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Soil salinity is the most critical factor for crop production at reclaimed tidal saline soil. Subsurface drainage
system is recognized as a powerful tool for the process of desalinization in saline soil. The objective of this
study was to investigate the effects of subsurface drainage systems on soil salinity and com development at
Saemangeum reclaimed tidal saline soil. The field experiments were carried out between 2012 and 2014 at
Saemangeum reclaimed tidal land, Buan, Korea. Subsurface drainage was installed with four treatments: 1)
drain spacing of 5 m, 2) drain spacing 10 m, 3) double layer with drain spacing 5 m and 10 m, and 4) the control
without any treatment. The levels of water table showed shorter periods above 60 cm levels with the deeper
installation of subsurface drainage system. Water soluble cations were significantly greater than exchangeable
forms and soluble Na contents, especially in surface layer, were greatly reduced with the installation of
subsurface drainage system. Subsurface drainage system improved biomass yield of com and withering rate.
Thus, the biomass yield of com was improved and the shoot growth was more affected by salinity than was the
root growth. The efficiency of double layer was not significant compared with the drain spacing of S m. The
economic retum to growers at reclaimed tidal saline soil was the greatest by the subsurface drainage system
with 5 m drain spacing. Our results demonstrated that the installation of subsurface drainage system with drain
space of 5 m spacing would be a best management practice to control soil salinity and com development at
Saemangeum reclaimed tidal saline soil.
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Mean values of soil salinity at surface layer between April and September of 2013 and 2014. Columns labelled with the
same letter are not significantly different at 0.05 probabilities. DL stands for drain spacing of 5 m and 10 m, SL5 drain
spacing of 5 m, SL10 drain spacing of 10 m.
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Introduction

Seltele] FEAFEL A 197090 8075 £EULO
U st} grassle] 2012Wel 23 6% WS- wEor], £
o} 9 41elet B0 QIR S FAA L A4 AOR g
31 glo] Aol 2 9ol Hl3t ik (KOSIS, 2015). ©f
of ket Al e S W OPEAR Al TS 9187
A shaztdold Frtod welshe it WAl %
AARN HHA et Faol B AL gk, 1A
2 g EE QMR (TEDE el wisstol
AEA AT EAZ Woks A0 elutet A WA
© 135%hac] 2l 5 AAWAL] o 95 A5t Gck
(Lee ot al., 2012), 53] A AR Apga]A] %
& 918 199190] A2k1o] 20060l B0} 33 kme
A 2o WaAS Bgskn glom Aug 1EAT
28,200 haoll that EX0)§- AT 5 X W] 8,570 hait
AR WA oF 30%2 7bg 2 HlFS A} (Shin,
2011),

R i) A BHoR 24Eo] v 4
M7k 28 ol QoA el ARl yE A2
o= Al tost 3 RIS FYAY 4 G s
5 AE RTINS B3 59 28 4BE oo 2
B 952 Wabh Awsw ik, el AukE 1A =
e f7183 HE PRyl Wot R Bfelo] e,
pHE} G5, T Nadl Mgl Fafo] ot Adt 573

Zof| w8 A-EASo] 4] BBt (Lee et al., 2014),
vk A B nAbE FEZF AA 1] 76%
= ARk gler, /drxr|o] B A71dEE gk o
HE 20~40 dS m & - =31 ZH ] 0] 95% ol4fo] wj
4 Kooz FRET 9ok (Seo, 2011), 7S] v
Al Al 2HE 717 F TR Qlste] BEoF Aol Yo
U, B Al ot 48] 1Y JAE AR Ee= '
=S yepdel, shRRE, WRE Al Al "@eE SHA] ¢
el 79k 27] AdHEE B dEEE Wi Ao
s, tlEo] g AHst JAIEE F8l 1A
EA9 AFsErt wole As WAIsto{of gttt 614
9k 7|9 ¥l SOl wE s o] et 7R o s ¢l
oF FHMEES] F7he TR B4R R4 9§zt St
3 Aoz oAE]l Q) (Cazenave et al,, 2014; Jung,
2014), wHbA] ZEEAJo| A QP A1 WARES Aulsh] 9
Sl 253 AlY 1 2 QG JATEs R AE

¢

o2
u
off
!
N
i
lo
o2
S
i)
2
H
o2
2
>
&
(o]
i
i
o,
N
>
N

= 7leRes dA9, AR, A&, vdE AA 52
k. & Ashulas AldE ol8Rt
=S

4ol ofs) w57t B

HuE3 QJth (Kim et al,, 2006; Shao et al,, 2012; Shin
et al., 2008). BlEo] AFAZ Bl Alshu Ao A
A& FFY i ok w2 AAS Al9e S3A
713 AT S Alske] 2350 AdsE AR
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o] B¢ e Aol S8AQ FF¢FE = Aer FUt
=9Jth (Shao et al., 2012). E3F A2 7H-] AFA| G-
ol 5 me} 8 m {tAC = AjRE HXJ5HH, B H
L=7F 0.3%0) sk Algto] FAjEle wls| Z4z} 1/33
2/3%2 T=A1Z 4= okl sttt (Kim et al,, 1997).
EE Ashlas AHO) 2 FA% Q47 Aol
tstxs2 A4 Al BEY dee 9 Roee] Adanrt
g &2 Aog Huskc}t (Hornbuckle et al,, 2007),
AR AN Q8 FolAY £ 5 o) AwE A
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A slef=o] o3t AFEE U EF Qs WIS FLysly]
9lste] A= Hekto] YAIst Ak 72| ASkA]

W = Alaeled AP} (35°46'N, 126°37E)llA] 2012
WHE 2014W7HA] =8t 2006'd EH}o]
FAVE 9EE T UAR BelET Yo ARl B
A EGFL ste|l &4 545 (Fluvio—marine deposit)< LA
2 gt 2325 (coarse loamy, mixed, nonacid, Mesic, Typic,
Fluvaquents)©| It} Al =49 pHe 6.724 $4& Y
ERHRLAL, Cg25 100 emZ7FA] Hii mefj2 g =o 1o
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Effect of Subsurface Drainage Systems on Soil Salinity at Saemangeum Reclaimed Tidal Land

A3k Ato]o] A=)zt 5 m, SL5; A Ae]2] A 2]71 10 m,
SL10; SL59} SL100| o]&% A% &)L, DL; 42
PE AASH} (Fig. 1), zF M2 400 m*9] W=
2012 1ol A3l on, AHE|ztoli= 5 mo] $EA|th
Tk Akl AAde A QE o]835to] ZARAMY
sholon fael S-S Wxsh] flate] ez
rehEe] Eololl 0.2%2] 71715 Fol Hex Ho7
A&7 BY = =S Algsiaict, wiAdE Ashlas oF
A F9= A4 (13 mm o]sh) o2 FXISHATE.

A ehufrt ZAEASOl vAl= FES sk st
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F40 FAESS ArjFolglon, L Y gy
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FE Ale U A= AAST AE
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A WAGCE AHjsiglom 4z 9
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2193} 1130l tt, A2 AR Y 2JulA]
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Table 1. Chemical properties of the experimental soil at pre-experimental stage.

Water soluble

Exchangeable

Soil Depth pH EC oM Avail. P

Ca Mg Na Ca Mg Na
(cm) (1:5 @S m") (gkg) (mgkg) (cmol. kg™
0-15 6.7 29 2.2 26 0.68 3.5 15.8 0.73 2.6 2.9
15-30 6.8 20 2.1 33 0.46 1.8 11.8 0.82 2.4 2.5
30-45 7.0 17 2.1 30 0.40 1.2 10.2 0.96 2.3 2.4
45-60 7.3 16 24 41 0.33 0.9 9.0 1.13 3.0 34
o e ‘ ‘I i J |
&)

Fig. 1. Diagram of subsurface drainage systems with different depth and spacing of drains. (a) single-layer with S m spacing, (b)
single-layer with 10 m spacing, and (c) double-layer drainage system with drain spacing 5 m and 10 m.
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ng— 1:5 (w/v 0}04 3027t %Igst & pH meter

(Thermo, US/520A, USA)@} A7) A =% =47| (Orion, US/
1624, USA)E o|&3l 439t EY f71gh 532

AX A4 (dry combustion) .2 800~1,000°Cof| A EoF
= BaE AAAA EAPSH= o4kEleAE ON automatic
analyzer (Elementar Analysen Systeme, US/VarioMax CNS,
Germany)& ©|-&sto] E431¢ct, Fa LS Lancaster
Hog Hik=47] (Shimadzu, JP/UV-2501, Japan)E 9|
&8l 720 nmof| A H]A STt (Cox, 2001). 874 <&
ol22 EARE FTHeel 3087 wuksie] YAlE
(25009 & ZZat9lon, AAEL IN-NH,0Ac (pH 7.0)
LMo g =25} NS [CP-OES (Varian, Vista MPX—ICP,
Australia) 0.2 A=FEASl0] 2|34 ofo|Lo 2 BAEY
o =] $4uURe} FARES AF 5 cmo] B
(100 em) & o|g3t0] ZA4sIAT}. EYAEE T4 F=
Al (Daiki, DIK—5530, Japan)o.& = é’c‘?]— A S [ =l S
2t 9] Fol 2 m dole] B Ak, Asi49] Al
A (Eijkelkamp, DI-701, Netherlands)E AF¢lalo] AlA|7F
o= wUHY skt

S HEAE JESY o piEE Ziden,
St e | w'e] S48 AF51] had AAE
Hiksto] A4k, iH%‘ﬂ F A EA= 70°C e 7d§7] 01]
A 72 NZF BQF AR T BAE ARE SAE (HO0—
H,S0) 3t ool of Ao ofufgh & ofolle N, P, K,
Ca, Mg, Na's-9] o] AME-3F3ITE (RDA, 2000b). A=A

A D LEERAN= =PI eA 2 A ]E (RDA, 2012)
of F3Faict.
SAHXE| AF dloje= JMP (SAS ver, 5.00& ©]-&3}t
5
0
2013
50 |
B T
= E
g 100 - ‘\ 5
] 5
I a
& 150 \kﬂ g
t;n - o
—— DL
.......... SLE
200 ——— SL10
—-— Control

200

& ANOVA (analysis of variance)& H435}%1.2.0  Z|35}H}
2= /\]*‘]Oﬂ ___]6‘}— E_O}:_,] O]Q‘G}-E/\‘] ol XT— 0._,:,‘__4 _n__,]/\‘]
AAL Student’s t—testE o]8&3Fo] 95% 4=Fof|A LSD
(least significant difference) Z}S ©]-&5F0] H4-2 v s}
ek
S .

Results and Discussion

Klot=9l Wl A[F7|7E 53] ] Bt 2|8l
o= 2013W3 20149 ZFzF —112 em@} —105 cmE UERY
95% ol Al ARPE o8-S el o, Al 54 3]
F7FekaL A e ® sk HEs Bt (Fig. 2). &
3], 797t 2k 20149 8~9Y B A&7t A 54
e Aog Ueht Askeels Aol oJgt gake] & A
o7 e glek, AR7IZE E2tke] Bt A|59= A5k
ko] o] wet Apo|E Hof A]3kolA] 80 ecm Zolol| A
S-S vl Agk DL 9 SLI0A 2]5teflA] 80 em ©]/d2] A
s$1E UERA 7)7ko] HA AlE7IZke] 18,63 13.8%%
A|3EoA 60 cm Zolof stk AR SL6 9 =
9] 25,33} 28,5%¢] Blal W2 ghS H ot olet 42 4
= A|5kp9]9] A5 Al Astuaeo] 271 A|skeloll 4
%S "]ZItk= Hornbuckle et al, (2007)2] HAG-Au}eie
AR|gt, S 713 FREe] Akl XSkl Al
of oJst §-o) (p—value< 00001, F—value=86.2)< UE}
W SL56 Ae|ollA 122 em& 7P W2 7S Helom,
DL AHzltol A —114 emE Hof FA 2+t (99 cm)ET} f
O QA W2 FhE Holal Qlo] A4 AlHo] A|aka:
AE A FAAA F= AR YeRyTh sHARE SLI0
At BHFAOR -100 emE Ho| FA et {494
(p—value=0 51192 Ho|x] 9FIch z|5hl= AL A5}
22017} =50 cm O|AFQ] ST} 84%, —75 cm oJAkQl AL}
67%, 7128]31 —100 cm ©|AQ1 A7} 41% TAdH= aE

o[
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Fig. 2. Changes of water table level under the various subsurface drainage systems in 2013 and 2014. Vertical bars in each
growing season indicate the precipitation. DL stands for double layer with drain spacing 5 m and 10 m, SLS drain spacing of 5 m,

SL10 drain spacing of 10 m.
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yepdch A1E A 3ol 2013W o= &FA79-of 2t #8}
9] A Al AsH A A 2lRe) A ElARe] 2be]7h
A 942 WhH, 2014 A0]= DL} SL5 A 2]toflA] -4
TR S XSS Hof A[shujas A2 toflA] ]St
NS RA fAIsk=tl o akAo|qie)

2 A2 Aok Hat e 3.4%= - =5k
o 38H AL A7) 15,700 mg kg O& TP} =o
2 YERHL 9%t 1 HE Na, 80, Mg & o0&

AfBkL glo} HfstEt visak 248 ugct, ol

wol &

2o v A A Ase] Gwot ol ok
212 23] 7Pe] Mekolrk S8 A WA S
o o3t Azt Aol Uolibr] Ho] B ARl GF
o ]2 4 9l AoR WEHEh Kim (2013)9] 72w}

of ofst ARk A BA E A%t £=E S
gt A3 Ak A A 7P 2 B ZAAshe AR
EO] 4¢ol|A 6€e| AA2} &= (306.6 mm)= TAFLYE
(363.7 mm)e} Ao|7F FA] oF2 Ao Wil =of glof ZF
oA WE Al Al EF AFS} o7t AEviEE
=017] flelA= Ashlla= Al S Aske9E WA

AAAZE o] mApAS Aoz e
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B MIIMEE #a} Fig 3 AT Aol Az
7h 5 mel ARES dAse] B Rorty
50 om 1A 02 ZJo] ¥ B9 7w Fhe ek 2]
o Bl A|HEEE QAo R EY A2l W B
o Zdolol ufe} e Wtk (g, 3). A3k Ao
o3t Ae) 8 B AR S AR TS
2 Ao)% BAoR, BF Hol7k YRS AT
238 A2o] o3t Aol Uashe Ao e, 30-
10 em ZoloIAE folgg Holx) ggleh. wet B HE
o WHEE go] 2ol U5 dAul 9)2) wof 171
=57k 525 S71te] Al 8 B AR Aol
Fol=t @ ek, ojet 2 AR Ee] A/
ERE A Bge] Byu Fad T GRS we A
oR APESE AFIR Bl Shjolgol Ao
2 4o} QA HjRTl N 7P SiHol A meite] o]
o mE Ago] FEANH T Uolsr] W o= B
r}, ojof g Anhe Aol e FolA
oFel Eelaleta S4o] Fob Aggol Eolurk Azt
Sht QAT o E0] Bao et al. (2013 At A
48 6 mok 8 m Ao WAL B et 4B
%8 2N At Ashle 919} B FEet SYuE

Mmool off
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Fig. 3. Temporal and spatial dynamics of soil salinity at (A) 0-20 cm and (B) 20-40 cm layer in accordance with the installation of
subsurface drainages. Columns labeled with the same letter are not significantly different at 0.05 probability.
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Table 2. Changes in soil hardness and soil water content by the distance from the drain.
Depth Distance from drain (cm)
(cm) 0 50 100 150 200 250
Hardness (Mpa)
0-5 0.31 0.33 0.36 0.40 0.33 0.36
5-10 0.32 0.32 0.37 0.31 0.39 0.30
10-15 0.41 0.40 0.70 0.71 0.97 0.64
15-20 1.90 2.02 228 247 2.54 2.25
20-25 2.68 2.50 2.61 2.65 2.64 2.66
25-30 2.69 2.68 2.49 2.60 2.65 2.65
Mean 1.3% 1.38b 1.47ab 1.52a 1.59a 1.48ab
Soil water content (%)
0-10 24.5 23.0 233 272 25.0 26.2
10-20 23.8 24.1 23.1 24.8 24.9 254
20-30 23.7 244 242 247 25.1 259
30-40 242 23.7 23.6 25.1 26.6 252
Mean 24.0a 23.8a 23.6a 25.4b 25.4b 25.7b
Mean values with the same letter are not significantly different at the 95% level.
“© e oL A B A7AEE ghe fadshe A HAow, A
o8 shul Helel s EAeTol s we B A7 AR

—4A— Control
30

Soil EC (dS m™)
S

10 -

| 2013 !

Fig. 4. Temporal changes of soil electrical conductivity (EC)
at surface layer (0-20 cm) during the experimental period. DL
stands for double layer with drain spacing 5 m and 10 m, SL5
drain spacing of S m, SL10 drain spacing of 10 m.
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2013 L2

Soil EC (dS m™)
-

DL SL5 sL10 Control

16

2014

12 |

Soil EC (dS m™)
—

DL SL5 sL10 Control

Fig. 5. Mean values of soil salinity at surface layer (0-20 cm) between April and September of 2013 and 2014. Columns labelled
with the same letter are not significantly different at 0.05 probability. DL stands for double layer with drain spacing 5 m and 10 m,

SLS drain spacing of 5 m, SL10 drain spacing of 10 m.
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Fig. 6. Soil salinity distribution in soil profile in accordance
with the installation of subsurface drainages. Levels not
connected by same letter are significantly different at 0.05
probability. DL stands for double layer with drain spacing 5
m and 10 m, SL5 drain spacing of 5 m, SL10 drain spacing of
10 m. The same letters next to the error bar are not signi-
ficantly different at the 95%]level.
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Fig. 7. The contents of water soluble and exchangeable cations in accordance with the installation of subsurface drainages. *,**
levels above treatment error bars are significantly different by the treatment of subsurface drainages at 0.05 and 0.01 probabilities,
respectively. DL stands for double layer with drain spacing S m and 10 m, SLS drain spacing of S m, SL10 drain spacing of 10 m.

Table 3. Withering rate and grain yield of com in accordance with the installation of subsurface drainages.

Subsurface Withering rate (%) Grain yield (dw, ton ha™)
drainage 2013 2014 2013 2014
DL 49.5 27.2b 0.74ab 3.04ab
SL5 42.0 19.6b 1.17a 3.86a
SL10 61.6 39.0a 0.58ab 2.05b
Control 64.8 45.9a 0.41b 2.15b
p-value 0.1909 <0.0001 0.0238 0.0151

DL stands for double layer with drain spacing 5 m and 10 m, SL5 drain spacing of 5 m, SL10 drain spacing of 10 m
Mean values with the same letter are not significantly different at the 95% level.

Table 4. Biomass weight (per plant) of shoot and root at two different growth timing in accordance with the installation of

subsurface drainages.
Subsurface 21 DAP 84 DAP
drainage Shoot (g) Root (g) R/S ratio Shoot (g) Root (g) R/S ratio
DL 12.4 33 0.29 71.2ab 20.7a 0.29a
SLS 15.5 33 0.23 91.6a 20.2a 0.22b
SL10 9.1 34 0.41 69.0b 15.8b 0.21b
Control 7.1 2.6 0.38 66.0b 4.5¢ 0.09¢
p-value 0.1492 0.5885 0.1288 0.0245 0.0248 0.0071

DAP stands for days after planting, DL stands for double layer with drain spacing 5 m and 10 m, SL5 drain spacing of 5 m,

SL10 drain spacing of 10 m

Mean values with the same letter are not significantly different at the 95% level.

H|3]| 2014 oA 2 S Bt 20139 9] HH
244> 8L 0,73 ton ha 'S UERHOH, Z|sh4: A
Aol oJgt ZpolE Hirt, SLs Aol A 7HY =2 1,17
ton ha "2 5-2]A40] QIIA|9k, DL} SL10 #]2|FLol|lA] 0,74
9} 0,58 ton ha '& X.o] T 0.41 ton ha '@k= z}o]
5 Ho|z] ¢ttt 2014d® B S SRS 2,78
ton ha & 2013 %] HIS| F-oAdo] Qlglom, skl
Aol o3k Zfol= UERATE SL5 A Z|5toA] 3,86 ton

ha ' BA EHE| ] ]3] 7P e S e
om I H& DL>SLI0> RAe]T &sog
F& Bk

EY Gt w2 oA ZE A Al
el Aol s Hrh
7l mhE fel/E7] vEe
Ehdict, 2 Aol A= ks & 2144
2 sl 2f7t AfolE HolA]

ko
1o



626 Effect of Subsurface Drainage Systems on Soil Salinity at Saemangeum Reclaimed Tidal Land
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