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Root system responses of three herbs to soil anti-erodibility
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Abstract: To explore the relationship between herb roots and anti-erodibility in the red soil region of southern China, we
examined three herbs (Vetiveria zizanioides, Trifolium repens and Lolium perenne) that naturally grow in two types of soil
(yellow-brown and red) in Hubei Province. The soil-root composite of the three herbs were collected from two types of soil,
with a total of six soil-root composite treatments. Each treatment (including the control) was subjected to concentrated flow
scouring (hydraulic flume: 4.00 m long, 0.20 m wide) under three different water-flow shear stresses ranging from 2.41 to
15.03 Pa. Soil rill erodibility and root parameters were measured to investigate the effects of different soil erodibility
characteristics. Results show that roots strengthen soil erodibility significantly. However, the influence of roots varied for
different herbs, with Vetiveria zizanioides and Lolium perenne showing the largest and smallest enhancement effects,
respectively. Root length density (RLD) was the root parameter that had the largest effect on soil erodibility, as RLD
provided the most accurate simulation (R2 = 0.930) of the soil detachment capacity change of two soil-root composites. Root
mass density (RMD) and root area ratio (RAR) also had large effects on soil erodibility. Root diameters of less than 1.0 mm
increased soil-root composite anti-erodibility, with the most significant effects observed for root diameters of 0.5~ 1.0 mm
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(P < 0.01). Overall, we found that Vetiveria zizanioides is an important plant species that can improve soil and water

conservation in the red soil region of southern China. Results from this study provide an herb selection reference for regional

restoration projects and describe the relationship between root features and soil anti-erodibility.

Keywords: herb; parameters of roots; soil rill erodibility; soil detachment capacity; soil anti-erodibility; south red soil region
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Table 1 Characteristics of tested herbs in the study area

by st AR A=A H) i R NG
Vegetation type Growth traits Growth period Coverage/%  Plant density/(plant'mfz) Plant height/m

R R, JiR EZ T %0 529 | 88
Vetiveria zizanioides Herbs, fibrous roots Perennial ’ ’
S A, R EZC 90 096
Trifolium repens Herbs, fibrous roots Perennial o )
P 2 R, JR e 100 074
Lolium perenne Herbs, fibrous roots Perennial o ’

1.2 REEEHHEREE

R4 2 A 5T 2016 4 3-5 A R
8, EHIMERGIER X BEBEILIE, RFT
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Table 2 Basic physico-chemical properties of the test soil

MU ik 7J<7E%‘EE Rk
ek L e Particle-size distribution/% T\/Iﬂjﬁgﬁlﬁ 2 HHLUE
BB : ean weight _ )
Msoilope VLN gy gk g diameterof water B“(”f fzf,i;ty/ Org(a“flf ‘Ea)“er/ pH
YP Sand Silt Clay ~ Stabicaggregale J Exe
mm

FIRE
Vetiveria . 127405 461406 412454  145+0.12 122 £0.03 1638 £ 0.54 5.94+0.12
zizanioides
A=t

g Trifolium 119109 462+04 41.9+28 0.51 +0.06 1.29 £ 0.05 16.09 + 0.76 5.67 +0.09
repens

Yellow

brown soil ﬁﬁ
Lolium 102+1.1 46.6+0.8 43.2+49 1.66 +0.20 1.33+0.04 13.79+0.37 5.76 £0.27
perenne
#HhBare
land(CK) 174+£0.6 427+t1.1 399+23 0.89+0.08 1.41 £0.08 10.34 £ 0.11 5.95+0.19
FHREL
Vetiveria 126 £0.7 44.1+4.1 433+5.0 1.58+£0.13 1.31 £0.10 23.95+0.21 5.33+0.14
zizanioides
A=t

R Trifolium 11.9+03 445+35 43.6+1.8 0.58 £ 0.06 1.36 £ 0.08 20.31 +£0.88 5.64 +£0.33

- . repens

Red soil
M
Lolium 12.1+£0.8 446+39 433+2.1 1.73+£0.09 1.44 +0.03 19.58 £ 0.61 5.44+0.10
perenne
#iihBare
land(CK) 150+1.1 403+1.9 447+32 1.19+£0.08 1.47 £ 0.05 8.60 £ 0.22 5.15+0.13

E1 etk EREE
Figure 1 Diagram of scouring experiment device
1, AYokiE; 2, METEMEENS: 3, SR 4, KE; 5 &K 6, WMEMR. L, KEKE; D, KERE: W, KIEEE;
R, LFEERE.

1, variable slope flume; 2, soil-root composite samples; 3, collecting barrels; 4, water pump; 5, reservoir; 6, flow valve. L, flume length; D, flume depth;

W, flume width; R, the diameter of soil sample.

T=peHS - @ irgax.
Kb o RAKAITY ST (Pa)s p HAKHIEEFE (kg'm ™) s p_ M )
S AR TE A Mcx

AEXFYEVL 73 B & (Relative splash detachment, RSD) I H: RSD NFHXTJe b 70 B & My RALER Y &
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MK % B (root length density, RLD) J& iR & & &
PERR DLAR - 8 SRR A B iR R, s AR

L
RLD =—., 6
> ©)

“)

=

XH: RLD A K % (kmm” ) LA R R K
(km): VI TIER (m').

% B % & (root mass density, RMD) i+ 5 A 30

Mr

RMD == (7
A RMD N E % E (kg~mﬁ3); Mr N HETF R S
H (kg)-

MR AL L (root area ratio, RAR) A BY )i L Fr f
AR 2 M5 kg2 e, A

RAR = RLDXRCSA. (8)
s RAR NARTHALLL ;s RCSA 9V 35 B AR R AT
I (mz)0

¥ 5 25 ol [\ E A 15 BR K&
RLD 5V Fh L 38 0 AR 1+ 5 & AR 4078 W ol K (1) Pl
M7, .

K, = axexp(bxRLD). 9)

R o F b NENHSHL
1.5 HESH

% Origin 2017 £ Excel 2017 ¥4 #E 47 B £ 4
fils SR SPSS 21.0 3 A4 HEAT WAt A A ¢ 45 56 43 it
AN [F R W) 2 V8] - S Aty mp ok ) 2 S, AN ) Ak
FEHIAR R S5 M X e ¥0 43 B & 3t 4T Pearson A 5%
PES> B, XEHAE [ BT U 7 F A [F) Ak 3 B AR R 2 At
TR 3 07 2 s A8 R AR etk 1| O R e
B EESRASHNENLLR.

2 AR5

21 TESBREAOFRELISEE

FHIRIBIY) 1R 3 P AR YN D, ¥ BB 3E (P<
0.05) /T CK, JFFH 6 MAbFRAE 3 FhK i 8 U1 734
N, RSD #/NF 0.70(RSD < 1, R+ E &1k
Ab R 04 b 1 fE 9 T AR M R, D, F1 RSD 7E [A] —
KME I TR A FRE <Bg=m <EBFE
H, HEFEEERME (P <0.05), (£ LHEF
CKH D73 Al &R E . B3 =t 8B E RN
2.85~3.07 fi5+ 2.06~2.37 51 1.43~1.56 15, BFE
FF)RSD NEMEM 25 A4, MEREME =
M ZEBE RN AER — b A, PR RIER R
G D B ) 7 5 K3 O, Hrh SRR
BERREESERGKERE /D, 4EQ =Rt
B AR KR K, 1M RSD Bl 7K ¥t 89 1 77 (1) 36 K
AR, AT HERF P47 RS (] 2).
22 RSD 5REZSHHXF

PR g, FMRE A RLD. RMD ML K&
RAR # B Z & T A =M EEE (P<0.05, H
=M RLD &% & T B EZE 1) (P <0.05), {H RMD
M RAR £~ 2 1A 2 R AR E (P> 0.05). ML
HEMR RSB EEAKR, BARRINERE >
ZL3% (K 3).

76 3 MKW EIYI /3F, RSD 5 RLD. RMD Al
RAR Ml = 8 1F, RSD 5 Sy fE KM ET VI 11 A4
9.31 F1 15.04 Pa B 73 il B 2 3 (P < 0.05) Rl i &2
Z (P<0.01) 151, 2.41 Pa I A ST (P> 0.05),
5 Dipean 76 3 BRI BY U1 /1 T # M SCHE . ik
#£ RLD. RMD #ll RAR 1E AR S HUERER R 1)
YEH (&l 4).
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O &R Vetiveria zizanioides B H32 5. Lolium perenne
O A= Trifolium repens W #3Hb Bare land (CK)

> 40 :
& a
E) 321 FE1FIE Yellow brown soil ; 4T3% Red soil
NS i
283 24 | :
s a i
& & ;
#®S 16 b i
ER - |
O a '
= dcb , d c b d
F 0 =il . . | el
Lo ;
a . . : = .
% FEAFIE Yellow brown soil ! £ Red soil
— 08 .
18 & i
£E | :
KRE '
23 :
N o !
~% 04 | '
22 :
=5 :
2z 02 '
= h
2z ]
0.0 :
1504+ 241 15.04

JKEI Y] 71 Flow shear stress/Pa

B2 TRKRBINTLIESBREDFMEDESH
Figure 2 Soil detachment capacity and sediment parameters under different flow shear stress
AN NG PR IR A FI R Y] 22 53 3% (P < 0.05)e N IA.

Different lowercase letters show significant differences among different vegetation types at the 0.05 level; similarly for the following figures.

O HFIRE Vetiveria zizanioides [ A=W Trifolium repens W 2% Lolium perenne
30 5 0.015  a

o a o I
E | I
£ sy T j Eal & 0.012 |
&~ ~
a 20t a a T
= g
wE b b =2Z T T 2z 0009 F
B35l gy B E
314 = HH}H a E <
© 5 e | 2 0.006 |
= c S b s
k=] 10 [ @ 5] b
&0 2 S b
5 g b 0,003 b
g St IS b b e | b
2 &
0 L 0 L 0.000 L
g AR R AR g AR
Yellow brown soil Red soil Yellow brown soil Red soil Yellow brown soil  Red soil

3 FRAREIEGHIRRESH

Figure 3 Parameters of roots in different soil-root composite samples

EW P L F, RLD. RMD 5 RAR Z [H] 24 RLD J& 5 M 2 Fh + 3R + 5 & 44 A ol vk B 8 22 (1]
B EM*IFKAR (P<001), RSD 5 RLD. RMD Al 2, Kt F X RLD it — £ 941 (€ 3).
RAR ¥ 2 W 3E ALK R (P<0.01), HRSD Y H =B E R R R FEEELEHLE 0~1.0mm
RIDHH X RE (= 0.7)EEF M LR N BHN, NN 44.71%~69.79%, T FF R 5 41 4R
K, 1 RMD(= 0.64) fl RAR(= 0.64) (X2, U  HEA, FTEEP T >2mm RN, HILA
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2.41Pa

1173

Flow shear stress

9.31 Pa

oy
Yellow brown soil
JKIRLBY

15.04 Pa

2.41 Pa
=§
:R")
2% S
= 9.31P
sg g2t
23
[

15.04 Pa

RLD

RMD

RAR

Pearson 58 2%
Pearson correlation coefficient
1.0

0.6

0.2

- —0.2

—-0.6

-1.0
Stotal D,

‘mean

4 AENGHESEIATRSD 5IRESHB XM

Figure 4 Correlation between RSD and parameters of roots under different flow shear stress

Stotal N BMELMAR; Dypean NRTEIEAR. *.

3R IRAE 0.05 AKF EEFEM R 1E0.01 AKF EREFEMK (n=9): T,

Siotal TOOt total surface area; Dy, root mean diameter; *, **, indicate significant correlation at 0.05 and 0.01 level, respectively (n = 9); similarly for the

Table 3.
*3 TRMRLEAAKRSD SRASHKHEXM
Table 3 Correlation between RSD and parameters of roots in different soil-root composite samples
+33257 Soil type FaP% Ttem RSD RLD RMD RAR
RSD 1.00
RLD ~0.78" 1.00
T AEIE Yellow brown soil . .
RMD —0.66 0.71 1.00
RAR ~0.64" 0.89" 0.66 1.00
RSD 1.00
N _ RLD ~0.83" 1.00
£13% Red soil . .
RMD —0.64 0.60 1.00
RAR -077" 0.84" 0.86" 1.00

42.94%~ 45.40%. 1E 0~ 0.5 mm L & 0.5~ 1.0 mm
B, MM EEPFERERKE S RERT
= f1 B S B (P < 0.05), 7EEL4E 1.0~2.0 mm [
X[ 3 FAE P I 2 S A K, fE B4R > 2.0 mm X
RN FRE > 7 = >BEH, HEFE
EMER (P <005. 465K 3IMRKEE ST
B, PR EIEER 0~0.5 mm LA 0.5~ 1.0 mm 42 2%
WMEKHEEINERE > 0 =01 > BEE (K 5),

LA PE T, RSD 5 0~0.5 mm #10.5~1.0 mm
K2 e 2 A% (P<0.01), Hid10.5~1.0mm
MK 4 LA 98 R % (0.85) 5t K, RSD 5 1.0~
1.5 mm Al > 2.0 mm 12 % AR 7 43 bL JE 6 32 40 0%
P (P> 0.05),

23 HIRMARMME (K) SR

FEPIRR IR 3 R R A SRR IR + 2 A4k 4
WV E RN ERE <A =M < BEH,
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HEHHFIE Yellow brown soil £T3% Red soil
O B Vetiveria zizanioides
O E =1 Trifolium repens
50 M RER Lolzum perenne a a
T a
2 T
< 40 }
& b
3 : ?
K8 30t : b
tﬂ}i E X ¢ T R
2oL, P
§ <! b =) [
= a a '
& 10t ﬁ‘i bb a g2
0~0.5 0.5~1.0 1.0~1.5 1.5~2.0 >2.0 i 0~0.5 0.5~1.0 1.0~1.5 1.5~2.0 >2.0
R % H.4% Root diameter/mm
5 BERRKIRKENEE
Figure 5 Percentage of root length in each diameter
Gl e Ry (RTINS [ty o e = e N R ) O =TI 0 s 1= 5/ /aTR (21112 108 UL A o o =

41 ) B B 3 EAK 56% AT 50%,

£ 20 3 b 7 ) AR

50% F129%, [K bt 3 Fh B A Y LE AP L PR
ThYEREI RN ERE > g =0 > BEE, HY)
AN M L ER LSS5 IEAMRERBAK
(K 6).

|:| §TE$— Vetiveria zizanioides
=W Trifolium repens
I Hé;l)gﬁ Lolium perenne

HHI n

K Yellow brown soil 4] 3% Red soil
T3 Soil type

0.001 8
0.001 5
0.001 2
0.000 9
0.000 6

AR A AT

Soil rill erodibility (Kr)/(s'm™)

0.000 3

0.000 0

6 TEMRLESELIRMEADT MM
Figure 6 Soil rill erodibility in different soil-root composite
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