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Relationship between Land-Use Change and
Soil Carbon and Nitrogen'*
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ABSTRACT

Changes in land-use can affect soil organic matter content and fertility, We compared total soil carbon
and nitrogen concentrations, soil respiration, and nitrogen availability under three land-use types in central
Korea; conversion of old rice field to natural willow-maple (Salix-Acer) forest, conversion of old field to
artificial Korean pine (Pinus koraiensis) forest, and indigenous oak (Quercus spp.) forest. After 20 years
of fallow the area of rice field conversion to forest had higher soil carbon and nitrogen concentrations in
the soil depth of 0~10cm and 10-20cm than the areas of field conversion to Korean pine forest and indigenous
forest. In general, soil carbon and nitrogen concentrations decreased with soil depth. Organic matter
accumulation as a balance of input and decomposition seemed to be higher in the soil of previous rice field,
and carbon and nitrogen accumulation was largely confined to the topsoil. Soil respiration rates were
greatest at the area of rice field conversion to forest, and appeared to be related to soil carbon and soil
moisture. Soil nitrogen availability measured by the ion exchange resin bag method differed significantly
among land-use types; soil inorganic nitrogen (NH,* + NO;) and ammonium availability were highest
in the soil under indigenous oak forest followed by conversion of old field to artificial Korean pine forest
and conversion of old field to natural willow-maple forest.
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AF7 ATARAE TR 7= A J9 sHs-
o) slr} 2] o] 42 Wlelr}, & e Y
€ Ay FAAY FE& 1 0l9e o8 4%
2 Agste P9le AHA 728 J15e 2A
WA 7}, of9} 22 Q144 ER| o] 4 W
doZ A 7 AT #4E WA= AR
Z8% ZYe] ® zleoz o4tslnd (Mooney and
Chapin, 1994; Vitousek, 1994), °lol wla} &x%]
o] -4 wWslel AulA W3pzhe] FAF I A=)
3 el Bolillx F8& AFHAsE Hx glvt.
3rE B o]4 wistel & Yyelza WA A}
WA " FAR o A-HAAE A Alde] ¥t
A AP=Ew ged, 53] ol AR F
A F AYes EFEE FA3 2 JEd de
% #Alel AFEHI g} (Kaiser, 2000; Post
and Kwon, 2000; Schimel 5, 2000). ¢u¥+¥e
2 FAAZ AYe s AgEw 2ok o §7] w®a
d Z7), X W B 24 43, HAY g
of ok Wl o8 AR 5 g4, Bx] AAAA
Zdl, 2=z £4 fAde fAa7x gle Qe
a3 oltt (Henderson, 1995). M7= 449
7)o} el 4 w29 AMFo] 7l o= YA Aut
Wl wlwd AHAEl A8 wl 9lov) (Adger
and Brown, 1994; Kronert %, 1999), #74% ¥
AA 7} At e wate AR A deljve wi
9} Ao wWsh) Fefo A A7 d$ A
gk AAo|c),
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2 dTe A= HFT S due] gt
A Gell A 3wl (37727 34" -37° 28" BN,

127° 14" 41" -127° 16" 27" E). ¢] A9 #A ¥
AR o] 4Hr FAEE F Aoz Al #
Aol AA FriE] A Ry Ager 74
slo] olvh. AN XY F AR 7} Al sk 0]
£& 1974d 21% 0l o, 199290+ 17% 2
FHagtelen, AH G ok x| WHL 19744
ol 79%2t 0.08% <141 19921 oll+= 81% <} 0.53% =
Zvzy stk (o148, 2000, A718 %, 1998).
19801 o} 1992 d ol 24zt #ed g &pgAlAl, ez
A ArE Bdle] o] xHolx HA Eo) F7
F Aoz W A9, o] F4 F AAld 9
gted Alg o2 Wy A9, zEla AR dA)
7R A&H o2 Ajlal g F A 71A9 EF
o] & e A AR E dA st

AFHGA F A =7 wolodwd 9L F7
F 9o 2090 Axr) AAg ez FA=H T g},
oA Ao 2 Wg AL b3 9 E (Salix
glandulosa Seem.)? W E}E (S, koreensis
Anderss.)7}, & A (Acer ginnala Max.)
7b A48t gleH, A woe g ol gL
A3 (Pinus korainesis Sieb. et Zucc.)E -3
zH=E] dxle dFte] &AK el E A
sjct. &3 AR o2 AbEoll AlRYE (Quercus
mongolica Fisch.)®} 235 (Q. variabilis Bl.)
7t, 3ol Az, RV, AT (Prunus
sargentii Rehder), EF - (Fraxinus rhyn-
chophylla Hance) %5-°] $3HE-& o|Fx2 slvt (A
718 %, 1998).
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271 A=A F st 7| 22D+
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Efo g RE WARL oliguss FEE
IRGA (infrared gas analyzer, EGM-2, PP
System)& ol&3led A slaic). 2000 54 %
e di= 1Y F e 997A A A
A A AN W deie] Al A A o] AbstREA
% &A1, soil prober EYEELX A3}
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gk, =3 el aE olikstea: A o]
£ vlastr] $lsted 549 64 wolA AR
3 A F BEI FEY A S ofAtsirt
4 S S48kt

B Ul A& FEAEE FA37] 5t o]
<2 8214 (ion exchange resin bag)g Al-4-3}
Aot (=89 A-EA, 2000). 14mlY) Seolm
3t4#] (Sybron INOAC ASB-1P OH', Sybron
International, Milwaukee, Wisconsin, USA)<}
ofo] &m&4x] (Sybron IONAC C-251 HOH)=&
Temx 7cme] 2R & Alztstz, o] BXE o+
g A A Aa e oAl A AHANA AR
23 10cm Zolel 2000 49 ¥ s},
204 ¥ BAE 3ot 7R A7a BA] A
o| g2 E Fesle 2M KCIZ &3 vy
(Binkley %, 1994) d4te) A xo] Fr 250l
£547] (Perstorp Analytic., EnviroFlow 3500)
2, =g A4 5+ Indophenol-blued
L2 747 HAsgct,

E W g9 Aad ¥5 AEE EA o4
e, xof o], ez ol ZHel AEA§
g oA 78 SAS (1988)9) general linear
model& AH&3le ZAAsgc}t, =3 EoF 349
FEE, B4 38, B &% 59 ArE EA
o] & el FAAFHE Aol B ARl o,
ek &3 =79 AfIHAlEs IAMNE ol
sl FA sl

da 3 o

1. EQF LY Et49 FA0 EF

Ex] ol4 el ¥ o} ZolW whis} At
e A2 FoAF AolE el
(Table 1). Yubd o =ola Alg oz Wit 7|
o] woF U sh4s} A4 FEst o E Ao v

+is FIE g bl L R pkst RS MR

glod A el o, 2] of 4 HeEH o
el At ey Bk ol ol zolF
2ok, F 37 oA HAle AP o® Wi Ay
o] B FxE 2 o) 0-10cm (74.5 g/kg)st
10-20cm (30.3 g/kg)elA 25 & x4 #|3}
o AR & Ao vegor) (K0.05),
20cm ¢]432 Zolol v ARG Apolrt g
o}, E=F A48 FEE (0-10cm (6.6 g/kg) 10
-20cm (4.0 g/kg) ZoldAE A wolgdd X
o] & el nlsted FA T (p€0.05), 20cm
ol Ake] Zololy WA At on wHI A3
Aol & Holz| ¢ksgtrt (Figure 1).
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Figure 1. Carbon (a) and nitrogen (b) concentrations
in the mineral soil under different land-
use types. Bars denote standard errors.

Table 1. Analysis of variance of soil carbon and nitrogen concentrations (g/kg) between land-use type

and soil depth.

Carbon Nitrogen
Source DF

Mean- : Mean- —

square F-ratio P square F-ratio p
Land-use type 2 4378.5 24.21 0.0001 20.729 24.33 0.0001
Soil depth 2 8673.1 47.96 0.0001 32.105 37.67 0.0001
Land-use type*soil depth 4 1228.5 6.79 0.0001 5.719 6.70 0.0001
Error 72 180.8 0.852
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EFUT 71 F =AM EA] o] £9) Wl wat
7Z}7] & A o] AYdE AS AAe FHHE &
ol FFEHE F71E2 FHe Fo| depxn B
& folrt g mofe) Ee|H, 334,
AEH AA Aol & 7P A "} (Van Cleve
and Powers, 1995; Zak %, 1990). £ 74
ol Ao g WE AAME F3 8 A
2 st A Ae] FH3] Aste] EFo e #
71E fFd@o] Eolut 35 fo)E ol &
o F=7b ¥4 vebd He® A=} (Richter
5, 1999; Trettin %, 1995; Zak %, 1990). &
g Aol e Az Al vsle Al EAgA}te]
w2y weby] Eof ] ©hae] A gobe A
< o]AH 2 g & AFAM=E Az 9l (Bruce
5, 1999; Lugo %, 1986). =& Post and Kwon
(2000)= 71FuEE 3R ARjlez Add
AgelAe] A 54 dFE ¢ A 443
F7A vt Frlske] Az wE e 22
o vlsted EohEE B wl gl

TH, EA ol8 ez s A4 £
71 k23 ol ntg} {18 v Had FEE
tt2e, 4o FErt ohE o &8 3%
& FAE, A A Aol R ¥ &a 5= Aelv)
Hle Al BEok ] ALE 9 EY o E YRy FE
apolo} dA3R = v, & B A X
ol 8 el ¥ Eof ZolHE Ao} AL TR
2l #4971 8 AL BEoF oA dohrte S8
5 B3 ¥ #4, 8, F¢, AL 34 ¥
9] Aluk 28 wFql He g FHH) (Johnson,
1995; Zak %, 1990).

aol A4 FEe B Yolvl Fi1RLE
A2 gradte AgE vgod, Ui £/, &
7] o]4 e, zelw FHoldl wtel FAIZ ] Fo
Aol zbolzl gldch. #ae $EE A 712 B
A o] 4 e EF 0-10cm ZeololA] 10-20cm =
+ 20cm °]4e} ol dno} gA viehutx|
10-20cme} 20cm °]4ke] Zeo] Zhelle #ol7b §l
. Aae] FEE = ez W Ay
2 0-10cmel A 7H& =3 10-20cme} 20cm o] A
2] eldlAE Aolr} gisior), WA 4l e
2 83 AYor= A 7 EF o] RFo4
ol 7} viebiR] odotcl. WA FE] AHgQl Ao
9 AL Ax FEE 0-10cm 4.4 g/kg) > 10-
20cm (3.0 g/kg) > 20cm °14 2.5 g/kg) 9l
27 Jebgol (Figure 1).

i

FAR FAA A Aol Agisted ®F o
B ¥xol Eokele @4 2 1% (0-10cm)
of AIFE ", ole} e FAL A A A F
ddizjgellde 10d, 2oiAlweAE 0]
BAY AHAAANE FdsA Jehte Ao
2ausxw 9lrt (Aweto, 1981; Richter %, 1999).
EG ] wiae Fule AAey dgE w94
vl o) ¢ a8 £52 AgE=d, E odfo
ME ghaet A FEo] EA] o] 4 ezt #o)r}
EZA F2 ebgrl, EUdT £3] o] 4 el
Al Bk Zold vl A4 Fxe HIx ol
2.7 Z$E o)z} gl AL olA7A A4
2e] dgfo] E3ol AFHAY] W Foln, &7
A 2 Qg VA7) HelMe Bod B A ghe]
73 z=lojol & Aoz Melr} (Switzer 5, 1979).
BEFEYAME Aate] g A, A sR
Aoz Ry FTFEHE F718 93] B2 B
27t =4 vehe, R E Uy A4eE
olF {1 &S dI4& HA e} %x9 FEA}
ZHAm8ar 20em ol dolel M {7182 of o)
A gle Aoz Jelygr} (Switzer 5, 1979).
AR A Zold W o} ¥ Fae of
4 dubz|oln], fejel dode AYEGS oAt
22 § dFME AR EF Y wie FX
= Z"oldl wal Faste Ao ez gtk
HAd %5, 1998).

TH =ollA Aoz W M99 mof ) B4
9} Axe FEE 0-10cmet 10-20cm 3z o) ell A
A =oll wlsted Fgkort 20cm o)A el
AN & Aol & Bolz] gt (£a%t, wUE A
RB). 2z el A4¥o g Wi 29 ALe
e Wt vlanste] BB Eof Zo)dlA wvhisl
Ai FErl ZolE Bolx| ¢o} AlglA o] x4
2.2 Qg f71E TF G =A U4 Ao
2 & 5 gl 53] Hr)d AR AT
A3 G4 W A FEI ohE gl v
sle] o Yeje] HeErr 18 fr) 5L 2
GodFel HAH 2 2 FFHE ol Ao
(el A2} wbaldd, 1987, o)W, 1998). wabA
o] el ol Ag e W Ao} e
HE] ARl A9 wlwale] 2ok U] wghiel A
&9 Fxr)l & Aoz Agdd,

2. B2 WY OldtuErs
Ecf &xot Aste oligRay EA o) &
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ge U 34 ArEE FAHLE fT Aol E
Beh (p<0.001). EA -8 e uie} opzhe)
Fol7k 7l AT HAZ EFLEst o]4ts}
sha b 59U Frbste] 8¥ACl HaA
of EEdla olF H Fide A¥E B
(Figure 2). olst &2 AAA A2 vzt
Ao gt A dAAME {ASEH
vehtz et (2883 A¥$, 199 Son &,
1994). EoF &=& 593 998 Astxn A
&4 Ao BA o] & Hefztel Aolst TA
Aoz fostgden (p<0.001), 64, 79, 8¥ql
ol Ao W Alge] o AdEot WA
vebteh (Figure 2a). Al $72 £ o4 e
E% g odFe] 9% Ao, A7 el
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Figure 2. Soil temperature (a) and respiration (b)
in different land-use types. Bars denote
standard errors.

Qe A G-E & 27 vaste] &
of Bof 2x = U o malv)

olstslets whAeke 79 99U At v}
2] 23 A= oA Aoz W x| Y]
7V Egkon, s el adoz 5 AoeA
g4 7P A et (p<0.05) (Figure 2b).
ol Ex| ol Helol e} A Yo 2 HE Eofe
2 IFHE 718 £59) Be d AR &

&3t7] wE

Eol| Fag vH AR Helo A 7]]lEk=
Aoz AtgHch, & oA Ao W 2
Az Age F7180) £3589 (Fisher
and Binkley, 2000), B3] =ollA Aygeoz W
2|2 Ffsled Balg) v PE dgalztge]
ulb-z} 7 uﬂ ol Reg weldh (Thuille %, 2000).
o Aol E EoF W BA4e rx) o]atsiet
4 ARz e Y ARBA Y 9lEo] B
2 9le} (Conant 5, 2000). ¥ &3 EZ
dhelof mie}l BEof el Folr) gl o}, o]
Abgher o] whajeke B&abw (0,34 gCOs/m?/h)
o] FEAla (0.22 gCO/m?/h)ell Wske] EA v}
ehdcl, ol HEFabwe] PFE&abwd] ulE xo}

F&st] Ao Uty Aol kzsle] EoF
7182 ko] L oS0 EulE MAH=
o|itstet e % W] Wi Rez A},

2] o] 4 Yo} Agtgle] BE o]AbswA i
Aegyk gof 2 E FHFAEAE A} olidwrs
Whlekal o LEZHE BAHLE {9 A
o A#@IAZ sl (F=0.237, p<0.001). =
gl B 2 AA &FF] AHAA olitsieba
wAake] wo| 1 24% HES A9ty oo
olHe) o oo Byl Aol wjashd vl
e dgAE vk (8387 FEe, 19%;
Son 5, 1994; Thuille %, 2000).

3. EY AL RET

olmE Aty o g Y F 2AI
Eok A4 FAEE A4 Ax FEO A A
712 Bx] o) 4 e EAZ R foF o
7F fddA 2, tEuge] Ak Aol bRy
& #§ 771 AL FRelMde FoAd AoE
vehi g} (p<0.001). 2oy AAaegl gtuuyg
o AA, aela o5 ¥ 2Rl N A
g 2] o] & e} Aizte AEatgo] EAA
o8 fosx ¢e Ze® e (0X0.05).
dEUgH AL Feo AAlHe) FRUFHE
g Frle A4 FEE ANRGAA AR E
I, WellA Ate®m Wk Ao, ze|la oA A4
oz WE A9 oz Hia i AIdE
24} (Table 2). &3 7 A& 2o AL
23 592 $Eivel o e HAH3 4
ol ulgted vl§ Fol (=887} ZAAA, 2000), &
TR = vy B9 B2yt & A9 A
L2 ®alt},
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Table 2. Soil nitrogen availability measured by ion exchange resin bags (mg-N/bag) for different land-
use types. Mean followed by the same letter in a given column do not differ at p==0.05.

Values are mean = S.E.

Land-use types Nitrate Ammonium Total

Rice field conversion to forest 2.79 = 0.53a 1.20 £ 0.19¢ 3.99 = 0.58¢c
Field conversion to forest 3.02 £ 0.42a 4.65 = 0.96b 7.67 + 0.96b
Forest 3.17 = 0.38a 7.71 + 1.45a 10.88 *+ 1.65a

F71E B8 F 2 270 g F2 dry
+Hl L2 EAshe A Gt AAbststgel 9s)
o Aatel A4 2 EAse XY 5 EA o4 F
gol otel zo)7} gl Aoz walr} (Table 2).
a3 wella] Ate g wEg A9 2o W s
o} Ao ¥yl F2 olAbEElLe WY E B
o A FEES e 2 99 oAtz
P83 &4 ¢ gldoh, 9 Wy Aog W
o] A FE AP N9z AL FEENA
o] & Rol AL il AhF-Fe A4 =
olofl A B FEH Ao B & gk, a2, B o
TFollA Vbt Ex] o] 4 ey A4 FRE A
ol 54 Aoy Agelng EA o]4 e
7t kel A2} Folef Ak Seel viAE QEe
2o}l 483 mefalr] i, A4 FEE 2
B U A4 Fxeo HIE dF ASHor
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73t ool Sdd 4 olr] wWFolr}h, EF o Fef
AHe-5 o) agheRlel AAbe Ao AR F
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7} slet,

s

1. &a% - 294, 2000. o282 FA & o]
43 dELEF A Ar fEE F
3. 5874537 19 188-190.

2. £83 - 7Y+, 1996. 27Ivkavyet JGls
AFEHAY EFEA olisistid
A7, &A= 85 : 496-505.

10.

11.

12.

13.

A7 ol - AL

N EIEREAE Y

. olAA - Hkely. 1987, AR HEAw 229

B AT % ARG EAA4) 5]
JFE $E. YaeliA g 7 1121

L olEF. 1998, A= AW Ay AFHe

deEgistel e A4H & FREA.
¥ 33| 87 - 276-282.

. ol&3, 2000, Exle]-4 Wyt Bok W) ©Aa

o Ao Fxel viAe 9%, wddtn
Az d g HALE =,

1998. #&-3Akxlz
GISE °] 83 Exlo]¢¥el 2 AP A3}
2UE . &4 5A 3R] 114351,
colgF. 1998, A, A%
H A Rk waw 34, AfdeeEi
57 : 178-183.

. Adger, W.N. and K. Brown. 1994. Land Use

and the Causes of Global Warming. John Wiley
and Sons. pp. 271.

. Aweto, A.O. 1981. Secondary succession and

soil fertility restoration in south-western
Nigeria. Journal of Ecology 69 : 609-614.
Binkley, D., R. Stottlemeyer, F. Suarez and
J. Cortina. 1994, Soil nitrogen availability in
some arctic ecosystems in northwest Alaska :
responses to temperature and moisture.
Ecoscience 1 : 64-70.

Bruce, J.P., M. Frome, E. Haites, H. Janzen,
R. Lal and K., Paustian. 1999. Carbon
sequestration in soils. Journal of Soil and
Water Conservation 54 : 382-389.

R.T., J.M. Klopatek and C.C.
Klopatek. 2000. Environmental factors controlling
soil respiration in three semiarid ecosystems.
Soil Science Society of America Journal 64 :
383-390.

Fisher, R.F. and D. Binkley. 2000. Ecology

Conant,



248

14.

15.

16.

17.

18.

19.

20.

21.

23.

i FA Fagel Mool 18 A oREe @%o MR

and Management of Forest Soils. 3rd edition.
Wiley. pp. 489. ,
Henderson, G.S. 1995. Soil organic matter : a
link between forest management and produc -
tivity, In: W.W. McFee and J.M. Kelly
(eds.), Carbon Forms and Functions in Forest
Soils. Soil Science Society of America. pp.
419-435.

Johnson, D.W. 1995. Role of carbon in the
cycling of other nutrients in forested ecosystems.
In: W.W. McFee and J.M. Kelly (eds.),
Carbon Forms and Functions in Forest Soils.
Soil Science Society of America. pp. 299-328.
Kaiser, J. 2000. Panel estimates possible
carbon sinks. Science 288 : 942-943.

Kronert, R., J. Baudry, I.R. Bowler and A,
Reenberg. 1999. Land-use Changes and Their
Environmental Impact in Rural Areas in Europe.
Parthenon Publishing. pp. 261.

Lugo, A.E., M.J. Sanchez and S. Brown.
1986. Land use and organic carbon content of
some subtropical soils. Plant Soil 96 : 185-196.
Mooney, H.A. and F.S. Chapin. 1994, Future
directions of global change research in terrestrial
ecosystems, TREE 9 : 371-372.

Post, W.M. and K.C. Kwon. 2000. Soil
carbon sequestration and land-use change :
processes and potential. Global Change and
Biology 6 : 317-328.

Richter, D.D,, D. Markewitz, S. Trumbone
and C.G. Wells. 1999. Rapid accumulation
and turnover of soil carbon in a re-establishing
forest. Nature 400 : 56-58.

. SAS. 1988. SAS/STAT User's Guide, 6.03

edition. SAS Institute, Cary, NC, USA.

Schimel, D., J. Melillo, H. Tian, A.D.
McGuire, D. Kicklighter, T. Kittel, N.
Rosenbloom, S. Running, P. Thomton, D.
Ojima, W. Parton, R. Kelly, M. Sykes, R.

2.

26.

27.

30.

Neilson and B. Rizzo. 2000. Contribution of
increasing COz and climate to carbon storage
by ecosystems in the United States. Science
287 : 2004-2006.

Son, Y., G. Lee and J.Y. Hong. 1994. Soil
carbon dioxide evolution in three deciduous
tree plantations. Korean Journal of Soil Science
and Fertilizer 27 : 290-295.

. Switzer, G.I.., M.G. Shelton and [..E. Nelson.

1979. Successional development of the forest
floor and soil surface on upland sites of the
East Gulf Coastal Plain. Ecology 60 : 1162-
1171

Thuille, A,, N. Buchmann and E.-D. Schulze,
2000. Carbon stocks and soil respiration rates
during deforestation, grassland use and subse-
quent Norway spruce afforestation in the Southern
Alps, Italy. Tree Physiology 20 : 849-857.
Trettin, C.C., M.F. Jurgensen, M.R. Gale
and J.W. McLaughlin. 1995. Soil carbon in
Northern forested wetlands : impacts  of
silvicultural practices. In: W. W, McFee and
J.M. Kelly (eds.), Carbon Forms and Func-
tions in Forest Soils. Soil Science Society of
America. pp. 437-459.

. Van Cleve, K. and R.F. Powers. 1995. Soil

carbon, soil formation, and ecosystem develop-
In: W.W. McFee and J.M. Kelly
(eds.), Carbon Forms and Functions in Forest
Soils. Soil Science Society of America. pp.
155-200.

ment,

. Vitousek, P.M. 1994. Beyond global warming :

ecology and global change. Ecology 75 : 1861-
1876.

Zak, D., D.F. Grigal, S. Gleeson and D.
Tilman. 1990. Carbon and nitrogen cycling during
old-field succession : constraints on plant and
microbial biomass. Biogeochemistry 11 : 111-
129.



