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Table 1

Characteristics of Pinus tabulaeformis plantation in Caijiachuan watershed

R SRR RKMHE R/ME PHE AR5 R AL
Stands and soil characteristics Maximum Minimum Average Variable coefficient
W% Slope/° 35 26 30.6 0.10
#4K Elevation/m 1200 1100 1148 0.02
Ji14% Diameter at breast height/cm 21.8 6.0 13.0 0.20
B Tree height /m 10.7 3.0 7.1 0.20
MR Crown area/m” 29.6 1.1 10.0 0.08
AR Canopy density 0.87 0.54 0.69 0.14
W5>%5 FE Stand density/(¥k-hm ™) 1 800 600 1147 0.33
LI EEHT Seedling regeneration /% 7 1 4 0.43
M-I AR HL Leaf area index 3.04 1.25 2.07 0.26
1 X B Uniform angle 0.700 0.375 0.535 0.19
K/ e Neighborhood comparison 0.625 0.250 0.518 0.18
MATEL 5 HL Tree competition index 223 1.17 1.61 0.19
HRIZFEEL Stand layer index 0.50 0 0.20 0.87
M7 B 28 Canopy interception rate /% 20.4 8.7 15.43 022
3857 &5 /K& Soil moisture content /% 16.93 5.77 10.99 0.26
+ 3% B K H K R Maximum water holding capacity/% 61.00 25.54 46.76 0.18
-3 ML) Soil organic matter/(g-kg™) 18.97 3.49 9.85 0.41
4% Total nitrogen/(g-kg™") 1.76 0.18 0.74 0.71
4=f¥Total phosphorus/(g-kg ") 1.81 0.47 0.76 0.45
'f\‘kammonia—nitrogen /C mg-kg’l) 34.42 17.72 25.55 0.20
T % Nitrate-nitrogen/(mg-kg ") 13.33 1.56 6.99 0.42
2% Available phosphorus/(mg-kg ') 55.66 25.52 37.66 0.21
KA RIZAETE YR 7K 2 Water retention rate of litter in the undecomposed layer/% 166.05 37.04 65.31 0.52
Ao R SEAGTE YD FE K 2 Water retention rate of litter in the semidecomposed layer /% 235.92 23.84 80.63 0.68
+3E N5 Soil infiltration rate /(mm-h™") 277.05 219.30 233.43 0.10
FEi B Average runoff yield /(mm-377") 78.02 65.42 72.38 0.04
FEVb B Average sediment yield /(t-km ™) 604 361 456 0.19
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Fig. 2 The soil and water conservation function characteristics of Pinus tabuliformis plantation
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Fig. 3 The modified model of coupling relationships between stand structure and soil and water conservation of Pinus
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Table 2 The influence coefficients of latent variable standardization in the structure equation model of Pinus
tabuliformis plantation

A B s *fz AL & 2 i) FrAEAL ﬁﬁ? A FrAEAL [A] ?ﬁ?ﬁ i)
Effect latent variables tandgrdlzed SFandqrdlzed ' Ste.mdar'dlzed
total impact direct impact indirect impact

% R 7 5 7K P 454 Horizontal structure and topography -0.327 0 ~0.327
MK 5 7 EL45 #4) Vertical structure and topography 0.069 0.114 —0.045
T R 53 5% K PR AR B 3 Soil and water conservation and topography 0.217 0 0.217
R T 5327007) Sediment reduction and topography 0.822 0.734 0.088
JKF-45 44 5 3 B 4514 Vertical structure and horizontal structure 0.154 0.154 0
IR 55357 K PR AR B 3 Soil and water conservation horizontal structure —0.906 -0.993 0.087
KGR 54909870 Sediment reduction and horizontal structure 0.663 0.784 -0.121

T 450 5 77K IR AR E 132 Soil and water conservation and vertical structure -0.109 —0.041 -0.068

T H L 53290 IRY) Sediment reduction and vertical structure -0.335 —0.406 0.071
HFRKIEARE 15 $490 987 Soil and water conservation and Sediment reduction 0.308 0.284 0.024
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Multifactor Relationships between Stand Structure and Soil and
Water Conservation Function of Pinus tabulaeformis Plantations
in the Loess Plateau of Western Shanxi

WEI Xi', LIANG Wen-jun', BI Hua-xing>*’, HOU Gui-rong™’

(1. College of Forestry, Shanxi Agricultural University, Taigu 030801, Shanxi, China; 2. School of Soil and Water Conservation, Beijing
Forestry University, Beijing 100083, China; 3. Key Laboratory of National Forestry and Grassland Administration on Soil and Water
Conservation, Beijing Forestry University, Beijing 100083, China; 4. Beijing Collaborative Innovation Center for Eco-Environmental
Improvement with Forestry and Fruit Trees, Beijing 102206, China; 5. Jixian Forest Ecosystem Studies of National Observation and

Research Station, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] To study quantitatively the multifactor relationships between the stand structure and soil and
water conservation function of Pinus tabulaeformis plantation in the Loess Plateau of western Shanxi, so as to
provide references for vegetation restoration in the Loess Plateau. [Method] Sixteen standard sample plots of 20
mx20 m, which were further divided into sixty-four 10 mx10 m quadrats, were established for a tree census in
Caijiachuan watershed of the Loess Plateau, Shanxi Province, China. The age of these trees was about 18 years.
Based on the observational and experimental data, a topography-structure-function model was built using a structural
equation modeling (SEM) approach. The latent variables were the topographical factors, horizontal structure, vertical
structure, soil and water conservation, and sediment reduction. [Result] The results indicated that the horizontal
structure of the P. tabulaeformis stand was the most obvious latent variable, which was expressed in the path coeffi-
cients corresponding to soil and water conservation (pc=—0.93) and sediment reduction (pc=0.79), respectively; the
stand density and tree competition index were the major drivers of the structure, with path coefficients of 0.98 and
0.97 and influence coefficients of —0.987 and —0.956. These factors were easily regulated. The sensitive functional
factors that were greatly affected by structural factors were the runoff yield, sediment yield and canopy interception
rate. The path coefficients were 0.97, 0.91 and 0.69, respectively and the total impact coefficients were 0.986, 0.961
and 0.731, respectively. Otherwise, the topographic factor affected soil and water conservation function through af-
fecting the stand structure. should be kept stable within the range from 1 100 to 1 400 trees/hm®. Adjusting the stand
density or tree competition index can effectively provide good benefits for soil and water conservation and sediment
reduction. Multi-factor synergy can improve the vegetation quality and further promote the soil and water conserva-
tion efficiency in the ecologically significant loess area.

Keywords: Pinus tabulaeformis; stand structure; soil and water conservation; structural equation model
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