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Abstract: The Loess Plateau is well known for its severe soil erosion. Soil erosion severely interferes with the process of
plant development and succession. However, plants do survive in this region of very serious soil erosion. These individuals
can overcome stress and disturbance due to soil erosion through various breeding strategies, as well as through morphological
and physiological compensation. Therefore, a plant is considered erosion-resistant when it not only has survived and adapted
to the soil erosion environment, but it can also protect and improve the soil, prevent further soil erosion, regenerate itself,

and maintain the plant community's stability and sustainable development. This study was based on several years (2003—
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2014) of vegetation survey data of the Yan river basin in the hill-gully region of the Loess Plateau. The research objective
was to select potential erosion-resistant species, and subsequently illustrate their distribution characteristics and their
survival and propagation ability. The definition of erosion-resistant species and Braun-Blanquet phytosociology methods were
used to select potential erosion-resistant species. The main results were as follows: 1) A total of 42 potential erosion-
resistant species were selected, which belong to 18 families and 33 genera. Gramineae, Leguminosae, Compositae, and
Rosaceae species accounted for 66% of the total potential erosion-resistant species. 2)) Phanerophyte, chamaephytes, and
hemicryptophytes were the main plant life forms, and they accounted for 85% of the total erosion-resistant species. Shrubs or
small shrubs, and perennial herbs were the main plant growth forms, and they accounted for 76% of the total erosion-
resistant species. Xerophyte and mesophyte plants were the main plant water ecological types, accounting for 78% of the
total erosion-resistant species. Furthermore, combined with the climatic conditions of study area, the 42 potential erosion-
resistant species could be divided into three types: eurytopic species, medium amplitude species, and stenotic species. 3)
Overall, 55% of the species were erosion-resistant, having a maximum cover over 50% , and could be the structural or
single dominant species in a community. Maximum cover of the other species was less than 50% , and these species usually
were the co-dominant species. All potential erosion-resistant species had a high cover and aboveground biomass, indicating
that these species could adapt to different erosion environments and grow adequately. 4) Almost all 42 potential erosion-
resistant species had a soil seed bank and seedling emergence, and 60% erosion-resistant species had canopy seed bank.
Except for annual plants, allspecies were able to reproduce asexually. This result indicated that the potential erosion-
resistant species could maintain their own survival and reproduction. 5) From the 42 potential erosion-resistant species, 13
had a basal stem-shoot architecture, with a large crown that can protect the base soil. Furthermore, eight species have an
expanding shoot architecture, which display a strong ability to protect the soil and intercept sediments. In addition, six
species have dense shoot architecture, and seven have a tussock-forming shoot architecture. Both types can effectively
intercept sediments. In conclusion, the potential erosion-resistant species, which only occupied 13% of the total species
recorded, had a seed and seedling bank. Furthermore, the perennial plants mainly employed vegetative reproduction, and
could maintain their own survival and reproduction. Because the plant crowns can protect the soil surface and plant base

stems can intercept sediments, a mound can be formed in the plant base, which will effectively control soil erosion.

Key Words: erosion-resistant species; soil erosion; perennial herbs; runoff prevention; sediment interception
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Fig.1 The location of Yan river basin and sampling plots
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Table 1 The potential erosion-resistant species

RmE HTEE AR

RS

Yy F ) . B J& g T b B 53 AT
. Maximum  Frequency . Growth K Ecological .~ """
Species Family Genera Life form Distribution
Cover /% /% form type
A Platycladus orientalis 40 1 Rk 4G s T PH i 8
AR KR Quercus wutaishanica 75 1 Fo 3B R T PH HiAe 9
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Species Cover /% /% Family Genera form Life form type Distribution
=M Acer buergerianum 50 1 B AR e T PH i 8
HI#E Robinia pseudoacacia 55 9 X3 il e T PH g 9
FEHETF Ostryopsis davidiana 90 3 HEARL  REETRE S PH A 14
F B Rosa xanthina 60 5 TR R S PH g 8
FEFHL A Spiraea pubescens 25 3 WR SN S CH A 8
JKHIF Cotoneaster multiflorus 70 3 AR HFJ8 S PH A 8
B Ziziphus jujuba 40 5 2R K S CH B4 15
WA M Sophora davidii 95 17 TR s S PH LV 9
T Syringa oblata 55 7 AR THE SL PH A 10
KM Periploca sepium 35 20 HEER FLHI S PH A 6
TFAZELE Wikstroemia chamaedaphne 70 5 i & B YA S CH S 14
Fr 258838 )L Caragana korshinskii 70 9 TR XL S PH TR 11
VP Hippophae rhamnoides 90 5 AR VB S PH g 10
8 Rubus parvifolius 30 4 TR FHR SL CH ik 8
WEARBRLE Clematis fruticosa 25 18 EER BEERE SL CH HR g 1
ZAEHARE T Lespedeza floribunda 29 4 TR TR SL CH B 9
K P Lespedeza daurica 80 84 2R AT R SL CH B4E 9
R Lespedeza juncea 35 10 SR R R SL CH B 9
255 Artemisia giraldii 97 50 B R SsS CH R 8
BRFF#S Artemisia gmelinii 90 81 R R SS CH =05 8
B B4 Thymus mongolicus 50 8 JEIER A S SS H 72 10
Yol Artemisia frigida 40 4 Bk IR P H EUp 8
TR Z& A YEAE Heteropappus altaicus 14 77 HF IR P G 28 14
F2-® Bothriochloa ischcemum 95 39 RAR fLEEE P H R 2
LGB FHE Cleistogenes hancei 25 17 RKAR  BRTHIE P H 2 1
BERRT5E Cleistogenes squarrosa 62 36 RAR} B LR P H B4 10
HHERT-H Cleistogenes chinensis 25 37 KAR  BRYEE p H A 10
KU FE Stipa bungeana 84 82 RAEL R P G B4 8
KEFSE Stipa grandis 68 19 RAFL ¥R p CH =5 8
B Leymus secalinus 62 24 RAEL [N p H A 8—5
P2 Phragmites australis 25 15 RAEL FA IR P HG A 1
KYLEFZEEE Carex lanceolata 62 11 RR R P H i 1
M ZBE 3R Potentilla tanacetifolia 39 37 MR BESKR P H R 8
ST Artemisia mongolica 25 21 g F P CH i 8
Y34 Chrysanthemum indicum 36 14 Epa )m P G A 8
\NEFHi . Vicia amoena 43 21 ISX Lig AN P H A 8
SIS Patrinia heterophylla 30 16 ) &I P H rh A 14
R Setaria viridis 30 27 RAR  fMREREE A TH A 2
Y3 Salsola collina 80 22 2E WEXE A TH B 1
¥ B7 Artemisia scoparia 70 51 g R A TH B4 8

AR A SS A HEA sub-shrub, P 2454 R perennial herb,S: #E K shrub, T: 78K tree,SL: /MK dwarf shrub, A ;1 4-2EFEAR annual herb ; 24E 7
T PH ; 5 (3 ZE4H %) phaen erophytes, CH ; 3 [ ZE 4 cham aephytesm , H; { i ZF #4) hemicryp tophytes, HG ; H1 T -3 T ZF 444 hemicryp tophytes-
geophytes, G H N ZFH#) geophytes, TH: 1 4E/EHIAS therophytes; M3 . 1 57040, 2 Z P 7041, 6 R Wyl B R 0 404, 8 Ly 2040,
8—5 IRV R SE UM R AT RIS 44,9 AR T RIIL SEIRIRT 4341, 10 TH T L oA, 11 TRAFTE I 204, 14 R0 40 M, 15 A4 4 A
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Fig.2 Growth form, life form and ecological type of 42 potential erosion-resistant species
T:FeK tree,S/SL:#E AR/ /INIEA shrub/dwarf shrub, SS: A sub-shrub, P ; Z4F 4 B4 perennial herb, A ;1 4E4E BEAS annual herb; PH ; (55 137 2
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Table 2 Spatial distribution of potential erosion-resistant species
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A 25 6] 9 7 A AR A X AN [R) A Sk PRI i oz P 6 R 3R B, el T AR S DX PR Ml 3504 K 4 77 T 52 W) 2
IKARIT B B NS 2 4 Dy Sk A, DRI I RUBE RAE 1 My PR Bl AN TR) 2B 25 Ry o 114 25 1) 93 5 3B 0 P
Al PR AE T RETS RO R B B[R] I S22 W o R IR A2 O MB35 e . AL A 2L Bl 5 36 P BXE B 2 5 0k
SRS S A BORE ) BEBERE ) HERTRE ) AR A ARk e Ry BRI A S 3 R A
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Table 3 Growth characteristics of potential erosion-resistant species

BERAY R

FAR  BFREH

- weem TOON gwm el ost M ER gwe e xm mewe
Species Cover range/ Height Biomass Seedl Canopy Sl seed Seedling PeTSlSlem Vegetan‘ve Braﬁchmg
range/ % RO /m?) range/m rangez/ propagation ceed bank  bank bank soil seed propagation architecture
(g/m") way bank type
kA 40—50 5—127 3.7—6.1 7o vV vV vV v FHH
g 25—75 4—7" 10.3—12.3 Zo vV vV vV Vrs A
=fAm 28—41 6—14" 4.0—9.3 An vV vV Vrs FHTH
L 25—55 4—45"  05—143 Zo % vV vV T Vrs R
FrARHERS L 25—90 1—2 1.0—1.6  82.3—1452.1 Zo vV vV Vr RNH
iy 2570 1—2 0.9—2.1 28.6—1884.9 Zo vV vV vV Vr AT
A 25—70 1—4 04—17 499314 Zo vV vV vV T v A
+RESLY 25—40 0.6—1 1.0—1.6  41.7—404.3 An vV vV vV R
7= 25—30 1—7 0.7—1.7  94.2—206.3 Zo vV Vr FATH
R 30—35 0.6—1 1.5—2.0 175.8—190.3 Zo Vv vV vV Vrs FAPH
KT 2595 0.6—1 1.0—1.7  35.4—457.8 Zo vV vV vV v AT
AR 25—31 1—2 0.3—0.8  41.2—196.6 An vV vV vV v B
&S 25—60 1—10 05—1.0 53—1302 Zo vV vV vV T Vrs E-N|
ax /| 2770 1—2 0.6—1.0  10.55—105.6 An vV vV vV Vrs ERin
HSETE 30—90 1—5 04—0.5  16.7—88.8 Zo A AT
ETH 25—55 1—9 09—3.0  1.7—1109 An vV vV vV T Vs EFFR
i 2530 2—6 0.6—15 7.6—194 Zo vV vV Vs & =517
ZALEF 25—30 4—175 0.1—0.8  10.3—36.3 Au vV vV T Vr YN
Rk 30—35 1—27 0.5—1.0  0.6—2.8 Au vV vV vV T Vr B
LR T 25—80 1—2 03—1.0  0.1—14.2 Au vV vV vV P Vr B
35 25—97 1—8 03—07  1.1—4l.1 An vV vV vV P Vr BT
AT 26—100 1—57 0.1—09  0.3—30.9 An vV vV vV P Vr LN
HEF 2550 — WEE  0.6—17.0 An vV vV Vs IEES
B /R 28 A 14—38 1—5 02—0.4  0.3—05 An vV vV P Vr BT
EES 25—85 1—25 0.1—0.8  0.1—16.9 An vV vV P Vi T
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Species range/ . Canopy  Soil seed . . .

range/ % 5, range/m range/ propagation bank soil seed propagation architecture

(BR(M)/m?) ) seed bank bank
(g/m”) way bank type

E[#ysE R 2526 1—5 0.1—0.3 1.0—1.2 An vV vV T Vi N
Rt 5 25—62 6—31 0.1—0.6 1.0—1.5 An vV vV T Vi N
Kkt 25—84 3—54 0.1—04  02—1.6 Zo vV vV P Vi 3N
REEF 25—68 2—12 01—12  0.1—62 Zo vV vV vV T Vi FE I
e d 25—39 1—21 02—02  0.5—25 Au v vV vV P Vs ITES
N 25—62 25—100 0.4—0.8 0.1—0.2 An vV vV vV T Vr B AR
Wi 25—350 — 130T 5.0—6.0 An vV vV Vr e
SES 2530 2—6 0.3—0.7 1.1—4.9 An vV vV vV T Vr L7 SERVA
FE 25—26 1—13 04—07  0.1—1.0 An v vV vV Vr B
NI GEL 25—62 338 0.1—05  0.1—3.1 An vV vV Vi fE
Lig) 25—36 3—65 0.1—0.2 0.1—1.1 An vV vV T Vr (TE-S
iLig7aE] 25—43 1—7 0.4—0.5 1.2—5.1 Au vV vV Vr &5
S 25—50 7—50 0.09—0.1  0.4—0.4 An vV vV Vr JTES
AR TR 25—26 1—10 0.1—0.4  2.6—33 An vV vV Vi N
TR 25—50 9—25 0.6—0.6  0.1—0.5 Zo vV vV vV P BT
BEK 25—80 50—110  03—05  0.1—0.8 An Vv vV vV P LN
BEH 2570 7—150 02—0.8  0.07—11 An vV vV vV p G AR

TR BN « Ron BB R B/ B/ 100m, T B ANG 8 2 LUAR 2500 1) £ A8 M M A 7% 2B 4K, R R B T+ A A (%48 07 3 An, U1
Au, FEY G Zo, SN, BRI, Ve ARZE Vs ARG AR Vs, VR Ve, AP0, RS T L SR TR AT AR I V" AT RO IX 1Y
FABBRR A LB R, B R A P A AR R T, B IR
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V&, 22RO i L R e n] AMAR T P 1 A B 4D 58, 2 4F AR AL LAE IR AR B Ol B REZERS F B AR A 3K
B35 T RDES H T A OR3P MR ) B8 S50 OB O 22480, (e R S0 AR 1 3 | ) st + SR ph 3A
B AR R, AR — SR A I F B AR RS R AR A RS T TR R RS 1
AT A 4R T, LUV RERS I AR BT Bopa il 3R ik R A= 253005

52 3L HR ( References)

[1] FuBJ,LiuY, Li YH, He CS, Zeng Y, Wu B F. Assessing the soil erosion control service of ecosystems change in the Loess Plateau of China.
Ecological Complexity, 2011, 8(4) ; 284-293.

[ 2] Guerrero-Campo J, Montserrat-Marti G. Comparison of floristic changes on vegetation affected by different levels of soil erosion in Miocene clays and
Eocene marls from Northeast Spain. Plant Ecology, 2004, 173(1) . 83-93.

[ 3] Bochet E, Garcia - Fayos P, Poesen J. Topographic thresholds for plant colonization on semi - arid eroded slopes. Earth Surface Processes and
Landforms, 2009, 34(13) . 1758-1771.

[4] Wang N, Jiao J Y, Lei D, Chen Y, Wang D L. Effect of rainfall erosion: seedling damage and establishment problems. Land Degradation &
Development, 2014, 25(6) : 565-572.

[ 5] Guerrero-Campo J, Montserrat-Marti G. Effects of soil erosion on the floristic composition of plant communities on marl in northeast Spain. Journal of

http ; //www.ecologica.cn



5

R A B b IR DO TR A ) A 11

[43]

[44]

[45]

Vegetation Science, 2000, 11(3) : 329-336.

ARJREIE, FEAGTE. B BN AR KGRI RIS, b R RO RERRE, 2010, 8(1) ¢ 22-27.

Hellsten S, Riihimiki J, Alasaarela E, Kerinen R. Experimental revegetation of the regulated lake Ontojérvi in northern Finland. Hydrobiologia,
1996, 340(1/3) : 339-343.

Albaladejo J, Castillo V, Roldan A. Rehabilitation of degraded soils by water erosion in semiarid environments // Rubio J L, Calvo A, eds. Soil
Degradation and Desertification in Mediterranean Environments. Logrofio: Geoforma Ediciones, 1996. 265-278.

Quinton ] N, Morgan R P C, Archer N A L, Hall G M, Green A. Bioengineering principles and desertification mitigation // Geeson N A | Brandt C
J, Thornes J B, eds. Mediterranean Desertification; A Mosaic of Processes and Responses. Chichester: John Wiley and Sons, 2002. 93-105.
Bochet E, Poesen J, Rubio J L. Runoff and soil loss under individual plants of a semi-arid Mediterranean shrubland ; influence of plant morphology
and rainfall intensity. Earth Surface Processes and Landforms, 2006, 31(5) : 536-549.

De Baets S, Poesen J, Reubens B, Muys B, De Baerdemaeker J, Meersmans J. Methodological framework to select plant species for controlling rill
and gully erosion: application to a Mediterranean ecosystem. Earth Surface Processes and Landforms, 2009, 34(10) : 1374-1392.

AL, FRAGHE. B Pl XA S B R MR [ S R A AT R AR A AR K R RIS AR, 2009, 29(4) ; 235-240.

ET. B BN ER XA A RA IR G KRR [ D], #k . PEREBEIT AR, 2013.

AP, g, ARG, B P DB R AR o0 A1 T 5 0 1. ISP AR A2 41, 2008, 19(9) = 1897-1904.

. B b B A XA ) R LRI IR AR T AR AR R D). IR PHHERAMRBLEOR Y, 2013

Rk B Mg, BifE. RARITER S AR, 2001

BARM. AL S E G S50k dUa: Bl mREL, 2009.

FEAERR. B e T AR AL A X AT R RS RGBT TS . R A ZHA BB D], k. T ERREBEIT R AR, 2013.
Begon M, Harper J L, Townsend C R. Ecology : Individuals, Populations and Communities. Oxford: Black well Scientific Publications, 1986
122-157.

XER, B35, BE%, Q. BURIDV ALY SRR, Jeat. [t 2010.

B BRAU I b R A X R BT E . B0 PASAMOBL A A, 2009,

XIVTAE 2k, XM, 25/ VR, Bk AR T AR K 40 2 A TR AR 3 RUBEASAE. P EK AR F5RE, 2008, 6(2) @ 95-99.
ARJREIE , RFTE, FHEE, RAE. ST LW BB PR A A R RS R K R, 1995, 9(4) : 1-4.

rh R B R S D os . P A bt BREA AR, 1980.

I, perum. dbat. BleEmimt, 1999.

R PALBRARE X A AE R 28— 1 AR S RIE AR B . i [ Bl 1982, (2) @ 1-8.

M Bl TAEYIREE (@ R0 SRR R E DFIE [ D] i . PEALARMAHE K2, 2009.

FEAETE, SRIRE, BUAEER, BT, FISUR. Bedb bR i A X R T M B SRR S AR W 2 B S R A 2. AR S AR, 2008, 28(7)
2981-2997.

ARA. BRIt e S L BRI . R A AR S M 2 AT, 1983, 7(2) ¢ 122-131.

ESFE. T L R AR AR IE . RGBT, 1994, (2): 9-12.

AU, BT Bt B R AR S AT R W SRR LTI I RS2 AARBESARR, 1993, 16(1) & 94-100.

TR, A EAIL, B, B K S R DR b A e ORI R R R AR AR, 2011, 22(3) : 556-564.
Rotundo J L, Aguiar M R. Vertical seed distribution in the soil constrains regeneration of Bromus pictusin a Patagonian steppe. Journal of Vegetation
Science, 2004, 15(4): 515-522.

REYE, BN, FEE, LM, WY, XA, b B R XKAE S A AW i B b LR R AR, TS A ST, 2000, 27
(6):215-222.

KA. WA Sk AR 3R R M RAR SR [ D] R WL R, 2008.

Van Oudtshoorn K V R, Van Rooyen M W. Dispersal Biology of Desert Plants. Berlin Heidelberg: Springer, 1999.

EIRAA. 8 VA R AR A A 35 SRS SR TAMB IR BT FE [ D], #0 : PUALARMBIHE R, 2014,

Harper J L. Population Biology of Plants. New York, USA: Academic Press, 1977.

JRUE. B B VA AR DR AR PR T 4 i PR R gl Wi FA B IR ST [ D). %% PHALRAMBHE R, 2013.

BUDER, BRSSE, I, B H . RIETEXE 2 AR IR A BRI AR AR A BRI A R2 . PR AR, 2009, 29(7) : 1387-1393.
Price E A C, Marshall C. Clonal plants and environmental heterogeneity - An introduction to the proceedings. Plant Ecology, 1999, 141(1/2) .
3-7.

Buis E, Temme A J A M, Veldkamp A, Boeken B, Jongmans A G, Van Breemen N, Schoorl J] M. Shrub mound formation and stability on semi-
arid slopes in the Northern Negev Desert of Israel: A field and simulation study. Geoderma, 2010, 156(3) . 363-371.

El-Bana M I, Nijs I, Khedr A-H A. The Importance of Phytogenic Mounds ( Nebkhas) for Restoration of Arid Degraded Rangelands in Northern
Sinai. Restoration Ecology, 2003, 11(3): 317-324.

Bochet E, Rubio J L, Poesen J. Relative efficiency of three representative matorral species in reducing water erosion at the microscale in a semi-arid
climate ( Valencia, Spain). Geomorphology, 1998, 23(2/4) . 139-150.

DuHD, JiaoJ Y, Jia Y F, Wang N, Wang D L. Phytogenic mounds of four typical shoot architecture species at different slope gradients on the
Loess Plateau of China. Geomorphology, 2013, 193 57-64.

http ; //www.ecologica.cn



