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Abstract: Although Xishuangbanna is within the tropics, it has large seasonal climatic variations. Paddy soil has
substantial effects on carbon cycle. The CO, exchange between paddy soil and atmosphere, and the factors influencing this
exchange have both become important issues for global carbon-cycle research. Using the static opaque chamber and gas
chromatography technique, CO, emission from paddy soil and its affecting factors were investigated in Xishuangbanna, SW
China. In this study, soils with and without rice plants at three nitrogen fertilization levels (NO, N150 and N300) were
examined.

We found that diurnal variation of ecosystem respiration could be modeled with single peak curve throughout the rice-
growing season. The maximum and minimum emission rates occurred between 11:00 ~13:00 and at 0:00, respectively.
There was a significant correlation between CO, emission rates and air temperature. Different nitrogen fertilizer levels had
the same pattern of ecosystem or soil respiration. Soil respiration varied seasonally, significant at the 1% level. The
maximum value occurred during fallow season post-harvest stage, minimum in the growing season and intermediate in the
fallow season before rice transplanting. Soil moisture and temperature were the dominant factors influencing soil respiration.

When the soil moisture was below 34% , there was positive linear relationship between soil moisture and soil respiration
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rate. When soil moisture exceeded 38% , there was an exponential relationship between soil respiration and temperature
significant at the 1% level. Throughout the growing season, soil or ecosystem respiration rates under different nitrogen
fertilizer levels did not differ, except that the N300 treatment reduced plant respiration. In the short term, nitrogen level
increased soil respiration rates. The annual estimated soil respiration was 6.27 t C hm >.6.31 t C hm > and 5.89 t C hm

for the NO, N150 and N300 treatments, and the annual net fixation CO,-C from the atmosphere was 1.41 t C hm >.2.22 t

Chm ?and 1.11 t C hm . Therefore paddy soil in Xishuangbanna serves as a carbon sink at all fertilizer levels.

Key Words: paddy soil; soil respiration; ecosystem respiration ; nitrogen fertilizer; Xishuangbanna

CO, B NRIESZ MR KR ERAR, B TALFEALIE, KR CO, ¥ E T M Tk ¥4y LAFTH 280 wmol
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38% 70, 7EH E S TRE IR ESIRAIBIIE 2 4 P 2R IR A R S X, D5 36 B 90 I A7 1 RIS
FF B NEP 30 F Aty b A B me " ) R AS BRI HE QAR AR A A i (B T
b X A A SRR PRI SR A T e T ISR A F SRR O F S AR R L ARIE . P SR X B T R
REVE X B —FB 43, S TR A6 S, A HOpUER A Ss  FE VR BE , /K T AU 4. 27 x 10°hm? , Bk 4t s v A
[ 37.20% " o FE AR —FP 2 A\ 2515 30 T-40 B o 9 B R 5 1 AR S R G0, B ST $H 3t [X A% FE 4 398 P 15 3k
TR RBESREXN 2RBIEAVER U RMEERBESRERBCIEERER L. AR EA
FRASIEFE I E T VG XU 4 A H - SR P IR A AE S RGP, A9 H AR 2 : (1) T R P9 SR 408 H - S8 IR 1
FRIE 5 (2) BT L 58IR B 5 458K 2 5 - 48P IR A 25 RGP IR 52 5 (3) B BB fte i %o 7 X i 40 e FE A=
DRGNP | - 150 IR AR AR IR 520 5 (4) Al 384 - 39 I i B S
1 #MR5FH=E
1.1 A5 X MRS

I T 2006 451 H 1 H 22006 4 12 A 30 H7E = F 4 P9 XURA M B0 i B B S BK A H T, BFRHE
i F 21°55'N,101°12"E, ¥4k 290 600 m, 437 2| PG R R X 4E 6], JB FALRGE ERAM%, 15+ ER B
PO XU G A A R vl (7 F o B B} 2 Be P8 SRR 4 #4 AEL 0 [ DY) 24 WE R}, it X AR - B8R K 2 Ry
1557 mm, @45 F (1L ~B4E2 Afy) THREG ~4 ) JBHRZFES ~10 Ah) o BN E
H 86% , YRR 21.3 C, iRIH LI TRUKRE L AR E 1,

F1 AR T HEER
Table 1 Soil property of experimental sites

oH AHLT (g ke™") 2R (skg™") 2R (gkg™) AR (mg kg ™) A (mg kg ™)
Organic matter Total nitrogen Total phosphorus Available phosphorus Available potassium
5.98 28.09 1.76 0.54 3.09 85.5
1.2 ik E

AT R A SRS EAR , R G T 2% H 5683

AAEALFE  NO(HEFS 0 kg N hm ~*) \N150 (i 150 kg N hm ~*) F1 N300 (J5 FH 300 kg N hm ) ; /K Fg A bk
AEFE - A5 K FEAEAR AL FE AN IO K AR X RR AL

TKFE A KA B & 28 AERH43 51 F 2006 46 A 25 HAFI8 H 2 HAE A4 BEREFBEAE (LBl 1:1) fA , R
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K73 AL T R 20 BB 4 NER L TE 4 Bt LB S BN, B ER R 1410 m
x8 m /MK BEA/NXAAE LA, FRZEREA/ DX BEE— 2 m x2 m B/NX T IRK AR B
AEHE

*2 HRBERBRXHERAE
Table 2 Fertilizer dosages in N0, N150 and N300 plots (kg hm~?)

hb B 6 H 25 H June 25 8 H2 H August 2
Treatments N P,0; K,0 N P, 0y K,0
NO 0 37.5 37.5 0 37.5 37.5
N150 75 37.5 37.5 75 37.5 37.5
N300 150 37.5 37.5 150 37.5 37.5

A E] A R R 2 L . AR KR AR R AR AR IR, K38 8 A H o ATE /K AU IR S BERLAT 4%
& H A BT SRR AT — A H RS BB, IR WK o KRS i AP 832X 151, B ZEAd . 2006 4 6 H 10
HAGR,9 A 14 B, 24 FHN 96d, MAEEE N 20 cm x 15 em, 85T 1 #Ro
1.3 SRR RARKIRIR IR

IR R ZT A AR R RAF 2 U HEAE G B KA 1 W, %82 1 J8 ARE R FT R AIRAE 1 o RAERT
[B]5E 9 9:00 ~ 11:30, SRAEHT[E] 73 5 A5 ) 0.8 .16 .24 32min,, HRUCHTE 4% A AL 100 ml T fAH:
AT T COMREE . SASRAER R IM624 (5B IR EE T R S em HIEAIRE RIEE FH
PAIRAR IR (R R B R R MR B A AREEE) o I E R I8 RS K B 5 £ #5 5 T4 4%
(MPkit ) JU%E 3% (0 ~6 cm) FREKE

H AR LWL R AE N150 JbBH/NX AT, LT A s FH A 25 2R G PP I A0 1 3P 1 H 3hs . 20 3 T K Rty
J AT R A K RS UCIR 5 e B 4 R ST W o LI Bk ] DA 9:00 FF AR BB T — H 9 9:00 B 453R (H
RAEERR 2h SRAE 1 IR, BB BE R 3h RAE 130 o
1.4 A5 R GUMPIR AN e P IR B R ) T

SR FECA CA-5 AR SRR R Agilent 4890D SAREIE M. COLMIIAS N E KM 1Lk
T4 (FID) , BN AR RIBRIEIE A R AR B HRGE R, AR RN -

T, ¢C,'"
F=p AK 1% T Cd—t (1)
X, F il CO,HEBGER (mgm > h™'),
1.5 4£¥&
510 d £ RETTEMKREER, ERE L, b LAt T AEY R, FI105CRF2h)/5,ET 80 C
HIMLAR AT 2

1.6 BREALIES T

FBKFEALIE CO,HFBGEBRE TR H A RGIFI, K RFALEE CO, HEHUGE & 1 ERF I0% , AH 97 W I AR 3%

e ELR
FEY)PEI ( Plant respiration) = 4= 75 R 4t FEI% ( Ecosystem respiration) — 1M ( Soil respiration )

S K EMERARRNZET (1 A1 H~6 A9 H) JKFEAKZET (6 H 10 H ~9 A 14 H) FizKAFIk
FERINZETT (O A 15 B ~12 430 H) . XF HARLAERCR T #u5; & K EWHFRERS TR KE R
FERE N — o AR s A [R] RAE AL B F B 2K 07 22204, B 2 Mty i SPSS 13.0 S8
2 #R
2.1 FEHAESRGE A R A H 251

BT BT IE I AR S RGP H AR R I B A X (& 1) , /MBS BUAE 0:00 7247, S RAE H 8L
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7E 11:00 ~ 13:00 2 [8] ; KA Wic /5 A 25 R Ge WP 1% H A% o ER SR e AIrT
TR EE R 3 WK H A R G0 R R X8 1400 <36
43507 628. 99 .579. 18 mg CO, m > h™' F1 528. 38 mg 1200 1= 1
1000 —
CO,m>h™"', so | ¥ 2 1y
SRV SR % B 3 AR, SR AE R 6ol |
ST IR S5 0 (6 11 B0 5 2K R0 , S0P I T 400 |- 1%
52 H SRR . ORI 3 3T (43 5K 176. 44 200 - 120
60.39 mg CO, m > h~'f1497.77 mg CO, m 2 h~", 9.00 i
~ 11200 1) + 49 S8 4 K1) - 4960 R 3 36 1 SEEEESEEEEE
L T B
% 3 WA A IR TR BRI A C | {28
HRBTFAEN], LA RGP WA L PR L FAPLER  C oo 1, £
BEEF(p < 0.01) KASICHIR SRARE LIOFR 2 oo f &
I KRS AEAL B L IR R R B E#ER (p > FTE w0p H24 5
0.05) g 2o z
2.2 TRt A RGOV LR % A M R T
8 SO A 25 20 6 P 2 B B 3 b SEEEEEEZEEC
A 2 F8 3) , 490 1 25 4 2 {38 5 e K 200 |- 1,
VLB O f A R IR o R K PR 255 JL IR M 7k 700 |-
J5 SR I R R L (ERS FART—4E 19 9 H A JFIR 600 | & 1%
RbTFORPRARZS , BE A RS AR Bk SR i 220 JLAN H 1O 404 s |/ i
FRE B/, T LA AL T P9 SUR AU X B 0 S A T wof
AT, MR BT 5, DRt O O ok o 3 3 ol 1%
B, AKREERKZEY EEAMURMNHBXEIZET, - 200+t ;“c') L ; —»
R T , BB S0P R B A, KA U1 A SZAASSZS58% %
RbTFORIR , FE B >, (LM T - T IR 33 Ry 44 1] Time (O'clock)

S5 SR E AR AR PR, NONISO NS00 1z iopy s bk o At 1 ) BT
Kb P+ 98 P 1 B R 43 ) K B 799. 35.794. 19 mg CO, gy ) el 3d(C) 9 F At

m>h™! 1 750. 00 mg C02 m*h! ° *ﬁ Iﬁ]’f{l‘ HE‘,]J(S-F‘ﬂ‘ Fig. 1 Diumal patterns of ecosystem respiration, soil respiration and
I ON[E 2 1 R g REMBEZEHNES (p < air temperature in heading (A) , bolting and blooming (B) stage and

three days after harvest (C) of rice plant
0.01)(H2), Y P

KRRt A R B AT Aty e o e atian
AL %o NON150 Al N300 AbH A RGP BHER  ponin Bror bars show the standard error of respiration
S H {8 4% 51 2k 640. 64,724, 40 mg CO, m > h™' fI
642.51 mg CO, m > h™" B A: K Z45 4 3P I 3 R - 2418 (132. 37 ,163. 95 mg CO, m > h ™' H1 146. 69 mg CO,
m > h™") AR T 383% 341% F 338% .
2.3 FEHAEZS RGP SR I 0 R 2R A
2.3.1 HES/KENERRGIF RN IR 5200

e K FEFAERT FI K FOR G B8 & I F X0 TP I R 5 3 SoK B TR 44T, B R R AWI & ok 56
P, BOR K R R R FCEN IS B8 43 3 7347 /K RERMAELRT FRUSCH 5 PR PRIZR 5 NO \N150 71 N300 b33 + 1
KB 34.48% 32.88% 31. 74% F1 38. 45% .39. 13% .39.30% , Fe Xt T 4636 4347 3% BF e A T e 1)
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JERRZEN L IES KB EREZER(p < 0.01), # 600 — -0
KWW R R, KR FPAEFTIR R 2255 NON150 F1 3 N150

N300 4b2E L3 rF IR 5 LK B R BEFEMRK(S =
0.45~0.53,p < 0.01) . /KAFUCHIE AP 4%
BKBELMHRYE. KA RFNES RGP 1507
o A58 H KR E R B E MR (p < 0.01) (K
3)o
2.3.2 REEXAEE RGN LRI R

P HBEIT AE UK R UCE S 3d KGR R
AV Bl ) A 18.95 ~32.1 °C(18.9 ~32.25 CHH
22. 5 ~29.0 C,HIPIU H 2L e IEER A, RS
L PR IR T, BORZE Ko X P IR R 598 B
AR T, ARERFFTEHERAF(F4)
2.3.3  RABXTAZS R GEE IR S F I 0

IKAEFPAELRT 25 /N X B A BEAT A , O T ZE/K A P AR
BPRA AR E 2, AW &€ T NON150 71 N300 4b 2 /)
Xo XPKAEFRERET M SRR ZE TR R RE K Ab 2
1 AP IR HEAT B N R D7 22 04T, SRR IRIRZF A
[7] RUHE 7K F Kb B ] - e 0P R R T B E 2R (p >
0.05),
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Fig. 2 Mean soil respiration rates in different season with different
nitrogen level

A RERTIR IR ZET s B EIE AR ZR T CORREAE KR ZTT 5 iR 24
FORNWER R FR YR A Fallow season before rice transplanting;
B: Fallow season post harvest stage; C: Growth season of rice; Error
bars show the standard error of respiration;

M /NG FHREAN [8] 28 AR ] BHE K A [ 2555 5 A IR) 22745 R [
RIEAKFAEBE L TP ERLE p < 0.01 K LAHZE5]  Different
superscripts above bar indicate significant difference (p < 0.01) in
respiration rates; a b ¢, between treatments in given seasons or

between seasons in given treatments

®3 ESRGHR.IEFRSERRENEIESE

Table 3 Regression equation of water depth with ecosystem respiration and soil respiration

Lb 3 [8] 97572 Regression equation
Treatment ARG, Ecosystem respiration + 30 Soil respiration
NO F = -68.39M + 994.47 #=0.54 p <0.01 F = -16.02M + 190.47 #=0.26 p < 0.01
N150 F = -56.41M + 1024.23 * = 0.38 p <0.01 F = -15.76M + 201.35 7 = 0.31 p <0.01
N300 F = -75.75M + 1038.12 * = 0.66 p <0.01 F = -29.70M + 289.94 =0.25 p <0.01
F SR GO R B + 0TI # % (mg CO, m™> h™') , M ARG H A K 5 MK BRI (em)  F is the ecosystem respiration or soil respiration

(mg CO, m™2h~'), M (cm) is the depth of water in the growth season of rice

F4 EFRGHR.GEFRELSEEHEXXR

Table 4 Correlation between ecosystem respiration or soil respiration rate and temperatures

H: SR GEFFI Ecosystem respiration + 3R Soil respiration

i Temperature

A B C A B C
Sem +3EIRE Scm soil temperature 0.62* - - 0.80** 0.60* -
IR E Surface temperature 0.66* - 0.73* 0.70* - 0.64*
1R Air temperature 0.79** 0.633* 0.74** 0.86** - 0.66 *

#:0.05 KT REMR; * * :0.01 KP TR FHR ;—  FoR PR R 50 BT B E AR M A 355 B AEIT 163 5 C KRB WL R

3d s ; Correlation is significant at 0. 05 level (2-tailed); * = : Correlation is significant at 0. 01 level (2-tailed); —: No relationship between

respiration rate and temperature; A Heading stage; B: Bolting and blooming stage; C: Three days after rice harvesting

IKRFEERZTHEAE R, M AL 7d AR RAEAKFEIES RGBT EEZSF(p > 0.05) (K5);8
H 2 HHGAE , AR LKA B - PR A B 25 (p < 0.05) o XA ZK AT A KB BOA R ALK P-4k
B[] A A5 RGP | AP IR AR AR PR I AT B R R T 22 0, S5 SRR WA R RUIE /K AL B [B] AR 25 R GE R
TRFRIGTEREZESR(p > 0.05) o A KZFETT,NIS0 FI N300 AL FIMEARIFRAEEREZR(p = 0.05),
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x5 AEKBERKMEEERE7d NAERSMER, - BERER
Table 5 Mean respiration rates after fertilization in different growth stage of rice plant

kP IR R (mg CO, m™> h~1) kb3 I3 (mg CO, m~2h~!)
Treatment 6 H25H June25 8 2 H August 2 Treatment 6 A 25 H June 25 8 H 2 H August 2
H: 5 R GEIFFI Ecosystem respiration + NI Soil respiration
NO 454.64 a 778.22 a NO 96.56 a 86.16 b
N150 477.27 a 841.19 a N150 75.78 a 155.77 b
N300 474.34 a 728.56 a N300 63.39 a 209.15 a

INE FREARR FRRA N BN KF B ARG RS PR (M )p < 0.05 KFEFAH 25| Different superscripts indicate significant
difference (p < 0.05) in fluxes; a b ¢, between treatment in ecosystem or soil respiration
Xif S [ B TK A K A AR AR I I R 5 K Rl A ) B AT AR AT, I 2 B E AR (p < 0.05) (A
5) AL RFEAN

NO Y = 1267.80X +132.38 7 =0.66 (2)
N150 Y = 1760.00X +38.02 #* =0.98 (3)
N300 Y = 658.22X +245.49 7 =0.58 (4)

KA, Y AR RS (mg CO, m ™ h ™) X K REHEMRAEY B (g m ™)

i BT LAE H, 5 N150 Lb3EAH G, N300 Ab 28 B A7 7K 7 A 4 2 P IR T SR A, ELAIR T NO X HEAb
2.4  TEHASRGRRNMCEE B A 1 R &

7[R Z5 7 M - ST I P B335 PR T ), T v RS 20 ) 4 - S P I 8 R, SO 4 0 S i
BOF- A4 - 0P R HER &S, 714845 NO N150 71 N300 4b 3R + g4 I 8 4351 9 6. 27 .6.31 t C hm ™
a 'f5.8 tChm2a™',

P C o) T T IO IRAERRHERUR,, C o) FANB MR B E TR, MRS AR R S CO, - C UL (AC) BIFE
THIARIE:

C[cx—u] =0.75 XCH4ﬁFTﬁ(:‘@§‘ (5)

NPP =1.1 x TAGB!"" (6)

Cixep) = 0.27 x NPP/(0.68 x0.85) = 0.47 x NPP"*! (7)
AC = Ciyppy = Crreg - Crom (8)

AR Cypp BASAERFL LN NPP | C 8 ,0.27 3R CO 7 H N C B FR%L,0.47 HtEk C & & ;TAGB
FKREIERET NO \N150 1 N300 kb b &4 844 &, 451 14.99.16. 65t hm “>F1 13. 65t hm ~*; 3155
B Cyppy 2054 7.75.8.61t hm > F17.06 t hm 2 ;C 43514 6.27.6.31 t C hm 2a ' F15.89 t C hm a™';
Cren, Z351240.07,0. 08t C hm™2a™"F10.06 t C hm>a™", 5 It PG XUAR A% F AE 5 R G A [ RUE K P-4k 3
(NO.N150 F1 N300) 4525 [ & RS H CO,-C 43814 1.41.2.22 t Chm 2 a ' 1. 11t Chm 2 a™',

3 itig
3.1 FEHASRGIFR L3RR H 2SR

FEHAES RGN TR H IS SREARAE X, AXRIBES, ERKFRAEFRE, B LR
FEAR , FEAR PP IRV E PR . AR5 R G PP IR A v DG 200 LU A<CIR HE B R WA 4R T 2, 32 Fl =0 TR FR 5 ' 97 1
THEYIECEFIFRAER . RS AR LK, & B IS, L HEIR B — R WA IRAR/N, TS
1B HIRIEEK , JeBT A B RGEF IR FEZSIRAEM , KREERKZETHE®EK, B F/KZMRE, CHA0AE
F) CO, LA KAt A W53 R TE L CO, B AR K —FR 43 A BENAI HE S B RS s K R , 5% B8 /K AR R
FRAETEIKRRA T B OL T 5 3 e R il s CO,, T B i T3 A H /K Z W B RS, 1B A E A CO, 15 LUR
T AT R R K
3.2 PEXURYIRE H BT IR R R

TR — N EROEY IR, ZIREZRER KN, KPR FENRE HIEREM LIRS KERN
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B2 | R RHRE BT R , L HOR B R 5
FHOPR G EE R T LSOk AR el E 0 £
R K SRELMAE LR RYEER S x5 E
0 W s SR AR A, ot &
BB pkEy L RVE LI, TR KR o 2%
HA(TAS BABRERS) WEn, LR SR § S I L

120 180 240 300 360 %]

B Ak A B AR
AP REARR ST B PRI EE T A 160
Fl, HEAKBIET 34% WFEFKRST, tgm 120
W5 Ak R B IEAR ., HEAKEESRE 20
HE R 7, - A kR K, B 9 Bh 3R, 400
AP R ke, R T WK B, L 2E L RETL IR,
8 O, A BRI , SR W P 2 B R, T EL KR B
18 CO, K o B 22 ; IRl i phy T 7K M 3 B
K HEACRZS T, 3R A A BE /N , B 3980 1
HR G KR BRI AR KRB kRS
WL ERENEH FRANAERESEY 23 UL, dEK
O —SE HIANMA TR ), 32 1 b 49 Ak B O,
S K R, IR BRI . P AU
Gus RGO B A R A T S 1400
BRI (6 ~9 F BRI RS HLARBT IR 'S00

-~ SR - ER

Z
S

" A,

1 1 1 1 1 1 1
0 60 120 180 240 300 360

BENE Earing fertilizer
N150 SIEER l

Tillering fertilizer

1 1 1 1 1
0 60 120 180 240 300 360
AL Earing fertilizer

IFEIf 33 %% Respiration rates (mg CO»-m™2h™")
N
(=]
3

N300
5 BENE

Tillering fertilizer i

R RYIA I, B ESMRA IS, R B 0 Qﬁmﬁ X o |V

CYSNLES PP TS o SO 10 S P e
0 60 120 180 240 300 360

E/‘J %2 uﬁl o H J# Day of year

3.3 IR F A 75 3R GE0F 5 - HEE O AP 1%

B3 FEK BRI R KL RGN R £ ZE

R
wr EEﬂf,

RN LT IR BT RS R A — B A Fig. 3 Seasonal variation of precipitation, ecosystem respiration and
HRIEATHTR TR EER YRR ERIE il respiration with different nitrogen level
400 kg N hm *if, HHEPIRA Z R LI E B ER SR W 1 RERAR PSS Brror bars show the
FRIRIE R B, AT LSRR AR H 138 CO, fjii  standard error of respiration
TREE , BEARTS A Wy T P , (B 7E 57 A1 55 3 0 58 4 & B RG F
AbFE A 22 BE AN B o ARG 26 B RO (40 D o 3 P I A A S R, R R B, SRR I K
PESURANFEH C/N K2R 9.26, 1A B RS BB 2 AV LATE , ZAL R A 5 N AT ge {2 i
THAEYTES, B8 TP EYUR MR R, MR T TR s R 7 N AR T . K% &, 4
AR M AE T RERE L O/N R, B3 MW E /N T BR R RIERIE &K 20% ~
50% 2 RUIE A F T - S0 E IR M R B B 5 RUIE K, T B BB MR ER 2638 3, MM AR i A 1, PP IR
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