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Salt accumulation at soil surface is one of the most detrimental factors for crop production in reclaimed tidal
land. This study was conducted to investigate the effect of capillary barriers beneath the soil surface on
dynamics of soil salts at coarse-textured reclaimed tidal land. A field experiment was conducted at
Saemangeum reclaimed tidal land for two years (2012-2013). Capillary barriers (3.5x12 m) were treated with
crushed-stone, oyster shell waste, coal briquette ash, coal bottom ash, rice hull and woodchip at 40-60 cm
depth from soil surface. Silage com (Zea mays) was cultivated during the experimental period and soil salinity
was monitored periodically. Soil salinity was significantly reduced with capillary barrier compared to that of
control. Oyster shell waste was one of the most effective capillary barrier materials to control soil salinity at
Saemangeum reclaimed tidal land. At the first growing season capillary barrier did not influence on com
growth regardless of types of the material, but plant biomass and withering rate of com were significantly
improved with capillary barrier at the second growing season. The results of this study showed that capillary
bamrier was effective on the control of soil salinity and improvement of com growth, which indicated that
capillary barrier treatment can be considered one of the best management practices for stable crop production
at Saemangeum reclaimed tidal land.
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Temporal changes of soil electrical conductivity (EC) with capillary bamier treatment at (A) 0-20cm and (B) 20-40cm
depth in Saemangeum reclaimed tidal land during the experiment period. Solid lines represent regression lines between soil
EC and time.

*Corresponding author : Phone: +82638402274, Fax: +82638402118, E-mail: sangusa@korea.kr
$Acknowledgement: This study was carried out with the support of “Cooperative Research Program for Agriculture Science & Technology
Development (Project No. PJ00928703)” Rural Development Administration, Republic of Korea.



Sanghun Lee, Su-Hwan Lee, Hui-su Bae, Jang-Hee Lee, Yang-Yul Oh, Tae-Hwan Noh, and Geon-Hwi Lee 399

Introduction

2 BAPge] BAISH S SAEA] S AE A

Neparggol et Q4jo] AT QAT Seluetel A
AFEL ' S0 Y= AAolt} (Park and Seung,
2013). olo] we ePgAel AEAALS: St AXwAe] o
H7F 293 AHoln LUl 7 A] (reclaimed tidal
land)~= 135%ha® ZAA|HZA 2] 9%= 2} X|5}o] 1 FQ4J0]
g2 AX| AL It} (Lee et al,, 2012), o]of waf A¥ = 2011
W A9 59 o) W ol U AL WER 7
Jolo] AlRAEE AL ARk ST (Lee et al., 2012).
Jeuh Syt 7H A= diFE TR @191 ARl W
A& AAste] 27 HzZol EF =7t =3 A5t
FH7F o vt B, EQHISETF WAL 29
Evto] AR ZARS 7L Sk 53], T S
o] S7tEl= Al719] A3} (resalinization)= 2= AHSA
5ho] =8 9lo] B3l 9t} (Lee et al., 2013b). IH2{A] &
oe] s Zrh Mo HRAIS} tlio] 2e] £
AoZ Wil (Lee et al., 2013a) Eo]A )o]
Qa1 AT A R S 9 EALE 919
£ WsES Bk Aol Fasit

A3} FARS HAE=0] Abso] o)Ft 284 o] B
o EHo] MAEE PO T v} we B4 s}
7} WFAYsE7] 4Tkal B (Seo, 2011) Fo] glovk, A

TRA oA 71 & WAl ZAohe ANFES] AY9st £
(306.6 mm)= FIAFESFE (363.7 mm)e} Zfo|7F 2] 9F2
Aoz B qlok (Kim, 2013). AFst @74l oJgt 2}
=9 AHsiE Eol7] fleiie BAY] AsS JAlst
+ Ao Fasith, AR A5 BA, Asked, £
A, B, 71823 5 o9 7] 8500 ofsf 2
Et} (Li et al,, 2013), 92U} 732 EoFo] o7 1ls)
£ Eole WS 2 Adaes SAAE Aol 4
o] gkrolA Qith. dlE &0l ¥ & Ashi AES
&l AskeE %—%01?—‘: W (Kim et al., 1997)3%
EY #2355 Nt HRAFE SolsH skl 2elde
F Lee et al,, 2013b) 5°] ==t} 314
Tk AR e Ao =N QY dAE Rt
J A AT wkx] okl Alg oz o
4 ot}
OEMEMW o g2 kol A B maal ks
o] TAsIAL it} ol A= Xt 25WHES] Zufjzto] I
AL glom WY = uj7he] 50%= = A H-GO=2 AjolE
il oF 10%8=e =92 Bl=Re] da2 ARHI o
(Kwon et al., 2004), 3FA%F, UHA] 40%= 8H0]-uﬁao]1,]-
s|ol7lol oA WrxE|al ¢lo] EAL Yoz olAE T
of SeuEre] A ARS8 AR 18~20%
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9l 1U7~130%F & 2082 IS A= AR 9 9A
% Ak o] §E|AL glovt tiRE-E TIEEA AT 8-S
2 o 8= Itk (Keum, 2012), Agts A= 33HE
(furnace)of| A UM{?} AehS 11207 HAAshHA] oA
d=d], A & A== AeEgA (bottom ﬂy ash)
22 el o7fo|do] Sgte nicol MHHEh & Alg
HAEFR] 10~30%2 AFHAISEAL Q= Aekabete] Ay
= HAF F7FskaL glo] 2011 7] 0= oF T00FHES] A
A7 A QAR SRR v = AL Qs Aol (Park
et al,, 2012), 9-2]u}2} &IEt (coal briquette) AREF2 1980
ddf o] &2 &2 o g skl o 2000 o] & i
7F 59 o2 dAeAREEe| 543 F7Fske] 2008 =
ol = oF 2308kE0] ARE-E| ATt (Park et al., 2010), Z= |
7% WA 9 Ao w2 AnkA]e] WA ARk
ARl H)g|she] 19984 918E 2] KA 7} HhAlElgl oLt
2000 el gk Aol §43] S7Iste] 2005 =0
= 67TRRES] AL A= Yl e Ao Mgk #H7]E v
ol W= AL Q= APgolth (Jung et al,, 2009).

o|e} Zro] it A W Al FakE o] HAYRRS
sfatct Sk SAllolH, °l°ﬂ oiek ohefet E-gHieto]
HAEL Qlrt AbY W mpAl FARES WASHA Y HA
HsHA AMESHH ofH U S e 5 TRl of Y
u];‘d 2~ olx]u]— XJ;H—g] S B_-SL 73]
AHzo] &go] 7Hssit
A3} A o2 Eook—‘?*éi'% Al
ol met B2 S W] wZol
ZF A 9Qof| vz 2] AHAst WA HAE Al9+= Zo] F
fsic), wEbA, 2 dtollAe Avba 1H A Bokol| 4Hd
9 Al FARES o] 81t mAlt XP % (capillary barrier)
= P8 o= A3t dAaY 9 Ho o]s 58S
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Materials and Methods

A EY W IINEA 2 A7 HeRE 2o
x5t S Aletaete] wjuRE AJSEAF (35°46'N, 126°37'E)
oA 2012 4YHE] 20139 129714 2d7F AX|SHATT

AR 327-E- 200610 EHo] FAPE ek E o] A= e
=} 2011dol ZEE Glaiaasis TRDS A
i3l ZA|ECRS HESIEFo| 10% WolQ] Alekd Eok
o £ wko] FEaln, EHEL SIEA 345 (Fluvio-
marine deposit)2 HA|Z §F F3EE (coarse loamy, mixed,
nonacid, Mesic, Typic, Fluvaquents)©]|Ith FA|ESQ] A
o A 3HA] EAJS Table 1049} Zo] ESF pHE 8.52
A S ZEE YRR ARich % B HkS 13 g ke
AL IRFE 80 mg kg 02 W ZHE Hola AU
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Table 1. Chemical properties of surface layer (0-20 cm) for the study soils at pre-experiment stage.

pH EC TC Av. P,Os Exch. cations (cmol kg'l)
(1:5) (S m’) (g kg (mg kg') Ca K Mg Na
8.2(0.3) 2.6(1.4) 1.3(0.1) 83(7) 1.2(0.1) 1.03(0.09) 1.9(0.2) 3.3(1.2)

Values in parentheses indicate the standard deviation of each mean value.
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Fig. 1. Monthly (A) mean air temperature and (B) precipitation during the experimental period and long-term(1981-2010) average
(source: Korean Meteorological Administration, available on http://web.kma.go.kr).

3, X3 Mg (1.9 cmol kg )T} Na (3.3 cmol kg ) 2] 3
o] o} o] Extdol At MR shefle S E
S4< vEhia Qi
o] A|de] Ayt df7] 7122 12.6°CEHA 1] Z#]7]
—0,6°Co} 8Yol| H117]& 25 6°CE HYom AR 7S
2 1,250 mmOZE 0] F 66%7} 6~9Y Aol F=E o]
ek AIE 717F Fere] Hat 7] W ek Fig, 19
] Bl ulel Zho] 201293} 20134 7, 8Y€e] W V]S
309 Bt 72Ky =& S e 21lar, 2012 8
A} 2018 792 301 Bt FFET} =2 S 7
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DM RITHS M| Y RS A A
ol ALGE BAE AR W Splr|E F A ol
FsA W A Beste] SRS (10 em), YA, 2

)2} (5~8 mm), AEEFEAY (2~10 mm), 444} (13 mm),

)

B AejElgon], 2ztel ARe R AL, R
o MIFERALY, A BYAY, RIS, e

A7, QA H7lE Aol 2zt =Rl e, 3
g mA AFEAS B S AR & FageR Ab
st ZF A @TLe] WAL 49m” (3.5x12m) & FE(0~20
cm), A& (20~40 cm), 12|31 40~60 cmE2] B A
E ZojWar A|3zof|A] 40~60 cm Zlo]of WA A=A
< 8.4m’°9| ¥y & 7}7}o| Zlojof| MYl HES BREES
A= oA mjgste] 24Tt ZF AlFTE TE A
Aot 3.5m 7HAS Fol AEt7ke] 1l WAISHL.

B Aslo] AMeE AFREL Alda|R]g Lo (Zea
mays) A SAFEES aHSAY F5¢ FBEoIeH,
koo 20121 49 259 20134 49 182¢) ZHz} 30 kg
ha ‘9] wpEEFo & Hulstirt, A4 A el 75x20 cmE 8}
Ao, 4~597]00 155 ALlg U X]= AASIICE Al
HIFRE 52413 Aol Esho] 323 AHIEF (NIPOs:!
K50=150:100:100 kg ha )& 7]&oz Ax (84)E 7]4|
2 50%% AMISIAAL 370 AR 50%5 Al
H|gto] 23] EAJSEGTE 1A (Sak) 2 Ze| (k)=
A 7= Alejsiglon Az 9 Hais WAls s23%
A FEZAENR (RDA, 2000a)l] 33T, S5 AR 24
T 7|5 ddste] ARkl on ST 2012
Holli= 123¢, 20130)= 1180t

BN EE 2 Aol &A
(0~20 cn)9} A E (20~40 cm)9|
A 18] ol F)HoR AT, AR Sl
7 7 2 mn BEAE ST ARE DPYE BAGO

2 o] g3IFaL, o] F UH= 0.05 mm HE SHAA F &

e

29 HaERE RSO ARl EF pHe} BC

Ao N7} 54 HlES 15 (w/v)E 3F] 3087 A%
St 5 pH meter (Orion, US/5204)2} 21712 %=% =747] (Orion,
US/16280) & o3l SHsIltt, BEY 5 & ¥237482 4
A A (dry combustion) &2 800~1,000C oA ESF &
EAE AAAA ERYER= o XSRS ON automatic analyzer
(Elementar Analysen Systeme, US/VarioMax CNS)E ©]-&
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sto] B3kt FA AR Lancaster 0.2 Eg577]
(Shimadzu, JP/UV-2501)2 o] 720 nmol|A] B3 =3
stplom, =84 9 2|3y ol 72t IN-NH,OAc
(pH 7.0) A& o2 FE31 ]S ICP-OES (Varian, Vista
MPX-ICP)E AM&-5o] ekita] shaict,

L4 A B 9] £ 1m0 422 Y F 5] ha
WAF o2 gHibsto] Aliketl o, AlEA A E A

IS BRI o] AR BAL 5] Al
2E AZRSH S A8l 8445 (ADF: acid detergent

fiber)g} 2480 84445 (NDF: neutral detergent fiber)
RS- GoeringH ¥} Van Soest{ 02 B A5 o o]2E
B 7[A3FAE (DDM: digestible dry matter, DDM(%)=88,9—
(0,779XADF)), A& (DMI: dry matter intake, DMI
(%)=120+NDF), Al=2] A& 7}x] (RFV: relative feed
value, RFV=(DDM<DMI)~1,29), & Z7}4A3oKHTDN: total
digestible nutrients, TDN=87,84—(0,70XADF)) 7}& A=
3T (Bevre, 1988; Moore, 1970). Chlorophylls & r+=
AHFA o= 9] SPAD value®} & AHHUAE U=
2 (Zhu et al,, 2012) <& & 504 2}0]| Chlorophylls meter
(Minolta, JP/SPAD-502)E& o83} Al&EA| 2AITe] ¢
N Zgsct. AEARAL 70C g HAx7]oA 72
? %A]El *1 25 S (H:0.-HS04)
5 oJHe N, P, K, Ca, Mg,
F‘lﬁ}oﬂ“% (RDA 2000b), A=A s A
ke —‘oniil% 3 BRAElE AR 2471

(RDA, 2012).

SHAAE| AT HlolEl= IMP (SAS ver, 5.0 ©l-&3}
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Results and Discussion
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Fig. 2. Temporal changes of soil electrical conductivity (EC) with capillary barrier treatment at (A) 0-20cm and (B) 20-40cm depth
for Saemangeum reclaimed tidal land during the experimental period. Solid lines represent regression lines between soil EC and

time.
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Fig. 3. Effect of capillary barriers on soil electrical conductivity at (A) 0-20cm and (B) 20-40cm depth for Saemangeum reclaimed
tidal land during the experimental period. CS, crushed stone; OSW, oyster shell waste; CB, coal briquette ash; CBA, coal bottom
ash; RH, rice hull; WC, woodchip. Levels not connected by same letters above error bars are significantly different at 95%]Ievel.
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Fig. 4. Changes of soluble and exchangeable cations in soils at (A) 0-20cm and (B) 20-40cm depth for Saemangeum reclaimed
tidal land for 20 months after capillary bamier treatment. *, **, *** Jevels above treatment error bars are significantly different
from the control at 0.05, 0.01, and 0.001 probability, respectively.

o5 ATTORN o] AFolES WM W A &= §oE Holx] agtrh v wE 2.9dS m ), %
o ghehElch 71X Tkl oo T H}ﬂaiui Al A (2.5dSm"), 97t (2.1dS m )& FA o] u|s)
x| 9] |54 Bt WREEE 55dS m 2 HPRtET) vl EoA W Eok 2 Uehjal 9)9lon %EHAH 7
T 4% SES UET 7] wEel olReld FFEE @ s 7 B e wolx At AR de
o] EASHA| h=thd SHAke] F7tol whE A A £ BEfAe} o] AkA) (6.2 dS m )<} AekalEA) (5.3
of ofgt B EEC] AR ] Fa ez mAE 2} dS m™) He|Fel A FAE|F (6.3 dS m )2t FAF QI Aol
G50l Adst @ Alsh=tl Bl Aoz ek S Holx| At wHE (5.6 dS m ) AT HEA
t}, ole} 2 Aik= Guo et al. (2006)1} Rooney et al, ARl ool AR, HEAM = Fode Kol
(1998)0] Ha1gh WA Ahg-o] s}5lo MHOPL del A A ekokeh, Zulzh (2.1 dS m ol Qg mA AekEo] 3
Folso Ao AAIjth= AFAete AR de EEOACL Zo] HEANAE B AEes WA A4

AR7IZE ¢ BEY HeEe A AdS SRE o AAF=E 7P Bl oIty 2R A2 Ca
Rt HolE YERaL SdHr (Fig. 3). A AIF7IRE &% ol AW 2 B (1.2 cmol kg ol vI3] Fuizh A=)
FEO| pri Aehlet Aol Gk G.6dSm) oA B AT (1.6 cmol kg )E W] Fujzke] R0l
7k B E T (5.6 dS m )9} HIE s UrEMh A Cacogﬂ A BEY F A2 Caol SV wledd

on, e (4.5 dS m )2t 414 (4.2 dS m) HE]Tef|A] o8 WL, Fig 4= RAR AdSS 2R 3 EY
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5 2ok goleel WskE el Aow wmsh AR
Lol A AR Aol ofgt 84 Nad] dgfo] thE
oFo]Lof v|F| 7} & ZO0F ATl Lee et al,
(2010)2] Zzjol SJal 747 EFe] s 484 Na
O g} & ARHAIE UL Qlekar Huskglow
£ AE BEollA 7H =2 S dEhia qlglo] =A|

[e]
o o=
2 Akl ofak 484 Nao) 74} EoF Qe 2ol

= R Ao gehEn, BAR Aol 942 %
Eof HE A dizTto] ws) =84 % AeHg Ca, K, Mg,

Nao] gheFo] ZASIAL Aolg molX] A, A2y
Ca®] Fre EEOIA $014 QA Z715Hs Ao Yent

Lee et al, (2014)7} R3138t X|ELA] Ca slefFo] ZHAR] EQF
o] Hseof whale] BAE 7HxItharl Aujele JX|sk3int,

MeEY Hat A9 B4 BEY d%

(20139) dS m & 2013 =7} =
9 7] AHE F A7 B5 st
ok AR7IZE 5 <9 2% (plant height), 2pRil

(ear height), TIAE (withering rate) W ZMH=AYE (plant
biomass yield)2] Hsh= z{ujA]7] L HAIH 2pZ Z 2

o M

o}
AA

i
5

2

foll o3t Ao Ag avkE YT (Table 2), A9

Q1 20121 ol = HAT ApekS A eof uhel G424 24
zfo| & Holx| ek, 2013W ol WA APk A
of 2o Z7la Wb, BATOINE 20] 248
o BAIE g 2EEE B ZuiZb (230 cm), AEA
(227 cm), YA (223 cm) A F-9] 2A o] ERT (197 cm)
of v ool Ao, AentetA) (160 cm) o] 242
tfztof] HlshA e WS g HAATh ol ARmiEA] A
2)70] vl ol2Tel fARE 2hS Bo] el Ao
2 ghgdEcnt 2 201290l EAE AF A2l
(77 cm)ofl A = (85 cm)oll H]s] W2 Fhe HAUAAN
2013 ofl= R (83 cm) 9] 2hpils 20120 = 0F 5 U5
L 2AE 2Pk A2t (96 cm) 9] il 194 Al
5ol A& Salsielch, 24Pe] Lol ApEe] Ajo]2
Koz eRpA|Nt, 2ils AT APk X2l te] 7t
uje} 20130l 4214 A S7Kict. A 2zt
(101 cm)3 AR (96 cm) A E|TroflA R (84 cm)ofl
WjBl 8 T BT, S AR A A} A
oF SARE A%S Mol RAIT AekE Aeiel 20136
(5.9%) oA A= (51.9%)0l H|sH LAREo] F2A4 Al &
i), ook B S WSS Sg Azo] 9

flo

=

1r o

Table 2. Influence of capillary barrier on plant growth parameters, withering rate and plant biomass yield during the experimental

period.
Year Capillary barrier Plant Height (cm)  Ear Height (cm) Withering Rate (%) Plant Biomass (FW, ton ha™)
2012 Treatment 197¢ 77c 51.9a 17.9b
Control 211b 85b 33.3ab 26.0ab
2013 Treatment 224a 96a 5.9 35.5a
Control 181d 83bc 10.3b 26.0ab
Year
2012 204 81b 42.6a 21.9
2013 203 90a 8.1b 30.8
p-value 0.8145 0.0024 0.0086 0.1027
LSDy s NS 6 24.8 NS
Capillary barrier
Crushed stone 209be 78cd 8.7 34.7
Opyster shell waste 230a 101a 12.5 36.6
Coal briquette ash 227ab 96ab 345 23.8
Coal bottom ash 160d 70d 46.2 17.7
Rice hull 223ab 85be 12.5 355
Woodchip 208abc 79cd 59.2 11.9
Control 197¢ 84c 21.8 26.0
p-value <0.0001 <0.0001 0.7114 0.4240
LSDy s 20 12 NS NS

LSDygs, least significant difference at 95% level.
NS, not significant at p=0.05 level.

Levels not connected by same letters above each error bar are significantly different at 95% level.
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= vA 2012 ol AR A Z 2o whet s
o] W3k gloANh 2013dol= mA A A2t
(35,5 t ha Dol Al %2 W24 3k Wolrk AghleA)
O} TRPEE & TARRT} B RS B 5
AHQl freld e wolx] ggie), ojsh 7 ATN= Ak
Ao A At AP A A= Edasdt 52 29
o oJaf AEASo] FA e et HISEt g Hol ARk F
A ol ZAR S| Aol Aol FEE
= ATE HojErh

Table 3% £ A5717152] chlorophyll F&=2} 817]
AlEAW O] AHwetde Yehdith £ $19] chlorophyll
T BAY ATS S8E Jols Holx] kAN 2

A S Aol el vjs) e ghe ek

o @

AT (p € 0.0001), ¥HH $=2}7]9] AEAY FHATF
(TN)> WAl Zptol] o5t ZpolE Koz i), 42}
719] AEA TP (p € 0.0001), K0 (p € 0.05), MgO (p € 0.01),
NaxO (p € 0.05) g2 BAH Aok Ae|tof| 4] izt
of H|a} W2 g=RS LFERAT) (Table 3), AT Xcks &
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Table 3. Chlorophyll concentration and chemical composition of silage com in response to capillary barrier treatments.

Capillary barrier Chl’ N TP K-,O MgO Na,0O
%

Treatment 52.8a 1.02 0.23b 2.13b 0.29b 0.49b
Control 40.8b 1.05 0.29a 2.32a 0.35a 0.87a
p-value <0.0001 0.6459 <0.0001 0.0450 0.0079 0.0430
LSDg.0s 2.5 NS 0.03 0.19 0.04 0.37

Crushed stone 51.0a 1.18 0.22b 1.90 0.29ab 0.32
Opyster shell waste 53.9a 0.92 0.21b 1.96 0.22b 0.34
Coal briquette ash 55.9a 0.90 0.22b 2.15 0.28ab 0.37
Coal bottom ash 52.4a 1.14 0.21b 2.29 0.35a 0.95

Rice hull 51.4a 0.98 0.26ab 2.26 0.36a 0.47

Woodchip 52.2a 0.97 0.26ab 2.21 0.25b 0.47
Control 40.8b 1.05 0.29b 2.32 0.35a 0.87
p-value <0.0001 0.5053 0.0027 0.1776 0.0070 0.3857
LSDg.0s 6.3 NS 0.03 NS 0.10 NS

LSDygs, least significant difference at 95% level.
NS, not significant at p=0.05 level.

Levels not connected by same letters above each error bar are significantly different at 95% level.

?Chlorophyll concentration of corn leaves at 50 days after sowing

Table 4. Forage quality of silage com in response to capillary barrier materials at Saemangeum reclaimed tidal land.

Treatment ADF NDF TDN RFV
Crushed stone 21.1 40.9 73.1 165
Oyster shell waste 25.6 46.1 69.7 141
Coal briquette ash 25.5 46.7 70.0 138
Coal bottom ash 252 48.5 70.2 133
Rice hull 232 432 71.6 154
Woodchip 25.6 49.0 69.9 131
Control 24.0 46.0 71.0 144

p-value 0.4002 0.3528 0.4010 0.4163
LSDy.0s NS NS NS NS

ADF, acid detergent fiber; NDF, neutral detergent fiber; TDN, total digestible nutrient; RFV, relative feed value.
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Conclusions
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