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Table 1 Basis information of sampling plots

R S 40| HER OB B i e T T A SF A% SPEIA e

Plot No Slope direction Altitude/m Stand density/( Plants-hm2) Basal area/(m*hm ) DH/cm H/m
1 [iiiE| 1232 933 31.88 18.96+8.77 13.40+3.48
2 Pk 1206 1267 26.69 13.37+9.52 10.05+3.85
3 [liE]4 1189 1933 50.58 13.3249.35 11.03+4.60
4 [iiiE| 1172 1166 32.83 12.63+9.63 11.02+4.44
5 [liE 1170 1217 26.42 11.85+7.90 9.55+3.23
6 [liE]4 1262 1533 32.60 13.39+9.58 10.39+4.49
7 [iiiE| 1217 1283 30.01 14.18£10.02 10.86+3.86
8 [iiiE]n 1229 1183 24.68 12.63£10.41 9.44+4.28
9 il 1236 1183 40.63 18.95+8.92 13.54+4.03
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Table 2 Statistical table of structural characteristics of Pinus massoniana Lamb. forest

Tji H Ttems YJ{f Mean value ZZ 1 Range R CVIY%
I B 7 it Vertical heterogeneity 0.30+0.04 0.27~0.36 11.61
WR)ZFE 5L Storage index 0.14+0.03 0.11~0.19 22.10
FEiE Open degree 0.24+0.03 0.2~0.29 11.82
WA 34 H5 51 Competition index 1.60+0.14 1.43~1.87 8.87
WA 2% 7% FE F5 3L Spatial density index 0.8120.03 0.75~0.86 3.90
7& )7 )& Canopy thickness 5.47+0.72 4.45~6.72 13.22
£ J/U% Uniform angle index 0.510.03 0.46~0.57 6.50
KIS EEEL Neighbourhood comparison 0.51+0.04 0.46~0.58 8.25
JEAC ¥ Mingling 0.88+0.46 0.56~1.90 51.50
TR 2L Leaf area index 5.51+1.34 3.52~6.91 24.37
W4y % % Stand dencity 1 414.81+297.96 933.33~1 850.00 21.06
SETHI A Basal area 32.04+4.45 25.5~39.22 13.88
S8 E Canopy crown 20 557.62+4 272.13 16 055.28~29 344.22 20.78
Margltf=F & £ 5% Margltf richness index 3.46+0.59 2.67~4.43 16.99

F3 DEMMTHEYER TR KR
Table 3 The hydrological character of litter layer and soil layer in P. massonian
7K 3C[AF Hydrological factor Meﬁ{/ﬁalue 13;2 rTfe ﬁ?é’iﬁ)ﬁ /chj%/iﬁ

A4 #)Z Under-composed layer 421 2.59~8.63 1.93 45.73

The effectjﬁiﬁiﬁiﬁiﬁj;iir/(t-hm’z) A0k )Z Semi-decomposed layer 5.96 5.16~6.50 0.36 6.12

4 Total 10.17 8.34~15.13 2.15 21.13

4EE# Non-capillary 58.15 26.86~87.36 21.55 37.05

+ 32 F /K& Soil water holding capacity/(t-hm™) B Capillary 391.97 360.53~419.70 19.55 4.99

BORFEK & Maximum 450.12 405.96~478.86  21.39 475

(P<0.05) , ShZFe%. FFRUE B MAHE (P<
0.05) , HhivaWE BARBEKE SRR, AR
OYERE . MOTTEAHREUREIEADG (P<0.05) (£4)
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TR FENIRACE MARZFEEL, PRI s 2 32k
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Table 4 Correlation analysis between forest structure characteristics and litter layer and soil layer

THEEFKE Fiva M EA &K E
- Soil water holding capacity The effective interception of litter
Varibes FEE e Ekpkm o FORE FORE s
Non-capillary Capillary Maximum (LS ECT S R S Total
layer layer

T H 3P Vertical heterogeneity -0.47 0.70% 0.16 -0.17 —0.49 -0.23
MIZFESL Storage index —0.73* 0.174 -0.57 -0.35 —0.68* —-0.43
FFiE Open degree —0.67* 0.67* -0.06 —0.17 —0.70* -0.27
MRATE S FE 4 Competition index 0.61 0.32 0.91* 0.75* 0.36 0.73*
PRAS 23 [6) % £ R 44 Spatial density index 0.16 0.49 0.61 0.11 0.14 0.12
&2 )5 ¥ Canopy thickness 0.37 -0.39 0.02 0.39 0.67* 0.46
#f R Uniform angle index -0.32 0.29 -0.06 0.06 —0.17 0.03
K/INEE#L Neighbourhood comparison 0.28 —0.72* -0.38 —-0.10 0.06 —0.08
VRAZ E Mingling 0.28 —0.69* -0.35 —0.48 —0.11 —0.45
TG 2L Leaf area index 0.24 0.63 0.82%* 0.73* 0.09 0.67*
5% JF Stand dencity 0.67* 0.26 0.91%* 0.70* 0.55 0.72%
FE 1 A7 Basal area 0.28 -0.26 0.04 0.16 0.53 0.24
STt ME Canopy crown 0.23 0.34 0.55 0.20 —0.01 0.17
Margltf & & $541 Margltf richness index 0.05 0.74* 0.74% 0.59 -0.05 0.52

£S5 WAERERD S

Table 5 Principal component analysis for forest structural characteristics

B4 Principal component FF{F{E Eigen value k= Contribution rate/% 24T 5Tk % Cumulative contribution rate /%
1 3.54 50.60 50.60
2 1.50 21.45 72.05
3 1.22 17.40 89.50
®o6 AN EME TR
Table 6 The loading values of forest structure factors after rotation

SR8

Meaning of factors

[ Mo se4eiRil X ERE
Forest competition status
factor and forest volume

TIT 1 B 435 g 2l ) I 2 A
Vertical structure and degree
of isolation between species

I A KEH T

Growth factor

)22 Canopy thickness 0.448
IZFE5L Storage index —0.651
K53 % FE Stand dencity 0.932
Ji v BT I AR Basal area 0736
MAFE 446 %L Competition index 0.837
IRAZFE Mingling 0529
Margltf=: & £ 541 Margltf richness index 0.726

0.781 0.325
—0.162 0.634
—0.033 —-0.25

0.578 0.157
—0.347 —0.205

0.249 —0.723
—0.589 0.240

SERFIRMA RN T, BEFRHTEYZ A
IKSCEFE R T, AVE 2K SO R Blax = e ab A4
BB T 54.06% (P<0.05) , N TR EY
JZHIKSCHF B R, A LR Y L

b, TSR RIR IR . REREIRER . RO
JEA R E KA Y A RS K B R —2K
LSRN (P<0.05) , RO ACZ )50 4tk
WAL, FTAARZEREBOR, MWK SCBEsR,
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Fig. 1 Redundancy analyses ( RDAs ) calculated from

forest structure characteristics and
litter hydrological process
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Table 7 Principal component analysis for forest structural characteristics

FERS I TR Rt ok
Principal component Eigen value Contribution rate/% Cumulative contribution rate/ %
1 4.39 54.89 54.89
2 1.56 19.49 74.38
3 1.04 13.01 87.39
®8 IEEENSENETFHG
Table 8 The loading values of forest structure factors after rotation

SRR

Meaning of factors

I MRARTE R0 B AR
Forest competition status
factor and growth factor

I MEHL5H R ER =
Vertical structure
and forest volume

LT o] g 25 2
Degree of isolation
between species

MRA 35 4+ 550 Competition index 0.900
MIZ L Storage index —0.562
F-34R A £ Minglings —0.585
H-TRI AR FE X Leaf area index 0.944
FETH Y Basal area —0.075
JSJEME Canopy area 0.721
Margltf== & & 540 Margltf richness index 0.886
M43 ¥ Stand dencity 0.850

-0.010 -0.307
-0.671 0.343
0.338 ~0.662
-0.258 -0.003
0.766 0.615
0.062 0.031
~0.349 0.099
0.465 0.024
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Fig. 2 Redundancy analyses ( RDAs ) calculated from
forest structure characteristics and soil hydrological process
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Effect of Pinus massoniana Stand Structure on Hydrological Effects of
Litter Layer and Soil Layer

YUAN Xiu-jin'?, XIAO Wen-fa**, PAN Lei', WANG Xiao-rong™*,
HU Wen-jie*, CUI Hong-xia®, LEI Jing-pin"?
(1. Key Laboratory of Forest Silviculture of National Forestry and Grassland Administration, Research Institute of Forestry, Chinese
Academy of Forestry, Beijing 100091, China; 2. Key Laboratory of Forest Ecology and Environment of National Forestry and Grassland
Administration, Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091,

China; 3. Collaborative Innovation Center of Sustainable Forestry in Southern China, Nanjing Forestry University,
Nanjing 210037, Jiangsu, China; 4. Hubei Academy of Forestry, Wuhan 430075, Hubei, China)

Abstract: [Objective] By monitoring the hydrological effects of litter layer and soil layer of Pinus massoniana
forest with different stand structure, the main structural factors and their correlations were explored. [Method] In
this study, nine P. massoniana forest plots were selected from Jiulingtou Forest Farm in the Three Gorges Reservoir
area to investigate the stand structure parameters, such as leaf area index, DBH, crown width, angle scale, Margltf
richness index and forest competition index, etc. The water-holding characteristics of the litter layer and the soil layer
were quantitatively studied by the indoor soaking method and the ring knife method, respectively. Pearson correla-
tion analysis, principal component analysis, redundant analysis and other methods were used to analyze the relation-
ship between stand structure and hydrological effects of litter layer and soil layer. [Result] The results showed that
the forest competition index, leaf area index and stand density were significantly positively correlated with the max-
imum water holding capacity of the soil and the total effective water storage capacity of the litter layer (P<0.05). The
Margltf richness index was significantly positively correlated with the maximum water holding capacity of the soil,
but not with the total effective water holding capacity of the litter layer. The variable combination of stand structure
explained 54.06% and 61.80% of the hydrological effects of the litter layer and soil layer of P. massoniana forest, re-
spectively. [Conclusion] The stand structure is closely related to the hydrological effects of the litter layer and the
soil layer, that is, the stronger the forest tree competitiveness, the better the forest growth condition, the more the
stand accumulation amount, the better the hydrological effect of the litter layer and the soil layer.

Keywords: stand structure; hydrological effect; Pearson correlation analysis; principal component analysis;

redundancy analysis
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