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Abstract

Aims Leaf areaindex (LAI) isan important canopy structure parameter characterizing ecological and hydrologi-
cal processes, such as forest growth, canopy interception and transpiration. Forest LAl islimited by both light and
soil water availahility, thus may vary with slope position and seasonality. This study is aimed at the spatiotemporal
variation of LAI and its relationship with environmental variables.

Methods A 34-years-old Larix gmelinii var. principis-rupprechtii planted forest situated on a typical slope lo-
cated in a small watershed of Xiangshuihe within Liupan Mountains was selected for LAl observations. Sixteen
plots along a 30 m wide transect along the slope was surveyed from May to October of 2015 to measure the
monthly canopy LAI.

Important findings It showed there was a remarkable difference of LAl among slope positions. The LAl in May
decreased toward downslope direction with a scale effect of —0.02/100 m. Whereas for the period from June to
August, LAI showed a nonlinear variation along slope positions: increasing from to top slope downward, reaching
its maximum at the middle slope, and then decreasing to the slope foot. The scale effect of LAl was +0.15/100,
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+0.16/100, and +0.18/100 m in the slope range (downward positive) of 0-244.2 m, but —0.09/100, —0.08/100, and
—0.07/100 m in the slope range of 244.2-425.1 m for June, July and August, respectively. The LAl increased to-
ward downslope in September and October, with a slope scale effect of +0.03/200 m and +0.09/100 m, respec-
tively. The seasonal variation of LAI-slope relationship showed a shift from the light and temperature control in
the early growing season, to the soil water resources control in the mid growing season, and then to an integrated
control of many factors in the late growing season. In the early growing season when soil moisture and nutrients
were abundant, terrain shading limited the leaf growth in middle and downslope. From early to the mid growing
season, the soil moisture on the slope was quickly depleted due to fast evapotranspiration and poor moisture re-
tention of the coarse soil. On the other hand, average solar height increased, and allowed direct light radiation to
penetrate to the middle then downslope. The result is that the leaf growth in the middle slope was the strongest in
the mid growing season. During the late growing season, the temperature decreased fast in the mountain top to
incur earlier leaf fall than the mountain foot. Thus the LAI exhibited the increasing trend toward the downslope.
Key words Larix gmelinii var. principis-rupprechtii plantation; leaf area index (LAI); slope difference; seasonal
variation; scale effect
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A% 27 o P 35 41 40%, E N AR )5 R4 (Fragaria
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Tablel Thebasisinformation of Larix gmelinii var. principis-rupprechtii plantation plots on the study slope

Fed EH B KR AL WOy MOEm  SFilefe SHIA v BF EIREAS L EAEYR
Plot ElevationSlope Horizontal Slope Stand P41 Mean diameter Mean tree Clear Canopy Aboveground
(m) degree length (m) position density Canopy  at breast height (m) length (m) diameter biomass
©) (ind.-hm™) densi ty  height (cm) (m) (t-hm™)
1 24714 263 269 ¥ b Upper 942 0.73 2025+346 16.71+171 553+1.03 322+0.60 108.59
2 24581 272 267 Y Upper 749 0.74 21.04+391 17.04+212 577+1.06 358+0.58 105.55
3 24444 244 273 Y I Upper 854 0.72 20.34+422 17.04+214 583+094 431+093 11255
4 24320 253 271 1= Upper-middle 870 0.73 2001+500 1740+273 593+0.90 4.07+0.86 116.60
5 24213 225 277 1= Upper-middle 746 0.75 19094+365 1754+205 6.22+0.95 322+058 111.88
6 24098 245 273 o I Upper-middle 831 0.68 18.46+5.60 1572+3.13 544+1.19 353+1.09 9132
7 23974 220 278 g Middle 719 0.81 21.03+456 17.94+225 643+124 341+098 118.19
8 23861 268 268 g Middle 933 0.79 20.28+5.65 17.12+277 6.18+1.30 337+110 12751
9 23726 277 266 Y Middle 815 0.73 19.78+4.70 17.87+250 6.46+1.13 329+0.90 108.54
10 23587 201 282 R Lower-middle 674 0.67 2083+4.64 1824+227 582+0.88 376+1.01 99.21
11 23484 179 286 R Lower-middle 572 0.65 2062+4.68 17.75+291 588+1.10 346+0.78 8844
12 23392 300 260 T Lower-middle 770 0.70 19.69+5.68 17.04+354 552+1.03 323+092 101.87
13 23242 304 259 YR Lower 786 0.74 19.93+5.08 1807+253 577+111 281+0.83 108.20
14 23090 374 238 YR Lower 1035 0.75 18.07+5.08 1657+298 585+1.25 293+0.80 111.96
15 22908 373 239 W Lower 955 0.70 18.36+543 1597+303 532+095 338+1.03 10481
16 22756 349 246 Y Bottom 907 0.72 18.72+4.06 16.19+235 6.06+0.93 333+0.77  98.67

AR NARE R 2 . AR TR R B, R AR (W) T AT InW = 0.9100in(DH) — 3.2417, DMAE(cm), HAY

B (m) (XA B4, 2011)

The data after + is standard error. The aboveground biomass was the aboveground biomass of L. gmelinii var. principis-rupprechtii, the formula for estimating
aboveground biomass of single tree was: InW = 0.9100In(D?H) — 3.2417, D is diameter at breast height (cm), H istree height (m) (Liu et al., 2011).
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Fig. 1 Thedistribution of leaf areaindex (LAI) sampling point
in Larix gmelinii var. principis-rupprechtii plantation plots.
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Fig. 2 The variation of mean canopy leaf areaindex (LAI) of
Larix gmelinii var. principis-rupprechtii during the whole growth
season aong the horizontal distance of plots from slope top.
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Fig. 3 Variations of monthly canopy leaf areaindex (LAI) of Larix gmelinii var. principis-rupprechtii during growing season along

the horizontal distance of plots from slope top.
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Fig. 4 Variations of the ratio of plot leaf area index (LAI) to the whole slope average of Larix gmelinii var. principis- rupprechtii
during different months along the horizontal distance of plots from slope top.

N WA 3 35 A A b 1) LA U 00 A 8 =R 35 T ~F
B, SEHLEC R BT ) R BE R R, AL T
B b L AL S0 5 AN 35 TSP 3547 1) B AR Bl A
B TRV R S T AR AR LA T FE (R 2) . B
IRM R RECANVIR =, (BB ZE S5 s, SAI10H 4
1E0.01/K1- 3%, 6-9H 1 fE0. /K~ W35 . (AL,
A8 I e I TR R A &, R T I U AR R
SE AT 1 PR I 5 A Aty S5 A S T~ I B
23 EKFAZAMBEELAIMEEKE REMR

R 2 1B BRI AR T JE LA PR 398 T K B R 200
BRI 334 T A B e K 1 8 4k, TS T LA T )
i 7K S 45 K B4 0 (A 3 3 T B 3 ) 1) 3 B~ 3

www.plant-ecology.com

F2 AERFNE A EACE AR TR B(LA) ST A E L
fE(y) 5 B TR HAC () IR % R

Table 2 Numerica relationship between the ratio of plot leaf area index
(LAVI) to the whole slope average (y) and the horizontal length (x) in different
months

ARG

MBI

Month Fitted equation R P
5 y=-6x 10 + 3 x 10°%¢ - 0.0005x + 1.0530 0.609  0.008
6 y=3x10"% -4 x 10% + 0.0015x + 0.9213 0432 0.071
7 y=1x10%-1x 105 +0.0027x+ 0.8716  0.421  0.078
8 y=1x10%-1x 105 +0.0026x + 0.8722  0.401  0.094
9 y=-1x 10+ 6 x 10+ 0.0001x + 0.9607 0452  0.058
10 =-1x10%¢+ 7 x 10°% + 0.0009x + 0.5828  0.800 < 0.001
fHo. HESH A, ERKESHHEZELAIFEA

[RVRE B A3 B R RN AEB 7, BEACT K
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Fig. 5 Variations of the moving average of canopy leaf areaindex (LAI) of Larix gmelinii var. principis-rupprechtii during different

months along the horizontal distance from slope top.
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3 A KZFS AT RO 2 H T AR BOLA) RIS T 31 1E
() Bt 7K P () 18 o i AR A R B G R

Table3 Numerica relationship between the moving average (y) of canopy
leaf area index (LAI) of Larix gmelinii var. principis-rupprechtii and the
horizontal length (x) in different months

Aty W& -
Month Fitted equation

p

5 y=-1x10%+4x10%-5x10°x+ 29057 0.825 <0.001
6 y=1x10%-5x10°%+0.0025x+3.2363  0.872 <0.001
7 y=6x10%-9x10%+0.0034x + 33118  0.915 <0.001
8 y=1x10%-1x10°¢+0.0042x+32982 0932 <0.001
9 y=2x10%-1x10%+0.0005x+2.7492  0.938 <0.001

10 y=-7x10%+5x10%-9x 10°x+0.6438 0.988 < 0.001

24 EKFAZANEELAISERFHXR
HRAR A, AKTEN & Mo Z LA SR SR
THXRAEESR. SAM, WedELAISEHE AR
B FRS R A KO SR R R T R R AR,
LMKy ik S5 RERT IR B SRR O, 6-8H
W Z LA 35K 2 8 IEFSE, SHagi.
VR Y DA K IR B ARG, 9 4, Mo
JELAIS R SRR . G . 35 LB RN
IKAEST R AN, AR 2 IEA K,
SRRy gERg . LKA A LA AR S; 108 4,
M ELAI SR FaatomE ., Kk, T fLRRE .
FrKfe SR 3K oy B 82 RO, A IR
FRFIEAK, 5REEMA LA EAM K.
3 g
31 MBELAIMKMNES RFNEZ
SEREMALR G50, ST R RS Z
RIS, MOELAI) 23 [A) 22 AR AR (Asner e al.,
2003; Jonckheere et al., 2004). 41 E Hi K £5:(2007)7E
R LA IR AR AR AV R P9 (I RIE R B, IR R 3 1)
ST TR - S )1 G 0 o L S T T PR LA 25 ) AR

S0 IR 2R . Bequet® (2012) 55 - [A) Ak 2H R )
R R, MELAIGZE, WE. gk, wiEsEmk
I3 BRI % o ST AR i 22 /N M T (AR 9 R
239.6 m) J X N LAk i 5L i iR >, £ o5 %
(2016) 7E AT 1 i X 7S A L g 3 (AR BT 9 1) [R] —
T 7T T A K P AR e LA B35 67 A8 Ak B i
2, (HEA B R LA A AR A K22 H
Py 22 5 S s MR R 2R 3 5 45 (2010) 7B Ak T 2
DX (75 2L AR 50 T ARG T8 AR PRI TH AR LA
IR 25848, (A 48 78 LA 22 A8 A0 ) 52 [ 3%

A FERI, HEALVE R AR LA 30 AR Ak
A B (ZEAT 25 5 AR 2 LA Bl B 3 T00 K S-S5 11
BN AR AES F A RIUAIZETR/D, 1E6-8H &
PN R, E9-10 8 1 RBUAZEHI K. F=4E
TR F 4 Ao AR A A ) 22 S 32 B 2 R S M LA T A2 4k
3 FHEEESHRARP . X0]HAFH e
JELAI SR G50 (55 B BB ) s SEHb AR (
B . LK) HOBIR TR B
S TR IR B GRS 48 S R XG5 [ A 9%
OIS R (KA RRESE

TES Ay, MRS G2 52 b el 2 LA A7
A FEER R, B5LA RS EMAE Eik
s v (R R X K) B st A, A2 PR 24 5 )
AN, SERGEELAE K E KB, <
TR AR B R R A A A K SRR R R, 1
ARHIEFEIE T 1, B AR TOURT 3B ) AR AR 22 A K
(HT59.00 C; ILIB.5L C), {H [ Hoy%e 5y 56 J& A 2=
B 5 (B T152.57 W-m %, ##1100.99 W-m™?), 1%
T BRTHT S 35852 % 14 38 BH B K

TE6-8H 1y, T3/K 7 & ffE— 1 2 3 B
b5 A bR ORE J2 LA A AR IR B R 3, BN IE

R4 AR HBEACE A GEE T TR E(LAN SRR . #U% . SEH R BRI AR DS AT

Table 4 Correlation of canopy leaf areaindex (LAI) of Larix gmelinii var. principis-rupprechtii with factors of vegetation, landform, exposure and microcli-

mate in different months

A HE B P etk WipE Al

TRINBEEE R +HOKY RE Fkeess  BALBE

Month Diameter Tree Stand Elevation Slope Air Radiant Wind Soil Bulk Water Porosity
abreast  height density degree  temperature intensity  speed moisture  density holdi ng
height capacity
5 0.480 0.341 0.037 0.692" —0.365 0.692" 0692° 06927 0457 -0.133 0.344 0.323
6 0234  0.29% 0.109 0366 —0.163  -0.366 0.366 0.366 05300  —0.078 0.237 0.247
7 0280  0.326 0.097 0326 0177 -0.326 0.326 0.326 0629°  —0.177 0.259 0.295
8 0299 0379 0.048 0284 0157 -0.284 0.284 0.284 0527 0178 0.226 0.259
9 -0325  0.069 0.356 0668  0622° 0668° 0668 -0668  -0.093 0378  -0.601" -0.611
10 -0.495 0.009 0.290 -0.892" 06417 08927 08927 08927 -0644" 0483 06827 -0.669"

* p<0.05; **, p<0.0L.
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FHIG, HE—B I, 6-8H i LAIFKLE G i 5
3K BME R A OS(r = 0511, p < 0.05),
RITL AT P38 -5 - 38 7K 735 5 18 0 i 14 K (P 3%
1), XRH T LB EKELE LT A K F R ]
TER . 38 /K& — )7 TH 32 B /K R ZE BB AR R
K/NGEA T A B (8] AR 4k, 55— 7 T SZ 3 TH K 43 54
TC PR M) T A7 3B 22 S (P s 1 2) « 72 F 2= 55.55(2016)
BB FL R, A A K & i ALV A
MAK R HA(7-8H) e Z LA H AL E R K.

EOH 1y, WRTEZ LA I AL A [R] I 52 B g4k
(BR2 S22 SrRH D) R P (S5 35 IEAH Q) S I 46 1 <
Tk (B0 ¥ 355 1A %) FR A S 5 B (S 3 67 o) A XU
(35 UM Q) S B A DA S I LR FE AR /K B
153 PR O0) & LI B R (W R F . gk
7l ey (AR K ARG, AR AR S AR, R
RIS SCRE IR - 75 o« LA 35 B IEA G, A2 [
DRI A b R FE AR, BT O (1 3
BINERY), BEANE ] REF 3 B R T BH TR AR
a3 o 2 3% M AR 58 P T SRR A5 B 22 BHOG R T4
-4 FF(Alves et al., 2010). fEAK 2T, T3EIE 2
S AR 2R 35 30 1 E Z K 7 (K orner, 1999; Dong
etal., 2011), M TEZMaA V& J2Od E LAl T
A B P PR, A FT R I 34 Hh 1) 1 35
BE, WA EEEEE SLAI SR R, HEEF7EFH9H
PrLAIS 35 5 FLBR B2 AR /K B 70 2 3 A O%, X
A B8 R gk Rt LR A R, K
(FLBEEE /IN) 28 1 R M S e AT B i 0, El B %
RLATH, TEHHRME A — S I3/ M e, &
LB /NRRE K B 0 55 B BETE O H 3 1) 38R
FE 2 B AR ey, L 22 R J i HE R B RE

04, . K% IR R AR 2
LAI )52 ma P4 53 F19 H 43 A [, (H 52 A 52 5 (A 2% &
OB — DB 58 . thAh, RIEEIKEW
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PR 2 B S5 MR 7 S5 M BR 7 5 O 25 LA R A R R 3
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VS =qi0p- A TN ENE RS- AU IFS Il N KRR 17 I
(K 33T ) R0 38 5 7K P B [ AR A AN 3 7
ZESt

32 BELAINKERERNRERERBRZR

FEZNAL L X A AT I 7T (B £ 5, 2015; X
757555, 2016)&H], ST K Iy #- o Be L T R
AFR I AT AT Z2 7 FORE R, 4R L& R MR (0
e AR AN B A A T RUBE RN . AR T
B, SeAbVE M Fa AR 2 LA R RE A7 7 30 10 R RN,
B AR e J2= LA (R MRS T 201 24 4L A B 7P A 4
AL, B2 Ui e 2 LALH3 T 1 2548 2 3 i <
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FA 22 5, 1K 5 2R RS W B AR AR K 3 B o
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HERRCR SR R, A0 R AR E X
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Fig. 1 The relationship between the leaf area index (LAI)
increment of Larix gmelinii var. principis-rupprechtii and soil
moisture of 0-100 cm layer in June-August.

slope top.

1 1. OM16 5 H10-100 cm+ JZ AR K& . BALKUEMOH T4
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Table 1 The water holding capacity, total porosity and mean temperature
in Sept. 2015 of the 0-100 cm soil layer of plot 1, plot 9 and plot 16

Feth gk IR MR E  RFLRE
Plot Elevation (m) Soil temperature Water holding Porosity (%)
() capacity (%)
1 24714 8.3 65.8 59.0
9 23726 85 66.1 58.9
16 22756 9.3 61.3 56.3

SR H A AR A M P9 ) 5 EMBOS i SR A 25 A R I STE L 3 IR

FERIIRHL .

Soil temperature was obtained by 5TE soil moisture, temperature, and elec-
trical conductivity sensor, which is connected with the EM50 data logger.
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Fig. 2 Variations of monthly soil moisture in 0—100 cm soil layer during growing season along the horizontal distance of plots from
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