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Table 1  Basic condition of soil samples in Chinese pine forest in the Ziwuling forest region

(M T MR () o7 b A
Code Forest age Field condition

E BB 5 B

Dominant vegetation distribution & management mode

WK 1620~1 662 m , 3% 1] B 3 , £108°

A 69 34", N35°26' By 20°~28°, % BE 1 850
~2 100 ¥ /hm*

AR IRMARAR AR T HEAR E R BGR L KRB, 3RS W
B R

HEHR 1 600~1 630 m , 3% ] B 3 , £108°
B 31~43 34"42", N35°26', 3k JF 20° ~28°, % F
1 050~1 200 £ /hm”

N AhAR AR CRLIBCAS AL ) L A 22 /D B A ZR MR L 1L L bR HE R O S T
TR BRI B AL AR VD3 AR AR KRR T A 5 R P e A L
. FRAMYRREES B,

HER 1590 ~1 620 m , 3¢ [4] 1 3 , E108°
C 31~43 34" 42" N35° 26" , 3 BE 20° ~ 28°, %% BE
1 950~2 150 £ /hm®

TSR O A 3 ) 35 B 4 m X4 m 3% 4 m X6 m B4 IRAR TR A 2
BRASAC A5 WA 30 0 | B B L 3T AR R TS 2R AP K A
AU MR M S R R, AR A .

1.2.2 Sz AV S (TOC) X H
iz — % TR A A I BRI 5 5 SR AT - HEH 0.1
mol /L FARFRAI+2 mol /L HoS04 75 55°C F 44k 60 h
ERRAIIRE JH TOC 5L T AT AR iR 220
B TEERRUE PR 2 0.5 g A4 2
mm i H R 5 B TR LA 0.1 mol /L
EETRAN 42 mol /L HoSO: 1AW 25 mL ,7E 55°C /KA
HOINER 60 b, FIAR v B R SV 40 A 12 0 5 3% A 1Y)
iR TR AR A LR R (A B R 2 i
0.15 mm i LA FH FLEIE A7 AL i (B) B 5
A ZEE R BC &, PR LK (POC)FE 1%
KT 53 pm B A DL T 5 o/L FEBE IR AN TR
PR AT 53 pm AN B AR MR
FAKTRAR AN E . TR LK (LOCHO B & £+
HEA LTS 1% EAb N 5 7K i 0 4y TR AR Ak
FFINBRIE WA B Ak 27 5 2 R Il - 98 0 14 A L
LRI 0.2 mol /L (1 /6KoCre 07 ) —12 3H:S04 1R A
W AE 130°C~140°C F 5 - H8kE 3% 5 min SR)F
FH 0.2 mol /L(1 /2FeSO. )i 5E .

1.2.3 #3432 FIFH SPSS 16.0 G brakfd:

XoF S BRI A TAL B AT HT
2 HER 55
2.1 MMM AREEF X3 TR RN
TP PRAS [R) 22785 48 2y 0T+ AL IR 1y 52
M W38 2, XPEA MR HIHEAT FRE: Z5R %M,
AR+ ZEZ0H TOC FREREWREE (L=
135.720>> Fy o1 » P<<0 .01 ; F3=117 .499>> Fy o1 , P<<
0.01; Fe=17 541> Ky o1 , P<<0.01); ZZ 5 M3 45
R ,07~40 em 452 Z A3k g 2 7% ,407~60 em
55 60~80 em Z[AZEFAEE [H 040 em %25
40~60 em 6080 em 2= 53 2 SIS B 0~
80 em £+ JE Z (A1 Y43k B 2 2= 55 X TRG 4048 B
07~10 em 5 107~20 em 273 .20 em I T & ZZ
[E]2ZSARZE M 07~10 em,107~20 em 5 20 em L)
THZEZNER RS, RNEEHET B &R 1
JZTOC ZRARE, pHHAME R X hEE
ESRN RSy SR RSP ASTHE VA ST E ) N IR VA N
I AN TR Z B 22 AN, RIS 45
g A EZE T EHEEEBES,
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Table 2 Physicochemical properties of soil samples

BA Pl 1
;o 23T N N=N
e /] N
e AR ERARE
Soil R Bulk Water X
Management organic pH . Soil
layer density  content .
mode (em) carbon (efem®y %) porosity
cm : 0
(g/kg) g/cm D

0~10 35.18a  6.88 0.96 22.93 63.8
10~20  23.97b  7.00 1.02 19 .90 61.5

A 20740  13.33¢  7.05 1.13 17 .21 57 4
40~60 10.10d  7.16 1.17 12.77 55.8
6080 7.54d 7.21 1.16 13 .47 56 .2
0~10 32.14a  7.04 0.91 14 .02 65.7
10~20 25.22b  7.15 1.02 13.02 61.5
B 20~40  18.69¢  7.19 1.06 13.07 60 .0
40~60  14.10d  7.34 1.17 12 .17 55.8
60~80 11.0le 7.34 1.22 11 .65 54 .0
0~10 35.89a  7.06 .86 18 .40 67 .5
10~20  25.59b  7.16 64 .2

C 20~40  18.06¢  7.20
40~60  15.45¢  7.33

.03 15 .14 61.1
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.07 14 .51 59 .6
60~80 12.97¢ 7.35 1.13 14 .82 57 .4
PR KRR AR 6 AR S S (E R 4 EL A 5
AR B ARCE AL R 3 MR B IE, HRE REZE
e AT K2 58 (Duncan , @=0.05, P<<0.05), i,

Note ; Data in the table are the means of 6 soil samples in Chinese pine

forest , of 5 soil samples in fine management mode and of 3 soil samples in ex—

tensive management mode . The same as below .

2.2 HRMAREEAXIIARRE L IEE RN
THFAM [R]85 B 7 2 AN [R5 AL A 32 e 225
W 3, XF BC 4raldT FAGS: S50 R 45 P
T FAE L2 Z 8] BC & 22 55 50 B 3 ( Fra
=38.243, Fyp = 20 .407 , Fgsop = 11.332> Fy 01, P
<<0.01); ZH LR ERY RN 0~10 em
510~20 em ,10~20 em 5 20~40 em 1+ /222 [8] BC
SR ZESIREE KT M 2040 em U FKHEZ
) 2EFARE, A ,0~10 em 5 10720 cm
BC &iE 22 538 i #F /K ,107~20 em 5 40~~60 cm,
2040 em 5 607~80 em Z [0 22 5% . 3 1M 10720
em 5 20740 em ,20740 em 5 407~60 em Z A= R
A ORISR ,0~10 em 5 10~20 em .10~
20 em 5 60780 cm Z [A] BC ¥ i 25 73k & K F
MM 207~40 em 5 40~60 em,607~80 em Z[f] 2% H A
W2, X POC 43l T FAGER 25 R0 4508 B
FRFAFRTIZEZIE POC FEEFIEWNEE(F=
50 .608 , Fy=21.680 , Fc=232 .377>> Fy.01 » P<<0.01);
FERIMFAM ,0~10 em 5 10720 em,10™~20 em 5
20740 em +JZZIA] POC & 22 5535 B K L0

20740 em AN L2 Z R 22 R W2, R
H1,0~10 em 5 107~20 em ,207~40 em LA F & Z 22 JH]
2SR R T 0~10.107~20 em 5 20~40 em LA
T&IZZI0E] POC 22 573k 1 2 /K, RS 4048 B L0
~10 em 5 10~20 em ,107~20 em 5 20~40 ¢m ,207~~
40 em 5 60780 em Z[H] 2R3k WE K- i 20740
em 5 40760 em 40760 em 5 60780 em Z[A]2EF
AZE, X LOC 7wl fT FRcd A5 R &4
7R I AR 2200 LOC &8 22 Ak & (Fy
=56.581, Fp=5.223, Fc=8.189> Fyo, P<<
0.01) ; RARIHAAK ,0~10 em 5 107~20 em ,107~20,
20~40 em 4335 40~60,60~80 cm ,40~60 em 5
60780 ecm +JZZ[H] LOC 2253k I # K i 10~
20 em 5 20740 em Z [ 2 FON . RS HA
AR 0760 em 4522 [ 22 58K B3 (H DL
452505 60780 em HL#R LOC 2257243k i K
e,
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Table 3 Different content of organic carbon under

different management modes of Chinese pine forest

3 5t +JZ URLA BLER P BLEx S (BC)
Management (Lm ) (P‘OC ) FLOC ) ‘ Black
mode Soil Par‘llcu]ate Labile organic carbon
layer organic carbon carbon
0~10 14 .6+£1.13a 8.1640.09a 16.79£1 .41a
10~20 7.88+1.06b 7.3740.13ab  12.4941.14b
A 207~40 3.77£0 .34c 6.9740.15bc  6.0040.85¢
407~60 2.7240 .40¢ 6.2840.43¢c  4.56+0.52¢
60~~80 1.76£0.26¢ 3.674+0.18d  3.3240.52¢
0~10 12.941.68a 7.3240.08a 19.1741 .46a
10~20 10.241 .25a 7.1140.07a 13.4641.30b
B 20740 4.47+0.77b 7.034+0.13a 11.38=£1.20bc
40~~60 3.0440 .46h 6.574+0.11a 8.73£0 .41cd
60~80 1.84£0.41b 5.624+0.63b  6.90£0.33d
0~10 10 .80 .6%a 7.324£0.27a 14.12%2 4la
10~20 7.93+0.96b 7.1140.08a  6.60£2.18b
C 207~40 4.5440.77¢ 7.0340.25a  3.982£0.79bc
407~60 29140 .27cd 6.5840.10a 2.42+0 .65bhc
60~~80 1.91£0.14d 5.624+0.77b  1.0840.47¢

2.3 HMMARLEEZEMENEKRS TOC ZEHZE
ESHEEXR

2.3.1 ZHSEAMAEMEXEZ K1 AR

MR £ )2 BC/TOC ML, F R 45 R BN 4%

T8 BRI AU (R AR [W] £ 2 BC/TOC 1Y EL B3] 25 57

WARBE (R =1.284, Fp=0.664< Fy05, Fc=

2 .887< Fo 05 , P>>0.05) 3 RAR 5 LA H A 45 )2 A8
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10 em Fe i LIS 2 4006, DL R 4 2 KT 30%
(ST S LA AR TR I AR
FERYE T B = P8 A BT o5 A B L9l 3~6 4%
T B R D SRR 1 i S LT oA WL A 5
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Fig.1  Proportion of BC /TOC on different management

modes of Chinese pine forest
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[FEH = LOC/TOC W Ll R R LK 2, KR4
SRR RIRIMFAFR LOC /TOC HY LI LL 0~10 em.,
10720 em BAK , HHRZEZE T REZHETHE
B FRIRA R TR SRIRMASHMORTR 1 JZLOC /TOC

B HAG 22 Fbl S ( Fy =45 206> Fo o1 , P<<0.01);
0~10 em 5 10~20 em,20™~40 em 5 40~60 em +
EEFREEP>0.05, F D . 0~10 em,10~20
emS5UTE&HTEEZERTZE,20~40 em . 40~ 60 cm
4315 60~80 em )2 255 W 3E (P<<0.05, F[A]),
R HERL LOC/TOC W el R )2 2 T 22T
FRRLEE . FAS IR 45 R s LS B R ] £ )2
LOC /TOC. ¥ Huf8] 25 554 2.3 ( Fp=17 .627>> Fy o1 » P
<0.01);0~10 em 5 10~20 em,10™~20 em 5 20~
40 em,407~60 em 5 60~80 em T2 F A LE LM
0~10 em 5 20 em LA 4+ )Z,107~20 ¢m, 20740
em 43515 40760 em .607~80 em 1225 F i, A
EEBUINERST /T /Y NS 7 TSN E Sy G Ol 0 e
RN SEE AR 12 LOC /TOC 1 H il 2% 53
B (Fe=4.559"> K 05 , P<<0.05);07~10 em 5 10
~20 em,107™~20 em 23515 20~40 ¢m,40~~60 cm ,20
~40 em 5 40760 em HEZER AR E (H 010 em
5395 20 em PAF & 12,1060 em & )25 60~
80 em +E2EFHWE ., LOC IFAE—Fhepaifib &
Yy B AU EL A AR AU B A A Ak
f— 3B A HLBR S, b A HLAR L A L
BT AU TR B A A BT L T 3 M I )
KANFIBHAAEAL XHE T IR A IR KR Xf
A P e R B S RN AE R AR R )
RS IR HUBRAE 18 71 b 3 5B R A
(AR AT AT AL R A B e e e - SR A ok
PR TA A A A Ui e 0 T A | T SIE P b sz e 1
HEAE RN A T 0 AR AL s HR R IR ZE A
JIK, 4585 E A5 4 i FAE AT DL & 148
APUBREALRTH S ARDFSE R A R R bk
BT ARZEZE N2 A PRI 5 SR
Iy ERA B AR LA LA ,0™~20 em + )2 & Fh A 7
T TC2E 5 0B AN [R5 B it X Th P bR - 49805
A HURTCRENA T RIRIHMASFRAE 20 em LR 12
IS5 N TImAAMR A B B 25 553X mT B KSR T
PARFARES L N TR KA 5,

2.3.3 BEANKL LAY X E PSR
BB A TR 1) S Y ER AR T FE AL A AL 2 6]
()BT s e U A HLER AL 53 L B L TOC BB 5 32 - b
R 2 ma ™ 0R A HL £ 398 4 ot
B A AR — A A L — R L
SERLAAES, 1 3 G5 OR AR T 5
FIHAS AR POC /TOC 19 EE 51 1) 52 B S8 () BRI B
FRERZE R BoR KIS E £ 2 POC /TOC 1Y
P25 S 35 (Fy =2 .818>> Fy o5 , P<<0.05) ;£
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Fig.2  Proportion of LOC /TOC on different management

modes of Chinese pine forest
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Fig .3 Proportion of POC /TOC on different management

modes of Chinese pine forest
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e PR A AR AT T 5,

2 % x #f:

[1] Batjes N H. The total C and N in soils of the world [J]. European
Journal of Soil Science , 1996 ,47 ;151—163 .

(2] FHa2F Wi 8, Larry T Tieszen . AJEIE ShXT 55 ksl @b X =2
FEG A AL S A A5 00 [ ] P AR AR ,1998,22(6)
545—551 .

(3] K&, Z W2 . P T 7 0] 21 3 3 3 0B AT HIL A A Ak
ARG [T 4 HEE 4R L2006 ,37 (4) ,662—665 .

[4] Blair G J, Lefroy R D B . Soil C fractions based on their degree of oxi—
dation and the development of a C management index foragricultural
systems[J |. Aust J Agri Res ,1995,46 .1459—1466 .

[5] Jenkinson , Rayner J H. The turnover of soil organic matter in some of
the Rothamsted classical experiments [J7]. Soil Sci,1977 ,123 ,298—
305 .

[6] KA B M 3EEEF 5 BERTE LA PR A Y s Bk 1L
ZARE AR ()] R EE ) ,2003 ,34 :349—355 .

[7] Cambardella C A, ElliottE A . Particulate soilorganicmatter changes
across a grassland cultivation sequence [J ]. Soil Science Society of
America Journal ,1992,56 .777—783 .

[8] Franzluebbers A J, Arshad M A . Particulate organic carbon content
and potentialmineralization as affected by tillage and texture [J J.
SoilScience Society of American Journal , 1997 ,61 .1382—1386 .

[9] Wander M M, Bidart M G . Tillage practice influences on the physical
protection , bioavailability and composition of particulate organic matter
[J]. Biology and Fertility of Soils , 2000 ,32 ;:360—367 .

[10] H#mies 3% S0H . e A HLAK 4 D0 5E ik P se e (1] &

HE3 it ,2004 ,35 (4) :502—506 .
(1] 5P BB /7 0l DX AR XS A 4 SR 1t 1 06 R



120 T 5L b X A 529 &

(3] o FE 2 o A R 7K AR ¢ 0T 92 e 48 ) ,1993,17 . 11— [23]  Haumaier L. Elementarer Kohlenstoff — Quelle hocharomatischer
16 . Huminstoffe? [J]. Mitt Dtsch Bodenkundl Ges , 1993,71 . 225—

[12] XUSzfh AU ARAF Y M ] 22 2222 AT 11998 228
29—30. [24] Golchin A, Clarke P, Baldock J A, et al . The effect of vegetation

(137 k%A% F8/ak 8 R A 408 Fh A X 25087 (] .74 and burning on the chemical composition of soil organic matter in a
JLAE Y243k ,2004 ,24(2) 267274 . volcanic ash soil as shown by13 CNMR spectroscopy . 1. Density

(4] #LA e T (M58 =M. bt B AR A fraction[J ] . Geoderma ,1997 ,76 .175—192..

2002 ;21—320 . [257 Goldberg E D . Black Carbon in the Environment ; Properties and Dis—

[15] Aiken G R, Mcknight D M, Wershaw R L. Humic Substances in tribution[M ] . New York ;: John Wiley ,1985 .

Soils , Sediment and Water : Geochemistry , Isolation and Characteri— [26] Haumaier L , Zech W . Black carborrpossible source of highly aromat—
zation[M ]. New York : John Wiley & Sons , 1985 .329—370 . ic components of soil humic acids [J ]. Org Geochem, 1995,23.

[16] Zhang M K, He Z L . Longterm changes in organic carbon and nutri— 191196 .
ents of an ultisol under rice cropping in southeast China [J]. Geoder— [27] Middelburg J J . Nieuwenhuize J . Van Breugel P . Black carbon in
ma, 2004 ,118 .167—179 . marine sediments[]J ]. Mar Chem ,1999 ,65 ;245—252 .

71 & E&UEEEW AR A 25 2R Gt b e ol 2 78 B g (28] #HEAK . T R, E A LIEREAPLRM IR R ]. -
BARIBETE L) ] A AR BT IR A1 1999 ,14(3) .206—211 A ,2000, (6) :3—7 .

[18] Andreae M O, Andreac T W , Ferek R J . et al . LongTange transport [29] W MREF RBHAE AL A5 R o vy S8 I b 0 M 05 1 A MLk 2
of soot carbon in the marine atmosphere [J7]. Sci Total Environ ,1984 , B AR [ ] K AR R 4R ,2006 ,20(1) ,76—79 .
36.73—80. [30] Bradley RL, Fyles ] W. A kinetic parameter descrybing soil avail—

[19] Crutzen P J, Andreae M O . Biomass burning in the tropics : impact able C and its relationship to rate increase in C mineralization [J].
on atmospheric chemistry and biogeochemical cycles [J ]. Science , Soil Biol Biochem ,1995.27(2) .167—172..

1990, 250 ;1669—1678 . [31] Sparling G P . Ralationship between the amount and the activity of the

[20] Kuhlbusch T A J, Crutzen P J . Toward a global estimate of black car— micuobial biomass in dutch grassland soils ; Composition of the fumi—
bon in residues of vegetation fires representing a sink of atmospheric gatiorrincubation method and the substrate—induced respiration method
CO; and a source of O2[J]. Glob Biogeochem Cycles ,1995,9 :491— [J]. Soi Biol Biochem , 1993 ,25(3) ;530—538 .

501. [32] Amberdella C A, Elliott E T . Carbon and nitrogen dynamics of some

[217] Kuhlbusch T A J, Crutzen P J . Black carbon , the global carbon cycle , fraction from cultivated grassland soils [J ]. Soil Science Society of
and atmospheric carbon dioxide [C]//Levine J S . Biomass Burning and America Journal ,1994 ,58 ;123—130 .

Global Change . Cambridge M A . MIT Press , 1996 :160—169 . [33] CarterM R. Analysis of soilorganicmatter storage in agroecosystems

[22] Bird M I, Grocke D R. Determination of the abundance and carbon [C]//Carter M R, Stewart B A . Adv Soil Science : Structure and
isotope composition of elemental carbon in sediments [J]. Geochim OrganicMatter Storage in Agricultural Soils . London: CRC Lewis,
Cosmochim Acta ,1997 , 61 .:3413—3423 . 1996 .3—11.

Effects of management mode of Chinese pine forest on accumulation
of black carbon and particulate organic carbon in the Ziwuling
forest region of the Loess Plateau

XTAO Zhao—=ia , WANG Jirrcheng , LIU Jiarrxin , WANG—=<in
( Provincial Unwersity Key Laboratory of Protection & Ulilization of Longdong Bioresources in Gansu Province , Qingyang » Gansu 745000, China)

Abstract ; Spatial distribution and the accumulation of BC , POC and LOC under different management modes of
Chinese pine forest in the Ziwuling forest region of the Loess Plateau were investigated . The results indicate that there is
a significant decreasing trend of BC , POC and LOC under different management modes of Chinese pine forest from its top
layer to the lower layer . In the depth between 0™~10 c¢m , there is a trend of BC™>POC=>LOC under all of management
modes , as for the depth between 10720 c¢m , there is a trend of BC>POC=LOC under natural Chinese pine forest and
extensive management mode , but the trend in fine management mode presents POC=>1.0C>BC ; Furthermore , there is
no significant difference of BC /TOC at each soil layer under both natural Chinese pine forest and extensive management
modes , but the trend of BC /TOC under fine management mode presents decrease . Meanwhile , there is a decreasing trend
of POC /TOC from the top layer to the lower layer under all the management modes of Chinese pine forest , but as for
LOC /TOC , it presents an increasing trend .

Keywords ; Chinese pine forest ; black carbon ; particulate organic carbon ; labile organic carbon ; accumulation





