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Table 1 Emission factors of carbon of different

materials for agricultural imputs

SH Ttem i&?%‘ﬁiﬁkﬁk%%ﬁ/ Sk 8
(kg CO,-eq/kg) Source
A Nitrogen fertilizer 8.20 [1]
I Phosphate fertilizer 1.53 [1]
HAE Potash fertilizer 1.07 [1]
#&ih Diesel 3.9 [1]
HLfiE Electrical energy 0.96 [1]
B EH| Herbicides 12.18 [1]
Z W7 Insecticides 17.92 [1]
Z W Fungicides 12.56 [1]
A Film 18.94 [1]
JKFEFIF Rice seed 2.03 CLCD 1.0

¥ Note:CLCD:Chinese Life Cycle Database.
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Fig.1 Schematic diagram of carbon sink and carbon source in rice production system
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Table 2 Rice production and carbon emission in the middle and lower reaches of the Yangtze River
=R 2/ = A 21 7/ W S s =R 3 BN ST Bk A/ ,
" . R AT T K/ § Wt
A (D mR/ B /M ki / il / e/ Ms C Mt Mt C e e
e ~e N Y
Province khm? % Mt CO:z-eq Mt CO;z-eq Mt CO;z-eq q C-eq . 4 Fe V5 Sk
K Yield X X Total carbon . Carbon
or city Area Direct carbon  Indirect carbon  Total carbon L. Total carbon Source
L. L. L. emission X neutral
emission emission emission Sequestratlon
#% Hunan 4 009 26.74 21.39 8.09 29.48 8.04 9.24 1.20 [3-4]
YLVY Jiangxi 3 436 20.92 21.82 7.96 29.78 8.12 7.23 —0.89 [5-6]
L Anhui 2 545 16.81 20.47 6.39 26.86 7.33 5.81 —1.52 [7]
4t Hubei 2 391 19.66 16.40 5.98 22.38 6.10 6.79 0.69 [8-13]
YL# Jiangsu 2 215 19.58 12.10 6.28 18.38 5.01 6.76 1.75 [14-16]
Wil Zhejiang 651 4.77 3.58 1.86 5.44 1.48 1.65 0.17 [14-16]
i Shanghai 104 0.88 0.57 0.30 0.87 0.24 0.30 0.06 [14-16]

T < 1) B4 B[] 42 ik HE TR A 7] 256 28 7 A 55 o e B S 0 o7 2 28 7K e 1 L7 1T ) AT 4 ] 22 BB I S #9032 e 0 T B 2018 AR AN TR 26
H KA 114 15 o o B R, CBANE T ) e ) 2 e HE I S A v A S DT SRR 5 20 R (TR ) e S e S e L BRI, EL L R

W Z 1% ., Note:1)Direct and indirect carbon emissions are the sum of the sown area of different types of rice multiplied by the (unit area) di-

rect or indirect carbon emissions of the corresponding type of rice. The area in the table is the sum of the sown area of different types of rice

in 2018, the basic data in the calculation of (unit area) direct or indirect carbon emissions comes from the literature; 2)Because the soil car-

bon sequestration data of provinces and cities is difficult to obtain,and the proportion is small,it is ignored.
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1) Mode code explanation and data source. RF: Middle-season rice monoculture

mode; RR:Rice-rapeseed rotatiom mode; RW:Rice-wheat rotation mode; RC:Rice-crayfish co-culture farming; RD:Rice-duck farming; DR

(X) :Double rice farming(X: Winter crop) ; RTR(X) :Ratoon rice(X: Winter crop) , the same as below. 2) Carbon neutral is equal to carbon

sequestration minus carbon emissions.a positive value indicates a carbon surplus,a negative value indicates a carbon loss.
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Fig.2 Carbon emission,carbon sequestration and carbon neutral in various rice cultivation modes
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Fig.3 Rice yield and global warming potential(GWP)
under various rice cultivation modes in the middle

and lower reaches of the Yangtze River
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Table 3 Effects and potential of agronomic measures on carbon sequestration and emission reduction in rice fields
SRR B2 / % Range ability AR 71/ (kg C-eq/(hm? « a)) Potential for change
KA VN e HE T ik [ 5 T A R il A0 ke Y SC ik
; SERMRMS TR ‘ ‘ : '
Agronomic measure . Carbon Carbon Carbon Source
GWP Yield .. .
emission Sequestratlon neutral
—41.3~ —5.7~ —1 504~ — 457~ — 150~ [3.5,20-21,
[ No-tillage

Sk No-tillage —7.7 1.8 —181 93 1194 26-28]
T FF34 H — 6.5~ —6.9~ 162~ 1026~ —6 325~ [5,13-14,16,
Straw returning 685 13.5 7 955 6 989 3 324 24,29-32]
R NE Y ite —48.0~ —64.5~ —3 954~ —2 804~ — 703~
ﬁﬂEﬂﬂcﬁt . 0 0 [4,20-22,28]
Nitrogen reduction —27.95 —10.1 —2014 —1 020 2933
JE1] B TR TR —54.6~ 0~ —2 541~ — 822~ 834~
H&’K«%E__% o , o [22.30.33]
Intermittent irrigation —42.3 18.8 —365 469 2 682
éf T 7o —17.5~ —0.5~ — 476~ —18~ 266~ [10-13]
Intergate rice-animal farming —16.5 14.9 —284 1141 1617

T DR AR R AR A A 350 0 G R 15 T A [ e AN TR RS R AR 1K e R] S KRS A I ZR Y 5 2) R AT 0 R A TR K R AR R Y
2K T AE AR B B RS AT 4 B0 L RS AT IE B 5 3K RAe T R PR TR R U SR T 55 5 3) U IS Wl it 2 18 A % 490 Mt 260 ik 0 B Al e A — 5 e 19 RUIE
i, 3% P EUIEWHE 1Y B35 S 100 26, BIV - A U 5 4 T B R i E K RS A= K 30 8] SR T 7 K - H -3 K - T I B R O HEA T E L O IR 4
A A H W1 K 5 5) A RN IR & 38 LIK BRS VR S SE Al 76 7K B A s 8 38 5Kk ™ sy 3 2 K 78 5 3 W 1] 1 B8R0 T A2 AR SR X
B2 /KRG BAE . Note: 1) The experimental subjects of each agronomic measure in the table are various rice cultivation modes in different
locations,and the experimental time is the rice growing season;2) Straw returning refers to returning all the straw of the previous crop to the
field before the rice planting season,and the returning methods and depthes of straw returning vary depending on the source literature;3) Ni-
trogen reduction refers to the reduction of a certain amount of nitrogen fertilizer on the basis of the traditional nitrogen application. The pro-
portion of nitrogen reduction in the table 3 is 100 % ,and that is to say no nitrogen fertilizer; 4) Intermittent irrigation refers to the method of
flooding-roasting-flooding- alternate drying and wetting during the rice growth period,and the control group is flooding during the whole
growth period; 5)Intergated farming of rice and animals refers to breeding poultries or aquatic animals in the paddy field on the basis of rice
planting,and the formation of a complex ecological model through mutual benefit between rice and animals,and the control group is rice mon-

oculture.
3.2 AERZHEIEE R HEE N HEE 77 181~1 504 kg C-eq/(hm® + a) T X fi [ 5
D%k, 58P L R A T o HER B SN, W — 457 ~93 kg C-eq /(hm® + a);



8 AN

% R 40 £

e AN AR 4k — 150 ~ 1 194 kg C-eq /Chm® + a)
(R 3) s S bl o 02 0 W HE S e 2 Ay (I )

DFEFFIRH . 5 HAH LG BRI 38 T
TR HERL , 3G Iy 7 162~7 955 kg C-eq /(hm?® « a) 3§
3 FH RS Al 1) 3R 30 T A0 38 188 Jon i 11 2 2, 0
1026~ 6 989 kg C-eq/Chm® - ik AR
fb—6 325~3 324 kg C-eq/(hm* + a) (& 3); i FFib
FH = B 3 o T S e 2 Ay (81 )

D AN . 5 i AAH L. I8 Bt B B
5T B HE e B AR T e [ S i HE RS v
2 014~3 954 kg C-eq /(hm® « a), EE K K AL
Uit b 2 A AV T 4% s HE s e TR B BEAIR 1 020 ~
2 804 kg C-eq /(hm® + a) , B AR T A fL — 703~
2 933 kg C-eq /(hm® « a) (% 3) ,{H B = . it it
2 R T A 5 W e T R Al HE S IR B (L )

A (A BRVEE . 58 LA WE R L, () AR B 2 ek /D>
T RRHERT W HEYE 77 365~2 541 kg C-eq /(hm?® « a),
IR ik [ 72 5% ) AS 8 72, 728 k3 — 822 ~ 469
kg C-eq /(hm” « &) {H 34 52 BT B 22 4%, 28 4k 3 [
834~2 682 kg C-eq /(hm® « a) (F 3), [A] B #E % 3=

B3 Ik DA S Bk AR (D)

SYyFEHEASE ., 5H MAEMEA L (GR 3) g H AR
¥R AL T B HE ok, wWOHE W 1 284 ~ 476
kg C-eq/(hm® « &) X Bk [ & % W A i 2, E

w

a);

B/
2

Bl —18~1 141 kg C-eq/(hm® « &) .t th A8 {266 ~
1617 kg C-eq/Chm?® « a); K5 M Fh 3¢ 3= 22 2 38 17 U
HE B2 bk 17 I A1) FH S PR 29 4% (IR 4)

4 RHRFBIESTHEEHEBERBARARER

AR AR A2 DL ™ AR HE R O B s LA
B 80D B HE | P IR REAE L A R0 20 B A L A b
S AR B A D7 XA B 1 S D7 T P 9 K
R A 7 Rl DR R BRR 31 D) RE 52 B v AR L I RE FE L IR
HE L BRI A RE A A R0 A R A A A 2R A
4 ATr T T (B 5) o — R A e 14 2B 7 1 g A BT
FE 5 IR D AR A 7 2R G IR B HE T 5 = 3G TN oK A
A7 AR GERY BRI 5 DU R v K A A 7 R G B4 ik R
RO S S L IBURE S T IBUHE S L B A
FH” B AR Bl A A 1A R

41 HLCREEBLCEIWKBETRES T &
EREWROAE

B CO, i Wl 5% 4 | 18 52 BE 1 Je Dl % 4= R
AR B ARAS o 39 55 K AR A 7 B 31 D RE — 7 T 24 4R T
IKFEAE T 1 55— TSGR BRAE AF RE ) R AE T
S0 A S . W SR e AR AL R B R AT AL
BT BORIRARA (1) 38 i F5 A I6 H L 2 I8 A
A LIS Fe N 2% 5 PR AR BB ot A5 I - A AL
B AR s (2) il i A AR R A L IR

10 000f7 — — T . Ee—
I HECGE — HARIX) v OICHEHECGE Z HARIX)
Reduce carbon sequestration and E Increase carbon sequestration and .
3000 “~. increase emission (Second target zone) ! increase emission (Second target zone) ,-”
L BEHE . %k Carbon loss \ BRIRZK Carbon loss
CR—HFRX) . :
6 000 Reduce carbon seque.ﬂtratmn and ig[igﬁﬁk(’éﬁj’é HRIX)
L increase emission (First Larget zone) ]ncrease,car'bon sequestration and
1000 f#isk Carbon loss increast emission (First target zone)

® #Hk No-tillage
FEFFIA H Straw returning
2 000 @ FENLEE Nitrogen reduction
| @ [H)HKEME Intermittent irrigation

+a)) Change in carbon emissions

k& % Carbon surplus

T 3% Intergated farming of rice and ammaLﬂ
B sfe o 1 T
| - ol HC WA — H AR IX)
g ~2000F BICHHECGE = BERIX) e ~ ' .\\ Increase carbon sequestration and
) Reduce carbon sequestration and Lo ... ~. _reduce emission (Second target zone)
(:D | reduce emission (Second target,zé?le) . ® ® .
S BiR% Carbonloss .-~ .. BE% Carbon surplus
J]m ”/ ‘o
IS .- '
g{ -6 000 :
= L BB CGE — HFRIX) o HHCBEAECGE— B AR
- " Reduce carbon sequestrationand  Increasecarbon sequestration
K 8000~ . reduce emission (First target zone), and reduce emission (First target zone)

oL k& 4 Carbon surplus fxZ % Carbon surplus
210 000kt— 1 . 1 L 1 A 1 L H L 1 L 1 L 1 L 1
-10 000 -8000 -6000 -4.000 -2000 0 2000 4000 6000 8000 10 000

Tl € A5 fb &8/ (kg C-eq/(hm’

IR Z Fa e X K 78 A 7 B B HE B 2

B 4

+a)) Change in carbon sequestration

Fig.4 Effects of agronomic measures on carbon sequestration and emission reduction in rice production
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Situation of carbon neutrality in rice production and

techniques for low-carbon rice farming

CHEN Songwen', LIU Tianqgi' , CAO Cougui', LING Lin*, WANG Bin’

1.Ministry of Agriculture and Rural Affairs Key Laboratory of Crop Physiology ,
Ecology and Cultivation (The Middle Reaches of Yangtze River)/
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Wuhan 430070,China ;
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Abstract Carbon sequestration and emission reduction of rice field is an important measure for Chi-
na to achieve the strategy for carbon neutrality. Based on defining the carbon source and carbon sink
function of rice production,the situation of regional carbon emission and carbon neutrality of provinces
and cities in the middle and lower reaches of the Yangtze River was analyzed. The characteristics of car-
bon emission under different rice farming modes were studied. The impact and potential of different ag-
ronomic measures on carbon sequestration and emission reduction of rice fields were evaluated. A low-
carbon rice farming pattern of “Increase carbon sequstration, reduce emission, reduce consumption and
recycle” was proposed and constructed. Results of statistically analyzing literature showed that the car-
bon neutrality level of provinces and cities in the middle and lower reaches of the Yangtze River ranged
from—1.52 to 1.75 million tons C-eq. The carbon neutrality level of the rice farming model in the region
ranged from —401 to 2 673 C-eq (hm’ ¢« a). In general, carbon surplus can be achieved by agronomic
measures including no-tillage, straw returning, nitrogen reduction, intermittent irrigation, integrated
planting and farming in rice field. It is indicated that the carbon neutrality level of rice production can be
improved through reasonable agronomic measures and optimizing the layout of rice cultivation patterns.

Keywords carbon neutrality; low-carbon rice farming; emission of greenhouse gases; green pro-
duction of rice; rice cultivation moles; agronomic measures; carbon sequestration and emission reduc-

tion; circulation and consumption reduction
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