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(1. 3SR TS & R E A E S L%, VL0 AR AR S RE E R I AN o8 3, o E Rl 24 B fg 5t L35, ™
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T W AT A SR AR P A R A P AT S GHIR 2 AR HE R A5 , T 2021 4F 4—10 F SR #2840 —A0OM G55 ) 1 5
73 H R 2640  FPIEF 15 AL 6326 AT CPHAEAE 5 5 A SR FRAE 5 A CHL AT NLO HEBCGHE 5t AR ™ 6 o 25 32 1 A 2= 000 441
PN, CHLHE T e 43 31) 4 B0 v R 22 4 B A R AR A s DL B T4 ZE A3 5 P 28 CHL BRBLHE &y 209~289 kg hm™, TR 28 5 EL o
8.3%~23.0% , H: AP 1 6326 HUME B i , B8 i T 540 73 L 1 00 2640 FIEBIE T 15 (P<0.05) . NoO HER 4 3= 5 HH BL7E ARG S
K 3 S A= BN AS A IS 5 T 28 N,O BRI L H9 0.386~0.548 kg hm™, FHAE 28 5 1L H 0.5%~2.4% , 54> i Fi ] N>O HEjilt i 6 &
F2E5 o IR AL PRI ZE KA A i 6.12~12.62 t-hm ™, FRAE ZE 4 LU 23.8%~36.7% , HoHh B 2640 MFPIILE 1 5 09T 2 4™
XA . A AP AR SR HE IR EE M 0.50~1.35 £ COs et HiA FI A 2640 F AR, AL 6326 5 55 (P<0.05) . HF5E W],
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Greenhouse gas intensity from different cultivars of ratoon rice fields in Taihu Lake region, China

FAN Di "2, LI Ruolin?, MA Jing',ZHANG Guangbin', XU Hua'

(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 100049, China)

Abstract: To clarify the feasibility of ratoon rice cultivation in the Taihu Lake region and its effect on greenhouse gas emissions, a field
experiment was conducted from April to October in 2021, using the static chamber—gas chromatography technique and adopting five
cultivars of ratoon rice[Hanyou 73(H73), Yongyou 2640(Y2640), Fengliangyouxiang 1(F1), C Liangyouhuazhan(CZ), and Liangyou 6326
(16326)]. The results showed that the CH, fluxes reached peak during the tillering and heading of main rice crop season and early ratoon
season. Seasonal cumulative CH4 emissions ranged from 209 to 289 kg« hm™, of which 8.3%~23.0% was attributed to the ratoon season.
Total CHs emission from 16326 was the highest, which was obviously higher than that from H73, Y2640, and F1(P<0.05). The N.O flux
peaks were mainly measured during the periods of nitrogen fertilization and soil moisture drastic changes. The seasonal N,O emissions
ranged from 0.386 to 0.548 kg« hm™, with 0.5%~2.4% in ratoon season. There was no significant difference in N>O emissions among the

five rice cultivars. Total rice yield was 6.12~12.62 t-hm™, and the ratoon rice contributed 23.8%~36.7%. The yields of Y2640 and F1 were
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relatively higher than those of other three rice cultivars. As a whole, the greenhouse gas intensity ranged from 0.50 to 1.35 t CO, e-t™', with

the lowest and highest values observed in Y2640 and 1.6326, respectively. Based on these findings, the Y2640 and F1 rice cultivars could

be potentially planted in Taihu Lake region owing to their relatively higher yields and lower greenhouse gas intensity.

Keywords: Taihu Lake region; ratoon rice; greenhouse gas intensity; yield; rice cultivar
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Red arrows mean main rice harvesting/seedling fertilization in H73,F1,and L6326, while blue arrows mean main rice harvesting/seedling
fertilization in Y2640 and CZ

E1 CHANOHEMBENZT T

Figure 1 Seasonal variations of CHs and N;O fluxes during the rice-growing season

®1 BECHLANOHNE BRESEKHNLSE FEMRESEHMEE
Table 1 CHs4 and N>O emissions, TGHG, rice grain yield ,and GHGI during the rice—growing season

Al Cultivar 673 12640 FHIAE 15 CHlAE Wifl 6326
CH.HE *H A% 2% Main season 161+9h 191+22ab 182+27ab 233+37a 229+8a
C?lzg‘““;]‘;‘“;“/ T4 75 Ratoon season 48+4a 29+13b 44+3a 21+6b 60+5a
ST T Total 209+10b 220+15b 226+25b 254+42ab 289+11a
N2 HE H /%25 Main season 0.477+0.029a 0.378+0.039h 0.476+0.039a 0.496+0.033a 0.545+0.027a
Nz((l)(gef‘l‘]ii‘;“/ T4 % Ratoon season 0.004+0.002a  0.008:0.004a  0.003+0.00la  0.012:0.008a  0.00320.001a
J it Total 0.481+0.028a 0.386+0.115a 0.479+0.079a 0.508+0.012a 0.548+0.154a
T = A S P2 Main season 4.56+0.24b 5.46+0.62ab 5.21+0.74ab 6.68+1.03a 6.58+0.23a
N C(Tfi Gh/m’z) Fi/E 7 Ratoon season 1.34+0.11ab 0.81+0.37be 1.230.07b 0.580.17¢ 1.680.14a
A3t Total 5.90+0.24b 6.27+0.44ab 6.44+0.70ab 7.26+1.16ab 8.2620.30a
i HA5ZE Main season 6.65+0.48b 8.28+0.56a 6.58+0.12b 6.79+0.44b 4.53+0.81c
(Iiﬂ%) /£ 7% Ratoon season 3.13+0.47¢ 4.34+0.10a 3.82+0.99b 2.15+0.74d 1.59+0.14e
K3t Total 9.78+0.95h 12.62+2.66a 10.40+1.11b 9.04+1.28b 6.12+0.95¢
Tz SR HE O "% 2= Main season 0.68+0.03bc 0.66+0.07¢ 0.79+0.11bc 0.97+0.15h 1.45+0.05a
N Cc(i il-/m T % Ratoon season 0.43£0.04b 0.1920.09¢ 0.33£0.02bc 0.27+0.08be 1.06+0.08a
St Total 0.62+0.05h 0.50+0.06¢ 0.62+0.10b 0.80+0.22h 1.3540.11a

T R PBAR N P IE bR EZE (n=4) |, 7] —FIARTR) T BRRER S A AR B35 22 57 (P<0.05) . Rl

Note: The data were presented as the mean # standard deviation (n=4). Different lowercase letters within the same column indicate significant
differences among cultivars(P<0.05). The same below.
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PR 5 10 & He e o AR ZE Y CHL BELHE &=
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MR, BEE TR0 73 W A 2640 F1FE AL 1
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FAR T HAD A AP (P<0.05,% 1),

3 g
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FE M CH HERUE: 3 CHL ™ A B AR L )
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Wit i B . RENRE R IL B T 3 AR AR R AE
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v, 4 B W R0 P A 2R 0 R R A F i KORR
A, MRS B S BEK i 235 610 mm, A FE 2R
SRR 45% . TR, PR 2 1 i A A R i S A
S FA 2= I, A 5900 A0 A T H A2 1A A (E (&
2a) , A A F CH 7= A AR . P RS 4l AT I 1
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BTN R R ETHE TR B (A
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B ER PR 12 C(E 3) M AR U
FE — P22 A I Y R A /D A A v ] R )
397 B g T PR P D R CHL [ A i 1 3 R 20 A
M B0 A 28 CHL HEO (R 3 I (18] 1a) o 5 2% CHL
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JI IR FE 4 A 2, 5 H gk IR 2512 9 e O AF 5 45
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Figure 3 Dynamic changes of air temperature , precipitation , and soil temperature during the rice-growing season
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Table 2 Correlation coefficients of CH, and N;O fluxes with soil temperature(T) ,Eh, NH;-N,and NO;-N during the rice—growing season

BT Cultivar CH,~T CH.~Eh CH,~NH;-N CH,~NO3-N N.O-T N,0-Eh N,O-NH;-N N,0-NO;-N
BA073 0.510%* —0.374%% -0.350 -0.215 -0.112 -0.104 0.412 -0.574
M1l 2640 0.474% —0.375%* ~0.644+% -0.387 -0.123 -0.097 0.872% -0.061
FHE 15 0.4897% -0.3967%* —0.744%% -0.319 -0.120 -0.097 0.564 -0.123
CHHAE Y 0.413% —0.374%% -0.632* -0.319 -0.080 -0.031 0.123 -0.239
Wil 6326 0.465% ~0.432%% -0.291 -0.097 -0.047 -0.049 0.239 -0.432

1 RIRTE P<0.05 7KV 1 8 35 AH S | #+ R TE P<0.01 KPSt 25 4 6 1k

Note: * indicates significant correlation at P<0.05 level, ** indicates significant correlation at P<0.01 level.

W IR T8 Z A E I TS AR R A AR R Y
FET, BRI T NLO BYHE, fr SEHED AR 6326 A K
NoO HE AT B8 A Hh 5 oAt R oA B, WSO R
KA o HoAthnT BEFZ M P42 RF NoO HE B J5 P AL
Hl R T RAMFIE -
3.3 mESEHMEE

Gt pra LR REHARTPRE HAEE
Jo W 2 S OF 34 77 5 43 00 Ol 8.26.3.64 1 11.69 t -
hm ™, S AN KRG S A, B 5 KBNS HEE A
FI L 2640> F LA 15> 40 73>C LA >
6326, A, L 2640 FIFEBOLAE 151 #2507 &
A3 k3] 12.62 t-hm™>H110.40 t-hm2(F£ 1), 5K [
SESSE AR 2, LK IR PR A R AR R i (4.34 1
hm ™ F13.82 t-hm™) W& =5 T 4= [E 128 2= - 33918 DL &gk
HH SREI7E 5 BH A9 0 5% 45 R (3.76 t-hm™) , 36 W A 1L
2640 F1 = LA 1533 1 b P A e A A T8 9 3 oA 4
UF 1 K TV o AR5 1 rh e 2 7 AT B
BRI 7™ o, 33X AT g5 R 47 2 R it A o
A G, 5 AT DA% O Y )8 8 47 4% 0 it A
Jith , 0 FE (R0 B, AR — 2542 i A I 90 3 P A
ST =R DA

1% WHART]

2540 B A L = SR HE RS 5 5.90~8.26 t CO,
e~hm™, 5 SONG &8 14 1| i W 58 45 2R (6.39 t CO,
e-hm?) 24 HHAEOLT , CHyHERCR R = A HE
JHRC A A R P S e P 5 A S K A AR L
B 73 EWIAL A 15 F1 R P 2640 A9 CH, HE i 5 42
/N, SR E S BHECERERAL . RE SR
JE R U A ARHE R R 7 R 1 U, AR R o
AT 2 SUARHE B, AT LA L I A A4 B 7 20 P A
Fifr o 454 P 2= AR HE R BE KB/ IR AR
6326>C PR i > 28 73=F LA 15> 1 2640,
SRS S HET A R, R B TR E
ARHEBCR RS2 ] RE R K . AL 2640 MR =R
PRHE R R S (0T At S R D R A T S R P AR
T 14 77 b At 5 s 21.3%~106.2% , FL IR % S 4
SHECR AR -6.3%~24.1% ., SONG “57E U 1| F A A1
TRAERR S AN SR PEOL AR o, 5 LA 4 A4S S RPAE L, TR E
SARHERCR B B AG 7  H R = AR HE RS
HUIEF A 203 , 8 B 7™ a0 il 2 AR HE o
SR Rl N | | N N 1 e Rl 7 ST LR e e
SUARHERCER 8 B AR RS 2R, 5 SONG & f
LA L, X R T AR KRS P A



AR, A5 < ORI AN [P A R o e i 2 Al 2 2089

i 3 A HR A . PRI, 7 DR T80 Y S Ao A4 A
T SE R bR A AR . 25K E W
P 2640 FFPIALA 15 /)7 AR, il ’RﬁiﬂFﬁﬁi
JERARR , AR I SRR P A A I RTOI SE 7% T IX
A

4 g
CU) AN [R) T A g it ol B 4 7= AL 2 SARHE TS
AR RS, o B 2640 FIFE I 1 S 1P

A, P 6326 IR A 00 73 Al == SUAHE
R /N, P 6326 B HK

(2) DA 2 SR HE R B R, A 2640 Fi =M
P 15 d /N, DX P /K e b &5 7 P A g L
ﬁﬁﬁﬁﬂkﬂafﬂﬁ*ﬁ MR IR A . TERR IR UG |
TR A ST, 75— A AR = R HERY S AR
ﬁﬂyﬁﬁiﬁ#ﬁﬁ@ﬁ%‘émﬁ FH OB AR R AR 7K A HLS
Jiti, A A O I ] AR 148 4 1 (] e A 00 HE AR 1
Tk 2= SR HE B A AR AT B0 Al A B AR K
T,

S 3k

VRTEAL, 500K, Aike, 5 . o [l A RS R A S 0 R 3R e mT 5k
BF 58 U R 1), 2% 3, 2020, 57(6) : 1365-1377.  SONG K F,
ZHANG G B, XU H, et al. A review of research on influencing factors
and sustainability of ratoon rice cultivation in China[J]. Acta Pedologi-
ca Sinica, 2020, 57(6) :1365-1377.

[2] XU F X, ZHANG L, ZHOU X B, et al. The ratoon rice system with high
yield and high efficiency in China: Progress, trend of theory and tech-
nologylJ]. Field Crops Research, 2021, 272:108282.

P, slobk, S AL R R S SRR R R ST
HERT). r|r 4B, 2015, 48(9) : 1702-1717. XU F X, XIONG

H, ZHANG L, et al. Progress in research of yield formation of ratooning

[3] 44 & W, AEY

rice and its high—yielding key regulation technologies|J]. Scientia Agri-
cultura Sinica, 2015, 48(9) :1702-1717.

[4] B850, M, X HH, 45 . AR/ As AR I Xk v [ ol ol B2 T RE Y
W I1 e DX A A S R P AR R X A ) S B AT R S 7],
i b B3, 2010, 43(9) : 1860-1867.  ZHAO J, YANG X G,
LIU Z ], et al. The possible effect of global climate changes on crop-
ping systems boundary in China. Il The characteristics of climatic vari-
ables and the possible effect on northern limits of cropping systems in
south China[J]. Scientia Agricultura Sinica, 2010, 43(9):1860-1867.
512 vord, G, XIAIR, 55 . ARG Al xd o R 1 T RE
W 43T . I e bl DX A T 5 A A A T B o e o B S B
WAl RESZIRT]. H = Al R, 2010, 43(10) :2088-2097. LIK N,
YANG X G, LIU Z ], et al. Analysis of the potential influence of global

climate change on cropping systems in China. Il The change character-

istics of climatic resources in northern China and its potential influ-

ence on cropping systems|J]. Scientia Agricultura Sinica, 2010, 43
(10):2088-2097.

[6] CHEN C Q, GROENIGEN K J, YANG H Y, et al. Global warming and
shifts in cropping systems together reduce China’s rice production[J].
Global Food Security, 2020, 24:100359.

(7] F A, 3B R R /N SR B 5 (1] P R £ 22 5%, 2003
(11):9-11. YU G, LIU A M. Research on the balance of supply and
demand for wheat[]]. China Grain Economy, 2003(11) :9-11.

8] Ak HH 2, Bfi f15 % . 5EBH TI7 23 SRR 1A AR B BORBIZL WHR . 1
Al BH, 2020(1) : 46-47,49. DITR, LU W Y. A preliminary
study on the regeneration and cultivation techniques of hybrid indica
rice in Liyang City[J]. Shanghai Agricultural Science and Technology,
2020(1) :46-47, 49.

O] J5 SCHE, A5, K . WAL DXFE AR R R B AR IR S8 a5 4y
B[] s EAE K, 2019, 25(3):132-134. FANG W Y, LI LS, DALS
G. Techniques of ratoon rice in northern Zhejiang Province and its ben-
efit[J]. China Rice, 2019, 25(3) :132-134.

[10] FRF, B, RIFAL, 55 HLWILT DA A A P e e S A0 0 Y
HERCRAETE)). A PR 2727 4l 2021, 40(8) - 1829-1838.
WANG T Y, FAN D, SONG K F, et al. Reduced methane and nitrous
oxide emissions from ratoon rice paddy in Chaohu polder area, China
[J1. Journal of Agro—Environment Science, 2021, 40(8) : 1829-1838.

[11] XISTﬁ{I A RO P A A AR P L T g AR R S

A5 B FE[D]. B : A ROk K 2%, 2019:25-28.  DENG Q J.
Effects of cultivation modes on soil fertility, greenhouse gases emis-
sion and yield in ratoon rice fields[D]. Wuhan: Huazhong Agricultural
University, 2019:25-28.

[12] 5K, TRAe iy, AbRpk, 45 . FEAE RRIXCZE AR T CHLAHE RO FERIFSE
[3]. HrE Ak L%, 2019, 52(12) :2101-2113. ZHANG L, XU H
Q. LI L L, et al. Comparative study on CH4 emission from ratoon rice
and double—-cropping rice fields[]]. Scientia Agricultura Sinica, 2019,
52(12):2101-2113.

[13] SONG K F, ZHANG G B, YU H Y, et al. Evaluation of methane and
nitrous oxide emissions in a three—year case study on single rice and
ratoon rice paddy fields[J]. Journal of Cleaner Production, 2021, 297
(1):126650.

[14] ZRHLT, Th4e, D R A RS CHOAANO HERM]. A IE : A ]
FhE R AR KA AL, 2009 CATZ €, XU H, MA J. Methane and
nitrous oxide emissions from rice—based ecosystems[M]. Hefei: Uni-
versity of Science and Technology of China Press, 2009.

[15] IPCC. Summary for policymakers. Climate changes 2013: The physi-
cal science basis. Contribution of working group | to the fifth assess-
ment report of the intergovernmental panel on climate change[M].
Combridge : Combridge University Press, 2013:714.

[16] MOSIER A R, HALVORSON A D, REULE C A, et al. Net global
warming potential and greenhouse gas intensity in irrigated cropping
systems in northeastern Colorado[J]. Journal of Environmental Quali-
ty, 2006, 35(4) : 1584-1598.

[17] B, SR . AR R AR kX et Y HR Joe HE R PO S IR [, 0 FH A 22
i, 2003, 14 (11) : 2049-2053. JIA Z ], CAL Z C. Effects of rice

plants on methane emission from paddy fields[J]. Chinese Journal of

WWW.Qes.019.CN




m@g 2090

VRETR Rt Y £ 4155 9

Applied Ecology, 2003, 14(11) :2049-2053.

[18] LIN C W, BOLLICH P K, DELAUNE R D. Effect of rice variety on
methane emission from Lousiana rice[J]. Agriculiure, Ecosystems &
Environment, 1995, 54(1/2) :109-114.

[19] WIN E P, WIN K K, KIMURA S D, et al. Influence of rice varieties,
organic manure and water management on greenhouse gas emissions
from paddy rice soils[J]. PLoS One, 2021, 16(6) : €0253755.

[20] #x4E, ZEHLI, 2 /NP . 3 Eh 0362 X6 e FE A A a2 3 2 1

IR, A BB AR, 1999, 18(4):145-149. XU H, CAIZC,
LI X P. Effect of soil Eh and temperature on seasonal variation of CHy4
emission from rice field[]J]. Agro—Environmental Protection, 1999, 18
(4):145-149.

[21] FISK M, SANTANGELO S, MINICK K. Carbon mineralization is pro-
moted by phosphorus and reduced by nitrogen addition in the organic
horizon of northern hardwood forests[J]. Soil Biology & Biochemistry,
2015, 81:212-218.

[22] BT, B2, TR, 5. AR T &k 45 S pl
X -F 8 CHL A1 N0 HET (¥ 52 ma[J]. #3840l R, 2020, 59(15)
60-65. LUZF, GAO ZZ, LIU Z Y, et al. Effects of cover plant in
winter on Soil CHs and N>O emission under the ratoon rice system[]J].
Hubei Agricultural Sciences, 2020, 59(15) : 60-65.

(23] 2% R e P L 2 MK R i o ) 22 7 e AL SR (D). 3
M MK 2%, 2020:36-40. LIS Y. Greenhouse gas emission from
paddy field in different rice cultivars and its possible methanism[D].
Yangzhou: Yangzhou University, 2020:36-40.

[24] A, EBAG, ZHER, 45 VLR e X 2% 58 RS A i
TR B £ TR G R )], AR ROl R A, 2020, 39(3)
19-27. WU R, WANG J M, XIA S M, et al. Comprehensive evalua-
tion and screening of adaptability of mid—season hybrid rice ratooning
varieties in the middle—lower reaches of Yangtze River[J]. Journal of

Huazhong Agricultural University, 2020, 39(3) : 19-27.

1% WHART]

[25] XIONG Z Q, XING G X, ZHU Z L. Nitrous oxide and methane emis-
sions as affected by water, soil and nitrogen[J]. Pedosphere, 2007, 17
(2):146-155.

[26] T 5645, FRUN, RIS, 25 . FRAAR T SR E IS R IX 23 JZ AR
WD A AL, MR K 27412, 2021, 40(7) :51-58. DING
Z J, XU Z, TIAN Y B, et al. Reducing gas emissions from ratooning
rice field using controlled nitrogen fertilization and alternate wetting—
drying irrigation[J]. Journal of Irrigation and Drainage, 2021, 40(7) :
51-58.

[27] FENG Z Y, QIN T, DU X Z, et al. Effects of irrigation regime and rice
variety on greenhouse gas emissions and grain yields from paddy
fields in central ChinalJ]. Agricultural Water Management, 2021, 250
106380.

[28] fHi M, 2222, SHAABAN M, % . R AT A FHOGF L3RR Mg mia 1
WFT IR, o [ 4k 3@ i, 2014, 30(29) : 175-183. WU Y P,
PENG Q A, SHAABAN M, et al. Research progress of effect of straw
returning on soil microorganism[J]. Chinese Agricultural Science Bulle-
tin, 2014, 30(29) : 175-183.

[29] YAN X Y, SHI S, XING G. Pathways of N.O emission from rice paddy
soil[]]. Soil Biology and Biochemisty, 2000, 32(3) :437-440.

[30] SIMMONDS M B, ANDERS M, ADVIENTO-BORBR M A, et al. Sea-
sonal methane and nitrous oxide emissions of several rice cultivars in
direct—seeded systems|J]. Journal of Environmental Quality, 2015, 44
(1):103-114.

[31] B, R, AR . vl A A A 77 k22 RS R LR 3R (D). o
£l B2, 2020, 53(4) :707-719.  CAO Y X, ZHU J Q, HOU .
Yield gap of ratoon rice and their influence factors in ChinalJ]. Scien-
tia Agricultura Sinica, 2020, 53(4) :707-719.

[32] SONG K F, ZHANG G B, MA ], et al. Greenhouse gas emissions from
ratoon rice fields among different varieties[J]. Field Crops Research,

2022, 277:108423.
(TG - R



