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Methane emission rates from a paddy field in Indonesia subjected to several
fertilizer treatments were measured every week throughout the rice growing
period.

The mean CH, emission rates (mg CH, m~2 h~!) throughout whole growth
period were in the ranges of 18.0~23.2 from chemical fertilizer plots and 19.5-
27.1 from plots amended with both urea and organic materials. These rates
were in the range of those reported from respective treatments in the terper-
ate region. The effects of application of organic materials on the CH, emission
rates were less conspicuous than those of the reported results. The total CH,
emission (g CH, m~?) throughout the growth period amounted to 31-40 from
chemical fertilizer plots and 34-47 from plots amended with organic materials,
respectively.

Methane was mainly emitted in the first half of the growth period irre-
spective of treatments, which was in accordance with the results obtained in
Thailand, and in contrast to those reported in the temperate region, where CH,
emission occurred mainly in the second half of the growth period.

Key Words: fertilizer, methane emission, paddy field, seasonal variation,
tropical country.

Recently methane has received a great deal of attention as one of the important
greenhouse gases. Among the sources of CH, emission, paddy fields are estimated to
contribute to ca. 12% of the total emission (Watson et al. 1992).

Since the data on CH, emission rates from tropical paddy fields are comparatively
limited (Denier van der gon et al. 1992; Yagi et al. 1994; Jermsawatdipong et al. 1994), the
total amount of CH, emitted from the paddy fields in the world has been estimated by using
data from paddy fields in the temperate region (Schiitz et al. 1990; Mathews et al. 1991;
Anastasi et al. 1992). Therefore direct measurement of CH, emission from paddy fields in
various tropical countries are urgently needed.

In the present paper, the first data on CH, emission rates from a paddy field subjected
to several fertilizer treatments in Indonesia and the total emission were reported.
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MATERIALS AND METHODS

Experimental field and cultivation of rice plants. The experimental field was
located in Taman Bogo, Central Lampung, Southern Sumatra, Indonesia. The soil was
classified as a Typic Paleudult (Red Yellow Podzolic Soil). Chemical properties of the soil
are listed in Table 1.

The experimental field consisted of 6 plots; 3 chemical fertilizer plots and 3 plots
amended with both chemical fertilizer and organic materials (rice straw, Sesbania rostrata
or cow dung manure) {Table 2). Sesbania rostrata is applied as green manure in Indonesia.
The area of each plot was 7X22.5 m? Top-dressing of nitrogen fertilizer was performed
twice.

Rice plants (Oryza sativa var. IR-64) were cultivated during the rainy season from
December, 1992, to March, 1993. Twenty-day-old seedlings were transplanted (3 seedlings
hill~!) to the experimental field at a spacing of 20 cm X 20 cm, which was submerged before
transplanting and irrigated when needed to maintain continuous flooded conditions
throughout the growth period. The cultivation calendar is shown in Table 3.

Measurement of CH, emission. Methane emission rates were measured every week
throughout the growth period. Four hills of rice plants were covered with an acrylic box
chamber (40X 40X 100 cm?). Stakes were driven into soil at the beginning of the experiment
to set the chamber on the soil surface. A Tedlar bag (2 L) was attached to the chamber to
keep the inside pressure equal to the atmospheric pressure. A rubber stopper, which was

Table 1. Physicochemical properties of soil.

pH(H,0) 5.0
pH(KCI) 38
Total-C (102 kg kg™!) 1.15
Total-N (1072 kg kg™") 0.16
CEC (cmol(+) kg™") 5.16
Available P (10-% kg kg~!)? 1.50
Soil texture LiC
Sand S1%
Silt 17%
Clay 32%

2 Bray I (Bray and Kurtz 1945).

Table 2. Kinds and amounts of chemical fertilizers and organic materials applied to plots (kg ha™').

Plot No. 1 2 3 4 5 6

Chemical fertilizer?

Urea-(NH,),SO, 200+ 100

Urea 250 250 250 250

(NH,),SO, 500
Organic materials

Rice straw 5,000

Sesbania rostrata 5,000

Cow dung manure 5,000

2 Of the total amount of the respective forms of nitrogen fertilizer, one-third was applied as basal-dressing and
the first and the second thirds as top-dressing. Two hundred and 100 kg ha=! of triple superphosphate and
KCI were applied as basal fertilizers in all the plots, respectively.
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Table 3. Cultivation calendar.

Plowing Nov. 19, 1992
Flooding Nov. 21, 1992
Transplanting Dec. 17, 1992
Fertilizer application
Organic fertilizer Dec. 10, 1992
Chemical fertilizer Dec. 17, 1992
Top dressing (1st) Jan. 6, 1993
Top dressing (2nd) Feb. I, 1993
Heading Feb. 1, 1993
Drainage Mar. 4, 1993
Harvesting Mar. 18§, 1993

pierced with a glass tube and plugged with a septum (Shimadzu Co. Japan), was attached
on the ceiling of the chamber for collecting gas samples. The gas samples were taken three
times at 20 min intervals by transferring the inside air into an evacuated 10 mL glass tube
through the septum using a double-ended hypodermic needle. The measurement was con-
ducted in triplicate with 3 chambers in each plot.

The tubes with the samples were brought back to the Laboratory of Soil Biology,
Faculty of Agriculture, Lampung University, and the CH, content in the tube was deter-
mined on the same day with a gas chromatograph equipped with a flame ionization detector
(GC-8AIF, Shimadzu Co.). Methane emission rate was calculated from the increase of CH,
concentration in the air with time and the volume in the chamber.

RESULTS AND DISCUSSION

Methane emission rates from chemical fertilizer plots. Figure 1 shows the 5d
running means of daily mean temperature and 5 d total amount of rainfall. Figure 2a shows
the CH, emission rates from chemical fertilizer plots throughout the growth period. Methane
emission rates fluctuated with time with a small peak in the middle growth stage. Methane
emission rates from Plot | (urea and ammonium sulfate plot) increased slowly with time,
and were larger than those from the other chemical fertilizer plots until February 2.
Afterwards they decreased to a level similar to that of the CH, emission rates from the other
plots. Plot 2 (urea plot) recorded 2 small peaks on January 12 and February 9, while Plot
3 (ammonium sulfate plot) showed a peak on January 26.

The influence of the kinds of nitrogen fertilizers on CH, emission to the atmosphere was
reported by Kimura et al. (1992). In their experiment, CH, emission from the plot with
ammonium sulfate treatment was the lowest, followed by the plot with ammonium chloride
and urea treatments, in this order. However, such an effect was not observed in the ammo-
nium sulfate and urea plots in the present experiment.

Methane emission rates from plots amended with both urea and organic
materials. Figure 2b shows the CH, emission rates throughout the growth period from the
plots amended with both urea and organic materials. For comparison, Plot 2 is also shown
in Fig. 2b.

Plot 4 (urea and rice straw plot) recorded the largest emission rates among the plots
amended with organic materials throughout the rice growing period except for the first
measurement on December 29. Methane emission rates from Plot 5 (urea and Sesbania plot)
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and Plot 6 (urea and farmyard manure plot) were larger than those from Plot 2 until
February 2, when they showed similar emission rates to those from Plot 2.

Mean emission rates and total emission during the rice growing period. Figure
3 shows the mean CH, emission rates throughout the growth period. They were in the range
of 18.0-23.2 mg CH, m~? h™! for the chemical fertilizer plots and 19.5-27.1 mg CH, m=2 h-!
for the plots amended with organic materials, respectively. These emission rates were in the
reported range from similar plots in temperate regions (Cicerone and Shetter 1981; Cicerone
et al. 1983; Seiler et al. 1984; Holzapfel-Pschorn et al. 1986; Schiitz et al. 1989; Khalil et al.
1990; Sass et al. 1990; Yagi and Minami 1990).

The total amount of CH, emitted during the rice growing period is shown in Table 4.
In the calculation, the CH, emission during the interval between transplanting and the first
sampling (12 d), and that between the last sampling and harvest were neglected (drainage
occurred 1 week after the last sampling). The emission was estimated at 31-40 g CH, m~2 for
the chemical fertilizer plots, and 34-47 g CH, m~? for the plots amended with both urea and
organic materials, respectively. Thus, the effect of the application of organic materials was
not as conspicuous as that observed in Thailand (Jermsawatdipong et al. 1994), and Plot 1
emitted a larger amount of CH, than Plots 5 and 6, though in Plots 4, 5, and 6 with
additional application of organic materials to urea methane emission increased by 9 to 51%
compared with the respective plot amended with urea alone (Plot 2).

Methane emission distribution during the rice growing period. Figure 4 shows
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Table 4. Total amount of CH, emitted, yield (unhulled rice), and CH, emission rate for
production of a unit weight of grain.

Total emission and . CH, emission rate for
Yield . .
Plot standard dev. (kg ha~") | kg grain production
(gCH, m™?) (g CH, kg™)

1 40.24+1.6 5,800 69.3+2.8
2 324421 5,500 58.9+3.8
3 314425 5,700 55.1+4.4
4 472447 6,400 73.8+7.3
S 39.0+5.8 6,100 639+9.5
6 34.14+2.7 6,300 54.1+4.3
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Plot17 | O The 1sthalf
"1 8@ The 2nd half
Plot 21
Plot 31
Plot 4 1
Plot 51
Fig. 4. Percentage distribution
Piot 6 - of the total amount of methane
. = y | emitted in the first and second
0 20 40 60 80 100 halves of the growth period. Plot
o [-Plot 6: see Fig. 2.

the percentage distribution of CH, emission in the first and the second halves of the growth
period from each plot. The period of measurement of the CH, emission rates was equally
divided into halves and the total amount of CH, emitted in the first and second halves of
rice growing period was calculated. More than 50% of CH, was emitted in the first half of
the growth period, which was in accordance with the results observed in Thailand irre-
spective of plots, and in contrast with the results obtained in Japan (Jermsawatdipong et al.
1994). This finding reconfirmed the assumption that due to the high temperature from the
beginning of rice growth in the tropics (Indonesia) the main decomposition stage of soil and
applied organic materials shifted to the early growth stage, which resulted in active CH,
production from the very beginning of rice growth (Jermsawatdipong et al. 1994).

Methane emission rates for production of a unit weight of grain. The yields of
rice and the CH, emission rates for the production of a unit weight of grain are shown in
Table 4. Yields were in the ranges of 5,500 to 5,800 kg ha~! for the chemical fertilizer plots,
and 6,100 to 6,400 kg ha™* for the plots ammended with both urea and organic materials,
respectively. These values were higher than the 1991 national average reported in Indonesia
(4,600 kg ha™!, National Bureau of Statistics of Indonesia 1992).

The CH, emission rates for the production of a unit weight of grain were lowest (54.1
g CH, kg™! of grain) for Plot 6 and largest (73.8 g CH, kg~* of grain) for Plot 4. Thus, they
were relatively similar to each other among plots in this field. These rates were in the ranges
of those from a fresh water alluvial soil (21.7-201 g CH, kg! of grain) and an acid sulfate
soil (2.3-71.9 g CH, kg of grain) in Thailand and two clay soils (Pelluderts) in the United
States (7.5-63.2 g CH, kg™ of grain), and lower than those from a low humic gley soil (106-
219 g CH, kg ! of grain) in Thailand (Sass et al. 1991; Jermsawatdipong et al. 1994).
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