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Abstract

To restore reclaimed land, it needs to be supplemented with organic matter: this is especially true for Korea, where
organic matter constitutes only one-tenth of conventional agricultural soils. The giant Miscanthus, a perennial grass
known for its extensive biomass, shows signs of being an excellent source of organic matter for restoring reclaimed land.
Therefore, the objectives of this study were to (i) evaluate the feasibility of using the giant miscanthus as an organic
resource within the context of re-using reclaimed land for agricultural purposes (i.e., potato cultivation), and (ii)
determine the optimum fertilization rate for the potatoes while the giant miscanthus is being used as an organic resource.
Our results show that after 180 days, giant miscanthus lost 23-47% of its original dry weight, with the extent of the loss
dependent on soil salinity. Nutrient concentrations (Mg2+, Na+) continued to increase until the end of the study period.
In contrast, potassium (K+) and the ratio of carbon to nitrogen (C/N) decreased until the end of the study period.
Specifically, after 180 days, low salinity topsoil treatments had the lowest C/N ratio. In the first year, 150 % of standard N
rates were required for the potatoes to achieve maximum productivity; however in the 2nd year, standard rates were
sufficient to achieve maximum productivity. Overall, this implies that even though the application of giant miscanthus
did eventually improve soil quality, increasing crop yields, N fertilization is still necessary for the best outcomes.
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Fig. 1. The monthly average temperature (C) and the monthly accumulative precipitation (mm) in the experiment field

during 2018 to 2019.

(Lal, 2004; Powlson et al., 2008). 53| 24lst EF
oA §71E2] A = A= e A&7Hse A
AtE SleliA EF Aot 719 §ist 917] 55 52
gt W F83t HZFoltHChen and stephen,
2006).

M= 2T 5 C4 FY A=E 7R e
710N Panicoideae)®l 2&ZF(Andropogoneae)
AMEH(Miscanthus)©ll &5kl v @ HRo] QujAS 4=
ok 4 glom, 209 ol AlRte thaAl F=Eoltt
(Ahn et al., 2019; Beuch et al., 2000). $-2L2}e]]
A= Hioleolux]go 2 ARgSE7] Q1o AMA| 47}
7670Q1 A AA 125 7idsqitt. o] =2 o]
4 m W<, A7t 9.6 mmeolH gyt EAAELE 28]
o|AF 331 #o] Hio]| u| A7} 30 ton halell o]&2th
(Moon et al., 2010).

ANANE ESF NFAZHA o]-8 - Hiol2uf
A7V, 9 gefo] Ul e 9o R Wol AR E=
HAHT =otA ESR7IE SAYC2HN vfEdl]
2ot} Dondini(2009)= A7 EES] f71&E &
A& ZXot=t F-82 4= Ak shlek. ey eha
ghgFo] =okA C/N ratio”} 20 °o14%I 712 A&
2 5 A=A A TR AHE obA| =H /712
o] Bofi=l= oA AT HA 7)ot FoiE TS 4
Atk stFtHHoffland et al., 2010). £3] E4(N)
= FEUeEE, @l 4L B4 dA=Z0|E,
Hg 9 522 5 W2 AE 754 alEo] 48
o]7] W Eof|(Marschner et al., 2012), &2H= oFA A
AHE laiA ZFEoll whE A7 HA Al ko] gk A
7t Hasit}, T3 T FHo R 2HE] 92

d

0
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Table 1. Soil chemical properties by salinity before the study began
pH EC” oM™ AP” K* Ca® Mg Na*
Soil conditions - - - -
1:5 dSm™ g kgl mg kg cmol. kg
LS 7.7 7.05 3.64 111 0.51 1.6 2.34 4.25
HS 7.7 35.03 1.47 108 0.86 1.9 7.79 35.77
*LS : low salinity, HS : high salinity
*EC : electrical conductivity, OM : organic matter, AP : available phosphorus
Table 2. Chemical quality characteristics of used giant miscanthus
Ca® K* Mg Na* P N C lignin C/N ratio
%)
2.25 11.43 0.56 0.41 0.16 0.27 43.12 23.6 159
ARtE 742 i g Asatekd 2] Al AT R At | e] Ao} A A H]E(C/N ratio) 1592
Aol 49 1095 09 109714 St ek A ol AR5 20 - 302 27 Hujar) el 54

A EQFe] 3tetA B4 thaat Z3tH(Table 1).
A A Gt E2 low salinity (LS) A#+- &
E(0-20 cm)9] EC) o]3ksHd B2 EF 4t &= pH
7.701902H, electrical conductivity (EC)+= 7.05
dS m™, organic matter (OM)= 3.64 g kg2 EC
= A= Wlistrlole Aeert Ot =2 Holle
o, OM2 A3 43(20-25 g kg™) vl JHs] @2
7+ 2] E9FolUtt. Exchangeable Ca** & 2 HY
(5-6 cmol. kg HETt o5t oH exchangeable
Mg?*(1.5-2.0 cmole kg)& ZAHS R} o]Ate]¢]
1, exchangeable Na*™2 4.25 cmol. kg 'ol2itt &
SE7t =2 high salinity (HS) A&7+ Z2E(0-20
cm)®] E¥ pHe 7.72 2oy, 97t 35 dS
m 2 PFo] Eokon, OM2 1.47 gkg 'R W2 E
oFo]itt. Exchangeable Ca?*2 ZAH 9=} o]s}
O}, exchangeable Mg?* ¥}, exchangeable K*&
AL ool e exchangeable Na™2 35.77
cmol, kg 2 ¢ =it
A= A5 LAl F7E G« At
A d ATt Ax A A, E71€ 5 cm W= Adst
40 g litterbags(20 cm x 20 cm)°ll go1A] 5EHE-C
2 BE 15 cmoll "i"stltt. WiE < 30, 60, 90,
120, 180¢¢ el A5t &E= Al 105C &
2ollA Axsto] g

T <
T
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of1f 571 Sixfsl 211 o) mHE) oL 2ES 221
AT F 5 em ol Agste] Y Lo Zne
Axstch X T 2HY L2 ol B £
5% sl £ T WAE ANE SN 23 24
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FE2 FUE olgsteH,
0.1% % AT}, AJHIZH(N-P,0s- KzO)° 10-10-12
kg/10a5 EEAHFO R Fa o Aoe BEAHF
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Aoz
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Fig. 2. Comparison of changes in plant residue properties after incorporation according to the storage period of Miscanthus in
Saemangeum reclaimed land; Error bars indicate standard deviation of the mean.

2ymar storage
Low salinity

H 1
A& Aihe %i—'ﬂ‘v_—ﬁﬂ(\/arlo Max elementar
Germany)2, Fa904-2 Lancaster .2 H| A=

H(Libra S80, Biochrom, England)2 ©]-&3ll 720
nmOlA H[A S5kl om, Wi ol SRS

9} IN-NH40Ac (pH 7.0) dEHO 2 &3 oS
ICP-OES (Varian, Vista MPX-ICP)& A&35}o] A =F
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SAEA 23 RStudio (x64, 3.5.3) T2 134
ol-gsto] EAEA(ANOVA)IS p < 0.05 #5202 &
Y519 2™, Duncan tests 5 A 52 AA

sttt

3.7} Y nE
”quﬂ%ﬁ% 3 £49 WE, 2010 EEE
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Table 3. Soil chemical properties before the study began

o5 - o] -

Depth pH EC OM AP K* Ca®" Mg* Na*
(cm) 1:5 dSm™ g kg mg kg! cmol. kg™
0~20 6.6 0.24 2.2 35 0.52 1.0 1.20 0.18
20~40 6.4 0.60 3.1 26 0.52 0.8 1.29 0.39
TR wRE S Helom, Aol 27 717kl ot ok sHeiTt.

M= SAAL R ool fle Aoz eyt 7
oA £ 5 6071 E F¢ LS A FelM e =%
47%, HS A&7 23%7F Zal=l 3l EY Aeel
ofaff o]z} S A=T, Hietz(1992)= &l
71 2 T3] Apolof ofsl FF= vHA gher, £

of Aol T Fao] 22 steh-AEetd 4

3 op7l ot silth. 56] At &2 HS A2+
of vlste] FEert W2 LS A2l77F =% Edleo
2801/ =8=t, ol+= HS A=+ EC7t SHiA &=
A, 712 ol 28 ol Wekr wioletar Azt
o HE 2ofle2 Aoz o ol84el w2
o=, B2 AtolM 53] Aae} Qlitekao

[e)

1o o P

=

I

oo

Lo = ] U]
B2 GEolt Belg2 Aok B4 Amety ok

HWebster and Benfield, 1986; Peterson et al.,
1993). T4 AdIM A4 W &2C) FF2= F
AT B AZbo] A5 7t Bl A Kl
o, AAN) &2 28 A% 5 BdH A= T 7
7to)] Z3to]| what Ao 2 7 HE FEE e
o 19 BEEQE A= 120€87H] = ¥EPt ¢l
oot ol A 57t okt £9] 6708 & e A
Tl F7HEI = ol W7V EG o R RE nAd
=50l HaaA Zgo| oF Zolgt shglck
(Mason, 1976). gt A4} QIiE2 AEHT} o9& 7]
7F 5t o mEA 8= Fgs HolH, litterd] &
& Hshe dutd o R nAlE Sl 7]Q1ghtar 5f%)
THHietz 1992; Kaushik and Hynes, 1971). &3] LS
A7t HS A2TET ¥ =2 dAgs s
o, ol = HEkrt W2 20 4718 el =& &
AoA rBES] 5ol § &ietslr] diEel=ta 43
ZrEnh, Aart FEokA] v e Sl 9=
Fr L3 HE Hol= 5a% 840|tK(Smith and
Smith, 2001). Webster and Benfield(1986)<2 ©1/4
Ee2 dAasto] 7K litter qualityE HFAIZ]

=t o] ¢ A2 E3ll HSHDynamics)oll 9= 1|

—

N

Carbon:nitrogen(C:N ratio)= LS A&]FellA 14
2788 A= 671 F 139.3901A4 112.57HA]
19.2% 74 shlout, At A dto) mE A2 Kol
2] ggkom, 2 A% A M= 67 d7kA] st
= S B30m 205.20014 116.67F4] 43.2% 4
ek HS A=ellA 19, 28 A A 25
6027H] Z17F 1393141 190, 205.2°1141 230.6744]
L3dl8 F7ote AdS EAtt o0¥R" ZH
137.0, 163.6 2.2 ZYZ+ 1.7%, 20.3%7+A] Z4sh=
FS Bt C:Nratio Hl &2 P8 BY € 55
=% &4 71224 litter quality®] ZEet 2|3
H(Windham, 2001), ¥ &#& &2 7= 5712
FHLSA7H 02 SOC A= FFAE 4= dvkar of
AtHKirkby et al., 2013). T3t 4718 £ © FE
F71gte] EF u]PEA 82 C/N H|Eo| S71g
mat ARl SFTtHScott and Binkley, 1997).
S Aol A= LS A=77F HS A 2te] Hsto] &
AEo] HAi 17.8% o Aol Bt

W e LS A TollAe 1, 28 A oA =
& 247+ 0.28 cmolc kg o4 0.49 cmol. kg ' 2 75%,
0.05 cmole kg o4 0.32 cmol. kg ' 2 540% S7}5}
= AFE BH3low, HS AeltelAes 19 A% = o
M= 0.28 cmole kg oA 0.04 cmol. kg ' 2 85.7%
Fachs A% Boor, 29 AFH A= oiE
% 0.05 cmole kg tellA 0.01 cmole kg 2 80% Ha
stk WY AE2 F Ao BT Z7]0 H]sko
30¢ ¥ o] 45| fastes A BTt wE
A navlas e HEFS F A2 B5 F76t
= A% BH3oH, 5] e YEFS HS A=+
oA LS A=l Bt A F7lote A Bt &
g Na'@t Mg*2 RE AHafollA F7tohe FdS
HYEd Hietz(1992)= Na*®} Mg?*& o]5Alo] &
2 o] 2o]7] w2 EX wEA FHHT 5Hgom,
EFO] Na'th Mg?* &ago] AT w2 50

e O Y o
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Table 4. Comparison of potato growth and yield according to incorporation year of Miscanthus and nitrogen application

rate
. Nitrogen Tuber number Tuber weight Tuber weight . Commercial yield
Incorporation L Commercial rate
car application rate (ea/plant) (g/plant) (g/tuber) ) full (ke/10a)
yea (kg/ha) eatuber weightea average tuber o yield
0 8.4+ 202.5% 23.9+ 30.1+ 255+
1.1 53.0 3.1b 10.5b 148.5
100 10.6+ 529.5+ 50.1+ 71.6% 1515+
0 1.4 34.6 3.2ab 0.4a 106.1
150 9.8+ 641.6+ 68.1+ 68.2+ 1750+
2.1 22.5 17.3a 3.1a 75.5
200 7.1+ 374.0% 50.5+ 62.5+ 900+
1.4 130.8 4.5ab 4.7a 254.6
0 49+ 185.0+ 40.8+ 51.1% 370+
2.6 79.4 8.0 4.8 138.6d
100 8.2+ 388.3+ 47.9+ 59.5+ 910+
) 2.2 76.5 5.1 12.8 199.7bc
150 9.6+ 721.6% 76.4+ 70.0+ 2,050+
1.6 49.3 8.8 4.8 272.2a
200 6.6t 261.6% 39.9+ 58.5+ 620+
1.9 73.2 0.8 5.1 221.1d
0 3.7 208.1+ 59.3+ 63.2+ 547+
2.5b 158.1d 22.8 12.2 432.9b
10.0+ 67.2% 68.7+ 1,860+
, 100 18a 679.2+192.1a 15.2 53 513.5a
9.4+ 63.1+ 69.8+ 1,680+
150 1.7a 603.3£178.62 3.6 8. 537.9a
200 9.8+ 627.7+ 63.5% 67.5% 1,686+
1.8a 79.4a 18.3. 5.8 182.3a
0 47+ 201.9+ 49.7+ 553+ 461+
2.8b 126.3b 22.5 15.9b 358.4¢
100 9.8+ 595.5+ 60.7% 67.1 1,607+
1.9a 197.8a 15.2 7.8a 571.8ab
Nitrogen rate
150 9.5+ 634.6% 66.9+ 69.6% 1,768+
1.6a 144.6a 13.7 7.1a 445.9a
200 8.5% 488.5+ 55.5+ 64.4+ 1,267+
2.2a 170.9a 17.7 6.4a 479.8b
0 9.3t 497.1+ 53.9+ 60.5+ 1303.3+
2.0 190.7 18.7ab 15.4 635.3
Year | 7.2+ 363.6+ 49.0% 59.7+ 894.0+
2.6 22.7 16.5b 9.8 695.3
) 8.4+ 538.8+ 63.4+ 67.4% 1469.1%
3.2 238.7 17.1a 8.3 664.2
Year ns * * * *
Anova Nitrogen e ek ns b ok
Y X N * £ * kel sefesle

The results represent the mean = SD and a-d means with different letters on the letters are significantly different (» < 0.05)
according to Duncan’s multiple range test.
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7] whiel 791 el H B8 A0 BEHHh Na'
T A9 A B A §47F sl Row
AGaite 71hg 4 9& Ao woH,

CHOUA £2 U HAAHISZO)

=

A A ESF 3k EAS pHE AW L9or,
OM¥+ AP &Fo] 42 2.2 g kg™, 35 mg kg 22 &
gt EQF di¥] 1/10 $F°]%2H, exchangeable
Ca™¥} K, Mg®, Na"&°] Z+7+ 1.0, 0.52, 1.2,
0.18 cmol. kg™ ©1tHTable 3).

Table 4+ A9 £ A*HIncorporation
year) ¥ A4 AJH] £=F(Nitrogen application rate)
of W2 A A5 I =S Hlwstgrt, A AH]
Fol 2 Ag 9 55 xtol AAFT FA(Tuber
weight)2 A&lotl FAHC=R FoHS HYor,

T YA 4(Tuber number)2t A48 (Commercial
rate)2 A4 A 100 kg/ha AH[sHAE ©]
o] AAAH] Aot FAFCR {o4& HolA
rotct. §H A A42F (Commercial yield)2 50% 3
H]gF 150 kg/ha AlH] A] 1,768 kg/10a2 71 W3ko
™, 100 kg/ha AlH] Al 1,607 kg/10aZE 50% SHIgH
ATt FAALR 59408 Holx] gytrt. HiH A
AN T Axte] metA= AAT FAE Al2lstal
FAACR §9438 Holx] ¢Sl

A FQ Axtet DA AJH] =59 o] YBAHE
AAT B E S 9 o] FAHCR FodS
W A (p€0.05).

A T Axtof w2 AAH| R AlH] 7|2
d A BQ] A AAHgE: EEAH])(100-100-120
kg/ha)itE, 19 F¢ot9S o= E& A1H2] 50%
SHIZ7F 2 S-S UE It B A E &
AotA] kS = G FAZMEAH R 50% SH]
7} 7wt om, o] elof= AR o2 BE AH|e}
FAALR 5948 HolA] gt i #HE Hiol
QufA fFolL A8 Fa 5 IS 5, 5713
3|74 (Kaushik and Hynes, 1971)3 A4 AJH]o]]
gt 2= A gkl A AT AltgQloletar wA
&4 rkSalme’ron-Miranda et al., 2007;
Mendieta-Araica et al., 2013). 28t} &5 © @2
25 Aake YA A4 9] FH]= SOMe] 37FE =
I A|9HChristensen and Johnston, 1997), 2H=<]

L

Hpol @ mj A7} Z7FgHe B 4] A ATt Bofj o] Algtaclo]
7] R FREAOR Afitti= ditEo] =20l
=22 9lth(Henriksen and Breland, 1999). E3foll
e F71d A 0] ook thedot o= HA St &
&S fgarlFlvtE 2o thMagill and Abeer,
1998). ol2|gt o] f-= ot Eofizt 15 Atole]l A
= W3 ZIAY, 2l 2ol E49] ot E AsiaAd,
2oll=7] o RtEEY S SANNFHE
A2 ZAolth(Fog, 1998). ¥IH EF O 2 7|2t o] &
Y2 7] davm Q7E AT 4 Akl shle
™(Mahapatra et al., 1991; Cassman et al., 1998;
Wang and Yang, 2003), 57133t H]|29] 23t A
Hl= @717 22 S =49 4 e feet A
Homn Ar|Honn: EY f7|ES A7,
CECE 433] =¥ & Aot st tHAggelides and
Londra, 2000; Bulluck et al., 2002). Fig. 32> 7H4]
2] ZA2F Aey Al A T Axte] whE A A AlH]
T2 AHARA FAHCE Ui Zolt, oA BEY
A0 year) A& AH] £ 2F SAHSR Fo4&
2] oFktHFig. 3-a). AW A 19 FHAI(
year) A4 AJH|E 150kg/10a7} 71 S5Fo] B e
o Yield = -492.5 * A&AHF? + 2651.5x -
1947.52 Ag=e (R) 69.5%%5 HErHAckFig.
3-b). AW M 28 EJAQ year) HAAH|
100kg/10a7} 7V 42o] Wk, Yield = -326.75
* AaAMERC + 1957.5x - 999.752 A¥Ee (R)
87.1%E HeIHAth(Fig. 3-c). & AtolA f712kd
o] a5 S 23 A FEYREE 2332 5
AR o= F 2tolE Holx] ghgh=d], 27] | 52
o] gt £l 2 DI EF Ao 7
3t wiZolH, Eg S 471234 ] Eaf a2
qdeoz A7)z AR Sttt Verma and
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Fig. 3. Regression of proper nitrogen application rate by incorporation year when potato cultivation. giant miscanthus not
input treatments (a), giant miscanthus input 1 year treatments (b), giant miscanthus input 2 year treatments (c);
Error bars indicate standard deviation of the mean.
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