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Table 1 Basic description of experimental sites

R 3H/m WeRE/(°) Bermp/(e) + 1% H/ (g em™)

553 S Z0a 2079 25° 291° 1.14+0.05
W 2041 33° 264° 1.09+0.10

oA 2012 22° 282° 1.15£0.05

B a7 2106 34° 3320 1.23+0.04
SR DA 2061 30° 323° 1.10+0.04

YL 2017 28° 3420 1.08+0.01

FH 3 Ly 2068 33° 0° 1.15£0.02
s 2043 30° 4° 1.14+0.06

A 2003 27° 0° 1.15£0.02
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Fig.1 Vertical distributions of soil moisture content on different slope positions of three slope aspects
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Table 2 Importance values of herbs at different slope positions of three slope aspects

in Caragana korshinskii plantation (Mean+S.E.)

LI 2 3 FH
Wy
A P R AL EIEs P R 3eA A rhgfr R
i 55 (Leymus secalinus) 0.201+0.071 0.179+£0.061  0.161+0.056 0.363+0.124  0.205+0.066  0.342+0.116 0.039+0.034
K% (Stipa bungeana) 0.126+0.050 0.033+0.029  0.266+0.003 0.155+0.068  0.210+0.048 0.201+0.107  0.296+0.059  0.336+0.034 0.134+0.054
Wﬂélﬁ%!?ﬁ(cleistogenes chinensis) 0.006+0.005 0.020+0.018
K J2 i (Setaria viridis) 0.068+0.036  0.054+0.041 0.019+£0.017  0.052+0.016  0.054+0.014 0.058+0.020
IKEEFE (Chenopodium glaucum) 0.020+0.018 0.012+0.010
KALIRIT (Torularia humilis) 0.002+0.002 0.024+0.012  0.033+0.013 0.030+0.003 0.045£0.016  0.034+0.017 0.022+0.019 0.032+0.016
B4 S (Potentilla bifurca) 0.041£0.016 0.021+0.018  0.053+0.027
VG 1L1ZE b5 2 (Potentilla sischanensis) 0.004+0.003 0.010£0.006  0.021+0.012 0.004+0.003 0.014+0.005 0.023+0.013
{RE ILHE R (Sibbaldia adpressa) 0.041+0.020 0.057+0.020  0.028+0.020 0.011+0.006 ~ 0.059+£0.010  0.052+0.021 0.054+0.029  0.080+0.029 0.098+0.032
BENF#95 (Astragalus scaberrimus) 0.013+£0.011
H il B 55 (Oxytropis kansuensis) 0.021+0.012
KW B4 (Medicago lupulina) 0.069+0.047 0.003+0.003 0.018+0.015 0.010+0.009
WV JRR(Linum stelleroides) 0.005+0.004 0.019+0.010
U % (Peganum harmala) 0.054+0.027 0.048+0.019 0.022+0.019  0.040+0.021 0.043+0.022 0.035+0.031
i (Polygala tenuifolia) 0.031+0.018
L $i3E (Viola dissecta) 0.029+0.009 0.010£0.008
WLIF 83 (Viola prionantha) 0.003+0.003
A6 )5 5% 5 (Swertia diluta) 0.021+0.018
LU HE(Cynanchum chinense) 0.006+0.005
k)R (Cynanchum thesioides) 0.029+0.025 0.014+0.012  0.019+0.016 0.029+0.025 0.017+0.015 0.056+0.029
i€ f£(Convolvulus arvensis) 0.036+0.032
SIS M (Cymbaria mongolica) 0.009+0.008 0.005+0.005  0.019+0.010 0.022+0.019
Ff1 (Incarvillea sinensis) 0.033+0.029 0.067+0.046

B[R 456 LA (Heteropappus altaicus) — 0.0730.022  0.047£0.024  0.159£0.025  0.094£0.009  0.238+0.070  0.128£0.050  0.225+0.051  0.245£0.076  0.300+0.100

AT (Artemisia sacrorum) 0.068+0.059 0.028+0.024 0.118+0.102 0.007+0.006 0.061+0.042 0.019+0.016
T W5 (Artemisia capillaris) 0.248+0.050 0.343+0.108  0.067+0.034 0.112+0.057 0.012+0.010

B (Artemisia frigida) 0.061+£0.036  0.0214+0.019  0.053+0.046 0.085+0.060 0.032+0.028 0.014+0.012
HA W H (Ajania parviflora) 0.023+0.013 0.167+0.060 0.040+0.035 0.034+0.030 0.144+0.048 0.072+0.040 0.239+0.051
K] (Cirsium japonicum) 0.04620.040

H =2 B4 (Saussurea chingiana) 0.001+0.001

353 (Iveris polycephala) 0.020+0.010 0.006+0.005

I Y (Iveridium dentatum) 0.005+0.004
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different slope positions of three slope aspects in Caragana korshinskii plantation
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Fig.5 RDA ordination figure of herbage distribution and
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HE b 1 53 ) 5 1 2 E A G (P<0.05) , 5
WRC B R 95 K e R 3K Ay e B L A
K(P<0.05) , BHF B3 33 2 FH3 B3 52
BH3% R e AR 3 AT AN I . HERFR G 2 S
S I e JE L W 3 R 56 (P<0.05) , 5 TR 5 W 5 K
T IR 2 IE A E (P<0.05) , B4 3 /4N 3k 18] AN W) 33 o7



126 ik

7//'\ 7;% 41 %

L7 ATk o o D cc 0 ) W 3R A1 o o 32 B S AT
SEMAAT 2K S A TR I 2E B, 177 398 407 308 e 5 g -
IR Er ik B RV ) 5 K R M AT VR A A

Fy 5MCT REARBEIE AP W A 4R B S bk
li1] (1Y) Spearman AH G /AT 25 R B, FACHE VR 4 5]
PR I ) 5L 3 SO 96 (P<0.05) o KPR BT /R
B MR AL AF 7 A 32 HE B B 5 3 [m] Y Spearman AH
KA BT a5 R BT IR B8 Bk AL K 15 RN A
34 55 35 1) 5 8 3 IEAH 96 (P<0.05) , H: 3224 A 78 [
I 5 DA AR s A R i ) 2 B TR DR (P<0.05) , B
TS AT LE PR

4 it

e R A O T b A Tk i Z 5 1 R K A
PR (%) P IC L DT B (R s i E R A K, I
FIVE AR — 2R G52 W A W) o3 A s SRy o — Al
BF133 58K 53 25 14 4 24 PR R BH 3 Al % 1Y)
AR IR SRR A — 20 SR A e
VYT SE & B3 B AT (R AT 20 Z2 80, B BH 3
171 30% , iX SGAHE IR AR o 3/ 3 ) FEAHE U
2H R SR AN (], B A b o R 2R R
P AR B 1 A BH S RN B3, AR Y M A
AL 5 ZREMERUL o R 25 2 88 2 TR
1o BN [ 395 1) 5 b A V5 T 2 R Ao b R B
Ik i) 308 e XoF 7K 43 B4 9 Y 5 AR A A D R AR B A
VIREVE BT I, e 28 S S0BF e AN~ BR e =
38 35 5 T BH S RN 2= BH 3, L BF 3 A B 3 2 1) e A7
EREES ., EFESEHEETREE L REREXA
TRPAMBIIETE &30, B3 A7 25 A K B B 47T FH
Yo BEAM  WFFEIE K BRI )3 5 N T A R AR
PR B, T 17T 5% ) R AS B 9 DR O TR 0 Fl ]
U, MRS SRR T AR B (%) 20 A1 4 Sy 348l 250
RTINS R W TE S (1 4
AT GE I R I AT 55 A A 2 BH S RN BH 3, (R
W AR 5 22 MR, PR AR 2% B A 45 T RE R T 2
FAKEY A K AR ONE B A R4S R Jia S5
Bt 7S 38 T8 /NI I T 45 AL

TR 4 R X [ AR IE A b, AR 4 4K
Gy ¥ B B AR AL 8 H BN N S 3K Ay I 3R
O3 AT A, DT SO [ 3% 47 A 9 A
FEAEW] B 22 S0 s A A0 R XS BRIL B - B X
N A 250 N1 R B 2B 0 1 255 () 0 A i 58 b &
B, I8 M T VA I AR R R s T

o KR AR AR BRIt SR B R X AR )
ZAEPEBIRT ST R TR A S 1] S B IR X 4
AT PR A Al PR 2R AR ) A R A S
B R B B AN RIS A AR v A W) 2 e
RS S 2 PRy 25 HE DAY A [R] 3 A3 ) AR 2
Wy b Z2 R A5 KR B I LS 2 A5 2 i
MBS J8 A BRI B B X BT b &
B, 19 ORI AR 34 5 RS RO 22 R AR KCfE B B
W K BESEAL B Th @ s/ o AR5 4E RS ik
BFFEAT B AN [, B 3 35 1 A [ 35437 ] e A R o 4
WA ZE RN A R R R SRR R
SRR ZE AN W I ST XK B B i A
7 25 I HI 55 1 3507 X 7 25 MM AR 22 BE A 1 52
WA O e A, BIF 5T e BLAY 2% 4 R AR Y 19 98¢
L B R A W R TR, X AT B
AN ) B A Fof Xt 7K S i 46 b A A A7 A% ) o 7 A A
[RlA 5. BABET B fr F A Yy mp ki 1o L B3,
BER O N L R R e 3 o (B N 8 G AT N
TR R 2R 28 M ek 4B 45 2 A N A, TR Y
kR AR 2 N by A N Y/b kN
SRRCRHIE N S ¢S S o VA O

S TN TR A 114 8 2 S D ) T SR OK O3
i, BTN FEAR A e 2 R . N T A A
JE i 2 BRI BB X R A K
JE IR B B B A R A TR T B R R
JEN TR Z R B I 5 B, N AT 2 bR P-4
3 TOMK ] - HEER S G 5P 7 ) LASR i AT A
M RENE SRR o XUBHESESE T 5T Kk SRR AT
TERENE T FA R R AP AR 2% R K
HHEAM BRSNS, B R LR N
& HAEY Z SRR S £ 0K SR
FHRIC AR o HIRE AT UL, 7 25 £ o 4 P PiAR 0 ) 1
MR AR S 7R AT A bR R B8 D W A
AW R B, 7 2 5 R A e B AR O R
F, 10 AR B b S A AR S A
5K BN H NS RS R 12 afy 5%
AW SEE AT . SAR A5 e 2+ e B X Y
WETE B A B, N T IR HEMK T A ) o 2 1A
b WIh 2 BV RR R, 45 S R0 B %
DN TEAROMR T BR324 A 22 , P S WA RE AR AL 1
PRBYHE R R B RS S5 . FERSS T  mRe IX
BT 5T A B, B 7 A5 I AR AT 26K RO AR
WIRRIEAE AW 3t S AR IS LA 30 a by S bhde



5 2 1

TS, B+ b XS 55 (Caragana korshinskii ) Mt B AR T ) 43 A5 FiE 127

BT AR B bR R A, AR 2R
PESCHEAT I I . BEN H 2= S A B, B F7 A5 bR )
LRI, FEARE VR AL e 0, A L
BISE I PRIE , R AROR AT e 5 1 09 A B, A
F T YR ZREPE AR o T, AR BFFE A A
TRy ZRMR M BEARE V% S £ E R Rl o Al EE A2
1] B EL , 3X 55 39 1) 9K B A - HETK o By 2
ARACAT O, T AR A A A i N TRy SR 948
PR (G075 AR A A PSS ) T LS A 5 T K o3
[k, fe BE N AR A R, A A T4 fr A=)
ZRAME IR AR E T o

5 Zig

TR A b X U FR AR SR L5 T Y 4%
A RIR DL , T Ry 4% AR 4 3 O B R 52 )
ARG T SRR . N TFY SR B A B V% 328
M RZASEL SRR SR AR, 4 R A
D4 R BT R 8 A Lk A | R A 4 AR B 1 g
Py £ bRt 32 B B AR . AR LR i T 3k 1 AR
O3 AN RT3 1) B AT 5 20 B I S AN [R] T 3 A7 %
LR £/ 3 T A O N N T B TR N 2
()57 ¥ A0 S R 65.5%—73.6%, K5 AL %
D BRES BT OR 28 A A oS A R 1A [
[ [ B AR % 2 W 25 5 19 57.3%—61.2%. BLASHb
A e DB I 380 BH 33 S AR A e 3, [T AR )
T =F B B EER ZRE S A0S B T PR
FLrb T3 B A P T A R i T BRI b
PLXE BEASHE Y A N AR W R S AN . B ) 2
SO N A7 S5 MRHh AR 3 A 1) 2 IR R, 3 )
BT 55 HE AR O 38 25 48 T R Y5 W 7K oy S A 52 i)
B AT VR A A o AN [ B A AR 33 v 25 b £ o i A
AR, BT 2% 28 00 e A R 1 o 5 3 o 22 10 5 1 A
O, AT AR B 5 v Wik v R e A g B e B
FRME, BRI

SE 3k

(1] EHSA: 38 4w DR ek A2 SRmes B [ 7). v K R R,
2004,2(1):42-45.

(2] sk&di . 2+ R R A 5 E A 1 B R AR ] [ 7). K
AR, 2004, 18(5) : 120-124.

(3] koM, XIEM . 8+ w R B S ems (I ] i EK +
1445,2009(1) :24-27.

(4] ZLTE KGR S b X 4 JOK SRR 188 [T ] Aolk
B2 ,2011,47(5) :143-147.

[5]

[16]

[17]

Guo Z S, Shao M A.Impact of afforestation density on soil and
water conservation of the semi-arid Loess Plateau, China [J].
Journal of Soil and Water Conservation,2013,68(5) :401-410.
JEIRE XA , otk . 9 F b XN RIS B BA R
Wik R EREERTE LT . b DK SRR, 2009, 7(1) :67-73.
FEH, B, MR U, 45 L B R B DO A AR MR ROAC A
Yy Fh ZREEDTTE (1], PUAEAREBE =4z, 2018,33(3) : 14-20.
HIRHE BB, O SR o B XN TR R B 2 A Y
SERIREAELY ] K 2 PREFIH A, 2006,26(3) : 41-45.

ZEh RN R SR TG A Db+ AR BT R R
VEIR AR A L) LW I 452741, 2009, 20(2) : 403-409.
KA, S0 EME . 2 P XA [ R R A A0 7 45 AR 4
REVE LW AR AR R [ T]. BRI 42, 2010, 25
(2):207-217.

Jia X X, Shao M A, Wei X R.Richness and composition of her-
baceous species in restored shrub land and grassland ecosys-
tems in the northern Loess Plateau of ChinalJ].Biodiversity &
Conservation,2011,20(14) :3435-3452.

I PH R B R A L B A O TR A 2 A R
HON[T]. R 2442, 2013,21(1) : 79-86.

FERREE 0, 7 S0 . 3 b o e 5 DX R e S (L
5K L)) o4, 2000, 8(3) - 210-219.

FERREE U7 S0k, A B o R T 5 DGR AR SR B Y
T[T Mol Fl2#,2001,37(4) : 50-57.

Okubo S, Kamiyama A, Kitagawa Y, et al.Plant species compo-
sition of the herbaceous layer of secondary woodlands and their
verges in relation to micro-scale landform in the Tama Hills,
Central Japan [J].Landscape Research Japan Online, 2003, 66
(5):537-542.

Zhao W J, Zhang Y, Zhu Q K, et al.Effects of microtopography
on spatial point pattern of forest stands on the semi-arid Loess
Plateau, Chinal[ J | .Journal of Arid Land,2015(3) :370-380.
T, FEA U, R, A5 | B I B A AR DA [l 37 s e B
AR T Z R S AR OFFE [T ] HIUARE AR, 2013,
28(1):12-18.

g - B, TR, 45 b R4 S L R P R T 24
PRSI & L S S BE R R SRR R ()] A AR,
1995,15(3):268-277.

KRuz, EF2, TYEAF  Bm X 8 4w IR B i 74 2
REZHETERIE I ()] 2R 2574, 2015,36(21) : 6823-6833.
VR TR AR MR, A5 B B DX O R R R AR
TR S K Iy e 30y R AR HT (D], T 2741t , 2016, 24
(4):776-782.

ETEE, B, S E A G T R XY R AR A K
RO E R T[] 7452441, 2017,37(23) : 115-124.
Gong X, Brueck H, Giese K M, et al.Slope aspect has effects
on productivity and species composition of hilly grassland in
the Xilin River Basin, Inner Mongolia, China[ J].Journal of Ar-
id Environments,2008,72(4) :483-493.

EFIE AR, 2T AR T R A DO IR A B T B A A
Wy B 2 Mtk i s ma (D], 2R 255741, 2019, 39(10) £ 3720~



128 aE W o 41 %

3729. AR A2 [ ], A= 25242, 2020,40(12) :4126-4136.

[24] FBVTHR, BRRG FREEHN, 45 Y R T HUAR T o A2 2 4 (28]  XUHESE, o, TR, 45 Ar S N DA T REAME B RRIE S +
PEREIR [T ], AL A PR 2241, 2009, 8(6) : 2254-2259. RS PEARSRAEDRTE T ]. R 2441, 2020, 28(2) : 468-473.

[25] YangL,Wei W,Chen L D, et al.Response of temporal variation [29] BEUNA 275 F B —ng 48 R SOMA 88 B X MG (] B T
of soil moisture to vegetation restoration in semi-arid Loess Pla- PEHR [T ], TR R 585 ,2019,33(2) : 177-182.
teau, Chinal J].Catena,2014,115(4) : 123-133. [30] Yang Z B,Jin H X, Wang G.An assessment of restoration suc-

[26] XUPNEE, ATAd, AR, %5 . & 4 R AL H8 N T3 ohE gk 1 3¢ cess to forests planted for ecosystem restoration in loess pla-
TR REITFR [T ] AR 2541, 2020,40(11) : 3795-3803. teau, Northwestern China[J]. Environmental Monitoring & As-

[27] SR, AR, 1l e, 45 T FE % B0 R RN AT A% sessment, 2010, 164(1) :357-368.

Distribution and diversity of herbage under Caragana korshinskii
plantation at hillslope scale in the semi-arid loess hilly region

Wang Ziting'?, Yang Lei’, Li Guang', Chai Chunshan’, Zhang Yangdong®, Liu Donghao’
(1.College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2.Gansu Academy of Forestry Science,
Lanzhou 730020, China; 3.State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmen-
tal Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Distributions and diversity of herb community were significantly influenced by the introduced shrub
restoration. However, the recognition of responding mechanism by which the micro-landform modification and
artificial shrub restoration influence the distribution and diversity of herbage at the hill slope scale is limited. In
this study, we selected a typical artificial Caragana korshinskii shrub on the hill slope as a research model, and
the data of composition of herbaceous community, herbaceous above-ground biomass, C. korshinskii growth,
litter moisture content and soil moisture content were collected. The following results were obtained in this study.
(1) the composition of herbaceous community was significant difference at different slope aspect. The species
richness, dominance and diversity index of herbaceous community in shady slope were significant highly than in
semi-sunny and sunny slope. On the contrary, there was no significant difference on the evenness index in differ-
ent slope aspects. (2) Herbaceous above-ground biomass in different slope aspects was shady slope>semi-sunny
slope>sunny slope, but there was not significant difference. Herbaceous above-ground biomass at upper and mid-
dle slope positions were significantly higher than at foot slope position in the shady slope aspect, and there was
not significant difference between different slope positions in the semi-sunny and sunny slope aspect. (3) Slope
aspect affected the hydro thermal conditions on hill slope, and then significantly influenced the diversity of herb
community and explained 15.2% variation in herb community. (4) Shrub density of C. korshinski and slope as-
pect had a significant negative relationship with the species richness of herb community. Heteropappus altaicus
and Stipa bungeana had a significant positive relationship with slope aspect, and they were mainly distributed at
the shady slope. Artemisia capillaris and Leymus secalinus had a significant negative relationship with slope as-
pect, and they mainly distributed at the sunny slope. The slope aspect affected the hydro thermal conditions on
hill slope, and then reflected the vegetation growth. And the effect of slope position on the growth of herbage can
be weakened by the changes of micro topography. And the slope aspect and the shrub density of artificial vegeta-
tion determined the distribution pattern of the herbage.

Key words: semi-arid loess hilly region; slope aspect; slope position; Caragana korshinskii; herb community



