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Comprehensive Evaluation of Soil Quality of Different Vegetation
Restoration Types in Mountainous Areas of Beijing
LI Peng', QI Shi', ZHANG Lin', HU Jun’, TANG Ying', LU Jinsheng?, WANG Xiangyu®, LAI Jinlin',

LIAO Ruien', ZHANG Dai', ZHANG Yan'
(1.School of Soil and Water Conservation s Beijing Forestry University s Beijing 100083, China ;
2.Beijing Municipal Forestry and Parks Bureau, Beijing 100013, China ;
3.General Forestry Station of Beijing Municipality, Beijing 100029, China)
Abstract; [ Objective | This study is aimed at comprehensively evaluating the soil quality of different
vegetation restoration types in the mountainous areas of Beijing., and further identifying the key factors
affecting soil quality, so as to provide data support for vegetation restoration and reconstruction in the region.
[Methods] The study utilized various vegetation types, including Platycladus orientalis pure forest, Pinus
tabulaeformis pure forest, P. orientalis-P. tabulaeformis mixed forest, P. orientalis coniferous and
broadleaved mixed forest, P. tabulaeformis coniferous and broadleaved mixed forest, deciduous broad-

leaved mixed forest, and non-forest land (CK), with similar stand conditions, as research objects. Fourteen
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soil physical and chemical indicators were measured to establish the total data set (TDS) for evaluating soil
quality. Principal component analysis (PCA) and Pearson correlation analysis were employed to determine
the minimum data set (MDS) for soil quality evaluation. Two scoring methods, linear (L.) and non-linear
(NL), were used to calculate the soil quality index (SQI) and a general linear model (GLLM) was employed
to identify key factors influencing soil quality. [Results] The bulk density and sand content decreased, while
the content of soil nutrients such as organic matter, total nitrogen, total potassium, available nitrogen, and
available potassium increased after the vegetation restoration compared with the non-forest land. The
screened MDS indicators for soil quality evaluation in the study area were total nitrogen (TN), sand content,
total potassium (TK), pH, and available water capacity (AWC). Under the four methods (SQI-LT, SQI-
NLT, SQI-LLM, and SQI-NLM), the SQI values of different vegetation restoration types were ranked as
deciduous broadleaf mixed forest > P. orientalis coniferous and broadleaved mixed forest > P. tabulaeformis
pure forest => P. tabulaeformis coniferous and broadleaved mixed forest > P. orientalis-P. tabulaeformis
mixed forest > P. orientalis pure forest > non-forest land, and the soil quality significantly improved after
vegetation restoration. The soil quality evaluation method of SQI-NLLM exhibited better applicability in the
mountainous areas of Beijing. Compared with non-forested land, the SQI-NLM of other vegetation
restoration types improved by 64%, 48%., 45%., 36%, 33% and 27%, respectively. The GLM model
accounted for 85.24% of the total variation in the soil quality index, with vegetation type explaining the
largest proportion of the soil quality index (45.09%). [ Conclusion ] The selection of suitable vegetation
restoration types is crucial for improving regional soil quality. In future vegetation restoration efforts,
priority should be given to broad-leaved species in tree species selection. Additionally, the choice of
silvicultural configuration should depend on the tree species, such as introducing native broad-leaved species
into Platycladus orientalis pure forest to form a Platycladus orientalis coniferous and broadleaved mixed
forest, or selecting Pinus tabulaeformis pure forest as the optimal silvicultural model.

Keywords: vegetation restoration; soil quality index (SQI); minimum data set (MDS); GLM; Beijing

mountainous areas
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Fig. 1  Location of study sites in mountainous areas of Beijing
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Table 2 Soil physical indicators under different vegetation types
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& FEARIIA N T 22 (3 3) ., MIBIERIFEME =1 R Table 3 Correlation coefficient matrix of physical and chemical
W L5 AN 324 B 2 R 78.07 % . properties of soils
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AL 100648 3 IO b O AT LI R N 0.907 —0.036 —0.339 —0.018  0.040  0.941
A A 2 DT8R 2 /A SR = (R 43518 TP 0450 —0.345 —0.037 0205 0499  0.613
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N 52 A= S . . . . . .
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Silt X 0.039+ Clay X 0.087

SQI—LM 5 SQI—NLM=TN X 0.21 + TK X
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Table 4 Values of indicator weights for each data set for soil
quality evaluation
+ % Stk stk U
FBir X X WHE O ORE SBES REES
SOM  152.44  3.67 45.25  —2.5 0.082
TN 7.29  0.26 2,36 —2.5 0.086 0.21
TP 1.04  0.06 0.49 —2.5 0.056
TK 88.83  0.68 25.53  —2.5 0.073 0.19
AN 402,77 18,90  160.19 —2.5 0.082

AP 30.54  0.07 3.00  —2.5 0.077
AK 680.00  0.51  178.69 —2.5 0.079
pH 9.09  5.37 747 =25 0.060 0.17
CEC  227.00 134.00  173.47 —2.5 0.070
BD 1.37  1.15 1.26 2.5 0.078

AWC 63.00 10.00 28.53  —2.5 0.067 0.20
Sand 54.60  29.90 44.10 2.5 0.064 0.23
Silt 43.30  26.20 36.19  —2.5 0.039
Clay 31.00  14.50 19.71  —2.5 0.087
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TR 38 PR 4 398 5t de vy TG PR M 1Y) A 9 B R ARG, H
T 5 TR A M i 3 HL At AR Bl SRS (p <0.05) L M B
WG L W E R . R 5 WL AR Tk
AR SQIEAMH KRB (r=0.871) & T L&tk
(r=0.837), [, 25 & AE4 P TDS Al MDS /9 SQI
B FEM CV ER M (B 4, BIEA T (K 5) %
B, MDS 315389 SQI1 5 TDS J7 8 A 56, R*
5 50.700~0.758 , BB MDS A L) 55 708 % TDS 3k
A AN [ A A 28 AU - R s e . R, R R
LM d /INERCHE SR 1 A R A 7 vE PR e s
DX B PR 52 I A 8 o i AR A H A A 3SR
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Fig. 4 Comparison of soil quality between different

vegetation types
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Table 5 Correlation of different SQIs under two scoring methods

YIRS SQI—NLT SQI—NLM SQI—LT SQI—LM

SQI—NLT 1.000
SQI—NLM 0.871" " 1.000

SQI—LT 0.901"" 0.870" " 1.000

SQI—LM 0.702" " 0.908" " 0.837" " 1.000

W x TR p<<0.01,

2.3 IREEEX SQI B9 F M

K — 2R AR (general linear model, GLM)
il AR A R A | 2 IR i A IR B TR X SQI A2
Ry sZm . IR 6 v A g 2R A B IRE A
A TRERENZEAAEN R BRET SQL 2481k
) 85.24 % (R*=85.24%) ., fEI AN P, H 3
AN IR AR B R SQI YR FR 7328 Ak, Al 28 B X SQI
Ak B i B H ) e R (45.09%) , Holk oy + 2 IR E
(19.51%) G (11.10%)  FE g KM 5 + 2 W W)
ZEHAER (9.54 %) . 1 B A B 28 AU R 52 )+ 48 T i
mEFHF.
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