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Root architecture characteristics of common slope protection plants at seedling

stage under simulated slope conditions
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Abstract: Plant roots play an important role in improving slope stability. Root structure characteristics can reflect plant root
function and ecological adaptation strategies, which is important for plant growth and development and ecological stability.
In this study, simulated stony slopes were prepared by spraying in erosion channels. After 6 months of plant growth, whole-
root excavation and Win-RHIZO root analyzer were combined to study the root architecture characteristics of 11 common
slope protection plants under simulated slope conditions. Correlation analysis was used to analyze the relationships between
plant root morphology and topological structure. The results showed that the biomass of 11 plant species showed significant
differences, and the aboveground biomass ranging from 1.77 g to 23 g, the root biomass ranging from 1.1 g to 17.75 g. The
root biomass of Alfalfa was the largest, while that of Caragana korshinskii was the smallest. The main roots of both were
developed and only distributed in the down-slope direction. The root biomass, total number of roots, total number of basal
roots, total root length, total root surface area, and total root volume of Astragalus adsurgens, Lespedeza bicolor, Amorpha

Jruticose, and Cerasus humilis were all large, and the roots were uniformly distributed in the up-slope and down-slope

HEETH . BZKE S0 AR5 H (2021 YFB26001004 ) ;b 5t 8 & KA A & 5047 BRZA E] (2018HXFWLXTO031)
175 H #5:2022- 10-23; % 4% H AR B 8B :2023-11-10
# WIRAE# Corresponding author.E-mail ; syihan@ 163.com

http ://www.ecologica.cn



10132 xR 43 4

directions. The topological index of these four kinds of plants was between 0.53 and 0.61, which indicated a forked branch
structure. The root topological index of Ziziphus jujuba var. spinosa (Bunge) Hu ex H.F.Chow. was 0.81, which was the
largest compare to the other 10 plant species. The root system has strong soil fixation and slope protection ability, which
could be used as the preferred plants for slope ecological restoration engineering. Both root surface area and root volume were
linearly and positively correlated with root biomass ( R*=0.68 and 0.80, respectively) , while the root length, root surface
area, total number of roots, and total number of basal roots were exponentially and negatively correlated with topological
index (R*=0.82, 0.68, 0.87 and 0.86, respectively). The root structure types of the 11 plant species in this study were
classified, and the results were as follows: Astragalus adsurgens, Amorpha fruticosa L., Rosa xanthina Lindl., Vitex
negundo var. heterophylla (Franch.) Rehd. were R-type root structure due to the developed inclined root systems. Alfalfa,
Caragana korshinskii Kom. and Ziziphus jujuba var. spinosa (Bunge) Hu ex H.F.Chow. were V-type root structure due to
the obvious taproots and few horizontal roots and inclined roots. Prunus humilis Bunge was M-type root structure due to the
numerous and dense root branches. Lespedeza bicolor Turcz., Rhus chinensis Mill. and Indigofera pseudotinctoria Matsum.
were VH-type root structure due to the taproots and the roots were distributed horizontally in the soil surface. The results of

the study can provide scientific basis and theoretical support for further study of plant root architecture.

Key Words: slope; shrub; herbaceous plant; root architecture; topological structure
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FhSr 55T V3% (Agriophyllum aquarrosum) WIAR 2R 43 TEFRRE , 45 R R I VDIEAR R 53 B AR 0N Fr [A) 1K b 21) 35
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BERAE T R B A AR FRIE SRR AR WL R G5 AR AR BE T AR R A R0 DU . A5 LA
DL LIPS TN G R AF AN R AR 2 10 S AT LA R B R AR MR EA T TS
BN WLHE AR AR AR AR 85 T AOAR AR BRI, DI N I35 2 B 5 TR A 5 58 S s S (I B Ak 3l

1 #RERE

1.1 5 MR

WIS AEIL 5T Tk V8 IX 4545 ( 39°59727.79" N, 116°0573.74" E) #4754k 120 m, 4 PSR MN11.7 C,
AESEE K AR 528.7 mm  AEZE AN 1632 mm'™
1.2 K5k

HERAEY 5 2 VAR RN O FPEAR (22 1), 1E 11 R AR BRZERH 10 em @B FAG , HA
TR RO XA, AL B RS Fh I [ 5057 IRAE SR A PR A &) AP A1 A 365 T4 R b R
A SR LA BR A B FE AR R AT AL B

F1 EUHR
Table 1 Plant materials

E4 P T 4 Bt A || A P T4 B GIES
Name Latin name Family ~ Species || Name Latin name Family Species
YHFTHE (SDW) Astragalus adsurgens Pall. R FAR k4= (OL) Cerasus humilis (Bge.) Sok. AR HEAR
S ETE (MX) Medicago Sativa L. X FA || #HF (HCM)  Rosa xanthina Lindl. R A
Fr4& (NT) Caragana korshinskii Kom. SR HEA || FEAR (YFM)  Rhus chinensis Mill. BRE AR
S (MT) Indigofera pseudotinctoria Matsum. — SiF} WA | % AT Vitex negundo L. HRR AR
WK T (HZZ) Lespedeza bicolor Turcz. TR WA || R (SZ) Ziziphus jujuba Mill. L2kl HEAR
SERHML (ZSH)  Amorpha fruticosa L. TR AR

A O HURL R A A RO T 28 AR A i i 5 R e DROKR) RGN TRI L R e A IR 2
RAG IR R . o BER IS N R 30% 5 2 RS2 5 ME RO VR T 42 200 g/m? 5 4 7K 551 32 T g W /K 1
MR RG4S0 TSR I G , A I 1200 270 g/m*, WK 3 d 5 BE BT A Wy B 5 L3R 2, R B 2 ML
B RE R B R FHER D 2

®2 ERWMEMER
Table 2 The physical properties of substrate

RH/ (g/em?) SALBREE/ % BEALBREE % BEILBE %
Soil bulk density Total porosity Capillary porosity Non-capillary porosity
1.47+0.05 39.66+3.34 37.37+3.68 2.29+0.61

1.3 it

RIFERMAE (K2 m 58 1 m 5 0.2 m, &R 0.4 m®  JIEHETE 2.5—3 cm JEEEARHUN T A 4R) hikfT, %
TE ARV 5K e Mo 450 FHDABLANL 45° 5 A i sk, B2 Tiuks 9 R B AR 43 B 6 A~ /NDX, B AR 1 Rl
KR W% 7 AE R A P 2 10— 11 om JEMIETRZ , FE 3 d G TG Rl AT RS 4% . &R0
IRA SR D, WA IO, i FHRUBEE R ST 0K, BEAR DR I B A I 4 IS DL BRI IE 1 34
AIPE, FERRE N 1 IR B AN 2 /d, i 2 F 4 JRIHIEN KRN 1/ d, i 4 RS Bk
Sk 2—3 W/ SR BRI GEAK IR ] 10 min, FhF & 2F f5 XHE A T IV, A/ NXPR S 1 MR 5592 6 N H .
1.4 ARG RE R AR E

PR AR IR AT, SE B /KRB AL I LAy (AR R EURE B IAR R JRAAZ R R R e, RIS RO &
A B I SRAR AR 2 3 SRR AR FR A3 A v Bl AR [R 5 [l AR 2R 20 A B3 S e b, R 1T 4 5 4
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ﬂn—l:‘ . Fig.2 Classification diagram of root architecture
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Fig.4 The root number of different plant under simulated slope conditions
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4 FREP G ARHAR AR S LA R 5 R, YU IR 46.519%—53.57% 22 ], i X LK EAR 2 &, (5 1
0 FEITE 43.75%—65.96% 2 [a]
23 MRS

BLH A TR AR RIE S FRIE W3R 3, ASRAE) AR 72 B B 2 BRRR 2R > VD AT HE > #H AL 7> %5
TR > B > S A8 78 ST 25> ORI B ER RS R A S 7 S e 34, BRZEAR R B BE 29 A7 25 19 10.7 £, AN
FE ) IR 2R S 3R TR R IR 2R S AL > VD AT IE SRR AR S SRR > 5846 B 78 > S B> 0 5% > T 8 > Bl B> 1 2%
AR BRZAEAR R BRI A 4510 7.8 5, AFIREA AR ZR SR F R BV FTHE > ER A > 5876 15 75 > 45 1
RS THARL > R > I ol > R 8 > 3R] 55> BRI B 47 S5 1R 3 VDI TIEAR R BVARFRZ AT A0 13 £, 76 11 Fliad
R R 3 FR BRI ARHEAS /N T H AR 10 FAd

=3 FEEMHIRRES
Table 3 Root morphological of different plant

GIK/ELES WA BKSE/cm R BRI em® RSB em®
Plant speciation Total root length Total root surface area Total root volume
SDW 3774.92+491.16b 547.77+44.49bc 28.64+2.67a
MX 1887.33+125.29d 449.62+63.56¢ 26.38+5.18a
NT 514.51+38.40f 83.23+3.35f 2.27+0.05d
MJ 1987.54+31.75d 344.87+7.53d 11.41+0.16¢
HZZ 3345.78+513.16bc 566.42+53.06b 23.04+2.50ab
ZSH 2760.81£325.73¢ 456.22+31.82bc 23.13+1.75ab
OL 5524.66+259.03a 648.08+36.06a 19.29+1.35b
HCM 1326.47+136.96def 220.14£21.58e 6.86+0.93cd
YFM 1292.88+132.84def 460.56+41.46bc 27.92+2.24a
JT 1419.46+45.41de 308.11+12.81de 9.09£0.57¢
SZ 806.46+18.51ef 223.04+7.46e 9.14+0.40¢

[RISIA G /NG TR R A R 8] 22 57 8.3 (P<0.05)

ANFEARHAR REAEDR RIERFAE 0 5 Hen & 5 iR, XEF 11 F , iR R B S AR 2 B LR
(0<d<2mm) R ER ., 5 LR 83.91%—97.41% 2 [8)  MUARFT & e Bilfe /(B 5) , UHHTHE A | 2558
ML BRZEANR |5 FUAE 94.43%—97.41% 22 [6] , AR K FEAE 2630.42—5381.46 cm Z 0], LAEE TE | Sl 2R3
ERIRA FRI SRR 7 HUAE 83.91%—97.40% 2 [] , 4HAR K B 7E 1084.81—1918.16 cm Z[H], FREFIFFF% BAR K
BN AR K A S 729.23 em Fll 498.67 em, 11 FAE 4 o AR FUHLAR K B 80/, AR K JE A T
15.84—188.89 cm i) MM K BEJE A T 0—22.34 cm Z il FIHARAEHI AR, A7 4 B AR FIZRAR

ANFRERAR RERDAR A 5 FL U 5 s, AR AR, SRR AR FR AR 2 B0 S 4R > AR > ML
HRIES . TR AR EL, AR AEAR AR F T AR b 1) o EUAT T R B, 2028 52.08%—89.31% , ANARAR R I AL AE69.18—
51038 em’ Z (8], SALETE FERRAHIARFN AP ARFEAR Fe T AL P () 7 FUAR 22 580N, AR AR o LA R o L
2.35—11.46 1%, AFEHEYIH MR R EFTE 14.05—180.77 em?2ZJA]  MHARM R EHAE 0—54.97 em® Z[H]

AR PR RTEAE YA SRR B &7 FEan &L 5 frz . AR AR R AR [R], S [R) AR ] AR AR R
HRARAARFRAEAR R BT 0 5 b AN A, A7 4 S, BRI IR SR Rl AR R AR o L S A AR > T AR >
HAR A RE S S0 B 78 AR AR R GAR AR AN G e S B AR S AR S A0 AR A 38 A 7 BRI AR Al #%
PAAARFR 7 L AR S AR S FHAR A fa 3 VDT HE RN S B AN [ A2 AR AARE o b S R AR > oA > A AR 1
B AEFTA R BRZE M AR R R A, R 7.27 em® s SRR A B AR L K, R 14.70 em® ; V3T HE AOHLAR
RRUR K, M 12.74 em’

2.4 MRS E FE AN R

B AE MR FIAEY AR R A A&l 6 iR o XFFARAED) , 46 3% 07 AR 2R 40 A7 3 ] S 3R ik

RSB ST > E > SR S VD FTRE > R 4 S 30 55 > BRI B> ¥y % = SRAE BT T o ka 38, Fovh b S R SR AE BT T 7
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Fig.5 The ratio of different diameter classes roots in plant root morphological characteristics
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Fig.6 Characteristics of root distribution and root topological index of different plant under simulated slope conditions
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B 551 T AR AR R AR FME BN E 6 Frzs . X TR, i R0 8 FE R 2> 7 45>
LIV TE > S B FOS A 45 > ER A S SR S VM TIE S TAR TS ERZE a3y, Br i MR RARTME B KT
0.5, PR RIFMEECH 0.81, R FIEHAL TR R MEE 518 0.53 F10.57,

2.5 MRARILBIRIRAHICE /BT

XA FRE D) AR R IE SRR e HT (3 4) 45 R A AR R K SRR A SRS B4R
B 2 B ARG (P<0.01) MR MR S HVAR SRS AR R AW Al 3 IEAR DG (P<0.01) ARIRFR SR R 4
Yy 2 IEAH DG (P<0.01) |, BARES BRSO B 3 IE A (P<0.01) R ARHIMEB SR MR LR
SARECE B 3 A ESE R (P<0.01) , 5 B SR B B & A 66 &R (P<0.05)

F4 TEIEYIRRFHER XS

Table 4 Correlation analysis of root characteristics of different plant

847 Indices x1 x2 x3 x4 x5 x6 x7
x1 1

x2 0.872"" 1

x3 0.534 0.841 " 1

x4 0.966 " 0.825*" 0.489 1

x5 0.807 ** 0.588 0.161 0.783 " 1

x6 0.599 0.843 " 0.905 ** 0.524 0.285 1

X7 -0.824"" -0.832"" -0.561 -0.801"" -0.622" -0.556 1

x1:#R K Root length; x2; R ZE T FH Root surface area;x3; HRAKRFL Root volume ; x4 ; HMARELC Total oot number; x5 ; T FEAR B Total primary root
number;x6: AR R AP iE Root dry weight;x7: R EZFHFMEEL Root topological index; * 7E 0.05 IR ORI ) b B EEAASE, s 7E 0.01 K- (W) | 8
K
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Fig.7 Correlation regression analysis of root characteristics of different plant
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