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Seasonal dynamics of leaf area index using different methods in the Korean

pine plantation

WANG Baogi', LIU Zhili', QI Yujiao>, JIN Guangze' *
1 Center for Ecological Research, Northeast Forestry University, Harbin 150040, China
2 School of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; Leaf area index (LAI) , defined as half the total leaf area per unit ground surface area, and is one of the most
important characteristics of the plant canopy structure. LAI controls the flux of carbon, solar energy, and water in forest
ecosystems. Thus, accurately estimating LAI is essential for simulating the forest process. Furthermore, the seasonality of
LAI estimation is of particular interest. Methods directly estimating LLAI mainly include destructive sampling, allometry, and
litterfall. The results of these methods are assumed to provide values close to the true LAL. However, the first two methods
destroy the samples, as well as labor intensive. By contrast, the litterfall method is the best choice in obtaining accurate
LAIL. At present, the optical method has been widely used to estimate LAI because of its convenience and speed. However,
the accuracy of optically measured LAI needs to be verified. This verification is performed because the indirect method often
underestimates LAI. In the present study, allometry method (including two different allometry equations, namely, A and
B), litterfall method, combinational method (the LAI derived from optical method were calibrated by taking into
consideration the woody-to-total ratio (), as well as the clumping index, and combining the litterfall method ), and
optical method were used to estimate LAl in the Korean pine ( Pinus koraiensis) plantation in Xiaoxing’an Mountains. First,

we estimated the effective leaf area index (L,) and its seasonality in the Korean pine plantation using optical method
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(hemispherical photography ). To obtain accurate LAI, we estimated the LAI seasonal dynamics by combining litterfall
method, combinational method, and allometry methods in accordance with the leaf seasonality observation from May to
August. Subsequently, we compared the results obtained from the different methods. The results showed that P. koraiensis
leaf stopped growing in early August, which was approximately two weeks later than the other tree species. The major
species had different leaf fall pattern in the Korean pine plantation. P. koraiensis had two rapidly decreasing flush. The first
flush was in June. The second was in late September. However, other species had single rapidly decreasing flush in late
September. The LAI seasonal dynamic derived from different methods all show a uni-modal pattern with a peak in early
August, with the following order; Allometry-B method (10.58) > Litterfall method (7.90) > Allometry-A method (6.70)
> Combinational method (4.41) > Optical method (1.81). In the entire study period (from May to November) , the LAI
derived from optical method underestimated LAI by an average of 81.69% , 75.50% , 70.18% , and 48.90% , respectively,
which were in contrast with contrast Allometry-B method, Litterfall method, Allometry-A method, and Combinational
method. In the present study, we investigated a practical method for estimating LAI in the Korean pine plantation using a
non-destructive method. Furthermore, we compared the difference between the different methods. In addition, this study

lays a foundation for the valid LAI estimation of evergreen conifer forest in subsequent studies.

Key Words: Xiaoxing’ an Mountains; leaf area index; leafl seasonality observation; optical method; litterfall method;

allometry method; seasonal dynamics
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Table 1 Species composition of the Korean pine plantation in Xiaoxing’an Mountains

o %‘“Jﬁ W g L 1 AR ¥ Az IR
Species Density/ Basal area/ Average AV.erglge
(#/hm?) (m?/hm?) DBH/cm Height/m
LI Pinus koraiensis 944 20.96 15.44 14.23
T2 Picea spp. 56 1.92 11.89 11.14
MLGIKMHN Larix gmelini 72 2.96 20.32 17.80
FI#E Betula platyphylla 61 3.23 23.82 18.85
KM Fraxinus mandshurica 33 0.79 15.90 14.22
W Phellodendron amurense 56 1.90 20.09 16.55
T Alnus sibirica 6 0.48 33.70 26.40
HAth Others 778 1.50 11.07 10.47
BT Total 1973 33.29 11.48 10.70
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Table 2 The woody-to-total area ratio and clumping index in the Korean pine plantation in Xiaoxing’an Mountains (n=18)

S¥ 571 H May 1st

11 A 1 H November 1st

Parameters Okl UM T brrE 2 O UM T b2
Maximum Minimum Mean+SD Maximum Minimum Mean+SD
e’ 0.23 0.03 0.13*+ 0.05 0.21 0.02 0.13*+ 0.05
(o 0.97 0.83 0.90*+ 0.04 0.98 0.87 0.92%+ 0.03

R AR ] NG T RER R SR ) B N 22531 8.3 (P>0.05)

2.2 FERIBp TR ARG LA
ST T, I T B 0 B ) B e 8] £ A B 22
S(F3), EERTARR R 21 b R R R i R %
GPE I KIBBOT-28 | Rt LT R s A A 1, 6
A AR el R 2220 1A H 5 D4 I5 0 b
TS5 A AR EED, 2 6 APIEM T 5%

BAAE IS K B0 89% 5 i =42 5 H a2k IF
IRt R KIFEe Wi 6 A F AR B 5
I 96% , 7 AAME LA, T A b e K D
AR AN, 6 A W1 HEA A R e, R 4y — A
H,7 AWM B 5E B 97% 5 I REI 3G AR R - 2%,
JEM LT RSB A A B 5—8 H

R3 MHRICO AT HREZHFITERIG 0L 5

Table 3 Leaf area growth ratio for major species in the Korean pine plantation in Xiaoxing’an Mountains

Hi/ &P H EAR /N =tz PLALTE N P K Fofly

Month to Day/Julian day P. koraiensis Picea spp. L. gmelini B. platyphylla F. mandshurica Others
05-01/121 0.00 0.00 0.00 0.00 0.00 0.00
05-17/137 0.01 0.00 0.69 0.05 0.00 0.09
05-24/144 0.01 0.46 0.85 0.15 0.00 0.51
06-03/154 0.08 0.86 0.89 0.28 0.10 0.76
06-11/162 0.13 0.96 0.92 0.29 0.35 0.85
06-20/171 0.27 0.99 0.96 0.45 0.75 0.93
07-04/185 0.59 1.00 0.98 0.68 0.97 0.97
07-19/200 0.83 1.00 0.99 0.84 1.00 1.00
08-05/217 1.00 1.00 1.00 1.00 1.00 1.00
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Fig.1 LAI estimated from litter of major species in the Korean

pine plantation during the investigation periods
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