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Using litter collection and tree data to model leaf area index in the mixed

broadleaved-Korean pine forest in the Xiaoxing’an Mountains, China
LIU Zhili, JIN Guangze "

Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Leaf area index (LAI), defined as half the total leaf area per unit ground surface area, and it is one of the most
important parameters for modeling many forest ecosystem processes, e.g., canopy photosynthesis, evapotranspiration,
respiration, and microclimates. Methods for directly measuring LAI mainly include destructive sampling, allometry, and
litter collection. The LAI derived from these direct methods is close to the true LAI, which are often used to calibrate that
LAI derived from optical methods. However, the former two methods are destructive, thus the litter collection method is the
most useful direct method for estimating LAl in a forest stand. However, sorting leaf litter is time consuming because of
substantial skill in identification, especially in a natural forest with high species diversity. Thus, the method for improving
the efficiency of the litter collection method is needed urgently. The equal dominance model, stand dominance model and
local dominance model could be used to accurately estimate the LAI based on the litter collection method and tree data (e.
g., basal area BA; coordinate) have been verified by many previous studies in deciduous broadleaf forests. The equal

dominance model assumes that leaf litter biomass of a litter trap can be partitioned equally to each species; The stand
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dominance model partitions leaf litter biomass to each species proportionally based on its relative dominance within a whole
stand ; The local dominance model partitions leaf litter biomass to species in proportion with their local relative dominance
around each litter trap. However, few studies are reported to check whether these models are useful for estimating the LAI in
a mixed needleleaf-broadleaf forest stand. In the present study, we estimated the LAI using the litter collection method in
the mixed broadleaved-Korean pine forest, and these results as a reference are used to verify the effectiveness of these three
models in predicting the LAI in the mixed needleleaf-broadleaf forest stand. In addition to, rely on Pinus koraiensis, Abies
nephrolepis, Tilia amurensis, Acer mono, Betula costata and Ulmus laciniata, we explored the regression analysis between
the LAl obtained by the litter collection method and basal area for each species. The results showed that the equal
dominance model is not useful for predicting the LAl in a mixed needleleaf-broadleaf forest stand. The stand dominance
model and local dominance model are useful for predicting the LAI, and the accuracies are over 86% and 90%,
respectively. Furthermore, we found that at least 8 specific leaf areas (SLAs) of dominant species are to be obtained for
accurate estimation of LAI in a mixed needleleaf-broadleaf forest stand. LAI correlated with BA significantly (P < 0.01) for
the six species, with the smallest R” value of 0.67. These results lay a foundation for rapidly and accurately estimating the
LAI in a mixed needleleaf-broadleaf forest stand in subsequent studies, and provide references for developing the regression

analysis between the LAI and BA within non-destructive.

Key Words: Xiaoxing’an Mountains; mixed needleleaf-broadleaf forest; leaf area index (LAI) ; litter collection method;
specific leaf area (SLA)
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( Pinus massoniana) FI¥2A ( Cunninghamia lanceolata) i) LAI; Guiterman %57/ 58 iz i 1 AR5 10 b4 1 FR A S 33
A KT INSE 5& B AR (Pinus strobus ) N TAKEY LAL, % BLUA 7 W0 0 5E B9 LAT 54548 Fh 9 BA BP0
%, Jonckheere %57 3 i 7 - A S AR EE BA BUAHSEIE R INAE T B AR AABR ( Pinus sylvestris) 1Y) LAT, 4%
M7, FEARBAEZRAE T, BN T U LAT 5 BA SRR BIBTTE M A,

AT DA AR A6 R 35 L DX TOUR AR 4k - [ I 2T A AK ( Pinus koraiensis) HWFFE R4, F)FH JE 3% 90 550 & 1Z MK
B LAT IR LAT, DU R 222 (0 S0 Uk B UR 3SR AR 73- DI0 340 S A A R Je Jal I 340 B A A8 000 - vl
SEAR LAL B9 R0 JF LLZ X 2RO B 4, SR TS M0kl @ 19 LAT 5 H BA fAHCC R, A
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AHFRNRIEI, HiAb /N2 Tk B e SCIK I ZR 3, MR e sd 2%, B LLBKIEAK 707.3 m, iZIX &
T ARG PE T A, AEERR-0.3°C, A3 R 7.5°C, AR EARRIR-6.6 C; FHFFE/K i 676 mm,
BEKSEHRTE 7 A5 AT 130 —150 d, FICHH 100 —120 d, 12 DX S0 TOORR AR 4 F v 2 AT A% Ay A 7 ol
BRI ZIRAMR, H SR EF T AP AL FE LTS Y242 (Abies nephrolepis) F1 s A2 ( Picea spp.) 5 74 M-I -4 A 3= 2240 45
A (Tilia amurensis) LA ( Acer mono) WAKME( Betula costata) FZEMA ( Ulmus laciniata) 55 (2 1)

R1 NHKRIGEM AR FEM R EEZ/MFEIEEHER
Table 1 Species composition and specific leaf area (SLA) of the mixed broadleaved-Korean pine forest in the Xiaoxing’an Mountains, China
W Density Jii) 7= Wi T AX. Basal area

TP
i M gf)li(j;liﬁl}eaisiid
il FEH Subplot FEH Subplot
Species Plot/ W E o " Plot/ W - " A - N
(So/®)  Rang PRIRIRZE (o o iz e 2
(20 mx20 m) o (20 mx20 m) o (em?/g) o
2L Pinus koraiensis 122 (4.0) 0—14 2.7 24.45 (56.8) 0—2.66 0.57 83.79 3.74
ML Tilia amurensis 82 (2.7) 0—21 3.8 3.46 (8.1) 0—0.87 0.17 243.59 14.26
&K% Abies nephrolepis 111 (3.6) 0—15 3.1 3.42 (8.0) 0—0.50 0.11 80.80 5.43
FLAME Acer mono 163 (5.3) 0—15 3.1 2.49 (5.8) 0—0.39 0.08 305.04 50.08
WA Betula costata 49 (1.6) 0—16 3.1 2.02 (4.7) 0—0.98 0.16 199.79 11.55
B4 Ulmaus laciniata 104 (3.4) 0—25 4.4 1.43 (3.3) 0—0.28 0.08 261.40 5.65
JKHEAMI Fraxinus mandshurica 29 (0.9) 0—7 1.5 1.21 (2.8) 0—0.59 0.11 338.36 13.63
=K% Picea spp. 20 (0.6) 0—3 0.9 1.18 (2.7) 0—0.28 0.08 59.41 9.70
% Populus ussuriensis 9 (0.3) 0—4 0.9 0.45 (1.0) 0—0.90 0.11 198.73 24.72
WHENR Acer ukurunduense 226 (7.3) 0—41 7.4 0.43 (1.0) 0—0.11 0.02 350.67 8.56
HHEME Acer tegmentosum 111 (3.6) 0—27 5.6 0.40 (0.9) 0—0.07 0.02 263.26 32.66
FHi Ulmus japonica 33 (1.1) 0—21 3.7 0.36 (0.8) 0—0.53 0.07 179.35 18.05
BAET Corylus mandshurica 1150 (37.3) 1—178 38.6 0.34 (0.8) 0—0.06 0.01 374.89 66.93
HAlh Others 873 (28.3)  14—242 41 1.36 (3.2)  0.01—0.16 0.11 - -
BTt Total 3083 60—267 42.6 43.02 0.56—3.38 0.54 — —
S.D. Ay b 22
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3, SLA A j iy Lot AR . LF A P8 St 0 A0S0 v i B (BIA ISR et SR ) b i
IR 2010 429 H 2 2010 45 11 H NFTATEE M, e R — BRSNS, IR RS i DB I ol
AR TE I AR 2010 47 9 H 2 2011 4F 8 H N A9 LR 75 51 i 3fe LU AT S-S 2
1.3.2 MR IEH R

AR RUAR A A5 A0 Al At P 40 AR T I A0 3 SR TR 8 5 A B2 41 4 %o 7 9L LAT (LAT,) 7

13 13

LAI_Z(LF xDxSLA)—LFxZ(D x SLA,) (3)

b, DA f%"#ﬂﬂﬂﬂé’ﬁﬁﬁﬁﬁﬁf BIAR Tl Eﬁﬂ’]m&ﬁﬁ% (BA;, m®) (BRI 13 DR AR
BA By LLH, ARG T 453

D=— ' (4)
1.3.3  Jeiifi i sin

TR e MR 25 B ol 0 e g S At — S U TR P AR X DI DR ST A 75 WS SR e @ F IO L LA
(LAIi) 7 :

LAL = i (LF, x D; x SLA,) (5)
A, DT ERE B P T IR &% 10m BB N ROARG A3, ARAIE T S5 A5 5
D= (6)
COX e,

Jj=1

Staelens 4 FRIRIFS 28 SRR U 8 75 DISCAE 45 A A U8 9% I S i 5 DUSCER 46 ot — 2P AR Y Bl AR AR 1Y
S BA WA, FHORARAE 1 m B 10 m P9 HCATSCRERA AT, 17 AR A HAR S JE ] 2
k.o Ishihara 1 Hiura” AOBFFEHE—25 301 10 m W RCEERTES . L, 3 " BA, W LUMSE MRS § i,
B4 10 m JEFEA 13 SRFRELE BA
L4 oM AU RE A Rk

SLA FYI 2 S JR v Wi 8 LAT FPAgOCHEAE IR, RIS INOR 7 ¥ Mk RO SR 1, U I P =
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4t o ¥ =0.4669x + 0.9991
R2=0.76
2t o ° P<0.01
RMSE =1.10
0k . . . . .
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12 14 ¢
g3 DS g AL °© o0 A A T
~ 10 //'0 ° 12 ®
T o «
E=P 10 }
ZE 8
K 8t
ES o6
£3 6f .
oz § 4 1=0.7547x + 0.9985 A y=0.9543x - 0.1736
g ¥ R*=0.76 I R2=097
2 P P<0.01 2l P<0.01
<70 RMSE =1.09 RMSE =0.42
0 - 1 1 N N N N N 0 o N 1 1 L 1 1 )
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

T T AR L Predicted LAI/(m?/m?)

E1 SAHERERS 3 MERTNGHEREENERAS T ELN 1:14)
Fig.1 Regression analysis between measured and predicted LAI ( leaf area index) for three models (n = 64). The dotted lines represent the

1 :1 relationship

®2 IMMEREHSERTNH EREEHH R

Table 2 Comparison of measured and predicted LAI

A LA (m*/m?) 225+ Difference/ %
Hufe P TE 1 SERRIABERERL MU R RO AR PSR ARG R SR R A
Values Litter collection  Equal dominance  Stand dominance Local dominance  Equal dominance  Stand dominance Local dominance
method model model model model model model
SEIA{H Mean 6.88 12.44 7.86 7.41 81 14 9
bRz S.D. 2.27 4.23 2.62 2.32 30 19 9

FESt (%) = (FETYTSI - 1A ARG B S i T R ) / S i TR B 1009%

22 e AR A R
BMOKF ) BEMIE SLA ARRECR A3, RER RS R2 5 1 YIRS K BORBUE (2 MR BR M)

http ; //www.ecologica.cn



3196 JAE = 35 %

(F2), Mk 1—7 AWFhEY SLA T15E LAT B, BO00RS B2 i shae K, iS58 =8 M FhAY SLA 1158 LAI
B, BRF JHEIE A9 R* 5K T 0.970 F10.986, HMN SRS & T 97% , FMH /D 8 MRFIA) SLA A REHE
Tiff b 000 52 I 2T R AR AY LAIL,

1.2 ¢ 1.1 ¢
o
o [e] 2
& 10 oo 6 0 0 © o 10 5o —o—o
: ; 5
i 'DQ o © o o
% 08 o 09 o
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o
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o 1 2 3 4 5 6 7 8 9 10 11 12 o 1 2 3 4 5 6 7 8 9 10 11 12
MAEE Number of species

B2 SENHERESSEEREHERFAHH L ERTENHERERENRE, BEENRERSB(RY)
Fig.2 Slopes of the regression line between measured LAI and LAI calculated using SLA of n dominant species, adjusted coefficients of

determination (R?)

2.3 W TERRE B e v TR Y ] U 53 b

3 FIA &Y E 6 MRS LAT 5 H BA #8 FH (P < 0.01) , 1EEN/NEETT WA 2040
i (n = 64, K 3), FEIRTLMEIZ BN EREF (HEXTEHEE S 56.8%) , EAKE, LAL 5 BA fH
SENEFEET IR R R RE O A R [ AE 7R B R 25 57, BIANZTAR AN AZ, L LAT AN BA [1E 5 R A5 505051k 0.7972
F10.9539; AHXFTI T, FEM-RIFRE] LAT AT BA (0155 A2 B P8 80 /N TR AR, 28 mi-Aan et 107 (0 48 £ KR
0.6814, ZMHIE) LAT 5H BA A RMAIENE, RP= 0.93, MithHe L4 Bk LM MM, R 25N
0.89.0.81.0.81.0.78 #10.67,

3 iTtig

SRR A AT BRI 3 AR I Sy S B A T 7 - A AR LAY AER M R T 9197, BT
THOE R TR S AR (R ZIAAMR) 19 LAL, F2 2205 T B Al R i A B ] ) SLA fEZEI B 25 5% 0 ARWF5E A
[l B4 Fh SLA (1978 55 2 KUK T Ishihara F1 Hiura! 7' FUBFFE 455, 3 WIMESY BN 46.4% 1 17.9% , LAk, AHESE
TR TR )2 v B SR L ES A XS SLA A RE A, ST RO SRR R TN AT TR A AR LAT A ROR B 22
FbSEINE Al 81% , & WS- 2000 35 BE AR RUAS 1 T FU 0 4 [ TR A bRk LAT, 76 HL A EZM A Y SLA K BA 2 A
T, MO RIREGE F 5T RRIR S MR LAT B T, A5 B IR 86% . Ja IUA 3 o A5 7R J000 4eF- o] TR S8 AR LAL
BRI, KEEE T 90% , FWIZARRUAAGE I F P 74 i 5 b ARk i) LA, 7E5F RS AR sptid 5 2R
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