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1.1 FACE & RINEEFIN
TG 1E FACE(free-air carbon dioxide enrichment)

RGO G & VLI VLR T /N S 2 A (32°35757 N,
119°42°0" E), T 2004 KB AEK T IHIZAT. %
ARG HE 3~ FACE P& O i CO, ¥ +200 pmol/mol)
HT3 ANKTHEPE O IR COL K FE) . FACE P8 % Hit Pl ]
IR ESE 70m BA b o iR R Beit, CO, Mk BEAE
MR, FNEACPAE N R . fEREA FACE B0
Xof P N R EARL (LN, N 125 kg/hm?) A % (NN,
N 250 kg/hm*) B AEIKF . Rk, 85645 & FACE-LN

(FL). *[M-LN (AL). FACE-NN (FN) X} #-NN

(AN) 4 M, FACE RGN HARBE ik JREE A
IBAT I REES XA

RGN 2008 4 6 H 17 HIFUG, #1110 H 24 H;

W, —HLRRE 129 Ko BRI S E0E 5 X
BRI e B N R R R . TR R
LR, A A R R AR B I R R

(IM222L, KA WA A PR A 7D JEAT H 38l (-
HEUREE 10 em) I E o LI Y E) KA H P340 A
SR 2 BIE KRB ARG 20 KA 30 K AL A7 3k 5484
RN (B 1) Z P3RS RN B 40
il & 24.4°CH1 463.5 mm.
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Fig. 1 Seasonal variations of daily mean air temperature, soil temperature

and daily precipitation in rice growing season

1.2 X +i%
I BHE R LIRIRE KL 15 emo K1

Bk | R AN R, LA, SRR
N AU 20.7 g/kg, SR 1.99 gikg, ABUTRE 1.16
g/em®, pH{H (LK =1:2.5) 6.3, Fki (<0.002 mm)
203 g/kg, ¥rki (0.002 ~0.02 mm) 262 g/kg, FPHi (0.02
~2mm) 535 ghkgo TIENRPEWIRARIE . ALk 15
PAZIUE, eih &N AR KRR B IR i, KT
2 15% R EKE A, JFd 2 mm . PHZR
FUERP R 9:1 CT-E L) [ LLas i et Tk 1 1
o, JFRA . RIRRUS A SRR T A S v
R PR KRR 28 2 1 1) 258 DLSR BCREHE A (1) /K R AR R
GEL/ )i
1.3 BRSHEFRLEM

2 R E HAFRTR A CO, HETBUE 11
i R ST PN N P S S i N E R IR g M A 5
—AMMEKE (PVCH) MIWATIAE (A F1B). JRFEF
TiFS Ay B 311 2 mm JE¥ PVC HREIFE. REANRAET
WA R ~F A 20 emx 15 emx20 em (Kx5Ex e, IR
[F]), Horr O E AT R — 7 OKRE . AEJRAE I TR A7 7K
R OBCE TR A, 1A ALAE A 48 pm 11 )é i k4 £t
i, PAB7 IE7KAEAR SRR AR A o

/ k2
|_,|_7__‘k .
Tisi TR
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Fig.2 Schematic diagram of static chamber for gas sampling
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KB (3.2 emx15 em, WEARx D KME 51
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KA TR AL ke, 1A K A T 1 ~2
cmo AR A T AR W] HCELTHAT B. TAR B (15 cm
x13.5 cmx 15 cm A1 15 emx 13.5 emx 100 cm) 4
AFGE RS F CO, BRI /KRB IR = JEAIC T 15
em I, KM 15 em @ T0A B: & & & T 15 cm
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VU G COL HEIBOM KA CO, IS5 T o 11 Wi J. 935

I, SKH 100 em @ TR Bo R4S R THAT B (#) Py T
2 g — AN b IR B (1 U TSI AR B I
o

HERAEEGE T, %8 24 7Um’ (5 ERCE 5
AFRARERT, KA RSB L . ERARA
O 5.2 kg CHET 01D IR 15 om 1 & B
DALRUE AR A A1 1 H IR e — MK e 4h,
AT AR TR A B IR TR E S, H—A
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30 cm) CERREG X 3 JE LR O
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72008 7F 6 F 17 H, ¥ K21 30 HEwe. A 3 M
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%) MIJRE (N, 46.3%) R, EHEKT L, i
RAE1) 36%- 24% F1 40% 53 AIAE AN 43 BEAEFOAH
NEREA s AEAREUK L= 1) 60% F1 40% 47
AR A R ANREA i N o HERE . 4 BE EURIRUAE i) it
HIAHE 6 H 16 H OKFERALET 1 KD, 6 H 24 H
OKFERHFG 7 R 18 A 3 H OKFEBARIG 47 K.
TEFTA AR ER A, BT IE DL G I B A b BE I — ik
PEMEN T35, B RACK TR A e, SRR
SRR R OE BN B ERAR

RSN 7 H 22 H OKFEREARIG 35 K JFA,
FI8 H 12 H OKFERBHIG 56 KX) &5, #4222 K.
WK HEA H 34 10 H 1 H OKFE#5 106
Ko
1.5 SEHREIRER CO,iKEHINE

K FH 5 A IS A —OM E 2 s AN FL T CO, 1
Hefom it K TAR A JBCE BRAS BRIk
B, R R IRR A A A KA R 42 BB
[T, K TAH B JBCE BITIA A LRSS, HIK#E .
SRAK B ARSI SUARRE S 21, TR A (R
1) R B A 20 1 TR 2% ] 3 44093 531 20 ml
T AR IR AT LR R XUV A) 2 mine /1) [A]F% 20 min,
F 20 ml 359 25 R I A 58 B N IOASAARRE S X,
TR AARFE AN 18.5 ml LSRR /ML, B A
B ] S50 SO E COL iR . AR AARRE TR
LSRG, FIAE B BUT, 0T0AE A TRt . [Hlge
AR TR 2 45° J TRCE 2 AR 1A b o AR R
FERFIA 7:00—13:000 “ARFE Sl RIS K — i —IK

CRIARA AR B8 M — ik CHIBEIACLS ). ek

FEaREE R T, AR B REEATIRAE A LR K )2
REEMISE -

ARKE AT CO, MR BE R 22 6 FA 3R 2%
(TCD) FFLHE 22 S A% CP-3380 (Varian America
Inc.) HHATIE . S EEMISATIREE: HERE LI N
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1.6 XEHGEVEREESRAEWNE

TEKFEIIHRTT I OKFEREARR)G 63 O HhifEH (K
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MsE . fERNEE SN AR T, H— K
iz, JER LR R AR AR Je e 2Bk . HZKEE
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IR Z B FAKTE Ve K FERR R A B4 FHAEAR 105
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1.7 BRETERFEITSF
TAERE AT CO, HE s 2 (1 v A N

AC xM xV 5

= danatxA Y
L, F AR LAERAI N CO, MHBuEE (CO,
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T AEHE I CO, I BRHRBCR T AR -
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szggfﬂéiﬂlx(Hﬂ—h)x24x104 (2

X, C AR EAEHRASI CO, ) BRI (CO,
thm*); F AR UCRAER ) RS S CO, 1)
HEG B (COpmg/(m™h))s i ARFERRENHL: tIRFR
FERIA) KRR ARG REO; 24 ARRBER I/ EL
107 8% mg/m* F b t/hm (15 b R EL

KH SPSS13.0 Gt AT#) One-way ANOVA Al
Univariate HEAT HLIA 2 FIRLUK 2 7 2253471 ) Biovariate
Correlations HEATAH I 70 #7 o K] Sigmaplot12.0 22 K]
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2.1 KELYEREERE

FERAE RG], BT AL BRI _E P Rk 2]
BTN (AL ALFEERAN, K 3a), {HEk
J&E CO, AR R A BE IR 28 A2 4170 31 £ E H UL A it A
WhikEERE (E 3b).
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Fig.3 Root and shoot biomass of rice in different rice growing stages

TERREI T AT BT, KA COLKRIETH it
MEUKE B EES (3.1% ~ 17.6%) FIMR R 4E
Y (5.9% ~36.8%) [, (HiE, HA7EHRTIH,
MRV EX FIRE CO, MM IAF W Z /K (P<
0.05), H.AZma R L AE BN F W e K

FIRIE CO, 4, NN AREELE LN Ab 2 2 358
FAEE R B R R A B (A CO,
SATTE JUAT B A R v it e 1K) i A
ko AEIKABI T . FBERT I, A R A
R E RN 23.6%. 17.8% 1 23.8% i 4>

W (P<0.05). fEKREMEM, KA CO, WEETH
e AR R A L S s, (RS IA 21 25K
(R Do BEM R EA IR R S HE&NER. COo,
TR REKCT HHR 2R el b3 0 () A 4 el Rt
REIHA A

x1 BBRHKERFNGEEESHNEEE

Table I N concentrations in root and shoot of rice at maturity stage

i WA (gkg) M EFRI> (g/kg)
FL 12.7 (0.9) a 11.2(1.0)a
AL 13.7 (0.4)a 11.5(0.7) a
FN 14.1 (0.2) 10.9 (0.5)a
AN 143 (0.8)a 12.0 (0.4)a

T 55 NI R P E AR E (n = 3): AR
INE FERER TR A ) 75 AT P<0.05 KE E R, RIE.

2.2 FHELSHAE@E CO, HHER

M 4 ErfLAE KR KA KRS
KETHGERKREBRIG 47 K), A5 CO, HEGE
RN, WK RS 54 KRB —ANEE. N
IKFER ARG 63 KE 94 K, LSt CO, Hi UM 2%
Gk, MR KFERE ARG 107 RIS —ANE(H.
FEKFEAERK LR, AP CO, HEUR & R %42
200 mg/(m*h) Ziti. BRI CO, E N EUK T #B A %
AP CO, HEBGR RS, FERIA KGR
FJG 54 KB 107 KIXBE N o ik CO, 78 LN A
NN KPS T 34.3% Al 10.4% ()L 5T
CO, M) BRHEBCR s 15 A U A 3 0 CRydk €O,
ZAE) FIFAR CHFIRAE) /3580 CO, HER A%y,
AR A RE (R 2.
2.3 TEHEESA@E CO, B

b KRB AE KR B R, RS CO, 1Y
Hegom =S5 kb, KRR ARG 85 KA
AR (5. 76 LN K, SRE COo, Ml
Xof A B[RS CO, 1) BARHEBCR I AT M H
7 NN 7K b, R COL B2 T iy A BRI U S T CO,
He i (R 2). Mk CO, 78 LN A1 NN /K 1
FEAR T 15.6% A1 7.8% A7 &R A1) CO,
HecR, HZERAEEE . B i U AT B A A5
il CO, [ SR HE AN B b 385 AR 1) CO,
ORI CO, WIEHZU/K XSS CO, 5
FRUHE R S sy b B34 AR COy HEUR B A8
HAEH-.
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Fig. 4 Seasonal variations of CO, fluxes through soil-atmosphere interface in rice paddy field
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Table 2 Seasonal cumulative CO, emission through soil-atmosphere and plant-atmosphere interfaces, specific cumulative CO, emission through

plant-atmosphere interface at maturity stage in rice growing season

3.1

FEME CO, MBI TR HME T

i C 1« (COyt/hm*) C i (COpt/hm?) S 4 (CO,kg/kg T-H)
FL 3.5(0.6)a 226 (4.8)a 12(02)a
AL 53(0.6)a 22.6 (4.0)a 1.4(02)a
FN 4.0(0.5)a 29.0 (4.0)a 1.3(03)a
AN 45(14)a 31.5(7.7)a 1.5(03)a

4000 =

LN NN
Ei 2 3000 F =
o g
E ok °— A
@‘ Eﬂ 2000 - 1
ﬂ‘_ o
- ¢
E‘ < 1000 4 4
ek
N
0 T T T T T T T = T T T T T T 1
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KRR G RS (D
0 #* 53 B RTRAbFR 7] 22 524E P<<0.05 A1 0.01 AT 1 W3 )
5 fEHRESAEE COHMBENSETHTL

Fig. 5 Seasonal variations of CO, fluxes through plant-atmosphere interface in rice paddy field

eI RS, LSRR, o UM R R,
AAT LI CO, MHE. i I CO, HEK
(2 1 B A U SR T H R I K SRR L A2 Ak

FEKRERE ARG 54 KA 107 RCPHIRE HAGRET (32 3), s Al e s ib A —a. 1%
HKBYBD, HAF CO, IMHFBUE I AN Bl CO, IHERBGE 5 3 R K 2 R BB TR i
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AR o TR MK JZ IR L TR 64% ~ 79% I+ 7
[fil CO, HEBOE & (1A (36 3). XK 1Bk
IKZ R B SR AE H ST CO, HIFGH & 2= 42 fk
MEERNEZ .

*3 WHLISAECO,MHMEE (F) SHBEREKERE
(W) BIFRRKRFR
Table 3 Relationship between CO, flux through soil-atmosphere interface

(F) and soil surface water depth (W) in rice paddy field

b3 IS Vi oy R? P 1{H
FL F =200.06¢"*" 0.74 <0.01
AL F=330.54¢"77" 0.79 <0.001
FN F=202.97¢%3%W 0.68 <0.001
AN F=224.72¢%63%W 0.64 <0.01

TEFEAKIGA K Z T, AT CO, HEBE &5
K, HAERESR AT OKFER ARG 85 KD 1Ak N AH,
I J ks, SR V7 RARp RS, X Xu T
FUEE RIHAR—F ARE 45 KR W, KBRS CO,
Hegol i 5 R R A& BE IR BOEARDG . KKFE 4 A
AE R T AL B AR R AR R ARSI CO, 1HE
OB BT, SRR, M CO, I
JHOH B SR R A R B E R BOEAC (RP=0.48, P<
0.01). 7E/KFEMIRERATIN, WREY LR, H
I KRS S5 K g Al SRR, vk
AR SR, —J7 ARSI B & RFRAERT, —
77 TS5 138 CO, 3 M5 I A Py A< AL AN il
HEREZH ZUE R, AT R TS D CO, IR
AT 1 5 K 11 AR 28 0 4o A ) 5 | e i () AR S T
CO, fFCl . KFERER G, LRI rh [R5 53 ) F
R, WAREYEIFIHRD, S Ayl N,
Kb, GHRAES I CO, HERGH & 2RI . K
I, KRR 2 AR 1 (1 25 1 AR AN R R 42 = AR <0
T CO, HEJHOH 1) 2= 1548 1k

HEBRAG FH rh 36 B RDBOGR AT 1 HEK T I R 1 52
Wi, VA 7K S PR A o3 A T S R 5 AR s < S T
CO, HIBUE B MAH R R, SRR LRSS 15
(R*=10.06 ~0.17, P>0.05) H{f <5 CO, (HEK
W (RP=0.05~0.15, P>0.05) ANAEAE A
KHRo
3.2 TEH CO, HEMA KS CO, iRk E F = B9 L

ARG, IR COy X KFER R S b3R5
I —E MR, X S5HT A IS REA—

FU ERR COLMBETHRMIAME T, BKRARN A
TR DA KA 22 Wi S DUAR e L 3B A= P R 1) S 57
WEHY, B 2845 Al g5 S 3% CO, HERUR4 It 1, 4k i,
IR E COL B MZK MR R AW (18 3b) ]IS, #)
A PR A5 CO, BAHREMEHR (R 2). A
FUAR, IR CO, R HE T R -3 T S 3R /K
TR RS RS A Y A K, WA S
CO, (e BRI, TP T A CO, MHEB.
{E[7— FACE V& I+, Feng 25" W50 R I, #0ik [E CO,
AN T R A S O S g B R S 2 R
XA VFRESESRE A N B A Co, AT, M
B A5 Co, R, Sermesuds, KK
CO, WRIETH R4~ B KRR R A AL
WA PR B 2 Ml e Ak B CH, 104N & CO,s
IR T HA 70 CO, IHER . AT, &
W CO, AbFR I /< L1 CH, 1 2R HE R A S B vy
TR AL CRERIIIFTRE R . iR JE CO, FHRAR
FA A EEE (R D, WIFSERAR AR
RN - St A D AR B ORI T AR IR BRI, T
L -1 CO, IIHEBU™ £E 5 m

KA COy WP T AT R HE /K e 35 o i AR K
(Kl 32), HFHERILEEEMGER G D, K -
RN, O A S PEIRAR LT 2 R (i
KAEYEE) TR, Wk 13 CO, AR M HE
PBERE Z Il (KAL), RS InRE I CO, ik
Jio M bR B AR CO, HESCR b 1401
B RLEIEARSCNY, FIREH, ASCE oW B, b
F b E A T AR, AL B YR
CO, HEBCREAB A NI (% 2). Xu SR H, K
T COp MR FET i 2 3 35 0 b J5 S /KRG b 350 231 A2
i, NI A R R, ARSI T RS CO,
1) BAHE L o 7EASRES AN EUKP b, Sk CO,
X b B A AR R A A B R R RN
3a), X RGO E UR R BRI E N (5
Do Pk, M4ESMREE CO, X KFEH R A “Fke”
VEFIPYL, ATDAHER A, RIRIE COp W LA A & I
Mo B S AR AR AR 7E LN AKP b, @ik
J5£ CO, RN FEAL BRI ST CO, 1) BRI AR
FHM, XA REAE R R I CO, X M b 3590 1) A= 4 o
JE BRI NG . (HARAE NN AP b, ik
CO, B B3 o A M AR 5.0%, T/t |
Y R MIRIE N 8.8%. WIRESEH /0 AU A
X ESE R I PR 38 e 25 5 R AT CO, 1 SR BRI
IR (2D, Bk, FAS CO, It R
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X R B CO, IR N = B2 M B3840 AR i %o ey ok
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A AT 1) 45 2R
3.3 FEH CO, HER e & 2 AN Ry

g v it e A R S K AR M L i
RS AR R AR 1 1 F 32 BEARIRAE 51 CO, IR E/KT |
( 3b). fEm COy WRBEAT by A i A AT 1
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KR KR LR P CO, HEBGE BT 451k
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CO, Emission in Response to Atmospheric CO, Enrichment in a Rice Paddy Field

SUN Hui-feng'?, ZHU Jian-guo', XIE Zu-bin', LIU Gang', LIN Xing-wu'

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;

2 University of Chinese Academy of Sciences, Beijing

Abstract:

100049, China)

A static opaque sampling-gas chromatograph measuring method was used to investigate the effect of elevated CO, on soil CO,

emission through soil-atmosphere (SA) and plant-atmosphere (PA) interfaces in rice growing season under FACE system. Through entire rice growing

season, soil CO, flux through SA interface exponentially correlated with the water depth on soil surface and peaked in the periods of mid-season and

pre-harvest drainages, whereas soil CO, through PA interface related to rice root biomass. Elevated CO, (ambient CO, + 200 umol/mol) had a

potential to increase rice biomass and decrease soil CO, emission through SA and PA interfaces under low-nitrogen (N 125 kg/hm?®) and

normal-nitrogen (N 250 kg/hm?) levels. Higher nitrogen supply significantly enhanced rice aboveground biomass at jointing, heading and maturity

stages, which promoted CO, emission through PA interface. The results indicated that the rice paddy ecosystem probably plays a carbon sink role as a

result of an increase in CO, fixation by enhancing rice biomass and a decrease in CO, emission through SA and PA interfaces under elevated CO,

condition.
Key words:

plant-atmosphere interface

Atmospheric CO, enrichment, Rice paddy field, CO, emission through soil-atmosphere interface, CO, emission through



