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Abstract: [ Background ] Ecological revetment is one of the protection technologies widely used in the
stability of river banks, lakeshore, reservoir banks and water-level-fluctuating zones. The harsh land-
water ecotone environment makes it challenging to choose appropriate plants for the purpose of ecological
slope protection. The soil reinforcement capacity of plants is a key factor of ecological revetment
technology. Quantitative assessment and comparison of the soil reinforcement capacity of wetland plants
can provide a theoretical basis for ecological slope protection in land-water ecotone. [ Methods | In this

study, Arundo donax, Phragmites australis and Cyperus alternifolius, which are drought and waterlogging

Wi BHEA . 2023-03-01 fEEIBH: 2023-11-03

T &FR: PRV B ARBLA AL 2RI B« 5 U5 0 TR AR SR TR B R R AT ST” (2021JLM -56) ; % B
Fo AL WK AMATE Yedas il 5 94 I« = 02 2 /NI BOK R B2 & PR 5/ 187 (2013ZX07104-004)

FE—EEEN: BE(1994—) B WA, FEW T B HIAERS . E-mail . 953049156@ qq. com

TBBEEEREN: BEI(1965—) , 5 Wit #i%, FEMRITm JBHAER, E-mail: yangshao@ cenu. edu. en



543 4

REPRAE : TR BEASH A SPA ) 18] b BTk e g He B oA

57

resistance and have well-developed root system, were selected as the material in this research. Soil anti-
shearing strength and anti-scourability were determined by in-situ shear test and anti-scour tests, enabling
us to compare and analyze the soil reinforcement capacity of the plants and the influencing factors.

[Results ] 1) The results showed that A. donax, P.

improved theanti-shearing strengthandanti-scourability, the anti-shearing strength of the three plants

communis, and C. alternifolius significantly
increased by 111.80% , 77.43% and 99.17% respectively, and the anti-scourability increased by
299.40% , 140.21% and 183.79% respectively. 2) The proportion of stem cross-sectional area, root
biomass, root density and root number per unit branch number of A. donax were significantly higher than
those of P. communis and C. alternifolius. 3) The analysis showed that the average diameter, total
volume and total number of plant roots were positively correlated with the anti-shearing strength of soil.
And the root biomass, root density, number of roots per unit branch and proportion of stem cross-sectional
area in the quadrat were positively correlated with the anti-scourability of soil. [ Conclusions ] This study
demonstrates that suitable plants can significantly improve the erosion resistance of soil in land-water
ecotone regions. A. donax shows the strongest effects on soil reinforcement and has strong drought and
waterlogging resistance, making it an ideal candidate for ecological revetment in land-water ecotone
regions.

Keywords: ecological slope protection ;wetland aquatic plants; anti-shearing strength; anti-scourability ;

soil reinforcement capacity
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Tab.1 Morphological characteristics of the plants in quadrat (Mean + Standard deviation)

ML A P W B

Plant morphological characteristics Arundo donax Phragmites australis Cyperus alternifolius
P Plant height/cm 303. 33 +44. 24a 202.00 +17.32b 181.33 +£10. 5b
FEJ7 I A4 Number of branches 13.33 =1. 52¢ 22.33 £2.08h 29.00 =2. 00a
LR AL L] Proportion of plant stem cross-sectional area/% 6.14 £0.70a 0.36 £0. 03¢ 2.85 +0.20b
i 43 EH 8 Aboveground biomass/g 2 668. 67 +486. 72a 495.33 +68. 48¢ 1232.00 +34. 00b
iR R4 AP Underground biomass/g 73.84 +14. 74a 37.78 8. 86b 45. 62 +3.96b
JAREL Total number of roots 180. 00 +57. 82a 107. 00 +30. 64b 163. 67 +26. 10a
SR Total length of roots/cm 3427.44 +627. 10b 5502. 06 +782. 46a 3296.21 +394.39h
HRE ML Total surface area of roots/cm? 1329.05 +418.28a 1 440. 50 +172. 36a 1274. 38 +140. 09a
MR E4% Average diameter of roots/cm 1.25 +0.25a 0. 84 0. 04D 1.28 £0.01a
R AR SRR Total volume of roots/cm? 42.61 +21.93a 30.15 £3.57a 40. 66 +4. 68a
M Z B Density of roots/(g+cm~2) 0.002 7 +0. 000 8a 0.001 1 +0. 000 3b 0.001 4 +0. 000 1b
AL R AREL Number of branches per unit 13.30 £2.99a 4.77 £1.11b 5.63 +0.65b

{f?&*ﬁlﬁ%’zi:ﬁﬂlﬂ%iKi%,?K[ﬂ%@%éﬂlﬂﬂﬁﬁ%@%% P<0.05, T[al, Notes: The same letter indicates no significant differ-

ences between groups, while different letters indicate significant differences between groups (P <0.05). The same below.

®2 HIEGUITUISEE AL (P EI(E £ SD ()

Tab.2 Comparsion of soil anti-shearing strengths ( Mean * Standard deviation)

203 Group SR/kPa ASR/kPa N/% ASR/mR ASR/n
Pt Arundo donax 85.25 +5.25a 45.00 +5.25a 111. 80 +13. 04a 3.15 £0.55b 3.40 +0. 54a
P2 Phragmites australis 71.42 2. 18b 31.17 2. 18b 77.43 £5.42b 4,17 +0. 18a 1.40 +0. 03b
WHEB Cyperus alternifolius 80.17 £ 1.26a 39.92 +1.26a 99.17 3. 13a 4.79 +0.39a 1.38 0. 12b
#+ Bulk soil 40.25 2. 54¢

TE SR BB YT s ASR S EEFHEY) X TR 0 Y 508 B A ISR (B s V O R s ASR/mR g B3 AR ik ) - SR T BT 19 3R ; ASR/n by B A 4K
By 3BT HSRME . FIE, Notes: SR is shear resistance. ASR is the enhancement value of bulk soil anti-shearing strength after planting plants. N is

the increase rate. ASR/mR is the enhancement value of soil anti-shearing strength per unit root dry mass. ASR/n is the enhancement value of soil anti-

shearing strength per unit number of branches. The same below.

K3 AFABTE R CFIME £ SD {H)

Tab.3 Anti-scour coefficients of different groups (Mean + Standard deviation)

203 Group ER AER N/% AER/mR AER/n
AT Arundo donax 0.733 +0. 060a 0. 549 +0. 060a 299. 40 +32. 86a 0. 039 +0. 008a 0. 042 +0. 008a
P92 Phragmites australis 0. 441 0. 019¢ 0.257 0. 019¢ 140. 21 = 10. 56¢ 0. 034 +0. 003a 0.012 +0. 001b
IEEL Cyperus alternifolius 0.521 £0. 027b 0.337 £0.027b 183.79 + 14. 87b 0. 040 +0. 003a 0.012 +0. 001b
1 Bulk soil 0. 183 £0. 006d

TE:ER AP R E AER Sy B XF T 4R L0 i 95 BE (908 95 {8 s AER/mR A S0 AR J5T i 19 - SR T e ) 48 B2 1) 185 9 B ; AR/ S BA45L
AEEY £ HEGT PR SR 3SR (E, T, Notes:ER is anti-scour coefficient. AER is the enhancement value of bulk soil anti-scourability after planting

plants. AER/mR is the enhancement value of soil anti-scourability per unit root dry mass. AER/n is the enhancement value of soil anti-scourability per

unit number of branches. The same below.
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Tab.4 Correlation analysis of soil properties with anti-shearing strength and anti-scour coefficient of root-soil complex

PifzimAg S B R S TR LR kL Kb Bk
Anti-erosion SR Soil moisture Soil Sand Silt Clay
capacity content density porosity =0.050 ~2.000 mm  =0.002 ~0. 050 mm <0. 002 mm
ER 0.940 ** 0. 184 -0.713 ™ 0.713 * -0.802" 0.791 0. 858 **
SR 1 0. 168 -0.793 0.793 ™ -0.763 0.760 = 0.965 ™

TE: " FIRTE0. 05 K- (U B E ARG ; ™ SRRTE0. 01 K- (L) 1 REAMISE, Notes:

(test of two-tailed). **

1.0r A
3o AT Arundo donax
© P57 Phragmites australix
A XA Cyperus alternifolius
la ARD
X 24 RV TNR_y ER
© REA ol
RL FW
30 [<] ~ SR
2 NBP
<
2
[
3
1 J
-1.0 1.5

REW SR A B RL AR B s REA AR BRI ARD iR
S AR RV AR R SRR RD AR R % BE ; NBP S SR A
MR TNR 2 BARER SC o AR DT 2SR BLLL ] . RFW s the
fresh weight of the roots. RL is the total length of the roots. REA is
the total surface area of roots. ARD is the average diameter of the
roots. RV is the total volume of the roots. RD is the density of roots.
NBP is the number of branches per unit. TNR is the total number of
roots. SC is the proportion of plant stem cross-sectional area in the
quadrat.
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Fig.3 RDA analysis of anti-shearing strength and anti-scour

coefficient with plant characteristics

I3, 2 L HEHU R i P B 1 T O A LR B
ABIFTE R BT 26 MR B B RE A Ak i LAk
9 HE w1k BE, BT v R A X B 0 5 0 23 1
299. 40% ,140. 21% F 183.79% ., #H ¥y 5t + 4T
MR AE ) R th T AR R A R S5 VE T ZEAT X 1
KR ol R 98 G A P LA B - 45 4 ) e 3 A
Mo AR ZR R0 T ik Y E A W)
PIZR ), Zhou %5120 BIF 5T Jk BRI AR 2 A B 35 2 55
T IERRRE PEAIPTR I, 32 (0 ~ 30 em) AR &
SEROPT R R T RRE R R R AR S HTh
P W F IEA S, AP R IR R Y RAR
WL NIRRT N R R L 1 5 e
FEWFEEMG, X SHRDEED ML R A

indicates a significant correlation at the 0. 05 level

indicates a significant correlation at the 0. 01 level (test of two-tailed) .
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