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Abstract: The coupling and coordination relationship between vegetation and soil can be used to measure the degree of
coherence and coordination of the ecosystem. This study was conducted in the low hilly area at the eastern foot of the
Taihang Mountains, Lincheng County, Hebei Province, taking four vegetation-soil systems with different managements as
research objects, including native shrub-herbs land, unmanaged walnut plantation, walnut plantation with a removal of
shrub-herbs, and walnut plantation with a removal of shrub-herbs and fertilization. The evaluation index system included
four plant factors, i.e., Shannon-Wiener, Simpson, Margalef, and Pielou index, and seven soil factors, i.e., soil organic
carbon, total nitrogen, total phosphorus, total potassium, pH, electrical conductivity, and water content. The weight value
of each index was determined by an analytic hierarchy process and entropy method, and the model for the degree of coupling
coordination between vegetation and soil was constructed. The results showed that: (1) under different managements, all
the plant and soil factors were significantly different ( P<0.05), except for the vegetation Pielou index. (2) Soil organic
carbon was positively correlated with vegetation Simpson index (P <0.05), but negatively correlated with vegetation

Shannon-Wiener, Pielou and Margalef indices ( P<0.05). Soil total nitrogen was negatively correlated with vegetation
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Shannon-Wiener and Margalef indices (P<0.05). (3) The coordination degree of the vegetation-soil system under different
managements was generally in a dysfunctional developmental state. The native shrub-herbs land was severely dysfunctional of
synchronous vegetation-soil development. Unmanaged walnut plantation and the walnut plantation with a removal of shrub-
herbs and fertilization belonged to the soil lagged behind vegetation development type of the moderately dysfunctional
developmental pattern. The walnut plantation with a removal of shrub-herbs belonged to the vegetation lagged behind soil
development type of the mildly dysfunctional developmental pattern. In conclusion, removing shrub-herbs under walnut
plantations was conducive to improving the coordination of vegetation-soil systems, but it did not yet reach the optimum

coordination.

Key Words: Taihang Mountain slope; management measures; vegetation-soil system; coupling coordination
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Fig.1 Basic information about the sample sites
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Table 2 Vegetation-soil system coupling coordination index and weight

R TR HH2 W
Objective level Subgoal layer Index level Weight

MbE-+IELE G RS THB R G Shannon-Wiener ZFEPEFE L H' 0.14

Vegetation-soil integrated system Simpson EHEFRE C 0.05

Margalef FEETEH DMG 0.09

Pielou 22 R4 E 0.14

TR TIEABLIK SOC 0.12

A TN 0.10

A TP 0.10

e TK 0.05

+ER SR EC 0.09

13 pH 0.05

THEF KR SWC 0.07

H'. Shannon-Wiener ZFE4EF5%% Shannon-Wiener diversity index; C: Simpson L3 R % Simpson dominance index; DMG: Margalef FEELE
s Margalef richness index; E: Pielou 5] BEFE ST Pielou evenness index; SOC: +3EAH HLEK Soil organic carbon; TN . 245 Total nitrogen; TP ST
Total phosphorus; TK: 44 Total potassium; EC: 5% Electrical conductivity; pH: + 1% pH Soil pH; SWC: + 35 7K # Soil water content
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Fig.2 Characteristics of soil physicochemical properties under different management measures
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M pH 7475 .35 25 5 (P<0.05) B 22 R R EAR—, 0—30 em )2 HHEA YIRS RIEHE N 11.87—23.22 ¢/
kg, IR T1>S1>T2>T3, T1 5 H AW BRRG i R F77F 0 3% 25 573 (P<0.05) , H 39845 HLak 7 1 2 1R 12 B 4 P
FERGRRIT N R, LA A R 3, 40 TIST3>S1>T2 Fl T1>T3>T2>S1, B4 #fE
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MISEMAAEE R R 225, T1 3R 431G B0 B A AR X 4
2.2 fHY ZFEERHE

TE XA [ A BRI AR A Z RE AR AR AT 4T R (3R 3) , T2 1Y Shannon-Wiener 2 PE 45 45 b 3
= T HAWE A (P<0.05) , B ST, T1 T3 Z A0k 3 2 5%, A WHRE A B 23 i, AL ) b Z2 R 2 e 0
Ja FEARAES (N3 T IR A S, 7E Pielou Y2 BEFE RO T, A& BRAE it T 1Y Pielou 48U M 2K A
T2>T3>T1>S1, HAH B Z AR 35 1 22 5, U0 B FRAE AZ B LA B e B o it JES 46 A SR it 0 A ) A V5
PRSP R M3/ . ARV PEES T Simpson D8 #E TR KL E N 0.28—0.68, N S1>T1>T3>T2,
T2 5 HAB A PR e 0] 77 S P 22 5 (P<0.05) | A BRFE B 1G5 A0 30 5 S AR S 14 I i e 34 (B T
JEA R, SR BRAE iE Margalef ~F & BEFE A &0 BRI A T2>S1>T3>T1, T2 & 3 = T Ho b 2 B4 it
(P<0.05) , Hofth = Fp A BRA it (] 0 oK B0 E MR 225 0 LRI, T2 (1) 4 FhREY) 2 REEFR bR -5 HAD S BEAS e
[ A FEAE B 2 P 22 5 (P<0.05) AHIREIE I Z2AE0E 50 28 BE e Eicil m (B DL 35 B R A1
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Table 3 Characteristics of vegetation diversity under different management measures

B Shannon-Wiener ZHEHEHE 4L Pielou ¥J5J FE 44K Simpson P EHEHL Margalef = & B #544
Plot  Shannon-Wiener diversity index Pielou evenness index Simpson dominance index Margalef richness index
sl 0.67+0.53b 0.42+0.27a 0.68+0.27a 0.89=0.37h
Tl 0.62+0.39h 0.43+0.26a 0.65+0.23a 0.63+0.22b
T2 1.54+0.25a 0.76+0.18a 0.280.14bh 1.83+0.19a
3 0.71+0.10b 0.470.05a 0.64+0.07a 0.870.24b

[RIFUANTR] /N St 0 AN [ 5 B i ] 22 57 W 3% ( P<0.05)

2.3 YRR - R R G T AR DG S A

itk — DR - T A Z B AR B AR, W Origin 2022 #EATHHOC 0T (1 3) . 7E HIER G
T, HIEA LA A R B IEAE(P<0.05) , 5 A KRR B HUHDE(P<0.05) ; RS A
54 B SRE IR (P<0.05) , 51 E KRR BEFAI(P<0.05) ; TIELH S HIHEESIKRER
FHIEASE(P<0.05) ; 13 TR 5 41 pH 5 3% 1EAHKE (P<0.05) . 7EALY) £ #E44: J5 1, Shannon-Wiener 8
5 Pielou Margalef 8 %0252 . 3 1E A1 & ( P<0.05) , 5 Simpson 8 8 & & A & (P<0.05) ; Pielou $5 405
Margalef $5 %05 i 3 1EAHC (P<0.05) , 5 Simpson 8502 i3 A E (P<0.05) ;Simpson 18405 Margalef 5%k
S FRAE(P<0.05) , 7EHIERFS5HY MR T, HIEAPUK S Simpson 15415 W 3 IEAHIC (P<
0.05) , 55 Shannon-Wiener , Pielou , Margalef 45 % &2 . 2% i #H & (P <0.05) , £ 3% 4 % 5 Shannon-Wiener
Margalef $5 45 i 2 5AH DG (P<0.05) , 35 ZR 58 HAW IR 5~ 0] 5 00 Z2 A T Sl 3 AR DG
2.4 BOmmEeE- HIERGHEE TN

ANV FRA I T B BEZR B 482 VCE (v ) | HIRZRB IR SCE (y) MMM - TIRR G E EE De 845
ISR (R 4) . BE BT T3 BAKRGENHEEE G VCE (x) , T2 AR & 1 #5155
SCE(y) MG BEFEEL D, +HHELEAHE B IRR I T2>T3>S1>TL, Ui 25 A TAZBRMRE i 7 11 5% 50 it
B, SR RERE bk R S R 4 N TMOE G BRAR T R, MR 2R & TR BRI R BN TI>T3>
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086 ™ @ ® ® © o ® i 08

043 061 TP o - 0.6

-0.36 -0.0091 0.062 TK ® - 0.3

067 081 038 0069 EC @ o ® | Lo x

014 026 024 013 061 pH ol ;‘2

-0.72 -0.51 -0:42 057 -033 0.6 SWC =

-0.55 -0.54 -0.11 026 -042 0023 039 ' . . - 03

050 041 0073 024 -038 003 033 0% £ (@

|
(=
o)}

0.51 044 -0.057 -026 036 -0.031 -031 -0.98 -0.97 c -0.8
-0:.61 -0.69 -035 024 -046 012 048 091 0.74 -0.82 DMG -1.0
*P<0.05

E3 WEEHK-TEREEFHEXES N
Fig.3 Correlation Analysis of Slope Vegetation—Soil System Factors
B« FR BEE P<0.05;S0C: A PLAK Soil organic carbon; TN:; 4% Total nitrogen; TP £ Total phosphorus; TK: 44§ Total
potassium; EC: HL 53 Electrical conductivity; pH: 13 pH Soil pH; SWC: +3E 5 7K % Soil water content; H': Shannon-Wiener 211 48 %1
Shannon-Wiener diversity index; E: Pielou ¥J2]EE 5% Pielou evenness index; C: Simpson fi# 5% Simpson dominance index; DMG ; Margalef
FH BEFEEL Margalef richness index

T2>S1, YL N TAZHEAR T BRI A KOKF2 8 T ISR wo i, ABLRE- LSR5 Db HE R B  T2>T1> T3
>S1,S1 o= HE e e AR AR - -+ B8 [R] 40 e e 70, 5 W) - 38 AR e AR m LA A A 9 A A oK (EAR i 2
ORI B i 245022 5 T1 T3 & T [l — 2Rl A B I 88 2 98 6 R s il s e Y, UM L R 4
24T AR AT Rk A e s T2 i TR G A e FRASE s AR i s i A R T, i P U035 B A 9 e s R A i A
K, SEEEHES RG24 T HIERGRRRE . IR, RIS B A I AOARE 5 DIb 8 B2 249 w8 7 D A i
M, ELR A N TAZHEAOT 2 ST SRR T 98 R 5 P B 5 iy, U D A >4 990 A B I T R AT L 38 ot 19 A 54K
SR F|—E R R A

R4 HEEE-TRESREBAMERITHLER

Table 4 Evaluation results of the coupling coordination status of slope vegetation-soil ecosystem

ARG S - 41

e MR A TR AL TIREE B TR MY T IER G AR

Plot VCE(x) SCE(y) Séf%ii%ii) %gﬁiﬂiﬁﬂf Vegetation-soil system coupling model

S1 0.0747 0.0765 1.0241 0.1235 TR SR A A AR B — R R A & e A
T1 0.4768 0.0468 0.0982 0.2325 e RE R R JRAE X A S Ja kSR

T2 0.1774 0.3776 2.1285 0.3105 TR HE R R JR AL A B 5 R

T3 0.2487 0.0999 0.4017 0.2157 o RE S IR R JRAE X - S Ja kR A

VCE(x) : HI#ZEAFE%L Vegetation composite index; SCE(y) : T3ELZEAHEEL Soil composite index; SCE(y)/VCE(x) . T3R5 58 R G5t
& Comparative relationship between soil system and vegetation system; Dc; Hi#- 13 RGHEAE Vegetation-soil system coupling

3 i

3.1 AFEVE BRI N LA BRI A 22 e

TERMRL N TAZBEMAE BT B0 T, 3 Sk BB, L8 s T30 pH i s FE AR 2 S B o 10 A PR
T, 38 K AR R s AR S IR LGS A -8 pH BCAIR 5L ER AT R A AE N AR (e R 5 45 S
SR TR HEAR RN A REAAE Y [RI A7 ARV A0AR SN 88 4 BBkobk LA ORI | R S5 RE /K RE T 80K, X &
HEK AP THAE B, E TG B AR T HEREAE AR R AR D, XK 43 35 SR 2 A, b R AR IR FR 7E I
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KGRI, T K A TEHLER S (IR R £k | AH IR ER LA KB 85 BR SRS 1) W Rl K 2 Bl J i, i Hiy S R
TR ARRBE R I, L3 K B T R AR L SR (L AU AN (L% pH 1Tt SRS Y 1
FHARRZ 30 A A8 N BB T 45 AR — 2L,

PN TAZBOMRAN S B T e DLAR x5 AWl | 4B 45 3R 20 & B g, TV B AR 98 R O it JE 1=
HESR I AR, EBOR P N R MO AR A Rl i, 8 7 10 B AR il 2 0 - e P oA BB | A A
A MRS SR A N B R R AT S A bR T VI AR A U VR e AR T, B T
KW RE ST B B i A R RIS A 3 LR 1 DX AR TR S AR R SR A e R A
WFTE s A —2L

TEREW) ZAENETT T, AT A B AR N T AR AR I 15 BR 1 5 AR R A Shannon-Wiener Z2FE P 5 K0
Margalef == BE45 8045 , Simpson PEHEEFE MU, (A [R) A B T X Pielou 345 BEFR BOCHEII M, J5 N
A RESE AR T RO B 25 PO ALY i RE O Y B A TE R AR, SO B R TR A AR ) A g A
BME
3.2 MYIZARIES DA LR R AR SO

TEAE S R GRE i Beh  REG R A R M A 20 SRR 7 2 W 5 52 i i SIS ) ke 22 5 DR AR
W S IS | SO S MR P 43 A RN A 0 L BERT IR S R A L OC R R T R 30K 4y
FILREGHY LR R0 RO b R 138 X 1 AR DG 2R SRR 24
PERRIE S R A P 2R M, AL RS 2 B8 R R A AU 3 (S AR 2R
PR BERNR S RE X0 P A HUBR R 4 580 RT LR e L S R PR AL T, B ) AR R R IRAR KR, A%
U REIE Tk BRAA S35 7 2O 1A LR AN 4 B AT b 4, DR B A AR L () B e S AR LI 3R, 2B S s
AR EEIE L AR, LA A SR 2R 2 MU AE A OG X PR T AR A
(BT L5 RA— 2 A0 T T ST R B S0 AR T A 22 R A 2 S ), ) AR T 4 2 4 J5 DR T i
i b AR R AR - TR SR S R IR R AR E TR R, Y 2RI AR — R K
O RN BRSNS 45 R — B, T RE S D D AR T AR W X BRI AR T e O A 2 N Y
BT
3.3 N TAREMEARN 2 JI9 BRE 5o A AE - T SRR 5 DR DG AR

RAT 3 AN R A B T A - LS R GRS DR SE R ATAE 2257 | ARAL T 8 e SR A L, T e A ™
RPN LR 3 R, AHITTE K B, FIAEAZABOMR ORE DI J3E 45 g T oA B0 D A e il 3k 15 i
AR RN TARRE A A i S SR T AR & DM (O 9 28 SR A — B, R TR A B It T A -
S R G M IRPR DU (0 2 2 T BRAR T RS A N TAZBbR B T8 B2 R ) R e B AR il I i S A
MR E MR PR =20—30 em BEFAEY) , S EUHOROUHN B2 AR ABOR , XF 238K 73 5700 Kb,
TR RARBUAE TAE B A FARDL . FE AR B A A MO AR X AR G0 X 85 22 | 22 2 IR i IX el T e B 33
Ho, T IEIRIEEA SRRSO S R IEAT AT 2 AR 30 22 | 2B EAR e e v 2 B, i 1
ORI HIFE, 55 T HEFR RO RE ) R BRI R LA R,

4 #Hig

(1) AR BRAS T T At BRI ) Z AR PR E 22 5 W3 . AN RN TAZ MR AR B e b 1) 1= 55 K
BRS8N pH B8, TR LK 2R SRR A R 8 R O A N AR AR AR M Y
AR R s WIBR R IR E )N TAZ PR EERE b %) - 58 pH 81K, e 2 AE0E 7 T, 2 R RN it
REA N TAZARME AL Shannon-Wiener ZZFEPEFEEUAT Margalef = & 15 504 5 , Simpson PL3#E H8 505 A1,
(B EAE BE T Pielou Y2 e B E2E R,

(2) AR RN A e DR A AH OCME 2 AR IAEAR W) Z AR PR R AR 5 TR DL . 2R Z W, HIEA K S

http ; //www.ecologica.cn



6180 JAE = 43 4

Simpson fLH EFEEE W& IEAHDC, 55 Shannon-Wiener ZAF1:  Pielou Y51 B Margalef =5 B2 45 85 3 17 AH
*, HIHES S Shannon-Wiener ZFEMEFI Margalef =F & B850 5 o 3% A0 ¢, HIE R g HAb A+ S5H Y £
FEPETC 25 AH G

(3) AN [FE BRI N AR - 13 R GRS MR S A A T2 ) AR =X TR i DA™ 2 R B A P R 0 3 Bk
B 5L B Ay 7 R O R A A - I )AL R SRR AN B N T AR A b % B R R T it
AN TAZMRAR A 4 ) i 7 v 32 2 9 e JR A 5 M i 2 e 28 g S0 oAk e A it A F) N T A R AR A 3 10 A
Bl- IR GRS MR OIS, R T B 2 ) e AR it i e AL
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