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ABSTRACT

Miscanthus has received wide attention as an option for biomass production in Korea, recently. New strain of giant miscanthus
has been developed and was planted in two large trial sites (184 ha) in the lower reaches of the Geum River. To evaluate the
susceptibility of the giant miscanthus as an bioenergy crop for the future, we investigated the influence of the giant miscanthus on
the soil properties. The particle size, CEC, pH, EC, T-N, T-P, heavy metal total concentration, and heavy metal fractions of soil
samples collected from abandoned field, 1 year old giant miscanthus field (Ist Year GM), and 2 year old giant miscanthus field
(2nd Year GM) at different depths of 0~15, 15~30, and 30~45 cm in April and August were analyzed. Results showed that the
CEC and pH of the soil of the giant miscanthus field were lower than those of the soil of abandoned field. The EC of 2nd GM
was lower than that of abandoned field, indicating that the giant miscanthus may facilitate soil desalination process. The organic and
sulfide fraction and residual fraction of heavy metals in the giant miscanthus field was higher than in abandoned field, due to the
low pH of the giant miscanthus field and the excretion of phytosiderophores by rhizome of the giant miscanthus. This study showed
that the giant miscanthus can influence on the soil properties and further study for long term is needed to elucidate the interaction
between the soil and the giant miscanthus.
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oA Apdol Ehks] Zedslar Qlr} (Chung et al., 2008).
Hpo] 9 offz]9] g A7 1A Hio|emAR Eel= A
o) SR e AEE FEA 9 HEAA 58} 2
Al vlo]omAR Bl URel 2 duE Aaksls A3
A 48 UHt (Kim and Kim, 2010). 14 Hlo] QufAs
A vfo] Loflehe YAkl o U= AMEA|T, A4 FE7F
‘Fog o7 T 4= Qlo] U= gHE o] EA o] Qlrt. whH 24|
Hfo] Qui A= Lignin A7 ZHollA9] AYAL w8 A5}y AY
Aoz olsto] Aol Wt (Shigechi et al., 2004; Keith,
2006). olofl B|3l A= vlAl8A=e]7] Y] FE7F S
FEIA] = the AT Lignin gRFo] Wob H44 Hiol e
A7} Zhe @S S5 4 Qvke S A 9t (Kim
and Kim, 2010). M= E3F A7} Sejuets vlEet &
ofrJoto|n] SR} ThAAY C4 FoHd AER Gt FE9 o
& Ggo| i1 Ho|euljx Aakeko] wrk= A 7k itk
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(Bark et al., 2010).

FEUAEA A= 20099 violeoA] dA=zER %t
Aol 155 Aste] @A) 37 golo] 13T gzoh g9t
2)520] 184 ha] thR AlEAIS 2481 @71 el
of ot 1 2 wjol2us R mA0] o] Pt Q1
of Atjelale] #% Aol gt A7 22 WEel gout
(Lewandowskl 2003 Clifton-Brown et al., 2004; Heaton et

., 2004; Seo et al., 2009, Kim and Kim, 2010, Bark et al.,
2010) Az A20] ek A A olo] ciet 874 9 Ayt
Gl et £AF ESF HEEA] AE|ojof T Ao = wtEch
ojof & Aol A= A A7} SRt 24 E o] 9l
WA W EY B4 W3S 245k 71249 8 9% 971

2 Saelgirk. B 54 BAL Sisto] SsAA, 194 A
ol T, 24 Al T M Eope] ojglel HAS
SR, SEAE o 222 Sasle] B B4 £

PP oAb gebel sl $IXI3 Aol A
T SEAFH] FAT Qe ol 2uls 24|
ooz Aujol AL 128 ha U ek, okxl o]
A Aol SEAEH| e EEOR B ujolo
ek dEg W Jx_/\}i Tog 283 BAL 7421 9o
o S R 248 Akl ol i ot

2 A, 42, 55 50) Aulaklo] AAEYL, 4t AR
o 95 £HE HAER A A7} BE sz}gﬂom} A
A= 1WA 2W@Ao] AAEle] glom A 13] 8o
oA ek

E0F Algol e AR §OHAT ] A A9 1
A, 294 Adiell ApiRlel ol wliwsls] $istol At 4

Bl diste] HaYstAnt (Fig. 1). B A= A3 A9
A= 9 &= Table 1o YERHQITE 290l &J3t EQF E49

B3 ffatod 13} BEfAme] AF A7l 7] (201349 49)
o, 22} EFARS] HH= $71 (20139 89)7F B AF A
St EQFo] x BAS QJ5ke] tilEAHZ 7}; 30 cm,
A2 30 cm A712 AR 228 BSEGE AFT o
& Sejolgdll BAof Jof xtskgict. Ah A AuAlot £
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Fig. 1 Soil sampling point location in giant miscanthus
planted site (o: abandoned field, m: 1 year old giant
miscanthus field, A: 2 year old giant miscanthus
field)

Table 1 Latitude and longitude of sampling point location
corresponding to abandoned field, 1 year old giant
miscanthus field, and 2 year old giant miscanthus

field

Sampling Point Latitude Longitude

Abandoned_1 point 126° 59' 18" 36° 8' 36.8"

Abandoned_2 point 126° 56' 19.7" 36° 8' 35.2"

Year 1_1 point 126° 56' 15.1" 36° 8' 36.9"

Year 1_2 point 126° 56' 16.7" 36° 8' 35"

Year 2_1 point 126° 56' 21.5" 36° 8 41.2"

Year 2_2 point 126° 56' 18.3" 36° 8' 43"
A7) mopo] St B4 oI 1AL 2L 9
A2 EFE #3014 0~15 cm, 15~30 cm, 30~ 45 cm E%¥
o] %E SAE olgsto] F 18719 EFARE AFIEHA
A=A, pH 2 EC, BEYY] Yol ehgd2 f-55744, 1

WAy, 234 AdiA] AuiA]e] 0~ 15 em A1 B 245t
Pt JEEAHL T 3 2 mm AE TR ARE =R
7] (Microtrac, Bluewave S5396, USA)% o-g3to] FAIEH
ok pHY EC= B 579 Hle= 1: 52 34 uriet
FErS pH/EC &A47] (Sevenmulti 540, Mettler Toledo,
Switzerland)® 243519tk EoFo] <ofolewsh&eF (Cation
exchange capacity, CEC)& 1-N NH,0Aco] o3t A& =
ICP-MS(Agilent 7500 Series, USA)E o|&3o] HAa}oict.
T} T F5EAA, 194, 298 AT A A2
A= 4 EGAE 1 goll HCIO, 20 miE ¥ &8 & 1
GHS ofu/3Msto] A FFGAIF Y et FANet T
= BAsIG AdAA Ao e B a4 SAFH
wA517] flste] 74EH°“\H—4 70| Ak 9= 0~ 15 em
oloflA] 33t EYE ARSI om, ArA dEoll A ezl xs)
I afsle] 124 k31 g AFBINTE o)% Tessier et al.
(19797} AQkst TAR &% (Sequential Extraction Method)
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Table 2 Operating conditions for sequential extraction procedures according to the fractionation scheme of Tessier et al,

(1979)

Fractionation

Operating conditions

I Fraction
Exchangeable Fraction

8 mL 1 M MgCl, (pH 7), 1 h, room temperature, continuous agitation

I Fraction . o
Bound onto Carbonate Specially Adsorbed Fraction 8 mL 1 M NaOAc (pH 5), 5 h, room temperature, continuous agitation
T Fraction . . o
Bound onto Fe-Mn Oxide Fraction 20 mL 0.04 M NH,OH - HCl in 25 % HOAc, 5 h, 96 “C, some agitation
IV Fraction 3 mL 0.02 M HNO; and 2 mL 30 % Ho0s (pH 2), 2 h, 85 “C, some agitation; additional 3 mL 30 % HoOs, 3 h, 85 C,
Bound onto organic and sulphide Fraction some agitation; 5 mL 3.2 M NH,0Ac in 20 % HNOs, 0.5 h, room temperature, continuous agitation
V Fraction

Residual Fraction

0.5 mL conc. HNOs, 5 mL HF and 2 mL HCl, 2 h, 140 ‘C, digestion in Teflon bomb, dissolution in 15 % HCl

of oJ5lo] AEES &3} ICP-OES (PerkinElmer, Optima 8300,
USA) 4% AXsI9it). d&gs=molA 1 Sl= ol 2usdt 3§
g, I 7= gt J% 23k e, A= dat g7t At
o 23 g, VA= 71 9 S3kEa 23 9,
ViAs 453 +XH0PD:I w59 U [od V
SAZIA] ek gHE ARSI (Table 2).

1o
o=

FasAA, 194, 298 AteA AeiA] 5 0~15 cm A
oz ofolewEgE pH, H7|HELEZS Table 39

vl e SRR, 194, 24 Aol A
BE uAbY R RREC. v gEL o, Akest

7 oejuet =Eoke] tjREe AAsk 9l (Kim et al.,
2006), <2 - A A|ejel Sk Aol Al el 215

T HE skl Atk ek Hlot. fhsdAeh 194 A
A ARl ulste] 2348 A A AufAle] B we
aheko] a1 njake] o] AbjA o s vt

FEsAA, 194, 2dA AIA Ajejr|e] ofol L ghg-ak
2 7V 6.07, 5.58, 5.72 cmol/kg 2, HEO| defo] H%‘;l
obA] ofolemshgaFo] 2t} UREAQ] mAlA FEQ] 9Fo] 23l
gh22k0 5~ 15 cmol/kg 22 (Kim et al., 2006), Al A|Y B%
YubA o] wAld oFE9] oFo| L whEsF Hof| Qlrt, Eoke] pH

o584 ¢ 6.39, 194 AtA Aeiz= 6.09, 2
N Auiz12] A2 5,642 AdjeiA] Aulol] wet B

., 2008).
57 XI, 1948, 2948 Aty ZHHHXH ﬁ7leEEc 4
dS/m oo R, B 7HA AR st v won, A&
Eokog BRur) (Kim et al., 2006). 284 A Auj=]
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Table 3 Soil properties of abandoned field and the giant
miscanthus production fields investigated in this

study
Field Particle Size (%) CEC o EC
Sand Slit Clay | (cmol/kg) (dS/m)
Abandoned| 38.34 60.33 2.03 6.07 6.39 55.63
Year 1 38.87 59.43 1.70 5.58 6.09 55.80
Year 2 28.97 68.69 2.34 5.72 5.64 35.80

o] A7 AEEE 3580 ds/moz $F%AR2 194 A
AR o] EOF M7|MEERCE 20 ds/m 713 YWk o]E %3

A7 BREF A Al Ao wEw, 71E

7 (An et al,, 2010; An et al., 2011)9llA A 137}
Herl =& BEYgA Aedo] wrhe At 27t ol At
Agtt,

TFE7 A, 198 A AR, 2848 A AEiA] &
Fo] TAA FE A= AF ol (0 15, 15~ 30, 30~ 45

cm)9} H?% A7 (G271, $7Del whe E= HSkE Fig. 20 Yet

elet. Asddn 7471 (4t 971 (8%)01] 02 5% 2oz}
71 TSl Uehton, A7) Brks 9]0 ok ek

M) Fapo] Wopr}. ol B WEH W o) A4}
EojoRiE gusy] dEos HHHK, W S5
EoFol|A] AL =l EoF Z1o|7} 0~ 15 cmO)A] 30~ 45 cm

2 VS Hao ool 14.8 g/keollAl 10.7 g/kgo = 2
2319}, 2719] B Zol7h 15~ 30 em®] 4% 4557412t
Aol AufA) o] Eof Aage] Aolzt 7HE Ak ol 19
A A A AahE2 Hd 15 cm& (Moon et al., 2010), A&
o] wiejof ogt Aax0) F= Qlsto] Aol #ef offel 15
~30 cm EF ZolollA Hageo] fFE7d Al Hlste] A9lth

EF Zo] 9 EY A7 A7)l WE EY F 19 $=E Fig.
30 YERlet. daet de) EgolA Qs B AT Al
7ol w2 Apol7t gle AL= YRt E3E At A Aol
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Fig, 2 Comparison of T-N concentration of abandoned field,
1st year Miscanthus production field, and 2nd year
Miscanthus production field with respect to soil
depth and sampling times

3.0

HEE Abandoned
1 year 1
2541 @ year 2

2.0 A

1.5

T-P (g/Kg)

1.0

0.5 1

0.0 -
0~15cm  15~30cm  30~45cm  0~15cm  15~30cm  30~45cm 0~15cm 15-30cm  30~45cm

April August October

Fig, 3 Comparison of T-P concentration of abandoned field,
1st year Miscanthus production field, and 2nd year
Miscanthus production field with respect to soil
depth and sampling times
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Table 4 Concentration of heavy metals in the soil of aban—
doned field, 1st year Miscanthus production field,
and 2nd year Miscanthus production field

. Sampling Heavy Metals (mg/Kg)
Field . -
Tme | As | Cd | Cr | Cu Ni | Pb 7n
Abandoned 2.28 | 4.39 (1022 | 1465 | 3.01 | 1.73 | 19.44
Year 1 April 340 | 3.71 | 948 | 24.22 | 270 | 2.11 | 10.64
Year 2 4.86 | 4.32 |10.60 | 21.05 | 2.78 | 1.92 | 14.70
Abandoned 235 336 | 8563 | 21.82 | 239 | 147 | 12.35
Year 1 August | 353 | 4.31 | 856 | 20.60 | 2.87 | 1.59 | 12.94
Year 2 506 | 340 | 752 | 1783 | 240 | 1.76 | 12.15

Aof AN x| B SHE5 Aozt 15 % ool itk
As®] 7% 294 AN AuiA] BEY F As st 557
Aol vlsto] 2uf o) A UeaL, 1848 AdeA] AEiA| ¢
A5 As B 158 A Yepdth, B R (Ministry
of Environment, 2002) EYQ ¥ &7|& 5 7G9S TA=Z,
ZAF A 32 BE Cde 7|F =& (1.5 mg/ke)S Z3F819ich
67F Cre] 79 B 817152 4 mg/keo= 67} Crol
el A} 718 AAskgl7] wizell, & dtellales Crel e
Zsto] B o A=E WSS 4= §iot oA 2 A o
A Cr Tk 4 mg/kg Bt B8R A} AJejollA 37}
Cro] Heotd B2l 671 Cro 2 AlslElo] Ekedd $8715S
2318 4= Qlt} (Pauls et al., 1999). As, Cu, Ni, Pb, Zn®] 7}
A Boked 7| 211'21]', 6, 50, 40, 100, 300 mg/kge.
2 §Fs4A, 18948 9 2948 AdA AEiA As, Cu, N,
Pb, Zn& EQkedd 28 7|& olstE vehth
o492 A FHE Tessier et al. (1979) ol whbA,
o2 3kt 8AE ARESH] B Fas2 SHAIR FE5191
o} I A= w3k e, D eA= ELV\JOSHL 23 e, I
WA= Fat Y7t AekEel 23 FH, ViAls f71e 2 &
shEd A% Je), ViAs AREREA, 1 ~ VEAR B
7} S7rEE Fase] B O ZboHA AgEe] ok I '@
Aot T eA F20l4 829 Tu59 4% dral AHds
NA= A &E5]o] AlEol F5E 4= 9o, I~ VA =
oA 85H &2 vy B FHo| 2 'L]' ZstA A%
Elo] QIX|Tk Alsleke Halel 72 3H Wl ol 8=E
4= Qlt} (Rauret, 1998; Cho et al. 2006) As, Cd, Cr, Cu,
Ni, Pb, 281 Zn9| $1&3% 7*?43 Fig. 4o WERIT
F57dA Bl Ase= 2 et 571E 2 93k 2%
e = —‘—XHOP;‘]E’I, 194 2 238 AdiA Az Asé
A FY 2 e ke 23 FHY BleY 32 47
69.4 % (49: 69.1 %, 8Y: 69.7 %)} 47.5 % (49 47.6 %,
8Y: 47.4 %0190t} Cud HE G554 4 EFY Cud zt

=

rsaotel=wg] Al55d Al6E, 2013
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A A 2ol wE ESF 54 W)

F 9 f7E- 3= A Jui7 AAske HE2 79.6 % (4
: 100.0 %, 89: 59.1 Z 18K A AuiA|olA] H]
£ 669 % (4¥: 69.3 %, 8Y: 64.6 %) 2GX AdhA A
HZJoll A Bl& 63.2 % (49: 65.8 %, 8¥: 60.5 %)l vl5to]
=t FFsAA B4 Phel 2t FEj7h ARk HlE
59.4 % (49: 56.2 %, 89: 62.7 %)=, 194 AN} A
Aol A vl 57.3 % (49: 53.5 %, 84 61.1 %) 294 A
oA AuiAloll A HE 51.0 % (4Y: 47.4 %, 89 54.6 %)
ulate] gt} 7 S Foll 7H get Feel 2 FHle
294 AdAA SA] Bl A8l Hlgo] s AA B
ool wlate] LAY ket 2F FE tho 2 ket FEil
718 4 FSE AT FEE A 1 A, 2894 At A
2] EgFollA] 2 ejet 4718 9 skE A% FEHo| ulg
< FRE7A EQFY vlg B} vt oldt A= fisT
A EFS a4 Fei7t AdA 919 EFET o st
AR 2S5 9l

AN AufR] B A Fa&o] e Ht EeHg

AR 2 A 194 1 2u4) At Auixe) £
% ok $F57AS B pHRT W) ggold. S

E9] pH7} W2 7% &=t Skl o) 5Ado] S7ksH
Em, Eqfo| S&kshe 7dgko] gt} (Alloway, 1995). Al
55 o83t E9F A3} (phytoremediation) WS 5402
298 B B Yo HgEo] Yt A5 B £
3= FEES SalA7E 1A 2 Qe A Bl
phytosiderophoreszh= 245 42A7]15 E4S 23}
(Lone et al., 2008; Ali et al., 2013). A% #a]o]| o]l H*
o] 9] HHl= LHRE AME AL, 542 SiAIXITh T
23 0T o] &8 w3 ool THH FE& oL uIke F
A F2ES "R (Alford et al., 2010). o]t o]4-
2 QIste] AA AuRolN FE&o] FFEEA EY
Hste] W} EQMgst AJHjE EAstes AR weEh

& A7olAE oL o] At YRR 2SR Qe

I} 2GR A oA Al EQke] ofol2wghgake 7k 558
3} 5,72 cmol/kgO.2 S5 AR EFo] ofole sk ek (6.07
cmol/kg) Bt ZA Yepgtom, A Aule] olsir EF
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O] pH7} Wob At AuiA] B pH #27t 8+ Hok 24
i Ao HEoA] EF] ML A H O R =A LEr
U g77F JAE] Qi 294 A ARl A7) EE
(35.80 ds/m)& T2 2AF A1 B A7AEE (Ffs4A:
55.63 dS/m, 194 AfIA} &2 55.80 dS/m) Ert WA U
B ATl Aol oJst EF AF AA7 AHYS &
Atk SEEY 24 Fe 24 2}, 2WA AdA TjoflA
EY T 552 s dAlol visto] Hop EeHget AHe &
Astz Aoz Yehh=t, ol A B9 W pHE} A
T olA] Bajol| ] EH|E)= phytosiderophoresghs S&o] &4
< EEAN77] iZolct. Ao B 24 thE EY EAS
B} gestA mielslr] $lsiale A717ke) BuUERo] Hasit.

o] =2 20139 FEATA A ol 3d A
A AHAM eita Al AR 7)1 S YE B2 2
A 4.
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