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Executive Summary

1. Main problems of the study and importance of the research

The continuous flooding of paddy fields not only causes water loss, but also led to
methane emission into the atmosphere. The study of rice terraces on highland area found
that the averaged methane emission rate was 3.93 mg/m?/hour or 112.5 kg CH./ha/crop.
However, the rice terrace system using alternative wetting and drying (AWD) cycle reduced
methane emission by 64 % when compared with continuous flooding system, while the rice
yield was not decreased. In Thailand, the rice cultivation by farmers on highland area is relied
on rain water and natural water resources. The continuous flooding of paddy field throughout
cultivation period is due to the belief that water can control weeds. The field is flooded at 10
- 15 cm above soil surface. The amount of water irrigation is higher than the water requirement
of each rice growing stage and thereby causes water loss at 50 — 80 % of water plant
requirements.

Consequently, this research monitored the amount of methane emitting from rice
fields and the volume of water usage in rice fields using water-saving system that was
appropriated to rice cultivation on highland areas. The acquired knowledge will be used to
formulate recommendations for reducing methane gas emission from rice terraces and for
effective water management in rice fields on highland areas that would not affect the rice
yield. In addition, the water management approach from this research would be accepted by

farmers for practicing in the real paddy field.
2. Objectives

2.1 To monitor the emission of greenhouse gases including methane and nitrous oxide
in rice fields and compare between continuous flooding and water-saving systems on highland
areas.

2.2 To investigate the volume of water usage of rice fields and compare between
continuous flooding and water-saving systems on highland areas

2.3 To do cost-benefit analysis and compare between continuous flooding and water-

saving systems on highland areas.



3. Methodology

3.1 Study area and duration of research
The research was carried out in farmer’s paddy fields at Pha Taak village, Pha
Taak royal project extension area, Mae Rim district, Chiang Mai Province, where Li Ka rice
cultivar was grown with seedling date on 28 May 2015 and harvesting date on 8 November
2015 (rice age 113 DAT or 164 DAS). Another area was Mae Sai Na Rao village, Long Kort royal
project extention area, Phrao, Chiang Mai Province, where San-pah-tawng 1 rice cultivar was
grown with seedling date on 29 June 2015 and harvesting date on 13 November 2015 (rice

age 97 DAT or 137 DAS).

3.2 Treatment

3.2.1 Continuous flooding system maintained the water level at 10 cm depth
above soil surface throughout the cultivation period and supplied more water when the water
level was below 3 cm. The water irrigation was discontinued 7-10 days before harvesting.

3.2.2 Water-saving system maintained the water level at 5 ¢m depth above soil
surface throughout the cultivation period and supplied more water when the water level was
below 1 cm. In addition, alternative wetting and drying cycle was conducted twice during
tillering stage by draining the water out of the field to the level below rice roots for 14 days
and then irrigating the field back to previous water level. The soil fertilization was conducted

during dried period.

3.3 Parameters, data collection and data analysis

3.3.1 Daily meteorology included accumulated rainfall, highest temperature,
lowest temperature, relative humidity and evaporation.

3.3.2 Greenhouse gas emission rate was monitored by collecting triplicate air
samples per treatment using a close chamber every 7 days. For alternative wetting and drying
cycle, the air was collected every 3 days. The concentrations of methane and nitrous oxide
were analyzed by gas chromatography.

3.3.3 The water was irrigated through pipeline. The water usage was recorded
by water meters. The changes of water level in the paddy field were monitored every day.

3.3.4 Some rice morphologies, biomass, growth, yield and yield compositions

were monitored.



3.3.5 Average and cumulative greenhouse gas emission, Global warming

potential (GWP), GWP index, and economically cost-benefit were analyzed.
4. Results

4.1 Crop calendar

At Pha Taak paddy field, sowing was started on 28 May 2015 and transplanting
was carried out after 51 days. The first alternative wetting and drying cycle was conducted
during 82 - 85 DAS (14-day) and the second cycle was conducted during 103-116 DAS (14-
days). The rice were harvested on 164 DAS (8 November 2015).

At Mae Sai Na Rao paddy field, sowing was started on 29 June 2015 and
transplanting was carried out after 41 days. The first alternative wetting and drying cycle was
conducted during 67-80 DAS (14-days) and the second cycle was conducted during 89-101
DAS (14-days). The rice were harvested on 164 DAS (13 November 2015).

4.2 Local meteorology

The averaged temperature, the lowest averaged temperature, and evaporation
of these two villages were similar, while the highest averaged temperature and accumulative
rainfall were different. Pha Taak village had total accumulated rainfall 525.7 mm, total number
of rainfall 53 days or 46.9 % of total rice cultivating period (113 days), and accumulated rainfall
5443 mm with the average of 4.8 mm/day. The averaged temperature, the highest
temperature and the lowest temperature at this site were 24.7, 28.0, and 21.5 °C, respectively.
Mae Sai Na Rao had total accumulated rainfall 288.0 mm, total number of rainfall 30 days or
30.9% of total rice cultivating period (97 days), and accumulated rainfall 467.6.3 mm with the
average of 4.8 mm/day. The averaged temperature, the highest temperature and the lowest

temperature at this site were 24.7, 30.7, and 21.1 °C, respectively.

4.3 Daily and accumulated methane and nitrous oxide flux
Throughout 113-day cultivation at Pha Taak paddy fields, the water-saving and
continuous flooding systems had averaged daily methane emission rate of 350.93 and 401.83
mg CHy/m?/day and cumulative methane emission of 473.12 and 515.13 ke CHy/ha which
calculated as GWP equal to 9,935.6 and 10,817.8 kg CO, eg/ha. Thus, the water-saving system
effectively reduced methane emission by 8.16 % when compared with the continuous

flooding systems.



Throughout 96-day cultivation at Mae Sai Na Rao paddy fields, the water-saving
and continuous flooding systems had averaged daily methane emission rate of 17.98 and
43.12 mg CHy/m?day and cumulative methane emission of 12.20 and 50.41 ke CHy/ha, which
calculated as GWP equal to 256.215 and 1,058.60 kg CO, eg/ha. Thus, the water-saving system
effectively reduced methane emission by 75.80 % when compared with the continuous

flooding systems.

4.4 Daily and accumulated nitrous oxide flux

At Pha Taak paddy fields, the water-saving and continuous flooding systems
had averaged daily N,O emission rate of 3.29 and 2.21 me¢ N,O/m?%day, cumulative N,O
emission of 4.51 and 3.16 kg N,O/ha, which were calculated as GWP equal to 1,352.77 and
946.78 kg CO, eg/ha. Thus, the water-saving system at Pha Taak paddy filed had no effect on
N,O emission reduction because the paddy field during alternative wetting and drying cycles
and rain events had water filled pore space (WFPS) about 80 %. The condition was
appropriated for denitrification, thus N,O was increasing during the above period. On the other
hand, the continuous flooding fields had WFPS about 100%, which caused the reduction of
N,O to N,.

At Mae Sai Na Rao paddy fields, the water-saving and continuous flooding
systems had averaged daily N,O emission rate of 3.82 and 2.99 mg N,O/m?’/day, cumulative
N,O emission of 2.69 and 3.13 ke N,O/ha, which were calculated as GWP equal to 832.58 and
969.41 ke CO; eg/ha. Thus, the water-saving system effectively reduced N;O emission by 14.11

% when compared with the continuous flooding systems.

4.5 Reduction of GWP by water-saving system

Water-saving system reduced 4.05 % and 46.32 9% of GWP from rice cultivation
in highland areas at Pha Taak and Mae Sai Na Rao paddy field, respectively. This was due to
the reduction of methane emission from alternative wetting and drying cycle in the water-
saving system. Meanwhile, the GWP was highly variable in the water-saving system. For Pha
Taak paddy field, constant rainfall was occurred during the alternative wetting and drying cycle
and the water saving system received water from nearby rice terraces located on higher
ground. This resulted in the constant level of water depth during alternative wetting and drying
cycle and the methane emission was reduced at lower extent than that of Mae Sai Na Rao

paddy fields.



4.6 Amount of water irrigation for rice cultivation
At Pha Taak paddy fields, the amount of water irrigation in water-saving system
was 540.8 m?/rai, which were 212.96 % more than the continuous flooding systems at 172.8
m>/rai. At Mae Sai Na Rao paddy fields, the amount of water irrigation in water-saving system
was 1,442.33 m*/rai, which were 55.95 % less than the continuous flooding systems at 3,273.90
m?/rai. At Pha Taak paddy fields, the water irrigation in water-saving system was much higher

than the continuous system because of the high seepage rate.

4.7 Yield, yield compositions, and net biomass assimilation rate

Li ka rice cultivar at Pha Taak paddy fields and San-pah-tawng 1 rice cultivar at
Mae Sai Na Rao paddy fields when using water-saving system had higher yields than the
continuous flooding system at 8.85 % and 11.22 %, respectively. In addition, the analysis of
production compositions found that panical number per hill, total grain weight, filled spikelet,
and 1,000-grain weieht were also higher than those from the continuous flooding system.
Moreover, the comparative rate of biomass accumulation of rice grown in water-saving and
continuous flooding systems (13.18 and 11.89 g/cm?/day for Pha Taak paddy fields and 10.32
and 8.32 g/cm?/day for Mae Sai Na Rao paddy fields) indicated that the alternate wetting and

drying cycle during tillering stage could increase rice yield.

4.8 Economically cost-benefit
The production of rice from water-saving and continuous flooding systems of
Pha Taak paddy fields gave the benefit higher than the cost of production by 10.57 and 9.70
times, respectively. The water-saving system had the proportion of benefit to cost 8.97 %
more than the continuous flooding system. For Mae Sai Na Rao paddy field, the production
of rice from water-saving and continuous flooding systems gave the benefit higher than the
cost of production by 6.95 and 6.24 times, respectively. The water-saving system had the

proportion of benefit to cost 11.22 % more than the continuous flooding system.



5. Recommendations

Rice cultivation using water-saving system on highland areas gave co-benefit between
reducing methane emission, increasing production yield, and decreasing water use. This will
facilitate water flow to lower area, which will be more beneficent to people downstream.
Nonetheless, the management of paddy fields on highland areas by adjusting the depth of
each field equally and maintaining ridge would reduce seepage that is the cause of water loss.

The limitation of rice cultivation using water-saving system during in-season are the
raining events during the alternate wettine and drying cycle which will reduce the efficiency
of this rice system. Consequently, the alternate wetting and drying cycle during rice cultivation
should be planned according to the raining events in the areas.

For the future researches, the greenhouse gas emission rate should be monitored
continuously and the study should be expanded to larger paddy fields in sub water shade. In

addition, the experiments in large field area would reduce the errors from edge effect.
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Abstract

This research aimed to monitor methane emission from paddy field and water usage during rice
production on highland area. Two water management systems were compared, which were continuous
flocding system using farmer’s method and water-saving system with 2 cycles of alternate wetting and
drying during tillering stage. The research was carried out during in-season planting of June-November 2015
at two field places including Pha Taak village, Pha Taak royal project extention area, Mae Rim district, Chiang
Mai Province that grown Li Ka rice cultivar and Mae Sai Na Rao village, Long Kort royal project extention
area, Phrao, Chiang Mai Province that grown San-pah-tawng 1 rice cultivar,

The results showed that highland paddy fields at Pha Taak village and Mae Sai Na Rao village which
used water-saving and continuous flooding systems had cumulative methane emission at 473.12 and 12.20
kg CHy/ha; and 515.13 and 50.41 ke CH,/ha, respectively. Thus, the water-saving system effectively reduced
methane emission by 8.16 and 75.80 % when compared with the continuous flooding systems.

For cumulative nitrous oxide emission, the amounts from water-saving and continuous flooding
systems of Pha Taak paddy fields were 4.51 and 3.16 ke N,O/ha, while from water-saving and continuous
flooding systems of Mae Sai Na Rao paddy fields were 2.69 uag 3.13 kg N,O/ha, respectively. Thus, the
water-saving system effectively reduced nitrous oxide emission by 14.11 % when compared with the
continuous flooding systems. In total, the water-saving system effectively reduced global warming potential
by 4.05 and 46.32 % when compared with continuous flooding system for Pha Taak and Mae Sai Na Rao
paddy fields, respectively.

The irrigated water volume throughout growing season of the water-saving system at Pha Taak
paddy fields was lower than the continuous flooding system by 55.9 5 %. However, there were very high
seepage rate at Pha Taak paddy fields thus the irrigated water volume of the water-saving system was higher
than the continuous flooding system by 212.96 %. Rice yields from Pha Taak and Mae Sai Na Rac paddy
fields showed that the water-saving system (924.45 and 737.93 kg/rai ) had averaged higher yields than the
continuous flooding system (849.18 and 663.49 kg/rai). Thus, the water-saving system gave higher yields
than the continuous flooding system by 8.85 and 11.22 %, respectively. In addition, the influent of alternate
wetting and drying cycle led to the increasing of net biomass assimilation rate, which the values from water-
saving system (13.18 and 111.89 g/cm’/day, respectively were higher than from continuous flooding system
(10.32 and 8.32 g/cm®/day, respectively).

The results indicated that the water-saving system and alternate wetting and drying cycle had co-
benefit effects in reducing methane emission from rice terraces as well as increasing water usage efficiency

and rice yields.



