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On-going research activities to mitigate
GHGs emission from rice paddy in China
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Rice production in China

Production of grains Sown area of rice

40
. . 35
200 —Rice —Wheat —Maize
~—~

c < 30
(@] e
= c
[ (@]

2 150 = 25
= &
E N
®
c @
O s

]

o 100 o

> = 15
o S
(@] =
= =]

O O 10

5

0 0

—AQN LOONMN (@)] —AQN LOONMN (e)] —AQN O~ (e)] —AQN
T e e e T T e e e T S SIS B RS B BB RRO R PRSP RR DSOS IS SIS
00000000000000000O0O(OOOOOOOOIO OO OO0 e A A A T A A A A A A A A =T AN AN AN ANANANANANANANANANN

OFNWAUIO~0OOFNWRUICY~00OOFNW-RUIC~I00OOFNW



Spatial distribution rice production

Sown area of rice in 1980 (China mainland)  Sown area of rice in 2013 (China mainland)
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Share of agriculture in total GHG -

Second national communication: 2005

Agricultural Waste
activity, 10.97 ~__treatment, 1.5
Industrial
process, 10.26

Rice paddy: ~2.5% of total emission




On-going national projects

MOA project

MOST project

Development of Agricultural GHG
monitoring and controlling
technology

Monitoring technology, standard
and quality control

Options for livestock industry
Options for grazing pasture
Options for uplands in northeast
China

Options for uplands in northwest
China

Options for uplands in north China
Plain

Options for single-rice paddy
Options for double-rice paddy

Development, integration and
demonstration of
technologies of carbon
sequestration and GHG
mitigation for croplands

« Core mitigation technology
and scaling method

« Mitigation options for rice
paddy

« Mitigation options for
upland




Mitigation options

. Residue management
. Water-saving cultivation
. Water-saving rice variety

. Rice-duck cultivation
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. Multiple technology integration
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Effect of crop residue on rice yield
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Singh et al., 2008, Advances in Agronomy



1. Residue management

Biochar application




Effect of biochar on CH, emission

CHy flux (mg CHs /m? h)
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2. Plastic film mulching cultivation

B

Non-flooded plastic film mulching cultivation




Plastic Mulch ~

Significant drought
resistance effect

Traditional Plastlc I\/Iulch



Contradiction between water and
temperature

FK AR AT
Flooding=>Low temp-> Slow growth

BK->TFR-AK

Drained-> Drought=> Poor growth

HETTE, FAKEK

Easy drainage and irrigation; saves water
JFEARK, JREEE

Water in ditch — No drought, higher temperature
in raised bed




Effect of plastic film mulch on soil temperat
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Rice yield with different mulching materials and N rate “«—~

Rice yield (kg/ha)
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CH, emissions
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N,O emissions
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Compared to conventional, FM enhanced N,O emission by 3.77-fold.

Application of DCD/HQ reduced N,O emission by 79-81%.



Integrated GWP

12000

10000

8000 -

6000 -

GWP (kg CO2/ha)

4000 -

2000 -

Converntional NI+UI Film Film+UI+NI




©
-
©
(D)
>
@)
&
(D)
| -
@)
)
| -
2
7))
©
(D)
9D

£
=
-
N ©C o
G 0 2
O = ®© 35
) o O
o L =
c=c @
-
S —
S %.m
v wm
o © O
= oo



Incentives

Economic analysis, yuan/ha

Conventiona
I

Film mulching

Fertilizer input 1620 1188
Pesticide input 525 300
Film cost 0 750
Labor cost 6000 3300
Yield benefit 6750 9000
Net ecfonomlc 630 6582
benefit




Climate-smart, environmentally friendly

Economic analysis, yuan/ha
Conventio  Film

* 4 Savings: irrigation, items nal mulching
fertilizer, pesticide, Fertlllzer 1 e
labor Input

Pesticide

* 2 Early: transplant, input 225 300

harvest Film cost 0 750

Labor cost 6000 3300

* 2 Ingrease: yield, Yield benefit 6750 9000
profit Net

* 1 Decrease: GHG EZ(:\Z%TIC 630 6582
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3. Drought-resistant rice variety
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* Rice varieties:

« Drought-resistant (D/r) variety

« Traditional variety

* Irrigation amount :

* Normal irrigation (100% irrigation, IR100%)

* 70% of normal irrigation (70% irrigation,

« 30% of normal irrigation (30% irrigation,

IR70%)
IR30%)




Yield depends on rainfall

Rainfall and irrigation Rice yield
Year Treatment Rainfall in jun- Irrigation Actual water Y Yleld ( t/ha )
sep (mm) (mm) use (mm) e Treatme
: nt Drought- Convention
resistant al
30%# 272 184 455 -
30%& 8.2+0.4 7.9+0.0
2
N o/ Vs
2 O 272 428 700 0 70%E 86403  83%02
100% 272 612 884 3 100%# 87+01 8.840.1
30%3EE 763 35 798 > 30%% 9340.1 9.84+0.1
0 70%E + +
§ 0% 263 - 244 ] 9.3+0.1 10.040.2
» 4 100%% 94401 10.140.2
100% ¢ 763 117 879



Yield-scaled emission
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4. Rice-duck system

A rising rice cultivation
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~~~~~~~

system in south China

»

Incentives:

sImproving economic income

*Saving pesticide ...



Rice yield (t/ha)
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CH4 emission from rice-duck system

CH4 flux (mg/m2/h)

40
35 | Year:2013
30 A
25 -
20 - Rice-duck
15 - = Conventional
10 -
5 4
0 T T T 1
7/25/13 8/14/13 9/3/13 10/13/13 11/2/13
Time
Yield scaled Emission reduction
Year Season Treatment Total CH4 (g/m2) emission(g/kg) (%)
Rice-duck 22.7 27.9 17.2
2013 Late rice
CK 30.2 33.7
Rice-duck 27.37 35.93 15.9
Early rice
CK 32.5 42.742
2014
Rice-duck 26.36 29.46 35.8
Late rice
CK 31.91 45,91




m Traditional system a

B Rice-duck system

Dissolved oxygen
concentration(mg L)

6-Aug 18-Aug 29-Aug 10-Sep
Date(day-month) Year:2013




5. Technology integration
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Integration of technologies

Aerobic residue

Rotation change _
fermentation
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CH, fluxes (mg CH, m™ h™)
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CH4 emission (kg/ha)
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C footprint (kg CO2-eq/kg grain)
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Other technologies

Ridged cultivation

Low emission cultivar

Inhibitors




SUMMARY

e GHG emission from rice cultivation accounts
for about 2.5% of nation total.

* Promising mitigation practice includes plastic
film mulching, biochar application, crop
rotation change

 Many of the mitigation options have
environmental and economic synergies.
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and my collaborators:
Hua Xu (Institute of Soil Science, CAS)
Xiangfu Song (Shanghai Academy of Agricultural
Sciences) :
ang Fu (Hunan Agricultural University)
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Factors affecting CH, emission

Equation 5.1
CH, Emissions from Rice Cultivation
Emissions from Rice Cultivation (Gg/yr) = Z; (EF;, ® tj ® Ay ® 10°)

, ], and k: different ecosystems, water regimes, organic amendments, etc.

Equation 5.2
Adjusted Daily Integrated Emission Factor

EFi = EFc e SFw e SFp e SFo e SFs,r



Effect of biochar on CH, emission
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Feng YZ et al., 2012, SBB.
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