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Chemical properties of agricultural soils in Korea have been investigated at four-year interval in order of paddy,
polytunnel, upland, and orchard soils since 1999; polytunnel soils were investigated over the whole country in
2000, 2004, 2008, and 2012. Polytunnel soils were taken from the surface (0-15 ¢cm) and subsurface (15-30 cm)
at 2,651, 1,274, 1,374 and 1,374 sites in all provinces of South Korea. One hundred sampling sites located in
more than 400 m altitude were additionally investigated in 2008 and 2012. Average of soil chemical properties
in 2012 except Jeju province were 6.6 for pH, 3.2 dS m’ forEC, 37 g kg'1 for organic matter (OM), 1,049 mg kg'1
for available (Avail.) phosphate, 1.58 cmol. kg™ for exchangeable (Exch.) K, 10.6 cmol. kg™ for Exch. Ca, and
3.3 cmol. kg'1 for Exch. Mg. Except pH, averages of all chemical properties exceeded the upper limit of optimal
range. The median values except pH showed a lower value than the averages. The pH, OM and Exch. Ca had
slightly increased from 6.3 to 6.6, from 34 to 37 g kg'l, and from 7.7 in 2000 to 10.6 cmol. kg'1 in 2012,
respectively. The order of sample ratios exceeding the optimal range were Avail. P,Os (83%) > Exch. Ca (80%)
> Exch. K (70%) > Exch. Mg (65%) > EC (55%) > OM (48%) > pH (29%) in 2012. The order of sample ratios
below the optimal range was OM (25%) > Exch. K (25%) > pH (20%), Exch. Mg and Avail. P,Os (9%) > Exch.
Ca (6%) in 2012. The excessive proportion of pH, Exch. Ca, Exch. Mg and OM slightly increased, while the
insufficient proportion of those decreased. Approximately 55% of polytunnel soils exceeding EC 2 dS m’" was
evaluated with salt accumulated soils having the risk of growth disorder of crops. Nutrient contents in polytunnel
soils in Korea showed high level especially Avail. P,Os and Exch. cations. Therefore, recommended fertilization
based on soil testing or plant testing is needed for soil nutrient management.

Key wonds: Plastic film house soil, Polytunnel soil, Salt accumulation, Soil chemical property
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Changes in proportion of insufficient, optimal and excessive ranges of soil chemical properties.
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Introduction

AR = Az 2] x| ef e vl s 7

7F ApdEle] HlgEEHo] Ege] JHL7] H 2ol
olof| Y&l 1ol 23]~63|7}A] A FoFH o7 AuljshH
A |l ZH7jupct ghch A== Eujel R Iste] ¢
7F EoFol A E|o] AAo] AstE= Ao] FAAE o] $F
o} Yuk et al, (1993)2 54| AAYAAu]A] EFe]
AFAA AHE 2ARE A3 AV uA] EgFe] stede
AT WX EQfo| viste] "X 2 FeFe B, A)A
T 4dSm oA, &AL 1,000 mg kg | oAl EAF
o] Ayt o]olQlrtal B STt Suh et al, (1995) ‘&
A AR B 5 QAM FEPE kS AR
63%7} 1,000 mg kg & Z1}519a,
T Feli= Ca—P} Fe—PHTHL 3F3ITE
A AR B Stebdat 2HE9
diste] ARSI, 3fed Bt pH, R71&E,
ol Fo| AAeES B, fa3l
A o)kl B astelr),
FEAY AR B EoFslshde
3lo] H118}9)31, Choi et al, (2010)
7\l A] At EoF Shekd )
shoiet.

o] ArbyAE elutet ARl A]of gt Bok
Al e ES Qi Al e Bt
A ZAPF Ba3lth Jung et al. (1998)-2 199610 -2t
2} Al AuiR] B9 51370l it &5t EAJS AL
31913, Bato] pH 6.0, $71% 35 g kg |, -H-ESIAY 1,092
mg kg |, A7|AEE 294 dS m ', X3 K, Ca, Mg 7}
7} 1.27, 6.0, 2.5 cmol. kg ', AAFE- AL 155 mg kg 0]
kil Husielel, w3k S-2luete] 1976 |- 199617}
A1o] Al A R]e] gt BEFEAATE Felsto] At

=3

[e)

o

10 rlo

ol
=
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o] TEOoZ 2000dHE 44 1327|2 2012974 ZAME|
©.31 gk, ole] & AT 200085H 2012 Atolef 41
15712 43]0] AA M= Ql 2 AR AR &
Sty mUE® AyzRE Syt AR ENA] B9
o] skeld W HES Brsto] ESHEE SRt 7124

22 ggatuA} st
Materials and Methods

vt AEAEA] 2] Sede IR R 2AL
s Sistol 2000dle] 2 =3 AAA ZHEe] A5
A lae e 0,614 Hsr, 2 == 7
7)== 3004, 7+ 884, =5 1084, & 4064, A& 275
A, A 4137, 5 4304, A 5517, A5 80 2] EA]
22 7} Ese7|aqeld 247 AFska Btk 2004
ol 2000418] 2AF4 F4 7] 1407, 291 1004,
251084, &9 18074, AE 1204, A 1804, HE 206
A, e 2007, AlF= 40802 F 1,274X] S AlEsto]
Az skt 2008Ael= i 400 m ol AHe] g
100R13S 271810 1,374A] 7 2] BEUFA| RS AZ819T) (Table
1). 2012 0]i= 2008\ ZAMA| T} AT AR oA BEGA]
FE YFstgon] = EFA RO H&S 7] 10,2%, 7+
9 7.3%, FE 7.9% 9 13.1% AR 8.7% AL 13.1%,
A5 15.0%, A 14.5%, AT, 2.9%, 1A 7.3%°] k.
EORARE AE 23lo] HE (0~15 cm), AE (15~30
cm) 2 HEske] 3 sEATE

ESF guislsbd A2 5218 st
Bk 9 AEA A (NIAST, 1988)0] F3}o
o}, pHeF A7 AR B SR, HES 162 5
sto] A=at wiH = S5 f71E2 TyurintH &
A3 3 G- F QAR LancasterH 02 BASHIC 2|4

oFol 22 pH 7,028 ZA3F 1 M NH,OAcE F53}0] AAS

|
)i

<
o

O

Eofslsly Wl Hrietact 1998dmoll = M3 s 2 [CPR HAEIc FARAAE 2 M KO 3535}
Aol APl et B AR B W 5 ARAREZFYA E= ASUEAY] (Auto analyzer)S
AefAte] wheh 199997 e H=2Ql o] ey ol-gste] 45T
B AJRHEI] FAEA) S350l 31 SIek (RDA, 20090). A BoBlshy 7 P2 Ry P
o] ZAALY] ol AVEANA EOF BshAel gt 571d 22 mREAE #osh] skl ALY AFE 4
o] A7 A0l HMEZAIE 2T Hu} 7F & 297|459 A (Shapiro—Wilk test)S 3}l 0|2 vjglo 2 A A|A
Table 1. Number of sampling sites located in 9 provinces in Korea from 2000 to 2012.
Year  High Land Gy;‘i’“g C;Ivi)rilg C;‘J‘Eg C;t“ng Jbei‘ E;E Gﬁ‘l’fg Gz:fjg Juju  Total
2000 - 300 88 108 406 275 413 430 551 80 2,651
2004 - 140 100 108 180 120 180 206 200 40 1,274
2008 100 140 100 108 180 120 180 206 200 40 1,374
2012 100 140 100 108 180 120 180 206 200 40 1,374
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A2 EQF EAAT} FoA SHS|ECko] EAfEk= Al 2 2037 2ol Uehl) o]e} o] AFRIE upe
A9 AQJsto] 7| 2EAFS T AxRRE st ¥ A o 7 Bzl Jﬂ%lﬂiu}b ZO17HS A8
315 BlaLskeiTt (SigmaPlot 11, 2008), “12]aL, 2R HAH] of sp] wl=ta} FHuthe] A EQuISE BIEE fl6to]
A7) (NAAS 2010)9] A|EA A 2 FRE 35 TS AF%W it (IPNI, 2010), 1 2uheh=
APHAE Fote] AVdApR] BEgsishyd AARSE Aoz Ftghs T2 ARgaf gk AldA A Eost
*“*8}"% ojF 7|Eo® AxpE slehde] = A, I} 5442 Table 29} % gu:] EOF pHE A|QJ3t nE o 2
TR 0] vlg-E Leke] WS HIFeHT Farol Btk okt Table 22] B3I AAHAE

7207 ZARAL G HA ooz LHE ZAHS

Results and Discussion Hl&-2 Fig, 13}

HAEZ HE AY A=Y ey 22w EY pH mEet YRS B pH Futdt $YEE
£ Z179] RO R slof Hlaare] AE 1G-S 519 20009 6,394 20124 6,622 0.3 575ttt pHE| 7
o}, 11 Ay} Bt 7F e A EE wEX] e A - Bt} %‘—0*&3 Zokeh, =9 pHY| IHHF Hl & (Fig.
o5 FWriEQle), 9k Earo] 293 HEE 9= (Skewness) Dol =52 BlE-2 15%01A] 29%7H4] EobHaL FEHl&
2 Z71sl 43} pHE 25 S47ke Hol 9208 2)2.3) L 32900 A 20%2 oAt AAHE-L 51%00 4 55% Ato)
FAEUS UERaL, 1 o)) FEL gk Ho| %0 oA WalsiGict Fob|7ke] 9 pH S4E-S 20058

Table 2. Chemical properties of polytunnel soils in Korea except Jeju province.

Year dsei))ltlh Statistics pH E.C. oM. NO;-N /;:2)151 K Eg:h. catlonMg Na i;p(l):
cm (1:5) dS m' g kg'1 mg kg"1 mg kg'1 ---------------- cmolc kg'1 ----------------
2000 0-15 Mean 6.3 2.8 34 163 975 1.67 7.7 34 0.66 2,651
Median 6.3 1.8 32 103 890 1.33 73 3.0 043
Min-Max.! (3.687) (0.1-31.0) (0-173)  (0-2318)  (7-4420) (0.07-10.70) (0.629.7) (02-212)  (0-7.46)
15-30 Mean 6.3 2.0 29 112 792 1.30 6.7 2.8 0.52 2,651
Median 6.3 1.3 26 75 720 1.02 6.3 25 0.36
Min.-Max. (3.6-9.0) (0-18.0) (0-168) (0-2,629) (3-3,988)  (0.03-10.85) (0-324)  (0.1-13.0)  (0-9.59)
2004 0-15 Mean 6.4 32 35 236 953 1.70 9.6 3.6 0.71 1,231
Median 6.5 2.4 31 104 887 1.34 9.1 32 0.49
Min.-Max. (4.1-9.0) (0.01-20.3) (1-181) (1-2,469) (3-3,877)  (0.02-12.40)  (0.9-26.8) (0.3-20.1) (0.03-12.41)
15-30 Mean 6.4 22 30 79 904 1.45 8.5 3.1 0.56 1,231
Median 6.5 1.7 26 54 800 1.08 8.2 2.8 0.40
Min.-Max. (3.9-88) (0.01-12.8) (1-146)  (0-989)  (8-3,893)  (0.01-9.78)  (03-23.9) (0.1-19.3) (0.03-537)
2008 0-15 Mean 6.4 3.7 35 108 1072 1.52 104 34 0.56 1,334
Median 6.4 23 32 55 942 1.15 9.8 3.1 0.11
Min.-Max. (4.2-85) (0.02-24.7) (4-268) (0.4-1643) (12-4,909) (0.08-13.37)  (0.1-32.5) (0.2-13.2)  (0-5.39)
15-30 Mean 6.4 2.5 28 75 880 1.21 8.9 2.8 0.48 1,334
Median 6.5 1.7 26 41 753 0.93 8.6 2.6 0.39
Min.-Max. (3.8-83) (0.04-16.8) (0.5-320) (04-903)  (10-3,593) (0.06-8.61)  (0.830.7)  (0-99)  (0-43)
2012 0-15 Mean 6.6 3.1 37 146 1,049 1.58 10.6 33 0.71 1,334
Median 6.6 2.3 34 87 953 1.21 9.9 3.0 0.53
Min-Max. (3.89.1) (0.1207) (2-246) (02-2,560) (4-4238)  (0.08-10.69) (0.6:334) (02-17.6)  (0-6.16)
15-30 Mean 6.6 22 30 85 852 1.20 9.1 2.8 0.57 1,334
Median 6.6 1.7 27 45 775 0.89 8.5 2.5 0.44
Min.-Max. (4.0-88) (0-152) (0-176) (0-1,066)  (18-3,377) (0.05-10.05)  (0.1-24.5)  (0.1-9.7)  (0.02-4.41)
Optimum range 6.0-7.0 =2 25-35 50-150 350-500 0.70-0.80 5.0-7.0 1.50-2.50 - -

'Minimum-Maximum value.
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Fig. 1. Changes in proportion of insufficient, optimal and excessive ranges of soil chemical properties in polytunnel soils.

o) 6.3, 20100]| 6,493, 20100} pH 6.0 T|Fko] A]R4=
L 9792 RIEQIch (IPNI, 2010).

EARIIE EP7IE FE 20009 34 g kg oflA

201241 37 g kg ‘2 Z7Feto] HAHQ] AFsl 423291 35 g
o 2Bl SEluel =R AL 471E Feol

1999@ 22.0 g kg "o|A] 20118 26,0 g kg 7HA] Z71el 9k
o (Kang et al., 2012) =Eoke) vlsto] oF 1 4H) =2
o} Tr71g,1 HI-& % 20044 38%0)| 4] 20124
489712 Z7)slar e H]u‘%g 20041+ 2008 32%0]|
Al 2012 26%= 7Ax5HSlT), G718 S e, ARAA
2 AJH|of| o]8t JFFS ko™ (Yadav et al., 1998; Dawe et
al,, 2000; Ladha et al., 2003), E% 87]|&
Eookg] H Eﬂ 57]/\—1 _Q]_ZE] ok _11_‘_'_ =
g 7l 71ofdt=s AErt A7) wlEel
AR A] B ol A o] f71E SV uiEAIg
ZFEe},

Z=Z0]9]

WNH=E BEF AFHA A Axd A7|dEE
= 20009 2.8 dS m 101]/\1 2008 3.7% 57}6]-“‘1:}7}
2012\ 3.2% 7taskant Autdo g A7 AEE 2dS m!
ool AFFSNE e o7t e Aow Hdsh=t

= 2AAEA AV AEE Bt dATES 14~1.9
HH 205 pEg BTk FYRORE 200098 Aols}

W A Zustdct Seleg Aving
20081«444- 201299 Ar|AEE =& H] 2. 20003}
2004 0f| |3t Z71et 55%0] Eate] $-elutal Hut o]A)
O] A A uAI7F Aol o3k 2HE wsfi7sAdel e
AOF =gt

HMENEA WA AL0] e 200490] 236 mg
kg (ZYFE 1002 7P 29ka, 20124 146 mg kg | (&
Uk 872 Ureliieh. AR A= 20121 3t 85 mg kg
Z=0)7F 45) LreEbWT) 20126 Haghah E2ogRe Set

2} A AN A] o G2 UE 1,09 Mg m* (RDA, 20092)2}
k71 = 8] 10ad 0|87t AARE R A 9]
oko 7¥7+ 93 9 kgi} 14,3 kg O &2 wj-$- =2 Sz o2 Wy}
=|oit}, EulE 42F 10,465 kg 10a ' Akl a3t A4S
42E0 9 6 kg 102" (NAAS, 2010)0| 25 S-2|ube} A|A7)
HiA] AL A A0 e Wi =2 Ao ' Hrke o 9

ek, SIelf A Aol Sl B ) 315 o

%

RV w2 T (QLF, EviE, 301 w4} 7}R))
oA 70~200 mg kg 9] $F o2 HAAE o] Qlu, FEQT

T7b 3 F ("7, FEh et HAFolA
50~150 mg kg 9] 202 Ao 9lrt (NAAS, 2010).
Figure 10 UER 2] QFQEAINE 24 W)= 50~150 mg kg
AN BEZH|EL 36%, AAYHEL 329%, Foju)Le
2%s A= o= H7IESItE Kang and Hong
(2004) HLEAE AAHIA] Ads FAH] 3=
EFAAte)da: 280 mg ke 2 H7Iol=T
£ AVEARA] vE-2 13%5 AFAISHA T

el Wz,

=

=A7E2

o5 Zust

SOIA  §7 ol S HH2 20129 EE (0-15 cm)
1,049 mg kg &, AE (0-15 cm) 852 mg kg = HEL 2
A Aol 2.18), sleke] 3.0M= &2 o8t T
grel Barol ek ul &S o s-01%E AXeHL, A
Eo] faclih HoghEe & tiste] 200400 95%,
71 9]9] AxoM= 81~82% =S Kol AR GaQlAit
sheke e =9ith S/ olAl leko] =0 ulSE 20044
o|F A& STt 83%U AAISHRAL 5 WSS Al 2
asto] 9% X}X]s}oﬂr,} A L2 20084 20124 BT

8%= W v et

x|kl XEAFZFEE 20004 1.67 cmol. kg ]
A 2012 1.58% HAMS] Alsto] of onf) o g i
B2 FEolA ozt Hstsiglnt. Sdgke] Hatoll it B
&2 AAHOZ 74~80% $ES e AEQ] HEo|
gt Ht HlE2 2004W0]| 90%E H AT L 9] Ao
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L 80% 42 E@‘E} H]L-2 2000, 20040 H]3|
3% ZFA519al, 2008¢ 0 H]oH 4% Z7V3t 10%= ¢ =
< Folslth, AAHfle B 2ARAEAA 5%E e
W o9 Agic} o] AL AR LI7}0,7~0,8 cmol. kg & 1l
7] W o= gz}, So|e|rte) A9 2|2 K
Zokzke 200590] B3| 4 mg kg ' A3 150 mg kg |
(o 384 cmol. kg )OI, MAAIT Y F& 2ET} At
B2 g HEL AA (critical) 45 E= 1 o3l o
50% o)Fe] AN A Adslr] flste] K
AHZF D asiotar shgleh, el AFRA A H &2
olf= EYol @ F3ES] wlzelztar shyleh (IPNI,
2010), RA|FHAZ4-L 20008 7.7 cmol. kg oA 20124
10,67HA] F7Fgk Wb 2|ghy mEyl- oF 3.3~3.6 cmol.
kg 9] 3ollA OFE FIeIdiT), X daat 2ghAdu)
TI|0] Bt FAEE B AR ol el sl g
50 =5 HE2 53%01 A 80%7HA] S7FSHLAL, W
188 22%0l1 A 6%=2 WolA] Zh<zo] Tt A e 7} vl - =&
o 4= QUSlTh AR HIEE 25%00 4] 14%71A] Hot
Ach AT A9 2004 o]F =89 H]ES
oA Zr)ekar, F2-9) vle- 1:}/\ HAsl= AsRS 29

F

J9—10

mlo E

2,

o} Mgzl Fodgke ool tiste] 93~97% +~ES
Hlal, A& FHd2 FE EHo}on] 2004W0] 89%, 71 <
ZAFAE o= 86~87% 4228 B}, x]ﬁ}HU}JLﬂﬁ 20}k

e Bol dele] 83-01% 48 BAT, HE HRE
FEof tisto] 82~86% T2 H AT x]@*ju}g%g *
BEol|A 0,56~0.71 cmol. kg —4 TS HYal, AEA
0.48~0.57 cmmol, kg '] =28 Wt}

}

.I°|'

PMZE A 20124 REQ] EoF 357 *Jﬂrﬁl

S Table 33} U}, B9 pHE A4} 0,400 A
ST 0,198 9 AEHISE UERITE Ha et al,
(1997) FRAY AVEAERA] EFoFsE A oA
Eof pHi X344 24, uhulgt Zk2F S 03067,
0.312" 2] TAE

ROl sjgr). olelo] pHs} Tl

tol

o XFHYZE-S 2000 7.7 emol. kg O4] 20124 10,6
7HA F7keh dbA X mhauvla2 ¢F 3.3~3.6 cmol.
kg <] *101]*1 OFTF ST M EEE Ak E
429} 0,693 = 7}% Rt Ao s 2oL
Tt 0534, AEAUGEST} 0527, XeHA ZE
A2 gz 0. 395**94 o] Ak Wit §7]
LRI 0,452 = 71 > e 2l
SRS XEdutauisat 0585 2 7P S
H 138 74-S AFAn YT 0.627 =
Cla= Ak, ASPUERES AeHdntadls
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Conclusions

Fig, 20]4 20120 AJAA el EokalshA] AAHL] of
H] 25 Hl&2 f71E (26%) ) 2843 K (25%) ) pH (20%)
> A Mg, FRJIAF (9%) ) Z|EHY Ca (6%) 9] <=°] ATt
Aot vl&0] A7]= FAEJIAR (83%) ) A¥H Ca (80%) »
2|34 K (70%) > 2 Mg (65%) » EC (55%) > G71&
(48%) > pH (29%)& Ho] Z¥tH o8 pHE Aljstile 1}
o} Hlgo] AJEs] =3tk 53], AFs=9] A# A7|A
EE7h2dSm ' oAkl Hlgo] 55%L} o AR x| &
o] Al ool AFds A 7HsAol e A=
7he| ek, 20129 9] #E 9| 3}eHd A= Hat- pHE A9
SF = ABo| AAHL AFsl o]Ake] ZRS Bt} o|9} T
o] SajLtat A AR o] AT vl e Ao T

SHEIQITE oA AJAANIATE 9ol ol gtol 7]
glol rolg-80] & 2L W) rlol A YA
=ol7] fIste] WA o2 EH|e} H|mE It AlH|sl7] wiE
O = ek} wepa] ot Fx|of| tistel= Bl
o5t AR HERS F2dlal, Ed] Bl Rl o] 95
O Algo® Rintde Wolol & Zlos wiekErh

Table 3. Correlation coefficients (r) for chemical properties of polytunnel top soils (n=1,434).

Property pH EC OM Avail. P,Os Exch. K Exch. Ca Exch. Mg Exch. Na
EC -0.110%**
OM -0.015 0.130**
Avail. P,Os -0.074* 0.244** 0.376**
Exch. K 0.120** 0.473** 0.452%* 0.474%*
Exch. Ca 0.400** 0.395** 0.344%* 0.255%* 0.428**
Exch. Mg 0.198** 0.534%* 0.347** 0.391** 0.585** 0.627**
Exch. Na 0.143** 0.527* 0.156** 0.185%* 0.475%* 0.406** 0.570**
NOs-N -0.192%* 0.693%%* 0.148%* 0.237%* 0.372%%* 0.317%* 0.453%%* 0.326**

*, ** significant at the 0.05 and 0.01 probability levels, respectively.
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