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R R B AR R RS B b

< ~ A ~ N *
TARE! 0 FL A, FEak?, B’
(1 PR R KA Rl SEARERE, KUY 410004; 2 Mol B Rep i fl2g 5 TR B, K1 410004)

1 E: N TR AR AR MR (DOC)ARERLAE , SR ARESR B0 R I 3R A3 DOC &k, X HfEgk
BYEAHLER (WSOC) $REUERIIY2E 5. SEHU g KL th ZRAR A FE DR AR S8 47 1Y 3 Tl Ry BUBS YR A bkt 452 10 om — 2 2REAERTHI -
B, SRARFETT B3RO & 1 DOC F WSOC Fri, 43475 IR EARAAE SCTE ROTIE NI B R . 45 R%0] . DIk
13 DOC 5 WSOC & it i+ 3EF TR BE ARG I, (2 138 T W 15 B B IBUMIAS 1) 13 DOC & 1 BH AR, 11 0.82 ~ 9.52 mg/kg,
AR A KT+ WSOC & #2:1k 10.56 ~ 249.19 mg/kg, T 0.5 mol/L K,SO, $2HUAY #f + WSOC &3k 155.70 ~ 576.94 mg/kg,
0.5 mol/L KoSO, FHEAYT + WSOC & fici, ik 158.94 ~ 797.56 mg/kg, &M Ny DOC<T +#ai/kiZiE WSOC<£¥ 1 K,SO,
242 WSOC<T 1 K,SO4 =# WSOC; @3 Fiyk Ak +4% DOC 5k WSOC & HAFFERE S, AR RN i & 2= B Ak
<HE LR AR<IEIAR G3RELOIEIAE £ DOC & it 5 H AN & Jr i MAFEN B35 1EAH56(P<0.01), FFH 3% DOC A1 WSOC
Y55 pH. SR, AR . FHER . 2. 2. BAERE D MY A YRR BN B E ARG (P<0.01), H5HIESK
R E D FHI(P<0.05), KiFs g Likilifg 3 DOC & HEm K FrKIF IR WSOC & i, %41 T A (E ST 42T F A -1
B MUK SR E

KR IREA YR AKIETEA AR BRI, EIRELG; Tk

FESES: S714; S153.6 XEktRERD: A

Comparison of Dissolved Organic Carbon Contents in Forest Soils Extracted by Different

Agents

DING Xianging', BAI Jing?, XIANG Wenhua', HOU Hongbo?, PENG Peigin®’

(1 Faculty of Life Science and Technology, Central South University of Forestry and Technology, Changsha 410004, China; 2 Faculty
of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: 0-10 cm soil samples were collected under three secondary forests in Dashanchong Forest Park in Hunan, the
contents of dissolved organic carbon (DOC) and water-soluble organic carbon (WSOC) were measured with different extraction
agents. The results showed that: 1) DOC and WSOC contents were decreased significantly with the increase of soil depth. DOC
content measured by cultivation-centrifugation method was the lowest (only 0.82 — 9.52 mg/kg), followed by WSOC content
extracted by ultra-pure water in air-dried soils (10.56 — 249.19 mg/kg), WSOC contents extracted by K,SO, in fresh and air-dried
soils were the highest (155.70 — 576.94 mg/kg and 158.94 — 797.56 mg/kg, respectively). The average content was in the order of
DOC < WSOC extracted by ultra-pure water in air-dried soils < WSOC extracted by K,SO, in fresh soils < WSOC extracted by
K,SOy in air-dried soils. 2) Significant differences were found in soil DOC or WSOC contents under three forests, and both DOC
and WSOC contents determined by different methods were in the order of coniferous forests < evergreen broad-leaved forests <
deciduous forest. 3) Extremely significant positive correlation was found between DOC contents measured by the
cultivation-centrifugation method and other methods (P<0.01). DOC or WSOC contents were extremely significantly correlated
with soil organic carbon, humic acid, fulvic acid, total nitrogen, total phosphorus, available N, microbial biomass carbon,
microbial biomass nitrogen and pH (P<0.01), and significantly correlated with soil bulk density and soil water content (P<0.05).

DOC content measured by the cultivation-centrifugation method was far lower than WSOC content extracted by salt solution,

OFEWH: ERARPI2EIEETH (31470629)% Bl .
* 5l HAE#H (pgpeng 123 @sina.com)
EZRIA: TRUK(1990—), B, ZHCYIRA, HEF5RAE, 57 A FRMAER S, E-mail: dringxianqing@163.com
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however, it was closer to the actual value of in-situ measured soil dissolved organic carbon.

Key words: Dissolved organic carbon (DOC); Water-soluble organic carbon (WSOC); Forest type; Cultivation centrifugation;

Determination method

VAT 8 SRIKAR B SR rh A BILBIZH ), B
Z NEMYER DL DOC (dissolved organic carbon).
s rh ] gl K B ER IR B L A LR 03, FRZ
Ry K %A WL WSOC (- water-soluble organic
carbon), MR AIRE ML 14 DOC RRLEHRRIE, K&
HTFER ] WSOC X DOC HRAEATIAE | 43 #7 FIAF
5221, DOC BAX (i A HLBR PE (1 — /N 4y, (R
S RIR IR 45y 2 — 0, VRN HHERI(CL N,
P. SYB A EARE T, B A LR i E
BLRAR, XA RS AL . R LR R A
Begid B EA LB P, DOC [FE IA REIS IR
B -39 i) B 4 DA S H A — 2 A ) e+
s YL i BEIG TR H5E ST, BRI 2 8 0
F L B FHER b2 i 2 E R BT Ui

14 DOC FERIE THEY MR . YR FR I
W R R e R AN e s
DOC BE& T3 Ykl Fny =y, SO R
WA | S LR Y AR, TR S TR 5
MR A RS, FESRMAE S RS, +3E DOC
A A2 R e AT 0 o A A AR T i 021
TR A K S AR, TR A AR
HARSAT TR, TR E WSOC I E (AT
5B RRET A L1 DOC &AL, Al
AR BRI AR [F] 3K 43 2541 T 1+ 48 DOC
HIBFFE A R BAT —E W] Lot ABFSE 3T “ it Fn
[ 457 7K e — IR R R s R0 7 0 I TR R IR
BANPIE J7 T DOC 434

W HGH AR X S IR E R 25% DL, TR
ZHLIX -4 DOC & i FR Ak K sh &4k, nlh 11
TR NG IR B e A HEHE S2 R, Bl 1R AR AR L1
BLER R0 5%« 38 73R Ak DA K = M R i R 2k 2
JUHE fEE A EEE L, i, ARSI
BAYRRAR A, D S BT 14 DOC i K
OYARRAE , 4535 2 AR Bl 2 RN - 9 P Ak AL )
SR I B AR R, DU I — 25 7R AR AR A
AR GE T A SRR I 2H R B ik O PR 3k B 4 AL R 2
WA

1 #RERE

1.1 HAREXER

5% b 57 08 B 48 4 V0 LB R Ll o R
(113°17" ~ 113°19'E, 28°23' ~ 28°24'N), ik
JE 55 ~ 350 m, J&FSLH Y B KBl 0 2 XU S
o, AEEIREE 16.7~17.6 °'C, WImEE 40 °C, Him
IR -11 °C, Wi FR, MXHBEERCOR, AR
FE 1412 ~1559 mm. 8O A FTUS & &
ILTE . bel DX BRAEAE A AL FE 2 Fh R AE AR A, o
F5 5 AN AR . AR X Sk i ORI R R AV
I ] P RS 3 o B RN A AR R
1.2 HEHIREFMERRE

2015 4F 1 [, JEi T A RE X AR AREEE SR,
AR HIAT DL 5> A AT R HEIR GG, BEE 3 Fp B A AR AR
My G AE IR, SRAE S RO, RAETR
JEN 0~ 100 cm. FEHFBILE 1.

F1 XHEHMER
Table | Site information of tested forest soil profiles
HITH 4R Pl eyt 43 5 b K (m) I By 1] GPS i '#
DSC001 LaRN B+ 220 ~ 262 15° SW 28°24'45.89"N, 113°17'54.46" E
DSC002 LR AR e+ 225 ~ 254 22°NW 28°24'45.89"N, 113°17'54.48" E
DSC003 FANYIN e+ 245 ~ 321 35°W 28°24'7.30"N, 113°18'46.11"E

KAERT, e BRI IHTEY), % 10 cm —JZ T
A LB 10 2, BRAE 3 D IIFER—ASH R A
T 1 kgo FAMRAIG , BOLh—3 53 6f 4 57 R i
T HEET, BT 4 CHRAE; BLeLEARKT
1~ 2 JiJ5, AREOREE, SR WATFHRER, 20
it 20 HAT 100 H 1Y Je e b 5 A7 - T i DSC001

FIEEERAL, RZL A0, HEE 40 cm. FH +
HESEAR PR T 0L 2,
1.3 1TIERRE DOC WFKE %

SR % B0 ok 3R AS e T, BLARAE
N LIRS RS, ST BP9 AR K R Y
WS o AR H KA, 115 300.0 g IRA /K HAE
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fit T o B R e A K i A AR LB -
i, BT 250 ml EAREURIIG T, S T

alik &, B AR e RS DB 5, BT 25 C EIR
YR EE SR T, REEEE R 24 he

2 FETIEEAEBUMER

Table 2 Physiochemical properties of tested forest soils

i) TR W (em) pH(1 : 2.5) Bk (<2 pm)(g/kg) WPRL(>50 um)(gkg) A E(gem)  FLBLEE (%) AHLEk(g/ke) 2E (g/ke)
DSC001 0~ 40 4.49 261.0 358.1 133 25.08 16.41 1.85
DSC002 0~ 40 421 281.1 221.9 1.20 18.33 24.97 2.52

40 ~ 100 4.78 251.6 294.0 1.37 17.55 18.13 1.43
DSC003 0~ 45 428 355.5 205.3 1.08 14.02 31.05 2.60
45 ~ 100 473 3475 257.0 1.28 12.52 16.31 1.59

T R EUER 2 L2 BRI 35 {E

W 55T 5 1 R, AL RS S 200 H AN
AT, ARG E O, TR &R TRE O
HL(TG21KR, KIPZIE)4 'C, 8 000 r/min 3B 0024
0.5ho BfiJe, 7FF B OO M OIS £, FRE
PR TR (2 50.0 g), FFR -G T 0.45 pm U8
JEA AR 2B/ INEDHUE T =20 °C vKAR T ARAE R
1.4 SHNERE

TS E . BAESLEER R JTENE ; pH K
FIHEAiKIRYE, Tk 1 2.5, BRIEiH@pHS-3C, I
TETRRDIE s 3N R A He g, A+
HEACRIARIIURLIT (5 Fe (Bhki< 2 pm; K3HL 2 ~ 50 pm;
APARI>50 pm) ; 438 4 R @8RBI BRI R
(] k22 M (Easychem plus, 75 A7 FELHD)I E .
TS LR H AR R A VA A MINHIL I E .

ik 1 B VAR TS R AT HLER DOC 7 ik
FHA DL AL (TOC-VWP, HA B HEIE ., +3
IKENEA LR WSOC SR 3 R4 ik ik fs + 152
PR, J7 40 M £ 0.5 mol/L K,SO, 12 48 it + 4,
FoKE 1 3 M KRR LA, 2K 1210

DOC 4 (mg/kg)
0 2 4 6 8 10

0.5 mol/L K,SO4 i #2X 1+, +7K I 1 : 10,25 'C 7K
R 0.5 h, %53 180 r/min, RIERWHT 0.45 um
IR RAAEI . R EA PR WSOC &t S
DOC & & i 2 J5 A ] o
1.5 HiEE

K FH Excel 2013 Fil SPSS 18.0 X g #1745 115
M1, 2R CANOCO 4.5 #£17 RDA 43 #73-2: Hil HE P I

2 HEREHW

2.1 FHFMIIEE DOC EEZIEIHE

3 FhR AR MG T 143 DOC F54 il 1) i 1R i ) 4
I W TR, WE 40 em Z RS EEARE
(E 1A). #l DSC001 +-4 DOC & 53 HAh P A~
i B E HA%, DSCO003 13 DOC & fit it i (P<0.05),
21 DOC P& 8 M E P2 R 03k 3.
2.2 FMLEE WSOC & =3I E4FE
2.2.1 4+ WSOC &i KM 0.5 mol/L i K,SO,
R 1, IS 43 WSOC s WIE 1B, 4%
FITE WSOC 7 it {HAF7F B M 22 5(P<0.05), 51K

WSOC #t (mg/ke)
0 200 400 600 800

0 = 0
10t ST 10f ®)
20F 20F

_ 30} ~ 30t

£ £

S 40 S 40}

2 sof =50

E 60 & e0f

= = o

" 70t (]
“ —a— DSCO01 ol ¢ —&— DSCO01

~-+@--- DSC002 it ~--@--- DSC002

o0k —a— DSC003 of § —&— DSC003
100t 100t

1 =fkE#HTIE DOC 22K K,SO, 2B EE+ WSOC & 2 & mE T

Fig. 1

DOC and WSOC contents extracted by K,SOj in tested forest soils

http://soils.issas.ac.cn



534

TIRURAF : AR50 b BERRAK - S A B e AR

521

DSC003 #ifi 0 ~ 40 cm % it i =15 478.44 mg/kg, b
= TE AR DSCO01 HTH Y 296.92 mg/kg (% 3)

222 K4 WSOC &i B E KT 0 IR
i, A3 R PB4l K AT 0.5 mol/L KoSO, AWK W s
PEFEEECT + WSOC i, ME(E WA 2. gk
FEHUAY 0 ~ 40 cm +3E WSOC &4, &RE 5] 1fi 8] G

%3

WEVE2ZE R, T KoSO, AR HLAY 13 WSOC &,
HI1H DSC002 Al DSC003 i3 = T+ 1 DSC001 (P<
0.05) BiFH 4RI B 40 ~ 100 cm 13 WSOC &
R EMT 0~ 40 cm H)2 (3R 4) AR
K,SO, I RARE) WSOC & & I 3 & Tl 4k iy #2
o an, PRI T M S R I E R S ATk 13.8,

=HUREM T IE DOC 1 WSOC R E K thiE

Table 3  Average contents and ratios of DOC and WSOC in tested forest soils

HlH T2 K (cm) DOC(mg/kg) fif 1 K,S0,~WSOC(mg/kg) fi 1 K,S0,~WSOC/DOC
DSC001 0~ 40 2.04 +1.08 be 296.92 + 88.52 be 170.32 + 80.73
DSC002 0~ 40 4.12+3.70 ab 330.47 + 122.89 b 117.04 + 77.89

40 ~ 100 1.12+023 ¢ 181.98 +33.28 ¢ 139.88 + 23.67
DSC003 0~45 457+143a 478.44+7320 a 109.92 + 23.56
45 ~100 1.57+0.30 ¢ 263.17 +28.97 be 171.10 = 24.98

T RA/NE TR 2R B 13442 K DOC 5 WSOC 7

F+K,S0,ZHWSOCE mw(mg/kg)

00 300 600 900 1200
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20+
30t
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501
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<)
70 .D‘
gof %
o

A

FIETERIE (cm)

—A— DSC001
=== DSCO02
90 ¢ —=— DSCO03

100+

& 2

FIFRE (cm)

BERBFE (P<0.01), T,

T ABLK FHEWSOC S (me/ke)
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®)

10f e

20F
301 :
401
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60 .
70t
80T
9F }
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—f&— DSC003

BHiK I K,SO,4 IREUN SN F £1E WSOC & = 3| 451

Fig. 2 WSOC contents in air-dried soils extracted by pure water and K,SO,

Fz4

AEHREN A A NS IE WSOC 2 2XT L

Table 4 Comparison of WSOC contents measured by different extraction methods

T K R in k- ++ KSO,- T4 K80+ WSOC/ T+ T+ K,804-WSOC/
(cm) WSOC(mg/kg) WSOC( mg/kg) HBalik-wsoc i + K,S0,~WSOC
DSC001 0~ 40 96.06 + 79.43a 352.6 + 180.32 be 444 & 143D 1.15 + 0.41b
DSC002 0~40 83.28 + 11091 a 481.39 + 228.69b 11.13 + 564a 142 = 02la
40 ~ 100 2473 £ 997b 207.85 + 48.8lc¢ 1020 + 3.54a 1.29 + 0.30ab
DSC003 0~45 76.02 + 39.05a 694.53 + 109.67 a 1095 + 5.02a 145 = 0.13a
45~ 100 22.88 + 294b 305.79 + 48.08 bc 1377 =+ 247 a 1.16 = 0.06b
K>SO, AR A &+ FX T+ WSOC & &tla]l Moty i A4, K45 DOC 5 WSOC &

FAEREES, WHEZEMELE 4. REHE
P 1, (B PRI K R 10 3, K R
HKHA 110, FILHEERTZ)E, AT+
WSOC &gl EHem 1 3 ~4 1%,

2.2.3  AN[ENE J5 2 14 DOC Al WSOC 5 & A&

B2 A MR (R 5). 4SREW, TitREAT
AR B R SR R ik 2 R A A
TR 2 FRE, 0.5 mol/L K,SO, iR 4 KT+
BT fiE 1+ T 9 WSOC & &Ml & R, ik
0.923(P<0.01).
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%5 AREMEF DOC 1 WSOC & 2 EEKHEXIER T
Table 5 Correlation between DOC and WSOC contents measured by different extraction methods
K% B0 DOC ff + K,S0,~WSOC T 1= K,80,-WSOC T L4k -wsocC
347 8.0 DOC 1

1 + K,S0,~WSOC 0.685™
T+ K,S0,-WSOC 0.799™ 0.923"
T+ #4li/k-wsocC 0.845™ 0.548" 0.723™ 1

TE: % FRMRMEIAE] P<0.05 BEKF, ** FIRMRMEAT] P<0.01 BE/KF, TR,

2.3 DOC-WSOC 5+ B I5tRmHE X1

23.1 SRR M CRE & 6 SN
T 15 DOC. WSOC 5 1- Sk 545 H] A AH ¢ R4k
M 6 A UL, AN[ENE J7 ¥ T 3 DOC #it WSOC 5

TIERA YL, SR . EHER . 2R . & A
DA MY R AR pH Yk B8 W2 40 ¢
Z(P<0.01), 517 M 38 KR —E M
FEHHLLKR (P<0.05),

% 6 DOC 1 WSOC 5 +1EIB L IstrAE X R

Table 6 Correlation coefficients between DOC, WSOC and soil physiochemical properties

s 32 R iy i DOC fif + K,S0,~WSOC F + K,S0,-WSOC + +-#alik-wsoc

EERilR g 0.740" 0.840™ 0.879™ 0.551"
2R 0.894" 0.909™ 0.9317 0.809"

X 0.620" 0.826™ 0.746™ 0.638"
A 0.869" 0.905" 0.938" 0.726"
R 0.650" 0.805" 0.840" 0.608"

W B 0.751" 0.895" 0.920" 0.654™
WUEEY A Yy E ik 0.803" 0.778™ 0.843™ 0.688"
A E YA 0.775" 0.783" 0.846" 0.685™
pH ~0.685" -0.787"" -0.802" -0.534""

Y A 0.037 0.389 0.275 -0.232

bR A 0.151 0.036 0.135 -0.101

fibAr —0.132 -0.318 -0.301 0.245

M [B] 7K &2 0.307 0.353 0.339 0.467"
TR 0.274 0.599™ 0.5617 -0.012

FLBREE 0.008 -0.082 ~0.130 0.236

T e -0.617" —0.8417 -0.800" -0.397

W R SEPEIRF] P<0.05 KT, R A MR E] P<0.01 B E K,

232 HIERAAR AR " GEHET A 3 BRI R S H bR R Y R, R

T 13 DOC. WSOC 5 +-Herifb g bri) — 4k &
(RDA). MEIHRTIL, “REIINE J i T 133 DOC #1
WSOC Fig 5 HE S AR, SABIRMHA) . & MR
(FA). &%, @, A8CEA . EYAEY ERA
(MBC/MBN)FI pH ik M W EHE R, FFH,

0.5 mol/L K,SO, #Z#E X+ FIF &t + T 1) WSOC %
5 RS EA T S AR AL, M SliKiR
$2 WSOC & 5 + 30 A PR A ¢ R BUH XA

3 e

DOC JeRlif AR 25 R GE O Il BRI A LR AL 7

SRAVAN o7 3T HLTL B AR /N — 543, (A A AT g 2
LT P A B AR YA SR R 44y, R K R
K R A AL 0 SRR, O A L
AR B RAA, KEA SC 11 DOC T B4 i
FRAF 9 2 VA H L5 i S5 Bl 2 4 2 R B 1 fin BH B T B
H A AT HUBs I EL 3 A7 4 ) 52 B AF Bl IS 70 45 45 Fi A
AR AT A R, b B R
AN 3% DOC A3 EX L2 B ) 0 s el ) A 3,

ANFIFRMIEH 11 DOC Fra A 255, AR
TR EF I AR<B SR AR <TE AR, W] 14 DOC
S T AT S A AL, A2 AE WL R B S
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= Oni A,
4 £t
ARy P B MR MK £ 3% DOC I WSOC 5 2 i 1 43
PITTRBE A 3G, 152 TR, AR e 2 7 ) 3
S | #w S0 13 DOC Fl WSOC & i, B35 85,0 52 1y
ER . e DOC % BT AR %, R FIW5E Jr ik
g " AEAE W51 . £ 4 DOC Il WSOC ¥ 5 +-H6f
Mlak . SR . SR . 2R/ 28 AREEA . ™
A R R AR pH IR B BEAH G, 5 AR
@ -HEFEDOC . T 48 AKOR R B d A OG
@fif 1:K,SO,-WSOC ik
BT 1:K,S0,-WSOC S 3Lk
$ @F - #itik-WSOC

-1.0 PC1 (75.49%) 1.0
3 L1 DOC 7 WSOC 5 +IREBLIStRA Z4EHE FF E
(RDA)
Fig. 3 2D sorting map of soil DOC, WSOC and soil physiochemical
properties (RDA)
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FRIE BT IH 4 43 B4 e 5 ke B ZEAE

A KB R G DOC 5 bl ) i 28 L RRE K
ERRAETTE, EHNIFRNZBAIKE KSO,
B4 WSOC RIE . AMFFE L5 G W] LAY ZRobk 1 45
DOC &t AEAN R 77 vk A A 3 25 5, b
FRELD RS A) DOC £E 6.07 ~ 0.54 mg/kg 22 [A],
LR T WSOC &k, A[ENE Ty A AR I N
DOC<#R&li/KiZ# WSOC<ft+ K,S0, =2 WSOC<
KT+ K,S0, 32 WSOC, RESEZERKA, H
T AAEER B O OC R . AR R W], TEAH ]
WET, H KoSO,$2HU WSOC HH ey, FEa4T
XEASTR] A BIFFE E A R 398 2% 1 e Sy 3 FH A S U
BT AR AREY, KT+ K,SO, #2HL WSOC
SCRAR I o T A 2%, UERH KoSO4 M 35 i i
T ERAN KA L AN R BUT AR BUY WSOC
1) ELAZH 43 B A o] 22 5 5 B E— AR R , i B4R
PR, TN RE 43T 0 25 S v RE S 23T T PR AL

WM R DOC 5 - HEHL R AR Al 1 AH 5
P, FE 0 - RAL M T DOC #9520 S 3%, 13 DOC
S BRR A S R AR S E ARG, R T DOC My EH %L
K. FE, MAEYEIETREEREAG, 35
AT WL 5T A3 R R RN E 2, BRI DOC 5
B A W e R A 3 A DG o Hh T -4 DOC 51y
TR, HE R ZI 5 ) SRR AR S R G A PR 2
IFAE ili b A= 25 72 Gt U B 2 v 4 A X E 22 Y
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