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Abstract; [ Objective] The aims of this study are to examine the effect of the anatomical structure of herbaceous
root systems on the mechanical properties of single roots, and to provide a basis for elucidating the
micromechanical mechanism of soil consolidation by herbaceous root systems in water-level-fluctuating zone.
[ Methods ] Four species of water-level-fluctuating zone herbs (Acorus calamus L.; Cynodon dactylon
(Linn.) Pers.; Cyperus involucratus Rottb.; Arundo donax ‘Versicolor’) were selected as research objects,

and the single tensile test and microstructure determination test was carried out. [ Results] (1) The tensile
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force and tensile strength of the root system increased and decreased as a power function of diameter,
respectively. The average tensile force of the root system of the four species of herbs was the largest in
Arundo donax ‘Versicolor’ (13.02 N), the smallest in Acorus calamus 1. (5.90 N), which was significantly
larger than the other three species of herbs (p <C{0.05). The tensile strength was greatest for Cynodon
dactylon (Linn.) Pers. (42.79 MPa) and smallest for Arundo donax ‘Versicolor’ (24.16 MPa), with Acorus
calamus L. and Cynodon dactylon (Linn.) Pers. being highly significantly greater than the other two herbs
(p<<0.01). (2) The average ultimate elongation of the root systems of the four herbs was the largest for
Cyperus involucratus Rottb., (36.18%) and the smallest for Cynodon dactylon (Linn.) Pers. (23.38%),
which was significantly larger than that of the remaining herbs (»<C0.05). The modulus of elasticity of the
root system decreased as a power function with increasing diameter, and the average modulus of elasticity
was the largest for Cynodon dactylon (Linn.) Pers. (195.85 MPa) and the smallest for Cyperus involucratus
Rottb. (72.00 MPa), Acorus calamus L. and Cynodon dactylon (Linn.) Pers. were significantly greater than
Cyperus involucratus Rottb. (p<C0.05). (3) Except for Arundo donax ‘Versicolor’, the basic structure
with the cortical thickness was the largest, and the thickness of vascular bundle was the smallest. Except for
Acorus calamus L., the microstructural organization ratio with the area of the cortex accounted for the
largest percentage, the area of the stele was the second largest, and the area of the phloem accounted for the
smallest percentage. (4) The tensile performance of Acorus calamus 1. was influenced by the surface area of
the epidermis and pulp. The tensile performance of Cynodon dactylon (Linn.) Pers. was influenced by the
surface area of the epidermis, xylem and phloem. The tensile performance of Arundo donax ‘Versicolor’
was influenced by the surface area of the cortex and pulp. [ Conclusion] Each of the four water-level-
fluctuating zone herbs has its own advantages in terms of root sequestration capacity. Acorus calamus 1. and
Cyperus involucratus Rottb. mainly play the role in slowing down the deformation and damage of the slope in
the subsidence zone. Arundo donax * Versicolor’ mainly plays the role in consolidating soil. Cynodon
dactylon (Linn.) Pers. can both buffer soil sliding and play the anchoring role.

Keywords: water level fluctuation zone; herbaceous plants; tensile characteristics; microstructure
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. Hid J1/N HUHL R EE / MPa
I?7I§$E% M A (=] 2 MU (=] - 2
?U\nﬁ*i R* yA Tuuﬁ%i R* 2
[=%iH F=12.270D""" 0.84 <C0.01 T,=15.630D " 0.92 <C0.01
¥ AR F=13.079D"™ 0.79 <C0.01 T,=16.661D "% 0.89 <0.01
A T F=15.505D""" 0.93 <0.01 T,=19.751D " 0.47 <<0.01
ALK F=15.521D"" 0.83 <<0.01 T,=19.772D %% 0.52 <<0.01

< 4 BRSS9 K R HOR AR LA T B K F=aD? T, =D,
DL ES RAVCT S SIES SUBSEIRUSIE 3 SUPT R L2 S SEPITIEIE Ve £33
4 AL AS B AR IR AEE fR R R AR 3,796 ~ 55,1800, M

2.1.2 MARMBEM EFBEEET BHFE 2 M,

KM F WPihi s T OB R R



134 PN o S S/

%31 &

KEN/IME IR Jg K2 BE (36,18 %) = B3 (28.96 %) >
FEWF AT (2414 %6) > M0 F MR (23.38 %) » H X4 B &)
FRTHA 3 FhEA (p<C0.05) , 23 51 & Hofl B A 1
1.25 £% .1.50 £% .1.55 %, 4 Fft B A g 58 485 6 0
FE 39.26~608.38 MPa, I\ K /MK IR Jy 49 4 R (195.85
MPa) = 7 (160.05 MPa) = £ M 44 (111.86 MPa) >

KAEEL(72.00 MPa) , £ i i 2 K T K45 (p<<0.05) ,
T F A AR S 2 R TR R (p<<0.01), W 3 Al LIFE
B A AR AR 0 K 4 B R Y M R R R
BN, Bk B P2 K (p<<0.01) , fHA [A] RE A gk
e AR — B0, Va0 4 B A 89.40%,86.97% . 69.85% ,
80.95%,

x2 AMEARABREMERSEEESR

Table 2 Ultimate elongation and modulus of elasticity of four herbaceous root systems
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Microstructure of four herbaceous root systems ( X 100)
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Table 3 Microscopic basic structure of the root system of four herbaceous species pm
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o 2F HE 13.41842.095bB 178.271415.172¢C 12.17741.265bB
AR 20.53045.669aA 410.7994-79.909bB 12.18043.675bB
M AT 18.750+3.201aAB 660.4464+131.463aA 19.42542.879aA
R4 AMELABRENAL[LE
Table 4 Microstructure and organization ratios of the four herbaceous species %
AL L Bl R A FE R AL AT
F R m A E 4 9.2234+1.688aA 8.133+1.062abAB 7.74841.236bAB 6.81840.688bB
W R FBUA 43 88.384+1.898aA 62.272+11.086bB 86.352+1.100aA 83.000+0.264aA
R AR E 4 L 2.392+0.372cB 29.595+10.194aA 5.900+1.660bcB 10.18140.898bB
rhORE S AR 4 0.46540.068cC 3.304£0.948aA 0.56240.192cC 1.41840.251bB
AR B R 4 L 0.6760.190cC 3.170£0.607aA 0.89240.619¢C 2.15020.405bB
R FR A 43 L 0.2360.079bC 0.78040.160aA 0.30540.033bBC 0.57740.091aAB
AR E 4t 0.0870.030bB 10.60446.735aA 0.65340.269bB 0.95640.398bB

H 3R 5—6 AT, & R AR AP h ) B bR
TR 25 F4 B R0 U5 7 R ) R* 4 0.88~0.99 . Ui B 4% [l 15
T ARG AR B AT, 3K B i 2 MK F (p<<0.05),
4 T A AR AR 2R 10 BOUR 285 4 % JFC T B g 2 e 1 i
AFFREE R SE0R . Bl 0 AR ) 5 3 R e Y
HA G, SR BG4 e A G, S5 E AL E 4
LR IEAHSCE . M A AR BAR BT R ) 5 36 K R BTHE

BB B o HeAr ¢, HL 5 3 B T ARCR ) B A AR 43 L
S UM O, 5 R B T AR T 23 G S TR AR OG5 P 5
5K R AR B AR o LA G R B T AR T 4> [
O, S B A E o LR IEA S . B AT
8 BRAR T L 0 AN B T AR T 0 LE B LA O s B R
5 B JEMBER b7 oA 5% 5 B R B 2 H 2R IR AR G
KEZ G A T LRI RR,

K5 AMERRARHNNSHRULEHOEIEEE

Table 5 Regression equations of maximum tensile and microstructure of four herbs

AR [] )51 75 it R* p FEARB/ A
il F=—0.521X, +0.927X; +7.334E—16 0.88 <0.05 14
T AR F=—0.160X,+0.473X; —1.331X,; +8.271E—16 0.99 <0.05 14
ALKy F=0.988X;+4.956E—17 0.97 <0.05 14
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Table 6 Regression equations of tensile strength and microstructure of four herbs
HA w0 5 A R? b FEA KL /A
1 2F AR T,=—0.416X;+1.254X; —1.882E—16 0.99 <<0.05 14
AT T,=0.170X, —0.892X; +2.689E—15 0.99 <C0.05 14
3 it @ B T AR 23 R BT [0 3 07 R v, U B X O 4

3.1 WRERAERE

GELY/LiEE R DAL ALY - S A E Y B ) N
P A A i Ao SS R (R R 2, AR YR AR B
R0 e B, BRAR PR ) A b b o B S AR AR ] OC R %
I AR R WBTHL ) Bl 5 ELAR (438 K 52 2 o BB KL i hr
548 JIE i LA P 498 A 2 R R BB/ (B R AL ) 22 TR) A T
ZE5E X G E ARG WEIE VIR U XK R T VR
PN G B R 1 R S W P ] N 1| 7 NI P
LRI T VLI R P AR S e — B IR R MK
L S iy 52 R0 5 M ABE £ 4 o) i e AR R IR0 98 PR OE A2
PRI AR Y BE 10 L AR b, 4 B AR 1 A B A i
REHBRAERENMHL LR, X5H)AEN
WSS IE— B0, 50 W S BT ) 3 Rl AR
Ay AR A PR AEE foft 3 B 5 AR A 1) 185 0 2 3 3 1 K
A AE 5T 0 T R TR A I R A A R XS L
e L S e 23 i 5 AR A2 38 KT R AR AN [ 43 BT 3 SCT
1L T g PR AR R W 0 A K PR B R RN 2 A BT 2
S P HUR R OEEF A TR AT 2R T AR AR SRR
FEARFAYOC FR . 4 B B AS 1 A A8 AR Y R
SRR AR, X 5 KA I g A R —
3.2 WMEBRI AR

AR Z WO 45 48] 2 A R 04 N 7 A A o, SRR B dr
R AR R )24 00 A 2 0 BT D TROUE A 3 45
SEAR RPUPLRRE  GE 08 0T 47 b A AN W) A ) K 4 1 1]
BTy B AR B 2% 5 . AR SCHFSE S5 R R L TR 4 B
FOAS ()RR ZR AOWL A Al v, 3 B AR J3 H AR R AL
F R X 52 BRI g R — B T R
D] Ay % g 2 A U0 T 1) e b — )25 A 0 AL, 5 im B
AR B S5 A M A B 2 L BT AN BE X AR 2R kS 31 52
FERERTY . R A R, NS R 22 E] 4y
A 75 K J2 R A L, B A R R Y AR K, B T RE 2 i
1218 i A TE 28 s L T DX AR R LB Ty RNt P ok B 5%
M AR DR 125 R A R v £ 4 3R R 2L R i AR
FM B AE A 32, R I Sy B 2 o K A B S i e
KU GRS RS 45 R — B, BeAk a0 A
RIS B Y N B R BCA HA 3 Fh R AR — AR BUR A
BHE S BRI K2 R R B T R IR 454, Z 05 AT
O BT R IR 45 R X BT R R T A s P A A

Toft F AR AR I LA 5 T R R AR /D L 3X -5 H IR
FRIF AN ] T RE 2 K O A W A B s A R M 5 L
0T AR AR R ) B R T AR EEAR L H
B A B WKL AR B 27 4, 42 5 R iR MET
XA YR ROR B T A MU S AR T
AT AT A S 1 AR 7T 23 b5 AR AR PR 5 A OE
ARG 3K 5 9 I =k B AR B I Y 45 R — B
PRBE T A AN TR] 2% 1180 23 0 AR A OO0 45 A Y A2
A, BT R WA AR R BT ) E R

4 &g

(1) 4 Bl REA B PR T 5 B AR B R R BOE A 5
LAAEME P AT S R i B /N AR I A S 35 T A
3 Bl B A 5 A R L OB AR I R RO SRORE OGS O
AR AR R AE W7 A B /0N S A 0 2 AR S 2 KT
RPIFREA

(2) 4 FhEEAAR F B R GE A R 5 AR AN A TR
AR OCOC A LKA B d R 0 2 AR /s U e
BFHRT A 3 FhEEA ; JPERL R 5 BAS 5 R R B
FH I UM A AR e R, AU /N il A ) 2F AR A 5
RF WG,

(3) 4 PhREAHR F AU iy 20 2 KO 3R B
B CPAE 3 ARy o BRAEM AT AN AR S5 A LB
JE TR R R P A R JEE /0 5 BB A1 L GO 45 H 4
UL LB R AR & e ok, AP AR T AR e )
B A R

(4) B TR ) 32 252 3 B N i B A R 5
T 2F AR PTRL Ty 32 B 32 3 Bz L R oo A ) B 7 Tl AR Y
SR BT ) 55 JBE 32 AR JSTR R ) B AR T AR B 50 5 4E
W5 AP B AT T T R 52 B T AR A B R A 5 R T
5% B JZ RN 1 AR R

S5 S BRI A P B O B W 5 A o i, 4 o
TR RARTER R I L RE N 7 A A . Bk
PR AR A LT AR RE T o, K2 BRI A
AE 15 . 2 MR A AR 2R AT A 28000 2 T % i 31 i i 8
B s 4B PR R U)K ARARPTIE AL BE 1 55, 22
JARG TR T s 00 28 ARAR R TR T UL R, HLAR
UL AL 68 7 5 R S 50 Je 10l I 4 T o BE R 4
14 22 A AR TE
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