Korean J. Soil Sci. Fert. Vol.56, No.2, pp.169-177, 2023

Korean Journal of Soil Science and Fertilizer

Short Communication

https://doi.org/10.7745/KJSSF.2023.56.2.169
pISSN : 0367-6315 eISSN : 2288-2162

Soil Physico-Chemical Properties and Groundwater Levels at the
“Agricultural Life Science Sites” in Saemangeum Reclaimed Land

Bo-Seong Seo', Jin Jung?, Kangho Jung®, and BangHun Kang®*

'Ph.D. Researcher, Reclaimed Land Agriculture Research Team, National Institute of Crop Science, RDA, Wanju 55365, Korea
2Assistant Researcher, Reclaimed Land Agriculture Research Team, National Institute of Crop Science, RDA, Wanju 55365, Korea
3Senior Researcher, Reclaimed Land Agriculture Research Team, National Institute of Crop Science, RDA, Wanju 55365, Korea

*Corresponding author: ipmkbh@korea.kr

Received: March 27, 2023
Revised: April 25,2023
Accepted: April 27, 2023

Edited by

Woo-Jung Choi,
Chonnam National University,
Korea

ORCID
Bo-Seong Seo
https://orcid.org/0000-0002-2385-1700

Jin Jung
https://orcid.org/0000-0002-8625-943X

Kangho Jung
https://orcid.org/0000-0001-8854-7278

BangHun Kang
https://orcid.org/0000-0001-5655-772X

ABSTRACT

Typical reclaimed lands located in coastal areas including Saemangeum are not suitable for cultivation of
upland crops due to a high salinity and groundwater levels and low nutrient contents. Therefore, for sustain-
able crop cultivation, it is necessary to soil salinity, water content, and nutrients that are necessary for deve-
lopment of land management for upland crops cultivation. In this study, we investigated physico-chemical
characteristics of soils including pH, electrical conductivity (EC,:s), organic matter contents, available phos-
phorus (Avail. P,Os), and exchangeable (Exch.) cations concentrations, as well as bulk density, hardness, and
soil texture. Soil samples were collected from soil layers up to 120 cm at 20 cm interval of survey fields (80
ha) of Saemangeum reclaimed land. Groundwater levels and soil water contents were also monitored. The EC
(0.14 - 0.51 dS m™) was lower than those of other reclaimed land in South Korea, indicating desalinization
across 120 cm of soil depth, and pH (5.5 - 6.9) was also lower in accordance of the removal of non-acid cations
through desalinization. Soil organic matter (1.5 - 5.2 g kg™), and nutrient (Avail. P,Os 17.2 - 35.5 mg kg' and
Exch. calcium 0.8 - 1.0 cmol, kg™") contents were lower than the standard levels for upland crop cultivation
(Organic matter: 20 g kg™, Avail. P,Os: 300 mg kg™, Exch. calcium: 5 cmol. kg™"). However, the soil hardness
(15.1 - 18.6 mm) was lower than the suitable level (21 mm) for crop cultivation. Meanwhile, water contents of
top soil (0 - 20 cm) were greatly changed by rainfall pattern; in particular, the soil located near the coastal
areas had a large rise in groundwater level during rainfall. Our study provide key information on the changes
in soil physico-chemical properties across soil depth for Saemangeum reclaimed land, which was necessary
for development of land management practices for cultivation of upland crops.
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Groundwater levels and precipitation in investigated site (i.e,, a, b, c and d, respectively) of Sae-
mangeum reclaimed land during July to December 2022.
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Introduction

S-2uet 5734 W28 19904 2,109,000 haollA 20224 1,528,000 ha® 581,000 ha 74510, 2|4521Q1 5744
2 S0 QITt (Statistics Korea, 2022). FH, -2yt FA ol A dsite]] 91218k 7H4 2] o] & HA-2- 186,639
ha=, 217|574 21] 2F 20%°1 S =] (Jeong et al., 2020) F21#] 2] w2 B8 Tl QP24 A%

Shtk. A= ol & Al AAkS SRt E U8R 20 B8-S FA 02 JPEE A, Lut 5] Hl5h

Ty il

81917 so ATl 0 2 elio &5oll -2l AL 2 - Afulelar Slek (Park etal., 2022). SEATE, Hois b
24 An]aro 2 QIsl| d=oll A o] EfaE Aol g ilo] F5alel wrek, H Ao S 1] ool AR RS Afst]

1=

IRt A2ke rsdate] FAI51AL Ik (MAFRA, 2020). oot Hefe]l B ARhazb 2= v E4] 29,100 hat
T3 11,800 ha?F A1Z) =212 ™ (Shin, 2011; Ryu et al., 2020), 30%] 8,570 ha?t @A 22 A E £2 02 7|
=]

Ml

T&]37 It (Bae et al., 2021).
el A= R SRt F A A ol f1AIste] Aok 97t Al EQF A Eot F i E of QIX] fot 2]
Hj7LEstet. ol & B9, Seuet 1 2] 244 2 9] oF 33%+= vl B 5aoll sd b, U 2] JA] i
(2F63%) 2t B T5o= Follof ekt 2732 2l Ik (NICS, 2013). T5F, 72| B2 pH, d5%:, et
A UES (Na") 3 50| o G7|E3 w3t 2y (Ca™') &, ol w3t -85F (cation exchange capacity,
CEC) 50| vl¢- 2o v & a5 Afufislr | o= of2zo] Itk (Lee et al., 2014). 53], {FR] 9] %2 A= 2t
O i AEAE ko] ALl 232 0 2 FAg A1l e n|AH, =2 wed Na' 0= QIS E o] 74t
vzt 9l e (7= HE o 52 EY Ul 35 /00 Bt 2102 @Adske] 2hE S-S Welitth (Chung
etal., 2011; Lee et al., 2014). 0|3 7F 2= E¥et #a)7} Q= gt 54 AZ7ofl= 2|93} (resalinization) ]|
ot Hoff WY H Anrlell= ol 5o& bt w70l vlol HAHE-E Aulistr]o E2l’t Zoltt (Lee et al.,
2014; Ryu et al., 2019). TpA], 7H 2] Egol|A o] &bz AHlE flolid= ESF ol3tehd H A5lr91E 2452 2
= HUE[Rsto] AAZQ] HlolE o] A 55| 5 ESF /el &8 T art Itk T3k IHA] B &
2RI Rl 7t 2] - £ 0 & 19 tielso] F ARt BAW MR 2E0] ASo] FA| gefd 4 QL0 B = (Jung
et al., 2003), -37H 0 & HUsHA EGS ZARE B 7} Qlrk SRR @72 S-eluet Afgta TH ]S dVde
2 EY 701120 em7k2] ES olatel gt Z|6l9] Foll thet AA=rt At = 55 o] Q1A 2]t d=golch
wbA], 2 Aol A= Syt Asfighol] et Aieta THA 2] w829 B ol2keld
7yt WALE Aul] At & Hrtekal QP A Q1 AR AHIE Rt HQhS A|A[SE A} 5.

em7}A] ZASlo], olih oot BAR EOF 8010] 522 WS 1S Bek JUsp] TEska sk

M}

Materials and Methods

A =35I (Fig. 1). ARG Q] 7143 b= A A 93 Q1 (2F9 km #2])gH 212 24 (35°51'N, 126°47'E) 2]
27|14 B AR S 0] 851 FAA] 9] 20221 4 - 1299 Wi 7122 16.3°C, T4 73422 850.5 mm
2,109 B (72 16.3°C, 7355 1,068.6 mm) THH] 7122 F-AFSI Lt 7343k oF 799, 40|30t} £3], A

A 7350 2F 50% oV 7 - 8 (74 73 441.5 mm)°l FFE AT (Fig. 2).
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Fig. 1. Location of experimental site in Saemangeum reclaimed tideland. 20 point indicates the fields with variance
spots in experimental site. In a right figure, the red squares indicate the locates installed sensor for monitoring ground-
water levels and soil water contents. The a, b, c and d indicates the fields with different groundwater levels and soil
water contents in experimental stations (a and b: stations of intermediate and shallow groundwater level, ¢ and d:
stations of deep groundwater level).
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Fig. 2. Groundwater levels and precipitation in investigated site (i.e, a, b, c and d, respectively) of Saemangeum
reclaimed land during July to December 2022.

EQ AR MF L olatstd BN EFAF -2 GPSE AR5 100 m {HE 0.2 AP s Adsto] A
7g5l3ict (Fig. 1). 49784 7, ZAF A9 W] 200 m 7H49] F-20 21504 EA 120 em7E2] 6391 (0 - 20, 20 - 40,
40 - 60, 60 - 80, 80 - 100, 100 - 120 cm) ] EF A 55 Aokt 455 EF-2 37151 2 mm AE - F2HAFTh
EQF el e b2 5H A9 7lelr| %Y Bk H o] Zato] B4t (NIAST, 2000). pHRFECE 1:5 3
ZHS (Seo etal., 2022) olﬂo}o% ESSHTE 1:5 Ha = 3l4ste] 45132 H (SP2000, SKALAR, Nether-
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land), ESF G722 A H EQRS HAPLE BAeE EQF Al 55 Y4-E47] (Vario Max CNS, elementanalyser
systeme GmbH, Germany)E AF8-0F] EA4I5F T -8 QAR Lancaster .0 2 B89 11, WS oFol-2 (exchan-
geable (Exch.) Ca®", K, Mg*", Na")-2 1 N-NH,OAc (pH 7.0).2.2 F&3}9] ICP-OES (Vario Max CNS, element
analyser systeme GmbH, Germany)& AF86to] EASIRITE EQF Al 23] Al, A58 792 Qlste] ul=71
gotx] olot Aetet B E2)d TARE flote] 10 7ol FLe Ao B A=E F7H 0= AfFfsteirt. A
et Al=of sl EAJ-2 5% Sodium hexameta-phosphate -804 0 2 EQF0] QItkS HARA|Z] S H|FAH o7 BA
Stlom, A E e AU ZOP AT T (Ko) S7487] (Meter group, USA )& ©]-8-510] 24153t} T3, A
= A5 A FLEE 21394 Yamanaka EG7HEA] (Daiki, Japan)E AFESH] 1080 = EF A& 5o}
S, 100 cm® 0] A|EE 0} §510] EFO] $HU oL TIEL 2T

B U KB BH 9ol I U U Asihg] WSS 2A] Sfste] 244
1 200 m9]'400 m 7F2 0] 2140l 22+ EREAIA (F 167142} Z]515-9] A (F 4714) S A X510 202218 7
AEE 129714 RYE sk (Fig. 1). ESF RS 74 EFrRE T 20117 (Drill & Drop Probe, Sentek,
Australia) & ©-8510] B4 0 - 120 em7FA] 1AXFZFA 0 = AAIZE 52 S7513Ih Zskr-9l= Hlol[H =74
2+ =21547] (Diver, Eijenkomp, Netherlands) & A 2|ot] Z10] 3 me] & 34 (217 5 cm, THSHE 1 m7HA]
EAMT A F2h oA 1A 9l =9 HelE ARSI

AOI
T T

SH BM EFolsteMd (pH, ECys, 7715, TR wetd 2 5) T EF Al
SHE ol | Yot -F-ol2hE 95% 4ol 4] IBM SPSS Statistics 27 &2 1315 o]-85}o] EAHLA (ANOVA) S
74_2_ ]_ 1;].

Hu
jzi
>
N
g
1=}
“‘2
WG
5

Results and Discussion

EQo| 0|3kt ARtE 7HAA] Q] HE (0 - 20 cm)= AH EOF (pH 5.4 - 5.9).0.2 TEF 2] (NAS, 2017)
pH 715 (5.5 - 6.5)°] &30, B4 20 - 120 cm @] pHE= 6.9 - 7.8 2 0K} (Tables 1 and 2). EXC] EC; 5

Table 1. Soil chemical properties at different soil depth in Saemangeum reclaimed tideland in April 2022.

Soil depth Ec’ Avail. P,Os" oM.} Exch. cations' (cmol. kg™)

(cm) pit @m)  (meke)  @ke) @ Mg K Na
0-20 55+04°  023+0.18 3554172 52423  1.0+£03 21+03 03£0.1 0.1%02
20 - 40 70407  0.14+0.08 202457 17405 09405 22403 06+0.1 0504
40 - 60 74+07  0.18+0.12 187+5.1 15404  08+03 22+02 06+0.1 08+0.5
60 - 80 76+07  0.17+0.14 19.7+59 16403  1.0£03 23+07 0702 08+04
80 - 100 75410  034+039 159+34 16405  1.0£02 22+04 0802 08+04
100 - 120 7812  046+035 172+6.1 15405 1.0£02 22+04 0802 09+04

TEC, electrical conductivity; T Avail. P,0s, available phosphorus; ‘oM., organic matter; “Exch. cations, exchangeable cations;
fValues are means + standard deviation (n = 20).
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(0.13-0.51 dS m™yi= EAlo] Zojd45 F7toh= FAI o, BE Sk & EQF ] 7|22 (NAS, 2017) 2
dSm oJsiel .o 2 ujFo] HotS o E4] 120 em 7EA] A|go] K3 2.0 2 yetect. Mgt 7+ 2] Eke] &
Ao4F(17.2 - 349 mg kg )47 (1.5 - 5.2 gkg™), X424 (0.8 - 1.1 cmol kg’ )%P%%Hﬁogﬂra 7%=
(NAS, 2017, 58814 300 mg kg™, G718 20 g kg, W8 ZH5 5 cmol. kg )l BISH B¢ LHe- =Zo0] et

Table 2. Soil chemical properties at different soil depth in Saemangeum reclaimed tideland in August 2022.

Soil depth Ect Avail. P,Os ™ oM.} Exch. cations’ (cmol. kg™)

(cm) ot @’ (mgke’)  @ke) @ Mg K Na'
0-20 62+08° 016018 4784300 3316 10£02 26+£03 05£02 02+02
20 - 40 69+07 0172008 444+311  21+£06 09402 26+03 0601 0505
40 - 60 72407 0.19£0.10 477+339 1804  1.0£03 2403 0601 05+04
60 - 80 72508  027+024 463318  20+14  12£06 2403 07£01 04+03
80 - 100 75509 0514041 449265 17405  1.1£03 23403 09:02 04+03

100 - 120 7.8+ 1.0 039+0.39 464+334 1.6 +0.5 1.1+04 23+03 09+02 05+04

TEC, electrical conductivity; T Avail. P,0s, available phosphorus; ‘oM., organic matter; "Exch. cations, exchangeable cations;
¥ Values are means + standard deviation (n = 20).

Mehg 7H 2] e olskel g 4137F (2013 - 2016 ') RUYE ] QF Ryu et al. (2019)2] A+ A} Hw5H e
o, FEMit (36 mgkg) EA71E R (2 gkg') Fol & AFAM} FARSE - nlFojHof AfRha 7 R] ol A
O 2= AHlE 213t B9 8 ZiAo] mlEstiaS & 4 lrk whEbA, Afeta 7HE A W 222 Aufisto] oF
BH 08 ke SR QoA QWP HlE AH], EjH] W FAE A1 A5 GRS o] 8olo] EF HIS
= 7418 D 27} Itk (Ryu et al., 2020; Oh et al., 2022). E9F o|aFolA-S EoF A5 *171%‘ H| 51312 o, pH
SFEC,s, 7718 52 AR folido] glglor, faiitat wekd A& f-o1do] U3ITt (Table 3). BHHA,
EAlE 2Joli= pHEFECys, 71 -2 BAK SR fo)/d0] I%loH, pHEIEC, 5= EAlo] )88 Z7613

on), f7hE-e Hej Zaslget

d

rlo

Table 3. Analysis of variance (ANOVA) for chemical properties of soils sampling period in April and August and soil
depth of 0- 120 cm.

Source of variation . ECis' Avail. P,Os " oM.t Exch. Ca*™
P (ds m™) (mgke') (ke (emol. kg')

Sampling period ns’ ns *ok ns *

Depth ok wx ns wox ns

TEC, electrical conductivity; T Avail. P,Os, available phosphorus; Y0.M., organic matter; "Exch. Ca®*, exchangeable calcium;
*ns, not signigicant; *significant at p < 0.05; **significant at p <0.001.

oFo] selA] Bint oh et Be| Ak 2FE0] FE o] Tofl T a7t YIS niA]H
Fe o]l 27 98 Al Ao 2 &l SItk(Cho et al., 2012). ARHE 7HE 2] EQke
Aol 2l (70.1 - 76.4%; Bt 73.1%), A E (20.7 - 27.0%; Bt 23.9%), HE (2.8 - 3.2%; Bt 3.0%) T

£
g
o
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o fAtoI O, EAL oFE ALE B ARFER EREQICE (Table 4). EQFO] 84U (1.45 - 1.49 gom”; Bt
1.47 g em™)= =] AJeFA W oFo] Bk @AY (1.23 g cm®)H Tt 29E0 W (Cho et al., 2012), 352 43.7 -
45.3%°] H¢=2 Eﬂoﬂ w2 2jol= |G 420l th ESF AL 15.1 - 18.6 mmE NAAS (2011) 7]50]| 2Jf
ZEAG0] Fo et 4 (A 21 mm 1|TH 0 & TAE|QITh EA 20 em 7HA 0 EF SR AT (B 1.4 x 107 m
sec’ ) ZARGH 731} EA0-60 cme= SRS, 60 - 100 cm= WS, 100 - 120 cm+= U9 w5 Hli<= 52l st

=l (NSSC, 2002), Aehar 7H 2] EQRS B =71 1F& 2] of| vsl] R ef] ghgo] T G ALEFARYE AlHof of
Fob7| Wiz vie7t ot A o2 WekETt (Lee et al., 2013).

Table 4. Soil physical properties at different soil depth in Saemangeum reclaimed tideland in October 2022.

Soil depth  Bulk density ~ Porosity =~ Hardness Hydral_lll_c Particle size distribution (%) .
4 %) (mm) conductivity Soil texture
(cm) (g em™) % (m ) Sand silt Clay
+ 3.6x10°+
0-20 1.45+£0.06" 453+2.1 15.1+34 31 % 10° 73.2+10.2 23.7+10.2 3.1+14 Loamy sand
6.5 x10° %
20-40 1.47+£0.06 444+22 18.6+2.9 L1 x10° 764+£6.8 20.7+£69 29408 Loamy sand
5.9x10°+
40 - 60 1.47+£0.06 445+23 17.8+2.7 12 % 10° 71.3+84 255478 32412 Sandy loam
2.8x10° %
60 - 80 1.49+£0.18 43.7+6.7 16.6+2.3 49 % 10° 73.6+£93 235+9.1 29+1.1 Loamy sand
1.2x 107+
80 - 100 1.46+£0.05 449+2.1 16.1+3.5 13 %107 70.1£10.2 27.0+94 3.0+14 Sandy loam
3.1 %107+
100 - 120 1.49+£0.05 440+19 151432 6.1 % 10° 73.9+10.6 233+9.6 2.8+14 Loamy sand

"Values are means + standard deviation (n=20).

X|ot+9l HE Y EYFE2EEE HEL  Z|ol9|o] F-F, Aol At 0 2 i Eof $x]3tatb A2
Z¥242.6-1.8m,2.5 - 1.5 m2] H5-Z-S eh)|9)l or sfjot 2o Q)X ¢t d A4 242F1.9-0.6 m, 2.1 - 0.3 m2]

il

HEES Kol X[skr o7t UlE ZH ot 4 =8kt (Fig. 2). B Wloll A= A T2 Alskr7F U5 Zofl A 5
QFF o= olFsy| el WS %o Z[ol=917 sliet ZH ot Rk (Lee et al., 2021). FAF 2151 ] 91219} A IglO]
a, b, ¢, d A3 B 7390z Alekro7t ok O, Ad=s 22 olieh Foll #1#[jt ¢, d 1]1401 o Zit}. 53], -5
32.5 mmhour™ oV Alofli= 2514917} 0.3 m7HA] =0FE 0™, ©F30 mm hour' 01d2] 73-9- A] siiot Za U & £:9]
215917t 2|t 2 m 2o 7HEAESE | & sElh. whebAl, o 538 At Aol Sal b - Q1o B s BEARE Affu)
£ ffaliAl= i AV AR FaAdo] /lom, sieh Zofl A1t E<Fe] 7% fioll igh 27t o 845k
EoRrRESIEFO] 49 20 cm 7HA9] ZF EAI FER 10.8 - 41.2%, 14.5 - 39.5%, 13.3 - 40.0%, 15.4 - 41.5%, 16.6 -
42.6%, 20.3 - 42.7%°| 1T} (Fig. 3). 3], EAl 40 cmZ71A= 7-90]) oJs)] Eo-Eoledo] Walgltt. T3t EA 0 -
40 cm®] B2 O AR R EQFO| H4-o] vk Holy| wjze] HIZEAlofli= 4t 5ol ool Ed--Eato]
A Aol whet A ZAF 7|7 B9t EokpRsleko] o] 718 71 © 2 WokEIThH (Kim et al., 2018; Lee et

(
al., 2022). wpA, Afehe ZF2 2] oA kg AfelE fleii e B9 oletetd /il Soll EY e @d= Bele

Y
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et 313131 7S A] %6}1 FERF-FOJalof ek B4 40 - 120 em @] B i etd=> 290l Sfalixl= 3] #i5HA]
5 Zof) Y|t EQFETEF 10% 71 =30t ol aliet & 2179

80 20cm "r r || T i -IT I- ’ L i 0
1
40cm ! ‘ - 10 -
g 60 - £
- 60cm - 20 E_
c
g §
= ] 80cm - =
S 40 .W" L — 30 g
% 100cm : IP M _"h.__ 0 .§
= 20 A 120cm ﬁ\ a
- 50
----- Precipitation (mm)
0 T T T T 60
2022-05-19 2022-07-08 2022-08-27 2022-10-16 2022-12-05
Date
80 r ™ 0
20cm Hr F H ! ! ] ' i i
| |
40cm P ' r 10
z 60 - s z
b 60cm ! - 20 E
Q 1 c
= : S
o 40 4 80cm - 30 %
(¥} T-—X
s ~ — 2
% 100cm e "'\' N\-J 4 E
20 A >
= 120em A NN e
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----- Precipitati
0 recipita I|on (mm) . . . 60
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Fig. 3. Soil water contents at different soil depth and precipitation in investigated site (A: the soils located in land of
intermediate and shallow groundwater level, B: the soils located near coastal of deep groundwater level) of Saeman-
geum reclaimed land during July to December 2022.

Conclusions

30 Aok 419} B Bl 5, 10 0] Aol £3
2 749 Sfal Asl9i9h ERETF WEe] 2] the] WAE AE SAoh o) E kel G0l B
Q7SI 5], St Zol AT EFS] 9, U Boll 1215 BT JTH 02 AJ5}5:917t 0 02 o]
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