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Serious problems in reclaimed land agriculture are high soil salinity and poor vertical drainage, so desalinization
in these soils is very difficult. Also, although desalinization is accomplished in reclaimed top soils, before
long, soils are resalinized according to capillary rise of salts from the subsurface soils. To resolve these
problems, multi-layered soil columns with subsurface layer of macroporous medium utilizing coal bottom ash
(CBA) were constructed and the effects of blocked resalinization of these soils were investigated. In this
experiment soil samples were collected from Munpo series (coarse-loamy, nonacid, mixed, mesic, typic
Fluvaquents). The soil texture was silt loam and the EC was 33.9 dS m’. As for groundwater seawater was
used and groundwater level of 1 cm from the bottom was maintained. The overall rate of capillary rise was 2.38
cm hr' in soil 60 cm column, 0.25 cm hr 'in topsoil (30 cm) + CBA (5 cm) + subsurface soil (10 cm) column
and 0.08 cm hr' in topsoil (30 cm) + CBA (10 cm) + subsurface soil (10 cm) column. In multi-layered soil
columns with CBA 20, 30 cm layer, wetting front due to capillary rise could not be seen in top soil layer. After
70 days capillary rise experiment water soluble Na" accumulated in top soil of soil columns with CBA 20, 30
cm was diminished by 92.8, 96.5% respectively in comparison with Na" accumulated in top soil of soil 60 cm
column because CBA layer cut off capillary rise of salts from the subsurface soil. From these results we could
conclude that the macroporous layer utilizing CBA placed at subsurface layer cut off capillary rise of solutes

from subsurface soil, resulting in lowered level of salinity in top soil and this method can be more effective in
newly reclaimed saline soil.
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Distribution of water-soluble cations in soil columns made of coal bottom ash 60 cm (CBA60), soil 60 cm (S60), topsoil 30
cm + CBA 5 c¢cm + subsurface soil 10 cm (TS30+CBAS5+SS10), topsoil 30 cm + CBA 10 cm + subsurface soil 10 cm
(TS30+CBA10+SS10), topsoil 30 cm + CBA 20 cm + subsurface soil 10 cm (TS30+CBA20+SS10) and topsoil 30 cm +
CBA 30 cm + subsurface soil 10 cm (TS30+CBA30+SS10) after 70 days capillary rise experiment.
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Introduction

EE URbH O e w2 HekE THHER
AEH A (salt stress)S = ¥ oy AEQJAF
571’ W Fpido] ERFsto] 2hE Aol o
3lt} (Alperovitch et al,, 1985; Koo et al,, 1988;
1996; Hopkins and Hiiner, 2004), wahA] 7+
2240 Besh] SlAA Eope] Aol A1
Eojof g}, tiFEo) 7HAA] BERE Es, Al H &
INEAL AR EY s HE o o iz
BHE A SR ERE 20 mAT st
A AR Aol ALH R dofuf Bk FHo| At
7F A == A A3t (Resalinization) @0l Yot} (Kim
and Han, 1990; Cho et al,, 1992; Kim et al., 1997), ©]<}
T Y olehg he] BHAGNME WHE wrh g
ApefolA] Apl7E e w7k 22 ApeEloigich et
= R1O] A 4] A 9 AR AP ZERlof) whek 7HA A] 9
mEol g3t R S SIs Aol el Wk A
Hi7F Fagh Aol =it

Bolan et al.,,
AR =

AS7HA| AFREFNA AGsE Ao Tt A= maf
& 58 o]gsle] BEgEH| fREZEF W dR HHS
= O =]

ORI AT Fo] YT, BE o] A4z

’ o = o
of FFe wA doe Adshe A7 4R ey
THEA| oA AgH o Azol mAT AFSS 2Pkl 7]

2ol T3t AT o}y vl & 49Utk (Kim et al.,
1988; Kim and Han, 1990; Jo et al., 1993; Rooney et al.,
1998; Topark et al,, 2002; Akudago et al,, 2009),
shd s A FARER H““Elt Aeks]= 2008 7|
F AZF oF T60RHE] MAE T 91 vk 915 221
E T3, =A 5= XHP}&Q O'E}. AE3E Y4
o ARG ) FIE 4 /KA B2 5o 97
7} £=34=]9)=1] (Hong et al., 2006; Lee et al., 2010), Hong

et al. (2006)-& =04 AELSF] A& & BE Aulst Au},
=oF 9 o Aue] $34 FAANS WA 4 glolckn
gt vf ek, 4 EPQ Z OF 15~25%2 A= Aehuct)
= AR B4 vliHeks e A4 (97 0.5~6.0
mm) 2] FAS 7]- 132 Q)3 o] o] tHE ujY %
gEal glow ol AEgsty] el sty 54 9

34 Bt gt A7t F2 E2AE ZA 5

£=3Y=]QIct (Jang et al., 2009; Lee et al., 2010).
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CF2E9F (Multi—layered soil) 2204 ta=+&2] A3}

A BN FYslr] Yslo] diFIEHoR *4E‘rH}B¥xH£
2 7IA= EF (soil column)E THEo] EF U 5

EoFel A

9| ols 9 HxE ARG
Materials and Methods
ABIEQF A Eoke %a}j;E AAA F2d Afehs

e Rg S 9 :
4% SNl Szl S
mopo s mopt S5 FYATEIl 2
o A 3te] £ o]atobe HAISITE (Table 1),
AR EFS] EAS Aol A1 nlate] gge] g )
ARISFE (Silt loam) 2 EUC] 2174 (Electric conductivity;
BO):= 33,9 dS m™ 2 Uiehjo] o gic, EAwo) A
89 £ A7) BRI A Y= £ A}

of WAl s Aol ARkt 5, S% Bl IN
NH.OAcE 1:52] W& 7Fet F- 14Kt g7k I3hal 84

7F AT AENS A PAoZ EFS F 23] A
Hoto] EYF & FolS AAsIAL o] EOol:'gx_‘ AZXS T E
FAF ) ARE-SFGITE, Table 20 EAF | ARS-H EOFO

sl LRIt A2 Eoko] 4=g-A4jokol e

Table 1. Physico-chemical properties of the soil collected from the Saemangeum reclaimed land.

pH Ol oM Water-soluble Cations Exchangeable cations Particle size distribution Soil
(1:5) K Ca Mg Na K Ca Mg Na clay silt sand texture
dS m’ g kg'] cmol, kg'] %
7.7 33.9 1.5 140 1.1 74 247 222 24 102 282 6.1 56.1 37.8 SiL
'Electric conductivity, 2Organic matter
Table 2. Chemical properties of the soil used for capillary rise experiment.
pH . ) Water-soluble Cations Exchangeable cations
EC CEC
(1:5) K Ca Mg Na K Ca Mg Na
dS m" cmol, kg cmol. kg
5.5 7.5 7.1 0.05 0.1 0.1 0.18 0.09 0.3 0.4 0.21

'Electric conductivity, *Cation exchange capacity
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Table 3. Chemical properties of the coal bottom ash.

pH Exchangeable Cations

Table 5. Bulk densities of soil columns used for capillary rise
experiment.

15) EC' CEC’ K Ca Mg Na Seil. column Bulk densities Pore Volume Porosity
S m omol kg emol. kg (g em’) (em) (%)
92 28 0.6 009 04 05 13 Top soil 30 em 147 2623 44.53
'Electric conductivity, *Cation exchange capacity 60 om 147 5246 44.53
5 cm 0.96 47.7 48.58
Table 4. Particle composition of coal bottom ash. 10 cm 0.96 954 48.58
CBA' 20 cm 0.96 190.8 48.58
Particle diameter (mm) Percentage of particles (%) 30 em 0.96 286.1 48,58
40 < 15:3 60 cm 0.96 572.3 48.58
20~ 40 300 Subsurface soil 10 cm 1.47 87.43 44.53
1.0 ~20 320 'Coal bottom ash
05~ 1.0 11.3
<05 11.2
Total 100.0
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(TS30+CBA20+SS10) ! 30 cm Zo|2 273 EF (TS30+

CBA30+SS10)5 22t Al2ket3ith(Fig. 1),
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Fig. 1. Soil columns used for capillary rise experiment.

Table 6. Major cation concentrations in sea water used for
capillary rise experiment.

Cations of sea water

Sampling site pH EC
e P K Ca Mg Na

R ¢ — FET0018) ) D ——

Simpo port 82  41.8 1.1 1.8 8.6 35.7

Results and Discussion

RO DN &5 &Y EF U mAR A5 |
(wetting front) 9] o5 &&E& Z75t0] Table 79| L
Aot ZF B HAMES SEe B9 siRolAs
I SRR SepdeE WolR|= AHRE UElth B

RO Hot HAR eSS Es S60 BEF0lA] 2,38
cm hr "¢l HHA, 5 cm@] AJEkalEtA}E-S 7F2 TS30+CBAS+
SS10 B0 A= 0,25 cm hr '@ YolbF il 10 em®] AJehi}
S22 7H4 TS30+CBA10+SS10 ESF= 0,08 cm hr &
B Wobgom 20 em®} 30 em®| AgHIEAES 717l

AN Hir
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Table 7. Overall rate of capillary rise of wetting front in soil
columns.

Rate of capillary

Soil Column Soil layer rise (cm hr')
I CBA' 60 cm -
II Soil 60 cm 2.38

Topsoil 30 cm 0.17
m CBA 5 cm 0.88
Subsurface soil 10 cm 18.18
Total 0.25
Topsoil 30 cm 0.05
v CBA 10 cm 0.42
Subsurface soil 10 cm 18.18
Total 0.08

Topsoil 30 cm -

v CBA 20 cm -
Subsurface soil 10 cm 18.18

Total -

Topsoil 30 cm -
CBA 30 cm -

Subsurface soil 10 cm 18.18
Total -

'Coal bottom ash

TS30+CBA20+SS10 B2} TS30+CBA30+SS10 EFol A=
2] A A5 (wetting front) o] AEHPEAYE AMEL

2 U] st

EFo & ofF AR s AW 10 F BEFE
2.5 cm 9|2 Adslo] B | SAm2olT e AR A

N

= Fig, 29 Zth CBAGD EFE= Zlo] 40~60 conZtA]=
6.1~27.4%2) Z=E31ekS LFERH L Z00] 10~40 cm= 1,1~7.8%
O] RIS Helom Zlo] 0~10 em ZoollAl= 1% m|t
O] SERIFS Uit S60 B AAIAOR 34.3~44.6%
o] £=H35tekS UFERY QT TS30+CBAS+SSI0 EF0] A&
5 (SS10)0]l 3= 37.8~38,9%2] Hgak Lepg o, 4]
HIEFAZ: (CBAS)oAl= 13,8~20,9%9] A o2 e
TS UEhlaL, RES (TS30)0ll4= 35,6~47.3%
o] SREES Kol 860 B9} H|SS Awo] SRS
UERATH TS30+CBA10+SS10 EFE AlEZ (SSI0) oA =
32,2~39,1%2] TEJFFE Uehi o), AlRhIEAlS: (CBAL0)
o= 9.6~13.6%2] R SRS UG, RES
(TS30) 0l A= TS30+CBA5+SS10 BE20] FEHT) W2 91 9~
37.0%2] 4=53812FS W olrh TS30+CBA20+SS10 B2 Al

3 (SS10)0]| 4= 85,4~43,9%9] Sw3ts Uewloy
A3 (CBA20)0llA = 11,.2~12,9%9] W& 4-E3lw
S YEPHSIL EES (TS30) ol A= FE 3H-9] 11, 2%01| 4]
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Fig. 2. Distribution of soil water content in soil columns
made of coal bottom ash 60 cm (CBA60), soil 60 cm (S60),
topsoil 30 cm + CBA 5 cm + subsurface soil 10 cm (TS30+
CBA5+SS10), topsoil 30 cm + CBA 10 cm + subsurface soil
10 cm (TS30+CBA10+SS10), topsoil 30 cm + CBA 20 cm +
subsurface soil 10 cm (TS30+CBA20+SS10) and topsoil 30
cm + CBA 30 cm + subsurface soil 10 cm (TS30+CBA30+
SS10) after 70 days capillary rise experiment.

FE Zlo|7} Woldas X&Hog pHEIlRFo] st
0~20 cm ZOJol A= 2.5% n|THe] =Ealeke BTt TS30+
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oS UER o U AehealiS (CBA30)ollA= 2.4~18.3%
o] RS UG RES (TS30)olX= EES o
0] 3 7%l A F-E Zlol7t Wold4E Eokego] hast
o] 0~20 cm Zolo A= 1.7% v|Tte] 23RS Bt B
Fe HARE] Freju|R of7] AR (Capillary model)
£ BB sl A e B W 0] HAIT dsEole
EFE=9] WHxEell tiste] Eq. 13} o] T (Hillel,
1998). 20 cm ©O4Fe] et A|ES 717 TS30+CBA20+
SS10 B9} TS30+CBA30+SS10 B0l 4] HEZO] 42535}
gol v B Y=, ole 7o BAT A 0l

7 B, 13 o] BARY] WIS whlesh] o




410 Capillary Characteristics of Water and Cations in Multi-layered Reclaimed Soil with
Macroporous Subsurface Layer Utilizing Coal Bottom Ash

5= (Macropore) & Thg H3t e AlS WolAf 4=
9] BAI Aol FEHE] W= siAEn

B9 UE

QRN
1

N

2 EE A LS 70Y  EF
£ =) Achsto] EQFo] 4284 ool TFs
A% A3k= Fig, 33 2ot B U 84002 sl
9] ofo] & zAJ3} ol Na'9| gefo] 714 wol Na™ ) Mg™"
> Ca”" ) K & e ITh CBAGD E32] 4284 Na':=
1.0~12.6 cmol. kg '] H$jol UL, Na' TS i =
EFo] Zlo7} WolAaE A2 4dte] 10~20 em Z10]
o] A% 1,0~3.1 emol. kg™, 0~10 cm ZoofAE= 1,0~1.5
cmol. kg 'o] e 3RS Hoitt S60 EFQ] 484 Na'
L AAH 0= 6,2~34.8 cmol, kg 0] TS Rt
EFo] Zlol7} wolyof ulet Hashs AFE HYoU E
F AH] 0~5 em ZlolollA= THA] Z718e] Na' o] 0]
EQF Y H9lof HAE= A% UERdth ol EF
EofEHoA Eo] FukHo|| uhg} Na' o] 0] &
e AA= 7] Eﬂ—ri TE) TS30+CBAS+SS10
2 (SS10)0|A] 27.5~39.5 cmol.
kg0 o S LPEP 3, AehbeRlS (CBAS)OA=
15.8~16.2 cmol, kg UERH Q0 TEZ (TS30)oA=
6.2~18.5 cmol. kg & RATE E32] Zlo|7} Wolof u}
gt 484 Na'= hshs S HYouy BEF B 59
of| A= Jerzzubo)| w} Na'o]20] 2 E|o] 13.9 cmol, kg
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cmole kg UERYGlon] EEZ (TS30)ollA: 3.4~24.6
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Fig. 3. Distribution of water-soluble cations in soil columns
made of coal bottom ash 60 cm (CBA60), soil 60 cm (S60),
topsoil 30 cm + CBA 5 cm + subsurface soil 10 cm (TS30+
CBAS5+ SS10), topsoil 30 cm + CBA 10 ¢cm + subsurface soil
10 cm (TS30+CBA10+SS10), topsoil 30 cm + CBA 20 cm +
subsurface soil 10 cm (TS30+CBA20+SS10) and topsoil 30
cm + CBA 30 cm + subsurface soil 10 cm (TS30+CBA30+
SS10) after 70 days capillary rise experiment.
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52 vty o R Aeket 7o) Adsel RE ULt (o
et al,, 1993; Rooney et al,, 1998; Topark et al,, 2002; Akudago
et al,, 2009).
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