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ABSTRACT: A biopolymer based on microorganism-derived (3-glucan and xanthan gum is being studied as a new
eco-friendly material that stabilizes the riverbank slope, and also promotes vegetation growth. However, it is still inconclusive
whether biopolymers have a positive effect on plant performance in the riverbanks which are subjected to various climatic
factors and plant competitions. For a practical ecological evaluation of the biopolymers, their effect on plant growth
promotion was studied in a natural environment. Considering the relationship between competition and plant community
formation, the effects of biopolymers on competition were also investigated. For four plant species (Echinochloa crus-galli;
Pennisetum alopecuroides, Leonurus japonicus, and Coreopsis lanceolata), the biopolymer effects under intra/interspecific
competition were tested at the riverbank (20 m x 10 m) near Samjigyo Bridge in Damyang-gun, Jeollanam-do. A biopolymer
powder was mixed with water and commercial soil following the manufacturer’s recommendations. The soil mixed with the
biopolymer was filled in a pot or applied to the surface of the commercial soil with a thickness of 3 cm. Across the competition
treatments, the biopolymer treatment promoted root growth of the target plant species and decreased the specific leaf area.
The total biomass and shoot dry weight of P. alopecuroides increased in response to the biopolymer treatment. The
competition treatment decreased the total biomass and shoot dry weight compared to the case without competition.
Notably, such a competitive effect was similar in all the biopolymer treatments. Thus, biopolymers, when mixed with soil,
promote the growth of some plant species, but do not appear to affect the competitive ability of plants.
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Table 1. Results of analyses of variance comparing growth traits among testing plant species and biopolymer treatment
and competition. In this analysis, competition involved three competition condition; mono-culture, intraspecific and
interspecific competition. F values are given. d.f. = degrees of freedom. SLA, specific leaf area; R/S ratio, root/shoot
ratio. N = 1,218. * P < 0.05, *™* P < 0.01, ** P < 0.001

Total Root Shoot Plant .

SEuEE w biomass dry mass dry mass height R Y b
Biopolymer (BP) 2 1.80 5.65** 1.29 241 1.68 6.72**
Competition (Comp) 2 26.90*** 23.59* 24.92*** 3.07* 17.99** 3.86*
Species (Spp) 3 777.99* 445.90"** 732.14** 2,881.8** 23.64* 57.83**
BP x Comp 4 0.41 0.63 0.36 2.10 1.51 0.87
BP x Spp 6 0.68 2.78* 0.52 0.55 0.59 0.72
Comp x Spp 6 23.05"** 24.29** 20.15*** 4.93** 2.31* 0.33
BP x Comp x Spp 12 0.39 0.44 0.39 1.12 0.95 1.22
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Fig. 1. Effect of biopolymer treatment and competition on (a) Root dry mass and (b) specific leaf area (SLA). Unadjusted
means of all individuals and standard error are given. CBP-a pot coated with 3 cm biopolymer mixed soil on commercial
soil; FBP- a pot filled with biopolymer mixed soil; N-a pot full with commercial soil without biopolymer mixed soil
as control.
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Fig. 2. Effect of biopolymer treatment and plant species on (a) total biomass, (b) shoot dry mass, (c) root dry biomass,
and (d) specific leaf area (SLA). Unadjusted means of all competition conditions and standard error are given. The
results of Tukey post hoc are indicated in alphabet based on P < 0.05. CBP-a pot coated with 3 cm biopolymer
mixed soil on commercial soil; FBP- a pot filled with biopolymer mixed soil; N-a pot full with commercial soil without

biopolymer mixed soil as control.
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Table 2. Results of analyses of variance comparing growth traits among biopolymer treatment (BP) and competition
(Comp) for each species. F values are given. Shoot dry mass of L. japonica and specific leaf area (SLA) of C. lanceolata
were log transformed to meet normality assumptions. d.f. = degrees of freedom. SLA, specific leaf area; R/S ratio,
root/shoot ratio. E. crus-galli, N = 332; P. alopecuroides, N = 329; L. japonicus, N = 319; C. lanceolate, N = 238.

* P <0.05 *™ P<0.01 " P<0.001

SEuEE e bi.g;t:lss dryR<r)r?z§ss dr?hrcr)gss I:;l%?wtt R Y ki

E. crus-galls

Biopolymer (BP) 2 1.41 5.87* 0.94 1.41 0.27 1.52

Competition (Comp) 2 26.63*** 38.30"* 23.90* 1.15 0.37 1.40

BP x Comp 8 0.51 0.38 0.35 1.45 0.85 3.49
P. alopecuroides

Biopolymer (BP) 2 6.52** 3.20* 6.27* 0.66 0.67 0.91

Competition (Comp) 2 48.68*** 5.77* 52.47** 9.82*** 14.53** 0.74

BP x Comp 8 0.94 0.66 0.98 2.05 0.09 0.57
L. japonica

Biopolymer (BP) 2 2.18 1.55 1.82 1.04 0.18 4.19*

Competition (Comp) 2 4.06* 2.16 6.85** 1.02 2.33 1.36

BP x Comp 8 1.72 0.74 212 1.15 1.83 1.26
C. lanceolata

Biopolymer (BP) 2 1.16 0.54 1.14 1.82 1.30 3.00

Competition (Comp) 2 13.38*** 0.06 18.89*** 4.75* 5.37* 1.28

BP x Comp 8 0.95 0.51 1.00 0.82 1.01 0.44
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Fig. 3. Effect of competition conditions and plant species on (a) total biomass, (b) shoot dry mass, (c) root dry biomass,
and (d) root/shoot dry mass ratio (R/S ratio). Unadjusted means of all biopolymer treatments and standard error
are given. The results of Tukey post hoc are indicated in alphabet based on P < 0.05. Inter-six interspecific competition,
in which two individuals of different species were cultured; Intra-four intraspecific competition, in which two individuals
of same species were cultured; Mono-non competition conditions, in which mono-cultured individuals as control.
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(Evette et al. 2009).

T AZO] H A

& ] Aol A, Hio] @ e X 2]of whE HL
AT 57 59 219 A ollA] 5] vkt
t}. (Table 2). 3] ALo)| 4] BHEa}l Al E4FS tjALo.
2 Ho] @ Ze|m o] A8 X A Bafsholi=d), vt
oleEeH o B A F7t At=4EET T 1F
o] A9t UFebytth (Jeong et al. 2019). o] & Ko} Hjo] Q.
Hejojo] o) AFF 5 A Hake H2a) A5 54
og}7| Hith= & ol A AolsHA U= Ao =
BQlch B9 ALS A BAE AN E oo
2w A2 = A5 o] X E = s 2 A
A AEZE0 2 (Jeong etal. 2019), &3} F= EQF HY
L AEE0 72 AILE| T 9t} (Lee et al. 2015b). 3}
) chd g A1) 28 A Ae] QFYBHE 9lat
F2 A8 5= 202 (Dang et al. 2017), A0 E
FHIOIA olg 5 R 42E F shfolch. Bt

-&L
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FAYZ o]Fhe 71E ol vl &R M E A
2]

A B2 B b etel 719

H}C’&iﬂ U1 %; EdoA did Hes2 iz o
EfaetHHo] Q= 9 As div] w4 (SLA)o]
ofj <ol vl sk ch (Fig. 1 (b)). SLA 3H2 A&
O] AYE Aol T3t 549 F shuhz, A& iAo A
A 53 B2 P whIRh W2 SLAE Hol=
52 9153 219 Bzl gelstol 1% AEH 2o
ot A ARdol dohal &2A Stk (Wilson et
al. 1999, Pérez-Harguindeguy et al. 2016, Liu and
Stiitzel 2004). w-a}A] Hlo] @ Zajm = Al 0] 7 % A
WS S7A AERES T Aoz 7dd
o} 3L vpo| @ Z e Eok QA S} Aolsle] E
ol:«] 28 zu}o X%oHﬁLC)i/\_] 2~y 6—1_%2 ‘(l')l‘x]b_]—_jl:
21t} (Chang and Cho 2012, Chang et al. 2015, Lim et
al. 2018). IHE 2 Hlo| e EZ | M= EOF SR W
3oL AlE AAQ] A AP SH Oi Az3t
SO A] AR A o] AEo] 7] e Al o= A H Tk

2 24, B AE A %% X}CH g
A AE 2 ol Tajt 42 gt (Lamb and
James 2008). £3], A& 7F AAA = A& - WA
2ol 94 mol Friepd e Al 20 q9le
oA St} (Brooker 2005). £+ 2l x]—%o] A7+ A
2 7} (intensity of competition) o] %3 =
A& 112951 (Welden and Slauson 1986), £ 914}
o Jgoz A PAVL wistele e AE 2 2
of Witz ojold 7Rso] gick. & AT vo]e.
Zeju] ojx] Eop o] JRFS Fol A Be] AR E
© AlBH BAE et 4= Q1AL ol Hiol 2.E& 7]
m7h A2 E A o] A& 4 2ol G E 4 %
o ol2et =R Aea e A

r

ut

¢

o

& mefslel, & Aol vlol e Bel o Helo] 2
FUYE AABAZ 5L, 23 Aol v)H L 9T
& Z2 sk sk

B A2l mE A A8 e AelelA]
ul AR 2|9} ulo] Q. Z e o] A 2oLt AAA
2], vlo| @ Z e e} Al E£0] A5 Re 0 B o
9 olu|3}A] ke (Table 1). o)1= AR O 2 015} A&

e ><18P7} o] @ &= A 2|2 wA glo] LA}
A s AT Zle YERdT. ol & S vho] 2.2&]

W A el 599 o] A2 S7H71AT (Fig. 2
(©), E97} the F9f e Adlste 445
(competitive ability)-& Hlo] @ Z2|H & olg] Z7}5}
A| 3t gref uol @ Fem 7t £ AlEF2 s
g % 7M1, vio] 2. Z 2 m A 2] Ao A=
Ho| Z7}5 EXZ0] 0 A5/} 8IS 714 o]
éﬂ o] 2 <lgl o] e Zajw A a] Aol A4 Lz

7} ZAA ] A AL Z O} Aol 3HA| LR 714

o] Z7Fet Aot} |5 AlgtE AEE-S o R 1]
WA E> 717* Eok 5o E Ak, B Ao A u}
o] Z g AlAA 7} Al EE71] 7=17<H71—Eoﬂ_‘: o8}
& A ¥ H%EW A1 227} AR WElr) o)

3 4 Gl A TR0 MELE A2 4 Gl 2

oZ‘:

K

2 Aol A= H}Oliial‘ﬂﬂ e AEE 1) 4
Aol e 27 Qrethe A2 Hold ey
Ayl Are] & thop S Tefa o), Kol e AEE
S| 458G oA FHhE B8 0] 972 g
Aok 2 S o S, AP A F 0 e 4
AL e A% 2h Wl JFE F
(Okuda and Sasaki 1996). Q1] o 2 A= =35
234 7b0] M35 V2] FollobaAel et A4
A7 7 8L (Yang 2014), 9] =] Hi#3]
AEA et A=) St Es (Humulus japonicus.
Siebold & Zucc.) 2] 240 2 AJL-0] A ) &)= TA}o]
WEEATE =S, ARANLHAE ZFAEE (Sicyos
angulatusy o] GFO 2 7% ABEY Tt 2
253 glew, 5 Ae] £ tjerdo] i@ 9)
t}(Lee at al. 2015a). webA] vlo] ©-Za]m % &]7} 5
A xﬂm AN FAof| 22 el A ASRS W) R3]
W13l e, 44 ) B 4 A 8
= S A57F B asi o ARt A9
oz, WA 2 Aol A= Hio| e.E2HE Al
B AN A4 2UE 410 mEela
o}

o]

AT A o] @ Beju| o] ez ) Ay 3
Ao A A Telst=A 2 PR OR AF

spotck g vol o-Eelv) Ae) w2} A E FWE
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o) el wet e A2 Selstact. vo] 2. &)
o) 1215 4181 A1550) 5 A8k A A2
o 2|3 o) AF S BAH R fojulsiA 57t
A7\ sl et e o) A%e ] g
(SLA)7HSR1=Igick. o] S B3l kst 87 £.0l0] &
Az A 2ol A = u}omifquu 2R =
W AZH Gk 2L, o] 0 Fefr o] Avk F
2 2po]7} Qe vhol@.Feln] Helz A ZAlo]
31 B} a L vo] 0B v He] Apge) 7
2 5A)3h AR A 4 9L Aoltt. vlo] 027
#o] A 7] ke F7HE A2 B o]
Uehgon, o] At nto] o Eel| He] Age] 4 5
B Aol AT AR A 0.2 AR T2t A E R0
2 2]tk

dAL| 2
Apgo] 5121 Z4of Holah gt 2 sl 9 o
B IBE B4 TG SY 2 A7E 3
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