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Sampling method for rapid measurement of leaf area index by leaf litter collection

in deciduous forests
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Abstract: Leaf area index ( LAI), an important biophysical parameter of canopy structure, is not only a variable of
significance to ecological and climatic models, but also a indicator for monitoring ecosystem dynamic. LAl can be estimated
using various indirect and direct methods. The leaf litter collection method is widely used as a direct method to measure LA/
in deciduous forests. Indirect measurements using radiation transmittance and gap fraction theory are often compared and
calibrated by direct litter fall measurement, which is considered as a reference method. However, few studies have
addressed the question of sampling strategy and the precision of LAl estimation by leaf litter collection so far. This study
examined the above methodology with disposable leaf litter collection in the deciduous forests in Changbai Mountain and
Beijing region after defoliation. The main results were showed as follows: (1) The difference of moisture content between
the upper and lower layer of the leaf litter was significant with the absolute variation of 10.0% and the diurnal variation of
the leaf litter moisture content was also significant with the absolute variation of 20% . Therefore, litter samples must be

directly collected as much as possible from top to bottom layer in order to reduce the error of LAl measurement caused by
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leaf litter moisture content variability. (2) The distribution of LAl measured either in plantation or natural forests was
uneven, regardless of sampling size (1 m® or 25 m”) and the size of sampling units at resolution of 1 hm” plot or 30 m x 30
m plot. The variation ranged from 0 to 15.5 (at 1m’resolution) or from 2.6 t0 9.1 (at 25m’ resolution). (3) The larger
area of the litter sampling, the higher accuracy of LAI estimation in deciduous forests, and the sampling should be
conducted in a flat land surface, For a plot of 30 m x30 m or 1 hm®, a 100 m*(10m x 10m) subplot should be randomly
sampled, and this led to the precision of LAl estimation up to 85% and 80% , respectively. (4) For the subplot (10m x
10m) , the four adjacent 5 m X 5Sm sub-plots could be further divided and sampled. The rapid measurement for each 5 m
x 5m sub-plot was conducted in the following: [ Six sampling units of each 1m’ in size were randomly set up and the
precision of LAI estimation in 100 m’plot, 30 m x 30 m plot and 1hm’ plot were 90% , 75% and 70% respectively ( at the
level of 99% probability). II Eleven sample units of each 1m’ in size were randomly set up and the precision of LAl
estimating in 100 m’plot,30 m x30 m plot and 1hm® plot were about 94% , 80% , and 75% respectively (at the level of
99% probability) .

Key Words: leaf area index; leaf litter collection; sampling strategy; deciduous broadleaf forest
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Table 1 Moisture content of leaf litter at different layers

pURIIER QLN €9

Observation point ( Sample numbers) 5 K Sunny 1(3) f§ K Sunny 2(3) 5 & Sunny 3(2)

WL JZ YK Different layers | Upper T Lower _F Upper T Lower _F Upper T Lower
£ 7K & Moisture content ( = SE)/% 23.51( £1.9) 29.62( +1.1) 12.10( £2.8) 22.19( +1.8) 10.72( £2.1) 14.05( £1.9)
difference level ® ok sk ® ok sk ® % K

ﬁ?ﬂiﬁiﬁﬂiﬁf S)ample numbers ) BHK Cloudy 1(2) BHE Cloudy 2(4) FIK Cloudy 3(3)

LI ZIK Different layers I Upper T Lower I Upper T Lower I Upper TF Lower

2 7K & Moisture content ( = SE)/% 58.46( £3.2) 69.73( +4.0) 30.29( £2.3) 33.72( £0.9) 27.21( £2.7) 31.29( £1.9)
difference level ® ok ok * % ® % ok

* % P<0.05, = % x« P<0.01
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25 m* A BRI
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Fig.2 LAI distributions in 1 hm? plot (at 1 m? resolution)

Number of combined units of 25 2 1149 1402 1704 5745 5416 1501 893 622
umber of combined units of m
100 m? 414 564K 50 57 358 8252 7356 479 10 0
Number of combined units of 100 m?
400m? 415+ 76 H 0 0 0 6370 6752 0 0 0
Number of combined units of 400 m?
625 m” 41 LA 0 0 0 5645 5907 0 0 0
Number of combined units of 625 m?
900 m* 414 HIeA

m” AL A G 0 0 0 5014 5068 0 0 0

Number of combined units of 900 m?
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-53.2%—38.3% Z|a], 7E 99% HEZ /K L ,30m x 30m FEHL Y LAT LIS BE 24 59. 5% , 7] W FEPLAR % — 1
25m? /IVFESK RN 30m x 30m B f) LA FOR BRI (2) %A 100m” JyBURE 55T ,30m x 30m 4 &R i) LAT
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IH A P TEANE
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WLIKE BEALH 68% Ze 47 , 3% FE B BURE IR A BB & 1hm? 100 -

BEdl LAT Bt B B BER L (2) 24 25m? IMBES o L et
BEHL 6 4~ 1m” BURE B TTHY , 100m® B4 LAT SRR 224 80 - P S
F - 12.8%—11. 6% 2 [i], 7E 9% HIAER K F I, 100 ’ =Lt L

m’ B 30m x 30m £ AN Thm® #E3b () LAT 0045 B
S FT ARIEFE 89. 6% \75.3% \70.3% £ 4. HI,
A~ 25 m?* /IEERFEDLAT I 6 4 1 m” BURE BT, 100m”
FEHL B LA S BT 35 90% 2245 ,30m x 30m AfH#b iy LAT

HERE QLTI 75% DAL, BEAK T i R Bk LAY B i) ST S S TR
WABEEESR 5 (3) BN L BORE B TR B H , AT 45 LAT W ARIER Rumberofsampting s

MRS L, BPAh TAE BB . B 25m" /ME gy o gsm? AR R S 1 DR
PIBENLAE B 7—11 4~ 1m* BURE BTG, 7 99% BEHRIK ¥ Fig.3 Precision of LAI estimation with different sampling units
+,100 m’ FEHL B9 LAT Y0000 AE B, 40 50 7T AR IEZE (1 m?) in each 25m? subplot

91.2% .92. 6% .93. 7% .94. 1% .94. 3% 7= 45 ;30m x Sl A 33 10m x 10m #E#,30m x 30m £, 1hm* HEHy
30m FEHI I LAT LIRS BE , 43 5| AT LAPRIIERE 76. 5% \77.

5% 78.4% .79.2% .79. 9% £ 45 ; 1hm® #£ Hb ¥ LAT SRS B, 43 S0 AT AR IEZE 72. 1% . 73. 5% \74. 2% .,
74.7% \15. 1% 7247 o A WL, FEAEAS 25 m®/VEEPY, 4 BEHL 1 m” BURESR H 35 11 MBS, 7 99% BE 27K L AT DA AR
HE Thm? FEHEY) LAT SRIKE BE 3K 75% 7245 ,30m x 30m AF3 (Y LAT SRIKS BE AT AGRIELE 80% ZE 47

40 |

LAT JR00KS i
Precision of LAI estimation
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Fig.4 Distribution of error-frequency in 100 m? plot with different sampling units (1m?) in each 25m? subplot
A.B.C.D.E 435Ift 1.4.6.8.11 4
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B 6 A 1m* BURE o XA HIURE , AT LATE 99% BMESKF b , ARAIE 100m” Py LAT ST BERK 90% 7247 30m x
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F4 25’/ MERFRTRALE 10’ RERTERRREE BBV RS ( x10°, 100m* £ i)
Table 4 Random sampling number of the different sampling units (1 m?) in each 25 m? subplot with different error range of LAI estimation
( x10°) in 100 m?plot

HURE B
JENEL 1R 227 Error range/%
Number of
sampling -30—  -20—  -15—  -10—  -5— 5— 10— 15— 20—
units <30 -20 -15 -10 -5 5 10 15 20 30 >30
1 6.41 7.51 8.44 15.9 32.64  36.37  27.34 11.5 7.29 6.76 5.46
2 2.7 3.56 4.1 9.35  29.96  75.51  23.7 7.79 4.43 2.9 1.6
3 0 1.67 2.21 5.81 21.82  108.15  18.57 3.56 2.4 1.43 0
4 0 0.61 1.25 2.91  16.47 126.52  15.01 1.82  1.03 0 0
5 0 0 0.32 1.82  12.15  138.85  11.55 0.93 0 0 0
6 0 0 0 1.1 8.93  146.75 8.27 0.57 0 0 0
7 0 0 0 0.41 5.83  154.31 5.03 0.04 0 0 0
8 0 0 0 0 3.48  158.95 3.19 0 0 0 0
9 0 0 0 0 2.13  161.72 1.77 0 0 0 0
10 0 0 0 0 .18 163.48 0.96 0 0 0 0
1 0 0 0 0 0.96  163.88 0.78 0 0 0 0

(3) M HIIEE  FEVEM S R)E , ST BIURCER s 25 A Ao, AT R IR EE

(4) V&M E/K BRI 225X LAT FRIRG BE S AR K

OAFBERETHEKEEFBE (P<0.05), ETHZEZEEMNS/KERNZREREALE10% L L,
A, ZEBF AR AEREM, B B H 2 T BURE .

QM EKEMHZMBE RAIREFR, EFX, FEHESKEERRSPFZENZERE KA
20% VA b o R, 72 EFAME - BURE B, qnEORE B [RIAE R , AR 48 LI (6] B3 A i i) SR AR IR K

(5) WCHE T - O RE S TET R K, Y8 AR LAT B SRIIAS BE AR R o X F—4> Thm® B 30m x 30m /N RE s,
A2 FEALAR 15— 10m x 10m /M bR Res I, K5 BE AT 3k 80% 85% 2245 .

(6) ZHPIE 100m” BEHb A TE - Se it 28 7 o PO BURE B2 DB LA i 4 AMHE4AREY Sm x Sm /M, D
FEREA 5m x Sm /PREHD Y BEHLAT R 6 4~ 1m” BURE . 33X A RARIIETE 99% H#EZ/KF | 100m? Py LAT LI AE BE 29
90.0% 30m x 30m FEH LAT SIS BE 5 75. 0% 45 L hm® BEHL LA LIRS BE 44 70. 0% Z2 45« @7EFE 5m X
Sm /VEEHE Y BERLAT I 11 4> 1m” BURE , SXRERBIURE , 76 99% FIMEZR/K S |, 100m” Py LAT SRINKE BE7E 94. 0% 72
47 .30m x 30m b LAT SIS B ik 80. 0% 2245 1 hm® REHb LAT SIS BE 4 75. 0%
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