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Abstract: It is an important ecological principle and a representative mode of bioengineering techniques for side slope
protection in superhighway those using localization shrubs to reconstruct plant communities. These native plant species have
higher ecological adaptations, and their foliage can cover the whole slope in a rather transitory growth period. Although
vegetation interception, power reduction, controlling of slope runoff, root anchorage and reinforcement are fundamental
pathway to control effectively the development of soil erosion for bioengineering techniques, the species of pioneer plants,
richness and their community characteristics are closely related to the benefit of soil and water conservation of artificial

vegetations. In this case, taking Chengyu expressway ( G85) in Yongchuan region and two typical vegetation modes, i.e.
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Neosino calamus affinis + Buchloe dactyloides and Amorpha fruticosa + Festuca rubra, which always used to be a feasibility
of the establishment for slope protection in hilly areas in southwest China as the example and foundation, two localization
shrubs, i.e. Indigofera pseudotinctoria Mats. and Vitex negundo, and two herbs, i.e. Cynodon dactylon and Miscanthus
sinensis, were chose to plant in given modes and growth proportion in the beginning of reconstructing slope vegetation, their
characteristics of slope runoff and erosion sediment in rainy seasons during years ranging from 2010 to 2012 were
investigated in the slope plot experiments, and the difference among the slope rainfall-induced processes of infiltration,
runoff generation, erosion and sedimentation was analyzed. Results that showed: 1) the pioneer plants richness could affect
accumulation of vegetation biomass and period of the turf-establishment evidently, and the more abundant the pioneer plant
species are in the beginning of reconstructing plant communities, the shorter their period of the turf-establishment would be
And the more the vegetation biomass accumulated in the slope plot would be; 2) the richness of pioneer plants closely
related to the diversity of plant species in communities with determination coefficient in excess of 0.954. Under the same
succession level, the more abundant pioneer species is, the higher the diversity of plant species including the plant species
richness, Shannon-wiener index and Pielou index in communities would be; 3) there was a positive correlation between the
capacity of soil and water conservation of vegetations and the diversity of plant species in communities with determination
coefficient in excess of 0.995(P<0.05), and the higher the diversity of plant species is, the stronger the capacity of soil
and water conservation would be, then the smaller their runoff coefficient occurred in slope plots, and the lower the soil
erosion modulus originated from the given slopes, too. These results suggested a feasible way for the establishment of high
efficiency for ecological slope protection by means of increasing the pioneer plant species richness in the beginning of
reconstructing slope vegetation; especially when there were the same side slope conditions, seed quantity and planting

measures.

Key Words: pioneer plant; plant species diversity; soil and water conservation; ecological slope protection
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Fig.2 Sketch section of the experimental side slope

E1 HRREMEMERSE

Fig.1 Experimental side slope location in superhighway
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Table 1 Pioneer plant species of the highway side slope vegetation tested

i SR E HTE Y Life form of pioneer plants
Mode Pioneer plant species A Shrub FA Herb
My, (1,1) = BN N.affinis WFA-EE B.dactyloides
M, M, + (1,0) BT+ IR N. affinis+ 1. pseudotinctoria M. PFABL B dactyloides
M,; M, + (0,1) A N.affinis WA+ AR B. dactyloides+S.viridis
M, M, + (1,1) BT+, N. affinis+ 1. pseudotinctoria M. P FE+ M MR B. dactyloides+S. viridis
M,s M, +(1,2) AT+ N. affinis+ I. pseudotinctoria M. W AR B M AR +15 B. dactyloides+S. viridis+M. sinensis
ZRAT+ T+ O
M M, + (2,1 W g B. dactyloides+S.viridi
AS ut ) N.affinis+ 1. pseudotinctoria M.+V.negundo BFA R B. dactyloides +S.viridis
2T+ B i+ e
M, M, + (2,2 - g + +T% B.dactyloides+S.viridis+M. sinensis
V7 wt ) N.affinis+ I. pseudotinctoria M.+V.negundo SREACLEE s actyloidests.viridis M sinensis
Mg, (1,1) ML A. fruticosa B 1 ubra
Mg, My, + (1,0) AR+ L A, Sfruticosa + I. pseudotinctoria M. LEXEF. rubra
My, My, + (0,1) HAML A. fruticosa EEF MR F. rubra +S.viridis
Mg, Mg, + (1,1) Fi+ T A, fruticosa + 1. pseudotinctoria M. SEFE MM F. Rubra +S.viridis
Mgs Mg, + (1,2) ML+ EL 5 A. Sfruticosa + 1. pseudotinctoria M. LA AR+ F. rubra +S.viridis+M. sinensis
AR+ T i+ 3 .
M My, + (2,1 o £ F. rubra +S.viridi
b m* ) A. fruticosa + I. pseudotinctoria M.+V.negundo REFAITHEE. rubra +5.viridis
8 Ll N »
My, My, + (2,2) B SO B TE AN MRATE F. rubra +S.viridis+M. sinensis

A. fruticosa + I. pseudotinctoria M.+V.negundo
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311 B R ARG T

H19% 2 AT LA Hh AR R 8 R o35 B A R PF T Eh DO B 0 2 AR v A6 il O 3 o 5 78 g 30 B3
PERC BRI TR R RS S T HE M, R (M, ) MR (My, ) [ 8- 2 iR i)
[E](M,=63.3d, My=63.4 d) T .22 5 {H [F]— R 5 P9 A [A] BE /N XA 22 53 0 35 (M, : 58—68 d, P<0.05;
M, :59—68 d, P<0.05) ; ¥R &AL B RN EC (TR RISCEE Rl 425 B ) 22 | E i fa] i

ANTRIC B /N N AR R 2E R E LI A —FE W IR SRR Y R 2SR 2 NX AR P RIS 5K
H B3R B OB, AR ERE R NI LA B 2% . 285 & e X (M, My, (CK, ) Wl 2H i
AR, S5 R B e ) e X AR AR e 26 B SRIE T 9 BH 11 |, HhHEAR 4 BL 5 JE 8 F,
ALY 30.77% ; HEAS 6 BL9 J& 18 Bl S AP ELAY 69.23% , AFF ORAEL BB R FHER S R Z M 4
P, SR 56.4% , ZRUTX 4 BHE Y 7E P F b DX FEAR DAY A SRR R T80 i A b T kS A0/ P e R, 7R3 ML X
AR DX R T G e AL, BEARFNZRARZ Ry R R BB AR R Z R SR R
Bl AR SR MR 2 W E R TR (Rubus) TEAYEE (Taravacums) o H, 8 (Artemisia argyi) [
¥ (Imperata cylindrica) . = W 9 %t % ( Bidens pilosa) . % %§ 1 ( Dendranthema insicum ) | Bf #% % ( Oxalis
corniculata) | Y& ( Erigeron acer) 7% 3Z3% (Iveris polycephala) 417 (Artemisia japonica) M5 ( Ficus tikoua) #4
¥ ( Broussonetia papyrifera) .= 3& ( Broussonetia papyrifera) AT ( Myrsine africana) V2 W FE 5 H BSR4 =
MIAAR A 2 PO e b X AR o SRR SR o R oy R A R A i e el X B AR AR S B A
WS MNE A ME IS R b ik SE AR AP R A AETE BB SRR B IR A HIAH B A1

SRS X AR A 0 AR ) S e R T 0 A ARG (R 3) L HER 2 R AFAKFETN
SR BEANIR g R 1) AR i AW B AN AEAR 28 5 e — R A N, Sl A s AR T /) DX T ) A= )
ZESAER 1A AR ETT N (2010 4F) FRAB R (P>0.05) , 16 20112012 AF[RJHIAF 85 7KF-(P<0.05) .

®3 TRREEAXRB/NXFEDENE () SEENEEE()HXR

Table 3 Relation between richness of pioneer plants and their biomass

Myi— Mg,
A0 P NI A e
Yeur P o R P s A
Relationship Determination coefficient ( R?) Relationship Determination coefficient( R?)
2010 y=20.05x + 329.57 0.9937 y=22.783x + 318.55 0.9902
2011 y=67.067x + 251.32 0.9952 ¥y=69.308x + 276.31 0.9913
2012 y=84.475x + 246.83 0.9903 y=83.625x + 322.59 0.9901

3.1.2  hBHEH R RRIE b

X R DI U AE R (AR T3 ) T 5, ST A 35 [ o = P2 s P W 1) 2 S R X 48 /N | e Bk A
W) T s 1 SR e B 5 2 e LA A b AR S N RE A B D R i ) 2 5 R 2 S SR AR 4 1% T AR O T 2240
NP FIZE B A —RE (3R 2) s MIRAERK N N, WG SR RIS 2 | S9N D Rl i v 70 ) i
FEVE AR F EE OB R, — 8 B W IE A OC (3R 4) s FEPPAR RS | ARRR A D4 B ] 4

32 Bon AN AT B AR R0 XN R 35 i AR TR IR R —AF . 2010 4F[R], B CK, A1, i REBE 1
TV T2 B IR 3] 72% L) I IRl — ZR B P, BV 56 2 Bl ST B PR B 38 23 K, LA M, (78% ) M, (81.5% ) it
1R, (R SR A BORH T B (B JE B 1B 22 5 (P>0.05) 52011 ,2012 4F (8], [5]— ZR 51 NN [ B /NP 18 10 25 1
WRI 5 2010 FARLIA AR, BPPARRR A B 5 55 B S, B 501 R Sk ALY 0 P A gk 5 %5 D) FH G
(PEEZBR*=0.954—0.989,55 4) ,

Shannon-wiener $§5UE 25 A I WLRETE T Rl 2 & BE AN 21 BE (R B B BB 5, © 5 I WLy Fhor 1 5 5) 72
FEHY Pielou FE50—d , RALEREE PR ZRENE . ZREMK RS | R GRS M BiAa 2 | X 7 B 3 B fn
Zeupfig Ml ) 3R 2 WoR IR X NI IR SR AE Y A P R ECE T BRSO TR] T AR /N X A R R
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Shannon-wiener ¥§%4  Pielou $8 8 A—HF | WIURERAL IS 1S B FIER 22 | I 7ERE T4 1) 2 RE PR /K SRt 5, BT X g
i) Shannon-wiener $5 %%  Pielou f8 50l K, & 5 B & IFAHE (R*=0.949—0.988 ,% 4) .

R4 MFEBRHEIERERE(y,) SEERHHE(x) XA

Table 4 Relation between number of pioneer plant species of slope vegetation and their primary community characteristics

eibr [R5 2010 2011 2012

Factors Modes 3 Relationship R J %= Relationship R F%:Z= Relationship R?
LY/E B M7 y=1.975x + 4.1143 0.9840  y=2.4667x + 47762  0.9918  y=3.2667x + 3.619 0.9627
Richness Mg 7 y=2.075x + 4.9571 0.9929  y=2.475x + 7.2286 0.9862  y=3.2333x + 6.9524 0.9752
RfVE 5 My 7 y=1.5417x + 68.762  0.9763  y=2.4167x + 71.048  0.9544  y=3.7917x + 72.192 0.9895
Community coverage Mp—;  y=1.8333x + 70.311  0.9636  y=2.9583x + 72.952  0.9822  y=2.7583x + 81.481 0.9774
N AR My,  y=1.875x + 6.3571 0.9844  y=3.8333x + 5.1667  0.9851  y=6.9583x + 6.0952 0.9853
GDI of invasive species ~ Mp_;  y=2.5833x + 5.881 0.9715  y=3.8333x + 8.1667  0.9742  y=7.625x + 6.1429 0.9955
Shannon-wiener 841 My_7  y=0.0667x + 0.3062  0.9814  y=0.0692x + 0.3776  0.9869  y=0.075x + 0.4257 0.9844
Shannon-wiener index Mp_7  y=0.0801x + 0.2971  0.9879  y=0.0867x + 0.3576  0.9799  y=0.0867x + 0.4333 0.9818
Pielou $6%( My 7 y=0.0492x + 0.5219  0.9772  y=0.0517x + 0.5405  0.9493  y=0.0475x + 0.5843 0.9543
Pielou index Mp;  y=0.0492x + 0.5319  0.9772  y=0.0517x + 0.5470  0.9717  y=0.055x + 0.5602 0.9758

3.2 s b
3.2.1 HHTER T VDRHE

2010—2012 43RG 3056 X ) B SR T 1 S AR 0 38 0 P2 0 = Ve an e 5. mT LUAE 86 XTI Y
ZAE T ((HAERRIT R 71.36%) 7 R (AE YRR 829.2 mm; 4E I i it 149.8 mm) |, 7K 325 = 5 (45
RV 1223.5 ¢/m?) ESIREENESS , LR TR 2 R X,

£S5 2010—2012 F£AHAFEFRER R F=7 =045

Table 5 Runoff and sediment yield in rare slope and its rainfalls during rainy seasons ranging from 2010 to 2012

s e eV R P 1A
T T I PR U BWEK o
Ay Rainfall  Rainfalls/ T UEL Runoff vield/ Sediment yield Runoff coefficient Erosion modulus/
ainf ainfalls unoff yield/mm unoff coefficient
Year a.un a A Runoff Y per plot/kg (tkm2a™')
times mm .
times CK, CK, CK, CK, CK, CK, CK, CK,
2010 29 820.6 6 149.8 128.6 21.227 15.787 18.25 15.67 1376.67 986.67
2011 31 799.2 5 137.4 108.2 17.933 12.525 17.19 13.54 1120.83 782.83
2012 27 867.7 7 162.3 102.4 18.773 11.876 18.70 11.80 1173.33 742.26

CK,: JORIBERHL, CK, : H AR IR HR

3.2.2 A AR X B PV RRIE

PR AR AR R RO A R RO SR KR B VD P RE Y R R bR, R R AR A
RGP TR EERE IR, R RN X P 7= kA DA B = v P AR R Wi 3 iR, AT LLE
MR B AT AN AR SR AL B SR A 5 1 Rt R —f AR BR a] 22 5 W &

(1) Ik

K3 S 3 A S IR SRR ) (L B R A O Se BRI H B | 7 AR B D R PP AR S R
Ko PO BRI B, 2010 4F, CK M, M, N S8R AR XS 820 (0—S5 i) |, Shannon-wiener 4§
BAAK (A8 0.27,0.44—0.65 F10.46—0.71) , BRI #E (BT 40 (FRZK ook ) B8 155 , TR P= I vk 8% 5 4
(6 IK) M, M, NSCEAEYIEZ (6 i) , Shannon-wiener $6 50455 (0.77,0.78) , P HHLRE 1338, P2k
(5 W) Wb, 2011 4F M, My, PSRRI AR X4 D (2—4 Fi) |, H Shannon-wiener $5 %K ( 0.52—0.65,
0.54—0.71) 5 CK,(0.36) Jo B & 2= 55, TR ;= IR B30 5 IR Mg Mg FII M, My, BB R £,
Shannon-wiener ¥8£U5 & , DU K Wil BE J1 855 | F= I KB (3—4 W) MR/, 2012 43R, B 7% v AL 72
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Fig.3 Characteristic of runoff and sediment yield of tested localization shrub modes during rainy seasons ranging from 2010 to 2012

FEI P 15 B0 3278 B/ N XA THDT P9 97 3 Tk

B, AR A TR /K AR AN BN . 5 CK A L AR R B 5 DX P A TR i B e D i g S
SRR R B W A (R = 1.000) ; JE BRI 2 | PR vk B /b

(2) PR R B R IEEL

TS BIT] S 3OWI X P A It R 4 T IR B E S W IR SR AL AE W R B DIAE G . 2010 4E TR, Jeds
FRFTTZE/INX (M, My, ) B4R SEPERE Y AR T B AR RS (8 i 3 CK, (FB7KHE T 14.13% ;IR 1B
71:25.53% ; ;5 128.60 mm; PRV 186.67 o/m”) , Hirp M, M, BUIP PR RERCHR . B K AR HE S50 ik
#] 61.67% .65.59%H193.46% 93.29% , P~ it (57.40 51.53 mm) =704 (86.76 .89.05 g/m”) W] AKX T H &
/NX(n=4,P<0.05);M,, M, B K (50.97% .48.25%) f# 1 (90.05% .89.85%) 1 it Hi Xt 45 22 | 7= i it
(73.42 77.44 mm) 20 (110.56 134,62 ¢/m?) B (n=4,P<0.05) . BASTI P, WL X Py 1) 28 0 2R 4
(R PIAECE B — B AR B M, <M, <M, <M, <M, <M, <M, , M, <M, <M <M, <M, <M, <M, .
20112012 AV, M, My, FRTE/NX BP0 YRS 2010 AETTUHARL: M, My, B 7200 72 Vb
o, PR RR R 2 5 M, M, 7200 VD i BTG, FP e P B 5 RN P, A [) /DN DX ) 428 U 2R 00 AR Il s i
B AL 5 2010 AFHUHZEL . W LR LAY RIS 2 | T e/ NX AR Tt 2R 8 AR ISERIC /N | 2035 iy 47 33
PEBE B
3.3 SeEYIRMEL BEERHIE SIS ERE R AR DG

AR PREESAE T AR RO BEE 45 0 2 SR AE AN & B K i s R AR i i K Bk By £
b b 2RI X RRE 3 R, A R T M R AR T | L AE S ik 5 Hb T AR RO - S R R E AR AR
T B Rk SRR e
3.3.1 SEEANEE SRR R AR e

6 4 2010—2012 4E[8] M,,_, M, FTTEREIE OB M E & (v) SR BE KES (y) MR EREH
(y")RFZX, WTLEW, A 0 E K O R8T 5 A BEIE 1 Sl 3 3 B IEAHOC (R?>0.971) .
2010 4TI, BE T Uh SR AL A Y 0 P R BCRE 5 B 8 0 39 () 47 0 B 2 R R ROC R 52011 ARV, AR AR
HIOCR ;2012 AFT X BOREOCC R, e lZ  Irei i n &K Ok - Re 7 i
3.3.2  BEIEHRAES 4t e p A 1

27 2N 2010—2012 4F (8] A 7] Bie B 321 3 4 8% r 76 B 7% 19 Shannon-wiener 48 %% (« ) 5 X X P4 42 3 22 %4
(y) IR (") G R, FTLIE I, BV 1Y Shannon-wiener FHEU S AR B P S PERE (1R 00 R 4L
RPEEEL) 25 U1 5 2010 4F VU], Shannon-wiener 48 05 4 W MERE ] L AR B R, KL & M R =
0.998—0.999 ;2011 4F{AIH , Shannon-wiener 45 505 1 5 M BE T 4L 26 AR H R, LA T R? =0.998—
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0.999;2012 4= | Shannon-wiener $5 -5 471355 P 56 W) 5 44 30 X4 AU R BOC 22, LA AR R7>0.999, Ui HH B
75 1) Z2 £ 7K - ( Shannon-wiener $56 %0 ) #5 , H R ofa e PN HrT40 (R ZK i) 58 77tk

R6 MFEEFHEKEN(y) REEN() EXEHEETE () HXER

Table 6 Relation between richness of pioneer plants and their capacity of soil and water conservation

fE EIKHES1 Water-holding capacity(y) fR+AES) Capacity of soil conservation(y')
Year M My My /P

F %3\ Relationship R* K& Relationship R*> KA Relationship R> K& Relationship R?
2010y = 45.133x%178 0.9786 y = 39.686x025" 0.9865 y' = 90.49x%0178 0.9778 y' = 87.696x% %% 0.9828
2011y = 2.4409x + 54.323 0.9976 y = 2.9408x + 55.616 0.9946 y' = 0.6762x + 91.962 0.9986 y" = 0.8798x + 90.589 0.9964

2012y = 10.729In(x) + 60.137  0.9753 y = 7.2067In(x) + 70.499  0.9713 y' = 2.3977In(x) + 93.406 0.9749 y' = 2.4745In(x) + 93.683 0.9734

®7 UNXAMFEREA(y) TEEMIRE () ) 5MEETE Shannon-wiener 155 («) BIX R

Table 7 Relation between Shannon-wiener index in communities and their capacity of soil and water conservation

PRI Z B Runoff coefficient (y) R Erosion modulus (y")
Rk M M M M
Year Al—7 BI—7 Al—7 B1—7
%3\ Relationship R*  XZ3 Relationship R* K& Relationship R*  J%Z&3 Relationship R?
2010 y = 5.9123 x 050 0.9984 y = 5.1932 x 771 0.9994 y' = 72.589 ¢ 0513 0.9994 y' = 75.642 x 074 0.9991
2011y =-6.0626x + 10.14 0.9995 y =-5.8216x + 9.7076 0.9997 y' =-109.38x + 131.34 0.9981 y" =-113.32x + 145.84 0.9984

2012 y=-5.2273In(x) +3.067  0.9997 y=-3.2651In(x) + 2.8816  0.9998 y'=-73.303In(x) + 15.853 0.9994 y'=-70.266In(x) + 17.365 0.9996

255 BT 2 UL X R A W i A A (36 2) S5 P PR BE (7 it R R, SR TS0 ) B A G A i D)
RIR :2010 IR MR R S L AR A R AP R (R =0.996—0.999) 52012 AU, ok
PERESAR R AR R ] R ARYE R R (RP>0.999) 52011 AETRIY A8 0 4 5 RE MR ) 500, O BETETE o [ b T 25
AT B, AT REAY IR . RS 030 (2010 AETR))  FEAIAR 2 A Aok  ARIEE /N (36 2) AL B B 9 3%
PERE T I T 250 25X I 95 2 A 5 2012 AR TR, TRk T Fh e B e vy, 0 S 10 R V% 5 R A
BP0 3 30 4k v, 8 /N DS 2 A AR RN F , LAt e S S O TR A R R ) S5 AR REAE L MR e Ll R, X
SN0 Al A A BV P RE RO e SRR S SN A R — 8, AP
i AR AR ZE N R 2 T AR | 2% TSN DA K M AR R X S S A R SO0 A A R 18] 22 57 R
VAN o SR Y NI R R E

AL UL FET I S5 BRI B S A AR S AR i — B AR T SRR A T B (I M, M, ) SR
LN AP SRR T B

4 %t

(1) FEPFRIHA, W LG Sk AR P 0 ) P 5o (S b = B ) T 2 5 i 7 3B A 1 B [] A A AR
HOEMEZ (M, M) SCERE A R, B R R AR N R R S IE A 56 (R?>0.990, P<
0.05) ; Bifi & (AR K 225 (20112012 4F) , I DX PN AR 40 A 0 e th 3 < 2R AL A R AILEE

(2) e FE B SR NS R E T YR ZREME KBV G MR K FT N, e Fp i 2 | firfe
A SRAEANHT IR R0 AR BRI Th A AR H 2 B 5 B R SR R R | TR R VR AR 2
FEPE K ( Shannon-wiener 841 Pielou $8405% ) il , — % 2 835 IEAHKE (R*>0.954,P<0.05) .

(3) WA I AERETE TP Fh 2 REE KT S A 8 PR RE & DA OG (R?>0.998, P<0.05) - S FERT 11
SERERERZ | T FERETE TP 2 RE KO (T M, M) L B0 TR CRZK spish) BB 77 L 35 7K ) BB ) o ik
S DX P 0 77 U B 7 U R, AR BB N PR R A R AR

(4) BELF B P A Z PR T A S R R oE PrTIRRe hatibism, v WL, 7E i3 %
1 A B RORE DG AR Tl — B R T 4R R e R T AT R S A R (R AP T R
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