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Abstract; Pinus tabuliformis is a dominant tree for soil conservation and water conservation in the arsenic sandstone region
of the Loess Plateau, one of the most serious areas of soil erosion in China. The Levins ecotone width index, Pianka ecotone
overlap index, and redundancy analysis (RDA) were applied to study the ecotone characteristics of understorey herbaceous
communities and their interactions with the environment in several different stand types of planted P. tabuliformis forests.On
the basis of the variation among sites, the planted forests of P. tabuliformis were classified into six types. At each site,
topography ( slope, aspect, and slope position ) and forest stand characteristics ( canopy density, stand density ) of
P. tabuliformis was recorded , herb species were measured in 1x1m’ quadrats, and soil samples were collected adjacent to

each quadrat.In this study,we used the niche breadth and Niche overlap indices for analysis of herb species ecological niche
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characteristics under different site types of P. tabuliformis forests in a feldspathic sandstone region, and studied the
relationship between ecological niche characteristics and the environment through CCA and RDA.The results showed that 31
species of herbaceous plants belonging to 11 families and 24 genera were found in the 150 herbaceous samples of
P. tabuliformis sylvestris understorey surveyed, with a predominance of positive dry plants. The ecological niche
characteristics of the herbaceous communities in different types of P. tabuliformis forests were different. The ecological niche
width index and the ecological niche overlap index both showed that the sunny slopes were larger than the shady slopes, and
the flat slopes were better than the gentle slopes, but the overall indices were smaller, indicating that the species used the
environmental resources to a less extent, the interspecific competition was not too great, and the communities were in a
relatively stable state. By comparing canonical correspondence analysis (CCA) and redundancy analysis (RDA) , the RDA
ranking better reveals the relationship between ecological niche characteristics and environmental factors. It concludes that
tree and shrub layer depression, soil organic matter, soil water content and slope were the dominant environmental factors

for the different ecological niche characteristics of understorey herbaceous communities.

Key Words: feldspathic sandstone region; artificial P. tabulaeformis forest; niche characteristics; environmental

interpretation
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WFRIXALT NS AR X, SR 2 87T, MERS ZRHE AL b 2 DXK A DR 45F 78 10 el 86 5 3 T B (110°31"—
110°35'E,39°46'—39°48'N) . it 35 iy It [ B 4, ¥-4K 1100—1300m, Jag iy > KBl e, &3+
i HIB R, R AR, XA RR 7.29C A5 2R T i 400mm, JTCFEI 150d Aify, 3l 3
PIZEES + K Kb o 3 IS X T ARAG WAL ( Pinus tabuliformis) KA ( Platycladus orientalis) 55, 3 B
AKYFPAG V5 B ( Hippophae rhamnoides) | ¥7 2% ( Caragana korshinskii ) 55, 3 5 B AR W) Fp A5 A K& (Stipa
capillata) [ ¥ F& ( Thymus mongolicus ) | K& & T ¥ ( Cleistogenes squarrosa ) . Fil /K 2% Ji) i 46 ( Heteropappus
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Fig.1 Distribution of sample plots in the study area
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Table 1 Basic situation of sample plots

THEA P
Fesign s SRR | e TSR R Soil AR
. Tk : . e .
Sample Site Slope pH . Soil water Soil . organic Canopy
Elevation/m . Slope/ (°) .
number types aspect content/%  thickness/m matter/ density/ %
(g/kg)
1 ERS3 ES 7.52 1207 11 0.23 4 4.33 54
2 EE7 ES 7.61 1228 8 0.15 11 3.77 48
3 [ Aok WS 7.48 1210 7 0.10 20 3.39 46
4 B3 N 7.51 1205 16 0.25 3 5.39 49
5 e EN 7.6 1213 15 0.17 10 4.82 46
6 [ Aok WN 7.47 1221 11 0.12 21 4.45 42

ES. % South easl;WS;@% South west;N:Jt Norlh;EN:}'Ej[ﬁ North east; WN: P51t North west

22 fEtRiESE AR
T = (AHXF 35 5 + R X g B + A X ) /31
He S T BE R Levins A0 8 A S0 SR Pianka 243 7R, ARUWE .
(1) Levins 2E 57 Y8 7

2 (P,InP,)
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TRASP =1-cos [ (7/180) (aspect—30) ] /2
A, aspect TR, TRASP (B, /Rl ) FH 5 ez, BT B
2.3 Hmab

K H Excle 2010 #178R ST, SPSS 20.0 FAF#EATERL R 2R J5 22 730 A fil LSD 2 8 LR, 454 Canoco 5.0 4K
PEXS PR IE R EE R 5 150 AMFE D FLAHE ) A A5 07 FFAE 737 R B CCA \RDA HE/F 7, AT Fh 5 BREE R0 2 ¢
FI0HT B AT AETE Orgin 9.0 T8 AL,
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HOE7EL SRR RPN SN A NV = SN L 1 S NP (0 P 7 5 A o VAN - | N

SRR, IR A4 A 2 M, Xof PR BT YRR RS B O 5 T M 22 IR 2 1y 3 g e B AR A
VLA /N A3 10 B | R PREE 8 P A R E /I | A 2833 Iy P e IR 2%
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Table 2 Important values of herbaceous populations under different site types of artificial Pinus tabulaeformis forests
By pan ST PSR Site types
Plant specices Familia FH-F-35 FHZE 3 FHARHE [ S1 %23 3
AP Stipa capillata AAH 0.25 0.20 0.20 0.15 0.25
B B Thymus mongolicus BER 0.34 0.51 0.17
MGG T Lespedeza daurica TR 0.20 0.05 0.17 0.05
*ﬁﬁ%‘ F XL Cleistogenes squarrosa KA 0.20 0.25 0.10
IR ZEMUEAE Heteropappus altaicus HF} 0.02 0.19 0.12 0.04

J< 22 4T Gypsophila licentiana AEE 0.10 0.15
FIZEHIE Astragalus adsurgens 2Rk 0.02 0.07 0.07
Y Artemisia argyt 2Rk 0.06 0.14
1558 Hedysarum alpinum SRk 0.05 0.10
BRATE Artemisia gmelinii ZF} 0.30
[ Pennisetum centrasiaticum ARABL 0.20
FRBRIR G B Astragalus melilotoides SRk 0.01 0.14
KEFSE Stipa grandis RATRL 0.17
ST Juncus effusus ST R 0.16
AAE Allium tenuissimum AR 0.05 0.04

i HISk Echinops gmelini ZE} 0.02 0.06
AL Polygala linarifolia L ER 0.01 0.07
Pemt 2K 148 Gueldenstaedtia stenophylla ISk 0.05 0.02
FIAEREAME Melilotus albus TR 0.10
IREE Stellera chamaejasme Kkl 0.10
¥ B3E Salsola collina ZE} 0.05 0.01
FEMERERSE Clematis aethusifolia BER 0.04
AN Cynanchum thesioides R 0.04
TR Setaria viridis ARAFR 0.01 0.01
ST nneapogon borealis ARAFEL 0.01
TEE Artemisia scoparia ZHE} 0.02
AN Eragrostis minor RAF} 0.02
L35 3 Ixeris denticulata R} 0.02
M2z ST Corispermum chinganicum HE} 0.02
F 4 Artemisia eriopoda g 0.02
TR Tragus mongolorum RAF 0.01 0.01

Table 3 Niche breadth of herb populations under artificial Pinus tabulaeformis forests of different site types

R3 FRMHMEBATHMRTERTHBEESMUEE

AL HZEAY Site types

AL T

P # .
Plant specices Famili Total niche
At specices amia FHF-38 PHZE 3 PEAHS BIF3k (720 [iiF 37 breadth
AEZE Stipa capillata RAF 0.35 0.32 0.32 0.28 0.35 0.73
B B Thymus mongolicus B 0.37 0.34 0.31 0.59
MGAR T Lespedeza daurica R 0.32 0.15 0.31 0.15 0.50
BEBRT5L Cleistogenes squarrosa KA 0.32 0.35 0.23 0.53
B IR ZE M IERE Heteropappus altaicus BBk 0.28 0.31 0.25 0.13 0.51
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o B SEHIEA Site types @Sweiﬁ: |3
Plant specices Familia 4 ] B ‘ Total niche
BH-3k PR PR AHE iR B2 B AR breadth

R 22 £i4T Gypsophila licentiana AR 0.23 0.28 0.37
RIZEHTE Astragalus adsurgens HR 0.28 0.19 0.19 0.39
W Artemisia argyi Ep 0.17 0.28 0.32
W4 55 Hedysarum alpinum g 0.15 0.23 0.28
YATTE Artemisia gmelinii Eop 0.36 0.36
[1 5 Pennisetum centrasiaticum AAR 0.32 0.32
BRMRIRBETE Astragalus melilotoides SRk 0.17 0.28 0.32
KELF Stipa grandis RAE 0.31 0.31
KIE Juncus effusus ST O FR 0.29 0.29
Ak Allium tenuissimum Ry 0.15 0.13 0.20
WUk Echinops gmelini ARk 0.28 0.17 0.33
YR Polygala linarifolia HER 0.16 0.19 0.24
BeM K 48 Gueldenstaediia stenophylla SR} 0.15 0.28 0.32
FAEF AR Melilotus albus A 0.23 0.23
J135 Stellera chamagjasme N 0.23 0.23
$E3E Salsola collina Eap 0.15 0.17 0.22
FEMARERSE Clematis aethusifolia EHF 0.13 0.13
KSR Cynanchum thesioides R 0.13 0.13
TR Setaria viridis RAFR 0.14 0.15 0.20
ST nneapogon borealis RAR 0.17 0.14 0.21
B Artemisia scoparia HE 0.11 0.11
/NI B Eragrostis minor KA 0.13 0.13
W53 Ixeris denticulata HE 0.08 0.08
MWL Corispermum chinganicum HE 0.12 0.12
Fa4LE Artemisia eriopoda HE 0.08 0.08
BETE Tragus mongolorum RAFR 0.07 0.07

ANRISE BTN T AR AT A 250 T B B B A5 5 (E AR I S B ool N 4 5, L R F A
Wy 3 AR R T I A Bl A B, G HUAK T B = Yy R EAE A (3R 2) , AT LA RS
(E T A S E IO WA E PRI 2R 5 19.35 (Y REAS T 78 W) o o (L A 2507 B 8 PR 19— B0t IR TRA 5 T
U RERET AR 28 A e AR AT 5 41.93 % Y W) b B (R, AR A0 8 BE AN OB 5 1 T BB AR AR AR R
JE 55 10 A7, SRV AR 2507 0 BE R 28 14 37, 29.03% R0 B B/, AR 2507 S E AR, AR 253 PG Y T B T
P 10 AL, HAZS AL RE T 2R 6 fii,
3.3 A[FESC SR TR T AR AL S A

AN S2 3 RN TR AA BT B A b A 2507 T 5 18 P 2 (BB | BH PS5 ARG 50 | 38 b 3B B4 A X
B NI 2, FEASHESS AR A AR B EAE AR L 2R Tl T B 22 5 8.3, HAE B3 PRI
JE bR BB AN FR . IR 4 0T LR, R — P Rl A [F] 57 28 200 2% 10 R A 25 A A T & 48 ORIV
[A], PR R SR A R AT R I B T AL B G BT Ab AR S B A B BRI B AR RO, TR
TR EZLORAR N 3 A A Y i 2L SR SR8 £

XFEERE 3 TR, AR S T T A AR T AR MR A 2507 B B 5 A 2507 5 BE 2 ) A7 A — JE IO AH O E
HARRR—ZR MR, 16.12% MM EAE S AL 58 5 H A S A SRR — B0, A IR 57 BEZE B g
Sk 55 5 45.169% ORI HE A 507 58 BE AR, {555 FUAR AR 09 A2 2507 T8 B (E AR, IR 2209 7745 KT S 1 6
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A 25 T BE 43 ) SRS 7 14 7 (AR A B SR RO BIRE S 13 .19 137 538.71% A AR 250 56 B (E
BN, HAE A AR BRI, WL 558 ) B i S AR 25 56 0 e S R 4B 16 22 i, HoAE 2B
BRI T =5 T 14 0, Hsb ] W FE [ —ANGEVRAL b D3RR R A [ Bk L8 5 K ) A S A7 B B R A 2
N EBE,

R4 TRIHEBRATHRR TEAFBFESVCERELFYE

Table 4 Average value of niche overlap index of herb population under artificial Pinus tabulaeformis under different site types

By 3 LT Site types
Plant specices Familia PRS-k PR 22k PR A B P-4 IGE-8)7 FH R
AE S Stipa capillata RARE 0.51 0.57 0.45 0.74 0.60

H A Thymus mongolicus JRIEF 0.64 0.57 0.79
MAHAREF Lespedeza daurica SR 0.67 0.45 0.74 0.59
BEBS T 5 Cleistogenes squarrosa ARAR 0.74 0.40 0.76

R JR 22 M0 1 46 Heteropappus altaicus Eapes 0.72 0.40 0.60 0.64

R 22T Gypsophila licentiana AR 0.54 0.66

RIZEIETE Astragalus adsurgens Ak 0.61 0.40 0.64
W Artemisia argyi SR 0.67 0.64
45 Hedysarum alpinum CE3 0.68 0.68
BRFFE Artemisia gmelinii oyt 0.55
F 5 Pennisetum centrasiaticum ARAFEL 0.49
FERMUIRE I Astragalus melilotoides =X 0.57 0.60
KA Stipa grandis ARAR 0.74
JTASHE Juncus effusus ST LR} 0.75
ntHE Allium tenuissimum HER 0.75 0.60
Wik Echinops gmelini ko 0.72 0.60
Y8 Polygala linarifolia it ER 0.49 0.64
BeM oK 4% Gueldenstaedtia stenophylla =X 0.61 0.62
FIAEFEARAR Melilotus albus TR 0.55
T Stellera chamacejasme KA 0.40
W E3E Salsola collina ke 0.54 0.68
FEMEREE Clematis aethusifolia BEA 0.54
HiAE IR Cynanchum thesioides R 0.68
HREE Setaria viridis RAR} 0.52 0.68
SETE B nneapogon borealis RAF 0.61 0.57
H# Artemisia scoparia oyt 0.56
/NI B 5 Eragrostis minor RAR 0.54
W53 Ixeris denticulata oyt 0.60
M HUSE Corispermum chinganicum oyt 0.41
F4ETE Artemisia eriopoda ZF} 0.64
EETEB Tragus mongolorum RAR 0.31

3.4 MRS OLRRIE R PR AR

SR AN [ 57 TN TSR T SEA TS b AR A5 07 5 B S A S T B S v IR BE I 1 84T DCA
B 25 R U R AR M HE e B R I T 3—4 Z ] E%T*FH%WW%F'J(CCA)%IFT“ L] R FH AR R
(RDA) HEFF, A X LU HEFF 4528, RDA PURhHRR R BRI L CCA HEFF R (3 5) , RUIA[F] 57 2 Y
N TMARARTR BEARE T Wi A 2507 9 38 b B B PRI IH 5 19 5C R A T4 20 Hr (RDA) SEAIE 45, 73 M4
PAXUiHE R 1 s (181 3)

1 5 W0 AR AT RDA HEF AN [F) 37 38 BT IIARAR T FEAT R b AR 25 AL 58 B 5 PR B8 I 71 R
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TR 94.21% , LS T & SR I 7 20T R

FH7 90.149% , ] P 24k Fr il 247 R A 8 A 88 43y o 2 T P b
AR A VR T2 R L2 7w ]L # ok
RIS T T AR RS R s G 5 2 1L
FEREREA B R SIRBL A T 2 I Rl Ay BT [
SREEDH T2 I f /DR B, e bR fetE £ 2 Ei
A A BANT SIS TR S S E
z

AR 0 5 TR PR T2 B0 3 R 5 3K 7 i
FRHE I T4k 7 [ RRSEE | 200 IR BE DR T 5 R R i
PERRSE P 3( 22 ) TN, FRA PR e 3 PITRE ESE MR BLES DURS BIRE
LNV N - AT BT > 75 08 S A A JE > - 1 SR St pe
/‘ﬁjj($>i;ﬂi}§>iﬂi[ﬂ>:ti§§ pH>:tfr§EE}§,E[i%ﬁ$}L B2 AEZHEBMATHRARTERMBLESMNESIEHTY
5 A KR L R T R SR AR S S R A

S FRAEAREHIE JEIE Wi Bt HE pH SR A A o Fiiz I:tv‘;ra.ng::umb:rbofl ni:he o.verla: in((ll:;( of}:erz ptopulation
REREGUI. HIE 3CH) TR SREER TR R A R e e e
A MY S« 75 S5 PH E > 8 > - 1t

B> - S04 LB > 8 K S > 408 pH , ELARERJE - MR 4 WL -k R S AR A o T
RIS HOE T LS pH 5 REVE A A T A R GG, AT, R IR Sy M 2T T AR R A
BEEYIR 2 25 G2 770 SR AT U 00 o K S BEBRHE I 7 5 B PA FE RS 2 Bk R 3R
355 BRI 43 L, A L 8 4 7K S O D 5 25 B B3 VW4 R

0.1 |

#5 CCA 5 RDA #HEHH
Table 5 CCA and RDA ranking analysis

ey HeF X ezt 1 i 10 B AV
Types Mode of sequence  Norm Axis [ Axis Il Axis 1 Axis IV

HE A B CCA TR 0.64 0.46 0.46 0.34

Niche breadth Ae bl BT % 31.5 53.98 76.31 93.11

RDA FROE(E 0.36 0.24 0.2 0.14

A bl BT E R % 36.4 59.95 79.76 94.21

A ES CCA FHIEE 0.63 0.6 0.47 0.32

Niche overlap A bl BT E R % 27.89 54.56 75.58 89.73

RDA FROE(E 0.33 0.28 0.16 0.14

A bl BT E R % 32.54 60.71 76.26 90.14

CCA . BLYE X 437 Canonical correlation analysis;RDA;ﬁ%ﬁ'}‘*ﬁ‘ Redundancy analysis

4 e

A2 T P S — > A BRI AR XS PRI B Uty (07 ] P ) i b 45 b, 20 i 55 BRI AR B R I A7 AR Y, R
BT Aok T ERBE BEUR A4 R SCCRR EE s Wi A 2 L 6 A N BB R U S B 3 )
5t XA EAE RE O REVE DR A SRR 2 AR ST R I, AN TR ST 2 R TR T REARE R R A S A0
Vi RE BRI, LA AR TGS | B W12 D B B A ) o A 25 A A, 3K 55 4k T A A0 30
AR IAN AR S SR AT SO o AN AR R A MOREIR /I, AR S BEGER JBEK [R] INf T ARJZ b i — A9 )
VR H A i 3, IR AR B B A YRR AR 5, X PRI B SR R BE AR, 2R S S B R 4K
AN TN FATRE S A LA LIRS DB PR A Yl T+ 5, BTt PR o, AR 2507 58 B (EAR X B
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Fig.3 Species niche width (left) and niche overlap (right) of the herbaceous community under different site types of artificial Pinus
tabulaeformis forests and RDA analysis ordination of environmental factors
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gmelini ;17 : M 3L & Polygala linarifolia; 18 B2 WK 148 Gueldensiaediia stenophylla; 19 11165 K] Melilotus albus;20: HRTE Stellera
chamaejasme ;21 $§T3E Salsola collina;22: JFMARERYE Clematis aethusifolia;23: MRS JK Cynanchum thesioides ;24 : M JEHE Setaria viridis;25
SETEEL nneapogon boreali ;26 T Artemisia scoparia;27; /NIIJE . Eragrostis minor; 28 W5 3% Ineris denticulata;29: Y42 M52 Corispermum

chinganicum ;30 B Artemisia eriopoda ;31 L% S Tragus mongolorum

Rl AR A B MR T2 A A0 98 BEBOR By R o B A 50 i 4 b 2 R T X 4 ) ol A
TERET A AL T W8 A S5, AR T 7K PR BV M i B RO (R R A2, 7 LITE RS A 0
E XA Z RSO T R I, TR HEAR T R SRR /N T RIRFI Y TS TR XA BEE H Ak H
PRGN TR o 22X AT HEA T 2 , B R OUSE Al DRI, N TTOPRAR B 068 DX R AR FH v F8 R 1) 52 )
STAMEAHRT

A AT B R VR AN [RT I 7 W PR 9 0 S E 0 I i) 2 8, A 0 o [ A 2 AR AL, 1
REAR L AR 55 5 9112 s A 307 T S R B v i) 5 A MR A, 2, A A A T A OB N, o i) 5 gk
BRZEAN, A B B e RS A = DO AR 50 8 T R SR R e B R 2 R R 1t DR R
2 ARHES R A RS R TR T AR T AR AR A A A AR BN, BB E S M E S K
TEASE, SN TR, w] LUA B AR AR L L B3R, - A AR L LA e i/, SR
KRR DAl SRR IR TR T, 2 B AR AT C 4% A RIS b 7 i B IRk 67, Fof ) 5 28 A0 T Bl
ERERE AR TAHXRE R B B . (AR RIS b 40 AR 22 5% PR T REARE I 7 B D B A6
BB RhIRI SN RS A2 A AR 5 7 FHARRE B0 PR A (o, ol ] 3 e, A A A5 AR R 0
gy, XAl e KL ST O, BP0 3 5 K R K R A DL 4 LU B30, BS54 38
B R B A AU I 38 A BEUR , B HRE v o AR AR 55/, Aol ] 38 A K

PR A S SRR B9 AN [R] S 4% R 358 TR 22 O IR IR S Wi 1 9 AR, A9F 5 308 P 2 331, G52 o IR 38t A7 BT A
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