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Abstract: Stable growth in grain production plays a vital role in safeguarding China's food security. Given the continued
decline in arable land area and the slow increase in yield per unit area, spring maize-late rice rotation system has emerged
as an effective strategy to increase annual productivity through increasing cropping frequency. As a representative
paddy-upland rotation system, the maize-rice system demonstrates superior annual energy-equivalent yield compared to
other rice-based systems, with the late rice season exhibiting higher yield than the single-cropping late rice system. This
work reviewed the current production status of the spring maize-late rice rotation and systematically analyzed its
agronomic advantages, including its impacts on soil physicochemical properties, yield stability, resource use efficiency,
and greenhouse gas emission patterns. Furthermore, we discuss potential approaches for improving productivity and
achieving sustainable development in this rotation system. These findings provide theoretical support for optimizing
high-yield cultivation techniques and promoting the large-scale adoption of this cropping pattern.
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Fig. 3. Comparison of CH4 emission, N2O emission, CO2 emission, and global warming potential of late rice season and the
whole year between spring maize-late rice and double cropping rice systems!!7> 34 42, 48,521

PRHEBUIR . Bl R A A

5 MEglsRESH

g5 LT, B TOR-Mp AR R VR A i g TR

REPETERE, MMFEER T IEAE N, @
AR, BRI e A,
ff EIEE PR S EFC. AR, S5XERE
A b, 2 K- A = ) i 4 P i P 3 i 3.29
t/hm?, H47/= 22.3%, ffHEFEEE= &M 0.85



RIS : F FOR-MERBE AR UM SR & R BT 9T DUIR. PRl e

t/hm?, PRI P I8N 12.0%. T K-HERg st = n]
DABF(Re R IR 2, B B I =R IR
R, 5XEREAML, FEK-mREisil s 2
P T R REZE NG IR A RER Kok 4y R
K, BTG 5595.98 jt/hm?. AL, 5
MR R L, R K- R TS 2 CH,
HEBCE PR, 3847 et B 2 PR, b
TR, MR ESARHERR . BRI s A A
. R, HET R B TR E
WAFFT, Kz QR FE R =ML P2 i 1P &
TR b, T, AR THEEXK
-6 A AR AT 78 R AR AR A R 1) T LK I 8, R T A
KRBT A I LA
51 FEKR-BERIEERINNE=NER=EED
KRR

F Bk 5K R AT DL 3 B e RS R R
Rire &, XEZ MR AR T/ AR S
T MRS IR IR A SRR R R, R
ZEfh e8], AR, RIE-FR AR K FEAE I
Tema RSEMLAIE AR B, XPRERRAR R AR
SR MANE R . AN, KK BERIET, g
AR SO QAT A, 2R AR AR KR AR 1)
PR SR 4 A fRE— PR 5T .
HAT, EF0HETK-Me R, [ Ah i A KA R
BT JE A B K- KRS I A 7= i ok BTt
2 [a)e4 651, T E Y, X TE KM A AR S
T STV OSBRI DX IR T 7T B 0
DRI, A2 ABE QP 3 7 2 ) % R ) 34 7 1) S Bk
O R RPN AU 7 A 2 7 I A YA S i = LK T ) ENE Y =T R
QI & A7 B A R A
52 HFHEK-BERIEEANRMEERIER

TEFR FOR-Mp B A U = R H AR R, JE R
e R S A DG BReO), —fokil, FORRLEREEF
78 120 d AN, HEALEGE 0 SR e s of, g
FENGE A BIATE 125 d WIILR AP . BETANE
T X BRI AE = KA 7, W T AR S 24
iR 2B 7 R s 2 DC G B AR R K AR K RS Ak 5|
N i P IAAE K b CASE AR S ) v e i i, iR
BRI e 5T &
53 EEK-BEREEX THRBTLES IR
3

TEIFEAT SEEE M. B BRI, FEFF
CH D AR &2, HHERwEE L
A B (SMB) LA TG L7, TR EVEY AR K
PEEED = g108 1, F K-, WEE

287

MUK, FTARFRATER, R R, AFTK
AR M A B 0 H KA AT AR 78 70 8 A 2 Aok
JE A A AR KRR ARG, IRAKAE TR Y
0, S, AR AR R H HES ORT A
AR EE EARIR S, 199K IR 2. ik,
ARG AT I IS FRPR BRSO3 WA 55 F Bt
Pe B SRR B RIS F W, REATIE BGTIas . 75
A FJa B AR 32 24 i i DA K2 A6 A B x4 438
BAC PRI (52 th 75 E ik — B IR T
54 FER-BEREEISTSIERTHARH
1

RREERTRALNR, (WA B R
WO A BB s = R KRR H AR, AT
IKAE/EAR BN, FIK-B R R T £k
FH G EZHE . KIEE S EEEEN. A, 7
A mie, TORBGREA S TRAUA#, 5
R KRB ERMER, B L. i,
A e AR A O T RRAR A [ i R LA AN 2E
BRI A T I ZA R AR BN A
ST T HORERRIT T AN 22 5 i 22 N0 A 3 A 2% 1 4
ARSI ROR . ok BRI, AR TR KR
ToR-BE AR A s AR S, (et K RFsk
J&, I N4 Ja 1A 2 ] 4 e e AR = SRR AR S
.

SEHL:

[1] Peng S B, Tang Q Y, Zou Y B. Current status and
challenges of rice production in China [J]. Plant
Production Science, 2009, 12(1): 3-8.

[2] Ray D K, Foley J A. Increasing global crop harvest
frequency: Recent trends and future directions[J].
Environmental ~ Research  Letters, 2013,  8(4):
44041-44050.

(3]  Wordh. HE KA S T O SR D). AR %
£, 1998(5): 7-12.

Dai J R. Prospects and countermeasures of maize
production development in China[J]. Crops, 1998(5):
7-12. (in Chinese with English abstract)

[4] JEE, B, XGE, RS, WIEE TR E &

PRI ERA T RHEOKE X S [I]. bR R, 2010,
49(4): 802-806.
Zhan M, Zhao M, Liu Y Z, Xu S Z. Enhance maize
production technology, alleviate the contradiction
between production and demands of maize in Hubei
Province[J]. Hubei Agricultural Sciences, 2010, 49(4):
802-806. (in Chinese with English abstract)

(51 w2277, AROCHE. B0 o [ i o) B2 5 5 R (0],
BHE 5855, 1999(4): 2-5.


https://kns.cnki.net/kcms2/article/abstract?v=ifIT5_n5_GfhBlU-ha-F3ZeHThon-EImpTx_XzUBfqBWw5-X9QZL6D1_3S5MWo7v29fV1Sj4O1tnxqYX4w0yB4GtHzTFdStGHlOItKRctz0mDTGJBDn--S-CKL8qA2x5-c8JSl5r88OTIO2-24rXUUoDb391ulLYJFjO-KraNR-ZkkGVVN6bU8uFMFbQDi1G&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ifIT5_n5_GfhBlU-ha-F3ZeHThon-EImpTx_XzUBfqBWw5-X9QZL6D1_3S5MWo7v29fV1Sj4O1tnxqYX4w0yB4GtHzTFdStGHlOItKRctz0mDTGJBDn--S-CKL8qA2x5-c8JSl5r88OTIO2-24rXUUoDb391ulLYJFjO-KraNR-ZkkGVVN6bU8uFMFbQDi1G&uniplatform=NZKPT&language=CHS

288

[11]

Wu L F, Zhu W S. On the reform and development of
planting system in China[J].
1999(4): 2-5.

FINFL, W, WBE, ZRME, XEH, KK A
R0 B 77 VR 7= 8 R SRR R BB (7). 1R
IRE, 2021(1): 68-73.

Gong S L, Cao P, Gao Z Z, Li C W, Liu Z Y, Zhu B.
Effects of cropping patterns on crop yield and resource
utilization efficiency in Southern China [J]. Crops,
2021(1): 68-73. (in Chinese with English abstract)
PSRIK. KU Ag AN R 2 A & BHEA
R S8 1 22 e LR [D]. UL b kol
K2, 2023.

Huang J D. Yield, resource use efficiency and carbon

Tillage and Cultivation,

footprint of different crop rotation systems in the paddy
field of middle reaches of Yangtze River, China [D].
Wuhan: Huazhong Agricultural University, 2023. (in
Chinese with English abstract)

FRA, BHEN. TERIEE R T UER X Z A
WEEBERARI]. HAABEFAR, 2009, 24(1): 58-65.
Xin L J, Li X B. Changes of multiple cropping in double
cropping rice area of Southern China and its policy
implications[J]. Journal of Natural Resources, 2009,
24(1): 58-65. (in Chinese with English abstract)

IR, ZEREAE . AT T XA R SR T s F) ] e
S5 Bk Fadk, 2010, 16(19): 72-73.

Xu H S, Li P D. Problems and suggestions for the
development of double-cropping rice in the middle and
lower reaches of Yangtze River[J]. Anhui Agricultural
Science Bulletin, 2010, 16(19): 72-73. (in Chinese with
English abstract)

K. YLIFVRTLHE X LLAR £ K 0 22 76 e AR A
FEWFFL[I]. AR EA @R, 2003(6): 105-109.

Liu J. Study on multi-efficient planting system with
spring maize as the center in Jiangsu region [J]. Chinese
Agricultural Science Bulletin, 2003(6): 105-109. (in
Chinese with English abstract)

X, tR2z, AR, R, FiRE. INIREX 2
P A R OK Y BOB R AR BOR (0], T T3 AR S 4R
2001(1): 13-18.

LiuJ, Xu S A, Zhou G Y, Shen J G, Lu H H. Cultivation
techniques for multi-cropping spring maize with plastic
film covered at two stages in paddy region along Yangtze
River [J]. Jiangsu Journal of Agricultural Sciences,
2001(1): 13-18. (in Chinese with English abstract)
R, H/RE, RE, EHHM, 7, EAE, F
HEor, Brhle, WEE, BE B, KILPEARE
T AR A B K R AR ) LU AL (0], AR
224, 2015, 41(10): 1537-1547.

LiSY, Tian S Y, Yuan GY, Ge ] Z, Xu Y, Wang M Y,
Cao C G, Zhai Z B, Ling X X, Zhan M, Zhao M.
Comparison of yield and resource utilization efficiency
among different maize and rice cropping systems in
Middle Reaches of Yangtze River [J]. Acta Agronomica

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

rF [E K FERL2£(Chin J Rice Sci) 5540455 3 1 (2026 4E5 A)

Sinica, 2015, 41(10):
English abstract)
ZR/INGR . P 75 B AR T K- e A K BRI Rk
J A IRBFD]. Kb Rk oK 2, 2011.
Li X Y. Study on Resource use efficiency and Relative

1537-1547. (in Chinese with

advantage of Productivity in Spring maize-later rice
planting model on South China paddy field [D].
Changsha: Hunan Agricultural University, 2011. (in
Chinese with English abstract)

ZERKE. B A TOR-BE ARG R A R 2O IR U AL 1Y
SZURZUSI[D]. B TR, 2020.

Jiang Z H. Effect of spring maize-late rice rotation on the
transformation of soil carbon and nitrogen in the paddy
field [D]. Hangzhou: Zhejiang University, 2020. (in
Chinese with English abstract)

SRR B, AR 2R G0 BN A 7E 1A 1 E B AL
[D]. B0 kR, 2016.

Yuan G Y. Investigation on distribution of phosphate
between crops [D]. Wuhan:
Huazhong Agricultural University, 2016. (in Chinese
with English abstract)

FEF. EREAE T REAT AR IE B A R I A A AL
I RN AT FE[D]. il R rpalk k2, 2020.

Han Y L. Effects of straw return on soil fertility and

in maize-rice system

potassium fertilizer reduction in maize-rice cropping
system [D]. Wuhan: Huazhong Agricultural University,
2020. (in Chinese with English abstract)

JRE, B, 2RI, HDRH, REE, B, B
Fo, WEE. KL oK 2 g Qa0 B SRR 7y
PriCY/h R . AF 2 B 5 B SO % 4
EERIR IR SR, WIR KD M EEY £, 2015: 12
Zhan M, Zhao M, Li S Y, Li S Y, Tian S Y, Yuan G Y, Ge
J Z, Zhai Z B, Ling X X. Model innovation and effect
analysis of maize multi-cropping in middle reaches of
Yangtze River [C]//China Crop Society. Proceedings of
the Summit Forum on Crop Multi-cropping and National
Grain and Oil Security. Changsha, Hunan: China Crop
Society, 2015: 12.

WRENZE, T3, mofe. EFORA AL, EH5H
HFAHTI]. FERITHES XK, 2019, 40(1): 7-16.
Chen Y J, Wang Q Q, Xiang Y. Analysis on the status,
superiority and self-sufficiency ratio of maize in China
[J]. Chinese Journal of Agricultural Resources and
Regional Planning, 2019, 40(1): 7-16. (in Chinese with
English abstract)

FIERL, FRERVE, R, AR, R E, BB, &
B K it BT BIR v R R AT BT B K S ).
TKEE, 2001(2): 3-7.

Shi D Q, Guo Q F, Wang L M, Meng Z D, Wen Y C, Guo
Z. The situation of maize quality and development
priority of high quality food maize in China [J]. Journal
of Maize Sciences, 2001(2): 3-7. (in Chinese with English
abstract)

wK Y, GIRF, B, Fal, xkar, R



RIS : F FOR-MERBE AR UM SR & R BT 9T DUIR. PRl e

(21]

[22]

(23]

[25]

[26]

[29]

[30]

1997-2020 4[5 K Ff 1 1 A 5 7 | A2 A 73 #r ]
TEYIIEFE, 2024, 38(4): 329-333.

Zhang A N, Zeng Q P, Tian F, Luo H B, Liu S Q, Deng
M. Analysis on the changes of maize sown area and yield
in China from 1997 to 2020 [J]. Crop Research, 2024,
38(4): 329-333. (in Chinese with English abstract)

WAk E g R, ERgG R A S #deg
2023 4 [ R 28 5 AL 2 KR Gt i & i [EB/OLY).
[2024-03-26][2024-12-20],  https://media.hubei.gov.cn/
zyxmt/push/weixin/202403/t20240327 5135870.shtml.
Agus F, Andrade J F, Edreira J I R, Deng N, Purwantomo
D K G, Agustiani N, Aristya V E, Batubara S F,
Herniwati, Hosang E Y. Yield gaps in intensive
rice-maize cropping sequences in the humid tropics of
Indonesia [J]. Field Crops Research, 2019, 237: 12-22.
Ali M Y, Waddington S R, Timsina J, Hodson D P, Dixon
J. Maize-rice cropping systems in Bangladesh: Status and
research needs [J]. Journal of Agricultural Science and
Technology, 2008, 3: 16.

Breidenbach B, Blaser M B, Klose M, Conrad R. Crop
rotation of flooded rice with upland maize impacts the
resident and active methanogenic microbial community
[J1.  Environmental 2016, 18(9):
2868-2885.

Breidenbach B, Brenzinger K, Brandt F B, Blaser M B,
Conrad R. The effect of crop rotation between wetland

Microbiology,

rice and up land maize on the microbial communities
associated with roots [J]. Plant and Soil, 2017, 419:
435-445.

Food and Agriculture Organization of the United
Nations. Save and grow in practice: Maize, rice, wheat:
A guide to sustainable cereal production[R].
[2016-01-18]. http://www.fao.org/publications/save-and-
grow/maize-rice-wheat/en/.

Osmond C B, Winter K, Ziegler H. Functional
significance of different pathways of CO: fixation in
photosynthesis[M]//Lange O L, Nobel P S, Osmond C B.
Encyclopedia of Plant Physiology. Berlin: Springer
Verlag, 1982, 12B: 479-547.

Jat M L, Chakraborty D, Ladha J K, Rana D S, Gathala
M L, McDonald A, Gerard B. Conservation agriculture
for sustainable intensification in South Asia [J]. Nature
Sustainability, 2020, 3: 336-343.

RRIE, ), TR, i, SRS PEETS
78 X T oK - A A 2 A ST A SR [D]. VL5 ARk o
i, 1997(4): 25-29.

Zhao Q J, Zheng J C, Bian X M, Li P P, Zhang X G.
Establishment and practice on maize-rice cropping model
in paddy area of Sourthern China [J]. Jiangsu Journal of
Agricultural Sciences, 1997(4): 25-29. (in Chinese with
English abstract)

Jiang Z H, Cui H, Lin ] D, Mo C Y, Liu Y Z, Li Y F,
Yang J P. In corporation of spring maize into paddy fields
increased nitrogen up take in late rice by enhancing soil

[31]

[32]

[33]

[34]

[33]

[36]

(37]

[38]

[39]

[40]

289

nitrogen supply: Field SN tracer studies [J]. Field Crops
Research, 2023, 299: 108990.

Sun M, Zhan M, Zhao M, Tang L L, Qin M G, Cao C G,
Cai M L, Jiang Y, Liu Z H. Maize and rice double
cropping benefits carbon footprint and soil carbon budget
in paddy field [J]. Field Crops Research, 2019, 243:
107620.

Reeves TG, Thomas G, Ramsay G. Save and grow in
practice: maize, rice, wheat. A guide to sustainable real
production. FAO, 2016.

E7T7, mM, AR, BR. BHEKHKRREN L
BNE ST RIFEMa AT FT[T]. PO R AL R A2 4R AR RL
JiZ, 2003: 514-517+521.

Wang Z F, Gao M, Qin J C, Ci E. Effect of long-term
paddy-upland rotation on soil fertility of paddy fields[J].
Journal of Southwest University: Natural Science
Edition, 2003: 514-517+521. (in Chinese with English
abstract)

IV, KRR BRSO i = TR HE U L
WFEZ R BT [D]. B HErp Al Rz, 2018,

Sun M. Study on the difference in soil greenhouse gases
emission and soil physicochemical properties between
maize-rice rotation and double rice cropping patterns [D].
Wuhan: Huazhong Agricultural University, 2018. (in
Chinese with English abstract)

S E. ARG N LI B S
HMARCER D], 3 Rk, 2024,

Zhu ZG. Effects of different planting patterns on soil
physicochemical properties, yield and nutrient use
efficiency [D]. Wuhan: Huazhong  Agricultural
University, 2024. (in Chinese with English abstract)
Dong J, Shao F, Zhang L, Jiang C, Zu C. Effects of
tillage patterns on physical and chemical properties of
paddy soils and economic efficiency [J]. Soils, 2015, 47:
509-514.

Han Y, Ma W, Zhou B, Yang X, Salah A, Li C, Cao C,
Zhan M, Zhao M. Effects of straw-return method for the
maize-rice rotation system on soil properties and crop
yields [J]. Agronomy, 2020, 10: 461.

Witt C, Cassman K G, Olk D C, Biker U, Liboon S P,
Samson M I, Ottow J C G. Crop rotation and residue
management effects on carbon sequestration, nitrogen
cycling and productivity of irrigated rice systems [J].
Plant Soil, 2000, 225: 263-278.

Huang G Q, Wang S B. Improving soil fertility through
rice-wheat rotation in subtropical China: A meta-analysis
[J]. Agronomy Journal, 2020, 112(4): 2567-2578.

Yadav R L, Dwivedi B S, Pandey P S. Rice-wheat
cropping system: Assessment of sustainability under
green manuring and chemical fertilizer inputs [J]. Field
Crops Research, 2000, 65(1): 15-30.

TIEZR. E-TEEERE R G AT =R AL
BRITERIZ 52 [D]. B el kKo, 2019,

Fang X D. Comparison of contribution of previous



290

[42]

[43]

[44]

[45]

[47]

crop-derived carbon to soil organic carbon [D]. Wuhan:
Huazhong Agricultural University, 2019. (in Chinese
with English abstract)

ZHT. K-FEE R R S AR S EIR UK
MR Z AT FE[D]. B Rl Rz, 2020.

Qin M G. Study on Difference of soil organic carbon and
nitrogen utilization between maize-rice rotation and
double rice cropping system [D].
Agricultural University, 2020. (in Chinese with English
abstract)

WA, RO, HORE, R, B, BiER -
BMEAEAO RS R G BRI T RIAE R STt ).
Fp [ A 22 R, 2016, 32(4): 171-178.

Bian X L, Zhao W L, Yue Z H, Wang H Y, Jiao H, Sui H
X. Research process of soil enzymes effect on carbon and

Wuhan: Huazhong

nitrogen cycle in agricultural ecosystem [J]. Chinese
Agricultural Science Bulletin, 2016, 32(4): 171-178. (in
Chinese with English abstract)

skocg, LA, BNy, TR, PERER, WL, AF
MAEfer it Bl v o v B SR A PR 33 A L 2L
73 J e 5 B 3 PR AL G R (D], 54 4 X L BIF 5

2017, 35(1): 1-7.

Zhang Y Y, Cai L Q, Wu J, Qi P, Luo Z Z, Zhang R Z.
The relationship between soil labile organic carbon
fractions and the enzyme activities under different tillage
in the
Province[J]. Agricultural Research in the Arid Areas,
2017, 35(1): 1-7. (in Chinese with English abstract)

i, AR, SRR, WK, k&R ARBPHETT
Xof T 3B s W TR B B 1 B SR ATT E (D], R
FHAEZS 541, 2004(7): 1177-1181.

Gao M, Zhou B T, Wei C F, Xie D T, Zhang L. Effect of

tillage system on soil animal, microorganism and enzyme

measures Loess Plateau of central Gansu

activity in paddy field [J]. Chinese Journal of Applied
Ecology, 2004(7): 1177-1181. (in Chinese with English
abstract)

R, MR EE 73 B A AR Br 5 AR By
IR R LA WAL [D]. B LR
2019.

Wu Y X Y. Effects of planting pattern and nitrogen
distribution on rhizosphere and non-rhizosphere soil
nitrogen and microorganisms in rice field [D]. Hangzhou:
Zhejiang University, 2019. (in Chinese with English
abstract)

A, VLR, TRAREN, S, XEZE K FRE
RGAEY IR o B BRG], B A3 =4, 2008,
19(2): 424-432.

Fan M S, Jiang R F, Zhang F S, Lt S H, Liu X J.
Nutrient management strategy of paddy rice-upland crop
rotation system [J]. Chinese Journal of Applied Ecology,
2008, 19(2): 424-432. (in Chinese with English abstract)

[48]

[49]

[50]

[51]

(52]

(53]

[54]

rF [E K FERL2£(Chin J Rice Sci) 5540455 3 1 (2026 4E5 A)

BB, R R Gl 3 R RO 3 SR 7t
[D]. Ui kR, 2015.

Tian S Y. Study on greenhouse gases emissions and soil
carbon budget in maize and rice rotation field [D].
Wuhan: Huazhong Agricultural University, 2015. (in
Chinese with English abstract)

bR, ettor, i, Bril, BEMNK, SR, &
LU, P, R, R T R REHTIX SRS B KK
TEFCAE T - VE M) R G It U T A 2], o
AL, 2024, 57(10): 1979-1994.

Fang K R, Long S P, Peng S W, Chen S, Liao Y L, Xu X
P, Zhao S C, Qiu S J, He P, Zhou W. Response of
soil-crop system to different nitrogen fertilization
practices under maize and rice cropping system in the
paddy soil of Dongting Lake Plain [J]. Scientia
Agricultura Sinica, 2024, 57(10): 1979-1994. (in Chinese
with English abstract)

ZUH, LA, FHOk. TR EX B RUKTER R 4007
IR Feia A )], LR, 2010,
47(1): 107-114.

Yan J, Shen Q R, Yin B. Effects of nitrogen application
rate on uptake, translocation and use of nitrogen by rice
germplasm 4007 high in nitrogen use efficiency [J]. Acta
Pedologica Sinica, 2010, 47(1): 107-114. (in Chinese
with English abstract)

REEL, MREK, B, Y, B, B, RE,
AR R S - A R 2 WA e 3 57 4
PRI [I]. o ER AR, 2018, 34(7): 1-7.

Yuan G Y, He J O, Chen W, Wang D, Ge J Z, Li P, Zhan
M, Zhao M. Fertilization in maize season: Effects on
nutrient uptake and soil nutrient apparent balance in
maize-rice rotation system [J]. Chinese Agricultural
Science Bulletin, 2018, 34(7): 1-7. (in Chinese with
English abstract)

B RIS R A A A 8 BRI R
AN IO FE[D]. B Al R, 2019.

Xia F. Study on yield, resource utilization efficiency and
environmental cost of different planting patterns in the
middle reaches of Yangtze River [D]. Wuhan: Huazhong
Agricultural University, 2019. (in Chinese with English
abstract)

TR AT AN [R) A AR R 3 R TR B S B
FF A T FE[D]. BUBL: SRk R, 2015.
Li S Y. Comparative studies on yield formation and
resource use efficiency of different maize and rice
cropping systems in middle reaches of Yangtze River
[D]. Wuhan: Huazhong Agricultural University, 2019. (in
Chinese with English abstract)

LARKE, WA, NEE, WEEKR, REIE, waT
R K- WA 15 B A - A A R R U 2 LR )], 2R
2R, 2019, 39(21): 8091-8099.

Jiang Z H, Yang X, Liu Y Z, LinJ D, Wu Y X Y, Yang J
P. Comparison of carbon footprint between spring
maize-late rice and early rice-late rice cropping system



RIS : F FOR-MERBE AR UM SR & R BT 9T DUIR. PRl e

[56]

[57]

(58]

[61]

[62]

[63]

[J]. Acta Ecologica Sinica, 2019, 39(21): 8091-8099. (in
Chinese with English abstract)

L m R R TR TOK-M RS A A R
PG FU[D]. Kib: WIF ALK, 2009.

Lei E. Studies on the yield and economic benefits of
cropping system of spring maize-late rice under high
yielding cultivation conditions[D]. Changsha: Hunan
Agricultural University, 2009. (in Chinese with English
abstract)

REFELE. RTREERLE BRI REadtsH
£, 1994(4): 29-30.

Wu Z J. Suggestions for developing maize production [J].
Food Science and Technology and Economy, 1994(4):
29-30. (in Chinese)

Smith P, Gary L, Wernerl K, Nina B, Werner E, Marc A.
Measurements necessary for assessing the net ecosystem
carbon budget of croplands[J]. Agriculture, Ecosystems
& Environment, 2010, 139(3): 302-315.

PR TT, BN, ARGt CHs EALRIBTR]. KA
AR, 1997(6): 589-594.

Yan X Y, Cai Z C. Methane oxidation in paddy soil[J].
Chinese Journal of Applied Ecology, 1997(6): 589-594.
(in Chinese with English abstract)

Wassmann R, Buendia L V, Lantin R S, Bueno C S,
Neue H U. Mechanisms of crop management impact on
methane emissions from rice fields in Los Baiios,
Philippines[J]. Nutrient Cycling in Agroecosystems,
2000, 58(1): 107-119.

Weller S, Kraus D, Ayag K R P, Wassmann R, Alberto M
C R, Butterbach-Bahl K, Kiese R. Methane and nitrous
oxide emissions from rice and maize production in
diversified rice cropping systems [J]. Nutrient Cyclingin
Agroecosystems, 2015, 101: 37-53.

Hillier J, Hawes C, Squire G, Hilton A, Wale S, Smith P.
The carbon footprints of food crop production[J].
International Journal of Agricultural Sustainability,
2009, 7(2): 107-118.

Jiang Z, Lin J, Liu Y, Yang J. Double paddy rice
conversion to maize—paddy rice reduces carbon footprint
and enhances net carbon sink [J]. Journal of Cleaner
Production, 2020, 258: 120643.

FOF, B, R, R, HAE, R, ST
3C, AR, FEFTIE FE AR ) B K VT A R =
SAEHEBORI M) RO FRESRL 4R, 2024, 43(8):
1915-1927.

Li XY, Deng J, Zhu J, Li C W, Jiang M D, Liu Z Y, Nie J
W, Zhu B. Interaction effects of straw returning and
cropping systems on greenhouse gas emissions in rice
fields in the middle reaches of the Yangtze River [J].
Journal of Agro-Environment Science, 2024, 43(8):
1915-1927. (in Chinese with English abstract)

[64]

[65]

[67]

[68]

[69]

[70]

291

Timsina J, Jat M L, Majumdar K. Rice-maize systems of
South Asia: Current status, future prospects and research
priorities for nutrient management[J]. Plant Soil, 2010,
335: 65-82.

Timsina J, Buresh R J, Dobermann A, Dixon J.
Rice-maize systems in Asia: Current situation and
potential [M]. Philippines: International Rice Research
Institute and Wheat
Improvement Centre, 2011: 232.

X EME, W, RO, BT, WEEst, WEk, B
. RS TR I L A KA SR B A
FISEMALT]. EP)AR, 2020, 46(12): 1945-1957.

Liu Z H, Pan G F, Chen W, Qin M G, Cao C G, Chang C
L, Zhan M. Effects of varieties collocation between crop

and International Maize

seasons on the yield and resource use efficiency of
maize-late rice cropping in Hubei Province [J]. Acta
2020, 46(12): 1945-1957. (in
Chinese with English abstract)

X GRAE, A, Ik, RigE, KA, KAE
F T a2 5t IS ot A P S i A o A e T T
TEEERI R[], AEASER, 2013, 33(17): 5210-5218.

Liu X Q, Tu SH, Sun X F, Gu Y F, Zhang X Q, Zhang X
P. Effect of different fertilizer combinations and straw

Agronomica Sinica,

return on microbial biomass and nitrogen-fixing bacteria
community in a paddy soil [J]. Acta Ecologica Sinica,
2013, 33(17): 5210-5218. (in Chinese with English
abstract)

Blanco-Canqui H, Lal R, Post W M. Changes in
long-term no-till corn growth and yield under different
rates of stover mulch[J]. Agronomy Journal, 2006, 98(4):
1128-1136.

W, R-TEfe R R G A Ry AN KA
AN FE[D]. K AR, 2017.

Pan G F. Research on the effects of late rice seedlings
nursing methods and maize straw return in the maize-rice
rotation system [D]. Wuhan: Huazhong Agricultural
University, 2017. (in Chinese with English abstract)
B, AR, IV, SNILSC, RFTT. AT EEIE
FE O 3R AR L AR R I A2 ) S MR T 5 3 e
[J]. T3ERIEE, 2016, 4(2): 19-26.

Sheng H J, Niu D, Sun G Y, Sun K W, Zhu X K.
Research progress of effect of direct straw returning on
soil microorganism, physical and chemical characteristics
and enzyme activities [J]. Hans Journal of Soil Science,
2016, 4(2): 19-26. (in Chinese with English abstract)
Teixeira E 1, Fischer G, Velthuizen V H, Walter C, Ewert
F. Global hot-spots of heat stress on agricultural crops
due to climate change[J]. Agricultural and Forest
Meteorology, 2013, 170: 206-215.



