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Comparison of Soil Chemical Properties and Heavy Metal Contents in Organic

and Conventional Paddy of Yongin and Anseong
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The aim of this study is to investigate the chemical properties and heavy metal concentration of soils in conventional and organic paddy. We sampled and
analyzed topsoil (0~15 cm) and subsoil (15~30 cm) of conventional and organic paddy fields in Yongin and Anseong, South Korea. The statistical
significance between groups was determined by Duncan’s multiple range test and correlation between soil properties was also analyzed. The results show
that organic matter (OM) and T-N of conventional paddy soil were higher than those of organic paddy soil. However, higher T-P concentration was
observed in organic paddy soil than conventional paddy soil. As, Pb, and Zn concentration in organic paddy soil were statistically lower than those in
conventional paddy soil. The couple of water content (WC) & As, OM & T-N, T-P & P,Os, T-P & Zn, P,Os & Zn, and Cr & Ni had a good positive
correlation but the couple of WC & T-P, WC & Zn, T-P & As, and As & Zn had a strong negative correlation. It can be concluded that organic farming
is beneficial to soil environment by reducing the amounts of organic matter, T-N, As, Pb, and Zn concentration in paddy soil when compared to

conventional farming.
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Bo]Alz9] B4R FhEolt Aol TaE & 2= 9
(Shon, 2001). ZFE8 gAlo] =& S|B9 By|o=
] BoF ol FAE o] A& tigh fisdo] Atk (Lee et
al., 2012).

7] ol o Bel AT B84 9152 B
wol ATt eholls aFe] ALY et oh ek ool At
A A B A1 R D2islel 2144 0.2 elo) Ak
A& AT = B HY 7o i H B 28
o231 QI (Cho et al., 2002; Kim and Choi, 2002). -7 2]
ah40 2 Eof] A WS SlalAl Eobe] Relatoty
o} APl Thek o]l o] AR 18] R I
A o] EoF 5/ A A2 o S A d 3 ARgo] Fast
t} (Ahn et al., 2012). E2F2] A7} S]&- (health recovery)Z}
ool WA 2|9 A7), A S| A7, A Gk e) A7), &
1 4] 71744 SiFt eko = MabEsRlo] thFEsTH (Lee
et al,, 2010). o]t Wetol| x| = AAYefA o] thefdat =<
7hs3t w9 AR lelA f7] s ol gk o] S
91t} (Sohn, 2007).

A9 BT o183 B AL B A47ksD

&1t} (Ahn etal., 2012). %7114’*01] HJr—‘“:
%]7].7]. OE]_‘,ﬂ_Z': HQOJX]U]' Eo]:g]_ﬁoﬂ q@' A= Xﬂoi%
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golat oy xiojol k= o T
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270014 553t 5= 917] W) A142jel ) BRal
87]%0] 3HAo| u|x|= 3] thaliA FAA Q] ATt A}
eF FAA A A7 A= kL Qlof =gto] Wk
Cho etal. (2009) T3t £:7}5 A wre] & glAke] gefo] €]
2 570l val S0 Lhebdeka sl o, ol $71%
& vl A 83191 7] wjito]2bal B algdc). Kim et al. (2000)
o) §7] 59 AR 570l ARAERA, 1=, T 2 )
E o] QlAto] abeF 24 =] of Qlokar B a1st¢ict. Chung and
Lee (2008)9] - Aol A = f-7]5 EgollA 245 S &
o] PWel's EFH o} =A YElRdTE 184 Joo et al. (2014)
& 47) 541 915 A olat Ripo 4 2l A ole]
ol thsiA S5 & pH, 712, AL AR
2o} 59 40 $4L Hlmet A3 ol gl Ao w

B 115t} Park et al. (2015)2 7] 1=0f H]3}o] 3= E
FollA A7) o} 7= ol Al Uehdthar Harst
ek oleiat 87 SR 71 A8 71k g
A8 71 sl Aol el oo 49 o
A, $7 10 ek A B o] dhel =8 dmeto] i 9)
Tk of2|3t =t S0 L A&7 U HOM 715
Qo] B3] v]31 el chat X|4Hel muE Rt A4k
AAE Hetelsh= Alo] Hasi.

H Ao A= {7 U a0 EoFslela] EA] Ul =
s U A B R7lslat ] el e
o] 0 B AR Ak 9 Ba 5 2l
2= 40l 5 (pH), A7 = %= (EC), §71E53%F (OM),
S0 (TN, 2huise] 4 (NHN), 24 2 (NOLN),
Q1 (T-P), A QIAE (P20s) 5 3FeH4 5445 EAlsk3ich
=40 2 As, Cd, Cr, Ni, Pb, Znof tjs}o] E9F U] AseF
& sasioitt. 2 AT AT B B4 S Fotel 1
o] o) wekaioc

°Er_

3

A
o

EopAl A7) 2016 3UR 7]u1E ALEst] A A4
S, A710] WFE w0 B4 WBkE: F4:atel7] SlafH A
#1429 o|ufe] o] o Aick. A B3 713

o] 374 BAL vl 91 2 £ thell = =02 A
'6(]3-]5‘____9_0] ] OJ/U—U:] 47H JJZ] ]—/Ké/\] E7H1:57
A A, 871 B9 L 147) ), QAL A
A B2, A el 1 B A S
W 147) BA L 2 B BB E0) S710l4, <
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#9A) TR 97) A9k kA A Tl 1) WA SRS
5 23] 5710l 2JaA] 42kE L Qlck. 8217t eHg A
o 7130l 7]ulet u) 2 AlulEls 6711 )R E5
B8R Bt B8 #4714 HlRQ BRI (o
F7FE)E80 %, T 11 %, 11713 %, oFxiek3 %,
23 %) ALSBlL Ak HH A 714 Hlwel 3}
Lp2 R E (2R EE40 %, 520 %, Al0]Z 825 %,
Ul 1S %) 8 A ESHL Ak SRR RElEE e
EOS BE E A 4%, QA2 %, 2] 1 %2 B
2= 1714 v =o| Qlnk Baloll A= Bt vl =Sl ‘21
M} SAFEH] 7 AGE AL QAQITE AR T A S Q1 -8-)13 oF
Ao §7]=2 HE 153 o)At §7] s o] X&EH o7 43
B3 AT l—:a“"ok ool uhg EF 54 AR fi5to]
Al ' AF = FF (0~15 em) B A5 (15~30 cm)2 242} 24|

w2 3ol A stel £k

\l

aooot

SFsHd A1 184 105°CE 24X A% &
sttt ARE A 252 mm A2 A AE 3
sofl ALg BRIk, B S5} 54 14
3ol mtakelol A uI7ke & oFska A (National Academy
of Agricultural Science, 2010)9]| wh2hx] =343}k
pHE}EC= EQf SH-9) v 8-S 1152 31l pH= 14
7+ W 3 =519 31, ECE= 305 wHE $of| No. 20§34
(Whatman, USA)ef| &J3}A]7] A|£E pH/EC multi meter
(Sevenmulti S40, Mettler Toledo, Switzerland) S ©]-&5}]
Z7g313th 7<= (organic matter, OM) $aF2 24 &4
2P0 2 450 °Col| 2417 742 F e sk ZAskck
T-N+= KjeldahlHof] whebA] 765204 = KoSO42F CuSO4
1 0:1 2 27}5le] 400 Col A 44171 7hedstal 3 ulapy]
©2 24519tk NHy-NE= E9F 5 g2 2M KCl 89 25 mL
ol 93 30 87+ wkshod 215k 35§ 212 No. 2 of o]
o3t} Fof| v © B =519 17, NOs-N+= Brucine o] wh
g}A 2M KCl £ 0 2 =Z=5)0] =2 =3 519tk T-P2
T 24 (HCIOs) B3 of] whepa] Q58] & ofaz 2 ulAb
o= BRI & S8 P,Os $2 Lancaster
ol nebA] Zgstelct
FR4S 9559 (Aqua regia) & 0| §510] 53 49
S No. 20j1}x] o] &J}A] 7] L ICP-OES (PerkinElmer, Optima
8300, USA) = =73}t

flo

3. Hloje] A &4

At 5ol W2 EoF B4 HA AN B ERONR
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EAJSIo] LFERIL SAS 9.45 o]851o] FAHLA] (ANOVA)
2 AATBlgT R 71 Kol £.9Z (6) 005914 Duncan
o A o= A Ak

5.3+0.20 4] 6.0+0.1 2 =FEF2] ZAA7]&%]9] pH 5.5~6.5
£ o vhole 210 2 Uit ECE-§7) Eold
327 Ut 917 223 (Shon etal , 1999) 2= ke gt
2] o4l 9li= Ao} 2leI) Skt

|9 2 QM A o] WA= 171=0] 5 EdlA F
7—'”&,‘_9__%_ 'IQI_Q‘]?_}_’ 2}017]— ‘/}—F’]‘]d- t:)_:]l__/l\‘%) OM& T'Ns NH3'N7
T-P, P,0s 9] oF2 Fig. 1o] eItk 2ha-2 MR
71501 16.4£1.0 % o2 7 WA el o, o= ¢Hd
A 7= B silt-clay 9ho] 2 17] wiZo =2 HehE

t}(Leeetal., 2016). OM-S 51 71of| §-2]4 Q1= Zjo]7}t
A=Aty OM=2 8214 & #3l+= (13.3+1.0 %) 1} QA
Tel= (11.120.5 %) 0] &-IA| & F57]5=(9.8+0.4 %) 2} Q1
A F71= (8.8+0.5 %) ot =2 A &2 UEh, f7]=E
o} =l A OMo] =2 A o2 Uehth ES W 7=
S B R B B oetEr 94, A= AAA Al
59 98-8 3}A|4t (Brady and Weil, 2010), A 2 5- A
BOD 4 COD 37te} 22 2 @ @49 ofgaka m|xl
th 7122 95+ 23 (Lyou et al., 2005)0f wk=2H 7] H] =
£ Al 49759 BOD % COD 57} 2}5} vl & <
Al ok =] Uepith 2 Aol A= WA OM g
o] A Uehst=d], of= ¢1% Alw=of| oJshiA] Alu|Zo] ¢4
SHA| Tl E= 57 )= B gy B A9 A E
7] flo] SATEM|7E HF ASE 7] dieo = ATkt
(Park et al., 2015). T-N+=-§-%1 2| & 8= & {7 ]5=0| A 2}
7+973.5+146.7 mg/kg, 827.0+45.7 mg/kgo| 31 3l, QA &
W=} §7|20)| A 212} 735.4+84.8 mg/kg T} 512.8+39.5
mgkgO 2, 2t 2]2)9] Paieo] A §7]=HTH TN o]
7] ey, Sal, 2] 7m0l M At o e
F=HUT-N o] A Ueht=d o= A o] 171

Table 1 Statistical results for chemical properties of topsoil (0~15 cm) in conventional and organic paddy

Water content EC oM T-N NHs;—N NOs—N T-P P20s
(%) P (uS/cm) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

n 4 4 4 4 4 4 4 4 4
MAX 25.9 5.9 432.0 16.3 1266.0 65.1 101.4 1466.3 16.7
YC MIN 221 48 118.4 1.1 648.0 235 21.3 999.1 10.3
AVE 24.6 5.3 234.0 13.3 973.5 37.1 53.9 1156.9 13.3

SE 0.7 0.2 62.1 1.0 1467 8.3 14.6 90.9 1.3

n 14 14 14 14 14 14 14 14 14
MAX 1.4 6.5 263.0 13.5 1040.0 374 110.9 1583.5 33.3

YO MIN 216 5.0 78.6 6.9 442 0 2.6 3.9 1280.4 52
AVE 27.0 55 1413 9.8 827.0 16.5 25.9 1413.4 12.4

SE 14 0.1 16.2 0.4 457 2.8 6.6 26.5 17

n 7 7 7 7 7 7 7 7 7
MAX 25,7 6.4 320.0 12,7 1080.0 30.0 831 1903.9 442
AC MIN 225 55 96.3 8.8 420.0 5.1 15,5 1596.0 12.8
AVE 241 6.0 171.0 11 735.4 13.9 422 1745.4 30.1

SE 0.4 0.1 26.2 0.5 84.8 3.2 8.1 40.2 3.9

n 10 10 10 10 10 10 10 10 10
MAX 21.8 6.7 227.0 1.8 704.0 40.9 87.3 2088.3 39.8

AO MIN 12.2 49 7.8 6.0 230.0 3.6 26 17711 8.8
AVE 16.4 5.8 129.9 8.8 512.8 201 1.5 1881.2 22.3

SE 1.0 0.2 14.4 0.5 39.5 38 9.7 30.1 3.1

YC: Yongin conventional paddy, YO: Yongin organic paddy, AC: Anseong conventional paddy, AO: Anseong organic paddy, n: sample
number, MAX: maximum value, MIN: minimum value, AVE: average, SE: standard error
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Fig. 1 Comparison of topsoil (0~15 cm) properties between conventional paddy and organic paddy in Yongin and Anseong. (a) Water
content (%), (b) Organic matter (%), (c) T-N (mg/kg), (d) NHs—N (mg/kg), (e) T-P (mg/kg) and (f) P.0s (mg/kg). The bar show the
mean value and the error bars the standard error of the associated water quality data, Different letters appear above the bars
is significant difference according to Duncan’s multiple range test (p{0.05).

EGYsilt-clay o] ol Eqfm o] &g o] 224
27} A GA 7] gl g gebEch (Allison et al., 1966;
Yun and Yoo, 1996; Lee et al., 2016). NH;-N 2] 32 -8-21%]
o] =0 37.148.3 mg/kg O = 7P A YER oM, tf
E A 1ol 794 s 2o 7 A] 2kt T-P2)
785 A it 7k F-o)4d sl Abol7H A E STk 84
2] 2] FHag= (1156.9£90.9 mg/kg) Tt -3-7] %= (1413.4+26.5
mg/kg)©o] SHIR| 2] T3 i= (1745.4+40.2 mg/kg) T} 7]
= (1881.2+30.1 mg/kg) = ot WA Uepyton, 2} X[ oo A
F713=2] T-P 3ho] W=kt o A Uekgith HIA]
A {7]=0l|A] T-Po] 7Hg w7 Uefh= A2 w47} S0t
o] W2 EgoA= Al-P FE9] ¢lito] Wox|H (Kim
etal., 2011), o] 2 213 EFwTo] 1A o] #%|7] wjE
o 2 #dE ) (Kang et al., 2011). P,0s 8] 79-= 821%|
O] W=t §7]t=0] Z}7+13.3+1.3 mg/kg, 12.4+1.7 mg/kg
© 2 oFAJ x| o1 o] Tl = (30.143.9 mg/kg), 37| 4= (22.343.1
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mg/kg) B Th A ERLE, 2] 7] {014 9l Afol= UEr
A s 7ke) Zfol= §loiTh

45 B (15~30 cm) o] 3814 EAJ 9] 5A14 A} 3hs
Table 2] LFEFUI 1T} pH, EC, NH3-N, 18] 1 NO3-N= %]
Aa} 51 Zholl 94 = Zpol7h vrebutbA] ¢horar, B
20 7§04 Q)= Ao 7h vrehd §<=&3 OM, T-N, T-P,
Z12]31 P,Os- Fig. 2] JEFH Q). ek A 7k
o1 Q= Aol 7t e Th 821K Ha=it {7]=2
SH8-0 717 33.741.6 %, 33.940.9 % = OHd 2| o el ie
(27.6%1.5 %), 5-7]= (28.0+0.7 %) K.} =& AFRS el
Atk OM2 8212 o] =3} §-713=0] Z}2H11.7+0.4 %,
9.4+0.3 %0]%13L QI H 2] HP=ath-H7 =2 71219.320.6 %,
7.0£0.4 %02 LJER} Hat=o] A §7]3=Ht OMo] 7]
UElstth o] Aik= 25 EFO OM Zatete Yx|gich
T-N= QM A {7 =0l Atk 7214 Q= 2to|7H A= 9
o, #35 EFu o] thE Ftho|| viste] T-N2] gefo] v
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Table 2 Statistical results for chemical properties of subsoil (15~30

cm) in conventional and organic paddy

Water content EC oM T-N NH3—N NO:—N T-P P20s
(%) pH (uS/cm) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

n 4 4 4 4 4 4 4 4 4

MAX 36.9 6.1 4322 13 1225.0 225 81.5 1363.2 16.1
YC MIN 29.4 48 118.9 10.8 4450 0.2 23.8 1052.2 10.4
AVE 337 5.6 2342 1.7 734.5 9.2 447 1192.8 13.5

SE 1.6 0.3 62.0 04 165.6 41 10.9 66.5 1.1

n 14 14 14 14 14 14 14 14 14
MAX 391 6.9 263.4 1.6 796.0 24.4 85.2 14851 12.8

YO MIN 28.0 54 78.6 7.9 4420 45 1.0 1144.4 27
AVE 33.9 6.0 1418 9.4 623.0 10.9 426 1316.7 9.3

SE 0.9 0.1 16.2 0.3 28.3 1.3 7.2 26.6 0.9

n 7 7 7 7 7 7 7 7 7
MAX 32.3 6.9 320.6 11, 892.0 14.5 78.5 1847.6 28.8

AC MIN 22.6 6.0 96.9 6.0 364.0 3.0 16.3 1586.7 12.9
AVE 276 6.5 171.5 9.3 624.0 9.9 35.4 1686.2 21.2

SE 1.5 0.1 26.2 0.6 66.2 1.3 8.3 35.4 2.2

n 10 10 10 10 10 10 10 10 10
MAX 31.2 7.5 2275 92 876.0 225 275.2 1938.3 25.3

AO MIN 24.9 49 72.0 5.1 104.0 0.5 5.1 14257 9.9
AVE 28.0 6.2 133.3 7.0 422.0 101 57.3 1674.0 19.5

SE 0.7 0.2 14.6 0.4 70.7 2.0 24.2 53.6 1.6

YC: Yongin conventional paddy, YO: Yongin organic paddy, AC: Anseong conventional paddy, AO: Anseong organic paddy, n: sample

number, MAX: maximum value, MIN: minimum value, AVE: average, SE: standard error
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Fig. 2 Comparison of subsoil (15~30 cm) properties between organic paddy and conventional paddy in Yongin and Anseong. (a) Water
content (%), (b) Organic matter (%), (c) T-N (mg/kg), (d) T-P (mg/kg) and (e) P-0s (mg/kg). The bar show the mean value and
the error bars the standard error of the associated water quality data, Different letters appear above the bars is significant

difference according to Duncan’s multiple range test (p{0.05).
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A e T-P& 233} g A3l Ms 5 7o) o)
4 = Ael7 A EA] QFAIRE A 7He) Alo= w
e} -Rolx|o Tl (1192.8+66.5 mgkg)d 571 (1316.7+
26.6 mg/kg)©| QMIA| ] Y= (1686.2+35.4 me/kg) T
7]x= (1674.0+53.6 mg/kg) =tk WA et P05 2] 73-¢-
= %9 k0] Afo]7} uhElo] §21x]o] Talieit £7]4zo]
¥z} 13.5+1.1 mg/kg, 9.3£0.9 mg/kg S = QIR AP =
(21.2+2.2 mg/kg) T 7]+=(19.5£1.6 mg/kg) Rt} F2 A o
2 b, 4 119 ol W] ook, §715 S
Wahis AVAIA, 2=, T, el P.0s Feko] Qs

s 1o vt O
el =4 yeldth= 7|53 (Kim et al., 2000; Cho et al.,
2009)7 oh2 A¥E YERH-

80 9 9 X ol0] P A {71 B0 FIETF
5T 15-E o] Table 30] kgl on], §o14 9]
7} BHAE As, Pb, 12|31 Znoj dia}o] Fig. 30] Lre}
As= EZT} A Fo| A 22 A eko] e om, 841

s}

% 2 A oA BR= EFE As FETH 7= B
s S H T =7 UERTE Pb o] A= 8RS A
Je ARt 8¢ 3 A X199 5 = Qb Ao A
< EFolA =2 Pb w57t 7 =R = e
Y Zn = JA] AN G S =] 45 Th=t
7= Abolol Zn “s1= ko= fIAIRE &9 B b A1
O F35 B o A9 HS B Bl M Zn w5
7h 7 lEE e A et Bl Bl 7l B9
Hr}hAs, Pb, Zn 9| s =7k A UreRd 212 ek EoF U
OM o] ztolof uh2 71 o= ket E7h W=t &
2| 7 l=olis 77 lE 95 710l weha] o] ofaetk
g ol gsl] ol 55 B Ul 524 =t 2k
A0 2 pehenh B9k S5 ol 22 B 7=l A5
7254 9 v 2879k elehes B/4dsh=Hl (Sparks,
2013), H3P=o] 7)==l vlsto] OM ol ot = Wi
As, Pb, Zng | F2H A S4E o 3o BE SEEES
o] 7| &7l wlste] W A& e 1=, Yoon etal.

(2009)7H927] X 0] 41 Eoko] HES YAy o

O

>

(¢}

ul

Table 3 Statistical results for heavy metal concentrations of topsoil and subsoil in conventional and organic paddy

Topsoil Subsoil

ey s As Cd Cr Ni Pb Zn As Cd Cr Ni Pb Zn
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)

Criteria level 25 4 5 100 200 300 25 4 5 100 200 300
n 4 4 4 4 4 4 4 4 4 4 4 4

MAX 19 0.0 13.7 3.5 3.4 16.9 2.0 0.0 1.9 3.6 2.6 13.2

YC | MIN 0.7 0.0 16 0.3 2.2 12.6 12 0.0 17 0.4 18 1.5
AVE 1.3 0.0 6.4 1.6 2.6 141 1.5 0.0 48 1.4 2.2 12.0

SE 0.2 0.0 2.3 0.6 0.2 0.8 0.1 0.0 2.1 0.6 0.2 0.4

n 14 14 14 14 14 14 14 14 14 14 14 14

MAX 15 1.0 18.1 2.7 28 14.2 2.1 1.4 15.2 33 39 14.8

YO MIN 0.7 0.0 0.9 0.0 1.1 6.2 0.5 0.0 0.5 0.0 1.8 9.3
AVE 1.0 0.1 5.2 0.8 2.1 10.4 13 0.1 57 1.3 2.4 1.2

SE 0.1 0.1 1.3 0.2 0.1 0.6 0.1 0.1 1.0 0.3 0.1 04

n 7 7 7 7 7 7 7 7 7 7 7 7

MAX 14 0.0 9.4 16 3.2 23.3 12 0.1 8.8 2.4 3.4 20.2

AC MIN 0.5 0.0 0.8 0.4 2.2 12.9 0.5 0.0 1.3 0.4 25 13.1
AVE 0.8 0.0 48 1.1 27 17.8 0.9 0.0 38 1.3 2.9 17.0

SE 0.1 0.0 1.1 0.2 0.1 1.4 0.1 0.0 0.9 0.2 0.1 0.9

n 10 10 10 10 10 10 10 10 10 10 10 10

MAX 14 0.0 1.5 41 2.9 239 19 0.0 10.5 5.3 2.9 20.3

AO MIN 0.0 0.0 0.7 0.0 1.7 12.0 0.0 0.0 0.6 0.0 1.5 1.8
AVE 0.5 0.0 5.9 2.1 2.3 16.8 0.5 0.0 5.4 2.3 2.2 14.7

SE 0.1 0.0 1.0 0.4 0.1 1.1 0.2 0.0 09 05 0.1 0.9

YC: Yongin conventional paddy, YO: Yongin organic paddy, AC: Anseong conventional paddy, AO: Anseong organic paddy, n: sample
number, MAX: maximum value, MIN: minimum value, AVE: average, SE: standard error
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Fig. 3 Comparison of As (a & b), Pb (c & d), and Zn (e & f) concentration in topsoil (left column) and subsoil (right column), The bar
show the mean value and the error bars the standard error of the associated water quality data, Different letters appear above
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Table 4 Correlation matrix among the 9 physicochemical variables of topsoil (0~15 cm). Asterisks indicate significant difference. *Values
are statistically significant at P { 0,05, ** values are statistically significant at P { 0,01, *** values are statistically significant at

P ¢ 0.0001
pH EC OoM T-N | NHs=N | NOs-N T-P P20s As Cd Cr Ni Pb Zn
WC | -0.104 | 0.007 | 0.324 | 0,518** | 0.007 |—-0.244 | —0.528** | —0.243 | 0.497** | 0.097 | -0.108 | —0.392* | —0.161 | —0.453**
pH 0.137 | —0.005 | —0.120 | 0.187 | 0.174 0.379* | 0.573** | -0.239 |-0.027 | -0.195 | -0.088 | 0.021 0.200
EC 0.419* | 0.370* | 0.356* | 0.075 -0.277 —0.007 | -0.005 | —-0.171 | -0.194 | —0.203 | 0.071 0.123
oM 0,505** | 0.258 | 0,203 | —-0.345* 0.093 0.425* | -0.102 | -0.089 | —0.234 | 0.172 | -0.056
T-N 0.309 | 0.088 | —0.589*** | -0.142 0.407* | —-0.011 | -0.095 | —0.325 |-0.038| -0.132
NHs—N 0.297 —0.296 -0.117 0.115 0.233 | —=0.101 | —0.100 | —0.126 | —0.064
NOs—N 0.014 0.074 0.171 —0.137 | 0.237 0.168 |-0.030| 0.075
T-P 0.505** | -0.572*** | -0.156 | 0.092 | 0.359* | 0.092 | 0.567***
P20s -0.380* | —0.094 | —0.137 | 0.068 | 0.148 | 0.407*
As -0.082 | —0.133 | —0.306 | 0.024 |-0.435**
Cd 0.156 0.161 -013 | -0.113
Cr 0.804*** | -0,088 | 0.095
Ni 0.015 0.287
Pb 0.413*

Table 5 Correlation matrix among the 9 physicochemical variables of subsoil (15~30 cm). Asterisks indicate significant difference, *Values
are statistically significant at P { 0.05, ** values are statistically significant at P { 0.01, *** values are statistically significant at

P ¢ 0.0001

pH EC OM T-N | NHs=N | NOs=N | T—-P P,0s As cd Cr Ni Pb Zn
WC |-0.116| 0.232 | 0.315 | 0.356* | 0.308 | —0.012 | —0.601*** | —0.513** | 0.485** | 0198 | 0.159 | —0.070 | —0.167 | —0.583***
pH 0.045 | —0.156 | —0.037 | —0.012 | 0.102 | 0.356* | 0329 | —0147 |-0.064 |-0.263 | —0.243 | 0.114 | 0.067
EC 0.381* | 0.176 | 0.141 | 0.014 | —0205 | 0.121 0.288 | —0.129 | —0.061 0 0.169 | 0.008
oM 0.597***| 0,084 | -0.067 | —0.385* | —0.180 | 0.460** |-0.088 | —0.214 | —0.423* | 0,049 | -0.110
T-N -0.013 | -0.268 | -0.076 | 0.015 0141 | 0,038 | 0,084 | —0.033 | —0.121 | 0.109
NHs—N -0.098| 0004 | —0.085 | —-0.069 | 0.137 | 0216 | 0121 | -0.141 | —0.160
NOs—N -0130 | -0123 | -0.015 | -0.166 | 0.045 0 0.011 | —0.170
T-P 0.684*** | —0,595*** | —0.163 | —0.027 | 0.241 | 0.068 | 0.758***
P20s —0.511%* | 0294 | —0.144 | 0206 | 0.213 | 0.678***
As 0.096 | —0.288 |-0.451**| 0130 | —0.514**
Ccd -0.092 | —-0.115 | -0.091 | —0.204
Cr 0.775"**| -0.253 | 0.008
Ni -0.071 | 0317
Pb 0.282
A7t 0572&7?:1%4 A S Ve vhHol|, Ni 3 o TEE5s EY Ul s B SEH ES U &

Zn}] AAAI4= 71710.359, 0.567 &2 OFQ] AFA S 1
BRI ? (P)fi G304 thRE PO, A4 FEj =

22|51 AlBRS 0] 20 7 RS Ase} EoF Tz §lo]

A 747

& 8] ujo] T-P3} Asts 0] AU S Lpep)

L A0 2 b= th (McBride, 1994). ¥HHol| PO, -2 oFo] &
o Fe& 4
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