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ABSTRACT: The civil engineering materials used to stabilize the slopes of new riverbanks have a great impact on the types
and growth of vegetation introduced after the completion of construction procedure. Recently, microbial-derived, [3-glucan-
and xanthan gum-based biopolymers are attracting attention as an ecofriendly strengthening material of riverbanks that can
possibly stimulate plant growth. This study aimed to assess ecological effects of biopolymer application on native plants in
Korean riverbanks. In particular, since dominant plant species could shape characteristics of an ecosystem, we examined the
effects of biopolymer on the dominant plant species in riverbanks. Overall, biopolymer did not affect seed germination rates
of testing plant species. In contrast, plants grew more vigorously in the soil mixed with biopolymer compared to those in the
control soil. The biomass of Echinochloa crus-galli especially increased around two times more in the biopolymer treatment.
Plants produced heavier root biomass and leaves with larger specific leaf area, which possibly contributes to the tolerance of
environmental stress like drought. These results suggest that biopolymers treated on river banks are expected to stimulate
plant growth and increase stress tolerance of domestic dominant plant species.
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Table 1. List of collected plant species examined in this study
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Species Family Seed source Life history
Agropyron tsukushiense var. transiens Poaceae Nakdong River Perennial
Echinochloa crus-galli Poaceae Youngsan River Annual
Miscanthus sacchariflorus Poaceae Youngsan River Perennial
Phragmites communis Poaceae Youngsan River Perennial
Setaria viridis Poaceae Youngsan River Annual
Erigeron canadensis Asteraceae Youngsan River Biennial
Leonurus japonicus Labiatae Youngsan River Biennial
Oerothera biennis Onagraceae Nakdong River Biennial
Festuca arundinacea Poaceae Commercial seeds Biennial
Festuca rubra ssp. commutata Poaceae Commercial seeds Biennial
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Fig. 1. Effect of biopolymer treatment on seed germination
in testing plant species. Average germination rate across
pre-treatment and standard error are given.

ok AL el mop Alaks A8 dhete] %
2 A A7 350 2 Wolg & kol m3p)
ok A2 Al dolu el P4 FAE 15 ml

AHO =9

conical tubeo]] 911 B2 2H35| 7}3F &, 4°C A+

A]—(zﬂ—lﬂﬂ_],]-ol- 7:]7] q% El_]%)oﬂk]
Sh= Bl 0 2 43)519i Tl (Kim and Um

o] Zol byt
1995). Z=5.

sl Oft Hokg Aol 5 WIS $lstol, AL
2] FAVE 24 A17H B 1A B0l 7 o) 4)

o° 9“5\3}
Hokg

—|—‘

RALE 913327 T80 2 0| Fol 7l Fuw

2 ol g3telnh. £ U] 7 7ol 5 £0] 5
wob {1722 717 EA715 - 2094 g gl %

2z

B8 A ol B2l 23 2ol

EREESERES S
LRERERCES

FTHIL 25 23°C% 12A]7P_4 =5

=718 A4 Auxpwoﬂ/q 12 7HASEQla, 1 502

o ARPSE FH S E S

Sjol . Belof AP} A S

Feksct

o] 27] 4% 3ol

U2 GFL Pokr7] 3 ok 2] H ol
AR A 2AG] ARG S WokES el

NE (A.tsukushiense),

=9 (E. crus-galli), "= (E.

canadensis), )52 (L. japonicus), Y9%o]Z (O.
biennis), 271918 (F. arundinacea) 1211 32| 4|
ER AT (F. rubra) ol A vio] @ &2 W 2] {50

wka} 7130 A4

, & 42071412

ol A3 AT

AN (M. sacchariflorus), 2 (P. communis), 730}
A3 (S. viridis)2 2 Hopg2 Kol A% Z*Poﬂﬁ

oABE O

Al efet et =

mThEEa

vro] 2.2 H A2 &2

A EFo| A SetAE S (217 90 mm, lﬁ‘—
o] 90 mm) o2 %7:] };]';(H{g].l A& }\T-]Xl-/(]- LHOﬂ HH?—(]

39k SEES WolA| 7} 5
A 2] & 12} 1A} (main plot) &2

S5 o] @ He|o]

8]’-'1 S 21]'

A} (split plot) 2 3= £ (split-plot design) o] wh2}

B2}, Hokg 29} 5

et 2402 AT A

Aol A 30 St wlepstel o n, 338 AHrS

B3 ne 3

].odq. A& 7]7]— o]?f nEXE 7H

A2 S75te] A% 2L Zeck

*1'57} A AA ZHIE 12} 1A} (main plot) .2 &}
fawqﬂﬂa4ﬂ°zﬂ-xuwmmmxeﬁ
HHE 183] 9] B8 (split-plot design)-2 whgkch. ol



166 H. Jeong et al. / Ecology and Resilient Infrastructure (2019) 6(3): 163-170

O] 425 1 MO A e 1] 82 ARFSIT
A8 AR A AR 37, Wa) Zo], XA B 5
43 1010 3 4RSS 2AlIck el Lol
X5o] A2k Hshgrix o] QoS

i

Fl

.l

0_1..
SL
8
9

275 A B2 65°C 2 ARE 727 @ W sls), 77
=, ol A 7241 B4 g o] AR, A
o AR S 34 90 ol
5to] A& 7] 32 (functional traits)¢1 2| AHE TjH]
515 7'1 2 (root/shoot ratio), A|5HE AZaF 4]

ofr

MU ob Sk x@

A8 o] (SRL, specific root length)S #|
o A2 47 250 2 RS 2 9L
1, g XE7H2k (Sony o711, Tokyo, Japan) 2 2
olu] ] 4102 QRIS Z4slolct. F U
£ 65°C B AA%E Ax7)o)A 72A17F B<¢F A %3
T AZeRS A5 T, 24 712 o] 8}o]
ZeFtfju] WA (SLA, specific leaf area) S AJAF
t} (Pérez-Harguindeguy et al. 2016).

A1 542 R statistical package (R version 3.2.4;
R core team 2016)2 ©]-85}0] 4=85}9ic} drole-2
wloleZaln] /2], 4842, AR} o) 5] 4EH
&0l thgt ArYEAREA (Three-way ANOVA)S o]-&
shof Ejsioick vlol eEeln] A2 fks 17} Q1%
(main plot) FHE10] F3FE 23t e Ak AHES
o] H7kstaict. Wolg Ashe AT REES 919 arcsin
o= wglsto] £A5HIT Tukey WM 0 2 HEo] &
Zajo] #]2)o] 2 Worge] AAAFHEE AL 7
Atk

]_

HE 2
k0

HO b
>~ of

-
o

¢

S
o
o)

ol
-

o] o Zajm A ejof whE A 9 715 Ak A}
o] o] YEAELA (Two-way ANOVA) & H] w3}

%)
N

Sk, BA] mEL wolg BTl Solsil, Z47
91 ATFEES QJalo] SLA, AR 7% 281 X

B Zek0 Jog W3k AlEA] 27)9} A AR tjv] A
S ASaF2 square root HESFA T £ Ul Hio| @&
2 # o] w2 XA} 2jo| & 57| 9o, F4
A H -2 Tukey FH O 2 AR AA514 )

3. 2 1t

3.1 HIO|2Z2|H X2t X2 X2|7t Lot

ojxls 25t
A A EES 2 Afola Wobg-2 e, Bl

A (M. sacchariflorus), Z'tH (P. communis), 73O} A2
(S. viridis)2 ] 9- w2 drol-g-2- 1 o] vk L 2] 77|
*E! 3 i§ & 10 - 50%] Wol&-2 W 3{rk Wolgh 72|

Ha A v e.E 8 &5 B A gl
H] 3] *H:H Ao g &2 dokag HYAN FA AR

o] mIBER = 2T (Fhiopolymer = 2.51, P = 0.07). A
& A 2] of whE oks foluf o] 2. Z 2| A2 x A
& A2 7] oA T3S A A 0= FofulskA] ¢
U} (Feold treatment = 1.13, P = 0.12; Fhiopolymerxcold treatment
—0.72,P=021).

2 HIO|RZEZ|H &2|7} AIE M0l 0|X=
Sk
o

0.9

202 Horg ), Al oA A B85 Ho| 2

7t E3e BEollA] & TS 5= A
2 vERgh Ba) Zo) g A Q)sta that 1) v]w
1S, A1E2] o]=8. 6%, 01 0] 712> 11.4%, X|A+

oo
LEF:U

o (o

$ A% 12.4% 9 251 A% 357.6%7 2715t
a1, 1 AR F AET0| 57 6% =731 (Table 2,
Flg- 2). A5} AZeko] 2o Bsla Mal o] 7

o)1 o] 9 Eelujo] QoS W) ek, o] ol
SRL-E 745} 9ith (Fig. 2). SLAE=vpo| o Zg|H &
3 Eopo A PaslAi, 1 Aske =3 Wz (E
canadensis)} &1 (E. crus-galli)ol| A 2814 YEL
Wik
A& S, A A5 2 T BEFollA &
Az oz gejojat vlo| o Bel i x ABF HelrLt
bk, o) vlol e Eejuje] eyl 485 8R of
) Lpebe 4= 9122 Sfufgiek. vjo] 9 Eejul Su)
o] 2|31 AZERS E5] 27T (t=521, P<0.001),
AR NS o AT (t=-2.72, P = 0.02).
olof wksl| 271949 (F. arundinacea)2} ‘:‘fm'olzf— (.
biennis)-2-vfo| 2. &2 E3t B A AY5E] S
AVFH AFwo] tizwtol vl el 77%}‘213‘/}(?:@—4
Ht=2.76,P=0.02; §2o|Zt=3.29, P=0.004), X
S RS ReuIE Ao]E HolX) gotrh(E ]
E']'[ -1.84, P =0.09; Z2to]Zt=-0.89, P=0.10). A
o] X5} 74%E"E€‘PHP°]2£ﬂ“1°ﬂ sl &
o]t vt BA=d, 59 (E. crus-galli) 2]
%lﬂ E ofu]stA S7FsFAAI T (t =13.05,
<0.001) EHE At 2 Al =TS

woﬁ,mﬁ.o*m
A ot HE

E AT



H. Jeong et al. / Ecol. Resil. Infrastruct. (2019) 6(3): 163-170 167

Table 2. Results of analyses of variance comparing morphological and physiological traits between biopolymer treatments
in testing plant species. F ratios are given. Shoot biomass and SLA were log transformed and plant height and root/shoot
ratio were square-root transformed to meet normality assumptions. d.f. = degrees of freedom. SLA, specific leaf area;
SRL, specific root length. * P < 0.05, ** P < 0.01, *** P < 0.001

Trait Biopolymer (d.f. = 1) Species (d.f. = 6) Biopolymer x Species (d.f. = 6)
Total biomass 26.65 *** 118.11 *** 14.56 ***
Plant height 12.58 *** 632.26 *** 3.14 **
Leaf number 12.68 *** 66.45 *** 0.75
SLA 17.52 *** 1401.7 *** 2.94 **
Shoot biomass 5.35 * 48.56 *** 4.00 ***
Root length 0.46 18.36 *** 1.25
Root biomass 18.38 *** 68.10 *** 5.29 ***
SRL 14.45 *** 93.71 *** 1.54
Root/shoot ratio 18.79 *** 19.10 *** 25.39%*
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Fig. 2. Effect of biopolymer treatment on plant growth and specific leaf area in testing plant species: (a) total biomass,
(b) plant height, (c) shoot biomass, and (d) specific leaf area. Unadjusted means and standard error are given. Asterisks
at the top of bar graph represent significance level of the difference between biopolymer treatment and control for
each species. * P < 0.05, ™ P < 0.01, ** P < 0.001.
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Fig. 3. Effect of biopolymer treatment on the root traits in testing plant species: (a) root length, (b) root biomass, (c)
SRL, and (d) root/shoot ratio. Unadjusted means and standard error are given. Asterisks at the top of bar graph represent
significance level of the difference between biopolymer treatment and control for each species. *** P < 0.001.
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