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Abstract; Leaf area index (LAI) of three types of forests in the Qianyanzhou of subtropical China was investigated with
fisheye photographs and CI-110 canopy analyzer. DBH-leaf area (hemi-surface) regressive model was used for assessing the
measurement accuracy by photogrammetry and the canopy analyzer. Field survey was conducted on 74 plots. The values of

LAI of for the Pinus elliottii forest, the Pinus massoniana forest, and the Cunninghamia lanceolata forest were 1.339 (0.71

—1.79),1.491 (1.11 —1.92) and 1.984 (1.26 —2.59) by fisheye photos photogrammetry, 1.355 (0.38 —2.85),
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1.265 (0.62 —2.55) and 2.140 (0.76 —3.31) by the CI-110 canopy analyzer, and 4.53 (2.24 —6.34), 3.88 (1.19
—6.28) and 6.63 (3.5 —8.37) by DBH-leaf area model, respectively. Compared with the results by individual-based
leaf area model, the two indirect measurement techniques underestimated the LAI, but there are correlations among the
three methods. The individual-based model is considered the most reliable approach for estimating leaf area index but labor
consuming. Hemispherical photography proved to be more accurate than the CI-110 canopy analyzer for estimating LAI in
the planted forests of the subtropical China.

Key Words: LAI; HAS; CI-110; fisheye photography; Qianyanzhou
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Wb AR A P R T LR R AR AR . B ROX BT AR B, AR SR 28
PR ARG 7y BN B,
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distribution ) #4743 715 8] LAIL, #0 TRAC( Tracing Radiation and Architecture of Canopies ) F1F] FH 23R I 5245
84, WinSCANOPY FI HemiView 5& E 1T {XER R T AL BRI B HAT 0
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RAES R TREARERZN LR,

FiE e EAN A BRI E ISR ALY EREHS . BiR b EENE Y E R
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SRV IX AR BRSO RCR AR BERE S
1 HEE5FZE
1.1 AR IEEER

TRR YTk 7 YL PG 48 P R 2R by B 41358 Fr B X 1 BRI 3% (115°047137E,26°4448") , %X
YBIREE 100 m Z24 AN R 20 ~50 m, BB TR BE X . #R1E 1985 ~ 2004 ES 258 540 K
RAEFHKIR17.9 C5 FHFEK R 1489 mm;4F H FFTE 1406 h; KRS BABST & 4349 MI/m*; BA MAIH T
P FRSEHT. FTEHERAFOE KB L B L B 1%, B8 RE N aDE DA,

BEXUATIHAASE, FERNANI18S ELAFHRE, TERNMHAFEBN. LR SEBRE
( Cinnamomum camphora) \/Kfj ( Schima superba) W& ( Liquidambar formosana )%, Lk A ( Cirtus madurensis) |
¥ ( Cirtus sinensis) \HREZE( Castanea mollissima) \Jl12K% ( Camellia oleifera) 2 Fr M AR Y s EELL R ( Quercus
fabri) M@K ( Loropetalum chinense) \ 3% Wi W B T ( Lespedeza formosa) 53 8], AR Y LR 2B o &
(Arundinella setosa) |12}k ( Helicteres angustifolia) N3, EEVIFRMBARIE K +o0EE, Y S L8H 20
L8, W0 8 M8k LR Bk (Adiantum flabellulatum ) | 1) 35 Bk ( Woodwardia japonica ) |, W& 8§ 8§ & Bk ( Dryopteris
championi) %1
1.2 FARFE
1.2.1 JRIGEHEIRE

2005 4F 7 A& 11 A, ZETLFE 4 T4 £ BRI ZRASS R LA A A AR RO RE L 74 2, BT #1100 m”
400 m” FUREHIAS 37 B, BEREEIBIARE O IR BRI B IR L AL 1/4 B (E 1), R
AR T BB 1 m(RS5EANH SN BT 30 om 4b) , EE M HIAE B A LN B ETHER S 2
RERF . HREERARENT, LB EAREERZHERERRE, UHEERENRAERLISMNY
Baro IR RerE IR LB AR B A CI-110 EEAH 0N 82k i T ARS8, S Rw
FpALES 2 BRI O MR . ZEREH P AT B AR R, IC RSB R AR SR 4%

£ VR SRR Fisheye sampling
QO CL110E)E 4 Hrd B CI-110 sampling

B1 WEREAF SRS
Fig. 1 Criterion for sampling photographs of forest canopy

a: U BIREELIGH A Fish-eye photos ; b: CI-110 EEMTHUREEH H CI-110 photos; ¢ FRAMEEHIEREAR BE Sampling points under canopy
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O XIBHR, KPR, GRS, TEE. THENRESSSERNT LSRR —RERKG&E. THEWESKEESNEERELBIE,
2006. 97 ~115
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0.060D™ " AZAK LA =0.042D*” (D HMfR) ,iTE AR R REB(LA) . FIFAREHIEASIRIC S
PR BRI f 2R AR, AR SR 5 T AR B LB M E AR 4

RS CI-1101°%7  CI-110 5ERE /X 5 LAI-2000 BURZ /047 X B9 JREMIE . AIRIRLE
RAE—MBRMF IR TN, © 7 LRI 150° 04 M AR E G, HaRELBAEY SR T Ee, REEK
TR E 1 m REBUER . CI-110 F FI2 PR B R M RIS 4,

Sk Minolta DIMAGE7 #8#l,, REEBRE F . ARG BN 142.5°, Wy b3 FEH MM RGE, —
& Sidelook@http : //www. appleco. ch/) , R B & Bl , MR AR F BB AR % ; 2 GLA(Gap Light
Analyzer Version 2.0) @(http://www. rem. sfu. ca/forestry/ index. htm) , Sidelook BRI A2 B sh# € BB
BE™ . CLA BE—EHE, EEW RAANELRAE AL 5E JE RS2 5% B A 2 RIE T
BEATMT. GLA 4 RA AR EHREH SR EREMNEE A FES, GLA G HARE SR
3 LAL, (4 37) RERIRATE 0 ~ 60° Z A 4 A R B9 A RO E AR LAL, (5 3F) RERIRALEO ~
75° Z MR A RBUMA R ERIBE . —BIAH LAL EBCHITH,
2 HREWm
2.1 AEZRAREE M E R E I E 45 R

ABFGEAE 74 ANEEHLSF B CI-110 58 24047 30RN £ R 55 SR B AR P &R & 576 IBEIR (3L 1152 iF) ,
AEFREER MR 1.2 2, RIEBMR-MH 2RISR SRR D BAARRIAZ APRE SSi M ARTE 4k (LAL, )

£1 FENSHAMERERNESER

Table 1 LAI of coniferous forest in Qianyanzhou

B ifﬂzﬁwk E&%W&k AR iﬁﬂzﬁ}%%ﬁwk
Forest types . elliorzii P. massoniana C. lanceolata P. ma'tsso'r'uana-
forest forest forest P. elliotzii forest
REHLETAR Area (m?) 100 400 100 400 100 400 100 400
¥ B Number of plots 11 16 5 6 8 2 2 1
Jii4% DBH (cm) 16.3 15.9 13.8 13.7 16.7 14.5 10.3 13.5
¥ Number of stems 19 58 26 75 28 79 26 68
95} Density (#/hm?) 1580 1458 1956 1863 2456 1975 2600 1700
JJ9 75 W5 F AR Basal area (m?/hm?) 33.15 29.97 30.78 29. 56 54.67 36.16 28.25 26.13
e EAE H LAT, 4.74 4.27 3.90 3.87 7.07 4.68 3.75 3.57
CI-110 SEHIME Mean LAI, 1.48 1.27 1.33 1.21 2.11 2.25 0.96 1.09
FERMY B fE Max LAL, 2.85 2.62 2.55 2.24 2.85 3.31 1.28 1.61
£/ME Min LAIL, 0.70 0.38 0.62 0.62 0.76 1.73 0.71 0. 65
HREL 4 37 F-3{H Mean LAL, 1.32 1.35 1.49 1.49 1.97 2.03 1.33 1.29
Fisheyes 4 B Max LAL, 1.74 1.79 1.92 1.81 2.59 2.45 1.46 1.53
4 FHe/ME Min LAL, 0.71 0.99 1.11 1.25 1.66 1.67 1.09 1.05
5 35 F-34{H Mean LALj, 1.21 1.21 1.33 1.37 1.77 1.80 1.22 1.21
5 B Max LAL, 1.60 0.55 1.56 1.59 2.14 2.03 1.29 1.41
5 355 /ME Min LALj 0.69 0.84 1.13 1.13 1.48 1.53 1.12 0.97

LAL R B3 A, LAT =R CL-110 5EZ 40T (GR B i T ARIE 40 LAL R 1 LAL, 20 H3R7s S EREEK 4 3701 5 3RLs BRI i T AR
HBEGBEREB/MEMERERTE 9 IRBHELRESE  LAL is measured value by relative growth model, LAT is acquired with CI-110 canopy

analyzer; LAL; and LAL; are extracted from 4™ ring and 5% ring, respectively; Maximum, minimum and average are calculated with 9 measurements

@ Nobis M. Sidelook 1.1 -2005 Imaging Software for the Analysis of Vegetation and Structure with True-Colour Photographs

® Frazer G W, Canham C D, Lertzman K P. Gap Light Analyzer (GLA), Version 2. 0;: Imaging, Software to Extract Canopy Structure and Gap Light
Transmission Indices from True-Colour Fisheye, Users Manual and Program Documentation. Copyright? 1999 Simon Fraser University Photographs
and British Columbia Burnaby, and the Institute of Ecosystem Studies, Millbrook, New York. 1999
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(FEE) AR 4.53(2.24 ~6.34).3.88(1.19 ~6.28)Ff16.63(3.5 ~8.37), &T) EE 1L IE H AR
(3. 94) R T EBARAK(3.47) ) RTT 4R S0 1L R AL (18R 32.5 ) RET BRI E D AR TR (8. 8) 17,
O BRI/ N T UL T3 D B4R A8 (DBH =10 cm,5.4 <IAI <8.31), {BHib-5 BHNE A
Hy M- TR RN 3. 69,

£2 THAMEMAAEHETREENESR
Table 2 LAI of other forests in Qianyanzhou

PRE® R

Forest types i MEERR RS AHEAR ARIEAR WSO TR FEARR
REHLETAR Area (m?) 100 400 400 400 400 400 100 100 100
¥ B Number of plots 6 2 3 1 4 2 2 2 1
Jii4% DBH (cm) 12.0 12.9 11.0 13.7 13.0 15.3 10.9 9.0 31.3
R Number of plants 18 52 67 73 80 56 23 15 2
95} Density (#/hm?) 1767 1300 1683 1825 1994 1400 2300 1450 200
JJ9 75 W5 F AR Basal area (m?/hm?) 21.01 17.62  20.17  28.04 28.15 24.72  22.87  14.99 15.34
S ERAE S LAT, 2.92@ 1.97 2.31
CI-110 SEHIME Mean LAI, 2.23 2.16 1.47 1.40 1.79 1.39 0.65 1.81 1.67
TR BAE Max LAL, 3.14 2.62 2.28 1.96 3.78 1.70 0.87 3.22 2.09

F/ME Min LAIL, 1.43 1.74 0.91 0.96 0.62 1.19 0.46 1.29 1.40
RS 4 5L HI{E Mean LALy, 2.27 2.51 2.05 2.25 1.62 2.12 1.46 1.49 2.36
Fisheyes 4 T RAE Max LAL, 3.26 3.16 2.71 2.51 2.14 2.24 2.33 2.52 2.78
4 355/ ME Min LAL, 1.36 1.73 1.31 2.15 0.93 2.01 0.80 0.01 1.76
5 I PHYfH Mean LAL, 1.95 2.13 1.75 1.93 1.45 1.76 1.27 1.33 2.03
5 FEHfE Max LAL, 2.64 2.64 2.24 2.05 1.93 1.84 1.91 2.17 2.51
5 3§ /ME Min LALjy 1.27 1.49 1.20 1.82 0.83 1.66 0.84 0.06 1.64

D5k C. reticulata forest, -k Broad-leaved forest, A fjHKk S. superba forest. 41 JFIE3ZHR broad leaved-conifer mixed forest, }R ZEHR Castanea
mollissima forest, 25 Hk Camellia  oleifera forest, RIR T B AR Natural P. massoniana forest, Ak Shrub forest, CI-110 & Z 730474 CI-110 canopy
analyzer; @F R 4T RIB AR &1 1B i AR 45 # The LAI of needle forest in broad leaved-conifer mixed forest

CI- 110 5EZ /47 (NS B HAA AR . T B IS AR, T B AT $ AR S AR T AR 48 B (LAL,) 43314
1.355(0.38 ~2.85) .1.265(0.62 ~2.55) .2.140(0.76 ~3.31) F1 1. 002(0.65 ~1.61) , Z{E /T 2002 4 Ff
CI-110 PsEHILE B B HIA 2.40(1.37 ~3.78) , LEH 2.00(1.28 ~2.62) , 454K 2.94(1.68 ~3.96) *7,

FA ARG LB B B i 2 GLA 84118 BB MR AR . D B AR A2 AR AR, S B R 518 AR AR
LAL,, 43813 :1.339(0.71 ~1.79) .1.491(1.11 ~1.92) .1.984(1.26 ~2.59) 1 1.318(1.05 ~1.53) , LAL %}
B 1.208(0.69 ~1.55) .1.348(1.13 ~1.59) .1.774(1.48 ~2.14) f1 1.215(0.97 ~1.41) ,

TR T ARFE B K, FIIHE 2.25 A . MTEFRIB SR RME (3. 78) AR 41 IR 3SAK, By CI-110 il
Bo WA CI-110 W EEM /Do EARNRNEERBE KR, FEEBZEARMR AR T, B KERE, = EM
REAEBR K, 2ERERE —EZLH,

BRI E M E AR BN R T . DB B, 2 HAE 8. 1% , AR R4 EEils
2 RE R B E S EREZ R K, IREEEE 54.3% ~70.5% , HPBHMMHRIRZR K, SRR
ZB/N. ANEFEIE E W SR/, LRt IS BN A B E AR 3 50 B MM EARERFER
BB R B RN s B4, UM EREEGAT S 25, BEC 2B THEAM, MR T HER
TR R D E BT AR S E I T8 SR TTRETE 25% ~ 50% T T A TR B 4T o i 22 1
K,REZ —7ETFER T RRMEA LAT XN E X, R AR ERE T iR 2 BB/ h—1,

OXRRLEMHE HRERTEN, LRRE DRMAE, 55 DEAN R
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CI-110 EEAMHT4E 3 Sk E R TFRIRE L AR, HASMLIBEE B A, TORE T AR xd P T AR O e
Ko WBPEBEREBD , V0025 RER N2,

ST R ] 0 S o TR AR A S e 43T+ S
I ERE RS ARk 4 FRE/MEA LR, AR 30
S SLRE I LAL 2 R BAF R M bk 1 — R
b AREINE T EER T C-110 EEMHL, &
MRAESL 5 CI-110 AR EMEBUT , ML R BH A TF 0.5,
VAP B (B LA — R RO T Pedk SO AR
B S ERISE BA AO TARAE B0 — B 5, AR 2%
BERAAE0.3 ~0.5 ZJH],
2.3 AEFEAELE
2.3.1 FHRPRIBE I B0

£ R 48 LR 5 CL-110 SR A7 A — R
P 2) , H5E BEB(RY) 1% 0. 378, 4FmHmiFh &2 e 7E D s e
2T A AARIE MR R R A B, R RS

#A Forest types

%ﬁﬁﬁﬁﬁo %I‘n'l“mﬁ s ﬁﬁ%%&%%é}?ﬁ& LAI4R & WEEMC Castanea mollissima forest
\ % J#MShrub forest
1.5 M, T FLX B CI- 110 YIS (A8 K. CI-110 + R Crerienata forest

R?=0.378

CT-11056 243 B3 & *F-34{H Mean LAT,

MU%ﬁI}EJ?EBE%{Eﬁj(O %%ig ’fjﬂ:ﬁ%% ? ﬁé‘% I\E—l“ >X< I%}?'Eg?égﬁgg:?;&:;ve:dfg;?i;er mixed forest
%&ﬁ&mqﬁglﬁj l]-l-‘;M( H_/‘%I‘ []-I-‘;Mqﬁm o 0 LEM-IBHAMNE AL massoniana-P.elliottii forest
O LEMMP.massoniana forest
WAk LAL 5 LAL f € RBEMR T4 AR (B < fﬁiﬁs]mﬂerbt; forist
. . N o ¥ .lanceolata forest
3.E4) BRI ECREN T Y =X X&KL, Bl o IRHAHK P.elliorii forest
WX BRI A 1 45 AR BB o T4t o bl T4 e s an 01
RPN FHMEA R, SEEEE vES, ARG E
SE R R — 2, CI-110 R MM RS LR A B2 fmiREEskS CI-110 SERAMTIN R R LB

XIZiQ{EB‘J Hﬁﬁﬁ 0.981 ,'fﬁlﬂf—‘ﬁﬁﬁﬁf'ﬁﬁﬂﬁ 100 Fig. 2 Comparison of LAI by fish-eye lens and by CI- 110 canopy
m® (YR LB 0. 894, TR 400 me BB LAYy
1.073, BUREEFRBL/N , AR 553K F I e 45 SR8 BURE T ARER R, CI- 110 Fl R 45 SR B4R K
2.3.2 HENEINE S5RZEEN & K

T S E RS B (LAL) 534 3 #F LALIES R 5T (B 5) AR L BN L MR T CI-
110 SR 7T, F ARG SK DU PRI 8 45 SR b A 3P R B 47— 26, £ PR % 3K 1) F 35 B (L LY PO 34 19 (g K — 2,
IR R S BRI HES ARV . BIE R LB R T EE P &4 LR EE
No B CI-110 S ZHRT I AL B ZBEHLEY , B LAZE 4T 5l 2 o 4G LAT S RAR,

HTEFLUSIRAR AN R, BB LR EE(EEHEREE) SIS EEE T 2R (%
3) . AR, AARGESL 4 I (E 5 ST E R AH M R 4F o
3 itig

ASCE T, R T IJLMNEH ERE BN F L. BERAEN b RER(HSA) B8, SRR, D
BEARARFIAZ AP S2i M- T ARS8 2k (FE ) 20 31 4 4. 53.3. 88 M1 6. 63;CI-110 WL (E ARV 1.355,1.265 F
2.140; B AR SK I 2 fEAKIK H9:1.339.1.491 F11. 984, A AN S e (6B B/ T SLIME , B4 X4 e 1Y
PR IA E R T BT, TR0 8 i LUK [ SR A 2m i R b 2238 ATl < B i AR
BEA —ERR XM, HE RAB(R®) Wik 0.378, AMRELEEMTEMLT CI-110 BESH i, BAR KK
RIBES
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20| O 0]

CT-11058 J2 43 Bl /2 f& LAIc
O
O

CL-1105& Z A 300 1H LATe

1.0 1.5 2.0 25 3.0 35 0.5 10 15 20 25 30
BRI ATFHZE LA RS KAFRU A LALi

B3 etk C-110 SEEM T UEE S S REEk 4 FREER B4 ghmpk CL-110 ERAHUEE 5 f Rk 4 FFREERL

RE RE
Fig.3  Scatter plot: relationship between LALy and LAI in broad- Fig. 4  Scatter plot: relationship between LAI,; and LAI; in
leaved forest coniferous forest
30 25 20

= Y=03X R2=024 Y=03X R>=034 F=027% 9 o

< a5l <o £ o /s : 18F R2=032 o

- © 00 = °© o fo% = 16 °

oot ‘3@ ° = o q0 /o o

E @15k o o4l

& o) &) = o (o} R 14 [e)

st o o = ® 82(5)0 E [°°5

= sBo 3 212k

<R o () =+ 10 vy

mg 1.0 - > = o X ok

3 ®o o & & -

S 05k o = 0.5~ = 0.8

= & @ o

o 0 1 1 1 1 ] 0 1 1 1 | | 0.6 1 1 ]
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Bl5 AR IE o AR AR RO R R A

Fig.5 Scatter plot showing the accordance of LAI in coniferous forest by different methods

:3 ERNEE LA (XAE) 5 EENE LAT B HEE3

Table 3 LAI Regression models between direct and indirect measurements

HERY FE BEH B
i H Item 2 ; )
R F Sig. Regressive model
CI-110 EE43#7{X CI-110 canopy analyzer 0.256 5.496 0.003 LAT; =2.972 +2.383Mean —0. 806Max - 0. 184Min
£ AR4% 3k 4 37 Fisheye 4Ring 0.483 14.947 0. 000 LAI; =1.675 +1.529Mean - 3. 3228 Max +4. 894Min
£ BR4% 3L 5 3R Fisheye SRing 0.443 12.748 0.000 LAT; =1.511 +0.051Mean - 2. 7483Max + 5. 9152Min

A SR LAT EREETF AWM IR MR o SHuHint i AR AR B ik, LAT [y
XHRZ SRR, FLRINE BB HAR N2 B B B R A IE AT B 4520 o A SCRI AR A KA 20 e )
B 77 X PR RMSCEE HEAT T v, SEXT PR 7 SR MEAT T L3, [0t 0 #2045 3K 3% 5% ( Fiisheye photography ) 43
Wik, BE T —EBNTENERIEST, FIF Sidelook A ANZ ERBFMHE, B> T EMiRZE, AATER
PRI HE Y

eI 2 8 B, (B i T {ER I A B T AR B0 A BIBRAN T W B34y, S 2 45 R 0 VR
Me—E 2P FEE, IR 2k EAE R B Bk, A TR 4 SR BRSNS i T RE D7, DI i 45
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SRt T B A 5 {ELX AP 77 HR AR TR bk 2 BRI SR B AR XA BB, o AR IRt , B AT A R R 451, B
(IS L 3

BURE T AR A BURE S 8 % i T AR 08 B . CL-110 452 5 ARG L AT 45 RAERE AR 100 m®
400 mHLFREL(R) 43514 0.74.0. 59, AT FBER B ELEEM B L) , ARSI E J 20 x20 m 8k
B, XA R0 -A B 5 T DA A e R M T ARSE HOR U, REHE /R 9 10 x 10m B9 7 2, 7
HBRESRRER B T EARS R RMETAEN REIRE . SHBIAAREAEE 27 4, KHE 100 m”F1 400 m*H¥
MR P BB R RO IE , REBU#E % T SRR RN, 750 U SR I 8 1k U m AR E U

B TR, BAMAR ARk 4 A, X 13 AR BIZE 8 H4IAN 11 B4ty T kil , & 21
LAL# LAL 230> T 0.225 710.256 . X BB B EARISER i e R M EARIE 9 5.56% . H
D R vk P B I S vk X LU B IR M T AR B B R k. ARG CI-110 R AT AR BUkE,
ZEZ R RARENE e, B IR R AR IR KA T R A R . IR
BRNE S Rp/N EZRZ A MEARNE R, MX AN HREERIEA K, HEREENETEUTE
WIE BT ST

3 MO E S REVE LS — 3 ARG LB EEB OV REE, B, RENMECKIELAREL
BHAMTEBRE L™ . A¥EIREERXAT S BEFHHIA™ %Y TRAC 55 11-2000 Z 3k
MEEWE—, NRABELIRE P E S BRI TEE , 5LREBO8 R AR B8 M I ARE R R
TEEL, BT A B BB R A 5 i , (B R SR BTEAH o

TERE R FH A RS R R, KT B R A i AR AR &= R IRE " o SERAGRIE /D, YLk B
EfmR, HMPEERERRNEENE T RIBER.

ASCRA TR I 8 A3 B R, B S SRR E G P BRI BE A T A B 2B i
B, REREFREAABETHER =W, WH, BRULEITA KRR A R &K FHIIRE. S
BRSTIGE , BMEA A SR BRI B ER " . W T RGIRE AR A 3t . A
% (CI-110; L1-2000) REE B i , RAE S B P RAER IR , HFEHE—S RIS

R H RGN EFEUEENEERHTRIE. MR- ERARERRBOV T B8 FESY
MR E I7 ik , (ERFERT B8 ) o ARGELRRTE R B A AT A B BB i R B, T ELIU € F 45 2R LU AR
W,
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