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Abstract

Methane (CH) emissions were measured with an automated system in Central Luzon, the major rice producing
area of the Philippines. Emission records covered nine consecutive seasons from 1994 to 1998 and showed a
distinct seasonal pattern: an early flush of,Gefore transplanting, an increasing trend in emission rates reaching
maximum toward grain ripening, and a second flush after water is withdrawn prior to harvesting. The local prac-
tice of crop management, which consists of continuous flooding and urea application, resulted in 79-184 mg CH
m2 d! in the dry season (DS) and 269-503 mg, @t d* in the wet season (WS). The higher emissions in the WS
may be attributed to more labile carbon accumulation during the dry fallow period before the WS cropping as
shown by higher % organic C. Incorporation of sulfate into the soil reducede@ldsion rates. The use of
ammonium sulfate as N fertilizer in place of urea resulted in a 25-36% reductiopém@dions. Phosphogypsum
reduced CHemissions by 72% when applied in combination with urea fertilizer. Midseason drainage reduced
CH, emission by 43%, which can be explained by the influx of oxygen into the soil. The practice of direct seeding
instead of transplanting resulted in a 16-54% reduction ip &hission, but the mechanisms for the reducing
effect are not clear. Addition of rice straw compost increasece@litsion by only 23-30% as compared with the
162-250% increase in emissions with the use of fresh rice straw. Chicken manure combined with urea did not
increase Cklemission. Fresh rice straw has wider C/N (25 to 45) while rice straw compost has C/N =6 to 10 and
chicken manure has C/N =5 to 8. Maodifications in inorganic and organic fertilizer management and water regime
did not adversely affect grain yield and are therefore potential mitigation options. Direct seeding has a lower yield
potential than transplanting but is getting increasingly popular among farmers due to labor savings. Combined
with a package of technologies, £emission can best be reduced by (1) the practice of midseason drainage
instead of continuous flooding, (2) the use of sulfate-containing fertilizers such as ammonium sulfate and
phosphogypsum combined with urea; (3) direct seeding crop establishment; and (4) use of low C/N organic ferti-
lizer such as chicken manure and rice straw compost.
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Introduction Table 1. Some characteristics of Maligaya soil at PhilRice Central
Experiment Station at Mufioz, Nueva Ecija, Philippines

There is an urgent need to increase rice production M Ho) 6.88
the P_h?lippines to fged a populgtion tha_lt is_growing.topH (CECD 6.36
70 million. Per capita consumption of rice in the Phil- organic carbon (%) 1.32
ippines is currently 103 kg. The development of reli-Total nitrogen (%) 0.09
able, efficient irrigation systems is the remaining best‘mmonium nitrogen (cmol k9 0.72
option as rice areas continue to decrease. Rice produ gf/éci?;?wl (kfg & gg'gg
Fion in .the c.omi.ng years is gxpected to lean _toward MOrBjsen phosphorus (mg Ky 3.10
intensification in terms of increased cropping per yeagxchangeable potassium (cmolig 0.10
and the use of high-input technologies. Expansion anévailable zinc (mg kd) 1.48
intensification of the irrigated rice area could increase?vailable sulfate (mg kg 1354
CH4em|§S|on frc_)m rice fields. . _ % clay 43.00
Irrigated rice fields have high potential to pro- o i 51.40
duce CH because continuous flooding favors Qi#b- 9% sand 5.60

duction and emission. However, irrigated rice cultiva-
tion is one of the few anthropogenic sources where the

management of CHk possible. Thus, it becomes a criti-

cal focus of mitigation efforts. Mitigation technologies, PhilRice Maligaya site is derived from alluvium parent
however, must be formulated parallel to the need tanaterial and is poorly drained. It is classified as fine,
increase and sustain high productivity. One major stemmontmorillonitic, isohyperthermic Ustic Epiaquerts
is to identify mitigation options by investigating the (Maligaya clay). Some of its physicochemical proper-
influence of various factors on the processes of CHties are listed in Table 1.

production and consumption. The field experiment pre-

sented here was part of an interregional network opn CHDuration of experiment

emissions from rice fields (Wassmann et al., this is-

sue). The objectives of our research were (1) to meas-ield experiments measuring Ceimission from irri-

ure CH, fluxes in irrigated rice fields under different gated Maligaya clay were conducted for nine consecu-
cultivation practices in a major rice-growing area oftive seasons (five dry + four wet) from 1994 to 1998.
the Philippines; (2) to evaluate processes that control

CH, formation; and (3) to identify mitigation options Crop management practices

to reduce Chlemission from irrigated rice fields while

sustaining high yield. The DS cropping usually starts in the second week of
January and ends in late April or early May. The WS

Materials and methods cropping starts in late June to mid-July and ends in mid-
to late October. The crop was harvested leaving a 28-

Field site 38 cm stubble for the next crop, except in 1996 when

the crop was harvested close to the ground leaving only
The experimental site at PhilRice Central Experimenthe roots. The amount of stubble left in the field after
Station in Maligaya, Mufioz, Nueva Ecija, is located atharvest is equivalent to 2.4-4.0 ttdry matter. In all
15° 40' 21" N latitude and 120° 53' 26" E longitude.experiments, the roots were incorporated to decay. The
The province of Nueva Ecija is situated in the centratrop residues were incorporated during land prepara-
plain of Luzon, the top rice-producing region in thetion, which is usually 15-30 d before planting. The field
Philippines with a total irrigated land area of 300,341was flooded 2-3 d before the start of land preparation.
ha. The central plain is a terrace in a river valley with dn 1997, the differences in date of residue incorpora-
slope of <1% and elevation of 35 m above sea levekion between T1/T3 and T2/T4 were due to the refer-
Annual mean precipitation is 1780 mm with distinct 4- ence dates which was the date before transplanting for
5 mo dry season (DS) and 4-6 mo wet season (WS).1/T3 and days before sowing for T2/T4. The use of
The project site is fully irrigated and cropped twice in aorganic amendments, using either fresh rice straw, rice
year, one in the WS and another in the DS. The soil atraw compost, chicken manure, or commercial bio-or-
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ganic fertilizers commenced in 1996. After transplant-Phosphogypsum, a sulfur-containing byproduct of
ing, the field was kept moist without standing water forphosphate fertilizer manufacture, was tested at the rate
7-10 d after which a 5-cm water level was kept in con-of 0.5-1.0 t h& in 1994 WS, at 6.0 t Han 1995 WS,
tinuously flooded treatments. About 14 d before harand at 3.0 t hin 1996 DS and WS. Finally, in 1998
vest, water was withdrawn from the plots so that theDS, the combination of cultural practices for high yield
soil was dry during harvest. In 1997 and 1998, watewith the least Cilemission—use of low C/N organic
regime treatments such as midseason drainage and fiertilizer, ammonium sulfate as N fertilizer, direct-seed-
termittent irrigation treatments were imposed.ing crop establishment, midseason drainage, and inter-
Midseason drainage was done by withdrawing watemittent irrigation—were tested.

for 7-10 d before the panicle initiation stage. The saill,

however, was not allowed to crack. In the intermittentMeasurements

irrigation treatment, floodwater was left to dry out and

water was introduced again when the soil started tdethaneflux. CH, fluxes were measured continuously
crack. This was done continuously throughout the cropevery 2 h from transplanting until 7 d after harvest.
ping season. Nitrogen was supplied as either urea @ontinuous measurement was facilitated by chamber
ammonium sulfate at 90-180 kg N-haThe rate was method — automatic sampling technique (IAEA 1993).
120 kg N ha in the reference treatment (T1) both in The system used was designed by the Fraunhofer Insti-
the DS and WS of 1994-96 cropping. Rice variety IR72ute for Atmospheric Environmental Research (Ger-
was used from 1994 to 1996; IR64 in 1997; and PSBRmany) and installed at PhilRice in September 1993. The
28 in 1998. Fourteen-day-old seedlings were transmeasuring system was composed of gas-collecting
planted at 20x 20-cm spacing giving a population of plexiglas boxes installed in 12 plots connected by stain-
25 hills m?. Seeding rates in direct-seeded rice werdess steel and copper tubing to a field laboratory
140 kg ha in 1997 and 40 kg Hain 1998, giving a equipped with datalogger, gas chromatograph (GC), and

tiller density of 1,104-1,745 computer for a fully automated gas sampling and analy-
sis. Air samples trapped in plexiglas boxes were imme-
Experiment layout and treatments diately pumped and flushed through the stainless steel

tubing to the GC. One measurement cycle lasting 2 h

Treatments in each cropping season are shown in Tab&arted with sampling of a Glgas standard followed
2. Four treatments in each season were arranged by a series of sampling of air trapped in the boxes and
twelve 5-x 11.6-m plots using randomized complete ended with the Clistandard. During the 2-h cycle, six
block design with three replications. The treatmentgairs of boxes closed successively; each pair of boxes
imposed were designed to investigate,€rtission as  closed for 16 min and sampled four times alternately. A
influenced by 1) the amount of N application, 2) thedatalogger program automatically controlled the clos-
use of sulfate (S{¥)-containing fertilizers such as ing and opening of the boxes and the timing of gas sam-
phosphogypsum and ammonium sulfate, 3) the use gfling and analysis. Methane concentration data were
fresh or rice straw compost, 4) crop establishmentransmitted from the GC integrator to the computer af-
method, 5) water management, and 6) combinations dér each measurement cycle. Each treatment was meas-
treatments 1-5. In 1994 DS, the fertilizer rates and vadred from three boxes representing three replications.
riety in T3 reflected the prevailing practice of farmers Analysis of CH, concentration. The concentra-
in Nueva Ecija. This practice was modified in T4 bytion of CH, in the gas samples was analyzed in a GC
balancing the amount of N, P, and K. T1 was the refer(Shimadzu GC-8A) equipped with flame ionization
ence treatment across seasons and years, while T2 wa@atector and porous polymer beads Porapak N 80/100
the amount of fertilizer targeting high rice yield in the mesh column. Analysis was performed at 60 °C col-
Maligaya site. The aim was to compare @&rhission umn temperature and 100 °C detector temperature with
under current fertilizer application practice for high N, as carrier gas.
yield with those under farmers’ practice. Satistical analysis. The statistical analysis of

The effect of inorganic amendments on CH mean CH emission was done using the STATISTICA
fluxes was tested in the 1994 and 1995 experimentsoftware. For each experiment, the daily data per treat-
The rate of N was varied from 120 to 180 kd,teup- ment were evaluated as to type of distribution (i.e.,
plied either as urea or as ammonium sulfatenormal or skewed). If the distribution is normal, t-test
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Table 2. Summary treatments from 1994 dry season to 1998 dry season in PhilRice Central Experiment Station

Year/season Treatment T1 T2 T3 T4
1994/DS Cultivar IR72 IR72 IR64 IR64
Crop establishment Transplanted Transplanted Transplanted Transplanted
Water regime Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm
NPK 120-30-30 180-60-30 171-25-25 117-34-31
1994/WS Cultivar IR72 IR72 IR72 IR72
Crop establishment Transplanted Transplanted Transplanted Transplanted
Water regime Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm
NPK 120-30-30 120-30-30 120-30-30 120-30-30
N source Urea Ammostl Urea Urea
Phosphogypsum - - 0.5 tha 1.0tha
1995/DS Cultivar IR72 IR72 IR72 IR72
Crop establisment Transplanted Transplanted Transplanted Transplanted
Water regime Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm
NPK 120-40-40 120-40-40 180-40-40 180-40-40
N source Urea Ammosul Urea Ammosul
1995/WS Cultivar IR72 IR72 IR72 IR72
Crop establishment Transplanted Transplanted Transplanted Transplanted
Water regime Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm
NPK 120-40-40 120-40-40 180-40-40 120-40-40
N source Urea Ammosul Urea Urea
Phosphogypsum - - - 6.0 tha
1996/DS Cultivar IR72 IR72 IR72 IR72
Crop establishment Transplanted Transplanted Transplanted Transplanted
Water regime Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm
NPK 120-40-40 90-40-40 90-40-40 90-40-40
Organic material - 4thaFSR 2.5tha RSC 4that FSR
Phosphogypsum - - - 3.0tha
1996/WS Cultivar IR72 IR72 IR72 IR72
Crop establishment Transplanted Transplanted Transplanted Transplanted
Water regime Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm Flooded, 5 cm
NPK 120-40-40 90-40-40 90-40-40 90-40-40
Organic material - 4t HaFSR 2.5thaRSC 4thaFSR
Phosphogypsum - - - 3.0tha
1997/DS Cultivar IR64 IR64 IR64 IR64
Crop establishment Transplanted Direct-seeded Transplanted Direct-seeded
Water regime Continuously Continuously Midseason Midseason
flooded, 5 cm flooded, 5 cm drained drained
NPK 150-60-60 150-60-60 150-60-60 150-60-60
Organic material 300 kg Ha 300 kg ha 300 kg ha 300 kg ha
Commercial Commercial Commercial Commercial
bio-organic bio-organic bio-organic bio-organic
fertilizer fertilizer fertilizer fertilizer
1997/WS Cultivar IR64 IR64 IR64 IR64
Crop establishment Transplanted Direct-seeded Transplanted Direct-seeded
Water regime Continuously Continuously Midseason Midseason
flooded, 5 cm flooded, 5 cm drained drained
NPK 90-30-60 90-30-60 90-30-60 90-30-60
Organic 300 kg ha 300 kg ha 300 kg ha 300 kg ha
material Commercial Commercial Commercial Commercial
bio-organic bio-organic bio-organic bio-organic
fertilizer fertilizer fertilizer fertilizer
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Year/season Treatment T1 T2 T3 T4
1998/DS Cultivar PSBRc 28 PSBRc 28 PSBRc 28 PSBRc 28
Crop establishment Transplanted Transplanted Direct-seeded Direct-seeded
Water regime Continuously Continuously Midseason Intermittent
flooded, 5 cm flooded, 5 cm drained irrigation
NPK 150-60-60 150-60-60 150-60-60 150-60-60
N source Urea Urea Ammosul Ammosul
Organic material 1.5tHa 2.5tha 2.5tha
Chicken manure Rice straw Rice straw
compost compost

aAmmonium sulfate®Fresh rice strawRice straw compost.

was used (parametric analysis). If the distribution ishy an increasing rate of emission reaching maximum
not normal, sign test was used (nonparametric analytoward grain ripening, and a second flush ,@fter
sis). The T value for t-test and the Z value for sign testvater was withdrawn before harvest was established
were determined. Then the significance was determine@Figure 2). T1 (urea, 120 N) gave slightly higher fluxes
from the value of probability (Table 4). starting at 30 DAT through 90 DAT, resulting in a mean
emission of 266 mg CHm? d*. Ammonium sulfate
(T2) and (T3) urea + 0.5 t phosphogypsum (PG) ha
gave slightly lower mean emission of 232 mg,@irf
The results of the 5-yr experiment were summarizedi(z value = 6.6**) and 227 mg GHin? d(z value =
by season in Table 3. In 1994 DS, flux measurement.2**), respectively. The observed reduction in total
was discontinuous during the first 58 d owing to measseasonal CHemission was about 14% in the ammo-
urement system problems. Many data points duringiium sulfate (230 kg ClHha') compared with the urea
this period were actually interpolated between two actreatment (266 kg CHhat). A 9-15% reduction of to-
tual measurements (Figure 1). IR64 with 117 kg 1 ha tal seasonal emission was observed with application of
gave slightly higher CHfluxes for the period 38-83 0.5to 1.0t PG ha The mean emission and the amount
DAT (Figure 1). This resulted in a mean emission ofof CH, emitted per ton yield were the same in treat-
114 mg CH m? d* that was highest (z values = 3.2**, ments with S@? (from ammonium sulfate as N ferti-
7.5**, 8.2**) among the treatments. The reference treatlizer and urea plus PG). The grain yield as well as total
ment, IR72 with 120 kg N hagave a mean emission aboveground biomass produced did not differ among
of 90 mg CH m? d*. The mean emission was lower the treatments.
than the reference treatment (64 mg,8H d*, z value The results of the 1995 DS also showed the dis-
= 8.6**) in IR72 with 180-60-30 fertilizer and in IR64 tinct seasonal pattern of Cemission. Measurement
with 171-25-25 fertilizer applied (74 mg G2 d?%,z  was discontinued after 80 DAT owing to a problem in
value = 8.0**). Anincreasing trend in mean &rhis-  the system. Thus, the second flush upon withdrawal of
sion was observed as rice growth progresses. The maxirater before harvest was not observed. All treatments
mum was reached toward grain ripening. Two weekgave similar magnitude of GHux during the first 15
before harvest, when irrigation was withdrawn, a flushDAT (Figure 3). Starting from 25 DAT until 70 DAT,
of CH,emission occurred which was reduced to a neg€H, fluxes in urea treatments were higher than those in
ligible amount after 5-7 d. IR72 (T1) and (T2) treat-ammonium sulfate treatments. Using ammonium sulfate
ments gave higher yields of 8.36 t'tend 9.26 t hg in place of urea reduced mean emission from 184 mg
respectively, than IR64 (T3) and (T4) with yields of CH, m? d* to 166 mg CHm? d*(z value = 3.8**) at
6.79 t hdand 7.36 t hd Accordingly, the amount of lower N level (120 kg N hd and from 205 mg CH
CH, produced per ton of grain yield was lower in IR72.m?2 d* to 131 mg CHim2 d* (z value = 6.7**) at higher
But the total aboveground biomass production did noN level (180 kg N hd). Increasing the amount of N
differ among treatments. applied from 120 to 180 kg haising urea slightly in-

In the 1994 WS, a distinct seasonal pattern whiclcreased (z value = 3.4**) mean Ceimission. How-
is an early flush of Clbefore transplanting, followed ever, with ammonium sulfate, the higher N rate reduced

Results
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Table 3. Methane emissions from 1994 dry season to 1998 dry season in the PhilRice Central Experimént Station

Year/season Measurement T1 T2 T3 T4
1994/DS Mean emission (mg d?) 90 64 74 114
Season length (d) 105 105 91 91
Seasonal flux (kg Cihat) 95 67 67 104
Biomass (t hd) 12.63a 13.32a 13.36a 12.79a
Grain yield (t h&) 8.36ab 9.26a 6.79¢c 7.36bc
kg CH, per ton yield 11.36 7.24 9.87 14.13
1994/WS Mean emission (mg d?) 269 232 227 243
Season length (d) 99 99 99 99
Seasonal flux (kg Cihat) 266 230 225 241
Biomass (t hd) 11.46a 12.54a 11.82a 11.50a
Grain yield (t h&) 5.22a 5.10a 4.90a 5.27a
Kg CH, per ton yield 50.96 45.10 45.92 45.73
1995/DS Mean emission (mg ) 184 166 205 131
Season length (d) 111 111 111 111
Seasonal flux (kg Cihat) 204 184 228 145
Biomass (t hd) 13.79a 13.07a 14.44a 15.00a
Grain yield (t h&) 6.54a 6.40a 6.45a 6.34a
Kg CH, per ton yield 31.19 28.75 35.35 22.87
1995/WS Mean emission (mg ) 503 317 516 139
Season length (d) 103 103 103 103
Seasonal flux (kg Cihat) 518 327 531 143
Biomass (t hd) 13.92a 13.90a 12.75a 14.33a
Grain yield (t h&) 3.30a 3.72a 3.36a 3.78a
Kg CH, per ton yield 156.97 87.90 158.04 37.83
1996/DS Mean emission 165 433 184 318
(mg m? day’)
Season length (d) 97 97 97 97
Seasonal flux (kg CiHha') 160 420 178 308
Biomass (t hd) 15.35a 13.29ab 12.18b 10.08bc
Grain yield (t h&) 7.30a 7.13a 7.41a 7.20a
Kg CH, per ton yield 21.92 58.91 24.02 42.78
1996/WS Mean emission (mg a?) 272 952 353 599
Season length (d) 100 100 100 100
Seasonal flux (kg Cihat) 272 952 353 599
Biomass (t hd) 14.60a 14.05a 13.37a 13.05a
Grain yield (t h&) 5.17a 5.22a 5.35a 5.27a
Kg CH, per ton yield 52.61 182.38 65.98 113.66
1997/DS Mean emission (mg a™) 91 73 52 46
Season length (d) 98 91 98 91
Seasonal flux (kg Cihat) 89 75 51 48
Biomass (t hd) 12.5a 11.2a 13.5a 10.2a
Grain yield (t ha) 7.91b 6.71a 7.74b 6.42a
Kg CH, per ton yield 11.25 11.18 6.59 7.48
1997/WS Mean emission (mg d?) 375 323 347 178
Season length (d) 93 84 93 84
Seasonal flux (kg CiHha') 348 272 323 150
Biomass (t hd) 12.4a 13.4a 14.1a 11.7a
Grain yield (t ha) 5.36b 3.84a 5.45b 3.41a

Kg CH, per ton yield 64.92 70.83 59.27 43.99
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Table 3 continued.

Year/season Measurement T1 T2 T3 T4

1998/DS Mean emission (mg d?) 79 80 14 6
Season length (d) 114 114 114 114
Seasonal flux (kg Cihat) 90 91 16 7
Biomass (t hd) 16.4b 14.7b 24.2a 23.2a
Grain yield (t h&) 8.0ab 8.5a 7.7b 7.1c
Kg CH, per ton yield 11.25 10.71 2.08 0.98

aln a row, numbers followed by the same letter are not significantly different at the 5% level by DMRT.

mean emission by 21% (z value = 2.9**). Grain yield 165 to 433 mg CkHm2 d* (z value = 9.8**) with the
and total aboveground biomass produced did not diffeaddition of 4 t ha fresh rice straw. The addition of 3 t
among treatments. The lowest amount of, (22.87 ha' PG in rice straw-treated plots increased the mean
kg CH, t?! grain yield) was observed with ammonium emission to only 318 mg CHin? d*(z value = 9.8**).
sulfate applied at 180 kg N faln the 1995 WS, urea The addition of PG in T4 with 4 t Hdresh rice straw
+ PG treatment gave consistently lower,@tkes from  did not fully counteract the high GHuxes (Table 3).
15 DAT until harvest as compared with the other treatMethane fluxes in the rice straw compost treatment
ments (Figure 4). No measurement was done befor@ 3) were similar to the urea treatment throughout the
transplanting because of some problem in the systeseason. Mean GHemission in compost-treated plots
that started during the DS cropping. The same seasond!84 mg CH m2 d) was only slightly higher than the
pattern of emission with a previous cropping was ob+eference treatment (165 mg Chi? d?!, z value =
served. Ammonium sulfate treatment also gave fluxe2.3**) where no organic amendment was added. The
consistently lower than those in the urea treatmentamount of CH produced (22 kg CHt* grain yield)
throughout the growing season. Seasonal flux in urewas lowest in the urea treatment and followed by the
treatments at 180 kg N higdaily average of 516 mg rice straw compost treatment (24 kg &Hgrain yield).
CH, m?) was the same as that at 120 kg N treat-  The total aboveground biomass was lower when 30 kg
ment (daily average of 503 mg ¢hii?). The higher inorganic N was replaced with organic N from fresh
amount of N applied from urea slightly increased, CH rice straw and rice straw compost. The grain yield, how-
emission during the 1995 DS but this was not signifi-ever, did not differ among treatments. In the 1996 WS,
cant during the 1995 WS. Ammonium sulfate treat-there were very high CHluxes in the fresh rice straw
ment gave a mean emission of 317 mg @Ad* while  treatment from 15 d before transplanting until 25 DAT
urea + PG treatment gave only 139 mg,6H d*. The  (Figure 6). Within 40 d from the application of fresh
use of ammonium sulfate reduced seasonaj fltiA rice straw, CHflux was high in the fresh rice straw-
by 37% (z value = 8.5**), while the combination of treated plots. Starting from 25 DAT until 100 DAT, the
urea + PG reduced GHmission by 72% (z value = CH,fluxes in the fresh rice straw plots were parallel
10.0**). The lowest amount of CH(37.83 kg CHt!  with those of urea and rice straw compost plots. How-
grain yield) was observed with PG addition to ureaever, the application of 4 t hdresh rice straw consist-
Grain yield and total aboveground biomass produce@ntly gave the highest Giluxes throughout the grow-
did not differ among treatments. ing season. The addition of fresh rice straw increased
In the 1996 DS, a similar distinct seasonal patseasonal CHflux by 250% (from 272 to 952 kg GH
tern of CH emission was observed (Figure 5). Meth-ha?), considerably higher than the 30% increase (from
ane fluxes in the 4 t Hdresh rice straw treatment were 272 to 353 kg Chlha?) with addition of 2.5t harice
consistently highest among the treatments throughowgtraw compost. The addition of 3 thaG to fresh rice
the growing period. The magnitude of Citixes was  straw-treated plots decreased the seasonafl@¥to
about twice as high as in the urea treatment starting almost one-half of the amount (from 952 to 599 kg, CH
22 DAT until 70 DAT. The CHifluxes from urea-treated ha?) where fresh rice straw alone was added. On the
plots were parallel with those of fresh rice straw-treatedther hand, CHifluxes in the rice straw compost treat-
plots starting at 70 DAT. Mean emission increased fronment were only slightly higher than those in the urea



44

Table 4. Results of statistical analysis of mean,@rhission (mg CHm? d*)?

Year/ Treatment Treatment Mean emission z va&lues

season no. (mg CHn? o) T2 T3 T4
1994/DS T1 120 kg N h&a IR72 90 8.6** 8.0** 3.2%*
1994/DS T2 180 kg N h&a IR72 64 - 3.5% 7.5%*
1994/DS T3 171 kg N h&a IR64 74 - - 8.2**
1994/DS T4 117 kg N ha IR64 114 - - -
1994/WS T1 120 kg N haurea 269 6.6** 7.2%* 4.8%*
1994/WS T2 120 kg N hdiammosul 232 - 0.4 ns 19ns
1994/WS T3 120 kg N ha+ 0.5t hat PG 227 - - 6.6**
1994/WS T4 120 kg N ha+ 1.0t ha' PG 243 - - -
1995/DS T1 120 kg N haurea 184 3.8%* 3.4%* 3.4%*
1995/DS T2 120 kg N hhammosul 166 - 4.5%* 2.9%*
1995/DS T3 180 kg N haurea 205 - - 6.7**
1995/DS T4 180 kg N hdiammosul 131 - - -
1995/WS T1 120 kg N haurea 503 8.5%* 0.8 ns 10.0**
1995/WS T2 120 kg N hdammosul 317 - 8.5%* 5.3
1995/WS T3 180 kg N haurea 516 - - 10.0**
1995/WS T4 120 kg N haurea + 6 t ha PG 139 - - -
1996/DS T1 120 kg N haurea 165 9.8** 2.3 9.8**
1996/DS T2 Urea + 4 t harice straw 433 - 9.8** 7.9%*
1996/DS T3 Urea + 2.5 t hlecompost 184 - - 8.9**
1996/DS T4 Urea + 4 t harice straw + 3 t HAPG 318 - - -
1996/WS T1 120 kg N haurea 272 9.9%* 7.9%* 9.9**
1996/WS T2 Urea + 4 t harice straw 952 - 9.9** 9.9%*
1996/WS T3 Urea + 2.5 t Hacompost 353 - - 9.5%*
1996/WS T4 Urea + 4 t harice straw + 3 t HAPG 599 - - -
1997/DS T1 Transplanted, continuous flooding 91 3.0%* 3.2%* 4.7%
1997/DS T2 Direct-seeded, continuous flooding 73 - 4,9%* 8.4**
1997/DS T3 Transplanted, midseason drained 52 - - 0.1ns
1997/DS T4 Direct-seeded, midseason drained 46 - - -
1997/WS T1 Transplanted, continuous flooding 375 4.0%* 0.5ns 8.0**
1997/WS T2 Direct-seeded, continuous flooding 323 - 1.5ns 8.2%*
1997/WS T3 Transplanted, midseason drained 347 - - 7.3**
1997/WS T4 Direct-seeded, midseason drained 178 - - -

aThe analysis was done using STATISTICA software. For each experiment, daily data per treatment were evaluated as fo the type o
distribution (i.e., normal or skewed). If distribution is normal, t-test is used (parametric analysis). If distributtororsnad, sign test is
used (nonparametric analysis). T value (t-test) and Z value (sign test) were determined. The significance was deterthimeelfremf
probability.°"Comparison is between treatment no. vs T2 or T3 or T4. Level of significance: ** = highly significant (1% level); * =
significant (5% level); ns = not significant.

treatment during the period 15 d before transplantingice than in transplanted rice during the early stage be-
to 25 DAT. Mean Chlemission amounted to 272 mg cause there was no standing water in transplanted rice
CH, m? d'in the urea treatment and 353 mg,@kfd  until 7-10 DAT. When irrigation water was introduced,
1(z value = 7.9**) in the rice straw compost treatment.all the treatments had the same,@rhission from 20
The lowest amount of CHemitted was observed in the DAT until midseason drainage was introduced. After
reference treatment where no straw was added, both the midseason drainage, £ftix was significantly re-
the DS (22 kg CHt?! yield) and WS (53 kg CHt*  duced. The CEflux increased again upon reflooding,
yield). In both seasons, grain yield did not differ amongbut did not reach the same level as that in continuously
treatments. flooded treatment. The second flush of Gldx was

In the 1997 DS, the distinct seasonal pattern obbserved after water was withdrawn before harvest. The
CH, emission was also observed (Figure 7). The firsmagnitude of CHiflux during this second flush was
flush of CH, flux was observed during the early growth higher in the continuously flooded treatment for both
stage. More CHflux was observed in direct-seeded transplanted and direct-seeded rice. Direct-seeded rice
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Figure 1. Effect of inorganic amendment on Cémission from Figure 2. Effect of inorganic amendment on Cémission from
rice field grown to IR72 at PhilRice, Maligaya, Philippines, 1994 rice field grown to IR72 at PhilRice, Maligaya, Philippines, 1994
DS. WS.

produced the same biomass as transplanted rice. Howirect-seeded rice (3.41 and 3.84 tthaMidseason
ever, grain yield of transplanted IR64 (7.7 and 7.9 drainage did not reduce the mean,@hission in trans-
ha') was significantly higher than that of direct seededplanted rice (375 vs 347 mg Chi? d* (z value = 0.5
rice (6.4 and 6.7 t Hy. Midseason drainage signifi- ns). In direct-seeded rice, however, the meaype@tis-
cantly reduced Clemission but not grain yield, hence sion in midseason-drained plot was reduced by 45% (z
reducing the amount of Ghproduced from 11.3 and value = 8.2**). The significant reduction in CEmis-
11.2 kg CH t*to 6.6 and 7.5 kg CH™* grain yield, sion in midseason-drained, direct-seeded rice resulted
respectively. In 1997 WS, the CIHux was high dur- in the lowest amount (44 kg GH grain yield) com-

ing the early vegetative growth and greater in transpared with the 64.9 - 70.8 kg CH grainyield in con-
planted than in direct-seeded rice (Figure 8). The retinuously flooded rice.

duction in CH flux after midseason drainage was not In 1998 DS, the increasing trend in Cémis-
distinct during the WS unlike in the DS. Water is diffi- sion as rice growth progresses and the flush of CH
cult to control during the WS. The second flush of,CH before harvest were again observed, particularly in con-
flux before harvest was also observed. ,@tx was tinuously flooded plots (Figure 9). Grain yield in trans-
higher in continuously flooded plots than in midseasonplanted rice was higher (8.0-8.5 tiahan in direct-
drained plots. The final aboveground biomass in directseeded rice (7.1-7.7 t a although biomass produc-
seeded rice was again the same in all treatments. Alstion in direct-seeded rice was much higher than that in
as in the DS, the grain yield of transplanted IR64 (5.3@ransplanted rice. There was significant reduction in CH
and 5.45 t hd) was significantly higher than that in emission of direct-seeded rice with intermittent irriga-
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Figure 3. Effect of inorganic amendment on Cémission from
rice field grown to IR72 at PhilRice, Maligaya, Philippines, 1995 200
DS.
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tion treatment (from 90 kg GHha' to 7 kg CH ha?) Days after transplanting

and midseason drainage treatment (from 90 kg CHrigure 4. Effect of inorganic amendment on Ceission from
hato 16 kg CHha?). These two treatments gave only rice field grown to IR72 at PhilRice, Maligaya, Philippines, 1995

1 and 2.1 kg Ckt grain yield as compared with 11.3 WS-

and 10.7 kg CHit* grain yield in continuously flooded

transplanted rice. Although intermittent irrigation re-

sulted in negligible ClHemission, the yield was slightly Table 5. Seasonal mean and range of air temperature during the 5-yr

lower. CH, measurement in PhilRice, Maligaya, Mufioz, Nueva Ecija, Phil-
ippines

Discussion Temperature (°C)

Effect of cropping season. The CH,emission at a given  Year Seasonal mean  Minimum Maximum

treatment was higher during the WS by 2 to 3 times the bDs ws DS WS Ds Ws

emission during the DS. Dry season (@&hissions in

the reference treatment, i.e., 120 kg N fuaea N) were ggg ;Zj ;Z; ;g:i ;g:g 25:2 gg:;
95, 204, and 160 kg QH‘ial in 1994, 1995, and 1996, 1996 26.3 206 222 242 31.6 408
respectively. Wet season emissions amounted to 266997 267 284 209 249 303 308
518, and 272 kg Chha' in 1994, 1995, and 1996, re- 1998 26.6 23.8 289 -

spectively. Not only was there a variation between crop—z"ezzr;r?;‘r’ 26.62 2810 2248 2442 3046 34.30

ping season but there was also an annual variation in
CH, emission. The T1 (reference treatment) showed
wide differences in seasonal flux from year to year. This
will pose problems in monitoring mitigation measures
in farmers’ fields. Table 5 shows that the DS months
(December to April) had an average daily temperature
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Figure 5. Effect of organic amendment on Ceinission from rice Figure 6. Effect of organic amendment on Ceémission from rice
field grown to IR72 at PhilRice, Maligaya, Philippines, 1996 DS. field grown to IR72 at PhilRice, Maligaya, Philippines, 1996 WS.

of 26.6 °C, while the WS months (June to November)The difference was the same at the 25-50 cm depth (i.e.,
had 28.1 °C. Maximum air temperature was lower in0.52% OC before the DS cropping and 0.65% OC be-
DS months by 4 and 9 °C during 1994 and 1996, refore the WS cropping). Furthermore, the field was still
spectively. But in 1995 and 1997, the maximum tem-wet during the fallow period between WS and DS crop-
perature for DS and WS were the same. Holzapfelping. Bronson et al. (1997b) reported that,E€htitted
Pschorn and Seiler (1986) reported a marked influenciEom wet fallow periods is significant and should be
of soil temperature on the GHux. Most isolates of considered when monitoring Glemission from rice
methanogenic bacteria are mesophilic with temperatursoils. Methane emissions during the wet fallow period
optimum of 30 °C to 40 °C (Mogel et al., 1988). The during October and November before the DS crop could
difference in daily mean temperature between the D®ave resulted from decaying roots and stubble. Meth-
and the WS cropping period was, however, too smakne is not emitted during the April - May dry fallow
(1.6 °C) to explain the higher Glgmission during the period before the WS cr@md accumulation of labile
WS. Temperature, theoretically, would deter or enhancearbon shown by higher % OC may have resulted.

the rate, not the magnitude, of emission. Contributing Effect of inorganic fertilizer. Most likely the

to this difference may be differences in labile organicSQ,? was responsible for the reduced G#nission
carbon (OC) between the two seasons. Analysis of thitEom ammonium sulfate- than from urea-treated plots.
OC before the 1998 DS and 1998 WS cropping showe8aenjan and Wada (1990) reported that the presence of
an average of 1.15% OC before the DS cropping andulfate suppressed GFkbrmation. The Chiformation,
1.27% OC before the WS cropping at 0-25 cm depthboth in flooded rice fields and in submerged soil under
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Figure 7. Effect of crop establishment and water regime op CH  Figure 8. Effect of crop establishment and water regime or) CH
emission from rice field grown to IR64 at PhilRice, Maligaya, emission from rice field grown to IR64 at PhilRice, Maligaya,
Philippines, 1997 DS. Philippines, 1997 WS.

laboratory condition, is carried out largely by the transfirmed the possibility of competition for the usage of
methylation of acetic acid and by €@duction, uti- hydrogen between GHormation and S¢¥ reduction
lizing H,, butyric acid, etc. as hydrogen donors (Takai,in strongly reduced rice soil. Competition for hydro-
1970). Sulfate ions serve as an alternative tg &0 gen, however, is less likely than that for acetic acid
electron acceptors for the oxidation of organic mattebecause the degree of competition for hydrogen is con-
(Delwiche & Cicerone, 1993). Differences on the ef-trolled by many factors. The added S@om the
fect of ammonium sulfate and urea fertilizer on,CH ammonium sulfate fertilizer must have stimulated the
formation was reported by Wang et al. (1993) to be reSO,?-reducing bacteria.

lated to the effect on soil pH. Ammonium sulfate- Increasing the rate of N from urea slightly in-
treated plots had 25% to 56% less, @rhission aver- creased Cllemission. Lindau et al. (1990, 1991) also
aged over the years and seasons compared with the ureaported increasing CHluxes with increasing rates of
treated plots. Since addition of §&ontaining N fer-  urea application. The increase in G#inission with
tilizers hardly changes the measured soil Eh and sod@ddition of higher N rate from urea could be due to the
pH, the competition of S@-reducing and CkHpro- inhibitory effect of NH* on CH, oxidation (Conrad &
ducing bacteria for substrates hydrogen and acetic aci®othfuss, 1991).

and possibly toxicity to the GHproducing bacteria Impact of phosphogypsum. Phosphogypsum (85-
from H,S produced after S@ reduction, are likely 90% gypsum) is a waste product from the production
mechanisms for the decreased,@bduction in am-  of phosphoric acid by the wet process. The overall SO
monium sulfate-treated plots. Hori et al. (1993) con-content of PG is 44-46% (Alcordo & Rechcigl, 1993).
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Methane emission (mg m2d-') bacteria to fully counteract the high Ctuxes. How-
400 ever, another application of PG in succeeding cropping
 Transplanted, continuously irrigated, urea increased the cumulative effect of SOThe succeed-
@ Iranspianted. continuously irrigated, ing cropping with same rate of PG and fresh rice straw
350 [ | a Direct seeded, midseason drained, = resulted in a 37% reduction in CEmission. PG is a

ammonium sulfate

o Direct.seeded, intermittent irrigation, cheaper source of §Othan ammonium sulfate and
ammonium sulfate+2.5 t compost ha urea is a less expensive source of N fertilizer. Thus,
300 1 the combination of urea as N fertilizer and PG agSO
source could be a management option to reduce CH
emission especially in sulfur-deficient irrigated lowland
rice. Sulfate is normally reduced after the depletion of
nitrate and other more energetically favorable reactions
200 L ] in anaerobic rice soils (Connel & Patrick, 1968, 1969;
T Ponnamperuma, 1972). Sulfate is reduced&wthich
r‘#ﬁ is toxic to rice at a concentration of approximately 0.07
ppm (Mitsui et al., 1951; Freney et al., 1982). How-

L IIrJ ever, HS seldom accumulates at toxic concentrations
;+g

250

150

. I in most rice soils, since 8 is either immediately pre-
\ i cipitated as metallic sulfide, chiefly FeS, or is oxidized
Y| ¥ to sulfate or elemental sulfur in the rice rhizosphere by

100 [

chemosynthetic microorganisms (Huang, 1991). The
reoxidation of $ to SQ2in the rhizosphere may also

50 f L
-} f 1: suppress Clemission over long periods of time
g - (Freney et al., 1982). This is the reason why addition of
0 : u : up to 6 t ha PG in Maligaya clay with 75.02 ug'g

active iron (Fe) did not manifest sulfide toxicity in the
rice plant. In addition, PG was reported to have soil-
Figure 9. Combined effect of crop establishment, water regime, conditioning effect in saline soils (A_‘Icordo & REChmgl’,
and inorganic and organic amendments o) @ission from rice ~ 1993). The annual world production of PG was esti-
field grown to PSBRc28 at PhilRice, Maligaya, Philippines, 1998 mated at 125 million Mg, and only 4% (5 million Mg)
DS. of it is used in agriculture and in gypsum board and
cement industries. The remaining 120 million Mg PG
When applied to the soil, PG solubilizes, producing Ca accumulates annually as waste (Alcordo & Rechcigl,
and SQ?ions. When PG was combined with urea, therel995). These could be used as soil ameliorant to de-
was a significant reduction (z value = 10.0**) in meancrease Cllemission in lowland rice.
CH, emission because of the S@ffect on CH pro- Effect of organic amendment. Seasonal CH
duction. The effect of high amounts of ammoniumfluxes from fresh rice straw-treated plots were 2.5 to
sulfate and PG on GHmission was similar. This con- 3.5 times greater than that from urea plots. Even the
firms that it was the S© and not the NIt that had  addition of PG in fresh rice straw treatment did not fully
affected the reduction in Gl¢mission. Denier van der counteract these high GHuxes (Table 3). On the other
Gon and Neue (1994) also reported a 55-70% redud¥and, CH fluxes in the rice straw compost treatment
tion in CH, emission in an Aquandic Epiqualfs with were similar to those in the urea treatment throughout
amendment of 6.66 t Hagypsum. Even with addition the season.
of green manure, the gypsum significantly decreased Yagi and Minami (1990) reported that annual
CH, emission (Denier van der Gon & Neue 1994).emission rates from plots receiving 6 tlodirice straw
Addition of 3t ha of PG to fresh rice straw resulted in in addition to mineral fertilizer increased approximately
a 27% reduction in CHemission compared with that 2 to 3 fold as compared with the mineral fertilizer plots,
from plots amended with fresh rice straw alone. Thedrrespective of soil type. Compost was also reported by
amount of carbon in fresh rice straw could be so highragi and Minami (1990) to have only slightly increased
that the S¢¥ from PG was not enough for sulfate-re- emission compared with control plots. The readily
ducing bacteria to compete with the @btoducing  mineralizable carbon (RMC) in the organic amendment

Days after transplanting
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was one of the principal factors affecting &thission  end of tillering and before heading improved yields and
from flooded soils (Yagi & Minami, 1990). Even with- reduced Chklemission (Wang, 1986). In Japan, the in-
out organic amendment, the readily mineralizable soitermittent irrigation of rice fields resulted in lower CH
organic matter in rice soil is the main source for theemission than those reported from western countries
fermentation products that finally drive Cférmation  (Yagi & Minami, 1990). Bronson et al. (1997a) reported
in wetland rice soils (Neue, 1993). Composting of thethat midseason drainage (2-wk duration) at either maxi-
rice straw aerobically decreased the C/N from a rangenum tillering or panicle initiation suppressed Gidx.
of 25-45 in fresh rice straw to a range of 6-10 in riceHowever, NO flux increased sharply during the drain-
straw compost. This resulted in lesser carbon substratesge period, until reflooding, when it dropped back to
which in turn reduced CHemission. The incorpora- zero. Midseason drainage as a strategy to reduge CH
tion of rice straw during land preparation stage increasedmission should be on a short duration (7-10 d) and
CH, emissions during the early vegetative stage untitimed when the rice plants have used up the fertilizer
30 DAT. Methane must have been produced from volaN applied at basal and vegetative stages. Reflooding
tile fatty acids that were intermediate products of riceshould be done before the application of N fertilizer at
straw decomposition. In Texas, rice straw (8-12% ha the panicle initiation stage. Intermittent irrigation,
increased Cliemissions but rice yields dropped (Sassthough it significantly reduced (92%) Gldmission,
etal., 1991a,b). must be carefully evaluated as a mitigation strategy.
Rice straw applications increased emissions 2Bronson (1994) reported that urea or ammonium sulfate
2.5 times but did not affect yield. Alberto et al. (1996)fertilizer from irrigated rice fields have,® losses to a
reported that straw incorporation increased dissolvethaximum of 0.1% of the applied fertilizer. With inter-
CH, tenfold. Similar to the observation of Alberto et mittent irrigation, where water regime is variable, more
al. (1996), CHemission was low in urea-and rice straw N,O could be emitted as a result of higher rates of nitri-
compost-treated plots 15 d before transplanting untification and denitrification that occur than in continu-
45 DAT and then paralleled those plots having strawously flooded conditions. Multiple-aeration water man-
treatment at later stages of rice growth (Figure 6). Thagement treatment emitted 88% less,@Hd did not
early flush in CH emission must have come from the reduce yield (Sass et al., 1992). However, this inter-
decomposition of soil organic matter and added organimittent drainage must be managed carefully to prevent
substrates such as rice straw. At the later stages, it issses of N and corresponding emission 4 khrough
the root exudates and the decaying roots that beconiecreased nitrification and denitrification (Neue, 1993;
the major carbon source for ¢Hdroduction (Alberto  Bronson et al., 1997a).
et al., 1996). Methane fluxes were slightly higher in Direct-seeded rice reduced Cémission by 16-
the chicken manure treatment compared with the urea4% compared with transplanted rice. The mechanism
treatment at 35-45 DAT and 65-75 DAT (Figure 9). Theexplaining this difference is not yet clear. The root sys-
seasonal emission, however, was the same in uregem of direct-seeded rice is expected to differ from that
treated plot and in chicken manure plus urea treaif transplanted rice. It is probable that the roots of di-
ment. Chicken manure has a narrow C/N that is berect-seeded rice are shallower than that of transplanted
tween 5 and 8. The GHemission per unit of carbon rice. With more roots present at the 0-10 cm depth,
from chicken manure was comparable with that of thehere could be more Ghbxidized to CQ, thus reduc-
rice straw compost that had a C/N of 6-10. ing the CH emission. Unfortunately, rooting charac-
Effect of water regime and crop establishment.  teristics of direct-seeded rice (as compared with trans-
Methane fluxes under two water regimes (continuouslhplanted rice) were not investigated in this experiment.
flooded and midseason-drained) and two crop estab-
lishment methods (direct seeded and transplanted) welditigation strategies
compared. The first flush of GHluxes during the early
vegetative stage (Figures 7&8) could be due to deconifFhe management practices tested in this 5-yr experi-
posing stubble incorporated during land preparation anthent have been primarily designed to look for mitiga-
from the commercial bioorganic fertilizer applied dur- tion strategies that are workable under Philippine con-
ing the final harrowing. Methane flux was reduced af-ditions. It was postulated that some aspects of crop
ter midseason drainage due to aeration. This midseasomanagement, including the management of inorganic
drainage could be beneficial to the rice plant. The drainfertilizers, organic fertilizers, water regime, and crop
ing of rice fields for short-term periods in China at theestablishment, could be effectively modified to miti-
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gate CH emissions from irrigated rice fields. Mitiga- also contains sulfur. Thus, the use of this fertilizer may
tion of CH, emissions, while targeting high yields, hasalso contribute to reduced CEmissions. Farmers in
been the prime target in using sulfur-containing inor-the Philippines are not deliberately practicing midseason
ganic amendments, in increasing N fertilizer applica-drainage or intermittent irrigation. Drainage of soils
tion, in using rice straw compost, in practicing within the season is determined by the availability of
midseason drainage, and in practicing direct seedingain or irrigation water. Since water is becoming scarce
Whatever mitigation measure to reduce,@hhission  in many instances, farmers normally would not delib-
has to ensure that it will not decrease grain yield. Thigrately remove water at definite periods of the season
is the most important consideration if these mitigationbecause of the uncertainty of water availability. On the
strategies are to be adapted by farmers. Results shather hand, because of water becoming a limiting re-
significant reduction (25-36%) in GHmissions with  source, especially during the DS, the midseason drain-
the use of ammonium sulfate as N fertilizer source inage practiced by farmers in China and Japan will be
stead of urea. The addition of 6 t'HaG to urea has favorable to the Filipino farmers’ management of their
resulted in 72% reduction in emissions. Midseasorscarce resources. The use of organic amendments, par-
drainage reduced GHemission by 43%, while inter- ticularly rice straw, is presently being encouraged in an
mittent irrigation resulted in 92% reduction. Direct seed-effort to recycle nutrients and improve the fertility of
ing, instead of transplanting, reduced @&rhission by  rice soils. As a mitigation strategy, composting the rice
16-54%. Expectedly, the application of rice straw com-straw aerobically must be promoted rather than fresh
post did not reduce emissions but rather increased it lrjce straw incorporation. A rapid rice straw composting
23-30%. But this is very small compared with the in-technology is available. Most farmers, however, found
crease of 162-250% in emissions due to fresh rice strasomposting and spreading of straw laborious. Farmers
application. Also, the use of chicken manure did noburn their rice straw instead of incorporating it into the
enhance Cllemissions in one experiment. The use ofsoil so as not to encourage pests such as rats. The
organic fertilizer and nutrient cycling from crop residuesadoption of mitigation strategies by farmers may not
is presently being encouraged in view of soil fertility be as hard as it is assumed because of the following
in the long term. In the last experiment (1998 DS) , theeasons. First, our results showed that there was no
different management strategies (ammonium sulfateeal adverse effect on yield. Second, mitigation meas-
fertilizer, rice straw compost, direct seeding, midseasonres proposed are compatible with building soil fertil-
drainage, and intermittent irrigation) were combinedity (use of rice straw compost), proper management of
in two treatments and the result was a dramatic reduavater (midseason drainage vs continuous flooding), and
tion of CH, emission (83-93%). This, however, needssavings on labor (direct seeding vs transplanting).
to be verified in WS and in another DS experiment. ItThird, farmers are beginning to observe the effect of
is important to note that these modifying treatments thaglobal warming from longer drought (El Nifio) and flood
successfully reduced emissions did not adversely afla Nifia) periods.
fect grain yield. The practice of direct seeding is an
exception, where grain yield was lower by 0.8-1.3 tConclusion
ha'in the DS and 1.8 t Han the WS. Direct seeding is
already widely practiced in major rice-growing areasThe 5-yr CH measurements have established a pattern
during the DS; in central Philippines (Panay Island),of emission common to DS and WS. The emissions,
90% of the farmers are practicing direct seeding botlowever, are magnified in the WS, and seasonal emis-
during DS and WS cropping. Development of high yieldsion was found to be 2-3 times as much as that in the
technology for direct-seeded rice cultivation is one ofDS. This was partly explained by the 1.6 °C higher
the current research thrusts of PhilRice. daily mean temperature in the WS. However, tempera-
The workability of the above mitigation strate- ture theoretically would deter or enhance the rate of
gies under the Philippine situation needs evaluationremission, not its magnitude. One obvious contributor
Results of a survey conducted in October-Novembeto CH, emissions is the carbon input (Neue et al., 1994).
1998 showed that rice farmers in Nueva Ecija comDry matter production and also the stubble left for the
monly use urea and complete (14-14-14) fertilizer, nohext season did not significantly differ between the two
ammonium sulfate because urea N is cheaper thaseasons. The difference in decomposable carbon be-
ammonium sulfate. Ammonium sulfate is used mostlytween the two seasons could possibly explain this dif-
in seedbed preparation. However, 14-14-14 fertilizeference in WS and DS emissions. There was 0.12%
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more % OC in the soil before the WS cropping thanganic fertilizers such as chicken manure and rice straw
before the DS cropping. Furthermore, {Jkbm the  compost will not significantly increase Gemission.
decaying roots and stubble during the wet fallow pe-The measurements reported here were carried out in a
riod during October and November before the DS crofheavy clay soil. Whether the same results will be ob-
could have been emitted but was not measured. Increasiined using a different soil in a different environment
ing the rate of urea N from 120 to 180 kg ircreased remains a consideration for future measurements.
seasonal ClHemission by only ~15% in the WS. Using
ammonium sulfate in place of urea at 120 kg N ha Acknowledgements
resulted in 25% reduction in annual average of CH
emission. Increasing ammonium sulfate rate to 180 kd he research described in this paper was funded by the
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