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Mine soils are usually unfavorable for plant growth due to their acidic condition and low contents of organic
matter and nutrients. To investigate the effect of organic material and lime on nitrogen processes in an acidic
metal mine soil, we conducted an incubation experiment with treating livestock manure compost, dolomite,
and oyster shell and measured soil pH, dehydrogenase activity, and concentration of soil inorganic N (NH{
and NOs). Compost increased not only soil inorganic N concentration, but also soil pH from 4.4 to 4.8 and
dehydrogenase activity from 2.4 to 3.9 pg TPF g'l day'l. Applying lime with compost significantly (P<0.05)
increased soil pH (5.9-6.4) and dehydrogenase activity (4.3-7.0 ng TPF g'l day'l) compared with applying
only compost. Here, the variation in dehydrogenase activity was significantly (P<0.05) correlated with that in
soil pH. Soil inorganic N decreased with time by 14 days after treatment (DAT) due to N immobilization, but
increased with time after 14 DAT. At 28 DAT, soil inorganic N was significantly (P<0.05) higher in the lime
treatments than the only compost treatment. Especially the enhanced dehydrogenase activity in the lime
treatments would increase soil inorganic N due to the favored mineralization of organic matter. Although
compost and lime increased soil microbial biomass and enzyme activity, ammonia oxidation still proceeded
slowly. We concluded that compost and lime in acidic mine soils could increase soil microbial activity and
inorganic N concentration, but considerable ammonium could remain for a relatively long time.
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Temporal changes in soil inorganic N after applying compost, dolomite, and oyster shell to an acid mine soil. The
treatments are compost (Com), compost and dolomite (C+D), compost and oyster shell (C+O), and compost, dolomite, and
oyster shell (C+DO). Values are means of triplicates. Vertical bars are LSD (P=0.05).
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Introduction

FAA S fmgsit HA A= BeF o] B¢
Hotol Qs o] ofui] 43, B $71 83 7
ZFo] A8 Holt} (Akala and Lal, 2001; Jung et al., 2010,
Jung et al,, 2011), 53] S84k Hlg o= OS5t BF
W S5 ol =& AJHlE A2 4= Utk (Perez—Esteban
et al., 2012), EZF F4t Ao B FolZulehgfo] Wil
n =g/ o] Wol AlE AR = A A SHA] ¢dth (Vega
et al,, 2005), o]e} Zro] Eejgt 21 wiiZofl ibx| Aol 2}
oz AAo] FAERE A2 TS o HTh (Clewell, 1999).
Il FAR] o Boke] fAT AR foll Sah =
= Fo17] §J8ll AES 5T Zavk Qi

A B8 At A Batel] 7P de o]-8E AL Qlar
H|-go] A7 = Wrolrt, Teju B Bl& Tt Ho A
A 20U A d9Fer ASE EYstrlete AR
o] ZEFSIAY A7 7] wiiZeo] Bk =e]atetd A
= Al f71E, AR EEE ARs)e shaL, FE &
= HF517] fI8l BlRE Al8sl7] = gtk 3gAE 2| ol
[=8& A8 B 74 B0 pHE wAsHHA B9
YA HESA7AL S5 A H 2] 9ol =83t
A7l glofl 7]1o1E 4= Qlekal & A] U} (Bendfeldt et al.,
2001; Brown et al,, 2003; Park et al., 2011),

A% Bl FUelA 71 Bl AL ol
H| & 5 sholth, BH|= 7714 dixtds A28
= SHA 583 u|E 7HA7| = jhe), ey FolE

BHl= 7152 Sudte] B 23 HgSte] 7]
F 4= Qlar, A4} o]
9

Mz o

N

2

=38
H 75 Ehlo)] Fasol A
L 2ol B ALgol Qo] 7012 7180
Q] At B 1= 9t} (Ciba et al., 2003; Zhao et
al,, 2011), E 2 Ao Sa5or 2 gH B EH]
E AT A LdE5d o5 EY 4 vk A+ B
T 9t} (Pardo et al., 2011; Solis—Dominguez et al., 2012),
Alvarenga et al, (2008)2] dA-tollA] EJH] A 2]gFo] F71tol
g} ol sl = TEHe ol skl BH| el
upe} ZHas aa7h oh= A vebgtkal 2askgich

A o] moF ASRz A4 Bele] Ha) R910R 24
3t} (Sutton and Dick, 1987), B89} 22 575218 A 2]
Fomn mo AHES Q¥ 2T 4 AT A B9 9
o) 2ok £202 Aol oiEolt uteh A
AshE EokS S B oMM 0B TlEs] fl8) A3E
ZS ARE3H= Ao YubF o) (Sutton and Dick, 1987; Ye
et al., 1999; Wong, 2003), &5&0 2 QA% A ESFY]

M= sl daeidedat rleds ¥t A4 v

Bo| gAE 4= 9ot ot B 1% QIt} (Brown et al,, 2005;
Mench et al,, 2003; Pichtel et al., 1994), < &z £2]
o] AV EFe] pHE Z7bA7 Bl ohujet ofo] ujet Al
ks FHiO E84 a5 AHE B L B wl &

£ 9 FAIE T8 ol Ho] BoF gl o) FR4

L2 Zo|A =} (Basta et al., 2001),

o St = 2 0R oA,
& S 3A ST
<= Slek, Bk FAA oA En] Bl A ejEd o A8
whE Ao gh3-o] Wate] tiet At BESHAU fls 2%
o & ArellMe S5t A Bl B Aolad
= A 2lsto] FujollA et A Hhgof tigt Aejee
ol disl] F+rgstarat gt

Materials and Methods

NE EY A7l Aga 2o gl o
Wl Abele] Aol 1|3t Akl A 2015\l 35}
T T 2mm A2 A vjeF A 2 EQF BAof A8-5+9
t} E9F pH (soil:water=1:5)+= 4,440,20|1, LAEA7]
(Flash 2000, Thermo Scientific, USA)Z EA3t §-7|EX
A RS 242} 57407 g kg, 0.08+0,03 g N kg ‘o]0,
C/N HE-2 39%10]]th B9S2 M KOIE IE3 5 MgO
9} Devarda 32} g7 S53t0] 2418 NH, "9} NOs 9] %

=717} 26421 mg Nkg ', 0,302 mg N kg '0|3lt}, 1
oz FAF Bok 5w, AE, HE o= 42 70.5,
18.6, 10,9%0] 31 EAJ- AlokE o]t} Eoko| NaOHS H7}s}
WA pHE Z45k0] EOFETAL FalglaL, o] ZAoR
R EF AEE Jjskes o Badt 97 %S okt
2 A E B S EYF pHE 6.5714] S7H]7]1= H 2&
3t ¢1719] 9F& 3.0 cmol. kg 0] It} ~33 kPal] vlE 8l
Aox EY 28 (TS 20% v/v)olt E

Fo] v AT A AFL 1744 mg C kg O] AT Hp
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#2] (Com), EJ‘ﬂloﬂ AEAD] =3 A=
(C+D), ot &7} A2 (C+0), ILEA] 3|9} o} =3t A

2] (C+DO)Z SHgict. Helt Ak Fel A4go] F4H A
o £ /)20 slo] E% 50 cm ZolHH Bt 2718

TS 13gkg | FFEOR FMFN7] Qg ko= ALksto]
W2 7] 40 Mg ha ' 0.8 H2]tglc), Al@ o) AFeH )=
B BAYA, AR, ZEa SR 59 skl Az
AR Hlﬂi $71% TS 610 g ke 'ol9ich. EA B2}
HBA L NES T5te] ALg STt Hejhe B pH
£ 6.571A] S7HA 7= o BAgE 97] 4o 1Loui = Aklkst
o] e 3|0} WAL 212H 9.7 Mg ha ', 11 Mg ha & ]
23ler). Cpo A2l oA el sle} sshae Alkke
oFS uk Egtsto] AElsti), 72 Ae] & ERe 25°C ¢
Z7o A wjekskalar, wieF skl 5
OfFHA B S BALST RO PR,

1HoR £R5E Y

EY M Ay & 371Hog ZF AeolA 3 &
o gl e Aeste] Qte] EYS B A F st iqa

7, 289 50| mopo] ] L5ul&e] FRAR NFT Fp

=
5 243191, AAEA 7] (Flash 2000, Thermo Scientific,

USA)E o]43le] EOF 07|12 @ WA 3RS ZA319Ith
g5A a4 BAL 2 3 5—triphenyltetrazolium chlorides
o]-g-5to] nEof o SHE HE=E FEE=A (V-560,
Jasco, Japan)Z 0]-&5}0] =435} t} (Tabatabai, 1994) E
PPAIIE 222E 5 W o2 59 T2

EoRS BA53IT) (Horwath and Paul, 1994), EQF F-7 ]EH
R B (NH4 NO;)oll thsliA= A 0, 7, 14, 28U $-2] &F
LS 2 MKCIE H&38to] B89ttt dwvjole] AAES ofn

Yol Fej2 Eelsl7] sl FEYof MgOE &35t 557
ShaL, T2 golof WAl AAE tmyol Fej 2 st
7] 913l Devarda $Hg-& &3tste] S-Fatlct 2t A 5

-

5 714 % HelE ool Hgalo] EUg 5 NaOH
2 HAslett

AAA o] it FAEA
Institute, USA)-S ©]-835}o] -4 ¢ oJu) 2] Hof TR <
A& shlar, A7tk 2po] o] GojAl vl 2252} (LSD)

AL sk
Results and Discussion

EY E4 #Hal FHn|etA3edS A & = pH
€ 27| EgEG B S8 BulE AR 4
H 44914 4.8%2 0.4k S718FAAE, A3lads A
% % 5.9-6,29] HIIZ 1.5-1 8‘3}%'— 5174 71kt
(Table 1). A2z 5 jspAo] ofsf =< pH7} 71 A
S7FHaL, SRt 24 6.49] EDP‘P ‘3}. A=A 39
< 5,92 F7I6k3.

s

o
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Table 1. Soil pH, contents of organic matter, total nitrogen, and microbial biomass carbon, and dehydrogenase activity at 7 and 28
days after applying compost, dolomite, and oyster shell to an acid mine soil.

Treatments' pH Organic matter Total N Microbial biomass C Dehydrogenase activity
(1:5) g kg'] g N kg'] mg C kg'] ng TPF g'I day']
No treatment 44 5.7 0.08 17 24
At 7 days
Com 4.8¢" 10.6a 0.30a 54b 3.9¢c
C+D 5.9b 11.0a 0.30a 94a 5.2bc
C+O 6.4a 11.8a 0.31a 121a 7.0a
C+DO 6.2ab 11.3a 0.30a 97a 6.4ab
At 28 days
Com 4.6¢ 10.7a 03la ND* 3.7b
C+D 5.9b 11.3a 0.30a ND 4.3ab
Cc+O 6.3a 11.4a 0.31a ND 5.7a
C+DO 6.4a 11.5a 0.29a ND 5.7a

"The treatments are compost (Com), compost and dolomite (C+D), compost and oyster shell (C+O), and compost, dolomite, and

oyster shell (C+DO). Values are means of triplicates.

*Values with different lowercase letters for each sampling date are significantly different at a=0.05 by LSD test.

*Not determined.
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EF 971 BT A A 5.7 gkg oA B A2 57
2ol] 10.6 g kg &= F7FBIACt (Table 1), EJu] #2}70} ]
wsto] e} =71 Aol thas FANE A 3l=2 A
of 2 oA Apol= ATt (P>0.05), B & Ha T
FE A 10,08 g kg oAl EJu] X2] £ 7] 0,30 g kg
o7 Ukl e, EH| Ae|te} vusto] A3lEg 7}
Aejof] g {22 Q1 Afol= ATt (P>0.05). A ¥ 28
dofl B 7= da oS AP 799 gk vl
sto] o] 2Ql ®sk7} glalet (P>0.05).

ok ul BRI A ek R Al A 17 mg Ckg ofl H]
3l Elu] A2] 3 54 mg Ckg ' 2.2 F7I351941, o170l 43
B2 55 A25t0S 1 (94-121 mg C kg ) W] X7
of vlsl 243 UA (£<0.05) =4t (Table 1), 1L L&
23]} sfia}kA 2] Atolof] 5222l Ateol= (i3t (P>0,05).
ES EoFO] Gpaf A E AIE A (2.4 ug TPF g
day oll vlsl Hz] 5 7% =u] A2|To)A 3.9 ug TPF g
day '2 Z71315). Eu|e} 97 A 3Eae &3 A2k
& 7%$-5.2-7.0ug TPF g ' day '9] RIS 1] X2 (2.4
ug TPF g ' day ol ]3] 3212131 (P<0,05) 3718 ®AL,
53] Eu|e} i35t o) 2 Aol A 7HE = A STk
A2 5 7943} wl s}l 2890 Ae) 7F HlsT AE B
31, C4D, C+0, C+DO A217-] 244 A2 3 70 3]
Stobglch. Elvl Eopol 718 WL F71A1713 (Table
D, 7182 QHLS B Bk ohieh Eoke) b g,
Ve A, pH B} e RS 40 FTL Fol
A% G 71- o= Qlrk (Park and Kremer,
2009; Salazar et al,, 2011; Suh et al., 2009). 971& $IF
o] FoE nAEAAFC] Skl 1 Ay Eepaaa
(dehydrogenase)S 3£E§F5}0] N-a—benzoyl-L—argininamide
protease, urease, [S—glucosidase 52| G4 FAE Z7190
th= H1%E QIt} (Yuan and Yue, 2012), ©]9} 28 AR
ngEol o8d 4 = el SRS nAdE A

ool 1/l £ 5= 9L, 1 A% o g Edvh a5

617

Q7] lFolgkal ® 315} T) (Yuan and Yue, 2012). T3+ &
b f71E0] BAHO RN SIS S Yo HiE 9)
t} (Bergstrom et al,, 1998; McLaren, 1975), & H3Loj| A=
AR A Efol| visl EjH] A 2o ofsf] f7lE e Eeaear
B B B SRR Ao] B9 f71E Ale B A ¢t
Astol 7137 wfZolekar Tk, B3k AMY ESFO] pH
7t 78 T R R TRl tet EY Eeeaa s 24
o] Z7klc= B 117} 9)=1| (Ros et al., 2003; Wlodarczyk et
al., 2002), & Aol A Al A Eofo] ]l ] X2] =
o phis} B B4 BF S/, A2IT EUHS
w|5LE) 23} = pHS} P Frs B Afolo] He] 2y
(8] &= 7Y y=1.87x—5.29, r=+0.96, n=4, P=0.036; *Z]
3 9890: y=0.73x—2.24, r=+0,91, n=4, P=0,087)< 7} At}
oje} Zo] Euje} M3 Ae]of o3t B f7lE Tt
EY pH $7h= @it S4S STHIA ERIE &
sfjoll ozt F718kE SV Ao® oA (Zhang et
al., 2010). & ¥5-2] B A2 14U FH 28U7HA] H->

717l fr71= S WskshA] sttt

EY 2IIE) HA sk HEl EB|E A3 EolA]
ofmyole] (NH,) A4 it 27] BRI 718}
At} 27] 2.6 mg Nkg o4 EJu] 22| 5 47.4-73.0mg N
kg 9] W2 Z718lAch (Fig. 1(). BT A3t A9
(51.0 mg N kg )&} v w5141 wf sj3}4] 3141 2)(C+0) &
T= §llal TEAS] Z9kA g (C+D)oflA] dimyole] Aa
55 (73,0 mg N kg )7} 522 0 2 (P<0,05) 71313t
WEAF] O] NH," FeFo] 5.040.1 g kg 0|, 1 A¥} 11
EXNZE ATk ESF (C+D, C+DO)ollA] tmujofe] &4
o] = et

= Aol A A & 1497HA] fEYole) Ha Fk
7} B 32 mg N kg UHE ZAaskett (Fig. 1(). Mg &
14U HE] 28U7HA] At HE AR thE S BY=t),
Com} C+D A& Fo] AL B+ 2 mg N kg ' W £o]E3

80 (a) —-Com 80 1 (b)
—>-Com
70 1 -o-C+D N
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Fig. 1. Temporal changes in concentrations of 2 M KCl extractable (a) NH,", (b) NOs, and (c) NH,"+NOs’ in soil after applying
compost (Com), compost and dolomite (C+D), compost and oyster shell (C+O), and compost, dolomite, and oyster shell (C+DO)
to an acidic mine soil. Values are means of triplicates. Vertical bars are LSD (P=0.05).
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31, W 2 C+0%} C+DO 2] ol A= 1t 6 mg Nkg ' WF
= 238 Eyote} A FE7F STk o714 b
Yol] Ais ol ik EoF gEof oJgt ol a1
4, #71E2Y F53}, ALt R ehrfo} A3t 5o 9
3 ArE 4= 91, f71E] HA B3| o) S 4=
Utk A & Atol|A BE At BEQF pHF 4.8-6.4 W
9] AHdo]3l7] wioll ehyo} $ak Aol dojutA] ¢k
kil 1 A3t BEoF f dhrufole A ko] JFS FX
ottt Tk whabA] uieF 14 B g uole] A
FE A e B FE g dryol 11y, fUERY H
B3 B dyo Akl (R4S 3yl 2 JIRE
Hrt, o] 71ZF setoll Al A4 s =7t 5718 7] Wi
of AtE o} Al&to] olgf} ety olel Has F T} 7HAs)Y]
T SRR (Fig. 1(b), viSF 14L7HA] A F71e A
(NH,+NOy ) =7} @431 7] miizo] ¢hiuo} A} o] ]
s AR RGO & Qt]o} A W st Ats] o
oS Ao wkEr) (Fig. 1(c). 28] ujoF 14 o]
28U7HA] Qfmole) Aavt SR A2 {718 Al
713} o] S-AsHA 285191 7] wjEoletal HHE Az,
A 717 Fetol] AA Ul da s 7P ol & uh
af =L ot (Fig. 1(c). 1 A3} vljeF 28 EoF f iy
ofef A FHE18-34 mg Nkg o] W= oy 27] ¢hm
Yol A FEo} Hlasto] w2 HlE (35-59%) 745t
At

EoFo] Al das Bt A3EHE HEg & W2
FEE EAEIA L Al7te] Ade] wet Skt e A
gl A A2] 3 0Qo] 1.6-2.1 mg Nkg '] HY= 7217
Q1 Zpol7t ATt (Fig. 1(b). ESH A & 14U0of| 4.5-7.5
mg N kg '] 92 Z7I5191aL 280 18.7-23.4 mg N
kg 'O% O w2 Zsiglou, /s AT Aold]
Fo1A 2ol Qigieh (P>0,05). He] F 1427kx] WA
A % S7hs Bt 4 mg Nkg .2 gruiujolel W 24
4= (-32 mg N kg )9} izt Zgleh, o=ie] §53
ol o] am A F A4S Fo] AT vl
o] T 13% (4/32)2 AAIBFIL Lkl 2] 87% (1-4/32)7} SFaL
o} 114 Ei= 5510 o8 Yojytrial oldEc) ofi &
2 Efof tmuofe] Hagko] A EQF] C/N H|&o]
39F o} 27]of dhrole] 1 k= Fadhd 4= Q=&
Eolghar et A F 14U RE 28U
= Aultol A B Aile A sk S7H=14-17 mg N
kg o] W& A2j7k Eelgh Ao ¢iglch gt SR
& 279 AF AT ANE o]g-sto] AlkbE 7kl 70-98
mg N kg ' 14 days 2] ¥ ¢jo]) B8} v)-9- W3kal (Yun et al.,
2011; Yun and Ro, 2014), & ¢13Lo] o] &% EoFo] njy&
/o] uj- Hrl= Ao| o] & Htgstar Qi

T8 A (NH+NOy ) s g A5 gu) At

ot 11 o

o

ol 771

(Com)©llA] 53 mg N kg 'o| it} Eu]e} 317 gfalale 5t
2] (C+O)FFAL 739 F =71 49 mg N kg 'O & EH] 2]
o} HlaLste] F-0)7 Zloli= $AaL (P>0,05), ILEA SIS
=3 A (75 mg N kg )oHS A9 go8o = (P<0.05)
S7FsFAt (Fig. 1(0). A2 F 14474 F7ed A 5
2304 83 mg N kg 2] ¥ 9wk Zrasic), 7 e da 35
T e B fr1E0] EallEo] Fr1E Aart A==
£of vlg] Frle) Aart EoF P& A= AY f7E
20| BEslel= £5rF 2 Aito|al, E3] E9F C/N H|E9]
=2 204 ujAgEo Qg B3l dojuhr] £7] &
of| et Aatolct, A Fofl A Eu| e} s 3}S &3} A
2] (C+O)3FAL ) 722 (23 mg N kg o] 713 Wek=d),
ol«= B[R A5t wfe} vlusto] ot 3t A
SIS A9 ESF gedas gAJo] 7P wQkal (Table 1)
1 AN {7E Bl o Stk 2o R R e A
a7} Fol Stk SekETh o]of 7he €191 A2 & 14
FE 28U7HA| I A A ST STk @A &t
Fskal Qlrt. o] 717 ot FUIE A Sk EH] At
(Com)¢} IEAF] &3} A&+ (C+D)ol|A 2+ 129} 14 mg
N kg '0]¢laz, o] ulaf wja}4] &5k 2Tt (C+0)9}F L&
A3)+afjztd &3 A 2|qt (C+DO)ollA 242 233} 26 mg N
kg ' O& BS 37 F7Iskanh 1 A ujoF 3 28Y0] g
v Zejato] vls) A3lE2S &3 AHelstaS o F71eE
4 Bl foF o2 (P<0.05) =4 LERgT

oN

2 e

Conclusion

ok, SR o Bl EH] AP 2 f71e

gol S7FstlaL, EH|e oA Heleds Ao

)
a3
b
o

[e)
s
o
=
o B2
2
2k

(o]

o] F7bshrt. Elu] X2 7)o le) At hasteA]
v, Ae] 149 olFollis Skt B3] moF pHO} P
A o] folAoE g 5A S7KIY ety 3t
el tollA] Ae] 149 o) grmulole Ak Bt F7hohgl
578 A R ke Ael o] uls) A F1skc,
e 2891 WLE X2l o] sl =k f ehmfobe) Azt
Aake) Aok vl H 2 SRR EAs £
AT wule} S AERAS Aoy mo]
Ao AAE i E 4 A, B9 ol Aol
s ukgo] 2] e 3289 o]4F ehmUjofe) ATt

FAE = QAL 53] Almds ARskiE A5 F1H 2

2 2
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o] 7718} whgo] EhshA ojut ghmuiofel Ak i
7h U B AR S le-s HolET), hmujok A8
o)l

LEHAE E 5 Qe o] hiZel A Fo 2700 oF

w0} A8k Z7HA1A RS W fAsHs B welvt
F7H40 o]o] Aol & Ao BEHFLh
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