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OVERVIEW OF PROJECT WORK AND OUTCOMES

Non-technical summary

Rainfed rice field in ASEAN Countries occupies an area of 19.8 million hectares which representing
49.2% of the total rice cultivation area of ASEAN. This area is used only 4-5 months per year with
single cultivation while for the rest, 8-7 months the land is left fallow. This research work focused on
the assessment and identification of strategic rice cultivation practices including rotation with
energy crops to contribute to global warming mitigation and adaptation to climate change and
enable SEA to develop towards a self-sufficient low carbon society. It was found that energy crop
rotation with rice is a good strategy to reduce GHG emissions and contribute increasing soil carbon
in the long run. Expansion of this strategy to SEA is not only enabling to enhance the biomass
resources for biofuel and bioenergy with no impact to food crops but also to contribute reducing
issues of competition between food and fuel crops as well as land use change problem. Moreover
this strategic practice may contribute to increasing the potential of carbon sink and moving toward
poverty eradication. However, the market of energy crop is a major driver for adoption of this
practice and the formulation and implementation of clear policies on renewable energy and biomass
utilization is therefore necessary and should be strongly promoted in each SEA country.

Objectives

The overall project objective is to provide scientific information on global warming mitigation and
adaptation to climate change in the agricultural sector by improving rice cultivation practices
including rotation with energy crops.

To achieve this overall objective, the sub-objectives of the project are:

e To develop sustainable low carbon agriculture in SEA through improved cultivation practices
of rice and energy crops (crop rotation),

o To develop long - term field studies to measure, monitor and evaluate the impacts of
various cultivation practices on climate change and identify potential adaptive measures and
mitigation options,

o To enhance regional capacity of scientists and policy makers in SEA to contribute to
sustainable low carbon development of their society.

Amount received and number years supported
The Grant awarded to this project was:

US$ 40,000 for Year 1: 2011-2012

US$ 40,000 for Year 2;: 2012-2013

Activities undertaken
To achieve the overall objective of this project, investigations were broken down into 5 major
activities as detailed below:

Activity 1: Review of rice cultivation practices and use of energy crops for rotation in SEA.

This activity aimed at providing an overview of rice cultivations practices in SEA including potential
for rotation with other (energy) crops. Under this activity a report on the state-of-the-art of rice
cultivation practices and potential of rotation with energy crops in SEA countries was produced as
well as a questionnaire enabling to collect specific information on rice cultivation practices from
farmers. Due to limitation of budget and time, the questionnaire survey was performed for the case
of Thailand and Indonesia (project collaborator).
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Activity 2: Long-term monitoring of GHG emissions and soil carbon dynamics from rice cultivation
and utilization energy crops for rotation

This activity aimed at comparatively assessing the influence of rice rotation with selected energy
crops during the fallow period under well defined cultivation conditions not only on soil carbon cycle
or stock but also socio-economic aspects. This assessment aimed ultimately at identifying strategic
rice cultivation practices in rotation with energy crops. Under this activity, GHG emissions and soil
carbon stock of some current practices of rice cultivation in Thailand were assessed. For long-term
monitoring of GHG emissions and soil carbon dynamics, experimental plots with different irrigated
short-lived rice cultivation practices were set at the Ratchaburi Campus at King Mongkut’s University
of Technology Thonburi (KMUTT). Corn and sweet sorghum are the energy crops that were selected
for rotation with rice due their short cultivation period, their potential to grow anywhere in the SEA
region, their low requirement in water and their ability to serve as feedstock for ethanol production.

Activity 3: Capacity assessment of GHG emissions and carbon stock from sustainable cultivation
practices in SEA

This activity aimed at assessing the capacity of carbon budget in terms of emissions and carbon stock
for rice fields in SEA. To this end, a GIS database of GHG emissions and mitigation options obtained
from activity | and 1l was prepared to serve as input to a GHG emission inventory software program,
i.e. ALU software. GIS maps of GHG emissions resulting from existing and alternative cultivation
practices were established for Thailand and then replicated to assess the GHG emissions and carbon
stock of rice fields in other SEA countries to assess the potentials for reduced GHG emissions
(climate change mitigation) for different cultivation scenarios.

Activity 4: Long-term soil carbon dynamics assessment of sustainable low carbon cultivation using
process model

Long-term soil carbon storage and sequestration may be influenced by the agricultural method
followed. The assessment of long-term soil carbon storage and sequestration of the feasible rice-
energy crop system was performed under this activity using monitoring and modeling data. Data
generated from activity Il was used as input to DNDC to analyze the time-series change in carbon
storage vs. the corresponding GHGs emissions. Outputs from the model was used to better
understand the carbon cycle of cultivated soil system, and the increase of soil carbon storage and
soil fertility, which are key criteria for sustainable cultivation.

Activity 5: Knowledge dissemination to scientists and policy-makers in SEA

The objective of this Activity is to build capacity of the scientists and policy-makers in SEA in terms of
understanding the strategic approach of sustainable rice cultivation management that would lead to
lower GHG emissions while increasing energy crop production. The project closing workshop will be
conducted in Thailand with invited participants from selected SEA countries. Emission inventory and
carbon storage maps developed from the project under base case and mitigation scenarios will serve
as reference information for policy-maker to lay down relevant policies in SEA countries. Long-term
soil carbon storage and sequestration will benefit the scientific community to evaluate the potential
carbon sink capacity of the SEA region. Results from the dissemination should serve help the analysis
and determination of the most appropriate mitigation options and policy measures for developing
sustainable low carbon cultivation practices in SEA.

Results
The results achieved from this project can be summarized as follows for each of the main research
activities of the project:
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Activity 1:

o Overview of state-of-the-art of rice cultivation practices and use of energy crops as potential
rotation crops in SEA countries

e Establishment of a database of rice cultivation practices of each country in SEA

Activity 2:

e Production of data related to long-term monitoring of GHG emissions and soil carbon
dynamics from specific rice-energy crops cultivation practices based on an experimental site
in Thailand.

o Comparative assessment of selected crop rotation practices in term of carbon cycle,
economic and social benefits, barriers, best practice issues, etc.

¢ Identification of feasible sustainable rice-energy crop cultivation practices under well-
defined conditions.

Activity 3:

e Production of maps of GHG emissions from rice fields vs. cultivation practices in SEA

e Production of maps of carbon stock of rice fields in SEA

o Development of a database of GHG emissions inventory using ALU software

o Assessment of the Carbon budget of rice cultivation under existing and sustainable practices
(i.e. rotation with Corn and sorghum) in SEA

Activity 4:

o Collection of Informative data on long-term soil carbon storage vs. selected rotation crops
and cultivation practices

o Comparative assessment of soil carbon sequestration under selected rice-energy crops
rotation regime

o Assessment of appropriate cultivation practices as mitigation options for low/reduced
carbon emission in the agriculture sector

Activity 5:

o Capacity building of scientists on inventories of GHG emissions and carbon stock as well as
process modeling tools

e Capacity building of scientists and policy-makers on mitigation options in the agricultural
sector for a low carbon society.

Relevance to the APN Goals, Science Agenda and to Policy Processes

The project objective provided scientific information on global warming mitigation and adaptation to
climate change in the agricultural sector by improving rice cultivation practices including rotation
with energy crops namely corn and sorghum. This would contribute (1) develop strategic agricultural
practices incorporating rice and energy crops in the region, (2) develop field experiments to monitor
GHG emissions and soil carbon dynamics of various cultivation practices (3) assessment of national
capacity in building an agricultural low carbon society in the region, and hence contributing to
climate change adaptation and mitigation for sustainable development. The achievement of these
goals should support regional policy-makers in (1) formulating appropriate mitigation options in the
agricultural sector, (2) selecting suitable strategic cultivation practices combining rice and energy
crop cultivation, and adaptive cultivation practices, and (3) enhancing national scientific and
technical capacity in assessing GHG emissions and soil carbon storage of various cultivation practices,
which would consequently contribute to Climate Change Adaptation and Mitigation helping reducing
regional Vulnerability and leading towards low carbon society development.

Self evaluation
Referring to the initial plan presented in the proposal, the following targets were achieved:
(1) Production of a report on Strategic rice cultivation practices in SEA and rotation with energy
crops (main output of activity 1 of the project)




(2) Production of a report on long-term GHG emissions, soil carbon dynamics and socio-
economic constrains associated to specific rice-energy crops cultivation practices (main
output of activity 2 of the project)

(3) Spatial and temporal distribution of GHG emissions and carbon stock associated to rice
paddies in SEA based on ALU simulations (main output of activity 3 of the project)

(4) Assessment of long-term soil carbon storage and sequestration associated to rice paddies
and rotation with energy crops using the DNDC Biogeochemistry model (main output of
activity 4)

(5) Dissemination of the knowledge generated from the project to scientists and policy makers
in SEA during a 3 day-training workshop organized end of May 2013 following completion of
all the project activities (main output of activity 5)

Potential for further work

In line with the time and budget available to perform this research work, the activities of this project
focused on the assessment of GHG emissions and carbon stock dynamics associated to rice
cultivation in rotation with specific energy crops i.e. Sorghum and Corn, for selected countries in
SEA. The scope of this research could be further extended to include more energy crops and
countries in the region than those focused on in this project. Also, regional simulations using DNDC
could be performed (site specific simulations were performed in this research work) to evaluate the
implication of strategic rice cultivation practices in rotation with energy crops at a regional scale.
This would provide useful information to support low carbon development in the region, contribute
to climate change mitigation and overall to more sustainable development.

Publications (please write the complete citation)

(1) A website reporting on the APN project activities and events including downloadable
materials produced for the expert meeting (June 2011), training workshop on DNDC
(February 2013) and final project workshop (May 2013) of the project are available at:
http://www.jgsee.kmutt.ac.th/apnproject.

(2) Electronic copies (USB key) and hardcopies of the workshops’ materials organized during
the course of the project have been produced and provided to all participants of those
events.

(3) Presentation on “Rice Cultivation and Potential Areas for Rotation with Energy Crops in
South-east Asia” at the 17th Inter-Governmental Meeting (IGM) and Scientific Planning
Group (SPG) Meeting in Jakarta (Indonesia), on 14 March 2012

(4) Two international journal publications and conference papers on the results obtained via
this project are also planned to be produced during the period 2013-2014.
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TECHNICAL REPORT

Preface

This technical report describes the activities and results obtained as part of the Asia Pacific Network

ARCP Project entitled: Strategic Rice Cultivation for Sustainable Low Carbon Society Development in
South East Asia.

This 2-year project enabled review current status of rice cultivation practices in the region and
potential for rotation with energy crops. It also contributed to identify strategic rice cultivation
practices with selected energy crops that would contribute to mitigation of climate change and
therefore development of the region towards a low carbon society. The project also enabled to
interact with scientists and policy makers in the region of SEA, to share knowledge and raise
awareness on the subject of these investigations.
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1. Introduction

South East Asia (SEA) covers an area of 410 million hectares and agricultural land represents about
20% of the total area. Agricultural land has been expanding in SEA over the past decades including
but not limited to onto previously forested areas. Such changes in land use reflect actually the
development of intensive agriculture, which is a major economic activity in SEA. Of all food crops
grown in the region, rice is a major feedstock. On a global basis, according to the Food and
Agriculture Organization (FAO), rice plantation covers an area representing about 12.5% of total crop
plantation area. This translates in an annual rice production amounting to 659 million tonnes and
contributing 164 billion US dollars on the world economy. SEA is the region with the largest area of
rice plantation with a coverage representing 30% percent of the world plantation. Maximizing rice
yield in this region is therefore essential to increase global food stock. Nevertheless, current climate
and energy crisis strongly influence the regional potential for rice production. Temporary or
permanent conversion of rice plantation into oil palm plantation and other energy crop plantations
has already been implemented in many SEA countries, notably Thailand and Indonesia.

This project addresses strategic rice cultivation practices that would enable to contribute face both
climate and energy security issues, by rotating rice with energy crops in order to fully utilize the rice
plantation fallow period and hence optimize rice and energy feedstock production. Proposed
cultivation practices aim at reducing Greenhouse Gas (GHG) emissions while increasing potential
long-term soil carbon stock by optimizing land use change and cultivation practices. Sustainable
development is considered in terms of enhancing economic and social benefits while developing a
low carbon society to bring down the net GHG emissions and increase soil carbon stock. The overall
goal of the project is therefore to identify strategic rice cultivation practices enabling SEA to develop
towards a sustainable low carbon society, i.e. reduced GHG emissions, while enhancing the adaptive
capacity in the agriculture sector.

2. Methodology

2.1 Overview of the research activities performed in this project

In order to evaluate strategic rice cultivation practices including rotation with energy crops, several a
activities were performed in this research work starting with first an assessment of the current
status of rice cultivation practices in SEA and potential crop used in rotation with rice. Such
information was collected via a literature survey, an expert meeting, and a questionnaire survey that
was performed in Thailand and Indonesia. Following this initial assessment, an evaluation of long
term GHG emissions and soil carbon dynamics of various rice cultivation systems including rotation
with selected energy crops (corn and sorghum) was performed at a specific experimental site in
Thailand. Socio-economic considerations regarding such practices were also taken into consideration
to eventually come up with possible options for strategic rice cultivation in rotation with energy
crops. The experimental data generated from this assessment served as input to the Agriculture and
Land Use (ALU) software and the DeNitrification-DeComposition simulations (DNDC) model to
investigate GHG emissions, carbon stock and soil carbon dynamics for various scenarios of rice
cultivation systems. The simulations were performed first for the case of Thailand where
experimental data on GHG emissions and soil carbon measurements had been performed but with
the possibility of expanding the simulations to SEA. The overall research framework followed for this
research is illustrated in Figure 1.
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Figure 1 Research Framework

2.2 Status of rice cultivation and rotation with energy crops in SEA

The overall status of rice cultivation including rotation with potential energy crops during fallow
periods was reviewed for SEA based on literature survey, information collected from experts in the
region as well as a questionnaire survey performed specifically for Thailand and Indonesia (due to
constrains of time and budget) to recheck and confirm the information that had been collected from
secondary sources. The overall information is available in Appendix 1 in the form of a report entitled
“State of the art of rice cultivation practices in South East Asia”. The questionnaire that was designed
for the survey performed in Thailand and Indonesia is provided in Appendix 2. The programme and
presentation materials collected during the expert meeting that was organized during 2-3 June 2011
at JGSEE to gather information on rice cultivation practices in SEA are provided in Appendix 3.

2.3 Long term measurements of GHG emissions and soil carbon dynamics from various
rice cultivation systems in Thailand

The paddy fields are important sources of CH, as well as N,O emissions. So it is very important to
consider both these GHGs into consideration when investigating mitigation options through
appropriate cultivation practices. In this study, field experiments were conducted to understand
GHG emissions from rice field as well as rotation with selected energy crops, i.e. corn and sorghum.
The study focused on the investigation of GHG emissions under specified conditions and soil carbon
dynamics, as well as comparative evaluations of selected crop rotation systems in terms of carbon
cycle and its social and economic implications. The full report of these investigations can be found in
Appendix 4).
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2.3.1 Experimental set up

The field experiments established at KMUTT-Ratchaburi campus in Sub-district Rang Bua, Chombung
District, Ratchaburi Province, Thailand. The single rice cropping in rainy season and fallow land in dry
season and double rice cropping in dry and rainy season were considered as a rice cropping systems.
The rotation cropping system is rainfed rice (Patumthani 1) with selected energy crop rotation which
is corn [Suwan 5] and sorghum [Khon Kaen 40].

The experiments were laid out for the years 2010 and 2011 in randomized complete block design
(RCBD) with in total eight plots with size 75 m?(5 m X 15 m) were established for four crop rotation
systems. The rotation systems used in this experiments are 1) Single cropping of fallow land and rain
fed rice (RF), 2) Double cropping of corn and rain fed rice (RC), 3) Double cropping of irrigation rice
and rain fed rice (RR) and 4) Double cropping of sweet sorghum and rain fed rice (RS) (see Figure 2).

The black acrylic closed chamber method was used to trap gas emitted from plant and soil into
atmosphere throughout the investigation period. Gas samples were taken once a week during day
time. The biomass sampling and analysis was done at the same time during harvesting of crop. The
samples were collected and dried in the oven for 24hrs at 80°C and then analyzed using nitrogen and
carbon analyzer. The amount of carbon in biomass was determined based on the following
expression:

Carbon in Plant (g C m?) = C element concentration (g C g”plant) X weight and to the equivalent
plant area (m?)

Year 2010 2011

Month (1 2 3 4 5 6 7 8 9 10 11 12|11 2 3 4 5 6 7 8 9 10 11 12

RF

RR

RS

Figure 2 Structure of experiment design

The soil samples were collected from each plot treatment from top layer of soil at a depth 0-15 and
15-30 cm at the day after crop harvesting. The soil organic carbon stocks of each crop were
estimated by equivalent soil mass method (ESM) (Lee et al. 2009). According to Nishimura et al.
2008 Soil carbon budget (SCB) can be estimated by integrating the amounts of net carbon supply
and removal. Figure 3 and Table 1 show the details of carbon dynamics in experiments and the
carbon calculation procedure.
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Figure 3 Carbon dynamics in experimental system

Table 1 Terms of carbon calculation

Term Description
la carbon supplied to the soil by seed, manure and chemical fertilizer
Is carbon supplied to the soil by straw and stubble incorporation
Ir carbon supplied to the soil by root residue
Og carbon removed by grain yield
Ob carbon removed by crop biomass
Oc carbon emitted from soil to the atmosphere in the form of CO, emission
Om carbon emitted from soil-plant to the atmosphere in the form of CH,
emission
SCB soil carbon budget (g C m?)

2.3.2 Statistical analysis

The one-way analysis of variance (ANOVA) and Duncan’s multiple range test (p = 0.05) were used to
determine the temporal variations of gas fluxes, soil organic carbon (SOC) stock, and Soil carbon
budget (SCB) between the rotation of cropping systems (Xiao et al. 2005).

2.4 Assessment of the spatio-temporal distribution of GHG emissions and carbon stock of
various rice cultivations systems in SEA

2.4.1 Description of ALU

The ALU program can be used to estimate emissions and removals associated with biomass C stocks,
soil C stocks, soil nitrous oxide emissions, rice methane emissions, enteric methane emissions,
manure methane and nitrous oxide emissions, as well as non-CO, GHG emissions from biomass
burning. Methods included in the program are based on guidelines provided by the
Intergovernmental Panel on Climate Change (IPCC), as documented in the Revised 1996 IPCC
National Greenhouse Gas Inventory Guidelines, and further refined in the 2000 IPCC Good Practice

4
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Guidance on Uncertainty Management in National Greenhouse Gas Inventories, as well as in the
2003 IPCC Good Practice Guidance for Land Use, Land Use Change and Forestry.

2.4.2 Data inputs
The data inputs required to run the model are provided below for the following items (1) Climate
and soil data, (2) Rice cultivation area, (3) Rice productivity, (4) Fertilizer N use by rice

(1) Climate and soil data: For all countries of SEA considered (Cambodia, Indonesia, Lao, Malaysia,
Myanmar, Philippines, Thailand, and Vietnam) the climate can be considered as tropical moist. For
each of the four rice ecosystem considered in these investigations, soil characteristics are same for
all SEA countries, and as follows:

o Irrigated rice: high activity clay

¢ Rainfed lowland rice: low activity clay

e Upland rice: low activity clay

e Flood prone: Wetland mineral

Details about the area of rice cultivated, productivity, and fertilizer N use in SEA countries are
derived from IRRI Rice Facts of 2002 and PPI-PPIC ESCAP 2001. See more detail in Appendix 5.

2.4.3 Development of GIS based maps of GHG emissions and soil carbon stock of existing
and sustainable cultivation practices

The maps of rice cultivation areas were obtained by overlaying SEA countries land cover maps with
paddy field areas derived from satellite information. In order to visualize the change in GHG
emissions and soil carbon stock in two different years, e.g. in 2010 and 2030 gridded-maps were
developed with a grid resolution of 10-km x 10-km. Potential mitigation options based on different
scenarios according to long term field measurement experiments in 2010 (see Figure 2) were
assessed using ALU software. The full details of this activity are reported in Appendix 5.

2.5 DNDC simulations of long-term GHG emissions and soil carbon dynamics of various
rice cultivation systems

2.5.1 DNDC model Description

The DNDC 9.3 version was used in this study to simulate the field measurements of CH,;, N,O and
CO, emissions. The DNDC model under development at the University of New Hampshire since 1992,
which is process based simulation model for soil carbon and nitrogen biogeochemistry cycle’s (Li et
al. 19923, 1992b, 1994 and 1996). The DNDC is an integration of six sub-models and describes the
generation, decomposition and transformation of organic matter and provide as output the
dynamics of components of SOC and GHGs (Zhang et al. 2009).

2.5.2 Study area

The field experiments were conducted at Ratchaburi campus of King Mongkut’'s University of
Technology Thonburi, Thailand for the years 2010-2011 to understand the GHG emissions and soil
carbon dynamics associated with rice crop cultivation as well as rotation with energy crops (i.e. corn
and sorghum) using field observations (see details in Section 2.3).

2.5.3 Data input

The site mode of DNDC model (version 9.3) was used to estimate the soil organic carbon storage and
GHG emissions in rice-energy crop rotation. The major ecological factors to drive the model for
simulating the GHG emissions from paddy field in rotation with energy crop included three major
input parameters that are climate (maximum and minimum temperature and precipitation), soil

5




properties and farm management practices. All input parameters were used to run DNDC model on
site mode for the experimental site. The climate data were collected from the Thai Meteorological
Department (TMD-Ratchaburi Station), soil physical and chemical properties were collected from
laboratory analyses, and farm management data were collected from literature review and personal
interviews with farmers (see Appendix 2 for more details on questionnaire survey). The long term
simulations from 2011-2030 was conducted using climate data from PRECIS Climate model ECAM4
SRES B2 and using the crop management practices from the second year (2011) of field experiments
in Ratchaburi-KMUTT. The information of crop management practices at KMUTT’s experimental site
for the DNDC model simulations can be found in Appendix 6.

2.5.4 Model validation

The DNDC model results were validated against the measurement data obtained from the field
measurements in Thailand. A first validation of the results was done at the occasion of a training
event organized during 11-13 February 2013 in Bangkok (see Appendix 7 for the full programme and
presentation materials).

At the experimental site in Ratchaburi, the observed GHG fluxes were conducted once per week
using a black acrylic closed chamber method (see details in Appendix 4) and then simulated GHGs
fluxes were compared with those observed from the field. The model was evaluated using
correlation (R%) and root mean square error (RMSE) coefficients. RMSE is considered as best overall
measure of model performance as it summarizes the mean difference in the units of observed and
predicted values (Willmott, 1982; Babu et al. 2006).

2.6 Dissemination of results to scientists and policy makers in SEA region

A 3 days capacity building workshop was organized during 29-31 May 2013 to disseminate the final
project outcomes to scientists and policy makers in the region. At that occasion, the main findings of
the project were disseminated to all participants and 2 full days trainings were organized on ALU and
DNDC so that the experts can continue this work using their own country’s data. Details of the event,
including the programme and presentation materials, are provided in Appendix 8.

3. Results & discussion

3.1 Spatio-temporal distribution of GHG emissions and carbon stock of rice paddies in SEA
By using ALU software (see appendix 5), GHG emissions from rice cultivation composed of CH,,
N,O direct from N in Crop residue, and N,O direct from synthetic N fertilizer are summarized in Table
2. Indonesia is the first emitting country because of largest area of cultivation, followed by Vietnam
where intensification of crop rotation is practiced with up to three crops per year, and Thailand
where double cropping is a common practice, especially in the central region and irrigated areas. In
each country, the major source of GHGs is N,O direct from nitrogen in crop residues followed by rice
CH4.
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Table 2 GHG Emissions from rice fields vs. cultivation practices in SEA.

GHG Emissions from rice fields vs. cultivation practices in SEA (Gg CO,-e/yr)
N,O direct from | N,O direct from
Country Rice CH,4 N in Crop synthetic N TOtaI C.BHG
. . Emissions
residue fertilizer
Cambodia 7,589 8,782 41 16,412
Indonesia 90,303 143,968 5,810 240,080
Laos 1,540 2,445 56 4,041

Malaysia 6,074 9,833 288 16,196
Myanmar 29,616 41,313 614 71,542
Philippines 33,508 53,120 853 87,480
Thailand 48,510 70,277 2,731 121,519
Vietnam 55,124 85,008 3,625 143,756
Total 272,265 414,745 14,017 701,027

The spatial distribution of GHG emissions from rice cultivation in SEA is illustrated in Figure 4.
Individual emission maps of Indonesia, Thailand, Vietnam, Laos and Cambodia can be found in

Appendix 5.
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Figure 4 Spatial distribution of GHG emissions from rice cultivation in SEA

The results show that Thailand and Vietnam possess high number of highest GHG emission grids
(>75 Gg CO,-eq per grid) or “hot spot”. In Thailand, the areas of “hot spot” cover the central and
northeastern regions of the country, while in Vietham they are observed close to the Red Delta and
Mekong Delta. In Cambodia, some “hot spots” appear in the region of Tonle Sap. In case of
Indonesia, emission intensity is quite stable throughout the country. Opportunity for mitigation of
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GHG emissions from rice field is high in Thailand Vietnam, Cambodia and Indonesia where ‘hotspots’
of such emissions are observed to dominate including via rotation with energy crops.

3.2 Mitigation of GHG emissions

With the field experiments in Ratchaburi province, two major greenhouse gases emitted from
energy crop rotation rice field are measured in this study, namely methane and nitrous oxide. In
addition carbon dioxide is also observed as an indicator of growth of the crops cultivated. Details of
the experiments performed in Ratachaburi can be found in appendix 4. Details of the measurements
and results of CHs, N,O and CO, emissions for the different cropping systems investigated in this
study are provided below and results also shown in Table 3.

3.2.1 Methane emissions

CH, fluxes were observed to be significantly higher during the rice-growing season but negligible
during the fallow land, corn and sweet sorghum growing season (RF, RC, and RS). In all plots of
rainfed rice period (2" and 4™ crop), CH, fluxes from double cropping of rice were significantly
higher than rice rotated with corn, sweet sorghum and fallow land. Field observations indicated that
the seasonal cumulative CH, fluxes from rice-rice cropping system were 762.26 and 2,960.60 mg CH,4
m* crop™ in 2010 and 7,043.82 and 2,433.58 mg CH, m? crop™ in 2011, respectively. During crop
rotation with corn and sweet sorghum the cumulative CH, fluxes of corn were found to vary from -
0.38 mg CH, m? crop™ in 2010 to 99.19 mg CH, m? crop™ in 2011 and CH, fluxes of sorghum to vary
from 105.74 mg CH, m™ crop™ in 2010 to 125.42 mg CH, m™ crop™ in 2011. The positive emission
values of CH,4 are indicative of emissions to the atmosphere while negative values are indicative of
absorption into the soil through microbiological oxidation by methanotrophic bacteria (Cai et al.
1997; Nishimura et al. 2008). The results from 2010-2011 show that the selected energy crops (corn
and sorghum) enable to reduce CH4 emissions by 84% and 85% when compared with the double rice
cropping system.

3.2.2 Nitrous oxide emissions

Higher N,O fluxes were observed during fallow period and for corn and sweet sorghum during the
growing period possibly because of nitrogen fertilizer application. Some lower N,O fluxes were
observed during the rice growing season. The N,O cumulative fluxes of RF, RC, RR and RS plots in
years 2010-2011 were 57.61, 94.78, 37.18 and 105.43 mg N,O m?, respectively. For energy crop
cultivation, the highest N,O emissions for corn and sweet sorghum were found to amount to 299-
355 ug N,O m2day™ and 268-339 ug N,O m?day™. The energy cropping systems without floodwater
produce N,O emissions through the nitri-denitification process. The cumulative fluxes of N,O are
related to different cropping systems and cropping conditions. The cumulative fluxes of N,O in 2010
and 2011 for corn and sorghum were found to be 3 times higher than for the double rice cropping
system.

3.2.3 Carbon dioxide emissions

CO, emissions from this research were determined as the total of plant dark respiration and soil
heterotrophic respiration, since the chamber covered the plants while taking gas samples. The CO,
cumulative fluxes of RF, RC, RR and RS plot in the years 2010-2011 were 404.25, 603.30, 733.93 and
694.39 g CO, m™, respectively. Fertilizer application induced significant increase in the CO, fluxes for
all crops.
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Table 3 Cumulative flux of CH4, N,O and CO,

Crop/Treatment (mg CH4C nH1f1'2 crop?) | (ug CHzll\lr;(‘2 crop™) | (9CHs CmQZZCFOD'l)
1% crop in 2010
RF (fallow) -6.09+4.77 | 19,513.42+427.26 46.81+2.08
RC (Corn) -0.38+7.06 | 26,918.14+419.99 97.14+2.88
RR (Rice) 762.26+£32.00 2,753.46+77.98 238.2316.72
RS (Sorghum) 125.42+8.70 | 32,166.12+661.70 211.33+4.53
2" crop in 2010
RF (fallow—> Rice) 784.90+£46.68 | 14,707.65+321.74 134.78+6.19
RC (Corn-> Rice) 849.661£43.03 | 19,441.81+329.74 144.98+7.48
RR (Rice-> Rice) 2,960.60+136.50 | 11,233.00+£284.05 130.52+7.61
RS (Sorghum-> Rice) 610.73+£48.01 | 18,945.79+439.96 116.29+6.02
3" crop in 2011
RF (fallow—> Rice-> fallow) 6.37£3.60 | 9,816.33£232.45 80.62+1.78
RC (Corn—>Rice~> Corn) 99.1946.59 | 32,392.20+£847.09 203.37+5.22
RR (Rice> Rice-> Rice) 7,043.82+£125.07 | 7,421.84+157.41 207.98+4.50
RS (Sorghum->» Rice—> Sorghum) 105.74+6.39 | 38,680.42+826.67 208.48+6.32
4" crop in 2011
RF (fallow-> Rice—> fallow-> Rice) 1,003.01+45.85 | 13,569.14+399.76 142.05+5.23
RC (Corn—> Rice>Corn-> Rice) 1,105.52+50.21 | 16,030.34+382.06 157.82+5.34
RR (Rice—> Rice-> Rice>Rice) 2,433.58+116.06 | 15,766.58+367.72 157.16+6.86
RS (Sorghum > Rice> 1,104.60+53.13 | 15,637.06+536.38 158.3045.73

Sorghum-> Rice)




3.3 Long term GHG emissions of various rotation crops and rice cultivation systems

In order to forecast the emissions from rotation with energy crops in the next 20 year, the DNDC
model was employed as a study tool. Prior to forecast long term emissions, model simulations were
performed using the Ratchaburi field measurement data and based and the site mode of DNDC.

3.3.1 Simulation of methane and Nitrous oxide emissions

Seasonal CH, emissions from the rotation with energy crops and rice were simulated using the site
mode of DNDC (version 93). There are some differences in the daily average CH4 emission values.
DNDC simulations show that the seasonal variations of CH, emissions are significantly higher during
the rice-growing season but fewer during the fallow, corn and sorghum growing season. Simulated
daily average CH4 emission values range from zero before and after flooding to a maximum of 10.52
kg C ha™ day™ (see Appendix 6).

DNDC simulation shows that the seasonal variations of N,O emissions are significantly higher during
fallow, corn and sorghum growing season. During the rice-growing season, small N,O emission peaks
are observed at the beginning without flooding and harvesting period. In year 2010, N,O emissions
showed high peaks due to tillage and cow manure incorporation. Some peaks of N,O also occurred
as a result of nitrogen fertilizer application. Simulated daily average N,O emission values range from
zero t0 0.211 kg N ha™ day™ (see Appendix 6).

Our validation results of field experiment to site mode DNDC model indicated the fair reation of rice-
fallow-rice, rice-corn-rice, and rice-sorghume-rice. Results from rice field with continuous plantation
(rice-rice-rice) did not represent the good relation (see more detail in Table 2 in Appendix 6).
Relation of nitrous oxide between measurement and model simulation is not significant.

3.3.2 Long term simulation of annual methane and nitrous oxide emissions over 20 years
The general condition of rice cultivation in non-irrigated area in Thailand is fallow land in dry season
and rainfed rice in wet season, therefore RF (fallow-rice) is the baseline that was used for this
research. The 20 years simulation results for predicted annual CH4 and N,O emissions in the future
for each cropping system are shown in Figure 5. Annual CH, emission values are found to be in the
range 153.43 - 1,328.49 kg C ha™ year™. In the long term (20 years), rotations with corn and sweet
sorghum are found to enable reducing CH, emissions by as much as 72% and 80% when compared to
double cropping of rice (RR). In addition, the sweet sorghum rotated with rainfed rice showed no
significant difference in terms of CH, emissions in comparison with the baseline (fallow-rice).

Annual N,O emissions show a different pattern compared to CH, emissions. These are mainly caused
by differences in cropping conditions between paddy rice and upland crop. Annual N,O emission
values range from 0.18 to 3.43 kg N ha™ year™. For double cropping of rice (RR) N,O emissions are
observed to be significantly lower due to the flooding conditions of rice cultivation. The N,0
emissions associated to rotation with corn and sweet sorghum (RC and RS) are 4 and 2 times higher
than for double cropping of rice, respectively.
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Figure 5 Long term simulation of annual CH4 and N,O emissions over 20 years using DNDC model

3.4 Enhancing of soil carbon stock in rotation crop rice field

Rotation of rice with corn and sorghum not only shows the GHG mitigation potential it offers but
also the impact on organic carbon in soil. In general, soil carbon stock indicates the fertility of
agricultural soil. The carbon content in the soil can vary based on cultivation practices. Potential to
increase soil carbon stock can be observed by studying the soil carbon budget of each cultivation
practice. Soil carbon stock change generally takes place over a long period of time. The ALU program
and DNDC software were used to estimate soil carbon stock change in SEA running simulations of
corn and sorghum rotation with rainfed rice over next 20 year.

3.4.1 Soil carbon dynamics

Soil carbon dynamics is shown in terms of soil organic carbon (SOC) stock and soil carbon budget
(SCB). The SOC stock decreased from the initial soil through the field preparation by tillage. After
cropping, SOC generally increased with crop rotation due to an accumulation of roots and organic
matter into the soil. The lowest SOC stock was observed in fallow land of RF plot (6.32 Mg C ha™)
whereas the highest SOC stock was found for rotation with corn and sweet sorghum crop with 12.48
and 14.62 Mg C ha, respectively. The final SOC stocks at the time of the 4™ crop of RR, RC and RS
were significantly different (95%) as compared to RF. The double cropping of rice in 1% and 2™
cropping showed a 33 % increase in SOC stock. Nevertheless there were no significant differences
among crop activities. These results show the potential energy crop may enable to achieve when
used in rotation with rainfed rice to maintain carbon into the soil, as compared to RF.

The SCB is the balance of carbon supply into the soil and carbon removal from soil. The SCB after 1%

to 4™ cropping ranged from -207 to 435 g C m™ (see Figure 6). Negative values of SCB are indicative

of a carbon loss (from the soil). Sweet sorghum in RS plot had the highest C output in the form of
11




sorghum stalk and grain. Manure incorporation in the 1% and 2™ crop had the most important effect
on carbon input into the soil. Most of the carbon input for the 3" and 4™ crop was from crop residue
incorporation. The highest total SCBs during 2010-2011 was 542.28 g C m™ for RR followed by RC
with 415.11 g C m™, then RF with 150.37 g C m™ and finally RS with -68.72 g C m™.

500
400
300
200 l I
E 100 - 1
o
=
m 0 4
O
wn
-100
-200
-300
RC RF RR RS
M 1st crop 93.19 91.37 -98.30 -43.36
M 2nd crop -94.28 -51.98 435.46 53.55
i 3rd crop 272.06 318.36 127.10 -9.29
H 4th crop 144.14 -207.38 78.02 -69.62

Figure 6 The SCB after 1% to 4" cropping

SCB for the cultivation of rice-corn-rice and rice-rice-rice showed a positive trend of improvement of
SOC while no clear results for rice-sorghum-rice and rice-fallow-rice could be observed.

3.4.2 Spatio-temporal distribution of soil organic carbon stock and soil organic carbon
stock change in rice ecosystems in SEA

The spatial distribution of soil organic carbon of rice cultivation in SEA using ALU software is
illustrated in Figure 7. Individual emission maps of Indonesia, Thailand, Vietnam, Laos and Cambodia
can be found in Appendix 5.
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Figure 7 Spatial distribution of SOC stock of rice cultivation in SEA

3.4.3 Soil carbon stock change

Long term simulation of annual soil organic carbon dynamics over 20 years was studied using DNDC
model and ALU software. The results of soil carbon stock change over 20 years of the energy crop
rotation using DNDC software are illustrated in Figure 8. Similar trends across the crop rotation
systems are observed. SOC contents for the crop rotations rice-rice, corn-rice and sorghum-rice are
observed to be increasing over the simulated next 20 years. The fallow-rice system is also observed
to be gradually increasing. The annual SOC values are ranging from 20,168 to 60,723 kg C ha™ year™.
The highest rate of increase in SOC is observed for the double cropping of rice, i.e. 1,957 kg C ha™
year™, as a result of crop residue incorporation into the soil. SOC storage of rice-rice, corn-rice and
sweet sorghum-rice are 42%, 33% and 25% higher than the baseline (fallow-rice crop system),
respectively (see more detail in Appendix 6).

SOC storage in year 2011-2030  e==Fallow-Rice Rice-Rice emmmCorn-Rice emswSorghum-Rice
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Figure 8 Long term simulation of annual SOC dynamics over 20 years
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The soil organic carbon stock change of rice cultivation in SEA was estimated between 2010 and
2030 using ALU software. The results are reported in Figure 9. Thailand is the country with the
highest gain followed by Vietnam and Myanmar.
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Figure 9 SOC stocks in SEA in 2010 and 2030

From the results, it is observed that scenarios RI, RC and RS contribute to enhance GHG emissions,
especially from soil N,O emissions from nitrogen in crop residues. The soil organic carbon stock
change remains the same for the four scenarios because the principal land use is considered in ALU
to be rice field for all cases (see more detail in Appendix 5).

The results obtained from both DNDC model and ALU software show that long-term implementation
of energy crop rotation using corn and sorghum can contribute enhancing soil organic carbon as
compared to having either rainfed or fallow land instead in that period. Results from ALU also show
that for almost every country in SEA (except Laos and Malaysia), rice field can act as a carbon sink.
We also found that cultivation of rotation crop within the same year with no land use change
pattern may need specific GHG and SOC change guantified method. The methodology that relates to
land use change cannot reflect this activity clearly.

3.5 Strategies for sustainable low carbon agriculture

Comparative assessment of energy crop rotation practices during the fallow period of rainfed rice
field was performed investigating greenhouse gas emission reduction and carbon sequestration as
well as economic aspects for the communities involved. The crop rotation systems in this study are
corn and sorghum. They present many advantages over monoculture cropping system in different
aspect. Both corn and sorghum rotation with rainfed rice can help reduce methane emissions of the
next crop rice plantation while the continuous rice-rice cultivation showed higher emissions (see
annex 4). In term of soil carbon storage, rainfed rice field rotation with corn showed a better carbon
sequestration potential than others (see Appendix 5 and 6). Both corn and sorghum have shown
providing economic advantages to farmers in terms of income, particularly rotation of sorghum
where yield and price are high. However, this income can vary location wise and country wise due
to environmental circumstances.

14
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Rotation with energy crops is a good strategy for low carbon agriculture in ASEAN countries as rice
rotation with energy crops not only can help reducing GHG emissions and enhance carbon sink but it
can also provide farmers with improved income and an opportunity for job creation at local level. So,
in the long term, energy crop may contribute improving the standard of living of farmers providing
more stable job and income. However, there is still a need in SEA to improve irrigation facilities for
implementation of sustainable rotation practices with energy crop. Also the current status of
farming management practices and communications with local farmers are important barriers to
overcome for adoption of crop rotation practices.

4. Conclusions

Strategic cultivation: Rainfed rice field in ASEAN Countries occupies an area of 19.8 million hectares
which representing 49.2% of the total rice cultivation area of ASEAN. This area is used only 4-5
months per year with single cultivation while for the rest, 8-7 months the land is left fallow. Our
result show that sustainable low carbon agriculture through improvement of cultivation practices of
rice cultivation in rotation with energy crops during fallow period is a sustainable strategic rice
cultivation option to follow for three main reasons. Firstly, in term of environmental aspect, rotation
with energy crop in rainfed rice field not only enable to reduce annual GHG emissions but
contribute to also increase soil carbon storage in the long term. Secondly, in terms of economic
aspect, farmers can obtain more yearly income from energy crops. The total income with energy
crop rotation either rotation with corn or sorghum is 1.5 and 1.7 times higher respectively than for
the common rainfed cultivation system (see Appendix 4). Thirdly, this strategy can enable to reduce
the crisis of land use change and competition between food and energy as these two activities, use
the same area for cultivation.

Scientific finding: The amount of annual methane emissions from energy crop rotation in rainfed
rice field was found to be close to that of single rice and significantly lower double rice cropping,
particularly for the second rice cultivation of the year. In addition, for long term field measurements,
rotation with energy crop, was found to enable maintaining soil carbon stock at the same level with
that of rice double cropping while a decrease in soil carbon was observed for single rice cropping
(rainfed). It was also found that long term application of this practice can benefit carbons storage in
soil. The soil carbon budget of energy crop rotation with rice, estimated by input-output
assumptions, showed that rotation of energy crop with rice lead to higher carbon storage in soil.
These findings are in agreement with the long term projection of soil carbon stock change using
DNDC model and ALU software. This confirms that energy crop rotation with rice is a good strategy
to increase soil carbon in the long run.

Policy implications: Increasing of soil carbon stock is very important not only in terms of soil fertility
but also in terms of carbon sink. IPCC has reported the potential of carbon sink in the agricultural
sector particularly in Asia. This study has shown that carbon sink in rice field can be achieved and
associated with the appropriate cultivation practices. Types of energy crop to be rotated in rainfed
rice field can be different in each country due to physical and ecological characteristics of local rice
fields. Corn and sorghum are ideal rotation crops because of their short life and low water
consumption as well as conversion potential as biofuel and bioenergy. Other crops that have
potential in SEA country include napir grass, sunflower, etc. Expansion of this strategy to SEA is not
only enabling to enhance the biomass resources for biofuel and bioenergy with no impact to food
crops but also to contribute reducing issues of competition between food and fuel crops as well as
land use change problem. Moreover this strategic practice contributes to increasing the potential of
carbon sink and moving toward poverty eradication. Nevertheless, the market of energy crop is the
major driver for adoption this practice. The formulation and implementation of clear policies on
renewable energy and biomass utilization is necessary and should be promoted.
15




Results’ dissemination: Knowledge from this project has been disseminated to ASEAN countries
through training workshops. National information on rice cultivation and potential rotation crops
was been exchanged and discussed during the first workshop of this project and led to the capacity
building of practice implementation, methane and soil carbon estimations and project of soil carbon
stock change. The events organized over the course of this project (expert meeting, workshop,
training) aimed at providing an opportunity for multilateral communications and exchange of
experiences and knowledge among ASEAN participants/experts on rice cultivation practices and
rotation crops.

5. Future directions

We found during the activities of the project related to knowledge dissemination that focusing the
investigations on Thailand and Indonesia, was not enough to project the potential of carbon sink in
rice field in SEA. We found that with the DNDC model and ALU software and the existing data of SEA
countries, there is high potential to quantify soil carbon stock change in the region. However, due to
time limitation and details of the data acquired, it was not possible to move forward to reach that
important information at the level of the region. Nevertheless, a network of ASEAN countries
namely, Cambodia, Myanmar, Indonesia, Japan, Vietnam and Thailand has been initiated through
this project to carry forward the study of agricultural carbon sink in rice field through rotation with
energy crops. This APN project has laid down the foundation for further collaboration on strategic
rice cultivation in this region.
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Appendix 1
Report on “State of the art of rice cultivation practices in South East Asia”



EXECUTIVE SUMMARY

Major categories of rice in the world are Oryza sativa, Oryza glaberrima, and wild rice. Oryza sativa
originates from Asia. It is planted mainly in Asia although it can also be planted in other regions in
the world. Oryza glaberrima is found only in Africa. Wild rice can be found naturally in many
countries. The Sativa species can be generally classified into 3 sub-species: Indica, Japonica, and
Javanica. The Indica sub-species are planted mainly in South East Asian countries, except Indonesia
which grows the rice sub-species Javanica.

South East Asia is a major producer of rice as 30% of the global area of rice is found in that region.
This is notably due to suitable topography and climate. SEA countries are generally under the
influence of a tropical climate where the weather is hot and humid throughout the year.
Topography is a main factor of classification of rice ecosystems divided into upland, lowland,
deepwater and coastal rice ecosystems. Upland rice is cultivated in high area i.e. upland, hillside,
and farm area known as terrace rice. Since upland rice fully depends on rainfall, upland rice is
cultivated with only one cycle per year. The upland rice cultivation can be found in Cambodia,
Indonesia, Lao PDR (north), Myanmar (Northern Shan State), Thailand (north), and Vietnam
(Northern Mountain (region 1), and Central/Coastal region (Region 3)). Most cultivated areas of rice
in ASEAN countries are located in lowland, plain area with water level <1 m. In lowland areas, rice
can be planted in large fields easily accessible by farm machines. Floating rice or deep water rice is
planted in deep water areas during the cultivation season with water level >1 m. Coastal rice is
found nearby the shore e.g. in Indonesia; however, sometimes coastal rice is included under the
category of lowland rice. Climate is a factor that classifies rice cultivation into wet and dry season.
The wet season of rice cultivation spans over the period May to December while the dry season of
rice cultivation is found during January to April. Each country refers to wet and dry season in a
different way, for instance, wet season of rice (WS) and dry season of rice (DS) in Cambodia;
monsoon rice and summer rice in Myanmar; and major rice and second rice in Thailand. The
duration of rice cultivation is 80-180 days depending on the type of rice. The fallow period (time
during which the land is empty) is usually found during January to April in rainfed areas because
there is not enough water to cultivate rice so farmers grow alternate plants i.e. watermelon,
mungbean, garlic, and so on. These alternative crops will be planted if there is enough water.
However, in irrigated areas, rice can be cultivated during the dry season relying on water resources
supplied via irrigation. In this case, there are few or no alternative crops planted there.

Cultivation practices of rice in SEA do not differ much. Rice cultivation starts with land preparation,
planting, water management during growth, farm management of young plants using fertilizers/
lime/ pesticides/ herbicides, and harvesting. However, the production of rice depends on the
cultivation practice followed in a particular area since land preparation up to harvesting as well as
soil fertility (soil organic carbon). Higher production of rice can improve the socio-economic status of
rice farmers. Details of rice cultivation process in SEA are briefly provided below.

Land preparation is an important process to increase oxygen into soil and reduce inputs of
herbicides. Firstly, the land is plowed roughly by animal or machine to turn over, dry, and mash
straw and weed into the soil. Animal labor is usually provided by cows or buffalos. Machines for
plowing can be tillers or tractors. Then harrowing is done to level the land, remove weeds, and make
soil cracking. The machine used for harrowing is composed of a rotary harrow for puddling attached
to a small-size tractor. Farmers plow the land 1-2 times and harrow 2-3 times for each cultivation.

In SEA, there are two main planting methods: broadcasting and transplanting. These methods
consist of many sub-methods, mainly related to the preparation of seeds before planting. The most
popular method used differ from one country to another and even between regions of a same
country depending on economic, labor, and climate conditions. The ancient traditional method is



transplanting. In this technique, rice seeds are transplanted before moving to the plantation phase
in the prepared land. For the transplanting method, the rice survival percentage is quite high since
rice is grown before planting. Since low amount of seed is used it is a low cost method. This method
is suitable for various climate conditions as the already grown rice can better resist to changes in
climate conditions. However, this method is quite labor intensive and therefore suitable only in
countries/regions where such labor can be found i.e. northeast of Thailand, small farms in
Cambodia, most areas in Lao PDR, 80% of rice farms in Myanmar, and traditional farmers in
Vietnam. Broadcasting is another popular method of rice cultivation for large scale production
purposes (economic purpose). Contrary to the transplanting method, this technique requires little
labor but needs a large amount of seed due to low survival percentage. Therefore, new methods
have been developed using pre-germinated rice before seeding. New transplanting method have
also been developed and promoted by FAO called Parachute Rice Transplantation, which can be
found in every country in SEA. Parachute is a technique of tossing rice seedlings, uprooted from
plastic trays containing soil balls into the paddy field. The advantage of this new method is the
reduced labor force required for transplanting.

Management of water level during growth is done in lowland rice to produce high yield of rice.
Lowland rice is cultivated in water level <1 m, and mostly found for water level in the range 2-30 cm.
The purpose of flooding is to control weeds/residues and to feed rice. In Java, Indonesia, the period
of flooding is 1-130 days. Young rice is planted in low water level 2-5 cm flooded for 1-14 days. After
that, water level is increased to be 10, 15, 20 or 30 cm. In Thailand, the Rice Department suggested
that the water depth for broadcasting should not exceed 5 cm from planting to tillering, and not
exceed 10 cm after tillering. The suitable depth of water for transplanting rice should not exceed 20
cm.

Chemical fertilizers are applied in paddy fields in most SEA countries, especially for rice cultivated via
modern method. For traditional farming in mountainous areas organic fertilizers are still mainly
applied. However, organic farming is being promoted in many countries as a mean to recover good
soil texture and fertility. Lime is applied to the paddy field to adjust pH as chemical fertilizers leads
to acidic conditions formation in soil. Chemical herbicides and pesticides are applied in most paddy
fields since seeding and before harvesting to control weeds/insects and increase yield. However, the
cost of chemicals (fertilizers, herbicides and pesticides) is high leading to reduced net income for
farmers.

The harvesting of rice can be performed either manually or by machine. Manual harvesting is done
using sickle, a simple tool consisting of curved blade set on a short wooden handle. In SEA,
harvesting machines are mainly use in lowland areas easy of access.

Rotation crops are planted in paddy fields during the fallow period and with enough water for
cultivation. The rotation crops are legumes, fruits, and vegetable. Only few areas see energy crops
planted as alternate crops in paddy fields. Most rotation crops are found in non-irrigated paddy
fields where rice is only cultivated once a year since in irrigated areas rice can be cultivated 2-3
times/year so that farmers can grow rice continuously without any alternate crops.

Rice cultivation practices in SEA countries are not so different since they are located in a region that
is characterized by similar weather conditions and topography. Hence, strategic practices of rice
cultivation in rotation with energy may apply similarly for several countries in SEA, enabling the
region to develop more sustainably while enhancing the adaptive capacity in the agricultural sector.
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CHAPTER 1 INTRODUCTION

1.1 Background

According to the Food and Agriculture Organization (FAO) for the year 2007, global rice plantation
area covers 12.5% of total crop plantation area. The world annual production of rice amounts to 659
million tonnes and contributes 164 billion US dollars on the world economy. South-East Asia (SEA) is
the region with the major rice plantation area covering 30% percent of the world plantation area.
Maximizing rice yield in this region is essential to increase global food stock. However, the current
climate and energy crisis strongly influence the regional production of rice.

JGSEE (Thailand) in collaboration with the Bogor Agricultural University (Indonesia) and the NIAES
(Japan) are involved in a 2 years APN-ARCP funded project on Rice Cultivation for Sustainable Low
Carbon Society Development in SEA. In this project strategic rice cultivation practices enabling to
address both climate change and energy security issues, are investigated. These are performed by
considering rice rotation with energy crops in order to fully utilize the rice plantation during fallow
period and therefore optimize rice and energy feedstock. The proposed cultivation practices
considered in this work aim at reducing GHG emissions while increasing potential long-term soll
carbon stock by optimizing land utilization and cultivation practices. Sustainable development will be
considered in terms of enhancing economic and social benefits while developing a low carbon
society to bring down the net GHG emissions. The overall goal of the project is to identify strategic
rice cultivation practices enabling SEA to develop towards a sustainable low carbon society while
enhancing the adaptive capacity in the agriculture sector.

1.2 Objective of this report

This report aims at providing information on the state of the art of rice cultivation practices in SEA.
Countries focused on in SEA are Cambodia, Indonesia, Lao PDR, Myanmar, Thailand and Vietnam.
The information provided in this document was retrieved from literature review, questionnaire
surveys (Thailand and Indonesia) as well as from SEA experts of the above listed countries when
gathering at the occasion of an expert meeting on “State-of-the-Art of Rice Cultivation Practices in
South-East Asia” that was organized by JGSEE during 2-3 June 2011 in Bangkok.



CHAPTER 2 STATISTICS OF RICE CULTIVATION IN SOUTH EAST ASIA

Statistics of rice cultivation covered in this chapter include information on harvested area,
production, yield, and import/export of rice for SEA countries including Cambodia, Indonesia, Lao
PDR, Malaysia, Myanmar, Philippines, Thailand, and Vietnam. The period cover is from 1961 to 2011
and the information obtained mainly from the Food and Agriculture Organization (FAO) of the
United Nations (UN).

2.1 Harvested area
The area of rice harvested in SEA during 1961-2011 is presented in Figure 1.

Figure 1 Statistics of harvested area of rice during 1961-2011.
(FAO, 2012)

From Figure 1, it is observed that the area of rice harvested for most SEA countries has been
increasing over the years, except Malaysia and Vietnam. The largest area of rice harvested is found
in Indonesia. Thailand comes in second position. The smallest areas of rice harvested are found in
Lao PDR and Malaysia.



2.2 Production
Rice production during 1961-2011 is presented in Figure 2.

Figure 2 Statistics of rice production during 1961-2011.
(FAO, 2012)

From Figure 2, it is observed that the production of rice has been increasing in every country in the
region, especially in Cambodia where rice production over the period 2001 to 2011 has increased by
75%. Main factor of rice production is climate situation. El Nifio/La Nifia caused drought and flood
damage at paddy fields and had a result in decreasing of rice in these years.



2.3 Yields
The evolution of rice yields in SEA countries during 1961-2011 is presented in Figure 3.

Figure 3 Statistics of rice yield during 1961-2011.
(FAO, 2012)

From Figure 3, it is observed that the yield of rice production has been steadily increasing for all
countries in SEA. Yield of rice in Vietnam is increasing sharply since 1991 because of development in
rice varieties and irrigation system.



2.4 Import/export
Details of rice import/export over the period 1961-2008 are presented in Figures 4-5.

Figure 4 Quantity of rice imported during 1961-2008.
Source: Food and Agriculture Organization of the United Nations (IRRI, 2013)

Figure 5 Quantity of rice exported during 1961-2008.
Source: Food and Agriculture Organization of the United Nations (IRRI, 2013)



From Figure 4 and 5, it is observed that the major importer of rice in SEA is Indonesia and the major
exporters of rice are Thailand and Vietnam. From Figure 1 and 3, the largest area of rice cultivation is
in Indonesia, which is also one of the countries among those in SEA having the highest yield and
highest production of rice; however, in this country rice production is not sufficient to satisfy the
national demand for consumption. Consequently, the amount of rice imported in Indonesia is the
highest among all SEA countries.
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CHAPTER 3 COUNTRY REPORTS ON RICE CULTIVATION PRACTICES

3.1 Cambodia

Cambodia is an SEA country covering a land area of 181,035 km2 The border of Cambodia is
surrounded by Thailand to the north and west, Laos to the northeast, and Vietnam to the east and
southeast. West of Cambodia is 443-kilometer coastline along the Gulf of Thailand. Climate is
dominated by the annual monsoon cycle with its alternating wet and dry seasons. Four annual
seasons in Cambodia are classified into November—February (cool and dry), March-May (hot and
dry), June-August (hot and wet), September-early November (cool and wet). The country consists of
a low-lying central plain surrounded by uplands, low mountains, Tonle Sap (great lake), and the
upper part of the Mekong River. The area around Tonle Sap is a plain that is flooded about 2,590
km2 during the dry season and expanding to about 24,605 km2 during the rainy season. Planted
areas of rice are located mainly in the plain areas of Tonle Sap and in the southern part of the
country (Wikipedia, 2012).

3.1.1 Rice varieties

Species of rice in Cambodia is Oryza sativa the same as in other countries in SEA. In Cambaodia, there
are 38 crop varieties released: 33 for rainfed lowland and irrigated land, 2 for upland, and 3 for
deepwater. The 33 species in rainfed lowland and irrigated are categorized into 9 early duration, 5
medium duration insensitive, 6 medium duration sensitive, 5 medium duration aromatic, and 8 long
duration sensitive. New rice varieties are developed that are tolerant to environmental stress i.e.
tolerant to 10-12 days water submergence (CAR9, Phka Romduol and Phka Romdeng), tolerant to 7-
10 days water submergence (CAR6, Phka Romchek and Phka Romeat), tolerant to moderate drought
(CAR3 and CAR4), moderately resistant to brown plant hopper (IRKesar, Kru, Chul’sa and CAR12),
and resistant to stripe stem borer (Kru, IR72, Sen Pidao and IR66). Local rice varieties are Neang
Malis (similar to fragrant Thai Jasmine rice), Neang Khon, Phka Khnei (another fragrant variety, phka
meaning "flower"), Neang Minh (long grain rice), Romdul, Bonla Pdao, Sen Kro Ob, Sen Pi Dao
(Wikipedia, 2011), Neang Sor, Champa Meas, and Phka Malis (ACI and CamConsult, 2006). Medium-
water rice and deep-water rice varieties (accounting for 80% of lowland rice) is exclusively traditional
(FAO, 2002). Grain yield of rice grown by various methods is presented in Figure 6.

Figure 6 Grain yield of rice grown by various methods.
(FAO, 2002)

FP: farmer’s own practice (BC 60 kg/ha, no weeding), BC: broadcasting (60 kg/ha), DS: drum seeder
(60 kg/ha), TP: transplanting (2-3 seedlings/hill, 20 days, 20x20cm).
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3.1.2 Rice ecosystems

In Cambodia paddy fields cover an area of 1,377,100 ha and paddy field with palm trees cover an
area of 1,309,200 ha (FAO, 2002). Water resources for rice cultivation in Cambodia are from
precipitation, irrigation and groundwater. Rainfall is mainly from the South-West monsoon during
the period of mid-May to November. The greatest amount of rainfall occurs between June and
August (WFP, 2009). The total area of irrigated paddy field is 407,000 ha.

Rice in Cambodia is mainly cultivated in low land areas because geography of the country is mainly
plain area (WFP, 2009). Rice ecosystems in Cambodia, as elsewhere, are influenced by
rainfall/flooding patterns, soil suitability and the country's topography. The International Rice
Research Institute (IRRI) has defined four main rice ecosystems (see Figure 7), three wet seasons and
one dry season. For the wet season, rice is cultivated in upland or mountainous areas (1.9%), rainfed
lowland (80.2%), and deepwater/floating areas (3.4%). During the dry season (14.5%), the rice is fully
irrigated. As a result, Cambodian rice growing ecosystems can be grouped into the following four
broad categories: (1) rain-fed lowland rice or wet season rice, (2) deepwater or floating rice, (3) rain-
fed upland rice or Chamkar rice, and (4) dry season irrigated rice.

Figure 7 Ecosystems of rice cultivation in Cambodia.
Details for each rice ecosystem are as follows:

1) Rain-fed lowland rice: Rain-fed lowland rice represents 80.2 percent of the total annual rice
cropping area of Cambodia. It is characterized by flat bounded rice fields, which depend
almost entirely on rainfall or surface runoff for their water supply. The varieties grown by
farmers in the rain-fed lowlands are dependent on factors such as local traditions and
practices and water depth in the fields. In the higher fields, where the water depth is 15-20
cm, short duration (fast growing) varieties are normally grown, while in the lower fields,
where the water depth is 20-60 cm, medium and long duration varieties are normally grown.
In general, farmers tend to match the variety of rice to the availability of water in the area
(WFP, 2009).

2) Deepwater or floating rice: Deepwater or floating rice covers an area representing 3.4% of
the total area of rice cultivated in Cambodia. It is grown where the water depth exceeds
about 80 cm (up to 400 cm) in flooded areas around the Tonle Sap and in depressions along
the Mekong River, mainly in Kampong Thom, Kompong Cham, Prey Veng and Takeo
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3)

provinces. Most deepwater crops are dry seeded in April/May with seeds germinating at the
onset of the raining period. The depth and duration of flooding depend on local rainfall
conditions and/or the height of the Mekong River. Areas may remain flooded for three to six
months (FAO, 2002).

Rain-fed upland rice: The area under rain-fed upland rice cultivation accounts for 1.9 percent
of Cambodia's total annual rice cropping areas. Upland rice areas are unbounded fields in
the mountainous and rolling hill areas of Cambodia (Mondulkiri, Rattanakiri, Kratie, Koh
Kong, Kampong Cham and Kampong Thom). In the shifting cultivation areas of the Northeast
of Cambodia upland rice is an integral part of the "chamkar farm". Ethnic minority groups in
these areas practice this type of cultivation almost exclusively. Permanent upland rice
production is commonly practiced by Khmers where a field of rice is grown annually either
on its own or as an intercrop or in rotation with other upland crops. It is important to note
that shifting cultivation (also known as swidden agriculture), a common practice of clearing
and utilizing a plot of land for 1-5 years and then clearing another plot of land for cultivation,
is associated with burning also termed “slash and burn”, and responsible for the destruction
of thousands of hectares of forest (WFP, 2009).

Dry season irrigated rice: Dry season rice covers 14.5% of the total area of rice cultivated in
Cambodia. This type of rice can be grown either as a fully irrigated crop at the end of the wet
season, or in flood recession areas, normally with supplementary irrigation. Dry season rice
is also now being planted in deep flooded areas in place of the more risky and lower yielding
floating rice grown in the wet season. Under these circumstances supplementary irrigation is
normally provided. Mostly modern varieties are used, and yields are significantly higher than
for the wet season crops (FAO, 2002).

Seasons of harvest including areas, yields, and production for all types of rice ecosystems considered
in Cambodia are presented in Table 1.

Table 1 Rice harvested areas by water resources, Cambodia 1999

Season | Rice Type Harvested Sowing Harvesting Yield Production
Area (ha) (tonne/ha) (tonne)
Wet Upland 48,138 May October 14 67,393.2
season | Rainfed
Lowland:
- early 371,553 May end October 1.6 594,484.8
- medium 838,237 | May/June December 1.8 1,508,827.0
- late 529,495 | June/July January 1.7 900,141.5
Deepwater 56,569 | April/May Feb/March 1.3 73,539.7
Dry Irrigated & 233,000 Jan/Feb April 3.04 708,320.0
season | recession December February
TOTAL 2,076,992 3,852,706.2
(FAO, 2002)

Cultivation of rice in Cambodia is increasing. In 2010, the total harvested area was expanded to be

2.80 million ha, a 3.84% increase as compared to 2009.

3.1.3 Land preparation

Cambodian farmers use animal to prepare land and cultivate rice. Animal types are cows and
buffalos. Seeding is done manually by broadcasting, transplanting, and using some equipment to
facilitate planting, i.e. drum seeding method.




3.1.4 Planting methods
In Cambodia, although traditional cultivation practices dominate, new cultivation methods are being
researched and slowly introduced in the country.

Traditional methods: In Cambodia, there are two planting methods: transplant and broadcast (direct
seeding). Transplant method is used in small farms while broadcast method is used in large farms
(Koji, 1995).

New management of rice cultivation method (System of Rice Intensification): Dr. Koma, the director
of the Center for Studies and Development of Cambodian Agriculture (CEDAC), first tried SRI
methods in 1999. In 2000, 28 farmers participated in the SRI experimentation. Due to the early
successes of SRI, the Cambodian government, especially the Minister of Agriculture, H.E. Chan Sarun,
officially started endorsing and promoting SRI in 2005. Since then, SRI has been promoted in all
provinces of Cambodia. Subsequently, SRI was included in the National Strategic Development Plan
(NSDP) for 2006-2010 to raise productivity in the rice sector, and then in the revised NSDP for 2009-
2013 (SRI-Rice, 2011).

3.1.5 Fertilization

Farmers use Urea and DAP chemical fertilizers (100 kg/ha) for increasing the yield of rice and to
improve soil quality. Various types of chemical fertilizers are provided on the market. The common
kinds of chemical fertilizers farmers use in Cambodia are Urea, DAP, 16-20-0, 15-15-15 and 16-16-8-
13s. The List of chemical fertilizers that were imported in Cambodia in 2002 is provided in Table 2.

Table 2 List of chemical fertilizers imported to Cambodia in 2002

No | Common Name of Chemical | Origin of fertilizer Imported Quantity (tons)

1 Amm Nitrate Singapore 150.50
2 DAP Thailand 9,616.00
3 NP Thailand 2,735.00
4 NPK Thailand 1,348.00
5 Urea China, Vietnam 3,482.50
6 Other Fertilizers Thailand, Vietnam and USA 26,332.00

(ACl and CamConsult, 2006)

Recommended rates of nutrients application for rainfed lowland rice based on soil types are
reported in Table 3.

Table 3 Recommended rates of nutrients application for rainfed lowland rice based on soil types

Soil types Recommended rate of nutrients
(kg/ha)

N P K
Prey Khmer (Psamments) 28 4 33
Prateah Lang (Plinthustalfs) 50 10 25
Bakan (Alfisol/Ultisol) 75 13 25
Koktrap (Kandic Plinthaquult) 73 15 25
Toul Samroung (Vertisol/Alfisol) 98 15 0

(Vang, 2001)
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3.1.6 Use of pesticides and herbicides

There are more than 400 trade names of pesticides/herbicides in Cambodia, most of which are
imported from Thailand and Vietnam. Purposes of chemical utilization are to remove/restrict fungi,
insects, rodents, and weeds (Ministry of Environment, 2004).

3.1.7 Harvesting method and management of rice residues

Most rice is harvested manually although in some areas machines are used to harvest rice.

Common practice of rice residues management include moving straw out of the field to serve as
animal feed about 60%-75% and leaving the remaining fraction of rice residues, i.e. mainly stubble,
in the field. Medium maturity rice, Phka Rumduol, has a straw dry matter weight of about 10 t/ha.
The 75% removal of it is equal to 7.5 t/ha which is equivalent to the removal of 38 kg N/ha, 5 kg
P/ha, and 90 kg K/ha (Vang, 2011). Open burning of rice residues in the field is intensively performed
during the dry season.

3.1.8 Rotation crops

Rotation crops introduced to farmers are legumes e.g. mung bean, soybean, and sesbania, used to
improve soil structure and fertility (nutrients) for improved rice yield. Four mung bean varieties have
been released: CARDI Chey, CMB01, CMB02, and CMB03. Other rotation crops include maize and
watermelon.

Major limitations in double cropping systems are the lack of reliable rainfall for early season rice; risk
of soil water saturation for early season mung bean; and lack of water for the establishment and
subsequent growth of mung bean. Examples of good practices to reduce risk and maximize yields for
the wet season rice crop are early planting of mung bean to reduce risk of soil water saturation. Dry
season mung bean needs to be planted as soon as possible after harvesting of wet season rice. There
is possibility of shifting plantation dates by growing wet-season rice earlier to accommodate dry
season mung bean or later to accommodate early-season rice. Characterization of rainfall patterns is
important to assist with the evaluation of risks inherent to different cropping systems. The risk of
crop loss can be reduced by availability of supplementary irrigation and also increases the value of
double cropping (Sarom, 2007). As water resources are limited, there is a study to indicate suitable
amount of water for rotation crops (mungbean and peanut) in Cambodia, as reported in Table 4.

Table 4 Effect of furrow irrigation frequency on grain yield and water use efficiency (WUE) of
mungbean and peanut grown after WS rice (ACIAR-07 Project)

Irrigation Water use Grain yield WUE
Frequencies (mm) (kg/ha) (kg/ha/mm)
Mungbean
Every 3 days 250 985 3.94
Every 6 days 216 1044 4.84
Every 9 days 177 686 3.87
Mean 216 899 4.16
Isd (5%) - 168 0.75
Peanut
Every 3 days 285 720 2.52
Every 6 days 244 812 3.33
Every 9 days 211 649 3.08
Mean 249 749 3.01
Isd (5%) - 114 0.48

Lsd = the least significant difference
11



From Table 4, maximum grain yield is presented when frequencies of irrigation are every 6 days,
using 216 mm water for mungbean cultivation and 244 mm water for peanut cultivation.

3.1.9 Soil organic carbon
Soil organic carbon and soil properties of major rice soils for the lowland category are presented in

Table 5.
Table 5 Properties of major rice soils for lowland in Cambodia
Soil Groups Org. | Total Exchangeable Cations
(Local Area | Sand | Silt | Clay C N Olsen P (cmol/kg)
name) (%) pH | (9/kg) | (9/kg) | (mg/kg) | K Na | Ca | CEC
Prateah
Lang* 28 50 |37 13 4 2.9 0.3 0.4 008|055 1.2 | 3.71
Krakor &
Kbal Po** 28 18 | 34| 48 | 5.9 9.1 1 4.6 0.24 | 0.62 | 6.68 | 15.1
Bakan* 13 35 (49| 16 | 5.8 6.6 0.6 1 0.09 | 051 | 1.75 | 4.84
Prey
Khmer* 11 73 22| 5 5.6 4.7 0.5 1.3 0.04 | 0.05 | 0.61 | 1.45
Toul
Samroung* | 10 28 | 29| 42 | 55 8.8 0.9 3.1 0.17 {029 | 7.1 16
Koktrap* 5 36 |41 23 4 10.9 1.1 2.6 0.1 |0.25|1.13 | 8.09

Note: Type of landscape: *Old colluvial/ alluvial; ** Krakor & Kbal Po

From Table 5, The SOC is quite high as compared to Thailand where rain-fed rice field soil contains
4.73+1.85 g/kg, similar to soil group Prey Khmer in Cambodia. CARDI classifies N, P, and organic C of
soil samples in the Cambodian Soil Database, which is presented in Table 6.

Table 6 Classification of N, P, and organic C of soil samples in the Cambodian Soil Database

Classifications
Soil properties
VL L M H VH
Total N (%) <0.05 0.05-.15 0.15-0.25 0.25-.50 >0.50
% of soil 63 34 3
Olsen P (mg/kg) 0-7 7-15 >15
% of soil 88 5 7
Organic Carbon (%) <0.06 0.06-1.00 1.00-1.80 1.80-3.00 >3.00
% of soil 1 86 11 2

VL-very low, L — low, M — medium, H — high, VH — very high
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3.1.10 Socio-economic status of rice farmers

There is a gradual shift in Cambodia of moving from subsistence-oriented to commercial oriented
production systems with improved enabling environments including rice export policies, contract
farming, rice mills (large scale), seed suppliers, and marketing and market information access.
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Figure 8 Poverty situation map in Cambodia, 1998.

Cambodian farming systems are largely subsistence oriented and most agricultural activities are
based on low inputs and rain fed production systems centered on paddy rice production. As shown
from Figure 8, in spite of Cambodia having achieved rice self sufficient and even an exportable
surplus, the rice-based farming systems are characterized by low income. The typical farmer growing
paddy gets an income per hectare ranging between $100 and $200 per year. With little
diversification into other crops and agricultural activities and with an average landholding size of 1
hectare, poverty is pervasive (Agrifood Consulting International and CamConsult, 2006).

According to the 2004 Cambodia Socio-Economic Survey (CSES), 35 percent of Cambodian
population or about 4.6 million individuals are estimated as living below the poverty line. Of this
group, approximately 2.6 million live in extreme poverty facing food deprivation (WFP, 2009).

3.1.11 Summary

Rice in Cambodia is mainly cultivated in low land areas and the area of rice plantation has been
continuously increasing over the years representing 90% of the total agricultural area used in the
country. Rice cultivation practices in Cambodia rely mainly on labor but new technologies are being
introduced. This is notably the case for harvesting which is slowly becoming mechanized although
still marginal. Rice intensification methods following successful experimental trials are now being
endorsed and promoted by the Cambodian government. Such methods have been included since
2006 in the National Strategic Development Plan. Since most paddy fields in Cambodia are located in
rainfed areas, there is substantial potential for the cultivation of alternate crop in paddy fields to
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maximise output per unit area of land. This opens opportunities for the introduction of energy crops
as rotation crops. This option to would not only enable Cambodia to take a step developing toward a
low carbon society in the agricultural sector but also to improve the welfare of rice farmers who are
still subsisting on low income.
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3.2 Indonesia

Indonesia consists of 17,508 islands, but about 6,000 islands are inhabited. These islands are
scattered over both sides of the equator. The largest ones are Java, Sumatra, Borneo (shared with
Brunei and Malaysia), New Guinea (shared with Papua New Guinea), and Sulawesi. The borders of
Indonesian lands are shared with Malaysia on Borneo, Papua New Guinea on the island of New
Guinea, and East Timor on the island of Timor. The maritime borders of Indonesia are shared across
narrow straits with Singapore, Malaysia, the Philippines, and Palau to the north, and with Australia
to the south. The capital city is Jakarta, located on Java, which is the largest city, followed by
Surabaya, Bandung, Medan, and Semarang. Location of Indonesia is on the edges of the Pacific,
Eurasian, and Australian tectonic plates so it consists of numerous volcanoes and frequent
earthquakes. There are at least 150 active volcanoes in Indonesia. As Indonesia is lying along the
equator, it is characterized by a tropical climate, with two distinct monsoonal wet and dry seasons.
The climate is highly humid, averaging about 80%, and slightly varied temperature, 26-30 °C,
throughout the year. Annual rainfall in the lowlands varies from 1,780-3,175 millimeters, which is
lower than in mountainous regions that vary up to 6,100 millimeters, particularly in the west coast of
Sumatra, West Java, Kalimantan, Sulawesi, and Papua receiving the highest rainfall (Wikipedia,
2012). The main islands of Indonesia consist of Java, Sumatera, Sulawesi, Kalimantan, Bali and Nusa
tenggara. In 2008, the total wetland area was 8.01 million ha, 29% of which is located in Java, 41% in
Sumatera, 11.6% in Sulawesi, 12.6% in Kalimantan, 5.4% in Bali, and 0.8% in Nusa tenggara. These
wetlands are located for 62.5% in irrigated areas and 37.5% in non irrigated areas. Indonesia is
ranked 3" in the world regards to total rice production, but is also ranked the world’s 7™ largest rice
importer. Rice is cultivated in both lowland and upland elevations throughout the country- irrigated
lowland rice-mainly in Java and also in Sumatra and Sulawesi, rainfed upland in Bali, and
combination between upland and lowland area. Indonesian rice harvested area covered 12,147,637
ha, located in every island. The three islands contributes about 89% of total national rice production-
Java (5,179,231 ha), Sumatra (1,865,354 ha), and Sulawesi (1,255,392 ha) (FAO, 2007).

3.2.1 Rice varieties
Major species of rice in Indonesia is Oryza sativa (Javanica). From 1943 to 2007, 190 rice varieties in
wet land were released and 30 rice varieties of dry land were released. The varieties mostly
cultivated are:

e |R-64: Way Apo Buru, Memberamo, Cisokan

e Ciherang: IR42, Cisadane, Cibogo

e Ciliwung: Widas and IR 66.

The rice varieties mainly produced in Indonesia based on the area cultivated are presented in Figure
9.
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Figure 9 Cultivated area of major rice varieties in Indonesia.

The three main rice varieties cultivated in Indonesia are IR 64 (31.4%) followed by Ciherang (21.8%)
and Cilwung (8%). The rice yield is 0.004-20 tonnes/ha. From the questionnaire survey in Java, rice
varieties name “Ciherang” and “IR64” were planted in many areas in Java. The average yield of
Ciherang was 4.36+1.99 tonnes/ha (0.004-7 tonnes/ha) and IR64 was 2.53+3.71 tonnes/ha (0.14-16
tonnes/ha).

3.2.2 Rice ecosystems
The main ecosystems of rice cultivation in Indonesia are presented in Table 7.

Table 7 Rice ecosystems in Indonesia

No. Ecosystem/ rice soil types Distribution (%)
A Lowland 55
B Highland 17
C Complex (Combination between A and B) 28

1. Vertisols (Grumusols) ( Sub ordo Aquert, udert, and ustert) 7%

2. Ultisols and Oxisols (Red yellowish podsolic) 4%

3. Alfisols (Red yellowish Mediteranean) 4%

4. Newly opened rice field: Ultisols (red yellowish possolic) 10%

5. Newly opened rice field: Oxisols 1%

Total 100

As shown in Table 8, the three main ecosystems of rice cultivation in Indonesia include lowland,
upland, and complex (combination between lowland and upland) areas. Rice is cultivated mostly in
lowland areas, which account for 55% of the total area of rice cultivation in the country (total area of
rice field in Indonesia 11.7 million ha).
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Table 8 Seasonal rice crop calendar in Indonesia

Jan | Feb | Mar | Apr | May | Jun |Jul | Aug | Sep | Oct | Nov

normal rice plantation in
west Java (2 cycles/year)

Land preparation

Rice Cultivation
3.2.3 Land preparation
The traditional preparation of land using Tajak, a traditional long sickle, is performed 3 weeks before
planting. One week before planting, dead weeds are removed from the field (Kartaatmadja et al.,
2004). Recently from a questionnaire survey performed in Java (145 guestionnaires), it was found
that about 93% of rice fields are prepared using machines while the remaining are prepared
manually using working animals (7%). The animals used for land preparation are essentially buffalos
(2 to 7 years old). Each family owns 2 to 4 buffalos. The cost of land preparation is in the range of

70,000-5,000,000 Rp/ha. However, the cost for land preparation using machines was found to be
lower than those using animals.

3.2.4 Planting methods

The result of the questionnaire survey showed that a 100% of rice in Java is planted by broadcasting
of pre-germinated rice seeds. The time spent for seeding is 1 to 60 days. The size of the plantation
for one family is in the range 0.02 to 40 ha. However, most farmers own 0.25 to 3 ha of land and the
time spent for seeding is in the range 1 to 4 days or 20 to 30 days (Figure 10). Laborers spend about
6-10 hr/day on the field. The cost of planting (Rp/ha) depends mainly on the number of laborers
(Figure 11).

Figure 10 Correlation between the time spent for seeding and plantation area.
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Figure 11 Cost of plantation and number of labor for planting.

3.2.5 Water management during growth

As shown in Figure 12, major water resources for rice cultivation in Java include irrigation (43%),
natural water, i.e. canals/rivers (19%), groundwater (16%), man-made ponds (15%), direct rain (6%),
and others, i.e. drainage systems and wells (1%).

Figure 12 Major water resources for rice cultivation in Java, Indonesia.
From Figure 13, it is observed that alternative water resources for rice cultivation in Java are mainly
from direct rain (68%), and other sources including groundwater (18%), natural sources, i.e.
canals/rivers (7%), irrigation (5%) and man-made ponds (2%), respectively.
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Figure 13 Alternative water resources for rice cultivation in Java, Indonesia.

Although there can be various water management methods used during the plant growth, mainly
water is drained into the rice field immediately after planting or 1-2 weeks after planting. The
number of water inlets into the field is in the range 1 to 4 times. The depth of the water is about 2 to
30 cm. In the rice fields that drain water into the field 4 times usually contained water depth 5 cm
for 3, 7, or 14 days.

3.2.6 Fertilization

The results of the questionnaire survey in Java showed that the types of fertilizers applied in rice
fields consist of Urea (N source), TSP (P source), Ponska, Dasar, Kujang, Pusri, ZA (grow faster), KCL
(more fertile), and NPK. The Urea type is applied to render leaf greener. Ponska type is applied to
increase grain weight. The KCL type is applied in small amount in fertile areas about 1to 5 kg/ha. All
farmers apply fertilizers in their farms. The amount used depends on soil fertility, with three main
ranges of application as follows: 1-25 kg/ha (Karawang, Sukabumi, Cianjur, Ngawi, Sragen), 50-300
kg/ha (Wanagori, Wonagiri, Sukoharjo), and 100-800 kg/ha (Ngawi, Bojonegoro, Malang). Although
rice fields are located in the same area, different amounts of fertilizer applied in the field were found
in Ngawi, i.e. 2-6 kg/ha and 100-800 kg/ha. The price of fertilizer is mostly in the range of 1,700-
3,500 Rp/kg. The number of laborers working in the field ranges between 1 to 6 persons. Labor
wages are in the range 15,000-50,000 Rp/kg of fertilizer. The average labor cost is 27,938+5,146
Rp/kg. Most laborers were found to be hired for 25,000-30,000 Rp/kg of fertilizer. The highest wage
was found in Ngawi and Sukoharjo.

3.2.7 Liming

In Java, it was found that 89% of the 145 surveyed families apply lime in their rice field. The amount
of lime applied ranges between 2 to 600 kg/ha. The largest amount of lime applied in the field was
found in Bojonegoro with 400 to 600 kg/ha. The price of lime ranges between 340 to 50,000 Rp/kg.
The price of lime in Bojonegoro is quite high, about 17,000 to 20,000 Rp/kg. Labor cost associated
with liming is in the range 20,000 to 30,000 Rp.
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3.2.8 Use of pesticides and herbicides

Farmers apply pesticides in most areas of Java. The results of the questionnaire survey indicate that
90% of 145 families apply pesticides in their farms. However, herbicides are applied only in 39% of
cases. Pesticides are used 1-10 times per cycle but mostly used 1-2 times per cycle. Most pests found
in rice fields are grasshoppers, mouse, and larva. There are various types of pesticides used in Java,
i.e. Spontan, Furadan, Dupont, Rizotin, Pastak, Reagen, Muradan, Furadan, Ponska, Baygon, Decis,
DDT, Mipsin, Rejotine, Siodan, Culakron, Topdar, Naga, Buprosida, Aplaud, Top Dor, Sonio, Bioveet,
Virtaco, Sherpa, Firtaco, Starban, Ariffo, R-cabas, Darmabas, Sekor, Akodan, Lotsa, Bassa, etc. Their
price varies between 5,000 to 50,000 Rp/kg. Application of pesticides is done since planting up to 90
days after plantation. Pesticides are diluted 0.03-60 times before being applied and require 1 to 10
persons. Labor costs are in the range 7,500-48,000 Rp (mostly between 20,000-40,000 Rp).

Herbicides are applied 1-2 times per cycle, but in some fields are applied 6-7 times per cycle..
Examples of herbicides include: Satrund, Sida Up, Mitsilindo, Satio, Logeram, Dras, Gramaxon,
sakrun, Ali, Noxon, Mesulindo, Sherly, Bio up, Dilar, Ally, Obat, Karevo, Indomin, Tigul, Tarmin,
Round Up, Rambasan, Adroson, Gramason. The price of herbicides ranges between 5,000 to 160,000
Rp). They are applied since the date of planting until 15 days after planting. The number of labor for
applying herbicides is 1-5 persons, which cost 15,000-40,000 Rp (most 25,000 and 30,000 Rp).

3.2.9 Harvesting methods and management of rice residues

From the questionnaire survey in Java, rice is harvested both by manual (65%) and machine (35%).
Rice height at harvested date was 50-120 cm. Stubble height was 5-50 cm. The machine cut rice at
15-30 cm height above ground.

Most residues remain on the field following harvesting. From the questionnaire survey out of the
143 farmers, it was found that 76% leave the residues on the field, 15% are removing the residues
from the field, and 9% remove only a fraction of the residues from the field. For the fraction of
residues remaining on the field, it is totally burned for 19% of the 143 surveyed farmers. The main
reasons for burning are: to prepare the land (71% of cases), fertilize the land (17% of cases), remove
pest (6% of cases), and remove weeds (6% of cases). Rice residues are mainly burnt in the afternoon,
i.e.72% of the cases. For another 26% of the cases, it is burnt in the morning and the remaining 2%
at night. Most farmers use rice residues for soil amendment (69%), mulching (19%), animal feed
(6%), as media for mushroom cultivation (3%), or fertilizer (3%). Utilization of rice residues is
presented in Figure 14.

Figure 14 Utilization of rice residues.
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3.2.10 Rotation crops

After harvest, some farmers continue planting with a next crop immediately. The fallow period in
Java lasts for one week to four months. During the fallow period, farmers plant legumes (soybean,
peanut, mungbean, string bean), and corn. The results of this questionnaire survey is in good
agreement with information obtained from Lombok (an island in West Nusa Tenggara province)
where crops such as soybean, peanut, mungbean and corn are reported to be commonly grown in
rotation with rice crops, without fertilizer (Wangiyana and Cornish, 2002).

However, most farmers do not plant crop rotation (79%) because their farms are located in irrigated
areas (43%) or in areas with good access to water resources i.e. manmade pond, ground water,
canal/river, drainage system (51%). Hence, a next cycle of rice can be cultivated immediately after
harvest of the previous rice crop. The low fraction of crop rotation found in Java from the
questionnaire survey is result is in good agreement with the information gathered from APN expert
meeting, as presented in Figure 15.

Figure 15 Total area of rice cultivation with and without crop rotation in Indonesia.
(Rusmana, 2011)

3.2.11 Soil organic carbon
Soil organic carbon in lowland areas in Indonesia where rice is grown is presented in Table 9.

Table 9 Soil organic carbon of soil in lowland areas in Indonesia

Level Soil organic carbon (%) Fraction (%)
Low <2 73

Medium 2-3 23
High >3 4

(Rusmana, 2011)
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Most areas contain low soil organic carbon levels due to the intensive weathering process, high
rainfall and temperature, land use change, and inappropriate management practices. In west Java,
soil carbon sequestration was compared between organic and conventional rice cultivation in the
top 10 cm soil layer (Komatsuzaki and Syuaib, 2010). The results are presented in Table 10.

Table 10 Comparison of soil carbon sequestration in west Java, Indonesia

Soil Bulk Density Carbon content Soil carbon storage
(gmL?) (%) (Mg ha™)
Organic 0.88 2.89 25.0
Conventional 0.80 2.22 17.6
Significance Not significant 1% 5%

(Komatsuzaki and Syuaib, 2010)

The profile of soil carbon content for organic and conventional rice cultivation in the top 30 cm soil
layer is presented in Figure 16.

Figure 16 Profile of soil organic carbon at 30 cm soil depth from the surface.
(Komatsuzaki and Syuaib, 2010)

Measurements of soil organic carbon (SOC) were conducted at 2.5, 7.5, 12.5, 17.5, 22.5, and 27.5 cm
depth from the surface. From the top soil, the SOC was gradually increased until a level of soil depth
at 12.5 cm, then the SOC start to decrease gradually; however, the SOC is increased again at the
depth below 22.5 cm. Content of soil organic carbon is found to be higher at any depth of soil for
organic rice than conventional rice.

3.2.12 Socio-economic status of rice farmers

The study of Sukristiyonubowo et al. (2011) compared the cost and revenue of three rice cultivation
systems: conventional, semi, and full organic rice farming in Sragen District, Central Java Province,
Indonesia in October 2008. This was performed via field visits of individual farms by conducting
interviews without questionnaires. The results of the socio-economic aspects investigated are
presented in Table 11 and 12.
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Table 11 Cost and revenue of three different rice farming systems: conventional, semi, and full
organic rice farming in Sragen District, Indonesia for the dry season 2008 (not including family

labors)
No. Parameter Conventional Semi organic Fully organic
(Rp/ha/season) (Rp/ha/season) (Rp/ha/season)

1. Production cost
Labor cost: 4,700,000 2,540,000 2,340,000
Land preparation 1,200,000 800,000 600,000
Planting 800,000 600,000 600,000
Fertilization 200,000 - -
Weeding 800,000 600,000 600,000
Pest and disease control 200,000 40,000 40,000
Watering 1,500,000 - -
Harvest 500,000 500,000
Agricultural input cost: 2,300,000 160,000 60,000
Mineral fertilizers 2,200,000 100,000 -
Organic fertilizer - - -
Commercial pesticides 100,000 - -
Bio pesticides - 30,000 30,000
Scorr - 30,000 30,000

2. Total cost 7,000,000 2,700,000 2,400,000

3. Revenue 15,000,000 15,000,000 16,800,000

4. Benefit 8,000,000 12,300,000 14,400,000

5. B/C ratio 1.13 4.55 6.00

Note: the labor cost for fertilization in semi and fully organic systems were included in land
preparation.

From Table 11, B/C ratio is benefit per production cost. The production cost is the sum of the labor
cost and agricultural input cost and benefit is the difference between the revenue and the
production cost. The differences among conventional, semi, and full organic rice farming consist of
water resources, fertilizers, and pesticides. In the conventional system, farmers applied chemical
fertilizers and commercial pesticides, and used irrigated water. For semi organic rice systems, there
were no chemical inputs, application of some commercial pesticides and inorganic fertilizers, and
use of water from springs or deep wells. For full organic systems, there were no inputs of inorganic
fertilizers and commercial pesticides, and only spring water was used as water resource.

Table 12 Cost and revenue of three different rice farming systems: conventional, semi, and fully
organic rice farming in Sragen District, Indonesia for the dry season 2008 (including family labors)

No. Parameter Conventional Semi organic Fully organic
(Rp/ha/season) (Rp/ha/season) (Rp/ha/season)

1. Production cost
Labor cost: 5,000,000 3,330,000 3,240,000
Land preparation 1,200,000 800,000 700,000
Planting 800,000 800,000 800,000
Fertilization 300,000 - -
Weeding 900,000 800,000 800,000
Pest and disease control 300,000 200,000 140,000
Watering 1,500,000 - -
Harvest - 700,000 800,000
Agricultural input cost: 2,300,000 160,000 60,000
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No. Parameter Conventional Semi organic Fully organic
(Rp/ha/season) (Rp/ha/season) (Rp/ha/season)

Mineral fertilizers 2,200,000 100,000 -
Organic fertilizer - - -
Commercial pesticides 100,000 - -
Bio pesticides - 30,000 30,000
Scorr - 30,000 30,000
2. Total cost 7,300,000 3,460,000 3,300,000
3. Revenue 15,000,000 15,000,000 16,800,000
4. Benefit 7,700,000 11,540,000 13,500,000
5. B/C ratio 1.05 3.34 4.09

Note: the labor cost for fertilization in the semi and fully organic systems was included in land
preparation.

The results of cost shown in Table 12 are in range with the results obtained from the questionnaire
survey. However, these values are located towards the upper bound of those found from the
questionnaire survey. The study of Sukristiyonubowo (2011) simplified the calculations using the
common labor cost of Rp 20,000 IDR/day, which is similar to that found from the questionnaire
survey performed in Java. The selling price of rice is Rp 2,500 (semi-organic) and 2,800 (fully organic)
IDR/kg, while that found from the questionnaire is in the range Rp 3,500 to 4,500 IDR/kg in Sragen.
However, total revenue from Tables 11 and 12 is in the same range as that obtained from the
questionnaire survey. Using the exchange rate of 1 US dollar = Rp 9,000 IDR (Reference), based on
results from Table 12, the net benefit made by Indonesian farmers is in the range 889 to 1,600
USD/cycle. From the questionnaire results, it was found that for 2-3 rice cycles/year Indonesian
farmers make a benefit of 1,778 up to 4,800 USD/year.

3.2.13 Summary

Major species of rice in Indonesia is Oryza sativa (Javanica) which is different from other countries in
Southeast Asia Oryza sativa (Indica). Major varieties of rice in Indonesia are IR-64 and Ciherang that
cultivated in many areas in Java. The main islands of Indonesia consist of Java, Sumatera, Sulawesi,
Kalimantan, Bali and Nusa tenggara. Rice ecosystem consists of lowland 55% of total paddy field,
highland 17% of total paddy field, and complex (combination between highland and lowland) 28% of
total paddy field. The lowland are located for 62.5% in irrigated areas and 37.5% in non irrigated
areas. Farmers prepare land manually but modern method as chemicals are used for fertilizer,
herbicide, and pesticide. Harvesting is done mostly by manual and some of them are done by
machine. After harvest, most rotation crops are planted in non-irrigated area, while rice is continued
planting immediately in most irrigated paddy field. Indonesian farmers make a benefit of 1,778 up to
4,800 USD/year.
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3.3Lao PDR

Lao PDR is an SEA country covering total area of 236,800 km? with a land area of 230,800 km?. It is
surrounded by China in the north, Thailand in the west, Vietnam along the north and east border,
and Cambodia in the south. As the borders of Lao PDR are enclosed by other countries, the country
does not have any coastal area. In terms of topography, Lao PDR is composed mainly of rugged
mountains, some plains, and plateaus. Most mountain areas are found in the eastern part of the
country near Vietnam, and some are found northwest near the northern part of Thailand. The
plateaus are located in the north, i.e. the Xiangkhoang Plateau, and south, i.e. the Bolaven Plateau.
There are three seasons in Lao PDR, consisting of rainy, cold, and hot. The wet season lasts from May
to November and is followed by the dry season from December to April. In the dry season, winter is
from December to February and summer is from March to April Paddy fields are located mostly in
non-irrigated areas, representing approximately 90 percent of the total rice area in the country.
Therefore, rice is essentially sown in the early part of the summer season relying for water on the
monsoon rainfall. Irrigated areas are located in lowland areas along the Mekong River. There
farmers can cultivate double-cropping of rice during the dry season (Wikipedia, 2013).

3.3.1 Rice varieties

Primitive upland cultivars (Oryza sativa L.) in northern Laos are classified into 106 japonica, 16
indica, two intermediate, and eight heterozygous cultivars. The japonica cultivars are characterized
by glabrous hulls and sticky grains. Only two out of 16 indica cultivars are glabrous. The
heterozygotes are generated by out-crosses between japonica and indica cultivars in upland fields.
The intermediate type is the progeny of such heterozygotes. Genotypic frequencies differ between
populations collected from upland fields along roads and along a branch of the Mekong River. Such
differences are caused by different origins of these two populations. In this report, isozymes are
indicated as valuable markers to recognize the cultivars to be of independent stack (Ishikawa et al.,
2002).

In 1990-1991, IRRI surveyed and located 73 local varieties of rice planted in Lao PDR, which 85-90%
of the rice cultivars grown are “glutinous varieties”, commonly RD6, RD8 and RD10; and non-
glutinous varieties Khow Dok Mali 105 (Thai origin). The most popular varieties are RD10 because of
their large seeds and good eating characteristics and are particularly good for cultivation during the
dry season under irrigated conditions (IRRI, 1996). Roder et al., (2006) indicated that there are over
3,000 different varieties of rice recorded in Lao PDR. New varieties have been developed to enhance
yield and capture high quality traits. Two popular new varieties are Thasanol (TSN1) and
Thadokkham1 (TDK1). Other new rice varieties are presented in Table 13.

Table 13 Improved Rice Varieties, Lao PDR

Name Year Released Major Positive Traits

TDK 1 1993 High N response, good tillering, resistance to most biotypes
of brown plant hopper and to rice leaf diseases

TDK 2 1993 Moderately resistant to leaf blast, bacterial leaf blight, BPH,
gall midge, and stemborer

PNG 1 1994 Good grain quality, moderate yield, broad adaptability,
maturity at 125-130 days, and resistance to blast

PNG 2 1995 Moderately resistant to brown spot, flowering in mid-
October

TDK 3 1997 Good grain quality, resistance to rice diseases and suited to
favorable rain-fed lowland

TDK 4 1998 Good grain quality, high N response, suited to medium fertile

and saline soils
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Name Year Released Major Positive Traits

TSN 1 1998 Good grain quality and high N response, best suited to fertile
soils

NTN 1 1998 Good grain quality, 130 days maturity, resistance to blast

TDK 5 2000 Good grain quality, maturity at 125-130 days, plant height

95-115 cm, resistance to blast, bacterial leaf blight

Note: NTN = Namtane, PNG = Phone Ngam, TDK = Thadokkham, TSN = Thasano
(Bestari et al. 2006)

Two major groups of modern rice varieties were released in Lao PDR after 1990. The first group
consists of the Lao-IRRI modern rice varieties (LMVs) developed by the joint Lao-IRRI research
programs. From Table 13, nine varieties developed specifically for Lao conditions have been officially
released. These are glutinous varieties selected for good quality, high yield potential, and suitability
to saline and low fertility soils. Some are also resistant to common insects and diseases such as
brown planthopper, gall midge, stemborer, leaf blast, bacterial leaf blight, and brown spot.
However, the traditional varieties, i.e. Hom Nang Nouane (HNN) and Kai Noy Leuang (KNL), have
continued to be cultivated because of their fragrance and softness of their grains after cooking;
whereas, new developed varieties TDK1 and TNS1 are not fragrant (Boualaphanh et al. 2011).

3.3.2 Rice ecosystems

Main categories of paddy fields in Lao PDR include rain-fed lowland (lowland wet season), irrigated
lowland (lowland dry season), and rain-fed upland areas (upland wet season). There is no deep
water rice ecosystem in Lao PDR. The area of rice cultivated for each ecosystem over the period
1976-2004 is presented in Figure 17.

Figure 17 Ecosystem of rice cultivation in Lao PDR in the lowland and upland environments from
1976 to 2004.
Note: DS = Dry season, WS = Wet season
(Schiller et al. 2006)
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Figure 18 Area of each rice ecosystem by region.
(Schiller et al. 2006)

Most paddy fields in Lao PDR are located in rain-fed areas, 90% of total paddy areas, which are
classified into lowland and upland. In non-irrigated areas, rice is sown during the wet season so the
cultivation of rice in non-irrigated areas is called wet season rice. Rice can be cultivated in irrigated
lowland areas during the dry season because there are enough water resources available via
irrigation system.

Upland rice is rice cultivated in hilly areas mostly in the northern part of the country where natural
vegetation has been replaced. Since irrigation is not available in such areas, rice is therefore planted
only once during the wet season. The farming system of upland rice is referred to as shifting
cultivation since farmers are to clear the initial natural vegetation present in such areas, i.e. forest or
grass, via slash and burn before planting the new rice crop. As compared to other rice cultivation
systems (lowland rice), shifting cultivation (upland rice) is characterized by a long agricultural
production cycle. This is due to the slash and burn activities practiced to clear and prepare the land
for rice plantation (see Figure 18).

In 1990, the area of upland rice accounted for 40 percent of the total area of rice sown in Lao PDR,
i.e. 245,877 ha, with up to 1 million farmers following the slash and burn farming system practice.
But over the years the trend of lowland rice cultivation has been increasing while that of upland as
been steadily decreasing. The areas of rice cultivation and production for each region of Lao PDR for
the year 2004 are presented in Table 14. Lowland wet season rice corresponds to the main area of
rice cultivated in each region of Lao PDR. Lowland dry season rice is mainly located in the central
region of the country. Rain-fed rice in the lowlands dominates rice cultivation in the country. About
75% of the area cultivated (576,000 ha) and 78% of the production (about 2 million tonnes)
originates from this ecosystem. Rain-fed upland rice accounts for over 15% of the total area of rice.
Almost 50% of the rice grown in the Northern region originates from the rain-fed upland rice
ecosystem (Bestari et al. 2006).
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Table 14 Area and production of rice by region of Lao PDR, 2004

Region Rain-fed Lowland | Rain-fed Upland Irrigated lowland (%)

(%) Upland (%) Shifting cultivation

(%)

Area | Production | Area | Production | Area | Production | Area Production
Northern | 46.84 | 63.97 25.67 | 17.44 23.23 | 12.70 4.28 5.90
Central | 82.03 | 79.82 1.94 |1.08 176 |0.79 14.26 | 18.30
Southern | 84.55 | 87.32 510 |3.13 0.70 | 0.36 6.65 9.19
LaoPDR | 74.71 | 78.13 8.53 |5.09 6.78 | 3.26 9.98 13.51

(Ministry of Agriculture and Forestry, 2004)

Table 15 Seasonal rice crop calendar in Lao PDR (USDA-FSA, 2011)

The most important areas of rice cultivation in Lao PDR are located in Savannakhét province, a
lowland irrigated area along the Mekong River. Production of rice in this province accounts 22
percent of national rice production. Dry season lowland rice is mainly cultivated in Savannakhét
province and Vientiane (prefecture) accounting for 25% and 20% of total lowland dry season
production, respectively. Wet season lowland rice is found in plain areas of central through south
regions, and few areas in valley bottoms of the north region. Savannakhét and Champasak provinces
produce rice from wet season farming and account for 23% and 15% of total wet season lowland rice
production. About 40% of rice production in wet season upland rice is harvested in Houaphan,
Louangphrabang, Oudémxai and Oudomxay, provinces which are located in the Northern region
where rice is cultivated under shifting cultivation systems (USDA-FAS, 2011).

3.3.3 Land preparation

The main fields are initially plowed about 2 to 4 weeks before transplanting. Just prior to
transplanting and when the soil is flooded, the field is plowed again and puddled using a harrow. In
sandy soils, land preparation must be done immediately before transplanting because the soil settles
fast and it becomes difficult to transplant (Linquist and Sengxua, 2001).

No-till system has been studied by Dupin et al. (2009) in upland area, northern Lao PDR, because of
erosion problem from tillage in slope area. Shifting cultivation was originally a no-till farming system
because weeds were few and could be controlled by hand pulling and cutting, nowadays tillage is
part of the rice cultivation system (Dupin et al. 2009). The three main stages of land preparation are
as follows:

1) few weeds are hand pulled after being allowed to grow

2) Asmall curved hoe is used for superficial tillage to prevent cause severe yield reduction from
weeds

3) A medium size hoe is used for deep tillage to prepare the land for sowing
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Land preparation for rice cultivation is also done using handheld tractors in lowland areas. This
method is not popular because most farmers still prepare the land without machine. According to
FAO (2007), only 1,080 agricultural tractors were available in Lao PDR in 2007. This is a much smaller
number than for neighboring countries, that is 4 times lower than in Cambodia (1,855 tractors), 150
times lower than in Thailand (220,000 tractors) and 204 times lower than in Vietham (162,476
tractors). The use of tractors is not applicable for upland areas on sloping land under shifting
cultivation system (Gansberghe, 2005a).

3.3.4 Planting methods

Most rice is planted by transplanting. The period of wet-season rice typically begins in May or early
June at the start of the monsoon rainfall with the planting of the rice nursery. Following sufficient
rain, the seedling nursery is prepared by plowing and puddling using a harrow. This is often done by
buffalo but increasingly small handheld tractors are being used (enough water is required to make
the soil soft enough to plow, especially for buffalos) (Schiller et al. 2006). The number of buffalos per
planted area is shown in Figure 19.

Figure 19 Number of buffalos per hectare of lowland rice in Suravanne and Champasak province in
Lao PDR.
(Roder et al. 2006)

The average number of working animal labor for rice cultivation in lowland area is 1-2 buffalos per
hectare. Some farmers plant rice by broadcasting. Rice seeds are presoaked for a day or two before
sowing. The seeds are broadcasted immediately after puddling. Nurseries occupy a small area (5—
10% of the total area to be planted) and are usually fenced to protect them from livestock. Seedlings
grow for about 30 days in the nursery, although farmers may transplant at any time from 25 to 40
days or longer depending on rainfall. Sufficient rainfall is required to plow the main field and prepare
for transplanting (Schiller et al. 2006).

3.3.5 Water management during growth

Rice cultivation in irrigated lowland areas is grown in every region of Lao PDR in bunded fields with
ensured irrigation for one or more crops a year. Farmers generally try to maintain 5-10 cm of water
(“floodwater”) in their fields. Both irrigated and rainfed lowlands fields are predominantly puddled
(harrowing or rotavating under shallow submerged conditions). Upland rice is grown under dry land
conditions (no ponded water) without irrigation and without puddling, usually in non-bunded fields
(Barker et al., 2007). Although Lao PDR is not faced with problems of flooding that could result from
wet-season rainfalls, dry-season water management (irrigation and drainage) is very difficult to
achieve under the irrigation conditions available in Lao PDR (Schiller, 2004). Irrigation systems are
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developing only thanks to the investments provided by the Laotian government and some other
countries, i.e. Kuwait to support export to their countries (Chaophrayanews, 2010).

3.3.6 Fertilization

In rainfed areas, soil improvement is mainly achieved by applying manure and rice husks and slight
use of chemical fertilizers. Fertilizers are mainly applied in upland paddy because these areas are less
fertile when compared with rainfed and irrigated lowland paddies, except traditionally rice grown
under slash-and-burn systems with long fallows that can restore soil fertility (Saito et al., 2006).

Inorganic fertilizer inputs in lowland rice cultivation have been increasing rapidly over the past
decade, but still below 20 kg/ha. The most popular nutrient sources are still rice straw and manure
from buffalo and cattle. Roder et al. (2006) studied fertility management and found the most
promising inputs and strategies to optimize yields in organic rice production systems are (1)
optimizing use of locally available nutrients, mostly from manure, crop residues and weed biomass,
(2) N addition through green manure and legumes growing in rotation and (3) additions of P through
guano or rock-phosphate.

3.3.7 Use of pesticides and herbicides

The use of pesticide in Lao PDR is low. The insecticide is used in most lowland rice areas, but at a
very low level. As a result, the arthropod communities in the rice environment of Lao PDR have
remained relatively undisturbed. The seeds are sometimes mixed with the pesticide before
germination to protect against pests. (Schiller et al, 2006). Chemical herbicides and pesticides are
not used in rainfed area and traditional slash-and-burn area with long fallows that reduce insect and
weed pressure (Saito et al., 2006).

In Lao PDR, weeding is done manually so more labor is required-about half of the annual labor
requirement. Frequency of weeding depends mainly on the length of the previous fallow. A farmer
may weed the field two to five times. Labor maybe members of the household or exchange labor
among farmers for weeding. If weeding is done by members of the family, weeding needs to be
done almost every day to provide adequate weed control, especially in areas where the fallow
period is short. In the case of group weeding, a single field can be weeded in a few days. In hilly area
or sloping fields, farmers weed by walking up the slope and in this sense they prefer steep fields, as
they bend over less while weeding (Schiller et al. 2006).

3.3.8 Harvesting methods

Duration of harvesting season in Lao PDR is September to November. Harvesting begins in early
September with the early-maturing varieties; whereas, late-maturing ones are usually harvested by
then end of October; and some varieties are harvested in November. Harvesting is done manually.
The harvest is bundled and left in the field for a few days to dry. Spikes are left on top of the stubble
and straw to dry or placed on an elevated pole or rack. Dried rice is often stored for a short period in
the field before threshing by pilling the cut rice neatly into a large round stack. The spikes are placed
in the middle of the stack to protect them from rain and rodents. Traditionally, threshing is done
manually, which can be found in isolated area of Lao PDR. Nowadays, threshing is becoming
increasingly mechanized by combine harvester in lowland area (Schiller et al. 2006).

3.3.9 Management of rice residues

Large quantities of rice straw left after the harvest are used as substrates for the cultivation of straw
mushroom. Although the cultivation process is very simple and productive, knowledge of how to
cultivate mushroom is limited so training is provided by the government officials through supporting
international agencies such as UNDC, FAO, and JICA (Tapingkae, 2005).
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After rice is harvested, water buffaloes and cattle graze in paddy fields, except in irrigated lowland
fields that are also cultivated in the dry season. Rice husks are utilized as organic amendment for soil
improvement.

3.3.10 Rotation crops

The rice fields where rotation crops are used are shifting cultivation systems, which are classified
into 2 sub-groups: (1) Rotational, and (2) Pioneering. Rotational shifting cultivation is the most
common type in Lao PDR. For this type, farmers keep their villages in the same place but shift their
cultivated plots according to a crop/fallow cycle that depends upon several factors. In pioneering
shifting cultivation systems, farmers moved their whole village settlements from one site to another
after several years, mainly because the nearby forest had become exhausted (Gansberghe, 2005b).
The main crops used for rotation include legumes, vegetables, and corn.

3.3.11 Socio-economic status of rice farmers

Contract farming is emerging as a promising tool to facilitate market linkages and provide the
necessary supports to enable small farms to shift to commercial production. An ADBI research work
by Setboonsarng et al. (2008) looked at the effects of rice contract farming on welfare of farmers in
Lao PDR. It used data from a household survey of 332 contract farmers and 253 non-contract
farmers. The results of the survey are presented in Table 16.

Table 16 Commercial production: Revenue, cost, and profit

Variables Contract farming Non-contract farming
1. Household Characteristics
No. of farmer members 5.88 5.61
No. of family members older than 16 4.52 4.03
Percentage of females in family 49 49
Total land (ha) 2.48 1.72
Monthly consumption expenditure per | 144 147
person (1,000 kip)
2. Commercial Production
No. of households 296 72
Size of commercial area planted (ha) 1.11 1.43
Percentage of planted area harvested 98 99
Revenue (1,000 kip/ha) 5,237 3,527
Rice price (kip/kg) 1,587 1,344
Yield (kg/ha) 3,272 2,603
Cash cost (1,000 kip/ha) 2,251 1,778
Cash cost (Kip per kg of rice production) 1,290 936
Ratio of hired labor cost in total cash cost | 32 45
(%)
Profit (1,000 kip/ha) 2,924 1,751

(Setboonsarng et al. 2008)

From the above table, it is observed that contract farmers earn significantly higher profit than non-
contract farmers. Under the contract, farmers receive an average price of 1,911 kip/kg for organic
Japanese rice. For other varieties of rice, there is no significant difference of price between contract
and non-contract farmers. Due to the premium price for Japanese rice, the average price of rice for
contract farmers is 1,587 kip/kg and for non-contract farmers is 1,344 kip/kg. In Table 16, the
revenue is presented per unit of area. The average size of holdings in the Lao PDR is 1.62 ha. In the
south, the area on average is 2.02 ha, which is above the national level. Champasack province has
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the biggest average farm size of 2.17 ha. This is followed by Saravane with 2.07 ha, Vientiane
Municipality with 1.96 ha, Sekong with 1.91 ha, Oudomxay with 1.87 ha, Luangprabang with 1.79 ha,
Borikhamxay with 1.77 ha, Vientiane province with 1.76 ha, and Savannakhet with 1.61 ha. The
smallest average farm size of 0.87 ha is in Phongsaly province (FAO, 2008). Material cost for contract
farmers are also higher than for non-contract farmers as presented in Table 17.

Table 17 Material cost of commercial operation for contract and non-contract farming

Variables Contract Non-contract
1,000 kip/ha Kip/kg 1,000 kip/ha Kip/kg

Total material cost 1,474.00 852.00 920.00 462.00
Seed cost 283.00 192.00 81.00 41.00
Seed price - 2,842.00 - 1,913.00
Fertilizer cost 814.00 528.00 429.00 272.00
Fertilizer price - 3,347.00 - 3,231.00
Pesticide cost 0.31 2.78 0.33 1.67
Irrigation cost 180.00 107.00 137.00 74.00
Rental machine 136.00 82.00 166.00 71.00

Note: kip/kg of rice production
(Setboonsarng et al. 2008)

Although they have higher costs than non-contract farmers, contract farmers are compensated by
higher yields and price premiums. As a result, contract farmers are significantly more profitable than
farmers outside the contract, earning an average of 2,924,000 kip/ha of rice field, compared with
the 1,751,000 kip/ha earned by non-contract farmers.

3.3.12 Summary

Ecosystem of rice in Lao PDR can be classified into irrigated lowland, rainfed lowland, and rainfed
upland. There is no deepwater rice in this country. Species of rice planted in Lao PDR are Indica and
japonica, as well as intermediate species between both types. Upland rice is planted via traditional
methods that rely mainly on labors and organic materials. New technologies, such as machine for
land preparation and product harvesting, are being slowly introduced for lowland rice cultivation but
are still marginally used. For upland rice, following harvest, rotation crops such as legumes,
vegetable, and corn can be used during the fallow period. In recent years, there has been a rapid
expansion of contract farming in Lao PDR and such a scheme has been found to be particularly
beneficial for farmers with relatively poor performance. It is an effective development tool to
increase the incomes of smallholder farmers in rural areas where market failure is prevalent. Also
contract farmers are more likely to diversify production into other commercial crops or livestock,
leading to increased incomes and more secure livelihoods. The contract arrangement thus appears
to be effective in facilitating the transition of small farmers from subsistence to commercial
production thereby reducing poverty in rural areas with limited market development.
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3.4 Myanmar

Myanmar covers a total land area of 678,500 km? and is bordered northwest by Bangladesh and
India, north and northeast by the Tibet and China and southeast by Lao PDR and Thailand. The
country has also 1,930 kilometres of coastline along the Bay of Bengal and Andaman Sea in the south
and southwest directions. Climate of Myanmar is influenced by location and topography that
generates diversity of climate conditions. Effect of monsoon classified climate of Myanmar into
three seasons: summer (March to mid May with average temperatures 43°C in central region, 36°C
in northern Myanmar, and 29-35°C on the Shan Plateau), rainy season (mid-May to end of
December, with most Upper Myanmar averages about 890 mm or 35 inches, and in Lower Myanmar
about 5,080 mm or 200 inches), and winter (November to end of February, average temperature 20-
24°C and hilly areas with an elevation over 3,000 feet below 0°C). Myanmar is a mountainous
country. The highest point is called Hkakabo Razi and is located in Kachin State, with a maximum
elevation of 5,881 m above sea leavel. In the north, at the border between Myanmar and China the
Hengduan Shan mountain is found. Mountain ranges run north-to-south from the Himalayas, such as
the Rakhine Yoma, the Bago Yoma, the Shan Hills and the Tenasserim Hills. The mountain chains
divide Myanmar into three river systems, which are Irrawaddy, Salween (Thanlwin), and Sittaung
rivers. The Irrawaddy River is the longest river, nearly 2,170 kilometres long, and flows into the Gulf
of Martaban. Fertile plains exist in the valleys between the mountain chains. The majority of the
population lives in the Irrawaddy valley, which is situated between the Rakhine Yoma and the Shan
Plateau. Major areas of rice production are located in Ayeyarwady Region, the rice bowl of Myanmar
(Wikipedia, 2012).

3.4.1 Rice varieties
Rice varieties are developed to increase production yield. Varieties of rice are classified into
monsoon and summer season.

Table 18 Rice varieties and yield (t/ha) in Ayeyarwaddy Region

Rice Variety \ 1994-95 \ 2003-04
Monsoon Season
High yield variety 2.64 (67%) 2.57 (83%)
Traditional varieties 1.70 (33%) 2.24 (17%)
Summer Season
High yield variety 2.07 (96%) 3.06 (100%)
Traditional varieties 1.14 (4%) -

HYV = high yield variety

Significant increase in grain yield was found in modern varieties so that such varieties were widely
used by all farmers. Farmers tend to increasingly use modern varieties (high yield varieties). In year
2003-04, fraction of planting new varieties was 83% of total rice planting in monsoon season. In
summer season 2003-04, farmers grew only the modern varieties for 100%.

Comparing between the years 1994-1995 and 2003-04 for all varieties, there was an average 39%
increase in rice yields indicating an improvement in the management of rice cultivation by farmers.

3.4.2 Rice ecosystems

Rice ecosystems in Myanmar can be classified into irrigated areas, favorable rainfed areas, drought
prone areas, deepwater/submerged/salt affected areas, and upland areas. As observed from Figure
20, most paddy fields are located in favourable rainfed areas and irrigated areas. Few upland areas
can be found in Myanmar.
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Figure 20 Rice Ecosystems in Myanmar (%).
(Swe, 2011)

Since 1993, the rice area in Myanmar has expanded sharply as a result of new areas being cultivated
for summer rice. The increase in summer rice area and increased yield of rice has resulted in
significant increase in rice production, as illustrated in Figure 15.

Figure21 Total area, average yield and total production of rice (1963-2009).
(Swe, 2011)

As observed from Figure 21, as of 2009 rice fields in Myanmar covered a total area of more than 30
Million ha as compared to 20 Million ha in 1990. The yield of rice also increased from about 3
tonnes/ha in 1990 to 4 tonnes/ha in 2009 (it was about 1.5 tonnes /ha in the 60s). Hence rice
production in the country since 1990 has quadrupled reaching in 2009 about 32 Million tonnes.
Seasonal rice crop calendar of various rice ecosystems is presented in Table 19.
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Table 19 Seasonal rice crop calendar in Myanmar
Jan | Feb | Mar | Apr | May | Jun

Myanmar: sing rice,
rainfed

Myanmar: double
rice, irrigated

Myanmar: lower part
of Myanmar, rainfed

Myanmar: middle
part of Myanmar:
rainfed

Myanmar: middle
part of Myanmar:
irrigated

Myanmar: Shan
States, hilly regions

Land preparation

Rice Cultivation
In rainfed area, farmers can cultivate rice once a year in rainy season during June to December in
lower part of Myanmar, and August to January in middle part of the country and hilly areas;

whereas, rice can be cultivated throughout the year in irrigated areas. However, some irrigated
areas cultivate once a year i.e. Middle part of Myanmar.

3.4.3 Land preparation and planting methods

Preparation of land in Myanmar is done by tillage, approximately 70% of which is performed using
working animals and the remaining 30% by machine. Transplanting is the main method used, with
about 80% of the total area of rice being transplanted in the country. Direct seeding can be found in
double rice growing area for around 20% (areas where rice can be planted more than one time per
year). Another method of rice planting is dry seeding, which is performed in a few areas in the dry
central part of Myanmar.

3.4.4 Water management during growth

Management of rice field via the system of rice intensification (SRI) and alternate wet and dry rice
(AWD) have been introduced into the existing farming systems for mitigation of greenhouse gases
(CH4 and N,O) emissions from rice fields. These systems have been introduced since the year 2000
but are still not so popular in Myanmar. Setting a good drainage system is a necessity which enables
in a rice field to increase oxygen and methane oxidation. In addition, some findings showed that
controlled irrigation may reduce N,O emissions. There are many new constructions of reservoirs and
dams in Myanmar. Irrigation facilities have been installed over the last two decades with about 228
large and small rural dams.

Nowadays, many farmers in dry areas are facing risks of crop failures due to insufficient water for
crop production. So the government has been making efforts to promote irrigation by constructing
new dams and river water pumping stations, and renovating old village reservoirs and tanks. Water
could be extracted from rivers through pump stations. Farmers need then to use pumps to distribute
water into their rice fields.
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3.4.5 Fertilization
Fertilization is classified into monsoon and summer season. Details of the fertilizers used for either
season are presented in Tables 20-21.

Table 20 Fertilization during monsoon season in Myanmar

Fertilizers 1994-95 (Monsoor_l) _ 2003-04 (Monsoor?) _
applied % of Grain Yield % of Grain Yield

Farmers (kg/ha) Farmers (kg/ha)
Urea only 6 2,191 22 2,575
Urea+FYM 32 2,566 29 2,631
FYM only 28 2,212 25 2,445
Others 21 2,745 5 2,746
No Fertilizer 13 1,075 19 2,178

Table 21 Fertilization during summer season in Myanmar

Fertilizers 1994-95 (Summer) 2003-04 (Summer)

applied % of Grain Yield % of Grain Yield
Farmers (kg/ha) Farmers (kg/ha)

Urea only 41 2,254 75 3,001

Urea+FYM 19 2,901 12 3,666

Others 12 3,482 13 2,822

No Fertilizer 28 1,403 - -

Monsoon season: As shown in Table 20, an increase in the number of farmers not applying fertilizers
is observed over the 2 periods of study. Yields of rice are noticed to be lower in areas where
fertilizers are not applied but to have increased from 1994-95 to 2002-03. Also it is noticed that a
majority of farmers apply a combination of urea & farmyard manure which enables to achieve the
highest yield of rice recorded.

Summer season: It is observed from Table 21 that in 2003-2004, all farmers applied fertilizers. It is
also found that over the period 1994-1995, the highest yields of rice were attained when urea was
applied in combination with farmyard manure and others and lowest yields were obtained when no
fertilizers were applied. Over the period 2003-2004, highest yields were achieved when urea was
applied in combination with farmyard manure or with urea only. Also it is noticed that farmers apply
more fertilizers for summer rice than monsoon rice.

Naing et al. (2008) surveyed rice production in Myanmar over the period 1998-2002. The rate of N
applications during the rainy season decreased from 95 kg N in 1998 to 35 kg N in 2002 with an
increasing number of farmers having stopped the application of N-fertilizer. Overall, application
rates were considerably higher in Upper than in Lower Myanmar (see Figure 22). Trends in P and K
application are the same in the Upper Myanmar whereas in Lower Myanmar the rates are always
low.

A majority of farmers do not use farmyard manure, or only apply it at a low rate of 2 to 4 tonnes/ha
in addition to or as a substitute for chemical fertilizers. The highest rates of fertilizer application are
observed in the Mattaya and Patheingyi Townships for the year 2001 and in Kyaukse and Pyinmana
for the year 2002; all townships were in the Upper Myanmar with irrigation facilities. In both years,
most farmers applied both chemical fertilizers and farmyard manure to the seedbed at rates higher
than those applied to transplanted fields. Farmers believed a heavy fertilization of the nursery would
result in healthier seedlings, and would be more effective than spreading small amounts of manure
over a larger area.
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The recommended rates of chemical fertilizer were 56 kg/ha N, 13 kg/ha P, and 20 kg/ha K.

a) Upper Myanmar

b) Lower Myanmar

Figure 22 Percentage of farmers applying chemical fertilizer.

Note: Applied chemical fertilizer recommended rate (white sections), less than the recommended
rate (striped sections) or none (black sections) in the wet season between 1998 and 2002 in a) Upper
and b) Lower Myanmar.

(Naing et al. 2008)

3.4.6 Use of pesticides and herbicides
Hand weeding is the method most often employed for weed control as it keeps useful weeds for
animal and human nutrition. Although a variety of herbicides for rice cultivation are available on the
market, but too expensive for regular use.

In Myanmar very few pests are found in rice field. The most common rice pests are stem borer
(Scirpophaga incertulas), rice gall midge (Orseolia oryzae), Jassid (Nephotettix apicalis) and rice ear
bug (Leptocorisa spp.) There are some pests found in some areas but the levels of their infestation
are low, except for the gall midge. Formerly, the rice gall midge was not a major rice pest in
Myanmar. However, the abnormally heavy rains of the 2002 rainy season favoured the spread of the
rice gall midge in those areas. The outbreak was found to have started in the seedbed before moving
into the paddies (Naing et al., 2008).
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3.4.7 Harvesting methods and management of rice residues

Combine harvester is not commonly found in Myanmar. Most rice fields are harvested manually.
Hence short stubble is left in the field while long straw is moved out of the field. Then threshing is
performed using machine thresher. Rice straw is mainly used for cattle feed. There are only few
cases of residue burning to clear land for the next crop

3.4.8 Rotation crops
Cropping patterns of rice field are presented in Table 22.

Table 22 Major cropping patterns and share of cultivated area in crop year 1994-95 and 2003-04

1994-95 2003-04

Cropping Patterns (%) (%)
Rice - Pulses 35 34
Rice - Fallow 13 18
Fallow - Rice 11 8
Fallow - Pulses 11 14
Rice - Rice 11 3
Rice - Oilseed 7 9
Fallow - vegetable 1 7
2 Rice - Fallow 2 0
Others 9 7

TOTAL 100 100
“Lowland Rice-based Ecosystems in Nyaungdon Township of Ayeyarwaddy”

(Swe, 2011)

Rice-Pulses are the most predominant cropping pattern occupying a large share of the cultivated
area. Rice-Rice cropping pattern decreased from 11 to only 3 percent during 2003-2004. There is an
increase in cultivated area following the Rice-Fallow and Rice-Oilseed observed during 2003-2004.
Double rice cropping during the monsoon season was no longer followed in 2003-2004. After rice
harvesting, some plots are prepared for rice cultivation and some plots are prepared for rotation
crops, i.e. garlic and black gram, very often with zero tillage.

3.4.9 Socio-economic status of rice farmers

Due to problems of government policy about rice i.e. export/domestic pricing issue, sporadic export
controls or erratic issuance (and revocation) of export quotas, the reliability of Myanmar as a rice
supplier is affected leading to lower prices than other exporters. Hence, rice export is quite low and
unstable for Myanmar.

Because of their low income, farmers use their own seed to grow rice and perform their cultivation
and harvesting based on traditional and low cost agricultural practices rather than opting for new
technologies i.e. machine, chemical fertilizers, pesticides and herbicides. However, crop yields have
been increasing in Myanmar and are in the medium range when compared to other SEA countries.

3.4.10 Summary

Being an agro-based country, Myanmar’s economy is highly depending on agricultural production.
Among food crops in Myanmar, rice, oilseed crops and pulses play a dominant role. Myanmar has a
sown acreage of more than 22 Million ha out of which more than 8.1 m ha (41% of total sown areas)
are under paddy, the major food crop of the nation in 2009-10. Summer rice production was
introduced in 1992 across the regions where the irrigation facilities are available. In most regions,
farmers follow the rice — based cropping patterns, such as rice - pulses, rice — oil seed crops, and rice
— vegetables. Most farmers are small land holders with low income relying therefore on traditional
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practices for rice cultivation and harvesting. Overall, the export of rice in Myanmar is quite unstable
and in much lower amount as compared to neighboring countries.
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3.5 Thailand

Thailand is a country located in SEA covering a land area of 513,120 km2 (OAE, 2011). The country is
bordered by Cambodia and Lao PDR on the east, Lao PDR and Myanmar in the north, Myanmar on
the west and Malaysia and the Gulf of Thailand in the south. The country is divided into six regions,
which are Central plain, South and east coast, Northeast plateau and North and West mountainous
area. Thailand is located in the tropical zone, a hot and humid climatic zone. The climate is
influenced by the seasonal monsoon and the local topography. Thailand’s season is defined into
summer (mid February to mid May), rainy season (mid May to mid October), and winter (mid
October to mid February). Seasonal wind blows from northeast and southwest directions during
winter and rainy season, respectively (Wikipedia, 2012). Rice is grown in every parts of Thailand,
mainly found in northeast, north, and central region. Few paddy fields are located in south region.

3.5.1 Rice varieties

In Thailand, only Oryza sativa can be found. There are various varieties of rice in Thailand because
new varieties are developed all the time. Main rice varieties recorded in national statistics are RD6,
RD15, Khao Dawk Mali 105, Suphanburi 60, Suphanburi 90, Klongluang 1, Homsuphan, Patumthani,
Suphanburi 1 (Office of Agricultural Economics). The selection of rice varieties to be planted depends
mainly on geophysical and seasonal conditions as well as resistance to diseases/insects.

3.5.2 Rice ecosystems

In Thailand paddy fields cover a total area of 12,579,098 ha (24.52% of Thailand). Rice ecosystems
are classified into lowland, upland, and deep water. Each type of rice ecosystem can resist to
different level of water. Details for each ecosystem are as follows:

1) Upland rice can be planted in the area that is not flooded, just enough moisture to grow the
plant. If this type of rice is grown in flooded area, lesser production will be achieved as
compared to a dry area. This type of rice is generally found in high areas, i.e. upland, hillside
and farm areas. This type of rice is not significant for the Thai economy as most of the
production is directly consumed in the household and not sold or exported. The yield of this
type of rice is low and milling quality is also low. Development for this rice is in progress to
increase its yield and economic value.

2) Lowland rice is the rice that can be planted in both non-flooded area with high soil moisture
content and flooded area with water level less than 1 m in depth. Plantation can be done by
transplanting, broadcasting, and drilling. This rice type is planted in more than 80% of
national rice cultivation area because of its high yield. Therefore, the lowland rice plays an
important role for the Thai economy.

3) Floating rice or deep water rice is planted in deep water area during the cultivation season.
The water level can be 4-5 m in depth. Most is planted by broadcasting and drilling. The
flooding period should be after seedling because if the young rice is sunk for 7-10 days, it
cannot survive. The suitable period of flooding is during the active vegetative phase, which is
at the tillering stage, and booting stage when rice can stretch its stems to stay over the level
of water (Palaruksa, 1980).

The season of rice planting is throughout the year. The period when most rice is planted is during
June-August which corresponds to the wet season. The rice grown on that season is referred to as
major rice, while it is referred to as second rice when grown during the dry season.

3.5.3 Land preparation
The most suitable method of land preparation depends on water, climate, geography, planting
technique, crop ecosystem, and availability of equipments. There are two steps for land preparation,
as follows:
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Step 1 - Plowing: roughly in the first time and plow in regular furrows for the second time by
machine or animal labor. Objective of roughly plow is to turn over, dry, and mash straw and weed
into the soil. Plowing is usually performed using buffalo. Equipments for plowing can be rice tiller
machine or 4 wheels tractor with disc tiller.

Step 2 - Harrowing: Harrowing is done to level the land, remove weeds and make soil cracking.
Machines for harrowing are composed of a rotary harrow attached to a small size tractor.

The land preparation method depends on the geography of the area to be cultivated. The upland
rice field is prepared by working animals or small machines because large machines cannot access
high land. Cultivation of rice in rain-fed area is usually done once a year during the rainy season. As
farmers have plenty of time to prepare the land, they can use small machines or working animals to
prepare the land.

3.5.4 Planting methods
In Thailand, cultivation practices can be classified into 4 main methods: transplanting, broadcasting,
drilling, and upland rice planting.

Transplanting or indirect seeding method: Seed transplanting in paddy fields is widely practiced for
major rice planting in north-eastern and southern regions of Thailand. Rice seedlings are grown in
nursery area, then they are pulled and transplanted into puddle and leveled fields manually or by
machine.

Seed broadcasting or direct seeding method: Seed broadcasting is different from transplanting

because rice seed is not grown in a nursery to be rice seedling before planting. Planting is done by

direct seeding of dry seeds or pre-germinated seeds into prepared land. The advantages of this
method are that it requires few labors and enable to avoid risks related to particular weather
conditions in those areas. Seed broadcasting method can be divided into 4 sub-methods as follows:

- Dry seed broadcasting without harrowing: Dry seed is planted into prepared land before
raining. When it is raining, the seed will be grown. There is no harrowing to cover the seeds
after planting. This method is not popular. It can be found in every region of Thailand but the
planting area represents only 0.31% of total planting area in the country (OAE, 2009).

- Dry seed broadcasting followed by harrowing: This method is similar to “Dry seed broadcasting
without harrowing”, but followed by harrowing to cover the seed with soil. The germination of
seeds is faster than without harrowing. This method is usually done when raining is earlier than
usual but there is no flooding.

- Pre-germinated seed broadcasting: The seed is pre-germinated before broadcasting in the
flooded land because raining is earlier than usual. The pre-germinated method is done to
prevent rotting of seeds as a result of being sunk in water for a long time in flooded areas.

- Pre-germinated broadcasting rice: After land preparation, water is drained into the field for 5-
10 days to let weeds grow. Then, water level is increased to plough for weeds removal. This
cycle can be repeated several times to remove weeds, but each cycle should be done after 5
days to increase efficiency. After finishing the cycles, land is flooded for 3 weeks to let aqua-
weeds grow. Then, harrowing is done carefully to remove aqua-weeds out of the field. The
water is then drained out before harrowing to level the field and plant seeds after 1 day. This
planting method is the most popular in Thailand, i.e. 96.47% for second rice and 28.85% for
major rice (OAE, 2009).

Seed drilling method: The seed drilling method is suitable for areas that are characterized by high

variability in precipitation, i.e. early rain but low amount towards the end of April, drought period

from June to July, second period of raining since mid August, and heavy rain/flooding in September.

Rice cannot be planted by transplanting during drought or flooded period so seed drilling method is
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done on silt or sandy silt areas. Dry seeds are mixed with pesticides (carbaryl or herb) and planted in
2.5 cm (1 inch) depth and covered with soil. Another method is to plant seeds in rows of 5 cm depth
and cover with soil. The advantages of planting in rows include avoidance of weeds growth between
rows and low labor requirement. However, the row method requires more seeds than the pit
method.

Upland rice planting method: Upland rice means species of rice planted in upland areas, which use
natural rain for growing. After land preparation, the soil is left to rest for 7-10 days before applying
fertilizer. Then fertilizers are applied and mixed with soil. In slope areas, the land should be leveled
into steps (rice terrace) to prevent soil erosion. Upland rice planting method can be divided into 3
sub-methods as follows:

- Upland rice: Seed drilling method - Farmers use sharp sticks to make holes 3-5 cm in depth.
Distance between each hole is 30 cm. Each hole uses 5-8 seeds. The seeds are covered by
soil.

- Upland rice: Seeds in rows - Farmers make grooves using harrows or hoes. The distance
between each groove is 30 cm. The seeds are covered by soil.

- Upland rice: Broadcasting - Broadcasting method is sowing seed in rows and shoveling soil to
bury seeds (Chongkid, 2010).

Beyond these 4 traditional cultivation methods, new techniques are developed, e.g. the Parachute
Rice Transplantation method. Management of rice cultivation is also developed e.g. the Rice
Transplantation Technology and System of Rice Intensification (SRI). Details of these new techniques
for rice cultivation and management are presented below.

Parachute rice transplantation technology: The parachute technique comes from China. Chinese
farmers have been practicing parachute rice transplanting technology for many years in puddle and
unpuddled soils. As part of the process to assess its potential for wider adoption, this cultivation
method was tested in Thailand by the Patum Thani Rice Research Center, Rice Department of
Thailand. The parachute can enhance efficiency for weed control, requires low amount of seeds, and
increases production. Comparisons of costs and vyields for different cultivation methods are
presented in Table 23.

Parachute Rice Transplantation is a technique of tossing rice seedlings, uprooted from plastic trays
containing soil balls, in a projectile manner into the field. In Thailand, there are two types of rice
seedling techniques for parachute rice transplantation: dry (seedling in loamy and dry soil outside
the paddy field) and wet (seedling in muddy soil in the paddy field). The seedlings used for
transplantation are uprooted in such a way that sufficient soil adhere to the roots thereby dropping
the seedlings upright. In order to ensure that a high percentage of seedlings is planted upright by the
broadcasting method, flexible plastic trays are used for preparation of nurseries. Each plastic tray
contains 434 - 561 plugs. Two to three healthy seeds are broadcasted in each plug of the tray and
covered with a thin layer of soil. About 313 to 375 trays are sufficient to raise a nursery for one
hectare. Light irrigation is applied frequently. The nursery thereby grown takes only 12-16 days to
attain a height of about 8-13 cm and can be uprooted very simply (Nhuthong et al., 2010; and RWC,
2003).
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Table 23 Comparison of cost and yield among different cultivation methods

No. | Cultivation Broadcast Transplant Parachute
1 Land parathion | baht/rai | 610 610 610

2 Seed baht/rai 345 138 92

3 Seedling baht/rai - 100 100

4 Plantation baht/rai 40 872 100

5 Fertilizer baht/rai 948 948 948

6 Herbicide baht/rai 200 - -

7 Harvest baht/rai 600 600 600

8 Total cost baht/rai 2,743 3,308 2,490

9 Yield kg/rai 775 875 880

(Rice Department of Thailand, 2008)

System of Rice Intensification (SRI): The SRI methodology was developed in Madagascar by Fr. Henri
de Laulanié from France in the early 1980s. The purpose of the SRl is to help farmers improve their
productivity without being dependent on external inputs i.e. less water, agrochemical inputs, seeds,
and labors (SRI-Rice, 2010; Africare et al., 2010). The SRI is based upon a set of principles and
practices for increasing the productivity of irrigated rice by changing the management of plants, soil,
water and nutrients (SRI-Rice, 2010). The process of SRl is as follows:

- Seedlings get transplanted at a much younger age (8-12 days or 2 leaves presented),

- Only single seedlings, instead of a handful of seedlings get planted in each hill,

- Plants are spaced wider apart, and in a square pattern (25-40 cm),

- Intermittent water application to create wet and dry soil conditions, instead of continuous

flood irrigation (dry during vegetative stage and flood during reproductive stage),

- Rotary weeding to control weeds and promote soil aeration, and

- Increased use of organic fertilizer to enhance soil fertility
Phrae Rice Seed Center planted rice by two methods (conventional and SRI method) to compare
production of both methods. It was found that the production of SRI method was higher than
conventional method for 12%. Moreover, water management had influence on yield of rice. The
flooded paddy field through the cultivation period (conventional method) produced higher yield
than the flooded paddy field only during reproductive stage (SRI method) (Phrae Rice Seed Center,
NA).

Both new techniques of management (parachute and SRI) are based on transplanting, which is
mainly found in the Northeastern part of Thailand.

3.5.5 Water management during growth

Major sources of water for rice cultivation in Thailand are direct rain and irrigation. For broadcasting
method paddy field, water is drained into the field after rough plowing and before applying
fertilizers, and water is drained out of the field before planting and before harvesting. For
transplanting method, water is drained into the field after rough plowing, and water is drained out
of the field before harvesting. The period of flooding after rough plowing is variable, between 7 days
to 1 month, in order to ferment weeds/residues before draining out the water for
harrowing/leveling the land (Sanchan et al., 2002). Suitable depth of water for the broadcasting
method should not be over 5 cm from planting to tillering, and not over 10 cm after tillering. The
suitable depth of water for the transplanting method should not exceed 20 cm (Rice Department,
2011).
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3.5.6 Fertilization and liming

Fertilizer management in rice field can be classified into 2 categories: basal fertilizer and top-
dressing fertilizer. Basal fertilizer is the amount of nutrient needed in the soil to sustain normal plant
health. Applying basal fertilizer is done before plowing. Top-dressing fertilizer refers to the fertilizer
that is applied to the surface of the soil to promote upward growth of rice. Basal fertilizer and top-
dressing fertilizer for various agricultural practices are presented in Table 24.

Table 24 Fertilizer management

Cultivation method Basal Fertilizer Topdressing Fertilizer
Type or N-P-K (kg/ha), timing of | Type or N-P-K (kg/ha), timing of
applying fertilizer after planting | applying fertilizer after planting

Transplanting® 16-16-8 (125) AS (187.5), 20 days

CMP (630) Urea (93.75), 64 days

Transplanting®
Seedling Manure/Compost (5000) 16-16-8 (NA), 15 days
16-16-8 (100)

Planting
1) Photoperiod-sensitive 16-16-8 (156), -1-0 day or 15 Urea 46-0-0 (40), flowering
days or AS (21-0-0) (78.75),
or AS (156) and KCI (30-60), flowering
-1-0 day or 15 days
16-16-8 (187.5), -1-0 day or 15 | Urea 46-0-0 (78), flowering
2) Photoperiod-insensitive days or AS (21-0-0) (156.25),

or AS (187.5) and KCI (3-6), flowering
-1-0 day or 15 days

Broadcasting®
Pre-germinated seed - 16-20-0 (137.5), 15 days
broadcasting Urea (18.75), 15 days
Urea (39), 57 days

Note: CMP = chicken manure pellets, AS = ammonium sulfate, * Sanwangsi, 2005; 2 Rice Department,
2011; 3 Klaipongpan, 2004

To fertilize soil, organic amendment can also be applied before rough plowing. The type of organic
amendment can be animal manure, compost 375 g dry/m? or dry leaves 156.25 g dry/m?.

Lime is added into paddy fields to adjust the soil pH from acid to alkaline. A rusty red color soil is
acidic in nature. The amount of lime generally applied is equivalent to 3 bags/rai. Each bag weighting
5kg, this translates into about 94 kg of lime applied per hectare of land (Rakbankerd, 2010a).

3.5.7 Use of pesticides and herbicides

Pesticides include insecticides and rodenticides. Pesticides in Thailand have more than 2,000
trademarks, which can be found in spray, can, bar, or powder. There are four major types of
pesticide: organophosphates, carbamates, organochlorines, and pyrethroids. The organophosphates
contain mainly phosphorus i.e. parathion (Folidol E-605), malathion. The carbamates can be
dissolved in fat less than organophosphates and also less toxic. Examples of the carbamates
frequently found are methomyl (Lannate), aldicarb (Temik), propoxur (Baygon), carbaryl (Sevin) and
carbofuran (Furadan). The organochlorines are a very durable material that slowly decay and sustain
in the environment for a long time; therefore, this group of insecticide is prohibited for agricultural
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purpose. Example of the organochlorines is DDT (dichlorodiphenyltrichloroethane), aldrin, dieldrin,
heptachlor. The pyrethroids are harmful to insect but not toxic to animals and humans. However, it
is expensive so it is applied by mixing with other substances to increase efficiency to kill insects but
friendly to humans (Rueangyuttikan and Chokechamsai, NA). PExamples of pesticides used in
Thailand’s paddy fields are presented in Table 25 (BPRD, 2008).

Table 25 Pesticides

No. | Product name Insects Specification

1 Malathion Thrips 83 % W/VEC
Carbaryl Sevin 85% WP

2 Bensultap Rice leaf roller Bancol 50% WP
Carbosulfan Rice caseworm Pos 20% EC
Fipronil Ascend 5% SC

3 Buprofezin Brown planthopper Applaud 25% WP
Buprofezin White backed planthopper Applaud 10% WP
Buprofezin/Isoprocarb Apsin 5%/20% WP
Etofenprox Tribon 10%EC
Etofenprox Tribon 5%EC
Etofenprox Permit 5% EC
Carbosulfan Pos 20% EC
Isoprocarb Mipsin 50 WP
Finobucarb BPMC 50 EC
Dinotefuran Stargle 10% WP
Thiamethoxam Actara 25% WG

4 Chlorpyrifos Rice stem borers Lorsban 20% EC
Chlorpyrifos Lorsban 40% EC
Carbosulfan Pos 20% EC

5 Carbosulfan Rice bug Pos 20% EC

6 Carbosulfan Rice black bug Pos 20% EC

7 Imidacloprid Rice gall midge Confidor 10% SL
Chlorpyrifos 40% EC

Weeds can be grouped by life cycle in to two categories: annual weeds; and biannual and perennial
weeds. To protect or remove these weeds in the paddy field, there are many methods as followings:

1)

2)

3)

Mechanical control consists of methods that kill or suppress weeds through physical
disruption. Such methods include hand pulling, digging (hoeing), disking, tillage, and mowing
(cutting). Success of various mechanical control methods is dependent on the life cycle of
the target weed species.

Biological control is weed control through insect/plant interactions. Examples of biocontrol
insects are beetle, borer, blast disease to remove khgrynu grass and kheddou grass; duck,
fish to remove weeds; water fern to remove filamentous algae.

Chemical control can provide the most effective and time-efficient method of managing
weeds by using herbicide.

Examples of the herbicides used in Thailand are shown in Table 26
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Table 26 List of herbicides in Thailand

No. | Trade name Common name Specification

1 Fyratan 85, Aka-D 85 2,4-D 85% SP

2 Essonud 85, 2, 4-D-sodium 85% SP,
Heddonal 95 SP 95% SP

3 Chemo-D, Desweed-L 2, 4-D-butyl 72% W/V EC
Bio-D 79.2% W/V EC

4 Wareherb 250 2, 4-D-polyethyleneglycol 60% W/V EC

5 Daraester, B-79 2, 4-D-isobutyl 79.2% W/V EC

6 Basta-X Glufosinate-ammonium 15% W/V SL

7 Spark, Glyfosate 16%, Taker Glyfosate 16% W/V SL
16, backup 16

8 Glyfosate 48, Sunup, Formula | Glyfosate-isopropylamine 48% W/V SL
48, Wrapup, Violet

9 Touchdown Glyfosate-trimesium 48% W/V SL

10 | Sotus 40, Farmer, Cannou Quizalofop-P-tefuryl 4% W/V EC

11 | Faset SC Quinclorac 25% W/V SC

12 | Gamit Clomazone+propanyl 12+27 % W/V EC

13 | Invest Cyclosulfamuron 10% WP

14 | Grandstand, Clincher Cyhalofop-butyl 10 % W/V EC

15 | Zenith, Dinyl Diflufenican+propanyl 1.66+33.33 % W/V EC

16 | Sattern-D Thyobencarb+ 2, 4-D 5+2% G

17 | Nagard Thyobencarb+propanyl 30+30 % W/V EC
Satternyl 40+20 % W/V EC

18 | Macette 5G Butachlor 5% G
Caddy, Austin 60 60 % W/V EC
Nuta-D, Bustar 6.85 G 3.75+3.1% G

19 | Shutter Butachlor+Seffener 35+35 % W/V EC
Hibyl, Challenge, Chopan, 27.5+27.5% W/V EC
Pepona, Chateau

20 | Nominy Bispyribac-sodium 10 % W/V EC

21 | Grammoxone, Noxone Paraquat-dichloride 27.6 % W/V SL

22 | Proud, Stomp Pentamethyl 33 % W/V EC

23 | Sofit 300EC Pretilachlor 30 % W/V EC

24 | Popa, Prenyl, Foranyll, Sunpa Propanyl 36 % W/V EC
36 EC, Sercopour 360 EC

25 | Nako Oxadiazon+ 2, 4-D 20+40 % W/V EC

26 | Serus Pyrasosulfuran 10% WP

27 | Negus, Ricestar Phenoxaprop-p-ethyl 6.9 % W/V EC
Kendo, Fure, Wip 7.5 7.5 % W/V EW

28 | Tiller Phenoxaprop-p- 6.9+8.9 % W/V SC

ethyl+ethoxesulfuran

29 | Lakrpro Fentrazamide+propanyl 6.75+37.5% WP

30 | Allye Methylfuron-methyl 20% WG

31 | Syndax Metsulfuron- 1.75+8.25% WP
Almix, Conto, Narika methyl+chlorimuron-ethyl 10+10% WP

32 | Ronstar 25 EC Oxadiazon 25 % W/V EC

33 | Ronstar 2D Oxadiazon+ 2, 4-D 8.3+16.6 % W/V EC

34 | Tycoon, Ronstar PL Oxadiazon+propanyl 10+30 % W/V EC

35 | Raft 800, Raft 800 WG Oxadiakyl 80% WG
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No. | Trade name Common name Specification

36 | Alnino, Arosin Anilofos 30 % W/V EC

37 | Gascoin Anilofos+propanyl 18+36 % W/V EC
38 | Sulrice, Sacoal, Gladium Ethoxysulfuron 15% WG

Note: SP = water soluble powder, SL = Soluble concentrate, AS = aqueous solution, G granular, WG =
water dispersable granule, WP = wettable powder, EC = emulsifiable concentrate, SC = suspension
concentrate, EW = emulsion oil in water

(BPRD, 2008).

3.5.8 Harvesting methods

After flowering (30 days), seeds are ready to be harvested. Farmers can notice it as 80% of the seeds
become yellow and the tips of the leaves are half dry. This period is called the maturation stage. The
water is drained out of the field for 15 days before harvesting. Harvesting is the process of collecting
the mature rice crop from the field. Paddy harvesting activities include cutting, stacking, handling,
threshing, cleaning, and hauling. It is important to apply good harvesting methods to be able to 1)
maximize grain yields, and 2) minimize grain damage and quality deterioration. Harvesting can be
done manually using sickles and knives i.e. central, north, and northeast of Thailand; or mechanically
with the use of strip harvester or combined harvester, especially in the central region of Thailand
(Chongkid, 2010 and IRRI).

3.5.9 Management of rice residues

After harvesting, rice residues remain in field, which consist of rice straw and stubble. Rice straw
contains the top portion of the rice stem with leaves, while the stubble is the bottom portion that is
close to the ground.

Straw utilization: Rice straw can be utilized for many purposes such as: fuel, composer, mulching,
animal feed, material for mushroom cultivation, paper tissue, cement filler, handicraft (Bridhikitti
and Kanokkanjana, 2007; Thaitambon, 2002; Ruamduaychuaikun Chinat, 2009; Bectero, 2008;
Rakbankerd, 2010b). However, obstacles of straw utilization are its collection and transportation.
Straw is left in the field in the form of windrows after harvesting which are usually burnt because it is
the most convenient and cheapest way to eliminate straw. The main reason for burning rice straw in
Thailand is to prepare land for a new crop cycle, especially in irrigated areas in the central part of the
country where rice can be cultivated for 2-3 crops/year. Burning of rice straw can be performed
since late in the morning because straw is dry enough for ignition, but Thai farmers usually burn
their fields in the afternoon. The paddy fields are burned over a short period of time, i.e. 1 hr, as the
average area of a rice plantation does not usually exceed 2.5 ha.

Stubble utilization: Stubble is rarely moved out of the field but is usually incorporated or burntin
the field. The fraction of stubble burnt is less than 50% due to its high moisture content. Therefore,
most stubble is plowed back into the soil.

Rice husk: Rice husk is the hard protecting cover of rice grains that remains after milling. Alternative
uses of rice husks are as a source of energy for heat and/or electricity, and for cellulosic ethanol
production (Prasara and Grant, 2008).

3.5.10 Rotation crops

Planting various types of rotation crops in paddy fields can help reducing weed problems and
increase soil fertility when plowing them back into the soil (organic fertilizer) prior to the next crop
plantation. Hence, the Department of Rice suggests to plant rotation crop. Most rotation crops being
used inc;ude legumes i.e. Sanoe African (Sesbania rostrata), Por tueang (Crotalaria juncea), Thua Pra
(Canavalia ensiformis), green gram, black gram, and soybean.
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However, energy crops are retaining attention to be used as rotation crops. Energy crops are plants
grown to produce biofuels, or combusted to generate electricity or heat. Energy crops are generally
categorized as woody or herbaceous (grassy). With regards to ethanol production, the Biofuels
Country Report for Thailand (2010) shows that sugarcane (molasses) and cassava (roots) are the top
feedstocks used. In 2009, total ethanol production was 1.1 million liters per day, molasses
contributing 60% to 70% of the overall production (USDA, 2010). However, the cultivation period for
sugarcane and cassava is long, about 10 to 12 months. These energy crops are therefore not suitable
as rotation crops for paddy fields during fallow periods. Short rotation crops are required and sweet
sorghum and field corn are of interest due to their potential to grow anywhere in the SEA region,
their low requirement in water and their ability to serve as feedstock for ethanol production. Further
details about these 2 crops for Thailand are provided below.

Sweet sorghum: Sweet sorghum [Sorghum bicolor (L.) Moench] is an African native plant, similar to
grain sorghum with sugar-rich stalks. Sweet sorghum is a good energy crop for rotation in paddy
fields because it is a water-use efficient and non-food crop, has potential to be a feedstock for
ethanol production (it is produced from the sweet juice available in the stalk of the crop plant), and
can be harvested over a short period of time. Sweet sorghum is a highly competitive crop and can
dominate over many weeds and other plants; however, several herbicides are available to
compliment cultural and mechanical practices. In general, fertilizers inputs are 30-60 kg/ha of P, 60-
120 kg/ha of K, 150 kg/ha of N (ICRISAT, 2007; and Bioenergy Wiki, 2010).

The sweet sorghum variety KKU 40 has been developed by the Khon Kaen University in Thailand. The
cultivation period is 60-73 days. Average yields of fresh stalk are in the range 33.25-51.50 ton/ha,
average sweetness is in the range of 18-21 degrees Brix, the height of the stem is in the range 169-
330 cm, the size of the stem is between 1.07 to 1.83 ¢cm, the yield of grain is around 544 to 1,638
kg/ha, and the average juice yield is in the range 5,231-18,300 L/ha. This variety is planned to be
promoted as an energy crop so experiments have been conducted to identify suitable
periods/seasons for growing sweet sorghum in Thailand.

It has been found that the plant yield is different when planted in different month. Planting in early
February will yield fresh stalk approximately 5.0 to 5.3 tonnes/ha. For cultivation during March to
early July, the yield is 6.19 to 8.24 tonnes/ha and production begins to decline when planting is
made since mid-July onwards (from 3.61 to 6.22 tonnes/ha). Hence the optimum planting period for
sweet sorghum in the upper part of North Eastern region of Thailand would be around February to
mid-August. The yield in the early growing season (February) and late growing season (August) is
lower than during the middle growing season (March-July) (Jaisil et al. 2007).

Corn: Corn is a raw material that can be used to produce ethanol. Ethanol can be made not only
from the grain, but also from the leaves and stems. This fuel can replace gasoline up to 85%.
However, it is still not clear whether the energy used for corn cultivation is higher or lower than the
energy produced out of corn. In Thailand, the total harvested area of corn was 927.5 thousand ha in
2007 (OAE, 2008). Most corn residues are not utilized, but burned or left in the field after harvesting.

3.5.11 Soil organic carbon

Carbon in soil is stored mainly in form of soil organic carbon. The organic carbon enters the soil
through the decomposition of plant and animal residues, root exudates, living and dead
microorganisms, and other soil biota. Soil organic carbon is necessary to the soil because it can help
maintaining soil fertility for sustainable crop production. The organic carbon is lost from soil to the
atmosphere by gaseous emissions of carbon dioxide (CO,) and methane (CH,;) which are major
greenhouse gases. Appropriate land management can keep organic carbon longer in the soil.
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The study of soil organic carbon in paddy fields in Thailand is needed because rice is the most
important economic crop of country. At present, there are limited studies in this field of study. In
Thailand, Saenjan et al. (2010) studied impact of soil tillage and rice straw addition on the density of
organic carbon components in paddy soil. It was found that soil tillage affects the density of organic
carbon components in paddy soil, but the addition of 4 tonnes of rice straw per rai (1 rai = 1,600 m?)
to paddy soil had no effect on the accumulation of organic carbon in soil for one growing season.
Monitoring of soil organic carbon in rain-fed rice field at the top soil layer 0-15 cm was performed by
Cha-un and Towprayoon (2011) over 2 consecutive growing seasons. The SOC was found to have
increased from 3.02+0.49 g/kg (SOC stock 7.87+1.33 Mg C/ha) for the first crop (grown during
February-June) to 4.73+1.85 g/kg (SOC stock 11.81+4.17 Mg C/ha) for the second crop (grown during
August-December).

3.5.12 Socio-economic status of rice farmers
Investment for rice cultivation consists of fixed costs and variable costs as follows:
1. Fixed costs
- Landrental
- Depreciated replacement of agricultural equipments
- Interests of agricultural equipments investments

2. Variable costs

- Labor costs: land preparation, plantation, maintainance, and harvesting

- Material costs: seeds, fertilizers, herbicides, pesticides, gasoline, supplies, and fixing
machines

- Interests of investments

- Others

Costs associated to major and second rice cultivation in Thailand are presented in Figure 23 over the
period 1998-2010 (OAE, 2010)

a) Costs of major rice cultivation.
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b) Costs of second rice cultivation.
Figure 23 Costs of major and second rice cultivation.

From Figure 23, it is observed that costs have been gradually increasing and more sharply since
2006. In 2010, the cost of rice cultivation in Thailand was 23,807 baht/ha, which fixed cost was 3,684
baht/ha and variable cost 20,123 baht/ha.

Income of farmers is calculated from national statistics based on the cost (Office of Agricultural
Economics) and price of rice (the Department of Internal Trade). The income of farmers for major
rice and second rice are presented in Table 27 and 28.

Table 27 Income of Thai farmers for major rice

2005 2006 2007 2008 | Sources
Cost (baht/ha) 14,251 14,652 15,188 22,702 | OAE
Yield (tonnes/ha) 2.73 2.67 2.71 2.67 | OAE
Price (baht/ha) 17,699 17,261 22,760 25,601 | DIT
Income (baht/ha) 3,448 2,609 7,572 2,899

Table 28 Income of Thai farmers for second rice

2005 2006 2007 2008 | Sources
Cost (baht/ha) 18,139 20,509 21,405 28,749 | OAE
Yield (tonnes/ha) 4.22 4.28 4.24 4.29 | OAE
Price (baht/ha) 27,578 26,492 51,552 41,499 | DIT
Income (baht/ha) 9,439 5,983 30,147 12,750

It is observed that for both major and second rice, incomes to farmers have been increasing over the
period 2005-2008. During end of 2007 until April 2008, the price of rice increased sharply about 43%,
due to several factors including, issues of rice production for important exporters (Vietham and
India), increased price of wheat leading to higher demand for rice, and issues of land use change
from rice to corn for energy purposes in Australia. Following this short crisis, the price of rice
decreased to reach back more regular levels (BOT, 2008).
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3.5.13 Summary

Rice is the major economic crop of Thailand and is cultivated in every region of Thailand, especially
in plain areas in the central and northeastern part of the country. Terrace rice is planted in
mountainous areas in the north. Rice is cultivated by transplanting method in rainfed areas in the
northern, northeastern, and southern part of the country; and broadcasting method in irrigated
areas in the central region. The yield of rice in Thailand is among the lowest of SEA countries despite
the introduction of modern technologies to prepare the land, grow rice and harvest it (second
lowest after Cambodia). To reduce the emissions of greenhouse gases from current practices of rice
cultivation, more strategic practices particularly focusing on water management and rotation with
energy crops during fallow period are the subject of research investigations in Thailand. Although,
there are many strategies from the Thai government to improve the welfare of rice farmers, their
income still remains generally low as compared to the poverty line (1,600 Baht/person/month)
(Wongsamutr, 2010).
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3.6 Vietnam

Vietnam covers a total land area of 331,210 km? and is surrounded by China to the north, Lao PDR to
the upper west, Cambodia to the lower west, and coastal line in the east. Climate of Vietnam is
tropical monsoon. The weather is divided into two main seasons: rainy season (from January to
September) and dry season (from October to April). In addition, the weather can be subdivided into
four seasons: spring (from February to April, average temperature 15-20°C), summer (from May to
August, 32°C), fall/autumn (from September to November, 25°C), and winter (from December to
February, 17.2°C or lower). In May to September, the country is dominated by south to
southeasterly winds. In October to April, the north monsoon is dominant with northerly to
northeasterly winds. There is a transition period between south and north monsoon when winds are
light and variable. Vietnam has a single rainy season during the south monsoon (May to Sep) with
annual rainfall exceeding 1,000 mm almost everywhere, and even higher in the hills facing the sea in
the range of 2,000-2,500 mm. Rainfall is infrequent and light during off rainy season. For coastal
areas and the parts of the central highlands facing northeast, maximum rainfall is in September to
January during the south monsoon that the wind move from the South China Sea to the terrain.
During the north monsoon, northern region has cloudy days with occasional light rain, while
southern Vietnam tends to be dry and sunny. Temperatures are high all year round in southern and
central Vietnam, but colder in northern Vietnam. Frost and some snow may occur on the highest
mountains in the north for a few days annually. Vietnam is composed mostly of hills for 40% and
dense tropical forests for 42 % of total land area.

The northern part of Vietnam consists mainly of highlands and the Red River Delta. The highest
mountain is Phan Xi Pang, 3,143 m high located in Lao Cai province. The southern part of the country
is divided into three main areas: coastal lowlands, mountains of the Annamite Range, and extensive
forests. Nutrients of soil in the southern part of Vietnam are relatively poor. Regions of Vietnam are
divided into Red River Delta, Northeast, Northwest, North Central Coast, Central Highlands, South
Central Coast, Southeast, and Mekong River Delta. The main municipalities are located in Red River
Delta (Hanoi and Hai Phong), South Central Coast (Da Nang), Southeast (Ho Chi Minh), and Mekong
River Delta (Can Tho). Although the Mekong Delta is a large plain area covering about 40,000 km?,
the population is lesser than in the Red River Delta which covers 15,000 km?. The regions where rice
cultivated are in the Northern Mountain, Red River Delta, Central Coast region, and Mekong Delta
region (Wikipedia, 2012).

3.6.1 Rice varieties

The two main types of rice cultivated in Vietnam are sticky rice and ordinary rice. The sticky rice is
used for special events and ceremonies such as Tet (Lunar New Year) and weddings (Mai Chau Trek,
2010).

The criteria considered for the development of rice seeds in Vietham have been changing over the
last 40 years. During 1960-1970, the criteria of rice improvement were selection of rice seeds based
on outward aspects (physical) of rice plants. In the ‘80s, research of rice development aimed at
producing good resistance to pestilent insect. In the ‘90s, development of rice concentrated on
improving productivity and quality of rice seeds. Over the last ten years, research has been focusing
on improving rice seed quality in combination with improved resistance.

Different rice varieties are found in different areas of Vietham depending on local specific climate,
soil, and traditions. In the north (Red River Delta, Mountainous & Northern Central) the following
varieties are mainly used:
- Local varieties: Tam Xuan Dai, Tam Xoan Thai Binh, Tam Den Hai Phong, Tam bang Phu Tho,
Du Huong, Nep cai Hoa vang, Tep lai, etc.
- Imported Chinese or originated Chinese varieties: Short Moc Tuyen, Short Bao Thai, M90,
Bac Yu 64, Cross-Breeding 5, Nhi Yu 63, Khang Dan 18, Short Ay 32, etc.
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- Originated IRRI’ varieties: Selected or Cross-Breeded from: IR24, IR 17494, IR 1820, IR 36, IR
46, IR 2053-26-3-5-2, IR 2588, IR 19746-11-33, IR 8423-132-622

In the South (East-Southern, Mekong Delta, Central High Land) the following varieties can be found:
- Local varieties: Early Thom, Nang Thom Nha Be, Thom Binh Chanh, Nang thom Duc Hoa,
Nang thom cho Dao, Nang Huong, LC90-4, etc.
- Varieties originated from IRRI: Selected or Cross-Breeded from: IR 49517-23, IR 596086, IR 64,
IR 68, IR 66, IR 66707, IR 56279, IR 32893, IR 48, IR 8423, IR 50401, IR 44592, IR 9729-6-7-3,
IR 62032, etc.

In the Northern Mountainous region:
- “Milpa” cultivation: Depends on raining water, using dry varieties, without fertilizers &
insecticides/Plant protection — Very Low productivity.
- Terraced fields: Depends on raining water, using dry varieties, without chemical fertilizers &
insecticide/Plant protection, Very few compost - Very Low productivity.

3.6.2 Rice ecosystems

In Vietnam, paddy fields cover a total area of 33 million ha. Rice ecosystems in Vietnam can be
classified into rainfed upland, rainfed lowland, irrigated lowland, and coastal rainfed areas. There is
no deep water rice in the country. Vietnam is divided into six regions: 1) Red River Delta, 2) Northern
Mountain, 3) Northern Central, 4) Central Highland, 5) South East, and 6) Mekong Delta, which are
presented in Figure 24.

Figure 24 Regions of Vietnam.

Vietnam has two huge deltas, which are the Mekong in the south and Red River in the north. Rice
ecosystem can be divided based on main rice cultivation in each region of the country as follows:
- The Northern Mountain (region 1): rainfed upland area in “Milpa” cultivation and terraced
fields
- The Red River Delta (Region 2): irrigated lowland area
- The Central/Coastal region (Region 3): upland rainfed and coastal irrigated area
- The Mekong Delta region (Region 6): irrigated and rainfed lowland area
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Calendar of rice cultivations in Vietnam is presented as following.

Table 29 Seasonal rice crop calendar in Vietnam

Jan

Feb

Mar

Apr

May

Jun | Jul | Aug

Sep

Oct

Nov

Dec

10th month (main)

- North

- Central

-~ South

Winter-spring

- North

- Central

-~ South

Summar-fall

- North

- Central

-~ South

(mediumgrainrice.com, 2002)

Table 30 Seasonal rice crop calendar in Mekong Delta, Vietnam, 2004

Jan

Feb

Mar

Apr

May

Jun | Jul | Aug

Sep

Oct

Nov

Dec

Upland crop”
(Spring-Summer)

1st rice crop
(Summer-Autumn)

2nd rice crop
(autumn-winter)

>with Modern Varieties

>with Traditional
varieties

Note: Upland crops: maize (Zea mays L.), groundnut (Arachis hypogaea L.), casaba melon (Cucumis
melo L.) and water melon (Citrullus vulgaris L.), MV — modern variety, TR-Traditional rice

(Nguyen, 2004)

Table 31 Seasonal rice crop calendar in Mekong Delta, Vietnam, 2013

Jan

Feb

Mar

Apr

May

Jun | Jul | Aug

Sep

Oct

Nov

Dec

3rice

Winter-Spring

Spring-Summer

Summer-Autumn

2rice

Winter-Spring

Summer

Mungbean

m——

(Nguyen, 2013)

Seasonal rice crop in Vietnam consists of three main seasons: winter-spring crop, rainy season crop
(Mua) or spring-summer, and summer-fall crop. Main season of rice cultivation in Vietnam is rainy
season crop that cultivated in April to September/October in north region (The Red River Delta: RRD)
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and in July/August to December in central coastal region (The Mekong River Delta Region: MRD).
The winter-spring crop and summer-fall crop could be cultivated in irrigated area that covered 80%
of rice field in RRD and 40% of rice field in MRD (Young et al. 2002).

From Table 25, the data was obtained from questionnaire. It was found that recent season of rice
cultivation is shifted a few months earlier than previous when compare with Table 23 (2002) and
Table 24 (2004).

3.6.3 Land preparation

Farmers prepare the land by emptying water from each field. Then plough deep manually and rake.
Traditional tillage was partly replaced by new systems, dry tillage, wet tillage and mixed tillage (Mai
Chau Trek, 2010 and Long et al., NA).

Dry tillage systems: all soil preparations are done when the fields are not inundated. In most cases,
large (= 38kW) tractors with tillage implements perform the work, using a disc plough for primary
tillage, followed by seedbed preparation with a disc harrow or a rotary tiller. Then the fields are
inundated to create a mud layer for rice establishment.

Wet tillage systems: Systems which main tillage operations and seedbed preparations are done on
inundated fields. In those cases, small (< 38kW) tractors (equipped with rotary tillers or rollers and
puddle wheels) or animals (pulling a local mould board plough, comb harrow, wooden roller) are
used.

Mixed tillage systems: the main tillage operations (mostly by large tractors) are done when the
fields are not inundated, but seedbed preparations are done after the fields are inundated.
(Long et al. NA)

3.6.4 Planting methods

Rice is planted by both transplanting and broadcasting methods in Vietnam. Traditionally farmers
used transplanting as the main planting method. More recently, with improvement of irrigation
systems, new high yield varieties, with use of herbicides, insecticides, fertilizers and tractors have
been introduced in Vietnam. Hence, the cultivation method changed from transplanting to
broadcasting and from one crop to two or three crops per year (Young et al. 2002 and Long et al.
NA).

3.6.5 Water management during growth
The water level in the paddy field depends on the type of rice. For example, water in rice-prawn
farms is changed every day following the tidal regime and keeping water level in the field at a level
of 20 to 30 cm (Duong, 2001). In the Red River Delta region, almost 90% of the growing time, the rice
plants are in 10 to 15¢cm of water.
Some recent new practices have been applied to contribute mitigating climate change. During the
period of growing seedling for rice transplanting: farmers keep rice in the field dry/damp over 2
periods:

- First period: during 7 to 10 days after 10 days from rice transplantation.

- Second period: during 7 to 10 days after 30 days from rice transplantation.

In the period of rice seedling reproducting growth: keeps rice filed in 4-5cm water in the period of
time from 45 days after transpantation until 15-20 days before the harvest.

58



3.6.6 Fertilization and liming

The utilization of fertilizers in Vietham can be classified into two groups: overuse and none. For
overuse of chemical fertilizers, those are applied in lowland areas: Red River Delta (Region 2), both
irrigated and rainfed areas in the Mekong Delta region (Region 6), and irrigated areas in the
Central/Coastal region (Region 3) of Vietnam. In upland areas, rice is cultivated without chemical
fertilizers. This concerns Northern Mountains (Region 1) and rainfed areas in the Central/Coastal
region (Region 3). Production of rice depends on utilization of chemical fertilizers with high
production for overuse of chemical fertilizers and low production for non-use of chemical fertilizers.
In rice-prawn fields, before ploughing, 50 kg diammonium phosphate and 5 tonnes of manure/ha are
applied. Top-dressing requires use of 50 kg urea/ha (Hung, 2001). Fertilizer formula for modern rice
per hectare is 200 kg monosuperphosphate + 200 kg urea + 50 kg potash, or 100 kg 18-46-0 + 100 kg
urea + 50 kg potash. Fertilizer formula for transplanted local rice per hectare is 200 kg
monosuperphosphate + 100 kg urea + 50 kg potash, or 100 kg 18-46-0 + 50 kg urea + 50 kg potash
(Duong, 2001).

In the Mekong Delta region, rice-prawn farming has become popular in freshwater areas. During
land preparation, powdery lime is applied for 1tonne/ha to help get rid of wild fish and other
carnivorous animals e.g. crabs, snakes, frogs, and so on.

3.6.7 Use of pesticides and herbicides
A summary of pesticides and herbicides usage is presented in Table 32.

Table 32 Use of pesticides and herbicides in each region of Vietham

Region Area Use of pesticides/herbicides
Northern Mountains (region 1) “Milpa” cultivation Without insecticides/Plant
protection
Terraced fields
Red River Delta (region 2) Irrigated fields Overuse of Pesticides
Northern Central (region 3) Mountainous areas Without insecticides/Plant
protection
In coastal plain areas Overuse of Pesticides
Mekong Delta region (region 6) Irrigated fields Overuse of Pesticides
Rainfed fields Overuse of Pesticides

3.6.8 Harvesting methods

Rice harvesting technology is comprised of many steps, including: reaping, gathering, threshing,
separation and cleaning. In the Mekong Delta, all these steps take place in the field; in other areas,
after being reaped, rice is transferred, threshed and separated in the yard (Viet, 2006). The reaping
process can be done both manually and mechanically.

Manual harvesting is done by using sickles or small knives or by stripping the panicles. The harvest is
stored on-farm in traditional granaries. Farmers harvest the rice crop by cutting the straw at knee
height then threshing the grain. The straw is then spread on the rice stubble in the field, dried, and
burnt. Burning rice straw in the zero-tillage system apparently is advantageous because it expels rats
from the fields (this is a common problem in the zero-tillage system) and reduces disease pressure in
the intensified cropping system. In addition, burning straw prevents ratoon crops and weeds and,
because the turnaround time is short, no weed control is required at sowing. In addition, the contact
of the sown seeds with the soil surface may be improved after burning because the crop residues
that might prevent contact between seeds and soil are removed. In addition, straw burning may
improve the crop establishment in wet seeding because rice-crop establishment may be inhibited by
the products of anaerobic decomposition of rice straw (Yamauchi et al. 1995).
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Mechanized harvesting is done by using reaper or combine harvester (reaping and threshing) as
detailed below:

Reaper: During 1990-1994, VIAEP carried out the research, design and manufacture of the GRH-1.2
reaper with vertical upper delivery device (base on the model AR 120 of KUBOTA-Japan). The reaper
was divided into two parts: reaping—conveying part (reaping head) and driving, mobile part (motive
power). Several mechanical companies (Nam Hong, Thai Binh, FUTU) designed and manufactured
vertical conveyor reapers with cutting width of 0.9m and 1.2m. Since 1995, many private mechanical
companies (Mekong Delta) have brought on to the market vertical conveyor reapers with the same
features: cutting width 1.5m, upper delivery device in the form of flat belt with lug plates, 7-8 hp
diesel engine. In dry fields with straight, suitable height of rice stalks the reaper can reach high
output 2.5 -3.0 ha/day. Difficulties in applying reaper are based on field conditions and the
requirement for many labors to gather and transfer the rice grains. The combine harvester was
developed to resolve this issue enabling both harvesting and threshing to be performed at the same
time.

Combine harvester: during 1992-1996, VIAEP and Dong Thap company produced self-propelled
combine harvesters GLH —0.2. Main features are cutting width 1.5m, axial threshing part with mix -
teeth drum, 24HP diesel engine, moving system by rubber track, laying conversion enabling working
in the swampy field with less than 15 cm depth, time spent 0.16 ha/h, grain loss less than 2% and the
rate of clean grain >96%. However, the machine was not durable with minor faults in operation and
was not mass-produced because of lack of technology and equipment. During 2001 —2005, the
national research project: Research, design and production of harvesters of main crops, suitable with
production conditions, enabled to produce the combine harvester GLH —0.3 A. Main features are 35
hp, cutting width 2 m, rubber track-laying conversion with greater dimensions, average output
0.25ha/h, clean grain >97%, grain loss <2%. A three-wheel combine harvester GDLH —1.2 is produced
by the Nam Hong Mechanical Firm and the Tractor and Agricultural Machines Company based on the
same principle as that of the GLH —0.2 and GLH —0.3A. Main features are 12 —16 hp diesel engine,
cutting width 1.2m. Main drawbacks include low cleanliness of grains, high loss (> 4%), threshing
cylinder clogged when cutting lower and able to work only on hard ground. Combine harvesters
were also manufactured by farmers and private companies. These combine harvesters were
therefore cheap, working effectively in dry fields with straight rice stalks, and with an output of 0.15
ha/h. Two main weak points are dependence on working conditions and low durability of the moving
chain harvester. Differences with GLH -0.2, GLH —0.3 are reaping and transferring part of the vertical
conveyor reaper leaving out reel and gathering screw, decreasing size and weight; transferring part
to drum with 2 paddled chains, old gearbox of a Japanese two-wheel tractor and a home-made chain
moving system.

3.6.9 Management of rice residues

Residues from rice cultivation in Vietnam consist of rice husk, bran and rice straw. Rice husk is
utilized as fuel, paving material for raising chicken/poultry, energy for burning bricks or pottery and
porcelain. Bran is used for raising animal/pigs, chickens, ducks and so on. Rice straw is used in
Northern and Central parts of the country as a source of fuel, feed for cattle or is burnt in the field.
In some areas, rice straw is used for production of bio-fertilizers. In the Mekong Delta, rice straw is
used as feed for cattle and is normally buried in the field to prepare the land for the next cultivation.

3.6.10 Rotation crops

The dry season lasts from November to May (winter and spring). This season is fallow period that the

land is empty so farmers can cultivate alternative crops in their farm.

Farmers in Binh Thuan province grow green pea, peanut, black sesame, sweet potato, and creamy

beans, because these plants are drought resistant. High-yield beans, also called creamy beans, green
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peas, red beans, and black beans are planted after harvesting rice. But the most suitable is the high-
yield creamy bean. As for turn-around time, peanuts take from 100-115 days, creamy beans and
green peas take about 60-65 days to harvest. These plants need neither fertilizer nor irrigation (SOS
Global warming, 2011).

Farmers in rainfed coastal areas of Tra Vinh Province, Mekong Delta, Vietham were introduced to
plant upland crops i.e. maize, groundnut, casaba melon, and water melon during spring (January to
April) to increase farm productivity through crop diversification and to improve the household
income of resource-poor farmers. (De et al. 2004).

Rotation crops and number of rice cultivation are summarized in Table 33.

Table 33 Summary of rice and rotation crops in Vietnam

Region Rice crop management Area coverage
Northern Mountains (region 1) 2 rice crops 50%
1 rice crop 20%

1subsidiary/vegetable crop
1 rice crop (Terraced field & 30%
“Milpa cultivation”)

Red River Delta (region 2) 2 rice crops 50%
2ricecrops+1 40%
subsidiary/vegetable crop
1rice crop +1-2 10%
subsidiary/vegetable crops

Northern Central (region 3) 2 rice crops 50%
lricecrop+1 30%
subsidiary/vegetable crops
1 rice crop 20%

Central Highlands (Region 4) 2 rice crops 30%
lricecrop+1 30%
subsidiary/vegetable crop
1 rice crop 40%

East-Southern region (region 5) 2 rice crops 60%
2ricecrops +1 30%
subsidiary/vegetable crop
lricecrop+1 10%
subsidiary/vegetable crop

Mekong Delta region (region 6) In Alluvial soil & freshwater: 40-45%

2-3 rice crops

2ricecrops +1
subsidiary/vegetable crop
2 rice crops + fish/shrimp
integration

In raining water with salty 55-60%
contamination:

2 rice crops

1 rice crops + fish/shrimp
integration

1 rice crop
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3.6.11 Socio-economic status of rice farmers
The Annual income of farmers has been estimated as shown in Table 34. This estimation is based on
the situation without diseases, natural disasters, and other unusual cases.

Table 34 Income of farmers in Vietnam

. Average Annual rice .
Area of rice o L Average price or | Total annual
. . . rice yield productivity . .
Regions | cultivated in a year (tornes/ (tonnes/ rice income
2 - .
(m*/capita) ha) capita) (USD/tonne) (USD/capita)
1,2,3,4 400 5.29 0.212 1,000 212°$
5,6 1,000 5.29 0.529 1,000 529 $

Note: regions: 1) Red River Delta, 2) Northern Mountain, 3) Northern Central, 4) Central Highland, 5)
East Southern, and 6) Mekong Delta
(Thanh, 2011)

The income of farmers in South East and Mekong Delta is around 529 USD per person over a year,
which is higher than the per capital annual income of farmers in other regions i.e. 212 USD.
However, the income of farmers is still lower than the average salary of a Vietnamese person which
on a GDP per capita basis stands at 1,224 USD (World Bank, 2010).

3.6.12 Summary

In Vietnam, rice is planted both by transplanting and broadcasting techniques. Transplanting has
been practiced for a long time, while broadcasting is a new method used essentially in modern
farms. Paddy fields are located in the northern and southern part of Vietnam, and rarely found in the
central region. Due to the hilly nature of the country, rice is planted in high areas following both the
traditional method called “Milpa” and new method called “terraced field.” Some paddy fields are
located in the Red River Delta and Mekong Delta region. The low land areas can be accessed by
machines so new technologies and also chemicals are used in such areas. There is a great variety of
rice cultivated in Vietnam as the seeds are imported from China and developed by IRRI. Most
rotation crops are vegetable crops; however, half the paddy fields in Vietham do not plant rotation
crops and continue planting rice twice a year. Income of farmers in the northern region is lower than
in the southern part due to smaller cultivation area and lower rice yields. But all in all the income of
farmers are still much below the average of a Vietnamese person when compared on a per capita
GDP basis.
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CHAPTER 4 CONCLUSION

The report provides information on the state of the art of rice cultivation in SEA Countries with a
focus on Cambodia, Indonesia, Lao PDR, Myanmar, Thailand and Vietnam. The report provides
Statistics of rice cultivation. This information reveals that harvested area, yield, and production of
rice for most SEA countries have been steadily increasing over the past few decades. Total
production of rice in SEA (Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Thailand,
and Vietnam) was 190.40 million tonnes in 2008. Although Indonesia produces the highest amount
of rice in SEA (60.25 million tonnes) and is the third-largest producer of rice in the world, it is also
the major importer of rice in the region. That is because rice is the staple food for the majority of the
210 million people living in Indonesia. In SEA, Thailand and Vietnam are the major exporters of rice
worldwide.

From the country reports on rice cultivation practices detailed in this report, it is observed that
climate plays an important role for rice cultivation. Climate in the region is influenced by seasonal
monsoon events and classified into wet and dry season. The wet season of rice cultivation spans
over the period May to December while the dry season of rice cultivation is found during January to
April. Wet season rice is cultivated in both non-irrigated and irrigated areas, and dry season rice is
mainly cultivated in irrigated areas. Cultivation practices of rice in SEA do not differ much. Rice
cultivation starts with land preparation, planting, water management during growth, farm
management of young plants using fertilizers/ lime/ pesticides/ herbicides, and harvesting. However,
the production of rice depends on the cultivation practices followed in a particular area starting with
land preparation and up to harvesting. Following rice harvesting, a fallow period usually follows
during the dry season in rainfed areas. However, farmers can grow alternate plants during this
period if there is enough water to cultivate. In this regard, strategic practices of rice cultivation in
rotation with energy could be similarly implemented in several countries in SEA.

64



Appendix 2
Questionnaire of rice cultivation practices in South East Asia



For Interviewer
Date of Interview:
Interviewer’s name;

Latitude: Longitude:
A. General Information
Al | Farmer name: A2 | OFemale OMale
A3 | Age: A4 | Telephone no.:
A5 | Email: A6 | Address of the paddy field:
B. Rice Cultivation Practice
B1 | Detail of paddy field
1.1 | Paddy field is located in: (please select) 1.2 | Soil type in the paddy field
ONon-irrigated area 3 Clay
Olrrigated area O Loam
3 Sand
3 Others (please specify)
1.3 | Planted area (ha): 1.4 | Harvested area (ha):
1.5 | Planted area is divided into how many crop | 1.6 | Estimated plot size (ha):

plot(s):

1.7 | Are there trees present around crop plot? (on crop boundary)

O No

3 Yes (if yes please answer 1.8)

1.8 Trees on crop plot boundary

Type Species/type

Number (trees)

Age of tree (years)

1

2

3

B2. Land preparation

2.1 | Duration of land preparation day(s) 2.2 | Number of working hour: hrs/d
2.3 | Number of plowing time (s) 2.4 | Number of labor person (s)
2.5 | Method of land preparation 2.6 | Cost of land preparation

3 Animal: Number of animal
type of animal

age of animal years
O Machine

(please specify unit/ha)




B3. Detail of rice
3.1 Rice variety

Number of rice cultivation rotation

time(s)/year or crop(s)/year

Cycle Rice variety Type of rice (by Type of rice (by Cost of seed Seed (kg/ha) Growing period
Photoperiodism) | Geography) (specify unit) (days)

1

2

3

4

Please specify name
variety (official or local
name)

Please specify

P = photosensitive
N = Non-
photosensitive

Please specify

U = upland rice

L = lowland rice

F = floating rice

O = Other (please
specify)

Price of seed, unit
can be USD/kg

Production for
planting 1 ha

Number of day
since planting
until harvesting

Note: Please write down selected alphabet; see description at the bottom of Table




3.2 Seeding

321

Method of seeding

O Transplanting

O Pre-germinated broadcasting
O Dry-seeded broadcasting

3 Parachute

O Other (please specify):

3.2.2
3.2.3

3.24

Time spent of seeding (days):

Number of working hour (hr/d):
Number of labor persons
Cost of seeding
(please specify unit/ha)

B4. Water management

4.1 | Water source (Major source) 4.2 | Water source (Alternative source)
O3 direct rain O3 direct rain
O3 irrigated system 3 irrigated system
3 man made pond 3 man made pond
O3 ground water 3 ground water
O3 natural canal/river O natural canal/river
3 other (please specify) O3 other (please specify)
4.3 Number of water flooded time (s)
Water drainage | Timing of Depth of Duration of Water drain | Purpose of
into the field drainage into water (cm) | flooding (days) | out (DAP) draining water
the field (DAP) out
1St
2nd
3rd
4th
Note: DAP = days after planting
4.4 | Do you use pump to drain water? 4.5 | 4.5.1 Pump type:
O No 4.5.2 Trademark:
3 Yes (please answer 4.5) 4.5.3 Model:
4.5.4 Power (watt):
4.5.5 Price:
4.5.6 Fuel type:
4.5.7 Fuel consumption (L/ha):
4.5.8 Cost of fuel per ha:
4.5.9 Operating period (hr):
4.5.10 Pumping rate (L/min):
B5. Chemical Fertilizer
5.1 | Do you apply fertilizer in the paddy field? 5.2 | Frequency of applying fertilizer in planting
O No per one cycle of rice (times):
O Yes
5.3 | Do you apply fertilizer in the same 5.4 | Do you apply fertilizer in the same
way/amount/type in all crop plot? way/amount/type in all crop rotation?
3 Yes 3 Yes
3 No (Please specify in space) 3 No (Please specify in space)




5.5 Fertilizer Application

No | Type of Trade- N:P:K Price of Timing of | Applied | Purpose Labor Labor
fertilizer mark/ fertilizer | application | amount of (persons) | cost of
common (DAP) (kg/ha) | applying applying
name fertilizer fertilizer
1 i
2 i
3 i
4 i
Please Please
specify specify
unit: unit:
Note: DAP = Day after planting
B6. Organic amendment/ Organic fertilizer
6.1 | Do you apply organic amendment/ organic | 6.2 | Frequency of organic amendment/
fertilizer in the paddy field? organic fertilizer for one cycle of rice
O No (times):
O Yes
6.3 | Do you apply organic amendment/ organic | 6.4 | Do you apply organic amendment/

fertilizer in the same way/amount/type in

all crop plots?
O Yes

O No (Please specify the difference in

space below)

organic fertilizer in the same
way/amount/type in all crop rotation?
O Yes

O No (Please specify the difference in
space below)

6.5 Organic amendment/ organic fertilizer application

No. Type Price of Timing | Applied | Purpose of Labor Labor
organic (DAP) | amount organic (persons) cost
material (kg/ha) | amendment
1
2
3
4
S = straw, Please Please
M = manure, specify specify
C = compost, unit (i.e. unit:
G = green manure, USD/kg):
EM = effective
microorganism
O = other please
specify

Note: DAP = day after planting




B7. Liming

7.1 | Islime applied? 7.2 | Amount of lime (kg/ha):
O No
3 Yes
7.3 | Cost of lime (please specify unit i.e. 7.4 | Labor cost for liming (please specify unit):
USD/kg):
B8. Pesticide
8.1 | Do you apply pesticide in the paddy field? | 8.2 | Frequency of applying pesticide in
O No planting per one cycle of rice (times):
3 Yes
8.3 | Do you apply pesticide in the same 8.4 | Do you apply pesticide in the same
way/amount/type in all crop plots? way/amount/type in all crop rotation?
3 Yes 3 Yes
O No (Please specify the difference in 0 No (Please specify the difference in
space below) space below)
8.5 Pesticide application
No. Type Price of | Timing of | Dilution | Applied | Purpose Labor Labor
pesticide | applica- amount of (persons) cost
tion applicatio
(DAP) n
1
2
3
4
Please Please Please Please
specify specify | specify specify
unit (i.e. unit (i.e. | uniti.e. unit:
USD/kg): g/20L): L/ha,
kg/ha:
B9. Herbicide
9.1 | Do you apply herbicide in the paddy field? | 9.2 | Frequency of applying herbicide in
O No planting per one cycle of rice (times):
3 Yes
9.3 | Do you apply herbicide in the same 9.4 | Do you apply herbicide in the same

3 Yes

way/amount/type in all crop plots?

O No (Please specify the difference in
space below)

way/amount/type in all crop rotation?
3 Yes

(3 No (Please specify the difference in
space below)




9.5 Herbicide application

No. Type Price of Timing | Dilution | Applied Purpose Labor Labor
herbicide (DAP) amount (persons) cost

1

2

3

4
Please Please Please Please
specify specify | specify specify
unit (i.e. unit (i.e. | unit: unit:
USD/kg): g/20L):

Note: DAP = day after planting

B10. Harvesting

10.1 | Harvesting method 10.2 | Plant height at harvest (cm):

O Manual O Machine
10.3 | Stubble height after harvest (cm): 10.4 | Fallow period of after harvesting until
cultivating new rice (days):

B12. Management of rice residues

(Please see 10.4 and 11 in next page)

12.1 | Fate of rice residues after harvesting 12.2 | Fraction of rice residue utilized
O Moved out 3 Straw
OAIll O>50% O <50% ONone OAIl O>50% O <50% ONone
(J Burned:
OAIl O>50% O <50% ONone 3 Stubble
3 Left in the field (not burning) OAIl O>50% O <50% ONone
OAIll O>50% O <50% ONone
12.3 | Rice straw utilization (Please specify % of | 12.4 | Rice stubble utilization (Please specify %
utilization) of utilization)
3 Animal food % 3 Animal food %
O Mulching % O Mulching %
3 Soil amendment % 3 Soil amendment %
O Mushroom cultivation % O Mushroom cultivation %
O Other (please specify): 03 Other (please specify):
12.5 | Reason of burning rice residues 12.6 | Fraction of rice residues burned
O Land preparation O Straw
3 Pest removal OAIl O>50% O <50% ONone
O Weed removal 3 Stubble
3 Other (please specify): OAIl O>50% O <50% ONone
12.7 | What time do you burn the paddy field? 12.8 | How long do you burn the paddy field?
O morning (6:01-12:00) O <1 hour
3 afternoon (12:01-18:00) 3 1-2 hours
3 night (18:01-6:00) 3 1 day
O Other (please specify)




10.5 Production (Grain yield)

Month of
plantation

Rice
cultivation
no.
(in1 year)

Rice
variety

Yield
(ton/ha)

% moisture

Amount
sold (ton)

Total
Production
(ton)

Price
(specify unit)

Quantity for
consumption
(ton)

Quantity
saved seed
(ton)

Other uses

(specify)
(ton)

AIWIN|F

B11. Information on Machine Utilization

Cultivation
practice

Type of machine

Maker

Model

Price of
machine

Operating
period
(hr/d; no.
of day)

Fuel type

Fuel use
(L/ha)

Age of
machine
(years)

Life time
(years)

Ownership

Land
preparation

Seeding

Water
management

Fertilizer

Pesticide/
Herbicide

Harvesting

Milling

Straw baler




A. Rotation Crop

Cl. | Detail of Rotation Crop

1.1 | Do you plant rotation crop? 1.2 | How many times per year?
O Yes [ No (Finish questionnaire)
1.3 | Timing of rotation crop plantation (please | 1.4 | Do you plant the same rotation crop type

specify month or season):

every year?
3 Yes
O No

1.5 Type of crop rotation

Crop type Crop variety

Cost of seed
(please specify
unit)

Crop duration
(days)

Purpose of
cultivation

N

i.e.corn,
sugarcane, etc.

S = soil
improvement

| =income
generation

O = other please

specify

C2. Land preparation of crop rotation

2.1 | Duration of land preparation____day(s) 2.2 | Number of workinghour:___ hrs/d
2.3 | Number of plowing time (s) 2.4 | Number of labor person (s)
2.5 | Cost of land preparation 2.6 | Method of land preparation
(please specify unit/ha) O Animal: Number of animal
type of animal
age of animal years
3 Machine
C3. Plantation
3.1 | Method of plantation 3.2 | Time spent of plantation (days):
3.3 | Number of working hour (hr/d):
O Manual 3.4 | Number of labor persons
3.5 | Cost of plantation
O Machine (please specify unit/ha)
C4. Water management
4.1 | Water source (Major source) 4.2 | Water source (Alternative source)
O direct rain O direct rain
O irrigated system O irrigated system
3 man made pond 3 man made pond
03 ground water 3 ground water
O3 natural canal/river O natural canal/river
3 other (please specify) O3 other (please specify)
4.3 | Do you use pump to drain water? 4.4 | 4.4.1Pump type:
O No 4.4.2 Trademark:




3 Yes (please answer 4.5)

4.4.3 Model:

4.4.4 Power (watt):

4.4.5 Price:

4.4.6 Fuel type:

4.4.7 Fuel consumption (L/ha):
4.4.8 Cost of fuel per ha:

4.4.9 Operating period (hr):
4.4.10 Pumping rate (L/min):

C5. Fertilizer
5.1 | Do you apply fertilizer in the rotation crop? | 5.2 | Frequency of applying fertilizer in planting
O No per one cycle of rotation crop (times):
3 Yes
5.3 | Do you apply fertilizer in the same 5.4 | Do you apply fertilizer in the same
way/amount/type in all crop plot? way/amount/type in all rotation crops?
O Yes 3 Yes
O No (Please specify the difference in O No (Please specify the difference in
space below) space below)
5.5 Chemical fertilizer application to rotation crop
No. | Type | Trade- N:P:K Price of | Timing of | Applied | Purpose Labor Labor
name fertilizer | application | amount of (persons) | cost of
common (DAP) (kg/ha) | applying applying
name of fertilizer fertilizer
fertilizer
1 i
2 i
Please Please
specify specify
unit: unit:
Note: DAP = day after planting
C6. Organic amendment
6.1 | Do you apply organic amendment to the 6.2 | Frequency of organic amendment for one
rotation crop? cycle of rotation crop (times):
O No
O Yes
6.3 | Do you apply organic amendment in the 6.4 | Do you apply organic amendment in the
same way/amount/type in all crop plots? same way/amount/type in all crop
3 Yes rotations?
O No (Please specifyin space below) O Yes

O No (Please specify in space below)




6.5 Organic Fertilizer

No. Type Price of Timing | Applied | Purpose of Labor Labor
organic (DAP) amount organic (persons) cost
materials (kg/ha) | amendment
1
2
S = straw, Please Please
M = manure, specify unit specify
C = compost, (i.e. USD/kQ): unit:
G =green manure,
EM = effective
microorganism
O = other (please
specify)
C7. Liming
7.1 | Is lime applied? 7.2 | Amount of lime (kg/ha):
O No
O Yes
7.3 | Cost of lime (please specify unit i.e. 7.4 | Labor cost for liming (please specify unit):
USD/kg):
C8. Pesticide
8.1 | Do you apply pesticide to the rotation 8.2 | Frequency of applying pesticide for one
crop? rotation crop (times):
O No
3 Yes
8.3 | Do you apply pesticide in the same 8.4 | Do you apply pesticide in the same
way/amount/type in all crop plots? way/amount/type in all crop rotations?
O Yes O Yes
O No (Please specify the difference in O No (Please specify the difference in
space below) space)
8.5 Pesticide application to rotation crop
No. Type Priceof | Timing | Dilution | Applied | Purpose of Labor Labor
pesti- (DAP) amount | application | (persons) cost
cide (L/ha)
1
2
Please Please Diluted Please
specify specify | pesticide specify
unit (i.e. unit (i.e. unit:
USD/kg) g/20L)

Note: DAP = day after planting

10



C9. Herbicide

9.1 | Do you apply herbicide to the rotation 9.2 | Frequency of applying herbicide in
crop? planting per one cycle of rotation crop
O No (times):
O Yes

9.3 | Do you apply herbicide in the same 9.4 | Do you apply herbicide in the same
way/amount/type in all crop plots? way/amount/type in all crop rotations?
O Yes O Yes
O No (Please specify the difference in O No (Please specify the difference in
space below) space below)

9.5 Herbicide application to the rotation crop

No. Type Price of Timing of | Applied | Purpose Labor Labor
herbicide | application | amount (persons) cost
(DAP) (kg/ha)

1

2
Please Please
specify unit: specify

unit:

Note: DAP = day after planting

C10. Harvesting of rotation crop

10.1 | Harvesting method 10.2
O Manual O Machine

Plant height at harvest (cm):

10.3 | Production utilization

O Energy use  Type of energy 3 Other use

C12. Management of rotation crop residues

(Please see 10.4 and 11 in next page)

12.1 | Rotation crop residues after harvesting 12.2
J Moved out

OAIll O>50% O <50% ONone
O Burn:

OAIl O>50% O <50% ONone
O Leave in the field (not burning)

OAIll O>50% O <50% ONone

Fraction of rotation crop residues
utilization

OAIll O>50% O <50% ONone
Which part?

Utilization of residues by

12.3 | Reason of burning crop residues 12.4
O Land preparation

3 Pest removal

O Weed removal

O3 Other (please specify):

Fraction of rotation crop residues burned

OAIl O>50% O <50% ONone

12.5 | What time do you burn the field? 12.6
3 morning (6:01-12:00)

How long do you burn the field?
O <1 hour

3 afternoon (12:01-18:00) 3 1-2 hours
O night (18:01-6:00) 0 1 day
03 Other (please specify)
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10.4 Production

Month | Crop | Crop | Yield | % Total Amou | Price | Quantity | Quant | Other
of rotati | varie | (ton/ | moistu | Product | nt (speci | for ity uses
plantati | on ty ha) re ion sold fy consumpt | saved | (speci
on no. (option | (ton) (ton) | unit) | ion(ton) | seed fy)

(inl1 al) (ton) | (ton)

year)

1

2
C11. Information on Machine Utilization
Cultivation | Type Mak | Mod | Price Operati | Fue | Fuel | Age of | Life Ownersh
practice of er el of ng I use | the time |ip

machi machi | period typ | (L/h | machi | (year

ne ne (hr/d; e a) ne S)

no. of (years)
day)

Land
preparatio
n
Seeding
Water
manageme
nt
Fertilizer
Pesticide
Herbicide
Harvesting

12




Appendix 3
Expert meeting on “State-of-the-art of rice cultivation practices in South East Asia”



25 JGSEE & cee-PERDO

) ¢ - Center for Energy Technology and Environment
< The Joint Graduate School of Encrgy and Envirosment

Expert Meeting on
“State-of-the-Art of Rice Cultivation Practices in South East Asia”

Under APN-ARCP funded Project on:
Rice Cultivation for Sustainable Low Carbon Society Development in
South-East Asia

2-3June 2011
The Joint Graduate School of Energy and Environment at
King Mongkut’s University of Technology Thonburi, Bangkok, Thailand

Organized by
The Joint Graduate School of Energy and Environment (JGSEE)

Purpose of the meeting

The objective of this expert meeting is to share information with stakeholders from SEA including:
Cambodia, Indonesia, Lao PDR, Myanmar, Thailand and Vietnam, on current practices of rice
cultivation in the region, including state of the art of rice cultivation practices and ways towards
more sustainable cultivation practices including reduced GHG emissions, crop rotation, and
enhanced livelihood for farmers.

Date and venue
The event will take place during 2 - 3 June 2011 at The Joint Graduate School of Energy and
Environment at King Mongkut’s University of Technology Thonburi in Bangkok, Thailand

Participants
Researchers, scientists, government officers, from the agricultural and environmental sector

Registration
Free of change with limited number of participants under first come first served basis

Language
The workshop will be held in English

Programme of the Expert Meeting



Thursday 2 June:

8.30-9.00 Registration
. Assoc Prof Dr Sirintornthep Towprayoon
9.00-9.10 Opening address JGSEE, Thailand
B . . Assoc Prof Dr Sirintornthep Towprayoon
9.10-9.20 Introduction to APN project JGSEE, Thailand
9.20-950 Sustainability of biomass-based Dr Sebastien Bonnet
' ' energy: Challenges ahead JGSEE, Thailand
9.50- 10.20 Coffee Break
10.20 = 11.00 Rlcg cgltlvatlon in Japan and GHG Dr Shigeto Sudo
emissions NIES, Japan
. . L Assoc Prof Dr Savitri Garivait
11.00-12.00 | Overview of rice production in SEA JGSEE, Thailand
12.00-13.00 Lunch Break
13.00-15.00 | Country report session All experts from SEA
. I L . Dr Seng Vang
13.00 - 13.20 | Rice cultivation practices in Cambodia CARDI. Cambodia
13.20 - 13.40 | Rice cultivation practices in Indonesia Driman R_usm_ana .
Bogor University, Indonesia
Mr Immala Inthaboualy
13.40-14.00 | Rice cultivation practices in Lao PDR Climate Change Office, Department of
Environment, Lao PDR
14.00 - 14.20 | Rice cultivation practices in Myanmar DrKhin Swe
' ' P y Yezin Agricultural University, Myanmar
: I L Mr Pham Van Thanh
14.20-14.40 | Rice cultivation practices in Vietnam CCRD, Vietnam
. I L : Assoc Prof Dr Amnat Chidthaisong
14.40-15.00 | Rice cultivation practices in Thailand JGSEE, Thailand
15.00 - 15.30 Coffee Break
15.30-16.30 | Group discussions All experts
16.30-16.40 Wrap Up Session
Friday 3 June:
8.30-9.00 Registration
e . . Assoc Prof Dr Sirintornthep Towprayoon
9.00-9.40 Mitigation and adaptation options JGSEE, Thailand
9.40-10.00 Coffee Break
Implications of rice cultivation Dr Shigeto Sudo
10.00-11.00 practices on GHG emissions NIES, Japan
11-00 = 12:00 Implications of rice cultivation Assoc Prof Dr Amnat Chidthaisong
’ ' practices on soil carbon stock JGSEE, Thailand
12.00-13.00 Lunch Break
13.00 - 14.20 Gr_o_up (_Jllscuss[ons on potential
mitigation options All experts
14.20-14.50 Coffee Break
Group discussions on adaptation
14.50-16.00 | options and suggestions for All experts
sustainable rice cultivation in SEA
16.00 - 16.10 Closing of the Expert Meeting




Newsletter article
The Joint Graduate School of Energy and Environment (JGSEE), Center of Excellence on Energy

Technology and Environment (CEE) at King Mongkut’s University of Technology Thonburi, organized
the expert meeting on “State-of-the-Art of Rice Cultivation Practices in South-East Asia” under APN-
ARCP funded project on Rice Cultivation for Sustainable Low Carbon Society Development in South-
East Asia, during 2-3 June 2011 in Bangkok.

The objective of this expert meeting was to share information with stakeholders from SEA on current
practices of rice cultivation in the region, including state-of-the-art of rice cultivation practices and
ways towards more sustainable cultivation practices including reduced GHG emissions, crop
rotation, and enhanced livelihood for farmers.

Experts from South-East Asian countries including Cambodia, Indonesia, Japan, Myanmar, Vietnam
and Thailand, contributed to the event and had a chance to share their country report on rice
cultivation practices, as well as possible options for mitigation and adaptation to climate change. The
knowledge gathered from this expert meeting will be integrated into a report providing information
on the state-of-the-art of rice cultivation practices and potential of rotation with energy crops in SEA
countries. This will also serve as a basis for the next activities of the project which ultimately aim at
identifying sustainable cultivation practices options enabling to contribute to climate change

mitigation.

List of participants

Dr. Sirintornthep Towprayoon

Director

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: sirin@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Savitri Garivait

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: savitri_g@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Amnat Chidthaisong

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: amnat@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Sebastien Bonnet

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: sebastien@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand



Dr. Shigeto Sudo

National Institute for Agro-Environmental
Sciences

Tel: +81-29-838-8330

Fax: +81-29-838-8199

E-mail: ssudo@affrc.go.jp

Address: 3-13 KANNONDAI, TSUKUBA, IBARAKI
305-8604

Japan

Dr. Iman Rusmana

Bogor Agricultural University

Tel: +62 251 8622833

Fax: +62 251 8622833

E-mail: irusmana@ipb.ac.id

Address: JI. Raya Darmaga Kampus IPB Darmaga
Bogor 16680 West Java

Indonesia

Mr. Pham Van Thanh

Center of Rural Communities Research &
development

Phone: 884-37930380

Fax: 844-37930306

E-mail; tvc.vacvina@ftp.com.vn

Vietnam

Ms. Praveena Inyim

Agricultural Research Development Agency
Phone:+66(0) 2579-7435

Fax: +66(0) 2579-7235

E-mail: praveena@arda.or.th

Address: 2003/61 Paholyothin Road, Ladyao,
Chatuchak, Bangkok 10900

Thailand

Mr. Kittinun Boonrod

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: kittinun.b@gmail.com

Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Seng Vang

Cambodian Agricultural R&D Institute,

Tel: (855-23) 219 693

Fax: (855-23) 219 800

E-mail: vseng@cardi.org.kh

Address: National Road No 3, Prateah Lang
Commune, Dangkor District, Phnom Penh
Cambodia

Dr. Khin Lay Swe

Rtd. Pro-Rector (Yezin Agricultural University)
Mobile: 09 20 510 28; 09 830 3225

E-mail: khinlays2010@gmail.com

Address: No.70 (5-A), Bogyoke Aung San Road
Pazun Taung Township

Yangon

Myanmar

Dr. Chitnucha Buddhaboon

Agricultural Technical Officer,

Senior Professional Level

Prachin Buri Rice Research Center,

Bureau of Rice Research and Development
Tel: +66 (0)37-271385 ext 14,

Mobile: +66 (0) 89-8032295

Fax: +66 (0) 37-271-009

E-mail: chithucha@brrd.mail.go.th
Address: Prachin Buri Rice Research Center Moo
6, Ban Sang District, Prachin Buri,

Thailand

Dr. Napat Jakrawatana

University of Phayao

Phone: 054-466-666

Fax: 054-466-690

E-mail: napat_j@hotmail.com

Address: 19 Moo 2, Mae Ka District, Amphoe
Mueang, Payao

Thailand

Ms. Nittaya Cha-Un

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: nidchaun@gmail.com

Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand



Ms. Pariyaphat Nilsalab

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: janglejan@hotmail.com
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Ms. Kanittha Kanokkanjana

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: kkanittha@yahoo.com

Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Ms. Kanlayanee Fusuwankaya

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail; f_kanlayanee@yahoo.com
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Presentation materials

Mr. Montri Sanwangsi

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: sanwangsi@hotmail.com
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Ms. Penvadee Cheewaphongphan

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: penvadee_chee@hotmail.com
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand



CEE-PERDO

Introduction to the project

Strategic Rice Cultivation for Sustainable Low
Carbon Society Development in South East Asia

ARCP2010-17NMY-Towprayoon

Expert meeting on “State of the Art of Rice Cultivation Practices in South-East Asia” 2-3 June 2011 Bangkok Thailand

CEE-PERDO

ARCP: Annual Regional Call for Research
Proposal Programme

» Two years project

 Contributing parties
— Thailand Lead PI JGSEE-CEE, KMUTT
—Indonesia  Co Pl Bogor University
—Japan CoPI NIAES

CEE-PERDO

Food and Fuel Competition

« Global rice plantation area covers 12.5% of the total crop plantation
area.

* The production of rice amounts 659 millions tones annually, and is
consumed by 281 billion people worldwide, corresponding to an
impact of 164 billion US dollars per year on the world economy.

 South East Asia (SEA) is the major rice plantation area, which cover
30.0% percent of the world plantation.

« Maximizing rice yield in this region is essential to increase global
food stock.

« Climate and energy crisis strongly influence the regional rice
production.

« Temporary or permanently conversion of rice plantation area into
oil palm and other energy crop cultivation have been observed in
Thailand and Indonesia.

CEE-PERDO

| N

Strategic Rice Cultivation for Sustainable Low Carbon Society
Development in South East Asia

» What is ‘strategic rice cultivation’

— enabling to solve both climate and energy security
issues by rotating rice with energy crops in order
to fully utilize the rice plantation fallow period to
optimize rice and energy feedstock.

— Proposed cultivation practice aims at reducing
GHG emissions while increasing potential long-
term soil carbon stock by optimizing land use
change and cultivation practice




CEE-PERDO

Strategic rice cultivation

CEE-PERDO

Strategic Rice Cultivation for Sustainable Low Carbon Society
Development in South East Asia

» Why ‘Sustainable low carbon society’

— Sustainable development will be considered in
terms of enhancing economic and social benefits
while developing a low carbon society to bring
down the net GHG emissions.

— Strategic rice cultivation practice enabling SEA to
develop towards a sustainable low carbon society
while enhancing the adaptive capacity in the
agriculture sector.

Sustainable low carbon society

r

e Farmer income
increase

= Energy
security

Rice-crop-rice

* Environmentes
benefit

« Sustainability

| @

CEE-PERDO

Objectives

» To develop sustainable low carbon agriculture in
SEA through improved cultivation practices of rice
and energy crops (crop rotation),

 To develop long-term field studies to measure,
monitor and evaluate the impacts of various
cultivation practices on climate change and
identify potential adaptive measures and
mitigation options,

 To enhance regional capacity of scientists and
policy makers in SEA to contribute to sustainable
low carbon development of their society.




Activities

ntify strategic rice cultivation enabling SEA to develop towards a sustainable low carbon society in agricultural secto

-Capacity building

on inventories of
GHG emissions
and carbon stock

-Capacity building

on mitigation
options towards a
low carbon society

- Result of long term
GIS map of GHG soil carbon storages
and C stock SEA Comparative
- Inventory assessment of soil
database carbon
- Assessment of C sequestration
budget under Assessment of
existingand mitigation options
sustainable regime for low carbon in
in SEA the agricultural
seClor SN
——)- | | | Activity [V: Long
— term soil carbon
Activity Il dynamic
Capacity assessment from
assessment of sustainable low
GHG emissions carbon cultivation
and soil carbon using process
stock form model
various
cultivation
practices in
SEA >

Activity V:
Knowledge
disseminatio
n to scientists
and policy
makers in SEA

CEE-PERDO

7 countries in SEA 7

countries in SEA

e Al:Review of rice .
cultivation practices
and use of energy
crops for rotation in
SEA

AV : Knowledge
dissemination to
scientists and
policy-makers in
SEA

Thailand field research

All: Long-term
monitoring of GHG
emissions and soil
carbon dynamics
from rice cultivation
and utilization
energy crops for

Thailand and Indonesia

Japan

* AlV:Long-term soil
carbon dynamics
assessment of
sustainable low
carbon cultivation
using process model

rotation * Alll: Capacity

assessment of GH
emissions and soil

sustainable
cultivation
practices in SEA

G
carbon stock from \’
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Activity |

Review of rice cultivation practices  « Deliverables:
and use of energy crops for rotation Report on the state-of-the-art of

in SEA

Information on current rice
cultivation practices in SEA including

rice cultivation practice and use of
energy crops as the potential
rotation crops for SEA countries.

land management will be reviewed « Database of rice cultivation

and assessed to evaluate the state-of-
the-art of the regional traditional .
practices and potential for introducing
selected energy crops to be cultivated
in rotation with rice.

Selected SEA experts on agriculture
sector will be invited to join the
expert meeting co-organized by
Thailand to help assess and confirm
the review study.

practice of each country in SEA

Identification of country specific
rice cultivation practices and
potentials for energy crop
cultivation in SEA countries

» Background data for preparation
of Activity Il and 11

11

CEE-PERDO

Activity Il

Long-term monitoring of GHG emissions e
and soil carbon dynamics from rice
cultivation and utilization energy crops
for rotation

Assess the GHG emissions and soil
carbon dynamics from studied rice-
energy crop rotation cultivation system.
Selected energy crops will be cultivated
in rice field experiment plots during
fallow period at KMUTT - Ratchaburi
campus in Thailand..

Continuous monitoring on trace gas
emissions, soil carbon stock, biological .
and physical changes of above-ground

and below-ground biomes will be

examined

Deliverables:

Data of long-term monitoring of
GHG emissions and soil carbon
dynamics from specific rice-
energy crops cultivation
practices.

Comparative evaluation of
selected crop rotation practices in
term of carbon cycle, economic
and social benefits, barriers, best
practice issues, etc.

Identification of feasible
sustainable rice-energy crop
cultivation practices under well-

defined conditions.
12




CEE-PERDO

Activity Il

Capacity assessment of GHG
emissions and soil carbon stock from
sustainable cultivation practices in
SEA

Assessing the capacity of C budget in
terms of emission and soil carbon stock
in rice fields in SEA.

GIS database of GHG emissions and
mitigation options obtained from
activity I and 11 will be prepared to serve
as input to a GHG emission inventory
software program, i.e. ALU software.
GIS maps of emissions resulted from
existing and sustainable cultivation
practices will be developed.

Deliverables:

GIS maps of GHG emissions
from rice fields vs.
cultivation practices in SEA.

GIS map of carbon stock of
SEA rice fields.

Database of GHG emissions
inventory using ALU
software.

Assessment of C budget of
rice cultivation system
under existing and
sustainable practices in SEA.

13
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Activity IV:

Long-term soil carbon dynamics
assessment of sustainable low
carbon cultivation using process
model

The assessment of long-term soil
carbon storage and sequestration of
the feasible rice-energy crop system
will be conducted using monitoring
and modeling data.

Relevant data generated from activity
I will be used as input into existing
process modeling tools, i.e. DNDC, for
analyzing the time-series change in
carbon storage vs. the corresponding
GHGs emissions.

Deliverables:

Informative data on long-term soil
carbon storage vs. selected rotation
crops and cultivation practices.
Comparative assessment of soil
carbon sequestration under selected
rice-energy crops rotation regime.
Assessment of appropriate
cultivation practices as mitigation
options for development of low
carbon emission in agriculture sector.

14
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Activity V.

Knowledge dissemination to
scientists and policy-makers in SEA

Build capacity of the scientists and
policy-makers in SEA in terms of
understanding the strategic approach
of sustainable rice cultivation
management that would lead to
lower GHG emissions while
increasing energy crop production.
The project closing workshop will be
conducted in Thailand with invited
participants from selected SEA
countries.

Deliverables:

Capacity building of scientists on
inventories of GHG emissions and
carbon stock as well as process
modeling tools

Capacity building of scientists and
policy-makers on mitigation options
in the agricultural sector for a low
carbon society.

15
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Activity |

» Expert Meeting on “State of the Art of Rice
Cultivation Practices in South-East Asia”

e Objective

The objective of this expert meeting is to share
information with stakeholders from SEA including:
Cambodia, Indonesia, Lao PDR, Myanmar, Thailand
and Vietnam, on current practices of rice cultivation
in the region, including state of the art of rice
cultivation practices and ways towards more
sustainable cultivation practices including reduced
GHG emissions, crop rotation, and enhanced

livelihood for farmers

16
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Activity |

» Mechanisms:
— Special lecture
— Country report
— Discussion and brainstorm
» Expected output
— Understanding rice cultivation practice in SEA

— Potential to implement strategic rice
cultivation in rice field of SEA

Thank you
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Sustainability of biomass based energy:
Challenges ahead *

Dr Sebastien Bonnet and Prof Shabbir H Gheewala
The Joint Graduate School of Energy and Environment

APN Expert Meeting on “State-of-the-art of rice cultivation
practices in SEA”

2-3June 2011
Bangkok, Thailand

Joint Graduate School of Energy and Environment

= Center of Excellence in Energy Technology and
Environment established in 1998

» Research-based and Professional-oriented
graduate programs in Energy and Environmental
Technology & Management

« Consortium of 5 universities:
< King Mongkut's University of Technology Thonburi

«King Mongkut's Institute of Technology North
Bangkok

«+Chiang Mai University

www.jgsee.kmutt.ac.th

«Sirindhorn International Institute of Technology at
Thammasart University

«»Prince of Songkhla University

Strategic Environmental Assessment

* Vision
— To provide R&D support to energy and
environmental decision-making bodies in Thailand
with a view to moving towards the goal of

sustainable development in the area of energy
conversion, use and conservation

» Objectives and Scope

— Environmental assessment of energy systems by
LCA

— Energy & Environment policy-support tools
- /

Focus Areas of SEA

e Focus Area 1: Environmental assessment of energy systems
— Power production units
¢ Conventional (fossil-based)
* Renewable — biomass, mini-hydro, solar, wind
— Transportation
¢ Fuels — biofuels, hydrogen

« Vehicle technologies — electric cars, hybrid cars
— Built environment
¢ Ecodesign of buildings

e Focus Area 2: Energy & Environment policy-support tools
— Ecolabelling
— Sustainable development indicators
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Strategic Environmental Assessment Bioenergy: a path toward mitigation of GHG emissions?
Converslon of nalve ecoeyvelams
« CO, I’ 1o biousl producian Bolowground biomase
4 /J ///// < -~ 31:15‘2 - Abcveground biomass
!~ =~ \\ 1000 — oo | GEDoN 1055
- ™ 55 - £ e
Solar Energy S & so0 —
/ N @ i - - o
J N - =l
1 1 1 3
b (‘(\ / Biomass conversion  Distribution Biofuel
N oo ) . to Biofuel use
S 0 : |
N s S
Biomass Biomass nn_i L
production harvesting ‘@ﬁ —
Biomass conversion T .
to Heat and Power Distribution Electricity
use
k / Source: Fargione et al., Science 319, 1235 (2008) /
4 ] ] N N
System boundaries of biofuels Food versus fuel
= Only use phase —carbon neutral « Increasing food prices affecting the world's poorest —
* From the cultivation to end use — carbon benefits achievable too simplistic
» Expand the boundary further to include land use effects — « Socio-economics are complicated
carbon benefits questionable
- Ripple effects throughout the whole world . Ibncre?se;:d price of agricultural products actually also
— How does reduced soybean production in the US affect biofuel prices enetit farmers
i ' iland? .
(and probably impacts too) in Thailand? « Positive effect on the rural economy and employment
— What if a biofuel is produced at sites that have been converted a few generation
years ago?
— What if biofuel production results in displaced food production at * Need for indicators to capture all these issues =
another location where forests are cleared? Sustainability assessment
— Should these be part of the "environmental baggage" of the biofuel?
o % J
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Biodiversity Land and water use
 Monoculture (diversity of species) * Improvement of plantation yields
« How do we characterize this? » Maximisation of biomass based by-products utilisation
« Biomass planted on degraded land - not usable for » Crop rotation during fallow period and no tillage
cultivation of food crops — land zoning practices
— "restore soil organic matter and nutrient content, stabilize » Assessment of water stress areas and climatic
erosion and improve moisture conditions" conditions
" g s sl Jand for ot producton + Water consumption must b sticty adapted to
afforestation"g g g regional resources (availability), and the needs of
o _ other users taken into account
« Utilization of marginal land o
« Harmful contamination of surface and ground water
\_ Y, \___must be minimized )
e N e B\
Competitive production of bioenergy Some existing certification schemes
» "Best" production of biodiesel, bioethanol or another * Energy
2
energy feedstock? — Roundtable on Sustainable Palm Oil (RSPO)
— What are the criteria for judging what's BEST ? — Roundtable on Responsible Soy (RTRS)
e C-reduction — Green Gold Label (GGL)
« Reduction of oil imports? » Forestry
. . — Forest Stewardship Council (FSC)
« Socio-economics? @
— Program for Endorsement of Forest Certification (PEFC) )
« A combination of the above? PEFC
— Malaysian Timber Certification Council (MTCC)
- J \_ J
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Some existing certification schemes Biorefinery
« Agriculture Biorefinery complex - facilities integrating processes for
_ _ S the conversion of biomass and equipments for the production
— International Federation of Organic Agriculture Movements (IFOAM) of fuels, chemicals and energy from biomass resources
— Sustainable Agriculture Network (SAN) - _
_ _ o By-product utilisation - waste biomass can be utilized for
— Bioland (German organic farmers’ association) various purposes including for feed production, energy
— BIO (Organic Farming — EC control system) conversion, soil conditioner application etc.
— GLOBALGAP. ~ GLOBALGAP. Energy recycling - a fraction of process heat and steam
_ cCeC (Common Code for the Coffee Community) can be trapped and converted in the form of useful energy
such as power to supply processing units within the
biorefinery
- J J
4 M ™
Example of a biorefinery in Thailand Environmental performance in terms of GWP
:¢IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Ethanol(kgcoze) .
: — ‘ Ethanol : Fertilizer Scenario 1 (?(asggnee)
. [y E, (Alcohol 59.5%) - Base Scenario Scenario 2 9%
: Sugar 0% 35%
\ 4 - Production 13.50 5.91 8.38 11.20 5.04
- A
. Molasses = \ : ) ) ) ) 2166
i Ethanol Plant Total 13.50 591 | 8.38 11.20 26.70
Farmer Waste Water
Sugar Factory Note: Results based on reference flow of 14.95L ethanol which is equivalent to 9.89L gasoline
) EEEmEmmEEREEE. ’ Scenario 1: Percentage of cane trash burning (base case is assumed as 70%)
70% of cane leaf: ertilizer Plant Scenario 2: Utilization of excess steam
. ertilizer Plan
Direct burning (|::|a|:‘ir i?tk.is Power Plant Benefits of sugarcane biorefinery:
! A reduction of GWP by 50% for ethanol as compared to gasoline (Base scenario)
= = —> A further reduction by 70% and up to 80% when cane trash burning is reduced or avoided
Bagasses; Cane (Scenario 1)
Fiber ‘ Electric . . . . .
steam EGAT, KKA - KKS A potential additional 10% GHG savings from utilisation of unused steam (Scenario 2)
k KKA - KKS / Gheewala, S.H., Bonnet, S., Prueksakorn, K. and Nilsalab, P. (2011) Sustainability /

assessment of a biorefinery complex in Thailand, Sustainability, 3, 518-530




Socio-economic implications

e Farmers — sugarcane plantation
— Belong to lower income class of society
— Benefit form steady income due to contract farming with sugar mill
— Salaries to farm laborers is the Largest fraction of total value added

(TVA)

» Employees — biorefinery complex
— Higher income than average at provincial level
— Better living conditions due to employment at biorefinery complex
— After profits, salaries is the second largest fraction of TVA

THANK YOU

For further information contact:
Dr. Sebastien Bonnet
sebastien@jgsee.kmutt.ac.th
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Rice cultivation in Japan and GHG emissions
« Trends in greenhouse gas emissions from the Agriculture sector
 Rice cultivation in Japan
Rlce Cultlvatlon |n Japan and GHG « Agricultural Field (1961 — 2009) in Japan
. . - * Rice harvest yield 2010 in Japan
emissions « CH4 emission from rice cultivation in Japan
» Typical case of water management for rice cultivation in Japan ---
Dr Shigeto Sudo intermittent drainage
(APN Project Investigator) «  Estimations of soil carbon accumulation and applications of organic
Scientist, NIAES, Japan manures (OM) in rice paddy
* Numerical model (DNDC-rice) fitting on CH4 emission from Japanese rice
paddy field
APN Expert Meeting on “State-of-the-art of rice cultivation + Residue management in paddy field
practices in SEA”
2-3June 2011
Bangkok, Thailand
] b -
World GHG Inventory Trends in greenhouse gas emissions
from the Agriculture sector
Halocarbons Waste
N,0 NEH—RUEE REY
1.1% 2.8% Ener
7.9% ’ Fores*t;y% : I;i))ll/#— _— Iomi;h(l;?.;;]] Trends in greenhouse gas emissions from the Agriculture sector
CH4 17.4% 25.9% [Category 1990 1995 2000 2005 2007 2008 2009
14.3% 4A. Enteric Fermentation(CH,) 7677 7.606 7.370 7.002 6974 6914 6,849
4B, Marmre I 8627 3.5 7.563 7,253 7,150 7083 7,061
co,: Agriculture CH, 3.094 2893 2678 2,503 2376 2321 2,300
2: g = N0 5,533 5,152 4,885 4,749 4,773 4762 4,761
%a)ﬂi’. 1):?3: 5% 4C. Rice Cullivation(CH.,) 6960 7083 5920 5,739 5652 5,599 5,567
2.8% ~n Transportation 4D, Agriculural Soik (N,0) 7,898 7,210 6,703 6,468 6,267 6077 5,812
— 0 AF. Field Burning of Agriculiural Res 133 126 103 87 85 85 83
13.1% CHy 101 94 il 65 65 64 63
CO,: CO,: N,0 33 k) 25 21 21 21 20
iﬂi’.*‘]ﬁﬁ gﬂ: 1BE%*EI' E% 3 Total 31,295 30,070 27658 26,349 20,128 23,757 25402
17.3% 56.5% 19.4%
7.9%

Land Use Change

Fossil Fuel Industrial Human

IPCC 2004 AR4




Agricultural Field 2009 in Japan

According to the Food and Agriculture Organization (FAO) for the year 2007,
global rice plantation area covers 12.5% of total crop plantation area. (Preface of
this meeting program)

Agricultural Field (1961 — 2009) in Japan

Categories Sub categories ha ha ha % %

Total area of

. g 4,609,000
agricultural field in
Rice paddy 2,506,000 54%
Upland 2,103,000 46%
crop & vegi field 1,169,000 25%
grassland, grazing 618800 13%
orchard 314700 7%

Statistics from MAFF(Ministry of Agriculture, Forestery and Fishery, Japan)

1961 1971 1981 1991 2001 2009
Categories Sub categories ha ha ha ha ha ha
Total area of
agricultural field in 6,085,000 5,741,000 5,442,000 5,205,000 4,609,000 4,609,000
Japan
Rice paddy 3,388,000 3,364,000 3,031,000 2,825,000 2,506,000 2,506,000
Upland 2,697,000 2,377,000 2,411,000 2,380,000 2,103,000 2,103,000
crop & vegi field 2,165,000 1,409,000 1,241,000 1,266,000 1,169,000 1,169,000
grassland, grazing 81,000 352,000 589,000 649,000 619,000 618,800
orchard 451,000 616,000 581,000 464,000 315,000 314,700
Land area of Japan(ha; 37,600,000
ratio of agricultural field 16.2% 15.3% 14.5% 13.8% 12.3% 12.3%
ratio of rice cultivation 9.01% 8.95% 8.06% 7.51% 6.66% 6.66%

Rice harvest yield 2010 in Japan
unit: brown rice yield (kg/10a)
All Japan Hokkaido

Z
522 (kg)
miE%h 98)
Hokuriku . E3
Chugoku = 4 aul Tohoku
EX1
&% (99)
i BE_#I] Kanto & Tosan
AR m'a’ TN I —
Kyushu a9 ¢ 482 AL 7 RN 5 §
9g)| 1,481 [ |500 (99) & 206
100) [ (98 99)
Shikoku Kinki Tokai Okinawa

CH4 emission from rice cultivation in Japan

CH4 emissions from rice cultivation year

Gas Item Unit 1990 1995 2000 _ 2005 __ 2007 __ 2008 __ 2009
4G~ Intermittently oy 3199 3255 2721 2638 2598 2573 2558
Flooded

4.C.1.- Continuously

Flondod Gg-CH4 11.6 118 9.8 95 9.4 9.3 9.2
Total CH4 from rice Gg-CH4 3315 3373 2819 2733 2692 2666 265
cultivation

Total CH4 fromrice . 002eq 69615 70833 59199 57393 56532 55986 5565
cultivation

Emission factor of CH4 was

O Intermittently

I(Fllzsj:jously Flooded nOt Changed Wh"e
cultivation area was
decreasing.....

98% of rice cultivation was managed by
intermittently flooded condition in Japan.




Typical case of water management for rice cultivation in Japan

B C D E
A e [ | loicermm] [ ks [
5H 6 A 7 9 A

A. Transplanting

B. Mid-season drainage ———>
C. Saturated water management

D. Flooded

E. Drainage

Reduction of CH4 emission by prolonged Nakaboshi (mid-season-drainag
period; Fukushima Prefectural Agricultural Center in 2004.

®CH4 emission in paddy field is able to reduce prolonged
‘Nakaboshi’ treatments.

e Flooding period
40 — e UL
- NAkaboshi  hanijcle initiatibh stage
= 30} Continuous flooding
‘?E ——— Nakaboshi 2 weeks, conventional
0 —— Nakaboshi 3 weeks < >
€ 20~ ___ Nakaboshi 4 week I
= GXabOSISRVEEES Yield of rice is strongly damaged
= by drainage after panicle initiation
= 10 stage of rice with cadmium
o accumulation risk.
0 ] p#k_\ =l

May June July August September

Estimations of soil carbon accumulation and applications of organic manures
(OM) in rice paddy, Japan compared with baseline of non-application of OM
and single rice.

s ou
10

OM-+rice&upland crop

OM

rice&upland crop

Difference with baseline (MtC)

OM (organic manures) are applied 10t/ha for rice
paddy and 15t/ha for upland crop

Numerical model (DNDC-rice) fitting on CH4 emission from
Japanese rice paddy field (Dr. T. Fumoto, NIAES).
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Estimation methods for CH4 and N20 emissions from
field burning of agricultural residues

E H., emission factor (kg-CH,-C/kgC) = Total carbon ru,lws(.d(kg—C} < 16/12

N-0O emtission associated with field burning of agricultural residuestkg-N,0)

Rice straw residue management

Total carbon/total nitrogen released by

eld burnin

of agricultural residues

Oxidation rate ¥ Carbon/nitrogen content of residues [t-C/t-dm, t-N/t-dm] > 10°

:C, kgN
=Amount of bumning rice straw and rice chaff [t] X proportion of dry matter in residue [t-dm/t] <

Table 6-57 Amount of burning rice straw and rice chaff on crop field

= N,O emission factor (kg-N,O-N/kgN)  total nitrogen released(kg-N) »x 44/28 Lo L L — T B e e
Rice siraw L 438,197 530,908 429081 276,619 T03.588) 203.588] 203,588
Rice chaff 1 581,302 528,290 291,260 260,289 249,870 249,870 249,870
® Emission Factors Total t 1019.499] 1,065,198 720.350] 536908] 453458 453458 453,458
The default values shown in the Revised 1996 IPCC Guidelines and the GPG (2000) were used. Reference: Survey by MAFF
Table 6-56 Emission factors for CH, and N;0 emissions associated with
field burning of rice, wheat, barley, rye. and oats residues
Value Unit
CH, 0.005 [kg-CHykg-C]
N,O 0.007 [kg-NO'kg-N]
Source: Revised [PCC Guidelines Vol 2 Table 4-16 (Reference 3)
Table 6-55 CHy and N;O emissions from field burning of agriculture residues
CH4 and N20 G Tiem Unii | 1990 | 1995 | 2000 | 205 | o007 | 2008 | oo
. . . . . ool Wheet Ge-CHy o42] o023] o30] oso] oa] o3s] 033
Proportions of residue to crop yield, dry matter in residue, ?_T:zons_fron} Butey | e, | —o1s| o] —om] oos| o o] —ous
. . ! . . e urning o el Maize Ge-CH, 18] 1es|  1as| 3] 1m] 3| 138
1 carbon content, proportion burned in field and oxidation rate. . il Outs 02| ow| _om| om| oot oot| oo
agriculture Rye oooz| ooz| ooe| oeoz| oooz| oooz]| oom
P Rice 206] 227 15] 1os]  oss] ose] 09
- Dry matter i ? Proportion e . Peas 0008| 0006] 0005] 0004] 0004] 0004] 0004
Crop mﬁ &? fraction in Emm biomn{:f:: burned in Omri.::m residues. Al Soybeans 0| 00| oss| oor| oos| om| o
residue field AF.2 Pules Adzuki beans o0] oo oo2] oo2] om] om| om
Rice - 0.85° 0.4144° 0.00688 ' - Kidney beans 0005] o000s] ooz oooa] oo o] ooz
Wheat (grain} 1.39° 0.85"° 0.4853"° 0.00368" 0.135° Peanuls 0008 0.007] 0006 0005] O00M| 0.004] 0.0M
Barley (grain) 1.39° 0.8s5° 0.4567"° 0.00368" 0.135° 4.3, Tubers md Potatoes o03] oos]  eee| oo2] o] ooz]  oa2
Wheat/barley (green crop) - 0.17° 0.48 7% 0.017"F 0.135° oo Roots Sugarbeat oo6] oos] oos] oos] o] oos] oes
Rye 284° 0.90 © 0.47107 0.0048 0.135° ' AFA. Sugarcane o06] ool ood] oof oo] oot] oot
Cats 223° 0.92° 0.4710°7 0.007° 0.135° . 48 45 31 31 31 30
Total
Rye (green crop) - 0.17° 047107 0.0116" 01357 m 101 94 il 65 65 7] 3
Oats (green crop) - 0.17° 04710 0.0160" 0.135" Wheet 0006 o003] 0o0s| 0006f 0006] 00061 0005
a GPG (2000), p. 4.58, Table 4.16 (Reference 4) Barley o002 oo ooot| ooor| oom] o000 com
i Maize 003] o02] oo2] oo2] o] o02] o0
b: Survey by MAFF $ELCunele Cals 000L| 0001] o002 oooz| oo0z| 000z ooz
¢ Determined based on the percentage of dry matter in green crop wheat indicated in the Standard Table of Feed Ry 00001 | 00000 | o000 | oooor | oo ] o000 | o000
Composition in Japan (National Agriculture Research Organization, pub. by Japan Livestock Association) Rice 0056) 0062] O0042] 0029] 0027] 0026] 0026
d: Determined based on the values shown in the GPG (2000} for wheat (grain) and barley (grain) by apportioning for %:::ms U‘;ﬁ: nou:; UL:.;E U;;: 0;';? n';r:;; U:Dt'f:
vields MO| 42 pobes Adzuki beans ooot| ooo1] oon| oeor| ooor] osor| ooor
¢ Determined based on the results of crop tests for rye and oats in Japan Kidney beans 0.0002 | 0.0002) 0.0001 | 0.0001] 0.0001] 0.0001] 0.0001
f: Used the average of the values shown for “wheat™ and “barley” in the Good Practice Guidance (2000). Peanuts 0.0002] 000021 0.0001] 00001) 0.0001] 00001} 0.0001
- Values change over the vears 4.F.3. Tubers md Potatocs 0003 oo oo02| oo ome2] oom] con
E rla.ng ) ¥ _ . o o . _ ) Roots Sugarbeat 0004] 0003] 0004] 0004] 004] 0004] 0003
h: Owa, New Trends in Technology for Efficient Use of Nutients — Nutritional Balance of Crops in Japan (1996) AFA. Sugarcane 0001 0001] ooo1] ooor] ooor] owo1]  ooon
{Reference 33) Tolai 0.11 010 g 007 007 0.07 0.06
olal
ir Matsumoto N., Development of Estimation Method and Evaluation of Nitrogen Flow in Regional Areas (2000) 3 i1 n il 2l 2l 0
(Reference 55) Total of all gases 133 126 (] 37 85 85 83
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Overview on Global Situation

* Rice is grown in more than 100 countries

» The global rice area harvested at present
represents more than 150 million hectares, but
the amount of land used for rice is less, in the
order of about 125 million hectares, because in
some fields farmers plant two, or even three,
rice crops each year, producing nearly 630 Mt
of rough (unmilled) rice

95 kilograms for each person on Earth

Overview on Global Situation

» Almost half the global rice area is in India and
China and 89% is in Asia

o Africa and the Americas each have a little more
than 5%

 The eight countries with the most rice area are
all in South and Southeast Asia, including India,
China, Indonesia, Bangladesh, Thailand,
Vietnam, Myanmar, and the Philippines =» 80%
of the global rice area
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Rice Production and Processing

* Rice can be grown in a wide range of locations and
climates. In particular, rice is most closely associated
with South, Southeast, and East Asia, where 90% of
the world's rice is produced (about 640 million tons)

 |tis grown in the wettest areas in the planet to the
driest deserts

* [tis cultivated in relatively warm places to areas of
considerable cold

Rice Production and Processing

* Rice is produced at sea level on coastal plains
and in areas near river deltas to the heights of
the Himalayas

» There are primarily four ecosystems where rice
Is grown: irrigated, rainfed lowland, upland, and
flood-prone. Each of these environments has its
own ideal growing conditions, as well as
limiting factors

Rice Production and Processing

 The irrigated rice environment accounts for
about half of the harvested rice area and
contributes 75% of global rice production

» Because water is available for most part of the
year, farmers can grow rice all year long

» Worldwide, about 80 million hectares of rice
are grown under irrigated areas

Rice Production and Processing

» High-yielding areas of irrigated rice can be found in
China, Egypt, Japan, Indonesia, Vietnam, the Republic
of Korea, and the Senegal River Valley in Africa

» The main factors that limit the yield in such areas
include poor management of production inputs, losses
from weeds, pests, and diseases, inadequate land
formation, levelling, and irrigation water, and
inadequate drainage that may lead to a build up of
salinity and alkalinity




Rice Production and Processing

Rainfed lowland rice is grown in bunded fields that
are flooded with rainwater for at least part of the
cropping season. Bunds are mounds or embankments
made of earth designed to contain water in the field

This environment is characterized by a lack of water
control, with floods and drought being potential
problems

Rice Production and Processing

About 60 million hectares of rainfed lowlands supply
about 20% of the world’s rice production. Adverse
climate, poor soils, and a lack of suitable modern
technologies keep farmers from being able to increase
productivity

Majority of lands in this ecosystem face different risks
as compared to irrigated environments, and as such
require different rice varieties and management
strategies

Rice Production and Processing

Upland rice is grown in Asia, Africa, and Latin America

About 14 million hectares of land is dedicated to
upland rice, accounting 4% of global rice production

This rice environment can be found in low-lying valley
bottoms to undulating and steep sloping lands with
high runoff and lateral water movement

Rice Production and Processing

In many places, including Indonesia, the Philippines, Southwest
China, and Brazil, upland rice may be intercropped with maize

Also, some upland rice fields are frequently bunded in areas
with scarce water. Upland rice is grown under dryland
conditions in mixed farming systems without irrigation and
without puddling

Although factors that limit yield in upland areas are numerous,
the most severe biological constraint are weeds, followed by
blast disease and brown spot
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Rice Production and Processing Rice Production and Processing
» The flood-prone ecosystem (this includes deepwater and * In these environments, rice yields are low and extremely
floating rice environments) incorporates special rice varieties variable because of problem soils and unpredictable
that are well-suited to flooded environments combinations of drought and flood
» These rice plants must be adapted to conditions such as » Deepwater rice and floating rice are mainly grown on the
deepwater, flash floods that may last longer than 10 days, floodplains and deltas of rivers such as Bangladesh, the
salinity in low-lying coastal areas, and problems soils, such as Irrawaddy of Myanmar, the Mekong of Vietnam and Cambodia,
acid-sulfate and sodic soils the Chao Phraya of Thailand, and the Niger of West Africa
» Around 11 million hectares of rice lands worldwide are affected » Flooding occurs in the later stages of plant growth and can last
by one or more of these conditions. for several months
\_ % \_ %
e ™ e ™

Rice Production Agro-ecosystem Distribution

* Rice production agro-ecosystems are often
classified according to the dominant water
regime, e.g. irrigated or rainfed, and for being
flooded or not flooded

* Irrigated rice, typically grown on bunded fields
that retain water to assure flooded conditions,
makes up about 44% of the global rice area =
Dominant system at high latitudes (both north
and south), but also in southern India and on
the Indonesian island of Java.

Rice Production Agro-ecosystem Distribution

» Flooded rice is the most productive rice
ecosystem, producing about 75% of the global
output

 Rainfed rice fields are also flooded for at least part
of the growing season, commonly known as
“rainfed lowlands,” comprises about 45% of the
global rice area (particularly important in eastern
India and Southeast Asia)

» Remaining 11% of the world’s rice area = “upland”
ecosystem, comprising fields that are neither
flooded nor irrigated =» Although it has declined
considerably in Thailand and China, but is still
important
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Irrigation Irrigation
» Water availability is a fundamental
requirement for crop growth
* In many places, rainfall is scant or erratic and
this can diminish crop yield and strongly affect
the livelihoods of farming households
» There are striking regional differences in the
use of irrigation =» India and China each have
about 20% of the world’s irrigated lands, and
about 68% of the world’s irrigated area is in
Asia, and that about half of this land is used for
rice
- \
/ - - / - -
Irrigation Irrigation

 Currently about 300 million hectares of irrigated
land worldwide = double the area in 1960

» About 80 million hectares (27%) of this irrigated
land is used for rice production =» it uses some
39% of the world’s irrigation water

» About 28% of Asia’s crop land is irrigated, versus
9% for the rest of the world

* Only 5% of the crop land in Africa is irrigated, and
unlike in Asia, there is very little irrigation in zones
with 500 to 1,000 mm annual rainfall

* Only 30% of the world’s irrigated area is in
areas with less than 500 mm of rain per year

» Another 30% is in areas with between 500 and
1,000 mm per year

» The majority of irrigated rice land in Asia
receives more than 750 mm of rain per year =
Irrigation provides additional water during the
rainy season, and opportunity for dry-season
crops




Soil Quality in Rainfed Lowland Rice

Soil Quality in Rainfed Lowland Rice

 Rainfed lowland rice agro-ecosystems are
characterized by fields that are flooded for at
least part of the growing season, but that are
not irrigated

* Asia has about 46 million hectares of rainfed
lowland rice = 30% of the global rice area

* Rice production in these ecosystems is often
hampered by drought, submergence, and
problem

Soil Quality in Rainfed Lowland Rice

» Recent technological advances, such as the
development of stress tolerant rice varieties
and improved crop-management options, can
help boost yields substantially

» However, such benefits depend strongly on the
quality and availability of natural resources,
particularly soil and water.

( Climate Distribution and Rice Cultivation W
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Climate Distribution and Rice Cultivation Climate Distribution and Rice Cultivation
« The temperate regions of the world lie between * Drops in temperature during the key stages of
the Arctic Circle and Tropic of Cancer, and the rice’s growth can damage production output
Antarctic Circle and Tropic of Capricorn » For example, during the seedling stage,
_ _ o _ temperatures below 10-15 °C inhibit the
» Diverse climates are found within these regions establishment of seedlings and cause seedlings to
depending on latitude, prevailing winds, rot; during the reproductive stage, temperatures
mountain ranges, and oceanic influences below 18-19 °C can cause sterility
- temperate areas to boost yields and, in some
between the tropical and temp er"."te areas of cases, to allow farmers in the region to grow a
the world, although some cultivation is also second crop
. seen in semiarid zones ) L )
s N - D

Climate Distribution and Rice Cultivation

 Cold-tolerant varieties are required not only in
areas of high latitude, but also in the subtropics
and tropical areas have zones of high altitude
where rice cultivation also needs to endure cold
temperatures

;!’ = &
.
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Climate Distribution and Rice Cultivation

The highland plateau has high potential for rice
production but its temperate climate means
that cold tolerant varieties are required before
this area can be considered for widespread rice
cultivation




Flood and Drought

Flood and Drought

Water is essential in rice farming and its control in
rice fields helps farmers attain high yield

Drought leaves them with little water, while storms
ravage their crops

During the monsoon season, South Asia regularly
experiences widespread floods

In 2007, ADB reported that floods damaged 13.3
million hectares of crop area in Bihar, India, and
130,000 hectares of arable land in Nepal, and took
away 25% of the potential wet-season crop area in
Bangladesh

NASA (USA) in collaboration with JAXA (Japan)
launched on 27 November 1997 the Tropical
Rainfall Measuring Mission (TRMM) satellite that
gives researchers and scientists access to near-
real-time rainfall information on a global scale

TRMM products are available in image and ASCII
formats

It can be downloaded for free from NASA's Web
site using TOVAS

The satellite observations are complemented by

ground radar and rain-gauge measurements to
validate the satellite rain estimation techniques

Flood and Drought

Flood... And So Drought

TRMM accumulated rainfall (mm) images were
captured during the monsoon season (June-
September) in South Asia

In 2008, an excessive amount of accumulated rainfall
was recorded in the northern part of India
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Rice yield trends in Asia over the past 50 years

 For the past 50 years, rice yield in Asia has generally increased
from year to year

However, when we look at stability, the numbers reflect
variations in annual yield

/

Rice yield trends in Asia over the past 50 years

~

 Cultivation under rainfed vs. irrigated

conditions

Ecosystem services for biological control in
tropical rice

Rice is produced in landscapes that
range from extreme monocultures to
highly diverse areas

Tropical rice fields often have a great
diversity of naturally occurring
arthropod groups that function as
predators and parasitoids

At least 200 species of parasitoids and
150 species of predators live in this
environment

Their diversity and abundance are the
key indicators of the degree of
biological control services present in
an ecosystem, such as resisting pest
invasion and regulating pests

e

Ecosystem services for biological control in
tropical rice

Since rice is grown in seasons, and so
does not provide a permanent habitat
for pests, most of them come and
infest fields when rice is planted

They multiply their population rather
quickly. Their natural enemies,
however, tend to prevent their
exponential growth

When rice is harvested, these natural
enemies take refuge in other habitats
surrounding the rice fields

But, as soon as a new crop is
established, they too swarm the fields
again

Generalist predators, however, such as
spiders and crickets, are less mobile




tropical rice

" Ecosystem services for biological control in

Rice Cultivation

» Based on the above-mentioned,
factors such as landscape structure,
habitat diversity, cropping patterns,
and farmers’ crop management
practices can greatly affect these
groups and the services they provide

* These relationships are often scarcely
studied and quantified.

Rice production can generally be divided into the
following stages:
e Seed selection
e Land preparation
» Crop establishment
Water management
Nutrient management
Pest management
Harvesting
Postharvest

S \ /
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» Estimation of the Emission « Estimation of the Emission
| EQUATIONS.1 | EQUATION 5.2
AT TR TR AATT TTUA AT AT ST T A ADJUSTED DAILY EMISSION FACTOR
EF; =EF ¢ 5F, ¢SF, ¢SF, ¢ SF,,
| | Where:
Where: EF,; = adjusted daily emission factor for a particular harvested area
. . L 1 EF, = baseline emussion factor for continuously flooded fields without organic amendments
CHypie = annual methane emissions from rice cultivation, Gg CHy yr ] _ ) ) _ o )
L SF,, = scaling factor to account for the differences i water regime during the cultivation period (from

EFs  =adaily emission factor for i, j, and k conditions, kg CH, ha™ day Table 5.12)

t. = cultivation veriod of rice for i 7 and k conditions. dav SF, = scaling factor to account for the differences in water regime in the pre-season before the cultivation

it P o » Y period (from Table 5.13)

_ : . .. " 1 X . . .

Ay = annual harvested area of rice for 7, /, and & conditions, ha yr SF, = sealing factor should vary for both type and amount of organic amendment applied (from Equation

.. . . . 5.3 and Table 5.14

I,j,and k =represent different ecosystems, water regimes, type and amount of organic amendments, and m_ able3.14) _ _ o

other conditions under which CH: emissions from rice mav vary SF., = scaling factor for soil type, rice cultivar, etc, if available

\_ H Y vary \_ /




™o
MeCO-c Projcctions s Prul;‘_f:‘i’uub
Corvntey 1990 1995 2000 2005 2010 2015 2020 2025 2030 e 1990 1995 2000 2005 010 2015 2020 2025 2030

TN 0.0 0.0 [EXs) 0.0 0.0 0.0 0.0 0.0 0.0 S B— T T T o T ) T o T o T 5 )
Alseria 0.0 0.0 0.0 o.0 0.0 0.0 .0 0.0 0.0 FETY
Arpentina 0.3 0.5 0.8 0.5 0.2 0.2 1.0 1.0 1.1 Fyrev=stan 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Armenia Laos 3.3 2.8 3.5 3.9 1.3 1.3 52 5.7 5.2
Anastralia o.5 o.s 0.7 o7 o.7 o7 0.7 0.7 0.7 Latoin
Anastria Ticchtenstein
Azcrbaijan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TLichuania
Bangladesh 161 15 4 16 .5 183 200 21 25 4 251 26G.H T uxcmbourg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Belarus DMdacedonia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 DA ico 0.4 0.3 0.3 0.4 . 0.4 o.4 O.4 0.5

Gl 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 Doldova

S0 G0 5.1 5.4 57 59 6.2 6.5 67 Loisst =l
Bulcaria 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cambodia 5.1 3.2 5.3 5.7 1.2 4.7 5.1 5.5 .0
Canada
Chilc [ o1 o1 o1 o1 o1 o1 o o1
China 257.3 220.2 215.9 233.9 231.1 257.5 2421 2a45.7 255.2
Colombia 5.5 3.0 5.3 5.6 XS =1 +3 “.6 “.s
Croatia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TR e = o = =y == =0 == 5.5
Cxzech Republic Pora 1.1 1> 1.7 1S >0 > 1 > > >4 2.5
Diermocratic Reprublic _ Philippines 12.6 a 15.3 16 18.2 9.5 20.8 =221 255
of Conso (Einshasa) 2.5 3.0 2.3 2.6 3.0 3.5 3.9 4.4 1.8 e ——
Denmark 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 FERT— = = c= e e =
Ecuador 22 32 5.1 3.4 5.6 EX) +0 42 45 R o= oo P . P
Eovpr +.0 5.4 5.0 6.7 7o s.0 s.6 °.5 EX) = — = g = g = = = -
Estonia
Ethiopia
Tinland 0.0 0.0 [EXs) [aXs) 0.0 oo 0.0 [Xs) 0.0
France 0.1 0.1 0.1 o1 o1 o1 o.1 0.1 0.1
Georpia
Germany
Ghrecce 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 South Forcn 8. ‘- s.2 <) / - r-8 /.
Huneary o.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 et B2 el 2 G ) = 3 & =S
Tccland Swmstan
Tindlia B5_ / HH 9 B 5 DG H 1035 109 7/ 1155 12209 122675 - = > = > =
Indonesia a1.2 47.9 4s8.3 S51.4 S4.4 57.1 59.5 65.2 if”l.:"'mf _Sl 421,‘ 4:'i 421 42; 42 - " 49'; 421
o= == = ) == =2 == =2 =0 Turkey o> °.3 o+ o [y [ o ©.5 o5
Iraq 9.5 1.0 Q.5 0.2 1.0 1.1 1.2 -5 e o1 o.1 o1 o= oz oz oz o2 o2
lreland 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 Uganda 0.5 0.7 0.9 1.1 1.3 1.5 1.8 2.0 ERe)
Isracl LTikccai o4 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Tealy 1.5 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6 Umnited Axab Ex ces
Japan 7.1 7.2 s.0 5.2 S.4 5.6 s.8 7.0 7.1 Urnited Finadom
Jordan United States 7.1 7.6 7.5 7.6 .8 6.9 5.9 6.8 6.7

New . . d I . . .
e Projections GHG Emissions and Cultivation Practices
Country 1990 1995 2000 2005 2010 2015 2020 2025 2030

e » Climate Change = Change in Temperature
Uzbekistan 0.3 0.3 0.1 0.1 0.1 0.1 0.1 0.2 0.2 g - g p
Venezuela 0.5 0.7 0.6 0.7 0.7 0.8 0.8 0.9 1.0 d = . . - | I d
Viet Nam 29.2 32.8 37.1 39.6 423 449 47.5 50.5 53.5 an PreC| pltatlon a Farl I Iers WI nee to
Rest of Africa 75| m7| 138| 159 182 208| 236 261 287 ad apt
Rest of Latin America 2.3 2.4 2.6 2.8 2.9 3.1 3.2 3.4 3.5
Rest of Middle East 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 M H —_
Restof e « Rice Production System = Source o
Rest of SE Asia 8.5 8.2 8.0 8.9 9.7 10.4 11.1 | 11.9 12.7 atmospheric Carbon 9 Rice
Global 601 621 634 672 708 744 776 812 848
E. Europe 3 2 2 2 2 2 2 2 2 |t' t' _M't' t'
T T B ol B n ] n ! ] o] Cu IVa Ion_ I Iga Ion
SS Africa 26 38 43 49 56 63 70 84
Other developed 15 15 14 15 14 14 14 15 \_ /
World Totals 601 621 634 672 708 744 776 848




Further Steps...

* In this WS, we will discuss on the
followings
— National cultivation practice
— Observed impacts of climate change
— Potential mitigation options
— Possible adaptation




—

Country report onrice
cultivation practice: Cambodia

Dr Seng Vang, CARDI
Expert Meeting
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Outline
General Information
Rice Variety
Ecosystem

Rice cultivation practice
Management of Rice Residues
Rotation Crops

Soil Organic Carbon

Socio-economic Status of Rice Farmer

General Information

Cultivated area (mil ha)
Harvested area (mil ha)
Average yield (t/ha)

Total production (mil t)

Map of the main rice-growing areas in Cambodia

-

Current status of rice production in Cambodia

2010 | Relative to
ﬁ B 2009 (%)

2.80 02.82
2.78 03.84
2.97 04.74

8.25
3.93

Paddy surplus (mil t)
Data source: MAFF (2011)
|

08.75
012

Average rice yield (t/ha) in wet season and dry season

4.5

4.0 m_Dry Season
i

3.0

2.5
o0 | A |

15
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Trends of cultivated area for dry season (‘000 ha) Surplus of paddy rice: 1999-2010 (000 t)
and early wet season (ha) rice 4000
e 100000 3500
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80000
2500
. 60000 T 2000
200 40000 1500
150 .
1000
20000
500
0 - 0 -
1990 2000 2010 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Dry season rice Early wet season rice
Why variable productions? Cambodia’s rice yield compared to
neighbouring countries
4:5 /"
22,50 ﬁ | 9
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Rice Variety

Crop Variety Released: Rice=38 varieties
|rrigated=s

ensitive
sitive
Medium duration arifRlC

10

Rice varieties tolerant to environmental stresses

Ten Rice Varieties Promoted by the RGC from 2011

Tolerant to 10-12 days submergence:
CAR9, Phka Romduol and
Phka Romdeng

Tolerant to 7-10 days submergence:

CARG6, Phka Romchek and
Phka Romeat

T L e
Tolerant to moderate drought:

CAR3 and CAR4

Moderate resistant to BPH:

IRKesar, Kru, Chul’sa and CAR12
Resistance to stripe stem borer:

Kru, IR72, Sen Pidao and IR66

Early maturity Intermediate maturity Late maturity
1. Sen Pidao 1. Phka Rumdoul 1. Riang Chey
2. Chul’sa 2. Phka Romeat 2. CAR4

3. IR66 3. Phka Romdeng 3. CARG6

4. Phka Chan Sen Sar




Impact of Rice Variety Improvement

Rice Genebank at CARDI Accession: 2557

W07 o Adoption Rate (%) 89 (in 3 catalogues)
80 | m Addiional Production (90000) P Rainfed Lowland : 88.0%
Irrigated : 0.2%
Deepwater/Floating: 1.2%
Upland :10.6%
Mild Aromatic :10.0%
2003 2005 2006 2007 2008 Strong Aromatic  : 0.2%
Glutinous . 8.4%
Insensitive © 7.0%
Mild sensitive © 4.5%
Moderate sensitive: 30.7%
Strong sensitive  : 60.1%

A Rice Ecosystems and Proportion in 2010-2011
Ecosystems

mm Rainfed Lowland: 80.2%
mm Upland: 1.9%
B Deepwater/Floating: 3.4%

Dry Season: 14.5%

(Data as of 2010)

Total rice cultivated area = 2.80 mil ha (2010-2011)

Upland  Ugper field Medium field Lower field
(1.9%) WD=0-20 cm D =0-30 cm
(Eqrly maturing [(Intermediate

=15.3%)

flogting

(3.4%)

Degpwater/

(Late maturing  WD>50 cm

16




Relative occurrence (as percentage of total area) of the 4 )

main rainfed lowland rice sub-ecosystems in Cambodia Rice Cultivation Practices
compared to neighbouring countries
Establishment practice
Medium Total Rainfed Transplanting with 2-3 seedlings/hill, 25-30  Tendency toward changes
Shallow (0-25 cm) and prone to: To Deep Area lowlands days olds , random spacing 20x20 cm. Some to more mechanization
Country : areas broadcast at very high rate 100-150 (land preparation, and
No water | Drought | Drought+ | Submerg- | (25-50cm) | (‘000 ha) kg/ha. Land preparation: plowed twice, harvesting). Unleveled
stress submerg. ence followed by harrow, generally by animals.  fields are common.
Laos 33 33 33 0 0 277 Dry season/ Mostly broadcasting with very high seeding  More mechanization,
- Irrigated rate 200-250 kg/ha. Some farmers practice ~ Unleveled fields are less

Cambodia 10 29 57 0 5 747 SRI technique in a small field (1 seedling/ ~ common.
Thailand 9 52 24 12 3 6,039 hill, 10 days old, wider hill spacing).

Uplands Direct seeding Shifting toward field
Total 20 36 15 16 13 35,907 crops.

Deepwater  Broadcasting Shifting toward recession

rice.
Source: Bell and Seng (2001)
1 . /)

Recommended rate of nutrients for rainfed lowland

. . Grain yield of rice, cv. Sen Pidoa grown by various methods.
rice based on soil types

Plotted values are mean of 2 sites x 3 replicates.

Recommended rate of nutrients

Soil types (kg/ha) 500 - 381 3.98 4.02
N P K g400 - 334

= 3.00
Prey Khmer (Psamments) 28 4 33 o

Z\ 2.00 -
Prateah Lang (Plinthustalfs) 50 10 25 g 1.00 -
Bakan (Alfisol/Ultisol) 75 13 25 0.00

FP BC DS TP

Koktrap (Kandic Plinthaquult) 73 15 25

Establishment Methods

Toul Samroung (Vertisol/Alfisol) 98 15 0
FP: farmer practice (BC 60 kg/ha, no weeding)

Krakor (Entisol/Inceptisol) 120 11 0 BC: broadcasting (60 kg/ha)

DS: drum seeder (60 kg/ha)

Source: Seng et al. (2001) TP: transplanting (2-3 seedlings/hill, 20 days, 20x20cm)

19




Response of rice, cv. Phka Rumduol to NPK addition. Drought escape approach
Data are mean of 3 years x 4 replicates (CARDI 113

Farmer's Released

Pl‘Oject). Sowing Sowing Period variety variety
Delay sowing Late July-Early Aug 2.37t/ha 3.62t/ha
Delay in flowering 7-14 days
Control 0 2126 0 547
3 splits (BS, TL, PI) 183 3657 72 809 Farmer's Released var.,
Eﬂf*“eﬁe(fgs)go oA igg ggg: g: ZS Mild drought tolerant 3d week of June  variety CAR3
elaye , 30, . .
Delayed (30, 70 ATP) 184 3523 66 778 Gralp _y|eld (t'ha) ) 2.00 3.31
Lce 331 3999 88 826 Additional gross margin US$ 225/ha
Isd (5%) 268**
il
e N

Management of Rice Residues
Common practices include: —

 Straw removal for animal feed
(60-75% of the above-ground
biomass removed).

» Straw burned (Commonly in
intensive dry season rice

cropping).




Rotation Crops
— ' : : Irrigation Water use Grain yield WUE
» Post-rice Iegumes Frequencies (mm) (kg/ha) (kg/ha/mm)
Mungbean
(Mungbean, peanut) Every 3 days 250 985 3.94
o : Every 6 days 216 1044 4.84
* -Rice-maize SyStem Every 9 days 177 686 3.87
° aya s Mean 216 899 4.16
R|Ce W-ater melon Isd (5%) ** 168** 0.75*
" Four mungbean varieties have'been ' = 36 e _ Peanut
released:- . & = R T e DA e Every 3 days 285 720 252
1= CARDIKChey™+ 07" v % R N S T TR Every 6 days 244 812 3.33
-2.-CMBO1 R SR TRty gy Evelel/gdays gi; Sjg 38513
240 P SR S 2 T : ean .
3'. e hER= e 2 e Isd (5%) * 114* 0.48**
4 CXB03

Soil O ic Carb |
Properties of major rice soils in the lowlands : . S Al
Soil properties
. Organic | Total | Olsen | Exchangeable Cations
Soil Groups e e | S| ST | @y [l © N P (cmol/kg) S 5 i a
(Local name) andscape . o (11 (mg/
Gy ) o) | @ko) |(@/kg)| | K | Na| Ca | CEC Total N (%) <0.05  0.05-.15 0.15-0.25 0.25-50  >0.50

old
f;;eah sl | 25 |60 | 8| An | s eS| G060 | A | e o il T s 63 34 3
Eﬂfoa”d g‘gg‘éilain 28 | 18 | 34 48 59 | 91 | 10 | 46 024|062 668 151 Olsen P (mg/kg) 0-7 7-15 >15

old
Bakan cﬁuuyi?l/ 13 | 35 | 49 | 16 58 | 66 06 10 009 051 175 484 % of soils in class 88 5 7

alluvial

old
PreyKhmer |collwvial/ | 11 | 73 | 22 | 5 | 56 | 47 | 05 13 | 004|005 061 145 Org C (%) <0.06 0.06-1.00 1.00-1.80 1.80-3.00  >3.00

alluvial
Toul old % of soils in class 1 86 11 2
samroung | Olwial/ | 10 28 29 42 | 55 | 88 | 09 31 017 029 710 160

9 alluvial

old ) . .
Koktrap  |colluvial/ | 5 | 36 41 | 23 40 109 11 | 26 | 0.0|025 113 809 *VL-very low, L —low, M —medium, H — high, VH — very high

alluvial

K 2 J 28




Fertilizer effect on soil organic C and other soil qualities

) pH Organic C | Total N | Olsen P Exch. K
Time SNMS )
(1:5, Soil:H,0) (26) (%6) (mg/kg) | (cmol+/kg)
o 5.03 0.30 0.03 1.74 0.06
Before
. 1 5.08 0.31 0.03 1.47 0.10
experiment
[o]] 5.00 0.25 0.03 1.34 0.16
o 5.42 0.34 0.04 1.34 0.14
After 6 crops 1 5.72 0.37 0.03 1.48 0.17
Ol 5.67 0.34 0.03 5.39 0.19
o 0.39 0.04 0.01 -0.40 0.08
Changes I 0.64 0.06 0.00 0.00 0.06
[o]] 0.67 0.09 0.00 4.05 0.03
Strongly to
N Extremely Very Very Low to
Interpretation moderately
. low low low very low
acidic

After 6 crops, soil organic C increased by 0.04-0.09%, but levels remained relatively

Seng et al. (2010).

-

Socio-economic Status of Rice Farmer

rmeiina.d ouel Bavart Batac ’ ' Tendency toward

shifting from
subsistence-oriented to
commercial oriented
production with
improved enabling
environments:

-rice export policy,
-contract farming,

-rice mills (large scale),
-seed suppliers, and
-marketing and market
information access.

~

Self assessment of capital assets using SRL framework for 3
farmer groups in Svay Rieng province (ACIAR LWR-19)

Kbal Damrey Human - - ‘Small
5 = =Medium
4 ~N Large
A “
S .
- 3 x
// A \
2 h

Financial N Social
< -

W\ '/
N N :/

Physical Natural

’
N

Opportunities to increase rice yields

Science-based ‘cropcheck’ extension programs
Focus on increasing water-use efficiency
Breeding for drought tolerance/quick maturity
Crop and whole-farm diversification
Direct seeding crops before/after rice
Adoption of land-leveling
Supplementary irrigation
Better management of livestock
Thank you,...
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INDONESIA

Bali

Population : 230 mill, 4™ in the world
17.300 islands

: Java : 60 % of population,
I 60 % of food production
e ETYEYEYET 13 % ofland -
4 | f . M
General Information 250,000,000
Figure of Indonesia
e Population  : 230 million 200,000,000
® Pop growth rate : 1.35%/year S 150 000.000 _
e Total land area : 190 million ha <_‘§
e Agriculture sector in Indonesia §100’OOO'OOO -
e*Provides job opportunities to 20 million
households 50,000,000
¢ Contributes 66% to GDP 0.

e Rice productivity : 5.01 ton/ha
e Rice consumption : 137 kg/cap/year

1971 1980 1990 1995 2000 2010
Year




Area of Rice Cultivation and Production in 2005-2010
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Area of Rice cultivation
(million ha)

Rice Variety

Form 1943 up to 2007:
—> 190 rice varieties of wetland were released
—> 30 rice varieties of dryland were released

<

Mostly cultivated:

12 . -
—_ 20 IR-64 Ciherang Ciliwung
115 ~Area (ha) Way Apo Buru IR 42 Widas
' -=Production (ton) - 10 Memberamo Cisadane IR 66
11 | | | | | 0 Cisokan Cibogo
2005 2006 2007 2008 2009 2010
Year - )
4000000 _ . . .
Rice Variety mostly cultivated in Indonesia
3500000 = [R-64
& 3000000 - m Ciherang
S 2500000 m Ciliwung
%ﬂ 2000000 - m Way Apo Buru
% 1500000 - mIR 42
© = Widas
© 1000000 -
< Memberamo
500000 - .
Cisadane
0 . o o N . IR 66
D O (o) (2 QO O
&'b@""(\@\"(\ o%"‘ &b‘ s\& Q@‘Q a &Q’ 90@ 6;,0(’" m Cisokan
& K IR d : : O
o & Percentage of Rice Variety Cultivat&tp9°

Rice Variety

in Indonesia




Methane emission and rice productivity of
several rice varieties

Rice Cultivation Practices

Map of Soil Distribution in Indonesia

Fleosistemivanistas Skarhar it Wet, acid parent material Dry, alkaline parent material
Lahan sawah irigasi dan sawah tadah hujan’ 5
Dodokan T4 3,3 L]
Tukad Balian 115 5.1
Maros 117 4 .3
Cisantana 124 5,4
P vl 127 a4 6
Wiayw Apoburu 154 A
oo 173 -
Ciheran 175 5.8
| 1RG4 ‘EI 176 = LEGENDA
Tokad Unda TES S [ affisals
BEatang Anai® 196 1,5 [ Andisok
Cisadane 218 6,4 [ JEntsok
IR36 112 4.9 I Histos olz
[ Inceptisok
Lahan sawah pasang surut? -hﬂollisols
Martapura 171 5.99 B Oxisols
Sei Lalan 153 6,75 I Spodozok
Indragiri 141 5,03 [ Utisals
Punggur 105 5,685 |:|UEI‘HSDIS
10
Distribution of rice soils in Indonesia
Wetland Distribution by Island
No. |[Ecosystem / rice soil types distribution 12 629
A |Lowland 55% 2en 5.44% .0.80%
IAquept, Aquent (Alluvial and Gley soil) 11.61%
B [Highland 17% ’ 41.13% H Java
Udept (Latosols and Regosols) Sumatera
c Complex (Combination between A and B) = Sulawesi
1 [Vertisols (Grumusols) (Sub ordo Aquert, udert, and ustert) 7% 28.39% Kal ‘
2 |Ultisols and Oxisols (Red yellowish podsolic) 6% 937 « Ralimantan
(Sub ordo: Aquult and Paleudult, Aquox and Kandiudox) Bali &Nusa tenggara
3 |Alfisols (Red yellowish Mediteranean) 4%
Sub ordo udand, ustand, and aquand
4 |Newly opened rice field: Ultisols (red yellowish podsolic) 10%
5 [Newlye opened rice field: Oxisols 1% Total area of wetland in Indonesia in 2008 was 8.01 million

(Latosol, lateritic)

Total 100%

hectare




RICe Proauction

4 673
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Out of Java Indonesia

Java

Berita Resmi Statistik No. 18/03/Th. XIV, 1 Maret 2011

Rice production in 2010 (by Province)
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Area of Rice Cultivation in 2010 (by Province)

Profile of harves_t in 2008-2010

2500000 2750 =
2.500 4
2000000 2250 1
g 2.000 4
‘*:% 1500000 IEl 17501
% E 1.500 o
Eg 1000000
< 500000 500 4 “{/ ‘%
250 o
0 _c‘ru g‘!‘!‘:!‘o‘m‘: mgc!h!!!!!!!!:!c!;;:mg rs‘ ’ dn Fen Mar i Vel e ‘M fau s ok Nov Des
PRt R IR IR R P ER SR IR bR L oo st | oo srmrss[somars | steson T 1onnsor T moze oo svems | seia | susms | e o0
% % gm S g LE g% % §v§ % %% § § % %g .§ ; 8 % %g_ e 2010 (ha) | 507253 | 1252079 2248920 15832622 956885 951216 1240413 1237877 1040196 TBATH4 565977 | 62388
: . : Study of SRl in Indonesia
Rice Cultivation Practices NATIONAL AVE. 4.8 T/HA
YIELD INCREASES
LOCATION CONVEN-| SRl Reference
Wetland: TIONAL
S _ _ (TONS/HA)
éFIood_ed \_/vetland is _stlll the dominant of rice CENTRAL LOMBOK - 112 [5ato (2007)
production in Indonesia SUMBAWA - 143 |[Sato (2007)
GARUT - 135 |Sato (2007)
: PTER SUKABUMI - 12.6 |Sato (2007)
~SRI (System of Rice Intensification): SUKABUMI, NOSC 538 | 6.85 |Ardiand lswandi
- The Agriculture ministry of Indonesia plans to (2008)
increase the use of the SRI: S.E.T.C. PANDAAN 55 10.5 |Herodian et al,
) EAST JAVA (2008)
2011 : 100.000 ha BOGOR, 5.0 7.5 Sugiyanta (2008)
- 2012 : 200.000 ha WEST JAVA
- 2015 : 1,5 million ha PADANG, W. SUMATRA - 9.67- |Musliar (2007-
11.0 {2008




S.R.I RICE CULTIVATION AT THREE LOCATIONS IN WEST JAVA
NO. OF TILLERS/HILL

RICE TANJUNG SARI | SUKABUMI | DEPOK
CULTIVATION
YIELD CONVENTIONAL 30.30a 30.30a| 17.3a
COMPON [INORGANICSRII 41.15b 41.15p | 26.45¢
ENTS ORGANICS.R.I 29.60a 29.60a | 20.95b
MIXED 39.40b 39.40p | 18.7ab
YIELD (TON/HA)
RICE CULTIVATION | TANJUNG SARI | SUKABUMI | DEPOK
CONVENTIONAL 3.5 4.58
INORGANIC SRl 435 5.32
ORGANICS.R.I 3.55 4.72
MIXED 3.96 4.97

Correlation between SRI and Methane emission

METHANE EMISSION FROM SUKARAJA (SUKABUMI) (Iswandi et al. 2009)

2WAT | 4WAT | 6WAT | BWAT | 10WAT | AVERAGE
TREATMENTS
mg C-CH4 m-2 h-1
TO =CONVENTIONAL 2021.2 | 9939.3 | -1.95 | -5.48 2.49 2391 1
T1=IN-ORGANIC S.RL.I 0.00 0.00 1.00 | -3.77 -1.05 0.76
T2=IN-ORGANIC S.RLI 0.00 -279.4 5.07 | -1.98 0.43 55.2
T3= MIXED 0.00 1517.3 | 3.50 1.25 5.82 305.6

EMISI METAN SUKABUMI

EMISI METAN TANJUNGSARI

S.R.l. REDUCED
CH, EMISSION

FROM RICE

FIELD

SIGNIFICANTLY »

UMUR TANAMAN [M5T)

N20 EMISSION SUKABUMI

6 WAT | 8 WAT ‘ 10 WAT
TREATMENTS
pg N-N20/m2/h
T0= CONVENTIONAL H7885 | 158.78 | 36.06
T1=IN-ORGANICSR.. | 412840 | 489.75 | 42.32
T2 = ORGANIC SR.. 35920 | 3574 | -100.84
T3= MIXED 23013 | 165.11 | 10.24
N20 EMISSION AT TANJUNGSARI
6 WAT 8 WAT
TREATMENTS
ORGANIC Hg N-N20/m2/h
FERTILIZER TO=CONVENTIONAL 63.88 423.91
REDUCED N20 T1=IN-ORGANIC SR.I. 97.14 1247.84
EMISSION T2=0RGANIC SR 50096 | -769.28
T3=MIXED 6459 359.11




Total microbes and number of beneficial soil microbes
under conventional and S.R.I. rice cultivation methods
at Tanjung Sari and Bogor_(Iswandi et al. 2009)

Treatments _Total Azotobacter* Azospirillum* PSM*
Microbes* (x103) (x103) (x10%)

(x10%)
Conventional (TO0) 2.3a 1.9a 0.9a 3.3a
Inorganic S.R.I (T1) 2.7a 2.2a 1.7ab  4.0a
Organic S.R.I (T2) 3.8b 3.7b 2.8bc  5.9b
Inorganic S.R.1 + BF (T3) 4.8¢c 4.4b 3.3c 6.4b

*CFU/g soil  PSM = Phosphate Solubilizing Microbes

N2 fi

xation and CH4 oxidation activities of methanotrophic

bacteria isolated from rice field in West Java

No N,fixation activity CH, oxidation
Isolate (nM/hour/ml activity
culture) (uM/day/ml culture)
1 |BGM1 10,90 39,53
2 |BGM3 7,10 56,62
3 |BGM5 10,80 75,85
4 |BGM9 15,30 59,60

Res

earch in progress: Application of methanotrophic

bacteria as biofertilizer in rice cultivation (Conventional, SRI

and

organic farming)

4 N
Management of Rice Residues
Estimation of biomass production on land use in
Indonesia
Land use Types Area Biomass production (ton Total biomass
(x1000Ha) | dry organic matter ha | production (million
year” ton dry organic
matter year”)
Paddy Rice Field 7517 24 180
Upland crops 9008 18 162
Estate crops 9917 36 357
Agro forestry 4062 10 41
Forest 137366 23 3159
Total 167 870 3899
- /

Nutrient content of rice straw and grain
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Total area of rice cultivation with and

without rotation crops in Indonesia
4,000,000
3,500,000
3,000,000 -
E 2,500,000
2,000,000
1,500,000
1,000,000 -
500,000

0 |

rice cultivation with crop rice cultivation without
Rotation crop Rotation

Total area of rice cultivation with and
without rotation crops

2500000
2000000 W irrigation (Java)
‘g 1500000 _ mNon Irrigation (Java)

[35]

Irigation (outside Java
£ 1000000 gation ( )

M non irrigation (outside

500000 -  Java)

0 -

rice cultivation with rice cultivation
crop Rotation  without crop Rotation

Soil organic carbon
of intensified lowland rice areas

in Indonesia
* 73% low soil organic
00 matter content (<2%),
< 1000 e 23% medium organic

matter content (2-3%)

* 49% have more than 3% of
s °W soil organic matter

5 400 due to the intensive

S 00 weathering process, high
rainfall and temperature,
0 land use change, and
0 20-30 0 inappropriate management
oil Oraanic Carbo practices without returning
organic matter to the field

Soil Organic Carbon

Case study in West Java

Comparison of soil carbon sequestration between organic
and conventional rice fields in the top 10 cm soil depth
(Komatsuzaki and Syuaib,2010)

Soil Bulk Density Carbon Content Soil Carbon Storage

gmL™ % Mg ha™
Organic 0.88 2.89 25.0
Conventional 0.80 222 17.6
Significance NS * ok

% and NS indicate significance at 1% and 3% level and not significant, respectively.

o /




Comparison of soil carbon content profile between organic
and conventional rice fields in the top 30 cm soil depth.
(Komatsuzaki and Syuaib,2010)
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Country report on rice
cultivation practice: Myanmar

Expert Meeting
2-3 June 2011
Dr. Khin Lay Swe Bangkok’ Thailand

Pro-Rector (Retd.)

Yezin Agricultural University

Country Profile:

* Export: US$ 6.8 billion*

e Import: US$ 4.5 billion*

* Main Exports: Agriculture, livestock and
forestry products, natural gas

e Main Imports: Machinery, transportation and

construction materials, industrial raw materials, consumer good:

Role of Agriculture sector

» 43% of GDP (including crops (35%), livestock & fisheries
(7%) and forestry (1%))

* 61% of Labor Force

» 44% of Export Earnings (crops (17%), livestock &
fisheries (20%) and forestry (7%))

*Ministry of Commerce, Myanmar (2008-09)

Sown Area of Major Crops (,000 ha)

Paddy 8067

28 Sesamum 1634 9.6
3. Green gram 1077 6.3
4. Black gram 1023 6.0
5. Sunflower 883 5.2
6. Groundnut 866 5.1
7. Pigeon pea 616

8. Other Pulses 706

9. Wheat & Maize 466

10. Rubber 463

11. Cotton 359

12. Sorghum 224

13. Sugercane 160
14, Oil Palm 112
15. Coffee 24
16. Vegetables 270
17. Others 19

Total Crop Area 16969

Country Profile:

®m Area 676,557 Km?,
between 9° 32" N to 28°
32'N; 92° 10'Eto 101° 11'E

= Population: 57.5 Millions

= Growth rate of 1.75 %, - _
m 135 pationalities Major Rice Producing Areas

Share
Divisions ir;rreic;e
Ayeyarwady Region is (%)
the rice bowl of

Myanmar Ayeyarwady 29 14
Bago 16 10
Sagaing 12 11
Yangon 9 12
Others 34 53




Fig 28. Total area, average yield and total production of rice
(1963-2009)
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CROP YEAR

* The sharp increase in rice area after 1993 attributed to the additional rice area
for summer rice.

* The increase summer rice area, coupled with the yield increase, resulted in a
significant increase in rice production after 1993

“Lowland Rice-based Ecosystems in Nyaungdon Township of Ayeyarwaddy” Garcia, et.al. 2010, ASEAN Round
Table Meeting, Myanmar

Rice Ecosystems in Myanmar
%

1 lrrigated 30
2  Favorable Rain-fed Area 38
3 Drought Prone Area 12
4 Deepwater, submerged and 17
salt affected Rice
5 | Ugkreltee 3 Irrigated rice fields in
P Northern Shan State

Terrace upland rice fields in
Northern Shan State

Construction of New Reservoirs and Dams

Irrigation Facilities installed in the last 2 decades: 228 Large and Small Rural Dams

Lifting water from rivers:
322 river-pump stations established
to area of 0.47 m ac

Promoting Ecosystem Based-Adaptation

Supplementary Water for Rice
Production, Central Myanmar

A Total of 7974 tube wells:
Shallow / Deep tube wells - for
> 100,000 acres, after 2007-08

Treadle-pump/ Tripod pump




Land Preparation: Tillage Transplanting in Flooded Areas

~70% Animal power

~30% Mechanized

Rice Harvesting : Paddy Harvest Time in Central Myanmar

Harvested manually

a B 5

Sun dry: Flooded Rice in Nyaungshwe
Township, Southern Shan State

Combine harvester are not common;
Some seen in Muse Township,
Northern Shan State

Lowland Rice in Mandalay Region




Threshing is done by machine,
Thresher; almost 100%

Only a few cases of burning
Rice Straw mainly for Cattle Feed for next crop

Dry Seeding Practice of Rice under Rain-fed Ecosystem
= ¥ bk gl

Rice Growing Method:

1. Transplanting (~80% of the rice
area)

2. Direct Seeding(~20%; Double Rice
growing area)

3. Dry Seeding (A few areas in central
dry zone)

Central Myanmar:

amethin Tow_nsh%p, lower rainfall in
, 2010, Taking for Cattle Feed

Traditional Cropping Patterns: Adaptation Technologies in Central Myanmar

Double Crop in Central Myanmar:
Black gram after Rice

Blackgram Harvest in Lower Myanmar:

Zero tillage for conservation of residual

soil moisture: Post monsoon black gram
after rice

Crop Rotation
and Double Cropping
Some plots are prepared

for Rice after Rice, and
some for Garlic after Rice

Zero Tillage for Garlic
after Rice: Double

Cropping in Southern
Shan State




Mix-cropping with Sunflower

MIX CROPPING
IN NORTHERN
SHAN STATE

Mix-cropping with Pigeonpea

Orange, Pineapple and Rice

% of farmers who applied fertilizers and average rice yield

1994-95 (Monsoon) 2003-04 (Monsoon)
% of % of
Fertilizers applied | Farmers | Grain Yield | Farmers |Grain Yield
(kg/ha) (kg/ha)
Urea only 6 2191 b 22 2575 ab
Urea+FYM CGD 2566a | C29) | 263la
FYM only 28 2212 b 25 2445 bc
Others 21 2745 a 5 2746 a
No Fertilizer 13 1075 ¢ 19 2178 c
1994-95 (Summer) 2003-04 (Summer)
% of
Fertilizers % of farmers | Grain Yield | farmers Grain Yield
applied (kg/ha (kg/ha)
Urea only 41 2254 b 73 3001 b
Urea+FYM 2901 a @ 3666 a
Others T 3482 a 2822 b
No fertilizer 28 1403 c - -

“Lowland Rice-based Ecosystems in Nyaungdon Township of Ayeyarwaddy” Garcia, et.al.
2010, ASEAN Round Table Meeting, Myanmar

Major Cropping Patterns and Share of Cultivated Area

Rice Varieties and Yield (t/ha) in Ayeyarwaddy Region

RICE VARIETY 1994-95 2003-04

Monsoon Season

CROPPING PATTERNS CY 1994-95 CY 2003-04
(%) (%)

B> o

Rice - Fallow 13 18

Fallow - Rice 11 8

Fallow - Pulses 11 14

Rice - Rice 11 3

> >

Fallow - vegetable 1 7

2 Rice - Fallow 2 0

Others 9 7
TOTAL 100 100

“Lowland Rice-based Ecosystems in Nyaungdon Township of Ayeyarwady” Garcia, et.al.
2010, ASEAN Round Table Meeting, Myanmar

HYV Varieties

Traditional Varieties
Summer Season
HYV Varieties

Traditional Varieties

2.64
1.70 (33%)

2.0£(96%)

1.14 (4%)

)

2.57(83%)

2.24 (17%)

3.06 (100%)

Percent Share of Cost for Monsoon Rice

1994-95 2003-04

ITEMS

Hired Labor
cost

3

Animal & Mechanical
power

Seeds
Irrigation

44
21

©

11

o




Comparison of Cost & Return for Monsoon Rice Production

ITEMS 1994-95 2003-04
Rice Yield (kg/ha) 2301 2515
Area Harvested (ha) 477 428
Number of farm households 305 268

TOTAL COSTS (Kyats/ha)
Cash cost
Non-cash cost
Imputed cost

GROSS RETURNS (Kyats/ha)
Returns over cash costs
Returns over cash & non-cash costs

19,497
6,63

2,509
10,349

29,891
23,252
20,743

| i8>
,815

1,972
6,818

31,016
23,201
21,229

NET RETURNS (Kyats/ha) @,?94 14,

NET PROFIT-COST RATIO j
Cash cost 1.57 1.84
Cash & Non-cash 1.14 1.47
All cost 0.53 0.87

(Note: Prices deflated to 1996 prices) 1000 K =1 USD

Comparison of Cost & Return for Summer Rice Production

ITEMS 1994-95 2003-04
Rice Yield(kg/ha)
Area Harvested (ha) 191 92
Number of farm households 141 51
TOTAL COSTS (Kyats/ha) 15,202 30,325
Cash cost 7,125 22,342
Non-cash cost 1,753 2,068
Imputed cost 6,324 5,915
GROSS RETURNS (Kyats/ha) 28,517 39,796
Returns over cash costs 21,392 17,454
Returns over cash & non-cash
costs 19,639 15,386
1 NET RETURNS (Kyatstha) Co,47D
NET PROFIT-COST RATIO
Cash cost 1.87 0.42
Cash & Non-cash 155 0.39
All cost 0.88 0.31

Mitigation Options of GHG Emission

Rice fields produce CH4 emissions, which can be
reduced by improved management measures:

Improved Rice Production Practices

»— Irrigation management
»— Nutrient management

»— New cultivars

Successful implementation of mitigation

technologies will depend on demonstration that:

» Grain yield will not decrease or may increase;

» There will be savings in labor, water and other
production costs; and

» Rice cultivars that produce lower CH4
emissions are acceptable to local consumers




Mitigation of CH4 emissions from rice fields:

The System of Rice Intensification (SRI), and
Method of rice plant establishment: The System of Rice Alternate Wet and Dry Rice (AWD):

Intensification (SRI)
= Rice plants are transplanted 8- 15 days after germination

_ » Introduction into the existing farming systems for
= Water management practice: Alternate Wet and Dry

mitigation of GHG (CH, and N,O) emissions from rice

(AWD) fields; introduced in 2000 but not yet popular in

= 3-5days of flooding and 10 - 14 days of drainage Myanmar,

» Save water, to get more nutrient absorption, improved > Good drainage system is a necessity and an
et - _ . application of a drainage system in a rice field

» Reduce the use of irrigation water without compromising increases oxygen and methane oxidation, decreasing
the rice yield

_ _ - CH, emission. Besides, some findings showed that
» Short duration of flooding condition will reduce the CH4 controlled irrigation may reduce N,O emissions.

emission from the field

R ey e
mprove Nitrogen Management: Method of Urea Application:
Decrease the amount of nitrogen lost to the environ. » FYM blended urea:. Same amount of Urea and FYM are

through gaseous losses of ammonia or N,0, or leaching thoroughly mixed, put in a plastic bag. After one night
of nitrate into the subsoil of incubating, the FYM blended urea will be used as

: top-dressing, can save urea as much as 30 — 45 % of
" Improvements in farm technology, such as use of total application without reducing yields, sometimes

controlled-release fertilizers, nitrification inhibitors, giving even better yields, N,O emission will be lower
= Timing of nitrogen application (better matching nitrogen than the conventional method

supply to crop demand) > Split application method (e.g. 3 - 4 times for rice) to
= Water management for improvements in nitrogen use match nitrogen supply with crop demand

efficiency and further limit N,O formation » Foliar application of urea solution and growth
= More integrating animal waste and crop residue regulators (plant growth hormones) will be an

alternative way of improving productivity with less

management : :
g negative environmental effects.

= Control biomass burning




Method of Organic Manure Application

» A common practice : apply organic fertilizers in the form
of residues from the previous rice crop, stubbles are
ploughed and integrated into the soils.

» Apply farm yard manure (cow dung/ compost)

» Under rice - upland cropping pattern, farmers usually
apply cow dung manure before rice growing in wet
season

» This practice will favor the CH4 emission from land
preparation time as well as flooded rice fields

» Applying organic manure only just before upland tillage
preparation can be carried out to minimize the methane
emission.. The time of application will be after the
harvest of wet season rice.

Compost making with rice straw and other farm wastes:

» Burning rice straw: not popular; previous crop
residues and weeds before land preparation will not
only emit the GHG to the atmosphere but also it
loses the valuable organic matter source.

» Adoption of compost making and applying compost
after rice harvest would be alternative ways of
climate change mitigation through reducing CO,
emission.

» Since incorporation of un-decomposed organic C
residues has been reported as the sources of CH,
emission, well-decomposed organic manures should
be used

Rice-based Cropping Patterns

> In the irrigated area, farmers are encouraged
to grow double rice cropping system

» In stead of Rice - Rice cropping pattern, rice
with upland crops (pulses, cotton, energy
crops) ; will be advantageous for reducing
CH4 emission and for less water requirement
of next crop

Conclusion

» Multidisciplinary research (development of rice crop
management practices/ climate-resilient rice varieties,

etc.)

» Cooperation with international and regional partners
and seek technology transfer for development of
sustainable low carbon society







p
* General Information
* Rice Variety
C t t . * Ecosystem
) OUI:] ry repo_r on rlce * Rice cultivation practice
cultivation practice: Vietnam . Management of Rice Residues
Expert Meeting * Rotation Crops
2.3 June 2011 . 20|I'Organ|c Cgrbson .
Bangkok, Thailand e Soclo-economic Status of Rice Farmer
. -
- ™ 4

General Information

China Vietnam:
. »- Population: 86 mil.people
> Total area: 331.000 km2
® 34 of area is mountains

= Cultivation land occupies ~ 28%
Laos

' = Cultivation Land per capita:
: In Mekong Delta and
Cambodia East-Southern regions: 1,000m2/person

In other regions: 400 m2/person

Pacific Ocean

General Information

* Rice is the most important food plant in Vietham
» Before 1975 (period of the wars):

Total rice cultivation land: 4.5 mil.ha

low productivity: 0.7 tons/ha.

Total yield: less than10 mil. tons.

* After 1975: Total rice cultivation land 5.5 — 5.7 mil.ha.
1975-1986: low productivity

because of: low quality of soil, disaster, pestilent, insect
National Economy:Centrally Planned and Subsidy based

1/3 Rice consumption: Imported from other countries




General Information

* From1986: National Economy = Market Orientation

General Information

Area, Productivity and Yield of Rice in Vietham during
the period from 1955- 2009

Important policy: AIIocating land to farmers Year Area (mil.ha) Productivity Yield (mil.tons)
Rice productivity: (tons/ha)
in 1980s: 3.0 tons/halyear 1955 4.42 144 636
. 1965 4.83 1.94 9.37
in 2000s: 4.9 tons/halyear
Total yield: ~ 30 mil.tons/year Sk no 219 105
otal yield. _ : y 1980 5.54 211 11.68
(3 times more, compared to 1975) 1985 5.70 278 15.87
1989: Exported rice to other countries 1990 5.96 3.21 19.14
From 1997 to present: 1995 6.77 3.69 24.96
Average annual export of rice: 4 mil.tons/year 2000 1.67 4.24 32.53
(Vietnam became the Second position rice exporter in the World) 2005 733 4.89 35.79
2009 7.44 5.23 38.89
o
- / L]
General Information General Information
. . . Areas, Productivity and Yield distributed by Regions in Vietnam
* However, rice productions are differently , — ,
. . . Region Area Productivity |  Yield
distributed in the Country. (Million (tons/ha) | (Mil.tons)
- Red river Delta & Mekong Delta: main ha)
. . Total the 7.44 5.23 38.89
country Rice Production areas Country
- Other regions: Self-sufficient rice production 1.RedRiver Delta |~ 1.16 5.88 6.80
2. Northern 0.67 4.55 3.05
Mountain
3.Northern Central 1.22 5.12 6.25
4.Central HighLand 0.21 4.65 0.99 5
5.East Southern 0.31 431 1.32
6.MekongDelta 3.87 5.29 20.48 »

-




Rice Variety

¢ Rice seeds are important.
Improvement of Rice seeds have been achieved through
different periods:

- In ‘60-"70s: The criteria on selection of rice seeds have been
based on outward aspect (physical) of rice plants.

- In’80s: Change on research objective by stabilization of
productivity towards seeds having good resistance to pestilent
insect.

- In’90s: Concentration of efforts on Improving Productivity
and Quiality of rice seeds.

- In 2000s: Research on rice seeds based on improved rice
seed quality in combination with improved resistant capacity .

Rice Variety

* Depending on Local Specific Climates, Soils &
Traditions: Different areas — Different rice varieties.

1. In the North (Red River Delta, Mountainous & Northern
Central) mainly used the following varieties:
Local varieties: Tam Xuan Bai, Tam Xoan Thai Binh, Tam Den Hai
Phong, Tam bang Phu Tho, Du Huong, Nep cai Hoa vang, Tep lai...
Imported Chinese or Originated Chinese varieties: Short Moc

Tuyen, Short Bao Thai, M90, Bac Yu 64, Cross-Breeding 5, Nhi Yu 63,
Khang Dan 18, Short Ay 32...

Originated IRRI varieties: Selected or Cross-Breeded from: IR24, IR
17494, IR 1820, IR 36, IR 46, IR 2053-26-3-5-2, IR 2588, IR 19746-11-
33, IR 8423-132-622,...

N J
/ L] L] - - L] L] \
Rice Variety Rice Cultivation Practices
2. In_the South (Ea,st-Southe_rn, Mel_<or_19 Delta, Central « In Northern Mountainous (region 1):
HighLand) there’re following varieties: _ _ _ o
- Local varieties: Early Thom, Nang Thom Nha Be, Thom - “Milpa” cultivation: Depends on raining water,
Binh Chanh, Nang thom Buc Hoa, Nang thom cho Dao, using dry varieties, without fertilizers &
Nang Huong, LC90-4, ... insecticide/Plant protection — Very Low
- Varieties originated from IRRI: Selected or Cross- productlecy. o
Breeded from: IR 49517-23, IR 59606, IR 64, IR 68, IR 66, - Terraced fields: Depends on raining water,
IR 66707, IR 56279, IR 32893, IR 48, IR 8423, IR using dry varieties, without chemical fertilizers
50401, IR 44592, IR 9729-6-7-3, IR 62032... : ). :
& insecticide/Plant protection, Very few
compost - Very Low productivity.
N J




Rice Cultivation Practices

= Red River Delta (Region 2)

v Paddy rice cultivation: Based on active irrigation water
provision; High intensification; Using high productive varieties;
Overuse of chemical fertilizers & Pesticide : High productivity.

v' Almost 90% of growing time: the rice plants are in 10-15cm of
field water.

v' Some recent new practices, applied for mitigating Climate
change:

» Inthe Period of rice seedling transplanting growth: keeps rice filed
dry/damp in 2 periods:
- First period: during 7-10 days after 10 days from rice
transplantation.

- Second period: during 7-10 days after 30 days from rice
transplantation.

* Inthe Period of rice seedling Reproducting growth:

Keeps rice filed in 4-5cm water in the period of time from 45 days
after transpantation until 15-20 days before the harvest.

Rice Cultivation Practices

» The Central/Coastal region (Region 3):
- In Mountainous areas:

Depends on raining water, using dry varieties,
without chemical fertilizers & insecticide/Plant
protection, Very few compost - Very Low
productivity.

- In coastal plain areas: Paddy rice cultivation Based
on active irrigation water provision; High
intensification; Using high productive varieties;
Overuse of chemical fertilizers & Pesticide: Main &
High productivity

Rice Cultivation Practices

= Mekong Delta region (Region 6):

- 75% cultivation area in Active irrigation water provision:
High intensification; Using short-term & high
productive varieties; Overuse of chemical fertilizers
& Pesticide: High & very high productivity;

During most of growing time rice plants are filled
with water.

- 25% cultivation area depends on raining water
(Cultivation during March-April to Nov.-Dec.) ; Main
intensification; Extremely Short-term varieties; Main level
of use of Overuse of chemical fertilizers & Pesticide:
High productivity
During 100% growing time rice plants are filled with
water.

Management of Rice Residues

Rice Residues: Rice husk, Bran, Rice straw

1. Rice husk: Using rice husk as fuel, paving material for
raising chicken/poultry, energy for burning bricks or
pottery and porcelain...

2. Bran: Using bran for raising animal/pigs, chickens,
ducks...

3. Rice straw:

- In Northern and Central parts of the country people
using rice straw as fuel, food for cattle or burning on
the field. Some areas: Using rice straw for production
of bio-fertilizer.

- In Mekong Delta rice straw is using as food for cattle
and normally burying on the field




Rotation Crops

* Northern Mountains (region 1)
v’ 2 rice crop: 50% area
v" 1 rice crop + 1 subsidiary/vegetable crop: 20% area

v" 1 rice crop: 30% area (Terraced field & “Milpa cultivation” )
* Red River Delta (region 2):

v’ 2rice crops: 50% cultivation area

v’ 2 rice crops + 1 subsidiary/vegetable crop: 40% area

v" 1 rice crop + 1-2 subsidiary/vegetable crops: 10% area
* Northern Central (region 3)

v’ 2 rice crops: 50% cultivation area

v’ 1 rice crop + 1 subsidiary/vegetable crops: 30% area

v" 1 rice crop: 20% area

Rotation Crops

= Central Highlands (Region 4)

v’ 2 rice crops: 30% cultivation area

v' 1 rice crop + 1 subsidiary/vegetable crop: 30% area
v" 1 rice crop: 40% cultivation area

= East-Southern region (region 5):

v’ 2 rice crops: 60% cultivation area

v’ 2 rice crops + 1 subsidiary/vegetable crop: 30% area
v' 1 rice crop + 1 subsidiary/vegetable crop: 10% area

Rice crops

* Mekong Delta region (region 6)

In Alluvial soil & freshwater: 40-45% area
v’ 2-3 rice crops

v’ 2 rice crops + 1 subsidiary/vegetable crop
v' 2 rice crops + fish/shrimp integration

In raining water with salty contamination: 55-60% area
v’ 2 rice crops

v' 1rice crops + fish/shrimp integration

v' 1 rice crop

Soil Organic Carbon
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What's income from rice cultivation ? Rice farmers are facing lot of challenges regarding Annual
Natural disasters, Diseases...and others relevant to different
5.9 tons/ha | Average issues such as: FDI, WTO, Industry Development ... They are
e Cultivation land | Average rice | productivity | price most vulnerable while have less access to a good education
egions | percapita | Productivity | based Rice | yspfton | Total system, information, less opportunities, and less power...
(m2 or ha) per halyear Yield (supposed) | income/
(tons/ha) (tons) per person
capita/year (USD)
(tons) The Center for Rural communities Research and Development
1,2,3,4 | 40m2=0,04ha 5.29 0212 1,000 212$ (CCRD)
_ Add. 57/68 Cau Giay Dist., Hanoi, Vietnam.
56 | 100m2=0.10ha 5.29 0529 Lo 298 Tel. (84-4) 37930380; FAX: (84-4) 37930306
Income of rice farmers in Mekong Delta: 529%/year Email: tvc.vacvina@fpt.vn
. . . Prepared by: Dr. Pham Van Thanh
Income of rice farmers in other regions: 212%/year Position: Director

(including input costs, in the situation without disease, natural disaster...)

- / - /
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Country report onrice
cultivation practice: Thailand

Amnat Chidthaisong, Kanittha Kanokkanjana, Savitri
Garivait, Sebastian Bonnet and Sirinthornthep Towprayoon

Expert Meeting 2-3 June 2011
Bangkok, Thailand

Rice cultivation area 1998-2008
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== deep-water rice

Irrigated rice

Wassmann et al., 2009b

Rainfed rice

Wassmann et al., 2009b




Yield vs. Ecotypes

Irrigated rice
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Typical rice cultivation cycle in Thailand

Crop rotation

1. Land

preparation

Straw management \

4N\

&
Utilization

3. Harvesting

|

Water drainage

Irrigation, fertilization, weeds & pest controls

Variety selection

1. Land preparation




Harrowing

2. Seeding & Planting

Pre-germinated broadcasting rice:
96.47% in second rice and 28.85% in major rice (2009)

Parachuting

Rice variety: Major rice

Major rice production in 2007 (ton)

Supanburi
0% .
Patumtani 1
5%

Klaung
Loung
0%

Chainat 1
8%

Supanburil  Local varities
99

Kao-Kho 15
23%

Jusmine rice
25%

Official
Varities 2
13%
Official
Varities 1

Supanburi
4% 6

0,90
2%

Kao-Kho 6
2%

Supanburi
0%

Klaung
Loung
0%

Chainat 1

Official 6%
Varities 2
10%

Official
Varities
4%
Supanburi
60,90
1%

Cultivation area of Major rice in 2007 (ha)

Patumtani 1
3%

Supanburil Local varities
5% 10%

3

Kao-Kho 15
27%
Jusmine rice
31%

Kao-Kho 6
3%




Rice variety: Second rice

Fertilization

Cultivation area of Second rice in 2007

(ha)
Kao-Kho Supanburi
i 60,90
na.laila .
Kao-Kho 5%
10 1]
3% 8% Official
Varities 2
— 2‘0%
Patumtani _ . Pisanulok
1 Supanburi Chainat el?2
12% 1% 12 2%

19%

Second rice productionin 2007 (ton)

Kao-Kho na'ld  Supanburi 60,90
5%

Kao-kho 10 lauss
2% 8%

= Official Varities

2
20%

- Pa‘”lg‘ot/ua““ Chainat 1,2
18%

Pisanuloke 1,2
Supanburi 2%
1%

Cultivation method

Basal Fertilizer
Type or N-P-K (kg/ha), timing
of applying fertilizer after

Topdressing Fertilizer
Type or N-P-K (kg/ha), timing
of applying fertilizer after

planting planting
Transplanting 16-16-8 (125) AS (187.5), 20 days

CMP (630) Urea (93.75), 64 days
Transplanting
Seedling Manure/Compost (5000) 16-16-8 (NA), 15 days
Planting 16-16-8 (100) Urea 46-0-0 (40), flowering

1) Photoperiod-sensitive
2) Photoperiod-insensitive

16-16-8 (156), -1-0 day or 15
days

or AS (156) and KCI (30-60),
-1-0 day or 15 days

16-16-8 (187.5), -1-0 day or 15
days

or AS (187.5) and KCI (3-6),
-1-0 day or 15 days

or AS (21-0-0) (78.75),
flowering

Urea 46-0-0 (78), flowering
or AS (21-0-0) (156.25),
flowering

Broadcasting
Pre-germinated seed
broadcasting

16-20-0 (137.5), 15 days
Urea (18.75), 15 days
Urea (39), 57 days

lime is applied for 3 bags/rai (5 kg/bag, or 94

kg/ha)

3. Harvesting
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Socio-economic aspects

Cost of Second rice
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Cost of Major rice
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Water drainage

Irrigation, fertilization, weeds & pest controls
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Mitigation options of GHG
emission from rice field

Sirintornthep Towprayoon and
Tassanee Jiaphasuanan

Historical and Projection of GHG Emission from Agricultural sector

HIQUre | 3,19 PISIONG 300 DIOWCTAT L AN0 L, SMISSIONS (MTLUL=6q.) N1 T SQRCUNTLTal SSCTOF O T80 WOVNT FagIons, 1 5s=2LE0 [FIgUre 5. 2],

Note: EECCA=Countries of Eastern Europe, the Caucasus and Cantral Asia.
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Smith et al 2007

World Emissions in 2005 = 44,153 MtCO, equivalent

World Greenhouse Gas Emissions in 2005
bl A4 15 LB i

Who is the contributor of rice field emission

2010 I

Micoze
jgEgEbat

o

Contribution of CH4 emission from rice field

E.Europe. 2
Other deveroped, 14 FW' Europs. 2

Verchot, L.V.,2007




GHG Emission trend of rice field

CH4 emission from rice field
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Verchot, L.V.,2007

Suggested Mitigation Options by gas types

co,
® increasing C input by organic amendment, such as manure, compost, and plant
residues
® no tillage or minimum tillage
® rotation including cover crops

CH,
® altering water management with mid-season aeration
® improving organic matter management, such as composting and promoting aerobic
decomposition of crop residues
® others

N,O
® improving N fertilizer application to match with crop demand
® appropriate management of animal wastes and manure
® introducing advanced fertilizers, such as slow- or controlled release fertilizers and
inhibitors

Mitigation options

The possible mitigation option should be
selected according to climate, type of paddy

field and cultivation practices differ from site
to site.

Mitigating GHG from rice cultivation and mitigation GHG from agricultural soil

Emission can be different in various location and
practices : Seasonal Effect
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Emission can be different in various location and
practices : straw management

Factor affecting methane emission
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Mitigation |Baseline Mitigation option Mitigation potential* [Reference
* Water management bption/technology
* Mid-season drainage later management  (continuous flooding 5- [3-5 days Mid season  [36.7% CH4 reduction [Tyagi et al,2009
SRl (system of rice intensification) 15cm drainage
* AWDI (Alternate wet/dry irrigation in rice cultivation) 5 TgCH4/yr IPCC 1996
ihi -(8-10)% from BAU |Erda et al.,1997
. ( :
ln h I bltor L‘_Ise continuous flooding  [Mid-season and 35 MtCO2e in 2030 |Indonesia’s greenhouse
* Ammonium sulfate shallow flooding lgas abatement cost
* Iron supplement drainage lcurve,2010
* phosphogypsum continuous flooding ftillering stage drainage 9% CH4 reduction  [Tyagi et al, 2009
° 1 continuous flooding  |multiple drainage 41% CH4 reduction  [Tyagi et al,2009
NeW CUIUVarS ISRI (system of rice  [continuous flooding  |intermittent irrigation [37.5% CH4 reduction [Hidayah et al.,
° h r | r | r i intensification) 5cm 2cm
Ot € (?U tu a p aCt CES . IAWDI (Alternate continuous flooding  |using the criterion of - [70% CH4 reduction  [IRRI
« Direct seeding replace transplanting et/dry irrigation in b0 kPa
° 1 rice cultivation)
N_Utrlent management New cultivars and Control the diffusion |-(4-26)% from BAU |Erda et al.,1998
» Site-Specific Nutrient Management (SSNM) e e peeies B o oot and
° SO|| Carbon Stock _ i Rt_educe roo_t exudation 5 Tg CH4 i Metz et al.,2000
i . . lcultural practices transplanting Direct seeding replace [16-22% CH4 reductionwassmann et al.,2000
» Rotation cultivation transplanting

continuous flooding,
urea, rice straw burn

[TechnoGAS lumsdnns
i vhhe il 1lgn

8-51% GWHP reduction

Pathak and wassmann
2007




Mitigation potentials

Emission can be different in various location and
practices : Waster management

Nutrient management

Methane Nitrous-Methane (Local method) Nitrous

fhwves (mgimaih) fhves

Methane

fhuves (mgimah)

Nitrous-Methane (Mid season drainage) Vit ons

fxes

T o - o " o @ -
o ~ &

Mitigation Baseline Mitigation option Mitigation potential* |Reference
option/technology
Inhibitor use IAmmonium sulfate  |-(9-15)% from BAU |Erda et al.,1999
application
- Surface application |6% CH4 reduction  [Schutz et al., 1992
- Incorporation into  62% CH4 reduction  [Schutz et al., 1993
soil
Use ammonium 24-36% CH4 Corton, 2000
sulfate to replace urea |reduction
Iron supplement
Urea IAddition of 1tCO2/ha Nassmann and
lphosphogypsum Pathak,2007
Urea |Addition of 0.29 tCO2/ha Nassmann and
lphosphogypsum Pathak,2007
Urea |Addition of 0.7 tCO2/ha Nassmann and
nitification inhibitor Pathak,2007

-(5-13)% from BAU

Erda et al.,2000

10 Tg CH4

Metz et al.,2000

Site-Specific Nutrient |nitrogen-based phosphor- or sulfate  [10 MtCO2e in 2030 |Indonesia’s
Management (SSNM) [fertilizers based fertilizers greenhouse
gas abatement cost
curve, 2010
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Methane and nitrous oxide emission from different drainage system. (Towprayoon et al, 2005)

Comparison to local method

Net Methane |Nitrous Grain
GHGs Emission |oxide yield
Emission
Mid
season <25.86% |<27.52% |>55.5% |<6.86%
drainage
Multiple
Drainage | 3 5304 | <34.5500 |>16.47% |<11.43%

Mitigating GHG Emission from Agricultural Soils

® To decrease C output

® no tillage or minimum tillage
® minimizing fallow period
® To increase C input

@ applying organic amendment, such as
manure, compost, and plant residues

@ rotation including cover crops




Increase Carbon Input

200 -

100 -

Burning Stubble Incorporagte

Carbon budget in rice field
with straw incorporate and straw burning

gC/m2
°

-100 -

-200 - -180
D 1stcrop @ 2nd crop

B 1a (seed)
& 1b (burn residue)
15t straw)

15D (stubble)

Olp (plant)

WOm (CHe)

[ Os (straw remove)
B 0b (burning)
m0g (grain)

00r (microb res.)

gCim2

[assanee Jiaphasuanan 2011

Long-term experiments in Japan

O Since 1975, the MAFF has conducted long-term experiments with continuous
organic matter application under typical soil type and cropping system of each
prefecture (over 150 sites in total), which demonstrated that soil carbon stock
increased through organic matter application such as compost.

Total C (%)
25 -
Plot with Rice Straw Compost (7.5t/halyear)

Plot with Rice Straw Compost (2.5t/halyear)

Plot with Chemical Fertilizer Only

O Example of long-term experiment (Gray Lowland Soil; upland)

05 ¢

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Years
Data: "Basic Survey of Soil Environment (Benchmark Survey)” Yamaguchi Pref. Agricultural

Research Institute. Figure for a year is the three-year average including the previous and the
next year to that year. Source : Dr. Yagi NAIES

Values and cost of agricultural mitigation
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Abatement cost in rice field : case of Thailand
10-60 $per tonnes CO2e

1 water drainage
2 Change fertilizer
3 combination of 1 and 2

2020 Cost Curve 2050 Cost Curve
$70.00 3 $70.00 3
$60.00 2 $60.00
$50.00 $50.00 2
g g
S $40.00 S sw00
5 s
= s000 2 sww
3 g
3 5
§20001 1 $20.00 1
$10.00 $10.00
$0.00 5000
. 2 4 6 8 10 B 2 4 6 8 10
CO2 Avoided €02 Avoided
(Millions TCO2e) (Millions TCO2e)
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Marginal abatement cost curves for 3
Baseline technology: continuous flooding ,
Mixed FYM/urea: straw burning

10-60 US$ /tCe

Emession Hoduction (L CE ha)

Wassman et al 2007

Abatement cost curve in agriculture sector of Indonesia

105 Mt CO,e could be abated by improving water management in rice

cultivation and the restoration of degraded land

60 management — pracuces
70 H rice cultivation |

Residue mar

Note:
The curve presents an estimate of the maximumn potential of all technical GHG abatement measures balow EUR 60 per tCO2e if each lever was
pursued aggressively. It s not a forecast of what will play. Assuming a 4% socetal discount rate

SOURCE: Indonesia GHG Abatement Cost Curve

Mitigation and trade

Example of Carbon footprint study

Roi Et province
* rains-fed system

» Khao Dawk Mali 105
(Jasmine rice)

« seed broadcasting and

transplanted methods

Phetchaburi province

Phetchaburi j

* irregated system

* Leuang Pratew 123
(ordinary rice)

* seed broadcasting




Leuang Pratew 123
(ordinary rice)

= Jﬁ#"”}mf .
fep

L

Khao Dawk Mali 105
(jasmine rice)
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Cultivation practice at Roi Et and Phetchaburi province

Cultivation practice
Location - - - -
Rice Soil Planting Fertilizer Harvesting
Cultivar preparation Method Method
. Khao Dawk . Transplanted Organic
R ISR Mali105 | Machinery Method fertilizer Man power
Roi Et (Rs) Khao Dawk . Seed broadcasting Chemical .
Mali 105 AEE DTG Method fertilizer WA GITCT
. Leuang . Seed broadcasting Organic .
Phetchaburi Pratew 123 Machinery —— fertilizer Machinery

27

Flux measurement and calculation

_deV oo

Methane from dt A
rice cultivation | Close chamber method

F—@Y x 310

Nitrous oxide _dtA
from cultivation | Close chamber method

Carbon emission = %’ fuel
consumption expressed in energy
units (TJ) x carbon emission factor x

Carbon dioxide fraction oxidized (IPCC, 1996)
from machinery  [Collected data and calculated

CO, equivalent
emission from rice
cultivation




Cultivation Practice at Roi Et site

Rs

3.79 0.03

0.22
kgCO,/kg | Ve kgCO,/kg
rice grain o, 1 A0 tice grain kgCO,/kg

0.04
kgCO,/kg

rice grain rice grain

[Machine for land preparation] [ Spread seed

Growing period

0.02 5.35 0.02
kgCO,/kg kgCO,/kg kgCO,/kg
rice grain rice grain rice grain

Machine for land preparatio

rice grain

seedling Transplant Growing period Rice grain separation by Machine

Rs

379 0.03

0.04 kgCOkg |2+ kgCO,/kg Uzz
kgCO,/kg rice grain  Jer ( rice grain kgCO,/kg
rice grain ) =z rice grain

Growing period

[ Machine for land preparation] [ Spread seed ]

Harvesting by Machine

0.02 5.35 0.02
kgCO,/kg kgCO,/kg kgCO,/kg
rice grain rice grain rice grain

002
- kgCO,/kg
rice grain

seedling Transplant Growing period Rice grain separation by Machine

Greenhouse gas emission in rice cultivation by gas at Roi

cultivation practice

Percentage of GHGs emission released in the
rice field at Roi Et site

Greenhouse gas emission by activities in rice cultivation at Roi Et

- site
Et site

Rt

cultivation practice

Rs

@ land preparation

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% 80% 100% W cultivation period

percentage of GHG @CO2 ®CH4 ON20 percentage of GHGs

O harvesting period

By gases By activities
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Cultivation Practice at Phetchaburi site

Phetchaburi site

0.01 2.08 0.10 0.10
kgCO2/kg kgCO2/kg kgCO2/kg kgCO2/kg
rice grain rice grain rice grain rice grain

=

[ Machine for land preparation]

[ Spread seed ]

Harvesting by Machine

Growing period

32




cultivation practicee

Percentage of GHGs emission
released in the rice field at Phetchaburi

site

Greenhouse gas emission in rice cultivation at Phetchaburi
site

Phetchaburi

o
=3

Phetchaburi 3

=]

planting method

Phetchaburi site

ion harvesting
pe Il pe it a

0% 20% 40% 60% 80%

percentage of GHG mCO2 ®mCH4 ON20

By gases

100% 0% 20% 40% 60% 80% 100%
percentage of GHGs

By activity

Greenhouse gas emission by activities in rice cultivation at

@ land preparation
W cultivation period

O harvesting period

Carbon footprint of rice cultivation at Roi Et and
Phetchaburi site

Location Planting Rice CH, from | N,Ofrom | CO, from Total
method grain | ricefield | rice field | machinery (kg
yield | (kg CO,/kg | (kg CO,/kg | (kg CO,/kg | CO2/kg
(kg/rai) | rice grain) | rice grain) | rice grain) | rice grain)
Roi Et Seed 207 3.79 0.03 0.26 4.08
broadcasting
(Rs)
Transplant 336 5.35 0.02 0.04 541
(RY)
Phetchaburi Seed 654 2.08 0.10 0.11 2.29
broadcasting

Karnchanaburi
0.45

Nakornprathom
1.44

Ayuthaya

~¥ 1238 L

Nonthaburi
0.54

Samutsakorn
0.6-1.8

Singhaburi
1.20-1.9
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Mitigation and Carbon Credit

* Direct emission reduction

— cultivation practice

* Indirect emission reduction
— Rice straw removal and rice husk to produced

heat and electricity

— Rice straw removal for composting




Conclusion

There are several factors involved in GHG
emission and mitigation from rice field

Emission reduction is between 10 up to 70
percent of base case due to options and area
used

GHG mitigation in rice field can be
implemented with low cost

mitigation is likely to be involve with trade in
the future




Implications of rice cultivation
ractices on GHG emissions

Project ‘NAKABOSHI' = mid-season-drainage

- This project study was funded by Ministry of
Agriculture, Forestry and Fishery: Demonstrative
experiments to verify the effects of water management
method differences in order to reduce CH4 emission
from rice paddy at 9 experimental sites in 8 prefectures.

Shigeto Sudo, Masayuki Itoh and Kazuyuki Yagi

Mechanisms of CH4 emission from rice paddy field

Upland (drained)

Poor CH, [ o ‘/ Rich CH,
NV 7/

water
.
Organic matters Paddy soil
cH, W@ poor ‘t— rich CH,
- A5 oot A5
Oxydized |5 €02, CH3COOH «&m  Reduced
methanogen methanogen

® CH4 in paddy soil is emanated by the activities of anaerobic
bacteria which is called methane producer through reduction of
CO2 or decomposition of acetic acid

® It is effective to control methane emission from rice paddy
that period is prolonged on intermittent irrigation drainage,
composted rice straw is incorporated as fertilizer instead of flesh
one, or other.

Reduction of CH, emission by prolonged Nakaboshi (mid-season-drainage)
period; Fukushima Prefectural Agricultural Center in 2004.

®CH4 emission in paddy field is able to reduce prolonged
‘Nakaboshi’ treatments.

Toaac Flooding period
40 — EEEEEN
- NAkaboshi  hanicle initiatifh stage
x 30} Continuous flooding
‘T‘E ——— Nakaboshi 2 weeks, conventional
w0 . —— Nakaboshi 3 weeks < 7 ) >
£ - i -
= — Nakaboshi 4 weeks Yield of rice is strongly damaged
= by drainage after panicle initiation
=t 10} stage of rice with cadmium
o accumulation risk.
0 ] A?A\\g‘\ o

May June July August September

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.

45°

Shonai 40°
Niigat kYamagata

Gifu Fukushima

R Aichi
Kumamoto Tokushima
-Kagoshima

21

®

30°

130° 135°  140° 145°
31°29'N, 130° 26’ E

38° 46" N, 139° 54’ E




Overview of the Study

o To verify the effect of prolonged
Nakaboshi (mid-season-drainage) period
for methane reduction in paddy field in
order to find realistic solution of CH,
reduction for each site.

Methane flux observation once per week.
3 treatments, 3 replications per site.

Points:

1.

How much amount of CH, is reduced by modified water
management compared with BAU (business as usual =
conventional management in each prefecture) method?

. Can we go uniformed water management improvement for all

paddy fields in Japan ?

. How can we change water management policy if reduction or

emission patterns of CH, result are different ?

BAU is different in each prefecture!

BAU: Business As Usual = conventional water management at each
site guided by the prefecture government.

o Recommended rice variety is different in each prefecture.
Each rice variety is original brand of each prefecture which has a
fierce competition with others in yield, taste, etc.

Niigata — Koshihikari

Yamagata — Haenuki

Gifu — Hatsushimo

Kumamoto — Morinokumasan

Kagoshima — Hinohikari
etc.

O 0O 0 0O

o Each variety has each suitable cultivation method of
fertilization, water management, soil type, cultivation period,
harvesting season etc.

It is impossible to unify cultivation method beyond prefecture
border.

o Itis necessary to find suitable cultivation method one by one
to elucidate win-win solution to obtain the best harvest yield
and taste with minimum methane emission from paddy field.

Options of alteration of Nakaboshi water management.
(Nakaboshi = mid-season-drainage)

1. Length of extend of Nakaboshi period
e.g. 1 week -> 2 weeks (7days extend)
Prefectures: All 9 sites
2.Timing of drainage extend (forward or backward)
e.g. 1 week ahead (backward: July 1 — July 7-> June 24 — July 7)
1 week extend (forward: July 1 — July7 - July 1 — July 14)
Prefectures: both - Yamagata, Aichi
ahead > Fukushima, Shonai
extend->Niigata, Kumamoto,
3. Times of drainage
e.g. 2 times (July 1 — July 7 - June 20-25 and July 1 -July7)
Prefectures: Gifu, Tokushima
4. Intermittent drainage
e.g. (continuous flooding > 3days flood - 4days drainage —
3days flood — 4 days drainage ------ )
Prefectures: Kagoshima, Gifu

We do not have single solution.....
Best solution should be found one by one respectively for each site.

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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Options of alteration of Nakaboshi water management.
(Nakaboshi = mid-season-drainage)

1. Length of extend of Nakaboshi period
e.g. 1 week -> 2 weeks (7days extend)
Prefectures: All 9 sites

e.g.
1 week extend (forward: July 1 — July7 - July 1 — July 14)
Prefectures: both - Yamagata, Aichi

extend->Niigata, Kumamoto,

CH, flux (mg-CH, m? h™)
3

CH, emission in paddy field (Shonai)
S-days-prolenged-Nakabeshi

1 week ahead Nakaboshi
treatment

W
S

I /f\I

=
5]

.-
j VMW
T
0

5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08

tregtment

Shonai e (BAU) o Shonai
40- 5008 v— (1w ahead) f 40 { 2009

W
S

o
a_

CH, flux (mg-CH, m
5 8
< (\‘4

—*—  (BAU)
¥ (1 wextend)

5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09

Date Date
3. Times of drainage 2008 2009
e.g. 2 times (July 1 — July 7 & June 20-25 and July 1 —July7) CH4 flux  (BAU) B0 380,
Prefectures: Gifu, Tokushima (g=CH,/m™) (1 week ahead) 348 6% P24 s
37%
4. Intermittent drainage i )
e.g. (continuous flooding - 3days flood - 4days drainage — Rice yield  (BAU) l4...
3days flood — 4 days drainage ------ ) (Kg/10a) (1 week ahead) 10803 Z2h
Prefectures: Kagoshima, Gifu Haenuki
** p <0.01
Photos of Nakaboshi (mid- season— drainage in rice paddy
field) at 9 research site in Japan, 2008—2009. CH, emission in paddy field (Fukushima)
~ o eu Fukushima N o~ 70 [—e_ BAU Fukushima
‘\:"C 60 T ;wexieng 2008 f 60 T ;xgﬁg:g I 2009
E? % W exten E? 5 _
450 T T i [
5 Lc)n 40 Lc)n 40 ] V I 1 I 1
é 30 é 30 ““ ( - i
X 2 7 \L‘ l 5 2 / I o . \A
. . “I:' 10 . v i ?;;T:\I “I:' 10 J i - Toy I
§h°nakaamagata 40 5, e Ned T, ﬁ/j b |
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09 11/1‘/09
Date Date
35° 2008 2009
CH, flux (BAU) 28.3 68.4
(g=CH,/m™) (1 w extend) 186 -34% A2 T,
30° (@wextend) {118 =53 % (359 34%
B -
& ; Rice yield (BAU) 101.... 52 %
130°  135° 140° 145° e ro' 1o 2 e (Kg/10a) (1 w extend) 1062 .8
- ' (2 w extend) 987 -16%

38°46°N, 139° 54’ E

Koshihikari




Photos of Nakaboshi (mid— season— drainage in rice paddy

Options of alteration of Nakaboshi water management. field) at 9 research site in Japan, 2008-2009
(Nakaboshi = mid-season-drainage) ’ )

1. Length of extend of Nakaboshi period
e.g. 1 week -> 2 weeks (7days extend)
Prefectures: All 9 sites

45°
e.g. 1 week ahead (backward: July 1 — July 7= June 24 — July 7)
1 week extend (forward: July 1 — July7 - July 1 — July 14)
: ) Shonaij 40°
ahead - Fukushima, Shonai Niigat
extend->Niigata, Kumamoto, Fukushima
3. Times of drainage S %
e.g. 2 times (July 1 — July 7 - June 20-25 and July 1 —July7) Tokushima
Prefectures: Gifu, Tokushima
30°
4. Intermittent drainage ]
e.g. (continuous flooding - 3days flood - 4days drainage — ¥

3days flood - 4 days drainage ------ ) 130713571407 145 31°29'N, 130° 26'E

Prefectures: Kagoshima, Gifu o g .
38°46°N, 139° 54’ E

Photos of Nakaboshi (mid— season— drainage in rice paddy
CH4 emission in paddy field (Yamagata) field) at 9 research site in Japan, 2008-2009.

Same treatments in 2008 and 2009

70 | 1

H.; o Yamagata : (BAD) ? 60 | Yamagata : E?/‘\,\l;';head)
I [ e, £ 7] 2 T g,
T o _,J T w 45°
& 30 I >
E DI T/ﬁé iI £
< < 20
2 10 : - }\w 2
Coou
~ o o ~ .
T o Bos oo I Shona 40°
O (@] 0
| — c— | Niigat kYamagata
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09 11/1/09 Fukushima
Date Date Glfu* o
2008 2009 P s 3
CH, (BAU) Y E Kumamoto Tokushima
(g-CH,/m™) (1 week ahead) :36.1 =-37%: ” hi
(1 week extend) 482 -DagosnIma 30°
— 71
Yield (BAU) 37% ¥ o . n—
(Kg/10a) (1 week ahead) . 130 135 140° 145 31° 29" N, 130° 26’ E
. (1 week extend) o
Haenuki 38° 46’ N, 139° 54’ E

BAU: 1 week Nakaboshi, while other 2 are 2 weeks (ahead and extend)




CH, emission in paddy field (Aichi)

o [ Y heas Al o Aichi 2009 ‘
£ 150 #— Plus 1w extend 2008 £ 150
a —o— CF R
Eq 4~ NT EQ :: ElﬁLsJ 1w ahead
5 100 6 100 % Plus 1w extend
5 5 < NT
£ £
>3< 50 >3< 50 e
S ol sesedting” 5 o fored a.
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/0911/1/09
Date Date
2008 2009
CH4 flux (BAU) 54.0 78.6
(g=CH,/m™?)  (pluslw ahead ) 552 + 2% 717 - 9%
(plus 1w extend) 451 -179% : i 647 - i
(CF) 66.2 1044 18 %
(NT) 64.8
Rice yield (BAU) 581

(Kg/10a) (plus 1w ahead) 497 -10%
Koshihikari (plus 1w extend) :

BAU: business as usual, CF: continuous flooding, NT: non tillage

Options of alteration of Nakaboshi water management.
(Nakaboshi = mid-season-drainage)

1. Length of extend of Nakaboshi period
e.g. 1 week -> 2 weeks (7days extend)
Prefectures: All 9 sites

e.g. 1 week ahead (backward: July 1 — July 7> June 24 — July 7)
1 week extend (forward: July 1 — July7 - July 1 — July 14)
Prefectures: both - Yamagata, Aichi
ahead > Fukushima, Shonai

3. Times of drainage
e.g. 2 times (July 1 — July 7 - June 20-25 and July 1 —July7)
Prefectures: Gifu, Tokushima

4. Intermittent drainage
e.g. (continuous flooding > 3days flood - 4days drainage —
3days flood - 4 days drainage ------ )
Prefectures: Kagoshima, Gifu

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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CH, emission in paddy field (Niigata)

BAU: business as usual; CF: conetinuous flooding

60 0 | it
Niigata Niigata
—e BAU -

:I — cF 2008 :5 2009 o BAU
£ 40 | o Juwedend E E or
T T H e
o 0 Vil
g 20 g
3 3
= o0 oo ~
I I
(@] (@]
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/:L/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 lOlllOQllll}OQ
Date Date
2008 2009
CH4 flux (BAU) 249 92
(g=CHy/m2) (1 w extend) 124 -50%. . 82 T,
(2wextend) i 69 -72% ! 69 11%
(CF) 30.6 31.8
Rice yield (BAU) 621 25 %
(Kg/10a) (1 w extend) L X
(2 w extend) 1609 - 2%:
(CF)

Koshihikari




Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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CH, emission in paddy field (Kumamoto)

___ BAU: 7days nakaboshi, 10d:

CF: continuous flooding

=
1)

10 days, 14d: 14days
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=
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6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09 11/1/09
Date Date
2008
CH4 flux (BAU 7d)
(g=CH,/m®)  (10d)
(14d)
(CF)
Rice yield (BAU 7d)
(Kg/10a) (10d)
. (14d)
Morinokumasan (CF)

Rice straw residue was not incorporated in 2008 and 2009 before flooding

Options of alteration of Nakaboshi water management.
(Nakaboshi = mid-season-drainage)

1. Length of extend of Nakaboshi period
e.g. 1 week -> 2 weeks (7days extend)
Prefectures: All 9 sites

2.Timing of drainage extend (forward or backward)

e.g. 1 week ahead (backward: July 1 — July 7= June 24 — July 7)
1 week extend (forward: July 1 — July7 - July 1 — July 14)

Prefectures: both - Yamagata, Aichi
ahead > Fukushima, Shonai
extend->Niigata, Kumamoto,

4. Intermittent drainage
e.g. (continuous flooding - 3days flood - 4days drainage —
3days flood - 4 days drainage ------ )
Prefectures: Kagoshima, Gifu

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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CH, emission in paddy field (Gifu)
BAU: business as usual, DD: double drainage,
~ DDP: double drainage plus 1week

10

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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:’_C‘ \ - ggu S(u)fss i_‘ \ - ggu Gifu2009
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5 5 ° 45°
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= 2 Z’ IL( 2 2
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5 o A T boor® 5 o Shona,;’(Yan,|agata 40
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09 11/1/09 Fukushima
Date Date 35
2008 2009 °
Aichi
CH4 flux (BAU) B, 3
(g~CH,/m™2) (double drainage) 168 T
(double drainage plus 1w) 76 19% . 30°
- 9% Gl ’
Rice yield (BAU) <o . 05 .
(Kg/10a) (double drainage) e 130 135 140° 145 31° 29’ N, 130° 26'E
(double drainage plus 1w) 407 —18% ~
38° 46" N, 139° 54'E
CH, emission in paddy field (Tokushima)
BAU: Business as usual (7days nakaboshi + 7days final drainage) OptiOl’]S of alteration of Nakaboshi water management-
14NB+7FD: 1l4days nakaboshi + 7days final drainage (Nakaboshi = mid_season_drainage)
7NB+14FD: 7days nakaboshi + 14days final drainage —
14NB+14FD: 14days nakaboshi + 14days final drainage
o —_— — — - : 1. Length of extend of Nakaboshi period
— _e_ BAU okushima — e
T v e T o= E?ﬁiwpo ~ Tokushima 2009 e.g. 1 week -> 2 weeks (7days extend)
S 100{ s~ 1aNB+14rD \‘ % e el \ Prefectures: All 9 sites
gr 80 I I 10 — .
2 & | % 2.Timing of drainage extend (forward or backward)
E L I J \ £ ; e.g. 1 week ahead (backward: July 1 — July 7-> June 24 — July 7)
3 L j!% i E 1 week extend (forward: July 1 — July7 - July 1 — July 14)
T o] voosostseit I\&f day| T Prefectures: both - Yamagata, Aichi
° L o ° ahead = Fukushima, Shonai
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09 extend->Niigata, Kumamoto,
Date Date
2008 2009 3. Times of drainage
CH4 flux (BAU) 53.5 6.7 e.g. 2 times (July 1 — July 7 & June 20-25 and July 1 —July7)
(g-CH,/m?)  (14NB+7FD) 233 -56% 6.7 Prefectures: Gifu, Tokushima
(INB+14FD) 288 =80% . 79..704%
(14NB+14FD ) 167 -69% ‘54 —19%
Rice yield (BAU) 700
(Kg/10a) (14NB+7FD) 663 — 5%
(14NB+14FD) SR,
(14NB+14FD ) igee — 9

In 2008 astragalus residue was incorporated before tillage and flooding.




Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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CH, emission in paddy field (Kagoshima)

BAU: 5days nakaboshi, 11d: 10 days, 15d: 15days

CH, flux (mg-CH, m? h™)
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Date Date
2008 2009
CH4 flux (BAU) 30.6 18.1
(g-CH,/m?)  (11d) 338 2238
(15d) 414 267 Z0h ..
(CF) 270 {155
Rice yield (BAU) 415
(Kg/10a) (11d) 453 -
(15d) 443 15%
(CF)

Rice straw residue was not incorporated in 2008 and 2009 before flooding

Change of methane emission from BAU by drainage (Nakaboshi) length
(horizontal: BAU is 0, vertical: BAU is 100)
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No linear relationship was revealed in the plots in which rice straw
residue were not incorporated.

CH4 emission relative to BAU (%)
8
CH4 emission relative to BAU (%)

Summary of positive results to reduce CH, in
paddy field.
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CH4 reduction ratio of modified Nakaboshi to BAU
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Average reduction recovery in 2008: 48.4%, in 2009:31.5%

High reduction potentials were observed although differences of
experimental sites, inter-annual variations were shown.




Conclusion T UIEE DB DE R

o We conducted tests to verify the improvements of W*K*é%wﬁ"ﬁb@%@bﬂﬁ N —

- - - T -~
water management in order to reduce CH, emission wa | FE : REE - REE | HE® T8
from rice paddy at 9 experimental sites in 8 il IPYCTIZED - AR PRI F Geonymty | it

Y y p B [ 2009 11 38.0 PFRIRER 22 2.0 24.1 63
prefectures.
) ) llHBI 2008 | 7 | 55.7 | SFREETHER) [ 14 T 20 35.4 | 64
o The longer length of Nakaboshi (mid-season- [2000 7 1 287 ] ARG HIEE) [a [ 20 48 | 62
drainage) period was prolonged, the lesser amounts P 0 N N N T PFRERCAEE) [z | 15 86 | 66
of CH, emitted even after when Nakaboshi period l2000] 14 [ cea | EFIERTREN) L2t [ 15 92 | 66
Iasted, as a whole. 2008 17 124 PFRERTHIER) 24 14 6.9 56
. . R | 5000 14 92 PFRERHER) 21 15 82 89
o In some cases, for example in Kagoshima, : FTREE(IBER) 28 | 20 69 75
; i yifi ; 18 744
eXC_Ep_UonaI phenomena of that Slgmﬂcant h|gh &EI 2008 | 7 | 36 [ EHPFER)+BEPTGI/EER) | 13 [ 19 + 21 | 59 +
emission were observed at a later stage of [2009 [ 14 | g4 | BjcFGR) +BEGTGrEER) | 19 | 14 {046 68 | sl 209
cultivation season (around the end of August). g [ 201 6 [ w5 ] FTEECOER [13 [ 22 %7 | w8
Adjusting of Nakaboshi periods was not effective in l2o00] o [ 786 | ETERGAES) L s | 22 a1 | &
such cases. 1k |2008 | 7 I 3.1 I PFEEGRER) [0 | 14 14 [ 45
. | 2009 | 7 | 6.1 | PFEEGCRER) [ 10 14 49 [ 79
o In most of cases, emission of N,O was not
. . . . XOFEEOH TRAS HIRS BADL S
increased during prolonged Nakaboshi period. (@R 2000 [F7emAI] 67 | FTEE [21 [ 5 67 [ ioos
[ERA] 2009 | 5 T 18.1 I hFETER (10BER) [ 15 | 30 228 [ 126
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Rice and Fabrizzi, 2008
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Soil Carbon Sequestration

|

Avoiding Emissions

Controlling
Erosion

Reducing [l Improving
C-Based Energy
Input Efficiency

Sequestering Carbon

¥

Creating Negative Creating Positive
C Emissions Nutrient Budget

-Biofuels
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1
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Cover

cropping
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STRATEGIES OF SOIL CARBON SEQUESTRATION

C-MASC 06-09

Lal, 2009

Climate Soils Management
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Sunlight
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Soil Microbial Activity
Soil Organic Matter (C)

Soil C stocks after 18 years




« NT > Tilled, but tilled had some increase
» Added C (manure) is less conserved in tilled
* What is baseline? Nicoloso et al., 2008

e

Rain-fed Fallow
rice field land
Wet season Dry season
~4 month ~ 8 month

am e

Rain-fed Energy crop
rice field
” Cha-un and Towprayoon, pers. com
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bulk density (BD) of soil before cultivation, after 15t and 2" crop

cultivation

Bulk density (g/cm?3)

BD
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1.6 -
1.4 4
1.2 1
1.0 |
0.8 -
0.6 1
0.4 1
0.2 1
0.0 1

Dafter 1stcrop Dafter 2nd crop
- S r I
pyi E — = = s S —I—
N O Y O I B o Lo |
0-15 | 15-30| 0-15 ‘15-30‘ 0-15 ‘ 15-30‘ 0-15 ‘15-30‘ 0-15 ‘15—30 0-15 ’15-30
before control ‘ RC ‘ RF ‘ RI RS

Cha-un and Towprayoon, pers. com

soil carbon content before, after 15t and 2" crop
cultivation

% SOC

0.7

B before cultivation Oafter 1st crop Oafter 2nd crop

0.6

0-15 | 1530 | 0-15 | 15-30

RI RS

Cha-un and Towprayoon, pers. com

soil organic carbon stock before, after 15t and 2"d

SOC stock
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tonC ha-1

Obefore cultivation

crop cultivation

W after 1st crop

W after 2nd crop

0-15 | 15-30

control

Cha-un and Towprayoon, pers. com




Maize-Rice rotation

Maize: 4901 variety Upland rice: Sakon Nakhon

variety
Plantation
Lowland rice: Chai
Nat 1 variety National Corn and Sorghum Research Center of Kasetsart
University, Thailand.
Methane emission Carbon dioxide emission
CO, flux (mg C/m?hr)
CH, flux (mg C/m? hr) 1400 72 average
20 - : 196 + 140
181 average 1200
16 4 0.42 +0.22 1000 - 236 + 221
o 3.01+3.73 : 800 - 306 + 209 JEAEEA L
10+ 0.55 + 0.45 St ) 600 - = Lowland rice
8- —=— Lowland rice o0 s Uplandrice
64 —— Upland rice
4 200 -
27 0- N : : ‘ ‘
0

(0] 15 30 44 54 68 85 99 113 129 144
Days after planting

Figure 6: Methane emission during cultivation

0 15 30 4 54 68 8 99 113 129 14
Days after planting

Figure 7: Carbon dioxide emission during cultivation




Total emission

CH, CO,
Maize 1.60 2887.76
Lowland rice 15.7 3568.06
Upland rice 2.09 4661.01

Changes of SOC in various particle sizes and bulk soil
in continuous paddy rice and maize-rice rotation

Changes of SOC comparing with
continuous maize after the 2" crop

Particle sizes (%)

(Hm) . L
Continuous paddy Maize-rice

rice rotation

< 250 1.27 (0.39) 5.06 (0.22)
250-500 5.23 (0.46) 7.84 (0.26)
500-1000 4.64 (0.44) 17.22 (0.43)
>1000 9.68 (0.45) 19.36 (0.38)
Bulk soil 4.67 (4.38) 9.33 (2.85)

26

Carbon distribution in various soil particle sizes under different cultivation practices in the 4% week
of 1%t crop cultivation and after the 2" crop cultivation.

C-distribution percentage (%)

Time Conti . Continuous paddy Maize-rice
ontinuous maize - .
rice rotation
At 4t week of 1t
Crop
<250 pm 33.63£0.72 32.54+0.74 32.54 £ 0.74
250-500 pm 35.98 £ 0.81 36.76 + 0.82 36.76 + 0.82
500-1000 pm 28.50£0.71 28.83+0.70 28.83+0.70
> 1000 pm 1.88 £0.03 1.88 £ 0.04 1.88 £ 0.04
After 2" Crop
<250 um 32.17 £0.69 31.37£0.73 30.74 £ 0.71
(-4.34%) (-3.60%) (-5.52%)
36.34 +£0.80 36.82 £ 0.82 35.65 + 0.81
= (1.01%) (0.17%) (-3.02%)
29.72 £0.77 29.94 £ 0.73 31.69 £ 0.80
00 1m (4.28%) (3.86%) (9.91%)
> 1000 pm 1.77+0.04 1.87 +0.03 1.92+0.04
(-6.00%) (-0.73%) (2.06%)

o ————

Atmosphere \
(CO3)

i &% 8 -
F P
e
C3 vegelation C4 vegetation
e.q. wheat £.4. maize
§3C -24% §1C —11%
' f
I 1 1
|
1 Y
Soll biota in C3 5ol Sod biota in C4 sail

51 -22%s to -20%: 3°C 9% 10 1%




813C values of soil organic carbon in various particle sizes and bulk soil (+
of SD of 3 replicates).

S13C (%o)
Treatments B Ry After the 1stcrop  After the 2" crop
efore cultivation R et
cultivation cultivation
Continuous maize
<250 pm -19.473 £ 0.044 -18.926 + 0.099 -18.899 £ 0.105
250-500 pm -19.511 £0.101 -19.311 £ 0.078 -18.800 £ 0.147
500-1000 pm -19.517 + 0.087 -19.327 £ 0.117 -18.804 + 0.098
Bulk -19.477 + 0.063 -19.065 * 0.076 -18.598 + 0.051
Continuous paddy
rice
<:250:um -19.163 £ 0.061 -19.520 £ 0.103 -20.388 £ 0.096
250-500 pm -19.562 + 0.077 -19.490 + 0.088 -20.899 * 0.100
500-1000 pm -19.086 + 0.094 -19.503 £ 0.091 -20.830 £ 0.089
Bulk -19.508 + 0.083 -19.632 * 0.056 -20.820 £ 0.057
Maize-rice rotation
< 250 pm -19.163 + 0.59 -19.520 + 0.104 -20.375 + 0.101
250-500 pm -19.562 + 0.081 -19.490 £ 0.075 -20.432 £ 0.096
500-1000 pm =19.086.+ 0.063 -19.503 + 0.096 -19.818 £ 0.079
Bulk -19.508 + 0.073 -19:632.+.0.061 -19.481 + 0.063
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813C values of soil organic carbon in Humic substances
fractions and bulk soil (z of SD of 3 replicates).

S13C (%o)
Treatments Batora caltivation After the 1?‘ crop After tr_\e 2'}”' crop
cultivation cultivation
Continuous maize
Humic acid fraction -19.623 + 0.066 -19.244 £ 0.109 -19.242 + 0.146
Fulvic acid fraction -19.700 + 0.071 -18.729 + 0.237 -17.902 + 0.303
Humin fraction -19.201 + 0.058 -19.141 £ 0.129 -18.729 £ 0.156
Bulk -19.477 £ 0.063 -19.065 + 0.076 -18.598 + 0.051
Continuous paddy rice
Humic acid fraction -19.597 +0.073 -20.722 £0.112 -21.350 £0.117
Fulvic acid fraction -19.700 +0.080 -18.703 + 0.286 -20.825+0.280
Humin fraction -19.191 £ 0.087 -20.097 £ 0.146 -20.678 + 0.151
Bulk -19.508 +£0.083 -19.632 + 0.056 -20.820 + 0.057
Maize-rice rotation
Humic acid fraction -19.597 + 0.069 -20.722 £ 0.131 -20.431£0.171
Fulvic acid fraction -19.700 £ 0.071 -18.703 £ 0.251 -19.093 £ 0.272
Humin fraction -19.191 £ 0.068 -20.097 £ 0.153 -19.639 + 0.180
Bulk -19.508 £ 0.073 -19.632 £ 0.061 -19.481 + 0.063

30

ORGANIC AMENDMENT
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Appendix 4
Report on “Long monitoring of GHG emissions and soil carbon dynamics of rice cultivation
and rotation with energy crops”
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CHAPTER 1 INTRODUCTION

1.1 Background

Rice is one of the world’s major staple foods and in Asia where 94% of the world’s rice produced
(Salas et al., 2007). Southeast Asia produces the 25 % of global rice and recently the rice production
has been increased about 18 % from the period of 2000 — 2010 (Baldwin et al., 2012). Flooded rice
fields are the third largest source of agricultural emissions, It is estimated that 19 Mt CO,eq/yr CHy,
20 Mt CO, eg/yr N,O in year 2000 and 20 Mt CO, eg/yr CH4 and 15 Mt CO, eq/yr N,O in the year
2010 were emitted from rice field in Southeast Asian region (USEPA, 2006).

In the past decades, a number of reviews and meta-analysis have been published addressing
greenhouse gases (GHG) emissions and mitigation from rice fields. Agricultural activities such as crop
and soil management, Land preparation, seed preparation, rice verities, fertilizer, water
management practices are responsible for approximately 50 % of global atmospheric input of CH,
and over 10% of the atmospheric CH,emitted from the rice paddies which were identified as a major
source of atmospheric CH, emissions (USEPA, 2006 & Zhang et al., 2011). From the GHG mitigation
point of view, it also becomes a potential opportunity through reducing CH, emissions from paddy
field. The sustainable agricultural practices has to be maintained to reduce GHG emission with
maintaining the rice production (Epule et al., 2011). Therefore, accurate estimation of CH, emissions
from rice paddies and impact of different agricultural cultivation practices on GHG emissions are
very important for GHG inventory or mitigation at country or regional levels.

The GHG emissions are complex and heterogeneous, but the active management of agricultural
systems offers the possibility for mitigation. Many agricultural mitigation activities show the synergy
with the goal of sustainability and many explicitly influence on the constituents of sustainable
development which includes social, economic and environmental indicators. Also there is interaction
between mitigation and adoption sector which can occurs simultaneously but different in
geographical and spatial character (Smith et al. 2008).

The rice and energy crop rotation is one option not only for GHGs mitigation but also improving soil
organic carbon stock. This report provides field experiments conducted for a selected site in Thailand
for crop rotation system with corn and sweet sorghum and analyzed utilization of energy crops for
rotation with rice and its impact on GHG emissions.

1.2 Objective of study
The major objective to investigate
1. The specific rice-energy crops cultivation practices for monitoring GHG emissions and soil
carbon dynamics
2 Comparative evaluation of selected crop rotation practices in terms of carbon cycle,
economic and social benefits, barriers and best practices issues



CHAPTER 2 METHODOLOGY

The results presented in this report were obtained from the long term experiment conducted at
Ratchaburi campus of King Mongkut’s University of Technology Thonburi, Thailand. The experiment
were set up for the year 2010-2011 to understand the GHG emissions and soil carbon dynamics from
rice crop as well as from the rotation with energy crop using field observations.

2.1 Experimental site

The field experiments established at KMUTT-Ratchaburi campus in Sub-district Rang Bua, Chombung
District, Ratchaburi Province, Thailand (13°35’ N, 99°30’ E) (Fig. 1). The rice cropping systems are
single rice cropping in rainy season and fallow land in dry season, and double rice cropping in dry
and rainy season. The rotation cropping system is rainfed rice (Pathumthani 1) with selected energy
crop rotation which is corn (Suwan 5) and sorghum (Khonkaen 40). This experimental site represents
the extreme dry area after rain season in the southwestern part of Thailand. The soil in this site is
classified as a sandy loam consisting 53% sand, 45% silt and 2% clay with pH 5.8, bulk density 1.75
g/cm® and 0.69% total organic carbon content. The daily mean air temperatures and precipitations in
2010 (Dry Dipterocarp Forest at KMUTT-Ratchaburi station) are shown in Fig 2.
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Figure 2 Daily mean air temperature and precipitation in 2010 of cropping season.



2.2 Experimental design

2.2.1 Field plot treatment and management

With local, conventional famers practices as the control, the experiments were laid out in
randomized complete block design (RCBD) (Kwanchai, 1972) with in total eight plots with size 75 m?
(5 m X 15 m) were established for four crop rotation systems (Fig. 3).

1) Single cropping of fallow land and rain fed rice (RF)

2) Double cropping of corn and rain fed rice (RC)

3) Double cropping of irrigation rice and rain fed rice (RR) and
4) Double cropping of sweet sorghum and rain fed rice (RS)

According Office of Agricultural Economics (OAE) the most of the rice area in Thailand is in lowland,
which is classified as a rainfed and irrigated rice ecosystem and occupies 80 % and 19% of the rice
area, respectively. So the main crop in rainy season is rice and due to this condition, we have
cultivated energy crop in dry season (Feb-Jun 2010 and 2011) and rice field in wet season (Aug-Dec
2010 and 2011). Selected rotation crops for this experiment were short rotation energy crops (corn
and sweet sorghum). These both energy crops has very short growing period (~ 4 months) and
requires less water (resistant in dry weather condition) than irrigated rice and other energy crop.
Also both every crops are useful to produce ethanol (Office of Agricultural Economics, 2008;
Suraphong Chareunrat, 2008).

Two replicates were set up for each treatment. The first crop began with the cultivation of corn, rice
and sweet sorghum in the related designed plot after that the second cropping followed with rain
fed rice in all plot as shown in Fig. 4. All crop cultivations performed with conventional practices
(Ministry of Agriculture and Cooperatives, 2008 & 2010).
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(February-June, 2010-2011) (August-December, 2010-2011)

Figure 3 Diagram of the crop experimental plots
(Rep: 1 and 2 are experiment Replications)
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Figure 4 Field experimental designs at KMUTT-Ratchaburi site

2.2.2 Gas sampling and analysis
The black acrylic closed chamber method (Li et al., 1997) was used to trap gas emitted from plant
and soil into atmosphere throughout the investigation period. Gas samples were taken once a week
between local times 09:00-15:00.Chamber bases are fixed in the field during whole period of
experiment. The cross-sectional area of a chamber is 0.09 m? (0.3 m x 0.3 m).
The height of the chamber is 15 cm for soil respiration and during the fallow period. While the height
of chamber is 1.0-1.2 m for the plants grows. The chamber was wrapped with a foam sheet for
minimize temperature changes during the period of sampling. The amount of 20 ml of gas samples
are collected with a syringe at 0, 10,20 and 30 minute during fallow period and 0, 5, 10 and 15
minute when plants growing to vegetative stage. Gas samples transferred to evacuated vial bottles
and wrapped with parafilm. The temperature inside the chamber was measured by thermometer (0-
100 °C) at the top of the closed chamber and record every time when sampling. The mixing gas
samples of CH, and CO, were analyzed by gas chromatography (Shimadzu, GC-2014) with a flame
ionization detector (FID) and CH,, Electron capture detector (ECD) for N,O.
The gases emission was expressed in terms of mass per unit area per unit of time. Firstly, the
concentration obtained from the chamber headspace must be converted to a mass or molecular
basis using the ideal gas law. The CO,, and CH, was calculated using the linear portion of the gas
concentration inside the chamber change over 15 minute sampling time, step from the following
Eq.(1) (Nishimura et al., 2008). CO, emission from this research was determined as the total of plant
dark respiration and soil heterotrophic respiration, since the chamber covered the plants while
taking gas sample.
dC, 1 M, PV
—L X —x ——X
dad A RT

dC,

where, F is the cumulative CO,, CH, and N,O fluxes (mg m hr), d_tl is the increase/decrease

F = ti (1)

rates of CO,, CH, and N,O concentrations, respectively (opm min™), M. is the mass number of CO,
(44 x 10%), CH, (16 x 10%) and N,O (44 x 10%) (mg/mol), A is the area of the chamber (width x length)
(m?), P is the atmospheric pressure (1 atm), V is the chamber volume (width x length x height) (m®),
R is the gas constant (0.082058 x 10 m®atm mol™ K™), T is the air temperature inside the chamber
(K), and t; is time factor for 1 hr (= 60 min), respectively. In biological methane oxidation rate from
energy crop field was estimated from the first order rate constant multiplied by initial concentration
of methane.



2.2.3 Biomass sampling and analysis

The biomass is biological material from living, or recently living organisms most often is refereeing to
plants or plant derived material. In this experiment grain, leaves, stems, straw, stubble and roots of
the crops are biomass. All of biomass was sampled at the crop harvesting period and then dried in
an oven at 80°C for 48 hr to get dry weight and then ground to pass 0.5 mm sieve. Carbon content is
in the form of biomass were analyzed with a nitrogen and carbon analyzer. The amounts of carbon in
plant (g C m®) were calculated by multiplying the C element concentration (g C g™ plant) by plant
weight and to the equivalent plant area (m™).

2.2.4 Soil sampling and analysis

The soil samples were collected from each plot treatment from top layer of soil at depth 0-15 and
15-30 cm at the day after crop harvesting. The samples were air-dried and ground to pass 2 mm
sieve. The soil samples were analyzed for organic matter (OM) by wet oxidation method (Walkley
and Black method). Soil organic carbon (SOC) is the carbon content of SOM, which is approximately
58%. The factor of 1.724 used to convert SOC to SOM (USDA Natural Resources Conservation
Service, 2009).

The bulk density of soil layer was measured at three different random places in each plot. The
stainless steel cylinders soil core of 5.0 cm internal diameter and 5.0 cm height were collected at the
harvest of plant. The soil cores were dried in an oven at 105°C for 24 hr to get dry weight of the soil.
The ratio of dry weight of soil core and internal volume of the stainless cylinder was expressed as
bulk density in g cm™. The soil organic carbon stock of each crop was estimated by equivalent soil
mass method (ESM) (Lee et al, 2009).

2.2.5 Estimation of soil carbon budget (SCB)

In crop land, carbon is supplied to the soil as root exudates, dead roots and stubble of the crops.
Some other additional carbon is also supplied by organic matter incorporation. Carbon in the soil is
lost such as by gaseous emissions of CO, and CH, and by leaching to the underground as dissolved
organic and inorganic carbon in the leachate. Soil carbon budget (SCB) can be estimated by
integrating the amounts of these net carbon supply and removal (Nishimura et al., 2008).

In this experiment, carbon supplied to the field soil as seed, straw, stubble, manure, chemical
fertilizer and root residue. Carbon removed from the soil by gaseous emission of CO, and CH, and
carbon content in grain yield and plant biomass. Therefore, soil carbon budget can be estimated by
integrating the amounts of these net carbon supply and removal. The SCB calculations and details
parameters are shown in Figure 5 and Table 1, where the positive of SCB is indicated carbon
accumulation into the soil, while SCB negative indicated carbon loss from the soil.
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Figure 5 The carbon dynamics in experiment system



Table 1 Terms of carbon calculation

Term Description

Carbon Calculation (dry mass)

la | carbon supplied to the soil by seed,
manure and chemical fertilizer

mass of seed x % C in seed) +
mass of manure x % C in manure) +
mass of fertilizer x % C in fertilizer)

Is | carbon supplied to the soil by straw
and stubble incorporation

mass of stubble x % C in stubble) +
mass of straw x % C in straw)

Ir | carbon supplied to the soil by root
residue

~|~ |~ —~ —~

mass of root) x (% C in root)

Og | carbon removed by grain yield

(mass of grain yield) x (% C in grain yield)

Ob | carbon removed by crop biomass

(mass of crop biomass) x (% C in crop biomass)

Oc | carbon emitted from soil to the
atmosphere in the form of CO,
emission

accumulate of CO, flux

Om | carbon emitted from soil-plant to the
atmosphere in the form of CH,
emission

(accumulate of CH, flux) x (12/16)

SCB | soil carbon budget (g C m?)

la+Is+Ir—0g—-0b-0c-0m

2.3 Statistical Analysis

The one-way analysis of variance (ANOVA) and Duncan’s multiple range test (p = 0.05) were used to
determine the temporal variations of gas fluxes, SOC stock, and SCB between the rotation of
cropping systems. Statistical analyses were performed using the statistical software package SPSS
(Windows version 17.0) (Xiao et al., 2005).



CHAPTER 3 RESULTS AND DISCUSSION

This section includes the field measurement of GHGs emissions from rice in rotation with energy
crop followed by cultivation sequence in Figure 4, seasonal variation in GHGs emissions, soil carbon
dynamics and total soil carbon budget. Also the comparative evaluation of selected crop rotation
practices in terms of carbon cycle, economic and social benefits.

3.1 Methane fluxes

Field observations indicated that the seasonal cumulative of CH, fluxes from rice-rice cropping
system were 762.26 and 2,960.60 mg CH, m™ crop™ in 2010 and 7,043.82 and 2,433.58 mg CH, m™
crop™ in 2011, respectively (Table 2). CH, fluxes were significant during the rice-growing season but
negligible during the fallow land, corn and sweet sorghum growing season (RF, RC, and RS). In all
plots of rain-fed rice period (2™ and 4™ crop), CH, fluxes from continues of rice cropping were
significant higher than rice rotated with corn, sweet sorghum and fallow land.

During crop rotation with corn and sweet sorghum the cumulative CH, fluxes of corn varies from
-0.38 mg CH, m? crop™ in 2010 to 99.19 mg CH, m™ crop™ in 2011 and CH, fluxes of sorghum varies
from 105.74 mg CH, m? crop™ in 2010 to 125.42 mg CH, m” crop™ in 2011. The positive of CH,
emission was indicated CH, emitted into the atmosphere while negative of CH, emission was
indicated CH4 absorbed into the soil through microbiological oxidation by methanotrophic bacteria
(Cai et al., 1997; Nishimura et al., 2008).

As the results from 2010-2011 showed that the selected of energy crop (corn and sorghum) able to
reduced 84 % and 85% of CH, emission when compared with continues of rice cropping.

3.2 Nitrous oxide fluxes

Higher N,O fluxes were observed in fallow period, corn and sweet sorghum growing period possibly
because of nitrogen fertilizer application (Table 2). Some lower N,O fluxes were observed during the
rice growing season. The N,O cumulative fluxes of RF, RC, RR and RS plot in year 2010-2011 were
57.61, 94.78, 37.18 and 105.43 mg N,O m™, respectively. For energy crop cultivation, the highest
N,O emissions for corn and sweet sorghum were found to amount to 299-355 ug N,O m?day™ and
268-339 pg N,0 m?day™. The energy cropping systems without floodwater were produced N,O
emissions through the nitri-denitification process which different from CH, emission. The cumulative
fluxes of N,O related to different cropping systems and cropping condition. Consequently, the ratio
of cumulative fluxes from 2010-2011 in corn and sorghum were higher 3 times than continuous rice.

3.3 Carbon dioxide fluxes

CO, emission from this research was determined as the total of plant dark respiration and soil
heterotrophic respiration, since the chamber covered the plants while taking gas sample. The CO2
cumulative fluxes of RF, RC, RR and RS plot in year 2010-2011 were 404.25, 603.30, 733.93 and
694.39 g CO, m?, respectively (Table 2). Fertilizer application induced significant increase in the CO,
fluxes for all crop. In the 1% and 3" of energy crop periods in dry season were almost significant crop
growing and cumulative CO, flux differences with corn, sweet sorghum and rice. In 2™ and 4™ of
rain-fed rice cropping indicated that the seasonal cumulative CO, flux not significant difference
among each treatment. Accordingly, the rain-fed rice field cultivated after energy crop, irrigated rice
and fallow land were not significant difference of rain-fed rice growing season that related to the
rice grain yield.



Table 2 Cumulative flux of CH4, N,O and CO,

Crop/Treatment (mg CH4C rl#z crop™) | (ug CH[;l\lr;9 crop™) | (9CHs (V:T?ZZCI’ODJ)
1% crop in 2010
RF (fallow) -6.09+4.77 | 19,513.42+427.26 46.81+2.08
RC (Corn) -0.38+7.06 | 26,918.14+419.99 97.14+2.88
RR (Rice) 762.26+£32.00 2,753.46+77.98 238.2316.72
RS (Sorghum) 125.42+8.70 | 32,166.12+661.70 211.33£4.53
2" crop in 2010
RF (fallow-> Rice) 784.90+£46.68 | 14,707.65+£321.74 134.78+6.19
RC (Corn—> Rice) 849.66+43.03 | 19,441.81+£329.74 144.98+7.48
RR (Rice—> Rice) 2,960.60+136.50 | 11,233.00£284.05 130.52+7.61
RS (Sorghum-> Rice) 610.73+£48.01 | 18,945.79+439.96 116.29+6.02
3" crop in 2011
RF (fallow—> Rice—> fallow) 6.37£3.60 | 9,816.33+232.45 80.62+1.78
RC (Corn—>Rice—> Corn) 99.19+6.59 | 32,392.20+847.09 203.37%5.22
RR (Rice—> Rice—> Rice) 7,043.82+125.07 | 7,421.84+157.41 207.98+£4.50
RS (Sorghum-> Rice—> Sorghum) 105.74+6.39 | 38,680.42+826.67 208.48+6.32
4" crop in 2011
RF (fallow-> Rice—> fallow-> Rice) 1,003.01+45.85 | 13,569.14+399.76 142.05+5.23
RC (Corn—> Rice>Corn-> Rice) 1,105.52+50.21 | 16,030.34+382.06 157.82+5.34
RR (Rice—> Rice-> Rice->Rice) 2,433.58+116.06 | 15,766.58+367.72 157.16+6.86
?grgsﬁgf’nh;'gzgicee 1,104.60+53.13 | 15,637.064536.38 |  158.30#5.73

3.4 Soil carbon dynamic

The soil carbon dynamic will be showed in term of soil organic carbon (SOC) stock and soil carbon
budget (SCB). Figure 6 shows the soil organic carbon changes for the 2 years (2010-2011).

The SOC stocks decreased from the initial soil through the field preparation by tillage. After
cropping, there are generally increased with the land use change by crop rotation that caused by
accumulation of root and organic matter into the soil. The lowest SOC stock was observed in fallow
land of RF plot (6.32 Mg C ha™) whereas; highest SOC stock was occurred in corn and sweet sorghum
crop rotation as 12.48 and 14.62 Mg C ha, respectively. The final of SOC stocks in 4™ crop of RR, RC
and RS were significant difference (95%) with RF. The double cropping of rice in 1% and 2™ cropping
was 33 % increasing of the SOC stock, nevertheless there were not significant differences among
crop activities. The different of biochemical process and mechanisms specifically from the water
flooding in paddy soil caused the amount of organic carbon stored in paddy soil was greater than in



upland soils. Liping and Erda (2001) reported the SOM contents in paddy soil are 12-58 % higher
than in upland soil. Moreover, Nishimura et al. (2008) also reported that the significant carbon loss
from the soil according to the land use change from paddy rice cultivation to upland crop cultivation
with 94-177 g C m™.

The results of SOC stock able to presented the potential of energy crop rotation in rain-fed rice for
maintained carbon into the soil, whereas the fallow land of RF plot unable to maintained the carbon.
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Figure 6 Soil organic carbon (SOC) stock of crop experiment
(* The numbers 1 to 6 of axis “x” are mean 1) initial soil before planting, 2) soil after tillage, 3) soil
after 1% cropping, 4) soil after 2" cropping, 5) soil after 3" crop and soil 6) after 4" cropping,

respectively.)

Figure 7 shows the soil carbon budget (SCB) for the 2 years (2010-2011). The SCB is the balances of
carbon supply into the soil and carbon remove from soil. SCB is C input minus C output. C inputs are
including seed manure and fertilizer application (la), straw/biomass residue incorporation (Is) and
root residue incorporation (Ir). C outputs/removal are including grain yield (Og), biomass (Ob), CO,
equivalent from soil respiration (Oc) and total CH, equivalent from soil&plant (Om), respectively.

The SCB after 1% to 4™ cropping were -207 to 435 g C m? (Fig. 8). The negative values of SCB
indicated that carbon loss from soil. The most of carbon removal was observed in Ob and Og. There
were represented C content in biomass and grain yield. Especially, sweet sorghum in RS plot was
highest of C output in form of sorghum stalk and grain. Manure incorporation in 1° and 2™ crop was
the most effect for carbon input into the soil. While the most of carbon input in 3" and 4™ crop was
crop residue incorporation. The most total SCBs in 2010 to 2011 was 542.28 g C m?in RR and then
415.11gCm?inRC, 150.37 g C m?in RF and -68.72 g C m?in RS (Fig. 9).

In this experiment shows that the energy crop rotated by corn-rice was higher benefit for soil carbon
budget.
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3.5 Comparative evaluation of energy crop rotation practices

3.5.1 Carbon cycle

The highest of SOC stock presented after 3" crop of corn and sweet sorghum as 12.48 and 14.62 Mg
C ha™, respectively. The lowest of SOC stock after cropping was observed in fallow land (RF) as 6.32-
10.93 Mg C ha™. The energy crop rotations in rain-fed rice were able to maintained carbon into the
soil, whereas the fallow land (RF) was unable to maintain the carbon. Therefore, the systems of
energy crops rotation in rain-fed rice field were high carbon sequestration into the soil through
organic matter entering in form of manure and crop residue incorporation.

The most of soil carbon budget (SCB) in 2010 to 2011 presented in rice-rice rotation system as
542.28 g C m™. In energy crop rotation system, the higher of SCB showed in corn-rice which as
415.11 g C m? and then 150.37 g C m™ in fallow-rice and -68.72 g C m? in sorghum-rice rotation
system. Thus, the energy crop rotated by corn-rice was higher benefit for soil carbon budget.

3.5.2 Economic and Social benefits
Crop rotation has many agronomic, economic, social and environmental benefits as compared with
monoculture cropping.

1. Improved soil structure: Appropriate crop rotation increases the soil organic matter in the
soil which improves the soil structure, reduces soil degradation, which results in higher yields and
greater farm profitability in the long term. Higher organic matter in in soil enhances the water and
nutrient retention, and decreases the synthetic fertilizer which is one of the economic benefits to
farmers. The regular flood and droughts are the major problem in SEA rice agriculture. The better
soil structure improves the drainage, reduces the risk of water logging during floods and boosts the
water during droughts. From this experiment we have found that the selected energy crop rotation
has significant impact on soil carbon storage.

2. Increase in crop yield and income of farmer: The crop yields from different crop rotation
system shown in Table 3-4. The possible income was estimated in only year 2011, there is the good
crop yield production than year 2010. Which suggest that if farmer cultivate double crop for each
year, they will get more possible income 51,017 Baht/ha/year for corn-rice, 58,581 Baht/ha/year for
sweet sorghum-rice, 50,226 Baht/ha/year for rice-rice rotation system. Nevertheless, if farmer will
cultivated only rain-fed rice; they will lost opportunity for possible income as 32-41 %.

3. Enhanced pest and disease control: Rotation of crop helps to control weed and pest
(reason: weeds and pests are very choosy about the host plant, which they attach when the crop is
changed the cycle is broke so they are less effective), as a result significantly reduction in use of
pesticides

4. Efficient use of nutrients: Crop rotation creates more balanced nutrient cycle in the field
and helps farmer to use less input to maintain nutrient in soil, which results in lower the costs and
increase profit of farmer.

5. Reduction in GHGs emission: Crop rotation is one of the climate change mitigation option
which is one of serious issue on national as well as on global scale. Better soil nutrient management
through crop rotation can decrease the fertilizer use by 100 kg N per ha per year which reduces the
emission of related GHGs. Our experiment also suggests that the crop rotation can reduce the GHGs
emissions from rice field.

6. Reduced water pollution: The crop rotation reduces the application of synthetic fertilizer
which will decrease the water pollution.

7. Increase in employment opportunity: Corn and Sorghum can be used to for the production
of ethanol, which can return formers high benefits. The construction and operation of ethanol plants
are widely recognized as a catalyst for the job creation, so there will be many small as well as large
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job scale opportunity will be available for local people which will lead to less mobilizing and
migration of people to biggest cities and can help to restore the local culture.

8. Social impact: Crop and farm enterprises create year round or extended season
employment for the farm workers. Workers employed for year round or longer season will have
higher incomes, more paid by employer and can help to raise the standard of living of their families.
So this whole system can leads to increase in workers availability, increase in productivity, increase
in dependability, less need for worker training and personal satisfaction.

Table 3 Crop yield and price of crop yield production in 2010

after 1° crop after 2™ crop
. in 2010 in 2010 Income Total
Treatments/Yield ™Vigls™ T *price | Yield | *Price | (THB/ha) (THB/ha)
(kg/ha) | (THB/kg) | (kg/ha) | (THB/kg)
RC
- Grain corn 31 8.1 - - 251
- Grain rice - - 2,616 8.6 22,498 22,749
RF
- Grain rice - - 2,076 8.6 17,854 17,854
RR 485
- Grain rice 63 1.7 2,440 8.6 20,984 21,469
RS
- Grain sorghum 201 5.8 - - 1,166
- Stalk sorghum 4,527 0.6 - - 2,716
- Grain rice - - 1,645 8.6 14,147 18,029

* Price of yield production data from Office of Agricultural Economics (2010)

Table 4 Crop yield and price of crop yield production in 2011

after 3 crop after 4™ crop
. in 2011 in 2011 Income Total
Treatments/Yield ™V T *price | Yield | *Price | (THB/ha) | (THB/ha)
(kg/ha) (THB/kg) | (kg/ha) | (THB/kg)
RC
- Grain corn 1,354 7.6 - - 10,290
- Grain rice - - 3,954 10.3 40,726 51,017
RF
- Grain rice - - 3,329 10.3 34,289 34,289
RR 23,477
- Grain rice 2,863 8.2 2,597 10.3 26,749 50,226
RS
- Grain sorghum 2,550 6 - - 15,300
- Stalk sorghum 8,824 0.6 - - 5,294
- Grain rice - - 3,688 10.3 37,986 58,581

* Price of yield production data from Office of Agricultural Economics (2011)

3.5.3 Barriers

Various factors restrain farmers from adopting more extensive crop rotation in SEA, the barriers
exists are at both farm and institutional level. The most of the crop production are based on the
precipitation that monitoring and controlling crop rotation at farm level will be very difficult to
implement across the whole SEA region.
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Still SEA lacks implantation of farm program, research priorities and market outlets from
government and local agencies. So need to increase the management skills and information at local
level.

SEA rice agriculture suffers from new equipment to match the changed farming practices, also
additional storage units are required for wider variety of crops produced.

Application of crop rotation in abandoned field is difficult due to low soil fertility, water availability in
the region.
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CHAPTER 4 CONCLUSION

The major objective of this study were study the GHGs emissions from crop rotation practices, as a
result fluxes has been observed for the period of 2010-2011 at experiment site (Ratchaburi,
Thailand). Result of this experiment illustrates the differences in emissions from rice crop in rotation
with selected energy crop under traditional cultivation practices. This experiment provides a
baseline for comparison of rice and possible energy crops cultivation practices and GHGs emissions
across the country also its impact of SOC and SCB.

Due so the special cropping systems and water management practices paddy fields in Thailand are
significant source of GHG emission, but the implementation of rice in rotation with energy crop can
reduce the CH, emissions from rice fields without changing total production which is required to
feed population. The experiment result suggest that of rain-fed rice after corn and sweet sorghum
cultivation were provided emits less CH, as compare to other cultivation practices.

Similarly nitrogen fertilization application has a significant impact on N,O, after application of
synthetic N-fertilizer higher N,O were observed. Experiment also suggest that crop rotation can also
improves the soil fertility and which directly reduces the application of synthetic fertilizer which
means less emission of N,O from rice fields.

Soil organic carbon (SOC) stock and soil carbon budget (SCB) in corn-rice cropping system were

significant higher than single rice cropping (Fallow-rice). In addition, the best economic returns can
be expected by energy crop rotations.
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Appendix 5
Report on “Assessment of spatio-temporal distribution of GHG emissions and carbon
stock of rice paddies in South East Asia using ALU”
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CHAPTER 1 INTRODUCTION TO ALU

1.1 Description of ALU

In this study, the Agriculture and Land Use National Greenhouse Gas Inventory (ALU) Software,
version 3.1.1.6, was used to estimate and assess GHG emissions from and soil carbon stock change
in rice production. The ALU software can be downloaded from
http://www.nrel.colostate.edu/projects/ALUsoftware/
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The program can be used to estimate emissions and removals associated with biomass C stocks, soil
C stocks, soil nitrous oxide emissions, rice methane emissions, enteric methane emissions, manure
methane and nitrous oxide emissions, as well as non-CO, GHG emissions from biomass burning.
Methods included in the program are based on guidelines provided by the Intergovernmental Panel
on Climate Change (IPCC), as documented in the Revised 1996 IPCC National Greenhouse Gas
Inventory Guidelines, and further refined in the 2000 IPCC Good Practice Guidance on Uncertainty
Management in National Greenhouse Gas Inventories, as well as in 2003 IPCC Good Practice
Guidance for Land Use, Land Use Change and Forestry.

The software has several following innovative features:

0 It can accommodate Tier 1 and 2 methods as defined by the IPCC

o It allows compilers to integrate GIS spatial data along with national statistics on
agriculture and forestry
It is designed to produce a consistent and complete representation of land use for
inventory assessment
It enables to develop an enhanced characterization for livestock
It has explicit quality control and quality assurance steps
It provides a long-term archive of data and results in digital format
It generates emission reports that can be included in communications with
interested parties.

o
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1.2 Equations used for the estimation of GHG emissions and soil carbon stock
1.2.1 Methane emissions from rice cultivation

CHy gice = Z(EFLLFE gk * ALN': * 10_6)

Where:

ij.k

CH,4 »;.. = annual methane emissions from rice cultivation, Gg CH, yr™.

EF; ;; = adaily emission factor for i, j and k conditions, kg CH, ha™ day™,
ti,j,k = cultivation period of rice for i, j and k conditions, day.
Au’k = annual harvested area of rice for i, j and k conditions, ha yr™.

I, j and k = represent different ecosystems, water regimes, type and amount of organic
amendments, and other conditions under which CH4 emissions from rice may vary.

EF, = EF, = SE, = SFz = 5F, = SF,,

Where:

EF; = adjusted daily emission factor for a particular harvested area

EF. = baseline emission factor for continuously flooded fields without organic amendments

SFw = scaling factor to account for the differences in water regime during the cultivation
period

SFo = scaling factor should vary for both type and amount of organic amendment applied

SFs, .= scaling factor for soil type, rice cultivar, etc., if available

1.2.2 Direct N,O emissions from managed soils

NoOpirgee — N = Z(Fsm' + Fon); # EFy; + (Feg + Foppy) * EFy + N2O — Nps+ NoO — Npgp
i

Where:

Fon =

Where:

EF,; = emission factors developed for N,O emissions from synthetic fertilizer and organic N
application under conditions i (kg N,O-N (kg N input)™); i=1, ...n.

N from organic N additions applied to soils

Farm + Fsgw + Feome + Fooa

Fon = total annual amount of organic N fertilizer applied to soils other than by grazing
animals, kg N yr™.

Fav = annual amount of animal manure N applied to soils, kg N yr™.

Fsew = annual amount of total sewage N (coordinate with Waste Sector to ensure that
sewage N is not double-counted) that is applied to soils, kg N yr.

Fcomp = annual amount of total compost N applied to soils (ensure that manure N in compost
is not double-counted), kg N yr™.

Fooa= annual amount of other organic amendments used as fertilizer (e.g., rendering waste,
guano, brewery waste, etc.), kg N yr™.



N from crop residues and forage/pasture renewal

{Arear — Areaburnty = C f} * Fracgepewit) * }

Fer = Z{C’F’-"Pr *
T [RAGI:T} * NAG(T} * {1 - FTQCREmm:s(I}} + RBG(T} * NBG(I’}]

Where:

Fcr = annual amount of N in crop residues (above and below ground), including N-fixing
crops, and from forage/pasture renewal, returned to soils annually, kg N yr™.

Crop () = harvested annual dry matter yield for crop T, kg d.m. ha.

Area ) = total annual area harvested of crop T, ha yr™.

Area burnt ) = annual area of crop T burnt, ha yr™.

Cs = combustion factor (dimensionless).

Frac renew (ry = fraction of total area under crop T that is renewed annually.

Rac (m = ratio of above-ground residues dry matter to harvested yield for crop T (Crop (T)), kg
d.m. (kg d.m.)™.

Nac m= N content of above-ground residues for crop T, kg N (kg d.m.) 1

Frac remove () = fraction of above-ground residues of crop T removed annually for purposes
such as feed, bedding and construction, kg N (kg crop-N)™.

Res (ry = ratio of below-ground residues to harvested yield for crop T, kg d.m. (kg d.m.)™
Nge = N content of below-ground residues for crop T, kg N (kg d.m.)t

T = crop or forage type

1.2.3 Soils organic carbon stock of rice fields

(S0Cy— SOCy_r)

ACpineral = D

50C =

Note: T
Where:

Z{SGCREFE_S_[ * FLUE_.S_I: * 'F:""f'gc_.s_[ * ch_.s_[ x4 c_.s_[}

5,0
is used in place of D in this equation if T is > 20 years.

AC pinerar = annual change in carbon stocks in mineral soils, tonnes C yr™*
50C, = soil organic carbon stock in the last year of an inventory time period, tonnes C
50C,_r = soil organic carbon stock at the beginning of the inventory time period, tonnes C

T = number of years over a single inventory time period, yr

D = Time dependence of stock change factors which is the default time period for transition
between equilibrium SOC values, yr. Commonly 20 years, but depends on assumptions made
in computing the factors Fy, Fugand F,. If T exceeds D, use the value for T to obtain an
annual rate of change over the inventory time period (0-T years).

¢ = represents the climate zones, s the soil types, and i the set of management systems that
are present in a country.

SOCrer = the reference carbon stock, tonnes C ha™

FLu = stock change factor for land-use systems or sub-system for a particular land-use,
dimensionless

Fme = stock change factor for management regime, dimensionless

F, = stock change factor for input of organic matter, dimensionless

A =land area of the stratum being estimated, ha. All land in the stratum should have
common biophysical conditions (i.e., climate and soil type) and management history over
the inventory time period to be treated together for analytical purposes.



CHAPTER 2 INPUT DATA TO ALU

2.1 Climate data
The climate classification of the IPCC 2006 Guidelines was used to define the climate inputs to ALU
software for all the countries in SEA (Table 1).

Table 1 IPCC climate classification

Climate Name Description

Boreal Dry Mean annual temperature (MAT) of < 0°C and annual
precipitation < evapotranspiration.

Boreal Moist Mean annual temperature (MAT) of < 0°C and annual
precipitation >= evapotranspiration

Cool Temperate Dry Mean annual temperature (MAT) of < 10°C and annual
precipitation less than evapotranspiration.

Cool Temperate Moist Mean annual temperature (MAT) of < 10°C and annual
precipitation similar to or higher than evapotranspiration.

Polar Dry Polar Regions, little precipitation

Polar Moist Polar Regions, significant precipitation

Tropical Dry Tropical Region, Elevation < 1000m, Precip < 1000mm

Tropical Moist, Long Dry | Tropical Region, Elevation < 1000m, Annual precipitation >=

Season 1000mm and Annual precipitation < 2000mm, dry season > 5
months

Tropical Moist, Short Tropical Region, Elevation < 1000m, Annual precipitation >=

Dry Season 1000mm and Annual precipitation < 2000mm, dry season <=5
months

Tropical Montane Dry Tropical Region, Elevation >= 1000m, Annual precipitation <
1000mm

Tropical Montane Moist | Tropical Region, Elevation >= 1000m, Annual precipitation >=
1000mm

Tropical Wet Tropical Region, Elevation < 1000m, Annual precipitaiton >=
2000mm

Warm Temperate Dry Mean annual growing season temperatures in this zone usually
range from 10 to 20°C with annual precipitation usually < 600
mm.

Warm Temperate Moist | Mean annual growing season temperatures range from 10-20°C
and with annual precipitation >= potential evapotranspiration.

2.2 Soil data
The soil type defaults from the IPCC 2006 Guidelines were used to define the soil type inputs to ALU
software for all the countries in SEA (Table 2).



Table 2 IPCC soil type (defaults)

details.

Soil Name Description
High Activity Lightly to moderately weathered soils dominated by 2:1 silicate clay minerals
Clay Mineral (IPCC 2003)
Low Activity Highly weathered soils dominated by 1:1 clay minerals, amorphous iron and/or
Clay Mineral aluminum oxides (IPCC 2003)
Organic Soils classified as histosols. See glossary of IPCC GPG 2003 for additional

Sandy Mineral

Soils with >70% sand and <8% clay (IPCC 2003)

Spodic Mineral

Soils with strong podzolization (IPCC 2003)

Volcanic Soils derived from volcanic ash with allopohanic minerals (IPCC 2003)
Mineral

Wetland Soils with restricted drainage leading to periodic flooding and anaerobic
Mineral conditions (IPCC 2003), but not organic soils

2.3 Summary of climate and soil data for SEA countries

The climate and soil data used in this study are summarized in Table 3

Table 3 Climate and soil data input to ALU

Soil types classified by rice ecosystems
Country Climate Irrigated rice Ralnfed_ Upland rice Flood prone
lowland rice

Cambodia | Tropical Moist High Activity | Low Activity Low Activity Wgtland
Clay Clay Clay Mineral
Indonesia Tropical Wet High Activity | Low Activity Low Activity Wgtland
Clay Clay Clay Mineral
Laos Tropical Moist High Activity | Low Activity Low Activity Wgtland
Clay Clay Clay Mineral
. : High Activity | Low Activity Low Activity Wetland
Malaysia Tropical Wet Clay Clay Clay Mineral
Myanmar Tropical Moist High Activity | Low Activity Low Activity W(_etland
Clay Clay Clay Mineral
A . High Activity | Low Activity | Low Activity Wetland
Philippines Tropical Wet Clay Clay Clay Mineral
Thailand Tropical Moist High Activity | Low Activity Low Activity W(_etland
Clay Clay Clay Mineral
Vietnam Tropical Moist High Activity | Low Activity Low Activity W(_etland
Clay Clay Clay Mineral

2.4 Rice cultivation area

The rice cultivation areas in SEA classified by rice ecosystem from the International Rice Research
Institute were used as inputs to ALU software in this study. The rice ecosystem is divided into 4
classes: (1) Irrigated rice, (2) Rain-fed lowland rice, (3) Upland rice, and (4) Flood prone rice. The
inputs are summarized in Table 4.



Table 4 Rice cultivation area in SEA classified by rice ecosystem

Rice cultivation Area in SEA (1000 ha)
Country Irrigated rice Raln-feql Upland rice Flood prone Total
lowland rice

Cambodia 154 1,124 33 614 1,925
Indonesia 6,154 4,015 1,247 23 11,439
Laos 40 319 201 - 560
Malaysia 445 152 84 - 681
Myanmar 1,124 4,166 252 602 6,144
Philippines 2,334 1,304 120 - 3,758
Thailand 2,075 6,792 36 117 9,020
Vietnam 3,687 1,955 345 778 6,765
Total 16,015 19,827 2,318 2,134 40,294

(IRRI Rice Facts, 2002)

2.5 Rice productivity

The inputs related to rice productivity used in this study are from the International Rice Research

Institute, and are summarized in Table 5.

Table 5 Productivity of four different rice systems

: . Productivity
System Yield (t/ha) Crop/Year Fallow period (yr) (t/halyr)
Irrigated rice 5.0 2.5 0 125
Rainfed rice 2.5 1 0 2.5
Deep water rice 1.0 1 0 1.0
Upland rice 1.0 1 8 0.12

(IRRI Rice Facts, 2002)

2.6 Fertilizer N use by rice

The inputs related to N fertilizer used for rice cultivation in SEA are from the Potash Phosphate
Institute-Potash Phosphate Institute of Canada East and Southeast Asia Programs (PPI-PPIC ESAP,
2001), and are reported in Table 6.

Table 6 N fertilizer used for rice cultivation in SEA

Fertilizer N Consumption N
Country | Area(1,000ha) e e 7)) | Rate (kg/ha) (1,000 ton)
Cambodia 1,873 30 15 8.4
Indonesia 11,523 90 105 1,192.6
Laos 690 30 55 114
Malaysia 692 90 95 59.2
Myanmar 6,000 60 35 126.0
Philippines 4,037 85 51 175.0
Thailand 10,048 90 62 560.7
Vietnam 7,655 90 108 744.1
Total 42,518 - - 2,877.4

(PPI-PPIC ESEAP estimates, 2002)




CHAPTER 3 DEVELOPMENT OF GHG AND SOIL CARBON STOCK MAPS

3.1 Development of spatio-temporal maps of GHG emissions and soil carbon stock of
existing and sustainable cultivation practices

The maps of rice cultivation areas were obtained by overlaying SEA countries land cover maps from
Land Cover Product of GLOB COVER by ESA/UNEP/FAO/JRC/IGBP/GOFC-GOLD, with spatial
distribution of paddy rice derived from analysis of MODIS 8-day surface reflectance data in 2002
(spatial resolution of 500m) (Xiao, 2006).

In order to visualize the change in GHG emissions and soil carbon stock in two different years, e.g. in
2010 and 2030, gridded-maps were developed, with a grid resolution of 10-km x 10-km.

Examples of land cover maps and paddy rice areas derived from MODIS are provided as follows.

Figure 1 Spatial distribution of paddy rice derived from analysis of MODIS 8-day surface reflectance
data in 2002 (Spatial resolution 500m).



Figure 2 Maps of rice cultivation area of Figure 3 Spatial distribution of cropland in
Thailand in 2007. Vietnam in 2002.

Figure 4 Spatial distribution of cropland in Indonesia in 2002.



3.2 Assessment of potential mitigation options based on different scenarios

Potential mitigation options based on different scenarios resulted from long term field measurement
experiments were assessed using ALU software. These scenarios are summarized as follows in Figure
5.

Figure 5 Scenarios of rice cultivation and rotation with energy crop.
Note: Fallow land-Rainfed rice is referred to as RF, Irrigated rice-Rainfed rice is referred to as R,
Corn- Rainfed rice is referred to as RC and Sorghum-Rainfed rice is referred to as RS.



CHAPTER 4 SPATIO-TEMPORAL DISTRIBUTION OF GHG EMISSIONS AND
CARBON STOCK OF RICE PADDIES IN SEA
4.1 Spatial distribution of annual GHG emissions from rice cultivation in SEA

4.1.1 Methane emissions

The estimation of annual methane emission from rice cultivation in SEA using ALU software and
input data provided in the section 2.4 is detailed in Table 7 and Figure 6. The results indicate that
Indonesia is the first emitter of methane from rice cultivation followed by Vietnam, Thailand,
Philippines, and Myanmar with emissions of more than 30,000 Gg CO,.. Cambodia, Malaysia and
Laos’ annual methane emission from rice cultivation are less than 10,000 Gg CO,.¢q. For all high
emitter countries, the main emission of methane from rice cultivation is from the irrigated rice
ecosystem. Upland rice ecosystem shows no emission of methane since there is no flooded period.

Table 7 Annual methane emission from rice cultivation in SEA classified by ecosystem

Rice Methane in SEA (Gg CO,-eq/yr)
Country Irrigated rice Ralnfed_ Upland rice | Flood prone Total
lowland rice

Cambodia 1,931 3,660 - 1,999 7,589
Indonesia 77,156 13,072 - 75 90,303
Laos 502 1,039 - - 1,540
Malaysia 5,579 495 - - 6,074
Myanmar 14,092 13,564 - 1,960 29,616
Philippines 29,263 4,246 - - 33,508
Thailand 26,015 22,114 - 381 48,510
Vietnam 46,226 6,365 - 2,533 55,124
Total 200,763 64,554 - 6,948 272,265

Figure 6 Rice methane from rice fields vs. cultivation practices in SEA.
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The spatial distribution of methane emission from rice cultivation in SEA is illustrated in Figure 7
Individual emission maps of Indonesia, Thailand, Vietnam, Laos and Cambodia are also reported
(Figure 8-9).
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Figure 7 Spatial distribution of methane emission from rice cultivation in SEA.
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Figure 8 Spatial distribution of methane emission from rice cultivation in Indonesia.

11



Spatial Distrbation of Rice Metline of Riwce Frelds m Tlalamd Spatnal Thstnlbation of Rice Methue of Rice Fields m Vietmam
@wJ =
- 2

‘L

\ \
Legend

Rice Methane

1 -1015g CO2-=

11-20 I_.g

- 1 -30gg CO2¢

=30 Gg O02-8

Rice Methane

1«10 G CO2-e

- 11 =20 Gy CO2-e
|
b {:). 9
B0 |
- =30 By CO2« TUL | Foiloaneterk
03755 150 28 300

bU?V,‘
3 AN
.'.~<¢—| b

T ol
Tou | TEalometert
037 BE 150 233 300

Spatial Distribntion of Race Methane of Rice Fields in Laos Spatial Distnibution of Rice Methane of Rice Fields m Combodia
-
\ X
A { X :
iR = | o J o/
c 5 '- . e A g ]
,-".F 2 ) [ L) \
JI"W :—\x / 15 |
L - W
ey X L j\
e il "
‘,‘ 5\ /
1 3 o]
. { % )
i N = J
e \ f o &
5 2 \ e —r
X !t ~
¥ =~ . L/
& SN ¥ o
] "\ ] |t
| l Ly e 8
Legend : \n Legend ./ ) :- N
Rice Methane ] # Rice Methane
f f’
& ? -
i i Gg Cdde | 3 ~ 1-10Gg <l
] o ‘J{___._ g 9
- W .20 GgCode """\_:‘ " - 1. 206gC028 y
w r
- » 300 £ M LT Tilomeiers [RERS] T TKilometers
a 02550 100 150 200 - >0 Gy C020 D280 100 150 300

Figure 9 Spatial distribution of methane emission from rice cultivation in (a) Thailand, (b)
Vietnam, (c) Laos, and (d) Cambodia.

The results show that Thailand and Vietnam possess high number of highest emission grids

(>30 Gg COzeq per grid) or “hot spot”. In Thailand, the areas of “hot spot” cover the central and
northeastern regions of the country, while in Vietnam they are observed close to the Red Delta and
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Mekong Delta. In Cambodia, some “hot spots” appear in the region of Tonle Sap. In case of
Indonesia, emission intensity is quite stable throughout the country.

4.1.2 Nitrous oxide emissions
Regarding nitrous oxide, the emissions may come from two pathways: (1) from N contained in crop
residues incorporated into the soil, and (2) from N fertilizer. The results from calculation using ALU

software are reported in Table 8-9. As for methane emission, irrigated rice ecosystem constitutes
the main source of N,O emission.

Table 8 N,O direct from N in Crop residue in SEA

N,O from N in Crop residue in SEA (Gg CO,-eq/yr)
Country Irrigated rice Ramfed_ Upland rice | Flood prone Total
lowland rice

Cambodia 3,141.0 4,585.0 53.8 1,001.9 8,782
Indonesia 125,517.4 16,378.0 2,034.7 37.5 143,968

Laos 815.8 1,301.3 328.0 - 2,445

Malaysia 9,076.2 620.0 137.1 - 9,833
Myanmar 22,925.2 16,994.0 411.2 982.3 41,313
Philippines 47,604.4 5,319.3 195.8 - 53,120
Thailand 42,321.8 27,706.0 58.7 190.9 70,277
Vietnam 75,200.3 7,974.9 562.9 1,269.5 85,008
Total 326,602.1 80,878.5 3,782.2 3,482.0 414,745

Table 9 N,O direct from synthetic fertilizer N from rice fields vs. cultivation practices in SEA

Country N,O direct from synthetic fertilizer N in SEA
(Gg CO,-e/yr)
Cambodia 41
Indonesia 5,810
Laos 56
Malaysia 288
Myanmar 614
Philippines 853
Thailand 2,731
Vietnam 3,625
Total 14,017

4.1.3 Summary of GHG Emissions from rice cultivation in SEA

GHG emissions from rice cultivation composed of CH,, N20 direct from N in Crop residue, and N,O
direct from synthetic N fertilizer are summarized in Table 10 and Figure 10. Indonesia is the first
emitting country because of largest area of cultivation, followed by Vietham where intensification of
crop rotation is practiced with up to three crops per year, and Thailand where double cropping is a
common practice, especially in the central region and irrigated areas. In each country, the major
source of GHG is N,O direct from N in Crop residue followed by rice CH,.
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Table 10 GHG Emissions from rice fields vs. cultivation practices in SEA

GHG Emissions from rice fields vs. cultivation practices in SEA (Gg CO,-e/yr)
Country _ N,O d_irect from | N,O direc’g from Total GHG
Rice CH, N in Crop synthetic N .
. . Emissions
residue fertilizer
Cambodia 7,589 8,782 41 16,412
Indonesia 90,303 143,968 5,810 240,080
Laos 1,540 2,445 56 4,041

Malaysia 6,074 9,833 288 16,196
Myanmar 29,616 41,313 614 71,542
Philippines 33,508 53,120 853 87,480
Thailand 48,510 70,277 2,731 121,519
Vietnam 55,124 85,008 3,625 143,756
Total 272,265 414,745 14,017 701,027

Figure 10 GHG Emissions from rice fields vs. cultivation practices in SEA.
The spatial distribution of GHG emission from rice cultivation in SEA is illustrated in Figure 11.

Individual emission maps of Indonesia, Thailand, Vietnam, Laos and Cambodia are also reported
(Figure 12-13).
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Figure 11 Spatial distribution of GHG emissions from rice cultivation in SEA.

Spatial Distribution of GHG Emission from Rice Fields in Indonesia
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Figure 12 Spatial distribution of GHG emissions from rice cultivation in Indonesia
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Figure 13 Spatial distribution of GHG emissions from rice cultivation in (a) Thailand, (b)
Vietnam, (c) Laos, and (d) Cambodia

The results show that Thailand and Vietnam possess high nhumber of highest GHG emission grids

(>75 Gg COzeq per grid) or “hot spot”. In Thailand, the areas of “hot spot” cover the central and
northeastern regions of the country, while in Vietnam they are observed close to the Red Delta and
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Mekong Delta. In Cambodia, some “hot spots” appear in the region of Tonle Sap. In case of
Indonesia, emission intensity is quite stable throughout the country.

4.2 Spatio-temporal distribution of soil organic carbon stock and soil organic carbon stock
change in rice ecosystems in SEA

4.2.1 Soil organic carbon stock

The soil organic carbon stock of the four rice ecosystems in SEA was estimated for the year 2010 and
2030. The results are reported in Table 11-12. The highest soil organic carbon ecosystem in
Indonesia and Vietnam is irrigated rice, and rain-fed rice in the case of Thailand, whether for 2010 or
2030, since it depends only on the land use type. The gain is around 10% in 20 years for irrigated rice,
while it is much lower for rain-fed rice.

Table 11 Soil organic carbon stocks in SEA in 2010

Soil Organic C Stocks in SEA in 2010 (Gg CO,-e/yr)
Country Irrigated rice Raln-feql Upland rice Flood prone Total
lowland rice
Cambodia 36,703 193,703 5,687 193,615 429,708
Indonesia 992,845 883,300 274,340 7,253 2,157,738
Laos 9,533 54,974 34,639 - 99,147
Malaysia 71,793 33,440 18,480 - 123,713
Myanmar 267,887 717,941 43,428 189,831 1,219,086
Philippines 376,552 286,880 26,400 - 689,832
Thailand 494,542 1,170,488 6,204 36,894 1,708,128
Vietnam 878,735 336,912 59,455 245,329 1,520,431
Total 3,128,591 3,677,637 468,633 672,921 7,947,782
Table 12 Soil organic carbon stocks in SEA in 2030
Soil Organic C Stocks in SEA in 2030 (Gg CO,-e/yr)
Country Irrigated rice Ramfec! Upland rice Flood prone Total
lowland rice
Cambodia 40,374 213,073 2,730 212,976 469,152
Indonesia 1,092,130 971,630 103,152 7,978 2,174,890
Laos 10,487 60,472 16,627 - 87,585
Malaysia 78,973 36,784 6,948 - 122,705
Myanmar 294,675 789,735 20,845 208,814 1,314,069
Philippines 414,207 315,568 9,926 - 739,702
Thailand 543,996 1,287,537 2,978 40,583 1,875,094
Vietnam 966,609 370,603 28,538 269,862 1,635,612
Total 3,441,450 4,045,401 191,745 740,213 8,418,809

4.2.2 Soil organic carbon stocks change

The soil organic carbon stock change of rice cultivation in SEA was estimated between 2010 and
2030. The results are reported in Table 13 and FigURE 14. Thailand has the highest gain followed
by Vietnam and Myanmar.
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Table 13 Soil Organic C Stocks Change in SEA between 2010 and 2030

Soil Organic C Stocks Change in SEA (Gg CO,-e/yr)
Country Soil Organic C Stocks in | Soil Organic C Stocks in Soil Organic C Stocks
2030 2010 Change (2010-2030)
Cambodia 469,152 429,708 -1,972
Indonesia 2,174,890 2,157,738 - 858
Laos 87,585 99,147 578
Malaysia 122,705 123,713 50
Myanmar 1,314,069 1,219,086 - 4,749
Philippines 739,702 689,832 - 2,493
Thailand 1,875,094 1,708,128 - 8,348
Vietnam 1,635,612 1,520,431 - 5,759
Total 8,418,809 7,947,782 - 23,551

(-)=Gain and (+)=Loss

Figure 14 Soil organic carbon stocks in SEA in 2010 and 2030.
The spatial distribution of soil organic carbon of rice cultivation in SEA is illustrated in Figure 15.

Individual emission maps of Indonesia, Thailand, Vietnam, Laos and Cambodia are also reported
(Figure 16-17).
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Figure 15 Spatial distribution of soil organic carbon stock of rice cultivation in SEA.

Spatial Distribution of Soil Organie C Stock in Indonesia
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Figure 16 Spatial distribution of soil organic carbon stock of rice cultivation in Indonesia.
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Figure 17 Spatial distribution of GHG emissions from rice cultivation in (a) Thailand, (b) Vietnam, (c)
Laos, and (d) Cambodia.
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4.2.3 Carbon Budget of the Rice Cultivation Systems
The summary of carbon budget of rice cultivation in SEA in 2030 is shown in Figure 18.

Figure 18 Carbon budget of the rice cultivation systems in SEA in 2030.

4.3 Assessment of the carbon budget of rice cultivation under existing and sustainable practices in

Thailand

The assessment results for the four scenarios are summarized in Table 14 and Figure 19.

Table 14 Carbon budget of rice cultivation under existing and sustainable practices in Thailand in

2030
CH,4 Rice Soil N,O Emission Soil N,O Soil Organic C Stocks
cultivation from synthetic Emission from Change
Scenarios fertilizer N N in Crop
Residue
(Gg CO.-e) (Gg CO.-€) (Gg CO.-€) (Gg COy)
RF 42,559 1,116 51,838 - 8,103
RI 64,268 1,949 91,917 - 8,103
RC 42,559 2,747 132,527 - 8,103
RS 42,559 2,095 145,975 - 8,103
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Figure 19 Carbon budget of rice cultivation under existing and sustainable practices in Thailand

From the results, scenarios RI, RC and RS contribute to enhance GHG emissions, especially from soil
N,O emission from N in crop residues. The soil organic carbon stock change remains the same for
the four scenarios because the principal land use is considered in ALU to be rice field whether the
case.
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Appendix 6
Report on “Assessment of long term GHG emissions and soil carbon dynamics of various
rice paddy cultivation systems using DNDC model”
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CHAPTER 1 INTRODUCTION

1.1 Background

Climate change has received significant attention from scientists and government’s from all over the
world. The GHGs, of which the CO, ranks topmost have been recognized as a key player in global
climate change (Davidson et al., 2001). The global carbon cycle describes the transfer of carbon in to
the earth’s atmosphere, vegetation, soils and oceans. The two most important anthropogenic
processes are the responsible for emitting CO, are the burning of fossil fuels and land use. Rapidly
growing GHG emissions are outpacing the growth of the natural sinks. The efficiency of major sinks
(ocean and lands) has been decline significantly over time. The ocean and land sinks use to remove
60% of all anthropogenic CO, fifty years before presently its decline to 55% (World Bank (ARD),
2012).

Soils plays key role in determining global carbon dynamics because they serves the link between the
atmosphere, vegetation and ocean. Globally the soil carbon pool is estimated at 2500Gt up to 2m
depth, where soil organic pool is 1550 Gt and soil inorganic and elemental pool is 950 Gt (World
Bank (ARD)., 2012). The soil organic carbon pool is main indicator of a dynamic balance between
gain and losses. Presently the main reason of carbon loss is due to the land use change
(deforestation) and related land change processes (erosion, tillage practices, burning of biomass,
fertilizer applications, residue removal and drainage)is between 0.7 and 2.1 Gt carbon per year.

Compared with the natural ecosystem, C in agricultural soil shows great sensitivity in the global C
cycling. Various agricultural practices such as residue retention, tillage, fertilization and irrigation
influences the agricultural soil pool, which affect not only soil fertility but also global and regional C
cycling (Wen et al., 2007).

According to FAO statistics, rice plantation covers 12.5% of total crop plantation area in the world.
South-East Asia (SEA) is the region with the major rice plantation area covering 30% of the world
plantation area. Recognizing the role of rice paddies in the regional carbon budget, an evolution of
soil organic carbon change in SEA rice paddies is grate important to understand the future
contribution of rice paddies to the carbon sequestration and mitigation options. Also while
understand the soil organic carbon in rice paddies it is also important to understand other GHGs
emissions from rice field (such as CH, and N,O), which has significant impact on climate change.

It is estimated that rice paddies are responsible for GHGs emissions, so balancing food production to
feed population and environmental protection, and predicting the impact of climate change or
alternative management on both environment safety and food production are drawing great
attention in the global scientific community (Zhang et al. 2002). Agricultural ecosystem include
complex climatic components and soil processes, the atmosphere and farming and cropping
practices, so this complex structure limits the measurement and monitoring of GHGs and soil organic
carbon. But these days dynamic modeling is an effective approach to characterize whole system by
integrating various processes and model can be used for understanding mechanism, estimation and
prediction of GHGs and soil organic carbon, also to determine strategies to reduce GHGs emission of
one gas and whether there may be other adverse consequences.

In this study we have used DeNitrification - DeComposition (DNDC) model developed by Li, C.S. and
his colleagues to simulate the GHGs emission and soil organic carbon in SEA region from rice paddies
and selected rotation crops and cultivation practices, validate these simulations against the field
observation, sensitivity analysis and scenario assessment. The major objectives of this research
were to collect informative data on long term GHGs emission and soil carbon storage from rice field



and selected energy crop (Activity IlI) and assessment of appropriate cultivation practices as
mitigation options for low/ reduced carbon emission in the agriculture sector in SEA region.

1.2 Objective of study

The major objective of this report is long term soil carbon dynamics assessment of suitable low
carbon cultivation using DNDC biogeochemistry process based model. Also to understand the soil
carbon storage and sequestration of the feasible rice-energy crop system using modeling framework
and comparison between observed and modeled data. This study also focuses on GHGs emissions
with crop cultivation practices and there validations with observed data from field experiment
conducted at experiment site in Thailand.



CHAPTER 2 METHODOLOGY

2.1 DNDC model Description

The DNDC 9.3 version was used in this study for to simulate the field measurement of CH4, N,O and
CO,. The DNDC model under development at the University of New Hampshire since 1992, which is
process based simulation model for soil carbon and nitrogen biogeochemistry cycle’s (Li et al.,
1992a, 1992b, 1994, 1996). The DNDC is integration of six sub models which describes the
generation, decomposition, transformation of organic matter and outputs the dynamics of
components of SOC and GHGs (Zhang et al., 2009).

The six sub models in DNDC are

1. Soil climate sub model: This uses soil physical properties, air temperature and precipitation to
calculate the soil temperature, moisture and redox potential profiles and soil water fluxes through
the time. Results from soil climate sub model were used by other sub models.

2. A nitrification sub model

3. A denitrification sub-model, which calculates hourly denitrification rates and N,O, NO and N,
production during periods when the soil Eh decreases due to rainfall, irrigation, flooding or soil
freezing;

4. A sub-model simulating the decomposition of SOC pools and CO, production through soil
microbial respiration;

5. Plant growth sub-model, which calculates daily root respiration, water and N uptake by plants,
and plant growth; and

6 .A fermentation sub-model, which calculates daily methane (CH,) production and oxidation

Figure 1 shows the structure of the DNDC model, where it uses the Soil properties, crop parameter,
climate data and farming practices as input then model considers the dynamics of crop growth and
its responses to climate conditions and farming practices, interactions soil biogeochemical processes
and finally it simulates crop yield, GHGs emissions responding to climate conditions and
management practices.

Figure 1 DNDC model structure and working flow
[Source (Zhang et al., 2002)]



2.2 Study area

The field experiment was conducted at Ratchaburi campus of King Mongkut's University of
Technology Thonburi, Thailand for the year 2010-2011 to understand the GHG emissions and soil
carbon dynamics from rice crop as well as from the rotation with energy crop using field
observations. The further details of site can be found in Activity II.

2.3 Data input

The site mode of DNDC model (version 9.3) used to estimate the soil organic carbon storage and
GHGs emission in rice-energy crop rotation. The major ecological factors to drive model for
simulating the GHGs emissions from paddy field in rotation with energy crop included three major
input parameters which includes climate (maximum and minimum temperature and precipitation),
soil properties and farm management practices. There all input parameters were used to run DNDC
model on site mode for the experiment site. The climate data were collected from Thai
Meteorological Department; TMD-Ratchaburi station, soil physical and chemical properties were
collected from laboratory analyses, and farm management data were collected from literature
review and personal interview with farmers (more details can be found in Activity I). Detailed
information on climate data and soil properties in 2010 and 2011 were presented in Table 1. The
long term simulation from 2011-2030 was conducted the climate data from PRECIS Climate model
ECAMA4 SRES B2 and used the crop management practices form the second year (2011) of field
experiment.

Table 1 Climate data and Soil properties of KMUTT’s experimental site

Items 2010 2011

Location Latitude: 13°35’ N  Longitude: 99°30’ E
Climate data

Average annual temperature (°C) 29.01 27.87

Annual rainfall (mm) 1,205 910
Soil properties (0-15 cm of soil depth)

Land-use type Rice paddy field

Soil texture Sandy loam

Sand (%) 53.00

Silt (%) 45.00

Clay (%) 2.00

Bulk density (g/cm?®) 1.75

Soil pH 5.80

SOM (0-15 cm) (%) 0.69

SOC (0-15 cm) (%) 0.40

Phosphorus (P) (mg/kg) 4.00

Potassium (K) (mg/kg) 20.00

Total N (%) 0.04

C:N ratio 10.00

The information of crop management practices in KMUTT’s experimental site for the DNDC model

runs are following:

(1) Manure application: incorporated cow manure C=1041 kg C/ha, N= 80 kg N/ha and
C=1236 kg C/ha, N=95 kg N/ha in only year 2010;

(2) Tillage: plow depth of 20 cm after harvest; and 5-10 cm depth on planting day;

(3) Fertilizer application: NH;NOs+Urea (40 kg N/ha) and Urea (57.5 kg N/ha) for corn and
sweet sorghum, NH4NO; (23 kg N/ha) and Urea (57.5 kg N/ha) for rice;

(4) Flooding: continuously flooding at 10 cm (one week after rice sowing until two weeks

before harvesting).




2.4 Model validation

Validation against experimental data is an essential part of model development. If experimental
measurements agree well with model predictions, there is increased confidence that the model is
correctly simulating the underlying processes. In contrast, in case where the model fails to predict
the measurements this can help identify processes that the model simulates poorly (Giltrap et al.,
2010).

To validate applicability of DNDC model in Thailand, field experiment were conducted at the crop
experimental site at Ratchaburi campus of King Mongkut’s University of Technology Thonburi,
Thailand. The observed GHGs fluxes were conducted once per week with the black acrylic closed
chamber method (see methodology in activity 11) and then simulated GHGs fluxes were compared
with observed fluxes. The model was evaluated using correlation (R?) and root mean square error
(RMSE) coefficients. RMSE is considered as best overall measure of model performance as it
summarizes the mean difference in the units of observed and predicted values (Willmott, 1982;
Babu et al., 2006).

2.5 Sensitivity analyses and uncertainty

Sensitivity analysis involves testing the model performance as various inputs are changed. This helps
determine which inputs are having the greatest effect on the predicted emissions and whether the
model has captured observed differences in emissions under different management strategies.
Sensitivity analysis differs from validation as it does not compare the model out field data (Giltrap et
al., 2010). For the sensitivity analyses, the parameter being evaluated was set to several values
within a predefined range in agricultural soil, while all other model parameters and inputs were held
constant at standard values. Simulated seasonal CH, and N,O fluxes sensitivities were evaluated for
air temperature, clay fraction, initial SOC and amount of N-fertilizer, while SOC storages were
evaluated for air temperature and clay fraction.

Sensitivity analyses can be used to estimate the degree of uncertainty in the model predictions
resulting from imperfect knowledge of the input parameters. These uncertainties can be estimated
using Monte Carlo simulation, in which a large number of possible scenarios are generated using
random values (within a specified range) for each input parameter (Giltrap et al., 2010).



CHAPTER 3. RESULTS AND DISCUSSION

3.1 Simulation of methane and nitrous oxide emissions

Seasonal CH, emission from the rotated of energy crop and rice system were simulated practically by
site mode of DNDC (version 93). There were some differences in the daily average CH, emission
values. DNDC simulation showed that the seasonal variations of CH, emission (Fig. 2) were significant
higher during the rice-growing season but fewer during the fallow, corn and sorghum growing
season. Simulated daily average CH, emission values ranged from zero before and after flooding to a
maximum of 10.52 kg C/ha/day.
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Figure 2 Seasonal variation for methane emissions in 2010-2011 using site mode of DNDC model

DNDC simulation showed that the seasonal variations of N,O emission (Fig. 3) were significant higher
during fallow, corn and sorghum growing season. In during the rice-growing season, the small N,O
emissions peaks were observed at the beginning without flooding and harvesting period. In year
2010, N,O emissions were extreme peak by tillage and cow manure incorporation. Some peaks of
N,O were presented during nitrogen fertilizer application. Simulated daily average N,O emission
values ranged from zero to 0.211 kg N/ha/day.
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Figure 3 Seasonal variation for nitrous oxide emissions in 2010-2011 using site mode of DNDC model



Root means square error (RMSE), correlation (R?), sample number (N), cumulative flux and
% difference of daily simulated and observed values were shown in Table 2. DNDC model could able
to capture the overall trend of the daily CH, emissions. The RMSE and correlations between
observed and simulated seasonal fluxes for RF, RC and RS cropping system were in the range of
RMSE 0.4508-0.5807 and R? 0.7841-0.8732, while RR cropping system was 3.1761 of RMSE and
0.2445 of R%. There were indicated the model could able to capture CH, fluxes in plot of RF, RC and
RS. Most differences between simulated and observed seasonal CH, fluxes were less than 20%. In RR
cropping system, the model failed to capture the pattern of daily average CH, emission (RMSE=
3.1761, R?=0.2445), but total seasonal CH, emission were in good agreement between observed and
simulated values (5.59% different). The observed data in RR cropping system found higher CH, flux
peak after two weeks of rice sowing, it is probably attributed to the organic residues incorporation
from the previous crop, whereas the data from model could not showed higher peak in this period.

The total seasonal N,O emissions of observed and simulated values were not well correlated with
the ranges of R? 0.0023-0.0569. DNDC simulated higher N,O emission during tillage and after
fertilizer application during crop growing season, while simulated zero N,O emission a few days after
flooding the rice field. The RMSE and R? show that the model has a relatively high error. Field
cumulative N,O fluxes during crop growing season ranged from 3.133 to 9.686 kg N ha™ while the
simulated emissions were in the range of 0.109 to 3.329 kg N ha. The difference between observed
and simulated cumulative N,O emissions ranged from 63-96%. The model was completely failed to
capture the trend as well as magnitude of daily N,O emissions.

Table 2 Observed and modeled seasonal methane and nitrous oxide fluxes in year 2010-2011

Treatment CH. (kg C ha™) N,O (kg N ha™)

RMSE 0.4508 RMSE 0.0110
R? 0.8732 R? 0.0364

RF N 69 N 51
(fallow-rice) Observed 348.10 Observed 5.228
Simulated 410.10 Simulated 1.272
% different 15.12 % different 75.68
RMSE 0.5807 RMSE 0.0329
R? 0.8327 R? 0.0102

RC N 69 N 52
(corn-rice) Observed 396.54 Observed 9.160
Simulated 468.60 Simulated 3.329
% different 15.38 % different 63.65
RMSE 0.5298 RMSE 0.0248
R? 0.7841 R? 0.0023

RS N 69 N 53
(sorghum-rice) | Observed 369.90 Observed 9.686
Simulated 386.95 Simulated 2.230
% different 441 % different 76.97
RMSE 3.1761 RMSE 0.0103
R? 0.2445 R? 0.0569

RR N 69 N 56
(rice-rice) Observed 2,136.40 Observed 3.133
Simulated 2,017.03 Simulated 0.109
% different 5.59 % different 96.54




3.2 Long term simulation of annual methane and nitrous oxide emissions over 20 years
The general of rice cultivation practices in non-irrigation area of Thailand is fallow land in dry season
and cultivated rain-fed rice in wet season, therefore RF (fallow-rice) is the baseline for this research.
The 20-years simulation for predicted annual CH; and N,O emission in the future within each
cropping system showed in figure 4. Annual CH4 emission values ranged from 153.43 to 1,328.49 kg
C ha™ year™. In the long term of 20-years average annual n, the selected energy crop with corn and
sweet sorghum could able to reduce CH, emission as 72% and 80% when compared with continues
of rice cultivation (RR). In addition, the sweet sorghum rotated in rain-fed rice was not significant
difference of CH, emission with baseline (fallow-rice).

Annual N,O emissions were dissimilar patterns with CH, emission. There were mainly caused by
difference of cropping condition between paddy rice and upland crop. Annual N,O emission values
ranged from 0.18 to 3.43 kg N ha™ year™. In double cropping of rice (RR) was significant lowest of
N,O emission decided by flooding condition of rice cultivation. While the N,O emission from energy
crops of corn and sweet sorghum was higher 4 and 2 time than double cropping of rice, respectively.
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Figure 4 Long term simulation of annual methane and nitrous oxide emissions over 20 years

3.3 Long term simulation of annual soil organic carbon dynamics over 20 years

Figure 5 presented the modeled SOC dynamics, there were showed similar trends across the crop
rotation system. The SOC contents in the crop rotation of rice-rice, corn-rice and sorghum-rice more
continuously increased during the simulated 20 years, although fallow-rice gradually increased. The
annual SOC values ranged from 20,168 to 60,723 kg C ha™ year™. The highest increasing rate of SOC
was observed in rice-rice rotated field as 1,957 kg C ha™ year™ through more incorporated crop
residue into the field. SOC storage in crop rotation of rice-rice, corn-rice and sweet sorghum-rice was
higher 42%, 33% and 25% than baseline of fallow-rice crop system, respectively.



The modeled data showed the change of SOC (dSOC). The dSOC data was calculated by change of
the end SOC from initial SOC of each year. All crop rotation system, the soil lost SOC at relatively low
rates during the simulated 20 years. The near equilibrium status for all crop rotation system was
indicated by the special water management practice for paddy soil reduced SOC decomposition rate,
and relatively high crop productivities introduced more litter into the soils (Wang, et al. 2008).
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Figure 5 Long term simulation of annual soil organic carbon dynamics over 20 years

3.4 Sensitivity analysis

CH, and N,O emission was most sensitive to soil texture with emission decreasing with an increase
of clay content. The emission of CH4 and N,O decreased 8.2-38 % when increased clay content to
60% of baseline in initial soil. Moreover, CH, and N,O emission were positive increasing with high air
temperature and amount of nitrogen fertilizer application.



CHAPTER 4 CONCLUSION

In activity 4, the data generated from Activity 2 was used as input data into existing DNDC model, for
analyzing the carbon storage and GHGs emissions from the various cultivation practices. The results
indicated that the DNDC model was capable of capturing quantitatively the major aspects of CH,
emission. There were some disagreements between observed and simulated daily N,O fluxes and
unable to capture daily CH, fluxes at the beginning of the rice growing season, indicating that DNDC
does not capture all processes occurring in the field.

During the simulated 20 years, the modeled results indicated that the SOC storage in rice-rice, corn-
rice and sorghume-rice could able to remained carbon into the soil than fallow land-rice. There are in
agreement with the long term projection of soil carbon storage change using DNDC model which
confirmed that rotated of energy crop cultivation with rain-fed rice can increase soil carbon in the
long run.

10



References

Babu, Y.J., Li, C., Frolking, S., Nayak, D.R. and Adhya, T.K. (2006). Field validation of DNDC model for
methane and nitrous oxide emissions from rice-based production systems of India. Nutrient
Cycling in Agroecosystems. 74, 157-174.

Davidson, Ogunlade et al. 2001. Climate Change 2001: Synthesis Report.

Giltrap, D. L., Li, C. and Saggar, S. (2010) DNDC: A process-based model of greenhouse gas fluxes
from agricultural soils. Agriculture, Ecosystems and Environment, 136, 292-300.

Li C. (1992a). A model of nitrous oxide evolution from soil driven by rainfall events:1. Model
structure and sensitivity. Journal of Geophysical reserach, 97(D9), 9759-9776.

Li C. (1992b). A model of nitrous oxide evaluation from soil driven by rainfall events:2. Model
application. Journal of Geophysical Research, 97(D9), 9777-9783.

Li C., Narayanan V., and Harriess R. (1996). Model Estimates of nitrogen emissions from agricultural
lands in the United States. Global Biogeochemical Cycles, 10(2), 297-306.

Li, C., Frolking, S., and Harriess R. (1994). Modeling carbon bio-geochemistry in agricultural
soils. Global Biogeochemical Cycles, 8(3), 237-254.

Wang, L., Qiu, J., Tang, H., Li, H., Li, C. and Ranst, E.V. (2008). Modelling soil organic carbon dynamics
in the major agricultural regions of China, Geoderma, 147, 47-55.

Wen, Zhang, Y U Yong-giang, S U N Wen-juan, and Huang Yao. (2007). “Simulation of Soil Organic
Carbon Dynamics in Chinese Rice Paddies from 1980 to 2000 * |.” 17(40431001):1-10.

Willmott, C.J. (1982). Some comments on evaluation of model performance. Bull. Am. Meteorol. Soc.
63, 1309-1313.

World Bank (ARD). (2012). Carbon Sequestration in Agricultural Soils. Washington DC: The World
Bank.

Zhang, L. et al. (2009). “Quantifying methane emissions from rice fields in the Taihu Lake region,
China by coupling a detailed soil database with biogeochemical model.” Biogeosciences
6(5):739-749. Retrieved (http://www.biogeosciences.net/6/739/2009/).

Zhang, Y., Changsheng L., Xiuji Z., and Berrien M. (2002). “A simulation model linking crop growth
and soil biogeochemistry for sustainable agriculture.” Ecological Modelling 151(1):75-108.
Retrieved (http://linkinghub.elsevier.com/retrieve/pii/S0304380001005270).

Zhang, Y., Shiliang S., Feng Z., Runhe S., and Wei G. (2012). “Characterizing spatiotemporal dynamics
of methane emissions from rice paddies in Northeast China from 1990 to 2010.”
PloSone7(1):e29156.Retrieved August 6, 2012
(http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3250406&tool=pmcentrez&rend
ertype=abstract).

11



Appendix 7
Training Workshop on “Capacity building on estimation of GHG emissions from rice fields:
The application of DNDC model”



The Joint Graduate School of Encrgy and Environment

Training Workshop on
“Capacity Building on Estimation of GHG Emissions from Rice Fields:
The Application of DNDC Model”

11-13 February 2013
Phuttaraksa Room (3rd floor), Seminar Building, Continuing Education Center
King Mongkut's University of Technology Thonburi, Bangkok, Thailand

Organized by
The Joint Graduate School of Energy and Environment (JGSEE)

Purpose of the workshop

This training workshop aims at providing participants with an improved understanding of carbon and
nitrogen biogeochemistry in agro-ecosystem and enhanced knowledge of spatio-temporal dynamics
of GHGs from rice fields.

Date and venue
The event will be held during 11- 13 February 2013, Phuttaraksa Room (3rd floor), Seminar Building,
Continuing Education Center, King Mongkut's University of Technology Thonburi, Bangkok, Thailand

Participants
Researchers in ACRP-APN project and JGSEE students (invited participants only)

Registration
Free of change

Language
The workshop will be held in English

Programme of the training workshop

11 February 2013:

8.30-9.00 Registration

Dr Sirintornthep Towprayoon

9.00-19.10 | Opening ceremony Director, JGSEE, Thailand

Dr Sebastien Bonnet

9.10-9.30 Introduction to APN project Lecturer, JGSEE, Thailand

Challenges to mitigate soil
9.30- 10.00 | greenhouse gases - linking field
scientists and modellers

Dr Yoshitaka Uchida
Assistant Professor, Hokkaido University, Japan

10.00-10.30 Group Photo and Coffee Break

Dr Kruamas Smakgahn

10.30- 11.00 | Introduction to DNDC model Lecturer, KU, Thailand

Dr Kruamas Smakgahn

11.00- 11.45 | DNDC Model: Site mode Lecturer, KU, Thailand




Dr Michiko Hayano
Researcher, NIAES, Japan
Dr Yoshitaka Uchida
Assistant Professor, Hokkaido University, Japan

11.45-12.30 | DNDC Model: Regional mode

12.30-13.30 Lunch Break
Dr Michiko Hayano
13.30 — 15.00 Demo.nstratlon of Regional Researc_her, NIAES, Japan
mode: Japan case Dr Yoshitaka Uchida

Assistant Professor, Hokkaido University, Japan

15.00-15.30 Lunch Break

Dr Michiko Hayano
Researcher, NIAES, Japan
Practice on input data Dr Yoshitaka Uchida
preparation Assistant Professor, Hokkaido University, Japan
Dr Kruamas Smakgahn
Lecturer, KU, Thailand

15.30-17.00

12 February 2013:

Dr Michiko Hayano
Researcher, NIAES, Japan

9.00-12.30 Hands on training on site mode Dr Yoshitaka Uchida
Assistant Professor, Hokkaido University, Japan
12.30-13.30 Lunch Break
Dr Michiko Hayano
Hands on training on regional Researcher, NIAES, Japan
13.30-16.30 mode Dr Yoshitaka Uchida
Assistant Professor, Hokkaido University, Japan
13 February 2013:
9.00-12.30 Presentation, discussion and way Participants and APN Team
forward
12.30-13.30 Lunch Break

Newsletter article

The training Workshop on “Capacity Building on Estimation of GHG Emissions from Rice Fields: The
Application of DNDC Model” was organized by The Joint Graduate School of Energy and Environment
(JGSEE) at Phuttaraksa Room (3rd floor), Seminar Building, Continuing Education Center, King
Mongkut’s University of Technology Thonburi (KMUTT), Bangkok, Thailand on 11 February 2013.

This event is part of and APN-ARCP funded Project on: Strategic Rice Cultivation for Sustainable Low
Carbon Society Development in South East Asia led by JGSEE (Thailand) in collaboration with the
National Institute for Agro-Environmental Sciences (Japan) and the Bogor Agricultural University
(Indonesia).

This training workshop aimed at providing participants with an improved understanding of carbon
and nitrogen biogeochemistry in agro-ecosystem and enhanced knowledge of spatio-temporal
dynamics of GHGs from rice fields. Participants of this training workshop consisted of 30 persons:
including DNDC experts from Japan, Thailand, and Indonesia, the APN project team, and
lecturers/researchers from several universities in Thailand.



A closed training workshop followed up during 12-13 February at JGSEE involving only the APN
researchers and DNDC experts. During this 2 day-training, data on rice cultivation collected as part of
the project activities for Thailand and Indonesia were used to run the DNDC model and discuss the

results obtained from the simulations.

List of participants

Dr. Sirintornthep Towprayoon

Director

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail; sirin@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Savitri Garivait

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: savitri_g@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Michiko Hayano

National Institute for Agro-Environmental
Sciences

Tel: +81-29-838-8330

Fax: +81-29-838-8199

E-mail: mhayano@affrc.go.jp

Address: 3-13 KANNONDAI, TSUKUBA, IBARAKI
305-8604

Japan

Dr. Amnat Chidthaisong

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: amnat@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Sebastien Bonnet

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: sebastien@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Dr. Yoshitaka Uchida

Research Faculty of Agriculture, Hokkaido
University

Tel: +81 11 706 2405

Email: uchiday@chem.agr.hokudai.ac.jp
Address: Kita 8, Nishi 5, Kita-ku, Sapporo
Hokkaido 060-0808

Japan



Mr. Adi Rakhman

Bogor Agricultural University

Tel: +62 251 8622833

Fax: +62 251 8622833

E-mail: rakhman38@yahoo.com
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Bogor 16680 West Java
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Kasetsart University
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Strategic Rice Cultivation for Sustainable
Low Carbon Society Development
in South East Asia

Dr Sebastien Bonnet
The Joint Graduate School of Energy and Environment

Training workshop “Capacity Building on Estimation of
GHG Emissions from Rice Fields: The Application of DNDC Model”
11 February 2013, KMUTT, Bangkok

The Asia-Pacific Network for Global Change Research - APN

APN: The Asia-Pacific Network for Global Change Research

APN is a network of 22 member countries promoting global change research
in the region and strengthening interactions between scientists and policy-
makers

The APN funds its research programmes based on an annual open call for
proposals under its regional research and capacity development
programmes (ARCP and CAPaBLE).

ARCP: Asia Pacific Network - Annual Regional Call for Research Proposals

ARCP is one of the scientific pillars of the APN to encourage and promote
global change research in the Asia-Pacific region, establishing a sound
scientific basis for policy-making.

e

APN-ARCP project led by JGSEE

* Project title: Strategic Rice Cultivation for Sustainable Low Carbon Society
Development in South East Asia

* Project duration: 2 years
« Budget: 40,000 USD per year
 Organizations involved:

— The Joint Graduate School of Energy and Environment (JGSEE), Thailand
Lead organization (Assoc. Prof. Dr. Sirintornthep Towprayoon)

— The National Institute for Agro-Environmental Sciences (NIAES), Japan

\_ — Bogor Agricultural University. Indonesia

Background information on rice production

Annual world production of rice is 678 millions tonnes (2009) with global
rice plantation covering 12.5% of total crop plantation area

The 2 largest world producers of rice are China and India followed by other
Asian countries including for SEA: Indonesia, Myanmar, Vietnam, Thailand,
Philippines and Cambodia (top 20 world producers of rice).

Rice plantation in South East Asia (SEA) covers 30% of the world area of rice
plantation

The harvested area of rice in 2008 in SEA was 47 mil. ha dominated for
almost half by Indonesia (12 mil. ha) and Thailand (10.5 mil. ha) and closely
followed by Myanmar (8 Mil. ha) and Vietnam (7 Mil. Ha)

In SEA, the yields of rice are in the range 3 — 5 tonnes per ha, the highest
found in Vietnam and lowest in Cambodia




Background information on rice production

« In 2010, the three largest exporters of rice, in decreasing order of quantity
exported were Thailand and Vietnam followed by India. They accounted for
nearly 70% of the world rice exports.

¢ The primary variety of rice exported by Thailand and Vietnam is Jasmine
rice.

¢ The main species of rice found in SEA are: Oryza officinalis, O. minuta, O.
granulate, O. meyeriana, O. nivara, O. sativa, and O. ridleyi.

« Major categories of rice in the world are Oryza sativa, Oryza glaberrima,
and wild rice.

Project objectives

The overall goal of the project is to identify strategic rice cultivation practices
enabling SEA to develop towards a sustainable low carbon society while
enhancing the adaptive capacity in the agriculture sector

The specific objectives are:

— To develop long-term field studies to measure, monitor and evaluate
the impacts of various cultivation practices on climate change and
identify potential adaptive measures and mitigation options

— To identify strategic rice cultivation practices, in rotation with selected
energy crops, enabling to fully utilize the rice plantation fallow period
and therefore to optimize rice and energy feedstock production

— To enhance regional capacity of scientists and policy makers in SEA for
sustainable low carbon development of their society

/

Project activities

The project consists of 5 main activities:

Activity I: Review of rice cultivation practices and use of energy crops for
rotation in SEA

Activity II: Long-term monitoring of GHG emissions and soil carbon dynamics
from rice cultivation and utilization energy crops for rotation

Activity III: Capacity assessment of GHG emissions and soil carbon stock from
sustainable cultivation practices in SEA

Activity IV: Long-term soil carbon dynamics assessment of sustainable low
carbon cultivation using process model

Activity V: Knowledge dissemination to scientists and policy-makers in SEA

Activity I: Review of rice cultivation practices and use of energy
crops for rotation in SEA

Description of Tasks Deliverables

— Review of information on
current rice cultivation
practices in SEA and state-of-
the-art of regional traditional
practices as well as potential
for introducing selected
energy crops to be cultivated
in rotation with rice.

— Involvement of SEA experts in
the agricultural sector to
contribute information to the
review study as part of an
expert meeting organised in
Thailand by JGSEE

— Report on the state-of-the-art
of rice cultivation practices and
use of energy crops as the
potential rotation crops for SEA
countries.

— Database of rice cultivation
practices in SEA

— Identification of country
specific rice cultivation
practices and potentials for
energy crop cultivation in SEA
countries

— Background data for
preparation of Activity Il and Ill

~




Activity |: Review of rice cultivation practices and use of energy
crops for rotation in SEA

Literature survey to assess current practices of rice cultivation in SEA including
land management.

Review supported with a questionnaire survey (in Thailand and Indonesia) to
collect information from farmers regarding their agricultural practices and
assessing potentials for rotation with selected energy crops, i.e. maize and
sorghum.

Expert meeting organized by JGSEE in June 2011 gathering selected experts from
SEA countries including: Indonesia, Japan, Cambodia, Lao PDR, Myanmar, Vietnam
and Thailand to to help evaluate and confirm the results from the surveys.

Production of a Report on: “state of the art of rice cultivation practices in SEA and
rotation with energy crops”.

Presentation on “Rice Cultivation and Potential Areas for Rotation with Energy
Crops in South-east Asia” at the 17th Inter-Governmental Meeting (IGM) and
Scientific Planning Group (SPG) Meeting in Jakarta (Indonesia), on 14 March 2012.

%

Expert Meeting on
“State-of-the-Art of Rice Cultivation Practices in South-East Asia”

2-3 June 2011
JGSEE, Bangkok, Thailand

Under APN-ARCP Funded Project on:
Rice Cultivation for Sustainable Low Carbon Society Development in South-East Asia

Organized by
The Joint Graduate School of Energy and Environment (JGSEE)

Participants Thailand Card technique

Japan

‘ Cambodia ‘ } Indonesia ‘ ‘ Myanmar

4 Report on “state of the art of rice cultivation practices in SEA and h

rotation with energy crops”

The report provides background information on statistic of rice cultivation in
SEA including harvested area, production, yield, trade as well as rice varieties
and ecosystems

The report also provides country specific information for : Cambodia,
Indonesia, Lao PDR, Myanmar, Thailand and Vietnam

The information reviewed and reported include:
— Rice variety
— Ecosystem
— Land preparation
— Rice plantation and cultivation practices (water, fertiliser, pesticide, etc.)
— Harvesting method
— Management of rice residues
— Rotation crops
— soil organic carbon

— Socio-economic status of farmers )

/Activity [I: Long-term monitoring of GHG emissions and soil carbon )
dynamics from rice cultivation and rotation with selected energy crops

Deliverables

— long-term monitoring data on
GHG emissions and soil carbon
dynamics associate to rice
cultivation and rotation with
corn and sorghum.

— Comparative evaluation of
specific crop rotation practices
in terms of carbon cycle,

— Continuous monitoring of trace economics, social benefits,
gas emissions, soil carbon stock, potential barriers, etc.
biological and physical — Identification of potentially
parameters associated to above- sustainable rice-energy crop
ground and below-ground cultivation practices under well-
biomass defined conditions

Description of Tasks

— Assessment of GHG emissions
and soil carbon dynamics
associated to rice cultivation and
rotation with selected energy
crops (corn and sorghum) during
fallow period at KMUTT -
Ratchaburi campus experimental
site (Thailand)

/




Field experiments in Ratchaburi (Thailand)

Cultivation Practices

QDry season Dry season Wet season

ONormal practice (non- Month| 1 2 3 4 5 6 7 8 9 10 11 12
irrigated): fallow land
QNormal practice
(Irrigated): rice
O Rotation with Energy
crops: corn and sweet
sorghum
QOWet season
ONormal practice (rain-
fed)
O Experimental results: input
data for Site mode of DNDC

stock from sustainable cultivation practices in SEA

. . . . N
4 Activity lI: Capacity assessment of GHG emissions and soil carbon

model to Estimate Soil
Organic Carbon stock, CH,
and N,O emissions

Deliverables

— GIS maps of GHG emissions
from rice fields for selected
cultivation practices in SEA

— GIS maps of carbon stock of rice
fields in SEA

— Database of GHG emissions
inventory using ALU software

— Assessment of C budget of the
rice cultivation systems
investigated under existing and
sustainable practices in SEA

Description of Tasks

— Assessment of the capacity of C
budget in terms of emissions
and soil carbon stock of rice
fields in SEA

— Development of GIS maps of
GHG emissions from existing
and sustainable cultivation
practices

— Assessment of potential
mitigation options based on
different scenarios

(February-June) (August-December) \ /
. . . / . . . S N
Activity IV: Long-term soil carbon dynamics assessment of Training Workshop: Capacity Building on Estimation of GHG
sustainable low carbon cultivation using process model Emissions from Rice Fields: The Application of DNDC Model
Description of Tasks Deliverables + Objective:
— Assessment of long-term soil — Informative data on long-term Pr_ovidin_g participants
carbon dynamics of sustainable soil carbon storage incl. rotation with an |mp_roved
low carbon cultivation using with selected energy crops and understandm_g of
DNDC model cultivation practices ce}rbon and pltrogen
— Assessment of long-term soil Comparative assessment of soil biogeochemistry in
carbon storage and carbon sequestration for agro-ecosystem and
sequestration of specific rice- selected rice-energy crop enhanced knowledge
energy crop systems based on rotation systems of spat!o-temporal
monitoring and modeling data. Assessment of appropriate dynamics of GHGs
C : from rice fields
— Use of Relevant data generated cultivation practices as . _
from activity Il as input to mitigation options for * Participants:
DNDC for analyzing the time- low/reduced carbon emissions Researchers involved
series change in carbon storage in the agricultural sector In SFEEEEAEPN %rOJect
vs. the corresponding GHGs an students
emissions. \_ J




Activity V: Knowledge dissemination to scientists
and policy-makers in SEA

Description of Tasks

— Knowledge transfer to scientists
and policy-makers in SEA
regarding the strategic
approach to follow for
sustainable rice cultivation i.e.
reducing GHG emissions while
increasing energy crop
production.

— The project closing workshop is
to be conducted in Thailand in
May 2013 with invited
participants from selected SEA
countries.

Deliverables

— Capacity building of scientists
on inventories of GHG
emissions and carbon stock as
well as process modeling tools
(ALU and DNDC).

— Capacity building of scientists

and policy-makers on mitigation

options in the agricultural

sector for a low carbon society.

THANK YOU

For further information contact:
sebastien@jgsee.kmutt.ac.th




Challenges to mitigate soil greenhouse gases
— linking field scientists and modelers

Yoshitaka Uchida (Yoshi)

Assistant Professor
Research Faculty of Agriculture, Hokkaido University
(uchiday@chem.agr.hokudai.ac.jp)

Greenhouse gases — How are they related to
agriculture?

. CO,

— Respiration / photosynthesis.

 CH,
—Paddy fields, ruminants (e.g. cows and
goats), from animal effluent.

— The use of nitrogen fertilizers, the
decomposition of crop residues.

Mitigation of soil N,O emissions
- why is it so difficult?

Fertilizer N
Soil organic matter N
Residue N

! N,O ( NO,” > NO = NZOD

Y T e S
NH,* = NH,0H > NO,”7 Denitrification

Nlitrification
Nitrifier-Denitrification

Mitigation of soil N,O emissions
- why is it so difficult?

» Emissions are controlled by microbes.
- Complicated processes (nitrification,
denitrification, nitrifier-denitrification)
- Limited knowledge in soil microbiology (fungi?
Bacteria? carbon sources?)
» Microbial knowledge plus soil physics!
- N,O production # N,O emissions
* Nobody wants to reduce N inputs.
- N,O reduction = loss of productivity?




Fertilizer N
Soil organic matter N

Residue N
N,O NO;,~ = NO,~=> NO-> NZ@
/

T
NH,* > NH,0H-> NO,”Denitrification

e reduced by reducing N,O into N,. ==

%

NO, = NO, > NO% N,O- N,

Field experiment (soybean field)
Increasing the N,O->N, activity in soybean root systems

* N,O emissions in soybean
systems are high
before/after the harvest.

» Soybeans obtain N from
‘nodules’ made by N-fixing
microbes.

» Nodules decompose
before/after the harvest and ;/
N-fixing microbes denitrify
and produce N,O (Inaba et al.

2009).

J//

N,O may be mitigated when the

N,O->N, activity of N-fixing
microbes is increased.

The inoculation of the high N,O->N, activity N-
fixing microbes.

\77 \
ﬁ{

Wild type N-fixing microbes (Low N,0->N, activity)




The inoculation of the high N,O->N, activity N-
fixing microbes.

Microbial
N N, mitigation of N,0
}{\5 M emissions!
‘ Inoculated N-fixing microbes
(High N,O->N, activity)

@

Wild type N-fixing microbes (Low N,0->N, activity)

Auto. gas sampling chamber

[/

[ 11




Cumulative N,O emissions (after the harvest)

0.2
0.18

Low N,0->N, activity High N,O->N, activity

New N,O mitigation option using N-fixing microbes!!!

Mitigation of nitrous oxide emissions from soils by
Bradyrhizobium japonicum inoculation

Manabu Itakura'?, Yoshitaka Uchida®’, Hiroko Akiyama?®, Yuko Takada Hoshino?, Yumi Shimomura?,
Sho Morimoto?!, Kanako Tagoe?, Yong Wang?, Chihiro Hayakawa?, Yusuke Uetake', Cristina Sanchez',
Shima Eda', Masahito Hayatsu®* and Kiwamu Minamisawa'*

Nitrous oxide (N,0) is a greenhouse gas that is also capable
of destroying the ozone layer. Agricultural soil is the largest
source of NO (ref. 2). Soybean is a globally important
leguminous crop, and hosts symbiotic nitrogen-fixing soil
bacteria (rhizobia) that can also produce N,O (ref. 3). In
agricultural soil, N,O is emitted from fertilizer and soil

i In b N0 is also emitted from
the degradation of the root nodules®. Organic nitrogen inside
the nodules is mineralized to NH,*, followed by nitrification
and denitrification that produce N; 0. N; O is then emitted into
the atmosphere or is further reduced to N; by N;O reductase
(N;OR), which is encoded by the nosZ gene. Pure culture and
vermiculite pot experiments showed lower N;O emission by
nesZ+ strains® and nosZ++ strains (mutants with increased
N,OR % of Brady jap than by nosZ—
strains, A pot experiment using soil confirmed these results’,

expression analysis (nos7Z-+-; Supplementary Fig. §1 and Table 1),
The N;OR activity of the two nosZ+-+ strains (SM09 and PRNOS)
was significantly higher in free-living and bacterond (symbiotic)
cells than in the wild-type nosZ+ strain USDAL10. N;OR activities
of 5M09 (non-GMQ) were approximately 5 and 2.5 times the
USDALLD values in free-living and bacteroid cells, respectively.
The increased N,OR activity probably resulted from higher sosZ
expression, although the SM09 expression levels were less than those
of PRNOS (Table 1). This suggests that the non-GMO strain 5M09
could efficiently mitigate N.O emission from the soybean { Glycine
max [L.] Merr.) rhizosphere under both conditions,

We also examined whether nosZ+4+ strains reduced N0
emission from soybean root systems with degrading nodules
in vermiculite pots, after shoot decapitation and the addition
of soil containing mosZ++ strains as previously investigated'®
{Supplementary Fig. S2A). With ambient air (0.32ul N.O17Y),

Recent advances in field sciences
(and expectations for DNDC)

» Microbiology and
greenhouse gas
mitigation
—N,O - N, activity A
* Soil physics and \
greenhouse gas
— Dry-wet cycles A
(heavy rain event) \

Evaluation of short term changes in greenhouse gases
(hourly to daily)




What is DNDC for field scientists?
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Ri et al. Soil Biol. Biochem. 2003.

What are we going to learn for the
next few days?

» Dr Hayano and | — try to teach you the basic of
the DNDC-rice model.
 First—‘SITE’ mode

— Look closely at changes in moistures, gas, C, N
etc...

» Second — ‘Region’ mode
— Expand the model to a larger scale.

Recent (2011-2012) studies on DNDC.
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Kriyapperuma et al. SSSAJ 2011. Arable crop farms.




Recent (2011-2012) studies on DNDC.

Spring increase in N,O in
forest ecosystems
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Jungkunst et al. J Plant Nutr Soil Sci. 2012. Old-growth beach for.

Recent (2011-2012) studies on DNDC.

Li et al. Nutr Cycl Agroecosys. 2012. Manure management.

‘measured vs. simulated’ of
‘next generation’

e Why do you use DNDC?
— Large scale evaluation (scaling up)
— Sensitivity analysis (influential factors)
— Comparison of sites, management (e.g. ploughing)

‘measured vs. simulated’ of
‘next generation’

 Think as ‘cycling’.

Org-N

Inora-N
[ Perfectly & beautifully balanced ‘100% recyclings’ in nature




‘measured vs. simulated’ of
‘next generation’

Temperature,
rainfall etc...

=
| I

VS

Fertilizer input

Gas output

N

Evaluation of
plant N uptake

Nutrient movements
in soils

‘measured vs. simulated’ of
‘next generation’

* What are important
parameters in DNDC?

—Be careful in treating
‘estimated’ parameters

» Gas emissions, Soil
moisture, N intake, NH,*,
NO;~

—Evaluation of the
‘estimated’ parameters
(only important ones)

‘measured vs. simulated’ of
‘next generation’

* Modifying DNDC?
— Maybe DNDC-Thailand?
« Special climate, rice varieties, soil types etc...
— Written in C++, learn a new language!
» DNDC-Forest/DNDC-rice/DNDC-manure
management
— Modified DNDC models are already available

— for future DNDC (e.g. in Japan)

» Volcanic ash soils (special ratio between C: microbial
biomass C??)

Conclusion




Advertisement (Hokkaido University)

Advertisement (Hokkaido University)

* Located in Hokkaido,
established in 1918.
Formally ‘Sapporo
Agricultural College
(1875)..

e Strong promotions
on international
collaborations.

)

Advertisement (The Uchida Lab)

» Research in
Environmental
Biogeochemistry.

* | started this position
this January.

e Students/ideas/colla
borations — all
welcome!

Contact The Uchida Lab
(uchiday@chem.agr.hokudai.ac.jp)

Me Japan and Thailand...




Me Japan and Thailand...

Thank you... kob kun mak krab... Arigato




DNDC
Introduction to DNDC model = DNDC: DeNitrification DeComposition Model

= DNDC is a comprehensive biogeochemistry model

that simulates crop growth and soil C and dynamics based
on input data on soil properties, climate, and farming
practices (e.g. Li et al., 1992, 1994).

Dr. Kruamas Smakgahn

Kasetsart University, Kamphaeng Saen Campus
Nakornprathom province

E-mail: faaskms@ku.ac.th, smakgahn@yahoo.com

= The model was expanded to simulate the emission of trace
gases such as NO, N,O, NH, , and CH, from agricultural
ecosystems and natural wetlands (Zhang et al., 2002; Li et al
., 2004).

DNDC

De-Nitrification De-Composition model

Biochemical/ Environmental Ecological

actiom factors drivers The DNDC model predicts C and N biogeochemistry in
agricultural ecosystems at site and regional scales.

Gravity

Dissolution / crystallization
Y Radiation

Combination / decomposition

Trace gas Climate
production and Temperature Soil properties
consumption Oxidation / reduction Moisture

in plant/soil

The accuracy of prediction depends on the input data on

. four drivers.
Vegetation

Adsorption / desorption Eh Anthropogenic

system activities

Complexation / decomplexation pH Four major ecological drivers, namely climate, soil
= physical properties, vegetation, and anthropogenic
activities, drive the entire model.

Assimilation / dissimilation

Figure 1. A biogeochemical model is a mathematical expression of biogeochemical field which consists of spatially and temporally
differentiated environmental forces driving a series of biogeochemical reactions in ecosystems. Fluxes of NO, N,O, CH,, and NH, are
regulated by directions and rates of the relevant biogeochemical reactions

C.S. Li 2000




DNDC DNDC components

All the impacts in the system can be categorized into DNDC consisted of 2 components
2 groups. - The first component consisting of the

Soil climate submodel, crop growth, and

» The first group includes impacts of ecological decomposition submodes, predicts soil
drivers on soil environmental variables, temperature, moisture, pH, Eh, and substrates

= The second groups includes the impacts of the soil component,
environmental variables on trace gas-related - The second component consisting of nitrification,
geochemical or biochemical reactions. denitrification, and fermentation submodels,
predicts NH;, NO, N,O, CH, fluxes

De-Nitrification De-Composition model Linking ecological drivers to soil
environmental variables

= DNDC needs site-specific input data of climate,
soil, vegetation, and farming practices for the
simulated agricultureal land.

= DNDC integrates the ecological drivers in the
three submodels to generate their collective effects

on soil temperature, moisture, pH, Eh, and
substrate concentrations.

Source: University of New Hampshire, 2003




Linking ecological drivers to soil
environmental variables

m The soil climate submodel calculates soil

temperatures moisture, pH, Eh profiles by
integrating air temperature, precipitation, soil
thermal and hydraulic properites, and oxygen
status.

By integrating crop characters, climate, soil
properties, and farming practices, the plant
growth submodel simulates plant growth and its
effects on soil temperature, moisture, pH, Eh,
dissolved DOC, and available N concentration.

Linking ecological drivers to trace gases

= The links were set up based on either the basic
physical, chemical, or biological laws, or equations
obtained from the experiments under controlled
conditions so that effect of each soil variable could
be distinguished.

Linking ecological drivers to soil
environmental variables

= The decomposition submodel simulates
concentrations of substrates (e.g., DOC, NH,*, and
NO,) by integrating climate, soil properties, plant
effect, and farming practices.

= The three submodels interact with each other to
finally determine soil temperature, moisture, pH,

Eh, and substrate concentrations in the soil
profiles at a daily time step.

Linking ecological drivers to trace gases

= Biological oxidation/reduction dominates NO and
N,O evolution in soils.

= Nitrification (i.e., microbial oxidation of
ammonium) has been observed to be the main
source of NO and N,O under aerobic conditions.

Mitrification: NH,- — H.NOH — NOH — NO,/ — NOS
1 L
NO  NO (1)

= The factors controlling nitrification have been
determined to be soil temperature, moisture, pH,
and NH,* concentration.




Linking ecological drivers to trace gases Linking ecological drivers to trace gases

Denitrification is another main source of N,O and The DNDC model simulates relative growth rates of
NO from soil. nitrate, nitrite, NO, and N,O denitrifiers based on soi Eh,

Denitrification includ tial reducti ; concentrations of DOC, and nitrogen oxides.
snitritication Incluckes a sequerrtia’. reduelion o A simple scheme of anaerobic balloon was developed in the

mtrate_ to dinitrogen (NZ_) drlven _by denitrifying model to divide the soil matrix in to aerobic and anaerobic
bacteria under anaerobic conditions. parts.

DNDC simulated swelling and shrinking of the anaerobic
balloon.

Only the substrates allocated in the anaerobic part are
involved in denitrification.

Denitrification: NO; — NO; — NO—= NO—= N, (2)

Denitrification controlled by soil moisture and Eh.

Linking ecological drivers to trace gases

= Methane is an end product of the biological reduction
of CO,or organic carbon under anaerobic conditions.

Methane production: CO, + 8 H*— CH, + 2 HO 3)
ar
Organic C+ 4 H* = CH,

= Methane fluxes were strongly controlled by soil
available carbon (i.e., DOC) content, and soil
temperature.

= The reduction of available carbon to methane is
mediated by anaerobic microbes (e.g., methanogens)
that are only active when the soil Eh is low enough.

http://imk-ifu.fzk.de/823.php




Linking ecological drivers to trace gases

= DNDC calculates methane production rate as a function of
DOC content and temperature as soon as the predited soil
Eh reaches -150 mV or lower.

Methane is oxidized by aerobic methanotrophs in the soil.
A highly simplified scheme was employed in DNDC to
model methane diffusion between soil layers based on
methane concentration gradients, tempeture, and porosity

in the soil. . e —- :
Function 3.5. CH, diffusion rate (kg C/ha/d)

Rd =0.01 * (CH,[1] - CH,[1+1]) * T[l] * PORO;
AC — Available C concentration, kg C/ha;
T — soil temperature, °C;
I - soil layer number;
AERE - plant aerenchyma;
FloodDay — flooding days;
PORO - soil porosity;
CH,[1] — CH, concentration at layer 1, kg C/ha.

Linking ecological drivers to trace gases

= Soil NH, concentration is directly regulated by a chemical
reaction occurring in the soil liquid phase:

[NH,"] + [OH] = [NH,

3 (liquidd)

]+HO @)

where [NH,*] is ammonium concentration, [OH] is
hydroxide ion concentration, and [NHWi.-..mh] 1S AMmo-
nia concentration in soil water.

= DNDC calculate NHy;, concentration base on NH,* and
OH- concentration, and NH,* concentration in the soil
profile is calculated by the decomposition submodel.

Linking ecological drivers to trace gases

= DNDC predicts plant-transported methane flux as a

function of methane concentration and plant aerenchyma.
Equation 3.3. CH, flux through plant aerenchyma (kg C/ha/d)
5 *

0009*PGI*+0.0047*PGI* -0.883* PGI*+1.9863*PGI-0.3795*PGI+0.0251;
PGI = (days since planting) / (season days); (plant growth index)

= DNDC assume that ebullition only occurs at the surface

layer, and ebullition rate is regulated by soil methane
concentration, temperature, porosity, and plant
aerenchyma.
Function 3.4. CH, flux through ebullition (kg C/ha/d)
AERE);
303*(0. 1*T[I])+1.042;

Linking ecological drivers to trace gases

= The equations describing the effects of soil environmental

factors on NO, N,O, CH,, and NH,were organized into
three submodels.

1. The fermentation submodel contains all the methane
related equation. This submodel calculates production,
oxidation, and transport of methane under submerged
conditions.

2. The denitrification submodel contains all the
denitrification equations. This submodel calculates
production, consumption, and diffusion of N,O and NO
during rainfall, irrigation, or flooding events.




Linking ecological drivers to trace gases

= 3. Nitrification related equations are included in the
nitrification submodel. As a logical extension of the NH,*
I NHyiy /NH3 45 €quilibrium, functions for NH; production
and volatilization are also included in the nitrification
submodel.

The three submodels compose the second component of the
DNDC model.

Input and output

When the DNC is used for regional estimates of trace gases
emissions, the model needs the spatially and temporally
differentiated input data stored in geographical
information system type database in advance.

Base on the input parameters of the ecological drivers,

DNDC first predicts daily soil temperature, moisture, Eh, pH,
and substrate concentration, and then uses the
environmental parameters to drive nitrification,
denitrification, methane production/oxidations.

Daily emissions of trace gases are finally calculated as their
daily net fluxes.

Input and output

= Daily temperature

» Precipitation

» Soil bulk density

m Texture

= Soil organic carbon content

[ ] pH

= Farming (e.g., crop type and rotation,
flooding, grazing, and weeding)

Input and output

Most parts of the model run at a daily time step except the
soil climate and denitrification submodels which run at an
hourly time step.

Output paratmeters from the model runs are daily soil
profiles of temperature, moisture, Eh, pH, and
concentrations of total soil orgainic carbon, nitrate, nitrite,
ammonium, urea, ammonia, as well as daily fluxed of trace
gases emission.

For the regional version of DNDC, the simualated results are
recorded as geographically explicit data in a GIS database.




DNDC Site mode DNDC Site mode

Site Mode
1.1 Input Parameters

e and climate

ail

arming management
4 Crop
5: Tillage

ertilization

= Manure amendment
Veeding

and cutting

Save and Open Input File

Run DNDC at Site Scale

A Quick View of Modeled Results
Batch Run

DNDC Site mode Climate/Soil/Cropping

. Input information for location and climate




Climate/Soil/Cropping Climate/Soil/Cropping

Figure 4. Input information for soil properties

Farming management practices Farming management practices
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Farming management practices Farming management practices

Farming Management Practices X

. - e ——ree— Figure 10, Input information for manure amendment
Figure 9. Input information for fertilization

Farming management practices Farming management practices

Figure | I. Input information for weeding Figure 12. Input information for flooding
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Figure 13. Input information for irngaton

Farming management practices

Figure 13, Input information for y_ru}ius and Erass cutting
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Save and open an input file




Input file Input file

Input file Input file




Input file Open an input data file

Run model at site mode Quick view of modeled results

Figure 16. Main menu for quick view of modeled results




Modeled results Modeled results

Figure 17. Madeled result 1: Crop biomass production and stresses ol temperature, water
or nitrogen. (TDD — accumulative thermal degree days of erop growth season)

Modeled results Modeled results

Figure 20, Modeled result 4: Water budget




Modeled results




Practice on input data preparation

Michiko Hayano, NIAES, Japan
Yoshitaka Uchida, Hokkaido Univ, Japan

Create Input files
for region mode of DNDC-Rice

Construction of the database for Japan

soil texture(points) @— Data sources

Soil survey

G1S (JSA, MAFF)

Intersect layer—

Soil type (polygon) Land consolidation
survey (MAFF)

Drainage condition
(polygon) Daily climate dat

Climate area (polygon/mesh)

A b
N

Regional

crop calendar

including
Reglona"y major rice cultivars irrigation, ti"age, fertilization and manure
(table) managements

Polygon-based database on
soil property, climate and crop calendar

Install DNDC-Rice

* Software

» The DNDC-Rice model predicts C and N biogeochemistry in
agricultural ecosystems at site or regional scale.

* For regional simulations, DNDC reads all of the driving parameters
from a preset database that contains the spatially differentiated
information of weather, soil , vegetation and management on a
polygon or grid cell basis for the modeled domain.

» The DNDC-simulated time span is through a year to centuries.

Hardware

» The DNDC model requires a PC or compatible with Windows
installed. A minimum memory of 64M is required. The output files
resulted from a 100-year simulation requires about 0.5MB of disk
space.

Install

» Copy DNDC folder to C drive on your PC.




DNDC

(1) GIS folder

» GIS file 1(Japan_1.txt)

i « GIS file 2 (Japan_2.txt)
o * (1)GIS * GIS file 3(Japan_3.txt)
* (2)Lib_clim « GIS file 4(Japan_4.txt)
e * (3) Lib_farm « GIS file 5(Japan_5.txt)
s * (4) Library
GIS file 1 / GIS folder GIS file 2 / GIS folder

Country characters

Country folder

name longitude

T

Simulation unit code up to 8 digit number

latitude

Climate information

Climate station ID

N concentration in rainfall(ppm)
Default =0.5




-

GIS file 3 / GIS folder

Soil properties
Simulation unit code

SOCmax SOCmh Chymax Chymin pHmax pHmn BDmax BDmnh Femax Femih FWCmax FWCmh
g/g) @/g) 0/g) g/g) ©) £) cm3) (@/cm3) ol’kg) fmol/kg) ) £)

GIS file 4/ GIS folder

Cropping area data

number of farming system code Farming system code

/
|
Japan cro/p acreage census data ha)

62403311 00018  0.0018 03 03 53 53 1.14 1.14 0.085 0.028 0.75 0.75
62403312 0.0018 0.0018 03 03 58 58 1.14 1.14 0.176 0.059 0.85 085
62406525 | 100012  0.0012 0.11 0.11 52 52 1.24 1.24 0.078 0.026 0.85 0.85
62406592 | 100095  0.0095 0.25 0.25 59 59 0.28 0.28 0.07 0.023 0.85 0.85
63395711 00028  0.0028 0.06 0.06 5.7 5.7 0.94 094 0.086 0.029 0.75 0.75
63395721 0.0013 0.0013 0.08 0.08 55 55 122 122 0.146 0.049 0.75 0.75
63405722 | |0.0021 0.0021 0.06 0.06 58 58 101 1.01 0.072 0.024 0.75 0.75
63406762 | |0.0006  0.0006 0.13 0.13 53 53 1.34 134 0.055 0018 0.75 0.75
63417734 | 100018  0.0018 0.18 0.18 54 54 1.12 1.12 0.06 0.02 0.95 0.95
63424360 | 100024  0.0024 0.24 0.24 56 56 1.07 107 0.103 0.034 0.85 0.85
SOC Clay pH Bulk Reducible  Field
density Fe water
capacity

To estimate the range of simulated variables, max
and min value of soil data in each unit are used.

System / CFAS__CFSS CFNS JunDAS JunD SS JunD NS Jul JulD S JulD NS J&JD AS J&JD SS J&JD NS

@2 11 12 13 21 22 23 31 32 33 4 42 43
62403311 U Y 405 Y Y U U U Y Y Y Y
62403312 0 0 0 0 0 0 0 0 0 0 0 231
62406525 0 739 0 0 0 0 0 0 0 0 0 0
62406592 48 0 0 0 0 0 48 0 0 0 0 0
63395711 0 0 352 0 0 0 0 0 0 0 0 0
63395721 0 0 228 0 0 0 0 0 0 0 0 0
63405722 0 0 0 0 0 0 0 0 18.1 0 0 0
63406762 0 0 0 0 0 0 0 0 0 18.1 0 0
63417734 | 711 0 0 0 0 0 0 0 0 0 0 0
63424360 0 0 0 0 0 0 0 0 0 0 0

area of specific farming system (ha)

Simulation unit code

GIS file 5 /GIS folder

Map file ID

3612607 11111111
3612602 11111111
3612603 11111111
3612604 11111111
a612605 11111111
3612606 11111111
3612607 11111111
3612608 11111111
3612609 11111111
3612670 11111111
S612671 1111111

(2) Lib_clim folder

 Lib_clim include folders
for each year in which
text files are stored. The
name of those text files
Is the same as the
climate station_ID
described in GIS file 2.




Climate file / Lib_clim folder

Date Temp max. Temp min.  Precipitation(cm)
(1-365)

Crop code

Maximum yield (kg/ha)

Transplanting month

Transplanting day

Harvesting month

Harvesting day

Ratio percent of crop residue(0-1)

Season flag(999 indicates the crop is the last crop planted in the year)

Till method: define tilling depth by selecting method as
(1) Ploughing slightly, 5cm (2) Ploughing with disk of chisel(10cm), (3) Ploughing with moldboard, 15cm

Farm file /
- L10_farm folder

Amount (kg C/ha): Amount of manure application rate (kg C/ha)
C/N ratio: Ratio of C/N in the manure. Manure type is specified using CN ratio.

Irrigation index (0-1)
2 Times of flooding
Flooding month
Flooding day
Draining month
Draining day

*A flooding event is defined by specifying its start date and end date

Lib_crop / Library

Crop physiological and phonological data for each type of crop
Pl DNDC
4 | Database
a Japan
GIS
a Lib_clim
1996 o
1087 i &rie
— / crop _20 : Paddy rice
1999
2000
2001
2002
2003
2004
2005
Lib_farm

Should be find
1)Rate constant of crop
development in reproductive phase

2)Rate of crop development in
vegetative stage

Lib_map
Input
a Library
Lib_soil

result

Lib_soil / Library

soil thermal and hydraulic data for each type of soil

| ]so1L_1
L] soil_2
L] s0il_3
L] soil_4
L] s0il_5
L] soil_6

Sand texture

0.03 clay_portion
0.395  poresity

1.056  satu_conduct ivity

0.15 field_capasity
0.1 wilting_point
2000 specific_heat
3.5 water_tension_cm
4.05 beta




Demonstration DNDC-Rice (7m30s)




Appendix 8
Capacity building workshop on “Strategic rice cultivation with energy crop rotation in

South East Asia — A path toward climate change mitigation in the agricultural sector”



- JGSEE s cee-PERDO

< - Center for Energy Technology and Envi
The Joint Graduate School of Encrgy and Enviroament

Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in South East Asia — A path toward climate
change mitigation in the agricultural sector”

Funded under the APN-ARCP Project on:
Strategic Rice Cultivation for Sustainable Low Carbon Society Development in South East Asia

Held during 29-31 May 2013
Phuttaraksa Room (3rd floor), Seminar Building, Continuing Education Center
King Mongkut's University of Technology Thonburi, Bangkok, Thailand

Organized by
The Joint Graduate School of Energy and Environment (JGSEE)

Purpose of the workshop

This workshop aims at providing scientists and policy makers with improved knowledge on strategic
rice cultivation including rotation with energy crop in SEA with a focus on GHG emissions reduction
via improved rice cultivation management. This should contribute promoting adequate policies for
climate change mitigation in the agricultural sector.

Date and venue
The event will be held on May 29-31, 2013, Phuttaraksa Room (3rd floor), Seminar Building,
Continuing Education Center, King Mongkut's University of Technology Thonburi, Bangkok, Thailand

Participants
Researchers, scientists, government officers, from the agricultural and environmental sector

Registration
Free of charge

Language
The capacity building workshop will be held in English



Programme of capacity building workshop

29 May 2013 - Strategic rice cultivation with energy crop rotation in SEA

08.30-9.00 Registration
Assoc. Prof. Dr. Sirintornthep
9.00-9.10 Welcome Address Towprayoon
Director, JGSEE, Thailand
Assoc. Prof.Dr. Bundit Fungtammasan
9.10-9.20 Opening Address . . g.
Vice President, KMUTT, Thailand
Strategic rice cultivation with energy
9.20 — 10.00 crop rotation in Southeast Asia — A Dr. Sebastien Bonnet
' ' path toward climate change mitigation | APN Project Manager, JGSEE, Thailand
in the agricultural sector
10.00-10.30 Group Photo and Coffee Break
SESSION 1: KEYNOTE PRESENTATIONS
Influence of rice cultivation practices Dr. Shigeto Sudo
10.30-11.15 .
on GHG emissions NIAES, Japan
Sustainable ri Itivation — th
L135-1200 | o o o | 1 B
' ' . g g Rice Department, OAE, Thailand
adaptation
12.00-13.30 Lunch Break
SESSION 2: COUNTRY REPORTS
13.30 - 14.00 Sustainable agricultural production — Assoc. Prof. Dr. Amnat Chidthaisong
' ' Focus on rice production in Thailand Deputy Director, JGSEE, Thailand
Dr. Seng Van
Sustainable agricultural production — g. g
14.00-14.30 . . _ APN Project collaborator, CARDI,
Focus on rice production in Cambodia ;
Cambodia
. . . Dr. Iman Rusmana
Sustainable agricultural production — .
14.30-15.00 . . _ APN Project collaborator, Bogor
Focus on rice production in Indonesia o .
University, Indonesia
15.00-15.30 Coffee Break
Mr. Immala Inthaboulay
15.30 - 16.00 Sustainable agricultural production— | APN Project collaborator, Climate Change
' ' Focus on rice production in Lao PDR Office, Department of Environment, Lao
PDR
16.00 - 16.30 Sustainable agricultural production — Dr. Khin Lay Swe
' ' Focus on rice production in Myanmar | Yesin Agricultural University, Myanmar
16.30 - 17.00 Sustainable agricultural production — Dr. Nguyen Thi Phuong Thao
' ' Focus on rice production in Vietnam Hanoi University of Agriculture, Vietnam
Discussions on Sustainable agricultural
17.00-17.30 | production — Focus on rice production | All participants
in SEA
18.00 - 20.00 Working Dinner




May 30, 2013 — Training on DeNitrification-DeComposition (DNDC) Model

8.30-9.00 Registration
SESSION 3: DNDC TRAINING
9.00- 9.45 Introduction to DNDC model Dr. Kruamas Smakgahrl . .
Lecturer, Kasetsart University, Thailand
9.45 - 10.30 Experience in using DNDC-Rice model | Dr. Kazunori Minamikawa
— Case of Japan Researcher, NIAES, Japan
10.30-11.00 Coffee Break
Data requirement and formatting for
11.00 - 12.00 DNDC site and regional mode and Ms. Nittaya Cha-un and Mr. Uday Pimple
Demonstration for on-site Mode APN project researchers, JGSEE, Thailand
(Case of Ratchaburi site in Thailand)
12.00-13.30 Lunch Break
: . Ms. Nittaya Cha-un and Mr. Uday Pimple
13.30-14.30 | DNDC site mode practice APN project researchers, JGSEE, Thailand
15.00-15.30 Coffee Break
DNDC regional mode demonstration,
conclusion results from DNDC site Ms. Nittaya Cha-un and Mr. Uday Pimple
15.30-16.30 . . . . . .
mode simulations, and discussion on APN project researchers, JGSEE, Thailand
regional mode
Discussions on adaptation options and
16.30-17.00 | suggestions for sustainable rice All participants

cultivation in SEA

May 31, 2013 - Training on the Agriculture and Land Use Greenhouse Gas Inventory (ALU)

Software
08.30-9.00 Registration
SESSION 4: ALU TRAINING
Assoc. Prof. Dr. Savitri Garivait
9.00-10.00 Introduction to ALU software
APN project contributor, JGSEE, Thailand
10.00-10.30 Coffee Break
Hands-on Session I
Estimation of GHG emissions and
. o Dr. Savitri Garivait and Dr. Agapol Junpen
10.30-12.00 | carbon stock from rice cultivation in ) . )
. . . APN project contributors, JGSEE, Thailand
rotation with energy crops using ALU
(part 1)
12.00-13.30 Lunch Break
Hands-on Session II:
Estimation of GHG emissions and . ..
. o Dr. Savitri Garivait and Dr. Agapol Junpen
13.30-15.00 | carbon stock from rice cultivation in ) . .
. . ) APN project contributors, JGSEE, Thailand
rotation with energy crops using ALU
(part 2)
15.00-15.30 Coffee Break
Discussion on networking and ways
15.30 - 16.30 J Y5 | Al participants
forward
16.30-17.00 | Overall conclusion All participants
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Newsletter article

The Capacity Building Workshop on “Strategic rice cultivation with energy crop rotation in Southeast
Asia — A path toward climate change mitigation in the agricultural sector” under the APN-ARCP
Project on “Strategic Rice Cultivation for Sustainable Low Carbon Society Development in South East
Asia” was organized by the Joint Graduate School of Energy and Environment (JGSEE) & Centre of
Excellence on Energy Technology and Environment (CEE-PERDO), King Mongkut’'s University of
Technology Thonburi, during 29-31 May 2013 at Pullman Bangkok King Power Hotel in Bangkok.

This 3 day workshop aimed at providing scientists and policy makers in the region with improved
knowledge and understanding regarding strategic rice cultivation including rotation with energy
crops in SEA with a focus on GHG emissions reduction via improved rice cultivation management. A
total of 35 participants joined the workshop, including, aside from the project team, experts from
Cambodia, Indonesia, Myanmar, Vietnam, and Japan, as well as officers and researchers from
government agencies and universities in Thailand. Prior to start the event, a welcome address was
delivered by Assoc. Prof. Dr. Sirintornthep Towprayoon, Director of JGSEE and APN Project Leader
and an opening address by Assoc. Prof. Dr. Bundit Fungtammasan, Vice President for Research at
KMUTT.

The first day of the workshop focused on providing an overview of the project main outcomes. At
that occasion, a summary of the project activities and main results were presented, and keynote and
country report presentations delivered by experts from the SEA region. The second day of the event
focused on providing training on the DeNitrification-DeComposition (DNDC) model and the last day
on the “Agriculture and Land-Use” (ALU) model. Both the tools were used in the project to simulate
and assess GHG emissions and soil carbon stock dynamics associated to rice cultivation and rotation
with energy crops. This capacity building workshop was very successful in enabling to transfer the
knowledge gathered over the entire duration of the project and potentially opening new
opportunities for further collaboration with scientists and policy-makers in the region.




List of participants

Dr. Bundit Fungtammasan Dr. Sirintornthep Towprayoon
Vice President for Research Director
King Mongkut’s University of Technology The Joint Graduate School of Energy and
Thonburi Environment
Tel: 662-470 8000 Tel: 662-470 8309-10
E-mail: bundit.fun@kmutt.ac.th Fax: 662-872 9805
Address: 126 Pracha-uthit Rd., Tungkru, E-mail: sirin@jgsee.kmutt.ac.th
Bangmod, Bangkok 10140 Address: 126 Pracha-uthit Rd., Tungkru,
Thailand Bangmod, Bangkok 10140
Thailand
Dr. Savitri Garivait Dr. Sebastien Bonnet
The Joint Graduate School of Energy and The Joint Graduate School of Energy and
Environment Environment
Tel: 662-470 8309-10 Tel: 662-470 8309-10
Fax: 662-872 9805 Fax: 662-872 9805
E-mail: savitri_g@jgsee.kmutt.ac.th E-mail: sebastien@jgsee.kmutt.ac.th
Address: 126 Pracha-uthit Rd., Tungkru, Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140 Bangmod, Bangkok 10140
Thailand Thailand
Dr. Amnat Chidthaisong Dr. Seng Vang
The Joint Graduate School of Energy and Cambodian Agricultural R&D Institute,
Environment Tel: (855-23) 219 693
Tel: 662-470 8309-10 Fax: (855-23) 219 800
Fax: 662-872 9805 E-mail: vseng@cardi.org.kh
E-mail: amnat@jgsee.kmutt.ac.th Address: National Road No 3, Prateah Lang
Address: 126 Pracha-uthit Rd., Tungkru, Commune, Dangkor District, Phnom Penh
Bangmod, Bangkok 10140 Cambodia
Thailand
Dr. Iman Rusmana Dr. Shigeto Sudo
Bogor Agricultural University National Institute for Agro-Environmental
Tel: +62 251 8622833 Sciences
Fax: +62 251 8622833 Tel: +81-29-838-8330
E-mail; irusmana@ipb.ac.id Fax: +81-29-838-8199
Address: JI. Raya Darmaga Kampus IPB Darmaga | E-mail: ssudo@affrc.go.jp
Bogor 16680 West Java Address: 3-13 KANNONDAI, TSUKUBA, IBARAKI
Indonesia 305-8604
Japan
Dr. Yoshitaka Uchida Dr. Kazunori Minamikawa
Research Faculty of Agriculture, Hokkaido National Institute for Agro-Environmental
University Sciences
Tel: +81 11 706 2405 Carbon and Nutrient Cycles Division
Email: uchiday@chem.agr.hokudai.ac.jp Tel: +81-29-838-8234
Address: Kita 8, Nishi 5, Kita-ku, Sapporo Fax: +81-29-838-8199
Hokkaido 060-0808 E-mail: minakazu@affrc.go.jp
Japan Address: 3-1-3 Kannondai, Tsukuba, 305-8604,
Japan



Dr. Khin Lay Swe

Rtd. Pro-Rector (Yezin Agricultural University)
Mobile: 09 20 510 28; 09 830 3225

E-mail: khinlays2010@gmail.com

Address: No.70 (5-A), Bogyoke Aung San Road
Pazun Taung Township

Yangon

Myanmar

Dr. Nguyen Thi Phuong Thao

Dean, Faculty of Biotechnology,

Head, Department of Plant Biotechnology
Hanoi University of Agriculture

Tel: +884-3876-0135

Mobile: 091-263-0-268

Fax: +844-8276-554

E-mail: ntpthao@hua.edu.vn

Vietnam

Dr. Chitnucha Buddhaboon

Agricultural Technical Officer,

Senior Professional Level

Prachin Buri Rice Research Center,

Bureau of Rice Research and Development
Tel: +66 (0)37-271385 ext 14,

Mobile: +66 (0) 89-8032295

Fax: +66 (0) 37-271-009

E-mail: chitnucha@brrd.mail.go.th
Address: Prachin Buri Rice Research Center Moo
6, Ban Sang District, Prachin Buri,

Thailand

Dr. Sathaporn Jaiarree

Expert in Land Development System

Office of Land Development Region 1

Land Development Department

Tel: +66 (0)89-891-2441

Fax: +66 (0)2577-5428

E-mail: jaiarree@yahoo.com

Address: 2003/61 Paholyothin Road, Ladyao,
Chatuchak, Bangkok, 10900

Thailand

Dr. Khin Maung Oo

Retired Township Coordinator
UNDP

Mobile: 09 20 510 28; 09 830 3225
E-mail: khinlays2010@gmail.com
Yangon

Myanmar

Dr. Kruamas Smakgahn

Lecturer, Faculty of Arts and Sciences

Kasetsart University

Tel: +66 (0) 34 351 895, (0) 3428 1105-6 ext 7681
Fax: +66 (0) 3428-1057

E-mail: faaskms@ku.ac.th,
Smakgahn@yahoo.com

Address: Kasetsart University Kamphaeng Saen
Campus 1 Moo 6 Kamphaeng Saen district,
Nakhon Pathom 73140

Thailand

Ms. Benjamas Rossopa

Agricultural Researcher (Practitioner level)
Prachin Buri Rice Research Center,

Bureau of Rice Research and Development

Tel: +66 (0)37-271385 ext 14,

Fax: +66 (0) 37-271-009

E-mail: benjamas@brrd.mail.go.th

Address: Prachin Buri Rice Research Center Moo
6, Ban Sang District, Prachin Buri,

Thailand

Dr. Monthira Yuttitham

Lecturer

Faculty of Environment and Resource Studies
Mahidol University

Tel: +66(0)2-4415000 ext 2201

Fax: +66(0)2-4419509-10

E-mail: monthira.yut@mabhidol.acth
Address: Mahidol University, Salaya, Nakhon
Pathom, 73170

Thailand



Dr. Boonlue Kachenchart

Lecturer

Faculty of Environment and Resource Studies
Mabhidol University

Tel: +66(0)2-4415000 ext 1219,

Mobile: +66(0)89-7714510

Fax: +66(0)2-4419509-10

E-mail: boonlue.kac@mahidol.ac.th
Address: Mahidol University, Salaya, Nakhon
Pathom, 73170

Thailand

Ms. Punnapha Pisakul

Economist, Professional Level

Office of Agricultural Economics

Tel: +66 (0)2579-6580

Address: Office of Agricultural Economics,
Paholyothin Road, Chatuchak, Bangkok 10900
Thailand

Dr. Penvadee Cheewaphongphan

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: penvadee_chee@hotmail.com
Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Ms. Kulakarn Soontornwat

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail; pro.jgsee@gmail.com

Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Ms. Siriya Seneewongse Na Ayudthaya
The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: siriya.big@gmail.com

Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Mrs. Jirapa Trojim

Economist, Professional Level

Office of Agricultural Economics

Tel: +66 (0)2579-6580

E-mail; jirapai@oae.go.th

Address: Office of Agricultural Economics,
Paholyothin Road, Chatuchak, Bangkok 10900
Thailand

Dr. Agapol Junpen

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: akjp@hotmail.com

Address: 126 Pracha-uthit Rd., Tungkru,

Bangmod, Bangkok 10140

Thailand

Ms. Kanittha Kanokkanjana

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: kkanittha@yahoo.com

Address: 126 Pracha-uthit Rd., Tungkru,

Bangmod, Bangkok 10140

Thailand

Ms. Nittaya Cha-Un

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10

Fax: 662-872 9805

E-mail: nidchaun@gmail.com

Address: 126 Pracha-uthit Rd., Tungkru,
Bangmod, Bangkok 10140

Thailand

Ms. Sukanya Kammales

The Joint Graduate School of Energy and
Environment

Tel: 662-470 8309-10
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Strategic Rice Cultivation for Sustainable
Low Carbon Society Development
in South East Asia

Dr Sebastien Bonnet
The Joint Graduate School of Energy and Environment

Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia —

The Asia-Pacific Network for Global Change Research - APN

» APN: The Asia-Pacific Network for Global Change Research

« APNis a network of 22 member countries promoting global change research
in the region and strengthening interactions between scientists and policy-
makers

» The APN funds its research programmes based on an annual open call for
proposals under its regional research and capacity development
programmes (ARCP and CAPaBLE).

* ARCP: Asia Pacific Network - Annual Regional Call for Research Proposals

» ARCP is one of the scientific pillars of the APN to encourage and promote
global change research in the Asia-Pacific region, establishing a sound
scientific basis for policy-making.

A path toward climate change mitigation in the agricultural sector” NG J
29-31 May 2013, Pullman King Power Hotel, Bangkok, Thailand
4 M 4 N
APN-ARCP project led by JGSEE Project objectives

* Project title: Strategic Rice Cultivation for Sustainable Low Carbon Society
Development in South East Asia

« Project duration: 2 years
< Budget: 40,000 USD per year
¢ Organizations involved:

— The Joint Graduate School of Energy and Environment (JGSEE), Thailand
Lead organization (Assoc. Prof. Dr. Sirintornthep Towprayoon)

— The National Institute for Agro-Environmental Sciences (NIAES), Japan

— Bogor Agricultural University, Indonesia

» The overall goal of the project is to identify strategic rice cultivation practices
enabling SEA to develop towards a sustainable low carbon society while
enhancing the adaptive capacity in the agriculture sector

» The specific objectives are:

— To develop long-term field studies to measure, monitor and evaluate
the impacts of various cultivation practices on climate change and
identify potential adaptive measures and mitigation options

— To identify strategic rice cultivation practices, in rotation with selected
energy crops, enabling to fully utilize the rice plantation fallow period
and therefore to optimize rice and energy feedstock production

— To enhance regional capacity of scientists and policy makers in SEA for

9 sustainable low carbon development of their society )




Activity Il: Long-term monitoring
of GHG emissions and soil carbon
dynamics from rice cultivation
and utilization energy crops for

Activity I: Review of rice
cultivation practices and use of ‘
energy crops for rotation in SEA

rotation
I Activity llI: Capacity assessment of
Activity V: Knowledge P rOJ e Ct v . sl
GHG emissions and carbon stock

dissemination to scientists and
policy-makers in SEA

aCtIVItI es from sustainable cultivation

practices in SEA

N ' 4

Activity IV: Long-term soil carbon
dynamics assessment of
sustainable low carbon cultivation
using process model

Activity I: Review of rice cultivation practices and use of energy
crops for rotation in SEA

Description of Tasks

— Review of information on
current rice cultivation
practices in SEA and state-of-
the-art of regional traditional

Deliverables
— Report on the state-of-the-art
of rice cultivation practices and
use of energy crops as the
potential rotation crops for SEA

practices as well as potential countries.
for introducing selected — Database of rice cultivation
energy crops to be cultivated practices in SEA

in rotation with rice. — Identification of country

— Involvement of SEA experts in specific rice cultivation
the agricultural sector to practices and potentials for
contribute information to the energy crop cultivation in SEA
review study as part of an countries
expert meeting organised in — Background data for
Thailand by JGSEE preparation of Activity Il and Il

6/

Activity I: Review of rice cultivation practices and use of energy
crops for rotation in SEA

e Literature survey to assess current practices of rice cultivation in SEA including
land management.

« Review supported with a questionnaire survey (in Thailand and Indonesia) to
collect information from farmers regarding their agricultural practices and
assessing potentials for rotation with selected energy crops, i.e. maize and
sorghum.

¢ Expert meeting organized by JGSEE in June 2011 gathering selected experts from
SEA countries including: Indonesia, Japan, Cambodia, Lao PDR, Myanmar, Vietnam
and Thailand to help evaluating and confirming the results from the literature
review.

* Production of a Report on: “State-of-the-art of rice cultivation practices in SEA and
rotation with energy crops”.

* Presentation on “Rice Cultivation and Potential Areas for Rotation with Energy
Crops in South-east Asia” at the 17t Inter-Governmental Meeting (IGM) and

Scientific Planning Group (SPG) Meeting in Jakarta (Indonesia), on 14 March 2012. )

- = = ™

Expert Meeting on
“State-of-the-Art of Rice Cultivation Practices in South-East Asia”

2-3June 2011
JGSEE, Bangkok, Thailand

Under APN-ARCP Funded Project on:
Rice Cultivation for Sustainable Low Carbon Society Development in South-East Asia

Organized by
The Joint Graduate School of Energy and Environment (JGSEE)

Participants Thailand

Japan ‘ ‘ Cambodia ‘ | Indonesia ‘ ‘ Myanmar
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A |: Report on -of-the-art of r [ n pr . . . )
ctivity I: Report on “State-of-the-art of rice cultivation practices Activity I: Overview on rice production

for selected countries in SEA and rotation with energy crops”

» The report provides background information on statistics of rice cultivation in .
selected SEA countries including harvested area, production, yield, trade as
well as rice varieties and ecosystems

» The report also provides country specific information for : Cambodia,
Indonesia, Lao PDR, Myanmar, Thailand and Vietnam

» The information reviewed and reported includes:
— Rice variety
— Agro-cosystem
— Land preparation
— Rice plantation and cultivation practices (water, fertiliser, pesticide, etc.)
— Harvesting method
— Management of rice residues
— Rotation crops
— Soil organic carbon

Rice is grown in more than 100 countries
 Global rice plantation covering 12.5% of total crop plantation area

» The global rice area harvested at present represents more than 150 Mha,
but the amount of land used for rice is less, in the order of about 125 million
hectares, because in some fields farmers plant two, or even three, rice crops
each year,

» Annual production is nearing 630 Mt of rough (unmilled) rice - 95 kg for
each person on Earth

\_ - Socio-economic status of farmers W, \_ .
Activity I: Overview on rice production Total Harvested Rice Area In SEA (1961 - 2011)
* Rice is most closely associated with South, Southeast, and East Asia, | ol /
where 90% of the world's rice is produced. { A / /

< Almost half of the global rice area is in India and China, the 2 largest world e 5 ,/“/\/ Vs

producer of rice Sl T W
» The eight countries with the largest area of rice are all in South and g - * S -

Southeast Asia (80%), including:
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Activity I: Rice agro-ecosystems

There are primarily four agro-ecosystems where rice is grown:

Irrigated rice (80 Mha, 75% global rice production, typically found in
China, Japan, Indonesia, Vietnam and Korea)

Rainfed lowlands (60 Mha (46Mha in Asia), 20% global rice production,

typically found in eastern India and SEA)

Upland rice (14Mha, 4% global rice production, typically found in
Indonesia, the Philippines and Southwest China)

Flood-prone ecosystem (11Mha, 1% global rice production, typically

found in Bangladesh, the Irrawaddy of Myanmar, the Mekong region of

Vietnam and Cambodia, and the Chao Phraya basin of Thailand)

5/

Activity I: Main features of rice production in SEA

Cultivation practices of rice in SEA do not differ much.

Climate is a factor that classifies rice cultivation into wet and dry season, and
each country in SEA refers to wet and dry season in a different way, e.g.

¢ Wet season of rice (WS) and dry season of rice (DS) in Cambodia;
* Monsoon rice and summer rice in Myanmar; and
* Major rice and second rice in Thailand.
There are 2 main planting methods used for rice,
» Broadcasting - large scale production, not labor intensive

 Transplanting - traditional method, labour intensive, found mainly in NE
of Thailand, small farms in Cambodia, most areas in Lao PDR, 80% of rice
farms in Myanmar, and traditional farms in Vietnam).




Activity I: Main features of rice production in SEA

e Chemical fertilizers are applied in paddy fields in most SEA countries,
especially for rice cultivated via modern methods. For traditional farming in
mountainous areas, organic fertilizers are still mainly applied.

« The harvesting of rice can be performed either manually (using sickles) or by
machine. In SEA, harvesting machines are mainly used in lowland areas
(dominant in ASEAN) easy of access.

« Rotation crops are planted mostly in non-irrigated paddy fields during the
fallow period and with enough water for cultivation. The rotation crops are
legumes, fruits, and vegetable.

/Activity [I: Long-term monitoring of GHG emissions and soil carbon )
dynamics from rice cultivation and rotation with selected energy crops

Description of Tasks Deliverables

— Assessment of GHG emissions — long-term monitoring data on
and soil carbon dynamics GHG emissions and soil carbon
associated to rice cultivation and dynamics associated to rice
rotation with selected energy cultivation and rotation with
crops (corn and sorghum) during corn and sorghum.
fallow period at KMUTT - — Comparative evaluation of
Ratchaburi campus experimental specific crop rotation practices
site (Thailand) in terms of carbon cycle,

— Continuous monitoring of trace economics, social benefits,
gas emissions, soil carbon stock, potential barriers, etc.

biological and physical — Identification of potentially
parameters associated to above- sustainable rice-energy crop
ground and below-ground cultivation practices under well-
biomass defined conditions

\ 6w/

Activity II: Field experiments in Ratchaburi

Year 2010 2011

Month [ 1 2 3 4 5 6 7 8 9 10 1 12 | 1 2 3 4 5 6 7 8 9 10 11 12

RS RF RS RF
RR RR RR RR
Rotation
RF RC RF RC
RC RS RC RS

energy crop rainfed rice

(February-June) (August-December) 9

Activity Il: GHG emissions monitoring




Activity 11: Soil carbon budget

C balance 415.11 150.37 542.28 -68.723
100 RC RF RR RS
M 4th crop
600 —
500 i 3rd crop
e 400 3 I—
E 200 H2nd crop
2 200
a B 1st crop
n 100
0 |
T T T —
100 RC RF RR RS
-200
-300

Remark: RC is corn-rice-corn-rice cropping system. RF is fallow-rice-fallow-rice cropping system. RR is rice-rice-rice-rice
cropping system. RS is sorghum-rice-sorghum-rice cropping system
Manure incorporation for thelst and 2" crop was the main contributor to carbon
input into the soil.
Crop residue incorporation for the 3 and 4% crop was the main contributor to
carbon input into the soil.
In case of rotation with energy crop, corn provided the highest benefit in terms of
soil carbon budget for the 4™ crop (second year of cultivation). B

Activity 1l: Comparative evaluation of specific crop rotation
practices

Carbon cycle:

The cultivation system of corn rotation with rainfed rice enabled to achieve the
highest soil carbon sequestration benefit (after 4" crop harvesting). This is due
mainly to the organic matter added to the soil in the form of manure and crop
residue re-incorporation.

Some socio-economic benefits:

Double cropping systems (rice-rice or rice with another crop) enable to enhance
farmers’ income as compared to single crop. Income to farmers for the cropping
systems investigated in this research were estimated, as follows:

« For rice-rice cropping systems: 21,469-50,226 THB/ha/year
e For corn-rice rotation systems: 22,749-51,017 THB/hal/year
» For sweet sorghume-rice rotation systems: 18,029-58,581 THB/halyear

Crop rotation systems not only contribute to provide more income to farmers but
also job opportunity in the agricultural sector.

4 Activity IlI: Capacity assessment of GHG emissions and soil carbon h

stock from sustainable cultivation practices in SEA

Description of Tasks Deliverables

— GIS based maps of GHG
emissions and carbon stock
from rice fields for selected
cultivation practices in SEA

— Assessment of the capacity of C
budget in terms of emissions
and soil carbon stock of rice
fields in SEA using ALU software

— Database of GHG emissions
inventory using ALU software

— Assessment of potential
mitigation options based on

different cultivation scenarios
— Assessment of C budget of the

rice cultivation systems
investigated under existing
situation and rotation with
energy crops

/Actlwty l1l: Spatial distribution of paddy rice cultivation area in SEA
(2002)

Rice (% of land area)

0ot - 10

y 10- 20

s 20-30

? ] 30-40

i 40. 50

> B 50 - 60
i R ' I 50 - 70

v 1 I 70- 80

{ : W 50 - 50

Reference: X. Xiao et al. / Remote Sensing of Environment (2006)
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Activity Ill: Rice cultivation area vs. Agro-ecosystems in SEA Activity IlI: Assessment of the GHG emissions of rice fields in SEA
240,080
= 250,000
o)
2 200,000
Cambodia 154 1,124 33 614 % 143,756
Q@
Indonesia 6,154 4,015 1,247 23 iL 150,000 121,519 =3 N20 Direct from synthetic
g fertiliser N
Laos 40 319 201 & 87,480
g y = N20 Direct from N in Crop
Malaysia 445 152 84 £ 100,000 - 71,542 residue
Myanmar 1,124 4,166 252 602 § = Rice Methane
— E 50,000 - 16,196
Philippines 2,334 1,304 120 o 16414 4,041
Thailand 2,075 6,792 36 1 & )
Vietnam 3,687 1,955 345 778 00{,& 0&;,@ & y Ap ) @é' ¢\“®6 é@\b.é&&
Total 16,015 19,827 2318 2,134 & & NGRS Q‘;\\\Q ENSEIRN
“Irrigated rice = 2.5 crops/yr Reference: IRRI Rice Facts, 2002 \ s
/Activit [l: Assessment of the soil organic carbon stock of rice fields\ 4 A
y ik . g Activity IlI: Assessment of the carbon budget of rice fields in SEA
in SEA (Yr 2030)
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Activity IlI: GIS based maps of GHG emissions from rice fields:
Case of Thailand and Vietnam

GHG Emission from Rice Fields GHG Emission from Rice Field

Grid Size = 10 km x 10 krrgg j

Activity III: GIS based maps of carbon stock of rice fields:
Case of Thailand and Vietnam

Activity III: Assessment of potential mitigation options based on
different scenarios

Month| 1 2 3 4 5 6 7 8 9 10 11 12

RI

RC . Corn

RS

1/

Activity Ill: Assessment of potential mitigation options based on
different scenarios - Thailand

200,000 1/
180,000 -I_T
A

160,000 -

140,000 - Soil N20 Emission

(o]} mission Trom
120,000 - 94,014 135423 148219 synthetic fertiliser N and
100,000 - Crop Residue
80,000 - 53.103 m CH4 Rice cultivation
60,000 -
40,000 - 64,268

20,000 *I

GHG Emission from Rice Fields (Gg CO2-€)

RF RI RC RS
Scenario




Activity Ill: Assessment of potential mitigation options based on
different scenarios - Thailand

Assessment of total GHG emission mitigation options based on different scenarios

Activity IIl: Assessment of potential mitigation options based on
different scenarios - Thailand

tn case of Thailand

200,000 2095
£ 180,000 2,747 ’
ZJ, 160,000 1,949 m Soil Organic C Stocks
‘5:“ g 140,000 Change
;,é, 8 120,000 91,917 132,527 145,975 Soil N20 Emission
gmow s
@8 80,000
o] 2 51,838 = Soil N20 Emission
E = 60,000 from N in Crop
o £ Residue
Sy 40,000
§ e 20,000 42,559 64,268 42,559 42,559 m CH4 Rice cultivation
ngJ -8,103 -8,103 -8,103 -8,103
5 20000 RF RI RC RS
Scenarios
RF RI RC RS
iy . . _ Activity IV: Data Input: Site
Activity IV: Long-term soil carbon dynamics assessment of Climate data moé/e of DNDC rﬁodel
sustainable low carbon cultivation using process model
Description of Tasks Deliverables
— Assessment of long-term soil — Informative data on long-term
carbon dynamics of sustainable soil carbon storage incl. rotation
low carbon cultivation using with selected energy crops and coil data
DNDC model cultivation practices
— Assessment of long-term soil — Comparative assessment of soil
carbon storage and carbon sequestration for
sequestration of specific rice- selected rice-energy crop
energy crop systems based on rotation systems
monitoring and modeling data. _ Assessment of appropriate = Farming
— Use of Relevant data generated cultivation practices as Crop data ¢

mitigation options for reduced
carbon emissions in the
agricultural sector

from activity Il as input to
DNDC for analyzing the time-
series change in carbon storage
vs. the corresponding GHGs
emissions.

L]




Activity IV: DNDC simulation results

Example;
Corn-Rice

Activity IV: Comparison between observation and DNDC simulations
of daily pattern of CH, emissions from crop rotation systems

Fallow- Rice-Fallow-Rice

Corn- Rice-Corn-Rice

o Oberved  ——Simulated _ o Observed  ——Simulated
T g o
g 6.0 Falllow Rice Fallow Ric E 8 Corn Rice Corn Rice
£ 6.
< £ 2
%) o
g 50 S e I
»E/ 4.0 \é i
S 30 5
£ 20 2 3 A i
§ 10 5 2 e s KX
@ 2 R O @
g 00 g0 s F 4
=3 P = hod ofiicy !
s 3 EEE i

d

Rice- Rice-Rice-Rice
© Observed ===Simulated

Rice Rice Rice Rice

Methane emissions (kg C /ha/day)

Methane emissions (kg C /ha/day)

)

Sorghum- Rice-Sorghum-Rice

© Observed ~=Simulated

Sorghum Rice Sorghum

Rice

oORrNWAGO N ®

1Dec11

Activity IV: Long-term DNDC simulations for CH, emissions

e fallOW-riCe  ====COrn-rice  ====rice-rice ====sorghum-rice

CH, Flux in year 2010-2011
14

12

Activity IV: DNDC validation; soil organic carbon stock

kg C /ha/ day

CH, Flux in year 2011-2030

kg C /ha/ year
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Training Workshop: Capacity Building on Estimation of GHG h

Emissions from Rice Fields-The Application of DNDC Model

¢ Objective:
Providing participants
with an improved
understanding of
carbon and nitrogen
biogeochemistry in
agro-ecosystem and
enhanced knowledge
of spatio-temporal
dynamics of GHGs
from rice fields

 Participants:
Researchers involved
in ARCP-APN project
and JGSEE students

Activity V: Knowledge dissemination to scientists
and policy-makers in SEA

Description of Tasks

— Capacity building workshop for
knowledge transfer to scientists
and policy-makers in SEA
regarding the strategic
approach to follow for
sustainable rice cultivation i.e.
reducing GHG emissions while
increasing energy crop
production.

Deliverables

— Capacity building of scientists
on inventories of GHG
emissions and soil organic
carbon stock using ALU and
DNDC.

— Capacity building of scientists
and policy-makers on mitigation
options in the agricultural
sector for a low carbon society.

AN

Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in SEA
A path toward climate change mitigation in the
agricultural sector”

29-31 May 2013

Pullman Bangkok King Power Hotel




Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia — A path toward climate
change mitigation in the agricultural sector”

Implications of rice cultivation
practices on GHG emissions

Shigeto Sudo

National Institute for Agro-Environmental
Sciences (NIAES) !

Mechanisms of CH4 emission from rice paddy field

Upland (drained)

Poor CH, o \\ ‘ / Rich CH,
rd
water
TN
Organic matters Paddy soil

. A5
Oxydized SRR
methanogen

cH, @ poor M ‘t_ CH,
[ ]
L ]

€02, CH3COOH

éﬁ% Reduced
methanogen

® CH, in paddy soil is emanated by the activities of anaerobic bacteria which is
called methane producer through reduction of CO, or decomposition of acetic
acid

® |t is effective to control methane emission from rice paddy that period is
prolonged on intermittent irrigation drainage, composted rice straw is
incorporated as fertilizer instead of flesh one, or other.

Paddy rice CH, (methane) is produced....

 Anaerobic condition by methanogen bacteria >> water
management

» With organic substances such as rice straw residues,
organic manures, and other organic matters >> OM
management

» Under suitable soil temperature >> uncontrollable!!
Upland (drained)

Poor CH, o, ‘ / Rich CH,
\Z
water
i
Organic matters paddy s0il
CH, @ poor M "r CH,
-_.
A5 . Ay
Oxydized LRI coz, CHBC.OOH #m%  Reduced

methanogen methanogen

Organic Matter application and CH4 emission
In rice paddy

May June July August Sept.
40 T T T r T
—e— Sstraw plot S Ryugasaki —e— Rice straw
—8— Compost plot Heading 1988
T 30 [~ —A~ Mineral plot l 1 —@— manure
& Il . -
E - —a— Chemical fertilize
j=2] MD
£ 20 |- 2
x
é . Drainage
S 10 .{
Harvesting

30 60 2 120 15
Days after flooding

®Manure application alternate with rice straw incorporation reduces CH4.




Reduction of CH, emission by prolonged Nakaboshi (mid-season-drainage)

period; Fukushima Prefectural Agricultural Center in 2004.

Alternate Wet and Dry (AWD)

Results of water management studies in Tamil Nadu,India.

description Conventional AWDI Rotational water

®CH4 emission in paddy field is able to reduce prolonged Ra Khari® aabi Khart

‘Nakaboshi’ treatments. = 25196
‘otal water used (cm) 117.4 80.2 96.8 77.0 107.8 76.3
Vater use efficiency (kg/m?) 0.45 0.58 0.54 0.67 0.49 0.68
‘ield (t/ha) 5.32 4.63 5.21 5.17 5.24 5.22

oo .. .. = Flooding period >ercentage of water saved over - - 17.2 4.5 8.2 5.6
40 — EEEEEN

L NAkaboshi panicle initiation fage Wim van der Hoek et al,., Report of International Water Management Institute, Report 47,

TE 30k Continuous flooding AWD has CH4 reduction potential with average of 30% by frequent drying in paddy.

‘.“E ——— Nakaboshi 2 weeks oo Drain

o —— Nakaboshi 3 weeks — oo d harvest

E 20— Nakaboshi 4 weeks Yield of rice is strongly damaged by TH

é drainage after panicle initiation stage of CF

X 10 rice with cadmium accumulation risk. Water depth \é\gg:

© tuning

0
May June July August September
Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009. ]
Overview of the Study

45°

"y 40°
o 35°

e i ! - 30°

130° 135°  140° 145° , ,
31°29'N, 130° 26" E
38° 46" N, 139° 54'E
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« Verification of reduction effect by prolonged
Nakaboshi (mid-season-drainage) period.

» Methane flux observation once per week.
» 3treatments, 3 replications per site.

Points:

1. How much amount of CH4 is reduced by modified water managemet compared with

BAU method.
1. Can we go water management uniformly all paddy fields in Japan ?
2. How can we change water management policy if reduction result are different ?

BAU:Business As Usual
= conventional water management at each site guided by the prefecture
government.




BAU is different in each prefecture!

BAU: Business As Usual = conventional water management at each site guided by
the prefecture government.

» Recommended rice variety is different in each prefecture.
— Eachrice variety is original brand of each prefecture which has a fierce
competition with others in yield, taste, etc.
« Niigata — Koshihikari
* Yamagata — Haenuki
« Gifu — Hatsushimo
« Kumamoto — Morinokumasan
« Kagoshima — Hinohikari
etc.

» Each variety has each suitable cultivation method of fertilization, water
management, soil type, cultivation period, harvesting season etc.
— Itisimpossible to unify cultivation method beyond prefecture border.
» Itis necessary to find suitable cultivation method one by one to elucidate
win-win solution to obtain the best harvest yield and taste with minimum
methane emission from paddy field.

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008-20009.
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CH, emission in paddy field (Shonai)

1 week ahead Nakaboshi treatment 5 days prolonged Nakaboshi treatment
50
< 2008 —e— g kR e miT
T o ER 0% S | EER 2000
€ €
=~ 30 =~ 30
; : .
o 20 o 20
£ £
5 10 5 10
:Er 0 :|:<r 0 N
() o
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09
Date Date
2008 2009
Total CH, flux (BAU) 310 380
(g=CHy/m®) (1 week sheac) 1348 -6% 241 -
37%
Yield (BAU) 614
(Kg/10a) (1 week ahead) H
(X®E 2)

o RN 11
M E— LIRS ** p <001

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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CH, flux (mg-CH, m?h™)

-10

CH4 emission in paddy field (Yamagata)

Same treatments in 2008 and 2009

70
Yamagata

2008

60

50

40

30

20

10

0

—e— (BAU)
~¥ (1w ahead)
~ % (Lwextend)

5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08

Yamagata
2009

N IS -3
o S S

CH, flux (mg-CH, m?h™)

=)

—e (BAU)
—v¥— (1wahead)
~—®  (lwextend)

5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09 11/1/09

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008-20009.
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Date Date
2008 2009 P * - 35°
CH, (BAU) 570 287 W
(g-CH,/m™?) (1 week ahead)
(1 week extend) 180 48 % e 30°
— 2
Yield (BAU) 667 37% T ——————
(Kg/10a) (1 week ahead) 643 130° 135° 140° 145 31° 29’ N, 130° 26’ E
) (1 week extend) 0873 q
Haenuki 38° 46’ N, 139° 54’ E
BAU: 1 week Nakaboshi, while other 2 are 2 weeks (ahead and extend) R v
Photos of Nakaboshi (mid— season— drainage in rice paddy
CH, emission in paddy field (Fukushima) field) at 9 research site in Japan, 2008-2009.
~ 70 Fukushima I P I R Fukushima
F'_'C —*— BAU ‘__‘c —v— lwextend
w2 o e | o
Eq 50 E« 50
g o . -
£ s 2 2
5 20 5 20
;« 10 ;« 10 °
O oy ssecdell O o P 40

5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08

5/1/09 6/1/09 7/1/09

8/1/09 9/1/09 10/1/09 11/1/09

Date Date
2008 2009
CH, flux (BAU) 283
(g-CH,/m™) (1 w extend) 186
(2 w extend) {
Rice yield (BAU) 52 %
(Kg/10a) (1 w extend)

(2 w extend)

Koshihikari

L. 35°

o 30°

130° 135° 140° 145° , ,
31°29'N, 130° 26" E
38°46’N, 139° 54'E
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CH, emission in paddy field (Niigata)

@
S]

BAU: business as usual; CF: continuous flooding

- o~ Niigata — Niigata
e o 2008 ‘= 50~ 2009
e w0 | |3 e E E
LI; (I; 30 .
2 g 2
g g 10
| -10
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 11/1/08
Date
2008
CH4 flux (BAU) 249
(g-CH,/m™?) (1 w extend) 124 -50%
(2 w extend)
(CF) 30.6
Rice yield (BAU) 621
(Kg/10a) (1 w extend) O
(2 w extend) 1609
(CF) 17
Koshihikari

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008-20009.
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CH, emission in paddy field (Aichi)

e A o Aichi 2009 ‘
f 150 9|—a— Plus 1w extend 2008 f 150
'E I ’?‘FT 'E gﬁglwahead
5 100 S 100 Plus 1w extend
> > T
£ £
X 50 x 50
2 2
T = X
O 0 O 0 ad s,
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08 10/1/08 5/1/09 6/1/09 7/1/09 8/L/09 9/1/09 10/L/0911/1/09
Date Date
2008 2009
CH4 flux (BAU) 54.0 78.6
(g-CH,/m™?)  (pluslw ahead ) 552 + 2% 717 - 9%
(plus 1w extend) 451 —17¢% i 647 -
(CF) 66.2 104.4 18 %
(NT) 64.8
Rice yield (BAU) 581
(Kg/10a) (plus 1w ahead) 497
Koshihikari (plus 1w extend)

BAU: business as usual, CF: continuous flooding, NT: non tillage

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008—20009.
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CH, flux (mg-CH, m? h™)
S

CH, emission in paddy field (Gifu)

BAU: business as usual, DD: double drainage,
DDP: double drainage plus 1week

10

.
o

o0 Gifu [—— BAU  Gifu2009
g{ |~ DD 2008 8 oo
s DDP o boe

o

CH, flux (mg-CH, m?h™)
»

o

0

Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008-20009.
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Date Date
2008 2009 . L. 35°
CH4flux  (BAU) 84 ' W’
(g-CH,/m2) (double drainage) 168 T
(double drainage plus 1w) 76 19% 30°
- 9% l _
Rice yield (BAU) ¥ :
(Kg/10a) (double dra}lnage) 107 130 135 140° 145 31°29'N, 130° 26’ E
(double drainage plus 1w) ~
38° 46’ N, 139° 54’ E
21 22
Photos of Nakaboshi (mid— season— drainage in rice paddy
Tokushima field) at 9 research site in Japan, 2008-2009.
In 2008, one replication include the treatment of green manure...
140
o~ —o— F TdeEK 7d {#5 2008 — —e— & 7dugk 7d ,
T T AR Y Do PEERE mmaw
'E 100 4| —&— shF14d+EK 14d| E —— thF14d+%K 14d 1
5# 80 6“ 1 450
& 60 o
E 4 E
é 20 é
5 0 gr 0 * 40°
-20
5/1/08 6/1/08 7/1/08 8/1/08  9/1/08 10/1/08 5/1/09 6/1/09 7/1/09 8/1/09 9/1/09 10/1/09 **
Dat
" 2008 P 2009 . W 35°
Methane emission (Conventional) 53.5 6.7 o
(g-CHy/m?  (MD14d) 233 -56% 6.7 5
(MD7d) 268 Z90% . 19..204% 30°
(MD14d+ ED7d 167 -69% : 54 —19% 2
Yield (Conventional) 700 ¥ -
(Kg/10a) (MD14d) 663 130° 135° 140° 145°

(MD7d) R )
(MD14d+ED7d)) i 666
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31°29°N, 130° 26’ E
38°46°N, 139° 54'E
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Photos of Nakaboshi (mid— season— drainage in rice paddy
field) at 9 research site in Japan, 2008-20009.
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KagOSh i ma Change of methane emission from BAU by drainage (Nakaboshi) length
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(MD15d) 414 287200 . S ©  (BAU=0)
(CF) 27.0 {155 ‘ /
Yield (Conventional) 415
(Kg/10a) (MD10d) 453 - No linear relationship was revealed in the plots in which rice straw
(MD15d) 443 15 % residue were not incorporated.
(CF)

28




Summary of positive results to reduce CH, in paddy
field.
F CH4 reduction ratio of modified Nakaboshi to BAU

%
10 20 30 40 50 60 70 80

Shonai ; Period Was not extended i 2008
a treatment in Shonai.
Yamagata #

Fukushima ?—‘
Niigata _ | | :

Aichi : B 1o
Gifu
lesh crop residug was

Tokushima _ 5 ;
\ incorporated in 2008

Ki him . .
agoshima Intermittent drainage treatment before 2 weeks|before

L
harvest

Average reduction recovery in 2008 : 48.4%, in 20094 :31.5%

High reduction potentials were observed although differences of experimental sites, inter-
annual variations were shown.

29

Automated Gas Sampling Sytem (AGSS)
produced by Green Blue Company, Japan

~,
Wacuum Vial
Auto Sampler Cartridge
Vacuum
Vial E
Botthes’ S
[=%
W
13
& :
Soil
I— Sampling Chamber (Auto Lids)
Sample Gas
#=0 ~o o0
Vials after sampling
p "y

u |_| CO2, CH4, N20,,,,

1 unit of AGSS can be installed at Ratchaburi research site.

30

The samples collected by AGSS sampler are ready to be analyzed

by the 3 (three) greenhouse gases auto-analyzer developed by National Institute of
Agro-Environmental Sciences, Japan

Patent application : 2005-096918

Registered : September 2009

31

Conclusion

* We conducted tests to verify the improvements of water
management in order to reduce CH, emission from rice paddy at
9 experimental sites in 8 prefectures.

« The longer length of Nakaboshi (mid-season-drainage) period was
prolonged, the lesser amounts of CH, emitted even after when
Nakaboshi period lasted, as a whole.

« Insome cases, for example in Kagoshima, exceptional
phenomena of that significant high emission were observed at a
later stage of cultivation season (around the end of August).
Adjusting of Nakaboshi periods was not effective in such cases.

* In most of cases, emission of N,O was not increased during
prolonged Nakaboshi period.

Thank you for your attention! 2




Sustainable rice cultivation:
A path toward climate change
mitigation and adaptation

Chitnucha Buddhaboon

Rice Department, MOAC, Thailand

Capacity Building Workshop on: “Strategic rice cultivation with energy crop rotation in Southeast Asia
— A path toward climate change mitigation in the agricultural sector”
29-31 May 2013, Bangkok, Thailand
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» Introduction, and implication of rice
cultivation to climate change

> Mitigation of GHGs emission from rice
cultivation

» Adaptation of rice production to climate
change

»Summary
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Introduction

What does sustainable mean?

Sustainability- is a characteristic of a process or state that can be
maintained at a certain level indefinitely. The term, in its
environmental usage, refers to the potential longevity of
vital human ecological support systems, such as the planet's
climatic system, systems of agriculture, industry, forestry,

fisheries, and the systems on which they depend.

Source(s):

si2o2fnttp://en.wikipedia.org/wiki/Sustainabil...

Introduction

Therefore, Sustainable Rice Cultivation means.........

Rice cultivation system can be maintained to produce grain
yield for world population consumption
indefinitely. Sustainable Rice Cultivation also

refers to sustainable of social (farmer to

consumer), sustainable of environment

(clinate, soil, water), sustainable of economic

(equitability of among beneficially).

5/29/2013




Introduction

How does rice cultivation implicate to the climate change?

Introduction

Thailand GHGs emission inventory by sector

Energy 61.4 — —
| ) Sector Emission % Emission %
ndustrial 34
Agriculture 13.4 Energy 69.57 Rice cultivation 57.50
Land use change 182 Industrial 7.15 | Agricultural soil 15.00
Wiest 36 . . .
. Agriculture 22.64 Field burning 1.90
Total emission 41,755 MtCO2e
Forestry -3.44 Livestock & Manure 25.60
L West 4.07 Total emission 51.9 MtCO2e
Agricultural sol 44 SNC = Second National Communication, (2000) with total emission of 229.08 Tg
Livestock &manure 37.8
Rice cultivation 111
T T A B e Other agriculure 67
gz o i e ATk AT N s G Total emission 5,595 MtCO2e 5 5/29/2013 6
Introduction Introduction

Rice Area (ha) | % of world rice area

Brunei Darussalam 1,837 0.00
Cambodia 2,926,000 1.78
China 30,311,300 18.47
Rice area of India 44,100,000 26.87
selected Indonesia 13,201300 8.04
country Japan 1,576,000 0.96
(2011) Lao PDR 817,250 0.50
Malaysia 683,677 0.42
Mayan Mar 8,038,000 4.90
Philippines 4,536,640 2.76
Thailand 11,630,300 7.09
Vietnam 7,651,900 4.66
World Total 164,124,977 100.00

FAOSTAT | © FAO Statistics Division 2013 | 27 May 2013

Top ten of rice producer/

Producer (2009)

China

India
Indonesia
Bangladesh
Vietham
Myanmar
Thailand
Philippines

© O ~N o o B W N B

Brazil

=
o

Japan

5/29/2013

consumer in the world

Consumer (2007)

Brunei Darussalam 245
Vietnam 166
Loa PDR 163
Bangladesh 160
Myanmar 157
Cambodia 152
Philippines 129
Indonesia 125
Thailand 103
Madagascar 102

(Source: IRRI, 2012) &




Introduction Introduction

World rice production area Rice cultivation system in Thailand
; ?:Eg? dcer;t%f >100 cm of
S water depth
Deep water ricg
° O
’ (¢]

[
o

°
vvvvv o ==
Encndalmmsenu ¥ Imutﬂ Major rlce ‘--7‘@
5,000 ha of rice - g;:;:gmgd production systems
5/29/2013 (Source: IRRI, 2012) - "
Introduction Introduction

Rained rice

s rice cultivation system sustained? ...,

5/29/2013 12




Introduction

Effect of CO2 concentration on rice

Introduction

Effect of climate change on
rianfed rice production 1980 - 2099

Yield kg/ha v ()
3 Rice yield tends to increase. o Trend of average yield
-Base on tme | y -Base oncurrent |-
current technology technology :22: 2t SR T
- Weather data, W 6 ath er d at 2 o )
generated by 3 Uala, - e
CCAM mOdeI A2 Scenarlo 019‘70 1980 1990 Z(;DO 2(;10 2[;20 2(;30 20‘40 2(;50 2(;60 2[;70 20‘80 20‘90 21‘00 21‘10
-KDML105 Var. High -KDML105 Var )
Medium ' - wanida (nn13)
Rice yield tends to Low (latitude) . . &0
increase. R|Ce y|e|d o
1980-89 2040-49 206675 INCrease ]_]_% by w
1.0XCO2 1.5XCO2 2.0XCO2 2099 20 ) )
Year 10 Average yield with SD
0+ T T T T T T T T T T
1970 1980 1990 2000 2010 2020 2030;‘12040 2050 2060 2070 2080 2090 2100 2110
5/29/2013 13 5/29/2013 14
Introduction Introduction

Irrigated rice

5/29/2013

Effect of climate change on
rainfed rice production 1980 - 2099

-Base on the current
technology

-Weather data; A2
scenario

-SPR60 Var.

Rice yield tends to
reduce 15% by 2099

5/29/2013

uuuuuu il

o Trend of average yield

"we CRTRn

15T0 1980 1950 2000 010 Q0 2030 3040 2080 060 2070 2080 NS0 2100 MW
i

Average yield with SD
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Introduction

Grain yield

Precipitation

s
/,
N,

.,

~ -
---------

Management
practices

Diagram representing rice production system

5/29/2013

Introduction

Unneeded by
product of rice
production system

. 17 5/29/2013 18
©2002 by National Academy of Sciences ~ 5ass R L, Cicerone R J PNAS 2002 http://zfacts.com/p/226.html (IBP ETH, 2009)
Mitigation Mitigation
mg CH,m2d"t variety and straw management mg CHa m’d™ variety and straw management
500 350 ay. - . .
o] —Zeiegemienng g — Mitigation options to reduce CH, from paddy field
:i::a :s:::si 250 4 Straw bumed
300 { 200 - — Straw compost .
- —— oMU o | ——KDMLIOS Management s CH, reduction | Sources
DWR+Straw managemen 100 1 DWR+Straw managej rates
100 | ¥ 50 - (%)
0 el ﬁ:‘:t 07 i % - -
0 20 40 60 8 100 120 140 160 180 200 0 20 4 60 8 100 120 140 160 180 200 Mid season drainage 27 Towprayoon et al.,
Days after planting Days after planting Multiple drainage 35 (2005)
dry season 1097 Wet season 1998 (water management)
SR Pregerminated seed + intermittent 60 Saenjan and
(planting methods and water management) Saisompan, (2004)
Water drainage . . . .
h g Irrigated rice (SPR2) + 2 days drainage 28 Chareonsilp et al,
is able to reduce 2000
CH4 emission. Irrigated rice (SPE2) + 3 days drainage 44 ( )
Irrigated rice (SPR2) + 4 days drainage 37
Irrigated rice (SPR2) + 6 days drainage 32
* ;
5/29/2013 srn 9 5/29/2013 20

Soil series and water management




Mitigation

Planting methods

mg CH, m2d! Irrigated rice variety ml%OCHA ma?
20 120 Transplanting
1 ——T1 (Poe-Thong) 100 —— 94 kg seed/ha
T2 (SPR1) 80 —— 188 kg seed/ha
12 4 —— T3 (SPR60) 60

20 / ~
0 &£
0 10 20 30 40 50 60 70 8 90 100

111 21 3 4 5 61 71 81 91 Days after planting

1 mg CH,m ¢ mgcHmd’
Days after planting Yoy |
. ol w0
mg CH,m"d o None - et
500 _ —a— Chemical fertilizer
—5— Cow dung
400 _ Straw compost

Azolla pinnata
o Sesbania

D24 b BN UL tzssEmRHLBNR
Weeks after plning Weeks after plning

mg CH e’ ngCin’d*
No iming b Liming

0 2 4 6 8 10 12 14 16

Weeks after planting

V24 BEMR UL R Vz4sEmRULBRR
g Weeks after laning

Fertilizer management
5/29/2013 DWR variety and chemical fertilizer management21

Mitigation

Rice variety Water management

iz - AWD: 261 mg CH, m?h, 842 kg
methane season™

4 L GAP: 196 mg CH, m2h*, 631 kg
\ methane season™

lsslary rate (rng 1m°
T )
5,
2

week WEER

Methane emission from irrigated rice production system

5/29/2013 22 20

Mitigation

CH, emission rate from various irrigated rice variety

mg m2h1 kg ha'llseason' kg CO, e/kg of rough rice

PTT1 10.64 40.06 6.05
PSL2 7.67 28.87 541
SPR3 8.07 30.36 5.50
RD47 7.45 28.04 5.37
RD31 12.84 48.30 6.52
BT 12.00 29.47 5.45
Average 9.08 43.42 5.79

5/29/2013 23 21

Adaptation

Rice production adaptation to climate change

Adaptation Rainfed rice Irrigated rice

strategy

Variety Early mature variety, deep root system, Short growth duration with high
submergence tolerance, low CH, emission growth rate, low CH, emission
variety variety

Agronomic Suitable planting technology depending on Technology for CH, reduction

management area and precipitation pattern, e.g. dry seeding, |without effect on yield/ farmers’
pre-germinated seed, and transplanting net income

Wiater management |Improve water management system to prevent |Improve water use efficiency
flood in the rainy season and drought in the
dry season

- In order to improve yield, reduce GHGs emission with

out effect on farmer way of life
5/29/2013 24




Adaptation

Cropping system

O
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)

e
e
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e
o
2
e S
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fallow
Mar Apr May® Jun Jul-JAmg—Scp_ Oct Nov -Dec dlan Eeb

A: conventional deepwater rice production system B: deepwater rice — flooded rice production
C: fleoded:rice — flooded rice production 25

Adaptation

Rice variety

e,

ubmergence tolerance

P

5/29/2013

26

Adaptation

Fertilizer management

5/29/2013 27

Adaptation

Planting method

5/29/2013
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Adaptation

=

Water management

=

Summary

» Rice production system has been affected by climate
change, and will be affected in the future. Base on A2
scenario and recent technology, rainfed rice yield will be
slightly increase, but some area will be affected climate
variability. On the other hand, irrigated rice yield will be
decreased due to shorter growth duration. Rice production
system is a GHGs source, even it is a small proportion as

compare to other sector, but it’s needed to be concerned

Summary

» Mitigation, The effective methodology for methane emission
reduction are: 1) rice variety selection in term of emission
rate, and growth duration, 2) fertilizer management (both
organic and inorganic), and 3) water management

» Adaptation, under future climate, suitable rice varieties with
appropriate plating date, planting method, and water
management could be able to adapt rice cultivation system to

the future climate.

e




"Sustainable agricultural production
— Focus on rice production in
(Thailand)"

Amnat Chidthaisong
Joint Graduate School of Energy & Environment
King Mongkut’s University of Technology Thonburi

Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia — A path toward
climate change mitigation in the agricultural sector”
29-31 May 2013
Bangkok, Thailand

Current situation

35000
——Arable land (x1000 ha) ——Rice harvested area (x1000 ha)

Irrigated area (x1000 ha) ——Rough rice production (x 1000 ton)

30000

25000

20000 -

Arbitary unit

15000 -

10000 -

5000 -

http://ricestat.irri.org/vis/wrs_Motion.php

Current situation: Productivity compared with other

N countries
= = Cambodia
= China
6 Indonesia
Malaysia

Maynmar
@ e Thailand

5 Vietnam
~m—Philippines

Rice production (ton/ha)

1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
Year

3
http://ricestat.irri.org/vis/wrs_Motion.php

Current situation: Chemical fertilizer use per

™ __.es tONrice produced
China
Indonesia
2500 Malaysia
Myanmar
e Philippines
2000 | South Korea
@ e Thailand
= = Vietnam
1500 -
1000 -

http://ricestat.irri.org/vis/wrs_Motion.php




Current situation: Variety

Rice Ecosystem No. of Variety Remark
Lowland: Photosensitive 44 Water depth< 50 cm
Lowland: Non-photosensitive 38

Water depth 1-5 m

Floating rice:PS 6 for at least 1 mth

Deep-water: PS Water depth >0.5-1 m
Deep-water: NPS

Upland:PS No flooding water
Upland: NPS

6
1
9
1
2
1
2

Red hawm rice:PS
Red hawm rice:NPS

Japanica rice

Research topics

» Paddy fields as the important
greenhouse gas source and sink in
Thailand

 Results from field experiments

— Emissions and mitigation of greenhouse gas by using
food-energy crop rotations

e Conclusions

Emission in 2000 of ‘Agriculture’ (Mt CO, eq,%)

Emissionin 2000 by 'Agriculture’ (Mt CO2 eq, %)

Industrial processes,

1639.72% | yLUCF -7.90,-3.4%

A . :
4CRice
cultivation,
; Agriculture 29.94,57.7% 4D Agricultural soils,
“Erergy 15930, OL88:226% 4 7.60, 14.6%
69.6%

4F Field burning of

............ agricultural residues,

lBManme-—--7s-| 1.01,1.9%
management, 5.07, 4AEnteric

9.8% fermentation, 8.26,
15.9%

Total GHG Emission with LULUCF = 229.08 MtEq

Remark# |: Greenhouse gas emission
from Agricultural sector:

 Contributes ~ 20-24% to country total
emission during 1994-2005

» Major source of methane (~70%), most from
rice cultivation

» Major source of N,O (~80%), most from soil
emission




Issues arising from GHG inventory

» Mitigation need to be considered
carefully;
—Sustainable development (including

maintaining/increasing yields under climate
change pressure)

—No drastic changes in/affect to local ways of
life
— Cost-benefit analysis

Emission vs. yield: an example of rice production

n1sddaudrdBaunszan
(kgCO2e/kg grain)
o - N w ESN ol (o2) ~ oo

"TEER

Phayao Chiangrai Ratburi ~ Chainat Nakornswan Mahasarakam Ubon
Nakorn ratchasrima
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Specific sources of emissions

Fertlier  Fossfiel  giopgss . HerbicdeaPest
production 0% pyyingHerhividedPest

0% icides Fertiizer 1%
0% production l'
13% |

\
Fertilizer
application
9

. Biomass
Fos ful., S burning
1%

Fertilizer
application
1%

Rainfed

Irrigated
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Approaches

» Mitigation aims: lowering the ratio
between emissions and yield;
—Increasing yield and reducing

emission/keep emission low--mitigation
should not affect yield
—Increase land productivity through

enhancing land use usability while
maintaining its fertility

12




Investigation on crop rotation

e Two case studies

— Clay soil originally planted to maize—then
rotated with lowland and upland rice

— Sandy loam soil originally cultivated with
lowland rice---then rotated with energy crop
(maize and sweet sorghum)

13

EEE——

Atmosphare
(C0,)

57C 8%

=
" -

/ Respired CO, | Respired CO5)

§C -25%, §13C -12%,
T f
C3 vegetation CA vegetation
e.g. wheat £.g. maize
§'3C -24% §19C ~11%
|
Y Y
VL cssa | | sl |/
Case |: Main-rice system
T T
Soil binta in 3 500 Saill biota in C4 soll

5C -22%s to ~20%. 3°C 9% to ~T%e
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Plot preparation

Maize: 4901 variety Upland rice: Sakon Nakhon
variety

Plantation

Lowland rice: Chai
Nat 1 variety

Source: P. Ponpang-nga & A. Chidthaisonlgs, 2012

Methane emission flux (1%t crop)

CH, flux (mg C/m?/hr)
20 -

18 ) average
16- g

0.42+0.22

14 -

- 3.01+373 .

10- 0.55 +0.45 ——Maize
—s—Lowland rice

—— Upland rice

0\\\\\\\\\
0 5 0 4 4 68 8 ¥ 13 1290 14

Days after planting

T v T
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Source:P-Ponpang-nga & A: Chidthaisong; 2012*




Carbon stock (ton C/ha)

M treatment

R treatment RM treatment

17.32 £ 0.342
Lst 17.29 + 0.492
17.98 + 0.432

17.76 + 0.562
16.87 + 0.532
16.50 + 0.482

2nd

18.20 + 0.452
18.20 + 0.512
20.79 £ 0.63P

18.27 +0.502  18.39 + 0.47a
21.35+0.63>  17.73 +0.45¢

20.88 £ 0.52P 19.35 + 0.44¢

Source: P. Ponpang-nga & A. Chidthaisor%g7, 2012

Where carbon is accumulated?--The 83C values of SOC in different
aggregate size fractions at the end of 2nd crop ( S.D. of 3 replications).

&13C values ( (%o)
Aggregate M
R treatment RM treatment
treatment

<250 pum -18.94+0.082  -20.72+0.48P -20.20+0.19b
250-500 pm -18.62+0.172  -20.79+0.57° -20.08+0.31b
500-1000 pm -18.94+0.292  -20.29+0.93P -20.1040.44b
Bulk soil -18.70+0.092  -20.98+0.38P -20.31+0.16°¢

Source: P. Ponpang-nga & A. Chidthaisonlé, 2012

Case study I1: lowland rice rotated with energy crop (maize

Seasonal of CH, fluxes in different crop management

and sweet sorghum)

4 treatments

* F-R-F-R: fallow-rice-
fallow-rice

* R-R-R-R:rice-rice-rice-
rice

* C-R-C-R: Maize-Rice-
maize-rice

* S-R-S-R:sweet
sorghum-rice-sweet
sorghum-rice

19
Source: N. Cha-un & S. Towprayoon, 2011

CH, Emission —=-F-R-F-R  —#C-R-C-R —#R-R-RR -eS5R-SR
Year 2010 Year 2011
80.00 Energy crop E Rain-fed Rice Energy crop Rain-fed Rice
000 L& O 4 i 8 2
T 000 U1 1 L m I 1} !
= .
E 5000 1 /\ N\
(=]
é 40.00 / !" |I J_ T l\ I T T
T 30.00 N TAT -
© |
20.00 -
J 1
10.00 1
0.00 -
OOOOOOOOOOOOOHH\—!HHH-—!-—!«—{HHH«—!HHH-—!-—!:*
PR R re e B B e B R B B B R R R R
CESS3E3T80CS88582288533370588224838
PTET LRIV GIZR IS’ T QR8BI FON
Used Chemical fertilizer 15t is 15-15-15, 2" is urea (46-0-0) l Flooding Jl Drainage

Source: N. Cha-un & S. Towprayoon, 20121O




Istcrop in 2010

RF (fallow) -6.090
RC (Corn) -0.380
RI (Rice) 762.260
RS (Sorghum) 125.420
2nd crop in 2010

RF (fallow->Rice) 784.900
RC (Corn->Rice) 849.655
RI (Rice>Rice) 2,960.600
RS (Sorghum->Rice) 610.730

3 crop in 2011

RF (fallow->Rice->fallow) 6.370
RC (Corn>Rice—>Corn) 99.190
RI (Rice>Rice->Rice) 7,043.820
RS (Sorghum->Rice->Sorghum) 105.735

4t crop in 2011

RF (fallow->Rice->fallow->Rice) 1,003.006
RC (Corn->Rice>Corn->Rice) 1,105.523
RI (Rice->Rice>Rice>Rice) 2,433.576
RS (Sorghum->Rice->Sorghum->Rice) 1,104.599

21
Source: N. Cha-un & S. Towprayoon, 2011

Remark # II:

» Cropping shift from upland maize to
flooded rice could enhance soil carbon
sequestration (but needs to consider
CH,)

« Decomposition and incorporation of
organic materials (maize and rice straw)
into SOC was detectable within a short
time period.
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Activity and results under
GRENE—mitigation and modeling

Modeling by DNDC (site mode)

Comparison between observed and DNDC simulation of daily pattern of
CH, emission from crop rotation system

Fallow- Rice-Fallow-Rice Fallow- Rice-Fallow-Rice y= %252_4;g52.3409
o Observed Simulated '

=
€ 70w 45
2 alllow Rice Fallow Rice
£ 60 - o 40 r %0
o g 35 .
o > 2 30 -
5 8 25 —
5 2.0 = <
2 15 e
E 1.0 s o
& by o e o
P .
E 00 &7
3 0 1 2 3 4 5 6 7
= Simulated

Rice- Rice-Rice-Rice Rice- Rice-Rice-Rice y =0.3679x + 2.2409
. © Observed Simulated R?=0.1954
>
S 14 . . : : 12
3 Rice Rice Rice Rice o
£ 12 B 10 =
o J 2 Iy
O 10 o 0 1 g 8¢
< 8 I ° ®e
> o 6@ o © P 0
S 6 [3 ° —
k] ¢ o A
£ . 4 Wﬁ/f 5

oo

§ 2 2 . s Yo ° . %)c Py
g 0 0 l
2 0 2 4 6 8 10 12 14
= Simulated

days
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Source: N. Cha-un, pers. Com.




Concluding remarks
Main findings:

*Rice yield per area is still low

*Rice cultivation contributes relatively large to

country total GHG emission

*Emission reduction is possibly achieved by;
*Managing soil carbon through cultivation
practices/diversification such as rotation with
energy crops (reduce methane emission and
maintain SOC).

*Next step:

» Modeling approach will help improve relationship

between yields and GHG mitigation associated with

crop managements

Thank you

http://ricestat.irri.org/vis/wrs_Motion.php




"Sustainable agricultural production
— Focus on rice production in
(Cambodia)"

Seng Vang

Cambodian Agricultural Research & Development Institute
(CARDI)

Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia — A path toward
climate change mitigation in the agricultural sector”
29-31 May 2013
Bangkok, Thailand

Current situation

Plantation area

Cultivation practice

Water regime

Rice varieties

Organic and Chemical fertilizer used

Current Situation of rice production in Cambodia

Fact:
- Total production (Paddy): 8.78 mil t
- Per capita consumption: 143 kg/year

- Demand per annum: 2.11 mil t
- Population growth per annum: 1.5%
- Surplus (Paddy): 4.34 mil t

== Rainfed Lowland: 79.3% 4
== Upland: 1.7%/

= Deepwater/Floating: 3.1% 4

Irrigated/Dry Season: 15.9%7T
Data source: MAFF (2012)

Last 2-year statistics of rice

[ vetsmon | oyseasn | ]
Har. Yield Prod. Har. Yield Prod. Har. Yield Prod.
Year area (t/ha)  (milt) area (t/ha)  (mil t) area (t/ha)  (mil t)
(mil ha) (mil ha) (mil ha)

2011 2.29 2.92 6.70 0.47 4.41 2.08 2.77 3.17 8.78

2012 248 2.87 7.14 0.50 4.35 2.15 2.98 3.11 9.29

Cultivatio - q ] 3

e Mostly transplanting Direct seeding/Broadcasting

Wafcer Rainfed Irrlgated/Recgss_lon_/Supplem

regime entary irrigation

Source: MAFF Department of Statistics (2012, 2013)

3% 92% 5%




Rice varieties released: 38

9 Early maturing, insensitive to photoperiod, irrigated & rainfed
16 Intermediate maturing, rainfed lowland

8 Late maturing, rainfed lowland

2 Rainfed upland

3 Deepwater

10 Recommended Varieties:

Nutrient requirement for rice

Recommended rate of nutrients
Major soil types (kg/ha)

N P,0s K,O
Prey Khmer (Psamments) 28 10 40
Prateah Lang (Plinthustalfs) 50 23 30
Bakan (Alfisol/Ultisol) 75 30 30
Koktrap (Kandic Plinthaquult) 73 35 30
Toul Samroung (Vertisol/Alfisol) 98 35 0
Krakor (Entisol/Inceptisol) 120 25 0

Common fertilizers used:
- Urea (46-0-0), DAP (18-46-0), MAP (16-20-0), NPK+TE (20-15-15+TE) from different

countries such as Thailand, Philippines, China, Vietnam, etc.
- Composed cattle manure, FYM

Effect of Organic and Inorganic Fertilizers

| ]

= 2.50
%2,00 J- T
g 1.50
1.00 ri—‘
0.50
0.00 T T T T T T T T ——
> Q & X X N - e NS D N
N (_}@“‘\% é\%\i \’\'\33\ ‘i%&x@ i«.\‘é} &§2 b& «S XQLQS&‘? ‘\QQ.\Y(‘G
The effect of organic and inorganic fertilizers Fertilizer rates:
management on grain yield of rice, cv. Sen Pidao Straw: 5 t/ha
grown on Prateah Lang soil in 2012 wet season. CM (cow manure): 5 t/ha
CARDI Experimental Station, Phnom Penh, Lime: 1 t/ha

Cambodia. NPK: 50-23-30 kg/ha

Fertilizer effectiveness on farmer fields

Amount of
applied Cost of L .
= " Grain yield Income Profit

LGCEUNERS fertilizers fertilizers

(kg/ha) (USD/ha) (t/ha) (USD/ha) (USD/ha)
No fertilizer 0 0 2.35 765 765
Farmer
fertilizer 211 126 2.69 874 748
practice
Recommend 5, 127 3.36 1003 966
ation rate

Source: CARDI Annual Report in 2012.




Plan to improve rice plantation in the
future

» For examples
— Yield
— Market
— Irrigation
— Breeding
— Cultivation practices

The RGC policy on the promotion of paddy production and rice export
“ = ” (as of July 25, 2010)

Early maturity Intermediate maturity Late maturity
1 Sen Pidao 1. Phka Rumdoul 1. Riang Chey
28 Chul’sa 2. Phka Romeat 2.CAR4
IR66 3. Phka Romdeng 3. CAR6
4. Phka Chansensar

* Enhanced production of rice crops B
« Purchasing and processing
* Improved enabling factors
» Marketing

« Milled rice for export: 1 million tons
» Cambodian rice: Recognized internationally

Current research and research
institute involved

» For examples
— genetic improvement- University
— Rotation crop- Rice research
— Organic farming- Internal funding agency
— Others...
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Current research and institutes involved

CARDI, RCD/GDA, Improved rice establishment and 2010-2013  Completion
RUA Productivity (CSE2009/037) Sept 2013

CARDI, DAE/GDA, Developing Multi-Scale Climate Change 2010-2014  Completion
IDE/NGO adaptation strategies for farming June 2014
communities In Cambodia, Lao PDR,
Bangladesh and India (LWR2009/019)

CARDI, RCD/GDA, Improved rice germplasm for Cambodia 2010-2014  Completion

IRRI and Australia (CSE2009/005) Feb 2014

CARDI, TSC, ITC, Improved irrigation water managementto  2011-2014  Completion

IDE increase rice productivity in Cambodia June 2015
(LWR2009/046)

CARDI, IRRI Remote-sensing-based information and 2012-2015  Completion
insurance for crops in emerging June 2015

economies (RIICE)

RCD/GDA: Rice Crop Dept, GDA: General Directorate of Agriculture, DAE: Dept of Agr Extension, IDE: International Dev.

Enterprise-Cambodia, TSC: Technical Service Centre, ITC: Institute of Technology of Cambodia




Adaptation and mitigation of rice

Effects of flood, drought, and pests

: : Damaged area (ha) Production losses (t)*
cultivation Factors  ™7010 | 2011 | Totl | 2010 | 2011 | Toml
For examples Drought 2,934 53 2,987 | 8,802 168 8,970
Insect pests 298 298 894 - 894
- Effect from drought/flood Flood 17,357 | 267,184 | 284,541 | 52,071 | 846,973 | 899,044
- Water stress Sum total 20,589 | 267,237 | 287,826 | 61,767 | 847,141 | 908,908
- Less water consumption rice
-High tem_pe_rature resistance Drought and Flood
- GHG emission
- F foot print
- Data base collection
-Others.....
13 Insect pests and diseases 14
Identified elite aerobic rice lines
CARDI, 2011WS
Desianation Duration | Height Yield
g (days) = (cm) | (t/ha)
IR 04A305 101 111 6.0 29% . . .
R 80013.B1414.1 % 1o 57 23; Identified early-maturing lowland rice
. : . Takeo (Bati), 2011WS
IR 81040-B-78-U 2-1 96 117 5.7 23%
ROcE1SE 22 100 22 2204 Designation Duration (d) Height (cm) Yield (t/ha)
0,
IR 04A393 101 101 5.5 18% IRO7L167 106 111 54
0,
IR 05A235 100 110 5.3 16% IR 06L136 108 9% 51
0,
IR 05A139 108 108 5.3 16% IRRI 148 103 103 50
0,
IR 031146 112 102 53 | 15% BP 223 E-MR.S 105 15 -
0,
IR 06L129 97 112 5.2 12% IRRI 123 108 94 49
0,
Rumpe (Check) 101 91 4.6 0% Chul'sa (Check) 106 85 49

15

16




Identified medium-duration lowland rice
Takeo (Bati), 2011WS

Designation Duration (d) Height (cm) Yield (t/ha)
IR06L141 113 87 5.3
IR 04A421 117 84 5.3
ZX117 113 88 5.1
IR 04A428 118 88 5.1
OM 6049 116 80 5.0
IRRI 150 115 86 5.0
IR 73459-120-2-2-3 117 85 4.9
IR 79195-42-1-3-1 120 88 4.9
IR06M142 112 99 4.9
Sen Pidao (CK) 112 87 47
IR 66 (CK) 113 80 45

17

Policies

« Are there any policies on the topics below
about rice cultivation in your country and
what are the detail and how to implement

— Increase rice yield
— Irrigation system
— Residue

— Rotation crop

18

Related policies and legal documents

Rice and energy/biofuel

» What are the situation
» What are the policies involved
» Trend and direction

20




Annual production of rice
waste: about 47 million tones
equivalent to about 1 million
tones) of fuel production (JICA, » The national policy for green growth 2013-2030
2005).

Biochar (National Working
Group on Biochar; Biocharm

Project, UK Biochar Research
Centre)

Biomass for energy (Rice husks
used for brick kiln, rice mill, and
for cooking in poor-forest
areas)

Biofuel (Ethanol, jatropha)

» The national strategic plan for green growth 2013-2030

Rice and sustainability

What are the activities in your country that lead
to rice and sustainability.

On-going breeding program at CARDI

Dry season rice Wet season rice
Earliness Drought Submergence Lodging
Drought tolerance | tolerance tolerance resistance
Quality
10 crosses PRD x CAR3 (PRD, PRM, (PRD, Phka
F1 BC5F3 CAR3, Riang Chansensar) x
Chey) x Riang Chey
IR64Subl E1
BC1F1

23 T




Plant protection program develops technologies and strategies that
will assist farmers to increase yields and profit by protecting

agricultural crop losses from pests in a safe and sustainable manner

Soil fertility improvement program develops cost effective, simple
and reliable nutrient management systems to help farmers increase
and stabilize crop yields through improving knowledge of soil, plant

25

nutrition, water quality, and crop water use

Optimizing nutrient use efficiency by various crops
Reaching yield potential in irrigated areas
Improving crop water productivity

Management of organic and inorganic matters (Medium and long term trends)

Improving fertilizer use efficiency

Missed applications of fertilizers resulted
in rice production decline

applicat

Relative grain yield

50
40
30
20
10

------- CM applied once
= = NPK applied cnce

-==-CM+NPK applied once

2005 2006 2007
Years

28




Agricultural engineering research program develops
technologies, related to production means, that would help
farmers improve the efficiency and security of agricultural

production

Pre-Harvest Technology

Post-Harvest Technology

Prototype Development and
Testing

e Thanks,....
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"Sustainable agricultural production
— Focus on rice production in
Indonesia”

Dr. Iman Rusmana
Department of Biology

Bogor Agricultural University
Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia — A path toward
climate change mitigation in the agricultural sector”
29-31 May 2013
Bangkok, Thailand

Figure of Indonesia

Population : 230 million
Pop growth rate : 1.35%/year
Total land area : 190 million ha

eRice productivity : 5.01 ton/ha
e Rice consumption : 137 kg/cap/year

2/

Area of Rice Cultivation and Production in

2005-2010

c 135 70 =
= L (@]
g 13 08
=) 98
> c£ 125 40 =
(@] c E
S8 1 /'// - 30%
ol — 208
B —~+Area (ha) =

115 . o
© Production.. 10.g
g 1 ‘ ‘ 0 £

2005 2006 2007 2008 2009 2010
Year

Rice harvesting profiles in 2010-2012




Rice cultivation area, productivity and
production in 2010-2012

2010 2011 2012

(ASEM)
(1) (2) 3) (4)
1. Area (ha)
- Jawa 6 358 521 6 165 079 6 185 521
- Outside of Java 6 891 929 7 038 581 7 257 922
- Indonesia 13 253 450 13 203 643 13 443 443

2. Productivity (ku/ha)
- Jawa R7 21 hAR 81 50 N&
Outside of Java

Production (ton)

- Jawa 36 374 771 34 404 557 36 526 663
- Outside of Java 30 094 623 31 352 347 32 518 478
- Indonesia 66 469 394 65 756 904 69 045 141

Rice Cultivation Practices

Conventional practices (Flooded) are still the
dominant of rice cultivation practices in
Indonesia

SRI (System of Rice Intensification):

The Agriculture ministry of Indonesia plans to
increase the use of the SRI:

-2011:100.000 ha

-2012 :200.000 ha

-2015: 1,5 million ha

Rice cultivation of
rain feed and Irrigation area

Rain feed area (ha)

Irrigation area (ha)

Rain feed area

Irrigation area

Total area of rice cultivation with and

without rotation crops in Indonesia
4,000,000
3,500,000
3,000,000 mirrigation
® 2,500,000
<
= 2,000,000
<]
% 1,500,000 -
1,000,000
500,000
0

rice cultivation with crop rice cultivation without
Rotation crop Rotation




- - Development of Rice productivity and variety in Indonesia (1971 - 2010)
- - 70
Rice Variety (cierang, Hibrida)
IR 64, Cisadane
60 IR 64, Membramo
Form 1943 up to 2007: _
. . . c
- 190 rice varieties of wetland were released S o
. .y c (|Padi Hibrida
- 30 rice varieties of dryland were released 2
%0 PB 26, PB 36
- s
Mostly cultivated: Go [
IR-64 Ciherang Ciliwung 3
. o
Way Apo Buru IR 42 Widas 2
Memberamo Cisadane IR 66
Cisokan Cibogo 10
Ny J ) 717273747576 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10
’ Year v
SEEDVARIETH D'(SJET'IB(;’,\TI'A(E)N OFRICE IN 2010 Research and startegy to improve rice productivity
- Improve seed quality - rice variety development
« Improve technologies
1.393.195 363.094 266.506 239.856 - Land preparation
\ - Fertilizer recommendation & application
3.081.381 | 1.624.653 582.305 ‘ 477.319 4.918 132.895 - Water management
‘ - Pest and disease control
Tanam (Ha) 391.016 1.221 ‘ 38.921 31.566 - - Post harvest handling
e ‘ «Improved dissemination and communication of technology
r 333.450 133-090‘ 56.328 < Policy to maintain price stabilization
LAWES  Research and Development
-Luas Tanam (Ha) 222.934 223.340 190.418 197.761
12




Rice Fertilizer Recommendation

Blanket recommendation (before 1990):
- fixed rate
- under package

Gradually improved based on soil test

Balanced fertilization based on soil testing
was applied (experiment, on-farm trial,
training, socialization)
Implementation:

- using soil P and K map

- soil analysis by paddy soil test kit in the field

Criteria of soil P and K status in intensified lowland
areas and its fertilizer recommendation

Sall P and K extracted by HCI 25% Fertilizer recommendation (kg/ha)
status P(mg P,05/100g) | K(mg K,0/100g) SP-36 KCl -Straw | KCI +Straw
Low <20 <10 100 100 50
Medium 20-40 10-20 75 50 0
High > 40 > 20 50 50 0

14

Water management

» Soil submersion allows methanogenesis
» Reduces methanotrophy

 Short periods of drainage decreases
methanogenesis in ricefields dramatically (Fe, SO,)

——

1. Conventional (flooded)
2. Intermittent
3. System of Rice Intensification (SRI)

Water Management:

1. Conventional

5cm |
0 HST 70 HST|
2. Intermittent
' gem .
2 x dried periode: 15-20 and 30-35 HST '

3.SRI
I I

v

0 HST Kedalaman air 0-1 cm 70 HST




Metabolisms : = Redoks potential

Reaction Redoks potential (mV)

Hilangnya 02

Or+de+dH 2 HO 600 -400
Hilangnya NOs

NOz+2e +2H* < NOz + H:0 500-200
Pembentukan MnZ*

MnO:s+2e +4H = Mn>+2H 400-200
Pembentukan Fe2*

FeOOH+e +3H* > Fe* + 2 Hy 300-100
Pembentukan HS-

SOr+9H +6e 2 HS 0--150
Pembentukan CHs

(CH0)n = n/2 COp + /2 CH: -150- -220
Pembentukan Hz

2H++2e 2 H, -150 - -220

Rice production and methane emission from
different water management

Cara pengelolaan

Water OTS, tapin OTS, tabela TOT, tabela
management CH4 Rice CH4 Rice CH4 Rice
emission yield emission yield emission yield
kg ha-! tha kg ha! tha kg ha! tha'
Conventional 164 51 91 5,21 66 5,1
Intermittent 77 48 57 47 37 49
SR 70 45

Sumber: Suharsih et al, 1998 dan Suharsih et af,, 1999
OTS= olah tanah sempurna; tapin= tanah pindah; tabela= tanam bening lahan

-SRI (System of Rice Intensification):
--> Increase productivity with lower methane emission
The Agriculture ministry of Indonesia plans to
increase the use of the SRI:
-2011:100.000 ha
- 2012 : 200.000 ha
-2015: 1,5 million ha
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Organic Agriculture

The total area of organic farming in Indonesia in 2010 was 238,846.14 hectares, an increase of
10% from the previous year. This includes:

. the certified (organic and conversion) - 103,908.09 hectares

. in certification Process - 14.50 hectares

. PAMOR-certified (PGS) - 5.89 hectares

. uncertified organic agriculture areas - 134,917.66 hectares

(source: Indonesia Organic Alliance, 2010).

« The organic agriculture area in Indonesia in 2010 is managed by
thousands of producers, including the small farmers who are
generally participated in farmer group and who are certified by
various certification system.

« Export has also been established.

* Trends are welcomed by rice farmers, they shift gradually from the
chemicals-intensive conventional farming to the environmentally-
friendly (organic) farming which promotes the health of the
producers (farmers), consumers, and the environment alike.

Picture)s: women take the lead in organic practices in Central Java (“Istiqgomah

group”).




Study of Methane emission from rice fields in
several area and rice varieties in Indonesia

City Type of soil Rice variety CH4 emission
kg ha'!
Kebumen Eutrudepts, Hapludalfs IR 64 7986
Semarang Endoaquepts, Dystrudepts IR 64 7751
Boyolali Haplustepts, Haplustalf Memberamo 6824
Magelang Dystrudepts, Endoaquepts IR 64 599 4
Sragen Haplustepts, Dystrudepts IR 64 543,2
Blora Haplustepts, Haplustalf IR 64 409,5
Kendal Endoaquepts IR 64 3382
Purworejo Eutrudepts, Undorthents IR 64 3311
Cilacap Udipsamments, Endoaquents IR 64 3230
Pekalongan Endoaquepts IR 64/Way Seputih 300,5
Pati Haplustent, Haplustalfs IR 64 155,2
Pemalang Hapludults IR 64 1476
Temanggung Hapludults IR 64 107,71

Setyanto et al. 2004
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Methane emission and rice productivity of
several rice varieties in Indonesia

Rice Vari CH4 emission productivity
ice Variety (kg/ha) T
Lahan sawah irigasi dan sawah tadah hujan’®
Dodokan 7 3.3
Tukad Balian 115 5.1
Maros 117 4.3
Cisantana 124 5.4
PMumcul 127 4. 6
Way Apoburu 154 F.a

oo 173 7
Ciherang 175 5.8
1RG4 176 6.7
Tukad Unda T85 oo
BEatang Anai® 196 4 5
Cisadane 218 5,4
IRZ 6 112 4.9

Labhan sawah pasang surut?

fMartapura 171 5,99
Sei Lalan 153 5,75
Indragiri 141 5,03
Funggur 1065 5.65

Biofertilizer using Methanotrophs

—>oxidized methane in oxygenic layer of sediment
—>Some of them can fix N2
—>Methane oxidation was also found in rhizosphere area

—

‘ Methanotrophic bacteria ‘

type | : type ||.: type X
Methylomonas, Methylosinus Methylococcus capsulatus
Methylobacter Methylosystis

| J

I
—>able to degrade halogenated hydrocarbon:
-TCE (trichloroethylene)
- methyl bromide and methyl fluoride
- 2- and 4-chloro-biphenyl
- 4-hydrroxy-2-chlorobiphenyl
- able to fix N,
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Role of Microbes on methane

complex organics
(cellulose, hemicellulose)

|

CH,CH,COO"

CHACH,CH,CO00: —— fermentive bacteria —  H, +CO, + HCOO

| |

acetogenic bacteria —————— CH,COO" <«weeees homoacetogeﬁic bacteria

\ 4

CH,

Methanotrophs
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Molecular Characterization of nif M;.g@mggéof
Methanotrophs

M 1 2 3 4 5 6 7 8 Beilerinckia indica subsp. indica

671 Methylocapsa acidiphila B2 CAD91842
BGM9

Methylocystis echinoides AAO49388
Azorhizobium caulinodans ORS 571
Bradyrhizobium japonicum AAG60754
INP4 Cluster |

Burkholderia fungorum CAJ33842

Methylosinus trichosporium OB3b
Methylocella silvestris BL2 YP 002363879
Methylococcus capsulatus str. Bath
96 | Methylococcus capsulatus CAD91850
Rhizobium etli CIAT 652 YP 001984599
Azospirillum brasilense CAA35868
Methylobacter luteus CAD91849
99 [ Methylomonas methanica AAK97417
Methylomonas rubra AAO49403
Klebsiella pneumoniae ABG91761
Azotobacter chroococcum AAR11505
96 ke Azotobacter vinelandii AAA64709 -
Rhodobacter capsulatus anfH CAA49624
ﬂo(ﬁhac(ervnne\andu anfH AAAB2508 :l Cluster 11

Desulfomicrobium baculatum AAL06265
27 o Clostridium pasteurianum nifH6 CAA30364
5 Clostridium pasteurianum nifH4 CAA30362 Cluster 111
95 || Clostridium pasteurianum nifH1 CAA30359
74 Clostridium pasteurianum nifH5 CAA30363 J

ivanovii CAA30384 1
capsulatus bchX CAA77548]

~ 400 bp

Molecular Characterization of nifD geng of
m et h a.n Otro p h S 55 | Xanthobacter autotrophicus Py2

M 1 ) 3 4 5 6 ; Methylococcus capsulatus str. Bath
u Methylosinus trichosporium OB3b

Methylocella palustris CAE55883
8 A tSinorh\zobium melilofi 1021 AAK65108
64 Rhizobium sp. A23874

BGM3
Beijerinckia mobilis CAE55877
Beijerinckia indica subsp. indica
Methylocapsa acidiphila B2 CAE55881
1|ST18
SS1
95 Beijerinckia derxii subsp. venezuelae
Methylocella silvestris BL2 YP 002363878
98 61 Methylocystis sp. H9a CAE55887
$S10
F L Methylobacter luteus CAE55888
‘ BGM9

SS3

0.1

) ) ) “ e . ) ) Phylogenetic based on amino acid sequences of
Putative structure of NifH protein : o Cluster IV Putative structure of NifD protein : NifD protein
yellow= beta sheet, green= alfa helix, = | capalus btk CATTSES yellow= beta sheet, green= alfa helix,
red= 4Fe-4S cluster ~+Phylogenetic based on amino acid sequences of red= 4Fe-43 cluster o
NifDHprotein )
Experiment: Reduction of Methane Emission:
- Could substitute N fertilizer up to 50 % ; ;
: P ) - - Mixed culture of BGM 1 & BGM 9 isolated could reduce
—->Number and weight of seed the same as 100% N fertilizer application
up to 84%
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Food and energy/biofuel
Ministry of Energy (2008):
Indonesia’s share of non-renewable energy source is more
than 95%, consisting of Oil (51.7%), Natural Gas (28.6%),
and Coal (15.3%0).
Whereas the share of renewable energy source is less than
5%: Hydropower (3.1%) and Geothermal (1.3%).

Indonesia : productionl Consuptiont - Imports Oil
-> Indonesia’s subsidy for Oil

Thus, renewable energy is needed: Bio fuel.
Indonesia has the production potentials, primarily
from palm oil and soybean for biodiesel; and maize,
sugarcane, and cassava for bio ethanol. m) Demand
for these crops and land do increase. This may lead
to a competition between bio fuel development and
food security.
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National Energy policy:
Presidenntial decree No. 5/2006

CURRENT ENERGY MIX (1 million BOE)

Oktaviani et.al (2011)

- analyse impacts of policy options (productivity, land
extention and intermediate demand increases) and the global
food and mining price changes on bio fuel and the Indonesian
economy performance

database structure of the model:

- Industries and Commodities: 68 goods and services produced by 68
corresponding industries (New disaggregation on Bio fuel and Cassava)
- Regional: JavaBali, Sumatera, Others

-Factors of Production:

1. Labor: Farmer, operator, administrator, manager.

2. Capital

3. Households: 7 rural and 3 urban

¥

Using 5 simulation models
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-5 simulation models (Oktaviani et.al 2011)

Sim1. escalating prices agricultural (Sugarcane, Rice, Maize and PalmQil) and mining
(Petrolium and Coal), which is considered as various external shocks to Indonesian
economy

Sim 2. increasing demand for CPO as the main intermediate inputs for bio fuel with 15 per
cent shock to baseline (Indonesian Biofuel Mandate by 2015)

Sim 3. increasing Total Productivity (TFP) , which is computed from Bank Indonesia
(2011). -rice 13.14 %; -maize 13.14 %,; -cassava 13.14 %; - sugarcane 16.07 %; - palm oil
16.07 %

Sim 4. Biofuelmandate by increasing the demand for land.
- Paddy (34 %/ year); maize (1,86 %/ year), CPO (10.82 %/ year), sugarcane
(1.69%/year ), cassava (0.95 %/year)

Sim 5. Combination Sim 3 and Sim 4

S
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Impact on prices (Octaviani et al, 2011)

-Biofuel and majority
of sectors experience
the decreasing of
output price
compared to
baseline.

- Increasing demand
of palm Oil and
productivity of
intermediate good
more sensitive to
decrease biofuel
price

- However, it is
compansated by a
decrease on Palm Oil
price
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Impact on productivity (Octaviani et al, 2011)

30.00

25.00

The impacts on outputs
vary among sectors

- Strong demands for
palm oil increase the
highest bio fuel output

- Simulation 5 caused an
improved performance
on biofuel and other
sectoral output , but not
as big as productivity
increase (simulation 3).

Biofuel Impact on Indonesian’s Regional GDP
(Octaviani et al, 2011)

- There is a substantial

12.00 decrease in GRDP of Java-Bali
which is the main producer of
agricultural commodities and

increases in GRDP of
Sumatra due to Global price

increases (Sim 1)
6.00 _ | -Increasing the demand of
CPO as intermediate good for
4.00 | biofuel lead to increases in
GRDP of Java-Bali and
2.00 | Sumatra (sim 2)
- Increased productivity (sim

3) would increase GRDP of all
regions more than that
caused by expansion of feed
stock land (sim 4).

Percentag

BSumatra 1173 1202 1220 1232 1174 1218

Others 8.84 9.79 9.63 9.84 8.85 9.62
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Major challenges facing biofuel development in
Indonesia include :
Further research needed to increase feed stock
productivity without causing substantial
trade-offs between food, fuels, feed, and
forest.
The need for capacity building for policy
makers, researchers and academic community,
private sectors and academic agencies to
improve efficiency and productivity especially
of labor




Research institutes involved in rice cultivation
development

- Many Indonesian institution/university involved in rice research
development such as :

-> Indonesian Agency for Agricultural Research and Development ( Ministry
of Agriculture):

Indonesian Center for rice research

Indonesian Center for Agricultural Biotechnology & Genetic Resources
Indonesian soil research institute

Indonesian Center for Food Crops Research and Development

Universities (Ministry of Education):

Bogor Agricultural University
University of Gajah Mada
University of Padjajaran
University of Lampung

And other institutions

Research on Rice variety development, Genetic improvement, Organic farming, Precision
farming, Biofertilizer, Crop rotation, etc.
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Sown Area and Production by Different Crop Groups in
Myanmar (2010-11)

Crops Sown Area (,000 ha) | Production Sown area
(,000 mt) %

" . . . Paddy 8047 32579 34.13
Sustainable agricultural production T ——— 6793 769 2881
H H 1 S Ri 1254 5810 5.32
— Focus on rice production in ummer Rice
b. Wheat 101 184 0.43
(Myan mar)" ¢. Sorghum 221 192 0.94
) d. Maize(seed) 389 1376 1.65
Khin Lay Swe Oil Seed Crops 3814 3132 1618
. . . : a. Groundnut 877 1392 3.72
Yezin Agricultural University - T == =
c ity Building Worksh c. Sunflower 859 790 3.64
apacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia — A path toward d. Mustard 102 B9 b
climate change mitigation in the agricultural sector”
29-31 May 2013
Bangkok, Thailand . Source: Settlement and Land Records Department ,

Sown Area and Production by Different Crop Groups
in Myanmar (2010-11)

Crops Sown Area Production Sown area %
(,000 ha) (,000 mt)

Sown Area and Production by Different Crop Groups in
Myanmar (2010-11)

Pulses 4501 5912 19.10

a. Black gram 1055 1603 4.48

b. Green gram 1121 1410 4.75

c. Chick pea 332 467 141 :

d. Pigeon pea 633 837 2.68 Rice, 34%
Industrial crops 1016 684 4.31 Industrial Crops,

a. Cotton 351 550 1.49 5%

b. Sugarcane 155 0.66

c. Rubber 504 128 214 \
Plantation  crops 213 1180 0.90 ) Other Cereals,
(Tea, Coffee, Oil Crops, 16% 30
Coconut)
Vegetables 542 2.30

Fruit tree 553 2.343




Agriculture Sector

2 Growth Rate
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Different Rice Environment in Myanmar

Rice Environment Sown Area %
(ha)

Favorable Rain-fed 4,267,954 63

Flooded 581,198 9
Deep water 357,483 5
Upland 1,115,605 16
Taung-yar 295,993 4
Saline 114,350 2
Others 63,079 1
Total 6,795,662 100

Rice Sown Areas by Varieties, 2011

. Special . : .
States/Regions EY\I/ Quallty Rlce Total (ha)

Kachin 2,301 34,916 15,398 64.788 260,402
Kayah 18,579 843 22.038 41,461
Kayin 166,228 4,869 47.438 218,535
Chin 9,102 19 47.062 56,184
Sagaing 447,716 263,695 28.554 739,9645
Tanintharyi 95,798 1843 45.565 143,206
Bago 908,765 157,579 166.591 1,232,935
Magway 342,257 12,316 6.622 361,194
Mandalay 2 245,914 22,780 39.228 307,924
Mon 172,960 32,294 152.667 357,921
Rakhine 376,768 18,696 97.809 493,273
Yangon 19 292,272 39,592 153.948 485,832
Shan States 75916 135,766 42,389 340.425 594,497
Ayeyarwady 836,682 235,351 430,301 1,502,334
Total 78239 4,083,725  990,662.75 1,643,035.63 6,795,662

% 1 60 15 24 100 ¢

Rice Cultivation Practices

Type of sowing | Area (ha) %

Transplanting 4,351,321 64
Broadcasting 1,593,311 23
Direct Seeding 851,031 13

Total 6,795,662 100




Paddy Production

Year Sown Area | Yield Production
(Million ha) | (MT/ha) | (Million MT)

1996 - 97 5.88 3.06 17.68

199899 576 ............. 313 ........... 1708 .......
200102 645 ............. 342 ........... 2192 .......
200203 649 ............. 342 ........... 2181 .......
200304 654 ............. 354 ........... 2314 .......
200405 686 ............. 364 ........... 2475 .......
200506 739 ............. 375 ........... 2768 .......
200607 312 ............. 383 ........... 3092 .......
200708 309 ............. 393 ........... 3145 .......
200809 809 ............. 403 ........... 3257 .......
200910 807 ............. 406 ........... 3268 .......

Agriculture sector is contributing 33%
(2009-2010) of the GDP leading to 17.5%
of total export earnings and employing
more than 61.2% of the labor force.

30000 Sown Area and

8000

;ggz 25000 Production of Monsoon
« 5000 20000 Rice in Myanmar
f:8‘4000 1 15000 é
3000 10000 =

2000

1000 5000

0 0

= Sown Area (000 ha) = Production (000 mt)

Sown Area and
Production of Summer
Rice in Myanmar

Source: Myanmar Agriculture
Service (2011)
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Irrigation Facilities (Irrigation Department, MOAI)

Year Number Beneficial Area(Ha)
Myanmar Kings Era to 1961-62 69
1961-62 to 1988-89 69 ] 540,752
1988-89 to 2011 August 233 1,144,174

Total 371 1,684,926
Irrigation coverage (1987-1988) 12.5%
Irrigation coverage (2009-2010) 17.1% of the sown area

11

Irrigation Facilities

Project Number Beneficial area (ha)
Pump Irrigation from river | B271 201095
o Electric pumping 1o 136 155132
o Diesel pumping | 190 ) 45963
Groundwater for agriculture | 82791 41537
= DeepTubewells | .. 2 R
= Shallow Tube wells 3067

Source: Water Resource Utilization Department, MOAI 12




Department of Agricultural Research (DAR)

v DAR has 18 outreach research stations: Specific
adaptive research activities for main crops

v Rice Division, introduction of new lines : Rice
varietal improvement for different ecological
zones

v Conventional Plant breeding/ Mutation
breeding

v 28 HYV released; widely grown in Myanmar

Distribution of PGR Crop Short-term Medium-term
(2009) in National (10°C) (-5°C)
Seed Bank Rice 6421 6366
Wild rice 141 141
Cereals 2079 1945
Legumes 1052 1045
Oil seeds 638 631
Industrial crop 42 42
Total 10373 10170

Varietal Improvement: Research on Local Rice Varieties

Local Rice
Varieties for
Deepwater Area:
Tadaung Po,
Sitpwa, Yoesein

Wild Rice,O. Rufipogon, in
Ayeyarwady Region, seems to be peak
flowering time

Flooded/ Submergence Rice y

Rice Research at DAR

Cropping Patterns/ Water Management

v Effects of Long-term “Rice-Fallow-Rice” and “Rice-Pulses-Rice”
on Rice yield and soil properties (2001 — 2010): Black gram
fixed 18-73kg N2/ha; 9- 23% yield increase

v’ Effects Of Crop Residues on “Rice-Fallow-Rice” cropping
system: Early tillage and Late tillage (without straw, with
straw, with straw burn): Treatment of incorporating rice straw
soon after rice harvest gave the best yield

v’ Effects of Water Management systems on rice yields / Drought
screening methods: Continuous flooding, Alternate Wet and
Dry, Irrigation 2-week intervals ; Irrigation at 2 wk interval--
reduced water requirement 26-39% less than the AWD, not
yield affected
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Rice Research at Yezin Agricultural University

v'Sustainability Assessment of
Rice-based Cropping Systems in
Central Dry Zone

v'Screening Methods for Drought
Tolerance of Rice Varieties

v'Diversity of Rice (Oryza
sativa L.) germplasm from
rainfed lowland ecosystem of
Bago Division, Myanmar

16




High Yielding and Quality Seed Production

Current Policy of MOAI

» Adoption of 14 points Good
Agricultural Practices in paddy
cultivation and production of good
high yield seeds have been
undertaken in 2011

* Ahybrid seed variety, namely “Pa-
le-thwe”, was produced in 40 h each
of YAU, Shwetaung Farm, Wundwin
Township in 2011 with the
cooperation of Chinese technicians

» The hybrid seeds were distributed
to cultivate 1892 ha in States and
Regions for summer paddy
cultivation in 2012.
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Major Cropping Patterns in Central Dry Zone

Third crop

Low land
1. MRice (Irri.) Pulse Summer rice
2.Cotton  (Pre-mon Rice (Irri.) Pulses
soon)

3. M Rice (Irri.) Summer rice (Irri.) Pulses
4 Sesame Cotton + Groundnut
5. Sesame Cotton + Pulses
6. M Rice Onion
7. Sesame Cotton (Long Staple)
8. Cotton Rice
9. M Rice Oilseeds / Pulses /

Wheat
10. Sesame Rice
11. Oilseeds M Rice Summer rice
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Major Cropping Patterns in Central Dry Zone

Upland

1. Sesame Maize / Lablab bean
2. Sesame+ Cotton

Pigeon pea
3. Sesame/ Peanut + Green gram

Pigeon pea
4. Sesame/ Peanut  Green gram + Cotton
5. Sesame Chilli / Cotton( Pre-Monsoon)
6. Sesame/ Peanut  Sesame (Post Monsoon)
7. Sesame Groundnut
8. Sesame Green gram + Pigeon pea
9. Sesame Wheat/ Chick pea
10. Maize (seed) Pulses
11. Peanut Sesame

Source: Agricultural Extension

— 12. Pulses (Green Sesame
Division, MAS (2011)

gram)
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Major Cropping Patterns in Lower Myanmar

Third crop

Low land
1. MRice Pulses
1. Jute M Rice Pulses
1. MRice Summer rice
1. MRice Pulses Summer rice
1. MRice Pulses Vegetables
1. MRice Vegetables
1. MRice Oilseeds
1. Oilseeds M Rice
1. Oilseeds Oilseeds / Pulses
1 Jute Chilli /| Pulses+
Vegetable Cotton

Source: Agricultural Extension Division, Myanmar Agriculture Service (2011)
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Major Cropping Patterns in Hilly Regions

Land Class Second Crop

Low Land

Upland

M Rice Summer Rice
M Rice Pulses
M Rice Vegetables/ Oil
seed crops
Potato Wheat/ Niger
M Rice Pulses Rice after Rice;
Garlic after Rice harvest
Pulses Pulses
(Soybean)
Maize Pulses
Peanut Potato
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Reforms in Agriculture Sector: : Crop Policy, Pricing and Trade

Rice Policy

» National crop: Production-oriented

* Rice Reserve Program (100,000 mt)

» Guaranteed price

« Diversified crops policy depending on
the market demand.

» Peas and beans, oilseed crops fetch
more earnings

Agro-Chemical Policy

v'Subsidize for selected target groups

v'Use on requirement and soil fertility

v'Vary the usage depending on crop and fertilizer prices

v'Enforcement of law and regulations: Fertilizer Law,
Pesticide Law 22

Land Use Policy

» Co-ordination among line ministries
» Concrete land use policy

* Farmland law

» Agro-ecological zoning

* Remote sensing & GIS

Rural Credit Policy

» Myanmar Agriculture Development Bank
» Extend loan coverage (rice, sugarcane, cotton, etc)
» Micro-credit systems

» Private sector involvement

» Special loan for very poor and crop losers

e Pricing policy - balanced Export Value (mil. USD)
between farmers and

consumers. When setting

the price of output, it 2008/09 198.2 7445
shouild take account of 2009/10 2542 929.9
input price.

« Government should 2010/11 198.1  799.8
establish instruments such 2011/12 2672 986.1
as: reserve or buffer 2012/13 568.9 912.0
stock,, and taxation
system. Source: CSO (2012), Commerce (2013)

e Trade policy. Maximizing
the interest of the state

and the people, following Trade related services: like banking
the market-oriented system, market development, port
system and sustainable facilities, transport system, lab testing,
development should be tariff rates, exchange rate, trade
considered in trading. services, trade barriers, and foreign

direct investment (FDI). 24




Foreign Trade

Year

2008-09
2009-10
2010-11
2011-12

Export Import

6,779.1 4,543.3
7,586.9 4,181.4
8,861.0 6,412.7
9,135.6 9,035.1

Agricultural Export 2008-09
2009-10

2010-11
2011-12

Trade Data

(mil USD)
Total

11,322.4
11,768.3
15,273.7
18,170.7

Rice Export

Year Normal Border

2009-10
2010-11
2011-12
2012-13

Year  Agri

81,8464 77,448
53,6840 -
65,4974 13,6113

(MT)
Total
89,5912
53,6840
79,1087

54,7637 72,3615 1,271,252

L&F Forestry

1,035.0 2737 429.0
1,302.7  277.2 512.9
1,209.8  288.0 615.3
1,497.6  446.8 625.4

(mil USD)
Total

1,737.7
2,092.8
2,113.1

2,569.8

Policy Changes Related to Crop Production

» Myanmar launched “the whole township special high yielding

production program in 1977 with the introduction of high
yielding rice varieties and improved technologies

1992: A summer rice program was introduced in high yielding
varieties together with proper irrigation system and high input
technology.

Since 1988, removal of state procurement policy on rice,
cotton, sugarcane and rubber, and pricing at market rate
substantially increased the production and farmers’ income.

Great impact on agricultural sector. Farmers have grown much
more land under pulses, cotton
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Policy Changes Related to Crop Production

A comprehensive reforms: Deregulation - liberalizing
agriculture and trade

» Market-oriented economic and agricultural reforms,
since 1988, free trade was allowed within country for
all crops, some crops were permitted to export except
rice

» Subsidy of chemical fertilizer and pesticide for rice
farmers was eliminated in 1993-94,

* Procurement of rice at low price was totally abolished in
2003, and rice ration system for civil servants was
abolished in 2003.

* An export ban for private sector was imposed in rice
nntil 2007

Water Management Practices

Irrigation water mostly to the rice fields

The crop choice -- an important factor to be considered for
sustainable crop production.

In water-scarce areas, the land-use system should prioritize
the cultivation of crops of high value and requiring less water,
such as pulses and oilseeds

Eg, for the similar soil type and weather condition, rice needs
irrigated water of 750-1440 mm per hectare,

Other crops such as wheat need 375 mm, maize, sorghum,
and groundnut need 510 mm, 150 mm, and 360 mm per
hectare respectively (Chandy, 2004).

Due to the high production cost of rice, it is not so profitable
and price competitive anymore. Additionally, it requires more
irrigated water than any other crop.

28




Water Management Practices

» Water productivity: to increase yield
production per hectare per unit of water used,
both under rain-fed and irrigated conditions

» The maintenance of irrigation system and
irrigation water management activities,
including efficient water use technologies --
successfully conducted through the formation
and empowerment of water user groups.
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Myanmar Energy Policy

Controlling energy Imports

Preventing Deforestation

Increase energy self-sufficiency

Promote the utilization of renewable energy

Enhance energy efficiency and promote energy conservation

Prevent deforestation caused by excessive use of fuel wood and charcoal

Promote use of alternative fuels in household

© o bk w D P

Develop hydroelectric power as a core power source

Rural Energy Policy
“National Energy Policy” and “Energy Regulation” are currently
under processing
MOAI: Development of bio-fuel industry & appropriate regulatory
measures;
Policy of Ministry of Industry

No specific rural energy policy was observed, however, aim/
objectives of “ Rural Energy Development support Committee”
headed by Union Minister of Ministry of Industry stated as
follows:

To improve the socio-economic development of rural
populace, by harmoniously implementing the activities/
plan of rural energy development, that may support the
Rural Development & Poverty Alleviation.

Policy of Ministry of Border affairs
The Department of Rural Development (DRD)

One of the major tasks “Undertaking rural electrification works
through renewable sources” 3

Institutional Framework for Myanmar Energy Sector by MOE
« All energy sectors under the umbrella of National Energy
Management Committee
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Estimated Rice Husk Production and Usage

Estimated Estimated Rice
paddy Husk husk for
No. of i production volume power
No.of - Capacity (000 , plant
rice mill | (ton/24hrs) / (‘000
tonlyear) | yoniyear) (‘000
ton/year)
Large State 68 5,113 1,637 307 32
scale -
rice mills | Private 1,158 26,626 8,002 1,600 320
Total 1,226 31,738 9,539 1,907 352
Small scale rice 10,469 41,341 12,424 2,485 -
mill
Total 11,695 73,079 21,963 4,392 352

Source: Myanmar Rice Millers’ Association
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ASEAN Energy Award 2006, Kaung Kyaw Say Engineering Co. Ltd,
Gasifier Models

Rural Electrification with rice husk gasifier at “Lin-thar Village,

Thandwe Township, Rakhine State
ASEAN Energy Award from ASEAN Centre for Energy in 2006

Village Electrification with Rice-husk Gasifier

Ywa Htaung Gon village,
Thegon Township, Pago Region

The total cost amounted
to Kyats 10,146,640

¢ Beneficiaries: 100 households
and 500 people

e Year: 2010-2011

35

Low Cost Plastic Biogas Plant

v'Myanmar Agricultural Produce Trade Department of the
Ministry of Commerce

v'32 Kg of Cow manure are fed in daily mixing with
water equality to produce 1 m3® of gas for
continuous use

v'Biogas digester built with bamboo mats coated

rubber compound liquid

Applications
Lighting
Engines

Cooking
Heating




Biogas from biomass for electrification in rural area
Kyauk-se Township, built by Ministry of Science & Technology

Biogas plants installed in different States and Divisions; Ministry of
Sciences and Technology from 2003 to 2009

State / Regions Capacity of biogas, m3 Number
Mandalay 100
50
25
20
8
Subtotal
Sagaing 50
10
Subtotal
Magway 50 8
Shan North 50 1
Shan South 10 1
Kayah 50 1
Kachin 10 1
Ayarwaddy 10 2
Bago 8 1
Naypyitaw 8 8
Total 156

Present and Future Ethanol Producing Plants and

Production Capacity In Myanmar

Name of plant Gallon/day Status

Ethanol Distillery No.2 Sugar mill 500 Operating

(MSE)

Kantbalu Distillery (MEC) 3000 Operating

Taungsinaye Distillery (MEC) 3000 Under
construction

Mattaya Distillary 15,000 Operating

Source: Ministry of Energy, 2011
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* General Information

"Sustainable agricultural production — + Plantation area
Focus on rice production in Vietnam " » Cultivation practice

* Rice varieties
» Fertilizer used
Assoc.Prof. Dr. Nguyen Thi Phuong Thao * Plan to improve of rice plantation in the future

Faculty of Biotechnology, Hanoi University of Agriculture » Adaptation and mitigation of rice cultivation for
sustainability development

» Solutions for rice production stability & development

Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia — A path toward
climate change mitigation in the agricultural sector”
29-31 May 2013 1 L

Bangkok, Thailand

\
General Information Rice plantation area
China Vietnam:
- »- Population: 86 mil.people Total rice cultivation area in
» Total area: 331.000 km2 Villion Ha Vietnam
= 3/4 of area is mountains
= . . . 2.00 4
§ = Cultivation land occupies ~ 700
Laos 8 28% 6.00
= 5.00
& = Cultivation Land per capita: 4.004
Cambodia In Mekong Delta and East-Southern j'ss:
regions: 1,000m2/person 1.00 ]
In other regions: 400 m2/person 0004
T 1990 1995 2000 2005 2010 2011 2012 Year
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Main Rice production regions

* Rice productions are differently distributed in the
country:

- Red river Delta & Mekong Delta: main
country Rice Production areas
- Other regions: Self-sufficient rice production

Water regime

O nNnT

o g 10
4 M ™
Areas, Productivity and Yield distributed by Regions Rice Cultivation PraCtiCeS
Region Area Productivity | Yield * In Northern Mountainous (region 1):
('V'A”')O“ (tons/ha) | (Mil-tons) - “Milpa” cultivation: Depends on raining water,
a . . . . .
Total the a4 23 38.89 using _dl_ry varieties, W|th_out fertilizers &
Country insecticide/Plant protection — Very Low
1.RedRiver Delta | 1.16 5.88 6.80 productivity.
2. Northern 0.67 4.55 3.05 - Terraced fields: Depends on raining water,
Mounian ing dry varieties, without chemical fertilizers &
3.Northern Central 1.22 5.12 6.25 .US g y ’ .
insecticide/Plant protection, Very few compost -
4.Central HighLand ..
e flotand | 01 4.65 0-99 5 Very Low productivity.
5.East Southern 0.31 4.31 1.32
6.MekongDelta 3.87 5.29 20.48 >
\_ u/ 1/




Rice Cultivation Practices

= Red River Delta (Region 2)

v' Paddy rice cultivation: Based on active irrigation water
provision; High intensification; Using high productive
varieties; Overuse of chemical fertilizers & Pesticide : High
productivity.

v" Almost 90%6 of growing time: the rice plants are in 10-15cm
of field water.

v' Some recent new practices, applied for mitigating Climate
change:

< In the Period of rice seedling transplanting growth: keeps rice filed
dry/damp in 2 periods:
- First period: during 7-10 days after 10 days from rice
transplantation.

- Second period: during 7-10 days after 30 days from rice
transplantation.

e In the Period of rice seedling Reproducting growth:

Keeps rice filed in 4-5cm water in the period of time from 45 days
after transpantation until 15-20 days before the harvest.

Rice Cultivation Practices

= The Central/Coastal region (Region 3):

In Mountainous areas:

Depends on raining water, using dry varieties, without
chemical fertilizers & insecticide/Plant protection, Very few
compost - Very Low productivity.

In coastal plain areas: Paddy rice cultivation Based on
active irrigation water provision; High intensification; Using
high productive varieties; Overuse of chemical fertilizers &
Pesticide: Main & High productivity

14

Rice Cultivation Practices

= Mekong Delta region (Region 6):

- 75% cultivation area in Active irrigation water provision: High
intensification; Using short-term & high productive
varieties; Overuse of chemical fertilizers & Pesticide: High &
very high productivity;

During most of growing time rice plants are filled with
water.

- 25% cultivation area depends on raining water (Cultivation during
March-April to Nov.-Dec.) ; Main intensification; Extremely Short-
term varieties; Main level of use of Overuse of chemical
fertilizers & Pesticide: High productivity

During 100%b6 growing time rice plants are filled with
water.

15

Rice Variety

Rice seeds are important.

Improvement of Rice seeds have been achieved through
different periods:

In ’60s -’70s: The criteria on selection of rice seeds have
been based on outward aspect (physical) of rice plants.

In ’80s: Change on research objective by stabilization of
productivity towards seeds having good resistance to pestilent
insect.

In "90s: Concentration of efforts on Improving Productivity
and Quality of rice seeds.

In 2000s: Research on rice seeds based on improved rice
seed quality in combination with improved resistant capacity .

16/




Rice Variety

« Depending on Local Specific Climates, Soils &

Traditions: Different areas — Different rice varieties.

. In the North (Red River Delta, Mountainous &
Northern Central) mainly used the following

varieties:

Local varieties: Tam Xuan Dai, Tam Xoan Thai Binh, Tam Den Hai
Phong, Tam bang Phu Tho, Du Huong, Nep cai Hoa vang, Tep lai...

Imported Chinese or Originated Chinese varieties: Short Moc

Rice Variety

2. In the South (East-Southern, Mekong Delta, Central
HighLand) there’re following varieties:

- Local varieties: Early Thom, Nang Thom Nha Be, Thom
Binh Chanh, Nang thom Duc Hoa, Nang thom cho Dao,
Nang Huong, LC90-4, ...

- Varieties originated from IRRI: Selected or Cross-
Breeded from: IR 49517-23, IR 59606, IR 64, IR 68,
IR 66, IR 66707, IR 56279, IR 32893, IR 48,

Hybrid rice varieties

Developer

Female parent lines

Male parent lines

Hybrids

Hanoi University of

T47S, T1S-96, 103S, T70S, 135S,
T23S, P5S, T8S, T9S, T10S

R1, R2, R3, R4, R5,

R6, R7, R8, R9, R10,
R11, R12, R15, R16,

R18, R20, R50, R75

~VL20, VL 24, TH3-3,
TH3-4, TH3-5, TH5-1,

TH7-2, TH8-3, VL50, TH7-

5, TH3-7 (2 dong)
-CT16, TH17, TH18

Trung tdm Nghién
cieu va PT lda lai
Vién KHNN Viét
Nam

- CMS: AMS72A, AMS 6A

- TGMS: AMS 35S-1, AMS 35S-2,
AMS 36S-7, AMS 34S-10, AMS

355-11, AMS 37S-76.

- TGMS (gene WC): D51S, D52S,

D59S, D60S, D116S

RTQ5, R527, Q99,
PM3, R242, GR10,
R108.

HYT83, HYT100,
HYT92, HYT102,
HYT103, HYT108,
HYT106.

3 | TT Giéng néng lam 136A; 137A. 100 dong bo LC25, LC212, LC270
nghiép Lao Cai

4. | TTWD KHKT nong TX1A 10 dong bo Thanh wu 3,
lam nghiép Thanh Héa Thanh wu 4

Cong ty Giong cay
trong mien Nam

: 1132A, Bo A, Kim 23A

R998

903KBL, Nhj uu 838 KBL,
Nam wu 603, NU 604, NU'
605, HR182
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L v" 1 rice crop: 20% area

Tuyen, Short Bao Thai, M90, Bac Yu 64, Cross-Breeding 5, Nhi Yu 63, IR 8423, IR 50401, IR 44592, IR 9729-6-7-3,
Khang Dan 18, Short Ay 32... IR 62032...
Originated IRRI’ varieties: Selected or Cross-Breeded from: 1R24,
IR 17494, IR 1820, IR 36, IR 46, IR 2053-26-3-5-2, IR 2588, IR
19746-11-33, IR 8423-132-622,...
o v/ \_ 18/
4 N

Rotation Crops

» Northern Mountains (region 1)

v’ 2 rice crop: 50% area

v 1 rice crop + 1 subsidiary/vegetable crop: 20% area

v' 1 rice crop: 30% area (Terraced field & “Milpa
cultivation” )

* Red River Delta (region 2):

v' 2 rice crops: 50% cultivation area

v’ 2 rice crops + 1 subsidiary/vegetable crop: 40% area

v' 1 rice crop + 1-2 subsidiary/vegetable crops: 10% area

» Northern Central (region 3)

v’ 2 rice crops: 50% cultivation area

v' 1 rice crop + 1 subsidiary/vegetable crops: 30% area

20/




Rotation Crops

» Central Highlands (Region 4)

v' 2 rice crops: 30% cultivation area

v" 1 rice crop + 1 subsidiary/vegetable crop: 30% area
v" 1 rice crop: 40% cultivation area

» Fast-Southern region (region 5):

v’ 2 rice crops: 60% cultivation area

v’ 2 rice crops + 1 subsidiary/vegetable crop: 30% area
v" 1 rice crop + 1 subsidiary/vegetable crop: 10% area

21/

Rotation Crops

» Mekong Delta region (region 6)

In Alluvial soil & freshwater: 40-45%0 area
v’ 2-3 rice crops

v’ 2 rice crops + 1 subsidiary/vegetable crop

v’ 2 rice crops + fish/shrimp integration

In raining water with salty contamination: 55-60%b
area

v’ 2 rice crops
v' 1 rice crops + fish/shrimp integration
v 1 rice crop

Estimates of fertilizer use in rice

cultivation in Viet Nam

Chemical fertilizer application for Vietnan

rice production, 1976-1994

Farmers are applying
around 170 to 182
kilograms of plant
nutrients per sown
hectare of paddy
(IFPRI, 2000).

Plan to improve of rice plantation in
the future




Three Reductions, Three Gains (3R3G) Program

To reduce seed rates, fertilizer rates, and pesticide use

To improve yield, quality and farmers’ income and protect the
environment

25

“One Must Do, Five Reductions” program

e The one “must do” is to use
certified rice seeds;

» The five reductions are to
reduce the amount of seeds,
pesticides, fertilizer, water,
and postharvest losses.

poEn Y

e e I =
GG TO1 NEN NONG NOH 4

i
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System Rice Intensification -SRI

Increased rice yield without increasing chemical inputs (benefit for
poor farmers)

Reduced costs of seeds, by 60% (suitable for poor, especially for
any using hybrid varieties)
Reducing labor for transplantation, by 50% (a benefit for women)

Saving of water by 40% (making SRI more suitable for upland
areas)

Reducing pests and diseases (support for environment)
Reducing methane emission (support for environment)

the number of SRI farmers increased five-fold from 2009 to 1.3 million in

2012. !

New business models for smallholder farmers

LARGE RICE FIELD MODEL

AGPPS. Co: An Giang Plant Protection Joint Stock

28




Current research and research institute involved ) ) ) )
Current national & international research projects

Some of the key institutions involved in rice research specific

to Vietnam under the MARD:

— Cuu long delta rice research institute,

— Agricultural Genetic Institute,

— Institute for Food Crop Research,

— Institute for Soils and Fertilizers,

— Institute for Science and Technology,

— Vietnam Agricultural Sciences and Technology Institute,
— Southern Institute for Food Crops,

— Vietnam Agricultural Sciences and Technology Institute,
— University of Agriculture and Forestry,

— Hanoi university of Agriculture (belongs to
MOET)

Rice breeding projects by MARD, MOST: to improve
submergence, drought, heat, salinity tolerance;
simultaneously to mention the resistance to brown plant
hopper and blast, the grain properties as chalkiness and
amylose content.

CLUES project by ACIAR and IRRI / rice based farming
system in Mekong Delta (salinity, submergence)
DANIDA project: Improving rice tolerance of
submergence and salinity to cope with climate change in
coastal areas of Viethamese Deltas (phase 11 & I11)
Water management projects by MARD: Mekong Delta
and Red River Delta are mainly concerned, the High
Plateau and Central Coast.

Rice Research Approaches

Traditional breeding (hybridization)
Molecular breeding

Rice functional genomics

Next generation sequencing

GM techniques (research level)

Adaptation and mitigation of rice cultivation
for sustainability development




Many factors that affect rice
production stability

¢ Rising / fluctuated food prices
e Crop competition (due to low profit/high risk...)
« Poor infrastructure, especially irrigation and transport in
mountainous area; storage facility for rice in the Mekong delta
» Harvest by machine: Applying the rice harvest by machine
ghzi\ttaadapted only 26% rice area in the region of Mekong
e
» High production cost, less sustainable agricultural practices
» Impact of climate change/Natural disaster
» Shortage of water, submergence, salinization
* More pest & diseases ...

Impact of climate change

¢ In 2020 scenario, the
average temperature will
increase (as compared to
1980 — 1999)

e 2.60C in North-West;

e 2.50C in North-East;

e 2.80Cin North Central
Coastal Region;

e 1.90C in South Central

Coastal Region;

1.60C in High Plateau;

2.00C in Southern part.

Impact of climate change

Climate Change Scenario, 2009

Climate Change Scenario, 2009




NATIONAL TARGET PROGRAM TO RESPOND TO
CLIMATE CHANGE
(Decision No. 158/2008/Qb-TTg dated 2"d December 2008)

Breeding for resistances of pest & diseases

Rice blast fungus Magnaporthe grisea

38

DEVELOPMENT SUBMERGENCE TOLERANT
RICE VARIETIES

« Strategies for Improving the
submergence tolerance in rice
Marker SL1

Claning targe: g
- QTL Mapsing jon chr. 9 linked

arker-assisted selectio to Sub-1gene

39

Heat tolerance breeding

40




Heat tolerance
breeding

41

Salt tolerance breeding

42

Solutions for rice production stability &
development

Policy for * surveys on rice cultivated land to map growing
areas for rice

StriCtly prOteCt « to make a “red line” border in reality for

specialized paddy rice areas.

and man age * Degree 42/2012/ND-CP for the management and
. use of land for rice cultivation in the rice-growing
rice Iand. areas in the country

« Support to rice producers in disadvantaged
regions, lacking of food

Policy for rice

* Continue to apply reduction fee of free irrgation
farmers &  Insurance policy for food producing farmer

43

Solutions for rice production stability &
development

Policies for
improving rice
yield and rice
production are

= Bigger investment in researches on new and better varieties,
especially diseases and flood resistant varieties.

= Carry out researches to find out suitable crop structures taking into
account the ecological balance, ensuring production efficiency and
suitability.

= Develop large-scale rice production in Mekong and Red River Delta

also conce rned by supporting land accumulation and consolidation, expanding or
issues.

removing land limits and improving agricultural services.

= Speed up the process of building rice storages to enhance the
. . current storage capacity and quality.
PO I ICIeS ONn = Promoting mechanization in the production, harvesting, processing
8 and storage of rice.
I nfraStrUCtu re for = Providing more and better facilities for rice trading such as
ag riCUltU re construction of Can Tho Port for rice export in the Mekong Delta.

 Strengthening the rice distribution system and trading network such
as food retail outlets and warehouse systems.

44




Rice and energy/biofuel

* Nation plan on biofuel development to
2015 with a vision to 2025,

- Viet Nam will produce 1.8 million tonnes
of ethanol and vegetable oils as biofuels
each year.

Potential biofuel from rice biomass

+ Estimatedly in 2011, Vietnam had 110
millions tons of biomass, of which, 70%
came from agriculture by products, 30%
from wood residues.

+ rice straw: 60 mil tons, rice husk: 10 mil
tons

-> With about 4 million ha of rice - to
produce 20 million ton of oil

Rice husk: Using rice husk as fuel, paving material for raising chicken/poultry, energy for burning
bricks or pottery and porcelain...

Rice straw: using rice straw as fuel, food for cattle or burning on the field. Some areas: Using rice
straw for production of bio-fertilizer.

Summary

* Rice production in Viet Nam is still characterized by
multiple cropping, small irrigated farms, labor-
intensive practices, and widespread use of fertilizer &
pesticides

» Many efforts have been done to improve rice
production in country including: policies,
infrastructure, education, research, production
practices.....

» Weather and climate are still key factors in agricultural
productivity despite technological advances such as
improved crop varieties and irrigation systems

Thank you for your attention!

Contact: ntpthao@hua.edu.vn




DNDC
Introduction to DNDC model DNDC: DeNitrification DeComposition Model

DNDC is a comprehensive biogeochemistry model

that simulates crop growth and soil C and dynamics based
on input data on soil properties, climate, and farming
practices (e.g. Li et al., 1992, 1994)

Dr. Kruamas Smakgahn

Kasetsart University, Kamphaeng Saen Campus
Nakornpathom province

E-mail: faaskms@ku.ac.th, smakgahn@yahoo.com

The model was expanded to simulate the emission of trace
gases such as NO, N,O, NH, , and CH, from agricultural
ecosystems and natural wetlands (Zhang et al., 2002; Li et al
., 2004)

DNDC

De-Nitrification De-Composition model

Biochemical/ Environmental Ecological

actiom factors drivers = The DNDC model predicts C and N biogeochemistry in
agricultural ecosystems at site and regional scales.

Gravity

Dissolution / crystallization
Y Radiation

Combination / decomposition

Trace gas Climate
production and Temperature Soil properties
consumption Oxidation / reduction Moisture

in plant/soil

» The accuracy of prediction depends on the input data on

. four drivers.
Vegetation

Adsorption / desorption Eh Anthropogenic

system activities

Complexation / decomplexation PH = Four major ecological drivers, namely climate, soil
= physical properties, vegetation, and anthropogenic
activities, drive the entire model.

Assimilation / dissimilation

Figure 1. A biogeochemical model is a mathematical expression of biogeochemical field which consists of spatially and temporally
differentiated environmental forces driving a series of biogeochemical reactions in ecosystems. Fluxes of NO, N,O, CH,, and NH, are
regulated by directions and rates of the relevant biogeochemical reactions

C.S. Li 2000




DNDC DNDC components

All the impacts in the system can be categorized into DNDC consisted of 2 components

2 groups. - The first component consisting of the soil climate
submodel, crop growth, and decomposition

= The first group includes impacts of ecological submodes, predicts soil temperature, moisture,
drivers on soil environmental variables, pH, Eh, and substrates component

= The second groups includes the impacts of the soil
environmental variables on trace gas-related - The second component consisting of nitrification,

geochemical or biochemical reactions. denitrification, and fermentation submodels,
predicts NH;, NO, N,O, CH, fluxes

De-Nitrification De-Composition model Linking ecological drivers to soil
environmental variables

= DNDC needs site-specific input data of climate,
soil, vegetation, and farming practices for the
simulated agricultural land.

= DNDC integrates the ecological drivers in the
three submodels to generate their collective effects
on soil temperature, moisture, pH, Eh, and
substrate concentrations.

Source: University of New Hampshire, 2003




Linking ecological drivers to soil
environmental variables

m The soil climate submodel calculates soil

temperature, moisture, pH, Eh profiles by
integrating air temperature, precipitation, soil
thermal and hydraulic properties, and oxygen
status.

By integrating crop characters, climate, soil
properties, and farming practices, the plant
growth submodel simulates plant growth and its
effects on soil temperature, moisture, pH, Eh,
dissolved DOC, and available N concentration.

Linking ecological drivers to trace gases

= The links were set up based on either the basic
physical, chemical, or biological laws, or equations
obtained from the experiments under controlled
conditions so that effect of each soil variable could
be distinguished.

Linking ecological drivers to soil
environmental variables

= The decomposition submodel simulates
concentrations of substrates (e.g., DOC, NH,*, and
NO,) by integrating climate, soil properties, plant
effect, and farming practices.

= The three submodels interact with each other to
finally determine soil temperature, moisture, pH,

Eh, and substrate concentrations in the soil
profiles at a daily time step.

Linking ecological drivers to trace gases

= Biological oxidation/reduction dominates NO and
N,O evolution in soils.

= Nitrification (i.e., microbial oxidation of
ammonium) has been observed to be the main
source of NO and N,O under aerobic conditions.

Nitrification: NH* — HNOH — NOH — NO,; — NO/
NO N0 (1)

= The factors controlling nitrification have been
determined to be soil temperature, moisture, pH,
and NH,* concentration.




Linking ecological drivers to trace gases

Denitrification is another main source of N,O and
NO from soil.

Linking ecological drivers to trace gases

The DNDC model simulates relative growth rates of
nitrate, nitrite, NO, and N,O denitrifiers based on soi Eh,

Denitrification includ tial reducti ; concentrations of DOC, and nitrogen oxides.
snitritication Incluckes a sequerrtia’. reduelion o A simple scheme of anaerobic balloon was developed in the

mtrate_ to dinitrogen (NZ_) drlven _by denitrifying model to divide the soil matrix in to aerobic and anaerobic
bacteria under anaerobic conditions. parts.

DNDC simulated swelling and shrinking of the anaerobic
balloon.

Only the substrates allocated in the anaerobic part are
involved in denitrification.

Denitrification: NO; — NO; — NO—= NO—= N, (2)

Denitrification controlled by soil moisture and Eh.

13

Linking ecological drivers to trace gases

= Methane is an end product of the biological reduction
of CO,or organic carbon under anaerobic conditions.

Methane production: CO, + 8 H*— CH, + 2 HO 3)
ar
Organic C+ 4 H* = CH,

= Methane fluxes were strongly controlled by soil
available carbon (i.e., DOC) content, and soil
temperature.

= The reduction of available carbon to methane is
mediated by anaerobic microbes (e.g., methanogens)
that are only active when the soil Eh is low enough.

16
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Linking ecological drivers to trace gases Linking ecological drivers to trace gases

= DNDC calculates methane production rate as a function of

. . DNDC predicts plant-transported methane flux as a
DOC content and temperature as soon as the predicted soil . P P P

Eh reaches -150 mV or lower.

Methane is oxidized by aerobic methanotrophs in the soil.

A highly simplified scheme was employed in DNDC to

model methane diffusion between soil layers based on

methane concentration gradients, temperature, and

porosity in the soil. Function 3.5. CH t:ht'fusmn rate {kg.CJha!d'l .
Rd = 0.01 * (CH,[1] - CH,[1+1]) * T[1] * PORO;

AC — Available C :.nm_cntratmn kg C/ha;

T — soil temperature, °C;

| - soil layer number;

AERE — plant aerenchyma;

FloodDay — flooding days;

PORO - soil porosity;

CH,[1] — CH, concentration at layer 1, kg C/ha.

Linking ecological drivers to trace gases

= Soil NH, concentration is directly regulated by a chemical
reaction occurring in the soil liquid phase:

[NH, T+ [OH]=[NH, . 1+HO (4)

3 laquid)

where [NH,*] is ammonium concentration, [OH] is
hydroxide ion concentration, and [NHWi.-..mh] 1S AMmo-
nia concentration in soil water.

= DNDC calculate NHy;, concentration base on NH,* and
OH- concentration, and NH,* concentration in the soil
profile is calculated by the decomposition submodel.

function of methane concentration and plant aerenchyma.
Equation 3.3. CH, flux through plant aerenchyma (kg C/ha/d)
5% :

0009*PGI*+0.0047*PGI*-0.883*PGI*+ 1 9863*PGI-0.3795*PGI+0,0251 ;
PGI = (days since planting) / (season days); (plant growth index)
DNDC assume that ebullition only occurs at the surface
layer, and ebullition rate is regulated by soil methane

concentration, temperature, porosity, and plant
aerenchyma.
Function 3.4, .CH, ﬂma through ebullition (kg C/ha/d)
AERE);
*‘T[l]_y +1.167*#(0.1*T[1]) 303%(0.1*T[1])+1.042;

Linking ecological drivers to trace gases

The equations describing the effects of soil environmental
factors on NO, N,O, CH,, and NH,were organized into

three submodels.

. The fermentation submodel contains all the methane
related equation. This submodel calculates production,
oxidation, and transport of methane under submerged
conditions.

. The denitrification submodel contains all the
denitrification equations. This submodel calculates
production, consumption, and diffusion of N,O and NO
during rainfall, irrigation, or flooding events.




Linking ecological drivers to trace gases

. Nitrification related equations are included in the
nitrification submodel. As a logical extension of the NH,
I NHgjig) /NH3 g4 €Quilibrium, functions for NHj,
production and volatilization are also included in the
nitrification submodel.

The three submodels compose the second component of the
DNDC model. (Biogeochemistry reaction)

Input and output

When the DNDC is used for regional estimates of trace gases
emissions, the model needs the spatially and temporally

differentiated input data stored in geographical information

system type database in advance.

Base on the input parameters of the ecological drivers,

DNDC first predicts daily soil temperature, moisture, Eh,
pH, and substrate concentration, and then uses the
environmental parameters to drive nitrification,
denitrification, methane production/oxidations.

Daily emissions of trace gases are finally calculated as their
daily net fluxes.

Input and output

= Daily temperature

» Precipitation

» Soil bulk density

m Texture

= Soil organic carbon content

[ ] pH

= Farming (e.g., crop type and rotation,
flooding, grazing, and weeding)

Input and output

Most parts of the model run at a daily time step except the
soil climate and denitrification submodels which run at an
hourly time step.

Output parameters from the model runs are daily soil
profiles of temperature, moisture, Eh, pH, and
concentrations of total soil organic carbon, nitrate, nitrite,
ammonium, urea, ammonia, as well as daily fluxes of trace
gases emission.

For the regional version of DNDC, the simulated results are
recorded as geographically explicit data in a GIS database.




DNDC Site mode DNDC Site mode

= Ry [
Site Mode

We I come tO D N D C 4 Input Parameters

Page 1: Site and climate
ail
: Farming management
Page 4: Crop
: Tillage
Ty »
ertilization
Aanure amendment

Page 9: Flooding
Page 10: Imi
1";1_5_|_' 11: Gr and r:n1ting

Save and Open Input File

Run DNDC at Site Scale

A Quick View of Modeled Results
Batch Run

Open an input data file Run model at site mode




Case study: CH, emissions
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Case study: CH, emissions
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Regional mode: predicts N,O

Case study: predicts SOC

Impact of initial SOC contemt on SOC dynamics for a com-winter wheat cropping system in North China
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“Strategic rice cultivation with energy crop rotation in Southeast Asia
— A path toward climate change mitigation in the agricultural sector”

Experience in using DNDC-Rice model:
Case of Japan
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Kazunori Minamikawa
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PhD study (2000~2005 @ Tsukuba Univ.)

Water management base on
soil redox potential (Eh) can
effectively reduces paddy CHa

Estimation of soil C budget in a rice paddy
by ecological method (g C m2 yr1)
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(Agric. Ecosyst. Environ., 2006)

(Soil Sci. Plant Nutr., 2007)

Postdoc study (2006~2010 @ NIAES)
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Monitoring indirect GHG emissions through groundwater

4
(Global Change Biol., 2010)




Current study (2011~present)

Mitigation of GHG emissions from agriculture in Monsoon Asia

China
Indonesia
Japan
Philippines
Thailand
Vietnam

A
N¥iiny

Ex. W Modeling province-scale estimation of potential of plastic mulching
film on reducing paddy GHG emissions in China

B Estimating national-scale of paddy CH4 emissions in Thailand by
model simulation

B Developing improved water management for reducing paddy GHG
emissions in four Asian countries (monitoring and social science)
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W Difference between original DNDC and DNDC-Rice

Development of reductive conditions in a flooded paddy soll

EAGTEATA

Surface water

Oxidative surface layer k2

Reductive topsoil layer

Oxidative subsoil layer %

(Wakatsuki, 1997)

A limitation of the original DNDC model

B One of the limitations of the
original DNDC model is the
model's dependence on
empirical simulation of changes
in a soil Eh, which acts as a
major driver for CH4 production
but does not account for
changes in the availabilities of
electron donors (e.g. DOC and

—1 H2) and acceptors (e.g. Fe3*).

B Therefore, the original DNDC
model’s simulation of soil Eh is
insensitive to the amounts of

<) various oxidants, which should
’ have a significant influence on
changes in soil Eh.

(Fumoto et al., GCB, 2008)




Anaerobic balloon and soil Eh: original DNDC Major revision for developing DNDC-Rice
Modeling Trace Gas Evolutions Driven by Soil Eh B The goal of the revision was to
Dominant oxidant Eh (mV) Reactions By tracking the formation quantitatively track electron
: . transfer in each reduction and
Oz T and deflation of a series oxidation process in a soil
Grogen () o orecxcor of anaerobic balloons P e
Nitrate (NO3-) NO3- - 5l ke driven by depletions of Oz, ® H2 and DOC are the |mmeQ|ate
Nitrite (NO2-) IO g NO3", Mn4*, Fe3*, and electron donors for the series
Niric oxide (NO) i (Wo ~now - Mo ~mo -W) SOz, DNDC estimates soil of reductive reactions
MU cidde (heo) . — Eh dynamics as well as (reduction of NOs", Mn#*, Fe3+,
Manganese (Mné+) i Mirde + 20 = M2+ production and S04%; and CHa4 production).
Iron (Fe3+) 1?0 Fed+ + 0= Fe2e consumption of COz, N20 B The rates of these reactions
0 and CHa4 from the redox are limited by the availability
Dufoie (90s2) & SOU+10H S0 =hes +ae0 reactions. With the of Hz and DOC in the soil.
’ cor = o anaerobic balloons, DNDC
Hydrogen (Hz) N links soil Eh to GHG B The DNDC-Rice model calculates the production of H2 and DOC,
¢ e @ ) eai ; . .
} — emissions for paddy soils. and then calculates the rates of reductive reactions by means of
-350 kinetic equations that depend on the concentrations of electron
donors and acceptors.
(Li et al., JGR, 2000; GBC, 29004) (Fumoto et al., GCB, 120008)
Electron budget: DNDC-Rice A comparative study: original vs. Rice
'+ K Lasng .
pu e et o O
4 'J' L "
L B A comparative study for simulating
s I CHa emissions from seven rice
g g A paddies in Thailand.
IS
"h*k ) e e B In most cases, the DNDC-Rice model
] , showed an acceptable agreement
3 ‘_..._.di,__ with the observed fluxes, whereas the
2oy ° ¢ ®owomoemm® predictions of the original DNDC
il e model deviated from the observed
S s AT fluxes by up to 500%.
Calculated electron budgets for the flooded soils [i.e. the production 1] s B These results indicate that the DNDC-
of H2 and DOC (electron donors) as a result of organic matter 4 o O S Rice model has improved applicability
decomposition and root exudation, and consumption of these St —2, compared with the original DNDC
electron donors by reduction of NOs-, Mn**, Fe3*, SO42, and C]. S B ° model, at least in part because it
=> Reduction of C is equivalent to CHs production. : s explicitly calculates the effect of
Bt R T I T A biologically reducible Fe on CH4
] s production in the paddy soils.
20 R g™
1 Pt L SERE 12
(Fumoto et al., GCB, éOOS) S BN L (Smakgahn et al., JGR, 2009)
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rice paddies: a modeling study in Japan
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13

CHa emission from a paddy soll

B Methanogens are strict anaerobic archaea and thus their activity
is enhanced under reductive conditions in a flooded paddy soil.

B |n other words, methanogens are highly inhibited under oxidative
drained conditions. => Drainage management is effective.

14

Midseason drainage: a field study in Japan

Midseason drainage (MD), a short-term drainage practice implemented
at the panicle formation stage of rice plants, is used to control excessive
tillering and to supply rice roots with O2 to prevent sulfide toxicity.

wnn Flooded
a0k Smmann period

T MD
<
“-‘E 30 Continuous flooding

> —— 2-week MD
3 —— 3-week MD

x 20 4-week MD
=

<
5 10

0 1

May Jun Jul Aug Sep
Note: Excessive drainage practices reduced rice yield.
(Saito et al., 125004)

Prolonging MD for further reducing CH4

National campaign to test the efficiency of prolonged MD for CH,
reduction at nine sites across Japan for two years (2008-2009)

Schedule for water management in 2009

A 450 Blue: conventional MD Others: prolonged MDs
/"»-'/ *"i\\-{‘(“ Ys1
§- Y2
(;' Shonalé F3
\ |. Nngat ama
% F‘:f:r ukus |ma N4
Tw" = 'l"fnu..-lll G5
Kumam016 7 Tokushima 26
.-Kagoshima .
7l Pl T7
130° 135° 140° 145° KM8
KG9

5109 6/1/09 709 /1009 9/1/09 10/1/09
Note: Single cropping per year 1




Prolonged MD reduced CH4 without sacrificing yield

CH4 emission Rice grain yield

As compared to conventional water-management strategies, the
seasonal CH, emission was suppressed to 69.5 = 3.4(SE)% while
maintaining grain yields as high as 96.2 + 2.0% by the prolonged
MD specialized to each site.

toh et al., Agric. Ecosyst. Environ., 127011)
(Itoh I, A E E

Questions and motivation

B The optimal duration, timing, and frequency of water-
management practices to obtain high levels of rice grain yield
depend on locally regulated conventional cultivation practices.

B However, such conventional practices are often conservative to
eliminate their negative effects on rice growth, leaving room for
improved CHa reduction.

B Prolonging MD is one option for further reducing CH4 emissions.

However, the success or failure of such drainage practices is
strongly dependent on prevailing weather conditions.

B Thus, it is difficult to derive the general effect of prolonged MD

on CHa reduction from the results of short-term field experiments.
Model simulation is a useful way to compensate for the limits
associated with short-term experiments.

18

Objectives and storyline

B The objective was to estimate the long-term mean effect of
prolonged MD on the reduction of CH4 emissions at the nine
Japanese sites used by Itoh et al. (2011).

B \We used the DNDC-Rice model with minor modifications.

B First, we validated the output of the model calibrated using the
two-year measurement data at each site.

B Second, CH4 emissions over a 20-year time period were simulated
for each site using the calibrated model.

B N20 emissions were not addressed in this study because the
measured N20 emissions were negligible at most sites and
previous studies have found that the description provided by the
current DNDC-Rice model cannot be used for an accurate
estimation of N20O emissions from rice paddies.

19
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Dataset compilation

B Agricultural practices
m Soil properties From Itoh et al. (2011) and
) ) through personal communication
H Rice growth and yield with the authors.
[ ]

CH4 emissions

B Daily maximum and minimum air
temperatures, precipitation, and | ¢ |
solar radiation at the nine sites (i.e., :
the nearest observation station of
the Japan Meteorological Agency)

From an agro-meteorological database
(http://meteocrop.dc.affrc.go.jp)
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Model modification: two minor points

B Dissolution rate of solid N fertilizers
The current model calculates the rate using the built-in first-order rate
constants depending on the type of fertilizer, with 0.5 d-* for urea and
0.9 d-! for other N fertilizers. For the A6 and T7 sites, where a
controlled-release N fertilizer was used, the constant was set to 0.05
d-1. This modification results in 90% release of the fertilized N by 45
days after application and reasonably reflects the actual situation.

B Direct emissions of CH4 from unsaturated soil
When paddy fields are drained, the DNDC-Rice model assumes that
CHa in the soil is directly emitted to the atmosphere at a rate
proportional to the soil CH4 concentration and the air-filled porosity.
When applying the model to an intermittently drained pot culture,
however, Katayanagi et al. (2012) found that the DNDC-Rice model
tended to overestimate CH4 emissions during drained periods. This
overestimation was presumably due to the overestimation of direct
CHa4 emissions from unsaturated soil. We therefore reduced the rate
coefficient for direct CH4 emissions to one-tenth of the original value.

22

Estimating parameters that can not be directly measured

B Biologically reducible iron content is the most important parameter
for the calculation of electron budget. As described in previous
studies, we substituted the content value with the maximum
reduced iron (Fe?*) content measured under field conditions.

B Biologically reducible manganese content is another parameter
used for the calculation of electron budget, but it has previously
been reported to be approximately 1% of biologically reducible iron
content. Because reduced manganese (Mn2*) content data were
not available for any of the sites, the measured value for a typical
Japanese rice paddy (1.6 mmol kg-') was used as the substitute
for biologically reducible manganese content.

B Microbial activity index indicates the impact of toxic materials in
the soil on soil microbial activity and ranges from 0.0 to 1.0.
Inubushi et al. (2005) reported a value of 0.00272 for the fraction
of microbial biomass C concentration to soil organic C in Andosols,
which is roughly one-tenth of the value in non-Andosols (0.0202).
We therefore assigned a value of 0.1 for the index at the KM8 site
where the soil type was Andosols, and 1.0 for the other sites.

23

Calibration, validation, and long-term simulation

B Field water capacity was calibrated so that the simulated volumetric water
content in the topsoil during MD was consistent with the measured data.

B The developmental rate constants for the vegetative and reproductive
phases were calibrated so that the simulated heading and maturation
dates were consistent with the observed data.

B A preliminary run of the DNDC-Rice model was performed for a time
period of 20 years with constant inputs of weather conditions and
agricultural practices for conventional MD for all of the sites.

B Following the preliminary run, rice grain yield and CH4 emissions were
estimated using the calibrated model for two experimental years.

B The outputs of rice grain yield and CH4 emissions from the calibrated
model were validated using the measured values at each site.

B Following the preliminary run, CH4 emissions were simulated using the
calibrated model for another 20-year time period with continuous weather

data from 1998 to 2007.
24
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Validation for rice grain yield and total CH4 emission
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B On average, the calibrated model underestimated rice grain yield by
10.4 + 3.8% (mean = 95% CI) relative to the measured yield.
Negative or positive effects of prolonged MD on the yield observed in
the field were not adequately reproduced by the calibrated model.

B A positive effect of prolonged MD on the reduction of CH4 emissions
was relatively well reproduced by the calibrated model. On average,
the model overestimated total CH4 emissions by 7.8 £ 14.3% relative

to the measured values. "

Validation for seasonal CH4 flux (examples)

Grey bar: 95% Cls of measured flux
Solid line: estimated flux
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The calibrated model moderately reproduced the magnitude and
shifting patterns of seasonal CH4 flux.
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Comparison of model performance for predicting CHa

Model  Location Experimental factors and Total number r' Relative Reference
conditions of simulation RMSE
Original 9sites in India  Calibrated with measured 11 0.99 0.17 Babuetal. (2006)
DNDC data in one site
6 sites in China Type and rate of N 9 098 0.14 Zhang et al. (2009)
fertilizer
DNDC- 3sites in China Straw application and 12 0.87 050 Fumoto et al.
Rice and Japan type of N fertilizer (2008)
9sitesin Growing season (major or 17 0.60 0.72 Smakgahnetal.
Thailand second) (2009)
3sitesin Japan Organic amendment and 23 091 027 Fumoto et al.
water management (2010)
1sitein Water management, 2 1.00 0.11 Katayanagietal.
Philippines greenhouse conditions (2012)
9 sites in Japan Water management 53 0.84  0.48  This study

; Peason's correlation coefficient for relationship between measurement and simulation.
The ratio of RMSE to mean of measured values.

B Both indices in this study fell within the range of values of previous studies.

B The error range of simulated CH4 emissions was dependent not only on the
model versions but also on the variation in experimental conditions and the
method of calibration. 28




Today’s contents Simulated reduction rate of CH4 emission (1/2)

Site Water management practice Duration of MD  Sim. CH, emission _Relative to conventional MD (%)
(d) (g CH, m=2yr1) Simulated Measured?2
YS1 Conventional MD 10 369 + 2.2 — —
Front-shifted MD 10 32024 86.3 = 3.7 95
Front/rear-prolonged MD 21 28.8 + 25 78.0 + 5.9 631
Y2 Conventional MD 7 305 = 2.7 — —
Front-prolonged MD 14 218 £35 70.1 + 6.8" 52-641*
Rear-prolonged MD 14 214 +28 69.1 + 4.9+ 63-84
F3 Conventional MD 14 39.0 =29 — —
S Front-prolonged MD1 21 336 £ 25 86.7 £+ 3.6" 66-66"
W Water management reduces CH4 emissions from Front-prolonged MDZ 28 29.0 2.4 749 £ 47¢ 42-48¢
rice paddies: a modeling study in Japan N4 Conventional MD 14 304 = 3.0 — —
Rear-prolonged MD1 21 28.4 + 3.2 93.1+31 56-89
Rear-prolonged MD2 28 255+ 3.1 83.3 + 3.9™ 75t
Continuous flooding 0 515+ 4.1 186.6 + 13.3 247-375
G5 Conventional MD 7 27+08 — —
Early MD 13 2207 825 + 4.8" 59-81f
Early + Front-prolonged MD 20 1.2+ 05 451 £ 7.0% 28-91%
A6 Conventional MD 6 470+ 2.0 — —
Front-shifted MD 9 436 = 2.0 929 =33 91-103
. . Front-prolonged MD 13 405 £ 2.2 86.2 + 3.3™ 82-881*
v Results 2: long-term simulation Continuous flooding 0 515+ 1.8 1189 + 35 126-133
MD, midseason drainage; FD, final drainage; IM, intermittent irrigation. (mean + 95% Cl, n = 20)

a Data from Itoh et al. (2011).
b In parantheses, duration of FD or IM.
T Acceptable practice for CH, recution without compromising rice grain yield (ltoh et al., 2011).

29 * Best practice for CH, reduction without restriction on yield loss (Itoh et al., 2011). 30

Simulated CHa4 by year: examples of N4 and A6 sites

Simulated reduction rate of CH4 emission (2/2)

Site Water management practice Duration of MD  Sim. CH, emission _Relative to conventional MD (%) e Conventional MD & Conventional MD
(d) (g CH, m2yr1) Simulated Measured2 —o- Rear-prolonged MD1 -8~ Front-shifted MD
T7 Conventional MD 6 101 + 1.1 _ _ —o- Rear-prolonged MD2 -0~ Front-prolonged MD
Front/rear-prolonged MD 13 6.5+ 1.1 62.4 + 6.6 44-100 (a) N4 == Continuous flooding (b) A6 —+ Continuous flooding
5+1 4+ 6. 0
Front-prolonged FD BH(T) 73+ 09 718 + 3.9 50-119 g
Front/rear-prolonged MD + b + 4 aatt att 2 ~ 604 60
Front-prolonged FD 13+(7) 4208 35.0 + 4.3 31-81 e o
KM8  Conventional MD 7 28+ 0.7 — — T E 40
Front-prolonged MD1 10 21+06 75.4 + 8.0 45-791 235 40
Front-prolonged MD2 14 16 =05 59.1 £+ 10.5% 81-94 é 2 20 30
Continuous flooding 0 47 %12 237.9 = 22.7 85-211 (7]
KG9  Conventional MD 4 31.1+14 — — e~ 0 T T T T 0
Front-prolonged MD1 9 26.6 + 1.8 859 + 5.2 111 e 27 257
Front-prolonged MD2 14 211+ 16 68.2 &+ 5.1% 126-136 = 27 /\/\_/\/'\ 237
Late-season IM 4+(12) 243+ 15 92.2 + 561 861+ g s 217 217
Continuous flooding 0 343+ 1.2 166.4 & 12.1 89 g % o
= T T T T T T T T
¢s ® 3
H H oo o 154 ]
m The simulated reduction rates of CHa emissions by prolonged MD 22 ] W &
. . . - ‘T O
relative to conventional MD at the nine sites were roughly E-g 5 3
comparable to the measured rates. 2% o POy ooy 0 NN '
1985 1990 1995 2000 2005 2010 1985 1990 1995 2000 2005 2010
B The timing of MD at each site typically occurred within the rainy vear vear
season in Japan, thereby increasing the uncertainty (i.e., 95% CI) Spatiotemporal variability in weather conditions can mainly explain the
of the effect of prolonged MD. magnitude of simulated CH4 emission and the degree of simulated CH4

31 reduction rate by prolonged MD for the target 20 years. 32




Mean reduction rate of the tested nine sites
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104 =

Reduction against CV (%)

0

Measured Simulated Measured Simulated

B The simulated mean reduction rate for the acceptable MD practice (20.1
+ 5.6%) was slightly lower than the measured rate (30.5 * 6.7%).

B The simulated mean reduction rate for the best MD practice (30.4 +
8.4%) was comparable to the measured rate (35.3 + 9.5%).

B There are two possible reasons for the slight difference between the
measured and simulated reduction rates (for the measurement, 1.
extended duration of MD at the G5 site in 2009, and 2. longer non-rainy
days during prolonged MD at the YS1, F3, and G5 sites in 2008).

B We therefore concluded that the long-term simulated values better
represent the mean reduction rates of CH4 emissions by prolonged MD
relative to conventional MD at the nine sites.
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Generalizing the effect of prolonged MD

[[ovsi ev2 oFs wna 4G5 aA6 vT7 vKMB xKG9 |
300
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Relationships between the number
of (a) non-rainy days and (b) total
days during MD and the simulated
CHa emissions for alternative
water-management practices
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10 5 0 5 10 155 10 -5 o 5 10 15 Dotted line: measurement
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B We chose an exponential model with three parameters on the basis of
the distribution of scatter plots and principle that the model should pass
through coordinates (0, 100).

B The shape of the fitted model for simulated CH4 emissions against the
difference for non-rainy days between prolonged MD and conventional
MD (a) was similar to that fitted for measured CH4 emissions.

W Relatively strong correlation was also found for the relationship with the
difference in the number of total days (b).

B Accordingly, the duration of MD can be a good indicator of the reduction
rate of CH4 emission from a rice paddy in Japan. 34

CH, enission relative to CV (%)

Conclusions

B This study performed a 20-year simulation of CH4 emissions from
Japanese rice paddies under various water-management practices using
the DNDC-Rice model.

B The simulated mean reduction rate of CH4 emissions from the nine
study sites using acceptable prolonged MD practices that did not
compromise rice grain yield (20.1 + 5.6%) was more conservative than
the rate derived from the two-year field measurements (30.5 * 6.7%).

B A comparison of the measurement and simulation results revealed that
the discrepancy was primarily due to differences in the method of
dataset selection and the prerequisites for implementing MD.

B The magnitude of the effect of prolonged MD on CHa4 reduction can be
explained by the duration of MD.

B We conclude that the simulated reduction rate adequately predicts the
mean reduction rate of CH4 emissions at the tested nine sites receiving
rice straw application when acceptable prolonged MD practices that do
not compromise rice grain yield are used.
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JESENC) DNDC Model )
Why DNDC ? and Why Model ?
« CH, and N,O from agricultural soils ~25% and 30% of global CO,-equi emission
. « Developed with management levers (tillage, fertilizer, irrigation, ...)
I ntI’Od UCU on tO D N DC I n put Data, « for the GHGs emission, hard to measure at the field level and long-term monitoring
. - - « Need to use, predict for the future and improve models at regional scale
Site simulations
What is DNDC ?
. . DNDC siands for Denitrification
‘Ms. Nittaya Cha-un and Mr.Uday Pimple and Decomposition, two processes 250
The Joint Graduate School of Energy and Environment dominating loss of N and C from
s0il into the atmosphere,
30%
« Mainly used for modeling GHG emission
from agricultural soils 20%
Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia —
A path toward climate change mitigation in the agricultural sector” \_ )
29-31 May 2013, Pullman hotel, Bangkok
4 N 4 N
Biogeochemical Model Predicts Impacts of Alternative Management 1
on Crop Yield and Environmental Safety D N DC H IStO ry
INFHE FRRGERED ST = Development began in 1989 by Changsheng Li for modeling N,O emissions.
« First published in 1992, first N,O emission inventory published in 1996.
Climats « Over 50 peer reviewed publications with DNDC.
= Tampnt iy Uaad iy Emthklons of « Used for national GHG emission inventories in countries worldwide (e.g current NITRO Europe
« Pracipitation d by )
— Mdegasition: [ 5ol N20, HO, N2, program for cropland, pasture and forest for entire EU).
WL ; micrabes CH4 and CO2
Soil properties "g,—-’ = | Version of DNDC and Relevant models
- Tand y Maodel ™,
- Oerg::i matiar ,,/ Iracking N T, .
- Bulk density L/ 'I;Jr:mr-:an-_r.' ! /Dr,f-a""'n?'i “'\; « DNDC74 Dayllght ¢ Manure-DNDC
- &H | bocnemes s Sty l Compedition « DNDC82 « Forest-DNDC
e I\ geachemical ;' ARO0E /‘ *  DNDC93 (aug 2009)
rOCesSes J ,
Mamagament y S = — o DNDCO5 (new ver, Aug 2012)
- Crop rotation TR
- Tillage ;f Growth of crop
= Farlilization ¥ blomass
- Manue ugs
- Irrigation
- Grazing
o s J \ s J




User’s Guide

[ ] [ ]

downloaded a DNDC package from web site http://www.dndc.sr.unh.edu

\ 5/

DNDC model Operation

e The Site Mode: Most of the parameters need to be typed in manually through the
input interface

e The Regional Mode: Receives all of the input information from a database
containing all the required input data for the simulated domain.

DNDC: version 9.3

England_Rothamsted_wWinterwheat_SoC Database DNDC_CaseStudy
(L) France_arrou_mMzo0

(£ USA_Honalulu_Sugarcans
(£ Usa_lows_maize_biomass

[ USA_Texas_Rice_CH4
(S e |
I2) Lib_crap

5 Lib_sail

4 B
Input Parameters

Page 1 C“mate Site mode at KMUTT, Ratchaburi Campus

©)]
- Select “Climate” button
- Input Climate data

Select, site “Input” button

— .

@)
Double “Click” for start
the model

Input Parameters

Input information for location and climate

Page 1. Climate

Daily meteorological data n
file(s) must be prepared in % ee

advance. The file(s) should

have a plain text format. \e
The climate data
file can be constructed @ { /e

with five different
formats can keep or

modify the
X default values :&@
e Click “Accept”

a4 it ] i o5 43 oo

B ox by 3 35 08 05 # [
4 1 e =] 4 37 20 0.0 2125 i 5T b on nm




Climate data for DNDC simulation

Weather data 2010-2011

[ Rainfall e Tmax e TN
45.0 250
40.0
5,335.0 200
© 300
=1 150
2 250
8 200
Q 100
€ 150
@
= 100 50
< s0
0.0 0
S S S S S S 9 O 900 GO U U d oo Hdodod oo oo
S B B B R B B B B S R B B e By Sk S Sk ity Mt Bk B
c 2L LTI oaE L AL Lo az e
535828532888 8:38883853232882¢8
Weather data 2011-2030 CIRainfall —Tmax —Tmin
40 250
9\35 M 200
T 30 - M MM M -
g — [ _ M —
2 - -
© 150
ﬂé-’_ZO
15 100
@
= 10
<< 50
5
4 N M T e s ® e e O N m TR E s ®m @ g
Z 2 g zggs2gsg88gggggggges
S EREEE&EEEREERELEgEERSK||ELEREEREKERESRE

Rainfall (mm/day)

Rainfall (cm/year)

Thai Meteorological
Department (TMD),
Ratchaburi station

PRECIS
climate model

ECHAM4 SRES B2

Climate data preparation

Tmax Tmin Rain (cm)

Prepare data in
MS.excel

Save data in text file

Climate data
in text file

- o e oW R

e
22
205
207
265

241

29

vy
0000
0.000
0000
0.000
0020

0.080 0 /

p
Input Parameters

Input information for soil properties

Page 2. Soll

?

R S ¢

[ O

Input Parameters

When the input process is

done, don't forget clicking
the “Accept” button

All of the soil parameters, including the defaults
and the user-defined with specific field data.

u /

Page 3. Cropping

.2

Dt w6

7

[ S —

Total years (2):
Total cropping systems (1): rice-rice
Years of system (2)
Years of a cycle of system (2)

Crop for year 1 of the cycle: irrigated rice and rain-fed rice
Crop for year 2 of the cycle: irrigated rice and rain-fed rice

I

@

How many years | am
going to simulate totally:
- 2 years

How many cropping
systems are involved in
the simulation:

- 1 cropping system (rice-
rice rotation system)

How many years each
cropping system lasts for:
- The rice-rice system
lasts for 2 years

How many years a cycle
takes in each system:
- A cycle of the rice-rice
system takes 2 years




4 N
Input Parameters

Page 3. Cropping --> Farming Management Practices

Crop Tillage
iy —
Theg ST ST |
dome [T Dae[ 2

[ o _|

Input Parameters

Page 3. Cropping --> Farming Management Practices

Fertilization Manure Amendment

T I T

4 N
Input Parameters

Page 3. Cropping --> Farming Management Practices

Page 4. Save

" Run DNDC ]




Results DNDC

DNDC Validation

Fallow- Rice-Fallow-Rice Rice- Rice-Rice-Rice

- © Observed «==Simulated - © Observed ~=Simulated

= =

S 10 Falllow Rice Fallow — Rice | & u Rice Rice Rice Rice
£ 6 <

© 50 0 10 /A = g

< 40 < 8 . —Ii\l 7

£ E o el | g
g 20 g 4 //"1 f- . * * /L
S 10 s 2 . 8

v J

Gross CH4Flux
kg C/ha 0
(ko ) 4 MAE? RMSEP

Observed  Simulated FEHI{EERE

Treatments

RF 348.10 623.58 44.18 0.48 1.059 0.8551
RR 2,136.40 2,136.88 0.03 0.08 3.424 0.1954

RF: good quality for model capture (R?=0.855), but low quantity for gross CH,
flux (44.18% difference)

RR: low quality for model capture (R?=0.195), but good quantity for for gross CH,
flux (0.03% difference) 18

Long-term DNDC simulation in 2011-2030
for CH, emission

CH, Flux in year 2010-2011 e fallOW-riCe ~ ====COrN-rice  ====rice-fice ====sorghum-rice
14
12
10 A.J
z . Vi
k=l
3. | A Fi
< '\ / fl
(&) 4
2, pal N P/
. /[ A il N
PpAD A0 fned0 dned0 ) fned)  bwedl  Bedl  aedl  faefl  Dnedl  dwedl
CH, Flux in year 2011-2030 e==Fallow-Rice e==Com-Rice ===Rice-Rice e=mmSorghum-Rice
1400
1200 -
. 1000 -
I
[
> 800
-
< 600
o
2 40 S
200 -
0 19

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

m simulating systems with
many coupled degrees of

Run Uncertainty

Hede for siie Momie Carle fest

- IDNDC - Version 9.3
Sike  Region Mapping [

Tools  Exit -

Lk data

L Welcon

This Monte Carla test is for a specific site case. All the input parameters for the
case must have been sel in advance with the regular input procedure. If you
have done so, please click DK ta continue:

o

Monte Carlo methods
are especially useful for

e e freedom
"4 "4




( Uncertainty file out put and result |

= [ RESULT
[b Inputs
I3 Inter
= I Record
[C5) Bakch
B MonteCarla
[C5) Region
) Site

an J

Thank you
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Date: May 30, 2013

DNDC Regional Simulations and Data Input

Outline

What IS DNDC
DNDC input parameters
Difference between DNDC and DNDC-rice

« DNDC regional mode
By * DNDC-rice data input and processes
. . * Model Run
Uday Pimple and Nittaya Cha-un
Joint Graduate School of Energy and Environment (JGSEE),
Thailand
What is DNDC model ? DNDC Input Parameters

» DNDC (DeNitrification-DeComposition) is a computer simulation model of
carbon and nitrogen hiogeochemistry in agro-ecosystems

» The model can be usea for predicting crop growth, soil temperature and moisture
regimes, soil carbon dynamics, nitrogen leaching, and emissions of trace gases
including nitrous oxide (N20), nitric oxide (NO), dinitrogen (N2), ammonia
(NHs), methane (CH4) and carbon dioxide (COz2)

o NUtp:/www.dnde.Srunn.edu/ (website)

e15

1. Climate : Daily air temperature and precipitation, Solar radiation*, Atmospheric

N deposition

2. Soil : Bulk density, Texture (clay fraction) ,Total organic C content, pH
3. Management; Crop type and rotation, Tillage, Irrigation, Fertilization, Manure

amendment Rl bl Voo
A ethane emission from rice
pad s residue management and

DNDC-rice ( Fumuto et al., 2008) mmp =
Fe: reducible Iron,
FWC: Field water capacity

 (Source: Li, C., S. Frolking and T.A. Frolking, 2012 ,DNDC user manual ) R e °16




_INPUT PROCECCESS OUTPUT
» Climate
= |emperature ; i
= Precpitation Liet g 2000 Usedbysoil | ["NzONONzCH,
= N deposition microbes 1=t G0z emissions
> Soil Properties TMOE.eI Dynamics of soil 4
= Texture Funr;:mlglgtal water, (Amonia)
= Organic matte ) . NHa, (Nitrate) i
= Bulk density 1 blogeocit]]em_wall& N3 & —|  Nleaching
. pH ge(:zczrsnslecsa DOC(Dissolve | Compegtion
> Management P Organic carbon)
= Crop rotation X J
L Reducible Iron () & FWC ( DNDC-Rice) T Growtn of crop
= Fertilization calculates the production of Hz and DOC for sed by pia biomass
= Manure use by Fumuto et al, 2008)
= |migation
= (Grazing Figure. 1 DNDC Biogeochemistry Model working flow

'y e17

DNDC model Operation Moade

o The Site Mode: Most of the parameters need to be typed in manually through the
input interface

* The Regional Mode:

- Receives all or the input information from a database containing all the
required input data for the simulated domain

- Polygon or grid data (Spatially differentiated information ot input parameter's)

Regional Applications of DNDC

* More site than regional applications

* Hleld measurement lack space and time
* Regional estimates of GHG and their source strength are still limited and

nighly uncertain

 DNDC is coupled with (Geographic Information Systems) GIS data holding
spatially & temporally distributed information

 DNDC coupled with GIS helps to understand long term seasonal variability
and o 10entity the major environmental arivers to estimate GHG from
agricultural ecosystem on regional as well as global scale

(Source: Kiese et al., 2005)

®19

DNDC model Installation

> Software:

- The DNDC -rice model predicts C and N biogeochemistry in agricultural
ecosystem at Site or regional mode

> Hardware:

The DNDC model requires a PC with windows operating system with
2GB RAM

- The output files resulted from a 100 years simulation requires about 0.5
MB disk space

> Installation:
- Copy DNDC folder to root directory ( C-drive)




, DMDC

, Database
J Input

J Library

J RESULT

DNDC Regional Mode

4 | DNDC

4 | Database

» 1 Thailand <—— GIS data base

4 | Input
| climate «—— Climate data
4 | Library
> 88 Lib_crop Crop and soil
. Lib_soil . !
A e libraries

dinputs o Qutput / Results

. inter

> U record

Figure 2. Data directory structure tor DNDC - rice regional Simulations

(left main folders and right sub folders)
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4 | DNDC
4 |, Database
» 10 Thailand
4 1 Input
. Climate
4 | Library
> 0 Lib_crop
J Lib_soil
4 || RESULT
J inputs
| inter

> Ju record

The Regional Mode Data Input

A

country data

y

GIS

libraries)

Lib_clim (Climate data)
Lib_farm ( Farm data)
Library (Standard Crop and soil

Figure 3. DNDC Domain data

®22

The Regional Mode Data Input

4 | DNDC
4 | Database
4 | Thailand

The Regional Mode Data Input
= GIStilg 1 (Inallang_Lixt)

Simulation unit code

"¢ GIS data
. :Ef cﬁm ( polygon or grid format)
. Lib_farm
| Lib_map J
4 & Input = GISfile 1 (Thailand_1.txt)

L GIS file 2 (Thailand_2.0¢
e GIS file 3 (Thailand 3.t

=

=

> 4 Lib_cro
Lt = GISfile 4 (Thailand 4:4)
4 | RESULT = GISfile 5 (Thailand_5.txt)
| inputs

J inter

Figure 4. DNDC GIS database 023

> ) record

up to 8 digit (SUC)
Country /Region  Province LonTitude Latitude
1000001 Thailand Ratchaburi 99.407485 13.420379
1000002 Thailand Ratchaburi 99.407485 13.420379
1000003 || Thailand Ratchaburi 99.407485 13.420379
1000004 || Thailand Ratchaburi 99.407485 13.420379
1000005 Thailand Ratchaburi 99.677388 13.426453
1000006 Thailand Ratchaburi 99.677388 13.426453
1000007 Thailand Ratchaburi 99.677388 13.426453

®24




The Regional Mode Data Input
= GISTile 2 (1 hailand_2.xt )

N concentration In Rainfail (ppm)
suC Climate stationID 0.5 ( Default)

1000001 424301 0.5
1000002 424301 0.5
1000003 424301 0.5
1000004 424301 0.5
1000005 424301 0.5
1000006 424301 0.5
1000007 424301 0.5

®25

The Regional Mode Data Input
= GIS Mg 3 (Ihailand_3.xt)
sucC s0C Clay Soil pH BD Fe FWC

[ N

S0C_max SOC_mml(.'lay_max Clay_pin | pHmax pH_min | BDmax  BD_ min | Femax Fe_min | FWCmex TWC_mi
) o | € By G 0 |god {gmd | (molky moikgl {) 3}
0001 |01 00m8| 05 0% 1% 11 | 01 0| 0% o
1000002 0012 08| 05 R

8§ 42 155 1501 01 087 087 o
1000003 | 03102 00| 05 e 86 42 155 1501 01 087 087 01
1000004 | 043102 @) 05 03 86 42 155 1501 0l 087 1174 om
1000005 | 03102 00:9| 05  0Da2 8 42 15 1501 0t 087 087 ot
1000006 | 043102 0| 05 e 86 42 155 1501 01 087 087 o
1000007 | 043102 000) 05 00 86 42 155 1501 01 087 087 o

SOC: Soil organic carbon, BD: Bulk density, Fe: reducible Iron (0.1 mol/kg, Smakgahn et al, 2008),
. FWC: Field water capacity (0.87) 26

Total number of files
We want to read

The Regional Mode Data Input
= GISTile 4 (Inalland_4.1xt)

Range o total number of farm file that we
wanttoread (6.9 280 43)

file Edt Format View Help

1000001 1
1000002 1
1000003 1
1000004 1
1000003

1000006 1
1000007 1

(ha) 4hrs drainage with deep Gl

Thatland crop acreage censwsdata
ysten x20RC I G 1 T [ R S (o S (/R A [ Vi S VA 131Ky
1 1 A o1 o ¥ ¥ O»n ¥ ¥y ¥ ¥ 0 o4 L 8

SuC

The Regional Mode Data Input
= GISTile s (Inalland_b.1xt)

SuC Map ID

1000001 11111111
1000002 11111111
1000003 11111111
1000004 11111111
1000005 11111111
1000006 11111111
1000007 11111111




The Regional Mode Data Input

The Regional Mode Data Input

+B DD = (Climate station data = (limate station data
4 | Database
4 | Thailand i
6l ( Station ID)
> () Lib_clim Climate data 424301_2010
. Lib_farm
- 1 334 | 222 0
. Lib_map l 2 345 | 205 0
4 Input [l Lib cfim 3 344 207 0
. - 4 342 | 255 0
, Climate
e o 5 305| 225 | 0
. Library ) 1972 6 31.2 22 0
> Ju Lib_crop . 1873 7 340 | 225 0
. Lib_sail i 1974
4 | RESULT JiLrE )
inputs | 1976 Min Temp Max Temp
o | 1977
y inter Days (1-365) Precipitation (cm)
© L record ©29 30
The Regional Mode Data Input L
. Maximum yield (kg/ha) Farm file / L|b_farm
" DRDC u Farm datalLIn farm Transplant!ng month
i -— Transplanting day
i h
4 | Databaze ﬂixiiﬂﬂg ?fym
. Ratio percent of crop residue(0-1)
4 | Thailand Season flag(999 indicates the crop is the last crop planted in the year)
| G5 Till method: define tilling depth by selecting method as
> Lib_clim (1) Ploughing slightly, 5cm (2) Ploughing with disk of chisel(10cm), (3) Ploughing with moldboard, 15cm
| Lib_farm € Farm data/Lib_farm
. Lib_map
4 | Input
A4
J Climate Farm fl |e Fertilization rate(kg N/ha)
4 | Library . .
= & Lib cro ( detalls On neXt s“de ) Amount (kg C/ha): Amount of manure application rate (kg C/ha)
_crop - o . N = ! .
C/N ratio: Ratio of C/N in the manure. Manure type is specified using CN ratio.
, Lib_sail
Lk Irrigation index (0-1)
4 ) RESULT 2 Times of flooding
X Flooding month
J Inputs Flooding day
. Draining month
. inter Draining day
© > 10 record est °s2

*A flooding event is defined by specifying its start date and end date




‘e The Regional Mode Data Input List of crops and code
4 | Database .
4 | Thailand = Crop datalLID_crop T T
) crop
. (IS | erop0
1L Lib_ciim Doz
‘ Lib_farm L crop3 0 cre_code
L|cropd ane_Lkoshinikard
. Lib_map [ erop.s e 2
4 | Input ::;E:
| Climate L] crop ®
[ crop g
4 | Library i | erop.2
. B Crop library e
> 4 Lib_uvop € ] erop12
. Lib_soil L] erop 3
4 |, RESULT J J Dloents D aonss
a . . . | crop 16 ] crop.16
| mputs Crop physiological and phonological data for | L cen Deoe
, Inter L] erop_18 ] crop 18
= | record each type of crop ‘—‘:::'iz -—-I‘::—;: 60 it rn o o oueh, wity
. °33 . e34
1 oo The Regional Mode Data Input Run DNDC regional mode
4 & Detabase = Crop data/Lin_crop .
4 | Thailand - -IDmthﬂse Select Input Button
npus
. G5 ! Library
> L Lib_clim \
J Lib_farm
, Lib_map
4 1 Input .
, Climate ‘_‘Sot’l Et.agngy_sand c1ay,por§$:;we
. L soil 0.411 porosity . g
4 |y Library Qo2 0.938 gatusconductivity Copy DNDC folder Select Asia Button
B it cop _ b8 ke to C-drive @®
! Lib soil €—— Soll |Ib|'ary S — i;g E:%:Ltenswn,cm
= 0.38 tetas
4 ) RESULT
| inputs
| inter
> Ju record
L]
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Click “OK” Button

Select Country
(Thailand)
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Click “RUN” Button

o
l

Result Screen
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4

4

4

4

F]

F]

>

>

T Simulation Results

. Database
| Thailand File Edit Format View Help
pnits: kg C/ha for € pools/fluxes; kg N/ha for N pools/fluxes
| GIS crop_code (L§
y Libs clim 1000001 1.14
, Lib_farm
, Lib_map
. Input pnits: kg ¢/ha for ¢ pools/fluxes; kg N/ha for N pools/fluxes
crop_code (1§
. 1 _
i Climate 1000001 9.49
. Library
, Lib_crop
. Lib_sail Explore result in
| RESULT record folder P
| inputs ' £ y
| inter » » m om om o
| record A ;
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Case Stuay , China
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Introduction to .
ALU Software and Workbook

Assoc. Prof. Dr. Savitri Garivait and Dr. Agapol Junpen
The Joint Graduate School of Energy and Environment

savitri_g@jgsee.kmutt.ac.th

akjp@hotmail.com

Capacity Building Workshop on:

“Strategic rice cultivation with energy crop rotation in Southeast Asia —

A path toward climate change mitigation in the agricultural sector” 1
29-31 May 2013, Pullman King Power Hotel, Bangkok, Thailand

Colorado| =

University

ALU Software Design

e Primary Purpose: Support reporting of GHG
emissions to the UNFCCC

* Greenhouse Gas Inventory Software Program
— Developed for LULUCF and Agricultural Sectors

— Based on IPCC methods (96 GL and GPG)
* Emphasis on incorporation of good practices

— Accommodates IPCC Tier 1 methods, but allows
compilers to advance inventory with the Tier 2
method capability

» User-interface guiding compiler through
inventory process of data entry and calculations

i

ALU Software Design

« Data management capability
— Relational database
— Activity data, emission factors, emission results

— Can incorporate GIS-based data on land use and land
use change derived from remote sensing imagery

e Documentation and archive for all data and
results

— Self-contained database with data used in inventory
as well as documentation references and results

— Institutional memory for long-term sustainability of
GHG inventory

* Includes an electronic help manual
— Step by step guidance for software users




ALU Software & Good Practice

Inventories following good practice “contain neither
over- nor under-estimates so far as can be judged, and
which uncertainties are reduced as far as is
practicable” (IPCC GPG 2000).

Estimate uncertainties
Quality Assurance/Quality Control

Document inventory methods and emission
factors, and archive the database

Development of Tier 2 methods for key source
categories

Inventory Purpose: Reporting

» One of the main purposes of a national GHG
inventory is to report emissions to the UNFCCC

» Reporting is generally done in spreadsheets

» Maps can be useful for illustrating variation in
emissions across a country

» ALU provide emission reports that conform to the
typical non-Annex | party reporting standards (i.e.,
UNFCCC software spreadsheet)

» ALU facilitates the development of emission maps to
the extent that activity data and/or emission factors
vary spatially

Inventory Purpose: Mitigation
Analysis

Inventories should form the basis to consider
mitigation options and monitor outcomes of policy
actions intended to reduce emissions (NAMAs and
LEDS)

With an inventory developed using good practices,
compilers can be confident in assessing mitigation
potentials

ALU facilitates mitigation analysis using the GHG
inventory developed in the software with good
practice for the baseline emissions

Source Categories in ALU

Biomass C Non-CO, GHG Emissions
Stock Changes from Burning

T cH, and Nyo

from Manure

Soil N,O
Emissions
Rice
Methane
Enteric
Methane

Soil C Stock
Changes

8

|
From 2006 IPCC Guidelines




S ALY Toal (Version 111T) = | - e
File Help  Msigatien

4 Agriculture and Land Use National
Greenhouse Gas Inventory Software |

Module I: Mochde | Sty Acivly Dot
- - Pamary Data Soeciicelion Secondeny Diate Spechicalion
ACtIVIty data g @ Lanc Une ancd Managerent g Meaidus Management
- " ek Livesiock Management
E le: ALU Land Use S o
Xamp e. an Se eSSIOn J'_::“' Graesiand/Sevarns Rurieg
e B A : - :.:;:r;:;inm
Aralabde Sessiona by Source Calegery
Sowrrr: (i epony S Selact
Select A Source Category -
Subsource Category [(Resat | ‘ GA/QC Primary Daia ‘ ‘ QAGC Secondary Data
T S S Jmission/Stack Moduls I1l- Inventory Calculations|
Module I1: Module I11: A=
R Enteric Methane
Assign Complete e Hatare
- - - - ide Manure Nitrous Oxide
Emission Emission i CO2GHG B Bring Non €02 GHG
- Sl Miten s Ouicle
Factors Calculations i
& Rormat C ek
Ga To et Oala Gy Sanll C Seachn Sl C Sichn
Ut Managemend UAilities el satedt
—— GO E i [ Wl_ﬂ'"
22 | | Nt £ e AU (&) UNFCCC
] 80 ALL Toad (Verien 3113) o8 x|

Utilize Spatial Data
Text File

(Import into ALU)

1102, TRMM,HAC, FL ,35117.19922
1103 TRMM,HAC.GL 65306
1104, TRMM,HAC.GL.9724.410156
1105, TRMM,HAC,OL ,215.460006
1106, TRMM,HAC.SM,373.23001
1107 TRMM,HAC.CL,4032.090087
1109. TRMM,HAC.WL,7.559999
Ex po 't 1110 TRMM,HAC FL 0.449999
1111, TRMM,HAC, WL ,2316.23999
1202, TMSD.HAC.FL,106793
1203, TMSD,HAC.GL,721293
1204, TMSD,HAC.GL, 292541
1205, TMSD,HAC,OL,20048.59961

Geog raph ic Information 1206,TMSD,HAC,SM,4145.759765
1207, TMSD,HAC,CL 229119
System 1209, TMSD,HAC, WL ,3208.050048

1210,TMSD,HAC,FL,31221.69922
1211,TMSD,HAC,WL,41818.60156
3102,TRMM,VOL,FL,51673.30078
3103, TRMM,VOL,GL,20436.19922
3104, TRMM,VOL,GL,3905.370117

Agriculture and Land Use National
Greenhouse Gas Inventory Software

Cumrentt Ulsesr el Dustsbumses Modibs |- Specify Activity Dota
e Tost Pty Dl Spaacdic st Sazarclary Dala Spchioston
hd / Charos Lared Use ared Marusgement O FRasos Marajement
ey ok Liveatiock. Manegoment
Diatsbinsa: Fxampls Data . ]
[Py e gt Cirmmtard Savarny Bumeq
Change Omshass Limng & Domass Cacbon Loss
Sewnge Sudge Amandments Pestiarsd Buring
H = 5 1
Module I, Primary Data: / (5 |
= . QC Primary Data | ‘ QA/QC Secondary Data
Enter activity data on land
II- Specify Emission/Stock Module 1ll: Inventory Calculations
use change and management g&s&d anac
eric Methane Enteric Methane
Select a Source & Subsource above to display Sessions. Manure Methane Manure Methane
Manure Nitrous Oxide Manure Nitrous Cxide
Biomass Buming NonCO2 GHG Biomass Buming Non-CO2 GHG
ol Ntrous Oada ol NEou Thade
Ficn Meture Fce Mathane
# Bomam C Seecka @ Fomese C Socka
Ga Tn Nt Dans Eriey Sl C Do 5l C Shocha
Sebact Sslaz

Dt Mg LRkt
ot i Cmissions
Samion; § Fin ST ———,

5
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Climate and Soil

Select & Climate/Sail Combination:

e ~\pproach 2/3 Activity Data

Select Land Use Category

Land Use Categories: Enter Area for Land Use Categories:

Lard Lise Category rea lhal Pt [%]
Cropland Corverter o Grassland [ LG )

Cropland Carwverted to Other Lands (CO | Forest Land Corwerted to Cropland B62500 25
Cropland Converted to Setiements (S ) Forest LandgMemaining Forest Land | 1687500 75

Cropland Converted to WWetlands [ Cw ] Add Land Use
Cropland Fiemaining Cropland [ CC' ) Category
Forest Land Converted to Cropland (FC) ||| ————
Forest Land Converted to Grassland [ FG )
Farest Land Converted to Other Lands (FO ] |

Forest Land Converted to Setiements [ FS |
Farest Land Converted to Wetlands [P/ )
Forest Land Rremaining Forest Land [ FF )
Grassland Convetted to Cropland [GC )
Grassland Converted to Forest Land | GF )
Grassland Converted ta Other Lands [ GO |
Grassland Converted to Setilements [ G5 )
Grassland Converted to Watlands [ G/ )

restation Area

Grassland Remaining Grassland [ GG | Total Area fha. 2} 2250000 100%

Qther Lands Converted to Cropland (OC ) Update Area |

Other Lands Canverted to Forest Land [OF ] Status: | + Validate from Percent
Form Flag: Complete [ Back | [ Continue |

Select A ClimateSoil Combination:

Climate/Soil - Tropical Wet # Low Activity Clay Mineral

[Status: =] = |

Forest Land Converted to Cropland
Forest Land Remaining Forest Land

Enter Uncertainty

Management Data

Deforestation
Timber Harvest
Fuelwood Gathering
Shifting Cultivation
Fires

. Other Distur

Cropping Intensity
Irrigation
Fertilization

‘Residue Management
Liming

B0 ALL Teed (Versien 1113)

Agriculture and Land Use National ~
Greenhouse Gas Inventory Software

Cumrentt Ulsesr el Dustsbumses Modibs |- Specify Activity Dota
Tost Pty Dl Spaacdic st
heid / Crargn & Lard Use snd Maragemert
. Livesiock:
Distnbinas: Fxnempln Datn =
Cree New
Change Cleshase Lmng

Sewnge Sudge Anerdments
Honnilbli S by S Calopry
Source Calegory:
Select A Source Category -
Subsource Category.
Select A Source Categ

Current Sessions:

: Secondary Data for

Deforestation

Sessions

Select a Source & Subsource above to display Sessions. Manure Methane

Manure Nitrous Onide
Biomass Buming Non-CO2 GHG

ol Nidraus Dhada
Focn ature
% Boman C Secka
o T Nesa Daga Bty S0l € Blodks
Dhtin Mmoot Uit Co
Sezeer Bma I-':"*"""* Fie QAN Frmssion Slock

Change Fecton

Manure Methane

Manure Nitrous Oxide

Biomass Buming Non-CO2Z GHG
ol Mo Drder

Facer hithare

@ Fiorssoa (. Sincks

5ol C Shochn
]
Emissions Repors
) {E) uUNFcece

- |




Session: exanple [ adnoe ] B A1 Detorestmion Unzertainty Gats
Year: 2005 - o =
H @ |
Select Land Use Combination To Enter Previous Forests For
Climate/S oil: [ Tropical WetdLow Activiy Clay Mineral [Statusi+] ] BeRKION: Bampie -Ee-':,..:ﬂ
Land Use Categary: [ Forest Land Converted to Cropland [Staws: +] v/ Yoar 00%
Area: 562500 (ha) Simct Land Line Combaraten o rter Fravewsn
Select the Previous Forest Land Uss Subcstegories & Age Rangss To Add Chimate/Sol Trogacal Witk Low Activity Clay Ml [r—
o Selact Forast Aqe Flanas
Forest Land Use Subcategories: e Rompei o Land Uss Calogory (A" e
Mangraves | Defaults - IPCE Trez Age -
Eucalyptus Plantation Enter Uncertainty Data
Pine Plantations s
Enter Area Enter Area Cleare i o At e e [0S ey tmoe
i b Sbcsegary Year ha)  Uncan(s)  Uncetfyp  PEON ey
in Inventory Py Burning |
Troqscal runded Frmgmen 3 2pman 156875 [ 15 55 %
Ent Type and Age Tropical Bmadedf Fvergmen o 2yes TR 21 T 55
Distribution of Previous e
baes Perost Area Cleared  Burned of
Cewedin  Claredin  byBumingin _ Area
Irwven e e Cleared
Forest e e
Yean [4) H
Tiopical Braadeaf Evergrieen > 20 pears 84375 15 Foaze E Enter Uncertain ty
Tiopical Broadiesf Evergresn < 20 pears 198875 ® 177 E
~——————— TotalArea [ha, %}: 281250 50% ~ _
Fismove Forsst Subsstsgoy e
) Updts Dsforsst Updsts, Burn
Status: |+ | Vaidate | ‘ Area from % | Areafiom % ‘
Form Flag: Complete | Finsh |
80 AL Teed (esion 31130 | el
File Help Miguion
TN 2 l o b St
= T . ¢ 1 ear: - -
Agriculture and Land Use National i { _
g G]'UL‘“]H‘}USL‘ Gil-‘i In\'(‘n tory SU{ tware P, | Factors & Current File Assignment & Status: :
" s | Factor Name File Name Statws
Frevious Abovegraund Biomass Stock example - previous stock Complete
Curmrt Usar and Dababaie Moduls | Spacify Acthaty Dets . Fioot Shoot Ratio example - RS Complete
s ot Prmary Distn Somcdicatory Secorelary [hnin Specfienton !
A 1 Crange W Lnd Ush 5d Mariguad Croo Resdue Maragement !
User Lovemach: Management Remaining Abaveground Biomass Stack example - remaining biomass Complete
Datohase: Cxample Data Fece Maragenant
Craste. New ) Gl Snrns Rurrg
Charers Citabans Lming @ Bomass Camon Lom
Srewagn Sudge Arersbmerta Postiond Buring
Source Cabegony: e don . .
le 11 K g : Fe Available Factor Files
Module I1: Enter stoc _ ¢ ] iler h .
h factors f Gy [P biomass C from deforestatior Compiler has options to
change Ttactors T1or ooty Bmisc ) ' .
deforestation ke 11 Specity Emision/Stock Module I1l: Inventory Calculations a.SSlgn new cou ntry_
Ente Meth:; Ents Meth: Y
- ) i AR ene Hethene Selected Factor: Carbon Fraction SpECIfIC Val ues
Manure Methane Manure Methane i
Manure Nirous Chide Marure Nitrous Oside Awailable Fastor Fies o
Biomass Burming Non £02 GHG Biomass Buming NonCO2 GHG Factor File Name Status \\ﬁ:zx \F":u\g'ﬁlgne St ety Dala —
Soil Nirous Oxide Soi Nirous Oride: Default - Crop Residue (0.45) Complete Append Missing Factor Values to File | Select Option
Fice Metherne Pice Methane Default - General [0.5) Complete
Bernass C Recks & Dioass C Socks | Create New ‘
G To et Dt By S0l Slocke Sed T Seoeks Factor File
Diata Management Lhilties i o
ih . Ghdian Rt E‘“‘“" & Fie (A, Ememman Sinck . 5 h‘:_-u
Thangs Teston ﬂﬂjl R(.—‘.i UNFCCC Form Flag: Complete Firish




Flename: xmmpls

Facler:  Frewsous Abovepmand lomass Sock (e

Undin: o detul

Soace: Diomass. © Siocks I

Submmree: Dl oresdalion

Qm ol W Prewl Uik AgaPangs Lowess Unced (%] Ligpér Uncadt
Toogrcal Wit Livw Aty iy | Forest Laned Cariw. | Tropecal froscheal <o 3l yars 30 "
Toopezal Wek Lovw factty Chay | Forest Lond Cary, . Tropecsl Bmadiead, 7 20yeary m " m
n
iation Legend: Documentation:
[Clim = Climae | IPCC Good Practice Guidance 7] View/Enter Lincertainty
e Use Caingory Unceriainty Validation
ik = Prevers Land Use Subcoiogory
; Qy-;\-e Agn Rarge Salus: |+ Wakcdale
Brwp = Previcus sboveground Biomass Shock
Al Mol Vs
P A Fastor Cob Factor Vaiue Vahtstion
& Fil Sincind Coln Facior Velue iz Rohus; |+ Wadate
Fill Al Lo Linesest il Vi
i A Upper Uncen
Form Flag: Complata Cancel Finsh

o crartewta e TS - — =
F e

Factor:  Foot -Shoot Ratio {R)
Units:  [unitless]

Source: Bomass C Socks
Subsource: Deforestation

Clim Sail Lu PrevLUSub AgeRange R Lower Uncert (%) Upper Uncett (%)
Tropical Wet Low Activity Clay ... |Forest Land Conv... | Tropical Broadleaf... | <= 20years 024 45 45
Trispuc:al et Livw Actosty Chay | Foesst Land Cony | Tropcl rcadiead > 2y B3 45

Enter Fa Enter Uncertainty

Abbreviation Legend: Documentation:
[ Ciim = Climate | IPCC Good Prectice Guidance 7] View/Enter Uncestainty
Ukl iy Woinkadirn
Ll Ui Sebonzinl ey

on Hatus: | Vidate
. Fil Multipls Vebats

il A Facior Cala Fawton Wl Wialwdation

G 7 Sebected Cell Fachor Nalkus bo 7l Qo |+ Vaidalo
Fil Al Lorwar Uncen e Fil Voo
Fill A Upgser Lincant i
Form Flag:  Coemplete (el Frah

AL Toel (esmion 31130
File Help Miguion

|:-‘*h
|
|

Avaiable

Select

and GPG

Data Management Lhikties
1 A - c Semaom & Fie
il App Getiar. th

Agriculture and Land Use National
I“"" Greenhouse Gas Inventory Software

A

Mokl |- Specify Activity Dita

Frmay Datn Smcoficaton Secordary Taln Soecfenton
[
Add f Changs W Land s 5 Maragavrat .O‘Wﬂesd.e daragerent
[T R Lvasock Mansgement
Fece Naragenant
N Fasbaer P
Craate Maw Canmstarel Savarna Burirg
Charge Ustsbase Lming

T Bamazs Comon Lom

Serwingen s hnendnirts Poationd Baring

Biomass Buming Non-COZ

==t Module I11: Program calculates S
emissions and stock changes
sing equations from IPCC GL

QA/QC Secondary Data

Module I1I: Inventory Calculations
QA/QC

Ertteric Methane

Manure Methane

Manure Nitrous Onide

Biomass Buming Non-CO2 GHG

Soil Nirous Cride Soll Nitrous Oride:

Pice Metane Pice Methane
9 Gomask C Secks @ Dhoraes L Rocks
Go To bed Dt Erber 5ol C Saochn 5ol T Seocks
Szt Smn

A/ Emmmon Sinok
(Changs Fecton m

Frramme Frgamta
(E) unFcce

e

Sammion: cxamphe Lo S e C Stocks

Eter £ Vew
Year Subsource:  Deformsintion Hoten

Calculation to estimate change Review results for biomass C _
biomass C stocks m defores StOCk IOSS due to deforestat|0n |

o Cabon aton e e |
ShrataST sctors and Ilesults o Bomass O Losses ‘

m Sed L Prevd LSty [me— A [ B A LA
RETEETTEN tow ety Clry M Ferast Lared Comstod by Cropdend | Tropeesd Broadhend Everomn <= Doy win | = ] (] 1| 1emser
Tregucal Wt Lisw Actroty Cliy Ml | Faoman Lavid Cowatidt Cregland | Trogsel freadiand Tongrian. 2 2 aan e 1 [] 1| TETeT

e 1 QAGE Visledation Tekad : ‘1.‘511'41
Eipat Mo ¥ Dt Vebdaie
p = View Unecemarty

Form Flag:  Incompleie ey




Besson: éxargle Soursm Favrums O Stzmdin
Yaar: 2005 Subsource:  Delorssiation
st ity Cobevdatiors For. B © Lesses.

Gim ol Ly PrevlUSub el L 3% Uncetanty [2)

Agriculture and Land Use National i@ £

Greenhouse Gas Inventory Software

E3 Low Activity Clay Mineral | Forest Land Converted to Cropland | Tropical Broadleat Evergreen | <= 20 years 14385937 59
| Tropical Wet | Low Activity Clay Mineral | Forest Land Converted to Cropland | Tropical Broadiea Evergrean | 20 years

View Uncertainty

Cogorks
Caurrad Unssr swnecd Dl sdumann. Maduls | Specify Adtivity Data
Usar: Tomt Peimary Dt Semciicotun: Secorcary Dntn Specication
[ igara 0 Laed Usa s Mirisgaraset _ rop Resdus Maragement
L& [Ty | ) Urstok Livastock Mansgement
Database: Cxample Data | N Fask e Managentart
| Crate b = * Gamsbrd Sovarn Bumieg
L Databaen : e @ Bompas Camon Loay
| Sewonge Shge Amerderita ) Pt Buring
Availakle Sessins by Source Category: . e
Select A Source Category -
Catagory: I QA/QC Primary Data l [ QA/QC Secondary Data
Select A Source Category Above -

Module II: Specify Emission/Stock
Current Sessions- Faclors

Sessions ) Erteric Methane

Inventory compiler exports
results into spreadsheets for

Select a So

reporting
L) S0l C Socka

e

= L - L - L = L x L ~ - L s
This spreadshest contains shest 1 of Workshest 5-2, in accordance with the
Revised 1996 IPCC for National Gas .

L]

e

W

Biomass Befors

2lz_|5E/s/elel-lo

Co Ci
(kha) (t dm'ha) (t dm'ha) (t dm'ha) (kt dm)

-
G

16 1717.219 20 8 12 20606 628

10,191 50955
1727.41 20657.583

w
=)
w

Documentation box:
Grassland is not included here because Approach 2/3 land use data are required in ALU for reporting stock changes.

for grassland ion (if appli

Annual Loss of Biomass includes above-ground and below-ground woody biomass and herbaceous biomass loss through deforestation)
shifting cultivation, and ion of grassland

Column C is zero for shifting cultivation because it is assumed that all biomass is removed.

sl

M 4 r wm| 5151 - 5-1s2 - 5-153 5-251 ,~5-252 5253 <5254 5255 5351 5451 5452 5453 5551 2755[
1

et |

3

Example: ALU Mitigation Analysis




Scope of Analysis

Analyze the potential change in greenhouse gas
emissions from changing management of land and
livestock

Use existing inventory in ALU as the baseline
Include multiple source categories influenced by
practice

— Within Agriculture and LULUCF

Biophysical potentials estimated by ALU, but
projections can be informed by economic forecasts of

commodity production and consequences for
management of land and livestock

Approaches for Mitigation Analysis

* Whole Session Approach

— Focus on all practices
e Maximum utility

— Assesses all drivers of emissions and mitigation
potential
 Population growth, economic growth and technology

» Practice-Based Approach
— Focus on specific practice

— Assesses technology as a driver of emissions and
mitigation potential

&0 LU Too! (Versen 110T) = = e

File Help | Mitigation

o Héw Mitigaticen Anadytic
I’ A
en Duisting Mitigetion Analysis
5
" ! “ anabyu

Start mitigation analysis
from task bar

Cregte Mew / Gransland, Savenna Buming

Crange Detabase Lmrg % Dicnsan Cvbions Loss
Sewape Sudps Amensments Peationd Buring
Asilahln Sossnne by Scuren Celegory
I:.- ] Seient
I QA/QC Primary Data I l QA/GC Secondary Data
M Module 1I: Specify Emission/Stock Module I1I: Inventory Calculations
Curent Sessions: Change Factors QA/QC
Sessions “) Enteric Methane “) Erteric Methane
Select a Source & Subsource above to display Sessions. Manure Vsthans Manure Vsthans
~) Manure Nirous Oxide ~) Manure Nitrous Oxide
") Biomass Buming Non-CO2 GHG *) Biomass Buming NonCOZ GHG
Fic Mathane Fece Merare
0 iDomaas T Racks @ Diormaes C Rocks
G T bt Dt ity S0l C Stacka Sed C Siocks
s Meorarmend Uiliies fied gt
Emismicrs Flepoits
e S E_’"m" Fle GATIE Emasmiony Stock . 7
o Crarge Faciom A (&) unFcee | o

Select baseline type

‘ ks Select baseline
Secondary Bag . Primary Baseline Session (recent inventory)
Session




\ —
AL Mitgatian: Red Deforestatson Rates
o itgation: Reducing
"

Analysas Mame:  Deforestaton example
Projection Year: 2030

Daseline Session Mama:  aomple
Boaselne Seasion Yeor: 20058

i
l

Enter Peneceed Disdoremption P
Bassing Bagsing Hu-u;-aw Mg stsn

a Eazaine Frosecion Froimciion Frogecion Forest Frgecuen Freided

Cimatn Forest Subcategony A Torest Fea Hrea e Feea fma Deforestation
Area tha Oeared P Dlearmd Oeared Pamainng tha
he) he) ha) far ha}
Megators

Tropecal Wel | Trigecsl Droadead Dverpreen < Ml veans JgH Ere 0 a7 15 N7 ImNT
Tropical Wet. | Tropacal Breadiend Evergreen | > 20 veomy E03281 Lol o sy L) 12T LiPa o]

Enter Mitigation

Projection for
Area Deforested

Enter Mitigation

Projection for
Burning

r — - o
& 2L Mitgation: Mitsgation Data far Bromans Burrerg from Deforeststion Ll L2 _‘LH
Lo |
Analysis Name: Deforestation example Baseline Session Name: example I
Projection Year: 2030 Baseline Session Year: 2005
Enter Projected Deforestation Buming Rates
Basslne Miigation " o
Qe Forest Subent Ao 2 ! ; o Procion rea  Prasection frea Avided
0 gy R oreat Aren Cleared Frea o o Diedoregtainon
- Arma ha) ey Bumang Cleaned Bm.".f’. Lg:“h i}
ha) [ e =
Tropacal Wet  Tropecal Eroadesf Drengrean | <= 20 yean J24B44 d2404 e 16342 50 firinrieg
Tropmeal Wil | Tropecal Broadiadl Ewrrgroen | > 2 yvnanm Ec3el EIEEL S0452 AEME 50 ERHOS

Projection Year: 2030

Mitigation Strategy: Reduced Deforestation

) Use Default Precision
@ Specify Precision: | 10 |

(D¥ in Total Gas
E Sub Baseline Projection CO2 Mitigation Projection CO2 Mitigation Potertial CO2
iES LIELTES equivalents {Gg) equivalents {Gg) equivalents {Gg)
Biomass C Stocks Deforestation 580233 87035 453198
| Biomass Buming Deforestation 4122 1001 31
Total Greenhouse Gas Emissions™ 584355 88036 456318
[
v of
Cenasin cHa co N20 NGO coz
Biomass
Source Subsource C Stocks Emissions Emissions Emissions Emissions equivalents
(Gg C) (Gg CH4) {Gg CO) (Gg N20) (Gg MOx) (Ga)
[
Biomass C Stocks Deforestation 158245 o o o o 580233
Biomass Buming Deforestation o 178 1559 1 44 4122
Total Greenhouse Gas Emissions™ 158245 178 1559 1 44 584355
v of
Senasig cHa co N20 N co2
Source Subsource C Stocks Emigsions Emissions Emigsions Emissions equivalents
(Gg C) (Gg CH4) {Gg CO) (Gg N20) (Gg MOx) (Ga)
Biomass C Stocks Deforestation 23737 o o o o 87035
Biomass Buming Deforestation o 43 379 o 11 1001
Total Greenhouse Gas Emissions™ 23737 43 379 o 11 88036
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More Information:
http://www.epa.gov/climatechange/em
issions/ghginventorycapacitybuilding/in

dex.html
http://www.nrel.colostate.edu/
projects/ALUsoftware/
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Review of ALU Workbook

Assoc. Prof. Dr. Savitri Garivait and Dr. Agapol Junpen
The Joint Graduate School of Energy and Environment

savitri_g@jgsee.kmutt.ac.th

akjp@hotmail.com

Capacity Building Workshop on:

“Strategic rice cultivation with energy crop rotation in Southeast Asia —

A path toward climate change mitigation in the agricultural sector” 1
29-31 May 2013, Pullman King Power Hotel, Bangkok, Thailand

Stephen M. Ogle, Ph.D.
CO%(IO Research Scientist and
Associate Professor

Colorado State University
Natural Resource Ecology Laboratory
Fort Collins, Colorado USA

Fertilization and Application of |

Carbonate Lime

Carbonate Limes

 Carbonate lime amendments include crushed
limestone and dolomite

» Potential activity data sources
— Mining records and import/export data
— Soil application data

* Subtract lime used in cement production if relying
on mining records, import/export data




Mineral Nitrogen Fertilizer |

« Fertilizer application to soils influences soil N,O
emissions

— Direct and indirect soil N,O emissions
— N fertilizer often key driver of soil N,O emissions

o Compile N fertilizer types and %N in fertilizer

e Enter amount of N fertilizer added to soils
— Fertilizer sales data
— Fertilizer production/import/export data
— Fertilizer application data

Sewage Sludge N

« Similar to N fertilizers, sewage sludge N application
to soils influences soil N,O emissions

— Direct and indirect soil N,O emissions

» Enter amount of sewage sludge added to soils
— Municipal waste records

* Enter %N content of human waste

Livestock & Manure
Management

Livestock Data Hierarchy

Climate

Livestock
Categories

Populations

Livestock
Subcategories

Enhanced Only




Basic Characterization Enhanced Characterization

« Enter animal numbers for each livestock category in Optional, but recommended if methane emissions
a climate region from enteric fermentation and/or manure

_ Dairy cows management is a key category

— Non-dairy cattle ‘ Only available for dairy cows, non-dairy cattle,
— Buffalo buffalo, and swine

~ Camels ‘ — Livestock categories contributing most emissions to
— Sheep methane from enteric fermentation and manure

— Goats Subdivide animals by populations & subcategories

Horses 3 o : :
- - P_opulatlons are specified by compiler to meet national
circumstances

Swine
Poultry — Subcategories are age/gender classes based on IPCC 2000

GPG

Activity data from livestock associations, new
surveys, expert knowledge (e.g., animal scientists)

Enhanced Characterization Enhanced Characterization

» Gross Energy Intake (GEI) Volatile Solid (VS) excretion
— Estimate Tier 2 emission factors for methane emissions — Estimate Tier 2 emission factors for methane emissions
from enteric fermentation and manure management from manure management
— Variety of livestock characteristics needed to complete ‘ — Only for dairy cows, non-dairy cattle, buffalo and swine

calculation — Estimate VS with calculation based on feed intake and
» Average daily weight gain, average daily work, average live | digestibility
weight, digestibility of feed, feeding situation, and typical mature
weight for breed

» Mature females only: % females lactating, % females pregnant,
S G el « All information required: otherwise use basic

« All information required otherwise use basic | characterization
characterization

¢ Enter GEI (for swine), % ash content of manure and digestibility
of feed




Manure N & Management

» Assign manure management systems
— Livestock categories for basic characterization
— Populations for enhanced characterization
— Seventeen manure management systems
* Nitrogen excretion rates
— IPCC default N excretion rates
— Rates entered for basic and/or enhanced characterization

 Activity data from livestock associations, new
surveys, expert knowledge (e.g., animal scientists)

Land Representation

Overview — Land Representation

* LULUCEF and Agricultural sectors require land
representation to estimate emissions and removals

= C Stocks Changes

* Biomass, Dead Biomass and Soils

= Non-CO, emissions from Biomass Burning
 Grassland, forestland, and crop residues

= Rice Methane

 Emission factors are assigned based land
representation, i.e., stratification of land

= Typical strata include land use, climate, soil types,
ecological zones, land use subcategories, management

= Your stratification should be consistent with Tier 1
stratification if using Tier 1 methods

= Customized for national circumstances if using Tier 2 and 3

General Guidance

* Need an adequate classification of land

= Represent land uses as provided by IPCC
= Comparability between countries in reporting

* Further disaggregation by strata as needed to assign
emission factors

* Need a complete representation of land
= Managed and unmanaged land

* Need a consistent application land representation data
= Definitions and classifications are applied consistently
* e.g.,, managed land base
= Harmonize data as needed




General Guidance

Ensure all relevant anthropogenic activities are
included in land representation
= All that influence greenhouse gas emissions

Need to be transparent
= Classifications

= Application to methods
= Assumptions

Ensure the total land area of country is represented
across time series

Estimate uncertainty

Land Representation

Spatial Hierarchy
for Consistency in
Land
Representation

Climate/Soil

Land Use
Categories

Land Use
Subcategories

Unigue Management
Systems/Age
Distribution

IPCC Climate

Classification e ,‘-,

-
&

IPCC Soil
Classification

Lew Acizvity
Clary Sails

10

Mellisels,
Weartisals, High-base
stutus, Alfisals, Asidizals,
Tncaptisols?

Higk Activity
Ve Clay Soils




Managed Land

» Managed land is a proxy for anthropogenic
emissions
= Must estimate all emissions from managed land

» Define managed land to meet national
circumstances

= ... Managed land is influenced by direct human
intervention ... (2006 GL)

» Can neither increase or decrease managed land base
over time

* Must assign all land area in the country to managed
or unmanaged

Approaches

» Three general methods for collecting activity data

» Approach 1: Data that is not spatially explicit and
does not track land use change through time

e Approach 2: Data that provides land use change
through time but is not spatially explicit

» Approach 3: Data that provides land use change
through time and is spatially explicit

» Mixed approaches can be used for different regions
of the country

Approach |

Land uses represented within a particular area, such
as a political unit

Land use change is not explicitly represented

Categories: Forestland, Cropland, Grassland,
Settlements, Wetlands, Other Lands

Sources
= Maps, surveys, and census

Approach |

EXAMPLE OF APPROACH 1: AVAILABLE L-\IT'J-:E;.I';.,EESI;?{T.’; WITH COMPLETE NATIONAL COVERAGE
Tine e omin
F = 18 F = 19 Forest Land = +1
G = 84 G = 82 Grassland = -2
C = 31 C = 29 Cropland = 2
W = 0 w = 0 Wetlands = 0
s = 5 5 = 8 Settlements = +3
0 = 2 0 = 2 Other Land = 0
Sum = 140 Sum = 140 Sum = 0
[Nate: F = Forest Land, G = Grassland, C = Cropland, W = Wetlands, S = Settlements, O = Other Land. Numbers represent area units (Mha
fin this example).




Approach 11

Land use and land use change represented within a
particular area, such as a political unit

Emission factors can be assigned to represent rates
that vary depending on prior land use and time since
the land use conversion

Categories: 36 categories for land use remaining in a
category and conversions between categories

= Cropland, Grassland, Settlements, Wetlands,
Other Lands

Sources
= Surveys or census

Approach II

TAELE 3.6
SIMPLIFIED LAND-USE CONVERSION MATRIX FOR APPROACH X EXAMPLE

Net land-use conversion matrix

20 20

[
[ -]

Olw| 3| e
=
=1

Tnitinl cum iR 84 T i 3 2 14

| HTHMMAALS SUpLILAL LG LGS LG S L L

Approach 111

Spatially-explicit representation of land use and land
use change

Similar to Approach 11, emission factors can
represent rates that vary by prior land use and time
since the land use conversion

Same as Approach 11, 36 categories of land use
remaining in a category and conversions between
categories

Sources

= Geo-referenced surveys, map products (e.g.,
remote sensing data)

Approach 111

Time 1 Time 2
Figure 3A 4.1A Remote sensing can also enable complete coverage of all grid cells.
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Land Use Subcategories |

Further subdivision of land use categories
— e.g., forest types

Only for forest, grassland and cropland

Generally, remote sensing-based products will LULUCF Biomass C

provide more disaggregation
— Incorporated as subcategories into the analysis

Can improve accuracy and precision of emission
factor assignments

May also be important for policy and management

« C stock changes in biomass (2 methods) - Ma;‘lj‘(glevr\j‘oe(;‘; g;:ﬁé?fg;

 Non-CO, greenhouse gases — Wood removals (e.g. harvest)
e Forest ‘ — Forest disturbance
—Fire, pest, disease
— Shifting cultivation
— Drainage of organic soils (i.e., Histosols)

 Forest land use subcategories (i.e., forest types)
» Meet country circumstances

» Age/diameter distribution
» Important for determining growth




C Stock Change Method

e
* Stock-based

q )
AC = (Ct2 = Ctl)/ (t-t,)

AC = change of carbon stock

Ct, = carbon stock at time 2

\ Cy, = carbon stock at time 1

4

* Applicable in countries that have NFI, different biomass pools
are periodically measured, requires greater resources, suitable
for countries using tier 2, 3 approach

Gaborone Anke Benndorf November 8th, 2011

Carbon Stock Change Method

Carbon Stock Change Method

co, co, €0 o
co, * o,

co, fNet
Change

AC Stock em=
(|

Anke Benndorf November 8th, 2011

Carbon Stock Change Method

Time 1 Time 2

Anke Benndorf November 8th, 2011

Gain-Loss Method

e Process-based

\
(.

AC: change of carbon stocks
ACg: increase due to gain of C

AC, : decrease due to loss of C

24

Gaborone Anke Benndorf November 8th, 2011




Gain-Loss Method

Gain-Loss Method

——
Gain-Loss: CarbonInlout - CarbonOutput

Atmosphere
co, co, 2
co, €O co, CO% co, CO, CO, co,
cozcoz\l /o, co, '\T/‘CO2
nputFlow '—(c:\ﬁlt\iglss)—' Output Flow
(Biomass

(Growth) Carbon Losses)

Gaborone Anke Benndorf November 8th, 2011

Vg

—
L
C
loss

Gaborone Anke Benndorf November 8th, 2011

Non-Forest Trees |

» Non-forest trees
— Silvipasture/Savanna
— Woody perennial crops
— Agroforestry
— Settlement tree cover

¢ Growth-Loss method

» Biomass C stock changes and non-CO, greenhouse
emissions due to burning of organic matter

» Age/diameter distribution
— Important for determining growth

Non-Forest Trees

* Removals of C
— Timber harvest & fuelwood gathering

— Stand-replacing disturbances and deforestation

* Fire, Windstorms/hurricanes/typhoons, Pest/disease
outbreaks, Other

» Data from forestry/agricultural statistics, timber
companies, permits and expert knowledge (e.g.,
foresters and researchers)




LULUCF Soils

Soils - Background

» Divided between mineral and organic soils

» Mineral Soils use C stock change method

— A native reference C stock is modified using factors
representing the impact of land use, management and
input on C Stocks

» Organic soils are estimated using a C emission
approach

— Organic soils are drained in many cases for management
purposes

— Drainage creates aerobic conditions and high loss of C
from the soil or peat

— Emission factors represent the net emission rate

Mineral C Pools: Stock Change

C Stock Change Method

€. co 8

€O

- 0
co, #Net
Change
= -

AC Stock =




Organic Soil: Input/Output

Organic Soil Emission Factor: Carbong,,,.— Carbon;,,

Atmosphere
o, co tO
& £ CO
C(;oz (ioz co, co, CO, ?oz o
L /coz 0,€0; = /’Cozco2
Input Flow salves = Output Flow
(Growth and (controls) (Carbon Losses

Carbon Input from Soils)

To Soil)

Management Systems

Data used in emission estimates in soil N,O, rice
methane, biomass burning non-CO, emissions,
biomass C, and soil C

Unique set of practices

Cropland and grassland land uses

— Cropland: crop sequence, tillage practice, residue
management, fertilization practices, irrigation, liming, crop
varieties, cover crops, vegetated/bare fallow

- Grassland: condition (improved, degraded, native),
fertilization practices, irrigation, liming, legumes

Focus on dominant uniqgue management systems

Data from agricultural census, crop grower
associations, new survey, expert knowledge (e.g.,
agronomists)

systems
= Wetland Rice
= Perennial Crops _

Annual Crops
Agroforestry
Shifting
Cultivation
Set-asides
(reserve
cropland) . _
= Determine crop e I
types and N P el
rotations

et

k1 TG, Co TP e e, regisced By,

PSR- P T e e farkism, (¢ D ¢ g v e

Cropland Management

Assign key management practices
Tillage management
Residue management
Fertilizer management (Mineral and Organic)
Liming
Drainage of organic soils (i.e., Histosols)
Hay/pasture in rotation
Green manure
Vegetated and bare-fallow
Irrigation
Agroforestry

Wetland rice
e Water table management
» Organic amendments and residue management




Grassland Management | Grassland Management

 Assign grassland =) » Assign management practices
types S Fertilizer management (Mineral and Organic)
] e.g.i managed Liming
pasture, Irrigation
Subtropical Drainage of organic soils (i.e., Histosols)

savanna, ! -
silvipasture More productive varieties

e Determine Burning
condition Seeding legumes

= Degraded
grassland

= Nominal

* Improved
grassland

Other Land Uses - Soil C Classification | Organic Soil C Classification

 Forest land This classification is for Histosols, i.e., organic soils
— No clear impact of forest management on soil C based on Class_lflcatlon 13 pased 2 drainage
— Soils that are drained emit CO,

literature : : Cropland
— Assumed to be the same as native soil C stock — Mostly drained except set-aside and rice cultivation

» Settlements Grassland _
— Drained or Undrained

— Assumed to lose soil C relative to native _ Designated in unique management system

— Default in ALU is 20% loss Forest land
« Other land — Drained or Undrained
— Designated on forest management of primary data
— Assumes all soil C is lost Settlements
« Wetlands — Always considered drained

_ _ Wetlands and Other Lands
— Assumed to be the same as native soil C stock — Always considered undrained




Forestland Management

» Management of forests and influence on Soil C
= Shifting cultivation
= Drainage of organic soils (i.e., Histosols)

Crop Residue Data

Residue management influences soil N,O, biomass
burning emissions, and soil C stocks

Types of management: burning, retaining in field,
grazing, or collected

Crop yields and residue to yield ratios
— Enter crop yields in tonnes wet matter per hectare

— IPCC 2003 GPG provides some residue:yield ratios

Agricultural census, crop grower associations, expert
knowledge (e.g., agronomists)

o

Grassland Burning Data




Grassland Burning Data

* Non-CO, greenhouse gas emissions with oxidation
of organic matter

« Enter fire return intervals or exact area that is
burned in inventory year

— More than once per year up to once every 10 years or
longer

* Remote sensing, new surveys, expert knowledge

Wetland Rice Management

Wetland Rice Management

» Methanogenesis in flooded soils

» Key practices
— Water management data
« Irrigated Continuous Flooded, Irrigated Intermittently Flooded with
Single Aeration, Irrigated Intermittently Flooded with Multiple
Aerations, Rainfed — Flood Prone, Rainfed — Drought Prone, Deep
Water — 50-100 cm depth, Deep Water - >100 cm depth
— Organic amendment rates and fermentation status

+ Rice straw, livestock manure, green manure, compost and other
organic waste products

* Fermentation prior to application

« Agricultural census, rice grower associations, new
surveys, expert knowledge (e.g., agronomists)

References
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IPCC Data Distribution Center (http://www.ipcc-
data.org/)

IPCC Task Force on National GHG Inventory
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GPG, 2003 GPG LULUCF, 2006 GLs)

FAO (http://www.faostat.fao.org/)

IRRI (http://www.irri.org/)
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Activity 1ll — ALU Equations and Data Inputs

Assoc. Prof. Dr. Savitri Garivait and Dr. Agapol Junpen
The Joint Graduate School of Energy and Environment

Activity Ill: Capacity assessment of GHG emissions and soil carbon stock
from sustainable cultivation practices in SEA

Description of Tasks Deliverables

— Assessment of the capacity of C — GIS maps of GHG emissions
budget in terms of emissions from rice fields for selected
and soil carbon stock of rice cultivation practices in SEA

fields in SEA — GIS maps of carbon stock of rice
— Development of GIS maps of fields in SEA
GHG emissions from existing _ Database of GHG emissions

and sustainable cultivation
practices

— Assessment of potential
mitigation options based on

inventory using ALU software

— Assessment of C budget of the
rice cultivation systems
investigated under existing and

o different scenarios sustainable practices in SEA
savitri_g@jgsee.kmutt.ac.th
akip@hotmail.com
Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia —
A path toward climate change mitigation in the agricultural sector” 1 NG )
29-31 May 2013, Pullman King Power Hotel, Bangkok, Thailand
4 N / N

Methane Emission from Rice Cultivation

CHy pea= TUEF, ot g o 2107%)

Where:
CHypiee = annual methane emissions from rice cultivation, Gg CHy v’
EFy a daly emission factor for 4. j. and & conditions, kg CHa ha” da:f'1
tye = cultivation period of rice for J, j. and & conditions, day
Ay = annual harvested area of rice for 1.7, and k conditions, ha yr!

i.j.and k = represent different ecosystems, water regimes, type and amount of organic amendments, and
other conditions under which CHy ennssions from nce may vary

o J

2006 TPCC Guidelines for National Greenhouse Gas Inventories V4 05 Chs 548

Methane Emission from Rice Cultivation

Adjusted daily emission factor: EF;

EQUATION 5.2
ADJUSTED DAILY EMISSION FACTOR

EF, =EF, ¢ 5F, »5F, » SF, ¢ 5F, .

Where:
EF; = adjusted daily emission factor for a particular harvested area
EF, = baseline emission factor for continuously flooded fields withowt organic amendmenrs

5F, = scaling factor to account for the differences in water regime dunng the cultivation period (from
Table 5.12)

5Fp = scaling factor to account for the differences mn water regume m the pre-season before the cultivation
period (from Table 5.13)

5F, = scaling factor should vary for both rype and amount of organic amendment applied (from Equation
5.3 andd Table 5.14%

SF,; = scaling factor for soil type. rice cultivar. etc.. if available

5.48 V4 05 Chs 2006 IPCC Guidelines for National Greenhouse Gas Inventories




Methane Emission from Rice Cultivation

Base line emission factor: EF

TABLE 5.11
DIFAULT CH; BASELINE EMISSION FACTOR ASSUMING ¥0 FLOODING FOR LESS THAN 180 DAYS PRIOR TO RICE
CULTIVATION, AND CONTINUDUSLY FLOODED DURING RICE CULTIVATION WITHOUT ORCANIC AMENDMENTS

Emission factor Errur range

-

200 IPCC Gundelines for National Greenhouse Gas Inventones

V4_05_Chs 5.4

Methane Emission from Rice Cultivation

SFw

TasLE 5.12
DEFAUVLT CH EMISSION SCALING FACTORS FOR WATER REGIMES DURLSG THE CULTIVATION PERIOD RELATIVE TO
CONTINUOUSLY FLOODED FIELDS
Aggregated case Disnggregated case
Water regime Scaling 3 iy
Pl g Error Error
Imigated & Intermittently flooded — sinple asration 078 0462 -098 0 &0 046 - 080
| Intermattently fooded - multiple semation ] | | 0.52 0.41 - .66
Regular ranfed 028 0.21-0.37
FEanafed and . i | 5 e
deep water < Dronght proae 027 021 -0.34 0225 018 - 36
' Digep ovaler ] | | 0.31 NI
f

6
2006 IPCC Guidelines for National Greenhouse Gas Inveniories V4_05_Ch5 54

Methane Emission from Rice Cultivation

-

TABLE 5.13
DEFAULT CH, EMISSION SCALING FACTORS FOR WATER REGIMES BEFORE THE CULTIVATION PERIOD
|
Aggregated case Disaggregated case
Water regime prior to vice eultivarion (schemane e e
presentation showing fiooded periods as shaded) Sealing Error Sealing Error
factor (SF ) range factor (SF ) range
Noun foaded pre- 180
season <180 d . b
3 =m0 g

NodDucled pre- gy 122 1.07 - 1.40 0.68 0.55-0.80
LEasnn <180 qd
Flooded pre 200

. 5.2
B R - i 190 1.65-218

! Short pre-season flooding periods of less than 30 d are not considered in selection of 5Fp

" For caleulanon of pre-serom smmsaon see below {section on conmpleteness)

Source: Yan of ol 2005

2006 IPCC Guidelines for National Greenhouse Gas Inventories V4_05_Ch5 540

Methane Emission from Rice Cultivation

p N'E
SF, =|1+ SR04, e CFOA, |
|4 )

Where:
SF, = scaling factor for both rype and amount of organic amendment applied

ROA, = application rate of organic amendment i, m dry weight for staw and fresh weight for others,
-1
tonne ha

CFOA; = conversion factor for organic amendment  (in tenns of its relative effect with respect o straw
applied shorntly before cultivation) as shown in Table 5.14.

\ %
5.50 V4_05_Ch5

2006 TPCC Guidelines for National Greenhonse Gas Im‘cnm(}ic&




Methane Emission from Rice Cultivation

Direct N,O Emissions from Rice Cultivation

TABLE 5.14
DEFAULT CONVERSION FACTOR FOR DIFFERENT TYPES OF ORGANIC AMENDMENT
Organic amendment (‘un\:{f;};l;f)armr Error range
Straw mcorporated shorthy (<30 days) before cultivation® 1 097 - 1,04
Straw incorporated long (=30 days) befors cultivations 029 0.20 - 0.40
Compost 0.05 0.01-0.08
Farm yard manure 0.14 0.07-0.20
Green manure 050 030 - 0.60

* Straw application means that straw is incorperated inro the seil, it does not inchade case thar straw just placed on the seil surface, ner
that straw was barnd o the feld

Source: Yamov al, 2003

-

N>0 = N>0-N » 44/28

EQUATION 11.1
DIRECT N0 EMISSIONS FROM MANAGED SOILS (TIER 1)

NiOppger=N = NoO-Nypppue + N2O-Npg + N3O-Nppp
Where:

[(Fex + Foy + Feg + Fyope ) ER |+
-N.‘D ‘M.\'mpun -

1
l I(FS.‘\' + Py + Fep + Foopg Jem ® rﬂr.‘f]‘

. (FU&'.CG.an * EF300 Tump }"' {Fu:'.w.my * EFye6 trup }"

NO-Ngs = E‘i‘bﬁ.F.Imp..\R " Ef“ir.:fe.up..vﬂ]* [f“bs.r.r—:-up..\r " EFSg fump 2P )"'

I 2 FAr W\ rarrs IFAF.ALC /A LAF.OV IrAC.OV A

9 v, ar, ol tilelines Jan ST o 5 i 1 -
2006 IPCC Guidelines for National Greenhouse Gas Inventories V4_05_Ch5 551 2006 IPCC Guidelines for National Greenhouse Gas Inveniories V4_05_Ch5 i1,
4 N
Direct N,O Emissions from Rice Cultivation
Tier 2
If more detailed ennssion factors and corresponding activity data are available to a country than are presented in
Equation 11.1. further disaggregation of the terms wn the equation ¢an be undertaken. For example, if enussion
factors and activity data are available for the application of symthetic fertilisers and organic N (Fyx and Fou)
under different conditions i, Equation 11,1 would be expanded to become “
EQUATION 11.2
IMRECT No0 EMISSIONS FROM MANAGED 501L5 (TIER 2)
N2Opuer=N = ZAFpyy + Fo ), # EFy, + \Fe + Figu S EFy + NyO-Ngg + N2O-Npgp
i
Where:
EF|; = emussion factors developed for N.O ennls-s:'mls from synthetic fertiliser and organic W application
under conditions 1 (kg NO=N (kg Namput)“ =1, ..n.
- J
1 :ii -

2006 IPCC Guidelines for Mational Greenhouse Gas Inventories V4 05 Chs




Direct N,O Emissions from Rice Cultivation

TaBLE11.1

DEFAULT EMISSION FACTORS TO ESTIMATE DIRECT N;O EMISSIONS FROM MANAGED SOILS
Emission factor Defanlt value Uneertainty range
EF, for N additions from nuneral fertilisers, organe
a.mendmnl'rs and crop resadues, and N punerabised from 0.0l 0.00% - 0.03
mineral sail as a resnlt of loss of woil carbon [kp N.O-N (ke
')
EF;p for flooded nce fields [kg N.O-N (kg Ly 0.003 0,000 - 0.006
EF;: ¢, T_,Lt'o! temperate organic crop and grassland sols (kg 5 324
MNO=N ba')
EF; 6, 1o for tropical organic crop aud grassland soils (kg 16 5.48
MaO=N ha™)
EF 3% tymp. 0ng. 1 fOr temperate and boreal organic nutrient rich 08 01674
forest soals (kg N,O-N ha™) i
EF 35, Tomp. owg. p fOT lﬂ.]lpﬂ'l_!r and boreal orgamc mitnent peor ol 0.02-03
forest souls (kg NxO-N ha™)
EFs¢ 1y for troprcal organic forest souls (kg NO=N ha'™y 8 0-M
EF s czp for cattle (diury, non-dawy and buffale), poultry "
and pigs [kg N.O=N (kg N)'] 0. 0007 - 0.00
EFypep 5o for sheep and 'other antmals’ [kg NyO-N (kg Ny 0.01 0,003 - 0.03
Sourees
EFy: Bouwman ef al. 20024k, Stehfent & Bouwman, 2006, Novea & Tepeda, 2006 1 preva. EFrre. Akavama of al, 2005, EF xo tes.
EFct trep EFwmee Klemedusson oral, 1999, IPCC Good Pracuce Guadxnoe, 2000; EF sy, veg: Almar ol 1959; Lane a7 al, 1996;
Martikasnen at of | 1995; Minkkinen or af | 30072 Regina oral | 1996; Klemedtcson of af _ 2002; EF; cpp, FF; 5o de Klein, 2004

2006 TPCC Guidelines for Nanonal Greenhouse Gas Inveniories V4 05 Ch5 14

EQUATION11.3
N FROM ORGANIC N ADDITIONS APPLIED TO SOILS (TIER 1)

FG.‘-' & 'F.!.'.F 5 P-.L‘-Z w T F('(MH’ = 'Ff)G.i

Where:
Fepg = total annual amount of organic N fertiliser applied to soils other than by grazing ammals, kg N yr ;

F o = annual amount of animal manuare W applied to soils. ke N yr g

Fespw = annual amount of total sewage M (coordinate with Waste Sector to ensure that sewage N is not
double-counted) that is applied to soils, kg N }'L"]
Fropge = anmmal amount of total compost N applied 10 soils (ensure that manure N in compost 5 not

deuble-counted). kg N }T'I'

o /

1112 V4_05_Ch5 2006 IPCC Guidelings for Mational Greenhouse Gas Im'mﬂtm'cli

Direct N,O Emissions from Rice Cultivation

Direct N,O Emissions from Rice Cultivation

EQUATION 114
N FROM ANIMAL MANURE APPLIED TO SOILS (TIER 1)

|

(Fmrﬁ;n + Fracpypy + Fracesy }I

Faor =Nangs o *

Where:
Fay = annual amount of animal manure N applied to soils, kg N yr!

Nupgs as = amount of managed manure N available for soil apphication, feed, fuel or construction, ke N
i | r .
¥1° (s¢e Equation 10,34 in Chapter 10)

Fracgpep = fraction of managed manre wsed for feed
Fracggy = fraction of managed manure used for fuel

Fraceyst = fraction of managed manure used for construction

-

EQUATION 11.5
N IN URINE AND DUNG DEPOSITED BY GRAZING ANIMALS ON PASTURE, RANGE AND PADDOCK
(TIER 1)

Fprp = %l(N(r) 'Ne-"f(r))° MS(T,PRP)J

Where:

Fpep = alum;llf amount of urme and dung N deposited on pasture, range, paddock and by grazng anunals,
ke Nyr

Ny = number of head of livestock species/category T in the country (sée Chapter 10, Section 10.2)

Nexm= anmual average N excretion per head of species/category Tin the country. kg N animal’! y'r'] (mee
Chapter 10. Section 10.5)

MSreppy = fraction of total annnal N excretion for 2ach livestock species/category 1 that is deposited on
pasture, range and paddock™ (see Chapter 10, Section 10.5)

2006 TPCC Guidelines for National Greenhouse Gas Inventories V4 05 Chs 1163
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EQUATION 11.6
N FROM CROP RESIDUES AND FORAGE PASTURE RENEWAL (TIER 1)
<P larea ., — Area burntr, = Cy | S — |

Fam=1 {i - Frac ) o
T | [ soiry ® Magir) * W= Fracgmemery 1+ Ragiry * Naam | |

Where:

Fep = annual amount of N in crop residues (above and below ground), including N-fixing crops., and from
forage/pasmire renewal. remmed to soils annually, ke W yr <

Cropen = harvested annual dry matter yield for crop T, kg dom, ha !

Arean = total annual area harvested of crop T, ha vr'

Agea bumt ¢ = anmual area of crop T buat, ha 3‘1'1
Cp= combustion factor (dimensionless) (refer to Chapter 2, Table 2.6)

1 . . b i T .
Fracp men = action of total area vnder crop T that is renewed annually . For countries where pastures
are renewed on average every X years, Fracp ., = /X, For annual ¢rops Fracp .. = 1

Ragn = ratio of above-ground residues dry matter (AGmyn) to harvested vield for crop T (Cropen). kg
dan. (kg dan.)?,

= AGpgn ® 1000/ Cropyn (calenlating AGpuyn from the information in Table 11.2)
Magn= N content of above-ground residues forerop T, kg N (kg dm.) ! (Table 11.2)
Fraty ey = fraction of above-ground residues of crop T removed annually for purposes such as feed,

bedding and construction. kg N (kg cmprh."i“. Swrvey of experts in couniry is required to obtain dara.
If data for Fracpem. are ool avallable, assume no removal.

Rpgm = ratio of below-ground residues o harvested vield for crop 7. kg dm. (kg dm.) ' If altemartive
data are not avalable, Rpgnmay be calculated by multiplying Pac.piwp i Table 11.2 by the ratio of
total above-gromnd biomass to crop vield ( = [[AGpyen ¢ 1000 + Cropen )/ Cropen ], (also :.ﬂcu]ah.n_ﬁ
AGsnwyn from the information in Table 11.2).

Direct N,O Emissions from Rice Cultivation

EQUATION 11.7
DRY-WEIGHT CORRECTION OF REPORTED CROP YIELDS

Crop,r, = Yield Fresh, « DRY

Where:
Cropyy = harvested dry matter yield for crop T, kz d.m. hat
Yield Freshyr, = harvested fresh yield for erop T, kg fresh weight ha'!

DRY = dry matter fraction of harvested crop T, kg d.m. (kg fresh weiph:_h"

the above-and below-ground N conrents. With this approach. Fep is given by Equation 11.7A:

The regression equations in Table 11.2 may also be used to caleulate the total above-ground residue dry matter,
and the other data m the fable then pemmt the calculation m tum of the N i the abovesground residues, the
below-gronnd diy matter, and the total N in the below-ground residnes. The total N addition, Feg. is the sum of

EQUATION 11.7TA
ALTERNATIVE APPROACH TO ESTIMATE Fop (USING TARLE 11.2)

I..-!Hm”n '{-"”'ﬂ'|r| = .-Irﬂrrbm?rfl-l-) o CF ]- FrC g iy -|
* 3

Fer =

-MNAG(T) . (1 = Frac pompwa(ry )+ RpG-pror) * NBG(T)] J

2006 IPCC Guidelines for National Greenhouse Gas Inventoriss V4_05_Ch5
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Carbon Stock Change Estimation

EqQuatiox 2.1
ANNUAL CARBON STOCK CHANGES FOR THE ENTIRE AFOLU SECTOR ESTIMATED AS THE SUM
OF CHAXGES I ALL LAND-USE CATEGORIES

AL jrgrry = A0 + Ay +ACq + Al +ACG + Al

Where:
AL = carbon stock change
Indices denote the followimg land-use categones!
AFOLU = Agriculiure, Foresiry and Other Land Use

FL. = Forest Land

SL = Settlements
OL =Other Land




Carbon Stock Change Estimation

EqQuaTtioN 2.3
ANNUAL CARBON STOCK CHANGES FOR A STRATUM OF A LAND-USE CATECORY AS ASUMOF
CHANGES TN ALL POOLS

ACyp, =AC 5+ ACss + Ay + ACy; + ACss + ACk

Where:
ACy, = earbon stock changes for a stratum of a land-use category

Subscripts denote the following carbon pools:

AR =above-groumd bronass
BB = below-gronnd biomass
DW= deadwood

LI =liter

50 =soils

HWP = harvested wood prodicts

Annual Change in Carbon Stocks in Soils

ACsois = AChinerat — Lorganic + AC organic

Where:
.!.(‘l_m annual change in carbon stocks in soils, fonnes C _\f"
_".(‘m = annnal change in organic carben stocks in mineral soils, tonnes C }'r"
[.m = anmal boss of carbon from drained organic soils, tonnes C '

AC lnerpemse = AL change in inorganic carbon stocks from soils, tonnes C 51'l (assinned to be O unless
using a Tier 3 approach)

2 2
4 N ™
Annual Change in Carbon Stocks in Soils Annual Change in Carbon Stocks in Soils
| EQUATION 2.25 *
ANNUAL CHANGE IN ORGANIC CARBON STOCKS IN MINERAL SOILS ¢ =represents the climate zones. s the soil types. and i the set of management systems that are present
($0C, —$0C,_1,) in & country.
ACuinerat == : 3
o SOC = the reference carbon stock, tonmes ¢ ha™ (Table 2.3)

50C= T |S0Cpey, #Fip *Fug,,, "Fi,, "4 )

(Note: T is used in place of D in this equation if T is = 20 vears, see note below)

Whera:

aC, = annual change in carbon stocks in mineral soils. tonnes € yr’

SOC, soil organic carbon stock in the last vear of an inventory time period, tonnes C
SOCmn = soil organic carbon stock at the beginning of the inventory time period. tonnes C

SO and SOCn are calcnlated ising the SOC equation in the boX where the reference carbon stocks
and stock change factors are assigned according to the land-use and management activities and
corresponding areas at each of the pomts m time (tone = 0 and e = 0-1)

T =mumber of years over a single inventory time period, yr

D = Time dependence of stock change factors which is the defanlt time period for transition berween
equilibrinm SOC values. vr. Commonly 20 years, but depends on assiumptions made in computing
the factors Fry, Fug and Fi. If T exceeds D, use the value for T to obtam an ammwal rate of change
over the mventory time peniod (0-T yvears).

J

230 2006 IPCC Guidelines for National Greenhouse Gas Inventoried’

Fyyp = stock change factor for land-use systems or sube-syztem for a pamticular land-nse, dimensionless
[Mote: Fayp is substiated for Fryy in forest soil € caleulation to estimate the influence of nanural
disturbance regnes,

Fui = stock change factor for management regime. dimensionless

F; = stock change factor for inpur of organic martter, dimensionless

A land area of the stramm being estimated. ha. All land in the siramm should have conunon
biophysical conditions (1.e, climate and sml type) and management lustory over the mventory hme
period to be treated together for analytical purposes.

/

230 2006 IPCC Guidelines for Mational Greenhouse Gas Inventoried’




Annual Change in Carbon Stocks in Soils

1\ Starr
IPCC Climate
Classification

Trogical
TABLE 2.3 Meseme
DEFAULT REFERENCE (l.'.‘ﬂ'.lFR?\.'.l.'.I'I’\'F \'El'.FTAmV; SOTL ORGANTC U STOCKS [H(l('m ) FOR MINVERAL SOILS
(TONNES C A~ IN 0-30 M DEPTH) Mo
Clmate region HAC snils! LAC soils’ Sandy sulls’ il:;;:'f “‘:‘:r:;k “;:J!::Ed ‘l'ns
Baoreal G& MNA i g 117 0 146
{'n]diﬂ:qmu- dn S0 i3 id NA .o g ‘
3 Coal
Tempesats
Mo
Wi temperate, monst 88 63 34 NA &0 -
Tropical Dry Ko
Tropical, dry 3§ 35 3] NA so” = x
Tropical, moist 65 47 i NA 10" b S Yeas
_‘#:
K poe j Polas Dy Boreal Dry %
2006 IPCC Guidelines for National Greenhouse Gas Inventories 231
- 4 e . . . N
- e 00 et - Spatial distribution of paddy rice derived from analysis of MODIS 8-day
! / andlnin'i‘.mi‘u = .
IPCC Soil iy surface reflectance data in 2002
Classification
.ﬂ.._ ,lu'
based on USDA @ g
taxonomy
Ne L
: i
e ViR '
Ne
) g oo~ T W ) . Yo g
Lo Actviny Vertils g Higs Ackrity Spatial luti 500 - DO g, LS G ik
sate [F s, Al fials, VP Cloy i atial resolution o m. RS
Clay Sedl siztus, ;«nl;w:ﬂ.:.ﬂﬁ Is Clay Sails p - |
27

Reference: X. Xiao et al / Remote Sensing of Environment (2006) :




4 N 4 R
Spatial distribution of paddy rice area in SEA (2002) Rice Cultivation Area in SEA
Rioa (% of land aree) Rice Cultivation Area in SEA (1,000 ha)
= = 1:'5:'% Country Irrigated rice2 Iovszgzje;jice Upland rice  Flood prone
2 S, = oo F—— 154 1,124 3 614
o — o Indonesia 6,154 4,015 1,247 23
e+ e Laos 40 319 201
Malaysia 445 152 84 -
: ¥ Myanmar 1,124 4,166 252 602
E Philippines 2,334 1,304 120 -
Thailand 2,075 6,792 36 117
Vietnam 3,687 1,955 345 778
Total 16,015 19,827 2,318 2,134
\_ J - _/
Reference: X. Xiao et al / Remote Sensing of Environment (2006) alrrigated rice = 2.5 crop/yr Reference: IRRI Rice Facts, 2002
4 N\ 4 N

Activity 1ll: GIS maps of rice fields for selected cultivation practices in
SEA

Activity Ill: GIS maps of rice fields for selected cultivation practices in
SEA

| Snatial Distribution of Cronlands in Indonesia |

NG LIopands
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Activity Ill: Assessment of potential mitigation options based on Refe rences

different scenarios

e |PCC Task Force on National GHG Inventory

(http://www.ipcc-nggip.iges.or.jp/) = EFDB and
Month| 1 2 3 4 5 6 7 8 9 10 11 12 National GHG Inventory GLs (2006 GLs)
RF « IRRI (http://www.irri.org/)
RI » National literature (statistics, research papers and
reports, etc.) and experts
RC . Corn
RS

\_ 7/ %
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Activity 11l — ALU Outputs

Assoc. Prof. Dr. Savitri Garivait and Dr. Agapol Junpen
The Joint Graduate School of Energy and Environment

savitri_g@jgsee.kmutt.ac.th

akjp@hotmail.com

Capacity Building Workshop on:
“Strategic rice cultivation with energy crop rotation in Southeast Asia —
A path toward climate change mitigation in the agricultural sector” 1

/ . . . .
Activity IlI: Capacity assessment of GHG emissions and soil carbon

stock from sustainable cultivation practices in SEA

Description of Tasks Deliverables

— Assessment of the capacity of C — GIS maps of GHG emissions
budget in terms of emissions from rice fields for selected
and soil carbon stock of rice cultivation practices in SEA

fields in SEA — GIS maps of carbon stock of rice
— Development of GIS maps of fields in SEA

GHG emissions from existing — Database of GHG emissions

and sustainable cultivation inventory using ALU software

practices — Assessment of C budget of the
— Assessment of potential rice cultivation systems

mitigation options based on investigated under existing and

different scenarios sustainable practices in SEA

29-31 May 2013, Pullman King Power Hotel, Bangkok, Thailand s
/Spatial distribution of paddy rice derived from analysis of MODIS 8—\ e . : h
. Spatial distribution of paddy rice area in SEA (2002)
day surface reflectance data in 2002
Rice (% of land area)
& $ir 0
b - 0 - 10
s > %0-20
: 4050
/ 3 » =5 I 7080
3 E R { = i»:ﬁ-')w
B ™
— i _‘ -'“I
i Brmee, . : P i §
Spatial resolution of 500 m. s e Y /

Reference: X. Xiao et al / Remote Sensing of Environment 100 (2006)

Reference: X. Xiao et al / Remote Sensing of Environment 100 (2006)




4 N e N
Rice Cultivation Area in SEA Activity IlIl: Assessment of CH, from rice fields in SEA
Ri Itivation Area in SEA (1,000 h
: ce Cultivation Area in SEA (1,000 ha) 100000 ¢~ 90,303 Unit: Gg CO,-e
ount i t
b Irrigated ricea Ralnfed_ Upland rice  Flood prone & 90000 7
lowland rice < 1
g 80,000
Cambodia 154 1,124 33 614 3 70000 55,124
Indonesia 6,154 4,015 1,247 23 § 60,000 48510
©
Laos 40 319 201 % 50,000 - 33,508 Flood prone
Malaysia 445 152 84 E 40,000 - 29,616 = Rainfed lowland rice
Myanmar 1,124 4,166 252 602 QE: 30,000 - W Irrigated rice
o
Philippines 2,334 1,304 120 20000 - o0 6,074
Thailand 2,075 6,792 36 117 © 10,000 - 1,540
Vietnam 3,687 1,955 345 778 - .
S S R S &
Total 16,015 19,827 2,318 2,134 <§>°b 60&5 ° 5 e Q&‘e @""Q &
\_ - - . Y (VAN MR\ &N S )
AIrrigated rice = 2.5 crop/yr Reference: IRRI Rice Facts, 2002
4 A /Activit [1: Assessment of the soil organic C stock of rice fields in SEA\
Activity IlI: Assessment of the GHG emissions of rice fields in SEA y ik g
(Yr 2030)
240,080
= 250,000 -+~ 2,500,000 - 2373512
> |
e l < 1,878,940
% 200,000 *|"' 2 2,000,000 1,672,474
o I 143,756 =
k] | g 1,340,995
= 150,000 121,519 —9 N20 Direct from synthetic & 1,500,000
3 ' fertiliser N 8 m Flood prone
e 87,480 N20 Direct from N in Cro = Upland rice
£ - p £ & 1,000,000
100,000 . ,000, ) )
E 71,542 residue kS § = Rainfed lowland rice
:% c0000 16.196 m Rice Methane g 8 500,000 = Irrigated rice
E 16414, 0.0 3
o ' 2
5 , 5 :
. . 6
R O N o S & *(,\'b e & R
¢ & V¥ o & &S 3 ° G S NS
& \(\b" R\ @Q R \(.\\\\Q & ¢ 3 & \Qbo R\ @@ W ¢
K 7/ \ 6/
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Activity lI: Assessment of the GHG emissions and soil C stock Change
of rice fields in SEA

& 275000 7
G
=)
§ 225000 m Soil Organic C
E :’; Stocks Change in
£3 w000 17 SEA (Gg CO2-
o8 e/yr)
§S 15000 7 2
oy m GHG Emission of
3£ Rice Fields (Gg
g3 P00 ¥ co2-e/yr)
5
2 25000 - 578
& 16,4
It f- 858 4,041
& 25000
o&'b (\Q’o’\b \90% 3 ° o‘(@‘ Q ¥ é,@(\b x&&
& & W
\_ s

/
Activity III: GIS maps of rice fields for selected cultivation practices in

~

SEA

/Activity I1I: GIS maps of rice fields for selected cultivation practices in\
SEA

| Snatial Distribution of Croplands in Indonesia |

Wnganed Lropianas

- Rainfed Croplands i Ealometers

D 1zs0 S0 70 1,000
11

o o D N
Activity I GIS maps of GHG emissions from rice fields for selected
cultivation practices in SEA

Rice Methane N,O Emission GHG Emission from Rice Fields
\ . Grid Size = 10 km x 16 kn?2 /




y . L N
/Actlwty [11: GIS maps of GHG emissions from rice fields for selected
cultivation practices in SEA

Rice Methane N,O Emission GHG Emission from Rice Field

/ N
Activity llI: GIS maps of GHG emissions from rice fields for selected

cultivation practices in SEA

| Urnatial Thicteihnting of (I Faiecinn feam Rice Tialde in Tandanacia

o - ""°°“?°- Grid Size = 10 km x 10 km |-|‘-T-Aﬁn _‘(; """
Grid Size = 10 km x 10 kn}3 / """ : 1 /
Activity III: GIS maps of carbon stock of rice fields in SEA Activity Ill: GIS maps of carbon stock of rice fields in SEA
V- Gacoie 5
15/ — 5/




Activity llI: Assessment of potential mitigation options based on
different cropping (rotation with energy crop)

Month| 1 2 3 4 5 6 7 8 9 10 11 12

RF

RI

RC Corn

RS

\_ T/

Activity III: Assessment of potential mitigation options based on
different scenarios

In case of Thailand

200,000 (

180,000 T/ 11:
I~

160,000

140,000 - Soil N2O Emission

(o]} mission Trom
120,000 - 94,014 135423 148219 synthetic fertiliser N and
100,000 - Crop Residue

80,000 - m CH4 Rice cultivation
60,000 -

40,000 - 64,268

20,000

53,103

GHG Emission from Rice Fileds (Gg CO2-e)

RF RI RC RS
Scenario

8/

Activity IlI: Assessment of potential mitigation options based on
different cropping (rotation with energy crop)

Assessment of total GHG emission mitigation options based on different scenarios

Activity llI: Assessment of potential mitigation options based on
different cropping (rotation with energy crop)

\ RF RI RC RS 1 /

200,000 -
180,000 - 2,747

160,000 m Soil Organic C Stocks
140,000 Change

2,095

4 120,000 91,917 132,527 ' Soil N20 Emission

100,000 - 1,116 from synthetic
' fertiliser N

51,838 = Soil N20 Emission
60,000 - from N in Crop
Residue

80,000 -

40,000 - 6 68
20000 - 42,559 ’ 42,559 42,559 ® CH4 Rice cultivation

- - -8,103 -8,103 -8,103 -8,103
20000 - FRF RI RC RS
Scenarios

GHG Emission and Soil Organic C Stock Change of Rice
Fileds in Thailand (Gg CO2-e / yr)

n /




Appendix 9
List of young researchers involved in the project



1. Ms Kanittha Kanokkanjana

Affiliation: The Joint Graduate School of Energy and Environment

Address: King Mongkut's University of Technology Thonburi, 126 Pracha-Uthit Road, Bangmod,
Tungkru, Bangkok, Thailand

Email: kkanittha@yahoo.com

Involvement in the project:

Review of rice cultivation practices and use of energy crops for rotation in SEA

Design of questionnaire on rice cultivation practices

Preparation and participation to Expert Meeting on “State-of-the-Art of Rice Cultivation
Practices in South-East Asia”

Preparation of poster “Rice Cultivation and Potential Areas for Rotation with Energy Crops in
South-East Asia”

Preparation and participation to Training Workshop on ”Capacity Building on Estimation of
GHG Emissions from Rice Fields-The Application of DNDC Model”

Preparation and participation to the Capacity Building Workshop on “Strategic rice
cultivation with energy crop rotation in SEA: A path toward climate change mitigation in the
agricultural sector”

“These project activities have enabled me to further develop my scientific knowledge and to gain
experience in terms of international communication and coordination of activities. These are good
experiences which will be very useful for my work in the future.”

2. Ms Nittaya Cha-un

Affiliation: The Joint Graduate School of Energy and Environment

Address: King Mongkut’s University of Technology Thonburi, 126 Pracha-uthid Rd, Bangmod,
Thungkru, Bangkok, Thailand

Email: nidchaun@gmail.com

Involvement in the project:

e Work in activity 2 of the project: Long-term monitoring of GHG emission and soil carbon
dynamic from rice cultivation and utilization energy crops for rotation
- Review of rice and crop cultivation in Thailand, also crop rotation and its
potential to improve soil carbon storage, mitigation of GHG emissions, and
economic potential for farmer
- Setup of crop experiments at KMUTT’s Ratchaburi Campus during 2010 - 2012
- Collection and analysis of biomass, soil and gas samples from rice and energy
crops (corn and sorghum) over two years
e Work in activity 4: Long-term soil carbon dynamics assessment of sustainable low carbon
cultivation using process model
- Processing of climate, soil and crop management data from activity 2
- Simulation using DNDC model to analyze carbon storage and GHG emissions
from energy crop in rotation with rice
- Validation, sensitivity and uncertainty analyses of DNDC results



e Speaker for Training Event on: Estimation of GHG Emissions from Rice Fields - The
Application of DNDC Model

e Participation to Capacity Building Workshop on: Strategic rice cultivation with energy
crop rotation in SEA A path toward climate change mitigation in the agricultural sector

“My involvement in the APN project enabled me to develop and improve my scientific skills and
knowledge. The training and workshop events organized as part of the project provided me with
useful experiences including communicating with other scientists at the international level and
establishing good connection with other countries in the region. This project gave me a great
experience overall and has been very useful for me and my work in the future.”

3. Mr Uday Pimple

Affiliation: The Joint Graduate School of Energy and Environment, KMUTT, Thailand

Address: King Mongkut's University of Technology Thonburi, 126 Pracha-Uthit Road, Bangmod,
Tungkru, Bangkok, Thailand

Email: upimple@jgsee.kmutt.ac.th, upimple@gmail.com

APN project involvement:
e DNDC modeling
e Data analysis and processing
e Tutor for capacity building programs

“Working with APN project was a privilege. It was wonderful experience, and made me even more
interesting to study climate change issues in Southeast Asian countries. In my 8 months participation
| was able to spend many hours to discuss various issues about greenhouse gases emission from rice
paddy and possible mitigation option using field experiments as well as modeling approach with Dr
Sirintornthep Towprayoon (Project leader), Dr. Sebastien Bonnet (Project manager and Research
scientist) and experts from Japan, which helped me to strengthen my knowledge on current situation
of greenhouse gas emissions from paddy field in Southeast Asia. Also the various capacity building
programs helped me to improve technical skills required to deal with climate change issues and gave
me opportunity to communicate with various experts from all South East Asian countries. In future |
am really looking forward to work with APN team again.”

4. Dr Agapol Junpen

Affiliation: The Joint Graduate School of Energy and Environment,

Address: King Mongkut's University of Technology Thonburi, 126 Pracha-Uthit Road, Bangmod,
Tungkru, Bangkok, Thailand

Email: akjp@hotmail.com

Involvement in the project:
Work in the Activity Ill: Capacity assessment of GHG emissions and soil carbon stock from
sustainable cultivation practices in SEA.

“The project enabled me to gain further understanding and knowledge on the following 3 aspects: (1)
The assessment of the capacity of C budget in term of emissions and soil carbon stock of rice fields in



SEA, (2) The development of GIS based maps of GHG emissions from existing and sustainable
cultivation practices, and (3) The assessment of potential mitigation options based on different
scenarios.”





