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Abstract M ethane eamission from irrigated rice fields as affected by w ater management,
organic anendment and rice cultivar wasmeasured using an automatic sanplingmeasuring
system with a closed chamber method in 1995 1998 The results showed that methane
anission from irrigated rice fields in North China ranged from 4 to 364mgm” *day *, with
average emission of 82mgm *day . Only onemethane anission peak w asobserved during
thew hole rice seaon Seasonal maximum occurred at tillering stage M ethane emission at
this stage acoounted for 85% of the annual methane enission rate M ethane enission w as
very limited from mid season field drying until harvest Field drying at early and m idseason
stage had a strong effect on methane emission Intemittent irrigation reduced methane
anission by 46% and 59% as compared to local famer' spractice of irrigation and continuous
flooding, regectively. Application of organic anendments highly increased methane
emission However, on the same carbon basis, methane anission potential varied highly
anong different organic anendnents M ethane production potentials of cattle manure and
compost were much lower than those of pig manure and rice strav. Application of cattle
manure and compost reduced methane enission by 86% and 90% respectively, as compared
to pig manure, and the sane treatments reduced methane emission by 72% and 80%
repectively, as compared to rice strav. Rice cultivarsw ere efficient for reducing methane
anission U se of cultivar Zhongzhuo 93 (modern japonica) reduced methane enission by
55% and 50% regectively, as compared to Jingyou (japonica hybrid) and Zhonghua 94-
1017 (tall japonica). Generally, methane anission affected by the organic amendments
under different w ater regimesw asmuch potent than the effect of rice cultivar. It was al®
show n that mitigation optionspracticed at early grow th stagew eremore effective than those
practiced at late stage These findings provide a better mitigation strategy for methane
amission from rice fields

Key words M ethane enission; Rice field, W ater regime Rice cultivar; Organic
amendment

M ethane is an mportant greenhouse gas and it affects the chemistry and oxidation

capacity of the amogphere!* ®. Themethane concentration in the atmoshere has doubled

during the last 200 years'*. Rice fields have been identified asmajor source of amospheric
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methane Recent estimate of global methane emission from rice fields ranges from 20 to 100
Tg (1Tg= 1million ton) year *, which contributes about 10% 15% to global methane
anission”® ®. Owing to the rice demand of rapidly grow ing population, rice cultivation and
productivity will continue to increase in the coming decades T his increase in the yield and
harvest area of rice may further increase methane emission if the present practices are
continued

China is the largest rice producing country in theworld Rice harvest area in 1994w as
estimated at 30 1million ha and average rice yieldwas5 83 t ha '". Chinese rice fields are
considered as an mportant source of methane and have been amajor concern in context of
increasing methane concentration in the atmoshere In recent years, research on methane
anission from Chinese rice paddy fieldsw as accumulating'® "

The study presented herew as conducted w ithin an international network of measuring
stations for detemn ining m ethane enissions from rice fields'*®. The station represents typical
area of single rice cropping system in North China and w as the only network station in a
tenperate clmate The objectivesof the studies at the station in Beijing w erel

1) to quantify methane fluxes from rice fields in North Ching;

2) to assess the mpact of management practices common to this region;

3) to evaluate processes that control methane emission in a tenperate climate;

4) to develop mitigation strategies with low methane anission in a sustainable rice
systan for this region

Table 1 Same character istics of rice
il in Beijing site

1 M aterialsandM ethods

PH [ 1 1 Field preparation Field experimentsw ere

O rganic carbon (g/kg) 9 95 .
Total nitrogen (g/kg) a o1 conducted on silty clay loan at ICBC fam, Beijing,
CEC (amol/kg) 13 20 China for four rice seasons starting in 1995 Some
Olsen phogphorus(mg/kg) 13300 characteristics of the il are shown in Table 1l The

Exchangeable potasium (anol/kg) Q11

details of field trials conducted from 1995 to 1998 are
shown in Table 2 Experment in each rice season consisted of four treatments in random ized
complete block design with four replicates Field was flooded one or two days before
trangplanting for harrow ing and leveling The individual plotwas4 5mx 5Sm.

1 2 M ethane am ission M ethane emissionsw ere monitored by an automatic sampling

8] This systan consisted of the automatic chanbers (Imx 1mx 1 2

and measuring sy stam
m) and the samplingmeasuring system, which are both controlled by a micro-computer
M ethane emission w as continuously measured every two hoursfrom each chamber during the
w hole rice season M ethane concentrationsof air sanplesw eremeasuredw ith Shimadzu GC-
8A equipped w ith Porgpak N column and a flame ionization detector.

1 3 Tenperature, il pH and Eh Teanperaturesof air, floodw ater and il at 5, 10 and
15 an depthsweremeasured by tenperature probes connected to a datalogger. Soil pH and
@il Eh at 7 5 an depth w ere measured manually w ith Philips pH /Eh meter every wo days

from tranglanting until harvest
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Table 2 Treatments of exper ment in therice field

A S(kaN /ha) O rganic manure Trans
Y ear W ater management Basal Topdr Type Org N Org C V ariety plant ¢ Harvest
: (kg/ha) (kg/ha)
1995 3) Continuos Irriga 30 60 Pig manure 60 1783  Modern japonica  06/04 10/17
1) Local Practice 30 60 Pig manure 60 1783 (zhongzhuo 93)
4) Local Practice 40 110 None
2) Intemittent lrrig 30 60 Pig manure 60 1783
1) M odern
1996 L ocal practice 40 80 None japonica 05/24 10/08
(zhongzhuo 93)
0 8 None 2) Japonica

Hybrid (Jingyou)
3) Tall jgponica

40 80 None (zhonghua
94-1017)
4) M odern indica
40 80 N
one (R72)
1997 L ocal practice 40 80 4) None M odem Japonica 5 114 1 /06
P (zhong zhuo 93)
20 60 1) pigManure 40 1059
27 80 2) cattleM anure 13 1059
31 80 _ 3) Rice straw 9 1059
1998 1) L ocal Practice 28 60  Compost 32 1059 Modem jgonica o0 g 4606

(zhongzhuo 93)

2) Early and mid
season drainage 28 60 Compost 32 1059
(typeA) ”

4) Early and mid
season drainage 28 60 Compost 32 1059
(typeB) ~

5) Early sean

drainage (type C) 28 60 Compost 32 1059

&Date(mm /dd)
* Local practice drying at 55- 68DA T, typeA: Drying at 25- 31 dat & 45- 51 dat; typeB: Drying at period of 35-
41 dat & 55- 61 dat; typeC: Drying at 35- 48DAT

1 4 M ethane ebullition and s0il disolved methane M ethane ebullition was measured
w eekly by installing plexiglass boxes (size of 40 an X 15 an x 20 an) between rice hills
Boxesw ere held by PV C pegs, w hich w ere sunk into the paddy right after flooding the il
The PV C pegs remained at the sane position during the seaon Gas samplesw ere collected
after 24 hours of box installation and imm ediately analyzed for CHs D issolved methane in
il oolutionwasmeasuredw eekly from il depthsof 0, 5, 10 and 15 an w ith porous tubing
systan for il lution sampling A bout 5 ml of =il lution was ollected in 10 m|
vacutainers The il wlution sanples were shaken for 30 second and gas sanples in
headgpacew as taken for methane analyzed

2 Reaultsand D iscussions

2 1 Characterization of seasonal fluxes A typical pattern of methane emissions under a

local crop management is digplayed in Fig 1 jointly with patterns of water depth,
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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temperature, il Eh and pH. The fertilizers in this experment, conducted in 1997,
oonsisted of a mineral and organic (cattle manure) amendments (Table 2). Local water
managenent encompassed persistent flooding (at 4 an water depth) that was both
interrupted by am id-season field drainage and dried at the end of the seaon
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Fig 1 Seaonal pattern of temperature and w ater level (a), methane emission (b), and il
pH and Eh (c)of T2 (cattlemanure+ mineral fertilizer) during the 1997 rice season
M ethane emission rates rapidly increase in the first 35 days after trangplanting (DA T)
(Fig 1b). In this period, temperature show s an increasing tendency and reached seasonal
maximum at late tillering stage (Fig la). M ethane emission flux sharply decreased w hen

field was drained at mid-season stage (50 DA T). After reflooding, methane emission
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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renained at a very low level At the end of the seaon, temperatureswere below 15 and
methane emission w as virtually zero. M ethane emission in early season accounted for 85% of
total seanal enission M ethane anission after mid seasn field drainage until harvest is
only a snall fraction of the total methane emitted from rice fields in the temperate zone of
China

The seawnal pattern of methane anission is reflected the influence of temperature
changes and mid-seaon field drainage The pattern can be broken up into 3 phases (Fig
1b): (1) emissions increase at tillering stage triggered by rising temperature; (2) emissions
fluctuate at a high level in the hot season; (3) emissions decrease at late grow th stages due
to a temperature drop and field drainage

The redox potential w as governed by the local practice in w ater management Flooding
resulted in il Eh decreasew hile field drying promote il Eh increase (Fig 1c). Generally,
il Eh decreased from positive values to the critical value of methane formation (- 120 to -
150 mv) within 1 to 3weeks after field flooding A naerobic conditions promoted methane
formation D rainage resulted in a sudden increase in redox potentials (Fig 1c).
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Fig 2 Seanal patterns of methane emission as affected by w ater regime during the 1995 rice seaon

The effect of @il pH on methane anission was negligible under field condition in
Beijing These findingsw ere corroborated by smilar trends in Eh and pH throughout the
entire observation period from 1995 to 1998
2 2 Effect of water regime The patterns of methane emission from rice fields as

affected by water regime are shown in Fig 2 The experiment in 1995 compared three
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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different water regimes (1) local practice, i e nomal irrigation w ith mid-season field
drainage, (2) intemmittent irrigation with alternate flooding and drainage in app. 10-days
interval, and (3) continuous flooding A Il fieldsw ere fertilized w ith pig manure M ethane
amission started to increase after about onew eek of flooding and became relatively constant
after five days For all treatments, seaonal maximum occurred at the tillering stage
Continuous flooding resulted in the highest emission ratesw hile interm ittent irrigation plots
gave the low est methane fluxes anong 3 water regines The plotsw ith mid-season field
drainage-that w ere essentially replicates of continuous flooding during the first 40 days
shifted from high values to low values roughly corresponding to the amission rates in
intem ittent flooding Low tenperatures during the period before harvest resulted in

uniformly low amission rates
Table 3 M ethane em ission rates biamassand yields (1995 1998)

- M ean Cumulated . Grain
M odifying . L Biomass .

Y ear treatment amission anission (t/ha) yield
(mg/m? d) (kg/ha yr) (t/ha)
1995 1 Continuos irrigation/pig 364 503 18 73 8 14

manure
2 L ocal practice/pig 279 385 20 66 9 24

manure
3 Intem ittent irrigation/pig 150 207 19 98 9 09

manure
4 L ocal pract_lpe/mmeral 19 26 17 73 7 84

fertilizer

M odern jgponica

1996 1 (zhongzhuo 93) 16 22 16 62 8 17
2 Japonica hybrid 36 49 15 06 7. 27

(Jingyou)

Tall japonica

3 (Zhonghua94-1017) 32 a4 18 14 [
4 M odern indica 23 32 14 17 6 35

(IR72)
1997 1 Pig manure 139 191 15 83 7 76
2 Cattlemanure 31 43 14 72 7 43
3 Rice strav 102 141 14 71 7 23
4 M ineral fertil 4 6 15 27 768
1998 1 L ocal practice 20 28 17. 05 773

irrigation
2 Early andmid s yralnage 15 21 16 94 775

(typeA)
3 Early andmid s *dralnage 19 26 17 61 782

(typeB)
4 Barly season 1 15 15 68 7. 60

drainage

* TypeA: Drying at period of 25- 31DAT & 45- 51DAT,; typeB: Drying at period of 35- 41DAT & 55- 61DAT

Table 3 presents themean and seasonal methane fluxes, biomass and grain yields for 4
years In 1995, methane enission from the local practice of irrigationw as 86 % higher than
intem ittent irrigation and 23 % lower than continuous flooding Famer's practice of
irrigation provided the highest biomass and grain yields, although only differences w ith
continuous flooding w ere significant (P< Q 05). These results reveal that mid-seaon field
drainage and alternate flooding/drying can be a promising mitigation strategy that does not

affect yields
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



This result stimulated another experiment to explore different modes of drainage for
further reducing emission rates In 1998, the field experiment included 4 different types of
field drainage (Table 2). A sinpreviousyears, local practice (T 1) encompassed drying at 55

68 days after tranglanting (DAT). T2 had a slightly shorter drying period at late
tillereing stage (55 61DA T) plusaprecedingone from 35 41DAT. T3 encompassed wo
drainage periods (25 31DAT & 45 51DAT) with an earlier timing than T2 T4 consisted
of one early, but slightly prolonged drainage period (35 48 DAT). All fields received
m ineral fertilizer and compost resulting in relatively low levelsof enission rates even before
the drying periods (Fig 3 a, b). Local practice of irrigation gave the highest methane
emission flux, whichwasobviously related to the relatively late onset of the drainage period
after 55 days Themost effective drainage period for mitigating methane emission is 35 48
DA T as conducted for T4 An earlier drainage (T2) aswell as a slight shortening of this

drainage period (T 3) yielded higher enission rates (Tab 3). The second drainage period in
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T2 and T3 apparently had a relatively snall mpact on enission rates, © that T4 was
recorded w ith the low est overall emission

2 day ' in the plots with local practice of

A verage emission fluxes were 20 mg m’
irrigation (T1), 15mgm” *day ' in the plotsw ith early and mid seaon drainage (T2), 19
mgm’ *day 'in theplotsw ith modified early and mid seaon drainage (T3), and 11mgm ?
day ' in the plotsw ith early sean drainage (T4). M ethane emissions in T2 and T3 were
reduced by 25% and 5%, regectively, as compared to T1 while smilar yields were
obtained T4 gave as high as 46% reduction in methane enission as compared to T1 and
yieldswere al®o smilar. The results indicated that early and mid seaon field drainage can
further be optimized to reduce methane amission w hile sustaining rice yields
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Fig 4 Seasnal patterns of methane enission as affected by rice cultivars during the 1996 rice season

2 3 Effect of rice cultivar Seasonal patternsof m ethane anission from rice cultivars are
shown in Fig 4 M ethane fluxesw ere very low and did not differ anong rice cultivars during
the first week after tranglanting W hen methane enission started to increase in the second
week after tranglanting, rice cultivars differentiated in their methane enission potential

Both of Jingyou (Japonica hybrid) and Zhonghua 94- 1017 (Tall japonica) gave higher
methane an ission fluxesw hile themethane enission from Zhongzhuo 93 (M odern japonica)
was lower Field drainage and low temperatures at the end of the season substantially

reduced methane enissions for all cultivars
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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A verage amission rates from Zhongzhuo 93, Jingyou and Zhonghua 94- 1017 were 16
mgm “day ', 36mgm *day ‘and 32mgm  *day ’, regectively (Table 3). Table3al®o
lists the results for IR72, amodern indica variety. How ever, the grow th of this tropical
cultivar was obviously affected by low temperatures, = that the low amission ratesmay be
related to insufficient biomass assmilation Among the temperate varieties, Zhongzhuo 93
had lowest anission rate and highest yield (Table 3). Therefore, it appears feasible and
effective to maintain sustainable yield and to mitigatem ethane emission by cultivar selection
2 4 Effect of mineral and organic fertilizers Fertilizer mpactsw ere investigated in the
seaons of 1995 and 1997; both experimentsw ere conducted w ith local famer's practice of
irrigation Organic manure greatly promoted methane emissions as compared to mineral
fertilizers (T able 3). M ethane fluxes in the plotsw ith pigmanure exceeded those in theplots
w ith ammonium sulfate by a factor of 15 in 1995 and a factor of 35 in 1997 (Table 3). The
experiment in 1997 included cattlemanure and rice strav (Fig 5). M ethane emission fluxes
were low and did not differ anong 4 treatments during the first 7 days M ethane emissions
increased steeply and the difference becane wider after 10 days after tranglanting The
maximum methane anission fluxesw ere recorded 26 DA T for pigmanure, 36 DA T for rice
strav and 52 DA T for cattle manure regectively. Pig manure gave the highest methane
emission flux, followed by rice strav w hile methane emission flux in cattlemanure treated
plotw as the low est anong 3 organic anendments A sin 1995, theplots treated purely w ith
m ineral fertilizers enitted aimost no methane gas

A verage fluxeswere 139mgm” *day ' in pigmanure treated plots, 31mgm™ *day ' in
cattlemanure treated plots, and 102mgm” *day * in rice strav treated plotsand 4mgm” *
day ' in purem ineral fertilizer treated plots (T able 3). Quality and quantity of added organic
amendments highly affected methane formation H igher methane anission rates from pig
manure and rice strav were due to higher contents of easily decomposable organic carbon
than in cattlemanure (data not shown). In the 1997 experiments, all organic manure types
resulted in similar grain yield, indicating that organic manure management is an important
m itigation option in sustainable rice systen. Furthemore, it should be noted that compost
anendnent in 1998 yielded in substantially lower emissions than any other organic
anendment tested in 1995 and 1997 Emission rates are even less than some of the
experimentsw ith mineral fertilizer in 1995 and 1996, w hich can be taken as clear indication
of the beneficial effect of composting organic anendments for achieving low methane
emission from rice fields
2 5 Ebullition and disolved methane in soil solution T he seanal patternsof methane
ebullition and dislved methane in the 1997 experment are shown in Fig & Ebullitions of
methane in the plots treated pig manure and cattle manure w ere higher than those treated
rice strav and mineral fertilizer Ebullitions of methane during the 1997 rice seaon under
different organic anendnents were averaged 26 51 mgm’° '

plots, 16 59mgm” *day ' in cattlemanure treated plots, 6 86mgm’ *day ' in rice strav
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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treated plotsand 1 45mgm’ * day ' in pure mineral fertilizer treated plots These values
acoounted for 36 3% (mineral), 22 1 % (cattlemanure), 16 3% (rice strav) and 12 1%
(pig manure) of the total methane enission T he difference in methane ebullition anong
treatmentsw asprobably related to the quality and quantity of organic anendment
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Fig 5 mpact of organic anendment on methane emission from rice fields during the 1997 rice season

Disolved methane concentrations were relatively high in the plots treated organic
anendnentsw hile the plots treated mineral fertilizer had low methane concentrations (Fig
6). Seawnal patterns of dismlved methane were similar anong treatments At tillering
stage, higher dislved methane concentration occurred coincided w ith high ebullition rates
of methane Dismlved methane w as positively correlated w ith methane ebullition (r’= Q
58" ", n= 32) and emission (r’=Q 67" ", n= 32) at tillering stage It was observed that
disolved methane concentration w as il Eh dependent (r’= Q 41" °, n= 56) and negatively
wrrelated to il Eh (r’= - Q 62", n= 56).

D isolved methane concentration w as high at il depth of 5, 10 and 15 an while the
concentration of dislved methane at floodw ater aw ays remained at low level D islved
methane concentration in the il was different from year to year but the seasonal pattern
w as smilar in themeasuring years (data not show n).

2 6 M itigation strategies M ethane anission rates under local practice in North China
ranged from 4 to 364mgm’ * day !, with average enission of 82 mgm *day . Seasonal

maximum valuesoccurred at tillering stage and the emission during this stage accounted for
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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85% of the annual methane rate Therefore, it iscrucial to reduce seasonal methane flux by
controlling methane anission at early season
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Fig 6 Seasnal pattrens of methane enission, ebullation and dislved methane in the 1997 rice season

M ethane mitigation options used in rice fieldsmust both reduce methane anission and
sustain rice production W ater control is one of the most mportant factors in rice
production A Iternativew etting and drying management reduced methane emissions by 23%

59% w hile yield increased by 16%. W ater management would be the most promising
m itigation option in Chinaw here irrigation w ater is available and irrigation/drainage systems
are established

Application of organic manure is a common practice to maintain il fertility but it
increasesm ethane emission from rice fields T his effect on methane anission may be reduced

through choosing the organic anendment with low methane potential, e g composting
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manure instead of pigmanure and fresh rice strav. A n alternativew ay is rotation gpp lication
of organic anendment and m ineral fertilizer in the sequence years

Rice cultivars differ in methane emissions V ariety selection is feasible and effective to
find cultivar like Zhongzhuo 93w ith low methane eam ission efficiency and high harvest index
U sing rice cultivar as am itigation strategy is an easily adopted option because famersmay
use it w ithout any expensive input
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