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Effects of the 3-Glucan- and Xanthan gum-based Biopolymer
on the Performance of Plants Inhabiting in the Riverbank
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ABSTRACT: Biopolymer based on microbial 3-glucan and xanthan gumis a rising geotechnical material that can enhance the
cohesion between soil particles and consequently reduce soil erosion. Recently, biopolymer is proposed to utilize for the
riverbank strengthening. As an effort of the ecological assessment of biopolymer application in civil engineering, this study
examined the effects of biopolymer on seed germination and growth of nine plant species inhabiting in the Korean riverside.
Responses of above-ground growth to the biopolymer differed among plant species. One species grew less but others
maintained their growth when plants were grown in the soil with biopolymer. In contrast, root grew more vigorously and
root/shoot ratio decreased in the biopolymer across testing plant species. These results indicate that biopolymer application
on the river bank likely stimulate root growth of native plant species, which, in turn, possibly reinforces riverbank. Species
specific responses of above-ground growth implies that ecological effects of biopolymer application would depend on the
species composition of the ecosystem.
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A oAk 7] TR Qlgk W F B0} T ulsw
A, o] 2 Qe W& A& o2 So)7] At Ae]
F84 O] 701—212"LL E]' X]Ho]' 7o]—§]‘%;gi{—? HAEHe
2 gaEst e 74 Fold QRS ol 45tol
Lo, shd = A A o] tigt o] F7IsHHA
4 Ao g SASHIALE wo} A AEEel
Az o] 7ol 87531 Qlek. Aol] A= A ARre
20 54 8 AR AIS AL o2} 9] A1 el
_,] g oz ;q]a]—g 7}§].o].g HRH 3T 9 % 7]{} od;
%]o] g} (Evette et al. 2009). 18U Al &S o831
A} 733l 7w 22 0] ZHof|A] A 7} A A
o1& BesL7] 9faf theet B2 E Aok ol
AQE oLy, A Aot B YA Roo) SrellA
AAE Holal M%*a‘ é &

Het= ) et

& ApAAol de] EA5h= &
A iﬂﬂol‘:}(Chang etal. 2006). o] =2 EJol 4=
A7 L 25 S Aol 2ol o
iﬁ?ﬂ—O] Uﬂl\“lﬂo—] 173)_]‘& R
t}(Chang et al. 2016). ©]23t 4 E]
oA Rt we =T e
A= GRS 7} 2 2l
QJT}(Chang et al. 2016). EF QMR 3} ER 2 A4 HES
FE e 7]k vio] @ E2)w o] AR 7he-H| sht
= olu] AkdA o d ] EA5k= =4 0]l (Chang et
al. 2006), webA 22HE 2] 2l RgHEoleh= Fo|tt. o]
ol gl wlol 2B e m 2 A 23 EofollA] T2l el A%
o] T == o] A Aoz ¥ Htt (Chang et al.
2015). Hiol @& W S Aol A2tz M, Ao
7S Ao e F Aol SR 7= AR X134
1Al 7ok 842 o] ok} s ot HA) e
W FH O] F2314 5hof| A d=0|t} (Ko and Kang 2018).
el 8 2200l sk et A5 S

mlo ﬂJIO
Hﬂ
o
(o]
-,
o
ot

o] t}okAS 1183 & w| (OECD 2006, Sultan 2000),
vto] @ Zau o] Mg A H7HE e A= theket &)
A AEFol Hiet BrF asie B3 vAE A
HEFZ 712 79, ZpdA ol d ] A gl = B3}
I AEA7E Yt - e RO R Q14 AEA
Woll A He whg-S do7 4= qlrkal ¥ Qltk
(Bittel and Robatzek 2007). wHeba] o] A& (-2 Hio]
o Zew 227t Q3] AlEE9 S-S AsA1E 7t
T B A7 & Aol = g atetr) e ol
A S]], B AE el wleRE R 2heb S 7t
© 2 gl=vpo| EZ LW & 7F = shof AHE k=
opyg-2] o Ul A Srof| m] 2| = FFS st ik

—/—‘\—9]' /1(_701— X]TE]_?‘(_ ]ﬁPE%}oohT}%ﬁ”Eﬂ [=5u | I PN
H20174 64 FrilE e 42 e) woke AR5l
iHéle TR AYE Ak A 4 Al ol A 5E o}

7@} Al719] Uﬂﬂlﬂ (Avena fatua L.), 7|'d (Agropyron
tsukushiense var. transiens (Hack.) Ohwi), 0]AFAL2
(Carex dimorpholepis Steud.), A=+ (Coreopsis
lanceolata L.), °N7|&Z (Chelidonium majus var.
asiaticum (H. Hara) Ohwi), X A7l (Hemistepta lyrata
Bunge), A2|A 0| (Rumex crispus L.), &Y o| (Thlaspi
arvense L.), AR} (Torilis japonica (Houtt.) DC.) 5
% 9504 ZAte] o] PRI, HAE BAl
W 22| & olo|AutAo] Ho] Luslr]|soR
olsiet. A8 A £ A lelo] Lee (2003)] E71

Table 1. Sampling sites and their representative plant species

Site Latitude/ Longitude

Representative plant species

Youngsan River 1 35°15'21"N/ 126°56'38"E

Carex dimorpholepis, Miscanthus sacchariflorus, Salix koreensis

Youngsan River 2 35°15'30"N/ 126°56'15"E

Phragmites australis, Miscanthus sacchariflorus

Nakdong River 1 36°33'34"N/ 128°34'42°E

Coreopsis lanceolata, Phragmites australis

Nakdong River 2 36°34'8"N/ 128°21'48"E

Phragmites japonica, Chelidonium majus, Miscanthus sacchariflorus

36°32'26"N/ 128°33'35"E

Nakdong River 3

Salix koreensis, Phragmites japonica
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& ol.g ko] SO, ST} Fy e FrLEEA
22 (KNA 2015)2 wjsi,

22 A

]

HpeH
od

2.2.1 Hjo] @ Eejm o} EoF 23}

2 Aol ARE-E Hbo| e E T = s a Y
of| A A= AL, AlsARe] U Hof| whef vio] @ &
2 EQF A (Hio] &2 ™ §: Hio] e E e &
W 5 E9F=1.6L: 0.1 kg: 9L: 30 kg)E A =3}t
Hho] @ Fejm ol oot B ti 2t EQFO = A
& Y& HE (R84 E, AvvE, 573
S, teil=h)E o8-8t

222 "ol 2A}

QA" A E WY (4. tsukushiense) @] 8F
(Table 2)= A} 2 & Hjo| @ F 2| &3} Eqfo] o}
&0l F= FFS A AsISITh AR B4 HEEE ¢
QAR o] g of| A= A ot o) oS £ 41517 S8l tf
FRE A TS sk QAL whebA Blo] @ 2| w e} At
ol £2 Ao et oAt Al st 915k HE
o] @& H A 2o} A ol 75 fIRt A A2 = A
= A7) 9 ZHF Y A& 35k A& A=
TS go] S5] S Hlo|HEH L Z AL o]
£ 15 ml conical tube©]] Y o] 4°C o] AAPA} (SH a}s),
7A71%, dgtl=h oA Y 5<k uieskaich A M|
A A= FAFE A A (Sigma-Aldrich, Darmstadt,
Germany) 89 100 uMof| 24A]7} 53T FA|51%ict
(Graham et al. 2007, Kim and Um 1995). #]-2-4] 22}
A -GN A 2)tof| 4] FAk= 2E o] Aol e

Table 2. Collected plant species examined in the study

Z40] St Aol Bg, 4 Fael whE Woks
Aol AAS S1o) TAe ha ASke 134 55
o] 24X12F 59 B o hEshich AP (T
Japonicays A 27t 8 A EFoll= A2 A2 9 A=
2 A% st A 49 3o 47
FE5fo] A2 A 2frtk 43 sFoiTh

ulo} 1A]e] & 712 WOk Ho| 2 Eejni} ok
HE & Qe HER A9 FRao] BEE
Hpo| @ EZejm 22/ F-4]2] FH o] mainplot, 3E5F
O] vlo} A & 2] W AE=:0] subplot Q] split-plot design
2 o] g31o] shike] Sme] 952 A8 3559
WAl Eo] BE SolheS sigich SRt o] 7t
ool 10919) 542 T sl 2 Ag 4 8
AlE S E 15709 WHEAE vhE I SRS
i o] 1A] o w370 &f 78] © 2 -7 block W]
A 52g)2 | E o) L5 22009} 357] 12417
O 7 AAHE Al A vkl om, i A
£ %) 52 3ok, 3nth wo} ol 7] w5}

=
AL

2.2.3 ;A A}

o= =2 st /Y (4. tsukushiense), 'Z1do] (T,
arvense), 28|20 (R. crispus), °N71%5E (C. majus),
O)AFAL2 (C. dimorpholepis), A\ AN (H. yrata), 2
A=t (C. lanceolata) S B0 @E8|H A2 AR 52
URFAEZ 2% 27 90 mm, 0] 90 mm ] A7
e kol skt o AAY 74 ASich. ol
QE o] Ao at 2t ZF S E X4 20714 o
& 2RI Wokso] WA (4. fatua), A
A (T, japonica)= Ao A A= qlct e She

Species Family Site Life history
Avena fatua Poaceae Youngsan River annual
Agropyron tsukusinese Poaceae Youngsan River Perennial
Carex dimorpholepis Cyperaceae Youngsan River Perennial
Coreqgpsis lanceolata Asteraceae Nakdong River Perennial
Chelidonium majus Papaveraceae Nakdong River biennial
Hemistepta lyrata Asteraceae Nakdong River biennial
Rumex crispus Polygonaceae Nakdong River Perennial
Thiaspi arvense Brassicaceae Nakdong River biennial
Torilis japonica Apiaceae Youngsan River biennial
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Table 3. Result of analysis of variance to compare germination rate among biopolymer treatment, testing species and
pre-germination treatments. F ratios are given. The germination rate was arcsine transformed to meet normality
assumption. d.f. = numerator / denominator degrees of freedom

Treatment d.f. Germination rate
Biopolymer 1/4 0.17
Species 7/754 272.87 ***
Treatment 2/754 9.91**
Biopolymer x Speices 71754 3.32 **
Biopolymer x Treatment 2/754 2.81
Species x Treatment 14/754 7.83 ***
Biopolymer x Treatment x Speices 14/754 1.1

N = 720. *P < 0.05, **P < 0.01, *™™P < 0.001.

o wol A U 20 WA %

=

J
e oXx

Completely randomized design © 2 | 2] =] &}
oLf2 AR B S AN A“‘é 2
2 S ujokeF 47st0] A% BUS
A8 A A e] 24 9 o], el o,
AR 9 A3 ASeke 2l 2
EECERER RICEE PRI
Aot & A% B
428 65°CR 4 7]
thgtl=)ofl Al 72417t F<t
e 2 54e sk T%é‘ A o
427k (root/shoot ratio), ¥i2] A= tfjH] BLa] 9
o] (specific root length, SRL), specific leaf area (SLA)
| AF51 3 T} (Pérez-Harguindeguy et al. 2016). SLA
A& 0] A2 Qo] AZTFO 7 Lk 710 2 AJAL
o). 7} Alg g e s et 98 47191, of
X =972} (Sony a7ll, Tokyo, Japan) =2 2, o]
o] z] 24 (Digimizer 4.3.4, MeadCalc software bvda,
Belgium)Z F3f $19] WA S7dsiqich 919 2
FL65°C2 AR 27| (BT, 471, e
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2.3 SA4=4

EAEAL R statistical (R version 3.2.4; R Core
Team 2016)= o]-8-5}o] A A|5}5 it} o8& vlo| 2
Zom A, FA AA Y, AEF, ol S Al W 4R
2hg, T12]31 blockS =HHQI O 2 Z3Hg AFAr
EA (Three-way ANOVA)S.= BA314c) B4 2
3} A3} o] 9 Eelu] A2, 42 FA A

o) o Agol FofulsHA H—E}‘;};ﬂ(Table 3), o1& 24
7] $J5}o] 712191 o[ R EAHLA (Two-way ANOVA)
&7t = aYsGih S o] YAk Aof| A = vt
o|eEFem A, FAF A W o] 59 T AE0]
weWolo g 239t} Tukey HHH-S o] 85}0] 7+
A 2] H Holg-90] 2| Al FH ot AR 54 Bl s}
Ak T W40 Bf BE 7S w7 flsto] W
o8-S arcsine H35}Ho] —F._'— S L 5=
o] @ Z2|n A2 [ w27t 2F A & Aol 1]
A= 2jo]i= o] Y EAREA] (Two-way ANOVA) O 2
skt 7F AE% d vlol e &9 n A2 avs
T+ = Agke 44 A8 7S Bonferroni
H| w8}le}. S5 W
|oH*- 152 SRL

AARR T A1

th & L

i

3.1 HO|2E2|H H 2ot FXZ|7t LorZol

=L o5

A2 EAA ANE DSAS ), Ho] 0 Ee]
) Hels Al SPUAIE #oke] ool Qg %4 ¢
SFaL, ol Ao} ALRE Afole] ol Feft
#o| HYITF (Table 3). 712} ufo] o Beju] x Al
%E’ ;ﬂ '_],:q x Al t'}_g] /K]-:E{XL_Q_O] 57;"2—] o7 %_9]1:1]

%

o JRES BT, o] vlolEe]m B2 et
B ol gol R o] AR W Aol Lkt

Wik, o] 2. Z e A A 2, uho] & Felu] x HH x
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Table 4. Results of analyses of variance comparing germination rates of each testing species among biopolymer treatment
and pre-germination treatments. F ratios are given. d.f. = degrees of freedom

species Biopolymer (d.f. = 1) Treatment (d.f.= 2) Biopolymer x Treatment (d.f. = 2)
A. fatua 0.00 10.71 *** 0.57
A. tsukusinese 0.00 29.65 *** 1.45
C. dimorpholepis 0.12 1.38 0.09
C. lanceolata 1.70 0.50 0.13
C. majus 7.85 * 2.87 2.18
H. lyrata 5.79 33.58 *** 0.89
R. crispus 5.68 1.27 1.54
7. arvense 0.52 12.66 *** 0.08
7. japonica 0.97 8.65** 0.75

*P < 0.05, **P < 0.01, **P < 0.001.

"The degree of freedom was one because gibberellin pre-germination treatment was not applied to seeds of 7. jgponica
due to the shortage of collected seeds.

Table 5. Results of post-hoc multiple comparisons of germination rate among pre-germination treatments. t values and
adjusted P values based on Tukey’s method are given. Multiple comparison was conducted for five plant species
showing significant pre-germination effect (Table 4). Gibberellin treatment was not applied to T., japonica, so only

effect of cold treatment is given. GA, gibberellin treatment; Cont, no treatment; d.f., degree of freedom

Speices d.f. Cold - Cont GA -Cont GA - Cold

A. fatua 76 4.248 *** 0.535 -3.713 **
A. fsukusinese 76 1.195 7.186 *** 5.991 ***
H. lyrata 76 0.139 7.166 *** 7.027 ***
7. arvense 76 4,152 *** 4537 *** 0.384
T. japonica 38 2.944 *

*P < 0.05, **P < 0.01, ***P < 0.001.

AEF AL FAX S E {3t Alo] & HolA| 80

et ) _ B o §’ 604 E(B:i%nl:gl))llmer
NBEd golgtulol o Zeu] ANk AR 9§

5to] 2} SR o] A4S A SIIT} (Table 4). £ o

Hio] @ EZ& v = of 7|EE (C. majus) o] Woke2E 57 £

Aoz goua] HUARot 2 FL Rt 8 20

o] & HolX| gttt FAIA o & {-ou|stx| = A9k, ol

22]ZYo| (R. crispus)L} L o] (T. arvense) ] drol-g @\’ _6\00"@ o\éz‘% Fa 6‘&) R g {\%@ Q\é&e’ 0{\\&

SIS E A0 WohgE fAH A 22 5 THE T TS

7}skc} (Fig. 1). Y e

Al 58] ol A 2] (712, A2A 2, A==
A ef)ol thet o E Wroke-2- 7N (4. tsukushiense),
WA (4. fatua), 27N (H. brata), FYo)(T. arvense),
AIAH(T. japonica) T A SAHA 02 {213 Aol =
B o, o|AAlx (C. dimorpholepis), o715 (C.
majus), 25412 (C. lanceolata), 22330 (R. crispus)
oo AHo|7} I T (Table 4). o] 24 A | A o}

Fig. 1. Effect of biopolymer treatment and plant species
on seed germination. See Table 3, 4 for significance
test. Average germination rate across germination pre-
treatment and standard error are given.

A el $-2I7 2ol 1 9l ol ) A A 2] 7he]
oFg 2015 ALF BASIHE W), AMIAL(T.japonica)
S ASf3 AHEE oA Au|ARlot A 2R et 7
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Table 6. Results of analyses of variance comparing morphological and physiological traits among testing plant species
and biopolymer treatment. F ratios are given. Root mass and specific root length (SRL) were log transformed and
root/shoot ratio was square-root transformed to meet normality assumptions. d.f. = degrees of freedom. SLA, specific
leaf area; SRL, specific root length; R/S ratio, root/shoot ratio

Trait Biopolymer (d.f. = 1) Species (d.f. = 6) Biopolymer x Species (d.f. = 6)

Leaf length 0.069 217.645 *** 4.880 ***

Total biomass 0.637 28.655 *** 2.466 *

Shoot mass 3.029 28.076 *** 2741 *

SLA 4.663 * 10.577 *** 10.732 ***

Root length 5.080 * 11.173 *** 1.002

Root mass 6.029 * 40.478 *** 3.022 **

SRL 3.377 69.444 *** 4.108 ***

R/S ratio 7.308 ** 69.077 *** 0.656

*P < 0.05, **P < 0.01, ***P < 0.001.

#J2lo] 18] - Woh&-& HE51%1Tk (Table 5). A4
A (T. japonica)'= ThE op 3} A HH )7} A

A 2ol HlsA] Wokgo] £ AIE H Atk =>71E4

(OECD, 2006). whabA] &

AollA AldE AeF

o o) -] e) ) 2fo] ol A3oIeh M2 Kol A
210 k5o

SRtk & 4 gk vl

QE 7 A1 B AR T GRS B 3
L olg] ABFES YO Sto] B O B

B0t st
vlol e Feluis 2ot v WIS 1, o] 2
o, & 1%, AR Al T AT FA)

T ki v o] wol, uol o Fejv & 51 A
Hhol] 2 2|8 AL 51 e Al S A8l thofsl Al &

koL, SLA = -R-2Ju 8t 3RS LERICT (Table 6).
T8 o] @ Z ek A EF A7 RE S4 ¥4

of| A FAH R folu]atglat, whetA] Hio] @ Ze]
O] G A EFTHR AJolotA Ueht= 210 & 1l
oh AR AT SAH O R o]t AfolE H,
Hfo] & Z2]

7h ek EeA quﬁ of71E= (C.
majus)S UL A& of| A A-S-E] %) o} ulaaA] 9
o], & A5, A A5, JE]J_ SLA7} 7+4:3}
SATH(Table 7). §FH o] (T. arvense) 2] &1 Ao, X
AN (H. lyrata)®] SLA= Z71519 ) of 7%= (C.
ma]us) A AA (H. lyrata) S A )3 th2 £E52] 9l 7
o], & AT AAH AR EAH 07 o olu|s}
A= okoFA|} thA Z7)ele ARS UERch

AZE ol Ao] Qi ol R, o] 4 Wt
ol 42121 B, 48, kel bl sEe
£ o]Fofx|=t], o 7h AlEE Wa
golsHA L}E}‘)rEP(SultanzoOO) o]y
U B0k 2B ol 7ho A8 2217 A} 3
H3lo) )3t A& o2 Mul ojug},
s}t B2 of| gi3t RESof| A = E3] LRk

)

d
m{n
u
o)

m:
i

fr i o
o

e
oX M l‘10 O
oXx M wE

O o {o

= N ox

[

ox
S

-

FEo Tt g WS B Ao S, B
uho] 9 B o)} Eope] 8 ek} 2 AR A
740l §FL F0l (Changetal. 2015), vfo] &2
WO A2, MA1X) 8 270 Apolol] whg- BAkg Al
Aol Lo 7k o] glek ofe] A8 5= 4
W ATES AR ALY 87 22 Sl TEshL vt
o] @:Ze|H X|2]7} ol 43 Zo] F o] et AT
7t Bt

3.2.1 X5 A

oo] 9 Eejuli= o270} v WA S uf 4e]
2] o], W) 715, AAF oo A3k 25l 4
FeJulsh L Wk (Table 6). ulo] 52 x 4]
B ABAFEE o] Bolol 4 FAH O fejulgt
Aol 1ol stied, & Aol s Ay
HEFE oM o7 FE (C. majus) S A9I3 652
bl o-2e]v]7} £ ool 2] Zo] o) 5
7FoRe 73 W (Fig. 3). 1l #2] 2152} SRL
of vo] @ Zefulo] ik uhg-2 FHE Aol 5t et

[¢)
Wk we) Ao 49, BALOR Folulsha] o
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Table 7. Results of post-hoc multiple comparisons of traits between biopolymer treatments. t values and adjusted P
values based on Bonferroni method are given. Multiple comparison was conducted for traits showing significant species
x biopolymer effect (Table 6)

Species Leaf length | Total biomass | Shoot mass SLA Root mass SRL
E. fsukusinese 0.49 1.24 1.31 -6.01 *** -0.60 -1.18
C. dimorpholepis -0.86 -2.17 -1.90 -1.84 1.74 240
C. lanceolata 0.11 0.65 0.37 -0.90 -0.78 -3.37*
C. majus -3.42** -2.85* -3.69 ** -2.75* 0.71 1.54
H. lyrata 2.55 -0.18 -0.79 4.36™ -0.67 -1.06
R. crispus -1.24 0.73 0.06 1.48 -1.33 -0.86
T. arvense 292 * 0.42 -0.04 -0.05 -0.86 -2.21
*P < 0.05, **P < 0.01, **P < 0.001.
40 D 80
EControl ~
— OBiopolymer €
E 30 Py £ 601
g 3
> 204 o 40-
o Y—
% 3
2 10- o 20-
3
0_ (% O_
(@ (b)
1.8 3
— ©)
9 ~—"
@ 1.2+ @ 21
]
©
£ 5
3 °
S 0.6 N 14
2 S
0- N R o I R G
& (O & WY g SR of ™V o
W Q@ WK ¥ & & ‘
o O X O ~\
Y& 0o & o
v LR

Fig. 2. Effect of biopolymer treatment and plant species on shoot traits and total dry biomass: (a) leaf number, (b)
total dry biomass, (c) shoot dry biomass, and (d) specific leaf area. Unadjusted means and standard error are given.
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