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Abstract The effect of fertilizers on methane emission
rales 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 fertilizer dose which
was different for each of the two fields. The uniform ferti-
lizer doses for both fields in each experiment comprised
mineral (experiment 1), organic (experiment 2} and com-
hined mineral plus organic components (experiment 3). In
211 three experiments the second fertilizer dose comprised
organic amendments for field | and no organic amend-
ments for field 2. The rate of increase in methane emis-
sion with-a given amount of organic manure was found (o
depend on the total amount of organic manure applied. A
single dose of organic manure increased the emission rates
by factors of 2.7 to 4.1 as compared to fields without or-
sanic manure (experiment 1). In rice fields that had al-
ready been treated with organic manure, the application of
4 second dose of organic manure only slightly enhanced
i1 emission rates in experiment 2 by factors of 1.1 to L.5
and showed no detectable increase in experiment 3. The
net reduction achieved by separation of erganic and miner-
al fertilizers was maximized by concentrating the organic
amendments in the season with low emission rates, i.e.
early rice, and using exclusively mineral fertilizers on late
rice when emission rates were generally higher. This distri-
bution pattern, which was not associated with significant
vield losses, resulted in an annual methane emission corre-
-nonding to only 56% of the methane emitied from fields
treated with blended fertilizers.
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Introduction

The quantification of methane emissions from rice fields
has attracted increasing attention in recent years (Schiitz et
al. 1989; Khalil et al. 1990; Parashar et al. 1991). Rice
fields represent one of the main sources of the greenhouse
gas methane, but their exact contribution to the global
methane budget remains highly uncertain (Watson et al.

1992; Duxbury et al. 1993). Even though the previously

observed trend of increasing methane abundance in the at-
mosphere has currently been reversed (Dlugocenky et al.
1994), discussion of the global source strength of rice
fields and possible mitigation options is likely to remain li-
vely.

Fertilizer use has been found to be a crucial factor in
determining the magnitude of methane emission from rice
fields; organic amendments generally increase methane
emissions (Wassmann et al. 1993b; Neue et al. 1994; Yagi
and Minami 1990). However, the guantitative relationship
between organic input and methane emission rates remains.
unclear. This anicle extracts information from extensive
measuring campaigns in Hunan Province, China, in order
to assess the effect of different spatial and seasonal distri-
bution patterns of organic and mineral fertilizer use on
methane emissions. This investigation aimed to clarify the
impact of organic amendments on the regional source
strength in one of the main rice-growing areas of China
and to evaluate the potential of mitigating methane emis-
sions by management of fertilizer use.

Site description and methods

The field site of Taoyuan (110 30°E. 28"55'N) is locuted in Hunan
Provinee, one of the Chinese centres lor rice production. The site is
typical of the red earth region of central China regarding climatic snd
edaphic purumeters. The total content of organic carbon in the paddy
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Table 1 Ferilizer lrf:sumcnl';, seasonal averages of methane emission
rates (Gg (mg CH, m 2 h™') and cemulative methane emission (L) (g

ki

(carly rice 140kg N, 65 kg P,0s, IO3 kg K,0, late rice 140kg N,
85 kg P,0s, 140 kg K2Q0), GM 15 ha™!

CHy m™} in fields 1 and 2 of each experiment [M mincral fenilizer cus), &S 3t ha™ rice siraw. AM 15 tha™" animal manure (pig slurry))
Experiment la lb 2a 2b Ja 3b

Field | Field2 Fieldl Field2 Field! Field2 Ficld1l Field2 Field! Field2 Field | Field 2
First dose M M GM RS - M+RS M+RS
Second dose GM M RS M AM M AM M RS - R -
@ late rice 1990 259 22.6 20.1 20.7

=115y (11.3)  (£10.4) =117

& early rice 199§ 26.5 6.5 38.6 26.5

(£18.6) (3.1} (#30.6) (x18.6)
@ late rice 1991 50.1 14.3 56.2 14.3

. (£22.3) (x5.4) (#23.7) (x5.4)

& early rice 1992 8.0 3.0 95 8.0

(£3.2) (=1.3) (xd.1) (£3.2)
2 late rice 1992 14.2 3.2 18.8 14.2

(x14.1) (£2.5) =21.9) (x14.1)

L early rice 1992 15 6 18 15
2 late rice 1992 30 7 41 30

soil was 1.52%; the total contents of N, P»O4 and K;O were 0.15%,
0.13% and 0.14%, respectively. The average annual precipitation in
this area is 1448 mm, the mean annuoal temperature is 16.5°C and the
mean annual sunshine period is 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 late

~July to mid-October. The irrigation system provided a .relative stable
water cover of 3-5 cm. The organic manures were incorporated into
the soil by ploughing before transplanting; the mineral fertilizers were
broadcast 2 wecks after transplanting.

Mineral fertilizers were divided into discrete units corresponding
w 530% of the virtual nutrient demand of the plants (Table 1): one
unit of rice straw, green manure (Astralagus sincus) and animal man-
ure (pig slurry) was based on the nitrogen content required for 50%
of the demand (Table 1). All fertilizer treatments of this investigation
supplied sufficient N, P and K, so that rice yields showed no signifi-
cant differences between treatments within one seasen (Wassmann et
al. 1993¢).

Each of the three experiments consisted of a comparison between
two ficlds treated with one fertilizer dose that was identical for both
fields and with a second fertilizer dose that differed between the (wo
fields (Table 1). The uniform fertilizer doses were mineral {cxperi-
ment 1), organic (experiment 2) and combined mineral plus organic
{experiment 3). In all experiments the additional fertilizers comprised
organic amendments for field 1 and no organic amendments for ficld
2, and the emission rates from both fields were compared in orxler to
cvaluate the eliect of one unit of organic manure with a given organic
treatment,

The methane cmission raes were determined by using an auto-
mated system (“closed chamber technique™ facilitating  continual
measurements at 2-h intervals for each box (Wassmann et al. 1993b).
The cmission rates in each fertilizer treatment were simultaneously re-
corded from four chambers distributed as replicates in each field of
3x20 m. The automated system consisted of: (1) @ pneumatic device
for agtomatic opening and closing of the chambers, (2) a sampling
device providing direct air transfer from the inner chamber to the ana-
fytical system. (3} a gas chromatograph with a flame ionization detec-
wr linked to an integrator and (4) a PC equipped for time control
functions and dita acquisition,

‘approximately |

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. 1. The observation periods in 1991 and 1992 covered
month per season (Wassmann et al
1993 ¢, d) due to technical problems in the remaining peri-
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 rates to be computed for each season

(Table 1).

Experiment 1

Application of one unit of green manure blended with one
unit of mineral fertilizer yielded significantly higher emis-
sion rales 26.5 mg CH, m—> h™' in 1991 and-8.0 mg CHa
m~> k" in 1992) than the comrresponding average values in
fields treated with two units of mineral fertilizer (6.5 mg
CH, m™ h™" in 1991 and 3.0 mg CH, m™ h™" in 1992).
The effect of fertilization with one unit of green manure
was quantified by the ratio of the average values of these
two treatments (Fig. 1) and amounted to factors of 4.1
(1991) and 2.7 (1992). Application of rice straw in experii
mcnt 1b resulted in average valucs of 50.1 mg CHy m
"and 142 mg CHy m™ k™' in 1991 and 1992, respec-

uvc]y, whereas the simultaneous records in plots treated
exclusively with mineral fertilizers yielded significantly
lower valueq (143 mg CHy m -2
CH, m™ h!

h™' in 1991 an\d 3.2 mg
in 1992).

jareen_manure (Anralagu_; sin.




Fig. 1 Ratios between seasonal

1st year 2nd year

average of methane ermission
rates of field 1 vs. seasonal aver-
age of field 2 in experiments 1a,
b, 2a, 2b, 3a and 3b

. (2

Experiment 2

One unit of animal manure was used as a complementary
fertilizer to other organic amendments, i.e. green manure
in the early growing seasons of 1991/1992 {experiment
2a) and rice straw in the late growing seasons of 1991/
1992 (experiment 2b). The average emission rates for the
treatment with.animal manure plus green manure (experi-
ment 2a) were 38.8 (1991) and 9.5 mg CH; m™ h™
(1992). The substitution of animal manure by mineral fer-
tilizer yielded average emission rates of 26.5 and 8.0 mg
CH, m? h™' in the early seasons of 1991 and 1992, re-
spectively. From these data the specific increment factors
of CH,4 emission by supplementary organic amendments
sun be quantified as 1.5 (1991) and 1.2 (1992).

Addition of animal manure to rice straw (experiment 2b)
resulted in average emission rates of 56.2 mg CHy m h™'
(late rice 1991) and 18.8 mg CH, m™2 h™' (late rice 1992)
whereas the corresponding values for a blended application
of minerals and green manure were 50.1 mg CH,; m™2 h™'
(1991) and 14.2 mg CH, m~ h7' (1992). The specific incre-
ment factors of CH, emission with fertilization with animal
manure compared with rice straw {(experiment ib) can be
vomputed as 1.1 (1991} and 1.3 {1992), which are in a simi-
-« range Lo the specific CH,4 emission ratios for the addition
of animal manure to green manure (experiment 2a).

Experiment 3

Doubling of the rice straw application rate showed only a
minor increase in the methane emission rate in experiment
X in which the rice straw was blended with one unit of
sinerals. The effect of the second unit of rice straw was
guantified by the specific CHy emission ratio of the aver-
age values of freld 1 (25.9 mg CH, m™ h™Y and feld 2
(22.6 mg CH, m™ h™" and amounted 10 1.14, Blending

~
37
< experiment

b

rice straw with two units of mineral fertilizer (experiment
3b) yielded the same level of methane emission rates in fields
treated with one unit of rice straw (20.7 mg CH, m~>h™") and
with two units of rice straw (20.1 mg CHy m™* h™h.

Spatial distribution

A statistical analysis of experiment la and lb, ie. ftest
with a 1% confidence level, yielded significant differences
between the methane emissions from field 1 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
ficlds that were previously treated with mineral com-
pounds only, whercas amendment to a previously high
background level of organic compounds in the field did
not result in statistically significant differences in methane
emission, '
The fertilizer effects observed in this study could either
be explained by a stimulation from the organic amend-
ments or by an inhibitory effect of mineral fertilizers.
However, other experiments in rice ficlds bave yielded si-
milar levels of methane emission from unfertilized plots
and from plots treated with mineral fertilizers (Schiitz et
al. 1989; Wassmann et al. 1993b). A dircct effect of
mineral components can most likely be excluded as the
cause of such large differences in methane emission rates
as observed in our investigation. Methane emission ap-
pears to be determined by the availability of substrate for
methanogenesis as long as the background level of organic
compounds in the soil is low. However, the dilferent ef-
fects caused by the first and by the second unit of organic
nanure indicate a non-linear relationship between orzanic
input and mecthane emisston 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 effects were investigated by using three differ-
ent 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. 1); 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. 1).

Seaseonal 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 1). Due to in-
complete data sets for the two seasons of 1991, the total
amount of methane emitted within 1 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, m~2 (15 g CH, m= h™ in early
rice and 30 g CH, ‘m™ in late rice) (Table 1). The conse-
cutive use of organic fertilizers in early season (18 g CH,
m™2) and mineral fertilizers in late season (7 g CH, m2)
amounted to 25 g CH, m 2, corresponding to only 56% of
the total amount emitted from fields with blended fertili-
zers. The inverse sequence of pure mineral fertilizers in
early (6 g CH, m™2) and pure organic fertilizers in late
rice (41 g CH; m™®) yielded an annual emission of 47 g
CH, m™2, representing no significant alteration in compari-
son to blended fertilizers tn both seasons. The simulta-
neous use of organic fertilizers in one half and minera] fer-
tilizers in the other half of the rice land for the two sea-
sons of 1992 resulted in a total emission of 36 g CH, m™,
corresponding to a 25% decrease in methane emission as
compared to application of blended fertilizers. Apparently,
the net reduction from separation of organic and mineral
fedtilizers was maximized by concenwating the organic
amendments in the season with low emission rates and
using exclusively mineral fertilizers when emission rates
were gencrally higher. In Hunan Province, leguminous
plants used as green manure are generally grown in spring
and applied in the early rice season. This seasonal pattern
implicd a lower effect of the methane source strength than
the intensive use of organic manure in the late season.
Rice cultivation can be regarded as one of the most
promising largets for mitigating greenhouse gas emissions
in an ecconomically viable way (Braatz and Hogan 1991
wassmann et al. [993a; Neue and Roger 1993). The re-
duction of greenhouse gas emissions prevails as a para-

mount cbjective 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 to strive for lo-
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 CO, 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 ferti-
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. 1993¢). 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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