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Abstract: To clarify the effects of the Chinese milk vetch (Astragalus sinicus 1., CMV) returning model on methane (CH;) emissions from

paddy fields and to optimize water management by increasing the drainage period to reduce CHy emissions, a five —year in—situ field
experiment was carried out from 2016 to 2020. Four treatments were designed, including non—fertilization + traditional water management
(draining and drying the field at the late tillering stage for seven days, CK), conventional chemical fertilizer + traditional water management
(CF), CMV + reduced nitrogen fertilizer + traditional water management (MF ), and CMV + reduced nitrogen fertilizer + optimized water
management (advancing and increasing five days on the basis of traditional water management, MEW ). The results showed that the CH,
emissions under MF treatment ranged from 542 kg+hm™+a™ to 658 kg+hm™-a™" during the rice—growing season in the five years, and the
average emissions increased by 156%~231% and 133%~196% compared with those under CK and CF treatments, respectively. Compared
to those under the MF treatment, the first peak of CH; emission (tillering stage) decayed earlier(2016, 2017, and 2019) or faster(2018 and
2020), and the annual emission significantly decreased by 16.2%~28.5% (P<0.05). Compared to those under the CF treatment, the yield
from 2018 to 2020 significantly increased by 6.85%, 10.25%, and 9.79% under the MF treatment (P<0.05). The variation coefficient of
yield under the MF treatment decreased, and the sustainability index increased. There was no significant difference between the yields of
the MF and MFW treatments. The above results indicated that CMV return had positive effect on increasing and stabilizing rice yield, but it

also increased CHs emissions. Optimized water management could effectively decrease CHa emissions caused by the return of CMV and

simultaneously maintain the yield.

Keywords: Chinese milk vetch; paddy rice; methane emissions; water management
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B . AFIE T 2016—2020 45 Ji2 , S35 4 Fif
SR PR AT AGIE 12 BE K 434 FE(CK) , R it AR JIE +
1455 K 5 & PR (CF) | 58 25 0 B e + /I el e+ B2 7K
3G TR (MF) , %8 75 9% 0 s + 80 D it + 00 1k K 4345 1
(MFW) . BEFpAbEEEE A 3 U, /X T AL 30 m*(5 mx
6 m) . L5 /K 58 Hh 4y BEAR A HE KK 1 7 d, LAk
KT R AR AL Ge S LA SR AT IR N 5 d s e
], # P L HREE 12 d. % B 45 o R (R 3R ACIR 28 Ok
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20% 43 3 Uit FH B8 S R 6 S eSS SR S e Y, 4% Ak
FELH R it A L 1. MF  MFW &b 3 20 F 45 4 K A5
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PR 85,5 J1 N AJREFIIERL, 6 7 A fs 4k, 10 J1 )
WAk FEFFASIS F K ARSI ™ J5 4oty o

F1 ZEHEREFLIEHIERE (kg-hm™)
Table 1 Applying amounts of Chinese milk vetch and chemical

fertilizer under each treatment(kg+hm™)

BEHE

SR UG H RHIE (P0G ) BE
Ab PR Applying (PAN) e (PIK,011)
. . Phosphate .
Treatment amounts of Nitrogen fortili Potash fertilizer
.. . ertilizer .
CMV fertilizer(in N) (in P0s) (in K,0)
CK 0 0 0 0
CF 0 220 80 120
MF 22 500 165 80 120
MEFW 22 500 165 80 120
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(LSD, P<0.05 2 /i &b 3 [F] 22 5 5. 2 ) , fili F Origin
2018 il [ .

2 HRESH

2.1 AEAET CHHHES

P L1 R] AT, AN R A BT KR AR K CHL HEGE
AR SR BT, CHLHERT 5 8 06 2 51 B0 K
Rt 53 BEHA AN BN, FLER— A e WA A s 2 B
T A A A ARHIE S 4 BER I CHLHEAL
X FH S AR HE B DT R R . AE KRR AT BEAR I, &4k
P CH.HE G 53 H B B N R, CK A CF &b




ER % SR I 55 25 3 R 7 1839

P CH. HEAICHE B AR b B AR — B0, KRG o BEH
MF &b 3 CH. HF il 38 & 06 (2016—2020 4 43 51 4
78.3.79.9.72.5.70.8..60.3 mg-m-h™") FIFFLE M} a] 25
B T CK.CF AL FE . 5 MF 2B AH e, MEW 23
20162017 4£F1 2019 4 55—~ CH. HE w5y 05 191 42 Aif
TEUR, 2018 41 2020 45 it T2 Il R 8 Jirl
22 AEMETERBCHLAINER ZRHENEE
CF Il CK 4b BRIA] £%-4F CH, BAHER S 8 0 B 3%
25 (K 2), MF AL CH, B HE R & 038

= 100
80
60
40

20

CH.HEHGE & CH, flux/(mg+m™+h

A5 [8] Time/d

100 20184

CH.HEHGE & CH, flux/(mg-m™2-h™)

5[] Time/d
2 80 Hbl
g
o 60F
B
=
=
= 40t
jun
o
i)
20
=
=
jun
S 0% 20 40

542~658 kg-hm™-a™", AEHE 45 CK Fil CF 4b # 53-J31)
BT 156%~231% F1 133%~196% , 3¢ ] 544 5 8t
FEHEAE LE , B0 Hs 58 2= o S 2538 0 7 e FH CHL (R R
MFW &b 3 CH, 22 FHHE B 5 1978 [ oh 455~531 kg -
hm?-a’, FEHERCE S5 MF b B A LL B 2 FRE T
16.2%~28.5% (P < 0.05) , &AL J5 B9 K 4348 Bl
Jiti RE AT 500/ B0 1 8 2 8 J e 1 CHLHE I (R 3R
FRHE R B AT SR D 5

FEAS TR 0 3 A HE R 7 T, 5 CF AR B AH E, MF

= 100
80
60
40

20

CH.HEHGE 5 CH, flux/(mg+-m™+h

FsJ 8] Time/d

100 20194

CH.HEHGE & CH, flux/(mg-m™2-h™)

i 7] Time/d

60 80 100 120
Hif 18] Time/d
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CK CF MF4bFT 5 HU5 RSN TR b=7 d s MEW 203 SR AT I I 5 d(a) , &1t atb=12d
CK, CF,and MF treatments: traditional draining and drying the field for 7 days(b)
MFW treatment: advancing and increasing 5 days(a) based on traditional management(h) , total lasting for 12 days(a+b)

B 1 AEAEAEERACHLAHRES

Figure 1 CH, flux under different treatments during rice growing season
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Figure 2 CH4 emissions in different periods and total cumulative emissions under different treatments
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Table 2 Rice yields under different treatments (kg-hm™)

A3 Treatment 2016 4F 2017 4F 2018 4F 20194F 2020 4F
CK 6 1461 086h 58931 970b 6220+1 104c 6 153+669¢ 5929+1 259¢
CF 9163+1 663a 8 862x1 679a 9 064+1 053b 8 833+716b 8 986+820b
MF 9 598+104a 9 689+1 035a 9 685+293a 9 738«117a 9 866+353a
MEFW 9 542+503a 9 622+175a 9 870+1 286a 9 775+361a 9 876x172a

- FUE R BE AR ZE (n=3) 5 [7] —F PR [RING PR OR A BRI 22 57 8 3 (P<0.05) .

Note: The data are presented as mean + standard error(n=3); Different lowercase letters in a column indicate significant difference among treatments at

P<0.05.
R3 AELEKEFELZ R RYANAHFEMEEY
Table 3 CV and SYI values of rice yield under different treatments
Jb 3 Fem BRA ik S RE(CY) A RFEEAETR R (SYD)
Treatment Highest yield/(kg+hm™) Lowest yield/(kg-hm™) Coefficient of variation/% Sustainability yield index
CK 7957.6 4034.6 17.5 0.629
CF 10 627.5 7285.9 11.7 0.744
MF 10 683.5 8 825.6 4.4 0.861
MFW 11282.7 8373.2 5.8 0.857
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FE CHLHER A A PR 22 51 7 18T, 3% 4F it FH A 49 Jog T
B S B8 i A L B o, D3 i -+ 3EAR IS Y CHL
HEAC. a1 CHEN 25958 3o 7% 252 3 a 1) H (] 32056 & 30
e B FH A 3T 6 FH Y CHL HE IR Ab T 78 48 326 801K
Bo WA PELES a BIESL PB4 BB L
B, AT RESE R A RS FFAR FH X - 35645 HLAR Y BRARL
RIETRIE LRI, R E P BIFTEE A R
Jiti 58 25 5%, 55 25 POl AR AL 3G A FH 3 TR A AL
T RN ALBAC (1) 354 I S T S SR T O A — R 2L I
[ B (7 a) BOWFIE R B, 45 = St f NE A BB
RN - R AR A LR i, DR T B 5%
YRR 23 R B R A LR IE TG CHL AR R
Heif it , R T B AR ST R AH S0 T LA
3.2 KOEEXTFEE CHHE R IS0 B AL EI

O HEAK S FH O AL 58 i e AR oA it , A F e 3
B, 5RrELWE K AH G, v HEZK % HH BB I8/ Fd B CH,
HEM . 40 LIU 255158 2k Meta 23 Hr 5% 1 2= h HEK X
CH.HETBC B 52 ), 25 5 J 0 b W HE K 0820 T 529% 1)
CH HEL . ASHIFSE 4% A B Y CHL HERLAE 23 BE I 19
HH B S SRR R A, X 2 37 R HE K 0 )
Wi, LN FERLE AT B8k . — 5 I HEZK K5 FH 358 T % H
T A SR 1 IR R B S
Uity 3 R B0, SR 1 7 G TR 1R 0 s e 2 T
il CHL AT BEBY g i 52 38 2o 0t A 56 ) RE L A
merA J& L% A 17 BB i A K S — i,
0.1 A 38, {ff CH &LV g 59800, an Sl 20
WF5E 2 BRAH He 4 5 09 7K, T8 A8 B A B AE % vl A8
H e S AL TR A RV 5, 35 CHLIH #ERE T -

5t T HAHEZK S FH 2275 53 BER M R | 17 I B
FH CH. R O 3k 3] — 2 W B, Ry ik — 25 M s HE ik
i, A S Y R A IR s ] A CHLHE
JHCRFAE FHE R G P 25 S 5B T ZEAB 48 T A HE K
95 FH 1 S ily b > 5 T 3 0 45 T ) R 805 A 2%
IC CHHE . 75 2448 92, A 55 76 65 H B Bt 1Y
CH R BESR R ARAG , — € R TR T CHL B HE =
PEASG BORE B | 5 SeIFIE 00 ARG . AR 55 = 055
SN AT LA L RE IR, BRI A R IR 5| & R
PSR, T AS B 5 v 58 2= 03 i 1 CHL AT (MF
AEFEXT E CF b3 R 1k A Ak 4348 B AILis /D
T4 CHL BT (MFW 40 316} He MF 40 3) B 2 CH,
HERC AR . T T 5 B R R s
A AR, N5 SR P HABR il , i i CHLHERUIR Y
KRR il BT S 2 4345 B A 7 B e T Y SR

1% WHART]

JEEY Bl VR (A0 Eh pH | 3 kb R R
S )0 KR TG 3 R S5 B B Cn /D B s gt
T Y AR A 2 1 AT HE KR R 451,

H CATZEMP A5 ARG H CHL A NLO A HERCEAE
4K & & (rade—off, BV & 2 1 AH 36 ) J5 |, Bl 2245 WF
FEUER] T 30— WA o 7K BH A5 % 3R] B o T A e
15 CHLHE T A9 TR B 32 85 1 N0 A9 HECR: . AR AFFT Y
KA PR it AE D8/ CHL AR [RI B, nT B2l i 52
Wi i Ak — SRS AR AR 3 m NLO HE . 2 58 48 H R
R T F G T NSO HERR (R SRS KA L
Hh A OGS AR D CHL A8 D8 HE R0 328 R F X5 NLO HETi
AR HE AR, DR It R 8 A A58 e AR e HH I = AR ) 4 3k
BRI (GWP) 4,

33 EREHMEFKSEEWN=EMN RN

R H RO R R LT A IR
GG AR Z R, 5K AR 24 SFE L 10 a /9 H ]
IRIR BT T V8 f A I T it 5% 2= e X 7K AR 7 k() 5 i)
SE LG W28 2 DA HH RE I 4R K R e TR SRk
M ERAENES . CHEN YRS & 4 7 3k
FH AE 2 2 1 R R R ™ 0 . AR v 48 1 BiA
HH A9 A PG 4F (20162017 4F ) , HOK RS 7™ 255 CF 4b 3
TCES, WG A5 3AETF IR TR B 2 08 A R B
H R RCR X A S SR A5 R A B
BB KRG B R RON , 5 LA 0 g
JE e kst A g P Ak RO a2 R FH R 45 R
W 55 3R 5008 PR AH 56 0 A W B TR M AR R
P

e A A HEK )% AL, BR T 2255 & CHLHEL
FLHE , of B % 5 /K RS XF K 43 (0 508 B . 4 TOW -
PRAYOON S8 /K F A 64 7 — Wk HE K S R
B CHHERC R 27% (B KRG 6.9% . AWF5T
W M T AL Ge HE K 8 FH A MEF A0 B AR IS 1K 43
PR Bt AEAS 5 7 B A B> T 16.2%~
28.5% [ CH HF IR , 8 e I 55 = e i IR B Al 2
PRAE T —FPA RO ik o AE At b DX BB 1A K
O3 PRAS I, IR T 256 75 18 CHLHE RO | T8
FEFIAUEER &R
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(1) 555 HLE AL HE AR L , 3522 B T 58 R IR 1T
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AR

(2)3EZE 5 a iy B8] E AR I A5 R R W] 5 2= e



L KA N T 5 SRR 1843

Jads FH S 25 800 1 A BT CHLHERCE
(3)7E M AL GeHE K % HH LAl AT K 704 BT
PAFEASSE MR KRS 7= i AT T, A 20800 CHLHERL

S 3k

[11 GUO X X, ZHAO D, ZHUANG M H, et al. Fertilizer and pesticide re-
duction in cherry tomato production to achieve multiple environmental
benefits in Guangxi, ChinalJ]. Science of the Total Environment, 2021,
793:148527.

[2]LID T, CHENG Y Q, LI T L, et al. Co—application of biogas slurry and
hydrothermal carbonization aqueous phase substitutes urea as the nitro-
gen fertilizer and mitigates ammonia volatilization from paddy soil[J].
Environmental Pollution, 2021, 287 :117340.

[3] DAL MOLIN S J, ERNANI P R, GERBER J M. Soil acidification and
nitrogen release following application of nitrogen fertilizers[J]. Commu-
nications in Soil Science and Plant Analysis, 2020, 51 (20) : 2551-
2558.

[4] ZHANG G B, SONG K F, MIAO X, et al. Nitrous oxide emissions, am-
monia volatilization, and grain—heavy metal levels during the wheat
season: Effect of partial organic substitution for chemical fertilizer{J].
Agriculture, Ecosystems and Environment, 2021, 301:10730.

[5] Fsik, WERH ., ARI0IE, 55 . SATIE AR VR AR 25 2R GE I R00% 43 B
JeWFE L)), 438, 2021, 53(2) :243-249.  WANG Q S, BO Y X,
YU K L, et al. Analysis and research prospect of effect of green manure
returning on rice cropping ecosystem[J]. Soils, 2021, 53(2) :243-249.

[6] LI Z Q, ZHANG X, XU J, et al. Green manure incorporation with reduc-
tions in chemical fertilizer inputs improves rice yield and soil organic
matter accumulation[J]. Journal of Soils and Sediments, 2020, 20(7) :
2784-2793.

(7] MBI, W TUAR, e — R, 4F ROt ()] SR, 2011,
28(1):135-140. LINXJ,CAOW D, WU Y Q, et al. Advance in As-
tragalus sinicus research[J]. Pratacultural Science, 2011, 28(1) : 135-
140.

[8] IPCC. Contribution of Working Group I to the Fifth Assessment Re-
port of the Intergovernmental Panel on Climate Change[M]. Cambridge :
Cambridge University Press, 2021.

[9] WUEBBLES D J, HAYHOE K. Atmospheric methane and global
change[J]. Earth—Sciences Reviews, 2002, 57(3) :177-210.

[10] JalJ, oAy, A, A5 e il B X VLT e A FH i = M HE
JBCRIEZ W) VL3R A 2 41, 2017, 33(2) :340-345.  ZHOU W,
ZHANG Y F, ZHU P P, et al. Effects of different cropping patterns on
greenhouse gases emissions from rice fields in the lower reaches of
Yangtze River|]]. Jiangsu Journal of Agricultural Science, 2017, 33
(2):340-345.

(L] Jal R . O e R o SR MR 5 i T L etk R A% A e
FE[D]. At 5T . v E Ll BB, 2017:21-22. ZHOU G P. The char-
acteristics of carbon and nitrogen transformation under the co—incor-
poration of rice straw and leguminous green manures in double rice
field in southern China[D]. Beijing: Chinese Academy of Agricultural
Sciences, 2017:21-22.

[12] TR, B 75 82, OB, 55 . AT IE B 2R A0 AN [R) K 40 X 32
R 256 TR 2 A R SR (1] R KRB R, 2015, 29(2) 181
190. SHANG Q Y, YANG X X, CHENG C, et al. Effects of water re-
gime on yield—scaled global warming potential under double rice—
cropping system with straw returning[J]. Chinese Journal of Rice Sci-
ence, 2015,29(2) : 181-190.

[13] CAI Z C, XING G X, YAN X Y, et al. Methane and nitrous oxide
emissions from rice paddy fields as affected by nitrogen fertilizers and
water management[J]. Plant and Soil, 1997, 196(1) : 7-14.

[14] B35 . KA TSI T2 2R AR KR 2B 1 R T
RGN D). A5t s b O B2 BE, 2021:66-67.  QIAN H
Y. Integrated effects of atmospheric CO, and main agronomic practice
on rice growth and methane emission from paddy soil[D]. Beijing: Chi-
nese Academy of Agricultural Sciences, 2021:66-67.

[15] NISHIMURA S, KIMIWADA K, YAGIOKA A, et al. Effect of inter-
mittent drainage in reduction of methane emission from paddy soils in
Hokkaido, northern Japan|J|. Soil Science and Plant Nuirition, 2020,
66(2) :360-368.

[16] SOUZA R, YIN J, CALABRESE S. Optimal drainage timing for miti-
gating methane emissions from rice paddy fields[J]. Geoderma, 2021,
394:114986.

[17] KIM S Y, GUTIERREZ J, KIM P J. Considering winter cover crop se-
lection as green manure to control methane emission during rice culti-
vation in paddy soil[J]. Agriculture, Ecosystems and Environment,
2012, 161:130-136.

(18] BLK L, BT, X, 45 . K- IO 2 AR IR 2 Ui S
L HETEHL A W FZ WA [J]. Al ALK A= 4R L 2021, 52(11) :305-314.
WEL'Y X, JI J C, LIU H, et al. Effects of water management on green-
house gas emission and soil inorganic nitrogen of dry direct seeding
rice[J]. Transactions of the Chinese Society for Agricultural Machinery,
2021, 52(11):305-314.

[19] SHAW G, ATKINSON B, MEREDITH W, et al. Quantifying *CH,
migration and fate following sub—surface release to an agricultural soil
[J]. Journal of Environmental Radioactivity, 2014, 133 :18-23.

[20] VLI, BRI, TR TLAE . AKREATRRAR A X e R Joe HE Tk 9 5% o G
BU R B 58k e ()], o [ AR 25l 2 4R, 2018, 26(2) £ 175-181.
JIANG Y, GUAN D H, ZHANG W J. The effect of rice plant traits on
methane emissions from paddy fields: A review[J]. Chinese Journal of
Eco—Agriculture, 2018, 26(2) : 175-181.

[20] A ZREH, 02, B B, A5 . U I DT e 1 e 1 o R P 2 MR
HEHORK A ™ B RS2 A )], FREERE 22 ], 2019, 39(7) £ 2306
2314. CUIRY,LIU H B, MAO K M, et al. Effects of rice—duck mu-
tualism on greenhouse gas emissions and rice yields from paddy fields
in Erhai basin[J]. Acta Scientiae Circumstantiae, 2019, 39(7) :2306—
2314.

[22] X3, B, #0655 . KT H R iR KA K PSRRI A
JEACP XA FHCHL HE RS2 A [T, HP B Aol B, 2019, 52(14)
2484-2499. LIU S'W, YIN M, CHU G, et al. Effects of various pad-
dy-upland crop rotations and nitrogen fertilizer levels on CH4 emis-
sion in the middle and lower reaches of the Yangtze River[J]. Scientia

Agricultura Sinica, 2019, 52(14):2484-2499.

WWW.Qes.019.CN




nes 1844

URETR Rt Y £ 4155 81

[23] KIM S Y, LEE C H, GUTIERREZ ], et al. Contribution of winter cov-
er crop amendments on global warming potential in rice paddy soil
during cultivation[]]. Plant and Soil, 2013, 366(1):273-286.

[24] ZHOU G P, GAO S J, XU C X, et al. Co—incorporation of Chinese
milk vetch (Astragalus sinicus 1..) and rice (Oryza sativa 1.) straw
minimizes CH, emissions by changing the methanogenic and methano-
trophic communities in a paddy soil[J]. European Journal of Soil Sci-
ence, 2020, 71(5) :924-939.

[25] R, 1308, AN s, 45 . AN 4 227 5 1 o0 A FEH g R4
A ZHE Y 52 [, B AR S 2% 4, 2010, 21(12) :3191-3199.
TANG H M, TANG W G, SHUAI X Q, et al. Effects of winter cover
crop on methane and nitrous oxide emission from paddy field[J]. Chi-
nese Journal of Applied Ecology, 2010, 21(12) :3191-3199.

[26] MA Q Y, LI ] W, AAMER M, et al. Increasing methane (CH,) emis-
sions and altering rhizosphere microbial diversity in paddy soil by
combining Chinese milk vetch and rice straw[]]. Peer/, 2020, 8:
€9653.

[27] L1 J, WANG S, SHI Y L, et al. Do fallow season cover crops increase
N,O or CHs4 emission from paddy soils in the mono-rice cropping sys-
tem?[]J]. Agronomy, 2021, 11(2):199.

[28] CHEN D, WANG C, SHEN ], et al. Response of CH, emissions to
straw and biochar applications in double-rice cropping systems: In-
sights from observations and modeling[J|. Environmental Pollution,
2018, 235:95-103.

[29] RELL, £ R, #EH U1 5 AR S REAT I8 X KR ik ok
st BT N L ST 3 RS R D). R IR S AR A A, 2021, 27 (1)
1926-1937. WU Y H, WANG L, CUL Y Z, et al. Rice yield, quality,
and soil fertility in response to straw incorporation and rotation pattern
[J]. Journal of Plant Nutrition and Fertilizers, 2021, 27 (11) : 1926~
1937.

[30] A, ® TR, P, 45 . 2R8I ERT N AR AR
Xof PR A AT WL 2 mT PR BLST RS2 (], o B otk Bk,
2016, 49(21) : 4096-4106. ZHOU G P, CAO W D, BAI J S, et al.
Effects of different fertilization levels on soil organic matter and dis-
solved organic matter in two paddy soils after multi—years’ rotation of
Chinese milk vetch and double—cropping rice[J]. Scientia Agricultura
Sinica, 2016, 49(21) : 4096-4106.

[31]1 LIU X Y, ZHOU T, LIU Y, et al. Effect of mid—season drainage on
CH, and N,O emission and grain yield in rice ecosystem: A meta—
analysis|J|. Agricultural Water Management, 2019, 213:1028-1035.

[32] T 4, ZEAHI . 138 HLIBTRISMEA LY X HE e 7 A= 1 5 ],
A A4 4iE, 2002, 22(10) : 1672-1679. DING W X, CAI Z C. Ef-
fects of soil organic matter and exogenous organic materials on meth-
ane production in and emission from wetlands[J]. Acta Ecologica Sini-
ca, 2002, 22(10):1672-1679.

[33] 7. TifEFF, CONRAD RALF, 55 . 1] Bl 8 142 e N it P el e 1
b R B R AR MR L] 3, 2017, 49(6) :1132-1139. I
Y., YU H Y, CONRAD R, et al. Effect of intermittent irrigation and
controlled —release fertilizer on methanogenic microbial communities
in paddy soil[J]. Seil, 2017, 49(6) : 1132-1139.

[34] 5K IETY, BREARL, sRkA% Mk, 45 . K REATLAR AL K ol 7 FHFE e 0 4L £

1% WHART]

U HE Y 5 R D). Ak TR 2% ), 2015, 31(14) 2 232241,
ZHANG Y F, CHEN L G, ZHANG C S, et al. Influence of rice me-
chanical planting methods on methane and nitrous oxide emissions
from paddy field[]]. Transactions of the Chinese Society of Agricultural
Engineering, 2015, 31(14):232-241.

[35] S0, I 42, W05, 55 . A HH K 435 SRR A1 3 FE G e HE i
A R )], Al TRRA 4R, 2016, 32 (4 112) :69-76. WU
N, HOU H J, TANG Y F, et al. Methane—related mierobe influenced
by water management and rile straw returning in paddy soil[J]. Trans-
actions of the Chinese Society of Agricultural Engineering, 2016, 32
(Suppl 2) :69-76.

[36] HU A'Y, TANG T T, LIU Q. Nitrogen use efficiency in different rice—
based rotations in southern ChinalJ|. Nutrient Cycling in Agroecosys-
tems, 2018, 112(1) : 75-86.

[37] A SC T, R, EhIR, 55 A RDKAE S A e HE S - S Y
SR AR IR 244, 2020, 39(11):2675-2682. ZHOU W
T, GE ] M, WANG B R, et al. Relationship between methane emis-
sions and soil enzymes of different rice varieties|J]. Journal of Agro—
Environment Science, 2020, 39(11) :2675-2682.

[38] BHARALI A, BARUAH K K, BARUAH G S, et al. Impacts of inte-
grated nutrient management on methane emission, global warming po-
tential and carbon storage capacity in rice grown in a northeast India
soil[J]]. Environmental Science and Pollution Research, 2018, 25(6) :
5889-5901.

[39] XU X Y, ZHANG M M, XIONG Y S, et al. The influence of soil tem-
perature, methanogens and methanotrophs on methane emissions from
cold waterlogged paddy fields[J]. Journal of Environmental Manage-
ment, 2020, 264:110421.

[40] SRIPHIROM P, CHIDTHAISONG A, YAGI K, et al. Effects of bio-
char on methane emission, grain yield, and soil in rice cultivation in
Thailand[J]. Carbon Management, 2021, 12(2) : 109-121.

[41] BCEL, 84 B3 %, 7 75 02, 55 . ASFAEE T 200 e e LY S i
&SRR EE B2 )], SRR 23R, 2015, 35(6) : 1887-1895.
CHENG C, ZENG Y J, YANG X X, et al. Effect of different tillage
methods on net global warming potential and greenhouse gas intensity
indouble rice~cropping systems|J|. Acta Scientiae Circumstantiae,2015,
35(6):1887-1895.

[42] AW, FRAKAE, 289, 45 T /K HE B AN 1A BN il FHARS & 1 B X B
ZE R H CHL I N0 HERL A B2 0[], FRETRR%, 2021, 42(12) : 6025-
6037. WANG Y M, XU Y J, J1'Y, et al. Coupling effects of water—
saving irrigation and controlled —release fertilizer (CRF) application
on CH4 and N,O emission in single cropping paddy field[J]. Environ-
mental Science, 2021, 42(12) :6025-6037.

[43] HAQUE M M, KIM G W, KIM P J, et al. Comparison of net global
warming potential between continuous flooding and midseason drain-
age in monsoon region paddy during rice cropping|J]. Field Crops Re-
search, 2016, 193:133-142.

[44] B g, Bive T, ZEAHERS . 14 F -1l & ~CURBHE A A ALAR (]
SE B TS B T I R BRI AR FRBERE A7 241, 2020, 39(4) - 834~
841. XIA L L, YAN XY, CAIZ C. Research progress and prospect

of greenhouse gas mitigation and soil carbon sequestration in crop-



P, A5 < JE AR T R[]0 5 2 S 8 e Y e HE T 1845

lands of China[J]. Journal of Agro—Environment Science, 2020, 39(4) :
834-841.

[45] i iE, B TR, FAI, 45 AR A RN 4 N i 213 e 1 L 36
AW E YR RREL)). 2SR AR, 2015, 52(4) :902-910. GAO S,
CAO W D, BAI J S, et al. Long—term application of winter green ma-
nures changed the soil microbial biomass properties in red paddy soil
[J]. Acta Pedologica Sinica, 2015, 52(4) :902-910.

[46] TR, B P, X, 45 it I P it 28 25 B %) K R AR
SEVEIRE R D). A4z, 2021, 35(3) :704-713.  ZHANG C L,
LU Y H, LIU C Z, et al. Effects of combination of reduced chemical
fertilizer and Chinese milk vetch on rice yield stability[J]. Journal of
Nuclear Agricultural Sciences, 2021, 35(3) :704-713.

[47] CHEN J R, QIN W J, CHEN X F, et al. Application of Chinese milk
vetch affects rice yield and soil productivity in a subtropical double—
rice cropping system[J]. Journal of Integrative Agriculture, 2020, 19
(8):2116-2126.

[48] FEAZ, E AT, MU, 45 S8R Yl I XA e B et o 1 1
S]] 4755 2038, 2015, 34(11) :3086-3093.  TANG S, WANG
Y Q, ZHAO J ], et al. Effects of milk vetch application on double
cropping rice yield and yield stability[]J]. Chinese Journal of Ecology,
2015, 34(11) :3086-3093.

[49] FHY, TR B0, J R, 55 . 4 LR I 48 25 St AR A o 71 g
FLARE L B e AR 3 R R (). R TR SR A
2021, 27(10) : 1735-1745.  WANG Y, XU C X, ZHOU G P, et al.
Effects of long—term incorporation of milk vetch combined with reduc-

tion of chemical fertilizer on yield, quality and soil fertility of early

rice in JiangxilJ]. Journal of Plant Nutrition and Fertilizers, 2021, 27
(10):1735-1745.

[SO] MIJFRE, SR, 304, 4 K R YA R BT 8k )k FE )™
i LG R T2 Br ). b DK AR, 2021, 35(3):291-
302. LIUKL, HANTF, LI W ], et al. Analysis on the key factors of
soil physicochemical properties responsible for changes in rice yield
with Chinese milk vetch turned over for different years[J]. Chinese
Journal of Rice Science, 2021, 35(3):291-302.

[51] QIAO J, ZHAO D, ZHOU W, et al. Sustained rice yields and de-
creased N runoff in a rice—wheat cropping system by replacing wheat
with Chinese milk vetch and sharply reducing fertilizer use[J]. Envi-
ronmental Pollution, 2021, 288:117722.

[52] SRazH, BRI IR, A T, 45 K WTA MLE N4 e 20 et K RS A=
SRR R KRR 77 ) SR o E LR (). R B 3R S IR A
2020, 26(3):492-501. GUO Q K, LIANG G Q, ZHOU W, et al. Mi-
crobiological mechanism of long—term organic fertilization on improv-
ing soil biological properties and double rice yields in red paddy soil
[J1. Journal of Plant Nutrition and Fertilizers, 2020, 26(3) :492-501.

[53] i 1 . SEPRIAE 1) 5 25 Bl A P AR A Al S H A ™ TS g R

HLEE[D]. B b Ak K2, 2016:105-107.  XIE Z J. Nitrogen
transformation and productivity of paddy field influenced by catch
crop (Astragalus sinicus 1..) [D]. Wuhan: Huazhong Agricultural Uni-
versity, 2016:105-107.

[54] TOWPRAYOON S, SMAKGAHN K, POONKAEW S. Mitigation of
methane and nitrous oxide emissions from drained irrigated rice fields

[J]. Chemosphere, 2005, 59(11) : 1547-1556.
(TG4 - )

WWW.Qes.019.CN




