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DISSOLVED ORGANIC CARBON CONCENTRATIONS IN SOIL UNDER
DIFFERENT LAND USES IN THE LIUPAN MOUNTAIN FOREST ZONE

WU Jian-Guo' and XU De-Ying’
(1 Research Center of Impact of Climate Changes State Environment Protection Administration, Beijing 100012, China)
(2 Institute of Forest Ecology and Protections Chinese Academy of Forestry Sciences Beijing 100091, China)

Abstract Dissolved organic carbon is an important component of the carbon balance of terrestrial ecosystems
and source of energy, carbon, and nutrient transfer from terrestrial to aquatic ecosystems. Land use changes
caused by human activities have had major impacts on terrestrial ecosystem carbon cycles; including impacts of
soil DOC dynamics. Hence, it is important to understand the impacts of land use changes on DOC for assessing
the impacts of land use change on the carbon cycle. Over the last several centuries, extensive areas of native
vegetation in the Liupan Mountain Forest Zone have been replaced by croplands or rangelands, whereas in re-
cent decades former arable lands and rangelands have been afforested. However, the impacts of these land-use
changes on the terrestrial ecosystem carbon cycle are unclear; especially on the soil DOC dynamics. In order to
assess the impacts of land-use changes on soil DOC dynamics, we measured the concentrations of DOC in pre-
cipitation, subsurface water> soil leachate, detrital leachate solutions, throughfall; and water percolating
through the soil in plots with the same elevation, exposure, and soil types but with different vegetation types.
A natural secondary forest dominated by Querces liaotungensis» Populus davidiana > or brushwood, a cropland
and rangeland derived from destruction of the natural secondary forests, and a 13, 18 and 25 year old larch
plantation, Larix principis-rupprechitii > afforested on former croplands or rangelands were studied.

Our results showed that concentrations of DOC in precipitation and subsurface water from May to October
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was 0.80 —1.60 mg*L™" and 2.43 —7.66 mg*L~', respectively. From September to October, the concen-
tration of DOC in throughfall was 1.78 — 15.20 mg*L~! which was higher under natural forests or plantations
than in croplands or rangelands and positively correlated with annual production of aboveground detritus (p =
0.05). The concentration of DOC in detrital leachate solutions; derived from detritus submerged in water for
24 h, was 12.30 - 64.79 mg*L.~" and its fraction was not more than 1% . The concentration of detrital DOC
was 400% and 153 % higher under natural forests than cropland and rangeland, respectively, and 194% and
50% higher under plantation than cropland and rangeland, respectively. Its fraction was 79% and 98% high-
er in the cropland and rangeland than the natural forest respectively, and 180% and 210% higher in the
cropland and rangeland than the plantation, respectively. The concentration of DOC in detrital leachate was
positively correlated with aboveground detrital carbon storage of leaf; branch, humus and litter (p =0.05, n
=184). The concentration of DOC in soil solutions in the 0 — 20 cm deep soil layer was 7.88 — 88.44 mg*
L~ ! and its fraction was not more than 1% . The concentration of soil solution DOC was higher under the natu-
ral secondary forest or the plantation than cropland or rangeland, and its fraction was lower under natural forest
than cropland or rangeland but higher under the plantation than natural secondary forests. The difference of the
soil solution DOC concentration or fraction between the natural secondary forest or plantation and rangeland or
cropland was greater at 0 — 10 cm soil depth than 10 — 20 e¢m soil layer. The change of this DOC concentration
with soil depth was greater under the natural secondary forest or plantation than cropland or rangeland. The
concentration of this DOC was positively correlated with detrital carbon storage and soil water content ( p =
0.05), and soil water content was the main factor that influenced the concentration of DOC in soil solutions.
The concentration of DOC in soil percolation water was 5.76 — 58.84 mg*L~" which was higher under the nat-
ural forest or plantation than cropland or rangeland. The difference in this DOC concentration between the nat-
ural secondary forest or plantation and rangeland or cropland was greater in the 0 — 10 em than 10 — 40 em soil
layer. The change of this DOC concentration with soil depth was greater under the natural secondary forest or
plantation than cropland or rangeland. These differences were ascribed to the differences in vegetation and soil
properties that resulted from changes in land use and their consequent impacts on hydrological processes. The
results of this study indicate that changes in land use have large impacts on terrestrial DOC concentrations.

Key words Land use change, DOC, Carbon cycle
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Fig.1 The concentration of DOC in rainwater and underground
water from May to October
Pl bR ) /0 5 80 K5 S BE 43 ) 2 s AN TR 4 KR R o
DOC WK% ZF AR (p=0.05,n=6) The same small and capital letter
within each row indicate no significant difference at 5% level for concentra-
tion of DOC in rain and underground water respectively in different month (n

=6)
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3.2 Hb RIS W b A LK
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BN B VR R 24 h S R R AR
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EI IR L 1%, 4% FHFN B 23 59 b R AR U A b e
79% F11 98% » L N T AR 155 180% H11 210% (¥l 3 416
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The concentration of throughfall (mg-L7™Y)
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+ A5 Land use type

K2 AR LRI 9 /10 HFEM B DOC 1K)
Fig.2 The concentration of DOC in throughfall under different land use in September and October

AA:EARM Brushwood BB: LA #K Natural secondary forest dominated by Populus davidiana

CC: I AR HEHK Natural secondary forest dominated by

Quercus liaotungensis  DD: R H Cropland EE: %31 Rangeland  FF: 13 9% M2 The plantation of Larix principis-rupprechtii with age 13-year-old ~ GG: 18
FEJEMRR The plantation of Larix principis-rupprechiii with age 18-year-old  HH: 25 7% H#2 The plantation of Larix principis-rupprechtii with age 25-year-old
P P AR TR K5 A0 /N5 5 B 23 5 R AN ) b 3t R T D7 5XTa) 9 A 10 52 5 B R b DOC IR Z 7 A2 (p=0.05, n = 8) The same small and

capital letter within each row indicate no significant difference at 5% level for concentration of DOC in throughfall in September and October respectively under dif-

ferent land use (n =8)
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T+ 5 Land use type
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The fraction of DOC (%)

0.0 H 2
0.30 H b b
0.20 H
0.10 H

0.00
AA BB cC DD EE FF GG HH

+ A7 Land use type

3 EPAVEYIE T DOC R L CZED LB CF D
Fig.3  The concentration (left)and fraction (right) of DOC in leaching solution from aboveground detritus
FAE A [ AN B T R R AN A MR Y 5 ) e L PV R DOC IR BE CZED FIEL I (A D 22 5 AN ik 25 (p = 0,055 n = 20 The same small
letter within each column indicate no significant difference at 5% level for concentration (left)and fractionCright) of DOC in leaching solution from aboveground
detritus respectively under different land use (n =20) AA, BB, CC, DDs EE, FF, GG, HH: [F][&] 2 See Fig. 2
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em TJEZE FERE 4),

T T DOC A7 A ALK L) e T -
el A HURLE S IR A LR R . B
T WL S B AN DOC R FE I %5 e, AN
LR R 7 SAEA F - 2 E R DOC LA [ CFE
4o 9 H1E0~5 em T2, RIRKAER T
DOC H A b A FH R B b 43 IS 23 9% F1 43 % , N T4k
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Fig.4 The concentration and fraction of DOC in soil solution
in September and October

PR Ep AR ] <7 B 75 AN T 3R] 5 5T+ 389 W DoC IR 12
WA REZ5(p=0.05, n=32) The same alphabetic within each column
indicate no significant difference at 5% level for concentration and fraction of
DOC in soil solution in September and October under different land use (n =
32) AA, BB, CC, DD EE, FF, GG, HH: [F] ] 2 See Fig 2
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KAFEKT DOC 5 L8 DOC I ANH K. K
BRI DOC HRBE-1Ih 2 mge L= 144, AN[R] X 35k
FEFAK o MR, e TG Y X S A, KK
H DOC RS ARN 3R 55 (Willey et al . 20000 AW
BIR,5~10 HMZKH DOC #EZ N 0.80 ~ 1.60 mg*
L 5 Heg BEA 8. BABRXET
T B, KRN, HEAA GG, L e X B

DN
o

'
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DOC¥KJE The concentration of DOC (mg-L7")
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o (=]
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o 5B E-B g 25 10 J1 October
20+ = Heq G |
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+ 28 Soil depth (cm)
EAA EBB HCC SD BEEE OFF MEG: MMHH

Bl s THGSHAKRHBT DOC WY
Fig.5 The mean concentration of DOC in percolation water in
different soil depth
P51 poAH ] <7 B 7s AN TR 3 R O 5 i) 3% poc R B
W 2 (p =0.05, n = 32) The same capital letter within each column in-
dicate no significant difference at 5% level for mean concentration of DOC in

AA, BB, CC> DD; EE,

percolation water under different land use(n = 32)

FF, GG, HH: [AJ& 2 See Fig. 2
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FEN, R K DOC WK EER 2.43 ~7.66 mg L™,
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WP AR (Ciglasch et al . > 2004) .« ABF G W KR
A RS AR T BB R 5, 9 ~ 10 H FE B %7 33 WY
DOC <4 BAR, A FH a5y v 368 bR 5 A 2 38 W
o DOC WPERY N, 5 H e 7T 45 AL (Chantigny,
2003 - HiUH) AR A0 0] A 4 %73 B DOC W )
S 55 5B W T DOC VR 52 i PR 25 AN I R A K.
AN 25 W DOC WA FE B2 W B A o g
RIS R R R A, H 5 56k 2 o 2R 3% B 5 B R0 I
FE4 5% (Solinger et al ., 2001). 1H 8 47 % 45, 4
Michalzik %5(2001) &3, %37 B 1 DOC < B 5 W B2
AR o AW FCER I 28 3% W DOC WS 5 5k
PARBRAT TE B WA G, 5 FiE AR O, it /R
PRI AR OO 3 o U BT T B R 2 2 3%
FY 1 DOC 19 kIR, B 2738 W o0 2835 M DOC
WIEH — B, 534k, i ) R H AR 10 5 2
W DOC W JEHE Bifi BT T Bk A4 e 250 3t 1) 22 S T AN
i) AR STAT H AR B 2 325 WY DOC R JEE 22 5
K. W Michalzik 25 (2001 A& 30, Wi A1 -Jb 5 6 71
ARMRZEIE T DOC KN 3 ~ 35 mg* ™!, Nelson 55
(1993) 15t AR AR 22 1 WY 1 DOC W BEF 248 50 mge
L' ARWFRLRER,9 M 10 HFEWNH DOC K
JE3 MR 2.70 ~ 15.20 mg* L™ ' A1 1.78 ~ 11.27 mg*
Lo K8l 22 5 n) B8 5 A Bl 21 B A DU B TR R
IFESEA %

FEMKEE KRN, R %M EKa K
DOC W% R I8 ( Michalzik & Matzners 1999), iX 2% DOC
WS 52 A Hh R AR A ) 5% 0 A8 K. Piiainen %5
(20028 7T B AR AR B3 A4 5 %232 W DOC ik B
F A, V)2 WA 7= 4210 DOC IR FEHIIE in. A
W E 7R, P 2230 24 h R 4210 DOC
4 12.30 ~ 64.79 mge L, JLH AR AR 3 b
FEH R 1 23 531 5 4009 FH 153 % » N T AR B A B FH 2
Hh 233 155 1949 A1 50% o 1 B R BR R AR PRAR AR H
BRI S TR TE ) )2 DOC R BRA, 1 A% HH Bl
RIS AR S R )E B DOC W EESE . ANk, —
26 R 7 R P 2 DOC R EE 2 S A K.
U1 Michalzik 55 (20010 A& 3, B1 AR ] i AR 8 v )
JEIRE = AR 1) DOC R JE 22 iR/ o R AR 4k
X&) Z T DOC W JE 1 5% Wi 55 AN 5] -+ ) H 7
U TE BRI R SR B RS Ok RS 4E
FRW, LK RO WRIGA T, WE DR = A2 1
DOC W& 5 759 2 BB AR OC, 5 3 /N
TAE/IND RS A (0 e et S 5 M O, 5 AR 28
TAC TSR FER AR BRI AR A B35 . MRk, 1K

L6 LURAEIK A3 78 03 WL R 45 A 1 1) 45 S, 7 HH ) 4 A
NETREEE A . BR T B2 R AR A R e A,
VIR = 25 1) DOC #e JE R AL A7 A6 27T 22 5.
Kaiser %5 (200177 & FLA [ LA P AR R 0l 2
I A2 C Pinus sylvestris )F1 L BEREC Fagus sylvati-
ca )RR 2T DOC e AE 5K Bt vy » K R fi o
{H Solinger 55 (2001 ) HJF 57 < FIL U 7 40 I s o8 R 1 338
FEH DOC W R AT I 2 2= 15 A8k, HUE 3 2k
WA DOC IR B A b I A 56 4% 52 7K I F 4
Hilo AHFFTEATIT XL T AR, (2 DOC 2 128 Ak Al
RESE Rl FE 35

T T DOC W B S i 4 3K 5 Y
(1) DOC F i, "eATD6S b AR F AR 4 (1 5% i A Ay ek
(Kalbitz, 2001 Robertson 5§ (2000 tH & B 2 Ll
#¥o Kalbitz( 2001 T 57 A I [ 55 B Hb X AV 5)
I MR TE TP R M 25 em T EE T DOC
WREC114 mg. L™ D HIR e ik I B 20 228 A H v
17(63 mg* L=1); Kalbitz Al Geyer (20020 71 & HL ¥
AT 7 3 W DOC W JE HL R AL e ik b
e AL RRW, 0 ~ 10 H KRR K AEMFIA
AR ERE T DOC WL LA ORI b o sy, 22
Sebf b 2 IRk N . AT, Chantigny (2003 A 31
ARMAR AR B S, T DOC K FE AR 7 57 48
Ko — b g L3 B 2 bR AR AR Bl AR HT B85 M S
DOC e AT AR Ak il b, — 2845 F K W] DOC W&
FREEBEAG, A HH o AR S 48 Doc B . )
A, - R FH AR A 38 DOC #5130 R e 300 52
M AN, AR 78 S AR S S A8 B8 DOC < B AR 4K
PR AR AR AL AN B (2 ASHIF 5 0 A2 o 393 F 9 &4
B K ] AR A 5 BRI ST, JU LA % N A
&G0, T ARG, LR Doc 4
K B2 . Johnson A1 Driscoll (2001 ) #F 7% & B A
THEEANE G DOC 3 E S G W R KA
WAL, RMIRAR G 20 WA MLk, HAIH FEY
AP FE BRI G . TR AR
T DOC YA BRI 52 i b 3 e o | %
K& i B R AT BE BT A D8 ( Moore, 1998). 1H
Michalzik %5 (200173, TR DOC WS 5 F%
KL R RO AE S R A SO B . RS
R W] IR DOC R 5 - 380 5 AT LA AT kb
AR TE DRI FAR G, W] REIE A I R #

+HEB T KT DOC A& F K HWAIR A R AE
TR DOC fB 5y MR R I 45 3
F, B IRKT DOC W E TR H R KR
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BRIK T DOC #W AN AL A O, HIX 28 poc 8 4r
WLt - A K (Michalzik et al . > 200100 53 4b,
T I K T DOC K FE 5 7K SRR A 9% (Moore
19980« MR A AR 4k % + 385 s 7K T DOC ¥ 5 Al
YR R AR LK R . AT TS R, 0 ~ 40
em TR RARUAEMRFN TAK 3350 /K h DOC #
JF B AR FH RT3 s v vy, L 25 S 2 0 3 T ek
XU TE S rl Ae S A AU = AN AR A K SO R
A3 A k. BHBTRAKT DOC sl
L FE OO 3 AR O 7K B ) R L DOC 7
AR RVUIE R AR A8 S 2 A 5 i, X A6 ol R 5
T 3B K DOC 4 ORI B S A% i id % ( Guggen-
berger & Kaiser> 2003; Neff & Asner, 2001). AW 57 12
N, PRSI K T DOC WIS 3T ML =
FHOCPEA 13, RINIEZ e IR R 58 K, 8l S
D T7 97 9%

TIEAE T DOC 9 FNAL Rl A7 AE B I8 1 25 (1)
A, RN T T DOC R R B A 1 1
B & & AN RSB Z 5 Mcdowell A1 Likens
(1988 Bl 5 A B >4 W 7K 25 Ik il e ek J22 R 9 ) )22
Ji& > DOC ¥R LA 2 386 n, 3 N 3 5 DOC ¥ 5 AH
XA s Michalzik 25 (2001 b 45 b & 1K 91 9 47 Ax
MRAFFFCE A, RIS DOC W PEE M 1458 A J2
F B N, BRI A ) 2 SR, AHE
FUW 7R, 7E 0 ~ 40 em 1)z, THEZ R /K T DOC W EE
a2 | /T N SN L P A/ o % N S N B N
DOC < FERH )2 IR B i 52 L AR FH AN RE 4K
TIHNAE 0~ 20 em 12, TIEE W DOC KR JE BB
0= N TS O O YOl e o T '
B B 2R A I R . KT DOC
JEE B 2 5 n N B AR S DDA R B RN )
(Solinger et al .,2001). 44K, X P Ffoik £ P A2 4 H
Ao Wl Qualls A1 Haines (1992)#7F 58 4 I, #R KAk
KX HEE BT DOC ¢8I 1) 8 EEHL A 2 W Bt
1 F AN 2 53

THEA W DOC W R ILAT W S5 1) I () 22
SR REAR R ZAT . AT B, /K H DOC K
FEAEATR A A4 /N, HU R 7K DOC R BEAE 6 ~ 7
AR, 5 H.8~10 A HiEg i+ poc Sl
T 9~ 10 HFEI A1 AR 4k, Xf - 58836 K DOC K
JE HEME T 5~ 10 AAEER tAE A G-
glasch 55 (2004) W5 KL — D2 (8 ~ 11 H),
TR N AR 3 v DoC W (15 ~ 200
em)ZEFAK, EFEAWE (1~4 H), REMKL

BT ) DOC KR JE(4.4 ~ 5.1 mge L™ DA TAHK
i (1.4~2.7 mge L™ Do IR DOC KRB
)4 2 B A E s A Ok, LU DOC IR
JE I 8] A2 A AL 3 25 A HLER A1 DOC 73 % 1 K
(Guggenberger & Zech, 1993). I DOC W Z=
AR Y E T b SV AN VR I TR
(Kawahigashi et al .,2003) .
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