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1.1

B CCE ARG BRI AR RS A SR Bk ok
PRICTE N A ARAZ ARG i AT U C R R & bR i
HERAERKERYTA E128, #HIEIR,
WAE P8 - 0012 = 00[|) i fT. HAR . 7
KxExTENL6mx 1.1 mx 1.2 mEH 2 A ML
BB A KA E 102 ARG, sl A HiBa"Co,
(99 atom% "C) 540%FLIR AT RN =R PCO,
SR, TG E VR AR IS B A RS AR P B K AL
a8 6 AR KR IS AR IR 5 2504 0T
SR F DY 533 ORE Je L TRy B ek 5 mm B, 1) i s 4R
CCZENM R AR AR R R . SR AR R A A PR 5 A
4173 g kg™, AT EN588 g kg, C/ NHK
70.97, 3VCIH F104.40 %o; ARFRAKAYA HLAK & &
H411.9 g kg™, RAG N34T g kg™, C/NILH
118.83, 8"C{E N91.27 %o,

M 4. IR R A AR A R T R
MRARGEIX (118° 08" 22" E ~ 118° 09’ 23" E,

27° 02' 28" ~27° 03' 32" N) . LIAEFE ( Citrus
aurantium 1.) . 2K [ Cunninghamia lanceolata
(Lamb.) Hook. ] NT.#k. K#& [ Castanopsis
carlesii ( Hemsl. ) Hay. ] ¥R A= AR F1Z0 4% B T #4
[ Altingia gracilipes Hemsl. | KIRIREE4Fh 1 Hb
A7 B R BRI AT S o RS B 2 1980
ERA A ARG MR, PR R4 m, i217.7
em, JE WA IE S A HLIE A i A 2
TRFEVTIEER; AN THZRTE19694 G
EWMIE R, FEW 18 m, FHH1£18.3 cm;
KAEMT W R23 m, FHRFE29.4 em; KA
JE DTN 600 22 4F [ AR L B A, 3 A 32 2 0 2
PR TR, AR BT T AR AR R 28 m, P AR
45.2 emo A[EVFIH IR B9 2 A Z A — B,
TSRy I b 2T, S I By 2R KU A
X, #3234 ~556 m, FHRIE19.4 C, FHFE
KL 670 mm, AFEIAHXSIRAE81%, F A RAEMT[H]
H20114ETH , REERIENO ~ 20 em, & “S” JE
BEML B E SN IORE A, 2 IR 5 S5 7l ] S 40 % B 26
AR, BRAT, RAEEPEPE 2 mm
g o HIERALPE AN R TR

#1 i T REREUER

Table 1 Basic physical and chemical properties of the soil studied

) A HLER R K FhkL

+ H -
pH Organic carbon Total N Bulk density Clay

Land use pattern . . N

(gke™) (gkeg™) (gem™) (%)
E 4.5 12.94 0.76 1.16 28.12
AR® 43 16.89 0.87 1.11 34.92
P 4.7 21.71 0.93 1.12 30.33
AR BT TR 4.6 30.68 1.72 1.16 36.62

D Citrus aurantium, @Cunninghamia lanceolata, B)Castanopsis carlesii, WAltingia gracilipes

1.2 EHFIE

THBANAEIE, 5350 0% (AINAZ AR B A,
CK) . 0.2%F11.2%bric 25 5R A ( fRTFRI 5214 )
K1 2%bRiC R BASAL IR 3K, 43 AR
0. 0.2F11.2 ghRic ZEMBRIARNL.2 ghriciRERIk, 5
2T 100 gt EHEM M LFERFIRS), BT
500 mI¥DEAR T, KAl 458 oK i A R K
( Water holding capacity, WHC) #60%, FHi&ES
SR R L T, B T20 CRYBEFRAE TN R SR, 18
P48 hFREIEAMINK >, 90 dJFHUH 3, HARK

T# M.
1.3 TIEABRKNS S

b 39 PR B A B R HIR R 1, 2 M Ellion
(7 TR ARSI, BRGS0 o XU BE, Tk hids
5 min, FIHHL (EML 200 digital plus T, f#
) Z¥5 min, KA1 >250 pm. 53 ~ 250 um
Ml < 53 um =ASRFEDRER e Rk, BT
P (50 C) , 24 Wt TARE .
1.4 HRNWEAE

F2 R BR R 4t 5 4 R & &R FH ot R 4 i A
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( Elementar Vario ELM , Elementar, f&[E ) i Cy=fC (2)

SE IR AR B AR A S CAE R 2 1L BT 43 By
{% ( MAT 253, Thermo Fisher, [ ) W5, 11
A LB 7 B R A R R R, R AT
ORI R p R AL (Kt
Fb2.5 0 1) 5 HIERE R TIE; T EN0R 2 A%
OIHT R A L I
1.5 TEREELE

Bi 75 45 A 4+ ol A R AR BB IR F 42 A8
TREGLEA, Hetn T or i

f=(8Cy=8Cu ) / (8C,~8Cy) (1)

Ao, 8C MR IR LS BT R INARIC AL A BR A4 1) 1 48
3VCH; SC AR ATRIRM 18 CHH; 6C N
ARG CAE

B35 5 R ok A2 AR BRI ML B L C
AR AR

O CK & 0.2%}
60 | 1290 O 1204

40+

TIERAREE RS (%)
Mass distribution of soil aggregate

>250

250~ 53

(©)
OCK

80 r
B 0.2%M

60 | 1.2%m O 1.29%4R
40 +

20k |

TSR R TR (%)
Mass distribution of soil aggregate
o

>250 250~ 53

AR R

Particle size of soil aggregates

<53

TE e BIPOR ) 5 B 3R 22 v W

Ao, O AR L AT HLBR &5 o

B H R ] Microsoft Excel 2010 #ff 47
BRAb B ; S H] SPSS 18.0 SEit Mk fFt AT A
RTINS AREAS TS, I/ i 25 22 50k
( Least significant difference, LSD ) {EZ & L4,
BFETEKFJp <0.05,

2 R 5L

2.1 HNERRIESFEE TIEE BK S YT

P LRI, A [ B S 5 R A R A
7290 dfi5, AT b A O T KRR M A
AR A FRAE R AL, <53 um P RAK & &
B, B N59.5% ~ 69.3%, RN BCE RN T
6.3% ~20.1%; >250 pmKFIBIEKEZE T, F1y

(b)

80 -
OcCK @ 0.2%"} a
a
60 - 1.2%n}

0O 1.2%#R a

<353

g0 @
OCK @ 02%nt

60 F B12%M O 12%R

>250

250~ 53
AR KL

Particle size of soil aggregates

% (p<0.05) , F[F Note: Different letters in the figure mean significant difference (p<0.05) . The

same below

1

MBI IR R (a) o FZARNTHAR (b) o KRAEWRAERR (o) FARREET T AP (d) A [RRL g AT SR AA

JRCHE F R

Fig. 1

Mass percentages of different fractions of soil aggregates in the topsoil layers of the citrus orchard (a),

the fir plantation (bh),

the secondary forest (¢ ) and the natural forest (d)
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TFET7.9% ~ 18.5% . ARIFH 7 L + 58 < 250
wm P AT SR AR o P R AR B i i 80% LA |, &K
R W4.2145 ~ 6,315, 1EFFD b F H I =X
T, BRI BT KA R AR R (2
AKRBRAN) o <53 pmPRIK S HKZ A LY,
Z B A IEFRCRUR R IR, S5 MR E, 74
R IR e Aok 5 R ) &
AN A 3 A A AR AR 25 S AR L, R & B
FEATR L R 7 2C0F 13 < 50 pm A R4 5 A
A L 15 80.8% ~ 94.1% , S HoAth 42 141 58
TRIG4.2105 ~ 16.065% . (EZEHE(E 4 0 R F 08 1 0
YA R, TEKRE o R B RIRLL > 3 mmbifR
AR AT, <50 pmPAI RS ERD, HikEE
PE2 S, X5 HIERIRME A Kt +
bk 5T K A b R 5 A G
2.2 SMNEBRIEFRE LIESUCEMT L

8" CAR S e 14y J2 4 398 v O [ Sk VR A HIL A 19 AR
o 8VCHRC AR TR I IR &AM T H 5

(@ OCK O02%m BEB12%0 BI1.2%R

-30 L a a

>250 250~ 53 <353

(©) OCK O02%n+ B 1.2%0 1.29%H3

+58" C (%o)
Soil 8" C value

AR AR

Particle size of soil aggregates

B2 ANERRIEIRIE RSP (a) o IZARNTHR (b)) o RAEURAESR (o) FERRTET T HRIRAR (d) A [RDRE S AT R AR
3UClE A1k

Fig. 2 Change in 3"C in soil aggregates of different fractions in the topsoil layers of the citrus orchard (a),

HUTR R 5 1o, (B4R 2 BF 98 28 W13 7 et il i T
IR R 50 T A DRSS R i 7
2T, A SMEER AR 3290 A5 R, R
) 5 2R G S O S R R
Ferp B R R R, R R RTSR, X S TR
AR SE I O 5 4 R KRS AT T S8 i 38 i
BT LS RAMZEM 7 o R SR, I AKRIC 4
PCHMBAE R, B3R ] B, 8 C ik
Z B, LRI IRAE A (90 d) i, HHEAHL
JS P CAEAT SR B o R ph TR B 398 B A AL
SRRAT, AMNERRIE ARG IR A Bk, 1
83 HE A A T 2 A G

M2 AT DLy, R R 7T 4
YA 23 B i A BB B8 BN T AR, A A
RS R R B AR, 8 CAR MR 5 Ak A B
Fe i TR RS FR B . 0N [RDRLAR A SR A
ST AR AT R R, RE R T
(4R 1IEAIS OO, R <53 pmPA BRI F RN,

Gd)yOcK O02%M B 1.2%W B 1.2%F

b

b

>250 250~ 53 <53

(dOcK 02%M BI1.2%W B 12%F

250~ 53 <53

>250
IR AL

Particle size of soil aggregates

the fir plantation (bh),

the secondary forest (¢ ) and the natural forest ( d) amended with extraneous carbon and incubated
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M53 ~ 250 pm AR P I R (BRORK AR A bk 4 35
Ah) X HEEEA VO I KB KRS b & B
+HESUCIR/IMETE > 250 pm I RAAARTE, i ik Fh
25 5 1 B R S 0] BE S AR RS 1 B IR R I A A
Ko BEWIONN, AILYERRLRES, RFE+
HeRr R m M IE AT R M- A — R — B+
=y T, TR AN IR SR TR /NS ] £ B A AL
Vi SR 5G , CINSE /NI BR AR oy fiff R A, T AR F
FE TR AR FRAR C/NGZE 135 F A A 2 v e s o ) 5
C/IN ™ R ZEAR BRI S 0 R 4 1T, AN RS
VNG AN N 3 0 i N LA N VA 3 b 45 I L 1}
FIEA R N e L L
2.3 HNEBRIESE LIEREBRIK P HRA S

FIEMRE (2) MR IR R Ok A bRid 5k
e B . B AR 8RR 0.29% FiT1.2% 15 5790
dJF B R AERS Bl P A R 0,50 g kg
M5.34 ¢ kg™, MAAELARN TS 5 51450.74
g kg HI4.72 g kg5 HTRRAE KA A AR A B
i (0.80 g kg ' M14.04 ¢ kg™ ) SAEANRET T HLK
RS R (0.92 ¢ kg 'FI14.17 g kg™ ) M
Mo r SRR, WA RN, i
S E R, X5 AR RA L, EREW
s L0 T (] 56 o 2 B RS A O T e,
e JEAT LR 43 fff S R 8, BV R e A% TR AL N
Jenkinson L2010 1E M CARIC I 8 s AE A LK,
S BRUR T - 48 A 1 C T R A R A 388 i
%o ARLIFARE SRR 0 V45 o ke 3 e -, 38 38 4 1 A5
AF - e MLRR AN 16 i & A BT B W SO
e 20D S S RN S )R T U 4 T )3 e B
B3 4R 45 5 A LK (SOC) Fit 2B
A > R > mEHFF > CKivaE, B
U, A7 56 A HLRR 55 AMRRR IS i 22 8] A 56 R AT
Rt —2 0

FeoLE FIRF W, AN [E] A O 2R A%
AN FERIRRE IR0 dZ5 G, ORI T M AR AR ) B e
TR ERETHREK (p<0.05) , BRAFEET T H
FUAAE 1) <53 pmPAI RAK T B EME2Z RN, X
HEAN T ERE 2 WS & B R R A M R 25
MR, BT R R R, R B 2E TR £
by R NER, Y TR 85 HLaR 1R
. SariyildizfllAnderson (23] 92 B ANIE B [ C /N ik
K, WG amism, HomRt, R
o ARWFFE PR ERIRC/NES K, i, it

WARB EER I N 2B, %R, KRR, B
Orfif e IR BRAARTE 3Eh A8k B e sy, A
T A DU o X% i T M aRAE R 5
YRR Y E R IE, SRR AN R T 1
BILJT ) 38 e R0 AN TR B o AS [R) A 4 3 A i o 5
i 3 A= i v . RO RN RS, AR I AT
HLBR ) R 26 R 24 L SR s i AN IR R A 37 4
Jo . HEARE B I e B i s, S b
MR LE B EEZS (p<0.05) , HEHL:
FibE > FZARNTH > 4IE0R TR > ki
AR R, 2 i DR R A A B 7 B
Yo T I UG A HLBR S AN IRRR e 2 AL A
T Pel - 300 I A AL 7 i de IR, Bk T i A A
TR
2.4 SMNEBIEFREZR B TIEAR KRS E
TR0 dfi, AT A 5 20 SN sk
FEAERIE R Y <53 umBY A RIA T, &
FiK50.5% ~ 70.5% . AAARBT T K 2R Ak 5 K B 1k
A bR A R B B A - R 8 oy A RRAE AR [R]
IR >250pum. 53 ~250 pm. <53
um, H2ZERBERBEKF (p<0.05) . AN
A el - 35 B0 HH A I AR BRAARES, Bl 43 I L
1912 Wil R A R BE I g/, 5 IR ARBR . IR A MR
[F] 5 AHA0 A ERAR, B b 7E A1 SR AR 5% B LG ) de /s
53 ~ 250 umbidL, FHEA14.7% ~18.5%, [HFZ
ARNTHAAHELE > 250um 553 ~ 250 pmAigh 2 [a]
AR EER (p<0.05) . BREMREFRG,
KRR WU BB A Rk i, H i T 2R
i e e, DR SR SR AR gk A, I
Bk oy B e, okt 5 HAWAR 20058 34 1 245
Pl BETRAE BRI R BN, Hi9R360 d4E s +
Herp AME R O i 5 BRI W IR ARG B
2 120D R gy W] e Bk S R N10% , /NEFERT
RO e 2 R A0 T7.4 mg, 8P AL kL
DM RERRES S, THE <53 umPAIRE P &L
MIRRL, PIRRORPAE TSR, RIS RS, A LR
oz BB, B B8 2 0 3 sk BA 6 i 4l AT 2R
e, i — LR R S A A S BT
e AR CPAR: S AR &SI e B iU g
W% 720 CTFHFR360 dE5 G, Hibkie
>250 pm KM R 5 B 35 1556.8% ~ 59.6%
HelfrichZs "7 78 /10.5% E K FIARTELS C R 5%
84 dJfi, HrhrAE A E AR 73 B L AT IS B B U
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Table 2 Content of the carbon derived from labeled residue in soil aggregates different in fraction after incubation (g kg™ )
R 7K HRAR G I 4t PRI RLL] Aggregate size fraction

Land use pattern Residue addition Bulk soil (gkg™) >250 pm 250 ~53 pm <53 pm
Hiti bl 0.2% I 0.50 £ 0.03b 0.16 £0.01b 0.11 £0.02b 0.23 +0.05b
Citrus aurantium 1.29% "t 5.34 +0.04aB 0.82 +0.01aB 0.70 £ 0.01aB 3.82 +0.05aB
1.2% R 7.76 £0.01A 1.14+0.01A 1.52+0.01A 5.09 = 0.02A
AR 0.2% 0.74 £ 0.01b 0.15 £ 0.02a 0.06 +0.01a 0.54 +0.03b
Cunninghamia lanceolata 1.2% it 4.72 +0.08aB 0.41+0.01bB 0.30 = 0.02aB 4.01 0.09aA
1.2% 1R 6.34 = 0.06A 1.00 = 0.01A 1.88+0.01A 3.46 £0.07B
P 0.2% Nt 0.80 = 0.03h 0.08 +0.01h 0.17+0.01h 0.55 = 0.03h
Castanopsis carlesii 1.2% 1t 4.04+0.01aB 0.58 + 0.03aB 1.19 £ 0.02aA 2.26 +0.04aA
1.2% R 4.63 = 0.03A 1.08 £ 0.03A 1.33+0.03B 2.22 % 0.04A
AT T B 0.2% 0.92 + 0.06b 0.17 +0.03b 0.22 + 0.04b 0.53+0.01b
Altingia gracilipes 1.2% I 4.17 £ 0.04aB 0.66 + 0.03aB 1.39 + 0.03aB 2.12 £ 0.05aA
1.2% 5.54 +0.04A 1.08 +0.01A 2.07 + 0.04A 2.38£0.01A

T [ — B R NG 53 3R SO B A B I 22 5 I8 2 KF (p < 0.05) 5 AR R S 5 RF R MOAL iy A BHE IR 22 5 ik

BFEIKFE (p<0.05) Note: The different lowercase letters in the same column represent significant differences ( p <0.05) between

treatments in quantity of extraneous organic C. The different capital letters in the same column represent significant differences (p <0.05)

between treatments in quality of exogenous organic C

(a) B>250 E53~250 @<53

Eop
Sk L
%,::; 80 a o
SE& el
% -
%C‘ 40 I~ b
@.9 ¢ b
€ 20 |- ,
S R 352 e s
e N s | EE
= 0290 1290t 12042
(©) O>250 @53 ~250 @<53
_ 100
2
§§ 80 - a
§§ 60 | a )
3=
G
;E;g 40l b .
BE 2 2 8
[} r . .
He ._ .:.
& 0 L. n . f Bon
0.2% 129 120642

(b)y O>250 E53~250E <53

a

100

60 |
40

PR

0.2%N}

(d) O>250 E53~250 EA<353

100
80
60
40
20

Woody residue

0290}

1.2%0t 1.29%4%

Woody residue

K3 MBI R G AR B AR EAS b L4 (a) | FZARLHE (b) | KK (o) MARWBT T8 (d) ARDRLZ AT

ENIbE e ]

Fig. 3 Proportion of fresh carbon in soil aggregates different in fraction after incubation of the soil samples amended with PC labeled

W +Jiindd 1043

wood residue relative to land use
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¥R 53~250 pm. <53 pm. >250 pm, X
SMEHT AR TR SRR T A B s B A, F
BRI A RE S R AR . B IR AE (mbEl, R
FEFUKAEE ) o AN RRE R T SR T Y 25 5
Herp 8% FR I (R AS [R) AT R B A DA

= WA O 2 T AR T TR 1 5 A R Ak
M B . FE > 250 pm AR A, A Bl -+ 58 fx 1L
BIF-15420.9% , K2 KN TR LT3 R14.8%),
KA IR A K S R 15.8% , AHATBT T K SR A
TV R 18.0% 5 BRFES3 ~ 250 umBA AR
SERAECLL A, RSB . AR N TR R IR AR AR
FZAR BT T AR R SR AR L3503 5 M 18.5% . 14.7% .
26.6% . 31.4%; 1E <53 wmP B 24 1
), 4351°460.1% . 70.5% . 57.7% . 50.4%, B&
53 ~ 250 pmP RAKSN, HrlmdE AR L F
FI M AR AEME TR X AT RE
& i T R AR ol Hofth 30 A F 205, MR
SR, AR SR Y, RIS
fe T A B ZS [RIHEAC

i®

3 4

L AN CAR L AR B AR R 3700 4SS, A
Ie] = 3t R O 3 A A 8 AT SR AR S OBtk 35 488 i
AT RL G AR A 8 P CIE A /NI S < 53 pm AT 2R
7, R NS53 ~250 pmPA B, HEA L8 A BRI
1) TR ek Bt A/ i A (%) 358 T g 3 5 A S
AN RIS B A B, oFe VR T R A AR 1 BT e 1 e
BT IERAR . BN, BTERAE > 250 wm P B K g
B HL )2 M 14.8% ~ 20.9% , B2 AE T A1 B AR
(<250 pm) PELLBIT-IE80% LA I, XK
90 i 11 % i 18] P Ak 141 3R A4 6 3 e 1) B 2R BT ik
R,

2 % XM
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Distribution of " C-labeled Wood Residue Carbon in Soil Aggregates

LI Hanshi” > MAO Yanling" > ZOU Shuangquan’
(1 College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

(2 Fujian Provincial Key Laboratory of Soil Environmental Health and Regulation ( Fujian Agriculture and Forestry University ) ,
Fuzhou 350002, China )

(3 College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Abstract The pulse labeling technique was used to label “C-enriched wood residue of Cunninghamia
lanceolata sapling, which was then mixed, separately, with soil samples collected from the topsoil layers of
a citrus orchard ( Citrus aurantium ) , a fir plantation ( Cunninghamia lanceolata) , a secondary forest of
Castanopsis carlesii, and a natural forest of Altingia gracilipes ) . To trace dynamics of fresh carbon in soil
aggregates, the mistures were incubated at 20 °C for 90 d and then analyzed for distribution of “C-labeled
wood residue carbon in the three fractions of soil aggregates, i.e. >250 pm, 53 ~250 pm and <53 pm.
Results show that in the soil samples amended with “C-labeled wood residue, 8"C value increased in all the
fractions of soil aggregates, especially in the soil samples of the orchard. In all the soil samples, regardless
of land use, 8"”C value was the lowest in the <53 pm fraction of soil aggregates, and the highest in the
53 ~ 250 pum fraction. Once extraneous carbon was amended into the soil samples, the content of fresh carbon
therein increased instantly. And the content of fresh carbon and §"°C value was higher in the root than in the
leaf, as the ratio of C/N is higher in the former. In terms of content of fresh carbon, the three fractions of soil
aggregates displayed an order of <53 pm > 53 ~250 um > >250 pm, which indicates that a short term of
incubation facilitates accumulation of fresh carbon in micro soil aggregates.

Key words 8'"°C; Exogenous carbon; Soil aggregates; Land use types
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