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..\bstract The effect of fenilizers on methane emission 
~ l t e s  was investigated using an automated closed chamber 
system in Chinese rice fields (Hunan Province). Each of 
three experiments compared two fields treated with a first 
uniform fertilizer dose and a second fenilizer dose which introduction 
was different for each of the two fields. The uniform feni- 
lizer doses for both fields in each experiment comprised ~h~ quantification of methane emissions from rice fields 
!mineral (experiment 1). organic (experiment 2 )  and cam- has attracted increasing attention in recent years (Schutz et 
hined mineral plus organic components (experiment 3). I n  1989; Khali l et al. 1990; Parashar et a ~ .  1991). Rice 
.dl three experiments the second fertilizer dose comprised fields represent one of the main sources o f  the greenhouse 
organic amendments for field I and no organic amend- gas methane, but their contribution to the global 
iiients for field 2. The rate of increase in  methane emis- methane budget remains highly uncenain (watson et 
sion wi1h.a given amount of organic manure was found 10 -1992; Duxbury et though the p rev iou~~y  
depend on the total amount Of organic manure applied. A observed trend of increasing methane abundance in the at- 
single dose of organic manure increased the emission rates mosphere has 
by factors of 2.7 10 4.1 as compared lo fields without Or- 1994). discussion of the global source strength of rice 
panic manure (experiment I ) .  I n  nCe fields that had al- fields and possible mitigation options is likely to remain li- 
ready been treated with organic manure. the application o f  vely, 
:! second dose of organic manure only slightly enhanced factor in 
ii!c emission rates in experiment 2 by factors o f  1 . 1  to 1.5 determining [he of methane from rice 
nlid showed no detectable increase in experiment 3. The fields; organic amen,jments generally increase methane 
inel reduction achieved by separation of organic and miner- emissions (wassmann et 1994; yagi 
:II fertilizers was maximized by concentrating the organic and ~ i ~ ~ ~ i  1990). H ~ ~ ~ ~ ~ ~ ,  [he quantitative relationship 
amendments in the season with low emission rates. i.e. between organic input and methane emission 
early rice, and using exclusively mineral fertilizers on late unclear, This 
rice when emission rates were generally higher. This d h -  measuring campaigns in H~~~~ province, china, i n  order 
hution pattern, which was not associated with significant lo 3ssess the effect of different spatial and disti. 
yield losses, rcsulted in an annual methane emission come- bution of organic fertilizer use on 
.pmiding to only S6% of the methane emitted from fields methane enlissions,  hi^ investigation ailned clarify [he 
i r ~ i ~ e d  with blended fertilizers. impact o f  organic amendments on the regional source 

strength in  one of tlie main rice-growing areas of China 
and to evaluate tl ie potential of mitigating methane emis- 
sions by management of fenilizer use. 

Key words Methane emission . Wetland rice . 
Fertilization . Mitigation o f  greenhouse gases 
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Experiment l a  I b  2 a  2 b  3 s  3 b  
w 

Field I Field 2 Field I Field 2 Field I Field 2 Field I Field 2 Field I Field 2 Field I Field 2 

First dose M M GM RS M+RS 2xM+RS 

Second dose GM M RS M AM M AM M RS - R - 

Table I 
rates (0 (mg CH4 m-' h-') and cumulative methane emission (E) (g 

Fcnilirer treatmcnls, seasonal averages of methane emission (early rice 140 kg N. 65 k g  P205, 103 kg KzO. late rice 140 kg N, 
85 kg  P205. 140 kg Kz0) .  G_M 15 ha.' men manure (Asrra/agus sin. 

CH, m- 2 ) in fields I and 2 of each experiment I@ mineral f c r t i l im  cus). 31 ha.' ricc straw. A M  15 1 hdganimal manure (pig sIuITY)] 

?' 

0 late rice 1990 25.9 22.6 20.1 20.7 

0 early rice 1991 26.5 6.5 38.6 26.5 

0 late rice 1991 50.1 14.3 56.2 14.3 

(t11.5) (211.3) (210.4) (211.7) 

(218.6) (f3.1) (230.6) (218.6) 

(222.3) (t5.4) (223.7) (k5.4) 
0 early rice 1992 8.0 3.0 9.5 8.0 

(t3.2) (21.3) (t4.1) (f3.2) 
0 late rice 1992 14.2 3.2 18.8 14.2 

(t14. l )  (22.5) (221.9) (f14.1) 

E early rice 1992 15 6 I8 15 
C late rice 1992 30 7 41 30 

soil was 1.52%: the total contents of N. P ~ O J  and K 2 0  were 0.15%. 
0.13% and 0.14% respectively. The average annual precipitation in  
this area is 1448 mm. the mean annual remperaturc i s  16.5"C and the 
mean annual sunshine period i s  1515 h. 

Rice was cultivated according to local farming practice. Early rice 
(cult. Zheifu 802) was transplanted at the end of April and harvested 
in mid-July; the growing season of late rice (cult. V64) was from laic 

.July 10 mid-October. The irrigation system provided a .relolive stable 
water cover o f  3-5 cm. The organic manures were incorporated into 
the soil by ploughing before transplanting: the mineral fertilizers were 
broadcast 2 weeks after transplanting. 

Mineral fenilizers were divided into discrete unitS corresponding 
tu 50% of the vinual nutrient demand of the plants (Table I): one 
unit of rice straw. green manure (Arrralagas si,icr~s) and nninlill man- 
ure (pig slurry) was based an the nitrogen content required for 50% 
of the demand (Table I ) .  All fcnilizer treatments of this investigation 
supplied suficient N, P and K. so that rice yields showed no signifi- 
cant diflcrcnccs between treatments within one season (Warsmann et 
al. 1993c). 

Each of the three experiments consisted of  a comparison between 
two fields treated with one fcnilizer dose that was identical for both 
lields and with B second fertilizer dose that diffccrcd between the two 
fields ("able I). Thc uniform fcnilizer d a w  were mineral (experi- 
men1 I ) .  organic (experimcnt 2) and combined mineral plus organic 
(experiment 3). In a11 experimcnts the additional fertilizers comprised 
organic amcndments for field I and no organic nmendments for ficld 
2. and the cmission rates from both fields were compared in  order to 
e v a l u ~ t ~  the eli'ect of onc unit of organic manure with a givcn organic 

Results and discussion 

The seasonal averages of the emission rates are listed in 
Table 1 and the relative increments with organic amend- 
ments, i.e. field 1 vs. field 2, are shown graphically in 
Fig. I. The observation periods in 1991 and 1992 covered 

 approximately I month per season (.Wassmann et al. 
1993c,d) due to technical problems in the remaining pen- 
ods. The previously unpublished results of 1992 consisted 
of complete data sets of methane emission rates during the 
early and late rice season which allowed the cumulative 
methane emission races to be computed for each season 
(Table I ) .  

Experiment I 

Application of one unit  of green tnilnure blended with one 
unit of mineral fertilizer yielded significantly hiiher ernis- 
sion rates (26.5 nip. CH, 
in-* h-' in 1992) than the conesponding average values in 
fields treated y i i h  two units of mineral fertilizer (6.5 mg 
CH, m-' h-' i n  1991 and 3.0 me CH, m? h-' i n  1952). 

,-z h-l in  1991 and-8.0 mg CH, 

,'....a ~~ ~ ~ ( i  ~~ ~~~~ ~ - ,  .. ....... . "  
device providing direct air tcmricr lrom the inner chalnber tcl tilc :kn:t. tivcly, whereas the Simultaneoits records in plots treated 
lyticd systcin. (3) a gas chromatograph with it I1:unc ionization detcc- exclusivelv with lnlineritl fertilizers vielded sienificantlY 
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c exDeriment 

Experiment 2 rice straw with two units of mineral fertilizer (experiment 
3b) yielded the same level o f  methane emission rates i n  fields 
treated with one unit (20,7 mg CH4 ,-z h-~)  and 
with two 

One unit of animal manure was used as a complementary 
fertilizer to other organic amendments, i.e. green manure 
i n  the early growing seasons o f  199111992 (experiment 

of rice Straw (20,1 mg CH4 ,,-2 h-~l, 

?;I) and rice straw in the late growing seasons o f  19911 
1992 (experiment 2b). The average emission rates for the 
treatment with .animal manure nlus ereen manure (exneri- Spatial distribution 

ment 2a) were 38.8 (1991) and 9.5 mg CH, m-2' h-' 
(1992). The substitution of animal manure by mineral fer- 
tilizer yielded average emission rates of 26.5 and 8.0 mg 
CH4 m-' h-' i n  the early seasons o f  1991 and 1992, re- 
spectively. From these data the specific increment factors 
of CHJ emission by supplementary organic amendments 
.xi be quantified as 1.5 (1991) and 1.2 (1992). 

Addition of animal manure to rice straw (experiment 2h) 
resulted in average emission rates of 56.2 mg CH4 ni-' h-l 
(late rice 1991) and 18.8 mg CH4 m-' h-' (late rice 1992) 
whereas the corresponding values for a blended application 
of minerals and green manure were 50. I mg CH, m-' h-' 
(1991) and 14.2 mg CH4 m-' h-' (1992). The specific incre- 
ment factors o f  CH, emission with fertilization with animal 
inlanure compared with rice straw (experiment I b) can be 
mnputedas 1 . 1  (1991)and 1.3 (1992). which are inas imi-  
.%!r range to the specific CH4 emission ratios for the addition 
0 1  iiniinal manure to green manure (experiment 22). 

Experiment 3 

Doubling o f  the rice straw application rate showed only a 
Illinor increiise in the methane emission rate in cxpcrimcnt 
.>:I. in which the rice straw was blended with one unit or 
~ : !~ I IWI~S.  The effect of the second unit o f  rice straw was 
1lu:liitificd hy the specific CH, cmission ratio o i  thc aver- 
age \dues 0 1  l ield I (25.9 mg CH, iii? h-') :iiid l icld 2 
(22.6 nig CH, in? h-') and amounted to 1.1-1. Rlcndiiig 

A statistical analysis of experiment l a  and Ib. i.e. t-test 
with a I % confidence level, yielded significant differences 
between the methane emissions from field I and field 2. 
On the other hand, the results obtained in experiments 2a, 
2b. 3a and 3b showed no significant differences between 
the methane emissions from both fields even using a con- 
fidence level of 5%. Hence, a pronounced difference be- 
tween mineral and organic fertilizers was observed in 
fields that were previously treated with mineral coni- 
pounds only, whereas amendment to a previously high 
background level of organic compounds in the field did 
not result i n  statistically significant differences in methane 
emission. 

The fertilizer effects observed in this study could either 
be explained by a stimulation from the orgnnic amend- 
inients or by an inhibitory cffect of mineral fenilizers. 
However, other experiments i n  rice fields have yielded si- 
milar levels of methane emission from unfertilized plots 
and from plots trcatcd with mineral fertilizers (SchUtz et 
ill. 1989; Wassmann et al. 1993h). A dircct effect o f  
mineral components can most likely be excluded :IS the 
ciiusc of such large difrercnces i n  iiiethanc emission rates 
:IS observed in our investigation. Methane eiiiission ap- 
IIC;II'S 10 he determined by the availability of suhstr:ite for 
nicrh:inogcnesis as long as the background lcvcl of orgnnic 
ciinilxiiinds in the soil is low. I-I(iwever. the dilfcrent el- 
iccts C I I I I S ~ ~  by tlic lirst and by tlic second tinit ()I orgnnic 
imiinurc iiiiliciitc ii lion-linear rcliitionship hetwcen iirg:inic 
input and mcth:inc cniission rates. Even though explicit 
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proof of a saturation level cannot be given with the data 
available from this field experiment. the findings indicate 
that the stimulation of methane emission by organic 
amendments declines at high background levels of organic 
compounds in the soil. 

Fertilizer effect. were investigated by using three differ- 
en1 types of organic amendment, i.e. green manure, rice 
straw and animal manure. The comparison between the 
various experiments demonstrated that the type of organic 
manure had only a minor effect on methane emission as 
compared to the background level of organic compounds. 
The application of one unit of green manure and rice 
straw (experiments la, lb) had a pronounced impact on 
methane emission rates (Fig. I ) ;  the application of a sec- 
ond unit  of organic fertilizer (experiment 2a.b) had a much 
less marked effect for both rice straw and animal manure 
(Fig. I). 

Seasonal distribution 

For all treatments, average emission rates in the early sea- 
sons of 1991 and 1992 were lower than the corresponding 
values of the following late season (Table I ) .  Due to in- 
complete data sets for the two seasons of 1991, the total 
amount of methane emitted within I year under varying 
fertilizer use patterns can only be evaluated based on the 
cumulative values available for 1992. The emission in 
fields with blended mineral and organic fertilizers 
amounted to 45 g CH, rK2 (15 g CH, m-’ hK1 in early 
rice and 30 g CH, .m-2 in late rice) (Table I ) .  The conse- 
cutive use of organic fertilizers in early season (18 g CH4 
m-2) and mineral fertilizers in late season (7 g CH, m?) 
amounted to 25 g CH, rC2 ,  corresponding to only 56% of 
the total amount emitted from fields with blended fenili- 
zers. The inverse sequence of pure mineral fertilizers in 
early (6 g CH, m-’) and pure organic fertilizers in late 
rice (41 g CH4 m-’) yielded an annual emission of 47 g 
C H ~  m-2, representing no significant alteration in cornpan- 
son to blended fertilizers in both seasons. The siniulta- 
iieous use of organic fertilizers in one half and mineral fer- 
tilizers in the other half of the rice land for the two sea- 
sons of 1992 resulted i n  a total emission of 36 g CH, m-’, 
corresponding IO a 25% decrease in methane emission as 
compared to application of blended fertilizers. Apparently, 
tllc net reduction from separation of organic and mineral 
(‘cdlkrers was maximized by concentrating the organic 
:iinendments in the season with low emission rates and 
using exclusively mineral fertilizers when emission rates 
wcrc generally higher. In Hunan Provincc. Icguminous 
pl;in~s used as green manure are generally grown i n  spring 
and applied i n  the early rice season. This scasoniil paltern 
inlplicd a lower effect of the methane source strength than 
tllc intciisive use of organic immure i n  the late season. 

Rice cultivation can bc regarded its one of the m ~ s t  
promising liirgcls for miligaling grccnhousc gas cinissit~iis 
ill i t n  econt~niic:illy viahlc wily (Braatz :ind Hogan l9Y I :  
W,wiiann et i l l .  1993a: Ncuc and Rtlgcr 1993). Tlic rc- 
duclioii of grccnhouse gm cmissions prcvails as ii pir:i- 

mount objective irrespective of the actual trend in methane 
concentrations. One approach to effectively reduce methane 
emissions from rice cultivation is to focus on areas with 
intense methane release (“hot spots”) and lo strive for Io- 
cation-specific measures of mitigation. Use of organic 
manure has been identified as one of the crucial factors in 
the promotion of high methane emission rates. A complete 
substitution by mineral fertilizers is not feasible and, 
furthermore, not desirable in the context of the C 0 2  emis- 
sions required for fertilizer production. Large areas of wet- 
land rice, e.g. in China, rely on organic manure due to 
limited financial resources and availability of mineral feni- 
lizers. Previously, the fermentation of animal manure in 
biogas generators has been shown as one strategy to re- 
duce methane emissions with given quantities of organic 
amendments (Wassmann et al. 1 9 9 3 ~ ) .  The results pre- 
sented here provide evidence that methane emission rates 
from Chinese rice fields could be reduced by using an ap- 
propriate spatial and temporal distribution of organic ferti- 
lizers. 

The distribution pattern of organic amendments is espe- 
cially important in  rice areas with interseasonal differences 
in methane emission. Seasons with high and low emission 
rates are not limited to Chinese rice-growing areas as can 
be seen from results obtained in the Philippines, where 
emission rates in the dry season 1992 exceeded emission 
in the wet season by a factor of 2.4 (Wassmann et al. 
1994). However, further research is needed to substantiate 
the effect of distribution patterns of organic fertilizers on 
methane emission from different soils and under diverse 
climatic conditions. 
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