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WRFERT S , 38 2h D LR AL PR 5T, S AT [RIAR G348 B TR 3 PR T 22 7 Sl a4 i /NI AR PP AR L8 i, 45
HiY)- LG S4B REZURENE  IRARTT T MRG58 BEXTAS I 1L R T FURE R AR T3 Bt 2 AL . S5 2R 8. (1) AW
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Evaluation of soil quality of natural Betula platyphylla forests under different

stand densities in the eastern Qilian Mountains based on the minimum data set
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Abstract; Betula platyphylla, as a key pioneer species in the eastern Qilian Mountains, is facing severe threats from forest
vegetation degradation. Accurately assessing the soil quality of natural Betula platyphylla forests in this region is crucial for
maintaining ecological balance in the Qilian Mountains and promoting sustainable development in the area. Based on this,
the study focused on the understory soil of natural Betula platyphylla forests under different stand densities (D,: 0—200
trees/hm”; D, : 200—400 trees/hm’; D,: 400—600 trees/hm’; D,; 600—900 trees/hm*; D,: 900—1500 trees/hm’;
D, : 1500—2100 trees/hm”) as the research object. To investigate how stand density influences soil quality, we measured

soil physicochemical properties in plots and analyzed soil quality differences across these stand densities. A minimum data
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set (MDS) was then developed to evaluate soil quality. By integrating plant—soil coupling and ecosystem multifunctionality,
we explored the impact of stand density on soil quality and the mechanisms behind it. The results indicated: (1) Soil water
content, organic carbon, total phosphorus, and total nitrogen content significantly differed among stand densities ( P<
0.05). (2) Based on the MDS, total nitrogen, total porosity, alkaline hydrolysis of nitrogen, silt, soil water content,
sand, and available phosphorus were key factors influencing soil quality. (3) The soil quality index ranged from 0.30 to
0.62, ranking of soil quality was D,>D,>D,>D,>D,>D,. (4) The soil quality index was positively and significantly
correlated (P<0.01) with species richness and the Shannon-Wiener diversity index. The average plant—soil coupling degree
was 0.60, indicating weak coordination between the two. (5) As stand density increased, the ecosystem multifunctionality
index decreased, following a similar trend as the soil quality index. This pattern supported the validity of the MDS model. In
conclusion, the best soil quality was found under natural Betula platyphylla forests with a stand density of 600—900 trees/
hm®. This study provides an effective soil quality evaluation model and density reference for the ecological protection and

restoration of natural Betula platyphylla forests by constructing a Minimum Data Set (MDS).

Key Words: natural Betula platyphylla forest; soil health; Huangshui Valley; ecosystem multifunctionality index; the

minimum data set
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Horp B F /N AE (Minimum data set, MDS ) F4 22 %) 4= 338 Ji 12 5 2 ( Soil quality index,SQI) R H: =24 H. ) 45
VERYER 5, B BRI k2 —" . SR, th AR B S 4 2 A7 AR R AR AR BRAL I HL XA
P RE I e Ry O (P — R AR LA i N RS R A Z EIN R BAE, L KRS
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2854.70 m, ZDXAL TR i S R S B A A JE TR A v R R S AR SRR 1.24 °C
AR RE/K L 505.60 mm , SR AR AETE By 0] R0 38 R PR SR 20, B 25 K . RO IX N i %
R TR LAAHE ( Betula platyphylla) 7 E , HE K B WK WE 3% 4% ( Rosa omeiensis ) . P9 AL H] T ( Cotoneaster
zabelii) ./NEE( Berberis amurensis) 55 , WA “E 54T BAAZ B ( Lolium perenne) YW %S ( Fragaria vesca ) 55 ; T35
FFR R IR 1 RO
1.2 HEE S A

2023 4 5—9 H e A4 PG T T G B 5 AR XY T JR I AR A | A & BRI A ME R SR PRI A
14 h 44—60 A, FE T ARG AR/ NIEGERL , SR F S Rl A 125 58 B ST b 2% A AH I ELMORH B8 55 1) FIE R SR AORE
36 He B H K43 6 AN EY D, (0—200 Fk/hm*) | D, (200—400 ¥k/hm®) | D, (400—600 #k/hm*) . D,
(600—900 ¥k/hm?) . Ds(900—1500 ¥k/hm*) D, ( 1500—2100 ¥k/hm?) , 5495 BF 25 2% 1% B 6 HekE iy, A% i
TR E N 24mx24m (H A IR 2m 588 b X, LIHBRAERN ) o XD TR RIHEAT R AR R, IF 10 SR
(R EARC I BE B 1) S5 AR5 R SR T LS BURR I  FERE - N B2 S mxS m AYTEARHEE 7 AL Tmx Im [ REARE
Ty AT RS SRR R GR AR TS Y BEAILAZ R T, X 3R )ZE 0—20em 1Y+ )ZHEATRE FOR SR,
TRA 5] Jas 1 SE 6 % UEA T S BRAL I S I AT . RRHBIEA(E B 1,

F1 WREBERR

Table 1 Basic overview of the plots

S E R Moy 2 B HEARHIE

M bk 22 E Y1

Grade number Density/ ( #/hm?) Basic characteristics Mean=Standard deviation Coefficients/ %
D, 0—200 SEH 4% Average DBH/cm 25.36+5.86 23.09
M Average height/m 13.42+4.80 35.73
3K Altitude/m 2886.52+75.46 2.61
YR Slope/ (°) 26.78+5.02 18.74
HRAIBE Canopy density 0.41+0.13 30.39
D, 200—400 SR 4% Average DBH/ cm 25.33+4.16 16.41
SEFF T Average height/m 16.00+2.29 14.30
AR Altitude/m 2821.88+49.66 1.76
eI Slope/ (°) 25.80+4.29 16.63
AREH B Canopy density 0.54+0.05 9.74
D, 400—600 SE3 4% Average DBH/cm 25.10+3.20 12.76
SEXIR S Average height/m 15.30+1.34 8.77
134 Altitude/m 2820.14+31.07 1.10
i Slope/ () 24.13+2.75 11.39
HRHA1JE Canopy density 0.52+0.03 6.20
D, 600—900 SEHIHI1E Average DBH/cm 16.84+3.51 20.83
SEHIW S Average height/m 14.20+3.14 22.12
R Altitude/m 2829.36+29.33 1.04
YR Slope/(°) 25.22+3.42 13.56
HRHATBE Canopy density 0.51+0.07 14.45
D 900—1500 F-H 4% Average DBH/ cm 13.09+3.92 29.97
M Average height/m 10.99+4.09 37.20
3K Altitude/m 2927.72+57.06 1.95
B Slope/(°) 26.75+9.91 37.05
AR Canopy density 0.59+0.15 24.91
Dg 1500—2100 T Mif% Average DBH/ cm 10.94+3.25 29.68
SEHIF T Average height/m 10.88+4.46 41.03
K Altitude/m 2923.51+88.48 3.03
Y Slope/(°) 24.83+8.80 35.42
ABHIJE Canopy density 0.56+0.07 12.94
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1.3 HEEEFRAR A

FHEZSTE (SBD) FH/KE(SWC) FLEREE (P) R I 3 pH {HR F LA ; - 3EA HLER (SOC)
SR FH T 55 TR R AR I 2 5 - 408 4o (TP ) SR FHRR VR 1IN A 5 498 420 (TN SR I 8 R0 5 - 3o A i
(AP) SR FL AR I 5 5 - 8 B (AK) SR KAA G RE TR 5 - 396mf i 280 ( AN SRR K A il sz > s &
SN L BRI FH SO BE A A 2, 7 B 18 0] 43 7128 SR PR el o i 17%) 4 390 23 B b o 8 1 30k 24 43 )
A3 HAPHRL(Sand ,2.00—0.02mm) ki ( Silt,0.02—0.002mm) K ( Clay , <0.002mm) "2
1.4 BdRabH vk
1.4.1  FH/NEHRER ST

MRHEAIFFE DR R ST 25 5 8 13 A 38k I Kk o ok S BRI (FLIRE P A AL SOC , &%
TP 4% TN A0 AP AR AK Blfi 0 AN JBPRL Silt KSKE Clay) , 2 S A pR% ( 258 SBD WP KE Sand |, 257K
T SWC . pH ) , # v shJE pR g (32 2) 220 RHI PCA 5 KR4 AFE M = 1 (19 040 T 9 2097 = 0.50 HY48FR 4
g4 X F T RESE AR R AT b , e B e AR PERMR A — 4, 45 2H P B B 8 Norm {H 10% 78 Fil 4 Y

B , AR DGPR3 BT e 20 78 iHE A MDS 845, 25 i BEAR DG (r>0.50) , M) Norm {H #5 = 46 bRz A MDS;

FAHIEMEA (r<0.50) , U 4380 A MDS "

Norm {H i3 AWTF .
N, = /El,(ﬂ?kx)‘k) (1)

N, A AR RAERHEE = 1 AYRT & DT> L BIEES BT s, 2R § D ERAERFEE =1 A5 £ A E
oy BRI A AR kA T BRI (R
142 HIERRREOTE

- A R 1) SR BE (L 5 T e G e AR A T BRI, 143 B AR i (SQ1) 7

SQI = 2 W, F, (2)
Kron Fom BIERSRECR , W RS | NS IR, F. 2R 5 | DME SR, SQI BB R AAFR 55
HOERGT

R2 TEREFNEERERY

Table 2 Membership function of soil quality indexes

LA SR R AR
Indicators Affiliate function type Calculate formula
SFLBE P/ Total porosity/ % S AU ) R %L l,x=b
iﬁ%zﬁffﬂﬁ?)% SOC/Soil organic carbon/( g/kg) ()= x;a’ a<x<h
F L% TP/Soil total phosphorus/ ( g/kg) b-a
4% TN/Soil total nitrogen/ ( g/kg) 0,x<a

+BEHE AW AP/Soil available phosphorus/ (mg/kg)
IR AK/Soil available potassium/ ( mg/kg)

+ W% & AN/Soil alkaline hydrolysis of nitrogen/ ( mg/kg)
+ 35 7K SWC/Soil water content/ %

KR Silt/ %
AL Clay/ %
+ 175 SBD/Soil bulk density(g/cm?) RS ly<a
e o -b
L Sand/% w(x)=4" a<a<h
pH a-b

0,x=b
P BFLBREE Total porosity ; SOC ; 134 HLAK Soil organic carbon; TP : 134 Soil total phosphorus; TN ; 34 %{ Soil total nitrogen ; AP ; 155
3 Soil available phosphorus; AK ; + 32411 Soil available potassium; AN ; & HERH f# & Soil alkaline hydrolysis of nitrogen; SWC: 4= 3€ % /K & Soil
water content; Silt: ¥R ; Clay : #5457 ; SBD : 13455 Soil bulk density ; Sand : #047 ; pH : 138 pH {8 ;00 () TR BREL, x HIENFEAR ML, a b F
AR BRI SHE YT BRI R ABIEFE 23550 S I 1 i/ MBI R R (B
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143 RN TSRS SRS

T RIS YR Z AR BT BR FH = A8 65, 4350 R - W0 Fh =2 & P H8 %0 S ( Species richness index) . Shannon-
Wiener Z #1840 H( Shannon-Wiener index ) M35 FEF8 4L J( Pielou—evenness index) e

AR R (8 IR BE AT AR [FIAR G 2 2 T AR 5 TR G OC R TR AR . WA FF A1 348 5 -
HUREPIRETE ZREESE b5 p ARTEALIS , BR3P0 2 IR 0 SC I R K, MIOCTR HE y, , DT A4y 2 DG 1BC B2 4 5 S
P AR

min min, | x5 (i) —xﬁ(i) \+pmax,maxp |xh (1) —xﬁ(i) \

D7 T (1) somas max, [3(D) —(3) | )
v, =3 W) Al (4)
X p MABER B HUE 0.50,, y, (BRI A
W R GRS ARG %5 3 S N FHA R (C) R AR R,
€= x 3 Y (E,(0) (5)
X 1srsm,1<p<n, WAFRREL >N O$C<O.4r(;\(;.;10s6<0.50\O.SOsC<O.60\O.60sC<0.70\0.70sC<

0.80.0.80=<(<0.90,0.90< C<1, 53 HIMCR5H R REATEL LSS TR LA,
1.4.4 EXRGZIREMERREINITA

H= B RG L YR PERE S EMF ( Ecosystem Multifunctionality Index ) J5 TR b B 725 B 48 bRbR (L 44014 12 15
2 A ALT .

1<
EMFi:Nzl‘,fij (6)

N OAFEH S R PITAE S R G IIRERYECH of, e 2R j RS R G BE AL AR RIS BOAH
145 ABRGEZUEeNS HERENRER

I HIERE 5SASREZ RN CR R HE RE(R®) AIBAIZCR (E) PEAT B 09 F00 6 77
IS, SR FHLEAH X 152 22 (RS) RN 240 X 5% 22 ( RMA) 1 46 XA | ¥4 )7 M % 25 (RMSE ) 1Rz 7R 380 A 56 &R 50
(Pearson’s r) BEAE A ST (6 S0 (B AR A A 005

i (M, -S,)°
E=1-"1 (7)
Z (ML _M)Z
(8)
(9)
(10)
> (0, - M) (S, - 9)
— (11)

JZ (Mi—M)ZJi (S, -9)°
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MO REARSEIE ; S, A REAS AR A s 0 B IEREAK ; M g MOSE4ME ;S S S PFIME, RPAN E %R
1, RMSE B30T 0,r #4TF 1 3-1, 24 RS 48XF{H<20% , RMA 4% <30% I} AL REBLT | Ttk A B 2K
1.5 HdEabsi s st

i H] Excel 2021 ,SPSS 27.0 #ATEEAL I GE Tt 20 B, AS AR 3% B2 F T3 B B+ S M) Z e YR8 05
K BRI 75 2% 70T (one—way ANOVA,LSD) I Duncan £ LK B | Pearson H 520 BT B2 1053407, 4
il Pl #¢ R Origin 2021,

2 HRE5SH

2.1 ARG E T SR

BRI TT 220 W R (3% 3) M 9% IX SR (R S 55 R 1 | 45 AR o0 %% B 1) - 4% pHL {E LTI 7E 6.50
% 6.75 Z 0], S Z BEA B EZEF(P>0.05) ; HIEAFELE 0.77 ¢/em’ £ 0.93 g/cm’ Z 0254k, D, 75 A,
DRI, AU Z M 2ZER AR E (P>0.05) ;SWC HEHE D, ek (0.85%) , & & T D5(0.54%,P<0.05) ;
SOC TEA[RI RS2 45 B [ i 24 53 B3 (P<0.05) , D, 241 SOC &8 f5 i (74.99 g/kg) , 1M D, fef% (48.73 g/kg, P<
0.05) ; TP &1 AE D, Fl DAL (3125 0.70 o/kg) , W35 T D, FI D, (3924 0.59 ¢/kg, P<0.05) ; TN T 7E D, Fl
D, (S350 5.57 g/kg F15.74 g/kg) , BEET D(3.97 g/kg,P<0.05) ; A %R AP & H#H &, H.
KFEIH BEEF(P>0.05) ; AK &K 161.01—241.64 mg/kg, D, e, D e Ak, 45 % B8 18] 22 S R Gk 3 . 2
JKF-(P>0.05) ; AN S H7E 0.51 % 0.69 mg/kg Z[a], D, 5, DA DIk, H D, 8% & F D, Al D (P<0.05),
KM DA T AN BFLE K410 Silt Clay F1 Sand &+ 2 [8] 22 548 8.3 (P>0.05) .

®3 FEKRSTETHIEBELER

Table 3 Soil physical and chemical properties of different stand densities

845 Indicators D, D, Dy D, Dy Dg

pH 6.50+0.23a 6.59+0.20a 6.53+0.23a 6.75+0.45a 6.60+0.23a 6.63+0.31a
SBD/( g/cmB) 0.84+0.12a 0.92+0.16a 0.91+0.17a 0.77+0.15a 0.90+£0.09a 0.93+0.12a
SWC/% 0.72+0.18ab 0.64+0.39ab 0.66+0.24ab 0.85+0.27a 0.54+0.10b 0.57+0.09ab
P/ % 57.30+6.47ab 52.61+12.22ab 54.85+11.37ab 61.16+8.12a 47.13+7.03b 52.17+3.64ab
SOC/ (g/kg) 71.20+14.38ab 74.99+21.32a 58.26+19.01ab 68.93+18.51ab 56.01+12.23ab 48.73+14.97b
TP/ (g/kg) 0.63+0.07ab 0.70+0.08a 0.59+0.07b 0.59+0.09b 0.70+0.11a 0.61+0.09ab
TN/ (g/kg) 5.57+0.78a 5.74+1.41a 4.89+0.61ab 4.95+0.95ab 4.65+0.89ab 3.97+0.96hb
AP/ (mg/kg) 10.81+£7.33a 13.39+7.58a 12.25+7.18a 17.22+10.89a 14.86+10.91a 11.70+£6.98a
AK/ (mg/kg) 230.72+48.34a 202.80+47.85ab 241.64+67.29a 189.68+47.68ab 161.01+36.47b 209.72+75.58ab
AN/ (mg/kg) 640.12+50.01ab 691.02+66.75a 572.36+70.26ab 580.85+65.45ab 523.65+59.85b 511.45+62.89b
Silt/ % 59.48+2.30a 58.70+1.80a 57.27+3.13a 59.28+2.18a 58.20+2.39a 59.75+2.40a
Clay/ % 17.82+1.30ab 17.20+£0.96b 17.28+1.08ab 17.25+0.91ab 17.01+£0.81b 18.51+1.16a
Sand/ % 22.69+3.34a 24.10+2.33a 25.45+4.01a 23.47+2.81a 24.78+3.18a 21.73£2.91a

F PR A I AR 22 ; RATAS R /NG 5 B PR AR [RI AR 34 8 ] 1 35 22 57 (P<0.05)

2.2 HIEFEIREUNA A
H3 4 AIA1, KMO=0.61>0.5 H. sig.<0.001, $iHH it
A B R v LA AT R BT, RO R ) 4

AR I o o T R R A FRIE(E > 1 1 4 A Al

x4

KMO #1 B 45 F 454058

Table 4 Inspection of KMO and Bartlett

KMO HRE 4 H 0.61
Oy By Z Tk E N 80.60% , HUERFE 4 M 3.95,

Sy RITT 2 FRER 80.60%, AAHEF 55 ERRGRLERS Ly 907.18
332‘2 10‘ L 11 ’ Xﬂ‘mﬁ% A Eﬁk%ﬁ}%u j‘j 30. 42% N Bartlett sphericity test H B df 78
25.53% 16.14% .8.52% (% 5) . WEBH 2 Hr ¥E B AY 3 1% B Sig. <0.001

3 AT DU R B AR 15 B 1) IR 05 5L T A Rl b 204 2

FIMER IR 1 BB AN AU 45 SRR T HERY
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SBD P .SWC .pH ,SOC AP \TN AN 7 PC1 [ #fif¥=0.50, HH TN AN 7€ PC2 | #fif =0.50,SBD P,
SWC 7E PC3 L#faf =0.50, AP 7 PC4 L3847 =0.50,, AR AHICHE BT e S (B 1) B 00 A 5% 0 3 5l 5328
o e RAH AL AR FE AR T XTI (2, SBD P TN B ASE 1 4, AN B 09 ASE 2 41, SWC # I8 ASE 3 41,
AP HARHAAG 4 41 [A]BE Clay Sand #HASE 3 24, 25 b, 55 1 24615 SBD (P .,pH .SOC TN 5 545 ;25 2 4H
F8FRN TP AK AN Silt; 2 3 414 SWC ., Clay .Sand ; 2 4 4135F52 AP,

1.00
SBD | SBD \\ *
Plo.72 P / 0-80
SWC |-0.88 0.89 SWC 0.60
pH |0.25 -0.13 -0.23 pH ek | * "‘
- 0.40
SOC |-0.30 0.14 0.22 -0.48 SOC /,
- 0.20
TP |0.11 -0.21 -0.15 -0.31 0.20 TP ”
AK [0.16 -0.18 0.11 -0.18 0.21 0.28 AK O o ﬁ
z
AP |0.22 -0.18 -0.24 0.71 -0.21 0.084-0.044 AP | 020
TN |-0.19 0.095 0.15 -0.52 0.82 0.46 0.27 -0.22 TN /
L -0.40
AN [-0.17 0.087 0.15 —0.53 0.77 0.49 0.29 -0.28 0.94 AN
Clay [0.0690. 069 0.027 ~0. 11-0.071-0. 15 ~0. 14-0. 066-0. 077-0. 082 Clay ' \ 060
Silt [-0.25 0.24 0.18 -0.25 0.19 -0.22 -0.47 ~0.240.004 ~0.023 0.58 Silt \ -0.80
Sand | 0.22 -0.20 ~0.14 0.23 -0.12 0.22 0.41 0.20 0.024 0.046 ~0.79 ~0.96 Sand
-1.00

SBD P SWC pH SOC TP AK AP TN AN Clay Silt Sand
* P<0.05 **P<0.01
E1 FEMKSEETHLEERBEXES
Fig.1 Correlation analysis of soil properties of different stand densities

SBD; + A ;P R FLBRAE ;SWC . T HES /KR pH ;. 38 pH H;S0C; T 3EA HLIK ; TP, 328 ; AK, +HEHRLHN ; AP, 38 20 i ; TN +
HEA R AN B A ; Clay Kok ; Silt: B2 KL ; Sand AL

Fi M g/ INECH SR AR BRI 8 SR U] 9D B Ay, B2 Norm B 78 552 3 23 1093 Rl R 48 5 A RE 2E A
B/NVEIEAE (£ 5) . 45 1 41, TN (1) Norm {Efix KA 1.83,P .pH .SOC Y378 H: 10% 75 P, {H TN 5 pH .SOC
Z A MR (r=0.50) , G TN (P i A /NSRS . 56 2 AP, AN ) Norm B KW 1.77,Si 755 10%
T Y HARSCPERSS (r<0.50) , BRI AN Silt 3 A /NG 4 . R3S 3 2 SWC  Sand #F A e /NEIUHE 4
854 HANA AP, B AR/ IV . B, TN P (AN Silt SWC Sand AP 7 PMEFRHEA MDS,

K5 TRMRSZEETLERBIEREIRSSNER

Table 5 Results of principal component analysis (PCA) of soil indexes under different stand densities

145 F 43 Principal component Norm {8 INHTF AN
Indicators PC1 PC2 PC3 PC4 Norm value Common variance Group
SBD/(g/cm®) -0.65 0.35 -0.54 -0.05 1.64 0.84 1
P/ % 0.54 -0.41 0.63 0.03 1.71 0.85 1
SWC/ % 0.62 -0.35 0.66 -0.02 1.89 0.95 3
pH -0.74 -0.18 0.26 0.48 1.68 0.87 1
SOC/ (g/ke) 0.74 0.35 -0.11 0.35 1.766 0.81 1
TP/ (g/kg) 0.21 0.62 -0.20 -0.02 0.95 0.47 2
AK/ (mg/kg) 0.04 0.64 0.03 -0.16 0.86 0.43 2
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15k F 43 Principal component Norm {i INHF 2 vl
Indicators PC1 PC2 PC3 PC4 Norm value Common variance Group
AP/ (mg/kg) -0.56 0.01 0.14 0.75 1.39 0.89 4
TN/ (g/kg) 0.73 0.54 -0.14 0.30 1.83 0.94 1
AN/ (mg/kg) 0.72 0.57 -0.14 0.23 1.77 0.91 2
Clay/ % 0.19 -0.57 -0.53 0.08 0.95 0.63 3
Silt/ % 0.42 -0.70 -0.47 0.11 1.67 0.90 2
Sand/ % -0.39 0.73 0.54 -0.11 1.84 0.98 3
FEAIE{E Eigenvalue 3.95 3.32 2.10 1.11

LA 30.42 55.94 72.08 80.60

Cumulative contribution rate/%

L R AT MDS A HEERAG 28 I T 2 BT (36 6) UK/ 4 Sill Sand | AN SWC,
P.TN AP,

R6 RNEEEENABRFAERENE

Table 6 Common factor variances and weights for MDS indictors

F8F5 Indicators TN P AN Silt SWC Sand AP
AN F )7 2% Common factor variance 0.93 0.94 0.95 0.96 0.95 0.96 0.32
ALTE Weight 0.15 0.16 0.16 0.16 0.16 0.16 0.05

2.3 MO g /R
FT MDS #8 AR A T R B T 0.30—0.62, FIMH K 0.46, MRAFBBELH D, (600—900 Fk/
hm? ) B}, e AR BOR R I (18] 2) o ARsiAk Ay 3 B i TR SO R B, S SR D, D M 2 18] +
EIEHA #2257 (P<0.05)
2.4 HEFE SHYTEE ZREE
M PR B A ) 2R R A e LA A R a
(0 3) %01, 501 SZFEPEA 4R S B0 R EME OO 1
(P<0.01) , 55 BEEEH A B (P>0.05) T
JRESCHRBERAITH A R (R 7) R, & LR T 5 a
552 RE MR R B SC B B A AR A Ry B, HOT B (E R
0.63—0.70, MDS 1 SWC 5 Shannon-Wiener Z £ 1S
BOCHEPE e (0.69) 5 P 540 =F 5 BEFE BOCHE B ey
(0.70) ;AP 5 Shannon-Wiener ¥ ' Fll ) 5] & 48 B %
% 25 (0.6950.69) 3 TN 541 =F & £ F1 Shannon- 030 L

cd

TR iE R
Soil quality index
|_
o

0.40 T

900—1500 |- —

Wiener 22Kk 45 800G HE B % 55 (0.70;0.70) 5 AN, Silt | S S =
Sand ¥ 5 Shannon-Wiener 22 ¥ 48 805 1K & % 5, S = g %
j]uj‘j 071 \068 ‘071 o **ﬁ%g Density/(H&/hmZ)
Tl B3R a5 oy A i iE RE
ANTRI ARG BE L M X 5 R ) 2 VR 5 P R T ———
?%MX%Z'KQ T Tj}lﬁ] > ?E E] j%’ 0.60—0.62, ?M( %%E Fig.2 Effect of stand densities on soil quality

Dy D BIFEAFE(0.59 ,0.59) (KT HAM S BE | J@ TREEA ARG SR AR M4 35 T 1922 5 5825 ( P<0.05)
W% DA e (0.62) B TE R (K 8) .
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25 ¢
d><.) 20 L
HE
&E 7]
D
i £
BT ost
& 8
3
&
® % »y=39.573x-2.3833
10l R?=0.7325
P<0.01
0.3 0.4 0.5 0.6
09 r
2.5+F K . . .
. o‘s . . .
= &5
%g Q;E £ 08 -
’bf\ g 2.0 E % ‘. LI
55 g %
g E 32 07 .
g &8 29 UV/r
55 15t - .
s . y=2.6665x +0.7559 y=10.2084x + 0.7029
R?=0.3675 . R?=0.0446
P<0.01 P=0.216
1.0 ; ' ' : 0.6 : : : :
0.3 0.4 0.5 0.6 0.3 0.4 0.5 0.6
T+ R B Soil quality index
B3 TERESEWSHFENEKERIEME
Fig.3 Linear regression fitting of soil quality with plant diversity
x7 YHSHEESTERFREER
Table 7 Coupling matrix between species diversity and soil factors
izt FIRJE Correlation SEA5{E
Indicators YR EE EIRES Shannon-Wiener ZFE£1E H WIS ERR Mean
pH 0.66 0.67 0.66 0.66
SBD/(g/cm®) 0.67 0.63 0.71 0.67
SWC/ % 0.68 0.69 0.67 0.68
P/ % 0.70 0.59 0.62 0.64
SOC/ (g/kg) 0.70 0.66 0.64 0.67
TP/ (g/kg) 0.68 0.71 0.65 0.68
TN/ (g/kg) 0.69 0.70 0.69 0.70
AP/ (mg/kg) 0.64 0.69 0.69 0.66
AK/ (mg/kg) 0.61 0.60 0.69 0.64
AN/ (mg/kg) 0.66 0.71 0.66 0.68
Silt/ % 0.64 0.68 0.63 0.65
Clay/ % 0.68 0.66 0.62 0.65
Sand/ % 0.53 0.71 0.66 0.63
FHI{E Mean 0.66 0.67 0.66 0.66

2.5 EHHEFESASRGZIREMEN LR

H 4 W] LUE Y BEE AR 25 B2 3N, A= S 2 T Re 38 BOZ MR AR , - 22 B & 3% 7 AH 6 (P<0.001)
MO RSN DI ARG 2 UIRete S H AR B R . MM 8% D, D, DL
PEfgem LAy | IR 54 S RS L DR B AR IEAH OC (P<0.001) (B 5) 5D, Dy D B g ] 455 754
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TEAEK IS (1K1 6) ,E=0.67,RS=1.94% ,RMA =6.43% ,RMSE =0.04, Pearson’s r=0.87 , ¢ B #5514 7 i & )7 4%
i, REMS AT B LA KA

x8 ARAMKATELERT-EHYMSHEREGHIAE

Table 8 Coupling coordination of soil factor-plant diversity in different stand densities

T %ﬁg‘fﬁ A BE Pp e T M‘ﬁ?%ﬁ A B R E
Density/ Coupling Coordination Density/ Coupling Coordination
Grade number N L Grade number ) L
(#£/hm?) coordination type (#k/hm?) coordination type
D, 0—300 0.60 55 D, 600—900 0.62 55
D, 300—400 0.60 5 Dy 900—1500 0.59 REN
Dy 400—600 0.61 GE} Dy 1500—2100 0.59 BER

A BHIREES o ARG LS R
R 4 1.00
060 o .
< ° -
% ' . 4 080
H i
£S5 050 - ¥ = ~0.01x+0.50 w5
5 : R2=0.14 5 060 3m.E
5 3 P=0.03 B 2
=3 a g =
NE . ® &
83 g V= 0020 +0.54 1040 T2
i 2040 . R=029 % A
fj 3 P<0.001 o .
A 4 0.20
S . ’
030 “
Ho
1 1 1 1 1 1
(=3 (=3 (=3 (=3 (=3 (=3
(=3 (=4 (=3 (=4 (=4 (=)
o o (=} wv) —
i 23
(=) (=3 (=3 (=3 ‘
(=4 =3 (=3 (=3 (=3
k4325 FE Density/(#k/hm?)

E4 AEHSZETIEREMESRESEERESH

Fig.4 Regression analysis of soil quality and ecosystem multifunctionality index

0.55
0.55 + .
y=0.52x+0.21
R2=0.76
0.50

5 E P<0.001
2 050 g L
oS =]
i 2 £

2 5
XS £ o04st
% % 0.45 + 53]

3 3 =0.5846x + 0.1846 g E=0.67

R2=0.504 i'—u 0.40 RS =1.94%
. P<0.001 U RMA = 6.43%
0.40 - . *. RMSE = 0.04
M Pearson's » = 0.87
0.40 0.45 0.50 0.55 0.60 0.35 L L L L
HER B LIRS 0.30 0.40 0.50 0.60
Ecosystem multifunctionality index JZPE Observed value

Ble THEREHEHTVESHVUENLE

Fig.6 Comparison of soil quality index between observed value

5 TERE-ASRESIRMEMN—REEER

Fig.5 General linear model of soil quality-ecosystem
and estimated value

E BRI, RS AN 1525 s RMA « SE A X525 s RMSE - % 7 R

W

multifunctionality
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3 e

3.1 RoREE RS ST

ABIFELER (3 3) R, ARIbR I8 RS AR AR Y L S AL MR B BT R, A b, 3% pH
TE A MR 5 BE T PRI TE S BRIV JE R N , I — 4 2R MR A IR AT . SR, e A e 5 /K i e A
(I bR I35 BE AT BT 3l , JE R Ao 8 B AR 0 2 I HE LR ) R K PR R RE T, PTRESR T T e 0 4 HE 5
BTN RS b T LB R A B R W S S R T K S B s ATk SRR AT A
RS ARS8, LA HLBR I B Se IS b B ARG S R A LR AR 2R X — R B i
NIBEFELERARM " S BOX AR BLAT AL 1h T 0 2 BE AL S BOMR B AT, bR LD 1 4 Ak ik Dol 2%
PRI 1A HUBR O REAT , (RIS, o 6 EE PR 23 T REIRN 1 AR AR 1] 19 3 4, (2 AR AR 400 B8 P R A P, AT D3k 1
EHEA PRI L AN FEAREE AR T, MR A i, T R R TR B AR A OL IR AR R
Uf, LRI RETE I IR, JEF R E T 13 IR B SRR AR T R ERUARAR B A 25 R 2 (] R e )
AR 25 (P>0.05) , ATRE 1 T 38 o 3 0 oy SRS TR Ml o 7 T, TR 202 (AR A AN 2 B 38 e
DOSERERIPETT ), — 2 - A 7N R bR 4325 B R 3 B SUAE SN, EYRER  Guo' ™ 45 (i B 50 245
WEPIE 71X — A, 1 AT BE-S AR BE X A DL AR 3R R B MUK 73 ORI RE T 9 S 2R B AL A 56, 7R 1 B
WM, S BERAT T B i SR 20 3h 5P RS i A 7K I PR RE T, AT BB S80RY

HT MDS R RS B AR ] (] 2) 8 D, 19 TR R i v AR R
FHRAR(P<0.05) o X —HFFELR SR ARIBFFELE A8 AR 30 R A B b T R R
K2 HERE TR BK B AFBE DT, RIS AR A AR 2R S 4 AR BERE 78 0 L 3657 70 AT B2 7 T
ROPR - i B ARy T BE DN ik B8 A e R, BR ] 1 MR IR M T MR AR A A T S
AU A X EE AP Z AT RESL[R] S 250 1 i A R A R e R LA, R A0 AR M S T i A
TR T R AR R T D, X WP IR T d P B AR R BRSO AL AR AR AR S R G e,
TESRMEER Ko s FIA LSRR 205 1 2 9 B B RCR
3.2 MO LAY G AR

IR S AL SR IO B X A TS R G A A R Y R ARG B R L Y
T AL B SRR 25 5 (R 7 3K 8) 4B T AR L3 e— M B A b i SCBEME . ARBIESEH 6 Fibkay
WL AR TS UM R WY ATOTFE XN MR SR A - 8 S5 AR ) 22 TR X DL AR S AR LA o, B A A TR AL
RSYY, M LALRSE R AT I i) (s DI 3] 8 i 3 AP o JRE A 3 R e I s i (3 8)  IX — B 5 AR A e
IR B R T R U SR B N, 3R S A AT R 2 I DGR M d i, HL S
TRR B AR AL AT TEAR — B, X 0] RE S B 2 RV A 3 D] 1~ 22 8] B AR A 88 DA G AL A9 A I e JEE
RS - SR AR S T v ) % i A S AR M BOAIR AL, 05 LR AR R 3770 S B IR, AT 55 1 AE ) S
] ¥ IE R GRALA 2 e %) - MR AR & AR OB . AL R B D, AR 43 26 3 05 i 1) B
PR, AT T 55 DI R (R T B AR IY o ISR 3 R AR AR T T A i - SRR ) 2 [ ) P
RIS, REAT R T L 337 70 0O BUOR AT, SCRE RS e HEARL ) Z2 A0 1R A0 8 o, AT 22 7 A 25 R e O A 1k R Sl g
Yoo THE—RYIRR SRR T LN T S Z RN AR I OC R I FIRASRDT TR 58 X e T A 1
ERZIRAILT] X BT AR S RG22 D RENE HE TS0 UERE T MDS A - 398 i 3 ) o Af P B Skl
33 MOrEE R HEBURMASREZ AR LR

SN 2 G A AR GE TP BE LU D RE A4 AF I R O, R BN AN 23 R I - B A R R b 2 T B
TEPIRER AR AR R, PPN PRS2 BE Xk M i (¥ S M, B AR 38 R GE 2 TR M 04 B A T 450
ST A BT RRIERE T MDS 1 LS B I 2 R AR USRS A R ML A BT A R R
B, Bt PR B RN, A= S R L DI REMEAR B2 IR (P<0.001) (K 4) s RS R G L D REEHE B o —
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