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Research on the Correlation Between the Greenhouse Gases Emission from Paddy Field and the Biological
Characteristics of Rice Root System
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(1. College of Agronomy, Hunan Agricultural University , Changsha 410128,China; 2.Key Laboratory of Ministry of Agriculture for Multi—
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Abstract: A one—year’s field experiment was conducted to study the correlation between the greenhouse gases emission and the root charac—
teristics using early and late rice cultivars with different greenhouse gases emission fluxes in Hunan double cropping rice area. The results
showed that CH, emission flux was negatively correlated with root dry weight(P<0.05) and amount of root exudates(P<0.05) at the full tillering
stage of early rice, and was negatively correlated with amount of root exudates(P<0.01) in late rice. The N;O emission flux was negatively cor—
related with amount of root exudates(P<0.01) at the full—tiller stage, and with root volume(P<0.01) and root dry weight(P<0.01) and amount
of root exudates(P<0.01) at the full-earring stage of early rice, and was positively correlated with root dry weight(P<0.05) and root volume(P<
0.05) at the fulltiller stage, and was negatively correlated with root volume(P<0.05) at the full—earring stage in late rice. The CO, emission
flux was positively correlated with root dry weight(P<0.05) and root exudates(P<0.05) at the early rice full—tiller stage, but was negatively
correlated with root volume(P<0.01) at the late rice full-tiller stage, and was negatively correlated with root exudates(P<0.01) at the late rice
full-earring stage. Therefore, rice root characteristics were an important factor to influence the greenhouse gases emission in paddy field.
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FIKRERZENT CH, HERAY 2 B8 SCRRREEDN 4, 7K
FERE PR 1 R AR B pH AR LI TR IS5 5 i) 138
5F5E 7 N N0 HEBO= AR D9, {HAR R X N0
HEF 2 A K 3 Fp 2R = <K (CH,.N,0.CO,)
Hek 5K IR R AE Y RFURR 1 3 & A A et
B, R, ARBFGEE T R G RS X R [RIZK
R R IR 2 S AARHE R DL AR 2R A, X B 2 B A A
RAEHEAT 53T , LUSH Ryt — 2D 98 AR B DX e Xt
B2 SARHER A5 L B BT AN [FIK RS AR =
SAHEBCR AR RS TR R RIS H KT

1 #MR5F*

1.1 Bk mh

BAEA A MR A 24 5 A 17 5 A
45 5 &AM 402. Tt 705 FEPITE 819 HRPIE 211, M
FEEA : BEHE AR MR 12 5 Mk 13 5.
AR 9113 g 277 . 299,
1.2 Rt

I H AL TR A KB T 2 KEA K
FSH (N 28°08'18",E 113°12'0"), 3% 42 m, 4F-F-15
BEA 17.1 °C, FHE/KE 1 500 mm, FF =10 CHIE
5300~6 500 °C, AR LA RERGAE =X, 3k
RSB ML LT ML ETR/KRE L, 13 pH 6.10,
ALK 33.30 g kg 2R 1.79 g kg 2B 0.71 g-kg.
487 8.80 g kg FRMEA 0.16 g kg B Bk 9.60 mg-
kg A 0.10 g kg s

B OBBHEGE 11,8046 3 RES it
21 MEH/DX KR ERFEYLIX A AR, B4/
TR 10 m?, 3305 FHERE AR 300 m? B4~/ X E B
FEIRE—A , BURERA R EEZE SR AT 2 d B B /NX
W, 8 SR A1 DX Y ] PR S R R R 5, 9F
T HFA 25 cm BWRE , BN AR KOS
Hok o, RAMEIEA 0.5 m B BT 3 A 27 Hi%
4 A28 HB#,7 A 15 BYEE; BT 6 A 15
H#%F,7 A 19 HE%:,10 A 18 HYIK, AN
A 20 emx20 cm, HHIRERF B 4 1, 22X A HE 2 W o
SCH X DU AR T . RS XL R 3
kg, ST BEMRES 3.5 kg, MHAE 2 kgo 5 H 8 HIEBIE : &
XARE 1 kgo BMREBIATE X HRFA: FRE 2
kg, WHEIRES 3 kg, BFAE 1.5 kgo BIMXAF 7 H 24
HIBMEIRE 1 kgo W FHBFIGRME L IRE LT - BT
BIRK IR EE, sP A HEK B B J5 VR K BE SR, B
HeZk el

1.3 MAEIRS ik

BEESEFABAESFREE, R R,
S BB AR, FR AR 55 em, 120 em, F
TR FEAR I AR 2B VS R [ e F /N P IR R A
4 FOKRE, B KIE AR I L, BESE
SRAER[A] [E 2 7E_E4F 9:00—10:00, SRAERT [E] 4351 K
BAEAY 0.10.20.30 min, FFKRHE 45 mL IEFE
fho SARRER SR Agilent 7890A AR CIE{A3HT , AR
SR i [ SRR R PO SRR B 4 4
SRR BEAE 22 MRS BT A5 o AR R BUREAE 43 BE S
B 5B AR E SARAE R B T, B8 3 d BUHE—
w3t 2 W, MBS/ NXBUERE 3 ¢, RIS SRR EL
FERR 9 7o 2R H ] ARk, B SEE)F Rdk b B3, 5
PIFEAR A H L, R 20 emx20 emx20 em +
2,0 BERRAR FR, FH R AU R E R R IR S A
o SRR R E R AR R
1.4 #iEsE

% H R = S A HEOE B3R AR T,

F=p+273/(273+T)*H-dC/d:
K FNHEHGE & ;p APRERSET B CHWNO
LI CO, BB, 7300 0.714 .1.98 .1.97 kg*m™;T N
SR AR HORAEAR N B R, °C H B R
FEER MR, m; dC/dr S RARAE IR = SRR B 1Y
AR, AR RFFEBIEE R 2 CRFRES R A A,
R RECR EHHIWCR A ¢ Bk,

2 HBRESM

2.1 RERBESEAHNSRASERXYE
2.1.1 ARFRRESAHR

SYBERSHA CH, HERGE B 2 AL 45 5 Rkl 17
S5REBE 819 .44 402 - FHl 24 SR B2
LRl 45 SH5cE, kI 819 Bl # 2K 0.87 mg m>-
h; Z3CHE CH, “FXIHERGE & L A 20.8%; 5%
I CH, fFBCE B & SR Z R AR, WM 24
S, WAL 17 SRR, |REHR 0.67 mg m?+h?,
FRACFE LU AR 2.5%0 4T EERRHA N0 HEBGHE & i
Fhim 225 B2 RWIE 211 Bem, A 24 S5,
WZEHR 41.95 pg m2+h, Z45CHE LLE RS 114.9%;
FREHA N0 HERGE B IKRFIE 211 B, BE R TH
flusb A, DIMRHD 17 S8, B ZEH 3.97 pg'm?+h,
FACTE L MURE R 65.1% 0 4 BRI  FTREH & A ]
Co, HEGE R 2Z R B E, MEHHH 92.02 .58.07
mg*m?h, Z3CHE LU E RURE 4B 11.8%12.4%.
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2.1.2 FRERFR R R A

H 3R 2 AT, 73 BERSH AR AA AR IR R T LARE
WL 819 fk, WHEAL 24 S/, WESIN 29.5
mL-#k7.1.6 g- Bk AR R E LR PIL 819 &K,
Fohl 45 S5/, B2 5 g b FFRIRAR RT
HARGPIHE 819 Bk, WAl 24 S/, R ZE 051k
269 mL- B 1.1 g ks ARAGIELRPE 819 &
KWAEH 17 SH/N RZER 13 g-hs STEERBIFIFT
PEHY, ZesCAEAR RARFR ST A L AR R S 18.4.19.7
mL- B, R R TESHIEH 09.0.7 g+ ¥h, 2232 FER
R ERTH ARG, RIS R R KL,
2.1.3 AR SR ESAEHAE

MFE 3 AIH, CH, HEBCE R SRAR A TE.

RO 2 MAHKK R, T AR A TE
AR AR E S 2 MM B2, (HFF I AR
B3E ;N0 fFE R SR AREREAHLKR, 7
43 BERRH SR A T A S Mk AR B K- (P<0.01),
EFFEM SR AR TEH BHAREYER B E A
X (P<0.01);CO, HEBGHE B 58 R AFE 2 IEAHR 7
SERMERATEMRGRERE BEEMHXER
(P<0.05)-
22 BBRESEHIN SR RS EHEXHE
2.2.1 A[FBEREEE S AHER s

HI3R 4 AT, e CH, AFBGE R 7E /BRI 5
FAREINAEREES . SRR UMM 13 S5
W, B 277 Bl SRR AR 12 S5, B

®1 PEARMSERPSFRARESEHNEELE

Table 1 Greenhouse gases emission fluxes comparison among the early rice cultivars at the full-tillering stage and the full-earring stage

K AEEA AR ZFR B i
CHy/mg*m?*h?  N;O/pg'm™*h* COymg'm?*h? CHy/mg'm?h? NO/pg'm?>h? CO/mg'm?>:h?
FACTE MRWTE 211 1.44ab 51.62a 78.17d 1.61ab 591a 91.31d
R 819 1.06b 22.04b 125.11a 1.95a 3.08b 104.71b
T 41 705 1.40ab 11.66¢ 54.57f 2.01a 3.59b 138.92a
24k 402 1.20b 10.11cd 69.28e 1.92a 2.38bc 97.70¢
A WD 45 5 1.93a 12.16¢ 33.09¢ 1.69ab 2.52be 101.74b
HHEHL 24 B 1.13b 9.67d 102.75b 223a 3.16b 105.97b
HEH 17 B 1.77a 11.47c 83.59¢ 1.56ab 1.9%4c¢ 80.85¢
T RA—IIARNEFRFRERBE(5%). TERF,.
* 2 ERBAEMMIR AR
Table 2 Root characteristics of the early rice cultivars
IKAESER F Gk Gl
WERmL-H BETEg ! BO%ERgh REFL-H BETEgH BIO%ER/g b
RALFR FEBIR 211 82.5 3.1 222 93.2 6.2 93.4
Rtk 819 95.3 37 24.4 97.5 6.7 98.4
T4k 705 84.3 33 233 94.5 6.2 95.2
&4 402 86.5 2.8 232 95.2 6.3 94.3
A WAL 45 5 723 2.5 193 78.6 5.8 89.3
WEAH 24 5 65.8 2.1 20.1 70.6 5.6 86.1
WM 17 5 68.6 2.3 18.1 719 5.7 85.2
#3 EERABESEESEHRESHEXME
Table 3 Correlation between root characteristics and the greenhouse gases emission fluxes in the early rice
- S BER : A :
AR T&E RO [z TE R
CH,4 -0.481 —0.641% -0.637* -0.527 -0.302 -0.376
N,0 -0.453 -0.379 -0.723%* -0.838% -0.849% ~0.890%*
CO, 0.619 0.769%* 0.539+* 0.417 0.153 0.219

Y 1r005(12)=0.532, 100, (12)=0.661,n=14, *, ** I Fm M BE M 0.05 F1 0.01 K, FER
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277 TAK, S BERH 5 RIAN 2243718 7.09.1.78
mg*m2-h, H R LA AC R 43 i i 30.7%.28.5% o
N,O HERGE & S Fh R 22 2 B3, S BEsd b e, 57
FEAHE OB RBOR ;AP BER 5 SRR 22 4 Bk
15.93.21.33 wg m2+h, 53 BERRH B MRS HEBCGHE & L
ZATFER 19.4% , FHEH L Z43ERE I 16.0% CO, HEX
HRSMEFEREER, SRR 5B R E
433K 226.57.96.86 mg m2+h, SrEEEHAH MR HE
JIE B H AR ST R 23.3% , FEABIA  URE L 24 se R
6.3%.
2.2.2 MR REEE LLER

H3R 5 ATA, SRR R T LAMBH 13 5
B, BREER/N, BEH 1.58 g+ bk, 243G L A
TR 9.5% , Z<3CFEAR RIAFH L MURE & 21.7%. RFR
i E LR 9113 &K, WiBEAl 13 S8/, 2R
14 g+h!, FAZRE L HE MRS R 27.2% . TEKFE SRR (3=
5), RATELUEN 9113 &K, EHFR/, WEH

7 1.80 g+ Bk, 24 RE L ARG =T 17.6% 0 1R R AR FH
VIR 9113 &K, EAF B 277 &/, M2 17.0
mL AR, 43RG L RS R S 5.6%. AR R0 & L
B 277 8K, B F B/ N 32 g-h !, 35K
HoH AR 8.5%
2.2.3 BAEIRESAEHCS R R R A

M 6 FIA, SrBERHA , MR R T H AR R IR
¥5 cH, RAHHCE R R IFMX , BEREE ; BAEG
MES CH, HEBGHE & 2% B3 A% (P<0.01), 7657
L R AW ES CH, HCE & 2 BE MK, &
R AR R THE 5K S N0 fbicE &M 2
#(P<0.05), HE2TFAMX; S, MR KRS N0 fF
T A M B3 (P<0.05) , H 2 A2 ; 4 BE Y]
WAEREH . FTES co, HEEMMHEX, SRHGRER
IEAHSR BB B SRR R TE S ERBHL AR
R EYS co, HiBGE & 2 fAHKE (B IUR R 5
25 Z XM 83 K (P<0.01),

R4 BESEBHSFRPBESEHNER

Table 4 Greenhouse gases emission fluxes of the late rice cultivars at the full-tillering stage and the full-earring stage

FKFESETR a2 FR kil M
CHy/mg'm?*h?  N,O/pg'm?*h?  COy/mg'm?*h? CHymg'm?h? NO/pg'm?h? CO/mg'm?>h

] FIE 299 6.49¢ ~12.66¢ 789.10ab 1.54b 5.37e 440.50d
1t 9113 6.12¢ -14.74f 804.78a 1.23be 14.69¢ 491.75bc

Btk 277 4,03d -3.25b 688.71c 0.60c 18.16b 427.99¢

B KAl 13 5 11.12a -17.62g 738.93b 1.83ab 26.70a 484.42¢
EX3Es 8.21b -6.60c 573.90d 0.66¢ 10.04d 423.63e

H 125 6.50c -1.69a 570.21d 2.38a 13.91c 506.93b

FREF 6.18¢ -8.31d 584.65d 1.41b 10.04d 520.49a

=5 BEMARRRE
Table 5 The root characteristics of the late rice cultivars

HEH R FIEE 299 Btk 277 il 9113 EHE MW 135 W25 FEHE
SEER WARGRE/E-hT 35.20 32.10 36.30 26.20 22.40 25.40 27.30
R T H/g b 1.82 3.10 293 1.59 3.17 234 225

R AR mL-H 30.50 41.20 41.40 21.50 40.30 31.40 25.30

FEHRE REfiR /g h 94.30 98.40 110.30 84.20 88.20 78.10 99.40
RETE/g 2.41 3.51 1.93 2.73 1.71 2.46 2.06

R mL- R 31.50 42.50 25.50 37.10 25.50 39.30 27.20

*® o BMERESEHNSRAREREXE

Table 6 Correlation between the greenhouse gases emission fluxes and the characters of the late rice root system

N S BERE] Fr
CH, ~0.752%* 0.352 0433 -0.886%* -0.425 -0.164
N0 0.132 0.622% 0.692%+ 0.035 -0.515 -0.754%%
€O, 0.489 -0.286 -0.074 -0.788** -0.220 -0.223
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3.1 CH, HIUEE 51R R4 AR XM

FLEE RS A CH, HEGA A E R E R, 4438
TR HAS , X SRR SR —809, BA% CH,
Helol & SR R 2 AR, 7B BRI
WREATEMBRGMESZHAMEE, RN,
—BAEN T, FEH CH, HEBRUKRE Y S R AU
WXRFR, RIEAEKHY BEEM/KRERFNREH
CH, HFBE N AKFBEYE R, Wl 5 B ik E =
M T CH, HEED™, X 5 AR EA B, %
& CH, U 5R A TE AFHEAEEA R E, SRR
B 2 IEA SR, TSR 2 5 AHE . BRI, IR R A
X CH, {2 5 K A5 28 B BHHARSCER . A
CH, HFGE 2 5R R & 2R B R AHK, FTRERY
JREPRRAR R IE 18K, R HE TR R AL RE T FIA A AE
71, MRF5 Eh {E_EF, W00 CH, BTEM:, FIEHS5R T
CH, EAL &1, ¥ T cH, WA, NS CH,
HewE E W .
3.2 N HEEE 5 IR R 4R XM

B N0 HEGE & 5B R 2R AHRKER,
Fe 453 BEEHA SR IR B AR S AR 3K, 7E ST
B SRER T E ARG RS 2R 8 E AR KR
R ] RE R A3 BE RS AR ARAR 2R 3k IR R IE J158 , R
ek, AR bRk X S AL 5 SO AL M T
P, SR YT Bh ) IR AR ISR BRIK T N0 7
AR WO T N0 HEe-2, MRESERRATH
H5EBRHE N HEcE Bt R E, B2 AR,
FRAR A GRS N HHGEE 2 BERAHKX, B
FEARART . TELESED 5 N0 Hik i
MR . o2 5= A 4 R R AT BB 2 7R 0 BE IR IR R
YRR, RARBCSER N0 B3R, M-S
N0 fFcEE N, HEMRREEES N fElRI N
B IEAR . TAEFTHEE , — 5 T 7] B2 i FHEK I
MG 8, S @SR, £ N0 HEk 2 g -1
RZH 75— N0 A 5HEZ EMARE.
TEHLENE B N,O TEAK H 075 A B 5 TR 3R 9 5 M4,
RERRIR R AR RE IR, 5HAEYTRES NOs,
W5 T RAEAEVER , N T N0 B7= A&, HEk
AN
3.3 CO, HEIRE SR A4FIEHE XM

FAREHARE] , 4> BERSHA P /K REAE MR 1n] R R RE )
R AR R AR, PR A, (7] B I A - S

A B0 A AR o - SR PR R A 355 5 AT BB PR DK
REAG - ISP N, -SSR = Wi SR, T ELAR 2R A2
WO, AR AR T 3 R B KR i S BB 2 S AY
WP ST A YT 3 2t T 13 o, BIHE®, [
I, PREEER, Co, HIHGER SR AFHERIEM
K, ESBERH SRATEARGREE & IEMX
KA o WG BER , — 7 TIABAR AR IR RE S, AR AR PR
A, R AR IS B BGR , AR OE B VR F RE 785 , TR
W Z 69 CO,, HEEE Z 19 0,3 575 —J7 T i T8¢
1%, TIRORFHBIPRES, AF T L35 A B9 CO, HEML
MR, 16 18R, co, HE M, R, B
OB SR AR E TE TR AN
REXS co, HtERENMR . MR, h TR
A 55 P IR A X e A PR A P C o, TR BT AR TR
R , IR REAR R AT CO, HEBME A 1
HIRABIIL

4 L5t

FLHEAE AR CH, HEoE BAFE B 257, 2058
BT HAM, RAGHRES CH, HlcE R 2R B
MR, R EERY, CH, FAEBCE B 5K R A
THEAMRAGREYE B E X, MEERATE
PARARZATRIS cH, AHGE R 2 IEMHX, (BA
B,

TER R BERE, N0 HEGE B SRR ER B
FARR SR, SRR T E MRS ER
BEFAER MR B IR A TE SRS
N,O HEE AR B, HE2IEARX; 7E5r R, AR
AR S N0 HEoE & 2 B EHHEK.

TERFET BRI, Co, HFCE R SR A TEMIR
TS Co, HE B RAR R B B E K
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