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O, SR T CAT— LRI P AR SR, Ny T BRI R B X A
SEREHERITIN, UL Y) T R R GE) S HUB (L .

AR S FUAR - R (0~20 o) 2 WA LA PIRAL R K FE 7 - A LA 22
(112% 5. L ROK RN 3-S5 7 LI SRR B8 PR IR, Ol e R S5 DL VU 03
77 AN 58 YA 3B RHR T i e B A dh S
1 PR EJ5E
11 RREHRE S FsbE

T 2009 4 1 H 7EWAFE 48 Bk B AL E R, IR B GBI BT
FEAHRIL A A RN % — S (BRI D, Pk RHAE 84, 8 R K T3
WHE, A TIRARES . BURER, FP4E N 5.7 cm, KEZ) 40 em 1) PVC & FIIRERL 22 cm K+
., RE5 om RIS PVC B BRAE R S E I8 H, T)F 5~22 em HIEEEEAA X N~
1 PVC BN . FIHRrHI A [ E 2 BAE PVC BIRFFEEASE, DMEER A ORFRFR, Atk
JE 5 M) SEPRREE IR ZE N =205 cm. BAATRISEI SR, RERE N 20~22 cm E 0, ZE B
FE.0~5 cm JZ HIRAE R 2L ] WAR R AN 3RS 5 B T R K B A PVC A oK 100 mi,
0~5cm Z 3K 50 ml, i HIRORIFAEMACKRE . LAEMBDRA I MBS O, BT 25°CHaiRs:
FRERHRGFE— . EREHFMARTK R S 20 1R, #% 5em — 20 2R, R, HF
SE AL EEA AL 5T

x1 DEEEMEREAMER
Table 1 Basic properties of the test soils

WA
. S LR R EE A CIpGEXel
TR R _ . ST gwEE
. ) Total organic Total BRA L Clay IR
M7 Soil depth pH ) 173
Carbon nitrogen C/IN content DOC
Land use (cm) " N MBC 1
(9kg™) (9kg™) (%) 4 (mg kg™)
(mg kg™)
Fih 0~5 5.44 11.52 2.03 5.66 19.05 220.98 65.84
Upland 0~20 5.75 8.86 1.82 4.87 18.90 162.73 60.53
7K H 0~5 5.02 16.25 1.46 11.13 38.42 462.34 44.53
Paddy 0~20 5.33 14.42 1.14 12.59 36.05 422.98 51.05

7 Note: MBC, microbial biomass carbon; DOC, dissolved organic carbon
12 MCHrERENSIE

IKREIEESAAEN CO, MARicF A K 40 d JFIGR. BRERR, HRsmmE FmE, Sk
105°C 7475 30 min, FAE 60°C Nt 2 EH . BT A o fEid 100 H 57, T30 2 A 5T (g
B C39.67%, N2.18%, C/IN Jy18.23, JBUNTEHRAE AN 870 kBq g™« F AR EI K 0.5~1 cm K,
AINEI - Herh, ARINRE SRR 300 mg kg™ R F-kE 0~5em 3T E HHREE AR INE).
1.3 REAb B K S
131 RgeAb i KH. B8 3 M, Jy: @ XM (CK); OFHER (SM); O
B (SI, BIREES 0~5 cm MR LR G2, S5y 5 2 (PVC EWICEA 20 cm IR XUE
ZEIRK
132 kit Pk GERKH, RS 75 R, B TIREA LA, A A iR
DAL 7€ A% o 787K H A R 22 e M B 87 PN SBER LAWSCER L3382 B VR o #2 A BRI INAE 5, JFF 0~5 cm
Jz& LI RIS A, BRGE SEAE PVC A N B EE R 2020.5 cm. 7E PVC & N &+ — /A 10



ml 3 molL™ NaOH W (WSO, LAWK 3B FIRE BB TR CO,o K PVC 45 1 FH ™, DL 7
EEE . T K RFFAE 45%~ 60%WHC, /KHNRFFEREACIRE . TAE7E 25 CHEER =+
K97 100d. & 5d T IREFEHS, RIS K H SR RS e RIE ) 3, SRUEREAN /K A
KoVl —8 . FEESFERIES 2. 5. 104 20. 40. 60. 80. 100 K755 e NaOH WSty R AR i
T T 5 B BT R [l R /) CO,-C, [RIB FERS FRAUEE 54 104 20, 60, 100 RFEEANEERHGE 5 R+
AT H AR bR T

1.4 SHT 5k

NaOH WU ) CO,-C ] TOC H5h43#1iX (Phoenix 8000) ll5E, %€ B KW Ui FH 2 CO, 2518
IR A4 20~200 pg mi™. YCO,-C HI LS6500 i g A0l a2 M2, il s 7 444 NaOH MR ik
MR 3 1% . VRGBS M iR PR e s (s B e 2 33 A B R ) B 23 SR
W, KA (HIAEN. 2%, pH. RS E, BEmEASE) FMEIEmEt,

1.5 WE TS A4 E

TEBRRT AL RO B R BiG HRRARE S SIkRIT, MC 5 PC ET L R th AT AR, T
BRI A S RGBT I R B R A RO R R LR [ SRR R S R = NaOH ¥
WS COL FTBU PR BRE | AN I ARG B AR U PR B o T8O PR B B 0 s B2/ DPM, - 4 B
[H bR #1474 Bg, 1DPM=1.66x107Bq. FEHERMIG LR (mg) = [(FRRI 1C IRt smeE - AJR(Y)
x MR E < WCBRAR] 1 BN C ARICTE S e OO SR, X A S LB R PR
ESURF: [0 58 B 1 O A o

AR R M 2B T4 100 d WREEN (LR CO,-C i (FRAL, mg) o

T3 FE A AU RE b 8 AL AR IR R A A HLURAE 100 d W LR U CO,-C B
(Hf7, mgm?) .

T o e AR JEUE A WU IO R R N AR (mg d m®) = §bE [ wHE /AR
s

B ILR (%) = B E [ BkE x100%, HARE SRR 6 s iy 3 s i i fE 5
B CRAL, mg) , TIEERSIRE AN RAMARE LI (0~20 cm) A PR GSE RYE 4
(A LR & B A LA R AR T Ak, A, mgm™)

TR R IR v = voe™,  tos= In(2) / kB FTAR, Hi y NI RE BRI R
P&, tNIGFRITE (A7, &), kK AMEMEEEEL  yo AW INTE RO R, tos NP3 (5
fir, d), HAtE AR y = yo o™ HE S

W ALE RS INE = (SM B SI - CK) / CKx100%, i SM. SI fil CK FEon & AL FHH ™ 1k i

K FH Excel 2003 i1 SPSS 16.0 # AT Gi it o3 br, B H) B A4 R B R R 07 22 04, Ak
B[] 1 P2 ) B R SR OB 2 B A 5 22 0 i 7, 22 B LKA Duncan ¥ (p<0.05).

2 4 R

2.1 FEEF 1

AR JEUIR EAE A C REREE R (B 1), RARIRRTE K H L8 v (0™ (3o 26 B e ) JE K 2218 %,
60 d Ja ik FIFE e RAS s AP L3 b R 73 9 AN BL: 0~20 d BRI MBI BL, BT AR
E2; 20~100 d L2187 MR BL T E R OREFARE -

BT, KHE R R LRI A AR R 2 R, HRIH/KEKT i (20~60
d BRAbD; BHEEAE T, BAREIRIA, KRR R R EE LT R (& D,

IKHZEAFT, 0~60 d 7 a AbBE ARG i (k5 2 2 vy TR, 60 d e PNE LR, FHARAT
T, BRES 10d 4h, i SR B R Y E R B R E S, 10d AU R s TR, 10



d e FER: (KD,
R R a5 o Ry, BROKH AR R 1R (17.85%) & FH K T Hith & 4 2
(34.74%~36.06%) #b, &R F=/HEELEEZS (K2,

600

—— B U B % SM —o— Eoh U FHHH SI
400 F

—— KH P & SM —s— JKH P ¥ S|

GEE LAY

200

Mineralization rate of
rice straw (mg d* m)

O 1 1 1 o —

0 20 40 60 80 100
1% 7% 0 8] Incubation time(d)

3 Note: SM, straw mulch; Sl, straw incorporated into soil; U, upland; P, paddy
1 FEERRETERNY LiRE

Fig. 1 Mineralization rate of rice straw carbon in soils

o 40

o st 0T

o 9= 20

SEE 1 | ﬂ

S OBk

stz O

S S i SM| B oI | B SM FHE S|

5 S

= 3 iU JKH P
KEFEJT R Treatments

7 Note: SM, straw mulch; Sl, straw incorporated into soil; U, upland; P, paddy; RSC, rice straw carbon; AN[F] 17 BER R AN [F] 4k
FRAAAE R B ME2E 5, different letters indicate significant differences among the treatments (p<0.05)
& 2 155 100d EMEERDT LE
Fig. 2 Accumulative mineralization rate of rice straw after 100 d incubation

*2 WEAETEDNSEERMERARIEFRERMNNLE
Table 2 Decomposition constant and half-life of rice straw in soil and its residue rate after incubation

FaiE k tos (@) G,

7 7 Residual **C-C / Total**C-C (%)
AMRS ity U JKH P i U JKH P Fi U JKH P
% SM 0.0024 0.0033 289 210 64.32 63.94
3 Sl 0.0030 0.0016 231 433 65.26 82.15

7 Note: AMRS, application models of rice straw into soil; SM, straw mulch; Sl, straw incorporated into soil; U, upland;
P, paddy

20 d J& RE SRR ™ (014 2R RIRAS , X 20 d JrRE BCBR 1 AR AR i 2 FH — 0 0 2 RREA T UL 5 1),



P R TR B 3K T R B AT 10 78 55 S5 B0 AL 38 R® 4R 0,937 0.967. 0.987#111.007,
CRFIEFINE S, p<0.01). FEEIRLE DL B S K < B < RbE% <
IKHEEIHE (3R 2), HI7K Hfg S AN 2 1R w7 55 S0 A R TR e i OR B . K R E R R
T HEBEERN RS & T 5, X5 100d 25 LRT 2SR —5 (K 2),
2.2 LBER RN 1L

WINREES, BRI (KH: 0~2d; FHbi: 0~20d) 4b, HIEFHHEHLEK (SOC) HIF 1L
R, B E SR ZERAEE (K30 4), RISIIREE KofgEia H o5 206 3 E A G L
BRI R S . [ —REaaE 70N, K IREEER T L E R R b E—E
BECT R, B53% 100 d, 7K H RIS 858 5 G HLAK 737 0.99%~1.17%F1 2.25%~2.53%% 1™
k.

1200
—— BHUEESM  —=— S U B S| —— 24 U A0 CK
- 900 KHEPEESM  —o— KH P HHE SI —— JKH P Al CcK
gL
5 55
= 2% 600
£33
s 300
0

0 20 40 60 80 100
R FEIF ] Incubation time(d)

3£ Note: SM, straw mulch; Sl, straw incorporated into soil; U, upland; P, paddy
B 3 TIEBHRNT KRR
Fig. 3 Mineralization rate of soil organic carbon

80 @ Ff5YE Rice Straw

iR

%%éﬁ%z%u%%ﬁh@Tm
SM S| CK SM | SI | CK

TS R

Total CO »-C evolved
from soil column (g m™®)

iU JKH P
b3R5 R, Treatments

3 Note: SM, straw mulch; SI, straw incorporated into soil; U, upland; P, paddy; ~[F )7 5L R A B AL FRAAAE B2
25, different letters indicate significant differences among the treatments (p<0.05)
E 4 100d WEHIBEERRTHE
Fig. 4 Cumulative amount of CO,-C evolved from soil organic carbon (SOC) and rice straw in the soil after 100 d
incubation
TS B ER LR A AR RRT ESBE R R FEFRARR, KER
DORE R S R AW TR, St DAE Iy A inAs Al R R s R (&



4),
IS INRE RN 3R A A AU O RS A A R I IR KR . KT, BinfgsE
Ja B IR EE B AR S IRAT L, 76 20 d ATRBUH MG, 20d JERIHIER K, 5t
AN, BRSNS AE 10, 20, 60 d BHLH EHK (5.99%~8.00%) b, EINFEE G )1
BFEA AR E R — BT X (R 3). 597 100 d J5, WINFE R /K H AR Hh 78 55 5 R0 b
) SOC RNt CKAHEL, 430lb 7 13.95%. 15.68%- 11.04%7F1 3.34%.
=3 AMEERE LA LRRA RS MR

Table 3 Net growth rate of mineralization rate of soil organic carbon after the addition of rice straw

L AL ANFIRE R A fL TR 2R3 =R Net growth rate of mineralization rate (%)
75 =

Land use 2d 5d 10d 20d 40d 60d 80d 100d
AMRS

iU i SM 4642 -11.98 8.00 6.33 -9.90 5.99 -11.02  -12.21
3 Sl -45.73 -16.48 -7.54 -15.17 -3.24 -3.06 -7.61 -14.31

K P B SM -91.33 -14.50 -20.38 -14.76 10.64 -1.12 102.98 11.84

7]

3 S -26.26 -15.74 -15.56 -10.26 20.62 28.17 49.45 12.53

7 Note: AMRS, application models of rice straw into soil; SM, straw mulch; SI, straw incorporated into soil; U, upland;
P, paddy

2.3 3R R 7 SRS BE B 75 A R AT EAR R X AL R

KK AN 30y A 75 30, 478 o SRR 9 R 5 30, 59 100d 5 A6 45
BEAT TR T 2200, G5 REoR (R 4): A 75 sCURIRE Sk 7 SR # R A2 AR T, 1)
X SRR A A F A R A R E RO . T T R A A HLER O R R AR LR
HA A 75 3 O0 A R 2 5

% 4 ¥E7% 100 d BEARREZXN BT KN 5 E 2 hER
Table 4 ANOVA of effects of different factors on the mineralization of organic carbon after 100 d incubation

F {4 F Value
1545 Item + 4. WEEM 3t R X FEESE B 7
Land use AMRS 7 Land useX AMRS
FER L 2R - . -
86.728 7.723 15.374
Mineralization rate of RS
AR BT 1R - " -
45.883 34.058 37.302
Accumulative mineralization ration of RS
SOC L 2 -
60.052 0.260 1.819
Mineralization rate of SOC
SOC 2R b & -
62.845 1.767 0.407

Accumulative mineralization amount of SOC

7 Note: *, JAZF| 3 p<0.05; **

, IEFIM R p<0.01; AMRS, application models of rice straw into soil; SOC, soil organic carbon; RS, rice straw
33 #
3.1 FEEAEK HAEH IR R4 T M0 41T
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FRAEKH AR ER AR AR, B —,  (HK R B FR0E IRAS B I [A) E 2E LE 52 i J
7100, AW AE] THBIE R (B D, HERZRTHA MK SR S MRSmR, ik,
B AR, ik, KT, MR 5O MAYR— & AR B A gk, 1
WACHTE — iR, U s A te: S & i A2 5 o v RAe R 5, Bk
WAL TARE, M E— KA A 7K &4 N RIRAER — B0 5 5 AT, A IREFR S T s
2, AW AT 4 SR K 7 5 A B B A A TR AE 20~60 d I R AT DUEBIX — 5 (B D). S5
W R BB R MRS, RS, 20, g, b REREE.

i AFERT 568 LB RIS, 2 B R I 5 30 A1 8 5= 1010, e DUAS IR 36 v K FHL 7 26
MRS ARG RARTT M. RIGERRY, KHE SRR R L R 55 SRS
B (R 2). HTHIEZME T /K HAE SIS H LN, TKHEKEA A=Y, HigK
S TART 31BN, B LURE 578 /K H 26 2% B N 1] b S, TE2 P SIAIE W /K H B 2 b B
AR T HWADBEAR . 107K ARG SR 2 22 120 9 S 78 6 AN 2 £ (3R 2), W HISKIERA /K H
E R A R TAMNEE YR R . HH, KRR IO LR SR T2 (-3,
Bi9% 100 d, AABINFEHEAE (B CK) /K HEA R 5 1.17%F1 2.53%K) HIREG G IS5
THAk, ATKHEEA R T H3a BRI R . ASCRBE 74 1 B S 50 NI BF e g 18R —
B, AH 5 H A LS BAR AT, AT AR — g AR R A e YA T T 4G, KH
FE— LA T ACIRES, REROM R A A WU T IR AR T, el =, /KH+3% CIN
HE IR (R D, AR TANBOT Y, =, KEHEER SRS (B D, MAIRS
BRI GE5 5 T H R HLA ER R E VE R UM E M R IO RE P, 00, oK SRV K S R I B IRk
S EENRG S, SSRGS SHAEITRRE RS RGN, AT AR A, At
WP O FUIR LA, AR T RCT  hIg  gR  BO, ET A o A] SE R

FE[EPp e, FEFIE 7 B G RS AT . BT, AR RIS B LU 55 R
JE 2B Hn g S A R TR RO, ARG SE R GE T — 4 (1, £2), REE
SRR IR P P S AU (A4 R. PR, TFEEE B 2 Pl R Fh
KEAEY) (INECEE) W7 R P2, MR, FEAT SR 2 L sy, HoK
Or URFESAE R E B A A KB, TR MR, REATIE H 7 sOG RS AT B AR I MR S = A
JIEHE . AR TS R, 7K H ARG R L Ag S 2 R b AR T A VLRI R . XAl R
BT EREA LG, B LIRS o R g Fh L . BIPRER, k) R
fifts TEFFERMKIIIGOLY, & AT RETE B o A PR B, (R FBe A2, AT A U B (1) CO, fikisb>
229y FACRI P RE SRR IR R, BIMEA B CH, 7 4 AT REREE /K2 b ) e S8 AL T 8 AL
% COL Y, AT DL ZME AN T o B AR FH AR 00 o A 1 2 (it PR B R s 22, (AR e A AL
TR RIS OL R, FEEEIEEAN LA 55 AR T AN AR R, R 1 H 7 e
3.2 FRELE X HIBEH A AR 1L

TR LG, S TERS SRR SR THT o] [ 27 I R J A4 - VA8 I AR S A 05 140 v 2B 0
Pk Fp et 020 300 b o DL A SR DRV AL AR AR A 4 o sk ) 398 SR A A WUBR R e, kT
TE S A R BORBY . 6 T0R OS f P AE WL IR B Ve — B 4518, DU IR 94 SR P 1
ERZA . KWL REY, BWEEH)E0~5d KN, THIHEFEEHEVERNT (LS 28306, 1t
JEANEIE TS, HFH 20d J5, FEEO K H 24 T B3R EA ARG 1= TARHER (58 3),
XA e & AT SAFE B 20 A =08 B o RS U, TARAE P 2 A0 26 40 e P F 28 e s BRI LB
PR 4] T SRR A WL, R ORI . 24 5 o3 R AS ) TURE I BAN 8 3T T R i A
YIRS, X8 WA AR R U, IR S E e IRaR B 5, ool
A NS W KRN, AR BEIR . 720 B Z AR D 5, 1K — 3 BT
TEAET A8, BT AN IR, T 2R IE R 2B,



T B34 XS 7K 38 S LB A R SR T 5 S B o 2, ELER I W S A Bk (3R
3), XA 5K B AT A WL A B DA CUN i 5, B 9% Tk B 35 A A HLBR R
RBOSLIIRIE FER D FOR RN P AE LB A e — 2B W gt . R sad B 20xt 3 IR A AR 1L
sz AR (B 3), ATRER A SIS RS S A IR AN GG R, RO AN R RIS AT 34 5 502 i
EIEMIREE . RSy BAPESEIRT, 0 T HLBR A A0

SATTE , RIS T IR A PR, BRI f N 4ERF 1 100 o £E H A —4F
PR (R B, PRIRRSFTAE FH R IRIRR L0 100 d, T RATRIN, 32 S8 bR In A R A58 K e s 250
FREEN L, AT LA A LR e ok, AR B TR IR YC AR icREE, RInELL
K P RO PR, TR A0 2 B AR WL 5 2 o B 1 KT SN L a2, T LA i 50
& E I FHOGS S A LRI 2 88 14 52 T RE B 9 2

4 2
TR 2 L B U AR K P L R S A R T LR IR 2L, K A b L o

AHUBE™ X A 534 i SR A Al 8 S S MUPDRIE T3 38, AR 3R] 1 Lk %
5, AR 5 A K EH R B R A T 3
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Zheng Hua™** Zhu Hanhua™* Hu Lening™*®
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Chinese Academy of Sciences, Changsha 410125, China)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)
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(3 Huangjiang Experimental Station of Karst Ecosystem, Chinese Academy of Sciences, Huanjiang, Guangxi 547100, China)
Abstract To improve the farmland soil fertility and provide suggestions for better field management for more

carbon sequestration, effects of land use and rice straw incorporation models on mineralization of soil organic carbon were
quantitatively investigated. The CO,-C evolved from the soil was measured during incubation of the undisturbed soil column
mulched or incorporated with “C labeled rice straw over a 100-day period. Results show that straw carbon participated in
carbon mineralization, contributing 34.74% in paddy mulched with straw (SM), 17.85% in paddy incorporated with straw
(S1), 35.68% in upland (SM) and 36.06% in upland (SI) of the **C-labelled rice straw carbon applied in either way after 100 d
incubation. Meanwhile, 0.99%~1.17% and 2.25%~2.53% of the native soil organic carbon (SOC) in the paddy and upland
soil was mineralized, respectively. Rice straw application model and land use and their interaction all showed significant
effects on mineralization rate and accumulative mineralization rate of applied rice straw carbon (p<0.01). However, only land
use (p<0.01) did on mineralization rate of SOC and accumulative mineralization rate of SOC. Application of rice straw did
not affect much the total soil accumulative carbon mineralization rate except in upland (SI) because straw in the soil inhibited
decomposition of native SOC, thus reducing the 100d cumulative mineralization rate by 13.95% in paddy (SM), 15.68% in
paddy (SI), 11.04% in upland (SM) and 3.34% in upland (SI). Comparatively, Straw incorporation in paddy fields and straw
mulch in upland fields are better straw application models and more favorable to accumulation of SOC. The mineralization
rate of either applied rice straw carbon or native SOC in paddy soil is obviously lower in paddy soil than in upland soil,
which is one of the main reasons why the content of soil organic carbon is generally higher in paddy soil than in upland soil
within the same landscape.

Key words Paddy; Upland; Undisturbed soil column; Mineralization of organic carbon; 14¢ radioactive tracer
technique

11



