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Abstract: Root ecological niche characteristics are an important basis for the selection of slope protection plants, and the
combination of plants with different root types has ecological niche differences due to the root structure, which directly

affects the plant’s effect of soil retention and restoration on slopes. In this experiment, four commonly used slope protection
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plants with different root types as case study: Amorpha fruticosa L. with a vertical axis root type, Lespedeza bicolor Turcz.
with a horizontal axis root type, Medicago sativa L. with a root tillers type, and Festuca arundinacea with a tufted root type.
The planting method involved simulated wet spraying on slopes is used to study the ecological characteristics of different root
system combinations. By clarifying the intricate relationship between different types of roots and their ecological functions,
the study provides a reference for selecting plants for slope restoration and reinforcement of slope stability. The results show
that: (1) There is a significant difference in the distribution of different root structure types in various soil layers. In the
soil layer at a 0—10 c¢m depth, GG ( Festuca arundinacea) exhibited a significantly higher percentage of root length and
root dry weight than other combinations, at 86.9% and 90.83% respectively. Meanwhile, in the soil layer below 5 em, ZM
(Amorpha fruticosa L.+Medicago sativa L.) showed significantly higher than other combinations, at 63.73% and 76.52%
respectively. (2) The root niche index decreased as the number of radial levels increased, displaying an inverse J-shaped.
The root niche index of GG and HH ( Lespedeza bicolor Turcz.) initially increased and then decreased with soil depth,
whereas the other combinations decreased with increasing soil depth. GG showed the most substantial change in vertical
spatial niche, with a range of 0.21—3.51. In soil layers less than 10 cm deep, except for ZM, the niche index of the other
combinations significantly decreased, indicating a surface aggregation niche type. Similarly, all position index decreased
significantly, suggesting a surface aggregation ecological position type. (3) The combination with the highest overall
ecological niche index after normalization was ZH ( Amorpha fruticosa L. + Lespedeza bicolor Turcz.), which was 1.
Additionally, the only three plant combinations of ZHG ( Amorpha fruticosa L. + Lespedeza bicolor Turcz. + Festuca
arundinacea) had significantly higher fine-root niche index, niche width, and subsurface interspecific competition index
than the other combinations, with values of 0.089, 0.036, and 0.438, respectively. When combining the niche
characteristics of different plant combinations with various root types, the better-performing root type combinations out of the
9 combinations were ; vertical-axis-root type+horizontal-axis-root type (ZH) , vertical axis root type+horizontal axis root type

+clumping type (ZHG) , root tillers type (MM ), and vertical axis root type+root tillers type (ZM).

Key Words: simulated slope; root type combination; root niche; niche width; niche overlap
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T EREAE A RS PSSR A AR 28 ml o i R F R SR T+ BE ) S MR R T T MR RS R 2R
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I LA TAC BT 73k 0 XA, Y MARE IR 11.7°C 4R34 H B 2470 h, AR F3JC R 200 d, 45
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Table 1 Physical and chemical properties of soil in the sample plot

Y/ cm K/ (g/em®) Bk % SALBREE % EEILBEE/ % EBEILBE/ %
Depth Bulk density Soil moisture content Total porosity Capillary porosity Non-capillary porosity
0—5 0.74 23.35 54.2 49.9 14.3

5—10 1.064 18.44 54.5 47.9 6.6

>10 1.941 12.31 48 32.5 5.5

1.2 BT
WFFERE T I 1 4 FhAR 2R 28R A0 5 H X H FAG B P 4 iR B A4 R, Horp R BRI BLAA
SRR SRR R AR T AR R G SRR AR R SRR BE R A SR AL T

IKPHIAR AL THANMRA AR HRBEA]

E1 REMERRELETEE

Fig.1 Schematic diagram of test materials root system types
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R2 EWMASRITAR

Table 2 Combination design scheme of test area

ETRE) WARRMA S WA E R/ (g/m?)
Number Root system type Plant configuration Seeding rate
GG A ERE=2 35

76 e AR 2+ DA T S N e 13+1.5

HG K SlAR T+ A A T [GSENGE=EE 12+1.5

ZH KTl AR 2+ T T AR Y SR BT 6.5+7

MM MR EER SIEHTE 5

Al T 1 AR A+ AR B N S 13+3

ZHG IR AR 2+ T AR TR + A Y (SR N R e 6.5+6.5+1.5
HH T AR 2+ T T AR Y e 14

7z KPR 7 WK 15

KPP A S YE TS

FLBEE 10 A~ (9 PPl G +25 O R ) BRLGA B AR D, RST 2 mx 1 mx0.2 m, {2 (Ul A E 45/ Wl 2 i
R RANBEE LW AR T N, B MR R SR 4 45 E — 20 M K 2—3 W/ KllE
4—5 W/ A BIREEK 20 min,
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f’k O pmasREE

i

% - °

>9 \ 1 Hik
8 7 2 fpFE: 3cem
3HFE: 10—15cm
4 AR BRI KRG 3 —4 cm
? 5 R4
6 Zig
5 7 AR R
8 W
9 mEk

B2 #HBBETmE REE

Fig.2 Physical diagram and schematic of simulated slope
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R3 TREMASERBRAR
Table 3 Investigate the growth of overground parts of the plant

P SEENE/ cm fFi/em M [ #f /g b THE/g
Number Crown width Height Aboveground fresh weight Aboveground dry weight
GG 50x55 35 311.11 99.82
7G 60x55 45 375.21 102.34
HG 60x50 57 323.65 100.23
ZH 90x97 130.3 97.23 49.20
MM 50%50 42 115.32 45.23
™ 60x40 87 100.24 45.24
ZHG 87x70 67 287.32 70.34
HH 80x70 50 43.24 28.23

77 82x54 80.5 43.55 16.32

HPH GRS E, A AN

E=Y E, (2)
(2) AL TE R
A=A e TR AR
B, = 1/r2P§.j=1.2.3-~-r (3)
—l/rZsz 1.2.3- (4)

iﬂh&ﬂmﬁﬁ%ﬁiﬂ%ﬁhmiﬁ{ﬁfﬁﬁ HAJZEC Horg 35P AT PR IR L AR b AR
Rl BEURAL j BRI

(3) BN EHSME
Lih:Biﬁ; P, P, (5)
L,=B, 2 P, P, (6)
AL L, AT 0,1].
(4) HbFFh ] 55 P4k
A, = ,. P, P,U.\/.r P;.r P, (7)

-~
n
~
n

R T SE 68 A, =4, H A, < 1[“
1.4 Bdiatr

X BT G HEA T PR 2 7 255081 (One-Way ANOVA ) |, 1 FH fie /N 8 35 25 5732 (1LSD ) 6 56 AN [ 4504k 4 7]
25 WEVE . B PP RE AR EDR 22 KR E 4528 . ffi ] IBM SPSS Statistics 22 X4l #4770 4 , (1]
Graphpad Prism 10 #F17 EI R 2l

2 ZBRES

2.1 A[EPIL AR FR S ]I A R
TEAF L2 A FPF G ORI SR A AR R vk (18 3) o 0—5 em HJEH K E 2
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Fig.3 Root length percentage and root dry weight percentage of different combinations
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BALEE  ZHG , BT+ SRR+ R 6 25 HH, WA T 5 22 SR S R/ NS P REFROR AR L R IR BEAF AR 22 53 .3 (P<0.05)
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+EIRFE Soil depth/cm

E4 AEAALBRKSLRER
Fig.4 Specific root length percentage and Specific root area of different combinations
ARREFHGERFBEYAE GG, R FH 26, MM 5 20  HG, B T+ R 20 ZH, SRR+ W1 T MM, 5846 15 ZM, S8 TR +
SALEAE s ZHG IR T+ SRR+ 5 250 s HH WIRCT 22, S0 s AR NG F R 3R0R [F) — L R R BE AN IR A W 46 AP A 22 59 103 (P<0.05)
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P T A G, W HH 446 2 IR AR, 4300k 16.81 em/g F1 32.41 em/g, ¥ 8 E KT HoAlh
HE.
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Fig.5 Relationship between soil depth and RENI of different root combination
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Root ecological niche index
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Fig.6 Relationship between root diameters and RENI of different root combinations
ARREFHAE RFEWAE GG, M FH 26, MM +5 20  HG, 1B T+ m 230 ZH SR+ W17 MM, SE4E 1 15 ZM, S8R +
SAH A  ZHG , IBCT+ SR+ 656 s HH WA T 27, S8R s A RVING PR30 R R AR AR 28 53 3 (P<0.05)

(3) NFEAEYIAH A R AR B AL

S XR R AESAFR BT I — AL B AR LA TR R A 2 A 7 R — RUBE b Y A 2 38 By PR
(B 7). #R R AFYIFNE G R R A SR BOIAE B8 2 5 MR EBAHREOUMEFHRIK  ZH>
ZM>MM>Z7>7G>ZHG>HG>HH>GG,, ZH A& MR R A SR ER &, o 1, HKOE ZM MM #1727, 5350 5
ZH 1) 94.49% 87.30%F1 79.32% ., 1 4 P& W AESA 85U N T 0.5, 735 /2 ZHG \HG \HH il GG,k 0.477 ,
0.448 .0.374 #10.312,
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2.3 AR A RS 5 A B RS
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Table 4 Ecological characteristics of different root combinations

i A= 2500 58 BE H5 U Niche width index 7S TSR
Number 4R Fine roots HIAR Coarse root Niche overlap index
G 0.083+0.001b 0.133+0.001¢ 0.029+0.002b
HG 0.086+0.001ab 0.113+0.001d 0.028:+0.002bc
ZH 0.067+0.001d 0.135+0.001¢ 0.020£0.001de
MM 0.072+0.001¢ 0.135+0.001¢ 0.021+0.001cd
M 0.063+0.004d 0.073+0.001f 0.016+0.001f
ZHG 0.089+0.004a 0.170+0.003b 0.036+0.002a
HH 0.072+0.001¢ 0.275+0.002a 0.019+0.002de
77 0.066+0.001d 0.087+0.003e 0.016+0.001de

ARRE FRATRMPAS GG, B3 26, M3 HG, WIBCT + #5455 ZH, ML+ WAL T MM, 2806 2% ZM, SRl +
SALEAE s ZHG , WIRCT+ SR+ 5 2250 s HHL IR T 22, 5 F0E s AR NS P REFROR AN R 45 A7 75 22 53 1. 3 (P<0.05)

3 it

TP L3I R ITE— e LR L AR R A ) A e ), AR AR | HUAR KA LU AR AR 5548
B T DA T 24 o S AR 2R WA SR K A3 (R BE 1 5 2 TP AR R AR A S T Re ™ WA R R
KAAE I BP0 R A 1 T 6 AR 5 AR IR [ AR 2 T AR LU , 7 A R R E 2% 1 B9 37 20 R I Z80R
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Underground interspecific competition index
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%*@%ﬂzﬁéﬁiEé I‘ETJ E/‘J ﬁ ﬁﬁ-ﬁﬁ% %‘J;E s lzé,jq: Fig.8 Competition index between different combinations of
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Ry A= A DI IE | 32 B 4G T S ) o3 A AR A
VASLIIRE S A =5 TEARRIES ™ — Bkt 75 H 38R 2 AR F A A 46 B, M AR Zod i 5 ki) e
I A 3R S R 61 £ T, 7T sk i 2 RS e bbb ARG R GO (R + 3 30 ) R MM (i
o+ EE ) X PR G R R A FEAER)Z LI RZ IS 220, PR PR AR R 20 5 AL mT 4 5
WeptfRPERE, T 26 CEBEM+RE T ) HC(WIBT+m 3 ) ZHCEFM+ IR T ) F1 ZHG (SRR + i AL
T+E ) IRZ, LR BV ES MR B E R L Z R, X UR A AR i 1) 2 J= 8 rh SR AR X
BRI R ARSI E, AR B RIEASMI, Ik, RJZ T A RSB PAR & | TIEHRBTAN
RO T REROEGR ™, I AR SR B RO R R T AN AR AR R B o AR . AR & I, R
[FIRE AL A5 AR R o AT FR AR DL, 28 52 B J 20 e I g RS A AR AR L 20 AR TR AR B R s R AR R TRZ
SR AR RS ] S A BRI . ST )2 B AR T ZH CRBER+ AR ) i A e B i, A&
K-l B RN 3 AR B AR R EBITE TR E A2 LI AR R Y 2 )2 WOl 20 A, iR A RO TR 3%
A ERVE T A B T4 e e R e Pk
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A R0 A 2 e SR T AR ) G T SRR FH A AR | T (AR, X 9 TR 4 R
FAABL, Pl 5 B 202 A AT 1 SRR R R 1 VR % Rl o Ao AR S iR AR i AR
TEREAE +- 3K 3 N3R5 J5 TR HESERAEFH Y ML 8 SR 5 SRR T R S BOR R 4 b 22 8] 1) A 2507 KR o
B ORI AR T AR FURLAR PIRR R 2SR DR A A AEASTHDLA B, 2 A AR ARLAR (9 4R 3R A
LR (YA EB T i N O R Y oY VAT I ey e o o A I N i e S 1 R 233 2 o T 1 Al i1 I . L T
T RIS A ARt T WA A RO AR L 2 5 A ZM (R E AE ) B A0 AR DR AR 2L T R BUHA A 5 B
AN AR EE A ARABL/IN, 2 A B A0 AR RIDREL AR X B U5 0 R TR R i, W AR S TR I SR/ T A AL &
ZHG (CEFEML+TIAL T+ 2650 ) (ZC CEBML+ = £ ) I HG (AR T+ 58 ) 414 v IR A2 250 56 B B 3 K
FHAL A AR A SO FE T B g, Hoh , ZHG A0 B &4 W3/ T HA A G, A W AR 4 1
0 LR EL S 5RO RERURRE B e i 1l T 5 5 o (] 5 450 R TR AR R WD 4 5 X 3 rhoK o S5 SR AR, i W]
R A R IR A e A SR FHRR SR, AN ZC CEBMI+E A ) HC (R T+RE5F) Ml ZH (57
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