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Table 1 Physical and chemical properties of the tested soils

THEFT REEHA pH Rk BE N bE IR FEEITY

Soil type Sampling (H:0) Total C Total N Clay content Main clay minerals
location (g/kg) (g/kg) <0.002mm (g/kg)

WiE L LHAE 6.78 16.8 1.51 11 282 K

EA i PNy 4 5.16 12.0 1.09 11 436 BkAa

A+ ILH AR 7.22 132 1.34 9.8 473 =RA

HIRFE R BB M C WIS, BFERYEKE PR, 28 RELECIFIEATRER
B, RRBFKSESAE. 0CHTEHEEMBAUMES R (U TR KBR. BXMA,. 20
B HRRE A E 36 0 CARIDRE) . LR WL R L 2.

®2 HEAFNIHRHEER

Table 2 Properties of the organic matenials used

HHY R C N C/N “Chig
Organic materials (g/kg) (g/kg) Specific activity (kBq/g)
WERER 421 18.22 23.1 72520
R 346 19.01 18.2 230.44
EE 404 18.40 22.0 231.62
KAEFE 371 20.91 17.8 44245
B S 384 14.91 25.7 570.28
1.2 MRFA*®

BN RGRRAERE L, TEAEMR ST 100 R T4 BHARN 0.25g (B A TR R
375kg) RAEFFEIHE R 1.0g. KRB WHIZR, B BRI RTRBE, MIE, £33, gt LM
B R, IS (RHAR) . 4 0RBE MRA, E3 4 MEE, B R Ak 2
LhFE, B HALFE ook 48 E E R T K B A 70%, U E AR E RN R kS . BT RASE ML, L
KA AR LR E . MK KGR EE R LEY 0.5cm. 4 KERE, HHEET 950ml 45 @R,
MEEA 20ml 1mol/L i NaOH BB T X% £, B A 30 CIERA AT, 4B E S5, RN
{5 C HeiR, BB | SORT M AR BEAT SR, HE 365 KA AR A,

BN A R A L, AR KRR EKR, iR 10408, IMER L. BN +
IKAERE ML b+ KRS B L + AR SALE, Hh SAE X R BHARE K 2 M
B, BE 4K BREK 112 X, HEFERLE,

WREH G, BUB M L8R T, R 100 B, 207 LR BRAMYCIRER. HEAEYRNER
A BRBGE, 3 BN E B Y C s,
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Fig.1 Cumulative mineralized amount of carbon in ‘*C-labelled

rice straw in ultisol and vertisol
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SR, 43 A SR G B U /D, T HE K AL B DR R CH A R A A, AT LA, BE A S
FERIIE K, M K AL PR B R AL P A 9 °CO,—C BB B E, X 4RI RR 11
RAHMETAFE, MR E, BB KABEB RN EES BT Bt b s,

3 EARNCHRCHRIR B R HAREN 2670 R A K R TR MRahE. A
LR R EARRE, REBEEIE SR 14 R, RHIALER CO,—C BEE FmAYC
BHH) 20%. M KSR R b 16%. REMFEIEH 0 H BB, B 14 Kot BT
*CO,—CEERE 45 E A CE B 1.28% 1 1.60%, T # K4k 8 1943 5 &5 1.01% A0
0.77%. FAPAEREFR 7 KRG, B/K L CO,—CBRHEHBH AT RIBLHE, X —#
HARFEE 365 RAFFRESH, WLIE N, Bk TIHIRVI R, & ¥ /K Ab 38 78 HoAR 45 R i [6] 4 19
OrfREEHR T AN & P HAE, REN S HEUEEKGHEST R4,

#£3 HELHEFNEEIREE"CO,—C MBRE (LHMA "C%)

Table 3 Evolution rate of 14COZ—C during the decomposition of straw

and manure in alfisol (% of added “C)

4hFR EHRRK
Incubation days
Treatment 3 7 14 28 42 56 119 245 301 365
FEMELE  KH 0.79 6.67 16.1 27.1 33.7 38.8 54.7 72.1 78.8 85.0
i 7.00 15.2 19.9 25.3 28.7 31.1 399 51.5 56.9 62.5
W # 7K H 0.03 0.34 1.01 2.09 323 4.19 6.29 9.21 1030  11.20
i 0.15 0.80 1.28 1.69 1.98 2.19 3.20 5.31 6.14 7.08
F3 7k H 0.02 0.25 0.77 1.75 2,62 3.43 5.25 7.70 8.59 9.57
L3 0.21 0.94 1.60 2.22 2.68 3.04 4.37 6.20 6.84 7.42

DA E S5 SR AT, S 4 ., B 7K 4 o A R PR BRI 9 43, 2 L A
AR RRIERD. 5 T LURHE K B A 1 T ALIER B0 5 a1 T 524, 4 R B4
T LM 0 £ SERE A A BT,
22 i UCHARBEBREKE

M 4 ATLLE th, HHERC BB L 5 AR L IE I AR L BD A R B IR B, 4
WA ERE RS, Fob &AL C EKEE 99% LA L, 2 DA SRR 7 vk A T S M HE B
Ve, AHUBRZENS K A& R A RT, IRFRL CO, b, A4 V8 CH,. C,H, UK, 7L FU5 4
) CO R AEH K IR AR A LA MUR B SR BT AR BN T SRR R . {H it TR
FRAEEE & 3 0.25%, B4 - CH, =t HL T B b /K T 10 I o 0 e LA
fLH COH ., CHAREEBE, 2B AT, LEAE R0, R + R AR AR
AR B 7K HHE R C (R B AR B R B T R, A o 4 0 A ok -1
A5 HL IR 2 26 0 BE AR U B4 7 AL R 2E K 8 o 2 B B8 B AR E 0
23 EHUIEREE SRR

ot BT ER A 7 BT 26 4 LIRS G 3R 00 T 0, IR A b A A R P A L
LR AL ) R TR EREY — DURE B T, R A HLBR 0 4 AL AR 2, (LI
B 4 075 T PR 60 98 40 31 0 2 DA B, — M ORI (X = Xe ™) REAT I
Bt YR AE B (69 BERR C MR 2, X, R R M AR C R B Rk AR
HEHL UF R, AR A X R A HUIR B—C 78 B ARk AR T
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Table 4 Remaining and recovery of organic “C added in soils under 70% WHC
and submerged conditions after an incubation of 112 days
i “creg "omE ey =3 “om i %
(EHAC%) (EIAC%)
Treatment “C remained “C remained e decomposed Recovery
(mg) (% of added) (% of added) (%)
E L+ KFER i 57.40+0.94 61.87 37.33 99.20
KH 41.73+0.64 4498 54.34 99.32
B T+ KRR Bh 48.43%0.73 52.20 46.80 99.00
7K H 40.93+0.98 44.12 55.40 99.52
L+ BT B 51.02+0.96 53.17 46.23 99.40
7K H 43.16+£1.01 44.98 54.20 99.18
x5 FABHNERE—"C ER2HINEKkIEPIBRELSYH
Table 5 Model parameters for decomposition of organic '*C in different manures
under 70% WHC and submerged conditions
b3 HEHRRE g e S Al
Treatment Incubation Decay rate constant Half life
days kd™) Tin (d)
Bk 21 H ok i B/K
(d) Submerged Upland Submerged Upland U/ S
HEL REREE 365 — 23x107° — 301 —
¥ 3.3x107 1.9x10™ 2100 3647 1.7
¥3 2.8x107" 2.0x107° 2475 3465 1.4
2t KRR 112 7.1x107° 4.7x107° 98 147 1.5
EHFE 6.5x107 4.7x107° 102 147 1.4
Zl 4 KRG 6.7%10°° 3.3%10° 103 210 2.0

5 PR R A K S0 T A R A AUIERHE AN [F] 158 v i 20 8 8 328 80 (k) M 3%
W, UL K KA T B R R R T B, M2 W g /N T R, AR A ALIEE A [E]
TP EE PR T RE LB KREHTH 14205, ZR 0 EF. REER

FEMEFEN LTI K T REFF.
24 THRERBARVERN S BREE

B TR P A YUY S R AR, B R IR X AR BR AN HE R R ) B AT BOE
SrAT. BIXUC ShR I R[] B, th 00 AR 2B R IR A LB (PO) B . E R R
T, TREAIEE T BERE -0 BERERLE, 24 01k, REUFERT A

RR RV ikl g T ] O HLR B 4 g B

R o PR, AWM EE, LREFHR COMIRERERIFEKLEKRT £t
KEFR, T e 3 N B M AL B A K LR K Y 1.4— 1.7 4%, X—BHME S P UCRBIE—
By, FBE, TR A K R T A YL B A 898 YLK L K 43 FA A LR

W iR R & T R i,
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Table 6 Model parameters for decomposition of native soil organic '*C

Py Vig U 4TS FEH P& 5%
Treatment Decay rate constant Half life F test
k(x107d™h Tir2 (a)
i ¥k i ok EVFR i Kk
Upland Submerged Upland Submerged U/S Upland Submerged
Mt 3.50 6.00 5.42 3.16 1.7 106.99™" 77.40""
R KRR 3.89 5.88 4.88 3.23 L5 60.21"" 55.37°"
ot 4.68 7.07 4.06 2.68 1.5 22.85%" 61.25™"
' e o €2 5.08 7.37 3.74 2.58 1.4 2203 62.04""
Y o o ¥ 71 5.18 7.22 3.66 2.63 1.4 25.46"" 63.01""
H: ERHIIRX

25 RUSBEMRIE

Paul % & 38 tH, AR WE L PR K CO, &, BRI E HIEPRE'CHE, HA
BEAS AT AL R S B A3 B R, T 7 B AR T S A A R (N FEEN. ERA
A=A FR T, 5 TAENE LR EESAK: X1+ Y/ 100 - D], K
H XA LA AR R B CO,—C Y&, 3 LA =Rt AH B2 09 SE B o A R, Paul 2%
o A LRI K AL & 4 89 R 30 20% 3R 60%, 1EE I IAE AT AEfR 7, LA Xt 4
ALK %9 ) P R BE 4 R A T AR AL, & Se TR B E A LY R 0 A 45 S B R R A R A
PR SRR A R SLRE AR FRANVAI A B AT T RS A4 A 3 e AR R R i 3 ALY, OF
LA b 56 AT B9 20 0 DL BEAT T AR IR, 256 LI 3.

B 3 R SE R4 i B KT R4 AR 4, A [5] A AL RS 6 B 2 A o R 3 RN
(FE DN =2 ) <IN

3 i

3.1 FBXRIERAIER

BB K, K B A T IR AR T A AL o R R AR T B S R
BMEHSLEA, MATIFRERD S KEEE. FEY RAEBEHE EXEERERSH
REBL, RAEREN KRS LLBKE, THERBTHEEAR, RIFES. XATREREHEA
LSRR 2 B SR NHEK B 138 b R RE R, DATE X 7K 138 B8 BT AR
2, 7K 5 f b i A 58 ) B8 /0,

FAMC ARG AR B, 76K B AL 2 Hb b 3 AT A YRR AR 1 ) 43 AR B Xt L, B Newe K&
Scharpenseel (1987) #l Snitwongse % (1989) #9 #iH 8 Ky 58 %, M AIT#RE T 7E IRRI MIZ EH 1L
BT SR E xRS, G RITE R L. BEAKLCES AP EEEEAREEX
W T KEMBMFEEREARENE, ERUL—ERB, T MELHNBITEER.
KR 2K TR, 2 FIE K KEKT R4, HE i 5K 4R 580 7T 5% w FlK
B xSRI, RS A S B A K VRS B AR IR 56, ISR — SR R [ RHE K AR
FHHREER, ERUHAEEY, REMEMUEEWEFRE, BE EUENKR
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B EE AR 5T o, AP 2B — BB K B T A R AR I 4 i B R T B
B F % F. Tsirimah X Keeney (1972) % LA A [A A #L + & (Histosols) ¥ 1T #F =,
(50%WHC) FIHE K &4 T 30T, 6 N H 35575, 25 R AWM KD &40 T, KA H
TAE AL B R SRR AR, B E R IRIE BT C ARG R R B B
7K B AT B 4 T B B X LG, P AR 2D, Delaune (198 1) 858 T AR Y pH A1 Eh #9 +
3 BB P C bR e KRR 4 A, 15 AR A (EhS0—150mV) SRS FFBR I R B IR T 75
HL{Z (EhS00mV), 7€ pH K 6.5 BF 2 Bl kM, X —WF 5 B 5 99 R, X 20 K, ATHEAL R
BR RS AT o 5 43 R b 0 o AR I

TEK AA HLB o S 80T 7 1, 3d NP AR — PR 1, — L2 3 1 R VR PR 4, U ¢
T A LR S BRI O, R TR kR AT B, Ak B E IR Aok AR+,
B K T, (B RO DL RS A M R AL IR O B A e AR R0, B RE R B
TP w LSRR, Neue 42 B33 RIS, Ht, MR KBESPEXREHE
SR METNE, SRS K E RSP MBE S BARE, TSt —EWinS.
3.2 FSIBEBRSSBHNEMNE

At FHE K IR R R B X JUTE T AT R, B RS R,
YR R MBS R, BIE RBES R, B T AR, RS RE LS, &
EZHETRHSESIRERRO KD, FRTFRATERERS, HEo @ HEALY
Bk, B BEY AR R, X — B, RN E T2k, T HE R, KB BT
B E BT AR T4 R, Bk, R ALR R, & e R B AR, B E ALY
MG N AR F A, UL, B0 mE SN E LA REREE YT
HFAMEMT TR, Yashida(1975) 845 H# K HEP M AR, RAEERERE
B REE B R AR L. EARERR. AN FHRAE, BNIAR A 34w
REEIF LK E R, VK4 10.5g / mole ATP', HiIlt, BAMS. FRFERR, B &
BHAR. MR SRS EMEMERFRNEARERMEYBEARTMAE R ZE
Ao WERFRB KR E Z PR, KRR FTHRER, LOEE R RS &0
THHMEZNANERE. AX—BREHE, W MRS 2R EEER RN ER,
IBE AT N B SR T A AL A iR 12 5% B8 & I BRI R B8, AT/ ok - S R T A KL
B iR, SR B D W B AK R . X S E T A4 R 18] (4 B 1 R o o AR
WIS U AR A, XF T HEE LA, RS A, L B, WK T T R R Bk
BHRE, AT R R, R, e B ST .

A7 AL 73— MCER L AE BB DO A S W R PN B, Takai % IERH HE e 6
I R AP EE B, BIgkE R AT BB, S—WBRABKILA S
HIGF MBI RS &, KRS BRI RGN IAENREEY. Allison
HMAEJR R IE AR G B B, B T R BRI B 25 1E M BT A — B B R B T ER T
ABEY VT, T B A B I R EAE B T A 4R M A60Y, IR DL gk B
fape, —RAEKFBEBRE LER T, K0 mEK G EHEE4 T TIEIE, H—K&
T T, AN KA KB ] 3 R L 8 F R FCR A, X — B Bons: 2 B, Al
MRS SR B BB A K, RL AT IA A 7R BT B 40 B v ot A b B A R B AR B TR AT
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FE 8RR AR, K B A AR AR A 3R 40 it B B FIK RS A AR R EARE L
33 XMHEENFSHEM

Y FRAE . SRR K A N P R RO A M B EF O R ECR
BEAR. EEAEMAPEL RS BB /KBEA VAR MR T Ra e — St
M, FB1E 1964 4F Waring fl Bremner £ 8 78 B E A ST AR b, ) 39 #b L RE A, BETT 4T
A HE K 5 HL R, 45 TS K S 3 R A L HLIF RS SR E R, KRB L 16
M AL A AR, R KB R RWEN TENMTHERT R KELG
Stanford 1 & BEIFRAHEFRH KEAT 3—S 57", fEHFAPNREETRER NTEK
FEAD 52 5 B8 A R B, 8 18 R AR K AR 1 T LR B A KB B A B R BAR N R 3
FEAEAT . AN, 1 B — BT R 8 A K S T KRS o R R U R R A s T R
B S, T 280 2 B A AE T 4% AR A AN Y. AR IR . 3OS 5 HRE H A R TE Bt o)
ME V) 34, BRGREAN, HA B O R 4 e K B R EDY, X455, S I K 0
T AR A YLEN L R T R, FIA SR LBk AL B SR -, T R
FK FA WU R B R A R B SRR, ) T IR EHLA. AULEE. A E TR
S5 FE K EHRN 523 b B B AR R AE 5T R AT, B R A B — B IR BT ST, XA RERE I K
7K N 52 4 A 7 A B SR A P ) — S R AR S A R AL.

4 ¢

AN F] L AR HE K A R AT A C SRR IC B AR R A LR, BT 2 R R A
. LERAEWM. ARAHUEEA R B 3 i L AN R F K &M TR 1.4—2.0
i A 6 - b 388 AT 8% () B9 20 TR 20 IS W R AR R T A0 14— 17 i R LAk
T MAFEF AR RAE, MK T C MR B AR E R B E T R4 FEAR R
T E SR A LR S R R, E R SR BRI S A Y, Bl R E R T K IR,
(B L F5 B A R, R 7K A LB o R O 3 B R T R, ) R R o A S R
P TR K L, MRAR K A R, DA R e PR E BT S A AR AR A 5t
A7 IEF A4 A7 R 54340 B B RE ORI R ) 45 11 R AU AR, T8 /K R 36T AL AR B9 o Al i =%
T 5, T BE S B A K .

ASCatid A KK LI TR, IR LTI T R R s T R
AL G IR I T RREE, DRI AE b, K B LS HLBR Y 2 DA DR 75 47 A A
fRIR B O EFIERY .

2 % X W

I. Stevenson F J. Cycles of Soil Carbon, Nitrogen, Phosphorus, Sulfur, Micronutrients. John wiley & Sons,
1986,1—44

[39]

Ponnamperuma F N. Swuraw as source of nutrients for wetland rice. In: Organic Matter and Rice. IRRI
publication. 1984, 117—136

30 FEEEEH. PEABL. QL. AEdmA, 1990, 175—189

4, HURIRL, R4EE,RER, ERL. AIYBEASR LR EmRE R, LB, 1985, 16(1):21—26



4 WARES . RHAKEAYSR R EEN TS R 491

Neue H U. A holistic view of the chemistry of flooded soils in soil management for sustainable rice
production in the tropics. IBSRAM Monograph, 1988,(2):5—32

Zhu P L, Huang D M, Yu X H, Li Q K, Yu J. Mineralization of ‘*C-labelled straw and goat manure in
submerged and upland soils. Proc. of Intern. Symposium on Paddy Soils. Nanjing, China, 1992. 315—317
Paul E A, Van Veen A. The use of tracers to determine the dynamic nature of organic matter. Trans. of
[1th Intern. Cong. of SSSS, 1978, 61—102

Wang Z M, Huaug D M, Zhu P L, Yan S H. Transformation of straw '*C in ultisol and vertisol,
Pedosphere, 1998, (2):181—186

Snitwongse P, Pongpan S, Neue H U. Decomposition of "C-labelled rice straw in submerged and aerated
rice soil in northeastern Thailand. Paper presented at the Intern. Sypm. on Paddy Svil Fertility, 6—13 Dec.
Chiang Mai, Thailand 1988. 461—480

MG B, SUR & . FEFFRUH A eI . . P E LR BURGRE. BE. TR . 1991,
122—131

EEMAMOHE. B hHE RN SR SRERRE . BRFIR 1995.9(2):95—101

Isinmah N O, Keeney D R. Nitrogen transformations in aerobic and waterlogged Histosols. Soil Science,
1972, 115(2):123—129

Delaune, R D, Reddy C N, Patrick Jr W H. Organic matter decomposition in soil as influenced by pH and
redox conditions. Soil Biol. Biochem., 1981, 13:533—534

WRAEZE, ZEBAE BROCHT. W . REBUEY . BRI R, 1979, 281—300

Neue H U, Schampenseel H W. Gaseous products of the decomposition of organic matier in submerged soils.
In: Organic Matter and Rice. IRRI publication, 1982, 311—328

Yoshida T. Microbial metabolism of flooded soils. In: Paul E A, Melaren A D. eds. Soil Biochemistry.
New York, 1975. 3:83—113

Takai Y, Koyama T, Kamura T. Microbial metabolism in reduction of paddy soils. Part I. Soil Plant Food,
1956, 2(2):63—66

Allison F E. Soil Organic Matter and Its Role in Crop Production. Amsterdam, 1973. 585—602
HALERE] AR K LR S R R WA . L, 1955,3(2) . 83—89

Waring S A, Bremmer J M. Ammonium production in soil under waterlogged conditions as an index of
nitrogen availability. Nature, 1964, 201:951

RIFLBARE. TEPREET BB, LHRLRE, 1983, (11).1—7

WA, RIS, B A Y. Bl RHUEREAE K BB R E R, PERY (B 1), 1982, (10):907—912
RIS ARE . THOKBRE RN SR AR R R A R R . R, 1986, 23(3).251—261
BN, UR# . BREMTAENMENT LB EKL. 15,1993, 25(6):333



492 + %

3
=i

35 #

A STUDY AND QUESTION ON THE DECOMPOSITION
RATE OF ORGANIC CARBON UNDER UPLAND AND
SUBMERGED SOIL CONDITIONS

Huang Dong—mai  Zhu Pei-li  Wang Zhi-ming Yu Xiao—he

(Institute of Soil and Fertilizer, Jiangsu Academy of Agricultural Sciences, Nanjing 210014)
Summary

"C-labelled goat manure, elephant grass and its root were incubated with alfisol
at 30C  for 365 days, under 70%WHC (upland) and submerged conditions. Another
set of incubation experiments using '* C-labelled rice straw and maize straw with
ultisol and vertisol were conducted at 30C for 112 days under the same water regimes.

The rate of decomposition of '*C-labelled goat manure and all the related plant
materials or residues obviously revealed faster in submerged soils than those in 70%
WHC soils irrespective of soil types, consequently the amount of residual " C
remained in soils showed the opposite trend. The half life of added organic substrates
was 1.4 to 2.0-fold greater in 70% WHC condition than that in submerged condition.
Contrary to the traditional concepts of decomposition rates of organic matter in upland
soil and submerged soil, it is considered that either the rate or the amount of organic
carbon decomposition in submerged soil is substantially greater than that in upland soil
if both soil conditions are adequate to microbial metabolism.

Key words Organic carbon decomposition, *C-labelled, Upland, Submerged soil



