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Research Progress and Hotspots of Biomechanical Properties of

Plants in Relation to Soil and Water Conservation

Wen Xiwang'®, Song Yantun'?, Cai Chongfa'"*, Hao Rong'?, Guo Zhongfeng'?, Li Jiayi'”*
(1.College of Resources and Environment , Huazhong Agricultural University » Wuhan ,
Hubei 430070, China; 2.Key Laboratory of Cultivated Land Conservation in the Middleand
Lower Reaches of the Yangtze River s Ministry of Agriculture and Rural Affairs, Wuhan s, Hubei 430070, China)

Abstract: [ Objective | Biomechanical properties of plants are an important part of studies dealing with the use
of plants for soil and water conservation because of the important role plants play in soil stabilization, water
conservation, and water flow and sediment retention. The objective of this paper was to search the CNKI and
Web of Science databases to find literature related to plant biomechanical properties in order to highlight the
current status and development trend of biomechanical properties of plants related to soil and water conservation.
[ Methods] Citespace and VOSviewer were used to visualize the annual number of published papers, highly
cited journals, primary research countries, primary research authors, keywords, etc. [ Results] The number
of publications on the biomechanical properties plants in the field of soil and water conservation was low
during 1990-—2010. After 2010, there was a significant increase in the number of both domestic and foreign
publications. The United States ranked first in the number of papers published; China ranked third in the
number of papers published. The international influence of research results needs to be improved. Four major

research teams led by Hu Xiasong, Ge Rile, Liu Jing, and Chen Lihua have been formed domestically, but
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no authoritative large team has been formed internationally. [ Conclusion] Domestic research has mainly

focused on the analysis of biomechanical properties of desert plants and slope plants, placing emphasis on the

influence of plant biomechanical properties on windbreak and soil-fixing effects. International research has

been more diversified, with studies conducted on the role of root reinforcement of slopes, the windbreak and

erosion resistance role of desert pioneer plants, and the role of aquatic plants in wave attenuation.

Keywords: plant; biomechanics; soil and water conservation; Citespace; VOSviewer
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Fig.1 Annual number of papers in relevant research area based on CNKI database(a) and WOS database(b)
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Table 2 Journals with over 2 published papers in relevant research area based on WOS database

IR =i EIE/e - P E 1A IR
Journal of Hydraulic Research 7 209 30
Ecological Engineering 6 84 14
Water Resources Research 5 129 26
Aquatic Sciences 5 193 39
Aquatic Botany 5 75 15
Freshwater Biology 4 100 25
Sustainability 4 10 3
Earth Surface Processes and Landforms 3 413 138
Industrial Crops and Products 3 213 71
Journal of Experimental Biology 3 191 64
Journal of Ecology 3 144 48
Journal of Hydrology 3 96 32
River Research and Applications 3 85 28
American Journal of Botany 3 81 27
Annals of Botany 3 81 27
Forest Ecology and Management 3 73 24
Environmental Fluid Mechanics 3 47 16
Catena 3 36 12
Polish Journal of Environmental Studies 3 27 9
Estuarine Coastal and Shelf Science 3 24 8
Water 3 18 6
Forests 3 16 5
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Fig.2 Network visualization of authors cooperation with relevant research based on CNKI database
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turbul@nt-flow

vegetated flowsgurbulence

flexuralyrigidity
A
aquatigplants

dragiforce SU®SS. w

flexibility

hydraulie forces
. e®

fi S
& vel@gity
mor@logy

adaptations

conseqences &

kelp

& size

“Wwoodd@ensity

chamnels

flow resistancey,

sparganium erectum

impact

archifgcture
00l lensifg-streM®
restaation™

npanan&etaﬁ&\ erasion
itytensilefghre
dyrﬁ“cs %L' %‘L cu bmﬁm
— ‘I,‘ Ean Wpe&blllty
,' | LN
= I“ose tre%)ots

B 5 WOS ##7 FE 18 X #f 53 56 2 iRt T B i

Fig.5 Network visualization of keyword with relevant research based on WOS database

FI A Citespace A= B 1Y 58 B8 > g 4a] (& 6—7) , A
DI E2 AN [R) B 8] B2 9 %) OF 5% R0 W RN R S, i T

CNKI # 2007 4 VL ET & Cwm B b,
2001 4F LG & SCE 320, A 78 3X P A B ) 5 2 1/
BEA KGN 2] 2 PR O g ]

WOS ¥ J# 78



344 7K R E

%43

CNKI $4fs J H. 2007—2016 4F 58 Bl X 4 17}y i
By AR )BTRS RS MR R R
T EEARRY PR Y BOR IR YR R SR
I Al T e ol 1 R (S N O I
20172022 4 58 B O 1A S BOAR AT, SR W
FEN GG PHLARR 1 X5 AR 2 W 2L (9 52 ), A &R e
HTR P B BF A B 19 S 32000

WOS ¥ B, 2001—2006 4F 28 B B 7] Sy 2%
R (consequence) , I [F B A 5% 35 LE 48 ¢ 3 AN [
WEE S T AE Y 1) 1 25 PR B8 L B 0 Deane L %507 43
Br T ARTRIBIR A AN 4 Fh R B 3 1) J) 22 PERE i B
BOER RN Y) AW 1 22 R 00 R B Be, 2011—
2016 428 F1 Bt 1R) SR 38 B (adaptation) | B 4 (recon-
figuration) , Z& P£ (flexibility) . 7K ¥l (flow) ., f& #l
(modeD) , TEIZFY Bt [F Br 58 3 32 225G [ AE 1) %) K

xwa e om0 B
FOBCEERE 1990 157 2007 2010
A% 1990 2.01 2009 2014
FREEE 1990 2.68 2010 2014
B % 1990 131 2012 2015
BMEMEE 1990 149 2013 2015
WEEL 1990  2.57 2014 2018

FAMEY 1990 2.44 2016 2019

EE0] 1990 1.28 2016 2017
EBEiR 1990 1.74 2017 2019
Hodr 71 1900 1.24 2017 2022

It SR A 04 A2 ) 00 2 e 1 AR ) A ARORIRU B AR R R AR
SR E Y L 98 B B2 B R BE T 3R SRy ER KT 2L 1
ZEa ) AR i A s L T =R
2016—2022 4F ¢ B 5C 5 18] o A & Jn Al (root rein-
forcement) . ji# ¥ §& & PE (slope stability) . UL FR 9
(sediment) \fH 77 (resistance) , Andreoli F4#1 T K
LA R A BT A v A5 R A Y8 VD T P AR AR AL 1
INEE IR F15%, Lee 251 3 o WU W58 T 3 Fl i
T e B YRl i AR R A KRR A= 9 ) 2 e 1 5 e KU i
HE ST 2% & . Siniscalchi A1 Marjoribanks 8¢ W 5% 3¢ B
AP S R R TG R R e A S R R DL
PR B OG0 % o B B A 9% 3 6 3
TEPIAR 2 A2 07 2 R PR X6 R 3 RN Vb e A8 e B9 5 ), [
BHAE ) A2 W 07 2 R PR AE K i — A ) — TR W) A A
FH 5 THT B4 52 Wl A, 7E B R 2 G 1

6 CNKI %7 FE 8 X 0 38 R I < @A B i

Fig.6 Sudden emergence of keywords with relevant research based on CNKI database

Kt s om0 EE
consequence 1991  2.04 2001 2006
adaptation 1991 230 2011 2013
reconfiguration 1991  4.14 2012 2014
flexibility 1991 2.03 2012 2013
flow 1991 230 2013 2016
model 1991 226 2013 2014

root reinforcement 1991 3.46 2016 2020

slop stability 1991  3.94 2017 2022
sediment 1991 3.00 2017 2020
resistance 1991 2.94 2019 2022

1990—2022%
———
—
—————
——

——

—
———
—
——
o
1991—2022%
——————
——

—

—
—
-

R
[E——
————
—

7  WOS 35 FE 8 X 8 33 32 T > g2 iR B i

Fig.7 Sudden emergence of keywords with relevant research based on WOS database



5 43

TR A A5 AH W LR W) 0 2 R M A K b DR SR ) BIF 5 TR 5 AR 345

3 4w

(D) “FHY AW I 22 R k7 X — & A W AE 20 2
90 AR A A 1 2 AR SCHR b, S A K AR AR S
BOZ e SR TE SR R BT RIS
I WF TS AT 2 TE P I S [ B b A7 B ok B 2 E L

(2) HEY) A=W 07 R PEAE K A R 35 U A 50
] PN S5 A 52 T 1 B R ROl TR 244 ), [ B 1 0
A5 S T & (Journal of Hydraulic Research),
] A 52ty Rl R 2 R S A S A T R B
Sy sl B b 58 I e SO s A R R SO
HEA4 50 — B b [ B0 SCHR T | R HE 44 TE 55 18 44
= B 52 0 1 A R4 T

(3) [ A AIF 5T A SRR T L J7 1D AR ) A
25 B TR AR W) AR AR 0 2 R P 1 23 A o 24 i v [ e 4L
36 b bz IX R TR 70 A2 L FE7K ) AR ok 32 A 7 £ 08 I B
DX AL A it 2 B 3 7K I 2R 32 BRI L oK R 38 N fn
S 7 WA W) R A K AR AR AR W ) o R
HHEREDENRE R, E bR 72 %S ) AF 57
T 22 04k D\ BE B AR Wy b 5 43 0% T - iR T
BN G AR Y H - ER S R B A VAR T S AT TR

[ & % x # ]

(1] 757 AEEJE R U] T AR AL 28 L XS i i
B 16 19 By 47 bk A Jm A0 AL LT 0. 0 A 25 22 4, 2012, 23
(4):903-909.

[2] Lal R. Soil erosion and the global carbon budget []J].
Environment International, 2003,29(4) :437-450.

(3] sRooE. X R 58 i LA 25 [T K R R Re 2 4
2020,34(4) :21-30.

(4] ASHETE , SCUESE, BEAR VL. % 4 5 B L 3 2E 7 RUAE W) B B
PALER G SR LT oK AR FERT 5T, 2005,12(5) : 95-97.

(5] W BRESJESLIT, A5, =l s A 25 i g R AR
E PR e ERA S A A A Ao R o &
B ,2011,31(1):122-127.

(6] k& E Ty &, s A, B8 4 SR 9 2 25 1 s A8 Ak I
Lo S - e 0z (] ). 2 A 2% 4k . 2016, 36 (13) £ 3960-
3968.

(7] UK 5k 55 i, 55 A TR) N AR 4 e X HE + 3% 0
ook L e B 2w [T ] K £ AR 4R 4 . 201737 (4) : 6-11.

(8] ik LK T ARfppfza LM b s b BRI B AL . 1996,

[9] Moulia B. Plant biomechanics and mechanobiology are

convergent paths to flourishing interdisciplinary research

[J]. Journal of Experimental Botany, 2013, 64 (15):

4617-4633.

Niklas K J.
Approach to Plant form and Function [ M]. US:
University of Chicago Press, 1992.

[10] Plant Biomechanics: An Engineering

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Wang Xia, Hong Miaomiao, Huang Zheng, et al. Bio-
mechanical properties of plant root systems and their
ability to stabilize slopes in geohazard-prone regions
[J]. Soil & Tillage Research, 2019,189:148-157.
FAE. T25, TUO, 5. 80 2210 3 F e R AR AR 4
AR I R LT ] K B AR H5 2 4l 2018, 32.(6)
123-129.

BB MR AR, A, S A AR R T A SR ) A
LK LR FE %4, 2011, 25(5) :17-20, 25,

Kaj S J. Drag and reconfiguration of freshwater macro-
phytes [J]. Freshwater Biology, 2003,48(2):271-283.
Siniscalchi F, Nikora V 1. Flow-plant interactions in
open-channel flows: a comparative analysis of five fresh-
water plant species [J]. Water Resources Research, 2012,
48(5) :1-13.

Nepf H M. Flow and Transport in regions with aquatic
vegetation [ J]. Annual Review of Fluid Mechanics,
2012,44(1):123-142.

Vettori D, Niewerth S, Aberle J, et al. A link between
plant stress and hydrodynamics? Indications from a
freshwater macrophyte [J]. Water Resources Research,
2021,57(9) :1-15.

Vettori D, Nikora V. Hydrodynamic performance of
vegetation surrogates in hydraulic studies: a comparative
analysis of seaweed blades and their physical models [J].
Journal of Hydraulic Research, 2020,58(2) :248-261.
Cheng C M. CiteSpace Il : detecting and visualizing
emerging trends and transient patterns in scientific
literature [ J]. Journal of the American Society for
Information Science and Technology. 2006, 57 (3):
359-377.

AR RIETHE, RS LR A LR 5K AR
WEoE e 5 BT . 32441, 2020, 57(5) - 1117-1127.
AT AR A RIS A S S WS O ik
e N TR B R VU] . 2020.35 (1) 13752
ST BRI A B SR T SRR I A AT 1 SR AL
e L BF 5¢ 1k e 5 #A s [T ] R 322 4R, 2022, 59 (2)
381-392.

WEFBRF R AW LR R R ARG AT
CiteSpace 1 HistCite ¥ 43 #7 [T ]. b B K & 0/ 8¢ %}
2£,2019,17(5) :146-156.

FRIER FA, 2 BT CiteSpace Jrik 3T 30 4EHF
PR 2R s 25T ML AL 43 BT [T 1. K £ AR $EBTF 5T, 2021,
28(5) :407-411.

HOAE I MR AR L SR T ONKT B0 8 19 1 3R 1k
SCHR T RSB ] 148, 2020,52(4) :811-818.
L R HAR L BT RURE SF NS P TEER 3 s &
T AR ZRURL ) 2 R VE R X LA FE LT K - AR 358 4
2015,35(2):52-57,63.



346 K AR A H43

(271 K& HAR 9057 XIR T.6 i Bl XU W0 450 2 7B W) ) 2 i 1 age Research, 1998,45(1/2) :175-187.

KA ZE]] P EYE,2013,33(5):1333-1339. [447] Cofie P, Koolen A J, Perdok U D. Measurement of

[28] Z=HIFF XNE. KK E I NEHAT 4 FEYR R 5 i stress-strain relationship of beech roots and calculation of
HRAE IR FE L) ] MOl Bl 2437 5%, 2017 .30(1) : 63-68. the reinforcement effect of tree roots in soil-wheel systems

[29] ZETMN, XNE, T 1, 5. D8 EAR A9 bR g 4 5k [J]. Soil & Tillage Research, 2000,57(1/2):1-12.
FE[T]. K F AR 2447 .2017.31(6) : 353-358. [45] Marjoribanks T I, Lague D, Hardy R J, et al. Flexural

[30] T4 .48 H G, B AE1E, 2 K A5 5 e b AR rigidity and shoot reconfiguration determine wake
RE A ST A E el KR (H R B length behind saltmarsh vegetation patches [J]. Journal
) ,2021,43(3) :36-39. of Geophysical Research-Earth Surface, 2019,124(8) .

[31] B BIE . PR, BT, 558 W) 77 AR 2 09 BT ) 24 45 2176-2196.

PELT .40 T #2223 ,2011,27(S1) :329-335. [46] Przyborowski L, Loboda A M, Bialik R J. et al. Flow

[32] EHUE.bEmfe v i B gl RPchi f1 22 b R H field downstream of individual aquatic plants: experi-
SR RRT LAl T2 ,2013,29(23) . ments in a natural river with Potamogeton crispus L.
69-78. and Myriophyllum spicatum L [J]. Hydrological

[33] G, T T00 . 05 A, 5. 9 1 I B o ALK % Processes, 2019,33(9) : 1324-1337.
2L 2 g (], Kk 1% B HF 38, 2016, 23 (1) 313- [47] Przyborowski L, Loboda A M. Identification of coher-
318,324. ent structures downstream of patches of aquatic vegeta-

[34] XUy, ZWEE, A &M, 25 70 77 45 2% - IX ML 78 B oA tion in a natural environment [J]. Journal of Hydrology,
B0 SR BB 2 5 R I 80 (1], M) TR 4 . 2018, 2021.596.1-12.
34(15):157-166. [48] Ghisalberti M, Nepf H M. Mixing layers and coherent

[35] Sy, xRk, 5 IE o). 2 3% + 7B KR B R Y AR & structures in vegetated aquatic flows [ J]. Journal of
Bohr Jp e v [7].K H AR E R 3T . 2019,26(3) . 259-264. Geophysical Research-Oceans, 2002,107(C2) :3011.

[36] T 6 5, 2 B BE W 7645 2 i i 20 it [49] Schoelynck J. Puijalon S, Meire P, et al. Thigmomor-
WS R WO PR SR M [T, K b R RS phogenetic responses of an aquatic macrophyte to hy-
2020,27(5):259-264,272. drodynamic stress [ ] ]. Frontiers in Plant Science,

[37] M H 555, 75 H 06, % e A w6 Rl B 2% 2015,6:1-7.

BT 7 2 e [T ] K R 4R . 2019,39(4) 1 61-67. [50] Van Hespen R, Hu Z, Peng Y S, et al. Analysis of

[38] MWRE.MH K. i, 2 N2t b g s fhim s coastal storm damage resistance in successional man-
FAEWIAR BT ST 2 R[]k L R R 22 4R, 2021, 35 grove species [ J]. Limnology and Oceanography,
(2):138-143,151. 2021,66(8):3221-3236

[39] Gurnell A. Plants as river system engineers: further 510 W bt X0, 22 5 AL 55 6 00 38 AR AR L o S B
comments [ J]. Earth Surface Processes and lLand- AT 9 ORI LD K A PR Rl 425 2020, 40 €6) -
forms. 2015.40(1) :135-137. 87-93.

[40] Pollen B N, Thomas R E, Gurnell A M, et al. Quanti- [52] Xifs4 X0#k e %, F MR L EFHFHREG 2
fying the potential for flow to remove the emergent SR [T A %42 ,2015,35(19) : 6306-6315.
aquatic macrophyte Sparganium erectum from the (53] FAE. W I, Ko il 5. B XUR U0 A AE R D WD AR R 2
margins of low-energy rivers [J]. Ecological Engineer- Y AR ELT ] AL T AR 40 . 2014 30(23) :192-198.
ing. 2011,37(11):1779-1788. [54] JRigmd. ¥ E &, B/, 5.5 #0m 5 b XK ok

[41] Li Yibo, Zhou Mingxin. Zuo Hongliang, et al. Root R F AR SE L) ] 5 4 0% 5 TR
traits and mechanical properties of three shrubland 20?8f7(2) 345302,

(561 ‘Rigm.#HE &, BT E P REYRRDEEES
species: implications for bioengineered slope stability AR 4 M 5 2 [ 1] e T FR2 4] 52009525 (5) : 40-46.
[J]. Environmental Engineering Science, 2021, 38 (567 X%, TR 5, 2 % F 55 K 3 Rl A MR 4
(1) 11761187, ST T 9 1 0 R L) A 5 2 42018

[42] Lee] T, Shih C Y, Wang J T, et al. Root traits and 29(11):3541-3549.
erosion resistance of three endemic grasses for estuarine [57] Harder D L, Hurd C L, Speck T. Comparison of me-
sand drift control [J]. Sustainability, 2022,14(8):1-15. chanical properties of four large, wave-exposed sea-

[43] Makarova O V. Cofie P, Koolen A J. Axial stress- weeds [J]. American Journal of Botany, 2006,93(10) :

strain relationships of fine roots of beech and larch in

loading to failure and in cyclic loading []J]. Soil & Till-

1426-1432.
(F#% 355 M)



%4 W W A TR M = A T RE B A A I 25 ST 355

B BUE R ALH 5 T A A S R i 5 A S IR E
(9 SZUE ST D, o BT« WU 5 PR EE L 2015, 25(8)
34-42.

[11] Rees W E. Ecological footprint and appropriated carry-
ing capacity: what urban economics leaves out [J].
Environment and Urbanization, 1992,4(2):121-130.

[12] Wackernagel M, Rees W E. Perceptual and structural
barriers to investing in natural capital: economics from
an ecological footprint perspective [ J]. Ecological Eco-
nomics, 1997.20(1) .:3-24.

(13] & GEHIR, R, 55 5T BP 4 N 2% 1 1 1
Sk AR A R 35 43 BT 5 T [T, VI R BT R S B
2021,30(5):1076-1087.

(147 EhE, mygd b 2R bR Az AR L WA B2 ) A5 B0 96 0 %
EETBVEE A XA P WA SR T RXEEYS
W $%,2020,34(11) : 58-64.

[15] Rana A K, Alaa S, Ranin E A G. Analysis of ecologi-
cal balance issue for the built-up land and cropland
footprints in Alexandria City, Egypt during this time-
series(2005-2019) [J]. International Journal of Sustain-
able Development and Planning, 2020,15(6):911-920.

L16] XUFIAE, sRINET X)) A MR E 22 5T E2WWMA T
r I 2 SR b R P R B I S LT ] R T AR 2 4, 2020,
36(19):252-263.

(177 RIHRER 22304, i o . 3k T w9k 7= iy b B AR S
A AR ] A 2 e R, 2010, 29(3) £ 592-597.

(18] #E.FEHA, R . F ETERRERSMEHAS
JE IR R W4 A A B R AT A A AR R
2020,40(4) :1405-1412.

(197 3o 20 ) 8L T ol ik A 25 IR B B 70U 19 = 1l 48 A ot

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

AR RIS (], 5/ R R4 CH KRB
2021,36(1):124-131.

WO %, S0, 2R IR A A S R HS b E A S
P P B A S AR LT ] B IR 42 . 2020, 42(5) 1 980-990.
BV A 3 L 2R R T e = A A 2 R R R Y B
Mo AR PR DAL R BT B 4 H R A, 2020,
34(9):96-104.

VZ 2 RS 8 SR 4R, 5 VLR8BI b 22 T R I %5 )
553 B KOk Bt b 7 A e iz 9F 5 . A< VI 3 5 U
53745,2022,31(3) :575-587.

EWRLEE T 5F.2005—2015 EH b £ U AR I 25 3
A8 ) FC 3 ] 5 A 5 - L ER D T b BRI R 451 [T . b
PERL22,2018.38(4) :590-599.

IR IR DT T =R DR Ry R - XOBE L B IR A 1
PSS 2 Ry AR i TR 1 IR Y e ee
%,2020,34(9) :77-85.

SO L B S L ST 20 4RI RS I B AR B AR
BRG] 25 4 Jmy S AZ [T ] b E Al B 5 X &,
2021,42(10):114-126.

BT AN ERELLSWATHARIE - KA
AAMETE G L] W0 TR Ml 25 4, 2021, 33(9) 1 1759-1769.
TWHE L, ZEFHM R, G PR T SRR AR
25 (8] 43 SRR 5T« A ) A ol 2 20 XA e e (). i BB 2
J£.2020,39(9):1473-1484.

R, AR, RE % S AR ES RG W T
pzs A8 Al K Hsg ma R R [T A S % 4. 2018, 38(24)
8822-8834.

Jite FF . AR AE PN T e, S L T R b A S R TR
B A A R ) R P A D oe [ A A AR i, 2013,
33(6):1872-1880.

(L35 346 T

[58] Barry G, Peter B, Bruno M. Review: wind impacts on
plant growth, mechanics and damage [J]. Plant
Science, 2016,245:94-118.

[59] Harder D L, Speck O, Hurd C L, et al. Reconfigura-
tion as a prerequisite for survival in highly unstable
flow-dominated habitats [J]. Journal of Plant Growth
Regulation, 2004,23(2):98-107.

[60] Etnier S A, Vogel S. Reorientation of daffodil ( Nar-
cissus : Amaryllidaceae) flowers in wind: drag reduction
and torsional flexibility [J]. American Journal of Botany,

2000,87(1) :29-32.

[61]

[62]

[63]

Zhang X X, Nepf H. Flow-induced reconfiguration of
aquatic plants, including the impact of leaf sheltering
[J]. Limnology and Oceanography, 2020, 65 (11):
2697-2712.

Andreoll A, Chiaradia E A, Cislaghi A, et al. Roots
reinforcement by riparian trees in restored rivers [J].
Geomorphology, 2020,370:1-11.

Lee] T, Yen L Z, Chu M Y, et al. Growth character-
istics and anti-wind erosion ability of three tropical
foredune pioneer species for sand dune stabilization

[J]. Sustainability, 2020,12(8) :1-15.



