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Abstract: Forsythia suspensa is one of the commonly used heavy bulk commodities Chinese medicinal plants and have
essential for guarding human health. It is not only an important species of medicinal plants but also a vital for forest
vegetation, in the same time also is a potential plant sources that used to improve ecology and beautify of the environment

within many specific areas in China. Taihang Mountain is usually considered as one of the vital areas for biodiversity
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conservation in China.The study area located in Lingchuan, the southern of Taihang Mountains, Shanxi, is dominated by
rocky hills and earthen hills, and belongs to a typical continental climate. There was high diversity of forest communities in
the nature circumstance, among which, the distribution of the Forsythia suspensa mostly showed a typical shrub clusters
community. It is a famous area of medical Forsythia suspensa mainly products all over our country. To research the
community composition of Forsythia suspensa and reveal the effects of Forsythia suspensa community traits changes, resulted
from the soil factors and the major topographic characteristics, an investigation was conducted in sixty typical sample poles
(5 mx5 m) in the region. In the study, the impacts of the variety environment factors on the Forsythia suspensa community
were analyzed by the sampling survey method.The major topographic factors included the Height ahove sea level (H) , East
longitude (E), Northern latitude (N) and slope direction ( Transformation of aspect, TRP ). Meanwhile the main soil
factors were considered such as the soil Pondus Hydrogenii (pH) ,Soil organic matter( TOC) soil total nitrogen (TN) , soil
total phosphorus (TP) , soil total potassium (TK) , soil available nitrogen ( AN) , soil available phosphorus ( AP) and soil
available potassium ( AK). The results showed that (1) Forsythia communities in this area could be divided into five types
of clusters, including Cluster 1; Forsythia suspensa+Spiraea trilobata-Carex lanceolata; Cluster 11 Forsythia suspensa+
Sophora davidii-Carex lanceolata + Tripolium wvulgare; Cluster III. Quercus wutaishanica-Forsythia suspensa + Spiraea
trilobata-Carex lanceolata cluster; Cluster 1V Pinus tabuliformis -Forsythia suspensa-Carex lanceolata; and Cluster V.
Forsythia suspensa+ Rosa xanthine-Carex lanceolata. (2) H, TK, and TRP are three main environmental factors that
affected the distribution of forsythia in this area. The three factors constitute the dominant factors for community typing at
four levels. The first level of dominant factor is altitude ( H=1330 m) ; the second level is total soil potassium ( TK=19.07
mg/kg) and altitude ( H>1330 m) ; the third level is slope direction (TRP=0.2775), altitude ( H>1330 m), and total
potassium (TK<19.07 mg/kg) ; the fourth level is total potassium (TK =18.47 mg/kg) , altitude (H > 1330 m), and
slope direction (TRP>0.2775). The study concluded that the development of forest medicinal herb forsythia on a large scale
in the southern section of Taihang Mountains should not only pay attention to spatial distribution, but also implementation of
necessary management measures to improve soil fertility to maintain the stability of forsythia community structure and

enhance the Forsythia suspensa yield.

Key Words: Forsythia suspensa; community structure; multiple regression tree; Redundancy analysis ( RDA ) ;

Taihang Mountain
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Geh2h, TEWIVEEEPN, R Z o0 A0 T ORAT IR BE R LA B R A S A Oy 1 2 FH A (L A 0
e M ARBUT IR T2, i Zhang 45 HGHE T 2 5 ER B (0BT 2L RN R ABEME . Yuan 50 5T T 459
1) 5 BT A A RO BB Ak ik BB AR TG M . T B S T I T O R B R R O A R
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RIX T2 o3 A B AR AT TN G2 3 i B AMRE DT JR AL D0 AR STV A1 A SR, 4575 R R I R A Y
TR N T R B 2938 A KA PRI R R i X A e R A A R B HE S AR S

1 HREHFR

BB TIL BB I ELBE DAL+ 47 B, A58 1058 m, i 0 AR
e, AP B K B 7E 600—700 mm Z ] AFF- XS 7.9 CAAT . XIS 28 2055 RS EM
FEVE HERNFE AR, Hoh  ARMRRETR IO 2R o DX 20 A BB R, 77 A JZ D0 3548 b 32 B a0 AR R
( Quercus wutaishanica) JHFS ( Pinus tabuliformis) | 11145 ( Populus davidiana ) % ; $#E AR JZ £ B )& 3% 58 ( Forsythia
suspensa) , — 2355285 ( Spiraea trilobata) FE RN ( Rosa xanthina ) FIEIFL T ( Lespedeza bicolor) 55 ; FIA JZ T2 H
TP E B ( Carex lanceolata) W¢%E ( Duchesnea indica) F1/NEL3§ ( Dendranthema chanetii) 55 . 2 X &M L2 %
A AR A AREE

2 HIRAE

2.1 MV E SHEACRE
TEWFFE DI PE 4 AR 53 A0 (B HE AT TR FO AR MR I 0 BF 90T 42, T 2017 48 7 A RIS BE OE |
B A o3 AR BEE 60 5 mx5 m BYRAE (1) B R NICE 2 1 1 mx1 m BYRLARETS
FIRA SR 2, M G0 SR P TEA RN AR B B 36 B 0 s X A2 (DBH) KT 4 em TR AIE
Flia Mate W e (AP L) AR AR AR, R GPS B FEML Y2 261 WPk e R R WA A
], 60 NMENT /A T 45 113.24°—113.32°, JL 4 35.40°—35.46°, ik (H) £ 1000—2000 m, 3 [7] 35 %
(TRP)7E 0.1—0.9 Z 8], LARIE I 2R AR IR S 7R 8 A7 N SR8 25—30 ME A R, HIEREN G
FBRREME L R HARENT T IFRE (0—25 em) T3 RIGIRAICHE—RE IORES . B RE, I
BRAFAT A RAR | 38 36 [T 520 2= oA
2.2 HIEHELEE AT
TR A ART- RS i 0.5 wm 0, 1 3% R B AL A AN IR 5 430G PILBT 3% & 5 BIL IR RUA I
T A ARBCA S AL ORI R AR AR A S Y e pH
(R 1:2.5 LK LB R T A2 5 L TR (EC) R 1:5 LK HLI LY
2.3 FAEAbEE S aHr
231 EEEITHE
PR R P i 4 4 T S g b e R PP B 7 AVE T A AP A BB R T AR,
TeAREZAE(IV) = (FEXS 2 B+ AR L33 + A X R ) /3 (1)
TEAR AR (IV) = (FHX 35 B + A = ) /2 (2)
232 i
I 1] A1 45 50 (TRP) ez . 11 GPS 45 31 A8 0—360° By 3 1] 5 500, F1 A R EE# i 0—1 Z ] 1Y)
FEEUE(TRP) , HT MRT JUAS T (RDA) 17 At
TRP = {1—cos[ (/180) (aspect—-30) ] }/2 (3)
A, TRP 3 46 55, ARG FIAE 0—1 Z 0] BB A K, FoR A 45 8 ) BH T 44 ; aspect 3l M B . BT A A
J7H) TRP {E LI 1,
2.3.3 JUASHHT
il 1d ( Redundancy analysis, RDA) 73 B8 B Xt 9 fp 5 30 855 1 19 o R AT HEP ; IS4 R 2 ( Monte
Carlo) K50, B it 2 IS R T 5 YR Z BIOC R 1 2P . RDA HEFP b BR5 AR 5 A A 87 Sk i SR ROR
i Sk HE 4R 5 HEF b 0% e R iz A BT S HE P A S RN 15 Sk B 19 1) iz R T R R e
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Fig.1 Distribution and slope direction of sample plots
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BEM 1. %58 ( Forsythia suspensa) + — 34 55 22 5
( Spiraea trilobata) -#% 1 & ¥ ( Carex lanceolata ) HE M\ W< 1330, ¥R =>1330
EF AR 10901330 m A, BEEIA p R ‘

AR EIE D 17.4, 8T E(H N 16.0, —RFELHE
BEN 6.97, BE B R EEAE R 6.30,

BEAL . #58( Forsythia suspensa) + 14 ( Sophora
davidii ) -$% 5t M & B ( Carex lanceolata ) + £k T &
( Tripolium vulgare) BFEIN . 3 A FEUFIR 1450 m Ab, BEM k< 18.47| TK=18.47
Yy Fh B A IE 0,140, R B EH M 0.660, [ |
IR TIAH 0.247  HiE U258 TB (W 0.417, B AF v
T K 0.138. T

A, I s i s P
( Forsythia suspensa) + =345 2k %4 ( Spiraea trilobata ) -3
Bt & B ( Carex lanceolata ) + H 3% % ( Pulsatilla H2 EREENSSTEEANE
chinensis) BEM. 4 EHEIE 13401450 m 4b, A1 f;ijn unli\:lulct]i:;::ct:ﬁ::gression tree for Forsythia suspensa
P 22 (R0 0.283, Horh, MR AHOY 0.779, CV Error: ;Mﬁimﬁxﬁ%?ﬁ Cross-validation relative errors; Error:
G A EAR Y 0. 484, BT R B AT N AR5 2% Relative error; SE; FRifEi% Standard error; TK; 34
0.268, FI=k B H ZHH ) 0.101 B S5 Total soil potassium; n: % FEMEL A OFEITEL; 17.4.0.14,

FENIN . WAL (Pinus tabuliformis ) -3 %8 ( Forsythia ~ 1.23.0.333.0.283 Jy & fEAY Pl L2 A
suspensa ) -JEEF 1 8 B ( Carex lanceolata ) FEM\, FEE
ATETEIR 1460—1480 m FIMANMRID G X A AR = . REAAY A B BB AP 208 0.333, Horh Jiliba
2.05, B 1.36, Hi A M55 0.839,

FENV . & ( Forsythia suspensa) + 85 F ¥ ( Rosa xanthina ) -4 51 M %5 ¥ ( Carex lanceolata ) FEM\, 3K
1400—1470 m Z[a], FE AR S(E M2 1.23, Horh i (E o 2.39, SRIECh 1,19, S 4t 5 5
H1.49,

[T, R (H) RIEAHR (TK) (31 (TRP) 3 A A B AR, 78 WA 2 200 Bl 1 3% DX 4 e 7%
BEFHT, H&E 1330 m 2 i g 0 B — 2 3T H 752 H SR T 1330 m HAFR S5 19 70 2 2Rk
TR TK B8 AT R R T TK B KT 19.07 mg/kg BRER S ALAY ITRE, AL S i
FEA R BB B R BRATE AR R T 1330 m, 14 TK F KT 19.07 mg/kg FI¥E ] (TRP)
T =G P F TN TRP /N T 0.2775 MIREDT  BEVR G H 0 REAA I, HAR AW b E Z AR LR AR 18
SRAAY BRI LA 7 HACT 1330 m,TRP AT 0.2775 BURETT TK 4 BT 18.47 me/ke, JLRE
VTIN5 T BEVE I REA VR BRI B B M E B E RN, BAORE H(1330 m), TK
(19.07 .18.47 mg/kg) il TRP (0.2775) & REVE L5 43 TRUM 15 45, R WV 4R 395 1) A 80 B e X iE B i A
BRI
3.2 bR

MR 2.2 HiyJr s, 0 TR pH AL (TOC) RA(TN) 2B (TP) (28 (TK) A RA(AN) AR
BE(AP) I (AK) B i, AEREE(N) i X 3, DL EE (E) S Y il LUBRE BE (H) oy Z 3, DL RAE
AR A2 R AR 7 - 3 2 A 4 & B O ANl 3—10 Bl

FH &L 3 AL B AR D7 (09 12358 pH YERITE 7.0—9.0 Z (8], KERAHE D7 KT 7.5 0058 vk somsi i, HLidk
ol R AT — E WS VAR B R BB (] 3) o Ry R DL & S AE 2.0%—15.0% Z 8], AL
AR REHE T 10 & A 2.0%—5.0% 2 1], BB 268 20 B 0 728 A AS B Sl E Vg v B sy, A LT 5 dt b

TK<19.03| TK=19.03

b o
174 :n=47

el =0.2775 | Yeiig<0.2775

|

0.14:n=2
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Fig.5 Soil total phosphorus (TP) of the sample plots
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Fig.6 Soil available phosphorus ( AP) of the sample plots
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Fig.7 Soil total potassium (TK) of the sample plots
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(B 8) ; TIERE T ETE 0.1%—1.0% Z 0], A BEHEK = B3 = i 3 R a3 (B09) |, A RUETE XA (1)
O3 E] R A A R S A I B XA B AE 50—1000 mg/kg Z 18] (& 10)
3.3 MR SRR R A EE A

FIFH Cannoco 844, Je Xt Wy Fh B e E 47 R A F T N 43417 ( Detrended correspondence analysis, DCA) , K4 2
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Fig.9 Soil total nitrogen (TN) of the sample plots
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Fig.10  Soil available nitrogen ( AN) of the sample plots

—HEJP Al 86 B { ( Lengths of gradient) BEEE A HTAIRL 1286 BEERINE/INT 3, I i A0 BT BB 88 TCAR S TS 78
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KFRHA S QIV-F U s (e fif/N) BG5S EE5 PR ECE (NB) 2 HRAHEER, ]
W TRP P REM R o B T P8 B0 A, B ) B RS 6T 4, W Fiti /b s f &1 12 W] H1 TRP N H 51 2 A HEF
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AT B SR AL B PR 1 R B B2, S ) B/ NIRRT

#1 EETS5S RDA HFHZ AMNEX R FEEFMRETEHE

Table 1 Correlations of location environmental variables with axes, eigenvalues and cumulative percentages of variance explained from RDA

HeREfl Axis 1 Axisl 1 2 Axis2 r Pr
Jt#6 Northern latitude (N) 0.995 0.102 0.343 0.001 ***
4% Fast longitude(E) 0.016 -0.999 0.057 0.186

i 17 ZREL Coefficient of slope( TRP) 0.9031 -0.429 0.230 0.001 ***
MRS Altitude (H) 0.998 -0.068 0.480 0.001 ***
FRIEME Eigenvalue 20.8 19.8

fift B Interpretation/ % 95.5 4.50

3.4 IR T SHERECR R RS S A
DAREDT 1) R0t 2 e ) i B B S - R A 10

AL FCECHE B A 2 SR SRR 4 (RDA) | JF 47
Monte Carlo BRI, 4% H N FA I SR HEF H
%E‘J*ﬁ?‘é%%& FRAEME R AR TTHR R MR g 25 R L (3R
2) ., B R T AR 88.6% , 5 TK TP AP FlI QIVIf -
EC *E?é@&j(,%zlij:ﬁi%TE’ M) 322 580 A K 110 32 A g
HEPAT 5 45 HET A T RS 11,49 55 AP, R
AK,TN.TOC TP \EC fyHIEVER R, Wi e g
FATTHR IR B 100% , AR 4 Hb A e 1 1538 K X RV )
BN, 55 LA YL S PR T Ry -t 1 1 ERREAREESRIEE TR

ﬁ ? 1&@ ( Fé_] 13_14) U\ Pr {E ﬁ TN TK X ﬂ‘ﬁ}_ ;@ % ﬁ Fig.11 Redundancy analysis of community characteristic in

relation to major topographic factors

Aﬁ!ﬁﬁmﬁﬂ’]*ﬁﬂé ri Pr ﬁj‘j 0.010, /\{k%i%lb\m QIV-F.; % 1) T Z{H , Important value of Forsythia suspensa;NB:
FEERIPIFECE , Number of species in a community ; TRP ; 3 1] $8
%(EC ,Pr= 0060) \;u\b}k(TP Pr=0. 259) %n \ﬁmﬁ 4 Transformation of aspect ; E: 7K 4 East longitude; N Jb &

( TOC, Pr= 0338) 5 Northern latitude; H: V4K = 8 Height above sea level

-0.6 1.2

®2 TENEETS RDA HFHZEHEX R FHEEMRRTEE

Table 2 Correlations of soil environmental variables with axes, eigenvalues and cumulative percentages of variance explained from RDA

EFaill Axis Bl 1 Axisl Bl 2 Axis2 2 Pr
HL 5K Electrical conductivity( EC) -0.894 -0.447 0.084 0.060.
S LT Total organic matter( TOC) -0.997 -0.072 0.038 0.338
SV Total potassium( TN) 0.783 -0.622 0.145 0.010 **
S5 Total phosphorus(TP) 0.282 0.959 0.046 0.259
S Total potassium ( TK) 0.146 0.989 0.413 0.001 ***
HRL A Available potassium( AN) -0.620 -0.785 0.003 0.891
T Available phosphorus( AP) 0.509 0.861 0.005 0.830
HERLER Available potassium( AK) -0.975 -0.221 0.013 0.720
FEIEMH Eigenvalue 91.8 19.6
ff# B Interpretation/ % 88.6 11.4

FH & 13 A1, TN AN (AP (AK TP AP 5% Ay 8 2H (QIV-F) 1EAH G, JEH ZU Y 52w B fin 2 2% 1 TK
TOC Fl EC 5 ZREPE SR A R U HUE  TK 952k, R AT 41, TK AN (AP AK TP AP S5#f
YR RS (NB) A IEAIEIE R, I TN . TOC . EC SHEM AR, FUMFFT X IR+ e 2 % Bt %
Vi Z R AR KR HE R 7, 1 TOC Fl EC 2 RMRE V& 19 2 > S8 g il 249 MR 7
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Fig.12 Redundancy analysis of sample plots in relation to major topographic factors
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Fig. 13

relation to soil environmental variables
EC: H § % Electrical conductivity; TOC: &L75 HLJ& Total organic
matter; TN ; &% Total potassium; TP : AL Total phosphorus; TK: &L
#f Total potassium; AN: FH AL Available potassium; AP ¥4 &%

Available phosphorus; AK : # (4 Available potassium

http ; //www.ecologica.cn

Redundancy analysis of community characteristic in



214 SRAEAE A5 RAT g BB RS 254 B i I Bk 8599

0.9

---------
. o,
o*

14 #A5TEREEFH RSN

Fig.14 Redundancy analysis of sample plots in relation to soil environmental variables
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SER I £ A, AR SR X (H=1330 m) , B30 (TK) S HEIE 451 0 BUA 28 — A AR (TK =19.07
mg/kg) , TK A4 A T FERBE A L5 R — 232 S8 T 72 S5 HE3K (H= 1330 m) Al TK<19.07 mg/kg A1 T,
PR R BC(TRP =0.2275) M T 1 RBE 40 B A 55 = A FLBR , Bk 1) 2 i R I 25 A 1) = R £ S N7 e R I
& H=1330 m TRP=0.2275 X1 , iERBBEVE AR LA 380 5 i (TK = 18.47) N =S W FHBL T 08 #pl T
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OIS 25 5y W T 25 1 SR IS R AR Wit 1) T R ol B R, S 30 e AL B AL A0 A

BT FRATA AR 0L X RS R R A=A, 0 M DU = SRR 10, IR e R 54
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Wiz Ly St A PR R 33k 1) k) PH VAR o, PRSP K 43 R R A ) S AR AR S | oA W A e
R o I ) B T K 25 S M A A S AR A A RS AT Y TR B AR AR A R R 38 1) AN )
AR R D I R R RS B AR, B R A K IR AR AR N & A AR AL BEE I R AL A 2
B R AR BA R TS R RE R 0 8 S TS B0 i R S R B — e 22 5%, 9K
BTN BRI KR A% L R AR AR R AR 5T R T 4R 900—1300 m W] A AR BETE
900 m LA FEE 1300 m DL E 5 8 R AEREE , FE S HTEIR JER REATEYNRA:
4.2 JERBEE ARSI 1R

FETT 530 DX LA R AT LU F iy, J& T Fe B L Y | FLV R = B W 1m) 52 2%, 32 bl 3 B 45 1 SR A 1 R
PR R 2R3 sh ) sg ), 4 DR T 10 4 A S BREEAL , R RIRE Dy Z [R1 25 Ak, B i A 0.03% 31 0.86% , F 5K
WA 5 R AE 10—80 mg/kg Z ] AL4E 1AM | rhwlie A e i Y T 82 DB R TE 1.0%—2.0% Z ], AR Y
FrETE 100—300 mg/kg Z [A]  MAETE 0.1%—1.0% Z 7], H 3R & & 7E 50—1000 me/kg Z 0] A AL % &
£ 2.0%—15.0% 2 [4], -4 pH 7£ 7.0—9.0 Z [0l SEVAKE A YAE K = Koo R (R BB Mo 2
R AR R RIRE T Z A1 22 3K, R R A REE R, bR &5 SO W R I8 2540 1 A8 4k

TUARSI M AT AT, M PR 5% 3 0 T BB A [R5 I, 75 P R Gk G 5 AR 2854 50 D B9 % 1o 1 A T
L M IR TR, JC LRI ) VA R SR S M A AT R MR R - DA R R A A X
LY A3 HT AT AT 3 B A AL AN R S R A ) 2 M R T R R R 3 S R A A I
PR, JE I - S3E8 WlAAR A m] W SOt RO AT R RO A IR - SRR RN B AR PR IE AR OG , B R
AW BT RS R S A R R TORTE S ITAS RS R T R BT A R — B R X
BRSO AL, S EE S IR 22 R . A RS MO s B — B, Wik gs > A 7 B vE R
e T BN A SR A SR AR R R R AR S AR R DG R R  E E AR AR S R GBI R )
AR R AR W, U R TE N R B R R A 2R Ay SR R 2 R AR AR I 2
St TR Y (1) ) X5 BH RE RN K AR A 5 g, AT S 50CH TR R 4K v R A DR R T B R
IR 5 R A e

5 i

ARSCLARAT e Bl )1 358 A e A Vs D9 B Xt R AR A R 4532

(1) RATILFE BB )5 N 3 RATEVE A S Fh2SAL . T AL, 50+ =G L 45 + B AT B RN TT Y, 3559
+ R AE- BB 35 R BRAT R AR s IR . IR AR+ = SREF LA - T o+ SR S A VY b3
R AT B RRE N VR 5+ R BB T I RN

(2) AR R | A S R M X R A Y 3 A SR T 3 AN AHE AR AN Z 2
SRR A L, Horh TR R A R 0 A A SR S — ORI R LUK 1330 m N or Rk, 1E
TR T 1330 m {1 DX, 34l 1) X RV A o AT AN TR = AR A

(3) LA AW R A AR AW, A LB SR KOS R B LN T TR XY
AR, SECT AR R S I 2 5

FEBAE MG I PRI HEAT R E AL R A e o, W B AR IRE IR 1330 m LR (3wl B2 %0/ T 0.2775 B IX
S, I A TS ISR (R BT ) (R 9 pH(ELC PRk SR ) R 2 A R A S R AR
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