and water cycles at a stand or regional scale require LAI as an input variable, thus accurate measurement of LAI is
essential for conversion of leaf-level processes to the canopy level. The main methods of LAI measurement generally are
classifiable into two groups: direct measures, which mainly include destructive sampling and the litterfall method; and
indirect measures, which mainly include hemispherical photography and the LAI-2000 plant canopy analyzer. However,
using a direct or indirect method alone may not accurately estimate LAI for mixed needle and broadleaf forest or broadleaf
forest with a high proportion of evergreen species. Secondary Beiula platyphylla is among the most common broadleaf forest
types that regenerate naturally after clear cutting of broadleaved-Korean pine forest in the Xiaoxing’an Mountains in north-
east China. In the present study, we estimated LAI and its seasonal dynamics in secondary B. platyphylla forest in the
Xiaoxing'an Mountains using optical methods (hemispherical photography and the LAI-2000 Plant Canopy Analyzer) and a
combinational method ( hemispherical photography combined with the litterfall method ). In the combinational method,
hemispherical photographs obtained in early November were calibrated with consideration of the woody-to-total ratio («) as

well as the clumping index (for clumping beyond the shoots, (2,). The calibrated value was regarded as the true LAI
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(LAIL) of coniferous species; the LAI, of the study stand and its seasonal dynamics (from July to November) were obtained
by supplementation of the LAI of coniferous species by incorporation of litterfall data for each observation. Using this result
as a reference value, we compared the results obtained with the two optical methods. The LAI for the litter of B. platyphylla
and Larix gmelini accounted for 87.65% of the total litter, and leaves of B. platyphylla began to fall distinctly earlier than
those of other species, and the LAI for the litter of B. platyphylla accounted for 98.24% of all species during July and
August. Leaf fall for most species excluding B. platyphylla peaked in mid-September. In contrast to the proposed method,
hemispherical photography and LAI- 2000 both underestimated LAI by 2. 83% and 6. 20% , respectively, during the
maximum LAI period and overestimated LAI significantly on average by 118. 13% and 89.34% , respectively, on other
dates. However, hemispherical photography and LAI-2000 yielded LAI values that were significantly correlated with the
results obtained with the combinational method; the regression curves were LAI = —1.1393 + 1.0934 - LAI,,,(R*= 0.80)
and LAI = -0.1712 + 0.6259 + LAIL,,, ,( R*= 0.83), respectively. The corrected hemispherical photography data were
used to simulate the seasonal dynamics of LAI from May to November, which was indicated to be accurate (R*= 0.87).
The LAI estimate obtained with the two optical methods did not differ significantly from July to September, but the estimate
with the LAI- 2000 method was significantly lower than that obtained with hemispherical photography after October.
However, LAI estimated with the two optical methods was significantly correlated (R*= 0.86) for secondary B. platyphylla
forest. This study lays a foundation for convenient, rapid and accurate estimation of LAI for secondary B. platyphylla forest

in subsequent studies.

Key Words: Xiaoxing’ an Mountains; Betula platyphylla forest; leaf area index; hemispherical photography; LAI-2000

plant canopy analyzer; litterfall method
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XTREA B L BB (Fagus sylvatica) 1R ASHR LAT BBFSE H A5 H PAIRIOG22AER R R RGBS, B 5 187%
YIIEAFAEARIFAR G (72 =0.93) ; 11} Thimonier %™ [RIREF X 3 Rl 35X AS W] 288 ALABR Y LAT #E47 T 14
T, ARG RIS 5 8 7 Wk [N A A B S AR DGk

FIHE( Betula platyphylla ) YA/ NS EE0E 1 DX a2 TR AR RS AT R AR BEHTIE 1 Y 32 22 i i Y AR
FEH B AEMREE LN, B SRR SRR LU, 5 (ORI U T 0 Ak I AR B Y LAT, FE R 7% AR (11
A T8 S s 2 BB WARAG IR G . DRk, AR G808 7 A I 9 2 R A 52 RS T A B IE
(ALHE A BT o o] o, SEJZRK P AR RAEE 0y, KOEJF B LATABAE S A il i) S50 52 - T AR s
(LAL) , Z5A & VAARMIRTRTEY) , S8R LAT, BT oh (L HEEMN ), XFEEE T AT
SRR Tk . PLZOT RIS BE NS, X ELA M T PR OG22 ok (CEEREE 532 A1 LAT-2000
PG, IS BIE R, AR T8 PREE ERE AR I AR AE ARG LAL 4241827
1 #EFrE
1.1 WSS XA

B AN A AR R VLA UK I 9 F IR IX (47°10750"N | 128°53'20"E ) #E4T, 4P X2 TR e 1L e
TIPS X, S8 /INS 2SR Rk LA IS S K AR . HoIE LA 2%, dems LI BKIRER 7073 m, AR & Tl K
Rl ZE KU, AERSIR-0.3 °C, AR 7.5 °C, BRI -6.6 C, ZEVHBKE 676 mm,
HZERET Ay, FEY 130—150 d, JLFHEW 100—120 d,
1.2 BRIk
1.2.1 FEHbIE

FE FIREAE AR XI5 B 60 m x 60 m AFEHD , FIEAMESL L3R 1, BEHLAG 1% 20 FE L, &M AT iR 1
AJRTE DRSS, VRIS DIICEE A% 2 AR 8 mm Y4k 22 e e W L A% (U421 mm, 7€ 0.5—0.6 m), MK
EFE, HAN 1.0 m*, FEMIEEHLI 0.5 m 22475 &5 JA B PIAR RS 250 [ 22 3 #1230 em KM PVC 4,
FH T 00 A R R BRI L

R PAZIEAHOR EMBIFHER

Table 1 Composition of tree species for the secondary Betula platyphylla forest in Xiaoxing’an Mountains

R Fh WRE i s W TR Rt
Tree species Density/hm? Basal area/(m”/hm?) AverageDBH/ cm
¥ Betula platyphylla 525 11.16 15.80
MAEMAR Larix gmelini 214 5.60 15.60
212 742 Picea koraiensis 150 1.86 11.10
F Ulmus japonica 79 0.92 9.45
BZ= Prunus padus 750 0.92 3.32
S0 Ulmus laciniata 82 0.68 9.50
T Acer mono 196 0.64 5.72
EHW Alnus sibirica 118 0.29 3.66
Al Others 739 0.94 2.32
A3t Total 2854 23.00 7.22

1.2.2 SCEG R
KEB AT LAY ZAEMGE N i B BEHL A R T, H 288 T TS5 AR BB 2 i 52, Rk

AU E B IE TALY ) A5 LAT, T 2N LAT, #6474 B IE, AMRAG AT A MBS MG UE, LAT,

§7 /1

(1 - a) LAI

LAI =
O

(1)
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A, LAT B AR £, LAL A R0 ARTREL, o AR A S S AR R, 0, WERRIEEL
(Rt Z AR AE R AL, JETHoTR A B SED) , SO R ST RPN 02, = 15 BEE T
FIMER Q EHEEZWUN, KM TR IEAERANL i, TR AR — & AR RZY, FHIE Q,< 17
MG A I R 51 A AR, > 17 RIS AR AR 11 ] 1 H R SRR LAL Gl IE
FREER B EGEARE 11 A 1 BB LAL), 454 11 A 1 HVIREYEDE, 55110 A 15 B LAL, LIk
W7 A1 H, 527 AE 11 A& TH4A R0 LAT

1.3 Hdifick

1.3.1 ObA s

R K572k F Winscanopy2006 76273 H71¢ ( Regent, Instruments Inc. | Quebec, Canada) REEEH,
F 2 ERSFIHL( Coolpix 4500, Nikon, Tokyo, Japan) I 180° R 5%k ( Nikon FC-E8) 4k, #di R AT ] A
201145 H1ISH, 6 H1H,6 H15H,7H1H, 8 H1H,9H1H,9H15H,10 41 H,10H15H
KA1 H 1 H, RESHREHE R B, WEREPIRECH I HYEATE, — ISR e 7 MR HEJE LY 3 AR PVC &
b, FFBOE BT 1.3 m, SRR, AHPLA A IR KRR, 308 A ShBOIRAS

LAI-2000 PCA (Licor Inc. , Lincoln, NE, USA) RERIES Winscanopy 2006 568 )2 A3 AT AR B st (1] (7—11
Ay M AR, BN SR BT 1.3 m HARREAKOF, i 45° Tiss, 7ERAEFEHL Y 51T, & Jeh)
FH LAT-2000 7EAEHANGE 925 B HvHA I 5 A 80808 , i PRl (EAnvE A3 225 e
1.3.2 J¥EYE

Ve E B YR Y (7 A 1 BTG, SO AR REERIE s 7 H 1 HILPAAERTEY), HIiZ
I 7 A 0 LAT AR 0) , R SE S SFARZE I SBRHAS I, 7 1] S 6 2, FE A At v i o3 I 40
RE G, MEPRAE B TE 65 C I HET 248 h, MIH-H, 4554 MR LA (SLA ) | 15 31 &4
FPTE A AT R A I DR R 7% 7 A 1Y LA,

7 A i) e A AR h BEATLR S R /B, Al g P R AR B f B B - R e R
30 A, #4784, FIFH Photoshop CS 8. 01 ( Adobe Systems Inc, USA) 3XFA5 2 ¥ Ir (515 2 FUE = K/,
T TR RN R R A A TET I B, T I ARE R 92 e T RUR ) T IR B R B O e 418 A
IKIN S, BB e R, RESRAE AR BE Rl IS (il K 193RI K 7, K S = BEER) , R
T o ik B B RO AR V) o KB ERYERE ) DR T A4 R N B, SRS TR O
BREET Y, WE R V=V, -V,

2, L1572 A2 ( Picea koraiensis) £ BYTEAR IS SR WO i), ZBETHB A R AL, 20 % = A2 B IE AR I {0
e, P, LD RAZRYRERR D E T, Hep R A A AT .

AN v A =2.00/nvl (2)
P, A KRR (em?) , n JEIEOERC, v REEIFORRB e’ ) , 1 BRI AT IE (om)

SRERSE BN REA 75 65 C FHET 48 b, LT, HOnF L SLA) FFE A T

D
X
A, S OBl G et B, A, R G REERIRL, W, OuREr @ BT, RIRTRH AR Y SLA
1.4 B

Al DU - 95 A H SR AR ) LAL B, R Photoshop BT BRI 1 BR4EG% MG 1 55 K B 43
AISEI (o (HRR ), RADGHIE T TR, JERE A8 70 BRI A A T3 A0, sl O 2 ot A R 1
T3 1 T s, 2 AR AR T 5 AR PS50 3 AR B, 2 RS BRVGCR T I2 02 4 ( DHP ) R b 302 b
I H2 B 0—60° R T i [ N Y LAT, LLF SCH ISR BREERZ R BOE M AR B (LAL, ) R . Tl R B4

(3)

http ; //www. ecologica. cn



8 XURERE A /NDLZUE FTRER A Ak TR TS B A 2509

R (H 0, H3R) KA DHP-TRACWin AP 353 501 0 (HEIE, 5 1E I 28 H K T A 40—45° ) i
0., LAI-2000 %4 €2000 LI-COR %404, AbFRHHEE 1—4 FRYEE N1 LAT, LLF SCH ] LAI-2000 2
T AR B (LA, a000 ) 278 o 3 BRI IRAG I (4 - 508 F 4 T L 95% A5 X JH), A 4 {E 0 A5 X %A =S
MFWHLERBE, RZAREF
2 HRESW
2.1 KRBTERST T b L] e S R AR AL

2 al%n, 11 A 1 B LA FROR B o= A iR 22 3 838 57% , B I 5 SRR ™= A= 1) LAT /5
FEAAERINE LA A W) e K Bl 43% 5 450 555 J2 /KT b i 42 JRA0N 22 5 88/ (e KAE 5 de/IMELAH 22
0.07), “FIMEA 0.92, KW EIHER AR A Z KT FATATE ] AR SRR .

R2 AKREEBSETGILHIREREH

Table 2 The woody-to-total area ratio and clumping index (n=20)

ZH Parameters T KAH Maximum /)M Minimum - Y bR 2 Mean + SD
@ 0.91 0.37 0.57 £0.17
0, 0.95 0.88 0.92 £ 0.02
2.2 JHEY 12 ¢
(U A AR T 5 0L 22 K 1A 9 (T Aot
LAL 520050 41.43% ), 8 A BAHRFIFRE, ] e X H
{ELW B AR I (7 .8 G ITE R0 LAL 543 &, \
WSG9 67, 73% ) 5 7.8 ARG, FIRERE S
(P G IR R L (98.24% ) (B 1), EZRT M & °°F
O S RRY, EMD R TR L E | \ /
UL 48.52% ) . 9 IS 10 A4, WA £
AR 2 A/ (5 4R E TS M LAT 19 22.31% ), It 02 t -
Gl 7 R R (R RE) B TE O B K H 0 S\
(53.57% ) ; PLLIEM S (Larix gmelini ) J2 12 AR F 14 08-01 09-01 09-15 10-01 10-15
VCT ETME R0 3 TR (R34 S 24 339% ), 7E 9 M Date
H a2 10 H 4 H 30 y& i s (724109 LAT 5 r G E1 EEMFEEZEMEEEYEEN LA

ﬁ“E/J 10.71% ) ; 10 H %\ , {Jﬁ@fﬂ% %Zlié%, N )é\ Mi ;E Fig.1 LAI estimated from litter of main species at the study site
ﬁ ’ T%M‘ﬂ*ﬂﬂ‘ﬁ$—‘ ’ ?g/l\{}% 7%%@ lj\] E[ @%H}%Z{‘?ﬁ during the investigation period
A U i i o 0 P 3 (o5 A AR b O Y e LAL Y
87.65% ) .
2.3 EEUERE

BRI BIEAMZ AR 5—11 A3 1) LAL 2250085 (£ 3), 5 Aa) 2 6 4] LAL 3350 8 (341E
9 57.38% ), T AWIRENE(E(3.01) , HJFZEETE/N; LAL-2000 2 A8 008 52 305 2 BRAG Y UG R R 3
(7T—11 J4y), BEAGIME RS2 sk R, Ak 5 0 SE B B Tl ek g g, nl g %2
J8F LAI-2000 X T RAHRE Ko 2 8] 5 001 B ARURR , {45 FF s LAT A4 IIME 25 S350
2.4 Jrikeig

PG IETE 7—9 A ANFFE R E 225, 10 A VUG, LAI-2000 3545008 B 35 (K T2 2R
UL (E 2) o PR ESRATIME S8 O i e e K LAL B (7 7)) ARAEAE 838 22 5 (R4 2. 83% ) ,
HoAt oy 39 25 i TR Tk P44l 118.13% ) 5 [AlAF, LAI-2000 i 7E K LAT iy IR T 4R35 75 2 (fi
f6.20% ), H AT 91 25 i TR ik G2k 89.34% ) 5 i vl B = 2R T AR BT 4r A 52l
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®3 3 MARMGNE BHEREM LAI
Table 3 LAI values obtained for the stand using the Hemispherical Photography, LAI- 2000 PCA and our method ( By combining
Hemispherical Photography with litterfall method)

B #}Nﬁ%&l@& LAI—AZOOAO Pg' ,E* . B 2PER R%&I%«i LAI—AZOOF) {ig /E* .
Day of year AR R A - AR A TR B Day of year T AR 2K I R B AR R A
LAlHP LA[I,.—\]—Z(N)O LAl[ LAlHP LAlL-\[—Z{)(){) LAll
5-15/136 1.83(0.06) — — 6-1/153 2.88(0.06) — —
6-15/167 2.92(0.05) — — 7-1/183 3.01(0.05) 2.91(0.26) 3.10(0.24)
8-5/218 2.89(0.07) 2.84(0.22) 2.06(0.15)  9-1/245 2.49(0.06) 2.48(0.22) 1.40(0.12)
9-15/259 2.24(0.04) 2.22(0.21) 1.16(0.09)  10-1/275 1.76(0.04) 1.34(0.17) 0.59(0.08)
10-15/289 1.64(0.05) 1.27(0.16) 0.58(0.08)  11-1/305 1.26(0.03) 1.06(0.15) 0.58(0.08)

AR AR bR 22

2.5 [IH#

RBCARD I EEAG I A LAT 2 FLSHE, MU 225 R AG 50 R OG A ACAS A I 25 58 . AR R PR O ik B il
s RS M LAL = —1.1393 + 1.0934— LAL,,(R*= 0.80); LAI, =-0. 1712 + 0.6259— LA, 0,
(R*=0.83) o Rt il Y62 S D 5 1 T A 2 B v b LS EAR fE 2%

A FE R RS B GA AR I T AR K 225 (5—6 1) 19 LAL, FIHAR R /) 105 J5 FA% 1E 2 BREE 52
PG AR IIE , RIS I 5 A8 R4l LAL 921528 Fk (1 3) o S5 RRI], MERCRIRIF (R = 0.87)
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